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HOLDI NG SA Optically variable pignments providing a col our shift &t Rehof03
two distinct colours, coating conposi‘tion conprising the sane, nethod for
produci ng- t YEO9BM34nd substrate coated with the coating conpGHEPIHI4S4The
invention relates to optically variablq pigments provi- ding a colour shift
bet ween two distinct colours to methods for producing the pignments,and to a
met hod for conposition conprising such pigment and to a net ho,ﬂmm Im,"m,mu IW
producing indica conprising such pignments according to the pr

i ndependent claim The invention relates to optically variabl e pi gmenis

provi di Eﬁcﬁﬁcﬁb%rm%h'sﬁat between two distinct colours, to nmethods for

producing the pigment to an optically variable coating conposition
conprising such pignments and to a nethod for producing indica conprising

such pig &&1@ 2636 160pk BRcpt8apkbeiaing he toteRensents Paiyien
Opti cal ] i ] g Q ) ‘h| t between two distinct
col our st¥ gle, are

wel | kn Me,Tﬁénggholﬂbrt brsdageﬁgf that sametmdemm@smw codxidd 3}ilth

vari abl gh stangs for such g tépe of optical characteristic. The production
of the d their characteristic features, are
described in various publ i cations and patents, e.g. L. Schmdt, N Monga
W Radt .operties"”
Europegﬁh%oa?§gggg6 5%%%&% g;) gggiéaw%%nts {iﬁ%&&@%@&é:@; 59 245, US
5, 084, 3¢ingus soiggr8§21fusbstw¢§n3580 d5s5im7e | GPUOUER, 032 MEGNOGEP .
0736073f0E FE@&:@ZQ agde E méfis 1700 ERtbsaldyl MAryab & 18 FRALsaving a

Vi ew ng an eg ent S t of colour are based on a ack of super posed
t hi n- fl?ﬂ’inlg‘a?é?:% Ri FﬁmBFFFéPEn{suSBtPtﬁﬁ“eﬁhﬁraarb‘fe?? SEEIIP:%t Oﬂmf%e t he
amount pfodotany- shdftengompdishegchuohapignént ofacsemtdinyg ’fd luhest ruct ur es

dependﬁg%gghﬁgstgg &Hg?ﬁghﬁéhgl %12% ituting the |layers, the seguence

and th | ayérs ayer ness as well as on the production
process. 19 F E ~ 2003 WO 00l 12634 PCT/ EP99/ 05454 General ly, optically
vari abl @inSHETS/SvSQEHBléepﬁ?m@ﬁéguﬁ‘aviﬁ’éaé | o TAfH eémm de?aeferen &wo
dlelectrlc[a er l ow. Te

E_ ractiv % terjal W t h anlndex of

ref ract PbREHRCE. 68LBRTFe¥ith ERBSFPEAUBNS ’ogﬁd?ejt% Nt Qg tihe

refl ﬁctvi\@iviﬂgeanqﬂ]d aaﬁenwhellanﬁ@ﬁﬁent'rhﬁ?fqucﬂiﬁ lytrrﬁ |sq&§|dllfg.da&)i§ih applied
on the cir e, o cird gyl ayer an

sem -trd]?lgpgr [s)lé;g ?Pt 8a$f¥e¥$§££8?a esrtaan’gdysebtgo% eg'gua{:rhdedec €a° equence

whi ch c@pftb@alepbareqtyrap‘pic edTha“hpm@mmort i thesd foigaendis,t he terns

opaque, tﬁ@if’f" h¥eaBdaParbi Al J:Maf@él:éfié@gc A uAdANsNad %Esc@l‘ﬂ:ehr gpspar ent
relate to el ectromagnet ic radiation in the visible range of th

el ect r OYRGheEE cPEBELFREAPDS . 2041 PBRFADDr 08 1Rt y S 780 nm The
seni - t renspas enW. Rpdtkeal Oy seéyert i Mpuseyerpiomrerdes weide epvriekaly

(al um o] f h j ter] . £.0 rtain
net al - &(%%%%Bg% ﬁ%#g%rg’i phl e‘gp %@%%Mtgdﬂ% ef'eagrlé’%%r’rat erials for
the di ebakents U&yér‘l&ﬁeosﬂ DZUﬁnﬂrﬁ@?Zz‘libdﬁ I5y: @84 3 ckness of the

senmi tr apspPar e9k em@rtugléngfb@w@g !sam 6254 beiprgesy pegnd 25 nm wher eas
? ends on the col our's desired.

t he thlckness [ectric

Typi cal¥% 9713 597?’n Fﬁe“%n@%g ?n%e%/%\egﬂgbol Hhd 500 nm The opaque, totally
reflecting |ayer is preferably of alum nium Gold, copper, silver, and
cobal t ni ckel | oys_have been aliernativel osed teriagls for the
opaque, 6?5%%??§7yré?fé€?$ﬂgp]r%@%?ts C%?ﬁ‘é?’%?l%// ‘PJI fﬂa@eg% Eaﬁéﬁess is a
functi omhnfttcbé tayeurt arekbassd & ua sitank hlaﬁ:mu-penp:tmmia i nafplaxi mat el y
35 - 4 s YR t kn softhe
totall 31%% E{?ﬁ‘ g E%—ng%ﬁ% %étlgai &%& éﬁ%’g; %0’ nm q@’tl%dal% y variabl e
pi gment aMQ@Rt b@fpcgag@édslbyf'almn@@d e onhn@naé}ﬂcm@&smh thanef them
have gafmﬁ g@te&tw@yaepena\oaﬂ&ﬁ&%@ﬂers %n 7th% et d2 12003 JAGT EP99/ 05454

ance. In the first_of thema contihuous sheet of an optically varlable

t hi n-fi Fer5R9 uBREr L2YSI By oBlR cBCERBNGE otRd the flugthan £ ilavers sabend,
sui t abl BaPELCERSEknOIE L 4§! 9611 €a 8- ord| tE Np BT GRS prdfeeoated with an
optically variable thinfilmstructure. In the first type of production
process, the various |ayers are deposited successively on top of each ot her
by physical vapor deposition processes to forma continuous

mul tilayer thin-filmstack onto a flexible carrier. The carri m,mH il’ m]”um
preferably a web of a PET or simlar polyner foil. The resultan
thin-filmstructure conprises an opaque, totally reflecting | ayer®th
first and second surfaces, a dielectric |ayer deposited on top of the
opaque, totaIIy reflectlng Iayer and a senl-transparent partlally
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~ 9 FE8~2003 _, WD 00/ 12634 PCT/ EP99/ 05454 - 4 Producing the superposed

| ayers by physical vapor deposition results in smoth and substantild F§8 2003
pl ane and parallel |layers which render possible a high chromaticity of the
pi gment as aw@dl§deedence of parallel reflected el ectronmagnetigcieshoatisen.
Furthernore due to the absence of ox%gen during the production process a
potential formation of oxide |ayers On the netal surfaces is prevented.
This is inportant since in presence of oxygen the surface of nmany netal s
are attacked and a thin oxide | ayer spontaneously is forned on the exposed
sur f acesiendoweMay,, ogitriewdyl ya vidriimbdel géghaypes camppdseush thaguefl ectivity

f th tqal,, | i ti.t ut .t |l fl ti
Payer &I, TR e L LR o e ke RIS O A eb B REERE g of
the desitl&® dingexr egferdaln dulest wathakhyihtax pifgmedirsctiion. ofl akes, with
i 1regul y M e¥okeRrREIeSd A ttla)gs6fe@9§sopggpg?”%gggg§,i tQshDe, phgne of the

