1 CLEAR MAGNETIC INTAGLIO PRINTING INK FIELD OF THE INVENTION 5[0001] The present
invention relates to security documents, such as banknotes, passports or cards, and is particularly
concerned with a new intaglio printing ink composition comprising a clear magnetic pigment.
BACKGROUND OF THE INVENTION 10[0002] Magnetic ink has been used since long in the field of
banknote printing, to confer the printed currency an additional, covert, security element. Features
printed with magnetic ink lend themselves as well for machine authentication, given that magnetism
can be easily sensed by electronic means. 15[0003] Examples for the use of magnetic currency
features are disclosed in US 3, 599 153 and in US 3 618 765 The magnetic currency features are

sufficiently high ame s side =<.a allow for its detection and sensing.
20 [0004] Banknote prlntlng is characterlzed by the use of the "copperplate intaglio” printing process
(engraved steel die rotarﬁ 2rlntln$ E)/rocess;E which constitutes an element of security on it own and
provides the prin i tactility. 25 [0005] In engraved steel die rotary printing, a
rotating engraveqoaindeieqREsEng iR REdeFalAEdMPR IAKRIBEINIRAISsBURRESANKITBHK by one or
more template inking cylinders, by which a pattern of inks of different color is_transferred to the printing

cylinder. SubseqBRTPRSHRIE en gL UHIRK Y RAPRPRISHVGL . 08V aalR RS HERR S linder i

wiped off by a rotfifgb¥itRinEeiEeTCo¥RE R cetiRlpriineht. 2 - [0006] The remaining ink in the
engraving of the printing cylinder is transferred under pressure onto the substrate to be printed, which

may be paper or plastic material in sheet or web form. During the printing process high pressure is
applied Sbetweep fAerenpRVebcymteamN\ERNTIEN to be printed, causing deforming

10  [0002] Magnetic ink has been used since long in the field of banknote printing, to

confer the printed currency an additional, covert, security element. Features print-
ed with magnetic ink lend themselves as well for machine authentication, given

that magnetism can be easily sensed by electronic means.

15  [0003] Examples for the use of magnetic currency features are disclosed in US
3,599,153 and in US 3,618,765. The magnetic currency features are preferably
applied through the “copperplate intaglio” printing process, which is capable of
depositing a sufficiently high amount of magnetic material on the paper so as to

allow for its detection and sensing.

20
[0004] Banknote printing is characterized by the use of the “copperplate intaglio”
printing process (engraved steel die rotary printing process), which constitutes an
element of security on it own and provides the printed document with a distinct
tactility.

25

[0005] In engraved steel die rotary printing, a rotating engraved cylinder carrying
the pattern or image to be printed, is supplied with ink by one or more template
inking cylinders, by which a pattern of inks of different color is transferred to the
printing cylinder. Subsequent to inking, any excess of ink on the plain surface of
30 the printing cylinder is wiped off by a rotating wiping cylinder covered by a “plas-

tisol”.



(embossing) of the latter. This high pressure printing process results in the characteristic touch of a
banknote. [0007] Because of the unique characteristics of rotary intaglio printing process 10and of the
corresponding printing machines, the inks used in this printing process must be specifically formulated.
[0008] Intaglio inks are characterized by their pasty consistency; generally the viscosity of intaglio inks
for the engraved steel die printing process is comprised_15within 1 to 15 Pa.s, more specifically within
3 to 8 Pa.s at 40C at a shear rate of 1000 sec* Intaglio inks are also characterized by their high solids
contents, of typically more than 50% by weight. [0009] A particular problem encountered with magnetic
intaglio inks is their gen- 20erally rather dark appearance and thus their limited accessible color gamut,
due to the dark color of the known magnetic pigments: Fe203 which has_a brown-red color; Fe304

which is black; of {8AfeTMEtBRAIS NIk K nBRaRRARS B PURIE CYHBRR Figrrsiesretich as soft

magnetic metalligigh pless@RRRAG HEYUDsaatES T iAdsl GrasromElenkiaper Braaagitcrhigments does
not allow for the formu- 25lation of inks having light colors, such as orange, yellow or white, and limits

thus the freedomi$HRHEARDRSE AV ORI SN NG HiF ARG PTRESS BI8RPHE SRR R aRRaEnts, and
intaglio inks gompétgiRensHelMiedneNts/ e iRREiansthighly slepiinkie, esrigsgtbaminguld allow for

magnetic printed designs in an¥ desired shade. The available magnetic intaglio inks do not currently

allow a flexible irffBPAEINBARIBCBIETEd B NABRY ChEUIGREINIEPERTE?S SRSt bGeraya%nd

location. 3 - [00184i&R eGP R4 IGisEoses an intaglio printing ink comprising magnetic flake
pigment, carrying on each side a color-generating interference layer sequence. The inks of EP 1 650

042 have the advantage that inks of vivid colors can be realized, through the use of magnetic particles

having such viviqootErf@entee DO U sRRERGarbhe i entasatites b bRntikpprodesare, however,
not resistant to corrosjon, due to the exposure, at the flake edges, of the flake's metal Iagers to the ink
medicm, [082.1] ATEHAIR FKFSPRREIBALIAG R BEEIREN ) e SREATdHI BRI eSS

must be specifically formulated.

[0008] Intaglio inks are characterized by their pasty consistency; generally the

viscosity of intaglio inks for the engraved steel die printing process is comprised
15 within 1 to 15 Pa.s, more specifically within 3 to 8 Pa.s at 40°C at a shear rate of

1000 sec™. Intaglio inks are also characterized by their high solids contents, of

typically more than 50% by weight.

[0009] A particular problem encountered with magnetic intaglio inks is their gen-
20  erally rather dark appearance and thus their limited accessible color gamut, due to
the dark color of the known magnetic pigments: Fe,O3 which has a brown-red
color; Fe3O4 which is black; or ferrite materials which are mostly dark grey ;
Lighter shade pigments such as soft magnetic metallic iron also appear grey in an
ink. The dark color of the known magnetic pigments does not allow for the formu-
25 lation of inks having light colors, such as orange, yellow or white, and limits thus
the freedom for realizing artistic designs using magnetic inks. Clear magnetic
pigments, and intaglio inks comprising such pigments, are therefore highly desir-
able, because they would allow for magnetic printed designs in any desired shade.
The available magnetic intaglio inks do not currently allow a flexible integration

30 into colored banknote designs, as to color, surface coverage and location.



10steel die printing, comprises, further to the pigment, other print forming ink solids containing
oleoresinous components; at least one volatile organic solvent to be evaporated during or after
printing; and a film forming macromolecular hydrophilic surface active composition in full or partial
replacement of said oleoresinous components, in combination or not with lower molecular weight
surfactants. 15 The amount of said volatile organic sgjvents is less than about 15% by weight of the
total weight of the printing ink The macromolecular hydrophilic surface active composition is preferably
selected from anionic substances being the salts of carboxylic, phosphonic or sulfonic acid groups in

said macromoleqaigfovith Metalesr AMiiedod RGO PPREMGIR K EBE|R kg rRipatly comprise a

significant amount of macromolecular or low molecular weight surfactant, embaodied as a partially

neutralized carbd @RS INGFEEPELT BROMRIES B0l irHeSRIAt A HESHIETRN R dasliSRsic printing

substrate, and ii)dgealovr frriaks @FyPclesst A P hte WiPHagfitige eiatihks BOvA/RRSITREIBRPUS
surfactant solution. These surfactants are usually species carrying acid functions, partially neutralized

with organic or ifSr & EeHatueuaRNS YesdimAY alfaPaliAlss Nario st Sl dRIREE WM Fophilic

surface-active coipRPLHATiE PreteprhesEiRERIIONERNIPHC substans@sdieNadhrSalisof partially
neutralized carboxylic, phosphonic or sulfonic acid gro;gé in said macromole- 30cules with metals or

amines. Intaglio FHRBFESIRs 98¢ IRIDPERARY Iratdls Haseadeeh afdbrplakers petd BY6$63 B1 and EP

0 432 093 BI. Altgiagtivailgdniaglio 4 - inks may also contain entities carrying non-neutralized acidic
groups which are only neutralized when put in contact with the basic wiping solution, such as to allow
for the cleaning of the wiping cylinder. 5[0013] On the other hand, these acidic or partially neutralized

intaglio ink compmoneNia pridtent sk edtt taaysmIfpIgbRdeRURRINS 16) HEmMenisd 6f ragievdar metallic
pigments such as bronze Eowders. Soft ma nﬁ]tic carbonyl iron powder, e.)g(} IS knawn naot to be stable

in a carboxyflc redffLHGEIHIHANERGIRS R: HEitIR DGRl AEL Ao ARk s R ficular

supplies, on the goediaig, jleoiesindos tenboaxidatiancaiitbadiaatetatgasieaising teotbe equation: 2
-COOH +Fe 4 2-000 +Fe2+ + H2, On the other han itﬂlﬁﬁ acts as a corBPIexirlgﬁaol bilizing agent for
the liberated Fe2BRTHIAGUHRNREATHRS ASFEVRHATY # HEP a7 0L B9 1ayer on the

iron metal: 15 Feghilic BudQsd Adined - dditisIoidiulig sarhidliiegieenadrihef exidigrRdrigsin-continuously
liberates the metal surface for further attack. The dissol}ﬁg metal, on the other hand increases the
[ %%92'

viscosity of the irﬂyﬁﬁﬂm%[@rﬂﬁg'af) ANORL I ROGYYY Wgrlgﬁa%? #in t %?ﬁq{ﬁ'&tﬁo inks
comprising teetaliindrgnopigroesiitenel itikrefgemiosbaena iddeseaserapbetilie; Bymeiyreisf iron

containing Intagg I AL oF e printing ok Fhie MAcroBRCLTar hydropiRcSUHSEe ac-

tive composition is preferably selected from anionic substances being the salts of
carboxylic, phosphonic or sulfonic acid groups in said macromolecules with met-
als or amines.

