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a) a mark can be formed on or through a plastic substrate with lower laser energy

dosage so that the plastic substrate is subjected to minimum risk of damage by the
25  laser power, or b) a large amount of marking needs to be completed at a high speed
to enable ﬁigh production throughput, without relying on a laser of higher power
rating, or ¢) marking needs to be accomplished at a given marking speed with a
-laser tube of given power rating, but with a lower setting of the ecmal power
output, so that a more consistent and sustainable power output level can easily be

30 maintained.
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30 It is therefore desirablé to provide organic-based laser absorbing
compounds that not only facilitate the mark formation at a lower laser dosing level,

but can also easily be dissolved or dispersed with a very fine particle size into a
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El ectron donor dye precursor An el ectron donor dye
precursor that can be preferably used in the present
10 invention is not particularly limted as |ong as
it is substantially colorless, and is preferably a
col orl ess conpound that has such a nature that it
forms a color by donating a¥ el ectron or by accepting
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structural feature are a |actone, a |lactam a
Fogauladne, or a spiropyran, amCli¢ienOR,Mre detail ed
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by the absorbed energy in the coated media, wherein said at least one color forming agent
comprises at least one electron donor dye precuré.or,- and at least one electron acceptor
compound which, when trigge‘réd by the absorbed energy in the coated media, reacts with
the electron donor dye precursor upon contact to form a colored dye, wherein the at least

one electron donor dye precursor is encapsulated by at least one polymer material having

a glass transition temperature of equal to or less than 250°C.

According to still another aspect, there is provided' a laser-markable media
comprising at least one laser sensitive layer suitable for forming a human-visible mark
upon irradiation with a laser in the wave.length range of from 10.3 to 10.6 microns, the at
least one laser sensitive iayer comprising: (a) at least one organic compound which
absorbs electromagnetic radiation in the wavelength range of from 10.3 to 10.6 microns

and which generates a sufficient amount of energy to trigger a color formation reaction,



pol ymer substance can be forned. More detailed
description and exenpl ary enbodi nents are di scl osed
in WD 2006/ 052843 A2. El ectron acceptor devel oper
di spersion The el ectron acceptor devel oper
conmpound, which reacts with the el ectron donor dye
precursor, may be used singﬂy or in a conbination of
two or nore. The coating conmposition can be conbined
ectron accepto

W th a dispersio ainin the e
(b)d%tvg 5 BARIOT S RiTcH Sopfang) @ £t Gslapitce slﬁstron acceptor
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rsion by dissolution in, |ng poi nt -
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or is water-insol uble, mxing mnth a pol ymer aqueous
whersin Ry ead (Bacare dudeppidssdy seleeiediliom theagrasp consisting of H, alkyl,

alkStIf AGE-RE tsh%ﬁtlﬁ&ﬁ&t ulﬁﬁgdtmte@hwewonagh Ublig: >R8] WHBLin the at
as a protective colloid, follo by enuIS|f|cat|on

leagicne OxgANA MY ISRSPRSHEH; azlémouphﬂﬁrﬁu 1§ En W%, /W afotal solid

cold@it] ddIOwWRRER tthS & RN bndTBKcRG §5RH dﬁp@cﬁb&ﬁ@%ﬂda@ﬂllated by at
assl stant de en i ng on necessi Ly det ai |

leagfenae o %ﬁnaéw EXERH P L4APS gﬁ%%(?%ﬂwemgﬁr@%%@l tps@dess than
2560, WO 2006/ 052843 A2. 20 Organic | aser absorption
enhancenent additives Laser absorption
sensitivity enhancenent additives of this invention
‘are selected base@Eﬂm&mﬂﬂDDwmmjurlﬁeﬁer used and its

o Fon e bR B Hing HeisheRe s T astPra bR Logp tascr of
fromaﬂk)luhQOZ&oabuutplmﬁtmcmnabwtenm Ehepsentitivite esteheatad of the
mvgﬁtg/%rﬂr%aéu@aﬁﬁl% 54(&91906%?&3&0&#1}% E%&EQ% S%@ ?1 avggous different

Bi's” Favent i on
Cmoahﬂbmgﬁﬁﬁmesented by the foll ow ng general formul a

oot o Bieet b B TSt digty it fy fomigye e
Hlepeateriahin ycaseng m@mset@nfsw&tﬁmtdrﬁelqgwbmpwé)&wﬁ@ﬁiw A2 and

W(@&OMS/{)@IIGS' la2, &l WRRY!the 8514} [RRShe ﬁlts'cBHﬁ)ﬁge M electron acceptor
unsubstituted heteroaronmatic, an >10. For exanﬁf

spefiice AR HECtFAnAnanSYR PIOYIriQs PARISIRS em@m»@ﬂat@@ Wﬁﬂlcﬁmﬂ@@n having a
gladOtrhufit@ROtmpeRidire, T,, of from about 150°C to about 190°C. A detailed

description of the embodiment is disclosed herein, but is not limited to this particular
embodiment. Other color forming system known in the art may be applied to the use of
the inventive organic compound sensitizing agents the same into other color forming

systems.

A. Composition of the mark formation layer
The composition of the mark formation layer can comprise the following
elements: an electron donor dye precursor preferably ‘micro-encapsulated within a

- polymer of specific T, range, an electron acceptor compound which can react with



The addition anmobunt of these conpounds can be from

about 0.5%to about 5 40% in the dried coating

corrpositi on or mark formation |ayer (see secti on

" Conposi ng the mark formation [ ayer™). Mor
W WPEPMBY  t he anpunt can be from about 1%3@“&98%{019299
20%in the dried coating fi®l mor mark fornation

| ayer. Most preferably the addition anmobunt can be

from about 5% to about 10%in the dried coating film

or mark formation |ayer. The addition anmount can be

sel ected to 10 provide an optim zed bal ance of
performance factors which can include sensitivity,

mark density, coating uniformity, as well as the
stability of the liquid coating conposition.
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about 1 p.m In addition, preferred substitution

9" QYRS ror HondP ﬁg,e,ggtg;the chain length n can be
sel ectfaod 28 bg}éed on the application and use of .the
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co rpsf:feabb)ba solofless campeund;thy has syshemaiyre thatiy IS%‘WH?PF‘B%Y

