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CONNELL FOLEY LLP
Richard D. Catenacci

85 Livingston Avenue R
Roseland, New Jersey 07068 bans weil =
Tel: (973) 535-0500

Fax: (973) 535-9217

Attomeys for E.I. du Pont de Nemours and Company

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF NEW JERSEY

E.l. DU PONT DE NEMOURS AND COMPANY,
Plaintiff, Civil Action No.: 06-cv-
V. COMPLAINT AND JURY
DEMAND
MACDERMID PRINTING SOLUTIONS, L.L.C,,

Defendant.

Plaintiff, E.I. du Pont de Nemours and Company (“DuPont™), for its Complaint against

Defendant MacDermid Printing Solutions, L.L.C. ( “MacDermid”), alleges and states as follows:
PARTIES

1. Plaintiff DuPont is a corporation organized under the laws of the State of
Delaware, having a regular and established place of business at 1007 Market Street, Wilmington,
Delaware 19898.

2, Upon information and belief, Defendant MacDermid is a limited liability
corporation organized under the laws of the State of Delaware and is wholly owned by, and is
under the corporate management and control of, MacDermid, Inc.

3. Upon information and belief, Defendant MacDermid has regularly, continuously

and systematically transacted business in New Jersey by promoting, advertising, distributing,
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offering for sale, selling, causing to be used and otherwise supplying flexographic printing

elements to customers within this Judicial District and elsewhere in the United States.

JURISDICTION AND VENUE

4, This action arises under the United States Patent Laws, 35 US.C. §§ 271 and
281-285. This Court has jurisdiction of the subject matter of this action under 28 U.S.C. §§ 1331
and 1338(a). Venue is proper in this Judicial District under 28 U.S.C. §1391(b) and (c) and
§ 1400(b). Venue and jurisdiction are proper in New Jersey since Defendant MacDermid has
committed acts of infringement and/or has otherwise transacted business within this Judicial
District.

COUNT 1

5. On January 9, 2001, United States Patent No. 6,171,758 B1 (“the ‘758 patent”), a
copy of which is annexed hereto as Exhibit A, was duly and legally issued in the names of
Sudershan K. Bhateja, John A. Martens and Kurt F, Feil for an invention entitled “Dimensionally

Stable Flexographic Printing Plates.”

6. Plaintiff DuPont is the lawful owner of all right, title and interest in the ‘758

patent with the right to bring actions for infringement.

7. Upon information and belief, Defendant MacDermid has manufactured, used,
offered for sale and sold flexographic printing elements (including products marketed under the
names Magma and MLT) that directly infringe one or more claims of the ‘758 patent without

authority or license from Plaintiff DuPont. Accordingly, pursuant to 35 U.S.C. § 271(a),
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Defendant MacDermid has directly infringed and continues to directly infringe one or more

claims of the 758 patent.

8. Upon information and belief, Defendant MacDermid has knowingly and actively
encouraged, aided and abetted others to directly infringe one or more claims of the ‘758 patent
through the manufacture, use, sale, offers to sell, advertisement and/or promotion of flexographic
printing elements (including products marketed under the names Magma and MLT) and
processing equipment to thermally treat, process or develop flexographic printing elements
(including equipment marketed under the name LAVA), without authority or license from
Plaintifft DuPont. Accordingly, pursuant to 35 U.S.C. § 271(b), Defendant MacDermid has
actively induced and continues to actively induce infringement of one or more claims of the 758

patent.

9. Plaintiff DuPont has been and continues to suffer damages resulting from
Defendant MacDermid’s direct and/or induced infringement of the ‘758 patent pursuant to 35
U.S.C. §284. Plaintiff DuPont will suffer additional and irreparable harm unless this Court

enjoins Defendant MacDermid pursuant to 35 U.S.C. § 283,
10.  Plaintiff DuPont has no adequate remedy at law.

11.  Upon information and belicf, the acts of infringement of the ‘758 patent by
Defendant MacDermid have been carried out deliberately and willfully, and with knowledge of
the “758 patent, entitling Plaintiff DuPont to an assessment of treble damages pursuant to 35
U.S.C. §284. This is an exceptional case entitling Plaintiff DuPont to its atforneys™ fees

pursuant to 35 U.S.C. § 285.
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COUNT 11

12.  Plaintiff DuPont realleges and incorporates by reference the allegations contained
in Paragraphs 1-11,

13. On August 10, 2004, United States Patent No. 6,773,859 B2 (“the ‘859 patent™), a
copy of which is annexed hereto as Exhibit B, was duly and legally issued in the names of Roxy
Ni Fan, Mark A. Hackler, Anandkumar R. Kannurpatti, Adrian Lungu and Bradley K. Taylor for
an invention entitled “Process For Making A Flexographic Printing Plate And A Photosensitive
Element For Use In The Process.”

14, Plaintiff DuPont is the lawful owner of all right, title and interest in the ‘859
patent with the right to bring actions for infringement.

15.  Upon information and belief, Defendant MacDermid has manufactured, used,
offered for sale and sold flexographic printing elements (including products marketed under the
names Magma and MLT) to be used, treated, processed or developed in a manner that directly
infringes one or more claims of the ‘859 patent withoﬁt authority or license from Plaintiff
DuPont.

16.  Upon information and belief, Defendant MacDermid has knowingly and actively
encouraged, aided and abetted others to directly infringe one or more claims of the ‘859 patent
through the manufacture, use, sale, offers to sell, advertisement and/or promotion of flexographic
printing elements (including products marketed under the names Magma and MLT) and
processing equipment to thermally treat, process or develop flexographic printing elements
(including equipment marketed under the name LAVA), without authority or license from

Plaintiff DuPont. Accordingly, pursuant to 35 U.S.C. § 271(b), Defendant MacDermid has
-4-
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actively induced and continues to actively induce infringement of one or more claims of the ‘859
patent.

17.  Plaintiff DuPont has been and continues to suffer damages resulting from
Defendant MacDermid actively inducing infringement of the ‘859 patent pursuant to 35 U.8.C.
§ 284. Plaintiff DuPont will suffer additional and irreparable harm unless this Court enjoins

Defendant MacDermid pursuant to 35 U.S.C. § 283.
18.  Plaintiff DuPont has no adequate remedy at law.

19.  On information and belief, the acts of infringement of the ‘859 patent by
Defendant MacDermid have been carried out deliberately and willfully, and with knowledge of
the ‘859 patent, entitling Plaintiff DuPont to an assessment of treble damages pursuant to 35
U.S.C. §284. This is an exceptional case entitling Plaintiff DuPont to its attorneys’ fees

pursuant to 35 U.S.C. § 285.

RELIEF
WHEREFORE, Plaintiff DuPont demands judgment against Defendant MacDermid and

respectfully prays that this Court enter orders that:

(a) Declare that Defendant MacDermid’s manufacture, use, offers to sell
and/or sale of flexographic printing elements (including products marketed under the names
Magma and MLT) as complained of in Count I constitutes direct infringement of United States
Patent No. 6,171,758 B1;

(b) Declare that Defendant MacDermid’s manufacture, use, offers to sell

and/or sale of flexographic printing elements (including products marketed under the names

-5
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Magma and MLT) as complained of in Count I constitutes active inducement of infringement of
United States Patent No. 6,171,758 B1;

(c)  Preliminarily and permanently enjoin Defendant MacDermid and its
officers, agents, employees and all others acting in concert or participation with them from
further acts of infringement of United States Patent No. 6,171,758 B1;

(d)  Declare Defendant MacDermid’s manufacture, use, offers to sell and/or
sale of flexographic printing elements (including products marketed under the names Magma and
MLT) as complained of in Count II constitutes active inducement of infringement of United
States Patent No. 6,773,859 B2;

(e) Preliminarily and permanently enjoin Defendant MacDermid and its
officers, agents, employees and all others acting in concert or participation with them from
further acts of infringement of United States Patent No. 6,773,859 B2;

() Provide for an accounting of profits or damages to be assessed by or under
the Court’s direction, and award Plaintiff DuPont the damages it has incurred by reason of the
acfs of infringement of United States Patent No. 6,171,758 Bl and United States Patent No.
6,773,859 B2 by Defendant MacDermid together with pre- and post-judgment interest as allowed
by law;

(g)  Award Plaintiff DuPont three (3) times the damages it has incurred by
reason of the willful and deliberate nature of the acts of infringemen-t by Defendant MacDermid

pursuant to 35 U.5.C. § 284,
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(h)  Award Plaintiff DuPont its costs and expenses of this action as allowed by

law, together with its reasonable attorneys’ fees for bringing and prosecuting this action pursuant

to 35 U.S.C. § 285; and

(i) Award Plaintiff DuPont such other and further relief that the Court may

deem just and proper.

Plaintiff DuPont hereby requests a jury trial on all the issues t

jury in this action.

Dated: Newark, New Jersey
June 28, 2006

OF COUNSEL:

John T. Gallagher

Regina M. Lutz

MORGAN & FINNEGAN, LLP

3 World Financial Center

New York, New York 10281-2101
Tel: (212) 415-8700

Fax: (212) 415-8701

Lindley J. Brenza
John S, Phillips
BARTLIT BECK HERMAN
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are propérly triabit to a

CONNELL FOLEY LLP

85 Livingston Avenue
Roseland, New Jersey 07068
Tel: (973) 535-0500

Fax: (973) 535-9217

Attorneys for Plaintiff
E.L. DU PONT DE NEMOURS AND COMPANY
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PALENCHAR & SCOTT L.L.P.
1899 Wynkoop Street - 8" Floor
Denver, Colorado 80202
Tel: (303) 592-3100
Fax: (303) 592 3140

1002035 v1
1732276-01




Case 3:06-cv-02968-AET -JJH Document1 Filed 06/29/06 Page 9 of 45 PagelD: 9




Case 3:06-cv-02968-AET -JJH Document1 Filed 06/29/06 Page 10 of 45 PagelD: 10

EXHIBIT A




Case 3:06-cv-02968-AET -JJH Document1 Filed 06/29/06 Page 11 of 45 PagelD: 11

A R

a2 United States Patent @0) Patent No.:  US 6,171,758 Bl
Bhateja et al. (45) Date of Patent: Jan. 9, 2001
(54) DIMENSIONALLY STABLE FLEXOGRAPHIC ~ » 4,686,172* §/1987 Worns el al. oo, . 4307286
PRINTING PLATES 4710421 12/1987 Oga et al. .
4,725479 21988 Utsumi .
(75) loventors: Sudershan K. Bhatefa, Cotiage Grove; 4,756,953 71988 Ulsumi .
Jobn A. Martens, Dellwood; Kurt F. prasies },ﬁggg o
Fell, Lake Etmo, all of MN (US) 5’3‘:5:226 oor S e
(73) Assignee: DuPont Operations Worldwide, lnc., e Ao e a2 -

"}

Wilmington, DE (US)

Notice:  Under 35 U.S.C, 154(b), the term of this
pateat shall be extesded for O days.

5,187,044 271993 Prioleau ot al. .
5215859 61993 Martens .
5279697 171994 Peterson et al, |

FOREIGN PATENT DOCUMENTS

(21) Appl. No. 08/335,892 M4TE30 11969 (DE).
! 0408 197 11991 ;
(22) Fikd:  Nov.8,19% ER(I;?BU oxs
(51) Int.CL’ GBC UM o i toibod b . dimensionally stable vol
(52) US.Ch comnimnns 430/271.1; 430/306; 430/11 99 "Me r preparing dimeasicnally stable poly-
(S5)  Fleld Of Serch +.ooo.oomsooormmee 4301271, 306,  TcHic flm” Research Disclosure, Oct., 1980, p. 413-412.
430/11  * cited by examiner
(56) References Cited Primary Examiner—]aura Weinet
US.B DOCU (74) Attorney, Agent, or Firm~~Thomas H. Magee
o MENTS 57 ABSTRACT

2,779,684 171957 Alles .

3,264,103 B/1966 Coheo et al. .
3,632,726 1/1972 EKnexetal..
4042569  8/1977 Bell et at. .
4076532 2/i978 Gottermeier .
4,141,735 /1979 Schrader et al. .
4,160,799 7/1979 Locey et al. .
4215307 6/1981 Bartkus et al. .
4,308,342 12/1981 Limoges et al. .
4,400,459 8/1983 'Gruetzmacher et al. .
4569885 2/1986 Yamaguchi ctal. .
4,661,377 4/1987 Morita ct al. .

The present invention is a fiexographic printing plate having
2 very low degree of thermal distortion during developmeat,
This flexographic printing plate comprises a dimensionally
siable substrate and an image bearing relief layer, whercin
the thermal distortion of the Gexographic printing plate in
both the machine and the trapsverse directions is less than
0.02% when the plate is developed at temperatures in the
range from about 100° C. 1o about 180° C.

21 Clalms, No Drawings
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DIMENSIONALLY STABLE FLEXOGRAPHIC
PRINTING PLATES

FIELD OF THE INVEN'I']O‘N

The present iovention relates to dimensionally stable
flexographic printing plates.

BACKGROUND OF THE INVENTION

Flexography is 2 lerm broadly applicable {o a printing
format that uses a flexible substrate bearing ap elastomeric
or rubbery relief printing surface. The first Bexographic
printing plates were produced from natural or synihetic
rubber compositions which were cured chemically under
heat and pressure in a mold utilizing conveational rubber
curatives such as mercapto compounds (Flexography: Prin-
ciples and Practices, 3td Edition, Flexographic Technical
Association, p. 158-162). More rccently, photopolymer
elastomeric compositions (elastomer contaiping composi-
tions curable npoo cxposure to actinic radiation) have been
used Io produce relief printing plates. For example, U.S. Pat
No. 4,162,919 describes the use of a photoseositive com-
position containiog a block copolymer as an elastomeric
polymeric binder, a compatible ethylenically unsaturated
mooomer, and & phofoinitiator. Similarly, British Pat. No.
1,454,191 describes the use of an ¢lastomeric polyuzcthane
based photosensitive layer. [n both cases, the standard
solvent wash procedure is used to develop the relief layer
after cxposure to actinic radiation, Buropcan Fat. No. 261,
910 describes an aqueous-developable flexographic printing
plate.

Both the solvent wash and aqueous wash developing
syslems are time copsuming since drying for exteoded
periods (1 to 24 hours) is necessary to remove enlrained
developer solution, In addition, these developing systems
produce potentially toxic by-product wastes (both the sol-
vent and 2ny material carried off by the solvent, such as
unreacted ethylenically unsaturated monomer) during the
development process.

To avoid these problems, a thermal developmenlt process
may be used. In 2 thermal development process, the photo-
sensitive fayer, which bas been image-wise exposed lo
actinic radiation, is contacted with an absorbent layer af a
temperature sufficient to cause the composition o the unex-
posed portions of the photosensitive layer Io sofien or melt
and fiow into the absorbent material. See U.S. Pat. Nos.
3,264,103, 5,015,556, and 5,279,697.

SUMMARY OF THE INVENTION

The present invention is a fexographic printing plate
haviag a very low degree of thermal distortion during
development. Specifically, according to a preferred cmbodi-
ment the invention is a flexographic printing plate compris-
ing & dimensiopally stable subsiratc and an image bearing
relief layer, wherein the thermal distortion of the flexo-
graphic printing plate in both the machine end the transverse
directions is less than 0.02% when the plate is developed at
temperatures in the range from about 100° C. 10 about 180°
(o

DETAILED DESCRIPTION OF THE
INVENTION

In the development of thermally developable ficxographic
printing plates, we have discovered that thermal distortion
may become a problem, especially when precise lines,
points, and images are desired by the printers who are using
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the plates. ka response to this newly discovered problem, we
have developed printing plates that can withstand the devel-
aping temperatures without undergoing a significant amount
of distortion.

“Developing temperature” is the temperature to which the
imagewise exposed photoseosilive layer is beated to remove
the uncured portions of the layer. Although 2 variety of
methods may be used for thermal development of flexo-
graphic printing plates, oo¢ method of development uses the
apparatus disclosed in U.S. Pat. No. 5279,697. In this
method, the temperamure of the developing roll which con-
tacts the absorbent material approximates the developing
terperatute. The substrate, which is on the opposite side
from the developing roll, does ot reach the developing
temperature in this embodiment. [n fact, the substrate may
be 15 to 30° C. cooler than the developing roll. However, if
other methods of thermal development are ntilized the entire
plate may be heated (o the developing temperature.

According 10 a preferred embodiment the javention is a
Rexographic prioting plate comprising a dimensionelly-
stabie, flexible, polymeric subsirate and an clastomeric,
image bearing, relief layer, The thermal distortion (includes
both cloogation and shrinkage) of the plate in both the
machine and the transverse directions is less than 0.03%,
preferably less than 0.025%, more preferably less then
0.020%, when the plate is developed at (cmperaturcs
between 100 and 180° C, The distortion experienced during
the development of the plate at 120 10 175° C. is preferably
Iess than 0.015%. The machine direction is the direction that
the substrate film is pulled during production. The transverse
direction is perpendicular to the machine direction in the
plane of the substrate, Such balanced, low distortion is
eritical to achieving flexographic printing plates which do
pot introduce distortion into the image which is to be
reproduced.

According to a second preferred embodiment, the inven-
tion is a Aexible plate comprising a dimensionally stable,
flexible, polymeric substrate and & photosensitive elastomer
layer. The polymeric substrate experiences less than 0.07%
distortion, preferably less than 0.05% distortion, more pref-
erably less than 0.63% distortion, even more preferably less
than 0.025%, and most preferably less than 0.02%, in any
planar dircction when beated to temperatures from 110 o
180° C. The distortion is desirably less than 0.02% when the
film is heated to temperatures from 140 10 150° C,

The substrate may be 0.07 to 2 mm thick and is preferably
0.1 1o 1.5 mm thick. While a variety of polymeric materials
may be used s the substrate, semicrystalline polymers are
particularly desirable because these polymeric materials are
particulzrly amenable to stabilization by thermal annealing.
Examples of scmicrystailine polymers include polyetbylenc
naphthaiate (PEN), polycthylene terephthalate (PET), poly-
ether ketone, polytetrafioraethylene, polyamides, syndio-
1actic polystyrene, and palyphenylene sulfide.

The desirability of such semicrystalline polymers arises
from the discovery that dimensional stability of these poly-
mer substrates may be controlled through a specizl anneal-
ing process. This annealing process comprises bealing the
polymer substrates to lemperaturss above their glass traasi-
tion temperature and below their melting temperature. If this
annealing oocurs at low tensions, very little thermal distor-
tioo will occur when the substrate is later subjecied to
temperatures which are less thao the annealing temperature.
In facy, if the substrate is later heated to temperatures less
than or equal to the annealing lemperature minns about 25°
C. (i Tonnear-25° C.), the thermal distortion has been

T L
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found to be less than 0.05%. If the subsirate is beated to
temperatures less than the annealing temperature minus
about 30 or 40° C. (i.e., Typuar~30 or 40° C)), the thermal
distortion has been found to be less than 0.03%. By low
Leosions is meant tehsions kss than about 200 psi (61.4:d.(lS
N/m?), preferably less than about 150 psi (1.04x10° N/m?),
and more preferably less thap about 100 pounds per square
inch (6.9x10° N/m®). High 1ension aanealing causes distor-
tions. Various annealing metbods may be used including
air-oven annealing, bot can anncaling, anmcaling rolls of
films, or combinations of methods.

The time required for anoealing will depend upon the
annealing metbod employed, the polymeric matexial of the
film, film thickuess, eic. With regand to the method of
anncaling, heat trapsfer by conduction, as occurs in hot can
annealing, is more efficient than by coovection, as occurs in
air oven annealing. Thes, the annealing time for air oven
annealing will be longer than that needed for bot can
anncaling. As an example, for annealing a 7 mil PET film in
a forced air oven at 180° C., annealing 1imes as low as 60
seconds were found lo be sufficient 1o impart dimensional
stability 1o the film. In general, however, for any given
annealing method, the annesliog time should be greater than
the time required io bring the flm to the anncaling tempera-
ture (refemed to hereinafter as t,”), preferably t,+5 seconds,
more preferably t,+10 seconds, and most preferably 1,415
secands.

Thus, by anpealing the substrates to preferably at least 25°
C., more preferably at least 30° C., and most preferably at
least 40° C., higher than the temperature the subsiraies
experience during thermal development of the Sexographic
printing plate, the distortion of the printing plate during
thermal development is significantly decreased, For plates
beiog thermally developed using the apparatus of U.S. Pat.
No. 5,279,697, the substrate should preferably be anncaled
at lemperatures oo less than about 10° C. below the devel-
oping femperature as approximaied by the temperature of
the developing roller (i€, Tipyropng=10" C.), more prefer-
ebly no less than the developing (ewperature, and most
preferably no less than the developing temperature plus 15°
C.

Thermal development of preferred flexographic printing
plates ocours by contacting a plate which bas been image-
wise exposed to radiation to an absorbenl material on a
develaping roll. Typically, temperatures of the developing
toll are in the range of 100 1o 180° C. For A-B-A block
copolymer type photosensitive materials as described below
and in copending U.S. application Ser. No. 08/188,450, the
developing roll temperature is preferably 120 to 150° C.
Thus, for production of these plates, annealing of the sub-
strate is preferably done at low tensions and al iemperatures
greater than 120° C., more preferably greater than 1507 C,,
and most preferably greater than 175° C. For urethaae type
photosensitive materials as described below and i U.S. Pat.
No. 5,015,556, the develaping roll temperature is preferably
aboul 150 to 175° C. Thus, for producticn of these plates,
annealing of the substrale is preferably done at low tensioas
2nd at temperatures greater than 150° C., more preferably
greater than 175° C., and most preferably greater than 200°
C. However, even aunealing below the developing tempera-
fure provides some improvement in shrinkage over sub-
strates that are oot zooealed. Note that for certain semi-
crystalline polymeric materials annealing at toc bigh a
temperature may cause problems such as wrinkling. For
example, polycthylene terephthatate (PET) has been found
to wrinkle when 2nncaled at 220° C.

