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METHODS FOR | MAG NG BACKGROUND [0001] WMaterials that produce col or
change upon stinulation with energy (e.g., light or heat% naé have
possi bl e aP{f! ?@H1s in i magi ng. For exanple, such maPEFPaIEsPE308hHe
found in thermal printing papers and instant imaging fil ns.

Generally, the materials and conpositions known so far may require a
multifilm structure and further processing to produce an inage
(e.g., instant inmaging canmera films). And in the case of facsimle
and thermal head nedia, high energy input of greater than 1 J/cnR is
needed to achi eve good i mages. The conpositions in nultifilmnmedia
may require control of diffusion of color-formng chemstry and
further processing, and are in separate phases and | ayers. Mbst
thermal and facsim | e paper coatings consist of coatings prepared by
preparing fine dispersions of nore than two conponents. The
conponents m x and react upon application of energy, resulting in a
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phase. Because of these multiple phases and | ayers, high. energy is
required to performthis process.éiﬂé ﬁ%ﬂ I@, a relatively powerful
carbon di oxide |laser with an ener 3 %ﬂy“ f 3 J/cn2 at tinmes of
much gr eat g0001jhadatditisrhanpiodace ReREHahde DpeLl eGRURLBE Mith érﬁ\arﬁ? MB.g.,
i nstances, this high enerqé appl.i cati gn may cause_ damage to the
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resi st fadicagerd@IrBO0AkDBIBE cRET bl fa28iote @hd88Bermal head media, high energy
input of greater than 1 Jlem? is needed to achieve good images. The
compositions in multifilm media may require control of diffusion of color-forming
chemistry and further processing, and are in separate phases and layers. Most
thermal and facsimile paper coatings consist of coatings prepared by preparing
fine dispersions of more than two componenis. The components mix and react
upon application of energy, resulting in a colored material. To the necessary
mixing, the particles need 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/em? at times of much greater
than 100 pys 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. Therefore,
there is a need for fast marking coatings, possibly composed of fewer than three
phases and in single layer. Such coatings may fade over time. It may be

desirable 1o produce such fast marking coatings which resist fading.



2 BRI EF SUMVARY [0002] Disclosed herein are inmaging naterials and
met hods of making imaging materials. The materials disclosed herein

may i ncludg, a tenna, a color fornmer, an activator, fi

al | dispergvé)d{bf]ﬂ{bgg trix. The color fornmer and the ac?&&gg@w@S@B
present in the inmaging material in tw separate phases. The color
former and the activator mx, causing tte color fornmer to change
color. The fixer conprises a conpound which retards the fading of
the mark. BRI EF DESCRI PTI ON OF THER[RAYNEmEP003] For a detailed

description of enbodi nents of the invention, reference will now be
made to t hd0882loniisalpbad hereinare insaging rrgat@nafs aa@umrejhn@joﬁmkmgomagingg

to an enbodigpnt of %en%rtgﬁﬁ %gcgoﬁgﬁ ?;e{nh Olqc% nan ‘Pri'ebt‘?o‘i?'or

[ 0004] Certarn tefrns are use
and cl ai ns fooner; eheactivatopaarid & tiker, aff yitspersetonRORRINGLS . TAS cBIRE fSiitidr 0@

in the art reciate, copgpanies may .refer to conponents by
it orent it PRRT 8% Bissenn it HRo Gratind MawEhd w0 Sepplghanes. The

bet ween corgfsrgoinsert it thei dctigstot mw@aamh?lth@@étoﬁféﬂ%%%h nIl%;B cfohﬁ The
fol | owi ng di scussi on and in the clains terns "inclu

"conpri si ndiXCRERIMPEIRS @ ﬁO'ﬁHOWEfEWh@Hd@fGrqsdﬁﬁlfﬂng ahidnetrnark. shoul d be

interpreted to nmean "i Wi‘l’ﬂ"ﬂ?ESC TI@)(NOF w g The term
"l euco dye" is a color formng stance co orI ess or one

