WO 03/ 044102 PCT/ EPO2/ 12041 1 Pignented ink conposition Field of
invention The invention is in the field of inks preferably inks for the
cont i nuouwoik44ier printing. It concerns in particul ar pi gceEmprezi203ecurity
ink-jet ink formulations, containing inorganic |umnescent pignments, which
are easy to put into honogeneous disparsion condition (i.e. which have a
good redispersibility) wupon startup of the printing equi pnment, which
remai n  honogeneously dispersed during printing operation, which avoid
obstruction (clogging) of the printer nozzles, and which furthernore
resul t piymprudEedidieaidnmssidfiaxcel | ent contrast, adherence, as well as
resi stance agarnst li1ght, humdity, bleach and other adverse environnental
i nfl uences. Background of the invention In the techni que of

contin d e I 8lvdHd 84 ng, such as first described in US 3,369,252, a
streamo lquid 1nk 1s subdivided into a sequence of small droplets by a
pi ezoel ectric resonator, vibrating at a frequency of the order of 50 kHz
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upon startup of the printing equipment, which remain

homogeneously dispersed during printing operation, which avoid
obstruction (clogging) of the printer nozzles, and which
furthermore result in printed features of excellent contrast,
adherence, as well as resistance against light, humidity, bleach

and other adverse environmental influences.

Background of the invention

In the technique of continuous-ink-jet printing, such as first
described in US 3,369,252, a stream of liquid ink is subdivided
into a sequence of small droplets by a piezoelectric resonator,
vibrating at a frequency of the order of 50 kHz or more. The
droplets are projected out of a nozzle towards the substrate.
The electric potential against ground of said nozzle, and thus
the electric charge of the resulting ink droplets, is controlled
by an addressing electrode. Two deflector electrodes, arranged
along the projection path of said ink droplets, are held on
predefined, constant electric potentials. They deflect the ink
droplets according to their electric charge and make them impact
on different locations on the substrate. By applying a
corresponding electric pulse of appropriate voltage and duration

to the addressing electrode, a single ink droplet can be



to the addressing el ectrode, a single ink droplet can be WO 03/044102

PCT/ EPO2/ 12041 2 addressed and directed to a specific location on the
substr at ewo oB44ibe absence of an addressing voltage, the mcajrPor/em4i nk
droplets are collected by a small collecting funnel, fromwhere they are
recycled to an ink reservoir. Refinenents to the described printing nethod
and equipnent include the use of uncharged or slightly opposite charged
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Inks for the continuous-ink-jet printing are normally of the
soluble-dye type, in order to provide for the necessary
homogeneity, and thus, an easy runnability on the printing
machine. The inks may furthermore be formulated as solvent-based
or water-based liquids. The later option is increasingly
preferred, due to the ever growing environmental restrictions
which apply to the use of organic solvents. However, printings
made with such inks lack in general resistance against
environmental influence, and they are also affected by solvents
and/or water. Waterfast inks in particular are highly desirable

for the production of permanent indicia or images.

Pigmented inks for the continuous-ink-jet printing are known in
the art and first described in US 4,365,035. More recent
publications include EP 751,194 and EP 853,106. Particular
technical problems arise from the heterogeneous nature of the
ink, which must be solved through the use of particular
dispersing additives, and, principally, through a continuous

stirring and circulating of the ink during printing operation.
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during printing operation. WO 03/044102 PCT/ EPO2/ 12041 3 Pignent particles
for ink-jet printing are preferably smaller than 1 mcroneter, nore
preferably even smaller than 300 nanoneters. However, the presence of sone
particles as |ar as 5 m.cr.oneters can . he taolerated in.an ink-j.et
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pi gnent” between printing operations, include t foll om ng approaches: In
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Al t er ndthey @sintaine ngg%hfdsati on of the ink in the systemat regular
frequency has al so been successfully used to maintain the ink in an
appropriate state of dispersion. Such a system is currently exploited in
t he OPAQUIE{IOM NOIGItE gors ideemsaintain the pigmented ink dispersed

during printing operation, and to prevent hard settling of the
pigment between printing operations, include the following

approaches:

e In US 6,062,682 the ink cartridge is moved along a carrier
shaft such as to stir the pigment, and in US 5,451,987 the
ink- and recovery-reservoirs are equipped with means, such as

a magnetic stirrer, for agitating the ink.

e US 5,650,802 suggests the use of a vibrating piezo element to
prevent the pigment suspension from settling outside the
printing periods.

e Alternatively, a re-circulation of the ink in the system at
regular frequency has also been successfully used to maintain
the ink in an appropriate state of dispersion. Such a system

is currently exploited in the OPAQUE DOMINO CIJ printers.

In the field of security printing, it would be highly desirable
to have available ink-jet inks which resist to the influence of
light and to commonly available chemical agents, such as
household bleach or solvents of the most various kind. Such inks
could noteworthy serve for the rapid and reliable on-line
numbering of security documents, such as banknotes, identity

documents, lottery tickets, warranty labels and the like.
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of the particles, and thus the influence of the surface defects

responsible for luminescence quenching, becomes too important,

resulting in a strong drop of the luminescence quantum yield.

The addition, to a continuous ink jet ink, of inorganic
luminescents of said mentioned types noteworthy presents a
couple of particular problems, which are due to the relatively
high specific weight of said inorganic compounds, as compared to
that of the printing liquid, to the required pigment size, as
well as to the very low viscosity of the printing fluid. This
results in a strongly increased tendency of the pigment to
sediment, forming furthermore relatively dense deposits which
are difficult to redisperse. After a stop and restart of the
printing operations, not all pigment is thus necessarily
redispersed; some of it remaining settled in the corners of the
ink reservoir. Moreover, hard sedimentation of the inorganic
pigment, when occurring between printing operations or during
prolonged storage periods, is very difficult to redisperse and
requires high shear mixing forces to put the pigment back into

suspension.
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The shortcomings of the inks according to the prior art are

avoided by using an ink composition of the present invention.

The inventors surprisingly found that a partial flocculation
(destabilization) of the ink suspension turned out to be
beneficial to its overall properties. The redispersion of a
partially flocculatéd ink suspension turned out to be
significantly improved, without perturbing the print-ability of

the ink.

The printing ink composition comprises at least one solvent, a
binder system, optional defoaming, humectant and conductivity
control agents, and at least one pigment; the composition being
characterized in that it additionally comprises at least one
flocculating agent, which flocculating agent is capable of
forming a re-dispersible sediment of said pigment in said

composition.

The solvent is preferably selected from the group comprising
water, alcohols (such as methanol, ethanol, etc.), ketones (such

as acetone, methyl-ethyl-ketone, etc.) and esters (such as
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copol ynseorlsubl leye | nr?/l blecrl'?las vinylpyrrolidone polymers and
copolymers, water soluble polyesters, salts of acrylic and
maleic anhydride polymers and copolymers, polyvinyl alcohol,
cellulose derivatives, polyethyleneimides, etc., or from the

group of film forming emulsions of fine polymer particles (<1

pm) , e.g. latex polymers of the various kinds known in the art.

For solvent especially organic solvent based systems, solvent
soluble thermoplastic resins are preferred, such as acrylic
resins, e.g. poly (methylmethacrylate), vinylic resins, e.g.
vinyl acetate / vinyl chloride copolymers, polyvinylbutyral
resins, cellulose resins, e.g. nitrocellulose, acetylcellulose
etc., polyurethane resins, polyester resins, or polyamine
resins. Alternatively phenolic and epoxy resins can be used as

well.

