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WD 2005/ 044579 PCT/ US2004/ 029918 1 5 | MAG NG MEDI A
AND MATERI ALS USED THEREI N BACKGROUND [ 0001]
woRiosoials t hat produce col or change upon sti nMECBUSZNG/029918
with 10 energy such as light ,or heat may have possibl e
applications in imging. For exanple, such materials
may be found in thermal printing papers and instant .
imaging filnms. Generally, known materials and
conpositions may require a nmultilayer and/or
mul ti phase filmstructure and further processing to
produce an inmage (e.g., instant imaging filnms such as
Polaroid). In the case of facsimle , 15 and thernmal
head nedi a, high-energy input of greater than 1 J/cn®
is needed to achieve good i mages. The conpositions in
mul tilayer/nmul ti phase nedia may require control of
di ffusion of color-formng chem stry and further

Processi Mucifie, HEPANIS MATERPA 1 SEB AR AN

consi st of coatings prepared by preparing fine
di spersions of nore than 20 two conponents. The
conponents m x and reacBA Wﬁ’bﬁ‘l'?catl on of energy,

r esuh'pqd]@h t%n%%l tﬂﬁ?éro%%g rc:'o?clr ‘cha ﬁggrl%%Etstt%ulatlorle\éth

acco e necessary m X cles

ehergyosichcas Hgi’ft@fh%\hnmj themmsslmbmacaﬂorisaM&mgﬁm For
msrg i nt a new of these nmultip

SRHRDIR SKRE Malparls RAY Be Telie g thesmab it eRers AP atant
nﬁé‘g? égﬁﬂrﬂ%eiﬁenéz ral é%?ﬁewlrﬁatéi‘ﬁﬁseéﬁ& cYt s B\A@rnﬁ Befquge a

I OXI aser wt an ener ensi t
mUlilapernandrposiliphase fids scblfuctnrelranobﬁuaheeprctdeaamgao preduce an

e C g et Al TRe bapBi o e bRenimie
ahém@ém@am&ﬁtméai@ high-&Retgy .ﬁpdttwglr@étér thidn TB}n8is needed to
desirable to produce a visible mark nore efficiently

agkieng goediimages. [Thescampesitiens unerggltliﬁmélmtdhphaﬁmmdla may
SR S B B P SRR A PR YElesing
ahtars fiodratin ﬁpaatmqih@samﬁdi layersbyMbststberrhaleand facsimile paper
irradiatigon can e ed (lg coatln col or-form ng
cealngsseonpistygiiceatin {ﬁﬁﬂ‘? ¥ PAePIND '&%/G'SﬁﬁEF'%'Fﬁe%'miO&e than
t\/\\/pcg%n%f]s'?mhé) gﬁH@ﬁQ% M&ShPreact upon application of energy,

resulting in a colored material. In order to accomplish the necessary mixing, the

particles néed to contact across three or more phases or layers and merge into
a new phase. Because of these multiple phases and layers, high energy is
required to perform this process. For example, a relatively powerful carbon
dioxide laser with an energy density of 3 J/cm? at exposure times of much
greater than 100 us may be needed to produce a mark. In some instances, this
high-energy application may cause damage to the imaging substrate. In many
situations, it may be desirable to produce a visible mark more efficiently using
either a less intense, less powerful, and/or shorter energy application.

[0002] Alternatively, marking composition for forming clear-cut marks on
the surface of a molded article by laser beam irradiation can employed. The
coating color-forming chemistry typically comprises a leuco-dye and phenolic
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2 devel oper (activator) (both of which have | ow
solubility) dispersed as separate phases in
WO 20b5a1450N- cur abl e pol yner nmatrix or PCT/US2004/029918
sol vent/ wat er - borne coating.,The coating al so
i ncludes an Antenna, which is a chem cal species
having a high extinction coefficient absorption band
corresponding to an i magi ng | aser 5 wavel engt h.
dERMBIEF (actitatoM RN Bf IWRidRI IRARbW §bll§’l5§'it¥/) APefled B€separate
separate phases, which does not resu In-very
peasesingadiafivscruiablesdymearwtrix adselvenvaies-bome esaling. The

' ' kK _thi ing. i .
oS PR Moas bR A R TSl 28288 B i
extirmtiBh. codfficient absohpturebany 6emespdrRing &Nak ffitgihgilBser
the coating and/or the substrate under the coating

WHYPlRatb| HPWEVET taanirna ispresentdn oshcene ahtecssinarate

. o s rr
oRER SESBLL 0 B SHORRIBLA) Banf Ry At Fefoion.
aresit tlhe energy densityggquiseth&i avietrdaicaathey is relatively high (>0.5

PR N TR
th@Qid%i‘tmf;Qafr’ﬂii/@lgth_@'aétfbrstrﬁleiuSndlSéL]J4 ht/f\'/;% %@ﬁﬁ?%gggiga%ﬂéféﬁsﬁbdaﬁ?%ed.

| ow- energy radiation. SUMVA e prese
Use pé sucly inageahle soatingrequiding highcemsgy dénsiiesmani further

i i vat.or: .and | |
ociidfieite 3 AL 82 30c R a6aMbet bRk ot Sendfhe i teneray
sevmitVendi dtaycanaaisneecordabib s, PVDsTedE ) et vibavdibe %regging,

| euco 20 dye and an accelerator uniformy distribut
there tsr nged §9r fasbowingseatiegs asg eetorderning matesiats, iitiated
| 1 ing an imging material .
a%ébﬁ%ﬁ%g@eﬂ{&&\g%fgé’@y gé?%lﬂég a powder havi ng an
activator and an antenna, dissolving the

acti vator/antenna powder MI{A rpan  activator/matrix
pre-pol ymer sol ution, pr | %ﬁ{% | euco-dye all oy, and

25 dio9p8] STRE présertehrtibhGeRitdOM émrﬁa%ir\ﬁ Sompound: a matrix

activator/matrix pre-polynmer solution t
havirg aniasteva and anmetivator] @008N alloy tispersespiactaid natie as'an

BN oS S VR SR o BB Bha oo
dyeearid %n k¢eRgator UnASINGIP REstABGtedn @ BNG).or . and an
allo[\6 di spersed in the matrix as an _
004] ' Another aspect of the invention includes a method for preparing
an imaging material. The method includes providing a powder having an !
activator and an antenna, dissolving the activator/antenna powder to form an
activator/matrix pre-polymer solution, providing a leuco-dye alloy, and
dispersing the leuco-dye alloy into the activator/matrix pre-polymer solution to
form a radiation-curable paste.

[0005] Another aspect of the invention includes an image-recording
medium that includes a substrate, a matrix on the substrate, the matrix having
an antenna and an activator, and an alloy dispersed in the matrix as an
independent phase, the alloy having an antenna and further having a leuco-dye

and an accelerator uniformly distributed in the alloy.
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30 i ndependent phase, the alloy having an antenna and
further having a | euco-dye and an accel erator

wa@riokos4sry di stributed in the alloy. WO 2005/ OB@B¥S2004/029918

PCT/ US2004/ 029918 3 BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0006] Wile the specification concludes with clains
particularly pointing out and distinctly claimng
that which is regarded as the present invention, the

i . . i ned f
Phe 5 fol | owbyEnEPCRPSROSOE TR BraNERSE unen read
in Cﬁmooact\/klmlb e spddication conprRdLs vdthdclaimh$ particalarly
whi ch: g OOQj Fi %ure_l_shovvs a_nmethod of preparing an

pPinting eyt Aad shistinclly slaiming that wWhignissrgatieskess ther pregent

oFEEASRLHEAERA i 10 LIPS s oy e

um accor
faloedren tiescription afrthe DEBADEVHAESERIRT IcONjn@ton witfnibe

resent .inventjon.i g@}l.ﬂges coatings that result in
ageIypanypg drawingsde Miekint i nage quality when marked

