VID 99/ 67340 1 PCT/ EP99/ 04066 Adhesive Wich Hardens in Several Stages This
i nvention relates to a hotnelt adhesive with a nelting point of at | east
40C whi ch contains either a polyner having at |east one functional group
reactive to a conpound with an acidic hydrogen atomand a functional group
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adequate strength after passi ng throug rying stage, 1.e. after at
| east the preaoopdureht wiiha@ani tacidiof hsdlrogent qioesebut ino tfuecmhaisgvmmas been
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often carried out in practice by lamination with solvent-containing
adhesives. Unfortunately, this is attended by various disadvantages.
If solvent-containing adhesives are used for.lamination, considerable
quantities of solvent generally have to be evaporated during lamination
15 which involves high energy consumption. In addition, the waste air
accumulating during evaporation of the solvent has to be purified at
considerable expense in order to avoid the discharge of solvent vapors into
the atmosphere. In addition, solvent-containing adhesives have the
disadvantage -that, as a rule, they only develop adequate strength after
20 passing through a drying stage, i.e. after at least the predominant quantity
6f solvent present in the adhesive has been évaporated. _
~On the other hand, however, the processability of an adhesive is
seriously affected by the absence of solvent. Adhesives suitable for the
production of laminates are intended first and foremost to have a suitable
25 application or processing viscosity, but to release only minimal quantities of
readily volatile substances into the environment. In addition, adhesives of

the type in question are generally expected to have sufficiently good early

[

AR

W

*G00002*




adhesion imedi ately after application to at |east one of the materials to’
be joined after they have been fitted together so that the bonded
materials are prevented fromshifting relative to one another. In
addi ti on, however, a corresponding bond is al so expected to be

sufficiently '/ 3 withstand 5 the ¥arious tensile B c]. %5@4 gbeld
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light bending forces are transmitted virtually unweakened to the bond

through the high flexural rigidity of the laminate. In general, conventional

adhesives, because of their poor early adhesion, are unable to withstand

the strong forces occurring at the bond without damage, even shortly after

20 application.

Besides excellent early adhesion, various applications, particularly in
the packaging of foods, make other demands on the quality of the adhesive
bond. Thus, after curing, the adhesive bond is expected to show such high
strength that packaged foods, for example, withstand without damage the

25 increased stresses to which they are exposed, for example, during
transportation or sale or by the user. In addition, the adhesive bonds in
question are expected to show excellent heat resistance because foods are
often packaged while they are warm or even hot with temperatures of up to

about 100°C. If the adhesive bond of a food pack is not sufficiently heat-

30 resistant in such cases, it can be damaged during the packaging process or



during the cooling phase of the food, with the result that, for exanple,
the food | eaks fromthe pack. However, even mnute cracks in the adhesive
bond can be harnful to the food intended for sale, for exanple by allow ng
m croorgani sns to penetrate into the pack and to spoil the food. 5 In
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thick, stiff materials 1n the WD 99/67340 4 PCT/ EP99/ 04066
15 to use an adhesive system hardening in several stages in the production of
laminates. The adhesives used in this case were subjected in a first stage
to a first rapid curing reaction by irradiation. The strength of the adhesive
bond after this first curing reaction is said to be such that it enables the
bonded articles or materials to be handled without difficulty. In a second
20 curing stage, the adhesive then.cohtinues to harden until it has the required
* ultimate strength.
DE-A-29 13 676, for example, discloses a process for the production
of film laminates using solventless adhesives. This document describes a
solventless adhesive liquid at room temperature which consists of
25 oligomeric and/or polymeric esters and/or ethers containing both free
isocyanate groups and free (meth)acrylate groups in one molecule.
Unfortunately, this process is attended by the disadvantage that,
although the strength of the bond is sufficient for bonding thin, flexible
materials with minimal flexural rigidity, early adhesion is generally not

30 sufficient for firmly bonding laminates of relatively thick, stiff materials in the



early phase. EP-B 0 564 483 descri bes reactive contact adhesives, processes
for their production and their use. Mire particularly, this docunent

descri bes wurethane-based coating conpositions polynerizable in tw stages
whi ch, 5 through the presence of UV-polynerizable acrylate groups, can be
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and a functional group polynerizable by exposure to UV rays or electron
beans, 30 b) A9RBeNEnt B being a polyner with a nol ecul ar wei ght (M) of at

| east WO 99/ 67340 %h%%!o%?e?%/é?qugésed by the present invention was to provide an

adhesive which would be suitable for the production of laminates, more
15 particularly for the production of laminates with high flexural rigidity, and
which would immediately show strong early adhesion after application and
which would lead after complete curing to laminates combining excellent
strength values with high heat resistance.
The problem addressed by the invention is solved by a hotmelt
20 adhesive with a melting point of at least 40°C as described in the following.
The present invention relates to a hotmelt adhesive with a melting
point of at least 40°C containing a component A or a component A and a
component B or a component B and a component C or a component A and
a component C or components A, B and C,
25
a) component A being a polymer with a molecular weight (M,) of at least
5,000 which contains at least one functional group reactive to a
compound containing an acidic hydrogen atom and a functional group
polymerizable by exposure to UV rays or electron beams,

30 b) component B being a polymer with a molecular weight (M,) of at least



= 5,000 which contains at |east one functional group reactive to a conpound
contai ning an acidi c hydrogen atom and no functional group polynerizable
by exposure to WV light or electron beans and c) conponent C being a
conmpound containing a functional group 5 polynerizable by exposure to W
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accordi ng to thea maoleandai weighdsf essdham b0oi nt of at | east about 60C, for
exanpl e at least 20 about 70C or at |east about 80C. In special cases, the
melting point can be even higher, for exanple at |east about 90C or at

| east about 100Crhe Tégn afiedfiiy/ goﬁfﬁ’c%ﬁh@lggéﬁeﬁah? B CRIFryOdefiRiY # s @
conmbi nati on of conponents A, and C, as“individually mentioned in the

f or egoi ng. "d@sepohenmpasitionst Whichoeare contdin t9eyepal ecmmponents nwitlyrpartly a

pol ymer .25 with a mol ecul ar weight, NO of at .|east abou , 900 whi ¢

ont i nd%a: Pt BReBhcrebRIT " omtinale Ve B o tRaPEBh: ni ng

an aci di ¢ hyidvessh, théaBHAMethating PoiNtORALsad fortheOleyisratabl £ WiicRx@osur e

to W light or electron beans. A conpound cont ai ni rtlg an aci di c hydrogen
8

atom i s undeshapgddady camsigingolcthemshesivenacaerdipgttaithe inkendienilogesifeir ogen
gL o ot 2 R B O ORlRe GieP ol
about one minute to about one hour, for example after about 5 minutes or
15 about 15 minutes or about 30 minutes or about 45 minutes (possibly
depending on the quantity used), at the temperature referred to as its
melting point. _
In one preferred embodiment, the composition according to the
invention has a melting point of at least about 60°C, for example at least
20 about 70°C or at least about 80°C. In special cases, the mellting point can
be even higher, for example at least about 90°C or at least about 100°C.
The adhesive according to the invention contains a combination of
components A, B and C, as individually mentioned in the foregoing.
“Component A” in the context of the present invention is a polymer
25 with a molecular weight (M,) of at least about 5,000 which contains at least
one functional group reactive to a compound containing an acidic hydrogen
atom and a functional group polymerizable by exposure to UV light or
eleétron beams.
A compound containing an acidic hydrogen atom is understood to

30 be a compound which contains an active hydrogen atom attached to an N,



hydrogen atom i ncl udes the hydrogen atons of water, carboxy, hydroxy,

am no, imno and thiol groups. According to the invention, water is
particularly preferred as the conpound containing an acidi c hydrogen atom
5 Conpounds containing am no or OH groups or both or mxtures of two or
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containing two or more such functional groups may also be used as
15 component A. If the corresponding polymer contains two or more such
functional groups, the functional groups may be of one type, i.e. for
example only NCO groups or only epoxy groups, although the polymer may
also contain mixtures of different functional groups of the type mentioned,
for example NCO groups and epoxy groups or NCO groups and epoxy
20 groups and one or more other functional groups of the type already
mentioned, for example one or more anhydride groups or one or more
carboxyl groups.
According to the invention, the isocyanate group or the epoxy group,
preferably the isocyanate group, is particularly suitable as the functional
25 group capable of reacting with a compound containing at least one acidic
hydrogen atom.
The composition according to the invention contains at least one
polymer with a molecular weight of at least about 5,000 as component A.
Polymers suitable for use as component A are, for example, polyacrylates,

30 polyesters, polyethers, polycarbonates, polyacetals, polyurethanes,



provi ding they contain at |east one functional group polynerizable by
exposure to UV light or to electron beans and at | east one functional group
capabl e of reacting with a conpound containing at |east one acidic 5
hydrogen atom However, polyacryl ates, polyesters or pol yurethanes,
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nate—, epoxy-, carboxyl or anhydride-reactive functional groups, preferably

15  NH or OH groups, in the polymer molecule. The required functional group
can be attached particularly easily to this basic polymer by reaction with
suitably functionalized isocyanates, epoxides, carboxylic acids or
anhydrides. According to the invention, an OH-terminated polymer is
preferably used as the “basic” polymer.

20 Accordingly, one example of a polymer suitable for use as the basic
polymer is a polymer selected from the group consisting of polyesters,
polyethers, polycarbonates or polyacetals with a molecular weight (M,) of
at least about 200 or mixtures of two or more such ~polymers which contain
terminal OH groups. |

25 Polyesters suitable for use as the basic polymer in accordance with
the invention may be obtained in known manner by polycondensation of
acid and alcohol components, more particularly by polycondensation of a
polycarboxylic acid or a mixture of two or more polycarboxylic acids and a
polyol or a mixture of two or more polyols.

30 Polycarboxylic acids suitable in accordance with the present



al i phatic, cycloaliphatic, araliphatic, aromatic or heterocyclic parent
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bﬁt ane- 2, 3-di @bid,bstlbél%d_ llacédpliaﬁejaibg_bbirie-éeb%cih' Oécidjgegﬂfn@mie- bcﬁi-,dgmlltaricapd
the isoneric pentanediols, pentenediols or pentinediols or mxtures of two
or 30 nore t h@nByfrdeeRithalia agidyiigpPhihalic Aeid; et "ﬁe%é%\%etﬂ'mﬁ)i'ét!c acid,

nexenedi ol s Vg§94/67346 S RCT BRRSHOARBRI NahMRiKe! ShkarardghiAgIOr t vo

or nore there eptane-1, 7/-diol a
anhydride, tetrachlorophthalic anhydride, endomethylene tetrahydro-

15  phthalic anhydride, glutaric anhydride, maleic acid, maleic anhydride,
fumaric acid, dimer fatty acids or trimer fatty acids or mixtures of two or
more thereof.

Small quantities of monofunctional fatty acids may optionally be
present in the reaction mixture.

