| MAG NG SYSTEM The present |nvent|on relates to an inmaging syst‘g% A
shal |- expl.ai n bel ow enbodi ments of our ‘'system can be adapted for f\ '
based gysjens suitable f or maki ng phot-ocopies. 5 - | magi ng S/stens
based on_photosensitive encap- sul ates have been preV|oust pr oposed. ’

- becone aware of the follow ng: Bernan U. S Patent No. 3,219, 446 di schoseg
10 transfer inmaging process in whi ch azo- bl ue- "B" black dye is -
encapsul ated with a cross-linkable polymer or a polymerizabl e nononer as a
fluid-droplet containing filmor a fluid droplet containing mcrocapsul es.
As described, the Berman imaging systemis a transfer 15 system whi ch
~relies upon selectlvely transferring IMAEING-SXSTEMt ed dye to a copy sheet
in correspondence with the inmage. Inmaging is acconplished by inmage-w se.
exposing a |ayer of the encapsulate to electromagnetic radiation to
cross-link the polyner, causing the liquid 20 in the exposed capsules to
assune a rigid condition and not transfer to a copy sheet. Dye transfer is

limted to the unexposed Tgfeeg%-e%f ntth‘in%ﬁ%%ﬂ' @Ejﬁa‘EQQt@b”éﬁ‘gnh@g’

Phillips, US Patent No.’ di_scl oses a t ocopy process
wherein M chl er' s St | seﬁ’@d&ha%l}l sxedain HG&BWVG’H'P?%HH?n%rm%ro%d
provi ded as a | ayejystent cippe adalteld €orsokeiosebato! systenot @i €abIaIr
former, but pattehﬁed |rrad|t%%g of .t he ketone containing capsul es
produces a | atent Hﬁngéﬁ 88P8&?Féss aci d-col ourabl e, dye precursor
fromthe k®t one such1ﬂmﬂgMMMoﬁY@@ﬁmacbaﬁﬁdhoanphotdseesbtUperem£anrem
acid clay a visi b's‘g; 1R Ha% e Bedn e viBULLFPBrapssL@seSTRELY Arsystem

wherei n the expose |na |q9
number o suggestlons in the Patent Literature of which

we -have become aware of the follow1ng
Berman, U.S Patent No. 3,219,446 discloses_a
10 transfer imaging process in which azo-blue-"B" black
dye is encapsulated with a cross-linkable polymer or a
polymerizable monomer as a fluidedroplet oontaining film
or a fluid droplet containing microcapsules. As
described, the Berman imaging system is a transfer
15 system which relies upon selectively transferrlng the .
encapsulated dye to a copy sheet in correspondence with
the image. Imaging is accompllshed by image-wise
exposing a layer of the encapsulate to electromagnetic
radiation to cross-link the polymer, causing the'liquid
20 in the exposed capsules to assume'a rigid condition end
' not transfer to a copy sheet. :Dye'transfer is'limited
to the unexposed areas of the encapsulate-contalning
layer. '
_ Phillips U.S Patent No 3,700,439 discloses a
25 photocopy process ‘wherein Michler's ketone is ‘encap-
T sulated in a conventional manner and provided as a
~‘layer on a support. Michler's ketone itself is not a
colour former, but patterned irradition . of the ketone
_ containing capsules prodhoes a latent image of
- 30 colourless, acid-colourable, dye'pfecursor from the

BT



sheet is cal endered face-to-face wth an acid-coated 5 recei vi ng sheet
to formimges and a system wherein the acid developer is on the sane * .
surface as the capsule coating so'that after rupturing the capsul es onNs#e
i magi ng sheet there is devel opment wi.thout transfer. Berman et al, U'S
'Patent No. 3,072,481 discloses 10 another type of encapsul ated Ilght

I\ elenent which utilizes a-l2ght-sensitive material which is

reagdi:l y Bponverted to a coloured formwhen carried in a liquid vehicle but
whfchl\™ Ansensitive to light when solid. By encapsul ating such a material "’
W Ah § vol atil e solvent, inage-w se exposing a |layer of the

ency atle and rupturing the capsules to evaporate the solvent, an inage -

is odaingd and fixed. Forris, U 'S Patent No. 3,001, 873, dlsCIoses a nore
conpl ex—syketonahsuehnthat uamnsc@mt%cpsmith %nwﬁcxi)4QN¢iQRP%xsolld dye
are phot Os‘éﬂébt héchE&C&%{?a& {?ﬁ‘éiﬁi@eﬂmé%@%é”&ofﬁms toie caisdl es
unswel | abl wettin e sheet to swellT the unexposed capsul es and
heating, tH&se}esps bakBbrl F¥EheRWReEe iR ko EtPOFeh M ®after, by

rupturing. shéeta@§ubﬁieh&eﬁéﬂtﬂﬁbeutbhfac€5w1tmexmlwci@reﬁafédthere i's an
| mage-w se transfer

d fromihe_e sed
|nage5fornFﬁ§e§¥&Hﬁ|358§t 8¥§8 mtﬁ%%%gﬁaéggbge bﬁ%%os %ypreV|5§sly f or
vari ous reasdnsdeheyoparelsoOnnaheredmensurﬁaﬁﬁeﬁ%l%hepmﬁﬂﬁ%bpy syst ens.
Furt her - esotQﬁ EOEEEEtakuBtuiﬂﬁéet§¥3&£?§ui@saéﬁof@ba-|0“/C05t

i magi ng sy sten1 s Rot been real ised..ln co he ent invention
~ provides, ﬂmaslpgr§P93§p§9?théFeGPVPc?pHE%t Wf§56?%a %@S 5t em 3

i magi ng medi a conmpeirmaigetaalybyt SaPatbati Ng. f 80072 48l bdikcbosdésmces, with

a coating o 0Re:Oky3d s c8BhpRATaREAK12YAE A6ERsELLVE! B dledt N OTOGENI C v/

naterﬁg af
whlch.utillzes a llght-sen31tive material which is

readlly converted to a coloured form when carr1ed in a
liquid vehicle but which is insensitive to light when
solid. By encapsulating such a material wlth a
15 volatile solvent,'image-wise exposing 2 layer of the
eucapsulate and rupturing the capsules to evaporate _
the solvent, an image is obtained and fixed. o
Forris, U.S Patent No. 3,001,873, discloses a
_ more complex system wherein the walls of capsules con-
20 taining a solid dye are_photosens1t;zed such that
patterned exposure renders the capsules unswellable. By

v -

wetting the sheet to swell the unexposed capsules and ' Lgé

heating, the dye'is immobilized in the unexposed areas.
] Thereafter by rupturing the capsules in contact with a
25 receiving sheet there is an image-wise transfer of the
dye from the exposed areas only. '
| While image-forming techniques such_as these have
been proposed previously,ffor various_reasons_they have.
not matured into commercial photocopy systems} Further-
30 more, the potential of'these.systems to afford a low cost
imaging.system has not been realised.
In contrast, the present invention provides, in a
flrst aspect thereof for use in an- imaging system, '



phot osensitive conposition adapted to undergo a viscosity. 5 change whe
exposea to selected actinic radiation, which is encapsul ated as an inter
phase.i/n rupturabl e capsul es;  and a devel oper- material capable of reactify
wi th said.chronmogenic material to forma yigsible imge; the chronp- genifc
material , . photosensitive conposition and débeloper 10 - material being
t hat and belng present in such quantities that an image may be formed b

e-W se exposi 581 Gt i ia erepy to
cause o viscon ty BagME EORL bt S 25 SUnS 1130k hafing PRORRYaRE
subj ecting said c%%lﬁl%é"'f%ﬁ%ﬁ ur iy rqpfittdmlgn@nlsne péreeiduthonbasndai d

capsul es rUpture wm&rﬁhemssaddhﬁaﬁtrﬁrn@ala r&lﬂ%ﬁnob@nh@ﬂaﬁtéwat %‘ﬁgf?n;a'ed

h d devel o react to forms vI si bl I

o Pt e rmar AL PR AR Sipaeg Sobunderl 3 Ve
provi,ded, irba sedvangarxhen tearmeld\/d:oaspéetctetl akit$niioveati@abio®, which is
sel f-contai ned i r@ygéd)k PNASId 400 At ?;'r’ﬂQT pfaaéub?hrghggggé(gﬂ?fg@gghé@d -

back surfaces, with a coatlng on one 0 ront an
containing a chrdﬂﬂbéhlQ?W&&QHQWﬂm%%#d1é1pﬁéPé§éﬁst|veacbhpmswltbnsat$

adgpted to aﬂdeagﬂ1ﬁbmbgﬁﬁﬁﬁtmbﬂéhaﬁgetWh¢?rﬁXBO$¢§15?e5¢h§§éEdtWQtéH¥6ho-
radi ati on, ic s.an_.interna ase

capsul es; and a evne1l og'gq& % B é’%gftotsggétﬁ ﬁ&evmcgﬂpgé‘ g‘ B 8?1&9@?1‘(%]”” _
material' tol@or rﬁaetamﬁlblb@mgagel Cé)o-tdieposntleUemngsprelsembstm agectwi th said
30  coating, saiglfindding ahd and idaye! aag;bpewggégcpy g@lih oeI N- 9

present in such quantities that |nagg mnse
[

exposi ng sai.d cCHPRF N SEig sopdi 8°a§f“|"H| actini étri)ﬁ" aWetﬂhQ@t{:\euse
a \u‘scosity changm icausai @ pligicosdnyi thuageoﬁposaidoplhoﬁ@ﬁeﬁslbtﬁﬁé | dmpd d

cap- 35 sules tQ4 %D'BQHWEMHQF%E ggeggqﬁeﬁgggnéégaéomﬁgﬁ%Fégﬁﬁ rupturing

rupture and rel ease said inté n-i
chr ompgeni ¢ ﬁhteHQﬂceaﬁ&C@aﬁ@adeﬁéﬁdpéﬁpﬁééeﬁ rupture and release said

1nterna1 phase in image areas where said chromogenic.
material and said deve1oper react to form sa1d visible
image w1thout Ehre—pecd—for externa]]y applied wet
development agents.
20 : " There is provided, in a second and alternative aspect
" of this invention, a self- -contained 1mag1ng sheet, com-
pr1snng a substrate having front and back surfaces, with
a coating on one of said front and back surfaces conta1n1ng-
_ a chromogenic mater1a1 and a photosensitlve composition,
25 adapted to undergo a viscosity change when exposed to
se1ected actinic radiation, which is encapsu1ated as an
internal phase in rupturable capsules; and a developer
capable of react1ng w1th said. chromogen1c material to form
a visible 1mage co- depos1ted on said substrate with said
30 coating, said coat1ng and said deve]oper being such that
- and being present in such quant1t1es that images may be
formed by image-wise expos1ng said coated substrate to said
actinic radiatiaon, - whereby to cause a v1scos1ty change in
said photosens1t1ve comp051t1on, and subJect1ng said cap-
35 sules to a uniform ruptur1ng force such that said capsu]es
- rupture and release said internal phase in 1mage areas
where said chromogenic material and said developer react




msaid visible image without externally applied met'developneﬁt'
In a third and further alternative aspect thereof, the present .
prOV|des an i nmagi ng process which 5 conprises: inage- wnsé-al_

a ents

ifnyeftio
' gg?%g to actinic radiation a coating conprising a chronogenic nateri al

al rupt rabl e capsul es contai ni ng a4photosen5|t|ve conposition adapted to-

a viscosity change upon exposure to such radi ation, and subjecting

'sard capsules to a uniformrup- 10. turing force in the presence of a

devel oper wgt ¢pial s§‘i‘8hv§ b@ﬁ]é hem@ge Sw Pt D6 £ CEFethdaRokdw e i mrANy sai d
chrono- genic_material and said geveloger whi ch produces a positive or

negative | ARB&TEEr WBEpARYUR hOPPRNEaf #eR%Dosure. The term "encapsul ated", -as
used herein, rafershbetthand foHrthsp-zhtéeuatbed nshesperiorear, dhen phase
systems in Vg’gfksnﬁ; Bfiykfk6RaprovAZES CORL Ahay I¥ly [ pINN QRPAS] T ve commpo-

sition and® onogeni ¢ [rmate 'S dIS ersed as droplets
throu|houtcamdr§§eSS|ngmﬁﬂﬁrﬂﬁ$&nﬂxP65k?%t%%sa$Fﬂ@%ﬁcﬁPQH%'Uﬁbshle is

Ior |mggl Y“ t%g?ﬁ‘i‘h§¢&6hﬁr$§ﬁ)ﬁy| ar cRPomoy&hic méerpdl edndénﬂmla.ww'ie)g e |
azgordlngl§apégn§ﬁd8988a951gﬂlgtpﬁﬂgéggﬁg}gﬁYet?ﬁ%ﬁgy{ﬁﬁaps f%ﬁ%%ﬁasystens.

Further nor ¢o whideegbhe wapsasisynmayange " ppessexposun taguch ot her neans

;han pressraﬂ1§Q¥ohe HﬁﬁdsBB&éE91n§5sa1HucépsﬂﬁésvtéfhfhnﬁwoﬁﬁrrdwmtUrlng
orce, as | es are formed by

s
expositAg tﬁéréast§Gr§8anthPoHr86ﬁﬂﬁ?nP gat&%V%ﬁ?Bﬁﬁdﬁﬁﬁ% Hal tYl and the

encapsul at @f aRhehesensist avpaceepastt reactdonche tweeBOsaid achmamen and

Y2t o "ONg S SRR YR 2l phAcaRiE: SRR PReR I EL CRFE AL ELEG P T Of TN
i s desi gnegosidth vehat neeatuMesemeoepsoareseenﬁieu batsatheeXPRYESormng
reaction betwagg ttE‘?-mC"'E%Hﬁsﬂﬂﬁtgat'erhsl used héRelin [erdeyps Peth to o
di scrimnately occurs in the exe hich
15 so-called res1n d1spe on or open phase systems. in whic
the internal phase conta1n1ng the photosen51t1ve compo-
sition and optionally the chromogen1c material is d1spersed
‘as drop]ets throughout a dispersing medium and to systems
in which the capsu]e is formed with a discrete capsu]ar
20 wall, the latter encapsu]ation typ1ca11y being. 1n the form
of m1crocapsu1es “Rupturab1e capsules" are, accordingly,
considered to .exist in either of these "encapsuTated“ _
systems. Furthermore,_wh11e the capsu]es may be “pressure
-rupturab1e“ other means than pressure may be used to rup-
25 ture them w1th a uniform rupturing force, as. w111 be ex- G
p1a1ned '
" In our imaging systems, images are formed by expos1ng
- the coated compos1t1on containing the chromogen1c material
and the encapsulated photosens1t1ve composition to actinic
30 rad1at1on and ruptur1ng the. capsu]es 1n the presence of a
| deve]oper form1ng part: of the system. No external]y
applied wet development agent is needed The system is
des1gned such that when these steps are carr1ed out, the
image- form1ng reactlon between the chromogenic mater1a1

35 'and the deve]oper d1scr1m1nate1y occurs in the exposed or



4a unexposed areas and produces a detectable image. This is acconpli
i mage-wW se by photochemi cally controlling the access between the
ohromQQEnlc mat eri al and t he devel oper such that a patterned react|
~occurs. By "image-wise" it is neant that the reaction between thg
chronogénic nmaterial and.the devel oper occur according to the exfos 8 _duch .
that a posttive or negative image is obtaindd. The imge nay be. .‘-d by
change in colour or a difference in contrast. 5 In a preferred
enbodi nent, the chronogenic material is encapsulated with the

photosensitive conposition. The photosensitive conposition is such that

upon exposure to a&ﬁéiBé?J&“Hﬁgdsnhné'ﬁ?d%dd%saaCGQQGthBléh¢m¥g§C05TﬁVsOf
the internal phase Int ex ose ar eas

whet her the chronob&wﬂQFQHﬁkﬁﬁﬂﬁ ‘§@§@6@§§Fbl¥ gg%ﬁﬂﬁ“ﬁ@v&?&b%r°°W£E9PF1"9
phot osensi tive comipsiddeds e tueen ﬁmdlammomogemahlmacenposlanontmd whi ch
‘case, upon exposur t h S c

i mobi i zing the c‘ﬁ?%ﬁ?r]o‘lg[l%h s"H‘itaﬁ ?t@é% 2 ?ﬁtt@q‘ %% ?e'agt‘fbﬁ ?ghﬁysf fr
reacting wth the bvageopersethtidr il mﬂﬂntrémytoﬁhﬁnrsﬁépoﬂﬂlbﬁtweeﬁhEh@onal
depth of the imge—in_the exposed areas. (The term "curable” as used
herein is not linmted to materials which are cross-linked, but is open
materi al s which are sinply polynerized). In 20 anot her case the
chronogenic naterial may.be encapsul ated with -a’ substance which is

depol ymeri zed or otherw se de- creased in nol ecul ar wei ght upon expgsure,
resulting in a decrease in viscosity which renders the chronogeni ¢/material
nobi | e and accessible to the developer in the 25 exposed areasAupon
capsul-e rupture. : .




be evident that in the former case the systemis a positive working

Wiereas in the latter case it is a negative-working system Using

¢ adifati on curable material, the-internal phase. containing 30 the o
dpyogeni ¢ material is r ender ed i nagcessible to the 6 devel oper in .the

pdsed areas, thereby preventing the formation of a visible image in those’

areas. In the unexposed areas, whi ch®in reflection I magi ng correspond to

the printed areas of printed documents, the internal 5 phase remains’

liquid-and the chronmogenic material can-react with the devel oper to forma .

