WO 01/79365 PCTI EP01/ 04262 1 Solid marking conposition as witing neans, a
witing instru- nment, an optically variable marking |ayer and use of a
pluralityodfofetically variable pignments The present inveaT/EBMN/4@é2ates to
a solid marking conposition as witing nmeans in a witing instrunent, to a
witing instrunent conprising the solid marking conposition, to an
optically vari- able marking layer and to the use of a plurality of
optically variable pignents according to the preanble of the independent
clainms. The solid marking conposition of the present invention is

particul.arly adapted f - | cati OO mband; wai WikeBingatkings-t o
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nost effective neans especially for pre- venting unauthorized phot ocopyi ng

of documents is the applica- tion or incorporation of certainige%%iogs onto
or in The meaenmEMvert 50T | €¢ L2 WhT cFP exhPBt £ ameF BwiAg CaRGPE *§&5Endent

shift of, color. This eff | S- P Lk g byt bnkeyl-ecenge ipsgrefkar The
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applied on the docunent. Optically variable_pi n recprincipakly based
on an@bﬂ%ﬁmaﬁ%ﬁQﬁm%9¥ﬁ¥e%?dmﬁ?cﬁx?a%%% %%a%epgn%ﬁ&ﬁfgh?f'gb?gfﬁgé ed at a

first @%@i%ﬁf@%%é%@C@%dﬁnéhﬁﬁ tayeprefmBlsubtabhe dindlegpendenicc
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is particularly adapted for the application of hand-written
markings to articles or documents which must be copy-protected

or unambiguously marked as originals.

The fight against forgery of high value branded articles and
against counterfeiting of currency or cheques has brought for-
ward a large diversity of different security systems in the re-
cent years. One of the most effective means especially for pre-
venting unauthorized photocopying of documents is the applica-
tion or incorporation of certain sections Onto or in the docu-
ment or article which exhibit a viewing angle dependent shift of
color. This effect is producible by interference pigments. The
pigments are either incorporated in the documents’ bulk material
or blended in a coating composition or printing ink which after-

wards is applied on the document.

Optically variable pigments are principally based on an inter-
ference effect which takes place when light is reflected at a
first and a second surface of a thin layer of a suitable dielec-
tric material. The interference of the two reflected waves en-
hances the reflected intensity in certain domains of the visible
spectrum and extinguishes it in others. As a consequence, said

thin layer appears colored; the colors depend upon the differ-
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spectrum and extinguishes it in others. As a consequence, said thin |ayer
appears col ored; the colors depend upon the differ CONFI RVATI ON COPY WO

01/79365“%(@#?&1/ 04262 2 ence in optical paths between t heripmioekt ect ed
waves. As the optical path in said thin layer is view ng-angle dependent,

the col or appearance is view ng-angl e dependent, too. Pignments show ng a
Vi ewi ng- angl e dependent variation of golor are usually of a flake |ike
shape and can be of inorganic or or- ganic or mxed nature. The pignent
fl akes can be produced in various well known ways, e.g.: i) by physical

vapour deposition techni ques, thereby creatin e super ed

| ayer SR A 4R PfanePd S%?%‘T’?%rll é’,?% %Vééhrgéﬁgfigﬁh%gg}{ess 'd%%el%g% a

sui t ablg carT gl whighshsa detachedeor i di ssekyad-ahterwdedentieniceavde he
unsupported film The filmis reduced to pignent size; ii) by wet or dry
chem calalemrped crneechdi ueEing hereby dePepesiting®Payers of material s
havi ng the desired physical paraneters onto the surfaces of already
existing particles (such as alum numflakes, mca, etc.); iii) by chemcal
pol ynerigmdnon shoctsses whevinaraextendedendhast verip&hrealblfy calicanged or
simlar liquid crystal te- rial is hardened_by ir cadi atl e
resul t3%fy SHeRtlY g sﬁbgﬁﬁ]ﬁ%n Jr]§ec%%?ﬁu?3§ 8nppg\r:8%t E?iﬁ'g%égﬂ%l %ﬁf[jﬁ:ig case
the i &Kif@r&PCrﬁi;@écﬁeﬁétﬁﬁéw'tlﬁefglbg@fhéﬁ@ peakedi eanpal arctiuardofirt he
refractive index in the arranged liquid crystal stack; iv) by providing an
al | - potamepusniwel l | ayewnswaes. as-described in US 3,711,176, and
commnuting it to pignment.

1) by physical vapour deposition techniques, thereby creating
a sheet of superposed layers which are plane and parallel
to each other. This is done on a suitable carrier which is
detached or dissolved afterwards to leave the unsupported

film. The film is reduced to pigment size;

ii) by wet or dry chemical deposition techniques, thereby de-
positing layers of materials having the desired physical
parameters onto the surfaces of already existing particles

(such as aluminum flakes, mica, etc.);

iii) by chemical polymerization processes where an extended
sheet of helically arranged or similar liquid crystal mate-
rial is hardened by UV irradiation and the resulting sheet
is subsequently comminuted to pigment flakes. In this case
the interference effect results from the periodic modula-
tion of the refractive index in the arranged liquid crystal

stack;

iv) by providing an all-polymer multi-layer sheet as described

in US 3,711,176, and comminuting it to pigment.

In the case of i) and ii) two basic design configurations are

possible for the multi-layer interference stack. The first of



In the case of i) and ii) two basic design configurations are possible for
the multi-layer interference stack. The first of WO 01/ 79365 PCT/ EPO /04262
3 the twwa@le193éts can be characterized as an all-di el ect r i RCKERMP4262
consisting of a periodic structure of alternating high and | ow i ndex
dielectric filnms. The other design type can be character- ized as a

met al -di el ectric systemand consists &f a periodic structure of
alternating partially transmtting, partially re- flecting netal and
dielectric layers on an alnost totally re- flecting opaque netal |ayer.

Thi s defd nifd afed Neldides, abd desrstgasi bagedsoant helFabeyeRendic resanat or
principle. Wiereas in all-dielectric designs the reflectance in a given

hi gh rasfisicst inmcet barreT ed Basesr WrEhr ehetnakbernaf 1per Péds, e fi'ghest
re- flectance of the netal-dielectrig de éggghstggglggﬁdbgl@ﬁg%éggéria

three]féfg? -1 AT opaque total%%ﬁrefﬁectlng al layer, a layer of a

di el ectzdd a@termet albrd ek oic t opsoémt Aedt obakhigtsr ef| ecierg ddyer havi ng

an index of refraction preferably not__exceedin .65 and, .arranged on top
the digietErice 1Qyetlternaeiid tP%ﬁ%ba}%ﬁttﬁ%P?i“%F%;%“?ef PE&E &%Ygfeer' of a

met al ©Ore el nOxd deandrofs P1éating pja?aeat $n anSYIWekE €oskNUGt Wee having
the sequence of dielectric and partially reflecting |ayer arranged on

bot h ofledtel murdmaess ofetde bureme Toial fgfiafréeni Agclager dld psferred.
Pignment, fl akes_consisting.of nulti-|a t or ethan £ hree
(asynﬁ%ﬁQW%k%%%?%n nr%%%g%?|5%?%éﬁ%%e¥§%8§gE??vgggﬂgg %ggedhlayers .
(synmmeixrl cd tebé g i haves oo tieenrdeiescahbedinnat pévshategof nefdeart and

are applicable as well. Coating conpositions_for praduci .Vi.ewi_ng- angl e
dependéﬁ@Cev%??%l%%ﬁ?%ﬁs%%l%ﬁt%ytﬂ%aﬂgmﬁ?riﬁFePFEE8ﬁ8e bggngﬁﬁhﬁ§§k%§'have

been exiensiyel Yodeses iheds1 HoWever e rt hefe8hgnakl athaekitquiad ready by
a three layer stack: an opaque totally reflecting metal layer, a
layer of a dielectric material arranged on top of the totally
reflecting layer having an index of refraction preferably not
exceeding 1.65 and, arranged on top the dielectric layer, a
semi-transparent partially reflecting layer of a metal or metal
oxide. For printing pigments, a symmetric structure having the
sequence of dielectric and partially reflecting layer arranged
on both of the surfaces of the opaque totally reflecting layer
is preferred. Pigment flakes consisting of multi-layer structure
of more than three (asymmetric design) respectively more than
five superposed layers (symmetric design) have also been de-

scribed in the state of the art and are applicable as well.

