THERVAL “ADHESI VE COMPOSI TI ON AND ADHES| VE SHEET THEREOF- T4'LY (@P %f*'
FEELD OF THE | NVENTI ON . The present invention relates to a thernal
adhesive conposition which is not tacky at ordinary tenperatures and shows
adhesi on upon bei ng heated, and an adhesive sheet shaped in sheet or tape
formusing the sane. BACKGROUND OF THE | NVENTI ON
Recently, various bonding materials have been used for applications such
as fixing of electronic parts. The applications of this kind require not
only strong adhesion but also high heat resi stance such that the bonding
mat erizal. can ] t I n on a
substrate: Wt %1n|atur|zéﬁﬁ%n(%§ ngﬁ@ %%gFgﬁgﬁtgﬁ%%Q *ﬁ%ﬁﬁé%ng area
‘has a tendency to become minute. In thls case, the control of flowability
(protrusion-of adhesive) becones S|gn|f|cantly i nportant fromthe problens
of appearance and functional fne@etigpi ¢ parts. Further, in
the applications of this kind, t esion treatnent is general ly

carried out by heatpfefsst Nhveitiser HWdldgesheonat tAbihhl YadRespgler i ng, and
t he adhesi on-has-been desired to be conducted under |ow pressure for a
short peri ofofipodi tior ahiichpi ©viotgtidiey apreariiioiai tgmpata teree iang skhomge of
parts in heat adhering. The conventional thernosetting adhesive sheets
are’ not tackghesion mpont bajeg dicatedsnsndan dibesive sheadhssmsd andshegth

heat '

or tape form using the same.
BACKGROUND OF THE INVENTION

Recently, various bonding materials have been used for
applications such as fixing of elecéronic parts. The
applications of this kind require not only strong adhesion but
also high heat resistance such that the bonding material can
withstand soldér reflow in mounting an electronic part on a
substrate. With minjiaturization of electronic equipment, the
adhering area has a tendency to become minute. In ﬁhis case, the
control of flowability (protrﬁsion of adhesive) becomes
significantly important from the problems of appearance and
functional reductions of electronic parts. Further, in the
applications of this kind, the adhesion treatment is generally -
carried out by heat pressing for securing the wettability in
adhering, and the adhesion has been desired to be conducted under
low pressure for a short period of time for improving the |
productivity and reducing damage of parts in heat adhering.

The conventional thermosetting adhesive sheets are not tacky

at room temperature and exhibit strong adhesion and high heat
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resi stance by heat curing, because the glLass transition tenperature of
aghesives is not |less than roomtenperature. However, the thernosetting
adhesi ves contains unreacted | ow nolecular weight ingredients before
curing, so that they have the problem of adhesive protrusion in adhering
which is fatal to adhesion to mnute portions such as electronic parts,
and further- have the problemthat it takes time to. cure them Furthernore,
t he adhesive characteristics thereof varies with tinme because of their
reactivity, so that it is difficult to obtain the stable _characteristics.
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t enperature of-the adhesives, her e tacky at or ary
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‘previ ous operations, and can i mediately express the adhesive strength by
thi s adhesimslecilid ReiFREE ndRY dhtecbéfEraduanha)¥o that tHeyf B8Gedthe
-ordlnary tenperatures is possible, and that the adhesive characteristics
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However, 't he adhesi ve sheets incorporate bubbles therein because of their
t acki ness iadHesicomihasinurtedpoatpors suchca ediecgrpni thpar tshagadtfierhieabl em
t hat separation and foami ng occur at a tenperature of 100[err]C or nore by
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adhesi ve strength and the heat -2-
the adhesive characteristices thereof varies with time because of
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their reactivity, so that it is difficult to obtain the stable
cha'racteristiés. For preventing this, storage at low
temperatures is required, which raises the problem of troublesome
handllng
On the other hand, the conventional adhesive sheets are -

40°C or less in the glass transition temperature of the edhesives ;
and therefore, tacky at ordinary temperatures. Accordi'ngly,
they can be adhered to objects without any previous operations,
| and can immediately express the adhesive strength by this adhesion.

Furthermore, they have the advantages that storage at ordinary
temperatures is possible, and that the adhesive characteristics
little vary with time, because they contain no unreacted products.

However, the adhesive sheets incorporate bubbles therein because
of their tackiness in face adhesion by a press. Accordingly, they
have the prebl em that separation and foaming occur at a temperature
of 100°C or more by expansion of the bubbles incorporated. They

also have the problem that the adhesive strength and the heat
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re5|stance are. generally inferior to those of the thernosetting adhesive

sheet s. SUWWARY OF THE | NVENTI ON Cont enpl ati ng
the above-nenti oned conventional problens, an obj ect of the present
invention is to provide a thermal adhesive conposi tion which is not
tacky at ordinary tenperatures, does not I ncor porate bubbles in face
adhesi on, can exhi bit strong adhesi on and hi gh heat resistance by
heat i ng under | ow pressure for a short period of time wthout the
probl em of adhesi ve protrusion, can be stored at ordinary

t enperat.ures, and is excellent I éﬂgsher
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t her eof I.h the course of intensive studles for attaining the

above- nentl%ﬁ%ﬁsﬁﬁ?eik%et?he present inventors first studied a
photopolynerlzable conposi ti 0Ryf o Py HRfroNTONOMEr capabl e
of increasing-the glass transrtl enperature of a pol ynmer to be

prepared 1o an @lkydnd B{NACHY AL HErl il @dnventiomd Kproblefisy d1aving

2 to 14 carbon atons on average, which is used generally as the -main
nononer for gHeae 'tﬁeagf‘@%r\/@ isheaikionNis to proviée d ahelinal nadheol yerer
havi ng reduced tackiness. As a result, an adhesi ve sheet bei ng not
tacky at orgbfpbyitEsmemalch £s naﬁzuﬂ:ad::ky at ot raraphenperatitrés e dadisesoon
treatment t-ook a very |long period of time and the sufficient adhesive
char act er i'sihesrporkte Mbblles in faceddhsstion  byarhexhihytgtrond aghesitenur e
for a short period of tine. - 3-

and high heat resistance by heating under low pressure for a short
period of time without the problem of adhesive protrusion, can
be ‘stored at ordinary temperatures, and is excellent in aging
stability.

Another object of the present invention is to provide an
adhesive sheet thereof.

In -the course of intensive studies for attaining the
above-mentioned oi:ojects, the present inventors first studied a
photopolymerizable composition obtained by adding a monomer
capable of increasing the glass transition temperature of a
polymer to be prepared to an alkyl (meth)acrylate containing an
alkyl moiety having 2 to 14 carbon atoms on average, which is used
generally as the main monomer for an acrylic adhesive sheet, in
order to obtain a polymer having reduced tackiness. As a result,
an adhesive sheet being not tacky at ordinary témperatures could
be prepared, but the adhesion treatment took a very long period
of time and the sufficient adhesive characteristics could not be

exhibited by heating under low pressure for a short period of time.
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Then,” the present inventors studied a phatopol ynerizable conposition
prepared by using an al kyl (neth) acrylate having such an alkyl group that
the glass transition tenperature of the resulting polyner is -30[err]C or
nore. The resulting adhesive sheet becane very brittle, and those having
satisfactory flexibility and softness could not be obtained. As a
result of further studies based on the above-nentioned findings, the
present inventors discovered that a non-tacky polyner .preparedby using an
acrylicnonomer having such a specific structure that the glass transition
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adhesi on and hi gh heat resistance by heating under |ow pressure.. for a

short peri oge®fl tineg palihewtié BoPC o Rore] atRepe:El t HPhEUSEIDe sHibiwhi ch
can -be stored at ordinary tenperatures before heat adhesion and were