The substrate optionally may be surface treated for better
adhesion. Examples of surface treatments include coating
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the surface with MSOL (an amorpbous porous sitica with
silane conpling agent) as described in U.S, Pat, No. 5,204,
219 or corona treating the surface followed by use of a
primer such as an aziridene, as described in U.S, Pat. No.
5,187,044,

The photosensitive, clastomeric layer should be at least
0.3 mm thick but no more than 3.0 mm thick, preferubly no
more tban 1.5 mm. The photosensilive elastomeric compo-
sition preferably is suitable for thermal development, ie.,
the uncured elastomeric composition must sofien or melt at
a reasonzble processing or developing temperature but not
be subject to cold flow, Le., dimensional change, during
normal storage,

A poo-limiting example of such an elastomeric composi-
tion comprises 2 thermoplastic elastomeric block copolymer
mixed with a cross-linking agent and a pbotoinitistor. The
clastomeric block copolymer is preferably an A-B-A type
block copolymer, where A is 4 nonélastomeric block, pref-
erzbly a vinyl polymer and most preferably polystyrene and
B is an clastomeric block, preferably polybutadiene or
polyisoprenc. The nonelastomer 10 elastomer ratio is pref-
¢rably in the range of from 10:90 to 35:65. The cross-linking
agent in this embodiment may be an cthylenically unsatur-
ated compound with at least one terminal ethylenic group
that is compatible with the biock copolymer, e.g. ouiti-
functional acrylates or methacrylates, or polyacryloyl oli-
gomers. The following compounds are iliustrative of, but not
an exhaustive list of, suitable cross-linking agents: cthylene
glycol dizcrylate, bexanediol diacrylate, diethylene glycol
diacrylale, glycerol diacrylate, trimethylol propanc
triacrylate, bexanediol dimethacrylate, glyceral iriacrylaic,
trimethylolpropane triacrylate, sthylenc glycol
dimethacrylate, 1,3-propanediol dimethacrylate, 1,2,4-
butanetriol trimethacrylate, and 1,4-butagediol diacrylate.
For a more exhaustive list of suitable compounds ses U.S,
Pat. No. 4,400,459, A mixture of mono-functional and
multi-functional acrylates or methacrylates may be used.
However, if using such 2 mixiure, it is desirable to have an
average of ar least 1.3 acrylate groups per molecule of
cross-linking agent, It is preferable to have an average of at
Ieast 1.7 acrylate groups per molecule of cross-linking agent,
and it is most preferable to have at least 2.1 acrylate groups
per molecule of cross-linking agent. If & polyacryloyl oli-
gomer s used, thal oligomer should preferably have a
molecular weight greater than 1000.

Otber suitable photosensitive elastomers that may be used
include polynrethape clastomers. An exemple of a suitable
polyurcthane elastomer is the reaction product of (). an
crgenic diisocyanale, (if} at least one chaip extending agent
having al Jeast two free hydrogen groups capable of poly-
merizing with isocyanate groups and having a! least one
ethylenically unsaturated additicn polymerizable group per
molecule, and (iii) an organic polyol with a minimum
molecular weight of 500 and at least two free hydrogen
containing groups capable of polymerizing with isocyanate
groups. For a more complete discussion of some of these
materials see US, Pat. No. 5,015,556.

Tbe photoscositive clestomeric layer should include a
photoinitiater. The photiritiater is 2 compound which gen-
¢raies frec radicals upon exposure 10 activic radiation. Any
of the known classes of photoinitiators, panticularly frec
radical pholoinitiators such as quinooes, benzophenones,
benzoin cthers, aryl ketones, peroxides, biimidazoles,
diaryliodoniums, triarylsulfoniums and phosphoniums, and
diazoniums, may be used. Alternatively, the photoinitistor
may be a mixture of compounds, one of which provides the
free radicals when caused to do so by a sensilizer activated
by radiation, may be used.

R
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Additional additives to the photosensitive layer include
colorants, pracessing aids, alioxidants, and antiozonapts.
Processing aids may be such things a5 low molecular weight
polymers compatible with the elastomeric block copolymer,
such as a low molecular weight o-methylstyrene polymer or
copolymer. Antiozonants include bydrocarbon waxes,
norborpenes, and vegetable oils. Suitable antioxidants
include alkylated phenols, alkylated bisphencls, polymer-
ized trimethyldihydroquinone, and dileuryl thiopropinoate.

The relsase laycr must be Hexible, transparcnt, coatable,
and nomtacky. A thin layer, preferably having a thickness of
al least 0.5 microns, but less than 10 microns, more prefer-
ably less than 4 microns, is suitable.

The relcase layer preferably is removable by contact with
an zbsorbent material in the range of acceptable developing
temperatures for (ke fexographic plate vsed. Svitable
relcase layers may include polyamides and hydroxy celiu-
losic polymers.

Additicnal intermediale photosensitive fayers may be
used to adjust adhesion, bardness, and thickaess of the
flexagraphic printing plate.

EXAMPLES

Example 1

Five mil (0.12 mm) polyethylenc nahpthalate (PEN) films
(Kaladex 1,030 from ICI} were cut imto 15"%20* (38.1
emx50.8 cm) picces. One film piece was not heated treated.
‘Fhis sample was the control. The other film pieces were
anncaled in a forced air oven for 5 minutes at various
temperatures renging from 140 to 200° C. Specimens (1™x
130 or 2.54 ¢mx33.02 cm) were cut from the different
films. The specimens were cul in both the machine and
transverse directions, Two ink marks about 10,6 (26.9 cm)
apart werc made on each specimen. The distsace between
ink marks was measured with a Confirmer Travelling Micro-
scope. The specimens were then heated at 150° C. for 15
minutes. The distance between the ink marks was then
remeasured and the distortion calculated. Fot each annealing
temperature, two differcnt specimens were measured for
each direction. As sei Iorth in Table 1, all of the aneealed
specimens showed much less shrinkage in both the machine
and transverse dircctions than did the control samples. The
amount of distortion was well balanced between the
machine and transverse dirgctions. Samples that had been
apnealed close to or above the test temperature had the best
thermal dimensional stability in terms of magnitude distor-
tion and balance of distortion in the two dirctions.

TABLE 1
ANNEALING
TEMPERATURE DISTORTION (%)
SAMPLE [ eh] machine dir. iransverse dir.
Coutrol — 0.354 -
Contral — 0.389 —
Contral - s 0324
Control - —_ 0.326
Control - — 0.306
A-l 140 0086 _—
A-1 140 0058 _
A-1 140 0061 —
A-l 140 - 0.080
Al 140 - 0.063
A-1 140 —_ 0.063
Az 160 Q.00% —

50

65

6

TABLE 1-continued

ANNEALING
TEMPERATURE DISTORTION (%)

SAMPLE ) machine dir, traneverss dir.
Al 160 0018 —
A2 160 — 0029

A2 160 - 0.045
Al 160 — 0.013
A3 180 —-po01 —
A3 180 0.013 -
A 130 0,008 —
A3 180 - 0.023
A3 130 — 0.a20
A3 1% — 0024
Ad 200 «0.001 -
A 00 ¢.001 -—
A4 Fiui] o.0m —_
Ad w0 — 0012
Ad 0 _ 0.001
A4 ne - o014

Example 2

Four PEN film samples were prepared. Two of the films
had not been heat treated and served as the control. Two
films had been anncaled as in Example 1 for 5 minutes at
170° C. All the films, after any acnealing was done, were
inscribed with four straight Jines 15 in. fong (38.1 cm). One
line was drawn along the transverse direction of the FEN
film and this line was designated as the 0° line. The three
additional lines were drawn at angles of 45°, 30°, and 135°
from the 0° line, The film samples were cycled nine limes
through a flexographic plate thermal developer (as disclosed
in U.S. Pat. No. 5,279,697) in which the developer roll was
sel at 176° C. snd the transport drum (which conlacts the
substrate) was set at 65° C. The change of length of cach line
was measured and the percentage distortion was calculated.
Table IT shows that the annealed films displayed signifi-
cantly less distortion than did the control films in sll direc-

tiops.
TABLE I
SAMPLE POSITION DISTORTION (%)
Conteol 1 o* -0.306
Cantrol 2 o* -0152
Annesled 1 o° -0.005
Annealed 2 o -6
Control 1 45° -0122
Contral 2 45° ~0.124
Anaealed 1 45° 0.004
Annealed 2 45° =-0A21
Coatrol 1 20° ~0.030
Control 2 °0° ~0.069
Annzaled 1 o0° 0005
Anngaled 2 50* -00a7
Cantrol 1 135° -0070
Control 2 135* -0.093
Anncsled 1 135° -0.007
Annealed 2 1357 0,008
Example 3

Flexographic printing plates were produced using various
PEN film substrates. Four of the platés produced had stan-
dard 5 mil (0.127 mm) Kaladex™ brand PEN subsirates,
Three plates were produced using the same type of PEN
film, but after the film had becn anncaled at 170° C. for 5
minutes. The substrates were corona discharge treated and

[N
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coated with an azirideoe primer as disclosed in U.S, Pat. No.
5,187,044, Then a 35 mil wreibane pholopolymer, as dis-
closed in U.S. Pat. No. 5,215,859 Example 1A, was lami-
nated onto the primed films between two rolls heated ta 110°
C. The laminates were exposed 1o e-beam irradiation
through ihe substrate to set the floor. The laminales were
next image wise exposed to UV radiation through a GATF
Register test grid negative for 3 minntes. The image wise
exposed plates were passed through 6 cycles on the thermal
developer. The developer il was maintained at 177° C.
while the transport roll, which is in direct contaci with the
substrate, was maintained at 65° C. The magnitude of
distortion in tbe machine and lransverse directions was
determined by measuring the developed image on the flexo-
graphic printing plates versus the image on the negative.
Nepalive distortion values refer. to shrinkage and positive
values refer o expamsion. Table IIT shows the average
distortion resulis for the control plates and the plates with
anpealed substeates. These resulls demonstrate that the
plates produced from the annealed PEN films have lower
distortion than do plates produced with unanpealed sub-
strates,

TABLE Il
Distogtion (%)*
Sample suchine dirscting tmosverse direction
Control™® -00333 =0011
Anocaled*** =0.0086 0.0066
*Average of 3 b2 in sach di
="Average for 4 plates.
*erAversge for 3 plstes.
Example 4

Flexographic printing plates were also produced using
both thermally anncaled and non-anocaled 7-mil (0.178
mm) polyethylene terephtbalate (PET) film substrates. Tos
thermally annealed film was produced on-line in an air oven
held at about 160° C, with a web lension of about 100 psi
(6.9x10° N/m?). The film substraies were corona treated and
primed as in Example 3, Approximaiely 18"x20° (45.7
¢mx50.8 cm) ircated film specimens were laminated with a
60 mil thick Kraton™ based photosensitive elastomeric
composition, The plate specimens were then imaged through
a pegative having an x-y grid and 45° angle lines. The
imaged plates were developed by cycling 6 times through
the processor of U.S. Pat, No, 5,279,697 The developer roll
was at 176° C. and the transport drum was at 65° C. Some
plates were fed Lhrough the thermal developer upil in the
machine direction, while others were fed crosswise (or in the
transverse direction) through the processor, The magnitude
of plate distortion was calculated with respect to the ncga-
tive by measuring changes in a grid, 12 inch (30.5 cm) in the
machine direction (MD) and 10 ioch (254 cm) in the
trapsverse direction (TD). For each plate three different

" measucements were made in each direction. Negative dis-
tortion values tefer to shrinkage and positive values refer to
cxpansion, The data shown in Table I'V demonstrates that
plates produced with annealed PET substrates exhibit lower
distortion than plates produced with non-annealed PET
subsirates.

0
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TABLE IV

BISTORTION (%
SAMPLE PROCESSING DIRECTION MD ™
Acnenled-1 Machine 0.007 2.007
Annealed-2 Machine -0.014 ~0.007
Annealed-3 Machine 0.008 0.013
Asnuesled-4 Machine -0.014 =0.008
Anncaled-5 Croas =0.007 -0.006
Annealed-6 Cross ~0.025 2023
Annealed-7 Cross -0.011 -0014
Control-1** Machine -0.073 0051
Control-2**  Cross -0.053 ~0037
A of 3 in each di for each plais

*» Average of 3 plates

What is claimed is:

1. A photosensitive plate sujtable for use as a flexographic
printing plate comprising a dimensionally stable, flexible,
polymeric substrate and a pholosensitive elastomer layer,
wherein the plate has a thermal distoriion in both the
machine and the transverse directions which is less than
0.03% when the plate is exposed to actinic radiation sud,
after exposure, is developed al temperatures between 100
and 180° C.

2. The plaie of claim 1 wherein the thermal distortion is
less than 0.015% when the plate is developed at tempera-
tures from 120 to 175° C.

3, The platc of claim 1 wherein the substate has a
thickness from 0.07 to 2 mm.

4, The plate of claim I wherein the photosensitive ¢las-
tomer layer comprises a thermoplastic elastomeric block
copolymer mixed with a cross-linking agent and a photo-
initiator.

5. The plate of claim 4 wherein the elastomeric block
copolymer is a A-B-A type block copolymer, wherc Aisa
vinyl pelymer and B is polybutadiene or pelyisoprene and
the ratio AB is in the range of from 10:90 to 35:65, and the
cross-linking sgent is an cthylenically unsatursted com-
pound with at least ooc lerminal ethylenic group that is
compatible with the block copolymer.

6. The plate of claim 1 wherein the photosensitive elas-
tomer fayer comprises a poiyurcthane clastomer which is the
teaction product of (i) an organic diisocyanate, (if) at least
one chain extending agent having at lcast two fres hydrogen
groups capeble of polymeriziag with isocyanate groups and
having at least one etbylenically unsaturated addition poly-
merizable group per maolecule, and (iii) an organic polyol
with a minimum molecular weight of 500 and at least two
free hydrogen containing groups capable of polymerizing
with isocyanate groups.

7. The plate of claim 1 wherein the polymezic substrate is
a semicrystatlie polymer.

8. The platc of claim 7 wherein (he semicrystalline
polymer is selected From the group cousisting of: polyeth-
ylene naphbibalate, polyetbylene terephtbalate, polyether
ketore, polytctrafingrocthylene, polyamide, syndiotactic
polystyrene, and polyphenylene sulfide.

9. The plate of claim 7 wherein the semicrystalline
polymer subsirate has been annealed at tensions loss than
1.4x10° N/m? and a temperature, which is between the glass
Lransition temperature and the meltiog temperature snd is
greater than the developing temperature mius 10° C.

10, The plate of claim 9 wherein the anncaling lempera-
ture is greater than the developing temperature plus 15° C.

11. The plate of claim 9 wherein the annealing tempera-
ture is greater thao the developing lemperature.
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12, Tue plate of claim 9 wherein the annealing tempera-
ture is greater than 120° C.

13, The plate of claim % wherein the annealing lempera-
ture is greater than 150° C.

14, The plate of cleim 9 wherein the annealing iempera-
ture is greater than 175° C.

15. The plate of claim 9 wherein the anocaling is per-
formed at tensions of less than 6.9x10° N/m?,

16. The plate of claim & in which the substrate hes been
annealed for a time greater than the time it takes for the
substrate o reach the ancealing feroperature,

17. The plate of claim 9 wherein the polymer substrals is
anncaled for a time greater than the time required to reach
the amncaling temperature plus 5 seconds.

18. The plate of claim 12 in which the polymer substrate
is appealed by air-oven amnesling, bot cao aomealing,
annealing rolls of film, or combinations of thess methads.

3

10

19. A photosensitive plate suitable for use as @ flexo-
graphic printing plate comprising & dimensionally stable,
flexible, polymeric substrate and a photosensitive elastomer
layer, wherein said polymeric substirate experiences less than
007% distortion in any planar direction when heated to
temperatures from 110 to 180° C.

20. The plate of claim 1% wherein the substrate exped-
ences less than 0.05% distortion in any planar direction

10 When heated to temperetures from 110 to 180° C,

21. The plate of claim 19 wherein the substrate experi-
ences less than 0.02% distortion in any planar direction
when heated to temperatures from 110 to 180° C.

-
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5N ABSTRACT

‘The ipvention relates to 2 process for preparing a fexo-
graphic printing plate from a photosensitive clement having
a photopolymerizable layer and a thermally removable {aycr
on the photopolymerizable layer. The process includes
imagewise exposing the pholosensitive elemeat and ther-
mally weating the exposed element to form a relief suitable
for use in flexographic printing. The thermally removable
layer can be transparent of opague to actinic radiation. The
invention also relates to a photosensitive element for use in
this process. The photasensitive element includes a photo-
polymerizsble layer and at least one thermally removable
layer having a filler and a binder, wherein the binder is less
than 493% by weight, based on ke lotal weight of the binder
and filler.

54 Claims, No Drawings




Case 3:06-cv-02968-AET -JJH Document1 Filed 06/29/06 Page 20 of 45 PagelD: 20

US 6,773,859 B2

1

PROCESS FOR MAKING A FLEXOGRAPHIC
PRINTING PLATE AND A PHOTOSENSITIVE
ELEMENT FOR USE IN THE PROCESS

BACKGROUND OF THE INVENTION

1. Field of the Iovention

This invention relates to & process for making = Bexo-
graphic printing plate. In particular, the process forms the
plate using a pholosensitive clement baving at least onc
thermally-removable layer on af least one photopolymeriz-
able layer and heating the elemeant to form a relief surface
suitable for flexographic printing. The invention also relates
to & photosensitive clement baving a thermally-removable
layer, which after undergoing thermally processing, is suit-
able for use as a flexograpbic printing plate.

2. Description of Related Art

Flexographic printing platcs are widely used for printing

of packaging materials ranging from corrugaied carion ,,

boxes to card boxes and 1o continuous web of plastic films.
Flexographic printing plates can be prepared from pholopo-
lymerizable compositions, such as these described in U.S.
Pat. Nos. 4,323,637 and 4,427,759 The photopolymerizable

compositions generally comprise ap elaslomeric binder, at .,

least one movomer znd a photoinitiator. Photosensitive
elements pensrally have a layer of the photopolymerizable
composition interposed belween a support and a eavershest
or a multilayer cover element. Flexographic printing plates

are characterized by their ability to crosslink or cure upon 5

exposure to actinic radiation. Typically the plate is uni-
formly exposcd through the backside of the plate to a
specified amount of actinic radiation. Next, an imagewise
exposure of the front-side of the plate is made through an
image-bearing artwork or a template, such as a photographic 4
negative or iransparency (e.g. silver balide filw) inside a
vacuum frame to cosuse infimate contact of the artwerk to
the plate surface. The plate is exposed to aclinic radiation,
such as an uliraviolet (UV) or black light Tbe actimic

[

radiation eaters the photosensitive material through the clear 4

areas of the transparency and is blocked from cotering the
black or opaque areas. The exposed material crosslinks and
becomes insoluble 1o solvents used during image develop-
ment The unexposed, uncrosslinked photopolymer areas

under the opaque regions of the transparcocy remainsoluble ¢

and are washed away with a suitable solvent leaving a relief
image suitable for printing, Then the plate is dried. The
printing plate can be further treated to remove surface
tackiness. After all desired processing sleps, the plate is

mounted on a cylinder and used for printing. 50

However, developing systems that treal the element with
a solution are time consuming since drying for extended
period (0.5 1o 24 hours) is necessary to remove entrained
developer solution. In addition, these developing systems

produce poteatially toxic by-product wastes (both the sal- 55

vent and any material camried off by the solveni) during the
development process.

To avoid the problems with solution development, a “dry”
thermal development process may be used. In a thermal

development process, the photosensitive layer, which bas 60

been imagewise exposed to actinic radialion, is contacied
with an absorbent material at a temperature sufficient to
ceuse the composition in the unexposed portions of the
photosensitive layer to sofien or melt and flow into an

absorben! material. See U.S. Pat. Nos. 3,264,103 (Cohen ¢t 65

al); U.S. Pat. No. 5,015,556 (Mariens); US, Pat. No.
5,175,072 (Marieas); U.S. Fal. No. 5,215,859 (Martens);

2

and ULS. Pat. No. 5,279,697 (Pelerson et al.). In all these
cited patents imagewise cxposure is conducted with a sitver
halide film target in a vacuum frame. The cxposed portions
of the photossasitive layer remain hard, that is, do not soften
or melt, at the sofiening temperature for the

s
portions. The absorbent material collects the softened

un-irradiated material and then is separated and/or removed
from the photosensitive layer. The cycle of heating and
conlacting the photosensitive layer may need Lo be repeated
several times in order to sufficicntly remove the flowable
compasition from the un-irradiated arezs and form a relief
structure suitable for printing, Thus remains a raised relief
structure of irradiated, hardened composition that represeats
the desired printing iroage.

The photoscasitive clement for flexographic use typically
includes one or more additional layers on the photopoly-
merizable layer on the side opposile the support, that is,
sandwiched between the photopolymerizable layer and the
coversheet, The one or more additional layers can be, for
instance, a release layer for easc in removing the image-
bearing transparency -(mask film) after exposure under
vacuum, an clastomeric capping layer, or a radiation opague
layer, The radiation cpaque layer is used o form a mask in
situ on or above the photopolymerizable Jayer. Since the
radiation opague layer typically is also sensitive to infrared-
radiation, the radiation opague layer is cxposed imagewise
to infrased laser radiation to form an image on the photo-
polymerizable layer, i.¢., the in situ mask. The infrared lascr
radiation can seleclively remove or ablate the infrared
scositive layer (ie., radiation opaque layer) from the pho-
tosensitive element, as disclosed by Fan in U.S. Pat. Nos.
§,262,275 and 5,719,009; Fan in EP 0 741 330 A; and Van
Zocren in U.S. Pat. No. 5,506,086; or can sclectively trans-
fer the infrared sensitive material onto the photopolymeriz-
able layer of the element as disclosed by Fan et al. in US.
Pat. No. 5,607,814; and Blanched in U.S. Pat. Nos. 5,765,
819; 5,840,463; and EP 0 891 877 A. One or more barrier
layers may also be present between the photopolymerizable
layer and the radiation opague layer to maintain tbe integrity
of the radiation opaque layer on the photopolymerizable
layer, Thereafter, the element is overall expesed with actinic
ractiation through the mask and then wet processed, that is,
in a solvent or aqueous solution, to form the relief as
described above,

U.S. Pat. No. 5,888,607 discloses a photosensitive ele-
menl having an overall layer of powder material on &
photopolymerizable layer. The layer of particulate material
can be opaque or transparent depending on desired use. A
{ransparent powder layer can function as a release layer for
the photosensitive element, The opague powder layer can
function as the radiation opaque layer for the photosensitive
clement &s explained above. The powder material can be
organic, inorgenic, mixtures of organic and inorganic
compounds, or multicomponent, The particle size of the
powder material is less than 50 microns. After imagewise
exposure, the relief is formed in the photosensitive element
by washing with 2 suitable developer selected from crganic
solutions, water, agueous, or semi-aquesus solutions. Thus,
only conventional wet processing to form the relief image
was disclosed, )

EP 0 665 471 A2 discloses thermally developable flexo-
graphic printing plats having a release layer on a photo-
sensitive clastomeric layer. The telease layer is composed of
a celiulose-based polymer, such as bydroxyalky! cellulose,
which has a softening point and melt viscosity compatible
with the sofiening temperature of the photosensitive elasto-
meric layer forming the relick layer. The preferred develop-

eAmm ottt vk
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ing temperatures range from 95° C. to about 150° C, The
celluiose-based polymer of the releass layer bas a softening
temperature less than about 130° C. However, not all
bydroxyalleyl cellulose compounds were appropriate a5 the
release layer for thermally developed plates. Hydroxyzikyl
cellulose having too high a molecular weight was too
viscous at the desired thermal developing lemperatures. EP
0 665 471 A2 also discloses thal a layer of polyvinyl alcohol
on a photosensitive elasiomeric layer does pot melt suffi-
cicatly for thermal development.

