EPOXY RESI NS, EPOXY RESIN M XTURES, EPOXY RESIN COWMPCSI TI ONS AND CURED
'RRODUCTS THEREOF 5 Technical Field The present invention relate '
viscosity liquid epoxy resins or mixtures thereof and epoxy resinBWN@l“Wmnmmw
.conmpositions which can afford a highly heat-resistant cured 10 product.
Epoxy resins and other matters of the present invention are useful for' "™
fabricating electric and electronic materials, lamnating materials,
coating conpositions, adhesive conpositions, and the |ike. 15 Background
of the Invention E@PoxXYaREBINSHOEPOXYSRESINaMIBKFURES]eBROXW RESTNe aid of
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| am nat ed boards, nolding materials, casting materials and mmmm ng
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10 product. Epoxy resins and other matters of the present

invention are useful for fabricating electric and
electronic materials, laminating materials, coating

compositions, adhesive compositions, and the like.

15 Background of the Invention

Generally, epoxy resins can be hardened with the aid
of various curing agents to form cured products which are
excellent in mechanical properties, water resistance,

20 chemical resistance, heat resistance, electrical properties,
and the like. Hence, they are widely used in various
fields such as adhesive compositions, coating compositions,
laminated boards, molding materials, casting materials and
the like. BAmong liquid epoxy resins that have been most

25 commonly used in industrial applications, well-known is a
compound obtained by reacting epichlorohydrin with
bisphenol A. Cresol novolak type epoxy resins have been
widely used as a sealing medium for semiconductor devices,
since such a sealing medium requires a good heat resistance.

30 It has also been proposed recently to apply liquid epoxy
resin compositions to semiconductor mounting methods.

However, such an epoxy resin composition to be used
in semiconductor mounting methods is required to have a
high glass transition point so as to prevent the substrate

35 from warping due to the shrinkage of the composition on

curing. Another requirement is that these compositions



However, such an epoxy resin conposition to be used in sem conductor
‘hounting nethods is required to have a high glass transition point so as
t.o prevent the substrate 35 from warping due to the shrinkage of the
.conposition on curing. Another requirenment is that these conpositions
shoul d have a | ow viscosity to allowthe resin to penetrate into all
details of sem conductor junctions. However, the existing bisphenol A type
epoxy resins, which have been comonly used, have a viscosity as_high as
about 10 Pa.ghatl P 6 andow gliasoditandia iada opoithe &R Sthe tor @@PeBFaQBOC
even when cuyred w.th e .aid of agi. ri her gbRE Qe £ANMIOE
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i nventi on. 2h&tefore came prazehily ndth AP FrAIeS TV D %N Epoxy resin
represented Qy: §h ﬁﬂé’%}&?or(.l)i 0 25 OCH2CHCH2 (1) 0 30 H3C11l ' OCH2CHCH2
(2) an epoxy resin mxture obtained by m xing an epoxy resin of the above
formula (1) with an epoxy resin

10 suymmaryv_of the Invention

In view of the actual circumstances as stated above,
the present inventors have made much effort in searching
for a liquid epoxy resin having both an excellent heat

15 resistance and a low viscosity. Our efforts have allowed
us to find that an epoxy resin having a specific molecular
structure has a low viscosity and exhibits an excellent
heat resistance when cured. These findings have led us to

achieve the present invention.

20 That is, the present invention provides:

(1) an epoxy resin represented by the formula (1):

i
25 OCH,CHCH,
(1)
0

30 H,C OCH,CHCH, '

(2) an epoxy resin mixture obtained by mixing an epoxy

resin of the above formula (1) with an epoxy resin
35 represented by the following formula (2):

[N}



35 represented by the following formula (2): 0 OCH2CHCH2 5 i\ OCH2CHCH2
710 (2) in which, nis an integer indicating the nunber of repeating unit;
(3) the epoxy resin mxture as defined in the item(2), 15 wherein the
_mxture is obtained by mxing 10 to 90 parts by weight of an epoxy resin
of the formula (1) wth 90 to 10 parts by wei ght of an epoxy resin of the
formula (2) ; (4) an epoxy resin conposition conprising an epoxy resin 20
as defined in the item (1) and a curing agent; (5) the epoxy resin
conposition as defined in the item (4), wherein the conposition further
contains a curing accelerator; (@) the epoxy regjn conposition as defined
inthe item 25 (4) or (5), “hﬁ%qi ui he conpositryon further contains an
inorganic filler; (7) the epoxy fesin conposiP?6R"4% defined in anyone of
the itens (4) to (6), wherein the cgnposit pri ses as an epoxy resin
conponent an epoxy resin 30 {he item (2) or (3); (8)
a cured product obtained byjlhar fRH conpagi ti on as
defined in anyone of the itens

obt ai ned by hardeni ng an epo poSition as defined in the item
(7).
/
OCH,CHCH;
10
in which, n is an integer indicating the number of
repeating unit;

