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60/ 075,892, filed February BACKGROUND
OF THE | NVENTI ON This application is directed to an
i mprovenent in the inmaging systemwhich is described in U S Patents
4,399, 209, 4, 440, 846 éﬁ@%—#ﬁ%@%T@/RELMEDA@P% ﬁﬁ‘agi ng systens

enpl oy a |l ayer of photosensitive m crocapsul es. The m crocapsul es are
prepared by m croencapsul ating a free radi cal polynerizabl e conposition

which contains an elBe!gre@nflaRaitiondlaRk PrioPiyeended 95 U.SYPI Fidblfyorh he | mage
system assunes two forms.- I n one, the ifmaging Séstem Is a transfer system

i n whi ch @revisiooalt Patent Apipligationl Seyial Nof 60/035,8 d Februaryc2hcd@98ul es i s
| mage-w se exposed to radiation and assenbled with a devel oper sheet, e.g.,
a sheet containing a |layer of a Lewis acid such as a phenolic resin. The

assenbly is subjected to pr BN tWEW apsul es and the
m crocapsul es i nage-w se Ieg @ﬁ%{? con?glb{lgEtIo the devel oper sheet where

the color precursor is colored. In another enbodi nent, the inmagi ng system
is a self-contained inmaging systemin which the photosensitive

mi crocapsul es and t HEhis applicatién is diveeted 4o pn iaproNenent i ther Imaging:systemohish

The' i nvendb pretined BL0cS s 4 355 305,650 848 iy 4 22 2 R SYEGRF IBE THRRE, O
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phot osensitive nicrocapsul’es and a devel oper material is interposed between
two pl ast ipregarédiby nricrobacapsulating ofreentadidal pelymerizabbecanpoasition whjck contains an
conbi nati on of adhesive and a subbi ayer, the filnms are permapentl|y
coal et o SRR ABOATE SOl PERTSG LYRAY e Kepes:sYREm Aot B DT bt
prevents t ixﬁ%ﬂ% brandess ¢ ‘d'itﬁag' ytséaﬁlﬁ i ng into

cont act vthﬁ t gﬁrterﬁ% &'s‘yﬁ‘teﬁﬂﬁ e Jf‘ I ng sys%%%@ygpgfr eferably a
full col orphotosgnsitdvesmicrecapsulesiisiimhgd-tise @xposel ¢o eadiationtand assemibledowitbaul es
are used in conmbination and each set of mcrocapsules is sensitive to
a di sti nctdeyelopereshgets egand shephrentaining adayesof o lawdnacid speisas 3 phegolic reging

Pat ent 4, 842, 976. .. GOl ce wWih one co .Cl [ | e
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green and blue light are enployed. In a further enbodi nent, these

n cr ocaps Unesother embodiitent, dbe imiging system isal selfebonittinedimaging system in which the

photosensitive microcapsules and the Lewis acid are carried on the surface of a common

substrate in one layer or in juxtaposed layers. In a further embodiment of the invention, as
described in U.S. Application Serial No. 08/570,658 and published International
Application WO 95/34845, a layer containing photosensitive microcapsules and a developer
material is interposed between two plastic films, at least one of which is transparent. Using
a combination of an adhesive and a subbing layer, the films are permanently sealed to
provide a film unit. This construction is advantageous because it prevents the chemical

reactants in the imaging system from coming into contact with the user.

The imaging system is preferably a full color imaging system in which three

different sets of microcapsules are used in combination and each set of microcapsules is



photoinitiator” of the type described in U S. Patent 4,772,530 to- W .

CGot t schal kvo JiMae®® phot oi nitiators, in one enbodi ment, are eorRiseNeA3DS
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the visible spectrum for exanple, in the infrared region. This presents an
oppor t urdpplicatongiemploying visible light sonrces sisuaging systewistemploying redagdnsigivace it is

no | onger, necessary .to restrjct the sensitivit e of ph sensitive
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- 2- talk. That is, the absorption spectra of tHeldellARY oOgreEhand ¥y biiE h¥toinitiators may

In accordance with the present invention, the foregoing imgin ystem and,

more par @YeElapa An his CRse, it i dmpgrtant dhat in gxrosig he misrocapsulertg; it %E:SWSO ,
! hat g > oo Lk
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i n whi chréphsdugtion &ildinbt B¢ g60d. SThe R @RcRSePL hiaBE GFappriachésatiatsanYeltakén dye
and a boranyl anion of the_type nentioned above.

