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This invention relates to radiation-curable pigmented
ink compositions, and methods of decorating articles
therewith.

5 Commercial ceramic and glassware 1s traditionally
decorated by applying a design in coloured ink onto the
surface of the substrate, by means of screen printing,
offset printing or any other direct application technique;
and the thus decorated substrate is then fired, so as to

10 burn off the organic components of the ink, and cause the
ink design to "fuse" onto the surface of the glass. This
traditional process however is time-consuming and energy-
intensive, and at best results in heavy operational costs,
and a requirement for significant floor space in factories.

15 A further disadvantage of this long-established procedure
is that the applied decoration until it has been fired is
extremely prone to damage caused by the rubbing and
scratching that occurs in normal handling operations, and
this results in many rejects.

20 Radiation-curable adhesives are known, and in our
previous European Application No. 93 3 04160.0, now EPA
0,626,354, we have described and claimed methods and ink
compositions for decorating glass in which usually-
colourless inks based upon such radiation-curable adhesives

25 are applied to the surface and, after curing thereon by
radiation, hot-stamping foil is applied to the cured ink so
as thus to decorate the glassware. This relatively new
procedure offers significant advantages over the
traditional method, because radiation-curing is easy and

30 inexpensive, requiring only lamps that emit the desired
wavelength of 1light (or, in the case where no

photopolymerization agent is included in the ink, an
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i nk.'design to "fuse" onto the surface of the glass. This tradi tional
.process however is tinme-consum ng and energy- I ntensi ve, and at best
results in heavy operational costs, and a requirenment for significant
floor space in factories. 15 A furt her di €advantage of this

| ong- est abl i shed procedure Is that the applied decoration until it has
been fired is extrenely prone to damage caused by the rubbing and
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10 tend to absorb actinic radiation and thus interfere with
the radiation curing of a pigmented radiation-curable ink.
This problem of interference with radiation curing moreover
becomes most acute with red and yellow pigments, which
absorb actinic radiation in the range of from 4nm up to

15 600nm to so great an extent that radiation curing in the
presence of red and yellow pigments is extremely difficult
to achieve.

Nor are these the only problems that arisé with
pigmented inks. The standard inorganic pigments that have

20 traditionally been employed in decoration are compounds of
heavy metals e.g. cadmium, chromium, manganese &c., and
such inorganic, heavy metal compounds are these days coming
under increasingly hostile scrutiny due to environmental
concerns about heavy metals, especially cadmium and

25 chromium, so it is becoming less desirable to use them for
decoration purposes. Still further, inks coloured with
inorganic pigments often exhibit poor colouration (e.g.
reds often look brown or purple) and are then unacceptable
for commercial decorating purposes.

30 Thus, there is a need for radiation-curable inks which
cure easily, which impart bright, clear red and yellow
colours acceptable for commercial decoration, and which are
free from environmental concerns.

We have searched far and wide for pigments free from

35 these troubles, and we have at last now found that there

are just two classes of organic pigments (which are red
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-2-! el ectron bean) so that there is no requirenment for much fl oor
_ sSpace, and noreover the hazards and energy expendi tures encountered in
t he use of firing ovens are totally elgnmnated. 5 Al t hough the

i nks enployed in this relatively new procedure are usually col ourl ess,

we did in our EPA 0, 626, 354 aforesaid envisage the possibility that

th I h b t
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radi ati on curln wi th
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15 600nm 10 SR IIRAABDPELYeditfls IAH & | @Pe CHFL AL NtER8 and adhere

well to the substrate. These advantages moreover can be
secured no matter whether the substrate is glass, plastics
or ceramic, and whatever form it may take, such as for
instance containers such as bottles, cups, dishes and
10 glasses, as well as vases, figurines and other decorative
glassware and ceramic ware, and indeed glass or ceramic

sheets, tiles and so on.

According to one aspect of the present invention there
15 is provided a radiation-curable pigmented ink composition

which comprises:

a) a radiation-curable component which, when applied
directly to a substrate and exposed to radiation by which
20 is curable, can be cured to bond to the substrate; and

b) a pigment component which consists of or contains
one or a mixture of more than one pyrrolopyrrol and/or
isoindolinone pigment(s).

25

One of the necessary elements of radiation-curable
composition is a radiation-curable component, which may
consist of monomers, oligomers and/or low molecular weight
homopolymers, as well as copolymers, terpolymers, graft

30 copolymers or block copolymers, so long as the component is
curable (polymerized) by exposure to an electro beam or to
actinic (including ultraviolet) radiation.

At this point it is perhaps desirable, for the
35 avoidance of doubt, to observe that the terms "actinic

radiation" and "ultra-violet radiation" are here used in
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presence of red and yellow pignents is extrenmely difficult to achi eve.
Nor are these the only problens that arise with pi gnented i nks. The
standard-inorganic pigments that have 20 4traditionally been enployed in
decoration are conpounds of heavy nmetals e.g. cadm um chrom um
manganese &c., and such inorganic, heavy netal conpounds are these

days com ng Peﬁ ugggha% %eggglnghgthﬁgtkbesgggutiny due to environnent al
e a m

concerns abou avy me especiall'y cad mand 25 chromum so it is
becom ng | ess desirable to use themfor decoration purposes. Still

further, inks CO'Q%%eqeﬂhthactlnlanBQQthoﬁ“gﬂﬁnééngféﬁnmégﬁﬁtﬂi%ﬁﬁmﬂn
col ouration

en k brown or e d are t
unacceptableg:he VlP&FtCSH%ng tZp- Hé@ & Fﬁ@lﬁﬁﬁp§§é§h QG?E bring,gboutper e
is a need forheadicatlli ehatidfeahl andksaywbehregardedr aseasickygspshidthgi mpar t

bri ght, clear H%qe%gqh%ebkoyrom 4 gglgg OSurd acceptable for comercia

decorati on, fronlth|ronnentaI concerns.
W have searched far and wi de for plgnents free from35 these troubles,

and we have at 'a%then%vgxfnpuqﬁémtvw@ée (or UF)E dalfilatlithh ClASEESs oo
organi c pignments (which are red
the non-visible part of the actinic radiation, and may be

10 regarded as corresponding to wavelengths of from 4 to
400nm., and preferably (for present purposes) 325-365nm.

The radiation-curable component to be commercially-
acceptable must of course be capable, after it has been
15 cured, of bonding the cured composition to the substrate
permanently - that is to say it must be affixed to the
substrate to a degree sufficient for it to remain on the
substrate for the useful life of the substraté. For
example, where the substrate is to be a container for nail
20 enamel, the cured ink must remain on the container
throughout the useful life of the nail enamel, and remain
resistant to the solvents and other ingredients found in

the nail enamel.

25 In the preferred embodiment of the invention, the
radiation-curable component is curable by ultraviolet (UV)
radiation having wavelengths of from 4nm to 400nm, and
preferably 325nm to 365nm.

Suitable monomers include epoxides, cycloaliphatic

30 epoxides, vinyl chloride, styrene, ethyl acrylate, vinyl
acetate, bifunctional acrylic monomers such as hydroxy
alkyl acrylates or hydroxy alkyl methacrylates, vinyl
butyrate, vinyl methyl ether, methyl methacrylate,
isobornyl acrylate and acrylonitrile, or mixtures thereof.

35 Suitable polymers include oligomers, homo- or co-

polymers, terpolymers and graft copolymers of the above
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-3-- and yel |l ow respectively) that are free from environnent al
*concerns, that can be incorporated into radiation-curable I nk
conpositions which are easily curable ditegtly on a substrate, and that
after curing will provide red and 5 vyell ow col oured designs which are
bright, true and adhere well to the substrate. These advantages

mor eover can &%nomergeg% 3@8 365&%%%&&9&@%&{@@ ds l%:esgs%han

pl astics or ceram rmit ake

i nst ance contépﬁéﬁs5§ugﬂoassbéﬁﬁl@§heéwb§e étsh@stqguﬂ¥mflqylés§@sef§§cmelI
as vases, flggbqgﬁgrga@tqbaer decoratlve glassmare and ceram c ware,
and |ndeed gl ass or _cera |l es and so

According to one agﬁchaGFlFHéaﬁﬂgsQﬁFfeﬁ€§ﬁtF@HlﬁﬁéP@ erapéepPBQVH§65a
radi ati os- cur aklee paghentiedlink cadp@iiildmicurable epoxides. The term

"cationically radiation-curable" is here used in the sense

that it has become accepted in the radiation-curing art,

and roughly-speaking means that the radiation-curing takes

place in air - as contrasted with anionic curing, which
10 must take place under anaerobic conditions.

The cationically radiation-curable epoxides preferably
used are those having at least two epcxy groups per
molecule, as well as those which are polymeric, such as the
reaction products between epichlorohydrin and phenol or a

15 phenolformaldehyde resin, also diepoxy resin,'epoxidized
oils and epoxidized polylefins. Such epoxides include
novolac epoxides, glycidyl ethers of various types
including diglycidyl ethers of bisphenol and diglycidyl
ethers of butanediol. Also suitable are homo-polymers and

20 co-polymers that contain pendant epoxide groups, such as
those made from glycidyl acrylate aad or methacrylate with
or without other ethylenically-unsaturated monomers, e.g.
vinyl chloride, vinyl chloride, vinyl acetate, styrene,
hydroxyethyl acrylate, hydroxpropyl acrylate, and so on.

25 The specific preferred epoxide-type polymers are
cationically UV-curable cycloaliphatic epoxides including
those set forth in U.S. Patents Nos. 3,027,357, 3,890,194,
2,890,197, 3,031,434, 3,125,592, 3,201,360 and 5,204,930
the disclosure of all of which is hereby incorporated

30 herein by cross-references.

Particularly preferred are:
3,4-epoxycyclohexylmethyl-3, 4, epoxycyclohexanecarboxylate,
bis-(3,4-epoxy-cyclohexylmethyl)-adipate, vinylcyclohexene

35 diepoxide, bis(2,3-epoxycyclophenyl)ether, epoxidized
butadiene and 2,3-epoxy-2-methylcyclohexyl-methyl-3,4-epoxy
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whi ch conpri ses: a) a radiation-curabl e conponent which, when
applied directly to a substrate and exposed to radiati on by which 20
I|s curable, can be cured to bond to the-s@bstrate; and b) a
pi gment conponent which consists of or contains one or a mxture of
nore than one pyrrol opyrrol and/or | soi ndol i none pignment(s). 25

One of the ne@efeww-ql—%{&myacq;clr&faﬁd@m&lﬁ&wl%te conposition is a
radi ati on-curabl € conponent, consj st qf nonponers, ollgoners

and/ or | ow mol eculk é}em&a&"tlcmaﬁ&r}’oﬁFﬁﬁﬁ%Ie% LRfH adst RBpdi YRers: ©
terpol yners, gmaidnedls capol yher saasohlicek 1gopyl-guead,l es @ycdiog ldphdtd ¢
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poi nt it5is pHErdmpsatiesiarabl Blakei asheC@Bpaayoi ddasbuofy ,ddtbinecsd iohter ve
that the terfp ¢'aetiniGen as CHHARIHEN voRA614bLT HM @) 835801 BEEANa A ©
here used in

6200.

Generally the radiation-curable component should
constitute about from 10% to 95% by weight of the total

10 composition, preferably from 15% to 70%, and usually most
advantageously from 35% to 85%.

The other necessary element of the radiation-curable
composition is a pigment-component which for the purposes
of this invention must be narrowly selected from the

15 vigments, and specifically has to be based upon
pyrrolopyrrol and/or isoindoline pigment(s),
environmentally-friendly, (b) do not significantly
interfere with radiation curing of the composition, -and (c)
yield bright, true red and yellow colours respectively in

20 the cured 1ink.

As such these classes of pyrrolopyrrol pigments and
respectively isoindoline pigments are already known, and
indeed excellent ones are commercially-available, so that
they do not require further identification herein.

25 Nevertheless, in case any further information is
wanted concerning the pyrrolopyrrol pigments we note that
they are for instance described in U.S. Patents Nos.
4,415,685, 4,579,949, 4,791,204, 4,666,455, 5,074,918,
4,784,540, 4,632,704, 4,914,211 and 4,585,878, the

30 disclosure of all of which is incorporated herein by cross-

reference.

And for still further guidance, at least most of these

pyrrolopyrrol pigments are embraced by the general formula:
35
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4. their normal sense, that is to say: the term"actinic

« radiation" in general nmeans light in the violet and ultra-violet
i regions which will bring about 5 cheni cal? changes, and nmay be regarded as
corresponding to wavel engths of from4 to 600nm and t he
term"ultra-violet (or UV) radiation" refers to the non-visible part of
the actinic radiation, and may be 10 reffardelas corresponding to
wavel engths of from4 to 400nm, and|{prefdfably (for present purposes)
325-365nm
(1)
z}_
R—N N—R
5
| Lo
X R

wherein:
rR! and Rz, which may be the same or different, are
10 each alkyl or arylalkyl, aryl or substituted or
unsubstituted isocyclic or heterocyclic aromatic radicals;
R3  and R4, which may be the same or different, are
each an hydrogen atom or a substituted or unsubstituted
alkyl, alkoxycarbonyl, aroyl, phenyl, benzoyl, benzyl,
15 arylalkyl, aryl, alkanoyl, Cs_¢g cycloalkyl, alkenyl,
carbamoyl, alklcarbamoyl or alkoxycarbonyl radical; and X
is an oxygen or sulphur atom.
' The preferred pyrrolopyrrol pigments of general
formula I above are those wherein R! and R? are each
20 independently phenyl or naphthyl, R3 and R* are both
hydrogen and X is oxygen.
The particularly preferred pyrrolopyrrol pigment for
use in the compositions of this invention is pyrrolo 3,4-C
pyrrol-1,4-dione-2,5-dihydro-3,6-di-4-chlorophenyl, which
25 has CAS number 84632-65-5 and is known by the common name
C.I. Pigment Red 254. This is commercially available from
Ciba-Geigy Pigments Division, Newport, Delaware, U.S.A.
under the tradename IRGAZIN DPP Red 80. Other Ciba-Geigy
red pigments sold under the tradename IRGAZIN are also
30 suitable.
And again, in case any further information is wanted
concerning the isoindolinoine pigments we note that they
are for instance described in U.S. Patents Nos. 3,884,955,
3,867,404, 4,978,768, 4,400,507, 3,897,439, 4,262,120 and
35 5,194,088, the disclosure of all of which is incorporated

herein by cross-reference.
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The radi ation-curabl e conponent to be commercially- accept abl e nust of
course be capable, after it has been 15 cured, of bonding the cured

conposition to the substrate permanentd y - that is to say it nust be
affixed to the substrate to a degree sufficient for it to remain on the
substrate for the useful life of the substrate. For exanpl e, where the

substrate is to bep?ef@?%é&”?%oﬁﬁ& @ﬁhbn% %@a%%kfagﬂﬁo?BEﬁganE JUSk

remai n on the contali ner roug out t he usef ul e nai [ enamel,
and remain acigsistant td1KHel sol vent se&ide BEher i ngred® @Bt dodbad in

Eﬂe nai | engnﬁlt?, 4, §5tet1|rach161réh§ fysﬁstbeﬂz?n@?hi@?{e&fyllt EtﬁthVxﬂE‘iél@n
e radi ati on-cu e, conponent_is curaple by ujtraviole
radi ati on havifg® ﬁé&@qgiﬂ+£h R hnt ¢ 8- g@@ﬁﬁn%Aﬁlene BRef gﬁ%ﬁ@ﬂ

325nn1t05365nmethox1de Tﬁumt@Mgmenﬂunmmposmthudehapoxm@expmmon name

cycloal iphatie 30 o enoKidlofe oSN 02 J8LXIES. ELANLAFLYL 5! £ro NV

acet ate, bifuhc |ona acry |c MoONOMEr s such as acryl ates
or hydroxy alﬁybaﬁﬁﬁhayrﬁkﬁmﬁﬂt$|HyVlSlondnH%WRﬂﬁtnvDﬁ}BWﬁEBhyﬂJéih@r

met hyl methacyykéfeche tradename IRGAZIN Yellow 2GLTE. Other pigments
in the IRGAZIN Yellow series as manufactured by Ciba-Geigy
10 are also suitable.

