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1 DESCRIPTION RESIN COMPOSITION, METHOD OF ITS
COMPOSITION, AND CURED FORMULATION 5 TECHNICAL FIELD
The present invention relates to a resin composition, a method for
producing the same and a cured formulation. More specifically, the
present invention relates to a resin 10 composition which is useful as a
material for mechanical components, electric and electronic devices,
automobile components, constrygtion/byilding, molding/forming and
coatings and adhesives, a resin composition excellent in flame retardant,
and curable flame retardant resin composition, a 15 method for producing
thetsaie @Rt ‘& curéd FdormutatidivformedI By uSiplg USSR BI@SIn AND CURED
composition. BACKGROUND ARIrMigrawosetting resin compositions are
industrially useful 20 as materials for, for example, mechanical
components, electric and electronic devices, automobile components,

construction/building and molditigidtmidg, ahdlrther widely used also
as matéhealsfor ceatings:andh adhesives anesticho themmaeseatitingresinition, a

mEQMBASIHORS fechnologies gfmaking the, 25 fesin composiyamcontain any,,
morqaflmc s;{?s/tancglln order to reduce a coefficient of expansion or to

“BoNtrol an appearance havE BebnWidely stidied Sand-fof ekantple, By
Chigtering horefractive indexusfalia fesin compositivhatithtthat oéthteanical
cmﬁ;ﬁ@@?jﬁﬁgFST@m%%,ﬂb%@p@ﬁéfaélﬁféd@%gﬁ@%%@Qg?ti%@ﬁ%ﬁ%gﬂf@

e I ationthereot are contro and transparency, Is exhibited.
c%g t%llj ar yLSJih rggélnstgylélécr%, itis 2]%‘%%8 0] thr%%@é{ M@é&%ﬁéﬂ?@fg and
CROTGRNE COMMPBAGHE Iy BFdeftd nhibit Cdayraddtiohcsf appedraned in flame
rduring irradiationdofdight,do ifr thereontentofthe inarganis componentsiisn, a
mglgé%ﬁg@eihgﬁémfgsr%y s JpRaired. Therefore, an attempthas 4
by using such a resin composition.

BACKGROUND ART

Thermosetting resin compositions are industrially useful
as materials for, for example, mechanical components, electric
and electronic devices, automobile components,
construction/building and molding/forming, and further widely
used also as materials for coatings and adhssives. In such
thermosetting resin compositions, technologies of making the
resgin composition contain an inorganic substance in order to
reduce a coefficient of expansion or to control an appearance
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
increase the content of inorganic components in order to 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
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2 to achieve compatibility between ensuring of the transparency and
inhibition of the deterioration in appearance during irradiation of light by
controlling a particle size distribution of the inorganic components in
nanoorder. 5 With respect to a thermosetting resin composition
containing an inorganic material, there ig disclosed a metal oxide-epoxy
resin composite in which metal oxide derived from metal alkoxide is finely
dispersed in a size of 0.005 to 5 pm in a cured formulation of epoxy resin
for exaiple referiag ﬂ.@ﬁbiﬁapdr@sed@k&irﬁubﬁﬁaﬁpm)H&i%@@.-ﬂ.@@ﬁ@ﬁarency
hethad for. SyTIhESiing Ahe comaoate 1 S by acdin metal alionle: "
method far, synthesizi e composite. in situ by add , ( , .
an 5%?%%&%& %%e;% nrsgfltls REiaen sﬁﬁér]i b?@d?]éﬁﬁgfeﬁg it frater At ion
ah or§&nie soent fo-a selttiendormed by partallydSreacting an epoxy
resin withiam amiag> euring-agentin advanee. - Ang, WE@%@D@&E : %h £%5.;L'Bn

ition, there is _disclosed an.epoxy resin.composition.in which (a
g%gp%% J?ggl nr,gngﬁaﬁq?la %%?/L Fesin % uﬂﬁé Ia’g e%]?, e(lcf)éjalsﬁ aﬁ% %g%%%%é g& metal
Having ™~ oR&OY Moredpfitotp ot a groli fpadsd apvddtitiogrived from
regctionadGithcn epoxyl groLp, andran-alkexy group hoadedtg twWe or-o 5
morg silicon %%@ﬁ@£®naéHaQS&Q@Q%‘QEdﬂpQ'¥8%”%%%%Ee'?Q . referring

cath/st are blended as %ss,entially component g or examp erfing to

JapareEeKKEr Pablicafion FRE-187288405 {5 29)° AP duéR erebin A amethod
Eompusitibis; Sireetindbryanicpiatter exists £2% asa patticleipredussardthod for
preparingithergsinconpagiion, and; if is necessans toallow aleagtionef,, ; 4.
%}}‘%pggicée g%(;cu:[sa(;r l'glo %rro(g: egiln mglggglformlng, the ingrganic maJ;[teeclgf and
0es not ngcessarl y exist'as d partidi€ IS $haped Arfcie Ha &t &if

TGt AR e PR Rtratifng polymet networlk withaainorganic S0eomippmenttially
There argyoctasions whess aiby-produst isproduced- in melding/forming i ce .
some cases. T&‘H%H“&!? retgte@goig tQ% M!}p%t&r%tlalso{ t?itgerm%lhere is
property or a mechanica %rpperty, it was_nece;ssar??o control’ -
?ﬁaa&ﬁﬂ%ﬁﬁﬂ§fﬁﬁam5ﬁ§%ﬁ@ﬂvpos1tlon:ulwhlch (a) an epoxy resin,

(b) an epoxy resin curing agent, (¢) a silane compound having
ohe ormore epoxy group or a group to performan addition reaction
with an epoxy group, and an alkoxy group bonded to two or more
silicon atoms, and (d) a silane compound polycondensation
catalyst are blended as essentially component (for example,
referring to Japanese Kokai Publication Hei-10-298405 (p.2)}).

Insucha resin composition, since inorganicmatter exists
as a particle precursor in preparing the resin composition, and
it is necessary 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
thefuiipotentialofathermalpropertyoran@chanicalproperty,
itwasnecessarytx)controlmolding/formingconditionsstrictly
and there was a room for improvement.

And, with respect to a resin composition, there is
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and there was a room for improvement. 35 And, with respect to a resin
composition, there is 3 disclosed a thermosetting resin composition,

which contains an epoxy resin (a) , a reactant (b) of an organic silicon
compound having a functional group capable of reacting directly or

through medium of a curing agent with gn epoxy group and an alkoxy

group, 5 tetraalkoxysilane and water, anda curing agent (c) (for example,
referring to Japanese Kokai Publication 2001-288244 (p.2-p.4) ) . In these
EsHTEOMPOsitions: s gestrived te use acompsind cegntaining tirvas ains an

@@t@wt.ﬂé@rmﬁermqrﬁe, Miﬂ%%%ﬁg&%%tq 8) r%%th{%{;i QQEBM%L@Q aﬁdfd%%?)g/ompound
esin composition, there is isclosed a method comprising
S S L Eh s eb bt through
Brgahtsoivent U Rydraly2iag an hikox grourof atoxysilaneto a'sianrgl group,
graups inl presence of amacicl satalystandithen- ﬁ%@/@%meéplvgekl Adnpie,
illi it obtaln equent.heat treat for 15.€ _

reTan s JaoAnSE Kokar PLtyeaon He b 109018 (521, Siominése 41 -
{ift CAtAy St SAT ABiIFERERBERIPRaiht akSnfiRfifss i thé eonsositiepmpound
aftelcpreparing@iresis compositign teleciric-propetiesdnay ben respect to a

sdeteriorated when.2,20 shaped %%%%dﬁbﬁg@&[“%ié §-and therewas a ;
CrigLoSrM%rS{iaerrovement And, there is disclosed a solder resist composition

SSRGS AKX GIotip-ComaIitg SHaRe Tiotifiad pHeRal hanepaRy water of
Pésin ahd @ séwenn(fopexamples iefetringstollapanese 25 Kekainic solvent,
2120 POrIoNave 15 be coponanied I ot e aomeogiton of ooy 371P
' ' ave to be condensated jn curin _

e Ao froducaam T4 ohhenestor RREbane SoLvent,
FEM OVt #ErETBIECit theesopiositior iRiused as aumoldimgaformamgtment (for
matendlayith dieknessy feaming 30 ©csuks aRd palding-defestmay;arise; 9o 45
(xﬁgggr)d)ir!gly, since the composition can be used only in film/thin layer

form, there was ‘ ) , ,
Since these tin catalyst and acid catalyst will remain

as impurities in the composition after preparing a resin
cemposition, electric properties may be deteriorated when a
shaped article absorbs moisture, and there was a room for
improvement.

And, there is disclosed a solder resist cemposition
containing alkoxy group-containing silane modified phenol, an
epoxy resin and a solvent (for example, referring to Japanese
Kokai Publication 2002-40663. However, when 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 composition
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 phénol resin (for example,

referring to Akio Takahashi, 5. et al. “Heat Resistant
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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, 35 referring to Akio Takahashi, 5. et al.
"Heat Resistant 4 Epoxy-Silicon Hybrid Materials for Printed Wiring

Boards", ELECTRONIC CIRCUITS WQRLD CONVENTION 9), paper No.
JPCAO04). In this documents, there is described a composition in which

the content of a silica contained in an epoxy resin is 13. 4% by weight, 5
boeit s 8stimated thatin tve Whdterdured fémulatiom thid eonténtofsilicals”,

besomesiarhalf of 8486, And; siteaiasshawn i Table 3.the coefficient, 1,
is 43 at 50 to 100C and 162

r ansmn the cured formul tio
g{l%héao%%zlg e rf%llo o the casfricien 8?‘{1 h%r%%%xﬁéﬁs?‘ﬂﬁl at20g "t the
SBHELD- 1 e ChkkicieRP B teRAs) Expansivrat 5036 100G is.dfouy Yeight ,
Fherefore sincthisiteahnriquenthere waha reemifer eantEvance1910btaIRA +his

é%%!@&&@%%'é‘?’}lﬂf‘éc%ééf;%rﬁ%r %lg%g ﬁ?ﬂﬁ%ﬁ“&m h%'“gggééﬁlgltﬁns shown

excellent insulating proper g erma resistance a

Hmor€ eScallert dppeaf Cigﬁn?ﬁeﬁﬁﬁ%d@ﬁm%@@réﬁ the cured
formulation iscobitaingdl by using-a polydnaricpheno as @ phenaldesingec, the

the eured: f@H@U@@ﬁPiwéﬁ%% RroRe %‘gi auch.as mechanical , o 250
t;)r gert y and_heat resistance. Therefore, the poly ﬁ%ﬁ.c pihenocf is'use

RENBIE “ds & @B&yFe&h%he%ww@&wgtzmh@%é%ﬁrms about
‘Phenth &g & ghycidyl-athbrfichtiom rolting agent: for an @poxyrésinaswel vance

as aynaterial f@é§ﬁﬂ$}@cﬁ§};§b@ﬂ\#mlﬁ‘ﬁeﬁﬁhé@f é??e§%%0%§%@@§ygpgatlon
enol is very.useful material. Amon
%%%gﬁr?gv%ﬁge%z%é%?ﬁ %ﬁ%&ly Lﬁsﬁz%g an xRNt elettriesl %ﬁfﬂ?ﬁg shock

%Sﬁr%b@ﬂy%f Hepsiihyidrictphenot siehassesmplextmateriak 0f thre .
printed Cincit boarthand theilike,wwneaterial foe £ncapsulaifgon is obtained

kﬁ?%%%‘}%u%o 81%@8@' fgrg ape gr gghesw% and th%llé(iy ekehctronm:ed
materials, such as an‘adhesive for 1 packa
formulation has excellent propertzes, such as mechanical

property and heat resistance. Therefore, thepolyhydricphenol
is used, for example, as an epoxy resin obtained by subijecting
thepolyhydricphenoltx>aglycidyletherification,curingagent
foranepoxyresinaswell asamaterial for shape or a rawmaterial
for adhesive, coating material or the like, and the polyhydric
phencl is very useful material, Among others, widely known is
uses effectively utilizing an excellent electrical insulating
property of the polyhydric phencl, such as a complex material
of the printed circuit board and the like, a material for
encapsulating semiconductor, a material for shape or adhesive
and the like in electronic materials, such as an adhesive for
IC package.

When the polyhydric phenol is used for electronic
materials, the polyhydric:phenolAexcell@nt_in flame retardancy
isparticularlyneeded.Asthepolyhydricphenoihavingexcellent
flame retardant, for example, a bromine-containing epoxy resin
and the like has been conventionally used. Recently,

technelogies for giving the flame retardancy without using
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30 When the polyhydric phenol is used for electronic materials, the
polyhydric phenol excellent in flame retardancy is particularly needed.
Asthepolyhydricphenolhavingexcellent flame retardant, for example, a
bromine-containing epoxy resin and the like has been conventionally
used. Recently, 35 technologies for givigg the flame retardancy without
using 5 halogen compounds have been developed. For example, an
ﬁgﬁ)éy resin having excellent flame retardant, even though itis free from

a og%ﬁ?iscgﬁt%ﬁ]‘gbdﬁ/ BadiRg it ogeREohtlififly phatiol SrediiPaga an epoxy
E6Ang dyeri afdefurther eortainirgphosphatésasters; ©eor tetophosphates free
as anflamedetardant (seferingdq, for §§6’I§9&en§§9@%§%%g@aining phenol

ication Hei 08-253557, Ja se Patent No. 29 9, and Japanese
RORAT i st P GA /20t EA e QWA R R e esters,
RONEAEREE 16 bbidima a2 Fetara AL s conssosition antia ciiredexample,
bedy thereof haxingne 10 halogen ard phosphatesand bayingdhe flamen: no.
sefariancy, excellent ploperties pf gured formulation, spch %3995892”;‘%?'.

roperty and. moisture resistance in vanous fie J.LPhe present invéntors

[ﬁﬁb%‘é?{fdie&%ﬁrc?oté’iﬁmgaa RYBIY B8 rratidtadiipasite fegirthyradinga flame
siticardsahevefidmecretardant: 16rechnology; i whiehi peithet-balogeaving no

mer @@@mﬂﬁé'@ﬁga%@% & g%rlﬁjgﬂaﬁteaﬂléc@e@g rofing M@C,Ie@ xcellent
h%ln %sgecm% structglre may exhibit'more excellent flame

katar ancy-providing rﬁerfdfrﬁﬁ%‘égﬁﬁ&r? BilicASyRuRSiBs hy thecal property
TBAVERtICHER hfetheds: (for erambte, vefetking tof Japahese Kokai

Publicatior: 20r20Q3:844328h e the Peesentdnweniors have sueeeededy 1 ri g

grol Sis congensate of alkoxide and/or me

Publication |
B R SR ) e Tiction 1) b s 2one

15aF819die T8ndendtioRtpretitEn D polyisericishiendl bohdihg toseaekd, and
fotiver Withaa otgania skeletorehaving 440 0. 25 MOre LArBRR AIMS specific
dherebetyyesn, and haye EQM%%“@%WQ)?%Q% ﬁ{ brid rree?’i%i%désr?g fora . idin
curing agent for epoxy resins, practically uséfu flamé Fetar ancy¥n§y B g
pe%léggerdrg\%‘tﬁgu‘%han Silica synthesized by the conventicnal methods
{for example, referring to Japanese Kokai Publication
2003-344328). And the present inventors have succeeded in
hybridizing a hydrolysis condensate of alkoxide and/or metal
carboxylate as well as the silica obtained by the method, by
mixingthehydrolysis condensationproduct toa polyhydricphenol
bonding to each other with an organic skeleton having two or
more carben atoms therebetween, and have found that when the
hybrid resin is used for a curing agent for epoxy resins,
practically useful flame retardancy may be ensured without
further addition of a flame retardant (that is, free fromhalogen
and phosphate), and the present inventors have appliedregarding
these techniques (Japanese Patent Application No. 2002-151271)
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 propertiesof a shaped
body {cured body). For example, disclosed is a technology, in

which strength, elasticity, and extension are improved by



further addition of a flame retardant (that is, free from halogen and

phosphate), and the present inventors have applied regarding 30 these

techniques (Japanese Patent Application No. 2002-151271) 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 35 which strength, elasticity, and extension are improved by

6 dispersing microparticles of a metal oxide (an average diameter is 0.01
dispebsty, whichosa-ydnalysis pokycpadensationiprogust af alkeydde;ipteter
. a >£t)hermo etting resin without exhibiting macro phase separation (for
S Coxdmpfe, Teflitingth FapafieSe ORI T BUbiicRECK I9BFGB 9 iR )P TRAYE of
alkdlisclesediistathermasettiag eresimgormpesitionsabtained kyfnghting macro

halglispersin atsi,lica arL% organ%%?lﬁsiloxane 0.005 um to 0.01 um), in ,

PhaghichBisitatl Broperiids, SHERES Shodicresistart®, [iat réfisanes, Kokal
Pub flexartal cstrength, @dd2elasticity. aradmproved (torekamplez refexingo te t t ing
res Jgpacrcl)?nseolé%aiOPubé'cgtg;oln Qgi ggzgggéi)g Fcylrthermore, disclosTd is a d

Jte(:hnlq e in which spherica amor%hous Silica mﬁ:?gﬁﬁésrfia%s %a\%ﬁg%%a an

organveragkysphericahdiarnetér0df 8um 65onM.@roduced, byia Dcharcplasmaical
is prefera ed.as a_silica filler for, epaxy resin sealing material
Do e Jaineas Kok UBICAtoH 2000 310855 SUMARY O~
strKEINVENT ICNanviewtof theraboverstate of thecart, dtisraniebjecte 6k rring
co Wieddinclosurpdg providea fesipcamnosiion ylaseasspd oMo ore,
may exhibit various excellent properties such as an insulating property,
diselapssl shecleresistandalumoloabiiyifdrmabitiss hvechanicat strengthsindi ca

nicpexeallent appearagce in which transparency. isjenhanced. Jtis alsp an, 45

object of the disclosure to provide a resin composition whose cured film

N ERAMBIEEkcelent fRAME TEtaRdaARER JoBRC Afethianical pieperies, emd as a
silfesistaneeandfowerdyimid resin sealing material (For example,

Japanese Kokali Publication 2000-319633).

SUMMARY OF THE INVENTION

In view of the above state of the art, it is an object
of the disclosure to provide a resin composition whose cured
formulations may exhibit various excellent properties such as
an insulating property, thermal shock resistance,
moldability/formability, mechanical strength and an excellent
appearance in which transparency is enhanced. It is alsc an
object of the disclosure to provide a resin composition whose
cured £film exhibits excellent flame retardancy, good
mechanical preperties, heat resistance and lower humid
absorption. Additiocnal object of the disclosure is to provide
a manufacturing method of the resin formulation and the
resulting cured formulation.

The present inventors have made variocus investigations



absorption. Additional object of the disclosure is to provide a

manufacturing method of the resin formulation and the resulting cured

formulation. The present inventors have made various investigations 6a

concerning thermosetting resin compositions, consequently have found

that a resin composition comprisingeacompound having a glycidyl group

and/or an epoxy group and an inorganic microfine particle may be useful

as materials for, for example, mechanical components, electric and
con@decitonic devicessattompbite i sompapests; tonstructiondauilding apd have
fouzgnolgwcgéfOEming.ségd g}g o@a"e-@}fnd that hydro%}zing/condensi g.metal

alkoxide” andfor métal Ga oxﬂL/FaJte in f):r%%%ﬁ%és of eacocrﬁrﬂgﬁﬁ& a@i?\‘éj‘“élg &
glyalysidylgroup andidoan apoxygreup mayenakhle dhe jinorganic anierafinef ine

@article to dispegse homo erﬂeoussly and finel)é'n the{esin anp aresin
particie .m%y e usegu a gmatedrl . for or, example,
compositiorrhaving an “adequately reduced coefficient of thermal

meclpxpansion anthenhanced trarsparéncyccarabe progiueed xramd founddlhvatce s,

2 SHEh a4 resin composition can form a cured formulation which has
excellent heat resistance, and has enhanced strength and elasticity, and
a low dielectric characteristic. And, they have found that by using 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 as a
catalyst in a hydrolysis condensation reaction, the above-mentioned
effects can be more sufficiently exhibited and the above problems can be
finely resolved. And, they have found that a resin composition having an
excellent effect described the above may be formed when the content of
Si and the content of one or more element selected from the group
consisting of Zn, B, Al, Ga, In, Ge, Pb, P, Sb and Bi among metal
components constituting the inorganic microfine



particle are specified. A particle size distribution of the inorganic microfine
particle may also be specified in the resin composition. The present
inventors have noted that a resin composition comprising three
components of a phenolic compounc}, a compound containing at least
one of a glycidyl group and/or an epoxy group, and an inorganic microfine
particle, may have enhanced strength and elasticity, heat resistance and

I ielectric _characteristic,,which,is capable of utilizing various .
o AR L S AIEAG i hed oLt af TS fsinnd
thexompositidmwiten datio bivd codfficieny 6EZactherhabexpansion, alkixide
and/%ke%et@l“r%é%%%‘?ﬁ?iQlcaessiHag%E%%ﬁ%Ep%rf‘tU{ﬁeT %%En%‘&r%&o Baving a
coefficient of thermal” expansion, al, in a temperature range of Tg or less
glyqadml) in areued femulation 8fthe $BSiH ComposiEbN istepecifistiiile the
inoibited formylatian has parliewiatyds @xeelleILisaing Bopattand1y  ang
. thermal shock resistance and the above problems can be firiely resolved.
fineAnd, tHey have folidl thafWAen afprodiging metidPedrhpAsingthE step  an

adePlAmiXing a phenelicicompaund containing inorgapichmicrofing paiticles  4nqg
and a compound containing at least one of a glycidyl group and/or an

enhagise drapSEaREiiNg fotgatfic RIGORAE Partielés, SoBRMpIdyedasch 2

resimethoghfs Predueingsiich agesin gompesition, fibeqoeificient ofthermalnas
expansion may be significantly reduced and it becomes possible to obtain

eXCqhé Pited Nfofthul TN FXARG partiGdrly tkEel EATASHENg DFSFEBF and

eladbewnalshock esistanee and exbibiting mpte-axeellenitappearaiee, they
since the content of the inorganic microfine patrticle in the whole resin

have, onidsition"éin 5 gréatiyindreaSed Hhta PECdiar propaisy fetitiig ining
one fsemibes indrgasiccmicrofine particlencarhbe qoenessufficiendy i exhibitedn, B,

Al, Ga, In, Ge, Pb, P, Sb and Bi as a catalyst in a hydrolysis
condensation reaction, the above-mentioned effects can be more
sufficiently exhibited and the above problems can be finely
resclved.