(3) the epoxy resin mixture as defined in the item (2),

15 wherein the mixture is obtained by mixing 10 to 90
parts by weight of an epoxy resin of the formula (1)
with 90 to 10 parts by weight of an epoxy resin of
the formula (2); |

(4) an epoxy resin composition comprising an epoxy resin

20 as defined in the item (1) and a curing agent;

(5) the epoxy resin composition as defined in the item
(4), wherein the composition further contains a
curing accelerator;

{6) the epoxy resin composition as defined in the item

25 (4) or (5), wherein the composition further contains
an inorganic filler;

(7) the epoxy resin composition as defined in anyone of
the items (4) to (6), wherein the composition
comprises as an epoxy resin component an epoxy resin

30 mixture as defined in the item (2) or (3);

(8) a cured product obtained by hardening an epoxy resin
composition as defined in anyone of the items (4) to
(6); and,

(9) a cured product obtained by hardening an epoxy resin

35 composition as defined in the item (7).



3-The present invention will now be described in nore details. In the
follow ng descriptions, "part" and "% are always on the weight basis. An
epoxy resin of the formula (1) as defined above in 5 the item (1) can be
_Obtained, for exanple, by reacting a conpound of the fornmula (a): OH 10
H3C 'OH 15 (a) with epi halohydrin in the presence of an al kali netal
hydroxi de. In the reaction for producing the epoxy resin of the 20 present
invention, alkali netal hydroxide may be used in the form of aqueous

solution. In that gaserddntpriosessiomwidd desi dreedlascrédeld dnwAPTehat

whi | e continuously introduci the aque .sol.uti.onw hkahiy wgtal

hydr oxi de i4ftd e réébtg%%lé&LﬁQQHDQJ§F§%§é§§lé%fhal§E§ rinare 25

cont i nuousl v, disghasgetchainget gliedemsids or nornmal pressure. And then, the

epi hal ohydrin is separated fr t Bt tey Leliked emewed iand
Mtq%%sﬁﬁlsom &e eforn%\%l@ 665

the former being recycled to e reaction system,
Al t er nat isvel yhe t hieempr ttlescamsye beb e retesEo B EHMRY S sithy R g% @

guat er nary anmmoni salt y8l).such as tetranmethyl anmoni um
chl ori de, teﬁ?@ﬁ&ﬁﬂ%l%ﬁn%@?uﬁ? rgéige)or trimet hyl benzyl ammoni um chl ori de

to a mxture of a conpound of the fornula (a) w th epi hal ohydrin; reacting
the resulting mxture at a tenperatquHof 50 to 150C for 35 0.5 to 8 hours

to forma hal ohydrin etherified produgct of the conpound of the fornula
(a); and then dehydro

10
(a)

HaC OH
15

with epihalohydrin in the presence of an alkali metal
hydroxide.
In the reaction for producing the epoxy resin of the
20 present invention, alkali metal hydroxide may be used in
the form of aqueous solution. In that case, the process
may be designed in such a way that while continuously
introducing the aqueous solution of alkali metal hydroxide
into the reaction system, water and epihalohydrin are
25 continuously discharged under reduced or normal pressure.
And then, the epihalohydrin is separated from the water,
the latter being removed and the former being continuously
recycled to the reaction system.
Alternatively, the process may be a process
30 comprising adding a quaternary ammonium salt as a catalyst
such as tetramethylammonium chloride, tetramethylammonium
bromide or trimethylbenzylammonium chloride to a mixture of
a compound of the formula (a) with epihalohydrin; reacting
the resulting mixture at a temperature of 50 to 150°C for
35 0.5 to 8 hours to form a halohydrin etherified product of
the compound of the formula (a); and then dehydro-



