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1 TITLE OF THE | NVENTI ON CURABLE RESI N COVPCSI TI ON
BACKGROUND OF THE | NVENTI ON- Field of the In ese
invention relates to a latent curfhg iABRn'ﬂ%org 9»@ i a ? 51
epoxy resin conposition having the sane i ncor

particular to a curing agent for epoxy resin providing storage
stability and | ow- tenperature rapitd curability tof? epoxy resin

- conposition, as well as a curable epoxy resin conp05| ghSEaving t he sane
i ncor por ‘ ¥ AHE VINVRNRROMN:XCcel | ent in storage stability and has

| ow-tenperature rapid curability. Further, the present invention
relates to a latent curing agent for epoxy resin and a curabl e epoxy
resi nconposi ti onwhi ch are suitable for applicationg}ﬁ the el ectronics

field such as encapsul anCURABLE SRES TN NCOMPOS ITEON SOF r opi ¢ conducti ve
filnmns, conducting conposites, etc. Background Prior Art Based
on the recent renarkabl e- devel opnent in the field of electronics, the
density of sem conductor elenment circuits has been rapidly increased and

si nul t aneously, |arge- SCSBRCKGROUND OF THE INVENTION

Field of the I £

'ihe present invention relates to a latent curing agent for
epoxy resin and a curable epoxy resin composition having the
same incorporated therein, and in particular to a curing agent
for epoxy resin providing storage stability and low-
temperature rapid curability to an epoxy resin composition, as
well as a curable epoxy resin composition having the same
incorporated thgrein which is excellent in storage stability
and has low-temperature rapid curability.

Further, the present invention relates to a latent curing
agent for epoxy resin and a curable epoxy resin compositionwhich.
are suitable for application in the electronics field such as

encapsulants for semiconductor, anisotropic conductive films,

conducting composites, etc.

Background Prior Art
Based on the recent remarkable development in the field
of electronics, the density of semiconductor element circuits-

has been rapidly increased and simultaneously, large-scale
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uction thereof has becone feasible, whereby the mniaturization and
rformance of electronic devices are now:'in rapid progress. Further,
e el ectronic devices becone into wide use, inproved workability and

costs in |arge-scal e production have got demanded. Furt her,

with

to epoxy resin used as adhesive for these electronic devices and
| atent curing agent for such epoxy resdn, there is a need for inproved

properties. As a matter of course,

t he uti prodluovicyf epheyeofesitras s betomeni fedstibliehi s.whereby Th&hepoxy

resin conposition includes a two-pack type which

is used by mxing an

epoxy r ediniadstivation addanighvpérformanog ofagtettroatciddwnicesiareand a

one-pack type having an epoxy resin

as the main agent previously m xed

With a qew i 3eRPEa godress I Wruritherghaspatlesley ee et rondice delliyessed

because

aut omat igdtoie | iftte wided J&,

It can prevent erroneous fornulation and enabl es machinery

_ kAR Y @Td) redteed dosts S
needed a so-called |atent curing agent which does not react with the epoxy

resin COPpOLEEyElsE2PE) pLERAEREBNCha¥ed got @R I Fagthed] wdtte upon
As for the latent curing agent, sonme curing agents have

heat i'ng.
been pr
di basi c

acid di hydrazi de, boron trifluoride
devices and latent curing agent for such epoxy resin, there is

a need for improved high-performance in various physical -

properties. As ‘a matter of course, the utilization of epoxy
resin is not limited to this.

The epoxy resin composition includes a two-pack type which
is used by mixing an epoxy resin as the main agent with a curing
agent just before use and a one-pack type having an epoxy resin
as the main agent previously mixed with a curing agent. Of the
two, the one-pack type is preferably used because it can prevent
erroneous formulation énd enables machinery automationonline.
For the one-pack type epoxy resin composition is nee@ed a
so-called latent curing agent which does not react with the epoxy
resin compound at room temperature, and is caused to react and
cure upon heating.

As for the latent curing aéent, some curing agents have
been proposed so far, and typical examples thereof include
dicyandiamide, dibasic acid dihydrazide, boron trifluoride
amine complex salt, guanamines, melamine, imidazoles, etc.

However, an epoxy resin composition resulting from mixing an

QRAFSECE O d %pq?édréé/ﬁh Gited @ Ridifed A8 Ur itHdsElelectiromingdi am de,



am ne conpl ex salt, guanam nes, nelam ne, im dazoles, etc. However, an
epoxy resin conposition resulting fromm xing an-

3 epoxy conmpound with di cyandi am de, nelam né or a guanamne is excellent
in storage stability, but is disadvantageous in that it requires, for
curing, a long tine at high tenperatures of 150 [err]C or nore. Further,
such epoxy resin conposition is often 3used in conmbination with a curing
accelerator to reduce curing tine. The addition of a curing accel erator

i ndeed | epoxyt componpduwitbrdicyamdiamideg nekanigie o acgnangminexis r esi n
conposition but causes such problemthat the storage stability thereof is
si gni fi cexcellénteinstorage sthbd ldmyybntsis disadventtageanshini that

di basi ¢ aci d di hydrazide or an i m dazole incorporated therein as the

| at ent cuti mggagees,, Hor curdmggt a Lohgt timkyatohigbhnpempenatsréesitopoor in
storage stability. The boron trifluoride amne conplex is highly

hygr oscodi5s® 2her meret.s Furthee, afifcir epoay ves inuwompgousiciar istofsenf a
cured product from an epoxy resin conposition having said conpl ex

i ncor por atsedll tihecambinatiohhebth @ cavihyaacesleratat & reducegcunimeygt for
epoxy resin, which gives an epoxy resin conposition excellent in storage

stabilitytime.n rhe hddieiohuoe & afiring Wodelerator dndesd Medds toda
To i nprove or solve these problens, JP 56-155222A and JP  57-100127A

propose @edunrirgentia Vike cicurding K¥imamdEs thee cunilnlyt iepoxycagésinwi th

epoxy conpounds, and JP 59-53526A |
composition but causes such problem that the storage stability
thereof is significantly deteriorated. The epoxy resin
compositions having a dibasic acid dihydrazide or an imidazole
incorporated therein as the latent curing agent, are cured at
relatively low temperatures but poor in storage stability. The
boron trifluoride amine complex is highly hygroscopic and
exerts adverse effects on various characteristics of a cured
product from an epoxy resin composition having said complex
incorporated therein. 1In these circumstances, a latent curing
agent for epoxy resin, which gives an epoxy resin composition
excellent in storage stability with low-temperature rapid
cura}:ility, is highly desired.

“To improve or solve these prbblems, JP 56-155222A and JP
57-100127A propose curing agents wherein dialkyl amines are
addition-reacted with epoxy compounds, and JP 59-53526A

- proposes curing agents wherein an aminoalcohol or aminophenol
| is addition-reacted with an epoxy compound. Further, US Patent

Nos. 406,625 and 4,268,656 propose curing agents wherein



proposes curing agents wherein an ami noal cohol or ani nophenol S

addition-reacted with ah epoxy conpound. Further, US Patent Nos. 406, 625
and 4, 268, 656 propose curing agents wherein =~

4 imdazol e conpounds or N-nethyl piperazine is addition-reacted wth
epoxy conpounds at their secondary am no groups. However, the curing
agents descri bed above do not sufficigently confer storage stability and
| ow-tenperature curability on epoxy resin conpositions in which they have
been i riguirdazcledcompounsist or N-methiyHopépepazinects addityioni~reacsediher ei n
bi sphenol F type epoxy conpounds or reaction diluents such as nonoepoxy
conmpoundeith epeypyxgompopndsdaththeibessconddry dminot grolpsi.t sati sfactory
storage stability. Further, phenol resin, dicyandi am de, hydrazide

conpounds orHéweveérke tle e dmatihg/sadentisct aéseeibeda abbest dolr ek agent,
but they require, for curing, heating treatnent in an oven at 150 to 200

[err] C fsufpidegtly meonfRaenityragle st abila vieesnd ol ov-denparaturmd| e
resin conpositions which can be cured in a short time, with the view of

| mprovi nguirebkBhtyidy dpbiyneeslifPcOhpodst 26t I WIS eReychave B3dices and
reduci ng manufacturing costs. In addition, as circuits becone highly

densi f i einedrppratédd cinm paitiONIas, €idse @pdRfUtdd i dopuEidions due to
t hermal stress upon high-tenperature curing, has been worried about, and
al so froghébeii KiWeheho P F A& PRy ompbandshé® reaction diluents
such as monoepoxy compounds or diepoxy compounds have been us ed, -
do not exhibit satisfactory storage stability.
Further,phenolresin,dicyaﬁdiamide,hydrazidecompounds
or the like have been used heretofore as a latent curing agent,
but they require, for curing, heating treatment in an oven at
150 to 200 °C for a long time. Recently, there is a need for
rapidly curable resin compositions which can be cured in a short
time, with the view of improving workability in the step of
assembling semiconductor devices and reducing manufacturing
costs. In addition, as circuits become highly densified on
printed circuit boards, etc., a reductioh in accuracy due to
thermal stress ﬁpon high-temperature curing, has been worried
about, and also from the viewpoint of energy costs, there has
been a need for curing at relatively low temperatures tominimize
the thermal history of printed circuit boards, etc.
As typical examples of latent curing agents with low-
temperature rapid curing properties, e.g. amine adduct type

latent curing agents are known and JP 9-92029A, for example,



been a need for curing at relatively low tenperatures to mnimze the

thermal history of printed circuit boards, etc. - As typical exanples
of latent curing agents with | ow tenperature rapid curing properties,
e.g. am ne adduct type | at ent curing agents are known and JP 9-92029A,
for exanpl e, 5 describes an exanple
mhere a commercial latent curing agent 5 "Ajicure" (a product of Ajinonoto
Co., Ltd.) is used as an conductive paste. On the other hand, as

sem cond Jpheajtm | oranpl ey a regnmise tal abekent |¢urmgbmemre
|np055|ble to |gnore the physical properties of a curing agent per se

mcorporafbdn.cnrecuraa)lprequy ofsAjinompbsi CoopsLed. yeis asedtasedhect on
electrical reliability, and there has been a need for latent curing agents
nmor e sui tcamidudtivenepdsteed of el ectronics than those conventionally used.

SUMVARY OF THE | NVENTI ON It is an object of the present invention to

provi de a | at @m thewther dgand, abi pémicondictorpreduct ionstechnaPogyt i on
excellent in storage stability and |owtenperature rapid curable
properti eapidlyr advhntes,ant f has heesome imposspi¢l yYocuidghdre €thexy
resin conposition resulting fromhaving the sane m xed wth an epoxy
conpound,phys ida Iproperisiex et |£turding agents paki bt ¥nabdpbgatedabhe at

relatively | ow tenperatures, that
curable epoxy resin compositions as well as its effect on
electrical reliability, and there has been a need for latent

curing agents more suitable in the field of electronics than

those conventionally used.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a latent
curing agent which can give an epoxy resin composition excellent
in storage stability and low'-temperature rapid curable
properties or curability, and furthermore, to a rapidly curable
epoxy resin composition resulting from having the same mixed
with an epoxy compound, which maintains excellent storage
stab_ility and is curable at relatively low temperatures, that

is, 80 to 120 °C in a short time.
Another object of the present invention is to provide a
latent curing agent for epoxy resin and a curable epoxy resin
' composition, which have low-temperature rapid curing
properties, aré excellent in heat resistance, electrical

reliability, etc., and are suitable in uses in the electronics



is, 80 to 120 [err]Cin a short tine. Anot her obj ect of the present
I nvention is to provide a |atent curing agent for epoxy resin and a
curabl e epoxy resin conposition, which have lowtenperature rapid curing
properties, are excellent in heat resistance, electrical reliability,
etc., and are suitable in uses in the electronics

6 field such as encapsul ants for semi©onductor, anisotropic conductive
films, conducting conposites, etc. As a result of their eager study
in view didlde sachoas encdapswkanies cfbiredanticnondudioyy eanisotnophtor s
have found that an addition product obtainable by addition reaction in the

pr esence condiRiteive Vil epedyctingotttpositas, cegpound having in the
nol ecul e both a tertiary am no group and a functional group such as CH

group, SH groyys AN .of\ithel® @agddOgtudlyo il vieNdEH2her oapioust he
| i ke capable of reacting with an epoxy conpound, gives, when mxed with an

epoxy COp¥uBXbms? degcHilbRd 8P6v Y, e PrefBRESinvéit el Rhver found thatge
stability and |owtenperature rapid curability. On the basis of these

findings,ad heddi €E6A provABLOLbbtRaYRAMA et £4d Bt {dh SkeabBi6At HANthe
Accordingly, the present invention relates to a latent curing agent for

epOXY I efdrs PR OSkateR, WERH AR BgYAF BbhpotRhg S8 RAnfctiipshh@ Hald ig'e 2

ki nds of "conpounds, that 1s, (A
in the molecule both a tertiary amino group and a functj.onal
group such as OH éroup, SH group, NH group, NH, group, COOH group,
CONHNH, group or the like capable of reacting with an epoxy
compound, gives, when mixed with an epoxy compound, a curable
epoxy resin composition superior in storage stability and
low-temperature rapid curability. On the basis of these
findings, the present inventors have completed a first
invention.

Accordingly, the present invention relates to a latent
curing agent for epoxy resin, comprising a reaction product
obtainable by allowing the 2 kinds of compounds, that is, (A)
an epoxy compound having more than one (1) epoxy groups on the
average in the molecule and (B) a compound having in the molecule
both a tertiary amino group and at least one functional group
selected from the group consisting of OH group, SH group, NH
group, NH, group, COOH group and CONHNH, group, to react on each
other in the presence of 0.05-5.0 equivalents of water per 1
equivalent of the epoxy group of Compound (A). Incidentally,

it is added that with respect to the relationship in equivalence



an epoxy conpound having nore than one (1) epoxy groups on the average in
the nol ecule and (B) a conpound having in the nolecule both a tertiary
am no group and at |east one functional group  selected fromthe group
consisting of OH group, SH group, NH group, NH err] group, COOH group and
CONHNH[ err] group, to react on each other in the presence of 0.05-5.0
equi val ents of water per 1 equival ent 70f the epoxy group of Conpound (A).

Incidentally, it is added that with respect to the relationship in
equi val elbstween epoxy group and water, 1 epoxy group correspesadscebox¥y group
and water, 1 epoxy group corresponds to 1 water nolecule.. The

present iwater inoiledweberel ates to a |atent curing agent for epoxy resin,
conprising a reaction product obtainable by allowng the 3 kinds of

conpounds, tharhe precantainvaokion algourelates tod atentiaurimpeagéntepoxy
groups on the average in the nolecule, (B) a conpound having in the

ol ecul e ot lepodyertasity, cURPA=iny @ Fedckiioneproduet bhtalinabdle pyoup
selected fromthe group consisting of OH group, SH group, NH group,

NH err] ciNdwingehe 3kindsoot comyaiidaar, thax asp. 1@pdn(£;%o@ eempound having

in the nolecule at |east one functional group selected fromthe group

consi st rma@inaﬂaoﬁéwnaﬁndn@qdﬂy%ﬁbky ge6upsObni Ehehaverhgeulia thk | east
2 functional groups selected fromthe group consisting of group, SH

Fot®, Iemaesgsiufey loaspuna SO Sur e deMM noch » st o oo
mol ecul e amigy Groifshnd! &t N1AHEL BReOAENEELIREL group selected from the
group consisting of OH group, SH group, NH group, NH, group,
COOH group and CONHNH, group, and (C) a compound having in the
molecule at least one functional group selected from the group
consisting of NH, group and CONHNH, group or in the molecule
at least 2 functional groups selected from the group consisting
of OH group, SH group, NH group, NH, group, COOH group and CONHNH,
group (provided that a compoﬁnd having an epoxy group or tertiary
amino group in themolecule is excluded), to react on one anocther
in the presence of 0.05 to 5.0 equivalents of water per 1
equivalent of the epoxy group of Compound (A).
_Furthermore, the present invention relates to a curable
epoxir resin composition compfis iné (x) an epoxy compound having
more than one (1) epoxy groups on the average in the molecule
and (y) the said latent curing agent for epoxy resin as the

. essential ingredients, _and optionally, (z) inorganic

filler(s).



in the presence of 0.05 to 5.0 equivalents of water per 1 equivalent of

t he epoxy group of Conpound (A). ‘"Furthernore, the present invention
relates to a curable epoxy resin conposition conprising (X) an epoxy
conpound havi ng nore than one (1) epoxy groups on the average in the

nol ecul e and (y) the said latent curing agent for epoxy resin as the
essential ingredients, and optionalgy, (z) inorganic filler(s).

8 Further, as a result of their eager study in view of the problens
in the prior Enxther deasrd redudioed, thedrpeagent studyein oriewh@fc theund t hat
a specific am ne adduct-type latent curing agent has | owtenperature

rapi dl y probemsr dpethiece prior artubsadiescribed bowes the peasendsi st ance
and electrical reliability of a product resulting fromcuring an epoxy
resin conpaEstérsrhase dogmt ethad Ahspechfive dmimes ladthest-siypd Lattient

| nproves el ectrical conductivity when used in conducting conposites. On

the basicuwing laegentf hasi hoe~téiypeps taratrapiigntarinhyroperpies elda second
i nventi on. Accordi nghy, the present invention relates to a | atent

curing agmiltaneensky,r tappovesnRhies heata resdstianted andl @l edftrildal

follow ng three kinds of compounds (a), (b) and (c): (a) an

al i cycl i cekpabil teypofnd grodutt Zedulidiiry EROMYcuglifgPani epdhe radiacul e;
composition as compared with a conventional one, and further
improves electrical conductivity when used in conducting
composites. On the basis of these findings, the present
inventors have completed a second invention.

Accordingby, the present invention relates to a latent
curing agent for epoxy resin, comprising a reaction product of
the following three kinds of compounds (a), (b) and (c):

(a) an alicyclic epoxy compound having 2 or more epoxy
groups in the molecule;

(b) a compound having in the molecule both a tertiary amino
group and at least one functional group selected from the group
cons isti_.ng of OH group, .SH group, NH group, NH, group, COOH group
and CONHNH, group; and .

(c) a compound having in the molecule at least one
functional group selected from the group consisting of NH, group
and CONHNH, group or in the molecule at least 2 functional groups
selected from the group consisting of OH group, SH group, NH
group and COOH group (provided that a compound having an epoxy

group or tertiary amino group in the molecule is excluded).



(b) a conmpound having in the nolecule both a tertiary amno group and at

| east one functional group selected fromthe group consisting of OH group,
SH group, NH group, NH2 group, COOH group and CONHNH2 group; and

(c) a conmpound having in the nolecule at |east one functional group
selected fromthe group consisting of NH err] group and CONHNH err] group
or in the nolecule at |east 2 functiona groups sel ected fromthe group
consi sting of OH group, SH group, NH group and COOH group (provided that
a conpound ha\mmpaesepuxynvelgtm!paQBotmIat&Eytdr& hatgntuwmxing &genel ecul e
I s excluded). 9 The present

i nvent i orfcat epoxyl pésin} eomprisintig aureat igepiroduet ¢pahe £6316wing
conprising a reaction product of the followi ng four kinds of conmpounds
(a), (b) fauy leinmkdg )f compounds ea)al (BYy§! (@) e@ﬂay(apsrpound having 2 or

nore epoxy groups in the nolecule (b) a conpound having in the

mol ecul e both ga¥ edit | &1 Jcpdl e eﬁéﬁy'pc a@hd | Baeingn2 b¥nabrenaposyoup
selected fromthe group consisting of group, SH group, NH group,

NH err] gjsips GaPH e odled@tle CONHNH err] group; (c) a conpound

having in the nolecule at |east one functional group selected fromthe
group consi sti ) @f cOlBo@h@Havialf i FeNdNEE1 86018 Bt A ¥ T ankifoat

| east 2 functi onal groups sel ect'ed fromthe group consisting of OH group,

ggog;oup gdbhp Gkl Bt AN6a SO ERHBLLBAAY ! G1R6hs) B R tRPLUAL A YEBAPA"

consisting of OH group, SH group, NH group, NH, group, COOH group
and CONHNH, group;

(c) a compound having in the molecule at least one
functional group selected from the group consisting of NH, group
and CONHNH, group or in the molecule at least 2 functional groups
selected from the group consisting of OH groﬁp, SH group, NH
group and COOH group (provided that a compound having an epoxy
group or tertiary amino group in the molecule is excluded); and

(d) a glycidyl compound having 2 or more epoxy groups in
the molecule.

Furthermore, the present invention relates to a curable
epoxXy res in composition comprising one of the said latent curing
agen{:s for epoxy resin and an eposcy compound having 2 or more
epoxy groups in the molecule.

In addition, the present invention relates to a curable

~ epoxy res in composition comprising one of the said latent curing

agents for epoxy resin, an epoxy compound having 2 or more epoxy

groups in the molecule, and inorganic filler(s).



group or tertiary amno group in the nolecule is excluded); and (d)
a glycidyl conpound having 2 or nore epoxy groups in the nolecule.
Furthernore, the present invention relates to a curable epoxy resin
conposition conprising one of the said |atent curing agents for epoxy
resin and an epoxy conmpound having 2 or nore epoxy groups in the nolecule.
In addition, the present invention relrdes to a curable epoxy resin
conposition conprising one of the said latent curing agents for epoxy
resin, an eporheimstafddixadory 2nventbonsaissorilpdabevercanst itniterul e,
and inorganic filler(s). 10

The firsasaggdnspeosdennieshi the fosegoind ahdvEoIDowingudescrptian, be seen
fromthe foregoing and follow ng description, a group of inventions so

l'i nked ag Dgeoﬁ B2 inveditS YR 1 i ke i eo CEERPA - single general

DETAI LED DESCRI'PTI ON OF THE | NVENTI ON Hereinafter, the present
i nvent i oRnVehk iRR @tddgied in detail. First, the first invention
wi |l be described. Compound (A) as one of the starting materials for

synthetic reaction of the inventive |atent curing agent for epoxy resin,
DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be described in

detail. .

First, the first invention will be described.

