,€3eS& P(()*(*+6+T& &T c! f;'.,."", (;~Q- EPOXY RESINS, EPOXY RESIN
NIXTURES EPOXY RESI N COMPOSI TI ONS AND CURED PRODUCTS THERECF 5-Tedhni ci3
Field The present invention relates to | ow viscosity |iquid epoxy resins or
m xtures thereof and epoxy resin conpositions which can afford a highly
heat-resi stant cured 10 product. Epoxy resins and other matters of the
present invention are useful for fabricating electric and el ectronic

materials, |am ngpbRg #8406 2l SpoPats N1t GAPATd OtSoxddRegirve
conposi tions, and the |ike. 15 Background of the I'nvention Generally, epoxy

resins can be har dere@MEPSHTEPRS ANP FURER iRREDUGHS THERESR s to form cured

products which are excellent in nmechanical properties, water resistance, 20
chem cal resistance, heat resistance, electrical properti es, and the |ike.

Hence, they are widely used in various fields such as adhesi ve

conposis i onsghieba@il npi€bdrposi tions, | am nated boards, nolding materials,
casting materials and the |ike. Am)ng | i qui d epoxy resins that have been

nost 25 comonly used in industrial applications, well-know is a conpound
obt ai ned by reacthagoepiat onohyrdrion widlatisphensiw AisCogddly Advolidk type

epoxy resi O:Jg?v]ee £e0 &dﬁ:&&&sd&j tﬁ?efa‘eéieaelrlé]geﬂ@gd J;Qr sem conduct or

devi ces, since’such a sealin I um requi res a eat resistance. 30 It
has al so be@RrPps bpbaedy Wle%@htqi@nt@f@mﬁya |1 degh |y gm&;rrreé%wﬁa@&n@@feﬁ ons to

sem copduchpsaaBENt iFhEIRAdS,s 'éel\eﬁ\b%eﬂhef%t%&seeexxhée kBseREPOSition to
be used in, sem conductor nounting nethods is required to have a high gl ass

transiti ompHERtLIER %et%S%fr%eﬁﬂrt%b%Waqee & % 49@™™War pi ng due to the
shri nkage @Iecthﬁozﬁ:i)dfrmastétbaﬂl@ﬁ m1mlrﬁf1eﬁahﬁérlr£1wl rcefm:ritngi s that these

" corrp05|t|ons 1 ... have a Vi S|tyto all ow the
resin to pene ?sa%tlgn?o E) rfLe%I]e\“%u(fosmpcfsJs‘ialrﬁrtsdn 4%? uncti‘ons. However,

the existing bisphenol A type epoxy resins, which have been commonly used,
have apyi W%M&P&S at 5 25C and a glass transition
poi nt of the order o even en cured with the aid of acid anhydride,
and therefore.cannot satisfy the properties required for the said
application. 10 caHe@)©f ddecy fBé%J’!Iﬂ@%érﬂbé%ereﬂéﬂﬁv@%hu%he aid

circunstances as. st ated above, the ent i nventors e much effort
L ey & G BN e e, R g e et e T T |
resi st ance=xarel et towlvisecsan yca O rafdorites have: el Inysackuamdeo find that an

ePOXY 0°S LR espochids MLECUAL SIEHA e Jas @M dssasidy and

exhlblts an exce F€si st ance en cure avé |ed
us to achi@¥@ thr prlesentienggenthen. a2e Whdelivs useldelpr egéhQUﬁnventu on

provides: fild1 @8 SRAXYad ek d 8RS ERAPAL Do dde dTMA DhbosAT b)) O
laminated boards, molding materials, casting materials and
the like. Among liquid epoxy resins that have been most

26 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.

"0 It has also been proposed recently te_gpply 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 g¢glass transition point so as to prevent the substrate
35 from warping due to the shrinkage of the composition on

curing. Another reguirement is that these compositicns

1



CHZCHCHZ (2) an epoxy resin mxture obtained by m xing an epoxy resin of -
the above formula (1) with an epoxy resin 35 represented by the foflfgw ng,.
formula (2): 2 OOCH2CHCHZ 9 ~ ~r 2J3 0 HZCHCHy 5 10 (21 in vvhich,"%}]é
an integer indicating the nunber of repeating unit; (3) the epoxy resin