Depending on the mole weight (My) of the binder resin, different
amounts of resin are incorporated into the inkjet ink
formulation, in order to reach a viscosity in the range of
between 2 and 10 mPa.s (at 25°C), preferably of between 3 and 7
mPa.s (at 25°C). Preferable amounts of binder lie between 0.5
and 20 % and more preferably between 2 % and 15 % by weight of
the ink’s total weight.
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agent iest@ddest tmoixtherdankhereof. Preferably inorganic luminescent
pigments are selected, chosen from the class of activator-doped
crystalline solid-state compounds, such as activator-doped zinc
sulfides, oxysulfides, vanadates, fluorides, oxides and

oxyfluorides of yttrium and the rare-earths, or mixtures

thereof.

In order to stabilize or disperse the pigment in the ink
composition preferably a dispersing agent is added to the ink
composition. This dispersing agent allows to distribute the
pigments homogeneously throughout the ink composition and
further helps to ensure a continuous good printability of the

ink composition, even after a prolonged storage period.

By adding an appropriate amount of a flocculating agent to a
pigmented ink-jet ink, a partial destabilisation of the printing
fluid suspension was obtained, through a reversible, controlled,
weak flocculation of the pigment. Said partial destabilisation
resulted on one hand in a faster settling of the pigment, but on
the other hand yielded a much softer sediment, which was very
easily redispersed upon the application of a small mechanical
movement (stirring or shaking). In particular, sedimented inks
could be completely redispersed using a simple magnetic stirrer

at 200 rpm for a duration of two minutes.
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included within the applicatijon, The "controlle rfkggculqtion" i s _thus

descr i (60 5 WIS ittt At oiqhd echnischen Chemie” (Vol. 11,
p. 581-586, 4™ edition, 1976) and the content of these

definitions is included within the application. The “controlled
flocculation” is thus described as a slow sedimentation of the
suspended particles, preventing the creation of densly packed
and difficult to redisperse sediments. “Controlled flocculating
agents” are thus chemical compounds which, upon addition to a
suspension, allow to obtain a “soft sediment”. The resulting
flocculated product is generally redispersible, but it
flocculates again upon removal of the agitation. This is due to
the ease of formation and breaking of the chemical hydrogen
bonds, coordination bonds, or Van-der-Waals forces, which are
associating the flocculated particles. A flocculating agent as
used according to the invention is selected from these types of
“controlled” flocculating agents which are capable of forming

redispersable “soft” sediments in such a way as described above.

Provided that the amount of flocculating agent is properly dosed
as a function of pigment nature, amount and particle size, the
extent of flocculation can be adjusted to fall between the two

non-workable extremes, as found by our experimental work
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floccul ating agent used in a conposition according to the invention is
dependent on the specific

The selection of the flocculating agent used in a composition
according to the invention is dependent on the specific
properties of the solvent, the binder system or further required
compounds of the composition, thus the flocculating agent or its
interactions with the components has to be “compatible” with
these components of the ink composition; a person skilled in the

art will be able to make the correct selection.

For water based liquids, flocculating agents (flocculents) can

be of two types:

i) inorganic flocculating agents comprising inorganic salts,
especially salts of aluminum, calcium or iron(III) cations,
for example aluminum sulfate or iron(III) chloride, calcium
chloride, etc.. These cations hydrolyze to form inorganic
hydroxy-polymers at the pH value of the solution. The fine
particles, suspended in the liquid containing the
flocculent, chemically bind to the hydrolyzed metal salt
via the action of hydrogen bridges; i.e. the particles get
covered with a thin layer of metal hydroxide. It is the
interaction between the so coated surfaces of the
particles, which makes them associate, forming larger

aggregates which eventually precipitate.



properties of the solvent, the binder systemor further required conpounds
of the conposition, thus the flocculating agent or its interactions with

t he conpowenBm®441as to be "conpatible” with these conponemC3/EPD2/120¢1 i nk
conposition; a person skilled in the art will be able to nmake the correct
sel ection. For water based liquids, flogcul ati ng agents (floccul ents) can
be of two types: i) i norgani c floccul ating agent S conprising inorganic

salts, speci al l.y f_.al um_nu C n ti ons, for
exanpl &% ‘él u RSt sulsﬁ ugr""tlrnéln(‘—"ﬁ r%ts ﬂ n{rp aIO%lg(t?rﬂ ciﬂ(ﬁrymc? etc. .
These cat i ons Ay ytZﬁldtCidchJ'lmngw;%mmcmﬂifeO)a%-l[a)lthﬁrrﬁ:e&Tad&@M val ue
of the solution. The fine particles, suspended in the |iqui d cant ai ni ng

the flocculadHt, Jd’fﬁierﬁcteﬂh%/ PR G ey adhiFdE smetlhie Qecwiag itRe
action of h%&ﬁﬁgﬁr OXI Q:She sa‘?ne the 19?-rttHeC|c%%eg%tf h%/@%l%l\ﬁgt e Z1hi n

| ayer of net : Is the 1interaction between the so coated
sur faces of aahle:s péb{amyl% qmlmhmioésmtdx@maa%@rgla/ta@ryfl@rtmsng | ar ger

aggr egat es h .event ual Ci ate. 044102 P02/1 41 10
ii) organi Cv}\/?y[ C]G’izaet b 12%3(5% g‘a\{r@r‘f{ﬁ’l HHY S &&?&ﬁ%aﬁﬁ pol%?ﬁ-é’fp i*ng
functi onal ﬁm;ﬂf&a&@sﬁ (e il0H18Y)aC tpoliytifhi riad lquw&etx@lltﬂé@ surface

of the parti cI es. The flocculation mnechanismis the sanme as in the case of
hydr ol yzi ng RfdtAmings t§atE>@ém§?l)es R§FL Yarel 1sdlideer @oarieonisl)ya@bA -at es,

hydrol yzed polya g&@l%nsd £ Ry m‘a‘og}ﬁi%ataw@ Pl int@%an

pol yphosphonates (ani onic y| m nes, quaternize yam nes at| oni c),
pol yacryl amge dnpdriyed d)g eefhance the flocculation effect

For organic-solvent based liquids, the controlled flocculating
agents are principally but not exclusively of polymeric nature.
They bind to the particles and act by building "bridges" between
single pigment particles through remaining free chemical
functional groups, resulting in a three-dimensional network
implying said particles. Examples of such polymers are
polycarboxylic acids or salts of polycarboxylic acids,
alkylammonium salts of polycarboxylic acids, polyamines or salts
of polyamines, polycarboxylic acid salts of a polyamine amide,
polyamides, alkylolammonium salts of an unsaturated fatty acid,
low molecular weight unsaturated polycarboxylic acid polyesters,
carboxylic acids or phosphonic acids having formula R;PO;(R3)»
(with Ry = H, alkyl; R, = H, alkyl or aryl) and their salts, etc.

or mixtures thereof.