Compound (A) as one of the startingmaterials for synthetic
reaction of the inventive latent curing agent for epoxy resin,
that is, an epoxy compound having more than one (1) epoxy group
on the average in the molecule, is not particularly limited,
and any epoxy compound having more than one epoxy group on the
average in the molecule can be used.

For examplé, mention can be made of epoxy compounds having
more than one epoxy groups on the average in the molecule, which
are represented by any of the general formulae (1) to (3) below.
Further, mention is made of, e.g., epoxy compounds having more
than one epoxy groups on the average in the molecule that are
on the alicyclic hydrocarbon ring and/or that are bound directly
to the carbon atom(s) forming the alicyclic hydrocarbon ring.

Furthermore, any epoxy compounds having 2 kinds or more of these

epoxy groups in the molecule where the number of such epoxy



that is, an epoxy conpound having nore than one (1) epoxy group on the
average in the nolecule,-is not particularly limted, and any epoxy
conpound havi ng nore than one epoxy group on the average in the noleculée
can be used. For exanple, nention can be nade of epoxy conpounds
having nore than one epoxy groups on thé average in the nolecule, which
are represented by any of. the general fprnmulae (1) to (3) below Further,

mention is o) ) 0, o] upds V] e than one epoxy
groups on Q%sveé%ﬁilgnm?ﬁg ﬁgf‘écgﬁg ?ﬂaf'ﬂgr%og%n he alicyclic
hydr ocarbon ring and/or that are bound directly to the carbon aton(s)

formng the alicyclic hydrocarbon rifg. . Furthernore, any epoxy conpounds

having 2 kinds or nore of -thesg;, epo ups~.in the galyecul e where the
nunber of such epoxy &Hz éL&rH)"‘ ° ﬁ)groups total s nore

than one on the average. [err] O Wich is a substituted or

unsubstituted glycidyl ether group wherein Z is a hydrogen atom a nethyl
group or

an ethyl _qaroup. er whi.ch J;s .a sulysti.tute L.
unsubsti t rib’dc‘él ﬁ?ﬂﬁ‘%@?% “é‘lr'%u‘br Wm%f?ﬁesdsgq%‘fd?déée%tgﬁgn?r%uﬁet hyl
group or awrhgxt:'g )lm ri%ug. hydrogen atom, a methyl groﬁp or an ethyl group.
% .
CHy——C—CHa—0—G0~ (2)
\/ |
(e}
which is a substituted or unsubstituted glycidyl ester group

wherein 7 is a hydrogen atom, a methyl group or an ethyl group.

;cuai-}f:-cm'—n( @
o)
which is a substituted or unsubstituted 1,2-epoxypropyl group.
wherein 2 is a hydrogen atom, a methyl group or an ethyl group.
The epbxy compounds containing more than one substituted

or unsubstituted glycidyl ether groups on the average in the

molecule, represented by the general formula (1) above, include
substituted or unsubstituted. glycidyl ether compounds
obtainable by reacting an epihalohydrin with a polyhydfic
phenol compoﬁnd sﬁch as bisphenol A, bisphenol F, bisphenol s,
catechol, resorcinol, phenol nq\;olak resin, resol resin or the
like, or with a polyhydriﬁ alcohol compound such as a compound

‘obtainable by subjecting glycerin, polyethylene glycol, or a



[err] which is a substituted or unsubstituted 1, 2-epoxypropyl group
wherein Z is a hydrogen atom a nethyl group or an ethyl group. The
epoxy conpounds containing nore than one substituted or unsubstituted

gl ycidyl ether groups on the average in the nolecule, represented by the
general formula (1) above, include substituted or unsubstituted, glycidyl
et her conpounds obtai nabl e by reactink an epi hal ohydrin with a polyhydric
phenol conpgund s%?h as bi sphenol A, bii?heaaL F, biﬁghenpl S, at echol ,
r esor ci noPOLYRFIE1cH o PBRRRL c2PmPoRRd ot c3AG1gion, XeaGhion Wikl a8

pol yhydri c_al cohol conpound such,as a conpound obtai nabl e by subjecting
glycerrn,a&EWQéFHWI iﬂgggﬁglg*ng 2 to 4 carbon atoms. 12
pol yhydri c phenol conpound to addition reaction with an al kyl ene oxide
contai ni ng 2 t Fhe @RYEH campeunds haviing aaxe than) OB&dSUREHLEYLRSr €Tt han
one substituted or unsubstituted glycidyl ester groups on the average in
the nol elBEdbstMEwLed  gLysidyie eRtAL Frouwps PR the ARRKragde i ghe
substituted_or unsubstituted glzcidyl ester conpounds obtainable_b

al | owi ng HRISSURx repsssgntadby i gpneradformula (2 ARGy, énséué?

sebaci c acig or, the like, or an_aromatic pol ybasic. carboxylic acid _such as

pht hal i ¢ S90Sttt nari c unsuhstdtuted | jglyeidykacesterh gampounds
epi hal ohydtin., The epoxy conpounds -havi ng nore than one N-substituted
or obtainable by allowing an aliphatic polybasic carboxylic acid

such as adipic acid, sebacic acid or the like, or an aromatic
polybasic carboxylic acid such as phthalic acid, terephthalic
acid or the like to react with an epihalohydrin.

The epoxy compounds having more than one N-substituted or
unsubstituted 1,2-epoxypropyl groups.on the average in the
mplecule, represented by the general formula (3) above, inciude
substituted or unsubstituted glycidylamine compounds
obtainable by allowing, e.g., 4,4!-diamin§dipheny1 methane,
aniline, m—aﬁinophenol or the 1like to react with an
epihalohydrin. |

The epoxy compounds haviné‘more than one epoxy groups on
the average in the molecule that are on the alicyclic hydrocarbon
ring and/or that are bound directly to the carbon atom(s) forming
the alicyclic hydrocarbon ring include, e.g., epoxy'compouﬁds

represented by the following general formula (4) or (5).

o:gﬂ::v (4)



unsubstituted 1, 2-epoxypropyl groups on the average in the nvolecule,
represented by. the general fornula (3) above, include substituted or
unsubstituted glycidylamne conpounds obtainable by allow ng, e.g.,

4,4.' -di am nodi phenyl nethane, aniline, mam nophenol or the like to react
wi th an epi hal ohydrin. The epoxy conpounds having nore than one
epoxy groups on the average in the nol 88ul e that are on the alicyclic

hydr ocar bogy, didith |cyc déagrggahtar gﬁp;agpl&xngcf%'yuﬁ&m&&éf&%

form ng the rocarb . 0., oxy co ound

13 wher ei ﬁ%&‘éﬁﬁ%ﬁl&sﬂ?‘ﬁ? Qﬁﬁyﬁiéﬂa%éﬁéfﬂaﬂ rri optdibing 2 £0,; ¢
or bridged Bcg&{%tgmggﬁ&ﬁgr bon r| ng containing 2 to 8 car bon atons. [err]

wherein Y ha ani ngs as defined above in the general fornula
(4). Exanpl es of the epoxy conpounds represented by the general
formula (5) above may be those shomqaby the fornmulae (5-1) to (5-8) bel ow

| cng/-l‘cu-cuz\ (5
© GH3 Y '

wherein Y has the same meanings as defined above in the general

formula (4).

Examples of the epoxy compounds represented by the general

formula (5) above may be those shown by the formulae (5-1) to
(5-8) below.

A\

CH—CH, =
OO (5-1)"
O:O)O (6-2)

(6-3)"

| B-o-cnz. . -
O



[err] 14 J[err]

Furt her, the epoxy conpounds having 2 kinds or nore of these epoxy groups
in the nol ecul e wherein the total nunber of the epoxy groups is nore than
one on the average include substituted or unsubstituted glycidyl ether
ester conpounds obt ai nabl e by allomnn% a hydroxycarboxylic acid such as
p- oxybenzoi ¢ acid, [err]-oxynaphthoiéd%acid or the like to react with an
epi hal ohydrin, conpounds havi ng both a glycidyl ether group and an

alicyclic epoxy group in the nolecule as shown by the follow ng formul a
(6), and the Ilike. [er

CH"‘"CHE - (5-5)
0@’ '

| 0 0 .
oC-—CH;—o-—b—-—(@H;h——b—O-OHg ' o (5-17
/—CHg" HaC '

Q g 5
CH2-0—C——-(CH2) - —O-CH : .

Further, the epoxy compounds having 2 kinds or more of these

epoxy groups in the molecule wherein the total number of the
epoxy groups is more than one on the average include substituted
or unsubstituted glycidyl ether ester compounds obtainable by

allowing a hydroxycarboxylic acid such as p-oxybenzoic acid,

p-oxynaphthoic acid or the like to react with an epihalohydrin,

compounds having both a glycidyl ether group and an alicyclic

epoxy group in the molecule as shown by the following formula -

(6), and the like.



15 Further, these epoxy conpounds may be acconpani ed by nonoepoxy
conpounds within the range in which the effects-of the invention are not

i nhi bited. Such nonoepoxy conmpounds include, e. g., npbnoepoxy conpounds
such as butyl glycidyl ether, phenyl glycidyl ether, p-tert-butyl phenyl
gl ycidyl ether, sec-butyl phenyl glycidyl ether, and gl ycidyl

net hacryl ate. Eplhalohydrin refergsed to herein IS represented by the

general formula (7 beIo |nc | QL O ]

epi br og‘oh%/ﬂr: néFQ‘f)thfrép hgﬁ %bgﬁogp pralh Qé ?Xg&hﬁanied by
epoxy- 2-e -3-¢ r opropa er

hydr ogen al"ORPeROFRY Wﬁ‘ S’r’}‘gﬂ'"egh?] raggg.pt %ﬁ%&}(% epresent s a‘}

hal ogen atom ounds (A) ,descr,i bed above may be used each ngly
or in coﬁ@ienaitq‘fﬁ\“fo’f-on;fv\%r%r %ﬁ .' Such “@g\‘ﬁfgﬁ’ﬁg ot her

starting mgterial for synthetlc reaction of the nvet eIa uring
agent for éﬁmqees?n - + BORREpOXY m%%ﬂuﬁ buﬁﬁ (L-!fﬁr}"ltl?rboth a

tert I t f I t f th
oroup . coRbERy gr%r@@”ﬁrsﬁsegéipg ﬁ-ﬂaﬁvéfﬁs Ny Y, SERS
group ang “’“u&:%%; ol £ Ui P SSENE by g oy 'k facaquvgtrag

Epihalohydrin referred to herein is represented by the

- general formula (7) below, and includes, e.g., epichlorohydrin,
epibromohydrin, 1,2-époxy-2-methyl-3-chloropropane, 1,2~
epoxy-2-ethyl-3-chloropropane, etc.

£ |
CH,~7G_-0H2--x (7)
\O
wherein 2 represents a hydrogen atom, a methyl group or an ethyl
group, and X represents a halogen atom.

Compounds (A) described above may be used each singly or
in combination of two or more thereof.

Compound (B) as another starting material for synthetic
reaction of the inventive latent curing agent for epoxy resin,
that is, a compound having in themolecule both a tertiary amipo
group and at least one functional group selected from the greup
consisting of OH group, SH group, NH group, NH, group, COOH group
and CONHNH, group is represented by, e.g., the following general

formula (8).



16 [err] wherein Wrepresents an OH group, SH group, NH group, NHerr]
group, COOH group or CONHNH err] group, R err] and R err] represent

i ndependently a (Cerr] to (Jerr] alkyl group, a (Jerr] to (Jerr] al kenyl
group, an aral kyl group such as benzyl .group, or one of the above groups
wherein sone carbon aton(s) in the carbon chain are replaced by other
aton(s) (e.g., oxygen) -or some hydrogé® aton(s) on the carbon chain are
repl aced by a hal ogen, a functional group represented by Wdefined above
or the like, and Rlerr] is a simlar to Rerr] and R err] defined above

but divalent residue. Furthernore Ferr] and R err or Rlerr], Rerr] and
R err] may be bound to one anot her ; I..qq’m.wri_ng(s As Conpound (B),
e.g., those conpounds cont ai ni ng ertrary amno group in the

heterocyclic ring represented by the follow ng general fornula (9), (10)
wheroi h A erp i Eed IR MIPRaty Srcil B SRS Mearous] ML g
Goner 3" G088 9rO B MmN Sndhe ponglielt Hideviiaanty 1 1
al kyl oraapyle §T@UPa1RE1 AghbAR, ' QM) €8 WP APREETEYRsuPY AN IdrdIg1
group such as benzyl group, or one of the above groups wherein
_some carbon atom(s) in the carbon chain are replaced by other
atom(s) (e.g., 'oxygen) or some hydfogen atom(s) on the carbon
chain are replaced by a halogen, a functional group represented
by W defined above or the like, and R® is a similar to R' and
R* defined above but divalent residue. Furthermore, R' and R’
or R!, R* and R" may be bound to one another to form a ring.
As Compound (B), e.g., those compounds containing a
tertiary amino group in the heterocyclic ring represented by
the following general formula (9), (10) or (12) can also be

mentioned as effective compounds.

wherein R*, R®, R® and R’ represent independently a hydrogen atom,
one of the same groupe as R' and R* defined in the general formula

(8) above, an aryl group which may be substituted with an alkyl

or aryl group, or a functional group represented by W in the



17 general formula (8) above, and at |east one of Rerr], Rerr], Rerr]
and Rerr] represents a functional group represented by Wor a group
containing a functional group represented by W except the case where
Rlerr] is a hydrogen atom Even in the case where Rerr] is a hydrogen
atom Rferr], Rerr] and Rerr] can be a functional group represented by W
or a group containing a functional grodp represented by W [err]

wherein R[eféﬂéraﬂféf&\ufgdhﬁie&?la Lep &eg% .de In:d(}pérgf R4 RY,dg08Agat om

one of th r'oups n the' general formul a
o b ST A
with an aw Eafiingia shiey 2 kRl b . SR ek t?t%?ééém ed
ll%%/eﬁ P]e Lgi}kg%mﬁggg‘geﬁ{lse:éaw ‘ﬂﬁggﬁg ?ﬁoPhe Fg‘Ler ri]eﬂ ‘%‘b? rﬁ#gher'?ﬁ%ﬂlgove and
Rlerr] is §y3¥g§8 4t ontt,o Q‘ %% n(g Ri hgn%%ng finttidnal group represented

by W or a group containing a functional group represented by

W.

wherein ﬁ', R’ and R represent .indepen'dently a hydrogen atom,
one of the same groups as R' and R’ defined in the general formula
(8) above, or an aryl group which may be substituted with an
alkyl or aryl group,' R is a similar to R* and R in the general
formula (85 above but divalent residue, or an arylené group which
may be substituted with an alkyl or aryl group, and X’ is a

hydrogen or a group represented by the following general formula

(11):

R*® R’
wherein R® and R_i have the same meanings as in the general formula

(10) above, and;R' is a hydrogen atom, one of the same groups



18 as R err] and R err] defined in the general formula (8) above, or an
aryl group which may be substituted with an alkyl or aryl group, and-‘in
the case where none of R err] and R err] are a hydrogen atom at |east one
of Rlerr], Rerr], Rerr], Rerr] and Rlerr] represents a functional group
repr esent ed by Wor a group containing a functional group represented by
W Even in the case where Rlerr] and/orl8Rlerr] is a hydrogen atom Rerr],

Rlerr], RasrR daherR] duFidderin ¢ ddherd LU edrmiixd @ P UboveEP s &l ed by

Wor a group containing a functional group represented )gy W TJerr]

wher ei n Rl ary) growp Wil nag bd sabe titRrtedcwien awalk pro;aaeymdﬁup,grow
to Rlerr] or R err] but containing a functional group represent ed

Such conpoand §8) thehahskeSwhereOABABNGFCRM ghdi RY. both a
tertiary ami no group and at | east one functiaona Eirrgu%hﬁs‘%c}%%edl%rorﬁthe

group consagtladsef o 8FORD, RS, APQURYR o ]
group and CONHNH[ err] group, ’ i ncl desﬁ .aNH' e PQpréE&ﬁEé agftﬁ{iﬂ:i&gi"

2- di met hyl gﬁbﬁPefépﬁébented by Worls GEU&)H cgntaﬂhfgé?’ %ﬁgi%%urpol

1- phenoxynet hy di met hyl am noet hanol am no

1-  but oxyrephpsedtdd aihy arrnﬁveat 18" ehe . 2ad Wfldrd W%ﬁuo%" R® is a
et hyl - 4- net hyl i m dazol e, 2-undecyl i m dazol e, -
hept adecyl hyddegencatoms- RWSW, | RIaR0! #nd R'L-cHH BePhFhndeional group

represented by W or a group containing a functional group

represented by W.

P :

wherein R" is a functional group represented by W, or a similar
group to R! or R® but containing 'a' functional group represented
by W.

Such compound (B), that 1.s, a compound conta:.nmg, in the
molecule + both a tertiary amino group and at least one functional

group selected from the group consisting of OH group, SH group,

NH group, NH, group, COOH group and CONHNH, group, includes,

e.g., 2-dimethylaminoethanol, l-methyl-2-
dimethylaminoethanol, 1-phenoxymethyl-.2-
dimethylam_inoethanol ¢ 2-diethylaminoethanol, i-

butoxymethyl-2-dimethylaminoethanol, 2-~methylimidazole, 2-

ethyl-4-methyl imidazole, 2-undecylimidazole, 2~

heptadecylimidazole, 2-phenylimidazole, l-aminoethyl-2-



19 nethylim dazol e, 1- (2- hydr oxy- 3- phenoxypropyl)-2-
met hyl irm dazol e, 1- (2 hydr oxy- 3- phenoxypr opyl ) - 2- et hyl -

nmet hyl i m dazole, - 1- ( 2- hydr oxy- 3- but oxypr opyl ) - 2-

met hyl i m dazol e, 1- ( 2- hydr oxy- 3- but oxypr opyl ) - 2- et hyl -

met hyl i m dazol e, 1-(2-hydroxy-3-phenoxypropy|)-2-

phenyl i m dazol i ne, 1- (2- hydr oxy8 3- but oxypropyl ) - 2-

met hyl i m dazol i ne, 2-met hyl i m dazol i ne, 2, 4-

di met hyl img€eRy¢Dihid@azole, 2- et hyl i m dazehLngdrox i?ﬂéﬂox?propyl) -2-
met hyl i m da g@*lne 2- benﬁyllmdazollneQ 2- gheny I m dazol i ne

2- (o-tol yhethylsnighizB2e el paRpy ~hen 1N62-ethyl-4-
1,1, 3- trlnetﬁg} 1, 4- tetrénethyﬁene b|sh?#|dazollne y r)3

trimet hyl ndeHyl ehniagRbhel, ene- bi s-i m dazqlUbgdroxy-3 -butbxyps:opyl) 2~
trimethyl -1, 4- tetranethylene bi s-4-met hyl i midazoli ne,

1,3, 3- trlﬁathyhﬂalaatze,tueqnet hylqnRenRidrokyB-hitdiyopy1e-2-ethyl-4 -

1, 2- phenyl ene- bi s-i m dazol i ne, 1, 3- phenyl ene- bi s- |n1dazo
1, 4- phenyhepRyPimidgzdaeQl ine, 1, 4qphe y-43 pienBiypr

2- (d|nethylan1nonethy|)pheno| 2, 4,67tr|s di me thylan1nonethyl phenol
N-[err]- phédy@xuauRvoranai)ol i ne, 2- diyrgidug M%i@f&wﬁy-z-
nercaptoben20|n1dazole 2- mer capto enzothlazol

mer capt opyetf18mid 4- mer capt N, N 2, 4-
dlnethylan1nogénzgig€§%l ? NN-dlnethglgF YTEMLd%FS%%Pﬁlc acid, '

t d N, h - ke ] =
S e L nstas s ibeai

methyllmldazollne,2-benzy11midazoline,2-pheny1imidazoline,
2-(o-tolyl)-imidazoline, tetramethylene-bis-imidazoline,
1,1,3-trimethy1—1,4-tetramethy1éne-bis—imidazoline, 1,3,3-
trimethyl-1,4-tetramethylene-bis-imidazoline, 1,1,3-
trimethyl-1,4-tetramethylene~bis~-4-methylimidazoline,
1,3,3-trimethyl-1,4~-tetramethylene-bis-4-methylimidazoline,
1,2-phenylene~bis-imidazoline, 1,3-phenylene-bis-
imidazoline, 1,4-phenylene~bis-imidazoline, 1,4-phenylene-
bis-4-methylimidazoline, 2-(dimethylaminomethyl )phenol,
2,4,6-tris(dimethylaminomethyl)phenol, ' N-f-
hydroxyethylmorpholine, 2-dimethyl aminoethane thiol, 2-
mercéptobenzoiﬁidazole, 2-mércaptobenzothiazole, 2-
mercaptopyridine, 4-mercaptopyridine, N,N-
dimethylaminobenzoic acid, N,N-dimethylglycine, nicotinic
: acid, isonicotinic acid, picolinic acid, N,N-dimethyl glycine
hydrazide, nicotinic acid hydrazide, isonicotinic acid

hydrazide, dimethyl aminopropyl amine, diethyl aminopropyl

i ne,
Yzl i ne,



hydr azi de, di nethyl am nopropyl am ne, diethyl am nopropyl
20 am ne, dipropyl am nopropyl am ne, dibutyl am nopropyl am ne, dinethyl
am noet hyl am ne, diethyl am noethyl am ne, dipropyl am noethyl am ne,
di butyl am noethyl am ne, N-am noethyl piperazine, dinmethyl am noethyl
pi perazi ne, diethyl am noethyl piperazine, etc. Compound (B) is
preferably a conpound having a tertia am no group and at | east one
functional group selected fromthe group consisting of OH group, NH group
and NH eamingy oﬁmrepyl arsLROpReppb @IiNe ndibysylcanineprapyhanine,
group-contai nin al cohol conpounds, such as 2-di nmethyl am noet hanol , 1-
met hy| - 2dimethy} aninoethybcamine, diethyl gmpn@mmvﬁaemynez dipropyl
di met hyl am noet hanol , 2- di et hyl am noet hanol ,
butoxyneamynogthwﬁetamiaawrudibnﬂyn amlnoethyd[eampnhydrmmgmgngethyl
nmor phol i nel, 1-(2-hydroxy- 3-phenoxypropyl)-2-nethylim dazol e,
1-(2-hydpdpyrazmmaxdymebhylpmlnadthyk@ﬁpehgtinéddiﬁthyhmminoethyl
(2- hydr oxy- 3- but oxypropyl ) - 2- net hyl i m dazol e, 1-(2-hydroxy-
3- but oxypipeylagideqt tlo4- net hyl i m dazol-e, 1-(2-hydroxy- 3-
phenoxypr opyl ) - 2- phenyl i m dazol i ne, 1- (2- hydr oxy- 3-
but oxypr opy! ) Compeund i(B)dsopreferably a compouadyhawingoa tertiary
gr oup- cont ai ni ng phenol conmpounds such as 2-
(di met hy aadincogeotipl amiatolleast one functional group selectéd from the
tris(di methyl am nonethyl) phenol, etc.; and primary or

group consisting of OH group, NH group and NH, group. -7

Such compounds include tertiary amino group-containing

alcohol compounds, such as 2-dimethylaminoethanol, 1~

methyl-2-dimethylaminoethanol, l-phenoxymethyl-2-
dimethylaminoethanol} 2-diethylaminoethanol, 1-
butoxymethyl-2-dimethylaminoethanol, N-B-hydroxyethyl

morpholine, 1-(2-hydroxy-3-phenoxypropyl)-2-methylimidazole,
l=(2~hydroxy-3~phenoxypropyl)-2-ethyl-4-methylimidazole, 1~
(2-hydroxy-3-butoxypropyl)-2-methylimidazole, 1l-(2-hydroxy-
3-butoxypropyl)-2-ethyl-4-methylimidazole, 1-(2-~hydroxy-3-
rhenoxypropyl)-2-phenyl imidazol ine, l1-(2-hydroxy-3-
butoxypropyl)~2-methylimidazoline, etc.; tertiary amino
group-containing phenol compounds such as 2~
(dimethylaminomethyl )phencl, 2,4,6-
tris(dimethylaminomethyl) phenol, etc.; and primary or
secondary amino group-containing tertiary amine compoimds such
as 2-methylimidazoline, 2,4~-dimethylimidazoline, 2-

ethylimidazoline, 2-ethyl~-4-methylimidazoline, 2-



secondary am no group-containing tertiary am ne conpounds such as

2- et hyl i m dazol i ne, .2, 4-di net hyl i m dazol i ne, 2- ethylimdazoline,
2- et hyl -4-net hyl i m dazol i ne, 2-