20 Various polyols may be used as the diols for producing a polyester
or polycarbonate suitable for use as the basic polymer. Examples of such
polyols are linear or branched, saturated or unsaturated aliphatic polyols
containing 2 to about 10 and preferably about 2 to about 4 OH groups per
molecule. These OH groups may be both primary and secondary OH

25 groups.

Suitable aliphatic polyols include, for example, ethylene glycol,
propane-1,2-diol, propane-1,3-diol, butane-1,4-diol, butane-1,3-diol,
butane-2,3-diol, butene-1,4-diol, butine-1,4-diol, pentane-1,5-diol, and the
isomeric pentanediols, pentenediols or pentinediols or mixtures of two or

30 more thereof, hexane-1,6-diol and the isomeric hexanediols, hexenediols



i'someri c heptane, heptene or heptinediols, octane-1,8-diol and the isoneric
octane, octene or octinediols and hi gher honol ogs or isoners of the
conpounds nentioned, which are obtained in known nanner froma step 5
by-step extension of the hydrocarbon chain by one CH2 group at a tine or

by i ntroduci S into the carbon,chain, m xt u nor e

t her eof . \&?)Qé%?gg e polyols for thegproductlon of tﬁgﬁggépéﬁg%ﬁ§ner are
al cohol s of relatlvely hi gh functionality, such as glycerol, trimethylol

10 propane, arhexinsdiols qrropdures Pdwosrpore tﬂ%@Ofaﬁéptaﬂ?an digl ap@ theyr
Polyreric St iepa fplhebLiienfedo daste 19ELAT it HARROSS,

ri bose, xyl0Se, Xose, ’alTose, "altrose, nmannose, 'gul ose, 1 dose %4l o

and sucrose. octé\hesOOthn‘eabk eoctinedidie and dhigar bortdieyss opf isbhers ubls tiances
nmentioned either as such or in the formof a m xture of two or nore of the

conpounds 153%%%@6\%%9%\%%@@& btaingd I tdioM e MAONgE AR AotteRi th a
degr ee 05 DYl exighsiBA éﬁfthémmoc%rwq eRamibons i hgﬂ&JpEQPQ't.%@B

relatively hi'g functionality, "one or nore groups e esterl i ed
Wi t h nonobashyintraiubmgybianches dstoctbata@rbomghain, @rabltxtlireQQ)fdwobmmnare)rrs,
with the pr Y‘I so, that, on average, at |east two OH groups remain intact.
The al cohol & Qﬁa%ntloned with a functionality of nore than 2 nay be used

in pure form or, O’Mé‘?rﬁuﬂ%i%gbmrﬁls ot Fh'éepifdéi%h&fl ditRe! 844101 S mE? Bfd!r €S

obtainable in the course of eir synthesis. The reaction products of |ow
nol ecul ar wealgbholpobf/f netativiebnaiigh aflmﬁzhohalltw tsuchl lagl @iycaral, dtftmetbsolotal I ed

I th | yol | so b duct f _the bas
ol yrer 90 borbBane: Mol SrobanecRediBE bRk aiaBoREn die8" of aabittelin: of
pol yesters ssadcaah@e@s stibe Q@Sglﬁc@é?é ymbﬁ)se %ﬁa@t‘b@éeraﬁrbeogbt abeed, by
reaction of polyols wth al kyl éne oxi des. al kyl ene oxi des preferably

contain 2 t okveasutlyxoseapliese, alloeas, nsnncss), QU|q5§l igospetaless god sugfose. f or
exa S bR B BePle E BEROEr Ml S dheadPelpag sthtro! - 1o
PCT/ EP99/ 04046 sushwrein €he forsh wies raikturatofotwd@rembbe rafothevwedpeuhyd ene
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mentioned with one another, for example polyglycerol with a degree of
polymerization of about 2 to about 4. In the alcohols of relatively high
functionality, one or more OH groups may be esterified with monobasic
carboxylic acids containing 1 to about 20 carbon atoms, with the proviso
that, on average, at least two OH groups remain intact. The alcohols
20 mentioned with a functionality of more than 2 may be used in pure form or,
where possible, in the form of the technical mixtures obtainable in the
course of their synthesis.
The reaction products of low molecular weight polyfunctional
alcohols with alkylene oxides, so-called polyether polyols, may also be
25 used for the production of the basic polymers. Polyether polyols, which are
to be used for the production of polyesters suitable as the basic polymers,
are preferably obtained by reaction of polyols with alkylene oxides. The
alkylene oxides preferably contain 2 to abbut 4 carbon atoms. Suitable
polyether polyols are, for example, the reaction products of ethylene glycol,
30 propylene glycol, the isomeric butanediols or hexanediols, as mentioned



oxi de or butyl ene oxide or m xtures of two or nore thereof. Qther suitable’
pol yet her polyols are products of the reaction of the above-nentioned

al cohols with a functionality of nore than 2 or mxtures of two or nore 5
thereof with the al kyl ene oxi de nmentioned to form pol yet her polyols.

Pol yet her pol ] nol ecul ar wei ght, (M) of about 8 t 000,
preferably i nthg%zg%(?f rom about 100 t&oabout 2,500 andﬁﬁa—gﬁﬁgﬂgﬁgggbl y
in the range from about 200 to about 2,000 obtainable fromthe reactions
ment i oned ar e3PV RUMIXIWES of twe | MoFR: thrsegbwitBrethyleps) exidenpiapyianeray 10

be reacted w pbifehs B@ﬂymrgﬂgwdrcmﬁgjr% m&id?rfﬁgre??\%gﬁoﬂ Nother suitable

pol ycondensation reactron to formt ol'yesters su e for use as the
basi ¢ pol ymer polyletthgre pblyolp ary gpredliotsnefl thé oreaetiampdfethea abdesanehisahezbove

are also suitable as.the basjc polyners. Polyether polyols are nornall
obt ai ned by f@cqheéftcw' ga{?@mrﬂﬁﬁxy SRR onPEIIKGER 0T MR Or (e
reactive r r X :

hy dr @ag8oPLAIF tHe %II@L&QQ gﬂl}t‘%‘dﬁ mBhHOIFRE 18X FSIRT npcfl?éthgg?ﬁmi/&s.

et hyl ene oxi de, propyl ene oxi ene oxi de, styrene oxl
t et r ahydr of ur Eolysatherepolyblsowitinadmolecotarnveight €4, )odf aheutdO tooakowtha080f .

Suitabl e start] d f l e, wat t hyl 20 gl ycol ,
Dot Tor 15 PSR IR arietoir ot MR G oS o0 e oS erete@bhed: o1
1, 8- oct anedi oln tHe ety Stondhreal 203 14 -dhvik 200 bbidinasi¥ GtsHakaneactions

2- met hyl propane- 1, 3-diol, r%l ycerol, trinethylol propane, .
hexane- 1, 2, 6- fendionegargrariicaady isuitable. t Therpolyatoer pelyalsementioned may

et aer vt | gl roBBRN Bl IAECILBcor BRI AHCORieATBnea Te RO

i sononyl phenol”, roqg one,

1, 1, 2-tri s- (hpdyesyabesstion rsdaiae, to D polyeistests dutiabie f@t hyé erzethiean ne,
tetra- or hexanet hyl enedi am ne, triethanol am ne, aniline,
phenyl enedi anPASIC BOlYMeEnd 2, 6- di ani not ol uene and pol yphenyl pol ynet hyl ene

BD Bol e pot ol RERE LB oo PRRIFARIE 20 el bl GLAE S O
99/ 67340 11 PeuitaieHLuhedtasicipelyasers hdPdigesther polyplsesre mrothliytabtaineld s
these can1§e cr)gatcz%ljngeg’st];(r)tfng compound containing at least two reactive hydrogen
atoms with alkylene or arylene oxides, for example ethylene oxide,
propylene oxide, butylene oxide, styrene oxide, tetrahydrofuran or
epichlorohydrin or mixtures of two or more thereof.
Suitable starting compounds are, for example, water, ethylene
20 glycol, 1,2- or 1,3-propylene glycol, 1,4- or 1,3-butylene glycol, 1,6-
hexanediol, 1,8-octanediol, neopentyl glycol, 1,4-hydroxymethyl
cyclohexane, 2-methylpropane-1,3-diol, glycerol, trimethylol propane,
hexane-1,2,6-triol, butane-1,2,4-triol, trimethylol ethane, pentaerythritol,
mannitol, sorbitol, methyl glycosides, sugars, phenol, isononyl phenol,
25 resorcinol, hydroquinone, 1,2,2- or 1,1,2-tris-(hydroxyphenyl)-ethane,
ammonia, methyl amine, ethylenediamine, tetra- or hexamethylenediamine,
triethanolamine, aniline, phenylenediamine, 2,4- and 2,6-diaminotoluene
and polyphenyl polymethylene polyamines which can be obtained by
condensing aniline with formaldehyde.

30 Polyether polyols modified by vinyl polymers are also suitable for



exanpl e, by polynerizing styrene or acrylonitrile or a mxture thereof in
the presence of polyethers. A polyether polyol particularly suitable in
accordance with the 5 invention for use as the basic polyner is

pol ypr opyl ene glycol with. a nolecular weight of about 300 to about 1,500.
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carbonates, for exanple |p enyl car ate or ncti onal
pol yacr yl at esokecalanivesighbtuoftatiziud 386 to labobt$j500pol yner or 20 as the pol yol
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vl at oe o oAERAR Atk bI%, SBAre BoL UEE (35, S, kS Toopoies: BPni cal 1 v
unsat ur at ed JERAGRS UHERFBE] wbardamun%sfébtﬁmaer@ewrea%ﬁﬁg Qiiaste, for

exanple, by esterification of ethylenically unsaturated carboxylic acids
and di f unct i exeanplel diethylene glygobot basanestiolk math @rmld@yzi@ pPely@netalsn only a

slight Cess, hyI enically unsaturated ca box I.t abl e for
this puﬁ@ose t'ag f8F %gxgHﬁq%esagﬂ;ﬁFClnggpﬁo n%'?%aé%fl)l %8 Qi)r ne ct%tonl c
acid or mal gidly m@hgmg@%r@w@@m ng OH functional esters are, for exanpl e,
2- hydroxyet hyl " acryl ate, 2-hydroxyethyl nethacrylate, 2-hydroxy- propyl

acryl ate, 2-hydr dRglgeaippnatas: gieqaleo spitablerfox yise@syihenkasiapolragreor as 30
Lo s IRt or AL RS AR, PR B Ealonlel Wi 10
obtained, for example, by reacting the polyols mentioned above, more
15  particularly diols, such as propylene glycol, butane-1,4-diol or hexane-1,6-
diol, diethylene glycol, triethylene glycol or tetraethylene glycol or mixtures
of two or more thereof, with diaryl carbonates, for example diphenyl
carbonate or phosgene.
OH-functional polyacrylates are also suitable as the basic polymer or
20 as the polyol component used for producing the basic polymer. OH-
functional polyacrylates may be obtained, for example, by polymerizing
ethylenically unsaturated monomers bearing-OH groups. Such monomers
are obtainable, for example,' by esterification of ethylenically unsaturated
carboxylic acids and difunctional alcohols, the alcohol generally being
25 present in only a slight excess. Ethylenically unsaturated carboxylic acids
suitable for this purpose are, for. example., acrylic acid, methacrylic acid,
crotohic acid or maleic acid. Corresponding OH-functional esters are, for
example, 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 2-hydroxy-
propyl acrylate, 2-hydroxypropyl acrylate, 2-hydroxypropyl methacrylate, 3-
30 hydroxypropyl acrylate or 3-hydroxypropyl methacrylate or mixtures of two



