Pi ezochrom c security elenent Field of invention The present invention is
inthe field of security docunents. In particular it is about a reversibly
pressur e-wonsiwilyesdevi ce whi ch can be i ncorporated i nt eCT@®P2@bfos45etd ont o,
or printed onto a security docunment, and which exhibits a visible color
change under a noderate applied pressure, such as can be produced by a
human finger. State of the art Piezochrdm c devices, which reversibly
change color with applied pressure, are known in the art. EP-A 0 530 369
(Myashita) discloses an indolinospirobenzothiopyran derivative which is
obtained as m crof me orange-red crystals. Upon application of noderate
pressure - rubbing of the surface of a coating conprising them- , these
crystals turn into a brilliant deep blue, and remain so until they are
exposed to visible light, where upon they turn back to their initial orange
color. WO-A 03/089227 (Lutz) discloses an application of piezochromc
materials as pressure indicator in the cover layer of aroll used in a
paper maki ng qpchi e. M%)Ar%00§/qg 995 (Leroux) is about a reversible

pi ezochrom c i pplied in the formof a printing ink,
e.g. to protect banknotes fromfor gery. The system conprises the

conbi nation of an electron donating conpound and an el ectron accepting
conmpound. S Th&J & invgntigBnat i ng conpound is a ionochronic substance, in
this case a ] . . I : I NgT.COM: . exhi bi t
acidity hi ghWgﬁ%ﬁ%ﬁﬁ%ﬂé‘@ggéFsolﬁxpﬁgagg’?téécq‘glﬁ‘ﬁcg‘%g{r%& o%&@%gﬂ%ggﬁ%f when
brought in cantattibiydrésstifeeschsitivedevidauvhicvarebwingbrpboutal inwyof affixtde
reversibility of the color chan Bot h types .of ound%lar conbi ned in

e. . CQf
a onto, or printed onto a securlg[y document, and which exhibits a visible color
change under a moderate applied pressure, such as can be produced by a human

10  finger.

State of the art

Piezochromic devices, which reversibly change color with applied pressure, are
15  known in the art. EP-A 0 530 369 (Myashita) discloses an indolinospiroben-

zothiopyran derivative which is obtained as microfine orange-red crystals. Upon

application of moderate pressure — rubbing of the surface of a coating comprising

them —, these crystals turn into a brilliant deep blue, and remain so until they are

exposed to visible light, where upon they turn back to their initial orange color.
20

WO-A 03/089227 (Lutz) discloses an application of piezochromic materials as

pressure indicator in the cover layer of a roll used in a papermaking machine.

WO-A 2005/092995 (Leroux) is about a reversible piezochromic system which
25  can be applied in the form of a printing ink, e.g. to protect banknotes from for-
gery. The system comprises the combination of an electron donating compound
and an electron accepting compound. The electron donating compound is a iono-
chromic substance, in this case a pH-sensitive dye. The electron accepting com-

pound must exhibit acidity high enough to develop the color of the ionochromic



coating conposition and applied to a substrate. Upon application of
pressure or friction, a strong col or devel ops, which fades away within a

m nut e orwowo1o/iibespri nci pal di sadvant age of the syst empofl/BRE» 140243095/ 092995
in security print ing applications is the considerable tine it takes the
systemto revert to its original state after the application of pressure
and the conconitant col or change. A pieZochromc system exhibiting rapid
reversi bl e color change with pressure, in both directions, would be highly
desirabl e. Sunmary of the invention The present inventors have now

sur pri si ngl y compoghd Wwhdén arofightliy coreye vaihbthe Jatteg ut oy ereagh ikonglgyw &xochr om ¢
devi ce, useful for |ication as a securit | ement on va |.ue docunents,
banknot es. ette everaRy of ol dRatkee; Hathyuadhol spmaounde fes biped S al

not ewor t hy a cpRaladdinfRkitiBh e hfIRd td RRUBEMRY SipBh YpRiBASE B AElersSacurity

el ement of the present invention is based on a cp?]ect]on of optically
contrasting piigmant sperg ¢adéretsyelopsipriiigetidenavanyf withmarmmutsouttivag | ayer of an
el astic pglyner. The present invention discloses as well a coating
conposition for the production of a reversibly piezochrom c security

el ement, conmmepriagipal disddveahsost thE syaRinh 6AWQLACZOUSIBIDONth Rea@®prinpar ti cl es
inaliquid or pasty polynerizable precursor nono nmer or oIi%oner, able to
i

be cured to & @IPAsttians doihe gonsideretie tigw iblgkes the sysédnaée feyerd & ftorigipdn
. ) . ' . | "
orTontati on SRR B e Rlon' TP FLBRhE BN Bk AGE AR BT 07 °

col or change zogirumiv dybenogdhiltahd yapabirtedibld cudoruhapgs with pfesture, ipibgtient
particles. Said visible color change in response to conpression or

el ongati df i “P@%E@§Wﬁﬂ@%e?ﬁﬂﬁhgﬁya@%on rel ease of the external pressure,
t he arrangenent of

Summary of the invention

The present inventors have now surprisingly found that a fully reversible, rapidly
15 reacting piezochromic device, useful for application as a security element on va-

lue documents, banknotes, etc., can be realized on the basis of a different physical,

noteworthy a mechanical principle.

The reversibly piezochromic security element of the present invention is based on
20  a collection of optically contrasting pigment particles, comprised in a film or a

coating layer of an elastic polymer.

The present invention discloses as well a coating composition for the production
of a reversibly piezochromic security element, comprising a collection of optically
25  contrasting pigment particles in a liquid or pasty polymerizable precursor mono-

mer or oligomer, able to be cured to an elastic solid.

In the so obtained elastic solid, upon compression or elongation of the elastic
polymer, the density and/or the orientation of the pigment particles changes; this
30  results in a visible color change, given the optically contrasting property of the

pigment particles. Said visible color change in response to compression or clonga-



the pignent particles in said elastic polynmer reverts to its initial state.
The visible color effect can be perceived either in the vicinity of the
pressur e wWRentomng28o00l , or fromthe back side of the depczEPRdlobBsSIDack
side is visibly transparent, or else through the pressure exerting tool, if
this latter is visibly transparent. The collection of optically contrasting
pigment particles, in the present context- means any kind of pigment
particles or any mxture of pignent particles which are visible within the
el astic polyner. The pignent does not necessarily need to be of a sane
singl e type, tibhes wetisidid, inthapfuppn grient optctekicted preayure, s arcorgomieseofvar i

ous types of pignents tevvorth ne or nore s. of osen from
Che 11 Fow nde BRERRC iAoy RBHETsBr 8P BB Gy et gl Bt 18° Splliy

non- spheri Ca'col%?@ﬁ@et chilb Ngéﬂ'cél%d githdr hﬁme%ﬁ&nlﬁﬁﬁﬂh@pr&hﬁ@eﬁk&ﬁg %ﬁb@ or

fl ake- shaped particles. referred pignents for enbodying this

i nvention ar éromhthetbaglnsidé pfirlmerdm/ler fféhe béWd@le’l ig wistitly franspaysar.or elsb ar t he

optically_vari abl.e nent.s_di.scl ose 00: US. 4,705, 356; US
EPYITcE B Lo diliale

4,721, 271° and"PH8 REVELETHRE 0 08 Pent s conprise a

Fabry Perot reflector / dielectric / absorber Iayer struc ture, wherein the
reflector is preferably of a nmetal, such as alum nium chrom um nickel, or
a netal all on hetakecdipn 06 eptiGally icgntipsting pigmapt partigggrie Slanirienteritad (MF ) or

of silicon diy hg&;ﬂTlﬁh&)o} Al %J}ﬁfléﬁéroa[ Ghixhi BF ngﬁ{eﬂfﬂh ik &JH gm um

ni ckel , or car e pr Ferr e or e e |nven Ion have a
di amet er bet weewsiblk waitdn Btk mmrcqmg&mrsTheT}iﬁgmr@ﬂtedﬂeensh&peﬂa@lry rebé tqobeat e- or
flake-shaged ?artrcles are pref?ra bly nprised
1 of a same single type; the co lectlon of plgrnent particles may thus comprise vari-
ous types of pigments, noteworthy one or more parts of pigments chosen from the

following, preferred options.

