je3eU R ~ 6 T 1?ML DESCRI PTI ON CURI NG AGENT COMPQOSI TI ON FOR EPOXY
RESI N, EPOXY RESIN COVPCSI TI ON AND USE OF THE SAME 5 Technical Field The
present invention relates to a sem conductor device obtained by sealing a
sem conductor integrated cirsuit wth an epoxy resin. The present invention

provi des 10 an epo f osition which has various physical prop
erties satisfactorﬂmmwmﬂmmmmmmg conposition usable for its application
e.g., IOM/hygroscop|C|g¥‘gpd excellent neltflowability of the resin

conposition in particular and which provides overall cracking resistance.
Further, the 15 present invention also relates to an epoxy resin conposi

tion conp Wﬂmmmmmmmm,ﬁl yst whi ch calB8SREIPTERA: i onal group such as a

phenol i c p or an ester group to react with an epoxy group
qui ckly, and gt ed product of the epoxy resin conposition. 20 Background

(LSi) have been prot SURBHCt FSRMmFPUROEE3Ae . EO Ao A st . heat
noi sture or |ight 2ﬁpbﬁyaﬁngheEBﬁEO%&%&%&hﬁN% %%§§Qﬁl?ﬁﬁ§éﬁgﬁgprotecting

themin order for the circuits to be actual ['y used. recent
years, gt he seal ants have been gradually shifted fromsealing wth netal
materials and ceramc materials to sealing with resins, and at present,
epoxy resin sealants are predom naridhmidead Filldn particular, in view of
bal ance between costs and physical properties, epoxy resin conpositions
using a phe nol resTheasrasenti igvegebbnarelated to6 hasgmiguaductobes. The

seal ants using these epoxy resin conpositions have problens such as
i npr ovenentdeviowe obistra Leéd phypeesl esgas d€miebhdustofi fntagpatsdi onref
crack occurrence at the tinme of re flow sol dering, and
cuit with an epoxy resin. The present invention provides
10 an epoxy resin composition which has various physical prop-
erties satisfactory to make the composition usable for its
application, e.g., low hygroscopicity and excellent melt-
flowability of the resin composition in particular and
which provides overall cracking resistance. Further, the
15 present invention also relates to an epoxy resin composi-
tion comprising a catalyst which causes a functional group
such as a phenolic hydroxyl group or an ester group to re-
act with an epoxy group quickly, and a cured product of the
epoxy resin composition.
20
Background Art
Heretofore, integrated circuits (IC) and large
scale integrated circuit (LSI) have been protected from
malfunctions caused by dirt, dust, heat, moisture or light

25 in an external atmosphere by sealants for protecting them

in order for the circuits to be actually used.



{ii) inprovenent in electrical reliability. Generally, the occurrence of
cracks at the time of 15 reflow soldering in (i) is assuned to be caused by
water in the resin which expands sharply when exposed to high tenperatures
at the time of reflow soldering. Hence, neans for solving the problemis

| argely focused on control of noisture absorptivity of the resin, and
mechani cal strength 20 and adhesi on of Rhe resin to netal are also involved
in the neans on the whole. However, since a reaction between an epoxy group
and a hydroxyl group is a reaction which always produces a hydroxyl group
as shown by the f oy e L.on 1 y hi L.L Gl econes
hi gher due to theotédﬁ%ﬁg?{gf%%%g'a%ggggéﬁlggtg %%ggcgégglg%%ﬁh%élgendered
hydr ophobigy; £+ ed 3rréim 3 d R "Reldlf ARLSLULEs 3DRQT PLENMIY Rare-whol e
islimited. Reaction Formula (1): AACH2 CHO/CHz .~. HOB --~ A-CHZ CH CH2
0-B OH (wWhei£ld o L8y 58510 ﬁ@@%ﬂsﬁeéhdust ﬁdséhf?péﬁéﬂ%tﬁeéiﬁhen0|
residue). As a technique Tor solving these problens, a tech 10 15 ni que

di scl osed denldmts P PbLed O PHPOBY whedh uses a phosphi ne oxide
derivative as a curing accel erator has been studied. Since an epoxy resin
conposition using Inepartitubanj oini siewrefl bylaseeobetieephensksr asdn,

noi sture absorptivity is alnost the sane as that when tri phenyl phosphi ne or
i m dazol e Py irak prepemity, uspexncees bnatonpdsititeds wsihgrai pheovenent s
in other physical properties, however, a significant inprovenent in
cracki ng r} sfehte 3% IRWCIRGragRAt 2¥e BERAnynpbARIPOHUARELLIeS.

signi ficant,l 20 great nerit froman industrial standpoint ip that initial
Suring antnd | $eaTaTEn SRS GHRTEE CCRARY nECt bR eSOBRGP LELPRE. ARESanhi | o,
with resp

D eSDgho el 88 Tpo ByEhEh ASShal TR TrbL b (1%,
epoxy; jromp yneg | zati on occurs in some portions. As a re
(i) suppression of crack occurrence at the time of re-
flow soldering, and
(ii) improvement in electrical reliability.
Generally, the occurrence of cracks at the time of
15 reflow soldering in (i) is assumed to be caused by water in
the resin which expands sharply when exposed to high tem-
peratures at the time of reflow soldering. Hence, means
for solving the problem is largely focused on control of
moisture absorptivity of the resin, and mechanical strength
20 and adhesion of the resin to metal are also involved in the
means on the whole.
However, since a reaction between an epoxy group
and a hydroxyl group is a reaction which.always produces a
hydroxyl group as shown by the following reaction formula
25 (1), hydrophilicity becomes higher due to the hydroxyl

group, and even if a basic skeleton is rendered hydrophobic,



sul t, . hydroxyl groups of the phenol resin beconme excessive, - 4 so that
the conposition has poor noisture resistance and el ectric characteristics.
Further, since the epoxy honopol ynerized portions and the excessive phenol
resin portions exist in addition to an essential epoxy-phenol resin 5
networ k, the conposition also has poor nechanical properties. (ii)-2:

Mai nly due to corrosion of netal porti-olds-and current | eakage of a

sem conduct or which are caused by incorporation of free ions, hal ogen ions
in particular, the 10 electrical reliability is adversely affected. O
these, the, ! o0alIPHILL]SeAD f413eGe 8! SndoPLOPLEM, oL PUTLhLER i gN13Rd
purity of ? He epoxy resin in partrcular and - are not nirinsic. or the
probl em of;{i4) 1, nodification of the resin and/or control of the side re
15 action can cause the epoxy resin conposition to fully exhibit physical

properti espéddei SNt rébLmbE EPPXY resin conposition. These problens
indicated by (ii)-1 and (ii)-2 influence a technique to be descri bed

her ei naf t eA—Cis-THat—GH, f or, t hg,purpose of reducy ngyt he ishurea.
absorptivity ofzth esi% i#'th@ogﬁ? goi ng broblgL1?F),%§n?E§ﬂ%ign et ween
an epoxy group and an ester group as disclosed in Japanéﬂt Pat ent
Applicatio ﬁ@i@iﬁpﬁnré?reééﬁggl&98Zp§99|kSQiQMeN'§Hﬂk§b9eﬁke35ntga§ been
proposed. 25 In the publication, a quaternary oniumsalt and a crown ether
conpl ex arghesdl fpssbdas)preferable catal ysts, - 5 and in a paper

[ Addi ti on Reaction of Epoxy Conpound with Ester and Its Application to

Synt hesi s of Pol ynas, aSyathatigoeOfgansolCliagi shege Yabbléfds,pp t2th-t o 233
(1991)] by Ni shikubo et al., yields when the catalysts are used as 5 unit
reactions niguepdiséloaedlyinestorberampteor BPng50688hwhpapernsesl ehough t he
hi ghest yield is 91%which is a yield when tetrabutylamoni umchloride is
used, the Qh@?HblaFeOQEﬁérQPFyVﬁgmyelPsiQ ABsdngsaceelexpterrahast bgeni onic
conmpound 10 syc¢h _as the quaternary oniumsalt and the crown ether com pl ex
remain in %tPgé?ﬂ'used as a sealant for a semiconductor integrated circuit,

t hi that theg.ionic_ i ities.d i bed_i.n the.f [ iqi)-1
addedt s & curi ng SEGRePR BPOXYNEFREy FANEPAY iRAcSoAal SPedliTe Such 15

s a c Fa 5 lesi 3 such
Contact wi TheERe EApcerEcEY badohCthe pnERbi ppatn; npTEThaapkios 17

COrrosion LgrbHiPicduss atmbotStHE! ahe LY RhAdUGhen VR3pWaLhE- in @

general additron reaction between 20 an epoxy resin and a phénol resin, a
phosphi ne gHEBpRSnkr bralikylaResehivAechr ikl habyhabasphused adicdaedlatord
tertiary amne or the like is used as a catalyst, and particularly for
seal i ng a s$emisedducher forninpzovemantst he phbephphgsiand efrbpertdies, \Wen
these catal ysts are used in the reac 25 tion between an epoxy group and an
est erlyr ouhoweKHetazel eipnifagantadmpyavasenti iy crackibde regiskapeeepoxy
homopoly .- 6 nerization which is the foregoing side reaction, and the
probl em of 1Bh&®PBregoing (ii)-2 is remarkable. On the other hand, although

t he phosphi nes do not  have t.hese pr,obl ,_they_ have sl,ow,curing.speed and
provi de substanti a%l‘vtik)‘er‘fd &&Fe&uﬁﬁ'&@ug’ten%a?ﬁg ef§Se 2 tsH@qltféé’adﬁ‘q;lﬁ}rjepari ng

2 curing agenhel fe 30 RGN HOTHABYAIMCLLLALNG AT Ok rALL MUty

groups of hen résrn as e curing agent € purpose o taining
| ower hygr e%%ﬂﬂbckta&e*&aslofb? %igffé”eﬁuf‘oé?rpﬁé‘té M dPiRG CERREE I SRBERULE A0
effective curing catal yst Has been aval |l abl e.
20 Meanwhile, with respect to the improvement in elec-
trical reliability in (ii), the following problems exist.
(ii)-1: As a side reaction at the time of curing,

epoxy homopolymerization occurs in some portions. As a re-

sult, hydroxyl groups of the phenol resin become excessive,



Under . such circunstances, in recent years, a phosphazene catal yst for
curing an ester group and an epoxy group effectively has been proposed.
More specifically, it 15 has been found that the phosphi ne oxide derivative
dis closed in the foregoing EP 959088 is effective for an epoxy-ester
curing reaction. Japanese Patent Application Laid-Open No. 80049/2000

di scloses its production and high activi4yin a unit reaction between an
epoxy group and an 20 ester group (reaction between nonofuncti onal
conpounds), and Japanese Patent Application Laid-Open No. 349662/ 1999

di scloses [fs | Lcat] .a.seal apt. _However. | . n _found that due
to hydroly%%ctgggpgg i%§HB§g%ﬁé8§h%§%hPﬁgroxP 3t35%i9§?%§§?nff %n%Ured 25

resin absoLpsc et er ohERcLR derLyall ¥E-ERBLAT D2floLNERE! BoRYY. hs exposed to

hi gh tenperatures as in reflow so aerlngz S th Fvative is
decomposeinggsi yier 8084ChEELEbhis CRAAUERL! KkbELAGECEARROY! $RLINCRRLLY. That

i's, the phosphine ox i erivative is not suitable as a sealant “in sone

cases. Furtféhs exphesphazanidibaOEBOHAJeYBEERiRS BpoMyLBlcholatdlsYH S
al ready di scl osed in ‘Japanese Patent Applica tion Laid-QOpen No. 77289/1998

whi ch &l sonédtwetrkseshéhabmpbeiphosphdizenhas posponedhaxichilt privpgik-acti vity
inaunit re action between an epoxy group and an ester group. In

consi derattbesef these facts, it nmay seemto be 10 easy to use the
phosphazeni um conpound together with an ep oxy resin having two or nore
functional epoxy glddéps2anMaindiedor tescrRrEading ©fomstadpRertdens onal

groups or an.ester derjvative thereof as a _thernosetting resin. ver, it
is general??dkﬁﬁﬁﬁePﬁa#ea pgei et aaBLMARCRGUSRE: WhCHs aES §&PPP§O£§hibit

the sane | evel of reactio ctivit ungeh a reaction in a _polynmer. That is,
[t ot belBOREPAEREORNOE nEEERS bOBP » AR PAE AL ABAS FOn BA S ELG R MR e

i ' h t hree-di [ I licnki ds, skel etal
oteri 2020 BLREPRhER o BRN P RaL Yo BoR AN AGE B LoRF FRRS Tt he vici nity of

functi onal groups @@dtmlsgculetg% 1Ay }‘iﬁ%%ﬁ%liggg i t(tligu_rzi NG SO J - the

curing reaction may not prdc easi en the ionic phosphazenium
conpound i $ersef Bardrgah@ki¥atl antdl pui€Yneei LAkl epbhdt e nCanPYard may not

be a 25 favorable catalyst for a sealant with respect to which con trot of
i ncl usi on eficudbarcasdbakranaes iatgensial.l yast fiokt the problem of (ii)-
1, modification of the resin and/or control of the side re-

15 action can cause the epoxy resin composition to fully ex-
hibit physical properties inherent in the epoxy resin com-
position.

These problems indicated by (ii)-~1 and (ii)-2 in-
fluence a technique to be described hereinafter.

20 That is, for the purpose of reducing the moisture
absorptivity of the resin in the foregoing problem (i), a
reaction between an epoxy group and an ester group as dis=-
closed in Japanese Patent Application Laid-Open No.
53327/1987 applied by Nishikubo et al. has been proposed.

25 In the publication, a quaternary onium salt and a

crown ether complex are set forth as preferable catalysts,



+ g Under the circunstances, in the present invention, an epoxy resin
conposition suitable for use as a sealant, a cured product thereof, and a
curing agent conposition for the epoxy resin conposition. 5 D sclosure of
the Invention An object of the present invention is to provide a
conposition for causing a phenol resin for providing a cured epoxy resin
resin having | ow hygroscopicity and ex B -cellent electric characteristics
or an ester derivative thereof resulting fromesterification of some or all
hydr oxyl groups of the phenol resin with an aliphatic acyl group or

ti I t Lth X i d effectively.
' parti cure, 2anéCpplet “TRagition Beabibni RlcApPay FomBEURoMIGE an epoxy
! L . Lant  whi . Dlent i
Cracki ng ToEret ofnd°Led AGELERRENERZECTEERERLE 8 BBIEHSE ofVEr of ¢ he
CO”D0$'t'OBhe@iée@k&QH@HC&H%mg§¥£9? gé?g“ﬁgd EF.U§$30EOth3cqqgg§|tlon, and
a curing agent conposition for an” ép20 oxy fesSfn. The présent Pavert or s

have foundp}hRisRuRAbEDEECES. CapibedachhenetnbY catapgsithl are0wReuNd s
conprising a stable cation and a counter anion and have conpleted the

presend inuRpti pBaobibhe haei spetifhtalliyndesgriBedlhahceordifg Roesent
invention is a curing agent conposition for an epoxy resin which conprises
a conpoundthegpapesn, calthgughenhhe( Bighksthyieldeliecbad fvhdeht i@ @ oup con
sisting of the following (Bl) to (B3): (Bl1) a phenol conpound having two or
more functYbedd yhenptetsabrylammonpoundhlaridechsaulsed,othe gieddsof a
phenol conpound having two or nore functional groups is esterified with an
acyl group?r%nﬂeP8871gYn49Wure of the above conpounds (B1) and (B2), and a

salt of a phosphaz%niun1co Rund as a curin% accel 10 erator (C) which is
represented by the FoFPoﬁFgg £8P mtPasey) thRTR1F RrAziopigroPMgRUAN NR-2

SELE R R T RGN COT P
1 1o 10 capheR 2LANEnCin?R 2E¥in®hsBB2LEYh GERYRARAYLRY A0 bRtk
tor integrated circuit, this means that the ionic impuri-
ties described in the foregoing (ii)-1 are added as a cur-
ing accelerator, thereby causing undesirable results such
15 as an electrical short circuit as well as corrosion of
metal portions in contact with the impurities, and these
undesirable results and the corrosion in turn cause serious
defects in products.
Meanwhile, in a general addition reaction between
20 an epoxy resin and a phenol resin, a phosphine such as tri-
alkylphosphine or triarylphosphine, imidazole, a tertiary
amine or the like is used as a catalyst, and particularly
for sealing a semiconductor, imidazole and the phosphines
are often used. When these catalysts are used in the reac-

25 tion between an epoxy group and an ester group, imidazole

having reaction activity is liable to cause epoxy homopoly-



15 may be all the same or different fromone another; and Z' represents a
hal ogen ani on, hydroxy ani on, al koxy ani on, aryl oxy anion or carboxy
anion). Further, the present invention is an epoxy resin conposition

conpri si ng: - 10 (A) an epoxy resin having two or nore, epoxy groups in a
nol ecule, (B) a curing agent, and (C) a curing accelerator, 5 wherein the
curing agent (B) is a conpound sel ectedgf comthe group consisting of the
following (B1) to (B3): (Bl1) a phenol conpound having two or nore
functional groups, (B2) a conmpound in which a hydroxyl group of a phenol 10

compound el i, oy 0 60Ut pral S oue. A ESLETLTed i an 2oy
I t ' | t. of h h ' d, whi ' t ed
accel or o o hlon 08 O e Sle AT PIRTSL. I STRNRNT, Byl Erberr oot
cured ep aa%éfﬂafhf,btaﬁhﬂ?&hﬁ DR BIRE S Eh d $18ad O §O0h BFe CPREY e T §3LB-
L1 urt ner

conposi tion. e present - Invention Is a sem con ductor

devi ce obtadmed ey GRdvdI % Pow? QU LG UGO8 | MG PRod ab egubsEaHt i alYyuse of
t he foregoing epoxy resin conposi tion.” Still further, the present

i nvents on i Alr&Payod @St N conposi tion conprising: (A) an epoxy resin
havi ng two or nore epoxy groups in a 25 nolecule, (B) a curing agent, and

Therefore, the idea of preparing a curing agent for
an epoxy resin by esterifying some or all hydroxyl groups
of the phenol resin as the curing agent for the purpose of
obtaining lower hygroscopicity has heretofore not been im-

10 plemented because no effective curing catalyst has been
available.

Under such circumstances, in recent years, a phos-
phazene catalyst for curing an ester group and an epoxy
group effectively has been proposed. More specifically, it

15 has been found that the phosphine oxide derivative dis-
closed in the foregoing EP 959088 is effective for an ep-
oxy-ester curing reaction. Japanese Patent Application
Laid-Open No. 80049/2000 discloses its production and high
activity in a unit reaction between an epoxy group and an

20 ester group (reaction between monofunctional compounds),
and Japanese Patent Application Laid-Open No. 349662/1999
discloses its application to a sealant.

However, it has been found that due to hydrolytic
properties of the phosphine oxide derivative, if a cured

25 resin absorbs water with the derivative contained therein

and is exposed to high temperatures as in reflow soldering,



- 11 (O a curing accelerator, wherein the curing agent (B) is a conpound
sel ected fromthe group consisting of the followwing (Bl1) to (B3): (Bl) a
phenol conpound having two or nore functional 5 groups, (B2) a conpound in
whi ch a hydroxyl group of a phenol conmpound having two or nore functional
groups is es terified wth an acyl group, and (B3) a m xture of the above
(B1) and (B2), 10 and the curing accelLernator (C) is a salt conprising a sta
ble cation and a counter anion. Brief Description of Drawing Fig. 1 is a
graph showi ng the curing behavior of an 15 epoxy resin conposition when

CURELAST TER i s, d. Best . Mode f Carryj t ti In th
present i nvEht %ﬁ%éggigfcf?iqﬁf?ﬁiﬁﬁgﬂzﬁ%#gigg,gé s%f$°€g¥§pFéﬁﬁgcg st:ble

cat i on and. & PRL AN o 20 LIPS Py crRl (ool o RORBDBRERL Tk

conpound | S Tepresen egol frura uséd, “and as

the curi ”%ﬁﬁ%fﬁ%ﬁ%%ﬁ%ﬁ%%ﬁ%éré’”&éé{'fan%oﬁﬂ SoRe! shkag.of the

fol |l ow ng enol conpound having two or nore

functional 25 groupgrti&2) & SROPONALeH PuNESHpEuld dWRXYh 960HPcAkiggPhenol
- 12 conpound having two or nore functional groups is esterified with an

acyl & oupzatdlydB3)s dalteddy edDdcldfedbiyeTipinesddpiBent XPppnikhe m xture
(B3) is used, a mxing ratio of 5 the conpound (Bl) and the conpound (B2)

i s arbitratjormmhsdapeh eo det 2289 NEIO bywhkibiler al 8o ndisdelbsed phusi ehk

properties of a cured product according to target application and grade.
phosphazenium compound exhibits high activity in a unit re-
action between an epoxy group and an ester group.

