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property, good | omk,enperature quick curability and storage stability and
excellent thermal resistant and noisture resistant characteristic

properties which may be widely utilized as a conposition for connecting
circuit in the field of an electronic material. Background Art An epoxy.
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the mixing of the compounding ingredients, involving such a

defect that a sufficient time cannot be taken for the mixing
operation of the compounding ingredients, the defoaming and
coating operations of the resulting mixture. Also, it is poor in
workability since a worker has to prepare the composition
whenever it is used. Furthermore, since the leftover unused from
such a composition cannot be stored, its caked matter has to be
discarded. This is undesirable from the standpoint of a resource
saving and an environmental problem.

Japanese Patent Application Laid-Open Nos. Hei 06-
211969 and Hei 06-211970 describe an example of a polythiol
type epoxy resin composition obtained by wusing a solid
dispersion-type amine adduct latent curing accelerator or a
reaction product of a compound having an isocyanate group with
a compound having at least one primary or secondary amino
group in the molecule as a curing accelerator, thereby an
improvement in a pot life can be made. However, the composition
was not satisfactory yet in the storage stability, and a low-
temperature quick curability as a merit of a polythiol-type epoxy
resin composition cannot be brought sufficiently.

In Japanese Patent Application Laid-Open No. Hei 10-
298526 there is proposed a composition for connecting circuit
which comprises an epoxy resin, a polythiol, a latent curing

agent and conductive particles. However, the composition was
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| n, Japanese Patent Application Laid-Open No. Hei 10- 298526 there is
proposed a conposition for connecting circuit which conprises an epoxy
resin, a polythiol, a latent curing agent and conductive particles.
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stability. Disclosure of the Invention An object of the present invention
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The epoxy resin which may be used in the present
invention may be one having two or more epoxy groups per one
molecule on the average. For example, a polyglycidyl ether which
may be obtained by reacting a polyhydric phenol such as
bisphenol A, bisphenol F, bisphenol AD, catechol, resorcinol or
the like or a polyhydric alcohol such as glycerin, polyethylene
glycol or the like with epichlorohydrin; a glycidyl ester which may
be obtained by reacting a hydroxy carboxylic acid such as p-
hydroxybenzoic acid, p-hydroxynaphthoic acid or the like with
epichlorohydrin; a polyglycidyl ester which may be obtained by
reacting a polycarboxylic acid such as phthalic acid, terephthalic
acid or the like with epichlorohydrin; in addition an epoxydized
phenolic novolak resin; an epoxydized cresol novolak resin; an
epoxydized polyolefin; an alicyclic epoxy resin; and a urethane-
modified epoxy resin, etc. may be taken. However, it may be
restricted thereto.

As the polythiol compound for use in the present invention,
one in which basic impurities are contained in amounts as small
as possible from the standpoint of the storage stability is
preferable. For example, there may be taken a polythiol
compound having two or more' thiol groups in the molecule
which may be obtained by an esterfication reaction of a polyol
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phenol i ¢ novol ak resin; an epoxydi zed cresol novol ak resin; an epoxydized
pol yolefin; an alicyclic epoxy resin; and a urethane- nodified epoxy resin,
etc. may be taken. However, it may be restricted thereto. As the polythiol
conpound for use in the present invention, one in which basic inmpurities
are contained in anounts as small as possible fromthe standpoint of the
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conmpound, it is Adimeeedimenisianal polymer may be formed by using an
epoxy resin having two or more epoxy groups per one molecule
on the average in combination with a polythiol compound.
Although the reaction between a thiol group and an epoxy group
is theoretically 1:1, according to the curing experiment
attempted practically the curing reaction occurs even with
slightly small amount of the thiol group. As to the mixture ratio
of an epoxy resin to a thiol compound, it is recommended that
the ratio of SH equivalent weight number in the thiol
compound/epoxy equivalent weight number in the epoxy resin
becomes 0.5-1.5. When the ratio of thiol group/epoxy group is
less than 0.5, the curing is insufficient while when it exceeds 1.5,
since an excessive curing agent which did not participate in the
curing reaction remains the curing is insufficient. Therefore,
when it is outside the above range, since the performance of the
cured product does not meet the intended one of the present
invention in some case it is not preferable.

