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procedure akin to that known as

hot-stamping, and is an important development of our

earlier invention as

described and claimed in our

previous European Patent Application No. 93 3 04160.0,

now EPA 0. 626 354.

The well-establi
10 involves applying both

heated die or roller

referred to génerically as a "hot compress")
called hot-stamping foil,

shed hot-stamping procedure

heat and pressure by means of a
(hereinafter for convenience
to a so-
consisting of a pigmented

colour or metallized surface film borne on a usually-

15. . polyester carrier,
“to it

substrate,

force 1nto

so- as by means of the hot compreés
contact w1th. a thermoplastic
and thereby soften the thermoplastic

substrate and also activate the film-coating on the

foil, thereby enabling it to form a strong physico-

20

chemical bond with the underlying thermoplastic

substrate wherever heat and pressure have been applied

to the foil, but not elsewhere.

foil is pulled away,
have been subjected to
25 to the plastic substrate

In order to. carry

When subsequently the

just the areas of the film which

the hot-stamping remain affixed
, and the remainder peels away.
out this hot-stamping operation

one normally employs either a vertical stamping machine

or a roll-on machine.

contains a heated compress of die of brass,

30 silicone rubber,

design, which

pressure and thus to

The vertical stamping machine

steel or

performed to define the deserved
compress serves to épply both heat and

transfer the desired design

defined by the die (whatever that design may be - thus

decorative areas and

/Jor writing or other printed

_—
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physi co-chem cal bond with the underlying thernoplastic substrate wherever
‘heat: and pressure have been applied to the foil, but not el sewhere. \Wen
ggbséhuently*the foil is pulled away, just the areas of the fil mwhich have
been subjected to the hot-stanping remain affixed to the plastic substrate,
and the remai nder peels away. In order to garry out this hot-stanping
operation one nornmally enploys either a vertical stanping machine or a
roll-on machi ne. The vertical stanping nmachi ne contains a heated die of
brass, steel Iyl r.ubb vhy S p b f :
pressure and t %gbtfgpﬁgﬁgﬁerf%ﬁénmg%gigr Z%i%glt t%?%?d%?ﬁe?%@gﬁé)%lggtlc
(what ever t hatSpREtSFt fay e eatuspradddor afi \RO 8iddsoRAd/ P eneiatiingtdre

other printed compress. Roll-on methods utilize a silicone rubber
roller or an arcuate die as the hot compress to
5 transfer the desired design from the foil onto the

thermoplastic substrate, in either a continuous or
batch process.

Hot-stamping is an efficient and inexpensive way
to apply decoration to thermoplasﬁic substrates.

10 Unfortunately however hot-stamping of this nature
cannot be used with glass, because glass melts at a
much higher temperature than most thermoplastic
materials. Consequently decoration in the form of gold
leaf, colour design or printing etc. is generally

15 applied to glass containers by a glazing process
éimilar to that used with ceramics. Thus for example

""in gold-leafing the gold decoration is applied to the
glass container by.a variety of methods such as silk-
screen printing, etc. The glass container is then

20 subjected to extremely high kiln temperatures, and in
essence the decoratIon is baked on. Unfortunately this
process is however time-consuming, expensive, energy-
intensive and raises safety considerations due to the
high temperatures that have to be employed and the

25 nature of the gases which are evolved in the operation
of the kilns.

There has thus been a considerable and long-
standing need for a simple, economical and ultra-safe
procedure for applying decoration to glass substrates,

30 gquite unfulfilled until we devised the method for
achieving these objectives described in our above-
mentioned EPA 0,626,354, which is akin to the known
hot-stamping process but operable on glass and
ceramics.

35 However, the problems with the recently-devised
procedure, as set out in our EPA 0,626,354, is that the
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2 l.nformation) fromthe filmonto the thernoplastic substrate, as each part
‘i 8 positioned beneath the conpress. Roll-on nethods utilize a silicone
rubbdr roller or an arcuate die as the hot conpress to transfer the desired

esign fromthe foil onto the thernoplastic substrate, in either a
continuous or batch process. Hot- stanplﬁg:qs an efficient and inexpensive
way to apply decoration to thernoplastic substrates. Unfortunately however
hot - st anpi ng of this nature cannot be used with glass, because glass nelts
at a nuch hi glierkd edpenatturelvags mebterdietoopiiost g ams ekpatde degree

Consequent | y %@@l@fe O " dolifieL1 01 0odBkach 83 pusBbas dest gn or pri nting
etc. is gener all ass contal ners | azi ngﬁ%r ocess siml ar

to that used wit h aﬁﬁ:‘ée T%G§If%$°é>%nﬁaer1fﬁ e5b d"fEaf &hBa1YS d
decoration is i3Rddtergdeibhe, glddsse oed atoethley seamwehefyrofamei hodeishch

as Sllk_S excellent bond strength to glass and which at the same
time is capable of adhering hot stamping foil. It has
been thus discovered that the key to the achievement of
commercially-acceptable decorating lies in the use of
one particular, previously-unconsidered, class of
10 cationically radiation-curable cycloaliphatic epoxides.
According to the present invention there is
provided a method for applying a decorative coating to
a glass, ceramic or indeed other substrate, which
comprlses the steps of: | '
15 a) applylng a desired design to the substrate
' with a curable adhe31ve ink composition containing
a catlonlcally radlatlon—curable cycloaliphatic
epoxide; "

20 - b) curing the adhesive ink on the substrate
by éxposing it to the radiation by which it is
curable, thereby to bond the cured ink to the
substrate; ' .

25 c) compressing a hot-stampiﬁg foil bearing a
film of decorative material against the substrate
with a hot compress defining a desired design and
heated to a temperature sufficient to cause the
film to adhere to the cured ink pattern but not to

30 the ink-free areas of the substrate; and

d) removing the compress, thereby leaving the
decorative film from the hot-stamping foil
adhering to the adhesive ink pattern only.

35 A wide variety of glass or ceramic articles may be
provided with a decorative coating by means of the
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screen printing, etc. The glass container is then subjected to extrenely

. high kiln tenperatures, and in essence the decoration is baked on.
Unfortunately this process is however tine-consuming, expensive,
énergy-intensive and raises safety considerations due to the high
tenperatures that have to be enployed and 4 he nature of the gases which are
evolved in the operation of the kilns. There has thus been a considerable
and | ong-standing need for a sinple, econom cal and ultra-safe procedure

for applying decarati | as ate uile t
devi sed t he n&eﬁ% 840&? tt 1%\/?%’3"?’?:‘22%’561) Zac (lgv%é (fgs}fcrl%) glele%%ré%a%
above- ment i on&deERA 5 &2@ B5mitweinc khes laknch 5 ghaspn@mn FREINLEANEDAY

process but oa%rfbtﬁueané 336 B8P toRI AN 88y sERM ), 6258545 6BREYABe @ &R hod
of applylng a orative coating to gl ass u3|n§ an_adhesi ve |gk conpri.si ng
n

a nononer, sFehedisisd| FBRLAF ¢ hedddndmrdEnPh glass and ceramic
pol yner i sat | on-i Ir{tt];hdﬁ.h@g dgend) sapaesetkbai cadpei ndesd caflison GBHETE75

provided only that they require decoration..and that
there is no equally effective and cheaper way of
achieving the same objective, as for instance there is
with thermoplastic substrates. In short, this

10 technique will work with a thermoplastic substrate, but
there is no need to employ it since conventional hot-
stamping is fully effective on thermoplastic substrates
and tends to be cheaper.

Such'substrétes'méy for instance take the form of

15 containers e.q. bottlesﬁ dishes, cups and glasses, as .
well as also purely decorative objects eg. figurines,
‘vases, windows, tiles and so on.

In the first step-of the decorative method of this

invention the desired decorative or other pattern is
20  essentially "painted" onto the glass utilizing an

adhesive ink composition as .the "paint". The

*painting" may be aCcomplished-by_silk—scréening,

screen-printing, offset-printing, stencilling, actual

painting (with a brush) or any other of the wide
25 variety of available methods.

Generally-speaking we currently prefer to apply
the desired pattern of adhesive ink by silk-screening
it onto the glass container, utilizing the traditional"
screen and squeegee well known to those skilled in the

30 art, because it is adaptable to on-line production.
However the ink may be applied by means of hand-held
applicators such as paintbrushes or the 1like,
especially where the ink is to be applied to a
substrate in the form of a figurine or other like

35 highly-decorative article which is not readily amenable
to screen-printing. '
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al so describes the application of a decorative pattern to glass using

. printing ink and 3 a hot-stanmping foil. However, the problems with the
recert|ly-devi'sed procedure, as set out in our EPA 0,626,354, is that the
i'nks do not always adhere to the glass to the degree required for
comrer ci al decorating purposes. W have titerefore carried out extensive
I nvestigations, directed to the search for an ink with excellent bond
strength to gl ass and whi ch at the sane tinme is capable of adhering

hot - st anpi ng foil . f@ﬁ 'atﬁsqb | $EOY ke Irll3b s RE iFYud @4t B] the
achi evenent of connerC| y- accepta e decorating l'ites in the use, of _one
present invention must be one baséd upon a catlonlcally

radiation-cured cycloaliphatic epoxide. The term
"cationically radiation-curable" is here used in the

5 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 must take place under
anaerobic conditions.

10 The cycloaliphatic epoxide employed will
preferably be one having at least two epoxy groups per
molecule. Polymeric cycloaliphatic epoxides'are
however also suitable, such as those formed as the
reaction products between epichlorohydrin and phenol or

15 a phenolformaldehyde resin, diepoxy resin, epoxidized
oils and epoxidized polyolefins. Such epoxides include

. novolac epoxides,..glycidyl ethers of various tYpes-
including diglycidyl ethers of bisphenol, diglycidyl
ethers of butanediol, and the like. Also suitable are

20 homopolymers and copolymers that contain pendant
epoxide groups such as those made from glycidyl
acrylate and/or methacrylate with or without other
ethylenically unsatured monomers. Cycloaliphatic
epoxides are however also suitable, such as those set

25 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 are
incorporated herein by cross-reference). Preferred are
3,4-epochyclohexylmethyl—3,4—epoxycyclohexane

30 carboxylate, bis-(3,4-epoxy-cyclohexylmethyl)-adipate,
vinlycyclohexene diepoxide, bis(2,3-
epoxycyclophenyl)ether, epoxidized butadiene,
2,3-epoxy-2-methylcyclohexylmethyl-3,4-epoxy-2-
methylcyclohexane carboxylate, or mixtures thereof.