Coating compositions for producing a viewing-angle dependent
variation of color by means of interference pigment flakes have
been extensively described. However, they are all of a liquid

and/or pasty consistency before application.

US 5,059,245 and US 5,171,363 disclose liquid printing inks com-
prising optically variable pigments of type 1i). US 5,059,245
mentions as another alternative to incorporate the optically

variable paint flakes in a plastic material which may then be



and/ or pasty consistency before application. US 5,059, 245 and US 5,171, 363
disclose liquid printing inks com prising optically variable pignents of
type i). wdboimmo®és9, 245 nentions as anot her alternative to HGIZERpOs2Le t he
optically variable paint flakes in a plastic material which may then be WO
01/ 79365 PCT/ EPO1/ 04262 4 cast, nolded or extruded into a final article. In
the context of the patent specificat4on it is evident that said plastic
mate- rial having incorporated optically variable pignent flakes is not
meant as a neans for coating other articles, but is itself considered the

final articl ychL i d; Dyt hes i REOT ROE 8x 1 bi. O nOfe HePtdaldt of
vari ab aeStp’l gﬁ%ln#gq I%e%g%%)é%a%rlg %at ent, US 5,059, 245, teaches that the
aspecttkatpacaft dgwcioptdanl by variabéeipeghenhat| grésd P astisorhft™ in

that it helps to ensure that the flakes will nd_ei I hheir; fop and
botton?%?bé%a%&ﬁﬁrﬂﬂc?ﬁp?¥%ﬁ?deﬂaglc%§§ytH%fla#zg Pﬁgkgﬁguﬁga' ave good
flow choy ard £hd sid CS " mdanOr feF t8a€engl ophthearequilred beftf ect .itEedm this,
it is evident that the authors of US 5,059, 245_di d not c??SLder t he

possi bibnsidotedridze i hnah abticleal VHighr tabFelerfec LYby the HsF @At asi on
of a solid ¢oMpos| -, iﬁ“ngPSBiQigg QBLEcahLycyariabl e pignent. The aspect
ratio ?s daf'ﬂ% e lar -?

efi as genes o-thickness ratio of the fl akes.
Pl astic sheets having incorporated optically variable pignent flakes of

type i) have been described ip_US, 5,424,119, T | ast] .
oY bauchEE DYATAGTHEor Ut s ubPanZA atBTKeS mabaT! S AoFEL T Ry ol hat i ¢

stat e. cJhe fabric i@&ﬁé\ﬂl@éﬁigﬁeﬁ@t Frakky var habberpiagnentn ofhdtype Qi)
is described in EP 571 836, 68 329, EP 741 170 and EP 353 544. No
appl i catlpn t® eotude abhrasi bhewElekAg vorpospPfofd ther on thelr top

and bottom sides and not on their ends” and that “the ink should
have good flow characteristics” in order to develop the required
effect. From this, it is evident that the authors of US
5,059,245 did not consider the possibility of creating an opti-
cally variable effect by the mere abrasion of a solid composi-
tion containing optically variable pigment. The aspect ratio is

defined as the largeness-to-thickness ratio of the flakes.

Plastic sheets having incorporated optically variable pigment
flakes of type i) have been described in US 5,424,119. Those
plastic sheets are produced by casting or extrusion of a bulk

material in its thermoplastic state.

The fabrication and use of optically variable pigment of type
ii) is described in EP 571 836, EP €68 329, EP 741 170 and EP
353 544. No application in solid-abrasion writing compositions

is claimed.

Solid marking compositions comprising aluminum glitter pigments
are known from US 4,990,013. The aluminum pigments provide the
layer produced therewith with a glitter effect. The glitter ef-
fect is the better pronounced, the more disordered the pigments

are arranged in the layer. A disorderly arrangement provides a



is clained. Solid marking conmpositions conprising alumnumglitter pignments
are known from US 4,990,013. The al um num pi gnents provide the |ayer

producedythargyisth with a glitter effect. The glitter ef- Heqgipoiadshe
better pronounced, the nore disordered the pignents are arranged in the

| ayer. A disorderly arrangenent provides a WO 01/ 79365 PCT/ EPO1/ 04262 5

vari ety of planes and edges which reflect the incident light in a variety
of different directions thereby producing the glitter effect. No optically
vari abl e appearance is produced. The incorporation of pearlescent pignents,

i.e. mca flakes coated with titaniumdioxide, into solid-abrasion witing
conpo- varieorsOfi Peanerapdfs eIHES METIITSHIGSEd 4 755 ea%G l%ﬂg P

09078019 aI?Stgi g‘foﬁ'%*%%%%nFEagﬁ%%t%%sa HHRIMENG gl @ld Bhg Wihehgl devekops a
hi gh r8f TBELTV rigﬁtness and a lustrous color tone in particular on dark
ar eas, ef€gatni Ng bpansparnentvaon aliet erpeansase No& brtwrfdal col or shift
is observed. Pearlescent, or luster pignents, although they belong to the
class of interference pignents, do not exhibit the strong angl e- dependent

col or ghiftscwhbehaanerokgereed 1Wddeeptiiepdnt vari - abhicpi fhekes. This is
a direct consequence of their structure and of the inpossibility to
controboaheﬁrW@phi@aﬁa@awﬁhébéﬁ§ﬁ6701QﬂﬁzﬁQ%%qi%R%ﬁﬁigndWﬁh%h?? compe -

| owerefractive-index Q_J%_y: - 640 ¢ PlAatel R davi nge danpiess ghdabout 50
m and Fﬁ?% Heésldg'agou On%’n%ﬁ%% cghted on both sides with a thin |ayer of

hi gh- pebraotioveThedex n( ©f= thee thatamtemvdiox deaofing Meber hat eviical s.
This results in a trans ent, 3-layer .interference of
the i n@FYBALPE; 6h{ﬂ18§’ Fpe@%rle@& AP S & iatnCga Hi lul?né%'fox? dc\é\gfgegé?ﬁ%nd
part Oﬁniba&%iﬁ%ﬁ%@ck%gdﬂrﬁ'H%é&gﬂ(ﬁémaining transparent on white ar-

eas. No substantial color shift is observed.

Pearlescent, or luster pigments, although they belong to the
class of interference pigments, do not exhibit the strong angle-
dependent color shifts which are observed with optically vari-
able pigments. This is a direct consequence of their structure
and of the impossibility to control their optical parameters: To

obtain iridescent pigment, low-refractive-index (n = 1.6) mica
platelets having diameters of about 50 um and thickness of about

1 um are coated on both sides with a thin layer of high-
refractive-index (n = 2.0) titanium dioxide or similar materi-
als. This results in a transparent, 3-layer interference stack,
where part of the incident light is reflected at the top tita-
nium dioxide layer, and part of it is reflected at the bottom
titanium dioxide layer, interfering with the top-reflected light

after having traveled twice through the dielectric mica layer.

The thickness of the mica platelets of the order of 1 pum resulcs
on one hand in a larger number - 4 to 8 - of interference maxima
and minima throughout the visible range of the spectrum. Such an
amount of spectral features does not result in a defined color.

