1 DESCRI PTI OPN RESI N COMPCSI TI ON, METHOD OF I TS
COWPCSI TI ON, AND CURED FORMULATI ON TECHNI CAL FI ELD
The present invention relates to a resin conposition,
a nethod for producing the sanme and a cured

formul ation. More specifically, the present invention
relates to a resin 10 conpositipn which is useful as a
mat eri al for mechanical conponents, electric and

el ectroni c devi ces, autonobile conponents,
construction/building, nolgfiste/pergpRg and coati ngs
and adhesives, a resin conposition excellent in flane
retardant, and curable flame retardant resin
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conpositions are industrially useful 20 as materials

for, for exanple, nechanjg €ﬁ OAPORERLS el ectric and
electronlc devi ces, auto ¥e conmponent s,
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irradiation of light, but if the content of the
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a P& SHALTOHE SestiGesut iaar ome itlse qomtmoglamtcs,

C @peitenics iioh /MAIQAERS and molding/ forming, and further widely

. used also as materials for coatings and adhesives. In such
:thermosetting resin compositions, technologies of making the
resin composition contain an inorganic substance in order to
reduce a coefficient of expansion or to control an appearance,l
have been widely studied, and for example, by matching a
refractive index of the resin composition with that of the
inorganic substance, the appearances of the resin composition
andthecuredformulationthereofarecontrolledandtransparency
is exhibited. Particularly in recent years, it is desired to
increase1juacontentcxﬁinorganiccomponents:h1ordertx>inhibit
degradation of appearance during irradiation of light, but if
the content of the inorganic components is increased, the

transparency is impaired. Therefore, an attempt has been made



10

15

20

25

30

35

Wth respect.to a thernosetting resin' conposition
containing an inorganic material, there is disclosed a
metal oxi de-epoxy resin conposite in which netal

oxi de derived from netal al koxide is finely dispersed
in asize of OOOS to 5 pm in a cured fornulation of
epoxy resin (for exanple, refer?ing 10 to Japanese
Kokai Publ.ication Hei-08-100107 (p.2)) . Asanethod

for producing this conmposite, there is described a
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onent. There are occasi ons when a product
ngﬁ%%se ﬁnrﬁﬂc&ﬁﬁﬁﬁ%inrﬁqlif@’qq%tsl&%bl@ e wmn quxy resin,
or (er 4o e@qsdyOh:te31hh@uf:thlg 29éenf i o) of 3 1EHRS BBhpound having
pr &E)SI‘% ¥ O, a nechani cal proper i t_was necessa
to controf notdi gl T8t Rt g %IE]%)EPI BiHsT 2 PRA talr?(yjilrea‘:tlc’n
t Hel eh vas epoxgogrbup, | and care mrkox 8§ rAng, buhdbdries peet or more
05 1 { &5 Ny CORPOSL L s Oy tge%fléﬁemﬁgﬁ\ﬁghga }g fgcondensatlon
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reactln rectl or throu medi um of . a curing

with an Bbo%§™Groe T?)l%ﬁ&’mﬁﬁgél FRo%y iﬁ-%‘&%ln@rgamcma ter exists
tes aqbeimtxytslé are cand ot frp &t in ¢ tthienge 80 Momfpesition, and

(ff){ :L?(ﬁgp: %’sary to allow a reaction of the particle precursor
to proceed in molding/forming, the inorganic matter does not
necessarily exist as a particle in a shaped article and it can
form an interpenetrating polymer network with an organic
component. There are occasions when a by-product is produced
in molding/forming in some cases. Thus, in order to exploit
the fullpotential of a thermal propertyoramechanical property,
it was necessary to control molding/forming conditions strictly
and there was a room for improvement.

- And, with respect to a resin composition, there is



referring to Japanese Kokai Publication

2001-288244(p.2-p.4)). In these resin conpositions,

it is described to use a conmpound containing tin as a
catalyst. Furthernore, with respect to a nethod for
produci ng an epoxy resin conposition, there is 10

di scl osed a nethod conprising aadi ng al koxysil ane and

water of pH 3 to 6 to an epoxy resin dissolved in an

organi c solvent, hydrolyzing an al koxy group of

al m@@dmat@amémqlnggtéypn ddh gy £5ENGE, AhidR contains an
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in 20 shaped articl e absorbs noisture, and
wasMatPoom FoT D |Cﬁ>6‘P8\?ér§éﬁPSrAhH 13 Kmserideadl S0l osed a:ompound

sokdertaiednst tEANPOH Wa®R1y@eNt aFQirHe#hK8XY with respect to a
sil.ane nodi fi ed phenol, an  epoxy
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use ing /fornmng nateria <s
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Acepetlphgl yre Séncend he JepaRESEIKSa £ 3NNE e PBEY -8-199045
in % bmthin layer form there was a room for
r

con nge to be suitable for nore uses. And, there
i s -di scl 8sede atheshniqueadfalngsdi rhd@aG-Sidaited yst will remain
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caed i CipetHr 1% thiker §§b262§@@@§' onH&nJe\thf Q\H{e% this composition
is cured, a silane portion have to be condensated in curing the
composition or prior to curing and methanol produced in this
condensation have to be removed, therefore if the compeosition
is used as a molding /forming material with thickness, foaming
occurs and molding defect may arise. Accordingly, since the
composition can be used only in film/thin layer form, there was
a room for contrivance to be suitable for more uses.
And, there is disclosed a technique of mixing nano-silica
dispersed in an epoxy resin and a phenol resin (for example,
referring to Akio Takahashi, 5. et al. “Heat Resistant
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fornmulation is 43 at 50 to 100C and 162 at 200 to

250C, the ratio of the coefficient of thernal .
expansion at 200.: to 250C 10 to the coefficient of

t hermal expansion at 50 to 100C is about 4.

Therefore, in this technique, there was a room for
contrivance - to obtain a resin donposition which can

forma cured formulation having further excell ent

insul ating property and thermal shock resistance and
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conp03|? Qﬁ%%ﬁﬁpei%ﬁﬁ R Rt ot Rl fyy o material for

encapsulating semlconductor, a material for shape or adhesive
and the like in electronic materials, such as an adhesive for
IC package.

When the polvhydric phenol is used for electronic
materials, the polyhydric phenol excellent in flame retardancy
isparticularlyneeded.Asthepolyhydricphenolhavingexcellent
flame retardant, for example, a bromine-containing epoxy resin
and the like has been conventionally used. Recently,

technologies for giving the flame retardancy without using
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retardancy, excellent properties of cured ‘
formul ati on, such as nechani cal property and noisture
resi stance-in various field. The present i nventors
have studi ed on obtaining a hyb$ andnano- conposite
resin by using silica, as anew flane retardant 15
technology, in which neither halogen nor phosphate is

ave fo that a silic rofine particle
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and el asticity are I nprove

t JIED HRIROKGKAM PR oieeei 200- 2e8s3gpund that when the

Fusher dDFesin i SGlNsedEds & @I Giferk® MW Chhoxy resins,

Sp}?rea[clzigiaclzalalmrlp f’l %ialmﬁ:e retardancy may be ensured without
further addition of a flame retardant (that is, free fromhalogen
and phosphate}, and the present inventors have applied regarding
these techniques (Japanese Patent No. 2002-15127)

Adding silica and the like to a resin composition as a
filling agent is being examined in order not to give a flame
retardancybut to improve various physical properties of a shaped
body (cured body). For example, disclosed is a technology, in

which strength, elasticity, and extension are improved by



m croparticles having an average apherical dianeter of
8 to 65 nm produced by a DC arc plasna process is
preferably used as a silica filler foor epoxy resin
sealing material (For exanple, 15 Japanese Koka
Publ i cati on 2000-319633). SUVMMARY OF THE I NVENTION In
view of the above state of the agt, it is an object

of the present invention to provide a resin '
conposi tion whose 20 cured fornul ati ons exhi bit
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r é:t}il on, tfe .
chanical properties, heat resistance and lower humid

absorption. Additional object of the present invention is to
provide a manufacturing method of the resin formulation and the
resulting cured formulation.

The present inventors have made various investigations
concerning thermosetting resin compositions, consequently have
found that a resin composition comprising a compound having a
glycidyl group and/or an €POXy group and an inorganic microfine
particle are useful as materials for, for example, mechanical

components, electric and electronic devices, automobile



15 above-nentioned effects can be nore sufficiently
exhi bited and the above problens can be finely
resolved. And, they have found that a resin
conposition having an excellent effect described the
above are forned when the content of Si and the
content of one or nore elenent sglected fromthe 20
group consisting of Zn, B, A, Ga, In, G, Pb, P, Sb
and Bi anong netal conponents constituting the
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containing at least oneofa glycidyl group and/or an epoxy group,
and an inorganic microfine particle, has enhanced strength and
elasticity, heat resistance and a low dielectriccharacteristic,
which is capable of utilizing various application and is useful

30 in various areas, and they found that in the resin composition,

.when a ratio of a coefficient of thermal expansion, oz, in a
temperature range of glass transition temperature Tg or more
toa coefficient of thermal expansion, o, in a temperature range

_ of Tg or less (oy/a;) in a cured formulation of the resin

35 compositionis specified, the cured formulationhas particularly
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15 t I norgani ¢ mcrofine
hydr ot fsweartma@mulcm {mﬂcﬁd‘cﬁtdmc abhkenxo te antl/ar inorganic

nMetoAle GAIDQ%YNALR )AL S 1ow, especially organic molecules gather
with organic molecules, and inorganic molecules tend to gather
with inorganic melecules, which causes inadequate dispersion
of the silica in the polyhydric phenol.
The present inventors have found that a combination of
a polyhydric phenol and an inorganic microfine particle having
aspecificstructure canpermit productionofaresin composition
which can produce a cured body having excellent properties, such
as flame retardancy, machanical property, and heat resistance.

These findingshavenowledto completionof the present invention.
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25 glycidyl group and/or an epoxy group and an inorganic microfine
particle,

the inorganic microfine particle containing 50 to 99.9

rols of Si and 50 to 0.1 mol$% of one or more element selected
from the group consisting of 2Zn, B, Al, Ga, In, Ge, Pk, P, Sb

30 - and Bi, as constituent metal components, and as a particle size
distribution, the inorganic microfine particle containing 50
to 80% by volume of particles having a particle size of 0.5 nm

~ or more and less than 10 nm and 50 to 20% by volume of particles

having a particle size of 10 nm or more and less than 100 nm,

35 a compound being solid at 25°C being used in case of
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conprising three conponents of a phenolic conmpound, a
conmpound 20 containing at |east one of a glycidyl
group and/or an epoxy group and an inorganic
mcrofine particle, is also referred to as "a resin
conposition conprising three cggponent BRI EF
DESCRI PTI ON OF THE DRAW NGS 25 shows a

29Si - DO/ MAS- NWR spectrum of an inorganic microfine

particle contained in a flane retardant resin o
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BRIEF.DESCRIPTION QF THE DRAWINGS
_ Fig. 1 shows a ?°$i-DD/MAS-NMR spectrum of an inorganic
microfine particle contained in a flame retardant resin
composition F. '
Fig. 2 shows a ?°$i-DD/MAS-NMR spectrum of an inorganic
‘microfine particle contained in a flame retardant resin
composition I.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, the present invention will be described in
detail.

A resin composition comprising two components of the



limt is preferably 99.5 nol % and nore preferably 99
mol % And, the content of one or nore el enent sel ected
fromthe 25 group consisting of Zn, B, Al, G, In,

Ge, Pb, P, Sb and Bi is 50 to 0.1 nmol% When the
above content is less than 0.1 nbl% or nore than 50
mot a, physical properties suchlas heat resistance

may not be sufficiently inproved. Alower linmt of the
content is preferably 0. 1 nol% and nore preferably
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prete %, by~ vol ume and nore preferably 60% by
EE Eg?gﬁ Qé %Q imt is preferably 78% by vol unme and
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25 group consisting of Zn, B, Al, Ga, In, Ge, Pb, P, Sb and Bi is
50 to 0.1 mol%. When the above content is less than 0.1 mol%
ormore than 50mol%, physical properties such as heat resistance
may not be sufficiently improved. A lower limit of the content
is preferably 0.1 mol% and more preferably 0.5 mol%. An upper

30 limit is preferably 30 mol% and more preferably 20 mol%.

The amount of the above constituent metal component in
the inorganic microfine particle can be measured, for example,
by subjecting a cured plate of the resin composition to X-ray
photoelectron spectrometry (XPS) analysis.

35 The above inorganicmicrofine particle contains 50 to 80%



above limts, it becomes possible to inhibit bleeding

in curing 25 the resin conposition or failures of a

cured formul ati on. The above particle size

di stribution can be determ ned, for exanple, by

subjecting a cured plate of the resin conposition to

a small angle X-ray scattering %%aly3|s and preparing

a Guinier plot froma scattering profile obtained by

this nmeasurement by 30 a Fankuchen nethod to determ ne
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The above particle size distribution can be determined,
for example, by subjecting a curedplate of the resin composition
toasmall angleX-rayscatteringanalysisandpreparingaGuinier
plot from a scattering profile obtained by this measurement by

30 a Fankuchen method to determine a radius of inertia and assuming
that a geometry of a particle is a sphere.

The content of the above inorganic microfine particle
preferably has a lower limit of 3% by weight taking the amount
of the resin composition as 100% by weight. The lower limit

35 is more preferably 10% by weight and furthermore preferably 15%
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25°a2, in a‘tenperature range of glass transition
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The above resin composition comprising three components
comprises three components of a phenolic compound, a compound
having at least one of a glycidyl group and/or an epoXy group
and an inorganic microfine particle. In addition, the resin
composition may comprise one or more compounds as the phenolic
compound, as the compound having at least one of a glycidyl group

and/or as an epoxy group and an inorganic microfine particle,
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portions of the curve around the glass transition
tenperature 30 and taking a point of intersection of

the tangent lines as a glass transition tenperature.

The above coefficient of thermal expansion, a}, in a
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tangent lines to a “temperature-change in dimension” curve
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The above coefficient of thermal expansion, a;, in a
temperature range of Tg or less means an average coefficient
of thermal expansion in the range of from Tg-80°C to Tg-30°C
with respect to Tg value obtain by the TMA method as described
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Inthe abovephenoliccompound, theorganic skeletonrefers
to a site which bonds two aromatic ring skeletons respectively

' constituting a phenolic compound with each other and has a carbon
atom. And, the organic skeleton having two or more carbon atoms

35 preferablyhas aring structure. The ring structure represents



35 conpound to form an organic skeleton"). 19 The
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It is preferable that the above phenolic compound is
30 produced from a reaction material comprising a compound to form-
the aromaticskeletonhaving at least onephenolichydroxyl group
(hereinafter, also referred to as “a compound to forman aromatic
skeleton”) and a compound to form the organic skeleton having
two or more carbon atoms (hereinafter, also referred to as “a
35 compound to form an organic skeleton”).



4, 4' -1 net hoxyi sopropyl bi phenyl ,

4, 4" - acet oxyi sopr opyl bi phenyl
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§

gﬁ@fy{:é éPﬂé(x%rﬁ]aﬁEe; Ilaﬁl ecnc%on TPurthéimore, theé compound

, n%?troxyls r opy
G Ho R Sy ﬁ]a&pmt@n@nel ’%tmjcompound to form the organic

| 2 QkQQ%ﬁ:@ﬁym§9%é’W§.é@F§E &%?nbt Ele &+aBAVE£(2ho or more

B havi ng an unsaturated bon re are
suP aE Mysed di vi nyl benzene, diisopropenyl benzene,

S trivi nylhenzlegeabwelcﬁﬁ@;rdmﬁmﬂobW%e aromatlc skeleton, a
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| opent adi nor bor nen nes
AP PR oL ORRoT G 28 &Mﬁgﬁsaﬁy 1G3ppgggre bonded
20tal mmm@mrtd rllatgontesy HE&Wsmsgi landrohesy marbofubstituents

at it h ct.ana

e SFERE s o0) B A DSUE Ly B R Bl vomacic rano.
hyapeséyaé@ﬂébmn@n@re @f@)tqjln&ifd@ylmlpomlmmaﬁmldghydeleast one
gl yR¥abiigl Myar dg?h}’ﬁ?up derapihal-aldeh gound having

Elohexane di a| de, tricy clodecane 25 |alde
no BBrﬂﬁn@OH?aPH%ﬂ9 écaﬁﬁd§%%ylag€%%@ﬂe ar e

preferrens t]ﬁkfet @Boﬁ@&ﬂ@i{ﬂdn@@@%lﬁh@&l @ £ Oihe organic
o eci.fic _active pS. 0 tive sites,

corpstmatRaue S E5 BER PR 4G HPRAlkis GpAEEals having
boany ¢f1e11€a&h@d&blxtyam}<yJ_U§ﬁdu§Q an a-alkoxyalkyl group and an

RES00EPX| RERS TN o | BERE QRN AEHATASE uratea bona
ﬁ%buﬁampwawﬁgh@ﬁnag h@d@@x(ly@mw g@@@mps@¢ha€m3 aldehydes and

a Rekonya| Kyl ngitﬁlrﬁi%aﬁh HeRslad Lo BeRdstfRIB Ficactive
) thylstyrene

bl
G T N3 e PR o5, ety PO S RSB 7389 any of an amino

| mE‘IThY‘lllSI ya myejrddyﬂﬂm)aymidﬂﬁro&pnahhthcﬂy(Eﬁ@roiﬁalkyl )amino

%{ met.hyl di vi nyl ben. zene,
gi%neth | di i sopropyl benzene,

Ast e above (1) aromaticmoieties, there are suitablyused
p-xylylene glycol, p-xylylene glycol dimethyl ether,
p-diacetoxymethylbenzene, m-xylyleneglycol, m-xylyleneglycol
dimethyl ether, m-diacetoxymethylbenzene,
p~dihydroxyisopropylbenzene, p-dimethoxyisopropylbenzene,
p-diacetoxyisopropylbenzene, trihydroxymethylbenzene,
trihydroxyisopropylbenzene,, trimethoxymethylbenzene,
trimethoxyisopropylbenzene, 4,4’ -hydroxymethylbiphenyl,
4,4’ -methoxymethylbiphenyl, 4,4’-acetoxymethylbiphenyl,
3,3’ ~hydroxymethylbiphenyl, 3,3’ -methoxymethylbiphenyl,
3,3" —acetoxymethylbiphenyl, 4,4’ ~hydroxyisopropylbiphenyl,
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nmet hoxynet hyl di vi nyl benzene and

met hoxynet hyl di i sopropyl benzene. As the above (5)

conmpounds havi ng any of an am no group, a

hydr oxyal kyl am no group and a di (hydroxyal kyl ) am no
group, there are suitably useg¥%riazines, such as
nmel am ne, di hydroxynet hyl nel arfi
trihydroxynEthyIneIanine acet oguanam ne,

di hy rox Iacetogu nanm ne, . 10 _
te?r hy# gﬁ?ﬁ&ﬂﬁ??é@@? BiBR&RYhe, benzogua. nanmi ne,
d|nydgeayﬁﬁbhyhbepgcgyabaﬂhéﬁyl ]
tetrahy enzoguana ureas an

der gatFVALERT Y pEPRORRLRRZEVTC

(dBhylrozyhekhybdorenylbfipeenghydr oxymet hyl ) ur ea;

a”Bngs*aé%ﬁgﬁgﬁg§%9¥gﬁﬂﬁg#ﬁghgf } S5-hydroxymethylnaphthalene,

di hydr ox
tef réh%%b%gﬂﬂ@?hw papheheledktanfnéracetoxymethylnaphthalene,

heZQSLHyH@BQQm@ﬂh9§naEhBMQI8ﬁ¥nEEthﬂS%ﬁ%ﬁgﬂéfﬂ§inaphthalene,

d|2n1ne %etra df oxyhet hyl hexaet hyl ene
yPyPEREC= IS Ménaﬁ Hhﬁ}ﬁﬁ@xynﬁthylan1n obenzene,

_ n}2yByhyGEOanﬁbpegpymhgphyﬁapéﬁgﬁthyIanlnobenzene
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Ll i 20 I
o e s nao fpanp PRy eRE, 1 e
4, 4; >-peehykphedpaopyinaepahdalene,

4 é sﬂﬁwi‘bﬁgfgbgi‘%? ﬁ%fgh{ei ne. Among them

i'ne skeéleton such as
ne?aﬁ1%@th%%Hi@@Béﬁ%ﬁihéphtb@éenguan@n1ne and the |ike

arg, etg&gtéﬁgls@érJﬁflﬁggﬂghgféﬁé|on mat eri al
preferabl% ont ai ns oundto forman aromatic

skel et or*? HEP®RidRATr(2 alC@@Wé’rﬁr 8@vipg as umsahyrated bond,
mateeiralar® puandbat Ilsﬁﬁﬁtil&liﬁy(_l%%nﬁfentebedf%&%%yil@enzene,
fogplgfngiggﬂég ske#etgn herei nafter, algg referre

Faw nater rar - BT PP o ?n%%n%) Ja‘"e%%lr‘?lb%‘atadlener
abewebomenabave BOrpeamesi on material nore preferably

'Conta|n§A§Eﬁe%@@J§q§YE éundéq4¢¥ﬁg ?ﬁ¥b8ﬂ ﬁ%&ﬁp,varlous

ounds to form an org aICS ereil
a3 %Y%ﬁe@n%k%%oﬂﬁwalv@m@rl%uoale)s&ecr@rd:wd atoms, are

frsxmﬂt(él)lé,o 44 mgél@&%@@OV&’@&@ai ez gor dife,
ggg n or ani ¢ el et.on é%gée'n fter al'so referred

t & ARSI G xenzakdenvdte R ayetopRenpne,
r e@mtcmabmteyd@,f ¢ hrenamepbddlopnde ag Bydad 1 22g1utat£fm_8dehyde,

.r aw rraé eria ?ﬂéga&af é’alc Ll?(%%%%ws@?alg%kg}de ] ntfarcnlldca\fcf ecane

a Herledsloidle, armbqrri@@rc@f@kct@wd@ arehctbalhe rdnhyde are
mads ity B2, before a reaction of the raw material A

and the raw material Bl is conpleted, and
In the above (4) compounds having two or more of specific

active groups or active sites, as a compound having a carbonyl
group and an unsaturated bond, there are suitably used
isopropenylbenzaldehyde, isopropenylacetophenone,
citronellal, citral and perillaldehyde. And, as a compound
having an a-hydroxyalkyl group or an c—alkoxyalkyl group and
an unsaturated bond, there are suitably used dihydroxy
methylstyrene, dihydroxymethyl a-methylstyrene, dimethoxy
methylstyrene, dimethoxymethyl a-methylstyrene,
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for exanple, it is preferred that the raw material A/
the raw material Bl and the raw material B2 are
simul taneously reacted w th one another or that the
raw material Ais reacted with the raw material B2 at
the first stage and then reacted with the rawmateria
Bl at the second stage. Therebf the flame retardant
10 property may be nore surely inproved and the
reaction material becones suitably applicable to
noldFRgFYBE R HYdHEE BY L apBZ8Re, el ectroni c materi al s,

adhesir¥esmand aaisaﬁraﬁyﬁbéﬁkénehbfe preferably, the
reacted with the raw materi al B2 at

raM/EEterlaL
t hESHPPEYIEtay déﬁﬁny Banzenet@dwith the raw materi al
15mBihakyﬁééh§£@omdoptaggleHEeﬂ@lar rati o between the

, th : B b nded,
S

coapbu@UQxymbkﬁl@migorgmnwpImm%e.ﬁkmhydobxyélkgmdamnno group,
UDEEEIE' Q}& Qu %9{3 M\an EPEa?I‘i’?é‘Qt Qlflcltlhg @g\iamlne,
material “Ais 2 {s"FRan ano rati
gefabyeror¥nebbgbacdaring, pFéﬁhE@ﬁ@XYQSE@SlmGlamlner

COH@@ﬁbthﬂam@ﬂg MEHyBPSX9H@%§lQéeE$@J£ﬁ%%er' al
e.than a nolar ratio o 0/1, properties of -

cu?earaﬁsﬁﬁﬂ¥5m?Bhyl§aeEoggaF?%h%efe@%@a%ﬁva%a%h%@¢y
naylhgdhakﬁmé?hyﬁhghbﬁ&uah@mﬁngrererab|y, g?e | ower
1 e_upper_25 S si nce

Phlcoiudrpdlele BrEbrir SORE phnn cobnd Erdrt dives
exhhbresfhlQMCBtaengrhaat (@i bydtedyvhenpel phue 2,
Fur, he_l, I C

CHL ORISR P o ol s Ao e

bydlhEﬁé@¥K@et El@BbVéeﬁ@a@%@@hnﬁat%@téﬁhY@r@$E@@¢hEﬂ8thylene

Of daagaha) Yeéxae @Qyir bBgegabal ys! él\mdﬂ?r @ﬁ%rg@\glﬁ] gﬂﬂg%%%@&yl ene

& odu0|g hla henol i ¢ congoun
1 BB ERE o b BB en VB ERY RCRABLRY [ APe AR HespaResyLylene
WhélLemLEaptpﬂ@llﬁj}l&rbﬁm@fﬁhglaﬁin&bemﬁb@é £sereel yDénd iamine,

abgv d catalyst.,.there ar
suﬁtgbﬁgagé% iek %%@%ga%enz c ﬁsa%b%ﬁn%g’h§%$%c%Toric
acfdd’ sokydianli hend, Q34bh@sp@omy@r@xyuetbygamibine,
suh{]@mlﬁe@@gfﬁén@aigﬁyfﬂ%ugmm ¢ acid and

ne% anesul fonic acid, ultra strong acids such as boron
trift udpe?gléy%?n%d%m%&y@ﬁ@p)é%qnlllne Among them, compounds

" t rivé v inog cmeitianeisid fon1eagi @ucﬁnashﬁéEa@pﬁéya@éﬂ&ogﬁﬁhamlne,
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SyRTRETT RS {2

sol i.d_acid catalyst uch ag activat 3
fohtteathd R 8?5% exchange
resin arﬁhqoesrlfdmnom&m sud feomi €] gotelfdygdely contains the

i O&WQS fro?ﬁliaﬁi_aromatic skeleton (hereinafter, alsoreferred
to as “a raw material A”) and at least any one of the compounds
to form an organic skeleton (hereinafter, also referred to as
“a raw material B”) from (1) to (5) described above. The above
reaction material more preferably contains the raw material A,
at least any one of the compounds to form an organic skeleton
(hereinafter, also referred to as “a raw material B1”) selected
from (1} to (4) described above and the compound to forman organic
skeleton (hereinafter, also referred to as “a raw material B2”)

of the above (5). As a reaction order of the reaction material



The anmount of the above catal yst used in the case

‘where the raw material Bl is reacted is appropriately

set in accordance wth the acid strength of each

-catalyst, and it preferably has 10 a lower limt of

10

15

20 p

0.001 parts by weight and an upper limt of 100 parts

by wei ght taking the anount of “tthe raw material Bl as

100 parts byweight. As the catal yst which becones
honngeneous in this range, trifluoromethanesul fonic

actB, LS Haawssuleniray Beterand borldie 159 Paserdelabe and the

pr E&ﬁh{a&@,rlélld?,z hee Hl&%eawlo]d%l e ESE 19_9LEE?QHEH§ areaction,

bly have a | ower 001 parts
RO o B3R G5EF 19 RRECh S e 6y aaithbstore a reaction
respedie velymatdhea lge aanoiné rafw i‘aeﬁ:@ﬁ:ﬁlg&ﬂEDli&‘s completed and

o TRRAT R ot FpRrBEohy Sl onE D) Fngar o w1 che ran

of maDerpat tBl @yldwelhgmawzmataruhé Basgavbemeltheepanly reacted
m&@ﬁh%né%no;th 8aGt ec%dt”tﬂ[eeﬁéﬂ%%te%élhﬁ ?%’%‘%%cted with the

cat al basi c catalyst, there are sui
usé@wr%#%ﬂ@bs%rmt Sheddd ret altRarki padnshan macted with the

al ka\hm@f&eﬂh&ml aetRb ssueRdaT a3ed] U‘I‘hBl‘@B?X't‘Pﬁ% flame retardant
pot assi u xi de and barium h%drOXI .. amoni um

D PEaPSF Budta e FoEe AL SRPREVescand the Toact 1oh naterial
hehanamhylsnbt&bl@namplfwmbs@dt@nm@fmimwwﬁéxmfﬁgEﬂhterlals of

.,acégecEﬂ) Xsraaiﬁé)g]regcsmagedhseusg.t abl y Lﬂs]?:gra:tg.%r fnalterials . More

5 suc e
anﬁsﬁfebﬁbbyadﬂde raw gt ar sl 6315 secivtas] exthitheatkd material
ang agetife ai Wyt L& s %gﬂddmﬂ@ﬂ diualent i PRt 8o SALL Spaterial
such as zinc acetate. hé resin conposition
SOB%fthEh%r§§%ﬁFdlﬁ?%%@ion i s used as an epoxy resin

curing a:gle@tmoianf ®ted PethRleectrnenkguwRbeerabl Atah$ the raw
not refe tha§gﬁhgg qﬁ ¢ substances,such as .net
’d

al
PRESEL P Eails IcBRF HFSr bR PFAicng the above
prpﬁemobdctmompmuﬁduapm@ﬁmrabmy aabasi Towat al ysitt o&nM/l and an
a ca urt her
| Ep Qe £ U 071 oS B PR e B4 I BER R a1 2 4
byleas Fyaﬁ@m&amé@tmpf jdtlhcm%Jaﬁfi'dlmshmagswdtdumatg@roduclng

i fa n@@maéd&mp@git?ifoﬂ he J £ aginoR hef aInBﬁnrtann@EQrfé\b materlal
Bi% addltlon when the am nes are enpl oyed as

aﬁ/s‘f‘%rel’f F3 agpetar el gt L 10 Chr ryr R/ s 'OF cured
r efavmeb ] 4t Bow refiiclofad Mldmd resarsidelt @Soperty may be hard to

rERbE e Lot A B R o bR Ao /gt 25 the upper
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arbyeit ¢s6/dg $imadit bawomaserdss 1A anlda b thebstsitusniposition
| Nexhibits high strength at elevated temperature. Furthermore
preferably, the lower limit is 1.8/1 and 5/1.

Preferably, the above phenolic compound is formed by
reacting the above reaction material in presence of a catalyst.
The catalyst which can be employed for producing the phenolic
compound may be one capable of reacting the above reaction
material.