35 The preferred cycloaliphatic epoxides are the
cationically UV-cured cycloaliphatic epoxides sold
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particul ar, previously-unconsidered, class of cationically

. r€0j ati on-curabl e cycloaliphatic epoxides. According to the present
isnverdtion there is provided a method for applying a decorative coating to a
gl ass, ceram c or indeed other substrate, which conprises the steps of: (a)
applying a desired design to the substratg with a curabl e adhesive ink
conposition containing a cationically radi ation-curable cycloaliphatic
epoxi de; (b) curing the adhesive ink on the substrate by exposing it to

Lo T ey Rl L4 SR L SapbIRERY, 10 ROk DB B it et e
decorative maaadi &1axgaicst CohpanyhstDatimuny | hC_an_rm@tctﬁmmtesHSdef,i rﬁlylgha
desL 1o, 0%, 90 TRgRRERE oy BLBTDBSA L Bahlddd spbolo couse the 1T o
substrate; and The proportion of the cationically UV-cured
5 cycloaliphatic epoxide to be employed in the ink
composition is not highly critical, but we recommend
the use of from about 10% to about 90% thereof, by
weight of the composition, and preferably 35-90%.
I1f the ink composition is to be cured with
10 actinic radiation (including UV 1light) rather than with
an electron beam, it is then very desirable, indeed
almost a necessity that the ink composition should also
contain ‘a photoinitiator, which will catalyze the
polymerization of the cycloaliphatic epoxide. If an
15 electron beam is used, such a photoinitiator is not
necessary. However, since preparing the composition
one -cannot always be -sure how it will subsequently be
cured, it is an advisable precaution always to include
a photoinitiator therein. I
20 Especially suitable photoinitators are carbonyl
compounds such as ketones and derivatives thereof, for
example methly ethyl ketone, benzophenone, beﬁzyl
dimethyl ketal, 1—hydroxjdyclohexylphenylketone, 2,1-
dimethoxy-2-phenylacetophenone, diethoxyacetophenone
25 and 2-methyl-1-(methylethylphenyl)-2-(4-morpholinl)-1-
'~ propanone. ' -

Other photosensitive onium salts are particularly
good UV activated photoinitiators. The use of
photosensitive onium salts to promote the curing of

30 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 which is incorporated herein by
cross-reference. The photosensitive onium salts
mentioned in these Patents are good UV-light

35 photoinitiators. These preferred photointiators are
triaryl sulphonium salts sold by Union Carbide under
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(rl removi ng the conpress, thereby leaving the filmof decorative materi al
mthe hot-stanping foil adhering to the cured ink pattern only. A w de
garléty of gl'ass or ceramc articles may be provided with a decorative
coating by nmeans of the met hod of this invention, and so far as we are
aware there is nolimt on the kind of @ d@s or ceranics that may thus be
decorated. Thus the term"substrate" as used herein enbraces all kinds of
gl ass and ceramic 5 (including china) substrates and indeed al so ot hers,

provided only}pat LBEYahEILYRECHRECHRE! §9742Nd T hat

The proportion of photoinitiator needed is not
critical, but we recommend the use from about 0.5% to
20%, by weight of the composition, and preferably 3-15%

5 by weight.

The ink composition may also advantageously
include an ester-containing polyol having a molecular
weight of less than 850 and a vicosity of less than 0.6
Pa s (60 poise), which serves the purpose of

10 controlling its vicosity.

Such ester-containing polyols are oligomers
prepared by methods well known in the esterification or
alkyd resin arts. Suitable polyols are for instance
described in U.S; Patent No. 3,994,851, the disclosure

15 of which is hereby incorporated by cross-reference.

The ester-containing polyols are the reaction product

.- of polycarboxylic acids (such-as adipic, azeleic,

malic, fumaric, succinic or glutaric acids) with a

polyol (such as ethylene glycol, neopentyl glycol,

20 diethylene glycol, trimethylolpropane monoallyl ether,
6-hexandiol, etc.).

The preferred ester-containing polyols are the
polycaprolactone polyols sold under the tradename "TONE
Polyols" by Union Carbide, particularly TONE Polyol 310

25 or trimethylolpropane caprolactone.

The proportion of the ester-containing polyol to
be used is not critical, but we recommend the use of
from about 1% to about 20% by weight of the
composition, and preferably 3-15%, of the ester-

30 containing polyol.

The curable adhesive ink composition may also
desirably contain an adhesion-promotor, thus an agent
that serves to increase the adhesion of the
cycloaliphatic epoxide to the substrate. If the

35 substrate is glass, silanes are excellent coupling

agents with glass, and will promote adhesion of the ink

Sheet Has Been Reﬂlaced

T




there is no equally effective and cheaper way of achieving the sane
. opjective, as for instance there is with thernoplastic substrates. In
short, this'10 technique will work with a thernoplastic substrate, but
there is no need to enploy it since conventional hot- stanping is fully
effective on thernoplastic substrates and g ends to be cheaper. Such
substrates may for instance take the formof 15 containers e.g. bottles,
?!shes, cups and glaszes, as well as also purely decorative objects eg.

i gurines, vases, windows, tiles and sq on. In the first step.of the
decorative metRodtst $HPSLFavEnti ok H%S?FEHEG§¥6F§HQE§° a%n%%raﬁﬁftern

S are described in U.S. Patent No. 5,221,560, the
disclosure of which is hereby incorporated by cross-
reference.

5 Such acryloxy-functional silanes include:
3-methacryloxypropyltrimethyloxysilane,
3-acryloxypropyl-trimethoxysilane,
2-methacryloxyethyltrimethyoxysilane,
2-acryloxyethytrimethoxysilane,

10  3-methacryloxypropyltriethoxysilane,
3-acryloxypropyltrimethoxysilane,
3-acryloxypropyltriethoxysilane,
2-methacryloxyethyltriethoxysilane,’
3-acryloxypropyltriethoxysilane,

15 2-methacryloxyethyltriethoxysilane, and
2-methacryloxyethyltriethoxysilane, etc.

Glycidoxy-functional silanes may also be suitable.
Such glycidoxysilanes include 3-glycidoxypropyltri-
methoxysilane, 2-glycidoxyethyltrimethoxysilane,

20 3-glycid-oxypropyltriethoxysilane, |
2-glycidoxyethyltriethoxysilane,
3-glycidoxypropyltrimethylsilane ‘and so on.

The glycidoxy silanes are preferred, in particular

_ 3-glycidoxypropyltrimethylsilane. We recommend the use

25 . of from about 1% to about 10%, by weight of the
composition, of an adhesion promotor, which can usually
be relied upon to cause improved adhesion of the ink to
the substrate.

It is generally desirable that the curable

30 adhesive 1ink composition should also include a
defoaming agent, because it promotes smooth, even

" application of the ink onto the substrate, eliminating
bubbles and distortions.
A variety of defoaming agents are suitable, but

35 those which we currently prefer are polyalkyl acrylics,
such as the polyvinyl butyl ether in Stoddard solvent
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20 essentially "painted onto the glass utilizing an adhesive ink

. c?hposition as the "paint". The "painting" may be acconplished by
sil k-'screening, screen-printing, offset-printing, stencilling, actual
painting (wth a brush) or any other of the wide 25 variety of available
met hods. General |l y-speaking we currently frefer to apply the desired
pattern of adhesive ink by silk-screening it onto the gl ass container,
utilizing the traditional screen and squeegee well known to those skilled
in the 30 ar{thhecaduseaipetsoadant aliler il atel i mddeldues ednasHawvedey-t he

OrK ey De 2PRY et g BBV e MANT RS APRLRGH Of PaBHChdtn £ PEYERES
(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

5 higher than 210°C (410°F)] as sold under the tradenames
BYK-052 and BYK-053 by BYK - Chemie.

The proportion of defoaming agent to be employed
is not critical, but we generally recommend the use of
from about 1 to 20%, by weight of the composition and

10 preferably 3-15%.
' It is of course permissible, and for some purposes
it may be advantageous, to incorporate' other
ingredients in the curable adhesive ink composition,
including for instance stabilizers, inert fillers,
15 wetting agents, levelling agents and so on. If
present, these ingredients can be in the range of from
‘about 1 to about 15% by weight of the total-
composition. . . o
In the second step of the decorative method of
20 this invention,. thus after the curable adhesive ink
composition has been applied to the substrate, the
cationically radiation-curable cycloaliphatic epoxide
(and thus the ink composition as a whole) must be -cured
by exposure. to the radiation by which it is curable.
25 We have found that the cycloaliphatic epoxide may be
cured by an electron beam without further assistance,
but actinic radiation (including wultra-violet
radiation) will also serve to cure the epoxide
(especially if assisted by the presence of a
30 photoinitiator) and is to be preferred over an electron
beam. _

Therefore, especially if it is for use with
actinic radiation, the curable adhesive ink composition
will very preferably include a photo-initiator, which

35 catalyzes the polymerization of the cycloaliphatic
epoxide.
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espec!ally where the ink is to be applied to a substrate in the formof a
fTgurine or other like 35 highly-decorative article which is not readily
anenapl e to screen-printing. -5- The curabl e adhesi ve i nk conposition
Bsed in the present invention rmust be one based upon a cationically

radi ation-cured cycloaliphatic epoxide.- THe term "cationically

radi ati on-curable"” is here used in the 5 sense that it has becone
accepted in the radiation

For the avoidance of doubt it is perhaps desirable
to observe that the terms "actinic radiation" and
"nltra-violet radiation" are here used in 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 chemical changes, and may be regarded as
corresponding to wavelengths of from 4 to 600 nm; and
10
the term "ultra-violet (or UV) radiation" refers
to the non-visible part of actinic radiation, and may
be regarded as corre5ponding to wavelengths of from 4
to 400nm., and preferably (for present purposes) 325-
15 365nm. '

The ‘substrate bearing the decorative pattern of
. ink .composition-is exposed to UV light (or other
radiation) for a time sufficient to effect
20 polymerization -of the epoxide and the polyol, usually
for a.period of from 1 to 30 minutes, and preferably
for from 2 to 25 minutes, depending on how thickly the
ink has been applied to the substrate. N
This exposure may be conveniently accomplished by
25 use of so-called UV-conveyers, which consist of a
conveyor belt situated beneath an ultraviolet lamp,
such as those manufactured by Fusion Systems. When the
substfate is placed on the conveyor belt it is moved
along and is irradiated by the lamp. Obviously, where
30 longer cure times are needed, the substrate can be
passed successively through several conveyors in line,
or several times through the same conveyor. The
conveyor system is set up so that the substrate passes
through the UV-light for the total amount of time
35 appropriate to cure the ink composition and adhere to
the substrate.
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quring art, and roughl y-speaki ng neans that the radiation curing takes
place in air - as contrasted with anionic curing, which nust take pl ace
Hnden anaerobi c conditions. 10 The cycl oal i phatic epoxide enployed
will preferably be one having at | east two epoxy groups per nolecul e.

Pol yneric cycl oal i phatic epoxides are howevet also suitable, such as those
formed as the reaction products between epichl orohydrin and phenol or 15 a
phenol f or nal dehyde resin, diepoxy resin, epoxidized oils and epoxidi zed

pol yol efins. SuchIlIepbtkiedediimilaitep noffothe dpovirddsive ghgthdyl odt Hariss of

Variowstypesihwgﬁgugg,méﬂygig%ké¥h€ﬁ§(fnpisewﬂﬁ%siquﬁcﬁgﬁlbeen
cured and is thus fully adhered to the substrate, the
substrate must be stamped with hot-stamping foil, that

5 is say a foil bearing a film of decorative material is
compressed against the substrate with a compress heated
to a sufficient temperature to cause the film on the
hot-stamping foil to adhere to the cured ink design,
but not to the ink-free areas of the glass.

10 The duration of the compression and the
temperature of the compress are interdependent, and the
optimum conditions for both can and will be determined
by competent operativeé in each individual case. By
way of general gunidance it can however be said that we

15 have found that the compress should usually be heated
to a temperature -in the range of 395K-478K (250-400°F)
preferably 395K-450K (250-350°F) to achieve adherence
of the foil to the cured ink design.’ The.compreés must
of course be pressed tightly against the substrate, .and

20 the period of such compression will range from
fractions of a second up to several minutes, dependihg
on the nature of the compress used, its temperature
and the specific cycloaliphatic epoxide.

The term "hot-stamping foil" means, in general, a

.25 laminate comprised of a carrier material (often
polyester, celluse acetate, or another similar material
cépable of release), a release film, and a decorative
or colour coat, in that drder. The decorative coat is
usually colour or metallized coat. The metallized coat

30 can be actual.gold, silver , or aluminium which is
coloured to look 1like gold or silver, or have
holographic properties. The coloured layer is most
often applied by vacuum metallization.

