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(57) ABSTRACT 

The present invention provides a vinyl polymer with an 
epoxy group terminally introduced therein and an epoxy 
resin composition comprising (A) an epoxy resin and (B) a 
Vinyl polymer which has a main chain produced by living 
radical polymerization and has a reactive functional group at 
a main chain terminus. A flexible epoxy resin composition 
can be obtained using these compounds. The invention 
further provides an epoxy resin composition having an 
epoxy group at a main chain terminus thereof. 
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POLYMER AND EPOXY RESIN COMPOSITIONS 

TECHNICAL FIELD 

0001. The present invention relates to an epoxy resin 
composition. More particularly, it relates to an epoxy 
terminated Vinyl polymer, a composition comprising the 
polymer and a flexible composition comprising an epoxy 
resin and a reactive functional group-containing Vinyl poly 
C. 

BACKGROUND ART 

0002. When combined with a curing agent, epoxy resins 
give cured products having a three-dimensionally 
crosslinked Structure and thus exhibiting various desirable 
characteristics. Crosslinked epoxy groups are exploited in a 
wide range of applications, Such as paints, electricS/elec 
tronics, civil engineering/building, adhesives, and compos 
ite materials, owing to excellence in the balance between 
heat resistance and mechanical/physical properties and in 
electrical characteristics, adhesive characteristics and corro 
Sion resistance, among others, and to the ease of molding. 
0003. On the other hand, epoxy resins are generally hard 
and brittle by nature and may form cracks upon exposure to 
StreSS Strain or thermal Shock on the occasion of curing or in 
use, hence epoxy resins are required to be rendered tena 
cious and flexible. In the field of IC Sealing, for instance, 
where packages are becoming Smaller and thinner, improve 
ment in crack resistance is needed. 

0004. As a means for providing epoxy resins with flex 
ibility, there may be mentioned the combined use of a 
flexible epoxy resin. The flexible epoxy resin includes, 
among others, diglycidyl esters of long-chain fatty acids 
Such as linoleic acid dimer, polyglycidyl ethers of polyhy 
dric alcohols Such as glycerol, pentaerythritol and trimethy 
lolpropane, diglycidyl ethers of polyalkylene glycols Such as 
polyethylene glycol, and the like. However, long-chain fatty 
acid glycidyl esters are short of alkali resistance and gaso 
line resistance, although they are excellent in flexibility. 
Polyalkylene glycol glycidyl etherS also have problems, for 
example they are inferior in weathering resistance. 
0005. It is known that crosslinking functional group 
terminated liquid oligbmers, when used alone or combined 
with an appropriate curing agent, give cured products excel 
lent in rubber elasticity. Thus, it is expected that an epoxy 
terminated vinyl polymer, if Successfully obtained in a 
Simple and easy manner, might Serve as a novel flexible 
epoxy resin excellent in flexibility. Further, vinyl polymers 
show various characteristics depending on the main chain 
skeleton thereof and, therefore, are amenable to molecular 
design according to the use/purpose thereof. 
0006 AS for the production of epoxy-terminated vinyl 
polymers, U.S. Pat. No. 4,429,099, for instance, discloses a 
method which comprises reacting the termini of polyisobu 
tylene with a phenol in the manner of Friedel-Crafts reaction 
and further utilizing the reactivity of the phenol group to 
Synthesize an epoxy-terminated polyisobutylene. However, 
low-polarity polymerS Such as polyisobutylene are poor in 
compatibility with epoxy resins and, if well dispersed, give 
a high Viscosity. 

0007. In view of the above state of the art, it is an object 
of the present invention to provide a vinyl polymer with an 
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epoxy group terminally introduced therein and an epoxy 
resin composition in which Such polymer is used. 
0008 A further object of the invention is to provide an 
epoxy resin composition having flexibility by adding a vinyl 
polymer having a terminal reactive functional group to an 
epoxy resin. 

SUMMARY OF THE INVENTION 

0009 Thus, according to a first aspect thereof, the inven 
tion provides an epoxy resin composition 

0010 which comprises a vinyl polymer having a 
group represented by the following general formula 
(1) at a main chain terminus 

0011 as well as a vinyl polymer having a group 
represented by the following general formula (1) at 
a main chain terminus. 

(1) 

0012. In the above formula, R, R and R are the same 
or different and each represents a hydrogen atom, a monova 
lent hydrocarbon group containing 1 to 10 carbon atoms or 
a monovalent group containing 1 to 10 carbon atoms as 
derived from two hydrocarbon groups by being bound 
together via an ether bond or ester bond, and R' and R or 
R° and R may be combined together at respective other 
termini to form a cyclic structure. 
0013 In accordance with a second aspect, the invention 
provides an epoxy resin composition which comprises (A) 
an epoxy resin and (B) a vinyl polymer having a main chain 
produced by living radical polymerization and a reactive 
functional group at a main chain terminus. 
0014) 
in detail. 

In the following, the present invention is described 

DETAILED DISCLOSURE OF THE INVENTION 

0015 The first aspect of the invention lies in an epoxy 
resin composition comprising a vinyl polymer terminally 
having a group represented by the general formula (1) 
shown above, namely an epoxy-terminated vinyl polymer. 

0016. In the general formula (1), R, R and R are the 
Same or different and each represents a hydrogen atom, a 
monovalent hydrocarbon group containing 1 to 10 carbon 
atoms or a monovalent group containing 1 to 10 carbon 
atoms as derived from two hydrocarbon groups by being 
bound together via an ether bond or ester bond, and R' and 
R or R and R may be combined together at respective 
other termini to form a cyclic Structure. 
0017. The monomer constituting the main chain of the 
above vinyl polymer is not particularly restricted but may be 
any of various monomers. AS examples, there may be 
mentioned (meth) acrylic monomerS Such as (meth)acrylic 
acid, methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl 
(meth)acrylate, isopropyl (meth)acrylate, n-butyl (meth 
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)acrylate, isobutyl (meth)acrylate, tert-butyl (meth)acrylate, 
n-pentyl (meth)acrylate, n-hexyl (meth)acrylate, cyclohexyl 
(meth)acrylate, n-heptyl (meth)acrylate, n-octyl (meth)acry 
late, 2-ethylhexyl (meth)acrylate, nonyl (meth)acrylate, 
decyl (meth)acrylate, dodecyl(meth)acrylate, phenyl (meth 
)acrylate, toluyl (meth)acrylate, benzyl (meth)acrylate, 
2-methoxyethyl (meth)acrylate, 3-methoxybutyl (meth 
)acrylate, 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl 
(meth)acrylate, Stearyl (meth)acrylate, glycidyl (meth)acry 
late, 2-aminoethyl (meth)acrylate, Y-(methacryloyloxypro 
pyl)trimethoxysilane, (meth)acrylic acid-ethylene oxide 
adducts, trifluoromethylmethyl (meth)acrylate, 2-trifluo 
romethylethyl (meth)acrylate, 2-perfluoroethylethyl (meth 
)acrylate, 2-perfluoroethyl-2-perfluorobutylethyl (meth 
)acrylate, 2-perfluoroethyl (meth)acrylate, perfluoromethyl 
(meth)acrylate, diperfluoromethylmethyl (meth)acrylate, 
2-perfluoromethyl-2-perfluoroethylmethyl (meth)acrylate, 
2-perfluorohexyletiyl (meth)acrylate, 2-perfluorodecylethyl 
(meth)acrylate and 2-perfluorohexadecylethyl (meth)acry 
late, Styrenic monomerS Such as Styrene, Vinyltoluene, 
C.-methylstyrene, chlorostyrene, and StyreneSulfonic acid 
and Salts thereof; fluorine-containing Vinyl monomerS Such 
as perfluoroethylene, perfluoropropylene and Vinylidene 
fluoride, Silicon-containing Vinyl monomerS Such as Vinyl 
trimethoxysilane and Vinyltriethoxysilane; maleic anhy 
dride, maleic acid and monoalkyl esters and dialkyl esters of 
maleic acid; fumaric acid and monoalkyl esters and dialkyl 
esters of fumaric acid; maleimide monomerS Such as male 
imide, methylmaleimide, ethylmaleimide, propylmaleimide, 
butylmaleimide, hexylmaleimide, octylmaleimide, dodecyl 
maleimide, Stearylmaleimide, phenylmaleimide and cyclo 
hexylmaleimide, nitrile-containing vinyl monomerS Such as 
acrylonitrile and methacrylonitrile, amido-containing vinyl 
monomerS Such as acrylamide and methacrylamide, Vinyl 
esterS Such as Vinyl acetate, Vinyl propionate, Vinyl pivalate, 
Vinyl benzoate and Vinyl cinnamate; alkenes Such as ethyl 
ene and propylene; conjugated dienes Such as butadiene and 
isoprene, Vinyl chloride, Vinylidene chloride, allyl chloride, 
allyl alcohol and So forth. These may be used singly or a 
plurality of them may be copolymerized. Preferred among 
them from the viewpoint of physical properties of products, 
among others, are styrenic monomers and (meth)acrylic 
monomers, more preferably (meth)acrylic ester monomers, 
Still more preferably acrylic ester monomers, and butyl 
acrylate is most preferred. In the practice of the invention, 
these preferred monomerS may be copolymerized with 
another monomer or other monomers and, on that occasion, 
the content of these preferred monomers is preferably 40% 
by weight. 