In the case where reacting the rawmaterial Bl in presence
of the above catalyst, as an acid catalyst, there are suitably

used inorganic acids such as hydrochloric acid, sulfuric acid,
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the raw material B, but carboxylic acid, alcohol and

wat er are produced as a by-product together with the
phenol i ¢c. conpound 10 during this condensation. These
carboxylic acid, alcohol and water thus produced as a

by- product can be easily renoved from a reaction

product w thout conplicated proééss by distilling off

under reduced pressure during or after a reaction or
perform ng azeotropic distillation with a solvent. In

ad PR e BPHoNEC eivé dy emntdroie pnddunt. crafiefsSpt o Budh&EHT €onic acid
COnd@dh Ny f ubst e ai ned by canducting :
the re c%%%ssﬂngon%l%ﬁae%r@bg%ggaan% ﬁqn%c?rﬁlgiisns?u&h as boron
(xﬂEﬁﬁéau??l@%€é§ééﬂ¥ﬂu§%6be96@61vgmﬁldesomébhdneban®Mhicacid

i n atlinteiten oo 1448 1 phenak is%lqmeyadcag%f Z'Bhf:%a%%’ctivated

al cohol. and water .produced as.a by-pro _ R
r ea%]al‘%n Sé’gﬁg‘?efa'ils I ke SHBSPBIBravid tives bfntdrechange resin

ph@fnﬂ iptﬁml}lﬂiﬂﬁjl.katd&t ‘Eﬂﬁ@iﬂti@ aicﬁt@\f}:rhﬁeu hri%ni—%xchlange resin.
prerera a erature a IL.CNh car boxyl |

acid, al c%h%%hgﬁg%m%Fe&n@m&%YW- BEBduth £hg €ase where
evdptr BiEdaded idilRT L et anftfed Andpprberiagel i@t in accordance

t erpapupe f has, r exanpl a_l.ower 25
limt of 10%"?:#%%‘29?4%%@? ?%ér?nhtcao a 4%0 amr%\? preferably has
pr éF iRty L imife of ofeP Ol Rt tEsb 10€ gind dre arpp@iper limit of

li mao ipert806y andgnfu +pihe Lower .
limit. is 1300 and {he E%Egégoflﬁ%%ﬁﬂg@{q?o%mﬁn%é‘ material Bl

thé—flsp]réo%éf DRYSRIGRE - phaf shiecaterptrith i clelag boxgs homogeneous
achdlHhﬂstﬂ&n@é,kErafeu@faﬁéﬁﬁdné§ubfoﬁﬁQQHQRE’m@HBaﬁqulfonic

th 0 can. easi.ly renmoved fromthe
o OB S B R UAT 21 HA e Bcoiog amount

15y apfnbkest slomnchwndsypee fadabl icvauant 1 syeofl imicadaly.siol parts
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j but, {t is f d
(oo ottt WPRCL Mok TEREL e ke ea bl i FRepectively.
r aw el &F PECURtHheRer parnrabericl - & dhmmsidseantical bytivated
andogater 20 are ne S Touer HREEIE 3 BEkEs, B SEIRpe and an
prengabpimﬁgsog Egée aFFfi PYole36hfi nutes and an

Bt hs e candf he. Upogr T re 2y pact U presence
for the react;oﬁtne?ﬁod ?%EfE@Séﬁog%t%f%ﬂécﬁ?ﬁﬂ”b?r?h%Uitably
phifsHi kY Smpisiam andhex i dastd D lkey ibe vatal ed alkailAne earth
preseatesud a8 s0hVeRty AN s f 39l ent s, 2 -
organi ¢ sgl vent . whi c%y i's |lg%c't ?\%‘Eggglﬁﬁehfd;réjc}ili%% agf barium
t heY e haf er PRFORL AR RRENZBW Secondary/tertiary-anine,

hexamethylenetetramine and sodium carbonate. As an acid
catalyst, there are suitably used inorganic acids such as
hydrochloricacid,sulfuricacidandsulfonicacid,organicacids
such as oxalic acid and acetic acid, Lewis acid and divalent
metal salts suchaszincacetate. And, whentheresincomposition
of the present invention is used as an epoxy resin curing agent
for electric/electronic material, it is not preferred that
inorganic substances such as metal remain as a catalyst residue
andthereforeitispreferredtousetheaminesasabasiccatalyst
and the organic acids as an acid catalyst.

Furthermore, it is preferred to remove impurities such
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material B, is preferably used, and al cohols, such as

nmet hanol, 10 et hanol; ketons, such as aceton, nethyl

et hyl keton, methyl isobutyl keton; arenas, such as

tol uene, xylene, nonochl orobenzene and

di chl orobenzene; ethyl acetate; ethyl eneglycol

nmononet hyl et her; N, N-di net hyl fZ8 nam de may be used.

By using such a solvent, it is possible to

honogeneously 15 di ssolve the raw material in the

sobhgerrl tALY, camr ey casenaver €1 i tdei srawnaBi L Blg Biks water,

t dt he
 EEoifeebtaby, MOFLEL I LSO Ah B cBo bt Rekgrial B2. In
phefsiiéororfmmdhenhsihnes rer dbypipiodect ssstich casalysts, it is
capbex¥l-hs1aGidh t@l ofiRd- yat e vgr_ﬂ_dtr%aqa{te%ec pfiimpurities

sol.vent _are. renoved m-the rea

pr EPERaBF en%tla%%?qitl@mf ang uaghimg i Wgtlatwaft%r
above- netié Qf.tﬁﬂre bﬁ@ﬁ%‘l@'&:ué&@mﬁﬁgﬁﬂ fedycedy %rde%g%tfn&gnsatlon

0.1_.tol D kPa. case, Slnce unreacte

al 86 %frt?é“adilﬁ FHP@dl’af?he iteW Batpraperd and @ gvhdbttuent in
t héheermwaxlat@fcmhe}abymm wucbtos:yarid: bbed, 20 &Myenrhd water are

t t
o el £0c p ) ULl aly porb L D oL
ab@Vélh@ﬁﬁwdh@@nd@WSﬁaRQMJaITResa<nhﬁnnhﬂn&smﬁ;d$0alcohol and
calhedr tHus pehaLred %Nhe %?g: c%aPQ %Ig%q(iﬁb?{aﬁ?ved from

reacted in presence

kndwire 3fet H PW%W{W@@tSGOp@énGIateéspnocsss by dlstlllmg

Ob@ﬁfﬁﬁddeﬁnﬁbdﬁk%ﬁlﬁk@éﬁ%?@c@uﬁin@rblal d& reaction or
resol type pheno

coielysiabyga RULEL ko TELCE
Fh-O TS EAPREGOP et 9wl Ha arigl Frintad sdn addition,
ug’elde :@eactmrazpmdmmgf@wht@htf%@ r@%&mﬁn@lrddhﬂ&hﬁﬁﬂg Iall of
0 a \Y 0 t raw nat er.l a

7 %“@%%‘?%%%ﬁ%m@b oo e LA pieai red above
c %1 kttden bedwsnacetiedlysA i Snexeebhegtusion, 26 sbllaset described
r b Stancy Rid HRcef ¢ Ba@h)éeﬂﬁ@fioﬂ?§Soﬁpx%&?ﬂgmcﬂb&yllc acid,

re conposi tion. | resin
o?'njp }é‘?%gart‘%\d’%fcﬁﬁ)d?fé?ﬁ%c%oas th ¥ aiqduBposi ti on

conprl S|mgthhrmm”rﬂh3&©ﬁﬁit9fonfshﬁ1 RheSEhbve JrVRINHI¥M of the
ref fggto as_ only "the resin

ki b fogpo T EAG AR GOTIPOr 2 the e 1 §| BES EgFably set
gr&ﬁuﬁ QﬂmmematameepﬁxwhgchuparbnkgﬂMtn@cx@nranwmhol and water

it her SRl 9isVe hRfISBBCEéaQPé vae;pdrabd dieﬁls dgl ¥059¥d off, and .

25

30

35

‘et her epoxy re

tarned by “a con
éﬁEiF@ﬁc§ﬂOB|§9ﬁ@ﬁéﬁ§u§acmr%§eb¢hhhIEHDIfAr &Rample, a lower

b'lsﬁlﬁ[h.QLnQ)lf Eoobttsé&li‘&g%% R BRNAIANYAE . More preferably,

|chIorohydr|n an
e lower 1imit is 110°C and the upper limit is 180°C, and

furthermore preferably, the lower limit is 130°C and the upper
limitis160°C. Thus, intheproductionof the phenolic compound,
carboxylic acid and the like are produced as by—-p'roducts, but
these compounds can be easily removed from the reaction product.
And, the reaction time depends on a raw material, the type and
the quantity of a catalyst used and a reaction temperature, but
it is preferred to continue the reaction until the reaction of
the raw material A and the raw material B is substantially

completed, that is, until carboxylic acid, alcohol and water



the |ike); high nolecular weight epi-bis type glycidyl
et her  epoxy resins obtained by an addition reaction
-of bisphenols such as bisphenol A bisphenol F and

bi sphenol S to epi-bis type glycidyl ether epoxy
resi ns obtained by a condensation reaction 15 of

bi sphenol s such as bi sphenol AZ%i sphenol F and

bi sphenol - S and epi hal ohydrin; novol ac aral kyl type
~glycidyl ether epoxy resins obtained by a

cordenaat igsmeredcd,oandftiepirhabbhydriimapde fpabphydii€ a lower
ph l; t aipn c ensa r on-of ,phenol s, '
Sug&%g? %Qe%8|ﬁqg¥ggg QHQ ?ﬁ E?ggr ?2@%% Bfr%éoggPﬁs More
ca@é@ﬁ'@wabéarbtﬁshéﬁ@erAllm‘rsplﬁerﬂolhc;:cuaradlcb.t@pheppe;: limit is
S, 1@ thuker.nmal dehyde, acetal dehyde, propional dehyde,
benzaldeg%q§ E@drox benzal dehyde, sallcylaldeh de,

Sdicycl op Q&

gl pbehodiinetbyboetderthe deeblobA-ma X Weyb8PLiOA out in presence

0 SR LBLBIEN RO 25 SUSALNE n mich
epitkalpagtiia B@dﬂnenmﬁwmuﬂqﬂ bifpheaotawtwed tearbi W and the raw .
bi %Q%&?El% hYL%h}?foélPéE %ﬁph%ggla%%% o(il %gh sgmethanol

_nol ecul ar
arSﬁﬁﬁpélcr%§tﬁpﬁvnéu§boﬁy aﬁ@EPhs mbthyhedtbylaheton, methyl

addisbbag &eﬁétbﬁn atehhs, abaxg QbSEBEHQhé ene,
tetrane#E% ghenol tetranethyl eno )
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moABESELRAr VEBEPPBI §saetWartdes such as et hyl ene
gl ycol , Iimetlli%"ﬁﬁt@veg|p&QQiucﬂ1rdr?Uﬁ’|t@l%epﬁleﬁBth compound, when

%ﬁagiﬂ'éf nCF"bclgS/%%gChtqpﬁEglgg 9?@512‘%%‘332524 a%coholl and water, and
20 prbb?' gbyveht ﬂrépyéﬂme@l geoh, thOPGagt y6€rPoduct, it is

d' k¥fﬁf?ﬁ)%ett% Eﬁ%ltﬁ bﬁééﬂ?l%izéglg at the above-mentioned

trinet propane an
peﬁ?la@?y@wr@omnm rmmrpnwm ofglludos®10 kPa. In this
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epoxgg ohexane skel eton such as
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25 xydsalvélﬁ)t eafgby Ctily | r €8¢ €10 POXYs K18t 15t PHT B NeshbeBed.
ﬁgggﬁ;éﬁ%b«%{phaafrlﬁejgc%%gdogm}deetsr %%dql%%gt ggl Itl%ea?B compound of
the above-mentioned raw material B, a phenol resin, so called,
is obtained. When phenols and aldehydes are reacted in presence
of an acid catalyst by a publicly known method, novolac type
30 phenol resin is obtained, and when in presence of an alkaline
catalyst by a publicly known method, resol type phenol resin
is obtained. These phenol resins maybe also used. A ™ triazin
ring-containing polyhydric phenol” obtained by reaction of
aldehydes of the raw material B {{(3) compound} and triazines

35 of the raw material C with the raw material A is excellent in

reg ifb%‘hélet@&‘jirrﬁﬂltrhe g RYEyP ction of the -'



benzoi c acid and epi hal ohydrin; ; glycidyl ether epoxy

resins obtained by a condensation reaction of

hydr ogener at ed bi sphenol or glycols and :

epi hal ohydrin; tertiary am ne-containing 15 gl yci dyl

et her epoxy resins being solid at room tenperature,

which is obtained by a condensatgon reaction of

hydantoin, cyanuric acid, nelanine or benzoguanam ne

and epi hal ohydrin; aromatic polycyclic epoxy resin,

suctl sase me&@&a@yﬂc BRX Yoo thal epoex

reS|J1 ngundyﬁaV|ﬁb({§§%§§%%§Ggﬁgﬁggf%%O%B?HeBg dt a resin
@ﬁfé”b addition reaction of these epoxy resins

and pol yL‘IaSIt(heameéina@(diq@ésﬂﬁ@ﬂ%&ﬁ&i@ﬁm@%m@%@mponents and
referred to as epoxy resin
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gr --con i-Ni mpound,” a subst’ance

co% S SR %‘r?lp&\%trléln BPVeb R IGHy e ﬁYﬁﬁoUmm]s ether epoxy

obtashad Om;amelbbgﬁeiﬂ&@ﬁdi@ﬂséﬁﬂéh|r@“ach1d?f'§f'%|pSih‘éﬂlU?1ydrln and
be used as .t he above

no%g? g?g%gEQ%ﬁanSOQﬁihﬁe Y RCRBASBS6] OP&SAR L igRP kbhenols,
su%%?ﬁﬁﬁépb@nﬁé |¢IﬂﬂQﬂ4aKyﬁ9nnﬂteﬁﬂ@ﬁﬁﬁ@&ﬁrﬁ@br@hﬁo Etechol,

20 USBﬂslaﬁeﬁbf Aerﬁi.ﬁﬁﬁerﬂm e el E!h%%ogl %I dﬂblll eé%lfﬁlaldehyde,

% ﬁ Tnthe resin composi tion "of- f hd
CToetEe ehm%r PREP et bleh vdof | nepaatdeh e,

rralyja@mpr@rﬁt@ﬁd@l@j’zcﬂe J C4 SLOMPPSELeh J&Qe O ﬂgél:_l
Q? uch as. metal s or_ netal c%@bod%%s A &%ad%ene’
art| cu arI

- OYAE 1. PPREL Y ity et Xe o digre e hartthast e
IdeM@IWVXEle@lwlmﬂm}S é MWylo'f aromatic

25 alk @?llﬁ?gw r{e%rl%f er ¥an§it g a cgl)l(cligr?gatlorll OJ_[eact:Lon

carbox | ate
of eplhalohydrln and tetramethylbiphenol, tetramethyl

bisphenol F, hydrochinone or naphthalenediol, andhighmolecular
weight resin of the above-mentioned aromatic crystalline epoxy
resins obtained by an addition reaction of the above bisphenols,
30 tetramethylbiphenol, tetramethyl bisphenol F, hydrochinone or
naphthalenediol to the above aromatic crystalline epoxy resins;
aliphatic glycidyl ether epoxry resins obtainedby a condensation
reaction of epihalohydrin and alicyclic glycols formed by
hydrogenatlng aromatic skeletons such as the above bisphenols,
35 tetramethylbiphenol, tetramethyl bisphenol F, hydrochinone or



conmpounds (preferably nmetal carboxylate) anong others.
and nore 15 preferably a hydrol ysis condensati on
product produced by a sol-gel nethod. It is
furthernore preferably a hydrolysis condensation
product of al koxi de conpounds by a sol -gel nethod.

The hydrol ysis condensation progluct refers to a
compound obtai ned by further condensing a substance
obtai ned by a hydrolysis 20 reaction. A hydrolysis
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gr ethyl, grou pro rou gr oup
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. These resins may be used singly or in combination of two or more

of them. Among others, there are more suitably used the above

25 aliphatic glycidyl ether epoxy resin and the above epoxy resin

having an epoxycyclohexane skeleton in the case of being aimed

at suppressing the degradation of appearance in irradiating
light.

The above glycidyl group- and/or the epoxy

30 group-containing compound can be used suitably as an essential

compongnt for the resin composition of the present invention,

but the resin composition comprising three components is not

particularly limited as long as it contains at least a glycidyl

group and/or an epoxy group and it may be a solid compound or

35 'a liquid compound. Accordingly, in the above glycidyl group-
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15 group, n-butyl group, i-butyl group, sec-butyl

group, tert-butyl group, n-pentyl group, n-hexyl
group, n-heptyl group and n-octyl group; fluorinated
al kyl groups such as 3-fluoropropyl group; nercapto
group-cont ai ni ng al kyl groups such as2-nercaptopropyi
group; ami no group-contai ni ng aPkyl groups such as

2-am noet hyl 20 group, 2-dinethyl am noethyl group,

3- am nopropyl group 3-di met hyl am nopropyl group; aryl

gr dupsos bk epoxXrEryP grasu L nimeat dyiiphienyl agubgpance obtained
et Byl @%ﬁf&@n&{t‘l‘éﬁr ré@é@ﬂ%‘ﬁf BlﬁeéMhag_ rlneérl?@ﬁlﬂgﬁoggﬂbtalned
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for and (2) 30 nmay be any netal in a
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c Oﬂﬂ@f‘@%l Showpck E?E %gr%*ie %)'15@"5 A c:(:gJ¥E 188 g(r%)i’cl e composed

but at | east one o l'ic e enments sel ect
t hef Gregraniq @urerB|s sychersnBatalsuer Betal gpupounds and
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& Ls darSher iy Tal‘rbh P LB 7 A OB S Of 'alkoxide

ot bensoudds (psreﬂémiﬁlﬁme&przﬂflemﬁtb &ndﬁomacboxylate

t | d
0r SRS (YR T A AR SO TRY so more
we@éqifqétalél}érmmyqllsoiswi&:Ol’pnC@@ils)atJtChermfcailE:SLprtfa:biqed by a
usggllféi aRd (Qxy S llanes %ﬁ%&h@&n@&ep&%@%&%wﬁ' o Brolysis

t et raet hoxysil ane, tetra-n-propoxysilane

t e£PRI¢0 7 oK PEPPERE, O F @tlkgxadmﬁca%g@m%by a sol-gel method.
t e‘tlﬁ@hydb&ﬂ 933(@ lcb@@%nshﬁtlbﬁxﬁﬁﬁhiﬁﬂﬂé@@fé 808 @ibound obtained

ety UF TR HOGATTEMS et o ST MOyl T ey 7o hydrolysis
ethqa¢tunethoxy5|lane ethyltriethoxy5|lane
n-pr Opyli rﬂm%% lraerhect rbrpraq'ﬁyle{ rd q—{ci;éoxysﬁoqp%eactlon of

I -propyltrimet S1 |ane, |-prO£ re ane
( 2 BXEKide [ommoemdsn pnyt ¢ 2 HeeRBky et Icpmpounds are expressed by

(3R 3f<§IchlLfQj ORE Py Jit rEStheysi | ane, 15

3=mercapt o opyltrlnethox sil ane,

3- ani nopt &Ry D et nelHOxysId e/ s1s) — M(OH), + aR'OH
M(CH): — M{OH)p0. — MOy,. {condensation product)
wherein M represents a metallic element, R! represents an alkyl
compound or an acyl group, and a, b and ¢ represent optional
numerals.

As the above-mentioned alkoxide compound and carboxylate
compound, there are suitably employed a compound expressed by
the following formula (1); |

M{OR?) , (1)
wherein M represents a metallic element, R? represents an alkyl
compound or an acyl group, and n represents an integer of 1 to

7, and/or a compound expressed by the following formula (2};
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N- phenyl --3-am nopropyl tri met hoxysi | ane,
3-am nopropyl triethoxysilane, phenyltrinethoxysilane,
phenyl tri et hoxysi |l ane, benzyltrinethoxysilane, 20

benzyl tri et hoxysil ane,

3- gl yci doxypropyl t ri met hoxysi | ane,

3- gl yci doxypropyl tri et hoxysj | aRé&,

2- (3, 4--epoxycycl ohexyl ) et hyl t ri met hoxysi | ane,

2- (3, 4-epoxycycl ohexyl )ethyl tri et hoxysi | ane, .

vinyl tri (RORMXPBE) ane,  vi n@tri et hoxysil ane, 25 3-
(nﬁﬁgze@w'a&z&v OPéfgﬁééﬁ@tt] Q¥akiags 9”9531[ R o (1

acryloxy propy tr| oXysilane; Roxy i1 anes " siéhn '

asrepragehyd @rlrm:tqa@w:sqrrm aldqimr@mm @I?ﬂ@ltl mawgseahé an mteger _

d' sehy i met heXysid anga dhet Syhdi ot s dRNe From each other.
-N- pr_gyldlnethoxySIIane Adi.-n-p rogyldlethox si-l ane,

30 di - i -pF sy PR tQﬁEE%éPWd%eln-the a
di ah-Anopykebep hexsid ane, cdlrbbaw&&hm@hmmbweand methyl
and_dij hen I et hoxysi | ane;, tetraacyl oxysilanes s

T FRbPa St IThR G i THEHR AQTBEPBHY FoRyEr Fafeityl grous,
t rhabytgkygrdwyessm@lmtqﬁ gnethy | et adat iy oxysiupaard n~pentyl

- angeShvL LaceLylonysidanen 3%, d ARV Lesks'dAReS 360y group

i'acetyloxysilane and

10 d| b@ﬁynqulat@e% yaﬁhys Rltane; 1 seoll talnke canpogrtylsichipagpropionyl

Eou?ﬁshétsutﬁﬂ?ﬂggw?ﬁ] At &L AOEL bpxys i | ane,

raet hoxysi |ane Itrlngthox¥5|lane
nethyltr%%t%%x@%ﬁ#%&ﬁegrQﬂRm%%ﬁﬁdFﬁe h6x§RPyankcqmgla (2), an

di ﬁE@ﬂMLdngbE@ifiéﬁﬁﬂr@@t@{B%arWo@faﬁidrﬁ%’lsé@u}tE@l@ lsm;c&eeferred
supstances .cont a SI11CON a
P ey AR SRt e I g B, S SR et propyl
ingrhepc@sbumhéﬁﬁxnns BH@yEyhgratp;seekbmmmﬂgﬁnunJMﬂrtwbutyl
BI85 B 4 Brou nc i
Cugoeyry 2f Fuapi rept sk yd, 98pupOCRHE) a3 3BA1p00ePKsyPPL group;
Znpé &3‘5 mg%ou% (:%'ﬂ%%n%%g’gl}&%%s sﬁ'ch(a@'—'f@éré’ﬁptopropyl
dﬁ%‘?@? ?ml@ m%qnﬁalwq M%)gr@uﬂﬁ F’é@lﬁsﬁ_@bmoethyl
oo I udin et (5 ) s i
a ; | |
o ATy R T B e T E A oY SRR L pheny? group,

Z- ¢ OBk dand 450up( CodHR)pherant corpositethet@bhenyl group,

(i BREER H7¥cuR 2, EQWOWTCT AXOEZHG AL @ - B = SUCh as
[ Zo- 4 O2HI6v84RY1 group, 3-glycidoxypropyl group and
2-(3,4-epoxycyclohexyl) ethyl group} and unsaturated
group-containing organic groups such as vinyl group and
3~ (meth)acryloxypropyl group; acetyl acetonate groups.
The metallic element M in the above formulas (1) and (2}
may be any metal in a periodic table as long as it may have a
structure of compounds shown in the above formulas (1) and (2),
but at least one of metallic elements selected from the Group
ITT B {Group 13) elements such as B, Al, Ga, In and Tl; Group
IV B (Group 14) such as C, Si, Ge, Sn and Pb; Ti, Zr, Zn, Ca,
Na, Li, Te, Mg, Ni, Cr, Ba, Ta, Mo, Tb and Cs are suitable. Among

ove formulas (1) and {2},



The use ratio of conpounds represented by the above
formulas (1) and (2) , when taking the total anount of
t he  compounds 20 represented by the formulas (1) and
(2) as 100% by weight, the ratio of the conmpound

- represented by the f ornmula (1) is pref erably 80% by
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wei ght or nore in the above resSPn conposition

conprising two conponents in consideration of the

affinity of the inorganic mcrof ine particle

obtahaed, wil h Ton@onent Sichspos: feyrtdie. r 83i hs 2ore preferred. ‘
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- gruen BodLorcbey eppx. Ghoue: Conlalflng compound.
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IN O r to accel erate

The>f 353t PonE TR R RBbV e ROt A il & (2) - the
caBbm&ytapéoprapmhtntméﬁhoxyamlanexyI acet onat e group,

cag_ QﬁlﬁggfggﬁgFgfmg%ﬂg§ -dgg%ate conpound. As the

above net ate co here are .,suitably
. 19-pRedylféraniaepiery Thléllmtlii@)ﬂésbfalt@npounds

Seﬁeﬁﬁﬁﬂo%@@ﬁyibﬁleﬁﬁé%i?fP£§éS g?tgqméﬁﬁgﬁyéhlane,

R5C0 r,
Es5 %%Z%W%‘?th%m]o]iafsﬁrrs
prbehmzylthewmxyﬁmm %—gm&i&ﬁﬂ@ﬂ@)fﬁﬂméﬂ}ﬁi@ﬁlane,

h 1
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3 and s is an |nte er o may be sane

orVHRY+eF Hpeth ?%Yﬁé&ﬁﬂﬂvcﬁ%ﬁﬁlty%@ﬁﬂﬁ¥2ﬁ¥kﬁﬂ37 gr oup

havt e h | Sc By TREPPRoBYQMBr imethoxysilane and 3- (meth) acryloxy
propyl triethoxysilane; dialkoxysilanes such as
dimethyldimethoxysilane, dimethyldiethoxysilane,
diethyldimethoxysilane, diethyldiethoxysilane,
di-n-propyldimethoxysilane, di-n-propyldiethoxysilane,
di-i-propyldimethoxysilane, di-i-propyldiethoxysilane,
diphenyldimethoxysilane and diphenyldiethoxysilane;
tetraacyloxysilanes such as tetraacetyloxysilane and
tetrapropionyloxysilane; triacyloxysilanes such as
methyltriacetyloxysilane and ethyltriacetyloxysilane;

diacyloxysilanes such as dimethyldiacetyloxysilane and



200in R4 and R5, there are suitably used nethyl group,

et hyl group, n-propyl group, i-propyl group, n--butyl
group, i-butyl group, sec-butyl group, tert-butyl

group, n-pentyl group, n-hexyl group and phenyl

group. As the al koxyl group. having 1 to 16 carbon

atons in R6, there are suitablyYlused net hoxy group,

et hoxy group, 25 n-propoxy group,i-propoxy

group, n- but oxy group, 1-butoxy group, sec-butoxy group
andieéhiyiButoxyygooypi 1 Aset henaboigc n@&r@}bo@rﬁ@é 3éb6ch as zinc

h
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components, the ratio of the compound represented by the formula
(1) is preferably 40% by weight or more. This ratio is more
preferably 50% by weight or more.

30 In the above resin composition comprising two components,
the use amount of the above~mentionedmetal alkoxide and/or metal
carboxylate preferably has a lower limit of 20% by weight with
respect to 100% by weight of the glycidyl group- and/or the epoxy
group-containing compound. This lower 1imit ismore preferably

35 40%3byweight and furthermore preferably 60% bywelight. Anupper
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a stiffness of a resin conposition obtained. The above
colloidal silicais a dispersion fornmed by dispersing
purified silicic anhydride in water and/or-a 25
hydrophilic organic solvent and its average particle
diameter is 5 to 100 nmand preferably 10 to 50 nm
and the concentration of soli#82content is on the
order of 10 to 40% by weight. As the colloida

silica, there are suitably used SNOATEX, |sopropano
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t i atenuinddl tthete Arasulit@bdy used methoxy group, ethoxy group,
n-propoxy group, i-propoxy group, n-butoxygroup, i-butoxygroup,
sec~butoxy group and tert-butoxy group.

As the above metal chelate compound, there are suitably
used zirconium chelate compounds such as tri-n-butoxysethyl
acetoacetate zirconium, di-n-butoxyesbis{ethylacetoacetate)
zirconium, tetrakis(n-propylacetoacetate)zirconium,
tetrakis{acetylacetonate)zirconium
tetralkis(acetylacetate) zirconium; titaniumchelate compounds
such as di-i-propoxy bis{ethylacetoacetate} titanium,
di-i-propoxy bis{acetylacetate) titanium, di-i-propoxy

bis(acetylacetonate) titanium; and aluminum chelate compounds



~TiCl2, TiSO4; yttriumsalts such as Y (N03) 3, YC13;
zirconiumsalts such ZrSO4i ZrCl2r Zr (NO3) 2; ,
chromiumsalts such as O (N0O3) 3, Cd 3; 25 al um num
salts such as Al (NXB) 3, AI2 (SM) 3, etc.; and

ni ckel salts such as NI (NGB) 2, N Cl2r and one or
two or nore of these corrpounds33rmy be used. A

hydrol ysi s condensati on product of such a hydrolytic
nmetal salt nmay be one conponent conposing the

hydunohyss slicongenpatyortiprlohetoafetdies allkoxnds, di-i-propoxy -

coqpg gﬁae@%astéoamlﬁ b°%¥$96§o£g"i}?9é‘{@tr%ﬁlg?cy@€oaacetate>

ce composin am Xt ure
i n8LyBANEDp| ér@rpn@xbabw&aiféebbh@%wh@t@h ahEniragim

COEPQ%'(E'tH?lQ@EEBh@éBStéhrﬁﬁuﬁﬁ%@neﬁfﬁs Picéﬁ?lﬁ&sﬁfﬁte
~invention “is. prefera a silicon oxide mcrofine

5 paP{PRFBUNTHBORPT | SbACuLagstoRate oot I (R phAteqacetate)

rebensihoma ghar ehenelp@rtmé@g henémg Sbi-an-sket®tprethyl
contalnlngﬁg%e east a. sSil on atom

o BhRrDRerater ER%koRithe ShTH PPER (I BER B bnate)
t akétap3ngo. 4Sr¢)2p1263>oxbaethwrlsq:dataad:etz@m@mmw) and

. COEghEr(b‘:ﬁgﬁ%cewgcgé}ﬁgf’/ élﬁﬁh%agp t Peféﬁ c"lare
Sulta e n suc 1 con OXI mcro
10 partl cl eThehtésgoﬁmmnt of Sie appenh metal cd”r%kafwemmpound is

nmepak reeaBoend pa%%fﬁ%wwﬂiaér Ped OVRIH FOLbOf t%oloo parts
mo] %owith respect to 100 nol % of the total anoun
th

VLR T RnE Diret MOCEHD GRERES WG DHoTRDRGTE fgpmula (1)
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resi st ance
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15 I | mfta ishafp@dret % ahd naunohdrersnd firdfeertabl $hv9 amp Mt is more
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i épopﬁﬁésphwt refiehfagr i18Sgentains other netallic
atoms asTReCAPSHET HERbx 1BL %ozﬁ@&ﬁmen&arbwm@é compound and

and .other, netalli refera at_ | east one
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Th@lﬁﬁ?éslBgeP’éFéEIL%duﬁble%CW nRhydr 3de nbh . $2 e and/or a
25 funytiespni eipref it solvent and its average particle diameter

- is 5 to 100 nm and preferably 10 to 50 nm and the concentration
of solid content is on the order of 10 to 40% by weight. As
the colloidal silica, there are suiltably used SNOWTEX,
Isopropancl SILICASQOL, Methanol SILICASOL (all of them trade

30 name, produced by Nissan Chemical Industries, Ltd.), CATALOID,
OSCAL {all of them trade name, produced by Catalysts & Chemicals
Industries Co., Ltd.), Ludex (trade name, produced by E.I.du
Pont de Nemours & Company), Sayton (trade name, produced by US
MONSANTO Company) and Nalcoag (trade name, produce by US Nalco

35 Chemical Co.)



20 mol % And, a lower limt is preferably 0.1 nol % and
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~dirstri

nmore 25 preferably 0.5 nold. The anount of the

constituent netal conponent in the above silicon

oxi de mcrofine particle can be neasured, for exanple,

by subjecting a cured plate of the resin conposition

to X-ray photoelectron spectrédetry (XPS) anal ysis.