Preferred pigment particles are of non-spherical shape, in particular they are nee-

15  dle-shaped or plate- or flake-shaped particles.

Most preferred pigments for embodying this invention are the thin-film interfer-
ence pigments, in particular the optically variable pigments disclosed in US
4,705,300; US 4,705,356; US 4,721,271 and in the thereto related documents.

20 These pigments comprise a Fabry-Pérot reflector / dielectric / absorber layer struc-
ture, wherein the reflector is preferably of a metal, such as aluminium, chromium,
nickel, or a metal alloy. The dielectric is preferably of magnesium fluoride (MgF>)
or of silicon dioxide (Si0;), and the absorber is preferably of chromium, nickel, or
carbon.

25
The preferred flakes for embodying the invention have a diameter between 10 and

50 micrometers.

The needle-shaped or the plate- or flake-shaped particles are preferably comprised
30  within the elastic polymer in an oriented state; such orientation can be effectuated

through the application of corresponding shear forces, such as disclosed in DE



within the elastic polynmer in an oriented state; such orientation can be

ef fectuated through the application of correspondi ng shear forces, such as
di scl osedwDroDE15928 196 39 165 C2. Alternatively, the pipgEERROPASLIT] €es can
be oriented through the application of external fields, e.g. magnetic
fields such as disclosed in EP 1 641 624 and in WD 2008/ 046702 Al . To this
aim the pignent particles need to be ré&sponsive to the chosen external
fields. Fig. 1 schematically shows how the pignment particles in the coating
can be oriented. The preferred pignent particles for enbodying the

i nventi on ard968bd6b €d. Attomatihady, nhg pignicnt partiokes cvet bezaineedghguehthepar ti cl es.

The pignment is present in th | astic paly, in a concent.ratj of between
5 and 20 vt - SPBREPRPEBYG B Rt R Mgt s e BT R EE HRHoE+br of or r ed
enbodi nent, she 2Rl GRIT 20646702 A 1. P6 efiSh @b e pifb,ﬁﬁﬁﬂﬁar{iél@é(ﬁe%d t@be about

vertically oriented with respect to the plane of the coating. "Vertically",

in the cont extspofsivthie the eksan cxtewel Belds. &ig. nteshematicatly shewnesdthe-ragi s of
needle-shgped(%grgﬁpﬂes gs mﬂ%pi% %0 rrqphthe normal to the plane,
respectiverI? P]%ﬁgsy}§ﬁ89%X|(:8 ePFﬁ%Sﬁshaped particles is within 30
fromthe plane of the filmor coating. The elastic polyner is obtained

t hrough the pol ynerization of an appropriate pre cursor npnomer or

ol i goner. A [Thgardesed pggeyt I@éfactlifwgré dang therinyestipp preesglosipddiogmthiesi ng t he

pi gnent parti . addi in the polynerizable pre cursor.
The coating 8%%§§¥%ﬁﬂ8%ﬂ§§%§%§P§g%hﬁ%*ga%%bstrate in the formof a film
using an appropriate coating or printing technique, to produce, if so
desired, an as wel | a.deterninﬁd orientation of the Pignfgt particles. The
appl i ed dBat il PipRNt 1s present m the elastic polymer in a concentration of between 5 an

20 wt-%, preferably of between 10 and 15 wt-%.

In the most preferred embodiment, the pigment particles, preferably pigment
flakes, are about vertically oriented with respect to the plane of the coating. “Ver-
15  tically”, in the context of the present disclosure, means that the needle-axis of
needle-shaped particles is within 30° from the normal to the plane, respectively
that the flake-axis of flake-shaped particles is within 30° from the plane of the

film or coating.

20 The elastic polymer is obtained through the polymerization of an appropriate pre-
cursor monomer or oligomer. A liquid or pasty coating composition is formed by
dispersing the pigment particles and adequate additives in the polymerizable pre-
cursor. The coating composition is applied to a substrate in the form of a film,
using an appropriate coating or printing technique, to produce, if so desired, an as

25  well a determined orientation of the pigment particles. The applied coating com-
position is subsequently cured (hardened) to yield an elastic material comprising
the pigment particles. The resulting film is useful as a piezochromic security de-

vice.

30 Ina preferred embodiment, the surface of the piezochromic security device is ad-

ditionally covered by an at least partially transparent protecting film, to prevent



position is subsequently cured (hardened) to yield an elastic materi al
conprising the pignent particles. The resulting filmis useful as a

pi ezochr onDeOReds28ty de vice. In a preferred enbodi menPCTiERROI9M05459T e Of

t he piezochrom c security device is ad ditionally covered by an at | east
partially transparent protecting film to preventacci dental nechani cal
damages. A preferred protecting filmisSax transparent poly ner foil. The
protecting fil mcan, however, also be any other type of protecting coating,
such as a U/-varnish or the like. In a further enbodi ment of the

pi ezochr om c as@dentaltryecienicdealantabes. A prafenfed prasdting fiol iy pemngmndrapoiyng t he

pi gnent particles. is conprised betwen two at | east r tially transparent
brotecting f RGOl ANSIFRRRINET 4By B ar vt @Sl MUHE SR AFHECIRS opt i cal | y
variabl e pi e%@@thfglt,)mc%a@!aqw%mimrtﬁéﬁké.he pignent is a, preferably

magnetic, optically variable pig nent, consisting of non-transparent,
reflective flakes, which are of the order of 1 mcroneter thick and have a

pl anar extensio f th rde 10 tq 50.m cro ter d gse
Ppectrarty sab 8l DEpRaRH ofbs bebsrpicebuliacbiS e A0 el %angt & wi ¢
respect to t helypdcarenteinidgd e blgaket parbples &adomprisad behleen twd &t Itepmont ext  of
the present djsclosure, neans having a view ng- or incident-angFe dependent

col or. Pref efigly yrangpaeenpprotecting {ilipar i abl e pi gnent fl akes are nagnetic or
magneti zabl e fl akes, so as to allow for their orientation in the coating
conposition through the application of an external magnetic field, prior to
har deni ng it A pardiculedlaptefarcslaimtddiriign Boagepis abadptionlyodarabrgdetoah®nic essur e,
a stretching or a %gfani g force,. such a% can be.exert?d by ? human fi nger
Lo the cuP ed cBrESt MCEABSNEMER it bripeFEhgmeeetic, optically varlable pig:

ment, consisting of non-transparent, reflective flakes, which are of the order of 1

micrometer thick and have a planar extension of the order of 10 to 50 microme-

ters, and whose spectrally selective reflectivity (color) depends on the viewing

angle with respect to the plane of the flake. “Optically variable”, in the context of

15 the present disclosure, means having a viewing- or incident-angle dependent

color.

Preferably, the optically variable pigment flakes are magnetic or magnetizable
flakes, so as to allow for their orientation in the coating composition through the

20  application of an external magnetic field, prior to hardening it to an elastic solid.

Upon application of a moderate pressure, a stretching or a shearing force, such as
can be exerted by a human finger, to the cured elastic composition comprising the
optically variable flakes, the flakes subjected to the pressure change their orienta-
25  tion within the elastic composition, which results in a local, highly visible color
change. Upon release of the pressure, the stretching or the shearing force, the
flakes immediately return into their former positions, i.e. the pressure-dependent

color change is rapid and fully reversible.