The radiation-curable component may also include
ester-containing polyols having a molecular weight of less
than 850, and a viscosity of less than 0.6Pa s (60 poises).

These ester-containing polyols are prepared by methods

15 well known in the esterification or alkyd resin art.
Suitable polyols are these described in U.S. Patent No.
3,994,851, the disclosure of which is hereby incorporated
by cross-reference. The ester-containing polyols are
reaction products between polycarboxylic acids (such as

20 adipic, azelic, malic, fumaric, succinic or glutaric acids)
and polyols ( such &s ethylene glycol, neopentyl glycol,
diethylene glycol, trimethylolpropane monoallyl ether or
1,6-hexanediol, etc.).

We particularly prefer to employ the polyols sold

25 under the tradename "TONE Polyecls" by Union Carbide.
Particularly preferred is/are TONE Polyocl 310 or
trimethylolpropane caprolactone.

The proportion of ester-containing polyol is not very
critical, but we recommend the use of from 1 to 12% by

30 weight, and preferably from 3 to 15%, of the ester-
containing polyol.

When the radiation-curable component is to be cured by
UV or other actinic radiation (rather than by an electron
beam) it is then very desirable that the composition should

35 include a photoinitiator, which will catalyze

polymerization of the component upon exposure to the
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isébornyl acrylate and acrylonitrile, or mxtures thereof. 35

Suitabl e polyners include oligoners, honpb- or co- pol yners,
terpolyners and graft copol ynmers of the_aboye

- 5- nononers provided they have a nol ecul ar wei ght of |ess than
about 50,000, since otherwise it is too difficult to effect

pol ynmeri zation. . . The. particul arl referred radi atiqQn-curable
pol yners 5 AL TLEPHniT ‘f’g}gfé‘di%ﬁ‘?oﬁ- HHF R epSxi YRS 1 FA¢ Ger i 2D
"cationical | eYeatlizadn Onesmr abl @seds #her eunsedhien ddwpseinsion it hhgt be has

becorte accepted.dih e J afiAld Ak QNG Yot oinic @Ay oughl y- speaki ng
means that tHe radiation-curing takes pﬁ ace in alr - as contrasted
with anionic curirsgneki dlopdévenustneaks phate hmder renaehalyi ¢ epadiaf ons.

The catipnically;hadiat i 9n1qunabl gseroxi des sy ef epablsy desirable  to

formulate the radiation-curable component so as to be
curable upon exposure to UV or other actinic radiation,
even if it turns out subsequently that the radiation-
curable component is actually cured by an electron beam.

10 It is therefore always desirable that the radiation-curable
component should incorporate a photoinitiator.

Carbonyl compounds such as ketones and derivatives
thereof are especially suitable for this purpose. Thus for
example methyl ethyl ketone, benzophenone, benzyl dimethyl

15 ketal, l-hydroxycycylohexylphenylketone, 2,2-dimethoxy-2-
phenylacetophenone, diethoxyacetophenone and 2-methyl-1-
(methylethiophenyl)-2-(4-morpholinyl)-l-propanone are all
excellent photoinitiators. '

Other photosensitive onium salts are also particularly

20 good UV-activated photoinitiators. The use of
photosensitive onium salts to promote the curing of
epoxides when exposed to UV radiation is described in U.S.
Patents Nos. 4,058,401, 4,138,255 and 4,161,478, the
disclosure of all of which is incorporated herein by cross-

25 reference. The photosensitive onium salts mentioned in
these Patents are good UV-light photoinitiators. Triaryl
sulphonium salts are preferred, in particular a triaryl
sulphonium salt sold by Union Carbide under the tradename
CYRACURE UVI 6974.

30

The proportion of photoinitiator is not critical, but
we normally recommend the use of from about 1 to 20%,
preferably 3 to 15%, by weight.

It may also be advantageous to include one or more

35 defoaming agents in the composition. Such defoamers assist

in applying the ink more smoothly on the substrate, without
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used are those having at | east two epoxy groups per nol ecul e, as well
as those which are polyneric, such as the reacti on products between
epi chlorohydrin and phenol or a 15 phenglfornal dehyde resin, also di epoxy
resin, epoxidized oi | s and epoxi di zed pol yl efins. Such epoxi des

I ncl ude novol ac epoxi des, glycidyl ethers of various types

I ncl udi ng di%Légjdyl et hers of bisphenol and di gl yci dyl et hers of

but anedi ol . le§i CZbME Y EENE&HPo- pol yners and 20 co- pol yners that

contai n pendant epoxi@eJhiPsetSHCHfAT e foamehasea fdes 1 0abAly/ci Byt
acrylate and or t ha rélate.mnt

r wi.t hout other
et hyl eni cal | P& 1t Beﬁnr%dh%f%?ee!-"aiyavfky%i?ﬁﬂFYt@ﬁFSric?é‘,""{/i?@/l the
chloride, vimpdlycetplebwtyleeeher inhydraxgatfylscdorghat eolid/duogdpropyl
acrylatg, and S -me?%\)ayx-o ?h%n@%il&%ﬁ”ﬁ enygd. Med.e't§98d8%¥é”ers
are cationically UV-curable cycloaliphati€ epoxides including
those set fosoivientyis Papehraleps, d3seailssge, Jgholvgused as g €9§,-197,

3,031,434, 3.123n39¢ s31%8ht36Q:18Rda5n2R4nlR0f1ash poendisclesurqoorgl | of
whi ch is hereby incarporated, 30 herein by craoss-references.
PartiCuIarlyaﬁFbF%ﬁ#%ﬁF%&%ﬁtlon range range of from not less than 50%

3, 4- epoxycycloshaexdtret iyt c 3¢ 35 eppxyayckoh@nararnrgmiot aiét higher than
bi's- (3, 4-2Poxy 46y ¢l R T8t D)y AU S’ PSP 052 and Byk-
053 by BYK-Chemie.

Generally from 1 to 20%, by weight of the composition,
and preferably from 3 to 15%, of a defoaming agent is
suggested.

15 The radiation-curable component may also include an
adhesion promoter, that is to say an agent that increases
the adhesion of the radiation-curable component to the
substrate. |

The substrates which can be decorated with the ink

20 composition of this invention include glass, ceramics,
plastics, tiles and so on. When the substrate is glass,
silanes are recommended as adhesion-promoters, since they
are excellent coupling agents with glass, and will promote
adhesion of the radiation-curable component to a glass or

25 ceramic substrate.

For use as adhesion promoters we recommend acryloxy-
functional silanes, such as those described in U.S. Patent
No 5,221,560, the disclosure of which is incorporated
herein by cross-reference. Examples of such acryloxy-

30 functional silanes include:
3-methacryloxypropyltrimethyoxysilane,
3-acryloxypropyltrimethyoxysilane,
2-methacryloxyethyltrimethoxysilane,
2-acryloxyethyltrimethoxysilane,

35 3-methacryloxypropyltriethoxysilane,
3-acryloxypropyltrimethoxysilane,
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35 -"di epoxi de, bis(2,3-epoxycycl ophenyl)ether, epoxidized but adi ene
. and 2, 3-epoxy- 2- net hyl cycl ohexyl - met hyl - 3, 4- epoxy

- .6- - - 2- epoxy- 2- et hyl cycl ohexane car,| oxyl at e. The
particularly preferred radiation-curable “conponents are the
cationically-UV-curable cycloaliphatic epoxi des sol d under the

tradenanme CYRACURE by Union Carbide 5 Chemcals and Pl astics Conpany,
Danbury, Connécticawtl oxpropy 1S rAethaxeh sdd a@eRACURE UVR 6110, 6100, 6379,

6351 and 620t hacryloxy<EHAH ot diadirgd, i on-curabl e conponent
shoul d constitute about from 10%to 95% by wei ght of the total 10

conposi tion, pPréedNRSTY oryathyoktrd efdnxySid arsualdn® nost
advant ageousl y facaRP1333pethy82%iethoxysilate other necessary el ement of the

radiatioq;curable
Glycidoxy-functional silanes are also suitable as
adhesion promoters, including for instance glycidoxy
silanes such as:
3-glycidoxypropyltrimethoxysilane,

10 2-glycidoxyethyltrimeoxysilane,
3-glycidoxypropyltriethoxysilane,
2-glycidoxyethyltriethoxysilane,
3-glycidoxypropyltrimethyl silane and so on.

15 We prefer to employ the glycidoxy silanes, in
particular 3-glycidoxypropyltrimethyl silane.

The proportion of adhesion promoter used is not
critical, but we have found that about from 1% té 10% by
weight thereof will usually suffice to impart improved

20 adhesion of the composition to the substrate.

Other ingredients may be added to the radiation-
curable composition, including stabilizers, inert fillers,
wetting agents, leveling agents and so on. If present,
these ingredients will normally constitute about from 1% to

25 15% by weight of the total composition.

The pigment component of the radiation-curable,
adhesive, pigmented composition of this invention may
constitute from about 1% up to 50% by weight of the total
composition, and preferably from about 15% to 35%.

30 The red and/or yellow pigments may be used alone or
mixed, as desired to achieve the appropriate shade of
colour. Particularly nice shades of red are achieved by
using mixtures of from 5% to 50%, and preferably 10-40%,
of the red pigment with from 0.5% to 20%, and preferably 1-

35 12%, of the vyellow pigment.

The radiation-curable, adhesive pigmented ink
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corposition is a pignment-conponent which for the purposes of this
_invention nmust be narrowy selected fromthe 15 vignents, and

specifically has to be based upon _pg&rglopyrrol and/ or
I soi ndol i ne pi gment (s), environnmental ly-friendly, (b) do not
significantly interfere with radiation curing of the conposition, and

(c) yield bright, true red and yell ow col ours respectively in 20 the
cured ink. composipzoBgchfthite ¥R HW I PEEdSFRLIY 595%@&931‘-5%
respectively hsehndobineopugREBESsaALE Eh@ﬁ@dy(kwoand 8A6m 55% t00d88Y of
excel l ent ones_are onnerciallg- vai | abl e, so that they do not require
further ident FRPcERROACABREFAIAB%E COMPOREDE, hel ess, in case any further

information is Pavantaedacopcprefpgreiecpyposiopgnsotoppgieats we note
t hat they are for instance described in U S. Patents Nos.

4,415,68%, 4,579,949, 4,791, 204, 4,666, 455, 5,074,918, 4,784, 540,
4,632,704, 4,914,21from 4, 585,1898,40he BD di scoligslpéigfoak| afidilbxch is

i ncor por at ed b CHLESSS + (&§kerence. And for stil
further guidaﬁgé?bafs¥gast ﬁégﬁegf(tﬁese pyrrol opyrrol pignments are

enbraced by the general formula: 35
-from 35% to 85% of the radiation-curable component,

10 preferably a cationically UV-cured cycloaliphatic epoxide;

and
~-from 3% to 15% of ester-containing polyol.

15 The above described compositions will usually and
advantageously also contain from 3% to 15% by weight of a
photoinitiator and/or from 3% to 15% by weight of a

defoaming agent.

20 When the radiation-sensitive, adhesive pigmented

composition is to be used to decorate glass or ceramics, it

is then desirable to include from about 1% to 10% of a
silane, so as to enhance adhesion to the glass substrate.

According to another aspect of this invention there is

25 also provided to a method for applying a coloured design to

a substrate, in which:

a) a pigmented ink composition as herein disclosed,
which comprises a radiation-curable component and a
30 pigment component which consists of or contains one or a
mixture of more than one pyrrolopyrrol and/or isoindolinone
pigment(s), is applied to the substrate in a predetermined
design, said ink being capable when cured of bonding to the
substrate; and
35

b) the ink on the substrate is cured thereon by
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-7 [err] wher ei n:

Rlerr] and Rlerr], which may be the same or different, are 10 each alkyl
or arylalkyl, aryl or substituted or- 13 unsubstituted isocyclic or
het erocyclic aromatic radicals;

exposing it to the radiation by which it is curable,

thereby bonding the ink to the substrate.

Although the pigmented composition can be applied to

5 the entire surface of the substrate, it is normally
preferred that the predetermined design which is applied
should leave some areas of the substrate ink-free. The ink
can be applied by a variety of methods, including screen-
printing, offset-printing, hand-painting and the like.

10 After the ink has been applied, the substrate is
irradiated by a conventional source of UV or other actinic
radiation, or perhaps with an electron beam.

The most convenient UV-light source is usually a so-
called UV-conveyor, set up so that the substrate pasces

15 through for a period of time cumulatively sufficient to
cure the ink composition completely and thus cause it to
adhere to the substrate. If desired, the substrate may be
moved through the conveyor in one or more passes, in order
to achieve the required curing. The appropriate time

20 varies depending on the nature of the substrate, but
generally-speaking curing can be accomplished within an
overall period of from 1 to 30 minutes, more preferably
within 3-25 minutes.

When the substrate finally emerges from the conveyor,

25 the ink has been completely cured and bonded to the
substrate surface, and provides a bright, fast, appealing
red or yellow colour depending on the pigment used.

The pigmented inks of this invention exhibit a most
unexpectedly excellent opacity, when screened onto dark-

30 coloured substrates, even when using a very fine mesh
screen (e.g. 310 to 320 mesh). When normal inorganic-based
printing inks are silk screened onto dark-coloured
substrates, usually two to three applications are necessary
because the ink is not sufficiently opaque, for instance

35 black plastic will show through. In such cases decorators

will often first screen white indicia onto a dark-coloured
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R[efr] and Rlerr], which may be the sanme or different, are each an

- hydrogen atom or a substituted or unsubstituted al kyl , al koxycar bonyl
aroyl, phenyl,- benzoyl, benzyl, 15 arylaljkyl-, aryl, alkanoyl, Cerr]
cycl oal kyl , al kenyl, car banoyl , al kl carbanmoyl or al koxycar bonyl
radi cal; and X I S an oxygen or sul phur atom The preferred

pyrrol opyrrol pi rge.nr'gesrof g%q:rhaeln scrfg;lmjlna Iccapol\l/ge re | h%see%/\/ne ei.n

Rl err] and R[é?? ar'eSeach |ndepen8entﬁyybheny or “naph hf1, Rrerﬁf and
Rlerr] are betthder Halrogeh isdeX ithexygppropriate The lpawriadud anl.y
preferred pyr iplfyd ¢ bapyIMRite 9 ganicUblsel {18 OBROT S PNEn Pbnt Hbh
invention is pyrrolo 3, 4- ] . ) .

pyrrol - 1, 4- di GR&IPIS. FORPHTo W IEd L e iy smenyHe, WRiite I§ap5 e ashdgaged
number 84632- &3, Smanghi p e kA Fyflil%)éﬂihﬂléloé&_'mﬂnﬁa_ﬁbase_d @pon PtogBAL 1BaG1254.
This is commer.cially .available from C)Qgggb%%X Pi gnent s ENV|sg§p,
Newport, Del aidiPs 891§ R1IMEN fyyFnqd ROFT anett R BEBCREd 386V her
C ba- Gei gy evead wisiegmapps iedl dhuodgh theyt f aensemed RGAZ N iarkes @lfs ah@0
suitable. — inyenf0naQAN1piR CARES ANLARUIGHER ; EYf UARELIK |, YBRLES
concerni ng theé i soi ndol'i noi'ne pignments we note that-they _are tor

i nstance descrSURMtrAte S Pat eM3tNISUBL BB40gEy one apBb¥cadgon is

4,978, 768,0 4, 4s2Bbry3, 8 ABhaKe26dod2liérsb BS tiRe 184d088stt BRvings
di scl osure of all %f whi ch is incorporated
possible.
Another possibility is to produce a decorated
substrate which has a two-tone effect, by arranging that a
portion (but not all) of the coloured ink on the substrate

15 is hot-stamped.