30 As for the particle size distributions of the

inorganic mcrofine particle. contained in the resin
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t Oa Bus it samgls%d&—rf@y;\aqaatwy AY, @) )4Sick ANtand nickel salts
pr el?(?l{ Iag 1 (NOs),, NiCl,;, and one or two or more of these compounds
may be used. A hydrolysis condensation product of such a

hydrolytic metal salt may be one component composing the
hydrolysis condensation product of the alkoxide compound and/or
the carboxylate compound ormaybe a substance composing amixture
as a particle.

The inorganic microfine particle containing in the resin
compositioncomprising three componentsof thepresent invention
is preferably a silicon oxide microfine particle. The silicon

oxide microfine particle refers to a microfine particle having



Quinier plot froma scattering profile obtained by the
measur enent by a Fankuchen nethod to cal culate a
radius of -inerti.a and assuming that a geonetry of a
particle is a sphere. Specifically, it can be

determ ned according to the follow ng 30 nethod.
(Measurenment of radius of inert3fa of inorganic
mcrofine particle) A square piece in a size of 5cm x
5cmis cut off fromthe resin plate which is obtained
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using. the X-ray diffractonete
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cofParA8lEd aD an0uPReT ob gl tspfahd M0 & withneeerest 40 100 mols

20 | east t]m@&cﬁ:lﬁnaﬁtbu&.@ e€t £l édmimrgf QR A00B81PbhBHAL . When
Oftﬁg cgﬁtent is more tgéh gﬁ)mol %, phy51cal properties such as
heat resistance may not be sufficiently improved. The more

_____ ~preferable upper limit is 30 mol$% and furthermore preferably
20 mol%. And, a lower limit is preferably 0.1 mol% and more

25 preferably 0.5 mol$%.

The amount of the constituent metal component in the above
silicon oxide microfine particle can be measured, for exanple,
by subjecting a cured plate of the resin composition to X-ray
photoelectron spectrometry (XPS) analysis.

30 As for the particle size distributions of the inorganic
microfineparticlecontainedintheresincompositioncomprising
three components, it is preferred that taking the amount of the
whole inorganic microfine particle as 100% by weight, the
inorganic microfine particle contains 25 to 65% by volume of

35 particles having a particle size of 0.5 nm or more and less than



and Bi, ‘as a constituent netal conponent, and as a
particle size distribution, the inorganic mcrofine
particle contains 25 to 30 65% by vol ume of particles
having a particle size of 0. 5 nmor nore and |ess
than 10 nmand 35 to 75% by volunme of particles
having a particle size of 10 nn3®r nore and | ess than
100 rim The above inorganic mcrofine particles
contained in the resin conmposition conprising three
conpbrentasid SS5amci N@eppRdent und s tiCAle PHHIIGL 2 particle
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for the resin conposition of the present invention is
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P &Xleer plot from a scattering profile obtained by the
measurement by a Fankuchenmethod to calculate a radius of inertia
and assuming that a geometry of a particle is a sphere.
Specifically, it can be determined according to the following

30 method. '

(Measurement of radius of inertia of inorganic microfine
particle)

A square piece in a size of 5cm x 5cm is cut off from the
resinplate which is obtained in (Conditions of preparing sample
35 for evaluation) in the measurement method of a cecefficient of



phenol and an inorganic mcrofine particle, the
inorganic 30 mcrofine particle having a structure
that satisfies AQB/AQ of 0.01 to 1.0, AT2/AT3 of
0.01 to 1 .0, and (AT2+AT3) / (AB+AQ4) of 0.01 to
2.0, when the inorganic mcrofine particle being
measured for a peak appearing3m the range of -120 to
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havi ng east one pheno roxyl "group are
toaegéﬁmegfﬁepfmﬁtRaéﬁl@lgah$cag$9h©rﬁaV|ng two or
nmoreegaihen abpastibhgrebetween. The above-nenti oned
AQ@B/ A4, AT2/ AT3, and (AT2+AT3) / (A@B+AXA.) each
means an*TReBgraced ¢@Wk@nsity ratio. The ratio is 20
calculatEdbérm@iaﬂgentE@m@t@@rﬁéﬁ@ (4@tE@Ia1@@:mA

intensit val of ea eak b aratlng sed on

a wavef o R?E%ﬁh%%t?%ﬁhoéadﬁr i %% éhaseparate .
29spepBEMAS) NMR neasur enent nethod The

29Si - DD/ - i t used herein is one of

t he SO|I%@g¥$$£%E #gr§%&3$ Sgﬂaused for measurenent -
of silicbhChemat @% QTﬁ%ﬁmﬁt%ob e Telf rdegrout byl degree
app|ylngM@a@Mf§ﬁgt@uﬂ@ obs e Mak 80 nucleus oneti e,

Lo ca=epay SEEPUPL LA o1 A0 LSSt 00 o Bove
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oLEnE et BRI ) B T AUSE BELERS oo <
neBLF ePEntl mnyd B0 4 Pomodks ofand ﬂaaSEXanleiement selected
from the group consisting of Zn, B, Al, Ga, In, Ge, Pb, P, Sb
and Bi, as a constituent metal component, and as a particle size
distribution, the inorganic microfine particle contains 25 to
65% by volume of particles having a particle size of 0.5 nm or
more and less than 10 nm and 35 to 75% by volume of particles
having a particle size of 10 nm or more and less than 100 nm.
The above inorganic microfine particles contained in the
resin composition comprising three components is an independent

spherical particieand/oraflocculatedsubstance, and anaverage



an irradiation-pul se may be appropriately adjusted
according to a relaxation tine of a neasurenent

nucl eus. In addition, nunbers of integrating tines
and sanple retations may al so be appropriately

adj usted according to a diameter of a sanple rotor 35
used at the tine of neasurenenBs 40 Exanple of a

- condi tion in 29Si - DD/ MAS- NVR -neasur ement  Nucl ear
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magneti c resonance apparatus :'"AVANCE400" manuf actured
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Measur ement. nucl eus: 29Si (observation nucl eus

r esBR4Rter Tassqueliesn tre aBeNpES Ivsdsiflénghtnabee isthere than
DDiNﬁ\%n(,dtﬁ@a@fovdseﬂﬂélﬁbaﬂﬂc/mlrﬂiﬂjﬁlrﬁanﬁiaﬁtlépé n ﬂ@i\. uniformly

&Eggelfgégdlr?ttlk&%nrgglé cg‘m glt ign, gﬁ% %g%%)n%fﬁ property

Se repeat dnds or

sc@ﬁs nQOdD@C@@@WﬁﬁmntSpl Fﬂhrangveaage Bartidkeizdiameter is -
_.®ﬁ8£¥§f1f@f]e%aeﬂﬁe§ Lu%xrgr O K EXthrfl?ﬁJthree];nﬁ)er e;?_)ggferably 2 M

y‘I syl propa
1-SHI $8RAte: the chemical shift value of 1.534 ppmIn

t he abovenneptitared haheoiddSehddtengiHey ik-ati ﬁarﬁ%le” refers
represents a {z)]eak area derived froma structure (a

si FPc8 PEORPOAEPRI heit IR 55 SR UR Lrleh§ S Agaiie gatcrofine

partJLchep(HmDh‘enflecchaMtﬁg ﬁllés’sarhd:éfoﬁrefers to a secondary
nts ’

4 at group, rese
A AR g e e e D e T
haV| ng Zﬁhelhltilesul@lfcgamec|I$L¢tefﬁmmdpa$t@13|1!13@@1 for the resin.

co V, 0.
S R R R
a SPPERFLRE ta jTinge c%pb%%%tt%av%gpmhm sﬂu@%wés NMR
|t ﬁeaguralg@naﬁ STI%§ hd etraac %Q%O@%&tl)vgﬁgfkaﬂ R Scehdt €S having
a 0 I Ng - Ol at.omcC I ou elrn an o

n% LT AERTAT ﬁ@n&%{/‘&e &ﬁﬁ lca%@ﬁ?t%%rﬁeg?lned as Bouy
adpapeak anea;|diennve<atf)r@m a attdua@ﬂ'u’&res dpresants A fehicon
ar It ; e i cg 1en
g EafiEthsiding BT S beBubTad mps" pfERRY M berivea rrom
cofpdiamturieava igpd a3 sillilcon @E@WW@H@RRS $ppatomic group

at 981 €., O R W (R Rl ngaﬁgca&rguItgar%tf: YRRy oxygen atom at
contal nl ng oxygen atom at, aposition a Jacent
a position adjacent to Slllcon atom), a peak area derived from

a structure having a 2 silicon atoms-bonding R-Si03; atomic group

..(Rbeinganorganic group not containingoxygen atomat aposition . .

adjacent tosiliconatom) asArz, the inorganicmicrofineparticle
preferably has a structure having Ags/Pgs of 0.01 to 1.0, Arz/Ars
of 0.01 to 1.0, and (Agpzt+Ars) / (BoatBge) 0of 0.01 to 2.0. Thus, one
of the preferable embodiments in the present invention is also
a flame retardant resin composition comprising a polyhydric
phenocl and an inorganic microfine particle, the inorganic
microfine particle having a structure that satisfies Ags/Ag of
0.01 to 1.0, Ayy/Ar; 0f 0.01 to 1.0, and (Ar+Ar3) / (Bgat+Bhgq) of 0.01
to 2.0, when the inorganic microfine particle being measured
for a peak appearing in the range of -120 to -40ppm by
#%5i~-DD/MAS-NMR measurement, and a peak area derived from a

structure having a 4 silicon atoms-bonding SiQ, atomic group



s

to silicon atom. In the above-nenti oned neasurenent

‘condition, a peak showing existence of Q4 silica

conmponent has a peak top in the range of -120 to -105
ppm a peak show ng existence of @ silica 35
conmponent has a peak top in the range of -105 to -90
ppm Each 41 peak show ng exi sBéence of T3 silica
conmponent and T2 silica conponent varies in peak top
depending on the formof R group. For exanple, when R
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abmverdaiae pdhencléntegslt ethédtignsidnr walglesitA@B, hydrolysis
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i saRAdugh®OfHat wehghexii br tabkooysilame and/or dialkoxysilane.
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oW n actors. enerate
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(-BhvOly at WL Q:)ﬂétp%lérﬁ)13|h|y1d(£@x ungesbul ghe bonded to each -

rature and finely di ed S|I|ca in cured
boAPBEE of £ Reh | RETEPLS ehEORRTH Fifbl 'S or JUetR rgafpon atoms
at thheebenteeenf firing or oxygen in air from
r opagat [ [ e
e ot eoPg Rk R PE R O Al et AL REBENY (ot Bcn
ar eafgbguedes s sn@eb@sabqédcmt%mﬁﬁammtm trTélesunaatﬁ@l is

gr 8HPchNa B4 'f‘i%m s 28tehra A fd NenPaGticsient@Rdity value)
alsg dispersibility, each integrated intensity rati

0
ar® B Y %)e-'@fif%lllgoba\ﬂﬁ PR R R EYFacegaration, each
i npeﬂslmeyamfeco bys thes 8°gihan/MADNMrefibagurefichicaethod.  The

.d f by 3
1 B0oRl s O 00 857151 TR0V A0YLDBLE S ot cne o

|nﬁMvaﬁﬁﬁurxﬁqemﬂthqdéIuau@ ﬁetamdaﬁuyeaadtthérﬂallcon atoms.

PreReEt tWeQ%i0d is carried out by applying a pulse to an observation
nucleusone time, tocause'Hdecouplingonlyduring incorporation
of a signal. In this measuring method, a guantitative signal
can be detected, since increase of signal intensityderived from
a nuclear Overhauser effect does not occur. Conditions of the
?’3i-DD/MAS-NMR measurement may be as follows, and for example,
an irradiation pulse may be appropriately adjusted according
to a relaxation time of a measurement nucleus. 1In addition,
numbers of integrating times and sample retations may also be
appropriately adjusted according to a diameter of a sample rotor

used at the time of measurement.
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may be insufficiently exhibited in a curing body

obtai ned. On the other hand, when the integrated

intensity is nore than 1.0, nvoisture resistance and

el ectrical properties of a cured body 35 are

unpreferably reduced. The integrated intensity ratio

42 preferably has a |lower |im#0of 0.03, and an upper

limt of 0. S. An organic group represented as R
(nmentioned bel ow) existing in the surface or inside of

g he i norlgzaafimplmc?f o{] | end Pardd cile Zégbamms NMR Iileasurement :
[ sibility of the inor n|c ro rticles
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1 [ re preferably,
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anSBpﬁéinglﬁﬁteof31-015M&Znent|oned above, the 4

S|bbgérggﬁpgﬂegg%gé§aﬁgge sigaiet ure having a 4 S|I|con
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colpbREREL @trﬁé@twadalur hﬁ@@h@mé—j@lmeé@ﬁlﬁelyl propane
at D%ubﬁ@ﬂaﬂg StRd @lﬁ@rﬂl@agfﬂupft Tthaﬁué?"oﬁlilm ppm

conponen coan en tet NCi on:
hydrolyz%%lghgna%.% “%%$%b &t Q§l y ratio,
cohﬂemsalreeanlteaatpeemk ﬂmr@e&s.@d fmaxmha structure (a silica
te i.ncl

O pRCE AAT S SEAR 5] L 808 RQIROHNGS 10 Hifbonent)
t elt@‘éia%ylao&yl%wgmétog@ -haBA§RetHéh s tameiq GFehoRy: represents
si & Y andeheld PRI IP%Y-ofl 4 %‘%%Lﬁft%reor §fselrlr1% cdRBoddnt having

ca co onent has_ the structyre, having
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Q t t i con_30, at an
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ggéeﬁttﬁn%?%?@%%:gﬂﬂ%3%&ﬁrb 38 atR 2N Lh Wk RHlic group not
containing oxygen atom at a position adjacent to silicon atom),
and Ar; represents a peak area derived from a structure (a silica
component having this structure isdefinedas T?silica component)
having a 2 silicon atoms-bonding R-Si0; atomic group (R being
anorganicgroupnot containingoxygenatomat apositionadjacent
to silicon atom).

In the above-mentioned measurement condition, a peak
showing existence of Q' silica component has a peak top in the
range of -120 to ~-105 ppm, a peak showing existence of Q® silica
component has a peak top in the range of -105 to -90 ppm. Each



atonm) . Specific exanples of the R include alkyl
groups, such as nethyl group, n-propyl group,

i -propyl group, n-buty group, 35 i-butyl group,
sec-butyl group, tert-butyl group, n-pentyl group, 43

n- hexyl group, n-heptyl group, and n-octyl group;

al kyl fluoride groups, such a$13-f | uoropropyl group;

nmer capt o group-containing alkyl groups, such as

2- mer capt opr opyl group; am no group cont ai ni ng al kyl

gr veps, Shuwhngseﬁlamnimet(blﬁl'l‘ rdup,ca component and T? silica

gbﬁgbﬂxb@%ﬂﬁé pQQQu@op %e@:{@l{&rﬁ?ggy tl% %m %[EdR group. |

am no ropy
phé‘ﬁyl egﬁmpbe: Wb@hprh@n@lll @r@@plcegmmmr@ﬁyan gmﬂ.ﬁpturated

mehhexyehepyh kO on ett@l@(iégg§n¥hogiﬁﬁpex?§lde1{ce of T silica
,Iuoro heny% grou aral. . kyl groups,..such._.as _benzy

' 5 epBRYPERENH- ReAt AiRRHY fcm:ga'tm Ehgr sapse §>£cﬁ885tqo~70 ppm, and

2- gh&édeﬁkygh@Win@ré}Lﬁﬂst&I@% Kd:ﬂ AGx ¢pnepyl c@ﬁ@@:@?n@rl?asa a peak
unsat urat e

o GUB-EbHEB SARF BF gan & graape oAbk sBNR AP o b oraantc

andrﬁup( oét a) saacratwy]py@pgd:agh)@mlpské\h@t@lptm feak showing

, a%EEsQEBBQ 89”‘}33'5'1'1'1%?5% h%longgl%u?i%s ar éeagrg‘#bjsin the range

-contal nin

10 gr @§p37 %r@ pr6é)f Epmedand rthzs:r @@lakt shpwinedercks terde arf T silica

Or g8RbeneHeUPs R4l ;R0 £i ar
a di fanrcltl onal gng%glrcqnﬁllgluﬁgté%ﬁn@ %{/fgrgpetzﬁb Stg Bbf.  peaks
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trhghgp§¥§bhane nmenti oned above; di al koxysi |l ane;

triacyloxysilane; and diacyl oxysilane, and they may

be used 3 ngﬁyt%@ug%ﬁcﬁm®tn%@¢o®xh#blbk0@r0fnﬁkﬁmﬁ

th@gtazaaAapngrwféfng aﬁe@fés@ﬁwﬁeéa@@ §91PMNGs hayh &8 by the
as phe%p trlnethox si | ane
fera

and
beﬁﬂzﬁowmt ﬁaszgglf? ané”}a§: IsteffePaBracrs) tRaebyhgenydration
20 COUpﬂdBdshESohlogh‘il ﬁiiaﬂi}dal )grwuph —lalmﬁ s ephenelinsilica,
an Cc se tO ne erse
noraes; ELARCEBISRR Y 18 K e GRJ e ntiios in curea
AnbeHées 30 bheflak@bmeemtrplné liamolatdesgad lkoxyrsilhgnet the time

COBPOEDP:%&" &P Seyddincity onal er é%%‘é'g%%l gaCtTP{é%é(b% flame

W th a hydroxyl droup 1n a po y suc

3- %Pﬁ%%@wls THRRESGR si PRAE Nt SIGLES HhaAidpyFatios Ao/ Bu
25 tr anetrhoxs,;Sidcanega Pded 3s dLROXYeEWIrohaat ion of the silanol

group in silica, size of a microfine particule, and also
dispersibility, each integrated intensity ratio are preferably
0.01 to 1.0. When the integrated intensity ratio is less than
0.01, effect of flam retardent-providing performance by
30 inorganic microfine particles may be insufficient, and
improvement effect in flame retardancy and thermal properties
may be insufficiently exhibited in a curing body obtained. On
the other hand, when the integrated intensity is more than 1.0,
moisture resistance and electrical properties of a cured body

35 are unpreferably reduced. The integrated intensity ratio
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ethyl trinmethoxy silane, and the like. 35 In order to
arrange the above-nentioned integrated 44 intensity

ratio within the above-nentioned certain range, 50 to

99% by weight of a tetrafunctional hydrolyzable silane
conmpound and 1 to 50% by wei ght of a hydrolyzable

sil ane conmpound having the ord&nic group R are

preferably subjected to a hydrolysis condensation

reaction. The ratio of them|[the tetrafunctiona
hydrelfgzable Isid anhammmmmmd of tmyd)r_%ol eylz@bzlneupﬁei:a_menlt of 0.8.
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sofeCY R ptoned ?%W&M@mmsnsmamear@bmﬁﬁacyloxy silane.

Among others, tetramethoxy silane and tetraethoxy silane are
preferred.
The T silica component has the structure having a 3

‘sillicon atoms-bonding R-5i0s3 atomic group (R being an organic
groupnot containingoxygenatomat apositionadjacent tosilicon
atom}, and the T? silica component has the structure having a
2 silicon atoms-bonding R~Si0O; atomic group (R being an organic
‘groupnot containingoxygenatomat apositionadjacent tosilicon
atom). Specific examples of the R include alkyl groups, such
as methyl group, n-propyl group, i-propyl group, n-buty group,
i-butyl group, sec-butyl group, tert-butyl group, n—-pentyl group,



to make contact wth water. Therefore, the inorganic

m crofine 35 particle finely dispersed in the

di spersi on nmedi um nmay be 45 obtained. Preferably, a
total . supplied amount of the raw material silane
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preferable, since the compound has high affinity with a
polyhydric phenol and are effectively used to finely disperse
aninorganicmicrofineparticleinapolyhydricphenol. Another
30 preferable example includes alkoxy silane compounds with a
functional group having reactivity with a hydroxyl group in a
polyhydric phenol, such as 3-aminopropyl trimethoxysilane,
3-glycidoxypropyl trimethoxy silane, 2-(3, 4-epoxycyclohexyl)
ethyl trimethoxy silane, and the like.

35 In order to arrange the above-mentioned integrated
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function which accelerates the synthetic reaction of
the inorganic mcrofine particle. Suitable netal
chel at e conpounds are as above-nenti oned. One of the
preferable enbodi ments in the present invention is
also a flane retardant resin cddaposition (a curable
flame retardant resin conmposition) conprising the
flame retardant resin conposition and a conpound
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dispersed or dissolved in inner liquid before the raw material
silane compound makes contact with water, and thereby the
hydrolysis condensation reaction may be performed under
homogeneous system. A proceeding of the reaction may properly
delayed and the particle may be prevented from being larger,
since it takes some time for the raw material silane compound
tomake contact withwater. Therefore, the inorganicmicrofine

particle finely dispersed in the dispersion medium may be



is not especially limted and may be used as long as

the epoxy resin having an average of two or nore

glycidyl groups in 1 nolecule . One of the preferred

enbodi nents in the present invention is a materi al

f or encapsul-ating seni conductor and an insulating

material for wiring board each4&onprising the

above-nmentioned flame retardant resin conposition; a

cured body obtainable by curing the flane retardant
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| neeragillgmois 1c911nun%eoc{ n’%ree s%rl%e%cz)’: r}f@rogilllﬁiiohsmay be distilled
off under reduced pressure of 0.1 to 10 kPa to be removed. When

the dispersion medium is diluted using a "solvent (mentioned

7 below) " added to enhance flowability, the solventmaynot distill
30 off, but may partly distill off. Used may be a method like a
publicly known sol-gel method in which an inorganic microfine
particle is synthesized in a hydrophilic solvent, andmixed with
apolyhydricphenol separately synthesized. When the inorganic
microfine particle is synthesized, metal {except for silicon)

35 chelate compounds may be used with the above-mentioned silane
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"E%éﬁgLﬁéﬂE 5ﬂgdr5%fvﬂ§df%éaﬁﬂgﬁéﬁ'Hﬂgytﬁg;ébove mentioned
inorganic microfine particle are independently and
simultaneously mixed with the compound having at least two
glycidyl groups; (III) a method in which the above-mentioned
polyhydricphenolisdispersedintheaboveumentionedinorganic
microfine particle dispersed in advance in the compound having
at least two glycidyl groups. Among others, the curable flame
retardant resin composition is preferably produced by the
above-mentioned method (I).

As the above-mentioned compound having at least two

glycidyl groups, an epoxy resin having an average of two or more
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pol yhydric phenol and further conprising an epoxy

resin. A sem conductor conponent devi ce obtainable by

using the above-nentioned material for encapsulating

sem conductor and a substrate for electric wring
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25 Pre8gepi £1 0% il %”%Elslﬁngéﬁp&{@/oﬁcﬁ; t&ddds the dispersion
medium, but van der Waals force between the inorganic microfine
particles functions toomuch. When ohlymicrofine particlewith
a radius of inertia of less than 10 nm are blended, improvement
effect in physical properties derived from nanocomposite may

30 insufficiently exhibited. On the other hand, the microfine
particle with a radius of inertia of more than 50 nm may easily
absorb moisture in air and cause reduction of hygroscopic
property. Accordingly, the inorganic microfine particle

{(primary particle) preferably has a radius of inertia of 50
35 nmor less, and the weight ratio of the microfine particle with



analysis is. briefly described. Generally, density,
electronic state, and bonding pattern differ between
a di spersion medium which is an organi c compound,
and an inorganic mcrofine particle of nano size, and
fluctuation of electron density occurs in an 10 '
i nterface between the dispersias nedium and the
inorganic mcrofine particle. When nonochronatic
X-ray passes through a mxture having uneven density,
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resin. A publicly known epoxy curing agent may be added to the
‘Yresin composition.
The above-mentioned dispersing element of the inorganic
25 microfineparticlemaybe preferablyused for variousmaterials,
and amaterial for encapsulating semiconductor and an insulating
material for wiring board each comprising the above-mentioned
dispersingelement containing the inorganicmicrofineparticle,
a cured body obtainable by curing the dispersing element
30 containing the inorganic microfine particle are also one of
preferable embodiments in the present invention. The
above-mentioned dispersing element of the inorganic microfine
particle may be also used preferably as a shaped body {(cured
body) in which an inorganic microfine particle is dispersed,

35 obtained by shaping (curing) the above-mentioned dispersing



froma right end of the Guinier plot, and then radius
of inertia and scattering intensity thereof are
calculated frominclination of each tangent to
determine a relative ratio of distribution 15 of the
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intensity ratios. As nentioned4®bove, the
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di SRASHSL S PaRe JI PP PADISP FRATH G PAEd O Thne Raveticles,

d| apeoptmnamdetmds mtwhg@u@em@h_i;a/nict Mhi®tb BBnéd Opfirticles
di spersian ne

SorrETa R A L SoPIRR R 1PR et PRSI I TofadThrea with
coﬁtéﬂﬁengbaamesamdhahemgtmmgparmﬂeﬂmns&zwwogkdjstr&butlon is

25 bemiéajﬁilr@ré‘é%@o!mntl'?éjglzg'teerﬁﬁgasﬂd&u' A2 SYRLANEE: Ahowever, when
the dlysper51on medium of the inorganic microfine particles is

a resin, for example, the dispersion state is changed by solvent
dilution. Therefore, how the inorganic microfine particles
were dispersing in the resin cannot be accurately restaged. And
30 a spectroscopic method, in which a specimen after shaping and
hardening is used as an observation sample in SEM, TEM, and the
like also has been used. The spectroscopy method is useful for
comprehension of dispersion state after hardening, but there
is a doubt about whether dispersion state of an observation area
35 restages dispersion state of the whole cured body well since



. 15 tenperature (for exanple, 20C) |like an organic

solvent. As nentioned above, when the process
(hydrol ysis condensation), in which the inorganic

mcrofine particle is produced, is perforned, for

exanple, in presence of the solid dispersion mnedium
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appropriately diluted with a solvent, and the
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state, and also 15 mai nbai ns the dlsper5|on state
after shaping (or hardening). Therefore, a shaped

body( (9r: ciredbody) QhtaiNad, has.pxgethent

R83 radius of inertia of particle

in the formula 1, ¢ represents a value determined by Fourier

transformof a spacemathematically, and represents a value (A™)

in proportion to an inverse of distance, and is represented by

the following formula (2) as a function of a scattering angle.
[formula 2]



noi sture absorption resistance for the reason

menti oned above, and furthernore has effect of
nanoconposite with the inorganic mcrofine particle,
that is, excellent flanme retardancy and 20 kinetic
property. The resin conposition is not especially
limted as long as it is shapablle (capabl e of form ng
a solidification object having a shape) , and used
may be publicly known resin conpositions, for

exanpl e, therngz& ting resin conpositions, such as
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80 parts by weight or more of the compound represented by the
. formula (1) are preferably used and 90 parts by weight or more
aremore preferably used to 100 parts by weight of a total amount
of the compound represented by the formula (1) and the compound
represented by the formula (2), from a viewpoint of improvement
in flame retardancy and in affinity with an inorganic microfine
particle obtained and other constituents of the above-mentioned
resin composition in the case where the resin composition is

used as the dispersion medium. When the above-mentioned



by subjecting phenol to pol ycondensation, or a novol ak
type., and nore conceptually means a conpound group,
and specifically 20 pol yhydric phenols having a
structure in which two or nore aromatic skel etons
respectively having at | east one phenol hydroxyl
group is bonded to each other Wz h an organic group
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exdamples . of the organic solvent include fatty alcohols, such
25 as methanol, ethanol, n-propanol, isopropanol, n%butanol,

isobutanol, n-hexanol, cyclohexanol, n-octanol, n~decanol, and

n-dodecanol; aromatic alcohols, such as phenol and phenyl ethyl

alcohol; alcohols having heterocycles, such as

n-hydroxyethylpyrolidone; alkyl alcohols having halogen atoms,
30 such as pentafluorcethanol;

aryl alcohols having halogen atoms, such as pentafluorophenol;

monoethersof (poly)alkyleneglycol, suchas (di)ethyleneglycol

- monomethylether, (di)ethylene glycol monoethylether,

(di) ethylene glycol monobutylether, {(di) propylene glycol

35 monomethyl ether, polyethylene glycol nonylphenylether; and



20 + inorganic mcrofine particle). Mre preferably,
the lower |imt of the inorganic mcrofine particle
is preferably 0.5% by weight, and still nore
preferably 1.00 by weight. The upper linmt of the
inorganic mcrofine particle is preferably 40% by
wei ght, and still nore preferabBy 3.0% by wei ght. Wen
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25 1809 ¢RASIANG 5+3Q LBEi HRREIpdd i fodsS, 3808 JPa%etn) acryl, ABS,

polyolefin, polyamide, and saturated polyester. A "resin
composition” used herein means a mixture {composition)
containing a resin and various additives, and a mixture
containing only resin composition is also described as resin
30 composition for convenience of explanation. The shaped body
conceptually contains a cured body, and means an object having
anunchanged shape at ordinary temperature. The curedbodymeans
an object shaped with a chemical hardenihg reaction among the
shaped bodies. 1In addition, the shaped body and the cured body

35 are also described generically as a shaped and cured body.



The viscosity at 25C or 60C of the above resin
conposition conprising three conponents preferably
has a lower limt of 100 nPas and an upper limt of
1000000 nmPas. More preferably, the lower limt is 150
nPas and the upper limt is 800000 nPas, 25 and
furthernore preferably, the loser Iimt is 200 nPas
and the upper limt is 600000 nPas. The above resin
conposition may further contain other conponents if
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above curliengbcerecuwenig. cacek perlyhedrimy phenodedcantdain a large
amount of SP® type electron orbits, since an aromatic skeleton
is contained as an essential structure, and therefore the
above-mentioned polyhydric phenols have a structure in which
pyrolysis at the time of high temperature does not easily occur,
and excellent flame retardancy. It is preferable that "an
organic group having two or more carbon atoms" to bond aromatic
skeletons having at least one phenol hydroxyl group contains
an aromatic skeleton, such as benzene ring and naphthalene ring
or an polycyclic cycloaliphatic skeleton, such as norbornene,
since the flame retardancy and the heat resistance further

increase.



one or two or nore of organic phosphorus conpounds

‘such as

: trlphenylphosphlne tr|butylhexadecylphosphonlum
- brom de, tributyl phosphine and
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t he operational effect of the present invention is not
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Oor S€m con
welght, andstill more preferably 309 by weight. When the amount

of the inorganic microfine particle is too hlgh, the above
mentioned good dispersion state may not be maintained, and when
the amount of the inorganicmicrofine particle is low, the flame
retardancy and the improvement effect in physical properties
derived from nanocomposite may insufficiently exhibited. In
the case where the dispersion medium is a resin composition,
and the resin compositioncontainsasolvent inproducingashaped
and cured body, which is a final product, the solvent may be
contained in the above-mentioned dispersion medium.

In the resin composition comprising two components of the

present invention, it is preferred that a lower 1imit of an epoxy



a material for civil works such as fiber reinforced

plastics (FRP), a casting material, an adhesive and a

material of an electric insulating coating naterial,

and a sem conductor device 25 or a printed wiring

board conposed of the cured fornulation fornmed using

the resin conposition of the piSé&sent invention also
constitutes the present invention. In the resin

conposition of the present invention, the publicly
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For use of the resin COHEOSItIOﬂ of the gresent

i nvent i oRReX0 55954 tye] 2Ad- AEIE AT thppbe¥eifisduecemyosition
becuspdibangpriepsy abinponentevixtetktdtaly hhe a/abiwewsl it of 100
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““however,
the lower limit is 150 mPa+*s and the upper 1limit is 800000 mPass,

25 and furthermore preferably, the lower limit is 200 mPa<+s and
the upper limit is 600000 mPa-+s.

