| R-absorbing intaglio ink The present invention is in
the field of inks and coating conpo sitions. In
w@asoiosuaBar, it is about an ink for the engravedr/EP®eéncssse

di e (Copperplate-, Intaglio-) printing process, which

is used for printing currency and other security
docunents. Mre particularly, the Intaglio ink of the
present invention is de signed to selectively absorb
radiation in parts of the Loptical infrared spectrum

IR-aR39xPipgi A% sPaiBkt in other parts of it.
Conpounds and coati ngs which absorb radiation in the

Loptical .infrared' .range of the electrona netic
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Throughout this description, the expressions ‘infrared’ or ‘IR’
are used to designate the spectral range between 700 nm and
2500 nm wavelength. The term ‘visible’ shall designate the
spectral range between 400nm and 700nm wavelength. The term ‘ul-
traviolet’ or UV’ shall be applied to wavelengths which are
shorter than 400 nm. Furthermore, the expressions ‘near-
infrared’ or ‘NIR’ are used to designate the spectral range be-
tween 700 nm and 17100 nm wavelength, which corresponds to ra-

diation which is detectable by the usual silicon photodetectors.

Throughout this description, the terms engraved steel die print-
ing process, Copperplate printing process, and Intaglio printing

process are used synonymously for the same printing technique.



technol ogy was exclusively related to processing
aspects: US 3,705,043 (Zabi ak) discloses an
w0 ndorasEas absor bi ng (I Rabsor bi ng) i nk-jet printcTEP200&068586
conposition, for the printing of machi ne-readabl e
barcodes. At the tine of this disclosure (1972),
bar code readi ng equi pnent was, for technical reasons,
tied to the Lnear infrared (700 nm- 1100 nn) range
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| R-absorbing black ink is used additionally and in

conj.unctian th R—transp n t , .
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Ep-apoeferably (Nishida et al., Hitachi Maxell Ltd.) discloses a

security document carrying a printed infrared-absorbing mark,
comprising a colored concealing layer to hide the IR-absorbing
security element in the visible spectral range of 400 nm - 700
nm. The IR-absorbers according to the teaching of the EP-A-0 552
047 document must be used in conjunction with concealing layers
which camouflage their existence and location to the unaided
eye. EP-A-0 263 446 (Abe et al., Dainichiseika Color & Chemicals
Mfg. Co. Ltd.) discloses an anti-copy print comprising covert
information on a security document, as well as a method for pro-
ducing the said print, wherein an IR-absorbing black ink is used
additionally and in conjunction with the IR-transparent standard
four-color process inks. The ‘IR-absorbing black’ is preferably
carbon black, which absorbs without discrimination over the

whole visible and infrared spectral range, whereas the ‘IR-



carbon bl ack, which absorbs w thout discrimnation
over the whole visible and infrared spectral range,
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whi ch absorbs only in the visible range of the

spectrumlIn the field of automated banknote

processing, |R-absorption plays an inportant role.
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abso§g§g§sma@eggggher group of patents discloses invisible
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The %g%%ﬁ&% %%B%%%?g%eo Eﬁackﬁ;6%SEélgaé%OShlgag%sorblng inks
according to EP-A-0 263 446 is perceived as a disadvantage in
security application, where IR-absorption should be used as an
additional, covert, i.e. invisible feature. A way around this
difficulty can be found by camouflaging the IR-absorbing ink
through overprinting, or by playing with pairs of IR-absorbing
and IR-transparent inks having a same visible color; however the

latter option imposes a rather constricting limitation to the

document designer, as it is not compatible with clear shades.

A further group of patents discloses invisible IR-absorbers,
which can be used in inks of all shades (including white), with-
out contributing to their visible appearance: EP-A-0 608 118
(Yoshinaga et al., Canon K.K.) discloses a medium (such as a
banknote, security document, etc.), recorded with invisible in-
formation, as a machine-readable recognition means for security

documents, 1in order to prevent their copying on copy machines.



banknote, security docunent, etc.), recorded with
invisible in formati on, as a machi ne-readabl e
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prevent their copying on copy nmachi nes. The recordi ng

Is realized using near-infrared-absorbing, cyanine-

type organic materials, which are colorless and

transparent in the VISIb|e part of the spectrum and
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thé rather narrow spectral e infrared
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noteworthy requires par ticularly adapted detecting
equi pnent to read the precise ab sorption wavel ength
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of the infrared absorption bands displayed by the organic cya-
nine-type dyes and the YbPO,; IR-absorber. The detection (reading)
of narrow-band IR-absorption features noteworthy requires par-
ticularly adapted detecting equipment to read the precise ab-
sorption wavelength in gquestion, and, in the case of YbPO,, the

use of a relatively high concentration of the IR-absorbing mate-

rial in the printing ink.

A large number of different models of currency processing equip-
ment from many suppliers throughout the world is currently on
the market. This equipment, albeit enabled to check banknotes
for IR-absorption, is by no means working at one and the same IR
wavelength; an ‘IR-color standard’, analogous to the CIELAR

standard used in visible colorimetry, does actually not exist.
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Ideally, the IR-absorber for currency processing applications
should be transparent in the visible range (400 nm to 700 nm),
such as to allow its use in all types of visibly colored inks
and also in markings which are invisible to the naked eye, and
display a strong absorption in the near-infrared range (700 nm
to 17100 nm), such as to allow its easy recognition by standard
currency processing equipment (based on silicon IR-photodetect-
ors, which are sensitive up to 17100 nm). The IR-absorber should
furthermore be transparent again somewhere in the range of 17100
nm to 27500 nm, in order to allow a discrimination of the spe-
cific currency security feature from a simple carbon black or
graphite printing, which absorbs indiscriminately over the whole
IR-range. Such discrimination may be effectuated e.g. by a sim-
ple transparency check in the 17100-2'500 nm region, using an

appropriate (Ge, InGaAs, etc.) photocell.



furthernore be transparent again sonewhere in the
range of 1'100 nmto 2'500 nm in order to allow a
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50% by weight. Security documents such as banknotes must fur-
thermore be durable and resist to sunlight and environment-
influences (i.e. moisture, oxygen, laundry and the commonly
available solvents and chemicals). Particularly well-resistant
ink formulations, comprising high-performance epoxy-ester or
urethane binder resins, are therefore used to print such docu-
ments. The pigments, fillers, and other solids comprised in an
intaglio ink are, for the same reason, preferably chosen to be
inorganic compounds; organic pigments of proven high resistance

can be used as well, however.

It is an object of the present invention to provide an Intaglio

printing ink fulfilling the above requirements.



ur et hane binder resins, are therefore used to print
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reason, preferably chosen tosbe inorgani c conpounds;
organi c pignents of proven high resistance can be used
as well, however. It is an object of the present
i nvention to provide an Intaglio printing ink
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overcom ng the drawbacks of both, the narrow band
| R-absorbers, and of the indiscrimnate carbon bl ack
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characterized in that they contain specific chemical elements
having an incomplete electronic d-shell (i.e. atoms or ions of
transition elements), and whose infrared absorption is a conse-
quence of electronic transitions within the said d-shell of the
atom or ion. Selected compounds of suitable transition element
atoms or ions were found to absorb in the NIR (700 nm to 17100
nm) range, whilst being almost transparent in the visible range
(400 nm to 700 nm) of the spectrum, as well as in some range be-
tween 17100 nm and 2’500 nm. These materials, despite the fact
that they only show a moderately strong absorption in the said
NIR range, can be applied through Intaglio printing, such that a
sufficient amount of IR-absorbing material is transferred onto
the security document to result in a useful IR-contrast (absorp-

tion density).



nm range, whilst being al nost transparent in the

visible range (400 nmto 700 nn) of the spectrum as
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These materials, despite thegfact that they only show

a noderately strong absorption in the said N R range,
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More than one transition element atom or ion, as well as other
atoms or ions (cations or anions), may furthermore be present in
the said compound, either for structural reasons, or to exploit

a cumulative effect.

