TI TLE OF | NVENTI ON COATI NG PROCESS USI NG RADI ATI ON CURABLE COMPGCSI TI ONS
CROSS- REFERENCE TO RELATED APPLI CATION This is a continuation-in-part of
copendi ng application Serial No. 07/845,284, filed 3 March 1992, which is
hereby incorporated by reference. FIELD OF THE | NVENTI ON The present
invention relates to the formul ation and applications of radiation curable
conpositions suitable for use as pignmented or unptignmented coati ngs,
printing inks, adhesives and other applications. BACKGROUND OF THE
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BACKGROUND OF THE INVENTION
Radiation curable acrylic oligomers are usually comparatively high
viscosity species and require to be blended with a monomer in order to
produce a radiation curable formulation of the appropriate viscosity for
any particular application. Such oligomers generally fall into three broad
groups of resin, namély epoxy-acrylates, polyester acrylates and
polyurethane acrylates. _ .
The epoxy-acrylates include the B-hydroxy esters which are generated
by the reaction of acrylic acid or methacrylic acid with an epoxy resin or
epoxy-novolak resin. The polyester acrylates consist of polyesters which
have been esterified with acrylic acid tq.yie]d a polyester with acrylate
N ester terminal groups, using well estainShed esterification techniques.
' The polyurethane acrylates consist of reaction products of a hydroxy-
~ containing acrylate ester, usually 2-hydroxyethyl acrylate or hydroxy
propyl acrylate with an isocyanate prepolymer. :
The monomers which are biended with the above acrylic oligomers in
order to yield a practical radiation curable formulation in the presence of
a suitable photoinitiator fall into three groups defined by functionality,
and may be mono-, di- or poly-functional.
Poly-functional monomers, usually with a functionality of 3 or 4,
generally consists of acrylate esters of tri or tetra-functional alcohols.




-2- Commonly used materials include glycerol triacrylate, trinethylol
propane triacrylate, trinmethylol ethane triacrylate, pentaerythritol
tetracrylate, together with the acryl ates of the ethoxyl ates or

propoxyl ates of the above al cohols. Di-functional nononmers consist usually
of the acrylate esters of ethylene glycol or propylene glycol and their
oligonmers, with tripropylene glycol diacrgl-ate being especially preferred,
di acryl ates of |onger chain al cohols such as hexanedi ol diacrylate and
acrylate esters of cycloali- phatic diols such as the cyclohexane di ol s.
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formulations but is not widely used in this technology due to triplet

- quenching. :

High functionality monomers give rapid cure speeds and high cross-
Tink density, leading to films of high hardness and tensile strength with
excellent chemical resistance. The films however suffer from reduced
adhesion. Such monomers exhibit comparatively poor ability to reduce the
working viscosity of the oligomer, due to the higher initial viscosity
associated with the monomers themselves. Mono functional monomers,
conversely, give slow cure speeds and low cross-link density, leading to
cured films of lower hardness, tensile strength, and with reduced chemical
resistance. Such monomers give films with improved elongation and improved
adhesion, and the monomers show a considerably increased capac1ty to reduce
the working v1scos1ty of the oligomer.

Prucnal, et al., U.S. Patent 3,874, 906 teach a method of app1y1ng
and curing a polyester-acrylate containing coating compos1t1on comprising
adding N-vinylpyrrolidone to the composition and subsequently applying the
composition to a substrate and subjecting it to actinic light to cure.
Lorenz, et al.,~U.S._Patent 4,129,709 disclose a coating composition



Lorenz, et al., U S. Patent 4,129,709 disclose a coating conposition 3
conprising an oligonmer produced by reacting polytetrahydrofuran with a

di i socyanate, N-vinyl-2-pyrrolidone and an acrylic acid ester having a
boiling point of at least [ERR] at 760m Hg. Priola, et al., U S. Patent
4,348,427 teach a nmethod of coating surfaces by applying to the surface to
be coated, a m xture conposed by at | east one conpound such as an
epoxy-acrylate resin, a polyester alpha- onmega-acrylate resin, an
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applied to the substrate surface and is subsequently exposed to a radiation
source until an adherent dry pog WZ '_d med on the substrate.
We have di scovered that the use as a nonomer in
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resins, ponester acrylate resins, polyurethane acrylate resins, acrylic
acrylate resins, silicone acrylate resins, unsaturated polyester resins,
maleate ester resins, viny] ether resins and mixtures thereof, and N-vinyl-
formamide. A photoinitiator may optionally be added to the composition
prior to applying the composition to a substrate. Optionally, the
composition may contain other reactive monomers such as mono-, di-, or
pq]y-functional acrylic esters, or other vinyl cbmpounds. The present

_invention also covers a process for coating a substrate surface using the

subject composition. In accordance with this process, the composition,
optionally containing a photoinitiator, is applied to the substrate surface
and is subsequently exposed to a radiation source until an adherent dry
polymerized film is formed on the substrate.