Or QRS8R Sh Q8RR dr 89 abdeplise 4 PRt/ REmeh a6@l A particularly
formation agents in the coatlng conposition 1 n order

t o ParleBg Fict A s kel iePleetiop, Aopesryp REpEursor

aganéifddsh rimy JtBtue®Fhich @ subfEeRdib Hap opdasertaaivntd eleavage in
present disclosure, .a person skille

di.n the art g_ Al
15| adBe ca88 MhSH 1isdp SPRAY YEHRRFIoB RSCRETE GopROuRf & YPiS
detekbmpRS opgﬁg%hﬁ&hﬁl S&hiﬁéﬁﬂem&ﬁ&fc Ek&:t&hl,hsdaltm& b0
groups, Rl and R2, as we t.he .chain
baseHOBWAL AP Rt o%ﬁ@r#é?ma@d GFS"PB‘%"‘bU};dt %ﬁ%l’res of preferred
C Mg &loh ideRer dyd pRecaROE hrid e RAMEEEIIimbAS & ditldsbkin WO
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C ar bo ns,It Bideferredithiatibe eldfron donor dye precursor in the composition of
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10 from about 350 to about 5,000 and can be obtai ned
comerci al ly. The i nventive organic |aser
absorption sensitivity enhancenent conpounds can be
i ncorporated into either the m cro-encapsul at ed
WOsW08038428 di spersi on portion, the el ectron- aRickEpiz8f7/019299
devel oper dispersion portidn, or both. Two or nore of
the inventive organic |aser sensitivity enhancenent
addi tives be selected and 15 conbined to optim ze
their effect. Said conpounds may al so be conbi ned and
mxed with typical inorganic |aser absorbing
conmpounds disclosed in the prior art. These incl ude,
but are not limted to, such conpounds as mca.to
optim ze the |aser sensitivity of the coated nedia.
- Thrmdgherssbstariceicay be farped c Wigpodetaitedaleseriitionjand enemRIAcy
't }Wodﬂﬁs{ﬂs L lé?ﬁ@lo%«gd @0 3008538 hp2 10% to about a
40% i ncrease 1 n laser marking sensitivity may be
obt ai ned, dependi ng on selection of the inventive
co ‘ - Lhion anount. In the
' exa#%%gg“%?q¥ﬁ+gm%??%P%?%%g?ﬁabout a 22%increase in
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met I | | BP0k i bi4eibn OF tvdP@Uhore. The
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particularly limted and can be appropriately
sel incrsend malp witd; waierowluhde R ¥mess, organic BassRaAnd Othen £0'85 ¢
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agents, UV absorbing agfnts, anti oxi dants
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t he?WSA52BY &dnposi tion of the present invention is
20uch that the ratio of total weight of. electron
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Laser absorption sensitivity enhancement additives of this invention are
selected baséd on the type of laser used and its emitting wavelength. For a CO;
laser, the typical emitting wavelength of commercially available laser marking

25  equipmentis ab(;ut 10.6 um. The selected organic laser marking sensitivity
enhancement compounds of this invention for 10.6 pm CO; lasers can be

repfesented by the following general formula I:

Formula I: R (OCH,CH,),OR;
30 | |



10 between from about 1:0.5 to about 1:30, preferably
fromabout 1:1 to about 1:10. The anmount of

the el ectron donor dye precursor in the said nmark
formation layer is preferably in the range of from
vabhzs/00428 t o about 5.0 g/ 2. In this range, Ho¥¥S2807/4019299
sufficient coloring density can be achi eved and the
transparency of the |aser-sensitive recording |ayer

can al so be maintained. Mre preferably, the amount
of 15 the el ectron donor dye precursor is from about
1.0 to about 4.0 g/nt. In a preferred

enbodi ment, nultiple coating conpositions can be
formed wherein a first coating conposition includes
the el ectron donor dye precursor and the second
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20° OPKHs¥dTBN thelah Bh enCascBEkIR) dbaﬁﬁ%]tcﬁﬁ(ﬁdsﬁmﬁﬂfby@kmﬂlﬁe aqueous
copol yrmer,. pol yacrylic am de, | ol -nodi fied.5

pol Baaed Saatinesr sobuBthased sratigey ’Eﬂ’ quire varying qregli¢gmpounds.
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one wat er reS|st|ng agent be. added t hereto, and
an EREIIYEhER 1Se iR HED P ECR] ERonABsrE 17 Bk cpying

st yéoipsitieh atlbrIRetd dlbbﬁha:hﬁhhﬁﬁﬁls;&rﬁ&ryﬁﬁﬂéseaﬁroy fértning agents in
zsp%%,a IR W R IC IR 0 o S
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selections of the substitution groups, R; and Ry, as well as the chain length n based
on the other components of the coating composition.
In a specific embodiment based on the color forming system disclosed in
30 WO 2006/052843 A2 and WO 2006/063165 A2, an exemplary organic compound
represented by formula I has R, and R; independently selected from the group

consisting of H, alkyl of 1 to 5 carbons, and alkenyl of 2 to 5 carbons, and n in the



In order to safely and uniformy coat the mark
formation layer, and to maintain the strength of the
coated film the mark formation | ayer of the present
invention may further contain nethyl cellul ose,
winzobesp4ast hyl cel | ul ose, carboxyl - nodi fi ed pRFTU$AR§H019299
al cohol , pol ystyrene or a Qopol yner thereof,
pol yet her, 15 pol yurethane resin or a derivative
"~ thereof, polyether based pol yurethane copol yner,
pol yet hyl ene or a copol yner thereof, epoxy resin,
pol yam de resin, polyvinyl butyral resin or starch
conpounds. B. Formation of the |aser markable nedia
20The | aser-markabl e nedi a of the present invention
is preferably produced by the process described :
belrange dfftorm sbdus 200 abhdutk §09d Mdwt pestferablFiike prgedio compennd
process. of,.a Jaser - a '
PR R apRREe 1 FRL KO AR TR Baflna AE1oDIE TEH the roup
| ayensiftify dftt, iabkwl o€ 8l Yo b rarbonshandsmimgbe range of fiompebgut 30 to
'naugygﬁﬁﬁatiohlayer onto the prinmer layer (if it is
use on the support. 25 Depending on necessity,
sot her | Hrampiesof shehawspriotaewtsensitiipbancement/adgitiiss fslude,
added. . .. .Th - - L 8 @f ' tir
" vahpre st s SRR R RaipglRl idha EaRbREBA in the
coatngepfifenhaas:t 11080thebdud 20,000 anyl eandeobtained qopimaspially as
| OBk 1chdiSha BB s "IOF43B £ ABO] BUR, B LPERIRSEA Ve
t opcoat . anpl es” of these coating 30 nethods .
i nohettiexypblyethatese ghicol ¢aripounds with pmudeculss Ataighy in the range of of
1078 00 b ). Ri0to 5B, 600k A BESRed SorlfBMiHIR,. OF

