CLEAR MAGNETI C | NTAGLI O PRI NTI NG I NK FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates to security docunents, such as banknotes,
passport swonomarisss and is particularly concerned with aCcmaEroénsghé o
printing ink conposition conprising a clear nmagnetic pignment. BACKGROUND OF
THE |1 NVENTI ON [ 0002] Magnetic ink has been used since long in the field of
banknote printing, to confer the printed currency an additional, covert,
security elenent. Features printed with magnetic ink Iend thensel ves as
wel I for machi ne authentication, given that nagneti smcan be easily sensed
by el ectronic neans. [0003] Exanples 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 anount
of magnetic material on the paper so as to allow for its detection and

sensing. [0004] Banknote printing is characterized by t
"copper pl at e GLEARI MAGNETH INT AGDER PRINAINGINEK st eel

he use of the
die rotary printing

process), which constitutes an el enment of security on it own and provides

the printed docunent with a distinct tactility. [0005]

I n engraved st eel

die rotary piEmpLHbI THE NN THENgr aved cylinder carrying the pattern or
image to be printed, 1s supplied with ink by one or nore tenplate
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 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



inking cylinders, by which a pattern of inks of different color is
transferred to theprinting cylinder. Subsequent to inking, any excess of

i nk on t hwopbavnswsarface of the printing cylinder is w peu/EpRé10/oy47a6
rotating wi ping cylinder covered by a "plastisol”. [0006] The renaining ink
in the engraving of the printing cylinder is transferred under pressure
onto the substrate to be printed, which2ray be paper or plastic ma terial
in sheet or web form During the printing process high pressure is applied
bet ween the engraved cylinder and substrate to be printed, causing
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correspondi ngiggri nting machi nes, the inks used in this printing process
nmust be specifically fornulated. [0008] Intaglio inks are characterized by
their pasty consistency; generally the viscosity of intaglio inks for the
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[0007] Because of the unique characteristics of rotary intaglio printing process
and of the corresponding printing machines, the inks used in this printing process
must be specifically formulated.
15

[0008] Intaglio inks are characterized by their pasty consistency; generally the
viscosity of intaglio inks for the engraved steel die printing process is comprised
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

20  typically more than 50% by weight.

[0009] A particular problem encountered with magnetic intaglio inks is their gen-
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

25  color; Fe;O4 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-
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 pig-

30 ments, and intaglio inks comprising such pigments, are therefore highly desirable,

because they would allow for magnetic printed designs in any desired shade. The



i nk. The dark color of the known magnetic pignments does not allow for the
formu lation of inks having light colors, such as orange, yellow or white,
and |i m twothug115936 freedom for realizing artistic desi go3/EPd0g34TAGNEt i C

i nks. Clear magnetic pignments, and intaglio inks conprising such pignents,
are therefore highly desirable, because they would allow for magnetic
printed designs in any desired shade. TFheavail abl e magnetic intaglio inks
do not currently allow a flexible integration into col ored banknote
designs, as to color, surface coverage and |ocation. [0010] EP 1 650 042 Al
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[0011] A printing ink for the printing of documents by the method of engraved
steel die printing, comprises, further to the pigment, other print forming ink solids
containing oleoresinous components; at least one volatile organic solvent to be

15  evaporated during or after printing; and a film forming macromolecular hydro-
philic surface active composition in full or partial replacement of said oleores-
inous components, in combination or not with lower molecular weight surfactants.
The amount of said volatile organic solvents is less than about 15% by weight of
the total weight of the printing ink. The macromolecular hydrophilic surface ac-

20  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.

[0012] Copperplate intaglio inks typically comprise a significant amount of mac-
25  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 cellu-

losic printing substrate, and ii) to allow for an easy cleaning of the wiping cylin-

der, using a basic aqueous surfactant solution. These surfactants are usually spe-

cies carrying acid functions, partially neutralized with organic or inorganic bases,
30  with a remaining acid number. The macromolecular hydrophilic surface-active

composition is preferably selected from anionic substances being the salts of par-



conposition is preferably selected from anionic substances being the salts
of carboxylic, phosphonic or sulfonic acid groups in said nacronol ecul es

wi th et wib=0ov118986nes. [ 0012] Copperplate intaglio i nkeCrEpR@alob471€onpri se
a significant anmpount of macronol ecul ar or | ow nol ecul ar wei ght surfactant,
enbodi ed as a partially neutral ized carboxylic resin, in order to i)
pronote the adhesion of the ink to the-dellulosic printing substrate, and
ii) to allow for an easy cleaning of the wiping cylin der, using a basic
aqueous surfactant solution. These surfactants are usually spe cies
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when put in @Qg@&@ﬁthwcteanﬁlg@fﬂ@sm@mg lidgersol ution, such as to allow for
the cleaning of the wiping cylinder. [0013] On the other hand, these acidic
or partially neutralized intaglio ink conpo nents are a frequent cause for
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10  pigments such as bronze powders. Soft magnetic carbonyl iron powder, ¢.g, is
known not to be stable in a carboxylic resin containing intaglio ink. The partially
neutralized carboxylic resin in particular supplies, on the one hand, protons for the
oxidation of the iron metal, according to the equation:
2 -COOH +Fe - 2 -COO™ +Fe*" + Hy,
15 On the other hand it also acts as a complexing/solubilizing agent for the liberated
Fe®" ion in the ink medium, preventing it from forming an oxide protecting layer

on the iron metal:

Fe’' + 1 -COO > [Fe(-CO0), ]

20 [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.
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

25 highly appreciated by the printer.

[0015] There is thus a need for magnetic intaglio printing inks not showing the
shortcomings of the prior art. Accordingly, it is an object of the present invention
to respond to this need.

30



neutralized carboxylic resin in particular supplies, on the one hand,
protons for the oxidation of the iron netal, according to the equation: 2

- COCH +Fewo 2810/0886+Fe2+ + H2, On the other hand it al se@CAEPI0IQH416

conpl exi ng/ sol ubi li zing agent for the liberated Fe2+ ion in the ink nmedium
preventing it fromformng an oxide protecting |layer on the iron netal:
Fe2+ + n -COO - [Fe(-COO)n](n 2) [0014]-SThis sol ubilization of the oxidized
iron continuously liberates the netal surface for further attack. The

di ssol ved netal, on the other hand increases the viscosity of the ink until
reachi ng a p&ISCIWSERE OINVEINEION S no | onger printable. Intaglio inks
conprising netallic iron pignent tend therefore to have a decreased shel f
life. A magnetic iron containing intaglio ink with higher shelf |ife would
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magnetic intaglio printing inks not show ng the shortcom ngs of the prior
art. Accor di mafhglio inks havigga olbjaleﬁnad@fallom;lgag@%@nmakmenks lmvyinganyaiepond to

hi d . NV has. be risingly f d,
hat T418 podsi BIacrb O PN At hasditet ad e Rl P ront SRl IR car

shade, al | owibga spbisl doatingdi@kth®@ariticleS Thavodigg anst B@siolRGeRbRAGo ab fo t he
intrinsic dark color of the nmagnetic pignent particle is masked by a

speci al coat Mgifyithe pfbciype dak greyridrewaepingl aRrsaranes of the pignaedt petied so as

to modify the; qhhel. 86 Aidhe MEMIOTo RRAMLIOPY R FuARPRBIANER tlndt he
pi gnent parti

that certain types of soft-magnetic iron (“carbonyl iron”) pigments, which are not