20
[0012] Copperplate intaglio inks typically comprise a significant amount of mac-
romolecular or low molecular weight surfactant, embodied as a partially neutral-
ized carboxylic resin, in order to i) promote the adhesion of the ink to the cellulo-
sic printing substrate, and ii) to allow for an easy cleaning of the wiping cylinder,

25  using a basic aqueous surfactant solution. These surfactants are usually species
carrying acid functions, partially neutralized with organic or inorganic bases, with
a remaining acid number. The macromolecular hydrophilic surface-active compo-
sition is preferably selected from anionic substances being the salts of partially
neutralized carboxylic, phosphonic or sulfonic acid groups in said macromole-

30 cules with metals or amines. Intaglio printing inks for this printing process have
been disclosed in EP 0 340 163 B1 and EP 0 432 093 B1. Alternatively intaglio



[0015] There is thus a need for magnetic intaglio printing inks not showing the 25shortcomings of the
prior art. Accordingly, it is an object of the present invention to respond to this need. DISCLOSURE OF
INVENTION 30 5 - intaglio inks having a clear shade, allowing thus for making inks having any
desired shade, if the intrinsic dark color of the magnetic pigment particle is masked by a special
coating of the particle. The coating must hereto be selgcted so as to modify the otherwise dark grey or
brown optical appearance of the pigment parti- 5de to preferably a bright-metallic to white color. It has
furthermore been found that certain types of soft-magnetic iron ("carbonyl iron") pigments, which are

not stable in a caHi MG KRRt GXAIA BG4 GIHANGKBE ARl A& rRidR g GesRaERIgravith this type
of ink medium by the said coating of the pigment particle, such that the herein disclosed intaglio inks

have also a mucRTRCREYEaHZeHakN R PHHB SORERSHYE B AN PRGMAP IR RAMLI B LSEN magnetic

particle allow to epriRrEhensaBagtig BREHEIRIMPsyRRYedesired "body color”, such as to allow for a
large gamut of color and other optical functionalities of the corresponding magnetic inks. 15[0017]

Thus, the present invention discloses an ink for the engraved steel die printing process, having a

viscosity at 40C pedvgeontiRcothid AnB atfeserairlielly fat@ally RautaBrst GRERINSIAR coRffymeric,

carboxylic groups containing organic binder and magnetic_pigment particles, characterized in that said

magnetic pigmertspa iEfe dB AT LR IRn RicoEBRan A AMERIH el deeidtifated) by 20at
least one layer opRpsher saesakiRRIHhesDRIR e reacrRalinAorasRaleriakisagasbonyl iron

particle. Carbonyl iron is a soft-magnetic grey iron (gowder, repared by the thermal decomposition of

iron pentacarbor§TOVRALIG OB PRIt FARPOUG IR SHBARRIBREIRAy bae herHalder of 1 to
10 Rm. CarbonyhisafiateaddsaiiaajnieddspninBAsicandsapptiesunpliersnangns, pse@dns fegironics

(magnetic cores for high-frequency coils), in powder metallurgy, in stealth coatings, in
magneto-rhiéblodi&ifiaHARLT Q%@P%ﬁﬁ?p gr%ﬁ@@@ﬁﬂéﬁ?ﬁﬂki 8tlons. "Soft-magnetic" means that the
particle has about ZegDRaghetc Zem@aeAse?* 6 HP019] Other magnetic materials may, however, be

used as well to embaqdy the present invention. The magnetjc care. material according to the present
invention is preferiy %‘%&fﬁ@f&%‘ﬁ?&%ﬁ&%%%&@ﬁ@i‘ﬁ'Eat?gﬁ,”htc% EEWOI '%‘?é containing
alloys and oxidegeft pmorehpiakenedi @mpodiarimgtiemagoaiingaie oxide protecting layer
on the iron metal:
15 Fe®" +n-COO > [Fe(-COO),|"?

[0014] This solubilization of the oxidized iron continuously liberates the metal
surface for further attack. The dissolved metal, on the other hand increases the
viscosity of the ink until reaching a point where the latter is no longer printable.
20  Intaglio inks comprising metallic iron pigment tend therefore to have a decreased
shelf life. A magnetic iron containing intaglio ink with higher shelf life would be

highly appreciated by the printer.
[0015] There is thus a need for magnetic intaglio printing inks not showing the

25  shortcomings of the prior art. Accordingly, it is an object of the present invention

to respond to this need.

DISCLOSURE OF INVENTION

30

[0016] It has been surprisingly found, that it is possible to formulate magnetic



5particle according to the present invention is selected from iron and its oxides, in particular Fe203
and Fe304. Most preferred is a carbonyl iron particle. [0020] The coating layer surrounding the
magnetic core material is preferably from titanium dioxide. Such coating can be applied through a wet
coating process 10such as disclosed in EP 1 630 207 Al. Titanium dioxide is an inert material, which is
completely insoluble in the carboxylic resin containinggnk medium. Titanium dioxide can also be
applied through a chemical vapor deposition (CVD) process in fluidized bed, as disclosed in US 5,
118, 529. Titanium dioxide is a high refractive index material (n = 1.9), which, when applied in

quarter-lambda Lathigte ks aDiRGaa &PCHHIE WANSIBNG Rl LI Btk FEaRRs BAGRIQM P bihe incident

light, conferring the so coate(fj ntgo)article a clear appearance. [0021] The shape of the masﬁréetic core

material used in B&$HBaER fDEARBN T ARIK ST iRe BoBstRIIAEM RyiHele IMaskedrly spherical
shapes, as well a5 ZheolheintporiReaniaRr. adiesatiirhas abiained Lyecetygallraion. Also

useful is a powder having irregular particle shape such as obtained by grinding a material, [0022] In a

preferred embod ALY 18 AHARTMASH b KOFRARITRICCL BRYFR] BBRAY s REHSRIABAHRRY surrounded

by at least two layere @reréian Iy atefighs e BRCtoQNRilaYeIds AIRESBRARdR tRBfEfoliRI particle
particular optical %roperties. [0023% A preferred second layer material is silver; such as can be

deposited onto tHBahFETIHB A ARt magmg e dran dhearheay MERR o iREsRiny i B e80 207.

30The resulting paibie!@s head e yREr&Irpediaivl i intiey Bt Ipadfomthedestisiad iompha-clear
magnetic ink. 7 - [0024] The first and the second Iagers can be chosen, as to their material and

thickness, such 4G/ EOIPIS RGN IFORGEE BhYIHE £PEHERALML SH SUUIRN RAf Effe 512 material. In

such aI wgy thedpmaiqhai mfbhﬁdﬁfm@%ﬂ]tﬁgﬂﬁimmfﬁﬂ@@-nﬁé&?ﬁ@eéﬁ&ﬁéf?'l*&lg.@!qﬁcﬂulg absorption,
or angle-dependept colar. Tg achieve hijgh reflectance, the secon er is preferably of aluminum or
ailver. and s 2 arePRdound, BRtimYliBlE SoRingp 8l Aea e BB IE LRI SN AP thickness is

between 5 to 40 Mknetic particle almost any desired “body color”, such as to allow for a large
gamut of color and other optical functionalities of the corresponding magnetic

inks.

15 [0017] Thus, the present invention discloses an ink for the engraved steel die
printing process, having a viscosity at 40°C between 3 Pa.s to 15 Pa.s, preferably
5 to 10 Pa.s, and comprising a polymeric, carboxylic groups containing organic
binder and magnetic pigment particles, characterized in that said magnetic pig-
ment particle comprises a magnetic core material which is surrounded (coated) by
20 at least one layer of another material.