0.018. The molecular weight distribution of the above 
Vinyl polymer is not particularly restricted but the ratio 
(MW/Mn) of weight average molecular weight (Mw) to 
number average molecular weight (Mn) as determined by 
gel permeation chromatography is generally less than 1.8, 
preferably not more than 1.7, more preferably not more than 
1.6, Still more preferably not more than 1.5, especially 
preferably not more than 1.4, most preferably not more than 
1.3. In GPC measurements in the practice of the invention, 
the measurements are generally carried out using polySty 
rene gel columns with chloroform as the mobile phase. The 
number average molecular weight and So on can be deter 
mined on the polystyrene equivalent basis. 
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0019. The number average molecular weight of the above 
Vinyl polymer is not particularly restricted but preferably is 
within the range of 500 to 1,000,000, more preferably 1,000 
to 100,000. 

0020. The vinyl polymer having a terminal structure 
represented by the general formula (1) can be obtained by 
reacting the reactive functional group of a reactive func 
tional group-terminated Vinyl polymer with a compound 
represented by the general formula (2) given below. The 
reactive functional group is not particularly restricted but 
preferably is an alcoholic hydroxyl group, a phenolic 
hydroxyl group, an amino groupior a carboxyl group. 

(2) 
R4 R3 R2 

x-Hi 
R5 O R1 

0021) In the general formula (2), R, R and R are as 
defined above. R* and Rare the same or different and each 
represents a hydrogen atom, a monovalent hydrocarbon 
group containing 1 to 10 carbon atoms or a monovalent 
group containing 1 to 10 carbon atoms as derived from two 
hydrocarbon groups by being bound together via an ether 
bond or ester bond. X represents a chlorine, bromine or 
iodine atom. 

0022. In the first aspect of the invention, the reactive 
functional group-terminated vinyl polymer is produced by 
the following Steps: 

0023 (1) Polymerizing a vinyl monomer(s) by the 
technique of living radical polymerization and 

0024 (2) Reacting, at the end point of the polymer 
ization, the polymer with a compound having both a 
reactive function group and an ethylenically unsatur 
ated group. 

0025 Thus, radical polymerization of a vinyl mono 
mer(s) is carried out in the manner of living radical poly 
merization, typically atom transfer radical polymerization, 
followed by causing the Species active in polymerization, 
namely the polymer radical, to add to the ethylenically 
active group of the compound having both ethylenically 
unsaturated group and a reactive functional group as well, 
whereupon a reactive functional group-terminated vinyl 
polymer can be obtained. 
0026. While “living polymerization”, in its narrow sense, 
means the polymerization in which molecular chains grow 
while the terminal activity thereof is always maintained, it 
generally includes pseudo-living polymerization in which 
molecular chains grow while terminally inactivated Species 
and terminally active Species are in equilibrium. It is the 
latter definition that applies in the present invention. In 
recent years, "living radical polymerization' has been 
actively Studied by a number of groups. AS examples, there 
may be mentioned, among others, the technique using Such 
a radical capping agent as a cobalt-porphyrin complex (J. 
Am. Chem. Soc., 1994, 116,7943) or a nitroxide compound 
(Macromolecules, 1994, 27, 7228) and the atom transfer 
radical polymerization (ATRP) technique using an organic 
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halide or the like as an initiator and a transition metal 
complex as a catalyst. In spite of the fact that it belongs to 
the class of radical polymerization in which the rate of 
polymerization is high and a termination reaction Such as 
mutual coupling of radicals readily occurs and which is said 
to be difficult to control, living radical polymerization is 
hardly Subject to Such termination reaction and can give a 
polymer with a narrow molecular weight distribution (Mw/ 
Mn=1.1 to 1.8) and renders it possible to control the molecu 
lar weight arbitrarily by Selecting the monomer/initiator 
charge ratio. 

0027) Further, “living radical polymerization” is charac 
terized by nature in that the Structures of the polymer termini 
are distinct and terminal functional group introduction is 
easy and, therefore, it is preferred as the method of produc 
ing a vinyl polymer terminally having a specific functional 
group. Among living radical polymerization techniques, the 
atom transfer radical polymerization technique is most pre 
ferred because of the ease of molecular weight and molecu 
lar weight distribution control. 
0028 Atom transfer radical polymerization is character 
ized in that a vinyl monomer(s) is (are) polymerized using 
an organic halide (e.g. a compound having a halogen atom 
at the a position, or a compound having a halogen atom at 
the benzyl position) or a halogenated Sulfonyl compound as 
the initiator and a transition metal complex as the catalyst. 
0029. The above organic halide or halogenated Sulfonyl 
compound contains a carbon atom bound to a halogen atom 
and further bound to a carbonyl, phenyl or Sulfonyl group, 
So that the carbon-halogen bond can be readily activated and 
can function as an initiator. Among typical examples of Such 
compound, there are the following: CH-CH-X, CH 
C(H) (X)CH, CH-CCX) (CH) (where CHs represents 
a phenyl group and X represents a chlorine, bromine or 
iodine atom); R -COH) (X)-COR, R-C(CH) (X)- 
CO.R. R-C(H) (X)-C(O)R, R-C(CH) (X)- 
C(O)R (where R and Rare the same or different and each 
represents a hydrogen atom, an alkyl group containing 1 to 
20 carbon atoms, an aryl group containing 6 to 20 carbon 
atoms or an aralkyl group containing 7 to 20 carbon atoms 
and X represents a chlorine, bromine or iodine atom); 
R-CH-SOX (where R represents a hydrogen atom, 
an alkyl group containing 1 to 20 carbon atoms, an aryl 
group containing 6 to 20 carbon atoms or an aralkyl group 
containing 7 to 20 carbon atoms and X represents a chlorine, 
bromine or iodine atom); and the like. By converting the 
terminal halogen of a polymer obtained by using this ini 
tiator by the method mentioned later herein, a vinyl polymer 
having a group represented by the general formula (1) at one 
terminus is produced. 
0.030. An organic halide or halogenated Sulfonyl com 
pound having a functional group other than the functional 
group Serving to initiate the polymerization may also be 
used. In that case, a polymer is produced which has the 
functional group bound to the initiator at one terminus of the 
main chain and the halogen group at the other terminus. AS 
the functional group, there may be mentioned alkenyl, 
crosslinking Sillyl, hydroxyl, epoxy, amino, amido and car 
boxyl groups, among others. When the terminal halogen 
atom of the polymer is converted to a Substituent having a 
group of the general formula (1), a vinyl polymer having, at 
both termini, functional groups which are the same or 
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different. By coupling the terminal halogens together, it is 
possible to produce a vinyl polymer which has functional 
groups at both termini. 

0031. The polymerization may also be carried out by 
using an organic halide or halogenated Sulfonyl compound 
having two or more initiation Sites as the initiator. In Such 
case, a vinyl polymer having two or more halogen groups in 
each molecule is produced. When the termini of this poly 
mer are converted by the method mentioned later herein, a 
Vinyl polymer having two or more groups represented by the 
general formula (1) per molecule is obtained. By carrying 
out the polymerization using an initiator having two initia 
tion sites and converting the both termini of the polymer by 
the method mentioned later herein, a Vinyl polymer having 
a group of the general formula (1) at both termini is 
produced. 

0032 Specific examples of the initiator having two ini 
tiation sites are as follows: 

(i-1) 

(i-2) 
o, m, p- X-CH-CH-CH2-X 

CH CH 

o, m, p- X-CH-CH-CH2-X 
(i-3) 

CH CH 

o, m, p- X-CH-CH-CH2-X 

CH CH 
(i-4) 

H H 

COR COR 
(i-5) 

CH CH 

COR COR 
(i-6) 

H H 

COR COR 

(i-7) 

th th 
x-i-cis--x 

COR COR 

(i-8) 
X-CH-C-CH2-X 

O 
(i-9) 

X-CH-C-CH-X 

CH, O CH 
(i-10) 

it is 
X-CH-C-CH-X 

CH, O CH 
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-continued 
(i-11) 

GHs CHs 

0033 (In the above formulas, CH represents a phe 
nylene group, X represents a chlorine, bromine or iodine 
atom, R represents an alkyl group containing 1 to 20 carbon 
atoms, an aryl group containing 6 to 20 carbon atoms or an 
aralkyl group containing 7 to 20 carbon atoms and in 
represents an integer of 0 to 20); 

(i-12) 
O O 

X-CH-C-O-(CH)-O-C-CH2-X 
(i-13) 

CH O CH3 

X-CH-C-O-(CH)-O-C-CH-X 
(i-14) 

CH, O O CH3 

X-CH-C-O-(CH2)-O-C-CH-X 

CH CH 
(i-15) 

X-CH-C-C-CH2-X 

O O 

(i-16) 
CH CH 

X-CH-C-C-CH-X 

O O 

(i-17) 
CH CH 

X-CH-C-C-CH-X 

CH, O O CH 
(i-18) 

O O 

o, m, p- X-CH-C-O-CH-O-C-CH2-X 
(i-19) 