More specifically, hot-stamping £foil can be

35 defined as a multilayer web comprising a backing film-

carrier, a release coating, one or more protective top
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ethers of butanediol, and the like. Also suitable are 20 honopolyners and
copol yners that contain pendant epoxi de groups such as those nade from

gl ycirdyl acryl ate. and/ or nethacrylate with or without other ethylenically
dnsat ured nmononers. Cycl oaliphatic epoxides are however al so suitable,
such as those set 25 forth in U S. Patent$ Nos. 3,027,357, 3,890,194,
2,890,197, 3,031,434, 3,125,592, 3,201,360 and 5,204,930 (the

di sclosure of all of which are incorporated herein by cross-reference).
Preferred arec®at-igmmycyneoexyhomee hgbldur cpodépgisohexmpeasdot-melt

carboxyl ate, Bife63v4- eRAX¥RS¥CLPREXY! Met hyl ) - adi pate, vinlycycl ohexene
di epoxi de, 6is?2,3-

Generally, the hot-melt adhesive layer of the foil
is compressed against the substrate with a heated die.

5 The hot-melt adhesive layer adheres to the substrate,
and the application of heat also causes the release
layer to release the backing film carrier from the
protective top-coat layer, leaving the protective top-
coat layer exposed on the surface of the substrate.

10 The release coating is either wax (or a wax-like
material) or a thermoplastic material, which melts upon
application of heat to release the protective top-coat
layer from the backing for release layers include
ethylene vinYl acetate '(EVA). acrylics,

15 polyvinylchlorides (PVC), polyamides, or similar
thermoplastic materials as set forth in U.S. Patent No. -
5,104,719, the disclosure of which 1is hereby
incorporated by cross-reference. o
] The protective'top—coat is usually a lacquer of

20 some type, which is capable of protecting the colour or
metallized layer.

The final layer is a hot-melt adhesive, which can
be a wide variety of substances, and is selected so
that it is capable, upbn application of heat, of

25 adhering to the substrate to which it is applied.
Suitable hot-melt adhesives generally are thermoplastic -
materials, such as EVA, PVC and the like.

In the fourth step of the decorative method of
this invention, the hot compress is removed ‘and along

30 with it the foil, leaving a portion of the foil
adhering to the substrate.

Thus, a portion of the hot-stamping foil, in
particular the hot-melt adhesive layer and the
metallized or colour layer, as well as the protective

35 top-coat if present (in that order) remain affixed to
the cured ink design such that the hot-melt adhesive
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epoxycycl ophenyl ) et her, epoxidi zed but adi ene,

2, 3- epoxy- 2- met hyl cycl ohexyl net hyl - 3, 4- epoxy- 2- net hyl cycl ohexane
carboxylate or mixtures thereof. 35 The preferred cycloaliphatic
epoxi des are the cationically UV-cured cyglsoal i phatic epoxi des sol d

under the tradenane CYRACURE by Union Carbide Chem cals and Pl astics
Conpany, Danbury, Connecticut, USA., such as CYRACURE UVR 6110, 6379, 6351
and 5200. The proportion of t he catlonlcally UV-cured 5 cycl oal i phatic
epoxi de to be%%%?&ﬁﬂ ER thhej ;ured ink ‘design, followed by the

coloured coating layer and the protectlve top-coat
layer on the surface of the container. The protective
top-coat may or may not contain part of the release

5 coat layer, which is designed to release the carrier
layer from the protective top coat.

The decoration which is applied to the substrate
is extremely durable and capable of withstanding
conditions found in normal handling operations.

10 According to another aspect of the invention there
is also provided an adhesive ink composition for use in
the method herein disclosed, which adhesive ink
composition is or includes a radiation-curable polymer
composition comprising: '

15 - from 10 to 90% of a cationically radiation-
curable. -

cycloaliphatic epoxide,

- from 1 to 20% of an ester-containing polyol, and

20
- from 1 to 20% of a defoaming agent,
as well as optionally other ingredients.
25 In addition, the preferred composition contains

from 3 to 15% of a photoinitiator, and it may also
contain from 1 to 10% of a silane.
According to a still further feature of this
invention there are also provided containers, héving an
30 inner surface and an'outer surface, in which: -

- a) the outer surface has bonded thereto a partial
coating of a cured ink which is a cationically
radiation-cured cycloaliphatic epoxide, in a design
35 that covers less than the whole of the said outer
surface; and
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conposition is not highly critical, but we recommend the use of from about
1896t0 about 90%t hereof, by weight of the conposition, and preferably
35-90% If the ink conmposition is to be cured with 10 actinic radiation
(including W light) rather than with an electron beam it is then very
desirabl e, indeed al nbst a necessity that X4he ink conposition should al so
contain a photoinitiator, which will catalyze the polynerization of the
cycl oal i phatic epoxide. If an 15 electron beamis used, such a
photoinitiator is not necessary. However, since preparing the conposition

one cannot al ways be . sure_how jt.w ]| subsequently. be.cured, it . n
amnsable[Ned@ﬂionQﬂma§§%cfPhd4ﬁ%lgn 15 °dnPire1y overiaid By a

multilayer web comprising (i) a hot-melt adhesive, (ii)
a colour coating and (iii) a protective top-coat (in

5 that order from the ink design outwards) said web being
adherent to the cured adhesive ink and covering only
said ink and not extending to the ink-free areas of the
said outer surface.

10 While the invention extends to containers of all
kinds, even thermoplastic omnes, that bear an outer
coating of this type it fulfills its potential when the
container is, as preferred, either glass or ceramic.

In order that the invention may be well understood

15 it will now be described in more detail, though only by
way of illustration, with reference to the following
examples:

This Sﬁeet Has Been Reﬂlaced '
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a-photoinitiator therein. 20 Especially suitable photoinitators are
carbonyl conpounds such as ketones and derivatives thereof, for exanple
met hl y et hyl ketorre, benzophenone, benzyl dinethyl ketal,
1- hydr oxycycl ohexyl phenyl ket one, 2, 1- di net hoxy- 2- phenyl acet ophenone,
di et hoxyacet ophenone 25 and - 15 -
2- et hyl - 1- (et hyl et hyl phenyl ) - 2- (4- nor phol i nl)-1- propanone. O her
phot osensitive oniumsalts are particularly good UV activated
photoinitiators. The use of photmxamipid itve oniumsalts to pronote the
curing of 30 epoxides when exposed to UV radiation is described in U S
Patents Nos. 4,058, 401, 4, 138,255 and 4, 161, 478,

A clear adhesive ink composition was made up as

follows:
grams
5 w/wg
Cycloaliphatic epoxide
(CYRACURE UVR 6110) 50
72.73
10
Trimethylolpropane caprolactone ,
(TONE Polyol 310) 6.25
9.10 '
15 . Triaryl sulphonium salts(s)
(CYRACURE UVI 6974) . - . . 5.00
7.27
Polyvinyl butyl ether defoamer
20 (BYK-053) 7.5

~10.90 "

These ingredients were mixed until dissolved, and
-were then ready for use as described in subsequent
25 examples. '

—_—
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the di sclosure of which is incorporated herein by cross-reference. The
phot osensitive oniumsalts nentioned in these Patents are good UV-light 35
photoinitiatoers: . These preferred photointiators are triaryl sul phonium
salts sold by Union Carbide under -7- the tradenanme CYRACURE WVI 6974.
The proportion of photoinitiator needed-i $6net critical, but we recomend
the use fromabout 0.5%to 20% by weight of the conposition, and
preferably 3-15% _

Example 2

The ink composition of Example 1 was silk-screened
onto a glass makeup container using a 255 line screen
(having about 50 fibres per square centimetre, or (255
fibres per square inch) imprinted with a decorative

5 design.

The glass container was passed through a 300
watt/9.2 metres (30 feet) per minute UV-conveyor for a
total of 5 minutes to effect curing of the ink.

Gold hot-stamping foil (Crown Royal Leaf,

10 Paterson, New Jersey, USA) was compressed against the
container with a die heated to 395K (250°F) for several
seconds. '

The die was then removed, leaving a portion of
foil adhered only to the ink design, and on peeling off

15 the foil a gold metallic decorative design identical in
appearance to gold leaf was left on the surface of the
glass makeup container.

Example 3
20
The ink composition of Example 1 was used to hand-
paint a simple design onto the side of a ceramic bowl,
using a fine-tipped sable brush.
The bowl was subjected to UV-radiation by passing
25 it

through a 300 watt/9.2 metres (30 feet) per minute UV-
conveyor for about 4 minutes.
Silver holographic hot-stamping foil was
compressed against the cured ink design with a die
30 heated to 288K (300°F) for several seconds.

Then the die was removed, leaving a portion of
the hot-stamping foil adhered to the cured ink design,

resulting in a metallic silver decoration.

—_—
—_—
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'S by weight. The ink conposition may al so advantageously include an
est er - cont ai ni ng pol yol having a nol ecul ar weight of |ess than 850 and

vicosity of

lkess than 0.6 Pa s (60 poise), which serves the purpose of

cont r of timg—ts—vieesity— Such ester-containing polyols are oligoners

pr epar known in the estéfification or alkyd resin art
Suita_blj I “mflﬂ Eﬂ]ﬁ instance described in U S. Patent No. 3,994, 85
the discio

ich is hereby incorporated by cross-reference.

a
10

S.
11
The

ester-contai ning polyols are the reaction product of polycarboxylic acids

(such as adipic, azeleic,

10

15

20

25

30

CLAIMS

1. A method for applying a decorative coating to a
glass, ceramic or other substrate with hot-stamping
foil which comprises the steps of:

a) applying a desired design to the substrate with
a curable adhesive ink composition containing a
cationically radiation-curable cycloaliphatic epoxide;

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

thereby to bond the cured ink composition to the

~substrate;

c) compressing_a hot-stamping foil bearing a film
of decorative material against the substrate with a

hot compress.defining a desired design and heated to a

‘temperature sufficient to cause the film to adhere to

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

d) removing the compress, thereby leaving the
decorative film from the hot-stamping foil adhering to
the adhesive ink pattern omnly.

2. A method as claimed in claim 1, in which the ink
is applied to the substrate by silk-screening.

3. A method as claimed in claim 1 or claim 2, in
which the cationically radiation-curable cycloaliphatic
epoxide is one having at least two epoxide groups per
molecule.

S
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‘malic, fumaric, succinic or glutaric acids) with a polyol (such as ethylene
@chol neopentyl - gl ycol, 20 diethylene glycol, trinethylol propane
nDnoalIyI diol, etc.). The preferred ester-containing

pol yol s armllmmmnlﬁmrmnactone pol yol s sold under the tradenane "TONE

Pol yol s" by URi on Charl$i dé&, particul arl y-TOBIEPol yol 310 25 or

tri met hyl ol propane caprol actone. The proportion of the ester-containing
polyol to be used is not critical, but we recommend the use of from about

1% to about 29% by \Aehgme@ﬁoaheascosmgalxﬂé@nmﬁr@npr ferehly Prde¥a hgt he

ester- 30 containin ol yo
%ékmg En)@hlch the cationically radiation-curable

cycloallphatlc epoxide is one or a mixture of more than
one of the following, namely 3,4-epoxycyclohexylmethyl-
5 3,4-epoxycyclohexane carboxylate, bis-(3,4-
epoxycyclohexylymethyl)-adipate, vinylcyclohexene
diepoxide, bis(2,3-epoxycyclophenyl)ether, epoxidized
butadiene and 2,3—epoxy—2—methylcyclohexylmethYl—3,4-
epoxy-2-methylcyclohexane carboxylate.

10
5. A method as claimed in any of the preceding
claims, in which the ink composition further comprises
from 1 to 20% of an ester-containing polyol.

