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W TH | MPROVED MARKI NG SENSI TI VITY AND | MAGE CONTRAST AND ASSOCI ATED
METHODS 10 FI ELD OF THE | NVENTI ON The present invention rel ates
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present invention relates to nethods and conpositions which can form
i mages upon interaction with energy, such as light energy, with 15

i mproved marking sensitivity and i mage tontrast. BACKGROUND OF THE

| NVENTI ON Conposi tions which produce a col or change upon exposure to
energy in 20 the formof light or heat are of great interest in
produci ng images on a variety of substrates. Optical disks represent
a significant percentage of the market for data storage of software
as well as of photographic, video, and/or audio data. Typically,
optical disks have data patterns enbedded thereon that can be read
fromand/or witten to one side of the disk, and a graphic display or
| abel printed 25 on the other side of the disk. In order to identify
the confents of the optical disk, printed patterns or graphic
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and provide J i J

Gisk i the BENSTERY AN RS Poitithst Al RsBORA Eh tyroBs
acconpl i shed using screen-printing nethods. Wiile this nethod can
provide a wide variety of |ab t, ] to be cost

i neffect® ve for producti on of Ei%@ieﬁﬁ*ﬂ%@%ﬁi\ﬁ%@ custom zed di sks
because of WD 2006/ 073801 PCT/ US2005/ 046089 2 the fixed costs

associ at ed vvithgprepari ng a stencil or conbinatjon of stencils and
printing the dedihegiesritiryantign relatasigenemlly e gplor foiming eempowtiens- t he
si gni fi cantybRGSGaSan 2Rt AleMiid eRltedtorhathbat afa spoRge by
consumners hhgg'%félcreaase?gtlﬁﬁgrééemndeto‘ prqv?de customazeifﬁlnggeﬁls 5to
refl ect thevhicmcamforsfimagesapondaleraiitioR withteneraw suainas lighténaray.avith

et hOdS O ARele ALty LBIAAY ohe iFbb8EnfRCY 1 T Len descr pti ons

whi ch l'ack €ssi Oha

BACKGROUND OF THE INVENTION

Compositions which produce a color change upon exposure to energy in
20 the form of light or heat are of great interest in producing images on a variety of
" substrates. Optical disks represent a significant percentége of the market for
data starage of software as well as of photographic, video, and/or audic data.
Typically, optical disks have data patterns embedded thereon that can be read
from and/or written to one side of the disk, and a graphid display or label printed
25 . on the other side of the disk.

In order to identify the contents of the optical disk, printed patterns or
graphic display information can be provided on the non-data, or label, side of
the disk. The patterns or graphic display can be both decorative and provide
pertinent information about the data content of the disk. In the past, commercial

30 labeling has been routinely accomplished using screen-printing methods. While
this method can provide a wide variety of label content, it tends to be cost
ineffective for production of less than about 400 customized disks because of



appearance, quality and variety, or preprinted | abels which nay be
affixed to the disk, but which can al so adversely affect the disk
performance upon spinning at high speeds. 10 Recently, color formng
conposi ti oM WAe/¥3den devel oped whi ch can be devel opeBCTESAREF/MEHMBP gy
sources such as lasers in order to forman inmge. However, nany of
these color form ng conpositions have devel opnent sensitivities that
result in slower devel opnent time and/ & |ess than accept abl e
contrast. Thus, the need still exists for inprovenent in color
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particle size of less than 2 pm Additional aspects and advant ages

of the invention will be apparent from )
SUMMARY OF THE INVENTION

It has been recognized that it would be advantageous to provide rapidly
20 developable color forming compositions with improved marking sensitivity,
which can also be used to provide images with improved image contrast, even .
under fast development conditions. In one aspect of the present invention, a
color forming composition ¢an include a polymeric activator phase including a
polymer matrix and an activator dissolved therein, a color former phase
25 including a color former, and a radiation absorber in thermal contact with the
color former phase. Particularly, the color former phase can be finely dispersed
within the polymeric activator phase at an average particle size of less than 2
um.
In another embodiment, a method of forming an image can comprise
30 applying etectromagnetic radiation to a color forming composition sufficient to
develop the color forming composition from a pre-development state to a post-
development state that is visually different than the pre-development state. The



the detail ed description which follows. 10 DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENT(S) Reference will now be nmade to exenpl ary
enbodi nents and specific |anguage will be used herein to describe
the sane. WO IWe973¥dvert hel ess be understood that no | PEA/PE0PH46Q5P
the scope of the invention is thereby intended. 15 Alterations and
further nodifications of the inventive features described herein and
addi tional applications of the principlles of the invention as

descri bed herein, which would occur to one skilled in the rel evant
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t he presentum.nvention will be defi ned only by the appended cl ar ms 25
and equi val ents t reo I n des | bi 0 claimn resent
“nvent on, the 9 oRat aseis i e LR i o TYEREh Wil beEirEt e fom
forms " @ﬂetar!é@desérlb@ionl\nﬂﬁémﬁﬂowbura| referents unl ess the

cont ext cI early di ctates ot herw se. Thus, for exanple, reference to

"a radratron 30 absorber"” includes reference to one or nore of such
materi g %gxmen%eschrrentﬁr OF 9t PREFERRED EMBOBHIENTTS)

t ypi caI I y i ncl color former, an activator, a radiation
absorber, and a polymer matri x These WO 2006/ 073801
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absorber adm xed with one or both of
this disclosure, are to be consrdered within the scope of the invention. Further,
before particular embodiments of the present invention are disclosed and
20 described, it is to be understood that this invention is not limited to the particular
process and materials disclosed herein as such may vary to some degree. ltis
also to be understood that the terminology used herein is used for the purpose
of describing particular embodiments only and is not intended to be limiting, as
the scope of the present invention will be defined only by the appended claims
25 and equivalents thereof.
In describing and claiming the present invention, the following
terminology will be used.
The singular forms “a,” “an,” and “the” include plural referents unless the
context clearly dictates otherwise. Thus, for example, reference to “a radiation
30 absorber” includes reference to one or more of such materials.
As used herein, the term “color forming compaosition” typically includes a

color former, an activator, a radiation absorber, and a polymer matrix. These



t he phases in the color form ng conposition due to devel opnent speed
10 concerns, the radiation absorber can be in a separate |ayer. As
used herein, the term"color fornmer" refers to any conposition which
changes coMd§}2WHBHR8Hppl i cati on of energy. Col or fornmer SPEFESAA4608P | v
| euco dyes, photochrom c dyes, or the like. In accordance with
enbodi ments of the present invention, the color former will be
present as part of a discontinuous 15 phase that is finely dispersed
wi thin a continuous polyneric phase. The term 'color forner" does
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can be pregeddant hvehiiéh, theBbio F Willb& Bredent & PARDYS GigeBRfiklous
suf ficient %t o at ﬂ] east 'part ?ar Wﬁﬁeveyop?t he céﬁ gr For mer. As used
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The term “activator” refers to compounds or materials that, upon the
20 presence of energy (such as heat generated by a laser and a radiation
absorber), can react or otherwise interact with a color former to modify or create
color within a color forming composition. Activators can be any material that
reacts or interacts with color formers to cause color creation or change of the
color former. In some embodiments, multiple activators can be used, e.g.,
25  multiple activator systems having from coequal performance value to systems
having a primary activator and secondary activator(s). In one embodiment, for
example, the activator can be an acidic compound or material that donates a
proton necessary to develop a certain class of leuco dye.
As used herein, “radiation absorber” refers generally to a radiation
30 sensitive agent that can generate heat or otherwise transfer energy to
surrounding molecules upon exposure io radiation at a specific wavelength.

When admixed with and/or in thermal contact with a leuco dye and/or a



dye that is reduced by an acidic activator to generate a col or or
change in color. For purposes of the present invention, the term
"color" or "colored" refers 10 to absorbance and refl ectance
properti esWMhate/sW1pref erably visible, including prop¢EURE0S{ORGE?
result in black, white, or traditional color appearance. In other
words, the terns "color" or "colored" includes black, white, and
traditional colors, as well as other Visual properties, e.g.,

pearl escent, reflective, translucent, transparent, etc. 15 As used
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color fornmer/polyneric activator dispersion. If fast devel oprment
times are @esvallas othar wiakaldierrilined., peaiasgenhifiactive tiapsoest 073801
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finely energy generated by the absorber should be sufficient to cause the color former
20  of color forming composition to darken, lighten, become colored, or otherwise
change in visible perception, such as through a chemical reaction. Thermal
contact can include close proximity between a radiation absorber and other
members of the color forming composition, which allows for energy transfer from
the absorber toward the color former and/or activator. Thermal contact can also
25 include actual contact between a radiation absorber and one or more other
members of the color forming composition, such as in immediately adjacent
layers, or in an admixture including some or all of the other constituents. In
accordance with embodiments of the present invention, the radiation absorber
can be present within a-color former phase, within a polymeric activator phase,
30 . and/or layered with respect to the color former/polymeric activator dispersion. If
fast development times are desired, in one embodiment, mixing radiation



di spersed in a polyneric activator phase. O her conponents can be
present in one or both of these phases. Col or formng conpositions
can be spin-coatable 10 in one enbodi ment, or can be configured for
ot her appl WRI0GH3BHt hods as wel |, e.g., printing suchPEEUBPOHG4EEHEL
i nk-jet, gravure, roller coating, screen printing, spraying, or

ot her application nethods known to those skilled in the art. Once
the coating conposition is applied to € substrate, it can be referred
to as sinply a "coating." 15 As used herein, "optical disk" is nmeant
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Concent r at itk §°até['rﬁﬁ9fﬂ%°5'tﬁ?m'5(ﬂpﬁ&‘?d Arevbsteate.ihgan bareferedds apeimply
presented hegghfindn @ range format. It is to be understood that such
range format Is ‘used nerely for convenience and brevity and should
be intdfpreted Aslupeddieyeino apticalstisk” iomeant ip ancempase audial vidap umulti-
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t hat range daige| dr thadike.n Ememiptesl ofvogltioa chsidfosubtsrmig@e wmteable, recordable,
and rewriteable disks such as DVD, DVD-R, DVD-RW, DVD+R, DVD+RW,
DVD-RAM, CD, CD-ROM, CD-R, CD-RW, and the like. Other like formats may
20 also be included, such as similar formats and formats to be developed in the
future.

As used herein, “graphic display” can include any visible character or
image found on an optical disk. Typically, the graphic display is found
prominently on one side of the optical disk, though this is not always the case.

