WO 02/094952 1 BIT curing intaglio ink 21 NOV 2005 PCTI EP02/ 05331 The
invention relates to an intaglio ink conposition, a method of man@f a8Y d85ng
and appl Wa@§2/8u0% conposition, a use of said conposition PATERZ/BIAGI i o
printing process and a nethod of precipitating the resulting w ping
solution, as well as a se- curity docunent realized by intaglio printing
using said com position. The said ink conposition conprises conponents
which are polynerizable via a radical reaction path by irradiation wth

el ectromagnetic or el ectron beamradi ation. The said ink conposition
additionally exhibits a suitable dispefsibility in wping solutions of |ow
sodi um hydroxi de concentratipon. The printing of security docunents requires
an out aﬁﬁﬁﬁfg[ﬁa?ﬁg boqhﬁgity and particul ar measures to prevent
counterfeiting and forgery of the printed docunents. Security docunents are
printed preferably by the intaglio  printing process. The term"intaglio
printi ARe 4aVieRidiom ¥alateappPi eat iBhaghaPl iapplopmpresitd agb- Gameatdod
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replication of an - often hand-engraved - original copper plate. The
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steel die'rdtary printing, a rotating engrav ste cyl'imnder carrying the
pat t er pomitiimage Tioe beapdi ihkdcomposition comprises components which

are polymerizable via a radical reaction path by irradiation

with electromagnetic or electron beam radiation. The said ink

composition additionally exhibits a suitable dispersibility in

wiping solutions of low sodium hydroxide concentration.

"The printing of security documents requires an outstanding
printing quality and particular measures to prevent

counterfeiting and forgery of the printed documents.

Security documents are printed‘preferably by the intaglio
printing process. The term “intaglio printing” as used in this
application shall apply to the so-called “engraved steel die”
or “copper plate” printing process which is well known to the
skilled in the art. The printing plates used herein are usu-
ally chromium plated, engraved nickel plates or cylinders,
made by galvanic replication of an - often hand-engraved -
original copper plate. The following shall not apply to the
also well known rotogravure or gravure printing processes,

which rely on a different type of ink.

In engraved steel die rotary printing, a rotating engraved
steel cylinder carrying the pattern or image to be printed, is

supplied with ink by one or more template inking cylinders by



supplied with ink by one or nore tenplate inking cylinders by WO 02/ 094952 2
21 NOV 2005 PCT/ EP02/ 05331 which a pattern of inks of different col bNOV 4005
t ransf er rvgd oboo49she printing cylinder. Subsequent to inkingcraryesssess of
ink on the plain surface of the printing cylinder is w ped off by a
rotating w ping cylinder covered by a plastisol. Then, the remaining ink in
the engraving of the printing cylinder is transferred under pressure onto
the substrate to be printed, which nmay be paper or plastic material in
sheet or web form The wi ping cylinder, in turn, is continuously cleaned
using diluted aqueous sodiun1hydroxid@ as an emul sifying nmediumfor the

w ped-of f excess ink, or a paper/calico w ping _device, or an organic
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satisfy to the,folloming &eﬂuire- ments: - correct rheological properties at
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The wiping cylinder, in turn, is continuously cleaned using

diluted aqueous sodium hydroxide as an emulsifying medium for

the wiped-off excess ink, or a paper/calico wiping device, or

an organic solwvent such as trichloroethylene.-These process

steps and the machines used for engraved steel die printing

are known to the skilled in the art.

Printing inks for the printing of security documents by the
engraved steel die method on presently used sheet fed or web
fed intaglio presses must satisfy to the following require-

ments:

- correct rheological properties at the moment of ink transfer
to the printing cylinder and at the moment of printing (rhe-

ology) .

- The ability of the ink to be easily and quantitatively re-
moved from the non printing areas of the printing die sur-

face (wipeability).

- The ease of cleaning of the wiping cylinder with an aqueous
solution containing 0.1 to 1% of caustic soda and a similar
concentration of a detergent, or even with pﬁre water (de-

tergeability) ;



concentration of a detergent, or even with pure water (de- tergeability); WO
02/ 094952 3 21 NOV 2005 PCT/EP02/05331 - Stability of the ink bef@ﬂeN[M 2005
printing,w@nbdw@sz nking rollers, until the noment of prinpchgrozofBs] M

form ng characteristics such that they allow further manipulation of sheets
or webs carrying printed filnms of up to 200 microns thickness at |atest 24
hours after printing or, preferably, imediately after printing;

Non- of fsetting properties: In the case of printing on con- tinuous web at
speeds going up to 150 mimnute, the i di- ate rewi nding of the printed
substrate is mandatory. The ink systerh nust assure that there is no ink
transfer fromthe freshly printed surface to the backside of the enrolled
sub- strafkabhildhy £F thonietbafare iprintinde edsthef IRKBNIpEPALEHE

machi nes Lpped W br drving devices (as supplied e.g. from
TEC—Systéﬁggk&lgﬁﬁaééh§%§(é?)gf%éggﬁéﬁinting speeds of up to 150 m mn

have to be w thstood, wusing engraving depths of up to 200 m crons. On sheet
fed prespesm 86@niitigl GHNG shastssidepaidh nendp theypallbgukakthBki nting
substrate and on the depth of the engravings, nust ge stacked on piles
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- Non-offsetting properties: In the case of printing on con-
tinuous web at speeds going up to 150 m/minute, the immedi-
ate rewinding of the printed substrate is mandatory. The ink
system must assure that there is no ink transfer from the
freshly printed surface to the backside of the eﬁrolled sub-
strate which is in contact with it. In the case of web
printing machines equipped with hot ailr drying devices (as
supplied e.g. from TEC-Systems, W.R. Grace & Co.), web
printing speeds of up to 150 m/min. have to be withstood,
using engraving depths of up to 200 microns. On sheet fed
presses, 500 to 10,000 sheets, depending on the particular
printing substrate and on the depth of the engravings, must
be stacked on piles right after printing, without interleav-

ing sheets;

- outstanding chemical and mechanical resistance of the print-
ing according to specifications established by INTERPOL at
the 5%® International Conference on Currency and Counterfeit-
ing in 1969, or to the Bureau of Engraving and Printing’s

test methods as stated in BEP-88-214 (TN) section M5;

- acceptable toxicologic and environmental properties.



test methods as stated in BEP-88-214 (TN) section Mp; - acceptable
toxi col ogic and environnental properties. W 02/094952 4 21 NOV Zoqqrmvzmm

PCT/EPOZ/Qﬁfﬁ%mﬁgzit is known in the art of printing, the pidig®Rdesispstrate
nmust generally be dried in order to all ow subsequent process- ing, and to

achieve the required resistance properties of the final product. By the
term"drying", three different nmechanisns are ad- dressed, as it is well
known to the man skilled in the art of printing. Two nmere physical drying
processes refer to the evaporation of volatile solvent fromthe printed ink
paste, |leaving back its solid resin arft pi gnent conponents, and to the
resorption (sucking) of nonvolatile ink solvent into the substrate. A
third, &seditcdls dnpvay gy ddws Rl ed palntdidarthe eprhgted subfhgateefers to

t he transfor i f | igqui d. com sitjon 4 the solid state by a
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dryi ng pheGcesses tomey-Hievaiedréduifgl digdind Hica saePepBiblbCcyEatnpri nting
ink, and the printer does generally not nmdke a difference be- tween physical
and chefiigal ®rPdH§t - Intaglio inks are usually cured by an oxidation
reaction. This is a rather slow drying nethod, and docunents
correspondingly printed and stacked as sheets cannot usually be handl ed for

cUring BF BPEneat nee S AT o) e St aery S oY efoduced i n the
art of BrieRidedy. aW dw iing wdloWendwii ah bhe man skilled in the art of
printing. Two mere physical drying processes refer to the
evaporation of volatile solvent from the printed ink paste,
leaving back its solid resin and pigment components, and to
the resorption (sucking) of nonvolatile ink solvent into the
substrate. A third, chemical drying process, also called hard-
ening or curing, refers to the transformation of a Iiquid com-
"position into the solid state by a chemical polymerization or
cross-1linking reaction. One or more of these drying processes
may be implied in the drying of a same particular printing
ink, and the printer does generally not make a difference be-

tween physical and chemical drying.