15 6. A methpd as claimed in claim 5, in which the

ester-containing polyol is the reaction product of a
- polycarboxylic acid with a polyol.

T A method as claimed in claim 5 or claim 6, in

20 which the ester—containing polyol has a molecular
weight of less than 850, and a viscosity of less than
60 Pa s (60 poise).

8. A method as claimed in any of claims 5 to 7, in
25 which the ester-containing polyol is a polycaprolactone

polyol.

9. A method as claimed in any of the previous

claims, in which the ink composition also comprises
30 from 1 to 10% of a defoaming agent.

10. A method as claimed in claim 9, in which the
defoaming agent is polyvinylbutylether.

35 11. A method as claimed in any of the preceding

claims, in which the cycloaliphatic epoxide is cured by
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“The EELQQLﬂ_adhes+ve—+nk conposition may al so desirably contain an
Eadhe5|on pronDt an agent that serves to increase the adhesion of
the c ““ ﬂﬁ“Elde to the substrate. If the 35 substrate is gl ass,
silan oupling agents with glass, and will pronote adhesion
of the an - . 8- to the substrate. Suitapge_acryl oxy-functional silanes
are descri bed in U S. Patent No. 5,221,560, the disclosure of which is

her eby i ncorporated by cross-

exposure to ultraviolet radiation.

12. A method as claimed in any of the preceding

5 claims, in which the hot-stamping foil comprises a
carrier material, a release film and a decorative
coating, in that order.

13. A method as claimed in any of the preceding
10 claims, in which the hot-stamping foil comprises a
multilayer web consisting essentially of a backing film
carrier, a release coating, a protective coating, a
colour coating and a hot-melt adhesive, in that order.

15 14. A method as claimed any of the preceding claims,
in which the compress is heated to a temperature of at
least 395K (250°F).

15. A radiation-curable polymer composition
20 comprising:

- from 10 to 90% of a cationically radiation-
curable cycloaliphatic epoxide,

25 - from 1 to 20% of an ester-containing polyol, and
- from 1 to 20% of a defoaming agent.

16. A composition as claimed in claim 15, in which

30 the cationically radiation-curable cycloaliphatic
epoxide is one having at least two epoxide groups per
molecule.

17. A composition as claimed in claim 15 or claim
35 16, in which the cationically radiation-curable
cycloaliphatic epoxide is one or a mixture of more than
one of the following, namely 3,4-epoxycyclohexylmethyl-
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-‘reference. Such acryl oxy-functional silanes include:
13 ﬁutuabryuoxypropyltrlnethyloxy5|lane 3-acryl oxypropyl -tri nmet hoxysil ane,

|nethyoxy5|lane 2-acryl oxyet hytri met hoxysi |l ane, 10

|m ﬂm @ ri et hoxysil ane, 3-acryl oxypropyltrinethoxysil ane,
re hoxy5|lane 2- nethac??loxyethyltrlethoxy5|Iane
3 acryloxypropyltrlethoxysiIane, 15 2-nethacryl oxyethyltriethoxysil ane,
and 2-net hacryl oxyet hyl tri et hoxysil ane, etc.
3,4-epoxycyclohexane carboxylate, bis-(3,4-

epoxycyclohexylymethyl)-adipate, vinylcyclohexene
diepoxide, bis(2,3-epoxycyclophenyl)ether, epoxidized
5 butadiene and 2,3-epoxy-2-methylcyclohexylmethyl-3,4-

epoxy-2-methylcyclohexane carboxylate.

18. A composition as claimed in any of claims 15 to
17, which further comprises from 1 to 50% of pigment.

10
19. A container, having an inner surface and an
outer surface, in which:

- a) the outer surface has bonded thereto a partial

15 coating of a cured ink which is a cationically
radiation-cured cycloaliphatic epoxide, in a design
that covers less than the whole of the said outer
surface; and

20 - b) the ink design is entirely overlaid by a
multilayer web comprising (i) a hot-melt adhesive,
(ii) a colour coating and (iii) a protective top-coat
(in that order from the ink design outwards) said web
being adherent to the cured adhesive ink and covering

25 only said ink and not extending to the ink-free areas
of the said outer surface.

20. A container as claimed in claim 19, which is
glass.
30
21. A container as claimed in claim 19, which is
ceramic.
TR




. G ycidoxy-functional silanes nmay also be suitable. Such gl ycidoxysil anes
&lnclude 3-glyci doxypropyl tri- methoxysil ane,

2- glvyci doxyet Ryl tri met hoxysi |l ane, 20 3-gl yci d-oxypropyltriethoxysilane,
2-gl yci doxyet hyl tri et hoxysil ane, 3-glyci doxypropyltrinethylsilane and so
on. The glycidoxy silanes are preferred, 2iin-parti cul ar

3-gl yci doxypropyltrinethylsilane. W recommend the use 25 of from about
1% to about 10% by wei ght of the conposition, of an adhesion pronotor,

whi ch can usually be relied pgoFrA®r Gr!Ssrsdiosvt@g adhesion of the ink to
the substrate. It is generalTy desirable that the curable

"HOT-STAMPING GLASS, CERAMIC AND OTHER SUBSTRATES"

A method for decorating a substrate with hot-
stamping foil comprising of the steps of:

a) applying an ink composition comprising a
5 cationically radiation-curable cycloaliphatic epoxide
to the substrate in a predetermined design, said ink
being operable when cured to bond to the substrate,

b) curing the ink on the substrate by exposure to
10 the radiation by which it is curable, thereby bonding
the ink composition to the substrate,

c) pressing a sheet of hot stamping foil against
the substrate with a compress heated to a temperature
15 sufficient to cause a portion of the hot stamping foil
to adhere to the heated, cured ink design but not to
the ink-free areas of the substrate, and

d) removing the die, thereby leaving behind a
20 portion of the foil adhered to the ink design.
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30 adhesive ink conposition should also include a defoani ng™&efY,
because it pronotes snooth, even application of the ink onto the substrate,
el imnating bubbles and distortions. A variety of defoam ng agents are

sui t'abl e/ but 35

“those whi ch we currently prefer -_,ar:wg AQEEM'R)SHMSW i G§
such as the St-eddard 5o
petrol eum

: a dry- cl eapid ve i, q,d.”
m ni mum f | %P?fﬁ‘i’ﬂfo“owas erf]lq:Paged .......... -apn g’ﬁs@j rﬁa edw hoq:a (=

Claim(s) paged ..¥... to paged .2...... 3 Jzawmé(s) paged ..... to paged ...

[[] Drawing(s) : paged ........ to paged .......... ¥ Abstract  :paged .. to paged .
[/] Abstract  :paged..®... to paged .. 7.....
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HOT-STAMPING GLASS, CERAMICS AND OTHER SUBSTRATES

This invention relates to the application of

decorative coatings to glass, ceramics and perhaps

other substrates, by a procedure akin to that known ‘as
hot-stamping, ard is an 1mportant development of our

5 earlier invention as descrlbed and claimed in our
previous European Patent Application No. 93 3 04160.0,
now EPA O 626 354.
The well-established hot-stamping proéedure
10

involves applying both heat and pressure by means of a
heated die or roller (hereinafter for convenience
referred to generically as a "hot compress")

to a so-
called hot—stqmpigg foil,

consisting of a pigmented
colour or metallized surface film borne on a usually-

15 polyester carrier, so as by means of the hot compress

to force it into contact with a thermoplastic
sﬂﬁstrate, and thereby soften ihe thermoplastic
substrate and also activate the film-coating on the
foil, thereby enabling it to form a strong physico-

20 chemical bond with the underlying thermoplastic
substrate wherever heat and pressure have been applied
to the foil, but not elsewhere. When subsequently the
foil is pulled away, just the areas of the‘ii;m which
have been subjected to the hot-stamping remain affixed

25 to the plastic substrate, and the remainder peels away

In order to carry out this hot-stamping operation

one normally employs either a vertical stamping machine

or a roll-on machine. The vertical stamping machine

contains a heated compress of die of brass,
30 silicone rubber,

design, which

steel or
performed to define the deserved
compress serves to épply both heat and
pressure and thus to transfer the desired design
defined by the die (whatever that design may be - thus

decorative areas and/or writing or other printed
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(100[err]F) and a distillation range range of fromnot |ess than 50% over
at 177[err]C (350[errlﬂ)Fup,Io an“end poi nt not 5 hi gher than 210[err]C
(410[err]F)] as S xensiTets N g@lenanes BYK- 052 and BYK- 053 by BYK -

Chem e. The propofkE agent to be enployed is not critical,
but we generally

1d. . Lusfe Of fromabout 1 to 20% by weight of the
conposition and 1(Q ' Eﬁ) 5% It is of course perm ssible, and for
SOMe purposes it nay , to incorporate other ingredients in

t he curabl e adhesi , including for instance stabilizers,
inert fillers, 15 }wefid | evel Bing agents and so on. |

information) from the film onto the thermoplastic

substrate, as each part is positioned beneath the

Roll-on methods utilize a silicone rubber
roller or an arcuate die as the hot compress

compress.

to
transfer the desired design from the foil onto the

thermoplastic substrate,

in either a continuous or
batch process.

Hot-stamping is an efficient and inexpensive way
to apply decoration to thermoplastic'substrates.

Unfortunately however hot-stamping of this nature
cannot be used with glass,

10

because glass melts at a

much higher temperature than most thermoplastic
materials.

Consequently decoration in the form of gold
leaf,

colour design or printihg etc. is generally
applied to glass containers by a glazing process
similar to that used with ceramics.

15

Thus for example
"in gold-leafing the gold decoration is applied to the
glass container by a variety of methods such as silk-

screen printing, etc. The glass contdiner is then

subjected to extremely high kiln temperatures,
essence the decoration is baked on.

20 and in

Unfortunately this
expensive, energy-
intensive and raises safety considerations due to the
high temperatures that have to be employed and the

nature of the gases which are evolved in the operation
of the kilns.

process is however time-consuming,

25

There has thus been a considerable and long-

standing need for a simple, economical and ultra-safe

procedure for applying decoration to glass substrates,
guite unfulfilled until] we devised the method for

.achieving these objectives described in-our above-
mentioned EPA 0,626,354,

30

which is akin to the known
hot-stamping process but operable on glass and
ceramics.

- 35 However, the problems with the recently-devised

procedure, as set out in our EPA 0,626,354,

is that the
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present, these ingredients can be in the range of fron1ab Lt e
by weight of the total conposition. In the secong:
met hod of 20 this invention, thus after the curla

congosi tion has been applied to the substrate,

radi ation-curable cycloaliphatic epoxide (and th'sltﬁEQDEE

=i about 15%
lrative

n

ultra-violet radiation) will also serve to cure the epOX|de

inks do not always adhere to the glass to the degree
required for commercial decorating purposes.

We have therefore carried out

extensive
investigations,

directed to the search for an ink with
excellent bond strength to glass and which at the same
time is capable of adhering hot stamping foil. It has
been thus discovered that the key to the achievement of

commercially-acceptable decorating lies in the use of

one particular, previously-unconsidered, class of

cationically radiation-curable gycloaliphatid epoxides.
According to the present invention there is
provided a method for applying a decorative coating to

a glass, ceramic or indeed other substrate,
comprises the steps of:

10

which
15 a) applying a desired design to the substrate
with a curable adhesive ink composition containing

a cationically radiation-curable

cycloaliphatic
egoxide;

20 b) curing the adhesive ink on the substrate

by exposing it to the radiation by which it is

curable, thereby to bond the cured ink to the
substrate;
25 c) compressing a hot-sfampihg foil bearing a
film of decorative'matenial against the substrate
with a hot compress defining a desired design and
heated to a temperature sufficient to cause the

film to adhere to the cured ink pattern but not to

30 the ink-free areas of the substrate; and

d) removing the compress, thereby leaving the
decorative film from the hot-stamping foil

adhering to the adhesive ink pattern only.