fl exographi c coating nethod, a roll coating nméthod, a

spray c GRheiingpntize praanicdassr hsePHOn AeNSHMH argmanisgmpounds
cogl}, B Al HieMed infP et M IrRALERGFLIBADILE-I 7O GisPetsibn
Laser marking equi pnent = The |-aser _markahl e _
nedioatier, therrdeginonseatptenvirreiopes HiREFiond Rt SHDNR fWg or more
C@ofltﬁéﬁ(/irgﬁ‘g oRghnft rg@&%&&&gﬁ@ efthiaricE-RBRHABITved e So1d¥08d and

.to about m > preferréd | aser, marking system

15i s combined toapiimize Tir ¢i5onBaid ForBReinds Py alsege combined and
t etcrﬂﬁgh QSN thh@il 1@61‘%&% 15BN B glBmpoMtdstisdidied Be@Bprior art.
Wi

one or nore rotating mrrors in X or _XJY-axes,lg1 :
us eEhes@ineldedwt are ot Higed o UCAROHBASASHRICR L0 pRIjMigR the laser

us edndeREHiRdcOlted MBgiaPpP! i cati on. Preferably the
conbi nation of |aser beamquality, f-9 |lens gﬂarit%iﬁmnd

“and f ocaibrenebiuss 8 mpeptvetonRurRdio fiis kvegUap ot s o5
202t thitGrohPalf i 81094 RNMohica 418 Rkt MR nDinFserstivity may be
nore preferably to be bel ow about 100 mcron. .

obtained, depending on selection of the inventive compound as well as the addition
amount. In the examples of this disclosure, about a 22% increase in marking spcgd
is obtained by addition of methoxypolyethylene glycol 5000 at a level of about 5%
of the dried coating composition. With the addition of such laser absorption

25  sensitivity enhancement compoﬁnds, the coated film can also have an increased

appearance of uniformity.

Other Additives

The other components in the coating composition for mark formation layer
30  are not particularly limited and can be appropriately selected depending on
necéssity, and examples thereof include surfactants, melting agents, foam-

suppressing agents, UV absorbing agents, antioxidants and free-radical scavenging



By enpl oying the | aser-markable material, nethods and

systens of the current invention, various advantages

can be realized such as, for exanple, |ow equi pnent

and runni ng cost; high-speed marking with fine line

wetdoenm4®nd si npl e 15patterns (vector scan);PE1/esa0ei 9299

resol ution adjustnent, ton& control and pattern

change (raster scan); relatively large and flexible

mar ki ng area; and/or snall-lot (short-run) high

t hroughput production with variable i nf or mati on

mar ki ng. Use of the |aser-nmarkable. material, nethods

and systens of the current invention can enabl e | aser

marking on a wide variety of substrates, especially

materials that do 20 not typically respond or have a

we akganes ors eietaﬁed devcpptiver @d eKGAplhgsanimdinentsatealischissd in

tha lLy danmaged by the laser irradiation
&V(E?&?égﬁsr%% Ual ity marks. Exanple of such

rraterl al s |ncI udes hard and soft plastics for

eng eerl mer filnms for packagi ng
?é RS "g"c‘?o’”s”‘ oy (%3 HDPE, Pl VI MA,

$30I y- car homdérao ahdld\iybcmnsg corﬂﬁosﬁiw\i@tﬁs niBARRIrEtien layer of the
(co rlson ep n ot

cont'al ﬁ't hnveath éghgé’l su% (fqn d’% : C glonor tgmg a(l@)dls'persed

pr ewuhxmrqeleam 3'plsmgereriedei @d:turr:bn I;hdhxs IPLROZERS ﬂwymx ratio of the

P SEHRIREERRAZ b RRA0 0 B 8B o b weghar
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187 Sl B5584 203 USROS TH AR L0y fou 110
mat er i al THeDmek@miof thetedagirof dived dyhrsnirger inGe said mgrk) formation
mslag&qg re'f&éﬁg'ilpﬁleq of%ﬂd%%gtﬁ?ltggﬁ&? ToT%aﬁpmg range,

et hy t at uti o was a tg
pol §uth pyhifisientemibringdensiiy cardiaachisred sad the Frampargncy of the laser-

217 GansilVE ?Jc@ﬁﬁu@layer"ctaﬂ ?)so 3e %aﬁﬂ?ﬁhé& filer ﬁ%ﬁeﬁl the amount of

honmogeni zer for m nut es. wat er and O. g of

1% et thaeleatyoredenye ﬁvamenersweﬁ é’oan@@at hA& shoued.Og/mn g
stirrer gty A@Qéré& EmBodiftéhe rﬂﬂt‘ipl@%ﬁi‘ﬂé%ﬁgb&ﬂons can be formed

reaction. ter the reactron was co
par wherin asfirsecogting pompasitinn ipeludasdhe electron donor dye precursor and

the second coatmg compos:tlon includes the electron acceptor developer. Such
,  first and second compositions can be mamtmned separately to improve stability of
20 the compositions, and can be combined and/or mixed together prior to use. The
.organic absorption laser sensitivity enhancement compounds of this invention may
be diésolved or uniformly dispersed in either of the above two portions, or both.
In the preparation of the laser sensitive mark formation layer, both the '
water-soluble polymer used as the protective colloid when preparing the electron
25  donor dye precursor composition or its microcapsule composition and the water-
soluble polymer used as the protective colloid when preparing the electron acceptor
dispersion of this invention function as the binder of the mark formation layer. The
same function may also be partially contributed by the addition of selected organic
laser sensitizing compounds of this invention at an appropriate level and with
30  proper selection df molecular weight.
Adding and mixing at least one additional binder separately from the above

i)rotective colloids is also possible. Preferably, water soluble polymers are



encapsul ated el ectron donor dye precursor particles

was neasured with a Beckman 10 Couher's LS-100Q
particle size anal yzer, the viscosity of the liquid
coating conposition was neasured with a Brookfield -