Controlled flocculating agents are also known as stabilizing
additives for solvent-based paint systems. Such systems are
generally high in pigment content, i.e. they have a solid
content of the order of 30% by weight. Addition of said
stabilizing additives leads to a controlled flocculation of the
solids, i.e. “bridges” are formed between the single suspended

pigment particles, causing an “airy” 3-dimensional structure to



Combi nations of anionic and cationic flocculents can also be enployed to
enhance the floccul ation effect. For organic-solvent based |iquids, the
cont rol | ewofiBoewot ati ng agents are principally but not ercrEPovedoyl of
polymeric nature. They bind to the particles and act by building "bridges”
between single pignent particles through remaining free chem ca

functional groups, resulting in a three-di nensional network inplying said

particles. .Exanpl.es .of_such pol ynmers . are l.ycar | i ¢ .aci. salts of
pol ycarBOGHRy AR féﬁ@l 5 R sal sy% g‘f%oeolo?ggr SOX qucl%;c%r@sl,n%s

pol yanigies idfecd altrioud dwlaaimas.eddiyeardieaidre acithe dilgmedft @how

pol yam ne am de, polyam des, al kyl ol ammonium salts of an unsaturated fatty
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H, al kyl; their salts,” etc. or mxtures
t her eofsedGomtrrta t iexh firoothd atbsepagett $har & lalcm llatdwy agyesttabilln zi ng

addi tives f.or solvent-hased paint systens. Such syste ar eneral ly high
bl QR Gt BY IO RR S Ralhe ST e LARGRIGT S0 by
wei ght .pAddidil it Ofosaigh e St |drd i addivniey @ 1t@rdpding cedt rol | ed
flocculation of the solids, i.e. "bridges" are fornmed between the single

suspendéd®odiingherftl qdrinel eettdding mgdragging o dihfedsimeat $eucture to
WO OBIQ##%%%ﬁggéégﬁgég 41 11 develop, which fills up the entire vol une

of the obt ai ned t hrough so controlled floccul ati on of the
pi gmrent show marked thixotropy and a | ess conpact specific weight of the
fl OCCUlT%’;[eedlnqcr EE\:Coi piots(’j‘itteiotnhac":tncc":[ohraginrgestbcI)I ttihneg ifnrvoerpltni%rne aing rlgeentapplied
for printing methods which use liquid inks. Such liquid printing
inks used may be for example drop-on-demand inks, gravure inks,
helio-flexo inks, screen-printing inks, ink-jet inks etc..
Preferably a composition according to the invention may be used

for ink-jet printing applications.

Coating additives to achieve controlled flocculation are known
to the skilled in the art and are commercially available. In
particular, the “Anti-Terra®’ and “Bykumen®” products of BYK
Chemie GmbH, Wesel, Germany are well known stabilizing agents
which are recommended for solvent based paint system. They act
precisely as controlled flocculating agents which stabilize the
pigment dispersion by forming a loose 3-dimensional network
between the individual pigment particles. Noteworthy, Anti-
Terra®-203 is a solution of an alkyl-ammonium salt of a
polycarboxylic acid; Anti-Terra®-204/205 are solutions of a
polycarboxylic acid salt of polyamine amides; Anti-Terra®-206 is
a solution of an alkylolammonium salt of an unsaturated fatty
acid; and Bykumen® is a solution of a lower molecular weight
unsaturated acidic polycarboxylic acid polyester. Similar
products are also available from other suppliers (for example

EFKA, the 5xxx range of products).



sedinmentation in the absence of the flocculating agent. In particular, by
choosi ng appropriate conditions, the flocculated precipitate occupies the
entire voworms/oefiort he paint, and flooding floating, settliPpeg/ERozii®aggi ng of
the pignent are conpletely avoided. The ink conposition according to the
invention can be applied for printingigethods which use liquid inks. Such
liquid printing inks used nay be for exanpl e drop-on-demand inks, gravure
inks, helio-flexo inks, screen-printing inks, ink-jet inks etc..
Preferably a conposition according to the invention may be used for

i nk-j etrrardintling appld<aidians .« Coattang 1addt iares ke jachiieme igont rol | ed
floccul ation are known to the skilled in the art and are commercially
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are al sxrcweaid.able fromother suppliers (for exanple EFKA, the 5xxx range
of products). WD 03/044102 PCT/ EPO2/ 12041 12
Surprisingly, we found that the Anti-Terra® flocculated pigment
formed a soft sediment, which was easy to redisperse, and which
could be printed after redispersion without any clogging of the
printer nozzles. To all evidence, the admixture of such
additives to pigmented ink-jet inks acted upon the suspension of
solids in a very similar way as in paints by forming reversible
three-dimensional agglomerates. Contrary to what happens in
paints, the three-dimensional agglomerate formed from pigmented
ink-jet inks has not a sufficient volume to occupy on one hand
the whole space of the liquid; thus, precipitation is observed.
On the other hand, surprisingly, the sediment formed in such a
way is by far not as compact as the sediment formed in the
absence of said flocculating additive; the flocculated sediment
remains redispersible, and the redispersed liquid remains ink-

jet printable.

The concentration of the flocculating agent must be chosen such
as to properly interact with the available particle surface.
Useful concentrations are in the range of 0.01 to 20 % of the
inorganic pigment weight depending on the nature and the mole
weight of the flocculent, on the polarity of the solvent in the

fluid, as well as on the available particle surface. A too low



Initially it was tried to "stabilize" an ink-jet ink in a simlar way as
the one recomended for stabilizing paints. However, because the solid
content oWOan/ou4ikzjet ink is only of the order of 3% of tPhe/EHPIKS208Dt al
wei ght, e.g. about ten tinmes |less than the solid content of a paint, the
addition of Anti- Terra(r) to the suspemsion of pignments did not result in
preventing pignment settling, as it was first expected, but, in contrary,

it was strongly accele i ng t-he .pi gnent . set.tlin rocess. Surprisingly,
we T ourP RS FhdT TATE N e A od gigheitl & re® a sof
sedi mentnsyHE il MRS RAFYME- LIS PEIHES paditd AisC i reC H16, RRirprivnt ed af ter

redi spersion w thout any clogging of the printer nozzles. To all _evidence,
t he adrAodered ofi tdudi agiikentes tt@DilgEh CORGeEGadtl ik ¢V iddt &@Sypén ithe

suspens] Abed £ 1R i dihd A Bl 08Y ASddbRA Hrdddllm N9
rever si bl t hree-di nensi onal aggl onerates. Contrary to what ehappens in
pai nt s,axtdel dhiree evidi aternss aairal t @gyivemereat e dcomted f redrigqutgnent ed 1 nk-j et

i nks has not a sufficient volunme to occupy on one hand the whole space of
the liquid; thus, precipitation is observed. On the other hand,

sur pri shidiner t hRisiedidmt daigmehdd 1Sikeh cﬁ_sgéﬂ:}éiir@ Riydrtfs N@fucds agonmpact
as the sedinent fornmed in the absence of said flocculating additive; the
f | occulRidsetiamt, GasHaien AMbdiZapiditbled c -And defeamadiss peusdd alsi qui d

remai nSyJk-~4£t, pri €..+1h 1Cent rat i .qf fl | at | agent
nmust bZB?c osoejnzes%l%talgp%oolsﬁr’ogaer yco:azrr%lt e( é% vﬁcitoh)gatr}%g ’a\?lg‘ll é:baélrll"%arti cle
sur f ace(sudis efaulgloadent rtyraarils agtehdrs,t e reanhyd -@fy &l dome? 0 e¥caf) ,t he

i norgani ¢ pi gnent wei ght dependi ng on the nature and the nole weight of
the 71 GIRUSHLVIGY (Tl B 1GSE OIS ShISTeri® ffiNche otrapucyl
ammonium chloride, sodium p-toluensulfonate, etc. ),
plasticisers (e.g. citroflex, phtalates, etc.), adhesion
promoters (silanes, titanium organates, etc.) and biocides, can

be added to the ink-jet ink composition.
Exemplary embodiments

A first embodiment of the invention concerns an ink-jet ink
comprising an erbium/ytterbium activated up-converting yttrium
oxysulfide luminescent of the formula Y,0,S:Exr,Yb. The
luminescent product has a mean particle size of the order of one
micrometer. The ink comprises further a polymeric thermoplastic
binder (Polyvinylbutyral resin) dissolved in a solvent
(Ethanol), a surfactant to support the dispersion of the
pigment, a salt to ensure electrical conductivity of the ink, a
humectant to prevent printer nozzle clogging and the controlled
flocculating agent Anti-Terra®-204 (or EFKA 5054). Good
printability and good redisperseability were obtained for this

embodiment .