35. A wide variety of glass or ceramic articles may be

provided with a decorative coating by means of the

e

——
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(especially if assisted by the presence of a 30 photoihitiator) and is to

be preferred over an el ectron beam Therefore, especially if it
with actinic radiation, the curable adhesive ink -t )
preferabl'y include a photo-initiator, which 35 dﬁ o BV
pol yneri zati on of the cycloal irphatic epoxide. L

doubt it is perhaps desirable

.10

15

20

25

30

35

is for

Y Er 1P

3
[§ S
i! i
'

and so far as we are aware
there is no limit on the kind of glass or ceramics that
may thus be decorated. Thus the term

méthod of this invention,

“substrate" as
used herein embraces all kinds of glass and ceramic

(including china) substrates and indeed also others,
provided only that they require decoration..and that
there is no equally effective and cheaper way of
achieving the same objective, as for instance there is
with thermoplastic substrates. In short, this
technique will work with a thermoplastic substrate, but
there is no need to employ it since conventional hot-

stamping is fully effective on thermoplastic substrates
and tends to be cheaper. '

Such substrates may for instance take the form of
containers e.g. bottles, dishes,

cups and glasses, as
well as also

purely decorativeé objects eg. figurines,
vases, windows, tiles and so on.

. In the first step of the decorative method of this
invention the desired decorative or other pattern is
essentially *“painted"” onto the glass utiliéing an
adhesive ink composition as the

*paint*. The
*painting*

may be accomplished by silk-screening,
screen-printing, offset-printing, stencilling, actual
painting (with a brush) or any other of the wide
variety of available methods.

.Generally-speaking we currently prefér to apply
the desired pattern of adhesive ink by silk-screening
it onto the glass container, utilizing the traditional
screen and squeegee well known to those skilled in the
art, because it is adaptable to on-line production.

However the ink may be applied by means of hand-held

applicators such as paintbrushes or the 1like,

especially where the ink is to be applied to a
substrate in the form of a figurine or other like

highly-deborative article which is not readily amenable
to screen-printing.

use



to observe that the terns "actinic radiation" and "uILLagV}

are here used in their normal sense, that is to {3&
radi ation" in general neans light in the violet ®

0 et gi ons
whi ch wi I'l bring about chenical changes, and maylb reggj‘%fe] o
correspondi ng to wavel engths of from4 to 600 nm e ter
"ultra-violet (or UV) radiation" refers to the ndn-jvi si f lactinic
radi ation, and may be regarded as correspondi ng tp wavel engt hs of om4 to
400nm, and preferably (for present purposgs) 325 o

The curable adhesive ink composition used in the
present invention must be one based upon a cationically
radiation-cured cycloaliphatic epoxide.

The term
“cationically radiation-curable"

is here used in the

5 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 must take place under
anaerobic conditions.

10

The c¢ycloaliphatic epoxide employed will
preferably be one having at least two epoxy groups per
molecule. Polymeric cycloaliphatic epoxides. are
however also suitable, such as those formed as the
reaction products between'epichlorohydrin and phenol or
15 a phenolformaldehyde resin, diepoxy resin, epoxidized

oils and epoxidized polyolefins. Such epoxides include
novolac epoxides,..glycidyl ethers of various types
including diglycidyl ethers of bisphenol, '

diglycidyl
etherg of butanediol, and the like.

Also suitable are
homopolymers and copolymers that contain pendant
epokide groups such as those made from glycidyl
acrylate and/or methacrylate with or without other
ethylenically unsatured monomers.
epoxides are however also suitable,

20

Cycloaliphatic

such as those set
25 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 are

incorporated herein by cross-reference). Preferred are

3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane

30 carboxylate, bis-(3,4-epoxy-cyclohexylmethyl)-adipate,
vinlycyclohexene diepoxide, bis(2,3-

epoxycyclophenyl)ether, epoxidized butadiene, :
2,3-epoxy-2-methylcyclohexylmethyl-3,4-epoxy-2-
methylcyclohexane carboxylate, or mixtures thereof.

The preferred cycloaliphatic epoxides are the
cationically UV-cured cycloaliphatic epoxides sold

-35



15 365nm The substrate bearing the decorative pattern of
Is exposed to W light (or other radiation) for a t|1& > YN -np%}
20 polynerization of the epoxide and the polyol, ; 2
from1l to 30 minutes, and preferably for from2 to |25
on how thickly the Jnk has been applied to the subst
be conveniently acconplished by 25 use of so-called

ink. composition

@«Mef f ect
o]

m nut es, dep n |ng
t e0 9DES 8%podurle nmay

WV-conveyer s ilch

t hose manuf act ur ed by Fusion Systens. Wen the substfat
conveyor belt it is noved

under the tradename CYRACURE by Union Carbide Chemicals
and Plastics Company, Danbury, Connecticut, USA.,

such
as CYRACURE UVR 6110, 6379, 6351 and 52090.

The proportion of the cationically UV-cured

5 cycloaliphatic epoxide to be employed in the ink
composition is not highly.critical,'but we recommend
the use of from about 10% to about 90% thereof, by
weight of the composition, and preferably 35-90%. _

If the ink composition is to be cured with

10

actinic radiation (including UV light) rather than with
an electron beam, it is then very desirable, indeed

almost a necessity that the ink composition should also

contain a photoinitiator, which will catalyze the

polymerization of the cycloaliphatic epoxide. If an
15 electron beam is used,

necessary. However,

such a photoinitiator is not
since preparing the composition
one -cannot always be sure how it will subsequently be

cured, it is an advisable precaution always to include
a photoxnltlator therein.

20 Especially suitable photoinitators are carbonyl

compounds such as ketones and derivatives thereof, for
example methly ethyl ketone, benzophenone, benzyl
dimethyl ketal, 1l-hydroxycyclohexylphenylketone, 2,1-
dimethoxy-2-phenylacetophenone, diethoxyacetophenone

and 2-methyl-l-(methylethylphenyl)-2-(4-morpholinl)-1-
propanone.

25

Other photosensitive onium salts are particularly

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,

30

4,138,255 and 4,161,478,
the disclosure of which is incorporated

herein by
cross-reference.

The photosensitive onium salts
mentioned in these Patents are good UV-light
35  photoinitiators. These preferred photointiators are

triaryl sulphonium salts sold by Union Carbide under



along and is irradiated by the |anp. Ooviously, where 30
times are needed, the substrate can be passed succ

- ver al

conveyors in line, or several times through the sandREPbACEMENT Bigtddnveyor
systemis set up so that the substrate passes thro tne Uv-11g =1t qr the
total- anount of tinme 35 appropriate to cure the i

to the substrate. - 11 - Inthe third step of th
this

§§f§§¢ve nethcgdgfre

Ve - i B Y A SRR -'iiﬂ—'

the tradename CYRACURE UVI 6974.

The proportion of photoinitiator needed is not
critical, but we recommend the use from about 0.5% to
20%, by weight of the composition,

and preferably 3-15%
5 by weight.

The ink composition may also advantageously
include an ester-containing polyol having a molecular
weight of less than 850 and a vicosity of less than 0.6

Pa s (60 poise), which serves

the purpose of
10 controlling its vicosity.

Such ester-containing pquols are oligomers
prepared by methods well known in the esterification or
alkyd resin arts. Suitable polyols are for instance
described in U.S. Patent No. 3,994,851, the disclosure
of which is hereby incorporated by cross-reference.

The ester-containing polyols are the reaction product
of polycarboxylic acids
malic, fumaric,

15

(such as édipic, azelelic,

succinic .or glutaric acids) with a

polyol (such as ethylene glycol, neopentyl glycol;

20 diethylene glycol, trimethylolpropane monoallyl ether,
1,6-hexandiol, etc.).

The preferred ester-containing polyols are the
polycaprolactone polyols sold under the tradename "TONE

Polyols" by Union Carbide, particularly TONE Polyol 310

25 or trimethylolpropane caprolactone.

The proportion of the ester-containing polyol to

be used is not critical, but we recommend the use of

from about 1% to about 20% by weight of the

composition, and preferably 3—15%, of the ester-
30 containing polyol.

The curable adhesive ink composition mdy also
desirably contain an adhesion-promotor,

thus an agent
that serves to increase the

adhesion of the
cycloaliphatic epoxide to the substrate. If the

.38 substrate is glass, silanes are excellent coupling
agents with glass, and will promote adhesion of the ink



I nvention, thus after the ink conposition has been cured and is thus fully
adhered to the substrate

, the substrate nust be stanped wi th hot-stanping
foil, that 5 is say a foil bearing a filmof decorative material is
conpresséed agai nst the substrate with a conpress heated to a sufficient

tenperature to cause the filmon the hot-stanping foil to adhere to the
cured ink design, but not to the ink-free areas of the glass. 10 -

duration of the conpression and the tenperature of the conpress are
i nterdependent, and the optinmm conditions for both can and will be

determ ned by conpetent operatives in eacl? i"ndi vi dual case. By way of
general guidance it can however be said that we

The

to the substrate. Suitable acryloxy-functional silanes

are described in U.S. Patent No. 5,221,560, the
disclosure of which is hereby incorporated by cross-

reference.

5  such acryloxy-functional silanes include:
3—methacryloxyprdpyltrimethyloxysilane,
3-acryloxypropyl-trimethoxysilane,
2-methacryloxyethyltrimethyoxysilane, s e e
2-acryloxyethytrimethoxysilane, R?P AK}ﬁﬂ?NT SHEE1

10 3-methacryloxypropl.rltrletho:.:ys1lane, 09 DEC 1996
3-acryloxypropyltrimethoxysilane, _
3-acryloxypropyltriethoxysilane, s '
2-methacryloxyethyltriethoxysilane, Aecitanns
3-acryloxypropyltriethoxysilane,

15 2-methacryloxyethyltriethoxysilane, and
2-methacryloxyethyltriethoxysilane, etc.

.Glycidoxy-functional silanes may'also be suitable.
Such glycidoxysilanes include 3-glycidoxy§ropyltri-
methoxysilane, 2-glycidoxyethyltrimetlhoxysilane,

20 3-glycid-~oxypropyltriethoxysilane,
‘2-glycidoxyethyltriethoxysilane,
3—lecidoxypropyltrimethylsilahe and so on.

The glycidoxy silanes are preferred, in particular
3-glycidoxypropyltrimethylsilane. We recommend the use

25

of from about 1% to about 10%,

by weight of the
composition,

of an adhesion promotor, which can usually

be relied upon to cause improved adhesion of the ink to
the substrate.

It is generally desirable that the curable

30 adhesive ink composition should also include a

defoaming agent, because it promotes smooth, even

application of the ink onto the substrate,

eliminating
bubbles and distortions.

A variety of defoaming agents are suitable, but
those which we currently prefer are polyalkyl acrylics,
such as the polyvinyl butyl ether in Stoddard solvent



15 have found that the conpress should usually be he
in the range of 395K-478K (250-400F) preferably: Hgﬁ

dnper ature
R0[err] F)

to achi eve adherence of the foil to the cured

. = pr ess nust
of course be pressed tightly against the substr t , ang ‘W96th ber i od of
such conpression wll range fromfractions ap tp bevera
m nut es, dependi ng on the nature of the conpr es sed | -efper &t ure and
t he speC|f|c cycl oal i phatic epoxide. The term'

ot - stanplng foil" {neans, in
general, a 25 | ani nate conprised of aTtédrier

Lab-(-of T€n pol yester,
cel luse acetate, or another simlar naterlal capabl e of release), a rel ease
film and a decorative

[this is a petroleum dlstlllate,

widely used as a dry-
cleaning solvent,

with a minimum flash point of 35°C
(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 210°C (410°F)] as sold under the tradenames
BYK-052 and BYK-053 by BYK - Chenie.