“positive image. In a negative-working systemthe chronpgenic materi al
cont ai ni ngcbnompgehatema§evi atotrd ahble upeve bxposwwecirt d¢epeding ttnd is

- render ed r%ﬂﬁt@QhDsﬂrﬁhsEPﬁ gﬁX€|9pﬁésrﬂgye Jhuﬁ%%§91&$'§m ¥§tﬁﬂé exposure

renders the chro enic materi1 al accessi devel ope
chr omogeni @ ﬁﬁﬂé?ﬁal Tbenbﬂaﬁéc@§¥aPFl§°€%%$p%hl%%%kﬁﬂﬁﬁrﬂﬂrﬁ9]°U”

phot osensi pve gempeabhb@n1aleheﬂgasthrs Is a preferred means for carrying.
eni.c. mat erial

. t t 15 t t
GeposPred on {niteBpBErt FhEeSuuppductl e neREct Er iRt & oF %raoﬁens.t.ve
conposi tiorisoencepsail ateddi withetbepphbtosews it svehcampas ipbon cap'l'shn e

rupture thﬁﬁﬁ@BQEﬁQ?@HGe”@BﬁPb?#tﬁéndi§S?$¥ﬁdtﬁ§9 &&6% é%h]§h$§

devel oper. fraterial in.a ¢isciimnate manner. Hence otosensrtlve
conposi ti oACKAP iBeraddapionat EQeGRt ks a2 soh 3oHe T%rt@¢m¥t§ﬁQﬁ&kkwﬂ% mat eri a

or the unpghg- iAterAed pRESEENnNBNede$posee aheashmﬂmema:gémﬁﬁs"é al 'such -
the chPomderreniiee: PirERERCERE, SFaloER e B PEELR Fote 3o s WRILTS v
appar ent t hat thhedsysﬁenedoesThetpheteseasltyveeqemmesatgowemscatpsul eto
conpletelya radiation curable composition in which case, upon
exposure to light, there is an increase in viscosity
_ immobilizing the chromogenic material, thereby prevent1ng
15 it from reacting with the developer material entirely or
in proportion to the tonal depth of the image in the
exposed areas. (The term "curable" as used herein is
‘not limited to materials which are cross-linked, but is
open to materials which are simply pq1ymerized). In
20 another case the chromogenic material may be encapsulated
with a substance which is deponmeriZed'or otherwise de-
creased in molecular weight upon exposure, resulting in
a'decrease in viscosity which renders the chromogenic
mater1a] ‘mobile and accessible to the developer in the ' o/
25T-“exposed areas upon capsule rupture._ _
. It will be evident that in the former case the
' system is a pos1t1ve work1ng system, whereas 1n the
~ latter case it is a negative- work1ng system. Using a
fadiation curable material, the internal phase containing
30 the chromogenic material is rendered inaccessible to the



rel ease or conpletely retain its chronogeni c encapsul ate 30 as |ong as .-
there:-is -a difference in the amount of- chronogenic material transfe
or nmigrating to the devel oper in the exposed-versus the ‘unexposed
| ndeed, practical exanples of our systens.can produce 7. i mage
t onal quallty superior to that. obtained in rbst conventional photocbp
systens. . (One reason for the good tonal quality. of the inages obtain
that the anobunt of chronpbgenic material released froma given 5 area of
a m crocapsul e coat ed sheet depends on the degree of exposure of the

i nternal -phase of the micro- capsules in that area. It is not clear whether .

the anmount of chronbgenic material transferred is deterntned by a
differential 10 depenoperunmtmhe(éxpn;eduarsas ,Ndreiredye peg@ating ohe
systens.- Under on f nﬁg! | th sed' n
unexposed areas) arfe%%? %H)E/ ér]u %ured@ ﬁ l(n %%aesg‘?é%(rgormggngge
material in proporﬂﬂ@ﬁPQ%e@h%rQQ%cxﬁht%h(ﬁntﬂﬁiLQﬂﬁépmaﬂmpﬁags carrggpondea

or at that 15 - poigttré lsﬁfntém%easf\nﬁt flﬁrlﬂmpr&bcﬁ:%ntcge &aeahnrcaagsll S
that the inmag sul es.

are .formed b tr tured and unrupture
I n actuallty,ga coﬁB?ﬁ%I??WPiﬁ QPiqi égP §999§en1°RQ§§FHFé%s B the
t heory, 'upon exposzesctfwitie tﬁmtdmssﬂsopewetoerﬂcmnsw positthereidge.i SIn

patterned rel ease i I.C been
found corresponds %on%%ypg%é r%@ﬁ%@p"o&g}%e@% Si:['ijoﬂ:ogtem BS’F% g"??on IS
obt ai ned. Embodi neﬁ@etainimagenfgam@ﬁ deh Wecansprad ﬂl@ogseprsusensitt ive
to various forns Oilﬁaéfﬁésoihdfﬂﬁjr%hdéréa AR ta®1® w&%h'%h@ Bé@b@bp@ﬂ as

used herein ipgludes the, fu spectra of el ectronagneti tion
neLudi ng ul t PAi oFBYS | 8 Eh A SYFtn (SRS VRS e Uena. thene benogenic

material access1ble to the developer.
.The chromogenlc material is not necessarily

encapsulated with the photosens1t1ve comp031t10n
although this is a preferred means for carrylng out the
15 present invention. The chromogenlc material may be co-
deposited on the'supporting substrate with the
encapsulated photosensitive composition or contained in
the capsular wall such that upon capsule- rupture the
chromogenlc material is dissolved and: carr1ed to the
20 developer material in a discriminate manner. Hence the
_photosensitive composition may be encapsulated with a
" solvent for the chromogenic material or the unpoly-
s : merized monomer may dissolve the chromogenic material
- such that as a result of the exposure the access between
25 the developer and the chromogenlc material is controlled
as described herein.

It should be apparent that the system does not
necessarily require a given capsule to completely
release or completely retain its chromogenic encapsulate

30 as long as there is a difference in the amount of
_chromogenic-material transferring or migrating to the
:developer in the_expoSed versus the unexposed areas.

Indeed, practical examples of our systems can produce



as X-ray and ion beamradiation. The preferred 30 forms of actimc
adjation.are ultraviolet radiation and visible Iight having a wavel ength
N AL90 t0.800nm (with the most preferred range being 380 to 480 nm (bl ug)) .
We/regard ultraviolet sensitive systens as: 8 advant ageous because t hey
an be handled inroomlight for sufficiently |long periods of tine to
‘pernmt the photosensitive materi al t& be renpved fromthe light- shielding
packaging in which it is stored and installed 5 i n an exposure apparatus-
wi t hout incorporating auxiliary shielding elenents into the inaging sheet.
"The di sad- vantage of ultraviolet sensitivity is that many docunents are
‘printed on papers which include optical brlghteners or Ti Q2 which absorb
ultraviolet radiation and, there- 10 - fore, it is difficult to use:

ul travi ol etimeg@isatiagngo toard aaﬁﬂésvosu§e€hoaotgnehat phtadnedcinon

i magi ng. BhwsﬂIdaﬂveseashauvphbtb5099ve?seeaeus bREaP§Esbh fapieﬁetPf :
IS&SI{;%)GI’T& er (0]

opti cal I ght.ener RQrobl em an oun
bui | d tenp@% Q ity °fﬁ§§ﬁslpﬁ§85tHB%§§§FQn+FQFh?Bo €i ght
handleab|Hampunmhoﬁecmhemogegungmayereailseieaseﬂlﬂeomoabgﬂeemr vi si bl e

ShOnl i | o xR0d00 o5 Rkl oCARRLEHCLE SR hBRHRAR L OLhETTOT 2l ! | Y

shield the systent fr omvicsi ermt andl eability.
- For exanpl degrge ofhexrosarentdi i es}§$@ﬁﬂﬁé Qbﬁ§¢t9ﬁeth© migroti ght - havi ng

a mavelenghgp%hlggﬂ1hptﬁ§Qnarehqag|ng sheets may be constructed wth a
filter layer mhlcgtlncorg EF t|v eIIOM/Ey e shi el ding effect
of the dye need ndit %pF 8r egu PchBRRR °Fh8 FRREQEFYE25 sheet
can be handaaenualr¢@nnbﬁghmeﬁousodbyerhénedobv pedifflepéntiak required to
i nstalfg it c'a%estu 3 Shptay e(&[ﬁaggaw%su@ﬁsn_?atgt' Efje%Q)tgﬁ osure .\

apparatus ugi tive dye 1s deactivated exa er mal
: : syst ems Under one theory all of the capsules (1n both

exposed and unexposed areas) are unlformly ruptured and

they release chromogenic material in prOportion to the.
_ 'viscosity of the internal phase in that area or at that -
15 point of the image. Another theory for the tonal range
is that_the'images are formed by a matrix of ruptured
and unruptured capsules. In actuality, a combination
of both theories may occur. Regardless of the theory,
upon eXposure of the photosensitive_encapsulate there_
20' is patterned'release or immobilization of the
encapsulate which it has heen found corresponds to the
degree of exposure such that tonal gradatlon is
obtained.
_ ' Embodiments of imaging system can be adapted to
25 be sensitive to various forms of radiationm, and as such,
the term "actinic radiation” as used herein includes
the full spectra of electromagnet1c radiation including
ultravlolet infrared, the entire visible spectrum, as
"well as X-ray and ion beam radiation. The preferred
30 forms of actinic radiation are ultraviolet radiation.and
visible light having'a wavelength of 190 to 800nm @with
'the most preferred range be1ng 380 to 480 nm (blue))
We regard ultrav1olet sensitive systems as



bl eachi ng, so that the system can be exposed by blue 30 l'i ght |rrad|at|on
in the exposure apparatus. Roomlight handleability can al so be achieayed
by cqniroll-ing the sensitivity |evel of. the conposition such thg syre
to roomlight of short duration does not . 9 interfere with ine
formatioon which is acconpllshed using nore iBtense radiation.
system of the present invention may be enbodied in a self-contals
~autogenic copy sheet in 5  which the encapsul ated chronogenic naterlal

and the devel oper material s are co-deposited on.one surface of a single
substrate as one layer or as two contiguous layers, or in a transfer system
in which the devel oper naterial is coated on-a separate substrate as a
separate 10 deverdyantageawsp\bedraste thEye claat ber hepdiedh in rhemsbﬁibtt of
British-Patent Appréfadifdisn §3a40%g7 deiildad oeotlgél%a Uga}{n t! gfgon the

sanme date as this appllcatlon and claim ngﬁprlor from |te St at es
Appl i cation Seri al PR@toSSsEEi v Rat §P8V89 pEeRogRephightont r ol

of the 15  accessshbéldip tﬂv&:matyjm"g)gemvmﬁmt driti dls amdrbhead&VQhQﬁSIIQ&

previ ously degcri bg Q e n | owi ng.
capsule -1 rup’?u%% ’%Q a ga(rallnalaclc rérrg't%%at 9n§¥?~ hémég eﬁo%éflg:l"%ry
able to react to f%hxmkdhnslaﬂamenﬁﬁy;nﬁ¢ tthe dmpgdog sheele uBbgpdisadareas

(dependi ng on the'&'@ﬁtﬁﬁ%f tJRfﬁvsﬁﬁ%tt Bée‘ix%él&&%il%oéﬁc%fla*EYmény §3PRRLAES -
. Gradual devel opnent of e visible image i s _observed ov\nnga osure and

capsule rupture asa¥%ép%}RYﬁﬁmﬂﬂnR?Hﬁﬂﬁaﬂ@$°haﬁ&°&€9§lSBEFCﬁig teners

or T102 which absorb ultraviolet radiation and, there—

U 10 fore, it_;s difficult to use ultrav1olet radlathn to
make copies of such documents by reflection imaging.
Blue light sensitivity is advantageous because it
avoids the opticai brightener problem and we have found
that it is a simple matter to build temporary'screening
15 means into the system for room light handleébility. :

' ' Wheré the imaging system is sensitive to blue or
visible light, the imaging sheet hay be constructed
with means to témporarily shield the system from visible
light to permit room-light handleability. For example,

20 when fhe imaging system”is sensitive to blue iight
'héving a wavelength of 380 to 480nm, imaging sheets may
. be constructed with a filterilayer which incorporates a
k,/-. fugitive yellbw dye. The shielding effect of the dye
‘need not be complete, it is sufficient if the imaging
25 sheet can be handled in room light for only the short
period of time required to install it in the exposure
apparatus. Once installed in the exposure apparatus,
the fugitive dye is deactivated, for example; by thermal
_ .bleaching, so that the system can be exposed By blue
30 light irradiation in the exposure'apparatus. Room light
handleability can also be achieved by controlling the
sensitivity level of the composition such that
exposuré to room light of short duration does not



- m x and react on the face of the sheet. The transfer system on the
--ot herMand,- 10 operates by sel ective transfer of the chronogenic materi al
frgmA tyansfer or i mgi ng sheet to a devel oper or copy sheet contai ni g~

{e. devel oper naterial . Depending on.the nature of the photosensitive
¢gncapsul at ed with the 15 chronogenic material, the chronopgenic
A migrates fromthe exposed & unexposed areas to the devel oper
" dpeet/where it reacts with the devel oper and forns a visible i mge. For

pl e, where a radiation curable material such as trinethylol 20

propane triacrylate together with a photoinitiator, constitute the
phot osensi ir t&r faxrgasi 4 oima gepdio rengidour avitiled tiisi acrcpmatld shedpol yneri zed
into a vis HgResed areas the chronmpgenic material is
suff|C|ent¢§qﬁ%J%§E?|ze %4?% in‘the contact tine allotted it cannot
transfer to thelhievidagierg s‘l%ﬁéteﬂhrﬂf fidveamPr@Is@N thyi nveadtiiopn mayt Bet he -
devel oper Jmsdiéd -id rhtmwwm&%daroea%uwyemhcc%rpgse%@ttQnt he image,’

the internal, phase renalns|: 34) uch t hat éP& 530 mat eri al
can be trafstel rdte 1N tRs Y (S ONRARN Wy ik & e fth the

devel oper dene Fapers matxnﬁaisuanenny}ddpnsﬂﬁadnmn dnppsmaﬁaenbodlnent
~capsul e r“am%’i'r?q Oneﬁ{l A t b&’st AU drC B UL Q:fwoo(f%ﬁqrg%o%é to the

i magi ng she case: a’sel f-cont or in contact
with a  tRyertopar sheet WW Safﬁt"r S¥rtam Sy fich thye é'rerY@t1|°\Pé"rreans of

capsul e rupstéei £RN @l &da hed WP s dpir ANIbS tratl @I a dfepa@Artiesi oned in
o A" GeRts ot SR R L TR e T et ° Y
g subject of Br1t1sh Patent Application No: 823242;2H‘1ed w2
on the same date as this app11cat1on and claiming '
-pr1or1ty from United States App11cat1on Serial No: 320356.
Both systems operate by photograph1c control of the
15 access between the chromogenic mater1a1 and the deve10per
as prev1ous]y descr1bed ~In the self- conta1ned imaging
system, following capsule ' ,

et




applicabl e to open phase systens as well as systens involving a discrete .
capsutar wall and the method of rupture nay depend on.the system enpl oy
thermal/ rupture being a nore |ikely neans 'T conjunction 10 wth an
phase system Various nmaterials can be used 85 the chronogeni ¢ nmateri
t he devel oper material in the present invention. In this regard, mar

the mterials comgntienaly eIPLRYedni0 95635090208 (S bAasR HAPeT are

al so suitable for. use I nve Cal case,
t he chronngenlc&nﬁeﬁﬁkﬂ ta Eﬁﬁ@ket@rﬁﬂrmohavnﬁgbdenpmag@ dmd titee devel oper

I's an el ectron %&%éd“%&?&ﬁ%xp@éﬁé%?@h% (aegaﬁaangueﬁaeaﬂeed state,

20 these materials are co are non-absorbi'ng as to the
exposur e radi at PGTY rqt°q55&&6%}%E%S%BY|ﬂ?é?@ﬁaﬁﬁ@dPﬁédcPVoanenlc material -

‘and the devel opexposiry) An Gt &Phd DNA€eELPbnad COAPRURAd viid ieU limfatgé)n with
t he photosen5|t|ve Lnterna ase.and usin

el ectron donatlng 5%%%%ﬁ%ﬂ§a§b+ﬁ%wﬁ%%e?6§3?uﬁﬁt8PFaEapFHlﬁD§P the
chr onbgeni ¢ nat@ﬁl@he:chxqmagenxnnmaberaaﬂ pndf demblypparbhigicatyes

precursor, althqu %ﬂa%d“?é Ly d fﬁ@eﬁaSQ PLECUREQLS are al so disclosed”

bel ow for use in e 1 nven erred case, the internal phase
contains a radiation curdhe weansfer. Sﬂﬁéemadpattbn othal damdterial s used

in one enbodi Meglhefaddie ayws?éré@@l@é e PAREEERDLY Eheecheehsa'e:ﬁ%d'tlon
pol ymeri zable materigls. _Preferred naterials are.eth %ﬁenlca . unsat ur at ed

conpounds  12Ma%@CLiddr £TOM 13 CEANSET cOFpHBAAINEaSPABL &6 & nore
ethyl enical |y udesielioperd deidBg\p sé@tNSontaining the developer

i materlal._ Depending on the nature of the
photosensitive system encapsulated with the

15 chromogenic material, the chromogenic material

migrates from the exposed or unexposed areas to the
developer sheet where it reacts with the developer
and forms a- v151ble_1mage._ For example, where a
radiation curable material such. as trimethylol'

20 - - propane triacrylate together with a photoinitiator,
constitute the photdseﬂsitivelcomposition, upon
.exposure the triacrylate is polymerized into a
viscous mass. Thus, in the exposed areas-the -
chromogenic material is sufficiently immobilized
_ _ 25 that in the contact timefallotted_it cannot transfer
\/ to the deéeloper'sheet and form color by reaction

with the developer material. In the unexposed
_areas, which correspond to the image, the internal
phase remains liquid such that the chromogenlc_

30 material can be transferred to the developer sheet

where it reacts with the developer and forms a
positive image.
In the most typical embodiment, capsule
rupture is effected by the application of pressure
35 to the imaging sheet alone (in the case of a
selffcootained system) or in-contact with a

@i e e mmwmr



Thé inaging gysten1of the present invention.is quite versatile.
Embodi ments of our systemcan be 5 produced for making copies from
prL%Led-dOcunents, or duplicating blue prints and other |ine draw ngs,

phes in black or any other colour. -&bme of the princi pal advantages of
di mrents of our system 10 are the superior tonal quality of the inmages

ohtained and .the fact that_i | |
foyrly o nBPRedRBstL At el ch . CxrRiFREAYFBA™ S AR Sore
articul ar mpades oifi- lkebsyl evaguptucx aepheadsbybei tisedsf efforrce to the 15
aCCO”Panylngaﬂgiy,m£§ﬁ§éhéﬁ“é¥5'%ﬁ%QSi&néa Ensgﬂg@wqéﬁé¢rustratlon.|n
a‘se | magi ng she

cross- secfion~o -cont al he et constructed in accordance

with the i aepsules atey ruptured sehbraspolrpldyyr shesmadivoxRBure 20  and |
deve'Ogﬁenbgogoﬁ@%dﬂﬁﬁﬂig befioudly hbled? khe? iBGRYERIDL id lustration of

t he devel opéd_sheet. Fig. I [l ustrates one enbodi ment of the inmaging
system of ERPLicaddit §hRRRR PhagRcFEFReRSsASt Wedd 255 SYSEEMRd | magi ng -
sheet 10 i $n9BA¥ing BB it 68 SAES6140 wE120apk thecthdthod dfbstrate 12

coated with a | ayer of crocapsul es 14. . The croca les are filled wth
an int er naFYpk @.ﬂ?ﬁxﬁ%&ﬁ?é*é%aﬁéﬁrﬁﬁﬁﬁgﬂifmgéPX %dpiéﬁfgf hot osensi ti ve

system | puptpezeddigigeemdte 1byelyonedfs imi coadapsities 14 and the
i or oddpsur aeht gt B iade RIELEREL "0 SVe. Exposure of the
i magi ng sheet ‘10 by Vazians Jeater iakgi agni besised a§ Mhe 2 wherein a
sour ce of ERgdhLaRlL <R B 51 PRsA ! £RBCEeFE10p8R0KA LR ALrrace Of the
i magi ng sheet 10"wth a mask 24 -13- . . .
- the present invention. 1In this regard, many of the :
matgfials.conventiohally employed iH'SO~qalléd'
15 carbonless paper are also suitable'for,use-in_the
present invention. 1In the most-EYpical cése;_the
chromogenic material is an electron donating
compound énd,the developer is an electron acqepting._'
cdmpound. NPreferably} in their.unreacted,staté,
20 these materials are colorlessjor;they are
non-absorbing as to the exposure radiation. It is
- possible to interchange the chrdmogehic material_and
the.developér;using an electroﬁ‘éccepting compound
in conjunction With the photosensitive composition
25 in the internal phase and using an electron'donating
"""" 6ompound-as.the-developer_matefial. In most cases
the chromogenic material is a dye precursor and
7preferably'a_black dyé_precursor, although a variety
of other color precursors are also disclosed below
39 for use in the-ihventioq?ﬁ“ . o _

- In the preferred case, the internal phase
contains a radiation curable material. The
‘radiation curable materials used in one embodiment
of the invention'are preferably free radical

35 _addition polymerizable materials. Preferred
materials are ethylenically unsaturated compounds

ng other utilities. Qur system can, be adapted to produce nnﬁochronatic} §'ﬁ




t herebetween. In this illustration the photosensitive material is
designated a resin curable naterial and, hence, the imaging sheet is
poserye working. Exposure is shown as solidifyihg the internal. phase{1l
in the exposed areas 26 whereas the internal phase 16 remains |iquid i \the"
unexposed areas 28. Transnission -i magi ng hag been selected to i |'lustrat
the invention systenis operation for the ease with - which it can be 10
illustrated. An equally conmon exposure neans is reflection.imaging which
is used in copying printed docunents. Fig. ‘3 illustrates the i mging sheet
. 10 after the m crocapsul es have been ruptured For 15 5|an|f|cat|on
the ‘m crocapsul es are shown ast 179 éuptured indt ﬁ xposed area 28 and
unruptured in the a&%oé”é’cf QAPEL “2E A Y ac FREPPER AR ag;n% 87 t P or"YFe t he
ccapsul es nay al so ehyhgnigad liyn uaseduz@ted| feuménpdsgroupsas 28 the
jShromogeni ¢ material andydig g ngds %thBef)fr%ﬁ@totgﬁeﬁ’tn}.ﬁve{ﬁ@i&del mage

30. The operational center e ng s resent 1 nvention.
i s the encapsul at &%tq Mﬁﬁﬁﬂﬂllﬁhasg Pdﬂﬁénéﬁann3u80ﬁ$%§$@l%%Pdﬁ%

oEt ional l'y ? 5:Er orﬁigﬁudedr&w mal#mgl copgesr aomepRintedi ddibxhﬁ@ltsll?/ﬂﬁ i ﬁn
-the internal phase,canpri,ses ot osensi ti osLti o] ca the .
phot osensitive co a&&%?ﬂlﬁ‘&e?r nﬁﬁof’B nP?Bglf? ilﬁﬁdgﬁavé%}g%?’anﬁd%l ch
under goes a chang@ﬁhexvns:cdmttlyzsupo@uexgwsEIea ten| bghadante@et@rm of
30 the phot oi ni hromlﬁyo %Bgi%@ngﬁ B@Xcﬁeo?a 8?%erdé@f5ur(” Some

ol i gorer which is polynerize her nol ecu f conpound or It
may be a pol yner Wm @n%4ﬁ§§ﬂllﬁﬁ@&ntaﬂ??ePﬁa@Fb@ﬂ&“?¥t$mﬁitﬁ#%i%Kﬁﬁ%m

whi ch is depojy merdriec ney smtﬁeeri\urseoaal deaoipysed tRONiBAPESUtent ldrd he
oSk typical case. o s AP LRI 148 URRS 1haflns "Gk RS £oLG8H AR

"using a fairly simple exposure apparatus.