Materials whose light absorption is a consequence of electronic
transitions within the d-shell of transition element atoms or
ions exhibit a merely moderate specific absorption. Their lack
of specific light absorption must therefore be compensated by a
correspondingly high amount of material, i.e. a sufficiently
thick layer of the material must be present to produce the re-
quired absorption property. The d-shell-transition based IR-
absorbing materials of the prior art were for this reason either
applied in a thick coating layer (IR-absorbing paints for solar

panels), or used as a filler in the mass of a plastic material.
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n security pri nti ng ecause 0]
absorbing materials onto a document, so as to result in a useful
infrared contrast. Moreover, the disclosed IR-absorbing materi-
als are not commonly available for printing applications, which

makes them suited for use in security printing, because of the

absence of easily available counterfeit opportunities.

The infrared-absorbing properties of transition element com-
pounds are known and already exploited in certain areas of tech-
nology. Iron(II) and copper(II) compounds, having a Fe (*") or a
Cu(**) ion in an appropriate chemical environment, have proven to
be efficient broad-band IR absorbing materials in the near-
infrared range. Appropriate iron(II) or copper (II) compounds are
transparent in the visible range of the spectrum - exhibiting at
most a slightly yellowish or bluish shade - and stable under am-
bient environment conditions (i.e. oxygen and moisture expo-

sure). An ‘appropriate chemical environment’ is e.g. a phosphate



absence of easily available counterfeit opportunities.
The i nfrared-absorbing properties of transition
web@meaii3xom pounds are known and al ready explBCT/8P2006/068586
certain areas of tech nology.glron (l11) and copper
(1'1) conpounds, having a Fe (2+ ) or a Cu (2+ ) ion in
an appropriate chemcal environnent, have proven to be
efficient broad-band IR absorbing materials in the
or PREFPRAFPRREE F&RgeCTAPPPEHr PERETRLOH  (PRPSBROEEppaRd oxygen
conthlh)n6OBPBHAAS ; B GhLARFPRLENKILR) bREAVE AL Dheokangs Ahreri -
e spectrum - exhrb ting at nost slightly yellow sh
als of bhalshlshadet7 andusfabksfund@r(ah1b®@nis in fact linked
b ronment condi t g &b ? nolstupe expg. _
Y a&uPéyge“Aﬁ QpBPoBrP P8 HéHFc% @hv PORMEAL @ 'sCefgatom se
quen@ephosphat eor pol yphosphate ion, or, nore generally,
phosphorus and oxygen containing group; in many of the
di scl osed | R-absorbing materi als of the prior art, a
Us 4C§9%2§1M Qkaﬁaﬁg é%+al 'oﬁlkéubgsg n&bﬂk@g byL 8 dis-
gén atomto a phosphobrus atom a I\/IfO om
clossesqwemeebsoUBlég296r214c(Kaﬂadahevlab cpppbtsmm)shbntaining

on.Co., Ltd.) dis close solar-absorbi acr
acry ol B RBERG OB ah R SERrS CoRot R R cae bheelin U8 5, 466755
Sakagaﬁ@sahoaate estehs &apakumehbzedxt RejeblnscYSses a plastic
5, 466755 ka am et al ., Kureha Kagaku Kogyo K .K.)

OPtlaaécﬁ@éégramgtsgﬂaé,obﬁs@élOﬁuat@pnﬁﬁvérpaen0@é§éﬁh@ﬁe-
dlesg Egngggdggg 898?8?8B%&2g58§geE0ngg9ter ﬁ{guﬁs containing

drogenophosphat e=nonoest er groups co
acryaﬁbybbpoﬁgmekynéhtolwhﬁchhbobpeﬁmm60 @hﬂYoandkOh(Eﬁmnlons
i ons are incarporated. 0, 613_(Ohni shi et

are pCbrbRARERE. KAGaRuIRBgY oK (ORPYSlie BhoGE f wRPRGRa: Kagaky

KogbeKaRSQrQEnQbBHQS@H%Eﬁe%sﬁﬁtaB@b¥bEﬁ§Spﬁ8§Bhb§bngster poly-
copper ions. These polyner naterials are useful as
mersneampirafiapedonbsor bens - (EhEﬁerQplymeth@amaveaéﬁgﬁhe useful

as ne%rge Eazg n 8r%%90nQE ?%t FeXDh%ég waeeﬁength range of
sen een use prln I n
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printing inks.

US 5,236,633 and US 5,354,514 (Satake et al., Jujo Paper Co.,
Ltd.) describe near-infrared absorbing materials based on a
transparent thermoplastic polymer (polymethacrylate, polycarbon-
ate, polyethylene, vinyl chloride, etc.), an organic thiourea
compound, and a copper compound, which are melted together to
give a visible-transparent (slightly bluish), IR-absorbing plas-
tic material. US 5,723,075 (Hayasaka, Nippon Paper Industries,
Co., Ltd.) discloses similar technology, except that dimerised

organic thiourea derivatives are used.

Patents US 2,265,437 and US 5,800,861, granted to The Sherwin-
Williams Company, disclose the use of, among others, copper

phosphate, basic copper phosphate, and copper pyrophosphate in
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near-infrared absorbing material for application by
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06-2phosphatesysui et al., Asahi Glass Co. Ltd.) discloses an-
other screen-printing ink which contains copper (II) phosphates,
as an absorber for semiconductor laser light (810 nm). JP 05-
083160 A2 (Matsudaira, Toppan Printing Co. Ltd.) discloses a
two-component screen printing ink for the printing of invisible,
classified information. The ink comprises, as an IR-absorber, a
powdered phosphate glass containing iron(II) and/or copper (II)
oxide (of Asahi Glass Co. Ltd.). JP 06-107985 A2 (Matsudaira et
al., Toppan Printing Co. Ltd.) discloses a further two-component
IR-absorbing ink, based on glassy, white copper(II}) and/or cop-
per/iron (II) phosphates as the IR-absorber. These inks are used
for the printing of machine-readable barcodes on security docu-
ments, such as long-lasting plastic credit cards, ID cards,

etc., where the printed information must be read by a semicon-

ductor near-infrared laser.
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commonly employed to make intaglio inks (i.e. the binders, fill-

ers, solvents, pigments and other ink additives) are known to

the skilled man and need not to be further discussed here.

The origin of the IR-absorption in the herein disclosed intaglio
inks is different of that of the YbPO, IR-absorber disclosed by
Tashima et al. (e.g. JP 08-143853), which is a narrow-band ab-
sorption and due to an electronic transition within the f-shell
of a rare-earth ion (Yb(**)). It is also different of that of the
reduced heteropoly acids (phosphomolybdic acid) disclosed in US
4,244,741, which are due to cooperative electronic charge trans-
fer transitions within a complex molecular ion, rather than to a

transition within an isolated molybdenum atom’s d-shell.
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compounds (Prussian blue, etc.) or the band gap absorption of
semiconducting materials (GaAs, etc.); in contrary, the herein
considered compounds only rely on the intra-atomic (respectively
intra-ionic) property of electronic d-d-transitions. Said d-d-
transitions are primarily a property of the isolated atoms or
ions, albeit they are, to a certain extent, also influenced by

the atom’s or i1on’s chemical environment.