excel | ent ibecmhagreatabidiititle,t Atd ticasplrahiing sheipreasestyi fVEHINL ty
That is to say, the present invention provides a thermal adhesive
conposi ti ormmdngef snegs andnd tredk pepobyainedr epared from nononers conposed
of 70%to 100% by weight of a (meth) acrylic ester represented by the
fol l.owi ng gener’s = gesuls ¢f furthemsputyesrbassdd win thehakoveyhentioned
transition tenperature (hereinafter referred
-4- findings, the present inventors discovered that a non-tacky
. polymer prepared by using an acrylicmonomer having such a specific
structure that the glass transition temperature of a homopolymer
thereof is -30°C or more as the main monomer in place of the alkyl
(meth) acrylate described above, can provide a sheet-like product
excellent in flexibility and softness, which does not incorporate
bubbles in face adhesion to an adhered becéuse it does not show
the tackiness at ordinary temperatures, which can exhibit strong
adhesion and high heat resistance by heating under low pressure
for a short period of time without the problem of adhesive
protrusion, and which can be stored at ordinary temperatures
before heat adhesion and were excellent in aging stability, thus
completing the present invention.
That is to say, the present invention provides a thermal
adhesive composition comprising a non—-tacky polymer prepared from
monomers composed of 70% to 100% by weight of a (meth)acrylic ester

represented by the following general formula (I), a homopolymer

of which has a glass transition temperature (hereinafter referred



g

to as. "Tg") of -30[err]C or nore, and 0%.to 30% by wei ght of a
mpnoet hyl eni ¢ unsat urat ed nononer copol yneri zable therewith, each based on
the total anmount of the nononers: _ [err]

CH2- =CC (OR2) n -OfJerr] (1)

O wherein Rerr] represents a hydrogen atomor a nethyl group; R2
represents a nethylene group, an ethylene group or a propylene group; nis
an integer of -1 to 3; and [err] represents a phenyl group, a
monoal.kyl - substituted phenyl group or a dialkyl-substituted phenyl group.
n parti cul g ad hernesantJoeiept! Al 0r sy, 1 PP ves

conposi tion.having The above-nenti oned structure, erein the non-tacky
pol ymer i's forksd ttiElerld Indadud% tbl AEh8hbPNcoBbl fnd AL b1 ONLiRadl H6h AN
ultraviol'et ray. Further, the present inventioni1s directed to an adhesi ve

sheet conpréftidbasdiieh tHRY @dtal BABLAE BEOVhEefoRdmere: side or both sides
thereof a.layer or layers of the thernmal adhesive conposition having the

above- nenti oned constitution. DETAI LED DESCRI PTI ON OF THE
I NVENTI ON In general formula (1), when [err] is a
monoal kyl - substi t ut ed R, - 5-
| 1
CH2=C—C-(O—R2)B—O—¢ (I)
{
0

wherein R; represents a hydrogen atom or a methyl group; R,
represents a methylene group, an ethylene grdup or a propylene
group; n is an integer of 1 to 3; and ¢ represents a phenyl group,
a monoalkyl-substituted phenyl group or a dialkyl-substituted
.phenyl group. o

In particular, the present invention provides the thermal .
adhesive composition having the above-mentioned structure,
wherein the non-tacky polymer is a polymer obtained by irradiation
of a radiation such as an ultraviolet ray. Further, the present
invention is directed to an adhesive sheet comprising a base
material having provided on one side or both sides thereof a layer
or layers of the thermal adhesive composition having'the
above-mentioned constitution.

DETATIED DESCRIPTION OF THE INVENTION

In general formula (I), when ¢ is a monoalkyl-substituted



phenyl group or a dial kyl-substituted phenyl group, the alkyl group as the
substituent for the phenyl group generally has from 1 to 5 carbon atons.
Wien nis 2 or 3, the plural Rlerr] may. be the sane or different. The
(meth)acrylic esters represented by general formula (1), honopol yners of
whi ch have a Tg of -30[err]C or nore, and preferably, a Tg of -10[err]C or
nore, typically include phenoxyethyl (neth)acrylate, phenoxypropyl

(et h)acrylate, -nonyl phenoxyethyl (nmeth)acrylate and nonyl phenoxypropyl
(meth)acryl ate. Further, esters of ethylene oxide or propylene oxide
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nodi fyi ng the heat resistance and adhesion by ‘introduction o uncti onal
groups or POl &F QUFFederAP! efe méfﬁpici-*ﬁé‘@s@‘xfs\"fe%&%'e%te@ ggoni ¢
acid, caprolactone- nodified acrylates, sulfopropyl acrylate, hydroxyal kyl .
acryl ates, gén@nnaltermuasr YIp} efomclyniFsler GhHish iHawleed 85108 aBodeor N

vi nyl caprol-actam acrylonitrile, 2-nethoxyethyl acrylate, glycidyl

acryl at e angbrd NEndgriefeeablifeyanty & +BEG ot heke, atPPEcHI 1V Siriclude
conbi nati on of two or nore, as so desired. In the present invention,

wi t h r espeqgthdrextesttario ure thf) aclrglatept bhenoxybropebt thetleyaasattad, by t he
above- nenti oned gener al

: nonylphenoxyethyl (meth)acrylate and nonylphenoxypropyl

(meth)acrylate. Furt,_héf, esters of ethylene oxide or propylene
oxide addition products (having an addition molar number of 3 or
less) of phenol, cresol or nonylphenol and (meth)acrylic acid are

also preferably used. These esters may be used alone or as a
combination of two or more of them.

The monoethylenic unsaturated monomers copolymerizable with

the above-mentioned esters in the present invention are used for .. ... . . .

improving and modifying the heat resistance and adhesion by
introduction of functional groups or polar groups. Examples
thereof include acrylic acid, itaconic acid, caprolactone-
modified acrylates, sulfopropyl acrylate, hydroxyalkyl acrylates;
cyanoalkyl acrylates, acrylamide, substituted acrylamides, N-
vinylcaprolactam, aqrylonitrile, 2-methoxyethyl acrylate,
glycidyl acrylate and vinyl acetate. They may be used either
alone or as a combination of two or more, as so desired.

In the present invention, with respect to the amount of the

(meth)acrylic ester represented by the above-mentioned general
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formufa™(1l) and the nonoet hyl eni ¢ unsat urated nononer copol ynerizabl e
therewith, the former (neth) acrylic ester can be wused in an anmount of 70%
t6 100% by weight, preferably 85%to 95% by weight, and the latter

copol yneri zabl e nonoet hyl eni ¢ unsaturated nononer can be used in an anount
of 0%to 30% by weight, preferably 5%to 15% by wei ght, each based on the
total anmount of the nonomers. The heat resistance and the adhesion can be
wel | bal anced by -using themin the above anounts. In the present

| nvent.i on, such nononers are polynerized to forma non-tacky polyner. In
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contaninatlo., poor aq esion an d noi sture resistance caused
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can be increased by irradiation of ultraviolet rays having a relatively

| ow i nt ensi pyerapsblipesfait 1FK YyPREYGRE , Nefbh ibaddit on@peceotil amount
crosslinking, strong in cohesive force and particularly excellent in heat
resi stance efinttemohbdmened. The héet resligtenceandbheadiesinm can be well

pol yneri zation initiator or a - 7-

- -+ balanced by using them in the above amounts.

In the present invention, such monomers are polymerized to
form a non-tacky polymer. In the pc;lymerization, appropriate
polymerization processes such as solution polymerization,
emulsion polymerization and bulk polymerization can be employed.