25 As used herein, “data’ is typically used with respect to the present
disclosure to include the non-graphic information contained on the optical disk -
that is digitally or otherwise embedded therein. Data can include audio
information, video information, photographic information, software information,
and the like. Alternatively, the term “data” is sometimes used to describe the

30 information a computer or other processor uses to draw from in order to mark an
image on a color-forming composition in accordance with embodiments of the

present invention.



explicitly recited. For exanple, a size range of about 1 pmto about
200 pm should be interpreted to include not only the explicitly
recited limts of 1 pmto about 200 pm but also to include

i ndi vi dual W8 2006073802h as 2 pm 3 pm 4 pm 10 and sub-FGHBBE0460? as
10 pmto 50 pm 20 pmto 100 pm etc. In accordance with the present

I nvention, a color form ng conposition can include a polyneric
activator phase including a polynmer matrix and an activator

di ssolved therein, a color forner phase including a color forner, and
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conposition can conprise a polyneric activator phase including a
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appearance that is visually different than the post-development state. For
20 example, the color forming composition can sither be colorless or have a first
color when in the pre-development state, and is of a second color after
development when in the post-development state.
In another embodiment, a method of forming an image can comprise
applying electromagnetic radiation to a color forming composition sufficient to
25  develop the color forming composition from a pre-development state to a post-
development state that is visually different than the pre-development state. The
color forming composition can comprise a polymeric activator phase including a
polymer matrix and an activator dissolved therein, a color former phase
including a color former, and a radiation absorber in thermal contact with the
30 color former phase. Again, the color former phase can be finely dispersed
within the polymeric activator phase at an average particle size of less than 2

pm.



present invention. For exanple, a |lower anount of energy is required
to melt, diffuse, or heat to a desired reaction tenperature when
smal | particles are used, and thus, faster wite tines and contrast
can be achM&ae6/078adci fic pol ymer matrices, col or for nREEUSZIEMEB? on
absorbers, activators, and other optional 10 conponents of the col or
form ng conposition can each affect the_devel opment properties and

| ong-term stability of the color form n& conposition and are

di scussed in nore detail below Polyneric activator phase 15 The

col or form ng codpesapplisationdf stitable electinomagnetict radiatiomcducheasdn the
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(can i ncl gded%v_e!crpaﬂlieactqmrfemrgbh@aptimblair,ethemmafo%mioglsbdg _@nethclnds %Ifthe
pr ot on-donat.ing). activator. disper.sed or,  preferably dissolve

t herei n. Agﬁ%@%%')'%eéﬁw&lﬂw@?? g‘%%l”@tﬂ‘? Srdnse tﬁﬁgggrgiygegmlmr;ntgéor

di spersed vdevelapifidieolpptoymiig cortsdsiticeh aBERa8nceRith eHﬁqu%éﬁI? Br;lthe
matrix materials can i nfg uence devel opnment. properties of the

) th
col or for niR{§SCRUJRBBER; G9r %%fﬁpk?sgd@m Yperitof Spetay, is reqytined to meit,
stability, (ﬂﬁl%é’)’%Yﬂéﬁﬂﬁtdqée%d%act‘fcﬁﬂtg%eﬁtﬁfé Whe ENE) l%erthib% afr%LL%gb

form ng conposition. Acceptable polymer matrix materials can

by way of hHus, fasker wite imegand genirgstaan baathieneda dSpdcificepolymer
derivati veSyafick8 r=Yala Jfseals § : rig n

I ncl uded or Eé‘tssen’b e grs part cl)n%i gg %ﬁgliby%}?ﬁ'g%ég'Rﬁhéﬁ%{rgopgé'ﬁage
can i nclfudesompangnts efitbe colon fpreyrg terspesitiorncameadraaffect teadévedsménst

curing of | i . i speci es can he sensitized
for curi ng%ré@?ﬁgg%@d %eé@%g%br{ﬂgégFﬁ%c{]ﬂ??rnlﬁr@vgtcgﬁﬁfosg'ﬁa d%A@"8de, by
way of examlidmiss€dirbmorogétaiibemwderi vatives. O her exanpl es of
photoinitiators for free radical polynerization nononers and
pre-polynmers can include, but are not limted to, WO 2006/ 073801

PCT/ US200510460FlyRefidactivatrtdhase derivatives, anthraqui none

derivatives, acetophenqnes, and benzoine ethers. In particular
enbodi Nt s of (HE SORIGPITTIBR ComposEANS af edresastt inveption ssbide &

DrLLTE" mechimtickishs R oprenh o gt ko R
of the col GEUYaIPH] pnecenpedimens thepolymerismstivgior pirase candnéiude a !
necessary raqistibichid®iL oG mBoRith BR%Ridic (proton-donating) activator dispersed or
preferably dissolved therein. As mentioned above, a color former phase is finely
20  dispersed within the pqumeriq activator phase. Various polymer matrix
materials can influence the development properties of the color forming
composition such as development speed, light stability, and wavelengths which
can be used to develop the color forming composition.
Acceptable polymer matrix materials can include, by way of example, UV
25  curable polymers such as acrylate derivatives, oligomers, and monomers.
These materials are often included or assembled as part of a photo package. A
photo package can include a light absorbing species which initiates reactions for
curing of a lacquer. Such light absorbing specieé can be sensitized for curing
using UV or electron be.am curing systems, and include, by way of example,
30 benzophenone derivatives. Other examples of photoinitiators for free radical

polymerization monomers and pre-polymers can include, but are not limited to,



the polyner matrix can be curable at a curing wavel ength which is

ot her than the devel opi ng wavel ength of the color formng
conposition. For exanple, in one enbodi nent, the curing wavel ength
can be in MR2YPBE/N ol et (UV) range and 10 the devel opPEHUSOEMEMHt h
can be in the infrared range. Alternatively, the curing wavel ength
and the devel opi ng wavel ength can both be in the UV range, but may
be different enough such that the curiny wavel ength does not
substantially cause undesired devel opnment of the color form ng

conposi t i onhioxkRéthene dalieatives| Athida@indnbidefivathés\@obstisHdnesfart)S nm -
for the devel opi ng .15 wavel ength and a second UV wavel engt h of about
200 nmto A5HEONERNeH for the curing wavel ength of the pol ymer

matrix may proviidgaaRurk bRiboditersty BF 18 hPéntiohl cAS bk sRab¥TE thoose
wi t hout prematurely devel oping the color formng comnposition.
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syst em desiggi miay ROSiFLRIng eRESGH S GcH that HRUENg WaEIengIH iSO for
devel opment of a color fornmer .is about ten tines higher than needed

for initi &upsi@nialpeauseaindesirethgevealpppent eidie pelpr WMWY ¢aspRositiare

cure condi 1 ohezePle, soRON At VYR RS R e s e B 1o
enerk gy 16l ]lcjmaVemtlaam! hesecond phowaviiength oé agguti2f0 nratk aboutdifGi nrg fohe
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pol ynmeri zation resins can 5 include photo-initiators including
aromati c di7BPS M 'sal ts, aromatic hal oni um

Radiation curable polymers can include certain photoinitiators for
20  initiating curing upon e)éposure to radiation. Suitable photoinitiator should also
~ have light absorption band which is not obscured by the absorption band of the
radiation absorber (as will be discussed hereinafter), otherwise the radiation
absorber can interfere with photoinitiator activation, and thus, prevent proper
curing of the coating. Therefore, in one practical embodiment, a photoinitiator
25  light absorption band can lie within the UV region, e.g., from about 200 nm to
about 380 nm, and the absorber band can lie outside of this range, e.g., about
390 to about 1100 nm. In practice, the lower end of the radiation absorber band
probably would overlap with the UV wavelength range used for polymer curing.
However, a working system design is possible because the energy flux required
30 for development of a color former is about ten times higher than needed for
initiation of polymer curing. 1n yet another embodiment, the absorber has a dual
function; one of sensitization of UV cure under cure conditions (relatively low



salts, aromatic sulfoniumsalts, and netal |l ocene conmpounds.
Addi ti onal exanples of curing agents are a-am noketones,

a- hydr oxyket ones, phosphi neoxi des avail able from C ba- Gei gy under
t he nane oWAMWHEEE¥R and Darocure agents, and sensiti zZREEURQGIP46089
2-isopropyl -thi oxanthone. One 10 specific exanple of a suitable
polymer matrix is Nor-Cote CDG 1000 (a m xture of UV curable

acryl ate nmonomers and ol i goners) whi chl&ont ai ns a photoi niti at or
(hydroxy ketone) and organi c solvent acrylates, e.g.,.nmethyl

met hacryl abﬁerd%ﬂ(.&? armeéﬁlﬂﬁé%f%ir@uldlhgtehefdmpmﬂﬁh@uhnﬁ@ﬂ%@ RhRdingNnd

hexamet hyl ene "acryl ate, available from Nor-Co QO her suitable
conponent s fynstiopoi el PRasibledensusa the ergray éahduwag gdre,is Brpically @nn ot

limted tog st mr 293 and CN294
as well as ﬁz%ﬁﬁ%aellscosﬁ%?ﬂ%% yest EF acr Iateﬂg(;ll i goner ),
SR-351 (tri met hPoiymarepains mateaals praedpn caivre pelyaedaation msing cane)

and SR 256( 2 f '
avai | abs irom @%} ﬁﬁ%&géﬁmc@Bmﬁ(ﬂgﬁaﬁégf leuﬁ-l Js""(qfegf g%%mbﬁé[(?'ﬁgWuded
as part of sthe amuinmresulﬁcn'nmmﬁalts&ndmbtaﬂomnmm'epmmd& dditibmal but ar e
not limted to ol.yneric erials su crylate from
nonomers affg® WP’%&%PEPQSSFQ ﬂﬁ?flﬂ ?ﬂ’%‘8ﬁ%ﬁ° pcgﬁ M%éto r'roI I di nes,
pol yet hyl epasspHinéyxidealaiiablk freh mﬂsaemehgywmmtrmesnameloyugacmam
acrylic polyners, and mxéures t hereof. Far e é.e, %tﬁe f ol | owi ng

bi nders calP?%cuig agsats. AR Fﬁ%s'%fﬁﬁ“?%?ﬁ?dﬁ%f%% OrAYROBE- the -

presentygi n‘éﬁ@élfl@ @xarﬁﬁle' ofl S BtabROSSIFhEr J?#atr}krlétl\%r—@t@ﬁD@ﬂﬁD@t(é mixture
but yrat e, nmet hacryl ate, pol yvinyl butyral, and m xtures

t her eof . lﬁf SJK’ Utfa r?@rsﬂ@heyﬁ@morﬁﬁﬁars@ QJ!QON%S)M 9%6%@!@@1 phetoiptiator
phase can . l@d%xﬂéug@ @ﬁiea@sﬁ.c%]@n% fatéd, 19! aﬁmeﬁ%‘c {ev'ﬁsm

can act as & solute pol yneri ¢ act'i vator phase can
di ssol ved oretiaerplate deta-nhenmyrethylagndateagnd bexametbylgne gicodate, or

anot her. coungnal uof RECHNABined it Fhdor BRI BBy E malhESE

t he pol yners can I'en Crosst or o e Co ned. In
WO 20065 07 3@driRdCTADBRNOL, Mﬁﬁmlotllmlteddommwdtedmwsfesmmlpo"ﬁmrsuch

pol ymor o gy 2t ERGoR AW it PR S o SRl nlSRBdARte o

i s integrablijemeheSRBYINEmethgkipropans triasadate), ISR-888(ideelepylemeylate) n

f f ) . .
any ot a gHHJ%%Q%(z(Q—reﬁoxyethoxy) ethyl acrylate), all of which are available from
Sartomer Co.
20 Additionally, binders can be included as part of the polymer matrix.