On the other hand, the thickness of the individual mica flakes



titanium dioxide |ayer, interfering with the top-reflected |light after
havi ng travel ed tw ce through the dielectric mca |layer. The thickness of
the mcawd e/ebets of the order of 1 .imresults on one IPAITEER/OR6Rar ger
nunber - 4 to 8 - of interference maxima and mni ma throughout the visible
range of the spectrum Such an amount of spectral features does not result
in a defined color. On the other hand, the thickness of the individual

m ca flakes WO 01/ 79365 PCT/ EPO /04262 6 cannot be precisely controlled, as
mca is a mneral which is mlled down to obtain the said flakes through

t he actl on_of aLur e descept ~Bi 9RERL Hisierkn GPRZEOUEANCE,
al vvays AP xkf%r -0 %??aﬁz ggﬁggﬂéé%l f%erenf: spect rzranll ghgr acteristics, and
whi ch,miireugholher b avst ainaddé t swednExkhgs tbgeubér thes@lctidm of white

appearance. As a consequenc titani um di oxi,de coat nnat sed
pp a%qlb’fajge%‘?%‘f??\%qp?ﬁﬁgﬁfcem)rpégmﬁngoll&’ Shi - t%?lr?gqgl%n%ae %%“pa%’éj

al | ows, HOWEYEE, ok O DRkak Nhividgseent ekkght shethkeal] @naefafcemstms,
parti cuI ar on dark backgrounds and at flat observation an-

effect@Cbeu}mgChlsetherﬁ@h et ok awdpyL prEeELVEn MITHES o CEAT % rFeo‘ifult%e
i ridescent ment f(lagllgﬁgcgn the final sub- strate is hereby not of
preen’ijnrén? oF t RS ence, for the skilled in the art, their
application by the neans of a solid- abrasion witing corrpositi onis to
resul tad ny t hengdeghefde ef E@@énltﬂs 8i8214604ckheached ctheamsetofbd iupadl as
crystal optically vari- able grrent fl akes % ype |||f) in li.quid co\?#
conposk t¢@her -gereprbangi R§IBPEF calPy ¢&r Fab CEoIFS ftipce &5

coat; ARSI ATpa0g, Logobnebat o, SLoLaclakes. bk shullommbumare
t he colwrparticular on dark backgrounds and at flat observation an-
gles, said effects being useful for color-copy protection. The
orientation of the iridescent pigment flakes on the final sub-
strate is hereby not of preeminent importance; hence, for the

skilled in the art, their application by the means of a solid-

abrasion writing composition is to result in the desired effect.

US 5,851,604 teaches the use of liquid crystal optically vari-
able pigment flakes (type iii) in liguid coating compositions
for producing optically variable color impression. Powder coat-
ing systems and incorporation of the flakes into bulk medium are

disclosed as well.

US 5,851,604 explicitly states the need, for obtaining the color
effects described, to have the individual pigment flakes ar-
ranged “as uniformly as possible over relatively large surface
areas, resulting in a homogenous spatial orientation of the
helical axes.” The authors teach that “the pigments can be ori-
ented by methods in which shear forces are exerted. Examples of
such orientation methods are spraying, knife coating, rolling,
brushing, air brushing, sprinkling, dipping, flow coating,
printing, casting, extrusion, blowing, calendering, dry coating,
fluidized-bed sintering, triboelectric coating, electrostatic

spraying, electrostatic coating, or lamination.”



effects described, to have the individual pignent flakes ar- ranged "as
uni formy as possible over relatively large surface areas, resulting in a

honogenoys, gpakil orientation of the helical axes." The mutpssdegach
that "the pirgnents can be ori- ented by nethods in which shear forces are

exerted. Exanples of such orientation nethods are spraying, knife coating,
rolling, Dbrushing, air brushing, sprimnkling, dipping, flow coating,
printing, casting, extrusion, blow ng, calendering, dry coating,
flui di zed-bed sintering, triboelectric coating, electrostatic spraying,

el ectrostatic coating, or lamnation.” WO 01/79365 PCT/ EPOL/ 04262 7

Sol i d-abrasion is not disclosed as a useful coatin t.hod for pplyi ng
these 6ptidarPyasapnabPelpFgRRRtdOSEld 3% & &S HlogiPrgtetomgf H%e%%%‘?i ﬁ%¥

exanpl | ' 215094 Kaveahs o halgnlde 0f arddemquasset hr osghca
quuidgéPngﬁan%agE ggg?%ﬁg ?nplies a bgﬁlEg i ng sté%, where the binder is
nol t enthal kowrknggt keappgrengivehakes Uo Sys loddntiereddrs fidizlbatthgPts done

in a pasty state_,of the coating c asi tj on, e n kes
are or ﬁeén?@ﬁsb§h§ﬁggg Poﬁ&gg%%pﬁaétFc-%%ﬁ@*ﬁﬁniﬁ§$¥§£n§§£§%$$ % %%%ty
state gt Beeppl dhBgemass, bwhaee tike mpilgrent dllakesiarsheorpiemedt by shear

forces; casting allows for pignment orientation by natu- ral effecés such
as grabiiekesolal 9eér eedentRIpakat 1GR3 % 15 | Tt & I T BY°

capi| | gy £ar 85.cand SuREAce chens! kel i | ATk o ibes thet opl asti C
bi nder nmel'ts, allowrng for an orientation of the flakes; etc. US
5, 851, 604 edebynmehates fakrsest he lase iof-nidlgliing cmpsitiss ¢t iwekhl 3 yPa@FY abl e

Fr om  REoE6nEEt ot TP BaP o Rond B THAE CRE S grere & e 1 orhe iad to
creat epGOkpka8f ffeetesi;Nc@sting allows for pigment orientation by natu-
ral effects, such as gravitational forces; in paint films, the
flakes are oriented by capillary forces and surface tension;
during lamination the thermoplastic binder melts, allowing for

an orientation of the flakes; etc.

US 5,851,604, enumerates also the use of liquid-crystal opti-
cally variable pigment in a variety of applications, among oth-
ers “writing utensils”. From the context it is clear, however,
that the pigments are to be used to create color effects in a
series of articles which are themselves final products (i.e. the
writing utensil itself is colored with OVP); said articles are
thus not considered as the means to create said color effects on
other products (i.e. an OVP-crayon is not even implicitly com-

prised in said enumeration) .

DE 198 20 225 Al refers to another category of optically vari-
able liquid-crystal pigments and claims compositions containing
them. Again, the context of the disclosure is centered on liquid
or pasty compositions, which are hardened after application. It

does not even implicitly comprise application by solid-abrasion.