Intaglio inks are usually cured by an oxidation reaction. This
is a rather slow drying method, and documents correspondingly
printed and stacked as sheets cannot usually be handled for
further processing before a drying time period of one to sev-

eral days.

The curing of printed inks by UV radiation is known and widely
introduced in the art of printing. UV curing allows a rapid,
almoét instantaneous drying of the printed ink film, and hence
opens the way to increase production speed. The chemical cur-
ing reaction is in most cases initiated by radicals, created

by the UV irradiation. To obtain sufficient sensitivity to the



al nost i nstantaneous drying of the printed ink film and hence opens the
way to increase production speed. The chem cal cur- ing reaction iQ]iqumm;
cases i niwo ad/eshoby radi cals, created by the Wirradi ati onpcTapobésasin
sufficient sensitivity to the WD O 2/0 94 95 2 5 21 NOV 2005 PCT/EP0O2/ 05331
UV radiation, it is necessary to incorporate a photoinitiator into the
printing ink, said photoinitiator being deconposed under ‘the influence of
the W radiation, formng free radi- cals, which in turn initiate the curing
reaction. FR 2274669 describes an intaglio printing ink based on a var- nish
(bi nder) based on tung oil and unsaturdted aliphatic di- carboxylic acids,
whi ch can be cured by W irradiation in the presence of oxygen. Due to the
type ofUVchadlcllednpbunds necedsarfieteuinagrppohrysen photoiniggeddwf this

ki nd of,_binder_  is.rather.low _thus Ui [, long.period of ti to com
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conpound usually ranges from0.5 to 2%by weight. In order to pronote the
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(surfactants) |like sulfonated castor oil or sodiumlaurylsul fate nust be

added. EP 432093 describes another intaglio ink which is dispersible in
on.. The_ concentration.r austi_c _al kal
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proposed photoinitiators are representing _toxicological hazards, however,
as thegarboxylic acids, which can be cured by UV irradiation in the

presence of oxygen. Due to the type of chemical compounds

used, the curing (polymerization) speed of this kind of binder

is rather low, thus requiring a long period of time to com-

plete reactiom. This intaglio ink is further described to be

dispersible in caustic alkali solutions wherein the concentra-

" tion of the caustic alkali compound usually ranges from 0.5 to
2% by weight. In order to promote the dispersion in the wiping
solution, surface tension active molecules (surfactants) like

sulfonated castor oil or sodium laurylsulfate must be added.

EP 432093 describes another intaglio ink which is dispersible
in caustic aikali solution. The concentration range of the
caustic alkali solution is the same as in the aforementioned
patent. The said intaglio ink cures upon UV irradation via a
cationic polymerization process. The proposed photoinitiators
are representing toxicological hazards, however, as they
contain toxic chemical elements such as As, Sb, or F, respec-

tively.

It is an object of the present invention to overcome the
shortcomings of the prior art; in particular by disclosing an
intaglio ink composition which can be easily and completely

cured, which requires less environmentally demanding compounds



contain toxic chem cal elenents such as As, Sh, or F, respec- tive&X. Ituﬁs
an object of the present invention to overcone the shortcomngs o Wﬁ%l

prior artywolghepdshi cul ar by disclosing an intaglio ink copp@sipodeszivhi ch
can be easily and conpletely cured, which requires |less environnentally
demandi ng conpounds 21 NOV 2005 WD 02/ 094952 PCT/ EP02/ 05331 6 for the
necessary post-wi ping treatnent on the printing press, and which does not
contain toxicologically problematic addi- tives. A further property of the
disclosed intaglio ink is the water solubility of the ink and a sinple,
fast and economc way to precipitate fhe dissol ved ink fromthe W pi ng
sol ution. Another object of the present invention is to provide printing

i nks whieh e BeFrasFarpgyPestomipinghsreadiens sitbltdig ippintinglizress, for

the printing of, s [ d nt.s .1 -..grraved. st-eel_.die I nting
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whi ch hesvéspravedrvhert propelrtli bift yhecaipanesddd itdteadlidvigy i idre i nks.
A further object of the invention is to provide a UV-curing printing ink
based JfAtRHtIRHPTALEY €6npbendskopnfody FéRPdery fafte SRGRRFBANEEC obj ect s

are achj - i tion | r Ce Mt 4 endent; &l ai ms.
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conprises a binder which is selected fromthe group of water-soluble or

wat er -t hi nnabl e acrylate oligonmers. in accordance with the invention

ur et haren@giet ablej ekt gofethe phdsenexyntehyliane i@l itgo S iate grhigntinef er r ed
ol i goners, be- cause these products are either commercial |y available or are
inks which are curable by UV- or by shortwave wvisible light
radiation, for the printing of security documents by the en-
graved steel die printing method. Still another object of the
invention is to provide a printing ink which has improved wa-
ter solubility, compared to the known printing inks. A further
object of the invention is to provide a UV-curing printing ink

"based on photoinitiator compounds of low toxicity.

These and other objects are achieved by the invention in ac-

cordance with the independent claims.

The printing ink of the present invention for the intaglio
printing process comprises a binder which is selected from the
group of water-soluble or water-thinnable acrylate oligomers.
In accordance with the invention urethane acrylate oligomers
and epoxy acrylate oligomers are the preferred oligomers, be-
cause these products are either commercially available or are
easily prepared, starting from commercial products. Water-
soluble urethane acrylates can be prepared from water-soluble
or hydrophilic polyols (ethoxylated polyols such as ethoxy-
lated trimethylolpropané supplied from Perstorp-Speciality
Chemicals, Sweden) and 2-hydroxyethyl acrylate 6r ethoxylated
monoacrylates (such as polyethylene or polypropylene glycol

monoacrylates, Bisomer, supplied by Laporte Performance Chemi-



easily prepared, starting fromcomercial products. Water- sol ubl e urethane
acryl ates can be prepared fromwater-soluble or hydrophilic ponoIQ]mesz
rom

(et hoxyl ayed2polatel s such as ethoxy- |ated trinmethyl ol propaae/rpeppisse
Perstorp: Speciality Chem cals, Sweden) and 2-hydroxyethyl acrylate or

et hoxyl ated nonoacryl ates (such as pol yethyl ene or pol ypropyl ene gl ycol
nonoacryl ates, Bisoner, supplied by Laporte Performance Chem WO 02/094952 7
21 NOV 2005 PCT/ EP02/ 05331 cals, UK) which are grafted to the water-sol uble
pol yol s using diisocyanates (toluene diisocyanate TDI, hexane-1,6 diisocya-
nate | WD, isophorone diisocyanate |PDI7, etc.). Water-soluble epoxy

acryl ates can be prepared fromethoxylated di- or triglycidyl ethers (such

g_s Fﬁl l)CEﬂl'SIJ leHK) thgghypr_eggltrafﬁmd g:loyctan:e_ Wiagle)nﬁggﬂluke]tﬁ?c;lycﬁln escangpl e
ie ne co i | .her supplie i gma- rich,.
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for expipl epbbe, tikgbyetant akhebasedonpbret Rpeylyated trinmethy- |o
pr opane, Grilonit v51-56, supplied by EMS Chem e, Switzer- |and) by the

addition of acrylic acid using a standard proce- dure. Alternative oligoners
whi ch can be used are pol yester ac- rylates and acrylic acrylates. Each
ol i gontla tcempsoeksle eapoxyi sergtaykst eahubet poedandde S ramd dbioorlamed

repeatipng units . separatin he functional oups. .The term"oligoner"” is
used 18 ueeF ghst aTHat Skhi S PRRECH SHC Gt RERH By KEr T TR A ng
toget hednd vglgeoﬂvafgwagayxeeuﬂb&% ,( FRRORRESL] BRI 1dhe Jupder  of
| inked reactive unitsS Temains still relatively
diglycidyl ether supplied by Sigma-Aldrich, polyoxypropylene
di- and triglycidylethers, Eurepox supplied by Witco and for
example the triglycidyl ether based on 9-ethoxylated trimethy-
lol propane, Grilonit V51-56, supplied by EMS Chemie, Switzer-
land) by the addition of acrylic acid using a standard proce-

dure.