Preferred IR-absorbing materials in the context of the present
invention are copper (II)- and/or iron(II)-compounds, e.g. the
phosphates of the said elements, and preferably in the form of a
solid state compound for maximum durability. However, alterna-
tively, the IR-absorbing transition element atoms or ions can
also be bound to a component of the polymer binder of the ink,

in particular if the binder component contains specific binding
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cate (S104%7), the condensed polysilicates, titanate (Ti0s°7), the
condensed polytitanates, wvanadate (VOJ}), the condensed polyva-
nadates, molybdate (Mo0,4°7), the condensed polyvanadates, tung-
state (W04*7), the condensed polytungstates, fluoride (F), ox-

ide (0°7), and hydroxide (OH7).

Preferred IR-absorbing cations, in combination with the said
anions, are iron(II) (Fe”) and copper (IT1) (Cu”), either alone,
or in solid solution with their IR-inactive mineralogical conge-
ners, e.g. with magnesium(II) (Mg®') in the case of iron(II), and

with zinc (II) (Zn®') in the case of copper (II).
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*2H,0), anhydrous copper phosphate (Cusz(PO4)2), basic copper(II)
phosphates (e.g. CuyP0;(0OH), “Libethenite” whose formula is some-
times written as Cus (PO4).*Cu(OH),; Cus(PO4) (OH)3, “Cornetite”,
Cus (PO4) s (OH) 4, “Pseudomalachite”, CulAls(PO4)4(0OH)g-5H,0 “Tur-
quoise”, etc.), copper(II) pyrophosphate (Cu,(P.07)*3H,0), anhy-
drous copper (II) pyrophosphate (Cu;(P;07)), copper(Il) metaphos-
phate (Cu(PO3)., more correctly written as Cusz(P30¢)2), iron(II)
fluoride (FeF,*4H,0), anhydrous iron(II) fluoride (FeF,), iron-
(IT) phosphate (Fes(PO4).*8H,0, “Wivianite”), lithium iron(II)
phosphate (LiFePO,, “Triphylite”), sodium iron(II) phosphate
(NaFePO,, “Maricite”), iron(II) silicates (Fe,Si04, “Fayalite”;
Fe,Mg,-x5i0,4, “Olivine”), iron(II) carbonate (FeCO;, “Ankerite”,
“Siderite”); nickel (II) phosphate (Nis(PO4).*8H:0), or tita-
nium(III) metaphosphate (Ti (P30g¢)). Moreover, the crystalline IR-
absorber also be a mixed ionic compounds, where two or more
cations are participating in the crystal structure, as e.g. in
CarFe (PO4) 2*4H,0, “Anapaite”. Similarly, two or more anions can
participate in the structure as in the mentioned basic copper

phosphates, where OH('}) is the second anion, or even both to-



drated conpounds, respectively to previously dehydrate
t hose conpounds which contain water of crystallization
wW@R00ohbEBW Se | ose-abl e groups, by heating thePCT/BPB06/068586

to a tenperature be tween 200; 0OC and 400 OC for about

one to four hours (depending on the conpound in

guestion) , until constant weight is reached.

Specifically, the follow ng conpounds can be used in
getheke PAveR PREARCSEBPperOpl PROFPHSFRIELPEYEST , MEBppEFs)

“Wagﬁ%gﬁQéyf | uoride (Cu- FOH), copper hydroxide (Cu(OH)
, copper phosphate (CU3 (PO4)2 *2H 20 ) , anhydrous

copper phosphat e (CU3 (PCﬂ)Z) , basic copper (I1)

h . .
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"Trlphyllte") , sodiumiron (Il) phosphate (NaFePO 4,
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inthe crystal structure, as e.g. in CaZ2Fe (PO4)2

9 an@oref@AﬁapasteiteglﬁhEaEhy; two or nore anions can
participate in the structure as in the nentioned basic
copper phosphates, where OH (~) is the second ani on,

IR-abkoeven bokbstegehhen, cas ba mAgResuUBYI Lanaphesphapendingly
fluoride, MgFe(PO 4)F, "Wagnerite"

powdered form 1nhto the herein disclosed Intaglio ink are e.g.

those of JP 05-279078 A2 and JP 05-093160 A2, the documents

which were already cited above.

Pigments and additives for Intaglio ink formulations have a sta-
tistical particle size preferably not exceeding 50 micrometers,
more preferably not exceeding 20 micrometers, most preferably
not exceeding 10 micrometers. No individual particle at all
shall exceed a size of 100 micrometers (upper cut-off limit), a
goal which is generally achieved through a final classifying
(sieving) operation. Too large particles, even in small number,
lead noteworthy to problems on the printing press, as the ink

tends to be wiped out of the engraving.



The solid state | R-absorber can furthernore be a
gl ass, conpris ing the | R-absorbing transition el enent
w0 0007060180Nns. Preferred gl asses are of the phoB@hEP®06/068586

and/or fluoride-conprising tiypes, in which there is a
coordination of the transition elenent ion or ions to

t he phosphate and/or fluoride anions present in the

gl ass. These anions are noteworthy situated at the

The FpRelféRdaBFOFrREI®EpéEt FBBheRPEAFadetésarep eraphay (1.

betw@éﬂvW@@nﬁoénhoé%gﬁﬁﬁgyo@ ghér%H%EE%@BSab@okﬁﬁﬂgshbggrlal,
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33", Elsevier, Ansterdam 1984, Chapter 9 and
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to the herein disclose nta are e.
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particle size preferably not exceeding 50 m croneters,
more preferably not exceeding 2 O microneters, nost
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us 3theslaksiends tacbe -whpsdseut el 1bhe enar aubng1IBe pigments
specific absorption in the Loptical infrared range
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effect is intentionally sought and exploited. The basic idea of

the present invention is, however, to rely on IR-absorbing pig-

ments which are not, or at most only little colored in the visi-

ble range of the spectrum (400nm to 700nm), in order to be com-

patible with all kinds of visible shades of the ink and to be

useful in invisible markings.

Preferred IR-absorbing materials in the ink of the present in-
vention are therefore those which do not substantially absorb in
the visible range of the spectrum (400nm to 700nm), i.e. those
whose CIE (19876) diffuse reflectance lightness (L*) wvalue is
higher than 70, preferably higher than 80, as measured on the

neat powder.