- The invention is hereinafter more particularly
described by way of example only with reference to the
15 accompanying drawings, in which:- _ '
Fig. 1 is a schematic illustration in cross-
section of a self-contained imaging sheet constructed
« . in accordance with the invention; -
_ ' Fig. 2 is a schematic illustration of exposure
20 and development of the imaging sheet;. and
. Fig. 3 is a schematic illustration of the
~developed sheet _ . _
Fig. 1 111ustrates one embodlment of the 1mag1ng
' system of the present inventlon - Therein a self-con-
- - 25 tained 1maging sheet 10 is shown . The imaglng sheet 10
- is constituted by a substrate 12 coated with a 1ayer of
mlcrocapsules 14. The mlcrocapsules are filled with an
~internal phase 16 containlng a chromogenlc material and
2 photosensitive system_ Ioterposed between the layer of
30 microcapsules 14 and the substrate 12 is”a layer of a
developer material 20. In actuallty, the mlcrocapsules
14 are not visible to the unaided eye. Exposure of. the
imaging sheet 10 by transmis31on imaging is shown in Fig.
2 wherein a source of radiant energy 22 is positioned
35 above the surface of the imaging sheet 10 with a mask 24



. Wi thout a

14 curable material. The radiati-on curable materials useful in the
' fTCLRge of the present invention are preferably naterials curable by free
IL\initiated chain propagated addil3-on pol ynerization or ionic- pon_:%
atiijon.  Substantial ly any. phot opol ymeri.zabl e conposi ti on.whi ch ‘can be
fpsul/at ed and which does not interfere with the inage- form ng capability
' hrmmmxnbetmeearlaEnc&hlBel&iﬁ$tfﬁﬁ¥nnrnherlals may be inherently
ive Undhesaptiptoe Adiarian. dn allihAda £asgsihey my be har dened
ornrtra usual 1y t naterla S which are curable
in the prestiabls %aﬁﬁééélnﬁﬂﬁatBﬁncﬁwwqhﬁwﬁﬂﬁglﬂﬁn$¥?¢h i®e nost typical

case, the Fﬁﬁ&ﬁi@é‘ $OFRDhS . mhﬁpb@h&eurlcéersho%%Imwﬁgyiﬁgw scosity a§

aresult o neriza they may al so be o pr epol yners,
or pol yner & i gﬁﬁ #éred tPﬁy Eﬁé%:?%sult of cross-
| i nki ng upmhe&vemuﬂ:&e 1haenddnt phasteo 1f6r e@nraa:d'menlzqmid' in the

i zabl t t I t d
ool i pldhda | be¥aREe? °RsaR M Sl £y e PRLugr™L 200 ©f
Represemuﬂsakecteﬁatoonl&usabBeenahawuﬂwenrxpuHSnstamtalIy unsaturated -
organi-c co é¥5§&°ah§3§ EH?DQHQQSwﬁQ%FWHléH(f n V& term nal ethylenic

ecu

group per- they are 11 can al so 25 doubl e as
a car fuoer (ﬂllﬂiﬁrah%d-chABnﬁS@ﬁﬂéYWEQQNQﬂ QﬁPQ5R¥3rﬂ%§m%Jlihase A

preferred WerieddidadinkyPRgCWhIBHE TP i icoiivg Pk LAty unsaturateq
conpounds Vi n tmo or nore termnal ethylenic groups per nolecule.

Repr esent a4 exanples of - these conpounds include ethylenically un-
saturated acid esterBigf Ppoliyludtiratalsc e Smaginpsshieeteldyl ol propane
triacrylat ge othel RESESLLEEuT AL ALY LR RSP aNcho} S | v

15 51mp11f1catlon, the microcapsules are shown as being
ruptured in the unexposed area 28 and unruptured in
the exposed area 26. 1In aotuality all or a portion
of the capsules may also be rupture in area 26. 1In
unexposed areas 28 the .chromogenic material and the ~

20 developer react to form a visible image 30.

The operational center of the imeging
'system of the Present invention is the encapsulate
or.internal phase of the coating composition and
optionally a chromogenic material. 1In acc0rdance

25 with-the_invéntion, the internal phase comprises a

-photosensitive composition. TYpically, the ' | o
photosensitive composition'includes a photoinitiator |
and a substance which undergoes a change in |
v1scoszty upon exposure to light in the presence of

30 the photoinitiator. That substance may be a _

.'monomer, dlmer, or oligomer which is polymerlzed'to'
a higher ﬁoleculat weight compound or it may'be a
‘polymer which is cfoss-linked. Alterhetively it may
be a compound which is depolymerized or otherwise

- 35 decomposed upon exposure. ' L
' In the most typlcal case, the
'photosen51t1ve composition includes a radiation




an acryl ate prepol ynmer derived fromthe partiallreaction of '
"pentaerythritol with acrylic acid or acrylic acid esters. Radiation cur\

conposjti ons based on such prepol yners having an acrylate functionality /of)p
~between approximately two 5 and three areggvailable conmrercially in -'C
t wo- package systemradiation curable conpositions from t he ‘Ri chardson
Conmpany, Melrose Park, Illinois, such as RL-1482 and RL-1483 which are .

reconmended:- { 0 becu?xbﬂetmgﬁéhéa]lo Tivg nead Yaicat icur adUledlilag e¢ligas 10 '

varnish in a rati p S S} 148 | socyanat e
nodi fi ed acrylategsg% ﬁacr fﬁ% %n {%éco'€6€a0|d%%§W§r§"3ﬁngdP Ihilific
al cohol s as dlsclBﬁéﬁerhbtysmat%Mt#ﬁSr«ufabﬂéﬂiy ee $ad5¢ad09nifiatadd
3,825,479 all to matnckr@sa@étmmﬁmrﬁqﬁﬂwm Zat loRCRFPILRTRARBYy -

reference, age also u t-ion. c rable conposi tions base

i socyanat e’ n%dlflﬁﬂréé? }%nangﬁﬂﬁh ﬂbéﬂﬂ\ﬁ§Q£°P@éﬂﬂ§r§Géh1ﬁs

tetraet hyl ene gIycmme91t1dmanh@dhucanxbemﬁdc&nsuﬂuﬂuw RiIndi #hakh 8@@5 Adt
.chlorinated resin § Qt.Qi.ni ti.a

CUner g st e are: cornEEbr&fe WRLOK, DL Meldde AhiSY 18 aBth Teal br s
Chem cal Corporathhom@‘ME@ amaterinl aanddre tmdtraddaersarmadtbrzsls Bapchee

resins. Another Ciﬁﬁér@ﬁtﬁwréﬁﬂéﬁﬂﬁﬂé”ﬂé“ﬁhéﬂﬁ%kqh1cnr%QQaQﬁﬁﬁenﬁn'WK?EE'On
are found |n adi ati on, curabl e |n5§13f dP tosensitive cqQnmponent such as
gned, 4

a nixture of ! peﬁ?ﬁ%r§q?¥|wiﬂ bg outh3 pJakaiadtapsant but
alicyclic or aliphstatlyphthey rirte atayeroiaald whieched rien cUraS]ePahElﬂheNO

3,661,614 10 BesspplLqeple ¢ ngﬁUEdfhfﬂfﬁlJrnco%ﬁg AR RY " GhEIENSS the

Anot her type radiation
o most typ1ca1 case, the rad1at1on -curable materials under-

go an increase in viscosity as a result of polymerization,
15 they may also be oligomers, prepolymers, or po]ymers which
undergo an increase in viscosity as a resu1t of cross- |
linking upon exposure. In addition to free radical poly-
- merizable, mater1als they may also be mater1a1s wh1ch are
polymerized or cross-linked 1on1ca11y, e.g., by
20 generat1on of a Lewis acid.

Representative radiation durab]e materials are
ethy1enica11y unsaturated organic compounds. These
compounds contain at least one terminal éthernic group
per molecule. - Typically they are liquid and can also

o . 25 _double as a carrier o0il for the chromogen1c material in
N/ the internal phase. '
' A preferred group of rad1at1on curable materials is
-ethy1en1ca11y unsaturated compounds having two or more -
terminal ethylenic groups per mp]ecu]e. Representative
30 examples of these compounds include ethylenically un-
saturated acid esters of po]yﬁyhric alcohols such as
trimethylol propane triacrylate.
~Another preferred radiation curable substance is
~an acrylate prepolymer derived from the




curabl e material is hal ogenated resins which can be 35 cross-|inked by
exposure to ultraviolet radiation. -16- Sone typical exanples of
radi aRpQn de-pol ynerizabl e materials useful .in other enbodinents of th@cJ
-inyent] oy.are 3-oximno-2- butanone nethacryl-ate which undergoes main chain’
57 sgyssipn upon ultraviolet exposure and poly (4 -alkyl acylo-phenones.
—‘S.ecmanis'-- E.; Am Chem _Soc DvisQg. Coat. Plast. Chem Prepr.

7 , 243-251 and Lukac, Chnela-S., Int. Conf. on Mudif. Polym 5th
Bhatisf ava, -Czech, July 3-86, 10 I.UP.AC ‘xford, England, 1979, 1,
- 176-182. Tg §¥H§f&é§beyéabbe eén@eeevwneueemﬂwaﬂﬁuéﬁtfdlusualIy makes up
the mjori ' i'nternal phase. qral,atlon cubftble mat eri al must-
. be present ﬁcridarf"emﬁuwléﬁf ped eﬁFttec'J'sl MR i A E ®hr onogeni ¢
”ater'a|‘ﬂ83hﬁagmﬁiﬁﬁs HﬁsédaodeBubwﬂpﬁepdﬂymeﬁsEhawﬂngomnthe ot her hand,
t he ‘i'nt er nal Ee cog g g uch that the. chro gﬁn Cc materia
i's i mobi | i ?%r ?Bc xBBeart ybﬁ &%ﬂnﬂﬁ?%ﬁﬁ%ﬂa%&gg and capsul e
20  ru@pturand thpiechty ahaseabiEecpmMenamuﬂlyLmnatwamaéxﬁqw % of the
~internal p e I ntai ning the -
chr onogen, %%%ﬁ?%%ﬁ%gféﬁvgﬂggg&tgs?h n ancf'orﬁée f(.:Jl:tadrn:‘i)|nl-('ar(rié)0|I when _
present). Richmrdsenhdanpanys, MRLIRE® BasHk £ Uidingsis deSWeRLRE to dil ute

the phot 03%8&1}3/2 SREPRELLUBA Whiibha aG? iionfidnd &y i ¥@rwwe hal f-tone
gradation. In these cases a carrier.oil_,is presen anount s di scl osed

- bel ow and tHexeg okeIaFAeFater £ ﬁaﬁédﬁﬁq%?QMFW&aQi%ﬁc ®2Tinternal phase
30 10 varrni¥weinkal kadionotha .dr tpartsd cﬂuﬁﬁxﬁ&ﬁk tdal partous
. phot0|n|t|%u9hf4§§n be selected for use

I Rs Isocyanate modified- acrylate, methacryllc ' KJ'
'-ﬁ'and iteconlc acid esters of polyhydrlc alcohols as
" disclosed in U.S. Patent Nos. 3,783,151; 3,759, 809
15 | and 3,825, 479 all to Carlick et al which are
spec1f1cally lncorporated by reference, are also_f.
useful, Radiation curable compos1tlons based on
these lsocyanate modified esters and including
'reactlve diluents such as tetraethylene glycol
20 dlacrylate as well as photoinitiators such as
chlorinated resins, chlorinated paraffins and amlne
photoinitiation synergists are commercially
available as overprint varnishes from Sun Chemical
- Corporation, Carlstat, N.J., under the trade name of ': - .'\J'
25  Suncure resins. -

Another class of curable materials. useful
in the present invention are found in radiation
curable inks as the photosen51t1ve component such as
.a mixture of a peneaervthrltol acrylate and

30 halogenated aromatic, alxcycllc or aliphatic
photoinitiator as disclosed in U. S. Patent No.
3,661,614 to Bessemir et al, which is also

incorporated by reference. Another type radiation
curable material is halogenated resins which can be

15 cross-linked:by exposure to ultraviolet radiation.




in the present invention depending on the sensitivity that is desired in
accordance with the present invention. These conpounds absorb the 35
exposyye rddi ati on and generate a free radicalzal one or in conjunctiop
a sensitizer.. -17- Conventionally, there are honol ytic photoi nit j¢
which cleave to formtwo radicals and initiators which radiation con
to an active species which eagﬁﬁ re3H ozt e Ve ti®s a hydrogen
froma 5 hydr ogen donor. sqj‘?’%ere a?eﬁal'i}f)ani‘%et%)a?%ﬁéﬁc% conplex with a .
sensitizer to pro@&cpodymesd zaRdiec MatefdirntdFREShbel? REB®E initiators

whi ch ot herwi se ggpgbatfiehdd o THe it it BHeNefe Of-ex BRDgbLR2Zer . Both
types can be used in the present inventiqgn,  if 10 the systemrelies
upon ionic pol ynePREAPPER e HHAS Y} atR WHIShIRILTIPRS iR €87 hay be the
anion or cati Gn gsagsaibng upwre ulaieriolg oretgwsuee Lard opolhe :

I I zat i on. , I ul t i ol et itivity ig-desjred,
"n The cace of di NBer=sYL BEAemEnanane imoivae JLF pep iRt iyi Bt brakr ont |

sui tabl e phot oi ni Chamor SoienciDide [Cag.| CadtkoxBlasienyChdmt ohespr. 1980,
e B g0l oo Ba1083529%1, Y KA, Bl PRl D87 PPERE0 18802 Con

substituted benzopRénOnés,” “Xant hones; thi oxant hones, hélogenated 20
conpounds such asMoBiéroPeilyony |5t Brah vl hyFzgeh ynliet¥ad~@romat i c -
~conpounds, Ch{oorOgubf.?nw.cexn@)@éuﬂ,orﬁdmn&etﬁwyci;cwonpwnds, .
~chlorosul fonyl and chl oronet hyl benzophenones and f| oreg$nes hsioalkanes,'
[err] -halo- [err]-phenyl a@@CofRHatdon surabie ox LrR? bYBeR}E2PAGuci ng
agent redox coupl aatekalagenaiaad ypaiaddd Nip (¥hg maPsoitpasedehe chlorinated
gg{ffjﬁn) 3“9.b?”iﬁkgzﬁLﬁygh%EEErSAfQE%Eé%iéH“éﬁk&QfBO%QQErQEX Rgsgsefu
o befpresent_in an amﬁup} sufficient to immobilize the

15 ..chromogenic material upon exposure. With a
depolymefiiabie material, on the other hand, the'
internal phase must be constituted such that the
éhromogenic material is immobilized prior to
exposure but is released after exposure and capsule

20 rupture. Typically these materials constitute 40 to

' 99 wt & of the internal phase (based on the weight
of the oil solution containing the chromogen, the
photosensitive cdmpdsitio: and the carrier oil when
present). In some embodiments, it has been found

25 desirable to dilute the photosensitive composition
with a carrier oil to improve half-tone gradation.
In these cases a carrier oil .is present in the
amounts disclosed below and the aforesaid materials
make up to 40 wt $ of the internal phase. '

30 " Those skilled in the art will appreciate
that various'photoinitiatorsiban be selected for use
in the present invention depehding on the '
sensitivity that is desired in accordance with the
present invention. These compounds absorb the

35 exposure radiation and generate a free radical alone

| or in conjunction with a'sensitizet. '




and X is hydrogen, 5 an al koxy

Kpi nitiators in the present invention: 30 : [ err]-al koxyphenyl
s of the formula | [err] .ethyl, n-propyl, i-propyl, t-butyl,
R2. .1's a phenyl group or a subst it ut ed phenyl group wher ei n sald
Atuent i's as defined for X bel ow, Eerr] i's hydrogen or a C(1-4) alk
roup having 1 to 4 carbon atons
-, Met hoxy, et hoxy; propyloxy, -etc. ) a dlalkylanlno group wherein

d al kyl t 1 to 4 b it t
o L RSN (6 2RO BT "o ARG (0%

al kyl groupwha\clhng:lleat\m 4 off doom morrsadanaalskanw igicuiptoens ng 1 to 4 -
car bon ato”&m@@ ‘}@qu:’ OcHP @n&é‘fﬁy'tgrgl{p?cgm% $0e %qaeh;%&{ oup havi ng
n-at ons €

f or mul al .

