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REACTI VE HOT MELT COWPCSI TI ON, AND FI LM FORM HOT
MELT ADHESI VE BACKGRQJND OF THE I NVENTION 10
Fiel d of the W@ymizkdeOn The present invention rglob&s o, a
conposi tion sul t e for preparing a reactive hot nelt conposition,
and the reactive hot nelt conposition nade t herefrom Advant ageously, -
the reactive hot nelt conposition can be used as a hot mel t adhesi ve,

in particular, a filmform adhesive having a determ ned thickness. 15 The
hot nelt adhesive is useful for adhering electronic parts such as

i nt egrated circuit (1C) chips to a substrate as well as for producing
multilayer electronic i nterconnect circuits. Suitable substrates

i ncl ude ceranics, neRBACTRNVEEOTMELTCOMROSITION, COMPOSITIONFOR act i ve

ot el compes! { chinBhaitioN GRSBACHE O W EcHRHgsrmron s o1 1©

A hot nelt adhesive gives hi gFIEMEORM BOT MELLEADBEESAEhesi on i s obtained
through a physical change in the adhesive. A thernoplastic resin
conposi tion that is solid at roomtenperature is melted, applied to

an adherend, and then cool ed Lﬁlégk@émwmﬂ utilizing this
property, manufacturing productirvity can be I ncreased. Hot nelt
adhesi ves have been mainly used in packagi ng and woodwor ki ng

10 Field of the Invention

The present invention relates to a composition suitable for preparing a
reactive hot melt composition, and the reactive hot melt composition made
therefrom. Advantageously, the reactive hot melt composition can be used as a hot
melt adhesive, in particular, a film-form adhesive having a determined thickness.

15  The hot melt adhesive is useful for adhering electronic parts such as integrated
circuit (IC) chips to a substrate as well as for producing multilayer electronic
interconnect circuits. Suitable substrates include ceramics, metals, plastics, and the
like, and the reactive hot melt compositions of the present invention have good
adhesion to these surfaces.

20

of the Related

A hot melt adhesive gives high speed adhesion because adhesion is obtained
through a physical change in the adhesive. A thermoplastic resin composition that
is solid at room temperature is melted, applied to an adherend, and then cooled until

25 it solidifies. By utilizing this property, manufacturing productivity can be increased.
Hot melt adhesives have been mainly used in packaging and woodworking
applications, with wide use in the electric and electronic fields more recently.

However, conventional hot melt adhesives have poor adhesion at
temperatures above their melting points and low heat resistance, which limits the

30 use of the hot melt adhesives in the electric and electronic applications. For
example, adhesives used for fixing a lead pin to a lead frame of an IC chip are heat
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:appl bcations, with wide use in the electric and electronic fields nore

recently. However, conventional hot nelt adhesives have poor
adhesi on at t enperatures above their nelting points and | ow heat
resistance, which limts the 30 use of the hot nelt adhesives in the

el ectric andwel9zauésomni c applications. For exanpl e, adreHUSWE6Nsed f or
fixing a lead pin to a lead frame of an IC chip are heat WO

97/ 16500

PCT/ US96/ 16924  laminated and then-placed inachighempesatyresgviropmentof 230 ta 20 at ur e
environnment of 23f;4Q @Q&%ﬁhﬁt amm\mﬂ&mehﬁgmﬂa%nmmm,ﬁeﬁmerawre

for soldering. Since co entl ona ot mel adhesi ves cannot nai ntain
suf ficient adhesadheslaes catws enaingsip sifidient adh,esxomv;xh@amnemues they canmotbe i n
these applications Reactive hot nelt adhesives, which
crosslink after Bﬁﬂdﬁ'ﬂﬁ“?ﬁ”é‘%ﬂﬁm f or havi ng i nproved heat

resistance. Eganples R&cﬁ?@ﬁﬁrﬁeﬁ&dﬁdsiﬂés,bﬁich%ﬁisﬁhnkdﬁ&ﬂidﬂdﬁg,uehom ude the

fol | ow ng: A, noi st ure-cur hot nelt adhe

conprising a pol WSWLW“S‘ g‘ﬂ‘g‘f”é‘ EACHYRhOt ;e 2 eS“"“"Patent
No. 5,418,288 Ccogf, m,{!l JP—A—6 10 158017 etc.); (2)
A sil anol condensat | on pe hot nelt adhesive conprising a

whi ch has a silyl gro(l;) (s@mqimxrkcenmosltaéheewscompnsmsapoﬁrmerwhrets) A

di cal I
[ cal oLV ! SRRl AR Gl GBLI PSR SO9EBE Shifpdhang o PARY TS
tlrlerrrgsFttl ngohouszmﬂletﬁythelsl ve porrprl Si 51% 2 pol ymer V\/n![ch has a

ci roup, and a,phenol. resin e etc
?53/ X mgt hog f or crgSs &Iﬂl‘ﬂ‘ﬁ %im??@ltl’p Aﬁﬁ@é&@‘%?ﬁ’?&%ﬁ"&ﬁlﬁﬁ'ﬂaﬁer
application of tRhgicARRES NP0 Bed FP-A-534808 .)€t C. ) .

However, the reactive hot nelt adhesives disclosed in these references
still 20 have the f@I omwlm}mmntwehotmehﬁhemvemmpnwagenera|

the crosslinki ng LeAcH iR hat af a¥oyPEBuF(sbEIPOA RS2 RARY, etc.);
15 (4) A thermosetting hot melt adhesive comprising a polymer which has a
glycidyl group, and a phenol resin (see JP-A-6172731, etc.); and
(5) A method for crosslinking a hot melt adhesive by irradiation afier
application of the adhesive (see JP-A-6-306346, etc.).
However, the reactive hot melt adhesives disclosed in these references still
20  have the following drawbacks:
@) In general, the crosslinking reaction is slow, and a lengthy post
curing is necessary (for example, in the case of (1) and (2) above);
()  Some of the adhesives require moisture (usually obtained from the
air) for the crosslinking reaction, and are not suitable for use in environments where
25 the adhesive has limited exposure to air during curing (for example, in the case of
(1) above);
(i) Some of the adhesives generate water as a by-product, which may
have adverse effects, such as the deterioration of adhesion with time, particularly
for bonding electronic parts. (for example, in the case of (2) above);



curing is necessary (for exanple, in the case of (1) and (2) above):
(il)—Sone of the adhesives require npisture (nsually aobtained fromthe.
air) for the crosslinking reaction, and are not suitable for use in
environments where 25 the adhesive has limted exposure to air during

curing (for eygéfige | N the case of (1) above); PCT/USY6n6924 | 11)
Sonme of the adhesives generate water as a by-product, which nmay have
adverse effects, such as the deterioration of adhesion with tine,

p?r t2 i culbar ly f o(ivip O NSlbhdofth@sdhesives fequitt b Solvénk o fEPRAREDA Blm ddﬁm‘i\}%,e case
\C/)\D(= 9)7/ ?62‘68) ’ and the residual solvent may have adverse effects (for example, in the case of(l) to

PCT/ US96/ 16924 (1v) Sonme of the adhesives require a
solvent for form n)g a 1)| | m adhesi ve, and the residual solvent may

have adverse effects (Mor bmﬂethemsﬂhﬁngm&imfpr@&bdﬁgnduaﬂywen%}mabove);
I t | | nkj ti wh

5" e adhos? ve e Bt oted 4 s (R BRIE (PG AT OR AL aqepivss ot e

adhesi ves have poorshe@ﬁﬁlﬁhtﬁ@i‘éxaﬁbﬁbh'thé&séﬁm)q |(3) abbte)! &1 case of (1),

(2) and (3) above); and (vi) A radiation _crossl|inki ng
adhesi ve is not suitafye fAradiation grosslinking adhesivejis sptsuiable fosusewithot readily

permt or tolera eﬁ)eﬂ@& Emitlof ! ve) .
10 It wou{“g' degdl ra Bl g&?%aveoat&é%ﬁgg@ﬁoo%’?%%ﬂe(gg yi eP‘g a
reactive hot (5) abowe).t adheswe t hat does not suffer fromthese

dr awbacks, as,wel |l as.the .t t. el t gsition,
especially i ol t can éVOBlrd b\7| d‘bﬁﬁo \ierﬁcpgﬁpﬁsﬁgntmtcggyw{?arca& ve Bot
melt adhesive that does not suffer from these drawbacks, as well as the resulting

reactive hot melt composition, especially if it can be provided in film form.