Of these, bulk polymerization which comprises irradiation of
radiation suchasul travioiet rays and electron beams is preferred.
According to this process, there are no fears of corrosion of
electronic parts caused by a reéidual organic solvent, swelling,
separation and displacement due to expansion by vaporization at
high temperatures, and contamination, poor adhesion and
deteriorated moisture resistance caused by bleeding of
emulsifiers. Further, the molecular weight of the polymers can
be increased by irradiation of ultraviolet rays having a
relatively low intensity, and the non-tacky polymer high in the
degree of crosslinking, strong in cohesive force and particularly
excellent in heat resistance can be obtained. In the

polymerization, a thermal polymerization initiator or a
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phot 6pol yneri zation initiator can be used,. and potassium persulfate,
agmoni um persul fate, hydrogen persulfate or a redox initiator conprising a
reduci ng agent in conbination therewith can also be used. Exanpl es
of the thermal polynerization initiator include organic peroxides such as
benzoyl peroxide, t-butyl perbenzoate, cunene- hydr oper oxi de, dii sopropyl
per oxydi carbonate, di-n- propyl peroxydi carbonate, di (2-ethoxyethyl)

per oxy-di car bonat e, t-butyl peroxyneodecanoate, t-butyl peroxypivalate,
(3,5,5- " trimethyl hexanoyl) peroxide, dipropionyl peroxide and di acetyl
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-2, 2' -azobi s(2-hydroxynethyl propionitrile -azobi s|

(2 i m dazol q3e-2t ¥ )he apae] - The photopolyner|zat|on initiators
i.ncl ude acet ophenone conpounds such as

4- (2- hydr oxyet henangihanydf 2Hy dhethald- polpmepykhkebaneni fEitdr MikRige a,

[err] -dinethyl acetophenone, net hoxyacet ophenone,

2, 2- di met hoayg@n jd peyoxd desphertone, behzbyl péirekhday acafuipileperisenzoate,

1- hydr oxycycl ohexyl phenyl ketone and 2-nmet hyl - 1- [ 4- (et hyl t hi 0) - phenyl

- 2- nor phol | openp dredrioperdrinii Widskhpropyippendsydicarhendtez olin-ret hy|

et her, benzoin i sopropyl ether and anisoin nmethyl ether; [err]-ketol

Corrpound s serepYl peroxydicarbonate, di (2-ethoxyethy}) peroxy—dlcarbonate,

t-butyl peroxyneodecanoate , t-butyl peroxypivalate, (3,5,5-

tri’methylhexahoyl) peroxide, dipropionyl peroxide and diacetyl
peroxide; aﬁd azo compounds such as 2,2 '-azobisisobutyronitrile,
2,2 '-a;zobis (2-methylbutyronitrile, 1,1'-azobis(cyclohexane-1-
carbonitrile), 2,2'-azobis(2,4-dimethylvaleronitrile), 2,2'-
azobis (2,4-dimethyl-4-methoxyvaleronitrile), dimethyl 2,2'-
azobis (2-—methylpropionate) , 4,4'~-azobis(4-cyanovaleric acia) ’
2,2'-azobis (2-hydroxymethylpropionitrile) and 2,2'-azobis[2-
(2-imidazoline-2-yl)propane].

The_ photopolymerization initiators include acetophenone
compounds such as 4-(2-hydroxyethoxy)phenyl (2-hydroxy-2-
propyl) ketone, a-hydroxy-a,a'-dimethylacetophenone,
methoxyacetophenone, 2,2-dimethoxy-2-phenylacetophenone, 2,2-
diethoxyacetophenone, l-hydroxycyclohexyl phenyl ketone and
2-methyl~1-[4-(methylthioc)-phenyl] —-2-morpholinopropane-1;
benzoin ether compounds such as benzoin ethyl ether, benzoin

isopropyl ether and anisoin methyl ether; a-ketol compounds such
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as 2-ﬁefhy|-Z-hydroxypropiophenone;.ketaL_ponpounds such as benzyl

di met hyl ketal; aromatic sul fonyl chloride conpounds such as
2-'napht hal enesul fonyl chloride; photoactive oxi me conpounds such as
1- phenone- 1, 1- pr opanedi one- 2- ( 0- et hoxycar bonyl ) oxi ne; and
benzophenone conmpounds such as benzophenone, benzoyl benzoic aci d,

3, 3" -di net hyl - 4- et hoxybenzophenone and 3,3" ,4,4'-

tetra(t-butyl peroxy-carbonyl)benzophenone. The thernmal adhesive
conposi tion of the present invention conpri ses the non-tacky polyner

descri bed aboveg as,an.essgnti al . _d.ngredi ent nd,_can..cant aj.n, vari ous
o addi | Poee BRtAvEe “harSynzontorighalis { keralo Gk BRuReR; Fhp ds

pl astici.zerg,. 3okt ' il < Dl .and. ant i.Qxi , as
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the present PnventT on es] Pa I'y contain known crosslinking agents
such as i sogyanahsg 1-phen59gnp,wd§r%r%é‘da%&0m ; xy%ﬁ@b%ﬁﬂ])&ﬁ@me;
phot opol yneri zation -~  is carried out, multifunctional (meth)acrylates
such as and!bénRspherdnd epaRBuhABdES byl Békzopledicres y behizb9lbenzoic
tetra(nmeth)acrylate, 1,2-ethylene glycol di(neth)acrylate and

1, 6- hexanedhaebddi 8Bt hgbme yhyt €4 amet Hexyteai Zophandniec @ngo BaBedd , 4 ' -

The. anount -of the above-nentioned crosslinking agent used is usual |y
from 0. 05 p&etradt5Sbptylpebyxyecatbonydnderzaipdvesiong. from 0.1 part to
3 parts by weight, per 100 '‘parts by wei ght of the above- nenti oned

mononer. Wien t Beenbhermahcadhgrive compqsidtiippacfytheepresengséuvention

di -functional (neth)acrylates can be )

-9- * comprises the non-tacky polymer described above as an essential
ingredient, and can contain various known additives such as
viscosity imparting aéents (tackifiers), plasticizers, softeners,
fillers, pigments, dyes and antioxidants, as optional ingredients.

Further, for improving the holding characteristics as adhesives,
the thérmal adhesive compositions of the present invention
desirably contair; known crosslinking agents such as iéocyanate
compounds and epoxy compounds, and when the photopolymerization
is carried out, multifunctional (meth)acrylates such as
trimethylolpropane {(meth)acrylate, pentaerythritol
tetra (meth)acrylate, 1,2-ethylene glycol di (meth)acrylate and
1,6-hexanediol di (meth)acrylate can be desirably incorporated.

The amount of the above-mentioned crosslinking agent used is
usually from 0.05 part to 5 parts by weight, and preferably, from
0.1 part to 3 parts by weight, per 100 parts by weight of the

above-mentioned monomer. When the multifunctional

(meth)acrylates are used, di-functional (meth)acrylates can be



preferably used in a larger anount within_ the above-nentioned range, and

tri-functional or nore functional (neth) acrylates can be preferably used

in a snaller anobunt within the above-mentioned range. If the ampunt is

| ess than 0.05 part by weight, the degree of crosslinking after

pol yneri zation can not be sufficiently increased to result in a tendency

to deteriorate the holding characteristics. On the other. hand, if it

exceeds 3 parts by weight, the resulting adhesive has an extrenely high

el asti.city, which is liable to cause deterioration of the adhesion such as
e _adhesive sheet of 1 I nventiQn
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non-tacky pol'ymer by an appropriate net e Cross I'ng -agent

thereto torphgRar erf thikeamshnedhestys th%?x”@()@l‘i P} b )?%'1}35%9 the gregiglet Ing

'adheS|ve -conpesition onto the base material, and optionally conduCting

crosslinki Bg treskI®Akingyaheati yxh@f&é)tﬁﬁireréa@d ot ®ePlsEesSiahtapp! yi ng
onto the base material a radlatlon pol yneri zabl e conposition obtained by

‘addi ng t heinukreabedctbopakul Beih) Actemddmey ocd b tYioFate ¢heahoPaihiyal |y
pol yneri zed product thereof before polynerization, irradiating the
conposi ti opharakteriatiasi orors e asthar. hnhﬁramfohetexageag Popyres iBe it
-and formng a | ayer - 10
weight, the resulting adheslve has an extremely hlgh elasticity,
which is liable to cause deterioration of the adhesion such as
poor adﬂesion;

The adhesive sheet of the present invention comprises a
base material having provided on one side or both siaes thereof
the thermal adhesive layer or layers containing the above-
mentioned non-tacky polymer, and is shaped in sheet or tape form.

