1 DESCRI PTI ON CURABLE COWPCSI TI ON AND TEMPORARY FI XATI ON METHOD OF s
MEMBER USI NG | T TECHNI CAL FI ELD The present invention relates to a nethod
for tenporarily fixing a nenber in processing of various 10 nenbers, and
a curabl e conposition and an adhesive suitable for the fixation. Mre
particularly, the present invention relates to a nethod for tenporarily
fixing an optical nenber e.g. at ordinary tenperature in processing the
menber, a curabl e adhesive suitable for_is the nethod, and a curable
conposition which facilitates renoval &f the menber. BACKGROUND ART
Two- si ded tapes and hot-nelt type adhesives are used 20 as adhesives for
tenporary fixation of optical |enses, prisns, arrays, silicon wafers,

sem conduct or packaging parts, angggsereBriggd nenbers bonded or | am nated
with use of these adhesives are cut into a predeterm ned shape, followed
by renoval of the adhesive to produce 25 processed nenbers. Wth respect to
the sem conductor packaging parts, for exanple, they are fixed on a
substrate w t h CURARILE icderosapeornaAND MEEMFORARYNFaxdesbrede?Hopask s, and t he
two-sided tape is irradiated with wultraviolet rays to be separated from
the partss Furthernore, in the ¢&MBERf USHEBGhDT-nelt type adhesi ve,

menbers are bonded therewith and heated to |let the s adhesive penetrate
into their interspace, and then the nenbers are cut into desired parts,

fol |l oned by renoval
TECHNICAL FIELD

The present invention relates to a method for
temporarily fixing a member in processing of various
10 members, and a curable composition and an adhesive
suitable for the fixation. More particularly, the
present invention relates to a method for temporarily
fixing an optical member e.g. at ordinary temperature in
processing the member, a curable adhesive suitable for
15 the method, and a curable composition which facilitates

removal of the member.

BACKGROUND ART
Two-sided tapes and hot-melt type adhesives are used
20 as adhesives for temporary fixation of optical lenses,
prisms, arrays, silicon wafers, semiconductor packaging
parts, and so on, and members bonded or laminated with
use of these adhesives are cut into a predetermined
shape, followed by removal of the adhesive to produce
25 processed members. With respect to the semiconductor
packaging parts, for example, they are fixed on a

substrate with a two-sided tape and then cut into desired



of the adhesive in an organic solvent. However, in the case of the
two: si ded tape, there were problens that it was difficult to achieve 10
satisfactory thickness accuracy; its adhesive strength was weak, so that
“'in processing the parts, chipping of the parts was |ikely to occur (i.e.
inferior in the chipping property); that it was inpossible to separate
the tape w thout heating at 100C or norej, and that, is where it was
separated by irradiation with ultraviolet rays, it was inpossible to

separate thephaps,i hnanthadheberddead tapRogl WY rhbiansdd Wwarge. | n the case
of the hot-nelt type adhesive, it could not be effective in bonding

wi thout heat ulgravidQ08€ ehys2@onBeeseparhftald Eheme thRs partestriction on the
menbers to be used. Furthernore, it was necessary to use an organic

sol vent in reoetakrabrehe iadhasi vascand washihog -sleaps t e Rdr slag| i
sol vent and a hal ogen type organic solvent were cunbersone and al so

probl emati c fesbetbeaveevpadetl thzrekivdr kindg heatiedomrelies. the order to
overconme these drawbacks, photocurable or heat-curabl e adhesives for

t enpor ar ys f i ¥dheetiiveependtrptepased thiedh dotleaispazeyataert 3¢laibltheconmpound
such as a water-soluble vinyl nonomer. These adhesive conpositions solved
t he probl em atmbkesr arevahit! ihyol dewdtred, paut st,hépl Iskidd adapaatilens t hat
t he adhesive strength was lowin s fixation of parts and that the nenbers
after bei ng ofit thkaddhestvei tananopalgaadeusadywenf®urt her nore, adhesives for
tenporary fixation were proposed which had adhesion inproved wth use of a
speci fic, highlyHopdvephi linc themetaseacrfy [tatee ,t wamnchs ialesb tegek r ertovabi | ity
i mproved by
were problems that it was difficult to achieve
10 satisfactory thickness accuracy; its adhesive strength
was weak, so that in processing the parts, chipping of
the parts was likely to occur (i.e. inferior in the
chipping property); that it was impossible to separate
the tape without heating at 100°C or more; and that,
15 where it was separated by irradiation with ultraviolet
rays, 1t was impossible to separate the tape if an
adherend had a poor UV transmittance.
In the case of the hot-melt type adhesive, it could
not be effective in bonding without heating at 100°C or
20 more, so that there was a restriction on the members to
be used. Furthermore, it was necessary to use an organic
solvent in removal of the adhesive, and washing steps
with an alkali solvent and a halogen type organic solvent
were cumbersome and also problematic from the viewpoint
25 of working environments.

In order to overcome these drawbacks, photocurable

or heat-curable adhesives for temporary fixation were



10 swelling and partial dissolution. However, a cutting process involves
géneration of frictional heat between the parts and a cutting jig such as
a blade or a dianond cutter and thus is carried out while cooling the
"parts with a large anmount of water. Therefore, a cured resin is of the
above highly hydrophilic conposition swells to becone soft during the
cutting, whereby higher dinensional accyracy cannot be achieved. In
addition, the cured resin dissolved in part renmains as a residual

adhesi ve on phepsestiewbiaht ebnthenr anhuakr -whilableausapoand2@urihoblse® i n
appearance. In addition, in the case of photocurable adhesives, there is a

probl em t hat wabernsbtubak fronylenbabset0 DEhe P& os@hsetive ScbhpbledibAsa
material which transmits light such as ultraviolet light, and a materi al

not 25 transsbliedgthegbrobiemhodstheceeabivabiatieri dh, wate@l, obed thlegstic
material or the like, can not be used. Further, heat-curable adhesives
such as epoxytiedi hadr pgoblema 4habeahengdappakat 4s refgthnwagades dmd t hus
have a problem such that it takes tine for curing, and further | abor
savi ng, energyxsavbngofingazher badi npaof thhe meabkireg affitee barieg eqiti r ed.
(cf. Patent Docunents 1, 2 and 3). 5 Patent Docunent 1: JP-A-06-116534
Pat ent Docunkafl goo#PdAméhs72883 aPateatyDocEurthe 8Bmod®; AadRO3iR26641
DI SCLOSURE OF THE I NVENTI ON | D OBJECT TO BE ACCOWVPLI SHED BY THE | NVENTI ON
In order to faprbespbhergi Mersitdnal waceupaoposkdt wkicie el s dhfetsdoncut ti ng,
a phot ocur abl e adhesive is desired, which is hydrophobic, high in adhesive
strengt h, improved with use of a specific, highly hydrophilic
(meth)acrylate, and also had removability improved by
10 swelling and partial dissolution. However, a cutting
process involves generation of frictional heat between
the parts and a cutting jig such as a blade or a diamond
cutter and thus is carried out while cooling the parts
with a large amount of water. Therefore, a cured resin
15 of the above highly hydrophilic composition swells to
become soft during the cutting, whereby higher
dimensional accuracy cannot be achieved. In addition,
the cured resin dissolved in part remains as a residual
adhesive on the members after the removal, which causes a
20 problem in appearance.
In addition, in the case of photocurable adhesives,
there is a problem that the material for members to be
processed is limited to a material which transmits light
such as ultraviolet light, and a material not
25 transmitting light, such as a ceramic material, a colored

plastic material or the like, can not be used. Further,

heat-curable adhesives such as epoxy resins require a



excellent in renovability in water, free of an adhesive is residue on the
meénbers after renoval, and environnentally excellent in working. The
present inventors have conducted extensive studies to solve the above

v'problens in the prior art, and as a result, have found it possible to

acconplish the 20 above object by using a conmbination of specific
hydr ophobi ¢ (neth)acryl nononers, based gn the following findings (a) to
(d): (a) It is possible to obtain a curable conposition having high

adhesi ve strgagthngndppieaklent nr aaByakialseky andd thiysWalaRienat §rdhieaddi ng a
hydrogel swelled wth a polar solvent, to a copolynmer nmade of a specific

t enper at ur e- s1eBPERSLVEtPebkER! thmead o@Xc@tingQt ahd ifiRdiert Nedor adhesi ve
property; (b) it is possible to obtain a curable conposition which is

curabl e at ogdivAagy teBRgakElEngndndashbirgeniadhes t@estdakdidy aithe
removability in warmwater, by s adding a polar organic solvent, an organic

peroxi de andage degaipedi.ti ¢ofacpetenatoochwentBe1organgha peroxide; (c) it
is possible to obtain a curable conposition having high adhesive strength
and exceld enbakemBvabichinkynt i1n Wer-m-wat-arieshy i ncorporating a specific
pol ar organic to solvent and a specific granular material; and (d) it is
possi bl e to ohtana aceumahlte 2cogpegi-tiiicriskavi ng hi gh adhesi ve strength and
excellent renovability in warmwater, by adding a specific alcohol to such
an extent nputeati Dpaumehhe 3adb@siave opriepertyrl 15 MEANS TO ACCOWPLI SH THE
OBJECT
DISCLOSURE OF THE INVENTION
10 OBJECT TO BE ACCOMPLISHED BY THE INVENTION
In order to improve the dimensional accuracy of the
members after cutting, a photocurable adhesive is
desired, which is hydrophobic, high in adhesive strength,
excellent in removability in water, free of an adhesive
15 residue on the members after removal, and environmentally
excellent in working.
The present inventors have conducted extensive
studies to solve the above problems in the prior art, and
as a result, have found it possible to accomplish the
20 above object by using a combination of specific
hydrophobic (meth)acryl monomers, based on the following
findings (a) to (d):
(a) It is possible to obtain a curable composition
having high adhesive strength and excellent removability
25 1in warm water by adding a hydrogel swelled with a polar

solvent, to a copolymer made of a specific temperature-

responsive polymer to an extent not to impair the



The present invention provides the following: 1. A curable conposition
conprising (A) a polyfunctional (neth)acrylate, (B) a nonofunctional 20
. (neth)acrylate, (C) a photopolynerization initiator, and (D) a polar
v'solvent. 2. A curable conposition conprising (A) a polyfunctional
(meth)acrylate, (B) a nonofunctional (nmeth)acrylate, (D) a polar solvent,
(E) an organic 25 peroxide, and (F) a degonposition accelerator for the
organi ¢ peroxide. 3. The curable conposition according to the above 1 or 6
2, wherein eaghe8ivéAprapdrtB) is hydrophobic. 4. The curable conposition
according to any one of the above 1 to 3, wherein (D) is at |east one
menber sel ected (bnontthe gobeypblensicsbbigief avatiafableetdwa@sitetdanol , s
i sopropyl al cohol and n-butanol. 5. The curable conposition according to
any one of thrichbo¥echrtbléd, avhbelihatriyheemperbaurse @@ hatsedydeyhat ur e-
responsi ve polynmer and/or a copolyner of a tenperature- responsive pol yner.
10 6. The cuadhéeicenposehgoh aadordmpgabaltihe dhowarm waweer,eiby (G is (a)
a polynmer of at |east one nenber selected fromthe group consisting of an
N-al kyl o neaddlangybapolerderguatcveplaenkt, r ageprgantia pergpxiyd iatid rRDNONMEr
and a vinyl group-containing amno acid, and/or is (b) a copol yner
conpri si ng adgcoyporbnaner aardlatakeasif oronkenerban iselpeatoxd der;om t he group
consisting of an N- al kyl (neth)acrylanm de derivative, a
ni trogen-cont ai nifley itydlsi possidtier tancdbd aimy qrredy-e audngias ifgi i no
acid. 7. The curable conposition according to the above 5,

having high adhesive strength and excellent removability

in warm water, by incorporating a specific polar organic
10 solvent and a specific granular material; and
(d) it is possible to obtain a curable composition
having high adhesive strength and excellent removability
in warm water, by adding a specific alcohol to such an
extent not to impair the adhesive property.
15
MEANS TO ACCOMPLISH THE OBJECT
The present invention provides the following:
1. A curable composition comprising (A) a
polyfunctional (meth)acrylate, (B) a monofunctional
20 (meth) acrylate, (C) a photopolymerization initiator, and
(D) a polar solvent.
2. A curable composition comprising (A) a
polyfunctional (meth)acrylate, (B) a monofunctional
(meth) acrylate, (D) a polar solvent, (E) an organic
25 peroxide, and (F) a decomposition accelerator for the
organic peroxide.

3. The curable composgition according to the above 1 or



20 wherein (G is a copolynmer conprising an N-al kyl (nmeth)acrylam de
dérivative, a vinyl nonomer having a carboxyl group, and a vinyl nononer
. copol ynerizable therewith. 8. The curable conposition according to the

v "above 6 or 25 7, wherein the N-al kyl (neth)acrylam de derivative is N

i sopropyl acrylam de. 9. The curable conposition according to the above 5,
7 wherein Gis a copolynmer conprising Ngisopropyl acrylamde, diacetone
acryl am de and acrylic acid, and/or a copolynmer conprising Nisopropyl

acryl am de, acryhaskds eabd agryhicaad dB)sitOhyihephdbakl e conmposition
according to any one of the above 1 to 9, mhch further contains (H) a

granul ar nmateri @ahe angabil icempasdltuline alde i HdBanyl bnelher aileaabl e
conposition according to the above 10, wherein (H) is spherical. 10 12.

The curabl e apopesittoen3zacebedeig t(D)t e ahoveat® ohe hkmbahiereiledddd i s at
| east one nenber selected fromthe group consisting of crosslinked
pol ynet hyl metrbactiikayeoupacbneliesingr 0fs whiteked mpehysiolr, e ke hpardli,cl es and
spherical silica particles. 1s 13. The curabl e conposition according to any
one of the abopeopyl3adrdhd]l whidch-damrphiodes from1l to 50 parts by nass
of (A, fromb5 to 95 parts by mass of (B), fromO0.1 to 20 parts by mass of
(© and frong0. 1The tQrpdlies doynporEss oof addorddtgldo Higr anallfe the
conposition according to any one of the above 2 to 4, which conprises from
1 to 50 partabbyentsso af @A)ichf famtSetroc®ntpdmniss (By rRIEmer@urd-rom 0.1
to 10
responsive polymer and/or a copolymer of a temperature-
responsive polymer.
10 6. The curable composition according to the above 5,
wherein (G) is (a) a polymer of at least one member
selected from the group consisting of an N-alkyl
(meth)acrylamide derivative, a nitrogen-containing cyclic
monomer and a vinyl group-containing amino acid, and/or
15 (b) a copolymer comprising a vinyl monomer and at least
one member selected from the group consisting of an N-
alkyl (meth)acrylamide derivative, a nitrogen-containing
cyclic monomer and a vinyl group-containing amino acid.
7. The curable composition according to the above 5,
20 wherein (G) is a copolymer comprising an N-alkyl
(meth)acrylamide derivative, a vinyl monomer having a
carboxyl group, and a vinyl monomer copolymerizable
therewith.
8. The curable composition according to the above 6 or
25 7, wherein the N-alkyl (meth)acrylamide derivative is N-

isopropyl acrylamide.

9. The curable composition according to the above 5,



parts by mass of (D), fromO0.5 to 10 parts by mass of (E) and fromO0.1 to
10 'parts by mass of (F). 25 15. The curabl e conposition according to any
_one of the above 2 to 4 and 14, which conprises a first liquid containing
"(A), (B) and (E), and a second liquid 8 containing (A, (B) and (F), and
either one or both of the first and second liquids contain (D). 16. The
curabl e conposition according to any one-of the above 5 to 9, which
conprises 100 parts by nmass in total 5 of (A and (B), fromO0.1 to 20

parts by masghetelf) ¢ 608 Bopollomee patbs ikY nERNS i@bptBpy1and from 0. 001
to 10 parts by mass of (G . 17. The curable conposition according to any

one of the abeyeah@dko d3acehbeb tditNamigentaidnachkaMnlaZzildy Bhd/HY parts
by mass of (H). 18. A process for producing the curable conposition as

defined in aaycepel¢hmetrheompeyeihgt 8-9saptob@l Weirgh amddenr iazes/1pERRY i Ng a
m xture of (G and (D), and then, adding and sinultaneously m xing (A,
(B) and (C) andt heryilscahevd.m xture. 19. An adhesive made of the curable
conposition as defined in any one of the above 1 to 17. 20. A structure
tenporaridy fibxedhey cueahd eofcoipe s iturcablae coniios) tHoormms dadef isledha any
one of the above 1 20 to 17. 21. A nethod for tenporarily fixing a nenber,
whi ch conpr abeset anpor ar,i Whithxifogthee wentainky (Heams gafantdiar cur abl e
conposition as defined in the above 14 or 15, at a tenperature of from
-10C to 40C m2be22al/ metihdd)f ds tiespdudiiel yinf i(A)ngoa (@nber, which
11. The curable composition according to the above 10,
wherein (H) is spherical.
10 12. The curable composition according to the above 10 or
11, wherein (H) is at least one member selected from the
group consisting of crosslinked polymethyl methacrylate
particles, cross-linked polystyrene particles and
spherical silica particles.
15 13. The curable composition according to any one of the
above 1, 3 and 4, which comprises from 1 to 50 parts by
mass of (A), from 5 to 95 parts by mass of (B), from 0.1
to 20 parts by mass of (C) and from 0.1 to 10 parts by
mass of (D).
20 14. The curable composition according to any one of the
above 2 to 4, which comprises from 1 to 50 parts by mass
of (A), from 5 to 95 parts by mass of (B), from 0.1 to 10
parts by mass of (D), from 0.5 to 10 parts by mass of (E)
and from 0.1 to 10 parts by mass of (F).
25 15. The curable composition according to any one of the

above 2 to 4 and 14, which comprises a first liquid

containing (A), (B) and (E), and a second liquid



conprises tenporarily fixing the nenber by neans of the curable
conposition as defined in any one of the above 1 9 to 17, processing the
_tenporarily fixed menber, and imersing the processed nenmber in warm water
‘of from30 to 90C, thereby to renove a cured resin of the curable
conposition. s 23. The nethod for tenporarily fixing a nmenber according to
the above 22, wherein a substrate is used for tenporarily fixing the
menber, and the cured resin remains on the substrate when the cured resin

is renoved. cdAtaihengethpd f8) tLaapPQrari hndf XkReraomenider K&od ng 10 to
t he above 23, wherein the surface roughness (Rvax) of the substrate on the

side facing the eurabl an@oppeshtli 0Aquidsf ceaci@npmohe 50 pmand is |arger
by at least 10 pm than the surface roughness (RMax) of the nenber on the

side facing the Theabklueadorpesinporntith BRoClidy HdE AryWENE @Y Hise cur abl e
conposition of the present invention is ordinary tenperature-curable or

phot ocur abl eabygvei 6t e of whtshcesppstiteen1andpasteubedmaistsh ivi siddlaa | i ght
or 20 ultraviolet rays. Therefore, the conposition of the present
i nventi ore i so€oria) dandbl(g) sufiebinon .intol abopaatisnpy aaergwfsawd)ng fameh wor k
reduction to the conventional hot-nelt type adhesives. Furthernore, the
cured resin of 1t he econpasiti by shewsod HDYh addesirwven 25 o9tr ermgtllo wi t hout
being affected by cutting water or the |ike used in processing, and thus
provi des an pakrest byhatssdogpl(atenent is unlikely to occur during
processing of a 10
17. The curable composition according to any one of the
above 10 to 13, which further contains from 0.5 to 10
10 parts by mass of (H).
18. A process for producing the curable composition as
defined in any one of the above 5 to 9 and 16, which
comprises preparing a mixture of (G) and (D), and then,
adding and simultaneously mixing (A), (B) and (C) to the
15 above mixture.
19. An adhesive'made of the curable composition as
defined in any one of the above 1 to 17.
20. A structure temporarily fixed by means of the
curable composition as defined in any one of the above 1
20 to 17.
21. A method for temporarily fixing a member, which
comprises temporarily fixing the member by means of the
curable composition as defined in the above 14 or 15, at
a temperature of from -10°C to 40°C.
25 22. A method for temporarily fixing a member, which

comprises temporarily fixing the member by means of the

curable composition as defined in any one of the above 1



menber and it is thus easy to obtain the nmenber excellent in dinensional
accuracy. Furthernore, the cured resin has a feature of losing the
_adhesi ve strength through contact with warmwater of s from30 to 90C,
‘whereby the bonding strength between nenbers or between a nenber and a jig,
will be reduced to facilitate recovery of the nmenber. As conpared with the
conventional adhesives, it provides an excellent effect that it is
unnecessary to use an organic solvent which is io expensive, is highly

conbusti bl e gp genepabessaifdgsthbakehpbraeihymElbadimembelyr gy nore, in
the case of the curable conposition wthin a specific preferred

conposi tion fmngesihfetndr pdoceesd membks thr ugh Gamkacbiwfiddbrvaom wat er
of from30 15 to 90C, and is recovered in the formof a filmfromthe

nmenber, thereByoproEVithdelp €5fLehovl &X6€LEENEesYRr KabLLEL YurSbnge the
tenporary fixation nethod of the nenber according to the present invention

uses the curabhpogtgenposition |osing the adhesive strength through
contact with warmwater of from30 to 90C, as described above, it is
possi bl e $ 0 pecoTae mkehoeEntfer siemplorafingudhxicontaactenddh awdordiaicer ,
and, as conpared with the conventional adhesives, it provides a
significant eéfeht 2botbab2it whereineaessbsy rhdeude amed gani ¢ sol vent
which is expensive, is highly conbustible or generates a gas harnful to
human bodi estetporkuilperf ixingt hthepmehbered aadb atiementredf relsd npr esent
invention, the curable resin of the curable conposition can certainly be
renmoved fronmremeinenber thehenbbyrhlhe when the cured resin is removed.
24. The method for temporarily fixing a member according
10 to the above 23, wherein the surface roughness (RMax) of
the substrate on the side facing the curable composition
is from 10 uym to 50 um and is larger by at least 10 um
than the surface roughness (RMax) of the member on the
side facing the curable composition.
15
EFFECT OF THE INVENTION
The curable composition of the present invention is
ordinary temperature-curable or photocurable by virtue of
its composition and is cured with visible light or
20 ultraviolet rays. Therefore, the composition of the
present invention is considerably superior in
laborsaving, energy saving and work reduction to the
conventional hot-melt type adhesives. Furthermore, the
cured resin of the composition shows a high adhesive
25 strength without being affected by cutting water or the

like used in processing, and thus provides an effect that

displacement is unlikely to occur during processing of a



processing efficiency for the nenber can be substantially 5 inproved. Wth
réspect to the tenperature of the warmwater, there is no technical
.significance to define the upper |limt, but, fromthe viewpoint of
‘operation efficiency, it is preferably from30 to 90C. 10 BRI EF
DESCRI PTI ON OF DRAW NG Fig. 1-1 shows the results of neasurenent of the

t hi ckness distribution of a filmof the nposition according to Exanple
1-17. 15 BEST MODE FOR CARRYI NG OQUT THE ENTI ON The pol yfuncti onal

(neth) acryl ahemb8r hAdLEtUsedtihis LRBYPRES Rl aliRVeMd @RrnRY R&R1lent
pol yfunctional (neth)acrylate oligoner/polymer having two or nore 20

(meth)acryl oyh difeRsiahalleadiciahgyor in side chains of the
ol i goner/ pol ymer, or a nononer having two or nore (neth)acryl oyl groups.