SUMMARY OF THE INVENTION
15 The present invention provides a reactive hot melt composition comprising:
{a) a thermoplastic polymer which comprises a polyolefin having an epoxy group;
and (b) a copolymer which is obtained by radiation polymerizing an aliphatic alkyl
(meth)acrylate, and an acrylic compound having a functional group reactive with an
epoxy group. (Herein, "(meth)acrylate” collectively means an acrylate and/or a
20 methacrylate)
The reactive hot melt composition (hereinafter sometimes referred to as the
“hot melt composition”) is a solid at room temperature (about 25°C) (hereinafter
“room temperature” means “about 25°C). It melts at a relatively low temperature in
comparison with conventional hot melt adhesives (for example, at 120°C or lower),
25  can be easily hot melt coated, and is quickly crosslinked by heat after it has been
applied to an adherend, and without requiring radiation or moisture. Accordingly, it
can be advantageously used as a heat crosslinking type hot melt adhesive. In this
case, the above described problems associated with radiation crosslinking and
moisture curing hot melt adhesives can be avoided.
30 Since the crosslinking reaction is substantially a reaction between the "epoxy
group” of the epoxy-functional polyolefin thermoplastic, and the "functional group
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SUMMARY OF THE | NVENTI ON 15 The present invention provides a
reactive hot nelt conposition conprising: (a) a thernopl astic pol yner
whi ch conprises a pol yol efin having an epoxy group; and (b) a

copol yner which is obtained by radiation polynerizing an aliphatic al kyl
(et h) acryl awe.9746%80 an acrylic conpound havi ng a functi onapcryussepeneacti ve
with an epoxy group. (Herein, "(neth)acrylate" collectively nmeans an
acrylate and/or a 20 nethacrylate ) The reactive hot nelt
conposi tion (her ﬁaaah;fetvam aampmtyl group" irethe radéation-indueed:dopolymer, no reaefionbyt

conposition") |s al i oomte I nafter

"r.oom terrperatur ﬁwg‘ Eﬁ ,]g,é‘ﬁq‘%#eﬂl%ﬁﬂé &?Jna ree?%'tle y | ow

terrpelrature igo[ﬂow,];bgﬁyaml hae.l)iaﬂ/udté)aﬁmEqmmsmomdbemmhrshIﬁMgmﬂtmﬁhgs (fgr

exanpl e, at 120[err or | ower n ot .t goated, and is

qui ckly crossl i nR@@%MMPWPEWMHE”B’Z&P%ﬁ‘W’ sX:c adher end,

and wi thout requpg r%i?ﬁasg’éﬂlh : B #Eﬁdam%hﬂﬁﬁa‘éecéﬂmstmgofth&an be
eat C oss

advantageously use Ing type hot nelt adhesive. In this

case, the above Mmon—bddcepmmlmfmmpmmmmma etherdwnd.nki ng
and nmoi sture.cutring ho "&?H:B égl: ggd“

SI nce the crosslm ﬁ%"&?‘f’&ﬁ% g‘ﬂ%@a\ﬁi a reactl o et ween t he

" epoxy ar Otﬁﬂml@ni-nfdb&d%ﬂﬂdymmmmm p:dh;oﬂieeindnmtsknlulmbrawd&: and
the "functional group e . . - 3-

VO 97/ 16500 quickly when the composition is heated to a temperature above the melting

PCT/ US96/ 169 temperaturé 56t b WW epoxy group” in the

radi ati on-i nduce opol yner, no reaction - product such as water is

generated. The hot ne%em@sm4witbnphh§zqdé8h&mmﬂ@mﬁ““°“°ﬂ‘198\$%b| lity
in the hot nelt giaiGes iR BcheraltHL "sstdhfhe TRhséCRtd thOaniiHRuS Phdsé~ drdit © @ film

separated before heating, but they are molten and the crystalline phase disappears
partially or completely when the composition is heated to a temperature above than
15  the melting point of the thermoplastic polymer. The size of the crystalline phase
domains is usually from 0.1 to 100 pm. The presence and subsequent melting of
the crystalline phase in the composition are confirmed by measuring the heat of
fusion by differential scanning calorimetry (DSC).
The hot melt compositions of the present invention can be readily prepared
20  from a composition comprising (a) a thermoplastic polymer which comprises a
| polyolefin having an epoxy group, and (b) a radiation polymerizable component
containing (b-1) an aliphatic alkyl (meth)acrylate and (b-2) an acrylic compound
having a functional group reactive with the epoxy group. The hot melt composition
is prepared by irradiating the composition with, for example, UV light or an
25  electron beam so as to substantially polymerize only the radiation polymerizable
' components and to solidify the composition. The above-described phase separated
structure is readily formed as result of this.
A film-form hot melt adhesive with 2 determined thlckness compnsmg the
hot melt composition of the present invention is one advantageous application, and
30  solves the above-described drawbacks of conventional reactive hot melt adhesives.
The film-form hot melt adhesive can be placed between a pair of adherends which
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Further, the conposi tion has excellent shelf stability, since a crystalline
phase 5 consisting of the thermoplastic polymer and an anorphous phase
consi sting of the radi ati on-i nduced copol yner form a phase separated
structure. On the other hand, post curing proceeds relatively
qui ckly. The WhegsR astic poI ymer and the radi ati on- Fal%g,
copolyner are mxed with each other and crosslinking procee*s e/iiwz?qui ckly
when the conposition is heated to a tenperature above the nelting 10

tenperature of thge &ksikhedt lainihftel 3PS desired tem fperature Excéiai adifasieh ¥arbewi th a

pol ari zed i ght m croscope (nmagnification o 400 tines in
general ) the ' cr@E%eﬂlbhwﬁmat&ﬁﬂmﬁﬁmmm%ﬁﬁ%émeare

separated before heating, but they are molten and the crystalline phase

di sappears partially or corrpl etel y when the corrp03| tion is heated to
a tenperature above than 15 BRIE i f AWINGB nopl asti ¢

pol yner. The sgize of e c ne S IS u from
0.1 to 100 [efr]m Th M\%@@q‘%ﬁ“@ ‘gaﬁ‘g‘a’f‘“‘J{E‘%h‘é‘“s
crystal l i ne phaseriwin srigwﬁmfposmlon are confirnmed by neasuring the heat of
fusion by differential scanning calaqrinetry (DSC). The hot
mel t conpositions of FH& ﬁFéS@ﬂb*@W&ﬂ‘PWR?MM&GﬁWW&#@@QO from
a conposi tion CORBhindl 113t hernopl astic pol ynmer which conprises a

pol yol ef i n havi ng an epoxy roub and (b) a radiation polynerizable
conponent cont aFIG.i%p graphishowingahe qhiasge of thel shedr nfodplus Y with kimee and
(b-2) an acrylic VI ng a functional group reactive with the
epoxy group. >ﬂ‘Il oﬁwn%%g‘?plgsﬂ i on is prepared by irradiating the
conposi tion with, forFRX3ipiPSCdHart ofihe fithi-fotth adhesivedf BRimple 13cam so as to
substantially polynerize only the radiation polynerizable conmponent s
and to solidify the corrp05|t|on The above-descri bed phase separated
structure is readi |l ypEPAIE NSCRE R :

hot nelt adhesive w I'CKNess co

rirsrng
melt conposition of tTHee phmeﬂaﬂmmmmpmw@ongabﬁhbmmpaw@muon

7ol adnosi viS,  CerenRA o) Wil EATAE e dlop RAR I et ® "'

bet ween a pair ofnehdiapssitibh ofttiediivention to melt at a relatively low temperature, for
- 4-

example, 120°C or lower. This makes hot melt coating of the composition easy,
imparts good heat bonding properties (i.¢., adhesion to the adherend after cooling
and solidifying the composition), and improves the cohesive strength of the

20  composition through a crosslinking reaction with the radiation-induced copolymer
upon heating of the hot melt composition. The excellent cohesive strength
advantageously improves the peel adhesion (peel strength) of the hot melt
composition.

The "thermoplastic polymer comprising a polyolefin having an epoxy group”

25 means a copolymer derived from a monomer mixture containing (i) a monomer
having an epoxy group and (i) an olefinic monomer. Specific examples of the
epoxy-functional monomer (i) are (meth)acrylates having an epoxy group such as
glycidyl (meth)acrylate. Specific examples of the olefinic monomer (ii) are ethylene -
and propylene. Monomers other than (i) and (i), such as alkyl (meth)acrylates,

30 vinyl acetate, and the like, may also be used. Specific examples of the thermoplastic
polymer are a copolymer of glycidyl (meth)acrylate and ethylene; a terpolymer of
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PCT/ US96/ 16924 are easily heat lam nated at the desired
tenperature. Excellent adhesion can be obtai ned by post-curing at a
specific tenperature for a specific tine. BRI EF
DESCRI PTI ON Wb 97A#sedRAW NGS5 The invention w becr/Osssnesee ful |y
appreciated with reference to the foll ow ng drawi ngs i n which:

FIG 1 is a graph showi ng the tenperature change of the shear nodulus G

olrolt ai Eed in Ex?ngmidﬂ@peth)ac;ylate,vifylacetaﬁla_@i e@ylglegmemmengfs%@dy&hange of

t he shear nodul u Wi t 1 '