And, they have found that a resin compcsition having an
excellent effect described the above may be formed when the
content of Si and the content ¢f one or more element selected
from the group consisting of Zn, B, Al, Ga, In, Ge, Pb, P, Sb and
Bi among metal components cdnstituting the inorganic microfine
particle are specified. A particle size distribution <f the
inorganic microfine particle may also be specified in the resin
composition.

The present inventors have noted that a resin composition
comprising three components of a phenclic compound, a compound
containing at least one of a glycidyl group and/or an epoxy group,
and an inorganic microfine particle, may have enhanced strength
and elasticity, heat resistance and a low dielectric
characteristic, which is capable of utilizing various
application and is useful in various areas, and they found that

in the resin composition, when a ratic of a cecefficient of



The present inventors have studied on obtaining a hybrid

andnano-composite resin by using silica, as a new flame retardant

technology, in which neither halogen nor phosphate is used, and have

found that when the nanocomposite7resin is used as a thin film,

dispersibility of the silica in a polyhyd?ic phenol needs to be more

improved. That is, when forming a three-dimension cured body,
the g&gﬁnic/ig(orgggg:giﬂterf%ﬁce spgenadsain ttgéee g}i:m%%:igns, but 1

organicﬁngrganlc inferfacé only spread i tWo (iiimensionrsaiﬁ%%se()oj? a 9988
tratintfilmon Therefereawhea ahgnteractioneofteocorganicafitleculatpolyhydeemal

henol) and an jnorganic_molecule (silica) is low, especially organi .

=P a?n%ﬁeoc%dleé>i tfather %vi%eéﬂ gearnﬁgﬁgle%%? e,)a%%orr%égrgcg:?\ic&ar%#ec%?ég fahain @
cured gdthernuiith inmorgaric rabtecules whichrtaesesiinadeplatedispéision the
curdd t@Sﬁﬁ'&ﬁaaﬂm? BQ'%’%’QPE .@w%ﬂg. The present i'nventor_s haye fqund

that a combination of a polyﬁyanc phenol and an inorganic microfine

particle having a specific structure can permit production of a resin

composition 8a which can produce a cured body having excellent

properties, such as flame retardancy, mechanical property, and heat

resistance. These findings have now led to completion of the disclosure.

9 They also have found that such a flame retardant resin composition, a

curable flame retardant resin composition and a cured body containing

the resin composition have extremely excellent flame retardancy, even if

they are free from halogen and phosphate, and mechanical property and

heat resistance may be rather improved than deteriorating them. They

further have found that when inorganic microfine particle has a specific

structure, the inorganic microfine particle may exhibit a high dispersibility

in the polyhydric phenol, and the resin composition may exhibit excellent

flame retardancy even in the form of a thin film and may be capable of

producing a cured body having an excellent mechanical property and

heat



resistance. They further have found the determination of a specific range
about a radius of inertia and a distribution thereof of the inorganic
microfine particle produced by a hydrolysis condensation product of
alkoxide and/or metal carboxylate may be set as a specific range, which
results a dispersing element contairing the inorganic microfine particle
with best dispersion to obtain a resin shaped body having excellent

erties, such as flame retardancy and heat resistance, andmoisture
o e o e e A o 13 o Reor btz anc
the disclosure: dhadns, therdisaosiirestelatestolartesin Bomposition have found
£ha LOMPLISING a%8§‘£8¥9gd having at '8@%@%@%&‘%@ glycidyl group _andioran -
epoxy group and an’inorganic microfing particle; the inorganic microfine
phermpatticle comtanng 501 9919 mp|%refSiaand S5Oitor® fimel%af ohelers and

re elem from t oup consisting of Zn, B..Al, Ga, In, Ge,
S e b N e e AR e
an  distbyution, tive inopgdrsic Mivmfibepagticle containing 50e t@80%ilyes, is
e of parti [ ' ize of o] r
B e €0 (5 50 SO0 By DU o riEIce Ay & Haras b o
the 1¢aRf 6f vh6FCanddess lisama 00 prparcompounid Heihg sotiticatiZBCant Ly

rediReiRg usgghin case of,10 gontaining.an aramatic;moigty haying atleast. .. 4

one of a glycidyl group and/or an epoxy group, and a compound being
formysligtoraiguid VAt s & BEintisetr ihvc 88 G not BbntbirfiHg anidienttiererty

and Meiebmahurthermore hersinaftes, the aboyementionedresin, OMPOsHion,, +
comprising a compound having at least one of a glycidyl group and/or an

APPHHRY FroupHitan ineigarfChiiéifine® parfidié is alsu fEtered 18 eral ine
parfesiNLOMPOSHnA COMPIIENg -0 6OMPORERIS tion can be greatly

increased and a peculiar property resulting from the
inorganic microfine particle can Dbe more sufficiently
exhibited.

The present inventors have studied on obtaining a hybrid
andnano-composite resin by using silica, as a new flame retardant
technology, in which neither halogen nor phosphate is used, and
have found that when the nanccomposite resin is used as a thin
film, dispersibility of the silica in a polyhydric phenol needs
to be more improved. That is, when forming a three-dimension
cured body, organic/inorganic interface spreads in three
dimensions, but organic/inorganic interface only spread in two
dimensions in case of a thin film. Therefore, when an interaction
of a organic molecule (pelyhydric phenol) and an inorganic
molecule (silica) is low, especially crganic molecules gather
with organic molecules, and inorganic molecules tend to gather
with inorganic molecules, which causes inadequate dispersion
of the silica in the polvhydric phenol.

The present inventors have found that a combination of
a polyhydric phencl and an inorganic microfine particle having

a specific structure can permit production of a resin composition



The disclosure also relates to 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 inorganic microfine
particle, the resin composition being a resin compaosition in which a ratio
of a coefficient of thermal expansior§az2, in a temperature range of glass
transition temperature Tg or more to a coefficient of thermal expansion,
al, in a temperature range of Tg or less (a2/al) in a cured formulation of

whighe resinordpesition s12d@obddss. Haddditiex dedrbindftary theeabowe, such

as EQ_SC{{%&OQM&%E&Q,mﬂﬁgg?&}mgglcoﬁ%&%?gs of §§$%0|I% COmPD g@gﬁce.
a’compound containing at least oné of a dlycidyl’'group and/or an epoxy

ThesgrofipnditlantinBfganic rrgofineqsantitis listalsd referred solasstaraesin
composition comprising three components". According to a first aspect,
there is provided a resin composition comprising a compound having at
least one of a glycidyl group and/or an epoxy group and an inorganic
microfine particle, the inorganic microfine particle containing 50 to 99.9
mol% of Si and 50 to 0.1 mol% of one or more element selected from the
group consisting of Zn, B, Al, Ga, In, Ge, Pb, P, Sb and Bi, as constituent
metal components, and as a patrticle 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 10a particle size of 10 nm or more and less
than 100 nm, a compound being solid at 25C being used as the
compound having at least one of a glycidyl group and/or an epoxy group
in the case that the compound contains an aromatic moiety having at
least one of a glycidyl group and/or an epoxy group, and a compound
being solid or liquid at 25C being used as the compound having at least
one of a glycidyl group and/or an epoxy group in the case that the
compound



does not contain an aromatic moiety. According to a second aspect, there

is provided 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 inorganic microfine particle, the resin

composition being a resin compositidn in which a ratio of a coefficient of

thermal expansion, a2, in a temperature range of glass transition

temperature Tg or more to a coefficient of thermal expansion, a,, in a
Theyepdgeratare répgedoftTiglordess (a2flpireaceireddanmutaicm ot theeesinion,

a cGQmposition is lesstban 1.9, According 1o eigq%%B%Ctajb&fe?j%pﬁ%igegody

a flame retardant resin composition comprising a polyhydric phenol and
contghimbrgatieanicrstine parieks thé drorganic mictofime lparteleciavéng af lame

ret Styetire thatsatisfies AQ4.0f0.01 tg-,1,.0, l‘?‘;—lzé'%-le_% 059:9 ]ptﬂo]s%:%a_t e,

and (A 2'{rAT3) I (AQ3+AQ4) of 0.01 to 2.0, when the'inorganic microfine
and papfiekebingimeasurar for a pedk Bppéaringin Hierasyge®iy12b¢0 rather

imprAOREM Y29 SEDR/MAS-NMR megsyrement, and %Qgehéwa%@be%ound

from a structure having a 4 silicon atoms-bonding Si04atomic group being
thayefié§as ADST 4Pk arBa BefATéd fronPa Sirtistufe hivifig a3 sifieeTific

st r@éemedonding 3i04.-alomie arauR-88 AQ3 A peak areaderived (fram & nign
structure having a 3 silicon atoms-bonding R-Si03 atomic group (R being

disBGrSiganid Group-Rot CiRtainkiyleXgen domPhe phsitioA Hdjadent to resin

compHicon ademhas Ak Bopeak-aresy derived10h frTom-a stiHekle Bavingia 2-he
silicon atoms-bonding R-SjO3 atomic group (R being an organjc group

oI oP tofitairfing oxygeh Afdth BF pokitioARifacenfthb siiconHiomyag cured

bodATZ: Accarding o a fotrdl aspect, thetisrevided aflaree detardagt  heat
resin composition comprising the flame retardant resin composition as

Iesﬁjﬁﬁg&%bove and a compound having at least two glycidyl groups.
Accordipg faatfifthraspect, thene.ds ptovidsska rmination of a specific

range about a radius of inertia and a distribution thereof of
the inorganic microfine particle produced by a hydrolysis
condensation product of alkoxide and/or metal carboxylate may
be set as a specific range, which results a dispersing
element containing the inorganic microfine particle with best
dispersion tc obtain a resin shaped body having excellent
properties, such as flame retardancy and heat resistance,
andmoisture absorption resistance. These findings have now
led to completion of the disclosure.

That is, the disclosure relates to a resin composition
comprising a compound having at least one of a glycidyl group
and/or an epoxy group and an inorganic microfine particle, the
inecrganic microfine particle containing 50 te 99.9 mol% of Si
and 50 to 0.1 mol% of cne or more element selected from the
group consisting of Zn, B, Al, Ga, In, Ge, Pb, P, Sb 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



dispersing element containing an inorganic microfine particle obtained by
a hydrolysis condensation reaction of alkoxide and/or metal carboxylate
in a dispersion medium, the inorganic microfine particle having a radius of
inertia of 50 nm or less, and a weight ratio of the microfine particle with a
radius of inertia of less than 10 nm aifd the microfine particle with a radius
of inertia of 10 nm or more and 50 nm or less being 1 99 to 40 : 60,
. Wherein_ the dispersion medium contains at least one organic solvent.
20% Nkcdidiiito & 'siRfTaspett ther i stofided a" dispRrsing Blefitent® ™ ©oF
mor €0niAMiNgeas inerganicimicrafine particleebtaineddaiafydiolysis at 25°C
bai condensgltion reaction %f alkoxide and/or metal carboxylate in a
el%%p‘é?sel n Medidi®the inorganic microfine particle having a radius of
inertia of 50 nm or less, and a weight ratio of the microfine particle with a
radius of inertia of less than 10 rm and the microfine particle with a
radius of inertia of 10 nm or more and 50 nm or less being 1 : 99t0 40 :
60, wherein the dispersion medium is a shapeable resin composition.
According to a seventh aspect, there is provided a cured formulation
obtainable by using the resin composition as defined above. According to
an eighth aspect, there is provided a semiconductor device or a printed
wiring board composed of 10c the cured formulation according to the
seventh aspect. According to a ninth aspect, there is provided a material
for encapsulating semiconductor comprising the resin composition as
defined above, the flame retardant resin composition as defined above or
the dispersing element containing the inorganic microfine particle as
defined above. According to a tenth aspect, there is provided an
insulating material for wiring board comprising the flame retardant resin
composition as defined above or the



dispersing element containing the inorganic microfine particle as defined
above. According to an eleventh aspect, there is provided a cured body
obtained by curing the flame retardant resin composition as defined
above or the dispersing element containing the inorganic microfine
particle as defined above. According}?o a twelfth aspect, there is provided
a semiconductor component device obtained by using the material for
egé:{?r?sulating semiconductor according to the ninth aspect. According to
i

86n ABpE& TereSis Proficéd i Subsuiate rwtecties) wiring Slveidyl

groubtainec-by asingsthe, insdatinganatesiat- ferowiring beardsageording 10 thewid
é%rg aspect. Accgrding to a fourteenth aspect, there is provided a )

3t et o}aef%?%réﬁﬁcméré FEET1T cBMmpdition GortaiHing & CormpBlAL RalgE Ty -

Furahteastore of a glycidyhgrigprand/oraneepoxyigiadp mntkdn inegganicesin

_ mmro?gg}paglcg:le the methad forlgroduucpg comprising

a step of
con %rlo ymﬁQ/cor%%%%jéFnlgml%e%I alkokide "and/6r metl garb;%?%t% by of a

glychdydingwater #mpreserce afitheycompopnd:having dtrleagtote ofiacrofine

oar GlySiylaroup andaran, epowy.aroun-and in the ydrolyzing/condensing, .
step, an organic metal compound containing one of more elemen

two sefaaret0d {fom the group consisting of Zn, B, Al, Ga, In, Ge, Pb, P, Sb
and g being added, a0d a,gampoynd elag solld AL 25CRENG USRHES, ¢ on
the compound having at least one of a glycidyl group and/or an epoxy

COMpFSEH I tHe &ase thattiveeorfobhdTontEns ldr aromaticmbiety hamimpund

nav &t ieast one of a glycidylgroup ;and/gr.an £poxy group,and a.comp

Y bellaﬁg.solid or liquid at 25(;‘bé%ing use% asgthe (%{())mpou/nd hég\l/nlngé%t%egggmup

and ofB of AC §ERIHYF gfbkpratd/BEalR P gfoup in the case that the
compesind dogs not.containan aromatic mojety; According 1o a fifteenth s .y
aspect, there is provided a method for producing a resin composition

a r%%ﬁﬁpﬁ§n@tﬁ ficient of thermal expansion, &g, in a temperature

COrIt

range of glass transition temperature Tg or more to a coefficient
of thermal expansion, oy, in a temperature range of Tg or less
{az/01y din a cured formulation of the resin composition is 2.0 or
less. In addition, hereinafter, the above resin composition
comprising three components of a phenolic compound, a compound
containing at least one of a glycidyl group and/or an epoxy group
and an inorganic microfine particle, is also referred to as "a
resin composition comprising three components".

According to a first aspect, there is provided a resin
composition comprising a compound having at least one of a
glycidyl group and/or an epoxy group and an incrganic
microfine particle, the inorganic microfine particle
containing 50 to 99.9 mol% of 8i and 50 to 0.1 mcl% of one
or more element selected from the group consisting of Zn, B,
Al, Ga, 1In, Ge, Pb, P, S8Sb 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



components 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 padicle dispersed and/or dissolved

therein and a compound containing at least one of the glycidyl group

and/or an epoxy group containing the inorganic microfine particle
pardispersed and/ordissolveditherein. ceerdiagdo d sixteenthzaspectpthere, a

comiBRICYidgd &, method for produding the dispersing element coptaining an,
norganic microfine particle as defined above; the method™ comprising a
havstap, inwhichealkoxidesand/or metallgarbowlateyarexsupplieddromza epoxy
lutjon level neighborhqad of a reaction v | containing a dispersion . .
gro?nged%qrﬂ ﬁaving%g\%%cos%y of 1 OgPaégglgog;%%gr Iecsosltgct ordi uti%lﬁomatlc
molisferedfaandat the sdrme dimeswateris suppliedintythe gisparsiemd/or  an
dipira g, dilution thereof from.a reaction vessel hotiom leyel apd g, 550
eP?%r%%%éondensation rrélgction is qarrier% out under stirring?}gng the
belngorgafie micrbfite pariefinrhictrisithe hylrolysis Bormdensafion pedduet dyl

gro9balkexds andior metal carbpxylate, is preduced.wherginthe solution ., 4

level neighbourhood of a reaction vessel means a space from the mixing
doe )| dfFinGARéAiduidTo BeCEBIttich IBvéE10e BRIEF DESCRIPTION OF

THEDRAWINGSFig. L shews a295%1-RD/MAS-NMR spectriymefan: resin
inorganic microfine particle contained in a flame retardant resin

Compgosition FEEIg 2 SRaWs a 295EDD/MARRMR sPectfifim ofan Phenolic

comgRRIganicamiciaiine particle,conjained ik aflame,etardagt eesliti ay1 group
omposition |. DETAILED DESCRIPTION OF THE PREFERRED T
A EIBOBIMERTS HERiFafRR Ihe PresBrtifdhton iff b destritarini c e

the detadi A resinsomposiionicomprising twe compengats:afthe. in which a
ratio of a coefficient of thermal expansion, os, in a
- Temperature range of glass transition temperature Tg or more
to a coefficient of thermal expansion, on, in a temperature
range of Tg or less (oz/o) in a cured formulation of the resin
compesition is less than 1.9.

According to a third aspect, there is provided a flame
retardant resin composition comprising a polyvhydric phenol
and an inorganic microfine particle, the incrganic microfine
particle having a structure that satisfies AQy/Bge of 0.01 to
1.0, Ar/Arz of 0.01 to 1.0, and (Ap+Am)/ (Aos+hy) of 0.01 to 2.0,
when the inorganic micrefine particle being measured for a peak
appearing in the range of ~120 to -40ppm by “%3i-DD/MAS~NMR
measurement, and a peak area derived from a structure having a
4 silicon atoms-bonding 5104 atomic group being defined as Ay,
a peak area derived from a structure having a 3 silicon
atoms-pbonding Si0; atomic group as Ags, a peak area derived
from a structure having a 3 silicon atoms-bonding R-S10; atomic
group (R being an organic group not containing oxygen atom at a

position adjacent to silicon atom) as BAg3, a peak area derived



11 present invention is a resin composition comprising a compound

having at least one of a glycidyl group and/or an epoxy group

(hereinafter, also referred to as "a glycidyl group- and/or an epoxy

group-containing compound"), and an inorganic microfine 5 patrticle. In

the above resin composition, a compaund being solid at 25C is used in

case of containing an aromatic moiety as a glycidyl group- and/or an

epoxy group-containing compound and a compound being solid or liquid
fro@t 25618 used B case0fnof 18 copiaining an apamatic Moigtk The-case .

of containing an aromatic moiety as a glycidyl group- and/or an epoxy
ITOWoUB-doRtERIMY cohpBlRd ifddRs RPtasesf-editaiingaye6mpata at a -
pos Naving aglyeldylgrespand/esanLpey group.and an aromatic ring.

Being solid at 25C means that the glycidyl group 15 and/or an epoxy

grotpcEditaiihg-Corfipdiitr E&n BEKIS fe fobme bEsdifl &G dadhe flame
retabave horgapigmicrefine-particle, thegentent rof silican (S Whichds argant

constituent metal component, is 50 to 99.9 mol%. When the content of
=22 §flic i IBRES 56 oféh 2076 mBRFtHan g8 Snilof Cglativ diiig 82 at

1leahydrolysis;toadensatignorgaction may be caused. A lower limit of the
content of silicon is preferably. 60 mol% and more preferably 70 mol%. An

Upp& Titia Prefefably 99’5 Molve A& ffore préferdtly 98T moBbAnded 2
disthe santent of basanimorecelement setected from the 25=group consistingi ne

of Zn, B, Al. Ga, In, Ge, Pb, P, Sh and Biis 50 t0,0.1 mol%. When the -
022 G508 comeRtiiTess tharr0.1 Yaoe B Hioré ThAI 50 ioida” pryeieeh 1on Of

above content %ﬁess Han O.E‘ Y’n
a l kpropertiesrsuichrashed lesistaricex: playtrot be sufficieh#y smpriaved e dium,

lo imit of the content _is preferably 0.1 mol% and more preferaply.0.5 .
e G AR Ul S0l rEeraBy S0 e Akd toré piteraty 2017t 2

m n upper imit is prefera
of  melvThe amowitsf thembowe corstithént metal compfonemtdn thecrofine

par{qqgé‘ni&ire&gcgin?a[&?{ﬂgegﬁniqlee@??gu@g’ E.Oése at E!l%’ Q%Slfllpr!eg%%p the
a cured plate of the resin composition to X-ray

microfine particle with a radius of inertia of 10 nm or more

and 50 nm or less being 1 : 99 to 40 : 60, wherein the

dispersicn medium contains at least one organic solvent.

Acccording to a sixth aspect, there is provided a
dispersing element containing an inocrganic microfine
particle obtained by a hydrclysis condensation reaction of
alkoxide and/or metal carboxylate in a dispersion medium, the
inorganic microfine particle having a radius of inertia of 50 mm
or less, and a weight ratic of the microfine particle with a radius
of inertia of less than 10 nm and the microfine particle with a
radius of inertia of 10 nm or more and 50 nm or less being 1
9% to 40 : 60, wherein the dispersion medium is a shapeable
resin composition.

According to a seventh aspect, there is provided a cured
formulation obtainable by using the resin composition as
cdefined above. |

According to an eighth aspect, there is provided a

semiconductor device or a printed wiring board composed of



photoelectron spectrometry (XPS) analysis. 35 The above inorganic
microfine particle contains 50 to 80% 12 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. As the above particle size;distributions, when taking the amount
of 5 the whole inorganic microfine particle as 100% by weight (% by mass
or mass 0) , and the portion of particles having a particle size of 0.5 nm or

the MQYEANCess than 10.,0m is-less than 50% by. volme,the coefficient of

thermal expansion may not be sufficiently reduced. When this portion is
mMAtE TRAN 8% by A0 Voluniel e glassifsiisiti. ohfepdiferaiiie 6ithaided a

mat Suked formylatio ~ef4he resip Compasitionsyay heceme |%w¢$ﬁ9\é’§hl§mtthe
of the portion is preferably 55% by volume and more preferably 60% by

TS BIufie™RA UpbeP imiti§ preferdbiy T8y lumelihd mor&Sorefsrapkant

res 5% bywekime.dkb Ard,pisa whendhe pertion of particles,having @ clement
article size of 10 nm or more and less than 100 nm is less than 20% by

CONBinE Br bte 1T 86%% by Vofinte, tHE cBafficient of frierfft Egraniione -
maycnet:he sifficieatly sedueed;or theghass, tragisition temperafe 1aay  an
: ni)t ge sufficient% raifed A lower 20 limit of the portion is r,eferabl}\{ 23%
S hyAollhe BRd ot prgféfabwgoy itinte. ARUpper fifti iste  flame
retpreferably 45%iby velomecaricmorte preferably 408 by velbme: Byor the
41 s.50ntrolling theelparti%!g sizeC diségb%tgorps witmqn the above limits, it _, .
ecomes poSsiblé to mhibit bleéding i curing® 25 the TeSh compositioh or <
prarfditures of adfec farmudtation. The above particle size distribution can be

determined, for example. by syblecling.a cured platg oftheyresin..o..s 5oy
composition to a sma Inang e X-ray sca te?ing ahalysis and preparing a
curdliniercplotftone arseattering profifiegbtaimed by thiseneastenenttby 3@sin

com@ozankughen methad fo defermine aradius ofjpertia and assuming thata, .
geometry of a particle is a sphere.

containing the incrganic micrefine parﬁicle as defined above.