Suitable binders can include, but are not limited to, polymeric materials such as
polyacrylate from monomers and oligomers, polyvinyl alcohols, polyvinyl
pyrrolidines, polyethylenes, polyphenols or pelyphenolic esters, polyurethanes,
_acrylic polymers, and mixtures thereof. For example, the following binders can
25  be used in the color forming composition of the present invention: cellulose
acetate butyrate, ethyl acetate butyrate, polymethyl methacrylate, polyvinyl
butyral, and mixtures thereof.
In short, the polymer matrix of the polymeric activator phase can be a
single polymer or a group of polymers. The polymers can act as a solute of the
30 polymeric activator phase, or can be dissolved or dispersed in another material,
such as a solvent or another component of the phase. If multiplle polymers are
present, the polymers can be blended, crosslinked, or otherwise combined. In



5 The polyneric activator phase al so includes an activator, which
depending on the color fornmer used in the color former phase, can be
a reducing agent. Typical activators that can be used include any of
a variety &0 8688801 For exanpl e, the activator can be aRCHEPPF046089
phenol i ¢ conpound. Further, these activators can be readily

di ssolvable in the polyner matrix under the 10 conditions which the
di spersion is to be prepared and/or stdied. Non-limting exanpl es of
suitabl e activators include bis-phenol A, bis- phenol S, p-hydroxy
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boric aci d,depeatiing arcthe, cotmlfanmera.tsled in trey ¢cdar forraen shase tan be aci d,
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0 sgpr DoVl Catmalaee HTc Catbite AR A ClateR. fBion metal salts and
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PCT/ US2005/ 046089 12 hydroxyp enyI thio)-3,5-di oxahept an

4- hydr oxybe¥Pasific Rhenglic and cameyy Wﬁma@ﬂw@ﬁ@aryncﬁyﬁ?h\enthwt :
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hydroxypheny aryls nates -dlh (hydroxyphenyl
acid, benzoic acid, stearic acnd ga

ic acid, salicylic acid, 1- hydroxy-2 naphthoic
acid, o-hydroxybenzoic acid, m-hydroxybenzoic acid, 2-hydroxy-p-toluic acid,
3,5->{ylenol, thymol, p--butylphenyl, 4-hydroxyphenoxide, methyl-4-
hydroxybenzoate, 4-hydroxyacetophenone, a-naphthol, naphthols, catechol,
resorcin, hydroquinone, 4-1-octylcatecho!l, 4,4'-butylidenephenol, 2,2'-

25  dihydroxydiphenyl, 2,2'- methylenebis(4-methyl-6-t-butyl-phenol), 2, 2'-bis(4'-
hydroxyphenyl) propane, 4,4'- isopropylidenebis(2-t-butylphenol), 4, 4'-
secbutylidenediphenol, pyrogallol, phloroglucine, phlorogluocinocarboxylic acid,
4-phenylphenol, 2,2'-methylenebis(4-chlorophenyl), 4,4'-isopropylidenediphenol,

- 4,4'- isopropylidenebis(2- chlorophenol), 4,4'-isopropylidenebis(2-methylphenol),

30 4,4'- ethylenebis(2-methylphenol), 4,4'-thiobis(6-t-butyl-3- methylphenol),
bisphenol A and its derivatives (such as 4,4' -isopropylidenediphenol, 4-4' -
cyclohexylidenediphenol, p,p'-(1-methyi-ri—hexylidene) diphenol, 1,7-di (4-



2- propyl ] benzenes, 1, 3-di hydroxy-6(a, a-di net hyl benzyl ) benzene,
resorcinols, 5 hydroxybenzoyl oxybenzoic esters, bisphenol sul fones,

bi s-(3-allyl-4- hydroxyphenyl)sul fone (TG SA), bisphenol sul fonic

aci ds, 2, 4WOoRops/eis¥ty- benzophenones, novol ac type phenBtT/BS20e54546(59
pol yphenol s, saccharin, 4- hydroxy-acetophenone, p-phenyl phenol,

benzyl - p- hydr oxybenzoat e (benzal paraben), 2, 2-bis(p- hydroxyphenyl)
propane, p-tert-butylphenol, 2,4 10 dlh%droxy benzophenone, and

p- benzyl phenol . Typical Iy, the activator will be present in the color
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absorber, the polymeric activator phase can become molten and the particles of
20  the color former phase become melted therein. Upbn melting, the activator
-contacts the color former, thereby causing a modification in color of the color
former, e.g., leuco dyé.
In addition to the polymer matrix and the activator, other optional
ingredients can aiso be preseht in the polymeric activator phase. For example,
25  in embodiments where fluoran-type leuco dyes (or other similar color formers)
are used in the color former phase, the polymeric activator phase can also
include a stabilizer capable of stabilizing the fluoran leuco dye after melting the
two phases fogether, i.e. when the leuco dye is in its post-development colored
state. Specifically, the post-development colored state of a fluoran leuco dye
30 can have an open lactone ring. Image fade that can occur with many Leuco-
dye-based thermochromic coatings can be related to leuco dye crystailization
from after an amorphous melt. For the above reasons, an aromatic species ‘



Exenpl ary aromatic stabilizers that can be used to stabilize -

post - devel opment | euco dyes, i.e. after nelt, include, but are not
limted to zinc salts such as zinc 5 stearate, zinc hexanoate, zinc
sal i cyl at e WRHM6ATIHY acet ate; carboxyl ates such as cal BETHB2005/046089
nmonobut yl pht hal ate and sul fonyl urea derivatives; and phenolic
conpounds such as bi sphenol - A, sul fonyl 3di phenol, TG SA, and zinc or
calcium salts thereof. As a general gu] deline, the color formng
conpositions of the resent invention can include fromabout 1 wt%
to about 40C¥paklepf stﬁngbg the pasteidveropmeand lmicosdyatin thezamorgPoat ghabé v,

o o % of
the toral com pliffie et ailiadtion by A8 prevarthgleita he dnidtition
of the presErémplaneatdnuaticcstabilizers thit can bel lﬁred t&?tdﬂﬂfzé&fogﬂbéb.@opment
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Further, a dispersion of color Torfer phase within the polyner
matri x can be formed as a single conposition, e.g., a paste, which

can then be co bstrate in a single step. The vol une of
col or fornmer pﬁ%‘g r%{)‘rgﬁe ?%’@3emthi n the polymer matrix can vary
consi der abl y depZoidi fogmig cdrﬂi]fosﬁtms%tﬁ@éﬂe@@nﬁﬁﬁbrﬁ%ﬁ%aﬁﬁncﬂ@&%’é coRyrmer
used, | as a nupber of ot her actors such as desire

devel oﬁﬁeﬁoggsfew}%&@@?waeimtém the PeiyEIeris asivalgenkassydiscussedmbove.
former, andryjphglly] the-coldp¥evesr.phase & Qﬂfé‘i‘drﬁiallﬁﬁs@ﬁ]b‘lé‘ﬁ’thé?EWr%at| :
2006/ 073801 PCT/ US2005/ 046089 14 former phase vol une percént in the

pol ymer nat®¥Sts gigfingldram &if Bplyaier malgx @t rogadiemmsmstraandinfisegye cases -
from about d&érén @HﬁiHﬁhé‘" %{Lyreﬂrs'? rREALT FAE AR pitdidh EPBE RN Susig L6
present | mﬁ‘cenpétlaropnérticl:lés p?espared by any known method such as mixing, rolling, miffing,
20  orthe like, provided a sub-2 pm average particle size can be achieved in the
dispersion. In most cases, it can be desirable to uniformly disperse the color
former phase throughout the polymer matrix. Dispersing the color former phase
within the polymer matrix allows for increased contact of the leuco dye with
" activator material and/or other energy transfer materials, which are discussed
25  below in more detail. Further, a dispersion of color former phase within the
polymer matrix can be formed as a single composition, e.g., a paste, which can
then be coated on a substrate in a single step. The volume of color former
phase dispersed within the polymer matrix can vary considerably depending on
the concentration and type of color former used, as well as a number of other
30 factors such as desired development speed, desired color intensity of

developed color former, and the like. However, as a general guideline, the color



di scovered that color form ng phase particle size is related to

nmul tiple desirable 5 properties. Specifically, including the color
former phase as a fine dispersion, i.e. less than 2 pm wthin the
pol ynmeri c A¢Q?eEB0Iphase has several advantages over BEHUHERINEHOUSY
that utilize larger color former phase particles. These advantages
seem to becone enhanced even further as the particle size is
reduced. In accordance with this recogﬁﬁtlon in a preferred
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20 by delivery of energy using light and an absorber as a source of enegy. Further,
more complete melting can improve or increase image contrast in some
embodiments. Thus, in one embodiment, substantially complete to even
complete melting of the color former phase in the polymeric activator phase can
be preferred. '

25 Withorlt being bound by any particular theory, there are at least two likely
reasons why these very smali color former phase particle sizes provide
improvement in marking sensitivity and/or image contrast. First, by decreasing
the size of the particles of the color former phase, the surface area is increased,
and thus, the surface area to volume ratio is also increased. A larger surfece

30 area to volume ratio facilitates faster melting of the color former phase particles
as well as-faster mixing of the molten color former particles with molten
polymeric activator phase. As a result, faster imaging is possible. Further,



second benefit is related to the particle size of the color forner
phase conpared to the wavel ength of the radiant energy used to heat
the color formng 5 conposition as a whole. Typical |asers used for
mar ki ng optW@&06/8738Ks, for exanple, include those that PERUGLH/6089
wavel ength from about 200 nmto about 1200 nm i.e., 0.2 pmto about
1.2 pm By providing particles that are roughly of the same order of
magni tude or smaller conpared to the wavel ength of the laser that is
used, light scattering is mnimzed or renoved. In other words, |ight
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am not hi oxajiefenafan cHaquat & the partiyslsige of the color former phase prior to
20 application of the laser energy. In another embodiment, the particle size of the
color former phase prior to application of the laser energy is no more than two
times larger than the wavelength of the laser energy (based on average particle
size compared to wavelength).
The color former phase can include a variety of materials, but must
25 include at least one color former. Exemplary color formers include leuco dyes,
photochromic dyes, or the like. Fluoran leuco dyes have been shown to be
particularly practical in accordance with embodiments of the present invention,
though other leuco dyes can also be used. In one aspect of the present
invention, the leuco dye can be a fluoran, phthalide, aminotriaryimethane, or
30 mixture thereof. This being said, almost any known color forming dye can be
used, as long as the color development criteria discussed herein are met.
Suitable leuco dyes include, but are not limited to, fluorans, phthalides, amino-
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25 anilino-3-methyl-6—(N-ethyl-N-isoamy{amino)ﬂubrane (S-205 available from
Nagase Co., Ltd), and mixtures thereof. Aminotriarylmethane leuco dyes can
also be used in the present invention such as tris(N,N-dimethylaminophenyl)
methane (LCV); deutero-tris(N,N-dimethylaminophenyl) methane (D-LCV);
tris{(N,N-diethylaminophenyl) methan'e(LECV); deutero-tris(4-
30 diethylaminolphenyl) methane (D-LECV); tris(N,N-di-n-propylaminophenyl)
methane (LPCV); tris(N,N-din-butylaminophenyl) methane (LBCV): bis(4-
diethylaminophenyl)-(4-diethylamino-2-methyi-phenyl) méthane (LV-1); bis(4-
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components of the composition, amounts from about 5 wi% to about 20 wt%

20 frequently provide adequate resulis.

In order to reduce development times and increase sensitivity to an
applied radiation source, the color former phase can further include a melting
aid. Suitable melting aids can have a melting temperature from about 50 °C to
about 150 °C and often from about 70 °C to about 120 °C. Melting aids are

25  typically crystalline organic solids which can be melted and mixed with a
particular color former. For example, most color formers are also available as a
solid particulate which is soluble in standard liquid solvents. Thus, the color
former and melting aid can be mixed and heated to form a molten mixture.
Upon cooling, a color former phase of color former and melting aid is formed

30  which can then be ground into a powder. In some embodiments of the present
invention, the percent of color former and melting aid can be adjusted to

minimize the melting temperature of the color former phase without interfering
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Additional materials can also be included in the color former phase such
20 as, but not limited to, stabilizers, anti-oxidants, non-leuco colorants, radiation

absorbers, and the like.