[0018] The preferred magnetic core material is a carbonyl iron particle. Carbonyl
iron is a soft-magnetic grey iron powder, prepared by the thermal decomposition
of iron pentacarbonyl. It consists of spherical micro-particles of diameter typically

25  of the order of 1 to 10 um. Carbonyl iron can be obtained from BASF and other
suppliers, and is used in electronics (magnetic cores for high-frequency coils), in
powder metallurgy, in stealth coatings, in magneto-rheological fluids, as well as in
pharmaceutical applications. “Soft-magnetic” means that the particle has about
zero magnetic remanence.

30



10[0025] To achieve spectrally selective absorption, the first layer is of a high re- fractive index
material, such as Ti02, and has a thickness of multiple half-waves of a design wavelength, and the
second layer is a semi-transparent layer, e.g. of Cr or Ni, having a thickness of the order of 5 nm.
15[0026] To achieve angle-dependent color, the first layer is of a low-refractive in- dex material, such
as Si02, and has a thickness of a multiple of half-waves of a design of wavelength, and the second
layer is a semi-transparent layer, e.g of Cr or Ni, of a thickness of the order of 5 nm. 20[0027] In still
another embodiment the said magnetic core material is surrounded by at least three layers of other

materials. The th[%i@g@ﬁ@@hﬁg@ﬁ&%@féimslw, HOAEOER; Be AsadRRIWER toinliiBdy @hef another
suitable material, to additionally protect the second layer. from corrosion, and to preserve thus its

optical function. PEFERIBSNVEILIORIAGR M AEHE SO TREHAbACTAKIINGISBRPRASRIR LIYRBURR the mag-
netic core materig srapgriibiy eetiee ReRTeTRIYrsalecsRs fRmdheiGtalBoPRR! SN GiN kR ipdh and the

group of inorganic materials. 8 - the palystyrenes, parylene, 3-methacryloxypropyl trimethoxysilane

(TMP). In a mostBRFEG APt ertdehd bAJRAIE MSteeieaIROBRIRIA HAAEIRINBCRID30]

According tosa prefercrcaecobaiedine thethe @raunehtia Ersicraigrtsi RFPAsISES okie metals
aluminum, nickel, palladium, gatinum, copper, silver, gold, and their alloys, the dielectric monoxides of

magnesium and PRECHRY GefdeaRd E8aQai MR ST6TELGhIRMAFADRAVHI AR HE anthanides, the

dielectric dioxides of silicon, titanium, zirconium, and cerium, and the dielectric monosulfides of zinc
and calcium. 10(:5]003% In a most preferred embodiment the inorganic materials are each

independently sdi404 HE8IH RS syB84NdRY LR MAdRed hrore Hrtesitkl BERSENMent inorganic

materials are eagfoindpReinAeidxRRIESIEH foamngiEkh Td@ppapd witveghln weotbeli My iered
embodiment inorganic material are selected from TiQ2 15and _silvgr._ln an even morﬁ preferred

embodimentlinord&HieSHReRsi G SBIL &Y HPSm i HalHiya;figxide is an inert materia

which is completely insoluble in the carboxylic resin containing ink medium. Ti-
tanium dioxide can also be applied through a chemical vapor deposition (CVD)
process in fluidized bed, as disclosed in US 5, 118, 529. Titanium dioxide is a
high refractive index material (n = 1.9), which, when applied in quarter-lambda
15  thickness (65 nm at 500 nm wavelength) exhibits strong reflection of the incident

light, conferring the so coated particle a clear appearance.

[0021] The shape of the magnetic core material used in the present invention in-

cludes isotropic bodies such as a sphere, and nearly spherical shapes, as well as
20  polyhedrons and acicular bodies, such as obtained by crystallization. Also useful

is a powder having irregular particle shape such as obtained by grinding a materi-

al.

[0022] In a preferred embodiment, the magnetic core material according to the
25  present invention is surrounded by at least two layers of other materials; the sec-

ond layer is chosen so as to confer the particle particular optical properties.

[0023] A preferred second layer material is silver; such as can be deposited onto
the pre-coated particles using a wet chemical method according to EP 1 630 207.
30  The resulting particles have a very clear (light) shade and allow for the formula-

tion of a clear magnetic ink.



[0032] In a particularly preferred embodiment the magnetic core particle is first surrounded by a layer
of silver, followed by further layers which are each inde- 20pendently selected from organic materials
and/or inorganic materials as described above. In this embodiment, the magnetic core particle is
preferably selected from iron, Fe304 and/or Fe203, even more preferably from Fe304 and Fe203, and
the first layer which surrounds the metal core is silver;and further layers are selected from inorganic
materials as described above. 25 [0033] In another particularly preferred embodiment of the present
invention the outmost layer which surrounds the magnetic core particle is of silver, and other layer(s)
between the magnetic core particle and the silver layer are each independently selected from organic
materials and/or inor%anic materials as described 30above. In a most preferred embodiment the

magnetic core paRitdalid ReUSIENT Bi% SPERNERYES SAURS Ghose AP EMABIRBIY Fe304 and/or
Fe203 and the ogickhed¥ aeictri e toNddiGHe RV H KD dheeCA %f'biié%fl syt apguatheygamersvagtween the
s

core and the silver layer are selected from inorEﬁanic materials as above described. An example of

such magnetic pigfeNe SRR aldRRUER R YaxitIe RYLRlE (RS FrionarLiosP<ier NiAR RilR%s a second
layer of silves. 5 [QRcAspecaiitgia denesiba IO assat (appkirleand i cerisad /cdighe used to

deposit the organic and/or inorganic layers onto the magé\etic core material. As not limiting examples

for the coating prSEESLArE: tHETREMELIVRE R iREIAap0F AEHYTHIM e Ty eaf BRR ENGKaI coating. In

the case of formingsasueRaaNs pratecelébtial il egRibidmA prerenay Reenasdeebss mejod in which
magnetic core materials are dispersed in a liquid phase and a resin film is formed on the patrticles by

emulsion polyme'i‘f‘éeﬂ?owﬂiégli -phase polymerization method), or of a method in which the film is
formed in a vapor phase (CVD) (PVD), or of still others methods known by the skilled one in the art. 15

[0035] The resulting magnetic. pigment particle can thus be a coated mono-patrticle, but it can also be
an agglomelhte SRR PSR SR BEE s AROREME EGHST IEHRE RN CUIARIE s of spherical
shape. 20[0036] fthgisiz i @étheaeaaPdUrIRgNEIo Pigent panickaasePnaing ik thafresest invention is
between 0.11.tm gnd 3Q1.tm, s

ch as to he suitable for the intaglio printing process, where generally
the thickness of e dES B EAVAIRTE b ARTJPRRESHRLIRPE RATACEINAG (b HE pFekettShvention the
size of the particler Nipreiarapdtiiekvesroltandraddons, mmost preferably 5 and 10 Rm. 25

15  [0026] To achieve angle-dependent color, the first layer is of a low-refractive in-
dex material, such as SiO,, and has a thickness of a multiple of half-waves of a
design of wavelength, and the second layer is a semi-transparent layer, e.g of Cr

or Ni, of a thickness of the order of 5 nm.

20 [0027] In still another embodiment the said magnetic core material is surrounded
by at least three layers of other materials. The third layer may be a protecting lay-
er, made e.g. of a polymer, of TiO,, or of another suitable material, to additionally

protect the second layer from corrosion, and to preserve thus its optical function.

25  [0028] According to the present invention, the materials which surround the mag-
netic core material may thus be independently selected from the group of organic

materials and the group of inorganic materials.

[0029] According to a preferred embodiment the group of organic materials are

30 selected from the polyacrylates, in particular poly(methyl methacrylate) (PMMA),



[0037] The ink according to the present invention contains 3 to 70 wt% of said magnetic pigment
particles, based on the total weight of the ink composition, preferably 10 to 50 wt%, most preferably 20
to 40 wt%. These concentrations of magnetic pigment particles provide for an efficient level of
detection for the mag- 30netic signal. - 10 - [0038] Interesting supplementary pigment properties can
be obtained through the deposition of an appropriate gutmost layer on the pigment particle, such as
surface wetting properties and dispersion properties, which are helpful during the manufacturing of the
ink and confer the ink a stable behavior during storage and during 5the printing process. [0039] A

further advantagﬁ\@fpmw}ms@@,t pavARHEBisdtAhERA BaARB YN BURBlio SRRamAE N pignaent
containing magnetic intaglio inks are stable over time, despite the fact that the ink resin has acid

moieties in its coMPSRIRIRIGHBMBRSIRERb A LkoARiS BRIBH AR ATE FOUMAFRAE V¥R as carbonyl iron.