FL.G 3 is a DSC E‘H‘%’W’B‘%@t e e %%3@%@%@‘@%&%%

DETAI LED DESCRI Pthefdhé id ptilyrhirb-CanRitoBe obddODl VENTS Th

"t hernopl astic polyrrepfﬁclorrprisi ng._.a gl éJ_efi n. havi ng,an eRox rgu " 15
(herei nafter someti ne'é"rﬂ?ﬁ@?"i“ﬁﬂp%&“&g"f"ﬁ W&M*ﬂcb‘gmkgwm&nabl es
the hot smwleﬁpm%bxfegrﬁif&hasdmw, QA LkitsTomprisikg @fdidye! v | ow

tenperature, for exanp 20C or | ower. i s makes hot nelt coating

of the conpositi tmethiaerylate and mhykmhméogﬂvdvqi@apfnb;mrgﬂgﬁ%@vweé (i.e.,

adhesion to the ' WefRAYA )i
conposition), an%g%?g&ég%{gﬁ%m@‘gﬁgﬁdgl 2‘?‘?“9%8‘?%“’3& P@e&%&g (gg@ﬁ%)sllst i on
Lpon Reating of Lhe. bt et conbos i o The excel Lent -coheet ve, st rengt h
advant ageous| y iﬂ%ﬁﬂ@i“?ﬂb‘ﬁ&'@”‘&éﬁ WE‘@EF%‘{'?‘%WS % he hot nelt
conposition. 1o  composition, impRes th RéaTRaHesioh, afid BiHaNd¥s theGpdlinkingteaction

pol yol efi n having_an epoxy group" 25 means a copol ymer derived froma
nononer m xture Wishtheirpdistipninduced cRPRlYRSF. havi ng an epoxy group and
(ii) an olefinic non ﬁgﬁ; | GMERR h ic polvmer SR&RYred WNCt i onal
nononer (i) are (rreth;ac"rlexg at egaftéhgw ngf?ﬁﬁi})%&p&?g&o&e& as

gl yci dyl (et h) at90fCatenrdifigtocll$ Ko6760 Hisptefasably inithe rengefaf 10 endrb00H @210 hini ) are

21 o1 (et hy acr y AR R Riss g 1030015 Rt i it poyme VB 05
Speci fic exampl esthéf confponénisfihehol adelt Compositighaendses bedifficalt.cWheh thedFROf
glycidyl (neth) ai%rg}/ela?etr%ha%q((j)ooeyilg lm?rp,e tiae goﬁeg'tw %lr%rgﬂheq:ot melt composition may
deteriorate. The weight average molecular weight of the thermoplastic polymer is
selected so that the MFR is in this range, and is usually 200,000 or less.
The thermoplastic polymer preferably provides from 20 to 95 wt. % of the
20  hot melt composition (or the composition_ for which this is prepared). When the
content is less than 20 wt. %, the heat adhesion property of the composition tends
to deteriorate. When it exceeds 95 wt. %, the viscosity of the composition
increases and it may be more difficult to handle.
The "radiation-induced copolymer" is a copolymer prepared from radiation
25  polymerizable components containing, as essential ingredients, the "aliphatic alkyl
(meth)acrylate”, and the "acrylic compound having a functional group reactive with
an epoxy group.” The radiation-induced copolymer forms an amorphous phase
which is phase separated from the crystalline phase provided by the thermoplastic
polymer, and improves the shelf stability of the composition. When the hot melt
30  composition is heated to temperature above the melting point of the thermoplastic
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i . (vl Vi t et hyl ene;

and a terpol ynmer of glycidyl (meth)acrylate, ethylene and an al kyl
(nmeth)acrylate. Blends of different t her mopl asti c polymers can al so

be used. In a particularly preferred enbodi nme M

t her nopl asticwp?()gfl)l/‘rf"gr' contains 5 at least 50 w %preferg’gr a 6fné‘ast 75
wt.- % of repeating units conprising glycidyl (meth)acrylate and

et hyl ene, based ogy RolatR lﬂl’;sfie P‘%ﬂm Sihd &ﬂd-?’%

repeating unit we g%'?é’rg{tei ool g yE‘?‘H@‘ met ?agﬁ%lgte pogﬁ‘cfrgﬁ?meene (E)
gAéE) EAS I pr prirtially twhixeds ; tnfamsleﬁ!e@ol sslinkinggeacti " iomr e preferabjl y fr](c)m 3? t70tt0
: 95. copol yner | . (0 cr e ene.facilitates
hot nmelt coating of_tﬁmgt%ﬁﬁﬁ*?ﬁ'ﬁ"%%l@%'fﬁ&_gﬁgélwwﬁ'@%ﬁ and
enhances the cr ospredudor @gmpesitivinicBMprising the tetopldstic psigknertand the radindond

copol yner. . ..Jhe nelt flow rate (" MR f the ther astic
pol yner, neasuY e&%“mwhm&ﬁ‘éﬁﬂﬁc%é@*@%@gﬁﬂepm f ly in
the-range of 10 angs JdMfdsitiod 302 b polymerize WleGRdiddon pMyRetiZableSdmpbheats, 10 9/ 10

mn., mxing of the thernoplastic polyner with 15" “other co onents of the
hot melt conposi tThereby.thelabave dessribidiphass separatedh gructuseisisrably formed, and the eat er

than 1000 g/ 10 m i . melt conposition may
deteriorate. The s%i/\l/e'sllfg &gp‘%%%%'ggé‘ﬁfﬁ’?‘f“&}e‘&g@%f t he thernoplastic

pol ynmer is sel e @hedrosslinking reattich dffthe radiation-inthiced copulymerandities usual | y
200, 000 or Iﬁﬁg. ) The therrm&lbtgst,i ¢, pol r 'pre%éaor abl .y :
provi des from®0 thgymeglagtic polymer starts.at A jemperature jp the $20°Cand; he

conposi tion for vigoed ahfliscolmpleRiddn @ tifidperidd G Trdnifeveral minufeP s R0ral oulseSS
than 20 wt. % the heat adheSion property of the conposition tends

deteriorate. WherHoweves siaeathe omactign time is rélatively dongat 8 yemapreratere araynd 429°Ci on
i ncreases and it ’Q% L £ sshinking i
"radi ation-i nduce(g caopo %ﬁwﬁ@%ﬁ%‘;@?@@ﬁ%’%&r‘%ﬁ@r om r%laip‘é%%}%r}y 25
pol yneri zabl e comsdommedsat ¢ temsperatirs of 140°Caos bigheri Jlhai igdotoielt noating chrebe
"al i phatic alkyl . et h) ac ate' nd the. "acgyli gapound havi ng a
functi onal grl§up %{!P}% a\ﬁ%tﬁvef?/slhort%niea agemperature o&%ouﬁﬁl Epor%wer,

while the crosslinking reaction is performed at a temperature of 140°C or higher.

This avoids a decrease in coatability due to the progress of the crosslinking

to

reaction, while still allowing the bonding to proceed quickly.
The radiation polymerizable components which are the starting materials of
20  the radiation-induced polymer may contain other radiation polymerizable
compounds in such amounts that the performance of the present invention is not
substantially impaired. |
The "aliphatic alkyl (meth)acrylate" (hereinafter sometimes referred to as
“aliphatic acrylate”) is an essential starting material of the radiation-induced
25  copolymer together with the "acrylic compound having a functional group reactive
with an epoxy group.” In the hot melt composition, the aliphatic acrylate improves
the compatibility of the radiation-induced copolymer with the thermoplastic
polymer when the composition is melted. Further, in preparing the composition for
the prepaiation of the hot melt composition, the aliphatic acrylate functions as a
30 reactive diluent to dissolve the thermoplastic polymer, decreases the viscosity of the
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:an epoxy group." The radiation-induced copol yner forns an anorphous phase

whi-ch i s phase separated fromthe crystalline phase provided by the

t her nopl astic pol ymer, and inproves the shelf stability of the

conposi tion. Wen the hot nmelt 30 conposition is heated to tenperature

above the nelwoomesmw Nt of the thernoplastic PCT/US96/16924
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PCT/ US96/ 16924 pol ymer, the thernoplastic polyner and the

r adi at i on- i nducedcommppsitiyimorfadilitate indling of the pampasitibh,\and ispelinietizaiavitiethe he

crosslinking reactjon., . . Prefera t he. r.adi ati on-i nduced

copol yner is prepherdadistion pplypedzable component to 0%'?@56‘? tE'at’rﬁB'EP‘fsftl?H'

conprising the thermogegh ithe mbmmk?%ﬁmmmmmm @,em)ﬁaaﬁ%g?ﬁhyzabl e
n _Tor e ho

conponents, that is, the conpositio e preparation of f

mel t conpositi on,beseleeted from§y) iy pgychic alkyl group sush-as methyl ethykaropylaandthe
conponents. A al=Tp valt ?ﬁ"ﬂ | I ture

[ sngt ably for r?ed,hkg’n t@g&ﬁw&ﬁﬁcﬂgﬂ ?tﬁa #F]ﬁiﬁgﬁg‘?@’ﬁo@%ﬁﬁgﬁ?ﬁiﬁ%s
further inproved.andthe like. Preferably, Thealiphatic alkylfmetiacrylate isi apnlipifatic herylate

radi ati on-i nduced copol yoer,. and, t he 10 -.thernoplastd c pol.yner starts at a
tenperature in t “Pgﬁﬁéh“g’é{ Wfﬂ%[%%@ﬂﬁ”gﬁggmf%ﬂféﬂﬁ?% S
conpleted in a tighthdlfdt meR cOfpdsition) &rimpidvesthe stieagth! Reat fevistande af@Ur S.
However, since the reaction tine is relatively long at a tenperature around
120[err] C ﬂbeﬂmemﬁpéthammwnhé’fefymdtaeaﬁﬁ ofdhe aliphasicaliyl o)t he

crosslinking g : Tl lﬁhé:?lrmﬁf 18e. Qg 140C or
hi gher. That i| s, hot %txgrgembﬁré‘y@g% l’giedaiSe’aéyccar ied but 1K a relativel y
short tine at a tdicypleperntanyb(meth)advylate. 120C or | ower, while the

cposs k19 eact 00 142 R OLET sl FRFRLHES 490 10 4RLELERE © 1 aher

crosslinking comipBsitiéri for prepéringahestiot meltabinpositivy. Wisentiengbntegt is tespthas eed

qui ckly. 4 wt. %, the viscosity of the composition for preparing the hot melt composition

15 tends to increase; when it exceeds 79 wt. %, the heat adhesion property of the hot
melt composition tends to decrease.