The pol yfunct i onghrimeirtae,y tHe culd amyiPHasTe fEtudoofXesgi gy be
1, 2- pol ybut adi ene- term nated urethane (neth)acrylate (e.g. TE-2000 or TEA

25 1000, nmanghackyhediky NeRPBEYtROPArcQgh kPRthct tWa tHhwdragenaiead 41 oduct
(e.g. TEA-1000, nmanufactured by N PPON SODA CO., LTD.),

1, 4- pol ybut adirenesbeeni nared Lherdbet hare bomeli o etteict h BAGwARN
manuf act ured by OSAKA ORGANI C CHEM CAL | NDUSTRY LTD.),

pol yi sopr enemkfbsirBabed bet i) ac mehmbled, apd westiey, wiqtlhare dgmiddaay! at e,
pol yet her urethane (neth)acrylate, polyester 5 (nmeth)acrylate, or his A
type epoxy (fath)laceykatecoredy oBi sheameidbsd,. naButanpHied hytB@SAKA
ORGANI C CHEM CAL
conventional adhesives, it provides an excellent effect
that it is unnecessary to use an organic solvent which is
10 expensive, 1is highly combustible or generates a gas
harmful to human bodies.
Furthermore, in the case of the curable composition
within a specific preferred composition range, the cured
resin swells through contact with warm water of from 30
15 to 90°C, and is recovered in the form of a film from the
member, thereby providing an effect of excellent
workability.
Since the temporary fixation method of the member
according to the present invention uses the curable
20 composition losing the adhesive strength through contact
with warm water of from 30 to 90°C, as described above,
it is possible to recover the member simply through
contact with warm water, and, as compared with the
conventional adhesives, itAprovides a significant effect
25 that it is unnecessary to use an organic solvent which is

expensive, 1is highly combustible or generates a gas

harmful to human bodies.



| NDUSTRY LTD., or Biscoat VR-77, manufactured by SHOM H GHPOLYMER CO.,
LTD:) A bifunctional (neth)acrylate nonomer may, for 10 exanple, be

. 1,3-butyl ene glycol di(neth)acrylate, 1,4- butanediol di(neth)acrylate,

"1, 6- hexadi ol di(neth)acrylate, 1,9-nonanediol di(neth)acrylate, neopentyl
gl ycol di(neth)acrylate, dicyclopentanyl di(neth)acrylate,

2-ethyl -2-butyl - propanedi ol 15 (neth)acry] ate, neopentyl glycol-nodified
trimethylol propane di(nmeth)acrylate, stearic acid-nodified

pentaerythritol g, aenkhaten palkypLeREreRe Shyedlimedit( Bt MRCHHAl S
2, 2- bi s(4- (et h)acryl oxy di et hoxyphenyl ) propane, 2, 2-bi s(4-(nmeth)acryl oxy

20 propoxyphenaykhphgRaneher cdrdbhiestésiaebl) ageybo¥%ble composition
t et r aet hoxyphenyl ) propane. A trifunctional (neth)acrylate nonomer may, for

exanpl e, be tahneebyhohpiyopaneehbieAEERbACEEARGMBEY, whereby the
tris[(meth)acryl oxyethyl ]i socyanurate. 25 A tetrafunctional or

hi gher - funct pepakss{ABt BYaccykatg TBRONBE f@NMbelOtagXdRPls@bsR@ntially

di met hyl ol propane tetra(nmeth)acrylate, pentaerythritol 13

t et ra( netd) acmprated.pentaerythritol ethoxy tetra(neth)acrylate,

di pentaerythritol penta(neth)acrylate or dipentaerythritol

hexa(met h) acryl aWethS reApeict Ry &her ekfipalilay unedicFpRel wadd wdtdrs, wat er -
soluble, the cured resin of the conposition may swell during cutting, to
cause di spl acheeat ianflodegendecalaehibhifidcaaedr aoy desuele heienappadesi rabl e.

However, it may be hydrophilic unless the cured resin of the
limit, but, from the viewpoint of operation efficiency,
it is preferably from 30 to 90°C.
10
BRIEF DESCRIPTION OF DRAWING
Fig. 1-1 shows the results of measurement of the
thickness distribution of a film of the composition
according to Example 1-17.
15
BEST MODE FOR CARRYING OUT THE INVENTION
The polyfunctional (meth)acrylate (A) to be used in
the present invention may be a polyfunctional
(meth) acrylate oligomer/polymer having two or more
20 (meth)acryloyl groups at terminals or in side chains of
the oligomer/polymer, or a monomer having two or more
(meth)acryloyl groups. The polyfunctional (meth)acrylate
oligomer/polymer may, for example, be 1,2-polybutadiene-
terminated urethane (meth)acrylate (e.g. TE-2000 or TEA-
25 1000, manufactured by NIPPON SODA CO., LTD.), its

hydrogenated product (e.g. TEA-1000, manufactured by

NIPPON SODA CO., LTD.), 1,4-polybutadiene-terminated



10 conposition significantly swells or dissolves in part wth water. The
arount of (A) to be added is preferably from1 to 50 parts by nass,
.particularly preferably fromto 30 parts by nmass, per 100 parts by mass of
‘the total amount 1s of (A) and (B) If it is at least 1 part by nass, the
renovabl e nature of the cured resin of the curable conposition fromthe
adherend (hereinafter referred to sianMzas "the renovability") wll be
sufficiently inproved when the cured resin is imersed in warmwater, 20

and the CUVeQré@ﬁhHeOmeEﬁ SHE?@BEeCQ§R@ShB'Oﬂaﬁﬁﬁac%%&kﬁ!@byc%%Kh?”DVGd in
the formof a film Cn the othér hand, when the anmpunt is at nost 50 parts

by mass, theOReﬂNttabHﬁﬂlheﬁLomNg@BTh@ mepnh ai ped wsb@%hed%fe%rm%%té&n The
monof unct i onal (meth) acryl at e nononer (B) may, exanpl e, be net hyl

(”Eth)acry|akﬁetﬁ§ﬁ&£yléﬁgthb@Q?&b%E%1uEEQB&he(WﬁEQh@%&%&Q&%e but yl
(neth)acrylate 2-et hyl hexyl “(méth)acryl ate, isooctyl 14~ (neth)acrylate,

i sodecyl %m?etné@t frekBHh¥! (mERRY Bk mc@te olbeatyl (nMeth)acrylate,
phenyl (net )acryl ate, cyclohexyl (meth)acrylate,  dicycl opent anyl

(met h) acryl afget H) a¥el,0n€8t €8¥l b s( ﬁetm)acrepb %ze (mekt ey aleeRanritanyl«yy.et hyl
(meth)acrylate, isobornyl (neth)acrylate, oxyl ated cycl odecatri ene

(neth)acrylaB@scaabyﬁsqmyemathé&euﬁkacbyl@BQKAZORmeanxmmmnxmL
(meth)acryl ate, 3-hydroxypropyl (nmeth)acrylate, 4-hydroxybutyl

(et h) acryl atrpudOrvetrahydoef gikubpk (meth) agaylh@aeruzeldy troxgroia
phenoxypropyl (neth)acrylate, glycidyl (meth)acrylate,
capr ol act onexHneHpPbLEMERetDahydrof. urfuryl (neth)acryl ate,
A bifunctional (meth)acrylate monomer may, for
10 example, be 1,3-butylene glycol di(meth)acrylate, 1,4-
butanediol di(meth)acrylate, 1,6-hexadiol
di (meth)acrylate, 1,9-nonanediol di (meth)acrylate,
neopentyl glycol di(meth)acrylate, dicyclopentanyl
di (meth)acrylate, 2-ethyl-2-butyl-propanediol
15 (meth) acrylate, neopentyl glycol-modified trimethylol
propane di (meth)acrylate, stearic acid-modified
pentaerythritol diacrylate, polypropylene glycol
di (meth)acrylate, 2,2-bis(4- (meth)acryloxy
diethoxyphenyl)propane, 2,2-bis(4- (meth)acryloxy
20 propoxyphenyl)propane or 2,2-bis(4- (meth)acryloxy
tetraethoxyphenyl)propane.

A trifunctional (meth)acrylate monomer may, for
example, be trimethylolpropane tri(meth)acrylate or
tris [ (meth)acryloxyethyl] isocyanurate.

25 A tetrafunctional or higher-functional

(meth) acrylate monomer may, for example, be

dimethylolpropane tetra(meth)acrylate, pentaerythritol



3-chl oro- 2- hydr oxypropyl (neth)acrylate, N, N di nethyl am noet hyl
(rreth)acryl ate, N, N-di et hyl ami noethyl 15 (meth)acryl ate, t-butyl an noet hyl
(meth)acrylate, ethoxycarbonyl nethyl (neth)acrylate, phenol ethylene

"oxi de-nodi fied acryl ate, phenol (2-nol ethyl ene oxide- nodified) acryl ate,
phenol (4-nol et hyl ene oxide-nodified) acrylate, paracunyl phenol ethylene
oxi de-nodi fied 20 acryl ate, nonyl phenol gfhyl ene oxide-nodified acryl ate,
nonyl phenol (4-nol ethyl ene oxide-nodified) acrylate, nonyl phenol (8-nol

et hyl ene pxiQetﬂg@hétﬁﬁécagaxtateFeneaeyyeheﬂebléahéx?DI propyl ene
oxi de-nodified) acrylate, 2-ethylhexyl carbitol acrylate, ethylene

oxi de- nodi fi edt 22 (RBthahteyastd, (mBpBhaaeylaheitethyl ene oxi de-nodified
succinic acid (nmeth)acrylate, trifluoroethyl (neth)acrylate, acrylic acid,

nethacrylic penta (fBtr) aciPladel 8r HupBhtaea9tUriwogar boxy- pol ycaprol act one
nono( et h) acryl ate, phthalic acid nonohydroxyethyl (neth)acrylate,
(et h) acryl i kergi(deghm@eryl3te( net h) acr oyl oxyet hyl hydrogen succinate, or n
s (nmeth) acryl oyl oxyal kyl hexahydrophthalim de. Like the above (A), (B) is
more preferably (hAydiephekieC priffeirably Wgidetpheill.e, 1Ehetctsedategi-n of
the curable conmposition may swell during cutting, to cause displacenent
and degrade pattibbengthecunaey, regiéh d8 haengompdeditiab dayHeweMdar, it can
be hydrophilic unless the cured resin of the curable conposition
si gni fi cant| gursmngl tatodndi ssol vaasendpapl avkenknvaterd deEdeadwount of (B) to
be added is preferably from5 to 95 parts by mass, particularly preferably
from1l0 to mscBOnpagtacbureaygs, speh bé@ngauhselsy rakde .of Hbheveot akt
may be hydrophilic unless the cured resin of the
10 composition significantly swells or dissolves in part
with water.
The amount of (A) to be added is preferably from 1
to 50 parts by mass, particularly preferably from to 30
parts by mass, per 100 parts by mass of the total amount
15 of (A) and (B). If it is at least 1 part by mass, the
removable nature of the cured resin of the curable
composition from the adherend (hereinafter referred to
simply as “the removability”) will be sufficiently
improved when the cured resin is immersed in warm water,
20 and the cured resin of the curable composition can
certainly be removed in the form of a film. On the other
hand, when the amount is at most 50 parts by mass, the
initial adhesion can be maintained without deterioration.
The monofunctional (meth)acrylate monomer (B) may,
25 for example, be methyl (meth)acrylate, ethyl
(meth)acrylate, propyl (meth)acrylate, butyl

(meth)acrylate, 2-ethylhexyl (meth)acrylate, isooctyl



anmount of (A) and (B) Wien it is at least 5 parts by nmass, the initial
adhesi on can be maintained without deterioration, and when it is at nost
95 parts by mass, the renovability can be secured, and the cured resin of
"20 the curabl e conposition can be renmoved in the formof a film The
adhesion to a netal surface can be further inproved by incorporating, to
the above bl end conposition of (A) and {B), a phosphate having a vinyl
group or a 25 (nmeth)acryl group, such as (mneth)acryl oyl oxyethyl acid

phosphat e, di(Rdiyh a2riTRiR) agkpderaxalhn) aaghd atRhosphata, dioctyl
2- (et h) acryl oyl oxyethyl phosphate, 16 di phenyl 2-(neth)acryl oyl oxyet hyl

phosphate or (mefB)BLaenwutey! exweril ERlcERanRe gl yiinyaci d phosphat e.
The phot opol ynerization initiator (C) is s incorporated in order to effect

sensi tizati onmethh aaghilvee,r ays lohekyas (wethlaerhilghte or ultraviol et rays
to enhance the photocuring property of the conposition, and can be one of
vari ous knowdiphetepenyaesilz Jieth)iairtilattes,s disgedidgesaldnyl it may, for
exanpl e, be benzophenone 10 or its derivative; benzyl or its derivative;
ant hr aqui fron€mert hi) ke r§Eitegdt idey depeditrngil oxyRemadi n(meda)iaatt vgesuch as,
benzoin nmethyl ether, benzoin ethyl ether, benzoin propyl ether, benzoin

i sobutyl et hesobbrnfa@nzye tdh) rrRiMla theet alet haxydericop hgmdreiadertd niadrieve such
as i s diethoxyacetophenone, or 4-t-butyltrichl oroacetophenone;

2- di net hyl anm(meethylcdydnreqt e - hy-dtioxstdnpydanm (reethWcrertzoate, di phenyl
di sul fide, thioxanthone or their derivatives; canphor qui none or a canphor
qui none hydroxypropyl (meth)acrylate, 3-hydroxypropyl

(meth)acrylate, 4-hydroxybutyl (meth)acrylate,

10 tetrahydrofurfuryl (meth)acrylate, 2-hydroxy-3-
phenoxypropyl (meth)acrylate, glycidyl (meth)acrylate,
caprolactone-modified tetrahydrofurfuryl (meth)acrylate,
3-chloro-2-hydroxypropyl (meth)acrylate, N,N-
dimethylaminoethyl (meth)acrylate, N,N-diethylaminoethyl

15 (meth)acrylate, t-butylaminoethyl (meth)acrylate,
ethoxycarbonylmethyl (meth)acrylate, phenol ethylene
oxide-modified acrylate, phenol(2-mol ethylene oxide-
modified) acrylate, phenol (4-mol ethylene oxide-modified)
acrylate, paracumylphenol ethylene oxide-modified

20 acrylate, nonylphenol ethylene oxide-modified acrylate,
nonylphenol (4-mol ethylene oxide-modified) acrylate,
nonylphenol (8-mol ethylene oxide-modified) acrylate,
nonylphenol (2.5-mol propylene oxide-modified) acrylate,
2-ethylhexyl carbitol acrylate, ethylene oxide-modified

25 phthalic acid (meth)acrylate, ethylene oxide-modified
succinic acid (meth)acrylate, trifluoroethyl

(meth)acrylate, acrylic acid, methacrylic acid, maleic



derivative such as 7,7-dinethyl-2,3 20
di"dxobi cycl o[ 2. 2. 1] hept ane-| -carboxylic acid, 7,7-
di met hyl - 2, 3- di oxobi cycl o[ 2. 2. 1] hept ane- | - car boxy-2- bronvet hyl est er,

L7, 7-di net hyl -2, 3- di oxobi cycl o] 2. 2. 1] hept ane- 1- car boxy- 2- et hyl ester or

7, 7-di met hyl - 2, 3- di oxobi cycl o[ 2. 2. 1] hept ane-| -carboxylic 25 acid chlori de;
an a-am no al kyl phenone derivative such as
2-met hyl -1 -[4- (et hyl t hi o) phenyl ] - 2- nor phol i no propan-1- one or

2-benzyl-2-daaeahykaﬂ599claeédnv&peakbegyppemybhp%zla@@ba@one-1; or an acyl
phosphi ne oxi de derivative such as benzoyl di phenyl phosphi ne oxi de,

2,4, 6-trimethyholeeenyhcrdipbenybhphaspbi aeiaxndgonperefylethyl .
di et hoxyphosphi ne oxide, 2,4,6-trimethyl benzoyl dinmethoxyphenyl phosphi ne

s oxide or 2(defhyat#plhyk, beneeu) adir-gt hexyphanylipBesphi-ne oxide. The
phot opol yneri zation initiators can be used alone or in conbination as a

m xture of t\Reeh)gereylbxytbayl Rharagenntuetihheephetopol ymerization
initiator (C) 10 to be added 1s preferably from0.1 to 20 parts by nass,

nore preferabhgthy 06r316913Rypakys hyxahgdropdthiQ@madet.s by mass of the
total amount of (A) and (B) when the anount is at least 0.1 part by nass,
it is certainly Lptesihkeabovebt@)n t(iee efsf aclreofpprrfeymiblig the curing. is
On the other hand, when the anobunt is at nost 20 parts by nmass, a
sufficient cuydrgphabeccanibeitobiaineterAsabilelepreher caede@nbedinest i s
such that (C) is added by at |east 3 parts by mass, which is further
preferred i nthhaturabtecanppskstitannbaegnesetlr dbré noegartdliess afo the |ight
20 irradiation level, the crosslinking degree of the cured resin of the
cur abl e conposuteodibptanesmehkghbed, dagrade machining accuracy, such
10 being undesirable. However, it can be hydrophilic unless
the cured resin of the curable composition significantly
swells or dissolves in part with water.
The amount of (B) to be added is preferably from 5
to 95 parts by mass, particularly preferably from 10 to
15 80 parts by mass, per 100 parts by mass of the total
amount of (A) and (B). When it is at least 5 parts by
mass, the initial adhesion can be maintained without
deterioration, and when it is at most 95 parts by mass,
the removability can be secured, and the cured resin of
20 the curable composition can be removed in the form of a
film.
The adhesion to a metal surface can be further
improved by incorporating, to the above blend composition
of (A) and (B), a phosphate having a vinyl group or a
25 (meth)acryl group, such as (meth)acryloyloxyethyl acid
phosphate, dibutyl 2- (meth)acryloyloxyethyl acid

phosphate, dioctyl 2- (meth)acryloyloxyethyl phosphate,



di spl acenent occurs during cutting, and the renovability is inproved.
Further, as a curing initiator, (E) an organic 25 peroxide and (F) a
deconposition accelerator for the organic peroxide, nmay be used. Exanples
‘of the organic peroxide (E) include 18 hydroperoxides, such as tertiary
butyl hydroperoxi de, cunmene hydroperoxi de, diisopropyl benzene

hydr oper oxi de, paranment hane hydroperoxig@de, 2,5-di nmethyl hexane-2, 5-

di hydr operoxi de and 1,1, 3, 3-tetranet hyl butyl s hydroperoxi de; ketone

per oxi des, sdtphasylethyheehhyibtrykeytbeypehoXi gaosphaktehexanone per oxi de,
3,3,5- trinethyl cycl ohexanone peroxi de, nethyl cycl ohexanone peroxi de,

met hyl acet oac¢eé ahpapeybdxiyexgadhgtepylgeehghenepgiloxbdeacadd di acyl

per oxi des, such as acetyl peroxide, 10 isobutyl peroxide, octanoyl

per oxi de, deshosyhaperoxi de, |aurynoyl peroxide, 3,3,5-trinethyl hexanoyl
per oxi de, succinic acid peroxide, benzoyl peroxide, 2,4- dichlorobenzoyl
per oxi de and met @htophoybppéyoxirdeat ithedaiarigairc pbrdx;des may be used
alone or in 15 conbination as a mxture of two or nore of them The anount
of (E) t® beinaddegoratpdeinr abbgrf tonefbett sehBiparhsiby mesdh amriee
preferably from1l to 8 parts by mnmass, per 100 parts by mass of the total
amount of (Arayandu¢B)as Whenbilhelagbtnbri slaraveadetOrhyparto lephamss, 20
the curing property can certainly be obtained, and when it is at nost 10
parts by nasshetbbotdhesing mrdpehéy sfothgecsmpbisliittipncaande cami fteai ned
w t hout substantial deterioration, and the dermal irritation will be |ow,
such bei ng desérabl earious known photopolymerization initiators.