WO yys/e3asbl e DV- 11+ visconeter with S21 snal PCEERE07/4019299
spindle at 100-200 RPM andlthe Tg of the

m crocapsul e wall was neasured by using a Perkin

El mer's Dianond DSC with a bl ank suspension w t hout

m crocapsul e as reference. The followng results were
obt ai ned: viscosity 15 of the liquid dispersion = 18
cps, wherein 99% by volune, of the m crocapsul es

have particl e-size between 0.2-2 pm and the

m crocapsule wall Tg 156C. [Preparation of l.iquid :
di mcmlm nsedBndeexatpiasithryecfninadndanal pany @deepelp hydroxyethyl

namne:
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co rmﬁg%]qg?éyhg 9%—1% elbpotFRETPb Badllic ZniddChehIRdILaDdified

into

acetat e, and di ssol ved by heati ng

5tolﬂ@ﬁwﬂﬂheﬁﬂe%@m@@h@géﬁﬁyl acet ate sol uti on was
added i rﬂ'lglréep ?D f Wﬁ&@eﬁmg ﬂ%lﬂ&éroﬁ ln?dgpong, water resisting

subsequent

y dispersed wth a ho eni zer for

m ragertgnayTbroadsied therese, and @n eppaudsiongh a hydrophobic polymer,

I‘%?é&ﬁ@a‘lﬁ@eﬁ@%@&%@é&%ﬁ& 1atdx Iﬁﬁ%ﬂe 5 l?@&)EWnExh a acrylic or

ation appr oxi mat el 2> hour s untll the e

ac enetbacrvbssseévamlwm@r a cm’elweﬁ apd thelrSepEath ﬂmyoty agolyester
102 p(ﬂ'ratdoﬁl)liwél‘ ARrdoR S REIAIBEthefots 10 2 p. m (99%

vol une

eous sol Ution for enulsified di spersi on

(B) 5. Vel opdes Sigpsope WYY 653k 1P oo et 30 o
NanRainRRVAE sFAMYSf thKUb AEAH N he fabik fhrik&iddAayer of the present

L5
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invention may further contain methyi celiulose, carboxymethyl cellulose, carboxyl-
modified polyvinyl alcohol, polystyrene or a copolymer thereof, polyether,
polyurethane resin or a derivativc thereof, polyether based polyurethane copolymer,
polyethylene or a copolymer thereof, cpoxy resin, polyamlde resin, polyvinyl

butyral resin or starch compounds.

B. Formation of the laser markable media

The laser-markable media of the present invention is preferably produced
by the process described below, but it is not limited thereto.

The production process of a laser-markable media of the present invention
includes t‘né steps of: coating the primer layer (if it is ﬁsed) onto the support,
coating a mark formation layer onto the primer layer (if it is used) on the support.
Depending on necessity, other layers, such as protective topcoat, may also be
added.

The laser-markable media of the present invention may be coated
sequentially with known coating methods, in "th_e following order: the primer layer,
the mark formation layer, and the protective topcoat. Examples of these coating
methods include, but are not limit to, a blade coating method, an air knife coating
method, a gravure or flexographic coating method, a roll coating method, a spray

coating method, a dip coating method and a bar coating method.



8% vv Pol y-vinyl al cohol (trade nane: Poval PVA217,
Kuraray Co.,Ltd.) 55.7g Surfactant A 2% sol ution
C12H15S03Nall. 2g Surfactant B, 2% sol ution
C91119(C6H4) 0( C1-12) 4SO3Nall. 2g 10 [ Preparation of
VaD208/08g428onposi tion 1 for coating the mark fREWEIZIEG19299
| ayer] The above di spersi o (A) and di spersion (B)
were m xed as follows. Water26% Di spersion (A) 16%
15D spersion (B)58% Total coating conmposition 1
(conparison):100% [ Coating the mark formation | ayer
onto a support film The above coating
conposition 1 was coated onto a 75 urn thick
transparent 20 OPP filmusing a draw down wire bar
coater, followed by 3 mnutes of drying at 60C.
[Determ ne | aser marking sensitivity of the above

: ' he! d CodaFire-V10 |OWC2 |
ﬁlra sﬁatgge,{pﬁgllalﬂg%ﬁwgeh@ aFire aser

ar ker W i ng 25 wavel ength of 10.6gm was, .
used. THEhd lassemapwhis media pEdie errsyntwrisnten may bearked with 2
ANAH fser T ARARAcnl L0089 DL/ 366t 10% um. A
Si g%{)é%g%ljr}%}}%ﬁt% [l nlgn%%ﬁq_)g%%&mggm I e%t h was rrarﬁne?d )

Dy prafered isergmarking sysiswis priarhich 3 Grlvepomgisgbeam steerng
gr Moﬁ%y%t BV borfipME th chiht®d] theAR@nS@lth 8né bBore rotating

becane just-visible to the qek%e on the nmedia. The
| aseirqsp ik 95 F{Y wRpssis yerdniBafay eplet tRdRertg scring schemes may
"t g9 litheh @38 'on YRS AFBicaticA PriRbBAné6étBinatli@S& taser beam