We have discovered that the use of N-vinylformamide as a monomer in
radiation curable coating formulations results in a superior coating
material compared to brior art formulations. Compared to acrylate types of
monomers, N-vinylformamide exhibits superior capacity to reduce the working
viscosity of the oligomer, and is especially useful with po]yurethane_'
acrylate containing formulations with which viscosity reduction 1is
part1cu1ar1y d1ff1cu1t with monomers. trad1t1ona1ly used with such systems



nmononers, N-vinyl formam de exhi bits superior capacity to reduce the working
viscosity of the oligoner, and is especially useful wth pol yurethane
acrylate containing fornulations with which viscosity reduction is
particularly difficult with nononers traditionally used with such systens.
-4- Additionally, filnms cured with N viny formani de denonstrate excell ent
hardness, chem cal resistance, flexibility, scuff resistance and scratch
resi stance. DETAI LED DESCRI PTI ON OF THE | NVENTI ON W have di scovered
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exhibits- ?rpr oved properties for applications such as protective and
decorative coatings, resinous binders for pignented i nks, adhesive
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secondary conditions to hard, flexible, clear, colorless coatings. Additionally, NVF
significantly reduces working viscosities relative to traditionally used
acrylate monomers, particularly in difficultly reducible polyurethane
acrylate oligomer systems. Cured polymers made with NVF exhibit improved
odor, harder films, good chemical résistance, fiexibility, scuff resistance
and scratch resistance. | B
A further advantage of using NVF is that, since NVF is a secondary
amide, the amide hydrogen is available as a reactive site for secondary
curing reactions. Consequently, under proper conditions, the NVF will
combine with species normally reactive with active hydrogen compounds to
produce a separate non-volatile induced cure subsequent to or concurrent
with free radical polymerization through the vinyl bond. Such secondary
curing reactions are characteristic of so-ca]led dual cure systems, and can
be useful in modifying the finished properties of the film.
The formulation is made by mixing NVF with an appropriate resin. The
NVF is typically added in a concentration of between about 2 and 40 wt% and
preferably between 5 and 25 wt% based on the total composition. The resins
useful for such compositions include epoxy-acrylates, polyester acrylétes.
polyurethane acrylates, acrylic acrylate resins, silicone acrylate resins,



curing reactions are characteristic of so-called dual cure systens, and can
be useful in nodifying the finished properties of the film The fornulation
is made by mixing NVF with an appropriate resin. The NVF is typically added
in a concentration of between about 2 and 40 w % and preferably between 5
and 25 wt % based on the total conpositiond The resins useful for such
conposi tions include epoxy-acryl ates, polyester acryl ates, pol yurethane
acrylates, acrylic acrylate resins, silicone acrylate resins, -5-
unsaturated pol yester resjns, npleate ester resins and vinyl ether resins.
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reaction of epichlorohydrin with a phenol or cresol formaldehyde conden-
sate, and which contain a plurality of glycidyl ether groupings with an
epoxy functionality greater than 2. Also included are the comparatively
Tow viscosity epoxy acrylates derived from diglycidyl ethers obtained by
reaction of epichlorohydrin with an aliphatic diol or polyol. Examples of
materials which may be reacted with acrylic or methacrylic acid include
Hexanedio] diglycidyl ether, neopentyl glycol diglycidyl ether and
butanediol diglycidyl ether.

The polygster acrylates consists of polyesters as defined and
described in the above description which have been esterified with acrylic
acid to yield a polyester with acrylate'ester terminal groups, using well
established esterification techniques.

Polyurethane acrylates consist of reaction products of a hydroxyl
containing acrylate ester, usually 2-hydroxyethyl acrylate or hydroxy
propyl acrylate (1l-methyl, 2-hydroxyethyl acrylate) with an isocyanate
prepolymer. Such a prepolymer consists of the reaction products of a
polyol, which may be a polyether polyol or a polyester polyol, with a di or
polyisocyanate. Suitable polyether polyols include for example poly-



but anedi ol diglycidyl ether. The polyester acrylates consists of polyesters
as defined and described in the above description which have been
esterified with acrylic acid to yield a polyester with acrylate ester

term nal groups, using well established esterification techniques.