2 to 5 carbo err i tone*o
[err] 20 wheeBegate]s emora;dsa?aeldéylma Backangoanhydrpgen from a

| - phenyk- 1, 3ya&@a@aﬁ<ada{&2 Orrh@feoakexamso 9nki Q1 aRbBeRAMMIGAIUI nONe,
9, 10- anthraqU|none : benzophenone of- t he fornulakltl [err]

where X |scﬁﬁaﬂéﬁeﬁlﬁﬂ1%ﬂﬂ?ﬂﬁkﬁbﬁ%‘ BP BrAdUFRyRafiERE FRGHS

he ‘al kyl

-

an i

group havi ngeiaetzcatéim;aréwtiaé@r@md apfiYik6ob¥diAden. okhethi@de group having

1 to 4 carbon atons

rbon atons, an

h
al kenyl gr of8f™ ﬁéﬁqﬁ;QéaﬁFég%g}%oﬂggtBﬁ%sggcﬁhggyﬁ'6?8&& Z8Rystituted

phenyl ~ Both types can be used in the present inVention. If
-10 the System relies_upon ioﬁio-polymeriZation to tie
up the chromogen, the initiator may be the anion or
cation.generating type depehding on the nature of
_ the~polymerization. _Where, for examplé, ultraviolet
-sen51t1v1ty is-desired, as 1n the case of direct
: 15 transm1551on .imaging using: ultrav1olet llght,
suitable phot01n1t1ators 1nclude <J -alkoxy phenyl
ketones; O-acylated C{-ox1m1noketones, polycyllc
quinones, benzophenones and substituted
benzophenones, xanthones, thloxanthones, halogenated
20 compounds such as chlorosulfonyl and chloromethyl
| polynuclear aromatic compounds, chlorosulfonyl and
chloromethyl heterocyclic compournds, chlorosulfonyl
~ and chldromethyl'benéoohenones and fluorenones,
haloalkanes, &A -halo-C{-phenylacetophenones;
25 ' photoreduoible dye-reducing agent redox couples,
' halogenated paraffins (e.g., brominated or
chlorinatéd paraffin) and penzoin alkyl ethers..
| -The following compounds may be useful as
'phot01n1t1ators in the present invention:

30 CNC alkoxyphenyl ketones of the formula I
3
| Jl\x
_ C—R
X
| -ORl-

where Rl is a C(1-4) alkyl group (é;.g., methyl,

P S




-19- group, a dialkylamno group, a nitro group, a nitroso group, ac
group, a mercapto group, chlorine, brom ne, iodine, or an acyl groy
xant harie, a chl or oxant hone, a chloromethyl. 5_ xanthone, a chloro
xant hone, thi oxanthone, a chlorothioxanthone 18-chl or onet hyl th|0<an
a chl orosul fonyl thi oxant hone, chloronethylnaphthalene 10

chl or osui f onyl napht,hal ene, chloioneth thraﬁene chl or sulﬁpnyl

ant hr acene, chl or ot BeRL 8% bléfp¥ﬁP3E0n§t ﬁFyﬂén §Fh e,ts a
chIoronethyl.benﬂpﬁeﬁy&ﬂgxouploroautﬁba;hthtaﬂopaeuya,gndﬁgnwhﬂﬂéxnnd

O o oz Fone 0P L0Vl e RERE FL18E0RR s ABNEAOR HINoW AP 1410 20

a. chlorosul fonyl quinoline enZzophéndne
chl o-rosul fonyl ~ béWARAESRRE a thoﬁbnﬂlhyﬂ Ergupen@md Xa ighihyrdrng drony

fluorenone, 2%  ap alxoxfﬁ&;b:fptﬁ&whéoﬂr‘ €8, 4b@Q§‘B'o'?x R (Petngf.h.

benzoi n ethyl ether, | ene

e ori de,
bl ue/ ascor bi ¢ aci &€ Qﬂﬂ*ﬁgrﬁﬁ %!lBﬁaP¥¥°ﬁ¥drSE&Pbon§ éﬁ&%&ﬁﬁﬁ@kﬁQOns
t hereof . The sensugtmup wmwgnt@sse &DRPLUGEBupaB ot aghisf led oy addi ng

fﬁgstltuents such téﬁoé E%é . nygggdérgenerat%lE%ggggl%6ﬁgsn exposed to
cyano. group, a mercapto group, chlorlne, bromine or
10 1odlne, an alkyl group having 1 to 4 carbon atoms,
an alkenyl group havzng 1 to 4 carbon atoms, an acyl
group, a phenyl group, or a carboalkoxy group hav1ng
W, ; 2 to 5 carbon atoms; i '
T T :_f¥-+~. an<>(, CX: d1alkoxypheny1 ketone of the
' 15{ formula TI e LT _ ' ’
S L\3R12€
- C=R".

|
oxt

20 -
where Rl; 2 and X are definéa as in formula I;
l-phenyl l 2-propaned10ne-2-0 benzoylox1me,
9,10~ phenanthraqulnone,
_ .9,10- anthraqulnone,-j
25 . a benzophenone of the formula III

o X _
where X' is hydrogen, an amino group, of a
dialkylamino group, the alkyl group having 1 to 4
carbon atoms, and Y is hydrogen, an alkyl group
haviné 1 to 4 carbon atoms, an élkoxy grbup having 1

35 to 4 carbon atoms, an alkenyl group having 1 to 4
carbon atoms, a phenyl'group,a substituted phenyl



desired radi ati on wavel ength. For visible (blue)  -20- light sensitivity,
t he. af orement i oned photoinitiators may be combined with a sensitizer such:
as hMchLer” ket one "or an anal ogous di al kyl am no benzophenone t hereof,
subshlt- 3 coumarin, a |inear polyene (e.g., trans B-carotene) or a
. sensiti/ dye, e.g., a yellow dye. Fek9sltraviolet sen5|t|V|ty a
preferfydd-piotoiniti ator-sensitizer is a conbination of Mchler's ketone
0 met hyl ether (preferred 10" ratio 2:5)..The photoinitiator
 present i n SEEUPHt & 92 HEkaM IR0 Hr AWBund B4EEPCHERCPO d i ti at e

pol yneri zat hQ'&r@rsonQ'&ﬁrdJ r%léagamt t@uﬁ,SBOﬁ\breépQ%UE;Qddpn;E Usi ng benzoj n
~methyl ether as an exa ho'toinitiator is typically present
in an amounfl P &ﬁqﬂjéﬁﬂ% Edi%$1%ﬁ'a uff BFYa8it8%P6n curabl e materi
in the internal phaseantitone) |y,chbheraxenohhoner,i as ctidpaodiethydn t he natu
of the g@the ent_s n conposi tion. Those
.skllledgln %ﬁggggggean|é§%§¢g§%ﬁ?éﬁi?ngééﬁggﬁgé suitable for the desired
exposure properties. thioxﬂnt#nwmeo%scbygthhwguBatb@nGesﬁ?abIe i. e., one-
whi ch will BraW:dhetihnyg Imdsidtddedsse,  838nTo2okl1tongaond. exposure,
however , exposuré times ranging fromO0.5 to uUp t6 1 ninute are
sonetlnes r§éepﬁé@thﬁﬂ§éunual exposure tlne mAII depend on a nunber. of

vari abl es such as co&hlgydﬁgthfpﬁép&bhgxgggg the radiation curable
substance (rate of. ph 0 pe 30 and source of .
radi at #8n, the rtadi a§ Fnggi ﬁghFéagFggance fromthe sheet. It is|
al so p055|ble to redwhidﬂumeﬁhy&nunthracene, _
chlorosulfonyl anthracene,

.. . . .. .chloromethyl benzoxazole,

;i] éﬁlé:oﬁethyl.benzbthiazolé,

. Is- - == .. Tchloromethyl benzimidazole, -
" ... chlorosulfonyl benzoxazole,,
-dhloroéulfonyl'benzdthiazole}
chlorosulfonyl benzihidazole,
chloromethyl quinoline,
20 ‘chlorosulfonyl qulnollne,
chloromethyl benzophenone,
chlorosulfonyl benzophenqne,[

chloromethyl fluorenone,

Moo oo W

_ chlorosu{fony flug:encne,
25 _ ; '~ . carbon tetrabromide, ' ) \o/
' ‘benzoin methyl ether, ' ' o
benzoin ethyl éther,:
desyl chloride,
desyl amine,

30 methylene blue/ascorbic acid,
‘chlorinated aliphatic hydrocarbons and
combinations thereof.

The sen51t1v1ty among these compounds can
be shlfted by adding substituents such that the

35' compounds generate radicals when exposed to the

desired radiation wavelength. For visible (blue)




time .by incorporating a scattering agent in the.capsule layer. A scattering
agent. i ncreases the 35 mean free path and thereby i ntensifies expgosure:
One such scattering agent that can be used in - -21- presentfi
i's magnesi um oxi de. The chronpbgenic material s sed in the present
~are preferrably oil soluble &alor forners which will produce a co

reaction 5 with a g?¥§%ogg sq%&%rt?,,t%etQ&d?éﬁﬁﬂt%bﬁg a carrier oil.

Substantially any © ronogenfc materi als conventlonall used in
car bonl ess paper c@hoeélnsééaFﬁrﬁh@aﬁr€§eﬁpmhiﬂﬁﬂ|%ﬁF &izethese

gat erials are col Oéxh@SSasl ﬁ@&b%&rd?n&b:ctﬂ@et meawlanapmmmd

epresent ative exa such,_col or.. forners,incl ude sub

col orl ess conpounngﬁgéygﬁmﬁﬁ°tngFongPP&e .éFgﬂ ala§§ r%#&ké%actanl a
sultone, a spi5opymaumanﬂnesaellneaangmhyymen«engruetraﬁiniﬁdarnténe)there

~are 15 triaryl hape phen :ﬁgpggﬁp xant'hene
conpounds, thi azi né gn%%ﬁgggﬂgg’ﬁr ggzr’a% éjorfpou% and e | | ke. Typi cal
exanmpl es of themi nclude Cr?QtahlvraMmpMaﬂniﬁnslﬁﬂyt&mﬂaIR!R%##E@@yIene

blue, Malachite Gﬁ?ﬁo?ﬁiegﬁtp%QsenE1'%'1tzreqbei'¥%”cdn%‘.ﬁpa@fdﬁyo€”e bl ue,

3-di al kyl am no-7 am-no-fluorari _
3-met hyl - 2, 2' - spi riSbehberss- kespngnand penzaiinmethketsthem RMEsTTed
phtEaIide 3-1p- dlﬂggbylgnsmophenyl) 3 (1, 2d|nethyllndole 3- yI) 25 :
pht hal i de, 3-(p-dinmethylam
(2- met hyl i ndol e- 3-yI ) pht hal 'FE (Cﬁ%lﬁe‘dﬁﬂ Lyhifh@resent in the -
phenyl ) - 3- ( 2- phenyimndnhel3pyh;phuhahmdamount sufficient to znltzate

3 3-bi s(1, 2-di met fgéwgkfzétxio}, BrILTRE 1 ATAPRIY A 9 short

3 Q/bls (1, 2-7di}

exposure tlme.t U51ng ben201n methyl ether as an
15 example, thls photornltlator is typically present in

o an amount of up to 10% based ‘on an amount of
radlatlon curable material in the internal phase.’
Naturally, the amount varies depending on the nature

 of the other components of the photosenSLtlve _

20 composltlon. Those_skllled in the art can readily
determlne amounts sultable for the desired exposure
prqpertles. An’ 1nstantaneous system would be
'de51rab1e, i. e., one which will prov1de an image
w1th less "than 0.5 to 1 second exposure, however,

. 25' exposure times ranging from 0.5 to up to 1 minute

\{ _;.." . . .are somet1mes requlred The actual exposure time

' .w1ll depend on a number of variables such as coat
welght, coat thickness, the radiation curable

:_substance {({rate of photopolymerlzatlon), the type

30 and source of radiation, the radiation 1nten51ty and .

its dlstance from the sheet. |
It is also possible to reduce the exposure

:time;byfinoorporating a scattering agent in the

capsule layer. A scattering agent increases the

35 mean fr&e path and thereby intensifies exposure.

 One such scattering”agent that can be used in the



30 | e- 3-yl ) 6- di met hyl anmi nopht hal i de,
-3, ' 9- et hyl car bazol e- 3-yl ) -5-di net hyl am no- pht hal i de, ]
3,/3-bis(2f phenylindol e- 3-yl ) -5-di methyl - am nopht-hal i de,

)
yl am nophenyl - 3- (| -net hyl pyrrole-2-yl)-6- dlnethylan1nophthallde

3 ¥ - bis- d|nethylan1nobenzhydr|n'ﬁ%hzyl et her; N-hal ophenyl | euco
Al e, N-2,4,5- trlchlorophenyl - -22- . leuco Auranine, '

- Rhodami ne- B-ani | i pol act a a Iino)Iactan1 o
Rhodannnel?f?ﬁ%ﬂ OFBXﬁPEHH ﬁ%hggﬁﬁégiywméﬁqfah1no 6- met hoxyf | uoran, 5
- 3-di et hyl ani no- 7- netMbeybhuomageﬁiquaﬁgﬂEaismuébéhimrbhé met hyl f 1 ur oan,
3-diethyl a | 5i-0f :
:%Pn% %ng:EHWePéé.?% #:’éﬁ&rbably 0il soluble color

3-diethyla cet uor an
3-d|ethywen§¢ﬁm$r§dVbéﬁEyWé#ﬂn@Fﬂdﬁﬂﬁmﬁ QHiOf upon reaction

3-di et hyl an} 10 75 (3E§QiogﬂszE%@ﬂYQf'fﬂ"éﬂb presence of a

- 3-di et hyl am no- 7- | oro H¥ | am no) f [ uor an,
3 di et hyl arﬁ"i‘m’t')ﬂ?e{dﬁ’éﬂ-hyl & ﬁG)aF‘ItL}@rléld’ @ hyihe srh semePsaphEhopyr an,

3-et hyl - SF”métQkﬂQDBtBQB&!ﬁﬂaokSllyBd%edﬂiH”éHfbéﬁ&éQSdpﬂﬁébthOpyfan
3- benzyl - splro d|na

3- net hyl - napHR HRe (4: ﬁé éx%ﬁ@n?&f%ﬁﬂqwhﬂ%ﬁptﬁPﬁw(ﬂﬁﬁ -EBPEBAtbenzoi di pyran
etc. M)dluthesé haeseiadkoarpr eoloxdiesaldctdn dorseting tigpered. Al so

useful n [ h I o) di scl osed in

1 oo GREE) o' REBRERLAN A A SV S lcd TR, O 0 oo
|nvent|on ﬁnwmﬁns ischbdezsubskﬁmﬁmaihx)QQ&plkESQﬁCQmEOQméﬁenent|oned
col or pr eClHa%)ix&; a§n¢@ﬁ@'ﬂ?9§a%1@&t eidAletod b ALLLQP; a

lactam, a. sultone, a splropyran, an ester or an
'amldo structure. Speciflcally, there are .

)

15 'trxarylmethane compounds, blsphenylmethane
'compounds, xanthene compounds, th1a21ne compounds,
spiropyran compounds and the like. .Typical examples
" of them include Crystal Violet iaotone, behzoyl
© leuco methylenefblue,.Malachite Green Lactone,

20 p-nitrobenzoyl leuco methylene blue.
3-dialkylamino-7-dialkylamino-fluoran, .
3-methyl-2 2'-spirobi(benzoef-chrome),
3,3-bis(p-dimethylaminophenyl) phthalide, =
3- (p-dlmethylamlnophenyl) -3-(1, 2d1methy11ndole- -y1l) _ _

25 phthalide, 3- (p-dlmethylamlnophenyl) 3- _ b
-(2-methylindole~3-yl)phthalide,3- (p-dlmethylamlno- |

- phenyl) -3-(2-phenylindole-3 —yl)phthallde,_
3,3-bis(1,2-dimethylindole-3-yl)-5-dimethyl-
aminophthalide, 3,3-bis~(l1,2-dimethy-

30 lindole-3 -yl)6-d1methylam1nophthallde,_

' .3,3-bis- (9-ethylcarbazole-3-yl) - S-dlmethylamlno-
phthallde, 3,3-bis(2-phenylindole-3- yl) -5-dimethyl-
aminOphthalide,-3-p—dimethylaminophenyl-B-(l-methyl
pyrrole—z-yi)-G#dimethylaminOphthalide, .

15 4,4'-bis-dimethylaminobenzhydrin benzyl ether,
N—halophenyl.leuco Auramine, N-2,4,5-trichlorophenyl




orgahic chemical s which are capable of reacting with heavy netal salts to
gi ve .co} ored net al conplexes chel ates or salts can be adapted for usg
this 89 invention. ~Substantially any col or: ? rmng material which ¢
encapsulated and which will react with a devef6per. material to form
i rage can be used in the present invention. Furthernore, it is not

necessary..t o ”a'nt@d&&iKH#&HWﬁ%“'ﬁﬁ@ﬁaﬂiﬁé'§C5h9@198&9§hatC0|Or forners.

and col or devel opers 1nt - -1 nventrIon sgs em , i n some
enbodi ments, the &hodaAsHaRviBreRireanbhineblagkamis conmmonly referred to

as a col or devel omroaeméieel-wecﬁpoﬁ@éﬁeﬂlﬁes ohcegmel oper does not’
absorb in the 5 %esu radlatlo qg as to interfere with
3- et

successful i nmagi ng. %4 ?QﬁP?o Y8hfB material and the
phot osensi-t i v§ naBeﬂudthjlumiﬁﬁ£ﬂ¥métm@wyﬁloérehe present i nvention may

al so include a caryriser rred.carpie I ls_are weakly pol ar
" sol vents havi ng bélﬁ ﬁ&%?ﬂﬁggﬂ) F%??Isaﬂ8£b¥iF$P58F9 in the range of
[err] The carrler3@dx£uh¥ﬂhmxnd*ﬁymEEBph+7+anemihoﬁlaoeahyp|calIy t hose
.conventionally used se oils are
general ly charactgrégéﬁﬁgﬁgﬁiﬁg ?c?ggfﬁéﬁgg %@gg PaggViolet Lact one
in a concentratlo@ﬂﬁquHYLﬂmiaQn7Tﬁﬂtbenﬂbhemeno)ﬁlcarﬂner oil is not

al ways necessary. 3J@T¥€H¥15hfﬁﬁiﬁfﬁmé&ﬁyf@@H%?lQﬁ;Hé?@lag:adM |1 depend an
the solubility of _the chronopgenic_materi osensitive .

conposi tion bef or 8 Sissariea %'Ffe‘?faf%ﬁls%?ei:‘l\)él@ﬁFB%g@ﬁPe’ﬁ&f‘@l‘naél' and t he
viscosity of the Ghﬂrmﬂmaﬁm-'{e(d1etﬂnp1ammonanuoran, S

U 3-methyl- splro-dlnaphthopyran, -

3-ethyl splro-dlnaphthopryan,

15 3,3'-dichloro-~ splro-dlnaphthopyran,
3-benzyl-spLro-dlnaphthoypyran, .
3-methyl#naphtho-(3-mephoxybenzo)4spirpyran,,
349ropy1¥spir0dibenzoidipy:én, etc.

. Mixtures of these color precursors can be

20 used if desired. Also useful in the present
invention are the fluoran color formers disclosed in
U. S. Patent 3,920,510, which is incorporated by
reference. : _ ' L L

The present invention,-however,.is not
25 limited to the use of the aforementioned color
ptécurSors-as chromogenic materials. In addition,
_crgehic'chemicals which are capable of reacting with
heavy metal salts to give colored metal Complexes,
‘chelates or salts can be ‘adapted for use in this
30 1invention. o : -
Substantially any_color forming mate{ial
. which can_be:encapsulaied and which will react with
a developer material to form an image can be used in
the present invention. Furthermore, it is not

35 necessary to maintain the conventional distinction

between color formers and color developers in the

e



-substrate\ﬁﬁ

en present, exanples of carrier oils are 25 al kyl ated bi phenyl s
i sopropyl bi phenyl), ponchIQrinated bi phenyl s, castor oil,

.bron1nated paraffin, dibutyl funerate, and mixtures thereof.

. Al ky\at e bi phenyl s 30 are generallyzﬁess toxic and preferred. The
+presence of a carrier oil affects and can be used to control the tonal

qual ity of the inpges obtained. Wile taqnal uM|t@§4half t one, gradation)’
§'s not cri tiR¥AnteR SBByehgy p?hﬁﬁed5351“ FH%

ymeRESn FRiBort ant
factor in f@ﬁ&ﬁwédlée@éeéasamgmawb@r ahddTHgGE commanly al . studi es show.