In consideration of these facts, it may seem to be

10 easy to use the phosphazenium compound together with an ep-
oxy resin having two or more functional epoxy groups and a
phenol resin having two or more functional groups or an es-
ter derivative thereof as a thermosetting resin. However,
it is generally known that a basic reaction does not neces-

15 sarily exhibit the same level of reaction activity under a
reaction in a polymer.

That is, it must be considered in the case of a
three-dimensional crosslinking curing reaction that as
three-dimensional crosslinking proceeds, skeletal steric

20 hindrance occurs due to bondings occurring in the vicinity
of functional groups and molecules are fixed along with
curing, so that the curing reaction may not proceed easily.

When the ionic phosphazenium compound is used as a
catalyst, it is conceivable that the compound may not be a

25 favorable catalyst for a sealant with respect to which con-

trol of inclusion of ionic substances is generally strict.



That is, hygroscopicity lowers as the nunber of es 10 ter groups increases,
whi | e adhesion to netal such as a |lead frane i nproves as the nunber of

hydr oxyl groups increases, whereby nechanical strength is inproved. In the
epoxy resin conposition of the present invention, when the phosphazeni um
conpound of the formula (1) 15 is used as the essential accelerator, a
reaction between an epoxy group and am @ster group which has conventionally
been unable to proceed to a sufficient degree can fully proceed as a curing
reaction, a problemof the side reaction of the foregoing problenr(ii) can

be solved, and a 2 d ich i Le |
Pl exibi ity moi SOUE EaPcPareuns EpiteprgtPebher B bk Lo Bl

characterigli %éo%ﬁenyfpﬁrgyﬁgggitfgnc ngéS?ﬁ“%BP OQvggéhgﬂﬁ'

i m dazol e or ospnine I's use e acce era or urfher

even when @@ré’&‘%f@&ﬁét%@?@&f" LR4! Q bﬁrﬂﬁsdaggﬁét c6ﬁ§b§5.%%ﬁ 'f%r' npr oved

and conpl ete curing be cones as conpared h when t

convent i onghe a& dﬁ@*yeféépﬁ égmggggtlbﬂ addrtlon aresin conposrtron
prepared by adding an organic and/or inorganic fillers) (D) to the epoxy 5

resin xonposition exhibits extrenely excellent performance as a seal ant for
a sem conductor integrated circuit. Meanwhile, as conpared with the

af orenentioned prior art udiisglosuhespfi nheoXirdeerdeironvati ve as a curing
accelerator, electrical reliability as electrical and elec 10 tronic
products i nproves. AFhabjest offii thet beephosphntengiode igeitiov priovd deas

hydrol ytic properties as a conmpound and has a problem with respect to

el ectri cal cPBPPabELPRyLoF h%aﬂﬁ%ﬁhathFHﬁrchﬁ?ﬁBuﬁBrUQEB"rlﬁlltnﬁe pr esent
invention is stable. Thus, the 15 grffere ce n el ectri,cal reIrabrIrty

occurs. ThEPFPE, SPREYHBRI™r EEPARC ﬁﬁbgﬁt 8W ngﬁgcﬁpégéﬁ? PRFe St on i s
prefe{ﬁbly }SRexxlééékﬁgC8HR§§&§&993 L3 ERQE?@A% ﬁ%rﬁ%%%&v%onpound or

resin navi ng ona groups COI’TpOUI’]d or

resin havig BL%BEOEEgEing ”ErEhOQQE gi?EBﬁtlgnthlgngDBé’%ﬁlhigroxy'

groups of ave been sterrfre y acyl groups, or an es
droxyl groups of the phenol resin with an aliphatic acyl

group or aromatic acyl group to react with an epoxy resin

or compound effectively. In particular, an object of the
15 present invention is to provide an epoxy resin composition

for a semiconductor sealant which is excellent in cracking

resistance and electric characteristics, a cured product of

the composition, a semiconductor device produced by use of

the composition, and a curing agent composition for an ep-
20 OXy resin.

The present inventors have found that such objects
can be achieved by a specific compound comprising a stable
cation and a counter anion and have completed the present
invention on the basis of this finding.

25 That is, the present invention is a curing agent

composition for an epoxy resin which comprises a compound



tter derivative thereof, and 25 (C) a phosphazeni um conpound represented by
the above formula (1) as a curing accel erator as essenti al X0 dno, zb
TeC~.ng-a use ' dnoab T~Cdoxdosi u~ ' dnoxb Tddoxd-a u~ ' dnoxb T~u~a u-~
dnoxb T~Lt~~aut ~ sa qans swore uog~ao 9 O~. S Z T bui n~q dnoxb uogxgooxpdq
0oT~. audTTg u~ 'asag~ ~p dnoxb Tdu~.aT~iuaud-Z g xo dnoxb Tdu~aT~uaqd-T ~
"dno. zb Tdzuaq a ' dnoxb T~CnTo~. ~ s~ eogis.dnoxb TdxTgxe u~ pue : dnoxb
T~Iuaud ss eons dnoxb T~, z~ u~: dnoxb T~I oap a xo dnoxb T~l uou O Z ~

"dno, zb T~xac~-T-T~g~.a-Z ~ dnoxb T~C~00-Z g 'dnoxb T~~00 -T ~ 'dnoxb
Td~dag-~ p 'dnoxb T+l ~daqg-T a 'dnoxh TdxaqoTo~lo ~ ' dnoxb T~~.uadoTo~Lo ~
' dnox6 Td~ ﬁadazc‘frilagaf‘aeﬂt {B) yhégh ?Rx&&lécﬁ'-ﬁ éﬁ@@bﬂt&mm%—

" dnoxb Td~n du~a noxb T~L~uadosT ue 'dnoxb
Tel ~ng-T- T~ glgﬁzn%T°¥ thd 68338w+99ué§?? §° dﬁ B Tl ~. uad-Z E ' dnoxb
T~~uad-Z ' dnoxb n d ' dnoxb T~ ~ng-a .u~ ' dnoxb
Tddoxdost u~e &Eg gT888“81 88%Bpgnox n'gatwc’ CFnIRF erFEPHHC 5~ qons
dnoxb T~LxTs oi To~0 gZQupd} ~~u~Xq ' X~aui T a :uto~~ uaboxpdq a apnTauT tg
~0 saTdurexa anT~~x~ snT or Xxag~.oua auo Wox~ ~uaxa~ --~zZp X0 a~uas auk
TTY aq ®lau~ pug(BRyoascumgsaadpinofhicl BUA ?ﬂﬁoQﬁQX%deﬁ(Bf(a)ﬁhéhdﬁ ur Xo
SMD~. ~ U0QgX~~ pT o~ T buzn~q dnoxb T~xT~ oTlo' ~a xo0 paqou~xq ' XeautT ~

' u~0~~ uaboxp~l q ~uasampeundahravihg BwoadrtmoggnFunctibnhlefidupe- iad~ ul S
paqt. zosap aq TTi n~ uoi ~uanui ~.uasa,zd ag~ uT pasn si uoTuth (T)
gTnu~xo~ aqg~ , ~q pa~em@saxﬂaadpunbuuanoauym gnempgdaagd auk ' xa~~~uTaxag
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(B3) a mixture of the above compounds (Bl) and (B2),

and a salt of a phosphazenium compound as a curing accel-
10 erator (C) which is represented by the following formula

(I):

M|z (1)

(wherein R's each represent a hydrogen atom, a linear,
branched or cyclic alkyl group having 1 to 10 carbon atoms
or an aryl or aralkyl group having 6 to 10 carbon atoms and
15 may be all the same or different from one another; and 2~
represents a halogen anion, hydroxy anion, alkoxy anion,
aryloxy anion or carboxy anion).
Further, the present invention is an epoxy resin

composition comprising:



a cycl ohexyl group is preferable, and the nmethyl group and the ethyl group
are nore preferable. In the formula (1), Z- represents a hal ogen ani on,
hydr oxy ani on, al koxy ani on, aryl oxy anion or carboxy anion. 5 In addition,
any anions can be used as long as they do not inhibit the effect of the
present invention. Illustrative exanples of Z" include a hal ogen ani on such
as a fluorine anion, a chlorine anior 1@ Byrom ne anion or an iodine anion
a hydroxy anion; an al koxy anion de 10 rived from an al cohol such as

nmet hanol , et hanol, n-propanol, isopropanol, allyl alcohol, n-butanol,

s- butanol, t-hytanol, cyclahexanql  .2-h anol , 1-oct |, 21-decanol _or

oct ahydr onapht 'Fikdl A0, 7P 5)‘(’)71%?’&Vldl§ri ed T SR ea?%ﬁ%t?%o%%rg@ya
conmpound such as Rgigghiecresol, xyl enol , naphthol, 15 2-nethyl -1-napht hol
or 9-phenant hrol ; "and ‘a car boxy ani on derived froma carboxylic acid such
as formc aci dpyagetdGiay 4, pigpi ¢ acid, butyric acid, isobutyric acid,
caproic acid,qggcghgﬁg?%%&yfqéykgci , oleic acid, benzoic acid or naphthoic
acid. 20 O thesea U@ﬁ-iﬂ,}%fé@@él@}i%rﬁn al koxy anion de rived from an

al cohol having 1 to 4 carbon atons such as nethanol, ethanol, n-propanol,

i sopr 6panahere-itaolcursing aeintor(B) hil anadompsured ys ©kecwead ofrcer i ved
froman aromati c hydroxy conpound having 6 to 8 carbon atons such as 25
phenol or tdreegpdoupambne isdrizgy ladk e henifonl derinve d(Bl pbntdet@d) € acid are
preferable. Mre preferabl e are the hydroxy - 16 anion, a methoxy anion,
a phenoxy ani d®land tHhensdn asproundfianindHevorear meee cfuptkienal he

hydr oxy ani on. These phosphazeni um conpounds nay be used solely or in

adni xture of two GFM®e. 5 These phosphazeni um conpounds can be

o1 cat i on Lai dEert (MEPISh OSSR 2 SIHTEY Hedtot Th € EPEPBRy I esi n

iti f th i_n.vention, ' [ d
B tamount o 10BEo0TY &R sofh i AR Hied 1 $+8 00
to 15 wt% nore prefaraly Gdh & & A]\;/ann d H{ 100 wt % of a resin

conmponent (total of the epoxy resin t'he cur ing agent (H)).

Further, in th&aPemiasire RGN taksvOf (B #r@ dB25ent invention
together with the phosphazeni um conpound, a generally used, known

accel er at aindtdley durindg hacdlospieaen| oM Lonposati Sfich phosphdsénien e. 9.,
2-met hyl i m dazol e or a phosphine, e.g., triphenyl phosphine, nmay be used in
an anount admghund ovibiih vit 96 1w patdsee phead pwa zelne uabcvepbondul20(The
characteristics of the present invention are exhibited readily when the
amourk® i s not hi gh®kithafusooen: okliei present tpupphient s a cured ep-

oxy resin obtained by heat-curing the foregoing epoxy resin
composition.
Still further, the present invention is a semicon-
ductor device obtained by sealing a semiconductor inte-
20 grated circuit by use of the foregoing epoxy resin composi-
tion.
Still further, the present invention is an epoxy
resin composition comprising:
(A) an epoxy resin having two or more epoxy groups in a
25 molecule,

(B) a curing agent, and



.The phosphazeni um conpound has al nost no deliques cent properties. Even in
the followi ng preparation of the 25 conposition, it can be handl ed under a
normal atnosphere as in the case of other conpounds. - 17 In the epoxy
resin conposition of the present in vention, the epoxy resin as the
component (A) is an epoxy resin having two or nore epoxy groups in a

nol ecul e. As the epoxy resin (A), a variilety of conventionally known ep 5
oxy resins can be used regardl ess of nol ecul ar structure, nolecul ar wei ght
and the like as long as they can be cured by a variety of curing agents as
wll be descriﬁﬁd | ater,. Firstly, preferable exanples of the epoxy resin
(A include afdvd §E8TEHGPLELBT & SFrresent ed by the fol | owing 10 fornul a

(1), a p%%%‘y ;Ccﬁe'l %)%%rlgx%g }?gq%ggéa?’(%e)k%psoxay crcfrj:qséogupr%? NEPSLES. PYod he

foll ow ng form - resi €poxXy Tesi'n Tepresented
by the folJQw or I rﬁq@t%gl - d;y i - . EpOoXy resin
r epr esent eégbf trji%) fol sg'v?,i(t_r%)gf g?rm a ,lozc};%ll hée%%\eSQWp{agjig
epoxy- cont ai Niglg APPHENAS IdERRIRSE HHBhPYdd GoF Ghd M AithdOispap (VI) or a
bi sphenol -t ype- epoxy-cont ai ni ng epoxy resin represented by the foll ow ng
formulba (VI1): ~Hg@bupB), (wherein R2s each represent a hydrogen atom a
nmet hyl group or an ethyl group, and n which is the nunber of recurring 20
units represqm?y an dontpegeyd dfn Grliclb(G hydrewsel apmowei o) av plisemoh range of
0 to 15),

compound having two or more functional groups is es-

terified with an acyl group, and

(B3) a mixture of the above (Bl) and (B2),
10 and the curing accelerator (C) is a salt comprising a sta-

ble cation and a counter anion.

Brief Description of Drawing
Fig. 1 is a graph showing the curing behavior of an

15 epoxy resin composition when CURELASTOMETER is used.

Best Mode for Carrying out the Invention
In the present invention, as a curing accelerator
(C), a salt comprising a stable cation and a counter anion
20 typified by a salt of a phosphazenium compound which is
represented by the foregoing formula (1) is used, and as
the curing agent (B), a compound selected from the group
consisting of the following (Bl) to (B3)is used:
(Bl) a phenol compound having two or more functional
25 groups,

(B2) a compound in which a hydroxyl group of a phenol



- 18. ( I'll ') 5 10 (wherein R s each represent a hydrogen atom a hal ogen
atom a linear, branched or cyclic aliphatic al kyl group having 1 to 8
carbon atons, an al koxy group having 1 to 10 carbon atons or a phenyl

group, and n which is the nunber of recurring units represents an integer
of 0 to 50, its average being within a range of 0 to 15), 0 10 0 *,0 0 " 10
CH2 ~~CH2\ CH2 ~ ~CH2 \ (IV) Rah-R42 Ra (wherein Rs each represent a
hydrogen atom a hal ogen atom a |inear, branched or cyclic aliphatic alkyl
group having 1 to 8 carbon atons, an al koxy group having 1 to 10 carbon

Meoresent s o1t SoBBYBpadRAy Lol i 1ok Wik R Sl CHILIS HIdS-

represents an integ i'ts average a

15), C '0 C "' 0 Cerl@ibawith an™ azvi CHZ\g CH-CHz ~ 1 (V) n
(wherein R5s each Fé%?é?gnflémhfﬁréﬁ %'é?bnf“a r% ogen atom a linear,
branched or cy@3C 2ldiphalds & e UBR N@YI NGl 1pdp, 8 carbon atons, an
al koxy group having 1 to 10 carbon - 19 5 10 15 atons, a phenyl group

or a glycidyl ethefhd At nﬁ%dké@{t]@ib | Bs tiiged}NPeniRingesgtibngeuni ts
represents an integer of 0 to 50, its average being within a range of 0 to
15), Bs Rthe /compound (BY) (aHd thes ddimpoMred e{ BR RGbs esclhi tepresend a

hydr ogen atom a nethyl group or an ethyl group and may be all the sane or
di f f er ent shorhdoree aledtdmrinedhrny Rletrmiing /désired (Mhygic¢ahepedp-R s
each represent a hydrogen atom an al kyl group having 1 to 10 carbon atons,
an al koxylexfi®sm cn%\ﬁ pred erwluat e ™ taxgeyrapplkedtione to 10
carbon atons, an aryloxy group having 6 to 10 carbon atons or hal ogen and
may be alPnh@radee or different from one another, and Y represents an

al kyl i dene having }J to 10 carbon atons,tan alkglene @ﬁvin to 10_carbon
Stoms, o cycl oal KyTHerE haW AL TR Tt E o} BERE: Dfschd BYBPSSI RYI BHs
LG (o GEAP LAY, LIS AN RS aen 503, LT
y lead frame improves as the number of hydroxyl groups in-~
creases, whereby mechanical strength is improved.
In the epoxy resin composition of the present in-
vention, when the phosphazenium compound of the formula (1)
15 is used as the essential accelerator, a reaction between an
epoxy group and an ester group which has conventionally
been unable to proceed to a sufficient degree can fully
proceed as a curing reaction, a problem of the side reac-
tion of the foregoing problem (ii) can be solved, and a
20 cured product which is excellent particularly in flexibil-
ity, moisture resistance, cracking resistance and electric
characteristics can be provided, as compared with when con-
ventional imidazole or triphenylphosphine is used as the
accelerator.

25 Further, even when an unesterified phenol resin is

used, heat resistance is improved and complete curing be-



- 20 . known epoxy resins can be used. For exanple, an epoxy resin

synt hesi zed froma variety of novol ac resins including epichlorohydrin and
bi sphenol, an alicyclic epoxy resin or an epoxy resin incorporating a

hal ogen atom such as 5 chlorine or brom ne can be used. The above epoxy
resins can be used solely or in adm xture of two or nore. Preferable
exanpl es thereof include di hydroxybenzerges-such as catechol, resorcin and
hydr oqui none, di hydroxynapht hal enes such as 1, 4-di hydroxynapht hal ene, 1,5
10 di hydr oxynapht hal ene, 1, 6-di hydr oxynapht hal ene, 2,5 di hydr oxynapht hal ene

and 2, & d ORI UIR| B05 B0 (16 S, O Jed, by £004] daLLg. phenol i ¢

hydr oxyl droups "o phenol movol ac resin T epresen ow ng

formul a (@r\Q]ﬁocfg'isOﬁsgé.mz CH2 (XI'V) R14 R14 " R14 15 (wherein Rls each
represent a hydrogen atom a nethyl group or an ethyl group, and n which is

the number of recufsiqguiids, EPEESERt SofPos It BR pPEpArt@ BY. alilisngver age

being within a range of 0 to 15), a phenol-dicycl opéentadi en~ tesin

represent eth Brddifi 2hdAd oW i d MBI B (280 {s) (DPlto(¥Ne éféoﬁmerei n R15s

each represent a hydrogen atom a hal ogen atom a linear, branched or
cycli ¢ al i cogdd i tgiici petiaMbigs lettOr SnE€hy boRcal DERL ParfbikaxNcgr oup
having 1 to 10 carbon atons or a phenyl group, and n which is the nunber of
re 5 curriamg arddsl argpriveed semicondgetonfiNtegrabedi ¢srawietage bei ng
within a range of 0 to 15), a phenol aralkyl resin represented by a formula
(XVI): OH OH OH cHfeanwhil@, \agipompareipwithxithe gfgrememigored (wherein
Rl ss each represent a hydrogen atom a hal ogen atom a linear, branched or
cyclic al iPHRY A4l FLNF GuPhRREPa aBide deriyabhvat dfs® GhTaPRoxy group
having 1 to 10 carbon atons_or phenyl pup, and. n ghlch i s_t.he nunber of
e curr i nd R R e et et hiEge L 6Y 28051 P EPA SRt oRRAnEHAE W thi n
ara of 0 p. al kyl resin represented by a fornula
(XVI | Qﬁ &%jﬁ%%d®ﬁ£é]é£f$ge D ~ ~ CH27~ 17 ~ ~ V 15 (wherein Rl7s
each represent a hfﬁéegfg,a&ﬂfleatﬂélnggpﬁiﬂg]oxide derivative has
hydrolytic properties as a compound and has a problem with
respect to electrical reliability, the phosphazenium com-
pound used in the present invention is stable. Thus, the
15 difference in electrical reliability occurs.
That is, the epoxy resin composition of the present
invention is preferably an epoxy resin composition compris-
ing:
(A) an epoxy compound or resin having two or more func-
20 tional groups,
(B) a phenol compound or resin having two or more func-
tional groups, 0 to 100 mol% of hydroxyl groups of
which have been esterified by acyl groups, or an es-
ter derivative thereof, and

25 (C) a phosphazenium compound represented by the above

formula (1) as a curing accelerator as essential



- 22 a linear, branched or cyclic aliphatic alkyl group having 1 to 8
carbon atons, an al koxy group having 1 to 10 carbon atons, a phenyl group
or a hydroxyl group, and n which is the nunber of recurring units
represents an integer of 0 to 5 50, its average being within a range of 0O
to 15), a biphenol represented by the following formula (XVI11): HO OH (X~)
(wherein Rtes each represent a hydrogeniatem a nethyl group or an ethyl
group and nmay be all the sane or different fromone another) and 10 a

bi sphenol represented by a formula (XIX): R19 R19 HO ~ Y OH (X~) (wherein
Rl 9s each represent a hxdro en atom an al kyl group having 1 to 10 carbon
atons, an al koxyl %ﬁ%ﬁ% i) hg 1 to 10 carbon atons, an aryl group having 6
to 10 carbon atons : y u [ . r | ogen
and 15 may be ai1 FROSiEREEE! PhABHSRERAZERIMh EORERINCY AAtaitcalf THC
an al kyl i dgpe V§ o] : RN ; at y Vis t:@Qnl0

car bon atoﬁg,tgécigggéiﬁyf%geﬁgiﬁgvﬁggggggoé%o%%grE§%§§?§n§?g§%tfan

cycl oal kyl gne1hgei ggs8riBed) carbon atons or a dival ent group such as -0,
-CO, -COz-, - 23 S, -SO or -S02-), epoxy resins obtained by

epoxi dating am no gnothe @brandaaiilg ,peuparittentsCR'8Seach represent

4, 4" -di am nophenyl net hane, 4, 4'-di am nodi phenyl ether, 4,4'-diam nodi phenyl
sul fone, 5a2hgdrbgefidatiomdi anlnophenybypnchade ormeyyllyilce addiydmgreupp

xylyl enedi am ne and an aral kyl aniline resin represented by the f of | ow ng
formula ( KxvingH? Pz 1fHzarboppatomsCaz anCEzyl orCaralkylXgrRa® ° 0 n 20
(wherein R20s ,each represent_ a hydrogen atom a hal ogen atom a |inear,
branched oPa¥}BPi & &Pi pRaFRrEPANPKREOREoAPIhBRYNYel ald thes s@lp e &idims, an

ol koxy oroyp aying k £2.12,68109"

10 Illustrative examples of R' include a hydrogen atom;
a linear, branched or cyclic alkyl group such as a methyl
group, an ethyl group, an n-propyl group, an isopropyl
group, an n~butyl group, an s-butyl group, a t-butyl group,
a l=-pentyl group, a 2-pentyl group, a 3-pentyl group, a 2-

15 methyl-1l-butyl group, an isopentyl group, a t-pentyl group,
a 3-methyl-2-butyl group, a neopentyl group, an n-hexyl
group, a 4-methyl-2-pentyl group, a cyclopentyl group, a
cyclohexyl group, a l-heptyl group, a 3-heptyl group, a 1l-
octyl group, a 2-octyl group, a 2-ethyl-l-hexyl group, a

20 nonyl group or a decyl group; an aryl group such as a
phenyl group; and an aralkyl group such as a toluyl group,
a benzyl group, a l-phenylethyl group or a 2-phenylethyl
group.