Wi t %@m]s Hid el LsBORE QMmEMSUST préiSaringlan ;ﬂ*ﬁa%?n@rm_aterial
e e |

exa , IR Tadiation, UV radiation, or visi I ght.
atterding iorarmembedirnentofihe puesent stventionaag@ upon

2. altdlsto Fighhe G dits AR el Bt eyl & dm efitpdiment

of féchredent ih@ghtidn.on-cured acryl ate ol i gomers and
nmononers) that is applied to a substrate. In

particul ar enbodi nents, either the | euco-dye or the

activator nmay be ZODEﬁE@tdl?ﬁtﬁlﬁ’fm uble in the
[ efti

matri x at anbi ent con ons. An iclient radiation
ener (0] s dileepresbat inentidn inokides coltingd treateegyit mnclear marks

deliver it to the reactants i .al so present in the
aagﬁxpﬁ'{ﬁnt Eﬁ‘@gsﬂ%ﬂb’ whem ”E?ék%i M‘l'ﬁéﬂ‘,y gm’ié’ﬁ? PREIGYtSOUrGe such
aE,‘ fob 8kample IRGhUALAT UV rga%ié?ti‘éh,obr ViR lightor TR kAterials used
ecom ng heated and m xed, causing the “leuco-dye to

tdproivee avionchtageamdnestineulation bp enpraydimey dnclade podiaiformer
erm."| euco-d

S(Sh 5 S ePRre ania affer FRReEEY o prRREBen 8
rddiafidn-eatedl adrjlate BRGEAEIVMEhobbAicts) hadis appiRedvenslibstrate.

exhi bits color or changes fromthe first color to a
Inspawicd/as emppodiments, either the leuco-dye or the activator may be
substantially insoluble in the matrix at ambient conditions. An efficient radiation
energy absorber that functions to absorb energy and deliver it to the reactants is
also present in the coating. Energy may then be appiied, which results in either
the activator, the color-former, or both, becoming heated and mixed, causing the
leuco-dye to become activated and a mark to be produced.

[0010] As used herein, the term “leuco-dye” means a color-forming
substance which is colorless or of a first color in a nonactivated state, and
subsequently exhibits color or changes from the first color to a second color in
an activated state. As used herein, the term “activator” is a substance, which
reacts with a leuco-dye and causing the leuco-dye to alter its chemical structure
and change or acquire color. By way of example only, activators may be
phenolic or other proton-donating species that can effect this change. Thexterm

“antenna” means any radiation-absorbing compound. The antenna readily '
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an activated state. As used herein, the term
"activator" is a substance, which reacts with a

WO ewso444ye and causi ng the | euco-dye to alter PEBHUS2004/029918

chem cal structure 30 and chgnge or acquire color. By
way of exanple only, activators may be phenolic or
ot her proton- donatl ng species that can effect this
change. The term "antenna" neans any

Gy i A R e S

spec[00t1]way paricgtan enfibddimentiokinegsoadidg af rthm prdsemt frjveption
rticul ar, enbodi nent of the coating of the sent
3 iatQrEPUEADIE ROWRATALX. BHFTHBS dOpBXGBIE, & Matrix

bﬂ?écﬁ bk U\?—k‘:@lt’alﬂé pré %blﬁé@'ﬁ% aﬁte'ﬁﬁéﬁé ﬁnlf&ﬂﬂ?@ls‘?ﬂbuted or

UV- cur abl e pre- poI yImers. antenna 1s unif
digisetvedibn thel matris Asw@ri\}rweinnthaw‘@rmm%mtennamlu@@jany

oBpouin A S S RaR U B pRIRO s 8 bre
phRicARe endadirenk, &he@(ﬁ@ﬁhﬁﬁn lrﬁ’ﬂé@ed\(lRE}lD@ l Exa’tmples of
|nfrared(IR Dye. nnas i ncl

Aai%ma@tmﬁluﬁﬁtbé@ are npﬁv’aﬁeq' m H%Z&%(MQH@B&Z Pp1- 1)R17%Z#33 (Aldrich
5%'(?%?{-%)& %%/ﬁfec?@ﬁ %imt&%yéﬁﬁe r l%/eﬂal c§}+[b‘|§>§e59@§ch %S dﬁﬁ&gne metal

such’ a ane neta ["'exes and
compieeis| ameindeaailine ongthbec@Eaplexés)s cAldo&Bsﬁohmﬂi inrthemeatrix is an

agg'cg p)Fot:g)B '1?5'@95 acgl*f?(é'g'bg%lg Hgsglgteiesg é]aeffgfl@\é%tg%{s%mqygﬂes
fueucgregmks%pr%use&hé i©br B &w'r(;,émtr@ @a,ngréc,gugb efan

accel era pree [ ow el |ng
aacr:eiemtom(meﬁqmnly\@)lpwarnelt@g amnahlna;ompmlmm ancéan déerenna.

LpfleB et et e i ia Rbodmart o L fEhEh B fuoran-based
cempBLAbSt Thedessrice mﬂhé%@mem@tot BesigR lhlréﬁucm? the melting
tenperature of high-nmelting fluoran dyes and

tesppmiatids of fighnalling Heerani dyes ans thuse Mrovides m@romed dgactivity
u@ﬁ@ (ﬁlegﬁﬁé.g nUg%: oﬁ%ﬂﬁ%&é%%@&r?s&f%eﬁlﬁél@k%gﬁ% aLﬂ{ués%rhtﬂJn of the

Aatena |S|Etlaeﬂ<§m:(£d’wam;e Tihaseatlng deapf‘lseﬁw@ beﬁarate phases.
| ncl udes the radi nmer matrix havin

d bl I
Thidraigitase Iogluder e iaUircsuRpep meR EItK jaind the acidic
alfdtordisddfed #f HULAIRRR itk 1988 dedbnd pPYSETACILAS the

eutectic o euco-dye that is either |nso
lowrimeitingaeuteetiaof adelyco tyevtheadlisibithertips¢lablehoraghichdras relatively

0B ok B350 e ik T o aBRRU P B reraby,
ledsthan R9b)af thd mdifx Bitithat i8uinormly distributed in the matrix as a

fine dispersion.

[0012] Another embodiment of the invention includes a method of
preparing the radiation-curable imageable coating. The method includes
preparation of an activator/Antenna alloy. Activator is heated until melting and
Antenna is dissolved in the melt. Optionally, Antenna could be pre-dissolved in
a smaller amount of the low melting organic solvent (Melting Aid) with
subsequent addition and melting of the Activator. The hot melt is cooled down
to ambient temperature and ground to smaller particle size (typically below
about 20 to about 50 gm). In one particular embodiment, the Activator includes
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fine dispersion. 25 [0012] Another enbodi ment of the
i nvention includes a nethod of preparing the

WO aeb5a8450M- cur abl e i mageabl e coati ng. The net hpdI/US2004/029918

includes preparation of an ?ct i vat or/ Ant enna al | oy.
Activator is heated until ting and Antenna is
dissolved in the nelt. Optionally, Antenna could be
pre-dissolved in a smaller anount of the | ow nelting

ad il GrotiniERuntrdh o Heuthd deerob Rl Sl
acipRltes fpvBe with taamregénttummﬂroaatméladarahy%ma d;ompound such
snmal l er particle size I%fl cal Ly bel ow about_ 20t

aau‘@upxempﬂmBIS1Pme@ﬁbApar olfexsaBeem&ﬁrr@atte TGSA (Phenol
b

43?1%%8@?{ Bls[zlfé-P ﬂﬁ’%dm %aﬁ’%gﬂﬁd avil 2%Aa9\?%8938f0r%36

with dbe mﬁmtlbakﬂh@ulohbave/gd)m solubilitywith Wirtténhdne present

o ]  Stisielie & cing 6 B3y PR Bdns Gaaund to tower

th-qu'h%r{gFi‘éﬁ{HEraturé oﬁcry%tﬁllfr%‘&h‘d%‘nﬁ{ @uk(s%a@éé?soiﬁr’tﬁé )cbatlﬁé‘%jo a