10  stable in a carboxylic resin containing intaglio ink medium, are rendered compati-
ble with this type of ink medium by the said coating of the pigment particle, such
that the herein disclosed intaglio inks have also a much increased shelf life. It has
also be found that multiple coatings of a magnetic particle allow to confer the
magnetic particle almost any desired “body color”, such as to allow for a large

15 gamut of color and other optical functionalities of the corresponding magnetic

inks.

[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
20 5to 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

at least one layer of another material.

25  [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
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

30 powder metallurgy, in stealth coatings, in magneto-rheological fluids, as well as in



cle to preferably a bright-netallic to white color. It has furthernore been
found that certain types of soft-magnetic iron ("carbonyl iron") pignents,
whi ch ar ewoabigtiadsbe i n a carboxylic resin containing i RCAGPR@oionK16redi um
are rendered conpati ble with this type of ink nediumby the said coating
of the pignent particle, such that the herein disclosed intaglio inks have
al so a nuch increased shelf life. It ha®-also be found that nultiple
coatings of a nagnetic particle allowto confer the magnetic particle

al nrost any desired "body color", such as to allow for a |arge ganut of
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[ 0017] Thus, the §§§§ent |nvent|on di scl oses an ink for the engraved steel
die printingZpP “HaWHEa viscosity at 400C between 3 Pa.s to 15 Pa.s,
preferably 5 to 10 Pa. s, and conprising a polyneric, carboxylic groups
cont ai ni ng organic blnder and magnetic pignment particles, characterized in
that sai d mad@@dil @tlmrgnag@nmc ma&tlakslr@aycbnmv@el@ wedragwell tecobedy that er i al
which is urroun Hgﬁﬁat qg all? Ieas&lp %/ ayer Elanot her nlterlal
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Car bonyl irons px@feaatﬁpﬁélea@cgﬁsﬁﬂtﬁe gfoRy cofifting@ieiekel, PoIRPR e aﬁ)d/thbhﬁ)nt her mal
deconposi tion of iron pentacarbonyl. It consists of spherical
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inpharnacgutical applications. "Soft-magnetic" nmeans that the particle has

about
[0020] The coating layer surrounding the magnetic core material is preferably

from titanium dioxide. Such coating can be applied through a wet coating process
such as disclosed in EP 1 630 207 Al. Titanium dioxide is an inert material,
which is completely insoluble in the carboxylic resin containing ink medium. Ti-
15 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
thickness (65 nm at 500 nm wavelength) exhibits strong reflection of the incident

light, conferring the so coated particle a clear appearance.

20
[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
polyhedrons and acicular bodies, such as obtained by crystallization. Also useful
is a powder having irregular particle shape such as obtained by grinding a mate-
25  rial.

[0022] In a preferred embodiment, the magnetic core material according to the
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.

30



zero magneti c remanence. [0019] OQther magnetic materials may, however, be
used as well to enbody the present invention. The magnetic core nateri al
accor di ngvoaotoesgsesent i nvention is preferably sel ect edTfaPeombT1gr Oup
consisting of nickel, cobalt, iron and the iron containing alloys and
oxides. In a nore preferred enbodi nent the magnetic core particle according
to the present invention is selected frodmiron and its oxides, in
particular Fe Oand Fe O. Mst preferred is a carbonyl iron particle.

[ 0020] The coating |l ayer surrounding the magnetic core material is
preferably f{@0R3iA @mafcured déand deer Suodniat sailvery swhrsloen hppéposded dutough a wet

coatin rocess such as disclosed in EP 1 630.207 Al ,. Titani iLoxide is
o el P o Gk e B RS boRE Pt D cbemirarappedsrind e P BREDE) oei
cont ai ni ng i NeMBRAItHR pafid&Hay B deBXdIE8 (EAN) Hag0 aR€alRRP Fdrakk thimatgh a

chem cal vapor deposition (CVD) process in fluidized bed, as disclosed in
US 5, 118, 52@nofacknai mageiiticxilde is a high refractive index material (n =
1.9), which, when applied in quarter-I|anbda thickness (65 nmat 500 nm
wavel engt h) exhibits strong reflection of the incident |ight, conferring

the so coat eqoqal tThe fiest an€ HRakcaRiepramtse (HOAL hs thleis RapgiaPind he nagneti c
core material used in the present invention in cludes isotropic bodies such
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powder having 1rregular par e such as obtaal ne I'ng a
mat eri al . [ 0@&E, dpacteallyrselfeetivesbsembion, srengle-debendvagessi. Toaolievarkiphr i al
accordinq to HPe . : : .

0 reflectance, the second layer is preferably of aluminum or silver, and has a thick-
ness such as to produce about total reflection. A preferred layer thickness is be-

tween 5 to 40 nm.

[0025] To achieve spectrally selective absorption, the first layer is of a high re-
15  fractive index material, such as TiO,, 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.

[0026] To achieve angle-dependent color, the first layer is of a low-refractive in-
20  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, ¢.g of Cr

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

[0027] In still another embodiment the said magnetic core material is surrounded
25 Dby at least three layers of other materials. The third layer may be a protecting

layer, made e.g. of a polymer, of TiO,, or of another suitable material, to addition-

ally protect the second layer from corrosion, and to preserve thus its optical func-

tion.



present invention is surrounded by at |east two | ayers of other materials;
the sec ond |l ayer is chosen so as to confer the particle particular optical
properti e8020023598A preferred second | ayer material is ®CIXEPRO10®&LM6 as can
be deposited onto the pre-coated particles using a wet chem cal nethod
according to EP 1 630 207. The resulting particles have a very clear
(light) shade and allow for the fornul a&+on of a clear magnetic ink.