Radiation Absorber
A radiation absorber can also be included in the color forming
25 compositions of the present invention. The radiation absorber is typically
present as a component which can be used to optimize development of the
color forming composition upon exposure to radiation at a predetermined
exposure time, energy level, wavelength, etc. The radiation absorber can act as
an energy antenna, providing energy to surrounding areas upon interaction with
30 anenergy source. As a predetermined amount of energy can be provided by
the radiation absorber, matching of the radiation wavelength and intensity to the
particular absorber used can be carried out to optimize the system. Optimizing



19 the systemincludes a process of selecting conponents of the col or
formng conposition which can result in a rapidly devel opabl e
conposition under a fixed period of exposure to radiation at a
speci fi ed NONRISUOB exanpl e, conpositions of the presBAT/UBHIEHEHN
can be optim zed for devel opnment using at a 5 predeterm ned

wavel ength of |aser energy, e.g., 405 n 650 nm 780 nm 980 nm or
1084 nm in.which the color formng cong%sition exposed to the
radiation is developed in |less than a predeterm ned period of tineg,
e.g., |ess thrasystep ingedas a prweseof sélegtirigndanetineniteest theicole faatiag i | Y

i ndicate th o £ f ' .conposi tjon is devel oped nost .
api diy at SompaSER hlotl GTieafih g T sk iopAble SPERER EoB Sipsn fren
can be devepeped ofetpusoretosadiatibh @tatspEifid poRet! SFHEntHI¥ Sdmpositions
radiation s .G, An 9 timzed ;o%gsu i on can al so indicate an

ambi ent i gﬁtj CRIERTLITNENHOR CaB bedplimizesior gavelgpmentysing aka sever al
months tH ypasdetertiined waﬁele@glhidﬂa?s%ﬁeﬁ@r'@,oéb]g,im_r{rﬁ,sﬁgdﬁmf? fh, 980

conbi nati on of al h@zﬁonpone ts of the color orm ng conposition’'in
affecting d8WePbpREAPTE aMBEhdhe seipEfpraing carapasiian/exppsed to the radiation
i 11 ustrat e, jsideveRiped ifldsR3ham e pfFéHé?énﬁiRéa"Paﬂo% g é.h%s%fthéﬁg
present invention, an optimzed conposition can €pend on a v PPety
of fact ors, HE§hcHOWENST, "apbimitate does ant agdessarily indichte dhatiihe nolor forming

e e SR e O

absor pt tbn capnasiticBanrhendgvetnpeddeithin amspeoified tiaw e aksing&dginen 20

opt i i zed oD A BhirEf chBleRe iAD AN L fiGetecen A@bfOHiohto

t he maxi munstabibycover extendéd pedodsdi tithé dle. 86veraNMonth3Us yehhe 'Hﬁ!lé?gﬁs
conposition can include

of formul at] an, optim.zed cqolar formn

testing for%hﬁ%ﬁg%%gheweeﬁ? S?rQ"H%§PW€g‘96‘808f 8P remponents of enepler
speci fic i noemisigtoonipusitivavie lagfaeing @veRipMiaht chadidhsties ahaeb—m&ﬁp?éb' e
col or c#angﬁ. The _I’?dl ation absorber can be configured to be in a ,
heat - cordu Li'ﬁ}'@te'r'al%{m'-%tg}ﬁ]itge\ﬁpbﬁf‘?fﬁlé"'gﬁ‘l’mpoﬂ“b@m@ff@e@?sefé ipreatiomt

i nvention. drpsptiiize® cempbSifion 'bﬁﬁ“d@bér‘?c!‘oﬁ%s\%rriﬁgf of538oRE }H%(élelégﬁd

wi thin the color forner_ phase, the pol yner trix, andI'or & Separate
| ayer. Thuscomprneangganaffest tag deyalepmentpropedidsi ecgd tiBe, woloh imensity, etc.

radi ati on_ abaaBaP & e Ehting eRBGCRRRY 4 o iEManE and
the pol ynmenaximasn absarptiorpokalmut FAO nim mayapt devddep antst eapigly bOZ8@ Aki.T €
col or TR MB@er components and the specific formulation can result in an optimized
_ composition at a wavelength which does not correspond to the maximum

absorption of the radiation antenna. Thus, the process of formulating an

optimized color forming composition can include testing formulations to achieve

a desired development time using a specific intensity and wavelength of energy

25  toform an acceptable color change. '

The radiation absorber can be configured to be in a heat-conductive
relationship with the color formers of the present invention. For example, the
radiation absorber can be included within the color former phase, the polymer
matrix, and/or a separate layer. Thus, the radiation absorber can be admixed

30 with or in thermal contact with the color forming composition. Typically, the
radiation absorber can be present in both the color former phase and the

polymeric activator phase. In this way, substantially the entire color forming



WO 2006/ 073801 PCT/ US20Us/ 046089 20 conposition in an exposed area
can be heated quickly and substantially sinultaneously.
Alternatively, the radiati on absorber can be applied as a separate

| ayer whi cW@266/6788Wpt i onal |y spi n-coat abl e or screen- pPCHUSRGPH46G8H 1
exanpl e. Consideration can al so be given to choosing the radiation
absorber 5 such that any |ight absorbed in the visible range does not
adversely-affect the graphic display 8¢ appearance of the col or
form ng conposition either before or after devel opnent. Suitable

radi ation aphfoadiohdn ah%xﬁ@é&!?hl%é darncﬁé Redtedrgaick§fandasibatangally
absorbers such as, but not' |imted al um num qui nol i ne conpl exes,

10 por phyr |5|'TQU|tab't§°HﬁWnﬁ'telrWﬁiUGLYtherfédlﬁr'@B abpprdep £an baaraligd 3udi ves,
pht hal Ocya%asrc-?@afa%er RALCHERINYE optiiialy ggh%ﬁam@a wezen :%Hﬁta‘ﬂ)YeB%r
guai azul enyl po

croconi um dyes, nmet hi ne i ndoliu yes
conpl ex | Reg{ygmle Ggaﬁda@tlgly@gn ais@Lm given ta efjeasing the radiation absorber

chal cougnolh WA IeBRIHERn HBIRE PAfe SRS oY B e

gui noi d “dyes, qui no azo

t her eof . Otgnaphls dispiy & appearange orfthe eolemfotmlngsmuhpaslttolneelqheeba‘bre or

I nvention %E%I are known, to those skilled in the art and can be found
in such r f ﬁ‘(:%g rmen ﬁnfrared Absor bi ng Dyes, Matsuoka, Masaru,
ed., Plenum Pr eSm;tablHe‘ad"éﬂblk anfePBf cah 58N elecielb frédvda Rurbenaitradiation

Near - I nfrar es for ol 0 | i cations, Paehne,
Resch- Geng K’% Blghsas, l@ P"'ﬁ@%?ﬂ@n?% ’Bl?éﬂ"?@'ﬁ@lcé’ LR
0-7923- 1510%o@ahynh9t§br9hmmnabcﬁrmwe@mr pﬁémmudw@wau@es ref erence.

Consi deration can al so gi ven to_chgosing the radiati on antenna

such that P&ﬁ}ﬂ‘l’qyéﬁtnea‘ﬁ%r B@lumerrhvﬂ H@OUWWHP% peivgethiRRdyasoguaigrdeay v
affect the o@éé‘REonmQhﬁd%)e@Yp@Wm@Hﬁ%ﬁ?‘fn@Bﬁtﬁn@fyeé Wﬁefé@b&hpfe%ﬁ‘d}@s _

conposition’ert before or after 25 devel opnent. For exa
order to a@wa@me ddea,uSsqttalnéluabﬂyeaghalb@@mww@ewﬂemdy%ﬁ, hawe

non- |naged e (o) r
can be cho Imgggdo gf&fﬁgﬁé r@ﬂﬁ‘i&r en t(#an’ ﬂgﬁ”gpn{sh%rm
backgr ddnd deﬁoatnma*hpﬂeef Gmelsrsuftablmnkarimas icag adscdes gsexrpimdhe present uch
as bl ack, qu r.ed, l. i
cont rast  t ANETiBP Eng s apE o HERE HlRe 5T HaP o b ottt
non- col or frefer@ices alsdnfratedcEissdoising &yee dMttsubke, Masaru, édy Rlemgm Press,
compositl Oq\?em? %Fkh‘%g%‘?%edﬁ Oléb\é%AfIT%m)oarndtﬁgar-lnfrared Dyes for High
Technology Apblications, Daehne, Resch-Genger, Wolfbeis, Kluwer Academic
20  Publishers (ISBN 0-7923-5101-0), both of which are incorporated herein by

reference.

Consideration can also be given to choosing the radiation antenna such
that any light absorbed in the visible range does not adversely affect the graphic
display or appearance of the color forming composition either before or after

25 development. For exarhple, in order to achieve a visible contrast between
" developed areas and non-imaged or non-developed areas of the coating, the
color former can be chosen to form a color that is different than that of the
background. For example, color formers having a developed color such as
black, blue, red, magenta, and the like can provide a good contrast to a more
30 yellow background. Optionally, an additional non-color former colorant can be
added to the color forming compositions of the present invention or the
substrate on which the color forming composition is placed. Any known non-



substrate on which the color form ng conposition is placed. Any known
non WD 2006/ 073501 PCT/ US2005/ 046059 21 col or former colorant can be
used to achi eve al nost any desired background color for a given
conmmer ci al Wi 2Merei3801AI t hough t he specific col or fornmer sPERUS2086146MRae
di scussed herein are typically separate compounds, such activity can
al so be provided by constituent groups of binders and/or color
formers which 5 "are incorporated in tRe activation and/or radiation
absorbing action of color forner. These types of color

f or mer / r adi cadraametIdIanEca fe atsPiocauntEvaaingdst any dssinettiicRgrolgd
scope of the pr esent 1 nvention. Various radi ati on ant ennas can act as
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devel opnentfotnsgém drheisaftypeseaf aolod ifamiesfradiatiomagbsorbenseire afpchcdnssieradtout

720 nmto about, .900 nmin e l.pent. Common CD-burning |asers
have a wav ee‘ﬁ%ﬂ'ﬁ%ﬁ s%ctygu?f]tg%gpesgﬁ]@ﬁ%ﬁt@ be adapted for form ng

i mages by sel ecMaviely ratiiztidrogntagngeocdn astasein artbena td absdrier m ng
conposition. Radiation antenn whi.ch can be suitable f use in the
i rared r HRRAEAHNeHE raltor g SRAALIc MRV el ngrscand Gnags1 (ARBelRl. o

i ndol i ugs, r&BkabN aAPAhEWHIEh Baea maxitoeyight absdapisat aiah YWetibinig ofly es

such 20 as pyrimdinetrione-cycl opentylidenes, qguaiazul enyl dyes,
croconi um dg%g?sweﬂ/%\fql@ra%ﬂa\@fﬁm FaniRe gyiable Tor use in the presbnt

chal cogenopyyemtiear Yof BRaRpRY BrondBértct bhhe!piéSent GR/ERLSH, tH¥ @8ior
b|s(chalco%enopyrylo)polynethlne dyes, oxyindolizine dyes,
p

bi s(ani noar9IMipaicpmpoRitine can e, optirtiead withie adpege fosdavelopmeny ¢sing

qui noi d_dyesiraredlyadifich A4ig aRILVAR R RO UbALY 720 RPNtk 96N 3 RS
dyes, azo dyes, exatunctional polyester oligonmers, heterocyclic
conpourlds, cnecerohbedimeat.i Gommarhebdnfrningdasershawpasvavietength giahiau 780

oo™ A S FheFalIcP B e 94 LG Oyl o
3-tri met hylth@kblonftomirdy yémpesitn. eRhgibticreart:niae whichpent s ditaple 0
cthenyl |- L. 335 Yid BRbRiaabe!aAohdsE RS &Y Qliithifed to, polymethy
indoliums, metal complex IR dyes, indocyanine green, polymethine dyes such
20 as pyrimidinetrione-cyclopentylidenes, guaiazulenyl dyes, croconium dyes,
cyanine dyes, squarylium dyes, chalcogenopyryloarylidene dyes, metal thiolate
complex dyes, bis(chalcogenopyrylo}polymethine dyes, oxyindolizine dyes,
bis(aminoaryl)polymethine dyes, indolizine dyes, pyrylium dyes, quinoid dyes,
quinone dyes, phthalocyanine dyes, naphthalocyanine dyes, azo dyes,
25 hexafunctional polyester oligomers, heterocyclic compounds, and combinations
thereof. '