m xture as defined in the item(2), 15 wherein the m xture i s obtained by
m xing 10 to 90 parts by weight of an epoxy resin of the fornmula (1) with
90 to 10 parts by, el ahty Bf AN&poxy resid 1ok the kastul ao(@pnetmtan epoxy
resin conposition conprising an epoxy resin .20 %Is defi nﬁdg‘?é‘pelt he.{id em (1)
and a curiingtageht ;d¢5)1 keheo o posilt FEFH CnpdSitit6R%as ‘defined in the item
(9, mhereé&é@&iméﬂcpln A Uf yhere g} aigisina ,cuhiing hewvel beabior; (6) the

epoxy resin conposition as defined in the item 25 (4) (§), pwhergin the
conposi ti orormer herugesht 1AL ah Y hergEhte 39 I%leq% a%)ab?;% ggoiﬁhr esin

conposig i oz s ged i negh dds anyonei efod heoidtenst (e toaded) ofwhéPeln the
conposition conprises” as_an epoxy resin conpo {@ROX¥ipesi n 30 mi xture
as definedeventWeeR t@r¢d) bl (B)e 359 %fcalr}ﬁed(;eaglﬁh ucl?%obt ai ned by

har deni Ng R eROXYe I €Shio € 08POSE £y othaspdaferteted reamidrd ot h8Si tenms (4)
to (6); and, (9) a curted?f[i)roduct obt ai ned by hardeni ng an epoxy resin :35
conposi ti of?Ad eRPIhed W the item (7). O w 3

10 Summary 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 haviné 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)
o)
30 /\
HsC QCH,CHCH, _
(2) an epoxy resin mixture cbtained by mixing an epoxy

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



' ~~u~ C7Q3 The present invention will now be described in moledl 23
details. In the follow ng descriptions, "part"” and "% are always on the
wei ght basis. An epoxy resin of the fornula (1) as defined above in 5 the
item (1) can be obtained, for exanple, by reacting a conpound of the
formula (a): 10 (a) H 15 with epi hal ohydrin in the presence of an al kal
nmetal hydroxide. 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 case, the process may be designed in such a way
that while continuously introdudﬂng the aqueousfsol ution of alkali metal
hydroxi de into the reacti on §§&€ed: water argngpchal ohydrin are 25

conti nuously discharged underq reduced or nor|mal \pressure. And then, the
epi hal ohydrin is separated

tter being renoved and the
fornmer peing continuously n system Alternatively,
the process may be a proc & [jngl a quat efhary anmmoni um
salt as a catalyst -such a gam chl ori de,
t et ramet hyl anmoni um brom de or trii y niumchloride to a
m xture of a conpound of the for al ohydrin; reacting the
resulting mxture at a tenperatur for :35 0.5 to 8 hours to
forma hal ohydrin etherified produtt . olind of the fornula (a);
and thga dehydro 4 ~ ~ ~ ~ 2003 hal o§€K%t7%g (ring-cl osing) the
hal ohydrin etherified product by adding alkali netal hydroxide in the form
of solid or aqueous solution and reacting the resulting mxture at a
~tenperature of 20 tﬂhlgﬁp for 51540540 hoHr Snddcdhengnbndtn@ib@pidial ohydrin
to be usually used 1n t hese reactions is generally 0.8 to 12 nol,
preferably 0.9 t&¢P22FdRY PBLtone equival ent of the hydroxyl group in the
conpound of(sthe taemupaxyareshin aidearéoasaiefihedr eactheoni prrocedd
snmoot hlLy, the reaction_i referably.caryj t ' t j¢ i on of an
al coholbsuch as HEFR&ABI TBF BEASHGE bF %%kgg?ggi%%gg¥%%ﬁ%o?§é%?q§%ch as .
di met hyl sul f one parisdbgewkybhsubforndepo¥encabn aPEober Fermiskd, (the

amount -of the al ¢obgl ob0:BE14SdrtS HoUALLYnE be 40 dpopyeiesablor 4 to 15 %
(0] nt o ‘
); ;

on the 15 basis the anpu epi hal ohydrin. Alternatively, when
the formula (2); :
(4) an epoxy resin composition comprising an epoxy resin
20 as defined in the item (1) and a curing agenti
(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 curéd product obtained by hardening an epoxy resin
composition as defined in anyone of the items (4) to
(6}; and,
{9) & cured product obtained by hardening an epoxy resin
a5 composition as defined in the item (7).