Of these, an aliphatic hydrocarbon group having 1

25 to 6 carbon atoms such as a methyl group, an ethyl group,

an n-propyl group, an isopropyl group, an n-butyl group or



atons, or a phenyl group, and n which is the nunber of re curring units

represents an

integer of 0 to 50, its average being within a range of 0 to

15), and epoxy conpounds or resins derived from am nophenols such 15 as

m am nophenol ,

p- am nophenol , 2-(4-am nophenyl)-2-(4" hydroxyphenyl) propane

and 4-am nophenyl - (4' - hydr oxyphenyl ) nethane. Mrre preferable of these are
epoxy resins or com pounds obtained by gpoxidating a phenol novol ac resin,

a 20 phenol di
ar al kyl resin,
of the present

cycl opent adi ene resin, a phenol aral kyl resin, a naphthol
a bi phenol and a bisphenol. In the epoxy resin conposition

oy "5 5t 57 B e S SRS B CEECERD Lo
! . t
oL %01 YA o G a0 B PYERREET, o0 11 1129, BY 21 9 oups

and ester deri
of the curing

reo used. Firstly, preferable exanples

ol | owing formita (V1S ArtAirad(IfY AT oA GR £ Gleghah bn,

di cycl operﬁ}adj,}
ester derivati

SBE L856R rSPk8§§n5ﬁ§0H¥ %@%ﬂﬂ%ﬂ‘%ﬁf&hféE d8rBukg GhXbnor an
Ve thereof, a phenol aral kyl" resin represented by the

follow ng fornul a {X)a@dieiofst 8hydehivaki ¥ant Ber agkd asnaphighals amalykyl
resin represented by the followng formula (XI) or an ester derivative

t her eof , aldimphtenodh deipotine ¢epeeseat etdhbyprbeehol Lawengibarmul a 15 (XI1)
or an ester derivative thereof, or a bisphenol com pound represented by the
following fornul a TXlusyrative exampledeprfyviiiimclide cofhalipg@n anioZ CHz
Re " Re "H (wherein_ Rs each represent a_hydrogen atom a methyl group or

an ethyl ¢f
integer of Ot

Ukl ag ahfleorine hanhonber ehlesiner pRGODRI AsbZOMAiagr @8dens an

o 50,,its average being within

or an lodine anion; a hydrdxy anion; an alkoxy anion de-

10 rived from an alcohol such as methanol, ethanol, n-propanol,

isopropanol, allyl alcohol, n-butanol, s-butanol, t-~butanol,

cyclohexanol, 2-heptanol, l-octanol, l-decanol or octahy-

dronaphthol; an aryloxy anion derived from an aromatic hy-

droxy compound such as phenol, cresol, xylenol, naphthol,

15 2-methyl-l-naphthol or 9-phenanthrol; and a carboxy anion

derived from a carboxylic acid such as formic acid, acetic

acid, propionic acid, butyric acid, isobutyric acid,

caproic acid, decanecarboxylic acid, oleic acid, benzoic

acid or naphthoic acid.

20

Of these, the hydroxy anion; an alkoxy anion de-

rived from an alcohol having 1 to 4 carbon atoms such as

methanol, ethanol, n-propanol, isopropanol, n-butanol, s-

butanol or t-butanol; an aryloxy anion derived from an aro-

matic hydroxy compound having 6 to 8 carbon atoms such as

25 phencl or cresol; and a benzoyloxy anion derived from ben-

zoic acid are preferable. More preferable are the hydroxy



a range of 0 to 15; and As each represent a hydrogen atom - 25 in the
case of the conpound (Bl) and an aromatic acyl group in the case of the
conmpound (B2)), (1X) (wherein R s each represent a hydrogen atom a hal ogen
atom a linear, branched or cyclic aliphatic alkyl group having 1 5 to 8
carbon atons, an al koxy group having 1 to 10 carbon atonms or a phenyl

group; n which is the nunber of recurting Lnits represents an integer of O
to 50, its average being within a range of 0 to 15; and As each represent a
hydrogen atomin the case of the conpound (Bl) and an aromatic acyl 10

roup in the case of the conpound (B2)), OA CA OA CH? ~ ~ CHZ ° 2 ~ ~ CH2
O\ RS ARG AT o R OA BT 194 DherbaranY LakKal ogen
atom a linear, branched .or cycli | iphatic al kyl group having 1 to 8
carbon at oarflsl,o%'n a eo>{§/°sg*r o‘%ﬁ)élﬁ%ﬁﬁge 1P 31:}1% Ii’écrlf%%’ﬁsga?%gr%nbr a phenyl

roup; n which is ri i repr t LN er of
g top50, its averégggygﬁﬁggafgi?%gg&éaﬁggp%?nggt%§X5§Baﬁ§g§sggggéyrgg?esent

a hydrogen @t LR ifdfe $8s&@f ot Neos@Mmpound (B1l) and an aromatic acyl group
in the case of the conpound (B2)), -26 A AQAOHZ T ~OHR21 ~\ OHZ

| ~ O ~\ ~ (X Irhed &5 Ph&Ldsi 8ACHonEBLRAENEaA BYdE9HCR8H2Rd an
hal ogen atom a linear, branched or cyclic aliphatic al kyl group having 1

to 8 carbacedsdencea vtk oxymgtivod dbyéh@sddt Onlfapanbse rabaRtonpa phenyl
group; n which is the nunber of recurring 5 units represents an integer of
0 to 50, ipkicatetaycLabdF@pentivon A7289)998 Orte dtmidad metbadh represent
a hydrogen atomin the case of the conpound (Bl) and an aromatic acyl group
in the case of thelRobpeusPoXB2¥$simioomppaition-oPAthR Bresprng iR= 7
(wherein R 2s each represent a hydrogen ato a nmethyl ,group 10 or an ethyl
group and YREtIRM a1ihe Rusing %ﬁcﬂl?¥%F%ﬁt(E}oh?oﬁﬁeéanhéP;aﬁﬁ&“ﬁs°§ach

T 9B BT (0,008 £ S bl SRTRSHRLe LR one o
(X=) (whergin s GACL LELEESEHTy 20 MY LG9 W RE O"badlabkY 08 QYR of a
resin component (total of the epoxy resin (A) and the cur-
ing agent (B)).
Further, in the epoxy resin composition of the pre-

15 sent invention, together with the phosphazenium compound, a
generally used, known accelerator other than the phosphaze-
nium compound, such as imidazole, e.g., 2-methylimidazole
or a phosphine, e.g., triphenylphosphine, may be used in an
amount of 0.5 to 500 wt% of the phosphazenium compound.

20 The characteristics of the present invention are exhibited
readily when the amount is not higher than 500 wt% (five-
fold equivalent).

The phosphazenium compound has almost no deliques-
cent properties. Even in the following preparation of the

25 composition, it can be handled under a normal atmosphere as

in the case of other compounds.



.15 having 1 to 10 carbon atons, an al koxyl group having 1 to 10 carbon
atons, an aryl group having 6 to 10 carbon atons, - 27 an aryl oxy group
having 6 to 10 carbon atonms or hal ogen and may be all the sanme or different
fromone another; Y represents an al kylidene having 1 to 10 carbon atons,
an al kyl ene having 2 to 10 carbon atons, a cycloal kylidene hav 5 ing 3 to
10 carbon atons, a cycl oal kyl ene having73 10 10 carbon atons or a dival ent
group such as -0, -CO, -CZ-, S-, -SO or -SOZ-; and As each represent a
hydrogen atomin the case of the conpound (Bl) and an aronmatic acyl group
in the case of the corrpound (B2))., 10 Particu] arly_ preferable exanpl es of
the curing agent () l'?ﬁ:l‘*tﬁf-\’i"y & $5Hh FTORRRH Bk e‘g‘f ntRe PESERREAIBY t he
fol | owi ng for .mul aé:&‘ OH OH.z CHz ~ R14 H )%1\/%1_}1(V\here| n_Rls each

represent i ’?‘?estlﬁﬁ/la ko) o Ilsgr%’bp, PR n which
is the nu Iy of I | e its

aver age be%%g Wi ﬁ%‘%%ﬁé’e@o O%frfeg{?grgrso%eno% agﬁlg:y% open’t ac51£ene resin
repr esent f W f n?,ﬁel \ B16 ~ ~
VR15/ ~ Vi%eb)é V\h]%lréel?ln (3%5'5 eqsfencioa rogen at]f)r\rlr?&a aI ogen

atom sa | igigAme ATARNCEA HY 1@(&1 '&@Aﬂﬂr@éd Co@'n\i:\’lecg.ff&hg $eMhAGurde | O
carbon atons, an al koxy group having 1 to 10 carbon atons or a phenyl

group, anghdl st 10k ivie iidi: D atheflilee L Wdn st RSy €Dt esené Srad
integer of O to 50, its average being within a range of 0 to 15), a phenol
aral kyl rési ra rvepriessntcefil duride dgddieav ayg FiokInkbe de@dyibéd Tk &Xl CH2 ~ ~

CHz \ CH2 ~ ~ CHZ \ (X VI) R16 R16 (wherein R 6s each represent a hydrogen
atom a hal ogen atBinstdly a preferable sexcanrples efcthe ebophnaresial ki) group
having 1

include a novolac epoxy resin represented by the following
10 formula (II), a phenol-dicyclopentadiene~type epoxy resin

represented by the following formula (III), a phenol-

aralkyl-resin~-type epoxy resin represented by the following

formula (IV), a naphthol-aralkyl-resin-type epoxy resin

represented by the following formula (V), a biphenol-type-
15 epoxy-containing epoxy resin represented by the following

formula (VI) or a bisphenol-type-epoxy-containing epoxy

resin represented by the following formula (VII):

CH; CH; (I)
R? RZ " R?

(wherein R’s each represent a hydrogen atom, a methyl group

or an ethyl group, and n which is the number of recurring
20 units represents an integer of 0 to 50, its average being

within a range of 0 to 15),



to 8 carbon atons, an al koxy group having 1 to 10 carbon atons or a phenyl
group, and n which is the nunber of recurring units represents an integer
of 0 to 50, its average being within a range of 0 to 15), 15 a napht hol
aral kyl resin represented by the following forrmula (XVI1): - 29 OHOH ™
pHz | ~ Mz 7 ~\ ~Hx | ~ ~HZ7~ \ | (XVB) V (wherein R's each represent a
hydrogen atom a hal ogen atom a |inearigbsanched or cyclic aliphatic alkyl
group having 1 to 8 carbon atons, an al koxy group having 1 to 10 carbon
atons, a phenyl group or a hydroxyl group, and n which is 5 the nunber of
recurring units represents an integer of 0 to 50, its_average being within
a range of 0 towf?}gfb bi phenol r@%?b{@nted by the dfﬂ?\ﬁﬁ ng formul a
(Xvill): 8 18 L~ oH (Xvi~) R BOR18 (wher ei Rt e each represent a
hydr ogen at om % ANNS N QL0 y be all the sane or
different fro : entgﬁ[by t he
follow ng for " R¥9 RLIONK) 0 (WheXgi n gs each
represent a hydrogen atom an al kyl™ group having 1 t & 10 car bon atons, an
al koxyl gr gulpe Féw/n Ngfsl ela@hl @ epaida@n tal0 My drasyei Mt 0 Ko dn Gatem 10
carbon atons, 15 an aryloxy group having 6 to 10 carbon atons or hal ogen
and may bea allilnédme, shreEnchiedi éf et pwlid rabiphatanoabky]l grdul havifg 1
represents an al kylidene having 1 to 10 carbon atons, an al kyl ene having 2
to 10 car bon Stomsbom ayeh®al ky| alkexy hgwewg Bavdngolchebdl gashen a
cycl oal kyl ene having 3 to 10 carbon atons or a dival ent group such as -0-,
-CO, -COratoms r a gphenyl_grpuy, #Ecpjyhighi df Bhet REBBeghehoFeresi ns
can btherforned in accordance with a known nEtEOﬁﬁ Fugbhent an esterifying
agent UsedCtHTERY RS t FRPLBBRRC Ry AR 0XPFEGPHUB §°baYany ©8f 2¥R*87ani ¢
car boxyl i c_aphydr i an organic.1 ar ylic halide and an organic
carboxylicbg%?%.wﬁgﬁ%ﬂv%nF%ﬁ?ee%fe&if?i£g¥agent may be sel ected according
to characteristics of an esterifying agent based on the nunber of carbon
atons of an ester desired to be derived. Specific exanples of the
esterifying ggénicincl ude 15 acet?ogfhydride, acetyt” chdride, acetyl
brom de, acef chl o de, pr opi onyl
brom de, pre syl oride, butyric acid,
val eri c an valerig cid, pivalic
chl

NG

chl ori de, etyl oride, 2
(wherein R's each represent a hydrogen atom, a halogen atom,
a linear, branched or cyclic aliphatic alkyl group having 1
to 8 carbon atoms, an alkoxy group having 1 to 10 carbon
10 atoms or a phenyl group, and n which is the number of re-

curring units represents an integer of 0 to 50, its average

being within a range of 0 to 15),

0’“\<% o’“\<% 0’~\<%

(wherein R°s each represent a hydrogen atom, a halogen atom,
a linear, branched or cyclic aliphatic alkyl group having 1

15 to 8 carbon atoms, an alkoxy group having 1 to 10 carbon



phenyl propi oni ¢ acid, 3-phenyl propionic acid, o-tolylacetic acid,
mtolylacetic acid, p-tolylacetic acid, cunenic acid, benzoic anhydride,
benzoi c chl oride, benzoic brom de, benzoic acid, o-nethylbenzoic chloride,
m et hyl benzoi c chlo 25 ride, p-nethyl benzoic chloride, o-nethyl benzoic
acid, m - 31 nethyl benxoic acid, p-nethylbenzoic acid, dinethylbenzoic
acid, and naphthoic acid. These esterifygng agents can be used solely or in
adm xture of two or nore. 5 Further, in the present invention, the rate of
esterification is O to 100 nol % preferably 10 to 100 nol % nare preferably
50 to 100 nol % nuch nDrf greferablg 82 to SO nnl@b nost preferably 90 to
100 ol % ?Fo?ﬁrs rBRSPYL gROUR: €Fi fi GAYFOAYLafEDSE G¥PYPpPRIL® inplies a

phenol co un heno n. In_the epoxy resin conpositiqn,of the
VBACT ohe ﬁhg ot KBt

present heHBt eEo ohRFUEFBfe PeSPRTGP SR e?Peﬁ Dk&r vati ve
t her eof 'SgLJEleaé gesgur| 99 ggggggt%etﬂ CRO¥Kihea! Rafay Bg gof hore
functional groups. Srnce’ t resrn conposition”of the present
invention ig§yintended for use as a thernDsettlng resin in the sane

appl i cations as a conventi onal epoxy- phenol cured product is used, such a
combi nation of the constifuents that he conposition can take a

t hree-di nensi onal structRre after dis desirable. 20 As for the m xing
ratio of the epo sin § g curln agent (B) a total of hydroxyl
groups and ester ‘grou ' i is 0.5to 1.5 nole
equi val ents, preferably O equ vaIe D based on 1 nole
equi val ent of epoxy groups. g use, is nore 25 preferable to

&l
adj ust and use a nolar ratio with mthh optlnuntphy5|cal properties of a

cured prod a_bgs Ob epo [
conpos?tl o:q%h? E@En Ersg ésagé}%]elderﬁl |on %&{&gﬁuﬁg}g rrgayé%t}r‘ﬁf T8,
exanpl e, i byl anpeeﬁytl gxblj! ahaemas}osehattmtﬁe safRouad aglr ehentOle i a (1)
as the accelerator is nmelt-mxed ihto the curing 5 agent sufficiently in
advance andénkhanbtkk¥)e hadthen mixed with the epoxy resin or these may be
m xed together simul taneously. Further, to fully honogenize these
materials, they may be dry- bleuéed in pomdeyy form 10 In the epoxy resin
conposition of the present in ntion, equi red, an organi c and/ or
inorganic fillers) as a conmponeht (D) and ther additives may be added to

t he epoxy resin coqgosition. i cul arl en the eeoxy resin conposition
o Y o 9o o

0 0

(wherein R’s each represent a hydrogen atom, an alkyl group
having 1 to 10 carbon atoms, an alkoxyl group having 1 to

10 10 carbon atoms, an aryl group having 6 to 10 carbon atoms,
an aryloxy group having 6 to 10 carbon atoms or halogen and
may be all the same or different from one another, and Y
represents an alkylidene having 1 to 10 carbon atoms, an
alkylene having 2 to 10 carbon atoms, a cycloalkylidene

15 having 3 to 10 carbon atoms, a cycloalkylene having 3 to 10
carbon atoms or a divalent group such as -0-, -CO-, -CO,-, -
§-, =-50- or -80,~).