According to a further aspect of this invention there
is also provided a method for decorating a substrate with
coloured ink and hot-stamping foil, which comprises the

20 steps of:

a) applying a pigmented ink composition, comprising a
radiation-curable component and one or a mixture of more
than one pyrrolopyrrol and/or isoindolinone pigment(s), to

25 the substrate in a predetermined design, said ink being

capable when cured of bonding to the substrate;

b) curing the ink on the substrate by exposing it to
the radiation by which it is curable, thereby bonding the
30 ink to the substrate,

c) pressing a sheet of hot-stamping foil against the
substrate with a hot compress heated to a temperature
sufficient to cause a portion of the foil to adhere to the

35 heated, cured ink design but not to the ink-free areas on

the substrate; and
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hereln by cross-reference. Preferred isoindolinones are
t et rachl or ocyanobenzoi c acid al kyl esters,

particularly - 2,3,4,5-tetrachl oro- 6-eyano- benzoi c acid nethyl ester

whi ch S reacted with 2-nethyl -1, 3-benzenedi am ne and sodium 5

met hoxi de. This pignent conposition has the common nane C. 1. Pignent
Yel l ow 109, and is avail able commercially from Ci ba- Gei gy Pignents

Di vi sion, Newport, Delaware, U S. A under the tradenane | RGAZI N Yel | ow
2GLTE. O her pi gn@htsemovmg the fReAZhRr¥bY| dRayvénpebelsdnfaaubestdoad by

Ci ba- Gei gy 10,f afge af §P1 SHEHEPLE- to the ink Id€s{&di ation-curabl e conponent
may al so i ncl ude ester-containing polyols having a nol ecul ar wei ght of

| ess
5 Thus, a substrate such as a container may be

decorated in a predetermined design by silk-screening the
ink composition onto the substrate and curing it with
either an electron beam or the appropriate other actinic
radiation. Then a layer of hot-stamping foil is pressed
10 against the substrate , using a hot compress heated to a
temperature sufficient to cause the hot-stamping foil to
adhere to parts only of the printed ink design but not
elsewhere.
Hot-stamping foil is generally a laminate comprising
15 at least a carrier material (often polyester or a similar
material capable of release), a release film and a
decorative coat, which is usually colour or a metallized
coat, most often aluminium or coloured aluminium. The foil
may also contain other optional layers, such as one or more
20 protective layers and the carrier material.

More specifically, hot-stamping foil can be regarded
as a multilayer web, comprising a backing film carrier, a
release coating, one or more protective top-coatings, one
or more colour ccatings and a hot melt adhesive, in that

25 order. ’

The hot-stamping foil is compressed against the
container with the hot-melt adhesive layer in contact with
the substrate. The compress, which may be a standard hot-
stamping die or a hand-held press (but appropriately shaped

30 to define the design to be transferred), is heated to a
temperature sufficient to cause the hot-melt adhesive layer
of the hot-stamping foil to adhere to some (or even all) of
the ink-decorated portion of the substrate.

Generally this temperature ranges from about 394K to

35 478K (250-400°F). Temperatures higher than this range are

liable to cause deterioration of the hot-stamping foil, or
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ttan 850, and a Vi scosity of less than 0.6Pa s (60 poises). These
ester-containing polyols are prepared by nethods 15 well known in the

esterification or alkyd resin art. - S tabl e polyols are these
described in U S. Patent No. 3,994,851, the disclosure of which is
her eby i ncor por at ed by cross-reference. The ester-containing polyols

are reactlon rod t s _het wee poly rboxylic,acids {such. a
adi pi c, azel i¢® %) %%co O%Migiﬁn glgﬁgrl§¥utaF$c éﬁﬁatlon %éi?he
pol yol s ( sudteats @ﬁdﬁﬂ%n@hgl ydbegsmeopedtybfgltyeolhot stam@uegh;ﬂoeﬂe to

glycol, tri ohanes npyoal Lyt et diQly_
We partlculgq{y 5§%P%r to egggogh%hgngoaggﬁgﬁsobgt %OQ e?ﬂﬁheﬁ?rjgénane

"TONE Pol yol T35 Qhitdie caditate. Particul arly preferred i s/are TONE

Pol yol 310 or whdh r@ﬁ@yb@hpfe@anesceewvw ONE.portion of dHE foil
proportion of ester-con al ni ng. (22%}3/ ot very critical, but we

recommend t het & ae fFYHHES o ?/ﬁaqrgarﬁmlhrjfﬂlt 18t HuBile A 3 to
15% of the feséer-areas oofit aihe nglracdsyol(or other) ¥ers t hete. In

radi ati on-curabl & & onent, | b ur h ther ni.c
radi ation (raﬁarfer ?ﬁl;grir’b éahnersﬁi%tor %r}f% 8§°B¥ed detc' ?’Plgtn ver% ersaltreabl e
that the corrposﬂth&)rh@hamh: dhésictaidayer, pﬂtﬂ mQﬂrquzatqwa,tlnmraﬁd ttid |

cat al yze g anﬂlé’J@Jezaééﬂ', of , thescoppanent upon exposure to the

Portions of the release coating may or may not remain
adhered to the protective top-coat because the release
coating is designed to melt upon application of heat and
cause the polyester carrier backing layer to release itself

15 from the protective top-coat layer, and some remnants
thereof may remain.

The coloured ink design on the substrate can be fully
or partially hot-stamped (according to the desired design)
to yield a pleasant two-tone metallic/colour design on the

20 substrate.

In addition, when the substrate is plastic, the ink
design can be applied and cured and then the hot-stamping
foil can be pressed by the heated compress onto any area of
the container, including both the ink design and the

25 underlying thermoplastic substrate, because the relatively
low melting point of the plastic permits direct adhesion of
hot-stamping foil to the plastic, without any necessity for
an intermediate ink layer.

The invention wiil now be described in more

30 detail,though for the purpose of illustration only, with
reference to the following examples:
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-O- radi ation to which the conponent is sensitive. If an el ectron
beamis used to cure the conposition it nay be possi bl e to di spense
with a photoinitiator. Si nce howeyer one cannot be sure what type
of 5 radiation will be used, it is always desirable to formul ate
the radi ation-curabl e conponent so as to be curabl e upon exposure to W
or other actinic radiation, even E | gugns out subsequently that the
radi ati on- curabl e conponent is ac%%gkky*tured by an el ectron beam 10
It is therefore always desirable that the radiation-curable conponent

shoul d incorporat%u@(£H§ﬁ§%f%%§aé5$oured ink cé@é@gfyloﬁOFEO?egéraHﬁBeas

ket ones and derivatlves thereof are especi sul tab or thrs
purpose. Thus¥tg¢ the invention was made up as follows:

Grams w/w$

5 Cationically UV-curable 50.00 50.63
cycloaliphatic epoxide
(CYRACURE UVR 6110)

Ester-containing polyol 6.25 6.33
10  (POLYOL 310)

Photoinitiator 5.00 5.06
(CYRACURE UVI 6974)

15 Defoaming agent 7.50 7.59
(BYK-053) ]
Red Organic Pigment 25.00 25.32
(IRGAZAN Red DPP 80)
20
Yellow Organic Pigment 5.00 5.07
(IRGAZAN Yellow 2GLTE)
25 The first three ingredients were mixed together,
followed by the pigments.
The ink was then transferred onto the outer surface of
a glass container, using a silk-screen process.
Then the glass container was subjected UV-radiation
30 for approximately 5 minutes, thus to effect curing.

The cured ink was a rich red color, exhibited a smooth
surface without irregularities, and adhered well to the

glass.
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exaﬁple nmet hyl ethyl ketone, benzophenone, benzyl dinethyl 15 Kketal,

- 1- hydr oxycycyl ohexyl phenyl ket one, 2, 2-di net hoxy- 2- phenyl acet ophenone,
di et hoxyacet ophenone and 2- net hyl - 1- - 18 -

(et hyl et hi ophenyl ) - 2- (4-norpholinyl)-1-propanone are all excel | ent
phot oi niti ators. O her photosensitive oniumsalts are al so
particularly 20 good UV-activated p Loptiators. The use of

phot osensitive oniumsalts to pronote Egéﬁggﬁfgg of epoxi des when
exposed to UV radiation is described in U S. Pat ents Nos. 4, 058, 401,

4, 138, 255 and 4’16%x§gé&1<$e§o%%ur9&SELQSHéﬁpQ%%gl%%OEn“QLSQf&énce with

i ncorporated herein Cross reference. otosensrtive onium
sal ts mentionehe ynventiqmasrs PradntuP s fPPWL | i ght photoinitiators.
Triaryl sul phonium salts are preferred, in particul adrgnd ri aryw /ws
sul phonium salt sold by Union Carbide under the tradenane CY uvi
6974. 30 The proportion of photoinitiator is not critical, but
we nornaldy recomend the use of fromabout 1 to 20% preferably 3 to
15% by wei ght . It._may also be advant ageous to ( de one, o
nore 35 defoé%ﬁ?if%ﬁﬁﬁ&%yiéyf$%%%%§%osition. Such defoéﬁgﬁgyassigﬁj'g3
in applyi ng t heyelhda hpmashootpdxids t he substrate, wthout

(CYRACURE UVR 6110)

10 Ester-containing polyol 6.25 6.33
(POLYOL 310)

Photoinitiator 5.00 5.06
(CYRACURE UVI 6974)

15
Defoaming agent 7.50 7.59
(BYK-053)
Yellow Organic Pigment 30.00 30.39

20 (IRGAZAN Yellow 2GLTE)

The first three ingredients were mixed together, and
then the pigment was added.
The ink was transferred to the outer surface of a
25 glass container using a silk-screen process.
The glass container was then subjected UV radiation
for approximately 5 minutes, thus to effect curing.
The cured ink was a brilliant yellow, exhibited a
smooth surface without irregularities, and adhered well to
30 the glass.
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- 10 - bubbl es or unevenness. A wide variety of defoaners
are suitable, but preferred ones include polyal kyl acrylics, such as
the - polyvinyl butyl ether in Stoddargﬁ§olvent sol d under 5 t radenamnes
BYK- 052 and BYK-053 by BYK-Chemi e. St oddar solvent is a petrol eum
distillate, widely used as a dry- cl eaning solvent, with a m ni num
flash point of 35 err] (100[err]F) and a dlstlllatlon range range of
fromnnot |ess than 50% over at 17EX8MPLE B8350[err]F) up to an end point
not higher than 10 210[err] (410[err]F) as sold under the tradenanes

BYK- 052 and BYK- 53 §¥ Bﬁg-cqgnie. L GEnengll. froml to 20%
by wei ght of the donpdeitPorured 1nk compesErien Wit JiHeF 11 BeForiance

def oam ng agemith Sthe ingewgest esls follows:

Grams w/w%

5 Cationically UV-curable 50.00 50.63

cycloaliphatic epoxide

(CYRACURE UVR 6110)

Ester-containing polyol 6.25 6.33
10  (POLYOL 310)

Photoinitiator 5.00 5.06

(CYRACURE UVI 6974)
15 Defoaming agent 7.50 7.59

(BYK-053) "

Red Organic Pigment 30.00 30.39

(IRGAZAN Red DPP 80)
20
The first three ingredients were mixed together,

followed by the pigments.

The ink was then transferred onto the outside of a

25 black plastic (polyethylene) container using a silk screen

of about 50 fibres per square centimetre (320 fibres per
square inch) having indicia imprinted thereon.

The container was subjected UV radiation on a 300

30 watt/9.2 metres (30 feet) per minute UV-conveyor for
approximately 5 minutes, thus to effect curing.

The cured ink was a deep red colour, exhibited a

smooth surface without irreqularities, and adhered well to

the container. Moreover and very importantly, the red ink
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15 The radi ati on-curabl e conponent may al so include an adhesi on

pronoter, that is to say an agent that increases t he adhesion of the
radi ati on-curabl e conponent to the - Ssppstrate. The substrates
whi ch can be decorated with the ink 20 conposition of this invention

I ncl ude gl ass, ceramcs, pl astics, tiles and so on. Wen the substrate

I s glass, silanes _are req9ﬁ¥e a | on-pro r sknce 1 hey
are excel | entwabsou(f)li)la lgﬁeagﬁ)é’ﬁetrs W hgg%glés?)l%% e“vé\gll’l P“g‘{f o%‘tgg %b{hlbé%ﬁe(iiaon of
t he radi ati ortxug atgd cohponent to a glass or 25 ceranmic substrate.

For use as adhesion pronoters we reconmmend acryl oxy- functi onal
silanes, such as those described in U_S. Patent No 5,221,560, the
di scl osure of which is incorporated EXAMRBES#n by cross-reference.

Exanpl ess of such acryl oxy- 30 functional silanes include:

3- et hacryl oxypropyl tri net hyoxysi | ane,

3-acryl oxypropyl trimet hyoxysil ane,

2- met hacryl oxyet hyThei mekheoymdaneion of ZFxaonyl @xyewhyl mpmietddxiyei bane,

35 3-nethacry] %%PB@P%iér%ffﬂoé¥§kl@@?een having a 255 line (about 40

3-acryl oxypr opy | met hoxysi I ane, . )
ibres per square centimetre, or 255 fibres/square inch)

10 screen with a decorative design imprinted on it.

The ink-decorated bottle was subjected to UV radiation
on a 300 watt/9.2 metres (30 feet) per minute UV-conveyor
for 7 minutes to effect curing.

Gold hot-stamping foil (Crown Royal Leaf, Paterson,

15 New Jersey, U.S.A.) was compressed against the decorated
portion of the container, with a die heated to 395K
(250°F), for several seconds.

On removal of the die the release layer of hot-

stamping foil laminate released the back film carrier,
20 leaving the metallic laminate portion of the foil adhered
to the cured ink design, giving a metallic gold

appearance.

25
EXAMPLE 5

The ink composition of Example 1 was used to hand-
paint a floral design onto a clear polyethylene plastic
30 container, using a fine-tip sable brush.
The container was subjected UV radiation for a period
of 5 minutes by passing through a 300 watt/9.2 metres (30
feet) per minute UV-conveyor.
The ink design cured smoothly, and was a vrich, deep

35 red colour.
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3-acryl oxpropyl tri et hoxyl sil ane, 2- met hacryl oxyet hyl tri et hoxysi | ane,

_2-nmethacryl oxyethyl tri et hoxysil ane, and 2-acryl oxyethyltriethoxysil ane.
5. , A yci doxy-functional silanes arg also suitable as adhesi on
pronoters, including for instance glycidoxy sil anes such as:
3-gl yci doxypropyl tri net hoxysi |l ane, 10 2-glycidoxyethyltrimeoxysil ane,
3-gl yci doxypropyl triethoxysil ane, 2-gl yci doxyet hyl tri et hoxysi | ane,
3-gl yci doxypropyltrimethyl silane and so on.