a aprotic polar solvent is used, the anmount of the solvent to be used is-
usually 5 to 150 % preferably 10 to 140 % on the basis of the aﬁb@mﬂ‘qmﬂ
epi hal ohydrin. After optionally washed with water, the reaction 20 products
t hus obtained from such epoxidation reactions are heated under reduced
pressure to renove epi hal ohydrin, solvents and the |like. Additionally, in
order to obtain an epoxy resin with poorer hydrol yzabl e hal ogen, the ring
e ey b ity SN, Lhe rald ealebeponpeadinesbe| N 2
sol vent such as ene” or I Ssobut'yl ket one; di ng an agieous
sol ution ofetatkhsi gt alhmyﬂrld;qu@$mcé:§@d&n§m RpaFbxi @8%or ® pot aSsi um
hydrOX|de %@éh@ﬂ %ﬁSCtéfgh h$a§§§ult|ng m xture. In this case, the

[ e ual

al kali neta dr oXi is used in an anount of Q. Ol to 0.3 nol

preferably 0.05 A @pexyotesbr ohethguicmamelr of) FﬁbdﬁfdPSQyPQSVSUbnln t he
conpound o{héhfa%@; a %ﬁ)béooggagﬂggldf@@dexgﬁgadwaﬂy|nmmct&mgeeature IS

usual ly 50 to e reaction time is usually 0.5 to 2 hours. After

t he react|©%mP@U%@n9fetE€ fersutasi®ting salt 35 is removed by filtration,
wat er washing or the like, and the solvent is then distilled off by heatlng
under reduced 5 '?7 E G 2003 pressure to give an epoxy resin of the
present invention. The epoxy resinsQBf the present invention obtained as
set forth above, which are liquid at normal tenperature and are excell ent
in morﬁfbility, may be used in conmbjnation 5 with epoxy resins which are
sem -solid at normal tenperature o ave a softening point of 50 to 80C
such as epoxy resins representegd hey fol l owing f@rrmula (2) to afford an
epoxy resin conponent (epoxy resin mxture of the present invention) that
is liquid at nornal tenperature|l0 w thput causing any danage to their
physical properties, hence resy a_favorable effect. 0 15 (2) 20 in
which nis an integer in at’l ng The
denotes 1 to 5, preferablf 1 to 3, in 25 average. No special limtations
are i sed on epoxy resins of the.,formula (2), if only they are a

tri phenyl - net hane type epoxy resin represented by the forrmula (2).

Co. ), EPPN' S ERCRL8 TRy N bhonKagakue R5e) “anl EPO 803 H (mfa. by

Nlppon Kayhkdresiyie.EPPN-501 H, which is semisolid and has a | ow nelting
viscosity, is pathi ﬁﬁleaf:!aacﬁlisﬁeféﬁdpraar@cﬁhgl tige rexpaxy ofedire adpde resin

Che' raitbe BYeFRah A67B0tiahe0a 16000 PREM R uAECRAAELRHE e Alsde sipually In
the form of aqueous solutlon In that case, the process
may be designed in such a way that while continuously
introducing the aqueous solutionrbf 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 iatter 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 15¢°C for

35 0.5 to 8 hours to form a halohydrin etherified product of
the compound cf the formula (a); and then dehydro-

4



--9 &E " ;nnz preferably 20:80 to 80:20, nore preferably 30:70, ?P ?Q 2@)
No special limtations are inposed on the nmethod for m xing thenlas 10
it can provide their honmbgeneous m xture. An epoxy resin conposition of the
present 5 invention nmay be obtained by addi ng epoxy resins of the fornul ae
(1) and (2) without previously mxing them as set forth bel ow Epoxy resin
conposi tions of the present invention will be explained below. 10 In an
epoxy resin conposition of the present invention OXY J.eSi n or epoxy
resin nixt3peogenghEngr £5BAY ¢ v ont Q%upﬁﬁ?ﬁﬁﬁﬁigaﬁg%gréﬁ 'H’conbination
with otherpepexy:resi A8dihd éhEappmmmmmdnyaxoiﬁeaepoxmereanm orf epoxy
resin nlxture of the present inventlon is 15 renﬁba EyLﬁﬂgaﬁpt at a
proportlon56%1§0@50?qﬂﬁ?55 PAET IR R Y HRRF o J ol e epoxy
resins. Spﬁ@ktuﬁeezanpleempéraher@t@ErzeunxylzeﬁﬂrfoMnL:hqm@@ beursed in
conbln ion wt the e oxg resin. of, the present, iny yde, but are
p&

not ted to, %o?%.u? Z%P%Rﬁ&®h¥e§Phet con ense dIC %Iopentadlene
phenol t ypehepexyeaesinss xylgénﬁeakkﬁl@t%ntQOMRemQﬁﬂuPHﬁﬁﬁﬁﬁth fovol ak