The basic polymers nentioned nmay optionally be provided with term nal
groups other than term nal OH groups by a suitable choice of the
production conditions. Providing the reaction conditions are suitably 5
sel ected, the polyesters, polyacetals or polycarbonates nay have carboxyl

groups, for e term nal groups at least as p m nal
groups. In adezm no groups, for ejgrrpl e, may be |ﬂ%¢gﬁ‘{ﬁ%§t}8fj’h§% t he
basi c polynmers by sujitable reactions. The nol ecul ar wei ght of the basic
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hot mel t adhesp¥sicaomaheisy sGitdBe readtiopat i on cont ai ns as conponent A a
polymer with a nol ecular weight (M) of at |east 5,000 which contains at

| east one functi on&hegneleputeémmmeofttbeabazs: polypwsurstoglshbaine highanthesi di c
hydrogen af om,and at\tig%tfd' ongl ﬁé ﬁg%feﬁ&gyg%rboéﬂ%& BY SRR Y rays

or el ectron beans. ere the pol'y usabl ¢ as corponent Al s produced from

a basic pol ymleaflamiieidhtt dfetheobasiolgolymer @in (R range $tohi IabloeﬂQIOXD toi gh,
for exanple about 5,000 or higher, a first production process for
conponent A i 3bgf H>00Pi fxexampladn 1“6? IFW%QO”’T@b@W 30Q ey aprb15 000 or

OH cont ai ni ngg, 67340 13 PCT/ EP99/ 04066 preferably
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In a preferred embodiment, hotmelt adhesives according to the
15 invention are produced, for example, from basic polymers with a molecular
weight (M,) in the range from about 500 to about 5,000, for example in the
range from about 700 to about 3,000 or in the range from about 1,000 to
about 2,000.
The basic polymers mentioned may be used both individually and in
20 the form of a mixture of two or more of the basic polymers mentioned in the
production processes described in the following.
In a first embodiment, the hotmelt adhesive according to the
invention contains as component A a polymer with a molecular weight (M,)
of at least 5,000 which contains at least one functional group reactive to a
25 compound containing an acidic hydrogen atom and a functional group
polymerizable by exposure to UV rays or electron beams.
Where the polymer usable as component A is produced from a basic
polymer of which the molecular weight (M,,) is sufficiently high, for example
about 5,000 or higher, a first production process for component A is

30 described in the following. To this end, the OH-containing basic polymer is



pol yi socyanate, for exanple in a nolar ratio of 1:>2,. the excess of

pol yfunctional conpound being, for exanple, just |arge enough to avoid
chai n extension of the basic polyner, although only small quantities of 5
unr eact ed pol yfunctional conpound are present in the reactive conponent. A

procedure s IS can be of advantgge in particula C\éd(z
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di i socyanat &2° cf:gggfcyw olsg Utsﬁg éﬁe thg; inoheyR !9(’@ (GI%T‘PO Rﬁl@@ef her eof ,
nore partic r [ wei ght
o 2, bt ol uanaales By thidi Bneidd, 6%2“‘2%"‘? oW Bolfménd E" Jeduh

1, 6- di | socyamm a-@napalind cordaiming a’eheaataon aciglicdhydrogenraom-ig obiained inmet hyl
hexane 1@ (s)th%anatomet hyl - 3-i socyanato-1, 5, 5-trinmethyl cyclohexane 25
(1PDI), 'ehi oP"&®%d and broninated diisocyanates, phosphor us-contai ning

di i socyanates, 4,djtfhHld W@Hé‘ﬁ&@ﬂqw& akatdd %ﬁ&\ebF@%ﬁltaB@t foR TR BGOHY -

but ane- 1, 4- dllsocyanate et hyl ene dllsocyanate 1, 2- propane diisocyanate,
1, 4- but ane leﬂSo\‘b?albaS@ pD')Em@féntf@fnéh@h Dm@ytafbmef al, ®lyregan¢sabl i acyanat e

boter ! pol yipuiemtA" kS MR T Faed oot &t st duclouaSGERRRES 1Y
PCT/ EP99/ 040fibups.UChEREmMbteth | 6fr @ithble! itANsdeyanatdsl | SeCyYRBaiaphthylene

1- br ononet hy phenyl -2, 6-
15 “dilsocyanate, 4,4'-diphenyl methane diisocyanate (MDI), hydrogenated MDI

(dicyclohexyl methane diisocyanate, H1>-MDI), xylylene diisocyanate (XDI),
tetramethyl xylylene diisocyanate (TMXDI), 4,4'-diphenyl dimethyl methane
diisocyanate and di- and tetraalkyl diphenyl methane diisocyanate, 4,4'-
dibenzyl diisocyanate, 1,3-phenylene diisocyanate, 1,4-phenylene
20 diisocyanate, 2,4- and 2,6-toluene diisocyanate (TDI) and mixtures thereof,
more particularly a mixture containing-about 20% of 2,4- and 80% by
weight of 2,6-toluene diisocyanate, 1-methyl-2,4-diisocyanatocyclohexane,
1,6-diisocyanato-2,2,4-trimethyl hexane, 1,6-diisocyanato-2,4,4-trimethyl
hexane, 1-isocyanatomethyl-3-isocyanato-1,5,5-trimethyl  cyclohexane
25 (IPDI), chlorinated and brominated diisocyanates, phosphorus-containing
diisocyanates, 4,4’-diisocyanatophenyl perfluoroethane, tetramethoxy-
butane-1,4-diisocyanate, ethylene diisocyanate, 1,2-propane diisocyanate,
1,4-butane  diisocyanate, 1,5-pentane  diisocyanate, 1,6-hexane
diisocyanate (HDI), cyclohexane-1,4-diisocyanate, phthalic acid-bis-

30 isocyanatoethyl ester; polyisocyanates containing reactive halogen atoms,



di i socyanate, 3, 3-bis-chloronethylether-4,4'-diphenyl diisocyanate or

m xtures of two or nore thereof. Sulfur-containing polyisocyanates

obt ai nabl e, for exanple, by reacting 2 noles of hexanethylene 5

di i socyanate with 1 nole of thiodiglycol or dihydroxydi hexyl sulfide are
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order to obtain a.polynmer suitable as conmpopent, A from 0l r .
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term nal funcationadf giisogyanatesatpeleyated. tempertajidne forl exampleyatveaunst

W i 2007 G, brlr Bk BRsBRER 41§ AP Faftellt e ey
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2- hydr oxypropyl ~ acryl ate, 2-hydroxypropyl nethacrylate, 3-hydroxypropyl
acryl ate or 3lheyyiveriionopie rmAlYiseeyaAnates omentieoed enaf oo used meither
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30 both a funeherdivnledgr olp ghadly mpolyisddyanhte extpesunixture WY twghtr adhrée
el ectron WO 99/ 67340 15 PCT/ EP99/ 04066 beans and a functi ona}I] gr oup
capabl e of Or eREMISREYANAIPS He Pesfaiably used for the purposes of the “present

invention.  Preferred polyisocyanates used either individually or in
admixture are HDI, MDI or TDI, for example a mixture of MDI and TDI.
In order to obtain a polymer suitable as component A from a polymer
obtainable in this way, the polymer is preferably reacted with a compound
20 containing both a functional group polymerizable by exposure to UV light or
to electron beams and a functional group capable of reacting with the
terminal functional group of the polymer. The hydroxyalkl acrylates or
methacrylates, i.e. the reaction products of acrylic or methacrylic acid with
dihydric alcohols, are particularly suitable for this purpose. For example, 2-
25 hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl
acrylate, 2-hydroxypropyl methacrylate, 3-hydroxypropyl acrylate or 3-
hydroxypropyl methacrylate or mixtures of two or more thereof are
particularly suitable for the purposes of the present invention.
The molar ratio between the polymer and the compound containing

30 both a functional group polymerizable by exposure to UV light or to electron



functional group of the polynmer may vary within wide limts during the
reaction to formconponent A In general, a |larger nunber of functional
groups pol ymeri zabl e by exposure to UV light or to electron beans in 5
conponent A | eads to an adhesive bond of relatively high strength whereas
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15 - UV light or to electron beams and a functional group capable of reacting
with a compound containing at least one acidic hydrogen atom. The
percentages of the two types of functional groups in the polymer mixture
obtainable by such a reaction can be varied accordingly between greater
than 0 and smaller than 100% (based on functional groups in the context of
20 the present invention). Good results can be obtained, for example, if about
1 to about 50%, preferably about 5 to about 30% and, more preferably,
about 8 to about 15% of the functional groups present as terminal groups in
the polymer are functional groups polymerizable by exposure to UV light or
to electron beams. Polymers of this type are particularly suitable for use as
25 component A.

In a second production process, polymers suitable for use in
component A may also be obtained in several steps, for example by
reacting a corresponding basic polymer with a molecular weight (M,) of
about 5,000 or more in a first step with a compound containing both a

30 functional group polymerizable by exposure to UV light or to electron



group of the basic polyner. One exanple of such a conpound is styrene

i socyanate. O her conpounds of this type can be obtained, for exanple, by
reacting a substantially equinolar quantity of a hydroxyal kyl acrylate or 5
nmet hacrylate with a diisocyanate. The quantity of compound containing both
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polymer are reactedhyd tdacliod @3altHen the férnsatidrabt @ pallmer terminated both

15 by an OH group and by a functional group polymerizable by UV light or
electron beams. If this polymer is then reacted with an at least equimolar
quantity of a compound containing a functional group reactive to the
terminal OH group of the polymer and another functional group reactive to
compounds containing an acidic hydrogen atom, a polymer suitable for use

20 as component A is obtained. According to the invention, the
polyisocyanates mentioned above are particularly suitable for this second
reaction step.

In a third production process, two production steps may be
combined in the production of component A. To this end, an OH-

25  containing basic polymer with a molecular weight (M,) of 5,000 or more, a
polyisocyanate or a polyepoxide, more particularly a diisocyanate or a
diepoxide, or a mixture thereof or optionally one or more other
polyfunctional compounds as defined above and a compound containing
both a functional group polymerizable by exposure to UV light or to electron

30 beams and a functional group capable of reacting with the terminal OH



ratio. The nmolar quantities are selected so that the percentage contents of
both types of functional groups in the polyner m xture obtainable by such a
reaction always vary between > 0% and < 100% (based on functional 5

groups). In this case, too, good results can be obtained, for exanple, when
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processes.