To obtain a sufficiently strong absorption effect, the IR-

absorbing transition metal atoms or ions must be present at



Is thus nerely a consequence of intra-atomc or
intra-ionic electronic d-d-transitions. The absorber
woiensEBs may however, in addition to this expPOI/ERD0G6/068586

| R-absorption, exhibit furthgr dd- transition bands in

the visible range (i.e. between 400nm and 700nm , as

well all types of absorption bands in the ultraviol et

region of the spectrum(i.e. below 400nm . The
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and sueh a sreherafekeblandOéOObamDrpbghﬁnWSlQQEd The IR-absorber
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matey 3 HhAF i Gr o RESFr Of baSed JaPIoR, LFE4°and B RERSSRT in-
vent@bgnﬁﬂbstﬂﬁgddhﬁfékéﬁﬁl6§|tﬁélﬁkbﬂglﬂmGnG@abhagt containing
applications. In these transition netal pignents of
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at 1kindsnebn¥irakbbesshadesnotrtheuiRkpardrbe pecusefidl khe said
i nvisible narklngs Preferred | R-absorbing materials

lumipgschecenkRféfCcthe present in vention are therefore
those which do not substantially absorb in the visible
range of the spectrum (400nmto 700nm) , i.e. those
Furt%b@&ér@LEtbé976iadﬂﬁbu5ekreﬁlehbapaesbhghﬁnQSStﬁbh)must con-
val ue_is hi%her than 70, preferabl gher than 80, as
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tlonsﬁégag agéoéﬁtkgnp%Bﬁﬁgé atB@oHRégﬁgEQbﬂgohr%H§|EEQHted
metal atoms or ions nust be present atrat her

docupenctentr aheomaiid ﬂﬁerﬁﬂgabgérbhﬁgsnapéruml Uﬁyéulcabhyentra—
tlonrsmPg ¢pacentration ot (10% or mpre, lR&eESE%Q' ¥ 30%59" 6 703,
preferably 10% to 50%, even more preferably 20% to 50%, by
weight of the ink; these concentration levels are significantly
higher than the concentration levels used in the case of lumi-

nescent markers.

The said concentration level of the IR-absorbing material can
furthermore be varied within the inks used on a same document,
in order to produce infrared-darker and -clearer zones on the
document, or to print a hidden infrared-half-tone picture, re-
spectively. This can be embodied, e.g. by a document carrying at
least two IR-absorbing inks according to the invention, wherein

said IR-absorbing inks differ in their level of IR-absorption.

In another embodiment, a same ink comprising the IR-absorber can
be printed with an intaglio plate having zones of different en-

graving depths. This results, in particular in the case of the



and even nore preferably 40% or nore, by weight. The
| R-absorber materials which are used in the Intaglio
w0 ndo706018he present in vention are thus differeet/EP{006/068586

the transition-el ement contajqing | um nescent

compounds, such as ruby (Al 293:Cr) or the transition

nmet al doped garnets (cf. US 3,550,033) and ot her

crystals used in |laser applications. These | um nescent
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ink range from5%to 70% preferably 10%to 50% even

nore preferably 20% to 50% by weight of the ink;
Furthhesereontent fatebrolkbvebsmarersegnpfi cant byehegheinvention,

than the concentration |levels.used in the case_of |lum .
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the_invention, wherein said | R-absorbing inks differ

materyaf fePre| BGELt6F  PRIZBOPHET6RCY. TPntaRoPREFSNT Context.

ThisCABRALNBAL onaa38BRs! RKaeeAPELSLHRGaLRE LR abear hekeCaBmplex
be printed with an intaglio plate having zones of
absoditfienentroénlgr avi ngedepthsre®hpsdr esulitsrepae herewith the

sophE%EEEE%E%E L tQ%ecéégu%gt%h8¥Dgﬁéabﬁhéeth%9§9£8[”Qhe or-
ransirtion netal conpounds“usedin e

ganic IR-absorbing material may also be present in a second ink,
printed on the same document, in order to exploit the resulting,

machine-readable contrast.

The IR-absorbing Intaglio ink of the present invention is pref-
erably used for the production of security documents, such as
banknotes, passports, checks, vouchers, ID-cards, transaction-
cards, stamps, tax labels, etc.. The IR-absorbing ink may herein
be either printed as a stand-alone security feature, or used in
conjunction with not-IR-absorbing inks having the same visible
shade, to produce a covert IR-absorption pattern. Furthermore,
the IR-absorbing ink of the present invention may be combined on
a same document with other IR-absorbing inks having a different
composition than the herein disclosed one, in particular with

inks containing an organic IR-absorber.



present invention, in infrared-darker and clearer
zones on the docunent. This nodul ati on of

WO ndorasEas absor pti on density can furthernore bBCT/EP2006/068586
canouf | aged by a strong visik e-absorbi ng pi gnen
tation of the intaglio ink, such that the difference
of engrav ing depth does not show up in a difference
of the visible color. Furthernore, the | R absorbing. ,
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Intaglio ink of the present invention is pref erably
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Furthernore, the | R-absorbing ink of the present

explppnpedt wohhnarebeedonbifnedeonlaryaneododimenting ehbodiments.
ot her I R-absorbing inks having a different conposition
than the herein disclosed one, in particular with

Fig. 1 shows the IR-absorption characteristics of the cop-

per (II) phosphate glass pigment used in example 1 of

the present application.

Fig. 2 shows the IR-absorption characteristics of a white In-
taglio ink comprising copper phosphate according to ex-

ample 2 of the present application.

Fig. 3 shows the IR-absorption characteristics of the iron
phosphate “Triphylite” (LiFePO4) used in example 3 of

the present application.

Fig. 4 shows the IR-absorption characteristics of the cop-
per (II) and/or iron(II) phosphate polymers used in ex-

ample 4 of the present application.



I nks contai ning an organi c | R-absorber. A process for
manuf acturing an ink for engraved steel die print ing,
w@emaonailiag to the present invention, conpri sesPChEPBDEE:S586
of incorporating an infraredjabsorbing materia
conprising a tran sition elenment atom or ion, whose
infrared absorption is a con sequence of electronic
transitions within the d-shell of said transition
Fig. et ementlatdntbe {On2PFarBt&CPoFyRAERFESHEGRATE Bf nger Intaglio
terth?ﬁk“&&ﬂp?@éi9$3&5¥pé§qﬂh5§€h£9étQﬁ& ER 2643 Sonal or-
The manufacturing of an intaglio 1nk, 1ncluding t
adjustg@ntcoIRrabsvr5698|agcandlngstothsampheobogfcthe pre-
propert rder.to achieve printing perfornmance,
and th%e?ﬁtﬁﬁP?bcﬁﬁ?ﬁ?rng process itself, are known to
the skilled man and need not to be ex plalned further
here. The Intaglio ink of the present invention shal
now be further explained with the help of exenplary,
.mting enbodi nents. Fig. 1 shows the
sor ption characteristics of the cop per (11)
phosphat e glass pi gnment used in exanple 1 of the

resent, a sho the | R-absorptio

oxioBrE580 beFPBa, EBkapTaol e EPRRRLGHLES FRTBREI PG RjosPhate
glaSQOQﬁQEaEEGSEBQBQbéQCOVdlng to ex anple 2 of the

present application. 3 shows the | R-absorption

(forchhrabBRRISTILES @pppﬁép PSR phosphacerTTRphyl Precess)

(Li FePCu) used in exanple 3 of the present

application. Fig. 4 shows the | R absorption
Addichanaptedusti s efinyheicopnger (11) and/or iron (I1)

phosphate polyners used.in ex anple 4 of the present
maleéﬁpPF&QtWBHlﬁﬂﬁd BRERBWE °t RESER- absor pti on

in achéﬁﬁcbgﬁﬂ§hgcﬁlﬁérém batagkkari pk/6QRPri sing coppek g

ExampB98-

phoSphat e and an additional or ganic - absor ber,

Longaecéor dithygdt vecexanpl e 5 of the pre 7.5
Alkylphenolic resin modified with raw tung oil

in Ink Solvent 6/9 (S.I.C.) 16.0
Polyethylene wax (mp 130°C) 1.5
Calcium carbonate (natural chalk) 13.0
Phosphate glass IR-absorbing pigment (*) 25.0
Colored pigment (**) 5.0
Ink Solvent 6/9 (S.I.C.) (**) 6.0
Cobalt octoate drier(l11% metal) 0.1
Manganese octoate drier (10% metal) 0.1