According to a twelfth aspect, there 1is provided a
semiconductor component device obtained by using the material
for encapsulating semiconductor according to the ninth aspect.

According to a thirteen aspect, there is provided a
substrate for electrical wiring obtained by using the
insulating material for wiring board according to the tenth
aspect.

According to a fourteenth aspect, there is provided a
method for preoducing a resin composition containing a compound
having at least one of a glycidyl group and/or an epoxy group
and an incrganic microfine particle, the method for produciﬁg
comprising a step of hydrolyzing/condensing metal 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 the hydrolyzing/condensing step, an

organic metal compound containing one or more element selected



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% 13 by weight. An upper limit of the content is
preferably 80% by weight, more preférably 70% by weight and
furthermore preferably 60% by weight. And, the content of the glycidyl
group- and/or an epoxy 5 group-containing compound preferably has a

L oo w8RIIBE GFR096 THy weight takind the dmodidtofife rddin cBfpoRRtion?, Sb

and asi100%4 by weight: The-lewer limitis;mere pesfarbly50% yweight AB: g
upper limit of the content is preferably 95% by weight, more preferably

USEH085 by WeigHHrPRifth 8 dRSpraferaliy B500B5 10 waight Yithely L group
and thermally sefteningtemperatuneref the above resin reompasiiompreferably: ns
has a lower limit of 45C. The lower limit is more preferably 70C. An upper
30 RS thE sdftering potht 1S Breferabl§ 2DBC And nidre Preferdbhf oI roup
and/AbrAad, thpsnelting point of theaabeve-rasin compasition 1 peferablyikps a at

- o lower limit of 80C. The lower limit is more ‘preferably 100C. An upper limit
= (’{s preferably §6§C and r%}?),?e Praferably ZS%QYJ’H% presentiventdrtalyt 2

glyaeelates tgreorgsinaodnjaasition 28ccomprisingathreencomponents<of ahat the
lic compound, a compound having at least,one of a glycidyl group
Comﬁgﬂ?dﬁg?r agr? %Bo%? Erocuopp&a%Jdnar? %oaré:gﬁﬁ%gtn%i%ré?ﬁ)féepnca\fﬁcle, the resin
cofpositidhriseinge a eesihidonegositionaHresresin comyposition C@mpnisiﬁgd a
met P AOMPARSRISL ILWhIch a1al0.0f asaglicien] of Nema) expansion. , o
25 a2, in a temperature range o gfass transition temperature Tg™ orf more
compgresdetficidnt of theemalléxpansivpatdin astemperaturel range-efifignr at

Leaggsedagiann g cyitiptipuiaon gt e g5l campasition S0 1988y - an
The above resin composition comprising three compo ents

incorganic microfine particle, the method comprising a step of
mixing the phenolic compound containing the incrganic
microfine particle dispersed and/or dissolved therein and a
compound containing at least one cf the glycidyl group and/or
an epoxy group containing the inorganic micreofine particle
dispersed and/or dissolved therein.

According to a sixteenth aspect, there is provided a
method for producing the dispersing element containing an
inorganic microfine particle as defined above, the method
comprising a step, in which alkoxide and/or metal carboxzylate are
supplied from a sclution level neighborhood 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 the dispersion medium or dilution thereof
from a reaction vessel bottom level, and a hydrolysis condensation
reaction 1s carried out under stirring, and the inorganic
microfine particle, which is the hydrolysis condensation'product
of alkoxide and/or metal carboxylate, is produced, wherein the
solution level neighbourhood of a reaction vessel means a space

from the mixing blade in inner liquid to the soluticn level.



30 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 35 and/or as an epoxy
group and an inorganic microfine paftle, 14 and may also comprise
other components in addition to three components, but the total amount
of these three components is preferably 5% by weight or more taking the

amount of the Whble™ re&iA coRfposribrias TH60ARAHENRE. The total

amaut is more.p; Preferabhn 0y weightar raere, 18 the above resin; ¢
. _composition comprising three components, each content of three
i CER TR Rt deschded AR ot hatticamFlimiea Afday Bein
com@mppropdately, set in accordance with various properties described below,
but it is preferable 10 tQ adjust each components so that the content of the
inGrHnict nTERimerpar IS DA BN (R ek fBrfeIbr BHE=D 1 ©
micresineoneosition: kas-a iowerdiait 0h5% By weight angd amuppere imit of
com 4053/1049 vI\{eight with respect to 100% by weight of the whole cured
H6flration: When the content of the inorganic 15 microfine particle is less
than 5% by weight, the cured formulation may not become a cured
for ' ayi vayi operi insulat
TR A T Shoak o abanih. it LR e e by
weélght the franspatdrey of drecuredformulation mayindtde dmpravesed in
deti\%%re 20 preferably, the lower limit is 10% by weight and the upper limit is
40% by weight, and furthermore preferably, the lower limit is 15% by
wéightesidithecappes dinitis 35%6uby wedight. Furthermore, eintorderttothe:
the content of the inorganic microfine particle in the cured formulation
within the above-mentioned range, it 25 is preferable to adjust the content
of the inorganic microfine particle having a lower limit of 1% by weight
and an upper limit of 45% by weight with respect to 100% by weight of
the resin
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composition. More preferably, the lower limit is 2% by weight and the

upper limit is 40% by weight, and furthermore preferably, 30 the lower limit

is 5% by weight and the upper limit is 35% by weight. By setting the

contents of the inorganic microfine particle within such a range in the

resin composition, a cured formulation paving a particularly excellent

insulating property, thermal shock resistance and transparency may be
obtained. 35 The weight ratio (phenolic compound/glycidyl group 15

andioe epoxy graup-eontaining cempaunds éorgaria misefine parisle) 9hpound
the.ehenolic somppuadhe alycidy group, andior Ihe epoxy =\ cpony group
grou -¢ontaining compound and the inorganic microfine ~ particle

Bftafelrih thé asbvetesit E3rhpasitioricomPrising s thtéeddsponan@d/ or an
frpreferabiyi forcexdmple | ho to &Of010B0/2 tn40atn thesabeveiesincrofine
samposition comprising three components, it is proper that a ratio of a
coefficiept o{h%eml)al gxpansion, a2, in a temperature range of glass

transition temperature Tg'10°6F mord'ts’s theffitient of HEP AN ExpArdion, 5oL Ld
al; id A’ fenmperatgre tange ok Tg Drdess:@2falnin acuted-fasmulationiofcy as a

dheytesity Coyrpagition isi2 droulesspand whenthesatie is Righer than, 294 and
the msulat{?rt}g Brogerty, (t}iﬁ tﬁverm | shock resistance and the

Tnoldabinity/formability thay Rot becdie stffidient and thefd 48 isth case of not

PossiBitity that tHe dredFortulBicreEannotibe syitabty applied tevaroys an
@r@:aaﬂ' he rzadﬁés:pr&fera@l;gl[@@ld@&_, andmore, gvgg,f@ngbi%l @@%@SS.

addiionras hesshovergrsd formulation acured formylation ebtained
y curin the above resin composition 20 containing three componenf"slbyg

A LRy e tHoH Gs &HlsEdY GIBW may Barusdir R aturég Fomdiater and an
obtained by turking aresing eerbpasition Coriaining ofher €aMBORRNS N ¢ roup-

Addition th_{h@ﬁ@deg%%%Ce@ﬁgﬁﬁ%@ﬂaa}ém&%ﬁs%r{%eeaggveche form
(%ass tﬁ:][réiltlon temperature (Tg) refers toa 25 glass transition
em§8 &°0f & cured formulation of a resin
in the above inorganic microfine particle, the content

of silicon (Si), which is a constituent metal component, is 50
to 99.9 mol%. When the content of silicon is less than 50 mol$
ormore than 99.9mol%, gelationduringahydrolysis condensation
reaction may be caused. A lower limit of the content of silicon
is preferably 60 mol% and more preferably 70 mol%. An upper
limit is preferabkly 99.5 mol% and more preferably 99 mol%.

And, the content of cne or more element selected from the
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 50 mol%, 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
limit is preferably 30 mol% and more preferably 20 mol%.

The amount of the above constituent metal compenent 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.

The above incrganic microfine particle contains 50 to 80%
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composition and, for example, it can be determined by drawing tangent

lines to a "temperature-change in dimension" curve obtained by a TMA
(thermomechanical analysis) method at linear portions of t_he curve

around the glass transition temperature 30 and taking a point of

intersection of the tangent lines as a glgss transition temperature. The

above coefficient of thermal expansion, al, in a temperature range of Tg

or less means an average coefficient of thermal expansion in the range of
fron v TG80C ¢ Tiga30G 3bawith respegt 4o Eg-value ehtaindythe TMAL or more

methad as desgribed 16, %@Qﬁ’%@ngéhgﬁﬁﬁb%\/f gaefficient o ];pt)gerr{qac!les having
expansian, a2, in a temperature range of Tg'or more means an average

Codticient of therfial Expansibh MtHEERgeTSE fighi T g+30C i ¥giBeC.As the
TheBBove Ebéffitient bf thetimal exparisiomean beeh determiged Hor amcunt of

exampieoby theyioHewingomgthods (Gondifions Of prepalingSample for ; o+ (5
g iQrQrAmreSisn gr?m%%%[t]%és Ié)q:%aded and defoamed under reduced ficie
pressure at 110C, and thel it 15 chargedhts aioid having e ihidkhadast

1 &Hd Bured it PROCISEIHREE hbtips ahbfurthér 16 at 150Csfortthree 50% by

lounsrie antdvendo obfain adesingraterhaving aeﬂawl?gf%ﬁf A Mnot be
asyring-pethod icient, of thermal expansion) A square piece in_

gﬂ%fe}gf 5 mrr? % 57?%%%5& o%gr% %E{ie'L rseslljﬁg) Eﬁa{’é@ 1Sbtlaﬁn(egzn ghd-an 80% by

%PZ Sifed By thefn drheERdidam I RRSYSiS YFMAS spparatasd formulation
(cornpression pracess) Glass transitidndemperatiwe (Tg)arg,ceefficient off ne

Hlﬁf Xpansi d X X rd(_es i %
e e e e
(0]

ained. FURhefmore, asArheASufiG apparatus, *PRaggvelume and more
Riagntgactlred 2006y Shimiadzur€orp. is used and measurement are

conductaa ainder sihe.eenditionsdhata doad s 1.9..a rate oflgmpgratwee. . . o1
Hp i% %9/ %n%t% %.”r‘?' %om%a%%{g] gigasngejf ngp %OO%S%ICn' I:‘Lnsthferseg Ir’g:ban 20% by
composition comprising three componen .

volume or more than 50% by volume, the coefficient of thermal
expansion may not be sufficiently reduced, or the glass
transition temperature may not be sufficiently raised. 1A lower
limit of the portion is preferably 23% by volume and more
preferably 25% by volume. BAn upper limit is preferably 45% by
volume and more preferably 40% by volume.

By controlling the particle size distributions within the
above limits, it becomes possible to inhibit bleeding in curing
the resin composition or failures of a cured formulation.

The above particle size distribution can be determined,
for example, by subjecting a cured plate of the resin composition
toasmall angle X-ray scatteringanalysisand preparinga Guinier
plot from a scattering profile obtained by this measurement by
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

is more preferably 10% by weight and furthermore preferably 15%
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the present invention, the phenolic compound is not particularly 25 limited
and a compound usually used may be used. Specifically, there are given
compounds having at least one phenolic hydroxyl group such as phenaol,
o-cresol, m-cresol, p-cresol, o-ethylphenol, p-ethylphenol, mixed cresol,
p-hydroxyethylphenol, p-n-propylphenoj,m-isopropylphenol, 30
p-isopropylphenol, mixed isopropylphenol, o-sec-butylphenol,
m-tert-butylphenol, p-tert-butylphenol, 2-allylphenol, pentylphenol,
‘proetyiphiehel, gnonyiphendlm2,8-difnéthylphenot2;4idimetbylpherdly 80% by
Q&Qmﬁthﬁdﬁﬁ%ﬂ@éféﬁa@wwlpg?m%vi ﬁ’@ﬁ%@fﬂ}gwﬂ@%%ré%referably
3p-d met@xlph}ggol, 2,6-di-sec-butylphenol, 17 2,6-di-tert-butylphenol,
3-met I-4-|sgprobylphenol, 3-methyl-5-isopropylphenol,
3-methylBdisopFopyiphidriott 2oteri-batytrdsmethylphenokp- and/or an epoxy
&meﬁwb&i’e&ﬁbmwpf@mb@m&@-gﬁrtzbblj_&yﬁlﬂé%thb{ﬁi)@eé@kﬁf&h limit of 40%
m@@g] Vi enplic roxyl groups such as .
}ggtech_o : rgsﬁﬁg}%ﬁoﬁ%%ﬁgb%%heon% i@%is%%%ﬁ%l S PRpRehdIE: @5 100%
"oheryi Bhériol, AliTapttHEI ahd3 haphtR6IT Ankdiffetheks, phehbl by weight.
Fgcrasol midresol, oot ipheresoh toatachol, phemy phenel o@:npphthol grd, more
ﬁ@%b@%@ﬁ%jﬂg%%a@9,%@1Hﬁyfgﬁéb?&§€§§¥%ﬂ¥8rE?%%%@Q%E%”QE% by

10.two or more of them. The above phenolic compound'may have a

“Strud utré in which two or more aromatic skeletons respectively having at

least onehphehslicvhydroxgbdroap lare bendedrtomach ether withaatove resin
CUGRAIS 1 $KIBLOp NI NG, O ore, CAIRoD, A9 (Derebepueen. apfdng o,
1115 %QcmfgurglgrhaV|g r‘ilmh a structure is one of the preferable '
embodiment ofetﬁaeg BEAPMYention: SUth FRBEErESf the TphBRoieftening
Réohipound allowsstheldured f6rthulation tohavesthef impioved flante .
retardaneyiand the ieproyed insutatingdropery 0fdhe cuediformulation s on,

ing.from.a_structural feature,. 20 e cured formulationis =~
Efs.%alt%%?e%%r? gr%suge?ﬂﬁ?ﬁegab%\%e p%r%ﬁ%%‘om%ﬁn&?fﬁ%%r%?ﬁ%’é 15 more

Riefdtggbly 100°C.  An upper limit is preferably 300°C and more
preferably 250°C.

The present invention also relates to a resin composition
comprising three components of a phenolic compound, a conmpound
having at least one of a glycidyl group and/or an epoxy group
and an inorganicmicrofine particle, the resin compositionbeing
a resin composition (the resin composition comprising three
components) inwhicharatioofacoefficientof thermal expansion,
Oz, in a temperature range of glass transition temperature Tg
ormoretoacoefficient of thermal expansion, a4, ina temperature

range of Tg or less (a,/0y) in a cured formulation of the resin
composition is 2.0 or less.

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 phenclic
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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represents an aromatic ring having at least one phenolic hydroxyl group.

This aromatic skeleton is a site having a structure of type such as a

phenol type, and a phenol type, ahydroquinone 25 type, a naphthol type,

an anthracenol type, a bisphenol type and a biphenol type are suitable.

Among others, the phenol type is prefetr&d. And, a site having a structure

of type such as a phenol type may be appropriately substituted with an

alkyl group, an alkylene group, an aralkyl group, a phenyl group or 30 a
BRENIERE §roti. TIPTH: dFSvehsolic eBRTIdBRAE Sthetorganitiskeletse three
refersotoea site Wwhichiiondsotwolaromatictring skeletons-tespectivelponent s is

59@@@3191% p@@@;lz' Qu %q: %@r@%@;ﬂjﬁé apﬁiéﬂ %‘?‘ng%bg‘%Sthe whole

atom. And, the organic skeleton having two or more carbon atoms .

BT AL HES & i et Pk FirtFstiitiure TaifesEReLaTpuRE 15 more
BFGéiareRaving A%irgyofn. alighatic ringran aromatic ring or the like,

and asthe:Fag Beyclopentanenings 2 €yelhexane: Hng. A henzensiiinent s,
Q—J@E’h%‘ﬁ%%@”% gngha]peantgg%:egg rir??s ar preferre% Ttga above .
organic skeleton preferably has a fing 5 structure ahdlfor ansrorsatic Tird”
BBhtaifg awogéwaw% EHay Priaking ARG ia phésphateie fagordance
and the dike.cThe porganictskeletoa preferally hasadtriazine fingiang/ee@Brable
aeomatic dndparficularly., 1he aboye Q'EGJP'%CQ’EB%%O%E‘%\% AYE Mo rganic
aromatic skeleton and an organic skeleton other than 10 the

LhGve-mattional skettorS MMy siultifesishe Aade Brstadifninet the
whichtwonroraatic skeletons respectilalp hravirfy 54t leastaangiphenalien upper

hygroxybgroup-arg.pondegde eachrother withan Qroanie SKelelan; o ne of the
‘Srﬁgﬁhé/le&e}ggV@g on%g%rbon aton}hﬁt}herebetween. 15 As for the above ,
D i g SR e ERtiniAg atiffog@RrIanic

gnolic-compound, Wheh Adving &'
e a5 diforganicisketeton, becontditaot thé nitrogen abrm, preferablyred
hasmdower imikel, K¥hyaveight and.arupperimit-af ROYoRMWEIPRk ce11ent
\ygl}%%ﬂ%sp g%rg}tg Jr:]Ic ilse%Uts gfcg] iassr%r}’gseu ﬁ]a rgrizsg %?8%%@99/ gx‘*ﬂ thermal shock
resistance, and when it is more than 45% by weight, the
transparency of the cured formulationmay not be improved. More
preferably, the lower limit is 10% by weight and the upper limit
is 40% by weight, and furthermore preferably, the lower limit
is15%byweight andtheupper 1imit is 35%byweight. Furthermore,
in order to be the content of the inorganic microfine particle
in the cured formulation within the above-mentioned range, it
is preferable to adiust the content of the inorganic microfine
particle having a lower limit of 1% by weight and an upper limit
of 45% by weight with respect to 100% by weight of the resin
composition. More preferably, the lower limit is 2% by weight
and the upper 1imit is 40% by weight, and furthermore preferably,
the lower limit is 5% by weight and the upper limit is 35% by
weight. By setting the contents of the inorganic microfine
particle within such a range in the resin composition,d a cured
formulationhavingaparticularlyexcellent insulatingproperty,
thermal shock resistance and transparency may be obtained.

The weight ratio (phenolic compound/glycidyl group-
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20 properties of cured formulation such as flame retardant property and
heat resistance may not be more improved. More preferably, the lower
limit is 3% by weight and the upper limit is 30% by weight, and
furthermore preferably, the lower limit is 5% by weight and the upper limit
is 20% by weight. 25 In addition, the coptent of the nitrogen atom refers to
a weight ratio (mass ratio) of the nitrogen atom composing the phenolic
compound in the case where the amount of the phenolic compound is

takehcas :00%ybyweight db iscprefarabledbatthe-aboverphenolic o microfine

£amPoUnd s 30 radyeed. pm.alsaction atedal SqURIYNG .oy and/or
compound to form the aromatic skeleton having at Igagt. oneyph%r)o ic’ .
WArsR GroUhC HisTEnaftar Aidtrefdrrate ha ®s cdfpbundds fomidrrofine
arorhatic sketetont) and a compeuad do forne thenorganje-skeleton kaving i sing
e o Mg earbar atoms thereinaltey, alsgrefenred {0.as'®..35:6 /19 6 50,2
compound to form an organic skeleton”). 19 The above reaction material

tﬁ?ea%@'a mixture comprising a compound to form the aromatic skeleton

and a éonbuAE 2T forms thesrganie ‘skéletorsand temprisingeanotheronent s,
rompopnde becusad Aif necessary And semprsinga selvent to.be used ifc i on,
Cpecessagy@ in order to ferform the reactjon. Furthermore, the compound T

{6"fofm an aromatic sketstoh Hhdthe cShpsihd I ot the‘brgahiee rature Tg
Skélefon ey Detisbdsitgly orifi tombilatisp oh tio oy more rof thempdisature
the.gbove compeund e fam the jaromatic skelatan, And0Lompoutdeife resin

e 0 PEMOE Phanoli MClixyl gleus, 8te PANTRd 10N aromalie : ran
ing, may be used, and one or more substituents except phenoﬁc .

%ygro Yrolip Ma B BdntRats Wi afdiratiC irga Biwrcalls Herbaree and

tgivenalcbrpdundyiadvimg:ableast gne: phenolic:-hydrexyl: goupi descrbed: he re

BV 068 compoundnaving:, Lo twp 0f mare phenalic nydroxvl.grouns. ; « ap1

As rfe ad% ve-mentioned a compound to form the organfic skglletoln, ghere .
HrEstiita %youggdf Hiomatt moietiss halihg +8 Preferably 1.9 or less,
and more preferably 1.8 or less.

In additien, as the above cured formulation, a cured
formulation obtained by curing the above resin compositicn
containing three components by a curing method described below
may be used and a cured formulation obtained by curing a resin
composition containing other components in addition to the above
three components may also be used.

The above glass transition temperature (Tg) refers to a
glass transition temperature of a cured formulation of a resin
composition and, for example, it can be determined by drawing
tangent lines to a “temperature-change in dimension” curve
obtained by a TMA (thermomechanical analysis) method at linear
portions of the curve around the glass transition temperature
and taking a point of intérsection of the tangent lines as a
glass transition temperature.