U.S. Pat, No. 3,060,024 discloses a photopolymerization
precess for reproducing images using a thermoplastic ele-
ment composed of a thermoplastic organic polymer, an
cthylenically unsaturated compound with a terminal ethyl-
enic group and a photoinitiator. In the process, the theamo-
plastic clemeat is exposed imagewise to actinic light through
a target in a vacuum frame, beated to the tack lemperature,
and dusted with finely-divided solid particles of material.
The particles remain in the unexposed jmage areas that
become lacky during the heating step, and are removed from
the exposed image arcas that are non-lacky afier eooling lo
room temperature. Then the dusted surface of the therma-
plastic element is contacted to a separate image-receptive
clement at a transfer femperature of at least 40° C, Transfer
temperatures is the iemperamre at which the image arcas
stick or adbere within 10 seconds uoder slight pressure to a
filter paper, and is between 40 and 170° C. The thermoplastic
element is separated from the separatc clement so that the
particles and an adberent portion of the uncxposed image
areas transfer Lo the surface of the jmage-recepiive element.
The process of beating, dusting, coniacliog and heating can
be repeated multiple times to provide copics of the image.
Example X1 discloses using carbon having 2 particle size of
73 micromelers on the thermoplastic eiement, The unex-
posed areas of the photopolymerized layer with the toned
particle material transferred 10 a paper support to form 2
black relief image, 3 mils in thickness. The transferred relief
was posl-exposed for use in relief prioting.

U.5. Pat. No. 3,060,025 discloscs & process similar 10 that
of U.S. Pat. No. 3,060,024, except that the particles can be
coated on a separate surface and transferred upon contact to
the uncxposed areas (but not the exposed aress) of the
thermoplastic element upon application of heat. Binders
may be used to adbere the coated particle layer to & support
surface. For both U.S, Pat. No. 3,060,024 and 3,060,025, the
thermoplastic element is imagewise exposed prior ta con-
tactipg with particles or 2 particle layer. Thus, the particle
layer is not preseot during the imagewise exposure to actinic
light. :

US. Pat. No. 3,264,103 discloses pholopolymeizable
telief printing plates developed by o dry thermal transfor
process, The plate is made from a photopolymerizable
printing element composed of a polymeric binder, an eth-
ylenically unsaturated compound, and & polymerization pho-
toizitiator. The process includes exposing the photopolymer-
izable clement through an image-bearing transparcocy,
beating the element to & temperalure between the fow
temiperatures of the exposed and the uncxposed areas, and
absorbing molten unexposed material into & porous matrix
clement by pressing into contact the element and the porous
matrix e¢lement. The heating operating lemperature is
between 40 and 260° C. The photopolymerizable layer of the
clement may include dyes and pigments, as well as fillers or
reinforcing agents of sufficicatly small particke size to pen-
etrate the porous material.

Even though thermal processing of fAexographic plates
was disclosed by Martens in U.S. Pat. Nos. 5/015,556;

10
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5,175,072; and 5,215,859, there was no comparative analy-
sis of the differences in plate performance between the
thermally processed plates and solvent processed plates.
Dramatic reduction in plate performance have been found as
a result of thermal processing of plates, Problems have also
been found with thermal developmeat of pholosensilive
elements having the one or more additional layers on the
photopolymerizable layer. The additional layers may oot be
adequately removed by heating at the lemperature sufficient
to soften (ot melt) to remove the unpolymerized portions of
the photopolymerizable layer. All or parts of the additional
layers may remain on the photosensitive element even after
multiple cycles of heating and contacting with an absorbant
material that are conducled in thermal development. The
porticas of the additional layer/s that remain after thermal
development can alter the relief depth, reverse depth, and
surface of the plate and therefore detrementally impact
printing performance of the plate.

Further, it is desireable to minimize the time and tem-
perature at which the photosensitive clement is held during
thermal development to maintain the productivity of the
system and to avoid distortion of the support or distortion of
the fine image arcas on the plate. Yet the desire to minimize
time and temperature for thermal development must be
balanced with the need to thoroughly remave (ie., clean out)
the unpolymerized areas from the photopotymerized layer
including the fine teverses as well as remove the one or more
additional layers. The unpolymerized areas must be
removed to form sufficient printing relicf to use the element
as & plate. The additional layers mwst also be removed
particularly from the surface and in between fine reverses in

order for the plate to have quality printing of highlight dots, .

fine lines, mid-toncs and fine reverses. Thus, a thermally
processed photosensitive element should provide good pro-
cessing latititude and excellent printing quality regardless of
screen ruling,

SUMMARY OF THE INVENTION

it is an object to provide a process for making a flexo-
graphic printing plate in which one or more additional layers
disposed above a photopolymerizable layer of a photosen-
sitive element are thoroughly removed with unexposed
portions of the photopalymerizable layer upon thermal
development.

It is acother object of this invention to provide 3 photo-
sensitive clement haviog one or more additional layers
dispased above a photopolymerizable layer and a process for
thermally developing the photoscasitive element that are not
limited by the melting or softening temperature associated
with material or materials in the one or more additicnal
layers on the pholopolymerizable layer,

1t is a further object of this invention to provide a process
for making a Sexographic printing plate that reduces the
time for thermal development at a developing temmperahire
suitable for removal of unpolymerized portions of a photo-
polymerizable layer as well as one or more additional layers
on the photopolymerizable layer.

It is a still Further object of this invention to provide a
photosensitive element suilable for thermal development
which has good processing latitude and provides quality
print performance regardless of screen ruling.

In accordance with this invention there is provided a
process for making a flexographic prioting plate comprising
providing a photosensitive element which comprises at least
one photopolymerizable layer on a support comprising an
elastomeric binder, at least one monomer, and &
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photoiritiator, and al least one thermally removable layer
disposed above the photopolymerizable layer. The thermally
removable layer is sclected from the group consisting of: (a}
an actinic radiation opaque layer comprising (i) at least one
infrared absorbing materal, (if) a radiation opaque material,
whercin (i) and (ii} can be the same or different, and at least
one binder having a softening or melting temperature less
than 190° C.; {b) a layer of a composition comprising at leasi
one binder and filler, wherein the binder is less than 49% by
weight based on the tota! weight of the binder and filler, and
(2) & layer of particulate material having particle size of less
than 23 micrometers. The process includes imagewise

10

exposing the photopalyrerizable layer to actinic radiation .

forming polymerized portions and uapolymerized portions
and thermally treating the imagewise exposed element by
heating to a femperature sufficient to remove the thermally
removable layer and o remove the unpolymerized portions
of the photopolymerizable layer and form a refief.

In accordance with another aspect of this invention there
is provided a photosensitive clement for use as a flexo-
graphic printing plate comprising (z) at least onc pholopo-
lymerizable layer oo a support comprising an clastomeric
binder, at least ont monomer and a photoinitiator, wherein
the photopolymerizable layer in an uaexposed state is
capable of melting, softening, or flowing at a (reating
temperature of at least 40° C,, and (b) at least one thermally
removable layer disposed above the photopolymorizable
layer, wherein the thermally removable layer comprises at
least onc binder and a filler, wherein the binder is less than
49% by weight based on the total weight of the binder and
filler.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

The process af the present invention prepares a flexo-
graphic printing plate from a photosensitive element com-
prising & photopolymerizable layer and at Jeast one ther-
mally removable layer thereon and includes the steps of
fmagewise exposing, and thermally treating to form a relicf
surface. The pbotasensitive element is able to withstand the
conditions associated with thermal processing. Uncured
portions of the photopolymerizable layer as well as the
thermally removable layer/s thercon can bo effectively
removed to provide a relief plate suitabile for high quality
flexographic prioting. In addition, the photosepsilive ele-
ment used in the present process is able to reproduce the fine
picture elements from the desired image without distortion.
Such a pbotosensitive element will allow one to use pra-
cessing conditions that will not be detrimental to the fine
features of the plate andjor @ support for the element
Additionally, the photopolymetizable elastomeric layer af
the photosensitive elements useful in this invention can be
effectively processed in less pumber of cycles of heating and
contacting and/or at lower temperaturcs. Also, the photo-
seasitive clement provides wide exposure and processing
latititude.

The first step of the present process is ta provide a
photosensitive element. The photoseasilive element
comprises, in order, & support, at least one photapolymer-
izable layer, and at least one thermally removable layer on
the phatopolymerizable layer. As used herein, the term
“photopolymerizable” is intended to encompass systems
that ere photopolymerizable, photocrosslinkable, or both.
The pbotopelymerizable layer is formed of a composition
comprising a thermoplastic binder, at least ooc monomer
and a photoinitiator, The thermoplastic binder is preferably
is clastomeric. The photoinitiator has sensitivity to actinic
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cadiation. Throughoul this specification actinic light will
include ultraviolet radiation and/or visible light. The pho-
topolymerizable composition is capable of partially lique-
fying upon thermal development. That is, during thermal
development the uncured composition must soften or melt or
flow at a reasonable processing or developing temperature
but not be subject 1o cold flow, i¢., dimensional change,
during oormal storage. :

The thermoplastic binder can be 3 single polymer or
mixture of polymers. Binders include narursl or syathetic
polymers of conjugated diolefin bydrocarbons, including
polyisoprene, 1,2-polybuladiens, 1.4-polybutadiene, and
butadiene/acrylonitrile. Preferably, the thermoplastic binder
is an clastomeric block copolymer of an A-B-A type black
copolymer, where A represcols a noa-tlastomeric block,
preferably a vinyl polymer and most preferably polystyrene,
end B represents an elastomeric block, preferably polybuta-
diene or polyisoprene. Suitable thermoplastice elastomeric
binders of this type include poly(styrenc/isoprenc/styrenc)
block copolymers and poly(styrene/butadienc/styrene)
block copolymers which are preferred. The von-elasiomer to
elastomer ratio is preferably in the range of from 10:90 Lo
35:65. Most preferably the thermoplastic elasiomeric binder
is 2 mixture of at least lwo poly(styrene/isopreae/styrenc)
block copolymers as described by Dudek et al. in U.S. Pat.
No. 5,972,565, It is preferred that the binder be present in an
amount of at least 60% by weight of the photosensitive layer.

The term binder, as used herein, encompasses core shell
mricrogels and blends of microgels and preformed macro-
molecutar polymers, such as those disclosed in Fryd et al,
US. Pat. No. 4,956,252 and Quinn et al, U.S. Pat. No.
5,707,773,

Other suitable phatosensitive elastomers that may be used
include polyvrethane elastomers. Ao example of a suitable
palyurcthane elastomer is the reaction product of (i} an
ofganic diisocyanale, (i) at lcast one chain extending agent
having at least two free hydrogen groups capable of poly-
merizing with isocyanate groups amnd having at Jeast onc
ethylenically unsaturated addition polymerizable group per
molecule, and (iii) an organic polyol with a minimum
molecular weight of 500 and at least two free hydrogen
containing groups capable of polymerizing wilh isocyanale
groups. For a more complete description of some of these
materials see US. Pat. No. 5,015,556,

The photopolymerizable composition contains at least
ore compound capable of addition polymerization that is
compatible with the binder to the exient that a clear, no-
cloudy photoscositive layer is produced. The at least one
cempound capable of addition polymerization may also be
referred to s 2 monomer and can be a single monomer or
mixture of monomers. Monomers that can be used in the
photopslymerizable composition arc well known in the anl
and inchide, but are not limited to, addition-polymerization
ethylenically unsaturated compounds with at least one ter-
minal ethylenic group. GeneraHy 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. Exampies of suitable mone-
mers include, but arc not limited to, t-butyl acrylate, lauryl
acrylate, the acrylate and methacrylate meno- and poly-
esters of slcohols and polyols such as alkapols, such as
hexanedio] diacrylate and hexancdiol dimethacrylate; alky-
lene glycols, such as ethylene glycol discrylate, stbylenc
glycol dimethacrylate, and dicthylenc glycol diacrylate;
trimethylol propanc, such as wimethylol propane triscrylate;
ethoxylated trimethylol propane; pentaeryihiritol, dipen-
tacrythritol; polyacrylol oligomers, and the like. If a poly-
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acrylol oligomer is used, the oligomer should preferably
bave a molecular weight greater than 1000. A mixture of
monofunctional and multifunctional acrylates or methacry-
lates may be used. Other examples of suitable monomers
include acrylate and methacrylate derivatives of isocyanates,
esters, epoxides and the like. Monomers can be appropri-
ately selected by onc skilled in the art to provide elastomeric
propexty to the photopolymerizable composition. Examples
of elastomeric monomers include, but are not limited to,
acrylated liquid polyisoprenes, scrylated liquid butadienes,
liquid polyisoprenes with high vinyl content, and liguid
polybutadicaes with high vinyl content, (that is, content of
1-2 vinyl groups is greater than 20% by weight). Further
examples of monomers can be found i Chen U.S. Pat. No.
4,323,636, Fryd et al, US. Pat. No. 4,753,865; Fryd et al.,
LS. Pat. No. 4,726,877 and Feiberg «t al, U.S. Pat. No.
4,894,315. The compound capable of addition polymeriza-
lion (monomes) is prescnt in at least an amount of 5%,
preferably 10 to 20%, by weight of the elasiomeric compo-
sition.

The photoinitiator can be any single compouad or com-
bination of compounds which is sensilive to actinic
radiation, penerating 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 guinones,
benzophenones, benzoin ethers, aryl ketones, peroxides,
biimidazoles, benzyl dimethyl ketal, bydroxyl alkyl pheny!
acetophone, dialkoxy sclophenone, trimethylbenzoyl phos-
phinc oxide derivatives, aminoketones, benzoyl
cyclohexanol, methyl thio pheayl morpholino ketones, mor-
pholino phenyl amiaoo ketones, alpha
halogennoacetophenones, oxysulfonyl ketopes, sulfonyl
ketones, oxysulfonyl ketones, sulfonyl ketones, benzoyl
oxime esters, thioxanthrones, camphorquinones,
ketocouumarins, Michler’s ketone may be used.
Alernatively, the photoinitiator may be a mixture of
compounds, one of which provides the free radicals when
caused to do so by a sensitizer activated by radistion.
Preferably, the initiator is scositive to visible or ultraviolet
radiation. Photoinitiators are gencrally present in amounts
from 0.001% 1o 10.0% based on the weight of the photo-
polymerizable composition.

Optionally, the photopolymerizable layer can contain
spectral sensitizing agents. In general, spectral seositizing
agents are those malerials that absorb radiation at & wave-
leagth differenl than that of the reaction-initiating
component, i.e., photoinitiator, and are capable of transfer-
ting the sbsorbed coergy to the photoinitiator, Thus, the
wavelength of the activating radiation can be adjusted.

The pholopolymerizable layer can contain other additives
depending on the final properties desired. Additional addi-
tives 1o the photopolymerizable layer include sensitizers,
plasticizers, rheology modifiers, thermal polymerization
inhibitors, colorants, processing aids, antioxidants,
antiozonants, and fillers. Processing aids may be such things
as low molecular weight polymers compatible with the
elastomeric block copolymer, such as low molecular weight
alpha-methylstyrens polymer or copolymer. Antiozonants
include bydrocarbon waxes, norbornenes, and vegelable
oils. Suitable antioxidaats include alkylated phenols, alkcy-
lated bisphenols, polymerized trimethyldihydroquinone, and
dilauryl thiopropinoate.

Plasticizers are used to adjust the flm forming properties
of the elastomer. Examples of suitable plasticizers include
aliphatic hydrocarbon ails, e.g., naphthenic and paraffinic
oils; liquid polydienes, ¢.g., liquid polybutadiene; and liquid
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polyisoprene. 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 malecular weight will cncompass molecular weights
less than about 36,000.

Flexographic printing plates formed from photopolymer-
izable compositions which are soluble, swellable, or dis-
persible in aqueous, semi-aqueous, or organic solvent devel-
opers (so called wet development) may also be suitable for
use in the prescat invention to the extent that the photopo-
tymerizable composition is also capable of liquifying upon
thermal development to form a relick surface. Examples of
suitable compositions for solvent developmeat have been
disclosed, for example, in Chen et al., U.S, Pat. No. 4,323,
637, Gruetzmacher et al, US. Pat. No. 4,427,749 and
Feioberg et al., U.5. Pat. No. 4,894,315,

The thickness of the photopolymerizable layer can vary
over a wide range depending upon the type of printing plate
desired, for example, from about 0.010 inches to about 0.250
inches or greater (about 0023 cm to about 0.64 ¢cm or
greater). For so-called “thin plates™ typically the photopo-
lymerization layer can range from about 0.010 inches to
about 0.067 inches (about 0.025 cm te aboul 0.17 cm) in
thickness.

The support can be any fBexible material that is conven-
tionally used with photosensitive elements used to prepare
flexographic printing plates. Preferably the support is trans-
parent to actinic radiation to accommodate “backfiash™
exposure through the support. Examples of suitable support
materials include polymeric films such those formed by
addition polymers and Linear condensation polymers, irans-
parcet foams and fabrics. Under certain end-use conditions,
metals such s aluminum, may also bs used 15 a support,
even though a metal support is oot transparent to radiation.
Apreferred support is a polyester film; particularly preferred
is polyethylene terephthalate. The support may be in sheet
form ar i cylindrical form, such as a sleeve, The sleeve may
be formed from single layer or multiple layers of floxible
material. Flexible sleeves made of polymeric films are
preferred, as they typically are transparcot to ultraviolst
radiation and thereby accommaodate backflash exposure for
building a flaor in the cylindrical printing element. Multiple
fayercd sleeves may include an adhesive layer or tape
between the layers of Bexible malerial. Preferred is a mul-
tiple layered slceve as disclosed in U.S. Pat. No. 5,301,610
The sleeve may alsa be made of non-trensparcat, actinic
radiation blocking materials, such as nickel or glass epoxy.
The support typically bas a thickuess 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 2 wall thickaess from 10 w0 80 mils
(0.025 1o 0.203 cm) or more, Prefered wall thickness for the
cyliader form is 10 to 40 mils (0.025 to 0.10 cm}.

Optionalty, 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
Iayer o the surface of the support can be & subbing layer of
an adbesive material or primer or an anchor layer as dis-
closed in U.S. Pat. No, 2,760,863 to give strong adhcrence
betwesn the support aod the photopolymerizable layer. The
adhesive compositions disclosed in Burg, U.S. Pat. No.
3,036,913 are also effective. Alteratively, the surface of the
support on which the photopolymerizable layer resides can
he treated to promote adbesion between the support and the
photopolymerizable layer, with flame-treatment oz electroa-

treatment, ¢.g., corona-treated, Further, the adhesion of the -
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photopolymerizable layer to the support can be adjusted by
exposing the clement to actinic radiation throngh the support
as disclosed by Feinberg ¢t al, in U.S. Pat. No. 5,292,617.

The photopolymerizable layer itself can be prepared in
many ways by admixing the binder, monomer, initiator, and
other ingredients_ 1t 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 melling, mixing, deaerating and filtering the
compasition. The extruded mixture is then calendered
between the support and a temporary coversheet.
Alternatively, the photopolymerizable material can be
placed between the support and the temporary coversheet in
» mold, The layers of material are then pressed flat by the
application of beat and/or pressure. Cylindrical scamless
photopolymerizable elements may be prepared according to
the method and apparatus disclosed by Custer et al. in U.S.
Pat. No. 5,798,019.

The photosensitive clement includes at least one photo-
polymerizable layer that can be of a bi- or multi-layer
construction, Purther, the photosensitive element may
include an clastomeric 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-
Iymerizable layer in the cxposed state. The composition of
the clastomeric layer comprises an clastomeric polymeric
binder, an optional s¢cond polymeric binder and optionally
a nonmigratory dye or pigment, The elastomeric composi-
tion can also contain 3 monomer or monomers and a
photoinitiating system. The elastomeric polymeric binder in
{he elastomeric composition is gencrally the same as or
similar to the elastomeric binder present in the photopoly-
merizable layer. The elastomeric capping layer is typically
pact of a multilayer cover element that becomes part of the
phatosensitive printing element during calendering of the
photopolymerizable fayer. Such multilayer cover elements
and compositions suilable 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 clastomeric
capping layer may nol necessarily contain photoreactive
components, the layer ultimately becomes photosensitive
when in contact with the photopolymerizable layer. As such,
upon imagewise exposure to actinic radiation, the clasto-
meric capping layer has portions in which polymerization or
crosslinking have occurred and portions which remain
unpolymerized, i.e., uncrosslinked. Thermal treating at the
developing temperature causes the unpolymerized portions
of the elastomeric capping layer (o soften or melt or How
along with the photopolymerizable layer, in order to form
the relief surface. The clastomeric capping layer that has
been exposed lo actinic radiation remeins on the surface of
the polymerized arees of the photopolymerizable layer and

- becomes the actual printing surface of the prinling plate.

The photosensitive element includes at least ons ther-
mally removeable layer on the photopolymerizable layer.
Depending on desired use, the thermally removable layer
may be opaque or transparcol (o actinic radiation. The at
least ope thermally removable layer may have one or more

- functions for the photoseositive ¢lement including, but not

limited to, a release layer, an aclinic radiation opaque layer,
a barrier layer (typically in conjunction with the actinic
radiation opaque layer), an adbesion modifying layer, and a
fayer which alters the surface characteristics of the pboto-
sensitive element. The thermally removable layer should be
substantially insensitive to the radiation that induces pho-
toreaction in the photopolymerizable layer, which typically
is ultraviolet radiation.

25

35

40

45

50

55

0

65

US 6,773,859 B2

10

The primary purposes of a refease layer are for case in
placing and removing an image-bearing transparency onto
and from the photopolymerizable surface after exposure in
a vacuum frame, (An image-bearing transparency may also
be referred to herein as a mask, target, silver halide target,
and phototool) The release layer provides a substantially
non-tacky surface to the typically tacky surface of the
photopolymerizable tayer. The release layer cag also protect
the surface of the photopolymerizable lsyer from being
damaged during removal of an optional temporary cover-
sheet and can ensure that the photopolymerizable layer does
net stick to the coversheet, When the thermally removable
layer is functioning as a release layer, the layer is transparent
or subsiantially ttansparent, i.¢., insensitive or substantially
insensitive, to actinic radiation. A transpareni or subsian-
tially transparent leyer is one that permils all or at least &
significant portion of the tramsmitted amount of actinic
radiation to the underlying pholopolymerizable layer so that
2 significant amount of photoinduced reaction occurs in the
photopolymerizable layer. The thermally removable layer is
also substantially transparent to actinic radiation whea act-
ing as an adhesion modifying layer and when aliering the
surfsce characleristics, such as surface roughness, ink
pickup, or ink release properties of the photoseasitive cle-
ment, A sufficiently coughened exterior surface of the pho-
tosensifive clement can eliminate the need for matte ageat in
films that are used as photolools (i.c., transparency mask).
The matte agent in the phototeol assures intimate contact
between the phototool and the clement upen exposure in
vacuune,

When the thermally removeable layer is the actinic radia-
tion cpague layer, the layer is opaque or substantially opaque
(0 actinic radiation, An opaque or substantially opaque layer
is one in which the amouat of actinic radiation transmitted
to the underlying photopolymerizable layer is so minuscule
that no significant amount of photoinduced reaction occurs
in the photopolymerizable layer. When acting as {he actinic
radiation opaque layer, the thermally removable layer may
completely cover or cnly partially cover the vnderlying
photopolymerizable layer for the photosensitive ¢lement
prior to the imagewise exposure step. If the actinic radiation
opaque layer completely covers the underlying pbotopoly-
merizable layer, the actinic radiation opaque layer is first
removed imagewisc from the photosenstive element lo
uncover the photopolymerizable layer. The thermally
removable layer as the radiation opaque layer forms the in
sitn mask on the photosensitive element for imagewise
exposure of the photopolymerizable layer. The actinic radia-
tion opaque layer typically is also sensitive to infrared
radiation that is used io form the in situ mask. Tbe in situ
mask of the rediation opaque layer may be formed by aoy
method including imagewise ablation of the radiation
opaque layer by infrared laser radiation from the photosen-
sitive ciement, imagewise transfer of the radiation opagque
layer by infrared laser radiztion from a donor element 1o the
photosensitive clement, imagewise adbesion halance cbange
by infrared laser radfation between a subsirate and the
photosensitive clement and inkjet application methods. It is
possible to use more than one layer (thermally removable) to
form the actinic radiation opaque layer. Whea the thermally
remavable layer is the actinic radiation opaque layer, the
opaque arcas should have a transmission oplical deosity
(visual filter) of greater than 2.0 in order to effectively block
actinic radiation and the polymerization of the underlying
photopolymerizable layer. The in situ mask remaips on the

photepolymerizable layer afier imagewise exposure, and is

removed dudeg thenmal treating.
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The thickness of the thermally remaovabte layer should be
in the range suitable for its intcnded purposc. When the
thermally removeable layer is acting as the rclease layer, the
thickness is less than 25 micron, preferably less thao 15
microns, When the thermally removable layer is acting as
the radiation opaque izyer, the thickness should bs in 2 range
to optimize both sensitivity and opacity, which is geaerally
from about 20 Aogstroms to about 50 micrometers, prefes-
sbly 20 Angstroms 1o 25 micrometers. For photosensitive
clements having more than one thermally removable layer,
the total thickness of the layers should be as thin as possible,
that is, less thag 75 microns, preferably less than 50 microns.