Alternative oligomers which can be used are polyester ac-
rylates and acrylic acrylates. Each oligomer comprises reac-
tive acrylate functionalities and two or more repeating units
separating the functional groups. The term “oligomer” is used
to designate molecules which are obtained by chemically link-
ing together two or more reactive units (monomers), whereby
the number of linked reactive units remains still relatively
small. Oligomers are the intermediate stage between the mono-
mers and the final polymer. They have a molecular weight which
is higher than the molecular weight of the monomers but lower
than the My of the resulting final polymer. Acrylate monomers
are molecules which contain a reactive acrylate (RﬂhC:CRg;CO-
ORo) group (R, being either an organic residue, a hydrogen
atom, or a negative charge). Acrylate oligomers are higher mo-
lecular weight products resulting of the cross-linking, via

the acrylic double bond, of two or more acrylate monomers.



small. Aigoners are the internedi ate stage between the nono- ners ﬂ@ﬂV5Mﬁ
final polynmer. They have a nol ecul ar wei ght which is higher than !

nol ecul arwori2@049sef the nonomers but lower than the Mv of pichgppesishii ng
final polyner. Acrylate nononmers are nol ecules which contain a reactive
acrylate (RLRZC=CR3-CO ORa) group (Ro being either an organic residue, a
hydrogen atom or a negative charge). Acrylate oligoners are higher no-

| ecul ar wei ght products resulting of the cross-linking, via the acrylic
doubl e bond, of two or nore acryl ate nmononers. 21 NOV 2005 WO 02/ 094952

PCT/ EPO2/ 05331 8 Mononers, having IOM/Jﬁscosity, are al so described as
reactive diluents, due to the fact that they are capable of reducing the
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substrate,” which gives it desired properties and ap- pearance. Radiation
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terms "oligonmer"” and "pre-polyner" are generally used interchangea- bly in
the techhblV¥g§. f SECH &5 PAGMENTten EGr ablsebedaidtfys aid/or to produce a

higher-molecular weight, cross-linked coating on the surface

of the substrate, which gives it desired properties and ap-

pearance.

Radiation curable oligomers or pre-polymers have much lower

’ molecular weight than resins. They consist of at most a few,
repeated monomeric units, which, upon interaction with inci-
dent radiation of sufficient energy, combine (“polymerize”) to
give a cross-linked high molecular weight structure. The terms
“oligomer” and “pre-polymer” are generally used interchangea-
bly in the.technology field of radiation curable coatings or
inks, and aré understood as being distinct from the term

“monomers” .

Strictly speaking, a monomer is a molecular species which is
able to form chemical links with the same or with similar
types of molecules, resulting in chains, sheets or three-
dimensional networks (polymers) which may comprise between a
few up to a very large number of monomeric building blocks.
In the context of the present invehtion, monomers are under-
stood as molecular units which are polymerizablé through the
effects of radiation, and which are generally, but not neces-

sarily, of lower molecular weight than oligomers and prepo-



I nks, and are understood as being distinct fromthe term "nonomers"
Strictly speaking, a nononer is a nolecular species which is able ﬂd mwrﬂmﬁ
chem cal Woksompzh the same or with simlar types of nol gguyemosssul ting
in chains, sheets or three- dinensional networks (polyners) which may
conprise between a few up to a very |large nunber of nononeric buil ding

bl ocks. In the context of the present invention, nononers are under stood
as nol ecul ar units which are polynerizable through the effects of

radi ati on, and which are generally, but not neces- sarily, of |ower

nol ecul ar wei ght than oligoners and prébo WO 02! 094952 9 21 NOV 2005

PCT/ EP0O2/ 0S331 | ynmers. Mononers have generally a | ower viscosity than oli-
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di sclosure the term "water solu- bility" neans that an amount of 5 g of the
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sol uti opsifios, i ebagl 29 mr|mUJng conprise caustic soda in a concentration
range of between 0.5 to 1.2;. For the intaglio inks of the present
I nvention, the caustic soda con- centration is conprised in between 0% (pure

wat er) and 0. 5% -
In the context of the present®disclosure the term “water solu-

bility” means that an amount of 5 g of the compound referred
to is soluble in 95 ml of the wiping solution at a temperature
comprised between 20°C and 50°C. The corresponding cloud point
temperature should be either below 20°C or above 50°C., The
usual wiping solutions for intaglio printing comprisé caustic
"soda in a concentration range of between 0.5 to 1.2%. For the
intaglio inks of the present invention, the caustic soda con-
centration is comprised in between 0% (pure water) and 0.5%.
The concentration of intaglio ink in the wiping solution does
not exceed 5% in general. Water-soluble or water-thinnable ac-
rylates of the present invention are selected as outlined

above.

The group of urethane acrylates noteworthy comprises aliphatic
urethane acrylates, aliphatic urethane diacrylates and ure- -
thane acrylate oligomers which are available from different
suppliers. The group of epoxy acrylates comprizes aliphatic
epoxy acrylates, aliphatic epoxy diacrylates and epoxy ac-
rylate oligomers, which are experimental products available
from Sicpa S.A. France, as described here above, The binder
can also be a mixture of the aforementioned groups of acrylate
oligomers. The use of water-soluble or water-thinnable com-

pounds reduces the amount of emulsifiers or surface tension



The concentration of intaglio ink in the w ping solution does not ﬁceed 5%
i n general. Water-soluble or water-thinnable ac- rylates of the prek NGV 2005

i nventi onwgf®,d9dsect ed as outlined above. The group of uregidian®m.assy! ates
not eworthy conprises aliphatic urethane acrylates, aliphatic urethane

di acryl ates and ure- thane acrylate oligoners which are available from
different suppliers. The group of epoxy acrylates conprizes aliphatic
epoxy acrylates, aliphatic epoxy diacrylates and epoxy ac- rylate oligoners,
whi ch are experinental products available from Sicpa S.A France, as

descri bed here above. The binder can dPso be a mixture of the

af orementi oned groups of acrylate oligoners. The use of water-soluble or
wat er - t athhuel conpoupdisndeadatlides adisiarmuntswit @pie sdispessdbiddtface

t ensi on gm% 2/ 0949 % 10.21 NOV 2005 PCT/EP02/05331 active conmpounds needed
to achi 87et88s IFERbrES i Serdt HFYITS FOtHE Pt nting i nk in aqueous

sol utions. Anot her, optronal but preferred conponent of the printing ink
conposition are nononers' selected fromthe group of water- soluble or

walt erI thnahhsie eptienml dvdgprafierrRGcanrmrsitatel e pprjethogyiaked f
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to 700, which are available fromdifferent suppliers.
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- et hoxgggaeg Eb%tst&ylt?ll AR Ys 1 tf}}aé:fBQI?é ('i)rlntlng ink to the re-

quired value. The PEG diacrylate monomers comprise compounds
like PEG-X diacrylate monomers with X ranging from 200 to 700,
which are available from different suppliers. The

(poly) ethoxylated polyol triacrylate monomers comprise
compounds like 7-ethoxylated trimethylolpropane triacrylate
(TMPTR), l4-ethoxylated TMPTA, 15-ethoxylated TMPTA, 20~
ethoxylated TMPTA or 15-ethoxylated bisphenol-A diacrylate
monomers. Most of the compounds listed above are commercially
available. This list is not to be understood as being complete
and limiting the pumber of useful compounds in the mentioned

classes.

The viscosity of the ink composition depends among others of
its detailed contents in water, pigments, f£illers and other
formula components. However, there are limits as to the quan-
tities of each of these substances in view of the printing
process and the desired properties of the imprint. For exam-
ple, in intaglio printing, an excess gquantity of water in the

ink is detrimental due to high pressure during printing.

A further component of the printing ink is the bhotoinitiator
which is needed to initiate the polYmerization reaction of the
described binder after irradiation by electromagnetic radia-

tion or electron beam radiation.