EXAMPLE 6

The ink composition of Example 1 was silk-screened
onto a black coloured plastic polyethylene bottle, using a
255 line (about 40 fibres per square centimetre, or 255
fibres/square inch) screen with a rose design imprinted on

5 it.

The bottle was subjected to UV-curing by passing
through a 300 watt/9.2 metres (30 feet) per minute UV-
conveyor for 8 minutes.

The ink rose design was deep red in colour.

10 Next, the rose design was preferentially hot-stamped
by pressing a layer of gold hot-stamping foil against the
rose with a heated compress having a design which, when
compressed against the rose design in exact registration,
provided a rose which had petals tipped in gold.

15 The compress was heated to approximately" 288K
(300°F), and the hot-stamping foil was compressed against
the rose design for approximately several seconds.

The rose design adhered permanently to the container,

and was suitable for commercial use.
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15 : We prefer to enploy the glycidoxy silanes, in particul ar

3-gl yci doxypropyltrinmethyl silane. The proportion of adhesion

- pronoter used is not critical, but we have found that about from 1%to
10% by wei ght thereof will usually_syhfice to inpart inproved 20
adhesi on of the conposition to the substrate. O her ingredients
may be added to the radiation- curabl e conposition, including
stabilizers, inert fillers, wetting agents, |leveling agents and so on.
| f present, these ingredients will normally constitute about from 1%
to 25 15% by wei ght of the total conESANPIM.6 The pi gnent
conponent of the radiation-curable, adhesi ve, pignented conposition of
this invention may constitute fromabout 1% up to 50% by wei ght of the
t ot al conposi thilgh, idhdcprepeiaboy fofolwbomte 15%wae 33%k-3creenedThe

red and/or yeldne® i GTRRES d&bu%dugqgs%h%n@o%eth 1eEE'eX%@tt§% degl hgd al O
achi eve the a gﬁpg@{ate sgade col our. ¥ ticularl ni'ce shddes of

red are achie ne (a 9Fﬁg4ﬁlfﬁﬁﬁ%§cﬁe¥r6ﬁP5%Ftany%m%ﬁﬁFpr%Fe?éély
10- 40% difi bixtess /rsegh aprieg it )Wl ebhomi@h5% r0s20Uesagd RRpehabhyod- 35
12% of the yellow pigment. The radi ati on-curabl e, adhesive
pi gnent ed i nk

The bottle was subjected to UV-curing by passing

through a 300 watt/9.2 metres (30 feet) per minute UV-
conveyor for 8 minutes.
The ink rose design was deep red in colour.

10 Next, the rose design was preferentially hot-stamped
by pressing a layer of gold hot-stamping foil against the
rose with a heated compress having a design which, when
compressed against the rose design in exact ~vegistration,
provided a rose which had petals tipped in gold.

15 The compress was heated to approximately 288K
(300°F), and the hot-stamping foil was compressed against
the rose design for approximately several seconds.

The rose design adhered permanently to the container,
and was suitable for commercial use.
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- 12 - conpositions of this invention will preferably contain from

about 15%to 40% of said pignent(s) and from55%to 85% of the
-radi ati.on-cur abl e conponent. Particularly preferred conpositions
conprise: 5 -from 15%to 40% of hsoindol i none and/ or

pyrrol opyrrol pignment(s); -from 35%to 85% of the

radi ati on-curabl e conponent, 10 preferably a cationically UV-cured

cycl oal i phati c epoxi de; and EXAMPLE-;ron13@6to 15% of

est er-cont ai ni ng pol yol .

A coloured ink composition was made up as follows:

Aromatic urethane methacrylate 55 grams
(EBERCRYL 6700)

5
Tetrahydrofurfuryl acrylate 20 grams
(SARTOMER 302)
Isobornyl acrylate 20 grams
10 (SARTOMER 506)
Defoamer 0.5 grams
(BYK - 052)
15 Photoinitiator 5 grams
( IRGACURE)
Red Organic Pigment 25 grams
(IRGAZAN Red DPP 80)
20

Yellow Organic Pigment 5 grams
(IRGAZAN Yellow 2GLTE)

The first four ingredients were mixed together,
25 followed by the pigments.
The ink was then transferred onto the outer surface of
a glass container using a silk-screening process.
The glass was subjected to UV-radiation for
approximately 8 minutes, thus to effect curing.
30 The cured ink was a rich red colour, and exhibited a

smooth surface without irregularities.
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15 . The above descri bed conpositions will usually and

advant ageously also contain from3%to 15% by wei ght of a

photoi nitiator and/or from3%to 15% by wei ght of a def oam ng agent.
20 Wen the radiation-sensitive, _adhesive pignented conposition
is to be used to decorate glass or ceramcs, it is then desirable to

i nclude fromabout 1%to 10% of a S|Iane, so as to enhance adhesion to
the gl ass substrate. According to another aspect of this
invention there is 25 also provided t§$é¥L#€?H%d for applying a col oured
design to a substrate, in which: a) a pignented ink
conposition as herein disclosed, whi ch conprises a

radi ation-curabl e conponent and a 30 pignment conponent which consists of
or contains one or A8 ink cppppgiéien weFePrRRAT6Aeapy fPdllopygrrol and/ or

i soi ndol i none pignent(s), is applied to the substrate in a
pr edet er m ned desi gn sal i nk_bei ng capabl e when cured_of bonding to
t he substrateurgﬁb ne met acrylate 27.00 parts
5 High-boiling methacrylate resin 55.00 parts
Acrylic acid 5.00 parts
Hydroxyethylmethacrylate 5.00 parts
10
Photoinitiator 5.00 parts
Silane 3.00 parts
15 Red Organic Pigment 25.00 parts

(IRGAZAN Red DPP 80)

The resulting ink composition was applied to the

outside of a clear polyethylene plastic container, and

20 cured by subjecting to UV radiation for 5 minutes. The
cured ink was a bright red colour, and adhered well to the

container.
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t hereby bonding the ink to the substrate. Al t hough the plgnented
conposition can be applied to 5 the enpyre surface of the substrate, it
I's normal |y preferred that the predeterm ned design which is applied
shoul d | eave sone areas of the substrate ink-free. The ink can be
applied by a variety of methods, including screen- printing,

of fset-printing, hand-painting and the |ike. 10 After the ink has
been applied, the substrate is i rr @BAEMEd by a conventional source of

UV or other actinic

1. A radiation-curable, pigmented ink composition,

comprising:

a) a radiation-curable component capable, when applied
5 directly to a substrate and cured thereon by incident

radiation, of bonding to the substrate; and

b) a pigment component which 1is one or a mixture of
more than one pyrrolopyrrol and/or isoindolinone

10 pigment(s).

2. A radiatior-curable, pigmented ink composition as
claimed in claim 1, which contains from 10% to 95% by
weight of the radiation-curable component.

15 )
3. A radiation-curable, pigmented ink composition as
claimed in claim 1 or claim 2, which contains from 1% to

50% by weight of said pigment(s).

20 4. A radiation-curable, pigmented ink composition as
claimed in any of the preceding claims, in which the
radiation-curakle component is one capable of being cured

by exposure to actinic radiationm.

25 5. A radiation-curable, pigmented ink composition as
claimed in claim 4, in which the radiation-curable
component is one capable of being cured by exposure to

ultraviolet radiation.

30 6. A radiation-curable, pigmented ink composition as
claimed in any of the preceding claims, in which the

radiation-curable component is or includes a monomer and/or
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the substrate passes 15 through for a period of tine cumulatfvety™® _
sufficient to cure the ink conpositi®dh eonpletely and thus cause it to
adhere to the substrate. If desired, the substrate may be noved

t hrough the conveyor in one or nore passes, in order to achi eve the

required curiBgpolyhBe apPLogrkahg1btd®aZOveYght eSetonendi pgoon the nature
of the substrate, but general | y- speaki ng”curing can be acconplished

W thin an overall period of from1l to 30 mnutes, nore preferably

within 3-25 nnutes. A radiationdencdhike supsgmaheeti Al ¥ AIPYHES: 4 04 t he
conveyor, 25 _the ink has b? cureq:and bopded .to the

en_conpl et el
substrate surFagﬂe, and “pr ovi dé& aggr 'rlé‘ht“?/h’r&& CRBn&ER hgtion-ragadkie
yel | ow c®@l our cdmpendinhgienat henpingnent used. The pigmented inks
of this invention exhibit a nopst unexpectedly excellent opacity, when
screened onto_dark- 30 coloured substrates, even when using a very fine
mesh scrBen (e. ¢ TR atd Bporweame, \meemastadl linkopanas Paset as
printing inkscaaemsdl knsergened ont o18amky Poixguwﬁﬁﬂch *tctﬁeslyéﬁérﬁé%%? spyal Iy
two to three applications are necessar cayse e ink is no
sufficiently 8%a&u&l§%ﬁr?n%faﬁ85e3%%%%eﬁ?epPgsﬁ vk P11 SHoRShr LY In
such cask8 deeppaides a cycloaliphatic epoxide, vinyl chloride, styrene,
ethyl acrylate, vinyl acetate, an hydroxy alkyl acrylate,
an hydroxy alkyl methacrylate, vinyl butyrate, vinyl methyl
ether, methyl methacrylate, isobornyl acrylate and
acrylonitrile.
15
9. A radiation-curable, pigmented ink composition as
ciaimed in any of the claims 6 to 8, in which the monomer
is or includes a cationically UV-curable cycloaliphatic
epoxide.
20
10. A radiation-curable, pigmented ink composition as
claimed in any of the preceding claims, in which the
radiation-curable component additionally comprises from 1%
to 20% of an ester-containing polyol having a molecular
25 weight of less than 850 and a viscosity of less than 0.6Pa
s (60 poises).

11. A radiation-curable, pigmented ink composition as
claimed in claim 10, in which the ester-containing polyol

30 is or includes the reaction product between a
polycarboxylic acid and a polyol.

12. A radiation-curable, pigmented ink composition as
claimed in claim 10 or claim 11, in which the ester-

35 containing-polyol is or includes a polycaprolactone poiyol.
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wil) often first screen white indicia onto a dark-coloured“lﬂlluuullnnuululn
- 14 - container, and then screen any coloured ink o

-order to achieve the appropriate col ouration. Unexpectedly, the

organi c-based inks of this invention _ eghibit colour which is equivalent
to what can be achieved 5 by nmultiple applications of inks based upon

traditional inorganic pignents, and possibly better. As stated above,

wh Li,ed th f t he ink i nvention
X bl 1 oxen TRt opack CUdFe Mt Sut i en Pl oveated, SheSunophbiohons! Iy

exhi bit excel I'érit opaC|ty
only one appl icdatiimedi $ nl®@nnecéssdre/, prhicekd inakes ladmsi dei abkeé itd hret Rad

gost S?Vijngs radiBeSS$hll8rapie compoﬁ\QQEh§éd9@f<§n§iu’té/or{.lﬁr_{[éjesmf%%'ﬂ\ce3§
ecorate to 15% of a photoinitiator.

5
14. A radiation-curable, pigmented ink composition as

claimed in any of the preceding claims, which comprises:

-from 15% to 40% by weight of one or more
10 pyrrolopyrrol pigment(s) and/or isoindolinone pigment(s);

-from 35% to 85% by weight of a cationically UV-
curable cycloaliphatic epoxide;

15 -from 3% to 15% by weight of a triaryl sulphonium salt

serving as photoinitiator;

-from 1% to 20% by weight of a polyalkyl acrylic
defoaming agent; and
20
-from 3% to 15% by weight of a polycaprolactone
polyol.

15. A radiation-curable, pigmented ink composition as
25 claimed in claim 14, in which the pigment is one or a
mixture of more than one of the following, namely pyrrolo
3,4-C pyrrol-1,4-dione, 2,5-dihydro-3,6-di-4-chlorophenyl
and 2,3,4,5-tetrachloro-6-cyano-benzoic acid methyl ester
which has been reacted with 2-methyl-1,3-benzenediamine and

30 sodium methoxide.

16. A radiation-curable, pigmented ink composition as
claimed in claim 14 or claim 15, in which the cationically
UV-curable cycloaliphatic epoxide is one or a mixture of
35 more than one of the following, namely 3,4-

epoxycyclohexylmethyl-3, 4-epoxycyclohexane carboxylate,
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substrate which has a two-tone effect, by arranging that a mu

(but not all) of the coloured ink on the substrate 15 1is ho“"?llﬁ um "I’””"l
According to a-further aspect of this invention there is*al§ dvi ded*
a method for decorating a substrate with 27 - coloured ink and hot stanplng
foil, which conprises the 20 steps of: a) applying a pignmented

I nk conposition, conprising a radi ati on-curabl e conponent and one or a

f t A i ndal i.non
o1 grent (9), ¢ 555 Cp e R BB h G By S Atk B o DR Y 3R doPReBEi ng
capabl e when 9&@2?%# %ond?hg(?o3tﬁ@Qﬂnﬁﬁ¢k@RhenYl ether, pexidhgethe

i nk on the subgtiaatienly a8¥PoShngp bkELtQ mfthytlt%ggtﬁrégle%'loﬂxe%y\ﬁh'30h '§ s
(6] he” su

curabl e, thereby bondin e 30
preSS|ng a shge tht%§FgﬁﬁFH§ lpderangarasporkdate.
17. A radiation-curable, pigmented ink composition as

claimed in any of the claims 14 to 16, in which the

polyalkyl acrylic defoaming agent is polyvinyl butyl ether.

10 18. A radiation-curable, pigmented ink composition as
claimed in any of the claims 14 to 17, in which the

polycaprolactone polyol is trimethylolpropane caprolactone.

19. A method for applying a coloured decoration to a
15 substrate, comprising the steps of:

a) applying a radiation-curable, pigmented ink
composition to the substrate in a predetermined design,
said composition comprising a radiation-curable component

20 capable when cured of bonding to the substrate, and a
pigment component which is or includes one or more
pyrrolopyrrol and/or isoindolinone pigment(s), as claimed
in any of the preceding claims; and

25 b) curing the radiation-curable ink on the substrate
by exposure to the radiation by which it is curable,
thereby bonding the ink to the substrate.

20. A method as claimed in claim 19, in which the
30 radiation-curable component constitutes from 10% to 95% by

weight of the pigmented ink composition.

21. A method as claimed in claim 19 or claim 20, in

which the pigment component constitutes from 1% to 50% by
35 weight of the composition.
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substrate with a hot conpress heated to a tenperature ijnllmu‘“lluu r|““|
cause a portion of the foil to adhere to the 35 heated, cunk AR .

but not to the-ink-free areas on t he substrate; and

- 15 - d) renoving the die-thereby |eaving behind a portion
of the foil adhered to the ink design. 5 Thus, a substrate such
as a contai ner may be decorated in a predeterm ned design by
silk-screeningzthe e CoUROSLLicamk e the ubstrate and findcit
W th either an el ectron beam or the appropriate othef actinic

radiation-curable component is one that is capable of

being cured by exposure to UV-radiation.