Lype epoxy Les) i, bi PUENYho SKGLELOD: GO AT BhOth NOMBLAK duifp AROA esi s,
bi sphenol type epoxy resins I spheno ype epoxy resins, Eg
tetranethybbmpﬁendlOfypbeeﬁexyulazsa}esﬂﬁsCWFE@SéOeB@ tasi r&a v“Be used

al one or ip,-6080lNahL8RNEY, 2tRE PRLETidNEI SUpiOBe@gsN} dax hiedanit@i ned in
the epoxy fesin conposition of the present |nvent|oq#3¥¥ be -an: anéﬁ aci d

anhydr 1Qe, WakRdEheordghbaen e5nPBURHCORPECPEFR 2% MY @B HE TuUri ng
agent whi chrcan bprused pﬂﬁhﬂdsolbéﬁtasﬁcmoésldﬁméthylsulfone or

di am nodi phe han thylenetrlanlne triethyl enetetram ne,
dlanlnodlpﬂeﬂé%ggﬁf8Hzfo §8bhor onedi ani ne, di cyandi ami de, pol yami de resins

synt hesi zed fronwhenokenatcaboll s mesedndtiet hyhewedi ol the arahgl o 35

anhydri de, | Lt rd FQ ygr | &4 ccranhydri de,
tetrahydro %tHgFPcagn ngT%g 200 M nﬁﬁkékéfaﬁgg ?e%?gﬁig?éﬁ%f%allc

anhydr e, ﬁﬁ@ﬁypﬁaﬂh@ amﬁyatuaé ené&ehyeyebheha| h

‘nEthy|heXaBYQbQBEEBaEanénBMﬂﬁbHE 1§hﬁQ@ﬁlCtH@VQh@Mmta®ﬂ mmﬁléerm&mbns
t hereof, im dazol e F anlng cogp \ ﬁng % févatlmﬁ§ g O These

curing. ageﬁPsbﬁBVSBQ dSeBSHROAY t?n 29nbi F? ﬁr% 196 ForEr Thehnount
of the curihg bgeft bd bReusmduht bheeppbayohgdiinconposition of the '

present | nvent| ogel scOEel ehably,Oulsh ol Zoraival enind ofeie, sgui val ent of

the 10 epoxy resin. ent I's used at an anmount of |ess than
0.7 eqﬂhvapenﬁuotSnﬁheSthéhainzdeénpmaﬁéﬁh eppxdAet tomi vRaehto®? TR epoxy

group, thencgRRASLLLER g@MuEealpkesehkeleotbemeeapéeieaL@mY@ﬂlﬂﬁd to
exhi bit good_physical properties after cured. 15~ A CHr qg}a%ﬁeleragpr can_

al so be |n§8ﬁHSP§§eénﬂ|Fﬁ8u%lke Additionally, in or
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. Inrthis case, the
alkali metal hydroxide is usually used in an amount of 0.01

30 to 0.3 mol, preferabi;w0.0S 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

5



20 25 30 35 any inconvenience into the epoxy resin conposition of the
present invention. Specific exanples of the curing accel erator mhi%ﬁﬁﬂéﬂmpg'
used include i mdazol es such as 2net hyli m dazol e, 2-ethylim dazole and
2-ethyl -4-nmethylim dazole; tertiary am nes such as

2- (di net hyl am nonet hyl ) phenol and 1, 8-di aza- bi cycl o(5. 4. 0) -undecene-7;
phosphi nes such as triphenyl phosphi ne; and netallic conpounds such as tin
octylate. The curing a er at i i I idhtrannapabnof 0.1 to
50 part s POFS T80 part SEgr e BB T | H e b
optional |y i ncorpoeatpdxyntesihe eboxye ressseilonposntion & t@ﬁﬁeér gent
mventi on. _SpesLiif exaypl eayobnt ec NOEQAN St fidken wiiheanzbeaused

i ncl ude siPFca, “alunt na, an taPc: %he rnorganic filler i .us%g in the
epoxy resiareorposiiieoh oh whekpbesbhy i Ykt oks el %P[ﬁQﬁ§ i“67 of 0 to
90% | ng addii,0npcklie-8RoKY [ASEA §PEPGEhtioGLL dheamesient |nvention may

contai n” vari ous ctonpoundi ng additives including sjil C | i gents,
rel easi ng &¢BRES2SUER &% Q?@ﬁrﬁcsagFﬁ?lﬁalﬂ?%?g %ﬁiﬂ?%%iggﬁgéggfgtgg and