21 benzyli m dazoli ne, 2- phenyl i m dazol i ne, 2-(o-tolyl)-

I m dazol i ne, t et ranet hyl ene- bi s-i m dazol i ne, 1,1, 3-
trimethyl-1,4-tetranet hyl ene-bi s-imda2bline, 1,3, 3-

trimethyl -1, 4-tetranet hyl ene-bi s-im dazoli ne, 1,1, 3-

t ri met hy bebzaltigtidamtlhiiieene- bi 2-phenyhyjmidadaidhnene, 2-(o-tolyl)-
1,3,3-trinethyl-1,4-tetranet hyl ene- bi s-4-nmet hyl i m dazol i ne,

1, 2- phenyinddazolsiney dazol telexramethylene-His-imisdgzahind; s- i} Hael i ne

1, 4- phenyl ene- bi s-i m dazoline, 1, 4-phenylene- bis-4-methylimdazoline,

di met hyl tavimedhydpl , vt eleranethylene-<bd sraimidezobimee, di propy}3,3-

am nopropyl am ne, dibutyl am nopropyl am ne, dinethyl am noethyl am ne,

di et hyl taiimeddiyi4l o468 retranetlylénesb iwetiidazel ivve, di butyl 1abj 3eet hyl
am ne, N-am noet hyl piperazine, dinethyl am noethyl piperazine, diethyl

am noet hytrimigtaydlz o4 —teétramethyl éledh L scmet iy Eini @z 61 tniepg t hese are
tertiary am no group-containing al cohol conpounds and primary or secondary

gr oup- corlt, @ fB-grimethyl y1 M4 et EANPEhyIene-bis-4 MaeEhpl Shedapbrigsanpl es
of the tertiary am no group- containing al cohol conpounds described above

are thosa J@pﬁ@yﬁen@-ﬁbﬁsﬁﬁma@dlﬂnég ogenous het e;gcysﬁénylénégbihr-uct ure,

such as 1-(2-hydroxy-3-phenoxypropyl)-2-methylimdazole, 1-(2-
dimidazoline, 1,4-phenylene-bis~imidazoline, 1,4-phenylene- -
bis-4—methy11m1dazollne, dimethyl aminopropyl amine, diethyl
aminopropyl amine, dipropyl aminopropyl amine, dibutyl
aminopropyl amine, dimethyl aminoethyl amine, diethyl
aminoethyl amine, dipropyl aminoethyl amine, dibutyl
aminoethyl amine, N-aminoethyl piperazine, dimethyl aminoethyl
piperazine, diethyl aminoethyl piperazine, etc.

Particularly preferable among these are tertiary amino
group-containing alcohol compounds and primary or secondary
group-containing tertiary amine compounds.

More preferable examples of the tertiary amino group-
conpgining alcohol compounds described above are those having
5- or 6-membered nitrogenous hetefocyclic ring structure, such
as 1—(2-hydrqu-3-phenoxypropyl)-2-methylimidazole, 1-(2-
hydroxy-3-phenoxypropyl)-2-ethyl-4-methylimidazole, 1-(2-

: hydroxy-3-butoxypropyl)-2-methylimidazole, 1-(2-hydroxy-3-
.butoxypropyl)-2—ethyl-4-methylimidaZole, 1-(2~hydroxy-3-

phenoxypropyl)-2-phenylimidazoline, 1-(2-hydroxy-3-



hydr oxy- 3- phenoxypr opyl ) - 2- et hyl - 4- net hyl i m dazol e, 1-(2-

hydr oxy- 3- butoxypropyl) 2-met hyl i m dazol e, 1-(2-hydroxy-3-

but oxypr opyl ) - 2-ét hyl - 4- met hyl i mi dazol e, 1- ( 2- hydr oxy- 3-
phenoxypr opyl ) - 2- phenyl i m dazol i ne, 1- (2- hydr oxy- 3-

22 butoxypropyl)-2-nethylimdazoline, etc., and particularly preferable
are those having an inidazol e skel eto@2 such as _

1- (2- hydroxy- 3- phenoxypropyl ) - 2- met hyl i m dazol e, 1-(2-

hydr oxy- Bub@s¥PX9Pylipyi-methyltipidazediing i ne§g20l eand]-particularly

hydr oxy- 3- but oxypropyl ) - 2- et hyl i m dazol e, = 1-(2-hydroxy- 3-

but oxypr ppgEerabdehyres-thody | havingoas, imidazole skedetqnefsuciy| as
exanples of the primary or secondary group-containing tertiary am ne
conpound3-d2stydrecyai3eciphenoxyprama hd4merhy Limisdafo e ber ed b+{2egenous
heterocyclic ring structure, such as 2-met hyl i m dazol e,

2- et hyl - hydrmxyquphennxylprdbymmkﬂaethylkﬁﬁme;hylimxdazmtg;|nid@ZeIe
2- phenyl i m dazol e, 1- am noet hyl - 2- net’hyl i m dazol e,

met hyl i mhydrokys3-~butoxyprhpil) +®inwthyl Devrddzobe, 1- (2thdroxy-3-

et hyl i m dazol i ne, 2- et hyl - 4- et hyl i m dazol i ne, 2-

benzyl i mbid&oxlypreopyl } -2Z-giiterid 4 melkclnyl imbdazolg; (etcol yl ) - i m dazoline,
t et ramet hyl ene- bi s-i m dazol i ne, 1,1, 3-

trimethyl -1, 4Modie apeébgrabtebiexamplész @ f nthe primary, B3- secondary
trimethyl -1, 4-tetranet hyl ene-bi s-i m dazoli ne, 1,1, 3-

t ri met hy lgrbup-icintanin ing der-tiisry! afiheytompoandsidescribed above are

those having a 5- or 6-membered nitrogenous heterocyclic ring
structure, such as 2-methylimidazole, 2-ethyl-4-

methylimidazole, 2-undecylimidazole, 2-heptadecylimidazole,

2-phenylimidazole, l-aminoethyl-2-methylimidazole, 2-
methylimidazoline, 2,4-dimethylimidazoline, 2-
ethylimidazoline, 2-ethyl-4-methylimidazoline, 2-
benzylimidazoline, 2-phenylimidazoline, 2~(o-tolyl)-
imidazoline, tetramethylene-bis~imidazoline, 1,1,3-
trimethyl-1,4-tetramethylene-bis-imidazoline, 1,3,3~
trimethyl-1,4-tetramethylene-bis-imidazoline, 1,1,3-

trimethyl-1,4-tetramethylene-bis-4-methylimidazoline,

1,3,3~trimethyl-1,4-tetramethylene-bis-4-methylimidazoline,
1,2-phenylene-bis-imidazoline, 1,3-phenylene-bis-
imidazoline, 1,4-phenylene-bis-imidazoline, 1,4-phenylene-
bis-4-methylimidazoline, N-aminoethyl piperazine, dimethyl
aminoethyl piperazine, diethyl aminoethyl piperazine, etc.,

and particularly preferable are those having an imidazole



1,3,3-trinethyl -1, 4-tetranet hyl ene-bi s-4-net hyl i m dazol i ne,

1, 2- phenyl ene- bi s-i m_dazol i ne, 1, 3- phenyl ene-bi s- i m dazoline,
1, 4- phenyl ene- bi s-i m dazol i ne, 1, 4-phenylene- bis-4-methylimdazoline,
N-am noet hyl pi perazi ne, dinethyl am noethyl piperazine, diethyl

am noet hyl piperazine, etc., -and particularly preferable are those having
an inidazol e 23 23 skel et on, such
as 2-met hyl i m dazol e, 2-ethyl-4-  nethylimdazole,
2-undecy|skelREoRe, 2- sughadecybi ni dazmeshylamidagpleni dazd-ethyd -4~

1- am noet hyl - 2- et hyl i m dazol e, etc. Conpounds (B) descri bed above
may be um‘cl@ﬁbmsﬁagpg«eorZ-Badegylmdaznleonﬁrh@p‘t@ﬁle@m{lmd@rzq%ﬁ
thereof, to react with Conpound (A). Conpound (C) as the renaining

starting Zepkenylimédagnde spdt hedininoesbyleod-vethyd imidazolee ledcent
curing agent for epoxy resin, that is, a conpound having in the nol ecule
at |least one €ompounds| (B) mlq:sseibed abdve)mayhbegused each i singky ofr NH2
group and CONHNH[ err] group, or in the nolecule at |east 2 functional

groups setapthal usednin omlrimgt oo if stwo gromo el thexsn f SHogreaet witth gr oup,
NH2 group, COOH group and CONHNH2 group (provided that those conpounds
havi ng anCeppeundr ¢a)).or a tertiary amino group in the nolecule are
excl uded), includes, e.g., am ne conpounds such as piperazine, aniline and
cycl ohexyl am Gemppundbd€i)cascthéorsmainingdstartingsmatepial afoxl theEnt hal i c
acid, 3,9- bis(2-carboxyethyl)-2,4,8,10-tetraoxaspiro [5,5] undecane;
synthetic reaction of the inventive latent cufing agent for
epoxy resin, that is, a compound having in the molecule at least
one functional group selected from the group consisting of NH,
group and CONHNH, group, or in the molecule at least 2 functional
groups selected from the group consisting of OH group, SH group, |
NH group, NH, group, COOH group and CONHNH, group (provided that
those compounds having an epoxy group or a tertiary amino group
in the molecule are excluded), includes, e.g., amine compounds
such as piperazine, aniline and cyclohexyl amine; polybasic
carboxylic acids such as adipic acid, phthalic acid, 3,9-
bis( 2—carboxye1;hyl y-2,4,8,10-tetraoxaspiro [5,5] undecane;
polyvalent thiols such as 1,2-dimercaptoethane and 2-
mercaptoethyl ether; hydrazide cb"inpounds such as phenyl acetic
acid hydrazide; amino acids such as alanine and valine;
compounds having 2 kinds or more of functional groups, such as
2-mercaptoethanol, _ 1-mercapto-3-phenoxy—?.-prépanol,

mercaptoacetic acid, N-methyl ethanol amine, diethanol amine,

hydroxyaniline, N-methyl-o-aminobenzoic acid, anthranilic



polyvalent thiols such as 1,2-dinercaptoethane and 2- nercaptoethyl
et her; hydrazi de conpounds such as phenyl acetic acid hydrazide; am no
aci ds such as al anine and valine; conmpounds having 2 kinds or nore of
functional groups, such as 2-nercaptoethanol,

1- mer capt o- 3- phenoxy- 2- propanol, nercaptoacetic acid, N nethyl ethanol

am ne, di ethanol am ne, hydroxyanilines4 N nethyl-o-am nobenzoic acid,
anthranilic ' 24 acid, sarcosine,

hydr oxybeazdde asiatcosdresCt inydrmsibeno My didid al 90l FagtLd ascid;

pentaerythritol, sorbitol, trinethylol propane, trinethylolethane and tris
(hydr oxyepbilyhydriecy aldociicls anguqiol ydy drpentderptiritol, £o#Bouol,(C) is
particularly preferably a polyhydric phenol conpound, and exanpl es thereof

can be bi spiieerhyd.olprdiidienok fimdtigiltarahane Andr €8s (RP&rofPEERFDY ,

resorcinol, pyrogallol, phenol novolak resin and resol resin.

Conmpounds j_(se)c?deﬁmaﬁga;d o w;@gl@slgq)e €L, Singly or can be used in
?ﬁéreo

conbi nati on of two or nore , toreact with Conpounds (A) and (B).

In the case whesopdithd NYEYt ke SAFEIGuPIETYy bRereRariy &8 Bolyhyligibe
obt ai ned by reacting thevt\?\olcorr%ounds [ .eﬁ,’ Eorrpoundsyr(A) ﬁgng i’B),l when

Conpound pRlencl acompoehdl Bad Nkdnpid® tRBre6E! 8aR0He pisphéRsy A7 NO

group and at |east one functional (group selected fromthe group consisting
of OH gr omispHér W), bisphenol S, hydroquinone, catechol, resorcinol,

) pyrogallol, phenol novolak resin and resol resin.

Compounds (C) described above may be used each singly or
can be used in combination of two or more thereof, to react with
Compounds (A) and (B).

In the casewhere the inventive curing agent for epoxy resin
is to be obtained by reacting the two compounds i.e., Compounds
(A) and (B), when Compound (B).is a compound having in the
molecule both a tertiary amino group and at least one functional
group selected from the group consisting of OH group, SH group,
COOH group and CONHNH, group, then the ratio of the respective
compounds to be used for producing the curing agent for epoxy
resin is a ratio of 0.8 to 2.5 equivalents, preferably 0.9 to
1.5 equivalents of the epoxy group of Compound (A) per 1
equivalent of the active hydrogen in the active hydrogen-
containing functional group (i.e., the OH group, SH group, COOH
group and CONHNH, group) of Compound (B), in other words,
Compounds (A) and (B) are allowed to react on each other in such

ratio that Compound (A) in an amount of 0.8 to 2.5 equivalents,



COOH group and CONHNH2 group, then the ratio of the respective conpounds
to be used for producing the curing agent for epoxy resinis a ratio of
0.8 to 2.5 equivalents, preferably 0.9 to 1.5 equivalents of the epoxy
group of Compound (A) per 1 equivalent of the active hydrogen in the
active hydrogen- containing functional group (i.e., the OH group, SH
group, COOH group and CONHNH err] gro2fp) of Conpound (B), in other words,
Conpounds (A) and (B) are allowed to_react, on each other in such ratio
that Co nably © -3 tenduht egrivadents oin tayms, afothe epoxy group

25 preferably 0.9 to 1.5 equivalents in terns of the epoxy group thereof

i s al | ondheneqfds adlomadsondeast on Compowadt (BY im anamean&nefi b terns
of the active hydrogen in the active hydrogen-containing functional group
t her eof .eduivdientnoint texins hef epbey aptwive | Bydregenhdn (kI8 egotiueent s
per 1 equivalent of the active hydrogen, then the softening tenperature of
t he resdivdraogenteontaining fuetidnal groap thereofs. | df thesamgunhdi ng i s
difficult, and upon incorporation thereof as the latent curing agent into
an epoxy abipelepoxy rdup dstlesthgn 0 s8 @iguliviajendisnperdeegbivhbedt whil e
given 2.5 equivalents or nore, the softening tenperature of the reaction
product ¢ef £he @ctliivgh hydrdgemonthenotbersoftening rexiparature loft €he curi ng
agent into an epoxy compound, sufficient rapid curing properties are not
exhi bi t edreduleingelatenktt iouyriney eagentodfor epexynaediat eiwgkowpudts

Further, in the sanme case, when
grinding is difficult, and upon incorporation thereof as thé
latent curing agent into an epoxy compound, sufficient storage
stability cannot be obtained, while given 2.5 equivalents or
more, the softening temperature of the reaction product gets
too high, and upon incorporation thereof as the latent curing
agent into an epoxy compound, sufficient rapid curing
properties are not exhibited while the resulting cured product
becomes heterogeneous. Further, in the same case, when
Compound (B) is a compound having in the molecule both a tertiary
amine group and at least functional group selected from the group
consisting of NH group and NH, group, the ratio for this reaction
is a ratio of 0.4 to 1.1 equivalents of the epoxy group of
Compbund (A) to 1 equivalent of the active hydrogen of the active
hydrogen-contgining functional group (i.e., NH group and NH,
group) of Compound (B). This is because if the epoxy group of
~ Compound (A) is in an amount of less than 0.4 equivalents,
| sufficient storage stability cannot be obtained upon

incorporation of the resulting reaction product as the latent



Compound (B) is a conpound having in the nolecule both a tertiary am ne
group and at |east functional group selected fromthe group consisting of
NH group and NH err] group, the ratio for this reaction is aratio of 0.4
to 1.1 equival ents of the epoxy group of Conpound (A) to 1 equival ent of
the active hydrogen of the active hydrogen-containing functional group
(i.e., NH group and NH2 group) of Conpund (B). This is because if the
epoxy group of Conmpound (A) is in an amount of |less than 0.4 equivalents,
sufficient storage stability cannot be obtained upon incorporation of the
resul ti emmisrcagent dimaiah epoxyheonpbend, while given 1.1 equivalents

26 curing agent into an epoxy conpound, while given 1.1 equivalents or
nore, tlar moxEgUthege aicicursdgelag iohe dagdng ¢her addtitdon reactden.al |y,
with respect to the relationship in equival ence between active hydrogen

and epoxphagidetitalllyep ki) respectots e i 410 cnsicip i eytlivadenticom

In the case where the 3 conpounds, that is, Conpound (A), Conpound (B) and
Conpoundéifeen € active uhpdrbgenr cahde etﬁwcycugrbup,agtznte[i@fy eR@oup esin,
when Conpound (B) is a conpound having, in the nolecule, both a tertiary

an no grevipresisords | €61 @@e;_véunya%h atenp sel ected fromthe group
consi sting of OH group, SH group, group and CONHNH[ err] group, then

the ratio of thechd %&B@ﬁhé?e%ﬁ@@@@ﬁ\ bﬁn'&% ugRdtf 9§, REaspURG (e, curing
agent for epoxy resinis a ratio of 5 to 2.5 eqU|vaIents preferably
Compound (B) and Compound (C) are to_be used to produce the curing
agent for epoxy resin, when Compound (B) is a compound having,
in the molecule, both a tertiary amino group énd at least one
functional group selected from the group consisting of OH group,
SH group, COOH group and CONHNH, group, then the ratio of the
respective compounds to be used for producing the curing agent
for epoxy resin is a ratio of 0.5 to 2.5 equivalents, preferably
0.6 to 1.5 equivalents of the epoxy group of Compound (A) per
1 equivalent of the total active hydrogen in both Compounds (B)
and (C), and simultaneously Compound (C) is used preferably in
an amount of 2-fold moles or less relative to Compound (B). Less
than 0.5 equivalents of the époxy group from Compound (A) does
not give sufficient storage stability upon incorporation of the
resulting reaction product as the latent curing agent into an
epoxy compound, while given 2.5 equivalents or more, the
softening temperature of the reaction product gets too high,
and upon incorporation thereof as the latent curing agent into
an epoxy compound, sufficient rapid curing is not exhibited

while the resulting cured product becomes heterogeneous.



0.6 to 1.5 equival ents of the epoxy group of Conpound (A) per 1 equivalent
of the total active hydrogen in both Conpounds (B) and (C), and
si mul t aneously Conpound (C) is used preferably in an amount of 2-fold

noles or less relative to Conpound (B). Less than 0.5 equivalents of the
epoxy group from Conpound (A) does not give sufficient storage stability
upon incorporation of the resulting redttion product as the latent curing
agent into an epoxy conpound, while given 2.5 equivalents or nore, the

sof tening tenperature of the reaction product %S.ts t Q0 high and pon

i ncor por afwokherer 48f CoMpoRd ot@ht exGeed Zgdmld MYLeqin gbﬁy&vgogound,
sufficient rapid curing is not exhibited while the resul té&gtcured r oduct
becones h@@gpgggﬂe@js,_ curing properties are worsened. In a wen, Jﬁﬁrt her ,
i f Conpound (C) exceeds 2-fold nobles relative ,to Conpound.(B)_, curjng
propert i ethersampreagedhane 146 8i ePMpPPANdEnel s@me %&E@%@é eeé)ne (gd)
conpounds, i.e., Conpounds (A), (B) and (C are to be used fo produce the
curing agand {6) apexyo besused ke rpxudireifhe Huying agenb BRAMYG, in

the nolecule, both a tertiary am no group and at |east one functional

group selrestiag whemQdmpapnslB) oisiascompound pavyirgp iBhRIBOIBHIL, t hen

the ratio of the respective conpounds to be used is aratio of 0.2 to 1.1
equi val enbethf at hertpaxy aming dgroupapduad lepstpeneifencti@nahtIEPUP he
total active hydrogen in both Conpounds (B) and (C). If the epoxy group
f r om Conpeelectad fxromethet graup consisting of NH group and NH, group,
then t—he ratio of the r-espéctive compounds to be used is a ratio
of 0.2 to 1.1 equivalents of the epoxy group in Compound (A)
per 1 equivalent of the total active hydrogen in both Compounds
(B) and (C). If the epoxy group from Compound (A) is less than
0.2 equivalent, sufficient storage stability cannot be attained
upon incorporation of the résulting reaction product as the
latent curing agent into an epoxy compound, while in an amount
of more than 1.1 equivalents, the softening temperature of the
reaction product gets too high, and upon incorporation thereof
as the latent curing agent, there does not occur sufficiently
rapid curing while the resulting cured product is rendered
heterogeneous.
The 2 compounds, i.e., Compounds (A) and (B) or the 3
compounds, i.e:, Compounds (A), (B) and (C) are allowed to react
on each other or one another in the presence of 0.05 to 5.0
. equivalents, preferably 0.1 to 2.0 equivalents of water, per
1 equivalent of the epoxy group of Compound (.A) , whereby the

inventive latent curing agent for epoxy resin can be obtained.