A good redisperseability of the pigmented continuous-ink-jet

printing ink can also be obtained, according to the present



fluid, as well as on the available particle surface. A too | ow WD 03/044102
PCT/ EPO2/ 12041 13 concentration of flocculating agent will result in an

i nsuf fi ciwoto3aggboneration (the particles are only partlyPCE@®mper/ed4ivi t h
flocculent); too high concentrations will result in a good floccul ation
effect, but wth excessive flocculent javail able which | eads to unwant ed
secondary effects. Further, additional conpounds |ike dispersing agents
(such as ristic acid, Gantrez AN, Zephry tc. ). defoaners (such as
BV 1) PSS e S TR 2 6o oy S St s St ieuch as
gl ycol ssprllyia®) sief heinss gy imeiiplle @A radntdend.ecetfddcculemidict i vity agent
(el ectrolytes such as Li NGB, tetrabutyl ammonium chloride, sodium

p-tol uensul fonate, etc. ), plasticisers (e.g. citroflex, phtalates, etc.),

adhesi t&ﬁcﬁc Sl it anj [GARRL LS, and -hi-oci ges, can
be addgg Stéé)%t}ﬁg In -Cflﬁéﬁ?ﬁcoér#p%?iq{tﬁrﬁcg&enpl arrﬁ%b%d‘??rg %Ist %n%ler st
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erbium ytterhiu activatle ) -)co ver.ti n%t ttrium_ oxysulf.ide | goraescent of
The. § oI/ A e VIH EFHAE | RATEishm, TPOH FO e T HarClal e i ze
of the riefetdfrPnNert MIEOMREPri e d K HRITYANESD ifddher a pol yneric
t hernopl astic binder (Polyvinylbutyral resin) dissolved in_a solvent -
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redi sperseability were obtained far this
pA.lternati ely, reversi(ae éﬁocculation could also be induced by
the addition of sodium hydroxyde, FeCls; or by the use of a
flocculating agent acting on the electrostatic stability of the
suspension (ZetaG). The resulting meta-stable suspension is
partially sedimented (soft sedimentation) over 24 hours but is
readily redispersed upon the application of a small mechanical
movement . Moreover the printability and luminescence signal of
the prints are not affected by the addition of the

"flocculating" agent.

A good redispersability of the pigmented continuous-ink-jet
printing ink can also be obtained, according to the present
invention, by providing the pigment in two different states;
part of the pigment having a soft sedimentation behavior
(controlled weak flocculation), and part of the pigment having a
harder sedimentation behavior. The mixture of the two types of
suspension results in a fractional sedimentation effect as can

be seen in the third embodiment.

A third embodiment of the invention concerns thus an ink-jet ink
formulation comprising an erbium/ytterbium activated up-
converting yttrium oxysulfide luminescent of the formula

Y,0,S:Er,¥b. The luminescent product has a mean particle size



enbodi ment. A good redisperseability of the pignented continuous-ink-jet
printing ink can al so be obtained, according to the present WO 03/044102
PCT/ EPO2/WP®4/0441021 i nvention for an aqueous suspensi on of PCREPIIIOgANI C
pigment, applying the sane principle of controlled flocculation. A second
enbodi nent of the invention concerns amsink-jet ink conprising a
down-converting | um nescent pignment (a copper- activated zinc sul phide),

having a nean partji.cle size of..30 ters, Jt al .CONpri ses a
di sper sant Mt ncgféer ”(lpcoﬁ%eatrebo'xyq}fecOffcglﬁgﬁgaomg'lou msas':L A% )C%énrs?gflv\slarge)ra as the

sol ventpoThhterid alHerndisipaitsionr«nid d diesgawesdsiibl y fdodseidtat ed upon the
addition of a polyneric flocculating agent of the said types.
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acting on't ectrostati ¢ stability of the suspension (Zeta@. The
resul ticandmtta-sitablef suspeimdd o iumgydraritaltioy pyediemgntredi ritsof nozzle

sedi mentati on) ove 4 hour.s t 1s., readily redispersed . up th
oDl |t TE T FrEhae Al SR Aot eHd BTHRAR 119, and
| um nesgrEce £ Hwditofved he prints are not affected by the addition of the

"floccul ati ng" agent. A good redispersability of the pignented
continuous-ink-jet printing ink can also be obtained, according to the

Presentaq i QMENTHAD Y OV NG I8 PlgirRNt eajhrfi% 4 fxftero%”lttlh%t ates; part

of the pignent having a soft “sedi mentation ‘behavi or control l'ed weak

f | occulm@itgreem)t, sarsbgraritorof (filhelpirgners fadmyg ad echdnyd ers isgdiamgatlatrieon c

behaViquoggh ggf%é”é%égttggaéﬁg)éf§¥¥%éﬁprocess. The obtained
suspension (fluid A) is then added to a second part of the
pigment suspension (fluid B), which is free of flocculating
agent, and mixed thoroughly, to result in a printing liquid
exhibiting a differential sedimentation effect. The weight ratio
of the flocculated suspension (fluid A) to the non flocculated
suspension (fluid B) can vary between 0.4 to 2.5 in the overall

formulation.

Therefore if the hard sedimentation of the non flocculated part
of the pigment occurs later in time than the soft sedimentation
of the flocculated part of the pigment, the whole sediment can
be very easily redispersed. This is because its bottom consists
of “soft sediment” which is easy to redisperse and which takes
as well the overlayer of hard sediment into dispersion.
Moreover, the printability of the ink is not affected by the
presence of the partially flocculated pigment; as soon as the
ink is stirred and circulated, the flocculated agglomerates

break up again into individual particles.

The pigment used as a redispersion help must not necessarily be
of the same type as the luminescent security pigment, as shown

in the next embodiment:



suspension results in a fractional sedinentation effect as can be seen in
the third enbodinment. A third enbodi nrent of the invention concerns thus an
i nk-jet iwko3bonnul ati on conprising an erbiunifytterbi um a®CIERVELRUP-
converting yttrium oxysulfide |um nescent of the formula Y202S: Er, Yb. The
| um nescent product has a nmean particl essize WO 03/ 044102 PCT/ EP02/ 12041
15 around one mcroneter. The fornul ation al so conprises a polyneric

t hernopl astic resin, dissolved in a solvent (Ethanol/Methyl-Ethyl -Ketone,
MEK), a surfactant to support the dispersion of the pignent, a salt to
ensur e zel feplrdle admbEDinthiad 10 toheofinventindg coriuerect ant itrck pregvenik pri nt er
nozzle clogging and the controlled floccul ati ng agent, Anti-Terra(r) (or
EFKA) SRt iR SsN @WX%?W“E R T VAt S R RTRE & 10 i t of
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floccul ating agent in the mlling process. The obtai ned suspension (fluid
A) is thierstaduiagingt avlsiedorithpar tmezn theert igilgnmsitzes @spamsd eme(f | uid B),

which is, free of flocculati agent, .and,.m xed tharoug . result in a
it M-I T e (7 o R i e arhedt o SHbd “The wel ght
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suspension (fluid B) can vary between 0.4 to 2.5 in the overall
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r edi spertsedinkihiBhe ssdmpalgei gnientbats emdonsicsinyerting luminescent (a
copper-activated zinc sulfide), having a mean particle size of
300 nanometers, which is dispersed in fluid B. Fluid B also
comprises a polymeric binder (vinyl chloride copolymer), a

solvent (MEK), a surfactant to disperse the pigment, a humectant

(Dowanol DPM), a salt and a controlled flocculating agent.

