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GLASS DECORATI NG METHOD USI NG BI S- PHENOL- A EPOXY RESI NS AND

RELATED COWP P AND ARTI CLES '
Field 5 gﬁ#%é imvention is in the field of applying decor&%ﬁ@%ﬁb&am}
indicia to glass and ceramc articles and containers.
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substrate with screen printing, offset printing, or any other

direct applicatioh technique. The glass is then baked at
high temperatures to bond the design or indicia to the glass
surface. This process, sometimes referred to as applied
ceramic labeling (ACL), exhibits certain drawbacks. Often,
the ink compositions contain heavy metals and volatile
organic solvents (VOC's). Both VOC’'s and heavy metals are
undesirable from the environmental point of view. Second,

15

ACL requires high temperature ovens for the baking step,
20 Which results in considerable energy usage and an increased
potential for worker injury due to the high temperatures at
which the process operates. Moreover, the high temperature
ovens are expensive, cumbersome pieces of equipment which
require considerable floor space in factories.
25 On the other hand, use of ultrav1olet (UV) radiation
curable organic pigmented inks for the decoration of glass -
and ceramic ware is very desirable. Organic inks generally
can be cured by exposure to radiation, such as ultraviolet
radiation, thus obviating the need for high temperature
30 baking. In addition, UV curable organic inks can be
formulated to contain little or no VOC s or other nonaqueous
solvents. One problem with organic inks, however, is that it
is difficult to duplicate the adhesion found with ACL
decorated glass. For example, ACL provides decorated glass
35 containers where the indicia or decoration are essentially
adhered permanently, and it is quite difficult, if not

impossible, to remove the decoration from the glaéé surface.
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Summary of the Invention
The invention is directed to a radiation curable ink
composition comprising, by weight of the total composition:

30-95% of a bis phenol-A epoxy resin hav1ng the formula
15 ("Formula I”):

L ) /\ | . CH, -
20 CHyeeeees H-CH,-—C»-@_.: @G-CHZCHCHZ---
. CH,.

wherein n = 0-20,

0.1-25% of an organofunctional silane having the formula
30 ("Formula II”):
II - Y-- (CHZ) n--'SiX3_a
(CH;) .
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conposi tions and methods for decorating glass and ceram cware, to work
toward the goal of providing UV curabl e, or gani c- based-i nk decor ated

gl‘ass whi ch Q%gl,,ﬁ,gél decor at ed glass in durability and CW&@%&O

appl i cation. Summary- of the Invention

I nvention is.directed to a radiation curable ink conposi ti on conpri sing,
by wei ght of wherk@hah eogpa@sition: 30-95% of a bis phenol - A epoxy
resin having the formula 15 ("Formula 1"): 20 [err] 25
wherein n 0- 20, a = 0-2-25% of an organofunctional silane having the
formul a 30 ("Fornula [1"):
Y = NH,, CH,=CH, CH,=C-COO-, CH,-NH-, NH,—CO—NH- HS, Cl, NH,(CH,),NH-,
: |
5 CH3
H,C--N- -
I 0
H,C CH

N\ .« ch—Xmncno
10 N

X is each independently CH,, Cl, OCOCH,, OC,H,OCH,,
(OC;H,),0CH;. or ~OR, where R is a C,.,, straight or branched
chain alkyl, preferably methyl or ethyl, and

0.1-25% of a cationic photoinitiator, and

0.01-20% of a fluorinated surfactant.

The invention is also directed to a method for applylng
" a colored decoration to a glass substrate comprlslng' '

a) applying a radiation curable ink compos1tlon
comprising a bis phenol-A epoxy resin to the glass in a
predetermined design that leaves some areas of the glass
ink-free, said ink being operable when cured to bond to the
glass substrate,

b) curing the ink on the substrate by exposing it to.
the radiation by which it is curable, thereby bondlng the 1nk
to the glass substrate.

The invention is also directed to a method for
decorating a glass substrate with hot stamping foil
comprising:

is5

20

25

30 a) applying a bis phenol-A epoxy resin ink to the glass

substrate in a predetermined design that leaves some areas of
the glass ink-free, said ink being operable when cured to
bond to the glass substrate and to hot stamping foil,

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

35
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c) compressing a layer of hot stamping foil against the
cured ink design with a compress heated to a temperature
sufficient to cause the hot stamping foil to adhere to the
cured ink design but not to the ink-free areas of the glass,

d) removing the compress,
thereby leaving hot stamping foil adhered to the cured ink
design but not to the ink-free areas of the glass.

The invention is also directed to a glass container
having an inner surface and an outer surface wherein:

a) said outer surface has adhered thereto a.partial
coating of a cured adhesive ink comprised of a bis phenol-a
epoxy resin in a design that covers less than all of said
outer surface. .

The invention is also directed to a glass container
having an inner surface and an outer surface wherein:

a) said outer surface has adhered thereto a partial
coating of a cured adhesive ink comprised of a bis phenol-A
epoxy resin in a'design that covers. less than all of said
outer surface, - | o

'b) the ink design is covered by a multilayer web -
comprised of (i) a hot melt adhesive, (ii) a color coating,
and (iii) a protective top coating, in that order from the
ink design outward, said web being adherent to the cured
adhesive ink and covering only said adhesive ink and not
extending to the ink-free areas of said outer surface.

-

Detailed Description
Unless otherwise stated, all percentages herein are

weight percentages and all ratios are weight ratios. The ink
compositions of the invention are preferably free of VOC's or
other nonaqueous solvents, or contain these ingredients only
in very minimal amounts. The ink compositions used in the
invention preferably have a viscosity of 7,000 to 30,000
centipoise at 25°C, more preferably 10,000 to 25,000
centipoise at 25°C. The ink compositions compriée 30-95%,
preferably 35-90%, more preferably 50-90% by weight of the
total composition of a bis phenol-A epoxy resin. Suitable

L



X i s each independently CHerr], O, OcOCHerr], OClerr]Herr]OCHerr],
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resins as disclosed in U.S. patent no. 5,229,251, which is
10 hereby incorporated by reference, may also be used. Such
resins include epoxidized novolacs such as those sold under
the tradenames EPI-REZ SU6®, or SU8R. Preferred are bis
phenol-A epbxy resins sold by Dow Chemical Company under the
D.E.R. tradenames, and in particular, those of Formula I,
15 which is:

20 CH,--e~-CH-CH,+ ‘0—'---0-—- @-a-cn,cncnz—v
| CH,
R --o----cH,cu.-----------cnz

2s

| cn,

wherein n = 0-20.

The ink composition of the invention may contain a

30 mixture of liquid and solid bis phenol-A epoxy resins as the

epoxy resin component, however the final composition will
- generally be of a liquid or semi-solid consistency which is

pourable or screenable at room temperature without the
application of heat to melt the composition and make it more

35 workable. Preferably the bis phenol-A epoxy resin is a
mixture of liquid and solid bis phenol-A epoxy resins, and in
a preferred weight ratio of 10:1 to 40:1 respectively. When
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bond to the gl ass substrate and to hot stanping foil, b) curing
the ink on the substrate by exposing it to 35 the radiation by which it is

ur abl e t her ng.the ink to the substrate,
i TP epa g REHURIPM98400

c). conpressing a |layer of hot stanping foil against the cured ink design
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ink compositions, it is generally a particulate flake powder,

has an epoxide equivalent weight of 400 to 600, preferably
10 500-560, and viscosity of 400 to 800 centipoise at 150°C.

The compositions of the invention preferably contain
0.1-25%, preferably 0.5-15%, more preferably 1-10% of an
adhesion promoter which will enhance adhesion of the resin to
the glass surface. Organofunctional silanes are excellent

15 adhesion promoters, and in 'particular organofunctional
silanes of Formula II, which is:

II. ¥Y-- (CH,) ,,--Isixs_,
(CH,),
20 o |
wherein n = 0-3
a= 0-2

" Y = NH,, CH;=CH, CH,=C-COO-, CH,-NH-, NH,-CO-NH-, HS-, Cl-, NH,(CH,),NH-,
. I

25 CH,
H,C-N-
Hc' cI:H /0\
2
\/ . oo CHy—CH-CH,0;
30 N

X is each independently CH,, Cl, OCOCH,, OC,H,OCH,,
(OC,H,),OCH,. or -OR, where R is a C,,, straight or branched
chain alkyl, preferably methyl or ei:hyl.

35 Silanes having this formula are commercially available
under the Dynasynlan trademark from Huls, America, Inc.,
Piscataway, New Jersey. Other organofunctional silanes such
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The invention is also directed to a glass container 15 having an inner
surface and an outer surface wherein: a) said outer surface has

adhered ther rtial coating of a cured adhesive ink ' of a
AL S BETskpEdal,

bi s phenol - y resin in a design that covers |less than
out er surface 20 b) the ink design is covered by a multilayer web

conpri sed of Aé)tﬁomtafgéioeéaeﬁhvms(Ipat ﬂeohar §0§§1n960 whien(iild ) a
protective top coatipg, that order fromt eS|gn ‘outward, said -
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adhesi ve ink enhglanesilanext&ndi agryDokPeunskibngd sitanesf ineldadmiger
surface. crlptlon Unl ess

Det a] ] ed
ot herw se sta?éﬂ?t%??r%%?%%ﬂ¥3ﬁ%§tﬁ%?%#h°§¥§l aﬂsfght per cent ages and al
rati os are Se3ghcryboxyprognitrimketBBoxyapdanei ons of the invention are.

preferably fr;ﬁm&%hQEE}fofgeth%fﬁP?ﬁeﬁﬂgéﬂg§9¥§egoIvents or contain these

i ngredi ents only I nver f nk conpositions used in
t he i nvent 2 oRCHY toxyebhyl teimebhyexysiianeof 7, 000 to 30, 000

centi poi se at32ﬁé§m5¢£ylagyﬁr@pyiefgatuoﬁgsﬂggnép 25, 000 35 centi poi se at
25[err]C. The_jink c nggP gﬁ ompr .S i 5% preferably 35-90% nore
preferably 50° 5895 HYCTERPTRPY bFr PRREAYPEY S 18Bfposi ti on of a bis phenol -A

epoxy resido Buaceplexypropyltriethoxysilane, -4-
2-methacryloxyethyltriethoxysilane,
2-methacryloxyethyltriethoxysilane,
2-acryloxyethyltriethoxysilane, etc.

Suitable glycidoxy silanes include

15 3-glycidoxypropyltrimethoxysilane,
2-glycidoxyethyltrimethoxysilane,
3-glycidoxypropyltriethoxysilane, _ .
2-glycidoxyethyltriethoxysilane, 3-glycidoxypropyltrimethyl
silane, and so on.. . -

20 The ink compositions of the invention also preferably
contain 0.01-20%, preferably 0.5-10%, more preferably 1-5% by
weight of a fluorinated surfactant. The term “flﬁorinated
surfactant” means a fluorine containing. compound having at
least one liphophilic group or portion and at least one

25 hydrophilic group or portion. In particular, fluorocarbon
or fluorosilicone surfactants are most desirable. Suitable
surfactants include those set forth in U.S. patent no.
4,961,976 which is hereby incorporated by reference.
Preferred are fluorocarbon surfactants, such as those

30 marketed under the Fluorad trademark by 3M Company. These
fluorochemical surfactants include fluorinated alkyl esters,
fluorinated alkyl polyoxyethylene ethanols, and the like.
Particularly preferred are nonionic fluorinated alkyl .
alkoxylates e.g. those marketed by 3M under the trademark

35 FC-171.

The ink compositions of the invention also preferably
contain 0.1-25%, preferably 0.1-20%, more preferably 2-10% by
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el ctron beam it is desirable to add a cationic
photoinitiator which catalyzes cross-linking of the resin
upon exposure to the radiation to which the resin is
sensitive. On the other hand, if the ink compositions of the
invention are cured with electron beam it may be possible to
dispense with the cationic photoinitiator. Various types of
cationic photoinitiators are suitable. Both ionic cationic
photoinitiators such as onium salts or orbanometallic salts
are suitable as well as non-ionic cationic photoinitiators
such as organosilanes, latent sulphonic acids and the like.
Preferred are photosensitive onium salts, in particular,
onium salts such as those disclosed in U.S. patent nos.
4,058,401, 4,138,255, 4,161,478, 4,175,972, all of which are
heréby incorporated by reference. Triaryl sulphonium salts
are most preferred, in particular friaryl sulphonium salts
such as those sold by Union Carbide under the tradename
Cyracure UVI 6990 and 6974. Also suitable are ferrocenium
salts such as those sold under the Irgacure tradename by
Ciba-Geigy, in particular Irgacure 261. Sulphonyloxy ketones
and silyl benzyl ethers are also good cationic
photoinitiators. A detailed analysis of the mechanism of
cationic curing is disclosed in "Photosensitized Epoxides as
a Basis for Light-Curable Coatings” by William R. Watt,
American Chemical Society Symposium, Ser. 114, Epoxy Resin
Chemistry,IChapter 2, 1979, and in "Chemistry and Technology
of UV and EB Formulation for Coatings, Inks, and Paints,”
Volume 3, entitled ®"Photoinitiators for Free Radical and
Cationic Polymerization, K.K. Dietliker, pages 332-374
(19921), both of which are hereby incorporated by. reference.
Photosensitive onium salts are used as photoinitators in
cationic curing, in particular, onium salts such as those
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25 wherein n = 0-20. The i nk conposition of the invention may
contain a 30 mxture of liquid and solid bis phenol-A epoxy resins as the
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roomtenperature without the application of heat to nelt the conposition
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PCT/ US97/ 0340@eference. Triaryl sulphonium salts are most preferred, in
particular triaryl sulphonium salts such as those sold by
5 Union Carbide under the tradename Cyracure UVI 6990 and 6974.
With certain ink colors it may also be desirable to
include in the ink composition a photosensitizer, which'is
generally defined as a molecule which absorbs radiant energy
which it then passes on to the photoinitiator. The
10 photosensitizer then returns to its energetic ground state
while the photoinitiator is activated and undergoes chemical
changes as if it had itself absorbed the energy. As the
photosensitizer often absorbs energy in a different part of
the spectrum then does the photointiatior, thus a more
15 effective use of the light source can be achieved. If a
photosensitizer is used, generally a 1:10 to 1:200, more
preferably 1:50 to 1:100 ratio of photosensitizer to
photoinitiator respectively, is suggested. . Typical.éXamples
of photosen51t1zers which assist 1n cationic curing are
-20 .thioxanthone compounds, in partlcular 1sopropy1 thloxanthone -
which is marketed under the Escacure ITX trademark by
Sartomer.
The ink compositions may contain 0.1-40% , preferably
1-30%, more preferably 3-25% by weight of the total
25 composition of pigmént. A wide vafiety of pigments are
suitable including organic and inorganic pigments. Examples
of such pigments are set forth in U.S. patent no. 5,178,952,
vhich is hereby incorporated by reference. Inorganic
pigments include extender pigments such are baryites, barium
30 sulfate, calcium carbonate, talc, clay, alumina, titanium
dioxide, white carbon, chinese white, zinc sulfide,
lithopone, ultramarine, Prussian blue, cobalt, chrome oxiae,
viridian chrome green yellows, oranges, and reds, cadmium,
chromium, iron oxides, carbon black, metallic pigments,
35 aluminum powder, bronze powder, zinc chromate, strontium
chromate, zinc dust, copper, and so on. Examples of suitable
organic pigments include azo pigments, indolinones,
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gl ass surfaceg, ﬁgaﬂoiyn@ts@@ahsggl9n6$49928?xz¢bbgns4o, 4,943 ,2dRgsi on
pronot ers, and LN partl_cu ar gigano unctlog % es Qf For mul a
Il which is: %q;?] 878; as we U. enk ﬁpplécg 1on serial no. , _