30 The effect of mechanical compression on a collection of oriented pigment flakes

comprised in an elastic coating is illustrated in Fig. 2: At the place of compression



optically variable flakes, the fl akes subjected to the pressure change
their orientation within the elastic conposition, which results in a |local,
hi ghly viwokb®/aed2er change. Upon rel ease of the pressuPel/EPR@0SE450T chi ng
or the shearing force, the flakes imediately return into their forner

positions, i.e. the pressure-dependent color change is rapid and fully
reversi ble. The effect of mechanical corfpression on a collection of
oriented pignent flakes conprised in an elastic coating is illustrated in

Fig. 2 : At the place of conpressionof the elastic coating, the pignent
fl akes adopt oétHemhwstic aoging, thewagrdent tthkegddapta biwer hegle catdrdgthe tphans o§howi ng
an enhanced ?ﬁ)ecuhar ef Ihecti on. T]'!;éhe ﬁffec of chani cal el ongation on a
col I ection of oFRHAS SBUS WM 20 raRRed SBARHA SeflFF AN an el astic coating is
illustrated in Fig. 4 : In the elongated elastic co a ting, the flakes
adopt a |lower angle towards the plane of the coating, and thus show
enhanced spediikaffeetafflinseshaoenl clongatipy @f @cellgtienbbetiontast pigmpet firkas i ng

iti i nj. . ical.| i i i cl [ d
e b securt OB AN i So R Mo SN SO e B BB ko o

an identity dagUuhehkesHAopCLRSRr afitle BovaRiN(hS §ladd bl the@oa@iy, and &gl serving
for tax collection purposes. Preferably, the piezochromc security el enent

is covered b?h%}ﬁeﬁlﬂanlc @Pce%'a’fltelﬂﬁﬁtll%ﬂ-transparent polymer foil, which is
preferably applied before the curing operation. This allows for protecting
the elastic coating frombeing inadvertently or inten tionally scratched
away. Said f dénh preytral @obdaemtitethe\cestilgastinmisitiog chntainimf tha optiediytcoasr access
card, or of a transportati orf title, which may have the additional function

of protedfi ngrang REMEM A5 YrotesitoRCBHY CHEvE! AR e SHRSHRS YFof bei ng
tanpered. SaigtQbtuféfl, AbaknbR, AAIdENR) dBcRhaTPINRcERL br AFSRIY dird,

or on a label serving for tax collection purposes.

Preferably, the piezochromic security element is covered by an at least partially
15  transparent polymer foil, which is preferably applied before the curing operation.
This allows for protecting the elastic coating from being inadvertently or inten-
tionally scratched away. Said foil may also be the over-laminating foil of a credit-
or access card, or of a transportation title, which may have the additional function
of protecting the sensitive information on these documents from being tampered.

20  Said foil can also be part of a stamping foil assembly.

As obvious to the skilled person, there may be, depending on the application, a
need for additional layers between the piezochromic security element and the said
polymer foil, such as for promoting adhesion, for providing release properties, or

25  for still other technical and/or esthetical purposes.

In a particularly preferred embodiment of the security device, the elastic coating
composition containing the flakes is comprised between two polymer foils, at
least one of which being at least partially transparent. This allows for applying the

30  verification pressure, ¢.g. by a human finger, from a first side of the security de-



As obvious to the skilled person, there may be, depending on the
application, a need for additional |ayers between the piezochromc security
el enent awo 20tve11se@8d pol yner foil, such as for pronoti ngCadiresionmsot or
provi ding rel ease properties, or for still other technical and/or
esthetical purposes. In a particularly preferred enbodi mrent of the security
device, the elastic coating conposition7ontaining the flakes is conprised
bet ween two polyner foils, at |east one of which being at |east partially
transparent. This allows for applying the verification pressure, e.g. by a
human fi nger vider ohlst obsarsingshaesdfing baosdrunge frpmitbe saend wide lof theabser vi ng

the resulting. cql or m t he sec sid of the secu rity device,
i.e. the foi I%ty 8%‘?%1%%?3%@%[[%@5“/3 cPYime &gﬂé‘ Y-such foil / elastic
coating / foil assenblies may be used on banknot es in the formof security

threads, wi ndows or affixed stanping foils. For application as a secu rity
thread, the fSorh fak/sdambicpotsngrfoil |a$ﬂembélbs)mgabed5@itcm weknotahinghe e

d h k h
ki1 a 1 i o AL o g HaPARE b Ol BB RRR PR Ui B WG e e

security thr eadthvetsl theabil B&schbly isedt @R dlolayedMtitifdsNwhid apaipesrpoRitdd exposed
in some parts, such as is the case with a w ndowthread (see EP-A-O 400

902). For appMPeggurinpanst duipsidiewapermekmgi 3s losvnge iy skiliedl igithqvast. lised as

the base | aygfa gl SHBRASRUT NG ARGHIPDL RN ERELARA AR ORREHE Kl

coating where no wn o appear er na
tively, incolgbsmireg wmmothtehﬁp@ablﬁrexgwedmgsdrhepqrespatdhmlsnsr@emameshsa as
known to the skilled i EP- A- O 860 298). . For |ication as a
st anpi ng 'f oi |Wm4%ﬂ$r6?4q (sz*s@%#r)-%%ﬁ?%a SAL OB B Y e TR R er foil,

and prefer ab'sé’m[?lé/qy LHRY i & Re Jﬂa’?‘s%tla}%? b MRLekk Ry Hl)é{f?nén@%@ﬁleh afrikhgin to t he

skill ed person (See WO 92/00855). Di"sclosed 1s as well 'a process for making
a rever si bl y opp@iochcoang v&élermrq WyldeWes to appear (seec WO 98/13211) or, alterna-

tively, incorporated into the paper during the papermaking process, as known to
the skilled in the art (see EP-A-0 860 298). For application as a stamping foil, the
15 foil assembly is produced on a releasable carrier foil, and preferably provided with

a heat-activatable glue layer, as known to the skilled person (see WO 92/00855).

Disclosed is as well a process for making a reversibly piezochromic security ele-
ment for the forgery-protection of value documents, the process comprising the
20  steps of
a) providing a substrate;
b) applying a coating composition comprising a collection of optically con-
trasting pigment particles in a liquid or pasty polymerizable precursor
monomer or oligomer to at least part of the substrate;

25 ¢) curing the coating composition to an elastic polymer.

In a preferred embodiment of the process, the optically variable flake pigment is a
magnetic or magnetizable pigment, and step b) comprises the magnetic orienting
of said flake pigment in the applied coating with the help of an external magnetic

30  field.



ment for the forgery-protection of val ue docunents, the process conprising
the steps of a) providing a substrate; b) applying a coating conposition
conpri si yoaowolibest i on of optically con trasting pi gneRCTER2A1005487 i N a
liquid or pasty pol ynerizable precursor nononer or oligonmer to at | east
part of the substrate; c) curing the coating conposition to an elastic
polymer. In a preferred enbodi nent of t-He process, the optically variable
flake pignent is a nagnetic or magneti zable pignment, and step b) conprises
the magnetic orienting of said flake pignment in the applied coating with
the hel p of ®aidexrégrchabrinmgreas pofémielypeBSaimedmuymnedn argovicd pldtagf ingg-

preferably perfornmed using an engraved p] ate. of t] ent
Tmgnet o, iat SPYEA PeCTUR B BrRETLER, WEbes So08r038Ee 4R8BS STB8 046702,
The process may @oso452 ude the additional step of covering the applied

coating conposition by an at least partially transparent polyner foil. The
substrate used in the process may further be an at |east partially

t ranspar ent lynmer foil.. The, s rity.el nt . accordi,ng t he..invention
can be used aF PRRESCBIm b PRI B S eSO I hobBed kb lor i ¢ om
such as a valcugpdatsiBhn atdchaphitiol ¢ radpatedepilifyr icument, an access-card,
a banking card, or a |label serving for tax collection or other purposes.
Further disclosed is a security docunent or item such as a val ue docunent,

a banknote, af.isiaibidKed ﬂlctlﬁg%%c’esﬁﬂafﬁﬁﬁl%FB@ A et B@rﬂglilygaﬁ:sﬁﬁgnt or a

| abel serving
polymer foil.

10
The security element according to the invention can be used for the counterfeit
protection of a security document or item, such as a value document, a banknote,
an identity document, an access-card, a banking card, or a label serving for tax
collection or other purposes.

15
Further disclosed is a security document or item, such as a value document, a
banknote, an identity document, an access-card, a banking card, or a label serving
for tax collection or other purposes, carrying a security element according to the
present invention.

20
Detailed description

Polymer

25  Preferably, the polymer binder used to comprise the pigment is a high molecular
weight elastic polymer, which allows for a fully reversible, elastic change of di-
mensions under the influence of external pressure or force, such that the original
dimensions are restored after removal of the pressure or force quickly or almost
instantancously at room temperature.