The magnetic pigment particles according to the present invention, having a multiply coated magnetic
core show even an _excellent corrosion resistance in acid and metal-complexforming ink media. The

pigment particle RN RN IR\RIESS 68 5R6r e B8 b WRMBaE dplscial

requirements for ¢hesisls tFrmelatsI I alisiRing Usicial faRnsaion MaERMPaspEH0 Sreyegilanal intaglio
inks. [0040] Multiple layers surrounding the magnetic core material, single or in combination, can be
used to confer th&PifIEAt BYFtIe ‘ﬂfﬁﬁf@ﬂ\%ﬁ@ﬂﬁ’&‘é‘i‘?ﬁ%gﬁ@?w&m’éh%lﬂi?lﬁ?m% near IR,

chosen from high&persalesotidfurtrahectanas, 2sprckpthasrlestive aeretAdanoxideflertion, and
angle-dependent absorption or reflection. [0041] A particularly intere_stirré% characteristic obtainable by

the superpositiors ATl IR DAL S HRH 20 kg HERicRg G RS £ 1 EPRSHA ISR 4R reflection

25(color). Thus, afigwadively superposing coatings having different refractive index- es on the surface
of the magnetic core material, with thicknesses chosen such that the product of the refractive index of
the substante constituting the film and the thickness of the film corresponds to one-fourth of a design

wavelength in theooptiga eaneet (R:red el b erolighiiotibridasian wavelangth is reflected
30U o e e e R o P, SR N S sV ST R 0re pretbired embod-
iment inorganic materials are each independently selected from SiO,, TiO,, and
silver. In another preferred embodiment inorganic material are selected from TiO,
15  and silver. In an even more preferred embodiment inorganic material are selected

from SiO, and silver.

[0032] In a particularly preferred embodiment the magnetic core particle is first
surrounded by a layer of silver, followed by further layers which are each inde-
20  pendently selected from organic materials and/or inorganic materials as described
above. In this embodiment, the magnetic core particle is preferably selected from
iron, FesO4 and/or Fe,03, even more preferably from Fe;O,4 and Fe,O3 and the
first layer which surrounds the metal core is silver, and further layers are selected
from inorganic materials as described above.
25
[0033] In another particularly preferred embodiment of the present invention the
outmost layer which surrounds the magnetic core particle is of silver, and other
layer(s) between the magnetic core particle and the silver layer are each inde-
pendently selected from organic materials and/or inorganic materials as described
30 above. In a most preferred embodiment the magnetic core particle is selected from

iron, Fe3O4 and/or Fe,O3 more preferably from Fe3O4 and/or Fe,O3 and the out-



[0042] Multiple coating can also be utilized to produce a magnetic pigment particle which reflects light
and has a white appearance, by coating a magnetic core material, which may be of a magnetic metal,
e.g., iron, cobalt, nickel, a magnetic alloy, e g Alnico, SmCos Nd2Fel4B, or an iron oxide powder, by

forming there- 5upon a layer of a high-reflectance metal, such as silver or aluminum as a first coating,
further forming thereupon a layer of an oxide having aglow refractive index such as silicon dioxide (n =
1.45) as a second coating, in such a thickness that the product of the refractive index of the oxide and
the thickness of the second coating is one-fourth a first design wavelength of visible light, and finally

10forming thereypgst faiRYSUHERMGHoIRISARE OriNR SEe aRHDIRP RYER WefvardRe(forel.97) as a
third coating, in such a thickness that the product of the refractive index of the material and the

thickness of the MIFHISSHW 18)5h &roRrier e S BQBm dnaEagis Matrsial AhabPVRARECTIRE: 8t and second
design wavelenggh beine dtrafenahbyteassigiaeAoplRadR1id be ivee pirtiirrtemaso/rAIEHsMagnetic

particles in an intaglio ink presents several advantages in comparison with the use of uncoated
magnetic parti- clB¥OhE Qa3 (b 8% hieendda¥Rig&i¥ehaterials on their own are mostly dark or

strongly cologed, which has a negative impact on the possible colors of the 20realizable printing inks
and thus the colored magnetic features which can be &rint- ed by the intagliogorinting process. The

presence of multlSRPHyRISHERBIGIARH 19D RIOSHTRSS RIYSHEkARNILGRRTRCAD EAMBEAIFEH 8P the particle
provides not onlyjanpersiilistpimasinstionaitiaiselerptihreriemanic kutduithenmors confers it

novel properties, such as own unusual color, e.g. blue or magenta, or even irides- 25cent, or color

9
shifting propertieBQORLHHIBEXATALES K508 I CRAIILY GRETT AT RICER At Y AR 48P T a
particularly prefegggopnbomimend, Wee ohkagitaliolLRmaHSas casgoetitpiamanbagencdingeto the

invention, wherein the sajd magpetic pigment is cho- 30sen to have a bulk lightness L* higher than 60
ccoring tdtine AL R (190 ) Eoale LrENERE B T L0941 HE L AAISHR FIGHEA ian 80, - 12
- [0045] In a furth¢npresangdresaiadimantighite prasertinvaniipféhedalon@sedarticles by

emulsion polymerization (liquid-phase polymerization method), or of a method in

which the film is formed in a vapor phase (CVD) (PVD), or of still others meth-

ods known by the skilled one in the art.

15
[0035] The resulting magnetic pigment particle can thus be a coated mono-
particle, but it can also be an agglomerate particle. In a more preferred embodi-

ment the magnetic pigment particle is of spherical shape.

20  [0036] The size of the coated magnetic pigment particle according to the present
invention is between 0.1 um and 30 um, such as to be suitable for the intaglio
printing process, where generally the thickness of the deposited ink layer is of the
order of 30 um. According to the present invention the size of the particle is pref-
erably between 1 and 20 um, most preferably 5 and 10 um.

25
[0037] The ink according to the present invention contains 3 to 70 wt% of said
magnetic pigment particles, based on the total weight of the ink composition,
preferably 10 to 50 wt%, most preferably 20 to 40 wt%. These concentrations of
magnetic pigment particles provide for an efficient level of detection for the mag-

30 netic signal.



diffuse IR reflectance between 800 and 1000 nm - which is higher than 60%. 5[0046] Another object of
the present invention is a security document, in particu- lar a banknote, carrying at least in part an ink
as described above. [0047] Another object of the present invention is a security document, in particu-
lar banknote, document of identification, carrying a layered construction compris- 10 ing at least one
color layer which contains magnetic pigment particle_slﬁqmprising a magnetic core material which is
surrounded by at least one layer of another material. [0048] A further embodiment of the invention is a
security document comprising 15an ink according to the present invention printed with an intaglio plate

having zones of M@@ﬂh@?@%@ﬂﬂ@ﬁbrﬁuﬁhﬂ?ﬁ@dﬁﬁdﬁéﬂiﬁﬁiBﬁ%é@b@dﬁrﬁéqum%[@htﬂ%/ds of
magnetic signal. This particularity is useful to confer another level of security to the document.

20[0049] A furthélCBASHIRNARHT BRRMPIIAME MRISt deyBE AR eIBIIRERPRAIFISHEHSY &SR cording to

the present inVG'Wétﬂrﬁg’ i ﬂ@@laiﬂé‘f%ﬁ@@i@ﬁ@t@i%tbr@ﬁeimégfvm&ﬁ%?@%%ﬂﬂ BUFiHQ&Iﬁ’é&ﬂh’h\dng magnetic
properties. This ink used in combination with an ink of the prevent invention can further be IR

transparent or IRIABEBAS RS L6 AREECHEh G MVASRRIE RENGYIF0BRRO S Y888 34 LIEPdas
disclosed in £P- @eBrintifg pioted9050] Another object of the invention is the use of an ink according
to the present invention for the engraved steel die printing process for the printing of a security
document, such as a banknote, a passport, a check, a voucher, an ID- or 30transaction card, a stamp,

alabel. - 13 - [005d3JThe ReGierBHdaREFRITAE GRECHRY iy ERE I @SETat tNveBHa s ahiaired by the
process comprising the step of applying an ink according to the present inven- tion_ onto a document
by the means of EEGTIFAIRL P HDETLRSHAIAG TAGRELS TeRSESa A ATB S MR ALRBrEifig to the

present inventionysigaiteleafact beafeeniiatesin has acid moieties in its composition which would
10  attack neat or partially coated metals such as carbonyl iron. The magnetic pigment
particles according to the present invention, having a multiply coated magnetic
core show even an excellent corrosion resistance in acid and metal-complex-
forming ink media. The pigment particle according to the invention does not
cause complications or impose special requirements for the ink formulator in its

15 industrial fabrication, as compared to conventional intaglio inks.

[0040] Multiple layers surrounding the magnetic core material, single or in com-

bination, can be used to confer the pigment particle particular optical properties in

the visible and/or in the near IR, chosen from high specular or diffuse reflectance,
20  spectrally selective absorption or reflection, and angle-dependent absorption or

reflection.