col or in alAed3ladtanmdetdilerd é@@rlah@h pf@dhw?enmofdhamgmncmlrefererliceamul
subst ance Wee S ¥ PR BoRunbal e BuiELHTHER on ekl dydivs
alter its cleoidira t_omrrmbudzmmndfmbmmnornvanﬁm re color. By way of
Speci cs whi th can ef fect t NATALKINGED NV ATIRECna” moans any
peci 1 o avgl oo b B e g e B R
refer to particular system components. As one skilled in the art will appreciate,
companies may refer to components by different names. This document does
not intend to distinguish between components that differ in name but not function.
In the following discussion and in the claims, the terms “including” and
“‘comprising” are used in an open-ended fashion, and thus should be interpreted
to mean “including, but not limited fo... .” The term “leuco dye” is a color forming
substance which is colorless or one color in a non-activated state and produces
or changes color in an acfivated state. As used herein, the term “activator”
includes 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 which can effect this
change. The term “antenna” means any radiation absorbing compound the
antenna readily absorbs a desired specific wavelength of the marking radiation.
DETAILED DESCRIPTION
[0005] The following discussion is directed to various embodiments of the
invention. The embodiments disclosed should not be interpreted, or otherwise
used, as limiting the scope of the disclosure, including the claims. In addition,
one skilled in the art will understand that the following description has broad
application, and the discussion of any embodiment is meant only to be exemplary



[ 0005] The followi ng discussion is directed to various enbodi ments of
the invention. The enbodi nents di scl osed should not be interpreted,
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open ring and prevent it fromclosing, thus,” préventing or
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the open ring and prevent it from closing, thus, preventing or retarding fading of
the image.

[0007] Referring now to the embodiments illustrated in the drawing, 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,
receipts, or stationary), overhead transparencies, or the labeling surface of a
medium such as a CD-R/RW/ROM or DVDR/RW/ROM.
[0008] Imaging composition 130 may comprise a matrix, an activator, a
radiation absorbing compound such as a dye, a color forming dye, and a fixing
. agent. The activator and the color forming dye, when mixed, may change color.
Either of the acfivator and the color forming dye may be soluble in the matrix.
The other component (activator or color forming dye) may be substantially
insoluble in the matrix and may be suspended in the matrix as uniformly
distributed particles 140. The fixing agent may be present in imaging composition
130 as finely ground powder or dispersed as a hot melt added before the addition



make a mark, such as, by way of exanple only, paper (e.g., |abels,
tickets, receipts, or stationary), overhead transparencies, or the
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formation. T $nd SAGHARP SBNHRE it BRlor Yormation. This reaction may be easily
reversible causing the loss of color. As an example of a reversal, a carboxyl in
the open lactone ring may easily lose a proton, causing closure of the ring. The
fixer (e.g., transition metal cation) may form a chelate complex with the carboxyl
of the open lactone ring and prevent it from closing (i.e., preventing or retarding
the loss of color).
[0010] Example 1 illustrates exemplary embodiments of the present invention.
Several modifications may be made that are within the scope of the present
invention. For example, antenna 60 may be any material which 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 IR780 (Aldrich 42,531-1) (1),
IR783 (Aldrich 54,329-2) (2), Syntec 9/1 (3), Syntec 9/3 (4) metal complexes
(such as dithiolane metal complexes (6) and indoaniline metal complexes (6)),
Dye 724(7), Dye 683(8), or Oxazine 1(9) (7, 8, and 9 available from Organica
Feinchemie GmbH Wollen) may be suitable antennae:
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al kyl or “yl 9rou%s with or wthout halo substltuent SP

A3, and A4y NH or Se: R5 ,0 N\ / NHR6 MR: @57(085/“13303
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where M is a transition metal, Ry, Rz, Rs, and Ry are alkyl or aryl groups with or
without halo-substituents, and A4, Az, As, and A4 can be S, NH, or Se;
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where M is Ni or Cu and Rs and Rg are aryl or alkyl groups with or without halo
substituents;

n-Pr

O/H/\N\k 1

(7)



[T N/ (9) [0011] Additional exanples of antennae can be found in
"Infrared Absorbing Dyes," Mtsuoka, Masaru, ed., Plenum Press
(1990) (1 SBN 0-306-43478-4) and "Near-lnfrared Dyes for

Technol ogy%ﬁpggggﬁgons," Daehne, S.; Resch- Genger, UPCWJ%{’B%?]Q?OS
0., Ed., Kluwer Academ c Publishers (I1SBN 0-7923- 5101-0). [0012] The
activator (e.g., bisphenol-A) and color-#orm ng dye 90 (e.g., 2-

ani | i no- 3- net hyl - 6-di but yl am nofl uoran ) may act in tandemto produce
a mark. The activator and dye may be any two substances which when
reacted together pro8uce a col or change.
may initiate a col orTghange in the dye
the activator_= b
condi ti ons.
at anbi ent

