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(57) ABSTRACT 
This invention has its object to provide a curable resin 
compositions useful as contact adhesives With a prolonged 
tack retention period, Without affecting the ?nal bond 
strength. 
This invention is related to a A curable resin composition 
Which comprises (I) a reactive silicon group-containing 
polyether oligomer, (II) a copolymer comprising a molecular 
chain substantially composed of one or more acrylate ester 
monomer units and/or methacrylate ester monomer units and 
(III) an accelerator. 
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CURABLE RESIN COMPOSITION 

FIELD OF THE INVENTION 

[0001] The present invention relates to a curable resin 
composition useful as a contact adhesive. The term “contact 
adhesives” as used herein means an adhesive capable of 
adhesion under pressure after standing for a certain period of 
time following application thereof to an adherend. 

PRIOR ART 

[0002] The so-called solvent type adhesives comprising a 
natural rubber or a diene compound polymer such as syn 
thetic rubber, together With additives, such as a tacki?er 
resin, a plasticiZer and an antioxidant, as homogeneously 
dissolved in an organic solvent (the solid concentration 
being 20 to 35%) have so far been Widely used as contact 
adhesives. Since, hoWever, a large amount of an organic 
solvent is used in such solvent type adhesives, not only the 
cost of the solvent arises but also the organic solvent must 
be evaporated and removed, Which raises problems from the 
vieWpoint of Working environment, protection against disas 
ters and pollution. For solving such problems and providing 
adhesives comparable in performance to the conventional 
solvent type adhesives, solvent-free contact adhesives have 
been proposed in Which a modi?ed silicone polymer is used, 
as disclosed in Japanese Kokai Publication Hei-03-263478 
and Japanese Kokai Publication Hei-07-258535. 

[0003] HoWever, the contact adhesive in Which the modi 
?ed silicone polymer disclosed in Japanese Kokai Publica 
tion Hei-03-263478 is used has problems in that it takes a 
fairly long time for a sufficient eXtent of tack to enable 
lamination to develop and that it is poor in Workability 
because of its high viscosity. Japanese Kokai Publication 
Hei-07-258535 discloses a curable composition comprising 
a reactive silicon group-containing oXyalkylene polymer, an 
acrylic copolymer and a curing catalyst. HoWever, it does 
not disclose the introduction of a hydrocarbon group into 
such a reactive silicon group-containing oXyalkylene poly 
mer at a position close to the reactive silicon group. In 
Japanese Kokai Publication Hei-07-258535, it is proposed 
that a contact adhesive capable of developing tack in a short 
time, alloWing laminating over a long period and shoWing 
good Workability be prepared by the method disclosed 
therein. HoWever, the period during Which tack is retained is 
not longer than an hour, hence cannot be said to be suf?cient 
for Workers to effect lamination. The measures so far taken 
for prolonging the tack retention period comprise adjusting 
the cure rate by changing the catalyst species, increasing or 
decreasing the catalyst amount, and/or changing the terminal 
reactive silicon group content, among others. HoWever, the 
prior art measures have a problem in that When the tack 
retention period is prolonged by adjusting the cure rate, the 
?nal bond strength decreases accordingly. Thus, it is an 
object of the present invention to provide a curable resin 
composition With a prolonged tack retention period Without 
affecting the ?nal bond strength. 

SUMMARY OF THE INVENTION 

[0004] The present inventors made intensive investiga 
tions in an attempt to solve the problems mentioned above 
and, as a result, found that When an alkyl group is introduced 
into a reactive silicon group-containing polyether oligomer 
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at a position close to the reactive silicon group, the reactivity 
of the reactive silicon group is indirectly reduced and the 
tack retention period is prolonged Without affecting the ?nal 
bond strength. Based on this ?nding, the present invention 
has noW been completed. 

[0005] Thus, in a ?rst aspect thereof, the present invention 
relates to a curable resin composition 

[0006] Which comprises (I) a reactive silicon group 
containing polyether oligomer, (II) a copolymer 
comprising a molecular chain substantially com 
posed of one or more acrylate ester monomer units 
and/or methacrylate ester monomer units, and (III) 
an accelerator, 

[0007] said reactive silicon group-containing poly 
ether oligomer having, Within the molecule thereof, 
a partial structure represented by the general formula 
(1)1 

si(R“3,,)Xa (1) 
[0008] Wherein R1 represents a divalent organic group of 
1 to 20 carbon atoms containing at least one constituent 
element selected from the group consisting of hydrogen, 
oxygen and nitrogen, R2 represents an alkyl group of 1 to 10 
carbon atoms, R3 and R4 may be the same or different and 
each represents an alkyl group of 1 to 20 carbon atoms, an 
aryl group of 6 to 20 carbon atoms or an aralkyl group of 7 
to 20 carbon atoms or a triorganosiloXy group of the formula 
(R‘)3SiO—, in Which R‘ is a monovalent hydrocarbon group 
of 1 to 20 carbon atoms and the three R‘ groups may be the 
same or different and, Where there are tWo or more R3 or R4 

groups, they may be the same or different; X represents a 
hydroXyl group or a hydrolyZable group and, Where there are 
tWo or more X groups, they may be the same or different; a 
represents 0, 1, 2 or 3, b represents 0, 1 or 2, m represents 
an integer of 0 to 19, and the b’s in the m —(Si(R32_b)(Xb)— 
O)—groups maybe the same or different, provided that the 
condition a+Zb§1 is satis?ed. 

[0009] In a preferred embodiment, this invention is related 
to the above curable resin composition Wherein R1 in com 
ponent (I) is CH2 . 

[0010] In a further preferred embodiment, this invention is 
related to the above curable resin composition Wherein R2 in 
component (I) is CH3. 

[0011] In a further preferred embodiment, this invention is 
related to the above curable resin composition Wherein 
component (I) is a reactive silicon group-containing poly 
ether oligomer having a partial structure represented by the 
formula: 

[0012] In another preferred embodiment, this invention is 
related to the above curable resin composition 

[0013] Wherein component (I) is a reactive silicon 
group-containing polyether oligomer obtainable by 
reacting a polyether oligomer having an unsaturated 
bond introduced therein of the general formula (2): 

[0014] Wherein R1 is as de?ned above, With a reactive 
silicon group-containing compound represented by the gen 
eral formula (3): 
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H—(5i (R3243)(XQOBSKRQQXQ (3) 
[0015] wherein R3, R“, a, b, m and X are as de?ned above, 
in an oxygen-containing atmosphere in the presence of a 
catalyst and a sulfur compound. 

[0016] In a further preferred embodiment, this invention is 
related to the above curable resin composition 

[0017] Wherein component (I) is a reactive silicon 
group-containing polyether oligomer having a partial 
structure represented by the formula: 

[0018] as obtainable by reacting a polyether oligomer 
having an unsaturated bond introduced therein of the for 
mula: 

[0019] With a reactive silicon group-containing compound 
of the formula: 

[0020] in an oxygen-containing atmosphere in the pres 
ence of a catalyst and a sulfur compound. 

[0021] In another preferred embodiment, this invention is 
related to the above curable resin composition 

[0022] Wherein component (II) is a copolymer com 
prising a molecular chain substantially composed of 
(a) acrylic and/or methacrylic ester monomer units 
having a hydrocarbon group of 1 to 8 carbon atoms 
and (b) acrylic and/or methacrylic ester monomer 
units having a hydrocarbon group of 10 or more 
carbon atoms. 

[0023] In a further preferred embodiment, this invention is 
related to the above curable resin composition Wherein 
component (II) is a copolymer having a silicon group 
crosslinkable under siloXane bond formation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] In the folloWing, the present invention is described 
in detail. The reactive silicon group-containing polyether 
oligomer to be used as component (I) according to the 
present invention may be any polyether-based oligomer 
comprising a polyether as its main chain and, on a side chain 
or at a terminal, at least one structure represented by the 
general formula (1): 

si(R“3,,)Xa (1) 
[0025] Wherein R1 represents a divalent organic group of 
1 to 20 carbon atoms containing at least one constituent 
element selected from the group consisting of hydrogen, 
oXygen and nitrogen, R2 represents an alkyl group of 1 to 10 
carbon atoms, R3 or R4 may be the same or different and 
each represents an alkyl group of 1 to 20 carbon atoms, an 
aryl group of 6 to 20 carbon atoms or an aralkyl group of 7 
to 20 carbon atoms or a triorganosiloXy group of the formula 
(R‘)3SiO—, in Which R‘ is a monovalent hydrocarbon group 
of 1 to 20 carbon atoms and the three R‘ groups may be the 
same or different, and Where there are tWo or more R3 or R4 

groups, they may be the same or different; X represents a 
hydroXyl group or a hydrolyZable group and, Where there are 
tWo or more X groups, they may be the same or different; a 
represents 0, 1, 2 or 3, b represents 0, 1 or 2, and the b’s in 
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the m—(Si(R32_b)(Xb)—O)—groups may be the same or 
different, provided that the condition a+Zb§1 is satis?ed. 