As the epoxy resin (A), a variety of conventionally



15 the present invention is used as a sealant for a sem con ductor
integrated circuit, it is desirable to use the organic and/or inorganic
fillers) (D) and a variety of additives such as a colorant, e.g. carbon

bl ack, a nold rel easi ng agent, a coupling agent and a flanme retardant for
the 20 purposes of inproving its nmechanical properties and reduc ing an
overal | cost. The amount of the organicp,gnd/or inorganic fillers) (D) is
preferably 100 parts by weight to 1,900 parts by wei ght based on 100 parts
by weight of a total of 25 the epoxy resin (A) and the curing agent (B)
From the vi ewpoints of noisture resistance and nechani cal strength, - 33
t he amountknpewppepoyy efesihsycantbenuseds t Fan e8empidet s apy epoxght
particularly preferably not snmaller 550 parts by weight. Illustrative
exanmpl es ofFe8hd 6Y@5h?§15ﬁ6/5F°Wn6rvsr§8£Yc°ﬁiPP@P%FC(B?Sﬂﬁél&@€1H§wders
such as silica algg%ga ilicon nLtri e ilicon_carbi tal c, cal.cium

| , de.
oilicate. 09 enirhlrpahydrin,and birrhohal i PRaALdAYSiLe SPRRY HEdMs such
cat e, LiFch Pe: jafe Fic5e
ol | ?CZSan%?@?uséﬁﬁ&"?s%%Qiééf?_gga%%ﬁe%;B%%asgda?c%%f st an.
Furthes . | oneaRshgesat babn@ha! baHABL! LbKao! HHE BBSLA GABAGSLIUARSA the
|y al shapés or a

time of nolding, the silicas desirabl ave spheric .
CO”blnat'Oaaﬁfbépbﬁéacﬁblém§p8§ 2Rdalimi 2EUr8" o8N8RBS orFiiasr, in the epoxy

resin conposition of the pre 15 sent invention, in consideration of
mechani cal strengt prafdrf®ak efSnpleasCehelrkoifs ideIudrb|dE Hydl résseroupl i ng
agent to i nprove adhesion between the resin and the filler. Illustrative
exanpl es okehBe eadhl aBgcageshollhClkruderaini hade hgduplguigongentdiha it anate
coupling agent, an alum nate 20 coupling agent and a zircoal um nate
coupl i ng adenaxynéphthedenesheushl anel¢dugihydragyniaphs halener,aldl, &~ and
particularly, a silane cougling agent. having a functional group which
react 50 wi t A1BKHdEpEYpaghsbpleset hé  fodihpfepEyappbthad egseciiSc exanpl es of
such a coupljng agent inclyde vinyl tri haoxysi | ane, .vi_nyl
triethoxysBﬁbﬁgfogweiphﬁgﬁgene-agé 2,G-HELydr%xynap%thalé%e, epoxy
met hyl ) - 3- am.napr opyl.net hyl di net ho .l ane .

N (2t noLPRINS. SBEARRGHY B8y FEPRAEERGRGS PrgRgLic hydroxyl groups of

3- am nopr oRy hegh hl.an =aniLi | §.¢,) 0 il .
3-g|ycidoxgpkggbﬁgr?égﬁgggygffgﬁe?EE%EPE%?§§X§BLg%%lﬁéﬁﬁ?ﬁgﬁﬁhﬁﬁ§g?¥?

si | ane, Z-Qﬁlqj@poxycyclohexyl)ethyltrinethoxysilane, 3

met hacryl oxypropyl tri met hoxysi |l ane, and 3- nercapt opropyl trinethoxysil ane.
These can be used ﬂlely or in,conbina tion(gf two or nore. It is desirable
t hat these coupling agents be 10, sorbed ti0 the surface of the filler or
solidified by a re i i .

CHj (XIV)
R14 R14

R14

15 (wherein R'‘s each represent a hydrogen atom, a methyl group

or an ethyl group, and n which is the number of recurring
units represents an integer of 0 to 50, its average being
within a range of 0 to 15),

a phenol-dicyclopentadiené resin represented by the

20 following formula (XV):



As a nethod for producing a sem conductor device by sealing a sem conductor
integrated circuit by use of the epoxy resin conposition of the present
invention, |ow pres 15 sure transfer nolding can be said to be the nost
commonly used. However, other nmethods such as injection nolding,
conpressi on nol ding and cast nol ding can al so be used, and a speci al

t echni que using a solvent can al so be_uspd. Hereinafter, the present
invention will be de 20 scribed in detail with reference to Exanples.
However, the present invention shall not be limted by the Exanples in any
way. Synthetic Exanple 1 25 To a gl ass contai ner equipped with a

t herronet er, anOlhgitator, a droppi 8 funnel and a ref Dix condenser, 312 -
35 g (3 nmol) ot phenol novol B i tra me: BRE#558, product of
SHOMA HI GHPOL ¥ QUi : was added, and the
i nternal tenpé W{X¥he internal

9 |
tenpera s tur ﬁ) 8 153 Mol ) of acetic

anhydri de was added dropmﬁsé in two aQi tatfon. Thereafter,

with the ipkesrednt RITBERALHN @ cheRbedl W2Hpdrdied e@@csmpnamnﬁlsgéﬁl eqoﬁgt
for 2 hours, and then the tenperature was raised to 140C. At 140 to 150C,
the 10 m x4 UIEne®s, agesntREd 2ohopysli@ndliprat 5Ce3RYYegaeap havthydii de
and by-produced acetic acid were distilled off under a reduced pressure at
150C 10 mtyg &tcahisohi gbenss, dheabkbdbry ngroupshaviag di ssollvedarboh, 400 g of
t ol uene and then washed with hot water at 60 to 70C until 15 waste water
becones neatems$, omna phénphegnespdi sndl hedhdeh as tBeCh8mhekgoft rekle

hi ghest so as to obtain 370 g of phenol novol ac resin having conpletely
acet ylat edCwyEERZ yEnEEdupsPresenty dapxintgeeapofqli ¥al 8Ar WS AYETILEl | er
than 3,000 g/e undet ectabl e). 20 Synthesis Exanple 2 To a gl ass contai ner
equi pped m?%ﬁng &hﬁ?ﬁﬁnﬁtﬁ??g n°5gPt ?o}g)a droppi ng funnel and a refl ux
condenser, 312 3 | henol ngvol ac _resin, (trade_nane: 558,
roduct o srodtielpet by ROt B PP LR S e R PYaronpFRoL51 4890d0) ' was
added, and the internal tenperature of the container was raised to 125C
Wth the intern h t enper a - 36 ture kept at the abovg,tenperature, 421.7
g (3 nol) of berZoyl chloride was apgded dropw se in twojhours under
agitation. A hydrodgen chloride gas uced during the _keaction was
absorbed into ; THhersaf t.er Tper at u pt at
125C, the rea gﬁhﬁ @ he te{gﬁgture
was raised to DFOEN At 6

(wherein R!¥s each represent a hydrogen atom, a halogen atom,
a linear, branched or cyclic aliphatic alkyl group having 1

10 to 8 carbon atoms, an alkoxy group having 1 to 10 carbon
atoms or a phenyl group, and n which is the number of re-
curring units represents an integer of 0 to 50, its average
being within a range of 0 to 15),

a naphthol aralkyl resin represented by a formula (XVII):

OH OH OH
Rcu;@—cn@%cu,—@—cﬂ (XVI)

15 (wherein R'’s each represent a hydrogen atom, a halogen atom,



140 to 150C, the m xture was aged for 2 hours, and then hydrochloric acid
was renoved under a slightly reduced pressure. 10 The obtained resin was

di ssolved in 1,400 g of toluene and then washed with hot water at 60 to 70C
until waste water becones neutral, and toluene was distilled off at 150C/ 5
mmM ~g at the highest so as to obtain 590 g of phenol novol ac resin having
conpl etely benzoyl ated hydroxyl 15 groups.-Its hydroxyl group equival ent
was not smaller than 3,000 g/eq (undetectable). Synthetic Exanple 3 To a

gl ass contai ner equipped with a thernoneter, an agitator, a dropping funnel

and a reflux condenser, 507 20 g (3 pol)_ of phenol_aral kyl resin, (trade

. M REX banean, BraRphsA '%Jamw?t-l%@l ﬂgr PBJRRYIRE M t sui
gﬁgﬁicals, quk%% s added ;§Ziggggﬁgiernal te ergyuge g% t he containzr
vas 1 ai sedtq &P CAXDORYETENSe ek FRXY 1 TR BRY B %ot Fat 1P nEAERE0e
t t 6. 2 i id dg i i
buo hour o AReEr 8 Padiyh dEode oy 0 RSy POV (Catop SRREEN RGO o0 11

- 37 at 133C tJ %?Eh ' hour t Qengt

t enperature m%ﬁ%égﬁft%% C. %?51114 t%é%%%%,gn%%egﬁi ﬁ?ﬁ?@gﬁagfaaegef or 2
hour s,5 ands ¢ hefk £X£&PEPAYE @&fﬁ@Gwﬁﬂmyﬁrédﬁaﬁ€Q bF - orogduesgl acetic acid were
distilled off 5 under a reduced pressure at 150C/ 10 mmHg at the highest.
The obt ai ned 4 e5iphewsl dispedyestéed By 40Re of6lléwingneoamdlaherviashed with
hot water at 60 to 70C until waste water beconmes neutral, and tol uene was
distilled off at 150C/ 5 g at the highest so as to obtain 609 g of 10
phenol aral kyl resin havi®g conpl etel yRacetyl ated hydroxyl groups. Its

hydr oxyl group equival ent a{ | er than 3,000 g/ eq (undetectable).
Synt hesi s Exanple 4 Td@—e Ofdui ppedXNmh a thernometer, 15 an
agitator, a dropping funne ux condenser, 507 g (3 nol) of pheno
aral kyl resin (trade namey kg hydroxyl group equivalent: 169

g/ eq, product of Mtsui Cﬁenicals, ') was added, and the internal
tenper at ur gyRéréNE ROBt aLBR! r¥BSesaheed hgdiaéGh XEBR , t BemeRheNNatrclupm 20
perature kept at the above tenperature, 421.7°g (3 nol) of benzoyl chloride
was added &fogmi §€hyD §¥OuPoshs magiehe agllath@nsafehydr ag€feeBher fdemgas
produced during the reaction was absorbed into a trap. Thereafter, with the
i nternal tenpeamdtherkephdat 125C, the reaction was carried out 25 for 2
hours, and then the tenperature was raised to 140C. At 140 to 150C, the

m xt k@ was agedispherohonepreaeutefchy a-f@amuhad(BERNeric acid was
renoved under a slightly reduced pressure. The obtained resin was dissol ved
in 1,400 g of toluene afd®then waldd with hot water at 60 to 70C until 5
wast e wat er becones neutjral, and tjluene was distilled off at 150C/ 5 mmtHg

i gH phenol ﬁg yl resin having

S Its hyé Qg group equival ent was
e/t abl e) .

(wherein R'’s each represent a hydrogen atom, an alkyl group

having 1 to 10 carbon atoms, an alkoxyl group having 1 to
10 carbon atoms, an aryl group having 6 to 10 carbon atoms,
an aryloxy group having 6 to 10 carbon atoms or halogen and
15 may be all the same or different from one another, and Y
represents an alkylidene having 1 to 10 carbon atoms, an
alkylene having 2 to 10 carbon atoms, a cycloalkylidene
having 3 to 10 carbon atoms, a cycloalkylene having 3 to 10

carbon atoms or a divalent group such as -0-, -CO-, -CO,-, =



10 Synthetic Exanple 5 To a gl ass contai ner equi pped with a thernoneter, an
agitator, a dropping funnel and a reflux condenser, 540 g (3 nol) of

phenol - di cycl opent adi ene resin (trade nane: DPR-5000, product of Mtsu

Chem cal s, Inc., hydroxyl group 15 equivalent: 180 g/eq) was added, and the
internal tenpera ture of the container was raised to 125C. Wth the
internal tenperature kept at the above pgnperature, 336.9 g (3.3 nol) of
acetic anhydri de was added dropwi se in two hours under agitation.
Thereafter, with the internal tenperature 20 kept at 125C, the reaction was
carried out for 2 hours, and then the tenperature was raised to 140C. At
140 to 150§T'tﬁ§°ﬁi?FuF§°wablaged for 2 hours, and then excessive acetic
anhydri de and bé%groduced agﬁth achd were .distilled,off under a reduced
pressure at 1B8BBFY0TRAHGSaPPERERRFGRYS SBOKL Hld NGH RTINS FEOLRST

di ssolved in_1,400 uen t,hen washed .wi th hot water at

f .-.39 tol d
60 to 70C aﬁPPPtMsgggm{“&Peﬁea}ﬁgsaﬁeﬁt’?gr,dlgﬁ‘&n? YMBERARSt i | | ed of f
at 150C/ 5 gifg_at .1k L S t o ,oht,ai .
phenol-dicyéﬁopg%ﬁggﬁgﬁggggg&%-§§§§r{egfﬁ ﬁggfgégﬁg%%ﬁﬁﬁgﬂy5§1§€é?y|ated
hydr oxgl g@gupsugt(a,hyda%m!inagguay@qws 2!, Waky19h eHBdilafliddlan -3, 000
g/ eq (undetectable). Synthesis anple 6 To a gl asS Container equi pped with
a ther nomekgllylanedgiaindher and dnoRRaNGyluBRGN idRd resief ndpre@dfRsE by 540
10 g (3 mol) of phenol -dicycl opentadi ene resin (trade nane: DPR-5000,
product of tklket ol l6wengcdbgmulac.(XxXhydr oxyl group equival ent: 180 g/ eq) was
added, and the internal tenperature of the container was raised to 125C.
Wth the inteNHgI t enper at ure kept N, t he above tenperat NHe, 421.7 ¢ (3 15
nol ) of benzoyl “chl ori de was added |[drepwi se in two hours |under agitation. A

hydr ogen chl gi{d orbed into a
i t) Wl
&wzzs, Bl

trap. There, C, thermyepction
60C, the m xture

was carried O raised to
140C. At 140 4 J. 0 dzot hen
hydr ochl ori c a&zd was renoved under slightly reduced preSsure. The

bt ai ned resj kesol ved in 1, 400 | dth hed with hot
vat or ot 60 PBTRR B eE adbtedaite e ohudRedERoatray . daRs Eo TR s

distilled Qf fis 0 i . . btain.8 - 40
istilled @f i ;3kalo0FantiEa ak LHe1Riohes h%.cll.lgs 8&%&’&%@%2’%‘%&1@ 1

phenol - di cycl opent adi €éne-resi n-type resin havin at'ed
hydroxgl greuURS caklbenhkdbmsy! a8l QURRGUI %k;?lmawa%gnqt ty1ald &addan 3, 000
g/ eq (undetectable). Synthetic Exanplé '? 5 To a gl ass cont ai ner equi pped
with a thearomst or, aapha@ylag@oupd @ndPp Whifchniel tard nuntefd WE gadenser,
654 g (3 nol) of naphthol aral kyl resin (trade nane: oc-NX-3.2, product of
M tsui Chegugaling umdts represgntgr amp iedeioead eft 0 218 59 ,eq)t snvasreaddped, and
the internal tenperature of 10 the container was raised to 125C. Wth the

i nternal t&aiger ifhdnkepramget lod dwe liSdnpemat ure, 336.9 g (3.3 nol) of
acetic anhydri de was added dropwi se in two hours under agitation.
Thereafter, wePRPRhETRONNEE oFeFseiasydenismd firomzmingrhenals isgirhas

carri out, for 2 hours, gnd 15 then the _tenperature was raised to 140C. At
140 tg(ngO&s P}Té‘“}ﬁ%&?ﬁﬂeé‘%s Pr48d reshenolyy s (Anad WISHA U 'qeet i ¢

anhydri de ) ic_aci g were distilledoff inder .a reduced

pressure a%%y%(?%%%g{%%%‘g r??‘?hgs% c>g)hoeb z%'l r{gld hé’sdljrr?q(\?%?shed}yg‘ ol ved
in 1,400 gpRfcpadd.ol uene and then washed with hot water at 60 to 70C unti l
wast e wat er becones neutral, and toluene was distilled off at 150C/ 5 mmtHg

at the highest so aforded pH¥firubi4d o AhdAPHMdlepdd) kvds 11851 8k haom DY
conpletely acetyl ated hydroxyl groups. Its hydroxyl group equival ent was

not 25 snaldeemdshabtaifd ¢ye@poxidaitdticnld @henpintdws ladwagie, &

20 phenol dicyclopentadiene resin, a phenol aralkyl resin, a
naphthol aralkyl resin, a biphenol and a bisphenol.

In the epoxy resin composition of the present in-



- 41, To a gl ass container equipped with a thernoneter, an agitator, a
droppi ng funnel and a reflux condenser, 654 g (3 nol) of naphthol aral kyl
resin (trade nane: a-NX-3.2, product of Mtsui Chem cals, Inc., hydroxyl
group equiva 5 lent: 218 g/eq) was added, and the internal tenperature of
the container was raised to 125C. Wth the internal tem perature kept at
the above tenperature, 421.7 g (3 nmol) $f Dbenzoyl chloride was added
dropwi se in two hours under agi tation. A hydrogen chloride gas produced
during the reac 10 tion was absorbed into a trap. Thereafter, with the
inter nal tenperature kept at, 125C, the reaction was carried out ' for 2
hours, and’eHeiPRheag etrﬁfer%ﬂlmrw vagenpiandthe qomponent 14B) ¢ cARBORNET he

m xture MBS:@Hﬁgﬁﬁfr hours, and then, hydrochloric acid was renpved under
a slightly? ﬁ%? e%ERHEFC kA UbRT ROPPRLRYS \RE FRELRP VRPN 1, 400 g

Eéc%ﬁégeﬂéﬁ ol T et hﬁf%ﬁ“?'a‘hi%ao%f?@h%gl%%% ”“'h e
i 2
anest sorag gy L 20,0 Bl 2a 8PNl BEAKY] CRERLRE DaN g

conpl etely oxyl groups. roup equival ent was
not smpll gfgddan 3,000 g/ eq (undetectable). Synt he5| S Exarrpl e 9 588 g of
phenol novol ac resin having 88%of its hy 25 droxyl groups benzoyl ated was

obtained in the Sal-“@ré@]?ﬁ?r PSE&PaV 8t BRShE1EXa8P! €hd EueeRly hBahtt he
anmount of benzoyl - %Iorlde was changed to 371.2 g (2.64 nmol). Its
hydr oxyl g(mpmmﬂn&alemom@%gilemeﬁ@@@h%d by the follow1ng
formula (VIII) or an ester derivative thereof, a phenol-
dicyclopentadiene resin represented by the following for-
10 mula (IX) or an ester derivative thereof, a phenol aralkyl
resin represented by the following formula (X) or an ester
derivative thereof, a naphthol aralkyl resin represented by
the following formula (XI) or an ester derivative thereof,
a biphenol compound represented by the following formula
15 (XII) or an ester derivative thereof, or a bisphenol com-
pound represented by the following formula (XIII) or an es-

ter derivative thereof:

0A 0A 0A

CH; CH; (V)
R? RS n R8
(wherein R’s each represent a hydrogen atom, a methyl group
or an ethyl group; n which is the number of recurring units
20 represents an integer of 0 to 50, its average being within

a range of 0 to 15; and As each represent a hydrogen atom



1 gram equi val ent of o-cresol novolac (trade name: 5 EOCN102S-65, product
of NI PPON KAYAKU CO., LTD., epoxy equivalent: 210 g/eq) as an epoxy resin
and 1 gram equi val ent of the acetyl ated phenol novolac resin (ester
equi val ent: 146 g/eq = cal cul ated val ue) of Synthesis Exanple 1 as a curing
agent were fully nelt-m xed with each other at 10 100C so as to obtain a
honbgeneous resin mxture. To the resansigture, 0. 0055 nol of
phosphazeni um conpound of the foregoing formula (1) wherein R1L was a net hyl
group was added as a curing accelerator, and the resulting m xture was

m xed at 120C for 1 mnute so as to 15 obtain a resin conposition. To 200 g
of the resim thepeaseioh, thefcomppundd(Bl hepnddant pvematdreagiidedrPHpt he
foll ow ng amounts, and the m xture was roll-m xed under heating so as to
obtain a nbPdthg Faserehl thercameeunrdnt{B22d/ 1 norganic Filler [Spherical
Fused Silica (YXK-35R, prod uct of TATSUMORI CO., LTD.)]: 1,440 g Sil ane
Coupl i ng Agent (ASZ- 6083, product of)ADow Corning Toray ®licone Co., Ltd.):
124 g Carnauba Maxy 90 g 25 Carbon (Bl agk: 6 g Antinony| Oxide: 20 g - 43
Using a porti G i i ;

condi ti ons of
(nitrogen at
erties were neasire

urggpt 175C/ 8 hr

3 = ﬁysical prop 5
d by usé of the clired product. , by use of the

same nolding_ materigl , test seniconqbct r devices were pr.epared by | ow

oressure t FUPSTPED Bl HAR] ZARFSE DIk MRS (oo MRy Tk of a
| d bat h. . N . i

e 0% b1 AR TR B 80 MBES8ORSUBhEY k0 a8 BRBIRIAG B0 10

phenol s novpLag £gshanohtSHEt hesi 81k gﬁ?goap Eé@ﬁﬂ%el3t$51aeéh§bWﬁre

conducted in the same manner as In ES l e”1 except that the epoxy
conpound vasombasged FHeX%&OQQBhp?hﬁ GHiEROiggeRk wambekabgedebaririag
acetyl at ed phenol aral kyl resin of Synthesis Exanple 3, and a conposition
was obt ai nediby aepethedtsoapr iatBgerhefsbeps 60,f tikky ak@ragket beiixigng t he
curing agent with the accelerator at 120C i n advance and then addi ng the
epoxy resiWitEkanpl canggeofsOwbprelbondndt 8¢ eachhzepars eminachydsogenExam

atom in the case of the compound (Bl) and an aromatic acyl

10 group in the case of the compound (B2)),

0A 0A 0A
GO e, o
0 n 10
ﬂ R R

(wherein Rs each represent a hydrogen atom, a halogen atom,
a linear, branched or cyclic aliphatic alkyl group having 1
to 8 carbon atoms, an alkoxy group having 1 to 10 carbon
atoms or a phenyl group; n which is the number of recurring
15 units represents an integer of 0 to 50, its average being
within a range of 0 to 15; and As each represent a hydrogen
atom in the case of the compound (Bl) and an aromatic acyl

group in the case of the compound (B2)),



ple 3 except that the curing agent was changed to the ben 25 zoyl ated
phenol aral kyl resin of Synthesis Exanple 4. Exanple 5 - 44 Tests were
conducted in the sane manner as in Example 1 except that the curing agent
was changed to the ac etyl ated phenol -di cycl opent adi ene resin of Synthesis
Example 5. 5 Exanple 6 Tests were conducted in the sane manner as in Exam
ple 1 except that the curing agent was zdianged to the ben zoyl ated
phenol - di cycl opent adi ene resin of Synthesis Example 6. 10 Exanple 7 Tests
were conducted in the sane manner as in Exam ple 3 except that the curing
agent was changed tq, the ac etylated naphthol aral kyl resin ofASynthe5|s
Exanpl e 7. Exanpl e dlnthesmmrmmnra5|n5mm
t

pl e 3 except g7\at ed napht hol
ar al kyl re?l es‘ﬂﬁl)
conpositio 4 NPT &4 except t hat
the accel erator was changed to O. 315 no of trlphenylp‘osphine. However, a
cured produHem#isn IB'ts obhahnedprEdehicn, haldraeueah 3t i0rhdldFemast&hso
measured at 150C and 200C fox 20 mi nutes, the test was stopped since no
gel ati on veasligesr, XordSorhpad adr Wy dkiarpa Biph#t f@sahkgbngosup | baviag 1
prepared in the sanme manner

to 8 carbon atoms, an alkoxy group having 1 to 10 carbon

atoms or a phenyl group; n which is the number of recurring
5 units represents an integer of 0 to 50, its average being

within a range of 0 to 15; and As each represent a hydrogen

atom in the case of the compound (Bl) and an aromatic acyl

group in the case of the compound (B2)),
12 R'?
A0 Q O 0A (X1)
Ri2 R12
(wherein R'’s each represent a hydrogen atom, a methyl group
10 or an ethyl group and may be all the same or different from
one another; and As each represent a hydrogen atom in the

case of the compound (Bl) and an aromatic acyl group in the

case of the compound (B2)), and

R13 RI3

AO OA
@—v (X1

(wherein R'"s each represent a hydrogen atom, an alkyl group

15 having 1 to 10 carbon atoms, an alkoxyl group having 1 to

10 carbon atoms, an aryl group having 6 to 10 carbon atoms,



- 45 as in Exanple 2 except that the accel erator was changed to 0.015 nol
of triphenyl phosphi ne. However, a cured product was not obtained. Further,
al t hough gelation time was al so neasured at 150C and 200C for 20 m nutes,
the test was 5 stopped since no gelation was seen. Conparative Exanple 3
Tests were conducted in the sane manner as in Com parative Exanple 1 except
that the curing agent was changed to -a henol novol ac resin (trade nane:
BRG#558, product of 10 SHOMWA H GHPOLYMER, hydroxyl group equival ent: 104

g/ eq). Conparative Exanple 4 Tests were conducted in the same manner as in

Co [ I h h '
phanor - di YL ITYERDN SR U VTG e TEsih TOTRIR PEFRS 9% TRFESR0n: oduct
of Mtsui rrg}frﬂé:a%lz.t 5‘!1‘%'3&\@%10)@:’1 P eﬂi‘%ﬁ(aéﬁé'tén&&qegf eﬁ)re?re-

Conpar at i ve "Exanp sts were conducted 1n the sanme manner as Tn Exam

ple 3 excepdnddadn té’!ﬂcdyalif&‘éz?é Y1 ¥ S1 OGP dcd Poln OdEoi®] 28 &1-

tri phenyl phosphi ne an he curing agent was changed to a phenol aral kyl

resin (trageldidBhaMige & i c A6 R XYt orflé PUR 1¥al RPLiddRE wAed,
product of Mtsui Chemcals, Inc.). Exanple 9 25 Tests were conducted in

the s@Te nadRel s 100 ol tdmexcepiyd hoalkyener hagingeht taas0 changed
to the phe - 46 nol novolac resin of Synthesis Exanple 9 having 88% of
its hydr oxydrigymoupsoree naoyd od Bdal dxangteud Osdelt 3s wed e, cebtct €@0j-+ t-he
same manner as in Exam5 ple 3 except that the curing agent was changed to
a m xture &f, t1¥0bedwz 0y3Qied apiceAF anlolraprassnt @ qged] ftomid e 2
and a phenol novol ac_resin (trade_nane: BRG#558, product of  SHOMA

H GHPOLYMER'® 528 9:3F o usrBeeridl 6B1) apd gregfoBRtAC Y hgIFIEPoiBf

88:12 (ratjjo of functignal o ound (82)).

10 Particularly preferable examples of the curing
agent (B) include:
a phenol novolac resin represented by the following for-

mula (XIV):

OH OH OH
@—(w@——)‘cﬂr@ (XIV)
R4 R4 " R4

(wherein R'*s each represent a hydrogen atom, a methyl group
15 or an ethyl group, and n which is the number of recurring
units represents an integer of 0 to 50, its average being
within a range of 0 to 15),
a phenol-dicyclopentadiene resin represented by the

following formula (XV):



10 groups). Conparative Exanple 6 A resin conposition was prepared in the
sane manner as in Exanple 9 except that the accel erator was changed to

0. 015 nol of triphenyl phosphi ne. However, a cured product 15 was not
obt ai ned. Conparative Exanple 7 A resin conposition was prepared in the
same manner as in Exanple 10 except that the accel erator was changed to

0. 015 nol of triphenyl phosphi ne. Fbmeve# a cured product 20 was not
obt ai ned. (Eval uation Results) The resu ?s of the foregoi ng Exanpl es and
Conpara tive Exanples are shown in Tables 1 to 4. Celation tinmes of the
resin conpositions prior to the roll mxing were 25 neasured at 150C

Furt her, physicalOHroperties were (ieas ured in accdidance with the

foll owi ng tasting ) ition Tenperature): This
was neasured ingd é 1 R y %ion method (Shimadzu
TMP. -DRWDT- 3 @ \JF SV on;, JAn i(BeYeéase in wei ght
af 5 ter boil ed T™RBYI g R'10 pas neas ured. V.P.S
Test: Test sem condugtor devices were nolded and left to stand in a bath
kept at a CORSESHR ReRAp&PSPuFEPSESEHE A dYLRARR AltOMur dredeeer 8388 or
168 hours

Fluorinertﬁlfyﬁ?%ﬁi %%&%%ﬁ@:gg;cégﬂ}? ﬁgegﬁfglcesb¥e%fggﬂBE:H?ﬁénﬁuﬁ1ber
Of | Sem COnghiCh 0L 2 MRRSELARE KGR LERORD MELERCRAGKRY 1RBoCoyLEdhodle ! es!

val ue was expressed In the forn1o n NUNEr a
representi fgohdeoPUADEReRY1 group, and n which is the number of re-

5 curring units represents an integer of 0 to 50, its average
being within a range of 0 to 15),
a phenol aralkyl resin represented by the following for-

mula (XVI):

OH OH OH
Qe - or Oor £, xn
R® an RS

(wherein R'®s each represent a hydrogen atom, a halogen atom,
10 a linear, branched or cyclic aliphatic alkyl group having 1
to 8 carbon atoms, an alkoxy group having 1 to 10 carbon
atoms or a phenyl group, and n which is the number of re-
curring units represents an integer of 0 to 50, its average
being within a range of 0 to 15),
15 a naphthol aralkyl resin represented by the following

formula (XVII):



15 cracked sem conductors and n = 5. Table 1 Ex.|Ex.2Ex. 3Ex. 4Ex. 5d ass
Transition Tenperature C15314810899129Post - Boi |l i ng Wat er

Absor pti on0. 090. 160. 090. 080. 08V. P. S Test (Rate of Cccurrence of Cracks
%90000~CGel ation Time (mn' sec"4'41"5' 25"5' 22"5'52"4' 59"~ - 48 Table 2
Ex. 6Ex. 7Ex. 8Ex. 9Ex. | Od ass Transiti on Tenperature

C) 119111105116116Post - Boi | i ng Water AbseppLi on %0. 100. 110. 060. 100. 10V. P. S
Test (Rate of QOccurrence of Cracks %90000Gel ation Tine mn

sec"5' 56"5' 42"5' 30"5' 35"5"' 31" Table 3

Conp. Conp. Conp. Conp. Conp. Ex. | Ex. 2Ex. 3Ex. 4Ex. 5d ass Transition
Tenperature----173141100C ) Post-Boi |l i ng Water
Absorption----0.2100450. 12%/. P. S Test (Ratde of COccurrence----8B2lof Cracks
%el ation Tinme _(m sec”) Not Not 3' 384" 41"¥. 37" QuyredCured 5 _Table 4

Conp. Conp. g’& Ti tion fef @!'n S @@. "
Absor pt i on-ll%(T Q’!Q e@tdgf RETRY eH g}j’-- gt Orgeks™Ng Gel\fgéti I(S)n Ti me
(mn" sec") Not Not CliredCured Wth Keferenced"to the foréboing Exanpl es,

curing of eri,f-_ed phenol _resins a he epoxy resin as _been
descri bed }(nﬁﬁg%%ﬁ b‘ n eeé‘|5:oxyre &SI %%2&’#% ~to ¥%’f‘hi ﬁgﬁEEOFﬁQ atom,
accel erato g 0s L o] ] : e < i i;on as
essenti al éo%%gﬁggfsBgﬁéggéggh%ogﬂgﬂagogglhggfggy?ig&%u §°ﬁ§vga8§§ 1
esterifiedchygagykbghoHRemas AnCHIkBSy2GeBLpNASViAL JURE hQr JRYBLASCOPI City
and is very advantageous In ternms of Cracking resistance as conpared with 5
a conventi gBams¢PaXpheaglngRBapobr @ShPdevked BiLedpGt andt nl whilker gy
understood that the epoxy resin conpound is excellent in cracking

resi stancethe aumbalkant. reocotrlréhg uhits teplrezedtshan Wheeger of 0 to

tri phenyl phosphine (TPP) which is a conventional accelerator is used, 10
tri phenyl ph@sphitaeaseragrobedagswishdnr angangecrifod ite 3onti ons esterified
by acryl groups, as shown by Conparative Exanples 1 and 2. Fromthis fact,
it is underst BoBiPhanolhsepzeaentedd byutiheg taddewiagd foraudinod SVAZdnium
conpound are essential conponents so gs to obtain high physical 15
properties as the sealantRin the pregent invention. Exanple 11 1 gram

equi val ent of o-cresol novgdac (trade nane: EOCN102S- 65, product of N PPON
KAYAKU CO., LTD., epoqp-s ; @? |.F/ eq) egv@n epoxy resin and 1 gram
equiva 20 | ent of phenol 4 n (trade nane: BRG#558, product of
SHOM HI GHPOLYMER, hydr oxgfe group eaqyssval ent: 104 g/ eq) as a curing agent
were fully nelt-m xed with each othel® at 100C so as to obtain a honbgeneous
resin m xt ywherédnt Re’s @tich Heresent).)Mhal rayjerdfataios pharailn gdoup
conpound of the foregoing formula (1) wherein all Rs were a nethyl group
and Z' wasox lapdethy lagronpwandaddyd bas ad lctwhe same or different from

10 one another), and

a bisphenol represented by the following formula (XIX):

R19 RIQ

HO@Y‘QOH (XK

(wherein R'’s each represent a hydrogen atom, an alkyl group

having 1 to 10 carbon atoms, an alkoxyl group having 1 to

10 carbon atoms, an aryl group having 6 to 10 carbon atoms,
15 an aryloxy group having 6 to 10 carbon atoms or halogen and

may be all the same or different from one another, and Y



- 50 .ing accelerator, and the resulting mxture was m xed at 80C for 1
mnute so as to obtain a resin conposition. To 200 g of the resin
conposition, a filler and other additives were added in the foll ow ng
anounts, and 5 the m xture was roll-m xed under heating so as to obtain a
nol ding material for a sealant: Inorganic Filler [Spherical Fused Silica
(YXK-35R, prod uct of TATSUMORI CO., LTBg)l: 1,440 g Silane Coupling Agent
(SzZ-6083, product of Dow Corning 10 Toray Silicone Co., Ltd.): 124 g

Car nauba Wax: 90 g Carbon Black: 6 g Antinmony Oxide: 20 g Using a portion

f th | di terial, ced 15 d bt ai ped und diti
of 150G rsSRFeSFRTS 485eTkY hifeanonkuantol ke Moo FrERNaPEERSeFBY ar
185C/ 8 h ' J Test
conduct ed 91 EhFEREPTRP2TEE) 180cREGR, bk K rkI8e RO e 00" roct <

were condugiefngn3tps $8"BaPBBAChtEAs| NaEX3B1BhEkI1eRUCRALIHBAL EBe1puUriNg
agent was changéd to a phe nol -di cycl opentadi ene Tesin (tradé nane:

DPR- 5000, p&apHufit a®bmd beuh EhogleatSgrbip. suBudagxyb-grogp-gquiceal ent: 180
25 g/eq). Exanple 13 - 51 Tests were conducted in the sane manner as in
Exam b e 18-¢xe8p+ bdbhat-sohe) epoxy resin was changed to tetrane
t hyl bi phenol di gl yci dyl ether (trade nane: YX4000H, product of JER CO.,
LTD., epoxy equi vaEenerif8éaglieq) of these phenol resins can be per-
formed in accordance with a known method. Further, an es-
terifying agent used to esterify the above hydroxyl groups
may be any of an organic carboxylic anhydride, an organic
10 carboxylic halide and an organic carboxylic acid. A con-
venient esterifying agent may be selected according to

characteristics of an esterifying agent based on the number

of carbon atoms of an ester desired to be derived.

Specific examples of the esterifying agent include

15 acetic anhydride, acetyl chloride, acetyl bromide, acetic
acid, propionic anhydride, propionyl chloride, propionyl
bromide, propionic acid, butyric anhydride, butyric chlo-
ride, butyric acid, valeric anhydride, valeric chloride,
valeric bromide, valeric acid, pivalic chloride, pivalic

20 acid, phenylacetic acid, phenyl acetyl chloride, 2-
phenylpropionic acid, 3-phenylpropionic acid, o-tolylacetic
acid, m-tolylacetic acid, p-tolylacetic acid, cumenic acid,
benzoic anhydride, benzoic chloride, benzoic bromide, ben-
zoic acid, o-methylbenzoic chloride, m-methylbenzoic chlo-

25 ride, p-methylbenzoic chloride, o-methylbenzoic acid, m-



5 Exanple 14 Tests were conducted in the same manner as in Example 13
except that the curing agent was changed to a naph thol aral kyl resin

(trade nane: a,-NX-3.2, product of Mtsui Chemcals, Inc., hydroxyl group

equi valent: 218 g/eq). 10 Exanple 15 Tests were conducted in the sane

manner as
phenol ar
169 g/ eq,

i n Exam pl e 14 except that the curing agent was changed to a

al kyl resin (trade nane: M RE)S1 LC- 4L, hydroxyl group equival ent:

product of Mtsui Chem cal s; c.). 15 Exanple 16 Tests were

conducted in the sanme manner as in Exam ple 11 except that the epoxy resin
was changed to a phenol dicycl opentadi ene-resin-type epoxy resin (trade

nane: EP

epoxy equiva n%lfér%iocg/ag%f)g’u%'a%?%@g%&l%@’[\IE%%%?%Z% %l ’s\lgma

manner as
phenol ar
equi val en

Tests were conducted in the same manner as ~n Exam ple 17 except that the

epoxy res

g/ eq)
were cond

resin was

10

15

20

25

epoxi dat ed | PUEERSY dahR etP t R8s eBhvERY PBRA

X I C at the curing agent was changed to a
a%c{:lycf’x%[eﬂsclpn&(étr&a}gsécﬁgén%i&hﬂ REX XLC-4L, hydroxyl group 25
t: 169 g/Bheseresierifyingtsgentheranabe, usad. yolekunpkeing

52

iafndast Wit rRfe dtW® @ P! ar al kyl -resi n-type epoxy resin: M REX
XLC-4% (product of _Mtsui Chemcals, Inc., h droxgk group equivalent: 169 5

more preferably 50 to 100 mol%, much more preferably 80 to
100 mol%, most preferably 90 to 100 mol%.

In this regard, an esterification rate of 0% simply
implies a phenol compound or a phenol resin.

In the epoxy resin composition of the present in-
vention, a phenol compound or phenol resin or an ester de-
rivative thereof is used as the curing agent for an epoxy
resin having two or more functional groups. Since the ep-
oXy resin composition of the present invention is intended
for use as a thermosetting resin in the same applications
as a conventional epoxy-phenol cured product is used, such
a combination of the constituents that the composition can
take a three-dimensional structure after cured is desirable.

As for the mixing ratio of the epoxy resin (A) and
the curing agent (B), a total of hydroxyl groups and ester
groups, that is, active groups, is 0.5 to 1.5 mole equiva-
lents, preferably 0.7 to 1.3 mole equivalents, based on 1
mole equivalent of epoxy groups. In actual use, it is more
preferable to adjust and use a molar ratio with which opti-

mum physical properties of a cured product can be obtained.

nmeth8dr2ERaRpl €ST9 Tests

UG LS, SBITE OGS Fold, RATRRL LT FCER'166%01he CPoXY



dr oxynapht hal enedi gl yci dyl ether (trade name: EPI CHRON HP 10 4032, product
of DAI NI PPON | NK AND CHEM CALS, INC., 150 g/eq). Exanple 20 Tests were
conducted in the sane manner as in Exam ple 19 except that the epoxy resin
was changed to bi sphe 15 nol-A-type diglycidyl ether (trade nane: EPI COAT
828, prod uct of JER CO, LTD., epoxy equivalent: 184 g/eq). Conparative
Exanpl e 8 Tests were conducted in the sgpe manner as in Example 11 except
that the accel erator was changed to 0.008 nol 20 of triphenyl phosphi ne
(TPP). Conparative Exanple 9 Tests were conducted in the same nanner as in
Exam pl e 12 except _that the accel erator was changed, to 0.008 pol of

tri phenyl phosphi neT® TPF5Pans thePPAXY vES EAGPRbedl teensohetBecBRATCt ed i N

t he sanme nmanner, as i.n, Exam le 13 ex t that the accel erator was
changed t CONO TR LT (A FRAIHERRR Y Tohus m OF | SEARRLFDI e 11

Test duct ed. in t Exam 5 1 pt that th
acec or at oFt vite KHHELP 1905 O1e® efoHn 7P AR, FONBRBN nf PRy For= |
Co t T t Ex
lo 15 exCoh (PEk The e oot St SO L T 850 "B TBRO T n” =X
triphenyl W'é@fff@f&nt@”ﬂ?ré’éﬂlﬁﬂml@hé%nfﬁ@ﬁfe"‘fé e hERIMELkEE 1N

t he same nmahner as iIn
with the epoxy resin or these may be mixed together simul-

taneously.
Further, to fully homogenize these materials, they
may be dry-blended in powdery form.

10 In the epoxy resin composition of the present in-
vention, as required, an organic and/or inorganic filler(s)
as a component (D) and other additives may be added to the
epoxy resin composition.

Particularly, when the epoxy resin composition of

15 the present invention is used as a sealant for a semicon-
ductor integrated circuit, it is desirable to use the or-
ganic and/or inorganic filler(s) (D) and a variety of addi-
tives such as a colorant, e.g. carbon black, a mold releas-
ing agent, a coupling agent and a flame retardant for the

20 purposes of improving its mechanical properties and reduc-
ing an overall cost.