0-2 199,414, YEEN:] eFebruatierz] =0oo4 CHbEr KhménCOet.. @fl.gr mhiMt .is
NH[ err] CONH ﬁgréby 1nc%gf£'i:é%§ rfLP‘e—lience. These pyrrolopyrrols are

[err]
10 generally of the formula:

15 | RN N-—-R,
X R,

20 Wherein'R1 aind R, are eaéil independently alkyl, arylalkyl,

" aryl, substituted or unsubstituted isocyclic or heterocyclic
aromatic radicals; R, and R, are each independently H,
substituted or unsubstituted alkyl, alkoxycarbonyl, aroyl,

| phenyl, benzoyl, benzyl, arylalkyl, aryl, alkanoyl, Cs,

25 cycloalkyl, alkenyl, alkynyl, carbamoyl, alkylcarbamoyl,
arylcarbamoyl, or alkoxycarbonyl; and X is O or S. Preferred
is a compound wherein R, and R, are each independéntly phenyl
or naphthyl, R, and R, are hydrogen, and X is O. Particularly
preferred is pyrrolo 3,4-C pyrrol-1l,4-dione,

30 2,5-dihydro-3,6-di~4-chlorophenyl which has a CAS number
84632-65-5' and is known by the common name C.I. pigment red
254. This pigment is commercially available from Ciba-Geigy
Pigments Division, Newport, DE, under the tradename Irgazin
DPP Red 80. Other Ciba-Geigy red pigments sold under the

35 tradename Irgazin are also suitable.

Suitable isoindolinones are as set forth in U.S. patent
nos. 3,884,955, 3,867,404, 4,978,768, 4,400,507, 3,897,439
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30 X is each independently CHer]r, O, OCOCH err],

CCerr]Herr]OCCH err], (Cferr]Herr])[err]OCH err], or -OR where
R'is a CIerr&Kﬁgégkght or branched chain al kyl, prefepaphofialisty!
or ethyl. Silanes having this formula are comrercially

avai l abl e under the Dynasynlan trademark from Huls, Anmerica, Inc.,

Pi scat away, Naya Jg/36%, 143 haia 05 gpewf oggt 4 DDabf SwhfORSasHChereby
- 6- WO 97/ 32732

PCT/ US97/ 0340COrPHAY R Ry Feferantet n Trefernednispindglinenes, arg,;
i's her eby itretarach kirskbyanokdrez eihc cachd cabkyd sstenb| epasStidoularly

3~ et hacr y1 oS T oyl Tanes or TEBe0  debiomo iy sptsr, igke
§ is reacted with 2-methyl-1,3-benzenediamine and sodium
methoxide. This pigment composition has the common name C.I.
Pigment Yellow 109 and is available commercially from
Ciba-Geigy Pigments Division, Newport DE under the tradename
Irgazin yellow 2GLTE. Other pigments in the Irgazin Yellow
10 series as manufactured by Ciba~-Geigy are also suitable.
The ink compositions used in the method of the invention
will preferably contain about 0.1-10%, preferably 0.5-8%,
more preferably 1-7% by weight of a defoaming agent which
will cause the ink to apply sﬁoothly on the glass substrate
15 without bubbles or unevenness. A wide variety of defoamers
are suitable, but preferred are defoamers sold by BYK Chemie
under the BYK tradename. Examples of such defoamers include
. polyalkyl acrylics such as BYK-052 and BYK-053; and in
particular BYK-052 which is polyvinylbutyl ether in Stoddard
20 solvent; BYK-354 which is a polyacrylate solution, and
BYK-022 which is a mixture of hydrophobic solids and foam
‘destroying polysiloxanes in polyglycol.
The preferred ink compositions comprise:
30-95% bis phenol-A epoxy resin,
25 0.1-10% adhesion promoter,
0.1-20% photoinitiator,
0.01-5% fluorinated surfactant, and
1-40% pigment.

30 More preferably the ink compositions comprise:
35-95% of the bis phenol-A epoxy resin of Formula I,
0.1-10% of the organofunctional silane of Formula II,
0.1~-20% of a photoinitiator which is an onium salt,
0.05-5% of a fluorocarbon surfactant, and

35 0.1-40% pigment.
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2- met hacryl oxyet hyl tri met hyoxysi | ane, 2-acryl oxyet hyl tri met hyoxysi | ane,

3- nmet hacryl oxypropyl triethoxysil ane, 3-acryl oxypropyl tri met hyoxysil ane,
10 3-acryl oxyiy #ﬁriethoxysilane, 2- et hacryl oxyet hyl t ri gchrisysddsane.
2- met hacryl oxyet hyltri et hoxysil ane, 2-acryl oxyet hyl tri et hoxysil ane,
etc., Sui t abl e gl yci doxy silanes include 15

3-gl yci doxypr opyl t Moret preferrade are itkglopmpdedyeiidng teomet hokygt | ane,
3-gl yci doxypropyl t ghetBaxysi €40t - Cind j et ' ,
3-gl yci doxypr ogyl t?’lbrrgF%yF& ltﬁ% z%r?e?%aegll sg or. Oﬂééiﬁ%@(ﬁ{ﬁ@f§ I
conposi ti ons WhigheipnaeAinyddapdo rgoar &emperaturent ain 0. 01- 20%

preferably 0.5-10%, AubesPoef ehablhk sl ph¥éndi-a epi:ghtr&dig df Upsinal£dr
surfactant. The,term "fl uori,nated surfactant”™ neans a fluorine

cont ai ni ng SoWPdERd1IRad AQLAL at reom TemPerafidihi 1ic group or portion and
at | east one 25 hydtaphoki efgthep orgapofunetionalpayriliang aof Formilearbon
or fluorosiligcpne gurfactants are nost desirable. Suitable surfactants

i ncl ude t hose® 8Feigfth in U S. patent no. 4,961, 976 which is hereby

i ncorporated by referenee= 0 Preferred are fluorocarbon surfactants, such
as those 30 marketed ungeL b@ﬁlqéﬁgégléﬁpdenark by 3M Conpany. These

f1uorocheni cal surfactants incfude uori'nated al kyl esters, fluorinated
al kyl pol yd®yet hyl ene eBh&Endl s, and the |ike. Particularly preferred are
noni oni ¢ fluorinated al§¥i | koxyl ates e.g. those narketed by 3M under

the trademark 35 FC-171
CHy----CH-CH,0-, CH,=C(CH;)-COO-, H,N(CH,),NH-, or

HyN-wr-N-

I
Va
N,

15

20 0.1-5% of a fluorocarbon surfactant which is a fluorinated .
alkyl ester, a fluorinated alkyl polyoxyethylene ethanol, or
a fluorinated alky alkoxylate, and )
0.1-40% pigment.
Most preferred are ink compositions comprising:
25 . 50-85% of the epoxy resin of Formula I which is a liquid
at room temperature, :
1-5% of the epoxy resin of Formula I which is a solid at
room temperature,
0.1-5% of the organofunctional silane of Formula II
30 having the formula:

CHy~—CH~CH,-O-(CH,),-Si(OCH,),

38 .
0.1-10% of a fluorinated alkyl alkoxylate, and
0.1-40% pigment. '

- 12 -
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The ink conpositions of the invention also preferably contain 0.1-25%
preferably 0.1-20% nore preferably 2-10% by

-7 00
: Wo phisa/ 52 i oni phot ol ni {I eﬂ% "

wei ght of a cationic photoinitiator. The term cationic
means a nol ecul e or ingredient which, upon exci tation, undergoes a
phot ochemi cal trangther daveatiohi also ebhpeue&blh @@tﬁbﬂfﬁbﬁiaﬁﬁiyfﬁb a

bl f nerlza he i.nk conposition
o the. i nvesPiBreAdaesratiR b6 ROgiee Bahsiate, SRR
el ectron beamit |§)de§ppéﬁﬂagté addlataanlGnrableph@kommMpqﬂmnloﬂﬂ ch
catal yzes crogsmpiaking af b&Beph&ﬁbﬁ-A gaaﬁf&egiy% Q:hrtt]ahﬁl &l 3t gn

which the resin 1.s 10 Sensiti ve. conp05|t|ons

of the .ﬁvB’ﬁFfisﬁeaPéneelr QGSMPhtEPECthéNeEe%’P‘Pt w%@fpm 9lasso
di spense wit hihkefeetei, osrdidplinkobeihgabperakael hent vReedoto bond tNithe

photo!nitiatOéigg Fégﬁgﬁg%ﬁrlBOth ionic cationic photoinitiators such

as onium salt ic salts 15 are suitable as well as non-ionic
cati oni ¢ phot oi ni t bat oeeringstbé inkoogahheisabssratetbyteprshaglQtamdks

and the like.the PhgESELSH B&ewﬂﬁehoienibtb&EaBEbU”EE%EEEy b%n@%rt'%ﬂ "imk

10 to the glass substrate.

' In the preferred embodiment of the invention the ink
compositions comprise, by weight of the total composition,
30-95% bis phenol-A epoxy resin, 0.1-40% pigment, and
optionally, up to 50% or more of other ingredients such as

15 those discussed above. |

The articles which may be decorated or printed according
to the method of the invention may be made of glass, ceramic,
tile, and other similar vitreous materials. Such artlcles
may be in any shape or form, such as a contalner, sheet,

20 tile, figurine, or the like. In the preferred embodiment of
the invention the article is made of glass or ceramic and is
a container, such as a cosmetic or beverage container. The
term "glass” when used in accordance with the invention shall
mean glass, ceramic, tile, and similar materials. '

25 The ink composition is applied to the article to be
decorated in a predetermined design using a variety of
printing methods including screen printing, offset printing,
gravure, hand painting and the like. After the ink is
applied the substrate or article is irradiated with UV or

30 actinic radiation using a conventional UV light source. The
term "UV” means ultraviolet light which generally has a
wavelength of 4 to 400, preferably 325 to 400 nanometers.