Specifically, it may, for example, be benzophenone

10 or its derivative; benzyl or its derivative;
anthraquinone or its derivative; benzoin or a benzoin
derivative such as, benzoin methyl ether, benzoin ethyl
ether, benzoin propyl ether, benzoin isobutyl ether or
benzyl dimethyl ketal; an acetophenone derivative such as

15 diethoxyacetophenone, or 4-t-butyltrichloroacetophenone;
2-dimethylaminoethyl benzoate, p-dimethylaminoethyl
benzoate, diphenyl disulfide, thioxanthone or their
derivatives; camphor quinone or a camphor quinone
derivative such as 7,7-dimethyl-2,3-

20 dioxobicyclo[2.2.1]lheptane-l-carboxylic acid, 7,7-
dimethyl-2,3-dioxobicyclo[2.2.1]lheptane-1l-carboxy-2-
bromoethylester, 7,7-dimethyl-2,3-
dioxobicyclo([2.2.1]heptane-1-carboxy-2-methyl ester or
7,7-dimethyl-2,3-dioxobicyclo[2.2.1]lheptane-1-carboxylic

25 acid chloride; an o-amino alkylphenone derivative such as
2-methyl-1-[4- (methylthio)phenyl] -2-morpholino propan-1-

one or 2-benzyl-2-dimethylamino-1-(4-morpholino phenyl) -



25 In a case where a hydroperoxide or a ketone peroxide is used as the
or.gani ¢ peroxi de, the deconposition accelerator (F) for the organic

. peroxide may, for example, 19 be a netal salt of an organic acid or an
‘organic netal chelate, such as cobalt naphthenate, copper naphthenate,
manganese napht henate, cobalt octenoate, copper octenoate, manganese
octenoate, copper acetylacetonate, titanj4ym 5 acetyl acetonate, nmanganese
acetyl acetonate, chrom um acetyl acetonate, iron acetyl acetonate, vanadi nyl

acetyl acet onghieafbneobal bragat ¥kgiebaBap@inEUbkige R i9RCARROTUIPRs
accelerators for other organic peroxides, thiourea derivatives such as io

di et hyl t hi oupeazogilbut phehyoupaaspal hkl eratili,our aa s - thaed MR HdHBHr ea,
mer capt obenzoi mi dazol e and benzot hi ourea nay, for exanple, be used.

Further, in aiprefyihphesphihbeofigan depeoli @8 etdoxfipheypamexi de such as
benzoyl peroxide is used, the is deconposition accelerator for the organic

peroxi de mayoxifer exangl-eéribetaylabeneoylc dias tNodysiheekNyhdsdigidd di ne,
N, N- di et hyl - p-tol uidine, N, N-di(2-hydroxyethyl)-p- toluidine,

N, N-di i sopr opsnak- prt al, ui, di-Reimethglhbleaiond, dikthpxgphleaRilithosphine

et hyl di et hanol am ne, N, N-di net hyl aniline, 20 ethyl enedi am ne,

tri et hanol anbreder. arhél pebydpoayinaeiz&abNERNSALt DAtbeaCthANbRr Qdudat . These
deconposition accelerators for organic peroxides may be used alone or in

conmbi nati on a%ofie BrXtur ecabihwoioh BBra afixthe® oZ5 tlke cammdite @ff (F) to

be used is preferably from0.1 to 10 parts by nmass, nore preferably from

0.5 to 8 parthemby mass, per 100 parts by mass of the total anmount of (A)
The amount of the photopolymerization initiator (C)

10 to be added is preferably from 0.1 to 20 parts by mass,
more preferably from 3 to 20 parts by mass, per 100 parts
by mass of the total amount of (A) and (B). When the
amount is at least 0.1 part by mass, it is certainly
possible to obtain the effect of promoting the curing.

15 On the other hand, when the amount is at most 20 parts by
mass, a sufficient curing rate can be obtained. A more
preferred embodiment is such that (C) is added by at
least 3 parts by mass, which is further preferred in that
the composition becomes curable regardless of the light

20 irradiation level, the crosslinking degree of the cured
resin of the curable composition becomes higher, no
displacement occurs during cutting, and the removability
is improved.

Further, as a curing initiator, (E) an organic

25 peroxide and (F) a decomposition accelerator for the

organic peroxide, may be used.

Examples of the organic peroxide (E) include



20 and (B). When the anobunt is at nost 10 parts by mass, the adhesion and
the  storage stability can be naintained without substantlal deterioration,
_such being desirable. The polar solvent (D) to be used in the present 5
‘invention preferably has a boiling point of from50 to 130C, particularly
preferably from60 to 120C. Wen a polar solvent having a boiling point
w thin the above range is selected for uge, it is nore certainly possible
to devel op the phenomenon to |ower the adhesive strength 10 of the cured

resin after ﬁyaragewa@aabacguwhtasm@é&t1w@yebut§qcmyaﬁdy@r@aﬁkkable Such
a polar solvent may, for exanple, be water, an al cohol, ket one or an

ester. As act@sHkt hofirapetrusydby tilﬂes@p@&ppublen\z@ﬁteowdr\@te&romrde ,an
al cohol is preferably selected for use anong them is The al cohol may, for

exanpl e, be pethmasathaethagdropeopidpeanal, 5-idsaptagadheixana-2ytsanol ,
i sobut anol, secondary butanol, tertiary butanol, n-anyl alcohol, isoanyl
al cohol or Zthmalrbpéybxaaeohﬁli 1AMHBg 3t—|ﬁemraﬂieﬁ‘,hh§rfl@)|utylet hanol ,
n- propanol , isopropanol, n-butanol, isobutanol, 20 secondary but anol or
tertiary sbut hpdkop\allnbxhldbas katohei bem@xndeet @hc&nob&m@iteiylt leahy120C, is
preferred. Particularly preferred is nethanol, ethanol, isopropanol or
n- but anol . Thetaneuptroki@b) tgchehaddadnei pepoefietegbl3y 3f,som 25 0.5 to 20
parts by nass, nore preferably from3 to 20 parts by mass, per 100 parts
by mass of theimethl/lagolphexahofd) pardxiBE , et hylleyatoletxadrona | east 0.5
part by 21 mass, the renovability can be secured, and when it is at nost
20 parts by peassxitlke meihiydhcatibasethteapeltexide and acetylacetone
peroxide; and diacyl peroxides, such as acetyl peroxide,
10 isobutyl peroxide, octanoyl peroxide, decanoyl peroxide,
laurynoyl peroxide, 3,3,5-trimethylhexanoyl peroxide,
succinic acid peroxide, benzoyl peroxide, 2,4-
dichlorobenzoyl peroxide and meta-toluoyl peroxide.
These organic peroxides may be used alone or in
15 combination as a mixture of two or more of them.
The amount of (E) to be added is preferably from 0.5
to 10 parts by mass, more preferably from 1 to 8 parts by
mass, per 100 parts by mass of the total amount of (A)
and (B). When the amount is at least 0.5 part by mass,
20 the curing property can certainly be obtained, and when
it is at most 10 parts by mass, the adhesion and the
storage stability can be maintained without substantial
deterioration, and the dermal irritation will be low,
such being desirable.
25 In a case where a hydroperoxide or a ketone peroxide

is used as the organic peroxide, the decomposition

accelerator (F) for the organic peroxide may, for example,



mai ntai ned wi thout deterioration, and the cured resin of the curable
canmposition can be renoved in the formof a s film Further, it is
_effective fromthe viewoint of the renovability to add (D) wherein (G a
‘tenperature- responsive polynmer as described below, is added, dispersed
and swelled. 10 In the present invention, (G a tenperature- responsive

pol ymer is a honopol ymer nmade of a nonomgg and/or a copol yner nmade of two
or nore nononers, and it rmay be dispersed and swelled in the polar solvent

(D) to obtaps a fiexhir galandft ha Bryhuwie BRYDSrUSEd driaki CaEdation

with (A) and (B) . It is thereby possible to certainly develop the
phenonenon tenhkowee,t Bacadhesicvbalst hapdthedhtiehe copped rePht fiale curi ng
by contacting it wth warmwater to let it easily swell. The

t enper at ur e- maspaneseenaphyiehate), kobalpoloptehoal@ hawpierd daddHeate,
shrink and desorb water at a tenperature of at |least a certain |evel and

to absorb wahfigafbsa befpabaterecbpper bkehyluce tanates! tiitamiv | ower
critical consolute tenperature with water (a tenperature at which the

pol ymer changesti/lagevshare?5manbubleeet acsttncatinalitel ehrdmiuw ilizi ng
such a nature, this polyner is practically enployed as a water-absorbing
materi al for adeapéasetanadenodirbyi ageagdnicetohatel,| vamaddnydr adual |y
drug-rel easing substrate for a drug delivery systemor as a cell culture
sheet. Speci hrealllycetGhaney orf epbatanpleetyiacetonameger at ur e-r esponsi ve
pol ymer such as nethylcellul ose, s hydroxypropyl nethylcellul ose,
hydr oxypr opyl celFurltbse,, as decomposition accelerators for other
organic peroxides, thiourea derivatives such as
10 diethylthiourea, dibutylthiourea, ethylenethiourea,
tetramethylthiourea, mercaptobenzoimidazole and
benzothiourea may, for example, be used.
Further, in a case where as the organic peroxide, a
diacylperoxide such as benzoyl peroxide is used, the
15 decomposition accelerator for the organic peroxide may,
for example, be an amine such as N,N-dimethyl-p-toluidine,
N,N-diethyl-p-toluidine, N,N-di(2-hydroxyethyl) -p-
toluidine, N,N-diisopropanol-p-toluidine, triethylamine,
tripropylamine, ethyldiethanolamine, N,N-dimethylaniline,
20 ethylenediamine, triethanolamine or an aldehyde-amine
condensation reaction product.
These decomposition accelerators for organic
peroxides may be used alone or in combination as a
mixture of two or more of them.
25 The amount of (F) to be used is preferably from 0.1

to 10 parts by mass, more preferably from 0.5 to 8 parts

by mass, per 100 parts by mass of the total amount of (A)



poly(nmeth)acrylic acid, a partially saponified product of

padl yet hyl ene/ pol yvi nyl acetate, polyethyl ene oxide, polyvinyl nethyl
_ether, poly(N-alkyl (nmeth)acrylamde), poly(Nvinylpyrrolidone),

‘pol y(et hyl oxazoline) or 10 pol y(hydroxypropyl acrylate) and/or a copol yner
having such polynmers three-dinmensionally crosslinked with a crosslinking
agent such as a pol yfunctional vinyl nongyrer. Anong them (a) a polyner of
at | east one nenber selected fromthe group consisting of an N-al kyl 15
(met h) acryl aghde (8¢l i vatdiyeshed dthduiges Contmbst NPo Y&+t s bLPORLEEr and a
vi nyl group-containing amno acid, and/or (b) a copolynmer nade of a vi nyl

nonomer and ghel 8aEEs088 afBNEHBI sSekagbedthbomithe cahouR mansitStineg of an
N-al kyl (meth)acryl am de derivative, a nitrogen-containing cyclic 20

nmonomer and @ivheyMt guBEPafiehhai deBgrabiraeiasl, dsuch bphiabedesdrabgee, the
vinyl nononer is a vinyl nmononer copolynerizable with the N al kyl

(met h) acryl am deThdepblali ¥elvehe NDHr egemeCaried MMNaG Ry Ygresgmnoner or the
vi nyl group-containing amno acid. 25 The N-al kyl (rmeth)acryl am de
derivatiwe magvehoionepagpeeabbe¢ NaB- arbpylinaepbiacr ylifafirdea, 5N itsopr opyl
acrylam de, N-cyclopropyl acrylam de or N-n-ethyl 23 acrylam de. The

ni t rogen- conf 8ot NG LM dg1l SBNPBFe FBYably Of r&X P! €0 DPLO°C. When a
N-acryl oyl pyrrolidiene, N- acryl oyl pi perazi ne, N acryl oyl norpholine or 1, 4-

di net hyl pi pepazapesoThenti hylriggoupbedhti agnpbgnamviehinache adyvef or
exanple, be Nacryloyl-Npyrroline, N acryloyl-Npyrroline nethyl ester,
N- net hacryl oybniye Leusehechetihfbrester,, iN- et hatry keyltalinlgopeseiibd enet hyl
ester, nmethyl N-nethacryloyl-L-glutamate or N

to develop the phenomenon to lower the adhesive strength

10 of the cured resin after curing by contact with warm
water, such being desirable. Such a polar solvent may,
for example, be water, an alcohol, a ketone or an ester.
As a result of a study by the present inventors, water or
an alcohol is preferably selected for use among them.

15 The alcohol may, for example, be methanol, ethanol,
n-propanol, isopropanol, n-butanol, isobutanol, secondary
butanol, tertiary butanol, n-amyl alcohol, isoamyl
alcohol or 2-ethylbutyl alcohol. Among them, methanol,
ethanol, n-propanol, isopropanol, n-butanol, isobutanol,

20 secondary butanol or tertiary butanol, which has a
boiling point of not higher than 120°C, is preferred.
Particularly preferred is methanol, ethanol, isopropanol
or n-butanol.

The amount of (D) to be added, is preferably from

25 0.5 to 20 parts by mass, more preferably from 3 to 20

parts by mass, per 100 parts by mass of the total amount

of (A) and (B). When the amount is at least 0.5 part by



met hacryl oyl -L-vaniline methyl ester, including a vinyl io group-containing
am no ester derivative. The copol yneri zabl e vinyl nononer may, for exanple,
_be a vinyl nononer such as (neth)acryl am de, diacetone acrylam de,

. (meth)acrylate, (neth)acrylnitrile, styrene or vinyl acetate; a
crosslinkabl e nonomer such as N, N 15 net hyl enebi s (neth)acryl am de,

et hyl ene glycol di (meth)acrylate, polyetfiyl ene glycol di(neth)acrylate,
propyl ene glycol di(neth)acrylate or glycerol tri(neth)acrylate; or a

di car boxyl i cnagkd sHehrasmoBbel ¢tyaehd bBhEBaliredachdOkhehaaeniie agi d. 20
From t he vi ewpoi nt of the tenpera?ure-respon5|ve properties, a polyner

made of N-isgeeepyb pai¥kapiydRasandtae ihst¢aROLWARE 1 Wt kad Yenyl nononer,
is preferred as the tenperature-responsive polynmer and/or the copolyner

of the tenpenatdt8ineaPRNsh¥atPaLYBRE oGt i8ADNE NS thie cp@li®ie af, dff | east
one nenber selected fromthe group consisting of an N-al kyl

(met h) acryl aghdecudabl¥atbMBosatAbhl 888NHeOREALIEA] 16Y €hleC FHRMOB sand a 24
vi nyl group-containing am no acid, and/or the copolyner made of a vinyl
nononer and ailmeast one nononer selected fromthe group consisting of an
N-al kyl (nmeth)acrylam de derivative, a nitrogen-containing cyclic nononer
and a s vinyl greupttenrtaiifti g aFifee tdtied.f rivar & her efieswpRd ritS of aol yner
conprising an N-al kyl (nmeth)acryl am de derivative, a carboxyl
gr oup- cont ai peMgvakidyktynmesoadd, (Bndwaevenyl (opnaneempepaltyiey-i zabl e
therewith. 10 Particularly preferred anong themis a copolynmer nmade of
N-i sopropyl ageypansides gbagecenasadegkaibdd dBedow, is added,
dispersed and swelled.
10 In the present invention, (G) a temperature-
responsive polymer is a homopolymer made of a monomer
and/or a copolymer made of two or more monomers, and it
may be dispersed and swelled in the polar solvent (D) to
obtain a mixture, and the mixture may be used in
15 combination with (A) and (B). It is thereby possible to
certainly develop the phenomenon to lower the adhesive
strength of the cured resin after curing by contacting it
with warm water to let it easily swell.
The temperature-responsive polymer (G) is a polymer
20 having a nature to shrink and desorb water at a
temperature of at least a certain level and to absorb
water at a temperature lower than such a level, i.e. a
lower critical consolute temperature with water (a
temperature at which the polymer changes from water-
25 soluble to water-insoluble). By utilizing such a nature,

this polymer is practically employed as a water-absorbing

material for diapers, as a modifying agent for soil, a



acrylic acid, or a copolyner nmade of N- isopropylacrylam de, acrylam de and
aérylic acid. The nethod for obtaining the tenperature-responsive 15

. polynmer or the copolyner of such a tenperature-responsive polyner, nay,
“for exanple, be a nethod wherein a crosslinkable nonomer is copolynerized
at the time of polynerizing the above-nenti oned nononmer to devel op the

t enper at ure-responsi ve properties, or a 4wthod wherein 20 after the

pol ymeri zation, the obtained tenperature- responsive polyner or the

copol ymer of gLhguherpesatiyr =188RA8SUBsPOLYREKE oS aCHRSS idakad &y,
irradiation with electron beans, etc. However, the nethod useful for the

present inveg{ke8mi 6rnNak hi BetedctihenekosndetThe anmount of (G is
preferably from0.001 to 10 parts by nass, nore preferably fromO0.01 to 1

part by mass, pgpet@@ipants,byayassyof fdie dxehplaamyuts of (A) 25 and
(B). Wen the anmount is at |east 0.001 part by mass, the renovability can

be secured, gaflpubgabutBeragpuibive palyhest sl@hpPakt mddhyTred 1 dllked,niti al
adhesi on can be nmintained wi thout deterioration, and the cured resin of 5

the curabl e poapeSibrepytanebBylesnvadose,t hedrekipdopy]l ddlimuldses met hod
for adding (G, a nethod is preferred wherein (G is prelimnarily

di spersed angosyehked)hbr{Dic atid,t anpat-atiune yok ape ifiighke b riddir g e@m
tenperature, and 10 the swelled dispersion is added to the conposition
conpri sing (AplyéBhyasde(pblySpagif neakhye,apmtetyilenepoafictea,ed wherein a
m xture is prepared by adjusting the blend ratio by mass of (G:(D) to be
from1l:0.1 tpoly¥ififQ aktaylespaeat upelef(Nrailkkilgherth)kanryleande) ,
poly (N-vinylpyrrolidone), poly(ethyloxazoline) or
10 poly(hydroxypropyl acrylate) and/or a copolymer having
such polymers three-dimensionally crosslinked with a
crosslinking agent such as a polyfunctional vinyl monomer.
Among them, (a) a polymer of at least one member
selected from the group consisting of an N-alkyl
15 (meth)acrylamide derivative, a nitrogen-containing cyclic
monomer and a vinyl group-containing amino acid, and/or
(b) a copolymer made of a vinyl monomer and at least one
monomer selected from the group consisting of an N-alkyl
(meth)acrylamide derivative, a nitrogen-containing cyclic
20 monomer and a vinyl group-containing amino acid, is
preferred. Here, the vinyl monomer is a vinyl monomer
copolymerizable with the N-alkyl (meth)acrylamide
derivative, the nitrogen-containing cyclic monomer or the
vinyl group-containing amino acid.
25 The N-alkyl (meth)acrylamide derivative may, for

example, be N-n-propyl (meth)acrylamide, N-isopropyl

acrylamide, N-cyclopropyl acrylamide or N-n-ethyl



1s tenperature, and the conposition conprising (A), (B) and
to the m xture. The granular material (H to be used in the p
invention is one insoluble in the above (A to (G. Wwen (H)

“‘together with (A to (G, the cured resin can 20 be maintain

constant thickness, whereby machining accuracy can be inprove

is

possible to certainly devel op the phenponenon to | ower the

(C is added
resent
is used
ed to have a
d. Further, it
adhesi ve

strength by contacting the cured resin with wvarm water to let it easily

swel | .

i norganic particles, which are commonly enpl oyed. Specifi cal
organi c part fteresxmmplef obeeXNaaplelohdprrofpddjenky! enre particl es,
pol ypropyl ene particles, crosslinked pol ynethyl nethacryl ate
crosslinked poky3bvyiphpepactnel ed-athgliogdmgaphol iper birclled -may, for
exanpl e, be ceramc particles such as s glass, silica, alumna or titanium
(H) is prefedabeghgphépecakinet h Eheiewnyd gnpupveogtaiméhgnamgnaccur acy

. e.

control of the filmthickness of the adhesive. It is pa

25 Thacewlemniak.f orhd HiitBygde- ebhbeinOrigasy €l parhoabrasr fay,

ly, the

particles or

rticularly

pref erably sphédi maly, part ezhaplewhbeebly achylogngNspontrodiiaeset éF- rati o of
the 10 granular material is wthin a range of from0.8 to 1.
t he organi ¢ paryiioyésNamyribelcgnesskithiydd espelry mdt-mglt haetdydoyll-ate particl es
or crosslinked polystyrene particles obtainable as nonodi sperse particles
by a known ehshsios pekhydr ezsaeironNofmegdhdsryloydl-iLrKiswd enoriowe matitiyil a

met hyl nethacryl ate nononer or a styrene nononer. Further, as inorganic

particles,

Speci fically,

epheri cakthyli Yameshabeyheontli-éngd utihese war N-cl es are

methacryloyl-L-vaniline methyl ester, including a vinyl

10 group-containing amino ester derivative.