By mixing fluid A and fluid B, in proportions A:B varying
between 0.4 and 2.5 of weight ratio a printing liquid is
obtained, exhibiting a differential sedimentation effect,
producing a bottom layer of soft sediment, covered by a layer of
hard sediment. The whole sediment is easily redispersed.
Moreover this printing fluid has both, good printability
imparted by fluid A, and good redispersion properties imparted

by fluid B.

The invention will be further outlined by the following
formulation examples, which are intended to be purely
illustrative of the invention and which are in no way limiting

its scope:



of "soft sedinent” which is easy to redi sperse and which takes as well the
overl ayer of hard sedinent into dispersion. Myreover, the printability of
t he i nk iwomew4ahf ected by the presence of the partial | yPCrapPouizated

pi gment; as soon as the ink is stirred and circul ated, the floccul at ed
aggl onerates break up again into indiyvdual particles. The pignent used as
a redi spersion help nust not necessarily be of the sane type as the

| um nesgent security pignent, as shown in the next enbodinment: WO

03/ 044%%52@%3—&!302/ 12041 16 A fourth enbodi nent of the invention concerns
an ink-jet ink, conprising an erbiunfytterbium activated up-converting
yttrium oxysul fide |.um nescent pignent of the fornula Y202S: Er, Yb, as a
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a polyneric binder (vinyl chloride copolyner), sol vent (I\/EK) a
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which are easily redispersed and whose dispersion is stable
enough under stirring and ink circulation to offer a good
printability of the ink. At higher weight ratio, the
flocculation is too fast, leading to an unstable ink which
sediments very quickly and results in a poor printability. At
lower weight ratio, the stable suspension settles too slowly,
producing a hard sediment which requires high shear rate mixing
to redisperse it. The following ingredients were employed in the

indicated weight amounts.

Ingredients for the millbase 1 Parts
Ethanol 240
Pioloform BL 18 (Wacker Chemie) 80
Zephrym PD 7000 (ICI) 10
Anti-Terra 204 (Byk Chemie) 0.4
Yttrium oxysulfide luminescent Y,0,S:Er,Yb 40

The inorganic pigment was first pre-dispersed in the above
millbase using a high shear rate mixer for about 15 minutes.
Remaining pigment agglomerates in the millbase were then broken

up by a bead milling passage (Zr0O, beads, 2mm diameter) .



hard sedi nent. The whol e sedinent is easily redi spersed. Mreover this
printing fluid has both, good printability inparted by fluid A and good
redi sper sworosfppsaperties inparted by fluid B. The inventi o®CREP02/I4f urt her
outlined by the following fornulation exanples, which are intended to be
purely illustrative of the invention apd which are in no way limting its
scope: WD 03/044102 PCT/ EP02/12041 17 Exanple 1 This exanple illustrates
the preparation of an enbodi nent of the present invention wherein the
total anmount of inorganic security pignent was dispersed in the presence
of the maypadidretk ffoecthatinlg ngent, Anti-Terra(r), forpargsa neta-stable
suspension ink. Appropriate dosing of the controlled flocculating agent in
a weight ratio between 0.1 and 10 preferably of 0.5 to 3 % of the

i nor ganjiC Bl uent ' s weight (depending on the nature andyparticle size of
the pignent and on the polarity of the solvent), is used to produce soft
sedi mneMiiNOwhi(FR ukee easily redi spersed and whose di spersi®mn is stable
enoughlﬁtr}}dﬁer stirring and ink circulation to offer a goo%9 printability of
t he i nk nGh]igher wei ght ratio, the flocculationis to Tast, |eadi ng to
an unstddsnhdinkomi ghowsedi nents very quickly and resultspgn a poor
printability. At |lower weight ratio, the stable suspension settles too
slowy, producing a hard sedi ment which requires high shear rate m xing

to redi@ﬂe[ﬁteox}itdiﬁ@‘eefé)ééﬁvﬁ r&d&g{teid\jiew s were enployed in the indicated
nts.

wei ght ano

The ingredients were mixed together to yield the ink-jet ink

according to the present invention.

Example 2

This example illustrates the preparation of another embodiment
of the present invention wherein the total of the inorganic
security pigment present was dispersed in a solvent (water) in
the presence of a polycarboxylic sodium salt dispersant, thus
forming a stable suspension. The controlled flocculating agent
was introduced after the milling step into the stable
suspension, partially destabilising the ink and favoring its
redispersion. The following ingredients were thus employed in

the indicated weight amounts.

Ingredients for the Millbase 2 Parts
Water 106
Sodium Hydroxide (Fluka) 4
Gantrez AN BF 119 (ISP) 8

Copper-activated zinc sulphide pigment 42



Ingredients for the mllbase 1 Parts Ethanol 240 PioloformBL 18 (Wacker
Chem e) 80 Zephrym PD 7000 (1Cl) 10 Anti-Terra 204 (Byk Cheme) 0.4
Yttrium ow@galoi4ide | um nescent Y202S: Er, Yb 40 The i nor ganiPCTHEPgNE041 was
first pre-dispersed in the above mllbase using a high shear rate m xer
for about 15 mnutes. Remaining pignmeny agglonerates in the mllbase were
then broken wup by a bead mlIling passage (Zr02 beads, 2nm di aneter). WO

03/0441Q2 RCT/EPQ2/ 12041 8 Ingredients for. the i 1 Parts, MI|lbase 1
370 Lilf%ﬁ% %ﬁ%l%wgi‘?nﬁt%aa%oﬁ?%spr Yot erﬂﬁr\l‘?{( (llﬁ)vt\?)%%@bq*v@* provi di ng
el ect ring 100GRCtiasidy alhel dmgiedire Mz evetikar Xed tgrithars tanyitelsd t he
ink-jet ink according to the present invention. Exanple 2 This examle

i |1 ust Ramssiife Rigman iage linesidiased le GdiMHenPasst wake srbsesuannlent i on
wher el h,ldief m'bépfa idiad MANOANS pRREWd 102, IBBALSPT 83RNG WRS A pper sed
in a solvent ter) in the pre er?ce of” a pol ycarboxylic SO(JjI um sal t

di sper sk Nadruserfveraning tthist aldreesars pensi oeutied icomtg eldesdt fflooc ciieat | ng
agent was.introduced after the mlling step into the stable suspension,
par ti a9 SBHIEHy the ink and favoring its redispersion. The

followi ng ingredients were thus enployed in

Ingredients for the ink 2 Parts
Millbase 2 160
Water 800
ZETAG 7125 (Ciba SC) 4
Dowancl DPM (Dow) 20

The ingredients were mixed together to yield the ink-jet ink 2

according to the present invention.

