shal | expl ai n bel ow enbodi nents of ‘our system can be adapted for offic
based systems sui tabl e for maki ng photocopies. 5 | magi ng sys
based on ‘phot osensitive encap-. sul ates have _been previously proposeaM& 2&32
There. are a nunmber of suggestions in the Patlent Literature of which ]HL
becone aware of the following: Bernman, U.S Patent No. 3,219, 446 discloses a
_transfer inmaging process in whi ch azo-blue "B" bl ack dye is
eana§uIated with a cross-1|inkable polyner or a polynerizable nononer as a
fluid-droplet containing filmor a fluid droplet containing mcrocapsul es.
As descri bed, the Berman inaging systemis a transfer 15 system whi ch
relies upon selectlvely transferrlngEMﬁﬁEEﬁuﬁﬁimﬂﬁed dye to a copy sheet
i n correspondence with the image. Inmaging is acconplished by imge-w se
exposing a layer of the encapsulate to el-ectromagnetic radiation to
cross-link the polyner, causing the liquid 20 I n the exposed. capsules to
assunme a rigid condition and not transfer to"a copy sheet. Eye transfer is
limtedto the unexposed eas of t Waa ont n|ng
Phillips, U S Patent No. e drerey DR S trf%‘& }m%%s
wherein M chl er’ s slyettems i ﬁsemea;shadl]l &=xpd-aim é)ed@memﬂ:o@ialemm ol
provi ded as a | ay S JFERIYLE fs
former, but pattergﬁe?f | rra g’gtgr?a%t%%oket one(ycéor?t E%ﬁ J%"'@%F@%Mﬂg
produces a Iatentfp#ag@kéPEBWhOtgﬂQn%ﬁsbss aci d- col ourabl e, dye precursor

| MAGI NG SYSTEM The present invention relates to an inmaging system- gzﬁme-g

fromthe 8- Imaging systems based on photosensitive encap-
N sulates have been previously'prbposéd. There are a
e number of suggestions in the Patent Literature of which

we have become aware of the following:
_ 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 fluid-droplet containing
£ilm or a flui& droplet containing microcapsules. As

described, the Berman imaging system is a transfer
15 system which relies upon selectively transferring the
encapsulated dye to a copy sheet in correspondence
with the image. Imaging is accomplished by image-wise
\ ; exposing a layer of the encapsulate to electromagnetic
Kv/ _ radiation to cross-link the polymer, causing the liquid

20 in the exposed capsnies to assume a rigid condition
and not transfer to a copy sheet. Dye transfer is
limitedto the unexposed areas of the encapsulate—
containing layer.

Phillips, U.S Patent No. 3, 700 439 discloses a

25 photocopy process wherein Michler's ketone is encap-
sulated in a conventional manner and provided as a
layer on a support. Michler's ketone itself is not a
colour :Eorinei-, but patterned irradiation of the ketone
containing capsules produces a latent image of

30 colourless, acid-colourable, dye precursor from the



Kk 1e such that upon contact with an acid devel oper such as acid clay a
% |l e image i s obtained. Phillips discloses both a system wherein the
exposed i magi ng sheet is cal endered face-to-face with an acid- 5 coat €d
recei ving sheet to formimages and 3 system wherein the acid devel oper is
on the same surface as the capsule Coating so that after rupturing the
capsul es on the imagi ng sheet there is devel opnent without transfer. 10
Berman et al, U S Patent No. 3,072,481 discloses another -type of
encapsul ated |ight sensitive elenent which utilizes a |light-sensitive
material which is readily converted to a coloured formwhen carried in a
liquid Ve?éﬁbﬁebg cﬂh%%Qt'%.cﬂﬁ%ﬁﬁﬂd&ﬁaéfiq'éﬂ“ﬁéﬁ&”hééélo id. By
encapsul a |ng such a materidl with a volatile solvent, | mage-w se exposi ng
e

a | ayer osucheasnegiduicday anyisiple impasdsahtiainedo evaporate the
solvent, BRiINAGE 43sodedebott of isyaftend Widrfeid) thdad:qisd®- 3,001, 873

di scl oses a 20 npr-e c | ex syste ierein the wal]s of capsul es
_ cont ai ni ndMaedye; ghepd gggﬁﬁiﬁ#aﬁﬁéat'%ﬁﬁf?ﬂnﬁ?QQHﬂiﬁEHQQN dxposur e
rendsgrs g aaaeaalswbeaidwmgeldudate.t&wom tﬂmé&?rlt‘dlwgssi@téuﬁe” t he i o
unexposed_capsul eg,an ty na.. the -dye is j.mmobilized in the unexposed 25
ar eas. TﬁﬁﬁgsﬁPeiP%ﬁﬁt‘#ﬁ‘ﬁ%i}é’ﬁzﬁeq aﬁ’ﬁjlt&e iR 8% 13 a recei vi ng
sheet thethei sapsuleagoating tscartifadr afitexheuptartingn the eapasbes ar eas
only. Wi g f’e%g%%@’i'ﬂg]%ﬂe"e@'@ i}“%xﬁei& NAEndigen proposed

0 havé not natured

previouslx, or varrous reasons they _ I nto conmmer ci al

photocopylgﬁgﬁéﬁﬁf Furthernore, the potential of these systems to afford a

low ggst i magi ngpermadMetr Rl Ol . Tatai iNed 3,075,481 discloses L J
another .type of encapsulated light sensitive element o

which utilizes a light-sensitive material which is
readily converted to a coloured form when carried in a
liquid vehicle but which is insensitive to light when
15 solid. Byfencapsulatiﬁg such a'material with a
'volatile solvent, image-wise exposing a layer of the
encapsulate 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 .
20 more complex system wherein the walls of capsules
-containing a solid dye are photosensitized such that
patterned exposure renders the capsules unswellable.
By wetting the sheet to swell the unexposed capSules
and heating, the dye is immobilized in the unexposed
25 areas. Thereafter, by rupturing the capsules in .
contact with a 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, for various reasons they

LAY
.

30 have not matured into commercial_photocopy'systems.
Furthermore, the potential of these systems to afford a
low cost imaging.system has not been realised,



|nag|ng nedla conprising a set’ of two sheets, namely: an inmging sheet
conpr|5|ng a first substrate having a coating on one surface thereof co
prising a chronpgenic nmaterial, and a phodgsen3|t|ve conposi tion, adapted
to ‘'undergo a viscosity change mhen exposed to selected actinic radiation
encapsul ated as an internal phase in rupturable capsules; and a devel oper

sheel corprising a seconq syherigte PR frdwipt ORfle WBIGH | phovfbes canpl] ©

of geacting with said CEFOHD enic material Isa#orma VISIdﬁt | mage on one
surface of said féféﬁda§B§§Pr§B%Ve?ﬁe hWﬂQﬂﬂﬂnﬁ#Qﬂ#mﬁQﬂP%ﬂs‘ﬂgmﬁ Fet of

phot osensi tive cewnoshéee@,anslméhﬁ dea:elnm@gm@tﬁree% émm §ih3d1 4 heitrsand

b t |t t hout
ot onal Ly appl | SHOSArHEVAR kIR 4 "Shafihg (5P olE s U e CE R yShs iy
coating to 5aid prisfing aadhromogeniviemzterial caase & photosensyitthenge in -
4 ohot th ; t L : _
Fupturing force SORROSTEESh, PRap®d £b WD &N L5 COPPLY inddyd) hidd O
devel oper sheet gaanseﬁawsaehee pduaetinipttadi ahion ol enerp sl ate hias A

phase for image- Wh%érh&@”ﬁﬁ&ﬁeofnSﬁuﬁtﬁﬁﬁpﬂp SuTes £rdmd éCHéVEFb er
devel oper sheet

e sal ro eni ¢ te
Govel oper Soeri Shep oebnpE s ing S osecend; 1 ?D ae and 8 5eve1opermévaetqr§ﬂ
provi ded, impa seapaHlendfakéectangvw1abpsctdo&htﬁmmgemmfwmatzrfatrtuumarm

| MBgi ng process GOogY <pf4 gl ?@age'&ﬁ‘ggnéf("'r fr?%igé)sépgsﬁadafééﬂ @odétﬁ“df’é" an

i magi ng sheet conBr|S|ng a on one su ereol a
cogti.ng conposittbA Fhrpuasenia @ht%hﬁa1Bothegﬁﬂﬂtﬁ$ﬁﬂ$ﬂttﬂeeﬁﬂﬂﬁ951t1°n

B e L e oORECEh b 3%"@‘japé§d'2?9‘*‘w‘erw%@%Z%‘i?f?%i”%gmgfe ein
encapsul ated in PUBPEREDLIB Eﬁﬁguﬁﬁgnth‘%ﬁogm%E % pHY nﬁﬂ% {ﬁﬁﬂﬁé) °
areas; subj ggti ngmhodtc‘a.he-uhecd.uhq extéonal Bp appumwrwm ‘deveb pmeit
transferring sa QHSR{LQ”BW%SgEf%?&éaéxéS?M g, PEPOGEL Ry LOKPPE SFc 81 FPS

of said imaging S
radiation, whereby to cause a viscosity change in said

photosens1t1ve composxt1on, and subjecting said capsules
to a uniform rupturing force with said coating in facial
20 contact with said developer sheet such that said capsules

In contrast, the present invention provides, in a first aspect thereof,ééggs;

rupture and release said internal phase for image-wise
~transfer of said chromogenic material to said developer
sheet in image'afeas where said chromogenic material and
said developer”material react to form said visible image.
[ 25 There is provided; in a second and alternative
K~/ aspect of this invention a transfer 1mag1ng process com-

prising: 1mage-w1se exposing to actinic radiation an
imaging sheet comprising a first substrate hav1ng on one
'surface thereof a cohting composition including a chromo-
30 ,gen1c material and a photosensitive composit1on adapted to
undergo a v1scos1ty change upon ‘exposure to such '
radiation, at least said photosensitive composition being
encapsutated in rupturéb]e capsules, to produce exposed
and unexposed areas; subjecting said capsules to a uniform
35 rupturing force; and transferring said chromogenic material
from the exposed or unexposed areas of said imaging sheet
to a developer sheet comprising a second substrate having



rial on one surface thereof such that there is a patterned reaction
ween sai d devel oper material and said chronogenic material which >
produces an inmage. 5 - The#term "encapsul ated" as' used herein
refers both to so-called resin dispersion or open phase systens in which .
the internal phase containing the photogensitive c osjtion and optionally
t he chroﬁné@MF&ORﬁfemﬁﬁFrF§1dPBp%F%eﬂ"ﬁgaG?oBW%F%°?E?BE@hBG?ta di spersi on
medi um apfef@ iste putterhednreficeiion hpetwoen! said dovavdpairth a discretg

capsul ar |1 . the lLatter, e psul atio Lcal | v.bei i e_form of
nicrocap?gﬁﬁgﬁaﬁ"ﬁﬂﬂtﬁpéngnggﬁéﬁ?ﬁéc ﬁ?t%PigioV%?§§|§?°8Qﬁé?d%§ed to exist
in eitherimagethese encapsul ated" systens. Furthernore, while the capsules
15 ¢ MYy D€ PreRsUterhlPLHEARs B1afBANSa 0! (664 RBRePRSSFEFErSRYoRR USEd Lo
rup?ure themw th_a .unifermrupturing-force, as.mnFI Be'exgralned. I n our
transf er tonfigreg13¢dt EAEIni AAGREraient 8F nePeRyPRABBSFHGLAMS| Mgi ng sheet
coat ed ph?hgﬁ0§ﬁ88Hhhea?a® phasat goAtadnihe cﬁeopnaeahgnamt¢véag andtthe
encapsul at e osensitive.conmpesi fion {0 in.c radiation.and rupturing
t he capsGPQ§°gH%PH5 Bpgsgﬂgéoﬁg?zydtbﬁlSégﬂﬁﬁgFPFgdmggeg%agvé?oper sheet .
No ext er dikpgrapdl aeddwepldésetbporgboubeat di spaesded. medéusysndm i s .
designedsgushstans GRnIRANthBCREpSL RS 18" PorApl! §YLAUE diBRreEBOC 0N NG
reacti on befwween the_chronogenic nhterial _and.the develgper discrimnately
occurs iﬁapﬁéléXpU§éa’thGngﬁttﬁﬁséﬂcaPﬁalaﬁhB“pFMEﬁééi15 Bed B8t abl e i mage.
This is apcewel irslpmdolBymierecapsadephot BROpEULEbIE capsudektngrd)  whet her

Kgg; devel oper sheet conprising a second substrate having 4 a devel oper ~
be

t he chronogenic terial cgn trapnsfer.fromthe, jnmaging,sheet to the .
developePc ﬂgggpggy,npﬂaaéaﬁfgg"to.ex1st in e1thgr o? tﬁegg _ \ J
"encapsulated" systems. Furthermore, while the capsules o/

15 may be "pressure rupturable” means otﬁer'than-pressure may
be used to rupture them with a uniform rupturing force, as
will be explained. o |

In our transfer imaging systems, images are formed

by exposing an imaging sheet coated with composition

20 . containing the chromogenic'material and the encapsulated
photosensitive composition to actinic radiation and o/
rupturing the capSu1es in the presence of a developer
carried by a developer sheet. No external]y'applied wet

~development agent is needed. The system is designed such

25 that when these steps are cafriéd'out, the image-forming
reaction between the chromogenic material and the
developer discriminately occurs in the exposed or unex-
posed areas and produces a detectable image. This is
accomplished by'imagééwiSe photochemically controlling

30 whether the chromogenfc.material can transfer from the
imaging sheet to tﬁe'devé]oper sheet. By "image-wise”
it is meant that upon exposure and transfer the chromo-
genic material and the developer'react to form a positive
or negative image of the original.



it is meant that upon exposure and transfer the chronp- genic material and .
the devel oper react to forma positive or negative inmage of the origin -
We believe the i magi ng sheets thensel ves to be novel and inventive. §§§>
Accordingly, in a third alternative aspeagf of this invention, we provi an

i magi hg sheet useful in formng i nages by exposure-controlled, inmge- 5

W se ‘reaction of a chronogenic material and a devel oper, said -sheet
conprising: a support having, on one surface thereof, a |ayer of

m cnogapsul es having discrete capsule walls which encapsulate an internal
phase including a photosensitive conpositiqn which undergoes change in 10
vi scosity, upon exposuryetge&éFVﬁlGhﬁaéW&Sﬂﬁﬁ 5§ﬁPF§cF§ﬁPSPAV€§nFPo €t he
rel ease of saidnoviedr aald ﬂh&%ﬁtﬁﬁ@ﬂlS&tdoﬁﬂﬂh@&&psﬂhe&,thﬁddathéeﬁEgQﬁeC

exposi ng sard | ApBeesy ok EPaS, JoieBEIBH:.HR, BABYIRES bn, dRAR " S he’
subj ecting sai dussfad dn £D¢mo@gpsuagsstbyaeupoﬁumnrnopmmpﬂﬂgdtonmegesaid
chronogeni g mat gisal ¢ %@EQ%OW‘5%rQeEﬂ?%ﬁoﬁ%ﬁhEaﬂh%e}QEIfQhﬁ‘diéogingﬁ h

a preferred arrangenent onogeni ¢ nmaterial 1S encapsul ate
phot osensitive @G#ﬁoﬁhfet C°§PFF§Hng The SHRBPESchavinge 86nﬁ8§|ﬁp6ﬁaF§ such

that upon eXposumerbefQChlnaye&adfamu@&ochbeueesshavihgnaest@etbecup§ﬁ93|ty
of the |nternalwgﬂgse h hge ex areas wglgn é ge mns%c? erni nes
whet her YRR GBRA 5“ & PR 1BtETNRL RUSSH) ANCLPCIpR 2

devel oper. ThehomnsenseMsvelaemposmpasntwhnchayndbegaes a change in
, 10 viscosity, upon exposure to actinic radiation, sufficient
f 4 to control the release of said internal phase from said
)

microcapsules; and a chromogenic material associated with
said microcapsules such that, upon image-wise exposing
said layer of‘microcapsulés to said actinic radiation and
15 Subjecting said layer of microcapsules to a uniform
rupturing force, said chromogenic material image-wise
becomes available for forming an image.
In a preferred arrangement, the chromogenic
— material is encapsulated with the photosensitive compo-
20 sition. The photosensitive composition is such that
upon exposure to actinic radiation, there is a change
in the viscosity of the internal phase in the exposed
areas which image-wise determines whether