The amount of the organic and/or inorganic
filler(s) (D) is preferably 100 parts by weight to 1,900
parts by weight based on 100 parts by weight of a total of

25 the epoxy resin (A) and the curing agent (B). From the

viewpoints of moisture resistance and mechanical strength,



ple 16 except that the accel erator was changed to 0.008 nol

of

tri phenyl phosphine (TPP). 15 Conparative Exanple 14 Tests were conducted in
the sane manner as in Example 17 except that the accel erator was changed
to 0.008 nol of triphenyl phosphine (TPP). Conparative Exanple 15 20 Tests
were conducted in the sane manner as in Exam ple 18 except that the

accel erator was changed to 0.008 mol ofs4riphenyl phosphine (TPP).
Conpar ati ve Exanple 16 Tests were conducted in the sane manner as in Exam
25 ple 19 except that the accel erator was changed to 0.008 nol
tri phenyl phosphi ne (TPP). - 54 Conparative Exanple 17 Tests were

conduct ed the tarountheisramere preferaxlin pre IMabkerpthama?250 hparnteeb¥r at or
was changed to 0.015 nol of triphenyl phosphine (TPP). 5 Conparative Exanple
18 Tests W@Jegfe*bnmwep%ax% prpEenaliernat smalREn?pP cPautexk¥pt t hat

t he accel er af was changed to 0.008 nol of 2-undecylim dazol e.

of

Conparative

Exanple:ﬂ?%%ﬂ Sts were conducted in the sanme manner as in Example 12

except that the acgg £ €£0{%mas changed tgd 008 nol . dzndec
es

Conpar ative Exanple ?ﬁganéc 2%

or
nerlas I n Exam

X|Iﬁ1da20|e

15 pl g 13n§‘a(§;gzolfiffén££‘f ?ﬁ‘}%é}%%% ?yd%%”%%ﬁ Q- dﬁlé@' Qlunj ina,

2-met hyl i e Ive sts were con

cted In t e sane

manner as 4 {m £ @ er ilde e@fpicéxhaéamfd@cc@éﬁéat@aw@émcwngsgtéo 0.015

nol 20 of 2- nethylln1dazo1e Comparative Exanp e

calcium carbonate, mica, clay and tltanlum white, and fi-

bers such as glass fibers, carbon fibers and aramid fibers.

Of these, crystalline silica and/or fused silica are/is

10 preferably used in the sealant. Further, in consideration

of flowability of the resin composition at the time of

molding, the silicas desirably have spherical shapes or a

combination of spherical shapes and irregular shapes.

Further, in the epoxy resin composition of the pre-

15 sent invention, in consideration of mechanical strength and

heat resistance, it is desirable to use a coupling agent to

improve adhesion between the resin and the filler.

Illus-

trative examples of the coupling agent include a silane

coupling agent, a titanate coupling agent, an aluminate

20 coupling agent and a zircoaluminate coupling agent.

of

these, the silane coupling agent is preferable, and par-

ticularly, a silane coupling agent having a functional

group which reacts with an epoxy group is the most prefer-

able.

25 Specific examples of such a coupling agent include

vinyl trimethoxysilane, vinyl triethoxysilane, N-(2-amino-



Tests were conducted in the same manner as in Exam ple 15 except that the
accel erator was changed to 0.015 nol of 2-nethylim dazole. 25 Conparative
Exanpl e 23 Tests were conducted in the same nanner as in Exam - 55 ple
16 except that the accelerator was changed to 0.008 nol of
2-undecyl i m dazol e. Conparative Exanple 24 Tests were conducted in the sane
manner as in Exam5 ple 17 except that 3ske-accel erator was changed to 0. 008
nmol of 2-undecylim dazole. Conparative Exanple 25 Tests were conducted in
the sane manner as in Exam ple 18 except that the accel erator was changed

Egngug? 2d”r‘z’%t%ﬁk?éa%h’%ﬁﬁ@%?ﬁﬁ%lﬁ%mc%?ﬁg%ﬁé biap Thse -%ﬁalgéiél erator
. 003 7 i . 15 ' : T
Fosul (s of TRE PorcaplRop i EEREHOOBLAFERE; | ebiHBpERR- RO T E) T

Tabl es S oGy 4y IEADOS: L 0811 ER4LPOROHEL DOCREROUL BEnbS 355A0LLANSy

Further, Frg. is a gfaph show n curing avl or n~epoxy-resin

com 20 posSjid TNETER. i B3 ' [Te1% LS was
reasur el o CORET A REL R O mocial  riny Saeayphbpy e BRO T ALY
Tempermt urgildddC ££ [ sifalep Syt BoheReY ) etRPlE¥thet RoryAiRbhinkyde-Angl e: tl
25 Anount of Sanple: 4.5 g - 56 Table 5 Ex.|IEx. |2Ex. | 3Ex. |4Ex.

| 5d ass Trmeshacopldrypeopy Lteifethd¥Pd 1746881 354d9B-neucaptSprepyilk ( Kgf
me) 14. 913. 51212. 512. 3Fl exural Elastic Mddulus ( Kgf /mR2

) 15001540157nethags9bbarne Boi Thege Vaarrbgbysedt sohely or in combina-

(9@0.160.090.080.110.09V.P.S Test
tion of two or more.

It is desirable that these coupling agents be ad-
10 sorbed to the surface of the filler or solidified by a re-
action in advance.

As a method for producing a semiconductor device by
sealing a semiconductor integrated circuit by use of the
epoxy resin composition of the present invention, low pres-

15 sure transfer molding can be said to be the most commonly
used. However, other methods such as injection molding,
compression molding and cast molding can also be used, and
a special technique using a solvent can also be used.

Hereinafter, the present invention will be de-

20 scribed in detail with reference to Examples. However, the
present invention shall not be limited by the Examples in

any way.

Synthetic Example 1
25 To a glass container equipped with a thermometer,

an agitator, a dropping funnel and a reflux condenser, 312



(Nunber of Cracks/10)00000CGel ation Time (mn

sec")3' ' OL"3"'31"5"'12"5' 02"5"' 13" Torque Start tsx (mn'
sec")10"19"1' 05"1"' 12"1'10"10% Cured t' ¢ (mn
sec")19"34"1'24"1'41"1' 31"~90% Cured t' ¢ (mn'
sec")2'21"3'15"2'58"3"'17"3' 07" Table 6 Ex. |6Ex. |7Ex. |8Ex. |9Ex.20d ass
Transition Tenperature 'C15812913114614941 exural Stren th

Kgf / mm213. 813. 51313. 612. 2Fl exural El astic Mdulus K f

/ MmM14601590162015301630Post - Boi | i ng Wat er

Absor ption0.140. 110. 120. 140. 13V. P. S Test Nunmber of Cracks/1000000Cel ati on
Time min' %etd neb) 3of gplzenal sngyolagorawiguétspdet nang: (BRA#558,
sec"}09"11"13"09"1' 35"10% Cure t' ¢ énin' sec"§f2"23"25"2112' 7" 90% Curd
t' ¢ (min'PERducy of ;SHOKA BEGHBOLYMER, phydsexyl gryeup eayiyvatgpté 7 conp.

Ex. 8Con. 9Comp. Ex. | . Ex. || Conp. Ex. l2d Transi ti

armer ar ur EORI9LA8Y 14 19081 cROP aF ISt FaRGERaL CenperataiR’ beotne

Kgf / m213. 41 i | us K,
e 1800:su0TsEbies (el EaL T Ry TR8VG: o MREH Hhip hternal tempera-

9%9. 220. 150_ 10. 9V, P, S.T ksh203211 i i i '
gec"5'2%8" 6’9’%%9411%%945/583%35%?6%‘3%& ?gég%gi ?%q&h'g ée%g)e ?gh‘gggzéﬁ 28" 29" 10%
Cured t' Caé8tic §§H%a3§aé3&é§"§§a§§"&9%g%égﬁr@H F%ochGGEB'under agi-

sec")5' 48"9'22"9' 29"7' 21"6' 58" Table 8 Conp. Ex. |3Conp. Ex. |4Conp. Ex.
| 5Conp. Extat®6RUP. ThErebftkasSwitRNEhéi OAtdeARRr 8bMperature kept at

C1521261291 47138Fl exural Strength Kgf/mR12.812.812.612. 712. 3Fl exur al
El asti c Mt2b e, Kthe/ ne@d 44615684 46815164d560P0sbrBai hbngs\Waked Abesar pti on
99 0. 210. 170. 180. 220. 13V. P. S Test Nunber of Cracks/1022221Celation Tinme mn
sec"5' 13" 6tBe" tempegagre’ gas TorfaedStar 14PSQ. (nAh 148ctp1159fCa1the 29" 10%
Cured t' ¢ (mn'" sec")29"31"30"41"41"~0% Cured t' ¢ (mn' .
Secn)g@55ng1§§u5ezqag-ege@-Qgr 2 hours, and then excessive acetic an-
hydride and by-produced acetic acid were distilled off un-
der a reduced pressure at 150°C/10 mmHg at the highest.
The obtained resin was dissolved in 1,400 g of
toluene and then washed with hot water at 60 to 70°C until
15 waste water becomes neutral, and toluene was distilled off
at 150°C/5 mmHg at the highest so as to obtain 370 g of
phenol novolac resin having completely acetylated hydroxyl
groups. Its hydroxyl group equivalent was not smaller than
3,000 g/eq (undetectable).
20 Synthesis Example 2
To a glass container equipped with a thermometer,
an agitator, a dropping funnel and a reflux condenser, 312
g (3 mol) of phenol novolac resin (trade name: BRG#558,
product of SHOWA HIGHPOLYMER, hydroxyl group equivalent:
25 104 g/eq) was added, and the internal temperature of the

container was raised to 125°C. With the internal tempera-



- 58 _ Table 9 Conp. Ex.|BConp. Ex. |9Conp. Ex.20Conp. Ex.21Conp.

Ex. 22d ass Transition Tenperature (C)175144107116104Fl exural Strength K
f/mR14. 113. 512. 312. 412. 6Fl exural El astic Mdul us Kgf

/ m214801510155015301510Post - Boi | i ng Water Absorption

(9% 0. 210. 150. 10. 090. 12V. P. S Test Number of Cracks/1022111Gelation Time mn
sec"4' 25"5"' 22" 4" 37" 4" 45" 4" 41" Torque Stagp Lsx (mn' sec")23"27"38"30"26" 10%
Cured t' ¢ (mn'" sec")30"40"59"52"51"190% Cured t' ¢ (mn'
sec")5'13"6' 18"9' 45" 7' 11" 6' 45" Table 10 Conp. Ex.23Conp. Ex.24Conp.

Ex. 25Conp. Ex. 26d ass Transition Tenperature C151125127146Flexural Stren th
K f/rmp12. b4peghepyiat 7Ehexabavec-guprEakBagr ud2kgf Smif mol) of ben-

) 1410147014901540Post -Boi |l i n er, Absor ti,onQ. 20, 150. 160. 2V. P. S Test
Nunmber of &P% kghgéﬁﬁﬁﬁcﬁ?ﬁtgﬁxaé fHECRYHE sé8"§W82h9u5§"§“§?:4a§3’?orque
Start tsx £ éeg 22" 25" 257257 10% Cur ed h E‘ %l 33"34%36"35"90%)
Cured t' i‘ﬁ{‘h Y EPgERSCRIoEIqg. gas, prR Eﬁﬁf?p 8”21‘90 §e87° Lon

phosphazen f o] 11 e group
was dISSO|§e ggge8 léggu%e£gg%er aﬂggEEEQe dlﬁgﬁ 58§#or hours
and then aEe&BéEé%QEezﬁeﬁeuéﬁ (b, gkASS reHLeILAY Ghs E@%E%ﬂ&*@@t for 29
conductivity of the water was neasur ed. Conpar at i ve Exanple 25 Conductivity

was neasur edhblrkheafdmehBBNERE E}émF_&QanJrQ Qasgr@fised to 140°C. At
tris[tris(dinmethylam no)phosphol anil'i dene
140 to 150°C, the mixture was aged for 2 hours, and then
hydrochloric acid was removed under a slightly reduced
pressure.

10 The obtained resin was dissolved in 1,400 g of
toluene and then washed with hot water at 60 to 70°C until
waste water becomes neutral, and toluene was distilled off
at 150°C/5 mmHg at the highest so as to obtain 590 g of
phenol novolac resin having completely benzoylated hydroxyl

15 groups. Its hydroxyl group equivalent was not smaller than
3,000 g/eq (undetectable).

Synthetic Example 3
To a glass container equipped with a thermometer,
an agitator, a dropping funnel and a reflux condenser, 507

20 g (3 mol) of phenol aralkyl resin (trade name: MIREX XLC-4L,
hydroxyl group equivalent: 169 g/eq, product of Mitsui
Chemicals, Inc.) was added, and the internal temperature of
the container was raised to 125°C. With the internal tem-
perature kept at the above temperature, 336.9 g (3.3 mol)

25 of acetic anhydride was added dropwise in two hours under

agitation. Thereafter, with the internal temperature kept



5 am .no] phosphi ne oxide in place of the phosphazene conpound of Exanple 18.
The results of the foregoing Exanpl e and Conpara tive Exanple are shown in
Tabl e 11. 10 Table 11 Ex.21Com . Ex. 25Pr ocessi ng

Tenper at ur e95C125C95C125CConductivity (~,s/cm 10010494413 As i s understood
fromthese conductivities, while the essential phosphazene catalyst in the
present invention shows constant conducijvity regardl ess of the processing
15 tenperature, thereby interring it fromanal ogy that the catalyst is
stabl e, the phosphi ne oxi de conpound of the Conparative Exanpl e shows that
conductivity becanme over four tines larger as the tenperature increased
from 95C t&F 1¥&5TC.C THdte izeaqhiqns wass gaxck kefhtoul fﬁ’ﬁggt’éﬂ’f)ﬁat%Pés, 20 it
produces a .condyctive nmaterial of sone type bﬁ deconpo. sitjon. Ipegefore,
it has bedSbUmF tHEAPSIALPIRIRS TR di? rEQrce WihEnl#RshRct>PoC,
electric characteristics as_ a,seal gnt,. Further s has al ready beep,
descri bed % HIPEfHe 2805 R%ed F B AmdtRLEs 4 and %%r%’f%%ﬂs%ﬂétaﬁﬁgﬁca

phosphazene i b comound ich.is an. essential_accelerator in.the
Present | MUEHIERTT e Thr Ut rves A i f fnE L BR 0 Ps
curing ag L npr ﬁﬂ%ﬂi LIy Afys T g2l [ u an; | ase in Tg
and !g)we.rg'g‘gdrr%]il g%)u]?éé a so??p%%w tyécé{z;lefjll %ggw?%%oﬁgie%@agg? g\fﬁg?g%g nor e,

di stinctive curingrié OPSEL]£8d CAEs Bh SPaded $568881va8 £AMP2L6M ¥ bl when
conventional |y used general -purpose triphenyl phosphine is used. That is,

t he gel at iorliéem® arsd Stiggn fwLsidd Wwitdlueet, watelr t e 60 neor 2ocradtiar 90%
curing in neasurenent of an 10 increase in torque along with curing by use
of the CURANS TeMEEResomegmdutteal | yandduckdendhwvas | dagdtilded offlucti on
in cost along with a shortened production cycle in industrial production of
a seal ant ahdlhakR4S aufigaat cue rhbghesin $0 ons akei Ptsini 609sganfipoint. 15
I ndustrial Applicability As described above, the epoxy_resin conposition
obt ai Hed behenel preabiyl | reein | kaving sempletely aeet¥iatad hydrasyln which
t he conventional epoxy resin conposition 20 has been used. Particularly,
when used %ECWPSeal At BWH T X RLTEIIRIRIGHV 2180 837 dBStaSPatkage *HAPh
better cragkj resi stance th he conventional epoxy resin/phenol resin
cured prod%té&go%s?q Iun etecégbfef.

Synthesis Example 4
To a glass container equipped with a thermometer,
15 an agitator, a dropping funnel and a reflux condenser, 507
g (3 mol) of phenol aralkyl resin (trade name: MIREX XLC-4L,
hydroxyl group equivalent: 169 g/eq, product of Mitsui
Chemicals, Inc.) was added, and the internal temperature of
the container was raised to 125°C. With the internal tem-
20 perature kept at the above temperature, 421.7 g (3 mol) of
benzoyl chloride was added dropwise in two hours under agi-
tation. A hydrogen chloride gas produced during the reac-
tion was absorbed into a trap. Thereafter, with the inter-
nal temperature kept at 125°C, the reaction was carried out
25 for 2 hours, and then the temperature was raised to 140°C.

At 140 to 150°C, the mixture was aged for 2 hours, and then



- 61, CLAIMS 1. A curing agent conposition for an epoxy resin, conprising a
conpound as a curing agent (B) which is se 5 lected fromthe group
consisting of the following (Bl) to (B3): (Bl) a phenol conpound having two
or nore functional groups, (B2) a conpound in which a hydroxyl group of a
phenol 10 conmpound having two or nore functional groups is esterified with
an acyl group, and (B3) a mxture of fhggconpounds (Bl) and (B2), and a
salt of a phosphazeni um conpound as a curing accel erator (C) which is
represented by the following formula 15 (1): NR 2 RI2ZNP NR2 2 N2 R
NP%+PM$%R~G)r$2NN%zRQNP¢RQer2 wherein R_s each
represent BYRYREERRiarapdd avas neemoved anepen arstightiyarggrcgfoup having
1 to 10 carbon atons or an aryl or aral kyl group having 6 to 10 carbon

atons and REF®HRFR11 the sane or different fromone another; and Z - 62
represents a hal og an XY an| | k ani o onx ani on or
car boxy anion). Ggﬁ Lg t|on v a?ﬁ? 6% grelanﬂ%B e 5 formula

(1) are eae&eeﬁstﬂa(é QﬁQprQ{ 368§ &imlhgle%'gteé alhgocegpoghEi et cl ai m

1, wherei In the formul a a hydroxy ani on he conposition

of cl 2§ m Lyauber ket hBe@é&ﬁéé‘Qné‘tQ@P&l {Banastaweﬂelassr aiselmeaegemt ed by
the followng formula (VII1) or an ester derivative thereof

phenol di cyat opsot ads efeHg est Nt hePh £§RESE€dsbYat heof ebhamhnge‘sognulfa (I'X) or
an ester derivative thereof, a phenol aralkyl 15 resin represented by the
foll ow ng phenulaatadkpl rmesistkavilegi vanpletéber befizoglagpt hgdraxgilkyl
resin represented by the following formula (XI) or an ester derivative

t her eof , agbPpbhenol Itenppdndxybpgrsept edqubyalantf whbonphgsmadderathxnl ) or
an ester derlvatlve t hereof, or a bisphenol com 20 pound represented by the
fol | owi ng BePARI &/ex (wndeteahakledr derivative thereof:

10 Synthetic Example 5
To a glass container equipped with a thermometer,

an agitator, a dropping funnel and a reflux condenser, 540
g (3 mol) of phenol-dicyclopentadiene resin (trade name:
DPR-5000, product of Mitsui Chemicals, Inc., hydroxyl group

15 equivalent: 180 g/eq) was added, and the internal tempera-
ture of the container was raised to 125°C. With the inter-
nal temperature kept at the above temperature, 336.9 g (3.3
mol) of acetic anhydride was added dropwise in two hours
under agitation. Thereafter, with the internal temperature

20 kept at 125°C, the reaction was carried out for 2 hours,
and then the temperature was raised to 140°C. At 140 to
150°C, the mixture was aged for 2 hours, and then excessive
acetic anhydride and by-produced acetic acid were distilled
off under a reduced pressure at 150°C/10 mmHg at the high-

25 est.