(*) The glass-ceramic IR-absorbing pigment was prepared by
grinding a phosphate glass IR-absorber (Fig. 1) according to US
2004/0082460, example 1, to an average particle size of the or-

der of 8 to 10 micrometers.



sent application. Exanple 1 : Oxidative drying
Intaglio ink fornulation conprising phosphate glass
w0 ndorasEa3 absor ber (for the paper w pe copper pPEL/BP2006/068586
Intaglio printing process) Addition product of tung
oil and maleic acid nodified phenolic resin in a high
boi ling mneral oil (PKW 28/31) 25.0 Long oil alkyd
resin 7.5 Al kyl phenolic resin nodified with raw tung
For gpraiRipfkigsPveht CBFYSERONALINE, FO1616- P@P;ffewmffh@ﬁé the IR-
abso?@%n@nﬁeéggrgc %hé §RCQBEbEEHE§fB?Bﬁ%ﬁt(QQ%UEéglaﬁéhk%y the
0 Phosphat é gl ass -absorbirng pigment (*) 25.0
samecwb@géd pingrent of*tr1610ml nkrBohwént 6/9 (S. | .C)
(**) 6.0 Cobalt octoate drier (11%netal) 0.1
Manganese octoate drier (10% nmetal) 0.1 (*) The
(**)glrassceebabtCpl BmahsoBsNgnBsgREAt cYWR8 i pEERAr €debYesired
gri nding a phosphate glass | R-absorber (Fig. 1)
shadgec6rfi-ig to US 2004/ 0082460, exanple 1 , to an
whit@verage particle-s}zepp % nd e ﬁh ge of 8 to 10
m cronet ers. For obta|n| g inks correspondlng
Yellowl ors, but w thout. thsymﬁabgﬁﬁblﬂ@ fgature, the
IR—absorblng pi gonept was re ced t he same wei ght
Red anount  of caIC|dﬁ1%ar%%9%ﬁ%P % 3)1 e col ored pigrment

creeWas chosen according pg?ﬁ@@td§§éé@d7shade e.g.: Wite

C. 1. Pignment V%lte | ow C. 1 gnEnt Yel | ow 13
Blue Pigment Blue 1
Violet C.I. Pigment Violet 23
Black Trichromic Black (C.I. Pigment Red 170; C.I.

Pigment Yellow 13; C.I. Pigment Blue 15:3 in
appropriate ratio). This pigment mixture is
an “IR-transparent black” which allows for
transparency of the ink in the farther opti-

cal infrared range.

(***) 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.

Color-matched pairs of inks of determined visible shades, each
shade once with and once without the IR-absorber, were prepared
by, each time, mixing all the components of the formula, except
the driers, together, and performing two passes on a three-roll-
mill, in order to obtain a homogeneous ink. The driers 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 Pa's at 40°C.



Red C.1. Pignent Red 170 Green C.I. Pignent Geen 7
Blue C.1. Pignent Blue 15:3 Violet C. I. Pignent Violet
W@ 300BloeoaB3 Tri chromic Bl ack (Cl. Pignent Red 170¢T/€P1006/068586
Pignent Yellow 13; C I. Pignment Blue 15:3 in
appropriate ratio) . This pignent m xture i s an
"I R-transparent black” which allows for transparency

of the ink in the farther opti cal infrared range.
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two passes on a three-rollmll, in order to obtain a
dOCUW@ﬁﬁgeneous ink. The driers were added at |ast and

mxed in for 15 mnutes, and the finished ink was

degassed under vacuum The viscosity of the ink was

adjusted to 10 Pa s at 40 OC . The so obtained inks

E ggregprinted with a standard intaglio press on
xam te paper in the formof a pattern conprising
visible colors and covert |IR-features. |R-absorption

patterns, useful for the machine-processing of
oxidagivendyyisgusheps £ris Inapabéor énk| Feedthe ¥akpFevépe cop-

perpﬁgﬂgp?ﬂ@%gigek%agg@lgb bleeaspect of the document

ative ylng sheet fed Intaglio ink
for the wat er wi pe cop

A water containing, non-interleaving intaglio ink is manufac-

tured according to the following formula:

Macromolecular surfactant as described in

US 4,966,628 15.0
Alkylphenolic tung oil adduct diluted in a

high boiling point o0il (Magie 500) to a solids

content of 80% 8.0
Long o0il alkyd resin diluted in a high boiling

point mineral oil (Magie 500) to a solids

content of 80% 10.0

Sodium salt of sulfonated castor oil in

water (solids content 60%) 2.0
Micronized polyethylene wax 2.0
High boiling point mineral oil (Magie 500) 3.0
IR-absorbing phosphate pigment (*) 35.0
C.I.Pigment White 6 3.0
Calcium carbonate 15.0



perplate Intaglio printing process A water containing,
non-interleaving intaglio ink is manufac tured
wa@ewaonaiiag to the follow ng fornul a: Macr onol eedit/aP2006/068586

surfactant as described in Ug 4, 966,628 15.0

Al kyl phenolic tung oil adduct diluted in a high

boi i ng point oil (Magie 500) to a solids content of

80% 8.0 Long oil alkyd resin diluted in a high boiling
Multhsrgtani AEYSF dPFtPREGPeS560F £6 §°88Litds content of

mang QéEéOanSQQEHBh§§htd@ﬁu%%BfQHageﬁlgﬂStor oi | in water

solids content 60 M croni zed "pol yet hyl ene wax
boil2n@ Hpghtbmﬂhemglpoﬂhttnlaesaﬂldsl (Magi e 500) 3.0

| R-abso g phosphate pignment (*) 35.0 C .1 .Pi nt
Contﬁﬁttg% %g 8 Cal ci um carbonate 15. OMil ti - net al gnﬁ

Deiok@etaaghecsakhscabneabalitn ArBganasesand zirconium
diluted in a high boiling point mneral oil to a

ethego|(Mdso&orrentMef 28569 t2. G- P&l o788 water thi ckentd
with a cellulose ether (MC or sod-CMC 2.5%to 3.0%
(***) 15.0 (*) The | R-absorbi ng phosphate pi gnent was

(*) mbhydRaabdocbppgrppbesph&bepagmbhe WGsndbayﬁmatéﬁnﬁapper

obt ai ne h atln h dr sphate for
ohosPRHre GE U6 SELTHal L P Iobt BPEPAGCRnRS BEat hg” nydrated
copp@@rbﬁ§59ﬂgk@9f69|QrﬁouQBta%ﬁ@bgﬂb t healk Rabsor bi ng

feature, the | R-absorbing pigment was replaced by the
For obtaining inks of corresponding colors, but without the IR-
absorbing feature, the IR-absorbing pigment was replaced by the

same weight amount of calcium carbonate.

(***) The cellulose ether was chosen from the group of Methyl-
cellulose (MC) and/or Sodium Carboxymethylcellulose (sod-CMC)
and used as described by C. Baker, The Book and Paper Group An-
nual, Vol. 1, 1982.