.atTkxdye. One of
matri X at i ent
i thell | acquer
substantlally i NnSoN It ds—eeant t hat
the sol ubi in the | acquer aLgsnblent conddklons IS

so |l ow, that T y little color change occur due to
reaction of the dye andithe activator at anbient conditions. (8)
Al t hough, in the enbodi ments described above, the activator may be
di ssolved in the lacquer and the dye remains suspended as a solid in
the matriEgt. anbi ex I S.NHtSO0 ceptable that the
color former ma at ri x aiﬁ t he activator may

i ncl ude, w thout |l piot on donors and phenol i C conpounds
such as bi sphenol - i B ~Col or forfers may i ncl ude,
without limtation, |euco dyes such as fluoran | euco dyes and (©)

phthal i de [0011)r Additics aalr'mh@be Be@nhae "chhebeéCRAIACS I YInfadd Absorbmg

MO hya o, YR MBBHOKSTEsAT Pre LT bT9os (10 G58DGH 28599455-4) mor
"Near-Infrared Dyes for High Technology Applications," Daehne, S.: Resch-
Genger, U.; Wolfbeis, O., Ed., Kiuwer Academic Publishers (ISBN 0-7923-
5101-0). ‘
[0012] The activator (e.g., bisphenol-A) and color-forming dye 90 (e.g., 2-
anilino-3-methyl-6-dibutylaminofiuoran ) may act in tandem to produce a mark.
The activator and 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 dye or develop the dye. One of the activator and the dye may be soluble in
the matrix at ambient conditions. The other may be substantially insoluble in the
lacquer at ambient conditions. By “substantially insoluble,” it is meant that the
solubility of the other in the lacquer at ambient conditions is so low, that no or
very little color change may occur due fo reaction of the dye and the activator at
ambient conditions. Although, in the embodiments described above, the activator
may be dissolved in the lacquer and the dye remains suspended as a solid in the
matrix at ambient conditions, it is also acceptable that the color former may be
dissolved in the matrix and the activator may remain as a suspended solid at
ambient conditions. Activators may include, without limitation, proton donors and
phenolic compounds such as bisphenol-A and bisphenol-S. Color formers may
include, without limitation, leuco dyes such as fluoran leuco dyes and phthalide
color formers as described in “The Chemistry and Applications of Leuco Dyes,”



excl usi ve exanpl es of acceptable fluoran | euco dyes conprise the
structure shown in Formula (10) O H/NI -NN AR OO (10) where
A and R are aryl or alkyl groups. [0013] Lacquer 30 may be any

sui tabl e nﬁ%??%yﬁﬁﬁndissolving and/ or di spersing the aRETA/EI0B3/013808
antenna, and color former. Acceptable |acquers may include, by way
of exanple only, UV curable matrices such as acryl ate derivatives,
oligoners and nononers, with a photo package. A photo package may

include a |jght . absorbing species ich initiates reactions for
curing of aWﬂ'B@l?er,ﬁa% %‘i: Ei%?“”'%a rese €I BN PrA061edERS). Non
derivati vesexcRidh®y eRUMpRisCsf Alocaitabii Midrhdtific 9es cfdn%is%aﬁfecr@ér%:tyrg 3

pol yneri zati on nononers and pre-polyners include but are not

to: thi oxanBW8hd fsiulat®es, ant hr aqui none derivati ves,

acet ophenones and _begnzoi pe_ether.{ypes. It may be desirable to

' ' xformof radiation other than the

choose a matrix b
type of radi atﬁ ' a calar,,,change. Matrices based on
cationic pol rli [ may requiN e photo- initiators based on

aromati c diAzoni UR:S3 , al onigm salts, aromatic
sul fonium salts and netal | OTenRg conpounds. An exanple of an
acceptabl e |acquer or ' y include Nor-Cote CDAO00 (a m xture
of UV curable acryl and ol igomers) (available from
Nor-Cote Int'l, @di ana) which contains a

nd organi c solvent acrylates (e.g.,
nmet hyl net hacryl at e, nmet hacryl ate, beta-phenoxy ethyl
acryl ate, and hexanet iyt€ne acrylate). Qher acceptable | acquers @d0)

MAtriCeS  ywhare A and R are aryl or alkyl groups.
[0013] 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 which is cured
by a form of radiation other than the type of radiation which causes a color
change. Matrices based on cationic polymerization resins may require photo-
initiators based on aromatic diazonium salts, aromatic halonium salts, aromatic
sulfonium sqlts and metallocene compounds. An example of an acceptable
lacquer or matrix may include Nor-Cote CDGO00 (a mixture of UV curable
acrylate monomers and oligomers) (available from Nor-Cote Int'l, Crawfordsville,
Indiana) which contains a photoinitiator (hydroxy ketone) and organic solvent
acrylates (e.g., methyl methacrylate, hexyl methacrylate, beta-phenoxy ethyl
acrylate, and hexamethylene acrylate). Other acceptable lacquers or matrices
may include acrylated polyester oligomers such as CN292, CN293, CN294,
SR351 (trimethylolpropane tri acrylate), SR395 (isodecyl acrylate), and SR256
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(2( 2- et hox ¥ W8XIPFS8t hyl acryl ate) (available from Sart BEFEUSHES013EE2
Jones Way, Exton, PA 19341). [0014] Fixing agents may include Lew s
acids such as, by way of exanple only, 4dransition nmetal cations.