The "acrylic compound having a functional group reactive with an epoxy
group” (hereinafter sometimes referred to as “acrylic compound”) is an essential
starting material of the radiation-induced polymer together with the aliphatic

20 acrylate, and functions to enable the crosslinking reaction of the radiation-induced
copolymer and the thermoplastic polymer.

Herein, the "functional group reactive with an epoxy group" means a
functional group having an active hydrogen which ring-opens the epoxy group, such
as a carboxyl group, a hydroxyl group, an amino group, and the like. The carboxyl

25  group is preferable in view of the balance between high reactivity and shelf stability.
The "acrylic compound" means a monomer or oligomer having a (meth)acryloyl
group. Among them, the monomer is preferable since it decreases the viscosity of
the composition for the preparation of the hot melt composition, and makes it easy
to handle.

30 Preferred examples of the acrylic compound are (meth)acrylic acid,
hydroxyhexanoic (meth)acrylate, ethylene oxide-modified phthalic (meth)acrylate,
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The radiation pol ynerizabl e conponents which are the starting materials of
conmpounds in such anounts that the performance of the present invention is
not substantial ly inpaired. The "aliphati ic al lyl

(met h) acryl alyfy offdsdeei Nafter sometines referred to as Peuso | C
acrylate") is an essential starting material of the radiation-1nduced 25
copol ymer together with the "acrylic conmpound having a functional group

reactive W ity ichB oRiBe6die® widionic|(MethfiRrylitd, efffiche sﬂaaﬁ.sumwgnumhbe
al i phatic acrylate inproves the conpatibility of the

radi ati on- i nduced"@%%raﬂwelﬁ@“‘im? adipic @neth)acrylateo| yer when t he

conposition is nelted I oy t he
preparation of the hotThE 'ﬁ' m?b |on ‘P’R’go‘;"f}gpha ?a%rogp'ate t’ & ons
as a 30 reactl\fertuebmpntndmoﬁihslmhlehobinpaslmr Wnahémtqwlsymthandecreases
%eg\;; iggglot ysof ; hg/othepolymersmaynotbe crosslinked; when it exceeds 30 wt. %, a .

PCT/ US96/ 16924  homogeneowsafimfiré ﬁ.hpﬁbﬂbe obined whét the barapdsition for thé he
conposition, and is polynerized wth the ot her radiation

pol yner | zabl e coPpRpaEpn phrhe betmelirompopition isgrepateds conpositi on.
He th | i phat th | at
CURUSCHSre st oot RS

may be sel ected rom as net hyl ,
et hyl, propyl, amhbmhﬁasttﬁresxdsloklertlmmdle(abm)e-mmﬂedd;euholﬂasabhglbnmsadpngsuch as

I sobor nyl, c ohe cl Pr ef bly, the
i tphat e al 0 Ribirbiniahes GYRh etcoppanitor o bty mprped iR
alicyclic al kyl @dditighal theiopldstié fesih iy Enfeion istadlifes o tedacesthé imdtulus of

t enperature of the hot nelt conp05|t|on and |nproves the strength,

heat resistance ShfFompositionduringhest M@F‘l"f@ﬁ"e"’l’?ﬂé"‘cm mtheg increpsecf er 1 ed

exanpl es of the gid l?ﬁﬂatdh&rd?llﬂf 0 AcEIRofloho 1 Bor ek doRPBAGSH o he

(meth)acrylate, cyclo acry
present mventwn is used as the adheswe, the use of additional thermoplastic resin is

1S  preferable. Specific examples of the additional thermoplastic resin are rosin resin,
terpene-phenol resin, terpene resin, aromatic hydrocarbon-modified terpene resin,
petroleum resin, chromanindene resin, styrene resin, phenol resin, xylene resin,
polyolefin resin, and the like.
The additional thermoplastic resin preferably provides from 1 to 30 wt. %

20  based on the total weight of the components contained in the composition for the
preparation of the hot melt composition. When this content is less than 1 wt. %,
the heat adhesion property of the hot melt composition may not be improved; when
it exceeds 30 wt. %, the cohesive strength and heat resistance of the hot melt
composition tends to deteriorate.

25 A crosslinking agent which reacts with the epoxy group of the thermoplastic
polymer can be added to increase the crosslinking density, as long as the
performance of the hot melt composition is not substantially impaired. Specific
examples of useful crosslinking agent are amines, carboxylic acids, acid anhydrides,
polyamide resins, dicyandiamide hardening agents (including dicyandiamide and its

30 derivatives), organic acid hydrazides, imidazole derivatives, diaminomaleonitrile and



.di cycl opentanyl (neth)acryl ate. The aliphatic acrylate
preferably provides from4 to 79 wt. % of the conposition for
preparing the hot nelt conposition. Wen the content is |less than 4
w. % the viscosity of the conmposition for preparing the hot nelt
conposi ti on Wwho7igegls to increase; when it exceeds 79 w. peT/UBenéveat
adhesi on property of the hot melt conposition tends to decrease.
The "acrylic conpound having a functional group reactive with an epoxy
group” ( her ei naf gderivatives, an® melamine andits devivatives. lnrpatticular; @ fiporenekining o an

essenti al starting.materjal ,aofthe radiation-induced pol yner together
wi.th the ali phat?’E‘%ZBler&g%WW%é‘E?mgwmams to enabl e the crosslinking

reaction of the radiation-induced , Ccopolyger and the thernoplastic
pol ymer. Herein, the "f i group reactive with an epoxy
group” neans a functional HteygA ANgetY¥e hydrogen which

ri ng-opens the epoxy group, such ixyl group, a hydroxyl

group, an am no group, and the |ikg- 25 group is preferable
in view of the bal ance between hid )z : = hel f stability.

The "acrylic conpound” means a nonoffe dlr having a (neth)acryl oyl
group. Anong them the nononer is pKkEg Jabl o 8l Nge it decreases the

vi scosity of the conposition for"the preparation of the hot nelt
conposi tion, and nmakes it eas to hand] e. 30 Preferred
exanpl es of the wherginieachdbispasdenendently hydsogen, shipsing or ap allyl group such as

hydir oxyhexanog ¢ BG5S 5 OS5 ol iept ol |

(meth)acryl at'e,
PCT/ US96/ 16924 In additiby; e compusitien foo thefprepdration of the hdtrmadltdompositiernt e,

oot e et 1 o S raalisropplmeraibs Wi f o B ReUMEARAR
preferably provigigiedr td Sccoleratd the fidition Muded Polyfmetization. In particulafiwhieh ehe
Preparation of paceiiaggi ierrJe\lf }igh(i,otgg Sésdlitgolnoort]"a ravr\lygc%ln plEort]oepo n ne}igar]t%on Iix?xtitltgrsiss than 1
10  useful. A suitable radical photopolymerization initiator is of the cleavage type, and
specific examples are DAROCURE D 1173 and IRGACURE-651, both available
from Ciba-Geigy. Further, an additive such as an antioxidant, a UV light absorber,
a filler, a lubricant, a rubber component, and the like may be added to the
compositions of the invention. As a filler, electrically conductive particles may be
15 added.
The hot melt composition of the present invention may be prepared as
follows:
A mixture of the thermoplastic polymer, the radiation-induced copolymer,
and other optional components such as a tackifier, a radical polymerization initiator,
20  and other additives is kneaded at a certain temperature to obtain the precursor
composition, that is, the composition for the preparation of the hot melt
composition.
The order in which the components are added is not critical. Preferably,
however, components which accelerate chemical reactions such as the
25  polymerization or crosslinking of the components (e.g., the radical polymerization
initiator) are added last. The mixture is kneaded at a temperature at which the
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5  w., % the pol yrrers may not be crosslinked; when it exceeds 30 wt. % a

preparat|on of the hot mel t corrp05|t|on i s prepared. The hot
melt conposition of the present invention may contain t her nopl astic
resins other y ?ﬁs&&e above-described thernoplastic pol ynerg, le?" 0240 as
t he performance the hot nelt conposition is not substanti %?Qll npai r ed.
The addi ti onal therm)pl astic resin may function as a tackifier to

reduce the nodul upofthéth&nﬁ RRRYolynRP anti the Bihcticial grodpteadive Wxnof the
conposition, and o urther increase t he heat adhesion Eroperty