5 23. A method as claimed in claim 22, in which the
radiation-curable component is or includes cationically UV-

curable cycloaliphatic epoxide(s).

24, A method as claimed in any of claims 19 to 23, in
10 which said pigment is one or a mixture of more than one of
the following, namely pyrrol 3,4-C pyrrol-1,4-dione, 2,5-
dihydro-3,6-di-chlorophenyl and 2,3,4,5-tetrachloro-6-
cyano-benzoic acid methyl ester which has been reacted with

2-methyl-1,3-benzenediamine and sodium methoxide.

15
25. A method as claimed in any of claims 19 to 24, in
which the radiation-curable, adhesive, pigmented ink
composition is applied to the substrate via a silk screen.

20 26. A method as claimed in any of the claims 19 to 25,
in which the substrate is glass, plastic or ceramic ware.
27. A method as claimed in any of claims 19 to 26, in
which the substrate is a container.

25

28. A method for decorating a substrate with both
coloured ink and hot-stamping foil, comprising;

a) applying a pigmented ink composition comprising a

30 radiation-curable component and one or a mixture of more

than one pyrrolopyrrol and/or isoindolinone pigment(s) to

the substrate in a predetermined design, said ink being
capable when cured of bonding to the substrate;

35 b) curing the ink on the substrate by exposing it to
radiation by which it is curable, thereby bonding the ink
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radi ation. Then a layer of hot-stanping foil is pressed 1

substrate , using a hot conpress heated to a terrperaturgluma"mummﬂ(ul“l
cause the hot-stanping foil to adhere to parts only of the prirntedl ihk *
desi gn but not el sewhere. ~-Hot-stanping foil is generally a

| am nate conprising 15 at least a carrier material (often polyester or a
simlar mat eri al capable of release), a release filmand a

decorative cogt, tWQ'%QHs%rg%Eally colour or a netallized coat, nost
often al um ni um or col ouréed alum nium The foil may al so contain ot her
optional |ayers, such as one or nore 20 protective |layers and the carrier
material . c)MfJ’r%s%E%@' fa' Ghlele, olfothosct mmr{gmﬂoﬂarhgt&d@cg%?@d

as a multilayer web, npri.sing a backing f |In1carr|er a rel ease
coating, one EPQﬁﬁEaﬁﬁng&ﬁnwatGﬁWﬁé?ﬁﬁﬁ eGfeed to of FABPESIEGHT e
coatingssand aulfdtidieett adbesavee i thdafo2d ter daihere to the Th€ated,

hot - st f.oll d t.h th th
oL AL 0 bilted SR BRSSP RSk Y chpe SO CaEE U2 pae

whi ch may be subsamdded hot- stanping die or a hand-held press (but
appropriately shaped 30 to define the design to be transferred), is heated
to a tenperature sufficient to cause the hot-nelt adhesive |ayer

of the hot-stanpi n§)f giemovdngdhdee coaPseme (tderepan ldaving behind that
10 portion of the foil which has adhered to the ink design.

29. A container having an inner surface and an outer
surface, in which bonded to the outer surface in a
predetermined design is a coating of a cured adhesive
15 pigmented ink composition comprising both (i) a radiation-
cured component, bonded to the substrate, and (ii) a
pigment component which is or includes one or a mixture of
more than one pyrrolpyrrol and/or isoindolinone pigment(s).

20 30. A container as claimed in claim 29 which is glass.
31. A container as claimed in «claim 29 which is
plastic.
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t he i nk-decorated portion of the substrate. Generally this
tenperature ranges from about 394K to 35 478K (250-400[err]F).

Tenperatures higher than this range are | iable to cause deterioration
of the hot-stanping foil, or - 30 - - 16 -
even sonme deconposition of the ink. The application of the heat causes
t he adhesive side of the hot-stanping foil to becone adhered to the ink
design, but not to the ink-free %ggﬁégg%¥the substrate. 5 When
the conpress is renmoved, a portion of I | am nate adheres to the
i nk decoration but not to the ink- free areas of the glass (or other)
substrate. In particul ar, adhered to the col oured design on the
substrate is the hot-nelt adhesive I%Xer t he col our coating and the
RADIATION-CURABLE PIGMENTED COMPOSITIONS AND

METHODS FOR DECORATING ARTICLES THEREWITH

A radiation-curable, pigmented ink composition

5 comprises a radiation-curable component and pyrrolopyrrol
and/or isoindolinone pigment(s); a method for decorating a
substrate with these pigmented ink compositions; and a
method for decorating a substrate with these pigmented ink

compositions in conjunction with hot-stamping foil.
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10 ®protective coat, in that order. Portions of the rel ease
coating may or rmay not remain adhered to the protective F@$?665F
because the rel ease coating is desigqed to melt upon application of
heat and cause the polyester carrier "backing layer to release itself
15 fromthe protective top-coat |ayer, and sone remants t her eof may
remain. The col oured i nk design on the substrate can be fully

or partially hot-staﬁﬂ@&“@é@&o?ﬂﬁhBLFopgﬁﬁE¥EEPr%ﬂFcﬁ%ﬁ%ﬂ%IT1°“s to yield a
pl easant two-tone nehabl MErEODSUOFJPECORADING hERPOCLESI I ErEWE TH I'n
addi tion, when the substrate is plastic, the ink design can be applied
and cured and then the hot-stanping foil can be pressed by the heated
conpress onto any area of t he container, including both the ink design

and the 25 under| yWing tiheleiRRbastbtasbbstsat £ai et o @idhdevieleys
|l ow nelting point of the plastic permts

di rect adhesion af .
hot - st anpi ng gt FE8™PRE 118 F ¢, AR MUt AAF Rl edgFPyafdma artifles
i nt er medi at e itterdeniarh. The invention will now be described in
nore 30 detail,though for the purpose of illustration only, with

reference to the foll ow ng exanples: ] oo
5 Commercial ceramic and glassware 1is traditionally

decorated by applying a design in coloured ink onto the
surface of the substrate, by means of screen printing,
offset printing or any other direct application technique;
and the thus decorated substrate is then fired, so as to

10 burn off the organic components of the ink, and cause the
ink design to "fuse" onto the surface of the glass. This
traditional process however is time-consuming and energy-
intensive, and at best results in heavy operational costs,
and a requirement for significant floor space in factories.

15 A further disadvantage of this long-established procedure
is that the applied decoration until it has been fired is
extremely prone to damage caused by the rubbing and
scratching that occurs in normal handling operations, and
this results in many rejects.

20 Radiation-~curable adhesives are known, and in our
previous European Application No. 93 3 04160.0, now EPA
0,626,354, we have described and claimed methods and ink
compositions for decorating glass in which usually-
colourless inks based upon such radiation-curable adhesives

25 are applied to the surface and, after curing thereon by
radiation, hot-stamping foil is applied to the cured ink so
as thus to decorate the glassware. This relatively new
procedure offers significant advantages over the
traditional method, because radiation-curing is easy and

30 inexpensive, requiring only lamps that emit the desired
wavelength of 1light (or, in the case where no
photopolymerization agent is included in the ink, an

Ird
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- 17 - EXAMPLE 1 An orange-red
_coloured ink conposition in accordance with the invention was nmade up

as fol.l ows: G ans w W0

5 Cationically UV-curable -2 - 50.00 50.63
cycl oal i phati c epoxi de (CYRACURE UVR 6110) Est er - cont ai ni ng
pol yol 6.25 6.33 10 (POLYOL 310)

electron beam) so that there is no requirement for much
floor space, and moreover the hazards and energy
expenditures encountered in the use of firing ovens are
totally eliminated.

5 Although the inks employed in this relatively new
procedure are usually colourless, we did in our EPA
0,626,354 aforesaid envisage the possibility that they
could perhaps be pigmented. That proposal however was more
theoretical than practical, because in general all pigments

10 tend to absorb actinic radiation and thus interfere with
the radiation curing of a pigmented radiation-curable ink.
This problem of interference with radiation curing moreover
becomes most acute with red and yellow pigments, which
absorb actinic radiation in the range of from 4nm up to

15 600nm to so great an extent that radiation curing in the
presence of red and yellow pigments is extremely difficult
to achieve.

Nor are these the only problems that arisé with
pigmented inks. The standard inorganic pigments that have

20 traditionally been employed in decoration are compounds of
heavy metals e.g. cadmium, chromium, manganese &c., and
such inorganic, heavy metal compounds are these days coming
under increasingly hostile scrutiny due to environmental
concerns about heavy metals, especially cadmium and

25 chromium, so it is becoming less desirable to use them for
decoration purposes. Still further, inks coloured with
inorganic pigments often exhibit poor colouration (e.g.
reds often look brown or purple) and are then unacceptable
for commercial decorating purposes.

30 Thus, there is a need for radiation-curable inks which
cure easily, which impart bright, clear red and yellow

colours acceptable for commercial decoration, and which are

free from environmental concerns. .

We have searched far and wide for pigments free from
35 these troubles, and we have at last now found that there

are just two classes of organic pigments (which are red
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Photoi ni ti at or 5.00 5.06 ( CYRACURE

W1 6974) 15 Def oam ng agent 7.50 7.59
( BYK- 053) Red Organi c Pi gnent 25.00 25.32
(1 RGAZAN Red DPP 80) 20 Yel | ow Or gani’c “Pi gnent

5.00 5.07 (I RGAZAN Yel | ow 2GLTE) 25 The first three

i ngredi ents were m xed together, fol | owed t he pignments.

The ink was t e tyeinsMeriasPesttioeling Siedr ass fé@@ dfrom envgrgngegtal

cont ai ner, Usidhcerid K-tHteIbIKEeSteorporated idtenrddigatdlaassucantial ner
vas subj ected N raghstioni 30 whPEnBRLOYAIS Vol MW 8B el Y5 59 & et
substrate, and that after curing will provide red and
5 yellow-coloured designs which are bright, true and adhere
well to the substrate. These advantages moreover can be
secured no matter whether the substrate is glass, plastics
or ceramic, and whatever form it may take, such as for
instance containers such as bottles, cups, dishes and
10 glasses, as well as vases, figurines and other decorative
glassware and ceramic ware, and indeed glass or ceramic
sheets, tiles and so on.

According to one aspect of the present invention there
15 is provided a radiation-curable pigmented ink composition
which comprises:

a) a radiation-curable component which, when applied
directly to a substrate and exposed to radiation by which
20 is curable, can be cured to bond to the substrate; and

b) a pigment component which consists of or contains
one or a mixture of more than one pyrrolopyrrol and/or
isoindolinone pigment(s).

25

One of the necessary elements of radiation-curable
composition is a radiation-curable component, which may
consist of monomers, oligomers and/or low molecular weight
homopolymers, as well as copolymers, terpolymers, graft

30 copolymers or block copolymers, so long as the component is
curable (polymerized) by exposure to an electro beam or to
actinic (including ultraviolet) radiation.

At this point it is perhaps desirable, for the
35 avoidance of doubt, to observe that the terms "actinic

radiation” and "ultra-violet radiation" are here used in
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The ‘cured ink was a rich red color, exhibited a snooth surface w thout

drregularities, and adhered well to the gl ass.

- 18 - EXAMPLE 2 A yel | ow

col oured ink composition in accordance with - t he invention was made up
as foll ows: G ans w Wo%
5 Cationically UV-curable 50. 00 50. 63

their normal sense, that is to say:

the term "actinic radiation" in general means light in
the violet and ultra-violet regions which will bring about

5 chemical changes, and may be regarded as corresponding to
wavelengths of from 4 to 600nm; and

the term "ultra-violet (or UV) radiation" refers to
the non-visible part of the actinic radiation, and may be
10 regarded as corresponding to wavelengths of from 4 to

400nm., and preferably (for present purposes) 325-365nm.

The radiation-curable component to be commercially-
acceptable must of course be capable, after it has been

15 cured, of bonding the cured composition to the substrate
permanently - that is to say it must be affixed to the
substrate to a degree sufficient for it to remain on the
substrate for the useful life of the substraté. For
example, where the substrate is to be a container for nail

20 enamel, the cured ink must remain on the container
throughout thé useful 1life of the nail enamel, and remain

resistant to the solvents and other ingredients found in
the nail enamel.

25 In the preferred embodiment of the invention, the
radiation-curable component is curable by ultraviolet (V)
radiation having wavelengths of from 4nm to 400nm, and
preferably 325nm to 365nm.

Suitable monomers include epoxides, cycloaliphatic

30 epoxides, vinyl chloride, styrene, ethyl acrylate, vinyl
acetate, bifunctional acrylic monomers such as hydroxy
alkyl acrylates or hydroxy alkyl methacrylates, wvinyl
butyrate, vinyl methyl ether, methyl methacrylate,
isobornyl acrylate and acrylonitrile, or mixtures thereof.

35 Suitable polymers include oligomers, homo- or co-

polymers, terpolymers and graft copolymers of the above
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cycl oal i phatic epoxi de (CYRACURE UVR 6110) 10 Ester-containing

pol yol 6. 25 6. 33 (POLYOL 310)

Phot oi ni ti at or g 5.00 5. 06 ( CYRACURE
U 6974) 15 Def oam ng agent - 7.50

7.59 ( BYK- 053) Yel | ow Organi c Pi gnent 30. 00
30.39 20 (I RGAZAN Yel | ow 2G.TE) The first three ingredients

were mi xed togePRRRer@rRrovideq K&yt RaVHi yrictteiisiadd@ht of less thpe jnk
was transferregphbottde, @od ers il atBedlvise2bt igl@ass di@Ftiauner toSd e

f;:j:(;itsic(r)ﬁen prggﬁﬁérization. The gl ass contai ner was then subjected W

The particularly preferred radiation-curable polymers
5 are cationically radiation-curable epoxides. The term
"cationically radiation-curable"” is here used in the sense
that it has become accepted in the radiation-curing art,
and roughly-speaking means that the radiation-curing takes
place in air - as contrasted with anionic curing, which

10 must take place under anaerobic conditions.

The cationically radiation-curable epoxides preferably
used are those having at least two epoxy groups per
molecule, as well as those which are polymeric, such as the
reaction products between epichlorohydrin and phenol or a

15 phenolformaldehyde resin, also diepoxy resin, epoxidized
oils and epoxidized polylefins. Such epoxides include
novolac epoxides, glycidyl ethers of various types
including diglycidyl ethers of bisphenol and diglycidyl
ethers of butanediol. Also suitable are homo-polymers and

20 co-polymers that contain pendant epoxide groups, such as
those made from glycidyl acrylate and or methacrylate with
or without other ethylenically-unsaturated monomers, e.qg.
vinyl chloride, vinyl chloride, vinyl acetate, styrene,
hydroxyethyl acrylate, hydroxpropyl acrylate, and so on.

25 The specific preferred epoxide-type polymers are
cationically UV-curable cycloaliphatic epoxides including
those set forth in U.S. Patents Nos. 3,027,357, 3,890,194,
2,890,197, 3,031,434, 3,125,592, 3,201,360 and 5,204,930
the disclosure of all of which is hereby incorporated

30 herein by cross-references.

Particularly preferred are:
3,4-epoxycyclohexylmethyl-3, 4, epoxycyclohexanecarboxylate,
bis-(3,4~-epoxy-cyclohexylmethyl)-adipate, vinylcyclohexene

35 diepoxide, bis(2,3-epoxycyclophenyl)ether, epoxidized
butadiene and 2, 3-epoxy-2-methylcyclohexyl-methyl-3,4-epoxy
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for-approximately 5 mnutes, thus to effect curing. The cured ink

was a brilliant yellow, exhibited a snoot h surface w thout
irregularities, and adhered well to 30 he gl ass.