The term "actinic” means radiation having a wavelength of 200
to 600 nanometers. Electron beam may be used instead of a UV

35 light source. If a UV conveyer is used, it is set up so that
the substrate passes through the beam of radiation for an
amount of time appropriate to completely cure the ink

- 13 =



onium salts such as those disclosed in U S. patent nos. '43058,401,
4,138, 255, 4,161,478, 4,175,972, all of which are 20 hereby incorporated by

reference. Try@otlsayl phoni um salts are nost preferred, in géwgé%"‘?m

triaryl sulphoniumsalts such as those sold by Union Carbid _
t radenane Cyracure UWVI 6990 and 6974. Also suitable are ferroceni um

salts such as ddwgsss fﬁiéhlﬁﬁhﬂcéﬁﬁé|an@&réﬁﬁéﬁéeﬂénﬁthSaﬁsttgﬁﬁ et%ers

articul ar cur 6 hon ony ket.ones benzy

gre al so goodqil ’?ﬁ# ‘the’ p"'ﬂ'gf e MI¥ e Mo¥ed; Fhyo ﬂ%l thaescppveyer in
mechani sm of oneair awome cpafssrgs it chcsh:imdth@l&%@i%é&neutiﬁgg E\Qﬁél derS]
as a Basis (%ﬁg . e a
Chem cal Soci eJ éf 05| um a Aér%?y% ﬂyé ﬁa% ﬁ%‘%t%?r Eﬁﬁpt g’}’%
1979, and i P gSﬂﬁﬁ QﬂﬁﬂnﬁxiﬁuﬂqmgﬂeteﬁlnhaamdriﬁdF@fnhimelnangmng from

k , Phot fo ee
Radi carand. *éaa?”@“?"’é %‘?&iﬁ%@%ﬂ% 30 %“*@%’. (or €' L IbEeBLEERd) Oknbt

(1991), both &Y MhcFing ake ¥ arhiele is removed
Phot osensi ti vefron mhesaidmayreﬁ» uaﬂ'da iﬁﬂph'ai Qidimﬁl?é@é.ﬁy léhre&a&h&”fﬁséﬂrtag

{/\?) 8?; glzgglzar ’th%n'éﬂgs'fﬁlattse s%l(:‘i:qfaacse,t ri%:"sov:LdJ.ng a %3%9171716%4%101'. In
10 some cases it may be necessary to subject the newly screened
glass container to slightly elevated temperature prior to UV
curing the applied ink on the substrate, or to an additional
post-UV cure application of heat to finally polymerize the
ink on the substrate. This ink is well suited for use in
15 automated systems such as the multiple color printing
apparatus disclosed in copending application serial no.
432,485, filed May 1, 1995 by Kamen, et al., entitled _
"Apparatus and Method For Screen Printing Radiation Curable
Compositions”, or with the methods disclosed in U.S. patent
20 application serial no. 432, 482 filed May 1, 1995 by Kamen et
al., entitled "Method For Printing Articles With Multiple
Radiation Curable Compositions”, both of which are hereby
incorporated by reference in their entirety.
In the methdd of the invention, multiple colors may be
25 applied to the glass substrate by applying and curing 6ne
'color, and printing the desired design on the .container in
complete or partial registration in another color, and curing
that color directly on the glass substrate. As many
successive colors as desired may be applied to the glass in
30 complete or partial registration. The ink exhibits excellent
adhesion to the glass and the colored layers adhere well to
each other when in registration. It should be noted that
this is not always the case when printing multiple colors one
on top of the other. Often, while the first applied ink will
35 adhere to the glass, the successively applied layers will not
adhere to each other when applied in complete or partial
registration.
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disclosed in U S. patent nos. 4,058,401, 4,138, 255, 4,161,478, 4,175,972,
all of which are hereby incorporated by reference. Triaryl sul phonium

salts are no red in particular triaryl sulphonlumsalts such as
t hose sold bs‘;o on Carbi de under the tradenane Cyracure BT EEHB340,q
6974. Wth certain ink colors it may al so be desirable to

include.in the Inkxﬁosm&f%@ofs rx?é%f'éﬁé%nv&@%ﬁ%' Sit geg%ég

defined as a nol ecul e whi ch absor adi ant ener
on to the phot®diTRks the . 1%&%’@%‘5%)%’%%15 t?&%rlﬁmt%@tluﬁ"hféhpﬁtl ltbe

energetic grgpighentitend pyint eit rfn e Oy I‘ééé; a%l};i’lbsigﬁa@%t idﬁt %ﬁgdéﬁgrilnlned
nder goes che S ,as | it e sor be e energ

;Jhe ° phot oséeg f%‘i' zae?c&f‘i%}g At oriR B %F e% ’a:f'a}F ‘g RPV8ar t FOF t he

spect rum t herexmgle hea pubstratetsuch a$1us eomtnméﬁ way cbéi decusataﬁ tihe

l'i ght source g%@.edé\?éyﬁ*&?éh AJ[ yfgln f@i@ée%%&ééﬁﬂg élsvglg%l n5| rym{aco

1:10 to 1:200, nore, , preferab ratho pho
phot oi ni ti at cﬁomE%ﬁktc’tqué?T}/ the sukpfasate) andenring exibip| the apprOprlate

phot OSESSI ti Zﬁcsla!tﬁ&’ln aszslﬁetyéfl ‘fﬁ{hw'&ﬁﬁi@ f6£1 Z&tflgéﬁnggﬁﬂ?Pgsseger
s, in particular ro i_oxant hone
tcggpgg(r:]acur:a ?‘%& rﬁ? ﬁy press Whlqihe’-fF meabadokPt Rons may

contain O. 110 m;?e:m‘lafm eangncldmsa% canssee Prted aiablsta&nﬁﬁag bfoiei gbt of

t he total f v t mant

suitable i ncI Ugl ng or g{rhég alﬁl)i | norgéﬁ\l%&% "P? ﬁ/%? ?T% §]5T£§ﬁ%h

pi gment s ar e 382§ &f frhe alass pattiah sﬁammmqgcgb‘lz is gewerdlly aereby

| ncor por at ed JumIR{tel SHpridd G L carti P EYted 11 UASEE PRy RLQPEEES

a
such are bar%it%%hi%r mégerlal capable of release), a release film

asses

15 between the carrier and a subsequent decorative coat which is
usually color or a metallized coat, most often aluminum or
colored aluminum. The foil may contain other optional laYers_
such as one or more protective layers, hot melt adhesive _
layers, etc. between the metallized layer or layers and the

20 carrier material. More specifically, hot stamping foil can
be defined as a multilayer web comprised of a backing film
carrier, a release coating, one or more protective top
coatings, one or more color coatings, and a hot melt adhesive

- in that order. The hot stamping foil is then compressed

25 against the container with the hot melt adhesive layer being
compressed against the substrate. The compress, which may be
a standard hot stamping press or a hand held press, is heated
to a temperature sufficient to cause the hot melt adhesive
layer of the hot stamping foil to adhere to the ink decorated

30 portion of the substrate. Generally this temperature ranges
from about 250 to 400°F. Temperatures higher than this may
cause deterioration of the hot stamping foil. The
application of heat causes the adhesive side of the hot
stamping foil to become adhesively adhered to the ink design

35 but not to the ink-free areas of the substrate. When the
compress is removed, a portion of the foil laminate adheres
to the ink decoration but not to the ink free areas of the

- 15 =~



30 sulfate, calciumcarbonate, talc, clay, alumna, titanium di oxi de,

whi te carbon, chinese white, zinc sulfide, | it hopone, ultramarine,
Prussi an blu chrone oxi de, viridian chrone green §|
or anges, andgwg sﬂiégdn1un1 chrom um iron oxides, carbon b¥ g&ﬁbﬂm

metallic pignments, 35 al um num powder, bronze powder, zinc chronmate,
strontium  ghaeERt eIn? p&%td@%uaxcol&m{ereﬁ'%og%l’@ irf e £5n Obn S L aP! €

ogganlc plgnent |nck§g$§g%g L%%?méit gyﬁgéfyguiayer, the color coatings,

PCT/ US97/ 0340@nd thei protdaltivendsp mtatpmgsenum ﬁl'fsa: Lk, P WS Viddt Ne
pignents and gQ, ﬁ§1 Eh%oﬁﬁefebng&Bhg”%&tﬂﬂ% %yéﬁé%§ﬂ9C0|or tﬁg%?i

i nk conposi tion i Ftani um di oX Préferre
are i soi ndo5i R8kebeandhp¥edotepFheoproteckd v Mmmmng lﬁcmerlthelos

4,415, 685; 4, 53;9.e8é8 coatinagiszﬁés:a.én@@fstﬂﬁieli & Icgiaﬁs ﬁgﬁloﬁf of heat

4,914, 211; 585, 87 as wel atent ap |on seria
199, 414, fil e&nﬁeSPb}ﬁFytbs pedygster RéﬁEﬁerePacaqmg waver ite reme&byfrom

i ncorporated bher ptotectiéveTkepecput 0bgRY GAAS st remnants may remain.
The resulting hot stamped substrate exhibits a metallic gold,
10 silver, or colored appearance depending on the color of the
hot stamping foil. _

In yet another embodiment of the invention, it is
possible to provide a decorated substrate which has a two
tone effect where all or a portion of the colored ink on the

15 substrate is hot stamped. 1In this instance a pigmented ink
composition is applied to the substrate in a predetermined
désign and cured by exposing it to the radiatipn by which it
is curable for a time sufficient to effect complete cure.

Hot stamping foil is applied as described above to either the

20 entire ink design or to only a part (i.e. complete or partial
registratibn). If the hot stamping foil is applied in
partial registration, or applied to a portion of the
pigmented ink design, a pleasant two tone effect is achieved.
Many times it is more economical to print the entire design

25 on the substrate using colored ink and then hot stamp over
the desired portion of the design, rather than applying clear
ink and hot stamping, and then printing colored ink in the
desired design in a second application.

The invention is also directed to a glass container

30 having an inner surface and an outer surface wherein:

a) said outer surface has adhered thereto a partial
coating of a cured adhesive ink comprised of a bis phenol~-a
epoxy resin in a design that covers less than all of said
outer surface.

35 The invention is also directed to a glass container
having an inner- surface and an outer surface wherein:
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10 generally of the fornmula: [err] 20 wherein R err] and R err]

are each independently al kyl, aryl al kyl, aryl, substituted or

urrsubsti t ut e | c or heterocyclic aromatic radicals; Pg%r 42 a‘{lo((j)
Rlerr] are eacﬁ %épendently H, substituted or unsubstitut )

al koxycar bonyl , aroyl phenyl, benzoyl, benzyl, arylal kyl, aryl,

a: talnoyl 1 C[elrr] Zs)cylehcialbbwterats&mlbf Qa'a'éY%\t)dher‘é'H gﬁid?éﬁéto aopartlal

a car bano car bano al koxycar bonyl; S.

Pr e1¥er r ed Ve gaglgg SufRd “WRE eFﬁ?‘ﬁféP’Pj cﬂ“@% sed ofc A Pish Rk | y

phenyl or apphyhybslﬁ[enrh daélshethhtabewawﬁwxyss thah J411S &2 said

Particularly el.s pyrrolo 3,4-C pyrrol -1, 4-dione, 30
2, 5-di hydr o- 3ogt§ %ﬁgﬁﬁgro henyl whi ch has a CAS nunber 84632- 65-5 and

i s known by5the cohﬁnnth&nénE despggngﬁtcpg@red Dy a Thivd tiilgryent veb
conmerci al ly ébﬁpkihb& bromi§i ba- ﬁ@tgiﬁelt Baﬁ@%&% Di (Mg @n rd?ig)ip%féamtf@

under the trade her G ba- i gy I gnen

sol d under th8" gg?&?&&eﬁaﬁE°FFﬁgpvﬁ gPB SP§31§GVt&5!$hat order from the

ink design outward, said web being adherent to the cured
adhesive ink and covering only said adhesive ink and not
10 extending to the ink-free areas of said outer surface.

The ink composition may or may not be pigmented, as
desired. If it is, generally it comprises, by weight of the
total composition, 30-95% of a bis phenol-A epoxy resin and
0.1-40% pigment, which ink composition is in the form of a

15 predetermined design or indicia which covers less than all of
said outer surface. If pigmented, the hot stamping foil may
be applied to all, or only a portion of the cured ink design.

The invention will be further described in connection
with the following examples which are set forth for the

20 purposes of illustration only. |

EXAMPLE 1
A white ink was made according to the following formula:

w/wg
25
DER 331! . 72.30
DER 6612 3.81
Glymo? 2.2
Titanium dioxide 16.0
. - 4
30 FC-171 0.30
BYK-0225 2.00
Escacure ITXS - 0.10
UVI-69907 : 6.00

Dow liquid epoxy resin DER 331, Dow Chemical cOmpany,
35 Midland, Michigan

Dow soliad epoxy resin DER 661, Dow Chemical Company,
Midland, Michigan
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Sui tabl e i soindolinones are as set forth in U S. patent = nos. 3,884, 955,
3,867,404, 4,978,768, 4,400,507, 3,897,439 -

10° - 732
PCT/ US97/ 0340‘%&%4’;% 4,262,120 and 5,194, 088 al | of which arECHEPHRI400
I ncor por ated by reference. Preferred isoindolinones are

t et rachl or ocyanqhanzsy xard Gratdsinoeions Pa1dhe Ul @ely Am@ﬁméahc 2akd,
2,3,4,5- tetrachlnmsu&m@lommrﬁ#er whi ch 59s reacted w f

2-met hyl -1, 3-benzenedi am ne and sodium nethoxide. This pigment

conposi tion hds Rlmursinmramintiuortochen gierdur@adioant PB3RNdokpany i kabl e
commercially f chaul,Oanr(&acg;a.Pl giRIucr Mated ol kNevalkoxpiatiaseosghe
tradenane | rgddivenigidated 2AK, su¥fongrigentol); IF Iuner ingbed na Yebkpdats
series as m@nuf d&.urang W@W%WH‘!}& Sebfcnanide c1%) The ink
conposi tions ysed in the nethod of the invention WI II preferabl y contain
about 0.1-10% M‘ % obig, solids and) o %gr Bt of a
def oam ng agent nes day, fekelygad cﬁ%rﬁ’l}e%%ot A, dﬁalhbngffas@.
substrate 15 wi t %tﬁ“ s or unevenness. A wide variety of defoamers

gg{ﬁ f?;&gﬁ;ﬁé,‘bis"%ﬁ%@? .ar }Z’floarrer} q’c‘?’?ﬁ% BYK Chem e under the

10 , Phot01n1t1ator, triarylsulphonium salt, Union Carbide
Chemicals and Plastics.