The copolymerizable vinyl monomer may, for example,

be a vinyl monomer such as (meth)acrylamide, diacetone

acrylamide, (meth)acrylate, (meth)acrylnitrile, styrene

or vinyl acetate; a crosslinkable monomer such as N,N-

15 methylenebis (meth)acrylamide, ethylene glycol

di (meth)acrylate, polyethylene glycol di(meth)acrylate,

propylene glycol di(meth)acrylate or glycerol

tri(meth)acrylate; or a dicarboxylic acid such as maleic

acid, phthalic acid or itaconic acid.

20 From the viewpoint of the temperature-responsive

properties, a polymer made of N-isopropyl acrylamide

and/or its copolymer with a vinyl monomer, is preferred

as the temperature-responsive polymer and/or the

copolymer of the temperature-responsive polymer (G) among

25 the polymer of at least one member selected from
group consisting of an N-alkyl (meth)acrylamide

derivative, a nitrogen-containing cyclic monomer

the

and a



preferred, since they are substantially free fromdeformation or
fl.uctuation in the particle size, whereby 20 the filmthickness of the
_conposition after curing will be uniform Anmong them crosslinked

L 'pol ynet hyl nethacrylate particles or crosslinked polystyrene particles are

particularly preferred fromthe viewpoint of the storage stability such as
sedi nentation of 25 particles, or the reggtivity of the curable
conposition. The filmthickness of the cured resin of the curable

conposi ti on ganybhegsvupabbyitasgheaedndepeadiidg wpe drhehd’ cdpHigmeshape,
size, etc. of the menmber. Accordingly, (H) preferably has an average

particle sizmadke bfom ¥ihgl3@@nomar pad atullaklsy pnef eicained ramektdd 200
pm Wen the average particle size is at least 1 pm the renovability 5

can be secur €domantiewhenupt cohsdlstidst oF0RQNP M- aT&kEHl Nimed h)acaurlacyide | | not
deteriorate. Further, the narrower the distribution of the particle size,

the better. deeimamdrt,ob QHErogepr-efoitaling g epdl.it modtheaardrsl &y nass,
nore preferably fromO0.1 to 10 parts by nmass, 10 per 100 parts by nass of
t he totals amudnylofyroAp -apthtGBhingWaeinichecdount is at | east 0.1 part by
mass, the film thickness of the cured resin will be substantially
constant, and whélre prefatrmmsti LG paircsl yme massyprtieing ran iNd aHdhesi ve
will be maintained without deterioration. 15 In order to inprove the
st orage st abi(meth) athglagudablde raompdsiet,i @n cactongilngronp feorredseinty
invention may contain a snmall anmount of a polynerization inhibitor. The
pol yneri zat i snnydhmonboemapnd ar vexyipmendre metdpdl yrepdrasdpilienone,
hydr oqui none, 2, 2-nethyl ene-bi s(4-nmethyl-6 20 tertiary-butyl phenol),
cat echol , hythegewntshe nononet hyl
10 Particularly preferred among them is a copolymer
made of N-isopropylacrylamide, diacetone acrylamide and
acrylic acid, or a copolymer made of N-
isopropylacrylamide, acrylamide and acrylic acid.
The method for obtaining the temperature-responsive
15 polymer or the copolymer of such a temperature-responsive
polymer, may, for example, be a method wherein a
crosslinkable monomer is copolymerized at the time of
polymerizing the above-mentioned monomer to develop the
temperature-responsive properties, or a method wherein
20 after the polymerization, the obtained temperature-
responsive polymer or the copolymer of the temperature-
responsive polymer is crosslinked by irradiation with
electron beams, etc. However, the method useful for the
present invention is not limited thereto.
25 The amount of (G) is preferably from 0.001 to 10
parts by mass, more preferably from 0.01 to 1 part by

mass, per 100 parts by mass of the total amount of (A)



ether, nonotertiary butyl hydroquinone, 2,5-ditertiary butylhydroquinone,
p--benzoqui none, 2, 5-di phenyl - p- benzoqui none,
~2,5-ditertiary-butyl -p-benzoqui none, picric acid, citric acid,

. "phenot hi azi ne, tertiary-butyl 25 catechol, 2-butyl-4-hydroxy anisole or

2,6-ditertiary- butyl-p-cresol. The anount of the polynerization inhibitor
to be 28 wused is preferably from0.001 4 3 parts by mass, nore
preferably from0.01 to 2 parts by mass, per 100 parts by mass of the

total amountaff (B) .anwhéB)the Veduhbei an@tinteabs atobeaphrO. BYlmRakt by
mass, the storage stability can 5 be secured. On the other hand, when the

amount is atthapsbmdvABLlSthycaBShe geetdradhesndn whah kéeokiured.isand the
conposition can be prevented from bei ng uncured. The curabl e conposition of

t he present hbvesktononpyrteobyamasan addi inveiajueldhasiam eaastoarer of
various 10 type, e.g., acryl rubber, urethane rubber or
acrylonitril aabtitadhedewstiibane detibkebragionfoagdnitthe fdudedy rexisplofent, an
extender, a reinforcing material, a plasticizer, a thickener, a dye, a
pi gment, = fthsecukabaedabhposaisibaneagobpl regosgentinorha fwrmeifart , IS
within a range not to inpair the object of the present invention. Further,
in a case whédteém(E) and (F) are to be used as curing initiators, it is
common that (A) to (F) are wused as mixed and stirred. The curable
conposi tion in 2@ssacmeahoas ormydie ngsed)i,n at e tfherdnicf presfgpacdd t ype or
t wo- pack type. As one-pack type, there nmay be nentioned a nmethod wherein
(A, (B), (FyhamdifD)Gar esppekilomiaailiyymdiegpersed and swelled in (D)
at a temperature of not higher than room temperature, and
10 the swelled dispersion is added to the composition
comprising (A), (B) and (C). Specifically, a method is
preferred wherein a mixture is prepared by adjusting the
blend ratio by mass of (G):(D) to be from 1:0.1 to
1:1,000 at a temperature of not higher than room
15 temperature, and the composition comprising (A), (B) and
(C) is added to the mixture.
The granular material (H) to be used in the present
invention is one insoluble in the above (A) to (G). When
(H) is used together with (A) to (G), the cured resin can
20 be maintained to have a constant thickness, whereby
machining accuracy can be improved. Further, it is
possible to certainly develop the phenomenon to lower the
adhesive strength by contacting the cured resin with warm
water to let it easily swell.
25 The material for (H) may be either organic particles

or inorganic particles, which are commonly employed.

Specifically, the organic particles may, for example, be



and at the tine of use, (E) is added, or a nethod wherein 25 (A), (B), (E)
and (D) are prelimnarily mxed, and at the tine of use, (F) is mixed. In
. the case of using the conposition as of two-pack 29 type, there may be
*'mentioned a nmethod wherein one having (A) and (B) mixed is divided into
two liquids, (E) is added to one liquid, (F) is added to the other |iquid,
(D) is added to either one or both of thgliquids, and at s the tine of
actual use, the two liquids are m xed. The tenporary fixation nmethod of

the present pbhyedhi/0BneopRitseseBoNdongpaoppikee purBane=0f the curable
conposition which | oses the adhesive strength upon contact with warm wat er

of from 30 ter8B8€lifikedngolfmehdytumabheaceglpes piasftilcQelsemporarily fix the
menber, then processing the tenporarily fixed menber and i mrersing the
processed neabessiinkatdnpwdyeryreneepaveicilee .curkd tnapgshtiton, wher eby
vari ous nenbers such as optical nenbers can be processed with high
machi ni ng 15paethcaey, mayt hdotr esamplleanber gemamisolpaenticlAccarubingst o a
preferred enbodi nent of the present invention, at the tinme of renoving the
cured res n glathe sdéliiakl eatonpasi bironitkhéuaured resin i s brought into
contact with warmwater of from30 to 90C to swell and 20 is renoved in the
formof a filmfr(éin tilse prefieenblwhepderidal ivd tossivhles tto adMi@ataviang ef f ect
of excellent working efficiency. In the tenporary fixation nmethod of the
present inveathéningyatherasg adf eancadhesilvefmuate dEfilthehduwkalsses ofb
conposition of the present invention, it is possible to certainly obtain
t he above ef thet adheshwei.nvehtisnparticularly preferably spherical
particles, whereby the long/short diameter ratio of the
10 granular material is within a range of from 0.8 to 1.
Specifically, the organic particles may be crosslinked
polymethyl methacrylate particles or crosslinked
polystyrene particles obtainable as monodisperse
particles by a known emulsion polymerization of a
15 crosslinking monomer with a methyl methacrylate monomer
or a styrene monomer. Further, as inorganic particles,
spherical silica may be mentioned. These particles are
preferred, since they are substantially free from
deformation or fluctuation in the particle size, whereby
20 the film thickness of the composition after curing will
be uniform. Among them, crosslinked polymethyl
methacrylate particles or crosslinked polystyrene
particles are particularly preferred from the viewpoint
of the storage stability such as sedimentation of
25 particles, or the reactivity of the curable composition.

The film thickness of the cured resin of the curable

composition can be suitably selected depending upon the



In the present invention, use of warmwater 30 appropriately heated to
from30 to 90C is preferred in terns of productivity because the
.removability in water is thereby achieved in a short period of tine. Wth
‘respect to the tenperature of the warmwater, it is s preferred to use warm
water of from 30C to 90C, preferably from40C to 90C, because the cured
resin of the adhesive beconmes swollen igya short period of time and the
residual stress in curing of the curable conposition is released, whereby

the adhesivetgpeenghhpd) wikk, bettedugedheandmnbbe .vanetopdeaguye ofi) (D)
serves as a peeling force between the nenber and the cured resin of the

curabl e conppsefieoablirehabyaanabkiraget barecired Besien ofoff ribhe 1adkesioce to be
renmoved in the formof a filmfrom the adherend. A recommendabl e net hod

for bringi ngnhhepastevntdrigsppetBirabtontaen wot kot 2@ owamm waheh thea
met hod of imersing the whole of the bonded nenber in the warm water,
whi ch is sinalrerage phetpedsentzenientitoleakliene par,ethe pafdovalidhty
restrictions on the material of the nenber to be 20 tenporarily fixed, and
in a case whean bhesadhesyeand ahenulitr dgi aketostir abloe padhesichan itnee
menber is preferably one made of a UV transmitting material. Exanples of
such rmateriatcunatydeitiyaval Heherdqoapte .neRbetkergl ass naenbees ahd
pl astic nmenbers, and thus the tenporary 25 fixation nmethod of the present
i nvention cadiberapptied ofothenperaiylei savieontihe pestessi ng of crystal
oscillators, glass |lenses, plastic |lenses and optical 31 disks.

The amount of (H) is preferably from 0.1 to 20 parts

by mass, more preferably from 0.1 to 10 parts by mass,

10 per 100 parts by mass of the total amount of (A) and (B).
When the amount is at least 0.1 part by mass, the film
thickness of the cured resin will be substantially
constant, and when it is at most 20 parts by mass, the
initial adhesive will be maintained without deterioration.

15 " In order to improve the storage stability, the
curable composition according to the present invention
may contain a small amount of a polymerization inhibitor.
The polymerization inhibitor may, for example, be methyl
hydroquinone, hydrogquinone, 2,2-methylene-bis(4-methyl-6-

20 tertiary-butylphenol), catechol, hydroquinone monomethyl
ether, monotertiary butylhydroquinone, 2,5-ditertiary
butylhydroquinone, p-benzoquinone, 2,5-diphenyl-p-
benzoquinone, 2,5-ditertiary-butyl-p-benzoquinone, picric
acid, citric acid, phenothiazine, tertiary-butyl

25 catechol, 2-butyl-4-hydroxy anisole or 2,6-ditertiary-
butyl-p-cresol.

The amount of the polymerization inhibitor to be



Further, for the nenber, a reinforced plastic filled with an inorganic
fiill er such as silica, alum na, calcium carbonate or pignment, as
.represented by e.g. an epoxy 5 resin for sealing, a substrate nateri al

L enploying it, or an opaque material such as a glass-reinforced plastic

(FRP), ceramcs, a netal such a stainless steel, alumnum or ferrite, or
silicon, may al so be nentioned. The temppgary fixation of a nenber by neans
of the 10 curable conposition of the present invention nay be carried out
as follows. hgeedexanpkefeirabaycd@asemwbeneilt ke goppesist b§N massys@dreas a
phot ocur abl e adhesi ve, the adhesive is first applied e.g. by a nethod of
appl yi ng an ppptepabaiefasaunt oaf tbhe pbaradhes wasent peax hondipagtsunface of
a nmenber to be fixed or a support substrate, and then pl aci ng anot her
menber thermass of ahsetbodlofmpueali mifngmni)l wnst aeki.ngWwheht theeamsanbers to
be tenporarily fixed, and letting the adhesive penetrate into their
i nterspace tasbatapphsedp.and partheyeakier, the seohage atabdaXdasedarn
visible light or wultraviolet rays to cure the photocurabl e adhesive to
tenporaridy bexsthersdnbeds. tharotieer hand, casenwhke eatvbancodpoaktion i s
used as a one-pack type adhesive, the adhesive is first applied 25 e.g.
by a net hod obsappl paagsabyappsepr gabe adbesti oaf chine bed lodtiaimeaht @nal
bondi ng surface of a nmenber to be fixed or a support substrate, and then
pl aci ng anot hbe gempesi82ont kenebr, paevenmethddoof berield mnTawriddy. st acki ng
multiple nenbers to be tenporarily fixed, and letting the adhesive
penetrate into tAbker curedlspacepanid itdre cdaftther prss enteniperentaren may
tenporarily fixed to one another.

contain an additive, such as an elastomer of wvarious

10 type, e.g., acryl rubber, urethane rubber or
acrylonitrile-butadiene-styrene rubber, an inorganic
filler, a solvent, an extender, a reinforcing material, a
plasticizer, a thickener, a dye, a pigment, a flame
retardant, a silane coupling agent or a surfactant,

15 within a range not to impair the object of the present
invention.

Further, in a case where (E) and (F) are to be used
as curing initiators, it is common that (A) to (F) are
used as mixed and stirred. The curable composition in

20 such a case may be used in the form of one-pack type or
two-pack type.

As one-pack type, there may be mentioned a method
wherein (A), (B), (F) and (D) are preliminarily mixed,
and at the time of use, (E) is added, or a method wherein

25 (p), (B), (E) and (D) are preliminarily mixed, and at the
time of use, (F) is mixed.

In the case of using the composition as of two-pack



s Further, in a case where the conposition is used as a two-pack type
adhesi ve, a nethod may, for exanple, be enployed wherein the conposition
.containing (E) is applied to a bonding surface of a nenber to be fixed or
‘a support substrate, then the conposition containing (F) is io applied to
anot her nenber, and the two nenbers are bonded for tenporary fixing.
Thereafter, the tenporarily fixed nenber?gare subj ected to processi ng such
as cutting, grinding, polishing or drilling into a desired shape, and then

the is rre_rrbet?par,ethmr §e¢ be wahehonkaehemakhydvahdeatelone Waesighy the
cured resin of the adhesive can be renbved fromthe nenbers. In the

present invenh)oanda (8ybstkate iiss d@rpldeied ntlorwicemmefddd,y (H)xiing the
menber, and it is preferred 20 that the cured resin renmains on the
substrat e whaddeletouned fdeguid,s (Fénageddded sdWchha easer tlHensidbstrate is
selected to be one nmade of a material having a higher adhesive strength
t han t he adhébivésstddedt hobetivker bhe oadbeshvefartet Nd qEEer dral ke
processed, or one nade of 25 the same material but is different in the
surface =zondhti aamesoft hatuadnsegyenhley twohé iafdde sideuatix@d.can be
attained. 33 1In the present invention, as a specific enbodi nent whereby
t he above situat Mhe cemposaatt diined,idrheesihddhce theugressnt Rvax) of the
substrate on the side facing the curable conposition is preferably from 10
pmto 50 pm iasvpattibaukambyipeef ecalling aomeibepmityo mearmemofFutener, it i s
preferably larger by at least 10 pm particularly preferably from15 pmto
50 pm than theablef aomposition which loses the adhesive strength

upon contact with warm water of from 30 to 90°C, curing

10 the curable composition to temporarily fix the member,

then processing the temporarily fixed member and

immersing the processed member in warm water to remove

the cured composition, whereby various members such as

optical members can be processed with high machining

15 accuracy, without use of an organic solvent.

According to a preferred embodiment of the present
invention, at the time of removing the cured resin of the
curable composition, the cured resin is brought into
contact with warm water of from 30 to 90°C to swell and

20 is removed in the form of a film from the member, whereby
it is possible to obtain an effect of excellent working
efficiency.

In the temporary fixation method of the present
invention, by the use of an adhesive made of the curable

25 composition of the present invention, it is possible to

certainly obtain the above effect of the invention.

In the present invention, use of warm water



roughness (RMax) of the menber on the side facing the curable conposition.
10 When the surface roughness of the substrate or the nenber to be

. processed on the side facing the curable conposition is at least 10 pm a
‘sufficient adhesive strength can be obtained after curing of the curable
conposition, and when it is at nost 50 pm the cured is resin can be
renmoved within a practical tinme period wgn contacted with warmwater.
Further, by adjusting the surface roughness (RVax) of the substrate on the

side facing 4pgréprahtelyCrEResit teNfkembecl abgen by iat pheFst-rEe AM t han
the 20 surface roughness (RMax) of the nenber on the S|5% facing the

curabl e conpesihk0Bf problEcPeFstl BetAuser tAkNk¥mokAMRYE thNe nCuia@dH esin
fromthe menber side when contacted with warmwater, so that the cured

resin is telpotRerbyynathiai-aadifnat BRogubpki-abe sifdeimend WPER 25
expiration of a further tinme, the cured resin of the curable conposition

can certainl yebpetenogedhtr eempbeatabsbfatbe Aara kageht,, id step of
renoving the cured 34 resinis not required at the time of recovering the

menber, and pr&pewrél tespeet whomt hatsubsir dtremt g obe wsedookgr processing,
a cleaning operation may be omtted at the tine of its reuse. 5 Now, the
present inveptébarably bBeodegorcbed pne°cCf ubkthansdetdiel cuiricd rreldnherde to
Exanpl es and Conparative Exanples, but it should be understood that the
present invehéi adhesiby becomansswedfenctedabghsuehpexdop es. tiVaen
material s used and their abbreviations will be 10 shown bel ow.
and the residual stress in curing of the curable
composition is released, whereby the adhesive strength
10 will be reduced, and the vapor pressure of (D) serves as
a peeling force between the member and the cured resin of
the curable composition thereby enabling the cured resin
of the adhesive to be removed in the form of a film from
the adherend. A recommendable method for bringing the
15 cured resin into contact with the warm water is a method
of immersing the whole of the bonded member in the warm
water, which is simple.
In the present invention, there are no particular
restrictions on the material of the member to be
20 temporarily fixed, and in a case where the adhesive is an
ultraviolet-curable adhesive, the member is preferably
one made of a UV transmitting material. Examples of such
material include crystalline quartz members, glass
members and plastic members, and thus the temporary
25 fixation method of the present invention can be applied

to temporary fixation in processing of crystal

oscillators, glass lenses, plastic lenses and optical



MATERI ALS USED GR- 600: Crosslinked polymethyl nethacrylate particles
havi ng an average particle size of 25 um (ART PEARL GR-600, manufactured

. by Negam Chem cal Industrial 15 Co., Ltd.) GW 1005-10: Crosslinked

"pol ynet hyl nethacrylate particles having an average particle size of 10 um
(GANZ PEARL GM 1005-10, manufactured GANZ CHEM CAL CO., LTD.) GwW 5047:
Crosslinked pol ybutyl nethacrylate 20 pagficles havi ng an average particle
size of 10 pm (GANZ PEARL GW 1005-10, manufactured GANZ CHEM CAL CO. ,

LTD.) SGP-139&ksCrosslinked pol ystyrene particles having an average
particle size of 55 pm (Chem snow SGP- 150C, manufactured by Soken Chem ca

& Engi neering Copurkhdr) £3% SR #QEer(r assidinied el yatgiane martdsl es
havi ng an average particle size of 42 um (Chem snow SGP-140C, nmanufact ured

by Soken Chegtenl ak ERgrg8RLENE i P0er bLeh) a35si PERa10QCUMETHAS S|dan Qe
pol ystyrene particles having an average particle size of 25 pm (Chem snow