CH, O O CH 

o, m, p- X-CH-C-O-CH-O-C-CH-X 
(i-20) 

CH O CH 

o, m, p- X-C-C-O-CH-O-C-C-X 

CH CH 
(i-21) 

o, m, p- X-SO2-CH-O-SO-X 

0034 (In the above formulas, X represents a chlorine, 
bromine or iodine atom, n represents an integer of 0 to 20 
and CH represents a phenylene group); and the like. 
0.035 Living radical polymerization can be carried out in 
the absence of or in any of various organic Solvents. AS the 
Solvents, there may be mentioned hydrocarbon Solvents Such 
as benzene and toluene, ether Solvents Such as diethyl ether, 
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tetrahydrofuran, diphenyl ether, anisole and dimethoxyben 
Zene, halogenated hydrocarbon Solvents Such as methylene 
chloride, chloroform and chlorobenzene, ketone Solvents 
Such as acetone, methyl ethyl ketone and methyl isobutyl 
ketone, alcohol Solvents Such as methanol, ethanol, pro 
panol, isopropanol, n-butyl alcohol and tert-butyl alcohol, 
nitrile Solvents Such as acetonitrile, propionitrile and ben 
Zonitrile; ester Solvents Such as ethyl acetate and butyl 
acetate; carbonate Solvents Such as ethylene carbonate and 
propylene carbonate, and So on. These may be used singly 
or two or more of them may be used in admixture. It is also 
possible to carry out the polymerization in an emulsion 
System or in a System in which the Supercritical fluid CO is 
used as a medium. The above polymerization can be effected 
within the temperature range of 0 to 200 C., preferably 
within the range of room temperature to 150 C. 

0036) The transition metal complex to be used as the 
catalyst is not particularly restricted but includes, as pre 
ferred species, complexes of Zero-valence copper, univalent 
copper, bivalent ruthenium, bivalent iron or bivalent nickel. 
Among them, copper complexes are preferred. AS Specific 
examples of the univalent copper compound, there may be 
mentioned cuprous chloride, cuprous bromide, cuprous 
iodide, cuprous cyanide, cuprous oxide and cuprous per 
chlorate. When a copper compound is used, a ligand, for 
example 2,2'-bipyridyl or a derivative thereof, 1,10-phenan 
throline or a derivative thereof, or a polyamine Such as 
tetramethylethylenediamine, pentamethyl-diethylenetri 
amine or hexamethyltris(2-aminoethyl)amine, is added for 
increasing the catalytic activity. The tristriphenylphosphine 
complex of bivalent ruthenium chloride (RuCl(PPh3)) is 
also Suited for use as a catalyst. When a ruthenium com 
pound is used as a catalyst, an aluminum alkoxide is added 
as an activator. Further, the bistriphenylphosphine complex 
of bivalent iron (FeCl(PPh3)), the bistriphenylphosphine 
complex of bivalent nickel (NiCl2(PPh3)) and the bistribu 
tylphosphine complex of bivalent nickel (NiBr(PBu)) are 
also Suited as catalysts. 
0037. The compound having both an ethylenically unsat 
urated group and a reactive functional group is not particu 
larly restricted but includes, among others, hydroxy-con 
taining vinyl monomerS Such as 2-hydroxyethyl 
(meth)acrylate and 2-hydroxypropyl (meth)acrylate; amido 
containing vinyl monomerS Such as (meth) acrylamide; 
amino-containing vinyl monomerS Such as 2-aminoethyl 
(meth)acrylate; carboxyl-containing vinyl monomerS Such 
as (meth) acrylic acid, maleic acid, maleic acid monoalkyl 
esters, fumaric acid and fumaric acid monoalkyl esters, and 
the like. 

0038 Further, maleic anhydride; maleimide monomers 
Such as maleimide, methylmaleimide, ethylmaleimide, pro 
pylmaleimide, butylmaleimide, hexylmaleimide, octylmale 
imide, dodecylmaleimide, Stearylmaleimide, phenylmaleim 
ide and cyclohexylmaleimide, tert-butoxystyrene; 
acetoxystyrene, and the like may also be used. 
0039. Further, phenols having an ethylenically unsatur 
ated group, Such as o-, m- and p-allylphenol and o-, m- and 
p-allyloxyphenol; alcohols having an ethylenically unsatur 
ated group, Such as allyl alcohol, butenyl alcohol, pentenyl 
alcohol and hexenyl alcohol, amines having an ethylenically 
unsaturated group, Such as allylamine, butenylamine, pen 
tenylamine and hexenylamine; carboxylic acid compounds 
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having an ethylenically unsaturated group, Such as Vinyl 
acetate, pentenoic acid, heptenoic acid and undecenoic acid; 
and the like may also be used. 
0040. When the above compound having both an ethyl 
enically unsaturated group and a reactive functional group is 
reacted with the polymer terminus, the compound as Such 
may be Subjected to reaction. In Some cases, however, the 
reactive functional group may affect the polymer terminus 
and, in Such cases, it may be used in the form having a 
protective group. AS the protective group, there may be 
mentioned acetyl, Silyl groups and alkoxy groups, among 
others. Suited for use as the compound having a protective 
functional group are all the compounds mentioned above 
whose functional group is protected. 
0041. The above compound having both a reactive func 
tional group and an ethylenically unsaturated group may be 
Subjected to reaction with the polymer isolated after comple 
tion of the Vinyl monomer polymerization by adding to that 
polymer together with a catalyst or may be added and 
Subjected to reaction in the course of polymerization (in 
situ). In the latter case, the monomer conversion of the first 
polymerization should be as high as possible, preferably not 
less than 80%. If the conversion is not more than 80%, the 
crosslinking Silyl group is distributed on Side chains, not at 
molecular termini, whereby the mechanical characteristics 
of cured products will be impaired. In principle, the addition 
of Such compound having a polymerizable alkenyl group 
and a crosslinking silyl group in an equivalent amount 
relative to the whole number of termini results in introduc 
tion of the functional group at all termini. For Securing the 
introduction of the functional group at all termini, however, 
it is recommendable to use the compound in excess, Spe 
cifically in an amount of 1 to 5 times exceSS relative to the 
number of termini. When it is used in an amount not less 
than 5 times, the functional group is introduced terminally 
into the polymer at an excessively high density and this is 
unfavorable from the cured product physical properties 
Viewpoint. 

0042. In the first aspect of the invention, the vinyl poly 
mer having a reactive functional group is also produced by 
the following Steps: 

0043 (1) Producing a vinyl polymer having a terminal 
Structure represented by the following general formula 
3 (a Vinyl polymer having a halogen atom at a main 
chain terminus) by Subjecting vinyl monomers to atom 
transfer radical polymerization, namely radical poly 
merization using an organic halide or halogenated 
Sulfonyl compound as an initiator and a transition metal 
complex as a catalyst: 

0044) wherein R and R7 each represents a group bound 
to the ethylenically unsaturated group and X represents a 
chlorine, bromine or iodine atom) and 

0045 (2) Converting the halogen atom in general 
formula (3) to a Substituent having a reactive functional 
grOup. 

0046) The initiators, catalysts, solvents, polymerization 
conditions and So forth as already mentioned hereinabove 
Specifically for atom transfer radical polymerization all can 
adequately be used. 
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0047 As the method of converting the halogen at a 
polymer terminus, there may be mentioned, for example, the 
nucleophilic Substitution reaction using a nucleophilic 
reagent having a reactive functional group. AS Such nucleo 
philic reagent, there may be mentioned, among others, 
alcohol compounds, phenol compounds, carboxylic com 
pounds, amine compounds and amide compounds each 
having a reactive functional group, and alkali metal Salts or 
ammonium Salts thereof. Carbanions having a reactive func 
tional group and Stabilized by an electron-attracting Sub 
Stituent are also Suited for use. Specific examples of the 
nucleophilic reagent are shown below. 
0048. As the alcohols having a reactive function group, 
there may be mentioned, among others, aliphaticdiols Such 
as ethylene glycol, alicyclic diols Such as 1,2-cyclopen 
tanediol, 1,3-cyclopentanediol, 1,2-cyclohexanediol, 1,3-cy 
clohexanediol and 1,4-cyclohexanediol, amino-containing 
alcohols Such as ethanolamine; and the like. 
0049. As the phenols having a reactive function group, 
there may be mentioned, among others, compounds having 
two phenolic hydroxyl groups in each molecule, Such as 
hydroquinone, catechol, resorcinol, bisphenol A and biphe 
nol; and the like. 
0050. As the carboxylic acids having a reactive function 
group, there may be mentioned, among others, hydroxyl 
containing carboxylic acid compounds Such as 
HO-(CH-)-COH (n being an integer of 0 to 10); car 
boxylic acid compounds having a phenolic hydroxyl group, 
Such as hydroxybenzoic acid and 4'-hydroxy-4-biphenylcar 
boxylic acid; amino acid compounds, dibasic carboxylic 
acids Such as Oxalic acid, malonic acid, Succinic acid, 
glutaric acid, adipic acid, HOC-(CH2)-CO2H (n being 
an integer of 5 to 20), 1,2-cyclopentanedicarboxylic acid, 
1,2-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicar 
boxylic acid, 1,4-cyclohexanedicarboxylic acid, maleic acid, 
fumaric acid, malic acid, tartaric acid, phthalic acid, isoph 
thalic acid, terephthalic acid and naphthalenedicarboxylic 
acids, halides of the dibasic carboxylic acids mentioned 
above, cyclic acid anhydrides Such as Succinic anhydride, 
maleic anhydride and phthalic anhydride; and the like. 
0051. As the amines having a reactive function group, 
there may be mentioned, among others, hydroxyl-containing 
amines Such as ethanolamine; diamine compounds Such as 
ethylenediamine, 1,3-diaminopropane, 1,2-diaminopropane, 
1,4-diaminobutane, 1,2-diamino-2-methylpropane, 1,5-di 
aminopentane, 2,2-dimethyl-1,3-propanediamine, 1,6-hex 
anediamine, 1,7-heptanediamine, 1,8-Octanediamine, 1.9- 
nonanediamine, 1,10-decanediamine, 1,12 
dodecanediamine, 4,4'-methylenebis(cyclohexylamine), 
1,2-diaminocyclohexane, 1,3-diaminocyclohexane, 1,4-di 
aminocyclohexane, 1,2-phenylenediamine, 1,3-phenylene 
diamine, 1,4-phenylenediamine and C.C.'-diamino-p-Xylene; 
and the like. 