[0026] R1, Which is a divalent organic group of 1 to 20 
carbon atoms containing at least one constituent element 
selected from the group consisting of hydrogen, oXygen and 

—C(O)—O—CH2—, —C(O)—O—C6H4— and like 
groups. Among these, —CH2—, —C2H4—, —CH2— 
CH(CH3)—, —C(O)— and —C(O)—NH— are preferred 
because of ease of synthesis and —CH2— is most preferred 
because of ready raW material availability. 

[0027] As speci?c eXamples of R2, there may be men 
tioned, among others, alkyl groups such as methyl, ethyl and 
propyl, and cycloalkyl groups such as cycloheXyl. Among 
them, methyl is particularly preferred. 

[0028] As speci?c examples of R3 and R4, there may be 
mentioned alkyl groups such as methyl and ethyl, cycloalkyl 
groups such as cycloheXyl, aryl groups such as phenyl, 
aralkyl groups such as benZyl, and triorganosiloXy groups of 
the formula (R‘)3SiO— in Which R‘ is methyl or phenyl, for 
instance. Methyl is most preferred as R3, R4 or R‘. 

[0029] Among the groups represented by X, the hydro 
lyZable group is not particularly restricted but may be any of 
the so far knoWn hydrolyZable groups. Speci?cally, there 
may be mentioned, among others, a hydrogen or halogen 
atom, and an alkoXy, acyloXy, ketoXimate, amino, amido, 
acid amido, amino-oXy, mercapto or alkenyloXy group. 
Among these, alkoXy groups such as methoXy, ethoXy, 
propoXy and isopropoXy are preferred because of their mild 
hydrolyZability and ease of handling thereof. 

[0030] One to three hydroXyl and/or hydrolyZable groups 
may be bound to one silicon atom and the sum (a+Zb) is 
preferably equal to 1 to 5. When a reactive silicon group has 
tWo or more hydroXyl and/or hydrolyZable groups, the tWo 
or more groups may be the same or different. 

[0031] The number of silicon atoms in each reactive 
silicon group may be 1 or 2 or more and, in the case of a 
reactive silicon group including silicon atoms bound 
together via siloXane bonding, for instance, the number of 
silicon atoms may be up to about 20. 

[0032] Areactive silicon group represented by the folloW 
ing general formula (5): 

[0033] Wherein R“, X and a are as de?ned above, is 
preferred because of its ready availability. 

[0034] It is more preferred that R4 be methyl, X be 
methoXy and a be 2 or 3. 

[0035] Ten molecular chain terminals of the polyether 
oligomer preferably have, on an average, at least one, more 
preferably 0. 5 to 5 from the vieWpoint of curability, still 
more preferably 0.8 to 2 reactive silicon groups. It is 
particularly preferred that the number of reactive silicon 
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groups per terminal be 0.9 to 1, since, then, cured products 
showing good rubber elasticity behavior can be obtained. 

[0036] The average number of reactive silicon groups per 
polymer molecule maybe one or more. For securing suf? 
cient curability, hoWever, said average number is preferably 
1.5 to 4. 

[0037] The reactive silicon group-containing polyether 
oligomer, namely component (I), may comprise one single 
species or a combination of tWo or more different species. 

[0038] Speci?cally, it is preferred that component (I) be a 
reactive silicon group-containing polyether oligomer having 
a partial structure represented by the formula: 

[0039] Although the molecular Weight of the reactive 
silicon group-containing polyether oligomer, namely com 
ponent (I), is not restricted, a number average molecular 
Weight of 1,000 to 100,000 is preferred. When the number 
average molecular Weight is less than 1,000, the reactive 
silicon group-containing polyether oligomer Will give brittle 
cured products. When said molecular Weight exceeds 100, 
000, the functional group concentration becomes too loW, 
Which results in a decreased rate of curing, and at the same 
time, the viscosity of the polymer becomes excessively high, 
Which renders handling of the polymer dif?cult. For attain 
ing desirable mechanical properties, a number average 
molecular Weight of 10,000 to 50,000 is especially pre 
ferred. 

[0040] The “number average molecular Weight of the 
polyether oligomer” is herein de?ned as the number average 
molecular Weight determined by directly determining the 
terminal group concentrations through hydroxyl value deter 
mination according to JIS K 1557 and titrimetric analysis 
based on the principle of iodine value determination as 
described in JIS K 0070 and making a calculation With the 
structure of the polyether oligomer taken into consideration. 
It is also possible, by constructing a Working curve for the 
relation betWeen the polystyrene-equivalent molecular 
Weight determined by GPC, Which is a generaliZed method 
for relative number average molecular Weight determina 
tion, and the above terminal group-based molecular Weight, 
to determine the number average molecular Weight in ques 
tion by converting the molecular Weight obtained by GPC to 
the corresponding terminal group-based molecular Weight. 

[0041] The main chain structure of the component (I) 
polyether oligomer has, as a repeating unit, a structure 
represented by —R—O— (in Which R is a divalent organic 
group of 1 to 20 carbon atoms containing at least one 
constituent atom selected from the group consisting of 
hydrogen, oxygen and nitrogen atoms). Said oligomer may 
be a homopolymer in Which all repeating units are the same 
or a copolymer including tWo or more repeating unit species. 
The main chain may have a branched structure. 

[0042] As speci?c examples of R, there maybe mentioned 
—CH2CH2—, —CH(CH3)CH2—, —CH(C2H5)CH2—, 
—C(CH3)2CH2—, —CH2CH2CH2CH2— and the like, 
among Which —CH(CH3)CH2— is particularly preferred. 

[0043] For obtaining component (I) to be used according 
to the present invention, a polyether obtained by subjecting 
a substituted or unsubstituted epoxy compound containing 2 
to 12 carbon atoms, for example an alkylene oxide, speci? 
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cally ethylene oxide, propylene oxide, ot-butylene oxide, 
[3-butylene oxide, hexene oxide, cyclohexene oxide, styrene 
oxide, ot-methylstyrene oxide, or an alkyl, allyl or aryl 
glycidyl ether, speci?cally methyl glycidyl ether, ethyl gly 
cidyl ether, isopropyl glycidyl ether, butyl glycidyl ether, 
allyl glycidyl ether or phenyl glycidyl ether, to ring opening 
polymeriZation in the presence of a dihydric or polyhydric 
alcohol or a hydroxyl-containing oligomer, such as ethylene 
glycol, propylene glycol, butanediol, hexamethylene glycol, 
methallyl alcohol, hydrogenated bisphenol A, neopentyl 
glycol, polybutadiene diol, diethylene glycol, triethylene 
glycol, polyethylene glycol, polypropylene glycol, polypro 
pylene triol, polypropylene tetraol, dipropylene glycol, glyc 
erol, trimethylolmethane, trimethylolpropane or pentaeryth 
ritol, as an initiator and in the presence of a catalyst can be 
used. Usable as the catalyst for this polymeriZation are alkali 
catalysts such as KOH and NaOH, acidic catalysts such as 
tri?uoroborane etherate, aluminoporphyrin-metal complex 
catalysts, cobalt Zinc cyanide-glyme complex catalysts, like 
double metal cyanide complex catalysts and other catalysts 
already knoWn for such polymeriZation. While the use of a 
double metal cyanide complex catalyst is preferred because 
of causing little side reactions, any other catalysts may also 
be employed. 

[0044] Further, the main chain skeleton of the polyether 
oligomer can also be obtained by chain extension of a 
hydroxyl-terminated polyether oligomer With a bifunctional 
or multifunctional alkyl halide, such as CHZCI2 or CH2Br2, 
in the presence of a basic compound such as KOH, NaOH, 
KOCH3 or NaOCH3. 

[0045] For producing component (I) from such a 
hydroxyl-containing polyether oligomer, any of knoWn 
methods may be employed, for example the method com 
prising introducing an unsaturated bond into a hydroxyl 
containing polyether oligomer and then reacting the product 
With a reactive silicon group-containing compound. 

[0046] The method of introducing an unsaturated bond 
into a hydroxyl-containing polyether oligomer may com 
prise ether bond, ester bond, urethane bond, carbonate bond 
or like bond formation. In the case of unsaturated group 
introduction through ether bond formation, for instance, the 
hydroxyl group of the polyether oligomer is converted to the 
metaloxy form —OM (M being Na or K), folloWed by 
reacting With an organohalogen compound represented by 
the general formula (6): 

H2C=C(R2)—R1—Y (6) 
[0047] Wherein R1 is a divalent organic group of 1 to 20 
carbon atoms containing at least one constituent atom 
selected from the group consisting of hydrogen, oxygen and 
nitrogen atoms, R2is an alkyl group of 1 to 10 carbon atoms 
and Y is a halogen atom) to give an unsaturated group 
containing polyether. As speci?c examples of the unsatur 
ated group-containing compound of general formula (6), 
there may be mentioned H2C=C(CH3)—CH2—Cl, H2C= 
C(CH3)—CH2—Br and the like, among Which H2C= 
C(CH3)—CH2—Cl is particularly preferred from the vieW 
point of reactivity, raW material availability and ease of 
synthesis. 
[0048] It is also possible to effect unsaturated group intro 
duction using an isocyanate compound, carboxylic acid or 
epoxy compound having a H2C=C(CH3)—CH2— or like 
group. 
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[0049] The reaction of the unsaturated bond-containing 
polyether oligomer With the reactive silicon group-contain 
ing compound can be carried out, for example, in the manner 
of hydrosilylation in the presence of a catalyst. 