SGP- 100C,  neguhaakeeedrbyiSakan , Cagmreplc8eFREUNBYr kNG .Can, ey
2100JPD: Pol yet hyl ene particles having an average s particle sizé of 147 pm

(H -Zex Z1004ERinnmesuf sehuing, by sibbswhtChagteats _Eaﬂ@-lbg/@ﬁ 13@, or
Pol yet hyl ene particles having an average particle size of 12.5 pm

( CAERI DUST PEnldpagiianwhoetriaedsuby &kaki ghhsknréap@a)yctad BRaGRAL:
Pol ypropyl ene particles having an average particle size of 20 pm

( CAERI DUST PRFROY ], ceramfast unefletY €hahi ankthAnlapanktkesil, 16QumSphear i cal
silica particles having an
or ferrite, or silicon, may also be mentioned.
The temporary fixation of a member by means of the
10 curable composition of the present invention may be
carried out as follows.
For example, in a case where the composition is used
as a photocurable adhesive, the adhesive is first applied
e.g. by a method of applying an appropriate amount of the
15 adhesive onto a bonding surface of a member to be fixed
or a support substrate, and then placing another member
thereon, or a method of preliminarily stacking multiple
members to be temporarily fixed, and letting the adhesive
penetrate into their interspace to be applied, and
20 thereafter the members are exposed to visible light or
ultraviolet rays to cure the photocurable adhesive to
temporarily fix the members.
Further, in a case where the composition is used as
a one-pack type adhesive, the adhesive is first applied
25 e.g. by a method of applying an appropriate amount of the

adhesive onto a bonding surface of a member to be fixed

or a support substrate, and then placing another member



average particle size of 10 pm (LS-L100, manufactured by 15 TOKUYAMAR)
2--HEMA: 2- Hydroxyet hyl nethacrylate | BX: |sobornyl nethacrylate
. (LI GHT- ESTER 1 BX, nmanufactured by KYCEI SHA CHEM CAL CO., LTD.) BZ: Benzyl
met hacryl ate (LI GHT- ESTER BZ, 20 manufactured by KYCElI SHA CHEM CAL CO.,
LTD.) MIEGVA: Met hoxytetraet hyl ene gl ycol nononethacrylate (NK ester
M 90G manuf actured by Shi n-nakanmura Chegg cal Corporation) NPA: Neopentyl
gl ycol diacrylate (LIGHT-ACRYLATE NP- 25 A, manufactured by KYOElI SHA
CHEM CAL CO. thkTBon, THPTA: méehoat byl pplopana riniyaetylcitieg KATARMADsTVPTA,
manuf act ured by N PPON KAYAKU CO., LTD.) 36 TPO 2,4, 6-Trinethyl benzoyl
di phenyl phospbmnherexitdebeLuempbraTPOy faretiactudedehy iBASEhel dHhEsive
2- Met hyl -1 -[4- (met hyl t hi o) phenyl ] - 2- nor phol i nopr opan-1- one (| RGACUREQQ7,
manuf act ur edpbyetsa€eban8pethalty iGhemispakse) @QNd Pheyeladpent emy oxyet hyl
met hacryl ate (QW 657, nmanufactured by Rohm & Haas) EXAMPLE 1-1 A curable
conposi ti on masbpreparedtbyppirarngyaftigedl tolonanamathefr.100 parts by nmass
consisting of 20 parts by mass of TE-2000 nanufactured by N ppon Soda Co.,
Ltd. (1,2-pol ybiuathenrs- tier i mased whelneutéteh arveprestitdcny | iat eysedhex=ei naf t er
abbrevi ated as "TE-2000" and 15 parts by mass of dicycl otentanyl
di acryl ate (EKAYABADaRk68%prandhestiveedai melthod ppgn KAYAKHaGDle L TR ,
herei nafter abbreviated as "R-684" as the polyfunctional (neth)acryl ates
(A), and 40 employed wherein the composition containing (E) is
applied to a bonding surface of a member to be fixed or a
support substrate, then the composition containing (F) is
10 applied to another member, and the two members are bonded
for temporary fixing.
Thereafter, the temporarily fixed members are
subjected to processing such as cutting, grinding,
polishing or drilling into a desired shape, and then the
15 members are immersed in water, preferably warm water,
whereby the cured resin of the adhesive can be removed
from the members.
In the present invention, a substrate is employed
for temporarily fixing the member, and it is preferred
20 that the cured resin remains on the substrate when the
cured resin is removed. In such a case, the substrate is
selected to be one made of a material having a higher
adhesive strength than the adhesive strength between the
adhesive and the member to be processed, or one made of
25 the same material but is different in the surface

condition, so that consequently, the above situation can

be attained.



parts by mass of 2-(1, 2-cycl ohexacarboxyi m de)ethyl acrylate (ARONI X M 140
manuf act ured by TOAGOSEI CO., LTD., hereinafter abbreviated as "M 140")
~and 25 parts by mass 20 of phenol 2 nol ethylene oxide-nodified acrylate
(ARONI X M 101A manufactured by TOAGOSEI CO., LTD., hereinafter

abbrevi ated as "M 101A") as the nonofunctional (nmeth)acrylates (B), 10
parts by mass of benzyl dinmethyl ketal {fereinafter abbreviated as "BDK")
as the 25 photopol ynerization initiator (C), 2 parts by nass of isopropyl
al cohol (her ei naffhethabpreveaited nventlilPA',) aas a tdpedqidiad atoadniedd), 0.2
part by mass of crosslinked 37 polynethyl nethacrylate particles having an
average partwhekebgi zheohbbepri tART iBRARRNCRe2 0 arteveud, acther edidfiacdNegam
Chem cal Industrial Co., Ltd., hereinafter abbreviated as "GR-200") as the
granul ar mat eoughnébls, (BMamd 0f1thar subgtmase oh the side facing the

2, 2-nmet hyl ene-bi s(4-nethyl -6- tertiary butyl phenol) (hereinafter
abbr evi at ed asrabDP" rompssatpohyer prefieaabilyhiflyiciorl.0 Far theer5,0 tiwe

| ong/ short dianeter ratio of (H) used, was obtained by an eval uation

nmet hod shownpbetowulZiméyr pselfegably $hrown 15nufaliloe 45 1im . 10FUskhgrt hét
obt ai ned curabl e conposition, the neasurenent of tensile shear bond
strengt h andishpreérpabiy flesgemeby ataleiastt A0t vy fphe ticiulanlng

eval uati on nethods. The results are shown in Table 1-2. EVALUATI ON METHODS
i s Long/ shorprdfemsbéy fabmolSAsmatol Adexnf, ot hiale thephserifeidey of (H), an
average ratio of the long diameter to the short dianeter of randomy

sel ect ed 100rpughhekes (Rifax) obfaithed mgnbeae dinndg hientsd den fiawigw kel yzer

(manuf actured by N ppon Avionics Co., Ltd.) a close-up
curable composition.

10 When the surface roughness of the substrate or the
member to be processed on the side facing the curable
composition is at least 10 um, a sufficient adhesive
strength can be obtained after curing of the curable
composition, and when it is at most 50 pum, the cured

15 resin can be removed within a practical time period when
contacted with warm water.

Further, by adjusting the surface roughness (RMax)
of the substrate on the side facing the curable
composition to be larger by at least 10 um than the

20 surface roughness (RMax) of the member on the side facing
the curable composition, it is possible to certainly
remove the cured resin from the member side when
contacted with warm water, so that the cured resin is
temporarily maintained on the substrate side, and upon

25 expiration of a further time, the cured resin of the
curable composition can certainly be removed from the

substrate. As a result, a step of removing the cured



20 image of particles of 20,000 magnifications by a scanning electron
m'.ct oscope ("JSM T200" manufactured by JEQL Ltd.) Tensile Shear Bond
Strength: The strength was neasured in accordance with JI'S K 6850.
Specifically, 25 Pyrex (registered trademark for heat resistant gl ass
manuf actured by Corning Incorporated) glass (25 mMmmx 25 mmx 2.0 nmin

t hi ckness) was used as an adherend, and 38 two sheets of the Pyrex glass
were bonded in a bonding area with a dianmeter of 8 mMmmw th a curable

conposi tion rpgepargdnofheBquliRedcarPesict irameds Ry &d Ng _
apparatus using an el ectrodel ess discharge |lanp 5 (manufactured by Fusion W

Systems | nc. hemdBeer ad 60861 Lieh 2kspRcRCedmnihat edpauantdd v Plhd g of
2000 mJ/cnR at a wavel ength of 365 nm thereby preparing a test piece for

tensile sheapobopdostianabh. aThecheshg RpRGA thilbms akeRR! ethiwae S WY ected to
measurenent of i0 tensile shear bond strength by neans of a universal

testing machitpe atma benpekate(ge0f 23C under a humdity of 50% at a
pulling rate of 10 mi m n. Renoving Test: A test piece for the renoving

test wass prepar gy todl i@ deht GuRahite SORPOSl tdoMddbtiRed i s same _
condition as above except that the curable conposition prepared was applied

onto the aboyarPyeexdeghasswikdetrededehorded Exatplldde asheelonPaast i(AS0 nm
x 150 mmx 1.7 mmin thickness) as a substrate. The test piece obtained

was i mer sedekAmpaes), Wwatier i¢886buldheke binded stthedoenaed tofe tgrasdmyr renoval
of the Pyrex glass sheet was neasured, and the renoval state thereof was
al so observedvention is by no means restricted by such Examples.
Main materials used and their abbreviations will be
10 shown below.
MATERIALS USED
GR-600: Crosslinked polymethyl methacrylate
particles having an average particle size of 25 um (ART
PEARL GR-600, manufactured by Negami Chemical Industrial
15 Co., Ltd.)
GM-1005-10: Crosslinked polymethyl methacrylate
particles having an average particle size of 10 um (GANZ
PEARL GM-1005-10, manufactured GANZ CHEMICAL CO., LTD.)
GM-5047: Crosslinked polybutyl methacrylate
20 particles having an average particle size of 10 um (GANZ
PEARL GM-1005-10, manufactured GANZ CHEMICAL CO., LTD.)
SGP-150C: Crosslinked polystyrene particles having
an average particle size of 55 um (Chemisnow SGP-150C,
manufactured by Soken Chemical & Engiﬁeering Co., Ltd.)
25 SGP-140C: Crosslinked polystyrene particles having
an average particle size of 42 ym (Chemisnow SGP-140C,

manufactured by Soken Chemical & Engineering Co., Ltd.)



39 TABLE 1-1 (H) Long/short dianeter ratio GR-200 0.90 GR-600 0.92

G 1005-10 0.89 GV 5047 0.88 SGP-150C 0.90 SGP-140C 0.93 SGP-100C 0.94

2100JPD 0.82 PE-130 0.80 PP-6071 0.81 LS-L100 0.96 40 HNEE4) ri o
Lf) OU ON Lfl ri Si -ri i Nrl d~NHNOOOGco -rl O$% i rH wWa)
U Ori OU OtoONri Lf) ri $i W I Nrl dl Nri NHHOS HOOE W
wto r EEU OIfl OU 0 NH T}4&3y rry»l NHV NHNOOMI10 -HO
N ri rl W44

10

15

20

25

SGP-100C: Crosslinked polystyrene particles having
an average particle size of 25 um (Chemisnow SGP-100C,
manufactured by Soken Chemical & Engineering Co., Ltd.)

2100JPD: Polyethylene particles having an average
particle size of 147 um (Hi-Zex 2100JPD, manufactured by
Mitsui Chemicals, Inc.)

PE-130: Polyethylene particles having an average
particle size of 12.5 um (CAERIDUST PE-130, manufactured
by Clariant in Japan)

PP-6071: Polypropylene particles having an average
particle size of 20 um (CAERIDUST PP-6071, manufactured
by Clariant in Japan)

LS-L100: Spherical silica particles having an
average particle size of 10 um (LS-L100, manufactured by
TOKUYAMA)

2-HEMA: 2-Hydroxyethyl methacrylate

IBX: Isobornyl methacrylate (LIGHT-ESTER IBX,
manufactured by KYOEISHA CHEMICAL CO., LTD.)

BZ: Benzyl methacrylate (LIGHT-ESTER BZ,
manufactured by KYOEISHA CHEMICAL CO., LTD.)

MTEGMA: Methoxytetraethylene glycol monomethacrylate
(NK ester M-90G, manufactured by Shin-nakamura Chemical
Corporation)

NPA: Neopentyl glycol diacrylate (LIGHT-ACRYLATE NP-
A, manufactured by KYOEISHA CHEMICAL CO., LTD.)

TMPTA: Trimethylolpropane triacrylate (KAYARAD TMPTA,

manufactured by NIPPON KAYAKU CO., LTD.)



10

15

20

25

OmOU ONCV' VHNHNTIrlI 0O (NLf) -ri OJJ ri WweE
OIn OLn ONLfl ri Si W Nri ITNHNOOOWwWWE-HOT
wOO 11 ) NON wWri kNrl 27 NHO<ON-HOmM ri WWW
ul OLfIl ONN'~14 Ori Si E Nri d4 (NHOOO -rl Oy
0 Oul ONNHOOOTri r=ES gq) Nrl d NHOOTf" w-"i
E MOLfl OtoO Nri S "9 Nrl d~NHNU OON-HOm
i EEN NOIfl Oto O

TPO: 2,4,6-Trimethylbenzoyl diphenylphosphine oxide
(Lucirin TPO, manufactured by BASF)

I-907: 2-Methyl-1-[4-(methylthio)phenyl]-2-
morpholinopropan-1-one (IRGACURES07, manufactured by
Ciba Specialty Chemicals)

QM: Dicyclopentenyloxyethyl methacrylate (QM-657,
manufactured by Rohm & Haas)

EXAMPLE 1-1

A curable composition was prepared by mixing a total
amount of 100 parts by mass consisting of 20 parts by
mass of TE-2000 manufactured by Nippon Soda Co., Ltd.
(1,2-polybutadiene-terminated polyurethane methacrylate,

hereinafter abbreviated as “TE-2000” and 15 parts by mass

of dicyclotentanyl diacrylate (KAYARAD R-684 manufactured

by Nippon KAYAKU CO., LTD., hereinafter abbreviated as
“R-684" as the polyfunctional (meth)acrylates (A), and 40
parts by mass of 2-(1,2-cyclohexacarboxyimide)ethyl
acrylate (ARONIX M-140 manufactured by TOAGOSEI CO., LTD.
hereinafter abbreviated as “M-140") and 25 parts by mass
of phenol 2 mol ethylene oxide-modified acrylate (ARONIX
M-101A manufactured by TOAGOSEI CO., LTD., hereinafter
abbreviated as “M-101A") as the monofunctional
(meth)acrylates (B), 10 parts by mass of benzyl dimethyl
ketal (hereinafter abbreviated as “BDK”) as the
photopolymerization initiator (C), 2 parts by mass of
isopropyl alcohol (hereinafter abbreviated as “IPA”) as

the polar solvent (D), 0.2 part by mass of crosslinked

1

0

H
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particle size of 50 um (ART PEARL GR-200, manufactured by
Negami Chemical Industrial Co., Ltd., hereinafter
abbreviated as “GR-200”) as the granular material (H),

s and 0.1 part by mass of 2,2-methylene-bis(4-methyl-6-
tertiary butylphenol) (hereinafter abbreviated as “MDP”)
as a polymerization inhibitor. Further, the long/short
diameter ratio of (H) used, was obtained by an evaluation
method shown below. The results are shown in Table 1-1.

10 Using the obtained curable composition, the measurement
of tensile shear bond strength and the removing test were
carried out by the following evaluation methods. The
results are shown in Table 1-2.

EVALUATION METHODS
15 Long/short diameter ratio: As an index for the
sphericity of (H), an average ratio of the long diameter
to the short diameter of randomly selected 100 particles
was obtained by feeding into an image analyzer
(manufactured by Nippon Avionics Co., Ltd.) a close-up
20 image of particles of 20,000 magnifications by a
scanning electron microscope (“JdJSM-T200” manufactured by
JEOL Ltd.)
Tensile Shear Bond Strength: The strength was
measured in accordance with JIS K 6850. Specifically,

25 Pyrex (registered trademark for heat resistant glass

manufactured by Corning Incorporated) glass (25 mm x 25

mm x 2.0 mm in thickness) was used as an adherend, and



EXAMPLES 1-2 to 1-16 Curable conpositions were prepared in the same nmanner
as in Exanple 1-1 except that raw materials of types as identified in
Tables 1-2 and 1-3 were used in s conpositions as identified in Tables 1-2
‘and 1-3. The neasurenent of tensile shear bond strength and the renoving
test were carried out in the same manner as in Exanple 1-1, with respect
to the cured resins of the curable conpgsitions prepared. The results are
shown in io Tables 1-2 and 1-3. TABLE 1-3 Exanple No. 1-12 1-13 1-14 1-15

1-16 (A (paubsshkerBSeF The2@98e20 52Q 52029 20384 nl% bankhntp 15 (B)
(parts by mass) M 140 40 40 40 40 40~ M 101A 25 25 25 25 25 (C) (parts by

nmass) BDK 1051Q851Qi38 304i6REtERACES sbmMBash bPAUZa12 Zohpdddeidarts by
mass) PP-6071 0.2 LS-L100 0.1 0.5 1 5 Polynerization inhibitor (part by

EmIVISDZ; MOP 0. br@pir@dl OrHeR, lthédBespu¥eicib8NGLE dlrddlBylaltuZihg 8 11.1

apparatus using an electrodeless discharge lamp

5 (manufactured by Fusion UV Systems Inc.), under a
condition of an accumulated quantity of light of 2000
mJ/cm® at a wavelength of 365 nm, thereby preparing a
test piece for tensile shear bond strength. The test
piece thus prepared was subjected to measurement of

10 tensile shear bond strength by means of a universal
testing machine at a temperature of 23°C under a humidity
of 50% at a pulling rate of 10 mm/min.

Removing Test: A test piece for the removing test

was prepared by curing the curable composition in the

15 same condition as above except that the curable
composition prepared was applied onto the above Pyrex
glass sheet and bonded to a blue sheet glass (150 mm x
150 mm x 1.7 mm in thickness) as a substrate. The test
piece obtained was immersed in warm water (80°C), whereby

20 the period of time for removal of the Pyrex glass sheet
was measured, and the removal state thereof was also

observed.



Time for renoval in warmwater at 80C 32 60 83 72 66 (mn) Renoval state*)
filmfilmfilmfilmfilm formformformformform *) Filmform The cured
resin was renoved in the formof a filmfromthe glass surface with no
adhesi ve residue. 42 COVWARATI VE EXAMPLES 1-1 to 1-5 Curabl e conpositions
were prepared in the sanme manner as in Exanple 1-4 except that raw
materials of types as identified in Tabj¢ 1-4 were used in s conpositions
as identified in Table 1-2. The neasurenent of tensile shear bond strength
and the renoypBgrt s were carried out in the same nmanner as in Exanple
1-1 with respect to the cured resins of the curable conpositions

prepared. ThéHlesults are shown i{otedd shdrtd. dilkOnett3er TiABtEo 1- 4 Conparati ve
1-1 1-2 1-3[&rd42b05 Exanple No. [(A)odparts by mass) TE-2000| R-684 (B)
(parts by mags)koBZ 40 I1BX 60 30 |g.92

GM-1005-10 0.89

GM-5047 0.88

SGP-150C 0.90

SGP-140C 0.93

SGP-100C 0.94

2100JPD 0.82

PE-130 0.80

PP-6071 0.81

LS-L100 0.96
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EXAMPLE 1-17 The curabl e conposition of Exanple 1-1 was applied to a

pol yet hyl ene terephthal ate (hereinafter abbreviated as PET) filmof 200 nm
x 200 mm and the filmwas bonded s to a Pyrex glass sheet of 150 mm x 150
mmx 2 mm A constant |oad was applied to the glass sheet by a weight for
10 m nutes so that the pressure became 32 kg/cnR2, followed by curing in
the sanme manner as in Exanple 1-1. Thergafter, the PET fil mwas peel ed,

and the thickness of 10 the conposition cured on the glass sheet of 150 mm
X 150 mm wagxAp@saced -By +a Ai-groneter at optional 16 portions of the
cured conposition divided into 16 sections. The results are shown in Fig.