The proportion of defoaming agent to be employed
is not critical, but we generally recommend the use of
from about 1 to 20%,

by weight of the composition and
10 preferably 3-15%.

It is of course permissible, and for some purposes

it mnay be advantageous, to incorporate other

ingredients in the curable adhe51ve ink composition,

including for instance stabillzers,

inert fillers,
15 wetting agents,

levelling agents and so on. If
present, these ingredients can be in the range of from

about 1 to about 15% by welght of the total
composition.

In the second step of the decorative method of
20 this invention,. thus after the. curable adhesive ink
composition has been applied to the substrate, the
cationically.radiation—curable cycloaliphatic epoxide
(and thus the ink composition as a whole) must be cured
by exposure. to the radiation by which it is curable.
We have found that the cycloaliphatic epoxide may be
cured by an electron beam without further assistance,
but actinic radiation (including
radiation)

25

ultra-violet
.will also serve to cure the epoxide

(especially if assisted by the presence of a

photoinitiator) and is to be preferred over an electron
beam.

30

Therefore, especialiy if it is for use with

actinic radiation, the curable adhesive ink composition
will very preferably include a photo-initiator, which

catalyzes the polymerization of the cycloallphatlc
epoxide.

35 .



or colour coat, in that order. The decorative coat is usually col our or
metal lized coat. The netallized coat 30 can be antuai—goty rtyer , or
al um ni um whi ch i's coloured to look Iike gold or 8¢ Y h @

hol ogr aphi ¢ properties. The coloured |ayer is nogt foften appliedjby vacuum

metadl lization. More specifically, hot-stanping f’id R Thee o def Ined as a
mul tilayer web conprising a backing film carrie

, 1a rel ease coalifig, one
or nore protective top -12- '

- 10 -

eRw s Ny

For the avoidance of doubt it is perhaps desirable

to observe that the terms "actinic radiation™ and

"ultra-violet radiation" are here used in 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 chemical changes, and may be regarded as
corresponding to wavelengths of from 4 to 600 nm; and
‘o . .
the term "ultra-violet (or UV) radiation™ refers
to the non-visible part of actinic radiation, and may
be regarded as corresponding to wavelengths of from 4

to 400nm., .and preferably (for present purposes) 325-
15 365nm.

The substrate bearing the decorative pattern of

ink{composition:is exposed to UV light (or other

radiation) for a time sufficient- to effect

polymerization -of the epoxide and the polyol,
for a period of from 1 to 30 minutes,

20 usually
and preferably
for from 2 to 25 minutes, depending on how thickly the
ink has been applied to the substrate.

This exposure may be conveniently accomplished by

25 use of so-called UV-conveyers, which consist of a

conveyor belt situated beneath an ultraviolet lamp,
such as those manufactured by Fusion Systems. When the
substrate is placed on the conveyor belt it is

moved
along and is irradiated by the lamp.

Obviously, where

30 longer cure times are needed, the substrate can be
passed successively through several conveyors in line,
or several times through the same conveyor. The
convejor system is set up so that the substrate passes
through the UV—light for the total amount of time

35

appropriate to cure the ink composition and adhere to
the substrate.



coatings, one or nore colour coatings, and a hot-nelt adhesive,
order. Generally, the hot-nelt adhesive |ayer of the foil PHeSSER|
agai nst the substrate with a heated die. 5 The hot - net3 ;@ﬁyﬂépb e
adheres to the substrate, and the application of heat BHga:: ; e\
rel ease |l ayer to rel ease the backing filmcarrier fromthe Q _

t op- coat Igyer, | eaving the protective top- coat |ayer e;pdbﬁﬁkﬁhknﬁe
surface of the substrate. 10 The rel ease coatingliq either e
wax-like material) or a thernoplastic matéfial, which nelts upon

application of heat to release the protective top-coat qngwL%@ﬂrfﬁe
backi ng for releaseggnggs I ncl ude

third step of the decorative method of this
invention, thus after the ink

in that
s _conpressed]

composition has been
cured and is thus fully adhered to the substrate, the
substrate must be stamped with hot-stamping foil, that
is say a foil bearing a film of decorative material is
compressed against the substrate with a compress heated
to a sufficient temperatu}e to cause the film on the
hot-stamping foil to adhere to the cured ink design,
but not to the ink-free areas of the glass. .

10 The duration of the compression and the
temperature of the compress are interdependent, and the
optimum conditions for both can and will be determined
by competent operatives in each individual case. By
way of general guidance it can however be said that we
have found that the comptess should usually be heated
to a temperature in the range“of 395K-478K (250-400°F)
preferably 395K-450K (250-350°F) to achieve adherence
of the foil to the cured ink design.

15

The compress must
of course be pressed tightly against the substrate,

and
20 the period of

such compression will range from
fractions of a second up to several minutes, depending
on the nature of the compress used,

and the specific cycloaliphatic epéxide. .
The term "hot-stamping foil* means, in general, a
laminate comprised of a carrier material (often
polyester, celluse acetate, or another similar material
capable of release), a release film, and a decorative
or colour coat, in that order. The decorative coat is
usually colour or metallized coat. The metallized coat
30 can be actual gold, silver , or aluminium which is
coloured to look 1like gold or silver, or have
holographic properties. The coloured layer is most
often épplied by vacuum metallization.
More specifically, hot-stamping foil can be

defined as a multilayer web comprising a backing f£film-
carrier, a release coating,

its temperature

25

35.

one or more protective top



et hyl ene vi nyl acetate (EVA). acrylics, A5

(PVCQ), polyam des, or simlar thernoplastic naterlalﬁf
Patent No. 5,104,719, the disclosure of which is heriely

cross-reflerence. The protective top-coat is usually: aill a 58 er o
~type, which is capable of protecting the colour or ;al

nnlvvnnvlchlorldes

final layer is a hot-nelt adhesive, which can be a ﬁ'ee var|9tv of i
substances, and is selected so that it is capable, pon application o
heat, of 25 adhering to the substrate to Mhich it

f+ed. Sultable
hot - mel t adhesi ves generally are thernoplastic
coatings, one or more colour coatings, and a hot-melt
adhesive, in that order.

10

15

20

25

30

35,

Generally, the hot-melt adhesive layer of the foil
is compressed against the substrate with a heated die.
The hot-melt adhesive layer adheres to the substrate,
and the application of heat also causes the release

layer to release the backing film carrier from the

protective top-coat layer, leaving the protective top-

coat layer exposed on the surface of the substrate.

The release coating is either wax (or a wax-like
material) or a thermoplastic material, which melts upon
application of heat to release the protective top-coat
layer from the backing
ethylene vinyl acetate (EVA).
polyvinylchlorides (PVC), polyamides,
thermoplastic materials as set forth in U.S.
5,104,719, the disclosure of
incorporated by cross-reference.

for release layers include °
acrylics,
or similar
Patent No.
which is hereby
" The protective top-coat is usually a lacquer of

some type, which is capable of protecting the colour or
metallized layer.

The final layer is a hot-melt adhesive, which can
be a wide variety of substances,

aﬁd is selected so
that it is capable,

upon application of heat, of
adhering to the substrate to which it is applied.
Suitable hot-melt adhesives generally are thermoplastic
materials, such as EVA, PVC and the like.

In the fourth step of the decorative method of
this invention, the hot compress is removed and along
with it the foil, leaving a portion of the foil
adhering to the substrate.

Thus, a portion of the hot-stamping foil, in

particular the hot-melt adhesive

layer and the
metallized or colour layer,

as well as the protective
top-coat if present (in that order) remain affixed to

the cured ink design such that the hot-melﬁ adhesive



materials, such as EVA, PVC and the |ike.
decorative nethod of this invention,

30 with it the foil, leaving a portion of the foil a
substrate. Thus,

hot - mel t adhesi
protective 35
cured ink desig

10

15

20

25

30

35,

In the fourth step of the
the hot conpress

a portion of the hot-stanping foil,
ve | ayer and the netallized or col our
top-coat if present (in that order) re
n such that the hot-nelt adhgsive

TR W, Wy, i,

adheres to the cured ink design, followed by the

coloured coating layer and the protective top-coat

layer on the surface of the container. The protective

top-coat may or may not contain part of the release

coat layer, which is designed to release the carrier
layer from the protective top coat.

The decoration which ‘is applied to the substrate
is extremely durable and capable of withstanding
conditions found in normal handling operationms.

According to another aspect of the invention there
is also provided an adhesive ink composition for use in

the method herein disclosed, which adhesive ink

composition is or includes a radiation-curable polymer
composition comprising:

curable

cycloaliphatic epoxide,

from 10 to 90% of a catlonlcally radiation-

from 1 to 20% of an ester-containing polyol, and
from 1 to 20% of a defoaming agent,

as well as optionally other ingredients.

In addition, the preferred composition contains

from 3 to 15% of a photoinitiator,

and it may also
contain from 1 to 10% of a silane.

According to a still further feature of this
invention. there are also prov;ded contalners, hav1ng an
inner surface and an outer surface, in which:

a) the outer surface has bonded thereto a partial

coating of a cured ink which is a catiomnically

radiation-cured cycloaliphatic epoxide, in a design

that covers less than the whole of the said outer
surface; and

-
cet Has Been RTlaced

TR




13 adheres to the cured ink design, followed by the col oured coatlng Iayer
and the protective top-coat |ayer on the surface of HaenfRkdsh
protectlve top- coat may or may not contain part of tihelelts

mhlch i s ‘designed to rel ease the carrier layer from tihé : :
coal. The decoration which is applied to the substratie i SONHRHERLY - uéabl e
and capabl e of wi thstanding conditions found in nor _I?handllng operatﬁons

The adhesive ink conposition for use in the nmethod h re“““ﬁT?ET““ﬁﬁ“‘mhlch

adhesi ve ink conposition is or includes a }hdiation-durahle. polynmer !

conposition therefore suitably conprises: - from10 to 90% of a
cationically radiation-curable cycloaliphatic epoxide, - froml to 20%
of an ester-containing polyol, and - from1l to 20% of a defoam ng agent,

- b) the ink design is entirely overlaid by. a
multilayer web comprising (i) a hot-melt adhesive, (ii)
a colour coating and (iii) a protective top-coat (in
5 that order from the ink design outwards) said web being
adherent to the cured adhesive ink and covering only

said ink and not extending to the ink-free areas of the
said outer surface.

10 While the invention extends to containers of all
kinds, even thermoplastic ones, that bear an outer
coating of this type it fulfills its potential when the
container is, as preferred, either glass or ceramic.

In order that the invention may.be well understood

15

it will now be described in more detail, though only by

way of illustration, with reference to the followxng
examples-



as well as optionally ot her I ngredi ents. The ink conposition nmay conprise
froml to 50% of pignent. In addition, the preferred conposition contains
from3 to 15% of a photoinitiator, and it may al so contain from1 to 10% of

a si'lane: According to a further feature of this invention there are also
provi ded containers, having an inner surface and an outer surface, in
which: - a) the outer surface has bonded thereto a partial coating of a

cured adhesive ink which is a cationica[lﬁsradiation-cured cycl oal i phatic
epoxide, in a design that covers |ess than’the whole of the said outer
surface; and -14-

Example 1

A clear adhesive ink composition was made up as
follows:

grams
5 w/ws

Cycloaliphatic epoxide
(CYRACURE UVR 6110)

50
72.73
10
Trimethylolpropane caprolactone
(TONE Polyol 310) 6.25
9.10 |
15 Triaryl sulphonium salts(s)
(CYRACURE UVI 6974) 5.00
1.2%
Polyvinyl butyl ether defoamer
20 (BYK-053) 7.5

.10.90

These ingredients were mixed until dissolved, and

were then ready for use as described in subsequent
. 25 examples.