ol y- phenol's. Suitab Activators use

frem mm|56°<ﬁétvebgub&&°@ uﬁuﬂabl9 m@ltlhg Amtse‘nnase in the

omﬂwo%l §undte py SRt fig8 bR 28% GG Solv8nt F both the

a@ﬂi\béﬁélﬂéhd fife AhfshniaC Bipehlas o mdlting Siklsdeatiddbit@re not limited
range of from about 50C to about 120C. Suitabl e

tayen q>lmlgetar->a§f etwlansglyepl; gibengyl @xalate) @ﬂﬁbﬁtbﬁaﬁyl taranitlealate.
10" o [T, AR ARGl e Beliner oy IheiPrebdiad by

diseowirrgethetgrbuad actioatol/Amtdred altay, inra pml—;ydﬂym’eh solutibn of the
oxal, at and

hyl I di b | .
USSRl b The SBREN T ekt eyAttsRnaalpy i e pre-polymer
sd%ﬁoﬁ% & u?fHe“rtdngﬁ df?frdn'i‘ﬁﬁoﬁf £RA B obyb Rt @@%V '%‘?oased on

nd activator/Antenna alloy 1n a pre-pol
tost@ll \MelgbhOf)ﬂ’letme pa!ymeusdbtlenhdesurablyﬂm abnu’emmto% to about
tiyator/Ant enna A, t r&-pplynmer 15,
o3t Y5 iy Ea B Bt A8 pRs o i Biung Stvatpriaptenna
aﬁ’&%ﬁo@@ b&dls%lﬁb@ﬁﬁ?re%blyﬁka ha@e ghth eHattth@ components are
pre-pol ymer sol ution desira fromabout 3 wt. %to

ualmrmly apd amoggnegusihestribuied mbpwqm%maﬁet oPpaygtion of the

cd/ﬁva-{-QﬁAﬂ%?MQdalﬁgterﬁH% f rﬁglf1 %H%ls a?h?ﬁléﬂwtgﬁna in the

ssol've ase su
liuidpeagalymear. eThusns bannmarlqmtelﬁﬂrasgaaap gshyentional IR dyes

h(ajl\lleS OrV\II tgi%Jsts(ce)Flutllorr]] Iltl angH \Illggclasqtypphrgspeolymcresspalf)%tslol(l)ﬂor? fof tr?e Antenna
in the activator melt with subsequent dissolution of the melt in the pre-polymer
enables uniform/homogeneous distribution of Antenna in the matrix and
improves sensitivity of the Antenna to radiation of the imaging laser.

[0015] The leuco-dye alloy (eutectic) is prepared by dissolving the
Antenna in the accelerator melt. Leuco-dye is then dissolved in the accelerator
melt, which results in the formation of a leuco-dye/accelerator/antenna alloy
which is cooled down and ground to a fine powder, preferably having a particle
size of not larger than about 20 ym, and more preferably of less than 10 um.

The leuco-dye used in the one particular embodiment of the invention is of a
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di ssolution of the Antenna in the |iquid pre-polyner.
wahbdos/osss7particul arly useful as many conventi oP@l/us104/029918
dyes have | ow dissolution ip high viscosity

pre-polynmers. Dissolution of the Antenna in the
activator nelt wth subsequent dissolution of the nelt

in the pre-polynmer enables uniform honbgeneous

L stribut i e .
BRI YBY, Eenfbien BF SORbiBle HBraff ol R SRAbIIC LSS with
tHeapmsent [rﬁ)@mﬁc])n Todudessitwstdyes FEVimy theeformata:c) i s

prepared by dissolving the Antenna in the accelerator
melt. Leuco-dye is then dissolved in the accelerator
melt, which resu ptj on of a

| euco- dye/Rccel.g

whi,eh i s cool ed

down and gr oy [ ' prf,\p{ably havi ng a
particle 30/si % t 20 pm and
nore pref Bf abl yXX € p ; The'R euco-dye
used in the one particul gf ~espodinent of the invention
is of a WO 2005/044579 P 2004/ 029918 6 fluoran
type. Exanples of a . | uoran | euco- dyes
suitable for use wi/ Seqt i nvention include

structures having ¥ I NT,,/ 0o 5

where R could be a aryI groups or H atonmns.
[ 0016] Accel erators d¢~In the current invention

I ncl sta ani_c jds with melting

WP&H%Q?&PH /38 Bl fitanLhtibsiordtatis 0 1o about 150G,
and pocfe]r Huckldratordasae lin thedcurfsMemvadniiod ihdlubi8 &rysAdidRe
of about 70C to about 120C. Suitabl e accelerators

orgafli¢ gelids withmelting teroperabars in e tamgerofapout 50°C to about
SSX(') Vfﬁd Fe?ératbg?ﬁa\ﬂﬁﬁﬂéiﬁrgpegﬂ%%‘éwn@qﬁ tl‘f$ I & ébc‘c;dt% Cto

{ euc f enn at i ons
about m°hbd8umébléfa@celeeaterﬁ mbmderarbmahclhydr@@hibbnsJ(brttheir

dgl[@%cﬁ/!g\él Plg%{tlp?g\%ged 00d 50 ve%rt]tc arac erlsttllg:g foarclgﬁlcg rd?/teoarndrray
antennas used in the formulations and methods of the present invention. In
addition to dissolving leuco-dye and antennas, the accelerator may also assist
in reducing the melting temperature of the leuco-dye and stabilize the leuco-dye
alloy in the amorphous state (or slow down the recrystallization of the leuco-dye
alloy into individual components). Suitable accelerators for use in the current
invention include, but are not limited to, m-terphenyl, p-benzyl biphenyl,
B-naphtol benzylether, 1,2-bis(3,4-dimethylphenyl)ethane.

[0017] A thermochromic, UV-curable paste is prepared by dispersing
the powder of sensitized leuco-dye alloy in the solution of activator/antenna
alloy in the radiation-curable pre-polymer (lacquer). The radiation-curable
p‘repolymer acts as a solvent for the activator/antenna alloy and as dispersing
media for the leuco-dye alloy. The leuco-dye alloy, being poorly soluble in the
activator/laquer solution, exists in the mixture mostly as a separate phase.
Suitable radiation-curable pre-polymers (laquers) may include, by way of
example, UV-curable matrices such as acrylate deﬁvatives, oligomers and
monomers, with a photo package. A photo package may include a light
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in reducing the nelting tenperature of the |euco-dye
and stabilize the | euco-dye alloy in the anorphous

W@ e@sme44507 sl ow down the recrystallization of PE¢EUS2004/029918

| euco-dye 15 alloy into indiyidual conponents).

Sui tabl e accel erators for use in the current

i nvention include, but are not limted to,

mt er phenyl , p-benzyl biphenyl, 3-naphtol

aB§6ﬂﬂr’1§§B§éles WhictPintate %&éﬂ&%fm &hﬁ@’bﬁﬂd&ﬁﬁ@r s{&ﬂla@ by

A thernochrom c, WV-curable paste is prepared
\A@ysqfamm@e bemazq@@mene @ierlg@ﬁﬁ@s i Qther |esamplezg/ef raﬂlcbtoyutlators

e T RT

lirited ab itloioxansthbhe deheamveénahtr&agmnaﬁe YeFi0htivdY, aktefophefones
activator/antenna all oy and as_di spersing medi a for

apf danggie-fhersal lndgﬁrtlcrwiar ﬁ@@@ém%tsaaf Fhﬁ/'nvﬁétl‘h@ ibagy ge
déﬁlréﬁle% IcRob&8 a rﬁ&frb(\(ﬁlileﬁ/ id e&%afbfﬁ kothd 8fY d?.%ﬂcﬁ that Boes not

m Xt ure nost as a separat ase.
caask atoodnrr changbl é\/laihrleesdnlayeem c(dtlaqwdymeaxaﬂldmfem may
UV-curabl.e matrice

eyt Haolsiiatois HARes o P Bre doahRUTh S el Sl hglopium

t
ST S PRI TRRS L3SE ALl cuer

onmadix mav alae énalieds Nosfhote £DGA00 (g nixtuse bAUYueurabeuadrylate

oRabs AR BT QFRARR BBVt o) anc
orgémdsremvéat amlmmr $néthyl MethaR)IXEE hexy)IHhéthaeryate,
are not imted to thi oxanet hone derivati ves

bat?cnh%wyr@;hw aYietaanselRexaseethyionerasnyates. &ither suitable
cBﬁ\%ﬂbe‘s for I%?’qﬁeré O it O,-ﬁde%%%{/ iR TR Ak n8f Iuﬂf@d to,

nventi on, esi rabf e to ¢hoose” a
amﬂylla:tbd lpsnlyastanbligy)rmerépsunlxds camgatamcmsu amﬁsll AagtCN-292