1-1. As a result cudapias d itiHs SHhS gtdpHdaa ai e ofed asdmd | 1 M
t hi ckness can be is obtained. EXAMPLE 1-18 A Pyrex glass sheet of 150 mm x

150 M x 2 nhaaRdr ble ibl wxasipaet 19/1a%desRd thid tExanP ity tedi A My gl ass
were bonded with the curable conposition of Exanple 1-1 20 and the

conposi tion wWpe@Uhed iidenith e iSATE NTeHMle AL 2N arfXamy evelrel uddd yid he Pyrex
gl ass portion of this adhesive test piece was cut in the size of 10 nm
square by W@@&go@fitéldﬂﬂsma_%g iRepAriEies N THHIRR Ng Ofarddiel Byrexhegl ass
sheet occurred during cutting, thus showi ng good 25 processability. The
adhesi ve teshepis@gemdari BF @R illke sHAETEDFRFE RAJHIOMrItc s | mrer sed
in warmwater at 80C, whereby the entire adhesive was renoved in 60 45
mnutes. |In gddichiion, tleeft élrd estrfiieremtafireit Hheadeimitadle ML in
arbitrarily selected and taken, and the back side (the side tenporarily
fixed with t Egaeglabllel, with respect to the cured resins of the

curable compositions prepared. The results are shown in

10 Tables 1-2 and 1-3.

TABLE 1-3
Example No. 1-12 1-13 1-14 1-15 1-16
(A) (parts by mass)

TE-2000 20 20 20 20 20

R-684 15 15 15 15 15
(B) (parts by mass)

M-140 40 40 40 40 40

M-101A 25 25 25 25 25
(C) (parts by mass)

BDK 10 10 10 10 10
(D) (parts by mass)

IPA 2 2 2 2 2
(H) (parts by mass)

PP-6071 0.2

LS-L100 0.1 0.5 1 5
Polymerization
inhibitor (part by
mass)

MDP 0.1 0.1 0.1 0.1 0.1
Adhesive strength 11.3 | 10.1 | 11.2 | 10.8 | 11.1
(MPa)

Time for removal in
warm water at 80°C 32 60 83 72 66
(min)

film film film film film
Removal state*) form form form form form

*) Film form: The cured resin was removed in the form of
a film from the glass surface with no adhesive residue.



conposi tion) of each cut test piece was observed by an s optical

m.cf oscope, to neasure the maxi numw dth of chipped portions of the gl ass
.sheet, and to calculate the average value and the standard devi ation
‘thereof. The results are shown in Table 1-5. 46 O M-' Lnl H av a, 41
Ubmui m Dr N d U mIli WOODrl rdul brl U;vIinO U In
OmDwUnm OmmD NNmI N 04 WNN O

COMPARATIVE EXAMPLES 1-1 to 1-5
Curable compositions were prepared in the same

manner as in Example 1-4 except that raw materials of
types as identified in Table 1-4 were used in

5 compositions as identified in Table 1-2. The measurement
of tensile shear bond strength and the removing test were
carried out in the same manner as in Example 1-1 with
respect to the cured resins of the curable compositions

prepared. The results are shown in Table 1-4.

10



TABLE 1-4

E
0

c&3T

u) ri
0rl

Nm dCLhHO WO
UK4) d
4 Hs4r

43

ld, O

tomO U (T

Comparative
Example No.

(A) (parts by
mass)
TE-2000
R-684

(B) (parts by
mass)

BZ

IBX

40
60

30

Other
components
(parts by
mass)
2-HEMA
MTEGMA
Acryloyl
morpholine

100

100

70
70
30

(C) (parts by
mass)

BDK

TPO

(D) (parts by
mass)
IPA

Polymerization

inhibitor

(part by mass)
MDP

0.1

0.1

Adhesive

strength (MPa)

17.5

12.3

Time for
removal in
warm water at
80°C (min)

Not
removed

30

30

Not

60 removed

Removal

state*)

Adhesive
residue

Adhesive
residue

Adhesive
residue

**)

Adhesive residue:
glass surface,

A cured resin remained on the

though the glass was removed.
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47 COWPARATI VE EXAMPLE 1-6 A hot-nelt type adhesive (ADFI X A manufactured
by " NI KKA SEI KO CO., LTD.) was heated and nelted at 90C, to bond a 150 nm
.Xx 150 nmmx 2 mm Pyrex gl ass sheet and the s blue sheet glass used in
"Exanple 1-1. Only the Pyrex glass portion of the bonded test piece was cut
in the size of 10 nm square by neans of a dicing apparatus. No dropping
of the Pyrex glass occurred during cuttijpg, thus show ng good
processability. The test piece was imrersed 10 in an N-nethyl pyrrolidone
solution forrQaRpgayi1aRg then cut test pieces were collected. In the sane
manner as in Exanple 1-8, ten cut test pieces after the renoval were

arbitrarily sel eghedcudaghilehe drpels itidh et e t1eMPf idppfieed with
the hot-nelt type adhesive) of is each cut test piece was obséerved by an

optical mcegsaopelykenjeandl €crBphimsilnue WhdhR iofa relirppesthrararddens of
t he gl ass sheet, and to cal cul ate the average value and the standard

devi ati on thggeokr) THe1hesdl 90 &Re xSROWN ) Tald e hl F.1 1240 WdVRAIRIEHAVE
EXAMPLE 1-7 A 150 mm x 150 mm x 2 mm Pyrex gl ass sheet was bonded with a

WV-cur able PEd adbesixegliape. sheky Uie 158y maX xgl1&9s maord iommpf the bonded
test piece was cut in the size of 10 nm square by neans of a dicing

appar at us. 2bomBeaadheshde whapappalikidofcotthieheyllaest shicete byas wdilgH at ed
with ultraviolet rays, to reduce the adhesive strength, and then cut test
pi eces were gokl ect adnukes48o thatsale maRRSHraS Hdtamearsy &gl-ckB, ten cut

test pieces after the renoval were arbitrarily sel ected, and the back

followed by curing in the same manner as in Example 1-1.
Thereafter, the PET film was peeled, and the thickness of

10 the composition cured on the glass sheet of 150 mm x 150
mm was measured by a micrometer at optional 16 portions
of the cured composition divided into 16 sections. The
results are shown in Fig. 1-1. As a result, it was found
that substantially a constant film thickness can be

15 obtained.
EXAMPLE 1-18

A Pyrex glass sheet of 150 mm x 150 mm x 2 mm and

the blue sheet glass used in Example 1-1 as dummy glass
were bonded with the curable composition of Example 1-1

20 and the composition was cured in the same manner as in
Example 1-1. Only the Pyrex glass portion of this
adhesive test piece was cut in the size of 10 mm square
by means of a dicing apparatus. No dropping of the Pyrex
glass sheet occurred during cutting, thus showing good

25 processability. The adhesive test piece having only the
Pyrex glass portion cut was immersed in warm water at

80°C, whereby the entire adhesive was removed in 60



side (the side tenporarily fixed with the adhesive tape) of each cut test
pi.ece was observed by an optical 5 nicroscope, to neasure the maxi mum wi dth
_of chipped portions of the glass sheet, and to cal cul ate the average

v 'value and the standard devi ation thereof. The results are shown in Table

1-5. EXAMPLE 2-1 10 A conposition was prepared by mxing a total anount of
100 parts by mass consisting of 20 parts, by mass of TE-2000 manuf act ured
by NI PPON SODA CO., LTD. (1,2- polybutadiene-termn nated urethane

met hacryl at e, i nafte [ 000 n p Ls by 15
mass of dlcycﬁgggﬁganyiﬁd%%§$€ g%ea%%%Y%Eﬁig%%%8%96%%%u?£%§5rg by N PPON

KAYAKU CO., Engvameﬁgk@aBE%ﬁtr%%ﬁ?v 's@tlg‘ét@% aBdGQ%k)erfis € the back
polyfunctlonal (meth)acrylates (A), and 40 parts by mass of 2-(1, 2-

cycl ohexacar Q@Eﬂw Tiee) s%@ykea@%a%thy( ARNX M 1A Q120 JRnihact ured by
TOAGOSEI CO., LTD., hereinafter abbréviated as "M 140") and 25 parts by

mass of phenebmﬁosﬁﬁhoﬁth%ke%%c%Xb%% rRdicl hed -ACKM AR (AR X MIO1A
manuf act ured by  TOA LTD., hereinafter abbreviated as "M 101A")

as the ”QPOfHBEEEQTah1%§o%%%bQ)a%hyh%%%%r@Bkhelm%§1HﬁﬁI%uhMﬂﬁQﬁﬁ of cunene
hydr oper oxi de (PERCU H 80 manuf actured by NOF ORATI ON, hereinafter

abbrevi at ed eﬁl Eo@«%lbﬁ% ¢ tPIdGsPehexide a(r@ t? RAGA e r@ass of
i sopropyl alco erei nafter abbréviated as "I PA"), as the polar

sol vent (D), aoe%ager allnemass @heCkessldankedeRalar®irhthe r@dthacykbat e
particles having an average particle size of 5 50 pm (ART PEARL GR- 200,

manuf act ur edrbyuhNegagireCatdwealin Table 1-5.



I ndustrial Co., Ltd., hereinafter abbreviated as "GR- 200") and 0.15 part
by, mass of 2, 2-net hyl ene-bi s(4- nethyl-6-tertiary butyl phenol) (hereinafter
,abbreviated as "MDP") as a polynerization inhibitor. 10 To the obtai ned
‘conposition, 1.25 parts by nass of cobalt octenate (COCTLI FE Col 2,
manuf actured by SHINTO FINE K K., hereinafter abbreviated as "Cct-Co") as
the deconposition accelerator (F) for 4d&e organic peroxide, was added to
prepare a curabl e conposition. Using the is obtained curable conposition,
t he neasurenent of tensile shear bond strength and the renoving test were

carried out by|[The ngrevajuati on nethods. The results are shown in
Tabl e 2-1. EVALUKH(]S AODS| 20 Curing tinme: After obtaining the curable
conposition, the ti ilo {he ¢onposition lost fluidity and becane a
cured resin undgr a qapuremcéndition of 23C, was neasured. Tensile
Shear Bond Strengt h: $tremngth|was 25 neasured in accordance with JIS K
6850. Speci fi caljlgy, ifon fest|piece (SPCC, 100 x 25 x 1.6 mm was used
as an adherend,*+ang heets—e{ the iron test piece were 50 bonded in a
bondi ng area of |25 1 P.5 M with a curable conposition prepared,
fol | owed by agir@ f flay Ungler a tenperature condition of 23C,
thereby preparijpg § pisecelif or tensile shear bond strength. s The test
pi ece thus prepagpd m@ bje¢ted|to neasurenent of tensile shear bond
strength by neans of Aver$al—{testing machine at a pulling rate of 10
mv nmin. Further |3 a gLasszs1eet (25 Mm x 25 mMm x 2.0 mmin thickness)
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was used as an adherend, and two sheets of the Pyrex 10 gl ass sheet were
bonded in a bonding area with a diameter of 8 mmby the curable
..conposition prepared, followed by aging for one day under a tenperature

* condition of 23C, thereby preparing a test piece for tensile shear band
strength. The tensile shear bond strength was neasured 1s in the sane
manner as of the iron test piece. Renobvyjyng Test: A test piece for the
renoving test was prepared by curing the curable conmposition in the sane

condi tion ascehpxeaexveptxifnat. et hegcurabl e conposition prepared was applied
onto the above Pyrex 20 glass sheet and bonded to a blue sheet glass (150

mm x 150 mm X 1A7he@-melihitgheesghedsva JUpHIKARE mathE d@siredigee
obtai ned was inmersed in warmwater (80C), whereby the period of tinme for

renoval of thekRyrexigbass.ywasTpnpagHkcHeatbd bha mendwd ast ale d hereof was
al so 25 observed. 51 LULUNiIinLn OO (NNNNN Mri Nr') 0010 Lf)

Ln 0 Ln O Lnpbdh&l & O50Nm@l' xr 150Nmfl Q - mkNphre® HNa@slBhdeN Mn Hh@) N N
ri d~NOOdv Ln NOLn OL') NNNNM N-11ri ~NOOLn MOLn OLn
N NNN s Dblue sheet glass used in Example 1-1. Only the Pyrex
glass portion of the bonded test piece was cut in the
size of 10 mm square by means of a dicing apparatus. No
dropping of the Pyrex glass occurred during cutting, thus
showing good processability. The test piece was immersed
10 in an N-methylpyrrolidone solution for one day and then
cut test pieces were collected. In the same manner as in
Example 1-8, ten cut test pieces after the removal were
arbitrarily selected, and the back side (the side
temporarily fixed with the hot-melt type adhesive) of
15 each cut test piece was observed by an optical
microscope, to measure the maximum width of chipped
portions of the glass sheet, and to calculate the average
value and the standard deviation thereof. The results
are shown in Table 1-5.
20 COMPARATIVE EXAMPLE 1-7
A 150 mm x 150 mm x 2 mm Pyrex glass sheet was
bonded with a UV-curable PET adhesive tape. Only the
Pyrex glass portion of the bonded test piece was cut in
the size of 10 mm square by means of a dicing apparatus.
25 The adhesive tape portion of the test piece was
irradiated with ultraviolet rays, to reduce the adhesive

strength, and then cut test pieces were collected. 1In
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the same manner as in Example 1-18, ten cut test pieces

after the removal were arbitrarily selected,

and the back

side (the side temporarily fixed with the adhesive tape)

of each cut test piece was observed by an optical

5 microscope, to measure the maximum width of chipped

portions of the glass sheet, and to calculate the average

value and the standard deviation thereof.

are shown in Table 1-5.

EXAMPLE 2-1

The results

10 A composition was prepared by mixing a total amount

of 100 parts by mass consisting of 20 parts by mass of

TE-2000 manufactured by NIPPON SODA CO.

1

LTD.

(1,2-

polybutadiene-terminated urethane methacrylate,

hereinafter abbreviated as “TE-2000") and 15 parts by

15 mass of dicyclopentanyl diacrylate (KAYARAD R-684

manufactured by NIPPON KAYAKU CO., LTD.

I

hereinafter

abbreviated as “R-684") as the polyfunctional

(meth)acrylates (A), and 40 parts by mass of 2-(1,2-

cyclohexacarboxyimide) ethyl acrylate (ARONIX M-140

20 manufactured by TOAGOSEI CO., LTD., hereinafter

abbreviated as “M-140"”) and 25 parts by mass of phenol 2

mol ethylene oxide-modified acrylate (ARONIX M-101A

manufactured by TOAGOSEI CO., LTD., hereinafter

abbreviated as “M-101A") as the monofunctional

25 (meth)acrylates (B), 1.25 parts by mass of cumene

hydroperoxide (PERCUMYL H-80 manufactured by NOF

CORPORATION, hereinafter abbreviated as

“CHP”) as the
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organic peroxide (E), 2 parts by mass of isopropyl
alcohol (hereinafter abbreviated as “IPA”), as the polar
solvent (D), 0.2 part by mass of crosslinked polymethyl
methacrylate particles having an average particle size of

5 50 um (ART PEARL GR-200, manufactured by Negami Chemical
Industrial Co., Ltd., hereinafter abbreviated as “GR-
200”) and 0.15 part by mass of 2,2-methylene-bis(4-
methyl-6-tertiary butylphenol) (hereinafter abbreviated
as “MDP”) as a polymerization inhibitor.

10 To the obtained composition, 1.25 parts by mass of
cobalt octenate (OCTLIFE Col2, manufactured by SHINTO
FINE K.K., hereinafter abbreviated as “Oct-Co”) as the
decomposition accelerator (F) for the organic peroxide,
was added to prepare a curable composition. Using the

15 obtained curable composition, the measurement of tensile
shear bond strength and the removing test were carried
out by the following evaluation methods. The results are
shown in Table 2-1.

EVALUATION METHODS

20 Curing time: After obtaining the curable composition,
the time until the composition lost fluidity and became a
cured resin under a temperature condition of 23°C, was
measured.

Tensile Shear Bond Strength: The strength was

25 measured in accordance with JIS K 6850. Specifically, an

iron test piece (SPCC, 100 x 25 x 1.6 mm) was used as an

adherend, and two sheets of the iron test piece were
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"EXAMPLES 2-2 to 2-7 Curable conpositions were prepared in the same nanner
as in Exanple 2-1 except that raw materials of types as identified in
Table 2-1 were used in s conpositions as_jdentified in Table 2-1. The
nmeasurenent of tensile shear bond streﬁﬁ#h and the renoving test were

carried out bHnhBR $ATE EBANGLoAS:EL BEAIR! fi?yla i iy LATHEG! tO the

curabl e conpositions prepare resu shomn I'n e 2-1. 10
COVPARATI VE g%éygkgscgmﬁoggtgoﬁ prepared, followed by aging for one

day under a temperature condition of 23°C, thereby
preparing a test piece for tensile shear bond strength.

5 The test piece thus prepared was subjected to measurement
of tensile shear bond strength by means of a universal
testing machine at a pulling rate of 10 mm/min. Further,
a Pyrex glass sheet (25 mm x 25 mm x 2.0 mm in thickness)
was used as an adherend, and two sheets of the Pyrex

10 glass sheet were bonded in a bonding area with a diameter
of 8 mm by the curable composition prepared, followed by
aging for one day under a temperature condition of 23°C,
thereby preparing a test piece for tensile shear band
strength. The tensile shear bond strength was measured

15 1in the same manner as of the iron test piece.

Removing Test: A test piece for the removing test
was prepared by curing the curable composition in the
same condition as above except that the curable
composition prepared was applied onto the above Pyrex

20 glass sheet and bonded to a blue sheet glass (150 mm x
150 mm x 1.7 mm in thickness) as a substrate. The test
piece obtained was immersed in warm water (80°C), whereby
the period of time for removal of the Pyrex glass was
measured, and the removal state thereof was also

25 observed.



Cur abl e conpositions were prepared in the same nmanner as in Exanple 2-1
except that raw materials of types as identified in Table 2-2 were used in
.conpositions as identified in Table 2-2. The neasurenent 15 of tensile

- shear bond strength and the renoving test were carried out in the sane
manner as in Exanple 2-1 with respect to the curable conpositions
prepared. The results are shown in Tablg 2-2. 54 TABLE 2-2 Conparative
Exanmple 2-1 2-2 2-3 2-4 2-5 No. (A (pa ts by mass) TE-2000 R-684
(B)(parts by mass) BZ 40 IBX 60 30 O her conponents (parts by mass) 2- HEVA
70 MIEGVA 100 70 Acryloyl 100 30 norpholine (H (parts by mass) CHP 1.25
1.51.51.5 1.5 (F) (parts by mass) Cct-Co 1.25 1.5 1.5 1.5 1.5 (D
(parts by mass) I PA Polynerization
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inhibitor (part by mass) MDP 0.1 0.1 0.1 0.1 0.1 Curing tine (mn) 90 240
65 125 190 Adhesive strength (MPa) SPCC/SPCC 12.8 3.8 3.5 3.3 4.9
.Gass/glass 14.3 4.7 2.2 7.3 8.5 Tinme for renoval in Not Not warm water at
© '80C renoved 30 30 60 renoved (min) Adhesive Adhesive Adhesive Renoval
state*) residue residue residue **) Adhesive residue: A cured resin

remai ned on the glass surface, though_the glass was renoved. 55 EXAMPLE
2-8 Using the curable conposition prepatred in Exanple 2- 1, the
measurenents of the curing time and the tensile shear bond strength, and
the renoving test were carried 5 out in the same manner as in Exanple 2-1
except that the tenperature of the atnosphere for curing was changed to
-10C, 0C, 10C and 40C. The results are shown in Table 2-3. The results
shows curing w thout depending on the tenperature and |ikew se show the
removability. 10 TABLE 2-3 Tenperature of the atnosphere -10 0 10 40 for
curing (O
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Curing time 270 150 95 25 (mn) Adhesive strength (MPa) SPCC/ SPCC 10.8
9.8"10.5 9.3 dass/glass 10.1 9.7 11.2 7.3 Tine for renoval at 42 35 32
.25 80C (mn) EXAMPLE 2-9 A Pyrex glass sheet of 150 mmx 150 nm x 2 nm and

* ‘the blue sheet glass used in Exanple 2-1 as dummy glass is were bonded
with the curable conposition prepared in Exanple 2-1, and the conposition
was cured in the same manner as in Exa e 2-1. Only the Pyrex gl ass
portion of the adhesive test piece was cut in the size of 10 nm56 square
by means of axgduptpg apparatysy No dropping of the Pyrex glass occurred
during cutting, thus show ng good processability. The adhesive test piece

having only thecRya@tedlcdtpoRaithiions Gére WISJJPERY Siefl die ne water 5 at
80C, whereby the entire adhesive was renmoved in 60 mnutes. In addition,

ten cut testmphgeesaaftar Ekaﬁplée@\la_lex%Pﬁ ahbict kakd s teelieatedrand taken,
and the back side (the side tenporarily fixed with the curable

conposi tion) tPphe8agh ¢Hentegh el €66 TARI eObSEr VRGWIRE@NANL0 opti cal
m croscope, to neasure the maxi numw dth of chipped portions of glass, and

to cal culat ecbhpoayenagde agaldendndikhe ist aadaed 2davi athenmkhgteehenthe
results are shown in Table 2-4.
of tensile shear bond strength and the removing test were
carried out in the same manner as in Example 2-1, with
respect to the curable compositions prepared. The
results are shown in Table 2-1.
10 COMPARATIVE EXAMPLES 2-1 to 2-5
Curable compositions were prepared in the same
manner as in Example 2-1 except that raw materials of
types as identified in Table 2-2 were used in
compositions as identified in Table 2-2. The measurement
15 of tensile shear bond strength and the removing test were
carried out in the same manner as in Example 2-1 with

respect to the curable compositions prepared. The

results are shown in Table 2-2.
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TABLE 2-2
Comparative Example 2-1 2-2 2-3 2-4 2-5
No.
(A) (parts by mass)

TE-2000

R-684
(B) (parts by mass)

BZ 40

IBX 60 30
Other components
(parts by mass)

2-HEMA 70

MTEGMA 100 70

Acryloyl 100 30

morpholine
(H) (parts by mass)

CHP 1.25 1.5 1.5 1.5 1.5
(F) (parts by mass)

Oct-Co 1.25 1.5 1.5 1.5 1.5
(D) (parts by mass)

I1PA
Polymerization
inhibitor
(part by mass)

MDP 0.1 0.1 0.1 0.1 0.1
Curing time (min) 90 240 65 125 190
Adhesive strength
(MPa)

SPCC/SPCC 12.8 3.8 3.5 3.3 4.9

Glass/glass 14.3 4.7 2.2 7.3 8.5
Time for removal in
warm water at soec| MO 30 30 60 e
Removal state*) Adhgsive <Adh§sive Adhgsive

residue residue | residue

**)
glass surface,

Adhesive resgidue:

A cured resin remained on the
though the glass was removed.

ri
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EXAMPLE 2-8
Using the curable composition prepared in Example 2-
1, the measurements of the curing time and the tensile
shear bond strength, and the removing test were carried
5 out in the same manner as in Example 2-1 except that the
temperature of the atmosphere for curing was changed to
-10°C, 0°C, 10°C and 40°C. The results are shown in Table
2-3. The results shows curing without depending on the
temperature and likewise show the removability.