The obtained resin was dissolved in 1,400 g of



- 63 OAQCA\ \ 2 CH2 RB" Rs CH (11a) (wherein Res each represent a

hydr ogen aton) a nethyl group or an ethyl group; n which is the nunber of
recurring units represents an integer of 0 to 50, its average being within
a range of 0 to 15; and As each represent a hydrogen atom5 in the case of
t he conpound (Bl1) and an aromatic acyl group in the case of the conpound
(B2)), (IX) (wherein R9s each represent 33 hydrogen atom a hal ogen atom a
| i near, branched or cyclic aliphatic alkyl group having 1 to 8 carbon
atons, an al koxy group having 1 to 10 carbon 10 atonms or a phenyl group; n
which is the nunber of recurring units represents an integer of 0 to 50,
its averag&cBEPRg @nehithen waghedowitht botswakead At &dcha Jfy &amtid
hydrogen atomin the case of the conRound (B1), and an aromatic acyl_group
in the cas¥a§fe; WatesnpsGRaepHpptral, angdtodneneowassistilded offp -~ -

~ CH2 ° (X ,R. 5.5,z RLQ (wh in Rl h n

nalogen &t B 1507 FABP™Er ARCKER B SBSR GonrPpka PSR4 O U Glsthavi ng 1
to 8 carb .20 .4l . ing. 110,10, |
group; 1 whrehorz i RReToRAYB1eHE KA el ol HR ORI P el

0 1058 .| keetyanean BouBa ! bidude aNGe <OhyllRyl®a ) AR dipr eoent

a hydrogen atomin the”case”of "t he conmpound
in the casgagf nblie smammewndhaB2B), 000 AR PAVRde tlecta®lle), ~ \ CHz | ~ CH '

~\ 1 (X1 V (wherein Rls each represent a hydrogen atom a hal ogen atom
10 a |ineasynithesdee@xampdyclei c al i phatic al kyl group having 1 to 8 carbon
atons, an al koxy group having 1 to 10 carbon atons or a phenyl group; n
whi ch is the nunbelToofa mdassr icogp tadiney regprigrpent wicth ianttdgemanietet o 50,
its average being within a range of 0 to 15; and As each represent a

hydr ogen 13nagg@itiafothe acdseppinghduaaedoand @EBrefdwk menstesssy c S|
group_in the case_of the_ conpound (H2)), - 65 AO,

10 g (3 mol) of phenol-dicyclopentadiene resin (trade name:
DPR-5000, product of Mitsui Chemicals, Inc., hydroxyl group
equivalent: 180 g/eq) was added, and the internal tempera-
ture of the container was raised to 125°C. With the inter-
nal temperature kept at the above temperature, 421.7 g (3

15 mol) of benzoyl chloride was added dropwise in two hours
under agitation. A hydrogen chloride gas produced during
the reaction was absorbed into a trap. Thereafter, with
the internal temperature kept at 125°C, the reaction was
carried out for 2 hours, and then the temperature was

20 raised to 140°C. At 140 to 150°C, the mixture was aged for
2 hours, and then hydrochloric acid was removed under a
slightly reduced pressure.

The obtained resin was dissolved in 1,400 g of
toluene and then washed with hot water at 60 to 70°C until

25 waste water becomes neutral, and toluene was distilled off

at 150°C/5 mmHg at the highest so as to obtain 810 g of



QA (XB) (wherein R 2s each represent a hydrogen atom a nmethyl group or an
ethyl group and nay be all the sane or different from one another; and As
each represent a hydrogen atomin the case of the conpound (Bl) and an
aromatic acyl group in the 5 case of the conpound (B2)), and R13 R13 AO ~
QAY ~ ~ (XIB) (wherein R's each represent a hydrogen atom an al kyl group
having 1 to 10 carbon atons, an al koxylg@roup having 1 to 10 carbon atons,
an aryl group having 6 to 10 carbon atonms, an aryloxy group having 6 to 10
carbon atons or hal ogen and 10 may be all the sane or different from one

another; Y repre sents_an | i dene havin to 10 carbon ato an
alkylene H%E??@}?ﬁ%QVQkPE%H?ﬁ#ﬁ%&%mées%Pt?gPﬁaFR§+PdEﬁElﬁavFﬂﬂgieFS1¥0

carbon at nB a X | k Iene haV|n 3 t rbon,atons_or a,di %nt
oo saerBauedef e @y S "e sy’ ¥FroRpL GraRR RguiYelen
r epr esent ﬁa@yféggﬁﬂafi %ﬁaﬁhf &@ée ?%2?§n5§€3§ngglg 1) and an aromati c

acyl group'i tase of the cohpound €poXy resin conposition

conpri si Ng§yn+h & A epoxy resin having two or nore epoxy groups
in a nnlech%, ?%ﬁcgéﬁﬁrﬁ%g agent, and (C) a curing accelerator, 5 wherein

the cuing agent (B) AsaﬁaGQ”Eeﬂeglﬁékeﬁ&ﬁﬂ Eéenhihﬁ QrQHQrﬁBﬁ%E%E'nQ of
the followwing (Bl) to (B3): (Bl) a phenol’ conpound having two or nor e

functionalaﬂr@@pSatéB2)aadﬁeyppu@dfuﬂn&mlshdaahyéfmﬁxlpgﬁauase& ,<asplenol 10
conpound having two or nore functional groups is esterified with an acyl

group, andg(B3)mal )i &f uigpRthbdheatBlkyantesBr) (teadet hameur bryxagcal er at or
(C) is a salt of a phosphazeni um conpound which is represented by the
fol | owi ng PoPRurtE ¢F )MitpWwi 2ChRepic@LER-2nw. R RYfORYR grour?RARiNa-- N=~- NR2

Z'~ ~1 J NR-2 N NR~-2 .
lent: 218 g/eq) was added, and the internal temperature of

10 the container was raised to 125°C. With the internal tem-
perature kept at the above temperature, 336.9 g (3.3 mol)
of acetic anhydride was added dropwise in two hours under
agitation. Thereafter, with the internal temperature kept
at 125°C, the reaction was carried out for 2 hours, and

15 then the temperature was raised to 140°C., At 140 to 150°C,
the mixture was aged for 2 hours, and then excessive acetic
anhydride and by-produced acetic acid were distilled off
under a reduced pressure at 150°C/10 mmHg at the highest.

The obtained resin was dissolved in 1,400 g of

20 toluene and then washed with hot water at 60 to 70°C until
waste water becomes neutral, and toluene was distilled off
at 150°C/5 mmHg at the highest so as to obtain 745 g of
naphthol aralkyl resin having completely acetylated hy-
droxyl groups. Its hydroxyl group equivalent was not

25 smaller than 3,000 g/eq (undetectable).

Synthesis Example 8



R-2N-P-NR~2 N f~2 15 (wherein R's each represent a hydrogen atom a |inear
branched or cyclic alkyl group having 1 to 10 carbon atons or an aryl or
aral kyl group having 6 to 10 carbon atonms and rmay be all the sane or
different fromone another; and Z' represents a hal ogen ani on, hydroxy

ani on, al koxy ani on, - 67 aryloxy anion or carboxy anion). 6. The
conposition of claim5, wherein R's iw g¢bhe-fornmula (1) each represent a
met hyl group or an ethyl group. 5 7. The conposition of claim5, wherein Z
in the formula (1) represents a hydroxy anion. 8. The conposition of claim

, Wh [ h

oS 2 L SOk BEE BBt KD BB
), h t f

(13 zn%@;%qf‘t&%g%grgnég%ﬁﬁgef%x?ieéw SCREPIER! Bhakotle, g0 1

fol I ow ng % Ly tﬁ 8%i%§? pr£F9k¥g)9L§Xb éﬁéha t ¥BReSPRX XX SS N

represente or nu enol fype- epoxy- ¢ont’ai ni ng

epoxy reSIprds&@éessﬂtnﬂtbhtbﬁem&hw NGnEQr, My arody) gﬁ:oap equiva-
bi sphenol -t ype- epoxy- cont ai ni ng epoxy resin represented by the foll ow ng

formul® (Vient:' Bl€Hy28qfwheseadd&ds aadhthepiaseprhad hpapegamuatomt a

nmet hyl group or an ethyl group, and n which is the nunber of recurring

- 68 unitsheeperesenteramasntrejeedofo0126°60, Wishatbeadgetkenad wemki n a
range of 0 to 15), ( IlIl ) (wherein R s each represent a hydrogen atom a
hal ogen at BRYature nkept at ahbhedbovecyemperatnprat #élalkgl (§rvgd)hafing 1 5

to 8 carbon atons, an al koxy group having 1 to 10 carbon
benzoyl chloride was added dropwise in two hours under agi-

tation. A hydrogen chloride gas produced during the reac-
10 tion was absorbed into a trap. Thereafter, with the inter-
nal temperature kept at 125°C, the reaction was carried out
for 2 hours, and then the temperature was raised to 140°C.
At 140 to 150°C, the mixture was aged for 2 hours, and then
hydrochloric acid was removed under a slightly reduced
15 presgsure.

The obtained resin was dissolved in 1,400 g of
toluene and then washed with hot water at 60 to 70°C until
waste water becomes neutral, and toluene was distilled off
at 150°C/5 mmHg at the highest so as to obtain 923 g of

20 naphthol aralkyl resin having completely benzoylated hy-
droxyl groups. Its hydroxyl group equivalent was not
smaller than 3,000 g/eq (undetectable).

Synthesis Example 9

588 g of phenol novolac resin having 88% of its hy-

25 droxyl groups benzoylated was obtained in the same manner

as in Synthesis Example 2 except that the amount of benzoyl



atons, or a phenyl group, and n which is the nunber of re curring units
represents an integer of O to 50, its average being within a range of 0 to
15), 0 "'00 '00 "10CHR2 ~~CH2\ CH2 ~~CH2 \ (IV) R4\ R4 R4 (wherein
R s each represent a hydrogen atom a halogen atom 10 a |inear, branched
or cyclic aliphatic alkyl group having 1 to 8 carbon atons, an al koxy group
having 1 to 10 carbon atonms or a phenyl,group, and n which is the nunber of
recurring units represents an integer of 0 to 50, its average being within
a range of 0 to 15), C '0C '0C 'O RS\ \CH2 ~~CH2 ~\ CH2 ~ ~ CH2 ~
\' ~( V) n 15 (wherein R5s each represent a hydrogen atom a hal ogen atom
- 69 a |ichkloyide archeshanged cto c3alidhat (2. @4 kydl hr ouptdakydyotylo 8
carbon atons, an al koxy group having 1 to 10 carbon atons, a phenyl group
or a gl ycigsourtentiyg - vl IOWYLeEi s the number of recurring units
represents an inte 5 ger of 0 to 50, its average being within a range of 0
to 15), O EX%WR53(MMerein Rss each represent a hydrogen atom a nethyl

group or an ethyl group and pay. be all the sanme or different .fromone
Snother), and RY R $FoRO9uivALEAt \af G0oFaRer chAvRIECcAERAAEPEREA! a

hydro%n al 1@5&9&%@5@@& hc?‘ﬁ’i@:??ﬂoﬁ r&gn %@%;cgﬁgo koxyl group

having 1 to car bon an ar group having &'to atons, an

I ; L NG, d h
e

same or di her, and” Y 15 represents I dene
having 1 tDed® SArORE AEOFPLated BPKINEDenbRY1IAS ZedPnlPe586P0BgAIGHE, @

cycl oal kyl i dene having 3 to 10 carbon atons, a cycloal kyl ene having 3 to 10
carbon atoren®i B46li yaeent GADEWLEUEN BE81ud), of (Bynthékis, Example’d
as a curing agent were fully melt-mixed with each other at
10 100°C so as to obtain a homogeneous resin mixture.
To the resin mixture, 0.0055 mol of phosphazenium
compound of the foregoing formula (1) wherein R' was a
methyl group was added as a curing accelerator, and the re-
sulting mixture was mixed at 120°C for 1 minute so as to
15 obtain a resin composition.
To 200 g of the resin composition, a filler and
other additives were added in the following amounts, and
the mixture was roll-mixed under heating so as to obtain a
molding material for a sealant:
20 Inorganic Filler [Spherical Fused Silica (YXK-35R, prod-
uct of TATSUMORI CO., LTD.)]: 1,440 g
Silane Coupling Agent (S%-6083, product of Dow Corning
Toray Silicone Co., Ltd.): 124 g
Carnauba Wax: 90 g

25 Carbon Black: 6 g

Antimony Oxide: 20 g



S-, -SO or -S02-). 9. The conposition of claim5, wherein the curing agent
(B) is a novolac resin represented by the followwng 5 formula (VII1) or an
ester derivative thereof, a phenol dicyclopentadiene resin represented by
the following fornula (1 X) or an ester derivative thereof, a phenol aralkyl
resin represented by the following fornula (X) or an ester derivative
thereof, a naphthol aralkyl resin repregented by 10 the follow ng formula
(XI') or an ester derivative thereof, a biphenol conmpound represented by the
following fornmula (XIl1) or an ester derivative thereof, or a bisphenol
conpound represented by the following formula (XI11) or an ester derivative
thereof: QA OA \ \Ugimgipaeertien ¢f 1the helding matesialy epreuEpt a

hydr ogen ato a nmethyl, group. or an ethyl, group; igh,is the nupgber of
recurring QﬁﬁrQ‘%Ctr e htaingd v rc‘b‘}/éb@’t%ngo?Pi &]é a@éiig’é“be‘?ﬁ Wit hin
a range o

f t.o 15:, an each. represent Qgen.atom.i.n the case of
t he corrpou]f#;o (]ﬁﬁlc%nangnéi‘ﬁ?nﬁ&it? 58;‘;‘1“& (ﬁp% i tl?é: é&&é:r(ﬁget%ea%c-onpound
(B2)), - erei r S e gen
atom a | i%%%eé%n% e&(}; (l)%réc@%ﬁ% %ﬁ%h@?‘% c&é(}l;ligéegr %@%%?%gg%go 8
car bors at oy ; & A KO Xe 44O NGy e 1of OLHO CRFDNpALQEEL O @ phenyl
group; n which is the numpber of Tecurring 5 units represents an integer of
0 to 50, its aver aperbReRY Withsd 8rreh8esoheOmbPding mAtefsatChebepr esent
a hydrogen atomin the case of the conpound (Bl) and an aromatic acyl group
in the casgemicdiucodrp odenid¢dR)yer&pi¥psPed By ~1low Gess@tE tranSH2 \ (X)
ld~ ~ RO (wherein Rls each represent a hydrogen atom a hal ogen atom 10 a
| i near, bréechedldingycand alcphcking atéyt gasupohdwehegd 1lby om8anar bbn
atonms, an al koxy group having 1 to 10 carbon atons or a phenyl group; n
which is thes® rba¢hyecurring units represents an integer of 0 to 50,
its average beiﬁg within a range of 0 to 15; and As each represent a
hydr offen 1B*3RHEi % the case of the conpound (Bl) and an aromatic acyl
group in the case Qf the conpoun 2).) . - 72 _ OAOA QA CH ~ ~ CHz
\ CHz ~~CH 1, / 8e§£fXW?r? ﬁpgguégﬁé(ﬁﬁeFEFnsﬁPFsméﬁeﬁrrQﬁrégeﬁfag'
hydr ogen a ep. alo a_linear n d | ] Lp ic alkyl
group hav?%ggllt%pgéggrg%% ag%ﬁs?uﬁﬁnﬁl%3§§€g§%§pcﬁé9§%g Egtgh%oggérbon

at oms or azBPfQi’éd%Ré‘R?lgnét‘)g&g%ciEeéfﬁ BP@gﬁgﬂésigcﬂkéﬁﬁﬂe%gm ts

repr esents an I nt eger o Its aver ag el ng
Example 3
15 Tests were conducted in the same manner as in Exam-

ple 1 except that the epoxy compound was changed to ¥YX-
4000H, the curing agent was changed to the acetylated phe-
nol aralkyl resin of Synthesis Example 3, and a composition
was obtained by a method comprising the steps of fully
20 melt-mixing the curing agent with the accelerator at 120°C
in advance and then adding the epoxy resin.
Example 4
Tests were conducted in the same manner as in Exam-
ple 3 except that the curing agent was changed to the ben-
25 zoylated phenol aralkyl resin of Synthesis Example 4.

Example 5
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one anot her; and As each represent a hydrogen atomin the case of the
conpound (Bl1) and an aromatic acyl gr-oupt i-h the case of the conpound (B2)),
and R~ s R~ s AO~ QA (XIB) (wherein R's each represent a hydrogen atom

an al kyl group 15 having 1 to 10 carbon atons, an al koxyl group having lto
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or a divalent group such as -0- -SQz-; and

each reprgsgents,a hydrogen atomin the case of the conpound (B1) and an
aromatic acyl group in the case of the conpound (B2)). 10 10. The

conposi ti axampld & m 5, containing an or panic and/or inorganic fillers)

(D) in an anmount of 100 to 1,900 parts by wei ght based on 100 parts by

wei ght of a to talTe¥ts heeepoxgndwsted (£ theisgne waonenoag epoRyamroups
15 in a nol ecul e and the curlng agent (B). 11. A cured epoxy resin obtained
by heat - curlieng te¥cegioihatesihe chipiowd tagenbivas ahmmsge@cq 2the\ ben-

sem conduct or, devj ce obtai ned by sealing a . )
zoylated phenol-dicyclopentadiene resin of Synthesis Exam-

ple 6.
10 Example 7
Tests were conducted in the same manner as in Exam-
ple 3 except that the curing agent was changed to the ac-
etylated naphthol aralkyl resin of Synthesis Example 7.
Example 8
15 Tests were conducted in the same manner as in Exam-
ple 3 except that the curing agent was changed to the ben-
zoylated naphthol aralkyl resin of Synthesis Example 8.
Comparative Example 1
A resin composition was prepared in the same manner
20 as in Example 1 except that the accelerator was changed to
0.015 mol of triphenylphosphine. However, a cured product
was not obtained. Further, although gelation time was also
measured at 150°C and 200°C for 20 minutes, the test was
stopped since no gelation was seen.

25 Comparative Example 2

A resin composition was prepared in the same manner



sem conductor integrated circuit by use of the epoxy resin conposition of
claimb5. 13. An epoxy resin conposition conprising: 25 (A an epoxy resin
having two or nore epoxy groups in a nol ecul e, Y4 - 74 (B) a curing
agent, and (C) a curing accelerator, wherein the curing agent (B) is a
compound selected fromthe group consisting of the followng (Bl) to (B3):
5 (Bl) a phenol conpound having two or jore functional groups, (B2) a
conmpound i n which a hydroxyl group of a phenol conpound having two or nore
functional groups is es terified with an aryl group, and 10 (B3) a m xture
of the above (Bl) and (H2), and the curing accelerator (C) is a salt
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Gelation Time (min' sec") 5'56" [5'42" |5'30" |5'35" |[5'31"
Table 3
Comp. [Comp. [Comp. [Comp. (Comp.
Ex.1 |[Ex.2 |Ex.3 |Ex.4 |ExX.5
Glass Transition Temperature |--- - 173 141 100
OC)
Post-Boiling Water Absorption |[~-- -——- 0.21 (0.15 [0.12
(%)
V.P.S Test (Rate of Occurrence|--- —— 3 2 1
of Cracks (%))
Gelation Time (min' sec") Not |[Not ([3'38%([4'41"[4.37"
Cured {Cured

5 Table 4
Comp. [Comp.
Ex.6 (Ex.7
Glass Transition Temperature |--- -——
(°C)
Post-Boiling Water Absorption [--- -—
%)

V.P.S Test (Rate of Occurrence|--- -
of Cracks (%))

Gelation Time (min' sec" Not [Not
Cured |[Cured

With reference to the foregoing Examples, curing of
the esterified phenol resins and the epoxy resins has been
described in detail. An epoxy resin composition containing

10 the accelerator and phosphazenium compound of the present
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is thereby understood that the epoxy resin compound is ex-
cellent in cracking resistance as a sealant.
Further, it is realized that when triphenyl-
phosphine (TPP) which is a conventional accelerator is used,
10 triphenylphosphine does not cause a curing reaction in por-
tions esterified by acryl groups, as shown by Comparative
Examples 1 and 2. From this fact, it is understood that
the esterified curing agent and the phosphazenium compound
are essential components so as to obtain high physical
15 properties as the sealant in the present invention.
Example 11
1 gram equivalent of o-cresol novolac (trade name:
EOCN102S-65, product of NIPPON KAYAKU CO., LTD., epoxy
equivalent: 210 g/eq) as an epoxy resin and 1 gram equiva-
20 lent of phenol novolac resin (trade name: BRG#558, product
of SHOWA HIGHPOLYMER, hydroxyl group equivalent: 104 g/eq)
as a curing agent were fully melt-mixed with each other at
100°C so as to obtain a homogeneous resin mixture.
To the resin mixture, 0.0055 mol of phosphazenium

25 compound of the foregoing formula (1) wherein all Rs were a

methyl group and Z° was a hydroxy anion was added as a cur-
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molding material for a sealant:
Inorganic Filler [Spherical Fused Silica (YXK-35R, prod-
uct of TATSUMORI CO., LTD.)]: 1,440 g
Silane Coupling Agent (SZ-6083, product of Dow Corning
10 Toray Silicone Co., Ltd.): 124 g
Carnauba Wax: 90 g
Carbon Black: 6 g
Antimony Oxide: 20 g
Using a portion of the molding material, a cured
15 product was obtained under conditions of 150°C—185°C/5 min,
185°C/5 min and 150 kg/cm’ and then after-cured at 185°C/8
hr (nitrogen atmosphere) so as to fully cure the product.
Tests were conducted with respect to curing behavior and

the like.
20 Example 12
Tests were conducted in the same manner as in Exam-
ple 11 except that the curing agent was changed to a phe-
nol-dicyclopentadiene resin (trade name: DPR-5000, product
of Mitsui Chemicals, Inc., hydroxyl group equivalent: 180
25 g/eq).