24 that wh t t | at- th di at
cur bl e MRS LSB00N oS B CAPEPE SBIEIGRAT RF IR HATE Bar affin o

1nprovestom§llpﬂﬂ¢éles d@veloper derhaodmauﬁuﬁﬂnxanﬁerlm

I ncor po ated phas

general , tk&u&ceﬁsfmd51maggagtron1apprOX|nately 0.5 to about 20.0 percent

aced o UhCoi)) crctAlhagletBR LB ERRCLIRYRG S SR £a 8- angonomEr OF

nmononer and oil) con ai nrn e chronogen erred range Ls from about
2 percent - ttheunhnt¢59@s¢§hve mhéeéﬁédnth&etﬂniﬁﬁﬂﬁknﬁkﬁﬁé ofteria

required tombtgi @séﬁttghbsntﬁaaeaa%aqw 1%1t&fe r@téﬁprﬂé: of the
chronogen, the nature .o he 1 nternal _phase, an e of - i magi ng

syst erd0 Ty iced | Y FREerERdoRBGERRE ﬁ&tlé iade weakdaf E fe internal phase
of a self- m@nmdhawggnsoﬂihgnpbﬂr&@md@mmﬁca at:lidmsfer system

This is becaus ﬁéb df%ﬁggger g%%%ro%lléﬁé5)t (Sooggpos*ﬁgd on a conmmon
carrier oils used in the present invention are
- typically those conventionally used in carbonless
15 paper manufacture. These oils are generally
characterized by their ability to dissolve Crystal
Violet Lactone in a concentration of 0.5 wt % or
more. However, a carrier oil is not always
, necessary. Whether a carrier oil should be used
- 20 will depend on the solubility of the chromogenic
' material in the photosensxtxve composztlon before
exposure, the nature of the chromogenlc materlal and
the.v1sco$1ty of the characterlst;cs ¢f the internal

phase. When present, examples of carrier oils are

25 alkylated biphenyls (e.g., monoisopropylbiphenyl), \/

1polychlor1nated biphenyls, castor 011, mineral oil,

'deodorlzed kerosense, naphthenlc mlneral oils,

dzbutyl_phthalate, brominated paraffln, dibutyl.

fumerate, and mixtures thereof. Alkylated blphenyls
30 are generally less toxic and preferred.

- The presence of a carrier oil affects and
can be used to control the tonal quality of the
images_obtained. While tonal quality (half-tone
gradation) is not critical whén copyinélprinted_

35 documents, it is an important factor in faithfully
reproducing,pictoral images. Initial studies show

t

~deodori zed ker osense, ‘naphtheni.c mineral oils, dibutyl '&_j%

_QisTbI °§&f§e£%é§%Egéndéﬁsgf;gﬁp éhcqtﬁgééf%QQ%eﬁgeegfgggs aln'.




encapsul ate and there is a tendency for the chronogenic material .to diff
t hrough the capsule wall and react with the devel oper material during/
storage and because there is no inherent loss in transfer. One neans/of
preventing undesired colouration i.n a self-contained sheet is to red C%é%
‘anount of the chronpgenic material in the fternal phase. Another nea

to incorporate colour suppressants with the chronogenic material. 30
Typically a transfer imagi ng sheet contains 6 per- cent chronpgenic .
material in the internal phase whereas self-contained inmagi ng sheets have
been fornmed using 1.5 to 3 percent of chronobgenic material. 25 As '

i ndi cat ed above, the imaging systens _of the present invention may be

formul ated such tHAt2% HEPTE Srdmeshyilod psoRapeotrireralrbeels weedar ed,
X-ray, ion beam ail theirldd atadindicu@ablEOmate@inlli gho%handh ecabrier

ensi ] ve i magi ng SHTIRE A% PATRASEY S T ReEs PR PRBES H om & cat hode
ray tube as well| adlitdgs.oducing i mages from a transparent or translucent

phot omask. Bogh of thesem@?&%a{o@empmatégiait 5§n§§%%%§9r#é&%%ﬁat |

radi ation to expose the imaging system It has been owever,
ul traviol et sensi tiifiqa8pals i ¢ongmoypit: gREEighent| toirredute edl to
reproduce a print edsioderEmagey ofetheciegiiredngengits: Gpon CABA@Eion with

fanty. The reneatd S¥Veelert RE; bRETTL, thEFe: FgUBH priTRR AR ument
.are on papers cont?&nﬂqxg'mﬂiﬁlé’alo-lﬁr tghebrithg2ag8npsereentiEsed hesetlpgent s
i oo SRR, U8 6 Shrh IRt S 00 (BP0 Ao
_ or monomer and oil) containing the chromogen. A
préferred range is from about 2 percent to about 7
percent. The amount of the chromogenic material
required to obtain suitable_imagés depends on the nature
15 .of the chromogen, the nature of the internal phase, and
the type of imaging system. Typically lesé chromogeénic
material is used. in the intern#l phase of a self-
contained imaging system in_comparison to a tranéfer-

he -
IS

system. This is because the developer material is co-
20 deposited on a common substrate with the chrd&ogenic
encapsulate and there is a tendency for the chromogenié
‘material td diffuse through the capsule'wall and react
\.; E .with the developer material dufihg storage and because
there is no inherent loss ih transfer. M%ﬂé'means of
25 preventing undesired colouration in a self-contained
sheet is to reduce the amount 6f the chromogenic
material in the_ihfernal phése. Another means is.to
incorporate colour_suppressants with the chroﬁogeﬁic
_ material. o ' a
30 _ __Typically.a'transfer iméging sheet contains 6 per-
”cenfwchromogenic material in the internal phase whereas
self-contained imaging sheets have been forﬁed using 1.5
- to 3 percent of chromogenic material.



~ultraviol et absorbers and there is no i mage discrimnation by reflection

i mag/ny. I n naking copies of printed docunents, it has been found desirable
SEMR bl ue-1ight sensitive 25 *~ material. Using.a blue-light sensitiwe
terifaly it is possible to nmake the.system handi eable in roomlight by
corfpeyating in. the systema fugitive yellow filter dye which is bl eached
okh&’ i se rendered inactive or rerdved fromthe | magi ng systemprior to
_ The 30 yel | ow dye absorbs blue-light and so would prevent a
bl ue=t"i ght sensitive inmaging material in accordance with invention from
bei ng exposed, for exanple, as it is renoved froma |ight-shiel ded _
container and installed in.an  -26- exposure apparatus. The fugitive dye

may be incorporat eflsi find@atSRIABENS Y SEIEEN dnkh i 1 P Seind @yertHehi ch

~overcoats the |ayer of the encapsul aj ed ronpgeni.c .an ot osensitive
material s oPTeReRE inyent ‘?‘?lem@g:"‘?m{mﬂ%&argé%gﬁ%q rﬁ}ag:ap Ye¥&1 of a

di scret e wakbgrgitieeotapsny eof Vel traviokpt ) vintigeaseds K-wsist, Keawn in the
the i mgi hobegar cand TEsfhie FEIFLILET Bk odd g e e the |
i magi n§. nat @biditys hbﬁr%ﬂiq)ﬂet heershok(R elmaging AVEtams £%%nperature at
whi ch the dygsksrbb@achetPiv06160 Semoptive Hharanf eYstdue dmnging
mat erial can be e go ed by the a p{égailo of light in the %Jigble bl ue  **-
range. In aﬁBi’-FP'Bi tg°¥hﬁ¥ﬁ%f$§7n§5. . %?%a@ﬁ%lae ‘?"(Hf?‘%/era(fyes, S he -
i nvention i asawedlogsniftorébpeodsein iyagesihfcim @ et tdnsparahthoOXi dation.
Foiudh: SRERsIERRs YEStofabtil | oK ASESELAR SRR oTp Ry be
: 10 = transmitted ultraviolet radiation to expose the imaging ' N,
system. It has béen'found, however, that ultraviolet
sensitivity is generally not suitéblé when it is desired
to reproduce a printed document_byfreflection.imaging '
(e.g.,'contact ref1e¢tion imagiﬁg or optical projection
- 15 imaging-using reflected 1ight); The reason for this is
that the vast majority of printed documents are on |
papers confaining optical brightening agehts or Tioz.
These agents act as black dyes in an ultraviolet
imaging system”and absorb the ultraviolet'radiation._
| 20 - Hence the background and image areas are both
| ultraviolet absorbers and there is no image'
discrimination by reflection imaging. =
In making copies of printed documents, it has R (O
‘been found desirable to use a blue-light sensitive
25 material. Usiﬁg“a blue-light sensitive maté;ial; it
'is possible to make the system handleable in room light
by incorporating in the system a fugitive yellow filter
dye which is bleached or otherwise rendered inactive or
_ removed from the imaging system prior to exposﬁre. The
30 yellow dye absorbsfblue—iight-and so would prevent a
' blue-light sensitive iméging matefial-in accordance
with invéntion from being exposed, for example, as it is
removed from a light-shielded container ahd insta11ed
in an




20 .  sensitive systens can al.so be-achieved.-by adjusti’ng the sens)
t he photosen3|t|ve system such that a nore intent exposure is reg
activat’e the system An internal phase as described above can bg
encapsul ated in a conventional manner. Q1 38faoble chronpgenic
have been encapsul-ated in hydrophilic wall-form ng materials such™s
gelatin wall-formng materials (see U S_ Patent Nos. .2, 730,456 and
2,800,457 to Greeff %ﬂﬁelﬁﬂﬁiéEE@SSO Thﬁuh?ﬁfﬁbvs d¥81 PHnP® al cohol

carboxynethyl ceMndarpnraEe@rnmnmhefbmagid@h;getaﬂlhnfarsapar@&ee U.S.

Pat ent No. 3, 755, e o] n

Patent No. 3,914, Qﬁyéﬁlév%# a#%ogﬂgng%ge¥akk EB HFFEF%%%QFEE?EGG 35
U.S. Patent No. 3 nmmef: r@rMtmt@seats}tweamassmladéhydet\n@l| formers
and more partigul %rdgymveﬂaﬂqea eéerfueeé iﬁr eRLdghyda1ualihf 1f10ro@sa(l n
whi.ch ol eo- philicity is enhanced by the addition o esaorcinal) (see U S
Patent Nos: 4, 001Sifsretsgalbled sntcrooapsede.t oYrdipY épgalt)we dyes

mel ami ne-f or mal dehyde welsi kridWeh hygr ey -abt. @heppkeeekliahoage(ssa&eum t ed
St at es Pat ent No: 025 55 .t 0 Sh cklﬁ% To the_ extent necg 3 ﬁb%&{
0 oned

conpl et e di scl osur®O5Fe HEASH (@7 - AGEhEREPRAPE TEAEVSE

patents are spechmagﬂqglsgxtgmwwdEm thergteaease. ehheuersapguhMesm1 has
been acconpl i,shed Y, c S;:Ln d
coacervatrgnlipnte faC| ﬁ%éfﬁ%'@gt599¥f E%eggégggoﬁho?hgngggosure
nmononers in an 0|Bpgﬁ;ahﬂs Q@ amnemmsrmhmtengt ﬂhspbrbhﬂgdxndl§oollng

met hods. The CapSWr%JEHHB'ﬁ%fB?fiéf%xﬁﬁéﬂré” argbyels t€§9'9ﬂe1§ﬁag§$§tem

i s sel ected based on the photosensitive conposition Eresen
. ensapsul at e. ThusPaFm§H@%wﬁ§P(Rﬂﬁﬂﬁ&?%ﬁ@lby the application of light.

in the visible blue range. 1In addition to thermally

15 . bleachable fugitive dyes, the: invention is also open
to the use of dyes which are'bleaghed by oxidation.
Although, using these dyes, a liquid processing step -
would normélly be required to bleach the dye.
Room light handleability of visible light
20 sénsiEive systems can also be achieved by adjusting
- the sensitivity of the photosensitive system such
“that a more intent exposure is required to activate
‘the system. L v |
. "An internal phase as described above can be...
T 25 encapsulated in a conventlonal manner. Oil soluble
chromogenic materlals have been encapsulated in
hydrophlllc wall- formlng materials such as gelatln
wall- formlng materials (see U.S. Patent Nos.
2, 730 456 and 2,800,457 to Green et al) including -
30 gum_arabicf peolyvinyl alcohol{ carboxymethyl-
. cellulose; resorcindl-formaldehyde wall-formers (see
U.S. Patent No. 3,755,190 to Hart et al), isocyanate
wall-fokmers'(see U.S. Patent No. 3,914}511 to
Vassiliades) isocyanate-polyol wall-formers (see
35 U.S. Patent No. 3,796,669 to Kiritani et al) urea
formaldehyde wall=formers and more particularly



he transm ssive of the exposure radiation. - O the above systens

2k or ci nol -formal dehyde and gel atin capsules are preferred. 20

I\ size of the capsules used in the present invention generally range

rOX|nater 1 to 25 mcrons. .As a general rule, inmage resolution
NO¥R5 as the capsule size decreasgg with the caveat that if the capsule

size 15 too snmall, depending on the nature of the 25 substrate on which

t'he capsules .are coated, the capsules may di sappear in.the pores or the

_fibre.in th@e&ub%kb&kﬁmohUWo@Wﬁﬂd@@@%@'ﬁ&l@sfb%hge(Q% %R iTnCloqRY -Pr ovi de.
satis- fact Xi olutlon i_n t 33 L éen |og In the |atter case, the
|ncongrU|t|§§ He‘éuﬁgpfgfé Feéﬁ 3gTon gL resencdacddom exposure
and therebjsdenﬂnSSthmmge amallﬂy001Tﬂ69 nﬂy0873675aahdt@ ,098t,80@, for
exanpl e, upg@n 2 PRI t.he foregoing,
RS Fb?gs et %1% %e]%ﬁ%n f8§m§ﬁﬁ§ﬁgpg gegé §ng YaRpaR 200 19

It has been foun erred nmean ca
3to 95 n1@réﬁylaﬁelﬂaﬂpﬁGuKéﬁﬁyUapﬁﬁdxﬁwamebyPﬁt@mtlﬂoﬁlCrons al t hough,

technical I'y, 085,455"¢oC8RACKTS anrba@a@ batah%enueeggargh% oipoi Nt that they
are visible to tEﬁar coatin ositidns _may be prepared

in conventFBHBIeﬁﬁnHéF°ﬁBF"”§e éepWégénforﬁﬂéﬁtméﬁerSﬁﬂée the
photosenS|abmeeeneansuhaueph&eusuahby byde¢f1&e11yphﬁbb9povaeewabl-f0rn1ng

d h d be_h hi_I d | ubl
Can aquebat8panEdc | Mitiosntepdulanith, RaRabeeR ASEANRY Ishsdupy o L
contaﬂﬂlngacuarnBgycoﬁp$snum0mschﬁnh63ﬂnseplud1ngrtaaneknaWﬁomeverse
syst ems theneqveauﬁaﬁhgaqgm%¥19§t%ﬁn, biPRERTIakiof BY¥IbARNGRI C CO”t!”UOUS,

phase. The m cro- S use ur system can be
pr epar ed b9°fﬁemﬁﬁpﬂéﬂ§ dPséﬂoQéaslﬂstwé1&féﬁenéﬁﬂpyﬁeae t1ng, NV

dispersing and cooling methods.
_ _ The capsule forming material used in a. given 1mag1ng
15 system 1s selected based on the photosens1t1ve composition:
present in the encapsulate. Thus, the formed capsule wall
must be transmissive of the exposure radiation. 0f the
above systems urea- resorc1nol forma]dehyde and geIat1n
~ capsules are preferred. - _
20 The mean size of the capsules used in the present
~ invention general]y range from approximately 1 to 25
microfis. As a general rule, image resolution improves
as the capsule size decreases with the caveat that if the
capsule size is-too small, depending on the nature of the
25 = substrate on which the capsules . are coated, the capsules
' may disappear in the pores or the fibre in thé-substrate,
but even capsules as large as 25 microns provide satis--
factbry.resclutiog in the present invention. 1In the
latter case, the incongruities in the_substrate'may screen
30 the capsules from equsure and thereby diminish image
quality. They may also fail to rupture, for example,
. upon the ' _ _ _ '




U S Patents or by simlar nethods. For exanple, an oil solution of t
i nt ernal phase conprising the chronmpgenic 20 and phot osensitive '
conpdsition is dispersed in a con- tinuous phase cont ai ning the

wal | -forming constituents, and microencapsul ation is acconplished b
exanpl e, coacervation or interfacial pol'ynmekgzati on, anong-ot hers.
phase systens can be prepared by dispersing the 25. internal phase in 4
sol ution of polyneric binder and adjusting the viscosity of the dispersion
for coating. Annng a wide variety of suitable binders are gelatin,

~pol yvinyl al cohol, polyacrylam de, acrylic latices;-etc. Coating
“conpositions so fornulated are applied and 30" drled on a continuous web
of paper. To pref@Rlication: of PresgusBect 30 VheVdebetbpefonegeinal Hay be

m xed .wi th the coaids®pesEeRind Q;'hat ﬁgramdr&ba ﬁfbxhuwpei@péleﬂzéoré&g'e
substrate web. or Py - coated<£§ % rate_as a s ara% iguous

| ayer. The practice FRRFIH™S lﬁete m&°5?552§5 t B&p bﬁ% '

sel f-cont ai ned srm&nnrqx;mﬂtaiYU§eﬂ@IlwnmuheopseaéMhoﬁgh tachmi¢wh1y,Amy _
or di nary coalyng o Prdaiiduied QahrdliceCan 8320560 ko ERETO1AERALNY Sheets

in accordance with the 1'nvention inc g such ans as r | ade
coating. The coat P @fsosiSibde ¥Ry téenPumANaRYeof the 10  various

addi ti ves known in the canﬁﬁﬁhgﬁscb&ﬂ&hgabbmbeshﬂﬁbﬁgemﬁhebéa@ﬂé'i&bd in
‘characteristics of_ the dat copﬁ et such g ng erial . (e.g.,
starch particles), c%ﬁﬁ?%: Sl °5r3§8n%n55 ngﬁﬁsﬁﬁ AV EE R e ni p
is used for capsuISaierﬁpthhee,pwtt@seBSJ-tlve encapgulasepisnespal leninpdirorent ,
our i magi ng si/éterBHosofbseChfeoerl‘i‘i%%m‘iﬁE' Eén@h@ﬁéﬂ%éda{?&c%n 1mand, as

susl, the substrate upon which the coafing conposition I's coated I's paper,
The paper may beanﬁﬂﬁﬁﬁwﬁkﬂdQQnﬁﬁﬂpld be hydrophilic and soluble in an

aqueous based liquid as. 1is conventional in forming

e

capsule containing coating compositions. Otherwise, in
certain known reverse systems the aqueous phase may be
15 dispersed in a hydrophobic continuous phase. The micro-
capsules used in embodiments of our system can be
prepared by the methods disclosed in the aforementioned
U.S Patents or by"similer methods. For example, an oil.
solution of the internal phaée-comprising'the chromogenic
20 “and photosensitive composition is dispersed in a con-
' tinuous phase containing the wall-forming COnstituentS,
and microencapsulation is accomplished'by, for example,
\_/’ “  coaoervation'or interfacial polymerization, among-others.
_ Open phase systems can be prepared by dispersing the
25 internal phase in a solution of polymeric binder and
adjusting the riscosity of the dispersion for coating.
Among a wide wvariety of suitable binders are gelatin,
po;yvinYI alcohol, polyacrylamide, acrylic latices; etc.
Coating compositions so formulated are applied and
- 30 dried on a continuous web of paper. To prepare self- |
'contalned sheets, the developer materlal may be mixed
with the coat1ng comp051t10n




raw stock, or a special grade paper such as cast-coated 20 paper and
-_chrofr oIIed paper. -The latter exanples are described when using very