| ayers which form{he stack, the ogaque t ot y re ing centrar layer is
not | ong&¥eFr G0Ec Lo B tRENSRAELPSscRaBt &pbeY FefilggbinaMbagever, the

mechani eppliededn exer daelerkeitheapegent during the grinding process can
result in hairline cracks in the dielectric layers. As a consequence,
corrosion of the inner layers of the nultilayer stack may take place at

mul ti pl @hei rembipanicanbdch wﬁbmesukiabte¥éheﬂ?dab Eéﬂ?eﬂkﬁnsﬁyfé?feagents
are om w10 PLLNOLing. iNn ornmul.ati ons_(resins, solvents,
etc.), Egggﬁﬁgﬁy g?éﬁ?&?&hﬁtEg&gﬁvwg%n%%n¥e%if?ﬁé B EhBEBIPRTR®d i nks
(sweat , whaghdegn becrppephedhy spplégd. of the present invention the term
corrosion stands for the reaction of a netal material with the environnment
which results in a peasurabl e change of the material or which leads to a
det eri oFAEPHANGELt RBLPURPEFAALERt AOREERE | Form%rPReGuer tayetlyfande

conpl et pasydneny-FoEsedethyit isemiLsrmgpmf&xm@ 49d DL D SO9RBe Y - de iPre 1982,
T1.2 Ja F_E.D.2003 WO 00/ 12634 - 5 T1.3._Sept. 1985.
PCT/EP9gPoéiggtgﬁﬁﬁgPégggcfggéagﬁ%noh?i% F 1A AR TR RPPE gPEnERE cor rosi on of
t he net elsctopmapnetiagspeabron, t heel afeos amsubt Sma e By Ne@s uta bl @0 change
of the gptical properties of that pignent. The change may go from a
weakeni ng of chromaticity to a conplete deterioration (loss} of the col our
properties of that pignment. The by-product of the corrosion can contribute

su?istantrhal *s;smnetrhﬁspbsemedp@p&ih@m c{@ﬂmuﬁérm 'lur&aﬂv:ﬁél made

refl ectiyi a t 99,0 over_t evq’uoes citra mai n, of 1 nterest,
represeﬁ?sﬁ%tg&?tEgltl%%ﬁmélﬁbi CRTPEHH r%rfpfﬁ&qhﬁ%a%?l‘(ﬁ ew. However,
corrosi matefialsni @i gm gencadh | peoaltosideds lomatetal-ani Oshidedases, as wel |

as W th gbsungLomiey) f adang.age . Sl iRt resence of oxygen.
Thi s i s(due2 to tzhae, st r%ryﬁﬁﬁect rg!;)%se?{ﬁa\ign%lg%urtgleo zﬁql?n%scrﬁlﬁm whi ch has
\grQ -

a st andaP8ShoRERt 7EP: ™ Wagai hstths debteknesnuet theceemiaet with
\l/vat er %mnsgeﬂenﬁj uﬁﬁtf@lﬁjﬁ&féﬂ@ﬂlﬁi@l 11;]a@féﬁ gi.éll%é‘tviéﬂrﬂ @:(—H{& ry'5u][n oxihde
ayer c r et e rotects f.he underlvying nmetal fromfurther
att ack. n#lhg'r‘ﬂgg%%;,g %}gé)pg}&%)ﬁn%ﬁgaogc% dld‘i%ﬁqﬂﬁlifrﬁ siftfefc Senends B wat er
sel f st opBei apbaree efssiredeVvRypioal heti dad ireagentrabyes dH hitseednve this
rot ect i e fah he 1 .04 0%l i) | r . j rrosi on of
p 500 sRyes0®fnh! ﬂélvr%ﬁéué@o' Xﬂd:l:%l"fq}J re%égﬂlen%?l%{}}e% G

t he underlying petal which on as l'ong as t img layer is
r enovedPTEREEAPLY (e 2HEBLRG UM oGk« COPRRET orf idivesnl wilc oabaltsal ts),

wi th hyfiexeUealIoysraiavs wden e dAHH ALY %ﬂicg{l)seda% WideQr,gani c
conpl exfform ng_agent s ‘éEDTﬁéI\% etc.) which fix the AL3"™ 1on in the
f or m of £85I thF eo%%%? exedal e ehiecdding layss . h&rransd lkopgdery of

dest r oydegrédeoprapapiéness ayera drurmdtinniofmtaied Tharekorieidedece rapid

COrr osi . ore evident that the reflecting |ayer in_the

mul ti | a‘%k?m%%%%@t%%&g‘%s s°a‘faaq‘bept"‘ln°caﬂﬂ%¥°\¥&ﬂ%i} % grerit’s T thickep 001 12634
- 6 1 8efsE BT/ ERgP IS4 arge dify the désitakeead igf tdhe presence of
t he nment chen I j<ti On, e .COokrrQsi foalumniumw ||
produc?%@ﬂ%}éen gaés;'?é%q c%:l\ﬁ@lq{olvtgsnplr}gyte{}hé%plﬁzge%rﬁ%gl %l?t“ﬁls tﬁlgy finally
burst. OQther, |less corrosive netals were proposed as a substitute for

al um ni ; 1 N1 25E 1,0 , . Q. _consi derabl e
trade- 0?1?:&% nre ﬁ{aacxﬁe\t}ﬁ/ey.%l I ver Sctl ?)eh§§ogﬁ1§g%:ﬁ§\s/eal ?ﬁﬂ%&% ng | ectivity
(about YHEERPRRNE IRIQGRSSRER HWQYME Béreme 8V Gaimesntal@d rimpoatd does not
corrode with water. However, its tendency to react with all kind of sul phur
conpounds to form bl ack Ag2S is notorious, and sul phur conpounds are

omi present in the environnent. Silver-based optically variable pignents
tend thus to deteriorate as well with tine. Gold, which is a rather
non-corrodi ng netal (except in the presence of O2/Cl' or 02/CN-) , has a
reduced spectral range of reflectivity in the visible domain (500 nmto 700

o o r . o ' 1 o e



As a consequence of this treatnment, diffuse reflection is present in a
substantially amount, i.e. incident radiation is reflected in all
directions. Thus the chromaticity of  the pi gnents is low As a pre[f Fﬁﬁelﬁllﬁ
precursor MpfPhgidk4P! at el ets nade from al uminium are discl osg, égﬁ?@%ls:ts‘t
copper, copper alloys and alum niumalloys are suitable, too. Since
subsequent deposition of dielectr+c3and semtransparent, partially
reflecting layers in this second process is nade by chem cal vapour
deposition or by reaction of the vvet chem cal type, the platelets have to
be pas e S r I | t i.on with
vator. WS Ik SR (EF AP AL hEOE O e ShEER

passi vatambb@/etlsllar%llm l@émuctmlmazlﬁerpmum iand yglemwcl hes Prm)*e a

detri "%tté@ts efirﬁ%h&%%ﬁmté&iéa}bl AN 290 rhaveuer e §f, the

opti cal vari a pi gnment 2003 wo oo/ lz~34 .