Pol yur et hane acryl ates consi st of reaction products of a hydroxyl
‘containing acrylate ester, usually 2- hydﬁ%xyethyl acryl ate or hydroxy
propyl acryl ate (1-nethy|, 2- hydr oxyet hyl acrylate) with an i socyanate
prepol yner. Such a prepol yner consists of the reaction products of a
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- mellitic acid and pyromellitic acid. Suitable polyols include for example -
ethylene and propylene glycols and their oligomers, cyclohexane diols and
their ethoxylates and propoxylates, and higher functionality polyols such
as glycerol, trimethylel ‘propane and trimethylol ethane anc their '
ethoxylates and propoxylates. Also included are poly-caprolactone polyols.

_ The resultant acrylate oligomer/NVF compositions are optionally mixed
‘with a conventional photoinitiator used in this technology, which include
for example, benzophenoné, benzoin ethers and related species, as well as
cationic photoinitiators. Monomers including t-amino groups may be used in
certain formulations as activators for the photoinitiator. The use of a
photoinitiator is optional depending upon the radiation source used for
curing.

' The comp051t1on, containing the photo1n1t1ator, is applied to the
surface of a substrate and subsequently exposed to a radiation source until
an adherent dry polymerized film is formed on the substrate. Sources of
radiant energy appropriate for initiating cure of the formulations have
been described extensively in the literature and are well known to those
skilled in the art. These include various sources of particulate and
non4particu1ate.radiation producing wavelengths generally 1ess than 700



et hoxyl ates and propoxyl ates. Al so included are poly-caprol actone pol yols.
“The resultant acrylate oligoner/NVF conpositions are optionally m xed with
a conventional. photoinitiator used in this technol ogy, which include for

- exanpl e, benzophenone, benzoin ethers and related species, as well as
cationic photoinitiators. Mnoners including t-am no groups may be used in
certain fornmul ations as activators for tHe-photoinitiator. The use of a
photoinitiator is optional depending upon the radiation source used for
curing. The conposition cont ai ning the photoinitiator, is applied to the
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and its u$bejkitgeatungecumented in the literature. The conposition is useful

for placement qRedcoMpdeitfnd®s UseFiPSforapRitement on a wide range of substrates
including paper, rigid and flexible plastics, metallic substrates, cement,
glass, asbestos products, wood and the like wherein N-vinylformamide may be
incorporated into the radiation-curable formulation in order to reduce
working viscosity and/or promote some other useful property such as cure
speed, cured film adhesion, chemical resistance, hardness, etc. In
particular, it is anticipated that a useful field of application for the
invention will include formulation categories that have typically utilized
N-vinyl-2-pyrrolidone, and where N-vinylformamide may be advantageously
employed as a substitute for N-vinyl-2-pyrrolidone. Examples of
formulation categories include, but are not limited to, the following:
overprint varnishes for paper and board; screen, letterpress, flexographic,
and gravure printing inks; stereolithography baths; pressure-sensitive and
assembly adhesives; vinyl floor coatings; pigmented and unpigmented wood
finishes; coatings for optical fiber; waterborne spray-applied coatings;
base and top coatings for rigid and flexible plastics; etch and solder
photomasks.

- The following examples are presented to better illustrate the present

invention and are not meant to be limiting.



i ncluding paper; rigid and flexible plastics, netallic substrates, cenent,
gl ass, asbestos products, wood and the |ike wherein N-vinylformanm de nmay be
incorporated into the radiation-curable forrmulation in order to reduce
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acryl at e, respecti ved Yt hel hgr Sarmst] aitamgeaoe imowpfatoifbeadht 9omonanvbm;|eﬂompﬂm de

conmpar ed ¢gall hﬁ,@h@ooﬁcmél féru1dbfoni scosities for various formul ations
usi ng i sodecyl acrylate and those using NVF are reported in Tables 1 and 2,

respectively. The fornulations are in w% of each conponent based -upon

Table 1- -
FORMULATION: A B € 0 E £
Actocryl-305 60 60 60 60 60 60
Tripropylene Glycol 35 30 25 20 15 10
Diacrylate -

Isoder'yl Acry]ate 5 10 15 20 25 30

Viscosity, (pmse 25°C) 33.3 25.7 21.7 18.5 21.0* Incompat-

ible
* Cloudy
Table 2

FORMULATION: & H I 4 K L
Actocryl-305 60 60 60 ~ 60 60. 60
Tripropylene Glycol 35 30 25 20 15 10
Diacrylate '