The above-mentioned layer or layers can be forméd by previously
obtaining the non-tacky polymer by an appropriate method, adding
the crosslinking agent thereto to prepare a thermal adhesive
composition, applying the resulting adhesive composition onto the
base material, and optionally conducting crosslinking treatment
by heating. Mqre preferred is a process of épplying onto the base
material a radiation-polymerizable composition obtained by
adding the multifunctional (meth)acrylate to the monomers or a
partially polymerized product thereof before polymerization,

irradiating the composition with a radiation such as an

ultraviolet ray to polymerize it, and forming a layer
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simulTaneously with the synthesis of the_non-tacky polynmer. According to
this process, better results can be obtained for the heat resistance of
t he adhesi ve. The irradiation of ultraviolet rays is preferably
carried out in an oxygen-free atnosphere replaced with an inert gas such
as a nitrogen gas, etc., or in a state where the conposition is shielded
fromair by covering with a ultraviolet transmssible film Utraviolet
rays are el ectromagnetic radiations having a wavel ength range of from
about .180 to 460 nm but el ectromagnetic radiations having mavelengths

h h b d h
TPt of or= S ARSI 7 Snd AR, PREkPal RORS SRy dRel PR 5 7
mer cury ar g ccar&f@%% 8hfs pibdcQUsr SSOUCE ABLSUL Y A B P ERR LAY ©

pressure ‘mercur dsure nefrcuary ?anp,

etc.,is usegbat TG L yofgftl{é”'%cﬂ';' fJiul ol etrays is properly deternined

by controlling the di stance between ul travi ol et 'source and a substance

to be irradiated orrHyireeaiselbh g Jl%a‘(fl'otl%&eréﬁ Latorbhiay aaadial i on

‘time (productivity). The irradiation is general cted sic

rate of polgerinzahi Gy@dntited aHREEPhEe8 #&pIH WAL FRM£n iHeet §ak&suth
pol ymeri zation can be obtained by the follow ng equation: (weight of the

resul ting podjarmiitzredenr gductetd! crothaat angtate Iderd ehe] Sompds 2t eniris
/wei ght of the sane before heating) x 100 (% . As the base materi al,
not' only a stxekdgddyiany abasbynateerahg witth aasltraeiobat etraisni sdibland
synthetic resin filnms (e.qg.
film. Ultraviolet rays are electromagnetic radiations having a
wavelength range of from about 180 to 460 nm but electromagnetic
radiations having wavelengths longer than or shorter than the
above wavelength range may be used. As the ultraviolet source,
a general ul tréviolet irradiation apparatus such as a mercury arc,
a carbon arc, a low-pressure mercury lamp, an intermediate-
pressure mercury lamp, a high- pressure mercury lamp, a metal
-halide lamp, etc., isused. The intensity of the ul;réyiolet rays
is properly determined by controlling the distance between the:
ultraviolet source and a substance to be irradiated or by
controlling the voltage in view of the irradiation time
(productivity). The irradiation is generally effected such that
a rate of polymerization of the composition is 90% or more. The
rate of polymerization can bé obtained by the following equatior;:
(weight of the resulting polymerized product after heating at 1'30
°C for 2 hours /weight of the same before heating) x 100 (%).

As the base material, not only a non-releasing base material

such as fiber base materials and synthetic resin films (e.qg.,
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polyestér filns) but also a rel easing base material such as a release
paper can be used. In the case of the releasing base naterial, a therml
adhesi ve | ayer fornmed thereon may be finally transferred onto the

non-rel easi ng base material. The adhesive sheet of the present invention
I ncl udes both the sheets using a non-rel easing base material and the
sheets using a releasing base material as the base material. The
adhesi ve sheets of the present invention can be stored at ordinary
tenper.atures, show-small changes with tine in-adhesive characteristics,
are not -tacky | r es, S t n i rporat ion_of
bubbles- i n F»)ngg gs?g#{sgeﬁg@ 2‘%&%_% r?]l‘;%]g ngdﬁﬁeor‘{g%ﬁgg%ﬁg%%ﬁgaf‘g a

resistance hy,hgat %af,ﬁ.gdes VL DLES SR chidf cass.hg £RE! E8TleRl: by "Base

particularly, -can stan e use ther at a tenperatur

100[ €1 1] C Op#RE§a10"a Iﬂmeaméql S8hé SO ONARISFo AR @faﬁ:@wma{)w £20aRA90! em
of the generation 6f adhesive protrusion. Accordingly, they" can be

sui tably usegaasrBeprdinsnfEiitdld Abf-£01ededhg RFeShatbrial s M Bdndsive
polyimde filnms and netal plates in use for fixing el ectroni-c parts.

Further, insadditt bpnthe® prieesnt iRe¥ntadn hihdlaribs Bothr tReSshadipd ivalngoas in
whi ch t he above-nentioned characteristics are utilized. The present
i nvent i on wnbh-kelehklsytaisetdmatenizhtand ted ashleetwi tdineharehesesing bhee
foll owi ng exanples. Al parts are understood to be by wei ght bel ow.
- 12 - material as the base material.
The adhesive sheets of the present invention can be stored
at ordinary temperatu;e.s,' show small changes with time in adhesive
characteristics, are not tacky at orciinary temperatures,
resulting in no incorporation of bubbles in face adhesion, can
exhibit strong adhesion and high heat resistance by heating under

low pressure for a short period of time, particularly, can

withstand the use thereof at a high temperature of 100°C or more

or in a soldering process, and moreover, have no problem of the - -. . .

generation of adhesive protrusion. Accordingly, they can be
suitably used as bonding materials for heat-resistant films such
as polyimide films and metal plates in use for fixing electronic
-parts. Further, in addition to these, they can be used in various
applications in which the above-mentioned characteristics are
utilized.

The present invention will be illustrated in greater detail
with reference to the following examples. All parts are

understood to be by weight below.
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In a Teaction vessel equipped with a condenser tube, a nitrogen

i ntroduci ng tube, a thernoneter and a stirrer, 210 parts of ethyl acetate
as a solvent, 95 parts-of phenoxyethyl acrylate (the Tg of the

honopol ynmer: -10[err]C), 5 parts of acrylic acid and 0.3 part of benzoyl
per oxi de were placed, and pol ynerization was conducted in a stream of
nitrogen to obtain a solution of a non-tacky polyner havingasolid

cont ent of about 30%ywei ght. Wth this solution, 3 parts of a

mul tifunctional isocyanate crosslinking agent, per 100 parts of the solid
content of the solution, were honnge¥2§§§%?1§?xed to prepare a solution of
a therial - adhesi ve conposition Therr, ' | ution of the t her mal

adnesi ve cOTPOStLLO Y, oPPRLLE 801 Bp8d A 1EAT LaDASEL TREE! s POJaA | o

at 130[err]C for ayer 0 er ma adhe3|ve
COWDOS'“Onmb@zsaﬂslﬁgtéu%nssaué}fmcﬁgde@aJ‘ana &E?:EEQ:Y BOPSLE LY oft“”?éﬁi? sive
sheet . I'nto’ a four neck fl 90

parts of. phgpaxyebhwd Asbikahe, Qé%aqafé %fofahéﬁéﬂr@t'ﬁﬁpréﬂl‘iﬂlla!& a&ﬁe0we5
part of 2,2-. dinfethoxy-2-phenyl acet ophenone were charged, and th

resulting BEXthié hompolypesed-10°@n 8l padvs dfehckeY icnadid ald 9N laegseraf
nitrogen to partially conduct photopol ynerization, thereby obtaining a
syrup havi ngfdetizmsAspéyoridabert Rhqul sasd pdlymeri@atpantvasoéohdisted
partially pol yneri zed syrup, 0.3 part of 1,6-hexanediol diacrylate as a

crossl i nki njnagstteam®f ﬂnntmwre@nsdqtamrxackql@tppepraf e rerptiayopyhymer abl e

conp03|t|0n
having a solid content of about 30% by wei ght. With this solution,

3 parts of a multifunctional isocyanate crosslinking agent, per
100 parts of the solid content of the sc;lution, were homogeneously
mixed to prepare a solution of a thermal adhesive compositién.
Then, this solution of the thermal adhesive composition was
applied onto a releasing base material, and dried at 130°C for
5 minutes to form a layer of the thermal adhesive composition
having a thickness of 80 um, théreby preparing an adhesive sheet.
EXAMPLE 2