[0024] The first and the second | ayers can be chosen, as to their nmaterial
and thickness, such as to cooperatively produce an optical effect sought,

t oget her wi t H00X3¢ Acoordingetd ¢lrd @ksent mvsutain, thewmatetidle wharhtsuobend the nike- desi gned

to exhibit high reflec tance,, spectrall el ecti absorption, or.
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about total reflection. preferred |layer thickness is b e tween 5 to 40

nm [0025] To achieve spectrally selective absorption, the first layer is

of a high_re iwve i.ndex material,.such Ti O, and has a .thi ckness of
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of 5 nm [0026] To achi eve angl e-dependent color, the first |layer is of a
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mul ti pl e of E- . i , nd layer is a
seni-transpa?g% p%%%%@fﬁgpgﬂﬁﬁﬁfﬁg8§¥R#3M§%%§9%%ﬂ?ﬂﬁggéﬁﬁ he order of 5
nm [0027] In still another enbodi nent the said nagnetic core material is
surrounded . : : : .
10 [0030] According to a preferred embodiment, the group of inorganic materials
consists of the metals aluminum, nickel, palladium, 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, zirconium, and cerium, and the diclectric monosulfides of zinc

15  and calcium.

[0031] In a most preferred embodiment the inorganic materials are each inde-
pendently selected from Si0,, TiO,, Y,0s3, and silver. In a more preferred em-
bodiment inorganic materials are each independently selected from SiO,, TiOs,
20  and silver. In another preferred embodiment inorganic material are selected from
Ti0; and silver. In an even more preferred embodiment inorganic material are

selected from Si0O; and silver.

[0032] In a particularly preferred embodiment the magnetic core particle is first
25  surrounded by a layer of silver, followed by further layers which are each inde-
pendently selected from organic materials and/or inorganic materials as described
above. In this embodiment, the magnetic core particle is preferably selected from
iron, Fe;04 and/or Fe;0s, even more preferably from Fe;O4 and Fe,Os, and the
first layer which surrounds the metal core is silver, and further layers are selected

30  from inorganic materials as described above.



by at least three |ayers of other materials. The third | ayer may be a
protecting |layer, nmade e.g. of a polyner, of TiQ2, or of another suitable
mat er i al ,wocornddsesbon ally protect the second | ayer fromCE®PR@PI064716 and to
preserve thus its optical func tion.[0028] According to the present
invention, the materials which surround the mag netic core material may

t hus be independently selected fromthe%toup of organic materials and the
group of inorganic materials. [0029] According to a preferred enbodi nent
the group of organic naterials are selected fromthe polyacrylates, in
particul ar pd0a3Ginkt mydtharphtimotaylyareprr¢dPimb)dimchie opthleystsgntenestiopathy | ene,

3-net hacryl oxypropyl trinethoxysilane (TMP). In a nost. preferre
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10 layer of TiO; and with as a second layer of silver.

[0034] All suitable deposition processes (physical and/or chemical) can be used to
deposit the organic and/or inorganic layers onto the magnetic core material. As
not limiting examples for the coating process are mentioned: chemical vapor

15 deposition (CVD), and wet-chemical coating. In the case of forming an organic
material film (resin film), use may be made of a method in which magnetic core
materials are dispersed in a liquid phase and a resin film is formed on the particles
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

20  methods known by the skilled one in the art.

[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.

25
[0036] The size of the coated magnetic pigment particle according to the present
invention is between 0.1 um and 30 pum, 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-

30  crably between 1 and 20 um, most preferably 5 and 10 um.



selected fromSi 2 and silver. [0032] In a particularly preferred

enbodi nent the magnetic core particle is first surrounded by a | ayer of
silver, fwbl2oweds43¢ further |ayers which are each inde pemaPralpsees ect ed
fromorganic materials and/or inorganic materials as described above. In
this enbodi nent, the nmagnetic core particle is preferably selected from
iron, Fe O and/or Fe20 , even nore preféPably from Fe30 and Fe203, and the
first layer which surrounds the netal core is silver, and further |ayers
are selected frominorganic materials as descri bed above.[0033] |In another
particul ar |y [@3&1 dhe ek acbodigrenie plsdnhevengsecuntdimy ot 70owt% o€ soadt most

| ayer which surrounds the magnetic .cor rticle i.g aof silver, and_.other

| ayer (s) bet RGOS RIMABHRYT G v B §ar By (Or et of ek SapPosifest P each
i ndepend_ent leyabBel @t Rwioh Ad R HEERa61y L8 1403} 1S, ahdéontORfagiBR] &f m@t-eri al s
as descri bed above. In a nost preferred enbodi nent the magnetic core

particle is seliepigegnfpasieles pioyidedoQregititiont IFecl Of goteetiqur lef theabdgnefie om Fe30
and/ or FeSCB 9“91 the out nost |ayer which surrounds the core is of silver
and ot her Iaﬁ@?s‘between the core and the silver layer are selected from
inorganic materials as above described. An exanple of such magnetic pignent
particle is an iron particle coated with a first layer of TIiO2 and with as

a second | ay¢P03§f Infpreyiang supplogwptary piggignt IBP tigegriaic qbiringst theuigh dlac

(physi cal andg/.or ..eherm ' Ni; C.

i norganic | a?%ﬁ‘gs“gn cg]a? %ﬁ?&g%&f& :?I(t:rﬂ?:sg?a ?r% g@@#@eﬁﬁﬁ%@?}l% atsiasﬁg%%(arrpl es
for the coatiwetiny mopaticadnl digrisianpdpertibenitdetl areapipfuldiepiag ittid man-CVD) , and
wet-c hemlgal fa(l:c%?rgl{gnogf theI 1r1]1ktar1]1 cgg eler" th%finlz grstg]olré%eﬁgvigrr ual:lrrlllgcstorage and during

the printing process.

[0039] A further advantage of the present invention is that the coated magnetic
core material pigment containing magnetic intaglio inks are stable over time, de-

15  spite the fact that the ink resin has acid moieties in its composition which would
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

20  cause complications or impose special requirements for the ink formulator in its

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
25  the visible and/or in the near IR, chosen from high specular or diffuse reflectance,

spectrally selective absorption or reflection, and angle-dependent absorption or

reflection.

[0041] A particularly interesting characteristic obtainable by the superposition of
30 multiple layers around a magnetic core material is spectrally selective reflection

(color). Thus, alternatively superposing coatings having different refractive in-



material film(resin filn), use may be made of a nethod in which magnetic
core materials are dispersed in a liquid phase and a resin filmis forned
on t he pawOi20loe548¢ enul si on pol yneri zation (Ii qui d- pha®eTmEpynomsi7zat i on
met hod), or of a method in which the filmis fornmed in a vapor phase (CVD)
(PVD), or of still others nmethods known by the skilled one in the art.
[0035] The resulting magnetic pignment paiticle can thus be a coated
nonoparticle, but it can also be an agglonerate particle. In a nore
preferred enbodi nent the magnetic pignent particle is of spherical shape.
[ 0036] The smzmwamthhanﬁmabédwnngyeﬁéanpmgmahﬂ‘wﬁhﬂﬁdﬁwﬁﬁsdﬁmdhm@hto t he

present inventi bet wee such s to be ble for
Phe Tt agl| o M mRgRopb i ss e M ah ARt Py Tdiaopn ka0 1 e