(B SRS Reissaraa, '@ten*a@grom%é SRS B hyiamrosrge

| &8,
"WQE"Q%?Q%?‘%%S?#'W. el s$§na‘%@ﬁ‘%é2%28%%y'
a\cwiaien(ajbof wmlshnar@BVellahieimm Saﬂomerlﬁn)rl X may al so

acr y Y TRChErbOg b Yol 8 et S SHHET 8 tge substrate

with csﬁmsaqnemt r@wafnbwmsui@ewwé i3 eoamiga aSéRecﬁ@h “eBlitable

acrylates (e.qg., nmet hacryl at e,
Ph@@ﬁ&@k%%& or usgdn ﬂﬂepr?émﬁqn @wrﬁﬁle Iassﬂyqemhpukébe made so that
| |
t g&&[@%@@ﬁ gﬁisi)%(l) tH o?ir?é ghcgoegf: ugg@t g lﬂnﬁfgér%‘ﬂgg{l‘é&ed by

othemispediespresent in the coatlng The cured coating is imageable by laser
with emission wavelength tuned to the antenna absorption. Thus, the coating
absorbs laser energy efficiently (i.e. at energy density levels as low as 0.1-0.5
Jicm?).

[0019] Referring now to the embodiments illustrated in Figure 2, there is
shown imaging medium 100, energy 110, substrate 120', imaging composition
130, and suspended particles 140. Imaging medium 100 may comprise a
substrate 120. Substrate 120 may be any substrate upon which it is desirable to

make a mark, such as, by way of example only, paper (e.g., labels, tickets,
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15 acryl ated pol yester oligonmers, such as CN293 and

CN294 as well as CN-292 (low viscosity pol yester
w@eooglatsed ol i gomer ), SR-351(trimethyl ol pr opanePCT/US2004/029918

triacrylate), SR-395(isodecyl acrylate) and

SR- 256( 2( 2- et hoxyet hoxy) et hyl acrylate) (all of which

are available from Sartomer Co.). [0018] The

therm)chrorri c, W-curable paste is printed on the

ﬁt; &agéﬁ?%T&gh@ﬁﬂHﬁ% reAdieat %Pﬂ?lqutﬁ Surfdte of a

e t el ection suita packages
mfegliumsseichrast & € D-RARW/REM on DD -&R/RIGAR @M. shoul d be

made hat the activati wavel engt.h of

oot Bifedladinagintredtibpsfibh T RHY comgeRad mottix,apactivator,
afi® eCaffatidhessytirbing doRgoLaRE $Utth asl AR AT Rth. CPRE aBvater and

i mgeabl e by |laser wth em ssion wavel ength tuned to

thenantgnna mie saldds it ihermatriusi he feemedat i ng 25 absor bs

oA SBURL SRR brBy 505180 BB b,
|nts©lLtb*I€ :remmiamm n'idylbﬁ swdpethdied dridispersed irf ther matrB( as
energy.110, substr at

hown i magi ng e ]1
UMWQ“'M '%Blﬁ'rbfﬁglﬁ%‘ﬁes 48. Té\?d”ﬁ%&ﬁ%eoﬁ'ﬂpﬂl é”loe({z,nciuﬂjng the
AR Pand B FhiR) TR IPHRRIP oA SubUREL Bk Bny diceptable
madisod,adhich asy bynedeobexample csrﬂly;noklmg Syraying, of seneanrinting.
o g St 410 bbb Rl 2R 4865 forn a
n%\fﬁthﬁmeEénSm@r i) (ﬂ%ne%ﬂé? da%@&?éﬁdlg%\%p@ﬁethefeq@lpment

medi Um such as a

avaihagqlengambmbgomdIbnns_l,:amdndgslr@arrpsuléeEaamles sf ermfgy Whlch

8 e PR i RS M, LA A O SPRRARBE, Bt 7R

aft@nval rAay abkbe thetariergy ahe heat trerdimaging composition 130. The
accel erator/ | euco-dye/ antenna (90 of Figure 1) alloy

haal/mpy caysssyapenrted pastigles 14 t@ feqch r?eteﬁ%nqrawr@ﬁaffwt to
g DR ool of B G0 -Hmhi7 sEBLiEL Yo B2 1o U Ugoy Dy
p(aseat irdihegoarhelesdexq \glass tr_ansitlorm mrapem’umm\; (Wg)yorbnelting
tegﬁ‘gl Iaglgr tBTfnﬂﬁ(/ str #& I%m%\}w )a%caqp%%bl % ﬁ hr?%yth
rexct &6 forRi A bldibr, wh@ﬂsztlb IE0ES-8Ye 1L Qir8RYy 88loFd, €6 ERENG the

| magi ng medi um 100 to form a
color of the same.

[0022] Examples 1 and 2 illustrate exemplary embodiments of the
present invention. It is understood that several modifications may be made that
are within the scope of the present invention. For example, antenna 60 suitable
for use with the invention may be any material that effectively absorbs the type
of energy to be applied to the imaging medium to effect a mark. By way of
example only, the following compounds [R780 (Aldrich 42,531-1) (1), IR783
(Aldrich 54,329-2) (2), Syntec 9/1 (3), Syntec 9/3 (4) or metal complexes (such
as dithiolane metal complexes (5) and indoaniline metal complexes (6)) may be

suitable antennae:



mar ki ng or image. The formof energy may vary
dependi ng upon the equi pnment avail able, anbient

W@ oovdiosdsens, and desired result. Exanpl es of eP@r/gg2004/029918
which may be used include IR radiation, UV radiation,

x-rays, or visible light. The 15 antenna may absorb
the energy and heat the imagi ng conposition 130. The
heat may cause suspended particles 140 to reach a

tenperature sufficient to cause the inter,diffusion

S e
the sane. |0022] Exanples 1 dnd 2 illustrate exenplary

enbodi nent§ of the present i'gvention. It is

under st ood \{ hat several nodifications my be de that

are within the scope of the present invention/ For
~exanpl e, ant¢nna 60 suitable 25 for use with |he

invention may be any material that effectivelly absorbs

the type of energy to be applied to the inmaging

mediumto effect a mark. By way of exanple only, the (1)

foll owi ng conmpounds | R780 (Al drich 42,531-1) (1),

| R783 (Al dricly 54,329-2) (2), Syntec 9/1 (\3), Syntec

7 conplexes

o



OO 5 (2) WD 2005/044579 PCT/ US2004/029918 10 O \ N

O(3) ONM+ NSOO(4) R RB2 A jDI M A34
WR2R4/046Y9 10 where ML is a transition nmetal, RIT/URRDN4/029918

R3, and R4 are alkyl or aryl groups with or wthout

hal o substituents, and A, A2, A3, and A4 can be S,

NH, or Se; WD 2005/ 044579 PCT/ US2004/ 029918 11 R5 87

NNHR6 M2; \' N2

[
N AN
/

S —_—
0 0
(3)
o
/ \ s - N ++
N B ————
S —
0 0
5 (4)
R4 R3
Ay A
\
B
A3/ \A4 ‘
R 4
(3)