The above coefficient of thermal expansion, o1, 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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any of an a-hydroxyalkyl group, an a-alkoxyalkyl group and an

a-acetoxyalkyl group, (2) compounds having an unsaturated bond, 20 (3)
compounds having a carbonyl group such as aldehydes and ketones, (4)
compounds having two or more of these specific active groups or active

sites and (5) compounds having any of pg amino group, a

hydroxyalkylamino group and a di(hydroxyalkyl) amino group. 25 As the
above(l) aromatic moieties, there are suitably used p-xylylene glycol,

pixylylene glycokdimethy etbers praiasetoxymethyibenzens. mrxylylane o, in
g |y&9h5€ }.()élﬁ( l?f‘@ QIXQQJ ed B’fﬁe%]é[ ! 8 Eh%ro s %%Cae lll%xérpleg{yelek%:%nzencede fficient
p-dihydroxyisopropylbenzene, p-dimethoxyisopropylbenzene, 36

BliAEEBRSiS opropYIbehZ 8né NrikyGrosgRiEthyiBeAzame, Tg+30°C to Tg+80°C.
trihydroxyisoprbpylbenzenef trmethoxymethylbenzenespansion can be

Hinaethexyisgpropylbenzene, 4 -hydrexymethylbipheoyl, ;o i 1o |
§c4'}1mdet@%¥l@eth§|’|b' Qaen%/,_AA'-aceto methylbiphenyl,

3-hydroxymethy b%%eﬁy L3139 B methyibiphhye 350n)
3,3"-acefokyinéthyibiphenyl t4 anhyerbrgisopropyibiphehyh20d under reduced
dré-seethoxyisopropyibipheny| . A-acetoxyisopropylbiphenyl, . .14 having
g,SSfil%drgégigo(%Of Ib|ph§nyl,_3,3:-m_et xyisopropylbiphenyl, 5 o
3,3"-acetoxyisopropy |p%e%y?,%,§$)a/&r£§ﬁn%tﬁ%iﬁa‘b%ﬁ?aﬁ*eﬁ@?r s and further

25 ImBthokgméthyinaphthaientn 25 asetoxymethymaphthatenie; plate having
2,6-hydioxymetkyfindphthalene, 2,6-methoxymethylnaphthalene,
isacetorymelivinaphiiglens, Z5-fweiowyisopropylnaphihalene, 10,
2,5-methoxyisopropylnaphthalene, 2,5-acetoxy|sopropyﬁlapﬁﬁ%?ene,
2,6-hydfoxyEEprépiridtitnalend, 2 esnethoRyisBpropylisptithafatie afd from
OhG-atetokyisopropyledphthalens. 5 Asthe aibove (B),cempbundshavingnical

é@dﬁ¥@$§aﬁﬁhh9n%pparatus (compression process). Glass
transitiontemperature(Tg)andcoefficientofthermalexpansion
(o, o) are determined by the manner described above from a
temperature-deformation (change in dimension) curve obtained.
Furthermore, as a measuring apparatus, “TMA-50” manufactured
by Shimadzu Corp. is used and measurement are conducted under
the conditions that a load is 1 g, a rate of temperature up is
5 °C/minute and a measuring range is 20 to 250°C.

In the resin composition comprising three components of
thepresentinvention,tjmaphenoliccompoundjjsnotparticularly
limited and a compound usually used may be used. Specifically,
there are given compounds having at least one phencolic hydroxyl
group such as phenol, o-cresol, m-cresol, p-crescl,
o-ethylphenol, p-ethylphenol, mixed cresol,
p-hydroxyethylphenol, p-n-propylphenol, o-isopropylphenol,
p-isopropylphencl, mixed isopropylphenol, c—sec~-butylphenol,
m-tert-butylphenol, p-tert-butylphenocl, 2-allylphenol,
pentylphenol, p-cctylphencl, p-nonylphenol,
2,3-dimethylphenol, 2,4-dimethylphenol, 2, 6~dimethylphenol,
3,4-dimethylphenol, 2,4~di-sec-butylphenol,
3,5-dimethyliphenol, 2,6~di-sec-butylphenol,
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there are suitably used divinylbenzene, diisopropenylbenzene,
trivinylbenzene, triisopropenylbenzene, dicyclopentadiene, norbornene
and terpenes. As the above (3) compounds having a carbonyl group,
various 20 aldehydes and ketones, having 15 or less carbon atoms, are
suitable, and benzaldehyde, octanal, cytlbhexanone, acetophenone,
hydroxybenzaldehyde, hydroxyacetophenone, crotonaldehyde,
cinnam,aldehydefa%I%/oxal, glutaraldehyde, terephthalaldehyde,

¢yclofiexaneidiafaghyde thdftlodetaie D5 dialtichyce robomanac
diatdehydé endisbed atdehyde are Jprefered: inthecabove(4) gemprunds |,
baﬂQQ@NQ&%ﬁTMQJHéQEQQ§H¥HW§Q@E%Eé%,fu%%§@%%%?ﬁ%¥lpheneland
gq_rp%o%r_\g)ggw 9.2 carborrjf%l grr{ctgj1 and an unsaturated bond, there-are
Suitably used 3 |soper85’é( B eljife, FOPpropETaletpRshdie or more
eifronelldicéitrairant peritialde hydec And, asta compound davingedn biphenol,

Bihyeirexyalkyl aseup AEAR R8Ik u 0 rated ho

ghrg%_re s%ggglus?é%ihxdﬁx%m%%%grfﬁ:?gﬁ%%%%%t %/1 Pebncrol
a-methylstyrene. dimethoxy) B5 thyisnretie! dmetiddfmttyl m-cresol, or
B-ifiéthyistyreriel 22hRydraxyareiydivinyiBenfergyphthol and the like are
hyeroxyaiethylditsopropylbenzeng.c metbaxymnetpyldivinylbenzeng,and+ion of

methexymethyldijsopropylbenzene. 5 As the above (5) compounds
having any of an amino group, a hydroxyalkylamino group and a

di(hydroxySIRARTHOGTOAR, * therdmkre dtitdbly sdharRAfhes Gughad n which
hﬂﬂaﬁﬂﬁé?ﬁﬁhydﬂﬁqhﬁﬂhykﬁﬂamﬁneiH@yﬂ&n&ﬂﬁﬁhﬁ”ﬁ@ﬁﬁﬁﬁﬁat least one
pretoguapamines difydrexyipetiylagetoguanaming, 10 1o with an organic

éqiéelhey&r)%x%mgth Ia%etoguanamlne, benzoguanamine,
dihydroxymethyl bénz8Guahaliite, tEtFaarokyetiyiBerudrgmingnd the
HPERSHAG dervativesstheled!, Stchias urea, {dihgdoxymhethyd)ureaferable

embodiment of the present invention. Such a structure of the
phenolic compound allows the cured formulation to have the
improved flame retardancy and the improved insulating property
of the cured formulation resulting from a structural feature,
and the cured formulation is suitable for more uses.

in the above phenolic compound, the aromatic skeleton
representsanaromaticringhavingatleastonephenolichydroxyl
group. This aromatic skeleton is a site having a structure of
type such as a phenol type, and a phenol type, a hydroguinone
type, a naphthol type, an anthracenol type, a bisphenol type
and a biphenol type are suitable. Among others, the phenol type
is preferred. And, a site having a structure of type such as
@ phenol type may be appropriately substituted with an alkyl
group, an alkylene group, an aralkyl group, a phenyl group or
a phenylene group.

Intheabovephenoliccompound,theorganicskeletonrefers
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

preferably has a ring structure. The ring structure represents
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(tetrahydroxymethyl)urea; amines, such as ethylenediamine, 15
dihydroxymethylethylene diamine, tetrahydroxymethylethylene diamine,
hexaethylenediamine, dihydroxymethylhexaethylene diamine,
tetrahydroxymethylhexaethylene diamine, p-xylylene diamine,
p-dihydroxymethylaminobenzene, m-xylytene diamine,
m-dihydroxymethylaminobenzene; anilines, such as 20 4,4'-oxydianiline,
4,4'-oxydihydroxymethylariiline, 4,4'-methylenedianiline and 4, 4'
Arietiyieriatifyaroxyriethylamitine £ Amond théat éempoundsihavingat ic ring
tsiazihe: S}(B]&IQFBSMII& ascmelaming, bﬁ@ml@gﬁ'@ﬂﬂ@%e_agﬁt@gu anamin@hexane
an the lksqre preferred, 23 E%}%Q%Vaefee%g“?“ material prefergoly. cene ring
contains the compound to f orman aromatic skeléton (fwerelnater,
AEBrafetietl 16 ds "altaf ThASRL ROPEAE st 164t &y BRé BrERd 1y has a ring
edmpounds torforfr anzorganicskeletom {hereinaftes,;also seferiettiodgen atom
ueawmaterial B ram (o (Okdsperibadahave Thealbore 0geagion
5;32 raw material A, at least any one o

material more preferabl contain?& i?e?& a( : . géﬂ@ ks y
el&tdh (hérenittet Cal fe tgr an

the cor E):Otf’nk 5o 13t igaA
agcaraw matevial Bayisetected ftom (I)to () aescribedabove andithend may
ﬁam@oanqatlcaéafm %a gg@n‘iébtske%t@a A(Qﬁ@%%@ﬁ@%@%@%éﬁh}%&%%a than
t " of the above . As a reaction order e reaction
T D e e Ry P anagng have &
PAV ARtERS BT are ik dpeVidUSRABEfSr6 hifttidtiner e réaciont tandeit is having
prefesreditoreachthenraiv materint B2hefgre areaetion ofdbei raw cach other

faterial.A and the raw material, Bl js completed, )aﬂg?%‘égﬁ;g@@'%g%o atom

‘%[éeferred thatthe raw material A, the raw” material € raw materia
Creeihiif&Reously reacted with one another or that the raw material A
is reactésswiththé hrave bvaterigl B2hatlthe firstngtagednd whem reactechwith ring

he-rawmateda)Bi a1 thersecond;stag) éﬁ“ﬁ%@ﬁ‘QSTEH“%P@Q&%%“Q{életon,

rgg%r%rrp@y e more surely improved and the reaction materia o "
%ecomes Suitably a%plﬁégtﬁgqgﬁﬁuglaﬁ{&/%ﬁﬁ?grﬁﬁ%&@§%fa lower limit of
1% by weight and an upper limit of 50% by weight. When this
content is out of this range, there is a possibility that
properties of cured formulation such as flame retardant property
and heat resistance may not be more improved. More preferably,
the lower limit is 3% by weight and the upper limit is 30% by
welght, and furthermore preferably, the lower limit is 5% by
weight and the upper limit is 20% by weight.

In addition, the content of the nitrocgen atom refers to
a weight ratio {(mass ratio) of the nitrogen atom composing the
phenclic compound in the case where the amount of the phenolic
compound is taken as 100% by weight.

It is preferable that the above phenclic compound is
produced from a reaction material comprising a compound to form
the arcmatic skeletonhavingat least one phenolichydroxyl 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, alsc referred to as “a

compound to form an organic skeleton”).
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electronic materials, adhesives and coating materials. More preferably,
the raw material A is reacted with the raw material B2 at the first stage
and then reacted with the raw material 15 Bl at the second stage. The
molar ratio between the raw material A and the raw material B to be
blended, which are used in producing thegabove phenolic compound,
preferably has a lower limit of 1/1 and an upper limit of 10/1. When the
amount of the raw material A is 20 less than a molar ratio of I/l, gelation is

caused duringpraducing aa teisin. composition, andwhen the;ameuntofthe ising
raw massrialaA Is morg than a molarr ?HOSQIQ'PQ?CPI{O%% rré%tsczc)ofrgu{gl?nd to form

formulation, such as flame retardant property may be 0 ex

MoTe Prefdtabiy’ e fowsr limitds BRI A fHé EPPERSS MANTOBA SiHed e used
it beeemes posgible thattthe résinrcompesition: exhibitohighssteengthrat ce ssary

elevateddemperature.ur tﬁ%@]q@a@@i%ﬁbly’.m%m&ﬂmtei,s ]tﬁél' %%gnpound

élcjl.f%rgrfﬂegabglfghe %bove]Prgenglic coméoound is formed by reacting the ,
above Feaction MAaterial in preserce of & CAEIvSE R ik atR<h whickp roanic
E41T b eripleed ot proddcingtied pherolic:compbunag maybeénéwo or more
edpatteaf reacting the above reaction material. In the case where

reacting the raw rg%tgg I Ié%é‘%% presence %f the ahove cataI%;%t, as an acid

catalyst, there are suitably 35 used inorganic acids suth a8 hydroctione -7 @

£EAPSittic SRitR28Tghed sHowe Beiah Siahicostiferie acidsr oups are bonded
p<ohueresulfanit @cid nand methasesukenic acid, dltsastrang-acigdsissieh t uent s
as bo triflugride. gr. e rifluoromethanesulfonic acid . .

nd h%ne?opol acic]% %%%ifs%%%éﬁ%%{%?&s%%ﬁ%% g(%i%gtgg 5 ]é%m?glc rang-

Pifihidtic ZeotitdrsUifShieacitity fe TleRchatTesMm Ay ing at least one
perfluoloatkanaisylfonic aciol type damexchangeresin. oThe ameayntwithe aving
glg@vq;@@&%u%ﬂﬁb@@@;%g Jgh% faw material Bl is reacted is

approprigtel;& et in.accordance. with the acid s rehgth of each catalyst,
anditmeeﬂaé above-mentioned a compound to form the organic

)
skeleton, tgégi?are suitably used (1) aromatic moieties having
any of an a-hydroxyalkyl group, an a-alkoxyalkyl group and an
a-acetoxyalkyl group, (2) compounds having an unsaturated bond,
(3) compounds having a carbonyl group such as aldehydes and
ketones,(4)compoundshavingtw@orn@reoftheseSpecificactive
groups or active sites and (5) compounds having any of an amino
group, a hydroxyalkylamino group and a di (hydroxyalkyl)amino
group.
Astheabove(l)aromaticmoieties,therearesuitablyused
p-xylylene glycol, p-xylylene glycol dimethyl ether,
p—diacetoxymethylbenzene,mwxylyleneglycol,mrxylyleneglycol
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,
3,37 ~acetoxymethylbiphenyl, 4,4’-hydroxyisopropyibiphenyl,
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10 a lower limit of 0.001 parts by weight and an upper limit of 100 parts by
weight taking the amount of the raw material Bl as 100 parts bywe.ight.
As the catalyst which becomes homogeneous in this range,
trifluoromethanesulfonic acid, methanesulfonic acid and boron trifluoride
are preferred, and the use amount 15 ofthese compounds preferably
have a lower limit of 0. 001 parts by weight and an upper limit of 5 parts
by weight, respectively. The use amount of heterogeneous ion-exchange
resiT emactivateg ctayrpreferablyrhaveia lower limit of 1 parts by weight

and an am>!mg%fpjr%%%%§§§ ight 20 In the case where the raw

material B2 is réacted in pfesence of thé above catalyst, as a basic

atalyst YA&re are SORABKY bSed R§dréxides and oxides of alkaline metal
& alkalire bartty imetal such bs sbdiupi hydroxide, potassium hydroxide

@U@baﬁw@tBW%PéEﬁ%@ﬁg@@ﬂﬁﬁbQQﬂF“ﬂ?%gﬂg?ﬁg%yﬂg@ﬁggﬁgﬁg%%alene,

%eéa_rymeal;ﬁhp{lenetetrﬁ%mge and %od'um carbonate. As an acid ca
lefe are SUTRBIY usdd 1 %‘5 & hclf such B R drockisric seld it dricl ene
dcifl Andacsupreriecadid .organichacidsi such as oxalit asigdrarthadeticpdditta Lene,
bewissagid angaivaisntmetalisaits such as zinc acetate. And, when the

i sition 30 of the present invention is used as an epoxy resin
%ﬁ?%ngﬁ gggrﬁg%?ge ﬁ:ﬁﬁ&%ﬁeﬁ?@ﬁi@bﬁgt@%h it is not preferred that
Mg&iﬁgg%ﬁéﬁeﬁ%@ﬁa@ﬁi&éﬁé% as a catalyst residue and

thevetore: it dscpriefersed to; use the-amings<gs a basic catalyst and the
OTORNIC,AGidS: 35 AN %2%% %%Egggermore, it is preferred to

%\e/zr%ove impurities such 24 as salts by carrying out neutralization and
ARG Wt WARSP HRSCEseBi BréFite réaetion of the raw material
B26 tra exdditioni when the Amipés: arelemployed as the catalysts, it is

preferables nekto carrkautthe resoval frgatment:of | QH“H%%étS{}‘EQSaeSd bond,
Qﬁgggllzatéoré&%ga aishln% V\g’[h water. The above phenolic compound is
obtained by Cohdehdation® 5F an afdmatit FRGSH e Faw THREPRFR BHFR Zene
sEpatitiertignzene, triisopropenylbenzene, dicyclopentadiene,

norbornene and terpenes.

As the above {3) compounds having a carbonyl group, various
aldehydes and ketones, having 15 or less carbon atoms, are
suitable, and benzaldehyde, octanal, cyclohexanone,
acetophenone, hydroxybenzaldehyde, hydreoxyacetophenone,
crotonaldehyde, cinnamaldehyde, glyoxal, glutaraldehvyde,
terephthalaldehyde, cyclohexane dialdehvde, tricyclodecane
dialdehyde, norbornane dialdehyde and sbel aldehyde are
preferred.

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
iscpropenylbenzaldehyde, isopropenylacetophenone,
citronellal, citral and perillaldehyde. &nd, as a compound
naving an a-hydroxyalkyl group or an a-alkoxyalkyl group and
an unsaturated bond, there are suitably used dihydroxy
methylstyrene, dihydroxymethyl a-methylstyrene, dimethoxy
methylstyrene, dimethoxymethyl a-methylstyrene,
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the raw material. B, but carboxylic acid, alcohol. and water are produced
as a by--product together with the phenolic compound 10 during this
condensation. These carboxylic acid, alcohol and water thus produced as
a by-product can be easily removed from a reaction product without
complicated process by distilling off ungder reduced pressure during or
after a reaction or performing azeotropic distillation with a solvent. In
addition, 15 the reaction product refers to a mixture containing all of
sybistanges: obtainethliyngansdicting dhe reactional mentioned above and it

FoRIAINS A, catalyst if Necesst O%%glgsftll,zagglvent described below in

addition to the phenolic com , carboxylic acid, alcohol and water
BrddUCed R By Haddet SE v teeeadtbn conditions in the above
pedductionaof thel gphenoliccecampound; ¢he reaction temperature is

preferabl set 2t ieppqraiui,ALutigh £arolis adid, alsobel and., . group,

gv%er&lproducfd as Igry roducts are evaporated and distilled off, and
feaction tefnperdttrs preferabi Ras for example Hlowst bEiieaaIg0grour,
Hhaen aoperdimitef240C1 Motetpréferably s theslowerdimitis 1:40G:and
dhe. ypperdifmit 180G ang: furthermore, preferably the lower limitis
&§Q§Q€%({l%ﬁbgmuprp§f %@HSQ%%OC-IHW S, in theéorodgction‘of the phenolic
compound, carboxylic aciiand the Tike aré prodt Eed s By froducts, but
Bplthesy dompotindd ¥an Be easiy ramioved fromnthe eactioniproduct.
Airtdy theoreactioh {imse=tependsona ray material, the type and the

i I ction temperature, but it is preferred
e T T e NG rai Mol & ahir e o=
‘}E\?vl?ﬁ&t’ériar%%“sﬁﬁstéﬂﬁt%my 35Sl ety meALHY, JuniiF édrboxylic acid,
blcohok hnd water23: fayé hotgeneratech and the ceactiondinne peefeeabliynine,

&Eﬁjﬁ%@@%ﬂgH&QQQQHvﬁgﬁéa@ﬂﬂﬁﬁ@ge@E@Egk?%?g%i?ggﬁigethylene
{%fe_rably, ?;le lower limit is 1 hour and the upper limitis 12 hours.S As
ifor {he'reacton me iHRE ABBVE Prodiichish op tgtet hy Lhexaethylene

diamine, tetrahydroxymethylhexaethylene diamine, p-xylylene
diamine, p-dihydroxymethylaminobenzene, m-xylylene diamine,
m-dihydroxymethylaminobenzene; anilines, such as

4,47 -oxydianiline, 4,4'-oxydihydroxymethylaniline,

4,47 -methylenedianiline and

4,4’ -methylenedihydroxymethylaniline. Among them, compounds
having a triazine skeleton such as melamine, benzoguanamine,
acetoguanamine and the like are preferred.

The above reaction material preferably contains the
compoundtoformanaromaticskeleton(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(l)to(4)describedaboveandthecompaundtoformanorganic
skeleton (hereinafter, also referred to as “a rawmaterial B2")

of the above (5). As a reaction order of the reaction material
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phenolic compound, the reaction may be carried out in presence of a

solvent, and as for the solvent, an organic solvent, which is inactive to the
reaction of the raw material A and the raw material B, is preferably used,

and alcohols, such as methanol, 10 ethanol; ketons, such as aceton,

methyl ethyl keton, methyl isobutyl ketgry arenas, such as toluene,

xylene, monochlorobenzene and dichlorobenzene; ethyl acetate;

ethyleneglycol monomethyl ether; N,N-dimethylformamide may be used.

By usivigpsaels a solventritis pessilé4d homageneouslynks dissalvertheand the

ke material in the sqlvent &%%W&@@M%JQ% ravy. materia| §'Peac tion,

rea(gteg it |s gerred Lo carry out th trﬁ reaction without a solvent. In the
bove prodﬁctlon ofthé phef %138 compounl, WHeH the BY20r6dGcts sueRaction
a§ detBokyite Beibe slcaholbantddvater, any 26 the sellehl ate remavedted, and

from theatgaction productpit isrpreferablento-distil off -y disélling atthe the raw
@Q@éer%elntgp%qﬁeg}pera lggerﬁjq:der re QU%%d £%essaur§| o{ 0 1 to 1 i(y L cted
e distille

In this case, since unreacte enolis a SO may
BrefEriiif O idieF the rér%@arhfét@wyrmdmz@hn% fie &t@wmmth the
after thetreattdn M@stmﬂmllgmﬁmleﬁeggwmmvm ald@f@mﬁﬁ @Bch the

H§§H‘F§c%g}e’ (3’?’_? ﬁqmFEQLWQ géiQﬁﬁQQ\L%@nen LI J.G!g%/ r?at%ua ante fetaldm

Ehenol resin, so called, is obtained. When phenol san es are

CEd Y phEsb i "6 an 5&5%&%?5}95%@@18@ %ﬁmﬁ?ﬁ&ﬁé@n material
poveme typa130 phénolaesihiis abiained; andwhienyinforesence ofarrials of

alkatine ceatalyshby a publicly kaouwn:method, Fesoliypg phenal £esingig - yore

obtained. Thes henol resms may _be also used. A " triaZin
plaine BI Y

ing-con am%g polyhydfc phenbl ]br’éuﬁédfb%%&&%%mﬁa%ﬁyaag geterial
e rdw Hhdtefial® {(3) corfpound) ahdtriazines: 886 of tHeravmaterah@terial
mithahe raw m@t@ﬂaﬁAgﬁ%@llent in 26 flame retardancy and preferably

used 351%8059899%%%“&%6 comeo OS‘Ictf?n %ré&h%%egénrgOTpRSItlog the raw
comprising two components an

material B to be blended, which are used in producing the above
phenolic compound, preferably has a lower limit of 1/1 and an
upper limit of 10/1. When the amount of the raw material A is
lessthananmlarratioofl/l,gelationiscausedduringproducing
a resin composition, and when the amount of the raw material
A is more than a molar ratio of 10/1, properties of cured
formulation, such as flame retardant property may be hard to
exhibit. More preferably, the lower limit is 1.3/1 and the upper
limitisS/I,sinceitbecomespossiblethattheresincomposition
exhibits 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 reactionmaterial in presence of a catalyst.
The catalyst which can be employed for producing the phenclic
compound may be one capable of reacting the above reaction
material.