EXAMPLE 2
A red ink composition was made according to the
15 following formula:

w/wg

DER 331 78.6

DER 661 a0

_ Glymo 2.0.

| 20 .1I. Pigment Red 254 7.0
B BYK-052* ' 1.0
BYK-3542 . 1.0

FC-171 0.3

,5 UVI-6990 6.0

! Polyvinyl butyl ether, BYK Chemie, Wallingford, Connecticut

? Polyacrylate solution, BYK Chenie, Wallingford Connecticut

EXAMPLE 3
30 A blue pigmented ink composition was made according to
the following formula:
74 1
DER 331 81.7
as DER 661 4.0
Glymo 2.0
Ultramarine blue 5.0



pol yal kyl acrylics such as BYK-052 and BYK-053; and in particul ar
BYK- 052 which is polyvinylbutyl ether in Stoddard 20 sol vent; BYK-354 which

i s a polyacr ution, and BYK-022 which is a m xture %,
hydr ophobi c &‘?‘%@%ﬁ%d f oam destroyi ng pol ysil oxanes in poIP r’&’ﬁé&’f’?‘“‘”

The preferred i nk conpositions conprise: 30-95% bi s phenol - A epoxy
resin, 25 0. 1- 10% adhesi on pronoter, _ 0. 1- 20% phot oi ni ti at or
0.01-5% f | uor i B¥Ee@R3ur f act ant, and 1- 40%pi%ment . 30 Mor e
preferably thepgbfygonpositions conprise: 5;{5_,— 95% of the bis
phenol - A epoxy resin of Fornmula I, 0. 1-10% of the organofunctional
silane of For n¥VE~$990 0.1-20% of a phot oi i@ at or which is an oni um
salt, 0. 05-5% of a fluorocarbon surfactant, and 35 " 0.1-40%
pi gnent . 5 WO 97/ 32732 EXAMPLE 4 PCT/ US97/ 03400
More preferred are in tions co 5% qof the bis
phenol - A epoxy res nS gg #éng was m de acgordlng to %he follow1ng
formula:
w/wg
10 DER 331 87.7
DER 661 4.00
Glymo 2.00
BYK-022 1.00
FC-171 ' 0.30
15 UVI-6990 ‘5.00

The above clear coating is useful for application to the
substrate prior to application of'hot stamping'foil;

EXAMPLE 5

20 }
A white ink composition was made as follows:
wiws
DER 661 6.2
DER 331 . . 72.08
25 pitanium dioxide 13.50
Ultramarine blue 0.02
Glymo 1.00
BYK-022 1.00
FC-171 .
30 0.10
Escacure ITX 0.10
. Cyracure UVI 6990 6.00
35
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which is a liquid at roomtenperature, . 0.1-20% of the bis phenol-A

epoxy resin of Formula | 5 which is a solid at roomtenperature,
0:1-10% of t functional silane of Fornula Il wher ei

a =0 r15"91}’%3’25)004[ err], oJerr]Herr], CHerr] 10 FCTIUSIT03400
Y = [err] - [err] 20 0.1-5% of a fluorocarbon surfactant which is a

fluori nat ed al kyl ester, a fluorinat edgaldple p@l yoxyet hyl ene et hanol, or

breforred are |nk BoRBEE biygs igredsin a8 WAL FERTIONA cpoxy resin
of Formula | whichis aliquid at room tenperature, 1-5% of the
epoxy resin of Fornmula | which is a solid at ro nper at ur e,
0.1-5% of the peERas®iunctional silane of Fornula 63.80 having the fornula:
3 DER 661 5.60
Titanium dioxide 2.30
Carbon black : 1.00
Ultramarine blue 2.00
10 Glymo 1.00
Cyracure UVI-6990 6.00
FC-171 0.10
BYK=-022 1.00
15 EXAMPLE 7
A light blue colored ink was made as follows:
DER 331 - | | . 63.9
 DER 661 _ ‘5.6
20 yitramarine blue 27.0
Carbon black 0.2
Titanium dioxide 0.3
FC-171 0.1
25 Glymo 1.0
BYK~-052 1.5
BYK-354 1.0
EXAMPLE 8
20 A red ink composition was made as follows:
w/w2
DER 331 . 75.9
DER 661 . 6.5
Titanium dioxide 2.0
35 C.I. Pigment Red 254 7.0
Glymo 1.0
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A ferr] 35 0.1-10% of a fluorinated al kyl al koxyl ate, and

0. 1- 40% pi grent . -12- WO 97/ 32732

PCT/ US97/ 034Q00 97132732 The invention al so conprises a net hogdypiseigfdoy! N9
a col ored decoratlon to .a glass substrate conprising: %
applying a radiation curable ink conposition conprising a bis phenol -

epoxy resin to_the glass _in_a 5 predeterm ned design that |eaves sone
areas of the gF¥tacure; HRIrpRRC said ink being opetadl e when cured to bond

to the gl asgecsubstrate, b) curing the igkion the substrate by
exposing it to the radiation by which it is curable, thereby bonding the
ink 10 to the BV539 dubstrate. In the pref%w?ed enbodi nent of the

i nvention the ggK-3s54conpositions conprise, by weighd of the total
conposi tion;

EXAMPLE 9
A gold ink composition was made as follows:

w/wg

10 DER 331 65.25
DER 661 5.2
Irgazin yellow 2GLTE 1.0
Gold powder (Brass Flack) 20.0
Glymo ' 1.0

15 FC-171 0.3
Cyracure UVI 6990 ' 6.0
BYK-022 _ . . 1.0 _
Escacure ITX _ : 0.25 .

20 o ,-EXAMPLE 10

The white ink comp051tlon of. Example 5 and the red 1nk T

comp051tlon of Example 8 were used to decorate glass
beverage bottles using an OMSO printing machine distributed
by Graphics International Group. The OMSO machine was

25 operated at a printing and curing speed of 100 bottles per
minute. The white ink was screened onto the container and
subjected to a preheat temperature of 50 to 70°C. while
traveling on the conveyer and prior to exposure to the UV
light source. The ink on the container was then cured by

30 exposure to a 600 watt/inch UV light made by Fusion
Corporation for approximately 1 second. Next, the red ink
was screened onto the container in the desired design and
subjected to the 600 watt/inch UV light for approximately 1
second. The container was then subjected to a temperature of

35 150 to 200°C. for approximately 2 minutes to finally cure the
ink.
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30-95% bi s phenol - A epoxy resin, 0.1-40% pi gnment, and optionally, up to
50% or nore of other ingredients such as 15 those di scussed above.

The articles ig¢A-ARY be decorated or printed according t ;@,? d
of the |nvenf@§n may be nmade of gl ass, ceramc, tile, and 8? S%ﬁh@@hr
vitreous materials. Such articles may be in any shape or form such as a

contai ner, sheet, Ahd idontafimgitd Mcdfatidit dbde wdre (e PeCESET 88 various
ass_ o[ _ceram c_and

mbod f | de. of gl
erbod] ment Of g tlE g SR IE RGP LRI s Sl £EN3T, S

"gl ass" when agpepdied secomidrieon.with the invention shall mean gl ass,
ceramc, tile, and simlar materials. 25 The ink conposition is
applied to the article to be decorated in a predeterm ned design using a

vari ety of S5 Ibe IceMaterndest nc|uding screen printing, offset printing,
y

gravure, hand palnum@goawidﬁmaﬂg @%coﬂaﬁaatéBbVéﬂwéf% subfiti&d £58ice
substrate or %F' %Plg |rrad|at§g.mﬁth 30 actinic radiation using a
convent i onal skecming, the reasis cﬁnﬂﬁu?hﬁt?HRﬂ%ﬁQﬂ ¢¢2Fﬁt%mpch

general ly hasta CO\MVMeuwmtufrec.tonﬁ- qam;fl@sab}ere?&le&:tflé&) NaPGESLT S -

-rll-gﬁotrrg'[ (ranrsaCtElltglct ron q%agmrs%gbggeg%sgg i nstr&r i ?}%v gﬁf %?ﬁ%’éat?‘? a

W conveyel0 Sampde, cpptpgn§§§ werso fiiflded Wmh@fdﬂaﬁnkiaﬂ[xﬁﬁﬁs and qpldiced

the beam of radi atite® Fanian w1%KD%QEe9fhhbqﬁga%PQQNﬂéyé%dfé(H¥W%&EE”§br a

cure the ink period of 72 hours. At the end of the test period the
samples were removed, emptied of distilled water and allowed
to equilibrate to room temperature. The samples were

15 visually checked to ascertain the following:

1. Shedding |

2. Blistering

3. Change in color

4. Loss of gloss . _

20 When the containers subjected to the ice water test were
compared with the control containers, no evidence of
shedding, blistering, change in color, or loss of gloss was
evident.

25 The Content Test
Twelve samples of the decorated container were selected.

Six of the samples served as controls. The othef six samples
were submerged in a beaker filled with soft drink beverage,
making sure that the decoration on each container was

30 submerged in the beverage for a period of 24 hours at room
temperature. The bottles were removed from the beaker and
the decorated area was rubbed with a soft white cotton fabric
and average pressure for a total of 12 passes. Each cotton
fabric was examined for spots or color bleeding from the

35 decoration, and each container subjected to the test was
compared with the control. The test containers did not
exhibit any ascertainable difference between the control
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WD 97/ 32732 PCT/ US97/ 03400
conposition and cause it to adhere to the substrate. |f desired, the

substrate nayw%-,;g%gd t hrough the conveyer in one or nore pgﬁ@ﬁﬁg’@ﬁm’t he
re

achi eve the requi curing. The appropriate tine varies dep _

i nk formul a, but S generally curing is conplete in a period of time
rangi ng from cdntadmienss ONohes &F0thd TottdH RHSi.cd ledPi I EEETARY spHRE
by the tine t%er %%ﬁ%&arbﬁ%eiibstrate or article is renoved fromthe

conveyer, the Tnk TscO &Sy cured and fused to the substrate surface,
providing a bright true color. In 10 sone cases it may be necessary to

subj ect the newly screened gl ass con%&FﬂﬁgEg 1slightly eIeva;ed
tenperature prior to W curing the applte |ﬁk on the substrate, or to

an addi tion pdde Whiter dndpsompesidics afedixample ful |Sheotedeinke the
5 ! S5 e o7, Mo St b s S oot b
cystem such BehigTH Wbl SR e P e @Bl o St ed wsine
al., entitledan Cmspp@n:'fi.mr.ingnghakmﬁhmd als0deFdmean :Jl?r ?ﬁaﬂ%ach,atdﬁat%
Conl bt on SRR EhBig s, HeSReily RLAS o0 ARG oty “Hur,
entitled "0t kBe WBiter inki WgsAscrepnednonttoMihel woatainkani aridorsubyedties
Conposi tions” tobal Brehewkti eBnpeealkedbs 50 ROHRIA! i) ft%faﬁ;eemf%'éh
their entlretY:he conveyeLna%geprlggogopzxkgguggy%gtb%nifgﬂéjljfiéx) e my
be _
container was then subjected to a 600 watt/inch UV light
source for approximately 1 second. Then, the red ink was
15 screened onto the container in the desired design and
subjected to the UV light source for approximately 1 second.
The third blue ink composition was then screened onto the
container in the desired design and subjected to the UV light
. source ‘for approximately 1 second. Then the container was
20 subjected to heat of approximately 150 to 200°C. for
approximately 2 minutes to finally cure the ink.

Containers decoréted in accordance with the above method
were subjected to the Ice Water Test and the Content Test as
described in Example 10. Four decorated containers were

25 selected for the Ice Water Test. Two of the containers
served as controls. The other two containers were subjected
to the Ice Water Test. No ascertainable differences between
the test and control containers were evident. With respect
to the Content Test, six sample containers were selected as

30 controls, and six sample containers were selected as test
containers. The test containers were submerged in a beaker
filled with soft drink beverage for 72 hours as described in
Example 10. The test and control containers were then
compared. No evidence of shedding, blistering, color change,

35 or loss of gloss was seen on the test containers when
compared with the control containers.
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25 applied to the glass substrate by applying and curing one col or, and

printing the desired design on the-container in conpl ete or partial
regi stration vyaﬁ,;@},yer color, and curing that color di reCtlLé‘rlﬁébﬁogtgm
gl ass substraté: many successive colors as desired may be applied to

the glass in 30 conplete or partial registration. The ink exhibits
excel | ent adhesion to the gl ass and thegampiBred | ayers adhere well to

each other when in.teqgistratjon. |t _shoul t ed t this i

al ways t he case mhgia ?iﬂi?ﬂ °EﬁFtFSV$988goE§t%§§% %%?%(%?Q§yéﬁﬁ§iﬂ5ﬁ§.the
Often, while OMSOf printapgl macghink udent3fiedhdne Bxample dihsoparating at
successi vel y §p§£i§eih§y25a %&:&nﬁ%peeﬁdﬁ%r § 000 LR X ARMuEN R 'v@f’it{e{'
conplete or parlra @ggstratlo . -1
WO 97/ 327325 ink composition of Example 5 was scrpenedsontestde glass

I n anot ther enbegtaﬁﬁéréf ?_hbeshbgﬁ&t%atnﬁoi b 'pi'_eﬁ@%%it Rl era_tthtr@L@E tdbt? r:icﬂk
conposition o e inventjon 0 nt a rint it on e
gl ass substra%g En BF%BEttPnﬁﬁ%aeC%lﬂgé%&nuggéggﬁan e?ﬁ?qﬁi was
descri bed abothenFsubjéctednpbea a0oulrattiiachuliV ddghtcauaicecrfomy be

?ﬁﬁoratEd 'N appPoRifiafEi§’ ¥ HEHCHAS' IReRY, SthE 2ILECTNRI Jdhp IR iU UL

10 screened onto the container in the desired design and
subjected to the UV light source for approximatefy 1 second.
Then the containers were subjected to a temperature of 150 to
200°C. for about 2 minutes to effect final cure.

Four containers decorated in accordance with the above

15 method were selected for the Ice Water Test as described in
Example 10. Two of the containers served as controls. The
other two containers were'subjected to the Ice Water.Test..
No ascertainable differences between the test and control

~ containers were evident. S . |

20 Twelve of the containers decorated above were selected
for the Content Test as described in Example 10. Six of the
containers served as controls. The other six containers were
submerged in a beaker with beer for 24 hours at room
temperature. None'of_the test containers exhibited any

25 ascertainable differences between the control containers.