0052 Alkali metal salts and ammonium salts of the 
above-mentioned various nucleophilic reagents may also be 
used as nucleophilic reagents. The alkali metal Salts and 
ammonium Salts are obtained by reacting the above nucleo 
philic reagents with a basic compound. The basic compound 
is not particularly restricted but, for preparing alkali metal 
Salts, for instance, use is made of alkali metals Such as 
potassium, Sodium and lithium; metal alkoxides Such as 
Sodium methoxide, potassium methoxide, lithium methoX 
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ide, Sodium ethoxide, potassium ethoxide, lithium ethoxide, 
Sodium tert-butoxide and potassium tert-butoxide; carbon 
ates Such as Sodium carbonate, potassium carbonate, lithium 
carbonate and Sodium hydrogen carbonate, hydroxides Such 
as Sodium hydroxide and potassium hydroxide; hydrides 
Such as Sodium hydride and potassium hydride; organo 
lithium compounds Such as methyllithium, ethyllithium, 
n-butyllithium, tert-butyllithium, lithium diisopropylamide 
and lithium hexamethyldisilaZide; and like bases. In prepar 
ing ammonium Salts, use is made of, for example, ammo 
nium, amines Such as trimethylamine, triethylamine, tribu 
tylamine, tetramethylethylenediamine and pentamethyl 
diethylenetriamine; pyridine compounds Such as pyridine 
and picoline; and like nitrogen bases. 
0.053 Quaternary ammonium salts may also be used as 
the nucleophilic reagent. The quaternary ammonium Salts 
can be prepared by reacting the alkali metal Salts mentioned 
above with a quaternary ammonium halide. The quaternary 
ammonium halide is not particularly restricted but includes, 
among others, tetramethylammonium halides, tetraethylam 
monium halides, trimethylbenzylammonium halides, trim 
ethyldodecylammonium halides and tetrabutylammonium 
halides. 

0.054 As the solvent to be used in the nucleophilic 
Substitution reaction, there may be mentioned, among oth 
ers, hydrocarbon Solvents Such as benzene, toluene and 
Xylene, halogenated hydrocarbon Solvents Such as methyl 
ene chloride, chloroform and chlorobenzene, ether Solvents 
such as diethyl ether, dioxane, tetrahydrofuran, diphenyl 
ether, anisole and dimethoxybenzene, ester Solvents Such as 
ethyl acetate and butyl acetate, ketone Solvents Such as 
acetone, methyl ethyl ketone and methyl isobutyl ketone; 
alcohol Solvents Such as methanol, ethanol, propanol, iso 
propanol, n-butyl alcohol and tert-butyl alcohol; nitrile 
Solvents Such as acetonitrile, propionitrile and benzonitrile; 
amide Solvents Such as dimethylformamide, dimethylaceta 
mide and hexamethylphosphoric triamide, Sulfoxide Sol 
vents Such as dimethyl Sulfoxide; carbonate Solvents Such as 
ethylene carbonate and propylene carbonate, water and So 
on. These may be used singly or two or more of them may 
be used in admixture. The Substitution reaction can be 
carried out at 0 to 150° C. 

0.055 For promoting the Substitution reaction, a basic 
compound may be added to the reaction System. All the 
bases already Specifically mentioned hereinabove may 
adequately be used as the base. 
0056. A phase transfer catalyst such as a quaternary 
ammonium halide and crown ether may also be added to the 
reaction System for promoting the Substitution reaction. 
Those already Specifically mentioned hereinabove may be 
used as the quaternary ammonium halide. 
0057. As already mentioned hereinabove, a vinyl poly 
mer having a functional group at both termini can be 
produced also by polymerizing vinyl monomers using an 
initiator having a reactive functional group, followed by 
coupling of a polymer terminus with another. AS the method 
of coupling, there may be mentioned, for example, a method 
which comprises coupling terminal halogens with each other 
using a compound having a total of two or more functional 
groups which may be the same or different and each can 
Substitute the terminal halogen in the general formula 3. 
0.058. The compound having a total of two or more 
functional groups each capable of Substituting the terminal 
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halogen atom is not particularly restricted but preferably is 
a polyol, polyamine, polycarboxylic acid or polythiol, or a 
salt thereof, an alkali metal sulfide or the like. Specific 
examples of these compounds are as follows: 
0059 Polyols such as ethylene glycol, 1,2-propanediol, 
1,3-propanediol, 2-methyl-1,3-propanediol, 2,2-dimethyl-1, 
3-propanediol, 1,4-butanediol, 1,3-butanediol, 1,2-butane 
diol, 2,3-butanediol, pinacol, 1,5-pentanediol, 1,4-pen 
tanediol, 2,4-pentanediol, 1,6-hexanediol, 1,7-heptanediol, 
1,8-Octanediol, 1.9-nonanediol, 1,10-decanediol, 1,12-dode 
canediol, 1,2-cyclopentanediol, 1,3-cyclopentanediol, 1,2- 
cyclohexanediol, 1,3-cyclohexanediol, 1,4-cyclohexanediol, 
glycerol, 1,2,4-butanetriol, catechol, resorcinol, hydro 
quinone, 1,2-dihydroxynaphthalene, 1,3-dihydroxynaphtha 
lene, 1,5-dihydroxynaphthalene, 2,6-dihydroxynaphthalene, 
2,2'-biphenol, 4,4'-biphenol, bis(4-hydroxyphenyl)methane, 
4,4'-isopropylidenephenol, 3,3'-(ethylenedioxy)diphenol, 
C.C.'-dihydroxy-p-Xylene, 1,1,1-tris(4-hydroxyphenyl)e- 
thane, pyrogallol and 1,2,4-benzenetriol, and alkali metal 
Salts of the above polyol compounds, 

0060 Polyamines such as ethylenediamine, 1,3-di 
aminopropane, 1,2-diaminopropane, 1,4-diaminobu 
tane, 1,2-diamino-2-methylpropane, 1,5-diamino 
pentane, 2,2-dimethyl-1,3-propanediamine, 1,6- 
hexanediamine, 1,7-heptanediamine, 1.8- 
octanediamine, 1,9-diaminononane, 1,10 
diaminodecane, 1,12-diaminododecane, 4,4'- 
methylenebis(cyclohexylamine), 1,2- 
diaminocyclohexane, 1,3-diaminocyclohexane, 1,4- 
diaminocyclohexane, 1,2-phenylenediamine, 1,3- 
phenylenediamine, 1,4-phenylenediamine and C.C.'- 
diamino-p-Xylene, and alkali metal Salts of the above 
polyamines, 

0061 Polycarboxylic acids such as oxalic acid, mal 
onic acid, methylmalonic acid, dimethylmalonic 
acid, Succinic acid, methylsuccinic acid, glutaric 
acid, adipic acid, 1,7-heptanedicarboxylic acid, 1.8- 
octanedicarboxylic acid, 1.9-nonanedicarboxylic 
acid, 1,10-decanedicarboxylic acid, 1,11-unde 
canedicarboxylic acid, 1,12-dodecanedicarboxylic 
acid, 1,2-cyclopentanedicarboxylic acid, 1,2-cyclo 
hexane-dicarboxylic acid, 1,3-cyclohexanedicar 
boxylic acid, 1,4-cyclohexanedicarboxylic acid, 1.3, 
5-cyclohexanetricarboxylic acid, phthalic acid, 
isophthalic acid, terephthalic acid, 1,2,3-benzenetri 
carboxylic acid and 1,2,4,5-benzene-tetracarboxylic 
acid; and alkali metal Salts of the above polycar 
boxylic acids, 

0062 Polythiols such as 1,2-ethanedithiol, 1,3-pro 
panedithiol, 1,4-butanedithiol, 2,3-butanedithiol, 
1,5-pentanedithiol, 1,6-hexanedithiol, 1,7-hep 
tanedithiol, 1,8-Octanedithiol, 1.9-nonanedithiol, 
2-mercaptoethyl ether, p-Xylene-C,C'-dithiol, 1,2- 
benzenedithiol, 1,3-benzenedithiol and 1,4-benzene 
dithiol; and alkali metal salts of the above polythiol 
compounds, 

0063 Lithium sulfide, sodium sulfide and potassium 
Sulfide; and so forth. 

0064. For promoting the substitution reaction, a basic 
compound or a quaternary ammonium Salt may also be 
added. AS Specific examples thereof, those already Specifi 
cally mentioned hereinabove may be mentioned. 
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0065. The vinyl polymer having a reactive functional 
group at a main chain terminus according to the first aspect 
of the invention can also be produced by radical polymer 
ization of a vinyl monomer(s) using a chain transfer agent 
having a reactive function group(s). 
0.066 The reactive functional group-terminated vinyl 
polymer obtained in the above manner, when reacted with a 
compound represented by the general formula (2), gives a 
Vinyl polymer terminally having a group represented by the 
general formula (1). The reactive functional group-termi 
nated Vinyl polymer is produced by the method already 
mentioned. 