(TMPTA), 14-ethoxyl ated TMPTA, 15-ethoxyl ated TMPTA, 20- ethoxylatﬁg Smggm
or 15-et hoxyl ated bi sphenol - A diacrylate nononers. Mst of the co & 005
i sted apayey@usescommercially available. This list is notpdweblrosssder st ood
as being conplete and limting the nunber of useful compounds in the
mentioned classes. The viscosity of the ink conposition depends anong
others of its detailed contents in water, pignments, fillers and other
formul a conponents. However, there are linmts as to the quan- tities of each
of these substances in view of the printing process and the desired
properties of the inprint. For exam e, inintaglio printing, an excess
quantity of water in the ink is detrinental due to high pressure during
printing. A further conponent of the printing ink is the photoinitiator
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produce a composition which is substantially dispersible to
100% in a water wiping solution. A value of 100% being the op-
timum value. The term “dispersible” is to be understood as de-
fined in R&mpp Lexikon, “Lacke und Druckfarben”, published
1998, Thieme Verlag Stuttgart, page 147. The water wiping so-

. luticon may contain sodium hydroxide in a concentration range
between 0 and 0.5% by weight. The concentration of sodium hy-
droxide is, however, preferably chosen between 0.1 and 0.3%
and even more preferably between 0.1 and 0.2% by weight. A
substantially full dispersibility of the ink composition will
avoid the separation of the ink composition from the water
wiping solution and thus avoid possibly a clogging of parts of
the system containing the water wiping solution. Further, as
it will be discussed below it allows to enhance the recovering

of unused ink from the water wiping solution.

The low sodium hydroxide concentration of the wiping solution
required to print the ink of the present invention has the ad-
vantage of causing much less environmental charge, as compared
to the wiping solutions of much higher sodium hydroxide con-
centration required to print the inks described in the prior
art. The low-concentrated sodium hydroxide solutions used to
print the ink of the present invention do, however, still pro-

vide sufficiently alkaline conditions to efficiently corro-



1998, Thienme Verlag Stuttgart, page 147. The water w ping so- |ution may
contain sodi um hydroxide in a concentration range between 0 and 0.§?qmy2m5

wei ght . TWe @dgent rati on of sodi um hy- droxide is, howeverpcwrehessahl v
chosen between 0.1 and 0.3% and even nore preferably between 0.1 and 0.2%

by weight. A substantially full dispersibility of the ink conposition wll
avoid the separation of the ink conposition fromthe water w ping solution
and thus avoid possibly a clogging of parts of the systemcontaining the
water wiping solution. Further, as it will be discussed belowit allows to
enhance the recovering of unused ink fl2om t he ‘wat er W pi ng solution. The
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in between 7 and 60 Pa.s at 40C. _A viscosity in_between 12 and 40 Pa.s is
pref er abP eP2afd 18 PrESEEAL D aHe ToMpPiilon pE- ChoeeAM@SSaRgcB0bPa. s at

40C i's £ye0nMIEE PIehey BY & Idt U is even more preferable in order

to achieve suitable rheological properties of the ink in the

printing process.

As part of the invention the viscosity of the binder is se-
lected to lie in the range between 5 and 40 Pa.s at .40°C. This
. opens the possibility to reduce the amount of further formula
components for achieving the necessary rheological properties

of the ink.

The binder is preﬁerably selected from the aforementioned
group of compounds having a molecular weight My between 1,500 .
and 10,000 g/mole, whereby the molecular weight My is deter-
mined according to the procedures described in Polymer Synthe-
sig, 2° revised edition by Paul Rempp and Edward W. Merrill,
Ed. Hithig & Wepf 1991, 344 pages. This range of molecular
weights provides the ink with sufficient ability for
crosslinking thoroughly and building a stable three dimen-

sional network.

In the composition of the intaglio printing ink, the content
of water-soluble or water-thinnable urethane aciylate Oor epoxy
acrylate oligomers is comprised between 30 to 70% of the ink’s
total weight. A preferable content of binder is in the range

between 40 and 60%, and more preferably between 45 and 55%,



to achi eve suitabl e Theol ogi cal properties of the ink in the printin
process. As part of the invention the viscosity of the binder is se- %é&ﬁ%d%ﬁ
to lie i nWnez/¢9a9igde between 5 and 40 Pa.s at 40C. This opdMsSI/ERi2/05331
possibility to reduce the anount of further fornula conponents for

achi eving the necessary rheol ogi cal properties of the ink. The binder is
preferably selected fromthe aforenentioned group of conpounds having a

nol ecul ar wei ght Mwv between 1,500. and 10,000 g/ nole, whereby the nol ecul ar
wei ght Mv is deter- m ned according to *ﬁe procedures described in Polyner
Synthe- sis, 2nd revised edition by Paul Renpp and Edward W Merrill, Ed.
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stable three dinmen- sional network. In the conposition of the intaglio
printing ink, the content of water-soluble or water-thinnable urethane
acryl at dcsgoushigyg tadihis anvent gerer shesceBhprtsed wetrcerr Fole T of the
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According to the invention, the content_of water-soluble or water-thinnable
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rylate or polyethoxylated polyol triacrylate monomers is be-
tween 10 and 20% by weight, and a content between 10 and 15%

by weight is even more preferred.

The amount of water-~soluble or water-thinnable PEG diacrylate
or polyethoxylated polyol triacrylate or tetraacryl§te mono-

. mers allows an adjustment of the viscosity of the total print-
ing ink composition. At the same time these components provide
similar functional groups as those of the ink binder and par-
ticipate thus in an optimal manner in the formation of the po-

lymerized binder matrix.

The intaglio printing ink comprises a photoiniﬁiator which is
capable of initiating a radical polymerization reaction within
the aforementioned binder and monomers. The appropriate type
of photoiniator allows to start the appropriate type of polym-
erization reaction, which ideally proceeds with a high reac-

tion rate and provides a rapid curing of the printed ink.

According to another aspect of the invention the
photoinitiator can be selected from the group consisting of
acetophenone or benzophenone types of compounds. These types
of photoinitiators are well known to break up into free radi-

cals following irradiation with UV or short-wavelength visible
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The amount of water-soluble or water-thinnable PEG diacrylate or

pol yet hoxyl ated pol yol triacrylate or tetraacrylate nono- ners allows an
adj ustnment of the viscosity of the total print- ing ink conposition. At the
sane tinme these conponents provide simlar functional groups as those of
the ink binder and par- ticipate thus in an optimal manner in the formation
of the po- lynerized binder matrix. Thé4intaglio printing ink conprises a
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these wavelengths is easily produced by devices such as a Hg nedi um

Another aspect of the invention is in the use of a
photosensitizer, allowing for a higher yield of captured UV or
shortwave visible photons. The photosensitizer is selected
from the thioxanthone group of chemical compounds. This group
includes for example isopropyl-thioxanthone (ITX), 1-chloro-2-
. propoxy-thioxanthone (CPTX), 2-chloro-thioxanthone (CTX) and

2,4-diethyl-thioxanthone (DETX), as well as mixtures thereof.

According to a further aspect of the invention, an UV-
stabilizer is added to the ink. In the inks of the present in-
vention, Florstab UV-1, supplied by Kromachem Ltd, UK, has
been successfully used. The presence of the UV-stabilizer
serves to avoid a premature polymerization during the prepara-
tion or during the handling of the ink prior to use, as well

as on the printing press, prior to the radiation-curing step.

Still another aspect of the invention concerns the pigment
content of the printing ink composition. According to the in-
vention, a weight percentage of the pigment between 3 to 23%
can be used. Preferred is a pigment content of between 5 to
12%, and even more preferably a pigment content of between 7
to 10%, related to the total weight of the ink. The type of
pigment is selected from the group of pigments which can be

applied in UV-curing inks according to the art.



pressure |anp, or a Ga/Pb, Fe/Co doped Hg | anp, respectively. Another eﬁm
of the inventionis in the use of a photosensitizer, allow ng for azﬂaﬁﬁ 5
yi el d of wap2/94est UV or shortwave visibl e photons. The phBCOEEAEIBIZer is
selected fromthe thioxanthone group of chem cal conpounds. This group

i ncl udes for exanpl e isopropyl-thioxanthone (1TX), 1-chloro-2-

pr opoxy-t hi oxant hone (CPTX), 2-chl oro-thioxanthone (CTX) and

2, 4-di et hyl -t hi oxant hone (DETX), as well as m xtures thereof. According to a
further aspect of the invention, an Uv;.stabilizer is added to the ink. in
the inks of the present in- vention, F}orstab W-1, supphkied by Kromachem
Ltd, UK, has been successfully used. The presence of the UV-stabilizer
serves to avoid a premature polynerization during the prepara- tion or
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of pi gmafierngd cie cake beotappvedahEnobveber Emd.i nks according to the art. WD
02/ 094952 15 21 NOV 2005 PCT/ EP02/05331 According to a further aspect of
the invention the filler con- tent of the conposition is chosen-to amount to
bet weersti MNthc&OEdihy vei ghothért Aspebk. oEhehamiwventfidn,| ltefe |fEBler
r ef er abl
P 1s>gelected from the group of natural and artificially pre-
pared calcium carbonates. The type of calcium carbonate is
preferably selected from grades which have a low oil absorp-
tion in order to aveoid a trapping of part of the binder within
the filler, which results in an incomplete polymerization of

. the binder.