Accordi ngly, \Aheﬂ!etenwmumeﬁtbem;npm dernot ubstantially r pthefavent i on

oroforabi o, SpectTae Hms015 145E Sg S PRt ol RIS @il 112 00

rosin resin, planétany meixes; plvamgenizersomnthe liker (¥he esuling composition forthe

hydrocarbon- dified ter ere etrole mreS|n chr onani ndene
resin, styreg r BEPpfation %ﬁg é'?’tﬁ"mﬂwté%ég homogwpg,s{;l'qg in resin,
and the |ike. composition. The addi ti onal ther m)pl astic resin preferably

~provides from1l to 30 w. % 20 based on the total weight of the
conponent s cont ai ned Siybsequently, @ﬁpmlmaﬁomwtmymdmtedmwmwﬂbn of the

hot nelt conposi Sﬁﬁp&n@rﬁ t he
heat adhesi on pr%perty 0 thmaﬂmg&%ﬁﬁcorr&y thon y not e |mn m\‘; d;
when it exsbstastiabthermal cﬁéﬁslhhegbmmemwupdmuieﬁmduher esi st ance
of the hot t . C siti,on tends to deteriorat s A
crossl i nki n%geﬁ'%’f'ﬁ?@ef&’@ﬂﬁ?? QWE?&@‘WPFPB% %fst iC
pol ymer can be aghé fésémmm@am&Meuthﬁmﬁoemwdemommm as the

per formance of t e ho r:relt corrpo ubstantla | npai r ed.
Specific P ‘bl'°¥l§?§f°ﬁ!‘ QH‘&F‘E %W’boxyl ic

acids, acid anhysmde&nposmonsomkmﬁst :ﬁaﬁmﬁmﬁu@émp%%é@m%fdem ng
agents (including dicyandiam de and its der’i vatives), or gam c acid

hydr azi des, i nmi dsubgrusiably deteriorated.sIn the mxm#rmmmwm thecphasecseparated
- 9- 15  structure consisting of the crystalline phase provided by the thermoplastic polymer,

and the amorphous phase provided by the radiation-induced copolymer is formed.
UV light, electron beam, X-ray, visible light and the like can all be used as
the radiation source. The irradiation intensity is selected so that only the radiation
polymerizable components are substantially polymerized, but the epoxy group on
20  the thermoplastic polymer and the functional group reactive with the epoxy group
of the radiation-induced copolymer do not react due to generated heat, at this stage.
For instance, in the case of the UV light irradiation, the irradiation time is from
several second to several thousand seconds.
A film-form hot melt adhesive comprising the hot melt composition of the
25  present invention and having a specific thickness can be readily formed. The
composition for the preparation of the hot melt composition, which is liquid at
room temperature or can be liquefied by heating, is coated onto a substrate such as
a polyethylene terephthalate (PET) film with a knife coater or other coating means
to form a precursor layer. The precursor layer is irradiated to form the film. When
30 the adhesive is used as the film-form adhesive, it is removed from the substrate. In
this case, preferably the coating surface of the PET film includes a release agent.
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PCT/ US96/ 16924 Its derivatives, and nelamne and its derivatives.
In particular, a fluoreneam ne or i m dazol e derivative of the

foll owi ng formul a: wherein each R is independently
hydrogen, chivgroragep’ an al kyl group such as 5 met hyl , pé&EPwsoerngszopPy! .
etc. is suitable since it has excellent |atency. I n addition,
the conposition for the preparation of the hot nelt conposition may
contain a radical phoAKdRiteR the Sii-foim atlsive inay boprepadéd Béxtruding a

phot opol yneri zati on initiator to accelerate the radiation induced

pol yneri zati on. PRecyssrdayerand imadiptiog it o radiation is W light, the

addi tion of a radi cal TR SRS filth¥otrh BdHebivé is AbXriticAl addis préfergbly from™

sui tabl e radi cal photopol ynerization initiator is ofthe cleavage type, and

speci fic exanpl e8.08} to DnmOBDorREpreferebly Fromm@i0] techToRE- Whenithe flm is tep/thin abl e
f Ci ba- Gei gy. d ke . L QX4 .17 ght
o 0 B A WS L i

absor ber, er conponent, | ke may
be added to the reactioniChsnpniforiniinthe thitkrelsaditectionhioln canAause ifregular ,

el ectrically condugtive particle be 15 .. ..added. The hot
mel t conposi ti onpﬂ'&wg?&sgfﬁ‘gﬁi?}g'%lpﬁr& b'ﬁ‘g?' prepared as fol | ows:
A mxture of the therm%&%hﬂedmhmhottnMaaﬁaivatymm?duwhse@ﬁpl yner,

and ot her optional conponents such as a tackifier, a radical polynerization
initiator, 20  adhering dnelectranic pary suchias IGpkinded at a certain tenperature to

obtain the py@cursor agherendf Qe bbided With'théiin-form hoimdCliesve dsBllowar t he

preparation of the hot rfe{ﬁng composi tion. dfhe order in

whi ch t he conponent s Ehedikadomdhotmeltalhesivietis ingerted betwear apsinof adherends, and
heated at a specific temperature for a specific time under a specific pressure. After
laminating, the bonded adherends are heated to a temperature sufficient to thermally
crosslink the adhesive.

15 When the adhesive of the present invention is used in the form of a general
stick type hot melt adhesive, hot melt coating can be performed by heating the
adhesive to a temperature at which no crosslinking reaction proceeds or the
viscosity of the molten adhesive does not increase to an extent that coating is
inhibited. In such case, the adhesive is coated on one of the adherends, and a

20 second adherend is placed over the first adherend before the adhesive solidifies by
cooling. After the adhesive is cooled to a solid, the adherends are heated to
thermally crosslink the adhesive.

The adherend may be of any material such as metal, glass, ceramic, plastic,
etc.

25 The hot melt composition of the present invention may also be used as an
adhesive tape, when it is fixed as an adhesive layer on a substrate such as a plastic
film (e.g. polyamide, polyimide, polyetherimide, polycarbonate, polyethylene,
polypropylene, etc.), a fabric, a metal foil, and the like.

Further, the hot melt composition of the present invention may be used as a

30 sealant.
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however, conponents which accel erate chenical reactions such as the 25

P .
pol ymeri zati on initiator) are added last. The m xture is kneaded at a
tenperature at which the WO 97/ 16500

PCT/ US96/ 169240 97n¢s00 = €POXY group-of the thernoplastic pobiEEesibddet N€
functional group reactive with the epoxy group of the acrylic
cormpound do not substantially react each other, usually from80 to
140[ err] C usi ng apparatus such as a kneg%m% extruder, a

pl anetary m xer, a honogeni zer, or the Iike. The resulting conposition for

theé 5 preparati on Tof prreent investioniwill bepeplained impss detay] by theSpligwing,
homogeneous | 1 Ui glamples, which W8P frhh 8 scope of the present inveriifizequent 1 v, the
resul ting corrp05|t|o% 's irradiated to spubstarftla Iy pol yneri ze only
t he.radi ati on pol ynmeri zabl e conponents, and w thout causing any

substantial thermal crossl.inkipg between the thernoplastic polyner and the
10 radiation-induced fef, so as to prepare the reactive hot nelt

conposi tion of Thé CoRpcets khowhif Table N - werfidxed, lah@ thed kneidedat absut
provided by an el ectron beam the . .thernopl astic polyner can be
partially crossl iR toRsenarr-2 homegepsaus lignid composition &1 ke preparation of theihot

conposition so | o} : | {d kL §y NOt
substanti al |y dmﬁfi‘é"* ﬁ:ﬁ%&ﬁﬁ%@fﬁ@ °%‘*§?f?j§!2§%‘f&ﬁﬁ“a£y
separated 15 st rweightipfthe prepared com @0 which t phit by avej radicali ded by t he
t her nopl ast i 3 polaxmer . a.nq. t he, ﬁé&ﬁﬁﬁ%ﬂ%‘se r?v' de?:.bby t.h

radi ati on- i nddceEBypFrzAtipLIn; BPﬁgdf ava&pqm bazeieyr on
beg_mt_x-ray, Vi sivh#_ﬁdddd@&ﬂsg_aﬂtdgl&h&am Eﬁlﬁ?ﬁth?dhifb?oﬂft&gfﬁme;g?pre&ml rth

radi ati on source, irradiation intepsity is selected go that, on e
radi ation WF@WQ&W&?{SO ﬁ&@%ﬁ%"‘é’& SIS IEpgst M’r‘?%ed, but
the epoxy group Q&oﬁ&usﬁrﬁﬂh@'ﬁtmﬁﬁ?ﬁ?nﬁéﬁk&’ﬂ@r&u@ﬂnﬁﬁ&aﬁﬁ%ﬁﬁ%&gﬂrOUIO
reactive with the epoxy group 0 he radi ation-i nduced copol yirer do

not react due tooftoMi/ent’) e selidifisit to pbtsinat filmdorm adhesivewonsistingiafieash, ofi n t he

case of the | i,ght .irradi atio the irradiation tinme is from
sever al seco% tg%g'é’\t/glfglcmpﬂmo d seconds.
The film-form hot melt adhesive was placed between a copper foil having a

width of 1 cm, a length of 4 cm, and a thickness of 30 um, and a glass plate having
a width of 14 mm, a length of 24 mm and a thickness of 1 mm so that the width and
the length of the adhesive part were 10 mm and 5 mm, respectively, followed by
20  heat pressing at 180°C under 10 kg/cm® pressure for 10 Mds. The laminate was
used as a sample for measurement. The remaining unadhered parts of the copper
foil and glass plate were used as clamping margins in the below-described peel
adhesion test.
In Examples 1, 2, 3, 6, 12 and 13, a different sample which was produced in
25  the same manner as above was used to thermally bond the copper foil and the glass
plate, and then post-cured at 120°C for 2 hours to obtain a test sample.
The 90 degree peel adhesion of each sample was measured at room
temperature at a peeling rate of S0 mm/min. The results are shown in Table 1.
Using each of the film-form adhesives of Examples 1 and 13, the adherends
30  were laminated and then post-cured at 180°C for 1 hour. Then, in a similar manner