The above resin composition may further contain other
components i1f necessary. As such other components, there are
given, for example, a stabilizer, a releasing agent, a coupling

30 agent, acoloringagent, aplasticizer, adiluent suchasasolvent
and a reactive diluent, an agent providing flexibility, various
rubber materials, a photosensitive material, filler, a flame
retardant and pigment. The use amount of these materials may
be appropriately set within the limits in which the operational

35 effect of the present invention is not sacrificed.



conpri sing thor oughl y bl ending the predeterm ned
formulating amounts of raw materials with a m xer or
the like, nmelt-kneading 25 the blend with am xi ng
roll, an extruder, or the like, and crushing the
kneaded wei ght after cooli ng may be nentioned.
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the nol ding conditions. The el ectroni c conponent
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Wire. bon i ng, or
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Connec“ﬁ?rthermore, as for curing conditions, the curing

temperature preferably has a lower limit of 70°C and an upper

30 1limit of 200°C. More preferably, the lower limit is 80°C and

the upper limit is 180°C. 2nd, the curing time preferably has

a lower limit of 1 hour and an upper limit of 15 hours. More

preferably, the lower limit is 5 hours and the upper limit is

10 hours.

35 As the cured formulation obtained according to the above,



+ 25 devices to the conductors of the organic substrate
through a vanp or by wire bonding, and sealing the
assenbly with the resin conposition of the invention.
Referring to the sealing nethod of devices with the

‘resin conposition of the present invention
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nmet hod but 30 injection nolding or conpression
mol ding, f or instance, may also be used. The resin

cofpesk tisofi vin h@la@eeisgf}tmmgmch% ARy olre 12, S&hd @&eﬂ shaped

as ILED enca atin terial, which .is a seali
e REETaTe e R LA e okt (PO g & GG GFesent
of ithentesh 13D conposittianthé ]giﬂﬁemteSEﬂéntnNﬁnt iZmthe above
Lati 61 nat er. i ribe
 forebi R et R R £ e kR S e R i per T,
5 nﬁbdtmcfemmed fesionlgbiposteimed ftxsnnlgEDhe resin composition
en8§p§HE %i’é‘@eﬂ@t erd t%ntm&r&%@tg tth {Q’aergﬂ@rblaé%rable

prevent o0Xx dative deterioration a e tine of
heal‘lbﬁ@lmﬁ%l ?5 Flop prezent YAt i on having few

col or ed. ThAS LRt @é‘éﬂ@&bﬁpol@ﬂ@ﬂ@h 1§H{15_Héb§gdised as materials

te anti X|dants A use
P B L L TR 2 LR BB R e $RCPALE@TyRLectronic
10medghiceé t bempepoxyt s est NvelopDss b i i prsing xaod ifcrafts,
Lgéggﬁbé)gfb\?ﬂil Ox] dan%l iﬁ%o@lﬁﬁ&gﬁt uasne éltqglgs and

one omnng B Tox
l\/bn@]pﬁemes piuiviest theeuts butyl&nﬁmlesdlarlmwwmbds amaterial

hygBPXﬁ@ﬂl %Pfox?mdﬁlcf arlf BFHXEg?SSEHXBEhﬁQFErlal formed by

stearyl -R--- ert- buty roxyphenyl ) propi on
at Bm.ng,%@agvg reglnzeommqqig,}@hé gpsconstitutes a preferable

15 (4.91IE’(B~§>b)llheﬁtt@';lfttili)élt%(J @5‘&9@' Invdibr Zon 2' - met hyl ene
bi s(4--e tert

4, 3 -t BB SPSYREEIP. (TR DR B SApLY used for amaterial

4 Abx bahyhpsehebi sq 3semet dyhdbeter t -a bt ydiphenol ying board, a
> BRBLite tynewizipg hogrdc @ RO 5SS et PIRRRSE PLates

) pa@tp’:tterlal for a light-emitting dlode {LED), a sealing materlal

201 owk%vi%ﬁﬂﬂ cBy4e Sl 1@1&;}5‘; éﬁ‘oé(ﬁs&fiél{& S deesNeninescence

20 Hi gh nol ecul ar” wei enol s
1, 418P13¥s %gwmlarﬁ-'hwnawrsalt EPY- BRIy FRRENGFyBuRevices,

ang,material for civil works such as fiber reinforced plastics

“beﬁ a;%gth%%%ng maté£i§£3 ghc%&ﬁéggvéngﬁé 4- hggerlgi of an
te@la@tSL@neshyhémegam@xlﬂﬁm&ﬁenxﬂl,@mﬂybemﬁcdqdnqbqrdeVlce
25§28 Mpn Q0P QTR0 ERLHRNE N EL5 s fopmgtfon formes
gIV%b?g he resin comp051tlon of the present inventidén also

constitutes the present invention.

In the resin composition of the present invention, the

publicly known non-halogen, non-antimony fire retardant agents
30 may be concomitantly used. For example, nitﬁogen—containing

compounds such as cyanuric acid derivatives, isocyanuric acid

derivatives and the like, phosphorus/nitrogen-containing

compounds such as cyclophosphazenes, and metal compounds such

as zinc oxide, iron oxide, molybdenum oxide, ferrocene and the
35 like may be mentioned. |
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amounts of rawmaterials with a mixer or the like, melt-kneading
theblendwithamixingroll, anextruder, or the like, and crushing
the kneaded weight after cooling may be mentioned. Tableting
size andweight contribute compatible to themolding conditions.
The electronic component obtainable by encapsulating
elements with the resin composition of the present invention
includes electronic componentsmanufacturedbymounting various
elements, i.e. active elements such as semiconductor chips,
transistors, diodes, thyristers and passive elements such as
capacitors, resistors, coils on various supporting members such
as lead frames, wired tapecarriers, wiringboards, glass sheets,

siliconwafers, andsealing the necessaryportionswith the resin



ultravi ol et absorption for plastic maybe used,

andt hefoll owing 30 are nentioned as an exanpl e.
Salicylic acids, such as a phenyl salicylate,
p-tert-butyl phenyl salicylate, and p-octyl phenyl
salicylate; benzophenones, such as

2, 4- di hydr oxybenzophenone, 60

2- hydr oxy- - 4- - net hoxybenzophenone, 35

2- hydr oxy- 4- oct oxybenzophenone, 63
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gr Sphive, l%Ho%ﬂ%ﬁ%l&f’sanﬁ%r eﬂﬁyV SGrbLAR SPnn@Ctlng the
t heseicssbss attee caid dianded &l;$1e| @ﬁjgaﬂict EapspPasE8CYhrough a

IOLV%]IE[;[EGJ ?fp@}}é"ésred gﬁgﬁ’é%la%% g];.a 1ng rheesggtsel Yle/nvgjltorp the resin
composition of the invention. Referring to the sealing method
of devices with the resin composition of the present invention
low-pressure transfer molding is the most common method but
injectionmolding or compressionmolding, for instance, mayalso
be used.

The resin composition of the present invention may be also
used as a LED encapsulatingmaterial, whichis a sealingmaterial
of compound semiconductors. The application of the resin

composition of the present invention as a LED encapsulating
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1,3,5-tris (37,5’ -di-tert-butyl-4'-hydroxybenzyl)-sec-triazi
ne-2,4,6- (14, 3H, 5H)trione, tocophenol.

30 : The following compounds are preferably used as sulfur
antioxidants. .

dilauryl-3, 3’ -thiodipropionate,

dimyristyl-3, 3’ -thiodipropionate, and
distearyl-3,3'~thiodiopropionate.

35 The following compounds are preferably used as phosphate



In order to obtain a good dresser effect in a dicing
process, a filler having a |large particle size is
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€ ‘conposition:

25 Into the resin composition 100 parts by weight of the
present invention, 0.01 to 10 parts by weight of the ultraviolet
absorber is blended, and lightfastness can be further improved.
Astheultravioletabsorptibnagentwhidnmaybeblended,common
ultraviolet absorption forplasticmaybeused, and the following

30 are mentioned as an example.

Salicylic acids, such as a phenyl salicylate,
p-tert-butylphenyl salicylate, and p-octylphenyl salicylate;
benzophenones, such as 2,4-dihydroxybenzophenone,
2-hydroxy-4~methoxybenzophenone,

35 2-hydroxy-4-octoxybenzophenone,
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of the present invention, so that the origina

property of the 35 epoxy resin conposition of the
present invention is not 66 sacrificed, the blending
ratio thereof irs. Alight emtting elenent sealed is
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hydroxide, such as aluminium hydroxide; kaolin, mica, ground
quartz, graphite, andmolybdenumdisulfide. Anyamount of these
substances are blended as long as transparency of the epoxy
30 composition of the present invention is not decreased, and 10
to 100 parts by weight of them to 100 parts by weight of the
composition of the present invention is preferably used. These
combinations can reduce emission or loss of light receiving of
optical semiconductor element caused by light scattering, light

35 shielding and the like of particles.



35 and chip danmage or wire breakage by heat cycle is
hard to produce 67 .nay be obtained. The resin
conposition of the present invention may be used as a’
sealing material such as a sem conductor encapsul ating
material. The application of the resin conposition of

‘the present invention as an erédapsul ating material is
described in the following. In the resin conposition

of the present invention, inorganic filler may be
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25 possible todisperse a fluorescent substance in the resin almost

uniformly, and to maintain the state in a syringe. And, even

if a large particle size of a fluorescent substance is used,

which is relatively difficult to handle, production with

sufficient yield may be achieved. As mentioned above, the

30 dispersing agent in the present invention exhibits a different

effect depending on the particle size range, and the dispersant

may be used selectively or in combination depending on use.

Inordertoobtainagooddressereffectinadicingprocess,

a filler having a large particle size is preferably contained.

35- When a filler having a central particle size of 15 um to 50 um,
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25 these polyhydric alcohols or polycondensations thereof.

(6) Various curable monomers, oligomers, and synthetic resins
may be further blended in order to improve properties of an epoxy
curing formulation. For example, diluents for epoxy resins,
such as aliphatic epoxy, diol or triols, vinyl ethers, an oxetane

30 compound, a fluororesin, an acrylate resin, a silicone resin
may be used singly or in combination of two or more of them.
The blending ratio of these compounds and resins are pﬁ:eferably
50 parts by weight to 100 parts by weight of the composition
of the present invention, so that the original property of the

35 epoxy resin composition of the present invention is not
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may be used. The optical semiconductor element according to
the present invention is an optical semiconductor element
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semiconductor chipelectricallyconnectedtothe leadelectrode,
and a mold resin sealing the optical semiconductor chip, the
mold resin being formed by curing the epoxy resin composition
according to the present invention. Accordingly, an optical
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efficiencyof light receiving caused by yellowing of mold resin,

and chip damage or wire breakage by heat ¢ycle is hard to produce
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d fire retardant agent menttoned above, the
su%%lﬂ%%%%ﬂa@eﬂ%@@ e Ib@éldalbfé\fé-wblthetmpéra@asweness

fO$f a mold. 1In terms of moldability, hygroscopicity, reduction
ofacoefficient of thermal expansion and enhancement of strength,
the formulating amount of the inorganic filler basedon 100 parts
by weight of the resin composition of the present invention is
preferably 70 parts by weight or more, more preferably 100 to
1000 parts by weight, still more preferably 200 to 950 parts
by weight. When it is less than 70 parts by weight, reflow
resistance tends to be decreased. When it exceeds 950 parts
by weight, fluidity tends to be insufficient.
The electrical wiring board may be obtained by preparing

awliringboard insulationmaterial ocbtainedbyadding, if needed,



encapsul ati ng sem conductor may be enployed. As the.
above reinforcenent, any known reinforcenent materi al
may be used; thus inorganic fibrous materials such as
woven and nonwoven fabrics of N type, NE type, S type,
T type, D type and other glass fibers, quartz, as

well as organic materials myl&8 nenti oned. These
maybe such as glass roving, glass cloth, chopped

gl ass strand, hollow glass fiber, glass nat, 10
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EPrERT B gE. LEaSF noPe: ST RUERerorey shbfY. TronBRE group

si@enbystnde ofoetlnge-hopd, emtamtodnd,f iamd h;tanden atom, and

tRer

ot her, %Eﬁéﬂﬁ%ﬁ%@%ﬁﬁﬁm¥§gFégé£%ﬁ%ﬁg %{Egg dfor immersing

textile oducti on
vaProteahbies %ﬁuﬁ?ﬁ@?dW@@éﬁnfFb@rd¥%1¢ﬁrﬁ jjons to be used,

20 NOBVRYKeBohbpHERdE Ghdlf DeC QHBAL cabh DPDEpenEBNDy [d1eRMs a mixture
and nonmoveE gabrlcs of glass fiber or
e

poP?aFgﬂ18rfWBEF 8Fe™BSPticul arly suitable. These
mat er i al 8srEe bbouserbmganind Baviindepe rd@rtd yorod, ithe following

COHBEEQEhSEﬂy ﬁg@aggwqeﬁ%égaﬁ X %%r%&aﬁ%yti&¥bthylether,”m

ove- nentioned drspersing e
efﬂé@?PP@ﬂ@h@ﬂ&i¢kwsqpﬁmpyh@$mm@wdlbbbﬁﬁ@ﬂhﬂr dihexyl ether,

25 el eehw@nw étﬁg} h@h mfnﬁ%%exdogmgo% %%en%rthol butyl
yer ed np05|te | am nate boards, such a

buP#?nM qgﬂﬁgcﬁe%tg%ﬁﬁggygéﬂgyﬁé methoxytoluene,benzylethyl
ether, diphenyl ether, dibenzyl ether, veratrole, propylene

oxide, 1,2-epoxybutane, dioxane, trioxane, furan,
2-methylfuran, tetrahydrofuran, tetrahydropyran, cineole,
30 1,2-dimethoxyethane, 1,2-diethoxyethane, 1,2-dibutoxyethane,
glycerin ethers, crown ethers, methylal, acetal, methyl
cellosolve, ethyl cellosolve, butyl cellosolve, ethylene glycol
monopropyl ether, ethylene glycol monohexvyl ether, ethylene
. glycol dimethyl ether, diethylene glycol, diethylene glycol
.35 methyl ether, diethylene glycol ethyl ether, diethylene glycol



| am nate board, a gl ass epoxy type |am nate board, an

aram d epoxy type |am nate board, a netal base w ring
board. The resin conposition of the present invention
may be preferably used as a raw material for the
producti on of epoxy resins, as a nolding material for
shaped fornul ati ons such as 10earchitectural nenbers,
vari ous housings, |am nate boards, built-up type

‘circuit boards, solder resists, seallng material s
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pr et epadbyl @l oyiath Ia, wmmmt@qﬁ:dﬂowncsnmym@ther,

St eyl gl 00, SOIE0T. I Ra el Sy AR hony) ochanor,
pr%SEﬁQEIQ@OXNEﬂhﬁnnﬁuiZﬁhuﬁqﬁxﬂtﬁ&ﬂﬂﬁ one .of a

gl cy £?5% n 0 fﬂﬂﬁ é@ﬁ?' in an
éan?iyéé)%%% ﬁpoun C?ls Z%deé%e)%n t rng ol yZ| n :
RSPy Selegio Iin i, %?W#R?@”f@?h%@du mfgfvemf oholf
coaggﬁaﬁy&beugﬁgy I O @Eenpound havi ng at 30 Ieast

one o & SLyeL O Sroup Bt ot enSpany 008, A By, e
pr fdutowing @nsmpbanﬂg A & tseyd tabfl ehyﬁdjb | pzimpd/eG ond eh gl n@armate ;
VW\IZ%G yRlExLd %ndo/&%rlt E‘S}I%atgaﬁ:% Eéﬁnaé’e, 'i% %‘u‘E%l formate,

1A preseh bun
ofpangyl,rcfuoatwatgpd@@tlamb/a@xet@ﬂ:eepeklyygraﬂﬁctata;dpmpysEacetate,
thfsmﬁé VY 2 RPGNAEAE, NG Sd€Pr e, ris%'b%%@?'lcaggﬁﬁize, sec-butyl

npoun 3 contalnlng one or nore el enent sel ected
fr%ﬂ?’%%egr%%tltﬂor%q%’%qi?ﬁg biopsnty agetage, |3 mfé‘éloxybutyl
PbTCE&a& asd-Bexbeiag tadeed2 - @ﬂldyﬂbu@pna@émdtl@elMthylhexyl
SOl |

ATBRETEe oY By RAYE AG AT ST BILa0r LG ey pibbionate,

gr@I@Wkupﬂqplonate, butyl propionate, isopentyl propionate,
ethylene glycol monoacetate, diethylene glycol monoacetate,
monoacetin, diacetin, triacetin, moncbutyrin, dimethyl
carbonate, diethyl carbonate, dipropyl carbonate, dibutyl
carbonate, butyricesters, isobutyricesters, isovalericesters,
stearic esters, benzoic esters, esters cinnamates, abietic
esters, adipicesters, y-butyrolactones, oxalicesters, malonic
esters, maleic esters, tartaric esters, citric esters, sebacic
esters, phthalic esters, ethylene diacetate.

As the above-mentioned compound containinganitrogenatoem,

the following compounds are suitable: for example, nitromethane,

nitrecethane, l-nitropropane, 2-nitropropane, nitrobenzene,



.an epoxy group and a conpound belng solid or liquid at

25C being used in the case of not containing an

aromatic noiety also. constitutes the present

i nvention. As a nethod for producing the resin

conposition conprising three conponents, a producing

met hod conprising a step of m %iong 10 a phenolic

conpound containing inorganic nmicrofine particles and

a conpound containing at |east one of a gl ycidyl group
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the Xfm ﬁ# 9 andﬁpr an $ rou cont ai ni ng
thg Hor JanfEtm 6farchee e PTRY %1‘?%% YEB ?Fpﬁﬁ}teé'sher acetate,
t herppesem: gh’y&t&ﬂt pampyllnether amen gt padplydlene glycol butyl

pr n es or | Si hr ee
Coﬁgg%ién?csé@%té %pdféﬁéff %Coclohen fge%her achedtate,
coRLBF PP YkER qrhmcghrﬁt:hyﬁ @@i&meacpmtrat@l edmncbwl:a@e glycol

gl yeogyl Greupxcandier @i‘p?@ﬁiﬁl’eﬂé QR CPAN BRI NGt her acetate,
coppound 74 contai ning an inor ﬁ nic mcrofiné particle

i sThor T PRFE TR B YsP L IIF‘?ﬁI?%]d hrstidifary met hod
may be et uysedamaﬁﬂttchB tiel gbbvel @diSobed WeeA i1@8€least one

- For o et B 2eke BT W abe CpaFtisarin s oPrAT baG Y ester

aneergy a@ri Epr:eth@gisneamzl‘m as mWhﬂlp@paetscﬂmaM@u@@t Or more

g}'aé[ﬁ@eldjdb a?c@;%r gpngepéfhgn@r OREr A4 QL LY, RBSE pg]:%gn}:gy welght
3/ t%e res:Ln composition. The more preferred range is 10 parts
by weight and 300 parts by weight or less.

Suitable examples of the above curing accelerator are
imidazole compounds such as 2-methylimidazole,
2-ethyl-4-methylimidazole; amines such as
2,4,6-tris{dimethylaminomethyl)phenol, benzylmethylamlne,
1,8-diazabicylo[5.4.0}-7-undecene {(DBU),
3-(3,4-dichlorophenyl) -1, 1-dimethylurea (DCMU); and
organophosphorus compounds such as tributyl phosphine,

‘triphenyl phosphine, and tris(dimethoxyphenyl)phosphine.
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and.the i'norganic.. n1cro L-nhe.par

addi ti on, other conponents described above may have
been contained in these conpounds in advance or nmay be
added after m xing these compounds. 10 A preferable
enbodi mnent of the resin conposition obtained by the
above producing nethod is as descri bed above. In the

above produci ng nethod, the phé&holic conpound

containing an inorganic mcrofine particle preferably

‘takes a formin which inorganic mcrofine particles
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pr egycH %t‘@rtﬁ‘lqsfoé SSRIPLS Idrar@ic bB@yﬁBEBQJ:alpﬁable of forming
conmpound and the inorganic_mcrofine particle 30

fthJe%lm%%s I%aib@ééﬁeéep%%l%%dtlél S PR g HES ﬁf the present
conpeshiion. wty G:fépr%s@ht@ftg&ﬁl exlaf@IGINioE ey irdinforcing

t [ at hat { f
P TreRLs b P Fabn Wty dre TS o
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hgg?f'gg ng %r)%trometh:rg *%miﬁ@%?%‘Po‘fnaﬁw&rﬂ@lyimldes,

bits an

r epca?nmgﬁle?rlrvsdeszh@cmew K es Fohpitd RORY &Y Hing &krohol) -
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addi n e henol i c C%g npound nd the_ i.norga
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hyﬂnﬁtysraxﬁﬂﬂd&ﬁﬁﬁhtoﬁaﬁmmﬁanncShb@rsnkhhenahnthose skilled
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escr
abogbural pm]nb,tlccse:om@uadchsw it L posdesed cador paper, and

SOLYsEOFiber-reinforced paper. Such reinforcing fillers may be
provided in the monofilament or multi-filament mode, and may
be used each independently or in combination with other types
of fiber, by co-weaving or in the core/shell, side-by-side,
orange-type, or matrix-fibril, and other constructions known
to those skilled in textile production. Such fillers may be
supplied in various modes such as woven fiber-reinforcement,
nonwoven fiber reinforcement, or paper. Among them, woven and
nonwoven fabrics of glass fiber or polyaramid fiber are
particularly suitable. These materials may be used each

independently or in combination of two or more of them.



cont ai ni ng the phenolic conpound is prepared. Next,

into the solution, an al koxi de conpound and/or a

car boxyl at e conpound, 10 and water or a sol vent

contai ning water are charged to perform a hydrolysis
condensation reaction. A sol-gel nmethod is preferred.

As the above solution containi @@ the phenolic

conmpound, anong various sol vents descri bed above,

al cohol s such as nethanol 15 and et hanol; ketones

such as afeidoiie iang thtﬁ}:&ﬁﬂa’lﬁuerﬂﬂld)rsetbﬁh@@@QSlng element are
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€ reaction
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ancHRRehgkl rﬂatchgﬁlezéoﬁ%ﬁ&ats Wﬂ%cﬁ&%ﬁ%@@lﬁct"rﬁ% components, .
lower Iimt js hour "and the upper limt

IS
hotiPgd Yﬁh%‘ﬁjee?)r g NG TwhVin 2n 3 ﬁewa%*a%r%%} for the

15 fi psbducaisnldft h@Nes Co8s Aimengcartoapaynthd ol 10y gaints, for
arona iLc skeleton 35 and/or a conpound to form an
organlé §kel eton, described above, 76 which are
react i onAsmfer i alms thod dophpmoldiucicgnpbendesis composition of

pr @H@rﬁgese dlh@éﬁti(g%x QhoEH 08, o ANy gﬁfg%&dﬁj of respective

conpoun a car ate conpoun wat er or
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material solution for a Esenollc comﬁ‘]p in whlgg d -
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sokxgeplepethod mstipo@f 2or egrodiextng atiphenesin composition
 compaupdel 3.SYnLNeskzed., ACCOrILAG 19 JPEELEASH) uployed 2
producing method comprising the step of hydrolyzing/condensing
25 metal alkoxide and/or metal carboxylate by charging water in
presence of a compound having at least one of a glycidyl group
and/or an epoxy group, wherein an organicmetal compound is added
in this hydrolyzing/condensing step. Thus, a method for
producing a resin composition containing a compound having at
30 leastoneofaglycidyl groupand/oranepoxygroupandaninorganic
microfine particle, the method for producing comprising a step
of hydrolyzing/condensing mefal alkoxide and/or metal
 carboxylate by charging water in presence of the compound having
at least one of a glycidyl group and/or an epoxy group, and in

35 the hydrolyzing/condensing step, an organic metal compound



As a solvent and a use anobunt of a solvent which.: are-
used 10 for the above sol ution containing the reaction
material for a phenolic conpound, the same one as

described in the producing nethod of the above (2)

may be enpl oyed and reaction conditions of the

hydrol ysis and the condensati od3are the sanme as shown

i n above nethod (2). 15 In the phenolic conpound

contai ning an inorganic mcrofine particle, the
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25 compound, a compound containing at least one of a glycidyl group
and/or an epoxy group and an inorganic microfine particle, the
method comprising a step of mixing the phenolic compound
containing the inorganic microfine particle and a compound
containing at least one of the glycidyl group and/or an epoxy

30 greup containing the inorganic microfine particle, also
constitutes the present invention.

In the above method for producing the resin composition
comprising three components, a method for mixing a phenolic
compound containing an inorganic microfine particle and a

35 glycidyl group- and/or an epoxy dgroup-~containing compound
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compound, and (3) amethodfor hydroly21ng/conden51ng an alkox1de
compound and/or a carboxylate compound in a solution containing
a reactionmaterial for the phenolic compound and then producing
a phenolic compound. Among others, the method of (2) or (3)
is preferred. By employing such producingmethods, a composite
of the phenolic compound and the inorganic microfine particle
is formed and it becomes possible to obtain a resin composition
which is an organic-inorganic hybrid {composite) ina state that
the inorganicmicrofineparticlessuchassiliconoxidemicrofine
particles are dispersed in a fine-grained state in the phenolic
compound being a matrix. The organic-incrganic hybrid thus

obtained exhibits an excellent flame retardancy.
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condensation in the above method for producing, the reaction
temperature preferably has, for example, a lower limit of 0°C
and an upper limit of 120°C. More preferably, the lower limit

is 20°C and the upper limit is 80°C. The reaction time preferably
has a lower limit of 30 minutes and an upper limit of 24 hours.

More preferably, the lower limit is 1 hour and the upper limit
is 12 hours.

In the producing method shown in the above (3), first,
a solution, containing a compound to form an aromatic skeleton

and/or a compound to form an organic skeleton, described above,
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25 property could be insufficient to improve the
moldability/formability. More preferably, the lower limit is
5% by weight and the upper limit is 50% by weight.
In the above method for producing the resin composition
comprising two components or three components of the present
30 invention, theglycidyl group— and/or the epoxy group~containing
compound containing inorganic microfine particles preferably
takes the form in which the inorganic microfine particles are
dispersed and/or dissolved in the glycidyl group- and/or the
epoxy group-containing compound. Asamethod forproducingthis

35 form, there are suitably employed, for example, (1) a method
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(upper limit) with respect to 100 parts by weight of the alkoxide
25 compound and/or the carboxylate compound. More preferably, the
lower limit is 20 parts by weight and the upper limit is 40 parts
by weight.
As water used in the above reaction, any of ion-exchanged
water and pH-adjusted water may be used, but water having a pH
- 30 of about 7 is preferably used. By using such water, it become
possible to reduce ionic impurities in the composition and to
form a resin composition having low hygroscopicity or high
insulating.
A usage pattern of the above water may be a pattern of

35 adding water dropwise to the alkoxide compound and/or the
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isopropoxide, boron methoxide, boron methoxyethoxide,



sufficient to inprove the noldability/formability.

More preferably, the lower limt is 5% by weight and
the upper Iimt is 50%by weight. 20 Then, described

~is a method for producing a dispersing elenment
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lead(1I)6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-3, 5~octane
dionate, lead(II)hexafluoropentane dionate, and
lead(II)2,2,6,6-tetramethyl-3, 5-heptane dionate.

Organic phosphorus compounds: diethyl phosphite,
trimethyl phosphine, triethyl phosphine,
tris(trimethylsilyl)phosphite, triethyl phosphate,
tris(trimethylsilyl)phosphate, diethylethyltriethexysilane,



vessel -with an agitating device may be used. A
reaction vessel wth a pivotable m xing bl ade haV|ng
a ‘shape such as a propeller, 20 a paddle, and a

‘ribbon, is nentioned as a representative exanple, but

is not especially limted. A reaction vessel equipped
with other agitating devices,8a mxing roll and
extruder and the like also may be used. Al koxide
and/or netal carboxylate are supplied froma 25
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; titanium chelate compound such as di-i-propoxy bis(ethyl
acetoacetate) titanium, di-i-propoxy
bis(acetylacetate)titanium, di-i-propoxy
bis(acetylacetonate)titanium, and
tetrakis(acetylacetonate)titanium.; amine compounds such as
ammonia, butylamine, octylamine, dibutylamine,
monoethanolamine, diethanolamine, triethanolamine,
diethylenetriamine, triethylenetetramine, oleylamine,
benzylamine, benzyldimethylamine, 2-ethyl-4-methylimidazole,
2,4,6-trisdimethylaminophencol, morpholine and DBU
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di stribution (inertial radius) is thought to be
produced. 20 Accordingly, alkoxide and/or netal
carboxylate, or water is preferably supplied at a
rate of dropping level. It is preferable that a total
supply anount of al koxide and/or netal carboxylate
and water is 0.2 to 50% by weight in the dispersing
el enent 100.0 by weight in the reaction vessel 25 (a
total amount of the dispersion nediumand the
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hyonodysl s aahdensathony 122 aebipano Li; s::eabltued aiituents such as
t hrglggf&%%(g@?gc%%fate %&r?éa}bong §LP so%ecf(ar%eorand
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r e%?flﬂo%r%%t@%xﬁaélgﬁaﬁérsu%} aF Sl B&x 18 h reyplysiloxane
Caﬁﬂidiedy@lﬂmétfhicftﬁqé,ﬂ@ld eaedt o vesse) dimeefe and pyridine.