4-hal ogenating (ring-closing) the hal ohydrin etherified product by adding
‘al kali metal hydroxide in the formof solid or aqueous solution and
reacting the resulting mxture at a tenperature of 20 to 120C for 1 to 10
. hours. 5 The anount of epihal ohydrin to be usually used in these reactions
is generally 0.8 to 12 nol, preferably 0.9 to 11 nol, for one equival ent
of the hydroxyl group in the conpound of the fornula (a). In order to nmake
the reaction proceed snoothly, the reaction is preferably carried out 10
mnfh theladmdmaqenmtimm dlrdolyelc 1osdngas timet hadohydirist kahelriféedan aprotic
pol ar sol vent__suc i I f.qn r i |y syl f axi.d an
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col | ected epox resin.in a.solvent .s : i~s@but yl
ket one; addinalca%edaqstineOOO&shlg’dl u |eonrero}3fCtzJ1l§<(%gll?Ss %a#gi%%/lg{ oxl| e)élsdugﬁﬁas Y
sodi um Hydr oxitde tire poidissianmdfy dirox ldwho larehiathers metdianeg e 9E&AMA ng
mxture. In c’iﬁ"%bcaﬁéfoto Ot%é1%ilaalxkaédw@r¥@'sdlﬁﬂrﬁldii%ét%y{%@ﬂﬂo&h@&ﬁd in an

amount of 0.01 I, preferably 0.05 to 0.2 nol for one equival ent
of the hydr sdfregivhpi i Ehe®omound of the formula (a) to

When an alcohol is used, the amount of the alcochol to
be used is usually 2 to 20 %, preferably 4 to 15 % on the
15 basis of the amount of epihalohydrin. Alternatively, when
a aprotic polar solvent is used, the amount of the solvent
to be used is usually 5 to 150 %, preferably 10 to 140 % on
the basis of the amount of epihalohydrin.
After optionally washed with water, the reaction
20 products thus obtained from such epoxidation reactions are
heated under reduced pressure to remove epihalohydrin,
solvents and the like. Additionally, in order to obtain an
epoxy resin with poorer hydrolyzable halogen, the ring
closure may be ensured by dissolving the collected epoxy
25 resin in a solvent such as toluene or methyl isobutyl
ketone; adding an aqueous solution of alkali metal
hydroxide such as sodium hydroxide or potassium hydroxide;
and then reacting the resulting mixture. In this case, the
alkali metal hydroxide is usually used in an amount of 0.01
30 to 0.3 mol, preferably 0.05 to 0.2 mol for one equivalent
of the hydroxyl group in the compound of the formula (a) to
be epoxidized. The reaction temperature is usually 50 to
120°C and the reaction time is usually 0.5 to 2 hours.
After the reaction is completed, the resulting salt
35 is removed by filtration, water washing or the like, and

the solvent is then distilled off by heating under reduced

ot




be epoxi di zed. The reaction tenperature is usually 50 to 120C and the
reaction tine is usually 0.5 to 2 hours. After the reaction is conpleted
the resulting salt 35 is renoved by filtration, water washing or the i ke
.and the solvent is then distilled off by heating under reduced 5 pressure’
to give an epoxy resin of the present invention. The epoxy resins of the
present invention obtained as set forth above, which are liquid at nornal
tenperature and are excellent in workability, may be used in conbination 5
with epoxy nasigwsumditch @ine seniemy d egimeindine Papsendt dPYedrtiAlve a

softening point of, .50 to SUGIL 35 8RO I&S)
_ ths nkepresanbedabyethe
fol |l ow ng fornula%ﬁﬁ %39 zgﬁﬁwgn%n epoxy¥¥§§r1coﬁbonent epoi M?es'S
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in whichbsn iwliEn épmeygereshels catiely ate TRIMDETC dp &g unit and
|uiSlI:I|1'a![ L%/i gﬁgogr %rrr%%%xg% agi;]qféﬁ@bé YSé-fﬁ&lﬁ'%g igb 25 avErEyeo N Specichl as
0X i
are a tri pheermxm%mstg@@?esgntrg s Qe 10N A dfdra | f2)0%y they
afford an epoxy resin component (epoxy resin mixture of the
present invention) that is liquid at normal temperature
10 without causing any damage to their physical properties,

hence resulting in a favorable effect.

C 0
/N PN
OCH,CHCH, OCH,CHCHz
15
\ \
- CH— l" H (2)
| N
~
20 v /0\ n
OCH,CHCH,

in which n is an integer indicating the number of repeating
unit and usually denotes 1 to 5, preferably 1 to 3, in
25 average.

No special limitations are imposed on epoxy resins of
the formula (2), if only they are a triphenyl-methane type
epoxy resin represented by the formula (2). Illustrative
examples thereof include EPPN-501 H (mfd. by Nippon Kayaku

30 Co.), EPPN-501 HY (mfd. by Nippon Kayaku Co.) and EPPN-502
H (mfd. by Nippon Kayaku Co.). EPPN-501 H, which is semi-
solid and has a low melting viscosity, is particularly
preferred.