13-



cAfilmformhot nelt adhesive conprising the hot nelt conposition of the 25
present invention and having a specific thickness can be readily forned.
The conposition for the preparation of the hot nelt conposition,
which is liquid at roomtenperature or can be |iquefied by heating,

I s coated orwomesapstrate such as a pol yet hyl ene t ercxsissvadoad e ( PET)
filmwith a knife coater or other coating neans to forma precursor

| ayer. The precursor layer is irradiated to formthe film Wen 30 _ the

adhesi ve i s usedtoshe aboue methodthe thééhwnwameesufeéﬁs\l/wcf Adehetpeel
substrate. In sl&mrisib%ﬁcmﬂrb%;heéﬁmp%stﬂﬁdffat' ng surface of the PET
filmincludes a ?dhfease . ) '

-11- WD 97/ 16500

PCT/ US96/ 16924 y, the filmform adhesive may be
prepared by extrudi ng ger and irradiating it.

The thicknesssof the With@&dm@fﬁeﬂhﬂ&ﬂﬁhbﬁve@?iep%ﬂiﬂ%ﬁnpﬁﬁdwm Rhef er abl y
from 0.001 to 5 mm nore preferably from0. 01 to 0.5 nm Wen the

filmis too thi nghangs in the:shearimpgu bh@FWW‘Héocﬁﬁqmns?ﬁn&’ﬁsl t is too
thick, the radi %&G:%%  lalig Ald Q5 Cimin. and G defTate S B9 Yl delfin %'ihet he

thlckness di rection cause 1rregula performance
strength) and a follssinghppasdtusbi | ity. The thus forned

filmformhot nelt adpe e v [Jo] it @gﬂering an
el ectronic part such &3”1’%’ c@fj‘ légwg'“c“?co\éh%ffﬁg ren gn%%\pr? bonded with
the filmforpg homaiicured eRHEOMETRIX) PRvésize: 25 mm, Plate gap: 07 Rarbllel plafeor m hot

melt adhesive is |nserted bet ween a pair of adherends, and heat ed at
a specific tenpeM@d&re for a specific tinme under a speC|f|c pressure. After

lam nating the bondedradic sdan fefual FSboEISRC SHPRIBE Urdahil | ci ent to

thermal |y Cross Wen t he adhesi ve of
t he present i nveTstlolh and ﬂusadpqmutercbaﬁssloﬁﬂufshw modulugy’ obtained in

Example 13 is shown in the graph of FIG. 1. The increase in modulus G’ confirmed
15  that the compositions of the Examples according to the present invention were
crosslinked by heating them at a temperature higher than 150°C, and the modulus

G increased.
The film-form adhesive prepared in Example 13 was heated at 180°C for 30
seconds, and the change in the shear modulus with time was measured by

20  maintaining the adhesive at a constant temperature of 120°C, 140°C, 160°C and
180°C. The results are shown in FIG. 2. From these results, it was confirmed that
when the adhesive was post-cured at a constant temperature in the above range, the
crosslinking reaction proceeded, and the shear modulus G’ increased. In particular,
the crosslinking rate was high at 160°C.

25 The film-form adhesives of Examples 1 to 17 were observed under a
polarization microscofae to confirm the two-phase structure of the crystalline phase
provided by the thermoplastic polymer and the amorphous phase provided by of the
radiation-induced copolymer. A two phase structure was observed.

A DSC (differential scanning calorimeter) measurement was carried out on

30 the film-form adhesive of Example 13. The heat of fusion of the crystalline phase of
the thermoplastic polymer was observed around 90°C. The result is shown in FIG.
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s‘tick‘type hot nelt adhesive, hot nelt coating can be perfornmed by heating

t he adhesive to a tenperature at which no crosslinking reactiaon

proceeds or the viscosity of the nolten adhesive does not increase to
an extent that coating is inhibited. In such case, the adhesive is
coated on onq,@;mﬁ adherends, and a 20 second adherend g "-fg over
the first adheren ef ore the adhesive solidifies by cool'rng.” " After

the adhesive is cooled to a solid, the adherends are heated to

thermally crossl Bnbrdrbﬁuﬁ@ﬁmu%soonﬁnnedthatthecrystﬂihﬁﬂﬂﬁ%ﬁﬁﬂelﬁ&lﬂybe of any
material such as_netal, glass, ceranmc, p astic, etc. The

hot melt conposi bmgaft@msspmsmsslmlﬁo& anmtwmm

adhesi ve tape, Inﬁﬂﬁ?ﬂra rate such as
a plastic WPW%)S& po yam%c‘iitgr olyrm erf(;’n €,

pol ycar bonat e, pol yet Indachnef the aboveEmilglq:sr ﬂpyachﬁetreans(mmpanmiﬂ_upugh met al
R
-12- WO ErbbstifikiR® agents (Components F and G) for the thermoplastic polg&eArl\l/xlnginE%the

PCT/ US996/ 16924
The present i nvePROXYSroup werpeontained mainlyjinithe pheseofithe miiatiensindugeds of | owi ng

el
t hen kneaded at about
10 Evaluatio el ili
The shelf stability of the film-form adhesive of Example 13 was evaluated by
comparing the shear modulus of the film-form adhesive just after bonding with that
after maintaining the bonded adherends at 25°C, 50 % RH for 50 days. The shear
modulus was measured under the following conditions, and the value measured at
15  150°C was used:
Apparatus: RAD 11
Circular frequency: 10 rad/sec.
The shear moduli being measured from 60°C to 200°C at a heating mode of
5°C/min.

20 The shear modulus of the film-form adhesive just after bonding was 1.02 x
10* dynes/om®. After 50 days it was 1.04 x 10* dynes/cm®. The change in the shear
modulus was trivial, and did not have any influence on the adhesion properties.

The above shear modulus was a value measured at 150°C by the same
method as above.

25 The embodiments of the present invention represented by the above
Examples, that is, the composition for the preparation of the hot melt composition
comprising (a) the glycidyl meth-acrylate-ethylene copolymer (as the thermoplastic
polymer), (b-1) isobornyl acrylate (as the aliphatic acrylate), (b-2) the acrylate
having the carboxyl group in the molecule (as the acrylic compound) as the essential

30 components, and also other components including the tackifier resin and the radical
photopolymerization initiator can be shaped into film form easily without using any
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.100C to prepare a honogeneous liquid conmposition for the preparation of the

hat_.. melt conposition. A honbgeneous |iquid conposition conprising
100 parts by wei ght ofthe prepared conposition to which 1 part by
wei ght of a radical 10 photopolynerization initiator ("DAROCURE D1173"

avai | abl e fr qr dahbsdo Cei 9Y) was added was coat ed ont oparidsdeiniédam Wit h
a knife coater to forma film precursor | ayer that was 0.2 mmthick.
The fil mprecursor |ayer was irradiated for about 20 seconds using W
| Tght from a hi gholvems ﬁwnesuishlcompgmﬂoamhe ¢eactiveihot melt dorapasition ofithe ggesent of
1000 Mi/cnferr]) ,to solld | t obt.al.n S f rmadheswe consi sting
of each of 15 tH%"‘HB?“‘?‘FB Fﬁﬁés {‘T‘Bﬁé The filmform hot

nel t adhesive was pl aqgg rdaerivedRtmelt oﬁhadexbﬁmﬂwheswnpropemus@del of 1
cm a length of 4 cm and a thlckness of [ert]m and ate
havi ng a vv.adhqufstrsnstma %‘F‘R‘!bl °§Y&i‘aaetﬁP€ﬁ§ E"p'b 1 mmso °

that the wdth ’%fb'g'ﬂ M Shehbdr mduRis Afer™ and 5
nm respecti veI y, ‘f'euﬁ“ %%Qﬁ&at preSS| ng at 180C under 10
kg/cnferr] pr essmmhwmmmwmmmw excellent shelff stability. sanpl e

for neasurenent. The remai ni ng unadhered parts of the copper foil and
gl ass plate were used as clanping nmargins in the bel ow descri bed peel
adhesi on test. I n Exanpl es 1Table1 3, 6, 12 and 13, a dlfferent

sanpl e whi ch was jraduced in 25 _the SanB—Oaiiie gyl e
thermal |y bond tHeEsopper fGompeneats he gl a&ﬂm‘ﬂ'gﬂ' DI ate [FYE ¥
post-cured at 12(Q[Nes] C f oweighteatio)t o obj_ai(ke si__sanp|(dyn/em)