' §rocapsul es, e.g., capsules ranging in size fromapproximtely 2

; as the surface of these papers is snoother and the n1crocapsu|es
as easily enbedded in the 25 stock fibres. Transparent

es such as poly- ethylene téﬁbphthalate and translucent substrates
1L.€0 be used. The devel oper material used in our systens is-a conpound
or-material capable of reacting with the 30 parti cul ar chronpgenic
material to produce a colour image. In the nost typical case, the

devel oper material is an electron accepting conpound or a so-called col our
devel oper.  In the broadest sense, however, when one hal f of the

col our - f or rindy theacnimture @p@i@a@m%t@@ \ﬂufolfittl‘lﬁéepWGbogé‘ns’r?r—ve _
conposi ti 0%?5{{% (& Rhd B LRSIt BIL @epa%t‘&%@n'%@%ﬁbﬂs”@ﬁyé@f er-to the

ot her half col our --form ng. react ants Y % enca sul ated. 5.
Hence, as <STBR RFaFFiRL usShpdutts Eahedh |N6’nal4| P10q 3% ?eH §82€6| our
devel opers mi&m|ﬁiatsa&s helsor wsefeli dnraber palesend conpounds

conventionally recogniz rJYer di t he capsule
as de%/el op:'e'}y nhip . Aeny aosxfﬁﬂ%&\r/éio%grelﬁl irgg%’g%ﬂm% hﬁl}'qge used in
" the practi o:mmfbe hesed sbemakimg rimagingh shegd st ﬁ@s@ce:@n'da»n@m wakhl |y -

enpl oyed i ng ﬂﬁf%%xpaﬂfﬁldﬂqg‘%ﬂm’n@l%sﬂ@scﬁ-o@ﬁ%r“@ﬂ piaaen.
IIIustratlve speci fic exanples are clay mnerals such as acid clay, active
clay, 15 @R% gite, etc.; organic acids such as.tannic acid, gallic

acid, propyl gall atmee @ja:tin@(nainnn:diwm sayh cas tpliananyf orfrm‘.héehyde
- resinsy gPhenol AEe YA gegug&u@'m £85I B %%%r?%g,%sf hgtwegn an

organlbocar % I'c acid |'east one hydr oxy fornaldehyde
etc; 1mprove the handllng characterlstics of the coate copy

sheet such as a stilt material (e.g., starch particles),
silice particles to prevent.sbecking when a pressure nip
- is used for capsule rupture, etc _
15 | _ In 1ts prlnclpal ‘embodiment, our imaging system
_ is_used,to_produce copies of printed documents,_and, as
such, the substrate upon which the coating composition .
'isﬂeoated is paper. The paper may 'be a commercial impact
raw stock, or a special gradejpaper-such as cast-coated
20 .paper and chrome rolled paper. The latter examples are
described when using very fine microcapsules, e.g., .
capsules ranging in size from.apprbkimately 1 to 5 o ' \_J.
~ microns, as the surface of these papers is smoother and
the microcapsules are not as eas11y embedded in. the
25 stock fibres. Transparent substrates such as poly-
ethylene terephthalate and_translucent substrates can
also be used.
The developer materlal used in our systems is a
compound or material capable of reactlng with the
30 particular chromogenic material to produce . a colour
image. In the most typical case, the deﬁeloper-material
is an electron accepting compeuud or a so-called colour
developer. In the broadest sense, however, when one



20 nmetal salts or aromatic. carboxylic acids such as zinc salicylates
-salicylate, zinc 2-hydroxy naphthoate, zinc 3,5 di-tert butyl salicyfat
oil sgduble nmetal salts of phenol-fornmal dehyde novol ak resins (e.g.
Patents Nos. 3,672,935; 3,732,120 and 3,737,410) 25 such as zinc nm
oi | saol ubl e phenol -fornmal dehyde resin (as dggclosed in U S Patent No.
3,732,120), zinc carbonate, etc. and nmixtures thereof. Again, to the
extent necessary for conplete disclosure of these materials, the above
noted patents are specifically 30 i ncorporated by reference. One
devel oper commonly enployed is a conbination of .kaolin and phenolic resin.
When used in a devel oper sheet for receiving an i mage from-a transfer

i magi ng sheet, th&addl 9dr theyEPSpRT-FATILRETRRELIREH 1S HORARISHIALIed - 31-
as latex, polyvinywital e¢aophotekehsientydebtiposiviens €oHoemerdeiaicgerand

gumarabic. It is ¢ nder.st hat.al | _binders well known a
filmformng mat eﬂa%e?%@;n %‘8 ﬂggg #ﬁg%?ﬁﬁsm%}p r‘gg?)gc?? y‘?h%eqwe@oﬁi%%&;
copy sheets whi ch tivee codbjugetoumingpresstirats ovhigh ke ndfe wmpnddated.
preferably ingludgedclaygs WRheBdPHEYSRES E&HBY@hAO iY@ Loating as
the self-contained sheet is 10 - asseg fhrough a pressure ni.p.. 'Such a
coating is referr&§°P8niZed ASnSBLOEKI AGVELORPTANEIERR IRPIRRTHIR G &fy
filmform ng pol yrtle whrolhogsnticamnapartal 2ad hcomspands teodden Eaeglye
radi ati on. ‘Repres I xaup! L.+ ahl e.non- bl | ayer
form ng pol yners %%%%%g¥%§?n§ng§2?g%e?gtégpéI%%%ﬁﬂg'%%%%?%{%%%%ﬂﬁﬁﬁb t he
i nvention i magi ng capsudm éan’'Bevekppsed- and devel oped using a fairly sinple
exposure apparatus. I nTheSq8vBRbEEF materials which may be used in the

\y/ . _

praétice of the present invention include those con-
ventionally employed in carbonless paper technology and
which are well known. Illustrative specific exampies
are Clay minerals such as acid clay, active cla}; '
15 - attapulgite, étc,; organic acids such as tannic acid,
o gallic acid,fpropyl'gallate; etc.; acid polymers such as
phenol-formaldehyde resins, phenol acetylene condensation
resins, condensates between-aniorganic carboxylic acid
having at least one hydroxy'group and formaldehyde, etc;
20 :metal salts or aromatic carboxylic acids such as zinc
salicylate,; tin salicylate, zinc 2-hydroxy ndphthoate,
zinc 3,5 di-tert butyl salicylate, oil soluble metal
salts of phenol-formaldehyde novolak Fesins (e.g. see
'U.S Patents Nos. 3,672,935;13,732,120 and 3,737,410)
25 such as zinc modified oii_soluble phenol-formaldehyde
- resin (as disclosed in U.S Patent No. 3,732,120), zinc
- carbonate, etc. and mixtures thereof. Again, to the
extent necessary'for complete disclosure of these
materials, the above noted ﬁatents,are specifically
30 incorporated by reference. One developer commonly
‘employed is a combination of kaolin and phenolic resin.
When used in a developer sheet for receiving an
image from a transfer imaging sheet, the colour

_developgr may be mixed with a binder such



efl ection inmaging, the apparatus requires 20 only a radiation
gans of focusing the exposure radiation fromthe original onto th
_ J.sMieetand nmeans for rupturing the encapsutate. Sinplified neans \_j
'such\a this can be used with the inventiipn because devel opnent is 25 '
essentially a dry process with the devel oper and chronogenic nat eri al
reacting in only the infintesimal droplets of solvent encapsul ated in-the
internal phass. 1&vek hepoyeinyile adkotvodgemalavat erial and the devel oper aré

on the imgin n _the IS n y ired for

i magi ng, heﬁ% Y%ﬁbé?n§éﬁfegﬁ 8@?3%%ﬁ%tﬂ1é%&ﬁ&%ora€ %e%néréggélred in nos|
prior photocbpylsySbeba hodecs&iiodg tiad: redtlerd infdene weldl bpPHg agent
onto-the inmagi IS ufbieGl-gnt @%Hn h The invention
is |IIustratedn?ﬁfﬁD?érg@n§ ﬁ ﬁ%‘?ﬁ§§i> o&?%dﬁﬁﬁi 'Tn$t%ﬁg exanpl es:

- -32- - Exanp@Pacik¥ravi ol et Photosensitive M crocapsul e Preparation (UF

Capsul es) To 25 partssgifacbhkhqmga @@pylgﬁbéxgﬂﬁﬂiﬁhturdlssolutlon of 5. (
. parts of gum ablcﬁéCElanese rade A n1arab|g gpe0|al) in 50.0
_parts of dist¥ J%‘élt t af %55585& rI‘\’pstt"ﬁ':rér FERPYEFTs of a 17. 1%
(total sol|dggeﬁetmblpnxnbluéebat}b@eﬂlﬁﬂxnh:pnﬂwentﬂerempwaynef and
Sy o e %P GRET E8RN o Qlt't%%f eft-HbiAlide®lsdlet 1

I sobut yl ene/ Tral eT C an aver.age ecu ar wei ght
-1.0-x[exo] . Mie@)atb@@ghsédp@msﬁyddﬁomldb i @@5\@%%1@3 #Bstilled water
with stirringaad-bgatbngst @ henbilodk ihd Qe r SRS abignbey. 38.3 parts of

dlstllled wat er was added
‘formed of any fllm—formlng polymer whlch is

transparent with respect to the exposure radiation. S er
Representative examples of suitable non-blocking
.15 layer forming polymers are polyvinyl acetate, etc.

' - Imaging -sheets embodying the_inventioh .
imaging system can be exposed and developed usihg a
fairly simple exposure apparatus. - -In its_simplest
form for :eflect;on'imaging, the apparatus requires

20 thy-a”rediatioﬁ'eou:ce, means of focusing the
exposure radiation from the bfiginal onto the
imeéing sheet. and means for rupturing the
'encapsulate. Simplified means eﬁch as this'caﬁ be
used with the invention because development is

25 eessentlally a dry process w1th the.developer and | .
chromogenlc material reacting in only the ' 'FJ
infintesimal droplets of solvernt. encapsulated 1n»the - r

© ‘internal phase. Furthermore, the chromogenic |
- material and the developer are on the imaging sheet
' 30 'in the amounts (spacial density) requlred for
" imaging, hence, the lnventlon obviates the elaborate
means required in most prior photocopy systems for
coaﬁing and metering the developing agent onto the
imaging sheet in sufficient amounts. '

35 : The invention is illustrated in more detail

by Ehe'follow;ng non-limiting examples: ' '




15- and after heatlng to 600C the pH of the resulting m xture was adjusLed
to 4.0 (froman in'itial pH of 8.8) by the portionw se addition of 10%
(VI V\.gquecus sul furic acid. Wth mai nt enancg, of. the [err] tenperatdf
constant stirring, 6.6 parts 20 of urea.and % 8 parts of resorcinp
added and the pH -of the m xture was readjusted to. 4.0 with 10% (V/
aqueous sul furic as previously descri bedgxakiaecqnpl et ed sol ution, ,
hereafter referred_to as the a ueouslﬂgaséT‘ﬁEE*ﬁhinrai_ed at 600C.for 25
i medi ate use. PrEi&rami £o 3 t he
or gani ¢ phase, prqueeda@sMiésﬂloms in a mxture- of 40.0 parts of -

tri met hyl ol propane triracryl TNPTA par -
met hacryl ate (MVA) was d|s§%13§% é??rﬁlﬁbPE%ﬁeﬂ 3?#H59?8n?5?%fr§d0
parts of the col obypddsisodart icdh GbﬁstS'lw ara nos 6o fregiy| arabac| (Qeflhnesan.
VWhile allowing th tyr afts«QRfA3 nze@i n-met hyl
et her and 1. O%par gggd;é %-%'3%3 gﬁpfg%]{sc(edéém%kg,}gn#%o?@beng pEgné?\e were a
added and the n1xﬁas&nmiadmwajﬂnjwaﬁsﬁddednwithc@hpr9199d2§sﬁlB@t@ﬁ of - 7
these materials. JEhg qm@‘ﬁfﬁbéHﬁﬁngi sgof@?dgﬁlggalned at- 600C f.or .

imediate 5 -use. Preparation of the urea-for yde m crocapsul es '
proceeded as fol | dfebutydenaymakaiq Anhydr ide repelymerurpRedCdiuR a speéd

co?t{m c?nSIstlna tafro?:j.\d%r'l ébardd dm\@th?h'g@f%l@z; Zéyaélable f
aut ot r ansf or ner: 0 VO nge) an eat e err nmeans of a
heated, forcéd alﬁsgﬁﬂﬁ %ﬁ%)@éiﬁ&gt % %ﬁ%%%ﬁ% Phé Ee 2@Fth the
_molecular weight = 1.0 x 10 ) and 2 parts of

sodium hydroxide in 32.5 parts of distilled water

\H( with stirring and heating to 92°¢ for 2 hours.
Subsequently 38.3 parts of dlstllled water was added
15 and after heating to 60°C the: "PH of the resultlng
. mixture was adjusted to 4.0 (from an 1n1t1al pPH. of
'8.8). by ‘the portionwise addition of 10% (V/V)
aqueous_sulfuric'acid, With @aintenance'of“the
s -60°c:£EMperature and. cbnstanttstirring, 6 6 parts
290 of urea and 0.8 parts of resorcinol were added and
the pH of ‘tHe mixture was ‘readjusted to 4.0 with 10%
(V/V)} aqueous sulfuric as prevlously described. The
completed solutidn,'hereafter:referred to as the
agueous pbase, was malntalned at 60 C for |
25 lmmedlate use.
Preparation of the 1nternal phase,
1hereafter known as the organlc phase, proceeded as
follows: in a mixture of 40. 0 parts of _
trlmethylolpropane trlacrylate {TMPTA) and 10.0
39 parts of methyl methacrylate (MMA) was dissolved
| with stirring and heating to 90°c, 3.0 parts of
the color. precursor, :
3~ dlethylamlno G-methyl 7-anilinofluoran. While
allowing the mixture to cool to 60°c, 2.5 parts of
a5 benzoin methyl ether and 1.0 parts of



A operating at 40 volts, the entire organic * phase, al so preheat §d
tg [¢ ;'fs careful |y added 15 in.a thin continuous stream Wth
prov Jrys ‘made for maintenance of: the internal tenperature at [err] thaw
" bl\en vas operated at 90 volts forlﬁﬁgﬁmonds to effect emulsification.
tty after this 45 second period, the power supply setting was 20
reduced to 40 volts, an. al i quot was taken and the average particle size S
det ermi ned dys ?/LlsﬂﬁkdeiﬁélﬁhQa.hlmCimo)Ofbdrfmagﬂ‘mﬂm@rMﬁﬂdeadaem andscope. ' The
aver age partlc e. sLze was _ . F this ernination, .
' 18.4.parts oS BiX H‘S?%?EWF@} ﬁﬁpgﬁ§ ég?mﬁﬁ€ﬂ§d%°mﬁfﬁh8ated to [err]
wer e added dissokupdohi ofi. thafsieematleanii sy, f oPh@ ¢ompletdd nmi xture was
transferre e e n mechani cal
stirrer %Eé)%l?rﬁgrgﬁgrgé \"X/%% En%l%%%gi %dﬁy@é[err] M‘%&&Sg%l ution of 0}6 .
parts cﬁ annam+un1sulfate in 12.2 parts of water was added wi th high speeg

..

stirring. After 1. Oppg L% a®fiofl b it ggg%1§3¥ﬁg1§@$ ghirrer was renove
provi si-on was -made gnetlc stlrrlq? was adjusted to 9.0 3

H
-(fron1an|rﬂ¥¢%9°$PFB¥eé FoRgeiRg 36t t %W%e aﬁﬂ.%.%ﬂm%?rﬁeai( W
aﬂueogz sochamjf,xliydbméndar efqu—:.@@edl\ﬂwmﬁ)sﬁ@ewrmtmlog was cg(rjrpl et edI by
the addition o s of _s e y an additiona
10 m nutes %?“%ﬁﬂ’?ﬁ pfeg gl"’gg;bgrrig (?fole én Féen%*tlg%g%eets fromthe
Above 3 Mvapiaplel equepansiflommeA ;slurey lotthsvele ngangelOapdrts of the

above 1 Mg RSk ELACL! BEOCIRIUhE A o YIS EL chstLlhedpater ues

coated on e enarrel r] drawdow
rod as t he supply was added the entire aqueous phase. With the
.blender operatlng at 40 volts, the entire organic ' ' SJ_

..phase, also preheated to 60°c, was carefully added
15 in'a thln contlnuous stream. Wlth prov1510ns made
~ .for malntenance of the internal temperature at.
',60°c, the blender was operated at 90 volts for 45
seconds to effect emulsmflcatlon. Dlrectly after
. thls 45_second perlod the power supply settlng was
- Zb 77reduced'to 40 volts, an. allquot was taken and the
| average partxcle 31ze was determlned by visual
faexamlnatlon of the emulsion under a mlcroscope.. The
-average particle- 512e was 4.5 microns.
. e .-Fallowing this determlnatlon, 18.4. parts of
25 . a 37% (W/V) aqueous formaldehyde, preheated to ' U
 60°%, were added in one portion. After blendlng:
for 2 hours the mixture was transferred to a
" heatable contaiuer equipped with an efficient o -
mechanlcal stlrrer, the temperature was malntalned |
30 . at 609¢ and a solution of 0.6 parts of ammonium
'sulfate in 12. 2 parts of water was added with hlgh
speed stlrrlng. After 1.0 hours of stlrrlng, the
mechanlcal stlrrer was removed, prov151on was made
for magnetic stlrrlng and the pH was adjusted to 9.0
35 (fEzom an initial bH of 3.2) by the portion-wise
addition of 10% (W/V)'aqueous sodium hydroxide.




10 - coatrng devi ce and the coat ed papers were dried. briefly in a
' circulated hot air oven at~-ferr] The resulting dry sheets were i
usedhlé or-could be stored for later use. Pregﬁration of Devel opey
To 218-parts of water were added with slow sTPffing 5.8 parts of & 50
agueous suspensi.on of S. tyrene but adi ene | atex, 40 parts of 10% aqw -
1.5% et hyl ated st ts d | | 21.p LS of zinc
carbonate, 13 par 5959c éﬁiﬁ 8%%§%%éfé§dY§%158ﬁP EEd %ng%t sodi um
hexa- net a- phosphaﬁddmﬁidhﬁbﬁmﬁt% pirSsl obnsedian blaylflhﬁtépldDWﬁﬁrng at
~ anbi ent tenperat ugg fy 5§¥4 S d by the addition
of 0.1 part of 37%§aq3£5%% or ma % 2%@1e£Hﬁ e%ﬁifeéeggg%E 80 Ib. bIack
and whi t.e enanel EEERRIS Lo z19e s hbive Shﬁﬁt§qffﬁm kbg phgve
devi ce.. The sheeig cm: & e Dya bibgf dryrng inarecirculated hot
air [err] oven. ReprUUUt§$§%E%rigﬂ%ges-tcr Aﬁﬁve Li ght 3. Sensitive
Sheets The apparat us used|ﬁﬂ§lﬁf¥¥xﬁ€ﬂﬁc§Fgﬂgo?f' gBerESi R £ | i ght
sensitive sheets Gesietierhlof sensteivéMnicgbtapeulecahd, Ld5paatis of

bl ate gl ass cover 'da%&e%errﬁ “aeds Shae, 45BN RRNAA B0t BAAsY, AR, VR dhonst

30 | b. ~ - 35- peedamu&ﬂpapeirstmshrmglpgeasﬁle drawdges wedeaseph@duced
“in the follo qé%cé dLLNE é?&@éavgaggeel begged el |1 ght
sensitive surf ace upper on a orrzont f

tive
transparency was S¥gafilpose® pbirehatednbet, a#élPUﬁédaBy9§h§ gIE§§ cover
plate and the asse@@uwlting dry sheets were 1mmed1ately useable or

U ~ could be stored for later use.
Preparatlon of Developer Sheet

15 ' ~ To 218 parts of water were added with slow
_stlrrlng 5. 8 parts of a 50% aqueous suspension of
styrene-~ ~-butadiene latex, 40 parts of 10% agueous
'1.5% ethylated starch, 17 parts of hydrated silica
gel, 21 parts of zinc carbonate, 13 parts of 47%

20 aqueous sodium siiicate, 1 part sodium
.hexa-meta-phosphate'ahd 130 parts of Silton P-150
'clay. eAfter'stirrihQ at ambiene_temperature for 1
hour, the mixture was stabilized by the addition of
.0;1 part of 37% aqueous formaldehyde and coated upon

25 80 1b. black and white enamel paper stock using a

| 410 drawdown bar as the coating device. The sheets
-were completed by brlef drylng in a recxrculated hot
air (95°C) oven. ' :
'Reproductlon of Images U31ng,the Above nght '

30 Sen51t1ve “Sheets

The aoparatus used in the repreduction of-
1mages usxng the light sensitive sheets consisted
of: a near UV light source (2, 15 watt F-15T8- BLB'
3 black light bulbs),ra positive photographic
% : T35 ,tcapsparenCYf a plate glass cover plate and a
i . ' calender stack capable of proViding'at least 30 1b.