~In the case where reacting the raw material 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 resin composition comprising three components of the present 5

invention (hereinafter, referred to as only "the resin composition of the

present invention") , as a glycidyl group- and/or an epoxy group-containing
compound, there are given, for example, epi-bis type glycidyl ether epoxy
resins obtained by a condensation reagtion of bisphenois such as

bisphenol A, 10 bisphenol F, bisphenol S and epihalohydrin

(epichlorohydrin and the like); high molecular weight epi-bis type glycidyl
rliverrBpayrresing obtaimed by an abdition seactiopefhisphenols stemic acid
@sgbia@ﬁmhésb@pbal@ Fa@@@!i bisphengl 3 10-gpisbis Hype; lygigyl eLher, o

resms obtained b ensatl n reacti 5 of bisphenois_such

|sp eno?%\ “Bisphenol E and bisph no‘f@gﬁ&%ﬁﬁ{ﬁ?&%%ﬁs%\%i&&camd
%Q@PW@%@W@WM apexy areshsebtdined by aondensation activated
céaction ohepibalohydsiniand: P@ﬁ%l@@ﬁ%@ﬁ@b@@@dﬁyﬁmexchange resin

condensatnIeagion alphorals, sueh.as ghenol ciesgl aenoh. . e

naphthol, resorcin, catec blspheno[ enoﬁ—nan

with for%%?dearwén%&%alﬁ%ﬁyé@oar%pﬁaﬁdérﬁfaeuﬁ@ﬁzavaehwecase where
Hydroxybenzaldehyde] salicyaldehydes diyclepentiadiene, stetpenesccordance

WEoumarin, Rxylylens glycel LQLHE@XE?J% Qp:'gqro %ﬁ%ly{en% % arably has
bliréydroxymeth Ib|p enyl aromatic 25 crystalllne €epoxy resins o talneé) _
%y & EondendionTeatticr %f%%ﬁﬁol%ydr?ﬁeérﬁj}lf%tradﬁgetﬁ?m‘tﬁ?%%l,llmlt of

teftapretiyt bispherial iR, hydFdohindriesornmephthalefiediol andhighterial Bl

dnadlecuylar-welghtsesimef thexabeve-mantioped gromatic.crysialing enexy. « s

fesins, btalned by dition reaction of the abaqve bisphenols, 30
t§tr%}?n§th énglrtl%qametﬁml atﬁélp enollqu ﬁ%%c%%%e%?thanesulfomc

Haphtia n@é’lé% tﬁé%@d\?@@féﬁla@é%ry’sﬂalﬁﬁeﬁepdxy sesing;haliphaticamount

cg‘lytﬁd@'l@@thﬁfn@@mmlc&easm@mmag }kam@@r@r?wgm FRRGHQIYOh . 001 parts
ihalohydrin and or ro enatl aromatic

be>pe eto(%gs{ such as?h{ggagbéc%v%iélspsﬁen%’l'g ]%%%etgrla(lijD qﬁyfb?p énofeSpevuvej“y
%ﬁdﬁ&ﬁﬁ%&%%mqwa&ﬂﬁ&ﬁ@owzrﬁaﬁﬁma@écﬁémror activated
ahenosaccharigkd/pdhysacehdridasrsudhnds of 1 parts by weight and an

upper limit of 100 parts by weight

InthecasewheretherawnmterialBZiszeactedinpresence
of the above catalyst, as a basic catalyst, there are suitably
used hydroxides and oxides of alkaline metal or alkaline earth
metal such as sodium hydroxide, potassium hydroxide and barium
hydroxide, ammonium, primary/secondary/tertiary-amine,
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 saltssuchaszincacetate. 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
andthereforeitisprefarredtousetheaminesasabasiccatalyst
and the organic acids as an acid catalyst.

Furthermore, it is preferred to remove impurities such
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ethylene glycol, diethylene glycol, triethylene glycol, tetraethylene glycol,
PEGG600, propylene glycol, dipropylene glycol, tripropylene glycol,

propylglycol, propylene glycol, 5 PPG, glycerol, diglycerol, tetraglycerol,
polyglycerol, trimethylolpropane and polymer thereof, pentaerythritpl and
polymer thereof, glucose, fructose, lactgsg and maltose; epoxy resins

having an epoxycyclohexane skeleton such as
(3,4-epoxycyclohex_ane)methyl3',4'-epoxycyclohexylcarboxylat 10 e;

glycidyl estérvepoxy resins obtaimedtby:d candensation: reagtidmefwith water,

Al GlvckiY el Cpooy Tesine abtingd oy & kondentaton 2 1"
epinalo rn; ; C etner epoxy resi . )
L on o1 byehSguralzic BRPRERDE o G COKEA SpRAIGRSEY 5=/ 5t 15

EFidry ErRihe-eontaitingP Y5 glycidyéther epoxy fesinsdieing: sotid dtrpurities
k0OrR terperatures Which 'ﬁo@lbta&ﬁ@duméﬁ gg@d%@@ﬁj%g%@é‘zﬁpn of

hydantoip, ¢ ' id, melamine or benzoguanamine a _
egihalohy ﬁr%%;#gr%%?&%p%?ﬁc%ﬁg%%% rrlc—iési%,s stic t%%%les%t?éﬁﬁ %Ibg%‘satl?n
FesiA™ dhersphtFalehe S pdky-1eRi 3 dofripotind hdving dreepokypgroupent in
204n ther meleculédly & addition seaction 0f these apoxy resins ardi water are
pelybasic acids andior bisphenolspay be used (hereinafter, alsoreferred | - .
to as "epoxy.resin” including this com oundjj. These resins may be Used
%?‘h@%y“&f i CombBratGR of twé Br mgrgeﬁfatﬁ%—fh{b&ﬁ%ﬁg%tﬁéﬁé?thér%%]’eﬂ and

vi#ore suitably nsedithecabeve 250gliphatid ghyicidydrether epoxy tesisrang:d from

the-abeve epoxy-resift- haying.an epaxygyclohexane skeletoniin the Gase; | | ;4
8%Qeing(§umed %Eﬁsu (%ressm the d%rqradatlon of appearance in

irradiating Tight, The abdve Giyeidyt grotip-"shd?dr thé epbxg 3peaction oxr

BFéUp~EBHtEmMing Toipauhd ¢an belusedisuitably as amméssential In addition,
iy o g S iin , 1 o
e e v
ey be W SGIPCompaiind BF 85 4 Fquie esmpauiit: Aceordihglyindiecribed
labbve giyTidydgiaipn to the phenolic compound, carboxylic acid,
alcohol and water produced as a by-product.

in the reaction conditions in the above production of the
phenolic compound, the reaction temperature is preferably set
at a temperature at which carboxylic acid, alcohol and water
produced as by-products are evaporated and distilled off, and
the reaction temperature preferably has, for example, a lower
limit of 100°C and an upper limit of 240°C. More preferably,
the lower limit 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 thephenclic compound,
carboxylic acid and the like are produced as by-products, 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
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28 and/or the epoxy group-containing compound, a substance obtained

by a condensation reaction of epihalohydrin and phenols obtained by a
condensation reaction of phenols with formaldehyde or the like may be

used as the above novolac aralkyl type glycidyl ether 5 epoxy resin, and a
substance being liquid at room temperagire may also be used as the

tertiary amine-containing glycidyl ether epoxy resin. In the resin

composition of the present invention, the inorganic m.icrofine particle

Frgybhe amicrefirre particle domposed A0 ofrinoigeniccoiepaurnds sechas ower

metals ermetal-compands.and-is nepparticulalydimited; T h%é@%@f?ni@qore
micr, ef|ne}:>|11art|clig_ah&|25 Rrefeerab .a diroly IS condensafg;)r}f?goey%ﬁ%% limit is

Elkoxide co¥ﬁpounds (Dpvgefgra ll? metar al oQ%%faﬁB
orisiirtls (preferably metal carboxylate) among others and more 15

preferably a@ydiﬁbsi%@@ﬂ%ﬁai@ﬂwadﬂﬁtﬂﬁ@é@%ﬂr@)@ﬁecﬁﬂh‘@%ﬁon ? f the
i rmore_prefer IS condensation product o
e e P o e
Prot R 18RAS to HCbMPoLd bbGIAEH R furtiier CortRmsmEalvent, which
isubistandeiclstained by arkeedrolysis 26 reactiemwAhydealysis reastion and raw

réae@ndensation geaction of alkpxide gompounds apd carboxylate - ;othanct,
campounds, are expressed by "the following reaction formulas; M(OR")a +
O ST R) 5 V(TP aRADH-23 VROH)E MESHIBD, 55 MDzZ/g et by L
i(eohddnsaticnisroduety amisereirsMaepresents. asnetallis element, R1
M@ﬁ&&ep&aﬁ@wér@na@mlr@imw;%]&ﬁ%%ﬁjdﬁgmn%%%%ﬁgéﬁm
Ay CoMpBUNG Thors B Siably Sropidsc s ohB e may be
US§fessEd By IS FEISWNY ForAilRa T1); M(OR FPEJ wherehr Moamresantsus Ly
a metdliie elamenty R3 tepresentsamallgd 1 vent. And, in the case where
the raw material Blis reacted, it is preferred to carry out the
reaction withcut a solvent.

In the above production of the phenolic compound, when
the by-products such as carboxylic acid, alcohol and water, and
the solvent are removed from the reaction product, it is
preferable to distill off by distilling at the above-mentioned
temperature under reduced pressure of 0.1 to 10 kPa. In this
case, since unreacted phencls also may be distilled off, it is
preferred to conduct the removal of the by-products and the
solvent after the reaction i1s substantially completed.

When various aldehydes are used as the (3) compound of
the above-menticned raw material B, a phenol resin, so called,
is obtained. Whenphenols andaldehydes are reacted in presence
of an acid catalyst by a publicly known method, novolac type
phenol resin is obtained, and when in presence of an alkaline
catalyst by a publicly known method, resol type phencl resin
is obtained. These phenol resins may be alsc used. A M triazin
ring-containing polyhydric phencl” obtained by reaction of
aldehydes of the raw material B ((3) compound) and triazines

of the raw material C with the raw material A is excellent in
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compound or an acyl group, and n represents an integer of 1 to 35 7,
and/or a compound expressed by the following formula (2); 29 (R3)
aM(OR2), (2) wherein M and R2 represent the same ones as in formula
(1), R3 represents an organic group, andm and peach represents an
integer of 1 to 6. R2 and R3 may be samg or different from each other. 5
As an alkyl group of R2 in the above formulas (1) and (2), an alkyl group
having 1 to 5 carbon atoms is suitable, and methyl group, ethyl group,

e PEQORY | SEQUR::RKORY LGTQUR BAWV;OTQUR s d-Huty %r%ﬁgﬁwylof a resin
g:r&lglg tert-butxl group and n-pentyl group are preferred. And, as an acy!

grou %?hrzz,h%n acyl group 10 having 1 to 4 carbon atoms is suitable, and

acetyl grotip Lpropistyl rgreaprand butpiy erowy arel preféwed cAsiannent s and
arganie gtoupafRindhe abeveformuta;(2) 2 (gapic-areup baving b resent
oA earbopatoms 3 sulahle, and rglered, arg alyl gropps.aueh as,
methyl group, n-propyl group, i-propyl f%tgroqp, n-buty grc\)/up, i- utﬁ

GiUB Csed:batyl Gloup TeR-Baaf 'dgrobpY AipehBt GroupSh-hefyitiddp, group-
r-hepty grouprand, nsoctyb group; duotinatedalkylgroypssueh @8se given, for

3 upEopLopylgroup; p -containi r .such .
2-mer§(§)§§tog¥glc§% I gr%ur%%;;gréni%%ﬁ%&%o%%%%%%%%%%s&%&ﬁ%aéal%d oy

2-aminGethy 20 gfoup® 2<dirmathytmirb ey Bdub, B4mindprépytarsuet 2/
B Hiretyiaminopichyh group Saryl §raups slich asphenylgroug,orohydrin and
o T B e e s st
Shanphen! e, fuophent o Al o S 65 SR
23NN gfour> Ssgieide pfopyldrédpanarol S to epi-bis type
213 diepoxyayciohexydleihykgrodp; andunsaturaied HAHRCOMAIRIAG ¢ oot i on
rpanicgiouns sl st Aoup AL (TetACONPIOPVLIIUR: -oorenot
acetyl acetonate groups. The metallic elemerit M i e above formulas (’f)
§nﬁr(§)%H‘Fakpé%/gﬁ&ﬂ'fet%%ﬁ%lﬁériéa%%%lb A5 15h@ A FidEy iesx epoxy
strgcture of terpedrids showitiartbe aboverforulas (k) 8B {2)alohydrin and
polyhydricphenolsobtainedbyacondensationreactionofph@nols,
such as phenol, cresol, zylenol, naphthol, resorcin, catechol,
bisphenol A, bisphenol F and bisphencl &, with formaldehyde,
acetaldehyde, propionaldehyde, benzaldehyde,
hydroxybenzaldehyde, salicylaldehyde, dicyclopentadiene,
terpene, coumarin, p-xylylene glycol dimethyl ether,
dichloro~p-xylylene or bishydroxymethylbiphenyl; aromatic
crystalline epoxy resins obtained by a condensation reaction
of epihalohydrin and tetramethylbiphenol, tetramethyl
bisphenolF,bydrochinoneornaphthaienediol,andhighmolecular
welght resin of the above-mentioned aromatic crystalline epoxy
resinsobtainedbyeuladditionreactionoftﬂmaabovebisphenols,
tetramethylbiphenol, tetramethyl bisphenol F, hydrochinone or
naphthalenedioltx;theabovearomaticcrystallineepoxyresins;
aliphaticglycidyietherepoxyresinsobtainedknzacondensation
reaction of epihalohydrin and alicyclic glycols formed by
hydrogenating arcmatic skeletons such as the above bisphenols,

tetramethylbiphencl, tetramethyl bisphenol F, hydrochinone or
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but at least one of metallic elements selected from the Group 1l B (Group
13) elements such as B, Al, Ga, In and TI; Group 1V B (Group 14) such as
C, Si, Ge, Sn and Pb; Ti, Zr, Zn, Ca, 35 Na, Li, Te, Mg, Ni, Cr, Ba, Ta, Me,
Tb and Cs are suitable. Among 30 others, Al, In, Zn or Si is preferred. Si
is more preferred. As the above-mentioged alkoxide compound or
carboxylate compound in the case where the above metallic element is
silicon (Si), there are suitably used tetraalkoxysilanes such as 5
fetiahidtiiagisidie tetrasthosysitbne cletrainipropoxysitane;harides such as
@t&ayiiMQQOISMSﬁaPQ,,te&f%dtbg#t@ébi@'@ﬁylci@ﬁa i@%&%ﬁg(q e g]hycol

r ape and, tet xysilane, trialkox nes s as
tr%e?ﬁ%%%ngg{ oé}(é%sllgn Crﬁét’hy %%tgya (; efhylt ?I?o%(ys#&ﬁjéf opylene
gﬂ‘n\jﬁﬁé’thoﬁi%l%%p%lﬁfb%yﬁﬁ ifﬁé‘?ﬁoxﬁﬂ@@é’ I pitspyltriethoxysilaes glycol,
PRepylrimethoxysilaney i-propytitiethoxysiegey cerol, polyglycerol,

@%@é%@ﬂﬁ@%ﬁ% é@@egﬁﬁy§5ﬁ§%er thereof, pentaerythritol and
§3 3trlfluoroprop%ﬁtrlethoxysnane

mé’rc%ﬁté’ fopyitrmethdxy/sisme f B4ahivpropsiifethesimadtose; epoxy
KepgHary|-Baarine peapydtrmetitoxysitdree; a3 amikejropyitriethoxysilane,
pbemyltﬂmﬁatp@wlaﬂay@H@MH@E@%&|an&éa%@%@%@&%@&ggxylat
?ﬁglgtkgpxysﬂance 3 C|dox¥prop¥ltr|m%thox%snane
%y Opyﬂm X ﬁﬁﬁ’ sy tained by a condensation
?i@%téﬁ&(ﬁb@cm%}éﬁ?ﬁﬁ%ﬂmkwlmd hexahydrophthalic acid,

B8 A-epoxycydlehexytjeinduisthaxysiane, ¥inykimetheysianepoxy resins
mg@%t@a%'@%%r?é% gﬁ%% MO 08% t“faetmxﬁ%'?é‘ A3 ohenot

meth) acryloxy propy trl oxys oxySII nes such as
im&thyaih&trxgsibe! a&ﬁékki%?é%ho@%néﬁ@raue@ﬁmm@m@@mmg
dietlwyldiethexysitanepdiay-prepyldimetboxysilaseid at room temperature,

A ROREANAYEIANG,y 5 condensation reaction of hydantoin,
cyanuric acid, melamine or benzoguanamine and epihalohydrin;
aromaticpolycyclicepoxyresin,suchewsbisphenylepoxyresin,
and naphthalene epoxy resin. A compound having an epoxy group
in the molecule by a addition reaction of these epoXy resins
and polybasic acids and/or bisphenols may be used (hereinafter
also referred to as “epoxy resin” including this compound]) .
These resins may be used singly or in combination of two or more
of them. Among others, there are more suitably used the above
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 epoxRYy
group-containing compound can be used suitably as an essential
component 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

a liquid compound. Accordingly, in the above glycidyl group-
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30 di-i-propyldimethoxysilane, di-i-propyldiethoxysilane,
diphenyldimethoxysilane and diphenyldiethoxysilane; tetraacyloxysilanes
such as tetraacetyloxysilane and tetrapropionyloxysilane;
triacyloxysilanes such as methyltriacetyloxysilane and
ethyltriacetyloxysilane; 35 diacyloxysilapgs such as
dimethyldiacetyloxysilane and 31 diethyldi.acetyloxysilane; and zinc
compounds such as zinc acetate. Among them, tetramethoxysilane,

hﬁﬁ%ﬁmﬁwgE@exﬁﬁﬁﬁﬂﬁwmﬂhﬂéﬁﬁﬂﬂéé@ﬂﬁﬂdﬁﬁmg%gg@ganceobtained
dimethyldimgthoxysila gggggzdé??% '(%']J";‘H‘Oi‘ééﬁ' (?e are > p. fgggge Shtained

the alkoxide comEoun substances ¢ alnlng icon aﬁio esare
Bleferrédi 48 AsttibnBd Atsve: A8 e aIk6XIEd Bompdurie mthedaigde or the
Whesatthg Bboveemetallit: elementis othel #an sHicen Sy phereaiedyl ether

» | aQCH3
e e P A0 P LB L

Cu(O

v ? éﬂ PIAT Y FOCBMBE. R TRBIGE BRI A ycidy L ether
tOCAH Y B Ga-(OC2H5) 3, Y (OC4H9) 3, Ge (OC2H5) 4, Pb (OC4H9) 4,

P (OCH8} 3t b (QG2HE)-3:3 4QC2515) 35 Ta(O g%'é@eﬁtw&%%t@n, he

6,La(OC3H7) 3 Nd OC2H5) 3, Ti (OCH3) 4, Ti (OC2H5) 4
Tiliso? 8%33%9%?%9 (O&5Hrs)a: 2%%&@5&3 %%%ﬁnzﬁéé%#ﬁﬁ shgoosed
95 ZOCAMYIS; ARIEEMPESite ridtalatkoxides suctrasetal compounds and

m[ﬁdﬁ@r@ﬁﬁ@)ﬂ%M%A&tg@%ﬁﬁ?%ﬁ%@éﬁA%e;é:ﬁ@@éggZMJH%) article
r an a
fgiégg9é%ggﬁ ‘g E%%gé@ 13 cg %)qﬁ 4 ééé g;ﬁfkox1de

The use ratio of ompo resente & above Mformufas 1

Oy RHEN Rk NG TR ?61‘5%%0@%@1‘%@ %B%b@ﬁasaz@fmemé@hylate
theformutes (Praric(2)iasyl06%:=hy weightxthesedp ehibe campeund and more

gerresented by thg Jarmula (1) is preferanly, 803 by weight or more in they
above resin composition comprising two components in constderation of -
e aﬁmﬁty%?ﬁﬂg {§0rg§ﬁ|c3’(?1|C§8ﬁ%é“65fﬁ‘8l%eokﬁ§ﬁl§ﬁ%mé’orﬁp&%ﬁ§lY sis

compusigithereshv 28 comositionz THis ratiodisumeare preferably-90% byt hod.
Wﬂﬁ%ﬁ&&dﬁ?&ifﬁ@nﬁ@ﬁ@éﬂ%ﬂﬁﬁ%%@ﬁ@@?%%ggg@QH¥E§MEU@§§%btalned
by é%%@g§t@%ﬁégyggheCOngxgggggggsgg%ggﬁggmggwgugydrolysxs
reaction.