Several specific polymethyl indolium compounds which can be used are
available from Aldrich Chemical Company, and include 2-[2-[2-chloro-3-[2-(1,3-
dihydro-1,3,3-trimethyl-2H-indol-2-ylidene)-ethylidene]-1-cyclopenten-1-yl-

30  ethenyl}-1,3,3-trimethyl-3H-indolium perchlorate; 2-[2-[2-Chloro-3-[2-(1,3-
dihydro-1,3,3-trimethyl-2H-ind ol—2—ylidene)-ethy!id ene]-1-cyclopenten-1-yl-
ethenyl]-1,3,3-trimethyl-3H-indolium chloride; 2-{2-[2-chloro-3-[(1,3-dihydro-3,3-



d ihyd ro-1, 3, 3-trinmethyl-2Hind of-2-yl
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aspect of the present i1nvention, the radiation antenna can
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37t i met hyrelosted frioPhRATn Jhke doler oY dermpsiion madvavslansth rangecn
[orate (Dyerro?ﬁaﬁsat Wmmnaéabemzzcamd BhhnaxaBone5d6in vmbhumuﬁgmh as

phenoxazi n-5-ium 3, 7- bi s(diet hx m no) - r|oerchl orate (oxazine 1 Amax
= 645 MY . qxﬁfﬂ?é?%%%ﬁ?ﬁ@ ragipéie ﬁatﬁnn@eéom%anamsawﬁo&wm ped

devel opnenteawaNQL&d Hddc né‘H?@s Bgech é@@lq |ﬁdt9i|&n13‘2 1541, B%Mydro-3,3-
2, 3- napt hal ocyani ne bis rlhex | si |yl oxid and matrix ‘soluble

derivati veslimethy!-3-niep w@yh yh@er(eadt %péamrwlla J-dinagthyl- kBrapylr om
iodide) (Dye 724 Amax 642 nm), 3H-indolium,1-butyl-2-[5-(1-butyl-1,3-dihydro- '
3,3-dimethyl-2H-indol-2-ylidene)-1,3-pentadienyl]-3, 3-dimethyl-,perchlorate (Dye

2
2-
2-
|

2-
e

25 683 Amax 642 nm), and phenoxazine derivatives such as phenoxazin-5-lum,3,7"—
bis(diethylamino)-,perchlorate (oxazine 1 Amax = 645 nm). Phthalocyanine
dyes having a Amax of about the desired development wavelength can also be
used such as silicon 2,3-napthalocyanine bis(trihexylsilyloxide) and matrix
soluble derivatives of 2,3-napthalocyanine (both commercially available from

30  Aldrich Chemical); matrix soluble derivatives of silicon phthalocyanine (as
described in Rodgers, A.J. et al., 107 J. Phys. Chem. A 3503-3514, May 8,
2003), and matrix soluble derivatives of benzophthalocyanines (as described in



30 Aldrich Chemical); matrix soluble derivatives of silicon

pht hal ocyani ne (as described in Rodgers, A J. et al., 107 J. Phys.
Chem A 3503-3514, May 8, 2003), and matrix sol ubl e derivatives of
benzopht haM8t3pae? 338 (as described in WO 2006/ 073801  PCT/US2005/046089
PCT/ US2005/ 046089 23 Aoudi a, Mhaned, 119 J. Am Chem Soc.

6029- 6039, July 2, 1997); phthal ocyani ne conpounds such as those
described in U S. Patent Nos. 6,015,895 and 6, 025,486, which are
each incorporated herein by reference; and GCirrus 715 (a

pht hal ocyamdigiif Wormmed, aibl|99J TP E R CS . SWEQ(B'O%tﬁII 2E0gdAnd 5
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chol or-8-h droxqu nol i nat o) al um num ( CAS 4154-66-1),
2-(4-(1-ne -lirgitiRg specific examples of suitable radiation antenna can include 1-(2- .

h )-6- 5=
E)Cigy )174435%'{%-5 s){{hfbbhéﬁm)lﬁ%ﬁ'etﬁylﬂ t4l8mephRrARFEEHD WAk biin-5lonk HsSafise

- [ 204- sakni reave 5i4H0NM); £ty dliethypmimcpuaiayiny3-parboxylate (A max =
418 nm); 3,3'-diethylthiacyanine ethylsulfate (A max = 424 nm); 3-allyl-5-(3-
ethyl-4-methyl-2-thiazolinylidene) rhodanine (A max = 430 nm) (each available

_ from Organica Feinchemie GmbH Wolfen), and mixtures thereof. Non-limiting
specific examples of suitable aluminum quinoline complexes can include tris(8-
25  hydroxyquinolinato)aluminum (CAS 2085-33-8) and derivatives such as tris(5-
cholor-8-hydroxyquinolinato)aluminum (CAS 4154-66-1), 2-(4-(1-methyl-ethyl)-
phenyl)-6-phenyl-4H-thiopyran-4-ylidene)-propanedinitril-1, 1-dioxide (CAS
174493-15-3), 4,4'-[1,4-phenylenebis(1,3,4-oxadiazole-5,2-diyl)]bis N,N-
diphenyl benzeneamine (CAS 184101-38-0), bis-tetraethylammonium-bis(1,2-
30 dicyano-dithiolto)-zinc(ll} (CAS 21312-70-9), 2-(4,5-dihydronaphtho[1,2-d]-1,3-
dithiol-2-ylidene)-4,5-dihydro-naphtho[1,2-d]1,3-dithiole, all available from
Syntec GmbH. Non-limiting examples of specific porphyi‘in and porphyrin



di phenyl benzeneam ne (CAS 184101- 38-0),

bi s-tetraet hyl ammoni um bi s(1,2 30 dicyano-dithiolto)-zinc(ll) (CAS
21312-70-9), 2-(4,5-di hydronaphtho[1, 2-d]-1, 3-

di t hi ol - 2- YO 2w87338U, 5- di hydr o- napht ho[ 1, 2- d] 1, 3- di t hi oP&T/U&10p5/046089
avai lable from Syntec GrbH Non-limting exanples of specific

por phyrin and porphyrin WO 2006/ 073801 PCT/ US2005/ 046089 24
derivatives can include etioporphyrin 2 (CAS 448-71-5),

deut eroporphyrin I X 2,4 bis ethylene glycol (D630-9) available from
Frontier S.Qieﬂ%ﬂi\féscoanaﬂaueébﬂ%ﬁé\%hgrirp@;@hsW4’8-‘K‘Q§}$d§ﬁ@o§@pﬁ9rin 24
dyes such as Mrdant O ange (CAS 2243-76- 7), Methyl Yellow (CAS
60- 11-7), Xipeibylangyas (Igw-@m@ﬂ@bledmﬂoweé Saignfioyandpotaeting

61968-76- 1 i | ) hdr.i L cal ' S
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known to t RBSEt A& wtteeand fyRially. S abeyt 0.8 iceabaut 1omee. axlhsrgraier
it may jge Q\%ﬁéﬁt@ghﬁeé faly el difraBle depfdHEing SnaEE MolarRsdrbtivity of theci Ng
agent activators than can be used include 1= 20

phenyl - 3- ppeditardadiatiopabser@ehe), hydrazine, formanide, formic acid,
hexaar yl bi i m dazol es (HABI), ascorbic acid, phenols and substituted
phenols, e.g., hydroquinone, and m xtures thereof. In certain

enbodi ment s of tQthepOptenal Ingredirttson, it is sonetinmes desirable to

dd Lastici (o ) PSS il !
coat b 35 per fDPIRrTBAE Bt RS btk dtent i BHEAT bap bk R ise
pl ast i abzewnariods additionalabhepopeattsuchzsrcoiaarts, huplid védnioes, stabilinase

wnich s | ABBTRG A0ERHarSIResy: T her el RoNndhdnest Jaikgadne o
exanpl es ofgrpl astici zers include, but are not limted to,
For example, in one embodiment, it may be desirable to include a
reducing agent. Specific reducing agent activators than can be used include 1-
20  phenyl-3-pyrozolidone (phenidone), hydrazine, formamide, formic acid‘, '
hexaarylbiimidazoles (HABI), ascorbic acid, phenois and substituted phenols,
e.g., hydroguinone, and mixtures thereof. -
In certain embodiments of the present invention, it is sometimes
desirable to add a plasticizer to improve coating flexibility, durability, and coating
25 performance. Plasticizers can be either solid or liquid plasticizers. Such
suitable plasticizers are.well known to those skilled in the art, as exemplified in
U.S. Patent No. 3,658,543, which is incorporated herein by reference in its
entirety. Specific examples of plasticizers include, but are not limited to,
cellulose esters such as an o-phenyl phenol ethylene oxide adduct
30 (commercially available as MERPOL 2660 from E. i. Du Pont de Nemours &
Co., Wilmingion, DE), polyethylene glycols and substituted phenolethylene '
oxide adducts such as nonylphenoxypoly(ethyleneoxy)-ethanol (commercially



cel lul ose esters such as an o-phenyl phenol ethylene oxide adduct 30

(comrercially avail able as MERPOL 2660 fromE. |. Du Pont de Nenours
& Co., WImngton, DE), polyethylene glycols and substituted
phenol et hy mvamaos/osBade adducts such as PCT/US2005/046089

nonyl phenoxypol y( et hyl eneoxy) - et hanol (comercially WO 2006/ 073801
PCT/ US2005/ 046089 25 avail abl e as | GEPAL CO 210 from Al drich

Chem cal Co.), acetates, butyrates, ceblulose acetate butyrates, and
m xtures thereof. The plasticizer can be included- in either or both

of e POl YATRhAABL e s Gk ARIPERgNRSPe R ARgaBddhiotes, oan

al so be ut| ¢l ng par |cular conmer Ci proodutts such
as i ncl udi rtgellaloselametme butyratepaartd moktlires thesé¢ofd dhierpdasiicidzeocamn bet he

i mage. In ang rants can non- col or f.orners
wht oh can BrOFAD STERAKBPTRING BBFE? MR e R R R Ena

col orants can beDthet additivel ¢xrpales be ulieddofor ﬁmscmﬁqrarmmwomméﬂaawse
of an opacif [ ot her . col qr ant rovi de

ol or 8t isodugl SHER 8 IREIHA olsgtlo TOERs AARTal ArSieh SORED 15 1 ne

col or f or miRggeO MRk enbibdirHafte tHisk toRfantd tan BE/IOPALIIGIFErmAS WHEH as
t he devel oprrent of the color fornmer is not prevented from at |east

sone devel diAfeRTEVida@ backgruingreolam de oge emb@dmnto%non@bmipms cgmbe
anot her enﬂmmﬁﬁa%a trigrhBits GABRY dfyeé MFBPeX e SthbiLRE of aR o%cméfeﬁ@ﬁ%@t bP

a solutio i's substantially transparent or translucent
sui t abl e | iafogrcolarant et pmvldeebaykgrwmdmo&mh@thamqustrgtes utfieaeptional can

be “Sedlo"m d;ﬁbrrkaﬁ COTPGY h&det 4 th8 cﬁlo’?%r[‘rprﬁ&ﬁﬁ%cgs%% éﬁmfilé%medo% ymer

mat rix, her conponent's chosen carrier
can incl ude;vet;nrinted asolbng iagithe devaloprmehivaf e calaciormsr ismet ippdventad

ket

ot mct ant 97orR B leadl SR8 cefRioPIARt o £ AR ke @lie b Mo opthiaEholermnt.  on
is 2|0 prgpar ed llnaaoﬂ'@ketnbmdzrf\mtmheldoldmnyr_ nb&gf; d?ﬁlpbahdglefhmtt)amxﬂqrawedm
a col ored coat,i r. at St ortiop o e s ra

The ol or rasanfih wBirBis Bbpaanoayehantretharransedh AbkEiRP Mt es
a backarsounsar&ét, elg. tdrpalceRd! with & bgifadtant, bartles 0e&d Whichds semphtilsIa with

| ayer. This col ored coatl ng can contajn various colorants such as

ot her pi gmehPAigHAY 6PICBIASRIET. ROYMCTIRBIENBRUPHBIALT SAMPPRENSS clesan for

i nvention, jdae R Rfuid BaMeP8an FRITARShLH .anpmﬁ.tézﬁoae@lbeﬁ@ sueh as
substrate. The conposition can be applied t he substrate using any

cnown t echrmeibuiesnd koteses SPRIELEIEAE %@tf@éﬁlcghplﬁtamdgilols water,

surfactants, and mixiures thereof. When the color forming composition is

20 prepared in a solution form, it may be desirable to underprint a colored coating
over at least a portion of the substrate beneath the color forming composition.
The optional colored coating produces a background color that can be visible
underneath the solution layer. This colored coating can contain various
colorants such as other pigments and/or dyes.