‘power output af thi.s setting was nmeasured using an
Op haualitya §8r lepometity, vl foagligans rebaitpvtbonarkiapspgbsize at the

| 10 focal plane to be below about 300 micron, more preferably to be below about 100
micron. | - o o
By employing the laser-markable material, methods and systems of the
current inveﬁﬁon, various advantages can be realized such as, for example, low
equipinent and-running cost; high-speed markin'g with fine line letters and simple
15 pattemns (vector scan); flexible resolution adjustroent, tone control and pattern
change (raster scan); relatively large and flexible marking area; and/or sr_nali—lot
(short-run)- high throughput production with variable informaﬁon marking. Useof -
the laser-niarkabie material, methods and systems of the current invention can
enable ]éser rﬁarking on a wide variety of substrates, especially materials that do
20  not typically respond or have a weak response to low-powered CO, lasers, or
materials thai: can be easily damaged by the laser irradiation without forming
‘?.]ua]ity marks. Example of such materials includes hard and soft plastics for
engineering materials or bolymer fitms for packaging of commercial goods (PET,
BOPP, HDPE, PMMA, poly-carbonate and Nylons}.
25
- EXAMPLES
EXAMPLE 1 (comparison)
[Preparation of liquid dispersion (A) containing an encapsulated electron donor dye
" precursor] . -
30 13.3 g of electron ddnor-type dye precursor {PSDD-184, Nippon Soda) and
0.47 g of a UV light absorbing agent (Tinuvin P, Ciba Geigy Cormp.) were added in



15 neter (wwth a 30A-Sli-V1 thermal sensor and AN 2E
di splay). For this reference sanple, the "threshol d
| aser dosage" was neasured to be 5.05W EXAMPLE 2

- (exenpl ary aspect of invention) ' The sane

Wl $pR38428n (A) and di spersion (B) as above B@gﬁiﬁz@n@””
were used to mix a coatingl¥conposition 2 for coati ng
the mark formation |ayer. Water25. 1% Pol yet hyl ene
gl ycol E4000, commercially avail abl e from BASFO. 9%
Di spersion (A)16% 10D spersion (B)58% Total coating
conposition 2 (invention):100% The above

- coating conposition 2 was coated onto the sane }
substrate and under the sane coating conditions as

for coating conposition 1, and | aser marking 15

s e r%] g oK/atllyﬂ avetsiermpd dissalvied fogi Iregtingap tefREC| ensthemegalesydown 1o

2B Cod 2 STl A AR (0 PR WAl TAKES Wlfhical Co, Lid)
Ex awasl agdded infothe etiyd acstatpsadutiane Thehaye ¢tbslewcetptmewnon was

out o u v _

- GUe Bl §ELERRED B Ui PALLRS YRS BASI ARy vl M
Spoviid7Co Bueagey Gite htdomd smadsificsl witha hemeganitss fendampiutes. 80g of
20 EXANRH ? %gm{mé%%eggxg%ﬁtne%eré R¥RAtah @ Mixed with a stirrer at

The sane rsion di spersi.on (B) as above
 Exe&fiCdon4 heyre farsadppswatigireactidat | ng conposition 3

for coatipg tﬁeh%a&ﬁfnkw;ts%%iétgﬁ il fcle Y184 Eis#ibuikdf of the
25Met hoxypol yet hyl ene dg 50000. 9% Di sper.si gn
~ ( Aengapsulated electron donor dye precursor particles was measured with a Beckman

10  Coulter’s LS-100Q particle size analyzer, the viscosity of the liquid coating
composition was measured with a Brookfield Programmable DV-II+ viscometer
with-$21 small size spindle at 100-200 RPM, and the T of the microcapsule wall
was measured by using q’Perkin Elmer's Diamond DSC with a blank su‘spim‘si'on
without microcapsule as reference. The following results were obtained: viscosity

15 ofthe liquid dispersion = 18 cps, wherein 99%, by volume, of the microcapsules

have particle-size between 0.2-2 pm, and the microcapsule wall Tg = 156°C.

[Preparation of liquid dispersion {B) containing an electron acceptor compound] -
‘4.2g of an UV light absorbing agent (trade name: Tinuvin 328, Ciba Geigy),
20 1.0 g of tricresylphosphate, and 36.4g of an electron acceptor compound of

Formula II
1% ol
Lt oGt
j ) e
e

4 Formula Il

25  were added into 16.0g of ethyl acetate, and dissolved by heating to 70°C. The
resulting ethyl acetate solution was added into the following aqueous solution and

_ subsequently dispersed with a homogenizer for 5 minutes. The solution then was



Di spersion (B)58% Total coating conposition 3

(i nvention):100% 30The above coating conposition 3
was coated onto the sane substrate and under the sane
coating conditions as used. for coating conposition 1

Warados/0ag@8 nmr ki ng sensitivity was measured KRSTA200719299
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same | aser marker under th¥ same WO

2008/ 030428PCT/ US2007/ 019299 16 mar ki ng condi ti ons.

The threshold | aser dosage was determ ned in the samne
way as in Exanple 1. For this sanple the actual | aser
power output at the threshold setting was neasured to

be 3.96W The results show a 21. 6% reduction in

t hreshol d power dosage when conpared to the reference
exanpl e. EXAMPLE 4 (conparison) The sane

di spsed toon)"(:Aa)ntlmmitadms fremppronin(eBly 3hontsowtl begtpl écelafe was

(et rrhpr e 0O e EPABbi bR il en (R0 T 2 .
3. B99%kivelaiedi on (A) 16% Di spersi on (B) -
Aqueous solution for emulsified dispersion (B)
Water 68.4g
15%w/w Poly-vinylalcohol (trade name: Poval PV A205, Kuraray Co.,Ltd.) 19.8¢g
. 8% w/w Poly-vinylalcohol (tradc name: Poval PVA217, Kuraray Co.,Ltd.) 55.7g
Surfactant A,, 2% solution C;2H15SOJNa ) ’ 11 2g
Surfactant B, 2% solution CoH9(CeHa)O(CH)sSO;3Na 11.2¢g

[Preparation of coating composition 1 for coating the mark formation layer]

The above dispersion (A) and dispersion (B) were mixed as follows.

Water ' 26%
Dispersion (A) | | 16%
Dispersion (B) _ 58%

Total coating composition 1 (comparison): 100%

[Cbating the mark formation layer onto a support film}
The above coating composition 1 was coated onto a 75 pum thick transparent
" OPP film using a draw-down wire bar coater, followed by 3 minutes of drying at

60°C.