The thermally rcmoveable layer is selected from the
group consisting of (8) an actinic radialion opague layer
comprising (i) at least one infrared absorhing material, (i) a
radiation opaque material, wherein (i) and (i) can be the
same or different, and ot lsast one binder having a softening
or melting temperature less than 190° C.; (b} 2 layer of ¢
composition comprising at least one binder and fller agent,
wherein the binder is less than 499 by weight based on the
total weight of the binder and filler agent, and (c) a layer of
particulate material having parlicle size of less than 23
micrometers. Depending upon the selection of malerials
used in the thermally removable layer (b) and (c), the
thermally removable layer may function as a release layer,
protective layer, surface altering layer, adbesion modifying
layer, or as a digitally imageable layer, .., an actinic
radiation opaque layer.

The thermally removable layer of the group (a) is an
actinic radiation opacue layer comprising (i) al least oge
infrared absorbing material, (ji) & zadiation opaque material,
wherein (i) and (if) can be the same or different, and at least
one binder baving 2 softening or melting temperature less
than 190° C. The binder for the thermally removable layer
(a) is at lsast 51% by weight, based on the total weight of
binder, the radiatior opaque material and the infrared
absorbing material. Since the binder is present in greater
proportion than the radiation cpaque material and/or the
infrared absorbing materiat, the thermally removable layer
(4) forms a continuous film disposed above the photopoly-
merizable layer,

To the extent that the foliowing binders have 2 sofiening
or melting temperature less than 190° C., the binders which
are suitable for use in the actinic radiation opaque layer (3)
include, but pot limited to, polyamides, polysthylene oxide,
polypropylene oxide, ethylcellulose, bydroxyethyl celhulose,
cellulose scelate butyrate, ethylene-propylene-dienc
terpolymers, copelymers of ethylene and vinyl acetate,
copolymers of vinyl acetate and vinyl alcohol, enpalymers
of vinyl acetate and pyrralidone, polyvinyl acetate, polyeth-
ylenc wax, polyacetal, polybutyral, polyalkyleoe,
polycarbonaics, polyesier elastomer, copalymers of vinyl
chloride and vimyl acetale, copolymers of styrene and
butadicne, copolymers of styrene and isoprene, thermoplas-
tic block copolymers of styrene and butadiene, thermoplas-
tic block copolymers of styrene and isoprene,
polyisobutylene, polybuiadicne, polycholorprene, butyl
rubber, nitrile rubber, thermoplastic polyurethane clastomer,
eyclic rubbers, copolymers of vinylacetate and (meth)
acrylate, acrylooiirile-butadienc-styrene terpelymer,
methacrylate-butadiene-styreae terpolymer, alkyl methacry-
late polymer or copolymer, copolymers of styremc and
maleic auhydride, copolymers of styrene and meleic anhy-
dride partially esterified with slcohols, aud combinatinns
thereof. Some of the above materials, particularly the
copolymeric elastomeric compounds do oot bave a actual
softening or melting point, but vather transition from a

20

25

35

40

45

65

12

viscous or rubbery condition to a hard relatively brittle
condition which is expressed as a glass transition
temperature, Tg. Prefered bioders baving a softening or
meiting temperature less than 190° C. include polyamides,
polyethylene oxide, polypropylene oxide, ethylceliulose,
bydroxyethyl cellulose, cellulose scetate butyrate, ethylene-
popylene-diene terpolymers, copolymers of cthylene and
vinyl acetats, copolymers of vinyl acetate and vinyl alcobol,
copolymers of vinyl acetalc and pyrrolidone, polyvinyl
acetate, polyethylene wax, polyacelal, polybutyral,
polysliyleae, polycarbonates, cyclic rbber, copolymer of
styrene and maleic anhydride, copolymer of styrene and
maleic anhydride partially esterified with alcohol, polyester
¢lastomers, and combinations thereof.

Materials suitable For use as the radiation opague material
and the infrared absorbing material include, bul is not
limited to, metals, metal alloys, pigments, carbon black,
graphite and combinations thereof. Mixtures of pigments in
which each pigment functions as the infrared absorbing
materal, or the radiation opaque material (or both) can be
used with the binder. Dyes are also suitable as infrared
absorbing agents. Examples of suitable dyes imclude poly
{substituted)phibalocyanine compounds; cyanine dyes;
squarylium dyes; chalcogenopyrloarylidene dyes; bis
(chalcogenapyrylo)-polymeihine dyes; oxyindolizine dyes;
bis{aminoaryl}-polymethine dyes; meracyaning dyes; cro-
conium dyes; metal thiclate dyes; and quinoid dyes. Pre-
ferred is carbon black, graphite, metal, and metal alloys that
functions s both the infrared absorbing material and the
radiation opaque material. The radiation opaque material
and the infrared absorbing material may be in dispersion as
described below o facilitale handling and uniform distribu-
tion of the material, Typically, the radiation opaque material
and the infrared absorbing materials have melting tempera-
tures above the trcating temperature.

The thermally removable layer of the group (b) is a layer
of 2 composition comprising at least one binder and fller,
wherein the binder i less than 49% by weight based on the
lotal weight of the binder and filler. The binder for the
thermally removable layer can be from 1 to 49% by weight,
bascd on the total weight. Since the amount of binder in the
thermally removable layer (b) is less than 49% by weight,
the filler is present at least 51% by weight based on the total
amauot of binder and filler iu the layer (b). The filler in the
thermally removable layer (b) of at least 51% by weight
forms a discontinuous layer with the binder. The thermally
removable layer {b) being & discontinous layer is particularly
useful when the binder for layer (b) has 3 melting point or
softening point above 199° C. Duriog thermal treatment, the
spplication of heat and contacting with the absorbent
material, preferably with added pressure, aids in the forma-
tion of microcracks in Ihe discontinuous layer so that the
thermally removable layer and the underlying unpolymer-
ized portions of tho phoiopolymerizable layer can be thor-
oughly removed during treatment. Microcracks arc breaks,
Fractures, or cracks which are small, that is, on the order of
microns or significantly less in size. The filler, or an inor-
ganic dispersion of the filler, will not form a film by itself.
Genenally, a binder alone is capable of forming a flm. But
when the binder has a melting or sofiening (emperature
above Ihe Ireating temperature (i.e., greater than 200° C.)
and forms a contimnous layer with a filler (thal is, the binder
15 in a greater porportion to the filler) on the photopolymer-
izsble layer, the layer does pot melt, soften, or flow during
thermal treating and results in incomplete remeval of the
resuling layer and/or the wnpolymerized portions. Binders
having a melling point or softening point below 190° C. are
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4150 seitable for use in the thermally cemovable layer (b).
Thus, the melting poiot or softening point of a material or
mazterials in a layer disposed above the photopolymerizable
layer is pot longer a limitation of & photosensitive clement
for use in a thermal development process. (Sce Examples 7
and 8.) [t is also possible to include one or more additional
binders with the binder of thermally removable layer (b).
The coating thickness of the thermally removable layer (b)
should be less than 50 micrometers, preferably less than 25
micrometers.

Binders suitable for use in the thermally removable layer
(b) include, but are not limited to, polyvinyl alcohol, poly
(meth)acrylic acids, metal alkali salts of poly(meth)acrylic
acids, amphoteric interpolymers, hydroxyalkyl celluloss,
ceflulose acetate, nitrocellulose, polyimides, polyesters,
polypheaylene cthers, polyacrylonitrile, polystyrene,
copolymers of styrene and methacrylic acid, polyvinyl
chloride, polyesters, polyscrylamide, copolymers of imides
and amides, polychlorotrifiucrocthylene, ethylenc and chlo-
rotrifluroethylene copolymer, polytetra fluorocthylene,
copolymers of cthylene and tetrafluroeibylene copolymer,
polyether ether ketone, polybenzimidazoles, copolymers of
vinylidene flvoride and hexafluoropropylene, and combina-
tions thereof. The binders recited above for the thermally
removable layer (a) are alse suitable as bindees for the
thermally removable layer (b).

A dispersant is generally added when a pigment or a filler
is preseat in order to disperse the fine particles and avoid
flocculation and agglomeration, A wide range of dispersants
is available, Suitable dispersants are the A-B dispersants
generally described in “Use of A-B Block Pelymers as
Dispersunts for Mon-Aqueovs Coating Systems” by H. K.
Jakubauskas, Journal of Coating Technology, Bol. 58, Num-
ber 736, pages 71-82, Useful A-B dispersants are disclosed
in U.S. Pat. Nos. 3,684,771, 3,788,096; 4,076,338, and
4,032,698, The dispersant is generally present in the ther-
mally removable layer in an amount of 0.1 to 20% by
weight, based on the total weight of the layer. But, the
amount of dispersant for the filler is nof included when
determining the weight percentage of the binder or the filler
in the thermally removable layer (k).

‘The filler can have color or be coloress. If the filler bas
color, it is preferred that the thermally removable layer (b)
should be opague 1o actinic radiation, Materials suitable for
use as the filler include mineral fillers, such as, calcium
carbonate, kaolin, feldspar, synihetic silica, natural silica,
talc, silicon carbide, aluminum oxides, beryllitm oxide, iron
oxide, lead oxide, magoesivm oxide, titanium oxide, zinc
oxide, zircomium oxide, glass with or without surface
treatment, sulfates, sulfides, silicates and titanates; metallic
filters, such as iron, steel, alumioum, copper, nickel, silver,
zine, lead, metallized glass; metallic alloys, such as, zinc and
copper; flame retardants, such as, antimony oxide, alumina
tribydrate, phosphorus; orgapic fillers, such as woodfleur,
starches and synthetic materials such as crosslinked particles
of polymethylmethacrylate; carbon black; graphite; pig-
meanls; and combmations therzof, Fillers may also function
as infrared absorbing materials aod uv absorbing materdals.
Preferred are carbon black, graphite, silica, metailic fillers,
metal alloys, pigments, and crosslinked organic fillers. It is
preferred to use a filler having fine particle size which is in
dispersion. The particle size of the filler is less than 23
micrometers, and preferably less than 17 micrometers. The
shape of the particles of filler is not limited.

Other additives, such as dispersaats, surfactznts, rheology
modifiers, mey also be present o the thermally removabie
layers {g) and (b).
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The thermally removable layer of the group (¢) is a fayer
of particulate material having padicle size of less than 23
micrometecs, The particulate oaterial is a fine powder of
particaules in which at least 90 percent by volume of Lhe
particulate material has & particle size of an equivalent
spherical diameter of less than 23 micromelers. It is pre-
fecred that at least 50 percent by volume of the particulate
material has 2 particle size of an equivalent spherical diam-
eter of less than 17 micrometers.

For the purpose of determining paniicle size of the par-
ticulate material for layer (c) as well as the filler for layer (b),
particles arc measured with a Coulter® Multisizer
instrument, Coulier Electronics, Inc., Hialeah, Fla. The term
patticle size as used herein with respect to the particulate
material and filler covers the size distribution of the smallest,
independently acting unit. The particle size is based upon an
equivalent spherical diameter of each particle. The size of
particles suitable for use as the particulate material in the
thermally removable layer () and the filler for layer (b} is
less than 23 microns {micrometers), and preferably less than
17 micrometers. Based oo e volumetric distribution of
particolate material sampled, 8¢ least 90% of the particulate
material must have a particle size of less than 23 microns,
end st least 50% of the particluate material must have 2
pacticle size less than 17 microns. The shape of the particles
of the particulate material is not Limiled.

The surface of the photopolymerizable layer opposite the
support is an extedor surface which is tacky or substantially
tacky, i.., be sticky or have an cilyness to the touch of the
surface of the layer. The exterior surfece should be tacky
enough lo sceure an overall layer of particulzie material oo
the surface of the element. Typically, the surface of the
photopolymerizable layer is inherenily tacky due to the
clastomeric binder and/or to migratory compounds, such as
monomer and plasticizer, in the photepolymerizable layer.
In most cases, the particulate material 'will be applied
directly to the photopolymerizable layer since the photopo-
lymerizable layer is tacky and will adbere the particelate
material to the elemeat. If more (han one photopolymeizable
layer is present in the element, the exterior surface of the
outermost layer must be tacky or substantially tacky. After
application of the particulate material to the tacky exterior
surface of the photopolymerizable layer, the surface or a
portion of the surface is rendered tack-free or substantiafly
tack-free. The layer of particulate material may be 2 mowo-
layer or multiple layers to render the exterior surface tack-
free. The ibermally removable layer (c) of particulate mate-
rial may entisrely cover or partially cover the
photopolymerizable layer. The particulate material can be
colorless to form a transparenl or substantially transparcot
layer on the photosensitive clement. Allernately, the particu-
late material can be colored which includes biack, 1o form
the actinic radiation opaque layer on the element.

The pacticulate material can be orgenic, inorganic,
metallic, metallic alloys, pigments, carbon black, graphite,
mixtures of organic and inorganic compounds, or multicom-
ponent. Malerials suitable for use as the particulate material

include, but are not limited o, polyethylene powders; poly-.

tetrafluorocthylene powders; diatomaceous siticas; cellulose
acetates; polyvinyl aleohol powders; matte agents, such as,
silica, rice starch, and polymethylmethacrylate powders; and
inorganic particles, such as, titanium dioxide, zinc oxide,
magnesivm oxids, and zlumina. Additional materials suit-

* able for use as the particulate malterial are pigment particles,

.23

toner particles; mixtures of pigment particles; mixtures of
toner particles; and mixtures of pigment and toner particles.
Nonp-limiting examples of pigment particles include carbon
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black; graphite; copper chromite; chromium oxides; cobalt
chrome aluminate; metals, such as, aluminum, copper, and
zine; and metal alloys of bismuth, indium, zinc, and copper.
" Toner particies are pigmenied organic resin particles that
comprise pigment particles finely dispersed in a resin matrix
that 1s then ground to the desired size.

Suitable resin matrices for the toners include, but are not
limited o, polyamides, polyethylene oxide, polypropylene
oxide, sthyleellulose, hydroxyethyl cellulose, cellulose
acetate butyrate, ethylese-propylene-diene terpolymer,

10

copolymers of ethylene and vinyl acelate, copolymets of

vinyl acetate and vinyl aleohol, copotymers of vinyl acetate
and pyrrolidone, polyvioyl acetate, polyethylene wax,
polyacetal, polybutyral, polyalicylene, polycarbonates, poly-
esier elastomer, copolymers of vinyl chioride and vinyl
acetatle, cyclic rubbers, copolymers of vinylacelate and
(methyacrylate, acrylonitrile-butadiene-styrene terpolymer,
methacrylate-butadiene-styrene terpolymer, alkyl methacry-
late polymer or copolymer, copolymers of styrene and
maleic anbydride, copolymers of styrene and maleic anhy-
dride partielly esterified with aicohols, polyvinyl alcohol,
poly(meth)acrylic acids, metal alkali salt of poly(meth}
acrylic acids, amphoteric interpolymers, cellulose acetate,
oitrocellulose, polyimides, polyesters, polyphenylene
ethers, polyacrylonitrile, polystyrene, copolymers of styrene
and methacrylic acid, polyvinyl chloride, polyacrylamide,
copolymers of imides and amides,
polychlorotriflucroethylene, cthylene and cholrotrifturosth-
ylene copolymer, polytctrafiuoroethylene, copolymers of
ethylene and teiraflurocthylene, polyether ether ketone,
polybenzimidazoles, copolymers of vinylidene fluoride-
hexafivoropropylene copolymer and mixtures thereof. Pre-
ferred resin matrices are polyvinyl .chloride, cellulose
acetate, cellulose acetate butyrate, polystyrens, polymethyl
methacrylate, polyvinyl alcohol, methyl celluioss, and car-
boxymethyl cellulose. Particulate materials may be dis-
persed with wetting agents, dispersants, extenders,
softeners, aud other adjuvants to adjust particle size and to
facititate handling or in the process of use, The surface of the
particulate oaterial may be modified with for exampte,
aptistatic agents and slip agents, 1o provide particles with
desired characieristics. Particle size may be adjusted to
altain the desired particie size by, for example, milling.

Particularly preferced toners are toners sold by DuPont as
Cromalin® black toners, for example, Cromalin® type KK6
black toner which is carbon black and ccllulose acetale
blend. Particularly preferred particulate materials for form-
ing a radiation opaque layer arc carbon black, grapbite,
mixtures of pigenents, toners coolaining carbon black, met-
aks 20d metal alloys, such as copper, zinc, and alumioum,
and & mixture thereof.

The particulate material can include additives to improve
covering power and uniform application of the particulate
meterial as a layer. The particulate material may be dis-
persed with weiting aids, surfactants, extenders, softeners,
and other adjuvants to adjust paricle size and io facilitate
handling or in the process of use. The surface of the particles
of particulate materia! cap be modified with for example,
antistatic agents and stip ageats, to provide the particles with
desired characteristics.

When the particulate matedal is applied to the phatopo-
lymerizable layer it imparts a dry, non-tacky fimsh to the
surface of the photosensitive element. The pasticufate mate-
rial can be applied o the surface of the photoscositive
¢lement opposite the support by any method inchuding, hand
dusting or by mechanical means, such as applicators and
automaled toning machines, with dry powder, and powder
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coating. Hand application is usually accomplished by dip-
ping a pad of tufted material into a tray of paricelate
material, applying the particulate material in excess and
wiping the pad over the entire surface of the photosensitive®
clemcnt. Excess material is then wiped off. The particulate
material may also by applied from a liquid dispersion.

It was surprisiog to find tbat the particulate materials in
the thermally removable layer (¢} can be sucessfully ther-
mally processed regardiess of the class of material and the
melting point of the material (see Examples 3, 4, 5, 6, and
13). Tbe size of the particle of the particulate material is
imporiant since particle size influences the ease of remaoval
of the particulate from fine reverses in the relief, and the
degree of packing of the particles ou the layer (soe Examples
6 and 13).

Further particle size is also particularly critical when the
layer {¢) functions as ao actipic radiation opaque layer. The
particle size affects the toned density, i.., degree of packing,
and actinic radiation blocking capability of the layer (c). It
is also possible to use more than one thermally removable
layers or types of thermally removable layers. The exact
choiee of additional layer(s) will depend oo the nature of the
photopolymerizable layer, the function of the thermally
removable layer, and other physical requirements of the
photosensitive clement. For example, a second thermally
removable layer as defined above may be necessary between
the photopolymerizable layer and the thermally remavable
layer acting as a radiation opagque layer. The second ther-
mally removable layer can act as a barrier layer to proteci the
integrity of the radiation opague layer from the migratory
materials, such as mopomers, plasticizers, and initiators, in
the photopolymerizable layer. In such instances, the infrared
scositivity and the handling propertics of the thermally
removable layer may be altered. 1n addition, such migration
can cause smearing and tackifying of the infrared-sensitive
layer afier imaging. Additionally, if migratory materials
migrated (o the thermally removable layer, photocrosslink-
ing in the UV exposed areas of the thermally removable
layer may occur and wonld detrimentally impact the thormal
processability of the thermally removable layer. The migra-
lion of monomer and/or plasticizer cap also ceduce the
degree of photopolymerization of the exposed areas and
reduce the thermal development (removal) capabilities in the
uncxposed arcas of the photopolymerizable layer. Also,
migration of materials to the thermally removable layer may
adversely impact the adhesion balance between the ther-
mally removable layer and the photopolymerizablc layer
such that the coversheet of the second element (supparting
the thermally removable layer) may not be removable.

The thermelly removable layer may be formed above or
on the surface of the photopotymerizable layer opposite the
support by any method including, coated dircetly outo the
surface of the photopolymerizable Iayer, or coaled sepa-
ralely colo a temporary support or the coversheet and
transferred to the surface of the photopolymerizable layer, or
formed as a layer of the multilayer cover element which then
becomes an assemblage with the photosensitive element, or
perticulate material oned or applied or transferred to the
photopolymerizable layer.

The photoscasitive printing element of the present inven-
tion may further includs a temporary coversheet on tep of
the uppermost layer of the photosensitive element, that is,
the thermally removable layer. One purpose of the cover-
sheet is Lo protect the uppermost layer of the photosensitive
prioting clement duriog storage and handling. Examples of
suiteble materials for the coversheet include thin films of

polystyrcue, polyethylene, polypropylene, polycarbonate,

g




Case 3:06-cv-02968-AET -JJH Document 1 Filgq 96/297/(?_@____I‘?.agleﬂzn_S__Qf__;{@ Payg_g_l_l_);_ 28

US 6,773,859 B2

17
fuoropolymers, polyamide or polyesters, which can be
subbed with release layers. The covershest is preferably
prepared from polyester, such as Mylar® polyethylene
terephthalate film; mast preferably the coversheed is 5-mil
Mylar®.

In preparation for the next siep of the process which is to
overall expose the photosensitive element to actinic radia-
tion through a mask, 4 mask image may need to be formed
on or dispased above the surface of the photopolymerizable
layer opposite the support. The mask inchudes opaque areas
and “clear” arcas that form the image. The opaque areas of
the mask prevent the pholopolymerizable 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 “clsar” arcas of the mask exposc the
photopolymerizable layer to actinic radiation and polymer-
ize or crosslink. The image necessary for the imagewise
exposure of the photopolymerizable layer can be generated
by any method including conventional and digital methods,
including inkjet application.