25 In one embodiment of the present invention, the color forming
composition can be applied to a substrate. The composition can be applied to
the substrate using any known technique such as spin-coating, screen printing,
sputterihg, spray coating, ink-jetting, or the like. A variety of substrates can be
used such as polymer, paper, metal, glass, ceramic, and combinations or

30  composites thereof. in one embodiment, the color forming composition can be
applied to an optical disk, and thus, select portions thereof can be subsequently



sputtering, spray coating, ink-jetting, or the like. A variety of
substrates can be used such as polyner, paper, netal, glass,

ceram c, and conbi nations or 30 conposites thereof. In one

enbodi ment WQ 9e6/¢88Wr f orm ng conposition can be appl i BCI/USR0gFD46089
optical disk, and thus, select portions thereof can be subsequently
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devel opnent reaction of the color former and fhe specific radi at’i on
absor ber coating properties. For example, in one aspect, the solids content of a spin-
coatabie color forming composition can be from about 5 wit% to about 9 wt%.
20
Radiation Applicalion for Development
Cnce the color forming composition is applied to the substrate, the
conditions under which the color forming compositions of the present invehtion
are developed can be varied. For example, one can vary the electromagnetic
25 radiation wavelength, heat flux, and exposure time. The amount of energy
which is to be applied depends partially on the activation energy of the
development reaction of the color former and the specific radiation absorber
chosen. However, the energy applied is typically sufficient to dévelop the color
former without also chemically decomposing the color forming composition or
30 damaging the substrate. Such an energy level is typically well below the energy
required for decomposition of the color forming composition. Variables such as

spot size, focus, and laser power will also affect any particular system design



chosen. However, the energy applied is typically sufficient to
develop the color forner wthout also chem cally deconposing the
color form ng conposition or 30 damagi ng the substrate. Such an

ener gy | ev®iO2086/4%8iical [y wel | bel ow the energy requi r BEI/EBR005/046089
deconposition of the color form ng conposition. Variables such as
spot size, focus, and | aser power will also affect any particul ar
system desi gn WD 2006/ 073801 PCT/ US20087 046089 27 and can be chosen
based on the desired results. Wth these variables fixed at
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i nvention can be devel oped using |lasers having fromabout 15 nWto

about 100 mwwourgw&@h %?mqfisﬁ@ﬁﬂ!f’%éhf5"%“@"&'"9%0@&@&*%
this fc”fﬂge @tﬁ:ﬂﬂ@ﬁne"&pﬁ@al éh?k@’ ﬁﬂhd}; YAs p?é«f?du%lmgglf%ehr about

30 nVto a mA ar e read conmmeT ci al aval
wel | usi ngnuhr@ecof elecfromﬁgngtrccmdﬁi@ntspmesa@smuﬁ@d her ei n. The spot

Sher a2 e priaite SSREPSuR S R b atapte Dt
be circul adeveibbeahgsingrlasﬁrhhawggdm abgutstbapé{ toaatbut 460 rnanmWerom
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al so besusagpichny, aaddis haetngamneaboutmw 53] zzmmt 60 fdmtare2bagity by 50
P ot de. o GEOEISSAPIN BVa BBIS BB woBL BPLER Bt polae enin S Pesiiat, 2
Heat flux Yss@ibed hetBine tHed cﬁ%&e@én@hﬁt@ﬁ ¢ tias1avet tan BOderAMmiRe By om
about 0.05 J/cnR to about 0 J/cn2 in one enbodi rent. and from
about 0.3 Jadiayon that contacts the substrate at a single point in time. The spot size can
be circular, oblong, or other geometric shape, and can range from about 1 pm fo
20 about 200 um along a largest dimension and often from about 5 um to about 60
um, though smailer or larger sizes can also be used. In a further aspect, spot
sizes of 5t0 25 HMm by 50 um, as measured across perpendicular major and
minor axes, can provide a good balance between resolution and developing
speed. _
25 Heat flux is a variable that can be altered as well, and can be from about
1 0.05 Jfcm? to about 5.0 Jfem? in one embadiment, and from about 0.3 Jiem? to
about 0.5 Jlcm?in a second embodiment. In general, a heat flux of less than
about 0.5 J/cm? can also be used. The color forming compositions of the
present invention can be optimized by adjusting the concentrations and type of
30 radiation absorber, color forimer, and polymer matrix. Heat flux in these ranges
allow for development of color formers in optimized compositions in from about

15 psec to about 1 millisecond per dot in some embodiments. As previously



about 0.5 J/cnR in a second enbodinent. In general, a heat flux of

| ess than about 0.5 J/cn2 can al so be used. The col or formng
conpositions of the present invention can be optim zed by adjusting
t he concenwmongerssend type of 30 radi ati on absorber, cEIGUS2EVF6089
and polynmer matrix. Heat flux in these ranges allow for devel opnent
of color fornmers in optimzed conpositions in fromabout 15 psec to
about 1 millisecond per dot in some enb@di nents. As previously WO
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compositions, currently there are many known laser types. Those of particular

20  interest include those commercially available which can be incorporated into an
optical disk reading and/or writing device, particularly those in the 200 nm to
1200 nm wavelength range. However, wavelengths outside of this range are
alsc included in accordance with embodiments of the present invention.
Exemplary laser types that can be used include krypton-fluoride excimer (249

25 nm), xenon-chloride eximer (308 nm), nitrogen gas (337 hm), organic dye in
solution (300 nm to 1000 nm - tunable), krypton ion (335 nm to 800 nm), argon
fon (450 nm to 530 nm), helium neon (543 nm,.632.8 nm, and 1150 nm),
semiconductor GalnP family (67O nm to 680 nm), ruby (694 nm), semiconductor

. GaAlAs family (750 nm to 900 nm), neodymium YAG (1064 nm), semiconductor

30 InGaAsP family (1300 nm to 1600 nm), hydrogen-fluoride chemical (2600 nm to
3000 nm), ete. In addition to the above, these and other commercially available
lasers are available having wavelengths of: 375 nm, 405 nm, 408 nm, 440 nm,



solution (300 nmto 1000 nm - tunable), krypton ion (335 nmto 800
nm, argon ion (450 nmto 530 nm, heliumneon (543 nm .632.8 nm
and 1150 nm), sem conductor GlnP famly (670 nmto 680 nm, ruby
(694 nm, ¥M0gEIRI8Mtor GaAlAs famly (750 nmto 900 nP§T/UBRSGMAMGSAHM
YAG (1064 nm), sem conductor 30 InGaAsP famly (1300 nmto 1600 nm,
hydr ogen-fl uori de chenical (2600 nmto 3000 nn), etc. In addition to
t he above, these and ot her connerC|aII99ava|IabIe | asers are

avai | abl e havi ng wavel engt hs of: 375 nm 405 nm 408 nm 440 nm WO
2006/ 07380%3BGH, DR/ QS@Q&E 6669m6%?0rrm1 a8nMNT8EAM, 785 nA B10Mm 670
nm 685 nm 780 n 85 nm nm 850 nm 980 nm 1084 nm
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of the invention.

20 . Example 1
a) Preparation of color former particles for color former phase

(discontinuous phase)
About 10 g of m-terphenyl (accelerator) was melted in a beaker, and the
melt was heated to about 110° C. About 100 g of BK400 was added in small
25 increments fo the melt upon constant stirring. The added BK400 is a leuco-dye
(2’-anilino-3'-methyt-6'-(dibutylaminojfluoran) available from Nagase
Corporation, the structure of which is set forth below as Formula 1:



WO 2006/ 073801 PCT/ US2005/046089 30 N O\ NO OH OFormulal
The tenperature of the m xture was increased up to about 170C t 0180C.
5 Stirring was continued until conplete dissolution of BK400 in the
mel t (usuaM0/2006/8#d8 about 10 to 15 min) was obtai ned tBCT/GP200340146089
accel erator/leuco dye solution. Next, about 1.8 g of.Cirrus-715
(radi ati on absorber IR dye) was added to the nelt upon constant
stirring. Heating and stirring was conBfhued for about two to three
additional mnutes until the Crrus-715 was conpletely dissolved in
10 the nelt to forma | euco dye/ aptennal/ accel erator alloy (eutectic).
The tenperature of the | euco-dye/ antennal/ accel erator alloy was kept
to bel ow about 190C, and was then poured into a pre-cool ed freezer
tray lined with alumi num foil” The solidified nmelt. was mlled into a
coarse powder and then jet-m ]| ed untlb t he average voI unme- wei ght ed

particle size of the groupd a -
resulting in color for parti g
former phase. b) Preparation of

phase) About 50 g of mterphenyl
of Crrus- 20 715 (radiation abs
the nelted mterphenyl while thg p ture of the nelt was raised
to about 150C to 160C. The resul g mtér phenyl/Cirrus-715 all oy
was cool ed and ground into a coarse Poeri). Next, about 8 g

of 4- hydr oxypheny! - 4' - i sopr opoxyphenfPf8#& bne (activator), 1.7 g of
the mterphenyl/Crrus-715 alloy, and about 3.7 g of ‘4,4 25

di hydr oxydi phenyl sulfone (primary activator) were dissolved in 49 g

Nor - Cot e WAhedeBIPSTABRLOfHbT MikurDBAD isyeAsed3ip toptonb 1T ted §0%.
(thurﬁag 7 fhs bnt; é‘dﬁﬁlﬂ#lzemg@ié/h@&&uﬁmeﬂﬁkéo@Mhe%éﬂ@{ég%ﬁQ to

forma ntennal/ activator Solution or ymeric activ
phase. takes about 10 to 15 min) was obtained to form an accelerator/leuco dye

se (continuous
Epd in beaker. About 50 g
dye) was then dissolved in

solution. Next, about 1.8 g of Cirrus-715 (radiation absorber IR dye) was added
to the melt upon constant stirring. Heating and stirring was continued for about
two to three additional minutes until the Cirrus-715 was completely dissolved in

10  the melt to form a leuco dyelant_ennalaccele’rator alloy (eutecticj. The
temperature of the leuco-dyefantenna/accelerator alloy was kept to below about -
190°C, and was then poured into a pre-cooled freezer tray lined with aluminum
foil. The solidified melt was milled into a coarse powder and then jet-milled until
the average volume-weighted particie size of the ground alloy was less than

15  about 1.5 pm, resulting in color former particles that will become the color
former phase.