Accor di nt9 mitiggtecthisrpyebleme nHowever, avithrthe proliferation pfidigitahimaging wgtems, these em

are a host of applications in which red, green and blue sensitivity is not required. In

particular printers can be designed which employ radiation sources which emit at
wavelengths outside the visible spectrum, for example, in the infrared region. This
presents an opportunity to minimize the problems associated with cross-talk since it is no
longer necessary to restrict the sensitivity range of a photosensitive material to the visible
region, the sepsitivity of the imaging system can be extended into the infrared region at one
end of the spectrum and optionally the ultraviolet region at the other end.




conmprising-.a support having a layer of at |east one set of photosensitive
m crocapsulwemmushe surface thereof, said mcrocapsul es bePRFUSBMEIR ve tO
distinct band of radiation and contai ni ng a conplex of an infrared

sensitive cationic dye and FUMMARY GE'THE INVENTION | n anot her
enbodi nent, the imagi ng systemincludes cyan form ng, magenta form ng and

yel | ow form ng capsules and at |east one set of capsules includes an
infrared sensitive dye borate ¢ ound as a hot0| tlator naI
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I magi ng syst of the, presen |nven lQn escl | panese Publ i shed
Appl i cat i intared,seng e dye 3pq abgranyl TB%?LEL egﬂfo"éﬁ‘ﬁ?%‘%g%"{'g 34808, all of

whi ch are |ncorporat ed herein by reference for a description of the
cationic dyes and nmethods for obtaining the photoinitiators. A table of the
infrared sensitive éatordingty, dyemdnmenbeﬂthenmdnaomi'emm{m M&Sﬂﬁﬂﬂs i's

OV e pmsing 2 suppért Having fayes of sleast ore set of photbseasifive Brcrbtapdies By
[err]
the surface fheeﬁ'ﬂf’ said nncrocapsulf% Pfﬂxé {sitive t? glrsPFct band bffddlation and

820nm
containing a complex of an infrared sensitive cationic dye and a boranyl anion.

In another embodiment, the imaging system includes cyan forming, magenta
forming and yellow forming capsules and at least one set of capsules includes an infrared
sensitive dye borate compound as a photoinitiator. Optionally at least one other set includes

a visible light sensitive dye borate compound or an ultraviolet initiator.

In still another embodiment, all three sets of microcapsules contain a
photohardenable composition containing a complex of a cationic infrared sensitive dye and

a borany] anion.
DETAILED DESCRIPTION OF THE INVENTION

Examples of infrared-sensitive photoinitiators which can be employed in the
imaging system of the present invention are desctibed in Japanese Published Applications 3-
221506; 4-261405; 8-100011; 8-100012; and 8-34808, ali of which are incorporated herein
by reference for a description of the cationic dyes and methods for obtaining the
photoinitiators. A table of the infrared sensitive cationic dyes described in the
aforementioned patents is provided in the following Table 1 where “Ph” indicates a phenyl

group:
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- 6- ) No. Dye 15
[err]® WO 99/44099 [err] PCT/USYPE]
infrared dyes in Table 1 are conplexed with a borate anion. Any of the
borate anions described in U S. Patent 4,772,530 can be used in this
i nvention. The preferred boranyl anion is a triphenyl n-butyl boranyl
ani on. The anions can be represented by the general fornmula (I):
Where R[ rrl R[err] Rf Prr] and F\’[ F\FF] are i hr‘lnnnnr‘lnnfl\l r‘r\! ect Cd fi‘ m
t he grou )@on>|st|ng of aIkyI aryI ahkaryl, aIIyI aralkyl al kenyl

al kynyl , (eejyete—eanrt—saturated—or—mmsaturated—teterocyctTC Or oyps.
2l kyl boratfe and

For exangle pprticularly

triani syljal ky| borate df

triani syljputylborate a®j ou 3 = ok

tri phenyl{d8r ape or tri ani syI;orane a put yT~ radﬂ cal . On t he ot ﬁ(lallrmhatd
.

preferred anions are tr|-hen

t et r abut yjl bor §t e ani on does Aot work wel | presumatfy because the
tetrabutyl borate radical is not stable and it readily accepts an el ect
back fronﬁthe dve.in

The infrared dyes in Table 1 are complexed with a borate anion. Any of the
borate anions described in U.S. Patent 4,772,530 can be used in this invention. The

preferred boranyl anion is a triphenyl n-butylboranyl anion. The anions can be represented

by the general formula (I):

where RY, R?, R, and R* are independently selected from the group consisting of alkyl,
aryl, alkaryl, allyl, aralkyl, alkenyl, alkynyl, alicyclic and saturated or unsaturated

heterocyclic groups.