deposi ted i nkhd @kRhedsDf e ﬁlﬁ?cd?fe‘é‘ﬁ‘dnd@fto Sfk-FONrthAF G e SR gvakféleﬁé’tﬁ iPfesent
invention the size of the particle is preferably between 1 and 20 mm nost

preferably SOah@ﬂrﬁ@nﬁ2@D031q2i%bmnhkh%hb§ﬁdfﬁ@(b@gnh@Vﬁﬁmgbmvfrnvent|on
t t t t he total
vet ot o St ndiefity theleou PRI CRIPRAGE & B YRS oBBI&E S SR rerabi v 20

to 40 wt% Thigge concentrations of mag netic pignment particles provide for

an efficient level of detection for the magnetic signal. [0038] Interesting
suppl ement ary pi gnent properties can be obtained through the deposition of

an SPPOPY 2 4\ UL SN NS AOTEDY MRNLS b AR HLCS

manuf act ur i ngleofhich ecflcots legmdambhm‘sarwmteappa&aacesbﬁbdmmlgahaa/gmflc dotei ng

storage and ?Illjartér?a which may be of a magnetic metal, ¢.g., iron, cobalt, nickel, a magnetic
alloy, e.g.Alnico, SmCos Nd,Fe;4B, or an iron oxide powder, by forming there-
upon 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 a low refractive
index such as silicon dioxide (n = 1.45) as a second coating, in such a thickness

15  that the product of the refractive index of the oxide and the thickness of the sec-

ond coating is one-fourth a first design wavelength of visible light, and finally
forming thereupon a layer of a high-refractive-index oxide, such as zirconium
oxide (n =1.97) as a third coating, in such a thickness that the product of the re-
fractive index of the material and the thickness of the third coating is one-fourth a

20 second design wavelength of visible light; first and second design wavelength

being preferably the same.

[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-

25  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
realizable printing inks and thus the colored magnetic features which can be
printed by the intaglio printing process. The presence of multiple layers according
to the invention around the magnetic core material of the particle provides not

30 only a possibility to modify the natural color of the pigment, but furthermore con-

fers it novel properties, such as own unusual color, e.g. blue or magenta, or even



the printing process. [0039] A further advantage of the present invention
is that the coated nmagnetic core material pignment containing nmagnetic
i ntagl i o woles1oarns9sst abl e over tine, despite the fact thaCcTiHreotio/ok47a€si N has
acid noieties in its conposition which would attack neat or partially
coated netals such as carbonyl iron. The nmagnetic pignment particles
according to the present invention, haviltg a nultiply coated magnetic core
show even an excel |l ent corrosion resistance in acid and
met al - conpl exform ng i nk nmedi a. The pigment particle according to the
i nventi on doasdascintcauwsbrcifiplg mapérans apwell mp bsldes ppiidah Featepuinrteerent s f or
the ink formulator in its industrial fabrication, as conpared to
conventional“#%Fgéﬂfﬁuﬂﬁﬁgﬁ'[oo40] Mil ti ple | ayers surrounding the magnetic
core material, single or in combination, can be used to confer the pignent
particle particular optical properties in the visible and/or in the near
| R, chosen f {A4hinghpepieclatinpraerrali nilbaslemendf the dntaglieinkspmprises hyg-sel ect i ve
absorptiog(wlgefﬂec%{gn H@nd %ﬁ h@-qg endent %bsorp%;onwﬂiregiection
[0041] A par t'FEUPEMCY {558V % YRR PEFIL 18 SHSHENSHT RIEBE™ Ke
super posi t i orh&denfdthived Bulk aykthsssarohipekrahdp@NRicoRlinbahdalErABl i s
spectrally selective reflection (color). Thus alternativeéy super posi ng

‘0

coat i ngs havi(h%f%is‘faﬂf‘erpéf‘rf?rablé’fhfi&l@& ithaa 7SnBesiaycismbinbighentha®0.of t he magnetic

core material, with thicknesses chosen such that the product of the
refractive index of the substance constituting the filmand the thickness
of the fil m ¢a045¢$pafidthet proforecsdf ambrddimeaft ofi tidbgsegnt inasreloarté mkihastthe opti ca

range (200 n o 2500 nm, then |ight t he desi.gn. wavel ength js refleeted
ge ( 10 rcrillf se IR reﬂec[cgnce ctween 88(5] andO {OOO nm — whi¢ 1svl\{?gher thargl 60‘%!.

[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.

15 [0047] Another object of the present invention is a security document, in particu-
lar banknote, document of identification, carrying a layered construction compris-
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.

20
[0048] A further embodiment of the invention is a security document comprising
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

25  security to the document.

[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

30  with an ink of the prevent invention can further be IR transparent or IR absorbing



due to multiple interference at the optical boundary |layers (Fresnel reflec
tion). [0042] Multiple coating can also be utilized to produce a nmagnetic
pi gnent paioto1ocliedsehi ch refl ects |ight and has a white zppaExe@nnss7iby
coating a magnetic core material, which may be of a magnetic netal, e.g.,
iron, cobalt, nickel, a magnetic alloy, e.g.A nico, SnCos Nd Fel B, or an
iron oxide powder, by forming there upohda |ayer of a high-reflectance
nmetal, such as silver or alumnumas a first coating, further formng

t hereupon a | ayer of an oxide having a |ow refractive index such as silicon
di oxi de (n =sdmésherasn theseneldghaatgaif0 nim te2EH ram siknhclsmestosehat ER-he
product of t elrﬁéggﬁtive i ndex of the oxide and the thickness of the sec
ond coating is dr&Pburth a first desi gn wavel ength of visible light, and
finally form ng thereupon a |ayer of a high-refractive-index oxide, such as
zi rconi um oxi de Sn = 1.97) as a third coating, in such a thickness that the
product of the050]Anpheeobjvet df tfemvettionnetheatse of &l inkradecardmgttdibekmess of t he

third coating_i,s one-fourih a second, desi wavel ength of. visible |ight;
frst and sodghamSa8re AT eRaRGRR LRy BPu BIER)% the Pohe SPbGaz) OThe
use of i nterfkafignieusest acthnBaahkotQargabPoasa thcca Vaichel, k@ IDN pre sents
several advantages in conparison with the use of uncoated nagnetic
particles i ntiapw@ciampardyheamp, 4 el First, nagnetic materials on their own
are nostly dark or strongly colored, which has a negative inpact on the
possi ble colors of the realizable printing inks and thus the col ored
magnet i ¢ f eaf@0d$ Thbsatricadodaeent according to the present invention is obtained by

10 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.

[0052] The printing ink according to the present invention could also be formu-
lated to be energy-curable, e.g. able to be cured by UV light or EB (electron

15  beam) radiation, and typically includes a binder comprising one or more oli-
gomers and/or reactive monomers. Corresponding formulations are known in the
art and can be found in standard textbooks such as the series "Chemistry & Tech-
nology of UV & EB Formulation for Coatings, Inks & Paints", published in 7
volumes in 1997-1998 by John Wiley & Sons in association with SITA Technol-

20  ogy Limited.