A hydrolysis reaction and a condensation reaction of
alkoxide compounds and carboxylate compounds are expressed by
the following reaction formulas;

M{OR') . + aH,0 (hydrolysis) -> M(OH), + aROH

M{OH) s — M({OH)pOc -» MOs2,. {(condensation product)
wherein M represents a metallic element, erepresentsenlalkyl
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, RzrepresentSEHlalkyl
compeund 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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(1) is preferably 40% by weight or more. This ratio is more preferably

50% by weight or more. 30 In the above resin compaosition comprising two

components, the use amount of the above-mentioned metal 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 limit is more preferably 35 40% by
weight and furthermore preferably 60% by weight. An upper 32 limit of the

use amatisvpreferably 200% byweight, more preferably 180% by

m&f&ﬁ@%ﬂgmrwﬁe@%ﬁw 1609 by weight, In the ab Yonuta (1), B

E%drolysls condensation reaction, one or two 5 or more o me

RISOURES Trisy BELRRLGT BIEP 10 B dbidtate #ie PoBeRoIR IR Me an integer
aboVetmentionad formhuid (2),y the casboxytated infwhichrR3 is-am acetl other .

acetonate; group: 630 Be segarded:as; a metal ghelate compaund. As tl%%d

above metal chelate campound, t%here are suitably 10 used, for exam
R DR S oo

S diBctedHfor tha Cgrotg Bohisisting of Zend methyl

YOREy q e{PSYZbIE‘Q@@R@TﬂEQPﬂl(@Rﬁ)? {RSCOGHCQRG)E, xr-andrAdl group,
{OR4) sI(RECOSHEORE) ¥ ya and partial: bydrolysis product thereqf, R o e y1

356{@ tﬁ)abgve metal chegte compound ach reegre%engs 15 an

OI’ anic aV?ﬁI%%OG car 6I’] atoms ﬁ% EI:é)SI‘;1 nt%

ah organftcyl group

f@%’&ﬁlﬁ ﬁf@ﬁ%l@?@&ﬁ&%ﬁmﬁsWhﬁ@&@«yﬁ@@@g%r@@@l@roplonyl
carhgn atethsyandrands Fateintegers pE@4e 1@and s is an integer of 0 to

2. R4 to,R6 gglaﬂggl same %rrgﬁgregtf from.e: gpl—ii ther. As the ol f? qlc

group having 1 to 6 carbon"atoms 20 in R4 an fhere are &

, an

UsAA MG GBI BT Jrofils, SR-propy PR Lisorsyt afdtp, ﬁr&mef erred
Yroupl Kiyutyd group; secibutyl geatpy tedsautyl groupy dppantykgrasp,i -propyl
drbexy] aroup: and,phenyl graup; As %@%O%Qw&%\/&%ﬁo 8 rt-puty:

carbon atoms |n R6 there are gwtab

roup, 25 p prop%xyggro‘ﬁl% i-brop e F P ET-BUTE Y

d methoxy group ethoxy

%ﬁﬁ qﬁﬁdyyjn octyl

HFEUP, fluorinated alkyl groups such as 3-fluoropropyl group;

mercaptogroup-containingalkyl groups such as 2-mercaptopropyl

group; amino group-containing alkyl groups such as 2-aminocethyl

group, Z-dimethylaminoethyl group, 3-aminopropyl group

3-dimethylamincpropyl group; aryl groups such as phenyl group,

methylphenyl group, ethylphenyl group, methoxyphenyl group,

ethoxyphenyl group, fluorophenyl group; aralkyl groups

such as

benzil group; epoxy group-containing organic groups such as

2~glycidoxyethyl group, 3-glycidoxypropyl group and
2-(3,4-epoxrycyclohexyl)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
IIT B (Group 13) elements such as B, Al, Ga, In and T1l; Group

IV B {Group 14) such as C, Si, Ge, $n and Pb; Ti, %r,

Na, Li, Te, Mg, Ni, Cr, Ba, Ta, Mo, Tb and Cs are suitable.

Zn, Ca,
Among
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sec-butoxy group and tert-butoxy group. As the above metal chelate

compound, there are suitably used zirconium chelate compounds such as

tri-n-butoxyethyl acetoacetate zirconium,

di-n-butoxybis(ethylacetoacetate) 30 zirconium,

tetrakis(n-propylacetoacetate)zirconiuny 4

tetrakis(acetylacetonate)zirconium tetralkis (acetylacetate) zirconium;

titanium chelate compounds such as di-i-propoxy bis(ethylacetoacetate)

gtazmum dt-i-prczlaoxsz_bi%aceiyladﬁgtl@;t@}a@@akyﬁ.di-isqropgxaﬂ%eg referred.
is(acet n anium; and alumipum chelate compounds suc

as di-i-p%(l;g‘ Cc‘%(tl)% e%%%gée%laége%t%neﬁt#mﬁr?#n%?&iq%p%%r@ﬁBé}get?/%(?e%ﬁ)%ylate

SIFINORE Fproptky Bitethifaceidatetatey atmiindmi Fprdpoxyt is silicon

bis(acetylacetonate) adurninum,y tris¢ethylecetoasetate)aldmina, such as

@@ﬂ@@%&kﬁ@%¥@%§§%gy%@%&%@E8®§§g§$é%g¥Q%J%a—nﬁpﬁ?ﬁm%&;ilane,

bis(ethylacetoacetate) .aluminum, and the like. Among them,
Thyl “acetACRIRte Aircbitim, diSipfepakybis@eEs dcetdnate) titanium,
di-i-propoxy wihyiscdtbavetate altminum cahd: tris(ethylacetoacetate)

wdunpinum-Bre: prefertad: 0, The use amount okthe.ahoye metal chelate
Hggmpougg ll;sn r}?ferablilfo parts b rvl\/ei ht or less with respect to 100
Y ﬁ%t of the compound’ ?epr&%rﬁéa by AbbFE Formula (1)

parts” by weig .
Andyorthé Rohipouneréprsentdd iyl theistidvefgrmdlar(@) . When the
rusprammtcj'smeda@@ 3@5%%_5 bwyﬂgmh_' 42 @kﬁﬂf@%@@%@?@ﬁ% 1152%1‘ a
shape e sufficient. This amount.is more preferably
Fﬂ%s el o e e e SYERIA 10 B by tielgnt o
des’ The dbdvE HIkGRAS BEMbbaRa sddtBeMAateadompound and
{Rorganictmicfafinerpartioley Whichiis ehlydyely sisrcondensation 20

ﬂﬁ@%éﬁ%&%%d?g,x%@}@ggﬁgmgiqréengr two ormore of colloidal silica
i ,

_nézlréor colloidal alumina for the purpose of enhancing a stiffness of a
reSin COMPBOaTon SBAMed F1E abdVE colloidal silica is a dispersion
Noihed py-3-aminopropyltrimethoxysilane,

3~amincpropyltriethoxysilane, phenyltrimethoxysilane,
phenyltriethoxysilane, benzyltrimethoxysilane,
benzyitriethoxysilane, 3-glycidoxypropyltrimethoxysilane,
3-glycideoxypropyltriethoxysilane,
2—(3,4~epoxycyclohexyl}ethyltrimethoxysilane,
2—(3,4—epoxycyclohexyl)ethyltriethoxysilane,
vinyltrimethoxysilane, vinyltriethoxysilane,
3~(meth)acryloxypropyitrimethoxysilaneenuiB—(meth)acryloxy
propyl triethoxysilane; dialkoxysilanes such as
dimethyldimethoxysilane, dimethyldiethoxysilane,
diethyldimethoxysilane, diethyldiethoxysilane,
di-n-propyldimethoxysilane, di~n~propyidiethoxysilane,
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
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dispersing purified silicic anhydride in water and/or a 25 hydrophilic
organic 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 suitably
used SNOWTEX, Isopropanol SILICASQL, Methanol SILICASOL (all of
them trade 30 name, produced by Nissan Chemical Industries, Ltd.),
CATALOID, OSCAL (all of them trade name, produced by Catalysts &

Sherricala ; lneustres Gos ili@r)@ Ludex (trade-namgproduced péfk!z Ldusne

e Nemours & Com an a8 to traden me, produced b
%’/%‘&I ggn%ga%n%) gﬁd Tcoa}% raden nan?e bro E%&Bﬁﬁéﬁéﬁoﬂane’

%%@ﬁférﬁﬂééﬂ@%f)@ayThé@ﬁb%ver&%nbwéramﬁﬁh@fsyaaawso| in which
Watertis yisetasta: dispetsing.megium @nddaimﬂmqa@h@rs@@ml%aola%
wihich.a hydrophilic nic is s adispersing, medium, a

its average partlclge dem%eétér%%%%%ezo%éﬁ “%dg pr&erar%? 6% iBBgamlng

bt CorC AR o Sofid BERTEN 56 Drrafe BFIG GIP® FO%% -
weight. As allraira) symthdsized rglumini, hoebmitecancbpseldo:=boehmiecve

Ee suitable. Asyealioidal alumipa, ALUMINASOL -100, | there are suitably
ALU INASOL-200, . ALUMIN/ CiOL -520, (all of them trade nam

Produced By Nisan'16 Chgriie ??n(ﬁ%fhe? it&%%?@éun%ﬁ%c%e Cu(OCHs) 2,
%@eﬁ%ﬁrﬁb lemadunt O the)aboWe toflottial:siliba @hel/ds ) collBidal Auminalis OCHz) 1,

@I&ﬁe@w fg partsibyweight ar, ?Sfl%ﬁfﬁ%ﬁ? mdsfrm%gi Salid eqmient;,) ;,
10 r so 0 anlc
mlcro ne5 pgrtl qé%tal g’g f(r)f)grg%ﬁ%’ aﬂlg §8§é%n?§rﬁpt§u8n Sth%’ Ta (OCsHy) s,

Eaekilhte compdurd, Whé\ﬁdﬂﬁ?é:b]bﬁdmgTdrﬁ@@rﬁsﬁsamoF@ﬂ%BQ parts
by waghoaasurfa,cer appearance of & stiaped ,armlecmgugnqt beeame.H.) , and
£xeele Tth ; This,blgnding amaeunt ig mare preferal %49 partshby Welght or

als

less, € above Inorganic microfine partlcle ma (0] COﬂtaIn

Ihi‘/é‘%);s?@’ oHtefishtibr prddubl-dfia Rydroric ?ﬁétal @altAhé%ﬁé OCqHs) 41z,
iy dedlyticmeddl $alt sthere ([@reisOitably [usedomopper | » and Ba [%r (OCyHs) o] 2

The use ratio of compounds represented by the above
formulas (1) and (2), when takingthe total amount of the compounds
represented by the formulas (1) and (2) as 100% by weight, the
ratioof the compound representedby the formula (1) ispreferably
80% by welight or more in the above resin composition comprising
two components in consideration of the affinity of the inorganic
microfine particle obtained with components composing the resin
composition. This ratic is more preferably 90% by weight or
more. And, in the above resin composition comprising three
components, the ratio of the compound represented by the formula
(1} is preferably 40% by weight or more. This ratioc is more
preferably 50% by weight or more.

In the above resin composition comprising two components,
the use amount of the above-menticnedmetal alkoxide and/ormetal
carborylate 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 limit ismore preferably

40% by welght and furthermore preferably 60% by weight. An upper
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salts such as Cu (NO3) 2, CuC12, CuS04; titanium salts such as TiCl4,

TiC12, TiSO4; yttrium salts such as Y (NO3) 3, YC13; zirconium salts

such ZrS04, ZrCl2, Zr (NO3) 2; chromium salts such as Cr (NO3) 3,

CrC13; 25 aluminum salts such as Al (NO3) 3, A12 (SO4) 3, etc. ; and

nickel salts such as Ni (NO3) 2, NiCl2, aad 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
candensationprodiset of the:alkoxide somporng and/er 30 the w@%&ﬂatemore

Gompoynd o mayhe %fcl&}%t?gﬁ% COmpOsing.amixture 28 Aha Lparticle, ysfao

inorganic microfine particle containing in the resin: composition complising
Hfré&8ebmponents of the present invention is preferably a silicon oxide
microfiné partielesthessilicdm 35 oxide anicrifineparticlerkefers10:@, one or two

Bﬂc%ﬁg%p@ﬁ“ﬁ%QQWn@ﬁél@é%e%%ﬁbggﬁégm%ﬁﬁt@Qsh%égcqgagyger to
% %e(gd an oxy en atom O) and, for example, mullite (3AI203.2Si02

RG0S A SI2H0) et suﬁc%téi’(@aej@@%?o@f%wd%@-ﬁ@ (szrmula 2),
MO 220815 8102) and whel like Breisuitably usedl5dnstcmarsilicorup, can

p¥idednigrafing @agtlglem@@aqpn&{glgft@ @@{@btg@dconstltuent metal
tJ:glrefer«abI‘}/ has a gwer limit of 50 mol% ith r ﬁpect to 100

compo .
mol% ofstﬁe total“amount of fhie Constituent AT &6\ po% EWRER the 1 ably
eBRENt PSS IEES Ran BN physieal propertissisf areddoed from the
forowgatiomsuchras heatfregistared) @wogth@@gﬁgqemy improved. The

mO{@f@fﬁf @*@!@&% GIplEit is 69&&0%? 3 Eﬁﬁfab'yaﬁ%l partial

mol% An , an up imit 1§ "prefera /0 an more 6réfera
SBIREIBY A, H’ﬁé’ﬁBﬁ% §m€6ﬁ8§|de mlcroflne particle may 15 contains
other méadlicchidms hb @ Zonstituentanetakdomponent oand fos exaraples sent s

andathermetallic,i @@!ﬁ@ﬁ%aﬁ'%S%O%%r%%@?eglg8%§0t%@ff9é‘g>@eesents an
In, Ge, Pb, P, Sb and Bi. The content of

roup consistin n B, Al
%1 Sse hetdlie é%% ‘f%r%%lt%bﬁl%fs aft fff)ﬁ%r ATST 5OrmMBRe Wit =YL group
héspeeytd 100 mél%arbon atoms, and g and r are integers of 0 to

3 and s is an integer of 0 to 2. R'to R® may be same or different
fromeach other. As the organicgroup having i to 6 carbon atoms
in R* and R”, there are suitably used methyl group, ethyl 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 alkoxyl group having 1 to 16 carbon
atomsinfﬁ,therearesuitablyusedn@thoxygroup,ethoxygroup,
N-propoxygroup, i-propoxy group, n~butoxy group, 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-butoxyeethyl
acetoacetate zirconium, di-n-butoxy+bis(ethylacetoacetate)
zirconium, tetrakis(n-propylacetoacetate)zirconium,
tetrakis(acetylacetonate) zirconium
tetralkis(acetyiacetate}zirconium;titaniumchelatecompounds
such as di-i-propoxy bis(ethylacetoacetate) titanium,
di-i-propoxy bis{acetylacetate) titanium, di-i-propoxy

bis(acetylacetonate) titanium; and aluminum chelate compounds
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20 of the total amount of the constituent metal component. When the

content is more than 50 mol%, physical 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 prefegably 0.5 mol%. The amount of the
constituent metal component in the above silicon oxide microfine particle

can be measured, for example, by subjecting a cured plate of the resin
somposition tol Xgray pphctosieciioaspeciometyy {XPS)yanalysisa 80 AS ropoxy
5@5%935&%8‘5@9'%%&%“ tqelmjto.cr) aon:ic rglfgoﬁenc%pa_[rgde% aacetate)
contained in the resin composition conﬁarls ng three C(()mp&ﬁen S, it1s
PretrBithat taking e dnfotit 61 hE YWABRIRBIYARIC MiciBfimeParticle

‘as 19086 by Weight othee irorganie Iniarbfine: particiesgentaing125-to-6524thy)

¥olume.of35 partisles:having a partigle, sizeof 0.8 95%%%3884@%%

Egkl%n 36 10 nm aOr[%dt 5 tﬁle % by volume of particles having a particle

$iz8 61 10 Hm BF tore“and168s tHARCHo0 M Whentthe'bdttish ot ethyl

Pparticlesidviig a particle size,of @15 arporomoreyand lesscthianlH:anvisate)

tessdthanp%iby volme: dhe ceefficient-afthermala expansian may Notq

be sufficenty reduced, and.when i s more, than 65% by volume, the

glass transition temperature 01) tha cured tBrmidistiéh & the'rasin

compositivh Haf nst'Be stffieient sinprevis. More preferalblycthecowernd is

timitfie 3084 by3]fblpmlxet .artdythaleu@aex lipitlis ﬁa‘ywbywl%@gee%ec:‘to 100 parts
ther \ imit_is 40%. by volume and the upper.

‘{ﬁ%@% L By wime: A Ro. eha T Serlon b B R R Lo (1

Partiche §i2& GORPANTS Ritré analesetiian 100 AMaE fedo wranasés by When
Vokimescrimoeretthamvos% tyavobines thescoefficient of theimal:l5: appearance

SKPANSILILRQLRE sufficiently reduced-orithe glass trapsitiony .+ 1 s more

t%m@erat%rf m; not be sufficiently raised. More preferably, the portion
has ‘aibwer Hrfiit 5P379% By Vstufieant AR Uppéfidits thiermore preferably

10 parts by weight or less.

The above alkoxide compound, carboxylate compound and
inorganicmicrofineparticle, whichisahydrolysiscondensation
product thereof, maybeblendedwithoneortwoormoreof colloidal
silica and/or colleoidal alumina for the purpose of enhancing
a stiffness of a resin composition obtained.

The above colloidal silica is a dispersion formed by
dispersing purified silicic anhydride in water and/or a
hydrophilic organic 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 suitably used SNOWTEX,
Isopropanol SILICASOL, Methanol SILICASOL (all of them trade
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.T1.du
Pont de Nemours & Company), Sayton (trade name, produced by US
MONSANTO Company) and Nalcoag (trade name, produce by US Nalco

Chemical Co.)
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of 70% by volume, and furthermore preferably, a lower limit of 30% by

volume and an upper limit of 60% by volume. By controlling 20 the particle

size distributions within the above range, it becomes possible to inhibit

bleeding in curing the resin composition or failures of a cured formulation.

The above particle size distribution can$g determined, for example, by
subjecting a cured plate of the resin composition 25 to a small-angle

X-ray scattering analysis and preparing a Guinier plot from a scattering

profile oBtainet bytheo neasdsemeht by aFaskachen method tocalculatewater

Qé@é@c@%‘@eﬁt@l@%%%'%@ﬁﬁﬁ gsomely of apagice is a %ﬂqﬁt@na sol
hﬁecglcaljy, it.ca t rmined accordin %]rto the followmg 30 method

eRstiremant rad?us Fiffeftl 8 ihGrdiahid fidrotine” partias) A gdﬁé%%r sing
BrtelRt a sirslof b5emavsends coesft frofrethdi pesin plate whichés 200 nm and

pbtafmecini(Eanditiens of pieparing Samplen3 forevaiuation indhe 4 content
me%%u r@lq}:e%tlrgg@odfog atco%%lg:l%nt of 37 t@erm%gwnsmn de%%rﬁbcenes ized

above and the piece is subjected° {0'a sma(ﬁ angle X-ray scat?erin
PrietRdd 3 sﬁ%‘ﬁ*ﬁﬁ?g?é%xar% %@mg%@mﬁ%ﬁmeﬁgaw&gng As
thel Xeray diffra¢tomieter, ' RH‘{HMMQQOM&MMC@L&MQWM@Z@QW

mngigenircEy s aconveted e menachroma through a t’ﬁ%@% O\ ssan

onochr meter and further assed through 3 slits, and then it

%Pra&%t%ﬁ o tRE RSsiT plee &h@sc’aﬂ%‘f@d SYhye redetected with a
scintillatidrecbusted instabetbans cafnereelerigtivof c280mintlrbughld ca and/or

yacuwnpath. a@%ﬂ%CQ@dlﬁQ@%@E%ﬁwre?m%r%%a agdollows. A 1ess
§ uinier Ioélsrpr gaesdef s(gatter;cngn ch)CﬂIe obtaln ?}y ankuchen
method to calcu a‘?e a radivs of ineria ang Sariefe si7e tististion iy welght

detehnined kdsimnihgtha fd§eohmetnpeid paricle i arspberet 151 obtained
{petaitackcandiions)e compound and the carboxylate compound. When
the blending amount is more than 60 parts by weight, a surface
appearance of a shaped article may not become excellent. This
blending amount is more preferably 40 parts by weight or less.

The above inorganic microfine particle may alsc contain
a hydrolysis condensation product of a hydrolytic metal salt.
As the hydrolytic metal salt, there are suitably used copper
salts such as Cu{NOs),, CuCl,, CuS0Oy; titaniumsalts such as TiCly,,
TiCl,, TiS0s; yttriumsalts such as Y(NO3) 3, YCls; zirconium salts
such 2r80y, ZrCly, Zr (NO3) 2; chromiumsalts suchasCr (NOs) s, CrCls;
aluminum saits such as Al (NOs) s, Al;{S04)3, etc.; and nickel salts
such as Ni (NOs3),, NiCl,, and cne 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 components of the present invention
is preferably a silicon oxide microfine particle. The silicon

oxide microfine particle refers to a microfine particle having
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X-ray used: CuKa Tube voltage, tube current: 40 kV, 200 mA Operation
method: Transmission method (20 separate operation) 20 Scanning
angle covered 20 Increment of a step: 0.1 to 5.0 degree, 0.01 degree
Measuring time: 30 minutes As a particularly suitable embodiment of the
above inorganic microfine particle, the jnorganic microfine particle 25 is a
silicon oxide microfine particle and contains 50 to 100 mol% of Si and 50
to 0 mol% of at least one element selected from the group consisting of

i@@l@t&%d@m@@&%@npiaﬁb1@3535@@3?5 ﬁlqu@ﬂt%%@nm?@). ar%'d an oxygen
onent, and as_a particle size distribution, inorganic, microfine
%ggt}l%e?@gm%ﬁ\%’z t%gsc? 655%° éf ((olrﬁ%%ﬂdfftp%rt?gé ﬁ(gi_/i ¢ &' prticl ‘alc_
SFAE96E0H5 Hirs b zibre 2B eSS tHan 10 A dick 85 %0 75% by volamiesafite (2
Ipacticles. Jiaving siparticlersize ok 10 nr:osmore and dess,than d9o nm.

The abo__ﬁ’ﬁ 'QQEQ?V};{C&'EEOJ'JS‘;’? B%'&'& Smcfgg%%%%m thaer&rg%le the coptent
cor%posmon comprising three components is an mgegen ent 35 sphérica

Partidle AHAHSTARIDECIatEd SHBSEREE, Afdahhverage 38 Partietecdiamelery has
of thefloceulated substénoe i$ preferably sk30-gmear [£38. Mien the the total

Average particlediameleriis more qﬂ@@a:!ioc?:g H}?eﬁlﬂqve N}Pég?‘,@iﬁe content

icrofine payticle is not uniformly dispersed.in the resin composition, an
(fr%e stlreFigsl[t)hlpergﬁer%}1 B'hay’ ng\‘%‘eﬁdonﬁ)@§ﬁfﬁ8i‘391t.%%p§\}é?é§§ pafticerr ed
hameter isk gRoreYrbferablp S ordess; aaddarthermore tpreferably 2imient 1y

ondesss dxadditien, ran-bdgpendentispherica)particle);refers topa pumary .4

ULl A oh 2" o0 o sBsaridary Haiele Dol hmbirby
RoréGanen bf the -prifiaryparficlenaWier tielinsaahic Microfind particle

used fonthe, resine camposition of dag: presentinventiafrisiueasured fokana v
&?r‘?"é(ains other metallic atoms as a constituent metal component,
and for example, and other metallic is preferably at least one
element selected from the group consisting of Zn, B, Al, Ga,
In, Ge, Pb, P, Sh and Bi. The content of thesemetallic elements
suitably has an upper limit of 50 mol% with respect to 100 mol%
of the total amount of the constituent metal component. When
the content is more than 50 mol%, physical 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
preferably 0.5 mol%.