10  where My is a transition metal, Ry, Rz, R3, and R4 are alkyl or aryl groups with or
without halo substituents, and A4, A, As, and A; can be S, NH, or Se;



10

15

20

(6) where M is N or Cu and R5 and R6 are aryl or
al kyl groups with or without halo 5 substituents.
w(Q 0®2834520di ti onal exanpl es of suitabl e ant ennBCT/Hsi004€29918

qui none, phthal ocyani ne, napht hal ocyani ne, net al

conpl exes, azo, croconium squariliumdyes, and

hexaf uncti onal polyester oligoners. O her exanples of
antenna can be found in "Infrared Absorbing Dyes,"

Mat suoka, Masaru, ed., 10 Plenum Press (1990) (ISBN —
0- 306-43478-4) and "Near-Infrared Dyes for Hi gh
Technol ogy Applications,” Daehne, Rp.; Resch-Genger,
U; Wlfbeis, O ,Ed., K uwer Acadeqic Publ i shers
(1 SBN ' 0-7923-5101-Q e [
reference. [0024] T e acti
and | euco- dye-9g
t o producdlzg nark.
any two, substances/ T

/fhe | euco-dye may have | ow
solubility in the ma at anbient tenperature, but
the solubility can increase significantly when the
matri x i s 20 heated above the nelting tenperatures of 2
the leuco-dye alloy and the matrix. Thus, upon (6)
heati ng, the | euco-dye may dissolve in the matriX.

Because there is activator dissolved in the matri x,

WPt Moy MRV FREREERY 5] e oL Rlibrb U R ARG o

s@sdtiientBapi d cooling after i magl ng stabilizes the
col ored | euco- dye/ activator corrgl ex WO 2005/ 044579
pcT/ [06233 4 Asisiiongl examglessefispableant ﬁ@nmnqw@ qyigone,

PEfRISA3hine, BephEliyantits eliecqiees L RN, o
squdniliemt dyes\cartd loevafurBstiorad pblsltaam |ohgbmerm@ﬂwabblearhplas of

t that th | ubi | d th
antegadmnde Bdn. Tt Anstie e Dygs! JFSHRLE Masai ed.
P}éwn Pridd €1990) ASBNOES-ABY7R4PERY F‘Nsaﬁnfﬁcaré@wesqar High
of the dye and the activator at” anbient conditions.

vammlogy ApplieationsodPasine SieBesch&engeovd., Walbeis, O. Ed.,
KﬂJV\tlérV&ct:acHemlé ﬂ]bﬁ%r\ée(?SBN ‘6-1752%-%(16‘1'%), both incorporated herein by

reference. ‘
[0024] The activator (e.g., bisphenol-A) and leuco-dye 90 (e.g., BK-400)

may act in tandem to produce a mark. The activator and leuco-dye may be any

two substances which, when reacted together, produce a color change. When
reacted, the activator may initiate a color change in the leuco-dye (i.e. develop
the leuco-dye). The leuco-dye may have low solubility in the matrix at ambient
temperature, but the solubility can increase significantly when the matrix is
heated above the melting temperatures of the leuco-dye alloy and the matrix.
Thus, upon heating, the leuco-dye may dissolve in the matrix. Because there is
activator dissolved in the matrix, both leuco-dye and activator end up in the
same phase (matrix), thus reacting with one another and producing color. Rapid

cooling after imaging stabilizes the colored leuco-dye/activator complex
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and the | euco-dye/ accel erator/antenna all oy remains

suspended or dispersed as a solid in the matrix at
wa@psents7eondi ti ons. Activators may include, wWETUs1004/029918
. limtation, proton donors ang, phenolic conpounds such

as bi sphenol - A and 10 bi sphenol -S. Leuco-dyes may

i nclude fluoran |euco-dyes. [0025] Leuco-dyes suitable

for use in the present invention include, but are not

dlkéH\/Ea % il‘fé rr{eJtr‘rS? rlﬁ'&%ntrQQlI b tifRd leuco-dye/accelerator/antenna

amno-tri S, am noxant henes
alboy mayrbeommmammw lnsn’rulvie ||9 th@lad:qhgdabambrenﬂ|cnadl,t|ons By

el ST len s RN Shst B8 SHREHY REie-lsueo-dyg in the

la%auapamhefén@ RBAUGOAS is'So (owatﬁ@ﬁwaneéry llt@s'66lor change may
hi nes) correspondlngﬁhes ers,

0<2<('~FF dtsﬁiﬂodwpmyf thesdys ang Hhengetivatersatairakient eenditionss, Thus,
in tﬁ,ﬁ%nlao@g% g?g%{mq?{%&éj me égt%?oﬂ |§%&°olejead%e[ﬁe lacquer

ah@ thie Rlce- cB/dWacd@Ié]’éﬁmdrﬁenna alloy remains suspended or dispersed
2( p- hydr oxyphenyl 2 -di phenyli m dazol es

as;)newédnmﬂa% matrieal a'aub@nhoﬁﬂdwegs{ Wetivators Mmaydneludgpwithout
llrﬁfta%é\g ,@5@‘?@%&5‘5‘?‘9&%&&'??3@ uh@ﬁ%ﬁcﬁ%@ tﬁﬁéhéﬁ%l A and
bispherokS. Se\aeoa:lyeaanmay lnmudaf@waaﬂmiwsdiﬁs suitabl e

gl gf’tqaq%ﬂa %ﬂlglo _yﬁg pglﬁ f'gﬂﬁfséj Hbmelﬁfreﬁﬁ'ét invention include, but
al% l(lé\f'lﬁ'ﬁﬁlé/d th‘fI‘iJBFéHsdPHﬂpah@egBéthO' -tfrafinetiEdsy ahfifékanthenes,

N-1 soanyl am no) -
anmmth;dxamtlmnels; amina:8r18xdhydm-acridines, aminophenoxazines,

O e e e

aﬁmﬁblﬂﬂrb@lhﬁmﬁ: acitdyeyahoatidreaofdugorasihines) and corresponding
3- (N-cycl ohexyl - N- net hyl am nQ) - 6- et hyl - 7- ani | i nof | uor
esiges, 2(- rw,dé@whgﬁyw Ey—d(nhenyllm|dazoles indanones, leuco

md%h# E{;g;ﬁ@g&%n qﬁ%‘/{: ) wgéi#;akégeam?hodz 3- dlg}sdroanthraqumones

1'uor an€,
te$|=a1hadn byp'-doip hemoffs, &fp-drydrdieyphenylpdi3-diphenglimidazoles,

pgégétgg%h%%ﬂgﬁ;}élgtug%?: tg}%%ﬂ‘: i nggalﬁup%rpgﬂ@fhe present invention,
tr% C%}J g gggrga}‘ll B’éfhrﬂ%@ad”f%'ﬂi/éhdé mlﬁ&%fﬁﬂéﬁ%@le or mixture

4/°029918 13 '-ani | i nof | uor an,
tHesreof nSéneargl amﬂmutmm@tampleso&ﬁultabieffluomrahased leuco dyes

e S RSBV 2 VGO uor an,
3-(N-ethyl-p-toluidino)-6-methyl-7-anilinofluorane, 3-(N-ethyl-N-isoamylamino)-6
-.methyl-7-aniIinoquorane,
3-diethylamino-6-methyl-7-(o,p-dimethylanilino)fluorane,
3-pyrrolidino-6-methyl-7-anilinofluorane, 3-piperidino-6-methyl-7-anilinofluorane,
3-(N-cyclohexyl-N-methylamino)-6-methyl-7-anilinofluorane,
3-diethylamino-7-(m -trifluoromethylanilino)fluorane,
3-dibutylamino-6-methyl-7-anilinofluorane,
3-diethylamino-6-chloro-7-anilinofluorane,
3-dibutylamino-7-(o-chloroanilino)fluorane,