0067. The compound represented by the general formula 
(2) is not particularly restricted but epichlorohydrin and 
epibromohydrin are preferred because of ready availability. 

0068. As the solvent to be used in carrying out the 
reaction, there may be mentioned, among others, hydrocar 
bon Solvents Such as benzene, toluene and Xylene; haloge 
nated hydrocarbon Solvents Such as methylene chloride, 
chloroform and chlorobenzene, ether Solvents Such as 
diethyl ether, dioxane, tetrahydrofuran, diphenyl ether, ani 
Sole and dimethoxybenzene, ester Solvents Such as ethyl 
acetate and butyl acetate, ketone Solvents Such as acetone, 
methyl ethyl ketone and methyl isobutyl ketone; alcohol 
Solvents Such as methanol, ethanol, propanol, isopropanol, 
n-butyl alcohol and tert-butyl alcohol; nitrile solvents such 
as acetonitrile, propionitrile and benzonitrile; amide Solvents 
Such as dimethylformamide, dimethylacetamide and hexam 
ethylphosphoric triamide, Sulfoxide Solvents Such as dim 
ethyl Sulfoxide; carbonate Solvents Such as ethylene carbon 
ate and propylene carbonate; water and So on. These may be 
used singly or two or more of them may be used in 
admixture. 

0069. The reaction is desirably carried out in the presence 
of a basic compound. AS Such basic compound, all Specifi 
cally mentioned hereinabove can adequately be used. For 
accelerating the reaction, any of the phase transfer catalysts 
known in the art may be added to the reaction System. AS 
examples of the phase transfer catalyst, there may be men 
tioned quaternary ammonium Salts and crown ethers, among 
others. 

0070 The vinyl polymer having a group represented by 
the general formula (1) as produced according to the inven 
tion can be made into an epoxy resin composition and this 
constitutes one aspect of the invention. 
0071. This composition generally comprises the follow 
ing two components: the vinyl polymer having a group 
represented by the general formula (1) at a main chain 
terminus and an epoxy resin curing agent. 
0.072 The vinyl polymer may comprise a single species 
or a mixture of two or more species. 

0073. The epoxy resin curing agent is not particularly 
restricted but use may be made of Such photo- or ultraViolet 
curing agents as aliphatic amines, alicyclic amines, aromatic 
amines, acid anhydrides, polyamides, imidazoles, amineim 
ides, urea; melamine and derivatives thereof; polyamine 
Salts, phenol resins, polymercaptains, polysulfides, aromat 
iccdiazoniumsalts, diallyliodoniumsalts, triallylsulfonium 
Salts, triallylselenium Salts and the like. 
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0074. Further, an epoxy resin known in the art may be 
used in combination with the vinyl polymer of the invention. 
Such epoxy resin is not particularly restricted but includes, 
but is not limited to, glycidyl ether type epoxy resins derived 
from bisphenol A, bisphenol F or tetrabromobisphenol A, 
novolak type epoxy resins, hydrogenated bisphenol A-based 
epoxy resins, glycidyl ether type epoxy resins derived from 
bisphenol A-propylene oxide adducts, p-hydroxybenzoic 
acid glycidyl ether ester type epoxy resins, m-aminophenol 
based epoxy resins, diaminodiphenylmethane-based epoxy 
resins, urethane-modified epoxy resins, various alicyclic 
epoxy resins, N,N-diglycidylaniline, N,N-diglycidyl-O- 
toluidine, triglycidyl isocyanurate, polyalkylene glycol dig 
lycidyl ethers, glycidyl ethers of polyhydric alcohols Such as 
glycerol, hydantoin type epoxy resins, epoxidization prod 
ucts from unsaturated polymerS Such as petroleum resins and 
the like. These epoxy resins may be used Singly or two or 
more of them may be used in admixture. 
0075 For improving the mechanical/physical properties 
or cured products, various fillerS may be incorporated. 
Usable as the fillers are reinforcing fillers such as fumed 
Silica, precipitated Silica, Silicic anhydride, hydrous Silicic 
acid and carbon black, Such fillers as calcium carbonate, 
magnesium carbonate, diatomaceous earth, calcined clay, 
clay, talc, titanium oxide, bentonite, organic bentonite, ferric 
oxide, Zinc oxide, activated Zinc white and Sirasu balloons, 
and fibrous fillerS Such as asbestos, and glass fibers and 
filaments. For obtaining cured products having high Strength 
using these fillers, a filler selected mainly from among 
fumed Silica, precipitated Silica, Silicic anhydride, hydrous 
Silicic acid, carbon black, Surface-treated, finely divided 
calcium carbonate, calcined clay, clay, activated Zinc white 
and the like is used in an amount within the range of 1 to 100 
parts by weight per 100 parts by weight of the (meth) acrylic 
polymer, whereupon favorable results can be obtained. For 
obtaining cured products low in Strength but high in elon 
gation, a filler Selected mainly from among titanium oxide, 
calcium carbonate, talc, ferric oxide, Zinc oxide and Sirasu 
balloons is used in an amount within the range of 5 to 200 
parts by weight per 100 parts of the (meth)acrylic polymer 
to give favorable results. These fillerS may be used singly or 
two or more of them may be used in admixture. 
0076. It is also possible to use various plasticizers, cou 
pling agents, mold release agents and So forth. 
0077. Now, the second aspect of the invention is 
explained. 

0078. The second aspect of the invention lies in an epoxy 
resin composition comprising two components, namely (A) 
an epoxy resin and (B) a vinyl polymer having a main chain 
produced by living radical polymerization and a reactive 
functional group at a main chain terminus. 
0079 The component (A) epoxy resin according to the 
Second aspect of the invention is not particularly restricted 
but includes various ones. Examples include, but are not 
limited to glycidyl ether type epoxy resins derived from 
bisphenol A, bisphenol F, tetrabromobisphenol A or the like, 
novolak type epoxy resins, hydrogenated bisphenol A-based 
epoxy resins, glycidyl ether type epoxy resins derived from 
bisphenol A-propylene oxide adducts, p-hydroxybenzoic 
acid glycidyl ether ester type epoxy resins, m-aminophenol 
based epoxy resins, diaminodiphenylmethane-based epoxy 
resins, urethane-modified epoxy resins, various alicyclic 
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epoxy resins, N,N-diglycidylaniline, N,N-diglycidyl-O- 
toluidine, triglycidyl isocyanurate, polyalkylene glycol dig 
lycidyl ethers, glycidyl ethers of polyhydric alcohols Such as 
glycerol, hydantoin type epoxy resins, epoxidation products 
derived from unsaturated polymerS Such as petroleum resins, 
and the like. These epoxy resins may be used Singly or two 
or more of them may be used in admixture. 
0080. The reactive functional group according to the 
Second aspect of the invention is not particularly restricted 
but may be any functional group capable of reacting with the 
epoxy group of the epoxy resin to thereby effect crosslink 
ing. AS examples, there may be mentioned an alcoholic 
hydroxyl group, a phenolic hydroxyl group, an amino group, 
an amide group and a carboxyl group. 
0081. The vinyl type monomer constituting the main 
chain of the vinyl polymer in the Second aspect of the 
invention is not particularly restricted but may be any of 
those mentioned hereinabove referring to the first aspect of 
the invention. 

0082 The molecular weight distribution of the above 
Vinyl polymer is not particularly restricted but, generally, the 
ratio (MW/Mn) of weight average molecular weight (Mw) to 
number average molecular weight (Mn) as determined by 
gel permeation chromatography is less than 1.8, preferably 
not more than 1.7, more preferably not more than 1.6, still 
more preferably not more than 1.5, especially preferably not 
more than 1.4, most preferably not more than 1.3. In the 
practice of the invention, GPC measurements are generally 
carried out using polystyrene gel columns with chloroform 
as the mobile phase and the number average molecular 
weight and So on can be determined on the polystyrene 
equivalent basis. 
0.083. The number average molecular weight of the vinyl 
polymer in the practice of the Second aspect of the invention 
is not particularly restricted but preferably is within the 
range of 500 to 1,000,000, more preferably 1,000 to 100, 
OOO. 