The solid dispersion-type latent curing accelerator for use
in the present invention is a solid material which is insoluble in
an epoxy resin at room temperature and which is solubilized by
heating to be capable of acting as an accelerator. Examples
thereof include a solid imidazole compound at an ordinary
temperature, a solid dispersion-type amine adduct latent curing



the ratio of SH equival ent wei ght nunber in the thiol conpound/ epoxy
equi val ent wei ght nunber in the epoxy resin becones 0.5-1.5. Wen the
ratio of thiol group/epoxy group is less than 0.5, the curing is
insufficient while when it exceeds 1.5, since an excessive curing agent
which did not participate in the curing reaction remains the curing is
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Although the mechanism of a boric acid ester compound

which improves the storage stability of the polythiol type epoxy
resin composition and which plays an important role to
accomplish one-part type is not identified yet, it is considered
that the boric acid ester compound is allowed to react with the
surface of the latent curing accelerator to modify the same for
encapsulation. The representative examples of the boric acid
ester compound include trimethyl borate, triethyl borate, tri-n-
propyl borate, triisoproyl borate, tri-n-butyl borate, tripentyl
borate, triallyl borate, trihexyl borate, tricyclohexyl borate,
trioctyl borate, trinonyl borate, tridecyl borate, tridodecyl borate,
trihexadecyl borate, trioctadecyl borate, tris(2-
ethylhexyloxy)borane, bis(1,4,7,10-
tetraoxaundecyl)(1,4,7,10,13-pentaoxatetradecyl)(1,4,7-

trioxaundecyl)borane, tribenzyl borate, triphenyl borate, tri-o-

" tolyl borate, tri-m-tolyl borate, triethanolamine borate, etc.

As the addition method of the boric acid ester compounds,
it may be incorporated simultaneously with each ingredient of
the epoxy resin, the polythiol compound, the solid dispersion-
type latent curing accelerator, etc. In addition, the boric acid
ester compound may be mixed with the solid dispersion-type
latent curing accelerator in advance. In this case, the mixing may



resin conposition and which plays an inportant role to acconplish one-part
type is not identified yet, it is considered that the boric acid ester
conmpound is allowed to react with the surface of the latent curing
accelerator to nodify the same for encapsul ation. The representative
exanples of the boric acid ester conpound include trinethyl borate,
triethyl borate, tri-n- propyl borate, triisoproyl borate, tri-n-butyl
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of the resin composition comprising (1)-(4) ingredients from the
standpoint of the workability and the conductive property. When
it is less than 100 parts by weight, the conductive property is
inferior while when it exceeds 1000 parts by weight, the
workability becomes bad and therefore it is not preferable.

Various kinds of additives such as a filler, a diluent, a
solvent, a pigment, a flexibilizer, a coupling agent, an
antioxidant, a thixotropic agent, a dispersant, etc may be added
to the epoxy resin composition depending on the necessity.

Best Modes For Carrying Out the Invention

The present invention is illustrated in more detail by the
following examples.

Incidentally, the evaluation was made by the following
methods:

The storage stability (life): there was measured the number
of days elapsed until the fluidity of the conductive resin
composition stored in a thermostat of 25 O disappeared.

The volume resistivity: the conductive resin composition
was spread into a form of a thickness of about 50 p, a width of 3



si.ze of 0.1-20 p when neasured by a mcrotrack nethod is preferred from
the standpoint of the workability, dispersibity and the conductive
property. As to the anmount added of the conductive particles, it nay be
100- 1000 parts by weight, preferably 200-500 parts by wei ght based on 100
parts by weight of the resin conposition conprising (1)-(4) ingredients
fromthe standpoint of the workability and the conductive property. Wien
it is less than 100 parts by weight, the conductive property is inferior
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mixed sufficiently. 75 Parts by welg of pentaerythritol

tetrakis(thiopropionate) "EH317" (a trade name, a product of

Adeka Hardner Asahi Denka Co., Ltd.) as a polythiol compound

was further added thereto and mixed sufficiently under vacuum

with planetary mixer to prepare a resin composition. Nickel

powder (an average particle size:3.5 pm) as conductive particles

was mixed with this resin composition in an amount of 400 parts

by weight per 100 parts by weight of the resin composition to

make a conductive resin composition for evaluation.