[0050] The reactive silicon group-containing compound to 
be used in this hydrosilylation reaction may have, Within its 
molecule, one or more silicon groups With said hydroxyl 
and/or hydrolyZable group being bound thereto, and one or 
more Si—H groups Within its molecule. Typical examples 
are represented by the general formula (3): 

[0051] Wherein R3, R4, a, b, m and X are as de?ned above 
referring to general formula (1) given above. 

[0052] Speci?cally, there may be mentioned halogenated 
silanes such as trichlorosilane, methyldichlorosilane, dim 
ethylchlorosilane, phenyldichlorosilane, trimethylsiloxym 
ethylchlorosilane and 1,1,3,3-tetramethyl-1-bromodisilox 
ane; alkoxysilanes such as trimethoxysilane, triethoxysilane, 
methyldiethoxysilane, methyldimethoxysilane, phe 
nyldimethoxysilane, trimethylsiloxymethylmethoxysilane 
and trimethylsiloxydiethoxysilane; acyloxysilanes such as 
methyldiacetoxysilane, phenyldiacetoxysilane, triacetoxysi 
lane, trimethylsiloxymethylacetoxysilane and trimethylsi 
loxydiacetoxysilane; ketoximatesilanes such as bis(dimeth 
ylketoximate)methylsilane, 
bis(cyclohexylketoximate)methylsilane, bis(diethylketoxi 
mate)trimethylsiloxysilane, bis(methylethylketoximate)m 
ethylsilane and tris(acetoximate)silane; alkenyloxysilanes 
such as methylisopropenyloxysilane; and so forth. Among 
these, alkoxysilanes are especially preferred and, among 
alkoxy groups, methoxy is particularly preferred. 

[0053] Reactive silicon group-containing compounds rep 
resented by the general formula (7): 

[0054] Wherein R4, X and a are as de?ned above, are 
preferred because of their ready availability. 

[0055] As speci?c examples of R3 and R4 in the above 
general formulas (3) and (7), there may be mentioned, 
among others, alkyl groups such as methyl and ethyl, 
cycloalkyl groups such as cyclohexyl, aryl groups such as 
phenyl, aralkyl groups such as benZyl, and triorganosiloxy 
groups of the formulas (R‘)3SiO— in Which R‘ is methyl or 
phenyl, for instance. Methyl is particularly preferred as R3’ 
R4 and/or R‘. 

[0056] In a preferred embodiment of the above hydrosi 
lylation reaction, a polyether oligomer, introduced an unsat 
urated bond therein and represented by the general formula 
(2): 

—O-R1—C(CH3)=CH2 (2) 

[0057] Wherein R1 is as de?ned above, is reacted With a 
reactive silicon group-containing compound represented by 
the general formula (3): 

[0058] Wherein R3, R4, a, b, m and X are as de?ned above 
referring to general formula (1) given above, in an oxygen 
containing atmosphere in the presence of a catalyst and a 
sulfur compound to give a reactive silicon group-containing 
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polyether oligomer, Which is a preferred one. More preferred 
is a polyether oligomer having a structure represented by the 
formula: 

[0059] as obtained by reacting a polyether oligomer, intro 
duced an unsaturated bond therein and represented by the 
formula: 

[0060] With a reactive silicon group-containing compound 
of the formula: 

[0061] in an oxygen-containing atmosphere in the pres 
ence of a catalyst and a sulfur compound. 

[0062] Effective as the catalyst for the hydrosilylation 
reaction betWeen the polyether oligomer With an unsaturated 
bond introduced therein and the reactive silicon group 
containing compound are metal complex catalysts in Which 
the metal is selected from among group VIII transition metal 
elements such as platinum, rhodium, cobalt, palladium and 
nickel. Usable are, for instance, H2PtCl6.6H2O, platinum 
vinylsiloxane complexes, platinum-ole?n complexes, Pt 
metal, RhCl(PPh3)3, RhCl3, Rh/Al2O3, RuCl3, IrCl3, FeCl3, 
PdCl2.2H2O, NiCl2 and like compounds. From the vieW 
point of reactivity in hydrosilylation, either platinum-vinyl 
siloxane complexes or platinum-ole?n complexes are espe 
cially preferred. The term “platinum-vinylsiloxane 
complexes” as used herein collectively refers to those com 
pounds containing a platinum atom and a siloxane, polysi 
loxane or cyclic siloxane having a vinyl group Within its 
molecule as a ligand to the platinum atom. As speci?c 
examples of the ligand, there may be mentioned 1,1,3,3 
tetramethyl-1,3-divinyldisiloxane (platinum-divinylsiloxane 
complex) and 1,3,5 ,7-tetravinyl-1,3,5,7-tetramethylcyclotet 
rasiloxane. As speci?c examples of the ole?n ligand in the 
platinum-ole?n complexes, there may be mentioned 1,5 
hexadiene, 1,7-octadiene, 1,9-decadiene, 1,11-dodecadiene 
and 1,5-cyclooctadiene. Among such ligands, 1,9-decadiene 
is particularly preferred. 

[0063] Such platinum-vinylsiloxane complexes and plati 
num-ole?n complexes are disclosed in Japanese Kokoku 
Publication Hei-08-9006. 

[0064] In addition to those mentioned above, AlCl3, TiCl4 
and the like may also be used as hydrosilylation catalysts. 

[0065] Although the amount of the catalyst is not 
restricted, it is generally preferred that the platinum catalyst 
be used in an amount of 10'1 to 10'8 mole, more preferably 
10-3 to 10-6 mole, per mole of the alkenyl group. When the 
amount of the catalyst is beloW the range mentioned above, 
the hydrosilylation reaction may fail to proceed to a suf? 
cient extent. When the catalyst amount is excessive, prob 
lems may arise, namely the consumption of the catalyst may 
result in an increase in production cost and the residual 
catalyst amount in the product may increase. 

[0066] The hydrosilylation reaction in the practice of the 
present invention is carried out generally at a temperature 
Within the range of 10 to 150° C., preferably 20 to 120° C., 
more preferably 40 to 100° C. The hydrosilylation reaction 
can be carried out in the absence or presence of a solvent 
according to the necessity of reaction temperature adjust 
ment and/or reaction system viscosity adjustment, among 
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others. Generally, hydrocarbons, halogenated hydrocarbons, 
ethers and esters can be used as the solvent in the hydrosi 
lylation reaction. Preferred among them are heptane, hex 
ane, benZene, toluene, xylene, tetrahydrofuran and methyl 
ene chloride. In certain instances, a plasticiZer or the like 
Which does not affect the hydrosilylation reaction, for 
example a paraf?n or ot-methylstyrene oligomer, can also be 
used. 

[0067] For promoting the hydrosilylation reaction, cata 
lyst reactivation using oxygen (Japanese Kokai Publication 
Hei-08-283339) and addition of a sulfur compound are 
preferred. The addition of a sulfur compound contributes to 
reduce the production time Without causing such problems 
as an increase in production cost as otherWise resulting from 
the use of an increased amount of the expensive platinum 
catalyst or necessity of removing the residual catalyst and 
thus contributes to increase the productivity. The sulfur 
compound includes, but is not limited to, elemental sulfur, 
thiols, sul?des, sulfoxides, sulfones and thioketones. Among 
them, sulfur is especially preferred. In adding a sulfur 
compound to the liquid reaction system, the sulfur com 
pound is dissolved and mixed in advance With a portion of 
the reaction mixture or solvent, for instance. Then, the 
solution can be homogeneously dispersed in the Whole 
reaction mixture. Thus, for example, the sulfur compound 
can be added folloWing dissolution thereof in an organic 
solvent such as toluene, hexane or xylene. 

[0068] The addition amount of the sulfur compound can 
be selected, for example, Within the range of 0.1 to 10 moles 
per mole of the metal catalyst or of 0.002 to 0.1 mole per 
mole of the alkenyl group, or of 1 to 500 ppm on the Whole 
reaction mixture Weight basis. When the addition amount is 
too loW, the effects of the present invention may not be fully 
produced in certain instances. When it is excessively high, 
the sulfur compound may reduce the catalyst activity or 
inhibit the reaction as the case may be. It is thus desirable to 
adequately select the addition amount. 

[0069] In the hydrosilylation reaction in the production 
process according to the invention, the gaseous phase in the 
reactor may comprise an inert gas (e.g. nitrogen or helium) 
alone or oxygen or another gas. From the vieWpoint of safety 
in handling in?ammable gases, the hydrosilylation reaction 
may be carried out in the presence of an inert gas, such as 
nitrogen or helium, in the gaseous phase in the reactor. When 
the reaction is carried out in the presence of an inert gas in 
the gaseous phase in the reactor, hoWever, the rate of 
reaction may decrease depending on the conditions of the 
hydrosilylation reaction system. 

[0070] In the hydrosilylation reaction in the production 
process according to the invention, the hydrosilylation reac 
tion can be safely promoted in the presence of oxygen by 
selecting the oxygen concentration in the gaseous phase in 
the reactor at an amount such that the formation of an 
explosive mixture composition can be avoided. The oxygen 
concentration in the gaseous phase in the reactor may be 0.5 
to 10%, for instance. 