[Determine laser marking sensitivity of the above prepared media]

A Nutfield CodaFire-V10 10W COj; laser marker with an emitting
wavelength of 10.6pm was used. The laser pumping frequency was set at 20KHz,
and the “mark-speed”” was set at 1000 mm/sec. A single straighf line of about 5cm
length was marked by mcreasmg the “laser power%“ from 10% and gradually up,
until a very light and sohd hne became just visible to the eye on the media. The
laser power% at this point was recorded as the “threshold laser dosage”, and the

actual laser power output at this setting was measured using an Ophir laser power



58% Total coating conposition 4 (conparison): 100%

15The above coating conposition 4 was coated onto the
same substrate and under the same coating conditions

as for coating conposition 1, and |aser marking
WEEMSS/430428t Yy was neasur ed using the same | asACTHERZKE019292
~under the same marking contfitions. The threshold

| aser dosage was determined in the same way as in

Exanpl e 1. For this sanple the actual |aser power

out put at the threshold setting 20 was neasured to be

1. 5W However, observation during stability studies

of the coating conposition 4 show settling of solid
with tinme. In.addition, many areas of coating defects
were visible-in the coated nedi a when observed under

a nmeeoSainpe30 A2SEXAMcES seasos apd aWZFaéisebY) dfor this reference

h Irl\és%mm g 0 me ‘Pgs:shold ¥ 458k, 9&?&@%&1} Ao b6k,

ron asaove were use tO mx a

- coating conposition 5 for coatlng the mark formation

2555 M ca pondsh ISV e RAT A e Fol SrE ey Co

55000 The same dispersion (A) and dispersion (B) as above Example 1 were used
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to mix a coating composition 2 for coating the mark formation layer.

Water : . _ 25.1%
Poiyethyle_né glycol E4000, commercially available from BASF 0.9%
Dispersion (A) ' 16%
Dispersion (B) : 58%

Total coating composition 2 (invention): 7 ~ 100%

The above coafing composition 2 was coated bnto the same substrate and
under the same coating conditions as for coating composition 1, and laser marking
sensitivity was measured using the same laser marker under the same marking
conditions. The threshold laser dosage was determined in the same way as in
Example 1. For this sample the actual laser power output at the threshold setting
was measured to be 4.09W. The results show a 19% reduction in threshold power

dosage when compared to the reference example.

EXAMPLE 3 (exemplary aspect of invention)
The same dispersion (A) and dispersion (B) as above Example 1 were used

to mix a coating composition 3 for coating the mark formation layer.

Water _ o 25.1%
Methoxypolyethylene glycol, MW= 5000 - ' 0.9%
Dispersion (A) 7 16%
Dispersion (B) . 58%

Total coating coinﬁosition 3 (invention): - 100%

The above coating composition 3 was coated onto the same substrate and
under the same coating conditions as used for coating composition 1, and laser

marking sensitivity was measured using the same laser marker under the same



1. 2% Di spersion (A) 16% Di spersion (B) 58% Tot al
coat-i ng conposition 5 (invention): 100% The
above coating conposition 5 was coated onto the sane
substrate and under the sane coating conditions used

womoosise2b ng conposition 1, and | aser 10 mar KEGHELS2007/019299

sensitivity was neasured ud®i ng the sane | aser marker

under the same marking conditions. The results show a
simlar threshold power dosage as the coated nedia in
Exanpl e 4. However, unlike coating conposition 4, the

- Observations during stability studies of the coatl ng

5

conposition 5 show no signs of solid settling with

time. In addition, the coated | aser sensitive nedia

i n Exanple 5 15 show i nproved coating uniformty over

t henakiag ednditelisa Tk tiExshopl leset dotdgd avas detginoingd sofhe same way as

B T e
coavtas ma&nrnqb Gsbhe 3.D6WE o’fheaoaﬂns shown 24- @&mpm@ntibfcshold
orpronwaer OGSrElsf!: ! hé/n C &%&& tI%nllHlJt QI'S‘ICE% a.tﬁf;[leor f or mat I on

by *exposur e wavel ength range of .
from 10 3to 10.6 m crons, the coatlng conposition-

conprising: (a) at |eggly I\ﬂ??E ound whi ch

- absorbs el ectromagnetic radiation | n the wavel engt h

range ofThesamne d3p@sioo (ADawsl disnersiers(Brg abpyeckrample 1 were used
genshal 63! 'ofd Smwﬁ@ %r%atﬁr% thE bBGL forfhafiBh River.

fornmati on redcti

Water , 22.5%
10 Mica powder , : o 3.5%
“Dispersion (A) _ ' 16%
Dispersion (B) . 58%
Total coating composition 4 (comparison): 100%

15

The above coating composition 4 was coated onto the same substrate and
under the same coating conditions as for coating composition 1 . and laser marking
sensitivity was measured using the same laser inar]_cer under the same marking
conditions. The threshold laser dosage was determined in the same way as in

Example 1. For this sample the actual laser power output at the threshold setting

20 was measured to be 1.5W. However, observation during stability studies of the

25

coating composition 4 show settling of solid with time. In addition, many areas of
coating defects were visible in the coated media when observed under a

microscope.

 EXAMPLE 5 (exemplary aspect of invention)
The same dispersion (A) and dispersion (B) as above Example 1 were used

to mix a coating com;ﬁosition 5 for coating the mark formation layer.



(b) at |east one color form ng agent which can forma
human-vi si.bl e mark upon a triggering reaction by the
absorbed energy in the coated nedia, wherein
said at | east one color fornming agent conprises at
WOa6%/030418 el ectron donor dye precursor, and B&T/{Seyep1929
one el ectron acceptor conpbund whi ch, when triggered
by the absorbed energy in the coated nedia, reacts
~with the el ectron donor dye precursor upon contact to
forma col ored dye, wherein the at |east one
el ectron donor dye precursor is encapsul ated by at
| east one polynmer material having a glass transition
tenperature of equal to or less than 250C. 2. The

coating conposition of Caim1l, wherein the at | east 22.5%

one or ga¥ater conpound has the followi ng Formula |

For mul adl\bfiC £QeER2CH2). nOR2 wherein R1 and R2 are 2.3%
i ndependentl'y selected fromthe group consisting of o
H, al kyMethprpaipethydangiglycah$0®ubst i t ut ed or 1.2%
unsubst i roaromati c, and n>10. 3. The coating 16%
conposif?%%ﬁg?ﬁglgin12, wherein in the at |east one o
Sor-gani c RispesHomBh A o 58%