~§§L§éen £@§q$§ cgpﬁgnol§§¥ﬁ55$§§%5g|§91vent preferably .

obm@$n£d;theﬁlmhe DES2 0% coyposidghtomncbanaupseanl tpbkyof 120%
r %ﬂr r\}eeitg]m: %fﬁhr}ecmitbi f@Om weight of the glycidyl group-
and/or the epoxy group-containing compound. More preferably,
the lower limit is 25% by weight and the upper limit is 110%
by weight, and furthermore preferably, the lower limit is 30%
by weight and the upper limit is 100% by weight.
As for reaction conditions of hydrolysis condensation in
. the above method for producing, the reaction temperature
preferably has a lower limit of 0°C and an upper limit of 200°C.
More preferably, the lower limit is 10°C and the upper limit
is 150°C, and furthermore preferably, the lower limit is 20°C
and the upper 1imit is 100°C. And, the reaction time preferably
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m crofine particle or by adding . an epoxy resin to the
di spersing el enment in which the inorganic nicrofine
particle is synthesized and m xi ng the dispersing

el emrent. 25 The tenperature of 82he above-nenti oned
hydrol ysis condensation reaction is preferably 0 to
60C, and nore preferably 5 to 40 C. The reaction tine
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reactive dil uent gnent may urther
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| nepLaLing ST Al Tor 1L g Doard guy be TSI TES. among the
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CopﬁéStr%cﬂxQ;t%nl lSEngﬁg %??’2%32%%5?1%%5%%%%&{%9%% ggertla of
flbmbﬂl:hlaly,lOnm and the inorganic microfine partlcle having a
radius of inertia of 10 to 50nm is dispersed with a specific
ratio. As amethod for producing the dispersing element having
such a dispersion state, preferred is a method for producing
the dispersing element containing an inorganic microfine
particle, the method comprising a step, in which alkoxide and/oxr
metal carboxylatearesupplied fromasolutionlevel neighborhood
of a reaction vessel containing a dispersion medium having a
viscosityof 100 Pa second (1000 poise) or lessat 20°Cordilution
thereof, and at the same time, water is supplied into the
dispersion medium or dilution thereof from a reaction vessel

bottom neighborhood, and a hydrolysis condensation reaction is
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and

and by using the resulting mxture as an i.nk, a
coating material, or a varnish, and then by drying

t he compound under reduced pressure and/or wth heat
to renove the conmpound. The dryness 25 30 35
conditions of the ink or the coatingmaterial is
properly adjusted depending ogza vapor pressure, a
boiling point or the like of the used conmpound havi ng
at | east one structure selected from the group
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CuTRate bR ER S Uk T g Lafk 8 becafsint X fedction vessel
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i ng %l'?l'l% rﬂr&i ?frjl%%oﬁar . ﬁl %%&%@%gggse Qgg% %lr'lcc%tﬁve example,

0sCcop i'c a resi ere
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exXgapt £ a JTRGRARLCH v CLUPOoReM 2 n§healir 463 e3®duder and the like
elefé£q£é§ dgvéggf _conponents 0 _yghlcles shlpplng
Alkoxide and/or metal carboxylate are supplied from a
liguidneighborhoodof the dispersionmediumor dilution thereof
{(hereinafter, referred toas inner licjuid) , andwater is supplied
into inner liquid from a reaction vessel bottom neighborhood.
Specifically, an alkoxide and/or metal carboxylate introducing
pipe is disposed so that the exit may be a solution level
neighborhood of inner liquid, and a water introducing pipe is
disposed so that the exit may be at a bottom neighborhood of
the reaction vessel. The term "solution level neighborhood”
meal@ns a space from the mixing blade in inner liquid (in case
of a plurality of mixing blades, a mixing blade nearest to the

surface is meant) to the solution level, and an upper space of



20 aircrafts, construction/building, nolding/formng,
and coatings and adhesi ves. -BEST MODE FOR CARRI NG OUT
THE | NVENTI ON Herei nafter, the present invention wl|l
be described in 25 nore detail with reference to-
Exanples, but the present invention is not limted to
these Exanples. In addition, "part (s) " refers to
"part (s) byweight" and" o" refers to by weight" as
particular notice is not given. 30 Synthetic Exanple
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m xthtredwasng @arda wi ah rwdlsaahhesfrﬁﬁraéachwtkﬁeﬂ’wahﬂ therefore
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d| bt)linqbg@de@w avedem eﬂ@mr:ep&@srsqupé Binel nehee:tlon may properly
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HEOSIIIOH was non transparent an
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1icyclic epoxy resi
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r%lfdl} ¥ylate and water is 0.2 to 50% by weilght in .. ..

the dlsper51ng,element 100% by weilght in the reaction vessel
25 (a total amount of the dispersion medium and the inorganic
microfineparticle isdefinedas 100%byweight). Inthisrange,
the particle size distribution is easy to control in the
above-mentioned defined range.
In the hydrolysis condensation reaction, a hydrophilic
30 organicsolvent, suchasmethanol ispreferablyadded in advance.
When water is not compatible with the dispersion medium,
especially with the resin composition, the hydrophilic organic
solvent functions as a dissolution auxiliary agent, and helps
water finelydisperseandsolveininnerliquid. Whenasubstance

35 having high viscosity or solid shape at ordinary temperature



25 honobgeneous solution 79 03 g of tetranethoxy3|

| ane and. 127.91 gof 2- (3, 4-epoxycyclohexyl) et hyl
trimethoxys i |lane were charged. and the m xture was
stirred at roomtenperature to obtain a honbgeneous
solution. To this m xed solution, 65.49 g of

i on- exchanged water of pH 6.8 wgs added by one
operation at room 30 tenperature while being stirred,
and subsequently the m xture was heated to 100C and
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20 1099 ﬁn& éﬁ&fﬁfﬁgﬁggmehﬁsgl% Bﬁgﬁxﬂ’}%&lmlﬁhgﬁﬁyﬂyﬁﬁ’c phenols

a cooling tu stirrer
t ePRAREE FORSiasdseo BRle 1poggagigmicro flne particleorbyadding

3- ghysidlox ypsapytd rtlh@ah@fsaﬁs i@@%l\&r@lﬂ: hargercamg et ﬂeorganlc
m xture_.was st roo re.tp obtain

rat
HORbHEREOE BaFhi Fof. 5 ViEhent o Sutt Bof bef ohic afspersing

53ed8mgndf i on-exchanged water of pH 6. 8 was added

25 dr opwi SeTI?é/eEeI%‘pQPgE&rgtofo% t%&%é"ﬂ@l&f@éé ehydrolysis
condensation reaction is preferably 0 to 60°C, and more
preferably 5 to 40°C. The reaction time is generally 30 minutes
to 24 hours, and preferably 1 to 12 hours. When the dispersion
medium is diluted, the solvent for dilution may distill off to

30 removeunder reducedpressureof 0.1 to 10kPaat the same reaction
temperature as in the polyhydric phenols synthesis. When the
dispersionmediumisdilutedusinga " solvent (mentionedbelow)"”
added in order to improve flowability, the solution need not
to be removed, but may be partly removed.

35 As mentioned above, in the above-mentioned dispersing



bei ng stirred, and subsequently the m xture was heated

to 60C and kept at this tenperature for 4 hours.

Next, into this, 3.90 g of alum num :

di - s- but oxi de- et hyl acet ate was charged, and the 30

m xture was maintained in this state for 2 hours, and

t hennet hanol and tetrahydrofugan, which were volatile .
conmponents, were distilled off under reduced pressure
and the remaining mxture was cooled to obtain a '

r 681 BSOS | #AON 1o MG Wa ionfolrad ot artmarl%trgamc

and, se solid. The yield of the r s 310 ‘
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tenperature to obtain 10 a honngeneous %glutlon 58.
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was stlrred at_room tenper at ur bt a

nanbyEheb R POReSTREER: oy MEaB A bl S, apipstcizer.
ofam@hhéxuhangsdfwatexam@l@kha@eaowageaddedeerQMP@@ndihaving
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sequent y the mxture eat’ed
10@@eﬁrﬂéplk%'pte%ﬁe¥ Heendenied AL eI altcﬁ'bu‘lr% pn@e@@trred

into thighedtHR: 2a809E- héhﬁ%ﬂ@&)’@%ﬁ@ﬁsﬂ\@@ él@feﬁﬁdas used for
and the Eéxture was tained in th s state f

ho%?&nsﬁ Ci REPatsH O%H&réﬁﬁ%ﬁﬁF Mﬁ?%ﬁnsﬁéﬁglng“mterlal
vofafirhe;:nm@p@as\@rrﬂ mayese Chstied) eﬂo:oféxampim reducieding the

58?1969&31%&%‘1%& gmggﬂ’ﬁdr}xaq%%a as\;@gng %% %ttu e selected

in a resi non- cm
tr éﬂ@péh@rﬁrcandcvnsc@usng oifcpif e r bnedyu @l‘@robomcﬁe and nitrogen

r e§t&nv¥@§t@@1eg’dl%?)@rtsti%gr e3ihehad:a8.e0PXY, c%{ood flowability,
equi val ent . of g/ mol, "an_inorganic mcro fine

pa?id &Y&S%Féﬁtr%ﬁ‘ﬂ?@f@/mwt% Pght 2BAd¥a #reratigy material,
pobAta Ofad®iéh, 2onHytHdretd € dxaimd etle | ddbdurld lunder reduced

g @énﬁlghmmmbéGMQﬂnergheGﬂﬁb@ngmstarialad@nmyarlyadjusted

ing on a vapor pressure, a boiling point or the like of

the used compound having at least one structure selected from

the group consisting of ether bond, ester bond, and nitrogen
atom.

The various additives illustratedas suitable additives
in the case where the above-mentioned dispersing element is used
as a material for encapsulating semiconductor or an insulating
material for wiring board may be properly used in the case where
the dispersing element is used for other uses. When a shaped
and cured body is manufactured using the above-mentioned
dispersingelement, the shapedandcuredbodyobtainedpreferably



i0

15

20

”and S
thx%taradag_rszsg defrapided auetiat @J@Gtmnapelmgfcharrg@@rlal field

30 produced by Sum tono Chemi.cal Co., Ltd.) and 154. 86
g of butyl cellosolve were charged, and after the
resulting mxture was stirred well at 40C to obtain a
honogeneous sol ution, the solution was cooled to room
tenperature, and into this, 255.11 g of

tetranet hoxysi | ane and 83. 08 g8®f

phenyl tri net hoxysi |l ane 35 were charged by one

operation and the m xture was kneaded at 91 room
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Herelnafter, the present invention will be descrlbed in
more detailwithreference toExamples, but the present invention
isnot limited to these Examples. Inaddition, “part(s)” refers
to“part(s) byweight” and™%” refersto“sbyweight” asparticular

notice is not given.

Synthetic Example 1

Into a 500 mL four necked flask equipped with a gas inlet,
a cooling tube and a stirrer, 165.65 g of alicyclic epoxy resin
(trade name “CEL 2021P” produced by DATCEL CHEMICAL IND., LTD.)
and1l65.65gofpropyleneglycolmethyl ether acetatewere charged,

and when the resulting} mixture was stirred well at room
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to 80C and kept at this tenperature for 4 hours. Next,
into 30 this, 1.61 g of trinmethyl phosphite was '

charged, and the m xture was maintained in this state
for 2 hours, and then nethanol, 1-nethoxy-2 propano

and propyl ene carbonate, which were volatile

conponents, were distilled of f8&nder reduced pressure

and the remaining m xture was cooled to obtain a resin
conposition 35 M which was non-col ored transparent and
vitsequsrdtups o Hreddd v élothogentioasr esilmbiasn, 283 .§1 g of
ange L J Rl NAdAN BROB) aquivglent  of 201 g/ ol

an i norgani ¢ ‘mcro artlcl content of 40.3% %
MW&Y@@M&V@GWS@Q@WG%QhaFﬁ?é g thgpixture
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conposin n 1 norganic m Crofine part

Subgegeegitt ygneéachsobsite @bods’ T omgross tdbnss Was
poured into a nold and cured at 100C for three hours
and further _at 140C for three hours in an oven to
obP ¥ hPet +artPPRE: 2 pl ate 25 of | mmin thi ckness.
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hour StL 2un%e 4— epoxycyclohexyl) ethyltrimethoxysilanewerecharged
and the mixture was stirred at room temperature to obtain a
homogeneous solution. To this mixed solution, 65.49 g of
ion-exchanged water of pH 6.8 was added by one operation at room
temperature while being stirred, and subsequently the mixture
was heated to 100°C and kept at this temperature for 4 hours.
Next, into this, 1.63 g of antimony (III) ethoxide was charged,
and the mixture was maintained in this state for 2 hours, and
then methanol and l-methoxy-2 propanol, which were volatile

components, were distilled off under reduced pressure and the



conditions of 50C in cell internal tenperature and 45% -
incell 35 internal humdity. Color before and after

the test was neasured 93 by a colorineter and a degree
of yellowi ng was evaluated in terms of L Yl . In

order to investigate a particle size distribution of
netal oxide microfine particle89(inorganic mcro fine
particles) in the resin conposition, the cured resin

pl ates obtained in the above were each subjected to a
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photoelectron ectroscopy (XPS) analysis. 35 [Table
1] 94 N Ty ”ﬁéJ g of the alicyclic epoxy resin solution

obtained was charged into a 1000 mL four necked flask equipped
with a gas inlet, a cooling tube and a stirrer, and 75.31 g of
tetramethoxysilane and 77.95 g of

_.3-glycidoxypropyltrimethoxysilane were charged and the mixture

was stirredat room temperature toobtainahomogeneous solution.
To this mixed soilﬁ;.ion, 53.49 g—of J".on—exchanged water of pH
6.8 was added dropwise over 2 hours at room temperature while
being stirred, and subsequently the mixture was heated to 60°C
and kept at this temperature for 4 hours. Next, into this, 3.90
g of aluminum di-s-butoxide-ethylacetate was charged, and the
mixturewasmaintainedinthis state for 2hours, andthenmethanol
and tetrahydrofuran, which were volatile components, were

distilled off under reduced pressure and the remaining mixture
was cooled to obtain a resin composition C which was non-colored
transparent and semi-solid. The yield of the resin was 310 g,

and the resin had an epoxy equivalent of 290 g/mol, an inorganic
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microfine particle content of 31.0% by weight and viscosity of

2320 mPa+*s at 60°C.

Synthetic Example 4
Into a 500 mL four necked flé{slk”eucjﬁipﬁaé'd“iﬂith'a"gaé inlet,

a cooling tube and a stirrer, 168.62 g of aromatic crystalline
epoxy resin (trade name “YX4000H"” pfoduced by Japan Epoxy Resins
Co., Ltd.) and 166.85 g of diglyme were charged, and when the
resultingmixture was stirredwell at room temperature to obtain
a homogeneous solution, 58 .11 g of tetramethoxysilane and 75.70
g of phenyltrimethoxysilane were charged and the mixture was
stirred at room temperature to obtain a homogeneous solution.
To this mixed solution, 48.15 g of idn—exéhanqéd' water of pH
6.8 was added dropwise over 2 hours at room' temperature while
being stirred, and subsequently the mixture was heated to 100°C
and kept at this temperature for 4 hours. Next, into this, 0.78
gof trimethoxyboranewas charged, and themixturewasmaintained
in this state for 2 hours, and then methanol and diglyme, which
were volatile components, were distilled off under reduced

pressure and the remaining mixture was cooled to obtain a resin
composition D which was non-colored transparent and viscous

liquid. The yield of the resin was 260 g, and the resin had

_anepoxy equivalent of 307 g/mol, aninorganicmicrofineparticle

content of 29.8% by weight and a melting point of 104°C.

Synthetic Example 5

Into a 1 L kneader of heating type equipped with a gas
inlet, a coocling tube and a heating medium circulator, 361.33
g of high molecular weight epoxy resin (trade name “ESCN220"
produced by Sumitomo Chemical Co., Ltd.) and 154.86 g of butyl
cellosolve were charged, and after the resulting mixture was
stirred well at 40°C to obtain a homogeneous solution, the
solution was cooled to room temperature, and into this, 255.11
g of tetramethoxysilane and 83.08 g of phenyltrimethoxysilane

were charged by one operation and the mixture was kneaded at
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roomtemperature toobtainahomogenecus solution. Tothismixed
solution, 143.45 g of ion-exchanged water of pH 6.8 was added

'by one operation at room temperature while being kneaded, and

subsequently the internal temperature of the kneader was raised

to 100°C and kept at this temperature for 4 hours. Nex'tr,.i.nto
this, 3.18gof zincacetatedihydratewas charged, and themixture
was maintained in this state for 2 hours, and then methanol and
butyl cellosolve, whichwerevolatile components, weredistilled
off under reduced pressure and the remaining mixture was cooled
by taking out it from the kneader onto a metal vat to obtain
a resin composition E which was translucent solid matter. The
yieldof the resinwas 580 g, and the resin had an epoxy equivalent
of 360 g/mol, an inorganic microfine particle content of 30.6%

by weight and a thermally softening temperature of 118°C.

Synthetic Example 6

Into a 500 mL four necked flask equipped with a gas inlet,
a cooling tube and a stirrer, 120.%6 g of alicyclic epoxy resin
(trade name “YX8034” produced by Japan Epoxy Resins Co., Ltd.},
51.84gof triglycidyl cyanurate, 86.40 gof 1-methoxy-2 propanol
were charged and 86.40 g of propylene carbonate were charged,

and when the resulting mixture was stirred well at 60°C to obtain

..a homogeneous solution, 73.87 gof tetramethoxysilaneand 119.56 .

gof 3-(3, 4~epoxycyclohexyl)ethyltrimethoxysilane were charged
and the mixture was stirred at 60°C to obtain é hbmogeneous
solution. Tothismixedsolution, 61.21 gof ion-exchangedwater
of pH 6.8 was added dropwise at room temperature over 2 hours
while being stirred, and subsequently the mixture was heated
to 80°C and kept at this temperature for 4 hours. Next, into
this, 1.61 g of trimethyl phosphite was charged, and the mixture
was maintained in this state for 2 hours, and then methanol,
l1-methoxy-2 propanol and propylene carbonate, which were

volatile component's, were distilled off under reduced pressure
and the remainingmixturewas cooledtoobtainaresincomposition

M which was non-colored transparent and viscous liquid. The
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a sL1Cv v Table 1 will be described below CEL 2021P:
alicyclic epoxy resin (produced by Daicel 95 Chem cal

Ind., Ltd.) ST3000: alicyclic epoxy resin (produced by

Tohto Kasei Co., Ltd.) MH700(®2

nmet hyl hexahydr opht hal i ¢ anhydri de (produced by New

Japan ‘Chemical Co., Ltd.) Antage W400: phenolic

anyi@m dardhd peotnced 16 Kpwaducis reChamacodn kpdustdguivalent

oot Ahedmis, T teiragirar Ser gF PR du o £ UREER e 40,38

Ccopose idipnsand Exaugliesy dmddlghera 44 atspBeency of
the cured plate itself than that of the resin

.conposi tions. of Conparative.Exanples and.therefore . it. . ..

waBxzErigedl tbatd Mt dfonnmr PHrte dxamkesedi 3wtk sed i n

shorter IrP@éE'ﬂa%]@é@@?gS d Whan 4 heswamelengbheak d
%s foundgtﬁat it coglg ble1re e ucmg

VISIb|e light and it
su ?‘éjo(F? H‘%e?jsf:éifr?ﬁe R0 ﬁg&gﬁe,el %%s:m compositions described

inSyntheticExamples 1 to 3 and two alicyclicepoxyresins (trade
name “CEL 2021P” produced by Daicel Chemica Ind., Ltd., and trade
name “ST3000” produced by Tohto Kasei Co., Ltd.}, |
methylhexahydrophthalic anhydride (trade name “MH700G”
produced by New Japan Chemical Co., Ltd.) as a curing agent,
tributylhexadecylphosphonium bromide as a curing accelerator
and phenolic antioxidant (trade name “Antage W-400" produced
by Kawaguchi Chemical Industry Co., Ltd.) as a stabilizer were
charged in the compositions shown in Table 1, and were mixed
at 80°C and defoamed under reduced pressure, - and thereby a
homogeneous epoxy resin composition was obtained. To the
compositions of Comparative Examples, fused silica (trade name
“SO0-E2” produced by ADMATECHS Co., Ltd.) was added as a metal
oxide (metal. component composing of an inorganic microfine
particle}. Subsequently, each of the above compositions was

.poured into amold.and cured at 100°C for three hours and further

at 140°C for three hours in an oven to obtain a cured resin plate
of 1 mm in thickness. With respect to the appearance of the

resulting cured resin plates, they were non—-colored transparent
in Examples 1 to 4 but they were white and opaque in Comparative
Examples 1 and 2.

Forultravioletdiscolorationresistancetestof thecured
resin plate, a xenon weathering tester {(Model: Ci4000
manufactured by Atlas Material Testing Technology BV) was used
and xenon arc light was irradiated for 1000 hours under the

conditions of 50°C in cell internal temperature and 45% in cell
internal humidity. Colorbefore and after the test was measured



the transparency. And, the cured plates of the resin
conpositions of Exanples has small AY1l and is

consi dered to have high resistance to discoloration
by irradiation of active energy rays such as
ultraviolet rays. 20 Exanples 5 and 6 and Conparative
Exanples 3 and 4 Into a flask 28ui pped with a gas
inlet, a pressure reducing device and a stirrer, each
of two rein conpositions described in Synthetic
Exaal @8l g i nith 152808 der &HOXYyd Esiwind waadsyalamt e2bin terms
"}ggoqggr produced by Japan Epoxy Resins Co., Ltd.,

arftf t45de  nanme " ESCN220HH" produced by Sum tono
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5 aovet oF ARbRCwAIECEADR THATIGUG 4 hiRESSoMpBIFPaAse particles)

shoynid fable 3QpdsidRdnergentyedqatedifGBEes obtained in

def oaned under reduced pressure, and .thereby a S
hoFRR) ERETESY 28R DS REFHHHA f oitanas™ X-ray scattering
obisd Neghi s SubSERVEH A1)y 1 £R6 ha ofs ddte cadiemes sotposh Wasnsasured

was ., poured into a d and cured, Hor fiy ‘
o e i S e B T U T gured by
10 t cRDipd Jal Doapc ur Bek tdsi X pray @a35cofBamtierl thinokwebgome through
Ther. 0 |5 L.cal.physi,ga '
T LR o IR AR R b Pt PEEL G encoun
pl Atekitwer erehdfhareddured artaddriigat 5oJtse kyupad arrpin plate

Jléh&%g%%té%@éilﬁﬁ%yﬁgrEQ%ﬂgﬁﬁédW@%hﬁ?%&@hQQAlationcounter
accor di to ASTM D5045 Dielectric characteri stics

n .

not RS Fahber caf Fc CORGFAgLEBIRR ChphP | Bt it OHGe®13BEW YT Path.

15 preges eleychgil endénd el @ghessdapad, ard tas Lol duee. :
characteristic was eval uated using neasurenents at 1

MHz. The*padYieFedsiZ¥%nd the ratio of the
constit UBumbe welsdgeonpirentuofenthe hetll, o UenX net al

conpone . by: fBnney as

nentionedggﬁgég? 18 iia%1gwéﬁéﬁ5£§%%?e S5Exanpl e

6Conpar df¢ye@ohypa st iived EXBint en BExbemp| eedhmds(2P separate
20 Coppeshtion) D64. 1--- Resin conposition E-67. 7--

M X1 ng
Scanning angle covered: 286
Increment of a step: 0.1 to 5.0 degree, 0.01 degree
Measuring time: 30 minutes
25 A Guinier plot was prepared from a scattering profile

obtained by this measurement by a Fankuchen method to derive
the radius of inertia and a particle size distribution was
determined assuming that a geometry of a particle is a sphere.
Inorder toinvestigate theratioof constituentmetal elementary
30 component of metal bxide microfine particles (inorganic
microfine particles) in the resin composition, the cured resin
plates obtained were each subjected to a X-ray photoelectron

spectroscopy (XPS) analysis.

35 [Table 1]
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Tg (TM A neasurenent, C)115144116146 Thermal propertya
1 (ppm 55726081 012 (ppn) 180185183192 FIl exura
strengthl116183108150 (MPa) Mechani cal FlI exural nodul us3

3 2 3 94929643 property(GPa).... Fracture toughness
(MPa mv2)1.911.121.881.05 DielectricE3. 524. 063.
984. 21t h i ti ¢ arac ef5tan Sl1. 4 x 10-27. 9 x

10-'1 1. 7 X 10-212. 3 x 1 0.2s ¢ (1 MHz) 97 Table
2 wll be described bel ow. YX4000H epoxy resin
prioshiced mndlapdancEpoxy Resins Co. Ltd.)"

ESCN220RE SR 215821 6B 288569 BY SIS heo raser
Co., Ltd.)

MH700G: methylhexahydrophthallc anhydrlde (produced by

: 'New Japan Chemlcal Co. ,' Ltd. )
Antage W-400: phenolicantioxidant (producedby Kawaguchi

Chemical Industry Co., Ltd.)
S0-E2: fused silica (produced by ADMATECHS Co., Ltd.)

The cured plates of the resin compositions of Examples
| had higher transparency of the cured plate itself than that of
the resin compositions of Comparative Examples and therefore
it was assumed that microfine partricles were dispe'rsed-in shorter
particle diameter than the wavelength of visible light and it
was found that it could be suitably used for the uses requiring
the transparency. And, the cured plates of the resin
compositions of Examples has small AY1 and is considered to have
highresistance to discoloration'by irradiationof active enerqgy

rays such as ultraviolet rays.

Examples 5 and & and Comparative Examples 3_and 4
Intoa flaskequippedwith a gas inlet, a pressure reducing

_device and a stirrer, each of two rein compositions described ==

in Synthetic Examples 4 and 5 and two epoxy resins {trade name
“YX4000H” produced by Japan Epoxy Resins Co., Ltd., and trade
name “ESCN220HH” produced by Sumitomo Chemical Co., Ltd. )}, phenol
aralkyl resin (trade name “XLC-3L” producedbyMitsui Chemicals,
Inc.) as a curing agent and triphenylphosphine as a curing

accelerator were each charged in the compositions shown in Table
2, and were mixed at 110°C and defoamed under reduced pressure,
and thereby a homogeneous epoxy resin composition was each

obtained. Subsequently, each of the above compositions was
poured into a mold and cured at 120°C for five hours and further

at 150°C for three hours in an oven to obtain a cured resin plate
of 3mminthickness. Thermal propertiesandmechanical physical
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‘Chem cal s,

low R
1: ambwai‘rﬂe@n RofeGriasoll poephaed byreg by Teebhplogies Japan,

Ltd.) XLC3L: phenol aralkylresin (produced by Mtsu
Inc.) 10 Wth respect to the resin
conposi tions of Exanples, they ' exhibited handling
properties equivalent to those of the resin
conpositions of Conparative Exanples, in despite of
containing the inorganic mcr®6ine particles and

their cured plates could be prepared without any

probl ems as with Conparative Exanples. 15 And, it was
prov@sk t fied s wiaé;eut:ae s@:lt@g@tnlaaicﬁﬂ@f;uth@ mroQﬁlilﬁlls) of the cured

co OSISte:ﬁf%nrtse 8Pﬁ e ues érf‘::gg:r%ﬁggt 8 fﬁéﬁ&% eLh48Rs k6911

Coarpcﬂarﬂac@re&tmugim&sst ey ﬂnaaisenhdnaedosmeggttm ZeBmi D5045.
el ' n erties gnq
ﬁf%i%fge (¢ (S At ac erlsC%'r font‘?ro uctl.on C@)%;Cfir%lgg?o an

I‘IC LCr

(trade Namen "eE%%%@ﬂ@r’lst@@o%%ge&@r'él’fi‘é@@& @@pn@/lr[@s’urements

pr oduced by Sum tono_ Chemi cal d.) was used
i st ﬂSNﬁ%duEF?oﬁaE‘S(hW sSize gpgt hBsi sagftoppbxihe é—‘éilnrﬁtltuent
Cofpesi EbRPoBent BifOr 18 heta kBgader (naft d1leabhpentyPPwere measure

ed wth a gas inlet ol i t ube and a
oy PEEE A iy 14k Srendet Pt onony rosi n

(trade nane "ESCN220" produced by Sum tono 30
Ltd.) and 154.9 g of butyl cell osolve

copfRsRe £

stirred well

and after the resulting m xture was

at 40C to obtain

a honogeneous sol uti on,

t He solution was cool ed to Jroom tenperature,mmmwt&mparative
LEIS, 255.1 g of petranethcxﬁ&mm?éﬂe ?ﬁdﬂigs ﬁgyaf i Example 4
d . J J )
3§ and subsecﬁ@ﬂﬂPWmFMEWPnderﬁ%¥1tennerature of the —
krleader was YBedralosme@iiboE 1JOC and kept sat 7thf s — -
t dpipmg at ur e f9ﬁ GodpursTNgRT, T TNt This, 34 180, 0f _
Zi|penpash at e e Aydraie was—charged—manrd—the “.xturc
me@m#ﬂWmh&hﬁeESPﬁz?ﬂW§ statle for 2 Hours, and tHen 56. 1
ngt hanol and |Rueyl cel | osoljve,3aMs ch waeesvol atdiel e 43. 9
cqnponent s, W@&%ggcéﬁk&Led OT T oURAET| TEJUCET preSSUTE . 5
t gobtatr—an cpuxy4 .co.nﬂeeﬁpes%P+eﬁ—B~theh—was
t rjpagdlugent g0! SemrraOber . The 7Wyi%l d o1t Be Fesin wap
54dstgbutiemnd  t e~ TesT T had = epoxy equivatrent] of 360
g/ f‘ffﬁa; °:"§?1(';|bnci'@'a‘ni“doﬁf'm of ilne Farti cll e38oAt eht of 30| 6
cured plate Y
volume) 100nm or moer — - No inorganic | No inorganic
| . . L et | sommonont |
Ratio of the Si 98. 9 08. 4
constituent metal
component B 1.1 —
(mol %) Zn - 1.6
Te(TMA
measurement. °C) 115 144 116 146
Thermal property [ 4 (pom) 55 72 60 81
a2 (ppm) 180 185 183 192
Flexural strength
(MPa) 116 183 108 150
Mechanical Flexural modulus
sroperty (GPa) 3. 94 3. 92 2. 96 3. 43
Fracture toughness
. 9 ) . . 05
(MPa-m"2) 1. 91 1. 12 1. 88 1
Dielectric £ 3. 52 4. 06 3. 98 4. 21
characteristic
(1MHz) tan & 1.4x1072]7.9x107%1. 7x107%|2. 3x 1072



by weight and a thermally softening tenperature of
1118C. 10 Production Exanple 1: Synthesis. of Epoxy

" resin conposition C Into a 500 nL four necked fl ask

10

15

20

25 3

30

35

equi pped with a gas inlet, a cooling tube and a

stirrer, 168.6 g of epoxy resin (trade nane "YX4000H"
produced by Japan Epoxy Resins®€o., Ltd.) and 166.9

15 g of diglyne were charged, and when t he resul ting

m xture was stirred wellat roomtenperature to obtain

a honogeneous solution, 58.1g

oftetr anﬂﬁlggyzsaj qhe%d&s%gﬂqjecpl%eél}g‘g ri met hoxysil ane

wer e cha an e mxture was stirred at room

t enper atﬁ?@o% 8BPHY F &5 Hbhbgereead olaprpEPory Rapsns Co.,
m xed, sol ution, 48.2 20 g of ion-exchanged water mas

.added .dr.o MAse aver .2 _hours.at . room .ter erature

ile T
bei ng stF3E£0 %oe%?fbgéﬁﬁéﬁt IWW&%@@( s %%Chemlcal Co.,

hemted) to 100C and kept at this tenperature for 4

was charPge s ahh e ha v e hal mag i AB R P tpemi cas,

stdte. for 2 hours, and then 25 nethanol and di gl yne,

whi ch were volatile conmponents, were distilled off

under reduced pressure and the remaining mxture was

cool ed tHlgbirgisrestepohe 8PANCeRHUST I FomTothisamnphes, they

Vi S£IQUSI tddt anillﬁlaep%ﬁéﬂtgést&ﬁlfméh%a @@%@omﬂe resin
t he reS|n ‘had an qulvalent of 307 g/ mol and

an
i NOPHRAT EEHPRT 6f RSN EiemPdGiTyehp d5TSPIg9f fypntaining

_\Netlg@tmo%rgadu@ moﬁr&mlﬁﬁl@qﬁ besgi shefr pﬂimlmyﬁltates could

osition,A Into a

0
neeh gt St BhFRPea i FROE 1548 Fafutt CigegPdbive Examples.
De&ind St &t kwat1$ apraret dlet rolerle 300 cyred phemd oR1tle resin
| .
o Cr s A & e A e e
¢ HPEUL B hen bf Lo iesies OAbAI HRAB CAMEEA. Biopsi 26 Comparative