15 Accordingly, the molecular weight of the basic polymer may have to
be increased to produce the polymer suitable for use in the composition
according to the invention. An increase in molecular weight can be
obtained, for example, by chain extension of the basic polymer. To this
end, the basic polymer is advantageously first reacted with a compound

20  which is polyfunctional and preferably difunctional in relation to the terminal
OH groups.

Suitable polyfunctional compounds for the purposes of the invention
are in particular polyepoxides, particularly diepoxides, but preferably
polyisocyanates, especially diisocyanates of the type already mentioned in

25 the foregoing. Diisocyanates are particularly preferred for the purposes of
the present invention. The stoichiometric ratios between the basic polymer
and the polyfunctional compound required for obtaining a certain increase
in molar weight are known to the expert.

In a preferred embodiment of the invention, chain extension is

30 carried out with an excess of basic polymer in the chain extending reaction.



fornmed contain the original type of termi nal functional groups as termnal ’
functional groups. Accordingly, in a fourth production process for a

pol ymer suitable for 5 use as conponent A, an OH containi ng basic pol yner
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processes already described.

15 In a fifth production process, the production of component A may be
shortened, for example, by one step or may be carried out in a single step if
a compound containing both a functional group polymerizable by exposure
to UV light or to electron beams and a functional group capable of reacting
with the terminal functional group of the basic polymer is present during the
20 chain extending reaction.
Where this procedure is adopted, a polymer suitable for use as
component A may be obtained, for example, by carrying out a reaction of
the basic polymer with one or more compounds containing both a
functional group polymerizable by exposure to UV light or to electron
25 beams and a functional group capable of reacting with the terminal
functional of the basic polymer at the same time as the chain extending
reaction, for example with one or more of the above-mentioned
polyisocyanates. To this end, the reactants are reacted in a suitable molar
ratio.

30 In a sixth production process, the starting material is a basic polymer



usi ng one or nore conponents containing functional groups polynerizable by
W light or electron beans. To produce a polyner such as this suitable for
use as conponent A, the corresponding basic polymer is reacted with a 5
conpound whi ch contains both a group reactive to the term nal functional
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Component A hatonal doass &, 1ar Skample, thd combingtion of Br eoxy grotp and
an NCO group. In this case, the reaction is carried out, for example, with a
molar ratio of basic polymer to the corresponding compound of about 1:>2.

A seventh’ production process for polymers suitable for use as
component A is carried out in exactly the same way as the sixth production
20 process except that the molar ratio of basic polymer to the compound
which contains both a group reactive to the terminal functional groups of
the basic polymer as a first functional group and a functional group reactive
to a compound containing an acidic hydrogen atom as a second functional
group is selected so that, providing the reaction is suitably carried out (both
25  functional groups of the compound must react with the terminal groups of
the basic polymer), chain extension to the required molecular weight
occurs.
In the last two of the processes mentioned above, basic polymers
containing about 2 to about 5 functional groups polymerizable by UV light
30 orelectron beams per polymer molecule are preferably used.



for exanple, only one of the polyners nentioned above. However, m xtures
of two or nore of the polyners nentioned nay al so be used as conponent A
5 Typical polyners suitable for use in conponent A have a viscosity at
processing tenperatures suitable for typical applications in the range from

about 3, 000 t t 20,000 nPas angd preferably in t r f
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reactive to the termnal functional groups of the basic polymer as a first
functi onal 25ngnretn@rhxz1darety atiaboutot togalaid 14O3CH(Breokfelc CAdgalneone 6,

cont ai ni ng, an_gaci di c dro at S S ond funct i, onal oup, |
general, fhe P En LR AR oot Sy PR RGeS 19 EOPPrAUREL pre. Tor
condi ti ons. r‘h?!e atfm&thqeob?@&b apsut 180°0d mMdaracphniealary’ apest ddfey in
their react|V|ty or exanple, it is possible by suitably’selecting the

reaction condﬁbDbhé@?ﬂafﬂm@(ﬁén@es%b@ﬁﬂ%t(? @dout ds0°Gofaroexamalepinethss t he
Lo et B BAoHR Yelld BSpRULRURRe 0L Lo e o VoSS0 2L
with the term nal Typical NCO contents for polymers suitable for use as component A
15 are about 0.5% by weight to about 10% by weight and more particularly
about 3.5% by weight to about 5% by weight.

“Component B” in the context of the present invention is a polymer
with a molecular weight (M;) of at least 5,000 which contains at least one
functional group reactive to a compound containing an acidic hydrogen

20 atom and no functional group polymerizable by exposure to UV light or to
electron beams.

To produce a polymer suitable for use as component B, the basic
polymer is reacted with a compound which contains both a group reactive
to the terminal functional groups of the basic polymer as a first functional

25 group and a functional group reactive to a compound containing an acidic
hydrogen atom as a second functional group. In general, the first and
second functional groups will fulfil both conditions. However, if the first and
second functional groups differ in their reactivity for example, it is possible
by suitably selecting the reaction conditions to achieve a selective reaction,

30 for example of the first functional group with the OH groups of the basic



functional group of the basic polyner. One exanple of such a conbination
of first and second functional groups is, for exanple, the conbination of
an epoxy group and an NCO group. 5 The polynmer suitable for use as
conponent is preferably produced by reacting a basic polynmer or a

m xture of t basi ¢ pol yners h a conpound | east
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the ratio between the compound bearing at least two OH-reactive functional

15 groups and the H groups of the basic polymer and optionally the reaction
conditions (if the compound bearing at least two OH-reactive functional
groups contains two functional groups differing in their reactivity) are .
selected so that a chain extension of the basic polymer or the mixture of
two or more basic polymers takes place.

20 In a preferred embodiment of the invention, the basic polymer or the
mixture of two or more basic polymers is reacted with a polyisocyanate,
more particularly a diisocyanate.

Component B usable in accordance with the invention may contain,
for example, only one of the polymers mentioned above.- However,

25 mixtures of two or more of the polymers mentioned may also be used as
component B.

Since the polymer usable as component B is not supposed to
contain a functional group polymerizable by UV light or electron beams
apart from the at least one functional group reactive to a compound

30 containing an acidic hydrogen atom, no basic polymers which have been



production of the polynmers usable as conponent B. The pol yner usable as
conponent B has a content of NCO groups of about 0.5 to about 10% by
wei ght and nore particularly of about 2.5 to 5 about 5% by weight. The
viscosity of the polyner usable as conponent B at typical processing

tenperatures S, | range from about 000 to about 6 d
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The polymer component used as component A or B may consist of
15 only one of the described polymers, although it may advantageously
represent a mixture of two or more of the polymers mentioned. For
example, it is of advantage to use a mixture of one or more polyester
polyols and one or more polyether polyols as the basic polymer. The
various basic polymers may differ, for example, in their molecular weights
20 (M,) or in their chemical compositions or in both.

For example, about 20 to about 40% by weight of polyester polyols
and about 20 to about 60% by weight of polyether polyols, based on
component A or B as a whole, may be used as the basic polymers for the
production of component A or B. In another preferred embodiment, at least

25 two different polyether polyols, for example a mixture of a polyether polyol
with a molecular weight of about 800 to about 1,500 and a polyether polyol
with a molecular weight of about 300 to about 700, are used in addition to a
polyester polyol as the basic polymer.

In another preferred embodiment, however, a preferably difunctional

30 polyester terminated by OH groups or a mixture of two or more such



conponent A or B. An at least partly crystalline polyester or a m xture of
two or nore polyesters, of which at least one is crystalline or partly
crystalline, is advant ageously selected as the basic polynmer. 5 A polyner
is "crystalline” or "partly crystalline" in the context of the present
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but ane- 1, C{Péﬂsmd?'l-”vﬁ'ﬂé’n éart bl s r@dtt%@meitéfb ;ﬁr’o%le gbutine-1, 4-diol,

pent ane-1, 5-diol, and fthe. |soner Cc pent anedi pent enedi ol s or
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Suitable aromatic carboxylic acids are phthalic acid, phthalic
anhydride, terephthalic acid, trimellitic acid, trimellitic anhydride,
tetrachlorophthalic - acid, tetrachlorophthalic anhydride or naphthalene
dicarboxylic acid.

20 Suitable alcohols are, for example, ethylene glycol, propane-1,2-diol,
propane-1,3-diol, butane-1,4-diol, butane-1,3-diol, butane-2,3-diol, butene-
1,4-diol, butine-1,4-diol, pentane-1,5-diol, and the. isomeric pentanediols,
pentenediols or pentinediols or mixtures of two or more thereof, hexane-
1,6-diol and the isomeric hexanediols, hexenediols or hexinediols or

25 mixtures of two or more thereof, heptane-1,7-diol and the isomeric heptane,
heptene or heptinediols, octane-1,8-diol and the isomeric octane, octene or
octinediols and higher homologs or isomers of the compounds mentioned,
which are obtained in known manner from a step-by-step extension of the
hydrocarbon chain by one CH; group at a time or by introducing branches

30 into the carbon chain, or mixtures of two or more thereof. If the polyesters



To produce partly crystalline polyesters, branched al cohols may be present -
in different quantities during the polycondensation. In a preferred

enbodi ment of the present invention, a partly 5 crystalline polyester or a
m xture of partly crystalline polynmers or a mxture of crystalline and

partly crystal)j sters or a mxture of crystalline

pol yesters orb{!\b%eg(g%%&of partly crystal% i ne and amrphoagqq%%?%éﬁggs or

a mxture of crystalline, partly crystalline and anorphous polyesters with
a crystal | i ni @€ é0 haveuerystallineapwpertienobrapehed algsihelsoshawgurotie sised. about

0% and more R ireGkaetu bndRRite Ok AGREMandRcl RAREE FRy LBk

or the mxture) TS used ner- contai n

" Conponent C"in Glfﬁelﬁ@n rﬁm‘esqhnhbeh@lpemahdemnm on is a conpound
containing a functi | on gr oup pol ymeri zabl e W light or 15 el ectron

beans and having a 'ﬂmﬁeé’[ﬁ’ fafredeegiodiment <af t”h%mp'?sél)b iny@ntipnyr & é’ralr%

enbodi nment - of gnfg}

nmol ecul ar ?/\BI gMﬁal 'Hé(g)%ﬁ te%g%' é%ggggﬁggé?%sgﬁgn @%ee Bgl rtic rqtr Phéat he
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acid with aronmg ipplyhet bF‘QI@é miRtury aNebed. ass e bakRdp&ymidh sentaiaingd OBb_24
al cohol s. Exanpl es 'of such esters are esters of acrylic or nethacrylic

acid with hexgroupfeptyl, octyl or 2- ethyl hexyl alcohol. The esters of
SO O oL A YRy L PBEC o T kPR PheBBp s 3 oo
acrylic or metchatoundc caaiathingt & fuattivnall gaup olyraerizamenbe (W plghtcor
al cohol 15  electron beams and having a molecular weight of less than 5,000.
In a preferred embodiment of the invention, the compound usable as
component C has a molecular weight of about 80 to about 3,000 and more
particularly in the range from about 100 to about 1,000.
Acrylate or methacrylate esters containing one or more olefinically

20 unsaturated double bonds, for example, are suitable as component C.
Corresponding acrylate or methacrylate esters include, for example, esters
of acrylic acid or methacrylic acid with aromatic or linear or branched,
saturated or unsaturated aliphatic or cycloaliphatic monoalcohols and
acrylate esters of polyether monoalcohols.