D i b T (15 b O Ty S Y Pk R0t he
wet - chemattydaides, that the central opaque, totally reflecting platelet
is conpletely surrounded and thus protected by the subsequent dielectric
and further layers. Corrosion in aggressive nedia is thus less likely to

t ake placetlss fiist ttt}qastuietpnqmmmmri aldoessy itdtE evaxignentl gyeaduced by

the first process u ve r1,051.Qn t t f R isS nore
i kely Hot ‘{eop? 1Kt"mBl %%cgce sr’o rcifﬂe ale‘u’srg c%i‘ﬁff & o?&%&le this
coat i ngrarpcbzt dﬁre;ssaupvrorprchmﬂees t@sﬁemnala yamtsmums slseea:prmlﬂ &d.

Al um nigjm tgﬁg{ |fleé8f53:ﬂ l%eEL fht than the
coating materra‘? aroun it; this ctgﬂuce ai r |ne cracks in

the coda%¥wkisthets rre:rﬁfe%rahw ok ®én @e PATH O r?daetlﬁrrarpqlétrmr ¥odill-l be
able to attack even all-around coated al um n| um particles. If corrosion is

free t o on, at:lnrtoe savgll evolv uc uazt:t:.'yccthe partrcles w | |
burst i rp e"}:]e S (Falﬁhﬂ' Fivatd Or &1’5 pe'nf@l cal and
chemi cadpaxamr ttEtp&ith}t nmflrﬂctme'egsé@yfem wtlh:él rﬁmmctartm sefcaoyt iswad-l y

vari abl i g i r ot h processes
has beefn‘a%ar In% z?st 2 um u%ﬁ \sé?ee(‘dt}f;l uceéieg%p%t%/lsér ‘cal vapor

deposi thrrllgr rltftfeIQHFrﬂr% laven @dt%ﬁerse@rl‘d:rﬁww%r zi’ﬁr(iﬁ-aérlmurr ng the

deposi trherm dit iR NS fr Eplied ompep dgpagid ldtrelteeeimcqqegze&r wale cheni cal
reactions. It is tet;l[er fore an ob ect .of th%ﬁp esent ent| on to enhance

the corfTNBIFS &L ol a3 (?é‘lrltﬂ'a\}&ryr W ™Y R&i nt ai ni ng
a good ptwsmret iecither Idn icea sfidet lodr tlsj egtagfe t It@qa]dyerrtefhemrihigon to

enhanc dé)}t;%e/[ %rﬁr Hec&; § %”Cs%.d%f og,thr c?halt%e\{ca :%Q:J %aglr gmRGE ﬁ/@j ch are

produce sl cal - Vapor eposi tion as S0l S FSE echii que. 1
9 F E B MRS muddlaygr sperkppdops4sy 4 tsyntiﬂeatrrl@r EHEUCENEect of the
pr eslertoﬂ |Mf§f | 'tdﬂldcﬂ.l@":wlﬁ%ﬂl@ pﬁ%ﬁl‘f&@t&' 0@5‘5@&1[6‘3 HHee ltfdéq - U-e

total Iy reflecti ta ayer_ wi thout its ref|ec vrty is a
furt her* b} © rbtﬂ’%t WFEBESH O ﬁr"o&r?cg’e oS0 edi% £ ﬁPleFPEaI ly

vari ablie:.rtnlgrmrgmemh tﬁhea x@tsmmMgCMtadraw@rxammm-(f:tllne shiegreeriss having the
total | Yadeldied |l | i AR LoDl <38 WAHTR! Blizel byl §nBEnODI ect of
t he present I nvention to conbi ne physical vapdr “deposition technology and
chem cdlethgssy Heptsindid¥ -t echnol ogy and/or reaction of the wet chenical
type for the production of optically variable pignents. It is another

object top opt. i caII vari abl e pi gnents havi n a_cqlour shift between
Db’ i AT PR SRS CREBAGared A ke a8 Y888t | ng
conposi fcb:ortﬂuq)qrztadudtardw offr Itrmtunngulmbs cahhése appildelas f@tre tsel ved according

to the es of end ai Par t.i cul ar| y t hey e,sol ved by
t he useé“v'e?aé 18RS 1“(;ér:the ogt (5’ e oh &pgll fﬁé’f V&St 3 RS Chgr P§hrade from
cor r osi tachesiurmareldasoribadalino Y 13ymapiy i aaicy\cé.rm@rediepof i Tindas-The
porT oS P PURAINE A e MRS oMt oDl i Addetl SRege, b ofuced
by physi c vapor dsition may bé appli o A’ qedl gns’o optr cally
var i ableany grienkumehady iy »ags! (ﬁﬂrffshr ﬂmdbetn/vé@-rittomo Ochrstﬂlgné'tl'heol ours.

Al uni ni RGOS S erfieS Ul 29 1 Pg.lml%y' CaclRIRITINLs < Tnd. ), M8953

Encycl opedr a of Industrial Chem st 4t ition Verlag CHenié, 'Vei nhei m
Ger manythewp| talke Essagdaddy plzee U@G‘@ﬁarhédaht & SIS FORFLFIOME -t here are
many al um ni um al | oys whi ch have hi gher strength, better workability, | ower
mel ting 19 F E 8 2003 WD U0/ 12634 - 10 PCT/ EP99/ 05454 poi nts and which
are better corrosion-resistant against e.g. acids, bases and seawater.

Besi de the main conponent al um nium further conponents such as silicon,
magnesi um nanganese, copper, zinc, nickel, vanadium |ead, antinon, tin,
cadmi um bisnmuth, titanium chromum iron, berylliumcan be present in the
aI I oy. These further corrponents are present erther ech usrvely or as

o o v I Y o




1 9 FEB 2003 WO 00/12634 - 11 PCT/EP99/ 05454 TABLE 1: Sel ection of .
Al-al | oys suitable for the production of  corrosion-resistant optilchiFEf 2003
vari abl e pi gments SpecificationConposi'ti on

of Al | owabl e m Xt ur econponent sof thein wei ght%al | oy Vvh
o g jvhgﬁ't}?ii&igwg 50 WP Rbog a4l

- 0, 3FeO, 6A1rest Cu0, 1Cr 0, 05Zn0, 2Ti @, 2C-her si ndi vi dual 0, 05sum 0, 15Al My3My2, 6
-3,4Si 0,4Wn0,5 -1, 1Fe0, 4Cr 0

- 0, 3Cu0, 05Alr est Zn0, 2Ti 0, 1ot her si ndi vi dual 0, 05sum 0, 15i Al MgvhMy1, 6

-2,5Si

0, scud TOn Sy e fuaChfosed dayers by Rhyical vaRer S9R08 %o, 4
-0, 8010:6&‘3&@350 @mqwhr; ap@osubstantially plane and parallel layers