[0041] A particularly interesting characteristic obtainable by the superposition of
multiple layers around a magnetic core material is spectrally selective reflection
25  (color). Thus, alternatively superposing coatings having different refractive index-
es on the surface of the magnetic core material, with thicknesses chosen such that
the product of the refractive index of the substance constituting the film and the
thickness of the film corresponds to one-fourth of a design wavelength in the opti-
cal range (200 nm to 2500 nm), then light of the design wavelength is reflected

30 due to multiple interference at the optical boundary layers (Fresnel reflection).



ed to be energy-curable, e.g. able to be cured by UV light or EB (electron beam) radiation, and
typically includes a binder comprising one or more oligomers and/or reactive monomers.
Corresponding formulations are known in the art and can be found in standard textbooks such as the
series "Chemistry & Technology 10 of UV & EB Formulation for Coatings, Inks & Paints", published in
7 volumes in 1997-1998 by John Wiley & Sons in asspgiation with SITA Technology Limited. [0053]
Suitable oligomers (also referred to as prepolymers) include epoxy acrylates, acrylated oils, urethane
acrylates, polyester acrylates, silicone acrylates, 15 acrylated amines, and acrylic saturated resins.

Further details angoRzpMieid lRreoiiiR) chh AteeistiN &dTeroalre ahddWefchiyrernpaation for
Coatings, Inks & Paints”, Volume II: Prepolymers & Reactive Diluents, edited by G Webster. [0054]

Due to the high iS5 OEHRSE BAGbARERaTAVKHIE 2ReBRARRE-ILHRAINY 3CRBRRIC I Bverall

viscosity of the eRpteN AR KO AGrRIRRtIEHREISE. &S i1 RIVBAIN K kNEN WaHgihati¢ printing.
Diluents may include common organic solvents, water, or "reactive” monomers which upon curing are

incorporated intoMY fifnd: NBI BﬁW@‘tﬁeOWciéW RGO YERH Ry RIS DISIBthacrylates,

and can be mongisitendrafAHIBh rdiQRacExRIAPescal SNt/ ReN a2 fimers would
include polyester acrylates or methacrylates, polyol acrylates or methacrylates, and polyether

acrylates or met/f28HGt U NESOSETINBHHISTESERNR AN 81158 BXHMEY /A ENAKRIRTHYE usually

necessary to alseniiiusderpideariopnBdhigiqiniiatasyadnitateriie suiggireasiiontpicdfgligo30 mers
and reactive monomers uPon exposure to UV or shortwave visible radiation. - 14 - [0056] Examples of

useful photoinitiatstse&RBEU AR GEATLYE Rde SR Qe AN d R FlCkREEs E gy of UV &

EB FormuI?tion f@‘ﬁd:‘(mﬁlngsés %@f&%ﬁiatﬁ'ﬁ%@@qrgﬁﬂ@@h@ﬂ%ﬁ%gm ngt)rﬁrg@dl?ﬁzgiw”Catiogic and
Anionic Polymerisation”, 2nd edition, by J.V. Crivello & K. Dietliker, edited by G, Brad- 5 ley an
oublished 11 0040Hg U HEIEHEY SRS 71 A LG R GRFACHLER RO ZHERBHT oy also be

advantageous todrigleide 2 BempHizetiitdesitinglipnsudthatiddrhesoimisieday proatebfatrolieve efficient
O s P e e TSRS SR B A oLta oy d0vsed o
second design wavelength of visible light; first and second design wavelength
being preferably the same.
15
[0043] The use of interference coated magnetic particles in an intaglio ink pre-
sents several advantages in comparison with the use of uncoated magnetic parti-
cles in the same type of ink. First, magnetic materials on their own are mostly
dark or strongly colored, which has a negative impact on the possible colors of the
20  realizable printing inks and thus the colored magnetic features which can be print-
ed by the intaglio printing process. The presence of multiple layers according to
the invention around the magnetic core material of the particle provides not only a
possibility to modify the natural color of the pigment, but furthermore confers it
novel properties, such as own unusual color, e.g. blue or magenta, or even irides-
25  cent, or color shifting properties, as well as hidden optical features in the infrared

spectral range.

[0044] In a particularly preferred embodiment, the intaglio ink comprises magnet-
ic pigment according to the invention, wherein the said magnetic pigment is cho-

30 sento have a bulk lightness L* higher than 60 according to the CIELAB (1976)
scale, preferably higher than 75, most preferably higher than 80.



sistance. Suitable waxes include camauba waxes, montan waxes, polytetrafluoroethylene waxes,
polyethylene waxes, Fischer-Tropsch waxes, silicone fluids and mixtures thereof. 15[0058] Other
additives may be incorporated in the ink, including but not limited to, adhesive reagents, antifoaming
reagents, leveling reagents, flow reagents, antioxidants, ultraviolet absorbers, flame retardants, etc.
[0059] The inks of the present invention can be used pn a standard intaglio press 20 equipped with UV
lamps, and the preferred plate temperature is in the range of between 40C and 80C. The curing
conditions for UV inks are known to the skilled in the art. [0060] The invention is now further illustrated
by the following non-limiting ex- 25amples. Percentages are by weight. Those skilled in the art will
recognize that many variations are passible within the spirit and scope of these examples, which

intended to be ddfif&el ) HETBABRRISTERSiRTRRAYEMARS CE LA PARSARS IAURMHER Hiedii{¥Sife meant in
their broadest reggmiabiR REMEEHBlasSWERRBTSaiadigatesh 30ramplasher Hear@ensral description

For each example the inks have been prepared by mixing the components of the formula listed below,
except for the driers, together, and performing 3 passages on 5a SDY300 three-roll mill (one at 8 bars

and 2 at 16 Barsyobhe] igsseveisddethablastandvenked is deeddifyinvtemeandifrfinighed ink was

degassed under vacu- UM. . . . .
lar a banknote, carrying at least in part an ink as described above.

[0047] Another object of the present invention is a security document, in particu-
lar banknote, document of identification, carrying a layered construction compris-
10  ing at least one color layer which contains magnetic pigment particles comprising
a magnetic core material which is surrounded by at least one layer of another ma-

terial.

[0048] A further embodiment of the invention is a security document comprising
15  an ink according to the present invention printed with an intaglio plate having

zones of different engraving depth, such as to result in printed zones of different

levels of magnetic signal. This particularity is useful to confer another level of

security to the document.

20  [0049] A further embodiment of the invention is a security document comprising
an ink according to the present invention printed in combination with an ink of the
same color but not displaying magnetic properties. This ink used in combination
with an ink of the prevent invention can further be IR transparent or IR absorbing
somewhere in the wavelength range 700 nm to 2500 nm such as disclosed in EP-

25  B-1790701.

[0050] Another object of the invention is the use of an ink according to the pre-
sent invention for the engraved steel die printing process for the printing of a se-
curity document, such as a banknote, a passport, a check, a voucher, an ID- or

30 transaction card, a stamp, a label.



The viscosity was measured on a Haake RotoVisco 1 rotational rheometer at 101000s-1 and 40C and
adjusted with solvent if necessary. For the pigmentation of the inks for Example 1 of the following color
pigments can be used: WhiteC.I. Pigment White 6 YellowC.I. Pigment Yellow 13 RedC.l. Pigment Red
170 GreenC.l. Pigment Green 7 BlueC.I. Pigment Blue 15:3 VioletC.l. Pigment Violett 23 15 Process

for coating metal core material (iron oxide): 1. Silver_Ggating: - 16 - Silver coated iron oxide particles

were obtained by dispersing 70 g of iron oxide in 280 ml of distilled water and dropwise adding a silver
nitrate solution (a mixture of 140 ml of ammonium hydroxide (28%), 720 ml of silver nitrate (8.7%) and

140 ml of ammonpgmipytioxdeer(Ba36ek flehPae cHrERIgUE B0 YeeSHEIEeAfiSH Abbtained by
the process comprising the step of applying an ink according to the present inven-

tion onto a document by the means of the engraved steel die printing process.

5 [0052] The printing ink according to the present invention could also be formulat-
ed to be energy-curable, e.g. able to be cured by UV light or EB (electron beam)
radiation, and typically includes a binder comprising one or more oligomers
and/or reactive monomers. Corresponding formulations are known in the art and
can be found in standard textbooks such as the series "Chemistry & Technology

10 of UV & EB Formulation for Coatings, Inks & Paints", published in 7 volumes in
1997-1998 by John Wiley & Sons in association with SITA Technology Limited.