25




tion curable conposition which, upon exposure to light, increases in
Vi Sity and i mobilizes the 5 chronogenic material, thereby
preventing it fromtransfering to the devel oper sheet and reacting with .
t he devel oper materi al entlrely or in proportion to the tonal depth of the
~image in the exposed areas. [ The ter® "curabl e" as used herein is not
limted to 10 materials which are cross-linked, but 1is open to
‘materials which are sinply polynerized.] In another case the chr onogeni ¢
material is encapsulated with a substance which - is depolynerized or
ot herwi se decreased i n nol ecul ar wei ght upon exposure, resul- 15 ting i v
a decrease in viscosity which renders the chronpbgenic material accessible

(transfeggll &)ch PohBgedae! OREE LR altNe %pos%e%@?élel tee | leige evident
that in the forner case the systemis posi tive working systen1 mhereas in

20 thedeyelopeatase The |§1%t%§38§#$é-v\ﬁorﬁmﬁ’°%% RAY ngbea
radi at i O agG At - cr@;taedlétl cO (%drr@ﬂnéhe wmeﬁnalumsee%ﬁ@ws the

- chronogenic materi al, s ren .naccessi bl e to the Ioper in the
exposed &pealexgmheréegrsaéeéwtmgwﬁﬁosér%ta% spmobilizes BRGe in

thoge ar gtomod¥t fc Pankteriall,y. tHd¥elPr OBPEoRNt iRt erigl #Sommobi | i zed
in the cured matrjx of the -hotosen3|t|ve conposi ti-on such that it cannot

transf er tE@nSfe NG| sae#hghétevwgea@eﬁ; fadh ERACHARS. WitBthe
unexposegha’ edéve lbpel imaB€rialr %fd@i?ﬁél)ﬁ blfamrﬂ eopoetioil te the

Phe chr ofbgortenah lsi‘qut; 55 TER tmene + PR GRBRRER TR IR Loci 11 Ve
i mge. I{The teﬁmnégatah&eﬁnksngsaﬂsmmneimelphnbhsdmmihm& tonposition
10 materials which are cross-linked, ‘but is open to
materials which are Simply polymérizéd.] In another
case the chromogenic material is encapsulated with a
substance which is depolymerized or otherwise
‘decreased in molecular weight upon exposure, resul-

/
-

P

15 ting in a decrease in viscosity which renders thé
| chromogenic material accessible (transferable) to
the developer in the exposed areas. | ' o
It will be evident that in the former case
the system is a positive working system, whereas in
20 the latter case it is - a negative-working system.
Using a radiation  curable material, when the _
internal phase contains the chromogenic material, \ )
it is rendered inaccessible to the developer in the v
exposed areas, thereby preventing the formation of
25 an image in those areas. More particularly, the
chromogenic material is immobilized in the cured
‘matrix of the.photoéensitive composition such that
it cannot transfer to the developer sheet and react
to form an image. In the unexposed areas, which in
30 reflection imaging correspond to the printed areas
of printed. documents, the internal phase remains
ligquid and the chromogenic material can react with
the developer to form a positive image. in a



fn a chronogenic material containing encapsulate is viscous and upon P
exposure it liquefies so that ‘the thronogenic naterial is transferable __
t he devel oper 5 sheet. Thus, in this system exposure renders the
chronbgeni ¢ mat eri al* accessi bl.e to the develpper, the chronopgenic nmateri al
befng inherently immobilized in the unexposed material. The chronpgenic
material s not necessarily 10 - encapsul ated with the photosensitive
conposition although this is a preferred means for carrying out the present
invenfion. The chronpgenic material may be co- deposited on the supporting
substrate wth the encap- sul ated photosensitive conposition or contained

in the 15 capsul ar wall such that upon capsul e rupture. the chronogenic
material is di ssoRREREKe-ATRIRE IySIAMJdhhe Fhataogsansitive composition

di scrimnate mannen aiRirOMIgEhIY HLESELT | o i lérdupBYldEe is

encapsul ated with .solvquggor t he chrqg%ge ingatgé#al or the-qgé 20

pol ymeri zed nononer-SRPSi DI URCR HERIF g{e"ﬁi HeTIes, S fHRt hi®as a
result of the expahromogdremarsies izl ke rtdms tenablopeto arhie tdeveloper

chr onogeni ¢ teri ;S C | | bed I
apparent t hatrgat he s?%/es%%m g"g{é'{sé)’no]ﬁﬂﬁiéiﬁ%geés%g’ri oﬁgeunT r%eéaté%gvg%ﬁ)%apsul e
to conpl etely rel shnomogersip matenialkiateessiolehrionotheidewekeprr) atheas
\ong as there 1s Ziidddidlie ndtdfan Beillg Oin SHPOPNirindBE £124d 1n

' e age

transferring or mgrating to t oper-1n the exposed versus the 30
unexposed areas. YHRIGHIEXRASRY imash | es of our systens can produce

i mages havi ng tonal qumijﬁbfﬁﬂgﬁﬂggsﬂibtdﬁ%efiafﬂigﬂhdﬁlﬂg&ésggﬂﬂBﬁtiOna
P h.Qt/QC opy sy s1'[0e i 'en%]aepsruefétogd fv%{tl{ teheq Ol%jo%é)sneaxll'sit ix?e composition
-/ ' although this is a pfeferred”means for carrying out the
present invention. The chromogenic material may be co-
deposited on the supporting substrate with the encap-
sulafed photosénsitive composition or .contained in the
15 capsular wall such that upon capsule rupture the
¢ " chromogenic material is dissolved and carried to the
developer material in a dis¢riminate manner. Hence,

— the photosensitive composition may be encapsulated with
a solvent for the chromogenic material or the un-
20 polymerized ﬁonomer may dissolve the chromogenic
material such that as a result.Of the exposure, the
< access between the developer and the chromogenic
LJ; .material is controlled as described herein.

It should be apparent that the system does not
25 necessarily require a given capsule to completely
release or completely retain its chromogenic
éncapsulate as lohg as'there is a difference in the
amount of chromogenic material transferring or
migrating to the developer in the exposed versus the.
30 unexposed areas. Indeed, practical'examples of our
systems can produce images having tonal quality
'superior to that obtained in most conventional
photocopy systems.” One reason for the good tonal



4ty of the imges obtained is.that the amount of chronogenic materi al
sased froma given area of a mcrocapsul ¢ coated sheet depends on the

degree of exposure of the internal:

phase of the capsules in that 5

ar e

It is not clear whether the anount @f chronogenic nmaterial  transferred is
determined by differential capsule rupture (image versus. non-image areas)

in our systens. Under one theory all of the capsules (in both 10
and non-i mage,

mat eri al

actuality,

i mage

a.

areas) are uniformy ruptured and they transfer chronogenic

in proportion to the viscosity of the internal phase in that arga,
or at that point of the image. Under another theory the tonal range of the

| Mmges arguh 9l ERdobyshe ?,gésof)b'i:ﬁﬂh'éﬁeg.sl%h%‘&d £y gt capsul es.

Ination o t heor.i es may OcCcur. Regar

ss of the

theory; upbromogenie pategdadapedeasedhdrom 8 gives, fa@ afea?se and

i mobi | Zﬁib?&cﬂbsh'lé eaa@eaubabetwaeganub bas theeddgdierd

dxwresponds to

t he degree of expo - such_that ton adatlo IS obt
. : gaﬁ n§h§y§P§ﬁFB&ﬁ B aﬁﬁaB&é %ﬁiﬁﬁ éﬁi vari ous

Enbodi nen®¥PeEur

forns of

herei n incl udes
i ncluding ul trav

aﬁdaatlon and as such, the tern1"act|n|c radi ation" as used
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X-ray andmaberbeintrausieruad Ibe deteiravined bwrﬂﬁiﬁEnﬁntﬁak:radlatlon are
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A R R S S 10 %

regard ul SyatE®set Eaﬁgrtpns §9§P€NE ody dhea gapsuliesc L
handigd | fmageMahliglbnl Shagel hireadN! a¥e @AY FOR1YITuRturdi st:m permit the

they transfer chromogenic material in proportion to the -

15

20

25

viscosity of the internal phase in that area or at that
point of the image. Under another theory the tonal
range of 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 rupture of the capsules there is patterned
release and immobilization of the encapsulate which it
has been found corresponds to the degree of exposure
such that tonal gradation is obtained.

Embodiments of imaging system can be adapted to
be sensitive to various forms of radiation, and as
such, the term "actinic radiation" as used herein
includes the full spectra of electrbmagnetic radiation
including ultraviolet, infrared, the entire visible
spectrum, as well as X-ray and ion beam radiationm.

The preferred forms of actinic radiation are ultra-

- violet radiation and visible light having a wavelength

30

of 190 to 800 nm (with the most preferred range being
380 to 480 nm (blue light). :

We regard ultraviolet sensitive systems as
advantageous because they can be handled in room light
for sufficiently'long periods of time to permit the

can be

e

)



i-n.whjch it is stored and instalted in an exposure apparatus wi thout

i ncorporating auxiliary shielding elenments into the inmaging sheet. 5

di sadvant ages of-ultraviolet sensitivity is that many docunents are printed
on ‘papers which include optical brlghteners9or [err] which absorb
ultraviolet radiation and, therefore, it is difficult to use ultraviol et
radiation to nake copies of such, docunents 10 by reflection imagi ng. Blue
light ;sensitivity is advantageous because it avoids the optical brightener
problem and we have found.that it is a sinple matter to build tenporary
screening neans into.the s tenlfor [LQom i g hand Ity., Were -
t he i magi ng syste °§'°§8H§ Ii\yg F‘&tSFEr% 0Oy ti‘]’? ae@qve&ng%ga%égﬁy Sheet
may be constructeéhﬁeﬂulngapackagﬁngpdnawhﬁyhsﬁmem$IstenqdnandfrnstaMEBdﬂe

light to permt rq@mply %%o@ﬁ% ﬁ%gb#htt‘éﬁ S1tnelt ag#h? the

|nag|ng systen1|s sensi t having a mave eng 380 to 480
nm imagi ng sheet 8updyipaycshdeidined nisf iinter the dmagiing, sheet.

i ncorporates sa f ugnll ¥ suavhdWages: o“fhﬁﬁ'?.-'a%’i@ﬂ@; @én"éittiQ;1ﬁ§‘E?Léjyl§1&fi.eed

not be conplete It is sufficient 25 | f I magi ng sheet can _be_ handl ed

in roomlight form&HIdePﬁ'@m?HGPt ager PS&“&Pdt iqﬁ'eﬂaé’(ﬁ}'sr dpich inglyde i jn
t he exposureappar apitica®brightealeradorn TG, Whieh AbstRhditiavidket

fugitive dye is deagtiyated, for hi,n so that the
TR R s ek A
appar at us. oom e .
the sensitivigy | ¢ EeQEeEQﬂ ﬁéﬁ@3§&h§?n such that exposure to roon1|ight

of, short duration does not - th inmage formati on which
(o Blue light sensitivity is advantageous becau e

it avoids the optical brightener problem and we have
found that it is a simple matter to_build_tempo:ary
screening means into the system for room light'handle-_,
15  ability.
- ] Where the’ imaglng system is sens1tive to blue or
visible light, the imaging sheet may be constructed
\~/ with means to temporarily shield the system from
visible light to permit room-light handleability. For
20 example, when the imaging system is sensitive to blue
light having a wavelength of 380 to 480 nm, imaging
sheets may be constructed with a filter layer which
LJ‘ incorporates a fugitive yellow dye. The shielding
- effect of the dye need not be complete, it is sufficient
25 if the imaging sheet can be handled in room light for
only the short period of time required to install it in
the eprsureapparatus. Once installed in the exposure
apparatus, the fugitive dye is deactivated, for
‘example, by thermal bleaching, so that the system can
30 be exposed by blue light irradiation in the exposure

9 pﬁot osensitive material to be renoved fromthe |ight- shielding packag
{%é}

% apparatus. Room light handleability can also be
achieved by controlling the sensitivity level of the
composition such that exposure to room light of short
duration does not interfere with image formation which




162§§ acconpl i shed using nore intense radiation. The transfer inmaging
syst€m of the present invention nmay be regarded as one enbodinent of the
“imagi ng systemthe subject of our co- pending British 5 Pat ent
Application. No: 823239 (Serial: no 10112536)filed the -sane day athis
application. The. present: specification is in the specification of our
sai d co-pending application. Qur said co-pending specification also
descri besl s axgampldrahe dats id@omodteedn tiemsghirgid itatd cancap- 10  sul ated

chronogeni ¢ nat qrq@ltremgﬁehe1%\gqn%p%r s'ﬁtrfrdiﬁlth%r&b reedaposi ted on one %

surface of a single su?itrate as one ayer or as t contlguous | ayers. .

descri bed NYEMHGHEM Mavaibe Heganded rﬁr"@?&?t‘“q'\ﬁl t itd¥® may be embodi ed
| n a 2- plmagﬁ@fs:yswnermm slwhj\dru;égé\ mrlﬁ;o- |n(y)€3‘r1rﬁts(hrl al is coated
e

sep t et. The s st 1 bot h of
our af or sagﬁteﬁ‘tsgh%} nﬁq ﬁ’i\ogﬁ @%@l on operate
by phot ogRRH HI@"'CMI’Ol Ptﬂﬁéem(tcéwmd’tl\mdnotrhe& terial and

a devel opgf {1y @ﬁ&ﬂﬂcaﬁ%rﬁ oF dufte sHd 8- rfeﬁ rrﬁ;v agﬂﬁ'%a%w i bed, no

external |y plied wet devel opnent agent, bei
sel f - conm\&%ﬁ?&ﬁ‘m Lt i (ﬂ"l'(?\ﬁl"fﬁ’d "&aﬁs&ﬂ"é ﬁ"Lﬁﬁtfdr"é‘ &% chr omogeni ¢
mat er i SI dﬁ’ﬁi:rtﬂfést?l@é%l;gﬁmcoaftammde ctofpgr ehelet! G nf Wﬁ]{cﬂl whe fé'rﬁ:a'pfl?ige I _nt the
expqsed or expose ar ea nat ur e viscosity
chardde pr rkeetﬂobcé'r&wgﬂ'r %"G(r aIa @Ieopéfé’rﬁ]%etﬂ\?%\ﬁ le image is
observed dn# Ianmd@mmnsdJm onet sarfiasloe rofptaursd regsl e rsmbcslmuageam c materi al
and develdRen el e a s AU AYdoud 1R A K JARAIRY 4n3

ressed here€in

The transfer s stem a ot her’ han operates by \“J
sel ect i vénaneatertat loth ened nbielono dhie Presestti dinvierdiap mayndeer or i magi ng w

sheet t0 embiRMRIOAY 012-GAY tTANSHFeFORNRINENY i &hdenel e’

15 déve]oper matérial'is.coated on a separate substrate as
a developer or copy sheet. The systems both of our
aforesaid co-pending application and of the present
application operaté by photographic control of the access

_ between the chromogenic material and a developer forming

20 part of the system, as previously described, no externally ,
applied wet development ageni being required. In the ot
self-contained imaging system, following capsule rupture,
the chromogenic material and the developer are able to
react to form a visible image in the exposed or unexposed

25 areas (depending on the nature of the viscosity change
produced by exposure). - Gradual development of the
visible image is observed following exposure and capsule
rupture as the chromogenic material and developer
migrate, mix and react on the face of the sheet.