Digital methods create a mask image in situ on or dis-
posed above the photopolymerizable layer with laser radia-
tion. Any of the thermally removable layers (a), (b), and (¢),
which is capable of blocking actinic radiation can be used to
form the in situ mask image. Digital methods of creating the
mask image require one Or more sieps to preparc the
photoscnsitive clement prior to imagewise exposure.
Generally, digital methods of in situ mask formation ejther
selectively remove or trapsfer the radiation opaque Iayer,
from or to a surface of the photosensitive element opposite
the support, It is preferred that the thermally removable layer
acting a5 a radiation opague layer is also sensitive to infrared
radiation in order 10 carry out the digital methods for
forming the mask image with the preferred infrared laser
radiation. The presence of materals that are black, such as
dark inorganic pigments, such as carbon black and graphite,
wixtures of pigments, mstals, and metal atloys function as
both infrared-sensitive malerial and radiation-opaque mate-
rial. The infrared laser exposure can be carried out using
various types of infrared lasers, which emit in the range 750
to 20,000 om. Infrared lasers including, diode lasers emit-
ting in the range 780 to 2,000 um and NA:YAG lasers
emitiing at 1064 nm are preferred. If the color of the powder
material is other than black (2ud not transparent), the wave-
length of the laser radiation which forms the in situ mask
should be selected so as to be absorbent to the color of the
layer and mot initiate photoreaction in the laser exposed
photapolymerizable layer. The in situ mask images remain
on the photosensitive element for subsequent steps of overall
cxposwre 1o actinic radiation and thermal treating.

In one digilal method, the photasensitive element will
initially include the thermally removable layer 25 a radiation
opaque layer that covers or substaptially covers the entire
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forming the in sits mask and will become the thermally
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surface of the photopolymerizable layer. The radiation -

opaque layer is exposed imagewise to infrared laser radia-
tion to form the image on or disposed above the photopo-
tymerizable layer, ic., the in situ mask. The infrared laser
radiation can selectively remove, e.g., ablate or veporize, the
infrared sensitive layer {i.c., radiation opague layer) from the
photopolymerizable layer, as disclosed by Fan in U.S. Pat.
Nos. 5,262,275 and 5,719,009; and Fan in EP 0 741 330 B1.
A material capture sheet adjacent the radiation opaque layer
may be present during laser exposure to capture the material
as it is removed from the photosensilive clement 2s dis-
closed by Van Zoeren in U.S. Pat. No. 5,506,086. Oaly the
portions of the radiation opaque layer that were not removed
from the photosensitive element will remain on the element
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removable layer for thermal treating.

In another digital method of mask formation, the photo-

sensitive element will not initislly include the thermally
removable layer. A separate ¢lement bearing the thermally
removable layer as a radiation opaque layer will form s
assemblage with the photosensitive element such that the
radiztion opaque layer is adjacent the surface of the photo-
sensitive element opposite the support, which is typically the
pobotopolymerizable layer. (If present, a coversheet associ-
ated with the photopolymerizable layer is removed prior o
forming the assemblage). The separate element may includs
one or more other layers, such as ejection Jayers er heating
layers, to aid in the digital exposure provess. Hereto, the
radiation opaque layer is also scusitive to infrared radiation.
The asscmblage is exposed imagewise with infrared laser
radiation to selectively transfer the radiation opague layer
and form the image on ar disposed above the photopoly-
werizable 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 EP 0 891 877 A, Only the portions of the radiation
opaque layer which were traosferred will reside on the
photosensitive element forming the in situ mask and will be
the thermally removable layer for thermal treating.

Further, the mask image may be created on a separale
carricr and then transferred by application of heat and/or
pressure lo the surface of the photopolymerizable layer
opposite the support. The photopolymerizable layer is typi-
cally tacky and will retain the transferred image. The sepa-
rate carrier can then be removed from Lhe slement priot to
imagewise exposure. The separate carrier may have a radia-
tion opaque layer that is imagewise exposed o laser radia-
tion 1o selectively remove the radiation opagque material and
form the image. An example of this type of camier is
LaserMask® imaging film by Rexam, Inc. Alternatively, the
image of radiation opaque material may be transferred to the
separste cacricr from another clement having the radistion
opaque material by laser radiation.

It is also contemplated that digital mask formation can be
acomplished by imagewise application of the radiation
opaque material in the form of inkjet inks. inkjct inks may
be formulated according 10 the description above for any of
the thermally removable layers {2), (b), and (c). Imagewise
apphcahon of an ink-jet ink can be directly on the photo-
polymerizable layer or disposed above the photopolymeriz-
able layer on apother thermally removable layer, e.g., trans-
perent layer, of the photoscusitive element. (See Example
10)

The next step of the process of the present invention is 10
overall expose the photoscnsitive element to actinic radia-
tion through a mask, that is, imagewisc exposure of the
element. If the digital mask was formed in situ on the
photosensilive clement, the element is overafl exposed
through the in situ mask image.

Allcmatively, a conventional method for imagewise cxpo-
sure is by using an image-boaring transparency film or
phootoal, typically a silver halide film, os 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 thermally removable layer the
functions as a release layer, a vacmm is pulled to assure
good contact of the mask film to the clement, and the
clement is exposed. The image-bearing Iransparency film is
removed from lhe element prior fo thermal treatiog.
Similarly, a template having at least actinic radiation biock-
ing portions can be disposed above the photopolymerizable
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layer of the photosensitive element before the clement is
expased. The template is removed from the element prior lo
thermal processing.

{n use, the photosensitive ¢lement of the present invention
is exposed lo actinic radiation from suitable sources. The
actinic radiation exposure time can vary from a few seconds
1o minutes, depending upon the intensity and spectral energy
distribution of the radiation, its distance from the photosen-
sitive element, the desired image resolution, and the pature
and amount of the photopolymerizable composition. Expo-
sure temperatures ave preferably ambieet or slightly higher,
ie., abowt 200 to about 35° C. Exposure is of sufficient
durztion 1o crosslink the exposed areas down te the support
or to the back exposed layer. Imagewise exposure time is
typically much longer than backflash exposure time, and
ranges from a few to tens of mioutes.

Actinic radiation sources encompass the vliraviolet and
visible wavelength regions. The suitability of a particular
actinic radiation source is governed by ke photasensitivity
of the initiastor and the at least one monomer used in
preparing the flexographic printing plates. The prefemed
photosensitivity of most common Aexographic printing
plates arc in the UV and desp UV area of the spectrum, as
they afford better room-light stability. Examples of suitable
visible and UV sources include carbon ares, mercwry-vapor
arcs, fluorescent lamps, cleciron flash waits, electron beam
unils, lasers, aond photographic flond lamps. The most suit-
able sourees of UV radiation are the mercury vapor lamps,
particularly the sun lamps. Examples of indusiry standard
radiation sources include the Sylvania 350 Blacklight Auo-
rescent lamp (FR48T12/350 VL/VHO/180, 115 w), and the
Philips UV-A “TL"-series low-pressure mercury-vapor fluo-
rescant lamps. Typically, a mercury vapor ar¢ or a suclsmp
can be used at a distance of about 1.5 to sbowt 60 inches
(about 3.3 to about 153 cm) from the photosensitive ele-
ment. These radiation sources gensrally emil long-wave UV
radiation between 310400 om. Flexographic priating plates
sensitive to these particular UV sources use initiators that
absorb between 310400 nm, and a suitable photobleachable
compourd should be absorptive in at least a portion of the
310400 om speciral range.

Imagewise exposure of the photosensitive clement to
actinic radiation may be conducted in the presence or
absence of atmospheric oxygen for photosensitive elements
baving an in situ mask. Atmospheric oxygen is eliminated
when the exposure is conducted io 2 vacuum. The exposure
may be conducted in 2 vacuum lo minimize the ¢ffects of
oxygen oo the polymerization reactions occurring in that
layer. And for pholosensitive elements that are expased
through an image transparency, the ¢xposure must be con-
ducted in vaculm to assure good contact between the image
transparency and the photosensitive element. The exposure
may be conducted in the presence of atmospheric oxygen
since the mask is formed in situ or applied imagewise with
radiation opague material on the photopolymerizable layer,
there is no need for vacuum 1o assure iotimate contaci, [o the
process of preparing 2 digital flexographic printing plate or
sleeve, the overall exposure step preferably is conducted
without vacunm, ie., while the photosensitive element is in
the presence of atmospheric oxygen, and without any addi-
tional layers present on top of the in situ mask.

A step chiange in printing performance was observed for
s photosensitive clement having an in situ mask was
cxposed in the presence of atomospheric oxygen and ther-
mally treated relative to a photossasitive +lement that was
given a conventional analog exposure and (hermally treated
as shown in Example I. Further, imagewise exposure in the
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presence of atmospheric oxygen for the pholoscasitive ele-
ment provided improved processing latitude since fewer
thermal cycles of heating and contacting with an absorbent
material wert needed to achieve the same relief depth and
improved reverse depth as shown in Examples 1 and 12,

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 fioor, on the support side
of the photopolymerizable layer and to sensitize the photo-
palymerizable 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,
afier or during the other imagiog steps. It is preferred thai it
takes place after 1o the overall exposure to actinic radiation
through the mask and prior to thermal ireating. Any of the
conventional radiation sources discussed above for the over-
all (imagewise) actinic radiation exposure step can be used
for the backflash exposurc step. Exposure time generally
range from 2 few seconds up to a few minutes.

Following averall exposure to actinic radiation through
the mask, the element is prepared for thermal development.
If the mask is an ipage-bearing transparency flm, ie.,
phototool, or a template, the film or template is removed
prior o treating the element. When digital methads were
used to form the mask, the mask remains on the photosen-
sitive element and is present during thermal treating.

The treating step removes at least the photopolymerizable
layer in the areas which were not exposed to actinic
radiation, i.¢., the non-polymerized areas or uncured areas of
the photopolymerizable laycr. For photosensitive clements
having a iransparent thermally removable layer, ic., releaso
layer, surface modifying layes, or adhesion modifying Iayer,
the therma!l treating step shall also remove or substantially
remove the thermally removable layer on the polymerized
areas of the photopolymerizable layer from the photosensi-
tive element. For photosensitive elements that the mask was
formed digitially, the thermal treating step also removes the
mask image (which had been exposed to actinic radiation)
and the underlying unexposed areas of the photopolymer-
izable Jayer, a5 well as any other thermally removable layers
which may be present.

The imagewise exposed photosensitive element is thea
ready for the next step of the present process which is
thermally (reating the exposcd clement to develap the relief
image or pattera, Thermally treating the clement includes
heating the exposed photopolymerizable layer and the ther-

mally removable layer at a temperature sufficient to cause

the unexpased (uncured) portions of the element to soften or
melt or flow, and conlacting the layer to an absorbent surface
to absorb the melt or flow portions. The polymerized areas
of the photopolymerizable [ayer bave a higher melting
temperature than the unpolymerized areas and therefore do
oot mell, soften, or fiow at the development temperatures.
The term “melt” is used to describe the bebavior of the
unirradiated portions of the photopolymerizable elastomeric
layer subjected to ao ¢levated temperaturs that softens and
reduces the viscosity to permit flow and absorption by the
absorbent material. The material of the meltable portion of
the photopalymerizable layer is usually a viscoclastic mate-
rial which does nol have a sharp transition between a solid
and a liquid, so the process functions to absorb the heated
composition layer at any temperature sbove some threshold
for absarption in the absorbent material. A wide temperature
range may be urilized to “melt” the composition layer for the
purposes of this invention. Absorption may be slower at
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lower temperaturcs and faster at higher temperatures during
suceessful operation of the process.

The thermal treating steps of heating (he photopolymer-
jzable layer and the thermally removable layer and coditagt-
ing the layer/s with an absorbent maicrial can be done at the
same time, or in sequence provided that the uacured portions
of the photopolymerizable layer are still soft or in a melt
state when contacted with the absorbent material. The pho-
topolymerizable layer and the thermally removable layer/s
arc heated by conduction, convection, radiation, or other
beating 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 photosensitive ele-
ment is heaied to a surface lemperature above about 40° C.;
preferably from about 40° C. to about 230° C. (104—446° ),
more preferably from about 100 10 200° C, and most
preferably from 100 to 160° C. in order to cffect meliing or
flowing of the uncured portions of the photopolymerizable
layer and ihe thermally removable layer. The absorbent
material contacts the surface of the heated photosensitive
¢lement, and sbsorbs the softemed or molten or flowing
portions of the elastomeric layer from the unirradiated
portions, forming a fiexographic printing plate in which the
uncured portions are removed to form a relief_pattem or
surface. The thermally removable layer disposed sbove the
pholopolymerizable layer may soften or melt or fiow and be
absorbed as well by the absorbent material, The thermally
removable layer disposed above the photopolymerizable
layer may form microcracks as & result of the conlacting
with the absorbant material and tbus may be carried by the
softened or molien or flowing portions of the photopoly-
merizable layer to the absorbant material. By maintaining
more or less intimate contact of the absorbent material with
ihe photopolymerizable layer that is molten in the wocured
regions and the thermally removable layer, a transfer of the
uncured pholoscnsitive material from the photopolymeriz-
able layer to the absorbent material takes place. While still
in the heated condition, the absotbent material is separated
from the cured photopolymerizable layer in contact with the
support layer to roveal the relief structure. A cycle of the
steps of heating the photopolymerizable elasiomeric layer
and conlecting the molien {portions) laysr with an absorbenl
material can be repeated as many limes as necessary o
adequately remove the uncured material and create sufficient
relicf depth. However, it is desirable to minimize the qumber
of cycles for suitable system performence, typically the
photopolymerizable element is thermally treated for 5 to 15
cyeles.

A preferred apparatus to thermally develop the photosen-
sitive clerment 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 8 drum or a planar surface in arder for thermal treatment
to be carried out.

The absorbenl material is selected having a melt tempera-
ture exceeding the mel? temperature of the vairradiated or
vncrred portions of the radiation cursble compesition and
having good tear resistance at the same operating tempera-
tures. Prefierably, the selected material withstands tempera-
fures required to process the pholosensitive element during
beating, The absorbent material is selected from non-woven
malerials, 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. Pre-
ferred absorbent materials utilized to remove or wick away
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the uncured portions of the photopolymerizable layer from
the cured portions of the layer are selected from absorbent
materials which possess internal strength and tear resistance
to temperatures up to, including and slightly beyond the
meling lemperature of the uncured photopolymerizable
material. The absorbent materials should also possess a high
absarbency for the molten elastomeric composition as mea-
sured by the grams of elastomer that can be absorbed per
squarc millimeter of the absorbent msterial. Preferred is 2
pon-woven oylon web.,

Intimate contact of the absorbent material to the photo-
polymerizable layer (whilc in the uncured portions are melt)
may be maintained by the pressiog the layer and the absor-
bent material topether. It is desirable 1o apply a substaptially
uniform pressure of botween about 2.11 kilograms per
square centimeter and about 4.92 kilograms per square
centimeter, with a preferred prossure of about 3.16 kilo-
grams per square centimeter during processing. Pressure is
applied 1o force the shsorbent meterial into intimate contact
with the photopolymerizable layer. It is believed thai
between about 0,70 kilograms per square centimeler and
about 7.03 kilograms per squarc centimeter in a nip of the
area in coptact is adequate to ¢ohance the absorption from
the layer surface Lo the absorbent material without distorting
the relicf features on the photosensitive ¢lement. It is par-
ticularly preferred for photosensifive elements having a
thermally removable layer {b) or (c) to apply pressure with
contacting of the sbsorbant material. The application of
pressure causes microcracks in the thermally removable
fayer/s to form which allow unpolymerized portions of the
photopolymerizable layer to flow and camy away, ie.,
remave, the materials of the thermally removable layer.

The photosensitive printing elements of the present inven-
lion can be uniformly post-cxpased to ensure thet the
photopolymerization process is complete and that the ele-
ment will remain stable during printing and storage. This
post-cxposure step can Gtilize the same radiation source as
the main overall exposurs. .

Detackification is an optional post-development treatment
that can be applied if the surface of the photoseasitive
printing clement is still tacky, such tackiness not generally
being removed in post-exposure, Tackiness can be elimi-
nated by methods well known in the ari, such as Ureatment
with bromine or chiorine solutions. Preferably, detackifica-
tion is accomplished by exposure to radiation sources having
& wavelength not longer than 300 pm, as disclosed in
European Published Patent Application 0 017927 and Gib-
son U.S, Pat. No. 4,806,506,

EXAMPLES

In the following examples, all percentages are by weight
unless otherwise moted. CYREL® photopolymer printing
plates, CYREL® exposure unit, CYREL® Fast 1000 TD
processor, CYREL® Digital Imager, CYREL® OPTISOL®
developing solution arc all svailable from The DuPont
Company (Wilmington, Del).

Example 1

The following Example demonstrales the process of this
invention of thermally treating a photosensitive element
baving a thermally removable layer which is actinic radia-
tion opaque. The unexpected benefits in printing perfor-
mance of the photosensitive ¢lement which is UV expased
in air and thermally processed are zlso shown.

Comparative and Conirol samples were prepared as fol-
lows. CYREL photopolymer plates, type HOS (67 mils}
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were used. The plates included a photopalymerizable layer
of a binder, at least one monomer, and photoinitiator, and a
release layer of 80 wi. % of Macromehi® 6900 polyamide
(from Heakel Corp.) and 20 wt. % of Amphomer® 23-4910
{a polymer from Wational Starch & Chemical Co. according
to US. Pat. No. 3,927,199}, and a coversheet. (The Mac-
romelt’ polyamide binder has a softening point of 135° €,
‘The melting point of the Amphomer binder is not available,
but the glass transition temperstre, Tg, is 0.120° C. Since
the Tg for common polymers is typically 100 1o 240° C,
higher than the melting temperature as shown in data from
Polymer Handbook, J. Brandup and F. H. Immergnt, eds.,
Interscience, New York, 1966, it is estimated that the soft-
caing point for Material 2 is most likely at least 220° C)

Three 67 HOS plates were given a back flash exposuie of
12 seconds on a Kelleigh exposure unit. The coversheet was
discarded. Three identical silver halide targets having 150
lines per inch screen ruling tonal range (2, 3, 4, 5, 10, 20, 30,
40, 50, 60, 70, 80, 90, 95, 96, 97, 98 & 99 dols, and sokid),
shur targets, and fine positive and negative lines images were
used during the main UV imaging step. The targets (with the
silver halide emuision down) were laid on the release layer
surface the photopolymer plate and the vacunm was pulled
to its maximum value with Kreen coversheet (5 mils thick)
on top. Plates were exposed for 9 minutes on the same 2001
exposure unil. After removing from the vacuvm frame, they
were processed differently.

Two exposed plates, Comparative 1A and 1B, were ther-
mally treated in 2 thermal processor similar to the processor
described by Peterson et al, in U.S. Pat. No. 5,279,697 The
processor used for this example was modified to include an
infrared (IR) beater with a maximum power of S200W to
heat sn outer surface of ibe plate. The processor Further
included cooling with air of the plate after separation of an
absorbent material from the photopolymerizable layer. The
absorbeat material was CEREX pon-woven nylon web type
2320. For this test, the [R heater was run at 30% of its
maximum output, with drum speed of 30 inch/min (76.2
cm/minute). The temperature of the developer rolf was 300°
F. (148.3% C). The temperature of the drum was set at 70°
F. The pressure essociated with contacting the plaies to the
absorbent material {drum to developer roll) was 30 psi on the
cylinders. The cooling blower was on.

"Plale samples for Comparatives 1A and 1B were pro-
cessed for 6 cycles and 12 cycles of heating and contacting
(with the absorbant material) respectively. The exposed
plates were placed and clamped to the drum 2nd rotated by
the drum through multiple cycles of beating the photopoly-
merizable layer, contacting the layer with a web of an
absorbent material, separating the absorbent material from
the layer, and cooling the tayer. It tock 3 thermal cycks to
completely remove the releasc layer in the cxposed plate
surfaces. Processed plates were light finished and post-
exposed same tlime for 10 minutes each. The relicf depth and
the depth of the reverse line of a 31.5 mil negative line
(reverse depth) were measured for ¢ach Comparative and
reported below.

‘The remaining exposed plate, Control 1, was solvent
washed in an imine CYREL 1001P solvent processor with
QPTISOL solvent. it was dried in 60° C. oven far 1.5 houss,
and then light finished and post-exposed the same time for
10 minutes ¢ach. Control 1 had a relief depth of 41 mils, The
measurement of the reverse line (31.5 mils negative line)
showed a reverse depth of 600 micron,

The plate used for Example 1 was a CYREL photopoly-
mer plate, type DPH (67 mils). The composition of the
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photopolymerizable layer of the DPH plate was the same as
the photopolymerizable layer for the HOS that was used for
the Comparatives and Control samples. The DPH plate
included the photopolymerizable layer, an infrared-
scosilive, 2 laser ablatable (ie., actinic radistion opaque)
layer, and a coversheet. The actinic radiation opaque layer
included 67 wi. % of Macromell® 6900 polyamide as a
binder and 33 wi. % of carbon black. The Macromelt
polyamide binder has a softening point of 135° C.

The sample plate for Example 1 was backflashed for 12
seconds on the Kelleigh exposure unit. After discarding the
coversheet, the plate was mounted on the drum of the
CYREL Digital Imager with the actinic radiation apaque
layer facing out, and the plate was beld tight with vacuum
on the drom and with tapes on all sides. Artwork images
equivalent to the silver halide targets as described for the
Comparatives and Control were laser ablated onto the radia-
tion opaque layer using Nd:YAG laser (light wavelength
cutput at 1064 am). Exccllent in sitv mask oo plate was
obtained with the laser ablation energy of 3.2 Jules/cm?, The
actinic radiation opaque layer of Bxample 1 had the visual
transmission density of 2.95, and the ablated solid had &
stain density of 0.10 (transmission). The ablated plate was
given a3 main UV cxposure in the open air (under atmo-
spheric oxygeu) for 9 minutes oa the CYREL 2001 exposure
unit.

The resulting plate was thermally treated vsing the same
thermal processor and the same processing conditions as
described above for the Comparative Examples 1A and 1B
except that the plate of Example 1 was thermally treated for
6 thermal cycles of healing and contacting with the 2bsor-
bent material. The UV exposed black mask images were
completely removed after first thermal cycle. Surprisingly,
even though the infrared-sensitive layer contains carbon
black, an unmeltable compound, the remainiag portions of
the layer were completely removed during thermal devel-
opment. The plate was light finished and post-cxpased for 10
minutes at the same time.

The relief depth and the reverse depth for Example 1 was
measured and reported below.

Belisf Depth Reverse Dopth
Examgle (mi]) {micron)
Comparative 1A 2 31
Comparative 1B 3 260
Contral 1 41 @0
Example 1 218 380

Example 1 showed 2 dramatic improvement in reverse
depth with equivalent relief depth when compared to Com-
parative 1A, It was surprising that given the same thermal
processing conditions, ihe cxposure conditions of laser
ablation to form the mask and exposure in open air of
Example 1 provided such a dramatic improvement over that
of the analog exposed Comparative 1A with a silver halide
target under the vacuum pull,

The reverse depth (for a 31.5 mil negative line) of
Example 1 was much decper than the reverse depth of
Comparative 1A and 1B processed for 6 or 12 thermal
cycles. However, the thermally treated plates of Example 1
apd Comparatives 1A and 1B gave lower relief depth apd
Tower reversc depth than that of solvent processed plate of
Control 1, even though all samples were given the same
backflash and main UV exposure kevels.