The 90 degree peqdl adhesion of each sanplelAas A86PCa1 180%G| 190°C
tenperature at a [pegl] Ng A/BICED=50/30Q0/100 i .23 hE 4.8sll 10 af e ishopn 1ih_fabl e

1. UST710[ caayp/oip2=buadrione T of m pdhesoves 18 Exampl ¢s 34 apd 13,
t he adherends 30 FE[E iﬂB}CIBLSWSS P95l -t9 ¢028 JSQErfJ@rof 1
hour. Then, in a Jstmar ERGSLS6/R510/15 04 05 | 03 | 06
13 VO G -8 PO0 RIC/D—40/40/20/10 06 09 | 08 14
PCT/US96/ 16924 6 A/B/C/D=60/20/20/10 08 3.3 0.8 0.6 1.0

7 A/B/C/D=50/20/20/10 1.6 0.3 0.2 0.3

8 A/B/C/D=50/45/5/1 0 0.3 1.6 14 37

9 A/B/C/DIE=50/25/5/10/10 0.2 10.9 36.2 47.3

10 | A/B/C/D/E/F=60/25/5/1 0/5/5 0.3 29.5 58.5 | 589

11 A/B/C/D5=25/45/5/25 0.3 21.4 42.2 48.6

12 A/B/C/D3=50/30/10/10 0.8 4.6 0.4 28.0 92.0
13 A/B/C/D4=50/30/10/10 0.7 6.0 1.0 585 | 1745

14 A/B/C/D4=60/20/10/10 0.7 3.0 82.0 226
15 A/B/C/D4=75/10/5/10 0.7 1.9 204 428
16 A/B/C=50/40/10 0.2 11.7 199 | 306
17 | A/B/D/E/G=50/30/10/10/10 | 10.7 1.0 8.3 11.3
Notes: 1) Initial adhesion (just after bonding).
10 2)  After post curing.

Components in Table 1:
A "BOND FAST CG 5001" (a thermoplastic polymer) (a glycidyl methacrylate
(G)-ethylene (E) copolymer manufactured by Sumitomo Chemical Co., Ltd.
15 Weight ratio G:E = 18:82. MFR =350 g/min. Melting point = about
100°C).
B: "LIGHTACRYLATE" (an aliphatic alkyl (meth)acrylate) (isobornyl acrylate
monomer manufactured by Kyoei Chemical Co., Ltd.)
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t'o thé above nethod, the hot peel adhesion was neasured at 180[err]C. The

hot__peel adheSLon was 200 g/cmin both Exanples 1 and 13

Measur enent of Change of Mddulus 5 Wth each of the filmform
adhesives prepared in Exanples 1 to 17, the change in the shear

modul us G bey, ?g sgPout 60C and about 215[err] C was q t a
heating rate o Z/fkerr]dmn and at a shear rate of 6.28 rad/sec. using the
fol-l ow ng appar at us: Apparatus: RDA 11 (a dynamc

vi scoel asticity neasurwmmmtgtous ah Qcrylid@ompoand hdvag dvaridi@EupR(&) Pl ate
size: 25 mm Plate gap 0 , Parallelqcrlyate ‘ﬁ% A The

shear moduli neasured M WQ@Yl%BBPE?m?@M[@rWM@(KOSted in

-Iggglme)lé 1gn|dst2ﬁown |ﬁ?ﬁ-{?e ar agﬁ%&?@:{'?ﬁ?ﬁe ﬁe%%ge I n% us&G! "

confirned 15 thaD2:t he'Escomgzold00T (an sliphiatic pesroleummetin,s tackifiar désin) ntaoufaétared
present inventd on vver%ty 6ros§l i nked by heating themat a tenperature
hi gher than 150C, and i?é“%g G increased. The

filmform adhesi vB3:pr ePOLYUPALE Byesififd solyrerizad rdsindesie] adickifRPteginy | C for 30

seconds, and the change in the shear nodulus wth tinme was neasured by 20
mai nt ai ni ng the adhesﬂ'&’é“@?tuﬁd@é! dlerealas. t enper at ure of 120[err] C, 140[err]C,

160[err] C and D4: %m%lﬁ( et (& ﬁﬂ‘}ﬁ’h&fz"ﬂ*&"ﬁ@‘m 2. Fromthese
results, it was conflrrre @ e adhesi ve was poSt-cured at a
constant tenperature imanufactuceddyHeronlege, the cr osslinking reaction
proceeded, a t sh I nch, |cu.I t he
crossl i nki ngnl(r&at te?ﬁvvas |bg a Iﬁ% h ’? nresm,a ermegmf{apr%ﬂybep%

adhesi ves of Exanpl es efhyl strylate-nmleic ahﬁdﬁdeedpblﬁdafmﬂufactured WBuniitonrt | on

m croscope to confirm he,tv&g{;ﬁ e structure of the crystalline phase
provi ded by the thernm - §mer and t he anor phous phase provided by

of the radigt i ONAbRGJ!‘EfSTﬁ-GOWcWFﬁeth& ryliYe, AR Padidtioh eSpUlyineiiRsble
observed. DSC (differéntial scanning cal ori neter)
measur enent was carri MHQW)WMMMMtMIMMmd%KSl ve of Exarrpl e 13.

polyer vas diserved sEuu ity b bioRnkg fenblor te thermpifiute ek Al he °
- 14- epoxy group) (2,4-diamino-6-{2'-methyl-imidazolyl-(1')]ethyl-s-triazine
manufactured by Shikoku Chemical Corp.
G: 9,9"-Bis(3- methyl-4-a:mnophenyl)ﬂuorene manufactured by 3M (a
crosslinking agent for the thermoplastic resin having the epoxy group).
20
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WO 97/ 16500

PCT/ US96 ‘lm L“l“/mnu!“ Fromthis result, it was confirnmed that the
crystall ted by heat i ng it to-tfigger the

crosslinki ng reaction. The neasure i N ,\é@@@@{m@g,;gu usi ng a DSC
manuf act ur edwon/o7Hesoli n- El ner at a hat| ngngpmcgb 10[e r ] CPCTAIS96/16924

I n each of the above Exanples, the tlagkifie —tesins=tconponent s D t hrough
5 D5), the third radiation copol yneri zabl e conponent (Conponent E), and
t he crosslinking agents (ConponerGlAIMSnd G) for the thernoplastic

pol ynmer having the . epoxy.group were contained mainly in the phase of
the radiation-i nducedmat'sglg'"?ﬁb%l ymer. But, the present invention is not

limted to such a phape StA veabtiVechot melt ddinposition comprisinga(h).eethermoplasticShe! f

Stability The shel f @0&&5#‘? of thefilmf‘grmad sive of

Exanpl e 13 was ebelymenwhichgomprisesa p anfpoegrp. #pY () acopqlymefe

filmform adhgsi rofdidh gpd%ﬁiin &iedliphatic alkyl ic baﬁmlng
%3}5' %C%SO E or 5(§t phatic alic] (elifdcryli:

t he bonded adheren % R days. The shear nodul us
was neasur ed undecrylidwnipomhdiwvmgamowmpfﬁmvﬁ@MWMUr ed at 15
150[ err] C was used: Apparatus: RAD 11 Circul ar
frequency: 10 rad/sec. The shear noduli being neasured from
60[err]C to 200[err] C2at arlbereammghomweompositionass[aimd]iﬁlmnl wherein

The shear nodul us |Imform ath sive just .afte nd| ng was 1.02 x
10[ err] dynes/c %"f‘ HPURTFAYE BIQRp isa G %f‘g‘ry B%%nes/cnierr].
The change iggthe shear m)dul us was trivial, and did not have any

i nfl uence on the adhesion properties. The above shear nodul us

was a val ue neasured 3t 15Dedeacties hot meltcompesition as claippdiimelgimph whichje
obtained by irradiating a precursor composition comprising (a) a thermoplastic

polymer which comprises a polyolefin having an epoxy group, and (b) a radiation
polymerizable component containing (b-I) an aliphatic alkyl (meth)acrylate and (b-2)

15  an acrylic compound having a functional group reactive with an epoxy group, to
radiation polymerize said radiation polymerizable component.

4, A composition for the preparation of a reactive hot melt composition
comprising (a) a thermoplastic polymer which comprises a polyolefin having an
20  epoxy group in a molecule, and (b) a radiation polymerizable component containing
(b-1) an aliphatic alkyl (meth)acrylate and (b-2) an acrylic compound having.