Wik £ms1 &£ ) tABy AWttt D i &0 @bn8Q@Calsit i@i ty inmechanical
ni trogen strea en the_sti regdi%tutlon b

cl REYE e?“fl%sv\%% ek e ref 8 CLEig he}éaracterlstlc

tenperature for 4 hours whil e stlrrlng and then

‘f@f &i%ég &ﬁg&ée-r pr essure %ﬁgg‘?%e rerm:l\ﬁlsngdlsglt IUL: gﬁ

vvas cool @ee 3wl sbvailach ivg ersi¥resiphifdride pragol ESCN220HH”,

(lapox téﬁﬁv%qgn'fl—z‘ﬁ@t&/nwk?@oﬁh%%@ B9 W RRAGHM tﬂeﬁlcal Co.,

gas |n et 10 Dean-"St'ark

rap and a stirrer, 346
g Jofd phe‘ﬁ%ﬁ uged @83y of- a 37% formalin sol ution and
.7 g of triethylam ne were charged

Production Example 2: Synthesis of Epoxy resin composition B
Into a 1 L kneader of heating tvpe equipped With a gas
inlet, a cooling tube and a heating medium circulator, 361.3
g of epoxy resin (trade name “ESCN220” produced by Sumitomo
Chemical Co., Ltd.) and 154.9 gofbutyl cellosolve were charged,
and after the resultingmixture was stirredwell at 40°C to obtain
a homogeneous sclution, the solution was cooled to room
temperature, and into this, 255.1 g of tetramethoxysilane and
83.1 g of phenyltrimethoxysilane were charged by one operation,

and subsequently the internal temperature of the kneader was
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and tenperature was raised in a nitrogen stream A

condensation reaction was initiated at .about 100C, and
the solution was held in a state of refluxing for 1
hour, and 74.8 g of a 37% formalin 15 sol ution was
further added and the resulting m xture was held for
three hours. Subsequently, th %i xture was heated to
180C to distilloffwater/nmethanol produced, and then
remai ni ng phenol was distilled off at 160C under

vacusadahd ridddcad fieessat ehisndetber 2 emee fiorgd hours. Next,

salfd Qp;was 3cegl gdo ko, pbt %éb*@e[@é/\’rhﬁ{ﬁix%%é R\%!%S%ra%@ted, and -
solid polyhydric phenol (2 Then, 73. &of t he

o aritErpHERD M Dt ey 304TR1 8L YRFdRi ROpRenGnd then
(gﬂeﬁ/bﬁirﬁ)ldhﬁafﬁdt%ﬂ £8114808vg, Qfhimet gé\E@vdI%tﬁlé kaskonents,
and..one.t.ubpe

and 140 LAELubes, Mene. prepared and one. (DS MRS, an epoxy

otmm lmmpmsﬂ:lbel 8 2biahovest heasoluteon $sevel .mafheer. The
xrr | k e

kB85 LA ) €, KORG8l B oy cquivatent

teﬁ 30t BORY i Iaahénmganmpemce@fxlmnptaixé:ilsnd;@eﬁonm@toif 30.6%

R A A e

flask, respectively, over four hours. 30 Furtherrmre

:hrl&dctﬁﬁdﬂltdrﬂ?‘,x%ﬁbgﬁel 92 %@ﬁtfi@@i@dof%;ﬁ&@ﬁ%:{.‘rﬁ?iom}ﬂisz.tlon C
is te a r our ol u
L ormer atnRe S D FEI S SR RS PN 6 WeBeSaIT b & gas inlet,

distbbling toffe laratihamjlrma‘.td waseb.g dhespoxphatsiine (trade name
mag I ern.re d

TR El3dE, FOTRLELE by bbbl LA eglBCLer SHEES an 166
obt &ifn dagwmwwgml@hqzmegmycﬁmb whieanbhicreesl hing mlxture was
Coé‘ﬂ'-’ﬂ?ﬁéd 201190 Aomfignyd §£€'u19é tb%t%qrfp@ﬁbhb@enéo%%olutmn,

and the conpositio ad her mal |

Sort ohf 3 h§ tesRpRr AT ORY SO ersed S wid Péﬁher@ﬂdq;pmethoxysnane

- equival@nirefd 163 gheohiafdranwhBosgant&d Fﬁ@rﬁ(mﬂa:emperature
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particle. content of 29.6% by. weight., ., Productj
BB o5n SHERBEREBP Fel Syt & JSHENGP (6 sbpLucion, 46.2
compésidrit-mxc&alrrgaﬁ #alep0vad afided dlm.zklenbé loarsic 2 hours at room

S t a
st | r“@%f&‘ﬁﬂfwgﬁl% béﬂ)}gl y?lelﬁre%l y%élg Qﬁéaggﬁgnﬁﬂg fhe mixture
etWret hegdRB tg éﬂo%emﬂ ket @t4thgsotemperature for 4 hours.

p Nézmerleﬁda tonisG ache wepe @B@Iﬁgeﬁoﬂp@oimaﬁ@& UWtarged, and

PR BE EOES M BT AR SPLEnTErht I & Bpugs, and then

howstshartu Il exrebldiedtymrg metianole tvh:lmttzrl&p deeqaitsnts, were

t h(flstllled off under reduced pressure and the remaining mixture
was cooled to obtain a epoxy resin composition Cwhichwas viscous
liquid. The vield of the resin was 260 g, and the resin had
an epoxy equivalent of 307 g/mol and an inorganic microfine
particle content of 29.8% by weight.

Production Example 4: Synthesis of polyhydric phenolic resin
composition A

Into a 500 mL four necked flask equipped with a gas inlet,
a Dean-Stark trap and a stirrer, 310.7 g of phenol, 21.6 g of
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producti on of nethanol began at about 115C. Since the

15 production of nethanol was conpleted at the point -
where 192 g of methanol was coll ected, remaining

phenol was then distilled off under reduced pressure

and the remai ning solution was cooled to obtain brown

and transparent solid pol yhydr§® phenol (3).. 73.4 g

of the polyhydric phenol (1) and 73.4 g of pol yhydric

20 phenol (3) were dissolved in 146.8 g of nethanol in

al:fellasiguarlaamdrlte\/,\/oﬁlPTFE ¢ Qilves ansme: @m@;iéﬁecb gref eng/® formalin

t of t h .

chavn RSP Ot G el Founiie TAL 85 Dty Sifponta vas

1T&ﬁdaﬁ.@mDQWlWQSWBLler@ulmmnm@ake@xnhu;haﬁolmmn@mnat 60°C in a

t enRerRfdH etefeathe fhaskodd 209G randichR® i3 fcadR clear, it

~tetranet hoxysilane was..i.njected fromthe. upper.tube. of..

t Fa s hagked£i5g84°C @ng ]%ﬁp’ii it @%ﬁﬁWQrﬂﬁﬂéﬁ ﬁ@’é R

' @ﬁ@ﬁ%d‘ RO then bRim thubgoef. t haehl a§é§méﬂ1t19m§ I}ﬁlenol was

f
SRS E g é’ﬁé%?%%%Fsuéﬁéniﬁélek%%maw%Sglutlon
ten%@m%HQh&dfﬁﬂ obﬂ@amrbroamdsbh&d lod vegldortiicophe3@ lwdg ) .

heat ed tq 4 #S% & g%bgggsc&ilheoa%ﬁ",@hhﬁpgleat ]{Thll %g%\as inlet,

off water/ vol
c GhpleainelSy a xdi §rﬁlp|@?@|doﬁf81%ﬁrr1880c3&rﬁ3d@r gr@@ulél@ﬁml 74.8 g of

Dfaeéwf&ﬁﬁlﬁlixh%o&%@bﬁ' md 350l YiJOR WBEhGeahedetWere charged
obtajn a n1|k solid po dric;phenoli¢c "resin
ﬁPﬁLEF‘E‘P%ﬁaE reTWé‘Sy‘Fae‘r%g%gnt%%lgB%%%lsttr@ﬁmB wagondensation
2Q%}a'i:t%%rgwaQ@%ﬂﬂ%t@llﬁoﬁﬁﬁd%%g@@t aahlalelflﬁ‘@s'oﬂutlon was held
sartentn er ure 0 a rax ro
ookl Sar oS S SEBLUKFot thrd LR Rih 8- 81 @op by formalin
paﬂqlxlmle:mmﬁeﬁﬂrbheﬁga.cz%cmambrtght rePodtidoyi mhxture was held
heS| I dr C.I om
COI’TpOSI f:l onh S% @%Teour)phe@ﬁ gﬂs{kglsfke Ve\ragﬁ{é]atdad to 1807C
wi thd bs bkt Pﬁﬁ@@terémaéaﬁnsﬂm@qw amd*ahgmrrerné@nmgphenol
23ms3 4 Qi phepdras ﬁ%@b@%d@f‘%ééuﬁ@%&fFllecﬁfce%p%ressure

i.trogen Stream N a el n
B s A P . Ryt NS
wetsrdmgered: daitiel tded yilvaeld ¢ ehdme bott)am | evel and

t he othggléybg3mqs hgkqjygg, ane%?%%%b%ﬂ éﬁyeéng 73.4 g of

Then of tatra s1n
tfi@hﬁp&rmﬁée@plt he) fwmdaﬁéowesl gnolf461@/og aéu@%ﬁlsanol in

a@PDé@k“@%d'ﬁNcﬁﬁﬁ?tﬁb@@d&%&%ﬁa@f’é& dhe e &E@etqb@%serted__ -

~15into the fl resgectlve Yy, over four hours

t FEHS ke flask to the bottom lével and the other ’cubedwas held
above the solutionlevel. Thesolutionwasstirredwhilekeeping
an internal temperature of the flask at 20°C, and 159.3 g of
tetramethoxysilane was injected from the upper tube of the flask
and 47.2 g of ion-exchanged water was injected from the bottom
tube of the flask into the flask, respectively, over four hours.
Furthermore, the resulting solution was heated to 60°C and kept
at this temperature for 4 hours, and thenthe solution temperature
was raised and heated to 160°C while distilling off methanol
and water. Then, volatile matter was completely distilled off
under reduced pressure and the remaining solution was cooled

to obtain a milky solid polyhydric phenolic resin composition



m xture was kept at 60C for four hours. Subsequently,

~into this, 50.7 g of a 37% formalin solution was
char ged, and tenperature was rai sed, and consequently
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-tube of the flask into

the solution becane a state of refluxing at about
100C. After holding the solution 20 in such a state
for 1 hour, 50.7 g of a 37% faQ®al i n sol uti on was
added and the resulting m xture was held for three
hours. Then, the solution was heated to 180C to

‘_ dist i Izlhgyﬁelcmafewermd@a@rmlti@mdwas@,o gardy t &€ the composition

rral ni s then distilled off at 160C under
@g%llp J;]S%ﬁ"‘% LR It HRI SRR UF g T 2% 561 it PF¥ATRE¥L group
CO@H@UVabeI@Tbt(af nt @2 nd /ol sold curpalndwyghriic plienalfiipe particle

resj %p.gp I §d Of he yeld of the conposition C
-was ‘%—2 o i%nd t%\ye cor%-losul on..had. a. thermal.ly. et

sof t eni ng terrperature of 92C and a hydr oxyl group
e e Ydh @t o0 fE:ddhdo 19/ MRl 5 A8nBEedUEti 9B1 EXRHPL € thenolic resin

Synt hesi s of pol yhydric phenolic resin ~conposition D
146°BPYE bFLMER pol yhydric phenol (2) was di ssol ved to
146.5 grfo aetdenat. ﬂolmranécb}aédi,flm &l fP&Ewt HheS gas inlet,.

A e T g LI ST S5 G o HeP ELTHRY fikene g1veol

hed dnaploye ethers it |30cmotfqumdnolrhad58aldulg off o> meesiesulfonic
st

P4 SR R0, B LA 20l LSRR 100 Ll serean.
i nT]@%tIe@iﬁumnwamélaﬂt;@d touB&08E &hé képSkatanthidy .iGemperature

of b O %Qz'i%nGﬁQl\é/%SIleé’\@ﬁl? 'ﬂ@@.{aggolf M%!’Bk{ %etFthl%'&ause the
respectively, over

f RFOHHEF 00 Furf iRk hewan exiulahait Loi°Gi oplngs the
hqatcadhct’mcﬁ@@ﬁllmétﬂh%ﬂblaﬁatsfkt(Sm;bE@t)@diaéwrt&xé‘ @bind where 192 g

R oo AR Rt 0y AT St rea
mee f enndes wahptest plyssdistainid Ee gfefnagin 1H60 Wntdesn was cooled
r edyicad PIESTHYE ta?ldomrghgp%rghltkééoiQdZﬁb%ghgﬁfi@yﬂ{éﬁol (3).

phenolic_ resin conposition

conposi t{orf E)O\ﬁa%h?BglghYQﬁHCW@D@dnbbé RRAGH Hag o4 polyhydric.

tr;awwdﬂy 3)sGfdrenidig sbereer ahumeofs 946f RebghOXYIn a flask,
ani c

0 ent of 148 g/ nol and n nor
O A b Y B i weh ettt od Sl ops Sere e gserted into
Ex@nplfdsisk to e dod tConpaval iated E)h@rrpthersmb)a &as held above
I t' of on f
RSB o1 8001 01 118201 AUTRASkA L Llleq w1 keeping an
hetttiampal peemmerippec: of the flask at 20°C, and 159.3 g of

tetramethoxysilane was injected from the upper tube of the flask
and 47.1 g of ion-exchanged water was injected from the bottom
tube of the flask into the flask, respectively, over four hours.

Furthermore, the resulting solution was heated to 60°C
and kept at this temperature for 4 hours, and then the solution
was heated to 160°C, and heated to 180°C while distilling off
water/methanol produced. Then, volatile matter was completely
distilled off at 160°C under reduced pressure and the remaining
solution was cooled to obtain a milky solid polyhydric phenolic
resin composition B. The yield of the composition B was 209.5

g, and the composition had a thermally softening temperature



10

15

20

25

30

35

with a pressure reducing device, resins of fromthe
epoxy resin 20 Ato the polyhydric phenolic resin
conposition D were charged in the proportions shown in
Table 3, and 150 g of the resulting m xture was

di ssol ved at 110C and m xed for_ 30 m nutes under
reduced pressure. Then, triphéﬁViphosphine as a curing
accel erator was charged in the proportion of Table 1
and the 25 resulting m xture was kneaded for 30

mafii 9§°<unaihydmedgd:e}ioupr@qasmaeleﬂtmém%tge’lnpl dfdan lnorganlc B

kneadeds St 1 ol 2 0fhd Jangnt
t hi cknesismf\nd cu%éggétj) f%%% ?)or t hree h%urs dand

further at 150C for three hours in an oven to obtain

a pesdictl &t EE}&fmlee msm Eonthbekress. p3Oy s AT t;hﬁenollc resin
.resulti njgl_rrey n.plate, . .the . glass transition. e

t eEnPEr At , the coefficient of thermal

expanSI OInt(cala, l( K2Founntkdied riddisds eofuiippest watbfa gas inlet,
i nor Lpe parti I, re etern -
AL LAL GRS BB L U054 T Efoncn was craroe
apm@r:ﬂnwesoltephatr €810 ipl atrel asgwy altuattedaby reeld in a state

tenperal Wi &ne BRegycling test. 103 <@ ass transition
tenperature (Tg), coefficient of thermal expansion -

(al, a2)Twe tuhesowearnBEcPasrA phdt eae arftps inserted

coﬁnf@ Gd}%ltf&a@sfk tbhetdo texpansven éﬁalth@za)the\membe was held

det erm di n suri t ho
CRFTTEItEIR: SO GERB A " chepan Ertn L ARerid Bect™ HEBvRLnoxystlane
Spweaes fircdted dreguelie yppece twae ofitthod ffliagkaasd zed oF g of 15%

g% és rgﬂgton%.rg h?g {rgjfé{,]t@cliail @n@ ngtgﬁdﬁdﬂe@%‘fr @He flask

ornmati on

obI@t(he‘@lhe aflmlgenlteme@tmoehm ey emnt et r ahqﬂilﬁ%rarand then the

pozéiﬁc?urét&é‘vgd}téﬁ\? &ﬁ‘%cﬁ’ba%%rt =3NS B'o‘&?s %@t%\%’éﬁtly, into

por nt er sect of ‘the tangent
t akBhSasO@- blﬁs%ft?a%g%tf%?m%%h%e?%%%?%onw hprged, and

avesmgeraeeed fued enti 2fd, 1 hermabnexparssitay thet Beludbgr became
of from Tg-80C_ tq Tg-30C vvasiutjg en

avRrdde cobS enn Gt t @hettal V15 exﬁ\;ﬁar&affﬂl%&he solution
r ahgeswth far eroaTg+30€ 1 chdigs8HD vibgy teken3d8 fagmajin solution

g‘;@%g{%&%&%@f %%Sré‘é‘glﬁ@ %Biﬁ‘@ufé’gféé HN% 268 8frk8 hours.

above. <Radi us o inertia I norgani c
m Ehehi nehpaseletton wiss ngpated obe al B rtesidi lidilep

U hea PaF fhét RaSb Z Ep2iasti&d ) | Il | Ofe@f r&ROTHBRY Cohenol was then

“m'crofine particles was determ ned

distilled off at 160°C under a reduced pressure and the remaining
solution was cooled to obtain a milky solid polyhydric phenolic

resin composition C. The yield of the composition C was 228.5
g, and the composition had a thermally softening temperature

of 92°C and a hydroxyl group equivalent of 147 g/mol.

Production Example 7: Synthesis of polyhydric phenolic resin
composition D

146.5 gof the polyhydric phenol (2) was dissolvedto 146.5
g of methanol in a flask, and two PTFE tubes were prepared and
one tube was inserted into the flask to the bottom level and

the other tube was held above the solution level. The solution
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according to the procedure of "Measurenent of radius

of inertia of inorganic mcro fine particle"

descri bed above. Furthernore, in Table 1, the

particle size distributions in particle size range of
fromO0.1 to 10.0 nm from 10.0 to 100 nm and 100 nm

25 or nore are shown in % by ¥&2une. <Tenperature

cycling test> A test piece was cut off in a size of 5

cm square from each of the resin plates obtained and

suig ectédred WHDDe (k;eelpe'sxg ah iretrﬁpm@l tegpeyeltiurg dforhe flask

-60C | din ut.es 30 150C (holdln ‘
¢ iS00 ARty 0 % e e ot §R e d ected £rom
r e upERstr wa@eoﬁ/atr,h@b‘fsléxa)@@nﬁ #H -Angopf ilgwl—exchanged water
M er03¢0Re taRds rSY AR LeE 3% FAbLOYB .t OGN ask into the flask,

Blister(s)., peeling(s) and crack(s). are.present.

.good.
BITRIRAqE)Vale [rsdefOUss hoWest | eRPL CRPIRPER/ (gsle resulting

peﬁl%l%lﬂ%tq)&naa@@le%rt@éikt65)509<‘ileaﬂi‘@tk%’ﬁsﬁd"tt}ﬂi%lﬁp@rature for
g 16815}£s aRdddsayt e %an__ldKlWlwaS heatedto 169;) whlle dlStllllng :

off methanol and water. Then, volatile matter was completely
distilled off at 160°C under reduced pressure to obtain a milky
solid polyhydric phenolic resin composition D. The yield of
the compdsition Dwas 209 g, and the composition had a thermally
softening temperature of. 94°C, a hydroxyl group equivalent of
148 g/mol and anr'inorganic microfine particle content of 29.5%
by weight. '

Examples 7 to 10 and Comparative Examples 5 to 8
Preparation method of resin composition for molding/forming
Into a 300 mL kneading vessel of heating type equippe,d
with a pressure reducing device, resins of from the epoxy resin
A to the polyhydric phenolic resin composition D were charged
in the proportions shown in Table 3, and 150 g of the resulting
mixture was dissolved at 110°C and mixed for 30 minutes under
__reduced pressure. Then, trlphenylphosphlne as a curing )
accelerator was charged in the proportlon of Table 1 and the
resulting mixture was kneaded for 30 minutes under reduced
pressure. Immediately, the Xneaded one was poured into a mold
of 1l mm in thickness and cured at 110°C for three hours and further

at 150°C for three hours in an oven to obtain a resin plate of
1 mm in thickness.

Using the resulting resin plate, the glass transition
temperature (Tg), the coefficient of thermal expansion (o, o)
and the radius of inertia of inorganic microfine particle were
determined according to the following procedure, and the
appearance of the resin plate was evaluated by a temperature
cycling test. |
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<Glass_transition_temperature {(Tg), coefficient of thermal
expansion (o, o»)> '
Using the obtained resin plates, Tg and coefficients of
"'5""thermal expansion (&:, o) were determined according to
“Measuringmethodofcoefficientofthermalexpansion”deécribed
above. Specifically, a square piece was cut off in a size of
Smm x 5mm from the resin plate obtained and measured by TMA,
and5J1atemperature~deformationcurveobtained,atangentline
10 was drawn at a linear portion straddling the glass transition
temperature and a point of intersection of the tangent line was
taken as a glass transition temperatureér;And, an_average
coefficient of thermal expansion in the range of from Tg-80°C
to Tg—30°C was taken as oy and an average coefficient of thermal
15 expansion in the range of from Tg+30°C to Tg+80°C was taken as
oz. A measuring apparatus and measuring conditions are as is
described above.
<Radius of inertia of inorganic microfine particle.
Using the obtained resin plates, the particle size

20 distribution of inorganic microfine particles was determined

according to the procedure of “Measurement of radius of inertia
E of inorganicmicrofineparticle” describedabove. Furthermore,
; in Table 1, the particle size distributions in particle size
range of from 0.1 to 10.0 nm, from 10.0 to 100 nm, and 100 nm

25 or more are shown in % by volume.
<Temperature cycling test>
A test piece was cut off in a size of 5 c¢m square from
each of the resin plates obtained and subjected to 1000 cycles
of temperature cycling from -60°C (holding time 10 minutes) to

30 150°C (holding time 10 minutes), and then the appearance of the
resin rest piece was observed with an optical microscope and

evaluated as follows.
poor: Blister({s), peeling(s} and crack(s) are present
good: Blister(s) are present

35 excellent: Blister(s), peeling{s) and crack(s) are not present
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" [Table 3]
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and then the test piece was immersed in a sol der bath
of 260'C for 30 seconds. 10 sanples for each test
piece were tested. 25 After the sanple was taken out
of the solder bath, the presence or absence of crack
was observed and the occurrence of crack was judged
as being defective and defectinMs fracti.on was checked.
Heat cycle test Misture treatnent was applied to each
test piece in the 30 conditions of 130'C, 90% RH and
100 hours using a HAST chanber, and then 100 cycles

P EIBTES B0 it iy I 5 HOU <5 R et T or med.

10 sanplks ahorpaag hutrésty qoc_i;m’e wereptess & wil glet afhe thermal

Saﬂi’l@la{[\@f' fc%kecpatol o e%(flnzga@lp ?f trgﬁr{eh “San—Ald
-presence..or.. sence was..obse
ocelrpehtecontenaci W@@@g@@lbrﬁm Sééﬂ\b@ﬁﬁél%lﬁ éHDIJ\?oé”RY Co.,

anﬁtgef 86dd \é%i&cerdaﬁb' Pﬁ‘o‘gé::@@%%l naklecdch EXaPl&e resin

12Conpar at | ve _Exanpl e eS| n _conposition
Al@@mposul':@e%tp ﬁ,cgrh%gglstlnoﬁo%paq_g‘glon M,Xpﬁg a resin composition

Coﬂggﬁ%&ik@ﬁhlﬁln@%lwdﬁl@y&p\&:‘yghé%11’15&]52(18 n3fe “CEL 2021P”
e

RO aT PO D CHEHICAIN D Ity cFBd fused silica (trade
t estibe MSHR2Y pradhdod bl AOMATEOHPr@&s | ,pllttalt ijoin a weight ratio
APOE2) ANeE, Of, & ATROSLLL ANHNILOL T LPNIDT | 10F 4Rl o5 were
conponent 5 ? becones possi ? re uce occurrence

of e dlmenaled viehr¢yglalsor i W emist uThehylafgagedamesins

byc@ﬂ%@i{ti&tﬁbes &ﬁﬁix%d GOROSI hb@A 28rShA¥Pihg 8R! €hen this
4. 1t is thought fhat conparing
mold was placed in an inert oven under nitrogen atmosphere and

treated at 120°C for 1 hour and 180°C for 7 hours, and then a
shaped article was taken out from the mold, and a square pilece

was cut off in a size of 12 mm x 12 mm with a diamond cutter-
to obtain a test piece. The following tests were conducted.

* Solder heat resistance
Moisture treatment was applied to each test piece in the
conditions of 130°C, 90% RH and 100 hours using a HAST chamber,

.and then the test piece was immersed in a solder bath of 260°C. .

for 30 seconds. 10 samples for each test piece were tested.
After the sample was taken out of the solder bath, the presence
or absence of crack was observed and the occurrence of crack
was judged asbeingdefective anddefective fractionwas checked.
* Heat cycle test

Moisture treatment was applied to each test piece in the
conditions of 130°C, 90% RH and 100 hours using a HAST chamber,
and then 100 cycles of temperature cycling from 80°C (holding

time 5 hours) to -40°C (holding time 5 hours) was performed.
10 samples for each test piece were tested. After the sample

was taken out of a testing apparatus, the presence or absence

of crack was observed and the occurrence of crack was judged



W th the resin conposition of Conparative Exanple 9,

. in the resin 10 conposition, the precipitation of
I norgani c conponents was not observed even after
centrifugal treatnment and. in addition to this an
effect of stress relaxation by the charge of inorganic
conponents becanme nore remarkdd% by reducing particle
sizes of inorganic conmponents nore. 15 A fl ane
retardant resin conposition and a curable flane
r ed@rlokaintg rassi e idonpasid idef amdriereriopartddn areds checked.
physi cal properties thereof were evaluated by the
fol |l owi ng eval uation nethod. 20 [Thermal |y softening
t ehekat4ire] Thernmal |y softening tenperature was
ngasured according to JIS K 6p10. [Phenpl hydroxy IO0

pled

il il e HVANaValwial
9 nmoaoul uu u\I\Iul UI IIH l. \¥J JT N UUT U, IIUI 3u||| \¥)

mlcr of i ne partiBesncompesitiqn A I antOPet a dant™r esi|n
cqnposi tion rreamg,ﬁqopp@&,mt,\ﬁi nto .a crugi bl.gy@nd —

by dohosifiddl Face—thter EH-etatHof—at—800—¢
fC(DE&%Igng,ghgn CEh28HPai ned r ehi duewas freasured flor 79
wgi ght as .1 noqrsg)agbc m crofing particles. [lntegrjatedg
irtensity rati obef— rer-gar-e—nferotne—pprttetet—po—A
fllame ret ardantiS#¥86n conposit]on $a8 puf i M-Pa 3.5

cdpbigérat cont ai nin tet rahydrpfuran, ang stirred|w th

a |ahakske for ZDH&IE e fragtionht a nea/any sol f#i on jwas8- 10

sut ecleu to T o Sepal at T o, _am—t e ket

stldh ygleftest 1 Sie ct"f%g'ﬁc”t"ma shpefrat@nt 1iglfd wls 410

rgnoved, and tetrahydrofuran whs again 1% put intdPréispitation]

s||apgeardnesaf emshosifien stirred fof 2uhRKhS. | A BilfhY | of Inorganic

olft ai ned by repeating the operption 3 ti fes was component |
fittered—wtitr—amenbrame—frter—travrmg—a pore—srze-of
0.025 pmto isolate inorganic mcrofine particles.

5 The inorganic mcrofine particles were neasured for

29Si - DD/ p r nder t 20

condi ti ofr\ﬁsb\%e&gm&% ?%%Sgg%ﬁpgg 0 L%QES CﬁBforlﬁ&%lcﬁl\/%f a defective
MEER EEiingusbéaturaghet 1 zryesomandes &pyparmpieying the resin
D" ENCEAOOS B RUE RGHHT &9 Ty BRUKER GOf Bhought that comparing

with the resin composition of Comparative Example 9, in the resin

10 composition, the precipitation of inorganic components was not

this an effect of stress relaxation by the charge of inorganic

components became more remarkable by reducing particle sizes

of inorganic components more.
15
A flame retardant resin composition and a curable flame
retardant resin composition were prepared, and physical
properties thereof were evaluated by the following evaluation
method.
20 [Thermally softening temperature]
' Thermally softening temperature was measured according
to JIS K 6910,
[Phenol hydroxyl group equivalent]

: : ti
~w oo grfoup.equival ent]. 108 Phenol . hy drexgle. 1Qr D psarer|eil 4. m‘:ra Pl

observed even after Qentrifugalttreatment and in addition to. ..
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~conponen s et e
coarrpe.memblw@mi b@me@macfué@iaceaﬁui@aéhrp@m@@réefalw at 800°C

25 Probe used: 4 mm MAS probe Measurenent nucl eus:

29Si (observation nucl eus resonance frequency: 79.487

MHz) Measurenment node: The DD MAS (di pol e decoupling /

magi ¢ angle spinning) nethod 30 Irradiation pulse :

angle: 10 - 60 degree pulse Pulse repeat tine: 60 .

seconds or nore Nunmber of scan$8 200 - 10000 tines

Spinning rate: 3 - 15 kHz Cbservation tenperature:

300 K 35 External reference material: sodium

3 (t ri TTEiHéY:Joii hybro#0? PrepareuivaQdntnwsslhemaiesd according
ﬁ@%ffgf val ue of 1.534 ppm Based on a spectrum

ob(ﬁl &40 resol ution of the peak appearing in

-1mmhdnyaan;mmnnmfinmemﬁxnunmle'Bmmtenﬁﬁe

above- n%i%g% (%11 tcéegfm%[}&)% d_t%) an%égéred was put into

a conrponent

AP Aoy AT n@ng, éggaﬂ’ﬁ%ddféﬂ&ﬁhé‘%sa%a%@eﬁ%or weight as
AT2] AT3, ?Aﬁ2+AT ) were cal cul ated.

[[}@Rﬁﬁ%ﬂ%ﬁIW%%FQﬁlQQNB%ﬁ%ﬁ &f-crofi ne particle:
EX|stence of 10 floccul ated substance] A curable

copBEr S 1 d "SI TaT 8 LA ot R CRNEEE BT S 2b R e Particlel
cur ed, randamd Htednoelzoft fdeedoulcated ssibistranees gnd into a
trégﬁ%gg chggggﬁﬁln é%é%ﬁ?ﬁf&%&ﬁ% aﬁd%%qﬁ&%%ﬁﬁnj1ashaker

m Croscope an ™5 m croscope
( SEMV . 2 [Iigiznd é\@ef:rb‘teul@mi ofi Mike saaltdrpameisoslbTgeted to

(xﬁgﬁﬁf&fﬁ&apgeﬁgﬁﬁﬁgbneﬁﬁﬁﬁ§hgﬂk@%ﬁ@téﬁﬁ?ﬁ@&%%%_day. Then,
range, coefficient of thermal expanS|on (a_2

a @HB@FHPEF}@E LiggHe neadiiy 95 BRE G9E FRY HRE LR WS again
rremu rlamnth@ys Idlecywl%ma@naatm SWAS 1GRT Foged2 mtuw t hA slurry

0! Shlnadz at co res
MR e Do GRBERAng. br SR e 6 3, CRES Fag Fibhered with
SCa/mezmhm;arwdflmt&smrlenentgtzemmeatwm @0 @0025@0@1 to isolate

[Flﬁ&? 4eia rgﬁ%cé(ﬁfnlg%%%f fégan%‘ﬁe\’\@%o% lnl'i%[(?rg_croflne

accordi ng to exan

nin
13papEcled piprensereyr efakke eqﬁﬂﬁ&g‘%ﬂm% %ﬁ%ﬂetﬂndﬂ the

a following conditions.

Condition example of 2°Si-DD/MAS-NMR measurement

_.Nuclearmagnetic resonance apparatus: "AVANCE 400" manufactured

by BRUKER Corp.