The plates of Example 1, Comparative 1A and 1B and the
Control were printed or a Mark Andy Press System 330
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(Chesterfield, Mo.). Film [II Dense Black EC8630 ink
{Environment Inks & Coatings, Morgapiows, N.C.) was
diluted with EIC Aqus Refresh EC1296 (with 2 mixture of
twa solvents) {o give a viscosity of 27 seconds as measurcd
using & Zahn #2 cup. Printing was done on Hi-Gloss 40FS
5246 paper (Fasson, Painsvilie, Ohio), at 100 feey/minute.

The plate of Example 1 which was UV exposed in
atmospheric air through the mask had excelient print quality
of the whole tonal scale, excellent priat of slur targets and
excellent solid printing. It was surprising and unexpected to
find that the thermal treated plates of Cowmparative 1A and
1B gave significantly poorer printing performances than that
of the solvent treated plate, Control 1. Dirty printing of dots
from mid-ione to shadow areas (40-99%), dirty slur larget
printing, and patchy (uneven) solid printing were observed
for the Comparatives 1A and 1B while the Control 1 gave
good and sharp printing vesults for both the tonal range scale
and shur targets. This showed that the processing method has
dramatic effect on how the unexposed areas are being
removed cffectively between the dots and fine reverses as
well as how the exposed release layer is being removed from
the exposed plate surface, and thus on the final prinling
performance difference. Thermal processing is much less
cffective in removing the unexposed photopolymer arsas
and the exposed release layer on the plate surface than the
solvent processing (with a mixture of two solvents) under
the brush, and thus much poor printing quality.

[t was unexpecled to find that the plate of Example 1
{cxpased thru in situ mesk in the open air with no additionsl
layers on the platc sample) had dramatically improved
printing performance when compared 1o the plate of Com-
parative 1A (analog exposure through target film under
vacuum with Kreen coversheet on top). This was particu-
latly surprising since the plaie of both Example 1 and
Comparative 1A were thermally treated for 6 cycles and
given the same levels of backflash and imaging exposures.
1t was also very surprising to find that the 70% pominal dots
(60.4% measuced) of Example 1 gave much cleaner printing
than that of 50% pomina! dots of Comparative 1A (52.7%
measured). This showed that UV exposure conditions play
an extremely imporiant role for plates that are thermally
processed to form the cclief,

Example 2

The following example demonstrales process of this
invention using photosensitive clemeats cach having a ther-
wmally removable layer and one or more additional layers
above the photopolymerizable layer.

For Controls A and B, cach top layer was coaled from a
4% salid solution on 2 lemporary substrate (Mylar® poly-
ester 5 mils thick) to form a continvous coating with
minimum of surfactant presént as the coating aid. After the
coating was allowed to dry (at least overnight for room dried
coatings), the temparary substrate with the dried coating was
hot taminated {0 2 photopolymerizable layer. For all samples
excepl Example 2A and 2C, the photopolymerizable layer
was from 3 CYREL photopolymer printing plate, type UXL,
67 mils thick, The coversheet and release layer were
removed prior o lamination for all samples in which the
photopolymerizable layer originated from & CYREL print-
ing plate. The coating and temporary subsirate was lami-
nated such that the top layer was disposed above the surface
of the photopolymerizable layer opposite the support.

For Example 2A, a plate structire was assembled as
follows, A CYREL pbotopolymer plate, type AQS, {67 mils)
having the release layer removed was used 2s the phatopo-
lymerizable layer. A second element having multiple layers
inchiding 2 radiation opaque layor was laminated to the
phetopolymerizable layer of the AQS plate. The second
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element was prepared and included in the following order an
adhesion modifying layer of 90 parts Macromelt 6900
polyamide and 10 parts copolymer of vinylpymolidone and
vinyl acetate {60740 ratio) (PVP-VA-630) having a coating
weight of 3.0 mg/dm®; a radistion opaque layer of 16.9
grams of BS-11548 carbon black pigmented dispersion
(frem CDI Dispersions) (sec Ex. 8) and 2.80 grams of
Polyox WSRN polyethylene oxide, the layer having a den-
sity of 3.0; and an overcoat layer of 100% solution of Polyox
WSRN polyeibylene oxide having a coating weight of 40
mg/dm®, on 2 temporary MYLAR polyester support. The
plate structure was the temporary MYLAR support as 2
coversheet, the adhesion modifying layer, the radintion
opaque layer, the overcoat layer as a barrier layer, and the
AQS photopolymerizable layer oo 3 permapent support,

For Example 2B, a separate element was prepared by
caating o010 a temporary support a radiation opaque layer of

33 wt. % carbon black and 67% Macromelt polyamide

(dried coating weight of 26 mg/dm?), and then 3 fayer of
polycthylene wax {coating weight of 8 mg/dm2). The sepe-
tate element was laminated Lo the UXL photopolymerizable
layes such that the photosensitive clement had the following
struchure, 2 coversheet of the temporary support, the radia-
tion opaque layer, the wax layer, UXL photopolymerizable
layer oo a permanenl support.

For Example 2C, a plate structure was assembled as
follows, A CYREL photopolymer plate, type HCS, (67 mils)
baving the release layer removed was used as the photopo-
lymerizable layer. A second element was prepared by coat-
ing onto & temporary support a radiation opaque layer of 33
wl. % carbon black and 67% Macromelt polyamide (dried
coating weighi of 15 mg/dm2); and then a layer of a
copolymer of vinylpymolidone and vinyl acetats, (PVP-VA-
W35 from Internationsl Specislty products), (20 mg/dm2
coating weight). The sccond element was laminated 1o the
HCS photopolymerizable layer such that the photosensitive
element had the following structure, a coversheet of the
temporary support, the radiation opaque layer, the PVE-VA
fayer, HCS photopolymerizable ayer on a permanent sup-
port.

Softeniug Point

Name Description (or Other)
Macromelt ® Polyamide from Henkel 1350
6960 Corporatios, Potymer

Divisinn
PYP-VAWTIS  Copolymer of M1 C

vinylpyrrolidoos and

vinyl acetate from

Ixtermaticnsl Specialty

Products
PVP-VA-630 Capolyeer of Not availnble

vinylpymolidone and

vioyl acetate (60 and 40

retio) from International

Specialty Products
Palyox WSRN-  Polycthylene oxide from [ o
750 Union Carbide (el paing)
Palyethylens <100° €,
wix {melt pt)

Each ¢lement was backflash exposed for 15 seconds on
the CYREL 2001 exposurc uait. The temporary covershest
was removed. Half of each element was given an overall
exposure of 9 minutes to ultraviolet radiation through the
thermally removable layer side on thé exposure unit in the
cpen air, while the other half of the element was covered
with a film which blocked UV light. (There was no image-
wise exposure of the element ) This allowed one to observe
the thermnal processability of the element both in the unex-
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posed state and UV cxposed state, Elements were thermally
processed in a CYREL Fast 1000 TD processor at the
processing conditions below,

The cycles required to remove the thermally remavable

layer were noted and a maximum of 12 thermal cycles of 5

heating and coatacting was given for each element The
relief depth after 12 thermal cycles was measured, The
elements were assessed for the performance of the material
as a thermally removable layer. A satisfactory thermally

removable layer on the thermally processed element, is one 10

in which the thermally remavable layer is removed with
minimal thermal cycles from al lcast the uncxposed areas of
the underlying photogolymer layer, and also allows effective
removal of the unexposed photopolymer layer. {o some

cases, it is necessary for the thermally removable layer in the 15

exposed areas of the photopolymerizable leyer to also be
removed during thermal treatment. (Minimal thermal cycles
are preferably less than 12 cycles of heating and contacting
the element with an absorbant material.) If there is vesidual

material from the top layer on Lhe exposed photopolymer 20

surface, the residual material should vot interfere with the
ultimate. printing performance of the plate and thus shouid
provide good and even printing surfaces.

The processing conditions for the thermal were set as

follows: o
Developer roll ismpemtuze: 5" F,
Dvum (emperatura; 95* F 16
Pressure: 2.2 psifich
Plate apesd: 30 ieches/misute
IR setting: 80% of maxitum
Reli=f setiing: 20 mils
Blower: sutomatic

35

All elements were given first a heating cycle and followed
by heating aad contacting cycles up to 12 cycles of heating
and contacting with an absorbent web, CEREX® non-
woven oylon.

Table 1 lists the material used for the thermally removable 40

(TR.) layer, the lotal coating weight of the layers on the
photopolymerizable layer including the thermally remov-
able layer/s, the number of thermal cycles required to
remove the exposed and unexposed T.R. layer, the relief

depth of the photopolymer layer after 12 cycles of heating 45

and contacting with the absorbent material, and the overall
assessment of the thermally removable layer in thermal
processing.
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The results of Example 2 show that the thermally remov-
able layer as well as multipie additional layers on the
phoiopolymerizable layer can be removed by thermal pro-
cessing, Further, the top layer can be thermally removed
even when the top layer contains carbon black, 2 material
that is non-meltable, with a binder which is softenable or
meltable at the thermal treating temperature., The melting or
softening point of the binder material forming one or more
additional layers on the photopolymerizable material should
be less than the temperature for thermal treating the element.
While it is preferred to bave the Jower melting or softening
temperatuee of the binder in the thermally removable layer

and the one or more additional layers, the wmelting or

softening temperature is not the only factor 1o be considered.
For instance, compatsbility or incompatibility of the binder
material in the thermally removable layer or the one or more
additional layers with the migratory materiale {¢.g., mono-
mer and phoioinitiator) in the photopolymerizable layer
when adjacent the photopolymerizable must be considered.
IF the binder in the layer adjacent the photopolymerizable
layer is compatible with the migratory maierials in the
photopolymerizable layer, the thermal processability of the
top layer may be detrementally affected.

Exampk 3

The following example demonstrates the process of this
invention in which the physical form of the organic binder
used in the thermally removable layer has an important
effect on thermal processability of a photopolymer plate.

Similar to Example 2, each top layer for the Comparative
Examples was coated from a 4% solid solution on a tem-
porary substeate (Mylar® polyester 5 mils thick) to form a
continuous coating with minimum of surfactant present as
the coating aid, Afier the coating was allowed to dry (at least
overaight for room dried coatings), ibe temporary substrate
with the dried coating was bot laminated o a photopoly-
merizable layer. For all samples in this Example, the pho-
topolymerizable layer was from 8 CYREL photopolymer
printing plate, type UXL, 67 mils thick, in which the
coversheet and release layer were removed prior to lamina-
tion. The coating with the temporary substrate was lauti-
nated to the photopolymerizable layer such that the top layer
was disposed abave the surface of the photopolymerizable
layer opposite the support,

For Examples A and 3B, each of the Elvapol compounds
were scparalely applied as a powder cnto the tacky photo-
polymerizable surface of a UXL plate (having release layer
removed). Elvanol 75-15, a fully hydrolyzed (99%) polyvi-

TABLE 1
Cyeles needed to
Cyeles neaded to remove T.R, Relief
Material for Qg Wi remove TR layer layer {mils} Assess-
Banmple TR Layer {mg/dm?) Exposed Unexpased Unexp, meot
Conrol A Macromelt 6500 42 1 3 19,5 Bxcellent
Cowrol B PVP.-VA-6X 11.8 2 1 212 Guood
2A Multilayer: TR 58 1 1 32  Excelleat
of polyethylene
oxide and carban
black
28 Multlayes: TR L. 34 1 1 255 Expeflent
of polyamide and
carbon black
20K Multiayer: TRL. 35 1 1 good  Expellest
of polyamide and relief
carbon black
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nyl alcohol, and Elvanol 50-42, 2 88% hydrolyzed polyvinyl
alcohol (12% vinyl acetate), were supplied by the vendor,
DuPoat, in powder form,

Softening Point
Name Description for Orber)
Elvinol 75-15  Fully hydrolyzad {39%) polyviayl Not softenable,
aloohol from DuFont Co. degrades at 200° C.
Elvagol 50-42  B8% hydrolyzed polyviny! alcohol Mot safienable,

(12% vinyl scetate) from DuPoat  degrades st 200° C.
Co.

Hy-dmypmpyl colluloss from

Kluee] G 130° C.
Aquslon (molecular we. 370,000)
Kluecel E Hydroxypropyl cellulose from 00° £

Aqualon (molecular wi. 80,000}

The release layer of a 67 UXL plate was removed with
tape to provide the photopolymerizable fayer with a tacky
surface, and Elvano] 75-15 was applied as a powder by pad
toning for 20 cycles, creating plate sample Example 3A.
Loose powders were wiped off from the plate surface with
a LasStik cloth. A second UXL plate was similarly toned
wilh Elvanc! 50-42 powter, creating plate sample Example
3B. In both cases, the toned UXL plate surface became
tack-free, which showed that Blvanol powders were indeed
on the plate surface as desired. Both plates were given a
backfiash exposure of 15 econds on CYREL 2001 cxposure
unit.

The resulting two plates, Examples A and 3B, were
thermally treated on the CYREL Fast 1000 TD machine
under the same conditions as described in Example 2. It was
shrprising to find that both polyvinyl alcohol compounds in
powder form were completely removed from the unexposed
photopolymer plate surfaces after ooe cycle of heating (the
plate) and coniacting (the plate surface) with the absorbent
material, The relicf depths for both plates of Example 3A
and 3B were 26 mils after 12 cyeles of heating and contact-
ing with absorbent material.
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element including the removal of the unexposed photopo-
lymerizable areas. However, the resulis of Examples 3A and
3B showed that whep organic binder is used in the powder
form (or as particulates), on the surface of the photopoly-
merizable layer, the soflening or melting point of the binder
is 0o longer 2 Hmitation for thermal removal of the layer
formed of particulates together with the underlying uocx-
posed photopolymerizable arcas. Comparative Examples 3C
and 3D each had a2 continuous film coating of a hydrox-
ypropyl ccllnlose material as the top layer on the photopo-
lymenzable layer.

The use of hydroxypropyl cellulase as 2 release layer oo
a photopolymerizable layer was disclosed by Wang in EP 0
665 471 A2 (scc Examples 3,4, Comp. 3, and Comp. 4). The
top layer coating of Comparative Example 3C was not
usable because the exposed areas of the top layer rcmained
on the polymerized plate surface as uneven strings and those
strings gave poor printing results, The top layer coating of
Comparative Example 3D gave fair rcsults becanse the

- gxposed areas required longer thermal cycles to remove the

top layer. The results are fairly consistent with those shown
by Wang. Softening/melting point of a material forming a
continuous coating on the pholopolymerizable layer plays a
role in thermal processability. Lower softening lemperature
is preferred for (hermal processing of plates.

Gther high soficning or melling organic powders were
also applied to the tacky surface of the photopolymerizable
layer of a UXL plate and tested following the same test
method ss described above in this Example for polyvinyl
alcohol powders. The materials used were cellulose acetate
powder (melt point of 230° C.) and cellulose acetate butyrate
(melt point of 155° C.) {both from Eastman Kodak). Oaly
one thermal cycle of heating and contacting sbsorbent
material was required Lo remove the unexposed powder and
good relicf depth of 27 mils was obtained after 12 cycles of
heating and contacting absorbent layer.

Results showed that the physical form of the organic
binder used in the thermally removable layer has an impor-
tant cfect on thermal processability of the pholosensitive
elemeat.

pecded b Cycles seeded o Relief
Material for  Clg. We  mmove TR. layer remove T.R. layer (mids) Assess-
Ex, TR Layer  (mg/dm®) Expoosd Unexposed Unaxp. ment

Comp Elvasol 75-15  1L76  »»12 not removable
3A (film form atg.)

Comp  Elvanol 5042 1144
38 (flm form cig.]

Comp Klucel G 2139

>»12 ot removable

»>2 not removable  Removed is 1 eyele bt 21

3¢ (film form etg.) s stiings
Comp  Klucel E 664 7 1
D (film form edg.)
JA Elvarol 75-1% -— 1 1
{powder)
3B Elvanol 5042 - 1 1
(powder)

2312 not removed mm  Not good

»212 not rmaved zer0  Not good

Not good
29 Fair

26 Exoellent
26 Exccllent

Surprisingly, the results of Examples 3A spd 3B are
completely differenl from that observed in Comparative
Examples 3A and 3B where no relief depth was oblained for
Elvanol 75-15 and Elvaool 50-52 a5 a continuous film on the
same photopolymer plate cven in the unexposed areas. Bath
Elvancl 75-15 and Elvanol 50-42 are not softenable and
degrade at about 200° C. When used as a binder in a
continuous film-forming layer as in Comparatives Examples
3A and 3B, the melting or softening point of the binderin a
top layer can influence the thermal developability of the

60
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Example 4

The following example demonsirates the process of this
invention in which a layer of particlhiate material is the
thermaily removable layer on the phetapolymerizable layer.
The particulate material forms a radiation opaque layer.

Similar to Example 3, a CYREL photopolymer plate, type
UXL (67 mil) was prepared (i.e., release layer and cover-
sheet removed) for application of different black powder
materials. Carbon black is a non-meltable compound. The
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biack particulate material was applied to achieve black
Iransmission density of at least 2.00 (visual filter). Loose
powders were wiped off with Lastic cloth. In Example 44,
Cromalin® black toner KK6-CN (available from DuPont
Co} which comprises catbon black and cellulese acclate
(meit point 230° C.) was used and the deasity of the toned
layer on the plate was 298, In Example 4B, a black
electrostatic toner (from Lanier} which comprises carbon
- black and styrene acrylate polymer was used and the density
of the toned layer on the plate was 2.63, The particle size
measurement was conducied on a Coulter® Multisizer
instrument. Particle size was reported as equivalent spheri-
cal diameter in microns and the volume distributions at 10%,
50%, and 90% {in microns) are as follows for cach of the
toners.

Material d10 dso 480
KK6-CN 429 141 1820
Elecirastatic Toner 691 10.72 15.38

For Example 4C, a different CYREL photopolymer plate,
type EXL, (67 mil) wes prepared similar to Example 3 and
toned with the KK6-CN pawder. Type EXL plate includes
on the photopolymerizable layer an elastomeric capping
layer which has a blue color. The density of 1he black toner
layer was 2.08.

All plates of Examples 4A—4C, were given a backflash
exposure of 15 seconds on CYREL 2001 Exposure unit and
thea overall exposed to UV radiation through the black
particulates side in the open air (jn the presence of atmo-
sphere oxygen) for 9 minutes. That is, no imagewise expo-
sure was given Io the element. This overall exposure simu-
lated the exposure conditions experienced by opaque arcas
of an in situ mask on an element having an infrared sensitive
layer. Thus the UV exposed black particulates that can form
an in situ mask must also be thermally removable, together
with the underpeath photopolymer layer to give desired
relief depth. ]

All plates of Examples 4A-—4C were thermally treated in
the CYREL Fast 1000TD thermal processor under the same
processing conditions as described in Example 2.
Surprisingly, only one cycle of heating (the platc) and
coptacting the absorbent (1o the outermost surface of the
plate) was required to remove the layer of black particulates
for Example 4B with the uoderlying photopolymer layer.
Only twa cycles were needed to remove the layer of black
particulates for Examples 4A and 4C with the underlying
UXL and EXL photopolymer layers respectively, Good decp
relief depth was obtained for all three plates after 12 cycles
of heating and contacting the absarbent material.

Retief Depth
Example {mils)
CAA 35 mils
4B 26 mils
ac 27 mils

The results demonstrated that excellent thermal removal
of radiation opaque particulates on photopalymer plate
surface with the underlying (unpolymerized) photopolymer
layer and in situ UV mask property can be achieved as
desired.
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Example 4D

For Example 4D, anotber UXL plate with the KE5-CN
black particulate as described above in Example 4 was
prepared similar to Example 4A, but density of the black
toner layer was 2.24 on the plate. The plate of Example 41
was pgiven the backflash exposure of 20 seconds in the
Kelleigh Exposure uait, and thea placed on a drum of the
CYREL Digital Imager as described in Example 1. The
black particulate layer was laser ablated at 2.4 Joulesiem®
using the same images as in Example 1. Excellent ablated
images were obtaincd and the ablated solid had a stain
deasity of 0.08 transmission density. The laser ablation step
formed an in sitn mask on the photopolymerizable tayer. The
laser-ablated plate was then UV exposed through the in situ
mask side in the open air for 10 minutes on the Kelleigh
Exposurc unit. The plate was ibcrmally processed in the
CYREL Fast 1000TD with the same processing conditions
a5 in Example 2. Only two cycles of beating and contacting
with absorbent material were oceded (o remove the black
particulate Tayer with the underlying pholopolymer layer.
The relicf depth after 12 cycles of beating and contacting the
absorbent material was 23 mils. There were no residual
black toner particulates on the floor nor in the fine reverses
of the relicf imaged plate. After post-exposure and finishing,
the plate was used for printing on a Mark Andy press with
conditions and malcrials as described in Example 1. The
plate of Example 4D gave excslleat processed images and
cxcellent print quality for ihe whole tonal range, shur targeis
and solid as desired,

Example 5

The following example demonstrates the process of this
invention in which layer of inorgenic particulates is the
thermally removable layer oo the photopolymerizable layer.
The inorganic particulates have a melting point well above
the thermal treating temperature vsed o melt, soffen or
remove the unpolymerized aress of the photopolymerizable
layer.

Similar to Examples 3 and 4, a layer of a particulate
material was applied by toning to the tacky surfacs of a
photopolymerizable layer of 2 CYREL photopolymer plate,
type UXL (67 mils) having the release lzyer removed. For
Example 5A, aluminum silicate (sold as Satin White from
Euglehard) (melt point 1000° C.) was used. The particle size
measurement was conducted on 2z Conlter® Multisizer
instrument. Particle sizc was reported a5 equivalent spheri-
cal diameter in microns and the volume distributions at 10%,
50%, and 90% (in microns) are as follows.

410 dso 499
Satin White 316 €.73 13.67

The excess powder was wiped off with LasStik cloth, The
surface of the platc having the particulate layer was tack-
free. .

The plate of Example 5A was given backflash exposure of
15 seconds on CYREL 2001 exposure unit. The plaic was
thermaily treated on the CYREL Fast 1000 TD machine

under the same processing conditions as in Example 2.

Surprisingly, oaly onc thermial cycle was required (o remove
the (unexposed) pariiculales of Example 5A from the plate
surface. For Exemple 5A, the relicf depth was 20 mils afier
12 cycles of heating and contacting with absorbent matcrial.

Similar good results were also obtained for particulate
materia! of titaninm dioxide {melt point of 1560° C.) toned
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on ihe photopolymerizable layer. The toned particulate
material provided the element with & tack-free surface and
was removed in (he fiest thermal c¢ycle during thermal
treating.