Ca|CiU”‘St%g&%&ereéﬁﬁspkgﬁﬁekéntgd by. the follewindplogynulesi(?)cé®positions
of the present invention can be obtal ned through the: | nfimmi.e mxihg of the
i ngr edi ent 8L fARdepBXFPPEYI REEoRPGSTPPBANEF (ER&™AresEht I nvention can be
easi |y turpedskRtoiaveuntednpr educt ibylagmetihat sormahrtanpd adifent i onal
met hods, For, exanple, a _cured product . ma o} i Ssndi and
sufficﬂ%ntW&tﬁSHEQERPfﬁﬁg ngxgapgégntgoﬁ%gﬁgngé?égﬁ?%ﬁﬁxgéentgﬁgnd
optional i hgheeai eetsmliuck as eufemgrabdel ef8e6ks, inorganic fillers and
conpoundi ng additives optionally by neans of extruder, 10 kneader, roll or
the like to obtain an epoEélresin conposition; nelting the epoxy resin
conposition; nolding the ted epoxy resj® conposition in a casting or
transfer mol di ng machi rEMAe t hen heatéragrahe nol ded product at a
tenperature of usually {80 to,200C for to 10 hours. 15 Alternatively, a

of the present invenftion Tinfa solyefjt suc
nmet hyl et hyl ketone,}| or thyl i$obltyl
_epoxy resin compositiMsy; Al
fiber, carbon fiber, polyeste
or the like with the sol uti
to sem -dried state to give
prepre&p Here, the solvent i Zg/pp an"anount of usually 10 to 70%
preferably 15 to 70% of the m xt ur €6 e epoxy resin conposition of the
present invention and the solvent. 30 The present invention will now be
described nore definitely by way of exanples. Fxanple A 35 Into a flask
equi pped vwkﬂ1wbRQheﬁhﬂﬁ%ﬁ%ﬁ,1Q¥Qﬁe§pﬂpﬁdcgtln§~tg?nggmbe50%§fﬁ?ﬁﬁﬁ?aé#
cool i ng tuhgand @y stdudiely arthatleacad tender ppergiraglw Lhtai 3roten gas, were
charged 62 parts of a. conpound of the fornula (a), 370 parts of
epi chl BPohy& 5 %ird 92.5 parts of dinethyl sulfoxide. The resulting

No special limitations are imposed on epoxy IresSins 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

qitoluqu, xyl ene, acetone,
tone to obtain a solution of the
0 hase material nmade of gl ass

Y, pol yam de fiber, alumna fiber, paper
hus i npregnated base' nmateri al

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 10:90 to 90:10 on the weight basis,
6



5 mixture was dissolved by heating it to 45C with stirring. Then, 40.4
parts of flaky sodi um hydroxi de was added portionwi se over |00 #ih{@Eds nThe
resulting mxture was allowed to react at 45C for additional 3 hours and at
70C for 1 hour. Upon conpletion of the reaction, dinethyl 10 sul foxi de and
excess epi chl orohydrin were distilled off by using rotary evaporator with
heati ng under reduced pressure. The residue was dissolved in 236 parts of

met hyl isobutyl ketone. The thus btal ned methyl, i sohyt t ope,gol ution
e 15 hedted BTG Sid Ko paLt ot T cadlasa 508 2%?9#%3?03%
sol uti on was added. sp‘EIfLeaﬂeeulmtlitlaglmmt are wa@oabtiomedthe pedkedf &pTr 1 hour

and was then re eqt edl y washed wi; tth at %ém%t&e t\p@gg bgﬁ%gsbecame
neutral . hf tetS" the “aqitedids 1ayer S 'separ at d renoved to 20

obtain | 14nparmse of Ahhepe[agxyesesl no(nppsmtlohe%r egenPIWﬁﬂe?ltl on

repr esgnt ed by, the qrpafc&vg) H@ﬁﬁe(dl)og Q&ﬁh@x@} @prg) 8R@XWsr 8% Ahwas |iquid

and had a viscosity o s at 25C as neasured by nea s of E

t
VI sconet er fermhkae eﬁdxwrehuﬁaﬁal‘@rﬁh%]ft mfvwlmelﬁdnﬂhé &Fox§>r éél n (A
obt ai ned Ifb@(ﬁlr}péﬁwﬁl Kayahard MCD (net hyl nadi ¢ anhydride; nfd. by N ppon