S S grIRALr £ S0, BIL01BEENET ALGH! YU ORYR A MB Dt 4 2

-0, 7TQUC TRREIERRam 0ol cparabind, paf Meched slerstime gnet i madsiation.g F E-
2U03 WD 00112634 - 12 PCT/ EP99/ 05454 Al lvg98| My 7.0-10.0 s| o o 2.5 M
0.2-0.5 Al restAl1Si 12Si 11.0-13.5Mh 0.0-0.4Al re N%/gg& - 1, 2Fe
0,55 Fumthermexe (d4gVHOothe- akisﬁlzﬂeooécfexltﬁerb%ﬁ °d’uc'

r est et ket rpirwe&mlaOpGBemﬂiaD ﬂﬁrﬁ@mmpamma:xidaé aléy,efgfdree:theng | ayer or

| f | 4 . hysi cal
vapor  de T FERE RS Eed] SRESU DR Ot TATE P BREESOT ¢ ne
requir ahcm)rqﬁ)swxyml that sorf Re¢ cp L roaBy tmﬁmﬂcﬂw are ceswrakadavadalar eady
listed rr?'asgﬂ&rfayé’frépaﬁtéﬁwu |1 @depiids fo die prRdue isep of

thin-fi from all IS th eposition with the hel p_of an energy
provi difRFes eéi?%v%an?lqﬁ%dﬂa% ebhin P%iR dforek kRN PadfiEcdde from a
melt orrgxiiviely of thesélhmeyal ¢ ofhidHItdd ik yteOaP@ses are

suitabl e too. The the production of optically variable pigments
havi ng %W%rt%ﬁnfiyb’é?%\g%ﬂuf% iﬁ%"’f’fhct predet er ni nabl e col ours

conprises the subsequent steps of depositing, by physi cal vapor deposition,

| t
ﬁatsgm a‘%gfrg}%s &n'b érﬁlﬁf%" &F Pﬁljﬁ einng%/ erep %}%lagn@ﬁ\ﬁn%% suppor '
separ abticles @f tthe degired. S-’Gﬁt@?ﬁ tg Hen ﬁ%ﬁsﬁﬁl‘éi@éryerftlaﬁartl ally
reflectdy érayer,laedleieﬁéél Cwi €y efred mﬂgpmn@i @ddusckpess is

depos t si cal depositio The. s ce of pa aII
of eLﬁ erv ﬁ%ﬂie%nopm&%m 2F i e e N HevReRe abdah The
subsequiorm [ttheerstiack hetlnpavpeque ot@td Y1y efdfdadinind aesrtrafl alagrmrnl um al | oy

2R B oo e SRSt (R kPO TR B ST ¢t O
opt i calMarequeab| e BRRANIeA] bEt €T | taxt-asy b ihe rPd-gmttl onal ly
sequencfisr i3y b.qteh Gt Hegi g phscdsd atdy FafdRctimthd @8he \Al&eekfshen

dep05|t|on CESS]S:LII’IaHZEd the multila er thlnfllmg glcturels

det achetcpef FYSTY ot €F | SN SHAN THEHE @5 &B6nt aneousl y
into irireget a]ra}pamesf ﬂlmasmbtebqsemaacbdmmdyertqk&)(pdssuen@tt oudbt ai n t he
desire ent odpGt a totally

refl ec;ic sheettésl’ Zﬁ%a%%%n ﬁﬁgy &f vapo"‘:{rls)l e%%q@?%l r}fe%g’%wﬁ%um nium al | oy
on a sﬁi‘;ﬁ&tﬁ%ﬁ%%r@%ﬁ* OW%Wem%crﬁfnf-t%e ino Ry Intk imef Lakt fegMsheet from

the suppgdidiy £ind) ddBvehes! dc COMBANWiaEhIlO Jthen deshk @HePi gment
si ze. The snoot pl ang total I%%refj eth{ ng al um ni um al | oy | atel ets with

par al | DTN RS Rirflg L dri&f o action vessel
for depsxsgd fy.ng the subsequent dielectric and sem transpar ent partially
reflecting | ayers by chem cal vapor deposition. The resultant optically
vari abl e pignents have a chromaticity conparable to those pignents nade by
the firkt fheocEsstetioved erthe tieepeoduatiant icos tthearemmuclorirosdon Optical |y
vari abl QE{TEEH lh%? t ve vant age
t hat %&w W t an CFC1 &}12& cagn %oﬁ%%%%ﬁmﬁngg thgggggane type
made f regn ta ke ammmhts;mrpredn@mramfe Qimng@aldﬁ/ hh@r matslee ipilgeent s of
the pregenty 1wl if 53{@@&1&9& BLdid e di %f ne@ahh g

conposition, printing or an iI'mform ng conposition. %he si ze
of the SHEFASR ©F nlmlh Qﬁ)nﬁéﬁl@l@mheﬁ% gatesen THighd iviien IRese

conposi fianss Usdad Yo PR 466 7 f1 | Apf orid g masin.gi ! HDRS oha di ssol ve,

di sperse or dilute said resin and additives such as extenders,
anti-foam ng-, wetting-, crosslinking agents etc. 19 F E D 2003




WO 00/12634 - 14 PCT/ EP99/ 05454 Coating conpositions or printing inks
containing optically variable pignents of the present invention W EEH
applied to any kind of substrates for decorative purposes. In a pré* @@
enbodi ment ofobbre2eps esent invention printing inks are appliegctapsads ty
docunents for anti-counterfeiting purposes. Since the colour shift of such
pi gments is not reproducible by photdcopying machines, indicia printed with
optically variable pignments provide the docunment with a strong security
element. This is especially useful for authentication of banknotes,
chequespiesle. s@btlsygggwtant for such a security feature, especially on
banknot es, that is able to withstand severe conditions, of tropical

hum dity, transplratlon and, given the case, even laundry. In a preferred

ewbdelrrwmtho&ets@@c&r &sLithd rbmbl ldaQn it Reardeles ipqrgméaaissbaﬂt:ckagmbhcafl y
vari abl e are icable in -based printi i nks or coating
conp05|FPg 8n%§hf #gﬁﬁHQﬂ1%ﬂmq g@ﬁt%ﬁge SEF??EnlBr @printing ink
as a weiebsyenblehehlaayer off ithe bptamaﬂomatm@ntaed/of praet pagment of t he

| i qui ds nd/ L r.Qssl| i fai | r or bi nders.
Cptical § vagla%¥e§E&§ ggkb '%eaﬁ%gggﬁﬁtﬁn§g%%p§%9§g%ybéon?Xed w th any
ot her kcqmpbﬁtenﬁemﬁmmgna;mmn ddWSﬁnt@ﬁfé&@n@@lpmgnenoperhiesdef to nodify

the col eaat%lg&@wtol - ghReet off the RTYbking BLANBBAEr PhuLoat i Ng.
Such non-|nterference qgents can include al um ni um pi gnents, carbon

bl ack, FPP&H?HEF&@&Y‘Gé’ hey ehserasd ﬁm&lﬁéﬁ €PaRgBar ent dyes, transparent

pi gnents, etc. Al so all klnds of lustre pigments and particul ar

interference nent can_b th t h ignents of t pr esent

| vent | BREBEREERY oYt a At 185G o A2 PSR EEC & OBFF nE R MR havi ng
incorpospéedraﬂtdombmm\uﬂwuﬂwewepmgnwn@geseﬂts B HulteZbdsaWXrREide634 - 15
PCT/EP9?%Q§4§QGO Lhe Aresant ipvenkien can be applied to a substrate by
any of known rlntlng techniques, preferably by silk screen, offset,
flexo, letterpress, gravure particularly intaglio printing. The present

i nvent i ﬁawésef:ur therodase Iolze@mml@ﬁw danee a1 bhobbers OJ:iQHV' W &l awi ngs:
Fi gure a cross-sectional _view qof the corrosio { ant optlcally

Lo hol GShAEaaK: BREERG o YR Re athe SHEOOHICRIBLEF GEPTRERS (2 on 1 wo
di stincorceinpiy phodheepriesenceondansygent. hThie tsr&teptodukéi on process,
Filaure 8 ERheYS <3 cELIRERAEHAN AL i eN el A0uabiennALhye, cpOsg ucti on of @
corrosion-re t all G T Accof dance with
t he sec%ﬁénéﬁﬁéuﬁptéﬁtﬁ@dc@és ITRE &pﬁg@amsy hadrageé pTlyaentin0 of Figure