It is one drawback of the prior art that the production of lay-

ers, documents or images exhibiting a viewing-angle dependent



series of articles which are thenselves final products (i.e. the witing
utensil itself is colored with OVP); said articles are thus not consi dered
as the maayA/bssscreate said color effects on other produ®C3/EPDI/@1262an
OVP-crayon is not even inplicitly com prised in said enuneration). DE 198
20 225 Al refers to another category of optically vari- able |iquid-crystal
pi gnents and cl ai ns conpositions containing them Again, the context of
the disclosure is centered on liquid or pasty conpositions, which are

har dened after application. It does not even inplicitly conprise

appl i cation by, ool idahrasian 44 | sronsostahackoobotbeeprhan ackeibat the
producfﬁ&ﬁ ay- ers,” docunents or 1nmages exhibiting a view ng-angle
dependenti pARrdl/ 65 RCTHEROL 0¥ 26218 rves | @t | ont vEdeds or TREQEPPESSE I e

consum n rocesses and cost equi nt uch as i ngi hi.nes or
extrudé#g¥PTﬁ§3Eﬁﬁp@§@P9§ régéu%ﬁﬁggggéﬁﬁékf*%s %ﬁé%k %Bg?gggg?ng

COpY- RLALEGH LU KNgsi slchyASs Shnaines ascwhagte. docunents. It was now
hi ghly surprisingly discovered that optically vari- able witings, i.e.

such that exhibit substantial color shift wth view ng angle, can,
successf wdsy rvev ohitgdinecdswihi sohgly dbreevorednt k3 hgCebhpesiti SRS i . e.
crayons,. conprising opti- cally .vari abl ig i n I irpder
matri @ Wﬁ Bt adBo F n° %tnt%}é bePt% h@%%ﬁ?%glsgg%?%?g?fguch as
paper . if@ab-idwendveatyl $) asdh csudtads €Iy 1Sol ddesiaeé wbraseonidagai nst
what one might intuitively think, apparently yields a sufficientt.glignnent
of thelyadic IMAREMBATERPHKeCRH the® subsi¥ate, a8™Pto°r8SufPP in a

wel | - pceiﬁ%} vgd-ang %#é&?é e &gk £ndependent i ngolk ohashikt wafichheanesul ting
witing.” T'n paftlcu r ans and nethods shall be provided for quickly
abraded in contact with a writing substrate, such as paper, fab-
ric, wood, plastic metal, etc. Solid-state abrasion, against
what one might intuitively think, apparently yields a sufficient
alignment of the optically variable flakes on the substrate, as

to result in a well-perceived and measurable angle-dependent

color shift of the resulting writing.

In particular means and methods shall be provided for quickly
applying anti-copy, anti-counterfeit or effect markings to a va-
riety of documents. The application of the markings shall not
require special know-how and shall not include costly eguipment,
time consuming preparation or special treatments of the layers

after application.

The objects are solved by the features of the independent

claims.

In particular they are solved by a solid marking composition as
writing means in particular in a writing instrument for produc-
ing hand-written anti-counterfeit markings, comprising a solid
matrix containing at least one type of optically variable inter-
ference pigment capable of producing a color-shift between two

colors at first and second viewing angles.



appl ying anti-copy, anti-counterfeit or effect markings to a va- riety of
docunents. The application of the markings shall not require special

know ho Il not include costly equipnment, time co i
preparar?@ﬂﬂg§g§pecial treatments of the layers after apg???g??gﬁézThe
objects are solved by the features of the independent clains. In
particul ar they are solved by a solid,marking conposition as witing neans
in particular in a witing instrunment” for produc- ing hand-witten
anti-counterfeit markings, conprising a solid matrix containing at |east
one type of optically variable inter- ference pignment capable of producing
a color-shift between two colors at first and second view ng angles. WO
01/ 79365 RCT/EPA [ 04 . As r . descrl - C i jttiions
conpr%ﬁrﬂf%ﬁﬁ$§ %%.%gg%%?ia%ﬁé %?%%%ﬁ?sgébgg 6§%§%fn%?ﬁgggfﬁg%pg?i are

Wi t howtal BAY £xCapLé opi @fenc s i dusdlosedf ia phst préomsistend. WEHHNOUEoN-

si stency was deened necessary. to brigg t he Elakes Lnt%nEIat q% fC%%r_allel
posi t i T IR EsPRcPl D aghIdt ABroand RPAEhYr &§PEEC TE “Ythe sir face of the

under | yi g, SUPSHL At §eedbi e 6EE 855 DaVBrbagntheveakateresponsitilze fsord t he
alignment of the flakes in said de- sired parallel position. 1) Right after
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gravitational . forces are i ' ' in lrglkes PaRld eledro the
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forces are effective in directing the flakes parallel to the

substrate surface (sedimentation). 2) This lay-down is enhanced
by the surface tension, created by the draft of the sclvent into
the substrate and by the evaporation of the solvent (drying).
The binder polymer furthermore tends to shrink and to pull the
flakes flat. 3) A further alignment help for the pigment flakes
can be achieved through a mechanical movement (draw-down), e.g.
during bi-axial orientation of the film. Summarized, a liquid or
pasty consistency of optically variable coating compositions or
bulk materials prior to application was deemed absolutely neces-
sary in the prior art to allow for alignment of the pigment
flakes in a parallel position to each other and/or to the under-
lying substrate, in order to obtain said viewing-angle dependent

color variation of the features.

It has now surprisingly been found that layers produced on a
substrate with the solid coating composition of the present in-
vention exhibits a color-shift between two colors at first and
second viewing angles, even though the coating composition is
not of a liguid or of a pasty consistency and thus even without
any of the mentioned alignment forces being effective. Seem-
ingly, the lay-down of the optically variable pigment flakes on

the substrate surface by mere abrasion from a crayon or pencil



can be achieved through a nechani cal novenent (drawdown), e.g. during

bi -axial orientation of the film Summarized, a liquid or pasty
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prior to application was deened absolutely neces- sary in the prior art to
allow for alignnent of the pigment flakes in a parallel position to each
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matrix_on the substrate is inmproved.by a erctf(ri B-adAr genesscnisk.
t hi ckhed%§Sr 3¥FFo (oF f‘ﬁgrf’lﬁgke +§F 6f%lsegsa%an( 1, pref- erably of a
rati opgf sgngat ek st hanapplylngThaemmeans temti iy Hdrakdslare (e aver age)
five tinmes larger (or wider) than thick. This assists in applying them
subst &aceabfytpar glbskErgégethe sur- face of the substrate. Contrary to the
coating conpositions of the prior art, the solid marking conposition of
the present invention does not forma filmafter being applied to the
subst caheraby kehehentobitlimy tompong tiroseses g B §90d@ iy dree solid
Cross&gkﬂﬁkggc%%égsgkﬁgg %E_the present invention does not form a
film after being applied to the substrate. NoO inherent film
forming processes like flowing and cross-linking take place af-
ter the application of the layer. In the context of the present
invention the term layer stands for any image oOr marking appli-
cable with the solid marking composition of the present inven-
tion. The terms film, film formation, film forming substances
are defined according to the definition given in Rompp Lexikon,
Lacke und Druckfarben, ed. U. Zorll, Georg Thieme Verlag, Stutt-
gart, 1998. The layer is formed by mere abrasion of the sclid,
pigmented matrix on the substrate. The solid matrix can be of
any material with sufficient hardness to be handled, yet soft
enough that abrasion of the material at reasonable pressure
against the substrate (such as paper or fabric) will result in

the matrix composition adhering to the substrate, particularly

when applied by hand.

Solid matrices for the fabrication of the solid marking composi-
tions e.g. for the production of pencils, crayons according to
the present invention are well known in the art. They are formu-
lated from combinations of waxes, resins, fatty acids, emol-
lients, colorants, fillers and other additives. Different types

of waxy or resinous materials can be used. Traditional crayons



ter the application of the layer. In the context of the present invention
the termlayer stands for any inmage or marking appli- cable with the solid
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mar Ki ng ©omposiéf akperiappd j esrebshrasr éasbhabbedpressuPeterert ¢d By a
human gﬁgrgkoﬁg (0.2 N and 5 N) on contact surfaces in the order of

between 0.05 mm? and 1 mm® are exerted on writing pens by their
users. The solid matrix is formulated such that the marking com-
position has good lay-down properties, preferably shows no flak-
ing and is easily used as writing instrument. The solid marking
composition of the present invention can be used to produce any
type of writing instruments, such as e.g. crayons, pencil leads,
etc.. Lay-down is a measure of the smoothness qualities with
which the solid marking composition transfers to the underlying
surface. Children in particular prefer crayons having good lay-
down since they make it possible to produce images, marks and

drawings while exerting minimal pressure on the crayon.