A further part of the invention is a method for manufacturing
an intaglio printing ink composition having a viscosity of
between 7 and 60 Pa.s at 40°C. A more preferred viscosity
range 1s between 12 and 40 Pa.s, and an even more preferred
range is between 15 and 30 Pa.s at 40°C. The ink viscosity is
adjusted according to the invention by adding water-soluble or
water-thinnable PEG diacrylate or polyethoxylated polyol

triacrylate monomers.

A further part of the invention is a method of applying a ra-
diation curing intaglio printing ink in an intaglio printing
process using a water wiping system. The water wiping system
uses a wiping solution having a sodium hydroxide concentration
between 0 and 0.5% by weight, preferably between 0.1 and 0.3%
and more preferably between 0.1 and 0.2% by weight.



bet ween 25 and 40a and nore preferably between 25 and 350, referred7fldiiVHE0s
total weight of the ink. Still according to another aspect of the invention,

the fillegodsyogszhected fromthe group of natural and arti fpEipbdsssne-
pared cal cium carbonates. The type of calciumcarbonate is preferably

sel ected from grades which have a |ow oil absorp- tion in order to avoid a
trappi ng of part of the binder wwthin the filler, which results in an

i nconpl ete pol ynerization of .the binder. A further part of the invention
is a nmethod for manufacturing an intaglio printing ink conposition having a
viscosity of between 7 and 60 Pa.s at 0C. A nore preferred viscosity

range i s between. 12 and 40 Pa.s, and an even nore preferred range is
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in an intaglio printing process using a water w ping system The water
wi pi ng sgdfled flseswlatimmg B @i fecthavesgoassbie ufvhythdsi diange of

concentration_ ,bet 0 and 0.5% by wejght, preferably between 0.1 and 0.3%
ond- or EORFBEHLER] \PIo bt HF G TR 258 by AP nta LD NP 688W 6] 09405
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printing process can b%ﬁ§;e0|p|tated by addi ng an inorganic “nmetal halide or

sul f at ePeaymesd.utihen adiitsi iy e G tnevgarie| ealt| scéutirnorllpwe ef f ect
responsLBIQeE%QE iésfgyﬂgﬂaﬁgunt of the printing ink dispersed in the
waste wiping solution, and allows therefore to release a less
polluted waste water. The precipitated ink can be recovered by
standard solid-liquid separation methods, such as filtration,
ultra-filtration, centrifugation, etc., as known to the
skilled in the art.

The remaining soluble oxganic contents of wiping solution af-
ter the ultrafiltration, floculation and filtration treatment
can be determined with the help of Chemical Oxygen Demand
(COoD), Total Orxrganic Carbon (TOC) and Dissolved Organic Carbon
(DOC) measurements which are standard procedures in the field
of waste-water characterization. Environment-friendly intaglio
inks are characterized by low COD, TCO or DOC values of the

residual wiping-solution waste.

The invention also includes a method for the pfecipitation of
the aforementioned intaglio ink from a wiping solution of an
intaglio printing press. Said precipitation is noteworthy
brought about by the addition of an inorganic metal halide oxr
sulfate salt solution such as solutions of calcium chloride,
iron chloride, sodium chloride, potassium chloride or aluminum

sulfate.



solubility of the printing ink is the so-called "salting out” which ?ﬂ %?mh
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standard solid-liquid separation nethods, such as filtration,
ultra-filtration, centrifugation, etc., as known to the skilled in the art.
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In a further aspect the invention provides a method of making
an intaglio printing on a substrate using the ink composition
of the invention. Said printing using said ink allows note-
worthy a film thickness of 20 to 60 microns, preferably of 30

. to 50 microns, to be deposited on paper or polymer substrates.
A noteworthy advantage of the inks of the invention is that
said rather high film thickness can be cured thoroughly and
rapidly by irradiation with electromagnetic radiation or with
electron beam radiation, providing an excellent and thoroughly
dried imprint, ha&ing excellent chemical and physical resis-
tance, as well as tack-free printing surfaces immediately upon

leaving the printing press.
The invention will now be explained further by non-limiting
composition examples which are given for illustration pur-

poses.

List of abbreviations:

e Ebecryl 2001 UCB aliphatic urethane diacrylate oligomer

e Ebecryl 2002 UCRB aliphatic urethane acrylate oligomer



water wiping solution to fall within a range of between 20 and 50C
preferably of in between 20 and 40C, and nore prefera- bly of in betddellV2805
and 35C. W@oi@uperature noteworthy affects the sol ubilityp®fppddaspii nting
ink in the wiping solu- tion. In a further aspect the invention provides a
met hod of making an intaglio printing on a substrate using the ink
conposition of the invention. Said printing using said ink allows note-
worthy a filmthickness of 20 to 60 mcrons, preferably of- 30 to 50

m crons, to be deposited on paper or polymer substrates. A noteworthy
advantage of the inks of the inventionl8s that said rather high film

t hi ckness can be cured thoroughly and rapidly by irradiation with
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excel l ent and thoroughly dried inprint, having excelléent chem ¢al and

physi cal resis- tance, as well as tack-free printing surfaces i medi ately
upon |eavreg 2dte printi NngCBr essallbRylavedt cadawrlilanew be expl ai ned
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Ureth | at j |RR 210 | | Lri | ate | RR 280UCB
Urethane grylate of] gomeL LER 2)0UCK al koxylahgg tri acrylate

e Photomer 4158 Cognis l4-ethoxylated TMPTA

e OVP® Optically Variable Pigment from
Flex Corp., Santa Rosa.
e QOVI® Optically Variable Ink

supplied by Sicpa S.A., Lausanne

- Example I

The inks have been prepared according to the general formula,

printed and cured

Samples A v B

Ebecryl 2002 46.6

1L.300-627 46.6

Wax (Montan) 4.0 4.0
Emulsifier 3.0 3.0

UV stabilizer 2.0 2.0
IRGALITE RED 8B 8.0 8;0
Filler (CaCOj) 30.0 30.0
ESACURE ITX 2.6 2.6
IRGACURE 369 3.8 3.8



Phot oner 4155Cogni s 7-ethoxyl ated TMPTA Phot omer 4158Cogni s 14- et hoxyl at ed
TMPTA OVP(r)Optically Variable Pigment fromFlex Corp., Santa Rosa. 71 NJV 2005
OVI (r) Opt wepddawsddari abl e I nk supplied by Sicpa S. A, Lausaniga/Epoameize | The

i nks have been prepared according to the general formula, printed and cured
A B Sanples 46.6 Ebecryl 2002 L300-62746.6 Wax (Montan)4.04.0

Enul sifier3.03.0 UV stabilizer2.02.0 | RGALI TE RED 8138.08.0 Filler
(CaC03) 30. 030. 0 ESACURE |1 TX2.62.6 | RGACURE 3693.83.8 WD 02/094952 19 Tota
100.0 100.0 ResultsAB Viscosity / [Pa.§$2745 Tack / [T.U.]240300

Total 100.0 ‘ 100.0
Results A B
Viscosity / [Pa.s] 27 45
Tack / [T.U.] 240 300
Wiping / paper* 5 5-6
Printing quality /[GOAC]* 5-6 5-6
Drying / [2x50 m/min]* 3-4 3
Deterg. at 0.1% NaOH* 5-6 4-5
CcoD [mg O,.L7%] 6'500 10’800

*6 = very good ; 5 = good ; 4 = satisfying ; 3 = poor ; 2 =

very poor;

The classification of the results of the wiping, printing
quality, drying and detergibility in 0.1% NaOH solution is es-
tablished according to laboratory experience.

Example IT

The inks have been prepared according to the procedure as de-

scribed for example I.