Probe used: 4 mm MAS probe

Measurement nucleus: 2°Si (observation nucleus resonance
frequency: 79.487 MHz)

Measurement mode: The DD-MAS (dipole decoupling / magic angle
spinning) method

Irradiation pulse angle: 10 - 60 degree pulse

Pulse repeat time: 60 seconds or more

Number of scans: 200 - 10000 times

Spinning rate: 3 - 15 kH=z

Observation temperature: 300 K

External reference material: sodium 3- (trimethylsilyl}
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Dean-Stark trap, and a stirrer, 513.9 parts of -
.p-xylylene glycol 30 dinethyl ether, 831.3 parts of

phenol , and 8.41 parts of p-toluenesulfonlc acid were
charged and tenperature was raised in a nitrogen

stream The m xture was heated to 150C and kept at

this tenperature for 6 hours Wi%e collecting nethano

with a trap because the production of nethanol began

at -about 115C. 35 Since the production of methanol was
coppbiee- bt sédienpaiuiifonaeree themi8a1gslef fietdlarobfwas534 ppm
col | ect re S 09l 0G

and 3406%%&}%&]%11 r%%te%lat%gfn &Byétiilg%%\/\% N gegg%lt_fog o%’ the peak
pohypery iy ubk et 4y | Ene- {PTRE) WamheasemErmned nsilalehed the

| Pl BEURORE 1 QY OF iMllitol IS0 AR A g é@ﬂlégl h@Bnent, T°

of. 326..8 parts.of tfetranethoxy 'si.lané. and”42

fSl%l%%wtrt ARfebheky 157 GomEDo : meseﬁﬁht%'xtracted, R

Ofaffl\ﬁlt@écw&]? RO LEUAL] O, NESPPEAA! Bl WRESAL M nined and
whi | e keepi.n ninertia ure o
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examining method.

Example 13

Into a four-necked flask equipped with a gas inlet, a
Dean-Stark trap, and a stirrer, 513.9 parts of p—xylylene glycol
dimethyl ether, 831.3 parts of phenol, and 8.41 parts of
p-toluenesulfonic acid were charged and temperature was raised
in a nitrogen stream. The mixture was heated to 150°C and kept

at this temperature for 6 hours while collecting methanol with

a trap because the production of methanol began at about 115°C.
Since the production of methancl was completed at the point where



of di et hanol am nes was added and the stirring was

continued for 4 hours, the reaction solution becane
transparent, and therefore 432.9 parts of phenol was

- added and the solution tenperature 35 was again
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rai sed. The m xture was heated to 180C and kept at 111
this tenperature for 4 hours wiide collecting water
with a trap because the production of water began at
about 100C. Since the production of water was
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Example 14

Into a four-necked flask equipped with a gas inlet, a
Dean-Stark trap, and a stirrer, 172.2 parts of benzoguanamine
and 164.3partsof a37% formaldehyde aqueous solution (formalin)
were charged and the solution was stirred at 70°C in a nitrogen
stream. The solutionwas amilky solution, but after 14.5 parts
of diethanolamines was added and the stirring was continued for
4 hours, the reaction solutionbecame transparent, and therefore
432.9 parts of phenol was added and the solution temperature

was again railsed. The mixture was heated to 180°C and kept at



35 solution, but after 21.3 parts of diethanol am nes

was added and 112 the stirring was continued for 4

~hours, the reaction solution becane transparent.
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Therefore, 500 parts of ethyleneglycol was added and
the reaction solution was heated to 150C and the
stirring was continued to col 3ddt 216 parts of water.
After 5 confirm ng that the production of water had
stopped, 389.9 parts of phenol was added in a state __
oftinied tengesoatutredfyr dndouns Me)/comge’dingn\daﬂdqewith a trap
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obt i e chadod é 1@ ilon 88f £801:% Lermper ﬁh%%ct%fd Fhenol was
132C,. a phenol roxy gr oup. equi val ent of

arfii= ol ket JERIRE Rt he iR THE @%rﬁf@ﬁ e remaining
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flds\ retard Sitl sho in Tab
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eqﬁ,ﬂlmdfamaﬂdamtga:&smi etomp lit3 dpedh h&sar%lt reg; tsand The

a cstﬁtlﬂcfseft o %201:)@.51?{?1%%1 89{3 B- %ﬂé%‘ﬁ&fﬁ%%aﬁ%n ésgem];perature

' arts o enesu onic o
adqfg 125 C, a phenol hydroxy group. equlvalent of 237 g/mol, and
an inorganic microfine particle content of 23.9%. The
composition of silica particles in this flame retardant resin

composition G is shown in Table 5.

Example 15

Into a four-necked flask equipped with a gas inlet, a
Dean~Stark trap, and a stirrer, 77.5 parts of melamine, 344.86
parts of benzoguanamine, and 336.4 parts of a 37% formaldehyde
aqueous sclution (formalin) were charged, and the solution was
stirred at 70°C in a nitrogen stream. The solution was a milky

solution, but after 21.3 parts of diethanolamines was added and
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wer e charged, and tenperature was raised in a nitrogen

stream The m xture was heated to 150C and kept at

this tenperature for 6 hours while collecting water

with a trap because the production of water began at

about 115C. Since the production of water was

conpleted at the point where AAZarts of water was

collected, 176 parts of methanol was added. 10 Then,

two PTFE tubes were installed in the upper part of

t hiehé |saskgr iand wdd3cdnpantisd ofott €t hametshoxiesidadiei @amndolution

1 f _water re injec fr t he,separ at '
tonedeRRbe S AL MR ANECH P RER PRt vool was

t enpdedtand Wie theadtiawk sultB0On Tes dueiitedriaass0°C and the
cagf{ £d; Qut, Qver,4 ec'lS tlbf"c?)g. atobher P@gg%’ o#ﬂg%téé. After
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rap, the .
stfH¥F Ny %%t??ﬂj@ﬂlrf% W €O Friomrafsine the
r eaethpor tuns east 290 phendineas thies oirlddedt tdfoh, o0 waneér was

th e I I ning_sol ution coql.ed to obtain_a
1 St o S R B R HRBRTT SRR ng R Wl coliectea,
t riens | xreywniniashg t eobotich wet t@rolekhetyi €0 U ofandhel 40 parts of

fl poen 4,88 arigant yn conposition I was 619 parts.
The conpositloﬁﬂ%%%%iained had a thermally softening

tenperature of 58C, a phenol hydroxy group equival ent

25 ?f g-gﬁ%éﬂ,ggiv%%/@nf_?_f‘@rtdﬁ&f G@J{i‘é? 1@%&9]!‘1}'&!3 il @ ask as
contepnt o . 1% e conposition of sjlica cl es
PRI THAT Hark 1 G0 TSR ST 108 & Shouparts of
I ntdaddmse thofyahllenklanild0 Exappre sidfxathly e tidkxabplxg silane,
15 ' le 10 Fla r.et ard resin F

O BT ACBY AL, Yo, G20 G590 B L AT F AfapParate tubes
14008 che g0 (FXTZWAT3)e KkeEpt2gARS) Onettdal3pempengtnse of the
shewask BeTabbe 5 Tid1g dd1@LgaN;Es LA d DS uRAELEE! £nours using

contained in the flanme retardant resin conpositions F o
t 02 HFRRSr MiERm g ey MaFdyrientess keptr 4prod hours at 60°C.

sathed y itk thend et eneils abatihe rapsesenth hNYeRtbeBn stream,

buénéhw iilréoc[;g?E(iegtEnﬁgr1PrIJ_lenaec eac{ %via le?: gzﬁdtnpe%hanol, which began
todistil off at about 80°C, by a trap, the stirring was continued

Lo 180°C. On completion of the reaction, unreacted phenol was
distilled off under reduced pressure, arid rthen’ the remaining
solutionwas cooledtoobtaina flame retardant resin composition
F having a translucent white solid matter. The yield of the
flame retardant resin composition H was 918 parts. The
composition H obtained had a thermally softening temperature
of 132°C, a phenol hydroxy group equivalent of 181 g/mol, and
an inorganic microfine particle content of 22.1%. The
composition of silica particles in this flame retardant resin

composition H is shown in Table 5.

Comparative Example 10

Into a four—necked flask equipped with a gas inlet, a
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flame retardant resin conposition | has neither T3

si-lica conponent nor T2 silica conponent, .and does
not satisfy the requirement of the present invention.
10 In addition, 29Si-DD MAS- NVR spectrum of the
inorganic mcrofine particle contained in the flane

‘retardant resin conposition R13 shown in Fig. 1, and
29Si - DO/ MAS- NWR spectrum of the inorganic mcrofine

particle contained in the flane retardant resin
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Ste

CHE L | ND.
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|n09§STﬁEh?n1cro tine particle were eval uated by
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prepare copper fo resin. e copper o
wi $hEFeRing hepeeraiinaedd®s oCha E@l@@bhydgﬁamml@ equivalent

| ayBrio3 g/mol, and an inorganic microfine particle content of
20.7%. The composition of silica particles in this flame

retardant resin composition I is shown in Table 5.

[Table 5]



copper foils with resins were cured for 2 hours under
pressuri-zation of 1x70-9pa (10 kgf/cn) at 180C to
obtain cured 20 body sanples. Tg and coefficient of

t hermal expansi on of each sanple were eval uated by

t he above-nenti oned net hod. Each evaluation result is
al so shown in Table 6. [Table 614116 Exanple 16Exanpl e
17Exanpl e 18Conparative Exanple 11 Curable flane
retardant resinl234 conposition :No. Epoxy resin:

(YPCN---704).36. 132.43/7.236. 1|Fane re ar dant .
repin33 9--- composi ti dexMipleFidtEasmRp o | 15| Comparative
repi n- 37 fi- conpositijo hg [ ane retardant Example 10

rejgl d ? ast T o No: H_FT'aTTml uallt
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~of the present 5 invention each has excell ent
di spersibility of the inorganic m crof i ne particle
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cont al ni l[ica 10 Corrponent was gl

t hBISF%Eglﬂ"rﬁ%Wn SUEFRA H0r G0 RECTgT e particle of the

flame retardant resin composition I has neither T2 silica

component nor T? silica component, and does not satisfy the
requirement of the present invention.

In addition, *’Si-DD/MAS~NMR spectrum of the inorganic
microfine particle contained in the flame retardant resin
composition F is shown in Fig. 1, and ?°Si-DD/MAS-NMR spectrum
of the inorganic microfine particle contained in the flame
retardant resin composition I was shown in Fig. 2. 1In Fig. 1,

i S G TOPG AC30.403 2.0 Lst S
Ap;,g%_r_Ja/r%rgé"Tr ansparence raQS Ce#r ;tr?sapgr e%c@@l | Ky 0. 41

~the peak near -110 ppm represents existence of the Q* silica ..

component, the peak near -102 ppm represents existence of the
Q® silica component, the peak near -77 ppm represents existence
of the T° silica component, and the peak near -70 ppm represents
existence of the T silica component. In Fig. 2, only the peak
near -108 ppm is observed, but this peak represents existence
of the Q! silica component, and no peak of other components is
observed.

Examples 16 to 18 and Comparative Example 11
(manufacture and evaluation of curable Fflame retardant
resin composition)

Flame retardant resin compositions F to I, orthocresol



and the coefficient of thermal expansion were also at
| oner level than that in Exanples. 15 Exanples 19 to
21 and Conparative Exanple 12 Flanme retardant resin’
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gﬁeﬁ éggw%pelmww¢@ﬁ5w¥WMWNeco LTD. )
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sh Ie 7]..118 19Exa
Soptece Ry 801 S BRI IR Bcanannon,
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( ESeMN 10 XL} doe a%)%ﬁleﬁléo c%ﬁ:erl fg i‘ges %Fsaqu{gve a thlckness

.- COI’TpOSItIOﬂ . retarda

resi.n
r e%Fn‘llOlémsexR:fbﬁﬁ%%%@ tifohe KBS C@ |S|0éﬁcéi qa@tlbe?@lﬁrﬁfter dryness, and
15 r eséated. i adr o0APESIZ0 UN fNa- 30 il @B & et A r ther at 100°C

re%b?:ﬂ)m;%ﬁt%s to prepare copper foils with resin. The copper
foils with resin were laminated to be 8 layer, and the 8 layer
copper foils with resins were cured for 2 hours under
pressurization of 1x107*Pa (10 kgf/cm?) at 180°C to obtain cured
20 Dbody samples. Tg and coefficient of thermal expansion of each
sample were evaluated by the above-mentioned method. Each
evaluation result is also shown in Table 6.

[Table 6]



conmposition No. |

Tri phenyl

phosphi ne0. 30. 30. 30. 3

PLR-670. 070. 070. 070. 0 Car nauba wax0. 30. 30. 30. 3
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cured body Tg (C) 148162167137 a 1 (Tg or
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r | &S e r¢ eval yat ¢d ejfo n
PIERSL TP HBEKE o4 1, PYBl ot g by e Tobhos nf ao 1
st|Blawe oftaidadrrgeimi ¢ mi cjof kReg119 paLLicIe in_ —
dijsyrenositiom Nel Enent] Thd di spersilng elenerts obt aj_thed
| rFlede hetecdamfreginwer e gul veri zed §2n nortar. The
pytararokizied Nab. per si ng ¢l enent  pas3éd "t hjough a s¢reen
oflr3Q0 rBslntvREe Cchargdd into ajcapillary tube n?de
offeshdosiEian Sloass of 1 micp Whi | e |gi vimg vilbr & &n go
pr EMENt Sanples. A gmart-anglfe X-ray
s_c%?r#péfﬁgﬁai%ggﬁrenent vvaf,—perfozms'd usi ng t-Il_e X{rayd3. 9
di 400" —mranuf-acturet uy I gaﬂu
Cqryprhenyiehershine X-ray wds @ohvented®t® manochrdme 0.7
th n mul tilayer mjfrraqr. ochr g r ~ang
flbgﬁg q%qqu thr ough %pl % &b §% rav WadBO.O
i r{Existieadead fibcculdted san‘pl e ( he aljov -rrentl on .
cdpibstaacy) and scatterfed ray< V\g\}oe det ecﬁ\godnevw th Ea)l"Stence
ZC HﬂéaHn@é lon count er | FrFLﬁ.I,pQJeh&ﬁ Teshsprehd¥| ?Faﬂsda?eﬂ&t h Ohiiky
Physical proe Fies of cured
body
Te(°C) 151 165 170 140
E @ 1(Tg or less) 48 40 43 75
E @ 2(Tg or more) 148 145 176

150

flame retardant resin compositions No.l to 3 of the present

5 1invention each has excellent dispersibility of the inorganic
and lowered coefficient of
in which the

curable flame retardant resin composition No. 4 containing the

~microfine particle, improved Tg,

thermal expansion. In the Comparative Example,
inorganic microfine particle containing only the Q' silica

10 component was used, the dispersibility is inferior, and the Tg
and the coefficient of thermal expansionwere also at lower level

than that in Examples.

Examples 19 to 21 and Comparative Example 12

15 Flame retardant resin compositions F to I, orthocresol

Table 6 shows that the cured bodies obtained from curable



Detail ed conditions were the sane as those nentioned

- above, 15. except that counting tine was 5.0 seconds,

i0

15

and the particle size distributions (inertial radius)
were also determined in the same nmanner as nentioned
above. The thermally softening tenperatures, the
phenol hydroxyl group equival eits, and the inorganic
m crofine particle contents were also determned in 20
the sane manner as nentioned above. Exanple 22 Into a

fommvmbakeﬂyﬁéasﬁoxgunqnmnivwﬂideimﬁmE|WE$ﬂN BO5XL": epoxy

§?£$%ne {{iﬁ%ﬁﬁﬂQQS %ébﬁg% gyp%enof:gIfﬂ N Bt co- ’ 

paﬂi@ ofh@rdmm@wleﬂ@maaoacc|td1m@eelydhahgéghana, high purity
t eﬂiﬂ@é&%&&%e‘éﬂﬁfﬁeﬁ?ﬁné Ap@R0ighr. Q%{hﬂétﬂéc?ﬁﬁat-g%orl Co.,

-m.xture.was..heated t0.150C and. kept this.

{ ehbRr bt (TR G GotoUPan VAR FEUBBhI Re IV NORA Foas LE),

t ré‘]@d*&%“z@%‘iﬁbl@@k wRk-adigl] &t &f rwahelt Bﬁ&@&hgaét @Q@Wdlng ratio

115C. Since_t oduction 30 of mat | et
2t SOHET R TR b 75 T S oS vt L Bt ine

t hémapufia ot ugedi xy LEIH)WESMMGI(DH‘MTWR)IIQ@CCOandL’J]ﬂﬁ) to produce
pa{utlf'f I‘mqﬁmﬁoe r%%q%d f]_P%Fy g“ﬁ hen851n compositions
con3|s -xyI ene glyco eno

obiai petl %)5 TlTéueset m.m;ﬁgmtmxaﬂlraer éenhybéﬁef;laTreFqutardant
tu r d n

{ hecF S et D ghe %’*’%mﬁ"aP%v@”%%b%u%a £8P hRfhe Thflder the
i R¥asrere &F 1hAP Erel BXkoTdicm heat 1886 Cuk okfede Phate-shape

S?J:Mfé@?f)k@\éﬂmpl\é@ I eTK@Q‘@',ﬂQl@BoéfﬁEﬂ:héht otfei‘MH@IlUé)@paDSlon,
of the arts, o

at t et r amet hox
o PR B CREG TR P SRR THDE S i e hhaked by the
anaﬁ:@ﬁe&ne}p‘aﬂbﬁeai)ﬁneﬂﬂioﬁ waachngealedtionnrdhel Hhdtst adso shown
tubg 9%b£ e7flask into the flask. The addition was
carried out over 4 hours using a roller punp, and
then the m xture was kept for 4 hours at 60" C. Then,
teppgggéuvg was again raised in a nitrogen stream and
10 while collecting unreacted water and net hano
whi ch began to distill off at about 80'C, by a trap,
the stirring was continued to 180C. On conpletion of
the reaction, unreacted phenol was distilled off
under reduced pressure, and then the remaining
m xture was cooled to obtain a dispersing elenent A
having a 15 translucent white solid matter. The yield

properties of the obtained dispersing elenent A were
eval uated and results are shown in
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Table 8. 20 Exanple 23 Into a four-necked flask
.equi pped with a gas inlet, a Dean-Stark trap, and a

stirrer, 432.9 parts of phenol, 172.2 parts of.
benzoguanam ne, and 164.3 parts of a 37% fornal dehyde
aqueous solution (formalin) were charged, and the
solution was 25 stirred in a BitBrogen streamat 70'C.
The solution was a mlky solution, but after 14.5
parts of diethanol am nes was added and the stirring
was continued for 4 hours, the reaction soluti.on

beea%—t—r—a-ﬁs-pa-r-eﬁ-t,—a-ﬁp—t—here'f-mb LCIIpCILLUIB of e

reaction sol tuion vas} aaaidh 19| Befholete| Blakioly B \emparative
heated to 180 C and 30| keptpnaat thl s tenperature fprexample 12
R S 1M EreERbnE Fdsinn O] Wat er  wh begah to_dist] Il . |
0] JonﬁBs.@Qm& 100C by. a..t..raﬁ.... Si 1ce fne . proddctioh of S . | .
er was conpl eted atj tne |n re 1p0 rts | of
pary (Rge EFPN e@?é@ the 12 "gt uke Qér‘n bl p«J 5.1

FIfk fetardanidesk03 partp {3 anol _was phdded.
dombbsiBorr NBQF coNt ai ni hg %ng | yhydri c phenol was

t
-
obhi Al NRfardad Lesin€N, twp PTFE tuaes1éﬁsre nstall edfin
t
e
e

hercbagk: RS, gper formefl i n"Exanpl e sp that thg
' rube wasapove thejsolutionjTevel anfl the

L O
Tfl?m% et?rﬁla"triﬁwer tubelwas—at the bottom | tef . -
| Gojrino >:t10n

eept-ig—at—1et t+Had tCIIpC atoreof rthe fask dl
ramet hoxy si kane ywas itnjecfed 14. 9

£
the flask—and—641-4 pat+-s—¢f

bm ttheB bott ord.tdibe] of G.Ke flaskO. 3
adgi n S Frrred o vel 4
nnj.78aﬂd he28t :1)(3 Q Z‘ Yﬁl \Al;?:o' o

h(P'|~§ —Ring a roIIer D

Keplniph wAxhours at 60¢€. Then, ftemmeratufe wase agai no. 3
r 4 i i Fea—atg—whtte——cottect Ty
urfCehot Back wat er and mt hedho? , whi ch %eqaﬁn D 2i stli 1192

Ofmkié%(ﬁcureﬁy trap, the stirrimg was

capg,nued to 180 conpl etfi on of the reactijon,

un t edphenol vvas d| til oflf r neduced 1 7
pre?g&@ and then the reniafgl ng m xturelwas cool ;d tgzao
t

oljt ai m(Taodiesper si ng ellenedB B Havi A& a tirandfuce

Wi t£o8P %b,dmg;g fter. The yiggl d
eljenent was 493 part g. Vhy i C8
dilsidams skpréanegent R albt ai "

-performsd in Exanple 22. Results are shown in Tabl e.
20 EX&”H!%H%&? shows that the cured bodles obtalned from the

curable flame retardant resin compositions No.5 to 7 of the
present invention each has improved Tg and lowered coefficient
of thermal expansion, but in Comparative Example, in which the
curable flame retardant resin composition No. 8 was used, the
Tg and the coefficient of thermal expansionwere alsoat inferior

level than those in Examples.

Dispersing elements and cured bodies were prepared, and
physical properties thereof were evaluated by the following
evaluation method.

[Inertial radius and distribution state of inorganic microfine



~flask a

10

15

20

Tri azi ne ring-containing pol yhydric phenol was :
obtained in the conpletely same manner as in Exanple
23. Then, two PTFE tubes were installed in the flask
as performed in Exanples 22 25 and 23, so that the
exit of one tube was above the solution |level and the
exit of the other tube was at 1#8e bottom |l evel. Wile
keeping an inertial tenperature of the flask at 10'C,
a mxture of 208.0 parts of tetranethoxy silane and

4 pErtpartes iof ddisperisihgxiedemenityl acet oacet ate

al um ni ygeesplecid LigRELRe oAP.URBE! LUBRCH! chlifple vere |

wat er was I Nnj ecte
batlsiprtiase t}ﬁlflaea micdie s -nt Ehﬁhréuw%’ékzeci\fdlesrpqnﬁﬂsng element

Sty s ddEn SNEh RRAREE 28 £l F0 % asR R rBc MR E8 R Ll da@illary

~obtain. a. dispersing. elenment C havin a transl ucent.

WHiHBE BBERORRBLLRcH Thasy of ot OFie i g sardig Vibration to

e|pﬁi&i’\licecm\éa%u4'%&e@&r bamplPhySi calsndbl praperd iesanf sdaetering
d| S erS| n Ierrent C bta ed vver%&evijzuate

él sHGWh BST "P&Bﬁe iSRG, Lo &{,]tlz%‘é&ctometer
r '\Wm‘f@'aﬂ'”@ap“@@dmd Iphénicfalmasoaipt.ai fedident threray was

PR ot SAORSTRAFLnES o ol Rt SR, pittey

i MOBeagloas t2r agddiprthen Ptaﬁétedt kereuph %fsldﬁé:t GB@ then the
VoS ARLY € rtBE i SR LUt PEhL B¥Rb1 eAlithd Bsoeét-ineﬁhbh@d caplllary)
ot hér tube was at the bottom /| evel fe-rﬂz g c
i FEt ?%?tF%ﬁ%%P%t%Yé YELE ﬁ’é‘tﬁ%g “&%tli(? ﬁf:l’at ghian counter
1(ir135‘ta2_(183c0 afpakt gambra e](:jélﬁ@ﬁt R 2 59 knﬁnehaadgafé)avacuum path.
p . inc cetate di rate was injecte

3{)&5‘% (%nc]t qt}saﬁ? eGEaine aarst SQ:J enoﬂ’lrgnel'gs above,
| rq}ﬂmpetdtlﬁabmmhstzbm tunetv\wbae%fl setdq:elds!,askdltma)pahélcle size

J]'gutt;rfntgq fnéE@Pal ggalﬁgmeQE@gisémer‘ﬁﬁ%@lﬁ%he same

was repeate taln a dispersin

e|r@r?émr B @wqargada aacais| uébat tnﬁiffnélw |S@fﬁ&f1tl@9

Thentalbitfe d, e hdichRBGS ngaeb&wngr&wq@@ap@ﬁm, and the
Physi cal properties of tEe dis

rsing elene
OB el BG4 8 BT BLChEr Tt TR T e BPedgbermined in
Red tssamey ensstiaann dan mkati ieored 2ZbdSenpar ati ve Exanpl e
13 Into a four-necked flask equi pped with a gas inlet,
a Dean-Stark trap, and a stirrer, 302.6 parts of
p-Badmdlené gl ycol, 687.0 parts of phenol,,. and 12.6

parts ofr -t ol UeRASHJANE AGisk RIPIhanaad %P%aS inlet, a

““tenperature was raised in a nitrogen stream 25

25

30

35

mBaai e tRgd el e@NE& 15ber ahd 3Repe R thps p-*¥ylyleneglycol,
t goRIebEres of phenol, and 12.6 parts of p~toluenesulfonic acid

were charged and temperature was raised in anitrogen air stream.
The mixture was heated to 150°C and kept at this temperature
for 6 hours while collecting water with a trap because the

production of water began at about 115°C. Since the production
of water was completed at the point where 79 parts of water was
collected, the remaining mixture was cooled to 20°C, and 176
parts of methanol was added. Polvhydric phenol consisting of
p-xylylene glycol and phenol was obtained.

Then, two polytetraflucroethylene (PTFE) tubes were



10

15

20

25

30

35

for 6 hours while collecting water with a trap because

the production of water began at about 115C. 'Since

the production of water was conpleted at the point

where79 parts of water was collected, the renaining

m xture was cooled to 60C, and 176 30 parts of

met hanol was added. Pol yhydri d28henol consisting of

p- xyl yl ene glycol and phenol was obtai ned. Then, two

PTFE tubes were installed so that the exits of both

t qﬁ@paw&:aahomee ttlmeaesahstlmﬂteacellnt\bhthe Keaq ng tee bottom

et e e shE PR e Vel Sps e e 6 iakr dheoprit of the

vvanéwe werse abnjvectied icrh:ﬂidrhdesmiar aWhlfLabbseping hey inertial

'.so tl Or'r‘]’abcﬁgrvel o £ gﬁe 'ang 90“&6 4RREY pQ?EE @f tten%amethoxy

lon was.-.car.ri.ed:.
hoﬁﬂrlsartmf@@ anp @ct@d mth@néppﬁénttﬂﬁ@ cni ﬂh@r @lwagr and 98.6

fusdhesr ofk%ﬁttefroﬁraé Ih@jiéét@cﬁ B tHée%ottt%ﬂp%ﬁEE%E the flask

was again raised in nitrogen stream _and whi

co}ITt'é%itPﬁgﬂtﬁfﬁ]‘éactTé‘& @%@361;1%@@5”%%5%%@ O%P‘éﬁr kfle]@%‘ﬁrs using

t & dosllekipofd, ahdatioan t&@@ahyttﬂré m@ ke]bhefc&{ I IHdul@ at 60°C.

wa]f}écontl nued to 180C. On co mé 8 reacti oréam and
Hbt SEBIRATHUNRY 2 PR Pl 5P uhBe? ?Je‘a’a%%%“ 1%t ’

p rasisie e:oldled:mtm@nunlneaceml wi gr mnd oredhsae Icowhédhtlpegan to

0 i f c

t?%liﬁés ulc]fgﬁgf 5%5{1@ @5 ) t%rt %g;ﬁeeﬂpasr[ﬂgga J@%gg%&mmea

dispassi fg e@@r@ﬂpletm @igth@amag:tmfsul@eﬂeacted phenol was

prcﬂﬂﬁf:‘[‘lféd Qf st ﬁ%d@xsaéaﬁbea gkegBOLE, oahal Pe8n MRE &emaining
ev ated as perforned i n Exanple,6 22. Resul ti?are

UL Was Fanteds toC@HEéllﬁt F‘VglﬁRﬁﬁﬁF@glﬂ HeRt H having a
fOttm‘ar[E&Dkﬁ'ltf lvasik e Gidildpe thaticelt .a 'gﬁé ybket, o the dlsper51ng

trap6]6§nd a stlr er ]Jg arts of Qh 0 dbtalned

st & M58 2 Rt t S an s S R B 5 5 PR
BMSerd;emﬂobeneaquéowreoleumluat@ﬂoandl Eryubkseare shown in
changged.g and the solution was stirred at 70°Cin a

nitrogen stream The solution was a m | Kky sol ution,

but after 7.3 parts of diethanol am nes was added and

t hexgigyd iy was continued for.4 hours, the. reaction
solutio cane. 25 trans and te ratyre of the
reactio r&(ﬂ i EE rfelarsdﬁ S 1‘ILthaeac—We\Ss,lnlEt’ a

haxtad- 380 aand skepta atithies, néﬁperpbnte HOrpHdenol, 172.2

_ glﬂ#glst%'fl ﬁ?ﬁgéjégﬁﬁgﬂ:gngvat Hd Vlv'%lﬁlcg §980 P 4 §'7§tfcumaldehyde o

at” abou nce’ the productron o
aqueous solution (formalin) were charged, and the solutlon was

stirred in a nitrogen stream at 70°C. The solution was a milky
solution, but after 14.5 parts of diethanolamines was added and
the stirring was continued for 4 hours, the reaction solution
became transparent, and therefore temperature of the reaction
soltuion was again raised. The mixture was heated to 180°C and
kept at this temperature for 4 hours while collecting water which
began to distill off at about 100°C by a trap. Since the
production of water was completed at the point where 160 parts
of water was collected, the remainingmixture was cocled to L0°C,
and 103 parts of methanol was added. Triazine ring-containing
polyhydric phenol was obtained.
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conpl eted at the point where 80 parts of water was

”OXIdI ‘zedw

coll ected, 30 unreacted phenol was distilled off under
reduced pressure to obtain 312 parts of nonvolatile
conmponent. Then, another four-necked flask was |
prepared, and one PTFE tube was installed so that the
exit of the tube was at the upl¥k 35 part of the
four-necked flask. Into this flask were charged 124
188.9 parts of the above-nenti oned nonvol atil e
component and. 66 parts of nethanol, and a nixed

solutio

parts o?r net hanocf andscé%je“f$ t"g%{egﬁgfwml gcrlﬁ%?%l%%k as
abvet pired dmeBxampeei4d o Sohehat adie mquteog q&ﬁeﬁﬂb@ Wfs above
| nefd i 21l enmeratulie 3 %@1@ em% %@'fd‘t:hbolﬁtlﬂ@:? +@8E &Y at the

.out .over .4 hours u5|n? a.rol .mredi atel y
®

afle%vtorﬁﬁ@vsad. tTne %pamgs@rﬂsrf%tlélen%fﬁ@e%w%@a theflask
Wa§t appld,editoql paﬁ@smat ttasengdaley sdnGnkheasi m;yé@ted from

SR ePHhE aTied 1 756 &7 45 AT it e Lnjected

nafmmlhh@dbattémOQHmpfsﬂlmﬁiLHsﬁ{ imhenth4¢ H8 ask.xt The addition
I
Sowét'é'c%]:f’iae% SRQ 89#:%9‘{5&1%?3}1?&%%?%511‘%? éln%\n'c:i then the

havi ng a translucen
HélX%{lP%%éfraﬁ nedl disgntd Bowas 230 6§aft-s. Tmsuwperature was

chE’ &1 88 saf ﬁbﬁﬁté@@ﬂ%lt%a%! W%hEl@@ﬁ'l@%@lW\ﬁlreacted
uat ed-as performed in Exanpl e. 22.: Results ar

sh‘&%e’F r?“ldame&h@noéon’ﬁgil%u %g@a‘%&)ldelsl@%fjélf aft %%t 80°C,
cdays.etgapl nshé mﬁmmwert@ﬁdlﬁﬁddh&ym@ €48 goAidbmpletion

o166 55 o ThiR iR SRR T-IR SLLFRY: B8 dggpr recuceo
t eres xtxe e avab thebj ’eh@enlem@lrmmnessﬁm maisdcngled to obtain

haé(%l%p%l}%ﬁ gﬁélérﬁéﬁ?\g Bbﬁé‘ﬁf?g'apgrggs 1%&-@5@@ sb9YRdatter.

bar was attached to a equency
f uFpRcE sl afc%lh%lﬂﬁﬁﬂe\r@%@éeéue@@t Bodes 483drpEbssurhysical

V\@Srozﬁ@ﬂtﬂ?@:g dothe RA Yot £5% I hGrANB UYL S8R Elere evaluated
punp. 25 turbo- nDleCUH%@ punp, .and then

rotar cuu
n'%/ %m%)% S PR o us BEFULTS (358 Shiginy ¢ Table.

supplylng argon gas in the furnace (chanber). The

electr H?P s,yere el ectrically connected by a direct

curre power source to generate plasna arc. By

gener at i Tigh 37 iy iage conthéndindi pohybydr he mmmunpesvebtained

anpderel eot pdec oS MIRahRES 30 i pRaRpIRdIRde Ko two pTFE

remai_ni_ng oxygen in the furnace,

fHeres fare dnstailed hastkeoi ek B P@&é@éﬂ@%wo%amples 22
cyem@ 23yaso Rhepethy ekepeat ethd ubbtifaBOvRais seflution level

| nor(gq:rfllec e%%r Off trhe other tube was at the bottom level. While
keeping an inertial temperature of the flask at 10°C, a mixture
of 208.0 parts of tetramethoxy silane and 4.17 parts of
di-s-butoxide ethylacetoacetate aluminiumwas injected fromthe
upper tube of the flask and 64.4 parts of water was injected
from the bottom tube of the flask into the flask. After this
step, the same manner as in Example 23 was repeated to obtain
a dispersing element C having a translucent white solid matter.
The yield of the dispersing element C was 498 parts. Physical

properties of the dispersing element C obtained were evaluated.



particle. 35 Then, into a four-necked flask with a

. . stirrer, 150 parts 125 of triazine ring-containing

pol yhydri c phenol obtained in Exanple 23 was charged,
andnel tedby raising tenprature to 180 C. Thereto
added was 60 parts of the above-nentioned inorganic

m crofine particle, and the mXx22re was stirred for 2
hours under reduced pressure of 0.15 Pa or |ess (20
nmrHg or less) , and cooled to obtain a dispersing

el rEBRNLtS AW igown t T@NBAWTENg . White solid matter. The
yield of the dispersing elenent G was 230 parts.