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

[0054] Due to the high viscosity of most oligomers, diluents are often required to
reduce the overall viscosity of the energy curing ink or coating formulation, so as
30  to assist ink formulation and printing. Diluents may include common organic sol-

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



printed by the intaglio printing process. The presence of nultiple |layers
according to the invention around the magnetic core material of the

particl e woaviodasIsaot only a possibility to nodify the marmradionsizes of the
pi gment, but furthernore con fers it novel properties, such as own unusual
color, e.g. blue or magenta, or eveniridescent, or color shifting
properties, as well as hidden optical féhtures in the infrared spectral
range. [0044] In a particularly preferred enbodi nent, the intaglio ink
conprises magnetic pignment according to the invention, wherein the said
magnet i ¢ pi giémt Resctivhomennes diappicallpehéschifgm agsktds onnghiecrytldteny 60

according to the C ELAB (1976), scal .eferabl y hi gher. .than 75, nost
Preferably. heBher eEAnanC ok oy RGeSy AP B rent of t he
present invemdm@mhetdRouldkndl@gk polhsich 'déilaltég Jrehdieetanece fp@%’o‘l‘@&?la@é@;%r and 1000
nm - which is higher than 60% [0046] Another object of the present

i nvention i s methascylates, yand pelyrdhnt acrylatepar mcthactydatesa banknote, carrying at
| east in part an i nk as descri bed above. [0047] Another object of the
present invention is a security docunent, in particu |lar banknote, docunent

of identificag0ssnin 8@rchyd dTinids tbadyeurd AT radiglidm R iS 05Tl SetddGrito | east one
col or layer which contains magnetic pignent particles conprisinﬁea magneti c
core nat eri aRlspandudg & least @@[&@éﬂmﬁ?toa 0 Ingtipdg the guripgieaeties offhepher ma

terial. [004%LFf§isfalﬁrdtrQa%'{'yg%@gﬁ&gﬁg}pgﬁfex%%tﬁré BUPRLL Qt%r%?av% &@ﬁ%&%ﬁéﬁagocum”t

conprising a accordi ng res I nvention printe
intaglio platienhavi ng zones of different engraving depth, such as to result
in print%g zones of different

[0056] Examples of useful photoinitiators can be found in standard textbooks such

as "Chemistry & Technology of UV & EB Formulation for Coatings, Inks &

Paints", Volume III, "Photoinitiators for Free Radical Cationic and Anionic Po-

lymerisation”, 2nd edition, by J.V. Crivello & K. Dietliker, edited by G. Bradley

15  and published in 1998 by John Wiley & Sons in association with SITA Technol-
ogy Limited. It may also be advantageous to include a 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%,
20  based on the weight of the finished ink, of a wax, in order to improve scuff resis-

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

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

mixtures thereof,

25 [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, ctc.

[0059] The inks of the present invention can be used on a standard intaglio press
30 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



| evel s of magnetic signal. This particularity is useful to confer another

| evel of security to the docunent. [0049] A further enbodi nent of the

i nventi orwD20®/98486r i ty docunment conprising an i nk accordirmp2a410/0647@6 pr esent
invention printed in conbination with an ink of the same col or but not

di spl ayi ng magnetic properties. This ink used in conbination with an ink of
the prevent invention can further be IRl?ransparent or IR
absor bi ngsomewhere in the wavel ength range 700 nmto 2500 nm such as
disclosed in EPB- | 790 701. [0050] Another object of the invention is the
use of an inkkidle¢ardicng.to the present invention for the engraved steel die
printing process for the printing of a se curity docunent, such as a
banknote, a passport, a check, a voucher, an ID or transaction card, a
stamp, a | abegboeol] @88 Hvedtisn ﬁ%%blfﬂuh}ieﬂﬁﬁwﬁ%&bﬂ% @51¢HvwHg hOn- thhﬁu ssent
invention is obtained by the process conprising the step of applying an ink
according to aﬁméeSpP@S@mgeﬁ ey Wﬁlght dhoss $11Mauﬁmm Wil tchegmesathat of t he

engraved steel die.printin 0052]. The i nk,_ac rdlng to
The present THUSENBI Rl e SPRG HEn AP af i R EhbSar By S

able to be custestiddyo bYdbfigatbyahe EBlo@@hgelafmIﬂaam cquadilait ﬁﬂwhlahldllt ypl Cal 'y
i ncl udes a binder conprising one or nore o |i gonmers and/or reactive

nonomers. CotBSEehacHY 1k BicHiireadestiisasqneblr sawa Upkgss ¢fberaise indigatedn be f ound
in standard textbooks such as the series "Chem stry & Tech nol ogy of W &
EB Formul ation for Coatings, Inks & Paints", published in 7 volunes in
1997-1998 by John Wley & Sons in association with SITA Techno 1-

10  Examples:

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
15 a SDY300 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 vac-

uum.

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

20 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.I. Pigment
White 6

Yellow C.I. Pigment
Yellow 13

Red C.I. Pigment
Red 170

Green C.I. Pigment

Green 7



ogy Limted. [0053] Suitable oligoners (also referred to as prepol yners)

i ncl ude epoxy acrylates, acrylated oils, urethane acryl ates, polyester
acryl at eswoepniousese acryl ates, acryl ated am nes, and acPg¢TiEP26ias47a¢ ed
resins. Further details and exanples are given in "Chem stry & Technol ogy
of W & EB Fornul ation for Coatings, Inks & Paints", Volune Il: Prepolyners
& Reactive Diluents, edited by G Wbstel6-[0054] Due to the high viscosity
of nost oligoners, diluents are often required to reduce the overall
viscosity of the energy curing ink or coating formulation, so as to assi st
i nk formul at iB:blme and ;ﬁ[rﬂi’gmgpt Di l uents may include common organic so |
vents, water, "re tlﬁxg nononmer s whi ch upon curing are incorporated
into thefilm Reactl dmers are typically chosen fromacryl ates or

net hacryl at eszjornd canylggmeno functional or multifunctional. Exanples of
mul tifunctional nononers woul d include pol yester acrylates or

met hacryl at es, pol yolViakittyd3at es or net hacryl ates, and pol yet her acryl ates
or nethacrylates. [0055] In the case of inks to be cured by WV radiation,
it is usually necessary to also include at | east one photoinitiator to
initiate the curing reaction of the o |i gorrers and reactive nononmers upon
exposure to W or shortwave visible radia tion 0056] Exanpl es of useful
phot oi ni t i at drecesafprsoating metakrose maderial (irent 5 such as "Chemistry &
Technol ogy of UV & EB Formnul ation for Coatings, Inks & Paints", Volune II1,
"Photoinitiators for Free Radical Cationic and Anionic Po |ynerisation”,
2nd edi tion, 1bgilver.Coatlig:vel |l o & K. Dietliker, edited by G Bradl ey

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 mix-
ture of 140 ml of ammonium hydroxide (28%), 720 ml of silver nitrate (8.7%) and

10 140 ml of ammonium hydroxide (28%)) at 70°C under vigorous stirring. After an
additional hour of continuous stirring at 70°C, 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.