Into a four neck flask, 90 parts of phenoxyethyl acrylate,
10 parts of acryloylmorpholine and 0.05 part of 2,2-
dimethoxy-z—phenylacetophenohe were charged, - and the resulting
mixture was exposed to an ultraviclet ray in an atmosphere of
nitrogen to partially conduct photopolymerization, thereby
obtaining a syrup having a viscosity of about 30 poises. With
100 parts of this partially polymerized syrup, 0.3 part of
1,6-hexanediol diacrylate as a crosslinking agent was

homogeneocusly mixed to prepare a photopolymerizable composition.
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Thenf'tﬁis phot o- pol yneri zabl e conpositign was applied onto a r el easi ng

base material, and irradiated with an ultraviolet ray of 900 m/cnferr]
to conduct phot opol yneri zation, thereby form ng a | ayer of a thermnal
adhesi ve conposition having a thickness of 80 [err]mto prepare an
adhesi ve sheet. EXAMPLE3 A

phot opol yneri zabl e conposition was prepared in the sane manner as in
Exanpl e 2 except that 90 parts of an ester (the Tg of the honopol yner:
-20[err] C)..of an ethylene oxide addition product of cresol (the added

ool ar numberg 1) %qsaﬁgﬁgbggéfgﬂeﬁ?ﬁaﬂfgdcompoé 1QJna97§sO£g’B€ﬁ8§r£ﬁt8f

phenoxyethyl acrylate sane ayer er na

adhesive ‘copppsidi A Haaw Adtari i ckmf&r%dlateéowia& raJn”hW%?:F{rQéﬂE@ 18y

prepare an adhesive sheet in the Ssane nanner as In

EXAVPLE 4 of 900 mjyca’ ad @dndiaetkp Ifaéeéﬂs@l;,%axpﬁéﬁ&i‘ FRePeby' £bthgn Sh Of
‘the honmopal yner: -25[err] C) of an ethyl ene oxide ‘addi ti on pr oduc

nanyl phenol 14¥d&e cldethemhlr aauabeire démﬁcﬁﬁhtﬁ(b’ryhhvlﬁglﬂ,tlﬁdkaﬁs% of scof
acryli.e acid and 0.05 part of 2,2-di methoxy-2- phenyl acet ophenone were
charged, amgntte prmspdite ran midbieis genabeet . exposed to an ultraviolet ray in
an atnosphere of nitrogen to partially conduct photopol yneri zati on,

t hereby obtaining a syrup havi ngEXAMPEEQSi ty of about 30 poises. Wth
100 parts of this partially polynmerized syrup, 0.2 part of

tri net hyl ol pr ogrrhotopalymerighble gomposibieniwks rprepmrad \igs the same

honngeneously m xed- to 14
manner as in Example 2 except that 90 parts of an ester (the Tg

of the homopolymer: -20°C) of an ethylene oxide addition product
of cresol (t.he' added molar number: 1) and acrylic acid was used
in place of 90 parts of phenoxyethyl acrylate, and using the same,
a layef of a thermal adhesive composition ha'ving a thickness of
50 pm was formed to prepare an adhesive sheet in the same manner
as in Example 2.
EXAMPLE 4

Into a four neck flask, 95 parts of an ester (the Tg of the
homopolymer: -25°C) of an ethylene oxide addition product of
nonylphgnol (the added molar number: 1) and acrylic acid, 5 parts
of acrylic acid and 0.05 part of 2,2-dimethoxy-2-
phenylacetophenone were charged, and the resulting mixture was
exposed to an ultravioclet ray in an atmosphere of nitrogen to
partially conduct photopolymerization, thereby obtaining a syrup
having a viscosity of about 30 poises. With 100 parts of this
partially polymerized syrup, 0.2 part of trimethyloclpropane

triacrylate as a crosslinking agent was homogeneously mixed to
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prepé?ééa phbtopo[ynerizable conposition_. . Then, this photopolynérizable

conposition was applied onto a rel easing base material, and irradi ated
Wth an ultraviol et .ray of 900 nj/cnR to conduct phot opol yneri zati on,
thereby formng a |l ayer of a t hermal adhesi ve conposition having a

thi ckness of 80 [err]mto prepare an adhesi ve sheet. EXAMPLE 5
Into a four neck flask, 100 parts of phenoxyethyl acrylate

and0. 02par t of 2, 2- di met hoxy- 2- phenyl acet ophenonewer e char ged, and the
resulting m xture was_exposed to an ultraviolet ray in an at nosphere of

ni trogen tosp%{,a‘glé ﬁ%& er 3, 4K %W{g&lﬁg r&.]l%lgeral;y obt ai ning a

syrup havi Vi scosT es parts of this

partially pghy éfﬁéemam aemes§tpaﬁtw£a M&Y&&%da%ﬂa%&rny Bl as a

¢rosslinking - agent- was honogeneously m xed to prepare a

phot opol ymegh€8p1 €1, and AHRiELeE wikfnant Glﬁr@bpépéelaggardfzwoem
conposi tion was - applied onto a rel easi ng. base mater and i rradl at ed

Wth an = tel éédiot @hotipoliynQ ZH0ioN, theteBJUELrADAGOROL YR Rtd ON,
thereby formng a layer of a thermal adhesive conposition having - a
t hi ckness otliéfingd kadhesi ve pompasé tapndtheasig/e thhekhess of 80 um to prepare
COVPARATI VE EXAMPLE 1 In a reaction vessel equipped with a
condensert de, adimsnogesheet. i ntroduci ng tube, a thernonmeter and a stirrer,
210 parts of ethyl acetate as a solvent, 60 parts of butyl acrylate
(the Tg of the honopol ymer: < -3EXAMPLE)\S 35 parts of acrylonitrile, 5

arts of '
p. : Into a four neck flask, 100 parts of phenoxyethyl acrylate
and 0.02 part of 2, 2-dimethoxy-2-phenylacetophenone were charged,
and the resulting mixture was exposed to an ultraviolet ray in
an atmosphere of nitrogen to partially conduct
photopolymerization, thereby obtaining a syrup having a viscosity
of about 30 poises. With 100 parts of this partially polymerized
syrup, 0.3 part of 1,6-hexanediol diacrylate as a crosslinking
agent was homogeneously mixed to prepare a photopolymerizable
composition. Then, this photopolymerizable composition was
applied onto a releasing base material, and irradiated with an
ultraviolet ray of 900 mj/cm® to conduct photopolymerization,
thereby forming a layer of a thermal adhesive composition having
a thickness of 80 um to prepare an adhesive sheet.