O her exenplary exanples may include salts conprising Fe3+, Cuet,

Ni t +, Coe+, Al 3+, +. O her_exenpl ar
exanpl es m@%ﬁoffggthgﬂ?c%ﬁeaﬂﬁ?@ (avaiblg ﬁ@é&gﬁéﬁﬁ‘ﬁé Cozi §2 dmestWay,
zinc capri Eﬂb&,,PAlmmﬂﬂurat e, zinc linoleate, alum num ol eate,

al um num pf}’&ﬁ‘éﬁ al um num stearate, copper stearate, iron
stearate, daheEiingragants way inplidplawis asiistaushmst by waly i exampasry,

tin ol eat e, trddspdpi rh@N cARing! /Gihglaé%&nﬁ}ﬁﬂy%)ﬁaﬁ? %ssmagﬂ%rdu[ﬁaée‘aﬁtts}ggﬁq”pnﬁwg

netal /fatty_aliphatic, am@sal sira

fixing agerf®’.sCeasiNiy, faat.aBn%, be* 'fl!l&l’eza,b}Zé’+ a}c\ls*t I”CB' $ritpeOttiair @@naslary
whi ch the S e 0 An | R-sensitized
bi sphenol - meé)\;\qgéyp'rn Eﬂgggﬁh gteg hﬁ M ©, iZRYCo olpate, zinc

bi sphenol - A:awalateretmc lﬁueatal Izclry: bmieatet @ahrﬁinuﬁh? o?éiﬁ/g barphane pAinfiee,

2. 74% |1 R78Q | .0 cool ed .and.ground into a fine povvder
14.31g of t%‘érmgf’fio@teé erCOPEe%@Te%‘ia Efqaar‘fé’EurSiQﬁze@ (ERAOREgSE Steanate,

Ci ba Speci ahangadeesi reg hﬂqenaféQ'mW@I loRedlts, 2 B1eRek,  trfASitBA*meEHBr Sraanic acid
Tarryt own, N\{ %{gﬁ% @) éﬂ flne zinc stearate \A%I]

sequent i al IS/t id rBB"S‘W aliphetip acid\sadiar dbmey alsxchejefesmbfé thah
a lacquer mhe fixih Qélg%h

2-ani |l i no- 3- et hg twﬁ%yh’z@l@ﬁ%@? Sﬁ?%%ea%) eeatcg‘edg/eén pezg?tf‘]oeﬁf) aMQ'Ch the
pr epar ed bﬁom@%mﬁlt@léev@?% dye into a melt containing 2-anilino-3-
met hyl - 6- difgdindi@m nof l uoran (Fornula 11) and mterphenyl. The
conmposi tion o the all oy was 90.45%

2-ani | i no- 00 hyin Ei—deamaﬂmldetmp‘rm‘nbumaﬂioy wa. f16flar@tby dissolving IR780 dye
into a bisphenol-A hot melt. The alloy consisted of 97.26% bisphenol-A and
2.74% IR780. The alloy was cooled and ground into a fine powder. 14.31g of the
alloy powder, 1.54g of Darocur-4265 (available from Ciba Specialty Chemicals,
540 White Plains Rd., PO Box 2005, Tarrytown, NY 1 0591), and 4.929 fine zinc
stearate powder were sequentially mixed into 35.77g of CDG000 UV-curable
lacquer to form a lacquer mix.
[0016] An IR-sensitized 2-anilino-3-methyl-6-dibutylaminofluoran {leuco-dye
alloy) was prepared by dissolving IR780 dye into a melt containing 2-anilino-3-
methyl-8-dibutylaminofiuoran (Formula 11) and m-erphenyl. The composition of
the alloy was 90.45% 2-anilino-3-methyl-6-dibutylaminofluoran , 9.05% m-
terphenyl, and 0.5% IR780. The leuco dye alloy was finely ground in a ball mill
(particle size 1ym — 7 um). 23.47g of the finely ground leuco dye ailoy was
added to the lacquer mix.



terphenyl, and 0.5% |1 R780. The |euco dye alloy was finely ground in a
ball mll (particle size fpm- 7 pm. 23.47g of the finely ground

| euco dye %’2‘% ﬁﬁs added to the Iacquer m x. WD 2005/ 106582

PCT/ US2005 Y n-Bu Mt n-Bu-N 9;FN Ph H O (117CTU8t15913885¢
resulting m xture was conpounded on a 3-roll mll, applied to a
substrate, and UV cured by the radiationgof a nmercury bulb. A mark
was made with a 780nm I R-laser of energy density of 0.1-0.5 J/cnR.