Color-matched pairs of white inks, once with and once without
the IR-absorber, were prepared by, each time, mixing all the
components of the formula, except the drier and the water, to-
gether for 20 minutes at room temperature on a Molteni mixer,
then performing two passes on a three-roll-mill in order to
achieve a homogeneous ink. The drier and the water were added at
last and mixed in for 15 minutes; the resulting ink was degassed
under vacuum on a Molteni mixer. The viscosity of the ink was

adjusted to 10 Pa's at 40°C.



same wei ght anount of cal cium carbonate. (***) The
cel lul ose ether was chosen fromthe group of
waokdoipbaeas | ul ose (MC) and/ or Sodi um PCT/EP2006/068586

Car boxynet hyl cel | ul ose (sod-4GMC) and used as descri bed

by C . Baker, The Book and Paper G oup An nual, Vol. 1

, 1982. Col or-matched pairs of white inks, once with

and gnce w thout the | R absorber, were prepared by,
Examplen3tine, nixing all the conponents of the formul a,

except the drier and the water, to gether for 2 0

m nutes at roomtenperature on a Ml teni m xer, then
A UVpepftonmi ngatwonpassés onlamehieebrel Laikblibniokderst manu-

achi.eve a honogeneous ink. The drier and.the wat
Fact g Py BB A r S RCE TaNA i kel | RVT BECTBLRLRAL 8 gheof the
ingreesehtkngthek pasrdegasgedwdngekskacddMoRhaebblbeninill)
m xer. The viscosity of the ink was adjusted to 10 Pa
accogdapg4ado0CheEXarpPEIBIAT VIR Ng, cationical |y
pol yneri zable Intaglio ink was manu factured in a
classical way (i.e. by pre-mxing of all of the
Catibngrediignbs lymhehzpbiforairngshwaspasses on a

three-rol|-mll) _accqgrding to the follow ng fornyl a:
deSCE&%?%nFBaP§3%p8%§ﬁé%gzabIe varni sh as describedggngus
oniuR, 888:964s44. OnOaiHALsalbyhasedri oiti at or ( CYRACURE

UVI 6974-Uni on Carbide) 7.0 | R-absorbing phosphate

6974pPghent Cerpids8)0 Col ored pignent (**) 3.0 Fumed 7-0
TR F R Bo o Bt hyFond hax |{ LER) BUST 06154 HobZndt)
Colobe@ Bughaetant+*(SI LWET L 7604--Uni on Carbide) 1.08.0
Fumed silicom dioxide (AEROSIL 200 --Degussa) 15.0
Micronizod polyethylene wax (CERIDUST 9615A—

Hoechst) 5.0
Surfactant (SILWET L 7604--Union Carbide) 1.0
Viscosity regulator (TRIETHYLENE GLYCOL—

Dow Chemicals) 10.0

(*) The IR-absorbing phosphate pigment was chosen to be lithium
iron(II) phosphate (LiFePO,, “Triphylite”), having an absorption

spectrum as given in Fig. 3.

For obtaining inks of corresponding colors, but without the IR-
absorbing feature, the IR-absorbing pigment was replaced by the

same weight amount of calcium carbonate.

(**) The colored pigment was chosen according to the desired

shade, as given in example 1.

The ink was adjusted to a viscosity of 12.5 Pa's at 40° C. It

showed an excellent response to cure with UV light, as well as a



Vi scosity regulator (TRI ETHYLENE GLYCOLDow Chemi cal s)
10.0 (*) The | R-absorbing phosphate pignent was chosen
wo 0000860183 hi um iron (I11) phosphate (Li FePO4, PCT/EP2006/068586
“Triphylite") , having an absgorption spectrum as given
in Fig. 3 . For obtaining inks of corresponding
colors, but wthout the | Rabsorbing feature, the
IR—absorblng pi gnent was replaced by the sanme weig
Veryafeaft d8f kcaf EPLATESr boRSL éRK(¥WaF Wﬁ@eéoWépéébéﬁgﬁéﬁthl‘
£11188S2610888 26608 dLACAES hBeadasiredshadey 88o8iVaRel Bnks to
exanpl e . The ink was adjusted’to a viscosity o
be ug2dsfPa srantdﬁngf becshoweddanuegoékl.ent response to
cure with UV light, as well as avery good dark
aftercure. The ink was paper w peable and ful filled
all the requirenents needed by engraved steel die inks
to be used for printing of security docunments. Exanple
Example Av-curing, urethane-acrylate Intaglio ink
conpri sing | Rabsorbi ng phosphate resin: Reactive
ur et hane-acryl ate nononer 26.6 | R-absorbing nononer
A UV(tur2090 Gaenhabe-¥W&xydaté Sodagiibodekykbmprésésgl fR-
ab ogate 3h0 UV %tablllzer (Florstab UV-1) 2.0 Col ored
SOFPYRENPRPEPJaEe TP, (CaC0B) (***) 33.0 ESACURE(r)
ITX 2.6 I RGACURE 369 3.8 (*) The | R-absorbi ng nononer
was prepared with reference to US 5, 466, 755, exanple 1
Reactéfve Prgthane-egryeéate) mgpomganpl e28. (6cf

IR-absorbing monomer (*) 20.0
Carnauba Wax 4.0
Sodium Dodecylbenzenesulfonate 3.0
UV stabilizer (Florstab UV-1) 2.0
Colored pigment (**) 5.0
Filler (CaCQOsz) (**x¥*) 33.0
ESACURE® ITX 2.6
IRGACURE 369 3.8

(*) The IR-absorbing monomer was prepared with reference to US
5,466,755, example 1 (cf. Fig. 4, curve 1) or example 2 (cf.
Fig. 4, curve 2); the indicated monomers and the copper (II)
salt, respectively the copper (II) and the iron(II) salts were
mixed together at warm (60°C), without, however, adding a polym-

erization i1nitiator.

(**) The colored pigment was chosen according to the desired

shade, as given in example 1.

(***) The ink was adjusted to a viscosity above 5 Pa's at 40° C.

It showed good response for curing with long wavelength UV



Fig. 4, curve 2); the indicated nononers and the
copper (I1) salt, respectively the copper (Il) and the
w0 eai/06d1B) salts were m xed together at warm (BOT/BE)006/068586
wi t hout, however, adding a polymerization initiator.
(**) The col ored pignment was chosen according to the
desired shade, as given in exanple 1 . (***) e _ n was
~ _adjusted to a viscosity above 5 Pa s at 40 C . It
1igh&howed good response for curing with |ong wavel ength
UM ight . Printed docunments, such as a banknote, a
passport, a check, a voucher, an ID or
Printedndactiventear duch staappaakhaxel abebpsebort,car eeng, a
nink a ﬁgrdin to thﬁ.inyentiona as_exenmplifie knl
Voucgﬁﬁiéﬂli by "t ﬂéaals% 18Raiprés, wé?émPea i 784 bHgoS-r StC-
carrRihBt bAgihReatBkraAng sbandar dnbBhaghbho pEessempheried in
| R-absorbing ink were ei ther printed as a stand-al one
partgegyprt Pvf €atupevesr exalPépha tPVEl yeeorbPrARe@YWPERNTEING the
: t-l B [ [ 0 S a - pLO e :
B A e T
thervpsiibktedf eat ar esaod-thensasdcdodcugefitstuErkanpke 8lterna-

. ntagljo oxidative ink with additional specific IR
tivedRoBPRPLOR pEAkE CRFEHET BPEPSRCESt OREFqols CPeARBRE] SRade, €0
prodAkeddetcet tHngpabkpandnnphekerasi dnmdibfitednphenehiCvisinle

resin in a high boiling mneral oil (PKW 28/31) 25.05

featugrg onl thrkydifedpPAuPeBLALkyl phenolic resin nodified

with raw tung oil in ink solvent 6/9 (Shell I|ndustrial
Chem cal s) 16.0 Pol yethylen wax 1.5
Example 5

Intaglio oxidative ink with additional specific IR absorption

peaks (with reference to Fig. b5)