COMPARATIVE EXAMPLE 1
In a reactionvessel equippedwitha condensér tube, anitrogen

introducing tube, a thermometer and a stirrer, 210 parts of ethyl

acetate as a solvent, 60 parts of butyl acrylate (the Tg of the

homopolymer: < -30°C), 35 parts of acrylonitrile, 5 parts of
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acrylic acid.and 0.3 part of benzoyl peroxide were placed, and

pol yneri zati on was conducted in a streamof nitrogen to obtain a solution
of a polyner having a solid content of about 30% by weight. Wth this
solution, 3 parts of a nultifunctional isocyanate crosslinking agent, per
100 parts of the solid content of the solution, was honbgeneously m xed to
prepare an adhesive solution. Then, this adhesive solution was applied
onto a releasing base material, and dried at 130[err]C for 5 mnutes to
f.orm an .adhesive l'ayer having a thickness of 80 [err]m thereby preparing

an adhesi.v ég? t Y o i Q%%f’ : Exggg Info a
four neck fla s‘%@cﬁgr gdo '?s%%%?y?f zﬁ)cerny tle ;h%a@d go é'It-:lﬁult?aa':f'ueodn‘o5?‘0 ymer:
< - 30[err] @o1yafb Mo oA wAS ¥bhGudtid A0, %-&%amoa thot btaj

2, 2-di rret'h(%&'- - phenyl gcet ophenoénigéewere char ged, ang ?ﬁero?ee%u ?iong}:anlinxt ure

was exposed tgdl1aitidnt bEVAORSIyheyY hdvitHy AldRIRNebst8htNbEr A8k 130% by
partially conduct photopol yneri zation, ~ thereby obtaining a syrup having a

viscosity afeigfilt ROtROtELS. soMtiod 003 PHits f HinulRafunaicivngel yneri zed
syrup, 0.3 part of 1,6-hexanediol diacrylate as a crosslinking agent were

honogeneousispaatartd Ores€hiieimg paehe) PerTe 0D LEY s 68 sbl D8 .conbaat. t hi s
phot opol yneri zabl e conposition was applied onto a releasing base material,
and irradi aifedhel sblabioh} neas blosbgeagouslyMikxen tonpeephrecan erthesti ve

phot opol yneri zation, thereby form ng.a adhesive |ayer having a thickness
of 80 [err]snligmepaleenn thhesidhesiimeiolution was applied onto a
B 16 - _releasing b_ase material, and dried at 130°C for 5 mim_:.tes to form
an adhesive layer haviﬂg a thickness of 80 um, thereby preparing
an 'adhesive shéet.

COMPARATIVE EXAMPLE 2
Into a four neck flask; 80 parts of isooctyl acfylate (the

Tg of the homopolymer: < ~-30°C), 20 parts of acrylic acid and 0.05
part of 2 ,2--dimethoxy—2 ~-phenylacetophenone were charged, and the
resulting mixture was exposed to an ultraviolet ray in an |
atmosphere of nitrogen to partially conduct photopolymerization,
thereby obtaining a syrup having a viscosity of about 30 poises.
With 100 parts of this partially polymerized syrup, 0.3 part of
1,6-hexanediol diacrylate as a crosslinking agent were
homogeneously mixed to prepare a photopolymérizable composition.
Then, . this photopolymerizable composition was applied onto a
releasing base material, and irradiated with an ultraviolet ray
of 900 mj/cm® to conduct phétopolymerization, thereby forming a

adhesive layer having a thickness of 80 pm to prepare an adhesive

sheet.
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COVPARATI VE EXAMPLE 3 Into a four neck flask, 80 parts of ethyl
acrylate (the Tg of the honopolymer: > -30[err]C), 20 parts of

acryl oyl - mor phol i ne and 0.05 part of 2,2-di methoxy-2-phenyl acet ophenone
were charged, and the resulting m xture was exposed to an ultraviolet ray
in an atnosphere of nitrogen to partially conduct photo- polynerization,

t hereby obtaining a syrup having a viscosity of about 30 poises. Wth 100
parts of this.partially polynerized syrup, 0.3 part of 1,6-hexanedi ol

di acryl ate as a.crosslinking agent was honngeneously m xed to. prepare a
photopol yneri zable .conpositio ,---olynerlzable conposi tion
was applied onto a rel easing g adlated with an

al traviol et rayz &%%ﬂé%&&%ﬁa&% cggdgggtgfwggep@ga ZALE (enbhegehy

f'ormi ng an adhe3|ve ayer having -a tHhi 0O prepare
adhesi ve shgetine homoEBiyxthE r>eS§6*’é)' veoasiasl ve @pimd@mi% dn&0 5

and Conparative Exanples to 3, and a comercial therempsetting adhesive
sheet (a shgepsceaptist Ny, @-dﬁﬁ@@%&é@@ﬁﬁ@h@@@meﬁaﬁéngeaéouhdssed
thereon.a. 100- [err]nlthlck | ayer of a thernpbsetting. epoxy/rubber adheS|ve)
as Ref er encgn®xem®| fesul ey hAcitues sast Bpossliesd aih (A% rpedlbladhesiven
strength) and the heat resistance (solder heat resistance) were eval uated
by the fol | am agnospierks . of Restidgernt ey eefrtdad 1ys condueti phdable 1

Tacki ness The adhesive sheet cut to a width of 10 mmw th the

rel easi ng polymerization, thereby obtaining-a ¥rup having a viscosity of

about 30 poises. With 100 parts of this partially polymerized
syrup, 0.3 part of 1,6-hexanediol diacrylate as a crosslinking
agent was homogeneously mixed to prepare a photopolymerizable
composition. Then, this photo-polymerizable composition was
applied onto a releasing base material, and irradiated with an
ultraviolet ray of 900 mj/cm® to conduct photopolymerization,
thereby forming an adhesive layer having a thickness of 80 um to
-prepare .an adhesive sheet. .
For the respective adhesive sheets of Examples 1 to 5 and-
Comparative Examples 1 to 3, and a commercial theremosetting
adhesive sheet (a sheet comprising a releasing base material
having provided thereon a 100-pm thick layer of a thermosetting
epoxy/rubber adhesive) as Reference Example 1, the tackiness, the
adhesion (90° peel adhesive strength) and the heat resistance
(solder heat resistance) were evaluated by the following methods.
Results thereof are as shown in Table 1.
Tackiness

The adhesive sheet cut to a width of 10 mm with the releasing
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base Tmaterial included was | am nated with .SUS.304 (stainless steel
specified in Japanese Industrial Standard) by a hand roll at ordi nary
tenperatures, and i nmedi ately separated. At that tineg, one wel |
separated w t hout el ongation and breakage was eval uat ed as "non-tacky",
and one in which elongation and breakage were devel oped was eval uated as
"tacky". Adhesi on The adhesive sheet cut to a wwdth of 10 mm and
a length of 50 mrmwas |lamnated. with a polyimde film having a thickness
of . .75 {err]nby a lamnator (tenperature: 100[err]C, pressure: 5 kg/cm
rate:.. - 2 m : b USt.qaf | [ K ge
. sofer 1) O M5Bl Il HkBlydl SRALALLAR i S04 pba (Ll B U

product wasggSu | s3yvi |ty 304 BY¥aAdRFEFSH{ I EMAHAIIBEL at
.200[ err] C, ?één%{f%%eﬁnnjﬁag%e%s&r 3§Ui$5kg?cn§?edm§ s{'arrpl ewas cur eda and

‘aged by hea&raf&%;g%ahpakaéé%sr Hnd {Rhedi H0ely sbphk-awad. DA tARE thigne, N
(0]

t he at nosphere [err]C and 65% RH for 30 mnutes. Then, the adhesi ve

sheet was puhé e@lilNséperats®aiiithouefe P Eitiombnad Predlidye wvasrabe1 itk
mi mnute, and its nedian was taken as the 90 peel adhesive strength.
Heat Resi st@@icenon-tacky'Thamillite iea sheeh elbngatiom gid mfedlaganwexd a
length of - 50 mmwas [amnated with a polyimde filmhaving a thickness
of 75 [ edeteildped wamTiewatloratedempe'dboky! . 100[ err] C, pressure: 5 kg/cm
Fate: 2 mmnute, and then, this | am nated product- was further |am nated
wi th SUS 30dhdgsipm0 mm square by a press (tenperature: 200[err]C,

. 18 The adhesive sheet cut to a width of 10 mm and a length of

50 mm was laminated with a polyimide film having a thickness of
75 um by a laminator {temperature: 100°C; pressure: 5 kg/cm, rate:
2 m/minute):, just after preparation (initial) and after storage
" at 30°C for 30 days (after storage)., and then, this laminated
product was further laminated with SUS 304 by a press (temperature:

200°C, time: 1 second, pressure: 10 kg/cm®) . This sample was cured

and aged by heat treatment at 150°C for 1 hour, followed by standing .. - .. = _

in the atmosphere of 23°C and 65% RH for 30 minutes. Then, the
adhesive sheet was pulled in the direction of 90° at a pulling
rate of 50 mm/minute, and its median was taken as the 90° peel
adhesive strength.
' Heat Resi