For example particularly preferred anions are triphenylalkylborate and
trianisylalkylborate anions such as triphenylbutylborate and trianisylbutylborate anions
because they readily dissociate to triphenylborane or trianisylborane and a buty! radical.
On the other hand tetrabutylborate anion does not work well presumably because the
tetrabutylborate radical is not stable and it readily accepts an electron back from the dye in
a back electron transfer and does not dissociate efficiently. Likewise, tetraphenylborate

anion is very poor because the phenyl radical is not easily formed.

-7-
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branched chain and p055|bly cyclic. The al kyl groups may be substituted,
for exanple, by one_or nore hal ogen, cyano acyl oxy, aryl alkoxy or

hydr oxy groups. Representative exampig% &PPW@R@WP@%Y &R

or oups. SR trRhE e peRE §€f§&%§@ﬁuaﬁs %@%@%@%&h?%BEMW%ﬂ%I

et c. Repra@givksiblyveychy.amMbkakyd izrcips niey! beltuBstRtited S Fir @x8MbRY b¥ Yoné of Hivte
i ncl ude benzyl. Representative allcycllc groups i ncl ude cycl obutyl,

cycl openthalogeaneyanpe heylexy acyk, aryisalkexpophydroxy groups kynyl group are

propynyl and ethynyl, and exanples of al kenyl groups include a vinyl group.

G her infrared sensitive conplexes useful as photoinitiators in the

v th | on d(ez)cr | bedpigtestRARVE SRaiPiRl bE At Broups ?&ﬁé&ﬁteafrgrﬁ'bﬁﬂgcmaeméﬁﬁ, 2:

phenyl n-taphthyl and substituted aryl groups such as anisyl. Alkaryl groups include methylphenyl,
dimethylphenyl, etc. Representative examples of aralkyl groups represented by groups
include benzyl. Representative alicyclic groups include cyclobutyl, cyclopentyl, and
cyclohexyl groups. Examples of an alkynyl group are propynyl and ethynyl, and examples

of alkenyl groups include a vinyl group.

Other infrared sensitive complexes useful as photoinitiators in the invention
described in Japanese Application 4-261405 are shown in Table 2:
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Using an infrared sensitive dye borate in at least one set of the microcapsules enable
the sensitivities of the microcapsules to be spaced apart to minimize overlap in their
sensitivity curves and thereby minimize crosstalk. Infrared sensitive borates can be used in
any or all of the cyan, magenta or yellow forming microcapsules. In one example, an
imaging system can be designed in which the micrdcapsules are seﬁsitive at 750, 850 and
1050 nm. In another embodiment, the red sensitive capsules described in U.S. Patent
4,772,530 (Gottschalk) are replaced with infrared sensitive microcapsules prepared using
one of the dyes in the appendix such as the dye #5 in Table 1. In another embodiment an
imaging system can be designed in which the microcapsules are sensitive at 800, 900 and
1100 nm. In conventional systems, the cyan, magenta and yellow forming microcapsules
are sensitive at 450, 550, 650 nm respectively. In other embodiments of the invention, any
of 450, 550, and 650 sensitizers is replaced with an infrared dye. Preferably the magenta
550 initiator is replaced with an infrared dye to achieve the most separation in the

absorptions. For example, a 450, 840, 650 nm system might be used.