[0053] Suitable oligomers (also referred to as prepolymers) include epoxy acry-
lates, acrylated oils, urethane acrylates, polyester acrylates, silicone acrylates,
15  acrylated amines, and acrylic saturated resins. Further details and examples are
given in "Chemistry & Technology of UV & EB Formulation for Coatings, Inks
& Paints", Volume Il: Prepolymers & Reactive Diluents, edited by G Webster.

[0054] Due to the high viscosity of most oligomers, diluents are often required to
20  reduce the overall viscosity of the energy curing ink or coating formulation, so as

to assist ink formulation and printing. Diluents may include common organic sol-

vents, water, or "reactive" monomers which upon curing are incorporated into the

film. Reactive monomers are typically chosen from acrylates or methacrylates,

and can be monofunctional or multifunctional. Examples of multifunctional mon-
25 omers would include polyester acrylates or methacrylates, polyol acrylates or

methacrylates, and polyether acrylates or methacrylates.

[0055] In the case of inks to be cured by UV radiation, it is usually necessary to
also include at least one photoinitiator to initiate the curing reaction of the oligo-

30 mers and reactive monomers upon exposure to UV or shortwave visible radiation.



5 additional hour of continuous stirring at 70C, 280 ml of a D-glucose solution (28%) was added
rapidly. The obtained yellow precipitate was allowed to cool under stirring, filtered, washed with
distilled water and finally dried at 80C for about 16 h. 10 2. 5i02 coating: The so obtained silver coated
iron oxide particles were further coated with 5i02 by dispersing the corresponding pigment and 165 g
polyvinylpyrrolidone (PVP 15 K10) in a mixture of 600 ! of distilled water, 3 1 of 28% ammonium
hydroxide and 4.78 1 of 1-propanol for one hour. After addition of 650 ml of tetraethoxysilane (11,0S)
the mixture was stirred overnight at 150 rpm (for about 16 h) at room temperature. The slurry was then

filtered and the regoi) et s sane phetBiniberdishligdra@ieimdicdern Ermbsiisiag the

filtrand. The resulting solid 20was dried in air for 5 h. The resulting product was further dried in an

oven at 80C for &50btEBSIY. &ibEEhnRlaRy PsUNC? BB et iR Lopepaittes b fsersing 4 g of

iron in a solution o320, MbRimaNYdrPHstEINaRRIrseptMRIBR & il ot S1AB-AARiIASWHRCtant, such as
0.4M Lutensol (BASF). After 15 min of throughout stirrin 120;‘#” of titanium isopropoxide (TTIP) were

added at once. THYYOSESBHANAL e AHIRSy Dhder sl SfoRiebkRe RILSH B SR #ght in air. -
17 - Example 1: egraRdgsnensieepivedoshpives ety i@2sont iahissbadgosofiifnamatitaxdative drying

sheet fed intaglio ink for the water Swipe copperplate intaglio, printing progess Composition % Long oil

alkyd resin dilute®HOH HiyR8HiHBYiAtSEIPer8BETREGERHSAGH El§ 3 Sensitizer in conjunction

with the photoinitiator in order to achieve efficient curing.

[0057] The ink according to the present invention may also contain about 1 to 5%,
10  based on the weight of the finished ink, of a wax, in order to improve scuff re-

sistance. Suitable waxes include camauba waxes, montan waxes, polytetrafluoro-

ethylene waxes, polyethylene waxes, Fischer-Tropsch waxes, silicone fluids and

mixtures thereof.

15  [0058] Other additives may be incorporated in the ink, including but not limited
to, adhesive reagents, antifoaming reagents, leveling reagents, flow reagents, anti-

oxidants, ultraviolet absorbers, flame retardants, etc.

[0059] The inks of the present invention can be used on a standard intaglio press

20  equipped with UV lamps, and the preferred plate temperature is in the range of
between 40°C and 80°C. The curing conditions for UV inks are known to the
skilled in the art.

[0060] The invention is now further illustrated by the following non-limiting ex-
25  amples. Percentages are by weight. Those skilled in the art will recognize that

many variations are possible within the spirit and scope of these examples, which

intended to be defined by the following claims and their equivalents in which all

terms are meant in their broadest reasonable sense unless otherwise indicated.

30

Examples:



14 Allcylphenolic tung oil adduct diluted in a high boiling point oil (to 80% solid content) 6
Macromolecular surfactant as described in US 4,966,628 20 Coated Iron pigment 9 Colored Pigment 6
Titanium dioxide 2 Fluorinated wax 2 Carnauba wax 5 Talc 1.5 Vegetable oil and fatty acid esters 2.5

-15-

General description

For each example the inks have been prepared by mixing the components of the

formula listed below, except for the driers, together, and performing 3 passages on
5 aSDY300 three-roll mill (one at 8 bars and 2 at 16 bars). The driers were added at

last and mixed in for 15 minutes, and the finished ink was degassed under vacu-

um.

The viscosity was measured on a Haake RotoVisco 1 rotational rheometer at

10  1000s-1 and 40°C and adjusted with solvent if necessary.

For the pigmentation of the inks for Example 1 of the following color pigments

can be used:
White C.l1. Pigment
White 6
Yellow C.l1. Pigment
Yellow 13
Red C.l1. Pigment
Red 170
Green C.1. Pigment
Green 7
Blue C.l1. Pigment
Blue 15:3
Violet C.l1. Pigment
Violett 23

15

Process for coating metal core material (iron oxide):

1. Silver Coating:



Mineral oil 3 Calcium carbonate (natural chalk) 26.5 Multi metal dryer (octoate salts of cobalt,
manganese and zirconium diluted with a high boiling point mineral oil to 80% solid content ) 2.5 The
so obtained inks were printed on a standard intaglio press onto banknote pa- per in the form of a
pattern comprising visible colors and covert magnetic fea- 10 tures. In this way, magnetic patterns,
useful for the machine processing of currency, could bg realized in complete independence of the
visible aspect of the document. - 18 - For comparison, similar inks were prepared based on a
conventional uncoated iron pigment. In order to obtain the same shade with a conventional iron

pigment the pigmgRic¢eBsRAtIAIPOXIRINS tRAdOWEreHIQiRBdIR aighdhengriwRpd VR apending on

the visible ink col_oréwhile increasing the titanium dioxide concentration to 5 the maximum amount

possible of 15%.IHAAREbHIHHIGT Wadiifdaeruisqiaisling Ry B aal AN iRaAg &K based on a

coated and an unggrased400mIRig BIRMoRAMNEVRRXTde (PET)EHE0SIIINGH 48 e Mt eddnantoures la
and Ib. The corresponding IR image (850nm filjﬁg IS given 10in Figure Ic. Example 2: Coated Iron

oxides pigments YAtHIRIAARAMED MYE[qy e S OntalREsIcVESoMRHR AL R IR & fed intaglio
ink for the water ygricaARRIR dfectHaslious HIBYRIOLESS, 280 ml of a D-glucose solution

(28%) was added rapidly. The obtained yellow precipitate was allowed to cool
under stirring, filtered, washed with distilled water and finally dried at 80°C for
about 16 h.

10
2. SiO; coating:

The so obtained silver coated iron oxide particles were further coated with SiO,
by dispersing the corresponding pigment and 165 g polyvinylpyrrolidone (PVP

15  K10) in a mixture of 600 ml of distilled water, 3 | of 28% ammonium hydroxide
and 4.78 | of 1-propanol for one hour. After addition of 650 ml of tetraethox-
ysilane (TEOS) the mixture was stirred overnight at 150 rpm (for about 16 h) at
room temperature. The slurry was then filtered and the resulting solid was washed
with 2 | of distilled water while constantly stirring the filtrand. The resulting solid

20  was dried in air for 5 h. The resulting product was further dried in an oven at 80°C
for about 16 h.

3. TiO; coating

25
TiO, coated iron was prepared by dispersing 4 g of iron in a solution of 100 ml of
anhydrous ethanol containing 60 pl of a non-ionic surfactant, such as 0.4M Luten-
sol (BASF). After 15 min of throughout stirring 120 ul of titanium isopropoxide
(TTIP) were added at once. The reaction was stirred for 2 h under inert atmos-

30  phere and for one night in air.



Composition % Long oil alkyd resin 7.5 Allcylphenolic resin modified with tung oil in ink solvent 6/9
(S.1.C.) 16 Addition product of tung oil and maleic acid modified phenolic resin in a high boiling mineral
oil (PKWF 28/31) 25 Polyethylene wax (mp 130C) 1.5 Calcium carbonate (natural chalk) 13 Coated
Iron pigment 15 Colored Pigment 6 Ink solvent 6/9 (S.1.C.) 6 Cobalt Octoate drier (11% metal)

-17 -

Example 1: Iron Pigment coated with Silver and TiO..