N-Viny]Formamide 5 10 15 20 25 . 30

Viscosity, (poise 25°C) 32.5 24.0 19.5 14.0 12.5 10.0



“ total weight of the formulation. Table 1 FORMULATI ON: A B

- C D E ~ F Actocryl -305 o - 60 60 60 60 -
60 - 60 Tripropylene dycol 35 = -30 25 - 20 15 .
10 Diacryl ate |Isodecyl Acrylate 5 10 15 .20 25 -
30 Viscosity, (poise [err]) 33.3 25.7 21.7 18.5 21. 0% . I'nconpat -
I ble * doudy Table 2 FORMULATI ON: -9 - G H I J K.
L Actocryl-305 - 60 60 60 60 60 60
Tri propyl ene @ ycol 35 30 25 20 15 10

Di late N-Vinyl F i d ) 5 20 .2
30 Vi scosi ty, (M 4eSP IR TFRortad i, the ahsva Tahjep Clezply Show that NYE g a g
The resul signiEpeantdy greatbe abidvey ttabredicel they vysadsdty tdfasutlv/R fasmal a-

i gni fi 1 t bk . ' ity of a -
tlon,  andbindoHE RS SRibHEY peRsdERaB BT 1 SR Myt cohbETe AL BT SR,
t he nono-the PPBR-ACTEIGMRLE 2 Fornul ations B and H from Exanple 1 were

conpared for chem cal resistance as follows. 100 pts of each fornulation

wer e conpounded with 3 pts of Irgacure-184 photoinitiator ("lrgacure” is a
trade nane of Ciba- CGeigy). 6 mcron \E&Mﬂgg._zfilrrs of each fornulation were

drawn down on phMiFia¥idMABEASd AN ErdnAEkahg1@N1 Ghdr@dcdhipat@® florPei@mivaing a 200
watt/in madl'%m _ressurel | arrP. lBBe 1:Csh%¥1 ecfclh %gfsil{u%?{]ocnewg;e tcgt?\ 5uenSJ"é|dt \%p{h 3.
films wasTeRISEARTHAS FY! hoMs P P

pts of Irgacure-184 photoinitiator ("Irgacure" is a trade name of Ciba-

Geigy). 6 micron varnish fiims of each formulation were drawn down on

aluminum panels and radiation cured at 400 f.p.m. using a 200 watt/in

medium pressure lamp. ,

The chemical resistance of the resultant films was determined by the
standard MEK double rub test. The results of this test are set out in
Table 3 below:

TABLE 3
* MEK_DOUBLE RUBS

No. of passes at FORMULATION B + FORMULATION H +
400 f.p.m. 3 phr IRGACURE 184 3 phr IRGACURE 184
4 12 14
6 10 18
8 10 34

10 o 10(Tacky) 28

The results of Table 3 above show that Formulation H (containing NVF)
exhibited superior chemical resistance over Formulation B.

EXAMPLE 3
Since the ‘acrylate ester did not produce a hard film, the hardness of
N-Vinylformamide films (formulation H) were assessed against a formulation
containing N-Vinylpyrrolidone monomer as taught in the prior art. The



étaridard MEK double rub test. The results of this test are set out in Table

3 below. TABLE 3 MEK DOUBLE RUBS No. of passes at FORMULATI ON B +
FORMULATION H + 400 f.p. m : : 3 phr | RGACURE 184 ~ 3 phr

| RGACURE 184 4 12 14 6

10 ' 18 8 , - 10 - 10

34 10 10( Tacky) 28 The results of

Tabl e 3 above show that Fornul ation H (containing NVF) exhibited superior
chem cal resistance over Formulation B. EXAMPLE 3 Since the acrylate ester
di d not prechudettorhaodtdining theeNhangneprerod{dddeVhad ithercompositionl as set
(formul at | essked. against a formul ati on containing

- N- Vi nyl pyb‘?polﬁg%g%@{u%ﬁﬁ%erﬁagmt ggib %n the prior art. The -10-

formul ati on containing the N-Vinylpyrrolidone had the conposition as set
out as Fornulation "M in Table 4. TABkkgde RORMULATI ON*:

H _ N ULAT n#Y Act ocryl -305 H M 60

60 Tri pro%l Di acryl ate =30 " 30

N Vi nyl f oA , 1050 o0

N- Vi nyl pyfrinnogyhene Glycol Diacrylate . 30 3010 Irgacure 184
3 N-Vinylformamitdeal | reported as PW¥ts By Weight.-24 micron filns of

For mul at i Anginyipperdlideone cast on separate al um num pang®s, and hardness

was assesqggla@j&eigyaryi ng nunbers of pasges at 400 feet3zper mnute
(f.p.m) radiation exposure using the pendul um hardness

* all reported as Parts By Weight.

24 micron films of Formulations H and M were cast on separate aluminum
panels, and hardness was assessed after varying numbers of passes at 400
feet per minute (f.p.m.) radiation exposure using the pendulum hardness
techm’que;" The results of this test are set out in Table 5 below.