15

2. SiO; coating:

The so obtained silver coated iron oxide particles were further coated with SiO;

20 by dispersing the corresponding pigment and 165 g polyvinylpyrrolidone (PVP
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 tetracthoxysi-
lane (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

25  with 2 ] of distilled water while constantly stirring the filtrand. The resulting solid
was dried in air for 5 h. The resulting product was further dried in an oven at 80°C

for about 16 h.



and published in 1998 by John Wley & Sons in association with SITA Technol
ogy Limted. It may al so be advantageous to include a sensitizer in

conj unct iwo 20sifth548he photoinitiator in order to achi evePefrfiirediens47aar i ng.

[ 0057] The ink according to the present invention may al so contain about 1
to 5% based on the weight of the finished ink, of a wax, in order to

i nprove scuff resis tance. Suitable waxé%-include camauba waxes, nontan
waxes, polytetrafl uoroethyl ene waxes, polyethyl ene waxes, Fi scher-Tropsch
waxes, silicone fluids and m xtures thereof. [0058] Ot her additives nmay be
incorporated in the ink, including but not limted to, adhesive reagents,
antifoam ng reagents, |leveling reagents, flow reagents, ant i oxidants,
ultravi ol et absorbers, flame retardants, etc. [0059] The inks of the
present inventirfy, éatinge used on a standard intaglio press equipped with W
| anps, and the preferred plate tenperature is in the range of between 400C
and 800C. The curing conditions for UV inks are known to theskilled in the

art. [0060Q] The invention is now,further.illustrated by the_fallgw.ng

on- 11 m ¢ hg a2 SR Rt g by BisPE iy e Sl BRr PRt "The ar
W 'l recogni z8hfdiéids dTRIMG] YtaiAink G051 & nBRISHIO L@ fatkdnli sich Be0 89 Litkn-and
scope of these exanples, which intended to be defi ned by the foll ow ng

claims and t kel (BASfUi Aéibrelft win of titvughowtistirringr 126 160 titeamt isopropheide  br oadest
reasonabl e sepsfy Ul €5 ALISI The ISR RAAP R3na SRS Amtesor PLIon
phere and for one night in air.

10
Example 1: Iron Pigment coated with Silver and TiO,.

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

15  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 1.5
Vegetable oil and fatty acid esters 2.5

Mineral oil 3




For each exanple the inks have been prepared by m xing the conponents of

the fornmula |listed below, except for the driers, together, and performng 3
passages W0 201080¥B00 three-roll mll (one at 8 bars andpreTaP2016/0beme). The
driers were added at last and mxed in for 15 m nutes, and the finished ink
was degassed under vac uum The viscosity was neasured on a Haake RotoVi sco
1 rotational rheoneter at | O0O0Cs-1 and 4(1)%6 and adjusted with solvent if

necessary. For the pignentation of the inks for Exanple 1 of the foll ow ng

color pigments can be used: Wite C 1. Pignent Wite 6 Yellow C. 1. Pignent
Yel | ow 13 RedaCidm caibgnﬁa(ndﬁﬁdl dhatk)Geen C. 1. Pignment Green 7Bl yeoea |.
Pl grrent B| ue—315-3 \iolat Dj ament \f nl ettt 23 Pr 0cess 'F or—coat I ng met a|

core materi d|M1(l‘[1rr%q§aldigygéyctoate salfs 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-
tures. In this way, magnetic patterns, useful for the machine processing of cur-

5 rency, could be realized in complete independence of the visible aspect of the do-

cument.

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

10  pigment concentration had to be lowered to 20-50% of the original value (depend-
ing on the visible ink color) while increasing the titanium dioxide concentration to

the maximum amount possible of 15%.

On the other hand the difference in visible shade between an orange ink based on
15  acoated 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

in Figure 1c.

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

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




1. Silver Coating: Silver coated iron oxide particles were obtained by

di spersing 70 g of iron oxide in 280 m of distilled water and dropw se
addi ng a wWOIl2omwv11mM86r at e solution (a mx ture of 140 m @CTAPRENIOSHTI6
hydroxi de (28%, 720 ml of silver nitrate (8.7% and 140 ml of ammoni um
hydroxi de (28% ) at 700C under vigorous stirring. After an additional hour
of continuous stirring at 700C, 280 ml-&9-a D-glucose solution (28% was
added rapidly. The obtained yell ow precipitate was all owed to cool under
stirring, filtered, washed with distilled water and finally dried at 800C
for about 16 Additibn (Boddot oftunp@il ahlendac abit aaigledspionelic momtied | r@% oki de

particles were further. coat 3 i .0 by dispersing the correspondipg

pi gment and | 165 Rpilg e Ioﬁ PW%%@&B(PVP KO in a mixture off 600/ m of
distilled wapBlyetdhAfwAQRpAgoea) um nydroxide and 4.78 Tof 1-prapagio] for

one hour. Afiter addition of 650 m of tetraethoxysilane (TEOQS) tlhe m xture

was sti rred | @asrivm ghtboatte (dumapehalif)or about 16 h) at room tenperaBure. The
slurry was ther+tittered—andthe+resuttingsoH-dwas—washed—wt+hR2-1pf

distiiled wat@pteidrangigya; antly stirring the filtrand. The resyl i ng solid
was dried | T @idred Plonnl- TNE resurting product was further drieg njan
oven at 800C forreagc%ut n16 h.3. TiO2 coating Ti O coated iron was |prepared by
di spersi ng 4 Igk aflvént 619 (Si.@) sol uti on of 100 m of anhydrous et harol

cont ai ni ng 60—H—of ahon-iopnic—surfactant—such—as—0-4M-Lutensgl
g Cobalt Octoate drier (11% metal) 0.1
Manganese Octoate drier (10% metal) 0.1

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.

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-

tures.