Light shade soft magnetic oxidative drying sheet fed intaglio ink for the water

5  wipe copperplate intaglio printing process

Composition %

Long oil alkyd resin diluted in a high boiling point oil (to 80% solid con- 14
tent)

Alkylphenolic tung oil adduct diluted in a high boiling point oil (to 80% 6
solid content)

Macromolecular surfactant as described in US 4,966,628 20
Coated Iron pigment 9
Colored Pigment 6
Titanium dioxide 2
Fluorinated wax 2
Carnauba wax 5
Talc 15
Vegetable oil and fatty acid esters 2.5
Mineral oil 3
Calcium carbonate (natural chalk) 26.5

Multi metal dryer (octoate salts of cobalt, manganese and zirconium diluted | 2.5

with a high boiling point mineral oil to 80% solid content )

The so obtained inks were printed on a standard intaglio press onto banknote pa-
per in the form of a pattern comprising visible colors and covert magnetic fea-

10  tures. In this way, magnetic patterns, useful for the machine processing of curren-
cy, could be realized in complete independence of the visible aspect of the docu-

ment.



0.1 Manganese Octoate drier (10% metal) 0.1 - 19 - The viscosity of the ink was adjusted with "Ink
Solvent 6/9" (Shell Industrial Chemicals) to a value between 5 and 10 Pa.s at 40C. The so obtained
inks were printed on a standard intaglio press onto banknote pa-5per in the form of a pattern
comprising visible colors and covert magnetic fea- tures. For comparison, similar inks were prepared
based on a conventional uncoated iron oxide pigment.dn order to obtain the same shade with a
conventional magnetic 10 pigment, the magnetic pigment concentration had to be lowered to 10-40%
of the original value (depending on the visible ink color) while increasing the titanium dioxide

concentration to agNSMRHAGHNSHI TR IsREUR @f prefarckPhiseranle irveRtBisHngieaigebiith Silver
and Ti02. Light shade soft magnetic oxidative drying sheet fed intaglio ink for the paper wipe

copperplate intadll@PHiHYBASELIORIRR L5ciame RadsuHhRRIFUERLORES B RIEBH 9, DBng oil alkyd
resin 7.5 Alkylphgnrptientesincareified Nedhduwed sildredni 201980t 6f2HSrgindiGalue (depend-

ing on the visible ink color) while increasing the titanium dioxide concentration to

5  the maximum amount possible of 15%.

On the other hand the difference in visible shade between an orange ink based on
a coated and an uncoated iron pigment having a same magnetic signal is demon-
strated in Figures 1a and 1b. The corresponding IR image (850nm filter) is given

10  inFigure 1c.

Example 2: Coated Iron oxides pigments with Silver and SiO..

15  Light shade hard magnetic oxidative drying sheet fed intaglio ink for the water
wipe copperplate intaglio printing process

Composition %
Long oil alkyd resin 7.5
Alkylphenolic resin modified with tung oil in ink solvent 6/9 (S.1.C.) 16

Addition product of tung oil and maleic acid modified phenolic resin in a 25
high boiling mineral oil (PKWF 28/31)

Polyethylene wax (mp 130°C) 15
Calcium carbonate (natural chalk) 13
Coated Iron pigment 15
Colored Pigment 6
Ink solvent 6/9 (S.1.C.) 6
Cobalt Octoate drier (11% metal) 0.1

Manganese Octoate drier (10% metal) 0.1




Addition product of tung oil and maleic acid modified phenolic resin in a high boiling mineral oil (PKWF
28/31) 25 Polyethylene wax (mp 130C) 1.5 Calcium carbonate (natural chalk) 28.65 Coated Iron
pigment 10 Colored Pigment 5 Hexadeca-(3-ethoxythiophenolato)-phtalocyanato-zinc (1) 0.15 Ink
solvent 6/9 (S.1.C.) 6 - 20 - Cobalt Octoate drier (11% metal)0.1 Manganese Octoate drier (10%
metal)0.1 The viscosity of the ink was adjusted with "k Solvent 6/9" (Shell Industrial Chemicals) to a
value between 5 and 10 Pa.s at 40C.

The viscosity of the ink was adjusted with “Ink Solvent 6/9” (Shell Industrial
Chemicals) to a value between 5 and 10 Pa.s at 40°C.

The so obtained inks were printed on a standard intaglio press onto banknote pa-
5  per in the form of a pattern comprising visible colors and covert magnetic fea-

tures.

For comparison, similar inks were prepared based on a conventional uncoated iron
oxide pigment. In order to obtain the same shade with a conventional magnetic

10  pigment, the magnetic pigment concentration had to be lowered to 10-40% of the
original value (depending on the visible ink color) while increasing the titanium

dioxide concentration to a maximum amount possible of 15%.

15 Example 3: Iron Pigment coated with Silver and TiO..

Light shade soft magnetic oxidative drying sheet fed intaglio ink for the paper

wipe copperplate intaglio printing process with specific IR absorption peaks.

Composition %
Long oil alkyd resin 7.5
Alkylphenolic resin modified with tung oil in ink solvent 6/9 (S.1.C.) 16

Addition product of tung oil and maleic acid modified phenolic resinina | 25
high boiling mineral oil (PKWF 28/31)

Polyethylene wax (mp 130°C) 1.5
Calcium carbonate (natural chalk) 28.65
Coated Iron pigment 10
Colored Pigment 5
Hexadeca-(3-ethoxythiophenolato)-phtalocyanato-zinc (I1) 0.15

Ink solvent 6/9 (S.1.C.) 6




5 For comparison reasons an clear shade magnetic ink with and without IR absorber were prepared.
Figure 2 compares the IR reflection spectra of the corresponding inks. This shows that the coated iron
pigment does not only allow the use of a larger visible ink color gamut. Also special IR features can be
added as the pigment does not itself contribute significantly to the IR absorption of the ink. 10 Example
4: Same composition as example 1 and 3 further coatg with 5i02.  Light shade soft magnetic
oxidative drying intaglio ink formulation for the water 15wipe copperplate intaglio printing process. The
pigments prepared for example 1 and 3, were further coated with 5i02 by dispersing the corresponding
pigments in 15méggé{@ggﬁtg%ﬁngpg/mg@])hlghspeed mechanical stirring. Tn a firsf §tep g solution
of 1 ml 11,0S in15 ml of eth- 20anol was added at once. Then 0.11 ml of distilled water in 5 ml of
anhydrous eth- aMENgatesdePaia & ifidANGIEIRSHS were done under an inert atmosph@rk. The slurry
was stirred for further 6 h, and then the precipitate was filtrated and dried in vacuum. 25 -21 -
Composition % Long oil alkyd resin diluted in a high boiling point oil (to 80% solid con- tent) 10
Allcylphenolic turdd®iiserkiot efilinetnlnveahirghusesiting ihoiFtlofi qtresborsd i bhdwntir8Macromolecular

surfactant as deserfiaflsj4e AR B28vEen 5 and 10 Pa.s at 40°C.

5  For comparison reasons an clear shade magnetic ink with and without IR absorber
were prepared. Figure 2 compares the IR reflection spectra of the corresponding
inks. This shows that the coated iron pigment does not only allow the use of a
larger visible ink color gamut. Also special IR features can be added as the pig-
ment does not itself contribute significantly to the IR absorption of the ink.
10

Example 4: Same composition as example 1 and 3 further coated with SiO..

Light shade soft magnetic oxidative drying intaglio ink formulation for the water

15  wipe copperplate intaglio printing process.

The pigments prepared for example 1 and 3, were further coated with SiO, by
dispersing the corresponding pigments in 15ml of anhydrous ethanol under high-
speed mechanical stirring. In a first step a solution of 1 ml TEOS in 15 ml of eth-
20  anol was added at once. Then 0.11 ml of distilled water in 5 ml of anhydrous eth-
anol was added. The manipulations were done under an inert atmosphere. The
slurry was stirred for further 6 h, and then the precipitate was filtrated and dried in

vacuum.