25 In a preferred embodiment of the present invention, component C is,
for example, an ester of acrylic or methacrylic acid with aromatic or linear
or branched, saturated or unsaturated Cs.24 alcohols. Examples of such
esters are esters of acrylic or methacrylic acid with hexyl, heptyl, octyl or 2-
ethyl hexyl alcohol. The esters of acrylic or methacrylic acid with phenol,

30 methyl phenol or benzyl alcohol are also suitable, as are the esters of



caprylic al cohol, 2-ethyl hexyl alcohols, such as capric al cohol, |auryl
al cohol, isotridecyl alcohol, nyristyl alcohol, cetyl alcohol, palmtoleyl
al cohol, stearyl alcohol, isostearyl alcohol, oleyl alcohol, elaidyl

al cohol, 5 petroselinyl alcohol, behenyl al cohol, erucyl alcohol and
brassidyl al the technical mxtures thereof o ' r
exanpl e, i @@yghmgﬁﬂspressure hydr oge I on of technicg&?WEF%9(k®@Pers
based on fats and oils or _aldehydes from Roel en's oxosynthesis and as
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Various polyols may be used as the polyols for producing an -
acrylate or methacrylate ester suitable for use as component C. Examples
of such polyols are aliphatic polyols containing 2 to 4 OH groups per
molecule and 2 to about 40 carbon atoms. The OH groups may be both
20 primary and secondary OH groups. Suitable aliphatic polyols include, for
example, ethylene glycol, propane-1,2-diol, propane-1,3-diol, butane-1,4-
diol, - butane-1,3-diol, butane-2,3-diol, butene-1,4-diol, butine-1,4-diol,
pentane-1,5-diol, and the isomeric pentanediols, pentenediols or
pentinediols or mixtures of two or more thereof, hexane-1,6-diol and the
25 isomeric hexanediols, hexenediols or hexinediols or mixtures of two or
-more thereof, heptane-1,7-diol and the isomeric heptane, heptene or
heptinediols, octane-1,8-diol and the isomeric octane, octene or octinediols
and higher homologs or isomers of the compounds mentioned, which are
obtained in known manner from a step-by-step extension of the

30 hydrocarbon chain by one CH; group at a time or by introducing branches



Ot her suitable polyols are alcohols of relatively high functionality such’
as, for exanple, glycerol, trinmethylol propane, pentaerythritol or sugar

al cohol s, such as sorbitol or glucose, and oligoneric ethers of the 5

subst ances nentioned either as such or in the formof a mxture of two or
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15 alcohols with alkylene oxides, so-called polyether polyols, may also be
used as the polyol component for producing the (meth)acrylate esters.
Polyether polyols, which are to be used for the production of polyesters
suitable as the basic polymers, are preferably obtained by reaction of
polyols with alkylene oxides. The alkylene oxides preferably contain 2 to

20 about 4 carbon atoms. Suitable polyether polyols are, for example, the
reaction products of ethylene glycol, propylene glycol, the isomeric
butanediols or hexanediols, as mentioned above, or mixtures of two or
more thereof with ethylene oxide, propylene oxide or butylene oxide or
mixtures of two or more thereof. Other suitable polyether polyols are

25 products of the reaction of polyfunctional alcohols, such as glycerol,
trimethylol ethane or trimethylol propane, pentaerythritol or sugar alcohols
or mixtures of two or more thereof, with the alkylene oxides mentioned to
form polyether polyols. Polyether polyols with a molecular weight (M) of
about 100 to 2,000, preferably in the range from about 150 to about 1,500

30 and more preferably in the range from about 150 to about 800 are



Acryl ate esters of aliphatic diols containing 2 to about 40 carbon atons
I ncl ude, for exanple, neopentyl glycol di(neth)acrylate, 1,6- hexanedi ol

di (nmeth)acrylate, trinethylol propane tri(meth)acrylate, 5 pentaerythritol
tetra(neth)acrylate and (nmeth)acrylate esters of sorbitol and other sugar

al cohols. T acrylate esters of, aliphatic or i I.c diols
may be nndigﬁﬁﬁgéﬁﬁhﬂgn aliphatic ester?lr an al kyl ene EﬁﬁbEQQb&%®%6
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di pentaerythritol tetra” (neth)acrylate, dipentaerythritol
pent a( met h) argopenty, gycplke hydxypivalate| difrogth)aeylatec capuiactonepnadified one-

nodi fi ed di pentaerythritpl hexa(ne actylate, pentaerythritol tefra(neth)-
oryl at 40" Ficranil b iR DA b2 BTt enbes? Bhilo M k. bt e 25
tris[(meth) agikylbAs YWideodifRRCAGItEESMpBUNES inBRidY, fol eRAPBR) @tHERa( Met h) -
acrylate or mXtures of two or nbre thereof. In a preferred enbodi nent of

the inventi oexidemeedifiechc ngpaeetyl pobiepl  diteetlecpiiaies, oprqsyensky exidgt

o e ot OB FREh e B8 or S RRARS i it ghifgPhgHearL oned
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as 15  di(meth)acrylates or mixtures of two or more thereof.

Acrylate monomers based on polyether polyols comprise, for
example, neopentyl glycol-modified trimethylol propane di(meth)acrylates,
polyethylene glycol di(meth)acrylates, polypropylene glycol di(meth)-
acrylates and the like. Trifunctional and higher acrylate monomers

20 comprise, for example, trimethylol propane trilmeth)acrylate, pentaerythritol
trilmeth)acrylate, dipentaerythritol tetra(meth)acrylate, dipentaerythritol
penta(meth)acrylate, dipentaerythritol hexa(meth)acrylate, caprolactone-
modified dipentaerythritol hexa(meth)acrylate, pentaerythritol tetra(meth)-
acrylate, tris[(meth)acryloxyethyl]-isocyanurate, caprolactone-modified

25 tris[(meth)acryloxyethyl]-isocyanurates or trimethylol propane tetra(meth)-
acrylate or mixtures of two or more thereof.

In a preferred embodiment of the invention, phenyl acrylate, phenyl
methacrylate or phenoxyethyl acrylate, for example, is used as component
C.

30 Of the above-mentioned difunctional, trifunctional or higher acrylate



component C, tripropyl ene glycol diacrylate, neopentyl glycol propoxylate

di (nmeth)acrylate, trinethylol propane tri(nmeth)acrylate and pentaerythritol
triacrylate are preferred. 5 In another preferred enbodi nent of the present
i nvention, conponent Cis a conpound selected fromthe group consisting of

nmononeric, olj rl r polyneric esterg,of acrylic aci lic
aci d, ethyl é@ggggghggid, pr opyl acrylicigcid or butyl a&%?ﬁ&%ﬂﬁ%Pﬁ&%?th an
aromatic or aliphatic nonohydric or polyhydric alcohol, the ester having a
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the purposes of the preséent invention. mverci al |y "avai I abl e _
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olefinically unsaturated double bonds on exposure to UV light as
15 component D. This is of advantage in particular when the adhesive is to be
polymerized by exposure to UV light.

Accordingly, in cases such as these, a photoinitiator capable of
initiating the radical polymerization of olefinically unsaturated double bonds
on exposure to light with a wavelength of about 260 to about 480 nm is

20 used as component D. In principle, any commercially available
photoinitiators which are compatible with the adhesive according to the
invention, i.e. which form at least substantially homogeneous mixtures, may
be used for the purposes of the present invention.

Commercially available photoinitiators such as these are, for

25 example, any Norrish-type | fragmenting substances, for example
benzophenone, camphor quinone, Quantacure (a product of International
Bio-Synthetics), Kayacure MBP (a product of Nippon Kayaku), Esacure BO
(a product of Fratelli Lamberti), Trigonal 14 (a product of Akzo),
photoinitiators of the Irgacure®, Darocure® or Speedcure® series

30 (products of Ciba Geigy), Darocure® 1173 and/or Fi-4 (made by the



184, Irgacure(r) 907, lrgacure(r) 1850, Irgacure(r) 1173 (Darocure(r)
1173), Irgacure(r) 1116, Speedcure(r) EDB, Speedcure(r) ITX, lrgacure(r)
784 or Irgacure(r) 2959 or mxtures of two or nore thereof are
particularly suitable. 5 Conventional |ow nolecul ar weight photoinitiators

may contrib formation of "mgrates” in lamn S
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wei ght whi cHTGRAUEE® JRG) @t MBS QS bR OF | thgreaf @Ee, PAR YT 3 tables
Accordingly, in ?CBﬁ\?érﬁforn%ﬂIW%%[FQF we | S(ﬂlé\iti(%c% A]Sﬁ‘?:hnf?fyuﬁé {

contains a photoinitiator w ecul nor e an abou? 200.
Conmrer ci al | ythevdormabtien plodt Simigratest’ oris  Wrnitateset Migsategqinaledenther e, f or

le, | 651, | 36 I ) 07, |
Toa " Specadiidipntiakes HemsghEpineht 1t aBBSHEVRRA. A1s0 BT P of
whi ch neet tig pHYiRitatcrs ShiER @ah B Rfnedi dh é)%‘&?srﬂefo@tﬁé“ébﬁegiﬁ%%%ﬁr

wei ght can also be obtained by reacting a low nolecular wel
phot oi ni ti atlight.cdntcertaimgireumstancganfar exammie irvthe praduictionlof lgminges f or

exanpl e ,an am ho, grqu r an rou i t.h hi gh nol ecul ar__. wej ght
conpoundScorbiandery 1 fieachackraMicsoby JHaHE: dBuiPreRoIGFrert LAt
phot oi ni ti at&irpourfeMPOthedEd BN NBUIE DEPARIHE@N ThidgecdiehbMmidrata®e
nol ecul e, for exanple two, three or nore photoinitiator nolecules, are

preferably waPQUNASHE Wi adiheBiveagesordiognisotiied invendan sean geseraliiirbee
or mor e cr grEE R faeck it ETOGR RIS hHs bR Rr R hBInEE Rt o
30 initiat Ormigwlﬁtbrai/@riyrtﬂﬁ@umirb&bh@ngawbw]at e-reactive functional group.
WO 99/ 67340 30 PCT/ EP99/ 04066 Suitabl e pol yfunctional alcohols are any of
t he pol yPunct i onahccordingly, in a preferred embodiment, component D at least partly
contains a photoinitiator with a molecular weight of more than about 200.
Commercially available photoinitiators which meet this requirement are, for
example, Irgacure® 651, Irgacure® 369, Irgacure® 907, Irgacure® 784,
Speedcure® EDB and Speedcure® ITX.
20 However, photoinitiators which meet the above-stated requirement
in regard to their molecular weight can also be obtained by reacting a low
molecular weight photoinitiator confaining an isocyanate-reactive functional
group, for example an amino group or an OH group, with a high molecular
weight compound containing at least one isocyanate group (polymer-bound
25 photoinitiators). Compounds containing more than one photoinitiator
molecule, for example two, three or more photoinitiator molecules, are
preferably used as the photoinitiator. Compounds such as these can be
obtained, for example, by reacting a polyfunctional alcohol containing two
or more OH groups with suitable diisocyanates or triisocyanates and photo-