R A e e 5§ e
. .




source positioned paraIIeI to-and approximately 5 inches fromth
e\assenbly. Fol | owi ng exposure, the-light sensitive sheet was /
di nst an i mage recei ving and.devel opi ng sheet prepared as above.
3 S were positioned such that The- active |ayers of each were in
i ntixate” contact and 15 the assenbled sheets were cal endered. Such
~treatment and separatlon of the sheets resulted in_the E{Oductlon of a

reversed poBPfi \J-é-'lﬁaa]ck”}%g"eru@(b‘ogu?’égsﬁ'f"f an&m‘f‘g§c§c ¥ gave i mages of
essenti al | yrepmolda;rce;waln tyhe Widblgebagreagkut aod iddt amchsid ifed one

~gradati on.. 5BOG £2 i G FEPOTA o BB ) SGHE MR liR3%el I 20 and

~ devel oped d posures o seconds gave 1ower inage
intensity typpexmosit wrera etxcposmetaExanpfecg.zsheupprsa\mmeet

Phot ose 'tusn'.\élpfa:%tﬁﬁ;?tu@s Pé@p@fﬁhp@geéUEpeap%ﬁlxes)shéetqqueous phase was

-prepared i n_exac sane panner ortiqQns,as descrlbed I'n Exanplie
ahiatpnazs

#1. 30 fo zﬂ%H?dﬁl%?saﬁ°BF§ BFhas c@SFEPRYY fol l ows:  th
50.0 parts %st qtﬁ:&@ﬂbﬂéﬁleﬁ&i )@thﬁﬁcbﬂ ate2( TEGRAR wasezddads vt h

heating to 900C.and sti-rr e _sane color recur sor
nent : oged i % Egg‘r’?placpoll “I}ﬁ‘?te’r"%%‘ﬁp%té"ﬁpgsaf’ﬁfc&pggl o‘%"ﬁ% dye
precursor tbazmmlek e ovendl dppecxinatedly 501heheb €ramd thes parts of

ben20| g%l dﬁgﬁg£% ﬁgilo%igapgkgﬁsgge $he 4 ggggnethylan1no)

benzoph hon tcessrve ture was stirred at 600C
unti | conplseasﬁtixﬂlﬁheﬁmowtarpbdcedThealnSt an image

. receiving and developlng sheet prepared as above._ _
The -sheets were posxtloned such that the ' _1
active layers. of each were in intimate contact and
15 the assembled sheets were calendered. Such
tréatment and separation of the sheets resulted in
the production of a reverséd positive black image.
Exposures of 1 and 2 seconds gave images of
essentially similar quality, With_good.resolutiou
20 and_half-kone_grada;ion. The 2 second'exposure gave
somewhat less transferred and developed dye
backéround._ Exposures of 3 and 4 seconds gave lower
image lnten51ty typlcal of over exposure.
Example 2 _
25 Ultrav1olet Photosen51t1ve W1crocapsule Preparatlon W,
' (UF Capsules) _ '
_ An aqueous phase was prepared in exactly

the same manner and proportlons as descrlbed in
Example #1.

30 _ Preparatlon of an organlc phase proceeded _
.as follows: to 50.0 parts of tetraethylene glycol
diacrylate (TEGDA) was added with heaﬁihg to 80°¢

and stirring 3.0 parts of the same color precursor
mentioned in Example 1. After complete dissolution

35 of the dye precursor the mixture was allowed to cool
to 60°C and 2.5 parts. of benzoin'methyl ether and




organi ¢ phase was nmai ntained at 600C for i mediate 5 use. The preparatlon
of the urea-fornmal dehyde capsul es proceeded exactly as described in 8
1, W\tl t'he foll owi ng i nportant nodification:and observation:
careful - addition of the ogganic 10 phase. to fﬁ S
bl ender, the bl ender was operated at 90 volts for 60 seconds i n§t ead’ o

seconds and the ogsgr¥%%§ Zcef cglg_l'ge @wdéj[rg)@tﬂffg,{,fﬁé) V\Bénzeghé

5.0 -microns instead o € preparation was

) | et ed
exactly as descrlbeaelndéﬁdn§q§¢P5$W¥ﬁkﬁeﬁﬂ@wﬁ%ﬁ m}§h¥53eﬂ§§tﬁ$ér5ﬁgg s

fromthe Above NIg&oggp%uu%gmfﬂgyﬁglégb/hggégidt§@@s¢§éuageaf 1@pparts of -
t he above m crocapsul e ,preparati on and, 10 ar s 20 %I||

coated on 80 |b. BFIERiZNFPHATE &FhdtRetn s?Bc@ougl gr lfﬂmgfagﬁamdomm
rod as descrilBed iygeExanple 1. Preparation of the Iight sensitive sheets

was conpl eted exactly as'deﬁﬁ%ggfd Tegﬁggzé g &pg ggyhg?aghgag

sensitive sheets 25 wer e cou ore
use. Reproductloncabsurxgxpddneqﬁedmex&mwbyLaghdeSEnsbeﬁvénSﬁéém§l¢he

- apparatus used for [ M (¥g§¥ C descri bed
i n ‘Exanpl e 1. Exposugggﬂbfqgéo d"P'ihllfq%sec dggégs%b§ekh§ﬁaﬁgﬁdgéglq ed

i mage, however; epp@QHWQ;kﬁnﬂ.e#ﬁF%Frﬁ#ﬁR%% geiRigR ffaf Fy°5938%c|nage
repr oduct i on jaf t ephd@e praiy é&hé‘é\i@r&%s@glagahesméheesaneha5 i mage

rece heet
_ IVIhg shee a%lﬁ%%éﬁ“ﬁlé”gbé¥§¥gdbed §8 fgglgor 60 sgégngle 3

instead of 45 seconds and the observed 51ze of the

| at er

emulsion droplets was, on the average, 5. 0 mlcrons
instead of 4.5 microns. Capsule preparatlon was
15 _completed exactly. as descrlbed in Example 1.

cwe

Preparation of Iight Sen51t1ve Sheets from the Above'

Microcapsule Preparatlon

A slurry consisting of 10 parts of the
above mlcrocapsule preparation and 10 parts _
20 dlstllled water was coated on 80 1b. black and whlte
enamel paper stock us;ng a #10 drawdown rod as
described - in Example 1. Preparatlon of the llght
sensitive shezts was completed exactly as described
. prev1ously and thHe resultlng light sens;tlve sheets
25 were lmmedlately useable or could be stored for

C

later use.
Reproductlon of Images U51ng the Above nght

__SenSLtlve Sheets

o ) The .apparatus used for 1mage reproductlon
30 was’ exactly the same as descrlbed in Example 1.
" Exposures of from 1 to 4 seconds resulted in no
.developed image, however; exbosures of 1 and 2
minutes gaée high Quality black image'reproduction
‘after development by calenderlng agalnst the same
35 .image receiving sheet as was used and described in
“Example 1.

[ R T




‘d in Exanple [err] Preparation of an organi c_phase proceeded ag /!
To 50.0 parts of trinethyl ol pr3dpane trlacrylﬁte was added with

g’ to 900C and 10 stirring 0.75 parts of the*col or precursor used in
. After conplete dissolution of the dye precursor t-he mxture waj
owed to cool to 600C and 2.5 -pal xamgleb§n20|n met hyl ether and 1.0
parts. Oflﬁftéaéiolgtnghg b3TnAGN ! ' gﬁ{@-@gjzgrgélonsucce33|vm
and the m Xt® 0, at 0 0 OTT occurred.
The organlcgﬁ%AEEEiﬂi_Ehlntalned at 600 for- |nned|ate use Preparation of

t he urea-formal dehydgnmagueoass phasepaeetiasbaredt iy egadesgribed in 20 .
Exarrplel i,th the follown ort ant rmdlfl nd.observation: afte
car ef ul 5 addtt§ B¢ TﬁEnSFggﬁ *Tlorﬁ'nea aquee%ﬁ%fb %Sggl n the bl ender,

t he deV|ceEMampmera1ed aregaraaubm'hﬁ'aﬁ)qnganms pimasead of 45 seconds
and the obifﬁxg e@ééeggffBEio%é enmul si on dropl ets -was, on-the average 6.
mcrons-in cirons. "Capsul e preparation was conpl eted exactly

- as. descri bed in Exanpbe59. 0PP@g&ﬁanﬁmtnﬁmQ§Q¥#°¥E#@P@m$e Sheets from the

Above M crogap agaéfls’eep%at a@Qed0 i th dUiRPIES 140%C Sghd - cONt ai ned sheet 3

were prepared, wdown ‘coating [err] own rod a sLurry

consi st®ng %#199133r9375fPPﬁ65a &hea %f[ﬁ%ﬁﬁ#%& Bnusedpift s~ of
uncooked stm&&ﬁpi&erstaAfaaa) complREpAisssfutioni ot etheadge on 80 1.

g BiathierBRAch Ra05E Wl W ULy egapgoch th the
and 2.5 parts of benzoin methyl ether and 1.0 parts \
_ of bls-4 4'-(dlmethylamlnc)benzophenone were added |
1s successrvely and the mixture was stlrred at 60°¢
until complete dlssolutlon occurred The organic
phase was maintained at 60°:for immediate use.
Preparation of the urea-formaldehyde
_ mlcrocapsules proceeded exactly as described in-
20 'Example 1 with the follow1ng 1mportant modlflcatlon
L : and observatlon- after careful addltzon of the
" organic phase to the aqueous phase in the blender,
the device was operated at 90 volts for 60 seconds
'_;nstead-of.éslseconds and the observed size of the
25 emulsion droplets was, on the average 6.5 microns -
instead of 4. 5-microns. Capsule preparatiOn was
completed exactly as. descrlbed in Example 1.
-'Preparatlon of Light SenSLtlve Sheets from the ‘Above

W .Mlcrocapsule Preparat 101’1

30 - ~ 77 Light sensitive self- contalned sheets were -
‘prepared by drawdown coating (#22 drawdown rod) of a
slurry con515t1ng of 20 parts of the above capsule:
preparatlon, 'S parts of uncooked starch (Keestar
339) and 20 parts of distilled water on 80 1lb. black
35 and white enamel paper substrate previously coated
with the following image developing'layer: a slurry

.hase was prepared in exactly 5 the sane manner and proportions ak

p

5 -




-38- consisting of 35 parts of [err] kaolin coating clay, 2.94 parts of
hydr at ed sili.ca gel, 1.32 parts of 1.5%ethylated starch, 3.82 parts of
st yreége- biitadi ene Iatex 5.88 parts of zincated 5 novolak resin and 0/2
parts of sodi um hexa- et a-phosphate in 50.8 parts of water-was coat ed USI
a #22 drawdown rod. Sheets were prepared as oggki ned above, .and .with
one-hal f and one-quarter active capsule coat 10 weights. Exposure of the
various full, half and quarter strength sheets for periods ranging froni 2
to 64 seconds gavecmigﬁ)i@g qo sl BSypaaagesfdopekderlurﬁlcpattﬂryg i@y & he

active coat weight Thus,. usipg ugrt tragti 2 second
exposure, 15 as derdd IRYEFR H%aéageggégé é %gdaﬁi??nﬁiacs ?hages
t he ene-hal'f concehIS%uetmysaEedsstdrshcoad8éxpas&5e9fwere required f or T

good i mage qum|t3%%Q£FA5L$QQ§%E£Les15g§uétssggeééreéf dgté32seconds

were required for U traV|oIet
PhotosensltlveshﬂchM@@%bleePlapanétDoﬁ4(EﬁrG§p§@lé§ﬂlﬂﬁlaqueous phase was

prepared in exactlyedp methE ﬁéHBhHEQ“Qh 30d sPpARRIS! o waterder | heer
. previously in Exa ? Fpe aration of _an OF%%;IC phase proceeded as

foll ows: To 50.0 p%?%%eﬁf“tipﬂe?hiﬁalﬁFéﬁQH@“tF thacryl ate' (TMPTMA). was
added with heating to 30  9§R&e8Bdwekir pragated par tomitdfined sttadvey.cired

ot rea ety hmf e afePBRLE ShaoRReSHaTERY soBil ; PP’ﬁer# s
organlc phasel@as welghtsnedEaposA6E bﬁrthenwdmapdssﬁuldsehal and

_ . quarter strength sheets for periods ranging from 2
\,) o ' to 64 seconds gave variable quallty images dependent
dlrectly upon the actlve coat weight. Thus, using

-

o

'one-quarter concentratlon sheets, 2 second ‘exposure,
15 as detailed in Example 1, gave good gquality black
1mages. On the one-half concentratiOn'sheets) 4
second exposures were requlred for good image
... quality, . whlle the’ full strength sheets exposures of
32 seconds were requ1red for good 1mage
- 20 reproduct;on. e y .
' o J _ Example 4
_Ultrav1olet PhotosenSLtlve Mlcrocapsu1e Preparation
(UF Capsules) ' . .
An aqueous phase was prepared in exactly

25 the same manner and proportlons as described
previously in Example #1. Preparation of an organié
phase proceeded as follows: '
7" To 50.0 parts of trlmethylolpropane'__ N
trimethacrylate (TMPTMA) - was_added with heat;ng to

30 90°C and stirring 3.0 parts. of'crystal violet
‘lactone leuco dye and 5. 0 parts of benzoin methyl
ether. The mixture was stlrred until complete :
dissolution and allowed to cool to 60°C. The"
organic phase was maintained at 60°C for 1mmed1ate

35 use. ' ' '
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'o in Exanple 1. After enulsification, the observed size of the %
( droplets was, on the average, 6.0 mcrons. 5 The m crocapsul e}
on was conpleted exactly as described in Exanple 1. Preparatlohjgf
“fensitive Sheets fromthe Above @ﬁcrocapsule Preparation A slurry
ting of 10 parts of the 10 above n1crocapsu|e preparation and 10
parts distilled water was_cpated up 0. er previously
coat ed (individual | YJE9PER2 ﬁgaeog ggﬁo&r Lf%?ﬁgge devel opi ng
l'ayers consiagisules heroceededt aractdly s@ld@mnnxhﬁéximnﬁxzmphe15 novol ak
resin and ijn t e aq u H§¥¥v335§¥? xture of #2
kaol i n coatlnIxﬁé§£léwgg§i?28§§?é S#@%h% styrene- utadgg%%élatex _
zincated n&wdik 1ores¢¢pnhetausaswsant shej. averdigey. GAlinksrons.
hexa- me§ a @w%&cé‘ﬁ%@i’epﬁwﬁﬁﬁ?ﬁﬂ%w ra20 co@&é&l%

pol yel ectrol yte carbo drawdown bar” was used astLe coating
device. TRS &8% Qﬁ??@%e%% ﬁEFEPaﬁléd by brief exposure to 950c air in a

recircul at et diir £t ioRVeP BIghthseheitivenGHdaa HaBidle aalsdegt s were
I'medi at el Y, ,US€abl e o 2z stoEe Or lTater use. Reproductiron of Inmages |
~ Using the ﬁ56§5¥ii%ﬁﬁ;$b§5$2553—é38ets The apparatus used for exposure of
‘the.light sensitive &hekbusryasoasistlingt b€ ddmpatsiestritbed in Exanple 1
Transmj =Ty ¥ €S . Iy ic transparency wetle
Cﬁ AL %r&é@8§y1§6p9£8§§§<2%5 Py %&%' . |

made exposure i1 nes secon on “sanpl es of |ight
" sensitive &ﬁﬁﬁ%ﬁﬁﬁﬂ%@t%baYéﬁ coated upon 1mpact rawstock :

paper prev1ously coated (lndlv1dually) ‘with image

developing layers. These developlng layers consist N
in the one 1nstance of solvent coated zincated
15 novolak resin and in the other.znstance-of aqueous
coated and dried mixtute of #ZIkaelin_coating clay,'
1.3% ethylated s;irgh,_styrene¥butaaiene§laéex,.
zincated novolak resin and dispersants, including: °
sodium hexa-meta-phosphate, amino.pelyphosphdnic
"20 acid and -sodium polyelectrolyte catbonfiate.'-A $12
-~ drawdown bar was used as the coating device. The
ncoated papers'were“dried'by brief exposure to 95% -
air ir a recirculated hot air oven and the resulting
'1lght sensitive sheets were meedlately useabIe or
.,5. stored for later use. U : : ' W)
Reproductlon of Images U51n9,the Above quht
Sensitive Sheets .