The said solid matrices may contain additional coloring agents,
such as dyes and/or pigments, foreseen they remain sufficiently
trénsparent in at least part of the visible spectrum, to display
said substantial viewing-angle dependent color variation. Trans-
parency is also dependent on the thickness of the layer of the
composition which is deposited on the surface of the substrate.
Any optically variable interference pigment which can produce a
color-shift between two colors at first and second viewing an-
gles is suitable for the solid marking composition of the pres-

ent invention. However, a preferred embodiment is a solid mark-



a matter of experience, pressures in the order of between 20 g and 500 g
(0.2 Nand 5 N) on contact surfaces in the order of between 0.05 MR and 1
nmm are Ryanibesson witing pens by their users. The sol i HCH&Poi/0d26%

fornmul ated such that the marking com position has good | ay-down
properties, preferably shows no flak- ing and is easily used as witing
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the opaque totally reflecting layer.

Such inorganic multi-layer interference stack can be produced by
both methods i) and ii). Whereas the pigment flakes produced by
method i) have a deep chroma and a strong color-shift with
variation of the viewing-angle, they can show lack of chemical
resistance in the surrounding medium. To the contrary the opti-
cally variable pigment flakes produced by the method ii) have a
considerable chemical resistance but weaker color effects. Pref-
erably optically variable pigment flakes are used in the present

invention which have been produced by method 1) .

In a further preferred embodiment the multi-layer interference
stack is of symmetrical design having arranged at least one of
said seguences (dielectric layer and semitransparent partial re-
flecting layer) on both of said first and second surface of the
opague totally reflecting metal layer. Preferably the dielectric
layer is of Si0O; or MgF,. Aluminum or aluminum alloys are the
preferred metals for the totally reflecting metal layer. How-
ever, metals such as gold, silver, copper, nickel or their al-
loys can be used as well. The semitransparent partially reflect-

ing layer is preferably made of chromium. However, materials



at | east one sequence arranged on at |east one of said first and/or second
surfaces of the opaque totally reflecting netal |ayer, said sequence

conpri si A9igl ectric layer with an index of refracti opcefepgfibidbz Or |ess
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Monel grohneensh eanche 4sgd allo@ielectric structure. Exemplary em-
bodiments of such devices can be found in US 3,858,977 (J.A. Do-
browolski et al.) and references cited therein. In particular,
five-layer structures of the types 2r0,/Al,0:/2r0,/Al,05/2xr0, and
72r0,/Si0,/2r0,/S10,/Zr0, have been used in practice (J.A. Do-
browolski, “Optical Thin-Film Security Devices”, in “Optical
Document Security”, 2% edition, R.L. van Renesse (ed.), Artech
House, London, 1998). Particularly useful are combinations of
titanium dioxide, zirconium dioxide or zinc sulfide for the high
refractive index material with magnesium fluoride or silicon di-
oxide for the low refractive index material. Other high refrac-
tive materials include transition metal oxides, cerium dioxide,
rare-earth sesquioxides, rare-earth trifluorides, cadmium sul-
fide and zinc selenide. Other low refractive materials include
lithium fluoride, calcium fluoride, aluminum fluoride and cryo-
lithe (NasAlF¢). “Low refractive index” refers to materials hav-

ing an index of refraction n of less or equal than 1.65.

In another preferred embodiment, metallic particles, such as
aluminum flakes, are coated by a dielectric layer of low refrac-
tive index material e.g. silicon dioxide, followed by a reflec-
tor layer of a high refractive index material such as iron(III)

oxide (Fe;03).



In a further preferred enbodi nent of the present invention a solid marking
conposition is provided having incorporated opti- cally variable

interferenc ment flakes conprising an all- dielectric Mol i Whi ch
IS forne§R6@f§% | east four alternat- ing |layers of at Ieag?ﬁbne | ow

refractive index material and at |east one high refractive index material.
A wde variety of low and high indeg_naterials known in the art can be
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e.g. silicon dioxide, followed by a reflec- tor |layer of a high refractive
index material such as iron(lll) . oxide (Fe2@3) ,

The solid marking composition can further include optically

variable interference pigments based on an all-polymer organic

multi-layer foil as described in US 3,711,176.

The matrix of the solid marking composition is defined as to in-
clude all components of the marking composition which are nei-
ther pigments nor fillers. The matrix does not contain solvents

which evaporate under standard application conditions.

The matrix is in general composed of a wax or a mixture of waxes
(saturated compounds) selected of the types mentioned above,
i.e. paraffin waxes, stearic acid, other carboxylic acids, car-
boxylic acid derivatives, polyethylene resins, polyethylene gly-
col resins, etc. Plasticisers may be used to improve the lay-

down characteristics of the matrix.

In a particular embodiment, the matrix may comprise as well un-
saturated components, such as unsaturated fatty acids or deriva-
tives thereof, and/or oxidative siccativating agents such as co-
balt stearate or the like, and/or photocatalytically active com-
pounds (sensitizers). These components allow to harden the laid-
down layer by a post-treatment (fixation) by heat (melting), ul-

traviolet irradiation, or oxidative siccativation. Such fixation



WO 01/ 79365 PCT/ EPO01/ 04262 14 A further preferred enbodinent is a solid
mar ki ng conposition wherein the optically variable interference pignent

fl akes oo Psisse a liquid crystal nmaterial, preferably appulEpnee4262 chol es-
teric liquid crystal material. In case the plgnent fl akes are of a liquid
crystal type or com prise an all-dielectric nultilayer structure,
evidencing the <color-shifting-effects may require a dark-colored or black
un- derlying substrate. The solid marking conposition can further include
optically variable interference pignents based on an all-polymer organic

mul ti-layer foil as _described in U the rS@lied
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siccativation. Such fixation
Further part of the present invention is a writing instrument
comprising the solid marking composition of the present inven-
tion. Such writing instruments have many applications. They can
be used for producing effects on documents and/or to authenti-
cate and copy-proof documents. They are useful to authenticate
official signatures in order to mark it as original. Thus fur-
ther part of the present invention is an optically variable
marking layer, preferably for authentication purposes, providing
a color-shift between two distinct colors at first and second
viewing angles produced with a solid marking composition, re-

spectively with the writing instrument of the present inventiocn.

The solid marking composition can additionally comprise further
pigments or fillers, in particular security pigments, such as
luminescent or magnetic pigments. In particular, the marking
composition can also comprise optically variable pigment with
incorporated additional security features, such as luminescence
or magnetic features, tied to the optically variable pigment’s
own dielectric and metallic materials. The marking composition

can also comprise a plurality of different optically variable

pigments.



WO 01/ 79365 PCT/ EPO1/ 04262 15 nmay be desirable to increase the durability
(resistance) of the laid-down layer. In the context of the present

i nventi ofygdifodegr m col or is de- fined according to the Cl BcARPOYy8426In The
terms "semitrans- parent”, "transparent”, "opaque", "totally reflecting"
and "par- tially reflecting"” all relate to light in the visible range of
the el ectronmagnetic spectrum i.e. haei ng wavel engths in the range of 400
nmto 700 nm Further part of the present invention is a witing instrunent
conprising the solid marking conmposition of the present inven- tion. Such

witing instrupents have nany applications. f ar duci n
ef f ect S P Uocunii Qﬁuﬁ?ﬁpg%lgg?%e%??-lﬁa %Pg%ﬁﬁggﬁyggﬁ %?ggbgﬁﬁgﬁﬁé. °
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original. Thus fur- ther part of the present invention is an optically

vari abind Ufarki 4P 1@8%r, preferably for authentication purposes, providing
a color-shift between two distinct colors at first and second view ng
angl es produced with a solid marking conposition, re- spectively with the
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can al’so conprlé% a plurality of different optically variable pignments.
written preferably anti-counterfeitable markings on documents.