The containers decorated above were tested to determine
the resistance of the applied decoration to ethyl alcohol.
Four decorated containers were selected. Two of the
containers served as the control. A piece of cotton was

30 dampened with ethyl alcohol and squeezed to eliminate excess
alcohol. For each container a separate dampened cotton was
rubbed over the decoration for a total of 100 passes. The

cotton was evaluated and no spots or color or evidence of
decoration was visible. The rubbed containers were evaluated

35 by comparing with the control, and no ascertainable
difference was evident.
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conposition on the substrate and curing with the appropriate radi ati on.
A | ayer of hot stanping foil is then conpressed agai nst the substrate

with a press ' LS heated to a 10 tenperature sufficient t e the
hot stanping‘?@?ﬁg?%f adhere to the printed ink design but ﬁgﬁ%&%zPﬁQO
I nk-free areas of the glass. Hot stanping foil is generally a

| ami nate conprised of a carrier mater.i agxAwbpignypol yester or a simlar

mat eri al capabl e o%'relea eéh ,reéease film1l5 between the carrier and a
subsequent decor at %@sﬁoﬁic ?iﬁci everadgaPPitigrorete derprated;ugingat ,

nost of ten althénuhibte inkcofoEramplensnand €he &ark Bmuecﬁﬁkabﬁlﬁkag le 6
optional |ay . C e protective.l ayek ot t esi ve
| ayers, etc.e%%%ﬁgeﬁﬂt egﬁeﬁgﬁ??é%gaéévg?gb?el3§e9§s ﬁagFﬂelﬁoE§§FP'8r1°
material . MprePsyeEingcat|y, speedsofinkPdgbébtlesiminutee dPhenwhise dnk
mul.tilayer wepasOPPFseeschéeReddGitdotid ! ass C8bht&ined 5&&6?68'88%&“%
one or nore protective to coatings, ohe or nore color coa |nas, Shd T8
hot nelt adhéé?@@erat?ﬁetﬁgt5%r5%r7°%%e ¥iletanpkhg Fenveyertpsiaor to UV
conpresseg 25cagingst The ccmtadeﬁTyﬂéftﬁéﬁ @@b&ﬁ@tﬁdaﬂbeéid@o|ﬁ¥€$/@§5ﬂg
conpressed aggn e, rate. conpr ess, i C y be st andar
hot stanpingq%?egé?%g %&%gﬁ% ﬁéﬁ%FEPéé%%ﬁggeﬁ%a}eﬁeconag ag?ﬁﬁpegﬁﬁugérk
suf fi ci ent19 dPtegsink hef Exanple Gdrsisereenédyentofthéectntatheprpingthei
to adhere to dg&&iy t | b e r y this
ok dlesng! o Wyppediay Otg% é&%g«%%%ﬁé ?oﬁashfé%

tenperature ranges ., from abou err eratures-t er than
‘this may: cﬂ@’ﬂ’e‘%‘??%? at i BREWA « hThptcentaner ¥as| themesubjected to

application o temperstines shelsohasi vso st Jer@F 4HGuP min®tEEPESJefBLLLL O
becone adheshﬂﬁﬁy qQQg{ed to the ink design 35 but not to the ink-free
areas of the 'su s%reﬁ 9%en the conpress is renoved, a portion of the

foil |am ndt e adheres
EXAMPLE 14

. The ink composition of Example 9 was used to decorate
glass nail enamel bottles. The ink was silk screened onto
the glass containers using a Kamman printing machine

20 operating at a speed of 150 bottles/minute. The bottles were
subjected to a UV light source of approximately 600 .
watts/inch for about 1 second. The decorated containers were
then subjected to a temperature of 150 to 170°C. for about 2
minutes to effect final cure of the ink composition.

- 25 The nail enamel bottles decorated above were subjected
to the Content Test. 1In particular, twelve nail enamel
bottles were selected. Six of the bottles served as
controls. The other six bottles were submerged in a beaker
filled with nail enamel for a period of 24 hours. The test

30 containers were then evaluated by comparing them with the
controls. None of the test containers exhibited any
ascertainable difference from the control containers.

EXAMPLE 15
35 The ink composition of Example 4 was screened onto glass
containers and subjected to a 300 Watt UV light source for
approximately 1 second. Immediately thereafter, hot stamping
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to the ink decoration but not to the ink free areas of the

- 15 - WD 97/ 32732

PCT/ US97/ 034 ass. In particular, adhered to the ink degj t he
substrate iso\Q'He”’ﬁg&rrelt adhesi ve | ayer, the col or coatings, %g&a&pﬁé&
protective top coatings, in that order, of the hot st anpi ng foi
Portions of t li%ﬂebfaés%o%%fels%d%th&&)the udida e dies £5h

protective top coating because th o rel ease Coa“|&éés desi négsto nelt
upon appl i cat FGH‘PGFSI‘FeS’teateQnG%é’t?Qe Fhe TH& sk ’?‘P‘%rt‘ba"élk? nink agerign

rel ease from puth@iop &icethievdnkoFreRalareairlofftthes @EadL/mant s may remain.
The resulting hot stanped substrate exhibits a netallic gold, 10 silver, or

col ored appearance depending on the color of the hot stanping foil.
In yet anot®er enbodi ment of the invention, it is possi ble to provide a
decorated substrate which has a two tone effect where all or a portion
of the colored ink on the 15 substrate is hot stanped. In this instance a
pi gnent ed i nk conposition is applied to the substrate in a predeterm ned
design and cured by exposing it to the radiation by which it is curable
for a tinme sufficient to effect conplete cure.

10

15

20

25

30

35
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Hot stanping foil is applied as describe [ the 20 entire ink
design or to only a part (i.e. conplete Hlmgmm“ﬂ”mrmml stration). If the
hot stanping 1)..L.S applied in partial rfegilstMatfon* or a '

portion of tNJe&nglﬁgrrent ed ink design, a pleasant two tone e%@@p@ﬁo@
achi eved. Many tinmes it is nore economcal to print the entire design 25
on the subst kgt @qagiMig col ored ink and then hot stanp over the desired
portion of the design, rather than applying clear i nk and hot stanpi ng,
and then printing acla@ied iicik durdble irlesddmibgiasian dompr Sebopd by

appl i cation. The invention is also directed to a glass container 30
havi ng an i nner smefighd arfd the doberl stonfposd titmerei n: a) said outer
surface has adhered thereto a parti al coating of a cured adhesive ink
conprised & a bi $q719&%lofAa hisophenadi-h iepaxwiassin 9fhtthevBesmulas t han
all of said outer surface. 35 The invention is also directed to a

gl ass cont ai i&OrmMEA,iIdg an i nner surface and an outer surface wherein:

- 16 - WD 97/ 32732

PCT/ US97/ 03400 — = ]

0]
P /"
| |

] . CH,

wherein n = 0-20,

0.1-25% of an organofunctional silane of the formula

20 .
. (Formula II):
II. Y--(CH,) ,;—-lsix“
' (CH,) .
25 _
wherein n = 0-3
a = 0-2
Y = NH,, CH,=CH, CH,=C-COO-, CH,-NH-, NH,-CO-NH-, HS, CI, NH,(CH,),NH-,
I
30 CH3
H,C--N-
I o
HC CH I\
\// ,» o  CH~~CH-CHO0;
N
35
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a) said outer surface eto a parti al coating of a cured
adhesi ve ink conpri semmmﬂmﬂfmm epoxy resin in a design that
covers | ess \‘RIB@?/ ) of s&id " odtef suts‘ SHEET HAS BEEN b) th@cicm@ﬁ[ggd(gn

is covered by a multilayer web compri sedpgdaCEp @ hot esive
(i1) a color coating, and (iii) a -+ep—eoating, in that order
ffomthe i nk dEsigneavhwihdepeaddntaly #, hgcagheceas, t ¢ HoCH] £d

K

adhesi ve ink o) | onI ai BY and f i t
the i nk-free(g %iaé 8&% T ou_%bé? sf'%}%detc]? s airgl""T tgg&ﬁkco%og}%ng%eéy
or may not behpiigneakyd. as desired. If it is, generally it conprises,

by weight of the o ;Lgpal o‘foﬁpaﬁtﬁ.bﬂ&c 5&0%6%%1%6&3 R0l - A epoxy resin

and 0.1- 40@6p|8nent oSition.is in the formof a 15
predet er mi fled desPgR15R0RNAECRaLHMPE né&#@r§“¢$§§tPW§h all of sai d outer

surface. If pi grremhedcoinbeshe&oat affpcnaimon! comprisimg anpl-H4ak Wighdnt Of
The i.nventi,an mnll be

only a portign of _the cured
further descPibed™ #ﬁ 88HR@§E#&Rn °§wﬁ3ﬁlph% VBFFEWFh& aﬁﬁﬁ 0 3hich are
set forth for thepBotpinpbiatonf isl hnsoninmosadfl.y

v%l\//flég 1 DﬁR 3 3'f “@}:&Bohﬁ'éx%so%aéia%cir %%% %8: &J‘%SE&H&%?%”%J URY £
3.81 . e composition of claim 1 comprising:
30-85% of the epoxy resin of Formula I which is a
liquid at room temperature, '
0.1-20% of the epoxy resin of Formula I which is a solid
at room temperature,
is 0.1-10% of the organosilanes of Formula II wherein:
a=0 '
X = OCH,, OCH,, CH,
n=3 '
Y=
20

CH;——CH~CH,0-, CH,=C(CH,)-COO-, H,N(CH,),NH-, or

HzN"‘".N’

C //CH
25 \/
N,

0.1-5% of a fluorinated surfactant which is a
fluorinated alkyl ester, fluorinated alkyl
polyoxyethylene ethanol, or a ' fluorinated alky
30 alkoxylate.
6. The composition of claim 5 comprising 0.1-40% pigment.
7. The composition of claim 5 comprising:
50-85% of the epoxy resin of Formula I which is a liquid
at room temperature, ' _
35 1-5% of the epoxy resin of Formula I which is a solid at
room temperature,
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G yno[err] Ti t ani um di oxi de
16.0 30 FC- 1714 0. 30 BYK- 022[ err]

2.00 Esca err

6. 00 [er‘r?‘]Vb%ow quid epoxy resin DE Tﬁ 1 330 eﬁﬁ Oo%%?mgéoo
M dl and, M chi gan 2 Dow solid epoxy regsin DRERLAGED Dow IChem cal Conpany,
Mdl and, M chigan 9.1-5% of the organofunctional siléne of Formuﬂ%?II

97/ 32732 PCT/ US97/ 03400
Dynasyl an or gAASHOACERENEPTERI8Ae, Hul's Anerican, Inc., Pi scat away,
New Jer sey 4 Fl ourad brand fl uorochem cal surfactant, 3M Conpany, St
Paul , M nnesota. (Fluorinated aubxk\flkoxylates 93%

5

CH;~---CH--CH,-O-(CH,);-5i(OCH,);

0.1-1% of a fluorinated alkyl alkoxylate.

8. The composition of claim 7 comprising 0.1-40% pigment.

10 9. A method for applying a decoration to a glass substrate
comprising:

a) applying an ink composition comprising a bis
phenol-~A epoxy resin to the glass in a predetermined design
that leaves some areas of the glass ink free, said ink being

15 operable when cured to bond to the glass substrate,

- b) curing the ink on the substrate by exposing it to
the radiation by which it is curable, thereby bonding the ink
to the glass substrate. o
10. The method of claim 9 wherein the composition'comprisés,

20 by weight of the total composition, 30-95% of a bis
phenol-A epoxy resin and 0.1-40% pigment.

11. The method of claim 9 wherein the ink composition is
pourable at room témperature without application of
heat. '

25 12. The method of claim 9 wherein the ink composition is
 cured by exposure to ultraviolet radiation.