30



for tax collection or other purposes, carrying a security el enent according
to the present invention. Detail ed description Polynmer Preferably, the

pol ymer bwoadero/used to conprise the pignment is a hi gh mpCemrRen/osspyht

el astic polynmer, which allows for a fully reversible, elastic change of d i
mensi ons under the influence of external pressure or force, such that the
original dinensions are restored after -f%enoval of the pressure or force

qui ckly or al nost instantaneously at roomtenperature. The pol yners which
can be used as the elastic binder, to enbody the piezochrom c security

el enent, i ncllhdeobunerameiciotan hicmseeds the dagicl binddretoi dohwdychy perzectsach as

tural and synt heti bber s i pcl udi Ly - but adi. | , |
hre | atex sy StEntariserlsRRo it piratys il 1o iy ReplisdiResyg - *"
rubber, pol ysyhhtuf® ah 8 BRRAetiClupbdrs ndd@lidg W%n%%ma&é&ydogaw,%yﬁ%

terpol yners gEPDIVI rubber), silicone rubbér and pol yurethane rubber, porous
silicones, adataebystess, pohwhlaopicad (reopuing heisildiubdin datylimbhdiepadysul- | n

order to gobtain maxi. of .visible,effect upon conpressi r el qngati on
of “the. i greneC el SR SR, S ap o ARG T B B de
non- spheri calsilRb@dRibbeiaidipotheshariuabbaspdieatdibsones, ok hwakles otian duitddle
particular, to produce an orien tation of the pignent particles in the
el astic bi nd@plymgry 111>%C.105ﬁﬁ1én;§l%?sqfi-i on orientations of the pignment particles
in the elastic binder nust subsequently be fixed through a curing of the
bi nder, so as to adopt the elastic state. Arapid curing systemis of
advant age, aifinlotd¢r taosbtiaB a(reh-aatuhont ey cffodt upig @ogiredsivp areipEaiién ohs ar e
correspondi n%lly preferred, . because they all ow a(P i medi at e .

10 ¢ pigment-containing elastic polynier, it is of advantage to use non-spherical

pigment particles, such as needles or flakes, and in particular, to produce an orien-

tation of the pigment particles in the elastic binder matrix.

The position orientations of the pigment particles in the elastic binder must subse-
15  quently be fixed through a curing of the binder, so as to adopt the clastic state. A
rapid curing system is of advantage, and UV- or EB (electron beam) curing coat-
ing compositions are correspondingly preferred, because they allow an immediate

in situ fixation of the pigment particles subsequent to the coating process.

20  However, thermally curing elastic polymer systems, such as 2-component sili-
cones, can also be employed; in this case, the orientation of the pigment particles
must be maintained during the initial stages of the thermal curing process, through
external forces, such as a magnetic field, until the polymer is sufficiently solidi-
fied to maintain the pigment particles in place and orientation.

25
Furthermore, for health and environmental reasons, it is of advantage to keep the
solvent content of the coating composition low. Therefore, solvent-less formula-

tions are a preferred option.

30  Pigment incorporation



in situ fixation of the pignent particles subsequent to the coating
process. However, thermally curing elastic polynmer systens, such as

2- conmponewD 28i0/1159280nes, can al so be enployed; in this eas&EP2a10054597
orientation of the pignment particles nmust be nmaintained during the initial
stages of the thermal curing process, through external forces, such as a
magnetic field, until the polymer is sufficiently solidi fied to maintain
the pignment particles in place and orientation. Furthernore, for health and
environnmental reasons, it is of advantage to keep the sol vent content of

t he coating (T(hmpdghemtonndemwmidihmrthé oo&ingsoinpesitioh sbsulfl be whdsmntsicdnthatr e a

preferred option. Pig r por onThe pignent caoncen ioninth
Poat i g conpasnBigHTIObeBE RS SR R R AP S5 PN of f ect
i's produced uﬁaﬂa@pwsmawlﬂﬂa O oS tiFPHe bt Y BE&UF i@ meiH . 8k BRESIIR) € Wi th
a fingertip. In case of a flake pigment, e.g. the optlcal y vari abl'e

pi gnent fl akefgrldblgqﬁllgmemt ﬁlfike@@lﬂmlmg iBA5 418 &, 6;§|8grﬂm1plgwnbe¢ncpatratmn shoul d

be chosen suc | ﬁ Esmsm rﬂ"t? %(r:ne cover age v¥0u i)?me |n t he

printed f7 | m1'¢ “9 & PR & Par't | TINaS et &G PV%%g%‘S?F

printing, i.rinwdtfiintifeidfldk@mgticidstace ﬁl@g’rﬂﬁdrﬁbnﬁaﬂyfaﬂ@r Ibﬂil’ﬁi’ﬂgni@dmﬂubSt rate

surface. For obtaining a maxi numvisible effect, the #Di gnent particles are
-

preferably ofh@htage é‘l“if%‘@ payalleltoj tha imprigfadrsubsisge strfacs . tes obtmaingat o

Dsad to em el TRE Hir b nre ot SRl e nt P R B A AR DME g 6" ™
4, 705, 356; USeﬁLcZ]mwﬁﬁle@ld tb ey wbatrateplahed di scl osures. Magnetic optically

vari abl e gi gnents, allowing for a nagnetic orientation of the pignent
particled’by the means of an external magnetic field, have been disclosed

Flake-shaped thin-film optical interference pigments which can be used to em-
body the present invention are described in US 4,705,300; US 4,705,356; US
4,721,271 and thereto related disclosures.

15  Magnetic optically variable pigments, allowing for a magnetic orientation of the
pigment particles by the means of an external magnetic field, have been disclosed
in WO 02/073250; US 4,838,648; EP-A-686675; WO 03/00801 and US

6,838,166; these documents are incorporated herein by reference.

20 On the other hand, the pigment concentration should not be excessively high, in
order to allow the flake pigment to rotate, such as to yield a good visible contrast
between the compressed and the released state of the flake-pigment containing
elastic polymer. The optimum concentration of the flake pigment in the elastic
polymer depends on the particular pigment properties such as the particle size and

25  the specific weight, as well as of coating parameters such as the final coating
thickness, and should therefore be determined ad casum by the skilled person so
to obtain the best visual effect in each application. The optimal pigment concen-
tration is generally somewhere between 1 and 30 weight percent of the ink, in
most cases between 5 and 15 wt%.

30



in WO 02/ 073250; US 4, 838, 648, EP-A-686675; WD 03/00801 and US 6, 838, 166;

t hese docunents are incorporated herein by reference. On the other hand,

t he pi gnmewo 20omiae?8r at i on shoul d not be excessively hi geCTiRR2€0084591 0 al | ow
the flake pignent to rotate, such as to yield a good visible contrast

bet ween the conpressed and the rel eased state of the flake-pi gnent

contai ning elastic polynmer. The optinumltencentration of the flake pignent
in the elastic polynmer depends on the particul ar pignment properties such as
the particle size and the specific weight, as well as of coating paraneters
such as the fThnameaocpattic:tﬁgsizdwétmhesis;e d'&nmblm}modmdpah'mnbfptwdneloddaawm ned ad

casum by the. .S illed person tai e best yisua i n.each
oo Teati on: iinsEon B s RBletrad et e I martiels S rafhe FEbrshite o

bet ween 1 an%@ﬂinﬁ’@bﬂ@b t@@()ﬁﬁﬂ)tan@fa siftedikitbutibM a§RSho EERRS abBbYERB are and 15
W % The nmean particle size and the size distributionin a particul ar

pi gnent | ot meqréredroi eifthinimgre aptintie cletti Bowbye, theduer tha flake Hismetar ge

| | ake. di f d
R 1 bet Pon T g RS hul RS TP ARG Ryl ol PR AL AR il BF

optinun1effe¢m3abhmgﬁﬁﬁ, the larger the flake dianeter, the thlcker t he

coating nust be to allow for a vertical orientation of the pignent in the
coating film The coating conposition conprising the flake pignent

particles i S iy %L%l?é%&éxllﬁ(}gltfbl 'c%gn 9{%&11% tie rﬂ'aﬁé 1 m%t;&%a%% e?e(fagolzt ?n

l'i qui d-ink prlntlng scree rmn ar-co
final th|ckn@&sthutmagappumeduﬁﬂﬂﬁhawdemﬁduﬁbﬂ&nngnhgmemnnqummg@ﬂys

dependi ng on the used pigpent and | bly of the o f 50
hi gher, 38 asSEEBITBIE PBPaT %atlélgs?ﬁ? Binat fosnisps ehise ﬁP@H%‘ﬁ 4 hagaed o adopt
a vertical pegiddeOflyer is highly depending on the used pigment and is preferably of the

order of 50 um or higher, so as to allow for the casy rotation of the pigment flakes

to adopt a vertical position.