The solid, abrasion-depositable marking composition according to
the invention is further illustrated with the help of the fig-

ures and of the following formula examples.

Figure 1: depicts schematically the object of the invention

Figure 2: shows the spectral response curves of a paper sur-
face coated with green-to-magenta and blue-to-red
OVP-crayons prepared according to example 1 given

below, such as obtained.

Figure 3: shows the spectral response curves of a paper sur-
face coated with green-to-magenta and blue-to-red
OVP-crayons prepared according to example 1 given
below, after a short heat treatment, such as might
be required for permanent fixation of a hardenable
(cross-linkable) embodiment of the composition ac-

cording to the invention.

ExamEles



WO 01/ 79365 PCTI EPOL/ 04262 16 The solid marking conposition can in
particul ar conprise foren- sic marking conpounds and particles, as

descri begyd ;88934315 and US 6, 200, 628. The sol i d nmar ki n(pQIGEROSH#IGR 0N
according to the invention can be applied to any substrate by all of the
met hods known in the art for applying such conpositions. Part of the
present invention is further the useepf a plurality of optically variable
pi gnent flakes in particular in a witing instrunment for producing hand
witten preferably anti-counterfeitable markings on docunents. The solid,
abr asi on-deposi tabl e marking ¢ Sitl I t invepiion is
furt hefni ?ﬁgs’??‘ﬁ?‘@ SR t ﬁﬁthoﬁgﬂggofgmgn%?%g &é(}ge atgldo%ﬁﬂhlgyf ol | owi ng
formul acgxenplest Bogur eclyidepi at paschemtiicdl was Heowigecintf ¢ hen-
invention Figure 2: shows the spectral response cu Ves<§”s££é§%§§n§§y' face
coat edgaFef g¥eéeRdesSmmgents A5G pPSedt GHFEE™ OF Tr ayons prepar ed
accordifgiLg exapbe cl Obuepe delow. Sueh Asoltainesn i glire/ch Shois the
spectral Tesponse curves of a paper sur- face coated with green-to-nagenta
and bl wertoused tEVRrdrtayons pppepar §dbacdcor MR t drabddnpi s PR Berl ow,
after a shoit heat treatnent, such as mght be required for pernmanent
fixati bA*of 8 hardenabl e (cross-1inkabl e) enbodi nent of the conposition
ac- cording to the invention. Exanples WO 01/79365 PCT/ EPOL/ 04262 17 In al

exanpl es, the formula conponents were thoroughly m xed
Example 1 (elementary formula)

5.0 g stearic acid

5.0 g OVP green/magenta (FLEX Products Inc., Santa Rosa, CA )
flaky optically variable pigment (viewing angle depend-
ent color shift green-to-magenta), produced by physical

vapour deposition on a flexible web.

Example 2 (formula with luminescent pigment)

4.0 g stearic acid

1.0 g Carnauba wax

1.0 g Castor oil

5.0 g OVP ED 1821 (BASF)

optically variable interference pigment produced by wet
chemical coating of flattened aluminum particles with a
dielectric layer of Si0;, followed by chemical vapour
deposition in fluidized bed of a reflector layer of
Fe,0s3.

1.0 g Lumilux Green CD 140 (Honeywell Specialty Chemicals,

Seelze, GmbH) UV to green luminescent pigment

Example 3 (formula with magnetic pigment)

4.0 g stearic acid



together at 80C to yield a paste, which was fornmed into el on- gated
cylinders, to be used as a crayon-lead, and subsequently cooled to anbient

t enper at '\5\/5“ 76 resulting solid crayon leads were used tgrmgpdiR4f3 Paper,
fabric, % nmetal and plastic ma- terials. Exanple 1 (elenentary fornula)

5.0 g stearlc acid 5.0 g OVP green/ magenta (FLEX Products Inc., Santa Rosa,
CA flaky optically variable pignment {(view ng angle depend- ent color shift
green-to-magenta), produced by phy5|cal vapour deposition on a flexible
web. Exanple 2 (formula with |um nescent pignent) 4.0 g stearic acid 1.0 g
Carnauba wax 1.0 g Castor oil 5.0 g OVP ED 1821 (BASF) optically variable
i nt er fererte pi grAMMMYIIGRE RPIRLE Wwet "¥FReni cal coating of flattened

al um rticl t ayeba0Et Si Phc . fobbﬁW@de%thﬁnmca|
vapou?yqjég05|tlé¥?:%#%% JQ¥§h§£egF%%kayreflector | ayer of Fe203 . 1.0 g
Lunmi | ux G een C[f]]aﬂQJ(dﬂn'ue:)a/\b]ly @vemlal@ypm@ﬁném ¥ilewspg| 2@91ew*6i|fbpet9@-to

green | um nescent nt §§ le 3 (for BSFbgdpb %1%&@ g
stearic acid WO Y1 tf?%ggﬁ %%géﬁ?% GEonﬁgg %t [23? ting I n wax
3.0 g OVP green/y@mgant adddddt Roduct s fD@x;bBanWebRosa CA) flaky
optically variabl e pignment (V|emnng angl e depend-
2.0 g OVP ED 1821 (BASF)
optically variable interference pigment produced by wet
chemical coating of flattened aluminum particles with a
dielectric layer of Si0O;, followed by chemical vapour
deposition in fluidized bed of a reflector layer of
Fe,03.
1.0 g magnetic oxide B-350 M (MAGNOX)

Example 4 (formula with IR luminescent pigment)

4.0 stearic acid

1.0 polyethylene glycol 17'500 (Fluka)

3.0 OVP (Wacker Chemie SIM 41101 green-to-blue)
optically variable interference pigment flakes compris-
ing polymeric cholesteric liquid crystal material

1.0 g YVO,:Nd (Honeywell Specialty Chemicals, Seelze, GmbH;

IR-CD 139)

Example 5 (formula with forensic coding pigment)

4.0 g stearic acid

5.0 g OVP green/blue (FLEX Products Inc., Santa Rosa, CA )
flaky optically variable pigment (viewing angle depend-
ent color shift green-to-blue), produced by physical
vapor deposition on a flexible web.

0.1 g (Y, oNdo 3Gdo 4ETro.2¥bg 1) 028 forensic coding material ac-
cording to W09934315.



ent color shift green-to-nmagenta), produced by physical vapour deposition
on a flexible web. 2.0 g OVP ED 1821 (BASF) optically variable interference

pi gnent pr by wet chem cal coating of flattened al Mebicl es
thoa SEREEE o R

with a c layer of Si02, followed by chem cal vapour eposi tion
in fluidized bed of a reflector Iayer of Fe203 . 1.0 g magnetic oxi de B-350
M (MAGNOX) Exanple 4 (forrmula with Igé um nescent pignent) 4.0 g stearic
acid 1.0 g polyethylene glycol 17'500 (Fluka) 3.0 g OV/P (Wacker Chem e SLM
41101 green-to-blue) optically variable interference pignent flakes
conpris- ing polyneric cholesteric liquid crystal material 1.0 g YVO4: Nd
(Honeywel | Specialty Chem cals, Seelze, GH, | R CD 139) Exanple 5
(formula with forensic coding pignent) 4.0 g stearic acid 5.0 g OVP
green/ bl ue (FLEX Products Inc., Santa Rosa, CA flaky optically variable

pi gentx 4 Bav 619 ( Bonghel alepinil-maghetdboPVEBhi ft green-to-bl ue), produced by
physi cal vapor deposition on a flexible web. 0. 1 g

(Y1.ONdO. 3CGdo. 4Er 0. 2Ybo. 1) 02S forensic coding material ac- cording to
W99343815. ;WO 0%&%&%@5;3§}&£PC&/04262 19 Exanple 6 (formula with nmagnetic

OvP) 2.0 g stearic acid 2.5 g OVP green/blue magnetic (FLEX Products Inc.)
2.5 g OVP green/blue magnetic (FLEX Products 2

optically variable pigment flakes with viewing angle
dependent color shift green-to-blue, produced by physi-
cal vapor deposition on a flexible web, having magnetic

nickel as the totally reflecting layer.