- 19 - EXAMPLE 3 A red col oured
I nk conposition was nade in accordance with the invention as follows:
Gans wWwhbh 5 Cationically UV-curable 50. 00

50. 63 CycrgaFPBﬁ&f?ém%b%& ¢clohexane carboxylate.

The particularly preferred radiation-curable
components are the cationically-UV-curable cycloaliphatic

epoxides sold under the tradename CYRACURE by Union Carbide

5 Chemicals and Plastics Company, Danbury, Connecticut.
U.S.A., such as CYRACURE UVR 6110, 6100, 6379, 6351 and
6200.

Generally the radiation-curable component should
constitute about from 10% to 95% by weight of the total

10 composition, preferably from 15% to 70%, and usually most
advantageously from 35% to 85%.

The other necessary element of the radiation-curable
composition is a pigment-component which for the purposes
of this invention must be narrowly selected from the

15 vigments, and specifically has to be based upon
pyrrolopyrrol and/or isoindoline pigment(s),
environmentally-friendly, (b) do not significantly
interfere with radiation curing of the composition, -and (c)
yield bright, true red and yellow colours respectively in

20 the cured ink.

As such these classes of pyrrolopyrrol pigments and
respectively isoindoline pigments are already known, and
indeed excellent ones are commercially-available, so that
they do not require further identification herein.

25 Nevertheless, in case any further information is
wanted concerning the pyrrolopyrrol pigments we note that
they are for instance described in U.S. Patents Nos.
4,415,685, 4,579,949, 4,791,204, 4,666,455, 5,074,918,
4,784,540, 4,632,704, 4,914,211 and 4,585,878, the

30 disclosure of all of which is incorporated herein by cross-
reference.

And for still further guidance, at least most of these

pyrrolopyrrol pigments are embraced by the general formula:
35
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(CYRACURE UVR 6110) Est er-contai ni ng pol yol

6.33 10 (POLYOL 310) Phot oi ni ti at or

5. 00 - 5.06 (CYRACURE WVI 6974) 15 , Def oam ng agent

7.50 7.59 ( BYK- 053) Red Organi c Pi gnment _

30. 00 30. 39 (1 RGAZAN Red DPP 80) 2 The first three
I ngredi ents were m xed toget her, f ol Iwed t he pignents. .
The ink was then transferred onto the outsjide a 25 black plastic

(pol yet hyl ene) container using a silk scr

RN

N

wherein:

6.

25

Rl and R2, which may be the same or different, are
10 each alkyl or arylalkyl, aryl or substituted or
unsubstituted isocyclic or heterocyclic aromatic radicals;

r3 and R4, which may be the same or different, are

each an hydrogen atom or a substituted or unsubstituted
alkyl, alkoxycarbonyl, aroyl, phenyl, benzoyl, benzyl,
15 arylalkyl, aryl, alkanoyl, Cg_g cycloalkyl, alkenyl,
carbamoyl, alklcarbamoyl or alkoxycarbonyl radical; and X

is an oxygen or sulphur atom.

The preferred pyrrolopyrrol pigments of general

s formula I above are those wherein R! and R? are each

20 independently phenyl or naphthyl, R® and R* are both

hydrogen and X is oxygen.

The particularly preferred pyrrolopyrrol pigment for

use in the compositions of this invention is pyrrole 3,4-C
pyrrol—l,4—dione—2,5~dihydro-3,6—di—4—chlorophenyl, which

25 has CAS number 84632-65-5 and is known by the common name
C.I. Pigment Red 254. This is commercially available from
Ciba-Geigy Pigments Division, Newport, Delaware, U.S.A.
under the tradename IRGAZIN DPP Red 80. Other Ciba-Geigy

red pigments sold under the tradename IRGAZIN are also

30 suitable.

And again, in case any further information is wanted

concerning the isoindolinoine pigments we note that they

are for instance described in U.S. Patents Nos. 3,884,955,
3,867,404, 4,978,768, 4,400,507, 3,897,439, 4,262,120 and
35 5,194,088, the disclosure of all of which is incorporated

herein by cross-reference.
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of about 50 fibres per square centinmetre (320 fibres per squar e inch)
having indicia inprinted thereon. The contai ner was subj ected
W radiation on a 300 30 watt/9.2 metres (30 feet) per mnute UV-conveyor

for ' approximately 5 minutes, thus to®effect curing. The
cured ink was a deep red colour, exhibited a snoot h surface w t hout
irregularities, and adhered well to the container. Mreover and very
i mportantly, the retefierkced isoindolinones are tetrachlorocyanoben20ie

was opaque ovgrL ;the bl ack pj Q§tli c, and thwus.exhibited a partt-lr(y@l;iqdly
col our. !

2,3,4,5-tetrachloro-6-cyano-benzoic acid methyl ester which

is reacted with 2-methyl-1,3-benzenediamine and sodium
5 methoxide. This pigment composition has the common name

C.I. Pigment Yellow 109, and is avallable commercially from

Ciba-Geigy Pigments Division, Newport, Delaware, U.S.A.

under the tradename IRGAZIN Yellow 2GLTE. Other pigments

in the IRGAZIN Yellow series as manufactured by Ciba-Geigy
10 are also suitable.

The radiation-curable component may also include
ester-containing polyols having a molecular weight of less
than 850, and a viscosity of less than 0.6Pa s (60 poises).

These ester-containing polyols are prepared by methods

15 well known in the esterification or alkyd resin art.
Suitable polyols are these described in U.S. Patent No.
3,994,851, the disclosure of which is hereby incorporated
by cross-reference. The ester-containing polyols are
reaction products between polycarboxylic acids (such as

20 adipic, azelic, malic, fumaric, succinic or glutaric acids)
and polyols ( such as ethylene glycol, neopentyl glycol,
diethylene glycol, trimethylolpropane monoallyl ether or
1,6-hexanediol, etc.).

We particularly prefer to employ the polyols sold

25 under the tradename "“TONE Polyols" by Union Carbide.
Particularly preferred is/are TONE Polyol 310 or
trimethylolpropane caprolactone.

The proportion of ester-containing polycl is not very
critical, but we recommend the use of from 1 to 12% by

30 weight, and preferably from 3 to 15%, of the ester-
containing polyol.

When the radiation-curable component is to be cured by
UV or other actinic radiation (rather than by an electron
beam) it is then very desirable that the composition should

35 include a photoinitiator, which will catalyze

polymerization of the component upon exposure to the
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EXAMPLE 4 5 The ink conposition of Exanple 1 was applied to a
glass bottle with silk screen having a 255 |ine (about 40 fibres per
square centinetre, or 255 fibres/square inch) 10 screen with a decorative
design inprinted on it. The ink=d&corated bottle was subjected to
UV radiation on a 300 watt/9.2 nmetres (30 feet) per m nute UV-conveyor
for 7 mnutes to effect curing. ol d hot-stanmping foil (Crown
Royal Leaf, Patedsen,ichkb tdewhlertseyheUcSmoneras ceonpressiddi agai At dme

decor at ed ePOEELBR BEaFnh%sCQIHéH r@é,cﬂ\iéhtﬁedb%m%@tﬁqoho 1%9%3; be
(250[err]F), for severa seconds. On rempval of the die the

rel ease | ayer BPShdple to d%ﬁQﬁﬂﬁ?mY#QﬂlaIHﬂﬂgﬂﬁﬂ%tﬁéFéésed the back film
carrier, 20 |eavingihke nebRleher | afenaten Pott b ohrehartfot | caghered
to the C‘”ed DS Ay 9% 8 TBWA ) 16099k a1way BPREUANSS1e to
formulate the radiation-curable component so as to be
curable upon exposure to UV or other actinic radiation,
even if it turns out subsequently that the radiation-
curable component is actually cured by an electron beam.
10 It is therefore always desirable that the radiation-curable
component should incorporate a photoinitiator.

Carbonyl compounds such as ketones and derivatives
thereof are especially suitable for this purpose. Thus for
example methyl ethyl ketone, benzophenone, benzyl dimethyl

15 ketal, 1-hydroxycycylohexylphenylketone, 2,2-dimethoxy-2-
phenylacetophenone, diethoxyacetophenone and 2-methyl-1-
(methylethiophenyl)-2-(4-morpholinyl)-l-propanone are all
excellent photoinitiators. '

Other photosensitive onium salts are also particularly

20 good UV-activated photoinitiators. The use of
photosensitive onium salts to promote the curing of
epoxides when exposed to UV radiation is described in U.S.
Patents Nos. 4,058,401, 4,138,255 and 4,161,478, the
disclosure of all of which is incorporated herein by cross-

25 reference. The photosensitive onium salts mentioned in
these Patents are good UV-light photoinitiators. Triaryl
sulphonium salts are preferred, in particular a triaryl

sulphoniun salt sold by Union Carbide under the tradename
CYRACURE UVI 6974.

30
The proportion of photoinitiator is not critical, but
we normally recommend the use of from about 1 to 20%,
preferably 3 to 15%, by weight.
It may also be advantageous to include one or more
35 defoaming agents in the composition. Such defoamers assist

in applying the ink more smoothly on the substrate, without
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25- EXAMPLE 5 The i nk conposition

of Exanple 1 was used to hand- paint a floral design onto a clear

pol yethyl ene plastic 30 container, using a fine-tip sable brush.

The contai ner was subjected UV radiationibdor a period of 5 mnutes by
passi ng through a 300 watt/9.2 netres (30 feet) per mnute

UV- conveyor. The i nk design cured snoothly, and was a rich, deep
35 red col oYypbles or unevenness. - 21 -

A wide variety of defoamers are suitable, but
preferred ones include polyalkyl acrylics, such as the
polyvinyl butyl ether in Stoddard solvent sold under

5 tradenames BYK-052 and BYK-053 by BYK-Chemie. Stoddard
solvent is a petroleum distillate, widely used as a dry-
cleaning solvent, with a minimum flash point of 35° (100°F)
and a distillation range range of from not less than 50%
over at 177°C (350°F) up to an end point not higher than

10 210° (410°F) as sold under the tradenames BYK-052 and BYK-~
053 by BYK-Chemie.

Generally from 1 to 20%, by weight of the composition,
and preferably from 3 to 15%, of a defoaming agent 1is
suggested.

15 The radiation-curable component may also include an
adhesion promoter, that is to say an agent that increases
the adhesion of the radiation-curable component to the
substrate. '

The substrates which can be decorated with the ink

20 composition of this invention include glass, ceramics,
plastics, tiles and so on. When the substrate is glass,
silanes are recommended as adhesion-promoters, since they
are excellent coupling agents with glass, and will promote
adhesion of the radiation-curable component to a glass or

25 ceramic substrate.

For use as adhesion promoters we recommend acryloxy-
functional silanes, such as those described in U.S. Patent
No 5,221,560, the disclosure of which is incorporated
herein by cross-reference. Examples of such acryloxy-

30 functional silanes include:
3-methacryloxypropyltrimethyoxysilane,
3-acryloxypropyltrimethyoxysilane,
2-methacryloxyethyltrimethoxysilane,
2-acryloxyethyltrimethoxysilane,

35 3-methacryloxypropyltriethoxysilane,
3-acryloxypropyltrimethoxysilane,
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EXAMPLE 6 The i nk conposition of Exanple 1 was sil k-screened

onto a bl ack col oured pl astic pol yethyl ene bottle, using a 255 |ine
(about 40 fibres per square centinetre, or 255 fibres/square inch)
screen with a rose design inprinted on 5 1it- The bottle was
subj ected to UV-curing by passing through a 300 watt/9.2 nmetres (30
feet) per mnute UV- conveyor for 8 m nutes. The i nk rose

desi gn was deep+adviloxpaiopyltriéthoxylsNeate, t he rose design was

preferential ly hotsst @xyeth?XtPE@%ﬁbQ sgabayer of gold hot-stanping
foil against the ro heat ed npr ess haV|ng a desi gn which,

when conpr TﬂﬁfQﬁﬁ?ﬁ%ﬂ?yﬁﬁéyﬁé§éeaEgﬁﬁﬁliﬁ“%xa%@ registration,

provi ded a rose2vdui6il haktdeilalrs ethpredilangol d. 15 The conpress was
heated to gpproxinately 288K (300[err]F), and the hot-stanping foi
was conpressed agai nst the rose design for approximately severa
seconds. Ty ¢ bdexdefhrgntadheried pamamear tyat got Isa id@mls e

and was suitablgqf0L;6QMPEF&héte¥8€. including for instance glycidoxy
silanes such as:
3-glycidoxypropyltrimethoxysilane,

10 2-glycidoxyethyltrimeoxysilane,
3-glycidoxypropyltriethoxysilane,
2-glycidoxyethyltriethoxysilane,
3-glycidoxypropyltrimethyl silane and so on.

15 We prefer to employ the glycidoxy silanes, in
particular 3-glycidoxypropyltrimethyl silane.

The proportion of adhesion promoter used is not
critical, but we have found that about from 1% to 10% by
weight thereof will usually suffice to impart improved

20 adhesion of the composition to the substrate.

Other ingredients may be added to the radiation-
curable composition, including stabilizers, inert fillers,
wetting agents, leveling agents and so on. If present,
these ingredients will normally constitute about from 1% to

25 15% by weight of the total composition.

The pigment component of the radiation-curable,
adhesive, pigmented composition of this invention may
constitute from about 1% up to 50% by weight of the total
composition, and preferably from about 15% to 35%.

30 The red and/or yellow pigments may be used alone or
mixed, as desired to achieve the appropriate shade of
colour. Particularly nice shades of red are achieved by
using mixtures of from 5% to 50%, and preferably 10-40%,
of the red pigment with from 0.5% to 20%, and preferably 1-

35 12%, of the vyellow pigment.

The radiation-curable, adhesive pigmented ink

REPLACEMENT SHEET

7 FEB 1997




- 22 - EXAMPLE 7 A col oured ink

conposition was nade up as foll ows: Aromatic urethane

" met hacryl ate 55 gr ans (EBERCRYL 6700) 5
Tetrahydrofurfuryl acrylate 20 12 grams ( SARTOVER 302)
| sobornyl acrylate 20 gr ans

compositions of this invention will preferably contain from
about 15% to 40% of said pigment(s) and from 55% to 85% of
the radiation-curable component.

Particularly preferred compositions comprise:

-from 15% to 40% of isoindolinone and/or
pyrrolopyrrol pigment(s);

~-from 35% to 85% of the radiation-curable component,

10 preferably a cationically UV-cured cycloaliphatic epoxide;
and

-from 3% to 15% of ester-containing polyol.