30 initiators containing a suitable isocyanate-reactive functional group.



al cohol s nenti oned above, but especially neopentyl glycol, glycerol,
trimethylol propane, pentaerythritol and al koxyl ation products thereof with
C2_4 al kyl ene oxides. Other suitable and, according to the invention, 5
particularly preferred pol yfunctional alcohols are the reaction products of

trihydric alc caprol actone, for, exanple the re of
tri met hyl ol %@%é%‘{b] caprol act one (C§|9a 305, a product bgﬁﬂjﬁé@ﬂ@gé
Cheshire, UK; nol ecul ar wei 540). In another preferred enbodi nent

of the present inv&wtabl@, pcgw‘ua@wmieﬁicor!)o!ﬁonar@r rEYa qjhcﬂﬂer pelyfunctipnal
obt ai nabl e by alcoRb I]'geﬁpo daI%t?}%éa ak)[r{ I esgj;etc?%l I%%Ia ngrl Ogllgggl\%r h@%}oq),ne to

forma pol ycapro actoné con ree

mol ecul ar wei girhetblyladppopaddOpémasbahitito9@ad aandx;tlmcm prankiotg théreof with

pol ycaprol actgne to 1-[4-(2-hydroxyet hox;gée phenyl

hydr oxy- 2- met Qy#p?@fé@r’i‘-elﬂéﬁ@sby c‘%i'i?poﬁ?ﬁprglf‘rﬁlt 30 nihRg Inyenties, | east
two i socyanat I a t

i socyanat ?grgag@%w&op%%gré |Fgod ar y it IE@%IQdé}!egt%gy?;erégf[ﬁgg P WBCtrsecaglfctron
with the pol ytrirs,fdrm‘eait:oboledwahecapfrolracmrmrrfbe examplefthe headtrorsqxrydu:nett ek
mentioned in sent s eC|f|cat|on r and the
-6 i somer of DRt arr@paagtwenreanr9aﬁqrree“5@aa 0% otk e B8 W ased

ei ther in theigheRHire, ORF m0|@éu|épw5@¢\tf(mrm giop m xture. Suitable
photoinitiators for produci ng the pol yrrer-bound photoiniti- ators are any
phot oi ni ti at ors whimhaootitedi rpraferr@bcemb@neneetacof vihef upresent oﬂadengﬁbup 1

(1 rgacur o) S90ePReh EERBRANS Ao liiefo GaPRi e Bfnecands 28

preferred f or tﬁﬂwn@tm@mmmm cédsreremt@rwrtt fdrHVQrﬁdI)fd’é}pra' b@td@rféoéwtarlntng’lépf s
used in conponent D may also be prepared by wusing a |1 quantity of

phot oi ni t i at oleasblties @5 geupsi wih taomomlj@fn\é@@ht@f@mslt i3A0t ﬁealmlticﬁﬂﬁ i on

o COmonent Aol SRTRRHE e oRic ot B AL SRR Bl "

ol ecul e of capRY-nfetRyIpesERNMe By means of a compound containing at
15 least two isocyanate groups.

Suitable compounds containing at least two isocyanate groups,
more particularly suitable diisocyanates, for reaction with the polyols
mentioned are, for example, any of the diisocyanates mentioned in the
present specification. However, the 2,4-isomer and the 2,6-isomer of TDI

20 are particularly preferred, the isomers being used either in their pure form
or in the form of a mixture.

Suitable photoinitiators for producing the polymer-bound photoiniti-
ators are any photoinitiators which contain an isocyanate-reactive func-
tional group. 1-[4-(2-hydroxyethoxy)-phenyl]-2-hydroxy-2-methylpropan-1-

25 one (Irgacure® 2959), which has one primary OH group, is particularly
preferred for the purposes of the present invention.

The photoinitiators used in component D may also be prepared by
using a small quantity of photoinitiator molecules reactive to isocyanate
groups in the production of component A or component B or in both

30 production processes. In this way, the photoinitiator is attached to a



The photoinitiator may al so be attached to a polyner chain, for exanple to
conponent A or conponent B, by adding the photoinitiator containing a
correspondi ng functional group to the adhesive in nononeric 5 formand then
reacting it with a correspondi ng pol ynmeric conponent, for exanple

onotoi i 11 90 BB Lnc i onal “or oup Shol yrer i zabl ¢ by HEASAIAUE Ly

light or to electron beans, in which case the functional group
pol yner i zabl Bolpgul@leamponentidyor cgmpopentB. el ectron 10 beans can be

attached to thewpﬁ}:é ?Hytéi.hﬁﬁ%r’ ['rfa afs2pe! ﬂgéﬁé’cegrfté.s%%g%?é%ﬁain for

phot oi ni ti at or n unsaturated carboxXyl'ic acl unsaturated
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reacti on products, of |rgacur e&_r) 2959 with acrylic acid or nmethacrylic acid
are particul @Ntgining a gerespgpdingdupelionsl gkowp tq e adbesive dn manpmeric

- Accordi ngl y, CONEP ANE! j tain . i ik
functi ongl ngg’Hp pol ymrr%ﬁ&eﬁgeﬁrgfpg%ﬁ% r@"@%&g’ﬁh‘%ﬁ%r@&ﬁ{&@?gﬁ?gn
beans or a fexarhplercommpprant AcapedrhpodéntrBacti ng with a conpound cont ai n-

ing at | east one acidic hydrogen atom may be used as._ conponent D. Besides
t he conbi nati ons |ng qéﬁrﬁﬂﬁéﬁgt%r%}‘;ﬂ%h&&hqyﬁﬁ‘ﬂ@‘%‘ﬂéﬁ arg@c%@}@,roqq]e

adhesi ve ac ngﬂn‘ BAzABIC L eXPUERE tOTUVTRY h@m' [BcPbR eatidiih WHich caSe
conponent E.CI% e agldi ?ig\}gg Ft;:a(;I l ectively suita Ig or Sse'és corrpgnent Ein
accor dance viheHunhtonal\graup qolymetizatde Hyoexposurplte, UY| light iariteezlectron
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phthal ates, preferred plasticizers being phthalic acid esters which have
been est eri f¢arboxylichacids iateaforgxeamele, aewytic @icid agdapethacsylicoacidouthe 2

Car bon, 2L eaBURY WpRIS U8 i S A0S L SUMEC e BB RRp o7 20
for exanpl e are particularly suitable for the purposes of the invention.

15 Accordingly, a compound which contains both a photoinitiator and a
functional group polymerizable by exposure to UV light or to electron
beams or a functional group capable of reacting with a compound contain-
ing at least one acidic hydrogen atom may be used as component D.

Besides the combinations of components A, B, C and D mentioned

20 above, the adhesive according to the invention may contain other additives
as component E.

The additives collectively suitable for use as component E in
accordance with the invention include, for example, plasticizers, stabilizers,
antioxidants, dyes, fillers, catalysts, accelerators, defoamers and flow

25 controllers.

The plasticizers used are, for example, plasticizers based on
phthalic acid, more especially dialkyl phthalates, preferred plasticizers
being phthalic acid esters which have been esterified with a linear alkanol
containing about 6 to about 12 carbon atoms. Dioctyl phthalate is

30 particularly preferred.



sucrose benzoate, diethylene glycol dibenzoate and/or diethylene glycol
benzoate, in which around 50 to around 95% of all the hydroxyl groups have
been esterified, phosphate plasticizers, for exanple t-butyl phenyl 5

di phenyl phosphate, polyethylene glycols and derivatives thereof, for

exanpl e di ph I r of poly(ethylen | ycol ), liquidg tlves
for exanple Wé ?@bﬁgf‘ ster of hydroge ed resin, vegeFﬁ%BgﬁghQ
oils, for exanpl eéﬂ ycerol esters of fatty acids and pol yneri zati on
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dditi .
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sui tabl e for use as additives in accordance with the invention ahr
exanpl e, hydihéyEi heer esterifigerpipanhaie Rlastigerst frrr example t-butyl enyI

2,3-(di-tert LN
2.4 61718 (SR QISR %eytﬁwégébéhfz?ﬁ o Sstvatives, hersafy 1 o
tetra- kis- 3-e(x&n'fplelldlplnényhmtyéMoﬁdeaty\plwleygl)/eplr)OMlddaiee;n derivatives,

2 thrzl?ﬁg%lgngorgpgamg e6fht§e| i%fl Yo hly frOX rgagrq]%/t d r%go Ivccg,rg]%%aeb;le and animal

4, 4-t hi obi s- t ert |
20 phenoxy) - gﬁ‘z grse%ﬁ%%tﬂﬁ?gg%%r%ag@ﬁ %‘??ﬁ?n@%ayﬁl@ﬁﬂﬁﬁon Brddtrdty dr oxy

di - n- oct adec;the@% d| -tert. butyl - 4- hydr oxybenzyl phosphonat es;

2- (n-octykthio)-et S-ditert. but benzoat e r bi. t ol
hexal 3- (%5 ditert. t 0142 ?‘fﬁd%x@ﬁ)‘ %ﬂr)ts %Lf'{?g))f% @ el]Ise a%%%'t?\;) i
p- hydr oxydi phreyteardeewrh the NreskmhavahtRreMcRibdenghérols pseneally Arideged 25
O her additives may be incorporated in the adhesive Ain order to vary

certain prop@nenets offhighemolensiaranaiont (¥s),inelyfuaetionaliphonsify| suilfugyard such
as titani um ?@%PHSH{J cc%rktgfn?nrﬁ/ ‘ﬁ‘éﬂ RSof aaln(leEE.Oﬁaﬁ?én&@dnLﬁlré%lé fF usghgs

adhesi ves ac Sh may opti contain sma

quantities ofaddhwegnnlmbr@am@ wm&rtbe inv@ntionaare| mreém;ﬂeehydnmmuumt ate 30
(EVA), ethylene/acrylic acid, ethylene/ nmethacrylate and et hyl ene/ n-butyl WO
99/ 67340133 PufregoeneoBshyRher. 2 & (dides: Bk H yamainens. %%érﬁ”;ﬂff thyar t

addi tional flexighinki kY5 oL RHOBNGES-hydroxybenzyl)-benzene; pentaerythritol tetra-
kis-3-(3,5-ditert.butyl-4-hydroxyphenyl)-propionate; n-octadecyl-3,5-ditert.-
butyl-4-hydroxyphenyl)-propionate; 4,4-methylene-bis-(2,6-di-tert.butylphe-
nol); 4,4-thiobis-(6-tert.butyl-o-cresol); 2,6-di-tert.butylphenol; 6-(4-hydroxy-

20 phenoxy)-2,4-bis-(n-octylthio)-1,3,5-triazine; di-n-octadecyl-3,5-di-tert.butyl-
4-hydroxybenzyl  phosphonates;  2-(n-octylthio)-ethyl-3,5-ditert.butyl-4-
hydroxybenzoate; and sorbitol hexa[3-(3,5-ditert.butyl-4-hydroxyphenyl)-
propionate]; and p-hydroxydiphenylamine or N,N'-diphenylenediamine or
phenothiazine.