3-diethylamino-7-(o-chloroanilino)fluorane, 3-di-n-pentylamino-é—methyl-? ‘
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3-pyrrolid ino-6-nmethyl-7-anilinofluoran,
1(3H) -i sobenzof uranone, 4,5, 6, 7-tetrachl oro- 3, 3-bi s[ 2-[

wa2qodiomsrhyl am no) phenyl] 5 PCT/US2004/029918

2- (4- met hoxyphenyl) et henyl ], 1@and m xtures thereof.
Am notriaryl methane | euco dyes can also be used in
the present invention such as

trls(N N- di net hyl am nophenyl ) met hane (LCV);

il Sﬁg@@gy{;&%%@aﬂﬁwbmm phwirooﬁaawg @Ebthm

nophenyl ) et hane(LECV);
-|smméylamm0)s@4neﬂwt-ﬁ-yﬂndmpﬂuommenyI) met hane (D-LECV);

t | th LP
SR RS eny1 ) et hane ( LBOV) |
1{3+$)Cuéo%¢zdm+aafm@apb @7 totrdchistoesd, Bis[oi[aqd in sl Rirhin8phenyl]-

met hane

2ﬁ14§naﬂw@mplmsé}ﬂth@%m gad myixies therepl- Aminaifiarimathaprdeuco

dfs Ll BIRRE ubed e drsent) 'PV%“t'Oﬂ UhBhane (Lv-3):

tr&eﬂn\gdn?éﬂ?'(a{mmbﬁhbw?we‘h h D-LV-1

dediereti NGBy e f?anrée 28%; a
qﬂ_ljg I h

RN UdtAARI ey MtaReNagbeRyl ) methane

deu’erm-yﬂlqihﬁgﬂhy(aknlmohhhmeylhm%tbamf(ﬂ)ﬁLEGfél hane (LB-8);

t | neth ' di f,f t al kyl
g ak p e RE ok BeeEe A P U e orei
nfyﬁﬁﬁa%ﬂﬁyﬂhéﬂwqﬁeﬂ@n@(ugm,gndent ly selected fromCl-C4
; nmet hane | euco-dyes

al kyl ; i
b@(41ﬂr@h¥ia@u&%%ybmeﬁmmmr?emthﬂtphﬂrwl)frueﬂwﬁée (KV-1)
SRRl R T P8 e Mot i)
trIsJ(ld-elliEEthleentlhcy-ZSmleﬂqmmérM)cmetﬁhn@iiLVL:k)yI Q her

OSSN e bl B S SEAA A o
h

B e

ittt GZr:%.\bB)j b@s(ﬂh‘dliemylamiea%—mthmhehyk)¢3e4-uéneib1pxyphenyl)

SR B B B bl e 0 al Tl el eSS HESent Aty

sa@ﬁutué}»‘t@rﬂdn@@d%mh@anﬁw RebiétiesChRETeH éﬁcl@@ﬂ(yBQroup is
plications of Leuco Dyes, Mithyal a, Ramai ha

eprudenieseleciasfianiC 1-Cdatligghand ssunomaadasnetbaam@co -dyes
wt&a&%ﬁ&@&&ﬁe@édﬂ@ 'ngpne%ir&rdc%r%@QRétaér%dquﬁéreéﬁbﬁﬁfuted with one

or more alkyl groups on the aryl rings wherein the latter alkyl groups are
independently selected from C1-C3 alkyl. Other leuco-dyes can also be used in
connection with the present invention and are known to those skilled in the art.
A more detailed discussion of some of these types of leuco-dyes may be found
in U.S. Patent Nos. 3,658,543 and 6,251,571, each of which are hereby
incorporated by reference in their entireties. Examples of other suitable
leuco-dyes for use with the invention can be found in Chemistry and
Applications of Leuco Dyes, Muthyala,Ramaiha, ed.; Plenum Press, NewYork,
London; ISBN: 0-306-45459-9, the contents of which are incorporated herein by

reference.
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WO 2005/ 044579 PCT/ US2004/ 029918 14 [0026] Upon
heat - i nduced oxi dation, protonation, ring-opening, or

W0 b@5/0445k®, in the presence of the uninhibitedPe®Us1004/029918
conpl ex activator and/or unprotected secondary
activator, the above-recited | euco-dyes can form dyes
having a variety of optical characteristics. Although
a w de range of 5 conpositions are suitable for use in

h . - _ : . g
e RIORBE! nchieilifilaced Sxidghdt, prétoiafion, FRIBESING 08k the
Iilaafjdi? the pmgen::elgf/ shté unighibitleg r;;etgkemmpm(hefctiaa’:urmldmt ion
rom abou % 0 % A . IS
UG eR SRCRHATY rDuEIor g 20okPTeatid, Alkardyes Gandagm dves
h%\gggfa \Yﬁieg};bf op i) Rhafaflerificys esqlthaagﬁ g?hﬂ%or‘éﬁgéhﬁ

red 1 nage characteristics and-o _ .
caopssitiensareagitaljle donyseBndhe pseseatt innardionathieccalouioraing

o 5HEEN G2 SR S B 908 SR LP R g e

défaklyarP be prdderlt =@ apsorzentiatid® 6B from0ARM1t 496 86 abbuBL0 Frey
be ani/t_sw table matrix for dissolving and/or
d

wgighbe itds higderstoest thaj daese ranges g OnbeKIBPIgry apd piher weight
: ' : |

SR S s 4E PLPLRgTB 0 BT Ed iREOBENARICHEEIRR dhd other
colssidlerationses, ol i gomers and nononmers, with a photo
package. .A_phot ackage i ncl ude, a .

P ohEasa o EbAmpleb SEre e bR IeAEaE P commie e
S l&'éth@ﬁl%wﬁin F8fAURI (7):such as, by way of exanpl e,

enzophenone derivatives. Qther exanples of
photoinitiators for free radical polynerization

nmononers and pre-polynmers include but are not Iimted
to: thioxgnet hgpe . S antir aqygnone

deri vativesy, acet ophefjones a benzadi n& et her types.

[t may be 25Ndesirabl g AW X that is

cured by B/for mg aahat i p

()
where R could be alkyl or aryl groups or H atoms.

[0028] Lacquer 30 may be any suitable matrix for dissolving and/or
dispersing the activator, antenna, and color former. Acceptable lacquers may
include, by way of example only, UV curable matrices such as acrylate
derivatives, oligomers and monomers, with a photo package. A photo package
may include a light-absorbing species which initiates reactions for curing of a
lacquer, such as, by way of example, benzophenone derivatives. Other
examples of photoinitiators for free radical polymerization monomers and
pre-polymers include but are not limited to: thioxanethone derivatives,
anthraquinone derivatives, acetophenones and benzoine ether types. It may be

desirable to choose a matrix that is cured by a form of radiation other than the
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WO 2005/ 044579 PCT/ US2004/ 029918 15 type of radiation
whi ch causes a col or change. Matrices based on

W@ 2005/0845¢9 pol ynmeri zation resins may require PCT/US2004/029918

photoinitiators based on aropatic diazonium salts,
aromatic haloniumsalts, aromatic sul foniumsalts and
net al | ocene conpounds. An exanpl e of an acceptable
Iacquer or matrix may include 5 Nor-Cote CDX00 (a

R s s bR AP ShErTRn DRGSR b e
p@lymiz@tuanlra@ns gz 1T r}dqaltre?pho(c@nglatormb&d onﬁrbmatlytl cidgonium

hexyl methacryl ate, beta-phenoxy ethyl acrylate, and
Sl ARTRF BALOTIAT\HAHE oMt icsuliorniip Ealie ant seeialipsens