Example 7 (formula with luminescent OVP)

4.0 g stearic acid

5.0 g OVP green-to-blue luminescent
optically variable pigment, produced by physical vapor
deposition, having a metal-dielectric-metal layer se-
quence comprising a LaF; layer, doped with euro-

pium(III) ions, as part of the dielectric layer.

Two compositions, prepared according to formula example 1 given
above, and containing, respectively, green-to-magenta (g/m) and
blue-to-red (b/r) optically variable pigment of type (i), were
used to apply indicia on paper. The optical parameters and spec-
tra (Figure 2) of the so coated surfaces were measured using a

two-angle colorimeter manufactured by PHYMA.

The CIELAB color parameters were measured at near orthogonal ob-
servation angle (illumination at -22.5°9; observation at 0°) and
at near grazing observation angle (illumination at -45°; obser-

vation at +67.5°). The angles refer to the normal to the plane



optically variable pignment flakes with view ng angle dependent col or shift
green-to-blue, produced by physi- cal vapor deposition on a flexible web,
havi ng nR@NRIbses Nickel as the totally reflecting layer. kecargrorodzes forml a
with lumnescent OVP) 4.0 g stearic acid 5.0 g OVP green-to-blue

| um nescent optically variable pignment, produced by physical vapor
deposition, having a netal -dielectrigpnetal |ayer se- quence conprising a
LaF3 | ayer, doped with euro- pium(lll) ions, as part of the dielectric

| ayer. Two conpositions, prepared according to formula exanple 1 given

above, and containing, respectivel reen-t o- and 33 -
bl ue- taf rté @FROL optiEdlt u%a?’il‘gbg%u%i %ﬁ%rrll% %]fqatg?/%qéé(i(D m\f/el;%g dulsrgcf to

apply é{gﬂéﬂé}gﬂ]ﬁggggctT@@ @@éiﬁ@im@ar@ﬁeaep$aaadospeogomﬁé R ddree 2) of
the so coated surfaces were neasured u5|n§ a tmo-aagle col,ori et er

manuf aetame b byt RHWPe Thel T ERARR e5PBr 2par ahefErEt Fe 2MEAS T 85 At near
ort hoganal ob-. servation (illum i <+ 32 sBe cohser watflet tatorD)
and z§£9ﬁ§ﬂ iﬁ%éﬁ%ﬁVo %%?%%%?%h %%g?%a?%l?gn?ﬁgtionéét -45; obser- vation
at +67=&aitiwnh angles refer to the normal to the plane WO 01/ 79365

PCT/ EPO1/ 04262 20 of the paper, and m nus and plus signs indicate opposite
direc- tions with respect to the normal in a plane orthogonal to the plane
of then?% 8l odd | el nag i @nnaad (akbseryatibenobaghesdvere ahnsert isldtgid y
different, in order to avoid specular reflection ondition. The chroma
(C) aaﬂpfmmsi¢ﬁ)oﬁatneSVbbuaiEédparéeavaéaﬁPﬂpéti N98¢pressi on of the

vi sual | y perceived col or change:

C* h*
g/m (-22.5°/0°) 14.4 153.7
g/m (-45°/67.5°) 10.4 354.4
b/r (-22.5°/0°) 23.2 265.4
b/r (-45°/67.5°) 9.9 351.2

It is thus evidenced that simple writings applied on paper using
the solid marking composition of the present invention show pro-

nounced angle-dependent color change.

The same samples were also subjected to a short post-treatment
with heat (100°C for about 10 seconds), in order to simulate the
effect of a post-fixation step, which can be designed such as to
result in a crosslinking of the binder, to render the applied

indicia indelible, i.e. resistant to solvents, laundry, etc.

The CIELAB parameters and the spectra were measured again at the

same angles (Figure 3). The following chroma and hue values were
obtained:

C* h*
g/m (-22.5°/0°) 35.7 155.5

g/m (-45°/67.5°) 25.8 6.5



C*h* g/m (-22.5/0)14.4153.7 g/ m (-45/67.5)10.4354.4 b/r(-22.5/0)23.2265.4
b/r(-45/67.5)9.9351.2 It is thus evidenced that sinple witings applied on
paper usywpdibie solid marking conposition of the presentPCHEEM/G40Q6R Show
pro- nounced angl e-dependent col or change. The sane sanples were al so
subjected to a short post-treatment w th heat (1000C for about 10
seconds), in order to sinulate the efiffect of a post-fixation step, which
can be designed such as to result in a crosslinking of the binder, to
render the applied indicia indelible, i.e. resistant to solvents, |aundry,
etc. The CIELAB paraneters and the spectra were neasured again at the sane
angles (Figure 3). The follow ng chroma and hue val ues were obtained: Cth*
g/ m (-R2 5[ 0)3557165)5 g/ m (-45167%& 5) 25. &&=&%. ONO 01/ 79365 PCT/ EP01/ 04262 21
b/ r (-22.50/00% 31.6 258.0 b/r_ (-45/67.5) %;3 10.9 The heat treatnent

i ntrodeted(=2sf7/ghtS@hange in t3% hue val Ues ® (pl ease note that the h*

val ues are cyclic in 360), but it did not change the substanti al
perception of the colors and of the color changes. It is thus confirned
that mere solid-abrasion of a solid coating conposition results in a
sufficient_aljignment of, the_optically p.abl [ t i sto
al | ow T8F BHRC EE%aBWeQBI?Bﬁﬁﬁgggggngcgg?éﬁg 8@@%@%???5ﬁé“??f%?&%??@ﬁg an
easy, (please note that the h* values are cyclic in 360°), but it did

not change the substantial perception of the colors and of the

color changes. It is thus confirmed that mere solid-abrasion of
a solid coating composition results in a sufficient alignment of
the optically variable pigment flakes, such as to allow for the
use of solid-abrasion coating compositions (crayons) as an easy,

hand-applicable anti-copy means.



hand- appl i cabl e anti-copy neans. WO 01/ 79365 PCT/ EPO1/ 04262 22 C ains 1.

Solid marking conposition as a witing neans, in particular

inawiting

t ool for yihpsésng a hand-witten anti- counterfeit marki rRETUEPE/0816RSE I at e,

said conposition com prising a solid matrix which nmay cont ai

n additi onal

color- ing agents, and at |east one type of optically variable pignent
whi ch shows substantial view ng-angl exdependent color variation,

characterized in that the marking conposi- tion is abradabl e,

to deposit

during witing a layer of the conposition, including said pignent, on said
substrate, to create a marking having view ng-angl e dependent col or

vari atTH™s. Conposition according to claiml1l, wherein said pignents are
flat, thin-filminterference pignents having an aspect ratio of not |ess

than 2 : 1, preferabl%,greater than 5 1. 3. Cbnposi%gggsacgg{ | ng $9,6lai m
¥

1 or 21.char2et&dipad

PO EREPOSAFHCRRRFi & S SdfFi Crentl'y transparent in

at least parl of,bheiy;stpbe 2pechEuauLard sphanasaid csubstanti

Vi ewi ng- angl @ "dependent~co

or variation. 4. A solid marking co

] osition
accordi ng tocenetefféhe paskedg bngacbabﬁﬁraﬁﬁeréﬁﬁdtﬁ@mﬁﬁﬁ%£$3%/Q&Wiable
pi gnents com grlse an iﬂorgankc.nul Eb%aXSQ_Eggpaghlg@&ygygﬁgfﬁggaoﬁiack,

7 ot 'y refl i

P8¢ atkSPnefulf

said nulti-IH §ran"opague, ‘tota

ecting netal

| ayer, which;pgYageABE] Sgnat her 1kayer sne saipe ot apity cedflivectani s er
having a first "and a second surface and .at | east. _one sg%ue({%cpeerﬁér@pged on

at | east onepigment which shows substantia viewing-ang

color variation, characterized in that the marking composi-

tion is abradable, to deposit during writing a layer of the

composition, including said pigment, on said substrate, to

create a marking having viewing-angle dependent color

variation.