25
A water containing, non-interleaving intaglio ink is manufactured according to the

following formula:



Sodium slat of sulfonated castor oil in water (solids content 60%) 2 Micronized polyethylene wax 2
Coated Iron pigment 9 Colored Pigment 6 High boiling point mineral oil 3 Calcium carbonate 28 Multi
metal dryer (octoacte salts of cobalt, manganese and zirconium di- luted with a high boiling point
mineral oil to 80% solid content ) 2 Deionised water thickened with a cellulose ether (MC or sod-CMC
2.5% to 3%)* 15 *The cellulose ether was chosen froyp the group of methylcellulose (MC) and/or
sodium carboymethylcellulose (sod-CMC) and used as described by C. Baker, The Book and Paper
Group Annual, vol. 1 (1982)

Composition %

Long oil alkyd resin diluted in a high boiling point oil (to 80% solid con- 10
tent)

Alkylphenolic tung oil adduct diluted in a high boiling point oil (to 80% 8

solid content)

Macromolecular surfactant as described in US 4,966,628 15
Sodium slat of sulfonated castor oil in water (solids content 60%) 2
Micronized polyethylene wax 2
Coated Iron pigment 9
Colored Pigment 6
High boiling point mineral oil 3
Calcium carbonate 28
Multi metal dryer (octoacte salts of cobalt, manganese and zirconium di- 2

luted with a high boiling point mineral oil to 80% solid content )
Deionised water thickened with a cellulose ether (MC or sod-CMC 2.5% | 15
to 3%)*

*The cellulose ether was chosen from the group of methylcellulose (MC) and/or
sodium carboymethylcellulose (sod-CMC) and used as described by C. Baker,
The Book and Paper Group Annual, vol. 1 (1982)

The driers and the water were added at last and mixed in for 15 minutes, and the
finished ink was degassed under vacuum. The viscosity of the ink was adjusted to
10 Paes at 40°C.

10  For obtaining inks of corresponding colors, but without the magnetic feature, the
magnetic pigment was replaced by the same weight amount of calcium carbonate.
Magnetic and non-magnetic inks were printed as described. No difference in

shade for the two inks was observed.



5 The driers and the water were added at last and mixed in for 15 minutes, and the finished ink was
degassed under vacuum. The viscosity of the ink was adjusted to 10 Pas at 40C. 10For obtaining inks
of corresponding colors, but without the magnetic feature, the magnetic pigment was replaced by the
same weight amount of calcium carbonate. Magnetic and non-magnetic inks were printed as
described. No difference in shade for the two inks waspbserved. - 22 - Claims 1. Ink for the engraved
steel die printing process, having a viscosity at 40C between 3 Pa.s to 15 Pa.s, preferably 5 to 10
Pa.s, and comprising a carboxylic 5groups-containing polymeric organic binder and magnetic pigment
particles, characieriggagd in that said magnetic pigment particles comprise a magnetic core material
which is surrounded by at least one layer of another material. 2. Ink according to claim 1 wherein said
magnetic core material is surround- 10ed by at least two, preferably at least three layers of other

materials. 3. Ink@accordifarty g eidmsdel@ié prIRIRYHHIBSHI FAWNE R0/ 8y6dBy atnalecor in
combination, confer the magnetic p(ig%ment particles with surface properties, particular gptical

properties in the YRR RS IR IR AsaPiee@Rbseit P 5HGH SPRRIRING A GSX i ectance,

spectrally selectiyfoapsetpiigining (ilgelior. @oenrpiaddepeN erighahspigHrRAtaFatration, and
dispersion properties. = 4. Ink accordi_nE to one of claims 1 to 3 wherein the surrounding layers of the

magnetic core maiarRseieedAran FASRA G RO PR PBFLLISS R URRISS S BIRIRSHE 588 hemical

Vapor Depositionr{4¢[a) @Rt et Graatiad by Hicascondingdp sigatheraimedalo 4 wherein the size of
the magnetic pigment particles is between 0.1 gm and 30 gm, preferably 1 and 20 gm, more preferably

5and 10 gm. 25 6. Ink according to one of claims 1 to 5, wherein the magnetic pigment particles are
of spherical shape.  Ink according to claim 1 wherein said magnetic core material is surround-

10  ed by at least two, preferably at least three layers of other materials.

3. Ink according to one of claims 1 to 2 wherein the surrounding layers, sin-
gle or in combination, confer the magnetic pigment particles with surface proper-
ties, particular optical properties in the visible and/or in the near IR, chosen from

15  high specular or diffuse reflectance, spectrally selective absorption or reflection,
and angle-dependent absorption or reflection, and dispersion properties.

4. Ink according to one of claims 1 to 3 wherein the surrounding layers of the
magnetic core material are each independently the result of a process chosen from
20  Chemical Vapor Deposition (CVD) and Wet Coating.

5. Ink according to one of claims 1 to 4 wherein the size of the magnetic
pigment particles is between 0.1 um and 30 um, preferably 1 and 20 um, more
preferably 5 and 10 pm.

25
6. Ink according to one of claims 1 to 5, wherein the magnetic pigment parti-

cles are of spherical shape.

7. Ink according to one of claims 1 to 6 wherein the magnetic core material is
30 selected from the group consisting of nickel, cobalt, iron and the iron-containing

alloys and oxides.



7. Ink according to one of claims 1 to 6 wherein the magnetic core material is 30selected from the
group consisting of nickel, cobalt, iron and the iron-containing alloys and oxides. - 23 - 8. Ink
according to one of claims 1 to 7 wherein the layers surrounding the magnetic core material are
selected from the group of organic materials and the group of inorganic materials. 5 9. Ink according
to claim 8 wherein said organic material is selected frggn the group consisting of the polyacrylates, in
particular PMMA, the polystyrenes, parylene, 3-methacryl-oxypropyl trimethoxysilane, and said
inorganic material is selected from the group consisting of the metals aluminum, nickel, palladium, 10
platinum, copper, silver, gold, and their alloys, the dielectric monoxides of magnesium and zinc, the
dielectric sesquioxides of aluminum, yttrium, and the lanthanides, the dielectric dioxides of silicon,

titanium, zirconiu®n, and%ﬁ?ﬁﬂfdérﬂﬂjtﬂw%néi@féﬂﬁ'i@%‘r‘?o%ﬁma@&ﬁ‘ﬁil?é’%fﬁ&l{fé‘i’éﬁrﬂﬁfﬂgl@fo.Ink

according to onerpgiatinsdrdrAehial apdedrReeinfiont theortainardiganit WikkeAhBaiAdM@ONetic pigment
particles, based on the total weight of the ink composition, preferably 10 to 50 wt%, most preferably 20

to 40 wi%. 11. HRUBRINAFFIC SRS IaRaims 1 to 10 characterized in that the said mag20 netic
pigment hasza bulk lightness L* higher than 60 according to the CIELAB (1976) scale, preferably
higher than 75, most preferably higher than 80. 12. Ink according to one of claims 1 to 11 having a

diffuse IR reflectdnce b&vEEFPEHREINS P AMIRIHLFRIS RIGARICIRSIEERbLE Secied (59 H&an ink for

the engraved stegldiig @RIt PEICRED AIGEOFAIRNTsIArPpa wiae RIaIA kHe delyayihseprinting of a
security document, such as a banknote, a passport, a check, a voucher, an ID or transaction card, a

stamp, a label. -P3AY1R% SSBEHRE YR RERYALBIIAIYS 15512 RAHRREPAN SRR fing to one of
the claims 1 to 12-githed fontestwiibuprontigliegataehaviag Zrmeinehdiffexenipengdaying depth, such

as to result in printed zones of differenté(a@ls 0 magn tic S%i‘%nal or printed in om]pination with

another intalio iREHAVRL AR aftY Lo lﬂlﬁfcﬁ'm ﬁ‘iﬁ}iﬁgt Si\esicprBpRRies of mag-
nesium and zinc, the dielectric sesquioxides of aluminum, yttrium, and the lantha-
nides, the dielectric dioxides of silicon, titanium, zirconium, and cerium, and the

dielectric monosulfides of zinc and calcium.

15 10. Ink according to one of claims 1 to 9 characterized in that it contains 3 to
70 wt% of said magnetic pigment particles, based on the total weight of the ink

composition, preferably 10 to 50 wt%, most preferably 20 to 40 wt%.

11.  Ink according to one of claims 1 to 10 characterized in that the said mag-
20  netic pigment has a bulk lightness L* higher than 60 according to the CIELAB
(1976) scale, preferably higher than 75, most preferably higher than 80.

12.  Ink according to one of claims 1 to 11 having a diffuse IR reflectance be-
tween 800 and 1000 nm which is higher than 60%.

25
13. Use of an ink for the engraved steel die printing process according to one
of the claims 1 to 12 for the printing of a security document, such as a banknote, a
passport, a check, a voucher, an ID or transaction card, a stamp, a label.

30 14. A security document, in particular a banknote, carrying at least in part an

ink according to one of the claims 1 to 12.



16. Process of manufacturing a security document according to any of the claims 13 to 15, comprising
the step of applying an ink according to one of the 10claims 1 to 12 onto said security document by
means of an engraved steel die printing process.

10

-24 -

15.  Security document according to claim 14 carrying an ink according to one
of the claims 1 to 12 either printed with an intaglio plate having zones of different
engraving depth, such as to result in printed zones of different levels of magnetic
signal, or printed in combination with another intaglio ink having the same color

but not displaying magnetic properties.

16.  Process of manufacturing a security document according to any of the
claims 13 to 15, comprising the step of applying an ink according to one of the
claims 1 to 12 onto said security document by means of an engraved steel die

printing process.