E T
NEKQR: EDGP00 29 ituee bbUMosuraglecaapipteemaniomess ra:mt:leohgomers)
BB R ol BN £
(. gvmthynnemmgdel ﬂé@(ﬂ%éﬁh@&”ﬂ}l@t& BERUD wb ¥| acrylate, and
consi dered as linmtations of 'the present i nventi on,

hexametiyigne aeylatelethes acepplebleniagausrs armaalices may include

G PoNidh Ulohars sty a3 R bnfeduash gpaEpi Ao

SRabaigriay to the enbodi nents of Figure 1, which shows
a nethod for preparing an imaging solution in
accordance with enbodi nents of the present invention,
the nmet hod nay conprise @(Q% jgator nelt 10, an
activator/antenna sol ution F’LEQUV curabl e | acquer
soI uf0029]30, heafoR@Ningm}(amrblamilmhataapantiaalao metbbds farn

0, and a two

5 a@]? UV cur abl e $ast%e 5g. In vth$
p@?@é@ﬂ@hwqm §elUfigh 4y apROTERG Gy With ersbadimnts, pr the present
|n%ﬁﬁ8r¥yh'h@>f§ilcﬂﬁnﬁ g\&Baniad Ssould mdtrbbtdom.de@@@ HE nﬁﬁta@bns of

0 grans of actlvator bi sphenol - A and one gram of
tr@n}vr@ﬁaat inmRestiomdius sbpulsidre vigwed asnkepresantativi lrowy |

oSS A BT HEPIB s DR Gabh Rl

dafa.t he ground acti vator/antenna powder 70 was

Example |

[0030] Referring to the embodiments of Figure 1, which shows a |
method for preparing an imaging solution in accordance with embodiments of
the present invention, the method may comprise an activator melt 10, an
activator/antenna solution 20, a UV curable lacquer solution 30, a
lacquer/antenna/activator solution 40, and a two phase UV curable paste 50. In
the embodiments illustrated in Figure 1, 2 grams of dibenzyl oxalate was heated
to melting (about 85° C). 20 grams of activator bisphenol-A and one gram of
antenna IR780 were dissolved in the melted dibenzyl oxalate. The
activator/antenna solution 20 was cooled and ground into a fine powder 70.

[0031] Five grams of the ground activator/antenna powder 70 was
dissolved in 15.3 g Nor-Cote CDGO000 UV-lacquer 30 (a mixture of UV-curable



di ssolved in 15.3 g Nor-Cote CD&O00 UV-1lacquer 30 (a

m xture of UV-curable WO 2005/ 044579 PCT/ US2004/ 029918
wagoaos4srat e nononmers and ol i gonmers) to form tPEr/US2004/029918

| acquer/antenna/ activator seiution 40. [0032] Ten

grans of m Terphenyl (accelerator) 50 was nelted in a

beaker. The nelt 50 was heated to 1101 F. 100 grans of

BK400 55 was added 5 in small increnents to the nelt
ai:‘@%ﬂe?ﬁé‘ﬁ&‘?\g s %lﬁldli Pﬁ%&ﬂgrsﬁ@fﬂﬂfﬁ‘% IBKq d%artenRa/activator

selutiob4Oy| am no) f | uoran) avai | abI e from Nagase

Corp 0 t he str re, of forth Iow

ne. PGS Yen oi3als ot PetPrRnghyBerletste) Bowss uyBd iR &
bE&AN& B8 Rak 5DGIAs ﬁeét@dltsaa 0t Fan GGidimPoPBK400 58 was added
tenperature of the m xture was increased up to

5 lmszroaumrr@mstq ihg ralk upen wconateat atitring. cldiepadded BK-400 is a

Rl i orEaohve 8 BufrbiophTiTaba B8ER o Nagase

oration, e sthiofire offwHily BOsdtIfeth yelow Bs Wasmatkled to
the nelt upon constant stirring. |1 R780 iodide has

the followng formula: Me M O nme nme, CH CH CH CH
C4: 0Z- 1 + 1 By

n-Bu—N

(8)
10
(average patrticle size less than about 5 ym). The temperature of the mixture
was increased up to 170-180°C. Stirring was continued until complete
dissolution of BK400 in the melt (usually takes 10-15 min) was obtained to form
an accelerator/leuco-dye solution 65. 550mg of IR780 (IR dye) 70 was added to
15 the melt upon constant stirring. IR780 iodide has the following formula:

Me Me
Cl
Me Me e
~ CH=—=CH 7 — CH = CH==2N_
NG N
| e 1- |
n-Pr n-Pr

Heating and stirring was continued for about two to three additional minutes

until the IR dye was completely dissolved in the melt to form a



n-Pr n-Pr Heating and stirring was continued for

about two to three additional mnutes until the IR
waly@snes7conpl etely dissolved in the nmelt to fRPCHUS200MDN29918

2005/ 044579 PCT/ US2004/ 029918, 17

| euco- dye/ antennal/ accel erator alloy (eutectic) 75.

Tenperature of the | euco-dye/antennal/ accel erator

all oy 75 was kept to bel ow about 190C. [0033] The

el RY ST RE AR BROACARGE, ﬁeﬁfec%} 78 _TRnikeahlieRrpRr ed

pre-cooled Treezer tray 11ine al um num
leliobldyeBoitedhd/aecelerdtor alicy 75 WaemephtmbelﬁmaahmﬁrM%.

s piBogiin ThipnCe dke ruecaa Pl iy 75 \Gs e poured into
ag)lrru?ngle@' ﬁéﬁééf‘gﬁy' (5] \X/lﬂ?‘ﬁluﬂﬂﬁﬂr‘h %llp@ollam%dgﬁéllk'%s milled into

was dri n a vacuumto forma | euco-
5 aeobset pco,wquwmi them at[tmmmgrowé imthe ageeaifs dlsperSIon until the
I euco /ant ennébacce e

aySiReR s e Sl bR e v Bt whb hebs B3t A nm. Theground
aﬁbMJag drialie abafiuanPR foh eare@cardyeeém@émmp@ﬂd@ms@ a

substrate at a thickness of approximtely about

aboul0034p mThe mixture0f lewreydYR{aRtenna/accalsrator aliay 751&1{1@1

B oo R T S R AR st o

10 am@su&denrrgnrﬁedtoaob alﬂmbstrate@at anhicknesd of adp radraatelpabanks to
of pr oxi mat el mx 45 p 0 ced 15 Wi t
aboutal DEiodP AT BRCpMORG STt hegoaigLon
Mééé()t ccurs V\,hen t he
m%lay re #gggg\}/g&rféﬁcfgygq 'tyllgﬂllp?mgl ng nmedi um
wi t h[O35] hOiresk ntafrkmgpmameﬁferged mndhausdswitnyg ceataduubstrate

wih gl i eSS, K itk of opbiaiBatyaitn 58 ¥ broduced
15 with ‘Huréﬁ&ﬁ‘ Wﬁé}’g‘i [Hagpﬁeaﬁ&r@,nﬁraﬂol& 30 (l.&@a)ta, abbot Mob aisec. Direct

mar&mg occurs when the deswed image is marked on the imaging medium,

without the use of a printing intermediary.
Example Il

20 [0036] The method of Example | was carried out, except that 20 grams
of TG-SA (Phenol, 4,4’-su|fonylbis[2-(2-propenyl)]— (9Cl)) (Formula (9)):

OH

O—wn—="0

HO

(9)
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WO 2005/ 044579 PCT/ US2004/ 029918 18 was used as the
activator and 1.2 grans of antenna | R780 were

waelr@sokssed in the nelted di benzyl oxal ate to POY/D51004029918
activator/antenna sol ution 2, which was cool ed and
ground into a fine powder 70. Additionally, instead of
using 100 grans of BK400 as the | euco-dye 55, 15
grans of S-205 |euco- dye 5