2. Composition according to claim 1, wherein said pigments are

flat, thin-film interference pigments having an aspect

ratio of not less than 2 : 1, preferably greater than 5
1.
3. Composition according to claim 1 or 2, characterized in

that said matrix is sufficiently transparent in at least

part of the visible spectrum to display said substantial

viewing-angle dependent color variation.

4. A solid marking composition according to one of the preced-

ing claims, wherein the optically variable pigments com-

prise an inorganic multi-layer thin film interference

stack, said multi-layer stack including an opaque, totally

reflecting metal layer, which may comprise other
said totally reflecting layer having a first and
surface and at least one seguence arranged on at
of said first and second surfaces of the opaque,

reflecting metal layer, said sequence comprising

layers,
a second
least one
totally

at least



of said first and second surfaces of the opaque, totally reflecting netal

| ayer, said sequence conprising at |east WO 01/ 79365 PCT/EPO /04262 23 one
di el ectringd?eds W th an index of refraction of less or equairo/462 1. 65
and a semtransparent partially reflecting netal or nmetal oxide |ayer,
whereby the dielectric |ayer of said sequence is disposed adjacent next to
the opaque to- tally reflecting |ayerzz 5. Solid marking conposition
according to claim4, wherein the nulti-layer interference stack is of
symmetrical design having arranged at | east one of said sequences on said

first and said second surface of the, opaqt t all &= Jdclie6t id¥0 laeror 6.
Sol i d narkidﬁ“%dﬁb%g?T?Bﬁcaiﬁg?ﬁiWégpogﬁlgﬁﬁ%g,g3héfgiﬁCtéaid opaque °r
totally reflggtino-n@hal . kayendi s semptetsbparsutr pamdéd 1By ateflesdtinshe of

sai d sequences. 7. A solid marking conposjtion accordi.ng tQ _ane -of the
claims 1 tongtahher enetahi exspei gabfﬁy VAPEEBPY EF‘S &teqcec‘fqrﬁ)rrlicsésayealhn ot

inorganic all-die | ths t Bhpakihm haker ker ten weko-said
st ack conpri%?g% %?8*%%§?n¥%u§lkgég%g E?ﬁaadjacently differgﬁfﬁ%ielectric
materi al s. 8taBbbyidefibekinggcoapesi-tion according to one of the clains 1
to 3, wherein the optically variable interference pignents conprise a

liquid crystal material. 9. Solid marking conposition according to one of

the clgims 1got 0d3mavhengi Bohpeseptibeakbyovdingble icikenf erendegsignenite s
an all-polynmer organic nulti-layer foil. 10. Solid narkin onposi tion
accor di ng t omehelolayde eNBRRESICNES 9Lafker&i ATt FE™EHIN d St r15C Bhpri ses

a wax or a nké%yﬁs arranged at least one of said seguences on said
first and said second surface of the opaque totally re-

flecting layer.

6. Solid marking composition according to claim 5, wherein
said opaque totally reflecting metal layer is completely

surrounded by at least one of said seguences.

7. A solid marking composition according to one of the claims
1 to 3, wherein said optically variable pigment comprises
an inorganic all-dielectric multi-layer thin-film interfer-
ence stack, said stack comprising at least four layers of

adjacently different dielectric materials.

8. Solid marking composition according to one of the claims 1
to 3, wherein the optically variable interference pigments

comprise a liquid crystal material.

9. Solid marking composition according to one of the claims 1
to 3, wherein the optically variable interference pigment

is an all-polymer organic multi-layer foil.

10. Solid marking composition according to one of the claims 1
to 9, wherein the solid matrix comprises a wax Or a mixture

of waxes selected from the group consisting of paraffin



of waxes selected fromthe group consisting of paraffin WO 01/ 79365
PCT/ EPO1/ 04262 24 waxes, carboxylic acids, in particular stearic acid, car-

boxylic ﬁ&hﬂngﬁ%ivatives, Carnauba wax, polyethylene res- pchspo1/04262
pol yet hyl'eneglycol resins. 11. Solid marking conposition according to one

of the clains 1 to 9, wherein the solid matrix conprises conponents se-

| ected fromthe group consisting of unsaturated fatty acids and
derivatives thereof, oxidative siccativating agents, and

photocatal ytically active conpounds (sensitizers). 12. Solid marking
conposition according to one of the clainms_1. to_11, char.acter.ized,jn that
it conprisesWaXes eaSETBABY AYC AFt BnaFnsgéﬁg?FyeﬁFgﬁgﬁffﬁchaﬁgffigﬁ]gr a

| um nescent 6&£§1D§“£ 05 8ePRgREt 6Pl ARARUubA3wWaSQ! ipd 1RAkiyigrEomEasi ti on
according to one o the claims 1 to 12, wherein the optically variable

pi gment has adsli tpohyeahyyeheaglineséenespnéperties. 14. Solid marking
conposition according to one of clainms 1 to 12, wherein the optically
vari abl e pignent has additionally magnetic properties. 15. Witing

i nstrupent cosPidShagkangotbrpoBLking eonpedingono areorcdi fda ¢ lerianofl t he
preceding clains. 16. Optically variable,narking.l%yekﬁﬁprefe%%ﬂggjor

aut henti - catPoh: pirpBESes, thRoFPAAgMatEoFoF BRI et T 1o dis- tinct

colors at fi{ste df§8ﬁ°€ﬁev%§8hﬁgcéﬂgh@%gngab@ MRt U@ SRR Mg tyF ertiichd
with a solid marking conpositTion accord- ing to one of the clains 1 to 14.
WO 01/ 79365 &RCT/ &P0iven28es25hereof, oxidative siccativating agents,

and photocatalytically active compounds (sensitizers) .

12. Solid marking composition according to one of the claims 1
to 11, characterized in that it comprises at least one ad-
ditional security pigment, in particular a luminescent pig-

ment or a magnetic pigment.

13. Solid marking composition according to one of the claims 1
to 12, wherein the optically variable pigment has addition-

ally luminescent properties.

14. Solid marking composition according to one of claims 1 to
12, wherein the optically variable pigment has additionally

magnetic properties.

15. Writing instrument comprising a solid marking composition

according to one of the preceding claims.

16. Optically variable marking layer, preferably for authenti-
cation purposes, providing a color-shift between two dis-
tinct colors at first and second viewing angles, said mark-
ing being produced with a solid marking composition accord-

ing to one of the claims 1 to 14.



17. Use of a solid, abrasion-depositable marking conposition neans
conprising a solid, abrasion-renpovable matrix and at |east one type of

opti cal | ywweyai/193kd € pi gnment whi ch shows substantial view rRETAERII®42Rpendent
color variation to de- posit a layer of the conposition, including said
pignent, on said surface to create a marking having a view ng-angl e
dependent col or variation. 25

17. Use of a solid, abrasion-depositable marking composition
means comprising a solid, abrasion-removable matrix and at
least one type of optically variable pigment which shows
substantial viewing-angle dependent color variation to de-
posit a layer of the composition, including said pigment,
on said surface to create a marking having a viewing-angle

dependent color variation.