[0071] For preventing the polyether oligomer, reaction 
solvent and/or plasticiZer in the system, among others, from 
being oxidiZed by oxygen, the hydrosilylation reaction may 
be carried out in the presence of an antioxidant. Usable as 
the antioxidant are phenolic antioxidants having a radical 
chain inhibitor function, for example, 2,6-di-tert-butyl-p 
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cresol, 2,6-di-tert-butylphenol, 2,4-dimethyl-6-tert-bu 
tylphenol, 2,2‘-methylenebis(4-methyl-6-tert-butylphenol), 
4,4‘-butylidenebis(3-methyl-6-tert-butylphenol), 4,4‘-thio 
bis(3-methyl-6-tert-butylphenol), tetrakis[methylene-3-(3, 
5-di-tert-butyl-4-hydroxyphenyl)propionato]methane, 1,1, 
3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)butane and 
the like. Amine type antioxidants such as phenyl-[3-naph 
thylamine, ot-naphthylamine, N,N‘-di-sec-butyl-p-phe 
nylenediamine, phenothiaZine and N,N‘-diphenyl-p-phe 
nylenediamine may also be used as like radical chain 
inhibitors. The antioxidant is not limited to those mentioned 
above, hoWever. 

[0072] Further, in the practice of the present invention, the 
hydrolyZable group X in the silyl group obtained may be 
converted to another hydrolyZable group Y. Particularly 
When the group X is a halogen atom, a hydrogen halide 
having a strong irritating odor is generated in the step of 
curing by moisture, so that said group is preferably con 
verted to another hydrolyZable group. The hydrolyZable 
functional group, Which is the target of conversion, includes 
alkoxy, acyloxy, ketoximate, amido, acid amido, aminoxy, 
mercapto and like groups. Various methods are available for 
converting a halogen functional group to such hydrolyZable 
functional groups. For conversion to an alkoxy group, for 
instance, there may speci?cally be mentioned the method 
comprising reacting the halogen functional group With (1) an 
alcohol or phenol, such as methanol, ethanol, 2-methoxy 
ethanol, sec-butanol, tert-butanol and phenol, (2) the 
sodium, potassium or lithium alkoxide or phenoxide or the 
like of an alcohol or phenol, (3) an orthoformate ester such 
as methyl orthoformate and ethyl orthoformate or (4) an 
epoxy compound such as ethylene oxide, propylene oxide 
and allyl glycidyl ether, among others. Particularly When a 
reaction system comprising a combination of (1) and (3), 
namely an alcohol or phenol and an orthoformate ester, or a 
reaction system comprising a combination of (1) and (4), 
namely an alcohol or phenol and an epoxy compound, is 
used, the reaction can be carried out With ease and favorable 
results can be obtained. For conversion to an acyloxy group, 
there may speci?cally be mentioned the method comprising 
reacting the halogen functional group With (1) a carboxylic 
acid such as acetic acid and propionic acid, (2) an acid 
anhydride such as acetic anhydride, or (3) the sodium, 
potassium or lithium salt of a carboxylic acid, among others. 
For conversion to an aminoxy group, there may speci?cally 
be mentioned the method comprising reacting the halogen 
functional group With (1) a hydroxylamine such as N,N 
dimethylhydroxylamine, N,N-diethylhydroxylamine, N,N 
methylphenylhydroxylamine and N-hydroxypyrrolidine or 
(2) the sodium, potassium or lithium salt of a hydroxy 
lamine, among others. For conversion to an amido group, 
there may speci?cally be mentioned the method comprising 
reacting the halogen functional group With (1) a primary or 
secondary amine such as N,N-dimethylamine, N,N-diethy 
lamine, N-methylphenylamine and pyrrolidine or (2) the 
sodium, potassium or lithium salt of a primary or secondary 
amine, among others. For conversion to an acid amide, there 
may speci?cally be mentioned the method comprising react 
ing the halogen functional group With (1) an acid amide 
having at least one hydrogen atom on the nitrogen atom, 
such as acetamide, formamide or propionamide, or (2) the 
sodium, potassium or lithium salt of such acid amide, for 
instance. By using a reaction system in Which a ketoxime 
such as acetoxime or methyl ethyl ketoxime or a mercaptan 
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such as N-octylmercaptan and t-butylmercaptan is combined 
With an orthoformate ester or an epoxy compound, partial 
conversion to the corresponding ketoximate or mercapto 
group can be effected, With the remaining groups being 
converted to the corresponding orthoformate ester- or epoxy 
compound-derived alkoxyl groups. Conversion to another 
hydrolyZable functional group is applicable not only to the 
case of halogen functional groups as mentioned above but 
also to various other hydrolyZable functional groups. 

[0073] Referring to the copolymer having a molecular 
chain substantially composed of one or more acrylic and/or 
methacrylic ester monomer unit species, namely component 
(II) to be used according to the present invention (hereinafter 
such copolymer is referred to as copolymer (II)), the acrylic 
ester monomer unit species includes a Wide variety of those 
knoWn in the art as derived, for example, from methyl 
acrylate, ethyl acrylate, n-propyl acrylate, n-butyl acrylate, 
isobutyl acrylate, t-butyl acrylate, n-hexyl acrylate, 2-ethyl 
hexyl acrylate, decyl acrylate, undecyl acrylate, lauryl acry 
late, tridecyl acrylate, myristyl acrylate, cetyl acrylate, 
stearyl acrylate, bephenyl acrylate and biphenyl acrylate. 
The methacrylic ester monomer unit species includes a Wide 
variety of those knoWn in the art as derived, for example, 
from methyl methacrylate, ethyl methacrylate, n-propyl 
methacrylate, n-butyl methacrylate, isobutyl methacrylate, 
t-butyl methacrylate, n-hexyl methacrylate, 2-ethylhexyl 
methacrylate, decyl methacrylate, undecyl methacrylate, 
lauryl methacrylate, tridecyl methacrylate, myristyl meth 
acrylate, cetyl methacrylate, stearyl methacrylate, behenyl 
methacrylate and biphenyl methacrylate. 
[0074] The molecular chain of copolymer (II) is substan 
tially composed of one or more acrylic and/or methacrylic 
ester monomer unit species. The phrase “substantially com 
posed of such monomer unit species” means that the acrylic 
and/or methacrylic ester monomer unit species occurring in 
copolymer (II) account for more than 50%, preferably not 
less than 70%, of all the monomer units occurring therein. 

[0075] Among various combinations of these monomers, 
a copolymer (hereinafter, copolymer (II)-a) having a 
molecular chain substantially composed of (a) acrylic and/or 
methacrylic ester monomer units having a hydrocarbon 
group of 1 to 8 carbon atoms and (b) acrylic and/or meth 
acrylic ester monomer units having a hydrocarbon group of 
10 or more carbon atoms is preferred from the vieWpoint of 
compatibility and stability. The monomer unit species (a), 
namely an acrylic and/or methacrylic ester monomer unit 
species having a hydrocarbon group of 1 to 8 carbon atoms, 
in said copolymer is represented by the general formula (8): 

CH2=C(R5)COOR6 (s) 
[0076] Wherein R5 represents a hydrogen atom or a methyl 
group and R6 represents a hydrocarbon group of 1 to 8 
carbon atoms. 

[0077] As R6 in the above general formula (8), there may 
be mentioned alkyl groups containing 1 to 8 carbon atoms, 
such as methyl, ethyl, propyl, n-butyl, t-butyl and2-ethyl 
hexyl, among Which those containing 1 to 4 are preferred 
and those containing 1 or 2 carbon atoms are more preferred. 
The monomer represented by general formula (8) may 
comprise one single species or tWo or more species. 

[0078] The acrylic and/or methacrylic ester unit species 
having a hydrocarbon group of 10 or more carbon atoms, 
Which forms monomer units (b), is represented by the 
general formula (9): 
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[0079] Wherein R5 is as de?ned above and R7 represents a 
hydrocarbon group of 10 or more carbon atoms. 

[0080] As R7 in the above general formula (9), there may 
be mentioned, among others, long chain alkyl groups con 
taining 10 or more carbon atoms, generally 10 to 30, 
preferably 10 to 20 carbon atoms, such as lauryl, tridecyl, 
cetyl, stearyl and groups containing 22 carbon atoms, as Well 
as biphenyl groups. The monomer represented by general 
formula (9) may comprise a single species or a combination 
of monomers having, for example, hydrocarbon groups of 
12 and 13 carbon atoms, respectively. 

[0081] The molecular chain of copolymer (II)-a is sub 

stantially composed of monomer unit species (a) and The phrase “substantially composed of monomer unit spe 

cies (a) and (b)” means that the monomer unit species (a) 
and (b) occurring in copolymer (II)-a account for more than 
50%, preferably not less than 70%, of all the monomer units 
occurring therein. When the content of the monomer units 
(a) and (b) is less than 50%, the compatibility of polyether 
oligomer (I) With copolymer (II)-a Will be poor and there is 
a tendency toWard turbidity and, at the same time, the 
adhesion characteristics tend to loWer. 