Example 3

This example illustrates the preparation of an embodiment of the
present invention wherein only part of the inorganic security
pigment present was dispersed in the presence of the controlled
flocculating agent, Anti-Terra®-203, to form a meta-stable
suspension ink (ink 3A). The remaining part of the pigment was
dispersed in the absence of controlled flocculating agent,
forming a stable suspension ink (ink 3B). Finally the two inks
parts were mixed in an appropriate ratio, to produce an ink
showing a fractional sedimentation effect (i.e. a rapidly
falling out soft sediment, covered by a slowly falling out hard
sediment), which has both, good redispersability and good
printability.



t he indi cated wei ght anbunts. Ingredients for the MIIbase 2 Parts Wter
106 Sodi um Hydroxide (Fluka) 4 Gantrez AN BF 119 (I SP) 8
Copper - acwpwawedozi nc sul phi de pignent 42 WO 03/ 044102 PCPCER®PAZ/120U1 19
The inorganic pignent was first pre-dispersed in the above ml|base using
a high shear rate m xer for about 15 npgutes. Remmining pignent
agglonerates in the mll base were subsequently broken up by a bead mlling

passag Zr 02 beads, 2mm di ter). . T serwves .in this cantex S a
neut r al W&rdﬁle c%oosrlr%gh o AMHS Qontrorle.l.e|\<11acg1I STebair 10 Sagre&t Ak Hr{hﬂxz

e~ bi'nder  conponent”.” Tngre

Parts iM |d hase 2 Bvedtit@rl 88X UEBAGHIL 2R idlitha SSOtcHe ianwajaeli OPM ( Dow)
20 The ingredients_were m xed together to yield the ink-jet ink 2
accor diRigient RrgsEashtd | FRidntIshinaBamh i€ Fhisg edampiediisnarstitdtes t he

Pr epar g11,0n10fs AN AIRAdl B0t Ofodhe o RERREN dd\Hd.ondherein only part of

the inorganic security pignment present was dispersedn the presence of
t he condwrioltadsdd 1 iftlyoc dheatwangldygerdt iAntfi -fleraa(lrdti2Q8,adentf dran a

et St e USSR e d L S TS ST |y ol L, Hgrent ves
st abl e uspeRS iYL ik (dedd B rsFdmaldopdihe ddvdd ke ink of example 3.
At higher ratio the flocculation is too fast, leading to an
unstable ink which sediments very quickly and has poor
printability. At lower ratio, the stable suspension settles too
slowly, producing a hard sediment which requires high shear
force mixing to redisperse. The following ingredients were

employed in the indicated amounts.

Ingredients for the millbase 3A Parts
Methyl Ethyl Ketone 100
Paraloid DM-55 (Rohm & Haas) 30
Ethanol 120
Pioloform BL 18 (Wacker Chemie) 40
Myristic acid (Fluka) 5
Anti-Terra 203 (Byk Chemie) 1
Yttrium oxysulfide luminescent Y,0,S:Er,Yb 40
Ingredients for the millbase 3B Parts
Methyl Ethyl Ketone 100
Paraloid DM-55 (Rohm & Haas) 30
Ethanol 120
Pioloform BL 18 (Wacker Chemie) 50
Myristic acid (Fluka) 10

Yttrium oxysulfide luminescent Y,0,S:Er,Yb 40



parts were mxed in an appropriate ratio, to produce an ink showi ng a
fractional sedinmentation effect (i.e. arapidly falling out soft sedinent,
covered byoassigaoty falling out hard sedinent), which ha®Charn/1mend

redi spersability and good printability. WO 03/044102 PCT/ EPO2/ 12041 20
Appropriate dosing of the controlled fhocculating agent inink A in a

rati o between 0.1 and 10 % by weight, of the inorganic pignment produces a
soft sedinment which is easily redispersible but whose dispersion is stable
enough to offer good printability. The weight ratio of floccul ating agent
to i norganirtoigimntp iden s efefalt yrdd gardelimgerr d o thdpvepr ovi de
optimum redi spersion properties to the ink of exanple 3. At higher ratio
the fldeckhRasenh Usind@ fagh Fherl fPEE XA HK MhimFSEs ment s
very qu - - r rl idd t I § [

suspen;%%ﬁal%%ﬁédgsl oéc%&os %%%/rﬁgl;#oé ucll){’lngtlﬂae k?gL\r&gbsa{asggi rr“\%nrtet hvﬂ}eg#%r}]gg(ueinr es

hi gh shgarby faorlmadrin Ngi i pasghayper Gx0.Theaflel, | @winngibmgted ents were

enpl oyed in the indicated anobunts. Ingredients for the mll|base 3A Parts
Met hyl Ethyl Ketone 100 Paral oid DM 55 (Rohm & Haas) 30 Ethanol 120

Pi ol of argFddilehyNrdeerthernie)3zl0 Mristic acid (Fl ukaga®es Anti-Terra 203
(Byk Cheme) 1 Yttriumoxysulfide |lum nescent Y202S:Er,Yb 40 Ingredients
for the m|lbase 3B Parts

Millbase 3A 310
Tetrabutylammonium chloride (Fluka) *** 10
Ethanol 660
Dowanol DPM (Dow) 20
Ingredients for the ink 3A Parts
Millbase 3B 310
Tetrabutylammonium chloride (Fluka) #*** 10
Ethanol 660
Dowanol DPM (Dow) 20

*** providing electric conductivity

Ingredients for the ink 3 Parts
Ink 3A 500
Ink 3B 500

The ingredients were mixed together to yield the ink-jet ink

according to the present invention.



Met hyl Ethyl Ketone 100 Paral oid DM 55 (Rohm & Haas) 30 Ethanol 120

Pi ol oform BL 18 (Wacker Cheme) 50 Mristic acid (Fluka) 10 Yttrium
oxysul fi dwoloawisiescent Y202S: Er, Yb 40 WO 03/ 044102 PCT/ EPRRIEP0Z120421 The

i norgani c pignents were first pre-dispersed in the above mllbases using a
hi gh shear force m xer for about 15 mpptes. Renaining pignent

agglonerates in the mllbase were then broken up by a bead mlling passage
(Zr02 %gs 2 dianeter). |Ingredients for the ink 3A Parts M| base 3A
310 T mroni um chl ori de (Fluka) *** 10 Et hanol 660 Dowanol DPM

(Dow) 20 Ingredients for the ink 3A Parts M| base 3B 310
Tet rabut yl ammoni um chl oride (Fluka) *** 10 Ethanol 660 _ Dowanol DPM ( Dow)
20 **THro\8ATRY % | el st &gl Udts \RESPALRgriad &ft 17 GmRsinest pipdies

e e el BT S e R E G LB, gl

PCT/ EPG2ict2041 only one of said two inorganic security pigment was
dispersed in the presence of a suitable surfactant and then
reversible flocculation was obtained upon the addition of the
conductivity agent (electrostatic destabilisation). The meta-
stable suspension ink (ink 4A) was therefore the result of the
combined action of the dispersing surfactant and of the
electrostatic destabilizing conductivity agent. The other of
said security pigments was dispersed in the absence of any
flocculation, forming a stable suspension ink (ink 4B). Finally
to prevent hard settling of ink 4B, the two inks were mixed in
an appropriate ratio to produce an ink showing a fractional
sedimentation effect, (i.e. a rapidly falling out soft sediment,

covered by a slowly falling out hard sediment), which has both,
good redispersability and good printability.