4. The O, GIRMHckieR SAnvkdtn® 2, Wherein in the 100%
at | east one organi ¢ conpound of Formulal!, nis from
30 to 500. 5.The coating conposition of Claim 2,

wher ei n feate LSRR cOMPoHidIESives GRMAYASIhe sahesiBstrate and
"is present i n an anount. fromQ.5%to 4096;w/m1as‘1 o
t ot wIdeBHE FRME ARHBRCONGHARRISEH BY CORIE SRS PR - By laser
100 GhFkig MRS Ry Wi Redurddaanil (RNGRNgRA arles ipda it afne
Formul al” is present in an amount, from 1% to 20% w w .
s MEAkHE coBFiant: CHicIRRs show » Sl URSTopoLTIskeF I
of (Hartlihedia l‘ﬁhﬁraﬁiﬂl'e 4 hgodtvdraasike 66Ring kg/Ipbsiticodbe nd
observations during stability studies of the coating composition 5 show no signs of
solid séttling with time. In addition, the coated laser sensitive media in Example 5
15 show improved coating uniformity over the coated media of Example 4. Under a

microscope, only minimal coating defects were observed on the cqated medig ﬁ"om

Example 4.



of Formula | is present in an anmobunt from5%to 10%
w w as total solid content. 8. A coating conposition
for coating on a substrate to forma sensitive nedi a
suitable for color formation by exposure to a |aser
in the wavel ength range of from10.3 to 10.6 m crons,
the coating conposition conmyi sing: (a) at
| east one organi ¢ conpound whi ch absorbs
?E@ﬁﬁronagnetlc radi ation in the wavel ength range of
rom 10.3 to 10.6 mcrons and which generates

suff|C| nt ener to. tri color for
1Tl Fhime Sohodioh ok oo oo ginatut i dhmgn ssaskiye media
SUﬁﬁétﬁrggbrﬂﬁﬁ@howbyeéﬁmm@é@ﬁlﬁm@H@me@wwdﬁmabc@ge@fﬁmn103

to (L@B‘mﬁcmﬂis ke whtingeipobitivg genpekity t he absorbed ener gy
tah feagto(ﬂ'Fee& gﬁg IC@I"H S%C&ﬁlcﬂm ;)Q)FBJ] gle@ﬁ‘(ﬁﬁ%gpc ga%ﬁ]eﬁiron in the

cur C Qrma co
.‘/‘Eﬁ o f%ﬁg%og&gq Eh 8 S PECrE B PBLA el sufficient
f ol Ersainty tHegaralcalor foretionuieactionRardoCH2 CH2) nOR2
Wibe e icst Bhe aathr R@mﬁﬁﬁl Lo epeadent foymseh@aidisflOmatkN@on a

st SEEIRIBLIR Gy Ghe oo MLl Wherg AhEO el 2

eroaronati ¢, and
|n t he | east one organi ¢ conpound
< or st 5O gh R smcoRr drrring ﬁ%f“?@%gwwfa?a%t Bps Plectron

sdsinpr) dg@ presatsor, gand at least ongedledtront dveepior berapiundnehich, when
ethggdrécpﬁy BRNMEorBYEREBCIMIMBO Eodt&l ABGAPSHALEE thY elddtron donor

| t t
(R AR BB P i aa*“‘?*%‘égf’%ghingzé‘éé o The

coatln conposi tion of ereln the at | east

one elMBEFHOR G gye e}?f:% g PESFUEIOE & Stcarsuljed by at
deasl eas polgmer peteyinkhaving @lglaa‘i trhlwtmmgteeﬁpgiaass of equal to or less
tthansjopCon tenperature from 150 to 190C. 10. The

coati ng conposition'of Claim8, wherein the at |east

B R
aﬁ%ﬁ@ﬂ@ﬂ@éﬁ%ﬁ?“?@lected fron1the group consisting of

-H,- -CH3, -CH2CH3, or -CH(CH3)2 and n is from20 to
F 011100@11 and R1(OCHCH2),OR;

wherein R, and R, are independently sclected from the group con51st1ng of H, alkyl,
alkenyl, aryl, and substituted or unsubstituted heteroaromatic, and n>10.

3

3. The coating composition of Claim 2, wherein in the at least one organic
compound of Formula I, n is from 20 to 1000.

4. The coating composition of Claim 2, wherein in the at least one organic
compound of Formula T, n is from 30 to 500.

5. The coating composition of Claim 2, wherein the at least one organic compound
of Formula I is present in an amount from 0.5% to 40%, w/w as total solid content.

6. The coating composition of Claim 2, wherein the at least one organic compound
of Formula [ is present in an amount from 1% to 20%, w/w as total solid content.



20 wherein the at | east one el ectron donor dye
precursor is encapsul ated by at |east one pol yner
mat erial having a glass transition tenperature of
from 150 to 190C. 11. A | aser-markabl e nedi a
conprising at | east one |l aser sensitive |ayer
suitable for formng a humary vi si bl e mark upon
irradiation with a laser in the wavel ength range of

7.fr OmhéQoéime:oﬂf@oﬁttHﬂl 6F ON$m 2 RBedtn theaslea@fielodSBIc compound
of FEMARAIIA | ¥rcsBHGh of mﬁeﬁ%%to%%% to 10%, LA adbord SRR coffift

organi.c conpoun
g r adi atlon in the wavel ength range. of fro:}l 10.3 t

10, 6 RENEHOMRVGIURAI 18R GRS A dsSURSERS 119 dPER siie media

suigpbleatos cofgr tsmatipy e pxpeses|ton lassr wehe vavelengh rasge ok fram 103
to (B macrohg detcostieg colmsition compgsizggent whi ch forns

human- vi si bl e mark upon triggering by the absorbed

enefagyt leasttone ocgatcadmpedindiwhich absorbhdedtiomagaétd radiation in the
walvelasdth eige 600m f03 B NB6 a06bhs SRINPAILS F@qe@etted Rfdier? Reergy to
tn%eﬁ&%&l@f‘foﬂﬁét%n ¥&ioRr ecursor, and at [east one