Addition product of tung o¢il and maleic acid

modified phenolic resin in a high boiling

mineral oil (PKWF 28/31) 25.05
Long o0il alkyd resin 7.5
Alkylphenolic resin modified with raw tung

01l in ink solvent 6/9 (Shell Industrial

Chemicals) 16.0
Polyethylen wax 1.5
Calcium carbonate 19.0

Dehydrated copper phosphate of the formula

Cusz (PO4) 2, obtained by heating hydrated

copper phosphate for 2 hours at 400°C in air 25.0
Hexadeca- (3-ethoxy-l-thiophenolato)-
phtalocyanato-zinc (IT) 0.15
Ink solvent 6/9 (Shell Industrial

Chemicals) 5.0



Cal ci um carbonate 19.0 Dehydrated copper phosphate of

the fornmula Cu3(PO4) 2, obtained by heating hydrated
wa@oppesoiphosphate for 2 hours at 400 OC i n ai rPCBEEP2006/068586

Hexadeca- ( 3-ethoxy-I-thiophegnol ato) -

pht al ocyanato-zinc (I1) 0.15 Ink solvent 6/9 (Shel

Industrial Chem cal s) 5.0Cobalt octoate (11% netal)

1 Nhnganese octoate (10% nmetal) 0.1 The ink was
CObaéFeﬁﬁF@étﬁs (4éscPrbéd) above. daims 1 . Ink for %tHe
Mang8BgLEved stee! (dbe RebALing process, comprising 3

pol yneric organlc er "and an infrared absorbing
mate rial, said ink having a pasty consistency with a
The whkcwabtpre@hmedahs4ae@61®beatabeast 3 Pa s ,
preferably at least 5 Pa. s , characterized in that
said infrared absorbing material conprises a
transition el ement conpound and that its infra red
absorption is a consequence of electronic transitions
within the d-shell of transition elenent atons or
ions. 2 . Ink according to claiml1l , wherein said
transition element is selected fromthe group
consisting of Ti, VvV, C, M, Fe, Co, Ni, and Cu. 3.
Ink according to claim1 or 2, wherein said
transition ele nent is an ion selected fromthe group
of ions consisting of Ti3+ , VO2+ , Cb5+ , Fe2+ , N 2+
, Co2+ , and Cu2+ . 4 . Ink according to any one of
the clains 1 to 3, wherein the infrared absorbing
materi al conprising the | R-absorbing transition
el enent ion or ions is a glass, preferably a
phosphat e- and/or fluoride-conprising glass, in which
t here



Is a coordination of the transition elenent ion or
ions to the phosphate and/or fluoride anions present
WO nooioeoigs ass. 5 . Ink according to any one of PCTEP2006/068586

claims 1 to 3 , wherein thednfrared absorbing

mat erial conprising the |IR-absorbing transition

elenent ion or ions is a crystalline conmpound, being

conposed of one or nore cations and one or nore an
Claipmss . 296 . Ink according to claim5 , wherein an

anion is selected fromthe group consisting of

phosphate (PO4 3 ), hydrogenophosphate (HPO4 2 ) |,
1. ynbpﬁosphh&eeﬁﬁraﬁﬁd4syeelnetappo$phane PPoBEBs3 Fomprising

hate Si

p8|§8EV f%sokgﬁPéﬁa ?%Fc?ﬁd a%tﬁ8%58ﬁ8 nggaorglng mate-

p@haulteaaaeﬁnkvaaagagea(pgét§ bonemete@egemﬁeﬁ viscosity
pol yvanadat es, nolybdate (M0O4 2 ), the condensed

p@ﬁ Vﬁnééaﬁ@s Pﬁn@§té?éS€V@MP2 I, Rt eorienseld least S
h éygungﬁg?%gﬁefikggrigetﬁgt)sal XhH?régéé ebfégﬁéPﬁsmaterial

r oxi according to one o
5compﬁlsemherEKanehelpnfeaemdnabsompongdnahertahti$ts infra-

sel cted fromthe grou co oungs Eon5|st|ng
coBReroePFPERPliotPde EBURST S R Ber ShoUE bRy Fubhrae: tions
(GuERH, teeppesnbydr gxi deafQuE O ) emefOPREHIMBNES ions.

2. Ink according to claim 1, wherein said transition element is
selected from the group consisting of Ti, Vv, Cr, Mn, Fe, Co,

Ni, and Cu.

3. Ink according to claim 1 or 2, wherein said transition ele-
ment is an ion selected from the group of ions consisting of

713, vo?', cr’, Fe?', Ni?', Cco?', and cu®’

4, Ink according to any one of the claims 1 to 3, wherein the
infrared absorbing material comprising the IR-absorbing
transition element ion or ions is a glass, preferably a
phosphate- and/or fluoride-comprising glass, in which there
is a coordination of the transition element ion or ions to

the phosphate and/or fluoride anions present in the glass.

5. Ink according to any one of the claims 1 to 3, wherein the
infrared absorbing material comprising the IR-absorbing
transition element ion or ions is a crystalline compound,
being composed of one or more cations and one or more ani-

ons.
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phate (Cu3 (PX)2*2H20 ) , anhydrous copper phosphate
(Cu3 (PM4)2) , the basic copper (I1) phosphates Cu2PM
w@ addyofdisbet henite) , Cu3 (PO4) (OH) 3 (Cornet PCEEP2006/068586
Cu5 (POX)3 (OH) 4 (Pseudomal@chite) , CuAl 6 (PO4)4
(OH) 8 5H20 (Turquoi se), cop per (I1) pyrophosphate
(Cu2 (P 207)*3H20 ) , anhydrous copper (I1)
pyrophosphate (Cu2 (P 207)), copper (11) metaphosphate
é&é ePC3Egyng) to Pi hm(5&)WFPH@FPd@“(ﬁ@FQH4HEC$?EeCted from

a@ﬂ¥d%98§p'5893 %EZ %289L598s£ESEé) POLXQn ﬁb&logenophosphate

phosphat e |V|an|te
i KBROGTD) phosphaﬁgh@LeFéPﬂhi ;Hm&ﬁg@h@&Qhat@ﬁﬂﬂhﬁl, poly-

SPRPearEbo(Fa 28 0 Rayar L6 “PexRR2iaerbd, PO or nbrares:

| E@Rafbty Q@ﬁbgﬁatethEeQEBdeAﬁéarpb@yt§tgﬁatb@) 7anadate
nlckeJ (1'1) phosphate (Ni 3 (POQ4) 2*8FQC)£M titani um,
(IVP) et ApRospRaeasER pPP3puadehore TPOFPIeappG00:"), the

(éﬁﬁeghESE 80?29ak§5§t%QC”}EnPSQX@Q”?WthB 'mﬁe cbﬂﬁensed

according t one of fhe cfains 1
tpelynﬁngsedtabsofbungldateFlnj @xud&1®¢6absodbhygrox1de (OH™
t$an5|t|on 30el ement atom or ion bound to a conponent

of "the polyner binder of the ink. 9 . Ink according to
claim8 , wherein the polyner binder of the ink

contains specific binding sites for transition el enent

|éﬁ§ a@ﬁ@f@ﬁagl90f©ﬁeCBQ+Claaﬁ§/6rOfoﬁ FeRereinothenknfrared

BQBEBFQgtBa%E?H |cﬁ !@?é8£3d3§kg kgg!ﬁ?oﬁbt8§ Bbfipounds

osp e~groups are cross-
grahteédtontyooa pobyaer ma¢kbmnerlaé (tnk,)accarsmbany Hpdroxy-
aniaone of the cl ains wherein the infrared