Samples c D
Ebecryl 2002 - 35.6 35.6
IRR 210 ~11.0
IRR 2890 11.0

Wax (Montan) 4.0 4.0



Wping / paper*55-6 Printing quality /[600C]*5-65-6 Drying / [2x50

m mn]*3-43 Deterg. at 0.1% NaOH5-64-5 COD [ng 02.L-:']6150010, 800 2INNCHM5
2005 PCTAEPP24Q9331 *6 = very good ; 5 = good ; 4 = satisfyipgpedsa POOr

2 = very poor; The classification of the results of the wi ping, printing
quality, drying and detergibility in 0.1% NaOH solution is es- tablished
according to | aboratory experience. Exanple Il The inks have been prepared
according to the procedure as de scribed for exanple |I. CD Sanpl es Ebecryl
200235.635.6 I RR 21011.0 IRR 28011.0 WAx (Montan)4.04.0 WO 02/094952 21 NOV
2005 PCT/ EP02/ 05331 20 Enul sifier3.0320 UV stabilizer2.02.0 | RGALI TE RED
8B8.08.0 Filler (CaCO3)30.030.0 ESACURE | TX2.62.6

Emulsifier 3.0 3.0
UV stabilizer 2.0 2.0
IRGALITE RED 8B 8.0 8.0
Filler (CaCOs) 30.0 30.0
ESACURE ITX 2.6 2.6
IRGACURE 369 3.8 3.8
Total 100.0 100.0
Results C D
Viscosity / [Pa.s] 16 20
Tack / [T.U.] 110 130
|Wiping / paper* 5-6 5-6
Printing cquality /[60°C]=* 5-6 5-6
Drying / [2x50 m/min]* 5 5
Deterg. at 0.1% NaOH* 5 5
COD [mg O;.L7%] : 10675 |10’865

*6 = very good ; 5 = good ; 4 = satisfying ; 3 = poor ; 2 =

very poor;

Example IIX

Samples E F
Ebecryl 2001 32.0

Ebecryl 2002 35.6
Photomer 4155 14.6

Photomer 4158 » 11.0

wWax (Montan) 4.0 : 4.0



| RGACURE 3693. 83. 8 Tot al 100. 0100. 0 Resul tsCD Viscosity / [Pa.s] 1620 Tack /
[T.U.]110130 Wping / paper*5-65-6 Printing quality /[600C]*5-65-6 BriyN0vop005
[ 2x50 M woFdhofeterg. at 0.1% NaOH*55 COD [ng 2. L-1] 10" eGbHEBIRBI31* 6 =
very good ; 5 = good ; 4 = satisfying ; 3 = poor ; 2 = very poor; Exanple
1l E F Sanpl es 32. 0 Ebecryl 2001 Ebecryl 200235.6 Photoner 415514.6

Phot oner 415811.0 Wax (Montan)4.04.0 WO 02/094952 21 NOV 2005

PCT/ EPO2/ 05331 21 Enul sifier3.03.0 UV stabilizer2.02.0 | RGALI TE RED

81B8. 08. 0

21

Emulsifier 3.0 3.0
UV stabilizer 2.0 2.0
IRGALITE RED 8B 8.0 8.0
Filler  (CaCOj3) 30.0 30.0
ESACURE ITX 2.6 2.6
IRGACURE 369 3.8 3.8
Total 100.0 100.0
Results E F
Viscosity / [Pa.s] 27 14
Tack / [T.U.]* 225 125
1Wiping / paper* 5-6 5-6
Printing quality /[60°C]* 5-6 5-6
Drying / [2x50 m/min]l* 5 5-6
Deterg. at 0.1% NaOH* 5 5

CoD [mg 0O,.L™%] 10’590 107700

*6 = very good ; 5 = good ; 4 = satisfying ; 3 = poor ; 2 =

very poor;

Example IV

The following samples are disclosed with the use of a PEG400DA
(IRR280 or Cray Valley SR344) monomer and an aliphatic ure-
thane acrylate oligomer (Ebecryl 2002). Differeﬁt examples
have been prepared and tested including a red, a magnetic

green and OVI® formulatioms



Filler(CaC33)30.030.0 ESACURE | TX2.62. 6 | RGACURE 3693. 83. 8 Tot al 100. 010
Resul t sEF Vi scosity / [Pa.s] 2714 Tack / [T.U. ]1*225125 w ping / p ém 0 5 6
Printing w@bi,&gqggi 6000]*5 65-6 Drying / [2x50 mim n] *55-6 hejgepabrosas; 0. 10
NaOH* 55 ]10 59010' 700 *6 = very goo very poor; Exanple IV 5 =
goo ; 4 = sates ylng ;3 poor ; 2 The foll ow ng sanpl es are discl osed
with the use of a PEG400DA (IRR280 or Cray Valley SR344) nononer and an

al i phatic ure- thane acrylate oligonmer (Ebecryl 2002). Different exanples
have been prepared and tested including a red, a magnetic green and OVI
formul ati ons WD 021094952 22 Sanpl e GRE&ZLSOO 600 35.6 I RR280 11.0 Wax
(Montan) 4.0

Sample G : Red

L300-600 35.6
IRR280 11.0
Wax (Montan) 4.0
Emulsifier 3.0
UV stabilizer 2.0
IRGALITE RED 8B 8.0
Filler (CaCoO3;) 30.0
ESACURE ITX 2.6
IRGACURE 369 3.8

Total 100.0

Sample H : Magnetic green

Ebecryl 2002 46.6
Wax (Montan) 4.0
Emulsifier 3.0
UV stabilizer . 2.0
Mapico yellow 215 9.5
IRGALITE GREEN GL 1.5
Carbon Black Raven 0.45
IRGALITE BLUE LGLD 0.35
Filler (CacCoOs) 26.1
ESACURE ITX 2.6
TRGACURE 369 3.8
Total 100.0

Sample I : OVI® green to blue

Ebecryl 2002 46.6
wax (Montan) 4.5

Emulsifier 3.0



Enul sifier 3.0 DV stabilizer 2.0 IRGALITE RED 8B 8.0 Filler (CaCCB)2 3@0
ESACURE | TX 2. 6 | RGACURE 3693. 8 Total 100.0 Sanpl e H Magnetic green Boiitr 5
200246. 6w\dRog/0oMmnt an) 4. 0 Enul sifier3.0 Wstabilizer2.0 Map@oEBRIbBY 2159. 5
| RGALI TE GREEN G.1.5 Carbon Bl ack Raven0. 45 | RGALI TE BLUE LG.DO. 35 Filler
(CaC3B) 26.1 ESACURE | TX2. 6 | RGACURE 3693.8 Total 100.0 Sanple I OVl green to
bl ue Ebecryl 2002 46.6 Wax (Montan) 4.5 Enulsifier 3.0 WO 02/ 094952

23

UV stabilizer 2.0

OVP Green/Blue 22.0

Filler (CaCoOs) 6.5

Aerosil 200 9.0

ESACURE ITX 2.6

IRGACURE 369 3.8

Total 100.0
Results Sample G|Sample H |Sample I
Viscosity / [Pa.s] 6-7 30-40 30-40
Tack / [T.U.]l* 100 200 240
Wiping / paper* 5-6 5-6 5-6
Printing quality /[60°C]* 5* 5-6 5
Drying / [2x50 m/min]* 4-5% 4-5 5-6
Deterg. At 0.1% NaOH* 5% 5-6 5-6

*6 = very good ; 5 = good ; 4 = satisfying ; 3 = poor ; 2 =

very poor.