Physi cal properties of the dispersing elenment G
obEabmpdewedbe evaluated as perforned in Exanple 22.

5 aELRONFOOOTELRRBOY oS HNe TRIyegTas- 1B BamEDe] 2Br (Jren, two PTFE
tubes were installed in the flask as performed in Examples 22
and 23, so that the exit of one tube was above the solution level
and the exit of the other tube was at the bottom level. While
keeping an inertial temperature of the flask at 10°C, a mixture

'1'0 of 208.0 parts of tetramethoxy silane and 3.03 parts of zinc
acetate dihydrate was injected form the upper tube of the flask
and 64.4 parts of water was injected from the bottom tube of
the flask into the flask. After this step, the completely same
manner as inExample 23was repeatedtoobtainadispersingelement

15 D having a translucent white solid matter. The yield of the
dispersing element D was 490 parts. Physical properties of the
dispersing element D obtained were evaluated as performed in

Example 22. Results are shown in Table 8.

20 Comparative Example 13
Into a four-necked flask equipped with a gas inlet, a
Dean-Stark trap, anda stirrer, 302.6partsofp~-xylyleneglycol,
- 687.0 parts of phenol, and 12.6 parts of p-toluenesulfonic acid
were charged 'and température was raised in a nitrogen stream.
25 The mixture was heated to 150°C and kept at this temperature
for 6 hours while collecting water with a trap because the
production of water began at about 115°C. Since the production
of water was completed at the point where79 parts of water was
collected, the remaining mixture was cooled to 60°C, and 176
30 parts of methanol was added. Polyhydric phenol consisting of

p-xylylene glycol and phenol was obtained.

Then, two PTFE tubes were installed so that the exits of
both tubes were above the solution level. While keeping an
; 35 inertial temperature of the flask at 60°C, 333.4 parts of

06000000 EE AL R il E G B Lo L TBPLE) Blondly was obtainea
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tetramethoxy silane and 157.8 parts of water were injected from
the separate tubes of the upper tubes of the flask into the uppér

part of the solution level. The addition was carried out over

4 hours using a roller pump, and then the mixture was further

Wker;t .f.or. 4 hours at 60'°C. Then, teinpefattire was again raised

in a nitrogen stream, and while collecting unreacted water and
methanol, which began to distill off at about 80°C by a trap,
the stirring was continued to 180°C. On completion of the
-reaction, unreacted phenol was distilled off under reduced
pressure, and then the remaining mixture was cooled to obtain
a dispersing element E for comparison having a translucent white
solid matter. The yield of the dispersing element E was 619
parts. Physical propertiesof the dispersing element E obtained
were evaluated as performed in Example 22. Results are shown
in Table 8.

Comparative Example 14

Into a four-necked flask equipped with a gas inlet, a
Dean~Stark trap, anda stirrer, 216.5 parts of phenol, 86.1 parts
of benzoguanamine, and 82.2 parts of a 37% formaldehyde aqueous
solution (formalin) were charged, and the solution was stirred
at 70°C in anitrogen stream. The solutionwas amilky solution,

. but after 7.3 partsof diethanolamines was added and the stirring

was continued for 4 hours, the reaction solution became
transparent, and témperature of the reaction solution was again
raised. The mixture was heated to 180°C and kept at this
temperature for 4 hours while collecting water which began to
distill off at about 100°C. Since the production of water was
completed at the point where 80 parts of water was collected,
unreacted phenol was distilled off under reduced pressure to

obtain 312 parts of nonvolatile component.

Then, another four—-necked flask was prepared, and one PTFE
tube was installed so that the exit of the tube was at the upper
part of the four-necked flask. Into this flask were charged
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di spersing elenents Ato D, the inorganic mcrofine
particles having a radius of inertia of 50nmor I|ess
di sperse so as to satisfy the requirement of the
present invention as shown imdpable 8. On the other
hand, in the dispersing elenents E and G particles
having a radius of inertia of exceeding 50nm existed,

anf’BénStﬂ?r@é Stﬂiertﬂ n%b%'v%”ﬁ\@ht% n@dgfl?ﬁ(foilgeyﬁ]te ?{glp%onent and

Su erflne partlc es aV|ngara|uso lnertia o
orop RIS e eddrantd  EradpreBizedt 6029tipa of 129.5 parts of
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eval uatij on dlﬁger3|n el ement
~ of water rom £

keeping an inertial temperature at 10° C. The addltlon was

carried out over 4 hours using a roller pump. Immediately after
the addition, the dispersing element obtained was applied to
anormal glass plate, and the mixture solution applied was dried
at 25°C for 7 hours, and temperatﬁre was raised to 170°C at
2°C/minute and maintained at 170°C for 30 minute. Then, the
mixture solution was cooled to obtain a dispersing element F
having a translucent white solid matter. The yield of the

dispersing element F was 230 parts. Physical properties of the
dispersing element F obtained were evaluated as performed in

Example 22. Results are shown in Table 8.

Comparativé Example 15

Metal silicon coarse grains roughly pulverized and having
a grain size of 1 mm or less and polyethylene glycol as a binder
weremixed at aweight ratioc of 7:3, and the mixture was subjected
to compression molding to have a shape of round bar having 50
mm®. This round bar was attached to a high frequency induction

~.furnace as a consumptive anode electrode, and pressure was

reduced to 1 pa or less using an oll sealed rotary vacuum pump
turbo-molecular pump, and then an intefnal pressure was adjusted
to 10Pa, while supplying argon gas in the furnace (chamber).
The electrodes were electrically connected by a direct current
power source to generate plasma arc. By generating plasma arc,
the silicon of the consumptive anode electrode was made into
plasmaandmade tobeoxidizedwithremainingoxygenin the furnace,
and after that, the oxide was cooled. The above-mentionedcycle
was properly repeated to obtain 60 parts of inorganic microfine.

particle.

Then, into a four—necked flask with a stirrer, 150 parts

e abo eumentlonec(i) tube into the flask while -



manuf acturing a cured body) D spersing elenents Ato
F, liquid bisphenol type epoxy 15 resin (trade nane
"YD-127": epoxy equivalent 185 g/ nol: manufactured by

" Tohto Kasei Co.,Ltd.),and hardeni ng accel erator

-tri phenyl phosphine were subj ected to a batch m xing

at blending ratio shown in Tdd% 9 at 110C to obtain

uni formm xtures. (dispersing elenments for

manufacturing a cured body.) These 20 m xtures were

gppjf i’@dlmmapﬁid g-—chidtdSalmrajS Bl e ia tﬁﬂe@i@l@%ta%fned in
ured.to uc or _evaluation o .

o SRS Ve e L R RS R BRER rA s T HEBhER Pude o 180 c.

vahtemitcela:Merdamasn&ﬁq&umxe dSEWe Haote-ofertthiened inorganic

10

ahpwesseatd goed: ol spetel 0. nolemel, o4 TROUAIELY hBrs under

a.cure V\ascaredlnoa

1Xi3<908€a§91% &Qéﬁ@ﬁgﬂnégléﬁggﬂ@hgbiﬁb% @rﬂ@i&é@@&ﬁ?ﬂte solid

cured body. ch_valuation method iS as follows.
eV =8 on Tlh@sﬁﬂl?ldl‘% Arse EHRRGT S IRIrediegent §owas 250 parts.

[ mwﬁflﬁﬂdmmfle'sn@fg@mé (dm;ﬁéﬁ)étirﬂf dlakleing! 8] odbLined were
nt i one r_ev in ersio
AT TR BB EE R BhatBie i onfrp bl DS GO es oy in Table

when exi stence of flocculated substance or nor phol ogy
having an island shape causedby |ocalization of the

i norgani c mcrofineparticles 35 was observed, "poor"
wakTalerB] and when neither floccul ated 128 substance
nor nor phol ogywas obt ai ned and the inorganic mcro fine
particles were uniformy dispersed all over the
observed face, "excellent" was given. [Misture

resi stance] The pl ate-shaped cured body sanples were
pressurized at 0.2 MPa and 121' C under saturated
steamwith a pressure cooker for 100 hours, and the
increase rates of weight (% of the sanples were
determned. 10 [d ass transition tenperature (Tg)] The
pl at e- shaped cured body sanples were pressurized at
0.2 MPa and 121' C under saturated steam for 100 hours
in the same manner as in the above-nentioned

eval uation for noisture resistance. Each sanple was
nmeasured for Tg, coefficient of 15 thernmal expansion
(a 1) in a glass range, and coefficient of

p| %@C%Qrggﬁggef@v Ozlﬁ(ﬁ,ﬁ' QrLﬂrﬂﬁﬂ' fzﬁ gaggl}re@sdf, nd cooled e



thermal expansion ((x 2) in a rubber range by the TMA
(t her nonechani cal anal ysi s) nethod. The neasurenent by
the TMA nethod was carried out with "TMA 50" by

Shi madzu Corp. at conpress node. Measurenent
conditions were |load: 0.1g, heating rate: 20 5C/ mn,
and neasurenent tenperature: 2@& o 200C. [Fl ane

ret ardancy] The pl ate--shaped cured body sanples were
measured forUL-94 flane retardancy by the UL nethod.
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In the dispersing elements A to D, the inorganicmicrofine
particles having a radius of inertia of 50nm or less disperse

so as to satisfy the reguirement of the present invention as

~ shown in Table 8. On the other hand, in the dispersing elements

E and G, particles having a radius of inertia of exceeding 50nm
existed, and in the dispersing element F, a great amount of
superfine particles having a radius of inertia of 10nm or less

existed.

Examples 26 to .29 and Comparative Examples 16 to 18
(manufacture and evaluation of dispersing element for
manufacturing a cured body)

Dispersing elements A to ¥, liquid bisphenol type epoxy
resin (trade name "YD-127": epoxy equivalent 185 g/mol:
manufacturedbyTohtoKaseiCo., Ltd.), andhardeningaccelerator
triphenyl phosphine were subjected to a batchmixing at blending
ratio shown in Table 9 at 110°C to obtain uniform mixtures
(dispersing elements for manufacturing a cured body.) These
mixtures were applied on copper foils so as to have a thickness
of 20 ym and cured to produce samples for evaluationof dispersion
state of the inorganic microfine particle with an electron

_microscope (SEM). Each of the above-mentioned dispersing

element for manufactiring a cured body was charged into a mold
for a plate, and cured for 2 hours under the pressure of 1x107"
Pa (10 kgf/cm®) at 180°C to obtain a plate-shaped cured body.
Each valuation method is as follows. Each evaluation result

is also shown in Table 9.

[Dispersibility of inorganic microfine particle]

The above-mentioned samples for evaluating dispersion
state were observed with the electron microscope, and when
existenceof flocculated substance ormorphologyhavinganisland
shape causedbylocalizationofthe inorganicmicrofineparticles

was observed, "poor" was given, and when neither flocculated
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0 QOcL Q 130 Table 9 shows that each hygroscopic
property is lowin Exanples 26 to 29, in which the

di spersing el enent of the present invention was used,
and confirns that the Tg is edd&8 i nproved, the
coefficient of thermal expansion is each | owered, and
the flame retardancy is each excellent. By

(NﬁﬁbéﬁdﬁdEMéihﬁﬁpuol@@yww@dbﬂhﬁﬁﬁﬁémdQhehh@rganlcmlcroflne

t t '
| Ao MarRo et ol L shsbaras At 1% The %fgselaved face,
patd:tod ¥l et tdhreter gm;fvdness than 10nm the thernal :

WpL@B§{§%Ff%$¥§§E§€EBdQW sture resistance have been

Conpa._rative. Exanpl.es..16_and.- .
18, in Wicklehe- §ih§peﬂs¢:tmge@|lecrémtsarrtgdrﬁfv‘awarﬂgm%ssurlzed at

| NOr HHCTHAr 051 1 PQRRLt LgLarWkER 8- L&k GeRaA & ﬁf@ssuxe cooker

size was used, the noisture absorption reS|stance
i nfRF L8P houfiiy ehé the Hier tdee Eé&aﬁ%ﬁ WRLIBE eﬂ;fé%b@rﬁamples
weieral sorsmiatddr 15 to that in Exanples. In

Conparative Exanple 17, in which the dispersing
el enent containing a great amount of superfine -
paft¢lad e st veaisei tised, tdnyee ppardn el EBgwere too fine and
thereforeThe plate-shaped cured body samples were pressurized
at 0.2 MPa and 121°C under saturated steam for 100 hours in the.
Same manner as in the above-mentioned evaluation for moisture
resistance. FEach sample was measured for Tg, coefficient of
thermal expansion (x 1) in a glass range, and coefficient of
thermal expansion {x 2) in a rubber range by the TMA
(thermomechanical analysis) method. Themeasurement by the TMA
method was carried out with "TMA 50" by Shimadzu Corp. at compress
mode. Measurement conditions were load: 0.l1g, heating rate:
5°C/min, and measurement temperature: 20 to 200°C.
[Flame retardancy]
Theplate-shapedcuredbody samples weremeasured for UL-84

_flame retardancy by the UL method. .

[Table 9]
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Appl.ication No. 2004-2312 54 f iled August 6, 2004,
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30 3. The resin conposition according to Caim 2,
‘wherein the phenolic conpound has a structure in which

two or nore aronmatic skel etons respectively having at

| east one phenolic hydroxyl group, are bonded to each

other with an organic skeleton having two or nore

carbon atons therebetween. 351882 4. The resin

conmposition according to Claim3, wherein the organic

skel eton has a triazine ring and/or an aromatic ring.
wherein the inorganic nicrofine particle is

asilico |de j crofijine part e _and cont ains :
700 o) 1GP0F & ChRHSs6hes S i A Gt b atRe Y ts low in
eIEemlesse’E ecbezb f rinrwltlmth gheup sgensiistg egemenbfofzme present

’1r&lent§%’n \lrJQs @ed,P%ncfco§?1§fﬂg é’lat 45 ar of§téatéi‘?'ﬂnproved

nponent. particle.size distributio
htéle r:ﬁ@iféaﬁn@nﬁn @f othe?@nap?aremp@ln@l@ml@ ﬁgclzslcmele@a% and the

b)fl\’a‘i’rleurfpet%frda?@f G @sidnavhRg1aparti ﬁkec§h%§o§_’i11@g5pr1mary
nmor nore and | éss than 10 nmand 35 to

valdfte oe Sé?%“?@?ésoFatvki‘%glné’rﬁé*l‘%HccméCIQfépfep6¥t1@1%rﬁo >0nm

OforMEeesanghd Q&Sﬂﬁﬂh&f@ 3002w & tAef bﬁﬁ@rfehérpiﬁﬂ‘ﬁlcle having
resin

L PAGF AR Attt RE Leat tie. DPnlr i SHRRERY pliSerty and
mi tdrep friodes tyarret Ircelse.sft&ﬂ\nqag havet bechudertdrated .20However, in

S%dr&%%%l%%@%@?gfq é)@holé,) (_)i_ \rﬁglzélf-gfle % Q%QE'V\%IQ% element
t I@Htrﬁdrfgm @weebgamcmaéwﬁépé rseitrig hrabth edarge particle

p%&@ﬁ@§@s‘e‘?ﬂ tﬂe e §Wa@§orpﬁ29ntr%51@%@m&ﬁfas 1nferlor,
29Si - - neasurenment, and ar ea

f o & §tTwnﬂ EhﬁaGPﬁﬁfécﬁe%FIci%@?ﬁpét“é"&?%ﬂﬁ‘d’?n@{%? gaferior
Z&mttmclgrmmampﬁesg def lomﬂpaa&tA% E&talﬁ@alé afeain which the
st r.uct ur.e .havi con

A S AT e g 2 Sk i e Ty sgperTine

deﬁuvedﬂﬁﬁoweaesm$®@1umgapavtmglaSSWSIelﬁaﬂwflne and therefore
Qs NG R A O3, AL GGl R bei ng an organic

group not ~ contai ni ng oxygen atomat a position

adj acent to silicon aton) 30 as AT3, a peak area

derived froma structure having a 2 silicon

atons-b d|n R-Si 03 atomi.c oup (R being an, or n|c
group n %ﬁ?ﬁ%ﬂ%gaﬁﬁxﬁﬁgg%S%zgi%l&inﬁ?bﬂrq
adj acent steoPaltIelmlDquibm): addATRo 35004 -MiEl 2 banfket led August

regargapy resin; E9MPSIEALRHH Bt Crth 3F8 By coMmposITION |

AND RESIN COMPOSITION” and- Japanese Patent Application
No.2005-077734 filed March 17, 2005 entitled “RESIN
COMPOSITION, METHOD FOR PRODUCING THE SAME AND SHAPED BODY.”
The contents of thes applications are incorporated

herein by reference in their entirely.
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wherein the inorganic mcrofine particle is obtained

by ~carrying out a hydrolysis condensation reaction of
50 to 99% by wei ght of tetraal koxysilane and 1 to 50%
by weight of trial koxysilane and/or dial koxysl ane. 8.
The flame retardant resin conposition according to
Claim6 or 7,. wherein the poldd¥dydric phenol has a
structure: in which 10 two or nore aromatic skel etons
respectively having at | east one phenol hydroxyl

group are bonded to each ot heLABMEh an organi c group
having two or nore carbon. atons therebetween. 9. A

‘flame retardant resin conposition conprising the 15

flame reltar danesipsiompesposin icorradedrdl rgcrprappddiaving at

A alis: Hnberd gg‘ﬂgcf’dfPQPQHﬁ gnﬁ?\ﬁk%ﬁh Mot éa?éu}tg\é’ﬁd an lnorganlc

-gl.yci.dyl. groups.. A”di sper.sing..el ene con

al.ning.
znﬂ%?ﬁﬁ%ﬁﬁﬁ(93¥ﬁ%ﬁ%ﬁqne particle obtained by a

hydr ol ysiise qeallt&@md @Llic%@fﬁ@i@?bh@ﬁi@geaEKQKhﬂﬁlﬂQd$@rto 99.9
net C ax t | S rSi nmedl u

Sl A M Bafa ol RIS oS Sk gb gt "Spement selectea
i nErdm a:he)fgr'b@lmn:bnsibesﬂg ahdza, W) gﬂh‘t, Gat,i anef GehePb, P, Sb

m&r{é’ I neage}fga{st‘ﬁftue\ﬂtt RFéaiacg%rﬁﬁ P ni': eratnﬂfﬁgf #)ggﬁlcle size

t han nm an e mcrofine
ofdiWé?r:tlmatmn,lcthﬂnl@aom@mmmdcs@fnmeopamsé;lbem@tqmlng 50

€9 4% 49 voblmelds 1®1%%eh%w&9656ﬂ§9£1@9@t§qzra B$ 0.5 mm

the inorganic mcro article accordin _
10T W%é?@ﬂrﬁ?ﬁhéh&ﬁsbﬁ\r@‘} éﬁdn%%w&@r%msluate pégarticles

ONEa PIQN PardglentizbZorThe ﬂh&ﬁeﬁmm #leresk than 100 nm,
containing the inorganic microfing particle according

to O ai it FOTPSENtherenH %%Jelﬁl%tb@r%f:oﬁeh%ﬂﬂﬁﬁﬁql drpthe case of
shapatd eniregiam 4d8dmadipasiitdtonha¥t3ngTae ldiasieosentg a glycidyl

o EORD aSRbE U BRokS I S 080U, cBREEALLAR M L EL For 14quia
comt 237 peliylyy disied phehbkscagéd. oTheotli spetsingng an aromatic

el ggBLEycontai ning the inorganic mcrofine particle
accordlng to daim13,

2. A resin composition comprising three components of
a phenolic compound, a compound having at least one of a glycidyl
group and/or an epoxy group and an inorganicmicrofine particle,
.- the resin composition being a resin composition in which
a-ratio ofa éo‘e‘fficient‘ of thermal expansion, oy, inatemperature
range of glass transition temperature Tgormore to a coefficient
of thermal expansion, o, in a temperature range of Tg or less

(az/0;) in a cured formulation of the resin composition is 2.0
or less.

3. The resin composition according to Claim 2,

wherein the phenolic compound has a structure in which
two or more aromatic skeletons respectively having at least one
phenolic hydroxyl group, are bonded to each other with anorganic

skeleton having two or more carbon atoms therebetween.



10 wherein the resin conposition further contains an
epoxy resin. 15. A cured fornul ati on obtai nabl e by

"using the resin conposition according to any of

10 p

Clains 1 to 5. 15 16. A sem conductor device or a
printed wring board conposed of the cured
formul ati on according to CaimM3%. 17. A material for
encapsul ati ng sem conductor 20 conprising the resin
conposition according to any of Clains 1 to 5, the
flame retar ddat reesinn coappedittionn aaeeaddingg tbo caaylm ef

Clains 6 .to 9. or.the dlspers n | enent containing t '
nor gani SR oF G BAP L o K AEEGT Ty 3 o ARy BF X 119 and/or
C annsrd@atoc 14in®5 18. An insulating material for
Wi ring board conprising the flame retardant resin

conposi.ti.on.accordi.ng.to any. of .Clainms 6.to 9.or. the. .. e
di spersihg &h@mﬁﬁl@oﬁp@pﬁﬁﬁgwﬁeapﬁ@ﬁfgaﬁgctorra@wa felaims 2

patsi gl e according to any of Clainms 10 to 14. 30 19. A
cured bo obt ai habl e by curing the flanme retardant
resin cd%éﬁﬁ%?BﬁeéBEEBéPﬁ&W%?%ﬂﬁ}QﬁPQXQﬁ%%EBsﬁé%i%QOHOdee

thelcdosmé Yag iellemantd eental.nsngo tie 1i0N0kgasI 6f Si and 50 to

f: o d 0t
6 o R e SR o R RE R S PC oD RS Ratiest sting
yOﬁlsZIm.g B3Rt h&Garatler,i &le,f @b,e®capbubati Ry, as a constituent

ISP I S AR, (ol ApPtiieis, oo

ectri c W TINng
i nSRPEIRMEC ek @ ing grantikeiry cm;etra}n@c@ @Pn§>Skoby volume of

. Qﬁéﬂﬂ@le@%av‘in@& Hﬂ%{l@l@%‘i@@%ﬁ@ & ﬁxﬁ%rnmore and less than

15

20

9YEIM, —40ppm by 2°Si-DD/MAS-NMR measurement, and a peak area
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f@OSIthg cont ai_ni_n a conpound aV|ng | east one

yi° drodp 3k 6’Plé1ﬁ‘e 8hoR§T 6 ﬁsa%véﬁg a particle
| neigandt 1o ctwfdneanded tagdieledd then neddoghf or
produci ng conprising a step of hydrol yzing/
condensi ng netal al koxi de and/or netal carboxylate by
charging5maﬂeﬁlﬁmepme$amdanﬁ rtetsa. nc aopewsd. than ngmgtrising a

and |n ?@@ ﬁf ¥l Iagr ?Qﬁi&rm§8rgfﬁ§yd% PPeie,

YZI ng con ens tep an or ni c
netal 1 %é#ﬁéaﬁalgm%%fh@ew Ifppavéngmestructure that

seéeei@igﬂlééqxgstfhg Yol 01CQ1&SI18t0 nga QfAégofBo LB, £623 .0, and
ana a co

e Gy o D o DEed, AR, 10 F5E00BRNN D croine

cqmuatmh@ keeni ray aueatsivy avbifefry ahaeiakg apbebedat; dnethé mange of

derived from a structure having a 4 silicon atoms-bonding SiQ4
atomic group being defined as By, a peak area derived from a
structure having a 3 silicon atoms-~bonding SiQO, atomic group
as Ag3, a peak area derived from a structure having a 3 silicon
atoms-bonding R-Si0; atomic group (R being an organic group not
containing oxygen atom at a position adjacent to silicon atom)
as Ars, a peak area derived from a structure having a 2 silicon
atoms-bonding R-5i0; atomic group (R being an organic group not
containing oxygen atom at a position adjacent to silicon atom)

as ATZ .

7. The flame retardant resin composition according to
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group and/ or- an epoxy group and a conpound being solid

or liquid 20 at 25C being used in the case of not

containing an aromatic noiety. 23. Anethod for

produci ng a resin conposition conprising three

conponents of a phenolic conpound, a conpound.

contai ning 25 at | east one of 183glyci dyl group and/ or

an epoxy group and an inorganic mcrofine particle,

the nethod conprising a step of mxing the phenolic
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10. A dispersing element containing an inorganic

microfine particle obtained by a hydrolysis condensation
reaction of alkoxide and/or metal carboxylate in a dispersion
medium,

the inorganicmicrofineparticlehavingaradiusofinertia

~of 50 nm or less, and a weight ratio of the microfine particle

with a radius of inertia of less:than 10 nm and the. microfine
particle with a radlus of lnertla of 10 nm or more and 50 nm
or less being 1 : 99 to 40 : 60.

11. The dispersing element containing the inorganic
microfine particle according to Claim 10,

whereinthedisperéionmediumcontainsatleastoneorganic
solvent.

12. The dispersing element containing the inorganic
microfine particle according to Claim 10,

‘wherein the dispersion medium is a shapable resin
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composition.

13. The dispersing element conitaining the inorganic

mlcroflne partlcle accordlng to Claim 12,

.~ wherein the resin CompOSltlon contains polyhydrlc"
phenols.

14. The dispersing element containing the inorganic
microfine particle according to Claim 13,
wherein the resin composition further contains an epoxy

resin.

15. A cured formulation obtainable by using the resin

composition according to any of Claims 1 to 5.

16. A semiconductor device or a printed wiring board

composed of the cured formulation according to Claim 15.

17. A material for encapsulating semiconductor
comprising the resin composition according to any of Claims 1
to 5, the flame retardant resin composition according to any
ofClaims6to9orthédispersingelementcontainingtheinorganic

nicrofine particle according to any of Claims 10 to 14.

18. An insulating material for wiring board comprising
the flame retardant resin composition according to any of Claims
6 to 9 or the dispersing element containing the inorganic

microfine particle according to any of Claims 10 to 14.

19. Acuredbodyobtainable by curing the flame retardant
resin composition according to any of Claims 6 to 9 or the
dispersing element containing the inorganic microfine particle
according to any of Claims 10 to 14.

20. Asemiconductor component device obtainablebyusing
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thematerial for encapsulati'nq semiconductor according to Claim
17.

21. Asubstrate forelectricalwiringobtainablebyusing

 the insulating material for wiring board according to Claim 18.

22. Amethod forproducingaresin composition containing

a compound having at least one of a glycidyl group and/or an

‘epoxy group and an inorganic microfine particle,

the method for producing comprising a step of
hydrolyzing/condensingmetalalkoxideand/ormetalcarboxylate
by charging water in presence of the compound having at least
one of a glycidyl group and/or an epoxy group,

and in the hydrolyzing/condensing step, an organic metal
compound containing one or more element selected from the group
consisting of Zn, B, Al, Ga, In, Ge, Pb, P, Sb and Bi being added,

and a compound being solid at 25°C being used in the case
of containinganaromaticmoietyhaving at least oneof aglycidyl
group and/or an epoxy group and a compound being solid or liquid

at 25°C being used in the case of not containing an aromatic
moiety.

23. Amethod forproducingaresincomposition comprising

three -Co'mp:onents of a phenolic compound, a compound containing

at least one of a glycidyl group and/or an epoxy group and an
inorganic microfine particle,

the method comprising a step of mixing the phenolic
compound containing the inorganic microfine particle and a
compound containing at least one of the glycidyl group and/or

an epoxy dgroup containing the inorganic microfine particle.

24. A method for producing the dispersing element
containing an inorganic microfine particle according to any of
Claims 10 to 14,

the method comprising a step, in which alkoxide and/or



10

15

136

metalcarboxylatearesuppliedfromasolutionlevelneighborhood‘
of a reaction vessel containing a dispersion medium having a
viscosity of 100 Pa second or less at 20°C or dilution thereof,

and at the same time, water is supplied into thedispersionmedium

~or dilution thereof from a reaction vessel bottom neighborhood, =

and a hydrolysis condensation reaction is carried out under
stirring, and the inorganic microfine particle, which is the
hydrolysis condensation product of alkoxide and/or metal

carboxylate, is produced.

25. The method for producing the dispersing element
according to Claim 24,

wherein a total supply amount of alkoxide and/or metal
carboxylate and water is 0.2 to 50% by weight in the dispersing

element 100% by weight in the reaction vessel.