30 - The transfer system addressed herein, on-the other
hand, operates by selective transfer of thé-chrompgenic
material from a transfer or imaging sheet to a developer
or copy sheet containing the developer




encapsul ated with the chronogeni ¢ material, the chronmogeni ¢ nateri al
m'grates fromthe exposed or unexposed areas of the inaging sheet to th
devet oper sheet where it reacts with the géreloper and fornms a visible

i mge. For “exanple, where a radiation cur e material such as trinethyl ol
‘propane triacrylate together with a photoinittator, constitute the photo-
sensitive conposition upon exposure the triacrylate is 10 pol yneri zed
“into a viscous nass. Thus, in the exposed areas the chronbgenic nmaterial
s EtﬁflClentIy 12 imobilized that it cannot transfer to the devel oper
sheet and form col our by reaction with the developer material. In the
unexposed ar eas, mg%iegiaqorrmya i tHEGR tuthe dittHe'Phaase renai ns
l'iquid such that the 5 chronngenlc nater|g| b tr nsferred to the
devel oper sheet ﬁﬁ@ﬁQQHVQW§¥§F$WMQHFﬁHﬁ¥ dﬁ@ﬂ‘ tive

i mge. In the fTD%IatéM!ﬂlCa|tmdﬁv§enmmﬂa'iamtmEgramsafﬂm ethéy t he
devel oper sheet | xRoath i weRsiEdbishn, 7L e, P Shdit |46 he,
For exanpl e systdyvaltma' max ovheké mmmtslancmsmnee@%r@om LR
ultrasonically, tdy ld Y% é].i."bfyl %&ntFozAseﬁ!fﬁ/ié’“%lﬁf@t@%a&f@bion

invention-s appl 1 cable to stens as we as systens

i nvol ving a di scmw@m@rm Isugh as ?\’é!?lefﬂ rRFARARS Nt 2RHEIRE SN
the system enpl 0%&&&‘ W tH UDIpHSt DR £t 0P) cdnd®ltute@atise i photo-

mat'eri al . Dependi ng on the nature of the photo- sensitive system ;
%
@

Cof” unction w .t hsaer}xs é) hcagxgpgg S1'5:1(.aon, upon exposure the trlacrylate is
,\ / 10 polymerized into a viscous mass. Thus, in the exposed
~ areas the chromogenic materia.l is sufficiently

./




pous naterials can be used as the chroanenlc 20 material and the
l.oper material in the present invention."1n this regard, nany of the
materials conventionally enployed in so-called carbonl ess paper are also *
suitable for use in the present inyention. In the nost typical case, the
chronogenic material is an.25 el &&tron donati nhg conpound and the
devel oper is an el ectron acceptlng conpound. Preferably, in their un-

d h I I th bsor bi
Lo the e1pBRR L1 PEd a0Rbn! b £3EoRoEErBREeFotpnbar ARNLSPEE (o mater as,
using ansB@et ehdcfopm sotepriby ceapbiod whtkothendevehopetrh the
oL OSeNah kK T2 fOTPER! EhalubExpBEekhFERS, RRARF E8FrUShERqPo el ortl o

donati ng conrpound as Ses e chronogeni c
mat eri al the amage,ptbeunséeran& phéseragmylaSb ‘hauidysuphctatothe 35

al t OUghcﬁrﬁﬁbbéhYcoﬁaﬁéP¢ElCehﬁUBeDE?SH§$@FFearantﬁé devehoped bel ow for
use“in the invention I n ?acase i galnternal phase

contalnssﬁe?ﬁdw ?FSn‘EuFSBFEsnﬂﬂEE EFe BeAt AB FB%I & materials used
in one epbsdtivst imagébe invention are preferably free radical addltlon

Bt ot ed-conpotRathB,i0s R, Fupi EnT! ERPEH; Rty BaBsRi€ FUBKMEC, 8 oY hove
et hyl eni efifegtedshyuthecappdigatipngpfupsessurei tagthg S?BQENGOf the
preﬁﬁg;dk$¥39ti NcbAtalt wthtﬁ H@Vé@hghg sﬁgped'”ﬁmiérﬁﬁt@Vé system can be

pro copies-from printed docunents, I cati ng bl ue
prints af@aBehef Fgﬁéuﬁﬁaﬁﬂﬁﬁﬁreaﬁﬁﬂga FHePeuPFFptleEongFaQQi?en1can be
used to pyedems,@pecenoiBionedopnerhiohbthekcapsabysoaher colour. Some
ruptured ultrasonically, thgrmaIIy, or by solvent. As W
previously noted, the invention is applicable to open
15 phase systems as well as systems involving a discrete
.capsular wall and the method of rupture may depend on
the system emp]oyeﬂ;'thermal rupture being a more likely
means in. conjunction with an open phase system.
Various materials can be used as the chromdgenic
o9 material and the developer material in the present | U
invention. In this. regard, many of the materials
conventionally employed in so-called carbonless paper
are also suitable for use in the present invention. 1In
the most typical case, the chromogenic material is an
25 electron donating compound and the developer is an \ 4
electron accepting compound. Preferably, in their un-
reacted state, these materials are colourless or they
are non-absorbing as to the exposure radiation. It is
possible to interchange the two materials using an
30 electron accepting compound in conjunction with the
photosensitive composition in the internal phase and
using an electron donating compoﬁnd as the develdper
material. In most cases the chromogenic material is a
dye precursor and preferably a black dye precursor,
35 although a variety of other colour precursors are also
disclosed below for use in the invention.



,superlor tonal quality of the images that are obtained and the fact thaj
i magi ng can be acconplished using a fairly sinple exposure apparatus. TN
invention is hereinafter nore particularly 20 descri bed by way of exanple
only. with reference to the acconpanying dqawi ngs, in which:- Fig. 1is a

15 of the principal advant ages of enbodinents of our systemare the .;_

schematic illustration in cross-section of an inmagi ng sheet and a transfer
sheet constructed in accordance 25 with the invention; 14 Fig. 2
(a ,schematic |IIustrat|on of exposure of the inmaging sheet and Fig. 3is

a schematic illustrat r 1l illustrates
one enbod:neht gf theq? &ggiétéﬁlo¥%5§gngﬁéséHFerﬁeg ﬁPSE %he?eln an .
i magi ng sheet 1@drtainevt cadiritdiong carabiet materialcoalbd wadhadibayer of
m crocapsul s 14, B8 dVinff tRrid1s us%%pﬁﬂlﬁﬁe @hﬁodﬁhkh?dgf“%ﬁﬁ 1ﬁ0ent1on

I nternal phase 16 contalnlng a chrompgeni c ensi -
tive conp05|t|cnﬁ”QrPﬁﬁﬁﬁﬁﬂh Wy, r@ﬁer#ﬂdﬁééaﬂédﬂ§§°m4paﬂ¥mﬁ6ﬂZ?P%ﬁble to the

unai ded ey Asimferataa% Wi tPhretflag riedBiate riaget ake- eﬁhmdﬁvehwwuﬁheet 19

10 trat

materlglonp“SIn q;uré% éﬁﬁﬁi&l%Fyfng’tWgraegéFSbéP}ﬁﬁﬁeflﬁpmpguﬂg? seen

"by the unai ded deeviag dwoepar morel atbylenically unsaturated terminal
groups.

- The imaging system of the present invention is
10 quite versatile. Embodiments of our system can be
L _ : produced for making copies from printed documents, or
W/ duplicating blue prints and other line drawings, among
other utilities. Our system can be used to produce
monochromatic copies in black or any other colour. Some
15 of the principal advantages of embodiments of our system
are the superior tonal quality of the images that are
obtained and the fact that imaging can be accomplished
using a fairly simple exposure apparatus.
N The invention is hereinafter more particularly
20 described by way of example only with reference to the
accompanying drawings, in which:-
Fig. 1 is. a schematic illustration in
cross-section of an imaging sheet and a
transfer sheet constructed in accordance
25 with the invention:



Expesyre of the imaging sheet 10 by trans- 15 m ssion imaging i s shown
in g.. 2 wherein a source of radiant energy 22 is positioned above the
surtace of the imaging sheet 10 with a mask 24 therebetween. In this
illustration the substrate 12 is opagge and the photosensitive material is
a positive working 20 . resin curable material. .-Irradiation of the .
exposed areas 28- causes the radiation curable material in the internal
phase 16 to polynerize, thereby gelling, solidifying or otherw se

i mobi | i zi ng the chronmogenic.naterial. To sinplify the illustration 25 \

internal phase 16" in the exposed areas 28 is shown as a solid whereas t haw’

internal phase 16 remains-l-iquid in the unexposed areas 26. Those skilled

inthe art will apprecFie 2hk$ ahsckhematibenitiustratignngfhas been used

toillustrate thexhoweRéi Of Bfe imgginét§h§ég?léﬁgtyJ reflected |ight
rinte

imaging is the preferred neans of copylng print ocunents. | nmage
formation or devel opnefit8i s°sH®wh $ehemytic yhlustrathenne® exposed i maging
sheet 10 becones trifsféf cdeddbepmént. i S pl aced with its 35 nicrocapsule

| ayer 14 in face to face contact with 16 the devel oper naierl 21 of
devel oper sheet 19 and a pressure P is uniformy applied across £he sheets.
For sinplification, the pressure is shown as ruptur- ing the mfrocapsul es
in the unexposed areas 26 and 5 not rupturing.the capsules/in the

exposed areas 28. This is in accordance with one theory of eration which
hol ds that in the exposed areas the internal phase is hardghed to such an

extent that the mcro- capsules can no |onger. be rupgfured. There is
‘10  another theory, however, which holds that all th \J
| ' -t/

v/

\J




capéui es are ruptured but the chronogenic material is immobilized by
increased viscosity which results -in the internal phase 16" in the'-
exposed areas 28 upon exposure. In actuality all or a 15 por ™on

of the capsules may also be ruptured in exposed areas 28.

Typically, the capsules are ruptured by Passing the inmaging sheet 10 and
t he devel oper sheet 20 together through a pressure nip. This causes the

i nternal phase 16 fromthe unexposed 20 areas 26 to transfer to the
deWngper sheet 19, as shown schematically by arrows in Fig. - 3.

Upon transfer of the inter phase ;16 1 q the devel oper.sheet 19, the
chronogeni ¢ material react s@%ﬁt.hfhé‘ag'é'\?%roi)mﬁgl zﬂﬂﬁ' ffbgﬁd'mfe&]qm"gn H‘rﬁge
30 on the 25 deuaiagiorg sseetem of siheulprésenppanventilon. withereim an
radi ati on curable g [ al i . Pe PQRINLLY | [ mggi [

that the exposed é@gﬁesﬁégﬂ (rigfls er%gf’;é)n eca%#i%gréé rrgungé'g)pose < g%eas
are transferabl e, cagtead amithradlayege gD micrecapsudesol4.(rikhe -nicry-
conpared t t he [ e g | 7P N aghe i oSkki ve
duplicate o? thelﬁiggéigs Tﬁ?g_pfggg%¥§ no probﬁémgﬁné%kg%%uhéﬁ?%ﬁ p%gses
t hrough an i naged aaniginingicg @hrpregeonigs mat@nialy and. & phokeserdinary
copying invol ves usire3S conPoiRaibie. doaweAEEaNidy CaBhB0imDerd68fsubekhi s
manner . Thus, a eflectigghor.ogéical r&hection. d17 systemis _us ddfor
copyi ng ordinary dobufEft 8OdvISIRAR SehofRei HRRRSE pR¥EsCoHTRES A0S

t echnol ogi es. The wigslr athenaimagbhge stiedthe L0neds na sdevebopért Ehaetesiat

i nvention ig.the [ h o) : t at hng .
comgpsitionio I n g%%@ﬁ@%%ggfwﬁ%ry%4é§€%%%§t?%ﬁi %%@@i%tegﬁﬁggphgge of .a
co_\ir/pri ses a phot oferakoper material. Again, in actuality, the

developer material is not seen by the unaided eye as
a separate layer.

Exposure of the imaging sheet 10 by trans-
15 mission imaging is shown in Fig. 2 wherein a.source
of radiant energy 22 is positioned above the surface
“of the imaging sheet 10 with a mask 24 therebetween.
In this illustration the substrate 12 is opagque and

~ the photosensitive material is a positive working
20 resin curable material.. Irradiation of the exposed

areas 28 -causes the radiation curable materia’ in

the internal phase 16 to polymerize, thereby

g / gelling, solidifying or otherwise immobilizing the
L/ - - chromogenic material. To simplify the illustration

25 internal phase 16' in the exposed areas 28 is shown
as a solid whereas the internal phase 16 remains
liqﬁid in the unexposed areas 26. Those skilled in
the art will appreciate that while transmission
imaging has been used to illustrate the invention'

30 for its simplicity, reflected light imaging is the
preferred means of copying printed documents.

Image formation or development is shown in

Fig. 3 wherein the now exposed imaging sheet 10
becomes a transfer sheet and is placed with its

35 microcapsule layer 14 in face to face contact with



y tion. Typically, the photosensitive conposition conprises a

s hi ti ator and a substance -whi ch undergoes a change in viscosity upon
expestre to light in the 10 presence of the photoinitiator. That
substance nay be a nononer, dinmer, Qqr, oligomer which is polynerized to a
hi gher nol ecul ar wei ght conpound or¥Q: may be a pol yner which.is
cross-linked. Alternatively it may be a conpound which is depolynerized or'

ot herwi se deconposed 15 upon exposure t hereby under gqQi ng a_change in
vi.scosi £he ﬁ#ﬁﬁ%?ﬂﬁ%tméyﬁFééﬂ s O t Revigdaratensherte 19mRR ti on

incl udeg greagusll @ iGN £ ARl Pr 48b11iedN8ckodisalnd) sHiedd e materials -/
useful in the practice of the present invention are preferably materials

cur abl eF9¥ samPlafdeatinnyg thei PEESSErehtSH PROWBgASeF URRHET on
pol yrer i agt ltm Qﬁld:ﬁdsld:ﬁpﬁﬁll.éﬁerﬂriathenunWﬁﬁ | @texsae and

phpt opol bl e conp SItIO e encap sul_at ed d which does
nog intﬁ%ge Y454+ e ﬁaﬁgpﬁqgéﬁnb %&ﬁm?*?? %? BRE3Ehr geni c
- mat er i athian ha ih ac:mﬂanc‘ﬂaesat:i‘ateneal@emqy bef| mperRtignsensitive to
t he act o] d out a
phot oi n?gkgpoﬁfaoﬁ# ugﬂg ggeare ’51‘}%5\%‘2 éaﬁgﬁ%ﬁr%%#e in the
presencphaSeaqﬂuho:@enedt@p ShmhhomngxgeWM|tbatnhhﬁamtﬁﬂotyplcal case,
the 30 o e} r e al r S whi d 0 an increase
ap8hglL! Odr! oY i@ﬁg&k b rdPERpES: rhadender g

in VISCOS as a result of ymeri zat i on, may al so be ol igoners,

pri@ol yaapshes: Boegr¥rs MW%T\etmdéTl'ng%n h‘h‘é%a&?aitn tdcohey as a result
of crosga Ehmébngaf'@mhﬁiﬁiﬁsé& epult" endi tét?fbxﬁébéﬁf@ Rl <PiaBo
ponnerLzabIe terjals q$¥ é alsQq b materi al s ngch are 4
.ponnerFiedlmBPbﬁﬂiiﬁg |9ﬂ«xF ontRGFepsede glsCQiﬁﬁﬁnmﬁﬁﬁq n of a Lew s
aci d. Regsagestaihveahd adntlereialcuphllse mageri 8hs the exposed ot/
areas 28 upon exposure. In actuality all or a
15 portion of the capsules may also be ruptured in
exposed areas 28. Typically, the capsules are
ruptured by passing the imaging sheet 10 and the

developer sheet 20 together through a pressure nip.
This causes the internal phase 16 from the unexposed

20 areas 26 to transfer .to the developer sheet 19, as e
shown schematically by arrows in Fig. 3. Upon
transfer of the internal phase 16 to the developer
sheet 19, the chromogenic material reacts with the
developer layer 21 and forms an image 30 on the \J

25 developer sheet. It .should be apparent that while
the radiation curable material pr’ovides a positive
working imaging sheet in that the exposed areas are
non-transferable and the unexposed areas are
‘transferable, the transfered image 30 is reversed

"~ 30 (right-left) compared to the:  latent image in the
imaging sheet 10 but is a positive duplicate of the
mask 24. This presents no problem if the radiation

' passes through an imaged transparency or mask 24 as

- shown in Fig. 2. But ordinary copying involves use

35 . of opaque documents which can not be used in this
) manner. Thus, a reflection or optical projection



5 are ethylenically wunsaturated organic conpounds. These conpoundg
-contain at least one termnal ethylenic group per nolecule. Typi ca,'
they are liquid and can also double as a carrier oil for the chronpgenic
material in the internal phase. 10 17 A preferred group of
radi-ation curable materials is ethylenically wunsaturated conpounds

having two or nore termnal ethylenic groups per nol ecul e.