Example V

Sample J

Ebecryl 2002 35,
IRR280 11.
Wax (Montan)
Emulsifier

UV stabilizer

o N Wb
o O O O O O

IRGALITE RED 8B



21 NOV 2005 PCT/EP02/ 05331 23 WV stabilizer2.0 OVP G een/Blue22.0 Filler
(CaCB) 6.5 Aerosil 2009.0 ESACURE | TX2.6 | RGACURE 3693.8 Total 100. 07 1 NOV 2005
Resul t sS3pgheeszoaspl e HSanple | Viscosity / (Pa.s]6-730-40§? é%,{ K/

[ T. U.]*100200240 W ping / paper*5-65-65-6 Printing quality F 8&?§5*5-65
Drying / [2x50 mim n]*4-5*4-55-6 Deterg. At 0.1% NaOH5*5-65-6 *6 = very goo
;5= goo ; 4 = satisfying ; 3 = poor ; 2 = very poor. Exanple V Sanple J
Ebecryl 200235.6 |1 RR28011.0 Wax (Montan)4.0 Enul sifier3.0 uV stabilizer2.0

| RGALI TE RED 8B8. 0 WD 02/ 094952 24 Filifr (CaC3) 30.0

Filler (CaCo0s) 30.0
ESACURE ITX 2.6
IRGACURE 369 3.8
Total . 100.0

The ink of the above listed composition has been printed in
industrial printing conditions. The first printing trial was
run with the MiniOrlof Intaglio MOI printing press from De La
Rue - Giori using both, a pure water wiping solution and a
0.1% NaOH wiping solution. In both conditions, printing qual-
ity and wiping were excellent. A second printing trial was run
with the SuperOrlof Intaglio SOI printing press in the same
conditions. In the case of a pure water wiping solufion, the
’ink of example 1 was wiped off the plate and deterged from the
wiping cylinder in a correct way. The wiping and deterging of
the ink was substantially improved when using a 0.1 or 0.2%
NaOH wiping solution. At further increased NaOH concentration
(0.2% NaOH and more), wiping and deterging problems appeared
again, which gradually worsened with further increasing NaOH

concentration.

COD values have been measured for Sample J in both situations:

Sample J / CaCl, (35%) COD [mg 0..L7%]

Pure water solution pH=6-7 (2’750

0.2 % NaOH, pH=10-11 3/340




ESACURE | TX2. 6 | RGACURE 3693.8 Total 100. 0 21 NOV 2005 PCT/EPOZ/OSE?@ J?ﬁﬁ
i nk of the above listed conposition has been printed in industria p ng
condi ti omap oFbeaed2i rst printing trial was run with the M np@vkpd2/dssdiagl i o
MO printing press fromDe La Rue - Gori using both, a pure water w ping
solution and a 0.1% NaOH wi ping solution. in both conditions, printing
qual - ity and wi ping were excellent. A second printing trial was run wth
the SuperOrlof Intaglio SO printing press in the sane conditions. In the
case -of a pure water w ping solution, ,the ink of exanple 1 was w ped off
the plate and deterged fromthe mﬁpiﬁ' cylinder in a correct way. The

W pi ng and deterging of the ink was substantially inproved when using a 0.1
or 0. 2Bxam@és ¥lping solution. At further increased NaOH concentration

(0. 3% NaCH and nore), w ping and deterging probl ens appeared again, which

gradu rsened ?ﬁ&§ [-her. r Qﬁ%}¥ é§5§§31 t val ues
have Eéé&r'{?x\rr%agurggdl or S{‘IaaM 1 ?)%%b situatio rrka‘\(Zl %ﬂ%{'ﬁgb (359% CCD
[myg Oz200A1 Pure matersolutlon thG 72' 750 0.2 % NaOH, pH=10-i13' 340 21 NOV

2005 WO 02/094952 PCTI EPO2/ 05331 25 Exanple VI Sanple Kis |like sanple J

but |3§%§QD sam EaC%Q %é %%&{ e5§%¥éd 3 g of fresh ink is dis-

persed for 1-2 hours in 97 g of water (NaOH 0.1%) and heated
at 50°C. The ink dispersion is allowed to cool under stirring.
At 30°C, 1.5% of fossil meal is added. A 10% CaCl, solutionm is
added slowly in small portions (total 1.5 mL). Three different
salt have been used to precipitate the ink disclosed in sample
G. The fluffy red precipitate is filtered off using a paper

filter. The solution is analysed in the same conditions.

CoD [mg 0,.L7%] Sample G |Sample J |Sample K
NaCl 10% 10700 7530 5650
CaCl: 10% - 10600 7450 6430
FeCl3‘ 10% 10670 7530 7600
Al,(S04) 3 10% 10570 7440 6940

As it can be seen from these results, COD values do not seem
to be related to the nature or the charge of the polyvalent
cations used for flocculating the ink waste. The nature of the

acrylate oligomers or monomers is more critical, however.



COD of sanple G has been neasured. 3 g of fresh ink is dis- persed for 1-2
hours in 97 g of water (NaCH 0.1% and heated at 50C. The ink dispersion is
al l owed to cool under stirring. At 30C, 1.5%of fossil neal is addedl. N 2650
CaCl2 solution is added slowy in small portions (total 1.5 nL). Three
different salt have been used to preciBitate the ink disclosed in sanple

G The fluffy red precipitate is filtered off using a paper filter. The

sol uti ogyjissanal ysed in the sane conditions. COD [ng 02.L"1] Sanpl e GSanpl e
JSanpl e K NaCl 1001070075305650 CaCl2 10%4060074906490 Fed 3
1001067075307600 A12(SO4) 3 1094057074406940 As it can be seen fromthese
results, COD val ues do not seem to be related to the nature or the charge

of the pol yvalent ,gations ;usedd A | QeI Atd NG, thsnbhksyaste. The nature
of the acrylate oligomers or nononers is nore critical, hoWwever. 21 NOV

2005 26 Clains 1. An intaglio printing ink conposition conprising (a) a
first binder conpound selected fromthe group o wat er - sol ubl e or
mater-thinnéﬁ eaagF§F5t - %F&bﬁﬁ@?PWﬁ% %%ﬁqé%ﬁélgfo%.%%%oﬂHOHBnSEeric :
bi nder conpoundysearleeted1tr @p LR H-QUR rERNSI Std g, Pht dabeE 58RLWRl.e or wa-
ter-thinnabl e PEG di acryl ate or pol yet hoxyl ated pol yol triacrylate nononers

to adjust vilbtosptyonedjlya pheesiond meremeny d indee pohyeendzaei-on of the
bi nder upon irragdigtion by, eleciommonetic radiation of , eLepten BeAl..
ter-thinnable PEG diacrylate or polyethoxylated polyol
triacrylate monomers to adjust viscosity;
(c) a photoinitiator to initiate polymerization of the
binder upon irradiation by electromagnetic radiation or
electron beam radiation;
(d) filler and optionally additives selected from the group

consisting ¢f pigments, security pigments, photosensitiz—'

ers, photostabilizers, and emulsifiers.

characterized in that the first binder (a) and optionally the
second binder (b) are selected to make the composition sub-
stantially fully dispersible in a water wiping solution hav-
ing a sodium hydroxide concentration between 0 and 0.5%,
preferably between 0.1 and 0.3% and more preferably between
0.1 and 0.2%, and that the viscosity of the composition is

between 7 and 60 Pa's at 40°C.

2. Intaglio printing ink according to claim 1, characterized in
that the first binder component is selected from the group
consisting of a water-soluble or water-thinnable urethane
acrylate oligomer, a water-soluble or water-thinnable epoxy
acrylate oligomer, a water-soluble or water-thinnable acrylic
acrylate oligomer, a water-soluble or water-thinnable polyes-

ter acrylate oligomer, or a mixture of these polymers.



(d) filler and optionally additives selected fromthe group consisting of

pi gnents, security pignents, photosensitiz- ers, photostabilizers,
enul sifiers. characterized in that the first binder (a) and optional

N

second binder (b) are selected to nake the conposition sub- stantially fully
di spersible in a water wi ping solution2hav- ing a sodi um hydroxi de
concentration between 0 and 0.5% preferably between 0.1 and 0.3% and nore
preferably between 0.1 and 0.2% and that the viscosity of the conposition

is b 7. and.60_Pa's . 2 Intaglio printing i i
. DL 00,000 oy A0% edabonlin i dcien O scompplantey

claim 17 "characterrz i nder componen

the group ¢984i shi ngaef thewatielicosdltyblof aheanaieipddi thiabl £s ubet haae 12
acrylate oligoner, a water-soluble or water-thinnabl e _epoxy acgylate
ol i gomer, a2Wdt &P- 88 Tibl BrdfehabPey- PRFNASDI écadPfl 3@ PacPyRat €065 goner, a
or a mxture
of these polyners. 21 NOV 2005 27 3. Intaglio printing ink according to
clainms 4.ori2taghavaptrent ingednkn achatrdimg ricsedsings af tde3 coopasatten-i s

wat er - sol ubl e or water-thinnable polyes- ter acrylate oligoner,

between 12 ' and 40 Pa's, preferably between 15 and 30 Pa's at 40C. 4
Intaglio prifefingni AR2EcEBRIIVAGOSiEYacts tHa Sidhar3ct et -Pe 88 n

the viscosijy pf Lhgrbyhpder (a) is between 5 and 40 Pa.s at 40C. 5.
Intaglio printing ink according to clains 1 to 4, character- ized in that
t he nol ecul ar wei ght Mv of the binder (a) is be- tween 1,500 and 10, 000

o/ .0 RLALLE BRLALRR (K Srcarg, b clalme 110, chRssiLs

5t Aad

i zed

ized in that the molecular weight My of the binder (a) is be-
tween 1,500 and 10,000 g/mole.
6. Intaglio printing ink according to claims 1 to 3, character-

ized in that the content of water-socluble or water-thinnable
acrylate oligomers is comprised between 30 to 70% w,

bly between 40 and 60% w, and more preferably between 45 and

55% w related to the total weight of the ink.