The mixing ratio of the epoxy resin of the formula

35 (1) to the epoxy resin of the formula (2) is usually in the
range of from 10:20 to 90:10 on the weight basis,



epoxy resin represented by the fornula (2) . Illustrative exanples thereof
i nclude EPPN-501 H (nfd. by N ppon Kayaku 30 Co.), EPPN-501 HY (nfd. by

N ppon Kayaku Co.) and EPPN-502 H (nfd. by N ppon Kayaku Co.). EPPN-501 H,
.which is sem- solid and has a low nelting viscosity, is particularly
preferred. The mxing ratio of the epoxy resin of the formula 35 (1) to the
epoxy resin of the formula (2) is usually in the range of from10:90 to
90: 10 on the weight basis, 6 preferably 20:80 to 80: 20, nore preferably
30: 70 to 70p3@ferbblypedi:al IonBakidenswaree pirefesel lon 30he OmErhdd : FEr
mxing them as | opg agll .Gan iRkeykdsLhele BATBAERCOHS nll KEWREd ABrePOXY
resin conposition of Re present invention nmay be obtalned by adding
epoxy resi ngigfinghéhefropsulleag( Bp dfdcen) PRCVAGSt thedvi BATPPeReRtg t hem

as set forufy elow Eﬁoéifok?%@s%rregﬁpés@ﬁoﬁfotheh@rﬁﬁegéntnvention

wi || be explained below 710 Tn an epoxy resin conposition of th% pr esent

i nventi of, aAMVESGAPTr 8Sivn DEr o&FEP e Sivh BHNDG EPOK Y FES1FSeSéntMenvent i on
can be used ®Jrafifl 2@ (i1 G@RDI (73t WA HGRIth prefviien segoxy xies néenl,nasheet
combi ned use, the epoxy resin or epoxy resin mxture of the present
|nventioni:;9ﬁ§qmb &"ably present at a proportion of 30% or nore,
particularly 40% @pomy eecafint hemoslic iepexpfr ésienpresgpscilhivengiampl es of

the other e resi i Ry, used in conmbination with the epoxy resin
of the presgﬁﬁﬁ‘&ﬁ%é%%?oﬁgﬁ%clu&gshbut are not limted to, novol ak type 20

epoxy ré€ins, condensed egiosyclresdmt sdees iphemnoleft yhe ®F6R¢itr esins,
xyl yl ene skel &LO0-1Nt 3 RheRAIC JIOWQIAK e n #IRBNreeTMNThdi phenyl
skel et on- cont ai ni ng novol ak type , . . .
present invention ‘can be used alone or in combination with
other epoxy resins. In the combined use, the epoxy resin
or epoxy resin mixture of the present invention is
15 preferably present at a proportion of 30% or more,
particularly 40% or more of the whole epoxy resins.

Specific examples of the other epoxy resin which may
be used in combination with the epoxy resin of the present
invention include, but are not limited to, novolak type

20 epoxy resins, condensed dicyclopentadiene phenol type epoxy
resins, xylylene skeleton-containing phenclic novolak type
epoxy resins, biphenyl skeleton-containing novolak type
epoxy resins, bisphenol A type epoxy resins, bisphenol F
type epoxy resins, and tetramethylbiphenol type epoxy

25 resins. These epoxy resins may be used alone or in
combination of 2 or more.

The curing agent to be contained in the epoxy resin
composition of the present invention may be an amine, acid
anhydride, amide, or phenol compound. Specific examples of

30 the curing agent which can be used include, but are not
limited to, diaminodiphenylmethane, diethylenetriamine,
triethylenetetramine, diaminodiphenylsulfone, isophorone-
diamine, dicyandiamide, polyamide resins synthesized from
linolenic acid dimer and ethylenediamine, phthalic

35 anhydride, trimellific anhydride, pyromellitic anhydride,
maleic anhydride, tetrahydrophthalic anhydride,



epoxy resins, bisphenol A type epoxy resins, bisphenol F type epoxy
fesins, and tetranethyl bi phenol type epoxy 25 resins. These epoxy resins
may be used alone or in conbination of 2 or nore. The curing agent to be
.contained in the epoxy resin conposition of the present invention may be
an am ne, acid anhydride, am de, or phenol conpound. Specific exanples of
30 the curing agent which can be used include, but are not Ilimted to,