TABLE 5
Curing -
Passes at 400 f.p.m. ' FORMULATION H FORMULATION M
NO. OF PENDULUM SWINGS
4 39 24
5 42 32
6 38 40
8 37 30
10 44 38
15 52 40

The results reported in Table 5 above show that the films made from
Formulation H typically exhibited greater hardness than the formulation
using N-vinylpyrrolidone which was commonly used for prior art coating
applications. |

Having thus described the present invention, what is now deemed
appropriate for Letters Patent is set out in the following claims.



techr\i gque. The results of this test are set out in Table 5 bel ow. TABLE 5

Curing Passes at 400 f.p. m  FORMULATION H . FORMULATI ON
M NO. OF PENDULUM SW NGS 4 : - . 39 ' :
24 5 - 42 ’%? 6

38 40 8

30 10 44 - 11 - l "I Hﬂlu]lm
52 40 The results reported in T [“ I II u t hat |

the films made from Fornul ation H typically exhibited greater har dness t han
t he forrruhgté]%q Using N-vinyl pyrrolidone which was commonly used for prior

art coating appfnl cations. Having thus described the present invention, what -
i s now deened appropriate for Letters Patent is set out in the follow ng

gp?rprfm ng o~y |-ng t sal g%rps%oAaergogeg@sﬁﬁgg5%0%@90% @heto
conposi ti éﬂ‘@(ﬁﬁ‘éﬂ%@'@ AL Cunaplle qompositiide whi¢hacomplosibiar Cempre(StestfF\rumh-he
group CO“%ﬁﬁdtﬂiﬁeOincﬁﬁﬁXU‘ng%ﬁé?/'s%qFcféﬁs'f tﬂQ'Q’r‘;&?}:eéor%% 1’ & Sgbf}sat

~pol yuret hane flprryl ate resins, acrylic ac ate |cone a
resins, ufSBf\#4&t E%s’p‘él'y%%]tyéﬁt?fe§Fﬁl§1 at#aT%‘dt“é RAIYHrethaNAsacTy Iafe BRSids,

rezr nts' andcnybqtcuaesyltaluerﬂeﬁ1gﬁarﬁ1?lsmlae Tdte Tcrlrgg rﬁ-ksla%faf?ﬂéﬂ bg]?estter
radl atil on ce a er.en I nmer i e | S or on

Cobsir s oreSHIS pyltdre B0 ARG W 1DRUT Fediisand RixEy e BEERT T ind
cont ai ns axpesingi the icanted sdbstratieetpraoeadiatidn Gouroe unthier o rdherentaayi ng
conmposi t1 @B1ymerized film is formed on the substrate.

2. The process of Claim 1 wherein said coating composition
contains a photoinitiator.

3. The process of Claim 1 wherein said coating composition
contains between 2 and 40 wt% N-vinylformamide.

4. The process of Claim 1 wherein said coating composition also
contains a mono-, di-, or poly-functional vinyl or acrylic monomer.

5.  The process of Claim 1 wherein said curable composition has a
viscosity of between about 32.5 and 10.0 poise.

6. The process of Claim 2 wherein sa1d photoinitiator is a free
radical photoinitiator.

7. The process of Claim 6 wherein said free radical photoinitiator
is benzophenone or benzoin ether.

8. The process of Claim 2 wherein said composition also contains a
monomer which acts as an activator for the photoinitiator.



é:ontiai.ns between 2 and 40 wt % N-vi nyl f or mam de. 4. The 'pr ocess of Caiml
wherein said coating conposition also contains a nono-, di-, or_.

pol y-functional vinyl or acrylic nmonomer. 5. - The process of Claim1l
wherein said curable conposition has a viscosity of Tﬂmﬂnulmn)muﬁlIS and
10. 0 poi se. 6. The process of Claim2 wherein said ok AKs a
free radical photoinitiator. 7. The prdéess of diairh 6cwher el n *sai'd free

radi cal photoinitiator is benzophenone or benzoin ether. 8. The process
of Claim2 wherein said conposition also contains a nononer which acts as

an activator fog th Lplti I -12- 9. .. The proc f Claiml
wherein said r a%i at ?8%%3?%% %f@g“t}é‘b% méf'érfdt]ﬂsral%égg' ?nngﬁa'?%o pﬁﬂﬁuciq;_
The procewavedengihs fess ithane700 smi d radi ati on source produces actinic
radi ati on havi ng wavel engths from 180-440 nm

~10.  The process of Claim 1 wherein said radiation source produces
actinic radiation having wavelengths from 180-440 nm.