[0082] The ratio betWeen monomer units (a) and monomer 
units (b) is preferably 95:5 to 40:60 by Weight, more 
preferably 90:10 to 60:40 by Weight. When the above ratio 
is higher than 95:5, the compatibility Will become decreased. 
A ratio loWer than 40:60 Will be disadvantageous from the 
cost vieWpoint. 

[0083] Copolymer (II) may additionally contain another 
monomer unit species copolymeriZable With the acrylic 
and/or methacrylic ester monomer unit species. As the other 
monomer unit species, there maybe mentioned, for example, 
monomer units derived from acrylic acids such as acrylic 
acid and methacrylic acid; amido group-containing mono 
mers such as acrylamide, methacrylamide, N-methylolacry 
lamide and N-methylolmethacrylamide, epoxy group-con 
taining monomers such as glycidyl acrylate and glycidyl 
methacrylate, and amino group-containing monomers such 
as diethylaminoethyl acrylate, diethylaminoethyl methacry 
late and aminoethyl vinyl ether; and, further, acrylonitrile, 
styrene, ot-methylstyrene, alkyl vinyl ethers, vinyl chloride, 
vinyl acetate, vinyl propionate, ethylene and so forth. 

[0084] From the vieWpoint of contact adhesiveness, 
copolymer (II) preferably has a relatively high softening 
point, preferably a softening point not loWer than 0° C., 
more preferably not loWer than 20° C. When copolymer (II) 
has a loW softening point, it is also possible to use a tacki?er 
resin for improving the contact adhesiveness. 

[0085] While the molecular Weight of the copolymer (II) 
component is not restricted, a number average molecular 
Weight of 500 to 100,000 as expressed in terms of polysty 
rene equivalent in GPC is preferred. A number average 
molecular Weight of 1,000 to 10,000 is more preferred from 
the vieWpoint of ease of handling, for instance. 

[0086] Copolymer (II) can be prepared by a conventional 
method of vinyl polymeriZation. The method of obtaining it 
includes, but is not particularly limited to, solution and bulk 
polymeriZation methods utiliZing a radical reaction. After 
adding the monomers mentioned above, a radical initiator, a 
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chain transfer agent and a solvent, for instance, the reaction 
is carried out generally at 50 to 150° C. 

[0087] As examples of the radical initiator mentioned 
above, there may be mentioned aZobisisobutyronitrile, ben 
Zoyl peroxide and the like and, as examples of the chain 
transfer agent, there may be mentioned mercaptans, such as 
n-dodecylmercaptan, tert-dodecylmercaptan and laurylmer 
captan, and halogen-containing compounds. Preferred for 
use as the solvent are, for example, ethers, hydrocarbons, 
esters and like nonreactive solvents. 

[0088] From the vieWpoint of contact adhesiveness and 
?nal bond strength, it is preferred that copolymer (II) have 
a silicon-containing group crosslinkable under siloxane 
bond formation (hereinafter, such silicon-containing group 
is referred to as “reactive silicon group”). 

[0089] Various methods are available for introducing a 
reactive silicon group into copolymer (II). For example, 
there may be mentioned (A) the method comprising copo 
lymeriZing a polymeriZable unsaturated bond- and reactive 
silicon group-containing compound With monomers (a) and 
(b), (B) the method comprising copolymeriZing a polymer 
iZable unsaturated bond—and reactive functional group 
(hereinafter referred to as group Y)—containing compound 
(eg acrylic acid) With monomers (a) and (b) and then 
reacting the resulting copolymer With a compound having a 
reactive silicon group and a functional group (hereinafter 
referred to as group Y) reactive With group Y (eg an 
isocyanato- and —Si(OCH3)3—containing compound), (C) 
the method comprising copolymeriZing monomers (a) and 
(b) in the presence of a reactive silicon group-containing 
mercaptan as a chain transfer agent, (D) the method com 
prising copolymeriZing monomers (a) and (b) using a reac 
tive silicon group-containing aZobisnitrile compound or 
disul?de compound as an initiator, and the method 
comprising polymeriZing monomers (a) and (b) in the man 
ner of living radical polymeriZation and introducing a reac 
tive silicon group into the polymer at molecular terminals 
thereof, Without any particular restriction thereto. It is also 
possible to employ any arbitrary combination of methods 
(A) to For example, methods (A) and (C) may be 
combined: thus, it is possible to employ the method com 
prising copolymeriZing a polymeriZable unsaturated bond 
and reactive silicon group-containing compound With mono 
mers (a) and (b) in the presence of a reactive silicon 
group-containing mercaptan as a chain transfer agent. 

[0090] The polymeriZable unsaturated bond- and reactive 
silicon group-containing compound referred to above under 
(A) is represented by the general formula (10): 

CH2=C(R5)COOR8-[5i(R22.b)(XQOIESKRZQXQ (10) 

[0091] Wherein Rsis as de?ned above, R8 represents a 
divalent alkylene group of 1 to 6 carbon atoms With R3, R“, 
X, a, b and m are as de?ned above, or the general formula 

(11): 
CH2=C(R5)_[Si(R327b)(Xb)O]mSi(R43*a)X1 (11) 

[0092] Wherein R3, R4, R5’ X, a, b and m are as de?ned 
above. 

[0093] As the group R8 in the above general formula (10), 
there may be mentioned ones having 1 to 6 carbon atoms, 
preferably ones having 1 to 4 carbon atoms, such as meth 
ylene, ethylene and propylene. 
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[0094] As speci?c examples of the hydrolyZable group X 
in formula (10) or (11), there may be mentioned, among 
others, halogen atoms, a hydrogen atom, alkoxy groups, 
acyloxy groups, ketoximate groups, amino groups, amido 
groups, aminoxy groups, mercapto groups, alkenyloxy 
groups and the like. Among them, alkoxy groups, such as 
methoxy and ethoxy, are preferred because of their mild 
hydrolyZability. The monomer represented by general for 
mula (10) or (11) may comprise either one single species or 
tWo or more species. 

[0095] As the polymeriZable unsaturated bond- and reac 
tive silicon group-containing compound represented by gen 
eral formula (10) or (11), there may be mentioned, for 
example, y-methacryloxyalkylpolyalkoxysilane such as 
y-methacryloxypropyltrimethoxysilane, y-methacryloxypro 
pylmethyldimethoxysilane and y-methacryloxypropyltri 
ethoxysilane, y-acryloxyalkylpolyalkoxysilane such as 
y-acryloxy-propyltrimethoxysilane, y-acryloxypropylmeth 
yldi-methoxysilane and y-acryloxypropyltriethoxysilane, 
and vinylalkylpolyalkoxysilanes such as vinyltrimethoxysi 
lane, vinylmethyldimethoxysilane and vinyltriethoxysilane. 

[0096] As examples of group Y and group Y‘ mentioned 
above under (B), there maybe mentioned various combina 
tions of groups. For example, group Y may be an amino, 
hydroxyl or carboxylic acid group, While group Y‘ may be an 
isocyanato group. In another example, group Y may be an 
allyl group and group Y‘ may be a silicon hydride group 
(H—Si), as described in Japanese Kokai Publication Sho 
54-36395, Japanese Kokai Publication Hei-01-272654, and 
Japanese Kokai Publication Hei-02-214759. In this case, 
group Y can bind to group Y‘ in the manner of hydrosily 
lation in the presence of a group VIII transition metal. 

[0097] As the reactive silicon group-containing mercaptan 
to be used as a chain transfer agent as mentioned above 
under (C), there may be mentioned y-mercaptopropyltri 
methoxysilane, y-mercaptopropylmethyldimethoxysilane 
and y-mercaptopropyltriethoxysilane, among others. It is 
also possible, as described in Japanese Kokai Publication 
Sho-59-78222, to copolymeriZe monomers (a) and (b) in the 
presence of a bifunctional radical-polymeriZable compound 
and an alkoxysilyl-containing mercaptan as a chain transfer 
agent. 

[0098] As the reactive silicon group-containing aZobisni 
trile or disul?de compound mentioned above under (D), 
there may be mentioned those alkoxysilyl-containing aZo 
bisnitrile compounds or alkoxysilyl-containing disul?de 
compounds Which are described in Japanese Kokai Publi 
cation Sho-60-23405 and Japanese Kokai Publication Sho 
62-70405, for instance. 

[0099] As for the method mentioned above under (E), 
reference may be made to Japanese Kokai Publication 
Hei-09-272714, for instance. 

[0100] Furthermore, there may be mentioned the method 
comprising using a reactive silicon group-containing mer 
captan and a reactive silicon group-containing radical poly 
meriZation initiator combinedly, as described in Japanese 
Kokai Publication Sho-59-168014 and Japanese Kokai Pub 
lication Sho-60-228516, for instance. 

[0101] The number of reactive silicon groups contained in 
copolymer (II) is not particularly restricted. From the vieW 
point of effects on bond strength and cost, hoWever, it is 
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preferred that each molecule of copolymer (II) have, on an 
average, not less than 0.1 but not more than2.0, more 
preferably not less than 0.5 and not more than 1.5, reactive 
silicon groups. 