15  Any orientation of the pigment flakes in a position which is substantially different
from an alignment in the plane of the film or coating layer will exhibit a certain
color change upon the application of pressure. However, the color change is
strongest with the pigment particles disposed in the elastic polymer in a position
close to vertical with respect to the substrate plane. It is further not advisable to

20  use, for this particular application, a coating thickness which is much less than the

diameter of the pigment flakes.

Materials and technology for the orientation of magnetic particles in coating com-
positions, as well as corresponding printing processes, have been disclosed in US

25 2,418,479; US 2,570,856; US 3,791,864; DE 2006848-A; US 3,676,273; US
5,364,689; US 6,103,361; US 2004/0051297; US 2004/0009309; EP-A-710508,
WO 02/090002; WO 03/000801; WO 2005/002866, US 2002/0160194; WO
2006/061301; WO 2006/117271; WO 2007/131833; WO 2008/009569; WO
2008/046702; these documents are incorporated herein by reference.
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Any orientation of the pignent flakes in a position which is substantially
different froman alignnent in the plane of the filmor coating |ayer wll
exhi bit awoenteilim28ol or change upon the application of pcesEParie/os4donever
the color change is strongest with the pignment particles disposed in the
elastic polynmer in a position close to vertical with respect to the
substrate plane. It is further not advi$dble to use, for this particular
application, a coating thickness which is much | ess than the dianeter of
the pignent flakes. Materials and technology for the orientation of

magnet i ¢ par tlihelcegtingroogatitiog ce forthes campms, otles typek of pgneotsrapdondi ng
printing processes, .have been disclosed in US 2 418 479; . 2,570,856; US
3, 791, 864; o S5 gais bR nglen gy B g AL gec gt Sesietis, s
2004/ 0051297;ad&4§v8—@9164-919%§%9g'm§55 ﬁﬁ&e&@e‘iﬁgi RO B RIAQPAZ] M@n&%/p 0801; WO
2005/ 002866, US 2002/ 0160194; WO 2006/ 061 &ﬁ; WO 2006/1 17271

2007/ 131833; nwhts2 0081 00PEELents)Da200i8/PizeiR UV hesdlass iRebserbmggig-

i ncor porated hereiR, by refer e..The cpatin Qsi.iion further

conpr se- ot nateny b B bl SIS niiSeBr Plprat ORGSR bnl CRrallipe R
conpri se non{urage&ichCdy@Rdscadll 3 ixbiradthercpf. gme b stingddeijolsition @lyofur-m Xi ng
pi gnments, iridescent pignments, liquid crystal polyner pig nents, netallic
pi gnent s, nadHECPEPHIGIREHLES tagaants, ¢Rsislizclosgd mﬁ%ﬁ:@&ﬁgﬁg@- pi gments, UV-,
visible- or IR-lum nescent pignents, UV-, visible- or IR absorbing or

| um nescent dyes, as well as m xtures thereof. The coating conposition may
fur ther confdihksevcidblepsizociramiesttssityelg@nenasf thepetsostadvintioks bviofi@27 750.

The reversible piezochrom c_security el nt. of the present invention is
now furt H8r ithar a%%SFraEeQ&ygbe fgacs ?fgfﬂ%@e gmwyg,t%qmtmwml%on limiting
exanples. Fig. 1 schematically depicts the alignnment of optically variable
magneti c pi gnent

Fig. 1 schematically depicts the alignment of optically variable magnetic pigment

flakes in an elastic coating with the help of an external magnetic field.

15  Fig. 2 schematically depicts the origin of the optical effect resulting from an elas-
tic deformation due to compression of a coating comprising oriented flake pig-

ments.

Fig. 3 illustrates the effect of finger pressure on the optical properties of a coating
20  comprising oriented optically variable magnetic pigments, as seen through a glass

plate carrying the coating.

Fig. 4 schematically depicts the origin of the optical effect resulting from an elas-

tic deformation due to elongation of a coating comprising oriented flake pigments.
25

Fig. § illustrates the effect of elongation on the optical properties of a coating

comprising oriented optically variable magnetic pigment: a) without stretch; b)

under stretch.

30 Fig. 6 schematically depicts an application of the pressure sensitive coating of the

present invention as security element on an ID-card.



flakes in an elastic coating wwth the help of an external magnetic field.
Fig. 2 schematically depicts the origin of the optical effect resulting
from an ewvexotwiasaef or mati on due to conpressi on of a co&CIrMP2€0MPLPTI Ng
oriented flake pig nments. Fig. 3 illustrates the effect of finger pressure
on the optical properties of a coating conprising oriented optically

vari abl e magnetic pignents, as seen thrddigh a glass plate carrying the
coating. Fig. 4 schematically depicts the origin of the optical effect
resulting froman elas tic deformation due to elongation of a coating
conprising oriented flake pignments. Fig. 5 illustrates the effect of

el ongation on the optical properties of a coating conprising oriented
optically variable magnetic pignment: a) without stretch; b) under stretch.

Fig. 6 schemyixhaillé Y: OpRtdlSafiRbRIRAIHERL bR iy ui BQ—cBhli)ﬁﬁk'ﬁﬁsz%%sél&sL ve

coating of the present invention as security element on an |D-card. Exanple

1. Opticallyfuaei abl e magnetic pignent in a 2-conponent silicon elas toner.

A coating_conposition for producing a pressure-sensitive optically variable
secu rity el ement according to the present invention was fornulated by

di spersi ng op{ totiaklcympasitiaf fe pregingid £ pRisgireRénspard dpticelsy vatidbnesdgat
curabl e solvent-|less 2- conponent S|I|con el astoner Syl gard 527 Prinerl ess

Si i cone Di elé¢elemenigscordmiodthe picky)t iInvEREOR Wos Eupbtiehbsdispergpe gatid 527
were thor oughly, . x&d. %a%%gg‘ ﬁlgﬁ%r ?&MEES iR e helt ]cuilabgé’ X‘%&gﬂ%ssr atio. The

Syl gard 527 gel’ cones as I'SI'Ng com ponents I'n Separate
cont ai ners. Thepbwent Cs@lmwnelamrnaf Qytgysz CSé?|7| ?rzmwdeﬂr Silicone Dielectric Gel

10 (Dow Corning).

The two components of Sylgard 527 were thoroughly mixed at room temperature
in a 0.9:1.1 by weight ratio. The Sylgard 527 gel comes as a kit, comprising com-
ponents A and B in separate containers. The two components are typically mixed
15 in aratio of 1:1 by weight. A somewhat firmer gel can be obtained by increasing

the ratio of part B to Part A in the initial mixture.

Subsequently, magnetic optically variable pigment (Flex Products Inc., Santa
Rosa, CA, “green-to blue”, 5-layer design Cr/MgF,/Ni/MgF,/Cr, as disclosed in

20  US 4,838,648) was dispersed in the Sylgard 527 mixture at a concentration of 10
wt-%, and the pigment-containing coating composition was deposited at about
100 um thickness with the help of a coating bar (hand-coater) onto a transparent
polymer foil (100 um PVC from Puetz-Folien) or onto a glass plate (microscopy
slide).

25
The so obtained films were pre-dried on a hot plate for 5 min at 80°C, in order to
increase the viscosity of the Sylgard 527 binder. The pigment particles in the coat-
ing were then oriented to a close to vertical position with respect to the substrate
plane, using a “plastoferrite” magnet such as described in WO 2008/046702 A1l.