b) Preparation of polymeric activator phase (continuous phase)
About 50 g of m-terphenyl was melted in a beaker. About 50 g of Cirrus-
20 715 (radiation absorber IR dye) was then dissolved in the melted m-terphenyi
while the temperature of the melt was raised to about 150°C to 160°C. The
resulting m-terphenyl/Cirrus-715 alloy was coocled and ground into a coarse
powder. Next, about 8 g of 4-hydroxyphenyl-4'-isopropoxyphenyl sulfone
(activator), 1.7 g of the m-terphenyl/Cirrus-715 alloy, and about 3.7 g of 4,4-
25 dihydroxydiphenyl sulfone (primary activator) were dissolved in 48 g Nor-Cote



5 c¢) Preparation of color formng conposition (fine dispersion) A
UV-curabl e paste was prepared by m xing (a) about 31 of the finely
mlled color fornmer particles with (b) about 60 g of the polyneric
accel er at oWO WpE®78801The paste was screen printed onto aPELBSAWPHAIIE08AL
a thickness of approxinmately about 6 pmto about 8 pmto form an

I magi ng medi um i ncl uding 10 an i magi ng coati.ng. The i magi ng coating
was W cured by nercury lanp. Direct Ahrking on the UV cured imaging
coating was carried out using a 45 miW |aser having a wavel ength of

about 780 gmG0d0 WR-kchlerdRitkiaied aﬁsaik)ét SUPRuRIble éé'yl%iﬂé Withofe?d upgd
using various durations of energy application fromabout 30 psec to

about 150 @Q%metgﬁéfhf%[ﬂb@ﬂ@ﬁﬂﬁﬂﬁn@ﬂn%@ﬁ)ﬁ“@ﬁ?flS@ﬂ‘éloér%rP@leQfﬁéacé'@ﬂw 15
form ng co[m gsition of the imaging coating changed in color froma
gr eeni sh ransparent appearance to a black color. Exanple 2 a)
Preparation of color former particles for color forner phase 20

(di sconti nuous - I or) was
nelted in a beaggg,ﬁee’)ﬁ%qqﬁéf élogoe(%? %\‘Eg}chg{gﬁ g’ﬁgﬁsﬁr‘fﬁ%%?&%%&) C. About
100 g of BK400 mvmngagems preiparadetfi;emimg (@) tabeun® of thpdinely
constant sti. e a s, a

(5" ani 1 1 nghied fidor e DABE IS L AB5HI bS B PeRelimeii eco A Nagase
25 Corporatph@@e The p%\%feLWéslé@'e@ﬁ prifte@iionts astbstratetd? aithickRsggdfa 1
above. The rrperature of  the m xture was then_increased up to, about

170C tol 80@Ppr°§!m?ﬂe|yn§b%§ AR ARAP UmttP forahan inaeeing |"%%‘I"'ﬂtm‘8%d'8$

BK400 i1p thg nfﬁ%bFn (db?a‘ﬁﬂb' Yl'heﬁﬁ%@ﬁllg%ﬁﬂﬁg Was Uy é@eﬂ‘ﬁﬂr)méﬁéﬁrﬂlﬂhﬂi ned to
form an accel er at or/ | euCo ution nelt. About

| R780- i odi &irect merking on the §ot essed imagipe poaking Wﬁ%ﬁa%dméamg@ 4HmW
mel t upon ¢aRSHARheH WaldiB8th JREB0u A AR, Smahcor dPRPsimatly20 fim by

| ndol i ni um
2- [ 2- chl or 653 MasPrddugett wdng variioust duratignspf epergy2applination ffom@bout

)1 ot henong1S5o IS aRRRL FiAFGEL, o sodlEARIFbSrrbiie shefal G
Formul a52 #anfing composifibn Nf the)imsging ddatingtchianged in color from a greenish
transparent appearance to a black color.

Example 2
a) Preparation of color former particles for color former phase

20 (discontinuous phase)

About 10 g of m-terphenyl (accelerator) was melted in a beaker, and the
melt was heated to about 110° C. About 100 g of BK400 was added in small
increments to the melt upo'n constant stirring. The added BK400 is a leuco-dye
(2-anilino-3"-methyl-6"-(dibutylamino)fiuoran) available from Nagase

25  Corporation, the structure of which is set forth in Formula 1 above. The
temperature of the mixture was then increased up to about 170°C to180°C.

. Stirring was continued until complete dissolution of BK400 in the meit (usually
takes about 10 to 15 min) was obtained to form an accelerator/leuco dye
solution melt. About 1.2 g of iIR780-iodide (radiation absorber IR dye) was then

30 added to the melt upon constant stirring. IR780-iodide is also known as 3H-
Indolinium, 2-[2-chloro-3-[91,3-dihydro3,3-dimethyl-1-propyl-2H-indol-2-



- HI Formula 2 5 Heating and stirring was conti nued for about two
to three additional mnutes wuntil the IR dye was conpletely
dissolved in the nelt to forma |leuco dye/antennal/accelerator all oy
(eut ecti c) WOrves/a78sider at ure of the | euco dye/ ant enna/ aRCEUINGRIH6089
al l oy was kept to bel ow about 190C. 10 The

| euco- dye/ ant enna/ accel erator all oy was then poured into a pre-cool ed
freezer tray lined with alumnumfoil.3fhe solidified nmelt was m !l ed
into a coarse powder, and then the pre-mlled powder was mlled in
aqueous di gedd)efhy Iitﬁeri]e?o'ﬁ-u?éidh@?tén-"lﬂ étaem{yﬂsmd%&hympeo@@ad mi
with 1 mm zirconi a bead i hg was st'opped when average
particle diegdide@Eas Sh@wu@eﬁomrwlafzm follows:5 of about 0.9 pmto about
1.0 pm The particles in the slurry were collected and freeze-dried,
resulting in color forg '

phase. b) Preparati MEeric actifvat or pha ous phase)
20 About 50 g of mt 'L lwas i g bea Ny 50 g of
Cirrus- 715 (radi ati o ab3NfberHI R d SH hdn digSolY in the

mel ted mterphenyl mhilg(j g tenpera e of the melt was raised to
about 150C to 160C. The .17esulting mterphenyl/C s1us-715 all oy was
cool ed and ground into al coarse powler. Next, about 8 g of

4- hydr oxyphenyl - 4'.-i sopr opoxyphenyl sul fone 25 (activator), 1.7 g of
the mterphenyl /G rrus-715.all oy, apgrd 3.7 g of 4, 4-

di hydr oxydi phenyl sulfone (primary activator) were dlssolved in 49 g
Nor - Cot & CD®)00 UV-lacquer (mixture or packet of UV-curable acrylate

mononers apg X@ﬂ j%ﬁfg{tﬂ ;%B&gés E’&Hilddé&‘?@ﬁé&‘lﬁ%@to fﬁ?eé)!ad(g%%l?ﬁlnﬂtﬁaf orm

a |l acquer/ ant act r solution or ymeric activator
c) Prepar auntirthefiRalyeovas completelycdispaved Indhe(nﬂeih@ fdispdeydmon) 5 A

e BB A IR R it oPbe' iR e
pol yneri ¢ agefantratadaccefehaioe allhheap keptdo babwsalbad19pfC.nt ed onto a
substr ?Ee %eqeacboi—gylf(er}gﬁtsénRglaccelerator alloy was then poured into a pre-cooled
freezer tray lined with aluminum foil, ‘The_ solidified melt was milled into a coarse
powder, and then the pre-milled powder was milled in aqueous dispersion
. {(~15% solids) using Netzsch Mini-Zeta Bead mill with 1 mm zirconia beads.
The milling was stopped when average particle diameter was reduced to a value
15  of about 0.9 um to about 1.0 ym. The palticleé in the slurry were collected and
freeze-dried, resulting in color former particles that will become the color former

phase.

b) Preparation of polymeric activator phase (continuous phase)

20 About 50 g of m-terphenyl was melted in a beaker. About 50 g of Cirrus-
715 (radiation absorber IR dye) was then dissolved in the melted m~terphenyl.
while the temperature of the melt was raised to about 150°C to 160°C. The
resulting m-terphenyl/Cirrus-715 alloy was cooled and ground into a coarse
powder. Next, about 8 g of 4-hydroxyphenyl-4'-isopropoxyphenyl sulfone

25 (activator), 1.7 g of the m-terphenyl/Cirrus-715 alloy, and about 3.7 g of 4,4-
dihydroxydiphenyl sulfone (primary activator) were dissolved in 49 g Nor-Cote
CDGO000 UV-lacquer (mixture or packet of UV-curable acrylate monomers and



approxi mately about 6 pmto about 8 pmto forman imagi ng nmedi um
including an imaging coating. The coating on the nmediumwas then W
cured by nercury 10 lanp. The resulting coating had an opal escent

sem -transpr Wpe0BYAK. Direct rmarking on the UV cured PEEYPA0¢F/046089
coating was carried out using a 45 nWlaser having a wavel ength of
about 780 nm A mark of approximately 20 pm by 45 pmwas produced
usi ng various durations of energy appl Ptation fromabout 25 Nsec to
about 130 psec. Upon application of appropriate energy, the color 15

form ng corpgshbis)fo fdrmi & facgliBgamensalastivatbraoRiisnbripdlypedrif activgtdr a
greeni sh transparent appearance to a black color. anple 3 a)

Pr epar ati oRh8%e.col or forner particles for color fornmer phase 20
(di sconti nuous phase) About 10 g of mterphenyl (accelerator) was
melted in a beaker, and the nelt was heated to about 1100 C. About
100 g of BK400 whErepddelipn ef colaforming compesitien (fine dispersion) upon

constant stirri . ' -
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additional mnutes until the rrus-715 was conpletely dissolved in

the nelt MAkivgantheddl sugddmagingriealing wascagiast o ysig 3 4dnad4 laser,
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powder was further, mlled in an eg di spersion (-15% sol i ds)
usi ng Net z SBASRATRN SRRSO P%g C?Iﬁﬁl nmm zirconia beads. The

mlling was stopped when average particle dianeter was reduced
Example 3
a} Preparation of color former particles for color former phase
20 .(discontinuous phase)

About 10 g of m-terphenyl (accelerator) was melted in a beaker, and the
melt was heated to about 110° C, About 100 g of BK400 was added in small
increments to the melt upon constant stirring. The added BK400 is a leuco-dye
(2"-anilino-3"-methyl-6'-(dibutylamino)fluoran) avaitable from Nagase

25  Corporation, the structure of which is set forth in Formula 1 above. The
temperature of the mixture was increased up to about 170°C to180°C. Stirring
was continued until complete dissolution of BK400 in the melt (usually takes
about 10 to 15 min) was obtained to form an accelerator/fleuco dye solution.
Next, about 1.8 g of Cirrus-715 (radiation absorber IR dye) was added o the

30 melt upon constant stirring. Heating and stirring was continued for about two to
three additional minutes until the Cirrus-715 was completely dissolved in the
melt to form a leuco dyefantenna/accelerator alloy (eutectic). The temperature



to a value of about 0.9 pmto about 1.0 pm The resulting slurry was
then further mlled in the Netzsch Mni-Zeta Bead m || using
tungsten carbide 0.1 mm 10 beads until the average particle size was
reduced t oVW4b¥WAE038@ pmto about 0.3 pm The resul ti ngPCSI/U$A095/046089
containing the color former particles which will ultimately becone
the col or .fornmer phase was collected and freeze-dried. b) Preparation
of polyneric actlvator phase (continuod%s phase) 15 About 87 g of