Representative sysiem d4s usefl forhegpyiongpoenddnaryndbausentshghdnisaweyl

ungaturated acifndgn 1ﬁ8b%harobhaetxbu9thg ebeghetag1éych as trimethylol

propane triacrylate. Anoth g cur abl e substance
is an acryl ate prepolyﬁﬁﬁ qeerataoppdnrentrpapfi she imagingnsystem of the -

gggtafrythrltolbrwekbntaeh?bhczaﬁ 1sdﬁﬁedeneﬁpsﬁ¢5!b|6r &ﬁﬁdrn6$tph§se of
iation gura i tions on s mer s
acryl ate fu%ctioﬁ§F|F9 1"9ef BﬁgéngBxlngPng §8a§ﬁa ?ﬁFE iﬁge avai | abl e

comercially in inwepgibagethestinternalli phase compelbses aoppososensstiveom

t he 25 Ri char Y, 3 ar I : a =14 and
158 i on SPABORTEARL, ARDSERTIES' bnel hhoRELEns 1 Vp2EofoLfHHon
_ radi ation cur abl eoBpeisesapnpbptpinitiatpey and4a4Spbstgnge ﬂn:ghsgndergoes

part RL-1483. 305 change ip v5§96¥?@9tﬁpoﬁnﬁka§9reaﬁbyh§§ﬁg iRethgerylic

and itaconic _acid este dri¢ al cohol's ag discl oSe U. S. Patent
Nos. 3,783,181; Br9§9"869°£n6h9 BPStaTDILiptes. Ca?h?&kSEPséﬁnﬁﬂlﬂﬁyaPE

speci f- ically lmﬁﬁbﬁa?atﬂdmbY retebtmgemerawn1ahS@sUpetyher$5ed tBadi ation
curabl e conpositjons base hese, 'ﬁgC¥om ouns or |%5edbe gsteﬁ merand
-i Rcl-udi ng reacb ger mp ecular weig P y Y
\y/ _whtch is cross-linked. Alternativety it may be a
compound which is depoliymerized or otherwise decomposed
15 upon exposure, thereby undergoing a change in viscosity.
In the most typical case, the photosensitive
compdsition includes a radiation curable material. The
radiation curable materials useful in the practice of
. the present'invention are preferably materials curable by
20 free radical initiated chain propagated addition
polymerization or ionic polymerization. Substanttally
any photopolymerizable composition which can be encap-
sulated and which does not interfere with the image-
forming capability of the chromogenic material can be
5 / 25 used. These materials may be inherehtiy sensitive to
\/ the actinic radiation, in which case they may be hardened
without a phOtoinitiator but usually they are materials
which are curable in the presence of a photoinitiator.
Furthermore, while in the most typical case, the
30 radiation-curable materials are monomers which undergo an
increase in viscosity as a result of polymerization, they
may also be oligomers, prepolymers, or polymers which
undergo'an increase in viscosity as a result of cross-
linking upon exposure. In addition to free radical
35 polymerizable

{
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such as tetraethylene glycol diacrylate as well as photoinitiators

chlorinated resins, chlorinated paraffins and am ne

photoinitiation synergists are commercially available as overprint 5
. under the
frade name of Suncure resins. Another,glass of curable materials useful
sent invention are 'found } - radi ati on. curabl e i nks as the
sitive conponent such-as 10 a mixture of:a pentaerythritol

and hal ogen- ated aromatic, alicyclic or- allphatlc photoi nitiator
as di schatediaks (hhew mawtealsoNobe 3medE MRS { WiBtcRenFe et  al

var ni she

the pre
phot osen
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which i
radiatio

s from Sun Cheni cal Corporation, Carlstat, New Jersey,
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usual |y P q?ﬂ; A radiation curable .-
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chri¢hogeni ¢ mat eri&al - pexfemtpdsurg:th hof. d:eqdilqk,:.mrleabableat erial,

t he ot he Q%Qg e ter i%?f ed t the
chronmogeni ¢ na ergl']al E.E Mer prg:ﬁgr%l odttee:(&pos%?e BEBQ is 35

r el eased havimger tw%stuﬂ'@re aﬁermiéﬁdsuleéhylﬁﬂﬁm r §COVPSi cBPFy t hese
”Hter'a|ﬁdT@EEléUte 4@é§¥éﬁénﬂ§tﬂ@e . examples of  these.
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compounds 1nclude _ethylenxcally unseturated acid
esters of polyhydric alcohols such as trimethylol
propane trxacrylate. ) ' _

Another - preferred | radiation ' curabie

substance is an acrylate prepolymer derxved from the

partial reaction of pentaerythrltol "with acrylic
acid or acrylic acid esters. Rediation. curable
compositions based on such prepolymers having an
acrylate functionality of between approximately two
and three are available commercially in two-package
system - radiation curable compositiens from the
Richardson Company, Melrose Park, Illinois, such as
RL-1482 and RL-1483 which are recommended to. be
mixed together to ‘form a radiation curable clear
varnish in a ratio of 4.4 parts of RL-1482 to 1 part
RIL-1483. S o .
'Isocyahate modified acrylate, methacrylic
dand itaconic acid esters of polyhydric alcchols as
disclosed in U.S. Patent Nos. 3,783,151; 3,759,809
and 3,825,479 all to Carlick et al which are specif-
ically incorporated by references, are also useful.
Radiation curable compositions based on these isocy-
anate modified esters and including reactive
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20 of the internal phase (based on the weight of the oil solution _ ™~
cont ai.ning the chronogen, the photosen- sitive canposition and the carri e'
oil when present). In sone enbodinents, it has been found desirable to 5 ™~
dilute the photosensitive conposition with carrier oil to inprove

hal f-tone gradation. |In these cases. a carrier oil is present in the
anounts di scl osed bel ow and the aforesaid materials nake. up to 40 wt % of
t he internal phase. 10 " Those skilled in the art will appreciate

that\various photddikniern s osncbarasbeteel:eethylbme wkycolt diapmmydaite as.

I nventi on dependi n_ Lh t I s, de or da, with .
the present |nver‘1'{¥'|glolg & %}h%% rrjb 5#1%% ggggor g ?hgggé?%é%u%?eégggﬁg

radi ati on and gemlmmraaﬁeée Padiaffiinsal oaedor amiven;j Lptmt@xmw.@moa

sensitizer. Caiprfdiig P88 | Yard hgbﬁmér‘?:ﬁqri‘j} y%bﬁz;%'ﬂﬁteo' gt '@Gé’f%ri‘m:Ch

cleave to form two radlcal radli ation nverts
to an activ® spedaxnighes §e‘rﬂ§? afus Lhemical(iGerrerabbenractdRbshat,

hydrogen from a hyelf aorséppoindedhene e&adél famenidf M&Mlﬁ@sﬂﬂﬁm ex
with a sensitizer to prod

free Jsadical ner ecl e
initiators which otherw sgfﬁ%ﬁlé Fat é’]rae&ﬁ c&lf Pﬁagﬁ‘ g'B?ggﬁﬁé ?segul )
sensitizer. Botin 2%he t ypossentn binwsedion taree présend | imentadibatioh the

system rel i o5 UpqRJani & BRKXTEE! KR Uhd b ddis 401 10° CERERIAN cudiiCas

initiator may be the anron or cation denerating type
nature of tA® polameixtareont a\/\mrel;aéwtlwahpleacmm @dnd Bglogen-

etng. ul 1 avi of e ed pfron@EiE] %P‘ic%%gffﬁlﬂl pEEpLatae RNt Sl e?F ;i
'akvpxy pheny| as disclosed in ©U. S. Patent No. 3,661,6

Bessemir et al, which is also incorporated by

reference. Still another type of radiation curable

15  material is halogenated resins which can be

cross-linked'by ultraviolet radiation. | .

Some typical examples of radiation .

de-polYmerizeble materials useful in other embodi-
\/} ments of the invention are 3-oximino -2- butanone
20 methacrylate which undergoes main chain scission
upon U.V. exposnre and poly 4'-alkyl acylo-phenones.
See Reichmanis, E.; Am. Chem. Soc.*pig. Org. Coat.
Plast. Chem. Prepr. 1980, 43, 243-251 and Lukac, I.;
N/ Chmela S., ‘Int. Conf. on Modif. Polym.. 5th.
\/ 25  Bratislava, Czech. July 3-6, 1979, 1I.U.P.A.C.
Oxford, England 1979, 1, 176-182.

The radiation curable or depolymerizable
material usually makes up the majority of the
1nternal phase. A radiation curable material must

30 be present in an amount sufficient to immobilize the
. chromogenic material upon exposure. With a. depoly-
merizable material, on the other hand, the internal
phase must be constituted such that the chromogenic
magerial'-is immobilized prior to exposure but is

35 released after exposure and capsule = rupture.
Typically these materials constitute 40 to 99 wt %



.k@%es, O0-acyl ated [err]-oxi m noket ones, pol ycyl i ¢ qui nones,
0

benZophenones and substi t-ut ed benzo- 35  phenones, xant hones,

t hi oxant hones, hal ogenat'ed conmpounds -such as chl orosul fonyl and '
. chl or onet hyl 21 pol ynucl.ear . aronmatic conpounds, chlorosulfonyl and

chtoronethyl heterocyclic 'conpoun39 chlorosulfonyl and chl or onet hyl

benzophenones and quorenones hal oal kanes, 5. .[err] -halo [err]

- phenyl acet gphenope hot or educi bl e dye- redu0| n agent r edox :
coupt es® of tﬁ% ESFEGJ' $¢nd (3&‘%' oR; FhehalE4s cﬂ?oﬁrh%t ed paraffin),
and berublnsan.hy:h.oet rmntai'ﬂnénéohhewahg:mgmundsheapmm-ul as 10 ‘o’
phot oi re ve I ket ones of

t he - for%#?’% fi' rSa/ﬁ.‘é"'re %err] }n?sé%égligﬁial hfe% &’W‘ , methyl,

et hyl, Impsopg embqﬂupqntst it \as ebeen, foung desmapﬂsnyﬂo group or a
Sugs“t fdeaheny é\‘i‘é gi 150 %@ﬁﬂpm Hea Afeglefined for X
bel ow, I's hydr g}ﬂ% or C{' E‘g group an( ydrogen, an al koxy
group ha¥indol improver Baifattmme(era atipgeshoxdn tb?ﬁsxfas?ﬁopyl oxy,

etc ’ aa%ﬂiﬁ’éa@:ﬂo émﬁkeé’&ﬁfe'ﬂz éﬁédanfg\més Fi@logewtains 1 to

at ons a nitro_group, a nitroso. group, a cyano group, a

rrercapt’éeéﬁﬁuﬁndcmhﬁ|%§°r5$éh¢n§a§ﬁr|1@dﬁﬁé“a’%ﬁl wPkHP ¢k Hving 1 to 4
carbon ggogge gﬂt@rmbﬁg@l‘b having | to 4 carbon atons, an acyl group, a

Phegy! group. or g carbaal Xk 95QUPHEYil% 25117 a%pSreCcairabte atorms;
that various photomitlators can be selected for use
in the present 1nvention depending on the sensitivi- \ ¥
ty that is desxred in accordance w:.th .the present "
invention. These compounds absorb - the exposure
15 radiation and generate a free radical - alone or in
conjunction with a  sensitizer. Convent:.onally,
there are homolytic photoinitiators which cleave to
fer'm two radicals and initiators which radiation
converts to an active species which’ generates a
20 radical by abstraetin'g a hydrogen from -a hydrogen _ o/
donor. There are ”el'so_ initiators which ‘complex with '
a sensitizer to produce a free radical generat'ing
species and initiators which otherwise generate
radicals in the presence of a sensitizer. Both
25 types can be used in the present invention. 1If the v
system relies upon ionic polymerization to tie up
'the chromogen, the initiator may be the anion or
cation generating - type depending on the nature of
- the polymerization. ' Where, for example, . ultraviolet
30 sensitivity is desired, as in the case of direct
transmission imaging using ultraviolet light, suita-
ble photoinitiators include oK -alkoxy phenyl
ketones, o.i-acylated CK-oximinoketones, = polycylic
quinones, benzophenones and substituted benzo-
35 phenones, xanthones, thloxanthones,' halogenated
compounds such as  chlorosulfonyl and ehloromet_hyl
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22 an [epr]

hydr ogen. ,

+. di al koxyphenyl ketone of the fornmula Il [err] where [e
and X.are defined as in forrmula I; |-phenyl-I,
2- propanedi one- 2- 0- benzoyl oxi ne, 5

9, 10- ant hr aqui none, a benzophenone of the formula Il O where [err] is
an am no group,.or a dialkyla- mno group, the alkyl group

9,10-phenanthraquinone,

. |

having -1 to 4 carbon 10 atons, and Y is hﬁﬁ#ogen, an al kyl group having 1
to 4.carbon atons, an alkoxy group having -1 to 4 carbon atons, an al kenyl

grouf_having 1

group,

cyano group,

gr oup;

chl or osul f onyl _
t hih@dRakARES & chl orosul fonyl t hi oxan- thone,

E’Qié'm i3 rou 3 n@:fcpheé‘é’d&c%x%@ act?i‘@?é%&ﬂ%ﬂyghigé(é

a dial - tT 0SS0
aq@qmmeﬂybumetmccmheq dnmpnmds»ocnhie:mﬁuhfpw;:l

Xa“thoneanéiCEhQBQéﬁ%?ﬁyl bén%ﬁkﬂ@%@%é@”_ﬁﬁ&th nes,
xant hone hi oxant hone, a chl or ot oxant one,

chl or onet hyl
chl or onet hyy naphidql enga1d O(—phenylacé'@ ?h%@rfe@'y' NPHY e Eddcible
chl or onet hyl

benzoxazol e,

benzinidazole
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ant hr ace chl orosul fony racene, .chloro
et fn, AR AEO] credgR - couplesoni draiRaepated

paraffins (e.g., brominated or chlorinated paraffin)
and benzoin alkyl ethers.
The following compounds may be useful as

photoinitiators in the present invention:

A -alkoxyphenyl ketones of the formula I

k

C-—-R

where R} is a C(l1-4) alkyl group (e. g., methyl,
ethyl, n-propyl, i-propyl, thutyl, etc.), R?2 is a
pheayl group or a substituted phenyl group wherein
said substituent is as defined for X below, R3 is
hydrogen or a C(l-4) alkyl group, and X is hydrogen,
an alkoxy group'having 1 to 4 carbon atoms (e. g.,
methoxy, ethoxy, propyloxy, etc.), a dialkylamino
group whereln said alkyl group contains 1 to 4
carbon ‘atoms, a nitro group, a nitroso group, a
cyano dgroup, a mercapto group, chlorine, bromine or
iodine, an alkyl group having 1 to 4 carbon atoms,

an alkenyl group having 1 to 4 carbon atoms, an acyl

group, a phenyl group, or a carboalkoxy group having
2 to 5 carbon atoms;



e sul fonyl benzoxazole,, chlorosul fonyl benzothi azol e, chlorosul fonyl

b m dazol e, a chl oronet hyl .quinaline, 15 a chl orosul f onyl
qui'nol i ne, a chl oronet hyl benzophenone, a chlorosul fonyl benzophenone, a *
chl oronet hyl fluorenone, a. chlorosulfony fl uorenone, 20 car bon
tetrabrom de, benzoin nethyl ‘et her22benzoi n ethyl -ethe-, desyl chloride, ,
desyl am ne, 25 et hyl ene bl ue/ascorbic acid, chlorinated
al i phatic hydr ocar ho ~and conbi nations thereof. The sensitivity anong
t hese conpounds ami: hi f‘iJe%IlkWYPBGBYAg ke§QRet y Eﬁch t hat ttc‘e)
30 CeER@EYAds zoenerate . ‘radicals when expoSed to the desired --
radlatlon wavel engt h. For_,V|S|bIe (blue) light sensitivity, the
af orenent i oned phot0|nitia- tors may be conbined with a sensitizer such as
Mchler's ket one or ahalogou di al kyl am no 35 benzophenone
thereof, a substituted_'co Iinear pol yene (e.g., trans
B-carotene) or sensiti ' a yel |l ow dye. 24 For
ultraviolet sgnsitiy pré}eﬁied phot oi nitiator-sensitizer S a
combi nati on 0 ket ong and benzoin nethyl ether (preferred ratio
2:5). 5 : pHot oi gl ator  is present in the

where R, R? and X are defined as in formula I; N J

l-phenyl-1, 2-propanedlone-2 O-benzoyloxlme,
5 9, lo-phenanthraquinone,
9,10-anthraquxnone, ' _
a benzophenone of the formdla'I;I

where X' is hydrogen, an amino group,.or a dialkyla- W
mino group, the alkyl group having 1 to 4 carbon
10 atoms, and Y is hydrogen, an alkyi group havinq 1 to
4 carbon atoms, an alkoxy group having 1 to 4 carbon
atoms, an alkenyl group having 1 to 4 carbon atoms,
a phenyl group, a substituted phenyl group, a dial-
kylamino groﬁp, a', nitro group, a nitroso group, a
15 cyano group, a me:capto group, chlorine, ‘bromine,
iodine, or an acyl group;
xanthone, a chloroxanthone, a chloromethyl
xanthone, a chlorosulfonyl xanthone, '



i nternal. phase in an anount sufficient to initiate polymerization or =
cross;linking within a short exposure tine. . Using benzoin nethyl @

ether as an exanple, this photoinitiator is typically present in 10 an
amount of up to 10% based on an anmpunt of radia- tion curable material

in the internal phase. Naturally, the amggnt varies depending on the
nature of the other conponents of the photosensitive conposition.
Those skilled in the art can readily 15 determ ne anounts suitable for the

desied exposure pr Opert'ﬂﬁoxa‘i{hﬂd’ﬁé,a”t aBGOUS:tW&E@E‘hMéHtHEn@?SI r-aable,

i. e., one which prqvi de ap |na e wth less_ than t second
exposure. , homEVih r tR10%an QﬂﬁﬁngQWQPﬁQFgﬁ?%fﬁﬁyﬁoéﬁﬁﬂ e
are soneti nes taquered The actual exposure tine will also depend.on a

nunber of vari abl es such coat ht,, coat thickness, the radiation
curabl e substance '(rate %ﬁ%ﬁkﬁgﬂ?Qii?ﬂﬁ) the type and source of
radi ati on, 5t he radiationchlunnsnlﬁomwm ﬂSphthaiedestance fromthe sheet.
Scattering agent -in . tROSCHEURT SMRrhbGRe, Y, TR hgent T

i ncreases the nean freeqhidrqauiﬁ¢mybbynthreuenébes exposure.-30 One

such scattering agent th *ﬁﬁf gsent I nvention is
magnesi um di oxi de. The roanenl cb%ﬂzéﬂ%zgiuéed in the present

i nvention are preferrabhﬁhiqfqmﬁthﬂkeQ@ﬂ@@thbaﬁglsrmhlch will prodice a
col or upomo reaction 35 cHYdrbmeth¥EVSeRPEhiaaBbeE, 2l in the presence

of a carrier oil. Subst tiall X f. the chro genlc 25 materials
conventionally wused in Qié?'&ﬁ pRpnzoxazo Ie? :
K/: : . chlorosulfonyl benzothzazole,

chlorosulfonyl benzimidazole,
chloromethyl quinoline,
15 chlorosulfonyl quinoline,
chloronmethyl benzophenone,
chlorosulfonyl benzophenone,
chloromethyl fluorenone,
chlorosulfony f£luorenone,
20 " carbon tetrabromide,
- benzoin methyl ether,
benzoin ethyl ethe-,
desyl chloride,
' desyl amine,
25 methylene blue/ascorbic acid,
chlorinated aliphatic hydrocarbons and
combinations thereof.
The sensitivity among these compounds can
be shifted by adding substituents such that the
30 compounds generate radicals when exposed to the
desired radiatidn-'wavelength. For visible (blue)
light sensitivity, the aforementioned photoinitia-
tors may be combined with a sensitizer such as

o N oW

Mich;er's ketone or an analogous dialkylamino

35 benzophenone thereof, a substituted ' coumarin, a
linear polyene (e.g., trans B-carotene) or sensitiz-
ing dye, e.g., a yellow dye.