30 The resulting film appeared homogenously grey and partly transparent. The film
was kept on the magnet until the viscosity of the Sylgard binder was high enough



inaratio of 1:1 by weight. A somewhat firnmer gel can be obtained by
increasing the ratio of part Bto Part Ain the initial mxture.
Subsequerwbypiomagret i ¢ optically variabl e pigment (Fl exPPIaa@iv®s450T.
Santa Rosa, CA, "green-to blue", 5-layer design C/MF 2/N/MF 2/Cr, as
di sclosed in US 4, 838,648) was dispersed in the Sylgard 527 m xture at a
concentration of 10 wt-% and the pignmehd-containing coating conposition
was deposited at about 100 mmthickness with the help of a coating bar
(hand-coater) onto a transparent polyner foil (100 nm PVC from

Puet z- Fol i en}o cmstaicnrthe) pasigibassgndpbatreations ofabe pipmesit ipdeticles Hoepsised bt @i ned
film were pres dr| hot Ia e t rder .t Q. increase
the vi scosi | e fenaprgidp an eo i abahindenal Ltk e sued i 88° piebbho - con
ing were the'ﬁleﬁfﬂl@ﬁ]ﬁ@ﬁl&%daa BbosRidafly 8itibRalchAst. Th @RIt Prdt&aREso to the
substrate plane, using a "plastoferrite" magnet such as described in WO

2008/ 046702 Albtalfmbflhe%Bmshglef:hamwlpb@mg@dsmmbgmwwa}s epvercdawdthpar t |y
transpar ept Jﬂe f"”&ﬁ@%l : Elgn t he magnet until the viscosity of the

Syl gard b nd&PIRRETHP ﬁ%Vg V0 retain the positions and orientations of
the pignent particles conprised in it, and was then cured in an oven for 30
m nutes at 1500C. The cured filmwas highly flexible and showed a

mechani cal | y Unogidopuyessperag etastic fifm detrerentafipgastipand thiesudstrabe arksad il m
. Y .
agal nst mec gﬂg%&ﬁly P'%Iéﬁsgﬁe c%?gracthcéﬁ%@ﬁ%oﬁle&égkgﬁ Oryﬁgtﬁdgo%& Ra@obdd e%Pare”t

sel f adhesiv Iressi ween a ngertlp
and the subsﬁﬁmﬁ&mtﬁdChéabfﬁmduﬁmﬂﬁq(FﬁgﬁﬁrsibIe col or change from dark grey
to bright green was observed fromthe back side of the substrate (Fig. 3).
Exanmpl e 29 Optically variable magneticpignment in a UV-curable dielectric

gel .
Example 2: Optically variable magnetic pigment in a UV-curable dielectric gel.

A coating composition for producing a pressure-sensitive optically variable secu-
15  rity element according to the present invention was formulated by dispersing opti-
cally variable magnetic pigment particles in the UV-curable 1-component solvent-

less silicon dielectric gel X3-6211 Encapsulant (Dow Corning).

The same magnetic optically variable pigment as in example 1

20 was dispersed in the Silicon gel X3-6211 at a concentration of 7.5 wt-%, and the
pigment-containing coating composition was deposited at about 100 um thickness
with a coating bar (hand-coater) onto a transparent polymer foil (100 pm PVC

from Puetz-Folien) or onto a glass plate (microscopy slide).

25  The pigment particles in the X3-62/1 binder were then orientated so as to form an
angle close to 60° with respect to the substrate plane, using a magnet such as de-
scribed in WO 2008/046702 A1, and dried in-situ using a conventional UV-
radiation curing unit as known in the art.

The cured film was highly flexible and had a resilient behavior. In order to protect

30  the film against mechanical damage, it was covered with a transparent self adhe-

sive foil.



A coating conposition for producing a pressure-sensitive optically variable
security elenent according to the present invention was fornul ated by

di spersi nyoapto116@B8l y vari abl e magneti c pignent particl @TiRP2010854397 cur abl e
1- conponent sol ventless silicon dielectric gel X3-6211 Encapsul ant (Dow
Corning). The sane magnetic optically variable pignent as in exanple 1 was
di spersed in the Silicon gel X3-621 1 afl5a concentration of 7.5 wt-% and

t he pi gment-containing coating conposition was deposited at about 100 mm

t hi ckness with a coating bar (hand-coater) onto a transparent polyner foil
(100 mm PVC fUupom deugirzsskg ther)asor fomtletwegl asisgpitiptand(the glosplapy asti de) .
The pignment particles in the X3-211 binder were then orientated so as to
form an ang| g{e@}bé%gle?roc%ﬁg?/ﬁ?rﬁ d'ag%%r&é?o @Blshgéeegd’ﬁasqtoi’é?rge | ane, using a
magnet such as de scribed in WO 2008/ 046702 Al, and dried in-situ using a
conventional UVradiation curing unit as known in the art. The cured film
was hi ghly f [Exantile3abighhdiffractive pigrienttin bedreonmpment siliommidastoisennr ot ect t he
film agai nst mechani cal danage, it was covered with a transparent self adhe
sive foil “Upon conpressing the elastic filmbetween a fingertip and the

gl ass pl ate, Aacdatifig ¢6mpbditien fdr?addu@ﬁgragﬁes‘sﬁ@n@edaﬁke eamtyt delabntiasborgr een was
observed. Exanple 3: Light diffractivepignent in a 2-conponent silicon

el astomer A ée&ifq HY RISHPHINYIIEIRNIvHRS fﬁf@ﬂg&%@’ gdispeisbp aedlympgivp feksecurity
el ement accorgd j - | yent iy - ' sing an
al urr ni um 11 B g R R ERRT Lol YR Lo TP LB SRR
silicon el astsonm@¥inylegasidcarDRldcmer GeI(Po%i Commong abialkabid inext@ple(IDow
Corning) as described in exanple 1. The SpectraFlair pignment Silver 1500-20
(FLEX Prdfucts, JDSU, California) was

The SpectraFlair pigment Silver 1500-20 (FLEX Products, JDSU, California) was
dispersed in the Sylgard 527 mix at a concentration of 8 wt-%, and the pigment-
containing coating composition was deposited at about 100 um thickness with the

help of a coating bar (hand-coater) onto a glass plate (microscopy slide).

15
The obtained films were cured in an oven for 30 minutes at 150°C and was then
covered with a transparent self adhesive foil. When compressing the elastic film
between a fingertip and the substrate, a change from silver to multiple, bright
rainbow colors was observed from the back side of the substrate.

20

Example 4: Effects of stretching an elastic coating comprising oriented opti-

cally variable pigment flakes.

A coating composition for producing a shear force-sensitive security element ac-
25  cording to the present invention was formulated by incorporating optically vari-
able magnetic pigment particles in the UV-curable 1-component solvent-less sili-

con dielectric gel X3-6211 Encapsulant (Dow Corning) as described in example 2.

A band of the dispersion was deposited at about 100 um thickness with the help of
30  acoating bar (hand-coater) onto a transparent polymer foil (100 um PVC from

Puetz-Folien). After orientation of the pigment particles close to vertical with re-



di spersed in the Sylgard 527 m x at a concentration of 8 wt-% and the

pi gnent cont ai ni ng coati ng conposition was deposited at about 100 mm

t hi cknessweai2oto/tibeshel p of a coating bar (hand-coater) @or®pPaoigloass7 pl at e
(m croscopy slide). The obtained filns were cured in an oven for 30 m nutes
at 1500C and was then covered with a transparent self adhesive foil. Wen
conpressing the elastic filmbetween a-1éngertip and the substrate, a
change fromsilver to multiple, bright rainbow colors was observed fromthe
back side of the substrate. Exanple 4: Effects of stretching an elastic
coati ng conpspsit hgtho silestedlapt theddhl wasaarilabtied py Yiventringlaak @secoddcoat i ng

conposition fo raduci ng a she force-sensitive security el enent
accbrdi ng-t o PRt FRLEaR riRseht Pl TS/ B R AeEa iy f e eHISPaETng
optically varfihcahkgc TBEMAS ienRFLARERUrdAANEH OhVesid. Ba iiNBtrkiYs enabl e
1- conponent solvent-less sili con dielectric Encapsul ant (Dow Corning) as

descri bed i nsestahgsl, erignted\ciraing befwachd ftixdpe seistratevaghiclehassi dagld gy about 100

mm t hi ckness with the..he of coating bar (hand-coater) onto a

ranepar on _BORCTE Rl T Al PPl MK aPhfeht ent at i on
of the pi gnemig.pars bl@&rﬁa&ld%gﬁﬁvbﬁibl@édlbﬁ@iang\é KBy RSPkl té brighqredubist r at e

pl ane, the filmwas partly dried by UV curing and a second polyner foil was
put on the f job#arsqék f ace to form a sandwich-1i ke arrangenent. The el astic
filmwas then further cured with U/. Fig. 5a illustrates the unstretched,
oriented coating between 2 flexible substrates, which has a dark grey
appear ance. FExgmpldssApphcdtion exhinpdd ofxin opriadinvatdble imaghedic pigment inhe
coating of Fi gU 5a: a clear and fully reversible color change from dark
grey to BPi ghtUlrcaetple diefosticgrbd. Exanple 5 Application exanple of an

optically Va'Tih@Bk&sﬁf@g%ﬁti\%mong%rﬁﬂbsition descried in example 2 can for example

be used as security element on an ID card, as illustrated in Figure 6. The manufac-
turing of the plastic card typically includes the 4 steps of 1) plastic compound-
ing/molding of the of the core sheet, ii) printing, iii) lamination and iv) cut-
15  ting/embossing. In order to obtain a two-side pressure sensitive feature, three cir-
cles were cut, as indicated, into a core plastic sheet following the molding step 1),
and filled with a pressure sensitive coating composition prepared as given in ex-
ample 2. After UV curing of the pressure sensitive coating, the plastic core sheet
was over-laminated on both sides with each a transparent foil. The card can oth-

20  erwise be processed as usual (printing, cutting etc.).