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

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.
20

Composition %




(BASF). After 15 min of throughout stirring 120 ml of titaniumisopropoxide
(TTIP) were added at once. The reaction was stirred for 2 h under inert

at nos phewe 2ardi1fss one night in air. Exanple 1: |ron PirgmErRol0nat7eel Wt h
Silver and TiO. Light shade soft magnetic oxidative drying sheet fed
intaglio ink for the water wi pe copperplate intaglio printing
processCal ci um carbonate (natural chal k§026.5 Multi netal dryer (octoate
salts of cobalt, manganese and zirconiumdiluted 2.5 with a high boiling
point mneral oil to 80%solid content ) The so obtained inks were printed
on a standarnd.ongobdgllkyd rpsiess ont o banknote p a per in the form|dfi5a pattern

conpri si ng \WH-siblecolors and—covert magpeticfeatures—nthis—way
magnet i ¢ pa taryighenolereHn madifich virkeiung K hibeaSnyd 68 1 €uk r endyl® colil d be
realized in [oOpRIdH o G0 BPRATE SGRA Mallil S IIdth&r ARRBR rfn hiIE [CIE TTTent .
For conparigon, simlar inks“were prepared based on a conventignal upcoated
iron p|gnenth@hbmmmgmnmaﬂthHKﬁVEB&B$hne shade with a conventilonal |ron

pi gment the h:ﬁnnnf conReents A—had—to—betowered+to020-50% the
ori gi nal val| &8

at 1A f
YRRV a0 he visibl e i nk color) while incrleasing the
titani um di O g j e maxi mum anount  possi bl e gf 7% On
i%gﬂ?ﬁg%gﬁﬁpggg%h&ﬂl&ﬁub 2805

t he ot her han ce 1n visible shade between an orande | nk| based
on a coat ed | &dtedrranagat®ed i ron pi gnent having a sane magneti g Kignal is

??F?grft{th%WQQGE%%§&§$ l—a—andtb—The correspondingt+Rinrage {850nm
Hexadeca-(3-ethoxythiophenolato)-phtalocyanato-zinc (11) 0.15
Ink solvent 6/9 (S.1.C.) 6
Cobalt Octoate drier (11% metal) 0.1
Manganese Octoate drier (10% metal) 0.1

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.

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 Si0; 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



in Figure Ilc. Exanple 2 : Coated Iron oxides pignents with Silver and Si O
Li ght shade hard magnetic oxidative drying sheet fed intaglio ink for the
wat er wi pEocoppasyskat e i ntaglio printing process ConposiPCir@P20000647g6 Oi |
al kyd resin 7.5 Al kyl phenolic resin nodified with tung oil in ink solvent
6/9 (S.1.C) 16The viscosity of the ink was adjusted with "I nk Solvent 6/9"
(Shell Industrial Chemicals) to a val ue2between 5 and 10 Pa.s at 400C. The
so obtained inks were printed on a standard intaglio press onto banknote p
a per in the formof a pattern conprising visible colors and covert
magnet i ¢ f ea cthanelswaskalded atnpae i Bren,0. kli mi bdistiltddsvaterie Spnbpanégddibased on a
conventional yncoated i.r oxide pignent. |In order to obtain, the same shade
with a convetIERAYSAKRELTHE PgRRHOmS pyre b GHEHEOBBHEGRLS at i on
had to be | ourkgdydsatiH@d 48%ukhertd1g A iteinnA pﬁé@gﬂ@te(@%qﬁﬂ%@gn@aﬁém visible
ink color) whilée increasing the titanium dioxide concentration to a maxi num
anount possi hewnf. 15% Exanple 3 : Iron Pignent coated with Silver and Ti O
Li ght shade soft magnetic oxidative drying sheet fed intaglio ink for the
paper w pe copperplate intaglio printing process with specific IR
absorption peaks. Conposition % he viscosity of the ink was adjusted with

"Ink Sol vent 6/9" (Shell Industrial Chemcals) to a value between 5 and 10
Pa.s at 400CA water containing, non-interleaving intaglio ink'is manufactured according to the

following formula:

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%)*

10
*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)



For conparison reasons an clear shade magnetic ink with and wi thout IR
absorber were prepared. Figure 2 conpares the IR reflection spectra of the
correspormiDrgl/nkss This shows that the coated iron pi gReEMEPA@O®S4TDE oOnly
allow the use of a larger visible ink color ganut. Al so special IR features
can be added as the pig nent does not itself contribute significantly to
the IR absorption of the ink. Exanple 422-Sane conposition as exanple 1 and
3 further coated with SiO. Light shade soft nagnetic oxidative drying
intaglio ink fornmulation for the water w pe copperplate intaglio printing
process. The Tihicgnentand phepatcedcfearddek atrnpdt @end nmaxal 8, fomer mirfutiest et theoat ed

with Si O by dispersing the correspondin i gment.s in 15m of an rous

6t hanol untiel TRIGH RS SR RIS oGHE g epH Ao ng B wRagRARIGP ot on of
1M TEGCS in 1p pals alsgthanol was added at once. Then 0.1 1ml of distilled
water in 5 m of anhydrous ethanol was added. The mani pul ati ons were done
under an inert atnosphere. The slurry was stirred for further 6 h, and then
the precipitate s.filtrated and dried | acuum . A wat er cont ai,ni ng,

non- 1 nt er beas habr kb8 kP o ST mAEhEls ERESBN o ng
formul a: * ThengpatddpigienelhelkpWosd Bos 8imé eipht bR ogitafRakiunredrbydg€! | ul ose
(MC) and/or sodi um carboynet hyl cel | ul ose (sod-CMC) and used as descri bed by
C. Baker, ThMaastc arbingugpmagndticduls oA panted s described dgpgifigeenge ier s and t he
water were a I . i in for 15 mnutes, and the finished ink
was degassedgg%%e@t\?ggﬁérlr@g%ago)\égéggggi ty of the ink was adjusted to 10 Pa s
at 40C.



For obtaining inks of corresponding colors, but wthout the magnetic
feature, the magnetic pignment was replaced by the sane wei ght anount of

cal ci um caphoreatisessMagneti ¢ and non-nagneti ¢ i nks were pCrmredoass7i6
described. No difference in shade for the two inks was observed. d ains 1.
Ink for the engraved steel die printing process, having a viscosity at 400C
between 3 Pa.s to 15 Pa.s, preferably 5280 10 Pa.s, and conprising a poly
meric optionally carboxylic groups containing organi c binder and mag netic
pi gnent particle, characterized in that said magnetic pignment parti cles
conprises a magnetic core material which is surrounded by at |east one

| ayer of another material. 2. Ink according to claim1l wherein said
magnetic core material is sur rounded by at |east two | ayers of other
materials. 3. Ink according to one of clains 1 to 2 wherein said nagnetic
core material is surrounded by at |east three |layers of other materials. 4.
I nk according to one of clains 1 to 3 wherein the surrounding |ayers, sin
gle or in cofaimsst i on, confer the nagnetic pignment particle surface prop
erties and di spersion properties. 5. Ink according to one of clains 1 to 4
wherein the surrounding | ayers of the magnetic core material are each

i ndependent | y t hefiegikic QbrA BEREIGHS pARthSHB LS AV HENSR)sity &P C
Deposition (CvD) and Wet Coating. 6. Fnk according to one of " clains 1 to 5
wher ei n t he surrobaidvasy 3IByseod S Paisppreferably 5 to 10 Pa.s, and comprising a poly-

meric optionally carboxylic groups containing organic binder and mag-
netic pigment particle, characterized in that said magnetic pigment parti-
cles comprises a magnetic core material which is surrounded by at least

one layer of another material.