" The apparatus used for exéosure of the
- light sensxtlve sheets was exactly the same as
'i305"_descr1bed in Example 1. TransmlsSLOn ‘contact.
.exposures of a positive photographlc transparency
were made with exposure_tlmes of 16 and 32 seconds’
on samples'of light sensitive_micrgéapsules coated
‘upon both of the previously menﬁiqned developer-
15 layers. Aftep exposure, the iatent.images were
developed by hand calendering the sheets between a




upon. both of the previously-nentioned devel 6per |ayers. After exposure,
the tatent i mages were devel oped by hand cal endering the sheets between &
40 nges ptate and a hard rubber roller, ‘maintaining a contact force of -
l'east 30 | b. per lineal inch. Developnent by such treatment of sanples
using both types of image devel oper |ayers4and for both 5  exposure ES
gave essentially simlar good quality blue image reproduction. .
Qualitatively, the |onger exposure time gave slightly |ess- background TaEge
developnent on both types of i nage devel oper ‘I ayers and for. both exposure
times, 'the aqueous coated 10 devel oper | ayer gave sllghtly greater
developed dye image i ntensity. 41 CLAI MS 1. For use in an inmaging
system i nmaging rmgﬂassxp&ﬁteﬂandrq;hanﬂ 3mmmbmamelherlngainbainﬂmd back
Surfaces. wih o CORLAs: PRne o Saidlont 8] BaEkaIHERacERCAON Al I

ing a chronogenlc erial an osensi tive ¢o ron-5 adapted to

undergo a vi scosi tl?/e‘&ﬂemg@%éw @Rﬁk&?%@@ﬁe@ﬁeé%ﬁ-ﬁﬁl Badaduaingn,

which is encapsul ai@th agy ek id¥ Aniddle RIARApRr" qa&eiébhﬁd0%§ub'§§h and a
devel oper material ca able of reacting wth gﬁ enic material to
forma visibl® i md ﬁqﬁ?oﬁyﬁﬁﬁéﬁﬁg:%ﬁﬁ? i 1Ypﬁ&P6 0899 cAUp ?9%

conposi tion and dewrueummagennapnﬂddmmnqy suQuallizttanelpei bgeplesgatr in

such quantities t e p sai d
coating to said ad%é%lc raglﬁ#éTE%J% gf%ﬁg%ngxeggggag ?é%gélﬁﬁhgﬁange in
sai d photosen5|tvaﬁYﬁ#ﬁRmﬁQﬁ(ﬂﬁ bﬂi#:iﬂﬂe§cpﬁn§m§83ddeveloper ayers

- and for both exposure times, the aqueous coated

v 1

developer layer gave sllghtly greater developed dye
image 1nten51ty
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15 capsul es to a uniformrupturing force such that said * capsul es

Tupiuie and rel ease said internal phase in |nage areas where said

Bimpyeni c. materiral and said devel oper react to formsaid visible |nagej
JU). externally applied wet devel opnent agents. 2. | magi ng nedi a

. acgording to Caim1l, wherein said #iagi ng system’is positive-working, said

chronogenic material and said devel oper being effective to react i'n said

- unexposed areas. 3. I magi ng nedi a aécording to.Claim1l or Claim2,

wherei n saiC#AilMSer nal phase is encapsulated in a mcro- capsule haV|ng a
di'screte capsule wall. 4. | magi ng medi a according to Caim3, wherein

sai d phot osensitive co 03|t|on comn radi ation rable material. 5.
Inaglﬁg nedi‘a aCEBWduﬁgpPB 2hy? BFgggglgﬁgegﬂfn%mﬁﬁk?%lﬁg%%ﬂdF%%roanenlc -
material iprdsdagsul at egbaitratsahdvphot fsenti andebackpoerfaces, avith
| maging medi 253¢4A600RI0hE GrabEY 3. FABREChRd SR bk CRLPFREESI Coppd ffial TS a

substantial ly col odrless el ectron_donati ng ngoun : I magi ng -
medi a accorl®#dng chremagaNsc magesialsand ﬂeQEP %%@"ﬁhbe¢a$°W%P%&¢kﬂ%ctron'

accepgi Ng @@EpeeRdto8undergogangisedsatacenanyoowheon Gapddd wherein said

el | d L d :
according. 68 1BCARM 3eEIRLFornciaatas okt f BN LECERFRREY LRI HT Sel ectea

fromclay rinteralad, pheganiio zeptisrabtedcppsyhess, amétal deweteperf aromatic
car boxyl i ¢ yagiads 4 10ich 3BhbLe veagk1ﬁa|&$t9fs§1d cPP@ﬁ&ééﬁP&”ﬁéQ@PﬁQﬁ

novol ak resins, ‘zinc bonat, I pati ons- thereo )i ng nmedi a

accordi ng tt@ éP&Wn@4V‘ﬁﬁéﬂ§|hm§§Fd ﬁhﬁtSEEHEPﬂ?UéCC%ﬁB%ET?funph%t ensitive

to U|ﬁbaV|@b%%nt1ve composition and developer material being such _ \

that and béing present in such quantities that an image ~
may be formed by image-wise exposing said coating to said
actinic radiation, whereby to cause a Viscosity change in

- said photosensitive composition, and subjecting said '

15 capsules to a uniform rupturing force such that said

capsules rupture and release said internal phase in image
areas where said chrompgenic.materia1 and said developer
react to form said visible image without the—nosd—fer
externally applied wet development agents.
2. Imaging media according to Claim 1, wherein said
imaging system. is positive-working, said chromogenic
mater1a1 and said developer be1ng effective to react in
sa1d unexposed areas. ' Y
3. - Imaging media according to C]a1m T or Claim 2 '
wherein said internal phase is encapsulated in a m1cro-
capsule hav1ng a discrete capsule wall.
4. Imaging med1a according to Claim 3 wherein said
photosens1t1ve compos1t1on compr1ses a radiation curable
material. ; _ _

5. Imaging media according to any preceding claim,
wherein said chromogen1c material is encapsu]ated w1th
said photosens1t1ve comp051t1on .
6. "Imaging media accarding to Claim 5 wherein said
chromogenic material is a substantially colourless
electron donating compound. '
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infrared, X-ray, electron beam or visible radiation. 11. | magi ng nedla
accordkng to Caim 10, wherein said photosensitive conposition is sen5|
to*blue I'i ght having a wavel ength in-the range from 380 to 480nm 12.
I magi ng nedi a according to Claim4, and f#2her conprising neans for -
‘tenporarily shielding said éoating conposition from anbi ent radiation
that said nedia can be_handled in roomlight for ‘at |least a short period 5
‘of tinme without ifAterfEPRAHNHI T the GGRIFELNTD LA fd addpfbi Wheyedn saild
'system 13. - | magiege I@pler meteor i Ngi § arCleligvthdn \Mwe@tﬁ n§a|c6m§BuﬁHd| ng

means is containeg in
‘medi a. according ?o d gﬁ%?@é e‘r%?&ncdcsdz’irfjﬁlnlsar’]% g;]ﬁ ang‘heﬁ(‘?l‘ﬂdéggﬂ
yel l ow fugitive dgteohrem @@@@ntmnguqﬂmpdund:hé Wamaﬂemgthewegnoarranglng

fLom 380 {0 480Ny, 15. 1nd §gh Med el GG N €2 2Tl Il ertiifr €hRqsal d
yeIIOM/fugltlve d contalned, in m%ﬁ{%overcoatlng sal coat i ng
i

conposi ti on. gfﬁ%b?%@ %%&ﬁ%ﬁ%ﬂﬂxﬁQﬂ 8ny edestedi Agom slaY wherein
said chronngenlc nbheraps, |@rguntuIacﬂﬂsUﬂa%1@ow@uwmb®&qemeta1 431%2 of

| magi ng nedi a acc ei ai l,our fo
col ourl ess electrgﬁg%ggk |ng t0 ﬂ%ﬂu%§ﬂpf§ o1 ﬁﬁdu den38¢3 aéééFalﬂﬁ to
Cl ai m 16, whBr ei nPkenell vt g 1 dafry deornno Tiak KEGompouudnhavangoaatacaode a

lactam a SU|tOnecoﬁb§@ﬁff5“gEﬂheﬁgbﬁSter or an ami do structure. 19Wh ,
| magi ng nedi a acco[din aim3 or -an clalnlappendent t hereto erein
said capsul e mall?é ?ﬁ&ﬂ?nﬁ%ﬂ?ﬂmﬂQﬁﬂeaﬁﬂﬂ & &liadm fhi wherpdnsarid said

actinic radlatlonphotosen51t1ve composition is sensitive to u]trav1o]et,
K./ " infrared, X-ray, electron beam, or visible rad1at1on
' 11. " Imaging media according to Claim 10, wherein said
photosensitive composition is sensitive to blue 1ight
having a wavelength in the range from 380 to 480nm.
12. Imag1ng media according to Claim 4, and further -
comprising means for temporarily sh1e1d1ng said coating
composition from ambient radiation such that said media
~ can be handled in room light for at least a short period
5  of time without interfering with the image-forming
capability of said system. . ' :
13. Imaging media according to Claim 12, where1n said
shielding means: is containgd.1n the wall of said
rupturable capsule. ' -
\_ : 14. Imaging media accord1ng to Cla1m 12, where1n said
~shielding means includes a yellow fug1t1ve dye which
absorbs light in the wave]ength region ranging from 380
to 480nm.
15. Imag1ng med1a accord1ng to Claim 14, where1n said
yellow fug1t1ve dye is conta1ned in a Iayer overcoat1ng
said coating composition.
16. Imaging media according to any preced1ng c1a1m,
where1n said chromogen1c material is an oil so]ub1e
co]our former

o | A




20. I'ng media according to Claim19, wherein said capsule wall- is
for | materi al sel ected from gel atin, polyam de, polyvinyl alcohol
pesqrcin . formal dehyde resin, polyisocyanate resin, urea- 5 C A
resar f or mal dehyde resin, " nel am.ne-for nal dehyde resin, hydroxypropyl
cel | se/ and conbi nations thereof % _ l.magi ng nmedi a according to
.Cl ai ?Z4, A wWherein said radiation'curaﬁ e material is a materi al

pol ymeri zabl e by free radical addition polymerization or ionic

pol yneri zation. 22. - Inaglng medi a according to Claim 21, wherein said
radiation curable naterial is an ethylenically un--saturated conmpound. 23.

| magi ng nedi a according to Claim22, wherein said radi'ati on curable
material contains two or eth | eni cal l ajurated terminal aroups.
2. | magthe o ERELRE BRRLS (PERS RIS, Tor A (o (RS L | ve
conposi ti oncallduti doehéy iscaudekoumxksscnlectznnwdodatlng domggiungl. medi a
accordi ng to Clal S 14t Hgygﬁﬂl Qppable of
generating a radl %ﬁaﬁlxg%%gg?bﬁgoﬁgﬁoga%%%ﬁé aidéaﬁ on a o%lor

hydr ogen absolauriess fOI‘!!Jfﬂ:'L'ZBs a ¢ompRwRd MRV RgicE kR tiRPe.0 & ai m 25

wherein sai g,289h01 R éh@%@ﬁecoﬂpépﬁﬁéiﬁfaﬂ cagd euites bt chrfiqym a- al koxy
phenyl ‘ketones, 0-acyl ated -a-oxi m noketones, polycyclic quinones,

benzophenon§§ru§GB§?rtuted benzo- 5 phehones_ xant hones, - t hi oxant hones,
hal ogenat edigonpouldagipgonedtauactded tiye- tedikainy Jgentanmddbaioupl es,

~ hal o- genat SS Qﬁﬁgﬁz Qﬁer§£obeﬂl§8¥e‘1@| Qid%%ﬁé&]z%%foi?'fo d ons

t her eof . according .t Cam wher ei n

sai d photostsathvér@nh$b5¢tmaﬁerh%1u@%%C%.transmlts said actinic . o
radiatlon , _ . W
20. Imaglng medla according to Claim 19 wherein sald '

capsule wall is formed by a material selected from
gelatin, polyamlde polyvinyl alcohol, resorclnol-
formaldehyde resin, polylsocyanate resin, urea-

5 resorcinolefofhaldehjde resin, melamine-formaldehyde
resin, hydrokjpropyl celluloee, and combinations thereof.
21.  Imaging media according to Claim 4, wherein ‘said
radiation curable material is a'material_polymeri?able_
by free radical addition polymerization or ionic
polymerizatien. ' e
22. Imaging media. accerdiﬁg to Claim 21, wherein said
radiation curable material is an ethylenically un-

<

' saturated compound.
23. Imaglng media accordlng to Claim 22, wherein said
radiation curable material contains two or more
.ethylenlcally unsaturated terminal groups. '

24. Imaging media according to Claim 4, whereln sald
ephotoSen81tive composition add;tionally includes a
photoinitiator. ' _ '

25. 'Imaging-media according to Claim 24,'wherein said

photoinitiator is-a compound capable of generatihg a
radical upon absorbing said actinic radiation alone or
by hydrogen_abstraction:

| H!Ilﬂj_. AR



sénsitizer sel ect ed from coumarins, dialkyl am no benzophenones, pol ynucl ear
aromati ¢ conpounds, linear 5 pol yenes, sensitizing dyes, and :
combi\nat i ons t hereof. 28. A sel f-contai ned-i magi ng sheet, conpri sing:

substrate having front and back surfaces, pjth a coating on one of said
front and back surfaces :containing a chron%%enic material and. a
phot osensitive conposition., 5 ~adapted to undergo a viscosity change

when exposed to sgkeCt ednaghhgl fied fll ALEORLI NI AN d iR 1GNNS WRLEINAS,3 .
i nternal phase in- rupturable’capsul es; and a-devel oper capable o Péa ting
with said chromogBRPEOHBIEIREPT 6OMRF FE &S \A ki lRast pdige sedesdpdsifred @n said

substrate mﬁth,1Qalke&ydpﬁ@ﬁyinget@ﬁéﬁ,cmgﬁ¢ymhgﬁy(quy%jmqgwgbqgﬁgﬁgeing ]
Tmage-w e expost b LEFEFEE 0 QLAY QU e R R4 Ben o
wher eby to chuse ahengages;tyarbhowes i nthsidxhnttatnesan diatlioge nadedosomponndsd
subjecting 15 ~ sphet6RPAULPE1S e L dETRY URdHY NAdolk $ouDYEY L REY o221
capsul es ruptuﬁe_and. elease.$ jd internal "phdse 1n 1 nmage areas ere said
chr onogeni ¢ naterpspagﬁﬂ Rary gEW%#cﬂﬁﬂb%Q%éi"tQJthr#¢§3Wé’vﬁ§ﬂbF@mbhage
_ mﬁthput ext ernal 'gagpphs ethewdofievel opment agents. 29. A sel f-cont ai ned
wherein said develbper. | B4 BT AAAREHA B cad i Esnorntialh £6aci ng
45 30.  An inmgi ¥gepebecsdi dpratensitie campogd-biiose iexpadeagat o
actinic radiationsgns0et 164 SOTPEEEd Dol GHRMIGNY,C dTRURYIahiaRd
rupturabl e papsu!fsncgnﬁglnln %Uggpto ensitive ano%ltlon adaq%ed to
undergo a vi scosi t§"&°P1ER TR M USASEIU AL M3 U e 1 9MRa A S on | 1 BREY
sukjecting shid cppbydrss t osen il Foimg rdyetsur iangl fcombd niatibhe pheseace of .a
devel oper materiapgsuchy té@frllffained MAldiHg"SHeet, comprising: a
- : | substrate having front and back surfaces, with a coating
on one of said front and back surfaces containing a
chromogenic material and a photesensitive composition,

5 adapted to undergo a viscosity change when exposed to
selected actinic radiation, which is encapsulated as an
internal phase in rupturable capsules; and a -developer
capable of reacting with said chromogenic material to
form a visible image co-déposited'on said Substrate with

10 .said coating, said coating.and said developer being such
that and being present in such:quantities that images may

 be fbrmed.by image-wise exposing said coated substrate to
Y said actinic radiation, whereby to cause a viscosity |
. change in said photosensitive composition, and subjecting
15 said capsules to a uniform rupturing force such that said
capsules rupture and release said internal phase in image
areas where said chrombgenic material and said'deveIOper
- react to form said visible image without ¢the—need—fon
externally applied wef development agents.
29. A self-contained imaging sheet, comprising imaging
media according to any of Claims 1 to 27, wherein said
developer is co-deposited on said substrate with said
coating.
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. reaction between said chronpgenic material and said devel oper which
produces a positive or negative inmge 10 correspondlng to said exposure.
' A process according to C aim30, wherein said inmage- w se exposurg_i
ection .imaging. 32. A process according to’ Cla|n130 wherein sard
. gggge- wi se exposure is by transm ssion inmaging. 33. A process according
0

of Clainms 30 to 32, wherein &aid photosen3|t|ve conposi tion

i ses a radiation. curable material and said inmage is a positive |nage
A process according to Caim33, wherein said photo- sensitive -
corrp05| t i oB0 eonpht sbBAG ﬂ%oﬁ%@?%ﬁﬁ e camprsises: aﬁd‘aéep'wdtsGl nitiator.. 35

A pr ocess aﬁﬁosﬂn@gté oa &t P TR %dwmercm na sca:a:tmigotmpmlstﬂn@t @ is a
COI’T'pOUﬂ C

bl I d .
o at o aheraserh O TEEALLAR A ER S AU 3B 8385 8 ng 10
rany of d aphnott353em$n Bbye whepposi Blind adatfited dp curdebige matvdsicals icgnpri ses

an etdylentoahhy WISFRABEGENB U ot at AP EPS BIYIRAO 1O any of

d ai ereln sal turabl e capsul es, are mcroca sul es haV|ng

a di scret eSehpsEIRS YIRS . taa ““‘A ‘b‘?"bc‘"é%t”ef'ddtﬂr diotge d rarkfieoPresansg 30 to
37, wherei ofsal dle PO DS P Nma té iviea Tanpeisi §han thereenisi ta patite riiedi bl e,

ul t r a= vi ol ation 46 39. A
process ac%)?ﬂ#hé) g@%'{na%@ ti)vxtlf‘"nr}ere|(;n‘;eg'gl(g(?'}(’.)%:1](?etrqg'ensal"'t \731conp05|t|on IS
sensitive dovelgmr hetvi ey rarwhwoesar@tnvswntwee aramggaftrioe 38@geo 480nm  40.
A prOﬁ SS @&FF@§%@@d{ﬁbaﬂN i alghs e o 39, whereiln said devel oper is

prese in_sald coating Inter-
3T. A process according to Claim 30, where1n said image-

wise exposure is by reflection imaging. .. . U

32. A process according to Claim 30, where1n said image~
"~ Wise exposure is by transm1ss1on imaging. ,

33. A process accord1ng to any of Claims 30 to 32

wherein said photosens1tive composition comprises a

.radiation curable material and said image is a positive
image. ' '

- 34, A process accord1ng to Claim 33, whereéin said photo-
sens1t1ve comp051t10n comprises a rad1at1on curable
mater1a1 and a photo1nit1ator.

35 A process accordlng to Claim 34, where1n said photo-
initiator is a oompound capable of generating a radical
upoo absorbing said actinic radiation alone or by hydrogen -
abstraction. - - - o/
36. A process accord1ng to any of Claims 33 to 35,

_wherein said radiation curable mater1a1.compr1ses an
ethern1ca11y unsaturated compound '

- 37. A process according to any of Claims .30 to 36,
wherein said rupturable capsules are m1crocapsu1es having
a discrete capsule wall. o '

-~ 38. A process accord1ng to any of Cla1ms 30 to 37,
wherein said photosens1t1ve com9051t1op is sensitive to
visiblé,_oltra4violet; infrared, X-ray, or electron beam
radiation.

.
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‘di spersed with said rupturable capsules. 41. A process according to/Any
of ‘Clains 30 to 40, wherein said coating is tenporarily shielded usi
fugitive.-dye and said process additionally conprises the initial step

bIegEﬁLng said-fugitive dye. 42. A protess according to any of C akis 3(
to 40,. wherein said chnﬁnngbnic,naterial-igean el ectron donating dye
precursor and said developer is an el ectron accepting conpound. 43. A

sel f-contai ned i magi ng sheet substantially as hereinbefore described with

reference to and s8s shawp rioRekBeaaesPEPAGYLHIC Hi P 58, e re i A% diTERYI NY
process substantially as hereinbefore.described wih reference tqo the
acconpanyi ng draﬁ%ﬁ&%sfffi%ifelffTﬁisl 191 1i1ii“ﬁ1€1Wﬁ't°eﬁ‘é%tfﬁﬁf?“g M
S * . a wavelength in the range from 380 to 480nm. -
40. A process according to any of Claims 30 to 39,
wherein said developer is present in said coating inter-
dispersed with said rupturable capsules. .

41. A process according to any of Claims 30 to 40,
wherein said coating is temporarily shielded using a
fugitive dye and said process additionally comprises the
initial step of bleaching said fugitive dye.

42. A process according to any of Claims 30 to 40,
wherein said chromogenic material is an electron
donating dye precursor and said developer is an electron
accepting compound. | :

43. A self-contained imaging sheet substantially as
hereinbefore described with reference to and as shown in
the accompanying drawing.- ' '

44. An imaging process substantially as hereinbefore
described with reference to the accompanying drawing.
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