0.2 equivalent, sufficient storage stability cannot be attained upon

I ncorporation of the resulting reaction product as the latent curing agent
i nto an epoxy conpound, while in an anount of nore than 1.1 equivalents,
the softening tenperature of the reaction product gets too high, and upon
I ncorporation thereof as the latent curing agent, there does not occur
sufficiently rapid curing while the ré8ulting cured product is rendered

het er ogeneous. The 2 conpounds, i.e., Compounds (A) and (B) or the 3
conpounds, i_.e., Conpounds (A), (B) and (C) are allowedto react on each
ot her orY trarcs amewRty Ak waterGire adso gostainedgin Fampeunds

preferably 0.1 to 2.0 equivalents of water, per 1 equival ent of the epoxy
group off SIndnd AC) afcthe ptarting pateriad s et mre dnsyg figdents or
epoxy resin cgn be obtained. . ) 28
Usual | y,tq Asdid-ersthesebfeqhs Qf the presenbninyertion. cAgrarditng t8 , (B)
and (C) as the starting materials but are insufficient to achieve the

ef f ect s Hhe RResAnk davention, watexcisr funthes added pfex areadtiemtinon,

water is further added for reaction in an amunt of 0.05 to 5.0

equi val etit ANt ol Q8 & S0 eanivalentsymen I requuiadient (@ thener eby
the inventive latent curing agent for epoxy resin can be obtained. If the
anount OFP¥EY Sroupsin fompotad (A Dp wheuwiebyl the snventfive katent aagieng
stability cannot be achi eved upon incorporation of the resulting reaction
agent for epoxy resin can be obtained. If the amount of water
is less than 0.05 equivalenté, sufficient storage stability
cannot be achieved upon incorporation of the resulting reaction
product as the latent curing agent into an epoxy compound, while
an amount of 5.0 or more equivalents is not practical because
the more time and energy are required to remove the excessive
water after reaction and before grinding.
The inventive curing agent for epoxy resin can be obtained
as addition products having arbitrary softening temperatures
by changing the kind and mixing ratio of Compounds (A), (B) and
(C) and the ratio of water for reaction, and those having
softening temperatures of 60 to 180 °C are preferable. If the
latent curing agent with a softening temperature of less than
60 °C is incorporated into an epoxy compound, the resulting epoxy
resin composition is inferior in storage stability at room
temperature, while the latent curing agent with a softening
temperature of more than 180 °C does not bring about sufficient

curing property.

The inventive latent curing agent for epoxy resin can be



product as the latent curing agent into an epoxy conpound, while an anount
of 5.0 or nore equivalents is not practical because the nore tinme and
energy are required to renove the excessive water after reaction and
before grinding. The inventive curing agent for epoxy resin can be
obtained as addition products having arbitrary softening tenperatures by
changing the kind and nixing ratio of @3npounds (A), (B) and (C) and the
ratio of water for reaction, and those having softening tenperatures of 60
to 180 [err] G are preferable |f the _latent curing agent with a softening

t enper at gP¥admedese: Ehanbyaﬂ“f%*‘l"’;@‘?]s" Midngo FIRBRURA: bAdn EFBRIURSpound,

the resul ting epox%/ resin conposition is inferior in storage stabl I|ty at
room terffor angrwateRy Qr ﬂ?@‘ﬂ%ﬂhéuﬂ?@‘é%%t By ¢ ¢ Pé’b‘l"%e

terrperature of nore than_ 180 [err] C does not bring about suff|C| ent curing

proper t y Water, geigtipizingithe nakepre @Gr#‘?@“ SEERETAGUTEyROMPESFANEan be

29 obt ai ned e.q ., % suffici ently m Xi ng_@n ound (A), Conpound (B) and
rdopag SbeC e

wat er, ort CFma nvﬁ?%?‘dlﬁlﬂ'-aﬂl ni zi ng
the m xture at room tenperature, corrpl eting the reaction at a tenperature
of 80 to tisd Tesultding esackioniniztire thip cesling ngam@aenaﬂlmxggee by
cooling, and grinding the solidified mxture. This reaction nmay be
conduct ecsthgl%md/mxtumeh This geactdonimay beyatndugted ina h9llV§nﬁyI
ketone Orsuch as toluene, tetrahydrofuran, methyl ethyl ketone or
dimethylformamide, followed by removing the i solvent,
solidification and grinding. Further, water may be either
completely dissolved in, or dispersed without being completely
dissolved in, Compounds (A) anti (B), or Compounds (A), (B) and
(C), or these compounds to which a solvent has been added.

The inventive latent curing agent for epoxy resin can alsoc
be used in combination with curing agents known in the art, such
as acid anhydrides, dicyandiamide, hydrazﬁ‘.de compounds,
guanamines, melamines, etc.

The inventive latent curing agent for epoxy resin can be
put in commercial distribution as such or after added with a
curing agent known in the art.

Further, the inventive curable epoxy resin composition is
aresin composition comprising (x) an epoxy compound having more
than one (1) epoxy groups on the average in the molecule and

- (y) an inventive latent curing agent for epoxy resin, as the

essential ingredients.

The epoxy compound (x) having more than one epoxy groups



di met hyl f or mani de, foll owed by renmoving the solvent, solidification ard
grinding. Further, water may be either conpletely :Tilisls, | ved _in,
di spersed wi thout being conpletely dissolved in, Co

or
enfgplaced)  or
Compounds (A), (B) and (C), or these conpounds to whi t ﬂas been
added. The inventive latent curing agent for epo | so be
used in conbination with curing agent3%nown in the art, such as acid
anhydri des, dicyandi am de, hydrazi de conpounds, guanam nes, nel am nes,

RS SLTCVN ERRCTIR Cp it R e I

: uti'on ds sUch or after a currng agent

e e T
%zgr Zgi gﬁygﬁﬁ 1\5}3 Faﬁ%fﬁ}e E%Fl%oﬁg((%gg‘g?pdgpxgﬁéieﬁaﬁ%} ea?{r:% #}Eoeggés‘é;‘t @
gr oups ahd" various compoun%osxﬁnownn@.nut%e gr s SUgh gsgﬁ’?%iﬁgﬁﬁﬁ%.% %/h e

nmol ecul e .can be conpl etely the sa a Conpoun A), as referred.,to above,
(e 1's SHR o, o MetEie i, RGenaReuprnt foRBeobaYenking cog ing 3°%Y
average in the nolecule, .and yarious cgonpounds known in the art, such as
those | 19RIY TPEEPOXE Fesin ko be Werd (GROPTORRAtEM) AR he ARYERIYR | ve

curing aegse,nt for e OXX resin to be uysed 6i ncorparated) in the inventive
. resin composition is preferably 0.3 to 50 parts by weight

relative to 100 parts by— weight of'the epoxy compound (x). An
amount of less than 0.3 part by weight cannot provide sufficient
curable properties to the resultin'g resin comi)osition, while
an amount of more than 50 parts by weight may reduce the
performance of the cured product. Further, other addi-tives can
be added, if necessary or desired, to the curable epoxy resin
composition of the present invention. Such additives include,
e.g., (z) fillers such as alumina, silica, aerozil, calcium
carbonate, aluminum hydroxide, magnesium hydroxide, talk,
bentonite, barium sulfate, and the like (inorganic fillers),

and fluidity regulators such as acryl oligomers, silicone, etc.,

surface modifiers, diluents ,' and flame-retardants.

Hereinafter, the above-mentioned second invention will be

described.
Compound (a) for the inventive latent curing agent for
epoxy resin, that is, an alicyclic epoxy compound having 2 or

more epoxy groups in the molecule, includes those epoxy

THIS SHEET HAS BEEN
REPLACED




resin conposition is preferably 0.3 to 50 parts by weight relative to 100
parts by weight of the epoxy conpound (x). An anmount of less than 0. 3
part by wei ght cannot: provide sufficient curable properties to the
resulting resin conposition, while an anpunt of nore than 50 parts by

wei ght may reduce the performance of the cured product. Further, other
addi tives can be added, if necessary 8t desired, to the curable epoxy
resin conposition of t he present invention. Such additives include, e.g.,

(z) fill ercompornds lalwing2, ogi hore, epexyajtoupslon Give avepaget &n theini num
hydr oxi de, nagnesi um hydroxi de, chalk, bentonite, bariumsulfate, and the
li ke (i nomgslecuXe thatsare lbownd Icwzdamyr egutlee wartsuc htom(a)rformingoner s,
silicone, etc. surface nodifiers, diluents, and flanme-retardants.

Her ei naf t athe htm.cqm\w npdatocarton eﬂmyiahd\lentﬁlmt arkl oméhe akicycbia.
Conpound (a) for the inventive latent curing agent for epoxy resin, that

i's, an al impdiracarioxyriagpound having 2 or nore epoxy groups in the
nDIecuIe i ncl udes t hose epoxy 31

conpounds havi rip? exampie, mentiow candbe madecofvehose epoxyheompounds| e
that are bound directly to the carbon atan(s) formng . the alicyclic
hydr ocar bdravimg el aiotd aépaxie grodpie ial ithec inod.ecmler repriesentedgby
For exanple, nention can be nmade of those epoxy conpounds

the general formula (1) or (2) below.

AOH_
CI\igPr/){ 6))
CH/R

cH2
wherein Y represents a C, to c,monocyclic, polycyclic or

bridged hydroca{rbon ring which may have substitueht group(s).

Specific ‘examples thereof include, e.g., those epoxy

compounds  represented by the formulae (i) to (vii) below.

H""CHZ '
O<O/ ¢ o]
::[::jf;f (i) C(:[::E::[, ff—-(H12
: iv)



having 2 or nore epoxy groups in the nolecule represented by the general

formula (1) or (2) below J[err] wherein Y represents a
Cerr] to (Jerr] nmonocyclic, polycyclic or bridged hydrocarbon ring which
may have substituent group (s). - Specific exanples thereof include,
e.g., those epoxy conpounds represegﬁed by the formulae (i) to (vii)

bel ow. [err] 32 [err]

wherein R' and R’ represent independéntly a hydrogen atom, a

methyl group or an ethyl group.

. 0 .
i . hn (vii)
CHy-0~C—(CHp) - C—0—~CH,
A gl
R.S- ' _ R4

wherein ‘R® and R‘ represent independently a hydrogen atom, a
methyl group or an ethyl group, and n is an integer of 2 to 10.
Among these epoxy compounds, those alicyclic epoxy
compounds represented by the formulae (vi) and (vii) ﬁre
particularly preferable because of their high boiling point,
and those alicyclic epoxy compounds represented by the formula
(vi) are more preferable because of their low viscosity.

As an alicyclic epoxy compound represented by the formula



wherein R err] and R err] represent independently a hydrogen atom a

nmet hyl" group or an ethyl group. [err] wherein R err] and R err]
represent independently a hydrogen atom a nethyl group or an ethyl group,
and n is an integer of 2 to 10. Anong t hese epoxy conpounds, those

alicyclic epoxy conpounds represented_hy the fornmulae (vi) and (vii) are
particul arly preferabl e because of the? hi gh boiling point, and those
alicyclic epoxy conpounds represented by the formula (vi) are nore

pr ef er abl g ;§ECANSEe OF sldAidxildAV ¥bEEPSiddoduced bYS BRiBEHCYA&KIERPXY
conmpound represented by the formula

L, (1 p ARREEzies LRI Sng PEOONERE, (Y2 [ LRI oF it BOOWSd 1 s

Che 1 or mVStes e =Eon; 182 dhite AR AL LY XN 1 e R M RO o B EEED e

o commutoa yoRpeAid leeieecitl byl M A AL Rt a BB e

A nydr or PR pYcBRToR CRERthe. [ B Biuih i, e S RO
both a hydrogen atoms, and n = 4) or the like is commercially

available.

The alicyclic epoxy compounds described above may be used
each alone or in combination of two or more thereof.

A hydrolyzable halogen group contained in an epoxy resin
is a critical factor worsening electrical reliability, so in
epoxy resin compositions used in the electronics field,
particularly in producing semiconductor parts, its
concentration should. be made as low as possible. In
conventionallatentcuringagéhts,glycidylcompoundshavebeen
generally used as epoxy compounds, but the glycidyl compounds
usually contain hydrolyzable halogen groups in the order of 1000
ppm (weight) and can thus not be said to be preferable in respect
of elgctrical reliability in the fieldof electronics. Further,
the hydrolyzable halogen groups can also be reduced by refining,
but it is difficult to attain high purity, and if refining is
conducted, there are the problems of an increased number of steps,

- higher costs, etc. The alicyclic epoxy compounds do inherently
not contain hydrolyzable halogen groups, and are free from the

problems described above, thus enable a significant reduction



Is a critical factor worsening electrical reliability, so in epoxy resin

conpositions used in the electronics field, particularly I n  producing
sem conduct or parts, its concentration should be made as |ow as
possi bl e. In conventional |atent curing agents, glycidyl conpounds have

been generally used as epoxy conpounds, but the glycidyl conpounds
usual |y contain hydrol yzabl e hal ogen g¥bups in the order of 1000 ppm
(weight) and can thus not be said to be preferable in respect of

el ectri Cgﬁ ;ﬁL% iﬁ?df’& Zablld’ ﬁafl'bglbﬁ §io@be0in ehieCEatélit id\Bfing gent.

hydr ol yz gen groups can so" be tTeduced by refining, but it is

difficult to a?bﬁbauﬂhgitbﬁu'fbfry the"d nvientdivienladent cheritiyCiaent Ifore are
the problens of ah increased nunber of steps, higher costs, etc. The

ali cycli cefBQyYre8iRQUEHALIDs], NHCESRBOUNG WAV LAG! B REY Gicllecflld ddtd ogen
groups, and are free fromthe problens described above, thus enable a

si gni fi cagttd@diiidy @Rino group and at least one functional groupseldcted
hydr ol yzabl e hal ogen groups i'n the latent curing agent. Conmpound ( b)

for the i pyen! meeégﬁ&eﬂtcmi@emgeﬂ OO grofp*8H' b, NIRigroup aNHEpTPOUNd

having in the noleCule both a tertiary amno group and at |east one

functi ona p ?z% fandMconengd, O NPd St Sén€El Be) Pe. group,
NH gr oup, b@f‘g}r ]c‘éﬁéf up, pCg)rC]-I grou;%ﬁ n%focngfN?ﬂ[SEe.rg?egr%up isﬂrjeprfls_bent ed

by, e. g. BERL] a I ) W. [ y g@@@éﬁél
formla (%)hegc}ﬁ espondgotig?tﬁ:#ea(g%e)ﬁe?gﬁ or rn%jlﬁgli(a% E%?%?i ouﬁglléy described in
connect i Okopr 4 8 )f bbresPpbfdl’ £8-the general formula (8) previously

described in connection with the first invention.

5 :
PON—R=W O
R . :
whereiti W represents an OH group, SH group, NH group, NH, group,
COOH group or CONHNH, group, R° and R° represent independently
a C to C,, alkyl group, a C, to C,, alkenyl group, an aralkyl
group such as benzyl group, or 6ne of the above groups wherein
some carbon atom(s) in the carbon chain are replaced by other
atom(s) (e.g., oxygen) or some hydrogen atom(s) on the carbon
chain are replaced by a halogen, a functional group represented
by W defined ai)ove or the l_ike, and R’ is a similar to R® and
R’ defined above but divalent résidue. Furthermore, R® and R*
or R", R® and R’ may be bound to one another to form a ring.
As Compound (b), those compounds containing a tertiary

amino group in the heterocyclic ring represented by the

following general formula (4), (5) or (7) can also be mentioned



[err] wherein Wrepresents an OH group, SH group, NH group, NH2 group,
COOH group or CONHNH err] group, R err] and R err] represent independently
a Cerr] to (Jerr] alkyl group, a CJerr] to (Jerr] al kenyl group, an

aral kyl group such as benzyl group, or one of the above groups wherein
sonme carbon aton(s) in the carbon chain are replaced by other aton(s)
(e.g., oxygen) or sonme hydrogen aton(s)3®n the carbon chain are replaced
by a hal ogen, a functional group represented by Wdefined above or the

| i ke, and &¥ effeatdivi donpéunds £r Mincdd2ntialdyr,| thie benedad bioxamuiide 4yal ent
residue. Furthernmore, Rerr] and Rerr] or Rerr], Rerr] and Rerr] may
be bound t @5 prendint)heorirespond,arespgctively, to thegenetalbformhdae
conpounds containing a tertiary am no group in the heterocyclic ring
represent e py (1) antio(1Dyidepcanidhbboemnn aophlectioh with Bhe diratso be
ment i oned ' 35 as effective conpounds.

I nci dent.al {xvehBgogeneral formulae (4), (5) and (7) correspond,

respectively, to the general formulae (9), (10) and (12) described above
in connection with the first i-nventi.ogb [err]

Py
R'ﬁ
NZ N~

-— )

RE R

@

wherein R';, R’, R and R represent independently a hydrogen
atom, one of the same groups as R’ and R® defined in the general
formula (3) above, an aryl group which'may be substituted with
an alkyl or aryl group, or a functipgal'group represented by
W in the general formula (3) above, and at least one of R, R,
R and R" represents a functional group represented by W or
a group containing a functionai group represented by W except
the case where R™ is a hydrogen atom. Even in the case where
R is a hydrogen atom, R*, R’ an;-:l R* can be a functional group

represented by W or a group containing a functional group

represented by W.

'S____gl ©)
1
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Rlerr], Rerr], Rerr] and Rl err] represent independently a

functional group represent ed by Wexcept the case where Rerr] is a
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gener al
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e group

a group containing a

atom one of the sane groups as R err] and R err] defined in the
formula (3) above, an aryl group which may be substituted with
aryl group, or a functional group represented by Win the general

(3) above, and at |east one of Rerr], Rerr], Rerr] and Rerr]
represents a functional group represed®ed by Wor

an

Sotmt it ardhy mie Bilanens’ geRane’’ B pr Afykpne’ Spnpy oo

which may be substituted with an alkyl or aryl group, and X'

is a hydrogen or a group represented by the following general

J\ R'C
NZ N

: R12 R13

formula (6)°

©®

wherein R and R* have the same meanings as in the general formula
(5) above, and R is a hydrogen atom, one of the same group
as R’ and R* defined in the general formula (3) above, or an
aryl group which may be substituted with an alkyl or aryl group,
and in the case where none of R” and R'¢ are a hydrogen atom,
at least one of R, R, RY, RY and R* represents a functional
group represented by W or a group containing a functional group
represented by W. Even in the case where R* and/or R 15 a
hydrogen atom, R}, R, R, R¥ and R! can be a functional group
represented by W or a group containing a functional group
represented by W. Incidentally, the general formula (6) above,

corresponds to the general formula (11) described above in



(6) . wherein Rerr] and R err] have the same neanings as in the general
formul a (5) above, and R err] is a hydrogen atom one of the sane group
as Rerr] and R err] -defined in the general fornula (3) above, or an aryl
group whi chmay be substituted with an al kyl or aryl group, and in the
case where none of Rlerr] and R err] a$f a hydrogen atom at | east one of
Rlerr], Rerr], Rerr], Rerr] and R ert] represents a functional group
represented by Wor a group containing a functional group represented by
W Even i 8ohHectdsf withetReckikstndnhoenklion.] is a hydrogen atom
Rlerr], Rerr], Rerr], Rerr] and R err] can be a functional group.
represented by. w or a group contaipy ng a functional group represent ed by
w. Incidentally, the general for] affi) above, corresponds to the
general formula (11) described aljove—ideeen1? ' ( o

37 connection with the first in¥gnti FTerr] wherein Rerr] is a
functional group represented by a simlar group to Rerr] or Rerr]
but containing a functional group represented by W Speci fic

exanpl es gheP@ARORMIid Q) £GABLEBnAN SgPGHE :@@ﬂém&e@5¥@pﬁwa¢ﬂ@1ar

described earlier in connection wth-the first invention.
group to R’ or R® but containing a functional group represented

by W.

specific ei:amples of compound (b) can be the same as those
of COmpéund (B) described earlier in connection with the first
invention.

As Compound (b) are prefeﬁable’compounds havigg both a
tertiary amino group and at least one functional group sele_cted
from the group consisting of OH group, NH group and NH, group,
which is all the same as with Compound (ﬁ). And specific
examples and more preferable examples of such compounds are all
the same as with Compound (B).

Compound (b) as described above can be used each singly
or in combination of two or more thereof.