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

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

particles having a particle size of 0.5 nm or more and less than
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appearing in a range of -120 to -40 ppm by 29Si-DD/MAS-NMR 15
measurement, and a peak area derived from a structure having a 4
silicon atoms-bonding Si04 atomic group is defined as AQ4, a peak area
derived from a structure having a 3 silicon atoms-bonding Si04 atomic
group as AQ3, a peak area derived from ca structure having a 3 silicon
atoms-bonding R-Si03 atomic group 20 as AT3 (R being an organic group
not containing oxygen atom at a position adjacent to silicon atom) , a
g@g{greﬂmdemﬂectﬁsogg sigucw@d&aé/]wag?a%@%u@?m?a@%ﬁjng particle
=S roup. eing an, organic grou containing oxygen y

atom a???oﬁiglé% %ﬁigcoeﬁt% rslﬁllcgi)% Eéﬁor% %sAE}gg}thnemihorgg‘r% Phe portion
MickAihE atticte D5 Voreferabhafias 8 Strutidre Kdviflg AQB/AQAi:0and less
L0 AT/AT3 of =0 toHa 0, 2287 KATLHATRD /| (AR3+ALM 0f 00kt 2.4 Qe rmal
Thus.ne,efihe nreferable.epodineiils )y Mg piesent INENinIs 3150, e
gg amg gtgrda_n resin composition comprising a po?y ycﬁlc pvlilenol and

o éa"nlcyrﬁﬁgljolfmg’p%itl?i‘élg,ltﬁ%qﬁo?@&ﬁé%ia%l&%ﬂﬁ@b%ﬁwIﬁ%fw cured
Steustule thiae BatislidsaQBA&IA of ©PbL to £ 0o ATRAATI of OO ot D ciently

ang (AT2HATINS AQ3+AR4) oEOD1 {9 2.0, wheh theinarganicmicrofing ;e
Qaglglgebgln measu/ﬁd for ap%ak aé)é)earmg in the range of -120to ~ i
“40ppim by 28Si-DOMASNMR Pie4daréient Hhd Ak AIeAHBH G T b1y
FBfm &35 strdétife- having s 4txilicont sitoms-bonding Si@%atomicigroup 61% by
391heiag defined as AQ4, a peak area derived from a structure having a

3 silicon,atgms; 88%@ atomic group as AQ3,.a peak area derived .
from a strucfure having a SC%I)FI%C(?I’? gitgrﬁéﬁo%r]&ﬁ(ggél-gi%%s ABHiEgroupIR- e te

Befiy 8h ofJaRie GreUPHOT conthirmgoltien 5 Bfbrratispasiienthan 35% by
adjaceat torsilicar atoraja3 AT 32 peakarga tdesivedSrom aistructure thermal

bavinga 2:silicon-alerms-bonding RSI03, atomic. group (R ba%ifgsas”transition
gr amcgrou}g not containing oxygen atom at a pO.'SItIOFI 8.(§j5 cent to silicon
atOHT A8 AT2% 118 hrBfetable tHat e dbove-mdritibhgd inofaric PIGE Terably,
wiierefing particie: s abtaimed By carrying DUt olyydraolysis: eontlensatipgr 1imit
5630@%1@§5Q§Qé§£@t&HﬁeEﬁ%Qﬁg¥ﬁ%ﬂ%9€@%§@%ably, a lower limit of
30% by volume and an upper 1imit of 60% by volunme. By centrolling
the particle size distributions within the above range, it
becomes possible to inhibit bleeding in curing the resin
composition or failures of a cured formulation.

The above particle size distribution can be determined,
forexampie,kufsubjectingeacuredplatecﬁftheresincomposition
to a small-angle X-ray scattering analysis and preparing a
Guinier plot from a scattering profile obtained by the
measurement by a Fankuchenmethodtocalculatearadiusof inertia
and assuming that a geometry of a particle is a sphere,
Specifically, it can be determined according to the following
method.

(Measurement of radius of inertia of inorganic microfine
particle)

A square plece in a size of %cm x 5cm is cut off from the
resinplatewhichiscﬁﬁainedin(Conditionsofpmeparingsample

for evaluation) in the measurement method of a coefficient of
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and 1 to 50% by weight of trialkoxysilane and/or dialkoxysilane. Itis

preferable that the above-mentioned polyhydric phenol has a structure in

which two or more aromatic skeletons respectively 15 having at least one

phenol hydroxyl group are bonded to each other with an organic group

having two or more carbon atoms therepgtween. The above-mentioned

AQ3/AQ4r AT2/AT3, and (AT2+AT3) / (AQ3+AQ4) each means an

integrated intensity ratio. The ratio is 20 calculated from an integrated

arrle@r(rmif' 69mtpdxﬁge@siweai@e)il@&aaglﬂ)@edagmcseméagsl t;jfig? hﬁ)@S@% &{h%j ected
Y} paration, ea easure the i- -

e abremont oo The 205 DACNIIE hidisuing Hidthoth(ded *~=2Y

férair ionkd ot e SSI NRRMfisss\ng éthadsgssd fary diffractometer
MR EXlreMeént of silicon Gtoms x25! This methochisearged outby &pplying 8ay is

pulse e eaphservation -aucleus QH%iH&F% tg CﬁH&%}h'aqFégngg‘&or

gﬂglxguﬂrt}%incgrporatian of a signal. In this measuring metho _
quantitative Signal ta e deticted S incheaeddt sigiafiftensigd then it
déeriveBfom g AliclddrOvehauséreffort doesinatcosed i Conditiens ok tected
w%% 39&:%%&91%{5%%' eeAsamen: g@é/;t%eelas Jieyloe{vsé%a&f%r Length of
le, an irradiation pulse may be appropriately adjusted according to
2)\%relaxatifcl)%q[ill é% gf%arﬁépgéﬂﬁér%%ht nﬁ%lter‘)f%.g fA a%%ﬂl SRt iGR Surement
fHtEgrating timés¥and sample rotations may also be appropriately
adjustecdracoordingdopidiameterof g-sarmplerotor 35 ysed et theimeafei1e
Bisasrmant 40-Example.of acondiion,in 2/ SEPDIMASINMR - 5oy
meiﬁsuremen. Nuclear magnetic resonance apparatus : %\7&&23111:‘3466
finfabtirdd DY BRUKER EBHS IPYobeUsete 4RAEMAS Brbes uming that
Mezstrement mucleus 2981 (obsehsationmuciaus. resonance frequency:

(9481MHg) Mgasurement mode: The DD-MAS (dipoler decoupling /
magic angle spinniné)) method Irradiation pulse angle: 10 - 60 degree
pulse X=ray used: CuKa

Tube voltage, tube current: 40 kV, 200 mA

Operation method: Transmission method (20 separate
operation)

Scanning angle covered 20

Increment of a step: 0.1 to 5.0 degree, 0.0l degree

Measuring time: 30 minutes

As a particularly suitable embodiment of the above
inorganicn@crofineparticle,theinorganicnﬂcrofineparticle
is a silicon oxide microfine particle and contains 50 to 100
mol% of Si and 50 to 0 mol% of at least one element selected
from the group consisting of %Zn, B, Al, Ga, In, Ge, Pbh, P, Sb
and Bi, aseaccnstituentnetalcmmponent,exuiaseaparticlesize
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
xesinccmpositionComprisingthreecomponentsjjsanindependent

sphericalparticleand/oraflocculatedsubstance,andanaverage
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10 Pulse repeat time: 60 seconds or more Number of scans: 200 - 10000
times Spinning rate: 3 - 15kHz Observation temperature: 300K External
reference material: sodium 3- (trimethylsilyl) propane 15 1-sulfonate: the
chemical shift value of 1.534 ppm In the above-mentioned integrated
intensity ratio, AQ4 represents a peak arga derived from a structure (a
silica component having this structure is defined as Q4 silica component)
having a 4 silicon atoms-bonding SiO4 atomic group, AQ3 represents 20 a

@%ﬂt@%ﬁkﬁ@ﬂ%@ﬂéﬁHHaﬁﬁﬁ@ﬁ%“f@ﬁ%@%ﬁ%%@BQQ%@EHQ%%E@t@? preferably
ﬁt{)tbctureolg efined as Q3 silica component) having a 3 silicon
atom&-bSHding Sioa AEMIc o’ AT R prasénts bR aleardenveare than
kA Bstridiere e siticarconygonientiavingt this: steucturelis defined ag T3 ormly
ﬁﬁ@mmsqnent)m&yimggi%SM@ﬂ@gé QWS baning iR SIQ3MMPIC property
roup or .qro ot ¢gntaining oxygen atom at a position ,

glcfgcé{r?ti[to%%%:%ﬁeatgr%%,@ jé%néA 2 rep%?égeﬁtg%s igﬁeﬁg é:r? eagﬁ‘gfﬂeéi er 18
Sriure L Silick -conp e ftthavirg this Berutturd i defined psdPssilidaly 2 um
compesent) having a 2 silicon atoms-bonding R-SiO2 atomic group (R

being 3053 Qrganic group nat EBB@{JER%Q%%Q‘E,gﬁé%C‘?‘éf‘ r%%sr”é%leff refers
%gjacent to silicon atom). In the above-mentioned measurement _ .

condition, A peak Rhdwirng Existened of &%iith ipdhcidasEpadierofine
Bprih the srangecdf 4 201to<108 ppav aspeak shawitigrexisteace®f:Q3econdary

piliea 35 compansntRasa #esk topdphe rangs0f 195 10599,ppM, EaGh 5 o1 |
41 pea%@orW£qgee§|stence ol TE’IZ[l glgc% om%)onent and T2p silica .
g DRI O R GR5iih L brthe resin

component varies’in Bé);ﬁ?{ao% ependin
EREMBRL When Rfs aforgariegioupiofernimsaturatedndydrotadbdmr a peak
skeletoni the peakashowing existenceoofl3 silica pgampprient hag,apeakyur
BP0 210 A0 1 0P, 0 0 PR O SRR g
@26Kﬁ&ﬁ§%ﬁ¥b@ﬁﬁm§_ onding 8104 atomic group is defined as Bog,
a peak area derived from a structure having a 3 silicon
atoms-bonding SiCy atomic group as Ay, a peak area derived from
astructurehavingai3siliconatoms—bondinngSiogatomicgroup
as Arz (R being an organic group not containing oxygen atom at
a position adjacent to silicon atom), a peak area derived from
astructurebavingeaZsiliconatoms~bondingR—Si03atomicgroup
(RbeinganorganicgroupnotContainingoxygenatmnataposition
adjacenttosiliconatom)aszhz,theinorganicmicrofineparticle
preferably has a structure having Rg3/RAgs of 0.01 to 1.0, Awa/Aqs
of 0.01 to 1.0, and (Arp+Ars) / (Rgathgs) of 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
phenol and an inorganic microfine particle, the inorganic
microfine particle having a structure that satisfies Ags/Ags of
0.01to0 1.0, Arz/Be3 0f 0.01 t0 1.0, and {Aqot+Ars) / {Bos+hgg) 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
*°S1i-DD/MAS-NMR measurement, and a peak area derived from a

structure having a 4 silicon atoms-bonding Si0O, atomic group
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group of a saturated hydrocarbon skeleton, the peak showing existence

of T3 silica component has a peak top in the range 10 of -70 to -60 ppm,

and the peak showing existence of T2 silica component has a peak top in

the range of -60 to -50 ppm. Peaks of Q4 silica component, Q3 silica
component, T3 silica component, and Tsilica component are specified

based on the above data. Then, integrated intensity values AQ3, AQ4,

AT3, and AT2 are 15 determined, and AQ3/AQ4, AT2/AT3, and
BErSIA TS G533 AD M are PeAdURIEE f9g thoagh that the exhibiitioredfaving
flames rétardancy:providing performange:of sdica igcausedbyihe 2 peak area

tollowingrfagiars. - Thatis. HeQ.genergted.by Cs’%riy%%%oé‘tﬁo condensalion: sio;

of asilanolgroup (-Si-OH),which exists in silica, under hig O?é?npera prg

Sr‘?é)ﬁﬁ&y%ﬁgﬁg?sésﬁ s%faéfiﬁ cofed Bodies orthe iRe Hrévartihfidmiisbhlex ygen
gasvcelring as ihe. time: @f fidrg brioxygehin air fa&mrprmgagmga peak area
dherebydflamen expansion s supprassed: Fheiintegrated infensity ralios r_s; o,

AQ9 25 and [AT3 are regarded as scales of concentration of the
Si anojfggr apin sipigeib Size Of %%%:?&‘?Hé%ar‘ﬁE@?Snﬂ%&&%@%ﬂf@y?xyge“
BafiirftégratdtPinienisit) rafo arepreférably:0.02an la@owheashér; .
integrateittintensity ¢ata- igdess than: 0:Qls e&%@k]@‘—ﬂ@é}?ﬁ ionetzldl inorganic
t -providi forman 30 inorganic micrafine particles m ,
e iont. and raprovemo Aest h Tams Hetafddney S thehwaro1vie
PropETieS marge mshffie Rty dkhibRES iR v aiing bodysitamelkony si Lane
#edother Helid pwheni thietintégrated intensity isanera thpm .01 MOiske i 1ane .

resistapee and slectricalproperties of a curgd PQ% 3 %8&?H§f%r3:ef%ratfml nol has
reduced. The integrated intensity ratio 42 preferably has a | wer limit 0 .
.08 I A bl InfoF 08 A SE GRotpr/emESantePas R Ppect LveLy
mEnticned-bélw) texisting irethelsurfatewt yriside ofitherinorganided to each
mierefing ipartigle enhanges d@ﬁp@{@blﬂ%{@ﬁ@e Wég?ﬂc%‘?@ﬁ@&&on atoms
,@ﬁl&tircé%seigv}ggrrlgsin composition, but since the organic group

The above-menticned Ags/Rgs, Avz/BArz, and (Agy+Ass) / (Bo3+hgs)
each means an integrated intensity ratio. The ratio is
calculated from an integrated area {integrated intensity value)
of each peak by separating, based on a waveform separation, each
peak measured by the *°Si-DD/MAS-NMR measurement method. The
2°51-DD/MAS~NMR measuring method used herein is one of the solid
NMR measuring methods used for measurement of silicon atoms.
This method is carried out by applying a pulse to an observation
nucleus one time, tocause'H decouplingonlyduring incorporation
of a signal. In this measuring method, a quantitative signal
can be detected, since increase of signal intensity derived from
a nuclear Overhauser effect does not occur. Conditions of the
*?Si-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. In addition,
numbers of integrating times and sample rotations may also be
appropriately adjusted according to a diameter of a sample rotor

used at the time of measurement.
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eliminates from silica at high temperature, organic compounds generated
by elimination of the organic group burns when a cured body is in a
combustion state in air. As a result, much heat generates, to accelerate
burning of a cured body. Accordingly, 10 an amount of such a separatable
organic group R is preferably setin a cggain range. The amount of this
organic group R can be estimated by an equation of (AT2+AT3) /
(AQ3+AQ4) . Whenthisvalue is 0. Ol to 2. 0, high dispersibility is ensured
in the compasition orthe ewed bodynand né?%gglﬁt Hameeladana0at rement
I ies is.r .More preferably, +AT3) [,
%%?E%E%Z@%ﬁi%ﬁﬁ%ﬁ?a6%%%%appeé%%.t%% Y ganuracturea
NH6NEE BbovE Rhe Q4 silica component has the structure having a 4

silicdreatomsibording SiB4 atomiogroup, and the Q3 silica component
has theetiugiurehipvinga 3 siigon gl.alomp:handing, 3104 atomie group; .

|’r]iS %Aégilica cggm{?g;?nt is, mainly configured Wﬁen teterafunctiona
ygr% yzaBPé'siIané oMBé&nds cause hydrolysis condensation reaction.
Erampreyismsuch detraflinetionaliyirofizablessilare-campounds nelyde angle
thel aboviermentioned tetraalkoxy silane and tetraacyloxy silane. 25

f\g}q{@-othersf tetramethoxy silane and tetraethoxy silane are preferred.
The T3 silica c idoc n}gﬁé structur® hatifig 225 shidor ©

ca component
atbii&bbREME R-5iO8 atdicgreapdr beingarerganic group not
Bontaming 6Xygematon? ata position @diaceatto silicon atom), 30 and the
giﬂ}pﬁ@@%@p@@ the sfyycture having a 2 silicon atoms-bonding

Si03 atomic group(R being an organic group not containing oxygen

Sin aY & podition4gjacert 18 Silicor &fom). Specific examples of the R
Titchedenalkyf gfoups) secheasmetiyl golip;m-prapy FeUd PEORY) 1) propane
graup; Nobitykaroupi-butyl35.group, se¢-byty] group tﬁrF'§$%y' gt
n-pentyl.groyp, 43 .n-hexyl group, n-heptyl group, andfn-oc Y1 grétip: alkyl
fluoride “groups, SUER ‘a8 SHUGOPELYI 1ot rmeSeaptogrouptEontaiing
RikyF§iotps esdch as Rankreaptepropylgredpfaming: structure {a silica
component havingthisstructureisdefinedas0®silica component)
havinga4silicon atoms-bonding Si0; atomic group, Ag represents
a peak area derived from a structure (a silica component having
this structure is defined as 0 silica component) having a 3
silicon atoms-bonding $i0O4 atomic group, Ar; represents a peak
area derived from a structure (a silica component having this
structure is defined as T° silica component} having a 3 silicon
atoms-bonding R-810; atomic group (R being an organic group not
containing oxygen atom at a position adjacent to silicon atom),
and Arp represents a peak area derived froma structure fa silica
component havingthis structureisdefinedasT¢silica component )
having a 2 silicon atoms-bonding R-81i0; atomic group (R being
anorganicgroupnot containing oxygen atomat a poesitionadijacent
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 hasg a peak top in the range of -105 to -90 ppm. Each
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group-containing alkyl groups, such as 2-aminoethyl group, 5

2-dimethylaminomethyl group, 3-aminopropyl group, and

3-dimethylaminopropy! group; aryl groups, such as phenyl group,

methylphenyl group, ethylphenyl group, methoxyphenyl group,

ethoxyphenyl group, and fluorophenyl gsqup; aralkyl groups, such as

benzyl; epoxy group-containing organic groups, such as 10

2-glycidoxyethyl group, 3-glycidoxypropyl group, and 2-(3,

BEpbXFERIGHEXYH Bt group; @hdlinsatutated grapp-contaiaing 17 silica

ezgwml@r@@p&asw@haﬁwi@ﬂg{oge@%%ﬁ@qt% q,qylg.wp%ps g:rggltll(%l group.

n rs, amino grayp-containing alkyl groups, aryl groups,

@%p%%%§§é15 groeu%-%%n Sining Srlgg%%fé%oaﬁé? ghe ﬁr%f@r‘?g&ﬂr}ﬁ%%‘_éra'fe?

gavfﬁﬁaaaef@%acﬁ ARG anic groGpae o Hreiriorganis imicrofine peftitlesilica

adifonctonalland/er trifunctional hjy;dr@h@abgaqgi@ryiefcprg@og@ hatyngpm, and

organic i jected to.a cohydrolysis condensation

30 th e e s honal PyOral A ST 5 & peak

c8€1661u‘r‘:h?6<%%9p€fe‘§%rt?wé hydréiYEaBle sifhe eompdusdehaving aheorgani c

BFgatic gfoup Rarclude tridlkoxysitanerimentiened above; diﬁﬂf(og}sé%ka_@iowing

#iacyloxysiane; apd gi@ﬁi'@é?’%@@ﬁ%%@%tthﬁ}é ::E[?]%y Bg é}'?;%g%;%% aﬁ{é i3 range
mbjnation of two or mare of them. mong these, a 5

gcgmg}(;aur:td)ha\%iégpfﬁnéroarﬁgtié&ﬁﬁgP%%hsa{ko |FrihiHoRgSilate dngilica

BeREyriAethdkysilaness }@rmabﬁé,téiﬂw&kneﬁompo_tﬁm ha_s—rﬁ@h;;&;ﬁtmty Peaks

wditty‘as palybydscrahenehandgire ﬂfffé;évewﬁwqet%{lﬁ?ly Q%Pf&%fc%% onent,

' ic microfi icle in a palyhydric phenol. Another 30 preferable

e oo ol o T o DRCA G & AURclalBUgboTe date.

Habhg rEREGARARRE a HYBREK T §Eoupan B poRmydiephehal, sactdadr, are

S=aminoprepyl temethxysilane, A3,glycidoxypiony imethoxyssilans, 2- are
&3.14-ep9xycyclohexyl) ethyl trimethoxy silane, and the like. .35.In order to
arrang'e the above-mentioned integrated 44 intensity ratio within the

above-mentiShed CattHiT rdritfet sbhe exhibition of flame

retardancy-providing performance of silica is caused by the
following factors. That is, H.0 generated by dehydration
condensaticnof asilanol group (-Si-0H) , whichexistsinsilica,
under high temperature and finely dispersed silica in cured
bodies or the like prevent inflammable gas occurring at the time
of firing or oxygen in air from propagating. Thereby, flame
expansionissuppressed. TheintegratedintensityratiosAQ3/AQ4
and Ar;/Rr; are regarded as scales of concentration of the silancl
group in silica, size of a microfine particle, 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 flame retardent-providing performance by
inorganic microfine particles may be insufficient, and
improvement effect in flame retardancy and thermal properties
may be insufficiently exhibited in a curing body cbtained. On
the other hand, when the integrated intensity is more than 1.0,
moisture resistance and electrical properties of a cured body

are unpreferably reduced. The integrated intensity ratio
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to 99% by weight of a tetrafunctional hydrolyzable silane compound and 1

to 50% by weight of a hydrolyzable silane compound having the organic

group R are preferably subjected to a 5 hydrolysis condensation reaction.