[0102] As regards the mixing ratio betWeen polyether 
oligomer (I) and copolymer (II) in the composition of the 
present invention, it is preferred, from the vieWpoint of 
characteristic improving effects, that the composition con 
tain 10 to 200 parts by Weight, more preferably 20 to 160 
parts by Weight, of copolymer (II) per 100 parts by Weight 
of polyether oligomer Generally, an adequate mixing 
ratio is to be selected according to the intended use and 
performance characteristics. 

[0103] The accelerator, Which is component (III) to be 
used according to the invention, is not particularly restricted 
but may be any of silanol condensation catalysts in general 
use and capable of promoting the reaction of the reactive 
silicon group. As speci?c examples of such accelerators, 
there may be mentioned, among others, organotin com 
pounds, organic titanate compounds, organoaluminum com 
pounds, organoZirconium compounds, amine compounds, 
acidic phosphate esters, reaction products from acidic phos 
phate esters and amine compounds, saturated or unsaturated 
polybasic carboxylic acids or anhydrides thereof, salts or 
like reaction products from carboxylic acid compounds and 
amine compounds, and lead octylate. As the above tin 
compounds, there may be mentioned dibutyltin dilaurate, 
dibutyltin maleate, dibutyltin diacetate, dioctyltin maleate, 
dibutyltin phthalate, stannous octoate, stannous naphthen 
ate, stannous stearate, stannous versatate, reaction products 
from dibutyltin oxide and phthalate esters, chelate com 
pounds such as dibutyltin diacetylacetonate and the like, and 
dibutyltin oxide. As the organic titanate compounds, there 
may be mentioned titanate esters such as tetrabutyl titanate, 
tetrapropyl titanate, tetraisopropyl titanate and triethanola 
mine titanate, and chelate compounds such as titanium 
tetraacetylacetonate, among others. As the organoaluminum 
compounds, there may be mentioned aluminum trisacety 
lacetonate, aluminum tris(ethyl acetoacetate), diisopropoxy 
aluminum ethyl acetoacetate and the like. As the Zirconium 
compounds, there may be mentioned Zirconium tetraisopro 
poxide, Zirconium tetrabutoxide and Zirconium tetraacety 
lacetonate, among others. As the amine compounds, there 
may be mentioned butylamine, octylamine, laurylamine, 
dibutylamine, monoethanolamine, diethanolamine, trietha 
nolamine, diethylenetriamine, triethylenetetramine, oley 
lamine, cyclohexylamine, benZylamine, diethylaminopropy 
lamine, xylylenediamine, triethylenediamine, guanidine, 
diphenylguanidine, 2,4,6-tris(dimethylaminomethyl)phenol, 
morpholine, N-methylmorpholine, 2-ethyl-4-methylimida 
Zole, and 1,8-diaZabicyclo[5.4.0]undecene-7 (DBU), among 
others. Salts of these amines With carboxylic acids or the like 
may also be used. As other examples, there may be men 
tioned loW-molecular-Weight polyamide resins obtained 
from an excess of a polyamine and a polybasic acid and 
reaction products from an excess of a polyamine and an 
epoxy compound. In addition, there may be mentioned 
organolead compounds such as lead octylate, organoiron 
compounds such as iron naphthenate, organovanadium com 
pounds, bismuth salts such as bismuth-tris(2-ethylhex 
anoate) and bismuth tris (neodecanoate), and reaction prod 
ucts from an excess of an organic carboxylic acid and an 
organic amine. These accelerators may be used singly or tWo 
or more of them may be used in combination. Among these 
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silanol condensation catalysts, organometallic compounds 
or combination systems comprising an organometallic com 
pound and an amine compound are preferred from the 
vieWpoint of curability. 

[0104] Such an accelerator is used generally in an amount 
selected according to the intended use and performance 
characteristics. Preferably, it is used in an amount of 0.1 to 
20, more preferably from the cost vieWpoint 0.5 to 10 parts, 
per 100 parts by Weight of the total of polyether oligomer 
component (I) and copolymer component (II). 
[0105] To the contact adhesive in Which the curable resin 
composition of the present invention is used, there maybe 
added, Where necessary, a tacki?er resin, ?ller, plasticiZer, 
pigment, adhesion aid, silicon compound, ultraviolet 
absorber, antioxidant, light stabiliZer, solvent and/or a like 
additive. 

[0106] Any knoWn ?ller can be used as the ?ller. 
Examples are heavy calcium carbonate, colloidal calcium 
carbonate, light calcium carbonate, magnesium carbonate, 
kaolin, talc, clay, bentonite, organic bentonite, silica, tita 
nium oxide, aluminum silicate, magnesium oxide, Zinc 
oxide, carbon black, glass balloons, and the like. These 
?llers may be used singly or tWo or more of them may he 
used combinedly. 

[0107] Any knoWn plasticiZer may be used as the plasti 
ciZer mentioned above. Examples are phthalate esters such 
as dioctyl phthalate and butyl benZyl phthalate, aliphatic 
carboxylic acid esters, nonaromatic dibasic acid esters, 
glycol esters and phosphate esters, as Well as relatively 
high-molecular plasticiZers such as polyesters from a dibasic 
acid and a dihydric alcohol, polypropylene glycol and 
derivatives thereof, polystyrenes, paraf?ns, chlorinated par 
af?ns, epoxidiZed soybean oil, and the like. These plasticiZ 
ers may be used either singly or in admixture. 

[0108] For improving the adhesiveness, curability and/or 
storage stability, various aminosilanes or silicon compounds 
such as epoxysilanes may be added. As examples thereof, 
there may be mentioned, Without any particular limitative 
meaning, vinyltrimethoxysilane, vinyltriethoxysilane, meth 
yltrimethoxysilane, phenyltrimethoxysilane, diphe 
nyldimethoxysilane, phenylmethyldimethoxysilane, dim 
ethyldimethoxysilane, phenyltriethoxysilane, 
diphenyldiethoxysilane, phenylmethyldiethoxysilane, dim 
ethyldiethoxysilane, y-methacryloxypropyltrimethoxy 
silane, y-methacryl-oxypropylmethyldimethoxysilane, 
y-methacryloxy-propyltriethoxysilane, y-aminopropyltri 
methoxysilane, y-aminopropyltriethoxysilane, y-aminopro 
pylmethyl-dimethoxysilane, N-(B-aminoethyl)-y-aminopro 
pyl-trimethoxysilane, N-(B-aminoethyl)-y-aminopropyl 
triethoxysilane, N-(B-aminoethyl)-y-aminopropyl 
methyldimethoxysilane, 1,3 
diaminoisopropyltrimethoxysilane, 
y-glycidoxypropyltrimethoxysilane, y-glycidoxypropyltri 
ethoxysilane, y-glycidoxy-propylmethyldimethoxysilane, 
[3-(3,4-epoxycyclo-hexyl)ethyltrimethoxysilane and the 
like. These silicon compounds may be used singly or tWo or 
more of them may be used combinedly. 

[0109] The solvent includes, but is not particularly limited 
to, nonreactive ones such as hydrocarbons, acetate esters, 
alcohols, ethers and ketones. 

[0110] The method of preparing the contact adhesive in 
Which the curable resin composition of the present inven 



US 2002/0084030 A1 

tion, comprising component (I), component (II) and com 
ponent (III), is used is not particularly restricted. Thus, for 
example, such an ordinary method may be employed that 
comprises mixing components (I), (II) and (III) together and 
kneading the mixture at ordinary temperature or With heat 
ing using a mixer, roll, kneader or the like, or dissolving the 
above components respectively in small amounts of an 
appropriate solvent and mixing the solutions together. 

[0111] By adequately combining these components, it is 
possible to prepare the adhesive in the one component or tWo 
component form, or in the three or more component form as 
the case may be. The method of applying the adhesive is not 
restricted. The adhesive can be applied in the conventional 
manner using a spatula, roll or sprayer or the like. It is also 
possible to apply the adhesive directly from a container (e.g. 
tube, cartridge) in Which the adhesive is stored. 

[0112] As regards the method of adhesion, after applica 
tion, the adhesive is alloWed to stand in the air for a certain 
period of time, during Which curing of the adhesive by 
moisture in the air proceeds, and tack is developed in the 
adhesive layer. On that occasion, heating and/or humidi? 
cation may be made to promote tack development. Adhesion 
of adherends is conducted during the tack is retained in the 
adhesive layers. 

[0113] The present invention can provide curable resin 
compositions useful as contact adhesives With a prolonged 
tack retention period, Without affecting the ?nal bond 
strength. 

Best Mode for Carrying Out the Invention 

[0114] The folloWing speci?c examples illustrate the 
present invention in further detail. They are, hoWever, by no 
means limitative of the scope of the invention. 