di am nodi phenyl met hane, diethyl enetrianmne, triethylenetetram ne,

di ami nodi pherqtlbgalltfemr@hyldsm@mde-c dindidd dedi OPARGILRRIdEE, ApOVPEROGe
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anhydri de, @5{ QJCEﬂﬁhXHEhgecomﬁﬁéﬁhygﬁepehﬂﬁhHﬁnénﬁégiVQﬂlves
nethylhexahy rop thallc anh y dri de, phenoljc novol ak, and nmdifi.cati
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present invention é’% Q:}t? -;:u[rd. fygéeﬁ’w va g%mgcs)er o(rPlle glqw val ent
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epoxy group, fe” ¢o sition may to attain the conplete curing and to
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conposition of the resent I nvention. Specific _exanples of, the curin

ohe equlvalent of the epoxy group, the composition may f %_
to attain the complete curing and to exhibit good physical
properties after cured.

15 A curing accelerator can also be incorporated without
any inconvenience into the epoxy resin composition of the
present invention. Specific examples of the curing
accelerator which can be used include imidazoles such as 2-
methylimidazole, 2-ethylimidazole and 2-ethyl-4-methyl-

20 imidazole; tertiary amines such as 2-(dimethylamino-
methyl)phenol and 1,8-diaza-bicyclo(5.4.0)-undecene-7;
phosphines such as triphenylphosphine; and metallic
compounds such as tin octylate. The curing accelerator is
optionally used in an amount of 0.1 to 5.0 parts for 100

25 parts of the epoxy resin.

Inorganic fillers may be optionally incorporated into
the epoxy resin composition of the present invention.
Specific examples of the inorganic filler which can be used
include silica, alumina, and talc. The inorganic filler is

30 used in the epoxy resin composition of the present
invention at a proportion of 0 to 90%. In addition, the
epoxy resin composition of the present invention may
contain various compounding additives including silane
coupling agents, releasing agents such as stearic acid,

35 palmitic acid, zinc stearate, and calcium stearate, and

pigments.



accel erator which can be used include imdazoles such as 2-

met hyl i m dazol e, 2-ethylimdazole and 2-ethyl -4-nethyl 20 i m dazol e;
tertiary am nes such as 2-(dinmethyl am no- nethyl)phenol and

. 1,8-diaza-bicycl o(S. 4.0) -undecene-7; phosphi nes such as

tri phenyl phosphine; and netallic conpounds such as tin octylate. The
curing accelerator is optionally used in an amount of 0.1 to 5.0 parts for
100 25 parts of the epoxy resin. Inorganic fillers may be optionally

i ncorporated int oEptdxey ep®iy cesipwsddiposi tiforrhef Pries eprite daFENTAPENCESN.
Specific ex I t JQ{H%&a fi i
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molding machine; and then heating the molded product at a

I n

temperature of usually 80 to 200°C for 2 to 10 hours.

15 Alternatively, a cured product may be also obtained
by dissolving an epoxy resin composition of the present
invention in a solvent such as toluene, xylene, acetone,
methyl ethyl ketone, or methyl isobutyl ketone to obtain a
solution of the epoxy resin composition; impregnating a

20 base material made of glass fiber, carbon fiber, polyester
fiber, polyamide fiber, alumina fiber, paper or the like
with the solution; heating the thus impregnated base
material to semi-dried state to give a prepreg; and then
hot press molding the prepreg. Here, the solvent is used

25 in an amount of usually 10 to 70%, preferably 15 to 70% of
the mixture of the epoxy resin composition of the present

invention and the solvent.

EXAMPLES
30
The present invention will now be described more
definitely by way of examples.
Example Al
35

Into a flask equipped with a thermometer, a dropping



nol di ng machi ne; and then heating the nolded product at a tenperature of
‘usually 80 to 200" C for 2 to 10 hours. 15 Alternatively, a cured product
may be al so obtained by dissolving an epoxy resin conmposition of the
present invention in a solvent such as toluene, xylene, acetone, nethyl
ethyl ketone, or methyl isobutyl ketone to obtain a solution of the epoxy
resin conposition; inpregnating a 20 base nmaterial nade of glass fiber,

carbon fiber, polyester fiber, polyamde fiber, alum_.na fiber, paper or
the |ike wifilnneie soloooildmy Kade agd Be StHIE SrmandgRAe68haSEeT nat er i al