0084. The vinyl polymer having a reactive functional 
group which is to be used in the practice of the Second aspect 
of the invention may be any polymer terminally having a 
reactive functional group. In View of the ease of control of 
the molecular weight, molecular weight distribution andof 
terminal functional group introduction, however, the above 
mentioned living radical polymerization method is prefer 
ably employed as the method of producing the main chain of 
the Vinyl polymer. 
0085 For producing the vinyl polymer having a reactive 
functional group by using the living radical polymerization, 
a process comprising the following Steps, for instance, may 
be mentioned: 

0.086 (1) Forming a vinyl polymer bypolymerizing a 
vinyl monomer(s) by the living radical polymerization 
technique and 

0087 (2) Reacting, at the end point of the polymer 
ization, the polymer with a compound having both a 
reactive functional group and an ethylenically unsatur 
ated group. 

0088. The compound having both an ethylenically unsat 
urated group and a reactive functional group is not particu 
larly restricted but includes, among others, hydroxy-con 
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taining vinyl monomerS Such as 2-hydroxyethyl 
(meth)acrylate and 2-hydroxypropyl (meth) acrylate; amido 
containing vinyl monomerS Such as (meth) acrylamide; 
amino-containing vinyl monomerS Such as 2-aminoethyl 
(meth)acrylate; carboxyl-containing vinyl monomerS Such 
as (meth) acrylic acid, maleic acid, maleic acid monoalkyl 
esters, fumaric acid and fumaric acid monoalkyl esters, and 
the like. 

0089. Further, maleic anhydride; maleimide monomers 
Such as maleimide, methylmaleimide, ethylmaleimide, pro 
pylmaleimide, butylmaleimide, hexylmaleimide, octylmale 
imide, dodecylmaleimide, Stearylmaleimide, phenylmaleim 
ide and cyclohexylmaleimide, tert-butoxystyrene; 
acetoxystyrene, and the like may also be used. 
0090. Further, phenols having an ethylenically unsatur 
ated group, Such as o-, m- and p-allylphenol and o-, m- and 
p-allyloxyphenol; alcohols having an ethylenically unsatur 
ated group, Such as allyl alcohol, butenyl alcohol, pentenyl 
alcohol and hexenyl alcohol, amines having an ethylenically 
unsaturated group, Such as allylamine, butenylamine, pen 
tenylamine and hexenylamine; carboxylic acid compounds 
having an ethylenically unsaturated group, Such as Vinyl 
acetate, pentenoic acid, heptenoic acid and undecenoic acid; 
and the like may also be used. 
0091. When the compound having both an ethylenically 
unsaturated group and a reactive functional group is reacted 
with the polymer terminus, the compound as Such may be 
Subjected to reaction. In Some cases, however, the reactive 
functional group may affect the polymer terminus and, in 
Such cases, it may be used in the form having a protective 
group. AS the protective group, there may be mentioned 
acetyl, silyl groupS and alkoxy groups, among others. Suited 
for use as the compound having a protective group are all the 
compounds mentioned above whose functional group is 
protected. 

0092. The compound having both a reactive functional 
group and an ethylenically unsaturated group may be Sub 
jected to reaction with the polymer isolated after completion 
of the Vinyl monomer polymerization by newly adding that 
compound to that polymer together with a catalyst or may be 
added and Subjected to reaction in the course of polymer 
ization (in situ). In the latter case, the monomer conversion 
of the first polymerization should be as high as possible, 
preferably not less than 80%. If the conversion is not more 
than 80%, the reactive functional group is distributed on side 
chains, not at molecular termini, whereby the mechanical 
characteristics of cured products will be impaired. In prin 
ciple, the addition of Such compound having a reactive 
functional group and an ethylenically unsaturated group in 
an equivalent amount relative to the whole number of 
termini results in introduction of the functional group at all 
termini. For Securing the introduction of the functional 
group at all termini, however, it is recommendable to use the 
compound in exceSS, Specifically in an amount of 1 to 5 
times excess relative to the number of termini. When it is 
used in an amount not less than 5 times, the functional group 
is introduced terminally into the polymer at an excessively 
high density and this is unfavorable from the cured product 
physical properties viewpoint. 

0093. The vinyl polymer having a reactive functional 
group according to the invention may also be produced by 
the following Steps: 
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0094) (1) Producing a vinyl polymer terminally having 
a halogen, and 

0.095 (2) Converting the halogen at the polymer ter 
minus to a Substituent having a reactive functional 
grOup. 

0096. A chlorine, bromine or iodine atom is preferred as 
the halogen. AS the method of producing the halogen 
terminated vinyl polymer, there may be mentioned the 
radical polymerization method using a halide compound as 
a chain transfer agent and the above-mentioned atom trans 
fer radical polymerization. In view of the ease of control of 
the molecular weight and molecular weight distribution, the 
latter is preferred. The initiators, catalysts, Solvents, poly 
merization conditions and So forth as already mentioned 
hereinabove Specifically for atom transfer radical polymer 
ization all can adequately be used. 
0097 As the method of converting the halogen at a 
polymer terminus, there may be mentioned, for example, the 
nucleophilic Substitution reaction using a nucleophilic 
reagent having a reactive functional group. AS Such nucleo 
philic reagent, there may be mentioned, among others, 
alcohols, phenols, carboxylic acids and amines each having 
a reactive functional group, and alkali metal Salts or ammo 
nium Salts thereof. Carbanions having a reactive functional 
group and Stabilized by an electron-attracting Substituent are 
also Suited for use. Specific examples of the nucleophilic 
reagent are shown below. 
0.098 As the alcohols having a reactive function group, 
there may be mentioned, among others, aliphatic diols Such 
as ethylene glycol, alicyclic diols Such as 1,2-cyclopen 
tanediol, 1,3-cyclopentanediol, 1,2-cyclohexanediol, 1,3-cy 
clohexanediol and 1,4-cyclohexanediol, amino-containing 
alcohols Such as ethanolamine; and the like. 
0099. As the phenols having a reactive function group, 
there may be mentioned, among others, compounds having 
two phenolic hydroxyl groups in each molecule, Such as 
hydroquinone, catechol, resorcinol, bisphenol A and biphe 
nol; and the like. 
0100. As the carboxylic acids having a reactive function 
group, there may be mentioned, among others, hydroxyl 
containing carboxylic acid compounds Such as 
HO-(CH), COH (n being an integer of 0 to 10); 
carboxylic acid compounds having a phenolic hydroxyl 
group, Such as hydroxybenzoic acid and 4'-hydroxy-4-bi 
phenylcarboxylic acid; amino acid compounds, dibasic car 
boxylic acids Such as Oxalic acid, malonic acid, Succinic 
acid, glutaric acid, adipic acid, HOC-(CH2), COH (n 
being an integer of 5 to 20), 1,2-cyclopentanedicarboxylic 
acid, 1,2-cyclohexanedicarboxylic acid, 1,3-cyclohexanedi 
carboxylic acid, 1,4-cyclohexanedicarboxylic acid, maleic 
acid, fumaric acid, malic acid, tartaric acid, phthalic acid, 
isophthalic acid, terephthalic acid and naphthalenedicar 
boxylic acids, halides of the dibasic carboxylic acids men 
tioned above, cyclic acid anhydrides Such as Succinic anhy 
dride, maleic anhydride and phthalic anhydride; and the like. 
0101 AS the amines having a reactive function group, 
there may be mentioned, among others, aliphatic amines, 
alicyclic amines and aromatic amines each having a reactive 
functional group. 
0102 Alkali metal salts and ammonium salts of the 
above-mentioned various nucleophilic reagents may also be 
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used as nucleophilic reagents. The alkali metal Salts and 
ammonium Salts are obtained by reacting the above nucleo 
philic reagents with a basic compound. The basic compound 
is not particularly restricted but includes, among others, 
alkali metals. Such as potassium, Sodium and lithium; metal 
alkoxides Such as Sodium methoxide, potassium methoxide, 
lithium methoxide, Sodium ethoxide, potassium ethoxide, 
lithium ethoxide, Sodium tert-butoxide and potassium tert 
butoxide; carbonates Such as Sodium carbonate, potassium 
carbonate, lithium carbonate and Sodium hydrogen carbon 
ate, hydroxides Such as Sodium hydroxide and potassium 
hydroxide; hydrides Such as Sodium hydride and potassium 
hydride, organolithium compounds Such as methyllithium, 
ethyllithium, n-butyllithium, tert-butyllithium, lithium diiso 
propylamide and lithium hexamethyldisilazide, ammonium, 
amines Such as trimethylamine, triethylamine, tributy 
lamine, tetramethylethylenediamine and pentamethyldieth 
ylenetriamine; pyridine compounds Such as pyridine and 
picoline; and the like. 
0.103 Quaternary ammonium salts may also be used as 
the nucleophilic reagent. The quaternary ammonium Salts 
can be prepared by reacting the alkali metal Salts mentioned 
above with a quaternary ammonium halide. The quaternary 
ammonium halide is not particularly restricted but includes, 
among others, tetramethylammonium halides, tetraethylam 
monium halides, trimethylbenzylammonium halides, trim 
ethyldodecylammonium halides and tetrabutylammonium 
halides. 