Kayaku 30 Co.) as a curing agent and triphenyl phosphin TPP a curing
accel erat or wer &RSI*8hd&® it SOHE AR ﬁ’tnsrﬁ nEEESERY ﬁ%vfaﬁelgﬁl um

| abel ed " conpOShd | @p0fikdensEl dvn the table 1. The resulting blend was
intimgtely mxed and then cast .into a no thus qg,_l ded bl end was

allowe :35 to EHCRBY 116158 TR OSltthfZ(?% for Zfours and at |80C for
4 hours toupvapiaicm,a apeLparRN. r 3 ias o1t regnsi ims irg mixturg of thepp3

| 8.
tenperatur ° Cor}x &ﬁ&e{@{‘ ‘%ﬂys. § dinderoddhe,f ol Quintd reendint hars i s

shown in t al properties of hardened Fr oduct™ in
the tabl e athér @Mtlf%ﬁ'}mi‘u oﬁnpcﬁlﬁt CPRBARSRetRSni AP RBSEYr FRY Bppar at us

(TIVA) Shi nku JEM (ié\:ﬁﬁ JMQ&@ dealndipbFéent 2FdnitiionlGsTabl e 1 Exanpl e
05|t| on of” bl end y resin (Hcg 100 I%yna%banrd MCD 120 TPP 1 Physi cal
ol

pr oper  esPot %@%éarep? @t gt LRI " (6175 Exanple Bl 15
EPPN- 501 Ho4epoxyl £y vad enir Hahr /e, tisemhalsd igpaty 28Gins.d. by N ppon

Kayaku Co.) as é%#]ﬁ@t nyl r[aen'gpriaene t%pceﬁegjoee%o%(;e/eﬁde;?{ (Sq)%e%ﬁ@hbﬁatyhe above

forrmla(Z) vvas mxXed w A) prepared’in |
Exanpl e Albénusbe mugmbxlaatmmfwm Stha ERBERI TR HoP2@PTESH ni xture |

(B) of the; LRy EReNty 'mema@n b€ bRl hedi epaxy ﬂ&snﬂbwlﬁwr@d&ﬁ) had an |

oD ol e L8 % seps S of, 13 Qufss t, B0C Garpasurod
prepared i pe&xagpl 2y Bl elayabst ¢k oo drived hyd g dbeereoihiydd mades 1a dyrsy N ppon
gagﬁlr(rngo a B@%%?ﬁ%ﬁ%agr @%@g‘s%%let%a’nv% %ﬂ%’%ﬁfoﬂf\ﬁ% Cat |ﬁEf%) 2
col um | abepexrly" cosjios; thosplodndll 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 phencl compound. Specific examples of

30 the curing aieat 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, trimellitic anhydride, pyromellitic anhydride,

maleic anhydride, tetrahydrophthalic anhydride,
7



F. g DE~ ?p~3 "' blend" in the table 2. The resulting blend was intimately
~mixed and then cast into a nold. The thus nolded blend was allovwed) tycupe
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 neasured under
t he above conditions is shown in the columm | abel ed "physical properties of
har dened product” in the table 2. Table 2 10 Exanple B2 Conposition of

bl end epoxydiesin (8 400 Kavanand VLD 108.2E40E g, Phusl cal prapesd ] es o

har dened produ Ias's " As se% rom Tal nd 2,
the cured preodincs ophithieied bmhwdmdéabngethglbpaayydesphﬁh@hp©s|t|ons

conpr i sing | §ﬁ1b|te bﬁ%h%lﬁr %B%éﬁa&es59d”h659%§c9{1%ﬁ§ €§e9é8§ent

i nvention e very excel’l'ent heat -resi stance dged from a high

Ju
gl ass tran§¢ﬁhdﬂ$q%ﬁrnﬁ¥3 @@lﬂmec@®@&gxfe%mdlqu%nkﬂﬁnﬁrﬂﬁth@tEﬁﬁﬁple Al was

subj ect gd QAL HESy H%@%Qs5m%ﬁr%bnﬁsgﬁshQBEEeQranC%5h5£§Qﬂléﬁb9fatOry
Practice) at the institution that satisfied the | ega