Example 6

The following Example demonstrates the importance of
the size of particniates forming a thermally removable layer
on the photopolymerizable layer in the process of this
invention. The thermally removable layer is formed of melal
and metal alloy particulates baviog & high melting point. By
proper sclection of particle size, the metallic particulates can
be used to form io situ mask and be removed thermally with
the unpolymerized arcas of the photopolymerizable layer.

Similar to Examples 3 and 4, 2 layer of a particulate
material was applied by toning to the tacky surface of a
photopolymerizable layer of a CYREL photopolymer plate,
type UXL (67 mils) at room temperatare. To ensure good
coverage of these particulates for in situ mask application,
plates were toned twice (40 toning cycles each time). Loose
particulates were wipe off with LasStik cloth.

For Example 6A, the particelate layer was formed of
MS-1, alurninum flakes {mekt point 660° C.) having less than
5% stearic acid (obtained from Alcan Toyo America). The
reported average particle size (By Microtrac) was 32 micron.
For Examples 6B and 6C, the particulate layer was formed
of XB-260 Pale and Resist CT Pale metal afloys (cbtaiped
from Eckarl America L. P), respectively. According to
Material Safety Data Shects supplied by Eckart, XB-260
Pale comprises of 85-93% copper, 5-15% zioc, and
0.2-2.0% stearic acid, with a reported average particle size
of 5 micron (Cilas method), and, Resist CT Pale comprises
68-88% copper, 9-29% zioc and 3% Si02 with a reported
average particle size of 35 um (Cilas method). The particle
size of the particulate was also measured in our lab. Particle
size measuremeni was conducted on & Coulier® Multisizer
instrument. Particle size was reported as equivalent spheri-
cal diameter in microns and the volume distribution results
(in microns) are as follows.

Particulate D10 450 490
MS-1 128 714 41.05
AB-260 246 395 21.63
Resist CT Pale 188 1832 2.6

The d50 is the median wherein half of the sample’s mass
consists of particles smalier than the given diameter in
microns. The d90 means that 90% of the sample’s mass
consists of particles smaller than the given diameter in
microns. For particluate to be used as a radiation opaque
mask, the volume distributions at d50 and d90 should be
considered.

The transmission density (with visual filter) of Examples
6A, 6B, and 6C on the plate was 1.15, 2.07 and 102,
respectively, All toned plate surfaces were tack-free. It was
surprising that the particulates of Example 6B (XB-250)
which had the smallest average particie size among three
metallic particulates, provided the highest transmission den-

" sity under the same toning couditions.

All plates of Examples 6A~6C were given & backflash
exposure of 20 seconds in the Kelleigh exposure unil. The
plates were laser ablated 10 imagewise remove the particu-
late layer on the CYREL Digital Imager with a Nd:YAG
laser emitted at aboul 1064 nm with the same image file as
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in Example 1, and form a mask. All threc plates had good
ablated images. The opticum laser ablation cpergy was
determzined to be 5.9, 3.2 and 5.9 Joules/cm® for Example
64, 6B, and 6C respectively. The ablated solid arca bad a
transmission density of 0.07, 037 and 0.16 for Example 64,
6B, and 6C, respectively. Big metallic particles wers
obsecrved on the ablated surface of the photopolymerizable
layer for plates of Example 6A and 6C. Gray residus was
observed on the ablated surface of the photopolymerizable
laycr for the plates of Example 6B. All the plates that had
beep ablated were UV exposed in the open air through the
metal and metal alloy (mask) side for 9 minutes on CYREL
2001 exposure unil.

All plates were then thermally processed on the same
thermal processor and with the same canditions as described
in Example 2 for 12 cycles of heating and contacting with
the absorbent material.

After 12 cyeles of heating and contacting with the ahsor-
bent materal, the plate of Example 6C had extremely low
relief depth (2.5 mils) and there were lots of the metallic
particulates remaining in the fioor and in the fine reverses
(more than on the ablated arca surface). Also there were
residual particles on top of the surface of the platc of

- Example 6C 10 (bo extent that the transmission density in
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these areas was 0.10. Similar results were obtained for the
plate of Example 6A. Surprisingly, the platc of Example 6B
had good relief of 17 mils after 12 cycles of heating and
contacting absorbent and all the patticulates were removed
with the underlying photopolymerizable layer in 2 cycles of
heating 2nd contacting with the absorbent material. The floor
arcas and the fine reverses were free of the metallic particu-
lates. Afier posi-exposure znd light finishing for 10 minutes
{which was conducted at the same time), all the plates were
printed on Mark Andy press as described in Exaraple 1. Very
good printed images were obtained for the plate of Example
6B but poor printing was encountered for plaiss of Examiple
6A end 6C. Poor printing was the result of the low Soor
relief of the processed plate. Due to the size of the particles
for the particulate material of Examples 6A and 6C were
Comparative Examples to the jmveotion demopstrated in
Example 6B. It is believed that satisfactory results can be
gbtained with the particulate material of Comparative
Examples 6A and 6C if the particulate material would be
ground to the desired size, ic., less than 23 wicrons.

Low relief depth of (Comparative) Examples 6A and 6C
could be explained by the fact that these plates had low
degsity (low UV blocking capability), and photopolymer-
ization of the underneath phetopolymerizable arcas took
place during UV exposure through the particulates. [ order
to provide » functional UV io site mask, the toned metallic
particulates must bave transmission density greater than 2.0.

" A higher tooed density of particulates represents a higher
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degree of packing of the particles on the plate surface, This
was belter achieved with particulates having smaller particle
size volume distribution at d50 and d90 as was demonstraied
in this Example, Smaller particulate size of the thermally
removable layer was also useful in the thermal processing
step. The smaller particles were more ¢asily removed from
the fine reverses and between dot areas of the plate surface.
The particulate having large size tended W remain oo the
platc surface and jn the fine reverses after thermal
processing, and detrimentally affected printing performance.

This example also demonstrated the anexpected advan-
tage of single processing step (thermal reatment only) is
possible with a photopolymerizable clement having a layer
of melallic particulate. No additional aqueous potassium
hydroxide solution was required to remove the metallic
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mask (by vacuum deposition) before the solvent developer
step to remove the uncrosslinked diazo layer as described in
the Example 1 of U.S. Pat. No. 4,132,168, This also gives
improved overall lraaround time,

Exampie 7

The following example demonstrates aa element and the
process of this invention in which a coating of aa inorganic
dispersion of a filler agent end a binder form the thermally
removable layer on the photopolymerizable layer.

Two stock solutions were made. Elvanel® 50-42, a 88%
bydrolyzed polyvinylaleohol (12% vinyl acetate), was dis-
salved in distilled waler to give 4% solution. Ludox® AM,

a 30% solid of collodial silica (from DuPont Co.) was 45

diluted with distilled water to give 4% solution. The average
particle diameter of colloidal silica is 12 nanometers. Avery
small amount of Silwet surfactant was added o both solu-
tions. Dred silica has a melting point of 1900° C. The dried

particles of colloidal silica arc chemically inert and heat .,

resistant.

Two composite sohutions were made from the 4% stock
solutions and each was coated on 5 mil Mylar® polyester
film with 2 mi! doctor knife. The final dried coating com-

positions were 70% silica/30% Elvanol 50-42 by weight for 25

Example 74 and 85% silica/15% Elvanol 50-42 for Example
7B. Each of the coatings for Examples 7A and 7B was a
compasite coating since the organic binder is in the discon-
tinuous phase (that is the binder is less than 49% by weight

of the total compesiticn). For Example 7C, a third coating of 30

only the silica stock solution was also made uader the same
conditions.

The coatings were dried al least for overnight room
temperature and then were each coating was hot laminated

1o the photopolymerizable layer of a CYREL photopotymer 35

plate, type UXL, {67 mil), The relense Layer of the plate was
removed prior to laminaticn of the coating. Each sample was
backflashed for 15 seconds in the CYREL 2001 exposure
unit, The temporary MYLAR sheet was removed from the

samples, Correct adbesion balance was obtained for all 0

samples and the coatings adbered to the tacky photopolymer
surface ta give tack-free surface a5 desired,

The samples of Examples 7A-7C were thenmally pro-
cessed in the same thermal processor under (he same con-
ditions as described in Example 2.

Surprisingly, for Example 7 B and Example 7C ooly ane
thermal eycle of heating and cootacting with an absorbant
material was necessary for the coating (ie., thermally
removable layer) 1o be removed with the unexposed photo-
polymerizable layer. For Example 7A, the coating was
removed with the unexposed photopolymerizable layer in
two thermal cycles. The relief depth afier 12 cycles of

36
heating and comtacting with the absorbent material was 17
wmils for Example 7A, 29 mils for Example 7B and 20 mils
for Exarople 7C.

Comparatively, the continuous film made from Elvaool
50-42 (also from 4% solid solution and 2 mil knife coating)
could pot be used as the thermally removabile layer for 2
photopolymer plate when thermally processed as described
and shown in BExample 3 (Comparative Example 3B). No
relief depth was obiained in the unexposed arcas of the plate
cven affer 12 cycles of beating and contacting absorbent
material.

This Exsmple showed that it is possible to use as the
thermally removable Tayer an extremely high melting inor-
ganic material, ¢.g., silica having a meliing point of 1900°
C., as a filler, as well as an organic binder haviag a high
melting point, such as polyvinyl alcohol which degrades at
200° C., to form a composite ayer on the pholopolymeriz-
able lsyer, and yet, the photosensitive element will thermally
process suitably. This demonstrated that sofiening aed/or
wmelting point limitations arc not applicable to a photosen-
sitive element having a thermally removable layer with less
than 49 wi. % binder.

Example 8

The following example demonstrates the cloment and the
process of this invention in which the ibermally removabls
layer (b) is an actinic radiation opaque layer. The radiation
opague layer is based on carbon black dispersions or mix-
tures of carbon black dispersion and organic binder. Such
coatings, after application to the photopalymer plate surface,
can be digitally imaged and thermal processed.

Several coating solutions were preparsd. BS11548 &
BS$15870 arc carbon black pigmented aqueous dispersions
from CDI Dispersions. BS 11548 dispersion has a total %
solid of 51% that comprises 45% pigment and 6% of
proprictary material. BS 15870 dispersion has a 46% (otal
solid that comprises 38% pigment and 8% proprietary
material, Each dispersion was diluied to 4% solution with
distilled water, and small amount of surfactant (Zonyl FSN)
was added. The diluted solutions were coated onto 5 mil
Mylad® temporary supponts with 2 mil doctor knife. The
Iransmission density of the resulting dry coatings was 3.7
and 3.1 for BS 11548 (Coating A) and BS 15870 (Coating
B), respectively.

Four more coating solutions were prepared by mixing the
4% Elvanol 50-42 (2 88% bydralyzed polyvinyl alcohol
(12% viny] acetate)) stock solution (from Example 7) and
the 4% BS 11548 dispersion so that the dried compositions
were as follows. (Elvanol 50-42 is not softepable and
degrades at 200° C.) Each of the dispersions was coated on
5 mil MYLAR polyester film wsing a 2 mil doctor knife,
forming Coatings C, D, E, and G.

Woight %  Transgission % binder per intal
Weight % Weight %  Other proprictary  Densily binder + earbon
Coating Carbon Black  Elvaaol $0-42 material (visual Alter)  biack filler)

A 88.2 — B E:) a7 0

B ELE —_ 172 31 1

C 4@ 44 7 28 473
D 0.3 20.5 9.2 34 fr 1§
B B3.8 5 nz EN 36
G 5 n? 33 36 41
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Another coating solution was prepared from a mixture of
the 49 BS 11548 dispersion and the 4% aqueous solution of
Klucel G, bydroxypropyl celiulose from Aqualon, with a
small amount of surfsctant {Zony! FSN). ({The melting point
of Klucel G is 130° C)) This coating solution was coated 5
with a 2 mil doctor knife onto § mil MYLAR polyester film.
The resulting Coating F had a composition of 83.8% carbon
black, 5% hydroxypropy! celiulose, and 11.2% propristary
material, and the (ransmission density measured was 2.5,

Another coating solution was prepared from a mixture of 10
Alcotex $528P, a colioidal dispersion in water of a copolymer
of vinyl aleobol and vinyl acetate (35/45) (from Harco,
having an estimated melting point of 150 to 180" C.) and the
carbon black dispersion and coated with a doctor knife onto
polyester film to have 8 dried coating weight of 17 mg/dm?, 15
The resulting Coating H had 2 compasition of 49% carbon
black, 44% copolymer of vinyl alcokol and vinyl acctate,
and 7% proprietary materia! (from dispersion), and the
fransmission density measured was 2.85.

38
-continued
Number of Cycles to Remove  Relief Depth Aftar

Example Radistion Opaque Layer 12 Cyclea (mils)

i1} 4 25

&€ 2 u

8F 2 1%

8H 1 B
Comp- 86 212 03

However, for the plate of Comparative Example 8G
greater than 12 cycles of heating and contacting was
required to emove the radiation opaque layer from the
clement. Also even though the transmission density of the
coating layer was sufficiently high (3.6) and thus provided
good blocking to the UV radiation, the plate bad low relicf
depth. The coating layer of Comparative Example 8G was
not thermally removable and prevented the removal of the
underlying unexposed photopolymerizable material. The

Weight % Transmistion % binder per total
Weight % Weight % Other proprietary  Density binder + carbon

Coating Carbon Black  Binder malerial (visual filter) black filler}
F 838 5 nz2 25 5.6
H L] 44 7 285 473

All Coatings A-H were sach kot laminated to a CYREL %
photopolymer plate, type UXL, (67 mil), suck that the
Coating layet was on the photopolymerizable layer of the
plate, forming plate samples for Examples 8A, 8B, 8C, 8D,
9E, 8F, and 8H, and Comparative Example 8G. The release 35
layer of the plate had been removed poor to lamination, In
all Exampies 8A-8F, 8H, and Comparative 3G, the coating
layer became a radiation opaque layer. Each plate sample
was backfiash exposed of 15 seconds on the CYREL 2001
exposure unit, The MYLAR sheet (support for the Coating) 40
was removed from each plate sample. Correct adhesion
balance of the coating to tbe photopolymerizable fayer was
observed for Examples 8C, 8D, 8E, 8F, and §H, and Com-
parative 8G. The Coatings A and B had somewhat higher
adhesion to MYLAR (temporary support) such that care was 45
taken while removing the MYLAR so that the coating layer
remained on the photopolymerizable layer. All plate samples
were given an UV exposure through the radiation opaque
(coating) layer for 9 minutes ip the open air on Cyrel® 2001
Exposuse unit. 50

All plate samples were thermally processed in the same
thermal processor aod with the same processing conditions
as described in Example 2, A cycle or thermal cycle is the
heating of the plate sample and contacting of the surfece of
the plate with an absorbent material. All radiation opaque
coatings gave the desired thermal processing properties and
good actinic radistion mask as desired for Examples 8A-8F
and BH.

55

Number of Cycles to Remove  Relisf Depth After
Esampls Radiation Opaque Laye: 12 Cycles (mils)

8A 2 26
8B 2 K] &5

8c § ! 17

coating G had greater than 49% binder (based oo the total of
binder and filler), and thus was not a discontinuous layer.

Further comparatively, the continuous coating layer of
Elvanol 50-42 (88% hydralyzed polyvinyl aleohol} on the
photopolymerizable layer could not be thermally processed
even in the unexposed arca {no velief depth) as described
above in Example 3 {Comparative Example 3B). The con-
tinuous coating layer of Klucel G (hydroxypropyl cellulose)
on the photopolymerizable layer could ot be thermally
removed in the UV exposed arca due to string formation
afier 12 cycles of heating and contacting absorbent material
as described in Example 3 (Comparative Example 3C).

Example 9

The following example demonstrates the element and
process of this invention in which the thermally removable
layer is a radiation opaque layer that is on the photopoly-
merizable layer.

Example 8 was repeated except that the coating solutions
were made from differcnt materials, A binder solution of
copolymer of vinylpyrrolidone and vinyl acefale in a 60/40
ratio (PVP-VA-630 from International Specialty Products)
was dissolved as a 4% aqueous solution with small amount
of surfactant {Zonyl FSN) added. The binder solution was
mixed with the 4% BS 11548 catbon black dispersion of
Example 8, such that the dricd composition was 48% carbon
black, 44% binder and 7% of proprietary material (473 wi
% binder based on total of binder and carbon black filler),
and coated on MYLAR polyester film. The coating had a dey
transmission density of 2.5. The coating was then {aminated
to the photopolymerizable layer of a photopolymer plate
(type UXL) as described in Example 8. The plate samples
were backflashed, the MYLAR film removed, and thea UV
exposed through the black layer as described in Example 8.

The platc samples were thermally processed in the same
thermal processor and under the same conditions as
described in Example 2. For the plate samples, only one
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thermal cycle was needed to remove the radistion opaque
layer together with the underneath polymer layer. The relief
depths were 23-26 mils afier 12 cycles of beating and
contacting absorbent material. Each plate sample met the
desired properlics as the digital plale capable of being
thermally processed.

Example 10

“The following cxample demonstrates the process of this
invention in which the thermally remavable layer is 20
actinic radiation opaque mask ibet can be delivered by
conventional ink jet methods or as a physical mask screen
onto the photopolymerizable layer.

This ickjet-mask concept was simulated by writing
images on the surface of a CYREL photopolymer plate, type
UXL, with and without the presence of the release layer oo
the photopolymer layet, using a black Sharpic permapent
Marker (multiple writing to achieve desired deasity) as the
actinic radiation mask, The resulting plates were UV imaged
through the ink mask side in the presence of atmospheric
oxygen for 9 minutes on a CYREL 2001 exposwre unit,
backflashed for 15 seconds on the cxposure unit, and then
thermally processed using the thermal processor and pro-
cessing conditions as in Example 1. The masks of black ink
wero thermally removed afier first thermal eycle and gave
good processed image and relief as desired.

The physical mask was simulated by attaching black vinyl
letters (with pressure sensitive adhesive)(from Visu-Com
Tnc.) o the surface of a CYREL photopolymer plate, type
UXL (67 mil), with and without the presence of the releass
layer oo the photopolymer layer, prior 10 main UV exposure.
Exposure to UV radiation through the physical masks
{lcticrs) in open air and backflash exposure was carried oul
25 described above for the inkjet mask. After removing the
physical mask letters, the plate was processed thermally to
give excellent letter images with good relicf after 12 cycles

. of heating snd contacling absorbent material as desired,

It is expectsd (hat other methods of forming the actinic
radiation mask on the photopolymerizable layer would pro-
vide just as good of results as above using the thermal
process. Mask images could be doge by laser ablation
transfer mechapism through another donor mask film, or
laminating a mask images on & temporary support snd then
discarding the lemporary support.

Ezample 11

The following example demonstrates the process of this
invention for digital mask exposures in which the pholo-
sensitive clement includes one or more layers with the
thermally removable layer and the photopolymerizable
layer.

The following general procedure was conducted afier the
product structures as described below were assembled. The
plate was backflashed for 20 seconds on a Kelliegh exposure
unit, The lemporacy coversheet discared and the plate was
placsd oo a CYREL Digital Imager so thal the radiation
opaque layer (black coating) was facing the laser. The plate
was imagewisc cxposed to laser radiation that ablated the
rediation opaque layer from the plate. The image file at the
laser energy level as described in Example 1 was used for the
imagewise laser exposure, The plate was UV exposed in the
Kelliegh exposure umit for 10 minutes in the presence of
atmospheric oxygen. The plats was thermally processed in
the same thermal 1000TD processor with the same process-
ing conditions as described in Example 2. Post cxposure and
light finishing were carried out before printing the plate on
the Mark Andy press as described in Example 1.
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For Bxamplk 11A, a plate structure was asscmbled as
follows. A CYREL photopolymer plate, type HOS (67 mils)
and & LaserMask® digital imaging film (from Rexam)
having a radiation opaque (black) layer of an optical density
of 2.8 wers laminated together. The plate structure was &
temporary MYLAR coversheet, LaserMask™ opague layer,
a release layer of Macromelt 6900 polyamide (coating
weight of 24 mg/dm®), and the HOS photnpolymerizable
layer on permanent support. The photopolymerizable layer
includes a binder, at least one monomer and a photoinitiator.
The shlated solid has a density of 0.06 after being laser
ablated at energy of 1.6 Joules/cm®. Thermal processing
showed that only one thermal cycle was required to remove
tbe apaque layer and the refease layer with the underlying
photapolymer layer, and the relicf depth after 12 cycles of
heating and contacting absorbent was 23 mils. Excellent
print quality was also obtained on Matk Andy press for the
postexposed and fimished plate.

For Example 11B, a plale struclure was asscmbled as
fotlows. A CYREL photopolymer plate, type AQS, (67 mils)
baving the release layer removed was used as the photopo-
lymerizable lsyer. A second element baving multiple layers
incliding a radiation apaque layer was laminated to tho
photopolymerizable layer of the AQS plate. The second
element was prepared and included in the following order an
adhesion modifying layer of 90 parts Macromelt 6900
polyamide and 10 parts copolymer of vinylpyrolidone and
vinyl scetate (60/40 ratio} (PVP-VA-630) having a coating
weight of 3.0 mgfdm? a radiation opaque Jayer of 16.9
grams of BS-11548 carbon black pigmented dispersion
(from CDI Dispersions) (see Ex. 8) and 2.80 grams of
Polyox WSRN polyethylene oxide, the layer having a den-
sity of 3.0; and an avercoat layer of 100% solution of Polyox
WSRN polyethylene oxide having 4 coating weight of 40
mg/dm®, on a temporary MYLAR. polyester support. The
plale structurs was the temporary MYTLAR support a5 &
coversheet, the adbesion modifying layer, the radiation
opaque layer, the overooat layer as a barrier layer, and the
AQS photopolymerizable layer on a permanent support. The
ablated solid areas of the plale bad a density of 0.05 using
3.2 J/om® laser energy. Ouly one thermal cycle was required
Io remove 1he radiation opague layer and the relicf depth was
32 mils after 12 cycles of heating and contacting wilh the
absorbent material.

For Example 11C, & plate structure was asscmbled as
follows. ACYREL photopolymer plate, type UXL. (67 mils),
and a second element having a radiation opaque layer were
laminated togsther. The second element was prepared and
inchuded the radiation upaque layer of 33% carbon black and
67% Kraton 1102 an clastomeric poly(styrene-butadienc-
styrene) block copolymer baving a density of 2.60, and 2
barrier layer of 100% polyamide having a coating weight of
42 mg/dm®, on a temporary MYLAR support with silicon
treated surface. The plate structure was the temporary
MYLAR support &s a covershoet with the silicon treated
surface adjacent the radiation cpaque layer, the bamier layer,
and the UXL photopolymerizable layer on a permacent
support. The ablated solid are2 on the plate had a density of
0.12 with laser ablation energy of 3.2 J/cm®. Four thermal
cycles were required to remove the cxposed radiation
opaque layer completely with the underneath photopolymer-
jzable layer. The relicf depth of 22 mils was obtained after
12 cycles of bealing and contacting with the absorbent
material. Good printed images were obtained.