The adhesive shegt cut to a width of 50 mm and a length of
50 mm was laminated with a polyimide film having a thickness of
75 um by a laminator (temperature: 100°C, pressure: 5 kg/cm, rate:
2 m/minute, and then, this laminated product was further laminéted

with SUS 304 of a 30 mm square by a press (temperature: 200°C,
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time 1 second, pressure: 10 kg/cnierr])._After this sanple was cured .and
aged by heat ‘treatment at -150[err]C for 1 hour, inmmrediately

(tnitial) and after further standing in the atnosphere of 30[err]C

and- 60% RH for 7 days (after standing), the sanple was fl oated on a
sol der bath nelted at 240[err]C for 60 seconds with the SUS 304 face
bei ng upward. The | am nated state of the sheet after the _ treat nent
was visually observed. One in which neither foam ng of the adhesive
nor abnor mal - adheS|on (floating, winkles, di spl acement and separation)

was observegd; e¥§é&%e r%%su’%e 10 kg/c'%fsd ORerLR %SCP%@H'y oabs ve% was

‘above-ment i one oan1ng br ddheSi oniwas
evaI uat ed a§ndBaged by heat. treatment at 150°C for 1 hour, immediately

.19 -

(1n1t1al) and after further standlng in the atmosphere of 30°C
aﬁd 69% RH for 7 days (after standing) ' the sample was floated
on a solder bath melted at 240°C for 60 seconds with the SUS 304
face i:)eing upward. The laminated state of the sheet after the
treatment was visually observed. One in which neither foaming
of the adhesive nor abnormal adhesion (floating, wrinkles,

. displacement and separation) was observed was evaluated as “A”,

and one in which either the above-mentioned foaming or abnormal

adhesion was clearly observed was evaluated as “B”.
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TABLE T’ _ Adhesi on Heat Resi stance

ALt er ) Af ter ' Tackiness Initial Storage Initial

St andi ng (g/cm (g/cm Exampl e 1 Non-t acky
3,200 3,400 . A A Exanple 2 Non-tacky 4,000 3,800

A A Exanple 3 Non- t acky 2, 000 2, 000 A A Exanple 4
Non-tacky -.2,800 3, 000 A A Exanple 5 Non-t acky 3, 000
3,000 = A A" Conparative Non-tacky 20 - 20 B

B Exanpl e 1 Comparat.i'ver Non-tacky 2,000 2,000 A B
Exanpl.e-2 Conparative Nan-tacky IAB%%LL 10 B. B Exanpl e
3 Reference -~ Non-tacky 3,000 B B Exanple 1

The resul'ts-of Table 1 described above apparently reveal that the

respective adhesive sheets of Exanples of the . J tion are

not tacky at ordinary tenperatures, [ e

-incor porating bubbles in, the face hesi on, .that t . exhy ? st.rong
:kﬁﬁsﬂqﬁ;s hgﬁ?”%@:' !ﬁﬁﬁti

adhesi on and satisfacto RS %ﬁb gé-‘iﬁﬂée%ﬂq ow
pressure for a short period of timkS/SRY fd , that they show no
changes in adhesive strength - 20 -°
Example 1 Non-tacky 3,200 3,400 A A
- Example 2 Non-tacky 4,000 3,800 A A
Example 3  Non-tacky 2,000 2,000 A A
Example 4 Non-tacky 2,800 3,000 A A
Example 5 . Non-tacky 3,000 3,000 A A
Comparative Non-tacky .20 - 20 B B
Example 1 '
Comparative Non-tacky 2,000 2,000 A B
Example 2
Comparative Non-tacky 10 10 B B
Example 3
Reference Non-tacky 3,000 40 : B B
Example 1

The .results of Table 1 described above apparently reveal that
the respective adhesive sheets of Examples 1 to 5 of the present
invention are not tacky at ordinary temperatures, so that there
is no fear of incorporating bubbles in the face adhesion, that
they e-xhibit strong adhesion and satisfactory solder heat
resistance by heating under low pressure for é short period of

time, and further, that they show no éhanges in adhesive strength
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dependi ng on storage circunstances of the sheets, so that they are
excellent in aging stability. The results also indicate that no probl em of
adhesive protrusion .is encountered in the above-nentioned adhesive test.
In contrast, in Conparative Exanples 1 to 3, the adhesive sheets not tacky
at ordinary tenperatures can be prepared by selecting the copolynerization
nononers and the main nononers. However, sufficient adhesive strength can
not be obtained by the adhesion treatment for a short period of tinme, and
even if good adhesive strength can be obtained as Conparative Exanpl e 2,

the, sol der sheal.f &1 5 D 9L R SALLS' L WIS We nadnesiye
fahal e Sh el s RERe

sheet usi.ng the coO MOSEt LI Ng €epoxy *Zhvin et ence

Exanpl e .1 i g ggeldianind Pradhey Yeaisis thmha&deélﬁaés 5§§bsitrﬁﬁc&té)9fmat

largely varies in characteristics dep dlng on storage circunstances of

the sheet, H30§95316$ bfsadﬁé§50é\ﬁﬁdbrd§$8# LisN@nkBuhegaMenhehehandl i ng
of the sheet descri bed above, the present invention can

provi de a absvgaheﬁsheﬁéaegdnggxugtﬁéyt_or the sheet-like or tape- I|ke
adhesi ve sheet thereof which is not tacky at ordinary tenperatures, - does

not i ncor por at eThubbhesasy, faccoageaitive Exanpldselerd, 3¢athe exdhdsive
strong adhesi on and hi gh heat resistance by heating under | ow pressure for
a short persbdets potretaqiay tatcwWmtinarvhdenpaechtuersekchanbehpatéparedsbpance
that it can withstand the use at a high tenperature of 100[err]C or nore
or in a sol'deleq’gllpgomgopwmlzptébhemowmmmd/e:m seipshonoharseat
adhesi on, and noreover,

) However, sufficient adhesive strength can not be obtained by the
adhésion treatment for a short period of time, and even if good
adhesive strength can be obtained as Comparative Example 2, the
solder heat resistance can not be satisfied. Further, the
adhesive sheet using the commercial thermosettihg epoxy adhesive
shown in Reference Example 1 is excellent in adhesive strength
and heat re51stance, but largely varies in characteristics
depending on storage c1rcumstances of the sheet, because of its
reactivity, resulting in inconvenient handling of the sheet.

As described above, the present invention can provide a
thermal adhesive composition or the sheet-like or tape-like
adhesive sheet thereof which is not tacky at ordinary temperatures,
does not incorporate bubbles in face adhesion to an adherend, can
exhibit strong adhesion and high heat resistance by heating under
low pressure for a short period of time, particularly, has such
excellent heat resistance that it can withstand the use at a high

temperature of 100°C or more or in a soldering process, has no

problem of adhesive protrusion in heat adhesion, and moreover,
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can be Stored at ardinary tenperatures and are excellent in aging
stability, by using the non-tacky polymer in which the acrylic nonomner
havi ng such a specific nolecular structure that the glass transition
temperature of the honopolymer is -30[err]C or nore is used as the main
nonomner . Whil e the invention has been described in detail and with
reference to specific enbodi nents thereof, it will be apparent to one
skilled in the art that various changes and nodifications can -be nade
therein w thout departing fromthe spirit and scope thereof.