Appropriate dosage of the surfactant which acts in the presence
of the present metal salt as a controlled flocculating agent in
ink 4A was given by a weight ratio between 0.1 and 10 % of the
inorganic pigment, to create a soft sediment which was easily
redispersed but whose dispersion was stable enough to offer good
printability. The more preferred weight ratio of flocculating
agent to inorganic pigment was found to lie between 2 to 8 %, to
provide for optimum redispersion of the ink of example 4A. At
higher ratio the flocculation is too fast, leading to an
unstable ink which sediments very quickly and has a poor
printability. At lower ratio, the stable suspension settles too
slowly producing a hard sediment which requires high shear force
mixing to redisperse. The following ingredients were employed in

the indicated amounts.



22 Exanple 4 This exanple illustrates the preparation of an enbodi nent of
the present invention, conprising two inorganic security pignents,

wher ei n owby3osaonf said two inorganic security pignment wRST/EPOEp®iEed in

t he presence of a suitable surfactant and then reversible floccul ation was
obt ai ned upon the addition of the congluctivity agent (electrostatic
destabilisation). The neta- stable suspension ink (ink 4A) was therefore
the result of the conbined action of the dispersing surfactant and of the
el ectrostatic destabilizing conductivity agent. The other of said security
pi gments was dispersed in the absence of any flocculation, formng a
stabl e suspension ink (ink 4B). Finally to prevent hard settling of ink
4B, th&ndkedipatawdiar mbeedildbage &dpropriate ratio to HAdfuce an ink
showing a fractional sedinentation effect, (i.e. a rapidly falling out
soft sedinment, covered by a slowy falling out hard sedinent), which has
bot h, Mpadd/Ir e=tilsderkssdairld ty and good printability. Appragri ate dosage of
the surfactant which _acts in tqﬁkpresence of the present, netal salt as a

cont r ol Y& T N ING &G i IP°%nk 4A was given by a Wl ght ratio

bet weerp &b ML pHLHOfadie i norganic pignent, to create @ soft sedi ment
whi ch was easily redispersed but whose dispersion was stable enough to

of f er gwEbPepraThiafied pintheswhirigdemdmmendd wei ght ratil®®bf floccul ating
agent to inorganic pignment was found to lie between 2 to 8 to provide for
optimum redi spersion of the ink of exanple 4A. At higher ratio the

f | occulIgradientsoEdmsthe meddibaged @Ban  unst abl e i nk wWiRaattssedi nents very
qui ckly and has a poor printability. At lower ratio, the stable suspension
settles too

Methyl Ethyl Ketone 250
UCAR VMCA vinylic resin (Dow) 100
UCAR VROH vinylic resin (Dow) 30
Myristic acid 50
Yttrium oxysulfide luminescent Y,0,S:Er,Yb 100

The inorganic pigments were first pre-dispersed in the above
millbases using a high shear force mixer for about 15 minutes.
Remaining pigment agglomerates in the millbase were then broken

up by a bead milling passage (Zr02 beads, 2mm diameter).

Ingredients for the ink 4A Parts
Millbase 4A 500
Methyl Ethyl Ketone 470
Tetrabutylammonium chloride (Fluka) *** 10

Dowanol DPM (Dow) 20



slow y producing a hard sedi ment which requires high shear force mxing to
redi sperse. The follow ng ingredients were enployed in the indicated
anount s. W000840421102 PCT/ EP02/ 12041 23 Ingredients for whe/RPIY/idoase 4A
Parts Methyl Ethyl Ketone 250 UCAR VMCA vinylic resin (Dow) 130

Oct yl phosphonic acid 6 copper-activateg zinc sulfide pignment 100
Ingredients for the mllbase 4B Parts Methyl Ethyl Ketone 250 UCAR VMCA
vinylic resin (Dow) 100 UCAR VROH vinylic resin (Dow) 30 Mristic acid 50
Yttrium oxysul fide | um nescent Y202S: Er, Yb 100 The inorganic pignments were
first mepicpaitseddn vie ialovs ni | | bases using a hi glpsahear force m xer
for about 15 m nutes. Renaining pignment agglonerates in the mll base were
then broken up by a bead mlling passage (Zr02 beads, 2nm di aneter).

I ngr edi,anRt the ink 4A Parts M| base 4A 500 Met hyl hyl Ketone 470
Tetr ably T e K e (Fluka) *** 10 Dowanol DPM4(JF§OW) 20 WO

03/ 044 M2 IRAT/EERQA KOAhe 24 Ingredients for the ink 4B53Rrts M| | base 4B

470 Tetrabutylammonium chloride (Fluka) *** 10

Dowanol DPM (Dow) 20

*** providing electric conductivity

Ingredients for the ink 4 Parts
Ink 4A 500
Ink 4B 500

The ingredients were mixed together to yield the ink-jet ink

according to the present invention.



Met hyl Ethyl Ketone 500 Tetrabutyl ammoni um chloride (Fluka) *** 10

Dowanol DPM (Dow) 20 *** providing electric conductivity Ingredients for

t he i nk 4wBasns$4101 nk 4A 500 Ink 4B 500 The ingredi ents weCa&/RPOX€eW4t oget her
to yield the ink-jet ink according to the present invention. WO 03/044102
PCT/ EPO2/ 12041 25 dains 1. Printingsgnk conposition conprising - at

| east one solvent, - a binder system - optional defoam ng, hunectant and
conductivity control agents, and - at |east one pignent, the conposition
conprising at |east one flocculating agent, which flocculating agent is
capabl eifidsprm ng a re- dispersible sedinent of said pignent in said
conpositron. 2. Printing ink conposition according to claim1, wherein said
flocculating agent is an inorganic flocculating agent. 3. Printing ink

conposi.tion in o] i - LD, sal floccul ati ng agent is an
organiéLTIo%%%ﬁg{?%gggée%§$5%$1%%?%??% ?ﬁ%ﬁ%%nposition according to one of
the clains 1 tgt BeawbesgénsdéheegoOpposition further conprises at | east one

di spersing agent. 5. Printing ink conposition according to claim 3, wherein
sai d - a binder system,

- optional defoaming, humectant and conductivity control
agents, and

- at least one pigment,

the composition comprising at least one flocculating agent,

which flocculating agent is capable of forming a re-

dispersible sediment of said pigment in said composition.

2. Printing ink composition according to claim 1, wherein said

flocculating agent is an inorganic flocculating agent.

3. Printing ink composition according to claim 1, wherein said

flocculating agent is an organic flocculating agent.

4. Printing ink composition according to one of the claims 1 to
3, wherein the composition further comprises at least one

dispersing agent.

5. Printing ink composition according to claim 3, wherein said
flocculating agent is selected from the group consisting of
polycarboxylic acids or salts of a polycarboxylic acid,
alkylammonium salts of a polycarboxylic acid, polyamines or
salts of a polyamine, polycarboxylic acid salts of a
polyamine amide, polyamides, alkylolammonium salts of an
unsaturated fatty acid, low molecular weight unsaturated
polycarboxylic acid polyesters, polyacrylates, hydrolyzed
polyacrylamide, polyimines, (poly)phosphates,



floccul ating agent is selected fromthe group consisting of polycarboxylic
acids or salts of a polycarboxylic acid, alkylamoniumsalts of a

pol ycar bowglodm440i d, pol yam nes or salts of a pol yam ne, PpolBroAIooKy!| i C
acid salts of a polyam ne am de, pol yam des, al kyl ol anmmoni um salts of an
unsaturated fatty acid, |ow nolecular wei ght unsaturated polycarboxylic
aci d polyesters, polyacrylates, hydrolyzed polyacrylam de, polyim nes,

|'y) phosphat es, WO 03/ 044102 PCT/ EPO2/ 12 6 hosphonat
Guat o1 hi 200 BT SR RBE G S potyarr o har et bt frei Pher cof - 6.