The pressure sensitive element of this plastic card shows a clear shift from dark to
green when touched from the back while observing from the front side. Alterna-
tively, the middle circle on the front side can be touched to induce, through me-
25  chanical transmission of pressure by the laminated cover layer, a color shift from

dark to green in the outer 2 circles when observed from the front side.

The given examples illustrate how a piezochromic security element can be pro-
duced through the orientation and fixation of flake-like pigment particles within a
30 highly flexible and resilient elastic polymer layer, which is preferably produced

through the application of a solventless and UV-curable precursor material. De-



a W-curable dielectric gel. The pressure sensitive coating conposition
descried in exanple 2 can for exanple be used as security elenent on an ID
card, as wbDl2os¥na2ed in Figure 6. The manufac turing of PCEPRIIQSEISeT car d
typically includes the 4 steps of i) plastic conmpound ing/nolding of the of
the core sheet, ii) printing, iii) lamnation and iv) cutting/ enbossing.
In order to obtain a two-side pressure-$énsitive feature, three cir cles
were cut, as indicated, into a core plastic sheet follow ng the nol ding
step i), and filled with a pressure sensitive coating conposition prepared
as given in emnén@bmﬂ&thﬂxn@soﬂmﬂﬁwmﬁngobhurha@pm@ﬁsmmﬂrméndkf&vmaunating,
the plastic ¢ t was

t ranspar ent Bfal?ne%:l*ﬁgh B%@éﬁﬁﬁpﬁﬁgﬁ?%% 'B’ﬁenpg Eéé&g%és %8&?3?%?“1?% i ng,

cutting etc. hre JSnSd RHBHEBHSGN Bt HEnEHRRMAlevAblctERIRY AShdwekdlhshows a
clear shift fromdark to green when touched fromthe back while obserV|ng

from the fronted$ygeoces faetorseofithe plintingt thecass aietl ey thierdeyieg bmmahenﬁ ront side
can be touched to induce, through nechanical transm ssion of pressure by
the |l am nated cover layer, a color shift fromdark to green in the outer 2

ci rcl es when Babsksved idfoaatidnasidmintthSddleriptidieandiin et csimpRlsedeiskillvgt r at e
how a piezochrom c security el enment can be pro duced through the

orientation ahtherartosl b?rﬁb&ﬁ twdeak@fuﬁh@ée@b@%wmwéﬁhq dpdasedimyenton, hi ghl y
flexible and resilient elastic polynmer |ayer, which is preferably produced
t hrough the application of a solventless and UV-curabl e precursor material.
Dependi ng on the thickness of the elastic polyner |ayer, optimzed optical
effects are obtained with pignment concentrations between 5 and 15 wm-%

| nproved effects are obtained with relatively thick filns; the achievable
thickness is, however, Iimited by process factors of the printing process
and by the drying limtations.



Based on the information given in the description and in the exanples, the
skilled in the art will be able to derive further enbodi nents of the

di scl osedwproanitisa. Cl ai ns 1. Reversi bly pi ezochrom ¢ secumpregioesesaent for
the forgery-protection of value docunents, the security el enment being
characterized in that it comprises a collection of optically contrasting
pi gnment particles in a filmor a coatingdtayer of an elastic polymer. 2.
Security elenent according to claiml, wherein at |east part of the pignent
particles are selected fromthe group consisting of the needl e-shaped and
the plate- or flake-shaped particles. 3. Security elenent according to one
of clains 1 to 2, wherein at |east part of the pignent particles are
selected fromthe group consisting of the thinfilminterference pignent
particles. 4. Security elenment according to one of clains 1 to 3, wherein
at | east part of the pignent particles are selected fromthe group of the
optically variable pigment particles. (Haingecurity el enent according to one
of clainse 1 to 4, wherein at |east part of the pignment particles conprise a
Fabry-Perot reflector / dielectric / ab sorber layer structure. 6. Security

el ement according to one of clains 1 to 5 wherein at |east part of the
pi gnent partilcl es ReV e IPLRELNARICAPAHRY BlemeRt {Oﬁé‘lerng&jé}"B@tT?é‘Pﬂéén 10 and

50 m crongters. 7. \oReubbicrtl, SRERuRG AR Being cRlGcREiz&l iR iteoh, 6,
wherein at | east part o? t%e’pigne%t pafﬁ%clg%ggre %ef@cfed f#oﬁlthe gr oup
of the magnetic omprinesg edlectzaddfoppicgiyemintipstimg pgmsnt particles in a film or a

coating layer of an elastic polymer.

2. Security element according to claim 1, wherein at least part of the pigment
10 particles are selected from the group consisting of the needle-shaped and

the plate- or flake-shaped particles.

3. Security element according to one of claims 1 to 2, wherein at least part of
the pigment particles are selected from the group consisting of the thin-

15 film interference pigment particles.

4. Security element according to one of claims 1 to 3, wherein at least part of
the pigment particles are selected from the group of the optically variable

pigment particles.

20
5. Security element according to one of claims 1 to 4, wherein at least part of
the pigment particles comprise a Fabry-Pérot reflector / dielectric / ab-
sorber layer structure.
25 6. Security element according to one of claims 1 to 5, wherein at least part of

the pigment particles are flakes with diameter in the range of between 10

and 50 micrometers.



8. Security elenent according to one of clains 1 to 7 wherein the pignent
particles are present in the filmor coating layer in a concentration of b
e tween Sweandi2zgsuws- % preferably of between 10 and 15 RCTEP2@0/0SSeUrity

el ement according to one of clains 1 to 8, wherein at |east part of the

pi gnent particles are oriented in a position which is substantially dif
ferent froman alignnment in the plane ol9the filmor coating |ayer. 10.
Security elenent according to claim9, wherein at |east part of the pignent
particles are close to vertically oriented with respect to the plane of the
substrate, slch t Saturitheleneath@oakngtoofnendetilims $ hapedhgaintat Eagpairtofni t hi n
30 fromthe normal, ta the Iaqe, reslgcg%bvel t hat e flake-axis of

f1 akeshaped parti SieReMENFartcles agpsq ﬂ@%ﬁ’ BH08P §f BT PB4 0at i ng.
11. Security el emppliza3&CALRERGDatRIQNe of claims 1 to 10, wherein the

el astic polyner is chosen fromthe group of the highly flexible polyners
consist ing of the natural rubbers, the synthetic rubbers including the

st yr enebut adi,ene ¢aqpol rs,.the acryl ate J atex tems,. the.

P01 yehi or opr Shes. CREGHY aRgent drdifid o e Bl L 7RG i hemitr s, < ne
polysul f de rubbeugicldshe: sricsenl irkhp @illivios 0Pdtizesyer il ceidedtr@nergivepy! en

t er pol ynmers ( EPDM rubbers the silicone rubbers, the pol yurethane rubber,
and the porous si ltWe@ohayl 2519t-Yserferably ofbetressn 18@adrdivigot o one of cl ai ns
1 to 10, wherein the elastic polynmer is chosen fromthe group consisting of
the UV-curing and the el ectron- beam curing polymers. 13. Security el enent
accordi ng to9one Gkcwitgiciencht dcoilding whercaiftlaimne 1 € 8skvhacipak yoastrpartofa

two Coerol{)lent st Itl?eolgllgr?ller%sga?t?ﬁers' are oriented in a position which is substantially dif-

ferent from an alignment in the plane of the film or coating layer.