15 The above described compositions will usually and
advantageously also contain from 3% to 15% by weight of a
photoinitiator and/or from 3% to 15% by weight of a
defoaming agent. _

20 When the radiation-sensitive, adhesive pigmented
composition is to be used to decorate glass or ceramics, it
is then desirable to include from about 1% to 10% of a
silane, so as to enhance adhesion to the glass substrate.
According to another aspect of this invention there is

25 also provided to a method for applying a coloured design to
a substrate, in which:

a) a pigmented ink composition as herein disclosed,

which comprises a radiation-curable component and a

30 pigment component which consists of or contains one or a
mixture of more than one pyrrolopyrrol and/or isoindolinone
pigment(s), is applied to the substrate in a predetermined

design, said ink being capable when cured of bonding to the
substrate; and
35

b) the ink on the substrate is cured thereon by
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10 ( SARTOVER 506) Def oaner

0.5 grans (BYK - 052) 15 Phot oi ni ti at or

5. grans (I RGACURE) _ 13Red Organic Pignent

25 granms - (1 RGAZAN Red DPP 80) 20 Yel | ow Organi c

Pi gnent 5 grans (1 RGAZAN Yel | ow 2G.TE)

The first four ingredi ent re m xed .toget her, 25 .. followed by th

pi gment s. expos ilﬁk\éev?/agt}f%eﬁafil;aa%slfo Rl BRES T He oty ef%srljarq ace of
a gl ass cont ai kserabyngoadsngktker gonity girocapstrate. The gl ass was
subj ected to UV-radi ation for approximately 8 mnutes, thus to effect
curing.

Although the pigmented composition can be applied to

5 the entire surface of the substrate, it is normally
preferred that the predetermined design which is applied
should leave some areas of the substrate ink-free. The ink
can be applied by a variety of methods, including screen-
printing, offset-printing, hand-painting and the like.

10 After the ink has been applied, the substrate 1is
irradiated by a conventional source of UV or other actinic
radiation, or perhaps with an electron beam.

The most convenient UV-light source is usually a so-
called UV-conveyor, set up so that the substrate pasces

15 through for a period of time cumulatively sufficient to
cure the ink composition completely and thus cause it to
adhere to the substrate. If desired, the substrate may be
moved through the conveyor in one or more passes, in order
to achieve the required curing. The appropriate time

20 varies depending on the nature of the substrate, but
generally-speaking curing can be accomplished within an
overall period of from 1 to 30 minutes, more preferably
within 3-25 minutes.

When the substrate finally emerges from the conveyor,

25 the ink has been completely cured and bonded to the
substrate surface, and provides a bright, fast, appealing
red or yellow colour depending on the pigment used.

The pigmented inks of this invention exhibit a most
unexpectedly excellent opacity, when screened onto dark-

30 coloured substrates, even when using a very fine mesh
screen {(e.g. 310 to 320 mesh). When normal inorganic-based
printing inks are silk screened onto dark-coloured
substrates, usually two to three applications are necessary
because the ink is not sufficiently opaque, for instance

35 black plastic will show through. In such cases decorators

will often first screen white indicia onto a dark-coloured
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30 - The cured ink was a rich red colour, and exhibited a snoot h
~surface without irregularities.

EXAVPLE 8 An i nk conposition ggs prepared as foll ows:
Ur et hane net hacryl ate B .00 parts

container, and then screen any coloured ink over it in

order to achieve the appropriate colouration.

Unexpectedly, the organic-based inks of this invention

exhibit colour which is equivalent to what can be achieved

5 by multiple applications of inks based upon traditional

inorganic pigments, and possibly better. As stated above,

even when applied through very fine screens the inks of the

invention exhibit excellent opacity on dark-coloured

substrates, so that usually only one application 1is

10 necessary, which makes considerable time and coét savings
possible.

Another possibility is to produce a decorated

substrate which has a two-tone effect, by arranging that a

portion (but not all) of the coloured ink on the substrate
15 is hot-stamped.

According to a further aspect of this invention there
is also provided a method for decorating a substrate with

coloured ink and hot-stamping foil, which comprises the
20 steps of:

a) applying a pigmented ink composition, comprising a
radiation~curable component and one or a mixture of more
than one pyrrolopyrrol and/or isoindolinone pigment(s), to

25 the substrate in a predetermined design, said ink being
capable when cured of bonding to the substrate;

b) curing the ink on the substrate by exposing it to

the radiation by which it is curable, thereby bonding the
30 ink to the substrate,

c) pressing a sheet of hot-stamping foil against the
substrate with a hot compress heated to a temperature
sufficient to cause a portion of the foil to adhere to the

35 heated, cured ink design but not to the ink-free areas on
the substrate; and
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5 . Hi gh-boiling nethacrylate resin 55.00 parts

Acrylic acid 5.00 parts

Hydr oxyet hyl et hacryl at e -5190-parts 10

Photoiniti ator 5.00 parts Si | ane

3.00 parts 15 Red Organi c Pi gnent 25.00 parts
(| RGAZAN Red DPP 80) The resulting ink conposition was applied
to the outside of a clear polyethyl ene plastic_container, and 20

cured by subj ecting %o WOPIVAdIGtEIGh 6 tHexeRYt d§aviggebehind cqyr BYTFHR was
a bright red cauhe il lJadiiveaddnvebl the Lhe desiggontai ner.

5 Thus, a substrate such as a container may be
decorated in a predetermined design by silk-screening the
ink composition onto the substrate and curing it with
either an electron beam or the appropriate other actinic
radiation. Then a layer of hot-stamping foil is pressed

10 against the substrate , using a hot compress heated to a
temperature sufficient to cause the hot-stamping foil to
adhere to parts only of the printed ink design but not
elsewhere.

Hot-stamping foil is generally a lawminate comprising

15 at least a carrier material (often polyester or a similar
material capable of release), a release film and a
decorative coat, which is usually colour or a metallized
coat, most often aluminium or coloured aluminium. The foil
may also contain other optional layers, such as one or more

20 protective layers and the carrier material.

More specifically, hot-stamping foil can be regarded
as a multilayer web, comprising a backing film carrier, a
release coating, one or more protective top-coatings, one
or more colour coatings and a hot melt adhesive, in that

25 order. i

The hot-stamping foil is compressed against the
container with the hot-melt adhesive layer in contact with
the substrate. The compress, which may be a standard hot-
stamping die or a hand-held press (but appropriately shaped

30 to define the design to be tramnsferred), is heated to a
temperature sufficient to cause the hot-melt adhesive layer
of the hot-stamping foil to adhere to some (or even all) of
the ink-decorated portion of the substrate.

Generally this temperature ranges from about 394K to

35 478K (250-400°F). Temperatures higher than this range are

liable to cause deterioration of the hot-stamping foil, or
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- 24 -

CLAI M5 1. A

radi ati on-curabl e, pignmented i nk conposition, conpri si ng:
“a-radiation-curabl e conponent capable, when applied 5 directly to a

substrate and cured thereon by incident~ 1® Tadiation, of bonding to the
and

substrate;

10

15

20

25

30

even some decomposition of the ink. The application of the
heat causes the adhesive side of the hot-stamping foil to
become adhered to the ink design, but not to the ink-free
areas of the substrate.

When the compress is removed, a portion of the foil
laminate adheres to the ink decoration but not to the ink-
free areas of the glass (or other) substrate. In
particular, adhered to the coloured design on the substrate
is the hot-melt adhesive layer, the colour coating and the
protective coat, in that order.

Portions of the release coating may or may not remain
adhered to the protective top-coat because the release
coating is designed to melt upon application of heat and
cause the polyester carrier backing layer to release itself
from the protective top-coat layer, and some remnants
thereof may remain.

The coloured ink design on the substrate can be fully
or partially hot-stamped (according to the desired design)
to yield a pleasant two-tone metallic/colour design on the
substrate.

In addition, when the substrate is plastic, the ink
design can be applied and cured and then the hot-stamping
foil can be pressed by the heated compress onto any area of
the container, including both the ink design and the
underlying thermoplastic substrate, because the relatively
low melting point of the plastic permits direct adhesion of
hot-stamping foil to the plastic, without any necessity for
an intermediate ink layer.

The invention wiil now be described in more

detail,though for the purpose of illustration only, with
reference to the following examples:

a)



b) a pigment conponent which is one or a nixture of nore than one

pyrrol-opyrrol and/or isoindolinone 10 pignent(s). 2. A

radi ati on-curabl e, pignented ink conpositign_.as claimed in claim1l,

whi ch contains from10%to 95% by wei ght of the radiation-curable
component. 15 3. A radi ation-curable, pignented ink conposition as
clainmed in claiml or claim2, which ceaigbps {rom1%to 50% by wei ght
of said pignment(s). 20 4. A radratron-curabl e, pignmented ink
conposition as claimed in any of the preceding clainms, in which the

radi ation-curabl e canpengfyel Se®n€oLapddd € Oies iR in acdyrdaeResure
to actinic radi agkogh .Zé n?.o w éA raéjej af i - (‘f%rlzitc))lwes,. pi gnent ed i nk
conposi tion as"* eF at IEE" 1 I YS W RMieh G he¥Padi ati on- curabl e
conponent is one capable of being cured by exposure to Grams _w/w%

5 Cationically UV-curable 50.00 50.63
cycloaliphatic epoxide
(CYRACURE UVR 6110)

Ester-containing polyol 6.25 6.33
10 (POLYOL 310)

Photoinitiator 5.00 5.06
(CYRACURE UVI 6974)

15 Defoaming agent 7.50 7.59
(BYK-053)
Red Organic Pigment 25.00 25.32
(IRGAZAN Red DPP 80)

20
Yellow Organic Pigment 5.00 5.07
(IRGAZAN Yellow 2GLTE)

25 The first three ingredients were mixed together,

followed by the pigments.

The ink was then transferred onto the outer surface of
a glass container, using a silk-screen process.

Then the glass container was subjected UV-radiation

30 for approximately 5 minutes, thus to effect curing.

The cured ink was a rich red color, exhibited a smooth
surface without irregularities, and adhered well to the
glass.

W——y
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ul t'ravi ol et

radi ati on. 30 6. A radi ation-curabl e, pignented ink

conposition as clainmed in any of the preceding clains, in which the
radi at.i on- curabl e conmponent is or includes a nononer and/or

a polymer having a nol ecul ar wei ght beI'ov%BSG, 000. 7. A

radi ati on-curabl e, pignented ink conposition as clainmed in claim§6,

whi ch the radiation-curable 5 conponent is a nononer.

10

15

20

25

30

EXAMPLE 2

A yellow coloured ink composition in accordance with

the invention was made up as follows:

Grams w/w$
Cationically UV-curable 50.00 50.63
cycloaliphatic epoxide
(CYRACURE UVR 6110)
Ester-containing polyol 6.25 6.33
(POLYOL 310)
Photoinitiator 5.00 5.06
(CYRACURE UVI 6%74)
Defoaming agent 7.50 7.59
(BYK-053)
Yellow Organic Pigment 30.00 30.39

(IRGAZAN Yellow 2GLTE)

The first three ingredients were mixed together, and
then the pigment was added.

The ink was transferred to the outer surface of a
glass container using a silk-screen process.

The glass container was then subjected UV radiation
for approximately 5 minutes, thus to effect curing.

The cured ink was a brilliant yellow, exhibited a
smooth surface without irreqularities, and adhered well to
the glass.
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8. - A radi ation-curable, pignented i nk conposition as clainmed in

claim6 or claim?7, in which the nononer is one or a mxture of nore
t han one of the follow ng, nanely 10 epOf%dg, a cycl oal i phatic epoxi de,
vinyl chloride, styrene, ethyl acrylate, vinyl acetate, an hydroxy
al kyl acryl ate, an hydroxy al kyl nethacrylate, vinyl butyrate, vinyl
nmet hyl et her, nmethyl nethacryl ate, .isobornyl acrylate and
acrylonitrile. 15 9. A radia€$%$§%ﬁ¥éble, pi gnent ed i nk
conposition as claimed in any of the clains 6 to 8, in which the
nmonomner i's or ,nelyds tioni W curabl e cycl.gal i
epoxi de. 20 ) 1&. %dj %irogéi%gt ﬁgg géxlrn%%fe,lpxygnent eagyei K 8%%????& as
clai med in anywidth te preeadiing eéraf/slova: which the radi ati on-curabl e
conponent additionally conprises from 1% to 20% of @RSt er wyQat ai ni ng
pol yol having a nolecular 25 weight of less than 850 and a viscosity of
| ess than 0. 6Pa s (60 poises). 11. A radi ati on-curabl e,
pi gnent eds i nk Caonjpesidaldly aw-curable 50.00 50.63

cycloaliphatic epoxide

(CYRACURE UVR 6110)

Ester-containing polyol 6.25 6.33

10  (POLYOL 310)
Photoinitiator 5.00 5.06
(CYRACURE UVI 6974)
15 Defoaming agent 7.50 7.59
(BYK-053) '
Red Organic Pigment 30.00 30.39

(IRGAZAN Red DPP 80)
20

The first three ingredients were mixed together,
followed by the pigments.

The ink was then transferred onto the outside of a
25 black plastic (peolyethylene) container using a silk screen
of about 50 fibres per square centimetre (320 fibres per

sguare inch) having indicia imprinted thereon.

The container was subjected UV radiation on a 300
30 watt/9.2 metres (30 feet) per minute UV-conveyor for
approximately 5 minutes, thus to effect curing.

The cured ink was a deep red colour, exhibited a
smooth surface without irreqularities, and adhered well to
the container. Moreover and very importantly, the red ink
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claimed in claim10, in which the ester-containing polyol 30 is or

i ncl udes the reaction product between a pol ycarboxylic acid and a
pol yol . 12. A radi ation-curable, pignmented ink conposition as
claimed in claim10 or claim1l, in whi ch??he ester- 35 cont ai ni ng- pol yol
I's or includes a polycaprol actone pol yol.

- 26 - 13. A radi ation-curable, pignmented ink conposition as
clainmed i n anyasf adways eeedi nghel dilesk imlagtiich tdred thugadkatibehedurabl e
conponent addith,@Nglely ceaBRKEi. ses from 3% to 15% of a photoinitiator. 5
EXAMPLE 4
5

The ink composition of Example 1 was applied to a
glass bottle with silk screen having a 255 line (about 40
fibres per square centimetre, or 255 fibres/square inch)

10 screen with a decorative design imprinted on it.

The ink-decorated bottle was subjected to UV radiation
on a 300 watt/9.2 metres (30 feet) per minute UV-conveyor
for 7 minutes to effect curing.

Gold hot-stamping foil (Crown Royal Leaf, Paterson,

15 New Jersey, U.S.A.) was compressed against the decorated
portion of the container, with a die heated to 395K
(250°F), for several seconds.

On removal of the die the release layer of hot-

stamping foil laminate released the back film carrier,
20 leaving the metallic laminate portion of the foil adhered

to the cured ink design, giving a metallic gold
appearance.

25
EXAMPLE 5

The ink composition of Example 1 was used to hand-
paint a floral design onto a clear polyethylene plastic
30 container, using a fine-tip sable brush.
The container was subjected UV radiation for a period
of 5 minutes by passing through a 300 watt/9.2 metres (30
feet) per minute UV-conveyor.
The ink design cured smoothly, and was a rich, deep
35 red colour.

REPLACEMENT SHEET i
|

ERLCEL S

17 FEB W97




14. *~ A radiation-curable, pignented ink conposition as clainmed in

any of the preceding clains, which conprises: -from 15%to 40%
by wei ght of one or nore 10 pyrrolopyrrol, pigment(s) and/or isoindolinone
pi gnent (s); -from35%to 85%@3} wei ght of a cationically UV-
curabl e cycl oal i phati c epoxi de; 15 -from3%to 15% by wei ght of a
triaryl sul phonium salt serving as photoinitiator; -from
1% to 20% by wei ght of a polyal kyl acrylic def oam ng agent; and 20
-from3%to 15% by wei ght of a pol ycapgghasi.pne pol yol . 15.