[ 0018] The nar kedngubstrate was exposed to conditions of 35C and 80%
relative hum dltylfor 3 days. After 3 days, the inmmged area showed
contrast |oss Iess than 5% 10% Simlar coatings prepared w thout
the addition of ZI S Q0% 8Q%econtrast loss in the
same environnent. \" i scusgion is neant to be

present invention. ITDdIl.f,I cations will becone
q

apparent to those ski ,a‘bove di sclosure is
fully appreciated. It | I owi ng cl ai rs be
interpreted to enbrace akH—sgch variations and modifications. 11
CLAIM5 What is claineg An fi magi ng medi um (100), conpri sing:

(11)

[0017] The resulting mixture was compounded on a 3-roll mill, applied to a
substrate, and UV cured by the radiation of a mercury bulb. A mark was made
with a 780nm IR-laser of energy density of 0.1-0.5 J/cm?.

[0018] The marked substrate was exposed to conditions of 35°C and 80%
relative humidity for 3 days. After 3 days, the imaged area showed confrast loss
of less than 5%-10%. Similar coatings prepared without the addition of zinc
stearate showed 60%-80% contrast loss in the same environment.

[0019] The above discussion is meant to be illustrative of the principles and
various embodiments of the present invention. Numerous variations and
modifications will become apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the following claims be
interpreted to embrace all such variations and modifications,



a substrate (120); a conposition conprising: a color changer (140); a
devel oper for initiating a color change in the col or changer; an
energy absorber; a fade resistor for retarding the fading of the
devel oped col or changer; a binder (130) for binding the devel oper,
the col or changer (140), the energy abpprber, and the fade resistor
wherein one of the devel oper and the col or changer is soluble in the
bi nder at anbient conditions and the other is suspended in the

bi nder as particles. 2. The inmagi ng fEahiM® (100) of claim 1, wherein
t he fade %ﬁStc ca rises an electron acceptor. 3. The imaging
medi um (1 of %Pé " 1-2, wherein the fade resistor conprises a
transition netal cation. 4 The i magi ng nmedi um (100) of clains 1-3
wherein the fade resistor n?rlses a netal selected fromthe group
consi sti nd: of Iéélm@gmgl\llﬂedl@@ 9%, cqaprisgg: zr . A, and Sn. 5. The

i magi ng ”Ed'“"hg&ﬁgﬁu ng alns 1-4 wherein the fade resistor
conprises a neta eéd fromthe group consi sting of zinc
stearate, zincakogeoyitienaveprighgc ol eate, zinc caprilate, zinc

| aurate, zinc Ilnoleat al um num ol eate, al um num pal mtate,

al um num st ear at e, E%P eeak 08, iron stearate, manganese

stearate, manganese, d&@&%&%@ﬁlﬁmuﬁg%%ior%ﬁ?ge% R 1 dr AaPept €-

an energy absorber;

a fade resistor for retarding the fading of the developed color changer;

a binder (130) for binding the developer, the color changer (140), the
energy absorber, and the fade resistor

wherein one of the developer and the color changer is soluble in the binder

at ambient conditions and the other is suspended in the binder as particles.

2. The imaging medium (100} of claim 1, wherein the fade resistor comprises an

electron acceptor.

3. The imaging medium (100) of claims 1-2, wherein the fade resistor comprises a

transition metal cation.

4. The 1maging medmm (100} of claims 1-3 wherein the fade resistor comprises a

metal selected from the group consisting of Fe, Cu, Ni, Co, Zn, Fe, Mn, Zr, Al, and Sn.

5. The imaging medium (100) of claims 1-4 wherein the fade resistor comprises a
metal selected from the group consisting of zinc stearate, zinc undecylenate, zinc oleate,
zinc caprilate, zinc laurate, zinc linoleate, aluminum oleate, aluminum palmitate,
aluminum stearate, copper stearate, iron stearate, manganese stearate, manganese

naphthenate, nickel oleate, and tin oleate.