REPLA(I%JENT‘SﬂgﬁT
09 DEC 1996
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- b) the ink design i's entirely overlaid by a nultilayer web
conprising (i) a hot-nelt adhesive, (ii) a colour coating and (IH
protective top-coat (in 5 that order fromthe ink{RES O0Rnd

web bei ng adherent to the cured adhesive ink and cov¢RE

not extending to the ink-free areas of the said outer
VWhil e the invention extends to containers of all Kking
ones, that bear an outer coating of this type it fulfi
when the container is, as preferred, eithé® glass or

the invention may be well understood 15 it will now
detail, though only by

‘v
£

Example 2

The ink composition of Example 1 was silk-screened
onto a glass makeup container using a 255 line screen

(having about 50 fibres per square centimetre, or (255

fibres per square inch) imprinted with a decorative
5 design.

The glass container was passed through a 300
watt/9.2 metres (30 feet) per minute UV-conveyor for a

" total of 5 minutes to effect curing of the ink.
Gold hot-stamping foil

(Crown Royal Leaf,
10 Paterson, New Jersey,

USA) was compressed against the
container with a die heated to 395K (250°F) for several
seconds.

The die was then removed, leaving a portion of"

. foil adhered only to the ink design, and on peeling off
15

the foil a gold metallic decorative design identical in
appeérance to gold leaf was left on the surface of the
glaés makeup container.
Example 3
20
The ink composition of Example 1 was used to hand-
paint a simple design onto the side of a ceramic bowl,
using a fine-tipped sable brush. '
The bowl was subjected to Uv-radiation by passing
25 it

through a 300 watt/9.2 metres (30 feet) per minute UV-
conveyor for about 4 minutes.

Silver holographic hot-stamping foil was

compressed against the cured ink design with a die

30 heated to 288K (300°F) for several seconds.

Then the die was removed, leaving a portion of

the hot-stamping foil adhered to the cured ink design,
resulting in a metallic silver decoration.



way of illustration, with reference to the foll ow ng exanpl es: - 15 -
Exanple 1 A clear adhesive ink conposition was nmade up as follows: grans 5
m/m@bcycloallphatlc epoxi de ( CYRACURE UVR 6110)

50

(- o

CLAIMS

1.

A method for applying a decorative coating to a
glass,

ceramic or other substrate with hot-stamping
foil which comprises the steps of:

a) applying a desired desién toithe substrate with
a curable adhesive ink composition containing a
cationically radiation-curable cycloaliphatic epoxide;

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

thereby to bond the cured ink composition to the
substrate;

10

c) compressing a hot-stamping foil bearing a £ilm
15 of decorative material against the substrate with a

hot compress-defining a desired design and heated to a
tenperature spfficient to cause the film to adhere to

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

20

d) removing the compress, thereby leaving the

decorative film from the hot-stamping foil adhering to
the adhesive ink pattern only.

25 2. A method as claimed in claim 1, in which the ink
is applied to the substrate by silk-screening.

3. A method as claimed in claim 1 or claim 2, in
which the cationically radiation-curable cycloaliphatic
30

~epoxide is one having at least two epoxide groups per
molecule.

..«....-Mu.....—-""“"""m
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72.73 10 Tri nmet hyl ol propane caprol actone (TONE Pol yol

310)
6.25 9.10 1.5 Triaryl sul phoniumsalts(s) (CYRACURE UWVI 6974)
5.00 7.27 Pol yvi-my—butyt—ether—def oamer 20 ( BYK- 053)
7.5 '10. 90 These

n1xed until dissolved, and were then ready
for use as desc ‘mh mﬂﬂmﬁﬁ _

- 18 -

4. A method as cl&hmed in any of the preceding

claims in which qhe catlonically radiation-curable
cycloaliphatic epoxxde is one or a mixture of more than
one of the following, namely 3,4-epoxycyclohexylmethyl-
3,4—epbxycyclohexane carboxylate,

epoxycyclohexylymethyl)1adipate}
diepoxide,

bis-(3,4-

vinylcyclohexene

bis (2, 3-epoxycyclophenyl)ether, epoxidized

butadiene and 2,3-epoxy-2-methylcyclohexylmethyl-3,4-
epoxy-2-methylcyclohexane* carboxylate.

10 '

S.

A method as claimed in any of the preceding
- clains,

in which the 1nkw¢omposttion further comprises
from 1 to 20% of an ester-contalning polyol.

15 6. A method as claimed in claim 5, in which the
ester-containing polyol is the reaction product of a
polycarboxylic acid with a polyol.

7. A method as claimed in claim 5 or claim 6, in

which the ester-containing polyol has a molecular
weight of less than 850,

60 Pa s (60 poise).

20

and a viscosity of less than

8. A method as claimed in any of claims 5 to 7, in

which the ester-containing polyol is a polycaprolactone
polyol.

25

.

9'

A method as claimed in any of the previous
claims,

in which the ink composition also comprises

30 from 1 to 10% of a defoaming agent.

107 A method as claimed in’ claim 9, in which the
defoaming agent is polyvxnylbutylether.

. 3% 11, A method as claimed in any of the preceding

in which the cycloaliphatic epoxide is cured by
REPLACEMENT SHEET
' 09 DEC 1996 This Sheet Has Been R

T

claims,
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25 exanpl es.

si | k-screene
about 50 fib

- 16. - Exanple 2 The ink conposition of Exanple 1 was
d onto a gl ass makeup cont ai ner '
r

using a 255 line screen (having
es_pﬁL~§QH§LE_E§ﬂ£lgetre or (255 fibres per square inch).
inprinted with decorative

esl| gn.

The gl ass contai ner was passed
t hrough a SOOI"ﬂlmmnnlmlnem’(SO feet) per m nute UV-conveyor for a |

10

15

20

2

30

35

- 19 -

exposure to ultraviolet radiation.

12. A method as claimed in any of the preceding

claims, in which the hot-stamping foil comprises a

carrier material, a release film and a decorative
coating, in that order.

13.

A method as claimed in any of the preceding
claims,

in which the hot-stamping foil comprises a

multilayer web consisting essentially of a backing film
carrier, a release coating,

a protective coating, a

colour coating and a hot-melt adhesive, in that order.

14. A method as claimed any of the preceding claims,

in which the compress is heated to a temperature of at
least 395K (250°F).

15., A radiation-curable polymer compoéition
conprising: '

- from 10 to 90% of a cationically radiation-
curable cycloaliphatic epoxide,

from 1 to 20% of an eéterécontaining polyol, and

from 1 to 20% of a deféaming agent.

16. A composition as claimed:in claim 15, in which

the cationically radiation-curable cycloaliphatic

epoxide is one having at least two epoxide groups per
molecule. '

17.

A composition as claimed in claim 15 or claim
16,

in which the cationically radiation-curable

cycloaliphatic epoxide is one or a mixture of more than
one of the following,
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total of 5 mnutes to effect curing of the ink. Gold hot-stanping foi
(Crown Royal Leaf,

10 Paterson, New Jersey, USA) was conpressed agai nst

the container with a die heated to 395K (250[err]F) for several seconds.
The di e 'was then renoved, teaving a portion of foi
desi gn, and o'

adhered only to the ink
' the foil a gold netallic decorative design
I dentical in imﬂﬂ[mlgmd | eaf was | eft on the surface of the glass
-makeup cont ai ner.c Exanpl es The ink conposition of Exanple 1 was used to
hand-
- 20 -

3,4-epoxycyclohexane carboxylate,

epoxycyclohexylymethyl)-adipate,
diepoxide,

bis-(3,4-
vinylcyclohexene
bis(2,3-epoxycyclophenyl)ether, epoxidized
butadiene and 2;3-epoxy-2-methylcyclohexylmethy1-3 4-
epoxy-2-methylcyclohexane carboxylate.

18. A composition as claimed in any of claims 15 to

17, which further comprises from 1 to 50% of pigment.
10 '

- 19. A coﬁtainer, having an inner surface and an
outer surface, in which:

‘a) the outer surface has bonded therefo a partial
coating of a cured ink which is a cationically
radiation~-cured cycloaliphatlc epoxide, in a design

that covers less than the whole of the said outer
surface; and

15

20 - b) the ink design is entirely overlaid by a

multilayer web comprising (i) a hot-melt adhesive,

(ii) a colour c¢oating and (iii) a protective top-coat
(in that order from the ink design outwards) said web

being adherent to the cured adhesive ink and covering
_ only said ink and not extending to the
~ of the said outer surface.

25 ink-free areas

20.

A container as.claimed in claim 19,
glass.

which is
30
21.

A container as claimed in claim 19,
ceramic.

which is

_—
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paint a sinple design onto the side of a ceram c bow ,
sabl e brush. The bowl was subjected to UV-radiation by passing 25
t hrough a 300 watt/9.2 nmetres (30 feet) per mnute UV- conveyor for about 4
m nuttes.~ Si | ver hol ographi ¢ hot - st anpi ng f oi

cured ink design with a die 30 heated to 288K (300[err]F)
seconds. Then the die was renoved,
foil adhered to the cured ink design,

decor ati on.

10

15

20

It

for severa
resulting in a nmetallic silver
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ABSTRACT OF DISCLOSURE
"HOT-STAMPING GLASS, CERAMIC AND OTHER SUBSTRATES"

A method for decoraéing a substrate with hot-
stamping foil comprising of the steps of:

a) applying an ink composition comprising a
cationically radiation-curable cycloaliphatic epoxide
to the substrate in a predetermined design, said ink
being operable when cured to bond to the substrate,

b) curing the ink on the substrate by exposure to

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

' c) pressing a sheet of hot stamping foil against
the substrate with a-compress heated to a temperature
sufficient to cause a portion of the hot stamping foil
to adhere to the heated, cured ink design but not to
the ink-free areas: of the substrate, and

d) removing the die, thereby leaving behind a
portion of the foil adhered to the ink design.
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PrdAMS 1. A nethod for appl ying a decorative coating to a gl 4&&7-2 o
ceram c or other substrate with hot-stanping foil which conprises the steps

of : - a) appl ying a desired design to the substrate with a curable
adhesi ve i nk conposi tion containing a cationically radi ation-curabl e
cycl oal i phatic epoxide; - b) curing the. agdesi ve ik on the substrate

by exposing it totheradlatlonb Wmch |t |s curable
cured ink conposi&¥ NG GLASSCERAMICS AND OTHER SUBSIRA
hot - st anpi ng f oi | bearl ng a f| I mof decoratlve rraterl al against the
substrate with a hot-conpress defining a_desired design and heated to a
tenper at ure suffhigiiBygntion felates tonthe iapplieationdat decetativReceatingg tonR1asst t er n

but not to
ceramics and perhaps other substrates, by a procedur.e akin to that known as hot-

ég bond t he

stamping, and is én important development of our earlier invention as described
and claimed in our European Patent Application No.r 9304160.0, now EPA 0 626
354.

The well-established hot-stamping p'rocedure involves applying both heat
and pressure by means of a heatéd die or roller (hereinafte_r for convenience
referred to generically as a "hot compress") to a so-called hot-stamping foil,
consisting of a pigmented colour or metallized surface film borne on a usually-
polyester carrier, so as by means of the hot compress to force it into contact with

- a thermoplastic substrate, and thereby soften the thermoplastic substrate and
also activate the film-coating on the foil, thereby enabling it to form a strong
physico-chemical bond with the underlying thermoplastic substrate wherever heat
and pressure have been applied to the foil, but not elsewhere. When
subsequently the foil is pulled away, just the areas of the film which have been
subjected to the hot-stamping remain affixed to the plastic substrate, and the
remainder peeis away.