Exarple 12

The following example demonstrates the process of this
invention with excellent thermal processing latitude.
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Three CYREL photopolymer plates, type DPH, (45 mil)
were backflashed for 75 szconds on Kelleigh exposure voit
The DPH plate has the following structure: a permaneat blue
support; the DPH photopolymerizable layer comprising 20
elastomeric binder, at least one moaomer, and 2 photoini-
tiator; a radiation opaque layer of 33% carbog black and
67% Macromelt polyamide, and a coversheet. After discard-
ing the coversheet, the plate was placsd on the dum of the
CYREL Digital Tmager and laser ablated at 3.2 Yem® to
form in sity mask images as deseribed in Example 1. The
plates were exposed 1o UV radiation through the in sita mask
for 14 minutes in the presence of atmospheric oxygen.

The plates were thermally treated in the same thermal
processor as described in Example 1. One plate (A) was
processed for 12 cycles with blower on, another plate (B)
was processed for 12 cycles with blower off, and the third
one (C) was processed for 6 cycles with blower off. All
plates were light finished and post-exposed for 10 minutes
simuitaoeously. The relief depth and reverse depth for a 30
mil pegative line of the processed plates wore measured, and
the plates were printed. The base (ic., the permapeat
support) temperature of the plate as it was treated in the
thermal processor was alsa measured. The results were as
follows:

Reverse
MNumber Relief Depth  Depth  Base Tomp.
Plate  of Cycks {mif) (micron) *C Printing

A 12 24 265 iy Excellent
B 12 24 55 a2 Excelleat
9] [ 17 268 ki Excalleat

The excellent processing latitade of digitzlly exposed, but
thermally processed plates has been demonsirated. This
Example also showed that the number of thermal cycles
could be reduced significantly (from 12 dowu to 6 cycles)
and still providing excellent print quality in holding all tonal
ranges and fine reverses, and good clean solid printing.
Reduced number of cycles will provide a faster turnaround
time for the plate.

Example 13

The following example demonstrates the process of this
invention in which particle size and volume distibution of
particulate material forming a substantially transparent layer
on 2 photosensitive element, influcnces the thermal process-
ing performance of the ¢lement.

A photopolymerizable layer was from a CYREL photo-
polymer printing plate, type UXL, 67 mils thick, in which a
coversheet and a releass layer were removed prior Lo toning.
Particulale material was toned on the tacky UXL photepoly-
mer surface by following the same procedures as in Example
3. The photosepsitive element comprised support, the UXL
photopolymerizable layer, and a layer of panticulate mate-
rizl.

The particulate materials that were toped were two types
of aluminum silicate powder (Satin White and Sparker, both
from Englchard). Satin White has a reported particle size
range of 4 ko 35 microns and Sparker has a reported particle
size range of 10 to 110 microos by the light scattering
method according to Englehard. Particle size analysis
according to our iab testing on the Coulter® Multisizer g in
Example &, showed particulate size and volume disteibution
as follows, in microns.
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Satin White 316 &1 13.67
Sparker 11.65 026 477

The excess particulate was removed from the photopoly-
mer surface, and the toned density was measured as a
transmission density using a visual filter. Both toned sur-
faces were tack-free indiceting particulate adhering to the
plate surfacc as desired, Example 13A was the element
formed of UXL photopolymerizable layer toned with Satin
White particufate. Example 138 was the clement formed of
UXL photopolymerizable layer toned with Sparker particu-
late. The visual density was 0.39 for Example 13A and 0.14
for Bxample 13B. The bigher visual density of Example 13A
relative 10 Example 13B showed that higher packing system
was achieved with the Satin whits powder vs. Sparker
powder on toned plate surface.

Half of of cach sample element was given an UV expo-
sure in the presence of atmospheric oxygen and the other
hatf was nat UV exposed. Samples were processed ther-
mally as io Example 3.

1t was surprising to find that the loned particulaic layer of
Example 13A was removed in the first thermal cycle in both
exposed apd the non-exposed arcas. For Example 134, the
relicf depth was 20 mils after 12 cyeles in the non-exposed
areas with no residual particulate on the floor. Also, the UV
exposed plate surface was tacky and with no sign of residual
particulate. In comparison, for Example 13B, there was still
particulate on the foor surface even afier 12 thermal cycles
with 22 mil relief depth in the non-exposed areas, and the
UV exposed plate surface was tack-free due to the presence
of particulates on the surface.

Both samples were post exposed and light finisbed and
were printed on Mark Andy press as in Exsmple 1. Example
13A gave good solid printing while Example 13B gave poor
solid printing (much lower solid depsity). Residual alumi-
mum silicate particles oo the thermally processed plate
surface and floor were not desirable, Residual particles on
the floor indicated hard-to-remove nature of Sparker (higher
450 and d90 in micron) and this problem could be wormsen
for images with high screen miling images and with fine
reverses to cause poar thermal cleaning of plate, thms poor
print quality.

The sbove resulis showed that particle size and distribu-
tion have important impect on the particle packing
relatiopship, and optical effect, thus final thermally pro-
cessed plate performance. The particle size and volume
distribution of Satin White provides the preferred range for
thermally processed plate.

Example 14

The following example demonstrates the process of this
invention using 2 photosensitive element having a radiation
opaque layer that inchides a binder with a soflening point
less than 190° C,

A CYREL photopolymer plate, type UXL, (67 mils) was
used as the photopolymerizable layer. The release layer was
removed. A second element was prepared with 2 radiation:
opaque layer of 17% carbon black and 83% Mecromelt '
polyamide (melting point 135° C.), having a dried coaling
weight of 47 mg/dm® and a irapsmission density of 2.50. The
radiation opaque layer was laminated to the UXL photopo-
lymerizable layer, formiug sample element for Example 14.




Case 3:06-cv-02968-AET -JJH Document1 Filed 06/29/06 Page 41 of 45 PagelD: 41

US 6,773,859 B2

43

The radiation opaque layer was imagewisc ablated from
the photopotymerizable layer forming a mask with infrared
laser radiztion having energy of 5.9 Joules/em®, The ablated
solid density was 0.19. The ¢lement was given a backflash
exposure for 20 seconds, and 2 main UV exposure through
the mask for 10 minutes, both on the Kelleigh exposure unit.
The ¢lement was thermally processed as described in
Example 2, Only one cycle (of beating and contacting the
clsment) was required to remove the remaining portions of
the radiation opaque layer. The relief depth afier 12 cycles
was 26 mils. The clement was prepared for printing as
described above, and bad good print resulis.

What is claimed is:

1. A process for making a flexographic printing plate
comprising:

1) providing a photosensitive element comprising: at least
on¢ pbotopolymerizable layer on & support comprising
an elastomeric binder, at least onc monomer, and @
photoinitiator, and at least one (hermally removable
layer disposed above the photopolymerizable layer, the
thermally removable layer sclected from the group
consisting of
(a) an actinic radiation opague layer cornprising (i) at

least one infrared absorbing material, (if) a radiation
apaque material, wherein (1) and (ji) can be the same
ar different, and at least one binder having a soften-
ing or melting temperature less than 150° C.;

{b) 2 layer of a composition comprising al least one
binder and filler, wherein the binder is less than 45%
by weight based on Ihe {otal weight of the binder and
filler, and

() a layer of particulate material having particle size of
less than 23 micrometers;

2) imagewise exposing the photopolymerizable layer to
actinic radiation forming polymerized portions and
unpolymerized portions; and

3) thermally treating the element of step 2) by beating to
a temperaturs sufficient to remove the thermally remov-
able layer and to remove the unpolymerized partions of
the photopolymerizable layer and form a relief.

2. The process of claim 1 wherein the thermally remov-

able layer selected from b) and c) is a release layer.

3. The process of claim 1 wherein the thermally remov-
sble layer selected from b) and ¢) is an sctinic radiation
opaque layer.

4. The process of claim 3 whergin the thermally remov-
able layer b) further comprises (i} »t least one infrared
absorbing material, (ii) 2 radiation opaque material, wherein
{D and (ii) can be the same or differeot.

5. The process of claim 3 wherein the thermally remov-
able layer ¢) is radiation opaque and the particulale material
cen be a radiation opaque material, both & radistion opaque
and infrared absorbing material, or combinations thereof.

6. The process of claim 1 wherein the thermally remov-
abls layer completely covers the photopolymerizable layer.

7. The process of claim 3 wherein the thermally remov-
able layer is a mask layer baving radiation opaque arcss,
further comprising the step of forming the mask layer
imagewise from the thermally removsble layer selected
from a), b}, or ¢}, prior to siep 2).

8. The process of claim 7 wherein formipg the mask
comprises applying the thermally removable layer image-
wise {o the photopolymerizable layer.

9. The process of claim 7 wherein forming the mask
comprises applying as a complele covering layer the ther-
mally removable layer to the photopolymerizable layer, and
imagewise removing the thermally removable layer.

-
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10. The process of claim 7 wherein forming the mask
comprises farming & carrier clement having the thermally
removable layer as the imagewise mask on a temporary
support, laminating the carrier element o the photopoly-
merizable layer such that the thermally removable layer is
disposed above a surface of the photopolymerizable layer
apposite the support, and removing the woparary support.

11. The process of claim 7 wherein forming the mask
coriprises delivering imagewise the thermally removable
layer by ink jet methods.

12. The process of claim 7 wherein the thermally remov-
able Jayer is also sensitive to infrared radiation and forming
the mask comprises:

forming a carrier element having the thermally removable

layer on a substrate;

placing the carrier element onto the photopolymerizable

layer such that the thermally removable layer is dis-
posed above a surface of the photopolymerizable layer
opposite the suppor;

imagewise exposing with infrared radiation the thermally

removable layer to selectively change the adhesion
balance of the thermally removable layer to substrate of
the carrier element; and

removing the substrate with portions of the thermally

removable Jayer.

13. The process of claim 7 wherein the thermally remov-
able [ayer is also seasitive to infrared radiation and forming
the mask comprises:

placing 8 ficst clement comprising at least the thermally

removable layer on a substrate so that the thermally
removable layer is in contact with or disposed above 2
surface of the photopolymerizable layer opposite the
support;

imagewise exposing with infrared laser radiation the

thermally removable layer to selectively transfer por-
tions of the thermally removable layer to the photapo-
tymerizable layer; and

scparaling the first element with portions of the thermally

removable layer.

14. The pracess of claim 7 whersin the thermally remav-
able layer is also sensitive to infrared radiation and formiog
the mask comprises:

imagewise exposing with infrared laser radiation the

thermally removable layer to selectively ablate portions
of the thermally removable layer from the photopoly-
merizable layer.

15. The process of claims 12, 13, and 14 wherein the
infrared Jaser radiation is between 760 10 1064 nm.

16. The process of claims 12, 13, and 14 further com-
prising impinging the infrared laser radiation op the ther-
mally removable layer or through the support side of the
photosensitive element.

17. The process of claim 16 wherein the infrared laser
radiation impinges the support side of the pbotoscnsitive
element and further comprising locatiog a material capture
element adjacent to the phoiosensitive clement on a side
opposite the support side to capture ablated portions of the
thermally removabic layer.

18. The process of claim 3 wherein the imagewise ¢xpos-
ing step 2) occurs in the presence of atmospheric oxyged.

19. The process of claim 3 wherein the photosensitive
element further comprises an additional layer between the
thermally removable layer and the pholopolymerizable
layer, the additional Yayer being thermally remavable at the
treating temperature, and composed of matenials selected
from the group consisting of polyamide, polyethylene
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oxide, polypropylene oxide, polyethyleve wax, natural
waxes, syathetic waxes, polypropylene, polyeibylege,
copolymers of styrene and acrylic polymers, copolymers of
vinylpyrrolidone and vinyl acetate, copolymers of vinyl
alcohol and vinyl acetate, polyacetate, copolymers of cth-
ylene and acetate, and combinations thereof.

20. The process of claim 1 wherein the photoseasitive
clement further comprises 8 adhesion-modifying layer on
the thermally removable layer, the adhesion-modifying layet
being thermally removable al the {reating temperature, and
composed of materials selected from the group consisting
of: polyamide, naiural waxes, synthetic waxes,

polyprpylene, polysthylene, copolymers of polyvinylpyr- .

rolidone and vinyl scetate, ampboteric interpolymers, and
combinations thereof.

21. The process of claim 1 wherein the photosensitive
element further comprises at least one mors additiopa] layer
selected from the group consisting of:

release 1ayer, adhesion-modifying layer, bartier layer, and

surface modifying layer, wherein the at least one more
additional lzyer is ransparent lo actinic radiation.

22. The process of claim 1 wherein the binder of the
thermally removable layer (z) is selected from the group
consisting of; polyamides, polyethylens oxide, polypropy-
lens oxide, ethyloeliulose, hydroxyethyl cellulose, cellulose
acetate butyrate, ethylenc-propylene-diene terpolymers,
copolymers of ethylenc 2nd vinyl acetate, copalymers of
viny] acetate and vinyl alcohol, copolymers of vinyl acetate
and pymolidone, polyvinyl acetate, polysthylene wax,
polyacetal, polybutyral, polyalkylene, polycarbonates, poly-
ester clastomers, cyclic rubber, copolymers of styrene and
maleic anhydride, copolymers of styrenc and maleic any-
dride partially esterified with alcobols, and combinations
thereof.

23. The process of claim 1 wherein the binder of the
trermally removable layer (b) is selscted from the group
consisting of: polyamides, polycihylene oxide, polypropy-
lene oxide, cthyleellulose, hydroxyethyl celiulose, celllose
gcetate butyrate, cibyleae-propylene-diene terpolymers,
copolymers of ethylene and vinyl acetate, copolymers of
vigyt acetate and vinyl alcobel, copolymers of vinyl acetate
and pymolidone, polyvinyl acctate, polyethylene wax,
polyacetal, polybutyral, polyalkylens, palycarbouates, poly-
ester elastomer, copolymers of vinyl chloride and vinyl
acetate, copolymers of styrece and butadicne, copolymers of
styrene and isopreoe, thermoplastic block copolymers of
styrene and butadiene, thermoplastic block opolymers of
styrene and isoprene, polyisobutylene, polybutadiene,
polycholorprene, butyl rubber, uitrile rubber, thermoplastic
polyurcthane elastomer, cyclic rubbers, copolymers of viny-
lacetate and (acrylate or methacrylate), acrylonitrile-
butadiene-styrene lerpolymer, methacrylate-butadiene-
styrene terpolymer, alkyl mcthacrylate polymer or
copolymer, copolymers of styreoe and maleic anhydride,
copulymers of styrene snd maleic anhydride partially esteri-
ficd with alcobols, polyvinyt alcohol, poly(meth)acrylic
acids, metal alkali salts of poly(meth)acrylic acids, ampho-
teric interpolymers, hydroxyalkyl ceilulose, cellulose
acetate, nilrocellulose, polyimides, polyesters, polyphe-
nylens ethers, polyacrylonitril, polystyrene, copolymers of
styrene and methacrylic acid, polyvinyl chloride, polyesiers,
polyacrylamide, copolymers of imides snd amides,
polychlorotrifiluorocthylene, ethylene and chlorotrifiuroeth-
ylene copolymer, polylelra fluorocthylens, copolymers of
ethylene and tetrafluroctbylene copolymer, polyether ether
ketone, palybenzimidazoles, copolymers of vinylidene fluo-
ride and hexafiuoropropylene, snd combinations thereof.

15

46

24. The process of claim 1 wherein the filler is selected
from the group consisting of: mineral fillers, metallic fifers,
metallic alloys, flame retardants, carbon black, graphite,
pigments, "and combibatioos thereof.

25. The process of claim 24 wherein the filler has a
parlicle size of less thap 23 micrometers,

26. The process of claim I wherein the particulate mate-
dial is selected from the group consisting of: metals, metal
slloys, carbon black, graphite, organic particles, inorganic
parlicles, pigment particles, toner particles, mixtures of
pigment particles, mixtares of toner particles, and mixtures
of pigment and toner particles, and combinations thereof.

27. The process of claim 1 wherein the at least onc
infrared absorbing material (i), the radiation opaque material
(i), the filler, and the particulate material in the thermalty

~ removable layer do ot melt at the treating temperature.
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28. The process of claim 1 wherein the totat amount of the
al least onc infrared absorbing material (§) and the radiation
opaque material (if) in the thermally removable layer (3) is
less than 49% by weight, based on the total weight of (i), (i)
and the binder of (a).

29. The process of claim 1 whercin the thermally cemov-
able layer (b} is capable of microcracking fo allow uoex-
posed portions of the photopolymerizable layer to melt,
soften, or flow at the (reating temperaiure.

3). The process of claim 1 wherein the thermally remov-
able layer is (a).

31. The process of claim 1 wherein the thermally remov-
able layer is (b).

32. The process of claim 1 wherein the thermally remov-
able layer is (c)-

33. The process of claim 1 wherein the binder of the
thermally removable [ayers (a) and (b) bas a softening or
melting, temperature. between 100° C. and 190° C.

34, The process of claim 33 whercin the binder of the
thérmally removable layer (b) bas a softening or melting
temperature greater than 190° C.

35, The process of claim 1 wherein the binder of the
thermally removable layer (a) is greater than 51% by weight,
based oo the tolal weight of (5), (if) and the binder.

36. The process of claim 1 further comprising contacting
the photosensitive element of step 2) with an absorbent
material during the treating step 3).

37. The process of claim 36 further comprising appiying
pressuge of 0.70 kilograms per square centimoter to aboul
7.0% kilograms per square contimeter during coniacting the
element and the absorbant material.

38. The process of claim 36 further comprising applyiog
pressure of 2.11 kilograms per squarc centimeler and about
4.92 kilograms per square centimeter during contacling the
element and the absorbant material.

39, The process of claim 1 wherein the thermal trealing is
beating the photoscosilive ¢lement abave about 40° C.

40, The pracess of claim 39 wherein the thermal treating
is heating the photosensitive element to between 100 and
200° C.

41, The process of claim 36 wherein the beating of the
photosensitive clement and the contacting of the clement
with the absorbant material defincs & cycle, and wherein the
treating step compriscs more than one cycle.

42. The process of claim 41 wherein for each cycle the
treating temperature and the pressure independently can be
the same or different.

43. The process of claim 2 whersin imagewise cxposing
further comprises:

placing a phototool imaged film op the thermally remov-

 able layer,
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exposing through the phototool with actinic radiation to

selectively image the photopolymerizable layer, and

removing the phototool prior to the step 3). .

44, The process of claim 2 wherein imagewise exposing
further comprises:

placing at least ooe template having radiation opaque

portion on the thermally removable layer,

exposing through the template with actinic radiation to

selectively image the photopolymerizable layer, and

removing the at least ooe template prior to siep 3).

45, The process of claim 3 further comprising ablating the
actinic radiation opaque layer from the photopolymerizable
layet, to form an in situ mask on the photopolymerizable
layer prior to the imagewise exposing step 2).

46. The process of claim 1 wherein at least 90 percent of
the particulate {c) have the panicle sigzs of an equivalent
spherical diameter of less than 23 micrometers.

47. The process of claim 1 wherein at least 50 percent of
the particulate (¢) have the particle size of 20 cquivalent
spherical dismeter of less than 17 micrometers.

48. The process of claim 1 wherein the thermally remov-
able layer is present prior to the imagewisc expasing step 2).

49. The process of claim 3 wherein the thermally remov-
able layer is radiation opague and is present during the
imagewise cxposing step.

50, The process of claim 1 whercin the at least one
thermally removable layer is less than 50 microns thick.

51. A photosensitive element for use as a flexographic
printing plate comprising;

at least one photopolymerizable layer on a support com-

prising an clastomeric binder, at least one monomer and
a photoinitiator, wherein the photopolymerizable layer
in an upexposed stale is capable of melling, softening,
or flowing at a treating temperature of at least 40° C,,
and

2l least one thermally remaovable layer disposed above the

photopolymerizable layer, wherein the thermaily
removable layer comprises at least one binder and a
filler, wherein the binder is less than 4% by weight
based on the total weight of the binder and filler,
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52, The photoscnsilive element of claim 51 wherein the
thermally removable Iayer bas a thickness less than 30
microns.

53, The photosensitive element of claim 51 whercin the
thermally removable is an actinic radiation opaque layer.

84, The photosensitive element of claim 51 wherein the
binder of the thermally removable layer is selected from the
group consisting of: polysmides, palycthylenc oxide,
polypropylens oxide, cihyleellulose, bydroxyethyl celluloss,
cellulose acetate butyrate, ctbylenc-propylens-dicns
terpolymers, copolymers of ethylene and vinyl acetate,
copolymers of vinyl acetate and vinyl alcohol, copolymers
of vinyl acelate and pyrralidone, polyvinyl aceiats, polycth-
ylene wax, polyacetal, polybutyral, polyalkylene,
polycarbonates, polyester elasiomer, copolymers of vinyl
chloride and vinyl acetale, copolymers of styrenc and
butadiene, copolymers of styrene and isoprene, thermoplas-
tic black copolymess of styrene and butadicne, thermoplas-
tic black copolymers of styrepe and isoprene,
polyisobutylene, polybutadiene, polycholorprcne, bulyl
rubber, pitrile rubbet, thermoplastic polyurethane elastomer,
cyclic rubbers, copolymers of vinylacetate and {acrylate or
methacrylate), acrylonitrile-butadienc-styrene terpolymer,
methacrylate-butadiene-styrene terpolymer, alkyl methacry-
late polymer or copolymer, copolymers of styrene and

_maleic anhydride, copolymers of styrene and maleic anhy-

dride partially esterificd with aleobols, polyviny] aleohal,
poly(meth)acrylic acids, metal afksli salts of poly(meth)
acrylic acids, amphoteric interpolymers, hydroxyalkyl
cellulose, cellulose acetate, nitroccliulose, polyimides,
polyesters, polypbenylene ethers, polyacrylonitril,
polystyreae, capolymers of styrene and metbactylic acid,
polyvinyl chloride, polyesters, polyscrylamide, copolymers
of imides and amides, pelychloroirifluoroethylene, ethylene
and chlorotriflurcethylene copolymer, polytetra
fluoroethylene, copolymers of ethyleze and tetraflurocthyl-
cac copolymes, polyether ether ketone, palybenzimidazoles,
copolymers of vinylidene fluoride and hexafinoropropylene,
and combinations thereof.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. :6,773,859B2 Pagelof 1
DATED : August 10, 2004
INVENTOR(S) :Fan Roxy et al.'

It is certified that error appears in the above-identified patert and that sald Letters Patent is
hersby corrected as shown below:

Column 45 ‘
Line 13, “polyprpylene” should read -- polypropylene --

Signed and Sealed this

First Day of March, 2005

JONW.DUDAS
Director of the United States Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION
PATENT NO. 6,773,859 B2 Pagelof 1
DATED : August 10, 2004

INVENTOR(S) : Fanetal.
It is certified that error appears in the above-identified patent and that said Letters Patent is

hareby corrected as shown below:

Title page.
Insert Ttem -- [60] Related U.S. Application Data
Provisional application No. 60/273,669, filed on March 6, 2001 —

Signed and Sealed this

Twenty-sixth Day of July, 2005

JON W. DUDAS
Director of the United Staics Patent and Trademark Office