30

35
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fluorinated al kyl sulf ' m nl rinated al koxylate 5 4% and
Fl uori nated al kyl sul fﬂln“l I“ II |m M xture of hydrophobic solids and
f Gam dest roywbg”ma% pol*ysF| oxares i n*pol ygl ycol , BYK Cheni e, PETS97/03400

wval | i ngf ord, nnecti cut. [err] [Isopropyl thioxanthione, Sartoner.
10 [err] Photoinitiator, triarylsul phoniumsalt, Union Carbide
Chiem cal s and 3Pl aghieCethod of claim 9 wherein the ink RUM@ddition A
red i nk conposition was nade accor ale t%_the 15 fol.l ow fotPuIa:
W W% DER 331 °comprises a bis phen 1- ep0ﬁ¥‘§e51nlﬂ§¥£§ﬁ_ ormula
4.0 d yno (Formula I): 2.0 20 C. 1. Pignent Red 254
7.0 BYK- 052[ err] 1.0 BYK- 3542
1.0 FC- 171 0.3 UVI - 6990
6.0 P& yvi nyl butyl ether, B em e, Wallingford, Connecti cut 2
Pol Wal | i ngf ord Connecti cut
CH;
: |
RO ais
I
| CH3 OH n
10 . —
CI'IS / o\
| :
(e
CH,
15

wherein n = 0-20,
14. The method of claim 13 wherein the bis phenol-A epoxy
resin comprises a mixture of an epoxy resin of Formula I
2bd _ ‘which is a liquid at room temperaturé_and an epoxy resin
of Formula I which is a solid at room temperature.
15. The method of claim 14 wherein the ratio of liquid to
solid bis phenol-A epoxy resin of Formula I is 10:1 to
40:1 respectively.
a5 16. The method of claim 9 wherein thg ink composition
' comprises 0.1-10% of an adhesion promoter which is an
organofunctional silane.
17. The method of claim 16 wherein the organofunctional
silane is of Formula II.
30 18. The method of claim 9 wherein the ink comprises 0.1-20%
of a cationic photoinitiator which is an onium salt.
19. The method of claim 9 wherein the ink composition
comprises 0.01-5% of a fluorinated surfactant.
20. The method of claim 10 further comprising:
35 c) compressing a layer of hot stamping foil.to all, or
a portion of, the cured ink design.
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EXAMPLE 3 30

the following fornula w Wo%
331 81.7 35 DER%6F + ™

4.0 q yerWO 97/32732 50 Utramarine 'll‘IUS97/03400
5.0 - 18 - WO 97/ 32732

PCT/ US97/ 034QQ The mB¥fdd2df claim 9 wherein the glass subbtratedGd7d
0.3 WVI - 6990 . . 6.0 5

EXAVMPLE 4 bexerpgs oF, SOsMEtASE SRR sr ding to the fol | owi ng
formul a: 22. A method for decorating a glass substrate with hot

10

a5

20

25

30

35

stamping foil comprising:

a) applying a bis phenol-A epoxy resin ink design to
the glass in a predetermined design which leaves some areas

A ol ue pi grent ed i nk C°Tlllf|||[illlﬂlllﬂ‘ﬂﬂllﬁme

according to

DER

of the glass ink-free, said ink being operable when cured to
bond to the substrate and to hot stamping foil,

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

the radiation by which it is curable, thereby bonding the ink
to the substrate,
c) compressing a layer of hot stamping foil against the
cured ink design with a compress heated to a temperature

sufficient to cause the hot stamping foil to adhere to the
ink design but not to the ink-free areas of the glass,

thereby leaving hot stamping foil adhered to the ink design

d) removing the compress,

but not to the ink-free areas of the glass.
) 230

A glass contalner having an inner surface and outer

- surface wherein:
the outer surface has bonded@ thereto a partial coating

of a cured adhesive ink comprised of a bis phenol-A epoxy

resin in a design that covers less than all of said outer
surface. ) .
The container of claim 23 wherein the cured adhesive -ink

24.

25.

25-

is pigmented.

The container of claim 23 wherein the ink design is
covered by a multilayer web comprised of (i) a hot melt

adhesive, (ii) a color coating, and (iii) a protective
top coating, in that order from the ink design outwarqd,
said web being adherent to the cured adhesive ink and

covering only said adhesive ink and not extending to the

ink-free areas of said outer surface.

The container of claim 23 wherein the ink design is
covered by a multilayer web comprised of (i) a hot melt

adhesive, (ii) a color coating, and (iii) a protective
top coating, in that order from the ink design outward,
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bl.ue col ored i nk was e as

w W% DER wab7/32732 63. 00 DER 661 PCT/US97/03400
5.60 Ti t ani um di oxi de 2.30 Car bon bl ack

1700 U tranarine blue _ AMENDED CLAIMSO 10 dynp

1. 00 Q/rac&recqugd dyobthe International Bureaucor009 Auga€t 11997 (19.08.97);
0.10 original claim 26 cancelled; original claims 1 and 7 amended;

remaining claims unchanged (3 pages)]

X is each independently CH;, Cl, OCOCH,, OC,H,OCH,,
(OC,H,),0CH;. or <-OR, where R is a Cy; straight or branched
chain alkyl. | '

0.1-25% of a cationic photoinitiator, and

5 0.01-20% of a fluorinated surfactant.
2. The composition of claim 1 comprising 0.1-40% pigment.
3. The composition of claim 1 wherein the cationic
photoinitiator is an onium salt.
4. The composition of claim 1 wherein R is methyl or ethyl.
10 S. The composition of claim 1 comprising:

30-85% of the époxy resin of Formula I which is a
liquid at room temperature, '

0.1-20% of the epoxy resin of Formula I which is a solid
at room temperature, ' ' o

15 0.1-10% of the organosilanes of Formula Ii wherein: -
a=20 | '
X = OCH,, OC,H;, CH,
n=3 ' :
Y=
20

CHyee-CH—~CH,0-, CH,;=C(CH,)-COO-, H,N(CH,),NH-, or

H,N—-N- REPLACEMENT_ R”‘%E'ET

[ 19 aue 97 |
\N//C | |

25

0.1-5% of a fluorinated surfactant which is a
fluorinated alkyl ester, fluorinated alkyl
polyoxyethylene ethanol, or a fluorinated alky
30 alkoxylate. '
6. The composition of claim 5 comprising 0.1-40% pigment.
7. The composition of claim 5 comprising:
50~-85% of the epoxy resin of Formula I which is a liquid
at room temperature, '
35 1-5% of the epoxy resin of Formula I which is a solid at
room temperature, .
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E;KM?’EE 7 | Al 'HI""H"IM'HH“"’"%IF' nk vvas made as fol | ows:

w.w¥  DER 3 . DER 661

5.6 20 U tr WRFTHEDI ue 270 Carbon bl KGR0
0.2 Ti t ani um di oxi de : 0.3 FC-171

0.1 25 @ yno -

- <. . -0
1.5 BYK- 354 0.1-5% of the organofunctlfﬁ§1 51f§q2 é@ Formula II

EXAVMPLE 8 having Ahedfermultadnpositi on was nmade as fol l ows: 30

w Wo% DER 331 75.9 DER 661

6.5 Ti t ani um di oxi de * 2.0 35 C 1. Pignent Red 254
7.0 d ynmo //Kl\\ 1.0 '

-20- s CH,----CH--CH,-O«(CH,);-Si(OCH,),

0.1-10% of a fluorinated alkyl alkoxylate.

8. The composition of claim 7 comprising 0.1-40% pigment.

10 9. A method for applying a decoration to a glass substrate
comprising: '

a) applying an ink composition comprising a bis
phenol-A epoxy resin to the glass in a predetermined design
that leaves some areas of the glass ink free, said ink being

15 operable when cured to bond to the glass substrate,

b) curing the ink on the substrate by exposing it to
the radiation by whlch it is curable, thereby bonding the ink
to the glass substrate. _

10. The method of claim 9 wherein the coﬁposition comprises,

20 _ " by weight of the total composition, 30-95% of a bis
phenol-A epoxy resin and 0.1-40% pigment.

11. The method of claim 9 wherein the ink composition is
pourable at room temperature without application of
heat.

25 12. The method of claim 9 wherein the ink composition is
cured by exposure to ultraviolet radiation.

30 e
35
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WD 97/ 32732 .H PCT/ US97/ 03400
DTS w0 MMM oo "

1.0 5 09732732 EXAMPLE 9 A gol d FGRUS97/03400
conposition was nmade as foll ows:

W w6 10 DER 381 The method of claim 9 wher®irSthe @E&QGQub rate is
5.2 I rgazin yeLIo Gold powd f&rass aék)

20. 0 G yno erag%T%r cosmetic conéﬁ}QFHS FC-171
o,é Cyraci?e WImebhod for decorating #%.dlass BMkbOBPate with hot

1.0 Escacure | 0.25 20
EXAMPLE 10 g%éﬁplaﬁlfglﬁnfqg|ﬁ&iﬁqq<3n of Exanple 5 and the red ink

conposi ti oh of Ex@hpl 8PBLYENG. @sbds; Phancdrf eRPAEEFesin ink design to

the glass in a predetermined design which leaves some areas

of the glass ink-free, said ink being operable when cured to

bond to the substrate and to hot stamping foil,

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

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

c) compressing a layer of hot stamping foil against the
cured ink design with a compress heated to a temperature
sufficient to cause the hot stamping foil to adhere to the

15 ink design but not to the ink-free areas of the glass,'

d) removing the compress,
thereby leaving hot stamping foil adhered to the ink design
but not to the ink-free areas of the glass.

~ 23. A glass container having an inner surface and outer
20 surface wherein: N )

the outer surface has bonded thereto'a partial coating
of a cured adhesive ink comprised of a bis phenol-A epoxy
resin in a design thét covers less than all of said outer
surface.,

25 24. The container of claim 23 wherein the cured adhesive ink
is pigmented.

25. The container of claim 23 wherein the ink design is
covered by a multilayer web comprised of (i} a hot melt
adhesive, (ii) a color coating, and (iii) a protective

30 top coating, in that order from the ink design outward,
said web being adherent to the cured adhesive ink and
covering only said adhesive 1nk and not extendlng to the
ink-free areas of said outer surface.

35
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it or roRBH AR PR R "
~Inter Al Beki J1ihe O machi ne was |2
curing Speed‘of "100 bottle per ADGAW £
t he cont ai ngyg ensh732 subj ec| epd 2of)a pr g%eat
traveling on the conveyer aAng—ptiot

The ink on the container s then cured by

W |ight nade by ¥ub$ opach
the red |nk gb
subj ect ed tod tﬁe 0 Watt/inch OV I

l'i ght for
cont ai ner wehaieRLp}

MIE\&ENFB@M ine distributed ..

to—expgoqure to the W

o, ceBpd 0BRO WHereOR! asN@r d,
ected to a tenperature of 35 150 to 200[err]C

RoaRIT-D
CS
operated at a prlntlwﬁgédy

he white ink was screened onto
tilenperature of 50 pErgSHO034d | €
|'i ght source.
0O exposure to a 600 watt/inch

apFloxiORACHy DBHLM;, Next,
E@réf@h{:eérd BEhpera

second. The
for

appr oxi nat el y

approxi mately 2 njmsgs: tef fd nedd dowid eplidkoinitétor, and

- 21 - 7]
PCT/ US97/ #3400 ©-
vari ous t2ast s Biee | ckmpod i teicbrb afHve Xanimlet

applied decosali Gfhe composition of claim 1
photoinitiator is an onium
The composition of claim 1
The composition of claim 1
30-85% of the epoxy resin

4.
10 5.

gg'ﬁ‘fe & diuprinated sprfagtanboe were subj ected to

ecomprisingr 0s1su0/C pignenite
wherein the cationic

salt.

wherein R is methyl or ethyl.
comprising: '

of Formula I which is a

liquid at room temperature,
0.1-20% of the epoxy resin

at room temperature, _
0.1-10% of the organosilanes of Formula II wherein:

of Formula I which is a solid

15
a=20
X = OCH,, OCH,, CH,
n=3
Y=
20 .
CH;—-CH-CH,0-, CH,=C(CH,)-C0OO-, H,N(CH,),NH-, or
HN-—N-
C //CH
25 \//
) N,
0.1-5% of a fluorinated surfactant which is a
fluorinated alkyl ester, fluorinated alkyl
polyoxyethylene ethanol, or a fluorinated alky
30 alkoxylate. ) '
6. The composition of claim 5 comprising.0.1-4o% pigment.
7. The composition of claim 5 comprising:

50-85% of the epoxy resin of Formula I which is a liquid
at room temperature,

1-5% .of the epoxy resin of Formula I which is a solid at
room temperature,

35
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5 The Ice Water Test | BE 404 _-‘@Iecortﬂﬂ tﬂnﬂ"ﬂj H!HUbJ ect ed
to ice- - ~water to determ ndts ] -aRee] 0 i on

cold tenperatures. Four sanpl gs were selected Two ' of t he sanpl es served
as the controyo9thagrset her t pl e cont ai ner s wecaE/dgsethato
with distilled water and pl aged dfi{l 1 ed with water havi ng a
tenperature of 2[err]C for b perlod of 72 lhours. At the end of the test

period the sanpPed—-%8r ofr the oxganefunsd-iehal; ftilang efhtEermadaallovwed
to equilibratfalongOfHe! eoRMARYr €. The sanples were 15 visually checked to
ascertain the ?oll W ng: 1. éheddlng 2. Blistering 3. Change in
col or 4. Loss of gloss 20 en the containers subjected to the ice
water test were conpar ed wﬁthznﬁe\control contai ners, no evidence of
sheddi ng, bélsterlng, change in £ol o or loss of gloss was = .evident.

25 The Cont@&nt Test Twel| OH,-s-aCH-<GH mfﬁ.m?@g cont ai ner were
sel-ect ed. Si x of the sanples served as gﬁﬁ%ro he 9?her si x sanpl es
were subnerged in a beaker filled with soft drink beverage, maki ng sure

that the decoration on each container was 30 subrmerged in the beverage for
a period of 24 hourk-¥0% reénp fluspdpatedealiyd pddopydak@-e renoved from

the beaker ang, The composition of claim 7 comprising 0.1-40% pigment.
10 9. A method for applying a decoration to a glass substrate
comprising:

a) applying an ink composition comprising a bis
phenol-A epoxy resin to the glass in a predetermined design
that leaves some areas of the glass ink free, said ink being

15 operable when cured to bond to the glass substrate,

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

10. The method of claim 9 whereln the composition comprises,

20 by welght of the total composition, 30-95% of a bis
~ phenol-A epoxy resin and 0.1-40% pigment.

11. The method of claim 9 wherein the ink composition is
peurable at room temperature without application of
heat. _

25 12. The method of claim 9 wherein the ink composition is
cured by exposure to ultraviolet radiation.