In order to carry out this hot-stamping operation one normally employs
either a vertical stamping machine or a roll-on machine. The vertical stamping
machine contains a heated die of brass, steel or silicone rubber, which serves to
apply both heat and pressure and thus to transfer the desired pattern defined by
the die (whatever that pattern may be - thus decorative areas and/or writing or

other printed
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mepe strate; and - d) renovi ng the conpress,
&%ﬁ@ﬂﬁfﬁ% ecorative material fromthe hot-stanping foil
the cured I nk patjitern only. 2. A nmethod as clainmed in claim

d to the substrate by silk-screening. 3. A
or claim2, in whitch the cttionically

tic epoxide is one havi ng at |east two
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an arcuate die as the hot compress to transfer the desired design from the foil onto
the thermoplastic substrate, in either a continuous or batch procéss.

Hot-stamping is an efficient and inexpensive way to apply decoration to
thermoplastic substrates. Unfortunately however hot-stamping of this nature cannot
be used with glass, because glass melts at a much higher temperature than most
thermoplastic materials. Consequently decoration in the form of gold leaf, colour
design or printing etc. is generally applied to glass containers by a glazing process
similar to that used with ceramics. Thus for example in gold-leafing the gold
decoration is applied to, the glass container by a variety of methods such as siik-
screen printing, etc. The glass container is then subjected to extremely high kiln
temperatures, and in essence the decoration is baked on. Unfortunately this
process is however time-consuming, expensive, energy-intensive and raises safety
considerations due to the high temperatures that have to be employed and the
nature of the gases which are evolved in the operation of the kilns.

There has thus been a considerable and long-standing need for a simple,
economical and ultra-safe procedure for applying decoration to glass substrates,
quite unfulfilled until we devised the method for achieving these objectives
described in our above-mentioned EPA 0,626,354, which is akin to the known hot-
stamping process but operable on glass and ceramics.

EPA 0,626,354 concerns a method of applying a decorative coating to glass
using an adhesive ink comprising a monomer, a polyi‘ner dissolved in the monomer
and a polymerisation-initiating agent. Japanese Laid Open Application 63017075

also describes the application of a decorative pattern to glass using printing ink and



net hi/‘l cycl ohexyl net hyl - 3, 4- epoxy- 2- met hyl cycl ohexane carboxyl ate.

A method as clainmed in any of the preceding claims;

18 5.

in mhlch t he i nk

conposi tion further conprises from1l to 20% of peyr= ey .1g pol yol .

6. A method as claimed in claimb5, in which {REVleAtBMEC gﬁﬁﬁ ng poI yol
I's the reaction product of a pol ycarboxylic acijd W|th a .pol yol

method as clained in clains 5 or 6, in whch thele 2r8EroM9aI n ng ponoI
has a nol ecul ar wei ght of |ess than 850, and a|vi scosMy of legsjthan 0.6
Pa.s (60 poise). 8. A net hod as clained in any tef—etaftE™> to |, in which
the ester-containing polyol is a polycaprolactgne polyol. . _._ __

a hot-stamping foil.

However, the problems with the recently-devised procedure, as set out in our
EPA 0,626,354, is that the inks do not always adhere to the glass to the degree
required for commercial decorating purposes. |

We have therefore carried out extensive investigations, directed to the search
for an ink with excellent bond strength to glass and which at the same time is
capable of adhering hot-stamping foil. It has been thus disco?ered that the key to
the achievement of commercially-acceptable decorating lies in the use of one
particular, previously-unconsidered, class of cationically radiation-curable
cycloaliphatic epoxides.

According to the présent invention there is provided a method for applying a
decorative coating to a glass, ceramic or indeed other substrate, which comprises
the steps of:

(a) applying a desired design to the substrate with a curable adhesive ink
composition containing a cationically radiation-curable cycloaliphatic epoxide;

(b) curing the adhesive ink on the substrate by exposing it to the radiation
by which it is curable, thereby to bond the cured ink to the substrate;

(c) compressing a hot-stamping fbil bearing a film of decorative material
against the substrate with a hot compress defining a desired design and heated to a
temperature sufficient to cause the film to adhere to the cured ink pattern but not to
the ink-free areas of the substrate; and

(d) removing the compress, thereby leaving the film of decorative material
from the hot-stamping foil adhering to the cured ink pattern only.

A wide variety of glass or ceramic articles may be provided with a decorative

coating by means of the
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9. Anmethod as clained in any of the previous clains, in which the ink
conposition also conprises from1l to 10% of a defoam ng agent. 10. A

method as claimed in claim 9, in which the defiFiPeeen!
pol yvi nyl butyl -ether. 11. A nethod as cl ai ne é@i\’m @*l

: cedi ng
clainms, in which the ink conposition further dgomprises from1jjtp 50% of
pigment. 12. A nethod as clained in anyldf tHe |pr2d<SEPg93 a , in which
the cycl oaliphatic epoxide is cured by exposurjeijto ultraviole adi ati on.
13. A nethod as clainmed in any of the precedﬁng crarme,™tmn igh the hot -

e.filmand @ decorative
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'stanping foil conprises a carrier material, a ! _ d g
coating. 14 A nmethod as clajned in any, of the preceding c|lains, .in which
Cha hot. sadnaseh b A puied Bk Hlemian, Solwegs By dhop e calthe lavar Bpdghen
backing filmcarrier, a release coating, a Rr otective ating, a colour
coating arRfoieqtive-teprqoaldavesi Qe the surface of the container. e protective top-

coat may or may not contain part of the release coat layer, which is designéd to
release the carrier layer from the protective top coat. |

The decoration which is applied to the substrate is extremely durable and
capable of withstanding conditions found in normal handling operations.

The adhesive ink composition for use in the method herein disclosed,
which adhesive ink composition is or includes a radiation-curable polymer

composition therefore suitably comprises:

- from 10 to 90% of a cationically radiation-curable cycloaliphatic epoxide,
- from 1 to 20% of an ester-containing polyol, and

- from 1 to 20% of a defoaming agent,

as well as optionally other ingredients.

The ink composition may comprise from 1 to 50% of pigment.

In addition, the preferred composition confains from 3 to 15% of a
photoinitiator, and it may.also contain from 1 to 10% of a silane.
According to a further feature of this invention there are also provided

containers, having an inner surface and an outer surface, in which:

- a) the outer surface has bonded thereto a partial coating of a cured
adhesive ink which is a cationically radiation-cured cycloaliphatic epoxide, in a

design that covers less than the whole of the said outer surface; and



15. A met hod- as ci ai rred I'n any of the preced| ng clains, in which the
conpress_is heated to a tenperature of -at |east 395K (250[err] F). 16. A
cont ai ner having an . nner surface and an outer surface _In which:.. a)

i o OURIEAD ol o5 on” et &5 cyel o 81 oot ve

desi.gn that ‘cover® |&ss*than the whole K the sa and -
b) the ink design is entirely overlaid by a nulti EBb"‘é‘bm:rlsmg(l)
a hot-nelt adhesive, (ii) a colour coating and ({i{) a pr e it op- coat
in that order fromthe ink design outwards, said|web L to the
cured adhesive ink CLAIMS it

1. A method for applying a decorative coating to a glass, ceramic or other

substrate with hot-stamping foil which comprises the steps of: -

- a) applying a desired design to the substrate with a curable adhesive ink
composition containing a cationically radiation-curable cycloaliphatic epoxide;

- b) curing the adhesive ink on the substrate by exposing it to the radiation
by which it is curable, thereby to bond the cured ink composition to the substrate;

- c) compressing a hot-stamping foil bearing a film of decorative material
against the substrate with a hot-compress defining a desired design and heated to a
temperature sufficient to cause the film to adhere to the cured ink pattern but not to
the ink-free areas of the substrate; and

- d) removing the compress, thereby leaving the film of decorative material
from the hot-stamping foil adheﬁng to the cured ink pattern only.

2. A method as claimed in claim 1, in which the ink is applied to the substrate by
silk-screening.

3. A method as claimed in claim 1 or claim 2, in which the cationically radiation-
curable cycloaliphatic epoxide is one having at least two epoxide groups per
molecule.

4, A method as claimed in any of the preceding claims in which the cationically
radiation-curable cycloaliphatic epoxide is one or a mixture of more than one of the
following, namely 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate,
bis-(3,4-epoxycyclohexylmethyl)-adipate, vinylcyclohexene diepoxide, bis(2,3-
epoxycyclophenyl)ether, epoxidized butadiene and 2,3-epoxy-2-

methylcyclohexylmethyl-3,4-epoxy-2-methylcyclohexane carboxylate.
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5. A method as claimed in any of the preceding claims, in which the ink
composition further comprises from 1 to 20% of an ester-containing polyol.

6. . A method as claimed in claim 5, in which the ester-containing polyol is the
reaction product of a polycarboxylic acid with a polyol.

7. A method as claimed in claims 5 or 6, in which the ester-containing-polyol has
a molecular weight of less than 850, and a viscosity of less than 0.6 Pa.s (60 poise).
8. A method as claimed in any of claims 5 to 7, in which the ester-containing
polyol is a polycaprolactone polyol.

9. A method as claimed in any of the previous claims, in which the ink
composition also comiprises from 1 to 10% of a defoaming agent.

10. A method as claimed in claim 9, in which the defoaming agent is
polyvinylbutyl-ether.

11. A method as claimed in any of the preceding claims, in which the ink
composition further comprises from 1 to 50% of pigment.

12. A method as claimed in any of the preceding claims, in which the
cycloaliphatic epoxide is cured by exposure to ultraviolet radiation.

13. A method as claimed in any of the preceding claims, in which the hot-
stamping foil comprises a carrier material, a release film and a decorative coating.
14. A method as claimed in any of the preceding claims, in which the hot-
stamping foil _is a muitilayer web consisting essentially of a backing film carrier, a
release coating, a protective coating, a colour coating and a hot-melt adhesive.

15. A method as claimed in any of the preceding claims, in which the compress is
heated to a temperature of at least 395K (250°F).

16. A container having an inner surface and an outer surface, in which:

- a) the outer surface has bonded thereto a partial coating of a cured
adhesive ink which is cationically radiation-cured cycloaliphatic epoxide, in a design

that covers less than the whole of the said outer surface;
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and

- b) the ink design is entirely overlaid by a multilayer web comprising (i) a
hot-melt adhesive, (ii) a colour coating and (iii) a protective top-coat in that order
from the ink design outwards, said web being adherent to the cured adhesive ink
and .covering only said ink and not extending to the ink-free areas of the said outer
surface.

17. A container as claimed in claim 16, which is glass.

18. A container as claimed in claim 16, which is ceramic.
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"HOT- STAMPING GLASS, CERAMIC AND QTHER SUBSTANCES"

ABSTRACT

A method for decorating a substrate with hot-stamping foil comprising of the
steps of:

a) applying a ink composition comprising a cationically radiation-curable
cycloaliphatic epoxide to the substrate in a predetermined design, said ink being
- operable when cured to bond to the substrate, |

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

c) pressing a sheet of hot stamping foil against the substrate with a compress
heated to a temperature sufficient to cause a portion of the hot stamping foil to
adhere to the h.e'ated, cured ink design but not to the ink-free areas of the substrate,
and

d) removing the die, thereby leaving behind a portion of the foil adhered to

the ink design.
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