1 has i¢&pgeHERN wthr %%xe@&e%x%eaer aqnudﬂlﬁahﬁr F@n%@ﬁe&h@ﬂf’ £drh he | ayers

P. It con5|s%§ g g]é‘rrmetrlc |Ia b m st ack M@ICh the two
outer | B§EY RN, ALUTERLIT, Oxd &r ﬁ?e gPﬂF | P QWFE?Fe%?WﬂgeW%.%rS made of
chronluproheatshthknesdemﬂyi@gnmetﬁﬂefxohséqm@hbrlayEasklfthfﬁiﬂréhe
di el ect G S 0 h I que | ayer
11 is f%é%%gg& agkaggEﬁﬁﬁ&n%&hﬂlﬁﬁgﬁd§Pg%ﬁggaﬁﬁnh%gf rQ§IH%9 $%B§ | ayer
has a tfFeRfesBEMEHighedm. ﬁﬁ@egrarro@nws chgmaradi ﬁﬁa%mtl ke ek@ ectic

cont ai niNgsabest this? p%beec%llwgcqaye&d o§8t§eotalainym£&h %&P&e weight. All
llayers of the nultilayer stag sical vapor deposition.

o ReFI e B  PEL oA T6s AR PE: SR8, UhHar LT PEChet ah BTGV ar s
Fi gure @osbnmastmenglhermablpeocensunqcuagaroﬁsaﬂem@we@alTyiyaisEﬁﬂée

i t L umi ni de f 3.5 % M
b 270" sdfacMiRbyaEids L2otnals BN BB tubtt 5503 suirhhy i wedn' Vg 0
PCT/EPQQYQSQSAddepégrmﬁ¢d0hobﬁombd %14 Ofn i hdiamgopn ocess wsthoated all

d d | h 40 A
e R A éte%”%@ég%” Rrhy' EEOOP MRl AT o e
di el ectEhe Myerwﬂ? lw#éwaatfmnhl | o B X8R & eH@rt?hrlﬂ filmall

around ghecdi ete@t,rhavleaxe% Lo EB%ydb@ gektkreyhAYetnd oAt dfe
sem-tr arent artla Fectln g are dep05|ted by chem ca

vapor dgﬁﬁ FtPBnal mP§PE@3?%@1§§e§§f@éecﬂéﬁﬁﬁe Tapld eOIresionops 1. Use of
at | east one opaque totally reflecting layer for optically variable

pi gment s_havi a colour shift bet two _di stinct_colours, said |ayer

bei ng ngﬁel?rgﬁFﬁeESFFo§ VaReRdsit E?&n?gglﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁl%?y%§ HPhysh®al vapor
deposi tmobti2ay€pt Eeaulcturar odbkaid gpeatallgvivagiabTsel m&ihi § tyiet ween
two distinct predeterm ned colours said optically variable pignment
conprising a nultilayer thin-filminterference stack having first and
second substantially parallel planar surfaces, said nmultilayer stack

i ncluding an opaque totally reflecting |layer having first and second

substantially planar surfaces being substantially parallel to the first and
second paraIIeI planar surfaces of t he nultllayer stack and at | east one

o o, Y e M



1 9 FEDZ2003 - 18 PSIC037w0122.08 00 reflecting layer with the
dielectric layer being first disposed on the totally reflecting Iager.'4.
Optically variable pigments according to claim2 or 3, characterizbd FER 2003
that the al upplisgs@! | oy contains, in addition to alum nium Qs 864k
conmponents one or nore of the elenents selected fromthe group consisting
of silicon, magnesi um nmanganese, €opper, zinc, nickel, vanadium | ead,
antinmony, tin, cadm um bisnuth, titanium chromum iron, beryllium 5.
Optically variable pignents according to claim4, characterized in that the
total c n f. 1 er .o SN re [ . %

pr ef er abl ?ﬁré) }Prlrooer re&t t;yr’]o%v% gq-%l[%‘r’}o%gtﬁge(&;%eengkoEgeppe?gggégfmﬁlggg‘%ﬁr e than
5 wei ghto®lsf. tIte adstidiiomi diite sfonrriesianl 6. adumdpdiugaiiy lvariodice coat i ng
COMPOST t}yQh JYAY g oh 120 o1 Y p+DEhERBR ohisfled DAL cpEGAeLaLALNed

col ours, “sai d codting conposition conprising-at |least one tiFmform ng

bi nder, ¥ dWXEE-or mxture of liquids to disperse, enulsify or dissolve
said binder and optically variable pignents having a col our shift between
two distinct caqlours and conprisi a multilayer thin-filminterference
stack i Q&R&Him %§§(99£49flﬁgpﬁﬁgﬁ ngﬁﬁePrﬁﬁgﬁeFr8ﬁ1§ EBg%BéFHﬁgresistant
al um ni doraldlamim unhy Sicsevergpahegephsinvt bbher7sefpbusabikgwhackabl eascoat i ng
conposi tian r,cli t Al hara i th.th uginium al | oy
cont ai nse,'g‘l'n%%g%’ll‘t%leg%btl% arﬁarﬁrgﬁi%ﬁ Qé‘sE%g%égrgv%g%oﬁg%%ggo%lgh hgﬁe of

t he el ementes atdlvedye ¢gofado metfiecgivipycoabbuti A &f ofi theoapchdgnesi um

mangane 0 I RG Y |3, nagi u I i LN,,: cadm um
b1 St b oot Aog i efe, 703AR) Hha, 88¢s AQL ERRpolg yiER g
PS| CO37WaEEZ. -08loe Ve X /Ottisc Aandensyi Bl &e86ht VaghcdhposirroAfag¥édrding to

cl ai m 7 phha 2empoused ith ifedim thackohals contitowfoddie {nd tdierpanponent s

is not nore than 20 weight% prefera not .nore than_10 wei ght %,and even
nore pr EPEPSN snéfenﬁﬁglPﬁ%ﬁe %méPg%bé68FViﬁ8nW8Pgr aégﬁﬁf'ngFﬂe al | oy.
9. Opti opitliraddlyi aalrd abdat ipigineamsosendohhascboddagetrbopateohst Weltl ai ns 6
to 8 whenein.atl east one of the liquids is water. 10. A security document
having a first and a second surface wherein at | east a part of at |east one
of said surfaces carries indicia applied with a coating conposition, in
particulanad mhikhi B8 iankatReGOndhlgotPo8l Al Mebal 0(Oxcdpt Mpthpd for the
production of optically_variable pignents praoviding a colqur shift between
two di sPFﬁéte“ﬁreepéePPﬁfYﬁatﬂre %6&3&’3 irﬁdﬁé’etdhgpﬁcéﬁﬁ‘ £ange Sfovi di ng
a carri eefleictivdlty (n) thepeodisibie sohasgueb00| ayets d00onimhi andaisier to
forma ?ﬁ&%k%@%@&et?E?’EBB”E&%EEEF@E?nce stack having first and second
substanti alTy paral ['el planar “surfaces, said interference stack including
an opaque totally reflecting | ayer having first and second substantially

