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BACKGROUND [ 0001] WMaterials that produce col or change

waip@s/1edssul ation with energy (e.g., |ight or PEBRUY2008§13808
have possi ble applications in inmaging. For exanple,
such materials may be found ip thermal printing papers

and instant inmaging filnms. Generally, the materials
and conpositions known so far may require a multifilm
structure and further processing to produce an image
(e.g., instant imaging canera filnms). And in the case
of facsimle and thermal head nedi a, high energy input
of greater than 1 J/cnR is needed to achi eve good

i mges. The conpositions in nultifilmmnmedi a my
require control of diffusion of color-formng

chem stry and further processing, and are in separate
phases and | ayers. Mst thermal and facsimle paper
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fine dispersions of nmore than two conponents. The

conponents m x and react upon application of energy,

resulting in a col ored ' t he necessary

m xi ng, the particles n@gﬁdﬁdgbj act across three or
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Because of these nultiple phases and | ayers,
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efficiently using
input of greater than 1 Jlcm® 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 components. 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 Jicm? at times of much greater
than 100 pus 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 to produce such fast marking coatings which resist fading.



either a less intense, |ess powerful, and/or shorter
energy application. Therefore, there is a need for
wo aws/1088Ki ng coati ngs, possi bly conposed of fROEDS1005613808
three phases and in single layer. Such coatings nay
fade over tinme. It may be desérable to produce such
fast marking coatings which resist fading. BRI EF
SUMVARY [ 0002] Disclosed herein are imaging nmaterials
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in the imaging material in two separate phases.
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description,a H clainms to.refer to particular system .
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Thi s docunment does not intend to distinguish between

conmponent s t hat NP FAEION ANRINOMENCGLATUREBCt i on. I n

fal ' [ Lon and in, t cl.ai the ter .
o3 bt h8 50 Mool ol el s ln SrdRams o
referstol garticalarl system sbmpbAeis. i AS ORBIKiRY 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 to... .” 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 activated 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



to mean "including, but not limted to... ." The term

"l euco dye" is a color form ng substance which is
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produces or changes color in an activated state. As

used herein, the term"™ activa§ or" includes a substance

which reacts with a | euco dye and causing the |euco

dye to alter its chemcal structure and change or
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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 DVD+R/RW/ROM.
[0008] Imaging compositon 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 activator 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



may be substantially insoluble in the matrix at

anbi ent conditions. An efficient radiation energy
wab®snhess2 t hat functions to absorb energy and BET/USE05/013808

it to the reactants is also present in this coating.

Energy may then be applied by4vvay of, for exanple, a
| aser or infrared |ight. Upon™appli catl on of the

energy, either the activator, the color-forner, or
obhehnaoﬂybleemmnpoﬂmﬁl @@eanﬁgmg(campckltlomuse%éﬁbe applled to the

f t ctone ring and a mark
o512 bR B3 by it i ol
Sﬁ%yﬁt‘gt bﬁg&—bbh?ﬂmgﬁ% salt may accept electrons from

open ring an revent it fromclosing, thus,
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from the activator resulting in color formatlon 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 (5) 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:



insoluble in the matri x and may be suspended in the
matrix as uniformy distributed particles 140. The

wo Roosngpsayent may be present in i nagi ng conposPCT/UR2003013808
as finely ground powder or dispersed as a hot nelt
added before the additionof the insoluble conponent.
The i magi ng conposition 130 y be applied to the
substrate via any acceptabl e nmethod, such as, by way

of exanpl e only, rolling, sprayl or screen
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: '.Ies of endr gy
WhICh y be used include IR radi at on, WV radiation,
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may cause |suspended particles 140/ to reach a ’
tenperature sufficient to cause the interdiffusion of (1)
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particles ( glass transition tenperatures (T ) or
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the loss of color). [0010] Exanple 1 illustrates

exenpl ary enbodi nents of the present invention.
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scope of the present invention. For exanple, antenna

60 may be any material which gffectively absor bs the

type of energy to be applied to the imagi ng nediumto

fect a mark. By way of exanple only, the follow ng

ounds I R780 (Aldrich 42,531-1) (1), IR783 (Al drich

54, YA(2), Ayntec 9R1 (3), Syntec 9/3 (4) netal
conpl[exes Wsuygh asS¢it hi ol ane netal conpl exes (5) and
i ndogpi | i ne Myet al 7 npl exes (6)), Dye 724(7), Dye
683(&8), or zinef[[L(9) (7, 8, and 9 available from