Example 2

6 Parts by weight of triethyl borate was added to 100 parts
by weight of bisphenol A type epoxy resin "EP-828" (a trade
name, a product of Yuka Shell Epoxy K.K.) and mixed under a
stirring. thereafter, 10 parts by weight of "Fujicure FXE 1000" (a
trade name, a product of Fuji Kasei Kogyo Co., Ltd.) as a solid
dispersion-type latent curing accelerator was added thereto and
mixed sufficiently. 75 Parts by weight of trimethylolpropane
tris(thiopropionate) "TMTP" (a trade name, a product of Yodo
Kagaku Co., Ltd.) as a polythiol compound was further added
thereto and mixed sufficiently under vacuum with planetary
mixer to prepare a resin composition. Nickel powder (an average
particle size:3.5 pm) as conductive particles was mixed with this
resin composition in an amount of 400 parts by weight per 100



under a stirring. Thereafter, 10 parts by weight of "Anicure PN- 23" (a
trade nane, a product of Ainonmbto Co., Inc.) as a solid dispersion-type

| at ent curing accel erator was added thereto and m xed sufficiently. 75
Parts by wei ght of pentaerythritol tetrakis(thiopropionate) "EH317" (a
trade nane, a product of Adeka Hardner Asahi Denka Co., Ltd.) as a
pol yt hi ol conmpound was further added thereto and m xed sufficiently under
vacuum with planetary mxer to prepare a resin conmposition. N ckel powder
(an aver agePpBfist Pyl wedght:of. themesie compesitivn farmakes ogadwelisg with
thi s resin mwinoomipasitionaforastaluatocdn 400 parts by wei ght per 100 parts
by wei ght of the resin conposition to neke a conductive resin conposition
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name, a product aFGF?alD}S g PSX iRAtRg.

t hereafter b}lcwpghts obybispihgmnoloA pecepexycx@smobzxf 4059 atke tnade a

product of majne KaSProKugymiCO‘ohtbt Ka)seasC@ scﬂtdd) adid paisednahylee hat ent
curing acceéﬁ‘fﬁh T‘Héré’é&@éﬁ' e e saB %& éﬂJfAh‘ii&IFe' PN Papts by
(0)

wei ght of t s hi,Q tra ane, a
proguct of g %% %&f Ep (Og ‘é‘é g %a f%?ltlg-‘

added ther Fﬂtc‘r g aGk QFQEl}ﬁﬁf?vﬁ | EHIEEP VAN xer to
prepare a r@EKﬂdc§mfﬁ§1m‘lfé}’i 30 cRartpolpiewgightavér tgmeayloiprepange: 3. 5
pm as condiris(ithéopropiotiate) VARMMPXe(a wirbkid hisme, eai prodoeesof i¥odon an
2g0nggt8| ?T O"ﬂﬁ Hk"d oY Mﬂér%? REPAIPPhisl e8 gﬁoﬁﬁd"%@tfu%}lléflead&édgxanpl o
comosi 1ol “Igh?nacr cgilal Nhpigshl, S0 ﬁ?@%ﬂﬁ P ont o
bi sphenol Aelél%";? Fe%rrﬁSIQ%OIBEQSI antr Pﬁé’ &Y@FagF Toht o
Kasei Co. pmlylcamze @@mhd@rcendsncrm pertiTies seds mxxeﬁé“palntténsy

wei ght of Mlﬁ%@r@\bsﬁ&or{m dri afde ol of A Q0 gshugtk 18y Weidlnpee 0O, Inc.)
as a solid %(%ﬁ{xgen % i hgé Q%tslﬁ“ééﬁ‘i%@ﬁﬁ@ﬁrtétfgfaﬂ@sa Ades Efigeet o and

m xed suffr%r ent trimet hyl ol propane
tris(thi opr piso é/‘f%?@(?g 1%ne, a product of Yodo Kagaku Co.,

Ltd.) as a pol ythl oI corrpound was further added
Example 4

6 Parts by weight of tributyl borate was added to 100 parts
by weight of bisphenol A type epoxy resin "EP-828" (a trade
name, a product of Yuka Shell Epoxy K.K.) and mixed under a
-stirring. Thereafter, 15 parts by weight of "Amicure PN-23" (a
trade name, a product of Ajinomoto Co., Inc.) as a solid
dispersion-type latent curing accelerator was added thereto and
mixed sufficiently. 80 Parts by weight of trimethylolpropane
tris(thiopropionate) "TMTP" (a trade name, a product of Yodo
Kagaku Co., Ltd.) as a polythiol compound was further added
thereto and mixed sufficiently under vacuum with planetary
mixer to prepare a resin composition. Nickel powder (an average
particle size:3.5 pm), silver powder (an average particle size:7.0
pm), cupper powder (an average particle size:15pm) or carbon
black (an average particle size:1 pm) as conductive particles was
mixed with this resin composition in an amount of 400 parts by
weight based on 100 parts by weight of the resin composition to
make a conductive resin composition for evaluation.