to sem -dri ?qlﬁlilﬁ@e"}ﬂhg'n %r%g%rne%ra%g Wl R gdaote 2P RgE smelrdiang t he

prepreg. He sol vent 1 s “use in_an anount of usually 10 tao 70%

preferably DBMROURCHd? thendanmitlar dadh NS SFGEF CdsieR 16 5? YidEt ot t he
ﬁg&sggt defsg\réfﬂgi :j%ﬂ Eﬁ%xfjt*’s]? o%oltdi@d’étthﬁwmlf][a&l?& .Thehpr esgnltingention wil |
i bed noré definitel exanpl e nto a
flask eqfi pFEdiMch "85 Ker hc?(%plﬂ %elﬁé%ocﬁqlﬁd:%?l be and
a SEI rrfer ar’mhem aomcji. m]@ie{]ts ]Euﬂgilraagcy/\nstddmnt rlfqg:‘em@ake, waer edcear ged 62
parts of a ound of t he 3 par h n and
92.5 parts 5F’ RS SJF%OXI léﬁ%ésu%ge gt %El@ﬁn ng%&g&glggglve by
heating it tal4Sied wid hrestdtr ratng‘15 CTHa, amimtlpmatls ofhoyrgkyprshdtum

hydr oxi deme""gfc% ddeg, xporbﬁ)ggw ?%P%g&o%o%fmtw egacthen!, eaulnrertﬁ 1m xture

was allo 0 react at di ti onal hour s and 700 g%r
hour. Upén comfetidm 51d tancosacthishlanghsidyin were Qs e o

using rotary evaporator w1th heating under reduced pressure.
The residue was dissolved in 236 parts of methyl isobutyl
ketone.
The thus obtained methyl isobutyl ketone solution was

15 heated to 70°C and 10 parts of an aqueous 30% sodium
hydroxide solution was added. The resulting mixture was
allowed to react for 1 hour and was then repeatedly washed
with water until washing liquors became neutral.
Thereafter, the aqueous layer was separated and removed to

20 obtain 114 parts of the epoxy resin (A) of the present
invention represented by the above formula (1). The
obtained epoxy resin was liquid and had a viscosity of 0.60
Pa's at 25°C as measured by means of E type viscometer and
an epoxy equivalent of 131 g/eq.

25

Example A2

To the epoxy resin (A) obtained in Example Al,
Kayahard MCD (methylnadic anhydride; mfd. by Nippon Kayaku
30 Co.) as a curing agent and triphenylphosphine (TPP) as a
curing accelerator were blended in the weight ratio
indicated in the column labeled “composition of blend” in
the table 1. The resulting blend was intimately mixed and
then cast into a mold. The thus molded blend was allowed
35 to cure at 80°C for 2 hours, at 120°C for 2 hours and at
180°C for 4 hours to prepare a specimen. Glass transition

10



10 sul foxi de and excess epichlorohydrin were distilled off by wusing rotary
evaporator with heating under reduced pressure. The residue was dissol ved
in 236 parts of nethyl isobutyl ketone. The thus obtained nethyl isobutyl

. ketone solution was 15 heated to 70*C and 10 parts of an aqueous 30%

sodi um hydroxi de solution was added. The resulting m xture was allowed to
react for 1 hour and was then repeatedly washed w th water until washing
i quors becane neutral. Thereafter, the aqueous | ayer was separated and
renoved to 2@npstraitnrEl 4 fpdies splecimene peRpUresi MNGRE dhet e ldppdant

| nventi on represented by tHhe.abave dhar rzemnﬁql)labeme wehtaiiped epoxy resin
was liquid an a viscosit s at 25'C as neasured by neans
of E type viesemesttdresamd &é%%& ‘ed dhe1dpbdred.. 25 Exanple A2 To
t he epoxy resin (A) obtained in Exanple A, Kayahard MCD (et hyl nadi c
anhydride; nfd. by N ppon Kayaku 30 Co.) as a curing agent and

triphenyﬁph ing accel erator were blended in the

wei ght ratio indieeatcﬁcédmm&elcalsamﬂla@ela@@dmmmos(immn of blend" in
the table 1. The resulting blend, was &g ?k xgd agg bpgn cast into
a mol d. The thus nol ded bl end was all8 0& 2 hours,

at 1200C for 2 hMmats-wndadte 180" C fiok @/h@nns to prepare a speci nmen. C]ass
transition 1.0 tenperature of the speci men neasured under the follow ng
conditions is shown in the colum | abel ed "physical properties of hardened
product0in the td®del.l 5 @ ass transition point Ther nomechani cal

nmeasuri ng apparatus (TMY) Example A2
Composition of blend
epoxy resin (A) 100
Kayahard MCD 120
TPP 1
Physical properties of hardened product
glass transition point (°C) 175
Example Bl
15 EPPN-501 H (epoxy equivalent 165 g/eq, semi-solid at

25°C; mfd. by Nippon Kayaku Co.) as a triphenylmethane type
epoxy resin represented by the above formula (2) was
intimately mixed with the epoxy resin (A) prepared in
Example Al in the weight ratio of 50:50 to obtain an epoxy
20 resin mixture (B) of the present invention. The obtained
epoxy resin mixture (B) had an epoxXy equivalent of 146 g/eq
and a viscosity of 13.0 Pa's at 25°C as measured by means

of E type viscometer.