Printing i nkoTpapogldnddeacsordixgutes otieepéofhe claims 1 to 5 wherein
sai d solvent selected fromthe group conprising water, alcohols, ketones
and esters or mixtures thereof . 7. Printing ink conmposition according to

one of ¢ he ﬁ{éﬁ{"}n% {0 Comdbel €] 8n SALLLPAGEM o | Sn@bt NOEGaR] £1 hyM nescent

pigment. 8. Printing ink conposition according to claim7, wherein said
pi gnent i s SeWiketreinfsamitdel genupsefectgdt frém nehe oppowm dsompoinpingi ng
activator-doged zinf suliidgg oxysul fides vanadat es, fluarides, oxides
and oxyf | uofF 85’ of L §OEP T Bim BREPRE Re  PAr 83 eaTT heY BT Tr €8T Rl eof . 9.
Printing ink conposition according to one of the clains 1 to 6, wherein
said pignent is an organic |um nescent pignent. 10. Printing ink

conposi’t- onPEEREEAE nGK 0CRTRPH D1l MR @FAr Sbnd P gPRMtoF sthhel ekatme fl ot he
group CO”pré§'QHePSEhY@é%HS?i%%e PhiQaé8P¥ﬁ®%§Ehié“ﬂH%Iﬁ%§§@%¥1§§@péﬁ%Y'e”e
or polycyclitc “aronatic hydro ar%ons, qui nazof i none, oxazole, Imone,
napt hal i m de or m xtures thereof.
8. Printing ink composition according to claim 7, wherein said
pigment is selected from the group of crystalline compounds
comprising activator-doped zinc sulfides, oxysulfides,

vanadates, fluorides, oxides and oxyfluorides of yttrium and

the rare-earths, or mixtures thereof.

9. Printing ink composition according to one of the claims 1 to

6, wherein said pigment is an organic luminescent pigment.

10. Printing ink composition according to claim 9 wherein said
pigment is selected from the group comprising derivatives of
phthalocyanine, naphthalocyanine, perylene or polycyclic
aromatic hydrocarbons, quinazolinone, oxazole, quinone,

napthalimide or mixtures thereof.

11. Printing ink composition according to one of the claims 1 to
10, wherein said solvent amounts to at least 70% by weight

of the overall ink composition.

12. Use of an printing ink composition according to one of the

claims 1 to 11 for printing security documents or articles.



11. Printing ink conposition according to one of the clains 1 to 10,
wherein said sol vent anmounts to at | east 70% by weight of the overall ink
conposi t iwn.0302102Jse of an printing ink conmposition accoradca@EpPooiome of the
claims 1 to 11 for printing security docunents or articles. WO 03/044102
PCT/ EPO2/ 12041 27 13. Use of a floccubating agent selected fromthe group
conprising polycarboxylic acids or salts of a polycarboxylic acid,

salts of a

| Kyl i t I b [ id | '
pol yam v, oFyaar bobyePelbel 6 TRt GrEEheg ERHAR U SRRl y e s

al kyl ol ammoabmpt i §ahd Spolyaaribe@l Uk adedds abt ys&Tt 6, of oav 11 peatissxwei ght
unsat urated pol ycarboxylic acid pol yesters, polyacrylates,  hydrolyzed
pol yacryl and@ed: pally hfHEQN1YRoFS) pholbhat RILYCRHRPYY bHosphbhat es |

quat er ni Zed%g?{,é(ﬁ%ggso?_“%?]r@gd@cégﬂ;@ﬂ}&ﬁ%é’f Fo L BSoEPeI£0hcfQr

enhanci ng t redi sper si Ity of pignment sedinments 1n printing Ink
conposi ti onsaliid. oflse pbdlydmeipeiatidg, | pilpavodes ngatlkybokamhioniencl ai ms 1

to 11 for ink-jet_printin rticplarily for continpous. ink- |et
printing. | 155 bt REGEBT HAREFERT SR | HRERY pRPTRI nEof RO LObaT (Tahoe
conpri si ng heactLRce@f pol fdaPbONy Ui H0adi SOpyEREstErd]| NEST ya @Byl SN,
di spersing, defoam ng, hunectant and conductivity control agents and

further provy@ragyaedieatyaenel prydentPolpimpres di spekyi Pgoepeapegnent in
the n1Xture(%&%i%ﬁﬂoéﬁﬂénaégg adgdi, 0. FH L OET S} Y& The 2ng, QPL i Onal

conponents t
polyacrylamides or mixtures thereof for enhancing the

redispersibility of pigment sediments in printing ink

compositions.

14. Use of the printing ink according to one of the claims 1 to
11 for ink-jet printing, particularily for continuous ink-

jet printing.

15. Method of manufacturing a printing ink composition
comprising the steps of:

(a) providing a solvent, a binder, optional dispersing,
defoaming, humectant and conductivity control agents and
further providing at least one pigment;

(b) pre-dispersing the pigment in the mixture of step (a);

(c) adding further solvent and optional components to the
mixture of step (b); and

(d) adding at least one flocculating agent, either to the
mixture of step (a) or to the mixture of step (c),
wherein the flocculating agent is capable of forming a
re-dispersible sediment of said pigment in said

composition.

16. Method of manufacturing according to claim 15, further

comprising the steps of:



m xture of step (b) ; and (d) adding at |east one floccul ati ng agent,

either to the mxture of step (a) or to the mxture of step (c), wherein
t he fl occwbaBiomgoangent is capable of formng a re-disper®ChlEPozeditnent of
said pignent in said conposition. 16. Method of manufacturing according to
claim 15, further conprising the stepgsof: WO 03/044102 PCT/ EP02/12041 28
(e) preparing a conposition according to the steps (a) to (c) wthout

adding a fl ul at i n ture, ( h the
mixture of (et eptaper 95 heenntoat Evh Aot okalhd i 50 e (Fken e
floccul ating agemt ) adtledoltt sd@pnged fBoG@ﬁE@tﬁﬂgfagEmthe group conprising
pol ycarboxylic acids _or salts of a polycarboxyllc cid, al kylammonjum
salts of a pblycRtBBIYPEcEhACT T BEP yahi RESP of € kari ?h%.%b¥9%ﬁ?ﬁ%f

pol ycarboxylic aetd $@jts of a polyam ne am de, polyam des,

al kyl ol ammoni um salts of an unsaturated fatty acid, |ow nol ecul ar wei ght
unsat ur at ed polycarboxylic acid polyesters polyacrylates hydr ol yzed

Guat or i bod BPgAnTREer At (B GRATP R dee b6 STUFES Ther ool
flocculating agent added in step (e) is selected from the
group comprising polycarboxylic acids or salts of a
polycarboxylic acid, alkylammonium salts of a polycarboxylic
acid, polyamines or salts of a polyamine, polycarboxylic
acid salts of a polyamine amide, polyamides, alkylolammonium
salts of an unsaturated fatty acid, low molecular weight
unsaturated polycarboxylic acid polyesters, polyacrylates,
hydrolyzed polyacrylamide, polyimines, (poly)phosphates,
(poly) phosphonates , quaternized polyamines and

polyacrylamides or mixtures thereof.