pl anar sukhkaqesngaktabagh -hackiee billsysandeseepsdapeiall ¢l rekagasnsurfaces
of the nultilayer, stack and at. |l east gn e?u nce di posgg on.one of said
first and §855%ﬁlgﬂﬂf Gés t Ytﬁgvfoﬁaf?gaﬁé ?g%t?ﬂﬁ faﬁ% ,eﬁgtﬁlg%quence
bei ng cdnper.i sedyofbaudi &l0eét incthaywisnblé spechdek dbdmadhyaghich of 1.65
or | 855 raldi2 Sayl Lr 20aRReantRBhGLILLYY I 8E | ERL O0c i auPLyVD: L
dielectric Tayer of said sequencebel ng ¥|rst eposite oh e opaque

t ot al | yPASMEAESI-ng | ayer, whereby the opaque totally reflecting |ayer is
1 9 FEd?2003 - 20 Psicos7wrzz.o0s.00 forned froma corrosion-resi stant

al um nium al | oy by physi cal vapor deposition; (c eparating said

nul til ayse §Pb§%efFgﬁ%ﬁﬁé%c5FPF§FVﬁﬁ§er?%Y;O?H}C%%iﬁi%%¥%ﬁ59§aPﬁgﬂultiIayer
st ack }?eatpnemgFet&pmed Dwg&hatﬁskse.piacebbtﬁ@ﬁ_?@m%fbgiﬁ§0§yﬁlhpn of
optica varia i gnents providin co| our ift between t i stinct
predet e ﬁggﬁ@scgpgug§a88ﬁp$929%gytg8§§?% én%ffT%frprb%iﬁ?ﬁbaéﬁeoﬁﬁque

t ot al | y coeftliagt icogpbaji¢iomsderf poimaiogr Loks onThesrséanionl batweem al | oy by
physi cal, ,wapar. .de i th.Qn; ! j i q t reflecting

| ayer tgh%|g@%ﬁgtgggfEp%eCS%?%P%%gg?gﬁ%%@?%?géghfgﬁ %g%oé%g%%étafét | east
one seqiidgceugronageng aedizmogaameneespugtie the atnyrovéceedimgtal at el et by

cheni cals¥aRRe 4Pkt LPB)eA da389UERCEnDRLPG-CODE | 688 Qbvardhgl ectric
| ayer wi.ith an index of refraction of 1.65 or Less_and a sem -transparent,

parti al LPYEEH-eEOFRG SHRPeAANANREENBCHPEF cEh® i BT A etaYRT NBYfEREt deposi t ed
on the teiglelsyivel teaponenkayehtet3ngMehB0HafprihbecpsORgcti on of an
optically variable coating conposition for obtaining a colour shift between
two distinct predeterm nable colours conprising the step of incorporating
optically variable pignents having been produced by a nmethod according to
one of the clainms 11 or 12 into a coating conmposition conprising at |east
one filmform ng binder and liquids or mxture of liquids to dissolve,

emul sify or disperse said binder. 14. Method according to claim 13 wherein

o, . o "



19 FEGd?2003 - 21 PSIC037w0122.08.00 15. Methodfor the producti on of an
optically variabl ei ndicia providing a colour shift between 0

t wopr edet er mi nabl e di stinct col ours conprising the steps of(a) prOV| EE%“
optically vavo adizsgpi gnents having acol our shift between twopct/EP99/05454
predeterm nabl e coloursincluding a totally reflecting |ayer made of
cor-rosion-resi stant al um nium al Foy by physical vapordeposition;
(b)incorporating pignents obtained in step (a) into acoating conposition,
preferably into a printingink vehicle, which conprises an film

f or mi nggi Q«Q&Bné”‘éybé%fdﬁr@rﬁué‘%%&h”ﬁr@éeéé o £hg1 £ ©di §58| yes s Pisperse or
emul sify sai d binder;( l ppl yi ng said, printi glnk obtained in step (b) toa
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& 100 eyt Pefpdyehidig alcha e it adeid aaR @7 m 1o
10t 10tmade®o%yR ¢hemical vapour deposition or by reaction of the wet
chemical type, the platelets have to be passivated against
corrosion and particularly against the reaction with water.
As already described, additional protective coatings and/or
passivating layers are likely to weaken reflectivity and thus
have a detrimental effect on chromaticity.

One advantage, however, of the optically variable pigment
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Corrosion in aggressive media is thus less likely to take
place as with the sheet-type optically variable pigment
produced by the first process. But even if corrosion in this
type of pigment is more likely not to take place, there are
nevertheless conditions, where this coating will break up or
fissure, especially when heat is applied. Aluminium metal has
a much higher thermal expansion coefficient than the coating
materials applied around it; this will produce hairline
cracks in the coating when heated. In consequence, hot indus-
trial laundry will be able to attack even all-around coated
aluminium particles. If corrosion is free to go on, hydrogen
gas will evolve, and finally the particles will burst into

plieces.

An economically sensible combination of physical and chemical
vapor deposition processes for the production of optically
variable pigments possessing the positive characteristics of
both processes has been failed in the past. Aluminium sheets
produced by physical vapor deposition corrode during any
transfer or grinding operation or during the deposition by
means of chemical vapor deposition techniques or wet chemical
reactions.

It is therefore an object of the present invention to enhance
the corrosion resistance of optically variable pigments
whilst maintaining a good chromaticity.

It is a further object of the present invention to enhance
the corrosion resistance of optically variable pigments which
are produced by physical vapor deposition as the sole deposi-
tion technique.



10: 10:4110% & ()-@/!10% & ()-"110% & () -

LI 10% & ()-z#l 10% & ()-10% & () - d=e=s====9>?xY:/ 10:f 3" 10%& () - Sj 9.CEB

109& () -1 #10%& ()-f &10% ()- 109%& () - % 10%& ()- 10: 22 @BECCOGIE: } 16 28y99
"10%& () - zy ) -fy, "100& ()-T$ :

"10%& ()-f ,%ﬁﬂi&%@#zm?{low ()-fz:ccccaol IXY:/ 10: PCT/EP93/03454
"10% & ()-s ! 10% & ()- SH10% & () - y&910% & () - S10% & () - @L10% & () -

1OLTTIT (171 K/ 10 "10'KfL!109& ()- SH109& () - MLOY () -1 109& () - &LOY& () -
10: 10: 1111111 CK/ 10: k>10%& ()- 0! k>10% ()- 0k>10%& ()- Ok>10% ()-

0! k>109 () ( I : %

0! k>100 %éﬁ%{% ‘%bj‘g%l‘lc’)%/ *’?50‘!%/ K‘%"F{loll1¢|&|"%’|i ?‘gl'\(/?k? é%rf??nfgw&' ()-

0k>10%8t11’(e) TSR E)Slméq@%@i )Ehe/qpgquEs1eRfR Yy reflecting
metal layer without lowering its reflectivity.

It is a further object of the invention to produce corrosion-
resistant optically variable pigments with a chromaticity
comparable to the pigments having the totally reflecting
layer made from pure aluminium metal.

It is an object of the present invention to combine physical
vapor deposition technology and chemical vapor deposition
technology and/or reaction of the wet chemical type for the
production of optically variable pigments.

It is another object to produce optically variable pigments
having a colour shift between two distinct colours which can
be incorporated in water based coating compositions particu-

larly printing inks.

These objects are solved according to the features of the
independent claims. Particularly, they are solved by the use
of at least one opaque, totally reflecting layer which is
made from corrosion-resistant aluminium alloy by physical
vapor deposition.