7\ be used in the present. invention. " In general, these materials are
ol orl ess el ectron donating type conmpounds. Representative exanples of

such color 5 formers include - substantially, colorless conpounds )
having in their partial skeleton a |lactone,  a lactam a sultone, a-
spiropyran, an ester or an am d@4structure.. Specifically, there are.
triaryl- nethane conmpounds;, bi sphenyl net hane’ conpounds, 10 xant hene

conpounds, thiazine conpounds, spiropyran conpounds and the |ike.-
Typi cal exanpl esFof t nhnawiqbet cepesditiwityl eta- - pEefex&ed penzoyl

| euco ' - aGhist.e G eefls Lact ONemp sk A nzoyWe | euco
et hy| ﬁ&%‘{’ﬁ‘g,&%%tg&i”a‘gﬁ ri:|y zgfnﬁo 2 di al kyl ant ngf‘%‘Fﬁ‘??’an,“f |

3- et hy¥ichlerigi kefsionsrand f benggdm) mexhyl ether' (preferred

3-bi s(pegli tfygﬁr.ri nophenyl ) pht hal i de, .o

3- (p- di net hyl am hopheny] ) = 3- (1, 2di et hyl ;i ndol e- 3-yl ). phthal i de,

3- Bp- di met hyl ani 8Bghenph9tginigiator " is present 1in the

o/

( ﬁegelt )W%i;zgﬂét-eﬁpﬁvéénﬂgltigagéxdle_ a&m@;ﬁj! ggfbihaaha&to initiate
- - - .l - - | 'y . :
2, 3 b Ral -GEEEF P dPE- 3¥cf|°§)s-%"-}€*rj'ﬂﬂ¢ﬁxl _wiEhiSnt fal SROTE

3, 3- bi sexpogudenetiye. | i nUwing 3-beénzo ik naéyhyli regtehaldsie ams

33 b essieg sl L den ppbakke 1n
3- podi nen hgineuntop®nyp - 80( Loetbasedyonols- mgn%.-:dfmal@ﬂaam nopht hal i de,
oo LR GHALE UMD, PR B anclina l Nphabery! Tevco
Rhodani Netexaslyi-ndhe ranquirk ovasies- Agpandingi PR nshradakiire T
Rhodam ge- By Chbergani Idd@d,@ﬁ@g] 3edi neRdy| pRoRSsemEI e f | uoran, 35 o/
3l ety oapon t fom MMose Ok rad! ThMERL" 22" &dh O ¥ad Ty NY! Tl uroan.
15 determine amounts suitable for the desired exposure
properties. Aan instantaneous system would be desir-
able, i. e., one which will provide an image with
less than 0.5 to 1 second exposure, however,
exposure times ranging from 0.5 to up to 1 minute
20 are sometimes required. The actual expésure time
will also depend on a number of variables such as
coat weight, coat thickness, the radiation curable
substance (rate of ph'otopolymerization_i ,._, the type
and source of radiation, the radiation i_ng:énéity and o
25 its distance from the sheet. A \
It is also possible to redice the exposure
time by incorporating a scatteting..'a'g_erii': "in the
capsule layer. A scattering agent' increases the
mean free path and thereby intensifies exposure.
30 One such scattering agent that can be.”u'sed in the
present invention is magnesium di_ox_ide. '
The chromogenic materials wused in the
present invention are preferrably oil soluble color
" formers which will produce a color upon reaction
35 with a developer material in. the presence of a

carrier oil. Substantially any of the chromogenic
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26 3- di.et hyk ani no- 6- met hyl - 7- ani | i nof | uor an, -
3-di et hyl am no- 7- (acet.yl net hyl am no) ) f | uor an, . N
3-di et hyl am no- 7- (di benzyl am no) f | uor an, : _ '
3-di et hyl ,am no- 7- (met hyl benzyl am no) f | uor an,
3-diethy|anino-7-(ch|oroethy|nethylanino)fbgoran, 5

3-diret hyl am no-7-(di et hyl am no) fluoran, 3-methyl-spiro-di napht hopyran,

3- et hyl - spi ro-di napht hopryan, 3, 3'-di chl oro-spiro-di napht hopyran, .
g'bﬁﬂﬁy:'Sp'Loﬂgh%gﬁQhﬂﬁyEb%%@ntﬁ@nally used:3 in ﬁanqnlifii paper

- met hyl - napht ho- ( 3- met hoxybenzo).- spi rpyrap, .3-prapyl.-spi [ i pyran,
etc. Mxtures S8P tPRs¥ ot? ﬁ%‘@c@%%%ngar}rﬁ% 1f é siq'eglggfégﬂ S0
useful in the phesenimdterinlsi aneacelordddsioshectodnr dbaatdng di¥ee osed
in US. .15 Pat ent 920, 510, which ,iS_incorpor d r e he
present i nvenFPERCY ve%?gqgfeﬁ%ﬁt*Y7ht%%ﬁﬁ?gégthgg d%%ﬁﬁof %%%

af or enent oned foemlears privminaie s substanbiaddyi ccodoaliesiss. compEPRRBti on,
organi c chem cal s .whi ch, are bl fosr8act | | 2 : taj salts
to give colore S I§§§E? c§5%51§§:oré€g}¥gagangbe1é aptégpfor use
in this inventilactasybseansildktbpeanyacospirppyriang naterf&Fehhi @R & be
encapsul ated ang Wy Clep tluﬂ'ee.aCtsp(EEHf%@all ,de\‘.ﬁllg‘igeraf@t ¢ ParyD-form
an i mage can be used in the presen I nvention, urthernore, i i's

not necessary methang ai ncenpouddsent i dnkspRenylRethanehet EATPAYRLE,

formers agg cobQnudfed ORRmbodrdad Ne L EAON &hﬁ%«ﬁiﬁdghatsé‘ﬁroﬁwamre
enbodi nents, the 30 chromgenj ¢ terial_ .ma e _what iIs. C nly
referred to as compawKsiepBRopkhe p &red iwm n§E2HB: ok tﬁlgglR
e&g9sw%?radiaWnaluaimec&qsgaﬁo-Violet lactone, benzoyl leuco
methylene blue, Malachite Green Lactone,
p-nitrobenzoyl leuco methylene blue, '

15 3-dialkylamino-7-dialkylamino-fluoran,
3-methyl-2,2'-spirobi(benzo-£f-chrome),
3,3-bis(p-dimethylaminophenyl) phthalide,
3-(p-dimethylaminophenyl) -3-(1,2dimethylindole-3-yl).

o phthalide, 3-(p-dimethylaminophenylf—3- L

20 (2-methylindole-3-yl) phthalide,3- (p~-dimethylamino-
phenyl) -3-(2-phenylindole-3-yl)phthalide,
3,3-bis(1l,2-dim:thylindole-3~-yl) ~-5-dimethyl-
aminophthalide, 3,3-bis-(1l,2-dimethy-

. lindole-3-yl) 6-dimethylaminophthalide,

25 3,3-bis~(9~ethylcarbazole-3-yl) -5-dimethylamino- -
phthalide, 3,3-bis(2-phenylindole-3-yl)-5-dimethyl-
aminophthalide, 3-p-dimethylaminophenyl-3-{(l-methyl
pyrrole-z-yl)-6-dimethylaminophthalide,
4,4'-bis-dimethYlaminobenzhydrin benzyl ether,

- 30 N-halophenyl leuco Auramine, N-2,4,5-trichlorophenyl
leuco Auramine, Rhodamine-B-anilinolactam,

-

Rhodamine- (p-nitroanilino) lactam,
Rhodamine-B-(p~chloroanilino) lactam,

_ 3-dimethylamino-6-methoxyfluoran,

35 3-diethylamino-7-methoxyfluoran,
3-diethylamino-7-chloro-6-methylfluroan,
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re with imaging. In addition to the chronogenic material and 35
tosensitive material, the internal phase of 27 the present
on may al so include a carrier oil. Preferred carrier oils are weakly

pot ar sol vents having boiling points above [err] and preferably in the

range of 1800C to 300 C. The carrigg oils used i‘h-the present 5

“invention are typically thoSe conventionally used i-n carbonl ess paper
ture. These oils are generally characterised by their ability to

manuf ac

d|ssolvé-dlgthalamnﬂqﬁﬁﬂmnﬁhytr7famubbno§muoaamon of 0.5 w %or nore.

However
shoul d

t he pho30§eﬂGhY4@@h@ﬂﬂiﬁﬁdihﬁﬂ%ﬂ#@ﬂbﬂ@kﬁéggrén'the nature of the

 The pr egeeehydi-spicai+diataphthapfeshs and can be used to contro

qual ity
I s not
25 I n

qualrtr

ChrO”DQFﬂafeEﬁ&Q%H@ndﬂviédE%ﬁ?fﬁéﬁif!aﬁinbb%l%@?&%“ef'St'CS of the
I nt erna hase. ‘VWen present ex%ﬁgh carrier 0ils are 15 al kyl at ed
blpheny3§ tethyl ﬁﬂiﬂﬂ (ﬂﬁQﬂgﬂ &m?thﬁéﬁﬁlﬂﬂMQ%WQEﬂ%d bi phenyl s,

. cagtor Qkhieﬁh9ihﬂ1daJ1 yg&ﬂlﬁgygiaa&a naphthenic mneral oils,
di but yl phth 3{ I b rate bronrnated paraffin and mxtures
t her eof 3 Esy SR ﬂﬁ&ﬁ%ﬁgp QPY¥EMBral ly |ess 200 toxic and preferred.

t he tonal

es obt ai ned e_tonal quality (half-tone gradation)
érgtrggF gﬁ%ﬂ?gg% BéEfRents,- it is an inportant factor -
3#benhyMAspunqydxthhgh¢ypynanal |nages Initial studies show that

ety 1 of -REsOY AT ng R IRCLd e b Eni) SRBLeRl IS LT N o vee 1 ona

asprﬁpyhﬂaganﬁﬂbenznﬁé&pmrans ghecerporated in the
Mixtures . of these color . precursors can be

- used if desired. Also useful in the present ;nven-
tion are the fluorah color formers diSlesed in U.S.
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Patent 3,920,510, which is incorporated by reference.

The present invention, hoﬁever, is " not
limited to the use of the aforementioned color
precursors as. chromogenic materials. In addition,

organic 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
invention.

Substantlally any color forming material =

which can be encapsulated and which will react with
a developer material.to form- an image can be used in
the present invention. Furthermore, it is nét
necessary to maintain the conventional distinction
between color formers and color developers. in the
invention systenm. ' That is, in some embodiments, the
chrémogenic material may be what is commonly
referred to as a color developer provided it does

not absorb in the exposure radiation range so as to
interfere with imaging. -

In addition to the chromogenic material and

the photosensitive material, the internal phase of
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30 internal phase in an amount sufficient to produce a visible imge of .

the desired density upon reaction with -the developer. In general, these ~—
anounts range from.approximately 0.5 to about 20.0 percent based on the

wei ght of the internal phase solution (e.g.27nnnoner or 35 nononer and

oi I) €ontaining the chronogen. A preferred 28 range is from about 2
percent to about 7 percent. The anobunt of the chronogenic materi al
required to obtain suitable i mages depends -on the nature-of the chronogen,
theieglure of the internal phase, and the type of imaging 5 system
Typically nore chronogenic material may be used. in the internal phase of a

transfer i magi ng g4&tBFesEnEOTHIENESON! Aag 88Lb- ABIAURCE S¥TreEBr oihlS IS
because the deve;ﬁgg% material i s co-depoSited on a common substrate with

t he .chr onogeni ¢ errateCRrRTLRE QdiLE. 276 WeakdVaPRLATs FOL¥RREARIhANRE
woul d be a tendensyiiongt peiabsonBecei ¢708Cennal prefdirhbige ihhthegkange of

capsul e wall and | t bg deyel oper _nateri.al duri,ng_storage, an
because there nayiggoéoﬁ% Eﬂheﬁent¥ﬁﬁs arﬁlgrtpaggfggegygpeﬁﬁellrésen
Typical ly a &ransinventighngrehtypicaidlyi tho8epeonwentibnadidyensedndneri al
in the internal p - . d s =80 g i '

sheets using 1.5 §%§§0%2§%§nPagfygﬁggégaé%Pgsﬁat2?%3?.Bigbi%%ch?gggg%% e,
t he i magi ng syst cgBaprctasised bprébedr phiddtyotondjisselver fyysted ¥Ydedet

that they are senghbt¥fie! @n2RY c8hcehtratishCbs 0NB' awedy Sr' Abre..ONHBGRFer,
and visible radiation. For r onyllgg%_g ndl eability, ultraviolet sensitive
i

i magi ng systemns aReCRFELEFr &l LSt TRYScRELCESFRTY magIRGtheT: ensagrder
suiit gbl e for1@5 oikcshould bengsedf walladepehadenr aYet sbaudildelyl ods the

regroducing i mgeg, LLQ0kan 1 62R5RAFERT th th3"3hYt8%knsitive composition
before exposure, the nature of the chromogenic material
and the viscosity of the“characteristics of the internal
phase. . When presenf, examples of carrier oils are
15 alkylated biphenyls (e.g., monoisopropylbiphenyl), poly-
chlorinated biphenyls, castor oil, mineral oil,
deodorized kerosense, naphthenic mineral oils, dibutyl
W . phthalate, dibutyl fumerate, brominated paraffin and
' -mixtures thereof. Alkylated biphenyls are generally less
20 toxic and preferred. _ _
The presence of a carrier 5il affects and can be
used to control the tonal quality of the images obtained.
-While tonal quality (half-tone gradation) is not critical
when copying printed doéuments, it is an important factor
25 in faithfully reproducing pictorial images. Initial studies
show that where trimethylol propane triacrylate is used
in the radiation curable material, 20% of a carrier oil
such_as‘brqminated_paraffin improves tonal qualities.
' The chromogenic material is incorquated in the -
30 internal phase in an amount sufficient to produce a
visible image of the desired density upon reaction with
.the developer. In general, these amounts range from
approximately 0.5 to about 20.0 percent based on the
weight of the internal phase solution (e.g., monomer or
35 monomer and oil) cbntaining the chromogen. A preferred



ation to expose the imaging system It has been found, however, that

aviolet sensitivity is 30 generally not suitable when it is desired:
to reproduce a printed document by ggflection inmaging (e.g., contact
reflection inmaging or optical .projection imaging using reflected light). .
The reason for this is that the vast majority of - printed docunents are on
papers containing 35 opti cal - bri ght eni ng agents or Ti2. These agents
act as black dyes in an ultraviolet imaging systemand absorb the 29 *°
ul travi olrangeadisatizom siowt 2 hpeleakyr tonzbowt! Tnpgecentas Bhe both o/

ul travi ol %ﬂﬂ SC nat.i Q _reflection:
I magi ng. aﬁb %Rilngq%g%les‘%&%%rln é%gﬂ%ggﬁgﬁg ad ifgh obggﬁa f ound
desi r abl suigable dmsages |depand=ron tthe mmwmrea¢1 thenghaombgenllght

sensitiv PASEd t t n room
| ggstC bleﬂr%tg%ﬂ(ﬁzﬁ |dnitg qh'r? t he- s{/ﬁsf]ér#h%glﬁe%%l ?t mg%Enévxlm chis

bl-e heds@Ft@Fhemm¥B§QQ%%¥NWRF¢rﬁRﬁ?W@SQﬂi¢éﬁﬁ?@ﬁiﬁlomﬁlobe uﬁedlnaglng

syst em pAnOfhed 1@11@1&1&16 phéﬁte dfldou&-ﬁh/ﬂ@i%ﬁﬁ%wgugyétsﬂt jand so would
prevent a blue ht sensi e ina g mat e cc rdance with the
present i ?if/ Eéip 957y Ie 8 becrufBved from a

| i ght - shrbhledetévampmmmataeﬂahsisaldmuepoéﬁedameapoemmappar atus. The

| ayer v eopEaERt G Ve WAk nd BB R Thbcafr 0

photl@senmt\aénle&t @ﬂsjqegn cam%/rﬂxergmawladm anbendenecyxeflornthee wal |l of - a