) .22 T c_ém'bé stored at ordinary températures and are excellent in aging
' stabi;ity, by using the non-tacky polymer in which the acrylic
monomer having such a specific molecular structure that the glass
transition temperature of the homopolymer 1s -30°C or moré.is used
as ';:he main monomer.
While the invention has been described in detail and with
reference to specific embodiments thereof, it will be apparent to
one skilled in the art that various changes and modifications can

'be made therein without departing from the spirit and scope thereof.
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-23- TWHAT 1S CLAIMED I S 1. An adhesive sheet conpri\ g ;
mat eri al havi ng provi ded on one side or both sides thw@@%éﬁ@é&aﬁgﬂe
t her mal adhesi ve conposition which conprises a non-tacky pdREMACED
prepared from nononers conposed of (1) 70%to 100% by wei ght of a

(meth)acrylic ester represented by the follow ng general formula (1), a
honmopol ynmer of which has a glass transition tenperature of -30[err]C or
nore, and (2) 0%to 30% by wei ght of a nonoethyl eni c unsaturat ed

nononer copolynerizable therewi th, each based on the total .amount of the
nmononer's: WHAT s crLaiMeD His: CH2 =CC (OR2) n-OfJerr]

() - 0 wherein Rlerr] represents a hydrogen atom or a

met hyl- “gr oup: .Ra r&@ﬁaqnaahaswah&ﬁassgﬁm cafﬁkfﬁm %erQJnO-lh%&'g, a

pr opyl-ene group, nis an integer -of 1 to 3; represents a
phenyl groupeolgmabnNesélayted Hidn mMdrthers Qﬁ&@%keareﬁp(QS ?0% to 100% by

dlalkyl substituted phenyl group.
weight of -a (meth)acrylic ester represented by the following
geperal formula (I), a homopolymer of which has a glass transition
' tehpérature of -30°C or more, and (2) 0% to 30% by weight of a

monoethylenic unsaturated monomer copolymerizable therewith,

each based on the total amount of the monomers:

—_—

This Sheet Has Been R,

S LT

CH, =C—-C— (O—R2)n—-0-9¢ (1)
I
0

wherein R; represents a hydrogen .atom or a methyl group; R,
represents a methylene group, an ethylene group or a propylene
group; n is an integer of 1 to 3; and ¢ represents a phenyl groub,
a monoalkyl-substituted phenyl group or a dialkyl-substituted
phenyl group.

2. The thermal adhesive composition according to claim i,
wherein the non-tacky polymer is a polymer obtainedby irradiation
of a radiation.

3. The thermal adhesive composition according to claim 1,

wherein the radiation is an ultraviolet ra

AR
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-24- = “2. The adhesive sheet according ta claim1, wherei hTHReSHER. HAS BEEN
tacky polyner is a polymer obtained by irradiation of a radi REPLACED 3.

The adhesive sheet according to claim2; wherein the radratron 1S an
ultraviol et ray. 4. The adhesi ve sheet according to claim1, wherein the
(meth)acrylic ester is at |east one selected fromthe group consisting of
phenoxyet hyl (neth)acryl ate, phenoxypropyl (neth)acryl ate,

nonyl phenoxyet hyl- (meth)acryl ate, nonyl phenoxypropyl (neth)acrylate,
esters of-(nmeth)acrylic - acid and ethyl ene oxi-de or propyl ene oxide

add tion, brovugts le RiGHn GRSkl cORRULECSDPI Ja e, 2l o1

mol ar’ nuriber 3 €ss. € adhési eet acco alm 1,

wher el.n_the,,Ipopeth ?ﬂgehggggg,g{ SR JPIOMR 1 bistlode 881 B8 FIRF LRE

fromthe group consisting-o Ic acid, itaconic acid,

‘capr ol act 0n§§§ﬁ§gﬁ§%s@ﬁ{ I3t BRenokYbtAPL OfNdth) Askllaies, phBnexp¥apty !

acryl ates; acryl ates, acrylam de, substitut ed acryl am des,

N-vi nyl capr @hath PEr{L4 ¥ OMidriy] hencky@ithiax y@idty) ackginkat e, gl ycidyl.
acry!a;e and vinyl acetate. . : [err]
nonylphenoxypropyl (meth)acrylate, esters of (meth)acrylic acid
and ethylene oxide or propylene oxide addition product of phenol,
cresol or nonylphenol having an addition molaru number of 3 or less.
5. The thermal adhesive composition according to claim 1,
wherein the monoethy;ehic unsaturated monomer is at least one
selected from the group consisting of acfylic acid, itaconicacid,
caprolactone-modified acrylates, sulfopropyl acrylate,

. hydroxyalkyl acrylates, @anoalkyl acrylates, acrylamide,
substituted acrylamides, N-vinylcaprolactam, acrylonitrile,
2-methoxyethyl aérylate, glycidyl acrylate and vinyl acetate.

6. An adhesive sheet comprising a base material havifxg
provided on one side or both sides thereof at least one thermal
adhesive composition which comprises a non-tacky polymer prepared
from monomers composed of (1) 70% to 100% by weight of a
(meth)acrylic ester represented by the following general formula-
(I), a homopolymer of which has a glass transition temperature
of -30°C or more, and_ (2) 0% to 30% by weight of a monoethylenic

unsaturated monomer copolymerizable therewith, each based on the

* [ L ] S *

total amount of the monomers:

-_—

This Sheet Has Been Re
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CH2 =C-C .(OJ[err]n [err] -.(1) : 0
wherein R err] represents a hydrogen atomor a nethyl group; R2

répresents a nethyl ene group, an ethylene group or a-propylere—group; n is
an integer, of 1 to 3; and represents a phenyl group,qp

nonoal kyl - substituted phenyl group or a dial kyl-substi

group. 7. The adhesive sheet according to clai I8 e
non-tacky polyner is a polyner obtained by irradiation ioflK gat i on
8. The adhesi ve sheet according to claim7, wherein the radiation is an
ul traviolet ray. . 9. The adhesive sheet according to claim6,

wher ei‘n .t he . (neth)acrylicféster Is at | east one selected fromthe group
“consi sting of phenoxyethyl (neth)acrylate, phenoxypropyl '

(neth)acryl ate, nonylphenoXyethyI (meth)acryl ate, nonyl phenoxypr opyl
(nmeth) acrylate, esters (met h) ~acrylic.acid and et hyl ene oxi de or

pi opyl ene oxi de additiogﬁg?dggiféc éhBP,jIl"Qféggl or nonyl phenol
havi ng an addi ti on .ol ar nunber oﬁ 3 or less. 10. The adhegirye
sheet--according to claim®6, wherel'n the nonoet hyl eni ¢ unsat ur at ed
‘manoner is at | east one selected Arom -25

the grioup consisting of acrylic aCid, itaconic acid,

wherein R; represents a hydrogen atom or a methyl group; R;

represents a methylene group, an ethylene group or a propylene
. group; n is an integer of 1 to 3; and ¢ represents a phenyl group,
| a monoalkyl-substituted phenyl groq;; or a dialkyl-substituted

phenyl group. |

7. The adhesive sheet according to claim 6, wherein the
non-tacky polymer is a polymer obtained by irradiation of a
radiation. |

8. The adhesive sheet according to claim 7, wheréin the
radiation is an ultraviolet ra.y.

9. The adhesive sheet according to claim 6, wherein the
(meth)acrylic ester is at least one selected from the group
consisting of phenoxyethyl (xﬁeth)acrylate, phenoxypropyl
(meth)acrylate, nonylphenoxyethyl (meth)acrylate,
nonylphenoxypropyl (meth)acrylate, esters of (meth)acrylic acid
and ethylene oxide or propylene oxide addition products of phenol,
cresol or nonylphenol having an addition moiar number of 3 or less.

10. The adhesive sheet according to claim 6, wherein the

monoethylenic unsaturated monomer is at least one selected from

s



caprol actone-nodi fied acryl ates, sul fopropyl acrylate, hydroxyal kyl
acryl ates, cyanoal kyl acrylates, acrylamde, substituted acryl am des,
N vi nyl caprol actam acrylonitrile, 2-methoxyethyl acrylate, glycidyl
acrylate and vinyl acetate.

- 26 -

'thé,groﬁp consisting of acrylic acid, itaconic acid,
-..éép£olaétone—modified acr&lates, sulfopropyl acrylate,

hy&;oxyalkyl acrylates, cyanoalkyl acrylates, acrylamide/

substituted acrylamides, N-vinylcaprolactam, acrylonitrile)

2-methoxyethyl acrylate, glycidyl acrylate and vinyl acetate.

This Sheet Has Been Replace
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