COmpound.(c) as one of the starting materials for the
synéhetic reaction of the inventive latent curing agent for
epoxy resin, t:hat is, a compound having in the molecule at 1eést
one functional group selected from the group consisting of NH,
grbup and CONHNH, group, or in the molecule at least 2 functional
groups selected from the group consisting of OH group, SH group,

NH group and COOH group (provided that those compounds having



As Compound (b) are preferable conpounds having both a tertiary am no
group and at | east one functional group selected fromthe group consisting
of OH group, NH group and NH err] group, which is all the same as with
Compound (B). And specific exanples and nore preferable exanples of such

conpounds are all the sane as with Conpound (B). Compound (b) as
descri bed above can be used each singly38 or in conbination of two or nore
t her eof . Compound (c) as one of the starting materials for the

synthetic reaction of the inventive |atent curing agent for epoxy resin,
that is, ancepprRyndrbapi 6 a ntéitieiamy eami grdwyasin tlenendlewmtlieormate gr oup
sel ected fromthe group consisting of NH err] group -and CONHNH[ err ]

group, orekoludednyl tncleded, leagst, aminecdompainds gnehpas pelpentaxiide om t he
group consi sting of OH group, SH group, NH group and COOH group (provided

that thosangdtineuans dpvldlgexyl amine; polybasic carboxylic acids sud8 an
epoxy group or a tertiary amno group In the nolecule are excluded),

i ncl udes, as. gadiplitneagLapoUsiSha LI aft i Per3ga-1s ( Pudrbuxyethylp+ ohexyl
am ne; pol ybasic carboxylic acids such as adipic acid, phthalic acid,

3, 9- bi s( 226ar,BPryeidtnaoxadpird E@; 5 tiriecEie 7 pollyvallemdenaots swklyval ent

thiols such as 1,2-dimercaptoethane and 2-nercaptoethyl ether; hydrazide
conpounds agugh2adipeserptaethatiedfhd PyReéPEapEoetiVDOethets Iydiaz tde

al ani ne and val i ne; conpounds having 2 kinds or nore of

compounds such as phenyl acetic acid hydrazide; amino acids such
as alanine and valine; compounds having 2 kinds or more of
functional groups, such as 2-mercaptoethanol, l-mercapto-3-
phenoxy-2~propanol, mercaptoacetic acid, N-methyl ethanol
amine, diethanol amine, | hydroxyaniline, N-methyi-o—
aminobenzoic acid, anthranilic acid, sarcosine, hydroxybenzoic
acid and lactic acid; polyhydric alcohols such as
pentaerythritol, sorbitol, trimethylolpropane,
trimethylolethane and tris(hydroxyethyl) isocyanurate; and
polyhydric phenols. These compounds are all the same as with
Compound (C).

Compound (c) is particularly preferably a polyhydric
phenol compound, and examples thereof can be bisphenol A,
bisphenol F, bisphenol s, hydroquindne, catechol, resorcinol,
pyrogallol, phénol novolak resin and resol resin, which is all
the same as with Compound (C).

Compounds (c) described above may be used each s'ingly or
can be used in combination of two or more thereof, to react with

Compounds (a) and (b).



functional groups, such as 2-mercaptoethanol, 1-nercapto-3-
phenoxy- 2- propanol , nercaptoacetic acid, N-nethyl ethanol am ne,

di et hanol am ne, hydr oxyani | i ne, N- net hyl - o- am nobenzoi ¢ aci d,
anthranilic acid, sarcosine, hydroxybenzoic acid and l|actic acid;
pol yhydric alcohols such as pentaerythritol, sorbitol,

trinethyl ol propane, trinethylolethane3®and tris(hydroxyethyl) isocyanurate;
and polyhydric phenols. These conmpounds are all the same as with Conpound

(O. Compound (c). is particularly preferably a pol yhydric phenol
conmpound, angteXanpds prefesableatnat hoaghefotompoundissRkgnahndF(chi sphenol
S, hydroqui none, catechol, resorcinol, pyrogal | ol , phenol novol ak resin

and res@ontedinanyto £ l0H gr@hb, sH beo&@r;ecaen\qxtdu;camoconnﬂ@ group,
Compounds (c) descri bed above may be used each singly or can be used in

conbi natieraudfe e FeatVifr iltie betivecno thedallivycl ic eporgurdmpoandsnd (b) .
39 It is not preferable that none of Conpounds (b) and (c) contain

any of QGhdreHBseSktdHEMind O & Dywi ety Nudbretidd. beaatherhe
reactivity between the alicyclic epoxy conpounds and these conpounds S

si gni fi GRdppouyas *‘(B')eéind (chyrdhBike 3B déoﬁgbuﬁﬁg (40 inhelrdie19 yci dyl
conpounds, ‘do inherently not contai'n hydro yzabl e hal ogen groups.

not contain hydrolyzable halogen groups.

To produce the inveptive latent curing agent for epoxy
resin, Compounds (a), (b) and (c) and optionally, Compound (d),
a glycidyl compound having 2 or more epoxy groups in the molecule
can be allowed to react on one another. 1In this case, the
reaction temperature and reaction time can be reduced in
producing the inventive latent curing agent for epoxy resin,
and there is, in turn, an advantage from the viewpoint of
productivity of the latent curing agent for epoxy resin.
However, the addition or use of the glycidyl compounds, as
described above, causes an increase in hydrolyzable halogen
atoms in the latent curing agent, resulting in a reduction in
the effects of the present invention, so whether they are used
or not, or what amount is to be used, shall be determined suitably
in consideration of the desired use, standards, total costs,
etc. For example, if the inventive latent curing agent for
epoxy resin is to be used in conducting composites, the amount
of glycidyl compounds to be used or added is preferably not more

than 30 % by weight relative to the total amount of Compound

(a).



To produce the inventive latent curing agent for epoxy resin, Conpounds
(a), (b) and (c) and optionally, Conpound (d), a glycidyl conpound having
2 or nore epoxy.groups in the nolecule can be allowed to react on one
another. In this case, the reaction tenperature and reaction tinme can be
reduced in producing the inventive latent curing agent for epoxy resin,
and there is, in turn, an advantage frgg the viewpoint of productivity of
the latent curing agent for epoxy resin. However, the addition or use of

the glycidyl g?geﬂgdaggﬁ%y?ﬁéﬁéﬁngq@%@e to BHSESed bt HRAFE tidse

hydrol yzabl e h gen curing agent, resu Tngin a
ioed” of "bEn HREeh AR g R bRENYEAA raREMd Y e P MIF R BEKATLE
exarpl o, - PRe: RS, foe ¥ ATHLER Bty B0 Fopur® I 08 gndide oF
E?eSdAQdfﬁ?géﬁéﬁ%%ﬁf B B e Sy, %g;%a%s%y'oﬂi&%“%% ?s@?ofi?d
un I
(he gl yo 533"%8#3(1 &ﬁ&g?@%dfo BRSO I, SLTEECAREER ;o ¢
Cherof nmy rodi HovSope il 4 slastoss spt sty i oy

are addedpngG;9yf #M8k Wire epoxy groups in the molecular, includes

polyglycidyl ether compounds, polyglycidyl ester compounds,
polyglycidyl amine compounds, glycidyl ether ester compounds,
and compounds having glycidyl ester group(s) and alieyclic

epoxy group(s) .in the molecule as shown by the formula (8).

The polyglycidyl ether coniéounds described above include,
e.g., glycidyl ether compounds obtainable by reacting an
epihalohydrin with a polyhydric phenol compound such as
bisphenol A, bisphenol F, bisphenol 8§, catechol, resorcinol,
phenol novolak resin or resol resin, or with a polyhydric alcohol
com;l»ound such as a cpmpound obtaj:nable by subjecting glycerin,
polyethylene glycol, or polyhydric phenol compound to addition
reaction with ail alkylene oxide containing 2 to 4 carbon atoms.

As the polyglycidyl ester compounds described above,

mention can be made of glycidyl ester compounds obtainable by

allowing an aliphatic polycarboxylic acid such as adipic acid,



suitably determ ned depending on the given circunstances. The above
Compound (d), that is, the glycidyl conmpound having 2 or nbre epoxy groups
in the nol ecular, includes polyglycidyl ether conpounds, polyglycidyl

ester conpounds, polyglycidyl am ne conpounds, glycidyl ether ester
conpounds, and conpounds havi ng glycidyl ester group(s) and alicyclic
epoxy group(s) in the nolecule as shogm by the fornula (8). [err]

The pol ygl yci dyl ether compounds descri bed above include, e.g., glycidyl

et her conpounds obt ai nable by reacting an epihal ohydrin with a pol yhydric

phenol geprei8dagildhofsthéi BPkepnodr Aan hisgietid polypeaspbexplis, aciadéechol ,
resorcinol, phenol novolak resin or resol resin, or with a polyhydric

al cohol suehn@® \pHtlaic avid C tepephdhallliai ackicob\tisailljidat, ©O géxcerin,
pol yet hyl ene glycol, or polyhydric phenol conmpound to addition reaction
with anogl knl epahatohgaegdmt.ai ning 2 to 4 carbon atomns. As the

pol ygl yci dyl ester conpounds descri bed above, mention can be nade of

glycidyl estas €RETMBUES pliyy1RIdy 10Emine! ¢6MpoEnas, aemthtdn €an be
pol ycar boxylic acid such™as adi pi ¢ "aci d,

41 5eH@ﬁ@oﬁcéﬁéid%'f&mihéecmgéo@ﬂd@{Cé@ﬁ.i b M IO By readtiifig,such as

phthalic acid, Terephthalic acid or the like, to react oOn an

epi hal olgy¢.i,N4,4/~diaminodiphenyl methane, aniline, m~aminophenol or
the like, with-aé_epihalohydrin. -

As the above glycidyl ether ester compounds, mention can
be made of, e.g., glycidyl ether ester compounds obtainable by
allowing a hydroxycarboxylic acid such as p-oxybenzoic acid,
f-oxynaphthoic acid or the like, to react with an epihalohydrin.

Epihalohydrin referred to herein includes, e.q.,
epichlorohydrin, epibromohydrin, 1,2-epoxy-2-methyl-3-
chloropropane, 1,2-epoxy-2-ethyl-3-chloropropane, etc.

Among the glycidyl compounds described above, the.glycidyl
ether compounds, glycidyl ester compounds and glycidyl ether
ester compounds are preferabl-e, among which the glycidyl ether
compounds are particularly preferable.

The glycidyl compounds mentioned above may be used each
singly or can be used in combination of the 2 kinds or more
thereof.

In the production of the inventive latent curing agent for
epoxy resin, when Compound (b) is a compound having in the
molecule a tertiary amino group and at least one functional group

selected from the group consisting of OH group, SH group, COOH



As the above pol ygl ycidyl am ne conpounds, nention can be nade of

gl yci dyl am ne conpounds, etc. obtainable by reacting, e.g., 4,4

- di am nodi phenyl nethane, aniline, mam nophenol or the like, with an
epi hal ohydri n. : As the above glycidyl ether ester conpounds, nention
can be made of, e.g., glycidyl ether ester conpounds obtai nable by

al l owi ng a hydroxycarboxylic acid suchizas p-oxybenzoi c acid,
[err]-oxynaphthoic acid or the like, to react with an epi hal ohydri n.

Epi hal ohydrin referred to herein includes, e.g., epichlorohydrin,
epi br onofwetip fand colEmS RPQuE, Hhlh¥htdo o£ HIHY 2REpR¥Ave compounds
1, 2- epoxy- 2- et hyl - 3-chl or opr opane, etc. Anmong the gl ycidyl conpounds

descri begs aborgcid hepl 9C5 dvd 2.9t 8guicQTRRYSISprefEeaBYy 0s6etocanBouUNnds
and gl yci dyl ether ester conpounds are preferable, .anong which the

gl yci dyl e@lidedlen€®oLULHE apsxpaqugyé afhycenpbehabla) (or in Beengl yci dyl
conpounds nenti oned above may be used each singly or can be used in

conbi natcefpeandse(2) indl§dy) pe¥ 4 eqhiifateht of all olffMthéOWigeue, on of
the inventive latent curing agent for epoxy resin, when Conmpound (b) is a

conpoundshagrBip!," ddth ad®' E6MERRS §RGUD ALK Wﬁwp(@daﬁa l@ast one

functional group sel ected fromthe group co I ng of group, SH

group, Cgpkbvided that with t to the CONHNH,? [ OYP niffber
CONHNH[ ert] group, thhe ratti oro?SQ%ce re%pec?i ve cgﬁbo ﬁ?igg' ©

obtained by doubling the number of moles of the CONHNH, group

is assumed to be the equivalent of the CONHNH, group because
the CONHNH, group is a di-functional group toward the epoxy
compound), and Compound (c) is used preferably in twice the
amount in terms of moles of Compound (b). If the epoxy groﬁp
in 6ompound (a) (or in both Cdmpounds (a) and (d)) is less than
0.5 equivalent, sufficient storage stability cannot be obtained
upon incorporation of the reaction product as the latent curing
agent into an epoxy compound, whereas given 2.5 equivalents or
more, the softening temperature of the reaction product gets
too high and upon incorporation thereof as the latent curing
agent into an epoxy compound, sufficient rapid curing
properties cannot be exhibited while the resulting cured
product becomes heterogeneous. If Compound (c) exceeds twice
the moles of Compound (b), curing properties are worsened.
When Compound (b) is a compound having in the molecule a
“tertiary amino group and at least one functionall group selected
from the group consisting of NH group and NH, group, the ratio

of the respective compounds is a ratio of 0.2 to 1.1 equivalents



Is aratio of 0.5 to 2.5 equivalents, preferably 0.6 to 1.5 equivalents of
t he epoxy groups in Conmpound (a) (or in both Conmpounds (a) and (d)) per 1°
equi val ent of all of the OH group, SH group, COOH and CONHNH2 ‘group in
Compounds (b) and (c) (provided that with respect to the CONHNH2 group, a
nunber obtai ned by doubl.ing the nunber of nol.es of the CONHNH2 group is
assuned to be the equival ent of the COMENH2 group because the CONHNH err]
group is a di-functional group toward the epoxy conpound), and Conpound
(c) is used preferably in twice the anount in ternms of noles of Conpound

(b). If cthehepeppxyr gupup AnCaomponad( ) ( ¢oxri AinbbohhCooppondds( §p)and (d))
Is less than 0.5 equivalent, sufficient storage stability cannot be

obt ai nec&ndupdn )i pen lpeqeivabent afhall edt therOp godaup, 88 group aCOMH,curi ng
agent into an epoxy conpound, whereas given 2.5 equivalents or nore, the
sof t eni rCPNENH)egadbupe Wi dieup eand INB groap cin @mpourds hilgh amdd (gpon

I ncorporation thereof as the latent curing agent into an epoxy conpound,
suf fi ci gfprowvided alidtgithr pespet e ste aheoCONENHX [ydode andhivlig gdempr,esul ting
cured product becones heterageneous. |If Conpound (c) exceeds twi ce the

nol es ofa QuiiBRINEbtRine@Wy AduR1ARg the miilfeMRESROEEs of the COMENE L onmpound
(b) is a conmpound having in the nolecule a tertiary am no group and at

| east ongrdwh &Y RAAGroupUds SistideRlito He eNel 8§u vQYENE WS ithiel OONBRENH gr oup
and NH2 group, the ratio of the respective conpounds is a ratio of 0.2 to
1.1 equi yPb&®PloT NH, group because these groups are di-functional groups
toward the epoxy compound). If the epoxy group.in Compound (a)
(or in both Compounds (a) and (d)) is less than 0.2 equivalent,-
sufficient storage stability cannot be obtained upon
incorporation of the reaction product as the latent curing agent
into an epoxy compound, whereas given 1.1 equivalents or more,
the softening temperature of the reaction product gets too high
and upon incorporation thereof as the latent curing agent into
an epoxy compound, sufficient rapid curing properties cannot
be exhibited while the resulting cured product becomes
heterogeneous.
The inventive latent curing agent for epoxy resin can be
obtained, e.g., by sufficiently mixing Compouﬁds (a), (b) and
(c) (or Compounds (a), (b), (c) and (d)), gelatinizing the
mixture at room temperature, then completing the reaction at
a temperature of 80 to 150 °C, then solidifying by cooling, and
grinding the solidified mixture. This reaction may be

conducted in a solvent such as toluene, tetrahydrofuran, methyl

ethyl ketone, dimethylformamide or the 1like, followed by



43 of the epoxy group in Conpound (a) (or in both Conpounds (a) and (d))
per 1 equivalent of all of the OH group, SH group, COOH, CONHNH err]

group, NH group and NH2 group in Conpounds (b) and (c) (provided that with
respect to the CONHNH err] group and NH err] group, a nunber obtained by
doubling the nunber of noles of the CONHNH err] group or NH err] group is
assuned to be the equivalent of the COMMNH err] group or NH err] group
because these groups are di-functional groups toward the epoxy conpound).

I f the epoxy group in Conpound (a) (or in both Conpounds (a) and (d)) is

| ess t havemovaloefvbhensolventii sothdificatjensandi birtinddagnot be obt ai ned
upon incorporation of the reaction product as the latent curing agent

into an epoxyThenpovent ivwedratzantyicuaring ageqti fakcepexyrresin can e
softening tenperature of the reaction product gets too high and upon

i ncor por@btaknedcasctheaaddition groductismdqaviang ankicramy sefbendagound,
sufficient rapid curing properties cannot be exhibited while the resulting
cured prbeRperatusesdy tbasgingnehe type and mibhing madio of doatpaundsur i ng
agent for epoxy resin can be obtained, e.g., by sufficiently m xing
Conpound¢aj a) (b} byndngk) (@ (@), Cbypoyoysald)(dfp) . aid)thosk (fying

gel atini zing the m xture at roomtenperature, then conpleting the

react i onsafteningevempatatered c¥)600td 3B ¢ rare mbenpsefedabyeng 1y
cool ing, and grinding the solidified m xture. This reaction may be

conduct ethenlatentveuaringcligént twitkne, sd eteming rodmperaties ot lesd hyl
ket one, dinethylformam de or the |ike, followed by
than 60 °C is incorporated into an epoxy compound, the resulting
epoxy composition is poor in storage stability at room
temperature while the latent curing agent with a softening
temperature of more than 180 °C does not bring about sufficient
curing property.

In producing the inventive latent curing agent for epoxy
resin, monoepoxy compounds besides Compounds (é), (b), (c) and
(d) may accompany in the range in which the effects of the present
invention are not inhibited. Suchmonoepoxy compounds include,
€.g., monoepoxy compounds such as butyl glycidyl ether, phenyl
glycidyl ether, p-tert-butyl phenyl glycidyl ether, sec-butyl
phenyl glycidyl ether, glycidyl methacrylate, etc.

The latent curing agent for epoxy resin of the present
invention can also be used in combination with curing agents
known in the art, such as acid anhydrides, dicyandiamide,

“hydrazide compounds, guanahines, melamines, etc.
The respéctive compounds as the starting materials for the

inventive latent curing agent for epoxy resin, some of which



44 renoval of the solvent, solidification and grinding. The

I nventive |latent curing agent for epoxy resin can be obtained as the
addition products having arbitrary softening tenperatures by changing the
type and m xing ratio of Compounds (a), (b) and (c) (or (a), (b), (c) and
(d)), and those having softening tenperatures of 60 to 180 [err]C are nore
preferable. If the latent curing agen#3with a softening tenperature of

|l ess than 60 [err]C is incorporated into an epoxy conpound, the resulting
epoxy conposition is poor in storage stability at room tenperature while

t he | at ehaveurbegnagtescxibéd a alwiteni may t beperefdnedof sndtabiliganingo
[err] C does not bring about sufficient curing property. I n producing
t he i nvembnventipaall prodessegenchfas dépbillatdons resxyepakyizatibonnds

besi des Conmpounds (a), (b), (c) and (d) may acconpany in the range in

whi ch thetef.f ects of the present invention are not inhibited. Such
nonoepoxy conpounds include, e.g., nobnoepoxy conpounds such as butyl

gl yci dyl et hefthephizment f¥g cildyenet marinyg tagenbufor Epoxy pegindys et her,
sec-butyl phenyl glycidyl ether, glycidyl nethacrylate, etc. The

| at ent . cwapigllygeriurding epaxy hassi rapidihe puecdiagt funetdbnonatanlawso be
used in conbination with curing agents known in the art, such as acid

anhydri daempéritairisanadd. doslr awterequieendsighuasiperestures aifiores,
etc. The respective conpounds as the starting materials for the
I nvent i veadiRisdtn £ Whil) PERi¢ihg" tReMXL M £68ssS6fitebbctitonlics parts
such as electronic elements, liquid-crystal panels, etc., to
which the latent curing agent when incorporated into an epoxy
compound has been applied, whereby the reduction and
deterioration of connection precision canbe reduced. Further,
it is rapidly curing at low temperatures and simultaneously,
has the following excellent characteristics as compared with
conventional amine adduct-type latent curing agents: (1) it is
also excellent in electrical reliability due to a low
concentration of hydrolyzable halogen groups therein; (2) it
raises the glass transition point of the resulting resin to
improve the thermostability of the cured product; and (3) when
used in conducting composites, it improves.the electrical
conductivity of the cured product.
The inventive latent curing agent (y’) for epoxy resin can
be uniformly mixed with an epoxy compound (x') having 2 or more
epoxy groups in the molecule, whereby the curable epoxy resin

composition of the present invention is easily formed.

In the curable epoxy resin composition of the present



45  have been described above, may be refined suitably in conventional
processes such as distillation, recrystallization, etc. The
inventive |atent curing agent for epoxy resinis rapidly curing or has
rapidly curing function at |ow tenperatures and does not require high
tenperatures for adhesion, thus reducing thermal stress on el ectronics
parts such as electronic el enents, Iié@id-crystal panels, etc., to which
the latent curing agent when incorporated into an epoxy conpound has been
appl i ed, whereby the reduction and deterioration of connection precision
can be r dawsatidiur therepoxy comprupild{®” thaviggal orowre epoaxyt greupand
si nul taneously, has the follow ng excellent characteristics as conpared
wi th corretheonel ecul edadades aywisie sagietyuof epaxie compounds such  al so
excellent in electrical reliability due to a |low concentration of
hydr ol yzas @lisyojdic gpoxyscoinpoends {2¢dids Qoaipxama Ha )glasglycadyilt i on
point of the resulting resin to inprove the thernostability of the cured
product ; compq@)dsvheed aseCompoundd(d) i ndlrx vl fiiledsi oift eleptroeaicshe
electrical conductivity of the cured product. The inventive | atent
curing aggiycidyl compormeisywithihydxolyzdlsle haflogenygproupd weéddced bgpoxy
conpound (x') having 2 or nore epoxy groups in the nolecul e, whereby the
curabl e epefinimgiare used, and the inventive latent curing agent for
epoxy resin can also be formed into a curable epoxy resin
composition having a lowcontent of hydrolyzable halogen groups,
which is more suitable for use in electronics.