requi r enents GBr 88&E-bed i n the Industrlal Safety and Health Law and in

the Law Concer ni nge2ambxafi aat kas audlﬂggabahtOﬂooEeN@@@dacmmeeand

Handl i ng of Chem_cal. Substanc % EEF result was nﬁ atlve for every
strain of §§§F9'6F5§§tC@@W@éﬁtﬁ&PIB f BEESCBF tHESYhventidn 30 As is
evi dent fr @metieerabdgatli. Ve toedul2t @qui vAkesatt €str, ot eqalGternt 2a83tkpoxy

resine 1gf Lhe. By 6sent, T HEDh] R ALe: | Q4 LOKLC. s DENGR G B it QIR kabl @

|nprovenent on iNg environmen ep oxg resin conE05|t|ons
cont ai ni ng leFsep®an Cedi v vepeRf ©asharei kharelol efeipreseht LpRvention 5

can provi dgyR e AELIFUG!E WﬂbcQpb%ye§§%hbenkhbnc8ﬁ§ési@ﬁbﬁtﬁ@?eféﬂﬂ wat er
resi stance as conpared with conventignal epoxy resin coggg 5 ons ich

have been 56hﬁﬁﬁ@}nU§@& complete curing and to exhibit ysica
properties after cured.

15

o A curing accelerator can also be incorporated without

aﬁy 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—Bi¢yclo(5.4.0)—undecene—7;
phosphines such as triphenylphosphine; and metallic
compounds such as tin octylate. The curing accelerator 1is
optionally used in an amount of 0.1 to 5.0 parts for 100

20 parts of the epoxy resin.

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

30 used in the epoxy resin composition of the present o
invention at a proportioﬁ of 0 to 90%. 1In 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 sﬁearate, and calcium stearate, and

pigments.



Therefore, epoxy resin conpositions of the present 10 invention are very
useful for a wide variety of applications including electric ant @H%ggronic
materials, nmolding materials, casting materials, |am nating material’s,
coating conpositions, adhesive conpositions, resists, and optical

materials. 13 ~ J~~""7r1 ?2~~~"3 WHAT IS CLAIMED I'S: 1. An epoxy resin
represented by the formula (1) (1) 12CHCH2 2. An epoxy resin m xture

obt ai ned by m xi Ln_of . o) f ( e oxy
resin represente@g%ggtﬁggg%l%@@#%@l¢%§€§I§P(§§Eﬁ%%g%%f5(£%§%?%£§§2¥§£2 H
(2) n in whechbtainsdahhiraughyerhendntamang nhelmunbertiof reperdistunit and

denotes 1 LQa e . D0 i ) I £,-ALE01 & aim2,
wherein th%ﬂn?g?%¥e¥§§§gb%gﬁﬁg%?gigﬁié?nEﬁ§OB¥%%%%ypg?ts d%%ﬁﬁ%ﬁéb%ﬂ an

epoxy resifagilyhburseduiately wurﬁdggr@guqn par @ SupihoRi FHEL B3 afP epoxy
resin of thentenfibaal2hetdbds. 1dr dxamgis, -4 Sureh ?ﬁddiﬂet‘l-ma&nkﬁpoxy
resin oMt ] R P S8 3 SRR £ Ly DR n Bl oo 20ent
resin components, curing agents and optional ingredients
such as curing accelerators, inorganic fillers and
compounding additives optionally by means of extruder,
10 kneader, roll or the like to obtain an epoxy resin
composition; melting the epoxy resin composition; molding
the melted epoxy resin composition in a casting or transfer
molding machine; and then heating the molded product at a
temperature of usually 80 to 200°C for 2Z to 10 hours.
15 Alternatively, a cured product may be also obtained
by dissolving an epoxy resin compoéition 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 Dbase 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 cf 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 drcpping
9



-5. The epoxy resin conposition according to Claim4, wherein the
conposition further contains a curing accelerator. 6. The epoxy._r fbnﬁmg
conposition according to Claim4 or 5 wherein the conpositiorf Buft e ,
contains an inorganic filler. 7. The epoxy resin conmposition according to
anyone of Clains 4 to 6, wherein the conposition conprises as an epoxy
resin conponent an epoxy resin mxture of Caim2 or 3. 8 A cured product

obt ai ned bxum%kqenbn&o%@l%QO%Mb@eéhe GOBRYSk Loyl pANyaNenfe @i ms 4 to
6. 9. A cured product obtai'ned by hardening an epoxg ge5|n Cqu05|t|on of