Comparative Example 1
The similar procedure as the above Example 1 was
conducted to make a conductive resin composition for evaluation



thereto and m xed sufficiently under vacuumw th planetary mixer to
prepare a resin conposition. N ckel powder (an average particle size:3.5
pm as conductive particles was mxed with this resin conmposition in an
anount of 400 parts by weight per 100 parts by weight of the resin
conposition to make a conductive resin conposition for evaluation. Exanple
4 6 Parts by weight of tributyl borate was added to 100 parts by weight of
bi sphenol A type epoxy resin "EP-828" (a trade nanme, a product of Yuka
Shel | Epoxyexcept)thatda rorie acidestar was notimgxedibesafmer, 15 parts by

wei ght of "Am cure PN-23" (a trade nane, a product of Aji normto Co., Inc.)
as a solidg éﬂl@é‘ﬁ%ﬁ% lgtzent curi ng accel erator was added thereto and

mi xed suffi& CI e iﬁgg@ z?%e El'gé ”?%)@Ug %{8&@@&3 ko ﬁﬁ Co.

tris(thiopropi

Ltd.) as a 8t ‘tlﬁ Flf’ﬁeﬁeséx’ad‘éﬂnppﬁé 1@Pof°£rﬁu"

suf fici ent Iqanmterthaacaupp&wtmowwa@t arot mixest thﬁqﬁmpaTbearcelsltn is
conposi ti orshdwekel tpoldér (an average particle size:3.5 pm, silver
powder (an average particle size:7.0 pm, cupper powder (an average
particle size:l5pm or carbon black (an average particle size: | pn) as
conductive particles was mxed with this resin conposition in an anount of
400 parts by weight based on 100 parts by weight of the resin conposition
to make a conductive resin conposition for evaluation. Conparative Exanple
1 The simlar procedure as the above Exanple 1 was conducted to nake a
conductive resin conposition for evaluation 7 except that a boric acid
ester was not m xed therein. Conparative Exanple 2 The simlar procedure
as the above Exanple 1 was conducted to make a conductive resin
conposition for evaluation except that a polythiol was not m xed therein.
The result is shown in table 1. Table 1. Exanple 1 Exanple 2 Exanple 3
Conpar ati ve Conparative Exanple 1 Exanple 2 Volunme 10-3 10-3 10-3 10-3
Coul d not Resistance neasured

Table 1. :
Comparative | Comparative
Example 1 | Example 2 | Example 3 Example 1 Example 2
Vqlume 10-3 10-3 10-3 10-3 Could not
Resistance measured
After Moisture
Resistance For 10-3 10-3 10-3 10-3
600 Hours
After Thermal
Resistance For 102 102 10-2 10-2
600 Hours
Life at 25 0 One month | One month | One month 9 hours One month or
or more or more or more more

The cured products of Examples 1-3 indicated an initial

volume resistance of 102 and still kept a volume resistance of 10

2

or more after the thermal resistance and moisture resistance

tests for 600 hours. Also, they had good storage stability for a
month or more at 25 0. Contrary thereto, the composition of
Comparative Example 1 where no boric acid ester has been
added cured completely in about 2 hours after its preparation.
Further, the cured product of Comparative Example 2 where no
polythiol has been added indicated that the initial volume
resistance was too low to measure.

The results of evaluation in case where the kind of
conductive particles was varied according to Example 4 are




After Mi sture Resistance For 10-3 10-3 10-3 10-3 600 Hours After Ther nal
Resi stance For 10-2 10-2 10-2 10-2 600 Hours Life at 25 »~ One nonth One
nonth One nonth 2 hours One nonth or or nore or nore or nore nore The
cured products of Exanples 1-3 indicated an initial volune resistance of
10-3 and still kept a volune resistance of 10- 2 or nore after the thernmnal
resi stance and noi sture resistance tests for 600 hours. Also, they had
good storage stability for a nonth or nore at 25 ~ . Contrary thereto, the
conposi t i orslwnGOenpable 2ve Exanple 1 where no boric acid ester has been
added cured conpletely in about 2 hours after its preparation. Further,
the cured product of Conparative Exanple 2 where no polythiol has been
added indicated that the initial volume resistance was too |ow to neasure.
The results of evaluation in case wh r%t e kind of conductive particles
was varied according to Fxanple 4 aré2 e <ho in table 2 _Table 2 Ni
Powder Ag Powder Cu Powder NCRRRAL: Bl @8kowd@! UnBy Hwdedd- 1 Gabgnnp
Resi stance After Muisture Could not!Could not Resi st ande fdHadn-2 [10-1

neasur ed measur ¥8lUnBD0 Hours jlgisf e at 25151 One Monigh 10 |Daysn7-Days 14 Days
Ni ckel pov\d hr Resistgndgict | ve part icles indicated an initilal vol unme