The corrosion-resistant layers made from aluminium alloy and
which are produced by physical vapor deposition may be
applied for all designs of optically variable pigments having
a colour shift between two distinct colours.

Aluminium alloys are described e.g. by G. Wassermann, in
Ullmann’s Encyclopedia of Industrial Chemistry, 4™ edition
Verlag Chemie, Weinheim, Germany, Volume 7, page 281 - 292.

Compared to pure aluminium, there are many aluminium alloys
which have higher strength, better workability, lower melting
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points and which are better corrosion-resistant against e.g.

acids, bases and seawater.

Beside the main component aluminium, further components such
as silicon, magnesium, manganese, copper, zinc, nickel,
vanadium, lead, antimon, tin, cadmium, bismuth, titanium,
chromium, iron, beryllium can be present in the alloy. These
further components are present either exclusively or as
mixtures among individual components. Change in the charac-
teristics of pure aluminium metal is already achieved with
minor amounts of the aforementioned components. In the major-
ity of all cases, the total content of the additional compo-
nents does not exceed 20 weight%, mostly not even 10 weight%,
and in a lot of cases not more than 5 weight % of the total
weight of the alloy. For obtaining extreme corrosion-resis-
tance silicon is often added to the aluminium in an amount of
up to 13 weight% of the total weight of the alloy in order to
achieve an extreme corrosion resistance. This 1is possible
since the high reflectivity of aluminium is not lessened by
the presence of additional elements as long as they do not
exceed approximately 20 % of the total weight of the alloy.
In Table 1, a selection of aluminium alloys are listed for
the production of optically variable pigments by physical
vapour deposition.
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TABLE 1: Selection of Al-alloys suitable for the production
of corrosion-resistant optically variable pigments

Specification Composition of Allowable
the main admixture
components of the | in weight%
alloy weight.-%
AlMn Mn 0,1 ~ 1,4 Si 0,5
Mg 0,0 - 0,3 Fe 0,6
Al rest Cu 0,1
Cr 0,05
Zn 0,2
Ti 0,1
Others
individual 0,05
sum. 0,15
AlMg3 Mg 2,6 - 3,4 Si 0,4
Mn 0,5 - 1,1 Fe 0,4
Cr 0 - 0,3 Cu 0,05
Al rest Zn 0,2
Ti 0,1
Others
individual 0,05
sum. 0,15
AlMgMn Mg 1,6 - 2,5 Si 0,4
Mn 0,5 - 1,1 Fe 0,5
Cr 0 - 0,3 Cu 0,10
Al rest Zn 0,2
Ti 0,1
Others
individual 0,05
sum. 0,15
E-AlMgsi 0,5 Mg 0,4 - 0,8 Cu 0,05
Si 0,35 - 0,7 Mn 0,1
Fe 0,1 - 0-3 Cr 0,05
Al rest Zn 0,2
Ti 0,1
Others
individual 0,05
sum.
AlMgSsio,5 Mg 0,4 - 0,8 Fe 0,3
Si 0,35 - 0,7 Cu 0,05
Al rest Mn 0,1
Cr 0,05
Zn 0,2
ALMg5 Mg 4,5-5.5
Mn 0.0-0.4
Al rest
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AlMg9Ssi Mg 7.0-10.0
Si 0.0-2.5
Mn 0.2-0.5
Al rest
AlS8il2 si 11.0-13.5
Mn 0.0-0.4
Al rest
AlMgSi 1 Mg 0,6 - 1,2 Fe 0,5
Si 0,75 -1,3 Cu 0,10
Mn 0,4 - 1,0 Zn 0,2
Cr 0 -0,3 Ti 0,1
Al rest Others
individual 0,05
sum. 0,15

The opaque, totally reflecting layer or layers of aluminium
alloy can be produced by all of the known physical vapor
deposition techniques, as long as the resultant thin-film is
of the required compositional ratio. References to such
processes have already listed hereinbefore. Particularly well
adapted for the production of thin-films made from alloys is
the deposition with the help of an energy providing electron
beam. The material is evaporated in this case from a melt or
a semi-melt of the alloy. Magnetron sputtering processes are
suitable too.

The method for the production of optically variable pigments
having a colour shift between two distinct predeterminable
colours comprises the subsequent steps of depositing, by
physical vapor deposition, a semi-transparent, partially
reflecting layer onto a flexible supporting material. This
can be a web of polyethylenetherephthalate which is separable
in certain liquids. On top of the semi-transparent partially
reflecting layer, a dielectric layer of an appropriate thick-
ness is deposited by physical vapor deposition, too. The
sequence of partially reflecting layer and dielectric layer
may optionally be repeated. The subsequent layer is the
opaque, totally reflecting layer of aluminium alloy applied

by physical vapor deposition, too. A symmetric or asymmetric
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multilayer structure of the optically variable pigment can be
completed by depositing additionally sequences on both sides
of the totally reflecting layer.

When the deposition process is finalized, the multilayer
thin-film structure is detached from the supporting material
and usually breaks up spontaneously into irregular pieces.
These pieces need further processing to obtain the desired
pigment size.

In a second production process an opague totally reflecting
sheet is made by physical vapor deposition of an aluminium
alloy on a supporting material. After detaching the totally
reflecting sheet from the supporting material the sheet is
comminuted to the desired pigment size. The smooth, plane
totally reflecting aluminium alloy platelets with parallel
first and second surfaces are transferred to the reaction
vessel for depositing the subsequent dielectric and semi-
transparent partially reflecting layers by chemical vapor
deposition. The resultant optically variable pigments have a
chromaticity comparable to those pigments made by the first
process. However, the production costs are much lower. Opti-
cally variable pigments made according to this second method
have the advantage that they will withstand harsher condi-
tions than pigments of the same type made from a pure alumi-
nium precursor.

The optically variable pigments of the present invention can
be incorporated into any kind of coating composition, print-
ing ink or any other film forming composition. The size of
the pigments in such compositions is between 5 and 100 um.
These compositions usually comprise a film-forming resin,
diluents to dissolve, disperse or dilute said resin and
additives such as extenders, anti-foaming-, wetting-, cross-
linking agents etc.
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Coating compositions or printing inks containing optically
variable pigments of the present invention may be applied to

any kind of substrates for decorative purposes.

In a preferred embodiment of the present invention printing
inks are applied to security documents for anti-counterfei-~
ting purposes. Since the colour shift of such pigments is
not reproducible by photocopying machines, indicia printed
with optically variable pigments provide the document with a
strong security element. This is especially useful for au~
thentication of banknotes, cheques, etc. It is important for
such a security feature, especially on banknotes, that it is
able to withstand severe conditions, of tropical humidity,
transpiration and, given the case, even laundry.

In a preferred embodiment of the present invention the cor-
rosion-resistant optically variable pigments are applicable
in water-based printing inks or coating compositions.

After application of the coating composition or printing ink
as a wet layer, the layer dries by evaporation and/or pen-
etration of the liquids and/or by crosslinking of the film-
forming binder or binders.

Optically variable pigments of the present invention can be
mixed with any other kind of interference or non-interference
pigments in order to modify the colour or control the bright-
ness of the resulting pigments or coating. Such non-interfer-
ence pigments can include aluminium pigments, carbon black,
titanium dioxide, transparent and non-transparent dyes,
transparent pigments, etc. Also all kinds of lustre pigments
and particular interference pigments can be mixed with the
pigments of the present invention to achieve special colour
characteristics.