Example 13
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Tests were conducted in the same manner as in Exam-
ple 12 except that the epoxy resin was changed to tetrame-
thylbiphenoldiglycidyl ether (trade name: YX4000H, product
of JER CO., LTD., epoxy equivalent: 184 g/eq).
5 Example 14
Tests were conducted in the same manner as in Exam~-
ple 13 except that the curing agent was changed to a naph-
thol aralkyl resin (trade name: o~NX-3.2, product of Mitsui
Chemicals, Inc., hydroxyl group equivalent: 218 g/eq).
10 Example 15
Tests were conducted in the same manner as in Exam-
ple 14 except that the curing agent was changed to a phenol
aralkyl resin (trade name: MIREX XLC-4L, hydroxyl group
equivalent: 169 g/eq, product of Mitsui Chemicals, Inc.).
15 Example 16
Tests were conducted in the same manner as in Exam-
ple 11 except that the epoxy resin was changed to a phenol-
dicyclopentadiene-resin~-type epoxy resin (trade name:
EPICHRON HP-7200, product of DAINIPPON INK AND CHEMICALS,
20 INC., epoxy equivalent: 262 g/eq).
Example 17
Tests were conducted in the same manner as in Exam-
ple 16 except that the curing agent was changed to a phenol
aralkyl resin (trade name: MIREX XLC-4L, hydroxyl group
25 equivalent: 169 g/eq, product of Mitsui Chemicals, Inc.).

Example 18
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Tests were conducted in the same manner as in Exam-

ple 11 except that the epoxy resin was changed to a dihy-
droxynaphthalenediglycidyl ether (trade name: EPICHRON HP-
10 4032, product of DAINIPPON INK AND CHEMICALS, INC., 150
g/eq).
Example 20
Tests were conducted in the same manner as in Exam-
ple 19 except that the epoxy resin was changed to bisphe-
15 nol-A-type diglycidyl ether (trade name: EPICOAT 828, prod-
uct of JER CO., LTD., epoxy equivalent: 184 g/eq).
Comparative Example 8
Tests were conducted in the same manner as in Exam~
ple 11 except that the accelerator was changed to 0.008 mol
20 of triphenylphosphine (TPP).
Comparative Example 9
Tests were conducted in the same manner as in Exam-
ple 12 except that the accelerator was changed to 0.008 mol
of triphenylphosphine (TPP).
25 Comparative Example 10

Tests were conducted in the same manner as in Exam~-
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Comparative Example 13
Tests were conducted in the same manner as in Exam-
ple 16 except that the accelerator was changed to 0.008 mol
of triphenylphosphine (TPP).
15 Comparative Example 14
Tests were conducted in the same manner as in Exam~-
ple 17 except that the accelerator was changed to 0.008 mol
of triphenylphosphine (TPP).
Comparative Example 15
20 Tests were conducted in the same manner as in Exam-
ple 18 except that the accelerator was changed to 0.008 mol
of triphenylphosphine (TPP).
Comparative Example 16
Tests were conducted in the same manner as in Exam-

25 ple 19 except that the accelerator was changed to 0.008 mol

of triphenylphosphine (TPP).
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ple 11 except that the accelerator was changed to 0.008 mol
of 2-undecylimidazole.
Comparative Example 19
10 | Tests were conducted in the same manner as in Exam-
ple 12 except that the accelerator was changed to 0.008 mol
of 2-undecylimidazole.
Comparative Example 20
Tests were conducted in the same manner as in Exam-
15 ple 13 except that the accelerator was changed to 0.015 mol
of 2-methylimidazole.
Comparative Example 21
Tests were conducted in the same manner as in Exam-
ple 14 except that the accelerator was changed to 0.015 mol
20 of 2-methylimidazole.
Comparative Example 22
Tests were conducted in the same manner as in Exam-
ple 15 except that the accelerator was changed to 0.015 mol
of 2-methylimidazole.
25 Comparative Example 23

Tests were conducted in the same manner as in Exam=-
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of 2-undecylimidazole.
Comparative Example 24
Tests were conducted in the same manner as in Exam-
5 ple 17 except that the accelerator was changed to 0.008 mol
of 2-undecylimidazole.
Comparative Example 25

Tests were conducted in the same manner as in Exam-

ple 18 except that the accelerator was changed to 0.008 mol
10 of 2-undecylimidazole.
Comparative Example 26

Tests were conducted in the same manner as in Exam-
ple 19 except that the accelerator was changed to 0.008 mol
of 2-undecylimidazole.

15 (Evaluation Results)

The results of the foregoing Examples and Compara-
tive Examples are shown in Tables 5 to 10. A method for
testing curing behavior is as follows. Further, Fig. 1 is
a graph showing the curing behavior of an epoxy resin com=-

20 position when CURELASTOMETER is used.
Curing Behavior: This was measured by CURELASTOMETER V
model manufactured by NSC.
Mold: P-200 Temperature: 175°C (fluctuated)

Frequency: 100 cycle/min Amplitude Angle: £1°
25 Amount of Sample: 4.5 g
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Flexural Strength (Kgf/mm2) 14,9 [13.5 {12 12.5 [12.3
Flexural Elastic Modulus 1500 (1540 (1670 (1610 (1650
(Kgf/mm2)
Post-Boiling Water Absorption [0.16 ([0.09 [0.08 [0.11 [0.09
(%)

V.P.S Test 0 0 0 0 0
(Number of Cracks/10)
Gelation Time (min' sec") 3'01"{3'31"|5'12"|5'02" |5"13"
Torque Start tsx (min' sec") |[10" 19" 1°056" |1712" 110"
10% Cured t' ¢ (min' sec") 19" 34" 1'24" 141" [1'31"
90% Cured t' c (min' sec") 2'21" (3'15" {2'58" [3'17" |3'07"
Table 6

Ex.16 |[Ex.17 |[Ex.18 |[Ex.19 [Ex.20
Glass Transition Temperature |[158 129 131 146 140
(°c)
Flexural Strength (Kgf/mm2) 13.8 [13.5 |13 13.6 {12.2
Flexural Elastic Modulus 1460 (1590 11620 (1530 [1630
(Kgf/mm2)
Post-Boiling Water Absorption (0.14 |0.11 |0.12 |0.14 (0.13
(%)
V.P.S Test 0 0 0 0 0
(Number of Cracks/10)
Gelation Time (min' sec") 3'28"j3'18" |3'31"|3'20" |5'22"
Torque Start tsx (min' sec") |[p9v 11" 13" 09" 135"
10% Cured t' ¢ (min' sec") 22" 23" 25" 21" 2'07"
90% Cured t' ¢ (min' sec") 2'65" |2745" {2737 {235 [4'57"
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V.P.S Test 2 2 1 2
(Number of Cracks/10)

Gelation Time (min' sec") 4'52" |5'19" [5'22" [4'55"
Torque Start tsx (min' sec") [22" 25" 25" 25"
10% Cured t' ¢ (min' sec") 33" 34" 36" 35"
90% Cured t' ¢ (min' sec") 5'25" [5'31" [5'18" |5'54"

5 Example 21
0.05 g of phosphazene compound of the formula 1
wherein all Rls were a methyl group was dissolved in 100 g
of pure water and then boiled at 95°C for 20 hours and then

at 125°C for 20 hours (in a glass autoclave). Thereafter,
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conductivity of the water was measured.

Comparative Example 25

Conductivity was measured in the same manner by use
of 0.05 g of tris[tris(dimethylamino)phospholanilidene-
5 amino]lphosphine oxide in place of the phosphazene compound
of Example 18.

The results of the foregoing Example and Compara-

tive Example are shown in Table 11.

10 Table 11

Ex.21 Comp.Ex.25
Processing Temperature |95°C |125°C [95°C |125°C
Conductivity (us/cm) 100 104 94 413

As is understood from these conductivities, while
the essential phosphazene catalyst in the present invention
shows constant conductivity regardless of the processing

15 temperature, thereby inferring it from analogy that the
catalyst is stable, the phosphine oxide compound of the
Comparative Example shows that conductivity became over
four times larger as the temperature increased from 95°C to
125°C. That is, it is assumed that at high temperatures,

20 it produces a conductive material of some type by decompo-
sition. Therefore, it has been found that they have a
large difference with respect to electric characteristics
as a sealant.

Further, as has already been described with refer-

25 ence to Examples, it is understood that when a phosphazene
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compound which is an essential accelerator in the present
invention is used in a case where a phenol resin is used as
a curing agent, improvements in physical properties suc¢h as
an increase in Tg and lowered moisture absorptivity can be
5 recognized and, what is more, distinctive curing properties
can also be seen, as compared with when conventionally used
general-purpose triphenylphosphine is used.
That is, the gelation time is significantly reduced,
and the time required for 90% curing in measurement of an
10 increase in torque along with curing by use of the CURELAS-
TOMETER is significantly reduced. This leads to a reduc-
tion in cost along with a shortened production cycle in in-
dustrial production of a sealant and makes a great contri-
bution from an industrial standpoint.
15
Industrial Applicability
As described above, the epoxy resin composition ob-
tained by the present invention can be used in industrial
fields in which the conventional epoxy resin composition
20 has been used. Particularly, when used as a sealant for a
semiconductor, it provides a package with better cracking

resistance than the conventional epoxy resin/phenol resin

cured product does.
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l. A curing agent composition for an epoxy resin,
comprising a compound as a curing agent (B) which is se-
5 lected from the group consisting of the following (Bl) to
(B3):
(B1) a phenol compound having two or more functional
groups,
(B2) a compound in which a hydroxyl group of a phenol
10 compound having two or more functional groups is
esterified with an acyl group, and
(B3) a mixture of the compounds (Bl) and (B2),
and a salt of a phosphazenium compound as a curing accel-

erator (C) which is represented by the following formula

15 (I):
[ NR, ]
R,N—P—NR
2NTH 2
N, N R
| {2 l+ _| 2 \} _
RZN--IIJ=N-—-II’—N-I|’-;NR2 7 (1)
NK, | NR
1]
R, N—P—NF,
NR,

(wherein R's each represent a hydrogen atom, a linear,
branched or cyclic alkyl group having 1 to 10 carbon atoms
or an aryl or aralkyl group having 6 to 10 carbon atoms and

may be all the same or different from one another; and 2
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the following formula (XI) or an ester derivative thereof,
a biphenol compound represented by the following formula
(XII) or an ester derivative thereof, or a bisphenol com-

20 pound represented by the following formula (XIII) or an es-

ter derivative thereof:
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a range of 0 to 15; and As each represent a hydrogen atom
5 in the case of the compound (Bl) and an aromatic acyl group

in the case of the compound (B2)),
0A OA 0A
A
g ] (IX)
S 8! KT :

(wherein R’s each represent a hydrogen atom, a halogen atom,

a linear, branched or cyclic aliphatic alkyl group having 1
to 8 carbon atoms, an alkoxy group having 1 to 10 carbon

10 atoms or a phenyl group; n which is the number of recurring
units represents an integer of 0 to 50, its average being
within a range of 0 to 15; and As each represent a hydrogen
atom in the case of the compound (Bl) and an aromatic acyl

group in the case of the compound (B2)),
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(wherein R'°s each represent a hydrogen atom, a halogen atom,

a linear, branched or cyclic aliphatic alkyl group having 1
to 8 carbon atoms, an alkoxy group having 1 to 10 carbon
atoms or a phenyl group; n which is the number of recurring
5 units represents an integer of 0 to 50, its average being
within a range of 0 to 15; and As each represent a hydrogen
atom in the case of the compound (Bl) and an aromatic acyl

group in the case of the compound (B2)),

0A 0A 0A

zd]
(wherein R''s each represent a hydrogen atom, a halogen atom,
10 a linear, branched or cyclic aliphatic alkyl group having 1
to 8 carbon atoms, an alkoxy group having 1 to 10 carbon
atoms or a phenyl group; n which is the number of recurring
units represents an integer of 0 to 50, its average being
within a range of 0 to 15; and As each represent a hydrogen
15 atom in the case of the compound (Bl) and an aromatic acyl

group in the case of the compound (B2)),
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(wherein R'’s each represent a hydrogen atom, a methyl group
or an ethyl group and may be all the same or different from
one another; and As each represent a hydrogen atom in the
case of the compound (Bl) and an aromatic acyl group in the
case of the compound (B2)), and

w3 RI3

AO 0A
Y (Xm)

(wherein R's each represent a hydrogen atom, an alkyl group
having 1 to 10 carbon atoms, an alkoxyl group having 1 to
10 carbon atoms, an aryl group having 6 to 10 carbon atoms,
an aryloxy group having 6 to 10 carbon atoms or halogen and
may be all the same or different from one another; Y repre-
sents an alkylidene having 1 to 10 carbon atoms, an al-
kylene having 2 to 10 carbon atoms, a cycloalkylidene hav-
ing 3 to 10 carbon atoms, a cycloalkylene having 3 to 10
carbon atoms or a divalent group such as -0-, -CO-, -CO,-, -
8-, -SO0- or -80,-; and As each represent a hydrogen atom in
the case of the compound (Bl) and an aromatic acyl group in

the case of the compound (B2)).

5. An epoxy resin composition comprising:
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- 110% & ()- 110% & ()- !10% & ()- % K@! sS359/ ! 10% & () -

- 110% & ()-/K@'!'0 ! 10% & ()- !10% & ()- 0359/ !10% & () -/ K@3!
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- 110% & ()- 110% & ()- $(,0dD59/ K@B! !10% & ()- !10% & ()-

- 11098 & ()- 110% & ()- !10% & ()-O01LPTX\t T459/ !10% & () -

- 110% & ()- '10% & ()- !10%&'dg - / K@!\ " a~sS359/ !10% & ()-

(A) an epoxy resin having two or more epoxy groups in a

molecule,

(B) a curing agent, and

(C) a curing accelerator,

wherein the curing agent (B) is a compound selected from

the group consisting of the following (Bl) to (B3):

(Bl) a phenol compound having two or more functional

groups,

(B2) a compound in which a hydroxyl group of a ‘phenol

compound having two or more functional groups is

esterified with an acyl group, and

(B3) a mixture of the (Bl) and (B2),

and the curing accelerator (C) is a salt of a phosphazenium

compound which is represented by the following formula (I):

<2,
N

+

AL,
N
=Z——"D—Z U~

="

b= I
»

|
-
=

i
N=B—NR, -
! ‘ (

I)

(wherein R's each represent a hydrogen atom, a linear,

branched or cyclic alkyl group having 1 to 10 carbon atoms

or an aryl or aralkyl group having 6 to 10 carbon atoms and

may be all the same or different from one another;

and Z~

represents a halogen anion, hydroxy anion, alkoxy anion,
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(- 8. The composition of claim 5, wherein the epoxy
10 resin (A) having two or more epoxy groups in a molecule is

a novolac epoxy resin represented by the following formula
(II), a phenol-dicyclopentadiene epoxy resin represented by
the following formula (III), a phenol-aralkyl-resin-type
epoxy resin represented by the following formula (IV), a

15 naphthol-aralkyl-resin-type epoxy resin represented by the
following formula (V), a biphenol-type-epoxy-containing ep-
oxXy resin represented by the following formula (VI) or a
bisphenol-type-epoxy-containing epoxy resin represented by

the following formula (VII):

P R N

N \ I X
CHy ] CHy— ()
2 2 n
R R R?
20 (wherein R’s each represent a hydrogen atom, a methyl group

or an ethyl group, and n which is the number of recurring
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units represents an integer of 0 to 50, its average being

within a range of 0 to 15),

2, 'r\%s/n{ >I ' e (1)

(wherein R’s each represent a hydrogen atom, a halogen atom,
a linear, branched or cyclic aliphatic alkyl group having 1
5 to 8 carbon atoms, an alkoxy group having 1 to 10 carbon
atoms or a phenyl group, and n which is the number of re-
curring units represents an integer of 0 to 50, its average

being within a range of 0 to 15),

01 0] 0/\<!)

0 0

n 4

R* R R

(wherein R's each represent a hydrogen atom, a halogen atom,
10 a linear, branched or cyclic aliphatic alkyl group having 1
to 8 carbon atoms, an alkoxy group having 1 to 10 carbon
atoms or a phenyl group, and n which is the number of re-
curring units represents an integer of 0 to 50, its average

being within a range of 0 to 15),

e O

15 (wherein R®’s each represent a hydrogen atom, a halogen atom,
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10 (wherein R’s each represent a hydrogen atom, an alkyl group

having 1 to 10 carbon atoms, an alkoxyl group having 1 to
10 carbon atoms, an aryl group having 6 to 10 carbon atoms,
an aryloxy group having 6 to 10 carbon atoms or halogen and
may be all the same or different from one another, and ¥

15 represents an alkylidene having 1 to 10 carbon atoms, an
alkylene having 2 to 10 carbon atoms, a cycloalkylidene
having 3 to 10 carbon atoms, a cycloalkylene having 3 to 10

carbon atoms or a divalent group such as -0-, -CO-, =-CO,-, =
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t!110%& ()didyclopentadiene resin represented by the following for-
mula (IX) or an ester derivative thereof, a phenol aralkyl
resin represented by the following formula (X) or an ester
derivative thereof, a naphthol aralkyl resin represented by

10 the following formula (XI) or an ester derivative thereof,
a biphenol compound represented by the following formula
(XII) or an ester derivative thereof, or a bisphenol com-
pound represented by the following formula (XIII) or an es-

ter derivative thereof:

0A 0A 0A

CH3 CH3 (V)
R R RS
15 (wherein R°s each represent a hydrogen atom, a methyl group
or an ethyl group; n which is the number of recurring units
represents an integer of 0 to 50, its average being within
a range of 0 to 15; and As each represent a hydrogen atom
in the case of the compound (Bl) and an aromatic acyl group

20 in the case of the compound (B2)),
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carbon atoms’, an alkoxy group having 1 to 10 carbon
atoms or a phenyl group; n which is the number of recurring
units represents an integer of 0 to 50, its average being
within a range of 0 to 15; and As each represent a hydrogen

15 atom in the case of the compound (Bl) and an aromatic acyl

group in the case of the compound (B2)),
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5 units represents an integer of 0 to 50, its average being

within a range of 0 to 15; and As each represent a hydrogen
atom in the case of the compound (Bl) and an aromatic acyl

group in the case of the compound (B2)),

R12 R12
AO Q O oA (X
R2 R12

(wherein R'?’s each represent a hydrogen atom, a methyl group
10 or an ethyl group and may be all the same or different from

one another; and As each represent a hydrogen atom in the

case of the compound (Bl) and an aromatic acyl group in the

case of the compound (B2)), and
RI 3 Rl 3
AO 0A
Y (Xm)
(wherein R'’s each represent a hydrogen atom, an alkyl group

15 having 1 to 10 carbon atoms, an alkoxyl group having 1 to

10 carbon atoms, an aryl group having 6 to 10 carbon atoms,
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an aryloxy group having 6 to 10 carbon atoms or halogen and
may be all the same or different from one another; Y repre-
sents an alkylidene having 1 to 10 carbon atoms, an al-
kylene having 2 to 10 carbon atoms, a cycloalkylidene hav-
ing 3 to 10 carbon atoms, a cycloalkylene having 3 to 10
carbon atoms or a divalent group such as -0-, -CO-, -CO;~, -
S-, =SO- or -S0,~; and As each represent a hydrogen atom in
the case of the compound (Bl) and an aromatic acyl group in

the case of the compound (B2)).

10. The composition of claim 5, containing an or-
ganic and/or inorganic filler(s) (D) in an amount of 100 to
1,900 parts by weight based on 100 parts by weight of a to-
tal of the epoxy resin (A) having two or more epoxy groups

in a molecule and the curing agent (B).

11. A cured epoxy resin obtained by heat-curing

the epoxy resin composition of claim 5.

12. A semiconductor device obtained by sealing a
semiconductor integrated circuit by use of the epoxy resin

composition of claim 5.

13. An epoxy resin composition comprising:
(A) an epoxy resin having two or more epoxy groups in a

molecule,
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(B) a curing agent, and
(C) a curing accelerator,
wherein the curing agent (B) is a compound selected from
the group consisting of the following (Bl) to (B3):
5 (Bl) a phenol compound having two or more functional
groups,

(B2) a compound in which a hydroxyl group of a phenol
compound having two or more functional groups is es~
terified with an acyl group, and

10 (B3) a mixture of the above (B1l) and (B2),

and the curing accelerator (C) is a salt comprising a sta-

ble cation and a counter anion.