@EESOH&Sk Both of these systems rely upon transmtted ultraviol et
ultr

the ar( . Cifontg préé’}%re ye%‘-i'i% LIuS PHECUEh |1E, BB IbtulTL (T
f r om t he 3faFERGts Jok QFﬂﬂvﬁ;QﬁQkuﬂﬁﬁe%%%% during storage, and
because there may ‘be some inherent loss. in a ‘transfer
system. S ' : c -
15 Typically & transfer imaging sheet contains 6

percent chromogenic material in the internal phase where-
as we have formed self-contained imaging sheets using
1.5 to 3 percent of chromogenic material L
As indlcated above, the imaging systems of the \o/
20 present invention may be formulated such that they are
sensitive to any of ultraviolet, infrared; X-ray, ion
beam, and visible_radiation. For room light handleability,
ultraviolet sensitive imaging systems are preferred.
Ultraviolet sensitive imaging systems are suitable for
25 recording images from a cathode ray tube.as well as in
reproducing images from a transparent or translucent
photomask. Both of these systems rely upon transmitted _
ultraviolet radiation to expose the imaging system. It é
has been found, however, that ultraviolet semnsitivity is ' |
30 generally not suitable when it is desitred to reproduce a
printed ddcument'by reflection imaging (e.g., contact
reflection imaging or optical projection imaging using
reflected light). The reason for this is that the vast
majority of printed documents are on papers containing
35 optical brightening agents or Tioz. These agents act as
black dyes in an ultraviolet imaging system and absorb the



Usi ng these dyes, the imaging material is 30 heated in the exposure =
apparatus to a tenperature at which the dye is bleached prior to )
exposure. Thereafter, the imaging material ean be exposed by the .

- application of light in the visible blue range. 5 In addition to

thermal |y bl eachabl e fugitive dyes, the invegtion is al so open to the use

of dyes which are bl eached by oxi dati on. Al t hough, using these dyes, a
liquid processing step would normally be required to bleach the dye. 10

An internal phase as described above can be encapsul-ated in a conventional
mannéf. Ol soluble chronogenic: materials have been encapsul ated in
hydrophi | i ¢’ wat | - BdERRNGoaterpdistigan aHepepaths harksreurdngndaimegs s

(see U.S. Patent &Béaslﬁre Bo%ﬁ0u45§a6ﬂg13t8Q986§ﬁe§Q Ghacknelredlils no
I ncl udi ng gum ara

3 V|n¥ ohoI %E cel | ul ose;
resor ci nol - f or mal @ﬁﬁﬂe FFl 6? gn PgeEe ﬁﬁPe PaﬂbngS 755,190 to
Hart et al), isocyanate gal mak@hgeeopiéscot bbsnte&aaeahmems i3 9b4 bekn

10,20, VeSEyl gl BRTHERTREURELAR) o VELE-VOLEY, Songtbihs phve iy
nFre E?{}Lfglar:gUsﬁnﬁ aebdnerﬁdghtosean@hydematarﬁaltoigsis(pnssﬂhlﬁ1to
0P parent | nBaRB"e4eCHyshin haRd1Bdthe! 1 rQoptignsChy E‘??.Q"r)f’é’tr ;ﬁ)‘i‘%
el ani ne- fornaldeﬁ9d§h9e§yﬁt§ﬁdah?ﬁﬁé%?ﬁﬂoﬁ?lléﬂlﬁéltPQSéYES@@

assigned U S. PatglbabBed4o®20thewiSeSkanlbeed iﬁac&heeebbe&bmﬁﬁeeﬁaﬁﬁﬁh
for 30 co ete Ios re of those [l -formn naterbg e above
the i &°ye

|
”Emtyoned pa Qnts ?ﬁg Pg; SESEM RELPT to expoSure. ow dye
U absorbs blue-light and so would prevent a blue-light

sensitive imaging material in accordance with the present’
invention from being expoSed, for example, as it is
removed from a light—shiélded container and installed in
15 an exposure apparatus. The fugitive dye may be incor-
_porated in the imaging system in a separate layer which
' overcoats the layer of the encapsulated chromogenlc -and
. photosensitive materials or the figutive dye may be
fixed in the wall of a discrete walled microcapsulate.
20 Yellow fugitive dyes are well known in the art. The
preferfed dyes are those which can be inactivated or

L

removed from the imaging system with the greatest ease.
‘o Using these dyes, the imaging material is
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by reference. M cfoencapsulation has been acconplished by a

of known techniques. including coacervation, interfac
zation, 35 pol yner.i zati on of one or nore nononers in
various nelting, dlsper3|ng and cooling - 31 nethods.
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capsul es can ran In size up to the

ehcapsulateds5in v sq:m'een'glonelhm@-e 'B»SLﬁ%l‘me%Stl ng

n.
hydrophzlzc wall- formzng materlals such as gelatin

wall-forming materlals (see U. S Patent Nos.

2,730,456 and 2, 800,457 to Green et al) 1nc1uding
- gum arabic, polyvinyl alcohol, carboxymethyl-

cellulose; resorcinol-formaldehyde wall-formers (see

U.S. Patent No. 3,755,190 to Hart et al), isocyanate
wall-formers (see U.S. Patent No. .3,914,511 to
Vassiliades) isocyanate—polybl wall-formers (see
U.S. Patent- No. 3,796,669 to Kiritani et al)
ureaformaldehyde ‘wall-formers and more particularly
Urea-resorcinol-formaldehyde wall forms (in which
oleophilicity is enhanced ‘by the addition of

" resorcinel) (see U.S. Patent Nos. 4,001,140;

4,087,376 and 4,089,802 to Foris et al)
melamine-formaldehyde resin and hydroxypropyl cellu-
lose (see commonly assigned U.S. Patent No.

4,025,455 to shack;e). To the extent necessary for

‘complete disclosure of those wall-forming materials,

the above mentioned patents are specifically incor-
porated by reference. Microencapsulation has. been
accomplished by a variety of known techniques
including coacervation, interfacial polymerization,
polymerization of one or more monomers in an oil, as
well as various melting, dispersing and cooling

\
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Since the photosensitive encapsulate is usually hydro- phobic, the L
wal | -form ng constituents and the film 30 forni ng bi nder should be T
hydrophilic and sol uble in an aqueous based - iquid as is conventi onal
form ng capsul e containing coating conposigjons. Qtherwise in certain own
reverse systemthe aqueous phase nmay be dispersed in a hydrophobic
conti nuous phase. The mcro- 35 capsul es used in .enbodi nents of our
system can be prmetpadsd by t he met hods di sclosed in the aforenmenti oned

S e oy oTHY' BARBEEORBrmiRE askERRa T u8EdO1h BOQBLERD OF N

interhal phase conprisi F onbgeni Sensitive osi tion
may be d|spersed1mn9an90ﬁ¥$hemusspﬁa eCtGﬁtbaﬁedgonhéhﬂaph°t9$ﬁﬂﬁ9t1Ve

constituents, gagi@ks Epfgeﬁﬂl?ﬁ'?ﬂe'EnEEEQUWBEEhedTth ,{ GhecxarmbLa.
coacer vat i on or FRterfaci a gnerlzatlon g ot he ase
|

systens canS5be pfapapie w3ldi vy Fspﬁgtfﬁﬁsﬂh§§FH tBhSéE PgBQSEgFutlon of
pol yneric blnderraaﬂaeﬂbustloe the Hb&@@ssyytéﬁstb?edhﬁégbﬁt®noﬂ9r coating.

- 10 Anong a wi d i,t abl e t I

“al cohol , polyacrgP EgexéaFprg 335P5é§n8$égugﬁﬁtgﬁﬁaetﬁ§82 ﬁghgyso
forgulated are appliedThedmdanesiize afcthei napsalesbusédpapeourAsyséedsnary
coating or print a 1

sccor darice wi tn SRBeFRTEY: FaRofnErbA, HBBLaxingRE1 Qo1 o PROR BPoRRIC As' 8
coati ng. Thé0coagengre&npu§enummggaayegohu&nnnamypanEEeasatheusaaaaﬂeuves
known in the Car??EéeﬁécPQHEEsaﬁﬁtﬁotthEQVSaEh%hB%“¢¥'@EeCEﬁbﬁﬁqerbﬁkbCS

of the coated copy sheet such as a stilt materi

pagtjcles), silidh $aptsBrdd.t depeBding 9pedhPnhakHER ng§sﬁpésﬁrﬁtPs°"
833( for capsul eyph§ehUtfie ehpsullBsi bPePtbated]! tAgbedpstnes may disgppear

in the pores or the fibre in the substrate, but even
15 capsules as large as 25 microns have been found to provide
satisfactory resolution in our systems. In the latter '
case, the incongruities in the substrate may screen the
capsules from exposure and thereby diminish image quality.
They may also fail to rupture, for example, upon the
W, 20 application of pressure. In view of the foregoing,'we
"have found that a preferred mean capsule size range is
- approximately 3 to 15 microns and particularly
approximately 3 to 10 microns although, technically, the
capsules can range in size up to the point'that they are
\ 25 visible to the human eye.
\/ Capsular coating compositions may be prepared in
conventional manner for use in the present invention.
Since the photosensitive encapsulate is usually hydro-
phobic, the wall-forming constituents and the film
30 forming binder should be hydrophilic and soluble in an
aqueous based 1iquid as is conventional in forming
capsule containing coatidg compositions. Otherwise in
certain known reverse system the aqueous phase may be
dispersed in a hydrophobic continuous phase. The micro-
35 capsules used in embodiments of our system can be pre-
. pared by the methods disclosed in the aforementioned



At

@ﬁi&sed to produce. copi.es of printed docunents and, as 25 such, the

gt rate upon which the coating conposition is coated is paper. The paper

may be a commercial inpact raw stock, or a special grade paper such as

cast - coat ed paper and chrome rol | ecggoaper The latter exanples are

desirabl e when using very-fine.- m crocapsul es, e.g., 30 capsules ranging in"

size fromapproximately 1'to 5 nicrons, as the_surface of these papers is

snhoot her and the m crocapsul es ‘are not as easily enbedded in the stock

fibres. Transparent substrates such as pol yethyl ene terephthal ate and \E?.
h

| acont | Wabe DRgRnE oF 87 eimilel RhARL, Sofe NEabRe THETOREN L0 o1

printi ngso’[l&&idmvolfow inrtteamiadl plraesia |cmmm'1$m emeleh:aommmund or

material _C f I
oauce. 2580k Wedsiiy Sotadn it Hdy W Gy sherunai azitﬁt'pzr”
“materi al qwﬁm@mm@%mﬂlmj-%mw -forming| ceustituentaevel oper.

I'n tghe brgy r%%rt@‘a 14 el cotfp Eshedf b hef@i@'@idém P& ng
reactants |s encapsu éted mnth the hotosens ?IV i 03|t|o§ ?Le term
"develop@Paﬂ@rV%ﬁiﬂﬂwQQ" }Vmﬁ@i?%ﬁ ﬂ%go?ﬂﬁ?rﬁalf of the

col our - f @pEnp Hawwtmﬁm@mmammmasp&smg the

EQﬁtiﬁ?Ps't'Veaﬁe%ﬁ“‘)”& Rt Ereer R B o ot as e
ch{onngemdaugtingnﬁhy|vﬂscosityxnﬁxtmmsdtapeesiomnﬁbrycoatbglLzed as
Govalthpo e A Y SR of putibte pbRisR el gitiplape T
|nvent|omolyﬁlnkitainnhQixrleYacx&#ﬂmemabI?céﬁ%iéybatiﬁeﬁaﬁﬁﬁnless paper,
technol ogy and goating compositions so formulated are applied -
and dried on a continuous'web of paper. Any ordinary
coating or printing technique can’be_nsed in making
15 imaging sheets in. aocordance with the'invention including
such means as roller or blade coatlng.z_,
The coating compositions may contain any of the
various additives known in the carbonless paper art to

improve. the handllng characteristics of the coated copy s
20 sheet such as a stilt_materlal (e.g., starch particles),
silica particles to prevent specking when a pressure nip
is used for capsule rupture, etc.
In its pr1ncipa1 embodiment, our imaging system : \ o/
is used to produce.copies of printed documents, and, as K_J

25 such, the substrate upon.which the coating composition is
coated is paper. The paper may be a commercial impact.
raw stock, or a special grade paper such as cast-coated
paper and chrome rolled paper. The latter examples are
"desirable when using-very finezmicrocapsules, e.g.,

30 capsules ranging in size from approximately 1 to 5
microns, as the surface of these papers is smoother and
the microcapsules are not as easily embedded in the stock
fibres. Transparent substrates such as polyethylene
terephthalate and translucent substrates can also be

35 used and have the advantage that the latent image formed



which are well known. Illustrative specific exanples are clay mnerals su
as acid clay, active clay, attapulgite, etc.; organic acids such as tann
acid, gallic acid, propyl gallate, etc.; aci-d polyners such as 25 '
phenol - f or mal dehyde resins., phenol acetyb ne condensation resins,
condénsat es between an organlc carboxyllc aC|d havi ng at | east one hydroxy
group 34 and f or mal dehyde, etc. netal salts or aronmatic carboxylic
acids such as zinc salicylate, "tin salicylate, zinc 2-hydroxy

napkt hoat e, zinc 3,5 di-tert butyl salicylate, oil solgble nmet al SﬁLtS of
5 " phenol - for de novol ak. resins (e. ., see U S._patents S.

.3, 672',0935; 3, 73 ggg éﬂ8g1§g7§9eﬁ6) nséﬁhnag benrexsasefedosi pristisee

. phenol -fornal - dehyde Theldeveiopdrsmhmeedalinseﬂ in Sur Bgkeehs k8 a

3,732,120 [ - t g ] er al to the
ext ent neleségp§ ?ﬁ?@ﬁﬁa gféa glnbéh#éi§f£? £§%°5§9§|85Aﬂ ﬁgﬁerlals

t he above noted B%?Eﬁ@glarecbpempgenéclwatﬁtéaiotatpﬂodycee&ecemoar When
used in a dSVe|0ﬂﬁégéheein Eﬁ@ ﬁeéﬁrtgﬁYEL PehsBBY ¢ Q &%tﬁagegﬁgier

such as latex, 1 V|n¥ al cohol e c anhy PEfe™d

mer, starch and gﬁn?grﬁ pet °PtaP§ePEiB§ ﬁﬁ@EPEPéoGrthaﬁoacalbﬁddeolouglI
kﬂown as H) I gwfmaveﬁopai-erl InatBeCBRoRk@edECdehBel, Phéwé@@im' #Hden! BRE NI
sheets enbodyi vent stem can be exposed using
afairly S|nplen€§%% ﬁ?e*ﬂﬁpﬁg 3?5§9°rmiﬂg FFECEéPﬁﬁIé§tenFBPﬁPEFEP '
reflection |nagwhgh theephppasensttivequompesmaiana thlﬁérﬁn"déﬁéléﬁer

ag ng shery pebbberisfe E5PASUATHERELA hED LRORE' NP FheletRercRafe, of
| k/ the colour—forming reactant combination not encapsulated

with the photosensitive composition. Hence, as stated
before, compounds conventionaily recognized as colour
developers can be encapsulated as the chromogenic _
15 material, and compounds conventionally recognized as
colour formers can be used on the second substrate as
'developer’'. - _
K,/ ' The developer materials which may be used in the
practise of the present invention include those con-
20 ventionally employed in carbonless paper technology and
which are well known. Illustrative specific examples
are clay minerals such as acid clay, active clay,
\ o attapuigite, etc.; organic acids such as tannic acid,
./ gallic acid, propyl gallate, etec.; acid poiymers such as
25 - phenol-formaldehyde resins, phenol acetylene condensation
resins, condensates betweén an organic carboxylic acid
having at least one hydroxy group
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When used in a developer sheet, the color
developer may be mixed with a binder such as latex,
polyvinyl alcohol, -maleic anhydride-styrene copoly-
mer, starch and gum arabic. It is: to be understood
that all binders. well known as fllm-formlng materi-
als can be used in thlS capacity.