30

35
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(Y{e.p\u\ewxex\\
t he decorated area was rubbed with a soft white cotton fabric and aver ageSwee)
pressure for a total of 12 passes. Each cotton fabric was exam neg, a::.lgloo
spots or color bleeding fromthe 35 decoration, and each contai ner &%

subj ected to the s conpared ﬂ”q Lhssantrol.  The test co '7'13{9;‘ff-

did not exhi bi t ascert ai m [ mﬁfﬁﬁéﬁnﬁgﬂcontrol
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Exanpl e |8, eo%umpim,bﬁrmcmion of | 43) Intexmptional Publjgation Date:o (12 Sgptember 1997 (12.09
decor at ¢ gl w84, COSK: 586,CO8L 63/62;, GO9Dng afj OVBO printing machi ne as

definedji n Bfthple 10, operated at cuding and printing speed of 100

bottlesfm nute. First, 10 the white jnk was $creened onto the cant r -
and subj| &t latyrationsl Application Number; errpé'rc&'t"ﬁ?’g @@%@g -g '%’E’_%ﬁ%ﬁ!
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and decosated end products. _




‘Weploeresn

contai ner was then subjected to a 600 watt/inch UV |ight source for Shweek
appr oxi mately 1 second. Then, the red ink was 15 screened onto the ozlglm
container in the desired desi gn and subjected to the UV |ight source for

approxi mat el y lﬁaﬁﬁﬁz%ﬁ thThe third blue ink conposition was thewg%ggon

onto the con e desired design and subjected to the
source for approximately 1 second. Then the container was 20 subjected to

heat of approxi meigle) shafh tfk 0 HHIE of Wlass2BAELERES! YedPILidSwitn

finally cure the in Cont ai ners decorated _In accQrdance w
above net hod pEgandgojinksed B0 (9ANeRL ke L3S °£Hanﬂ-ﬁe10¥ﬁ afpighswill

as  described hpefuatlly Hindiwrtslagnigs eeocsnaagﬁeéSstﬁe&%rﬂel €61 gss

for the Ice Water Test. g_'wo of thé contai ers ved as controls, The
other two cont ai NBFLORS eﬁﬁﬁéﬁ‘éﬁFsa"’x ’"F%el%f’@m%?f* ig, quite
ascertai nabl e sli diefteadt.bemre is tdnméeattardevembpobettet-alms wer e

Cel coted as 30 conbpbratighy dhd MMsied For decePfEind GPAREAR (C7

contai ners. The ceramicwaxenerto work sidwaxdcthé ngeabeak eprovifliniee Wi chrable,
soft 'drink bever - t
88§ahik Bs@%ﬁﬂ@% %lgcbif\igs » m&@&gﬁeéﬁ dlorated

and control contalners were > cqﬂrg:)
blistering, colc#laganin dusadilitys fpengiak appbicakionest

cont ai ners whgg conpared with the control containers.

- 23 Summary of the Invention

The invention is directed to a radiation curable ink

. \‘& composition comprising, by weight of the total composition:
30-95% of a bis phenol-A epoxy resin having the formula

15 ("Formula I”):

) CH,

wherein n = 0-20,
0.1-25% of an organofunctional silane having the formula
30 (*Formula II”):

II.  Y—(CH,),—SiX,,
(cBy),
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WD 97/ 32732 PCT/ US97/ 03400
EXAMPLE 12 ‘ A ass al coholic beverage bottles were decorated with thea:‘gloo
OVBO printing machine identified in Exanple 10, operating at a printing

and curing spee bottles/mnute. The white 5 ink conposit
Exanpl e 5 was sgk?' e??bg%(%to t he gl ass cont ai ners and subj ected ti’E’Plu%muoo

preheat tenperature of 50 to, 70[err]C. prior to subjecting to UV |ight.
The contai ner waghertdidh suWigcied to a 600 watt/inch U |ight source for
approximately 1 second. Next, the blue ink conposition was 10 screened onto
the container in the desigad glesi gn and subjected to the UV Iight source
for approxinmately 1 second. Then the containers were subjected to a
tenperature of 150 to Y SOy, CHE=CHOCHaE0W000, CHyINH-eNH{-O0NH-eBS, €I, NH,(CH,),NH-,
cure. Four containers decorated in pccordance with the above 15

met hod were sebected for the Ice Water Tes€Hais described in Exanpl e 10.
Two of the containers served as controls. The other two containers were
subjected to the Ice Water Test. No ascertainabl e differences between
the test and control cont ai ner s Bj6+=N-evi dent . 20 Twel ve of the '
cont ai ners decor at ed above were sel eft ed for the @ntent Test as '
described in Exanple 10. Six of thH,C @Wntainers sefWd as controls. The

ot her six containers were submergkd//n a2 lbeakeCHp—+RCHEH,Of or 24 hours
at room 10

X is each independently CH,, Cl, OCOCH,, OC,H,OCH,,
) i (OC,H,),OCH,. or -OR, where R is a C,,, straight or branched
cha:.n alkyl, preferably methyl or ethyl, and
15 .0.1-25% of a cationic photoinitiator, and

0.01-20% of a fluorinated surfactant.

The invention is also directed to a method for applying
a colored decoration to a glass substrate comprising:

a) applying a radiation curable ink composition
comprising a bis phenol-A epoxy resin to the glass in a
predetermined design that leaves some areas of the glass
ink-free, said ink being operable when cured to bond to the
glass substrate, '

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

N 25 tne radiation by which it is curable, thereby bonding the ink
) ' to the glass substrate. '

The invention is also directed to a method for
decorating a glass substrate with hot stamping foil
comprising: .

a) applying a bis phenol-A epoxy resin ink to the glass
substrate in a predetermined design that leaves some areas of
the glass ink-free, said ink being operable when cured to
bond to the glass substrate and to hot stamping foil, .

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

35
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NP Yeoloemend
tenperature. None of the test contai|ndEELAGGMENT BERInY 25 ascertainable g\\t:;

di fferences bet'ween the control contlaijners. The contai ners \ \o
decorated above were tested to deterjmineg auher@gsijsjance of the appli ed>RpP
decoration to ethyl alcohol. Four| decorated cont gi jers were sel ected.

Two of the CWO 81/32832s served as th —A-ptede of cottonPEXAISH0/03400

danpened wi th ethyl alcohol and squeezed to elim natelexcess al cohol .

For each container a separate danpened cotton was rubbed over the

decoration for aPistEpeRPlIBoepRXYedesinmare thpge Which Lerudtedram the
spots or col or OfefUtiGNCEEfObis phehit A Ahd'apicisldbéhydPenl UbBEE phenol-a
containers were evaluated, 35 b onpari n% with the co troé, . and n8
ascertainabl e SRP¥Y FETLRS écgvﬁfelﬁh.c' e made by Ciba-Gelgy under the .

24 - Vi aderdine 2ARALDITE, Shell corporation under the tradenames
PCT/ US97/ 0340

al cohol i ¢ beve a%%mf)o?x’f I%i]\c/\g'r:%'dgggpataesd E&)&]ﬁbw%%l%??%' i Pk g?oﬁsizs,
Exanpl e 5 and t Relhnese|Cerpokationamdesr ¢he EREIREE diratdiB@mesor Reilchhold
machi ne as descrdigliddi£XafRte dAder the EPOTUF tradename, and Union Carbide
under the ERL tradename, are suitable. Bis phenol-A epoxy
resins as disclosed in U.S. patent no. 5,229,251, which is
10 hereby incorporated by reference, may also be used. " Such
resins include epoxidized novolacs such as those sold under

the tradenames EPI-REZ SU6*, or SU8". Preferred are bis

L | phenol-A epoxy resins sold by Dow Chemical Company under the
D.E.R. tradenames, and in particular, those of Formula I,
15 which is:
- -
L | ?
w00 o
[ CH, OH n
(o)t
: _ 25 |
. ) i CH,

wherein n = 0-20.

The ink composition of the invention may contain a
mixture of liquid and solid bis phenol-A epoxy resins as the
epoxy resin component, however the final composition will
generally be of a liquid or semi-solid consistency which is
pourable or screenable at room temperature without the
application of heat to melt the composition and make it more
workable. Preferably the bis phenol-A epoxy resin is a
mixture of liquid and solid bis phenol-A epoxy resins, and in
a preferred weight ratio of 10:1 to 40:1 respectively. When

-5-



S operating at a speed of 100 bottles/m nute. The white ink was fi rstqwgtj\;“*

screened onto the glass container and subjected to tenperature of 50 to
70[err]C. while on the conveyer prior to U curing. The container was leb
t hen-subjected to a 600 watt/inch W light source for approximately 1

second. Next, tHWORIAR7IRO bl ue ink of Exanple 6 was screened ont o RCEUSI7/03400

container in the desired design and subjected to the UV Iight source for
approximately 1 co d The .cont ai ner _was _t hen subj ect ed,
t enperat ure of 1 ?PT%R 8P°§305F52'%‘rﬁ1t ‘t‘B"e‘*'f e atYP}ﬁéF value

curing. 15 for n 1n I-‘omula I is OE3jMard ¥f a solid,ll¢hé Walue for n i

conposi tion of d ate na bott]es.
Thgpl nk was si l E)%E:%enedivaf?%fga{:%g g gg‘s%cont ﬁ@}t{@hgﬁé :E\erﬁﬁa L’
printing machi ne pltenpbrit¢PeXyitresincbasoan] epdxidd eguivaltent Meightt b€s 172
were subj ec 59‘1:55 Ch%% Wahd W ivESess ol EDRW 'ﬂBatz‘i# ho%o%ebntigf&fdéé' QEh25°c

for about 1 secon decor at ed cont al ners t'he
tenperature of 13Md JdnoreRreferahly %OQPOP-GG tﬁq\i}fvéé-eﬂ%'- éﬁlaht fQﬁa182-192.

gure of the ink gqEREEIid bitd pneaneAnapbx?n&@ﬁmbqfstl fﬁe&ethe
wer e subj ected 0 the Content Test pay Ive na|I ena
bottles were sel é‘é‘%‘ecf"“ﬁ?(sjo 1qnRy b’o’ft#%s EBFFEE fiake jepwder,

si X bottles wer ehashray ggbxiden émmmlentfwéh.gﬂtvwth,nal itoerww,l préiférably

Phem i th  held SRO-aH s% %#@P?‘éét’f@éﬁéhﬁﬁﬁ’i‘gb#ﬁ&%ﬁs&y Aty 1504

ascertai nabl e differefhe qompasitions ref thet invention preferably contain
- j 0.1-25%, preferably 0.5-15%, more preferably 1-10% of an
) adhesion promoter which will enhance adhesion of the resin to

the glass surface. Organofunctional silanes are excellent
15 adhesion promoters, and in particular organofunctional
silanes of Formula II, which is:

II. s [ AEPLAGEMENT SHEET

L (e
20 ? : 22 AUG 7000

wherein n = 0-3

a= 0-2

" Y = NH,, CH,=CH, CH,=C-COO-, CH;NH-, NH,-CO-NH-, HS-, Cl-, NH,(CH,),NH-,
|

CH,
' \) Y 25 |
H,C—N-
| tI:H /o\
\// . &« CH—CHCHO;
. 30 N

X is each independently CH,, Cl, OCOCH,, OC,H,OCH, ,.
(OC,H,),OCH,. or ~OR, where R is a C,,, straight or branched
chain alkyl, preferably methyl or ethyl.

35 Silanes having this formula are commercially available
under the Dynasynlan trademark from Huls, America, Inc.,
Piscataway, New Jersey. Other organofunctional silanes such

-6 -



o (Qeg\mew\e:
EXAMPLE 15 35. The ink conposition of Exanple 4 was screened onto gl assSweex
contai ners’ and*subjected to a 300 Watt UV |Iight source for approxi matel y -_m‘g[oo
1 second. Inmediately thereafter, hot stanping

-25." V\QV87!/]7 éﬁ;Z PCT/US37/03400

PCT/ US97/ 03400 was conpressed agai nst the cured ink design using a
conpress heated to 250[err]F. The foil adhered to the ink design but not

to the ink-free F=RANGY1inthe,aat pigments}Othe Lakes, pthalocyanine
pigments and so on. The preferred pigment to impart white
color to the ink composition is titanium dioxide. Preferred
red and yellow pigments are isoindolinones and pyrrolopyrrols

5 as disclosed in U.S. patent nos. 4,415,685; 4,579,949;
4,791,204; 4,666,455; 5,074,918; 4,783,540; 4,914,211;
4,585,878; as well as U.S. patent application serial no.
199,414; filed February 22, 1994, of Kamen, et. al., which is
hereby inéorporated by reference. These pyrrolopyrrols are
10 generaliy of the formula:

- | Rk, X
Ny - -

REPLACEMENT SHEET
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20 wherein R, and R, are each independently alkyl, arylalkyl,
aryl, substituted or unsubstituted isocyclic or heterocyclic
aromatic radicals; R, and R, are each independently H,
substituted or unsubstituted alkyl, alkoxycarbonyl, aroyl,
phenyl, benzoyl, benzyl, arylalkyl, aryl, alkanoyl, Cg

. 25 cycloalkyl, alkenyl, alkynyl, carbamoyl, alkylcarbamoyl,

'“) } arylcarbamoyl, or alkoxycarbonyl; and X is O or S. Preferred
is a compound wherein R, and@ R, are each independéntly phenyl
or naphthyl, R, and R, are hydrogen, and X is O. Particularly
preferred is pyrrolo 3,4-C pyrrol-1,4-dione, :

30 2,5-dihydro~3,6-di~-4-chlorophenyl which has a CAS number
84632-65-5 and is known by the common name C.I. pigment red
254. This pigment is commercially available from Ciba-Geigy
Pigments Division, Newport, DE, under the tradename Irgazin
DPP Red 80. Other Ciba-Geigy red pigments sold under the

35 tradename Irgazin are also suitabile.