10 TABLE 2-3

Temperature
of the
atmosphere -10 0 10 40
for curing
(°c)
Curing time
(min) '
Adhesive
strength
(MPa)
SPCC/SPCC 10.8
Glass/glass 10.1
Time for
removal at 42 35 32 25
80°C (min)

270 150 95 25

O O
~J ©
Juny
o
Ul
~J 0

w W

EXAMPLE 2-9
A Pyrex glass sheet of 150 mm x 150 mm x 2 mm and
the blue sheet glass used in Example 2-1 as dummy glass
15 were bonded with the curable composition prepared in
Example 2-1, and the composition was cured in the same
manner as in Example 2-1. Only the Pyrex glass portion

of the adhesive test piece was cut in the size of 10 mm



1 Part by mass of Thermp CGel R-60 manufactured by s KOHJIN Co., Ltd.

(N—| sopropyl acrylam de/acrylic acid copolyner, hereinafter abbreviated as
"R-60") as the tenperature-responsive polyner (G was dissolved and m xed
into 50 parts by mass of isopropyl alcohol (hereinafter abbreviated as

"I PA") as the polar solvent io (D) with stirring at 23C for 24 hours, to
obtain a dispersed swollen product (1) ving a (G concentration of 0.5%
(g/g). PREPARATI ON OF CURABLE COWPCSI TI A curabl e conposition was

ar e by  roelar TRy o868 Sy Aot e by TR BN ODXOE%?%P%?%? dena of 20
(1, 2 pol ybut aeenertar mhnaieddliathane FaLRAGY

. Ttn Jidd
abbr evi at ed 15 parts mass of dicyc opent an
di acryl ate fa r P A TR,
her ei %af ter Ké;g@br grjlggt%eéa%QI %84‘%§ﬂga§g{lﬁ % ;E/)?gj Kﬁ?‘(o?gl ﬁ%ﬁr%l h;BneryI ates
A), 40 parts P&q@ cl ohex t Ate
ET)O 1429IO manu%c urz(d by%‘ﬁckésépﬁ CQH: %zy qherel rﬁeqﬁleﬁra B rée/(%/l ated as

"TO 1429" 29 opar {3 e die < Sidwl.eng dg; ified
acryl ate %AR%%IX M 101A ma factureg byaTOA E %/ LTE\)'CBHherérwilafter 59

abbrevi ated g5 MeL0TAL), Qﬁd&@?oﬁonefeﬂn‘é%topﬁht %Eg)sagnswe@t 2he(B). 10

parts by mass of benzyl ‘dinethyl "ketal (hereinafier abbreV| ated as "BDK")

as the photgp o\(z:;‘%“w%alie' Uit AN deDectdl tta(t!{l feme k
2, 2-met hyl ene $bH| 4- et hyl - 6lt ertiary buteﬁ phenaq‘f&; er'ei naf ter bac

abbr evi at ed 23 deMPhe 83 R RYUPFRIHAEAY Fixed with the curable

composition) of each cut test piece was observed with an
10 optical microscope, to measure the maximum width of

chipped portions of glass, and to calculate the average

value and the standard deviation thereof. The results

are shown in Table 2-4.



inhibitor, and 2 parts by mass of the above di spersed swollen product (1)
(0.04 part by mass as (G, and 1.94 parts by mass as (D)). Using the
obt ai ned curable 10 conposition, the nmeasurenent of tensile shear bond
strength and the renoving test were carried out by the follow ng

eval uati on nmethods. The results are shown in Table 3-1. EVALUATI ON METHODS
is Tensile shear bond strength: The evalg tion was carried out in the sane
manner as in the nmethod disclosed in Ex %ble 1-1. Renoving test: The

eval uation was carried out in the same manner as in the nethod discl osed
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EXAMPLE 3-1
PREPARATION OF DISPERSED SWOLLEN PRODUCT OF TEMPERATURE
SENSITIVE WATER-ABSORBING AND DESORBING POLYMER

1 Part by mass of Thermo Gel R-60 manufactured by
KOHJIN Co., Ltd. (N-isopropyl acrylamide/acrylic acid
copolymer, hereinafter abbreviated as “R-60") as the
temperature-responsive polymer (G) was dissolved and
mixed into 50 parts by mass of isopropyl alcohol
(hereinafter abbreviated as “IPA”) as the polar solvent
(D) with stirring at 23°C for 24 hours, to obtain a
dispersed swollen product (1) having a (G) concentration
of 0.5% (g/qg).
PREPARATION OF CURABLE COMPOSITION

A curable composition was prepared by mixing a total
amount of 100 parts by mass consisting of 20 parts by
mass of TE-2000 manufactured by NIPPON SODA CO., LTD.
(1,2-polybutadiene-terminated urethane methacrylate,
hereinafter abbreviated as “TE-2000”) and 15 parts by
mass of dicyclopentanyl diacrylate KAYARAD R-684
manufactured by NIPPON KAYAKU CO., LTD., hereinafter
abbreviated as “R-684") as the polyfunctional
(meth) acrylates (A), 40 parts by mass of 2-(1,2-
cyclohexacarboxyimide) ethyl acrylate (TO-1429
manufactured by TOAGOSEI CO., LTD., hereinafter
abbreviated as “TO-1429") and 25 parts by mass of phenol
2 mol-ethylene oxide-modified acrylate (ARONIX M-101A

manufactured by TOAGOSEI CO., LTD., hereinafter
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-fl -1 OO aaﬁﬂ;re@_‘é'E@BE§s3“ﬁ Hgli"}la@‘&ﬁg' RoRAFRARL 91%} were prepared in

the sanme nmanner as in Exa except that using th i spersed swollen

product (1) Q&EEﬂBQGry@aﬁéé”Rb? 31b @S pRhelAlE Rl YACHidR Nt | fied

in Table 3-1 were used™ i n conpdsitions aS|dent|f|ed|n abl e 3- The

measur ement REtgﬁnﬁhg%e§hgakegoa%b§gaqagea and g )" QAP test were

carried out I1n the sane manner as iIn
photopolymerization initiator (C), 0.1 part by mass of

5 2,2-methylene bis(4-methyl-6-tertiary butylphenol)
(hereinafter abbreviated as “MDP”) as a polymerization
inhibitor, and 2 parts by mass of the above dispersed
swollen product (1) (0.04 part by mass as (G), and 1.94
parts by mass as (D)) . Using the obtained curable

10 composition, the measurement of tensile shear bond
strength and the removing test were carried out by the
following evaluation methods. The results are shown in
Table 3-1.

EVALUATION METHODS

15 Tensile shear bond strength: The evaluation was
carried out in the same manner as in the method disclosed
in Example 1-1.

Removing test: The evaluation was carried out in the

same manner as in the method disclosed in Example 1-1.



Exanple 3-1, with respect to the conpositions prepared. 10 The results are
shown in Table 3-1. COWARATI VE EXAMPLE 3-1 A curabl e conposition was
prepared in the sane manner as in Exanple 3-1 except that raw material s of
types as identified in Table 3-2 were used in a is conposition as
identified in Table 3-2. The neasurenent of tensile shear bond strength
and the renoving test were carried out in the sane nmanner as in Exanple
3-1, with respect to the curable conposiQQOn prepared. The results are
shown in Table 3-2. 20 62 EXAMPLE 3-2 Conparative Exanple No. 351 (B) Bz
40 IBX 60 Oher conponents (parts by mass) 2-HEVA MIEGVA Acﬁyloyl
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water at 80C (mn) Renoval state **) **) Adhesive residue: A cured resin
remai ned on the glass surface, though the glass was renoved. s EXAMPLES
3-12 and 3-13 Using the curable conpositions of Exanples 3-1 and 3-4,
removi ng test pieces were prepared in the same nmanner as in Exanple 3-1,
and the renoving tests were io carried out by changing the tenperature of
warm water to 40C, 50C, 60C and 70C. Th lresults are shown in Table 3-3.
The results show renovability at any tenperature. TABLE 3-3 Curable

Tenperature goAResELi QN0 Wargy40 50 60 70 No. water (C) Exanple Exanple
3-1 Renoval 3-12 tinme (mn) 326 221 107 54 Exanple Exanple 3-4 Renova

1301 () 81 bR cBHVRIS SA ARY an dhass.gteet of 150 mm

X 150 nmx 2 mmand the blue sheet glass Use 3-1 as dummy
glass were handed wit Byt Bgagpnabhe 1%@&&%?5 :tgl%tOfungl% %Ii(%ﬂ%yﬁét?éhhe the

conposition was cured in the Same manner Exanmple 3-1 Pyr ex

gl ass portiogygfikhepraghesi g )t esepBrReE (YR EXGHp 1l 3l-he Sige of 10 mm
square by means of a dicing apparapus. No dropping of the Pyrex glass

occurred gur hageedbtikngs thpesSRAW;iRGNEAed &P iBf @Gea%ARI-hi tiereThsarhesi ve
test piece having only the
in compositions as identified in Table 3-1. The
measurement of tensile shear bond strength and the
removing test were carried out in the same manner as in
Example 3-1, with respect to the compositions prepared.
10 The results are shown in Table 3-1.
COMPARATIVE EXAMPLE 3-1
A curable composition was prepared in the same
manner as in Example 3-1 except that raw materials of
types as identified in Table 3-2 were used in a
15 composition as identified in Table 3-2. The measurement
of tensile shear bond strength and the removing test were
carried out in the same manner as in Example 3-1, with
respect to the curable composition prepared. The results
are shown in Table 3-2.

20



Pyrex glass portion cut was imrersed in warmwater at 80C, whereby the
enti're adhesive was renmoved in 60 mnutes. In addition, ten cut test

pi eces after the renpval were arbitrarily selected and taken, and the back
is side (the side tenporarily fixed with the curable conposition) of each
cut test piece was observed with an optical m croscope, to neasure the
maxi mum wi dt h of chi pped portions of gl and to calculate the average
val ue and the standard devi ati on thereof: The results 20 are shown in

Tabl e 3 4. GQXA&%%E, %1 N N-yL-UUUp kody wOO"' x~r Uro
ULn 'CC o0

Comparatlve Example No. 3-1
(B)

BZ 40

IBX 60
Other components (parts
by mass)

2-HEMA

MTEGMA

Acryloyl morpholine
(C) (parts by mass)

BDK 5

TPO
Polymerization inhibitor
(part by mass)

MDP 0.1
Adhesive strength (MPa) 10.5

Time for removal in warm
water at 80°C (min)
Removal state **)

Not removed

**) Adhesive residue: A cured resin remained on the
glass surface, though the glass was removed.

EXAMPLES 3-12 and 3-13
Using the curable compositions of Examples 3-1 and
3-4, removing test pieces were prepared in the same
manner as in Example 3-1, and the removing tests were
10 carried out by changing the temperature of warm water to

40°C, 50°C, 60°C and 70°C. The results are shown in Table

3-3. The results show removability at any temperature.

TABLE 3-3
Curable Temperature
composition | of warm 40 50 60 70
No. water (°C)
Example |Example 3-1 Rgmovall 326 291 107 54
3-12 time (min)
Example |Example 3-4 Rgmovall 141 87 47 20
3-13 time (min)
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EXAMPLE 3-14

A Pyrex glass sheet of 150 mm x 150 mm x 2 mm and
the blue sheet glass used in Example 3-1 as dummy glass
were bonded with the curable composition of Example 3-1
and the composition was cured in the same manner as in
Example 3-1. Only the Pyrex glass portion of the
adhesive test piece was cut in the size of 10 mm square
by means of a dicing apparatus. No dropping of the Pyrex
glass occurred during cutting, thus showing good
processability. The adhesive test piece having only the
Pyrex glass portion cut was immersed in warm water at
80°C, whereby the entire adhesive was removed in 60
minutes. In addition, ten cut test pieces after the
removal were arbitrarily selected and taken, and the back
side (the side temporarily fixed with the curable
composition) of each cut test piece was observed with an
optical microscope, to measure the maximum width of
chipped portions of glass, and to calculate the average
value and the standard deviation thereof. The results

are shown in Table 3-4.
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EXAMPLE 4-1 A curable conposition was prepared by mxing a total anount of
100 parts by mass consisting of 20 parts by mass of TE-2000 manufactured
by NI PPON SODA CO., LTD. 5 (1, 2-pol ybut adi ene-term nated uret hane

‘met hacrylate, hereinafter abbreviated as "TE-2000") and 15 parts by nass
of dicycl opentanyl diacrylate (KAYARAD R-684 nmanufactured N PPON KAYAKU
CO, LTD., hereinafter abbreviated as "R-684") as the pol yfunctional 10
(meth)acrylates (A), and 40 parts by masggof 2-(1,2- cycl ohexacarboxyi m de)
ethyl acrylate (TO 1429 nanufactured by TOAGOSEI CO., LTD., hereinafter
abbrevi ated as ' and 25 parts by mass of phenol 2 nol-ethylene
oxi de-nodi fi ed gté (ARONI X M 101A is manufactured by TOAGOSElI CO.,

LTD., hereinaft brgyjated as "M 101A") as the nonofunctional
(et h)acryl ates ElH parts by mass of benzyl dinethyl Kketal
(hereinafter ab 'gfs s "BDK") as the photopolynerization initiator
(O, 2 parts by|®asguwof i sopropyl al cohol (hereinafter abbreviated as
"I PA") as the pglar solfvent (D), and 0.1 part by nass of 2,2- nethyl ene
bis(4-nethy|-6-dertia bftylphenol) (herei nafter abbreviated as "MDP') as
a pol ymerization® i phigbil®dr. Using the obtained curable conposition, the 25
measur enent of tg@sil@ stv¢ar bond strength and the renobving test were
carried out by ghe okl ¢Wiing eval uati on methods. The results are shown in
Table 4-1. 66 HKYALL $I‘AINETHODS Tensil e shear bond strength: The
eval uati on was éhrrigp out in the sane manner as in the nethod descri bed
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in Exanple 1-1. 5 Renoving test: The evaluation was carried out in the
sange manner as in the nmethod described in Exanple 1-1. The surfaces of
Pyrex gl ass sheets and bl ue sheet glass to be coated with the adhesives,
were prelimnarily subjected to blast treatnent, so that the surface 10
roughness (Rvax) becanme 1 um Here, the surface roughness (RMax) was
nmeasured by a stylus surface roughness ter in accordance with the
surface roughness neasuring rret hod of J B0651. 67 r-1 OLn OU NNH
(Vto H!-1 NN Q@QNTfr~i 0 r VI1 4-1U OW HOLL1 OLf) cori k
~4 | NHdi1 NNNN4 -r1 0dOHGI WW N WOIn Oto Nto Hr- ft 01

DL N H N dQude [Qbidodt Qo bdd Hdparediy NiSklfg 4 £deda! 4 N
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amount of 100 parts by mass consisting of 20 parts by
mass of TE-2000 manufactured by NIPPON SCDA CO., LTD.
(1,2-polybutadiene-terminated urethane methacrylate,
hereinafter abbreviated as “TE-2000”) and 15 parts by
mass of dicyclopentanyl diacrylate (KAYARAD R-684
manufactured NIPPON KAYAKU CO., LTD., hereinafter
abbreviated as “R-684") as the polyfunctional
(meth)acrylates (A), and 40 parts by mass of 2-(1,2-
cyclohexacarboxyimide) ethyl acrylate (TO-1429
manufactured by TOAGOSEI CO., LTD., hereinafter
abbreviated as “TO-1429”) and 25 parts by mass of phenol
2 mol-ethylene oxide-modified acrylate (ARONIX M-101A
manufactured by TOAGOSEI CO., LTD., hereinafter
abbreviated as “M-101A"”) as the monofunctional

(meth) acrylates (B), 10 parts by mass of benzyl dimethyl
ketal (hereinafter abbreviated as “BDK”) as the
photopolymerization initiator (C), 2 parts by mass of
isopropyl alcohol (hereinafter abbreviated as “IPA") as
the polar solvent (D), and 0.1 part by mass of 2,2-
methylene bis(4-methyl-6-tertiary butylphenol)
(hereinafter abbreviated as “MDP”) as a polymerization
inhibitor. Using the obtained curable composition, the
measurement of tensile shear bond strength and the
removing test were carried out by the following

evaluation methods. The results are shown in Table 4-1.
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Tensile shear bond strength: The evaluation was
carried out in the same manner as in the method described
in Example 1-1.

5 Removing test: The evaluation was carried out in the
same manner as in the method described in Example 1-1.
The surfaces of Pyrex glass sheets and blue sheet glass
to be coated with the adhesives, were preliminarily
subjected to blast treatment, so that the surface

10 roughness (RMax) became 1 um. Here, the surface
roughness (RMax) was measured by a stylus surface
roughness meter in accordance with the surface roughness

measuring method of JIS BO651.
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EXAMPLES 4-2 to 4-21
Curable compositions were prepared in the same

manner as in Example 4-1 except that raw materials of

types as identified in Tables 4-1 and 4-2 were used in
5 compositions as identified in Tables 4-1 and 4-2. With

respect to the obtained curable compositions, the

measurement of tensile shear bond strength and the

removing test were carried out in the same manner as in

Example 4-1. The results are shown in Tables 4-1 and 4-2.
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ONOOPH HON(d $4 4-1 AOIdrl w!l5 Wri IDOQX N-rl -H44 3 myl
114°U) HEri >, gvroUEO F'o® ~4 -H5- rki wQUOIi | rOZ -HCO
E (1) a-ri '- E3rx 70 COVWARATI VE EXAMPLES 4-1 and 4-2 Curable
conpositions were prepared in the sane manner as in Exanple 4-1 except

that raw materials of types as identified in Table 4-3 were used in s
conpositions as identified in Table 4-3.78Wth respect to the obtained
curabl e conpositions, the nmeasurenent of “tensile shear bond strength and

t he renmovi ng deeh RNETe imEout_4i n1he _same manner as in Exanple 4-1.
The results are s own% n Tabl e 4-3. 161TABLE 4- 3 Conparative Exanpl e No.
4-1 4-2

(A) (pardsm TE2000. 20 Riffbdq (Bl 0IQ 1420:40 M-101A
25 BZ 40 I BX 60 D) (part (%y mass) | PA her conponents ?parts by
nass) manner as in Example 4-1 except that raw materials of
types as identified in Table 4-3 were used in
5 compositions as identified in Table 4-3. With respect to
the obtained curable compositions, the measurement of
tensile shear bond strength and the removing test were

carried out in the same manner as in Example 4-1. The

results are shown in Table 4-3.

10 TABLE 4-3
Comparative Example No. 4-1 4-2
(A) (parts by mass)

TE-2000 20

R-684 15
(B)

TO-1429 40

M-101A 25

BZ 40

IBX 60
(D) (parts by mass)

IrA 2
Other components (parts
by mass)

2-HEMA

MTEGMA

Acryloyl morpholine
(C) (parts by mass

BDK 10 5

TPO
Polymerization inhibitor
(part by mass)

MDP 0.1 0.1
Adhesive strength (MPa) 11.9 10.5
£;$ergi gngviiig? Warl | Not removed | Not removed
Removal state **)

**) Adhesive residue:
glass surface,

A cured resin remained on the
though the glass was removed.




2-HEMA MIEGVA Acryl oyl norpholine (C) (parts by mass BDK 10 5 TPO
Pol'ymeri zation inhibitor (part by mass) MDP 0.1 0.1 Adhesive strength
(MPa) 11.9 10.5 Tinme for renoval in warm Not renoved Not renoved water at
80C (mn) Renoval state **) **) Adhesive residue: A cured resin remnmai ned on
the glass surface, though the glass was renoved. 71 EXAMPLES 4-22 to 4-28
Wth respect to the curable conpositions7of Exanples 4-1 to 4-4, the
nmeasur enent of tensile shear bond strenﬁ%h and the renoving test were
carried out ppr{iBErS $28B ggn%eggas in Exanple 4-1, except that the
pressure as a congltlon in the blast treatnent was changed to change the

surface roughnesg;eh EQ%8§HEf%%e%h%ch¥%%&e goapesaheehs Hd Rldik 1deet
glass to from15 umto 50 pm The results are Sshown in Table 4-4. 72

OLD O Ln 0 0401 mbl 4Ngti tHe RelsHrOnkRtHoN t@hsiMeMshBhr bond

strength and the removing test were carried out in the

5 same manner as in Example 4-1, except that the pressure
as a condition in the blast treatment was changed to
change the surface roughness of the surfaces of Pyrex
glass sheets and blue sheet glass to from 15 um to 50 um.