The infrared sensitive compositions can be modified to include an
autoxidizer such as N,N-dimethylaniline as described in U.S. Patent 4,772,530 which is
incorporated herein by reference. Likewise, microcapsules for encapsulating the
photohardenable composition, cyan, magenta and yeliow color precursors, developer

materials, photohardenable compositions including photopolymerizable acrylate

-12-
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Usi ng an i nfYSred*®nsitive dye borate in at |east one set ofPGIAESI9/04131

m crocapsul es epabl e the sensitiviti th hciacapsul es .t q .be spaced
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and 1050 H;n Ig_}gg%er enbodi ment, the.red sensitive capsul es described in
U S. Pat ef®Rt 427, *(CGottschal k) are replaced with infrared sensitive

m crocapsul es prepared using one of the dyes in the appendi x such as the
dye #5 in Table 1. In another enbodi nent an i naging system can be designed
in which the m crocdphelinfraredrsensitivesdyiel iv fofhalBOided dDan amourit WPpQo 1% by weight

conventional systens, the cyan, magenta_and yell ow form ng m crocapsul es
are sensi thased op theyreightnd thésphptopalyraerizable spe¢ios andmererigpicallbpAnapeEtof t he

i nvention, Y f a 50 sensi tizer.s s aced W n

i nfrared g&qi’?g? Qfsz’gi"ys‘?%ghtngg%‘ﬁ?’ r’5'§85ei ﬁi‘i‘lﬁ%df’éﬁ’e ?é%r?liﬁ‘fcgg@ e%ﬁwan
infrared %uh?is%ﬁ!ﬁ!@uét@&td‘i&ievé ARPdeRire® Sedsilivit) @nd PROWORFIpRd TesgoMbe in the
exanpl e, a 450, 840,” 650 nm system m ght be used: The

i nfrared Photosensitiveooatprial.ti ons can be nodified to include an autoxidizer
such as N, N-dinethylaniline as described in U S. Patent 4,772,530 which is
i ncorporated herein by reference. Likew se, mcrocapsules for encapsul ati ng
t he phot ohar denabl e DG hdnbs Y&bnti I cursors,
devel oper nmateri al s,ﬁ%}k%f g%stgir‘lgéehnael e cggn%%g?%@%%g@})yngfhﬁﬁﬁﬂ ikfefted

phot opol yrembiodiheres thereof ait evill be apparent that modifications and variations are possible - 12-
conpositions are described in detail in US. Patent 4,772,530, If it is
desired t ovithout depagting Fremoibescons; afiths wventiongdedingd inmihe @ppendsd ghaims.

m crocapsul es, the ultraviolet initiator can be

What is claimed is:
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are possi bl e wthout departing fromthe scope of the invention defined in

t he appeﬁ%é@ﬁ%ﬁ%ﬁ%lﬂw cationic dye and a borapyhanips being capable ef absorbing infrared
- 13- rachgq 7 and pr é@xﬁﬁ‘@é bddicdfs WRICR hilthte FoB 2l Al o1 fnSARR0R oy N2VI N9 2

| ayer of "mcC
crosslinking of said polymerlzable or crosslinkable compound.

2, The photosensitive material of claim 1 wherein said boranyl anion is represented by
the formula I:
R} R
\N_/
8-
RZ/ \-RJ

where R', R?, R?, and R* are independently selected from the group consisting of alkyl,
aryl, alkaryl, allyl, aralkyl, alkenyl, alkynyl, alicyclic and saturated or unsaturated
heterocyclic groups.

3. The photosensitive material of claim 2 wherein said material is useful in forming
full color images and said microcapsules include a first set of microcapsules having a cyan
image-forming agent associated therewith, a second set of microcapsules having a magenta
image-forming agent associated therewith and a third set of microcapsules having a yellow
image-forming agent associated therewith, at least one of said first, second and third sets of

microcapsules containing said photohardenable composition contain said complex.

4, The photosensitive material of claim 3 wherein said material is useful in forming
images by a process which comprises the steps of image-wise exposing said microcapsules
to three distinct wavelengths of actinic radiation which respectively harden said first,
second and third sets of microcapsules and subjecting said microcapsules to a uniform

rupturing force.
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(54) Title: IMAGING SYSTEM EMPLOYING ENCAPSULATED RADIATION SENSITIVE COMPOSITION
(57) Abstract

A photosensitive material comprising a support having a layer of microcapsules on one surfacé thereof, the microcapsules having
an image—forming agent associated therewith and containing an internal phase including a photohardenable composition, the composition
comprising a free radical addition polymerizable or erosslinkable compound and complex of an infrared sensitive cationic dye and a boranyl
anion being capable of absorbing infrared radiation and producing free radicals which initiate free radical polymerization or crosslinking of
the polymerizable or crosslinkable compound.