10

2. Ink according to claim 1 wherein said magnetic core material is sur-
rounded by at least two layers of other materials.

3. Ink according to one of claims 1 to 2 wherein said magnetic core material

15 is surrounded by at least three layers of other materials.

4. Ink according to one of claims 1 to 3 wherein the surrounding layers, sin-
gle or in combination, confer the magnetic pigment particle surface prop-
erties and dispersion properties.

20

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

25 6. Ink according to one of claims 1 to 5 wherein the surrounding layers, sin-

gle or in combination, confer the pigment particle particular optical prop-

erties in the visible and/or in the near IR, chosen from high specular or dif-



gle or in conbination, confer the pignent particle particular optical prop
erties in the visible and/or in the near IR chosen from high specul ar or

di ffuse rwDl2eowiamse, spectrally sel ective absorption or PcefEpeemiost716 and
angl edependent absorption or reflection. 7. Ink according to one of clains
1 to 6 wherein the size of the magnetic pignent particle is between 0.1 mm
and 30 nm preferably 1 and 20 nm nore2¢referably 5 and 10 nm 8. Ink
according to one of clainms 1 to 7, wherein the nagnetic pignment parti cle
is of spherical shape. 9. Ink according to one of clains 1 to 8 wherein the
magneti c core mat duscatflicsarse) spettedlyfselontivdubsgmaiop oc taflsctsarn, agd edigled ckel |

cobalt, iron and the ironcontaining.alloys and oxides. 10. Ink according to
one of claims 1 tgﬁgﬂWﬁgﬁéﬁﬁpﬁﬂ%ofg?%?@”%urrounding the magnetic core

material are selected fromthe group of organic materials and the group of
inorganic materials. 11. Ink according to claim 10 wherein said organic
materi al is el eclwdadeprsing teengodalpineohéd € miharginthetsive opthoymegngtiat es, in

particul ar PMVA, the | y styrenes, rylen 3-nmet hacryl. - r opyl

e et hoxysi 1 ane. PSR piradleds PSR B3 SRGpe SR SR bl R ¢
material is sel ected. Hr@pble HyaeAumonsi sting of the metals al um num

ni ckel , palladium platinunm copper, silver, gold, and their alloys, the

di el ectric nonoxi des of magne sium and zinc, the dielectric sesqui oxi des of
al um num yt t8r | um[nkaail’]c%ogdri]nezg to one of claims 1 to 7, wherein the magnetic pigment parti-
cle is of spherical shape.
10
9. Ink according to one of claims 1 to 8 wherein the magnetic core material is
selected from the group consisting of nickel, cobalt, iron and the iron-

containing alloys and oxides.

15 10.  Ink according to one of claims 1 to 9 wherein the layers surrounding the
magnetic core material are selected from the group of organic materials

and the group of inorganic materials.

11.  Ink according to claim 10 wherein said organic material is selected from
20 the group consisting of the polyacrylates, in particular PMMA, the poly-

styrenes, parylene, 3-methacryl -oxypropyl trimethoxysilane.

12.  Ink according to claim 10 wherein said inorganic material is selected from

the group consisting of the metals aluminum, nickel, palladium, platinum,
25 coppet, silver, gold, and their alloys, the dielectric monoxides of magne-
sium and zinc, the dielectric sesquioxides of aluminum, yttrium, and the

lanthanides, the dielectric dioxides of silicon, titanium, zirconium, and ce-

rium, and the dielectric monosulfides of zinc and calcium.

30 13.  Ink according to one of claims 1 to 12 characterized in that it contains 3 to

70 wt% of said magnetic pigment particles, based on the total weight of



| ant hani des, the dielectric dioxides of silicon, titanium zirconium and
ce rium and the dielectric nonosulfides of zinc and calcium 13. |nk
accordi ngvoaomiassh clainms 1 to 12 characterized in thaPCiriEPe@nsaims 3 to
70 wt % of said magnetic pignent particles, based on the total weight ofthe
i nk conposition, preferably 10 to 50 Wt % nost preferably 20 to 40 wt % 14.
I nk according to one of clains 1 to 13-éharacterized in that the said
magneti c pignent has a bulk Iightness L higher than 60 according to the

Cl ELAB (1976) scal e, preferably higher than 75, nost preferably higher than
80. 15. Ink accor dhmigktompostiaf, pcdfaiably 1D tbd 0wt 9hanasngrederablf 20se 40 R

refl ectance betme$g0800 and 1000 nm which is higher than 60% 16. Use of an
ink for the engra & steel die printing process according to one of the
claims 1 to 15 for the printing of a security docunent, such as a banknote,
a passport, a check, a voucher, an ID or transaction card, a stanp, a

| abel . 17. Aldeculik scedusicngrersne off nlagays 1 fc U} eraractdstasd mothet theapidynagy at | east

in part an ink accqording tp on f.the clai l1to a5 18, Security
bochment “cbor dr g bepiRhehPrSRud FbRReST MRhet el iiesdRmg B bt Y ne
claims 1 to 15 primERABNIDN6ERaleNbraftdtly Plichtethays, ngost prdsallly hiitet er ent
engravi ng depth, such as to result in printed zones of different |evels of
magnetic si gnal . than80.

15.  Ink according to one of claims 1 to 14 having a diffuse IR reflectance be-

10 tween 800 and 1000 nm which is higher than 60%.

16.  Use of an ink for the engraved steel die printing process according to one
of the claims 1 to 15 for the printing of a security document, such as a
banknote, a passport, a check, a voucher, an ID or transaction card, a

15 stamp, a label.

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

ink according to one of the claims 1 to 15.

20 18.  Security document according to claim 17 carrying an ink according to one
of the claims 1 to 15 printed with an intaglio plate having zones of differ-
ent engraving depth, such as to result in printed zones of different levels of

magnetic signal.

25 19.  Security document according to claim 17 carrying an ink according to one
of the claims 1 to 15 printed in combination with another intaglio ink hav-

ing the same color but not displaying magnetic properties.

20.  Process of manufacturing a security document according to any of the

30 claims 16 to 19, comprising the step of applying an ink according to one of



19. Security document according to claim 17 carrying an ink according to
one of the clains 1 to 15 printed in conbination with another intaglio ink
hav i ng twe 28swms5986l or but not di splayi ng nagnetic prop®CTiEP2010284716r ocess
of manufacturing a security docunent according to any of the clains 16 to
19, conprising the step of applying an ink according to one ofthe clains 1
to 15 onto said security docunent by nedfis of an engraved steel die
printing process.

the claims 1 to 15 onto said security document by means of an engraved

steel die printing process.