0104. As the solvent to be used in the nucleophilic 
Substitution reaction, there may be mentioned, among oth 
ers, hydrocarbon Solvents Such as benzene, toluene and 
Xylene, halogenated hydrocarbon Solvents Such as methyl 
ene chloride, chloroform and chlorobenzene, ether Solvents 
Such as diethyl ether, dioxane, tetrahydrofuran, diphenyl 
ether, anisole and dimethoxybenzene, ester Solvents Such as 
ethyl acetate and butyl acetate, ketone Solvents Such as 
acetone, methyl ethyl ketone and methyl isobutyl ketone; 
alcohol Solvents Such as methanol, ethanol, propanol, iso 
propanol, n-butyl alcohol and tert-butyl alcohol; nitrile 
Solvents Such as acetonitrile, propionitrile and benzonitrile; 
amide Solvents Such as dimethylformamide, dimethylaceta 
mide and hexamethylphosphoric triamide, Sulfoxide Sol 
vents Such as dimethyl Sulfoxide; carbonate Solvents Such as 
ethylene carbonate and propylene carbonate, water and So 
on. These may be used singly or two or more of them may 
be used in admixture. The Substitution reaction can be 
carried out at 0 to 150° C. 

0105 For promoting the substitution reaction, a basic 
compound may be added to the reaction System. All the 
bases already Specifically mentioned hereinabove may 
adequately be used as the base. 
0106 A phase transfer catalyst Such as a quaternary 
ammonium halide and crown ether may also be added to the 
reaction System for promoting the Substitution reaction. 
0107 AS already mentioned hereinabove, a vinyl poly 
mer having a functional group at both termini can be 
produced also by polymerizing vinyl monomers using an 
initiator having a reactive functional group, followed by 
coupling of a polymer terminus with another. AS the method 
of coupling, there may be mentioned, for example, a method 
which comprises coupling terminal halogens with each other 
using a compound having a total of two or more functional 
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groups which may be the same or different and each can 
Substitute the polymer terminal halogen. 
0108. The compound having a total of two or more 
functional groups which may be the same or different and 
each can Substitute the polymer terminal halogen is not 
particularly restricted but preferably is a polyol, polyamine, 
polycarboxylic acid or polythiol, or a Salt thereof, an alkali 
metal Sulfide or the like. Specific examples of these com 
pounds are as follows: 
0109 Polyols such as ethylene glycol, 1,2-propanediol, 
1,3-propanediol, 2-methyl-1,3-propanediol, 2,2-dimethyl-1, 
3-propanediol, 1,4-butanediol, 1,3-butanediol, 1,2-butane 
diol, 2,3-butanediol, pinacol, 1,5-pentanediol, 1,4-pen 
tanediol, 2,4-pentanediol, 1,6-hexanediol, 1,7-heptanediol, 
1,8-Octanediol, 1.9-nonanediol, 1,10-decanediol, 1,12-dode 
canediol, 1,2-cyclopentanediol, 1,3-cyclopentanediol, 1,2- 
cyclohexanediol, 1,3-cyclohexanediol, 1,4-cyclohexanediol, 
glycerol, 1,2,4-butanetriol, catechol, resorcinol, hydro 
quinone, 1,2-dihydroxynaphthalene, 1,3-dihydroxynaphtha 
lene, 1,5-dihydroxynaphthalene, 2,6-dihydroxynaphthalene, 
2,2'-biphenol, 4,4'-biphenol, bis(4-hydroxyphenyl)methane, 
4,4'-isopropylidenephenol, 3,3'-(ethylenedioxy)diphenol, 
C.C.'-dihydroxy-p-Xylene, 1,1,1-tris(4-hydroxyphenyl)e- 
thane, pyrogallol and 1,2,4-benzenetriol, and alkali metal 
Salts of the above polyol compounds, 

0110 Polyamines such as ethylenediamine, 1,3-di 
aminopropane, 1,2-diaminopropane, 1,4-diaminobu 
tane, 1,2-diamino-2-methylpropane, 1,5-diamino 
pentane, 2,2-dimethyl-1,3-propanediamine, 1,6- 
hexanediamine, 1,7-heptanediamine, 1.8- 
octanediamine, 1,9-diaminononane, 1,10 
diaminodecane, 1,12-diaminododecane, 4,4'- 
methylenebis(cyclohexylamine), 1,2- 
diaminocyclohexane, 1,3-diaminocyclohexane, 1,4- 
diaminocyclohexane, 1,2-phenylenediamine, 1,3- 
phenylenediamine, 1,4-phenylenediamine and C.C.'- 
diamino-p-Xylene, and alkali metal Salts of the above 
polyamines, 

0111 Polycarboxylic acids such as oxalic acid, mal 
onic acid, methylmalonic acid, dimethylmalonic 
acid, Succinic acid, methylsuccinic acid, glutaric 
acid, adipic acid, 1,7-heptanedicarboxylic acid, 1.8- 
octanedicarboxylic acid, 1.9-nonanedicarboxylic 
acid, 1,10-decanedicarboxylic acid, 1,11-unde 
canedicarboxylic acid, 1,12-dodecanedicarboxylic 
acid, 1,2-cyclopentanedicarboxylic acid, 1,2-cyclo 
hexane-dicarboxylic acid, 1,3-cyclohexanedicar 
boxylic acid, 1,4-cyclohexanedicarboxylic acid, 1.3, 
5-cyclohexanetricarboxylic acid, phthalic acid, 
isophthalic acid, terephthalic acid, 1,2,3-benzenetri 
carboxylic acid and 1,2,4,5-benzenetetracarboxylic 
acid; and alkali metal Salts of the above polycarbox 
ilic acids, 

0112 Polythiols such as 1,2-ethanedithiol, 1,3-pro 
panedithiol, 1,4-butanedithiol, 2,3-butanedithiol, 
1,5-pentanedithiol, 1,6-hexanedithiol, 1,7-hep 
tanedithiol, 1,8-Octanedithiol, 1.9-nonanedithiol, 
2-mercaptoethyl ether, p-Xylene-C.C.'-dithiol, 1,2- 
benzenedithiol, 1,3-benzenedithiol and 1,4-benzene 
dithiol; and alkali metal salts of the above polythiol 
compounds, 

0113 Lithium sulfide, sodium sulfide and potassium 
Sulfide; and so forth. 
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0114 For promoting the reaction, a basic compound may 
also be added to the reaction System. AS the base to be used, 
those already Specifically mentioned hereinabove all are 
Suited for use. 

0115 For promoting the reaction, a phase transfer cata 
lyst Such as a quaternary ammonium halide and crown ether 
may also be added to the reaction System. 
0116. The epoxy resin composition according to the 
Second aspect of the invention comprises, as essential com 
ponents, the epoxy resin, namely the above-mentioned (A) 
component, and the Vinyl polymer terminally having a 
reactive functional group, namely the above-mentioned (B) 
component. The mixing ratio between the both components 
is generally Such that the vinyl polymer accounts for 0.1 to 
1,000 parts by weight, preferably 1 to 500 parts by weight, 
more preferably 1 to 200 parts by weight, per 100 parts by 
weight of the epoxy resin. At an addition amount below 0.1 
part by weight, the effects of incorporation are not fully 
produced. At an amount above 1,000 parts by weight, the 
rate of curing unfavorably falls. 
0117 The invention also includes the combined use of an 
epoxy resin curing agent known in the art. AS examples of 
Such curing agent, there may be mentioned: 
0118 Primary amines such as diethylenetriamine, trieth 
ylenetetramine, tetraethylenepentamine, hexamethylenedi 
amine, diethylaminopropylamine, N-aminoethylpiperazine, 
BASF’s Lamilon C-260, CIBA's Araldite HY-964, Rohm 
and Haas Menthenediamine, isophoronediamine, diamin 
odicyclohexylmethane, m-xylylenediamine, m-phenylene 
diamine, diaminodiphenylmethane and diaminodiphenyl 
Sulfone, Straight-chain diamines represented by 
(CH)N(CH2) N(CH) (n being an integer of 1 to 10), 
Straight-chain tertiary amines represented by (CH)N(CH2) 
CH (n being an integer of 0 to 10), tetramethylguanidine, 
alkyl-tertiary monoamines represented by N(CH2)CH 
(n being an integer of 1 to 10), triethanolamine, piperidine, 
N,N'-dimethylpiperazine, triethylenediamine, pyridine, 
picoline, diazabicycloundecene, benzyldimethylamine, 
2-(dimethylaminomethyl)phenol, 2,4,6-tris(dimethyl-ami 
nomethyl)phenol and like Secondary or tertiary amines, acid 
anhydrides Such as phthalic anhydride, trimellitic anhydride 
and benzophenonetetracarboxylic anhydride, various polya 
mide resins, dicyandiamide and derivatives thereof, various 
imidazoles, and the like. 
0119 For improving the mechanical/physical properties 
of cured products, various fillerS may be incorporated. 
Usable as the fillers are reinforcing fillers such as fumed 
Silica, precipitated Silica, Silicic anhydride, hydrous Silicic 
acid and carbon black, Such fillers as calcium carbonate, 
magnesium carbonate, diatomaceous earth, calcined clay, 
clay, talc, titanium oxide, bentonite, organic bentonite, ferric 
oxide, Zinc oxide, activated Zinc white and Sirasu balloons, 
and fibrous fillerS Such as asbestos, and glass fibers and 
filaments. For obtaining cured products having high Strength 
using these fillers, a filler Selected mainly from among 
fumed Silica, precipitated Silica, Silicic anhydride, hydrous 
Silicic acid, carbon black, Surface-treated, finely divided 
calcium carbonate, calcined clay, clay, activated Zinc white 
and the like is used in an amount within the range of 1 to 100 
parts by weight per 100 parts by weight of the (meth) acrylic 
polymer, whereupon favorable results can be obtained. For 
obtaining cured products low in Strength but high in elon 
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gation, a filler Selected mainly from among titanium oxide, 
calcium carbonate, talc, ferric oxide, Zinc oxide and Sirasu 
balloons is usediin an amount within the range of 5 to 200 
parts by weight per 100 parts of the (meth)acrylic polymer 
to give favorable results. These fillerS may be used singly or 
two or more of them may be used in admixture. 
0120. It is also possible to use various plasticizers, cou 
pling agents, mold release agents and So forth. 
0121 AS specific uses of the composition of the present 
invention, there may be mentioned, among others, Sealing 
materials, adhesives, pressure Sensitive adhesives, elastic 
adhesives, coating compositions, powder coating composi 
tions, foamed or expanded articles, potting agents for elec 
tric and electronic use, films, molding materials and artificial 
marble. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