I |- I
WS@ ggglhldggt e?bfc'ﬁgéﬁ\‘ eq‘?%@}é of %?1 de??%'ﬁg@?u\pé’l)ef qg%l%'& in
thiet melteddiden2il o@ldate@o(fébﬂm thdéci(\zaiewlaugtenparsblmioa ) which was
cQoIRa g, Braand Joys Bfe BRUABH €01 AdEHE Rl 05 Eag 0T using 100
.la%ef BK208HsARB W GES8YE 53! 95 grathb @Y SI20RRGico-dye

l"acquer/ ant ennal acti vat or sol ut| on 40 was for msd into
(bamﬂmm&metwl Gp(aNs—ethysbdN isodmytarsino)fidraned ayadable from

ubstr » th| of approximately 7 pmto
ciz ﬂa @?Eﬁ‘?ﬁhot shown). The coating on the
medl um vvas 15 then W cured by mercury lanp. Direct
mar ki ng was effected on the resulting coated
substrate with a™®5 nWlaser. A mark of approximtely
20 pm x 45 pm produced with energy applications
of akout 60 No 100 psec b0037] Wi le t

i nventi on qodiAf i cati ons
and al i s have been
shown /by way of 20 e i ngg and have
been/described in detail hekein. He h | d
be understood that the™N* i A ntenged to be
limted to the [ dhscl osed. Rat her,
the invention is to cover—ad ifications,
equi val ents, and alterpative ng within the
spirit and scope of t i ag_def i ned by the

2Q579

(10)
(average patrticle size < 5 ym) 90 was used to form the accelerator/leuco-dye
solution 65. As with Example [, the mixture of leuco-dye/antenna/accelerator
alloy 75 and lacquer/antenna/activator solution 40 was formed into a UV-curable
paste 90 and screen printed onto a substrate at a thickness of approximately 7
um to form an imaging medium (not shown). The coating on the medium was
then UV cured by mercury lamp. Direct marking was effected on the resulting
coated substrate with a 45 mW laser. A mark of approximately 20 um x 45 pm
was produced with energy applications of about 60 psec to 100 psec.

[0037] While the invention may be susceptible to various modifications
and alternative forms, specific embodiments have been shown by way of
example in the drawings and have been described in detail herein. However, it
should be understood that the invention is not intended to be limited to the
particular forms disclosed. Rather, the invention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention

as defined by the following appended claims.
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19 CLAIM5 What is clained is: 5 1. An inmaging
conpound conprising: a matrix having an antenna and

wW@eoosot4svat or; and an all oy dispersed in said PEL/DE2008629918

an independent phase, said ald oy having an antenna
and further having a | euco-dye and an accel erator
uniformy distributed in the alloy. 10 2. An
i mage-recordi ng nedi um conprising: a substrate; a
matrix on the substrate, tdezfpsri x having an antenna
and an activator; and an alloy dispersed in the
matri x as an i ndependent phase, the all oy having an
5 antenna, and further having a | euco-dye and an
“‘é@éé?r goired i stributed in the alloy. 3. The compound
and nmediumof clains | and 2, wherein the antenna of
the matrix and the antenna of the alloy are different
conmpdundsAn im@aging aorepewnpoompsisgd nedi a of cl ai ms

1-3.. wherein the | eucor . rises the follow ng
ag@%ﬂg?@}lg@g L gﬂénﬁg 7'19 %ﬁ(%ctn&qg%ang where R coul d be
aiRRllay Kispedsariip, sad nedtyik agrepLibdepéndériippage, sai8 diioy Haging an

compounds and nedi a of clains 1-4, wherein the .
act i galesnagndignbephayng aerredysiday ageelerator uniformly

distributed in the alloy.

2. An image-recording medium comprising:
a substrate;
a matrix on the substrate, the matrix having an antenna and an activator; and
an alloy dispersed in the matrix as an independent phase, the alloy having an
antenna and further having a leuco-dye and an accelerator distributed in

the alloy.

3. The compound and medium of claims 1 and 2, wherein the

antenna of the matrix and the antenna of the alloy are different compounds.

4, The compounds and media of claims 1-3, wherein the leuco-dye

comprises the following structure:

where R could be an alkyl group, an aryl group, or H atoms.

5. The compounds and media of claims 1-4, wherein the activator



10

20 conprises a phenolic conpound. 6. The conpounds
and nmedia of clainms 1-5, wherein the antenna

w@ovpnisses at | east one of the conpounds sel ece@US20041929918
the group consisting of 5 | none, phthal ocyani ne,
napht hal ocyani ne, netal conplexes, azo, croconium
squarilium dyes, hexafunctional polyester oligoners,
and the conpounds represented by the foll ow ng

: . N C1 O0\-11\-11 S O s
c%%@@%ﬁ%ﬁéﬁ%@% PCT/ US2004/ 029918 21 0- SS S
OO ON++ NSOO R RB A /A2 M
6. The compounds and media of claims 1-5, wherein the antenna
comprises at least one of the compounds selected from the group consisting of
quinone, phthalocyanine, naphthalocyanine, metal complexes, azo, croconium,
squarilium dyes, hexafunctional polyester oligomers, and the compounds

represented by the following formula:

Cl

o



L-'A3S M RR4 5 where M is atransition netal, R,

R2, R3, and R4 are alkyl or aryl groups with or
wowvdkouts7hal o substituents, and A, A2, A3, anPCHUSIa$029918

be S, NH or Se; and RS O N\ / NHR6 ' M2. N2 10

where M2 is N or Cu and R5 and R6 are aryl or alkyl

groups with or without halo substituents. WO

2005/ 044579 PCT/ US2004/ 029918 22 7. The conpounds and

media of clains 1-6, wherein thg antenna is tuned to

absorb | aser radiation or infrajed radiation. 5 8. A

nmet hod for_ preparipc

conpri Si Ng\_pr ovi

an antenna; ti-ssof

forman actj w% ;10
provi di ng | euco- dy ; Bispersing the | euco-dye
alloy into the activator/ nat Ne- pol yner sol ution

to forma radiation-curablg pastelp9. The net hod of
claim 8, wherein providing an activator/antenna 15
powder conprises: nelting an ac(g-i vat or; di ssol ving
antenna in the activator to forman activator/antgnna
melt; cooling the '

t enper@atur &; and/

N
=
0] @]
R Rs
AL A
\
B
A3/ \A4
R R4

where My is a transition metal, R¢, Rz, Rs, and R4 are alkyl or aryl groups with or

without halo substituents, and A4, Az, As, and A4 can be S, NH, or Se; and

NHRg

— 2
where My is Ni or Cu and Rs and Rg are aryl or alkyl groups with or without halo

substituents.



10

15

20

25

grinding the cooled activator/antenna nelt to a
powder. 20 10. The nethod of claim8, wherein
w@e@siodismyg a | euco-dye all oy conprises: proviPCTYSH04/029918
mel ted accel erator; dissolvifig antenna into the nelted
accel erator; 25 dissolving leuco-dye into the nelted
accel erator; cooling the | euco-dye/ ant ennal/ accel er at or

nelt to a solid state; and grinding the cool ed
| euco-dye/ antennal/ accel erator nelt to a powder.

7. The compounds and media of claims 1-6, wherein the antenna is

tuned to absorb laser radiation or infrared radiation.

8. A method for preparing an imaging material, the method
comprising:
providing a powder having an activator and an antenna;
dissolving the activator/antenna powder to form an activator/matrix pre-polymer
solution;
providing a leuco-dye alloy;
dispersing the leuco-dye alloy into the activator/matrix pre-polymer solution to

form a radiation-curable paste.

9. The method of claim 8, wherein providing an activator/antenna
powder comprises:
melting an activator,
dissolving an antenna in the activator to form an activator/antenna melt;
cooling the activator/antenna melt to ambient temperature; and

grinding the cooled activator/antenna melt to a powder.

10.  The method of claim 8, wherein providing a leuco-dye alloy
comprises:
providing a melted accelerator;
dissolving antenna into the melted accelerator,
dissolving leuco-dye into the melted accelerator;
cooling the leuco-dye/antenna/accelerator melt to a solid state; and

grinding the cooled leuco-dye/antenna/accelerator melt to a powder.