25 Example B2

To the epoxy resin mixture (B) prepared in Example Bl,
Kayahard MCD (methylnadic anhydride; mfd. by Nippon Kayaku
Co.) as a curing agent and 2-ethyl-4-methylimidazole
30 (2E4MZ) as a curing accelerator were blended in the weight

ratio indicated in the column labeled “composition of

11



. Shinku Riko (Inc.) TM7000 Heat-up rate : 20 mn. 10 Table 1 Exanple A2
Conposition of blend epoxy resin (A) Kayahard MCD TPP Physical properties
of hardened product glass transition point (C) Exanple I 100 120 1 175 15
. EPPN-501 H (epoxy equival ent 165 g/eq, sem-solid at 25C;, nfd. by N ppon
Kayaku Co.) as a triphenyl methane type epoxy resin represented by the
above fornmula (2) was intimately mxed with the epoxy resin (A) prepared in
Exanple Al in the weight ratio of 50:50 to obtain an epoxy 20 resin
hm' )o(lt ure (B) paferidve ipr e$enttaibieent.i obheThesobtangedlepdxyaseshhimakelye (B)
ad an epoxy .equj val ent of 1 / a Vi Si o =5qaal,,25C as
nmeasur ed by%r%é%ﬁfs a%gfer?:l?et%yﬁea%\% ggg%etaegglgis E?{gr%p%‘\éﬁzﬁl?%g? egggggy&?%si n
m xture (B) sddepacedd wubears! & BT, fokayaliard VOB Y AN fadi & RO i de;
nfd. by N ppop Kayakih e Coor as 1 W IR0 AeNHr And spreRlidr 4- BBRBY! | n dazol e
30 (2E4MZ) as a curing accel erator were bl énded in"the weight ratio
i ndi cat efl i rfnane iddlannt aupsRadd e Ofpddia ishieOmen MRasYFed AdeE 5 e 2.

The resul tingJEnGWBS idHd B &Rbwn in the column labeled “physical
properties of hardened product” in the table 2.

Table 2
Example B2

Composition of blend

epoxXy resin (B) 100

Kayahard MCD 108

2E4M7Z 1
Physical properties of hardened product

glass transition point (°C) 185

10

As seen from Tables 1 and 2, the cured products
obtained by hardening the epoxy resin compositions
comprising the epoxy resin or epoxy resin mixture of the

15 present invention exhibited a very excellent heat

resistance (as judged from a high glass transition point).

Test Exanmple

20 The epoxy resin (A) obtained in Example Al was
subjected to Ames test using 5 strains designated by GLP
(Good Laboratory Practice) at the institution (BML Inc.)
that satisfied the legal requirements prescribed in the
Industrial Safety and Health Law and in the Law Concerning

25 Examination and Regulation of Manufacture and Handling of
Chemical Substances. The test result was negative for

every strain of every preset concentration.
Effects of the Invention

30

As is evident from the negative results in Ames test,

12



m xed and then cast into a nold. The thus nolded blend was allowed to cure
at 80C for 2 hours, at 120C for 2 hours and at 180C for 4 hours to prepare
a specinmen. Gass 5 transition tenperature of the speci men nmeasured under
.the above conditions is shown in the columm | abeled "physical properties
of hardened product” in the table 2. Table 2 10 Exanple B2 Conposition of
bl end 100 epoxy resin (B) Kayahard MCD108 2E4MZ1 Physical properties of

har dened product 185 glass transition point (C) As seen from Tables 1 and
2, the curedppkgdueisinsobtfaithed pry skatdénivegtibe epexyoresoriconpEesCei ons
conprising the epoxy resin_or X ' Lxture : .