25 Other additives may be incorporated in the adhesive A in order to
vary certain properties. These other additives include, for example, dyes,
such as titanium dioxide, fillers, such as talcum, clay and the like. The
adhesives according to the invention may optionally contain small
quantities of thermoplastic polymers, for example ethylene/vinyl acetate

30 (EVA), ethylene/acrylic acid, ethylene/methacrylate and ethylene/n-butyl



and strength to the adhesive. Certain hydrophilic polyners may al so be
.added, including for exanple polyvinyl alcohol, hydroxyethyl cellul ose,
hydr oxypropyl cellul ose, polyvinyl nethyl ether, polyethylene oxide, 5
pol yvi nyl pyrrolidone, polyethyl oxazolines or starch or cellul ose esters,

rmre partic acetates with,a gree of substitputy I t han
These%#%@kgﬁpc pol yners i ncreg's%é the wettabili P@ﬁgpgh/@‘@gaesi ves
for exanpl e. The adhesive according to the invention may contain the

described HBFNYaimeeROYRICEs whigh oplinnaliydapart additional flexiiily etoughness
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A, B and C, addegonieoluging f6r axaniple cosipangintatcoBol, Chydufd)xlﬁethyccuanmmeets A B,
C and D, conr%onents A B, Cand E conponents A C 15 D and E, conponents

B, C D and ydpeyrreryorteliulose, polywinyb methyt ethera pelvsthiAeneno¥Rt ai ni ng
conponeng A ub e % t [ onta| ns
this con%on nctﬁy\lﬂﬁ)qa uglrgtc%n{éy %ﬂyu;ﬁ)ylt gxa ou%dq'ggt’%tr ?/ %F%lwgé%a%ge on the
hot nel t adhefsoxsepamcala\rﬁydhe acktates vithandegred ofssubstitutisadfdess thanadb, t he
hot rel t adhegi ve accor 1ngtothe 20|nvet|on cota| up to about 99.99%
by wei ght o?ﬁlﬁﬁ%s)ﬁ‘g’ WC™pRlyMers ingrgage theawettatlity) @f{:{sr[e ?Qh?ﬂée% At ent of
conponent A ghoghd be at least about 0.01 % by weight. If a conbination
contai ni ng conponent B is required, the adhesive. according to the

i nventi on cont ai nEhe hidbesive@ooerding momeqimmnrcioy roéy gpntain ti2s debonited 9% by
wei ght, ﬁased on th hottgelt.a h Sille as & whol e. Iln one ﬁ}%rttO@U| ar

enbodi midt , GHPMETHRI ©1RERe VLIRS 8Tngof o PRERIGY elft | RYfi%hs about
10% by wei ghjorbisinatiens: Ripdnented géﬂmgmbrn@r@anaaaté&ﬁbaﬁématb%td 80% by
wei ght to about 95% by weight of conponent B. lower Timt to the
content of dzﬂmraﬂmnts BBwaed eCi tcanpaenranis shoand lBe caxmp@mnt@aét aa@oEt 0.01 %

by vl oht. V0 RLIA0 HaPCT. ERSRIARRPR, L afts BSTBIMRNGAR BOB' ATENS

conponent

components A, B, C and D, components A, B, C and E, components A, C,
15 D and E, components B, C, D and E and components A, B, C, D and E.

If a combination containing component A is required, the adhesive
according to the invention contains this component in a quantity of up to
about 100% by weight, based on the hotmelt adhesive as a whole. If
component A is not used on its own, the hotmelt adhesive according to the

20 invention contains up to about 99.99% by weight of component A. In fhis
case, the lower limit to the content of component A should be at least about
0.01% by weight.
If a combination containing component B is required, the adhesive
according to the invention contains this component in a quantity of up to
25 about 99% by weight, based on the hotmelt adhesive as a whole. In one
particular embodiment, the hotmelt adhesive according to the invention
contains about 10% by weight to about 98% by weight and more
particularly about 80% by weight to about 95% by weight of component B.
The lower limit to the content of component B where it is used should be at
30 least about 0.01% by weight. |



according to the invention contains this conponent in a quantity of up to
about 50% by wei ght, based on the hotnelt adhesive as a whole. In one

particul ar enbodi nent, the hotnelt adhesive according to the invention 5
cont ai ns about 2% by wei ght to about 40% by wei ght and nore particularly

about 5% by i ght out 30% by wei ght_ of conponent C. imt
to the cont emﬁvg%%éﬁ%fgﬁent C where it is%sed should be Et}ﬁ@gg% 995

0.01 % by weight. If a conbination containing corgonent Dis required, the
adhesive 10 accor i agompinaton soBiainiDg commpeNa ge@wrﬁsbrtéﬁtadhesa/e

whal e, 1 n tn 2otdgi R ine ighiofedilbins RGCRARGhER: RERGTUAE IRk °° @

Based on the abodi 80%bY wdighRibasttadrothaThbieelt adhesivergroaentol®. ilhserid
(irrespective of  whether it is covalently bonded to another corrpound)
conponent D 1Pagiﬁb&ﬁrdeﬁﬁl@é"rﬂﬁmatthﬁeagttm%b@ﬁ‘f‘e@'vél%WdWé] Ehithe JnyeRKAN 10%

by wei ght &tb?&‘t (Vo) ably
about 1 to ab ouﬁ@%ﬁ%%@ wel g?}?w% érﬁﬁgggghteg?\{(’e%%\g@é V\horﬁpeﬂmrgﬁ%tg prﬁ%@{red
enbodi mrent, t AeobbbAEbY weﬁbhstwebeat:@@% by weighthef cdannpenemoﬁ cOhé¢ dower
conmponents A, B, C D and in the above- rreBtl oned 20, c | hati ons |n such

a ratio that él”%thﬁ)pé’be HBHVE’EOQfs?%’PPﬂ@eQ}f t WaeHoitnisl ‘t'sedaéﬁ%h/ e lea

di mensi onal | 'y ggbabh @18} by pETyhenper at ure. The expression "di mensional |y
stable at roomtenperatuife” “describes a condition in which a shaped body

consi sting of the Hioa mmblnahmesomwlraogmwerﬁ [D lie requiced.i tbe adhesives or

at | east gel tainsg its 25 external RE at 20 a negl.i hange
of shape Hoi nacrRE e sfwion GenaRs e BemPonpab i, Peadhte oo i
three-di mensi @B@ht sa%eay wélght Q?é%'éﬁ'&w ke h@trﬁél‘t GahesRunsy AOvRblet hR By ners
of a cube or the ke made fromthe conposition according to the

i nvention. At Ctaﬁ@ ﬁm@werrrbmlthan@lwlérbe abputreh@i Ynllly| yeighsbl Bases &is thenat
e sl R e et e L R A
present inveniyHythéd $0ig elodbRmtlyObande®es anbiiert bempbaddyt c@npohent D
15  should make up at least about 0.01% by weight to about 10% by weight,
preferably about 0.5 to about 5% by weight and most preferably about 1 to
about 3% by weight of the adhesive as a whole.

In a preferred embodiment, the hotmelt adhesive according to the
invention contains components A, B, C, D and E in the above-mentioned

20 combinations in such a ratio that a shaped body consisting of the hotmelt
adhesive is dimensionally stable at room temperature.

The expression “dimensionally stable at room temperature”
describes a condition in which a shaped body consisting of the hotmelt
adhesive according to the invention retains or at least largely retains its

25 external shape at 20°C, a negligible change of shape being reflected solely
in a change of structures with little three-dimensional extent, for example in
a slight rounding of the corners of a cube or the like made from the
composition according to the invention. At the same time, however,
“dimensionally stable” means that the composition can exhibit plastic

30 behavior under externally acting forces (cold stretching, cold flow).



a lam nate conprising at |east two |ayers, in which a hotnelt adhesive
according to the invention is applied to a first side of a first |ayer at a
tenperature of at |east 40C, a second layer is then |am nated onto the 5
adhesive side of the first layer and the material thus obtained is then
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a relatively long period, for exanp ut one day or a ays up to
about one wobklten ddbegiye, tof the firsk daysrearaboptionally ofhekdayers mnbiamdard

t t ahout to. about, 25 25C). However, e,.third hardeni ng stage
may” ol o0 tbe TRMAGE RIAPRIRANER: fof E¥amAe LSEBARIFE: S UhSnifiAY eHeeo ot ur
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' y

or successively. one either imrediately after the electron
beam tr eat nent orlna pedessed iembodimenhet hefprecessaradggaothednvention,
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| am nat e
temperature of more than 30°C, more particularly at a temperature of more

15 than 50°C.

The adhesive hardens after the first hardening stage initiated by
cooling and the second hardening stage initiated by electron bombardment
and even further in a third hardening stage through the presence of at least
one functional group reactive to a compound containing an acidic hydrogen

20 atom. This will generally be attributable to a reaction of the groups
mentioned with moisture, for example atmospheric moisture. Further
hardening generally takes place over a relatively long period, for example
of about one day or a few days up to about one week or longer, for
example about two weeks, at ambient temperature (about 15 to about

25 25°C).

However, the third hardening stage may also be influenced in its
rate, for example, by changing the moisture conditions or increasing the
temperature or both either at the same time or successively. This may be
done either immediately after the electron beam treatment or at some time

30 thereafter.



with a thickness exceeding that of the materials typically used in film

| am nation, a firmunion between at | east two of the |ayers being
established by a hotnelt adhesive according to the present invention. The 5
t hi ckness of such materials is generally nore than about 200 pm for

exanpl e nore a 250 or about 300, pm The thickne
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about 800 pm The hotnelt adhesive according to the invention is also
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was that 15 difitgblished:yahet@eltaehestye eardingdodbairseerntdavertibunt et t he
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By virtue of dxaenpleosste ittkad abdbe260eorsxisd@n3@@ qon di Tiee tloickiess pheaali on,

hi gh-stress packs w t hout no. i nner bag can be e [ d and , 20, cl osed

usi ng conventmﬁm'laYgrrH@‘Yl RYRN RS greatel g]a\/n A Wbéoéqéé(gﬁécﬂrﬁﬁeﬁ Baloyr ce

of UV light %b&}t%@bﬁgﬁ. beans. In addition, the production process has one
" ag

| ess step, i.e. the gi ng" step. The outer pack or the outer box thus
assumes t he char acthe hotmeltfadhesivenatcqrdiriy tontharinventios ipealsalipréierably | y

eval uated.both in_econom c and in_ecol ogical .t . 25 The invention is
illust raﬂgd tﬂﬁetdhéo'i‘ gﬁ?oﬁqqgcg?'&nﬁﬁ@sqog%?ar%l@id'm% é%eégsﬁ@'er}ﬁ@aﬁ#rgisﬁg to
the inventi onypilisafic®P IbE xampl@kdroesdy-téHake meaks, babgtfopasyessreetids>H
value = 60) and 100 g of a second 30 polyester (OH value = 30) prepared

fromthe conpiismasepticalal i beverageswosyiiieatan PackeT/ EPYY/ Goemedical
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have been used for such applications. The disadvantage of this was that
15 only limited functionality could be achieved on account of the
thermoplasticity of the box, with the result that an inner bag had to be used,
for example for high-temperature and low-temperature applications.
By virtue of the crosslinked adhesive system according to the
invention, high-stress packs without no inner bag can be made, filled and
20 closed using conventional machines which merely have to be equipped
with a source of UV light or electron beams. In addition, the production
process has one less step, i.e. the “bagging” step. The outer pack or the
outer box thus assumes the character of a functional pack and may thus be
differently evaluated both in economic and in ecological terms.