0122) In the following, some specific examples of the 
present invention are described together with a comparative 
example. They are, however, by no means limitative of the 
Scope of the invention. In the examples, the "number aver 
age molecular weight' and "molecular weight distribution 
(ratio between weight average molecular weight and number 
average molecular weight) were determined by the stan 
dard polystyrene equivalent method using gel permeation 
chromatography (GPC). Columns packed with crosslinked 
polystyrene gels were used as GPC columns and chloroform 
was used as the GPC solvent. 

PRODUCTION EXAMPLE 1. 

Synthesis of Br-Terminated poly(butyl acrylate) 
0123. A 10-liter separable flask equipped with a reflux 
condenser and a stirrer was charged with CuBr (28.0 g, 0.20 
mol) and the reactor inside was purged with nitrogen. 
Acetonitrile (559 mL) was added, and the contents were 
stirred on an oil bath at 70° C. for 40 minutes. Thereto were 
added butyl acrylate (1.00 kg), diethyl 2,5-dibromoadipate 
(117 g., 0.325 mol) and pentamethyldiethylenetriamine 
(hereinafter, “triamine"; 1.7 mL, 1.4g, 8.1 mmol) to thereby 
start the reaction. While heating at 70° C. with stirring, butyl 
acrylate (4.00 kg) was added dropwise continuously. During 
dropping of butyl acrylate, the triamine (8.5 mL, 7.06 g, 
0.041 mol) was further added. 
0.124. The reaction mixture was diluted with toluene and 
passed through an activated alumina column, and the Vola 
tile matter was then distilled off under reduced pressure to 
give a Br-terminated polymer (polymer 1). The polymer 
1 had a number average molecular weight of 19,500 and a 
molecular weight distribution of 1.17. 

EXAMPLE 1. 

Synthesis of a phenol Group-Terminated poly(butyl 
acrylate) 

0.125. A 100-ml reaction vessel was charged with the 
polymer 1 (50 g) obtained in Production Example 1, 
potassium p-hydroxybenzoate (1.96 g., 11.1 mmol) and 
dimethylacetamide (50 mL). The contents were heated at 
70° C. with stirring for 3 hours under a stream of nitrogen. 
The reaction mixture was diluted with toluene and passed 
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through an activated alumina column, and the Volatile matter 
was then distilled off under reduced pressure. The polymer 
obtained was dissolved in toluene and the Solution was again 
passed through an activated alumina column, and the tolu 
ene was distilled off under reduced preSSure to give phenol 
terminated poly(butyl acrylate) (polymer 2). The average 
number of phenol groups introduced per molecule of the 
polymer was determined to be 2.3 by H NMR spectrometry. 

EXAMPLE 2 

Synthesis of an epoxy-terminated poly(butyl 
acrylate) 

0.126 A 50-mL two-necked flask equipped with a reflux 
condenser was charged with the polymer 2 (5.0 g) obtained 
in Production Example 2, tert-butoxypotassium (0.070 mg) 
and dimethylacetamide (10 mL), and the contents were 
heated at 70° C. with stirring. Epichlorohydrin (2.5 mL) was 
added, and the mixture was heated at 70° C. with stirring for 
1 hour. The reaction mixture was diluted with toluene and 
passed through an activated alumina column, and the Vola 
tile matter was then distilledoffunderreduced pressure. The 
polymerobtained was dissolved in toluene and the Solution 
was again passed through an activated alumina column, and 
the toluene was distilled off under reduced preSSure to give 
a polymer 3. 

0127. Upon analysis of the polymer 3 by "H NMR 
Spectrometry, an epoxy group-due peak was observed at 
around 2.9 ppm, indicating that the epoxy group introduc 
tion into the polymer had been accomplished. 

EXAMPLE 3 

Modification of an Epoxy Resin 

0128. A bisphenol A-based liquid epoxy resin (2.0 g; 
Epikote 825, product of Yuka Shell Epoxy Kabushiki Kai 
sha), the polymer 2 (2.0 g) obtained in Example 1 and a 
tertiary amine (0.080 g; Epicure 3010, product of Yuka Shell 
Epoxy Kabushiki Kaisha) were thoroughly mixed up and the 
mixture was heated at 150° C. for 1 hour to give a cured 
product. The cured product had flexibility. The uncured 
fraction of the cured product was extracted with toluene and 
the gel fraction of the cured product was determined based 
on the weight ratio between the weight of the cured product 
before extraction and that after extraction and found to be 
91%. 

INDUSTRIAL APPLICABILITY 

0129. The terminally reactive vinyl polymer and epoxy 
resin composition of the invention can improve the hard and 
brittle characteristics of epoxy resins and provide them 
flexibility, without impairing the favorable characteristics of 
the epoxy resins, Such as the bond properties. 

1-37. (canceled) 
38. An epoxy resin composition which comprises a vinyl 

polymer having a group represented by the following gen 
eral formula (1) at a main chain terminus thereof. 
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(1) 

wherein, R', R and R are the same or different and each 
represents a hydrogen atom, a monovalent hydrocarbon 
group containing 1 to 10 carbon atoms or a monovalent 
group containing 1 to 10 carbon atoms as derived from 
two hydrocarbon groups by being bound together via an 
ether bond or ester bond, and R' and R or R and R 
may be combined together at respective other termini to 
form a cyclic structure; 

wherein the Vinyl polymer having a group represented by 
the general formula (1) at a main chain terminus thereof 
is obtained by reacting a reactive functional group of a 
Vinyl polymer having the reactive functional group at a 
main chain terminus thereof with a compound repre 
Sented by the following general formula (2): 

(2) 
R4 R3 R2 

x-Hl 
RS O R1 

wherein, R, R and Rare defined as above, R" and Rare 
the Same or different and each represents a hydrogen 
atom, a monovalent hydrocarbon group containing 1 to 
10 carbon atoms or a monovalent group containing 1 to 
10 carbon atoms as derived from two hydrocarbon 
groups by being bound together via an ether bond or 
ester bond and X represents a chlorine, bromine or 
iodine atom; 

wherein the vinyl polymer having the reactive functional 
group at a main chain terminus thereof is obtained by 

(1) carrying out polymerization of a vinyl monomer by 
the living radical polymerization technique and 

(2) reacting, at the end point of the polymerization, the 
resulting polymer with a compound having both a 
reactive functional group and an ethylenically unsatur 
ated group. 
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39. A vinyl polymer having a group represented by the 
following general formula (1) at a main chain terminus 
thereof: 

(1) 

wherein, R, R and R are the same or different and each 
represents a hydrogen atom, a monovalent hydrocarbon 
group containing 1 to 10 carbon atoms or a monovalent 
group containing 1 to 10 carbon atoms as derived from two 
hydrocarbon groups by being bound together via an ether 
bond or ester bond, and R' and R or R and R may be 
combined together at respective other termini to form a 
cyclic Structure. 
which polymer is obtained by reacting a reactive func 

tional group of a vinyl polymer having the reactive 
functional group at a main chain terminus thereof with 
a compound represented by the following general for 
mula (2): 

(2) 
R4 R3 R2 

R5 O R1 

wherein, R, R and Rare defined as above, R" and Rare 
the same or different and each represents a hydrogen 
atom, a monovalent hydrocarbon group containing 1 to 
10 carbon atoms or a monovalent group containing 1 to 
10 carbon atoms as derived from two hydrocarbon 
groups by being bound together via an ether bond or 
ester bond and X represents a chlorine, bromine or 
iodine atom; 

wherein the vinyl polymer having the reactive functional 
group at a main chain terminus thereof is obtained by 

(1) carrying out polymerization of a vinyl monomer by 
the living radical polymerization technique and 

(2) reacting, at the end point of the polymerization, the 
resulting polymer with a compound having both a 
reactive functional group and an ethylenically unsatur 
ated group. 