Imaging sheets embodylng the invention
imaging system can be exposed u31mg a fairly simple
exposure apparatus. In its - simplest form - for
reflection imaging,- the apparatus requires only a
radiation source, means of focusing: the exposure
radiation from the original onto the imaging “sheet
means to join the imaging sheet with the developer
sheet and means for rupturing the .encapsulate.
Simplified means such as this can be used with the
_invention becadse development is ‘essentially a dry

'process with the developer and chromogenic material

30

reacting in only the infinitesimal droplets of

“solvent encapsulated in the internal phase.

35

Furthermore, the chromogenic material and the
developer are on the imaging and developer sheets in
the amounts (coverage) required for imaging, hence,'
the invention obviates the elaborate means required
in most prior photocopy systems - for cdatiﬁg and
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8.8)° by the
acid., Wth
stirring, 6.6

as previously
as ‘'the agueou

proageded as f
triacrylate

was di ssol ved it I$

precursor,

allowing the m xture, to coal

portionw se addition of 10% (V/V) aqueous sulfuric

mai nt enance of the 600C tenperature and constant

parts 25 -of urea and 0.8 parts of resorcinol were added
the pH of the m xture was readjusted to 4.0 with 10% (v/V) aqueous sulfuric

described. The conpleted soluytion, hereafter referred

to

aqueous phase, was nai ntai ned at 3600C for inmedi- 30 ate use.
Preparati-on of the internal phase, hereaf- ter known as the organi c phase,
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the mxtuge was allowed to stir gBidmgle chnplete di ssol uti on of
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was car ef

r . y
distilled water ‘was added with stirring 26.9 parts

of a 17.1% (total solids) solution of

isobutylene/maleic anhydride copolymer' and sodium

hydroxide, ' prepared by addition of 5.44 parts of-
isobutylene/maleic 'ahhydride copolymét (average

melecular_ weight = 1.0 x 105) and 2 perts of -

sodium hydroxide in 32.5 parts of distilled water
with stirring and heating to 92% for 2 hours.
Subsequently 38.3 parts of distilled water was added
and after heating to 60°C the pH of the resulting
mixture was adjusted to 4.0 (from an initial pH of
8.8) by the portionwise addition of 108 (V/V)
aqueous sulfuric acid. With maintenance of the
60°% temperature and constant stirring, 6.6 parts
of urea and 0.8 parts of reSorcinol were added and

the pH of the mixture'was readjusted to 4.0 with 108

(V/V) aqueous sulfuric as previously described. The
completed soiution;'_hereaféer referred to as ‘the
aqueous phase, was maintained at 60°C for immedi-
ate use. o ' ' '

' Preparation of the internal phase, hereaf-
ter known as the organic phase, proceeded as follows:
in a mi#ture of 40.0 parts of trimethylolpropane
triacrylate (TMPTA) and 10.0 _parts' of methyl
methacrylate (MMA)_wes:dissolved.with stirring and
heating to 90°c, 3.0 parts of the color precursor,
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i\Pg.thin continuous stream Wth provisions nade for nmintenance - of
the.-internal tenperature at .20 600C, the bl ender was operated at 90
volts for 45 seconds to effect enulsification. Directly after this 45
second period, the power supply setting was reduced to 40 volts, an aliquot
was {aken and the average particl e36size was -determined by visual 25,
exan¥nation of the enul sion under a m croscope. The average particle size

;> 4.5 Fol | 4 t 37% (W
maucous 3RS kAL T -G T b dR. £ 2L SwliaR ST, TV
Aft er lalldmiurrg 36he fmrxﬂ:ﬂ'&auts o i kOUEE%@S Btans;faen'tsdotfo a heata- “w/
bl e contb%l '%%&:?%%ff g\,{:ﬁg agngf fll gogg r%ea Snl cal stirrer,. the

tmmmahne ol ution of O. 6pwtsof
amoni urﬁ.wl-fbausa(dxmetahzlamng)ofbmxephe\aenadmw @fdadhagbeed stir- 35

ring. Alde rni'n&&wrSwaé Shilbied e nRahaniwritiBti cof m&erermved
prOV|S|on was etic 37 spiJring nd the adjusted to

9.0 tddrﬁ%ﬂ{l-‘?'?ﬂ?’?al °§H oT' es59) MALSRLIF i on- ese ﬁﬂ’ﬂ of 10% (WV)

aqueous orgdliign phadeoxwde. maiMiudepsualce 601G SifRE pmﬂaaaeeen was
conpl eted by the addltlon 5 of 2.8 parts of sodium bisulfite

fol |l owedSS%y an additional 10 minutes of stirring. Preparation of Light
Sensitive Sheehsﬁrepatbeléhowél%hmouaeaeEerﬁaﬂ&aﬁgd@nmAcxburry

o Tt SHbsney MPtodefen vas c5aldRv o0 Yoo b weptsTelRt e e
paper sW&dhngnhbead?erehuﬁppﬂﬁwwntbdaasgaeé(ﬂQntngld99h§e&mujthe coat ed
papers Vﬁrrﬁ; dpiged; variable voltage power supply (variable <9

autotransformer- 0 te,140 volt range) and preheated \J
to 60°C by means of a heated, forced air Supply |
15 was added the entire aqueous phase. With the
blender operating -at 40 volts, the entire organic
phase, also preheated to 60°C, was carefully added
in a thin continuous stream. With provisions made
for maintenance of the internal eemperature at N
20 60°9C, the blender was'operated at 90. volts for 45 L
seéonds to effect emulsification. Directly after
this 45 second period, the power supp1y setting was
reduced to 40 volts, an aliquot was taken and the
- average particle size was determined by visual e
25 - examination of the emulsion under a microscope. The N/
average particle size was 4.5 microns. |
Following this determination, 18.4 parts of

a 37% (W/V) aqueous formaldehyde, preheated to

60°¢c, were added in one portion.  After blending
30 for 2 hours the mixture was transferred to a heata-

ble container eéuipped with an efficient mechanical
stirrer, the temperature ‘was malntalned at 60°
and a solution of 0.6 parts of ammonium sulfate in

12,2 parts of water was added with high speed stir-
35 ring. After 1.0 hours of stirring, the mechanical

stirrer was removed, prevision was made for magnetic



briefly«in a'circulated hot air. oven at [err] The 15 resulting dry o
sheets were imediately useable or could be stored for |ater use. @
Preparation of Devel oper Sheet.~To 218 parts of water were added with sl oY
stirring 5.8 parts of a 50% aqueous suspension of 20 st yrene- but adi ene
| atex,” 40 parts of 10% aqueous 1.5% ethylated starch, 17 parts of
hydrat ed siljca gel, 21 parts of zinc carbonhate, 13 parts of 47% aqueous
sodium si l-i.@ate, | part sodium hexa-neta-phosphate and 130 parts of
SiltQn F-150 25¢iftdayg aNd e'Eh%t'LBﬁ' Nea St sfﬁudteapes@a ur@@Eroal anhour,

the mxture was, stabil1zed t he addition art of 37% aqueou
f or mal dehyde aﬂd‘k@sﬁ’edpﬂpcﬂg% Rb. WaERearﬂPWﬁ? "éhﬁﬁeladﬁéﬁéﬂ’ ng

using a [err] digawdowrysoar é&hé&ﬁsCO@édﬁ@deMYEEOxihe.ShQEiéraeapsuEée

conpl eted by br| ef dr a recirculated ho (920 oV

Repr oduct i on %’é % ARFEIMR wﬂﬁovﬁc’mgﬁ‘ﬁﬁﬁdSe % %ﬁ%éf‘%”?he
appar at us Sised om tmes rgarr@chfonsoﬁﬂ&n biiism]€fd tesi lfg»l].tohxed | bght an
sensitive sheets,£onsi e e source (2, 15 watt

F- 15- T8- BLB a@ﬁgéégi &%npgg% L a%éolsl%&m\?e phot ographic trans-
parency, a pl at&rmttoneo plldightaBlenstbivads KErampkive cAb ,
providing at 1&Ppr alt'ﬂ?:‘?xal | nch CI’UShI ng pressure | mages
were repro- 5 Ilght sensitive sheet was
positioned with |ight seﬁm §1Vér¥urf—‘96§i§[§ﬁ~&9 ﬁ’cfst 18n Rag&si 2684t aFhe

surface, tie pPQidve €14ERES Péns EBEVe IRl SLHPapSPDS €@ndoD0t lpax theok,

foll d by th I | at dth I di .
Ok (3we y e g afflg vsratgra w%sancoatgdagge %.b\l\./a%ll.aréka énd white .

L/ enamel paper stock using a #10 drawdown rod as the

coatlng dev1ce and the coated papers were dried

briefly in a clrculated hot air oven at 95°C. The
15 resulting dry sheets were immediately useable or

could be storeé for later use.

Preparat1on of Developer Sheet'

_ To 218 parts of water were added with slow
- stirring 5.8 parts of a 50% agueous suspension of
| 20 styrene-butadiene latex, 40 parts of 10% aqueous

1.5% ethylated starch, 17 parts of hydrated silica
gel, 21 par'{:s df zinc carbonate, 13 parts of 47%
aqueous sodium silicate, 1 part sodium
_ hexa-meta-phosphate and 130 -parts of Silton F-150
25 clay. After stirring at ambient temperature for 1
hour, the mixture was stabilized by the addition of
0.1 part of 37% aqueous formaldehyde and coated upon
80 1b. black and white enamel paper stock using a
#10 drawdown bar as the coating device. The sheets °
30 were completed by brief drying in a recirculated hot
) air (95°%) oven. R o
Reproduction of Images Using the Above Light
_Sensztlve Sheets ' '

The apparatus used in the reproduction of
35 images using the light sensitive sheets consisted
of: a near UV light source (2, 15 watt P-15-T8-BLB
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were in intimate contact and the assenbl ed sheets were cal endered.
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above mentioned UV light source posztloned parallel
to and approximately 5 inches from- the . .above
assembly. Following exposure, the Iight sensitive
sheet was placed against an image1 ;eceiving and
developing sheet prepared as above.

The sheets were positioned. such that the
active layers of each were in 1nt1mate contact and
the assembled sheets were calendered. Such treat-

'ment and separation of the sheets resulted in the
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production of a- reversed posztxve black image.
Exposures of 1 and 2 seconds gave 1mages of essen-

tially similar quallty, with good: resolution and .

half-tone gradation. The 2 second 'exposure gave
somewvhat less transferred and developed dye back-
ground. Exposutesz_of 3 and ¢4 seconde gave lower
image intensity typical of over exposure.

Example 2

Ultraviolet Photosensitive Mlcrocgpsule Preparation
{(UF Capsules) o _ _

An aqueous phase was prepared- in ekactly
the same manner and proportions as - described in
Example #1.

Preparation of an organic phase prbceeded-

as. follows: to 50.0 parts of tetraethylene glycol
diacrylate (TEGDA) was added with heating to 90
and stirring 3.0 parts of the same color precursor

\ 4

o/



at 600C.unti} conpl ete di ssol ution occurred. The organi ¢ phase was
mai-nt ai ned at -600C for i nmmedi at-e use. The preparation of the
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1, with the following important modification and
observation: after careful additibn-of the organic
phase to the aqueous phase in the 'blender, the
blender was operated at 90 wvolts for 60 seconds
instead of 45 seconds and the observed size of the
emulsion droplets was, on the average, 5.0 microns
instead of 4.5 microns. Capsule preparation was

‘completed exactly as described in Example 1.
Preparation of Light Sensitive Sheets from the Above
Microcapsule Preparation

A slurry consisting of 10 parts of the

above microcapsule preparation and 10 parts
distilled water was coated on 80 1lb. black and white
enamel paper stock using a #10 drawdown rod as
described in Example 1. Preparation of the 1light
sensitive sheets was completed exactly as described
previously and the resulting light sensitive sheets
were immediately useable or could be ‘'stored for
later use. ‘

‘Reproduction of 1Images . Using the Above Light
Sensitive Sheets

The apparatus used for image reproduction
was exactly the same as described in Example 1.
Exposures of from 1 to 4 seconds resulted in no
developed image, however; exposures of 1 and 2
minutes gave high quality black image reproduction

of The apreparationesodavéhe ghrprdfiasmaldehydenge



ge_ recei ving sheet as was used and described in Exanple 1. 41 CLAIMB'
d For use in a transfer imaging system inaging nmedia conprising a set.
of two sheets, namely: an inaging-sheet conpri sﬁng a first substrate havi’ ng
a coating on one surface thereof conprising a chr om)genl c material, and a
phot osensi tive conposition, adapted®o undergo a viscosity change V\,hen 3
exposed to selected actinic radiation, en- capsulated as an internal phase
in rupturable capsules; and a developer sheet conprising a second substrate
and a devel oper material capable of reacting with said chromp- 10 gem&
material to form.a visibl e |mage on one surface of sai d second substrat e;
t he chronongeni c. materi al ensitive nd t he devel oper
mat eri al 1§y %vc?}?%?ﬂ%rﬁw b‘gﬁ ‘%?%’s‘é%ta%f%%? ﬂa% | es that an inmage
my be fdmrqéwédmlﬂing shoetras| vays 1IEsedaM|®elscAeibdévénoprrent agents by
i mge- V\A?ﬁ‘a%gpf) 9 said coating to said actinic radiation, whereby to
cause a Cdsity change in said photosensitive conposition, and subj ecti ng
said capsules to'a uniformrupturing force with-said coating in faci al
contact with said devel oper sheet 20 such that said capsules rupture and
rel ease said internal phase for image-w se transfer of said chronopgenic
material to said devel oper sheet in inmage areas where said chronp- genic
materi al and said devel oper material react to formsaid visible inmge. 2.
| magi ng nmedi a according to Clam1l, wherein said inmaging systemis )
posi tive-working, said chronmpgenic material being effective to react with

sai d devel oper material in said unexposed areas. 3. I'magi ng nedi a o

according to daim.1 or Cla|m2 \g_
o/
Y/
N



wherein said capsule is a mcrocapsule having a discrete capsule wall. 4.
I'magi ng medi a according to any, preceding claim wherein said chronpgeni
material is encapsul ated W th said photosenS|t|ve conposi tion. 42 5.
- I magi ng nedi a accordi ng to any preceding claim wherein said photosensitive
conposition conprises a radiation curable nmaterial. 6. | magi ng nedi a
according to Claim5, wherein said photoseﬁkltlve conposition conprises a
photoinitiator. 7. | magi ng nedia according to Claim4, wherein said
chrqnogeni ¢ nate iggugs a substantially colourless el ectron donating
conpeund. 8. ng nedia according to Claim7, wherein said devel oper
material is an electron accepting conpound. 9 | magi ng nmedi a accordi ng

to d 8, wh | |

10, Thmgi ng. miai a ackofaiss o Ererdefer SORRING 10 Goriy, fio Y A
conpound i s sele§9@§rﬂ$bﬁﬂcﬂa§eh1m§r§W% Sh#%ﬁﬁucn%mﬁt% an dimag ingersheet
metal salts of a&emavﬁemﬁgrbowue Gt Slra € | h§@ir\1§3|£ eﬁﬂng?adﬁ o 5

phenol - f or mal deh nov zj ng car bonat'e” and, conbj nat i.ons
Phereor 110 < FHEEARS HAAreSE EonerLETng hrch eameden e RAA A bnand
sai d photosgnsit phetosepsitivencompsshtisn ycadapted reoigiddrgo nd rairsehsity

X ray, el ectron UeabeOtnihok PbEs LAUE 4 Olc iy o ccl P! M IFY gy 2ogRr df g

to Cdaim1ll, whereln®sai sensitive co 05| on 'S sensitive to bl ue
li ght having a wﬁ@éﬁéﬂlgtﬁdl astae mt@renﬂonhm in zewtywirab e, capsytasf ng

nmedi a accordi ng hﬁdc%aHEVéiop@Fdsﬁéﬁﬁf@%m6¥m§Wﬁ§'5&&6@%%@ d@s teIROTAd &y
shiel.ding said nggé?gper material capable of reacting w1th said chromo-
/

L/' 10 genic mater1a1 to form a y151ble_1mage on one surface of
said second substrate; the chromogenic material, the
photosensitive composition and the developer material
being such that and being present in such quantities that
an image may be formed without ehe—nosd—feor externally

15 applied wet development agents by image-wise exposing
said coating to said actinic radiation, whereby to cause
a viscosity change in said photosensitive composition, and
subjecting said capsules to a uniform rupturing force with
said coating in facial contact with said developer sheet
20 such that said capsules rupture and release said internal
phase for image-wise transfer of said chromogenic material
\ / to said developer sheet in image areas where said chromo-
Kq/ genic material and said developer material react to form
said visible image. -
2. Imaging media according to C]a1m 1, wherein said
~imaging system is positive-working, said chromogenic
material being effective to react with said developer
- material in said unexposed areas. :
3. Imaging media according to Claim 1 or Claim 2
wherein said capsule is a m1crocapsu1e,hav1ng a discrete
capsule wall. |
4. Imaging media accord1ng to any preced1ng c1a1m,
wherein said chromogen1c material is encapsu]ated with
said photosensitive composition.