Synthesis Example 1 

[0115] Polyoxypropylene glycol With an average molecu 
lar Weight of 10,000 as determined by terminal group 
analysis Was prepared by polymeriZing propylene oxide 
using polypropylene glycol as an initiator and Zinc hexacy 
anocobaltate-glyme complex as a catalyst. Then, NaOMe in 
the form of a methanol solution Was added in an amount of 
1.2 equivalents per hydroxyl group of the above hydroxyl 
terminated polyether oligomer, the methanol Was distilled 
off, and 3-chloro-2-methyl-1-propene Was further added to 
thereby convert the terminal hydroxyl group to a methallyl 
group. Then, 10 g of hexane Was added to 500 g of the 
oligomer obtained and aZeotropic dehydration Was effected 
at 90° C., the hexane Was distilled off under reduced 
pressure, and the vessel Was purged With 8% O2/N2. To the 
vessel contents Were added 25 pl of sulfur (1% (by Weight) 
toluene solution) and 56 pl of platinum-divinyldisiloxane 
complex (3% (by Weight as platinum) xylene solution), and 
24.2 g DMS (dimethoxymethylsilane) Was gradually added 
dropWise With stirring. After alloWing the reaction to pro 
ceed at 90° C. for 5 hours, the unreacted DMS Was distilled 
off under reduced pressure to give a reactive silicon group 
containing polyoxypropylene polymer. By 1H-NMR analy 
sis of the polymer obtained, it Was con?rmed that the 
terminal reactive silicon group introduction percentage Was 
98% (polymer A). Polymer A thus obtained had a number 
average molecular Weight of about 10,000. 
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Synthesis Example 2 

[0116] Polyoxypropylene glycol With an average molecu 
lar Weight of 20,000 as determined by terminal group 
analysis Was prepared by polymeriZing propylene oxide 
using polypropylene glycol as an initiator and Zinc hexacy 
anocobaltate-glyme complex as a catalyst. Then, NaOMe in 
the form of a methanol solution Was added in an amount of 
1.2 equivalents per hydroxyl group of the above hydroxyl 
terminated polyether oligomer, the methanol Was distilled 
off, and 3-chloro-2-methyl-l-propene Was further added to 
thereby convert the terminal hydroxyl group to a methallyl 
group. Then, 10 g of hexane Was added to 500 g of the 
oligomer obtained and aZeotropic dehydration Was effected 
at 90° C., the hexane Was distilled off under reduced 
pressure, and the vessel Was purged With 8% O2/N2. To the 
vessel contents Were added 24 pl of sulfur (1% (by Weight) 
toluene solution) and 54 pl of platinum-divinyldisiloxane 
complex (3% (by Weight as platinum) xylene solution), and 
11.5 g of DMS (dimethoxymethylsilane) Was gradually 
added dropWise With stirring. After alloWing the reaction to 
proceed at 90° C. for 10 hours, the unreacted DMS Was 
distilled off under reduced pressure to give a reactive silicon 
group-containing polyoxypropylene polymer. By 1H-NMR 
analysis of the polymer obtained, it Was con?rmed that the 
terminal reactive silicon group introduction percentage Was 
98% (polymer B). Polymer B thus obtained had a number 
average molecular Weight of about 20,000. 

Comparative Synthesis Example 1 

[0117] Polyoxypropylene glycol With an average molecu 
lar Weight of 10,000 as determined by terminal group 
analysis Was prepared by polymeriZing propylene oxide 
using polypropylene glycol as an initiator and Zinc hexacy 
anocobaltate-glyme complex as a catalyst. Then, NaOMe in 
the form of a methanol solution Was added in an amount of 
1.2 equivalents per hydroxyl group of the above hydroxyl 
terminated polyether oligomer, the methanol Was distilled 
off, and 3-chloro-1-propene Was further added to thereby 
convert the terminal hydroxyl group to an allyl group. Then, 
10 g of hexane Was added to 500 g of the oligomer obtained 
and aZeotropic dehydration Was effected at 90° C., the 
hexane Was distilled off under reduced pressure, and the 
vessel Was purged With nitrogen. To the vessel contents Was 
added 30 pl of platinum-divinyldisiloxane complex (3% (by 
Weight as platinum) xylene solution), and 9.0 g of DMS 
(dimethoxymethylsilane) Was gradually added dropWise 
With stirring. After alloWing the reaction to proceed by 
heating the mixed solution at 90° C. for 2 hours, the 
unreacted DMS Was distilled off under reduced pressure to 
give a reactive silicon group-containing polyoxypropylene 
polymer. BylH-NMR analysis of the polymer obtained, it 
Was con?rmed that the terminal reactive silicon group 
introduction percentage Was 82% (polymer C). Polymer C 
thus obtained had a number average molecular Weight of 
about 10,000. 

Comparative Synthesis Example 2 

[0118] Polyoxypropylene glycol With an average molecu 
lar Weight of 10, 000 as determined by terminal group 
analysis Was prepared by polymeriZing propylene oxide 
using polypropylene glycol as an initiator and Zinc hexacy 
anocobaltate-glyme complex as a catalyst. Then, NaOMe in 
the form of a methanol solution Was added in an amount of 
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1.2 equivalents per hydroxyl group of the above hydroxyl 
terminated polyether oligomer, the methanol Was distilled 
off, and 3-chloro-1-propene Was further added to thereby 
convert the terminal hydroxyl group to an allyl group. Then, 
10 g of hexane Was added to 500 g of the oligomer obtained 
and aZeotropic dehydration Was effected at 90° C., the 
hexane Was distilled off under reduced pressure, and the 
vessel Was purged With nitrogen. To the vessel contents Was 
added 30 pl of platinum-divinyldisiloxane complex (3% (by 
Weight as platinum) xylene solution), and 6.5 g of DMS 
(dimethoxymethylsilane) Was gradually added dropWise 
With stirring. After alloWing the reaction to proceed by 
heating the mixed solution at 90° C. for 2 hours, the 
unreacted DMS Was distilled off to give a reactive silicon 
group-containing polyoxypropylene polymer. By 1H-NMR 
analysis of the polymer obtained, it Was con?rmed that the 
terminal reactive silicon group introduction percentage Was 
65% (polymer D). Polymer D thus obtained had a number 
average molecular Weight of about 10,000. 

Synthesis Example 3 

[0119] To 43 g of toluene heated at 110° C. Was added 
dropWise over 4 hours a solution of 2.0 g of aZobisisobu 
tyronitrile as a polymeriZation initiator in a mixture of 28 g 
of butyl acrylate, 46 g of methyl methacrylate, 20 g of 
stearyl methacrylate, 4.4 g of y-methacryloxypropylmeth 
yldimethoxysilane and 23 g of toluene. Then, polymeriZa 
tion Was effected for 2 hours to give a copolymer (polymer 
E) With a solid concentration of 60% and a number average 
molecular Weight (Mn) as determined by GPC (polystyrene 
equivalent) of 8,500. 

Synthesis Example 4 

[0120] To 43 g of toluene heated at 110° C. Was added 
over 4 hours a mixture of 6.0 got butyl acrylate, 66 got 
methyl methacrylate, 13 g of stearyl methacrylate, 5.4 g of 
y-methacryloxypropylmethyldimethoxysilane, 7.0 g of 
y-mercaptopropylmethyldimethoxysilane and 23 g of tolu 
ene With 2.6 g of aZobisisobutyronitrile dissolved therein as 
a polymeriZation initiator and, then, the polymeriZation Was 
alloWed to proceed for 2 hours to give a copolymer (polymer 
F) With a solid concentration of 60% and a number average 
molecular Weight (Mn) of 2,200 as determined by GPC 
(polystyrene equivalent). 

Synthesis Example 5 

[0121] To 43 g of toluene heated at 110° C. Was added 
dropWise over 4 hours a mixture of 32 g of butyl acrylate, 
62 g of methyl methacrylate, 4.4 g of y-methacryloxypro 
pylmethyl-dimethoxysilane and 23 g of toluene With 2.0 g of 
aZobisisobutyronitrile dissolved therein as a polymeriZation 
initiator, and the polymeriZation reaction Was carried out for 
2 hours to give a copolymer having a number average 
molecular Weight (Mn) of 8,400 as determined by GPC 
(polystyrene equivalent) With a solid concentration of 60% 
(polymer G). 

Example 1 

[0122] The reactive silicon group-containing polyether 
oligomer (polymer A) obtained in Synthesis Example 1 and 
the copolymer (polymer E) obtained in Synthesis Example 
3 Were blended With each other in a solids ratio (by Weight) 
of 60/40, and the volatile matter Was removed by heating at 
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110° C. under reduced pressure using an evaporator to give 
a clear and viscous liquid With a solids concentration of not 
less than 99%. To 100 Weight parts of this liquid Were added 
50 Weight parts of surface-treated colloidal calcium carbon 
ate (mean particle siZe: 0.08 pm; trademark: Hakuenka 
CCR; product of Shiraishi Kogyo), 3 Weight parts of vinyl 
trimethoxysilane (trademark: A-171; product of Nippon 
Unicar) as a silicon compound, 2 Weight parts of N-(B 
aminoethyl)-y-aminopropyltrimethoxysilane (trademark: 
A-1122; product of Nippon Unicar) and 2 Weight parts of 
dibutyltin diacetylacetonate (trademark: U-220; product of 
Nitto Kasei), folloWed by uniform blending to give a curable 
resin composition of the present invention. 

Example 2 

[0123] A curable resin composition of the present inven 
tion Was prepared in the same manner as in Example 1 
except that the polyether oligomer obtained in Synthesis 
Example 1 (polymer A) Was used as the reactive silicon 
group-containing polyether oligomer and the copolymer 
obtained in Synthesis Example 4 (polymer F) as the copoly 
mer. 