PG HarEFiar FBPRRE| RYSbebrBr i EshE B Gromper phos-
5ABSLL (B0, BhE/TEALHAS PIM Hn Fb@ kAol Nl Gk S 8o

cont ai ne
(Cus (PO4)2), the basic copper(II) phosphates Cu,P0O, (CH)
(Libethenite), Cus(P0O4) (OH)z (Cornetite), Cus(POs)s(0OH)4
(Pseudomalachite), Cullg(PO4)4(0OH)g-5H,0 (Turquoise), cop-
per (IT) pyrophosphate (Cuj;(P,07)*3H;0), anhydrous copper (II)
pyrophosphate (Cu,(P,07)), copper (II) metaphosphate
(Cus (P309)2), iron(II) fluoride (FeF.*4H.0), anhydrous
iron(II) fluoride (FeF,), iron(II) phosphate (Fes3(PO4).*8H0,
Vivianite), lithium iron(II) phosphate (LiFePOQ,,
Triphylite), sodium iron(II) phosphate (NaFePO4, Maricite}),
iron(II) silicates (Fe;Si04, Fayalite; FeiMg,4xSi04, Olivine),
iron(II) carbonate (FeCOs, Ankerite, Siderite); nickel (II)
phosphate (Ni;(PO4),*8H,0), titanium(III) metaphosphate
(T1i(P305) ), CaFe(PO4).*4H,0, (Anapaite), and MgFe (PO4)F

(Wagnerite) .

Ink according to any one of the claims 1 to 3, wherein the

infrared absorbing material is an IR-absorbing transition
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10.

11.

12.

13.

14.

in the polynmer, preferably an organic thioruea-copper
(I'l) conplex dissolved in the binder. 12. Ink

w@emaonailiag to one of the preceding clains, wWheP€l/BP10h&068586

| R-absorbing material has aClE (1976) diffuse

refl ectance Iightness (L*) val ue higher than 70,
preferably higher than 80, as neasured on the neat
powder. 13. Ink according to one of the preceding
cPAPRBIEWAEPB ATt heN| ROUBSoFBi AgCRBPERFAF €6ntAPnEOLlymer
| B; ahsor Ricngptrapnsition el e nent atons or ions at a
concentration of 10% or nore, pref erably 20% or nore,
and even nore preferably 40% or nore, by weight . 14.

| nk di.ng t f th di | ai
o FePRE A R s, DR na SPRRFSTN BTBoRELREFS: PhAdPR Of the
t hekr angeafihemspet 01 F0HG npi ahesabky (0% t0ab0% i8ME€Blement

nor e preferabléa2096to 50% by wei ght of the ink.

31985, | RKSAEBPAINGOFoCEl ai MY OLc st iFSi ng an

addi ti onal | Rabsorber, wherein said additiona

| R-absorber is an organic conpound. 16. |Ink according

t onkl acopi8inghevechasai €, addetreonakali&bsodbey sites are
di spl ays. a narrower | R-absorption peak than the
CPERSPlRGE AEPLRChHRCOn REBnCbPRPRY APlr ChFO/ 19T grafted
Praeess phipmaufagturbng.an ink for engraved steel die
printing according to any one of the clainms 1 to 16,

comprising the step of incorporating an infrared

a?ﬁQrQ&ggrazkgrké' SgnBéésg@gtﬁ?FE?Q§h£'9”t8'§”ewherein the

conpound, oSe Infrared absorption is a consequence

of nékeetdonbeorbangi hheasiwnit hsnahherRdabhekbinf samfdlex of a

transition el ement atons or ions, into a polyneric or ,
transition element atom or ion and a binding site contained
in the polymer, preferably an organic thioruea-copper (II)

complex dissolved in the binder.

Ink according to one of the preceding claims, wherein the
IR-absorbing material has a CIE (1976) diffuse reflectance
lightness (L*) wvalue higher than 70, preferably higher than

80, as measured on the neat powder.

Ink according to one of the preceding claims, wherein the
IR-absorbing material contains IR-absorbing transition ele-
ment atoms or ions at a concentration of 10% or more, pref-
erably 20% or more, and even more preferably 40% or more, by

weilght.

Ink according to one of the preceding claims comprising IR-
absorbing material in a concentration in the range from 5%
to 70%, preferably 10% to 50%, even more preferably 20% to
50%, by weight of the ink.

31



15.

le.

17.

18.

19.

20.

gani ¢ binder, together with optional further
materials. 18. Use of an ink for the engraved stee

wale@7p60188 | ng process according to any one of PEEEP2006/068586

clains 1 to 16 for the prinigng of a security

docunent, such as a banknote, a passport, a check, a
voucher, an ID- or transaction card, a stanp, a tax

| abel . 19. Security_document, such as a banknote, a
pé@Ep@FForﬁlEHeER Céa%@uéﬁerCOQHIFE#naraﬂréﬁ§éE%P6ﬁl IR-

Cgﬁgor9e§taﬂﬂerélhaéahabghdlEméﬁggt?RLéEgokBeEh§E %g organic

carries an | R-absorbing 1nk accord ing to one of
preveding. clalns 20. Security document according to
claim19, characterized in that it carries at |east
two | R-absorbing inks according to one of the

precedipgraebagnmse whergi nssaiydebRiabser Bi BEdi Bksnal IR-
differ in their levels of IR absorption. 3221.
SeREPFPYTdeeEReAY SaecBPEF AYStolBIraPAPIDE 1ear PyRfigthan the

'B?Qﬁgﬁpkg?f Bk, RrHaLed Tﬁth§BEFEB§QRBEeBEQHe havi ng

zones 0 erent engravi ng such as to result
in printed zones of different |evels of |IR-absorption

. Securit d ment accordi to one of clains.1
L Baee SRt blnt S TR el SR e h B e SR ahety BFEE i

CQB&ﬁtﬂhaga@BogﬁgﬁalEo|8n9b§ﬁéb8E tB3. cProR8sSs eb 16, com-
manufacturing a security docunment according to any one

t Reiefapnshegster2ef conprising the step of applying

a g.ln g I

20 BP0 DSl AEERL, 98,50, 908 AELLDRP! BLfBcdins o
eﬁgaavEdlsheeﬂedeatpbbmpbngdprmhess 183rared absorptlon is a
consequence of electronic transitions within the d-shell of
sald transition element atoms or ions, into a polymeric or-

ganic binder, together with optional further materials.

Use of an ink for the engraved steel die printing process
according to any one of the claims 1 to 16 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 tax

label.

Security document, such as a banknote, a passport, a check,
a voucher, an ID- or transaction card, a stamp, a tax label,
characterized in that it carries an IR-absorbing ink accord-

ing to one of the preceding claims.

Security document according to claim 19, characterized in
that it carries at least two IR-absorbing inks according to
one of the preceding claims, wherein said IR-absorbing inks

differ in their levels of IR-absorption.

32



21.

22.

23.

WO 2007/060133 PCT/EP2006/068586

33

Security document according to claim 19, carrying an IR-
absorbing ink printed with an Intaglio plate having zones of
different engraving depth, such as to result in printed

zones of different levels of IR-absorption.

Security document according to one of claims 19 to 21, car-
rying at least one further IR-absorbing ink containing an

organic IR-absorber.

Process of manufacturing a security document according to
any one the claims 19 to 21, comprising the step of applying
an IR-absorbing ink according to one of the claims 1 to 16
onto said security document by means of an engraved steel

die printing process.
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