A0




cOnposi tivn from anbi ent

radi ati on such that said nedia can be handled in

Wm light for at |east a short 5 period of tinme wthout interfering
w-th the image- form ng capability- ofjgsaid system 14. | magi ng nedi a
according to Caim 13, wherein said shielding neans i's contained in the
wal | of said rupturabl e capsule. 43 15. | magi ng nedi a according to =

Claim 13, wherein said shielding neans includes a yellow fugitive dye which

absor bs |

ight at a wavelength in the region of 380 to 480 nm 16.

| magi ng medi a according to Caim 15, wherein said yeIIOM/fugltlve dye is

cont ai ned

medi a accddi ng t bmagingrmsedilangccoxiding\imo ainy Wdceﬂing‘ogeaﬁm mat eri al

is an oil
17, where

sul t one,

in a |layer over- coating said coating conposition.

| magi

N

nedia according to Caim
|i§%aJd§c%$%§$£ é?§§§555¥§vgbfbnﬁ§§§§§§ R CTPBREYBAT Png conpound.
19. | mxpditation acurablei mgteria@lai m 18, wherein said col ourless

Cuftone, L5 ooyRERAL et aCORMMAR Y Cthfp £ Eretal BRAHT 0

accor di ng R@@%@W%‘tﬁveaﬁ?mnoaﬂ-miappmismr&tphomhtnitﬁaterd capsul e
wal I is fofred bymaemgoaaaiaca%b%@# “i{Bofé&&{ﬁ‘”%“ epdifl Balid

radi ati on.

wali is fdhkomogeniqgma

al cohol

21. | M |ng medl a accor

. 8. Imaging media according to Claim 7, wherein said.

developer material is an electron accepting compound

9. Imaging media according to Claim 8, wherein said
electron accepting compound is a colour developer. .

10. ‘Imaging media according to Claim 8, wherein said
electron accepting compound is selected from clay
minerals, organic acids, acid polymers, metal salts of
aromatic carboxylic acids, o0il soluble metal salts of
phenol-iormaldehyde-novalak resins, zinc carbonate and
combinations thereof. |

11.  Imaging media according to any preceding claim,
wherein said photcsensitive.composition-is_sensitive to
ultraviolet, infrared, X-ray, electron'beam,-or visible
radiation. . '

12.  Imaging media according to Claim 11 wherein
said photosensitive_comp081tion is sensitive to blue

light having a wavelength in the range from 380 to 480 nm.

13. Imaging media according to Claim 11, and further
comprising'means5for temporarily shielding said coating
composition from ambient radiation such that said

media can be handled in room light for at least a short
period of time without interfering with the 1mage-
forming capability of said system.

14. Imaging media according to Claim 13, wherein said
shielding means is contained in the wall of said
rupturable capsule.
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ereln sard capsule
eaia%eiécﬁesuhﬁiaqﬁiallyuc@lmyaheas pol yvi nyl

:rézggggggldoﬁgfﬂgédggmgguhasln polylsocyanate resin, urea-



5 . formal dehyde resin, urea-resorcinol- formal dehyde resin, ;\
2 ©
S\

el am ne-f or mal dehyde resin, and hydroxypropyl c¢ellul ose, and conbi nat i of
thereof. 22. | magi ng nedla according to Glaim5, wherein said radiati
curabl'e material is a matéerial polynerizable by free radical addition
pol'yreri zation or ionic polynerization. 4314 23. | magi ng nedi a
according to Claim22, wherein said radiation curable material is an

et hyl eni cal | y unsaturated conpound. 24. | magi ng nmedi a according to C aim
23, 'wherein said radiation curable material contains two or nore ethyl eni-
_caIFyfunsaturated term nal groups. 25. - A transfer imaging process
conprising: inmage-w se exposing to actinic radiation an inagi ng sheet
conprising a fird6.subsImaigdnigawedd aomceoediumgf e Qllacine Af3 ,a wheataimg

comosi ti on | ol g9 R4S ABIRG Il RIANY Fusd v BRAL " VO

conposi tion adapted to un a viscosit upon éxposure td such
radi ation, at | egbﬁcbaﬁ@sm&soééﬁht art; \aemqil@mgtﬁtbrimdqheg negigws @ifat ed i n
rupturable capsullgd. b0 4R00qHce exposed and unexposed areas; subjecting
sai d capsul es toP% unlforn1ruptur|ng force; .and transferrlng 10 sai d

al

chronmpgeni ¢ mat e f r SPBEH S Medidd ascorddagodey Chadas 15, hersimgi ng

sheet to a devel ea&a ?b&&bwcwﬁgrilts:vel Ay e? i%S Ot adHed HH @ u&\ﬁéig over-

devel oper materi gl ane rface . thereof s that there is a patterned
reaction bet vveencgg' n§e\§@1 ép #&P& CAMPIR 3 gﬁ"d chronogenic 15 nateri al

whi ch produces ad7.nmage Im2ging m&dpmoaanonﬂingwtau;nyapﬁenediﬁg cliadme) n
saiil.rupturable GRBSUG ko BRCHEARSHI ol B Al UsduiARe Y €

mail 27. A process accor di erei n sai
colour former.
W, '

18. Imaging media according to Claim 17, wnerein
said'colour former is a colourless electron donating
compound. a '
19. Imaging media according to Claim 18 wherein
said colourless electron donating compound 1s a compound
having a lactone, a lactam, a sultone a spiropyran, an
;ﬁ ester or an amido structure. .
N 20. Imaging media according to Claim 3 or any claim
' - appendent thereto, wherein said capsule wall is formed
by a hydrophilic material which transmits said actinic
radiation. _
L 21. . Imaging media according to Claim 20, wherein
\_/ said capsule wall is formed by a material selected from
| gelatin, polyamide, polyvinyl alcohol, resorcinol-
formaldehyde resin, polyisocyanate resin, urea-
S formaldehyde resin, urea—resorcinol-Iormaldehyde resin,
" melamine-formaldehyde resin, and hydroxypropyl cellulose,
and combinations thereof.
22. Imaging media according to Claim 5, wherein said
radiation curable material is a material polymerizable
by free radical addition polymerization or ionic
polymerization.
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ATt osensi tve conposition conprises a radiation curable material, and
ei.n said capsules are ruptured in and said chronogenic material is
ansferred fromsaid unexposed areas. 28. A process according to Caim
27, wherein said photosensitive coggosition conprises a material which is

phot o- deconposabl e, and wherein said capsules are ruptured in and said =
chronogenic material is transferred from said exposed areas. 45 29.

A di
exbosi ng F5-by t1unatfa dars AR i 16 CrygiEEl hallith JHEF 020 o o
d ai ns 25rddi 2Bi 0% curathbe anateri all | hagen v thy beapbed hly isnsaturstedtti on

I magi ng. § p d A process according to any of Clains 2S to 30, wherein
sai d capsul es are ruptured by applying pressure to. said inaging sheet and

sai d develbper sHeagingadnedthedecohding Qe s vithe K™ Tl oper

mat eri al ﬂ&dmtf@&lé\granméan&it@ﬁﬁu n@oﬁem tworor Idore ethy gmwicess
according t gln ‘sai-d actinic radiation is

uItraV|oI%?PL%dg%ﬁ?Bﬁra#%$ gﬁ %‘?%ﬁ %Y?% visible light, X-ray, or ion
beamirra2bati onA tbans fe&s. 1mag1wgppme$ss conpr ts g t o nagenwsise wherein

said act '@k§%§ﬁ% a‘E%%cf?nPJ: “Pa{[l’i th.'%oﬁ‘ ﬂné‘gmeimi hcérﬁ'pttt?n fgnge 380

to 480 nm eet | pages g
exposur e- %oﬁl?%tl%%bsthﬁbé MP%E"Qe%Et?%m %ﬂ”ﬁ?%ﬁr%ﬁﬁﬁﬁﬂﬁcﬁi&ﬁa inhteria

and a devebnﬁp@§1t§@nd1ﬁbﬁ@hﬁgr@rtﬁmﬁog@nwm@térhawma anrpmsaosurface
t hereof, a laye sul e rete. ca

enca@sula?%“%%tTﬁ?éFﬂ@Pogﬁgg "lﬁi?%ﬂ?ﬁgg% %ﬂgﬁﬁg%nglf %%piﬁkaéh?q%$ whi ch

under - upon exposure to such radiation, at least said photosensi- N ;
tive composition being encapsulated ih fupturab1e'capsules, g_;
to produce exposed and unexposed areas; subjecting said
capsules to a uniform rupturing force; and transferring
10 said cliromogenic material from the exposed or unexposed
areas of said imaging sheet to a developer sheet compris-
ing a second substrate having a developer material on.one
surface thereof such that there is a'patterned reaction

between said deve]oper material and said chromogenic - “i;
15 material which produces an image. -
26. A process according to Claim 25 wherein said

rupturable capsule is a microcapsule defined by a discrete
capsule wall. -
27. - A process according to Claim 26, wherein said \/
photosensitve composition comprises a radiation curable .\_)
material, and whérein said capsules are ruptured in and
said chromogenic’matéfia]'is transferred from Said
5 unexposed areas.
28. A process according to Claim 27 wherein said
photosensitive composition comprises a material which is
photo-decomposable, and wherein said capsules are ruptured
in and said chromogenic material is transferred from said
5 - exposed areas. '
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gees a change.in viscosity, upon exposure to actinic 25 radi ation,
sufficient to control the rel ease of said internal phase from said \
m cr'ocapsul es; and a chronogenl c material associated with said
m crocapsul es such that, upon inmge-w s@sxposing said | ayer of

m crocapsul es to said actlnlc radi ati on and subjecting said | ayer of mcro-

30. - capsules to a uniformrupturing force, said chronogenic materi al
inage W se becones avail abl e for forning an i mage. 35. An inmagi ng sheet
ording to Cajm34, wherein said c eni c_ materjal, is_present in sald
f&efnal phase %‘t h saiftl BIRStGSe RSSO 0@V 8 Cééu Eg‘ gt@ 28,

|nag|ng sheet whﬂnﬁxnrgpnﬁ)ﬂmageﬂm13¢ @mp@&;n@hasebw Sxiack soissiogeni ¢
material is a 4H%§f§§|ale col ourl ess el ectron donating compound. . 37.
An i magi ng shee dlng to Claim36, wherein 5 _ said substantlally
col ourl ess el eo'ftQ-on do Hrrﬂj?%ﬂ&ﬁ?d'@@gat@o#ﬂduﬁé Gddiimg 23 46t dfe, a

lactam a sul t qiferefi s Faidimige -l s@S lekposin arisa Qe$t1reld:Q:t1'¢lhe 1m3%1ng.
An i magi ng she accor%éﬁ‘to any of vvherel

phot osensi t i ve tonposi AL S FGHOT énngO aPH @t F&?ﬁ&ﬁe? gP’VISIb|e
~radiation. 39. wheredm iswigi @ psivdets aceoruprgred bwyapblwumgmpr@$smae38
uhorein sai d P Qs nGo RN R LASHAEYeTBpRLNLhBCalk

unsat urat ed conpoun n |ma%S acco any of C ains
34 to 15 39 Shifd%| br?% SUPRIPOSE thlt\heSééépégwnlaﬁerneanGé@a&

phot oi ni tlicat or .fakling on AaildTe@iatd ngheehpagdeidnig to any of CI aims 34 to
40, wherein sai di screte cg%§ule wal |,.i.s formed fr OE&% ure% 3 n% dehyde
S &P |

rES{n or a mel ‘ne-fo f&éafggfﬁlnfoto apy of glng
rocess corrpr| giherdimgaid sstinic radiation is ultraviolet radlatlon,

k/
infrared radiation, visible light, X-ray, or ion beam
irradiation. '
15 33. A process according to Claim 32, wherein said

actinic radiation is blue light having a wavelength in
the range 380 to 480.nm.
34.  An imaging sheet useful in forming images by
. exposure-controlled, image-wise reaction of a chromogenic
\~ 20 material and a developer, said sheet comprising: a support
' having, on one surface thereof, a layer of microcapsules
having discrete capsule walls which encapsulate an internal
phase including a photosensitive composition which under-
('/ _ goes a change in viscosit&, upon exposure to actinic
L, 25 radiation, sufficient to control the release of said
internal phase from said microcapsules; and a chromogenic
material associated with said microcapsules such that, upon
image-wise exposing said layer of microcapsules to said
actinic radiation and subjecting'saidllayer of micro-
30 capsules to a uniform rupturing force, said chromdgenic
material image- wise becomes available for forming an image.
35. An 1mag1ng sheet accordlng to Claim 34, wherein
said chromogenlc material is present in said 1nternal phase
with said photosen51t1ve comp051t10n._ '
35
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05| ng to actinic radiation an imgi ng sheet accord| ng to any of C ains

Jto'

so that said photo- sensitive co

viscosity; assenbling said inagi sheet with a coopefating devel oper
sheet; and subjecting said assenbly to a uniformrupturing force. 43.
For use in a transfer imaging. system imaging nedi a:substantially as

her ei nbef ore described with reference to 30

Ag.i magi pg ihagﬁngsehebtlactardnng taagealhs 8%posTUBE-, coRtroIIed
the said

sheet bewﬁargﬁﬂ s?f&n%PgPﬁ ggg 2&% ﬁﬁé% %séﬁP%égg&EFgasgference to 35 :

44.

I mage- w

41, whereby to expose to. said radiation said |layer of mcrocapsules

reaction,o

t he acconp&nyrﬁgsaraapnggon donating compound-

10

15

20

25

.30

35

37. - An imaging ‘sheét accordlng to Clalm 36, wherein
said substantially colourless electron donatlng compound
is a compound having a lactone, a lactam, a sultone, a
spiropyran, an ester, or an amido structure.

38. An imaging sheet according to any. of C1a1ms 34 to

37, wherein said photosen51t1ve comp051t10n 1s sen51t1ve
to ultraviolet and/or visible radiation.

39. An . 1mag1ng sheet according to any of C1a1ms 34 to

38, wherein said photosen51t1ve comp051t10n includes an
ethylenically unsaturated compound.

40. An 1mag1ng sheet according to any of Clalms 34 to

39, wherein said photosen51t1ve comp051t10n 1nc1udes a
photoinitiator.

41. An imaging sheet according to any of Clalms 34 to

40, wherein said. dlscrete capsule wall is formed from a
urea-formaldehyde resin or a melamlne formaldehyde resin.
42, A transfer imaging process comprlslng image-wise
exp051ng to actinic ‘radiation an imaging sheet according
.to any of Claims 34 to 41, whereby to expose to said
radiation said layer of microcapsules so-that said photo-
sensitive composition undergoes the said change in

“the acconpanyi ng draw ngs.

viscosity; assembling said imaging shéet with a cooperatlng
developer sheet; and subjecting said assembly to a uniform

rupturing force.

43. For use in a transfer imaging system, imaging media

substantially as hereinbefore described w1th reference to
the accompanying drawings. i

44. An imaging sheet useful in forming images by
exposure-controlled, image-wise reaction of a chromogenic
material and a developer, the said sheet being sub- |
stantially as hereinbefore described'with_reference to
the accompanying drawings.
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osi tion under goes the said change in 25 *
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