Suitable isoindolinones are as set forth in U.S. patent
nos. 3,884,955, 3,867,404, 4,978,768, 4,400,507, 3,897,439

- 10 -
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More preferred are ink compositions comprising:

50-85% of the bis phenol-A epoxy resin of Formula I
which is a liquid at room temperature,

0.1-20% of the bis phenol-A epoxy resin of Formula I

5 which is a solid at room temperature,
0.1-10% of the organofunctional silane of Formula II

wherein:

a=0
X = OCH;, OGCH, CH,

10 n=23
Y=

) CHy——Cli~CH,0-, CH;=C(CH,)-COO-, H,N(CH,),NH-, or
HyN—N- _ _
15 L1 REPLACEMENT SHEET

C H
\ N//C . 22 AUG 2000

20 0.1~-5% of a fluorocarbon surfactant which is a fluorinated .
alkyl ester, a fluorinated alkyl polyoxyethylene ethanol, or
a fluorinated alky alkoxylate, and )
0.1-40% pigment.
Most preferred are ink compositions comprising:
25 50-85% of the epoxy resin of Formula I which is a liquid

-w) ) at. room temperature,
1-5% of the epoxy resin of Formula I which is a solid at

room temperature,
0.1-5% of the organofunctional silane of Formula II

30 having the formula:

CH,—CH~CHy-0-(CH,);-Si(OCH;),

35
0.1-10% of a fluorinated alkyl alkoxylate, and

0. 1-40% pigment.

- 12 -
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bi s phenol - A epowg §7eaisz ¢f | t 122 AUGTA00D (Formula 1): PCT/US97/03400

10

15

20

LE 13

Glass alcoholic beverage bottles were decorated using
the white ink of Exaimple 5 and the dark blue ink of Example
using an OMSO decorating machine as described in Example 10
operating at a speed of 100 bottles/minute. The white ink
was first screened onto the glass éontainer. and subjected to
temperature of 50 to 70°C. while on the conveyer prior to UV
curing. The container was then subjected to a 600 watt/inch
UV light source for approximately 1 second. Next, the dark
blue ink of Example 6 was screened onto the container in the
desired design and subjected to the UV light source for
approximately 1 second. The container was then subjected to
a temperature of 150 to 200¢C. for about 2 minutes to effect

final curing.

EXAMPLE 14

The ink composition of Example 9 was used to decorate
glass nail enamel bottles. The ink was-silk screened onto
the glass containers using a Kamann printing machine
operating at a speed of 150 bottles/minute. The bottles were
subjected to a UV light source of approximately 600 |
watts/inch for about 1 second. The decorated containers were
then subjected to a temperature of 150 to 170°C. for about 2
minutes to effect final cure of the ink composition.

The nail enamel bottles decorated above were subjected
to the Content Test. 1In ‘particular, twelve nail enamel
bottles were selected. Six of the bottles served as
controls. The other six bottles were submerged in a beaker
filled with nail enamel for a period of 24 hours. The test
containers were then evaluated by comparing them with the
controls. None of the test containers exhibited any
ascertainable difference from the control containers.

EXAMPLE 15
The ink composition of Example 4 was screened onto glass
containers and subjected to a 300 Watt UV light source for
approximately 1 second. Immediately thereafter, hot stamping
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10 [err] wherein n = 0-20, r
organofunctional silane of the formula (Fornula I Fn salelo

wherein n = 0-3 a = 0-2 cC L n ,
WO 97132732 PCT/US97/03400

WE CLAIM:

1. A radiation curable ink composition comprising, by
weight of the total composition:

5 30~95% of a bis phenol-A epoxy resin of the formula

(Formula I):

L i
10 .
at( @0 Yoe]
i
\ 5
R ) AN
. CH,

0-20,

wherein n

20 0.1-25% of an'organofunctional silane of the formula

(Formula II):

REPLACEMENT SHEET

II. Y- (CH,) ,~—SiX,_,
"(cg,). 22 AUG 2080

25
wherein n = 0-3

W,

a = 0-2
Y = NH,, CH,=CH, CH,=C-COO-, CH;-NH-, NH,-CO-NH-, HS, Cl, NH,(CH,),NH-,
: : _

30 an

H,C—N-

lﬁé éu ,/FK\

\N// » o  CH—CH-CH,O;
35
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OClerr]Herr]OCHerr], (O err]Herr])[err] OCHr 9 Where Ri
a Cerr] strai gﬁbﬁmmanched chai n al kyl . 0. 1- 20% opcrus97/03400
cationic photoinitiator, and 5 0.01-20% of a fluorinated surfactant.
X is each independently CH,, Cl, OCOCH,, OC,H,OCH,,
(OC,H,),0CH,. or <-OR, where R is a C, ,, straight or branched
chain alkyl.
0.1-20% of a cationic photoinitiator, and
5 0.01-20% of a fluorinated surfactant.
2. The composition of claim 1 comprising 0.1-40% pigment.
3. The composition of claim 1 wherein the cationic

photoinitiator is an onium salt.
4. The composition of claim 1 wherein R is methyl or ethyl.

10 5. The composition of claim 1 comprising:
30-85% of the epoxy resin of Formula I which is a

liquid at room temperature,
Y
) ) 0.1~-20% of the epoxy resin of Formula I which is a solid

at room temperature, _
15 0.1-10% of the organosilanes of Formula II wherein:

a=0
X = OCH,, OCH,, CH,
n=3
Y=
CHy—CH~CH,0-, CH;=C(CH;)-COO-, H,N(CH,),NH-, or

H,N—-h'l-
|

C
25 \ N//CH

0.1-5% of a fluorinated surfactant which is a
fluorinated alkyl ester, fluorinated alkyl
polyoxyethylene ethanol, or a fluorinated alky
30 alkoxylate.
6. The composition of claim 5 compris:.ng 0.1-40% pigment.
7. The composition of claim 5 comprising:
50-85% of the epoxy resin of Formula I which is a liquiad

at room temperature,

3s 1-5%.of the epoxy resin of Formula I which is a solid at
room temperature, REPLACEMENT Sh@%" |
- 28 - 22 AUG Zim
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onium sal t.

4, The conposition of claim1 wher'eif RYis"nmet hyl or

ethyl. 10 5. Theoomsgespi tion of claim1 conprising: 30- 8% MS*R)§4M
epoxy resin of Formula I which is a liquid at roomtenperature,
0. 1- 20% of the epoxy resin of Formula | which is a solid at room

t enper at ur e,
a=20

M.12<15% of the ourg]am[oefn.in]mmu[m‘l Erj:mwiea df Mﬁﬁﬂai I
e err]H err CH err 3
ha\?gngqjgi fﬁhu% 0.1-5% of a fluorinated surfact ant

20 [e
which is a fluorinated al kyl ester, fluorinated al kyl
pol yoxyet hyl ene ethanol, or a fluorin d al ky 30. al koxyl at e. 6.

The conpositi ons of claim5 conpri si 0.\L- 40% pi gnent .

35

CHy—CH-CH,-0-(CH,);-Si(OCHj),

0.1-1% of a fluorinated alkyl alkoxyiate.
8. The composition of claim 7 comprising 0.1-10% pigment.

10 9. A method for applying a decoration to a glass substrate

comprising:

a) applying an ink composition comprising a bis
phenol-A epoxy resin to the glass in a predetermined design
that leaves some areas of the glass ink free, said ink being

15 operable when cured to bond to the glass substrate,

b) curing the ink on the substrate by exposing it to
the radiation by which it is curabile, thereby bonding the ink
to the glass substrate.

10. The method of claim 9 wherein the composition comprises,

20 by weight of the total composition, 30-95% of a bis

phenol-A epoxy resin and 0.1-40% pigment.

11. The method of claim 9 wherein the ink composition is
pourable at room temperature without application of
heat.

25 12. The method of claim 9 wherein the ink compositiox-l is

cured by exposure to ultraviolet radiation.

REPLACEMENT SHEET

22 AUG 2000
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7. The conposition of claim5 conprisin epo eek
resin of Fo?prm'1ia : whi ch isI a quuirrg | Ia"? room““mmmmugm P Xy@%{&‘oo

of the epoxy resin of Formula | which is a solid & © r'oor\ ténpérature,

-28 - WO9IHIZ782732 PCT/US97/03400
PCT/ US97/ 03400 0.1- 5% of the or ganof uncti onal silane of Formula

I havi ng the formul a; 0.1-1%of a fluorinated

al kyl al koxyl atel3. Bhe ’!ﬁEhEGr@SsPﬂ-Pé-FF & whereinw Bhepink empositdnmn

pi gment . comprises a bis phenol-A epoxy resin of the formula
(Formula I):

i E . CH,
i .
CH -CH,~ ‘0"'@—" ,CHCH—
. I
. CH, OH
10 :
| .

15

wherein n = 0-20,
14. The method of claim 13 wherein the bis phenol-A epoxy
resin comprises a mixture of an epoxy resin of Formula I
which is a liquid at room temperaturé and an epoxy resin
of Formula I which is a solid at room temperature.
15. The method of claim 14 wherein the ratio of liquid to
solid bis phenol-a epoxy resin of Formula I is 10:1 to
40:1 respectively.
25 16. The method of claim 9 wherein the ink composit:.on
"‘) ) . comprises 0.1~10% of an adhesion promoter which is an
organofunctional silane.
17. The method of claim 16 wherein the organofunctional
silane is of Formula II..
30 18. The method of claim 9 wherein the ink comprises 0.1-20%
of a cationic photoinitiator which is an onium salt.
19. The method of claim 9 wherein the ink composition
comprises 0.01-5% of a fluorinated surfactant.
20. The method of claim 10 further comprising:
C) compressing a layer of hot stamping foil.to all, or
a portion of, the cured ink design.

20

REPLACEMENT SHEET
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phenol - A epoxy resin to the glass in a predeterm nad desfgn® * that Iea@%ﬂska
sone areas of the glass ink free, said ink being 15 operable when cured to
bond to the gl agsy §iiagss ate, b) curing the ink on the subpCTAIS97/M3400
exposing it to the radiation by which it is curable, thereby bonding the

i nk to the gl ass substrate. 10. TAMENOEDQUAIMS cl aim 9 wherein the
conposi tion conpr[rezeivéd by thebinternabiomsl- Bireduobm!19cAGREE | 1997n(18.08287) of
a bis phenol okigimalyckaimi 26 Tarcél Ied400riyiaaEtlaims 11and Thamerrledod of
claim9 wherein the ink conposemdimingsclaims undhanged|(8 paiges ppbm tenperature

wi t hout application of heat. 25 12. The nmethod of claim9 wherein

gge i nk cgrsrposi tion %Sis each gﬁaggebwax@pfu?g”t Q%Etglh?g&%&cgggg,on.
_ (OC,H,),0CH;. or =OR, where R is a Cy, straig or branched
chaih alkyl.
0.1-25% of a cationic photoinitiator, and
5 0.01-20% of a fluorinated surfactant.
2. The composition of claim 1 comprising 0.1-40% pigment.
3. The composition of claim 1 wherein the cationic
photoinitiator is an onium salt.
e s 4. The composition of claim 1 wherein R is methyl or ethyl.
“) : 10 5. The composition of claim 1 comprising: :
30-85% of the époxy resin of Formula I which is a
liguid at room temperature, _
0.1-20% of the epoxy resin of Formula I which is a solid

at room temperature,

1s 0.1-10% of the organosilanes of Formula II wherein:
a==0
X = OCH,, OCH;, CH,
n=3
Y=
20 .
CH,——CH-CH,0-, CH;=C(CH,)-COO-, H,N(CH,),NH-, or
) HN—N- REPLACEMENT SHEET
. | ' e« vt oo
c fﬂ 22 AUG 2000
25 \N/

0.1-5% of a fluorinated surfactant which is a
fluorinated alkyl ester, fluorinated alkyl
polyoxyethylene eﬁhanol, or a fluorinated alky
30 alkoxylate.
6. The composition of claim 5 comprising 0.1-40% pigment.
7. The composition of claim 5 comprising:
50-85% of the epoxy resin of Formula I which is a liguid
at room temperature, .
35 1-5% of the epoxy resin of Formula I which is a solid at
room temperature,

- 33 -
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conposition conprlses a bis phenol -A epo y fedintof the
formul a WO gmz&ﬁor mula |): PCT/US97/03400
[err] 10 15

0.1-5% of the organofunctional silane of Formula IT
having the formula;

5 CH;~CH—CH,-0~(CH,);-Si(OCH,),

_ 0.1-10% of a fluorinated alkyl alkoxylate.
8. The composition of claim 7 comprising 0.1-40% pigment.
10 9. A method for applying a decoration to a glass substrate

comprising:
. a) applying an ink composition comprising a bis
:j} ! phenol-A epoxy resin to the glass in a predetermined design

that leaves some areas of the glass ink free, said ink being
15 operable when cured to bond to the glass substrate,

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

10. The method of claim 9 wherein the coﬁposition comprises,
20 by weight of the total composition, 30-95% of a bis
' phenol-A epoxy resin and 0.1-40% pigment.
11. The method of claim 9 wherein the ink composition is
" pourable at room temperature without application of

heat.
) 25 12. The method of claim 9 wherein the ink composition is
ﬂw) cured by exposure to ultraviolet radiation.

30

35
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(57) Abstract

A radiation curable ink composition comprising, by weight of the total composition: 30-95 % of a bis phenol-A epoxy resin of
formula (I), wherein n = 0-20, 0.1-25 % of an organofunctional silane of formula (II), wherein n = 0-3, a = 0-2, Y = formula (III), (IV), or
(V); X is.each independently CHa, Cl, OCOCH3, OC2H4OCH3, V(OC2H4)20CH3, or -OR, where R is a Ci20 straight or branched chain
alkyl, preferably OCH; or OCH2CHj3; 0.1-25 % of a cationic photoinitiator, and 0.05-20 % of a fluorinated surfactant; and related methods
and decorated end products.