resi stance ofAflgMoigiestil| kept a|vol ume resi $t.anfgo0f| 18swd A%t dr the
noi sture resi3¢nsfeBct €5t | f or 1900 hours. 1Bwever Lsishver | pakhigks indi cat ed
a large ini tJ_a@é!E&ﬁ:E_LLQéLanrﬂ Al so cupper particlle caused a

remar kabl e | oweifd 153 M vpIDWTeE Mesthst anceDafd er]  t7hBaywdi S|t urlet D&y stjance
test. Carbonbtack—atso rndicatedthat—the votuneresistance decreased

resi stance,test for o that.,.it could

greatly after thl\elic e'lSIt)(l)Jer er 88' GOAQUTtIVE par 1clg801nr%ﬁg£1§e3 it

not neasur ed.
volume resistance of 10 and still kept a volume resistance of 10

2 after the moisture resistance test for 600 hours. However, silver
particle indicated a large initial volume resistance. Also, cupper
particle caused a remarkable lowering in volume resistance after
the moisture resistance test. Carbon black also indicated that
the volume resistance decreased greatly after the moisture
resistance test for 600 hours so that it could not measured.
Industrial Applicability :
According to the present invention, a conductive resin
composition having a prolonged pot life and an improved storage
stability can be provided. Said resin composition has a volume

resistance of 103 after cured under heating and still keeps the
value even after the thermal resistance and moisture resistance
tests was conducted for 600 hours, and therefore not only it is
very advantageous over the hitherto known polythiol type epoxy
resin composition in the increase of workability and the resource
saving but also it is suitable as a conductive material in all fields,
including the field of electronics, where a low-temperature quick
curability is required.



| ndustrial Applicability According to the present invention, a conductive
résin conposition having a prolonged pot |life and an inproved storage
stability can be provided. Said resin conposition has a volune resistance
- of 10-3 after cured under heating and still keeps the value even after the
t hermal resistance and noisture resistance tests was conducted for 600
hours, and therefore not only it is very advantageous over the hitherto
known pol ythiol type epoxy resin conposition in the increase of

wor kability and the resource saving but also it is suitable as a
conductive material in all fields, including the field of electronics,
where a lowtenperature quick curability is required. 9 CLAIMS 1. A
conductive resin conposition conprising as essential ingredients (1) an
epoxy resin having two or nore epoxy groups in the nolecule, (2) a
pol yt hi ol compound having two or nore thiol groups in the nolecule, (3) a
solid dispersion-type |latent curing accelerator, (4) a boric acid ester
conmpound and (5) conductive particles. 2. The conductive resin conposition
as claimed in claim 1 wherein the mxture ratio of (1) the epoxy resin to
(2) the polythiol conmpound is 0.5-1.5 in ternms of a SH equival ent wei ght
nunber of the pol ythi ol conmpound/ an epoxy equival ent wei ght nunber of the
epoxy resin, (3) the anmounts added of the solid dispersion-type |atent
curing accelerator and of the (4) a borate ester conpound being 1-60 parts
by weight, 0.1-20 parts by .weight, respectively, per 100 parts by wei ght
of the epoxy resin, and the anount incorporated of the conductive
particles is 100- 1000 parts by weight per 100 parts by wei ght of the
conposition consisting of the four ingredients (1) to (4). 3. The
conductive resin conposition as clained in any one of clains 1 to 2
wherein the conductive particles are nickel powder. 10

CLAIMS

1. A conductive resin composition comprising as
essential ingredients (1) an epoxy resin having two or more epoxy
groups in the molecule, (2) a polythiol compound having two or
more thiol groups in the molecule, (3) a solid dispersion-type
latent curing accelerator, (4) a boric acid ester compound and (5)
conductive particles.

2. The conductive resin composition as claimed in claim
1 wherein the mixture ratio of (1) the epoxy resin to (2) the
polythiol compound is 0.5-1.5 in terms of a SH equivalent weight
number of the polythiol compound/an epoxy equivalent weight
number of the epoxy resin, (3) the amounts added of the solid
dispersion-type latent curing accelerator and of the (4) a borate
ester compound being 1-60 parts by weight, 0.1-20 parts by
weight, respectively, per 100 parts by weight of the epoxy resin,
and the amount incorporated of the conductive particles is 100-
1000 parts by weight per 100 parts by weight of the composition
consisting of the four ingredients (1) to (4).

3. The conductive resin composition as claimed in any
one of claims 1 to 2 wherein the conductive particles are nickel
powder.

10