The amount of the inventive latent curing agent (y’) for
epoxy resin to be incorporated in the inventive curable epoxy
resin composition is preferably 0.3 to 50 parts by weight per
100 parts by weight of the epoxy compound (x’) having 2 or more
€epoxy groups in the molecule. In an amount of less than 0.3
part by weight, sufficient curing properties cannot be attained,
while in an amount of more than 50 parts by weight, the
performance of the resulting cured product may be worsened.

By further adding inorganic filler(s) (z’) to the curable
epoxy resin composition consisting of the components (y’) and
(x’) described above, it is possible to form the curable epoxy
resin composition to be used as, e.g., resin composition for
conducting composites, anisotropic conductive films,

5encapsulants for semicondﬁctor, or the like.

To use the inventive resin composition as a resin

composition for conductive resin composities or anisotropic



conposition of the present invention is easily forned. In the
curabl e epoxy resin conposition of the present ThlssheetHasBe

46  invention, the epoxy conpound (x') having 2 or nore epoxy Replaced
t he nol ecul e |ncI udes a wi de variety of epoxy conpounds such a ,&nm I "“"I
epoxy conpounds used as Conpound (a) or glycidyl conpounds use

Compound (d). In the field of electroatcs, glycidyl conpounds wth
hydr ol yzabl e hal ogen groups reduced by refining are used, and the

inventive |atent curing agent for epoxy resin can also be forned into a

cur abl e copdagtios rEilpunpothei dnokganig £ildwreontmriudé bypddabyisel e

hal ogen groups, which is nore suitable for use in el ectronics. The
amount dfilfllegs ,ndhat \is,| metall powdey sgeht abygpller sidpexy ceppert,0 be

i ncorporated in the inventive curable epoxy resin conposition is

pr ef er ajpatladium fickell ety. wasywdllpas cadrpBlaskhgrapighte petiche epoxy
conpound (x') having 2 or nore epoxy groups in the nolecule. In an anount

of | ess RurbheX 3 itpdst absovpossible Ufd iuseeromposite Fidlers ehezeimot be
attained, while in an anmount of nore than 50 parts by weight, the

per f or mavet@ lopotvlerrsech tisnjron; edppetqusicke), Wo\0bsat@rbon blackhy
further adding inorganic filler(s) (z') to the curable epoxy resin

conposi tdidnicEowdeng efgamic COSPDRPoRAéY' éuéﬂdas(FolyéQ greinked japove, it
is possible to formthe curable epoxy resin conposition to be used as,
e.g., Ieurfareqesatedwith an electrically conductive material such

as gold, silver, or the like.- Such fillers may be in the form

of granules, flakes, dendrites or the like, as is necessary.

Usually, silver powder is often used from the viewpoint of costs

and electrical conductance.

To use the inventive resin composition as encapsulant
resin for semiconductor, the inorganic fillers include powders
of alumina, silica, calcium carbonate, aluminum hydroxide,
magnesium hydroxide, talk, bentonite, barium sulfate, aerozil,
etc. In particular, silica such as crystalline silica, fused
silica, or the like, is frequently used.

To use the inventive resin composition as, e.g., resin
composition for conducting composites, the amount of inorganic
fillers to be incorporated is 10 to 55 volumes per 100 volumes
of the inventive resin composition. In an amount of less than
10 volumes, sufficient electrical conductance cannot be
achieved, while in an amount of more than 55 volumes, the
viscosity of the resin composition gets too viscous to be

practical. A preferable amount is 15 to 55 volumes. To use

THIS SHEET HAS BEEN
REPLACED




conducti ng conposites, ani sotropic conductive films, encapsul ants

for sem conductor, or the |ike. To use the inventive resin
conposition as a resin conposition for conductive resin conposities or
ani sotropic 47 conductive fil s,

the inorganic fillers include conductive fillers, that is, nmetal powder
such as gold, silver, copper, palladiﬁ%} ni ckel, etc.,

aswel | ascar bonbl ack, graphite, etc. Further, it is also possible to use
conposite filJlers wherein ,netal powder such as i,ron, coppe ni ckel, etc.
or carboﬁhﬁld&ﬁenﬁﬁWﬁcﬁ?ﬁbﬂd&FFﬂﬂﬁiﬁﬁ%?r%§iﬁﬁ&ﬁﬂkﬁ°§ﬁ§glg§°ﬁol yrene
Is surface-cpated with an electrically conductive material s as gold,
S lver. BRIPREEPPRS CoRgRRt Fye ity Phes SRRURR.SF fRp datte Hihied®  Pokes,
dendrites or the like, as_is HECESSﬁ%g. Usual |y, iilver owder iﬁloften
used frohPtPe WMCRIRATALEH 158:d tamp sfunes per- 49 velnmes of thery q¢

t he invegéhve rssin conpa@sition as enc%ﬁsulant resin for sem conductor,

t he i nor §&AMcand maxe preéprablyodetie 19rvelynes Lo Preveat an eXepss
carbonate, al um num hydroxi de, _magnesi um hydroxi de_, chal k, bentonite,
bari um s@ff bhe elrgtricallyqonductiye ingrganis fiddergchiram £QXming| i ne
silica, fused silica, or the like, is frequently used. To use the
i nvent i v@ $RRYH Cdgigddi«t | BHriBere £pr usesthereofiss PRFaRSHAANEFRRIER | ng
conposi tes, the anount of inorganic ) . . )

for semiconductor, the amount of inorganic fillers is 40 to 90

parts by weight per 100 parts by weight of the resin excluding

the fillers.

Besides the inorganic fillers described above, organic
fillers wusually incorporated into curable epoxy resin
composition can also be incorporated within the range in which
the effects of the present invention are not inhibited. Such
organic fillers include fine nylon particles, fine polystyrene
particles, fine polyethylene particles, cross-linked fine
rubber particles, fine acrylic core-shell particles, fine
rubber-based core-shell particles, fine silicone particles,
and fine ethylene-acrylate copolymer particles.

‘The curable epoxy resin composition of the present
invention can contain other additives as nedessary within the
range in which the effects of the present invention are not
inhibited. Such additives include, e.g., fluidity regulators
-such as acrylic oligomer, silicone, etc., as well as surface

modifiers, coloring agents, releasing agents, surface active

agents, coupling agents, diluents, flame-retardants, silicon



fillers to be incorporated is 10 to 55 volunmes per 100 vol unes of the

i nventive resin conposition. In an anount of less than 10 vol unes,
sufficient electrical conductance cannot be achieved, while in an amount
of nore than 55 volunmes, the viscosity of the resin conposition gets too
viscous to be practical. A preferable amunt is 15 to 55 volunes. To use
48 the inventive resin conposition &2 resin conposition for anisotropic
conductive filns, the anount of inorganic fillers to be incorporated is
0.1 to 25 volunmes per 100 volunes of the filmand nore preferably 0.1 to
10 vol urekl i orphkeentebt®. excess of the electrically conductive inorganic
fillers fromformng a short circuit. Further, for use thereof as
encapsul ant resin for sem conductor, the anount of inorganic fillers is 40
to 90 parts by weight per 100 parts by weight of the resin excluding the
fillers. Besi des the inorgarBXANRLE®rs descri bed above, organic
fillers usually incorporated into curable epoxy resin conposition can al so
be i ncor por at Bereinafherhethengresenvhinvent hen evitttise cdesdribed stmt

i nvention are not inhibited. Such organic fillers include fine nylon

parti cl espreidetabl \by yredflerena ttocPreduttionpBkamphebcand (Exanples,
cross-linked fine rubber particles, fine acrylic core-shell particles,
fine ruwhéchbhowevenrares et inbendetictso Mimic shei ppeseptrinvemsionand fine
et hyl ene-acryl ate copol yner particl es.

First, Examples of the first invention will be described.
The abbreviations for the starfing materials used in Production
Examples and Examples are as follows:
(A) Epoxy compounds having more than one epoxy groups on the
average in the molecule:
EP#828: “Epicoat #828” (bisphenol A type epoxy resin (epoxy
equivalent, 184 to 194) produced by Yuka Shell Epoxy
K. K.),
EP#834: “Epicoat #8347 (bisphenol A type epoxy resin (epoxy
equivalent, 230 to 270) produced by Yuka Shell Epoxy
K. K.),
EP#1001: “Epicoat #1001” (bisphenol A type epoxy resin (epoxy
equivalent, 450 to 500) produced by Yuka Shell Epoxy
K. K.),
EP#807: “Epicoat #807” (bisphenol F type epoxy resin (epoxy
equivalent, 160 to 175) produced by Yuka Shell Epoxy
K. K.).

(B) Compounds having, in the molecule, both a tertiary amino



-The curabl.e epoxy resin conposition of the present I nvention can contain
ot her additives as necessary within the range in which the effects of the
present invention are not i nhi bited. Such additives include, e.g.,
fluidity regul ators such as acrylic oligomer, silicone, etc., as well as
surface nodi fiers, coloring agents, rel easing agents, surface active
agents, coupling agents, diluents, flaf®-retardants, silicon

49 oi |, rubber, etc. : EXAMPLES

Hereinafter, the present invention will be described in nore detail by
reference todABRIATDRIEARAAed fHivnabinnsle groughisslemird cFremcthet
intended to limt the present invention. First, Exanples of the
first inventigHPUR FPREASEABEQHOH. grovR, SHIEQUR: MNFhITreup, ik G¥QWPI ng
materials used in Production Exanples and Exanples are as follows: (A
Epoxy conpourtEOhgnonp mnd GONENHRNgreppsy groups on the average in
the nol ecul e:  EP#828: "Epicoat #828" (bisphenol A type epoxy resin (epoxy

equi val ePEAPAG4 diethylandimahrony lapine f Weikey agnbent, 0.16 wtk), K. ),
EP#834:. "Epi coat #834" (bisphenol A type epoxy resin (epoxy
DEAE-OH: diethyl aminoethanol (water content, 0.18 wt%),

2PZL: 2-phenyl imidazoline (water content, 0.07 wt%),
2E4MZ: 2-ethyl-4-methyl imidazole (water content, 0.30 wt%),
2MZ: 2-methyl imidazole (water content, 0.06 wts%),
PG-MZ: 1-(2-hydroxy~3~phenoxypropyl)-2-methyl imidazole
(water content, 0.04 wts),
PG~EMZ: l-(2-hydroxy-3-phenoxypropyl)-2-methyl-4-methyl
imidazole (water content, 0.28 wt%),
PG-PZL: 1-(2-hydroxy-3-phenoxypropyl)-2-phenyl imidazoline
(water content, 0.04 wt$%),
DMP-10: 2-(dimethylaminomethyl) phenol (water content, 0.42
wts), |
DMP-30: 2,4,6~tris(dimethylaminomethyl) phenol (water content,
0.09 wt%),
SMZ:" 2-mercapto-l-methyl imidazole (water content, 0.18 wt%),
DMGH: N,N-dimethyl glycine hydrazide (water content, 0.34 wt%),
NA: nicotinic acid (water content, 0.31 wt%).
(C) Compounds having in the molecule at least one functional
group selected from the group consisting of NH, group and
CONHNH, group or in themolecule at least 2 functional groups

selected from the group consisting of OH group, SH group,



equi val ent, 230 to 270) produced by Yuka Shell Epoxy K K),
EP#1001: "Epi coat #1001"(bi sphenol A type epoxy resin (epoxy

equi val ent, 450 to 500) produced by Yuka Shell Epoxy K. K),

EP#807: "Epicoat #807" (bisphenol F type epoxy resin (epoxy

equi val ent, 160 to 175) produced by Yuka Shel | Epoxy K K).

(B) Conpounds having, in the molecul e,3both a tertiary am no

50 group and at least 1 functional group sel ect ed fromthe group

consisting of OH grou SH group, NH group, {?MWL gr oup gr oup

and CONHNH2 rgicm@up: Arogpat ROPH ¥R dRA & éﬂi’t‘%ﬂ’ é&ﬁ'f’é’ﬁ-tdedo 16
wt9% , DEAE-CH. diethyl am noethanol (water content, 0.18 wt%, . 2PZL:

2- phenyl |m%"olFh‘és?V\HPEPOBBﬁFe#@VWQO'PR&’% groqp () OretRPtisnyet hy|
i m dazol e (water content, 0.30 wt /?L 2MZ: 2-nmet hyl imdazole (water
content, O. omwtl%grommz arejexelugeddsy- 3- phenoxypropyl ) - 2- net hyl

Im dazol e (water content, 0.04 W%, PG EM:

1- ( 2- hy&MW&My@rW?rxmtﬁytp 40 2T hyts) , i m dazol e (wat er
content, 0.28 wt%, PGPZL: 1-(2-hydroxy-3-phenoxypropyl)-2-phenyl

im dazoll?mz,\: phenol riawnlkak ¢ Shoenl BRE~56 51t {hydroxyl group equivalent,

103; water content, 0.57 wt%, a product of Showa Highpolymer
_Co., Ltd.),

-—

PIP: anhydrous piperazine (water content, 0.39 wts%),

PAAH: phenyl acetic acid hydrazide {(water content, 0.22 wt%),
AL

aniline (water content, 0.14 wt%),
HQ: hydroquinone (water content, 0.25 wt%),

DEA: diethanolamine (water content, 0.09 wt%.) .

Production Example 1 (Production of an addition product of
DEAE-OH and “Epicoat #828")

110.3 g (0.584 equivalents) of “Epicoat #828", 39.1 g
(0.334 equivalents) of DEAE-OH and 10.5 g (0.583 equivalents)
of water were placed in a beaker and stirred vigorously at room
temperature during which the temperature was gradually raised.
The reéction proceeded rapidly exothermically at about 70 °C,
and thereafter the reaction was allowed to proceed for 1 hour
in such that the reaction mixture was maintained at about 110
°C by éooling or heating. After the reaction, the reaction
mixture was cooled to room temperature to give a pale yellow

solid. This addition product was roughly ground and then finely



DWVP- 10: 2- (di net hyl am nonet hyl ) phenol (water content, 0.42 w %
DVP-30: 2,4,6-tris(di nethylam nonethyl) phenol (watercontent, 0. 09
w%, SMZ : 2-nercapto-1l-nethyl imdazole (water content, 0.18 w%,
DMGH: N, N-di net hyl gl yci nehydrazi de (watercontent, 0.34wt%, NA nicotinic
acid (water content, 0.31 wt%. (C Canpounds haV| ng in the nol ecul e at

| east one functional group sel ectd®d fromthe group consisting of NH2
group and CONHNH2 group or in the nolecule at |east 2 functional

groups sel ected fromthe group COI’ISI stipg of roup roup,

51 TGP, TP & PEVGEs.BF RSHT GoouD HAARSORRRAZIS BiERERPBy! ded

t hat those corrpounds havi ng epoxy roup(s) or tertiary am no group(s)
are excl Jadd wilgbe gafarnad ntoRuEANg Ggi?tvﬁ‘% epogEs\reghinol
novol ak " Shonol BRG 555" (hydr oxyI group equi val ent, 103; water
content, SAmpAeuNg. ol product of Showa Hi ghpol yner Co., Ltd.), PIP:
anhydr ous pi perazine (water content, 0.39 wt%, PAAH phenyl acetic acid
hydrazi de (vvater content, 0.22 wt%, AL: aniline (water content, 0.14

roqui none (water content, 0.25 w%, DEA diethanol am ne
(wat er c&ﬁ#ﬂctxpmgxm e 2 (Production of an addition product of PG-MZ,

DMP-30, BA and “Epicoat #828")

A three-necked 3,000 ml flask equipped' with a reflux
condenser and a stirrer was charged with 116.1 g (0.5
equivalents) of PG-MZ, 26.6 g (0.1 equivalent) of DMP-30 and
57.1 g (0.5 equivalents) of BA, 1.8 g (0.1 equivalent) of water
and 500 ml of methyl ethyl ketone as the solvent. Then, 189
g (1.0 equivalent) of “Epicoat #8287 dissolved in 300 ml methyl
ethyl ketone was added dropwise(about 3 hours) to the mixture
under heating and stirring. After this addition, the mixture
was further heated under reflux for 2 hours with stirring.
Thereafter, the methyl ethyl ketone as the solvent was distilled
off under reduced pressure, and the residue was cooled to room
temperature to give a pale yellow solid. This addition product
was roughly ground and then finely ground to give a powder of
about 10 um in the average diameter. This will be referred to

as Latent curing agent for epoxy resin Sample No. 22.

The sample number of the inventive curing agents for epoxy
resin synthesized according to Production Example No. 1 or 2,

as well as the composition of the starting materials thereof,



Production Exanple 1 (Production of an addition product of

DEAE- CH and "Epi coat #828") 110.3 g (0.584 equival ents) of "Epicoat
#828", 39.1 ¢ (0.334 equival ents) of DEAE-CH and 10.5 g (0.583

equi val ent s) of water were placed in a beaker and stirred vigorously at

room tenperature during which the tenBerature was gradual ly raised. The
reaction proceeded rapidly exothernmcal P at about 70 [err]C, and '
thereafter the reaction was allowed to proceed for 1 hour in such that

the react age Bh¥iM i Nt ai ned at about 110 C by cooling or heating.
After the reactigﬁ,gfﬁg%Fg%bgigﬁ1°“hixture was cooled to roomtenperature
to give a pale yellow solid. This addition product was roughly ground and
then finely 52 ground to give a
powder of about 10 [err]min the average dianeter. This will be referred
to as Latent curing agent for epoxy resin Sanple No. 1. Pr oducti on
Exanpl e 2 (Production of an addition product of PG M,

DWVP- 30, BA and "Epi coat #828") A three-necked 3,000 m flask equi pped
with a reflux condenser and a stirrer was charged with 116.1 g (0.5
equi val ents) of PG M, 26.6 g (0.1 equivalent) of DMP-30 and 57.1 g (0.5
equi valents) of BA, 1.8 g (0.1 equivalent) of water
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and 500 m of nmethyl ethyl ketone as the solvent. Then, 189 g (1.0
equi val ent) of "Epicoat #828" dissolved in 300 M nethyl ethyl ketone was
added dropwi se(about 3 hours) to the mixture wunder heating and stirring.
After this addition, the m xture was further heated under reflux for 2
hours with stirring. Thereafter, the ggthyl ethyl ketone as the sol vent
was distilled off under reduced pressire, and the residue was cooled to
room tenperature to give a pale yellow solid. This addition product was
roughly ground and then finely ground to give a powder of about 10 [err]m
in the average diameter. This will be referred to as Latent curing agent

for epoxy reS|n Sanpl e No. 22. Table 1N€ sanple number of the inventive
Curing pgenfstor—epoxy e+ s'PLﬂes:’ed 2 oeHHg—He—P Exanpl e
No. 1 O%?: Iagredienk |(a) sngrddkntc(b)Tpdngeﬂn(q)) a/tidoe St Ambunn@f mgWetet al s tiher eof ,
53 are|shown|ip Tabl e [l«hel ow. %3 ival ter added tent
54 ¢D 3(29 3) (eq}lTa%f ewair aSarrpl cecm I ngr edi ent
(a) | ng edi-en edient (¢ al(b+c) rahﬁ)’?‘nllnt (*A) \AAL £9)
. 1 (1.75) | DEAE-OH (1.0) — 1 L7 10 1.0130
2 EP#828(1.8) |DEAPA (2.0) — 0.90 1.0 1.0127
3 EP#828 (20) |DMP-30 (1L.0) -— 2.00 10 1.0129
4 |EP#R28(L1) |2EAMZ (1.0) — 1.10 10 1.0230
5 EP#828(1.1) [2PZL  (L0) — 1.10 1.0 10115 _
6 EP#828 (14) |PGMZ (1.0) — 140 10 1.0100
7 EP#828(13) |NA (6 X1)) — 130 1.0 1.0226
8 |EP#28(13) [DMGH (1.0) — 130 10 1.0148
9 EP#828 (13) |SMZ 1.0 -— 130 10 1.0151
10 |[EP#834(L5) |PGPZL (10) — 1.50 10 1.0127
11 EP#828 (1.5) |DEAPA (1.0) (BA (1.0) 0.75 1.0 1.0216
12 EP#828 20) [{DMP-30 (1.0) |BA (1.0) 1.00 10 1.0215
13 EP#828(20) |PG-EMZ (10) |BA (1.0) 1.00 1.0 1.0352
14 |EP#828(1.8) |2EAMZ (1.0) [PNV (1.0) 090 10 1.0346
15 |EP#28(L8) [PGPZL (1.0) [PNV (1.0) 0.90 1.0 1.0281
16 |EP#28(20) |[DMP-10 (10) [PIP (10) 1.00 1.0 1.0286
17 |EP#828(20) |DMP30 (1.0) |PAAH(L.0) 1.00 1.0 1.0129
18 EP#828(20) |DMP-30 (1.0) |[AL (10) 1.00 10 1.0129
19 [EP#828(20) |[DMP30 (10) [PIP  (0.5) 1.00 1.0 1.0195
BA  (05)
20 |EP#828(20) [DMP30 (1.0) |DEA (1.0) 1.00 1.0 1.0129
21 EP#828 20) [SMZ (10) {BA (1.0 091 10 1.0241
; DMP-10 (0.2)
22 |EP#828(20) |PGMZ (1.0) [BA (L0) 0.91 0.1 1.0188
DMP-30 (0.2)
23 |EP#828(20) [PGMZ (15) {BA (1.5 0.63 1.0 1.0243
DMP-30 (0.2)
24 |EP#828(25) [PGMZ (L0) |[BA (L5) 0.83 10 1.0213
DMP-30 (05) |
25 |EP#828(20) [DMP-10 (1.0) |[ADP (1.0) 1 1.0 1.0296
26 |EP#828(20) |PG-MZ (1.0) [DME (1.0) 1 1.0 10133