The results are shown in Table 4-4.
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4-29 and COVEARMBILYE EXAMPLEACOMERRAL Tiike ExAMIeH tdans of Exanple 4-1 and
Conparative Exanple 1-5 respectively, test pieces for the renoving test
and for the neaswsamRNtcH dopydit idigalos HRMpId rengtdhawere prepared by
curing the curable conpositions by neans of a curing apparatus using an
el ectrodel esgofhipachange ExampleanUsactesRethydiysi aeddV pitsd LMot Nthe
under different accunulated Iight quantities of 500, 1000, 2000 and 4000
mi/cnz at a remédelergist ahd3GormmhebxrepiudfaleriudT dungds ditwar
measur enent of tensile shear bond strength and the renoving test were
carried oyt bondhetsametimeel a3dphrddXdplardin tHie dwesills are shown in
Tabl e 4-5. TABLE 4-5 Curabl e Accunul ated conposi- light tion quantities
500 1000 200Qofpitions by means of a curing apparatus using an

=

electrodeless discharge lamp (manufactured by Fusion UV

Systems Inc.) under different accumulated light
quantities of 500, 1000, 2000 and 4000 mJ/cm? at a

10 wavelength of 365 nm. Except for such changes, the
measurement of tensile shear bond strength and the
removing test were carried out in the same manner as in

Example 4-1. The results are shown in Table 4-5.

15

TABLE 4-5
Curable |Accumulated
i - | light
E‘i"(‘;‘ﬁom qugntities 500 {1000| 2000 4000
(mJ/cm?)
Example |Example |Adhesive
4-29 4-1 strength 10.2(10.5 11.6 10.3
(MPa)
Removal 16 | 15 20 10
time (min)
Compara- | Compara- | Adhesive
tive tive strength 0 0 12.3 9.8
Example |Example | (MPa)
4-3 1-54 Removal Not Not
time (min) B B removed | removed

EXAMPLE 4-30 and 4-31

Using the curable compositions of Example 4-1 and 4-

7, removing test pieces were prepared in the same manner

as in Example 4-1,

and removing tests were carried out by




(mJ/ cne) Exanpl e Exanpl e Adhesive 4-29 4-1 strength 10.2 10.5 11.6 10.3
(NMPa) Renoval Adhesi ve tive tive
.strength 0 0 12.3 9.8 Exanple Exanple (MPa) 4-3 1-54 Renoval
- (mn) renoved renoved

conpositions of Exanple 4-1 and 4- 7,

t he sane nanner

74
conposition
353 267 185

and

5

16 15 20 10 tinme (mn) Conpara- Conpara-
Not Not

Is EXAMPLE 4-30 and 4-31 Using the curable

t enper atur e. enpératuré

time

renoving test pieces were prepared in
as in Exanple 4-1, and gnnving tests were carried out by
changi ng the tenperature of warmwater to 40C, 50C, 60C and 70C,

respeot i vel Y pTigtes s pSId DAl ik, The J@Bl geahoppide

renovability at

%Edwgb”bﬂorégp?%$%?eﬁgghﬁﬁgéEﬁeé&?tgkﬁfg'§h5%ﬁ”?§85§?%§F@”DVa|

99 70

_ 84 4-30 tine anpl e 4-7 Renoval
4-31 time (mgnk EXAVELEcdu3RsAsRyiverngl asgosheet ief 4808 x 150 nmx 2 nm
temperature.
TABLE 4-6
Curable Temperature
composition | of warm 40 50 60 70
No. water (°C)
Example |Example 4-1 Rgmoval' 353 267 185 84
4-30 time (min)
Example |Example 4-7 Rgmovall 192 143 99 70
4-31 time (min)

10

15

20

EXAMPLE 4-32
A Pyrex glass sheet of 150 mm x 150 mm x 2 mm and
the blue sheet glass used in Example 4-1 as dummy glass
were bonded with the curable composition in Example 4-1,
and the composition was cured in the same manner as in
Example 4-1. Only the Pyrex glass portion of the
adhesive test piece was cut in the size of 10 mm square
by means of a dicing apparatus. No dropping of the Pyrex
glass occurred during cutting, thus showing good
processability. The adhesive test piece having only the
Pyrex glass portion cut was immersed in warm water at
80°C, whereby the entire adhesive was removed in 60
In addition,

minutes. ten cut test pieces after the

removal were arbitrarily selected and taken, and the back
side (the side temporarily fixed with the composition) of
each cut test piece was observed with an optical

microscope, to measure the maximum width of chipped



the bl ue sheet glass used in Exanple 4-1 as dumy glass 10 were bonded
wirtth the curabl e conposition in Exanple 4-1, and the conposition was cured
_in the sane manner as in Exanple 4-1. Only the Pyrex glass portion of the
‘adhesive test piece was cut in the size of 10 nmsquare by neans of a

di ci ng apparatus. No dropping of the Pyrex is glass occurred during
cutting, thus showi ng good processability. The adhesive test piece having
only the Pyrex glass portion cut was imersed in warmwater at 80C,

whereby the gpbirgnadpesiyygguas a'h%im%‘be%a'l'&uﬁgtemt'ﬂét efre Ay AdH T PLhnd €N
cut test pieces after thé 20 renoval were arbitrarily sel écted and taken,

and the back¢pgl @%aﬁaa%dsu@euta%mr el e, xe@hw £Bshine sCamROghbLAN) nOf

each cut test piece was observed wth an optical mcroscope, to neasure
t he maxi mum widt b @t 7chi pped 75 portions of glass, and to cal cul ate the
average value and the standard deviation thereof. The results are shown in
Table 4-7. 76 ro 0O o J.I N .{Jri Ln N121-1ro J-I1 N UNN WO
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xvln aN m 1l d N2zZNa) I-i " UE am P4uawl J1 w77 EXAWLE
4-33 and COVWPARATI VE EXAMPLES 4-4 and 4-5 Using the curable conpositions of
.Exampl e 4-1 and Conparative Exanples 1-4 and 1-5, each of them was cured
in a shape of 30 mmx 10 mfmx 1 mm by neans of a curing s apparatus using
an el ectrodel ess discharge | anp (manufactured by Fusion W/ Systens Inc.)
with an accunul ated quantity of |ight haying a wavel ength of 365 nm being
4,000 mi/cn2. The initial weight of such a cured resin was neasured, and

then it was ExA®IPEEd4i-13i andalCeMPARAATOH @XAMPIIENIS 4 Wiel eupon the wei ght
of the cured resin was neasured. The swelling degree of each curable

conposi tion was calicid allrd durddie fonpdslt i@l df mxaesrees {2arrd (wei ght
of the cured resin after immrersion - initial weight of the cured
resin)/ (initicampazawdivghExaimpllee auredndegi-1), read.ofThthdesidd scuarel shown
in Table 4-8. As a result, it was found that as conpared wth the curable
conposi ti on émploghagea dfydroopit 4 A0 mm x 1 mm by means of a curing
5 apparatus using an electrodeless discharge lamp
(manufactured by Fusion UV Systems Inc.) with an
accumulated quantity of light having a wavelength of 365
nm being 4,000 mJ/cm®’. The initial weight of such a
cured resin was measured, and then it was immersed in
10 water at 25°C for 24 hours, whereupon the weight of the
cured resin was measured. The swelling degree of each
curable composition was calculated by the formula,
swelling degree (%) = (weight of the cured resin after
immersion - initial weight of the cured resin)/(initial
15 weight of the cured resin) x 100. The results are shown
in Table 4-8. As a result, it was found that as compared
with the curable composition employing a hydrophilic
(meth)acrylate as in the Comparative Examples, the
curable composition of Example 4-1 has a low swelling
20 degree even when immersed in water at 25°C and thus is

scarcely affected by e.g. water to be used during cutting.

TABLE 4-8
Curable Swelling degree
composition No. (%)
Example 4-33 Example 4-1 0.8
Comparative Comparative 100
Example 4-4 Example 1-4
Comparative Comparative Not measurable
Example 4-5 Example 1-5 since dissolved




(meth)acrylate as in the Conparative Exanples, the curable conposition of
Exanple 4-1 has a | ow swelling 20 degree even when i mersed in water at 25C
.and thus is scarcely affected by e.g. water to be used during cutting.

- TABLE 4-8 Curable Swelling degree conposition No. (o) Exanple 4-33 Exanple
4-1 0.8 Conparative Conparative 100 Exanple 4-4 Exanple 1-4 Conparative
Conparative Not neasurable Exanple 4-5 anple 1-5 since dissolved 78

| NDUSTRI AL APPLI CABI LI TY The curabl e conposition of the present invention

has a nor mahypheRRerAL UM P YT ITiry and a photocurable property by virtue
of its conmposition and is curable with s visible Iight or ultraviolet rays,

and the cured resifa &fRNAY s & MO RANRS ipe sddengife i 1houta dei ng

affected by cutting water, and thus provides the effects of inducing

little displ acepeah1dichpe RGeS Tttafll ity R it deadidle obtaining a
menber excellent in 10 dinensional accuracy. Furthernore, it is

characteri zegroperithaby kikeses Jfhe tadhkesipss ittiicangidd wherrwwaiBactetth W t h
war m wat er, whereby the bonding strength between nenbers or between a

nmenber angd aviiis@p1W hlighe edugedsaolldtalradRe MRD&hL auRe rneadid y
renmoved. Therefore, it is 1s industrially useful as an adhesive for

tenporary fixakiredsr ehowdt aCali Jrenseisiifd YrerdftaYS tHddd il ers,
sem conduct or packagi ng parts, and so on. The method for tenporarily fixing
a nmenber accefdied@ed by cutting water, and thus provides the effects
of inducing little displacement during processing of a
member and readily obtaining a member excellent in
10 dimensional accuracy. Furthermore, it is characterized
in that it loses the adhesive strength when contacted
with warm water, whereby the bonding strength between
members or between a member and a jig, will be reduced so
that the member can be readily removed. Therefore, it is
15 industrially useful as an adhesive for temporary fixation
of optical lenses, prisms, arrays, silicon wafers,
semiconductor packaging parts, and so on.
The method for temporarily fixing a member according
to the present invention uses the above-mentioned
20 characteristic composition, whereby it is unnecessary to
use an organic solvent, which used to be needed in the
conventional technologies, and it is excellent in the
working efficiency since the cured resin can be recovered
in the form of a film from the member.
25 The entire disclosures of Japanese Patent

Application No. 2005-194752 filed on July 4, 2005,

Japanese Patent Application No. 2005-224101 filed on



to the present invention uses the above-nmentioned 20 characteristic
conposition, whereby it is unnecessary to use an organic solvent, which
.used to be needed in the conventional technologies, and it is excellent in
the working efficiency since the cured resin can be recovered in the form
of afilmfromthe nenber. 25 The entire disclosures of Japanese Patent
Application No. 2005-194752 filed on July 4, 2005, Japanese Patent
Application No. 2005-224101 filed on 79 %ugust 2, 2005, Japanese Patent
Appl i cation o805, 239987 Jd-ef N pAugust 2221 2005 adiJapssese Pat ent
Appl i cation No. 2095-278984_flled on Septenber 27, 2005 including the
speci ficationsotlgyi F8,1H M MR SUMROE Sl TdRIRormieschiherein by
reference in their entireties. 80 CLAIMS: 1. A curable conposi tion
conprising (Apra i ReWiune.i etrls -CRidaac et &n (Rptadmnofimct s oaal
(neth)acrylate, (C) a photopolynerization initiator, and (D) a polar

sol vent. 2. Areuraih®y G ePdd i G, SIdIG iy, ardeindsnald oidmary
(meth)acrylate, (B) a nmonofunctional (neth)acrylate, ( a pol ar solvent,
(E) an organigge RHNDgdtatditd Hdpe ith ARE GRS acasleratait it ide.
organi c peroxide. 3. The curable conposition according to Claim1l or 2,
wherein each of (A) and (B) is hydrophobic. 4. The curable conposition
according to any one of Clains 1 to 3, wherein (D) is at |east one nenber
selected fromthe group consisting of water, nethanol,



et hanol , isopropyl al cohol and n-butanol. 5. The curable conposition
according to any one of Clains 1 to 4, which further contains (G a

t enperature- responsive polyner. 6. The curabl e conposition according to
Claim5, wherein (G is (a) a polymer of at |east one nenber selected
fromthe group consisting of an N-alkyl (neth)acrylam de derivative, a
nitrogen-containing cyclic nononmer and a vinyl group-containing am no
acid, and/or 81 (b) a copolyner conpgésing a vinyl nmononer and at | east
one nenber selected fromthe group consisting of an N- al kyl
(meth)acryl am de derivative, a nitrogen-containing cyclic nononer and a

vi nyl group-containing amno acid. 7. The curable conposition according to
Claim5, wherein (G is a copolynmct2edfprising an N al kyl

(meth)acryl am de derivative, a vinyl nononmer having a carboxyl group, and
a vinyl nononer copolynerizable therewith. 8. The curable conposition
according to @ guFebler compoghet el ncether Nlaikylr)(met h) acryl ani de deri vative

s N | SqRrioprl, RGLHLaT e, P The. our ablie £amRasiiien caggording to o aim

5, wher I'S a copolyner’ conpri sing opy acrylam de, diacetone
acrylanldamamdaamy&bte a¢Cd aapﬂétmpokymmnmﬁ@nnmn doriprikesong BnHdsopropyl
acrylam deg, acrylam de. and acrylic acid. 10. The curabl e conposition
accordingu{oaaﬁ?léﬁeSB#Veﬁfalns 1 to 9, which further contains (H) a
granular material, and (H) is insoluble in (A to (G. 11. The curable

conposi tion accordin? to daiml0, o
2. A curable composition comprising (A) a

polyfunctional (meth)acrylate, (B) a monofunctional
(meth)acrylate, (D) a polar solvent, (E) an organic
peroxide, and (F) a decomposition accelerator for the

organic peroxide.

3. The curable composition according to Claim 1 or 2,

wherein each of (A) and (B) is hydrophobic.

4. The curable composition according to any one of
Claims 1 to 3, wherein (D) is at least one member
selected from the group consisting of water, methanol,

ethanol, isopropyl alcohol and n-butancl.

5. The curable composition according to any one of
Claims 1 to 4, which further contains (G) a temperature-

responsive polymer.

6. The curable composition according to Claim 5,
wherein (G) is (a) a polymer of at least one member
selected from the group consisting of an N-alkyl
(meth)acrylamide derivative, a nitrogen-containing cyclic

monomer and a vinyl group-containing amino acid, and/or



wherein (H) is at |east one nenber selected fromthe group consisting of
crosslinked pol ynethyl nethacrylate particles, cross-linked polystyrene
particles and spherical silica particles. 82 12, The curable conposition
according to any one of Cains 1, 3 and 4, which conprises from1l to 50
parts by mass of (A), from5 to 95 parts by mass of (B), fromO0.1 to 20
parts by mass of (C) and fromO0.1 to 10 parts by mass of (D). 13. The
curabl e conposition according to any gne of Clains 2 to 4, which conprises
from1l to 50 parts by mass of (A), from5 to 95 parts by mass of (B), from
0,1 to 10 parts by mass of (D), from0.5 to 10 parts by nmass of (E) and
fromO.1 tlo 10 qma:"ctlsmtw mmrd)fsm&)a tiny Theomanreabland erpdsiatsiton accor di ng
to any one of 4 _and 13, which conprises a first liquid

cont ai ni g AE™ ) %%%TCGEF EXRE BD8eBBAP | TR F L IdBhdi g (A) (B) and
(F), and gigher@nig)cRathiab abbevhtisé, andhsecond lddddsigentain (D).

15. The curabl e conposition according to any one of Clainms 5 to 9, which
conpri sesCAD0 AT FRsls ai Hippgl afrows - ¢@tapinB)aninomaddt to 20 parts
by mass of (C), from 0.1 to 20 parts by mass of (D), and from0.001 to 10
parts by mass of (G . 16. The curabl e conposition according to any one of
Cl ai ns 10710 The whirel leucbhepsdontai ascdrdmd. ﬁvtCo‘Lan@n fparts by mass of

. 17. roces for r oduci the curabl e co iaon as defined in an
b of  aHREE T 80 Mg SEPSMTeh Cal T bk B i xtare o (&

and (D), eamgtH)he@rylamide derivative, a vinyl monomer having a
carboxyl group, and a vinyl monomer copolymerizable

therewith.

8. The curable composition according to Claim 6 or 7,
wherein the N-alkyl (meth)acrylamide derivative is N-

isopropyl acrylamide.

9. The curable composition according to Claim 5,
wherein G is a copolymer comprising N-isopropyl
acrylamide, diacetone acrylamide and acrylic acid, and/or
a copolymer comprising N-isopropyl acrylamide, acrylamide

and acrylic acid.

10. The curable composition according to any one of
Claims 1 to 9, which further contains (H) a granular

material, and (H) 1s insoluble in (A) to (G).

11. The curable composition according to Claim 10,
wherein (H) is at least one member selected from the
group consisting of crosslinked polymethyl methacrylate
particles, cross-linked polystyrene particles and

spherical silica particles.
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m xture. 18. An adhesive made of the curable conposition as defined in any
one of Clainms 1 to 16. 19. A structure tenporarily fixed by neans of the
curabl e conposition as defined in any one of lains 1 to 16. 20. A nethod
for tenporarily fixing a nmenber, which conprises tenporarily fixing the
menber by nmeans of the curable conposition as defined in daim13 or 14,

at a tenperature of from-10C to 40Cg221. A nethod for tenporarily fixing
a nmenber, which conprises tenporarily fixing the nmenber by neans of the
curabl e conposition as defined in any one of Clainms 1 to 16, processing

t he tenpotari I'Shd imht@rrb@mpoamdibmmcsd:r@img]etqarmm@d crfenber in warm

wat er on130 to 90C, re y to renmove_a cured resin he curabl e
Corpos: 1i GHE.L i Bl flod "TAETY GHIBF SR F yE 1S oM Sabor di ng. & o
Aaim21 mél\é’\@rceﬂ N8 Subshr at @cl Ssupedt & opy tigsgorer i {yy) , fivdn@ .the menber,
and the cured resin remains on the substrate when the cured resin is
removed. 23.20MR&GRS RYd "BGE Pénpor arRRyE FPRi hgt Eherfbérrddcdivding to Caim
22, wher ejdsd her synface roughness (Rvax) of the substrate on the side
faC|ng the curable conmposition is 84 from10 mto 50 mand is |arger by at
| east 10 mthan the surface roughness (RMax) of the nenber on the side

facing tr%%F“”fH@ %m&%&HOSIt%Bgs1tlon according to any one of

Claims 2 to 4, which comprises from 1 to 50 parts by mass
of (A), from 5 to 95 parts by mass of (B), from 0.1 to 10
parts by mass of (D), from 0.5 to 10 parts by mass of (E)
and from 0.1 to 10 parts by mass of (F).

14. The curable composition according to any one of
Claims 2 to 4 and 13, which comprises a first liquid
containing (A), (B) and (E}, and a second liquid
containing (A), (B) and (F), and either one or both of

the first and second liquids contain (D).

15. The curable composition according to any one of
Claims 5 to 9, which comprises 100 parts by mass in total
of (A) and (B), from 0.1 to 20 parts by mass of (C), from
0.1 to 20 parts by mass of (D), and from 0.001 to 10

parts by mass of (G).

16. The curable composition according to any one of
Claims 10 to 12, which further contains from 0.5 to 10

parts by mass of (H).

17. A process for producing the curable composition as
defined in any one of Claims 5 to 9 and 15, which

comprises preparing a mixture of (G) and (D), and then,
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adding and simultaneously mixing (A), (B) and (C) to the

above mixture.

18. An adhesive made of the curable composition as

defined in any one of Claims 1 to 16.

19. A structure temporarily fixed by means of the
curable composition as defined in any one of Claims 1 to

le6.

20. A method for temporarily fixing a member, which
comprises temporarily fixing the member by means of the
curable composition as defined in Claim 13 or 14, at a

temperature of from -10°C to 40°C.

21. A method for temporarily fixing a member, which
comprises temporarily fixing the member by means of the
curable composition as defined in any one of Claims 1 to
16, processing the temporarily fixed member, and
immersing the processed member in warm water of from 30
to 90°C, thereby to remove a cured resin of the curable

composition.

22. The method for temporarily fixing a member according
to Claim 21, wherein a substrate is used for temporarily
fixing the member, and the cured resin remains on the

substrate when the cured resin is removed.

23. The method for temporarily fixing a member according
to Claim 22, wherein the surface roughness (RMax) of the

substrate on the side facing the curable composition is
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from 10 um to 50 um and 1s larger by at least 10 um than
the surface roughness (RMax) of the member on the side

facing the curable composition.