R ani ca-/Azein ) GrbH Wbl I en) may be suitable
antennae: (4)where M N\s a transition netal, R, R2,
R3, and R4 are al kyl dr4 aryl groups with or w thout (5)
hal o substituents, and A-i , A2, A3, and A4 can be S
NH, or Se; where M2 is N or Cu and R5 and R are aryl
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produce a col or change. Wen reacted, the activator

may initiate a color change in the dye or devel op the
woly®s/16562 of t he activator and the dye nmay be BCI/UB1085/013808
in the matrix at anbient conditions. The other may be
substantial ly |nsoluble in th; | acquer at anmbi ent
conditions. By "substantially insoluble,” it is nmeant
that the solubility of the other in the |acquer at
anbi ent conditions is so low, tHat no or very little
col or chan may occur due to reaction
the activiator at anbient condltlons

dye susp
the matri x at anbi entN* 1 ons9—THis0

hat the col or for r may be dlssd’ved
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suspended solid at ambient COﬂdItIOﬂS. Activators may  (8)
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phenol i c conpounds such as blsphenol A and
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Db@S ’é\Matsun)Kaak:Masamt edlx RlemurdiRress (1990)aiBBNr0- 306-43478—4) and
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5HatRhge. A photo package may include a Iight

[0012] The activator (e.g., bisphenol-A) and color-forming dye 90 (e.g., 2-
anilino-3-methyl-6-dibutylaminofluoran ) 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 to 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,”



absor bi ng species which initiates reactions for curing
of a lacquer, such as, by way of exanple, benzophenone
walersuedsByes. O her exanpl es of photoi niti at or BCT/082005/013808
free radical polynerization nononers and pre-polyners
include but are not |imted to: thioxanethone
derivatives, anthraqui none defi vatives, acet ophenones
and benzoi ne ether types. It nay be desirable to
Mutlopsie, Rampiah| Xed\hiRlbnis Pred (1998 (19BN dd-3084i5a6bM).  Non
other than the t]y pe of radiation which causes a col or
eé‘PlHﬂM@ exgples Qf psseptable ﬂﬁ@raﬁnl%lcﬁoﬂmﬁpﬂmrﬁ@nthe structure

S &ﬁhr\?FHﬁ'ﬁuI[a??B re photoinitiators based on aromatic
i azonl um sal aromati ¢ halonium salts, aromatic

sul fonj ocene conpounds An exanpl e
of ,,a ra matri x may include

NoKN ) Xt wefH UV curabl e acryl ate
abno alvai\abl e from Nor - Cot e
Alnt' di anaR which contains a

phot oi niti ator @oxy ket one) and organi ¢ sol vent
acrylates (e.d. nmet hacryl ate, hexyl
nmet hacryl a penoxy ethyl acrylate, and
hexanet hyl ene abry atey. O her acceptabl e | acquers or
mat ri ces{may i ngl ude achI at ed pol yester oligoners

93, CN294, SR351 (trinethyl ol propane

such as ONR92,
tri acryl ate SR395 (i sodecyl acrylate), and (10)

56(2(2seth h t hyl | at | abl
WP R i3 Al 0 B BBNreTREY vy Ext on, | PA 19341
(idi@}4]_agdr]%rn3x) AR bE d@ysmié%lélﬁfétﬂfﬁ‘ﬂbrsdléﬁbl@'lﬁ Sitfllor@dispersing

exanpl e only, transition netal catlons

th@t ﬁ@rva&e(eﬁﬁ %nn@ @ngnpdles faraeri n‘escvqmatﬁaua@ummassumde by
waf it ol 0y etle ke SIG i e Rke lplaniis Sigomers
arsd eaoredreersz iwith anplestpl saakage. zAnshastbesdckagéi 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 sa]ts and metallocene compounds. An example of an acceptable
lacquer or matrix may include Nor-Cote CDG000 (a mixture of UV curable
acrylate monomers and oligomers) (available from Nor-Cote Int'l, Crawfordsuville,
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 ftri acrylate), SR395 (isodecyl acrylate), and SR256



caprilate, zinc laurate, zinc linoleate, alum num

ol eate, alum num pal mtate, alum num stearate, copper
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napht henate, nickel oleate, tin oleate, transition

netal /organic acid salts, and_ transition netal/fatty

aliphatic acid salts. It may 3l so be desirable that

the fixing agent is easily neltable or fuseable at the
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mamaganese haphthegate, atickd| deate, tin oleate, transition metal/organic acid
of luoran (Fornula 11) and
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12584 BRI ek B R AIBOR A BE Py G g wich e

nterp
calomeggingtodenelom a ball mill (particle size 1mm- 7
En%?a | 23.47g of the finely ground | euco dye alloy was
% %8 to the lacquer m x.[0017] The resulting mxture

[0045] cARTIR.EHHZe8 WspherdiA Aldy wa@BRYE HyXii8solving 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 10591), and 4.92g 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-6-dibutylaminofluoran (Formula 11) and m-terphenyl. 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 1um — 7 ym). 23.47g of the finely ground leuco dye alloy was
added to the lacquer mix.