i nvention efﬁpbgfé&%éavgFﬁae§€%ﬁ%eﬁF&%§§%mgb§$#%tgﬁ%gaggs%ﬁggggéﬁgbgnla
hi gh gl ass transi Mooroyeirnt ppoResteBianmplraree ithenspeePtresiRI( AR obt ai ned
in Exanpl e ' RS nf igh sl dirks cH@siigraned oy G.P
(Good Labor'gtpg\ﬁ@sgre%gﬂ g(e% < totx&he I nsnt ?[fibxttllﬁ?r? (g)I%—CSMJ_C I n%I.) t_haﬁ%_}s tisfied
the | egaP rea@m PEPeHde fr &3ESbeF ddnatheh iichddst teixéleléﬁf’ét yPan§3Yeal th Law

and in the LawiQARGRINING 2R txafdiatdtemnd sRegitipatreen wafthManuf act ure and
Handl i ng of Chem cal Substances. The test.result“ﬁg%hp%%%%i%%é%pr every

strain of eﬁ§PWﬁﬂ§%ﬂﬂa%uﬁR9§Mr%ﬁﬁ%ﬂy¢9ﬂ?051tlons

commonly used.
Therefore, epoxy resin compositions of the present
10 invention are very useful for a wide variety of
applications including electric and electronic materials,
molding materials, casting materials, laminating materials,
coating compositions, adhesive compositions, resists, and

optical materials.

13



Effects of the Invention As is evident fromthe negative results in Anmes

test, 12 epoxy resins of the present invention are |owtoxic, hence can

bring a remarkabl e i nprovenent on working environnent. NMbreover, epoxy

.resin conpositions containing an epoxy resin or epoxy resin mxture of the

present invention 5 can provide a cured product which is excellent in heat

resi stance and water resistance as conpared with conventional epoxy resin

conpositions which have been commonly used. Therefore, epoxy resin

conposi ti ongyHET tie quraMEn IS0 i nvention are very useful for a wide

variety of

nol ding materials, casting nmaterials, lamnating materi als,

applications including electric and electronic material s,
oating

conposi ti ons] . adhesi epaonposd in orepr es83iteids by e(ﬁﬁqqﬁﬂanﬁﬁerials. 1.3
WHAT | S CLAIMED I'S: 1. An epoxy resin represented by the formula (1): O
(1) HNC' -OCH2CHCH2 15 2. An epPOX Y, resin mxture obtained by m xing an

epoxy résin of the above formulaj{(1) with an epoxy resin represented by

the following formula (2): 20 0 2CHCH2 0 OCH2CHCH2
OCH,CHCH,
(1)
10 0
HsC OCH,CHCH,
156 2. An epoxy resin mixture obtained by mixing an epoxy

20

25

30

resin of the above formula (1) with an epoxy resin

represented by the following formula (2):

Q o)
/A A
OCH,CHCH, OCH,CHCH,
\ \
cH—w— H (2)
‘ =
o)
2 a n
OCH,CHCH,

in which, n is an integer indicating the number of

repeating unit.

3. The epoxy resin mixture according to Claim 2, wherein
the mixture is obtained by mixing 10 to 90 parts by weight
of an epoxy resin of the formula (1) with 90 to 10 parts by

weight of an epoxy resin of the formula (2).

14
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(2) 25 30 in which, nis an integer indicating the nunber of repeating
unit. 3. The epoxy resin mixture according to Claim2, wherein the mxture
is obtained by mxing 10 to 90 parts by weight 35 of an epoxy resin of the
formula (1) with 90 to 10 parts by weight of an epoxy resin of the formula
(2). 14 4. An epoxy resin conposition conprising an epoxy resin of Caim1l
and a curing agent. 5 5. The epoxy resin conposition according to C aim4,
wherein the conposition further contains a curing accelerator. 6. The
epoxy resin conposition according to Claim4 or 5, 10 wherein the

conposition furth i -G ~pf (o T KR
conposition4dccor§%n%%?%%;%%§§§ 5?8&%%3F%§n4ckgggfséﬁgrg?n%?ﬁgycggﬁosition
conpri ses asfafliregoand esiavagp@uant .an epoxy resin mxture of Claim?2
or 3. 8. A cured product obtained by hardening an epoxy resin conposition
of anyone of Clainms 4 to 6. 20 9. A cured .product o tainedcqy.hagdening an
epoxy’ re§i n 5-conpddi iERP¥F H@Sditmeprppsg tion according to Claim 4,

wherein the composition further contains a curing

accelerator.

6. The epoxy resin composition according to Claim 4 or 5,
10 wherein the composition further contains an inorganic
filler.

7. The epoxy resin composition according to anyone of
Claims 4 to 6, wherein the composition comprises as an

15 epoxy resin component an epoxy resin mixture of Claim 2 or
3.

8. A cured product obtained by hardening an epoxy resin
composition of anyone of Claims 4 to 6.

20
9. A cured product obtained by hardening an epoxy resin

composition of Claim 7.