25 The invention is illustrated by the following Examples.

Examples
An adhesive according to the invention was prepared as follows:
700 g of a first polyester (OH value = 60) and 100 g of a second

30 polyester (OH value = 30) prepared from the components phthalic acid,



and subjected to polyaddition for 30 minutes at 120C. 100 g of

phenoxyet hyl acrylate were then added and the pol yaddition reaction was 5
continued for another 30 minutes. The NCOterm nated prepol yner forned had
a viscosity of ca. 10,000 nmPas at 120C. The product was di nensionally

stable at r rature and had a ting point of g ut 80C.
5% by wei ghﬁ@b@/‘%ﬁé oinitiator were zr;@ded to part of WE&’QB&@ BI ymer .
Thi s product, (Exanple 1) was at’%gl_i ed at 120C to an SiOX netallized PETP
film which wa%pmhgﬁm nigrephthati, acidediethylens glycakn dinsppenet alyeolzed PETP

film The a%?%inéasowaﬁdeamgﬁs&k& Qnégzg E‘?’%E%[?'Z%S ngdo%%dgg{%#ggg{t&<f or

results, see ble). second part rwas . da"to the
above- 15 nmard cubjedted nto giolyRHRion tfor N80 amhihiutesnatof120hGt oi MO gt of

regar ad of eI ERAFpeRERe, ieia e addrand dhe Pl adiidh teartion was ca o
~a Fa 18 Cedhtifued 6 AARReFI0 ntthGfesC Fhe NCOUMiN4teld prefolyfnet fornfct O €O E
caa cinEELLC JCcm
had a viscosity of ca. 10,000 mPas at 120°C.
The product was dimensionally stable at room temperature and had
a melting point of more than about 80°C.
5% by weight of a photoinitiator were added to part of the
10  prepolymer. This product (Example 1) was applied at 120°C to an SiO,-
metallized PETP film which was then laminated with a PETP film and an
SiOx-metallized PETP film. The adhesive was exposed to 400 watt/cm? UV
light (Hg vapor) (for results, see Table).
A second part of the prepolymer was applied to the above-
15  mentioned films at 120°C with no addition of photoinitiator (Example 2)
and, after application, the adhesive was exposed to a 2 megarad electron

beam (for results, see Table).
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It can be seen fromthe Table that the composition according to the

i nvention, t i.ts character of a mel t adhesi ve, l far. strong
early adhesi@gg%fg’@s characterized Izbli/% rapi d devel opngg{ﬁEngg)ﬁ"@ ron (in
a few seconds) through irradiation and by the rapid formation of a
crosslinked fil mltgandig sgen fomuthe dablerthghthedegmposion@scording te e

aminat es RS RSP IHARHSRO UhatdceHorh HoFRbR RSN BrbNEEYIS: Litsng | na

i socyanat e
early adhesion. This is characterized by rapid development of adhesion (in

a few seconds) through irradiation and by the rapid formation of a
crosslinked film (material failure after one day). In addition, the laminates
thus produced show strong ultimate adhesion through the final isocyanate

hardening process.



har deni ng process. WD 99/67340 40 PCT/ EP99/ 04066 CLAINMS 1. A hotnelt
adhesive with a nelting point of at |east 40C containing a conponent A or
a conmponent A and a conmponent B or a conponent B and a conponent C or a
conponent A and a conmponent C or conponents A, B and C, a) conponent A

ggin'?gi gspg!ty”wc%\t%z)é?ﬂounl:??glnglr \é\?i)ggtr c%i \c/n; ?E) !ieast %W%ﬁ%gﬁl ng

an aci di ¢ hydrogen atom and a functional group polynerizable by exposure
to W rays or Gk on beanms, b) conponent B being a polymer with a

nol ecul ar wei ght , j
functi onal glroup $g;}?:%t%gaédHe%ﬂ%%ﬁﬁggﬁglt%r@a?ﬁ%qgﬁaa{qg‘lg&ﬁ%{jro en atom

and no functi mrabongmto@rmr[aoctgmpomaram anbya exppenest B or dvcdmpbnemtrB ahdct r on
beans and c) co onent bei n und, cont ai ni n functional grqup
pol ymer i zabl e 5¢ Ot 8 AN ASATMRAN F&RAPRRGD §

nol ecul ar wei ghg cof | ess than 5, 000 2. A hotnelt adhesive as clained in
claim1, characterized in that the conposition has a nelting point of at

| east 60C. 3.aA hmmpbneahhémmgaaamlwhai with a moddcailan vieight g, )odrfaataleasiri zed
in that it hasa 5,00 Br ook

e by C RPID SBrsging gl et tori mulbthal SO Bty 208 of

claims 1 to 3, chedsmgb@ﬁdz:@ﬁtalmngtahraécu@r@rm@a@gén Gtdre addeP FUHRBHaSGoapt ed
fromthe group consisting of nononeric, oligomeric or polymeric esters of

acrylic acid, metpglymeszablecby aspesuretedV Eys,on eJealeon begmspy| acrylic acid

or butyl acryt') %hﬁﬁ%ﬁth %’éq}gﬁé%@%&r find hBF@édl&rNB@RP{I\W (S fllleast .

pol yhydric alcoho e es ol Il ng point o
A hotnelt adhesivs,089 @hicHedntaingrst {B‘asﬂ(memfurlcttdhaB grobpra;dcevezteda in

that a polyuret haggmbgur% egoen%ln?nsg Cacr)mrrgcc):lrgﬁgthy%rggrenB a%m a%gdng functional
group polymerizable by exposure to UV light or electron beams and

c) component C being a compound containing a functional group

polymerizable by exposure to UV light or electron beams and having

a molecular weight of less than 5,000.

2. A hotmelt adhesive as claimed in claim 1, characterized in that the
composition has a melting point of at least 60°C.

3. A hotmelt adhesive as claimed in claim 1 or 2, characterized in that it
has a viscosity of 5,000 to 15,000 mPas (Brookfield RVT D, spindle 27) at
120°C to 180°C.

4. A hotmelt adhesive as claimed in any of claims 1 to 3, characterized
in that component C is a compound selected from the group consisting of
monomeric, oligomeric or polymeric esters of acrylic acid, methyl acrylic
acid, ethyl acrylic acid, propyl acrylic acid or butyl acrylic acid with an
aromatic or aliphatic monohydric or polyhydric alcohol, the ester having a
boiling point of at least 100°C.

5. A hotmelt adhesive as claimed in any of claims 1 to 3, characterized

in that a polyurethane is present as component A or B or A and B.



- WD 99/ 67340 41 PCT/ EP99/ 04066 6. A hotnelt adhesive as clained in any of
clainmse 1 to 5 characterized in that a polyurethane obtainable by reacting
an at least difunctional isocyanate with a crystalline or partly
crystalline polyester or a mxture of two or nore polyners, of which at

| east one i | j\ne, is present as, conponent A or A . 7. A
hot nel t athé&g?%ébai med in any of dhins 1 to 6, Chg&@%g??@g’s I n that
conponent A or B or A and B contains an NCO, epoxy, anhydride or carboxyl
group or a rf-xt urk hetmelhgdbesivgras ¢larecbin ary QE@lafmﬁdttp&aqhaga@apzed eactive
to a conpou tai ni | gl c r ege : : o r .t he
pr oduct im;n (r)]ﬁ g’%[ea? ﬁ%gg&e@&mrgéldy}élpgwaém% a ea?é(g'ﬁ@aaﬁf ?trb\slgéﬁngﬁgngétg@%d

| ayer, in wiscdydnate vithal drystdiiesi orepartigi arpstallinegpolyester or ai mixtlré of 7 i s
applied to a first side of a fi sg,la er at a tenperature of at |east 40C,
a second | ay¥P P& “?W@npq“é'r'ﬂeﬁ%t%éw {03t Igash gResisveysialiienis tnigsent 8%t | ayer

and the mat etfdrﬁﬂ)oﬁé'fﬂ%BpB%r'ﬁgnH then treated by exposure to UV |ight or
el ectron beans.” 9. A process as claimed in claim8, characterized in that

the treat ment. wA hotwelt aghesiveaseciainued lmeams of slaaas i ted, aiaradtedzed

t enper at ure .above 30C. 0, proces s clainmed jn.claim8 or 9
char act eri zdB H& Q%Porﬂ?é A PFA@aRr ﬁ‘f‘aﬁf)ﬂ”wsr%ﬂ/g PV raﬂﬁy@)ré%ﬁr@r i s
carried out i t S am nat e
Gh ot oG 3Tah & o MpBROYELREGr mcke therdR asie fuhtrA bRug B I
| ami nat i on, reatiiveriouaicomposndaontainingeasacitdiedhydsbgematdrayer s bei ng
est abl i shed by the hot nel f?éatﬂhesi ve cl ai 12
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The use of the hdt MEPYeSHd 9epr8fj'd?mOﬁ%a%tnllegggt“?%@%gﬁég‘?’ﬁ%ﬁ%?f?' to 7
for the prodist bpd aagdc@ﬁdamgree, ipf whizhdiheoh St adRésivé @aisieteinsany of
applications. TH S PAGE | S BLANK
claims 1 to 7 is applied to a first side of a first layer at a temperature of at
least 40°C, a second layer is then laminated onto the adhesive side of the
first layer and the material thus obtained is then treated by exposure to UV
light or electron beams.
9. A process as claimed in claim 8, characterized in that the treatment
with UV rays or electron beams is carried out at a temperature above 30°C.
10. A process as claimed in claim 8 or 9, characterized in that the
treatment with UV rays or electron beams is carried out at a temperature
above 50°C.
11.  An at least two-layer laminate with a thickness exceeding that of the
materials typically used in film lamination, a firm union between at least two
of the layers being established by the hotmelt adhesive claimed in any of
claims 1to 7.
12.  The use of the hotmelt adhesive claimed in at least one of claims 1
to 7 for the production and closure of folding boxes for high-stress

applications.



THIS PAGE IS BLANK

L W