5. A film-form hot melt adhesive comprising a reactive hot melt

composition as claimed in claim 1.

_

This Sheet Has Been

LT



25 ¢ The enbodi nents ofthe present invention represented by the above
Exanples, that is, the conposition for the preparation of the hot nelt .
conposi tion conprising (a) the glycidyl nmeth-acrylate-ethylene
copolymer (as the thernoplastic polymer), (b-1) isobornyl acrylate
(as the alip | rylate), (b-2) the acrylate haV| boxyl
group in thegﬁ%%@éﬁﬁe (as the acrylic conpound) as the essent{dgﬁw@@{4
components, and al so other conponents including the tackifier resin and the

radi cal phot opol yneri zation initiat qy3can be shaped into filmform
easily w thout using any - 15-
WO 97/ 16500 - :

PCT/ US96/ 16924 solvent. From such conposition, the reactive hot nelt
conposition of the present i nvention can be prepared by irradiation
wi th UV [ight. The reactive hot nelt conposition has excellent
adhesi on properties (peel adhesion strength) as a thermally

crossl i nkabl e adhesi ve tape. excel | ent
cosslinkability, as seen frommp‘%ﬂzg‘ﬁe (‘:r@ne shear nodul us after
heating. In addition&the reaal ve hot@Qnmelt corfgositi on as excﬁ.] ent shel f
stability. 8 Ex.

Conponent s Opeel st rehgt_h T G x10[ err] ‘00 ah
(wei ght ratio) It § * T S ey
|.Alerr] P.C 150C 1% C 190[err]C 1 b g'
A/ CB/ CD=50/ 30/ 10/ 10 ; 4.8 1.0 1.1 17 2
A/ B/ C/ D2=50/ 30/ 10/ 10 1.9 R. 1.2 2.0 3.4 3
A/ B/ C/ D=50/ 35/1 015 0. .7 2.4 8.1 4
A/ B/ C/ D=50/ 25/ 10/ 15 - 0.6
o 8
Pc g
LS
o w
-T2
=
K
a=)
~ © Ty ) o]
o o =] o o
- - .- - -
[dyn/cm?2]

G' —o—



5 A/ B/ C/ D=40/ 40/ 20/ 10 0.6 0.9 0.8 1.4
6 A/ B/ ¢ D=60/ 20/ 20/ 10 0.8 3.3 0.8 0.6 1.0 .
A/ B/ C/ D=50/ 20/ 20/ 10 1.6 0.3 0.2 0.3 8
A/ B/ C/ D/ =50/ 45/ 5/ 10 0.3 1.6 1.4 3.7 9
A B/ C D E= 509@? /10 0.2 10.9 36.2 47 10
A/ B/ D/ E/ F=60 /7é§ /5/5 0.3 29.5 58.5  58. 9Pérmsw“mll
A Bl C D5=25/ 45/ 5/ 25 0.3 21.4 42.2 48.6 12
A/ B/ ¢/ D3=50/ 30/ 10/ 10 0.8 4.6 0.4 2,328.0 92.0 13
A/ B/ C/ D4=50/ 30/ 10/ 10 0.7 6.0 1. 0 58.5 174.5 14
A/ B/ C/ D4=60/ 20/ 10/ 10 0.7 3.0 82.0 226 .15
A/ B/ C/ D4=75/ 10/ 5/ 10 0.7 1.9 204 428 16
A/ B/ C=50/ 40/ 10 0.2 11.7 19.9 30.6 17
A B/ D/ E/ G=50/ 30/ 10/ 10/ 10 10.7 1.0 8.3 11.3 Not es
1) Initial adhesion (just after bonding). 10 2) Af t
curi ng. Congoneng s in Table 1: A "BOND FAST CG
t her nopl astic pol yger) ¢€a gl ycidyl nethacryl ate (G yI %
(E) copol ymer mar@i§act uged by Sum togo Chemi cal Co., Ltd. 15
Weight ratio GE 18: 88. MFR= 350 g/ymi n. Melting point = about §|
1000). B: " LI GETACRYLATE" (al aliphatic al kyl (rmeth)acry ate)
(i sobornyl acryl a4 nonoer manuf act ured by Kyoei em cal
Co., Ltd.) _ - 16- e
97/ 16500 -
PCT/ US96/ 16924 C "ARONI X M 5800" (an acrylic conpoundFhaving a
car boxyl group) (®- N
- O
L &
[ w
0 L =
8 _ L
- -
r—
o X
2 :
- =
$) Z
8 -
© N\ X
8 L
- 5
h L o
e, o
IIITITI ] ] 1("[ LI L) Wrrl LI ] 1 LI 3 o
N © 0 < I
o o o o Q
v s L - -
[dyn/cm?]
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hydr oxyhexanoi ¢ acryl ate nonomer manufactured by Toa Gosei K. K.) D
"Piccolvte A" (a terpene resin, a tackifier resin) nmanufactured. by .

Her cul es. D2: "Escorez 1000" (an aliphatic petroleumresin, a
tackifier resin) manufactured 5 by Exxon Chem cal s. D3:
"POLY- PALE" GRsd7Hedog POl YNerized rosin resin, a tackifier pegisdenssns
manuf act ured by rcul es. D4: "DYMEREX" resin (a polynerized rosin
resin, a tackifier resin) manuf act ured by Hercul es. 10 D5:

"BONDI NE HX8210" (a polyolefin resin, a tagkgfier resin) (an ethylene-
et hyl acryl ate-mal ei ¢ anhydri de terpolyner nanufactured by Sum t onp

Chem cal Co., Ltd.). E: "ACRYESTR-G' (glycidyl nethacrylate, a
third radi ati on copol yneri zabl e nononer) manuf actured by
M t subi shi Rayon K K. 15 F: "2MZ- AZI NE' (a crosslinking agent for the
t hernopl astic resin having the epoxy group) o
(2,4-diam no-6-[2' -nethyl -imdazolyl-(1")]ethyl-s-triazi ne .
manuf act ured by Shi koku Chem cal Corp. G _ ‘ND
9,9 -Bi s(3-net hyl -4-am nophenyl ) fl uorene manuf act ed by 3M (2
crosslinking agent for the thernoplastic resin haytng the epoxycgrouﬁti 20
o
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S17- PCT7US96/ 16924 E— ks e o
r@ﬂfwedolt‘s?%‘%t co osition Cong” sing (a) a thernopl astrer

pwm (?ﬁl SM%F%%‘/%‘I‘ 19 Gawing an epoxy - ng{Jﬁ' 1aﬂ\d ‘{:b)“%t 5
c yfer 5 which is obtained by :radi at‘fon p‘olﬁ’rﬁéﬁ@smg an

aliphatic al kyI (rret h) acrylate and an acryl.i c ¢Qupound
havi ng a functional group reactive wt hc-’!aéMﬁoxy group. a;p

2. The reactiveWosmmn as clained in claim1, wherein
said functional grdup reactive Wth an epoxy group i.s a carboxyl group.

10 3. The reactile hoA reative hotwelt composition coimprising (a)a theahopldsticwhi ch i s
obt ai ned by irradiati a precursoy ¢ osition conprising (a)

t her nopl asti c po?ymer ﬁgh compnsesapg{yp %en?lam &R eetaﬁ';ﬁrp%@ng(@mmobﬂw
havi ng an epo rizabl e
conponent ?on?‘gl glﬁ %5@% g; )éllrgfbla ﬁaﬁéﬁgﬁ%ﬁ pha ‘%f“‘!' g/nreﬂ%)acrgﬁge%'

15 an acryl i caceyliciroripduirhiaving aﬂfnwimal groap rmuawmamtepmy géoup. an epoxy
group, to radi ati on pol ynerize sai d radi ation

pol yneri zabl e conponent . : A conposi tion

compri i hg (a) a ¢ er mopTECRTEEHeL el %&’eﬁﬁﬁfg%i%%? in, g JooPAFIR havi ng
Somponent _coni o nctidhERitbup v Rt il bpchy ghoudls drarkay RORET! ©
(et h) acryPate and (b-2) an acrylic conpound having a functional '
@ 3. The reactive hot melt composition as claimed in claim 1, which is
obtained by irradiating a precursor composition comprising (a) a thermoplastic
. polymer which comprises a polyolefin having an epoxy group, and (b) a radiation
polymerizable component containing (b-I) an aliphatic alkyl (meth)acrylate and (b-i)
15  anacrylic compound having a functional group reactive with an epoxy group, to

radiation polymerize said radiation polymerizable component.

4, A composition for the preparation of a reactive hot melt composition
comprising (a) a thermoplastic polymer which comprises a polyolefin having an
20  epoxy group M and (b) a radiation polymerizable component containing
(b-1) an aliphatic alkyl (meth)acrylate .and (b-2) an acrylic compound having,, (L feuc bowid
@ qEup veachve with Gu 4poky qroup-
S. A film-form hot melt adhesive comprising a reactive hot melt

composition as claimed in claim 1.

* [ L M S *
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5. °A filmformhot nelt adhesive conprising a reactive hot nelt

cooposition as clained in claium
-18- _
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