Claim7. 1®PUr&&g RPtAKnlAIBan gas, were charged 62 parts of
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~xr|fa% cal ca] ca] cMa]c”a]l cMa] cnal cna] ca] ca] ca] ca] ca] ca] ca] ca] cha]c”halcna)c
Na] cMaJc”Ma] c”ha] ca]calcMalcalcalcalcalcaq v
) 57? ADH| wr BisalileaP&aD] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caD] ca] ca] ca]
ca]ca]ca]ca]ca]ca]ca]ca]caDp]ca]ca]ca]ca
Y'["~"b"e""" $S( % %% %UR9, i, ,,,-/////10~ \t/tOJ e [ V] ca] ca] ca] ca] calJca]ca]ca]c
a]ca]ca]ca]ca]caF@aEbﬁ epoxy resin (A) ained in EXample
_ ]pa]ca]gg{gabaah%@%mggggg%ggb@ah@abcahﬁ h@@h@a]ﬁahcabgamiﬁpfﬂ4ﬁézéku]:'in1i
TiE>>> n calc” alc ca) calca]ca]ca
o] oal 24 coPca] B8] Gaf APOS) CAREL) BB ieﬁ]&eé{?kﬁf&?&a} T b ok
FFFFF= HEHHHSHHH@HBKKKK&KBNNNNNknenhaéﬁﬁgd\wm]kha]wa}ghtca@ta@c$aLﬂc$a]c$a]c
aJ calc”ajc al ca c G ,C cMa] cMa
R i e S S e S T caﬁj cal cal o
a]ca]ca]canQUF@béFcl- The resultlng blend was intimately mixe
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



- a] caDDX] ca] caD3] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] cram'~\ =9p10%
& ()-17<10%] & ()-t!'>R<" 109 ()-t Y 10%&' ()- 1109 ()-$ ‘
AC<10%&' ()-.RwU3!s<}' 10%d& ()-@<}' 10%&' ()- @<}' 109B3& () - @(J—g:}ﬂ (Vé% é) @
1 (<}' 109 ()- @0J<}' 10%&: () - @R 0
CrPLIN1I0Y ()-!H"10%& ()-2z!"109%& ()-z&10%& ()-v 10 10 10!'<}'109%& ()-@ 8 k
n g z[<rP1l "010%& ()-f)10%&' ()-!H M 109M M & ()- Hf ni' 109& () -
I 8Hf ni' 1 Ow&té%pekgtﬁﬂblg%@tﬁé‘s eMime BE8ddred under the followin
10nn! * &10%n& Q *10%: 0: & ()-!734i!10%: g: & (i- 1 34i!110% | &' O th- 109%&' ()

| 1c- 1098CPR c-?B?oAEJaB oWpnhPf YhBoERI YD clabeled Mphysical
WLOYBS! () -H1opBEtLps! 30%RatichEE 2OUBB& () ix AReNt AONeDHr X2 X6B1

5 Gl it .
Thermomechanical measuring apparatus ({(TMA)
: Shinku Riko (Inc.} TM-7000

Heat-up rate : 2°C/min.
10 Table 1
Example AZ2
Composition of blend
epoxXy resin (A) 100
Kayahard MCD 120
TPP 1
Physical properties of hardened product
glass transitien 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 epoxy 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 BI,
Kayvahard MCD {methylnadic anhydride; mfd. by Nippon Kavaku
Co.) as a curing agent and 2-ethyl-4-methylimidazole
30 (2E4MZ) as a curing accelerator were blended in the weight
ratic indicated 1in the column labeled “compositicn of

11
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epoxy resin ({B) 100
Kayahard MCD 108
2F4MZ 1
Physical properties of hardened product
glass transition peint (°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 Example

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.

Effec e T ention
30
As 1s evident from the negative results in Ames test,
12
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epoXy resin or epoxy resin mixture of the present invention
5 can provide a cured product which is excellent in heat
resistance and water resistance as compared with
conventional epoxy resin compositions which have been
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.
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OCH,CHCH,
(1)
. N
H,C OCH,CHCH,
2. An epoxy resin mixture obtained by mixing an epoxy

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

represented by the following formula (2) :

O
N A
OCH,CHCH; OCH,CHCH.

(2)

OCH,CHCH;
.

in which, n is an integer indicating the number of

repeating unit and denotes 1 to 5 in average.

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).
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wherein the composition further contains a curing

accelerator.

6. The epoxy resin composition according to Claim 4 or 5,

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
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.

9. A cured product obtained by hardening an epoxy resin

Composition of Claim 7.
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