Printing inks having incorporated optically variable pigments
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of the present invention can be applied to a substrate by any
of the known printing techniques, preferably by silk screen,
offset, flexo, letterpress, gravure particularly intaglio

printing.

The present invention is further described in accordance with
the following drawings:

Figure 1 is a cross-sectional view of the corrosion-resis-
tant optically variable pigment having a viewing
angle dependent colour shift between two distinct
colours produced in accordance with the first
production process,

Figure 2 depicts a cross-sectional view of an alternative
construction of a corrosion-resistant optically
variable pigment produced in accordance with the
second production process.

The optically variable pigment 10 of Figure 1 has irregularly
broken edges 11 perpendicular to the plane of the layers P.
It consists of a symmetric multilayer thin-film stack in
which the two outer layers 12 are semi-transparent, partially
reflecting layers made of chromium in a thickness of 20 nm.
The subsequent layers 13 are of the dielectric material MgF,
in a thickness of 300 nm. The central opaque layer 11 is
formed of an aluminium alloy and is totally reflecting. This
layer has a thickness of 60 nm. The alloy is an aluminium-
silicon eutectic containing about 11.7 % of silicon and 88.3%
of aluminium by weight. All layers of the multilayer stack
are deposited by physical vapor deposition. The pigment can
be coated by additional protective transparent layers.

Figure 2 shows the alternative construction of an optically
variable pigment 14. A platelet 15 of aluminium alloy made
from AlMg3 (Mg 3.5 %, Mn 0.5 %, Al 96 %)by physical vapor

ol
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deposition followed by a grinding process is coated all
around with a dielectric layer 17 of MgF, in a thickness of
400 nm. A semi-transparent partially reflecting layer 16 is
deposited on top of the dielectric layer 17, whereby this
layer forms a coherent thin-film all around the dielectric
layer 17. The dielectric layer 17 and the semi-transparent,
partially reflecting layer 16 are deposited by chemical vapor

deposition.
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Claims

1. TUse of at least one opague totally reflecting layer for
optically variable pigments having a colour shift between
two distinct colours, said layer being made from a
corrosion-resistant aluminium alloy by physical vapor
deposition.

2. Optically variable pigments having a colour shift bet-
ween two distinct predetermined colours said optically
variable pigment comprising a multilayer thin-film in-
terference stack having first and second substantially
parallel planar surfaces, said multilayer stack inclu-
ding an opaque totally reflecting layer having first and
second substantially planar surfaces being substantially
parallel to the first and second parallel planar surfa-
ces of the multilayer stack and at least one sequence
disposed on one of said first and second surfaces of the
opaque totally reflecting layer, each sequence being
comprised of a dielectric layer with an index of refrac-
tion of 1.65 or less and a semi-transparent partially
reflecting layer with the dielectric layer of said se-
quence being first disposed on the totally reflecting
layer characterized in that the totally reflecting layer
is made of a corrosion-resistant aluminium alloy by
physical vapor deposition.

3. Optically variable pigments having a colour shift
between two distinct colours, said optically variable
pigments comprising a multilayer thin-film interference
stack including an opaque totally reflecting layer made
from a corrosion-resistant aluminium alloy by physical
vapor deposition, said opaque totally reflecting layer
having disposed all around at least one period being
comprised of a dielectric layer with an index of refrac-
tion of 1.65 or less and a semi-transparent, partially
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reflecting layer with the dielectric layer being first
disposed on the totally reflecting layer.

4. Optically variable pigments according to claim 2 or 3,
characterized in that the aluminium alloy contains, in
addition to aluminium, as further components one or more
of the elements selected from the group consisting of
silicon, magnesium, manganese, copper, zinc, nickel,
vanadium, lead, antimony, tin, cadmium, bismuth, titani-
um, chromium, iron, beryllium.

5. Optically variable pigments according to claim 4,
characterized in that the total content of the further
components is not more than 20 weight%, preferably not
more than 10 weight% and even more preferably not more
than 5 weight% of the total weight of the alloy.

6. Optically variable coating composition providing a col-
our shift between two distinct predetermined colours,
said coating composition comprising at least one f£ilm
forming binder, liquids or mixture of liquids to dis-
perse, emulsify or dissolve said binder and optically
variable pigments having a colour shift between two
distinct colecurs and comprising a multilayer thin-film
interference stack including a totally reflecting layer
made from a corrosion-resistant aluminium alloy by
physical vapor deposition.

7. Optically variable coating composition according to
claim 6 characterized in that the aluminium alloy con-
tains, in addition to aluminium, as further components
one or more of the elements selected from the group
consisting of silicon, magnesium, manganese, copper,
zinc, nickel, vanadium, lead, antimon, tin, cadmium,

bismuth, titanium, chromium, iron, beryllium,.
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11. Method for the production of optically variable pigments
providing a colour shift between two distinct pre-dermi-
nable colours comprising the steps of

(a) providing a carrier material;

(b) depositing subsequent layers onto this carrier to
form a multilayer thin-film interference stack ha-
ving first and second substantially parallel pla-
nar surfaces, said interference stack including an
opaque totally reflecting layer having first and
second substantially planar surfaces parallel to
the first and second parallel planar surfaces of
the multilayer stack and at least one sequence
disposed on one of said first and second surfaces
of the totally reflecting layer, each sequence
being comprised of a dielectric layer with an
index of refraction of 1.65 or less and a semi-
transparent partially reflecting layer with the
dielectric layer of said sequencebeing first
deposited on the opaque totally reflecting layer,
whereby the opaque.totally reflecting layer is
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rmed from a corrosion-resistant aluminium alloy

by physical vapor deposition;

(c) separating said multilayer stack from the carrier
material;
(a) comminuting said multilayer stack to a predeter-

mined pigment size.

12. Method for the production of optically variable pigments
providing a colour shift between two distinct
predeterminable colours comprising the steps of
(a) providing an opaque totally reflecting layer made

from a corrosion-resistant aluminium alloy by
physical vapor deposition;

(b) comminuting said opaque totally reflecting layer
to platelets of the desired pigment size;

(c) depositing a at least one sequence of layers all
around the opaque totally reflecting platelet by
chemical vapor deposition said sequence being com-
prised of a dielectric layer with an index of ref-
raction of 1.65 or less and a semi-transparent,
partiaily reflecting layer with the dielectric
layer being first deposite& on the totally reflec-
ting layer.

13. Method for the production of an optically variable coat-
ing composition for obtaining a colour shift between two
distinct predeterminable colours comprising the step of
incorporating optically variable pigments having been
produced by a method according to one of the claims 11
or 12 into a coating composition comprising at least one
film forming binder and liquids or mixture of liquids to
dissolve, emulsify or disperse said binder.

14. Method according to claim 13 wherein the coating compo-
sition is a printing ink.
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predeterminable distinct colours comprising the steps of

(a) providing optically variable pigments having a
colour shift between two predeterminable colours
including a totally reflecting layer made of cor-
rosion-resistant aluminium alloy by physical vaper
deposition;

(b) incorporating pigments obtained in step (a) into a
coating composition, preferably into a printing
ink vehicle, which comprises an film forming
binder and liquids or mixture of liquids to
dissolve, disperse or emulsify said binder;

(c) applying said printing ink obtained in step (b) to
a suitable substrate, preferably security document
to form an indicia thereupon;

(d) hardening said image obtained in step (c) by evap-
oration and/or penetration of the solvent into the
support and/or by crosslinking and/or coalescing
of the binder.