Example 3 

[0124] A curable resin composition of the present inven 
tion Was prepared in the same manner as in Example 1 
except that the polyether oligomer obtained in Synthesis 
Example 2 (polymer B) as the reactive silicon group 
containing polyether oligomer and the copolymer obtained 
in Synthesis Example 3 (polymer E) as the copolymer. 

Example 4 

[0125] A curable resin composition of the present inven 
tion Was prepared in the same manner as in Example 1 
except that the polyether oligomer obtained in Synthesis 
Example 1 (polymer A) Was used as the reactive silicon 
group-containing polyether oligomer and the copolymer 
obtained in Synthesis Example 4 (polymer G) as the copoly 
mer. When polymerA and polymer G Were blended together 
and the volatile matter Was removed by heating at 110° C. 
under reduced pressure, a turbid, viscous liquid Was 
obtained. 

Comparative Example 1 

[0126] A curable resin composition of the present inven 
tion Was prepared in the same manner as in Example 1 
except that the polyether oligomer obtained in Comparative 
Synthesis Example 1 (polymer C) Was used as the reactive 
silicon group-containing polyether oligomer and the copoly 
mer obtained in Synthesis Example 3 (polymer E) as the 
copolymer. 

Comparative Example 2 

[0127] A curable resin composition of the present inven 
tion Was prepared in the same manner as the Example 1 
except that the polyether oligomer obtained in Comparative 
Synthesis Example 1 (polymer C) Was used as the reactive 
silicon group-containing polyether oligomer and the copoly 
mer obtained in Synthesis Example 4 (polymer F) as the 
copolymer. 

Comparative Example 3 
[0128] Acurable composition of the present invention Was 
prepared in the same manner as in Example 1 except that the 
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polyether oligomer obtained in Comparative Synthesis 
Example 2 (polymer D) Was used as the reactive silicon 
group-containing polyether oligomer and the copolymer 
obtained in Synthesis Example 3 (polymer E) as the copoly 
mer. 

Comparative Example 4 

[0129] A curable resin composition of the present inven 
tion Was prepared in the same manner as in Example 1 
except that the polyether oligomer obtained in Comparative 
Synthesis Example 1 (polymer C) Was used as the reactive 
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[0136] (3) Peel strength 
[0137] For T-peel strength measurements, JIS H 4000 
aluminum sheets A-1050P (200><25><0.1 mm test specimens) 
Were used accordingly to JIS K 6854. Each of the above 
curable resin compositions Was thinly spread over the speci 
mens using a spatula and, 5 minutes later, the test specimens 
Were laminated together and pressure Was applied using a 
hand roller to give test specimens. Each test specimen Was 
cured at 23° C. for 2 days and further at 50° C. for 3 days 
and then subjected to tensile testing. 
[0138] The measurement results are shoWn in Table 1. 

TABLE 1 

F amnle Comparative F amnle 

1 2 3 4 1 2 3 4 

Polyether oligomer A A B A C C D C 
Copolymer E F E G E F E G 
Tack Time until min. 15 15 20 15 10 10 15 10 

development 
Tackiness Q Q @ Q Q Q A Q 
Retention min. 120 120 180 120 50 50 120 45 
period 

Sheer MPa 8.80 9.13 10.6 6.10 8.83 8.80 5.20 5.95 
strength 
Peel N/25 62 76 115 55 63 62 43 52 
strength mm 

silicon group-containing polyether oligomer and the copoly 
mer obtained in Synthesis Example 4 (polymer G) as the 
copolymer. When polymer C Was blended With polymer G 
and the volatile matter Was removed by heating at 110° C. 
under reduced pressure, a turbid, viscous liquid Was 
obtained. 

[0130] The physical properties of the cured products Were 
measured in the folloWing manner. 

[0131] (1) Tack development and retention periods and 
tackiness 

[0132] The contact adhesives prepared in Examples 1, 2, 
3 and 4 and Comparative Examples 1, 2, 3 and 4 Were each 
spread thinly over aluminum substrates and the time until 
tack development, tackiness and tack retention period 
(period from development to disappearance of tack) Were 
determined by ?nger touch under the conditions of 23° C. 
and a humidity of 50%. The tackiness Was evaluated accord 
ing to the folloWing criteria: 

[0133] Tackiness: @ much stronger than, 0 almost com 
parable to, and A Weaker than the tack of the curable resin 
composition of Comparative Example 1. 

[0134] (2) Shear strength 

[0135] For tensile shear strength measurements, JIS H 
4000 aluminum sheets A-1050P (100><25><2 mm test speci 
mens) Were used according to JIS K 6850. Each of the above 
curable resin compositions Was thinly spread over the speci 
mens using a spatula. After 5 minutes, the test specimens 
Were laminated together and pressure Was applied to the 
assemblies by hand to give specimens for testing. These 
specimens Were cured at 23° C. for 2 days and then further 
at 50° C. for 3 days and then subjected 10 to tensile testing. 

[0139] From the data shoWn in Table 1, it is evident that 
the time until tack development is short in Comparative 
Examples 1, 2 and 4 representing the prior art and that, as 
seen in those examples, adjustment to prolong the tack 
retention period results in reduced tackiness and bond 
strength as shoWn in Comparative Example 3. On the 
contrary, in Examples 1, 2 and 4, the tack retention period 
could be prolonged While maintaining the same physical 
properties as those attainable in the prior art. In Example 3, 
the physical properties and tack retention time Were further 
improved by using a higher molecular Weight polyether 
oligomer as component 

1. A curable resin composition 

Which comprises (I) a reactive silicon group-containing 
polyether oligomer, (II) a copolymer comprising a 
molecular chain substantially composed of one or more 
acrylate ester monomer units and/or methacrylate ester 
monomer units and (III) an accelerator, 

said reactive silicon group-containing polyether oligomer 
having, Within the molecule thereof, a partial structure 
represented by the general formula (1): 

—O—R1—CH(R2)—CH2—(5i(R32.b)(XQOLD' 
5i(R43.a)Xa (1) 

Wherein R1 represents a divalent organic group of 1 to 20 
carbon atoms containing at least one constituent ele 
ment selected from the group consisting of hydrogen, 
oxygen and nitrogen, R2 represents an alkyl group of 1 
to 10 carbon atoms, R3 and R4 may be the same or 
different and each represents an alkyl group of 1 to 20 
carbon atoms, an aryl group of 6 to 20 carbon atoms or 
an aralkyl group of 7 to 20 carbon atoms or a triorga 
nosiloxy group of the formula (R‘)3SiO—, in Which R‘ 
is a monovalent hydrocarbon group of 1 to 20 carbon 
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atoms and the three R‘ groups may be the same or 
different, and Where there are tWo or more R3 or R4 
groups, they may be the same or different; X represents 
a hydroXyl group or a hydrolyZable group and, Where 
there are tWo or more X groups, they may be the same 
or different; a represents 0, 1, 2 or 3, b represents 0, 1 
or 2, m represents an integer of 0 to 19, and the b’s in 
the m —(Si(R32_b)(Xb)—O)— groups may be the same 
or different, provided that the condition a+Zb§1 is 
satis?ed. 

2. The curable resin composition according to claim 1, 
Wherein R1 in component (I) is CH2. 

3. The curable resin composition according to claim 1 or 
2, Wherein R2 in component (I) is CH3. 

4. The curable resin composition according to any of 
claims 1 to 3, 

Wherein component (I) is a reactive silicon group-con 
taining polyether oligomer having a partial structure 
represented by the formula: 

—O—CH2-CH(CH3)—CH2—Si(CH3)(OCH3)2 
5. The curable resin composition according to claim 1, 

Wherein component (I) is a reactive silicon group-con 
taining polyether oligomer obtainable by reacting a 
polyether oligomer having an unsaturated bond intro 
duced therein of the general formula (2): 

Wherein R1 is as de?ned above, With a reactive silicon 
group-containing compound represented by the general 
formula (3): 
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Wherein R3, R4, a, b, m and X are as de?ned above, in an 
oxygen-containing atmosphere in the presence of a 
catalyst and a sulfur compound. 

6. The curable resin composition according to claim 5, 

Wherein component (I) is a reactive silicon group-con 
taining polyether oligomer having a partial structure 
represented by the formula: 

as obtainable by reacting a polyether oligomer having an 
unsaturated bond introduced therein of the formula: 

With a reactive silicon group-containing compound of the 
formula: 

in an oxygen-containing atmosphere in the presence of a 
catalyst and a sulfur compound. 

7. The curable resin composition according to any of 
claims 1 to 6, 

Wherein component (II) is a copolymer comprising a 
molecular chain substantially composed of (a) acrylic 
and/or methacrylic ester monomer units having a 
hydrocarbon group of 1 to 8 carbon atoms, and (b) 
acrylic and/or methacrylic ester monomer units having 
a hydrocarbon group of 10 or more carbon atoms. 

8. The curable resin composition according to any of 
claims 1 to 7, 

Wherein component (II) is a copolymer having a silicon 
group crosslinkable under siloXane bond formation. 

* * * * * 