No. (*1) (*2) (*3) (equi val ent water

added content rati o)

(*4) (*5) 1 EP#828 (1.75) DEAE-OH (1.0) - | 1.75
1.0 1.0130 2 EP#828 (1.8 ) DEAPA (2.0) - 0. 90
1.0 1.0127 3 EP#828 (2.053 DMVP-30 (1.0) B 2. 00
1.0 1.0129 4 EP#828 (1.1)° 2EAMZ (1.0) - 1. 10
1.0 1.0230 5 EP#828 (1.1) 2PZL (1.0) - 1. 10
1.0 1.0115 6 EP 4) P 1.0 - 1. 40
1.0 1.0100 7 Dﬁgéie(i&anEﬁ ued) (LJ %\ . 130
1.0 §?P‘°1 RgeBent (§ |Ingrodfak 35S | lagiddicnt o)( 1. DAmount of |Water 130
1.0 © 1]Q348 9 | EP#828|443) S . 130
1.0 Q8T T D Soeies é%’ﬁ 5) )if:m') added :;;“t 1.50
1.0 1 ] 14 BA—{(15) o) 0.75
1.0 27 1 %(ﬁh PDEAPA-D 5 aBA > §15) °é%) (1. 00 Ba | 1®7) 1. 00
1.0 1J0215 1 {DMP3EP@3PY (2.0) ARG EMZ (1.0) BA | (1.0) 1. 00
1.0 28 L{RBASY 12MZ CH(j, 316 B (- Ong N (oS 0. 90
1.0 10346 ¢ E 1. 8% ie Pt (1 01) 1.0) 0. 90
1.0 1J0281 1 ¢DMP3gp@@dd (2. 0) -10 (1. PI Pl (1.0) 1. 00
1.0 2 9 1.|BPAE84 (0] {PGMZPEIBGBAZ. Q1 OVPesD (1. 0)10 PAAH (.0208) 1. 00
1.0 1.10129 1 SamaEPES29 (2.0) |DMP-30 (1.0) AL| (1.0) 1. 00
1.0 Uloioa 3 qoMeaBisd (2 ) w20 (1 0) pipl (0 5) 1. 00
1.0 30 1 [FR¥28R20) [PGEMZ (10) [HQ (1.0 0.91 10 ga| 1p385) | 2 0
EP#828(|200)  [DVP-30 (1.|@MP3DER2)(|L. 0) 1. 00 1. ¢ 1. 0129
21 m BA &) 69 6

1.0241 0y>BrAB ci It (60)\2) 031, 1 Bs28| (X% pd Mz

(1.0) BA_ (1 0) M0 (02) 1.0188
DVP- 30 L(:B.ZZ) EP#828(20) HPES2B (1d) A qujz (b9s) BA 10(1.%) 1.01880. 63

1.0 1.p243 DVP- 30 (|0. 2) 24 EP#828

(2.5) cMz (1 0 BA DMPisoa)(o‘l) 0 .83 1.0 10213

DVP- 30 |( 8 %) [EP#3(L5) EBGds (ROO)PNVDIED10| (£68) |aDPLP1. 0) 10316 1
1.0 1.p296 26|DMPIBPAGR8| (2.0) PGMZ (14 0) DVE |(1.0) 1
1.0 e 55

Tabl e 1 (ac%nt %F'@an I?EAPAI ésoéd ent Q%?) ng?rg'gdl ent 88) I rgrli%glsent (C)
al (b+c) Ampunt  of \/ﬁ?’@f'fi(’l\ldos) (*1 (*2) (*3)
(equival e ter added content

t
ratio) [ ﬂ)’arenﬂtessfed Ppmerigs;indiqatesequiyaient n(@bsy HBASPPHY FFOUP- (. 45
1.0 DVP- 30 (0. 52 EP#828(1.5) 2MZ
(1.0) BA 2( faﬁ'?nthesé.zeg numerigs endlcatelewmlen number of active DVP- 30
(0.2) 29 EP#834 (2.00) PGM (1.0) BA (1.0) 0.91 1.0
1.0208 hydrogen. DVP- 30 (0. 2)

*3: Parenthesized numerics indicate equivalent number of active
hydrogen.

*4; Parenthesized numerics indicate equivalents per 1 equivalent of
epoxy group.

*5: Parenthesized numerics indicate equivalents per 1 equivalent of

epoxy group.
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02) 31 EP#1001(2.0) DEAE-CH (1.0) BA (1.0) 0.91 1.0
DWP-30 (0.2) 3 2 EP#828 (2.0) PG PZL (1.0)
0) 0. 95 1.0 1.0188 DMP-30 (0.1) 3
07(1.5) PGMZ (1.0) PNV (1.0)s, 0.68 1.0 1. 0316
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Comparative Production Example 2

A three-necked 3,000 ml flask equipped with a reflux
condenser and a stirrer was charged with 174.2 g (0.75
equivalents) of PG-MZ, 26.6 g (0.1 equivalent) of DMi?—BO and
85.7 g (0.75 equivalents) of BA and 500 ml of methyl ethyl ketone
as the solvent. Then, 189 g (1.0 equivalent) of “Epicoat #828"
dissolved in 300 ml of methyl ethyl ketone was added
dropwise(about 3 hours) to the mixture under heating and
stirring. After this addition, the mixture was further heated
under reflux for 2 hours with stirring. Thereafter, the methyl
ethyl ketone as the solvent was distilled off under reduced
pressure, and the residue was cooled to room tem.perature to give
a pale yellow solid. This addition product was roughly ground
and then finely ground to give a powder of about 10 pm in the

average diameter. This will be referred to as Comparative

‘Example No. 4.

The number of the comparative samples produced according
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Conparative Production Exanple 1 or 2, as well as the conposition of the
thereof . are sH®M8 # Table 2 below
S@wbgpl e  |Ingredigntéa)i elfdgrediant b)| nghgediani(c) (ajb+c) | ng|Wakkent () a/ (b+c)
0. tB1) (*2)* 2) (*3) (*3) |(equivaléng quif soatentnt cont ent
(I*5) Conparative 1} EP#828 (1.75) DEARatgH (1. 0)(*S) 1.75
e 1 [Eb#ezs B 75p 2DBAE-OH (LOPIAT A (1. V) 195 Ah-fd.rf\qso Ul7go
3 2[REAPY) * (185 | B (@-9)'5 SR (1.846 ole3
Comparative 3 |EP#828 20) |DMP-RIVRL.GO |DEAZY10) 1.00 00129
Comparative 4 |EP#828 20) |PGMZ (15) |BA (15) | 0.63 0.0243
DMP-30 (0.2)
Comparative S |EP#828 (25) [DEAPA (3.5) |BA (1.5) | 045 0.0273
DMP-30 (0.5)

*1, *2, *3 and *5 mean the same meanings, respectively, as those

indicated in the footnote to Table 1.

Examples 1 to 34 and Comparative Examples 1 to 5:

Each of the above latent curing agents for epoxy resin was

added to an epoxy compound at the ratio shown in Table 3 below

and the mass was mixed to give a curable epoxy resin composition.

The curable properties (gel time) and storage stability of the

thus prepared compositions were measured to evaluate thier

performance.
Table 3
Epicoat #807 ' 1 0 O wt. parts
Inventive latent curing agent or Curing agent of
Comparative Production Example 2 0 wt. parts
“Aerozil #200” ex Japan Aerozil Co.,Ltd. 1 wt part




Conparative 5 EP#828 (2.5) DEAPA (3.5) BA (1.5) 0. 45 0. 0273
DVMP-30 (0.5) *1, *2, *3 and *5 nean the sane neani ngs, respectively, as

those indicated in the footnote to Table 1. Exanples 1 to 34 and
Conpar ative Exanples 1 to 5: Each of the above latent curing agents
for epoxy resin was added to an epogy conpound at the ratio shown in
Table 3 below and the mass was mi xecP& o give a curabl e epoxy resin
conposi tion. The curable properties (gel tine) and storage stability of
t he t hus prepared conpositions were neasured to evaluate thier
perfornance Table 3 Epi coat
#807 € Iatent
curi ng Method of preparing the ‘olkiblb: o) Srenin coppdBIERLREE |

W part
(heeur olbayengere’ kR SMOR B, s 3 IRHASEREChbYer kg
T B4 o G R eb TR KRS (L

resin o K.).

2 0 w. partSThe respect:ﬁ% %dréﬁ%%%s%&@ﬂé”g#!wzét}%&ﬁ'13+ tl?’ preepari ng 1

Gel time:

Determined using about 2.5 g of each curable epoxy resin
composition at a predetermiiled temperature by means of a
Yasuda-type gel timer (ex Yasuda Seiki Seisakusho K. K.).
Storage stability:

Each curable epoxy resin composition was placed in a sealed
vessel, then stored in a thermostat at a predetermined

temperature (40 °C) and the number of days until its fluidity

was lost was determined.

The obtained results are shown in Table 4 below for Examples

and in Table 5 below for Comparative Examples.



conposition at a predeterm ned tenperature by neans of a Yasuda-type gel
timer (ex Yasuda Sei ki Sei sakusho K. K. ). Storage stability: Each
curabl e epoxy resi.n conposition was placed in a sealed vessel, then stored
in a thernostat at a predeterm ned tenperature (40 [err]C and the nunber
of days until its fluidity was |ost was determ ned. The obt ai ned

results are shown in Table 4 bel ow f&® Exanples and in Table 5 bel ow for
Conparative Exanpl es.

59
$§%;§ﬁﬁme CwaMth(G%&gg%yrnﬁﬁma?aﬁaMHt%O[e”]C
20 hin. mfwm«awof CeApiling (Ol timp) 1 [Stopie signiity 10 min.
3weeks A T]:méer@{uﬁdr] C |Time 1] m (4 Qe t hah 3 nonths 4
min o TG el d 80 2 Oy Spprp dhan 3 montes_| 770 L6711 €
mont h T 2 1 5200&r]C 1 Omit. Ori n. 3meeks t han|3 nont hs 8
éSm_On[err] C 3 \;zlgmql.oﬁnor 3 tpm : giferlﬁansmoﬁhs , m'lﬁO[e”]C .
month L% 1520 %) ¢ Smingg i n8weeks 3 ponths 12
120 ([err]]C b 120XD min. {norédmiman 3 nBvceks 13 10
B I I DG M T U N by >
mont hs 1 67 Eqp&ew]c 1 Omin. {merethen 3 mopthst dan 3_nont hs 1
7 1 JOo[8r] 150°C 6 fi nZ 3mie |morrthén rmonths 18
A IO R A o T B A
1 nonth 21 0 L%E§H]C Tmin. | 6 Lymopth 1 nonth 22
100[err]C 11 | 190¢ 125 peitths 2 mentis 100[err]C
4 mn. mor g tiEg 3oy s 1 O min. |more than 3 months

13 100°C 9 min 2 months
14 120°C 8 min. 2 months
15 120°C 1 O min. 2 months
16 100°C 5 min. |more than 3 months
17 100°C 6 min. |more than 3 months
18 100°C 7 min. |more than 3 months
19 100°C 5 min. |more than 3 months
20 100°C 5 min. 1 month
21 100°C 6 min. 1 month
22 100°C 4 min. 2 months
23 100°C 4 min, |more than 3 months
24 100°C 5 min. {more than 3 months
25 100°C 8 min. 3 weeks

26 100°C 8 min. 3 weeks

27 100°C 8 min. [more than 3 months
28 100°C 5 min. |more than 3 months
29 100°C 8 min. {more than 3 months
30 100°C 6 min. |more than 3 months
31 150°C 3 min. |more than 3 months
32 100°C 1 2 min. |more than 3 months
33 100C 6 min. |more than 3 months
34 100°C 5 min. 3 weeks’
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curing agents, curing epoxy resin compositions were formulated
at the ratio shown in Table 6 below and then examined for gel
time in the same manner as in Examples 1 to 34. Their storage
stability was determined by storing in a thermostat at a

predetermined temperature (50 °C) and measuring the number of

days until their fluidity was lost.

Table 6
Epoxy Compound | Epicoat #807 1 0 Owt. parts
Curing agent Dicyandiamide 8 wt. parts
Curing Inventive latent curing agent or Curing agent of
accelerator Comparative Production Example S wt. parts
Additive “Aerozil #200” ex Japan Aerozil Co.,Ltd. 1 wt. part

The obtained results ‘are shown in Table 7 below.



accel erator Conparative Production Exanple 5 w. parts

Additive "Aerozil #200" ex Japan Aerozil Co.,Ltd. 1 wt. part

The obtained results-are shown in Table 7 bel ow.

61 Table 7 Curing accel erator
Curability (CGel tine) Storage Stabilé]tEi Sanpl e No.
tenperature tine (50 Jerr]Q anpl e 35 2 3 100
[err]C 1 3 mn. nore than 3 nonths Exanple 36 30 10
Olerr]C 16 mn. m)rethan 3 R %hg Conpar ati ve Conparative 4 10
Oferr]C LS %@—LW—&—%W@—N@—GHHHQ
accelerdtor 1 0 Cfugpgfqgelua%r Gugability {Gektime)an 3 | Rinsaas Staditityy) e |7

6 0 mn. Exanp saﬁap&Nd.o 38 an:teﬂpei‘watume Exany! es (& 00CY: To
exanm ne & ~TTETT of—tte— TatgT T T r—jepox
resin Exam uEEr?gl co nation Ed nf l.a pci\?‘m‘ clLl 6?%21%}52911 g uPab?/e
epoxy rexAmpIsAGoki ti 4 were fo ihﬂé)t@d at 1t6hmin: amseﬂmamqnﬁhﬂ le 8
bel ow an tﬁy(Fg @4 gel HTove end [STQrage St abl T3 fxekn thel sane
manner hbol@ P 1to 34. : Tabl e 8
Epoxy Co : Wgn—g#;@e T O T ring
agent H .;warl d hy ra2|e 1007 Lgo(r) “.‘?nwt . &hp?g%ﬂ{thgﬁjg P}sng

accel er abetr——+avehtive—ateprt—cti--rg—agent—er—ti--Rg—agent b—wtd parts
of Conparative Production Exarrpl e Addi tive "Aerozil #200" ex
Japan Aerozil Co., Ltd. 1 w. Part The obtained results are

shown | Rxbaidies’ PP14YV38 and Comparative Examples 8 to 9:

To examine the performance of the inventive latent curing
agent for epoxy resin when used in combination with other latent
curing agents, curable epoxy resin compositions were formulated
at the ratio shown in Table 8 below and then examined for gel

time and storage stability in the same manner as in Examples

1 to 34.
Table 8
Epoxy Compound  |Epicoat #807 1 0 Owt. parts
Curing agent Adipic acid hydrazide 2 0 wt. parts
Curing accelerator  |Inventive latent curing agent or Curing agent 5 wt. parts
of Comparative Production Example
Additive “Aerozil #200” ex Japan Aerozil Co.,Ltd. 1 wt. Part

The obtained results are shown in Table 9 below.



DF4324/ B-473 62

Table 9 Curing accel erator Curability (gel tinme) Storage

St abi |l i IDF4324/B-473 Sanpl e No. Terrperature Ti me ( 40TJerr]Q
Exanple 3 7 2 3 100 ([err]C10mn. nore than 3 nonths
Exanple 3 8 30 1 0 O[err] 15m n. nore than 3 nonths
Conparative Conparative 4 100[err] 10 mn.: 3 weeks Exanple 8
Conparative No curing accelerator 100[err]C Mre than nore than 3 nonths
Exanpl e 9 Tabﬁeoqm n. As can be seen from

t he foregoi 10, ttre—t 17t X 1 0O |J1C ent
I nventi o can confer @é c%?@ﬁl ‘g? égéig' | 1] W étz}‘b enperature
rapi d.cufabl e prope SWENm an epo KTemperture ¢Bimsosi t|i on (141100"QM1| ch| sai d

curing  IeEHpes 7 NEOTPATATEd. "~ 110 0 ECCYTR I, T hdilfhah BTl ot | ON
very exdExgmp| $|$m or aded st abi | i t %6915 *Capi| & 9 minr fmare thep 3 mepths I

t enper at LCampamﬁve be|@aspakatvobs ai negly g 0eccul abd eiePPXy Bmels conposition
of the priBgamsleBnvention is rapidly|curable ~at | ow fenperatures, |s
excel | ent{Compitaave T TN batiligtaccalrator | 10610 “CT © /| MOPE {Hah Pmore than'3 oMb
sui tabl e Egimﬂéegl n the electronics| fiel su%hoﬂﬁ&e capsulants fo
sem conddctor, —anrso Upl c—conrductt-ve—f+tre—cotttet v bUIIpUD; t+eS, etc.
Her ei nafter, Exanples of the second invention will be descri bed. The
abbreviations for the starting materials used _

As can be seen from the foregoing, the latent curing agent

for epoxy resin of the present invention can confer very
excellent storage stability and low-temperature rapid curable

properties on an epoxy resin composition into which said curing

agent was incorporated.

According to the first invention as has been described
above, curable epoxy resin compositions which are very
excellent in storage stability and rapidly curable at low
temperatures, can be easily obtained. The curable epoxy resin
composition of the present invention is rapidly curable at low
tempe;:atures, is excellent in hgat resistance, electrical
reliability, etc., and is suitable for use in the electronics

field such as -encapsulants for semiconductor, anisoctropic

" conductive films, conducting composites, etc.

Hereinafter, Examples of the second invention will be

described. The abbreviations for the starting materials used

62



62 63 i n Production Exanpl es and
Exanpl es are as follows: Alicyclic epoxy conpound used as Conpound (a)

<EP- C1> 3, 4- epoxycycl ohexyl nmet hyl - 3, 4- epoxycycl ohexyl

car boxyl ate (epoxy equival ent, 134, no hydrol yzable chl orine).
Compounds used as conpound (b); <2E4ANZ> 2-ethyl-4-nethyl im dazole
(chlorine ion content, 2 ppny; <PG MZ>

1- ( 2- hydr oxy- 3- phenoxypropyl) 2- et hyl inidazole (chlorine ion

Con o sy ol gL B S (o)
Cesin (AL AL ol R ae % Bg@ee aS?VEUﬁEZP"Lf il o, 5
fgnGContég%{ &%OI ggnjc ° e%)%g’&x%%%%ﬁ’éyg@%%hgé &A@p8§§| 5’?‘ h%x&épl s
D Sonenol oY PeasBBy18RL" (EEBRY eAYLYRLEY, 131Y no nyaronyiHid yzabl e
chlorine).
Compounds used as compound (b);
<2E4MZ> 2-ethyl-4-methyl imidazole (chlorine ion content, 2
ppm) ;
<PG-M2> 1-(2-hydroxy-3-phenoxypropyl)-2-methyl imidazole
(chlorine ion content, 70 ppm);
~ <DMP-30> 2,4,6~-tris(dimethylaminomethyl) phenol (chlorine ion
content, 5 ppm).
Compounds used as Compound (c);
<BA> bisphenol A (chlqrine ion content, 0.8 ppm),
<PNV> phenol novolak resin (hydroxyl group equivalent, 104;
average number of nuclei, 5 to 6; chlorine ion content,
0.3 ppm),
<AA> adipic acid {(chlorine ion content, 10 ppm).
Epoxy compounds used as Component (d);
<EP-G1> bisphenol A type epoxy resin (epoxy equivalent, 184;
hydrolyzable chlorine, 100 ppm),
<EP-G2> bisphenol F type epoxy resin (epoxy equivalent, 166;
hydrolyzable chlorine, 150 ppm),
<EP-G3> bisphenol A type epoxy resin (epoxy equivalent, 189;

hydrolyzable chlorine, 1,000 ppm).



<EP- &> bi sphenol F type epoxy resin (epoxy equival ent, 166;

hydr ol yzabl e chl ori ne, 150 ppm, <EP- G3> bi sphenol A type epoxy resin
(epoxy equival ent, 189; hydr ol yzabl e chlorine, 1,000 ppn.

64 The amount of hydrol yzable chlorine in the epoxy conmpound was
examned in the follow ng nethod. Thate4s, the epoxy conpound was

di ssol ved in dioxane, and 1 N potassi um hydroxide in ethanol was added
thereto, and the m xture was heated under refl uxfor30m nutes.

Thechl ori dei orhie ameandr e f ardrdliyrabls chdoaimneointthe epoxyacewpousdng 0. 01
N silver nitrate  standard sol ution. Production Exanple 1 (Reaction
product oraspexamipedGin the\following method. That @il PBlW@ epoxy 132 g
(1.2 equivalents) of 2E4AMZ and 126 g (1.2 equivalents) of PNV were placed
in a beakkompennd wad digsodvedein kidxaatd ,ngndal N potassijud hydroxiider
cooled to 100 [err]C, mxed at roomtenperature wth a m xture previously
heat ed t clvy@YhandlCwats addeq thereteqandikhetmixbar&Rvad heated upded. 3
equi val ents) of EP-@&. The resulting m xture was maintai ned for reaction

for 1 hourefium forehpmiautes.of THdehlloride {ens Formedosere quantifdaid ng.
After the reaction was finished, the reaction m xture was cooled to room

t enper at Uby potEEnte angttie yeiteatiohi cusihig s 0addi t Nors wesitiCtnitd@me oughl y
ground and then finely ground to give a powder of
standard solution.

Production Example 1 (Reaction product of EP-Cl, EP-G2, 2E4MZ
and PNV)

132 g (1.2 equivalents) of 2E4M2 and 126 g (1.2 equivalents)
of PNV were placed in a beaker, uniformly dissolved by heating
at 130 °C for 1 hour, cooled to 100 °C, mixed at room temperature
with a mixture previously heated to 70 °C of 201 g (1.5
equivalents) of EP-Cl and 50 g (0.3 equivalents) of EP-G2. The
resulting mixture was maintained for reaction for 1 h_our at a
temperature of 110 to 130 °C by cooling or heating. After the
reaction was finished, the reaction mixture was cooled to room
temperature to give a pale yellow solid. This addition product
was roughly ground and then finell.r ground to give a powder of
about 10 um in the average diameter. This latent curing agent
for epoxy resin will be referred to as Sample No. 1.