ectron acceptor conpound mhlch when triggered by

the @Qﬁgate%ﬂe NELEVd, nera gnrgc%?sto?%nﬁema reacts wth

the ['ectron onor cursor upon contact to form

ol egét)o e gsgxogﬂrc lcctron acce teor co Mso r?& whsw St éjt B (?icd by the
O oA P e SOy P onsth 1 TR SO g b gfgeursor
t enpRFEROntagt toforayagplored dye. | ess than 250C. 12. The
| aser - markabl e nedia of Claim 11, wherein the at
|vepsein Givent boagiamie orgio ppompdublss thvefoflowingiomuledr nul a
| FormMa |:R1(OCH2CH2) OOR2 wherein R and R2 are
ilndmpleddent | y sel ect ed fr omRiCH@EQRnsi st i ng of
H, al kyl, al kenyl, aryl, and substituted or
_ whemsuﬁstandt IR, exgle hEd@emmymtlecled dioch the Iftoupl Sorkiseing of H, alkyl,
alkbidg QfrylTaid wdklieredtindsubditite@herbdromiliglaalin>10 the at

| east one organi c conmpound of Formula I, nis from 20

to 1A80in thé af R@sd GREErIAE kaRpSnAEd 'p?es@ét i a%' e{ﬁola%t from 1% to

gé,h&, t one organi ¢ conmpound
20 Wiiﬁoa?sé%ﬁ?cgﬂ#ep%% Oto 500 15. The Iaser-mar kabl e

rred byRer® %Jt [Qagt one clecEr%n ed)@ ssor ca su‘?a% d by at least one
ferlly o & b BohuR prp RSk O DR ap AR
POT3ieT AEHI R A CHH R0 of [ han St

9. The coating composition of Claim 8, wherein the at least one electron donor dye
_'precursor is encapsulated by at least one polymer material havmg a glass transition
temperature from 150 to 190°C.

bsorbs el ectromagnetic

10.  The coating composition of Claim 8, wherein the at least one orgaric compound
has the following Formula IA:

Formula IA: R1 (OCH2CH2)HOR2
wherein R and R, are independently selected from the group consisting of -H,
© -3, -CH>CHs, or -CH(CH3) and n is from 20 to 1000,

and



21 16.The | aser-nmarkable media of Claim 12, wherein
the at | east one |aser sensitive |ayer conprises from
1% to 20% w w of the at | east one organi c conpound of
Formula |I. 17.The | aser-nmarkable nedia of Claim12,
wherein the at | east one | aser sensitive |ayer
conprises from5%to 10% wx of the at |east one
organi ¢ conpound of Fornmula |I. 18.A | aser-narkabl e

md'w@neféﬁﬁl%'a? %e'agt &He él@cﬁ%ﬁ dohs dy@%gnfcuﬁgp ?Qkéﬂ.c}:{ Hia?@ﬁet(y at least

suitable fq ormn human-vi's

. ong PP‘é{H’P&’PP’GﬂaI\}(ﬁat’Wgé‘ a5 AN Py HEPSRAYE @fgqnhl ng&%q?-
from10.3 to 10.6 mcrons, the at | east one | aser

11sensi kberendrlagper medlmabtinﬁlhfi@ at least one(1ajer @tnsitB@dhycdNeuitable for

fox‘ﬁﬁ Q'h‘aln%ﬁ’% Vﬁe(f]w %ﬁ]%ﬁ@f? v@ﬂh%c%ge? grhxgelef‘ngth range of

n en ran
@r%wgcr%mﬁr et QE?] @é%{tse%ﬂtﬁfe 8eF FRTBINO S mount
of ener y to trigger a color formation reaction,
( b) (st leasigne organie| covpewnd wWhich pbuyhe ghctrouragmtic radlahon in the
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~compound has the following Formula I

Formula I: R;(OCH,CH,),0R,

wherein R, and Ry arc independently selected from the group consisting of H, alkyl,
alkenyl, aryl, and substituted or unsubstituted heteroaromatic, and n>10.

13. The laser-markable media of Claim 12, wherein in the at least one organic
compound of Formula I, n is from 20 to 1000.

14. The laser-markable media of Claim 12, wherein in the at least one organic
compound of Formula I, n is from 30 to 500,

15. The laser-markable media of Claim 12, wherein the at least one laser sensitive
layer comprises from 0.5% to 40% w/w of the at least one organic compound of Formula
L ‘
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of energy to trigger a color formation reactlon

(b) at least one electron donor dye precursor, and

(c) at least one electron acceptor compound which, when triggered by the
absorbed energy in the coated media, reacts with an electron dorior dye precursor upon

contact to form a colored dye,
wherein the at least one organic compound has the following Formula I:
Formula I; Rl(OCH2CH2)nOR2

wherein R; and R; are independently selected from the group consisting of H, alkyl,
alkenyl, aryl, and substituted or unsubstituted heteroaromatic, and n>10,

wherein the at least one organic compound is present in an amount from 1% to

20%, wi/w as total solid content, dand

“wherein the at least one electron donor dye precursor is encapsulated by at least
one polymer material having a glass transition temperature of equal to or less than 250°C.

19. The laser-markable media of Claim 18, wherein the at least one laser sensitive

layer forms a human-visible mark upon irradiation by a laser in the
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wavelength range of from 10.3 to 10.6 micron and a fluence of less than or equal to 5

Jem®.

20. The laser-markable media according to Claim 18, wherein the at least one organic
compound of the following Formula IA is present in an amount from 1% to 20% w/w as

total solid content,

Formula 1A: R; (OCHZCHQ)HORQ
wherein R and R; are independently selected from the group consi sting of -H,
-CHs, -CH;CH;, and -CH(CHa)s, and n is from 20 to 1000; and

wherein the at least one electron donor dye precursor is encapsulated by a

polymer material having a glass transition temperature in the range of 150°C to 190°C.

21. " " The laser-markable media of Claim 20, wherein the media is formed by coating

the laser sensitive layer on a substrate of plastic material.
22.  The coating composition of claim 1, further comprising mica.
23. The coating composition of claim 8, further comprising mica.

24. The laser-markable media of claim i1, wherein the at least one laser sensitive

layer further comprises mica.

25. The laser-markable media of claim 18, wherein the at least one laser sensitive

layer further comprises mica.