7. Intaglio printing ink according to one of the claims 1 to 6,

characterized in that the content of water-socluble or water-

thinnable PEG diacrylate or polyethoxylated-polyols triacry-

late monomers is between 5 and 25% w, preferably between 10

and 20% w and more preferably betweeen 10 and 15% w related

to the total weight of the ink.

8. Intaglio printing ink according to the claims 1 to 7,

terized in that the photoinitiator is capable of initiating

prefera-

charac-

radical polymerization reactions of first binder (a) and sec-

ond binder (b).



acrylate oligoners is conprised between 30 to 70% w, prefera-
and 60% w, and nore preferably between 45 and 55% w related t

bly between 40
o the total

wei ght of the ink. 7. Intaglio printing ink according to one of the ZdINiVnagg5
to 6, characterized in that the content of water-soluble or water-

t hi nnabl e PEG di acryl ate or pol yet hoxyl 28 ed- pol yols triacry- |

ate nobnoners

is between 5 and 25%w, preferably between 10 and 20% w and nore preferably

bet weeen 10 and 15% w related to the total weight of the ink.

printing inkaccording {0 the chi §8-dr40nd, t6haMaswH keriged-d

B. Intaglio
tdhaled hn

photoinitiator i's capable of initiating radical polynerization reactions of
first binderthad tdml seid pi:rcdtcbllmde:atm 121salD¥ceeds 28 . tHantgpup con-

printing ink according to cl cteri edin that the
Phoof it | aBdE Gkl Bt SeE TR BT TR OF oUP EORTSEPEE FyPet KR

benzophenone type conpounds. 10. Intaglio printing ink accordi

sai
one of

ng to claim9,

characterized in that the said photoinitiator has a maxi num absorption

bet ween 10300 rdray 45D pim waed engt hacqqrdilngagbi olpiintSi, nghiade

oy aididin o

f th I 1 7 h th h h
el oot ed 1 G T yr Gt QRS ST hG- Dot Dt ant RBHG COnBsORIeT o 67 el

| sopropyl -t blo@X@n{cham) (drd Xyavdr &K 0- 2- propoxy- t hi oxant hone

(CPTX) ,

2- chl oro-t hi oxant hone (CTX) and 2, 4-di et hyl - thi oxanthone (DETX), and
m Xt ures thereof 12. Intaglio printing ink according to one of the clains 1

to 11, ,Ghara l!lzoe%l!‘fﬂ'lg (e - céé%’i%z% bRedd¢ed O ALBVYANY o 7,

premature poI |zat I'on o
characterized in that the photosensitizer is sele

the group consisting of thioxanthone compounds, p

cted from

referably

isopropyl-thioxanthone (ITX), 1l-chloro-2-propoxy-thioxanthone

(CPTX), 2-chloro-thioxanthone (CTX) and 2,4-diethyl-

thioxanthone (DETX), and mixtures thereof.

12. Intaglio printing ink according to one of the claims 1 to 11,

characterized in that an UV-stabilizer is added to prevent

premature polymerization of the ink.

13. Intaglio printing ink according to one of the claims 1 to 12,

characterized in that the pigment content of the composition

is comprised between 3 to 15% w, preferably between 5 to 12%

w and more preferably 7 to 10% w related to the total weight

of the ink.

14. Intaglio printing ink according to one of the claims 1 to 13,

characterized in that the filler content of the composition

is comprised between 20 and 50% w, preferably between 25 and

40% w and more preferably between 25 and 35% w related to the

total weight of the ink.



13. Intaglio printing ink according to one of the clains 1 to 12,
characterized in that the pignent content of the conposition is conprised
between 3 to 15% w, preferably between 5 to 12% w and nore preferagﬁ)ﬂf NV 12805
10% w related to the total weight of the ink. 14. Intaglio printing ink
according to one of the clains 1 to 1329 characterized in that the filler
content of the conposition is conprised between 20 and 50% w, preferably
between 25 and 40% w and nore preferably between 25 and 35% w related to

the total waightli@f grhedifg 2k NREZEOEn@ % d5¢c1 hhkadki, 0 cPlamdtdg-ii4da in
according to claim 14, characterized in that the filler is selected from
the group compiti $iheg fddlldums vt @ fFadeshhagrAYPl EREIIL SafFsh et ornm
16. A method_for uf act yr | n. i | Lo, pripting.ink conposi- tion
accordi ng t%ag i m % tggr%i%,é c a‘?%l gfr(?‘geéc)i{)} n%ﬁéjf}g?ﬁgﬂ'vi scosity of the
conposition is adjusted to have a value be- tween 7 and 60 Pa's, preferably
between 12 and 40 Pa's, and nore preferably between 15 and 30 Pa's at 40C
t he vi sé@si fyMeidiods thfghmadBhiRG i 9 P st ep2 9t L adBir A b wage Lo BRSO wa-
ter-thi nnab%%oﬁsg’c@fo%iﬂgﬁtt% Q.Ilapl% YPttth)XY% ?tglqapglzyg itzre'da'incrt A &he
nononers. 17. e of ‘an i™taglio printing 1nk conmposition according to one
or nore of thecelsditys df tthel =dupa@s it bagl s ca@iuat eAgtpr baess a saipd deng a
W ping systemincluding a water w ping sqlution having a_sodi um hydroxi de

: ) .
concent r at i 5HEE VieémD eend’ 20 S50 T ShreretiabIRF Basieer? 219 ahll B23% affef nor e
preferably Rg&@eﬁQef%-r%bﬁriﬂ_&t%%en 1% dse secprding tooebai phd7viscosity
characterized in“that in said in-
adjustment comprising the step of adding water-soluble or wa-
ter-thinnable PEG diacrylate or polyethoxylated polyol tria-

crylate monomers.

17. Use of an intaglio printing ink composition according to one
or more of the glaims 1 to 15 in an intaglio printing process
comprising a wiping system including a water wiping solution
having a sodium hydroxide concentration between 0 and 0.5%,
preferably between 0.1 and 0.3% and more preferably between

0.1 and 0.2%.

18. Use according to claim 17, characterized in that in said in-
taglio printing process the waste ink is separated from the
wiping solution by adding an inorganic metal halide or sul-

fate salt solution.

19. Use according to claim 18, characterized in that said separa-
tion comprises the step of adjusting the temperature of said
wiping solution to a value between 20 and 50°C, preferably

between 20 and 40°C and more preferably between 25° and 35°C.

20. Use according to claim 17, comprising the steps of (i) print-
ing said intaglio printing ink composition in a film thick-

ness of 20 to 60 um, preferably 30 to 50 um, onto a sub-



taglio printing process the waste ink is-separated fromthe w ping solution
by adding an inorganic netal halide or sul- fate salt solution. 19. Use
according to claim 18, characterized in that said separa- tion conpr(3$&ytpps
step of adjusting the tenperature of said w ping solution to a val ue
between 20 and 50C, preferably between330 and 40C and nore preferably

bet ween 25 and 35C. 20. Use according to claim17, conprising the steps of
(i) print- ing said intaglio printing i nk conposition ina filmthick- ness
of 20 to 60 Jn. referap F’? n})aocglt g 21, NOY %10 cO:xStrEa eétlacnd
(ii1) curing sal ﬁrlﬁied i 218¢ radiation or e ron
bean1radlatmamlalhcheQumﬂecukmnnﬁﬁﬁﬁ ﬁ@@p&tsmﬁg an inprint made by an
intaglio printing ink conposition according to clains 1 to 15.

21. Security documents comprising an imprint made by an intaglio

printing ink composition according to claims 1 to 15.