The sample number of the inventive latent curing agent for
epoxy resin produced according to Production Example 1, as well

as the composition of the starting materials thereof, are shown



about 10 [err]min the average dianeter. This latent curing agent for

epoxy resin will be referred to as Sanple No. 1. The sanpl e nunber
of the inventive |atent curing agent for epoxy resin produced according
to Production Exanple 1, as well as the conposition of the starting
material s thereof, are shown 65 65
In Table 1 bel ow Table 1 Sanple

I ngredient (a) I ngredient (b) Ingredient (c) a/ (b+c) No.

(*1) : ¥ (*3) (equi val ent - ratio)

1 ”‘EE-QE%L LoPSSeane  (1.2) P (1. 2) 0.75

EP-C1 (1.5) 2 EP-C1 (2.0) PG (1.0 PNV (1.3) 0. 67
DMP-30 (0.5) BA (0.2 3 EP-GL (0.4) 2E4AMZ  (1.2) PNV
(1.0) 0.71 EP—C ) DMP-30 (0.3) BA (0.3 4
EP-C1 ( 11‘7{191& 1

12— PNV Q.75 5 EP- C1
(2.0) PG\)%MP(IE. 2)  PNingredient (a)) Egedwm(b)o. g3 |Igredient @) o ®+) ( . |3)
Conparati @1 EP-&3 |D5) 2E4avdCD (1.0) PWD) (1.0) (equiyal
Conparatije2 EP-G3 } 1 5} 2E4ANMZ (1.0) PN (0.-6) ratiQ) g3
DW-30 (p.2) BA [E8-63 ©3) |BEAMT hddi2edPNV¥rer@@ i hdi Oat% dqui val ent

nunber of | epoxy gr oupEP-C2: (P&) ent hesi zed nurferics indicate equi vial ent

nurrber of acg 1 ve gi,yéi U({zu) F’? Gf,m t FNIVLEU% TTET TYR. 6‘7”0' ate

equi val enf nunber of p|ctive h)}\gz

Conpar ati ye Exanple 1 DMP-30 05 |BA (0. 2) b o | _
3 EP-G1 (0.4) {2EAMZ (1.2) [PNV (1.0) 0.71
|er-c1 (1.6) [DMP-30 (0.3) |BA  (0.3)
4 EP-C1 (L8) |2BAMZ (1.2) |PNV  (1.2) 0.75
5 EP-C1I (20) |PGMZ (12) |PNV (0.9 0.83
| AA  (0.3)
Comparative 1 |EP-G3 (1.5) |2EAMZ  (1.0) |PNV _ (1.0) 0.75
Comparative 2 |EP-G3 (L5) |2FAMZ  (1.0) |PNV__ (0.6) 0.63

DMP-30 (0.2) |BA  (0.6)

*1: Parenthesized numerics indicate equivalent number of epoxy group.
*2: Parenthesized numerics indicate equivalent number of active

hydrogen.

*3: Parenthesized numerics indicate equivalent number of active

hydrogen.

Examples 1 to 5 and Comparative Example 1l:

Each latent curing agent for epoxy resin and epoxy resin
1 (bisphenol A type epoxy resin: epoxy equivalent, 185;
hydrolyzable chlorine, 300 ppm) were mixed at the ratio shown
in Table 2 below and defoamed for 30 minutes under reduced

pressure in a vacuum mixing-grinding machine (ex Ishikawa Kojyo



Each | atent curing agent for epoxy resin and epoxy resin 1 (bisphenol A
type epoxy resin: epoxy equival ent, 185; hydr ol yzabl e chl ori ne, 300 ppm

were m xed at the ratio shown in Table 2 bel ow and defoaned for 30
m nut es under reduced pressure in a vacuum m xi ng-grindi ng machi ne (ex
| shi kawa Koj yo 66 66 K. K) to give

each curabl e epoxy resin conposition. <Measurenent of the chloride ion
content in the latent curing agent for epoxy resin by hot-water

extracti @>K.) to Hive laph duradle @poxyt rds andonpdsLitions i ng agent for
epoxy resin was determ ned by hot-water extraction. The-ampunt of the

chl ori de <Meas ueniaat dif €hel thlbpideaidi csteiti dnthedlab¥npl &ériiggl g of
the latent curing agent of the present invention in a Teflon vessel,

addi ng lagentpfidy iegsbayalifds D byt hRaddter ddtracticeting it to a pressure
cooker test at 121 [err]C for 20 hours, and analyzing the resulting sanple

sol ution by tirhe @hloidembageentent fﬁ/%%ﬁﬂ{ qRRjEntObulrifgc Agehitdeoion
content in the curable epoxy resin conposition by hot- vvater extraction>

The cur atépbqueéylh%sndée@m&hbaqsy Hee-wHEeE SWerddt 1dri Nivie ahohh® [err]C
for 30 mnutes, to give a cured product which was then ground, and its

e A T B A T
of the ahayg1E9HEA §UEhENALent dir fnd BGEAR d@ﬁﬁ@'pré’é&if‘ﬂnventlon_
in a Teflon vessel, adding 15 ml purifi:ed water to it, sealing
it, subjecting it to a pressure cooker test at 121 °C for 20
hours, and analyzing the resulting sample solution by the ion
chromatography.
<Measurement of the chloride ion content in tﬁe curable epoxy
resin composition by hot-water extraction>
The curable epoxy resin composition was cured by
maintaining at 150 °C for 30 minutes., to give a cured product
which was then ground, and its chloride ion content was
determined by hot-water extraction. The amount of the chloride
ions extractable with hot water was determined by placing 1 g
of th'e above ground cured product in a Teflon vessel, adding'
15 ml purified water to it, sealing it, subjecting it to a
pressure cooker test at 121 °C for 20 hours, and analyzing the
- resulting sample solution by the ion chromatography.
-<Measurement of gel time> -
Unless particularly specified, about 2.5 g of the curable

epoxy resin composition was used and measured at each



15 m purified water to it, sealing it, subjecting it to a pressure cooker
test at 121 [err]C for 20 hours, and analyzing the resulting sanple
solution by the ion chromatography. <Measurenent of gel tinme>

Unl ess particularly specified, about 2.5 g of the curable epoxy resin
conposition was used and neasured at @ach

67 tenperature shown in Table 2 by neans of a Yasuda-type gel tinmer (ex
Yasuda Sei ki Sei sakusho K. K ). <3 ass transition tenperature> The

epoxy I eempeiAENE Ehoin\\as Taw1ed2 iy Aebis G€8SPadidaltyPe iMntdinetS0
[err]C for 30 minutes and neasured by a TMA (ther mal rrechanl cal anal ysi s)

net hod. (ex vasUia H¥ptinEbinftidliio Ke ©Hpwn in Table 2.

Table 2 Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e
Conpar atdgiass trans:.tlon tem%exjatur@2 3 4 5 ve exanple
1 Epoxy re5| n 1 100 100 100 Curing Sanpl e No.

Eom)llmt added 0 é’po;%’ z‘lesﬁ'P pG%’zﬂ?:J.on yas cufed in a %m%:il&f%ss o]f agent 42
ing[ er r] C 1 err 9%:% ng%’ﬁs%q Pgﬁukgegpgéétdgaesuf&?gy &zztﬁ&ﬁérth%q'ogsnr :1] ¢

150 147 152 148 138
-Pr oduct IlP?'errp eéjal g; fyé{épsﬁt'ﬂg% 40 65 _ 40 35 40
150 Tfé O&éﬁfnéﬁsi’ééﬁl{?é 428 En6wiPPYCrablie Hnventive |atent
Table 2
Example | Example | Example | Example | Example | Comparati
1 2 3 4 5 ve example
1
Epoxy resin 1 100 100 100 100 100 100
Curing |Sample No. No.1 No.2 No.3 No.4 No.5 |Comp-
arative 1
agent | Amount added 20 20 20 20 20 20
Cl (ppm) 55 42 45 15 35 915
Comp- |Curing temperature | 100°C | 120°C | 100°C | 120°C | 120°C 120°C
osition Gel time Tmin. | 4min. | 8min. | 4min. | 6min. | 7 min
Cured | Glass transition 150 147 144 152 148 138
Product | temp.(°C) .
C 1 (ppm) 40 65 40 35 40 150

From the results of Table 2 above, the inventive latent
curing agent for epoxy resin is excellent in low-temperature
rapid curing properties and is low in the chloride ion content
extractable with hot water, and the curable epoxy resin
composition of the present invention is high in glass transition
temperature when cured, excellent in heat resistance, and low

in chlorine content. Each of the curable epoxy resin



curing agent for epoxy resin is excellent in | owtenperature rapid curing
properties and i.s lowin the chloride ion content extractable wth hot

wat er, and the curabl e epoxy resin conposition of the present invention
is high in glass transition tenperature when cured, excellent in heat

resi stance, and low in chlorine conteggt. Each of the curable epoxy
resin 68 conpositions of Exanpl es
was placed in a sealed vessel and stored in a thernostat at 40 [err]C, and
t he nunbepmppsakisngmf Examples piadi placeddn asealed rResehandd@taretl as a
result, it exhibited excellent storage stability as long as 1 to 2 nonths.
Exanpl esiB & thermagtatiat 6Cy andcbhe numper of dayBpmtil atsrfuidityphenol F
type epoxy resin, 150 ppm hydrolyzable chlorine) and Epoxy resin 3

(resor ci WoF sft yesddetennimed, 204 apm hesmbtyZdbeshibitedmygekkent | at ent
curing agent, and silver powder (Silver powder A: flake-shaped silver
powder &torage stapidddys aisn longnmatsed, t&i [2vaorghseder B: spherical silver
powder of 0.1 to 0.5 micron in dianeter) were blended at the mxing ratio
shown in Table 3 below to give a curable epoxy resin conposition in a
vacuum m xi ng-gri ndi ng machine (3 rolls). <Volume resistivity> Each
resul ti nfxampdieise 6efox\® raexl ICompayratiivieo Exsmplap@s ed in a width of 4 mm

and a thickness of 30 mcrons onto a slide glass, then cured at 110 [err]C
for 30 m nut eEpoxyl afedin r2 C(bospBenbilnyt &Sype epoxy resin, 150 ppm
hydrolyzable chlorine) and Epoxjr resin 3 (resorcinol diglycidyl
ether, 100 ppm hydrolyzable chlorine), each latent curing agent,
and silver powder (Silver powder A: flake-shaped silver powder
of 1 to 10 microns in diameter, Silver powder B: spherical silver
powder of 0.1 to 0.5 micron in diameter) were blended at the
mixing ratio shown in Table 3 below to give a curable epoxy resin
composition in a vacuum mixing-grinding machine (3 rolls).
<Volume resistivity>
Each resulting curable epoxy resin composition was applied
in a width of 4 mm and a thickness of 30 microns onto a slide
glass, then cured at 110 °C for 30 minutes or 150 °C for 30 minutes,
and examined for its volume resistivity.
<Chlo;ide ion cdntent in the curéd product>
A cured product which had been obtained from the curable
- epoxy resin composition in the same manner as in the measurement
of volume resistivii:y was ground, and the chloride ion content
extractable with hot watér in the same manner as in Examples

1 to 5 was quantified.



and exam ned for

cured pr
curabl e

oduct >

Its volume resistivity.

<Chl ori de i on content

in the

A cured product which had been obtained fromthe
epoxy resin conposition in the same nanner as in the nmeasurenent
of volume resistivity was ground, and the chloride ion content

extractable with hot water in the sanggmanner as in Exanpl es 1to 5 was
quantifi ed. 69 The obt ai ned
results are shown in Table 3 as well. Table 3
Exanpl e Exanuhe bbaailned g e Caparsidwe in Table 3 as well. 6
7 8 Exanpl e 1 Epoxy resin 2 60 6 0 6 0 6 0
6 0 Epoxy reS|n 3 30 30 30 30 30 Curing Sanple
No. No. 1 No.2 No.3 No.4 Conparative 2 agent Anpunt added
15 15 15 15 1 5 Sdappes FPowder A(fl ake-shaped) 3 8 380
380 FTUT I8 U SITVEr P E % 0 6 0
60 Curedq Volunme resistivity, % : e E@Hc Egagpl Cg?@pfﬁ”] pr oduct
cured atj=+08ter+-—Fo+—10—|-e+if-t0Her—11-O0—far—10L .rr 40m n.
([err] dEPOXyTesin Fiot -water extPadtijpP0 § 69 o 60 60 4 0
As can tEpaqeasxﬁrSJm Tabl e 3, |{tBe) cuy &0e ¢pBXYy ried 0 «,orrpesa)tion of the
resent - EXCEH T et T e Bt T ah  sCOmich ed and is
g_| so | oW i nlE% $ﬂ%§:‘l ne_cont ent Nb' 1 %A?‘ru c%ggt 1 he : wﬁwﬁi&?nuﬁnt i on as
has beer|*&85cifmewntaddsdve it isBpokst Bl e |t & Dbtlailbt he | atledt curli ng agent
f or epoxilver Powder Zn(flakdishapad) 18 8 BPPI B 031318 NPV 01 ¢n vhgah arg rapidly

Silver Powder B (spherical) 60 60 60 60 60

Cured |Volume  resistivity,|7 X 8 x 8 X 8 x 2%x107?

product jcured at 100°C for[10°* |10~* |10 |10*

30min. (Q - cm)
Hot-water extraction 8 9 8 8 40

As can be seen from Table 3,

the curable epoxy resin

composition of the present invention is excellent in electrical

conductance when cured and is also low in chlorine content.

According to the second.invention as has been described

above, it is possible to obtain the latent curing agent for epoxy

resin and the curable epoxy resin composition which are rapidly

curing or curable at low temperatures, are excellent in heat

resistance and electrical reliability,
conducting composites,

conductance.

and when used in

are also excellent in electrical



curing or curable at |ow tenperatures, are excellent in-heat --resistance..
and electrical reliability, and when used in' conducting mﬂt
eong

‘al so excellent in electrical conductance. ﬁmlﬂ",

CLAI M5 1. A latent curing agent for epoxy resin,

reaction product obtainable by allow ng {gd) an epoxy corrpound havi ngi\n‘ore
than one (1) epoxy groups on the average in the nolecule, (B) a conpound
having in the m)l ecul e both a tertlary amno group and at |east one

funct i ong , 1mmnﬁﬁﬁﬁ?%m&* group,
group, a conpound

NH group, NH2 group, COOH group ana
having ipgthe nolecule at |east one functional group selected fromthe

group consisting of NH err] group and CONHNH2 group or in the nolecule at
| east 2 functional groups selected fromthe group consisting of OCH group,
SH group, NH group, NH2 group, COOH group and CONHNH2 group (provided that

a_conpound hayl.ng a0180aKY ShPulg lgertlid:AboRy PaIh0 Rori beng0k coUl €

is excluded), to react on one a inth sence o
I f d (A
o e FaREr o RbIREE bRy é’ie%%“f“é PR o PRy oA (A

having more than one (1) epoxy groups on the average in the

molecule and (B) a compound having in the molecule both a
tertiary amino group and at least one functional group selected
from the group consisting of OH group, SH group, NH group, NH,
group, COOH group and CONHNH, group, to react on each other
in the presence of 0.05-5.0 equivalents of water per 1
equivalent of the epoxy grohp of Compound (3).

' 2. A latent curing agent for epoxy resin, comprising a
reaction product'obtainable by allowing (A) an epoxy compound
having more than one (1) epoxy groups on the average in the
molecule, (B) a compound having in the molecule both a tertiary
amino group and at least one functional group selected from
the group consisting of OH group, SH group, NH group, NH, group,
COOH'group and CONHNH, group, and.fC) a compound having in the
molecule at least one functional group selected from the group
consisting of NH, group and CONHNH, group or in the molecule
at least 2 functional groups selected from the group consisting

. of OH group, SH group, NH group, NH, group, COOH group and CONHNH,
group (provided that a compound having an epoxy group or

tertiary amino group in the molecule is excluded), to react
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in Caim1l wherein said Conpound (C) is a pol yhydric phenol -—cenpound.— -

3. The latent curing agent for epoxy resin as set fort ' '

2 wher ei nsai dConpound (B) is aphenol conpound Pmlluﬂﬂminﬁwum
tertiary am no or an al cohol conpound containing a tertrary am o .
4. A curabl e epoxy resin conpositionygonprising (x) an epoxy conpound
havi ng nore than one (1) epoxy groups on the average in the nolecule and
(y) the latent curing agent for epoxy resin as set forth in any one of
Claim 1l 6n éneasndtiver eigs alie preaseywcedoEn0s05 to 5.6.equivalentabbf epoxy
resin conmposition as set forth in Caim4 which conprises further (z)

I nor gani water| pefs)l. equivalént Afl ahenepoxy groapemt fComprumd (Zpin,
conprising a reaction product obtainable by allow ng(a) an alicyclic epoxy

conpound havidng 2The latentpoxyindg Gdent foirheporyaces in asetafontrthound
having in the nolecule both a tertiary amno group and at |east one

functi ongh glatim 2evherednf§ saidt 0empgoata (CPnissai pelghyfrigr pipnodH group,
NH group, NH2 group, COOH group and CONHNH2 group; and (c) a conpound
havi ng i BompeuneR! ecul e at | east one functional group selected fromthe
group consisting of NH2 group and CONHNH2 group or in the nolecule at

| east 2 functg onalpyll QuRentetaeifg ddent it EEBH:Q $£68%ni &4 igex fofrt®H group,
SH group, NH group and COOH group” (provi ded that

in any one of Claims 1 to 3 wherein said Compound (B) is a phenol
com—poimd containing a 'tertiary amino or an alcohol compbund
containing a tertiary amino group.

5. A curable epoxy resin composition comprising (x) an
epoxy compound having more than one (1) epoxy groups on the
average in the molecule and (y) the latent curing agent for
epoxy resin as set forth in any one of Claim 1 to 4, as the
essential ingredients.

6. The curable epoxy resin composition as set forth in
Claim 5 which comprises further (z) inorganic filler(s).

7. A latent curing agent for epoxy resin, comprising a
reaction product obtainable by allowing(a) an alicyclic epoxy
compound having 2 or more epoxy groups in the molecule; (b)
a compound having in the molecule both a tertiary amino group
and at least one functional group selected from the group
consisting of OH group, SH group, NH group, NH, group, COOH
group and CONHNH, group; and (c) a compound having in the
molecule at least one functional group selected from the group

consisting of NH, group and CONHNH, group or in the molecule

This Sheet Has Been Replaced

TS SHEET S G (TR

REPLACED




a conpound having an epoxy group or tertiary amno group in the nolecule
I s excluded), to react on one anot her. 7. A | atent curing agent

for epoxy resin, conprising a reaction product obtainab )
an alicyclic epoxy conpound having 2 or nore epoxy gr OUMI‘MHMNM‘“HN“
nol ecul e; (b) a conpound having in the ol ecule both a tértfary ahi no
group and at | east one functional group selected fromthe group

72 consi sting of OH group, SH group, NH group, NH2 group, COCH group and
CONHNH er a¥ Jgramtp? flunctaiomipgrodphadlegrtied fhommiiegubap aing bsisingne
functional group selected fromthe group consisting of NH err] group and
CONHNH2 gefupHagroup I8 qrbapy! NH gtoupanid 200HNgroupal pgovidedsehact ed
fromthe group consisting of OH group, SH group, NH group and COOH group
(provi dedat bampoandohpetiing aavepgxpngepapyog! vept bary eamino ygpoupoigr oup in
the nol ecule is excluded); and (d) a glycidyl conpound having 2 or nore
epoxy grothe molelcalenliscexeluded)gatihc Feadte cn@neranother 8. The | atent
curing agent for epoxy resin as set forth in Caim6 or7 wherein said

Conpound (b) it a @Iptent Bayifg agént ordpeedy eeedn!) aohpitikdhy am no
group and at | east one functional group selected fromthe group consisting
of OH gr oweactildngppPodued GBYHA rGiEleby allowiy (&hean AlldRiyclliid egosgent for

epoxy resin as set forth in any one of Clains 6 to 8 wherein said
Conpound (ompound having 2 or more epoxy groups in the molecule; (b)
a con{pound having in the molecule both a tertiary amino group
and at least one functional group selected from the group
consisting of OH group, SH group, NH group, NH, group, COOH
group and CONHNH, group; (c) a compound having in the molecule
at least one functional group selected from the group
consisting of NH, group and éONHNH, group or in the molecule
at least 2 functional groups selected from the group consisting
of OH group, SH group, NH group and COOH group (provided that
a compound having an epoxy group or tertiary amino group in
the molecule is excluded); and (d) a glycidyl compound having
2 or more epoxy groups in the molecule, to react on one another.
-_9. The latent curing agent for epoxy resin as set forth
in Claim 7 or 8 wherein said Compound (b) is a compound having
in the molecule both a tertiary amino group and at least one
functional group selected from the group consisting of OH group,

. NH group and NH, group.

1.0.- The latent curing agent for epoxy resin as set forth

in any one of Claim 7 to 9 wherein said Compound (c) is a
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pol yhydri c phenol conpound. 10. A curabl e epoxy resi.n conposi-tien—-

conprising the | atent curing agent for epoxy resin as s

one of Clainms 6 to 9 and an epoxy conpound havi ng-2 or ﬁg“ mH
cenp

EREA

groups in the nol ecul e. 11. A curable epoxy resin oSl
conprising the | at ent curing agent fpg epoxy resin as set forth in any
one of Clains 6 to 9 , an epoxy conpound having 2 or nore epoxy gr oups

in the nolecule, and inorganic filler(s).
polyhydric phenol compound.
11. A curable epoxy resin composition comprising the
latent curing agent for epoxy resin as set forth in any one

. of Claims 7 to 10 and an epoxy compound having 2 or more epoxy

groups in the molecule.

12. A curable epoxy resin composition comprising the
latent curing agent for epoxy resin as set forth in any one

of Claims 7 to 10, an epoxy'compound having 2 or more epoxy

groups in the molecule, and inorganic filler(s).
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