10. Security element according to claim 9, wherein at least part of the pigment
particles are close to vertically oriented with respect to the plane of the
15 substrate, such that the needle-axis of needle-shaped particles is within 30°
from the normal to the plane, respectively that the flake-axis of flake-

shaped particles is within 30° from the plane of the film or coating.

11. Security element according to one of claims 1 to 10, wherein the elastic
20 polymer is chosen from the group of the highly flexible polymers consist-
ing of the natural rubbers, the synthetic rubbers including the styrene-
butadiene copolymers, the acrylate latex systems, the polychloroprenes
(neoprene), the nitrile rubbers, the butyl rubbers, the polysulfide rubbers,
the cis-1,4 polyisoprenes, the ethylene-propylen terpolymers (EPDM rub-
25 bers), the silicone rubbers, the polyurethane rubber, and the porous sili-

concs.

12. Security element according to one of claims 1 to 10, wherein the elastic
polymer is chosen from the group consisting of the UV-curing and the e-

30 lectron-beam-curing polymers.



14. Security el enment according to one of clains 1 to 10, wherein the

el astic polyner is a one-conponent silicon dielectric gel. 15. Security

el enent awoapuvng280 one of clains 1 to 14, characterizedTiEr2alasssbhe film
of elastic polynmer containing the pignment particles is covered by an at

| east partially transparent protecting film 16. Security el ement according
to one of clains 1 to 14, characterized20n that the filmof elastic polyner
containing the pignent particles is conprised between two at | east
partially transparent protecting filns. 17. Coating conposition for the
producti on ofl3a r &eeurgybleynept axoohnoiw anedclaims 1 yo &0,evfentin thcorlastiae
forgery-protection pof value docunents,..the c?ati ng conposition being

characterized i n PRYMS S £ BRHPPERAUCH B4 YAT0f opti cal Iy contrasting

pi gnent particles in a liquid or pasty polynerizable pre cursor nononmer or
oligoner, able to be cured to an elastic polyner. 18. Coating conposition

accordi ng tolé8l ai iedity elearcat eespidiegito anctoigtaims 1 ite i@ twhsaein thyfclastie pi gment

parti cl es. are sel ect ed firorr;lthen[1 r Qup iﬁorﬁsdé%lt itﬁ% olf t he needl e-shaped and

the plate- or flaﬁg-ygheépse%opeé?% SR E atl ée(:orrposi tion according to
one of clainms 17 to 18, characterized in that at |east part of the pignent
particles are selected fromthe gr‘ouE con sisti ng%of the thin-film

i nt er f er ence 1pi gmSREUrEH elemengaccopding ioh glasmrb & i1 4. HarageEizrdiinibatt o one of
claims 17 to 19, j [ - - "RANG ' t
particles are sel g%%lyéf%%ﬁ%ﬁﬁjgi%}%Eghtgﬁﬁl%g’r@@? I?%g%?@c{/eg%e P F%Hgl gnent
particles. 21. Coatahaglecagmpogilyit@nspaeanpehitagingdilmne of clains 17 to 20,
characterized in that at |east part of the pignment particles conprise a

Fabry- Per'8t reflector /
16. Security element according to one of claims 1 to 14, characterized in that

the film of elastic polymer containing the pigment particles is comprised

between two at least partially transparent protecting films.

15 17.  Coating composition for the production of a reversibly piezochromic secu-
rity element, for the forgery-protection of value documents, the coating
composition being characterized in that it comprises a collection of opti-
cally contrasting pigment particles in a liquid or pasty polymerizable pre-
cursor monomer or oligomer, able to be cured to an elastic polymer.

20

18. Coating composition according to claim 17, characterized in that at least
part of the pigment particles are selected from the group consisting of the

needle-shaped and the plate- or flake-shaped particles.

25 19. Coating composition according to one of claims 17 to 18, characterized in
that at least part of the pigment particles are selected from the group con-

sisting of the thin-film interference pigment particles.

20. Coating composition according to one of claims 17 to 19, characterized in
30 that at least part of the pigment particles are selected from the group of the

optically variable pigment particles.



dielectric / absorber layer structure. 22. Coating conposition according to
one of clains 17 to 21, characterized in that at |east part of the pignent
particl eswanreloiiiakes with dianeter in the range of betweemn/EPQ1aos455D

m cronmeters. 23. Coating conposition according to one of clainms 17 to 22,
characterized in that at |east part of the pignent particles are sel ected
fromthe group of the magnetic or magnefl zabl e pignent particles. 24.
Coati ng conposition according to one of clains 17 to 23 characterized in
that the pignent particles are present in a concentration of between 5 and
20 W -% preferably of between 10 and 15 w-% 25. Process for making a

reversi bly pi.ezochromc security el ement for .the f -protection of

val ue docunerls, (il GUBRSIARASFISsgoeRE oL e b O30 HhstAgi4cg 1
substrate; b) apphydtBlcastpRALI AR HAABRTabtiDE coRHIRE b FhhY-Fer&iabN&esd on of
opti cally contrasting pignent particles in a liquid or pasty pol ynerizable
precur sor nnnonerdmhqmﬁiﬁhmﬂﬁrgﬁmaﬁﬂm@mgt part of the sub strate; c)
curing the coating conposition to an elastic polyner. 26. Process accordi ng
to claim?25, characterized in that said optically variable flake pignent is

a magneti c op2nmagbiizabdmpdit@ieiterdaiptoohabf shiefs 1) toCaNphidrs@sridchen magnet i ¢
orienting of said flake pignent in the applied coating wiwth the help of an
ext ernal magnet i c that @t gast part pf reagmen partilasgre Balkas a1 Pgmetehaythet eri zed in

that said nagnetigmﬁkb?@&“%gglbﬁn@géhg&ggQﬁyging an engraved pl ate of
mag

magneti zed pernmanen

10 23. Coating composition according to one of claims 17 to 22, characterized in
that at least part of the pigment particles are selected from the group of the

magnetic or magnetizable pigment particles.

24. Coating composition according to one of claims 17 to 23 characterized in
15 that the pigment particles are present in a concentration of between 5 and

20 wt-%, preferably of between 10 and 15 wt-%.

25.  Process for making a reversibly piezochromic security element for the
forgery-protection of value documents, the process comprising the steps of
20 a) providing a substrate;
b) applying a coating composition, comprising a collection of opti-
cally contrasting pigment particles in a liquid or pasty polymeriz-

able precursor monomer or oligomer, to at least part of the sub-

strate,
25 c) curing the coating composition to an elastic polymer.
26.  Process according to claim 25, characterized in that said optically variable

flake pigment is a magnetic or magnetizable pigment, and that step b)
comprises the magnetic orienting of said flake pigment in the applied coat-

30 ing with the help of an external magnetic field.



netic material .

parti al | ywonangpseent pol ynmer foil
characterized in that the sub strate is an at
transparent polymer foil.

25 to 28,

28. Process according to one of clains 25 to 27,
characterized in that the coat ing conposition is covered by an at | east
29. Process accor di rgTIEP2@0054507 Cl ai ns

itemis chosen fromthe group consisting of the value docunents, the

banknot es,
t he | abel

for tax col |l ection I, POS 32. Security docunent
carrying a securi 38 BIPGHERTCCLHSIN th g 6¢ BRES of madiigtiged nerpnghians mag-

10

15

20

t R&. | d@nddebsyacdoaiingetiotcdaimt Ite clrraaaszedan dmt sdithenagactic argncar ds,

serv in

28.

29.

30.

31.

32.

netic material.

Process according to one of claims 25 to 27, characterized in that the coat-

ing composition is covered by an at least partially transparent polymer foil.

Process according to one of claims 25 to 28, characterized in that the sub-

strate is an at least partially transparent polymer foil.

Use of a security element according to one of claims 1 to 16 for the coun-

terfeit protection of a security document or item.

Use according to claim 30, wherein said security document or item is cho-
sen from the group consisting of the value documents, the banknotes, the
identity documents, the access-cards, the banking cards, and the label serv-

ing for tax collection purposes.

Security document carrying a security element according to one of claims

1to 16.

| east partially
30. Use of a security elenment according to one of
claims 1 to 16 for the coun terfeit prof2etion of a security document or
item 3 1. Use according to claim 30, wherein said security docunent or

and