4- hydr oxyphenyl - 4' -i sopr opoxyphenyl sul fone activator was nelted in
a beaker. 'ﬁbﬂ‘rétlei!l@o-ﬂyéfaniéﬁ?\%ﬁhdc@l@réiﬁr élt@%@d kPl t@ BERWAIout ReGYE and
shown in Formula 2) was, then dissolved in the nelted actlvator ‘Whi | e

the tenpem@sihen @PUEQG’(-:J”FR&@ prexeroled freezeritraydingd withsglemingm Bdlc Thene
resul ting oaelifd@ It/ Wgéjhﬂfe'dQHma.ﬁéﬂrQ@ bo@ﬁ%loa‘(rhd’\@i%n?@t%mgg ?Jggl ggound

into a coarse po out 7 e activato iation
bsor ber alawesagpomdwneamgtmtbdmart@le?sge ogmezgraurm alayrwas @sp thatyabout
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m xi ng (a) tebaaluedsdf about DA fimnekpouti.Olyes Theremltmg sﬂmrymas Hesri i cl es
was " ssr wen athenales ft edfesban ¢ 6454 fiDicthe ngeiegiparbide ¥ i
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i ncluding an inagi % coating. The coating on the medi um was then U/

cured by mfbuTRe FeSUING SHEY FartaiNNG Be oK ol SiParicles Whigh ol w ¢ h
noticeabl e uﬂ[ﬁﬂ/ﬁbc@@ Qo9 hade Rl ddeiae gﬁé%%%e -ddedDi r ect

mar ki ng on t cured I maging coating was carried out using a 45
| aser having a wavel ength of about 780 nm A mark of approximately 20
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shown in Forrnula 2) was then dissolved in the melted activator while the
temperature of the melt was raised to about 150°C to 160°C. The resuiting
activator/radiation absorber alloy was cooled and ground into a coarse powder.
20 Next, about 7 g of the activator/radiation absorber alloy p_owder and about 3.7 g
of 4,4-dihydroxydipheny! sulfone (primary activator) were dissolved in 49 g
Nor-Cote CDGO000 UV-lacquer (mixture or packet of UV-curable acrylaie
monomers and oligomers) to form the lacquer/antenna/activator solution or
polymeric activator phése.
25

¢) Preparation of color forming composition (fine dispersion)

A UV-curable paste was prepared by mixing (a) about 31 of the finely
milled the color former particles with (b) about 60 g of the polymeric accelerator
phase. The paste was screen printed onto a substrate at a thickness of

30 approximately about 6 ym to about 8 um to form an imaging medium including
an imaging coating. The coating on the medium was then UV cured by mercury
lamp. The resulting coating was transparent with noticeable greenish hue.



The above color form ng conpositions of eutectics (Exanples 1 to 3)
with 10 average particle sizes of 2 pmor |ess has shown
significantly higher contrast and sensitivity than the materials
with | ar geW®dp8¢eig801particle sizes, e.g., 5 pm when JdBGEVRILHI6489
simlar. To illustrate this, various conparative naterials were
prepared in accordance with Exanple 1, except that each material
utilized a different particle size regéilting fromdifferent |evels
of mlling. Particularly, the 15 particle sizes prepared were 2 pm

o a5 Showp ot Sapyhd of e §eurBlindgiigRhingwds et Biinghés R
of ?10% ] atlasardiavimgghwavelpagiiiof abbutvédo mnerﬂglylarmmgprmmteﬂoelaipnwy
par ol o s 20 WA BAIEH Dnd y3eke Glrai Gt of ey aiicaioh fO8 dhat
Contrast of15420 ksed tolabitiut rﬁJSq:secAUboBzpﬂxﬁt:aitinnmlabpmpﬁamrmégybeh@w
partic eed, and cgntr

Per f or mincEREIITNING CAMPSIPR ORI B 2aNGLraAng CHETSSH PTG E est

condi ti ons gréénivh trafssdrertappiatarkeitald bladlectlommaxi mum 780 nm | aser
spot Ilnear vel ocity necessary to mark with contrast AL* ? 20 (Laser

Power = 38 mW / marking density = 1040 tracks per inch). The results
of this anegm% e@dre shown, as follows: WO 2006/ 073801

PCT/ US2005 36 Table 2 Particle size, pmLinear vel oci

msec 3.7 0.32Thgabogesgolor f@nunggomgo%or@ @ﬁeumﬁl@éﬁxwelesddﬁt&)érgth

ety LS8 e Bl 356 BRI g TP Mot
0. 6n sec, tdmd seasitivity thagi thg n&ﬂtemis adthfladgeoaxerage particle sizes, e.g., 5 ym,
when developed at similar. To illustrate this, various comparative materials
were preparéd in accordance with Example 1, except that each material utilized
a different particle size resulting from different levels of milling. Particularly, the
15 particle sizes prepared were 2 um and 5 pm, as shown in Table 1, and 3.7 ym,
- 2.3 ym, 1.5 pm, and 0.25 ym as shown in Tables 2 and 3.
In Table 1 below, legible marks (AL* of >10), at much higher speed's

(lower energy input) were obtained using the composition having a smaller

particle size.
20
Table 1 _
Particle size, pm | 2 5
Speed for Mark (AL* of 10), m/sec 0.75 0.25
Contrast of mark at 0.25 m/Sec, AL* 32 : 12

In Tables 2 and 3 below, particle size was also shown to impact write
speed and contrast performance. Specifically, in Table 2 below, the following
25  test conditions for write _speed were established: maximum 780 nm laser spot
linear velocity necessary to mark with contrast AL* = 20 (Laser Power = 38 mW
/ marking density = 1040 tracks per inch). The results of this analysis are
shown, as follows: '



Table 3 Particle size, pm Contrast, AL* 3.7 9.38 2.3 12.67 1.5
16.23 0.25 21.29 1t is to be understood that the above-referenced
arrangenents are 10 illustrative of the application for the

pri nci pl es Vo9 2005@7380esent i nvention. Nunerous nodi fi caPCDE820831E6089
alternative arrangenents can be devised without departing fromthe
spirit and scope of the present invention while the present

i nvention has been described above in ébnnection with the exenplary
enbodi ments(s) of the invention. It will be apparent to those of
ordinary skill in 15 the art that numgppus nodifications can be nade
wi t hout departing framthe principles and concepts of the invention
as set forth in the |fastigle sippaimi s c| o kingar velogity, mise 1. A

nmet hod of form ng ar—Tnage; GOt STy apptyi IIQO%IQCLT. romaghet i C
radiation to a color_form ng Conposition sufficrent to develop the
color formng conpgsition f@®dn a pre-devel opnem4 st at e t%a

post - devel opnent st at-e—t+hat—s—visuatHy—di-Herent—than++

pre-devel opnent statje, said: dotor form ng conpogisizi on, conprising: a)
a polyneric activatqr phase gnpgluding a polynergiggiri X andj an
activator dissolvedltherein; h) a colorl forner phase including a
color forner, said color fornmer phase being finely dispersed within.
the polyneric agti AL LG i f -
than 2 pm and o) | SoECs BRRae e ReANREAARIAR I iéect (FORRE
col or for med8 pHésearkingdansity =t Hid Odranks penmghpel leserstichlinear Velociy er
ener gy, an ip.t N i the color fornmer ‘phase

pri or tosaa([:)bp ig%let%r {g}? '%s“‘?ﬁi%é'f é@?‘”@ﬁéﬁ%@g‘{% no nore than two tines

| arger than the wavel ength of the |laser energy. 2. A nethod as in
claim1l1, wherein the el ectromagneti c.l.rﬁ%itgti onis applied for a
duration and at an energy | evel such a the color fornm ng

Particle size, pm Contrast, AL*
3.7 9.38
2.3 12.67
1.5 16.23
0.25 21.29

It is to be understood that the above-referenced arrangements are
10 illustrative of the application for the principles of the present invention.
Numerous modifications and alternativé arrangements can be devised without
departing from the spirit and scope of the present invention while the present
invention has been described above in connection with the exemplary
embodiments(s) of the invention. It will be apparent to those of ordinary skill in
15 the art that numerous modifications can be made without departing from the
principles and concepts of the invention as set forth in the claims.

What is claimed is:



conposition does not deconpose. 3. The nethod of claim1, wherein the
el ectromagnetic radiation is |aser energy. 4. The nmethod of claiml1,
“wherein the electromagnetic radiatiqgn is applied a) at from about
0.05 J/cn2 to about 5 J/cn2, b) for "about 15 psec to about 200 psec,
and c) at a power |level from about 15 nWand about 100 miW 5. The
met hod of claim1l1, wherein the electromagnetic -radiation is applied
at a spot size fromabout 10 pmto about 60 pm 6. The nethod of
claim1, wherein the el ectromagneti cGH&M&ti on has a wavel ength from
about 200 nmto about 1200 nm 38 7. The method of claim1, further
conprising the prelimnary step of applying the color formng
conposi tion to d. shbsthat of farmiag ahiinlage ssoniprising agplying élsstromagabtint

15 8. The d of glaiml, wherein. the pol trix includ
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aver age pardonpasitenfonehk gréeeveloparent stateto @E@@de’v@ldpﬁmt blapa et
laim1, wherein the average particle size

1.5 pm 10. .Th hod . of .

of * the coltisudlyd ergmtﬁﬁmwdswlameﬂt Palgssaiceler 1 pm 11.°

The method @mgdstion dompfisingi N the average particle size of the

col or former phase Is rPr_om about 0.05 pmto about 0.7 pm 12. The

met hod of cl ai maj @ pAhEnesicrackivatpr hasedneluding sfpotymermatisandan absor ber
i s dispers | i;thin the polyneric activator phase, and

wherein a ?&é@%tg@%%?@&%ﬁ%ﬁé{bhe radi ati on absorber is dispersed or .
di ssol ved wi t hi) atdotordarer phaserinclugingsz colosion b seaidtdobut farmeriphiase 1,

the Taser QRhdRTRERdRee hE UG8 bhblert ect i Bl 5 s 0 0ar i ol o
si ze of theartitlesizEof ie3s tiwre2 gmprandr to application of the |aser
ener gy.

c) a radiation absorber in thermal contact with the color former phase;
wherein the electromagnetic radiation is laser energy, and wherein the particle
size of the color former phase prior to application of the laser energy is no
more than two times larger than the wavelength of the laser energy.

2. A method as in claim 1, wherein the electromagnetic radiation is
applied for a duration and at an energy level such that the color forming
composition does not decompose.

3. The method of claim 1, wherein the electromagnetic radiation is
laser energy.

4. The method of claim 1, wherein the electromagnetic radiation is
applied a) at from about 0.05 J/em? to about 5 Jicm?, b) for about 15 usec to
about 200 usec, and c) at a power level from about 15 mW and about 100 mW.

5. The method of claim 1, wherein the electromagnetic radiation is
applied at a spot size from about 10 ym to about 60 um.

6. The method of claim 1, wherein the electromagnetic radiation has
a wavelength from about 200 nm to about 1200 nm.
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7. The method of claim 1, further comprising the preliminary step of
applying the color forming composition to a substrate at a thickness from
about 1 m to about 15 ym. '

8. The method of claim 1, wherein the polymer matrix includes a
radiation curable polymer.

8. The method of claim 1, wherein the average particle size of the
color former phase is less than about 1.5 ym.

10. The method of claim 1, wherein the average particle size of
the color former phase is from about 0.05 um to about 1 ym.

11. The method of claim 1, wherein the average particle size of the
color former phase is from about 0.05 ym to about 0.7 um.

12. The method of claim 1, wherein a first portion of the radiation
absorber is dispersed or dissolved within the polymeric activator phase, and
wherein a second portion of the radiation absorber is dispersed or dissolved
within the color former phase.

13. The method of claim 1, wherein the electromagnetic radiation is
laser energy, and wherein the laser energy wavelength is greater than or equal
to the particle size of the color former phase prior to application of the laser
energy.