A radi ation-curable, pignented i nk conposition as

The ink composition of Example 1 was silk-screened
onto a black coloured plastic polyethylene bottle, using a
255 line (about 40 fibres per square centimetre, or 255
fibres/square inch) screen with a rose design imprinted on

5 it.

The bottle was subjected to UV-curing by passing
through a 300 watt/9.2 metres (30 feet) per minute UV-
conveyor for 8 minutes.

The ink rose design was deep red in colour.

10 Next, the rose design was preferentially hot-stamped
by pressing a layer of gold hot-stamping foil against the
rose with a heated compress having a design which, when
compressed against the rose design in exact registration,
provided a rose which had petals tipped in gold.

15 The compress was heated to approximately- 288K
(300°F), and the hot-stamping foil was compressed against
the rose design for approximately several seconds.

The rose design adhered permanently to the container,
and was suitable for commercial use.
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25 clainmed in claim14, in which the pignent is one or a m xt ure of

nore than one of the follow ng, nanely pyrrolo 3,4-C pyrrol -1, 4-di one,
2,5-di hydr o- 3, 6-di - 4-chl or ophenyl and
2,3,4,5-tetrachl oro- 6-cyano- benzoi c aci-d 2zet-hyl ester whi ch has been
reacted with 2-nethyl -1, 3-benzenedi am ne and 30 sodi um net hoxi de.
16. A radi ation-curable, pignmented ink conposition as clainmed in
claim14 or claim15, in which the catggmpcal 1y UV- cur abl e
cycl oal i phatic epoxide is one or a mxture of 35 nore than one of the
foll ow ng, nanely 3, 4- epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexane
car boxyl at e, A coloured ink composition was made 2p as follows:
Aromatic urethane methacrylate 55 grams
(EBERCRYL 6700)
5
Tetrahydrofurfuryl acrylate 20 grams
(SARTOMER 302)
Isobornyl acrylate 20 grams
10 (SARTOMER 506)
Defoamer 0.5 grams
(BYK - 052)
15 Photoinitiator 5 grams
({ IRGACURE)
Red Organic Pigment 25 grams
(IRGAZAN Red DPP 80)
20

Yellow Organic Pigment 5 grams
(IRGAZAN Yellow 2GLTE)

The first four ingredients were mixed together,
25 followed by the pigments.
The ink was then transferred onto the outer surface of
a glass container using a silk-screening process.
The glass was subjected to UV-radiation for
approximately 8 minutes, thus to effect curing.
30 The cured ink was a rich red colour, and exhibited a
smooth surface without irregqularities.
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bi s- (3, 4- epoxy-cycl ohexyl net hyl - adi pate, vinyl cycl ohexene di epoxi de,

bi s{ 2, 3- epoxycycl ophenyl - et her, epoxidi zed but adi ene and

2, 3- epoxy- 2- et hyl cycl ohexyl - net hyl - 3, 4- epoxy- 2- net hyl cycl ohexane

car boxyl ate. 5 17. A radiation-c%§able, pi gmented i nk conposition
as clainmed in any of the clains 14 t© 16, in which the pol yal kyl
acrylic deform ng agent is polyvinyl butyl ether. 10 18. A

radi ati on-curabl e, pignented ink conposition as clainmed in any of the
claims 14 to 17, in which the polEFEMPLE 8ct one pol yol is
trimet hyl ol propane caprol act one. 19. A nmethod for applying a
col oured decoration to a 15 substrate, conprising the steps of:

a) applying a radiation-curable, pignented ink conposition to the

substrate in a predét dn FeaP@estgan was prepdrednpdsiel wsonprising a
radi ation-curabl e conponent 20 capable when cured of bonding to the
substrate, and a Ureé%a%gp%%t%gggggggg which is or |ncludg§79ﬂ§gg&tgore

5 High-boiling methacrylate resin 55.00 parts
Acrylic acid ‘ 5.00 parts
Hydroxyethylmethacrylate 5.00 parts

10
Photoinitiator 5.00 parts
Silane 3.00 parts

15 Red Organic Pigment 25.00 parts

(IRGAZAN Red DPP 80)

The resulting ink composition was applied to the

outside of a clear polyethylene plastic container, and

20 cured by subjecting to UV radiation for 5 minutes. The

cured ink was a bright red colour, and adhered well to the
container.
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pyrrol opyrrol and/or isoindolinone pignment(s), as clained c”.llullﬂ'mmlml" IIIl
t he preceding clains; and 25 b) curing the radiation-

t he substrate by exposure to the radiation by which it is "curable,
thereby bonding the ink to the substrate. 20. A met hod as
claimed in claim19, in which the 30 él ation-curabl e conponent
constitutes from10%to 95% by wei ght of the pignented ink

conposi tion. 21. A nmethod as clainmed in claim19 or claim20, in
whi ch the pignent conponent constitutes from1%to 50% by 35 weight of the
conposi tion. CLAIMS

1. A radiation-curable, pigmented ink composition,
comprising:

a) a radiation-curable component capable, when applied
5 directly to a substrate and cured thereon by incident
radiation, of bonding to the substrate; and

b) a pigment component which 1is one or a mixture of

more than one pyrrolopyrrol and/or isoindolinone
10 pigment(s).

2. A radiation-curable, pigmented ink composition as
claimed in claim 1, which contains from 10% to 95% by
weight of the radiation-curable component.

15
3. A radiation-curable, pigmented ink composition as
claimed in claim 1 or claim 2, which contains from 1% to
50% by weight of said pigment(s).

20 4. A radiation-curable, pigmented ink composition as
claimed in any of the preceding claims, in which the
radiation-curable component is one capable of being cured
by exposure to actinic radiation.

25 5. A radiation-curable, pigmented ink composition as
claimed in claim 4, in which the radiation-curable
component is one capable of being cured by exposure to
ultraviolet radiation.

30 6. A radiation-curable, pigmented ink composition as
claimed in any of the preceding claims, in which the

radiation-curable component is or includes g monomer and/or
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- 28 - 22. A method as claimed in claim21, in Mﬂﬂ"ﬂﬂ’“ﬂ"l{wl"l
radi ati on-curabl e conponent is one that is capabl e of ' x

exposure to UV-radiation. 5 23. A nmethod as clainmed in claim 22,
in which the radi ati on-curabl e conpdbhent is or includes cationically
UV- curabl e cycl oal i phati c epoxi de(s). 24. A net hod as

claimed in any of clainms 19 to 23, in 10 which said pignent is one or a
m xture of nexr edllyaeromevihg a mofheufat | oaigly; ahet y5Qyral 3,4-C

pyrrol -1, 4-di one, 2,5- di hydr o- 3, 6-di - chl orophenyl and
2,3,4,5-tetrachl or o- 6- . cyano-benzoic acid nethyl ester which has been
reacted with7- 2-het 39131130 bewrehbeli aft gBeahads s8KuRCPHPOROLII@8. 285
25. A nmetdpdias | phmed dim agy 6 GlRLeh héorddidPion-cwhaBhet he
radiatiqp-cunﬁgée aqpesive pi%nented I nk

ponent 1s a monomer.

8. A radiation-curable, pigmented ink composition as
claimed in claim 6 or claim 7, in which the monomer is one
or a mixture of more than one of the following, namely
10 epoxide, a cycloaliphatic epoxide, vinyl chloride, styrene,
ethyl acrylate, vinyl acetate, an hydroxy alkyl acrylate,
an hydroxy alkyl methacrylate, vinyl butyrate, vinyl methyl

ether, methyl methacrylate, isobornyl acrylate and
acrylonitrile.
15

9. A radiation-curable, pigmented ink composition as
claimed in any of the claims 6 to 8, in which the monomer
is or includes a cationically UV-curable cycloaliphatic
epoxide.
20

10. A radiation-curable, pigmented ink composition as
claimed in any of the preceding claims, in which the
radiation-curable component additionally comprises from 1%
to 20% of an ester-containing polyol having a molecular

25 weight of less than 850 and a viscosity of less than 0.6Pa
s (60 poises).

11. A radiation-curable, pigmented ink composition as
claimed in claim 10, in which the ester-containing polyol

30 is or includes the reaction product between a
polycarboxylic acid and a polyol.

12. A radiation-curable, pigmented ink composition as
claimed in claim 10 or claim 11, in which the ester-

35 containing-polyol is or includes a polycaprolactone polyol.
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substrate is glass, plastic or ceram c ware. 27. A nmethod as
claimed in any of clainms 19 to 26, in _ 2ewhich the substrate is a
contai ner. 25 28. A nmethod for decorating a substrate with both
col oured ink and hot-stanping foil, conprising; a) applying a

pi gment ed i nk f?npos'thogamp{%&'agr&ﬁeo gghati an- G bl Lamgnent, and

one or a mxture of nore an one rrooyrr and/ or "1 soi ndol i none

pi gment (s) to claimefe iqypaRyapé ithea Eb?%ﬂéfiér“rﬁ rfetie 488 gri,® e HCR nkPBei ng
capabl e when créeaofobandiang e Qohb&néhlbsédcﬂittej.onala@ compribpsCiirémg 3khe

i nk on the subtr b 0 radi ation by which it is
curabl e, therehy g%ncf" hg t;ﬁ15c tiatdr.

14. A radiation-curable, pigmented ink composition as
claimed in any of the preceding claims, which comprises:

-from 15% to 40% by weight of one or more
10 pyrrolopyrrol pigment(s) and/or isoindolinone pigment(s);

-from 35% to 85% by weight of a cationically UV-
curable cycloaliphatic epoxide;

15 -from 3% to 15% by weight of a triaryl sulphonium salt
serving as photoinitiator;

-from 1% to 20% by weight of a polyalkyl acrylic
defoaming agent; and
20
-from 3% to 15% by weight of a polycaprolactone
polyol.

15. A radiation-curable, pigmented ink composition as
25 claimed in <claim 14, in which the pigment is one or a
mixture of more than one of the following, namely pyrrolo
3,4-C pyrrol-1,4-dione, 2,5-dihydro-3,6-di-4-chlorophenyl
and 2,3,4,5-tetrachloro-6-cyano-benzoic acid methyl ester
which has been reacted with 2-methyl-1,3-benzenediamine and

30 sodium methoxide.

16. A radiation-curable, pigmented ink composition as
claimed in claim 14 or claim 15, in which the cationically
UV-curable cycloaliphatic epoxide is one or a mixture of
35 more than one of the following, namely 3,4-
epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate,
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- 29 - to the substrate; C) pressing a m m
hot™- st anpi ng foil against the substrate with a corrprj ﬂlu u“”t”mul“l
tenperature 5 sufficient to cause the foil to adhere to' tife healedS *
cured ink design but not to the ink-freejogreas of the substrate; and

d) renoving the conpress thereby | eaving behind that 10 portion of the
foil which has adhered to the ink design.

bis-(3,4-epoxy-cyclohexylmethyl-adipate, vinylcyclohexene
diepoxide, bis(2,3-epoxycyclophenyl-ether, epoxidized
butadiene and 2,3-epoxy-2-methylcyclohexyl-methyl-3,
4-epoxy-2-methylcyclohexane carboxylate.

5
17. A radiation-curable, pigmented ink composition as
claimed in any of the claims 14 to 16, in which the
polyalkyl acrylic defoaming agent is polyvinyl butyl ether.
10 18. A radiation-curable, pigmented ink composition as

claimed in any of the claims 14 to 17, in which the

polycaprolactone polyol is trimethylolpropane caprolactone.

19. A method for applying a coloured decoration to a
15 substrate, comprising the steps of:

a) applying a radiation-curable, pigmented ink
composition to the substrate in a predetermined design,
said composition comprising a radiation-curable component

20 capable when cured of bonding to the substrate, and a
pigment component which is or includes one or more
pyrrolopyrrol and/or isoindolinone pigment(s), as claimed
in any of the preceding claims; and

25 b) curing the radiation-curable ink on the substrate
by exposure to the radiation by which it is curable,
thereby bonding the ink to the substrate. :

20. A method as claimed in <claim 19, in which the

30 radiation-curable component constitutes from 10% to 95% by

weight of the pigmented ink composition.

21. A method as claimed in claim 19 or claim 20, in

which the pigment component constitutes from 1% to 50% by
35 weight of the composition.
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29. . A container having an inner surface and an outer ll ““lﬂﬁﬂl""lﬂl”"l
whi ch bonded to the outer surface in a predet erm ned de

coating of a cured adhesive 15 pignmented ink conposition conpr|5|ng ‘bot’h

(i) a radiation- cured conponent, boraked to the substrate, and (ii) a
pi gment conponent which is or includes one or a m xture of nmore than
one pyrrol pyrrol and/or isoindolinone pigment(s). 20 30. A cont ai ner

as clainmed in ¢laim?29 widtisy gA@S@lalmed ildlklaim A160NLAINETc1@Sthe
clainmed in dzmgHZQ which is

iation-curable coRponent is one that 1is capable of

being cured by exposure to UV-radiation.

5 23. A method as claimed in claim 22, in which the
radiation-curable component is or includes cationically UV-
curable cycloaliphatic epoxide(s).

24. A method as claimed in any of claims 19 to 23, in
10 which said pigment is one or a mixture of more than one of
the following, namely pyrrol 3,4-C pyrrol-1,4-dione, 2,5-
dihydro-3,6-di-chlorophenyl and 2,3,4,5-tetrachloro-6-
cyano-benzoic acid methyl ester which has been reacted with
2-methyl-1,3-benzenediamine and scodium methoxide.
15
25. A method as claimed in any of claims 19 to 24, in
which the radiation-curable, adhesive, pigmented ink

composition is applied to the substrate via a silk screen.

20 26. A method as claimed in any of the claims 19 to 25,
in which the substrate is glass, plastic or ceramic ware.

27. A method as claimed in any of claims 19 to 26, in
which the substrate is a container.

25
28. A method for'decorating a substrate with both
coloured ink and hot-stamping foil, comprising;

a) applying a pigmented ink composition comprising a

30 radiation-curable component and one or a mixture of more
than one pyrrolopyrrol and/or isoindolinone pigment(s) to

the substrate in a predetermined design, said ink being

capable when cured of bonding to the substrate;

35 b) curing the ink on the substrate by exposing it to
radiation by which it is curable, thereby bonding the ink
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20
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to the substrate;

c) pressing a sheet of hot-stamping foil against the
substrate with a compress heated to a temperature
sufficient to cause the foil to adhere to the heated,

cured ink design but not to the ink-free areas of the
substrate; and

d) removing the compress thereby leaving behind that
portion of the foil which has adhered to the ink design.

29. A container having an inner surface and an outer
surface, in which bonded to the outer surface in a
predetermined design is a coating of a cured adhesive
pigmented ink composition comprising both (i) a radiation-
cured component, bonded to the substrate, and (ii) a
pigment component which is or includes one or a mixture of

more than one pyrrolpyrrol and/or isoindolinone pigment(s).
30. A container as claimed in claim 29 which is glass.

31. A container as claimed in claim 29 which is
plastic.




30
ABSTRACT

RADIATION-CURABLE PIGMENTED CONPOSITIONS AND
METHODS FOR DECORATING ARTICLES THEREWITH

A radiation-curable, pigmented ink composition comprises a

radiation-curable component and pyrrolopyrrol and/or

a method for decorating a substrate
with these pigmented ink compositions; and a method for

decorating a substrate with these pigmented ink compositions in
conjunction with hot-stamping foil.

isoindolinone pigment (s);
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