substrate, and UV cured by the radiation of a nmercury

bulb. A mark was made with a 780nm | R-| aser of energy
walewsitbepsnf 0.1-0.5 J/cnR. [0018] The marked sPOUBUSZNE013808

was exposed to conditions of 35C and 80% rel ative

hum dity for 3 days. After 3 %ays the i maged area

showed contrast | oss of |ess 1than 5% 10% Simlar

coatings prepared w thout the addition of zinc

st ear 8t showed 60% 80% contrast |oss in the sane

envirgnment. [0019] The above discussion is neant to
niBa—HNIstrati ve of the principles and various

enbodi ms 5 iM%, Numer ous

vari ati ons ' becone apparent to
t hose ski [ once ffhe above disclosure is
fully appeeci ateq 8 i ntepdled thatppt he fol |l ow ng
clains be | such vari ati ons

and nodi ficati ons. s is cdlained is: 1. An

I magi ng conpgtas Iging: a matrix (130); an

ant enna; ] (140); an activator; and a

fixer; whe former (140) and the

activator Y, phases; and wherein upon

m xing the a or actlvates the color former (140) (11)

[Otool7] 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 contrast 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.



change color; and wherein the fixer retards the fading
of the activated color forner. 2. The inmagining
w@eospaesss2 of claim 1 wherein the fixer conpri SPGT/ES2005/013808
transition netal cation. 3. The imgi ng conpound of
any of the foregoing clains erein the fixer
conprises a Lewis acid. 4. The i mging conpound of any
of the foregoing clains, wherein the fixer conprises a
netal selected fromthe grouplM®nsi sting of Fe, Cu,
Ni,. Co, .Zn, Fe, M, Zr, Al, and Sn. 5 . The inmaging
Whatielalingd isany of the foregoing clai ms, wherein the
fixer conprises a conpound selected fromthe group
consi sting of zinc stearate, zinc undecyl enate, zinc
10l eafp,imaging ecamppourat egmpiisinogl aur ate, zinc |inol eate,
al um num .ol e, alum numpalmtate, alum num
stea?é?%?méigber stearate, iron stearate, nmanganese
st eagalpterd@ganese napht henate, nickel ol eate, and
tin oleate.6. An imagi ng nmedi um (100), conprising: a
subsé@catas form2en (148 i nagi ng conpound conprising: a
colo ) 40); a developer for initiating a
coloénc g%%gﬁﬁﬁﬁthe col or changer; an energy absorber
a faddixeesi stor for retarding the fading of the
devel oped col or change

wherein the color formerIr ;(140) and the activator are in different phases;
and

wherein upon mixing the activator activates the color former (140) to
change color; and

wherein the fixer retards the fading of the activated color former.

2. The imagining compound of claim 1 wherein the fixer comprises a

transition metal cation.

3. The imaging compound of any of the foregoing claims wherein the fixer
comprises a Lewis acid.

4, The imaging compound of any of the foregoing claims, wherein the fixer
comprises a metal selected from the group consisting of Fe, Cu, Ni, Co, Zn, Fe,
Mn, Zr, Al, and Sn.

5. The imaging compound of any of the foregoing claims, wherein the fixer
comprises a compound 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.



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

WO e@s806582 7. The i magi ng nedi um (100) of cl ai PCBPS2005/013808
wherein the fade resistor conprises an electron
acceptor. 8. The inmaging nedH m (100) of claims 6-7,
wherein the fade resistor congrlses a transition netal
cation. 9. The inmaging nedium (100) of clains 6-8

6.mher Animapingfraddiume 6108 ccompriging:ses a metal sel ect ed

fro r,.0 onsisting of Fe, Cu, N, Co, Zn, Fe,
Vh, %&ngﬁategﬁaﬁ n. 10. The imagi ng medi um (100) oft I
cl ai 4/ irBadin JountDMEfhg:€si stor conprises a neta
sel ect ed grgdnt?mje group COﬂSqStI ng of zinc stearate,

zi nc unde@gPlorighangeri(id0pl eate, zinc capril lat e, zinc
| aurate, zi ' te. . alumnum ol eate al um num
pai i t at o2 98FeioPREeF Biasird, £ BB Ghnoedinde Folor ohavger
st ear at e, ameng@fyeiofigtar at e, manganese napht henat e,
nickel oleate, and tin ol eate _
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.

7. The imaging medium (100) of claim 6, wherein the fade resistor comprises
an electron acceptor.

8. The imaging medium (100) of claims 6-7, wherein the fade resistor
comprises a transition metal cation.

9. The imaging medium (100) of claims 6-8 wherein the fade resistor
comprises a metal selected from the group consisting of Fe, Cu, Ni, Co, Zn, Fe,
Mn, Zr, Al, and Sn.

10.  The imaging medium (100) of claims 6-9 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

I