The ratio of them [the tetrafunctional hydrolyzable silane compound :
hydrolyzable silane compound having the organic group RI is preferably

55 to 98 : 2 to 45, and more preferably 60 to 95 : 5 to 40. The inorganic
microfine particle is preferably synthesized 10 by a sol-gel method. For
exarhples manticried rhay be & method £f6r. ferforming:a hysirelysisimit of 0.8,

reactionzand-a-gandensation seaction. by dissgiving, in ahvdrophilic; 1,10y
ggglan%%%olvgrﬁt,gggh a}grr?et gnol, qradi persing, in a dispersion ,
mediur, the tetraftinctional” Rydrotyzabie Sifaris'c %Boﬂ:ﬂ&ﬁﬂarﬂﬁg microfine
Rydrohzhb|esilanecrsscshhpodichlning the ofgablicgroupRipothc microfine
pampounds are g@wnﬂyi@eﬂa@%?g ﬁg@&fshmasgﬁiagdghlﬁa@d@%;]@m ic group
[ ter. or. i iqui water and a hydrophilic
%r@gﬁilg%g%%r:?rl\gt% t ,%ags% ugtri]oén%o?t ehdig%%?selgr? g6 of glb ?yrhjy%rféompounds
BREAGIPHE A BisFeribhRsditim 3 préfred airice Mo abdvermenifonad cured
Podlame rétardantaebinscompositicrtin Whichithe inpeganie-gpicrafinenuch heat

@@H@i@@@,fiE%')éQ@Q?@PQQQ %BQWQ%@“&PQ%?%&%J’@ ea,Si‘Lchordingiy,
obtained. IQ thItS case, a dlsggrsmn medium of a raw material silane

COnMpoUnd or°a dillifidh thérele (Hetéihafter, “RAErEd 95 A8 EnReriqudy: ferably
2Rl Whtér ararhreferabiyndroppeth2s separatelyintd aseactiam vesgeloup R can
lequippes nithoanagitating Qﬁ&@%-ﬁ%%?pﬁ@w/l}( 1@594/}:9 ing a r@Wéﬁar,Iﬁ@_@I value

ilane-co und jntroductory part and a water introductory part, water is | |
%%Zél]y OcCiLls%gr%s'e% ’obé%otslo \}es(ﬁ%%ﬁ r%e%ﬁ(liqﬁd/ before e ?éﬁ/lr?leﬁ]éﬁa(f Cgiignatton

LBmipsting sk PEShtactsith Waterhand theretsy teta3-Hydrolysis>r thermal
congensation teactioninay be perfermed sadan homogenesys sYsiemzA, ) has
praceeding ofifie reactprymay fopetly delayed and.the partclg may be
prevented from being larger, since it take gome]tlme or the raw material
silane cBPBERE L Rk kBt Witk wateP Iinreforertremargahies the
shicrofine:35 partittesfinely dispersed in thendispersiommedtium mayrhe: group,
and the @ silica component has the structure having a 3 silicon
atoms-bonding 5104 atomic group. This Q* silica component 1s
mainly configured when teterafunctional hydreclyzable silane
compounds cause hydrolysis condensation reaction. Examples of
such tetrafunctional hydrolyzable silane compounds include the
above-menticoned tetraalkoxy silane and tetraacyloxy silane.
Among others, tetramethoxy silane and tetraethoxy silane are
preferred.
TheT3silicacomponenthasthestructurehavinga13silicon
atoms-bonding R~-Si0; atomic group (R being an organic group not
containing oxygen atom at a position adjacent to silicon atom),
and.the'T2silica,component has the structure having a 2 silicon
atoms-bonding R-3S103 atomic group (R being an organic group not
containing oxygen atom at a position adjacent to silicon atom) .
Specific examples of the R include alkyl groups, such as methyl
group, n-propyl group, i-propyl group, n-butyl group, i-butyl
group, sec-butyl group, tert-butyl group, n-pentyl group,
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45 obtained. Preferably, a total supplied amount of the raw material
silane compound and water is finally 0. 2 to 50% by weight in 100% by
weight of the resin composition of the reaction vessel (a total weight of
the dispersion medium and the inorganic 5 microfine particles is defined
as 100% by weight). When the hydrolysjs, condensation reaction is
performed in the polyhydric phenol as mentioned above, a hydrophilic
organic solvent, such as methanol, is preferably added to a polyhydric

pheral, \Vateris D%M@;@@;}«P@P@HB‘? with 1@—]&:@ ywpéi&fphgﬂ%yg%luori de

thle %dsrophili%or a.)n_l%iolvent serves as a dissolution auxiliary agent of =~
Water- ahd’ Br%m%%es f|neuCc)illé%%‘rrs?gﬁfstl)r%?éﬁdtf?)%%%&t@r%fb%é(?ﬁﬁ‘&amlng
fiduit! \Whent e palykRydricspheriot vekieh 9 dispersion wrediemi has a
gmpisgeslit}e@@ﬁﬂ@ aésp]ld?l’”@%af@ @mbjﬂfnﬂfﬁiegl}i)elfa%r%ﬁgf @-dlg’ylh_lg roup,
yar. i vents, maybe a solvent for dilution. The rophilic
e o (ot 2l Tor E5able SHeles 2
AICOhBIST BYdR RS MEthaRol add @tiRinF e fbReSPSuch U agstone ard roup,
@éﬂﬁad@ﬁeam@f&a@ydmtu_ramtpglypﬁse ayah gs ethyleneglyealy propyleneyroup,
96’}99&%1@@%@89@%@'%'&’%@'%EHQ{W%%%@”QPXE %g‘le?'gq"oups, such

[
necessary, other solvents may be mixed. The temperature of
%Bo?&%%’n&ibn%@%&r(ﬂ§§§pc_0%%%5§éﬁﬁﬁﬁéa%ﬁ8ﬁ?§Ere‘?é%‘é@so tGBeR as
€; ahtl mhorex peaferably 5eod0 C-THeyreadtiantimesiglgeneralty, 3Gind 2- (3,
minyes 25,1012boyrs) and preferably, 1 fo 12 hows. When the, dispersion

medium is djcluted the solvent for dilution may be distilled off under
ontal

gé)lfc%dcpressurréior%%?ﬁg 1OKPAIE e rEMoVES Whh #EHRpFERdn (meta)
ARSI BN GiRY usHP B solveRE(riemtideds below)*aduedtrentaricei ning
Howability; she>solvertmay net gisfill 30:0ffput may. pastly distilt off. Used
maybe amethod ke a, pyblicly. known sol-gel method in which an

inorganic microfine éartlpﬁé is synthiesized in%ehfﬁgpﬁﬁggoIVent, and

mixed with &pdRvhy ﬂcb%%ﬁ@é’éf%réﬂé%ﬁﬂh@ﬁ@d%%h@ﬁw R into an

inorgagrivic microfine particle, a difuncticnal and/or
trifunctional hydrolyzable silane compound having the organic
group R may be subjected to a cohydrolysis condensation with
the above-mentioned tetrafunctional hydrolyzable silane
compound. Examples of the hydrolyzable silane compounds having
the organic group R include trialkoxysilane mentioned above;
dialkoxysilane; triacyloxysilane; and diacyloxysilane, and
they may be used singly or in combination of twe or more of them.
Among these, an alkoxysilane compound having an aromatic ring,
such as phenyl trimethoxysilane and benzyl triethoxysilane is
preferable, since the compound has high affinity with a
polyhydric phenol and are effectively used to finely disperse
aninorganicmicrofine particle inapolyhydricphenol. Ancther
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.

In order to arrange the above-mentioned integrated
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microfine particle is synthesized, metal (except for silicon) 35 chelate
compounds may be used with the above-mentioned silane 46 compound.
The metal chelate compounds also have a function which accelerates the
synthetic reaction of the inorganic microfine particle. Suitable metal
chelate compounds are as above-mentjoned. 5 One of the preferable
embodiments in the present invention IS also a flame retardant resin
composition (a curable flame retardant resin composition) comprising the

Hamerrstardant egsin,compgsition.and,a compaynd aving atleastwa, , . - 5

g/cgg 1 groups; isli?c;h a gurab‘le flame retardant resin compaosition may ?8
g obtainad by Tixihg tRe Bmpouhd Having' ateasttioighcidibgfoupslane
GRBHNEER Ssaty! otheT Gaditives Wititthg aboyeimentioned eflamene compound
retatdant tefﬁn@i@@‘ao@lﬂﬁioadibﬁﬁud@% %JQ@@&%%PQMWQE@Q&”%E a

ith the glyci rqup of the glycidyl group-containing compoun

g%%%%exvr)égyl/stheg %}%j%ﬁ]egﬁzﬁrﬁceﬂifree%’? ar r'esirﬁggmﬁggﬁif%n?sf clvafto [ the
PRodUtE E e GOty YRHE? 1<) TRd ABove-hientiofedearable flamedrolyzable
sethrdant cesinoconipasition grefeeably gamprses thg-abgve-mentioned. 1,1y 55
polybydic phenol the apoyementioned inprganic microfine particle, and,

the compound having at least two glyci y?group . 20 In order to obtain ’

thé 'Shralé e fetdrahPresie dofposttioh, 16t Guerisiehevioligmingesized
‘methods mayebe usediodl) A Methadkimmphieh the sompegadiaying=ats method

feastiworglygidyly graups-isiixed W&JQ_&%%@H%&%E@HHB%M%WO reaction
ret%é%gnt esin composition produced in advance; (II) a method in thlcﬁ

feds 3Bove-Rientid had BINRYErC pheto? ahd fhecdpRtmeantiohed methanol,
WorgafichrFsfimuparticleardiindeperdentlyahi simultaneatsty: mixed: iona 1
with-be eompeundhaving ableastive glyeidyhgravps: (H),ameathod in ;¢
3%?&%‘5% cﬁ?&’x‘}?'me{ﬁig%%d qfcéQ:lLyQ%dric egr}?r‘{% is dispersed in the
abave-mentionad organic 30 microfing particle disparesd - sdvhRcemeral 1y
e EBFPGTHE RaVIAY: Tt Toast Gvolglyeidyiarsupsd Among biters; s ng water
curableflame 1iquid of water and a hydrophilic organic solvent
into the sclution or the dispersion. Use of a pelyvhydric phenol
as a dispersion medium is preferred, since the above-mentiocned
flame retardant resin composition in which the inorganic
microfine particles are finely dispersed in a polyhydric phencl
may be easily obtained. In this case, a dispersion medium of
arawmaterial silane compoundoradilutiontherecf (hereinafter,
referred to as inner liquid), and water are preferably dropped
separately into a reaction vessel equipped with an agitating
device. By separatelyprovidinga rawmaterial silane compound
introductory part and a water introductory part, water is finely
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 with water. Therefore, the inorganicmicrofine

particle finely dispersed in the dispersion medium may be
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retardant resin composition is preferably produced by the
above-mentioned method (1). As the above-mentioned compound having
at least two 35 glycidyl groups, an epoxy resin having an average of two.
or more 47 glycidyl groups in 1 molecule is preferable. The epoxy resir_1 is
not especially limited and may be used as long as the epoxy resin having
an average of two or more glycidyl groups in 1 molecule . One of the
preferred embodiments in the present invention 5 is a material for

entapsudating semiconducior and:an insulating materiglfor wiring beard .,

isi e ve-mentioned ,flame retard resin, composition;
O S yon.
Jansé%?éﬁoﬁé{u‘&?drg&ﬁrﬁbfoﬁéﬁ Heviee oDl hpusigtthe reaction vessel
bboveimentionedH0 mﬁteﬂa}afmmapswaﬂnwé@mmnaﬂ@t%@diﬁorgani c
substsatefor \elegtrc wiring; ebtginable by using the ?BS/Y%&%W%'QP?O'
insulatira\%mateénalf r wiring board. The inorganic micr fine particle of the

Vel erﬁa}ﬂ\}%@g%%liﬁa%?ﬁ%?%%ﬁé?sﬁ%éﬁ%%t}én@erfomed

present inventio ent, and
jﬁ?eﬁé?@blyoﬂsfhryﬁéi%@exﬁir@@lbnmtmentaﬂdn@m@m%ma migrefibehilic
Pagticle obtained:by p hydrolysis Gapdensation reaction.of, alkoxide andior . .

rboxylate in a dispersion medium, the inorganic microfifie particle
ng?a(i\?r‘lllgg g%&ﬁg %Flrﬁ%a%ﬁa gf? B0 “Am’ot Ieé-:’s]f‘gna% WeightRitdofthe with a
BRitrohffe partieleantd 200a tadibs dfinertialof lebs thagA0inmeanidrthet serves
nicrofiniesparticlei Mhaalsaﬁius&g/in@@t]?gﬁf &n%@éﬁpre&%ad ggdamgtn_és Fine
' ; , The microfine particle with a radius_ of inertia

d%%sgﬂﬁgﬁﬁlg%grﬁqe%%gﬁ%ﬁ ?r%r%kacs%%gaenéi)n grﬁé}cg}\}/veet]tarfﬁ}iﬁt? ‘beteén wéen
ttcﬁ% P& SIGHThEdRiR EnH tHE thithofifieiparticiee2s égperiall Wherhas a high
wresipccotposition is Uised ascthedlispersion medivmi butvaedgeWaals e, the
Horeetween thejpgrganig icrafine, particles f D%ﬁ Séggr”&%hué"l’%%r! The
or}%mi ro‘lene particle with_a radius of inertia of less than nmla're‘ P N
i gggflimjpcr:o@e]fﬁgﬁ}lgffé;&llﬁ%‘ﬁ’;‘/sﬂcﬁl BRiperfasdénivetiftioml inited, an
Ivanhceoposite hagludes alcohols, such as methanol and ethanol;

ketones, such as acetone and 2-butancne; tetrahydrofuran;
polyols, such as ethylene glycol, propylene glycol, 1,
3-propanediol; N,N-dimethylformamide; and pyridine. If
necessary, other solvents may be mixed.

The temperature of the above-mentioned hydrolysis
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 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
below)"addedtoenhanceflowability,thesolventmaynotdistill
off, but may partly distill off. Used may be a method like a
publicly known sol-gel method in which an inorganic microfine
partichaissynthesizedjjlahydrophilicsolvent,andmixedwith
a polyhydricphenol separately synthesized. When the inorganic
microfine particle is synthesized, metal (except for silicoen)

chelate compounds may be used with the above-mentioned silane
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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 nm or less, and the weight ratio of thgmicrofine particle with 48 a

radius of inertia of less than 10 nm and the microfine particles with a

radius of inertia of 10 nm or more and 50 nm or less is preferably 1 : 99 to

éamﬁﬁuﬁhe WQ@@W@EQPfcmél%i@@ﬂB%p?ﬁm@E M@ﬁl@l@fgjg @u@@]gt}iaggfwmch
e icrofine particle with a radius of inertia of 1 _

B o I o, 705 60 a6, Rdgrofine

BretErable fornt B febdisoveshantishisdl dis persior msdiema irrentioned

arayvise-adomm thetdhe dispersion medium contains at least one organic

solvent 63 o hap ey disagtzlo0 A0BEHLIN S A S0ARSAPIEIERIN; 1 vention
comgfsmog. e above-mentioned resin COI’ﬂpOSItI‘OI’]IpI’e rably

cOnipric8s holyhyric Phendié? Bhd “idié! pretBRbl fukter tentiirslne flame
EPORY FEsiHt as anigssentigloedrponentc Anepoxy resin inaayr he sentaied-dant

ietherabovg-mentioned a12iresip ampasition ysed.asthe dispersion .1 ciqy1
medium. In guschapa?dCL?og%fgdf% cured body obtained of., this case, thg ‘
thorganic microfine particie 1§ dispérSed fit the Esoxy 3 nfatie orhit Hon may
PG rasinaAdyhe singheusee, batrtheresin earposition containing dle/cidyl
@p@@gé@hﬂ@ﬂﬁb&@%Hﬁwﬁx%gﬁ@i%gﬁ%%E%?@@FW%?E@%?@v?—Fentioned
Si | ce.the above-mentioned_polyhydric phenol also |

PEIEEED S S0 e M TP RIS 1o o
%ﬁhﬁ&}éﬁéh%%ﬁ@%&mﬁﬁ@?@ﬁﬁl@oﬁpﬁm Treup of the glycidyl
@bove-mentionedidispersing elementeftheirorgprict 282 micrefifge £1ame
paitice mayhe-meletabiserfopyagus matgrials, and,g material ot 1, g
ﬁgﬁpsulatln%%emlconductor and an msulatlr};gl matérial for wiring boar

bna c%ﬁﬂn% ﬁﬁﬂﬂﬁﬁ%ﬁﬂgﬁﬁﬂﬁﬁlcura e flame retardant resin

composition preferably comprises the above-mentioned
polyhydric phencl, the above-mentioned incrganic microfine
particie, and the compound having at least two glycidyl groups.

In order te obtain the curable flame retardant resin
composition, for example, the following methods may be used.
(I} Amethod in which the compound having at least two gilycidyl
groups is mixed with the above-mentioned flame retardant resin
composition produced in advance; {(I1) a method in which the
above-mentioned polyhydric phenol and the above-mentioned
inorganic microfine particle are independently and
simultaneously mixed with the compound having at least two
glycidyl groups; (IT1I) a method in which the above-~mentioned
polyhydricphenoljf;dispersedjjltheabove—mentionedinorganic
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

glycidyigroups,5ﬂ1epoxyxesinhavingenzaverageof1wwsornmre
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dispersing element containing the inorganic microfine particle, 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 alsq,ysed preferably as a ;haped

body (cured body) in which an inorganic microfine particle is dispersed,

35 obtained by shaping (curing) the above-mentioned dispersing 49
@iémnﬁmnt@ﬂaﬁn@@h@ﬂﬂqrga@iaceram%ﬂ&%dp@&t@&f&@ﬁiﬁ_ S%@E@%Q‘&%’y resin
[ [ ' ic mictq fine particle is dispersed, obtained by curin

the AoV Tionioasd Hee e o oM 06 MG S Foe epoxy

mfctofine Baricié Rertaimn: a8 A dspardisrimediuin laresips in 1molecule.
compositior: comprising a PolyhydriaupbenelandSfurthen eoprising alnvent i on
SROXHERI: A-8eMICOBRUCIAL SOTPPRSNLARYICE ohIAnADIE bY USING e, .

4
ab ve-me?tlilgned material for encapsulating semiconductor and a
o

SUbstraté for fedthié Witing Obkdinabie by G&iRg tid BBovEsmekasieden t ioned
ins@ratingehaterianforwisihg boarg are. alsoronexof-prefermeddy obtainable by

embodiments inithepresentipvention. A small:angle Xsray ,chtgeémgcon?uctor
%%%{’%g may 8%#;%%% f%r etermination of the above-mentioned radius o
' a

i ]
inertia of the above-mentionad Morgantd nﬂ@rbﬂﬁe%%ﬁi(ﬁ@qmﬁ@“iﬁtlfmed
Ermafi-ahgle koryrscateringanlysis; dlunsidn of an; etectren slehsityrinte for
aldensity. uneven rNgEshanges Besattering Hyovementatibeting of, o g
Xrrayirradiation, and therefore a, particle sriize of 100 nm or less can be
S

measured and in particular, a distribution state o primary particles in a

dispersidr adiin?26 tarfbe EBMmpréneAdéd a3 4 ist Coaventismally finvention

oedertie méasuren azpditicle sjzeadisiﬁib@tmmﬂ@omﬁﬁqrqﬂﬁa preferably
articles; an.opti thod, | ich inorganic microfine particles . £

gisplgtsel%babgé%nq% |§%%%r?§§§{}a%%{ﬁ%?§pﬁr§3?§teé%5$ Alaser TCrotine
a N O

eam, and the

i thed (4HiER Sz&8Fdistibtiion fOPs Rssbicd frefagsion of
3eatteringestare fas bedm Used,diowenkbrtwhén a dispersion medium, the

inorganic microfine particle having a radius of inertiz of 50
nm or less, and a weight ratio of the microfine particie with
a radius of inertia of less than 10 nm and the microfine particle
with a radius of inertia of 10 nm or more and 50 nm or less being
1:589t040:60. Themicrofineparticlewitharadiusof inertia
of lessthanlOnmeffectively increases aninterface wettability
between the dispersion medium and the microfine particle
especially when a resin composition is used as the dispersion
medium, but van der Waals force between the inorganic microfine
particles functions toomuch. When onlymicrefineparticlewith
a radius of inertia of less than 10 nm are blended, improvement
effect in physical properties derived from nanocomposite may
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
nmor less, and the weight ratio of the microfine particle with
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the dispersion 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 4gused 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

& Badbubt atolnwhetheodispersiormstaté bhanzohbeivatiorarefid®s particles

m&tag%s_d&@?tﬁéoaﬁ}atﬁ&fﬂ% vole @Uﬁgd Q;r?dﬁ{%%%l %iﬂagfﬁ e 1ess is
S reg is performed. On the other hand, the _ ,

éf%%aﬁé?ﬂ%%g %721 "Z%tt%?i r?gbsénegrléoéis ﬁijsea"r“{eajd% htage thatdispBfsiBacrofine

Byt befote hafderfing 3GHrBe @bmibrerednidedodvelrit a rebimnis Usedrassad the

dispersidmmeglitin 15 TheJheasurement pynsiple abtheismalk-angleX-1a¥ more
seattefing.analysisds brielly feseriner Sepegaly densive glectonie . s

state, and bonding Eattern differ between a dispérsion medium, which’is™ "~

an orgahic confgouret ahdsart Mfgaticrhitfofie AR bt ABRE sidespersion
rmnd fluctuation 'of efestronadensity @ccursrin ahdo intesfatcedhetweenthenedium

dispession mediumsandhthe jaerganic Jnicrofing partigle, When. v . 45 spersion
rré%fgrplr%maéicsx-éa passes through a mixture having uneven density,

e monocﬁroma}ﬁq PR Ay GRFPAGEd P En extidmahrramentioned
BERHURACAER (28 B ond s pibedin Inkid engerditettiom Aryvanalysis pfthisolS, and

mkiffractior fteasitypatterhshows:sizei and shapeffhe.ared NaVRGessential
ggﬁﬁg@lgg@s_ity, which can unveil morphology of organic/inorganic
nanocomposite. When the particle size (size of the area having uneven
density Y18 URHErRY, thesscatfefgPmterdityad restesantedchythevfotiowingioned
fermiulagtnaccording2(: te: G uiniet Bmall iangla-sqalteingintensityr n a shaped

peulan formua 2 BsiQ:eh 99k s case, the inorganic
microfine particle is dispersed in the epoxy resin matrix. The
epoxy resin may be singly used, but the resin composition
containing the polyhydric phenol and the epoxy resin is
preferablyusedasadispersionmedium, since the above-mentiocned
polyhydric phenol also serves as a curing agent of the epoxy
resin. A publicly known epoxy curing agent may be added to the
resin composition.

The above-mentioned dispersing element of the inorganic
Hdcrofineparticlemaybepreferablyusedforvariousnmterials,
andjamateriaiforencapsuiatingsemiconductorandaninsulating
material for wiring board each comprising the above-mentioned
dispersingelement containingthe inorganicmicrofineparticle,
a cured body obtainable by curing the dispersing element
containing the inorganic micrefine particle are also one of
preferable embodiments in the present inventiocn. 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,

obtained by shaping (curing) the above~mentioned dispersing



10

15

20

25

30

35

3 1 (0) : scattering intensity when g=0 Rg: radius of inertia of particle 25

in the formula 1, g represents a value determined by Fourier transform of

a space mathematically, 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. [formula24 51 4iz s'n() 511( 2) (2) n:

Circular constant, X: Wavelength of X-ray (Cu a rays: 1.54 A), 20:

Scattering angle The Guinier plot is a plot having -g2 value of X-ray 5

sdaiteting intensity.rA small-angle seatiering mngednears paandele, or as a

showing asapid reguction.of scatt @9&&%{@%'%!@0%%%%] %O %Cf‘gt%ﬂn?%ersed,

angle, and a width of the main peak is inversely proportional to a size o
SR BPdR RAVIRY unBuen Aehbity, HHAY i AFAdS ¥t thetba BR A DHarg L ement
panictel Acogrdingly,| 10 increase and de€reasermavementscafrscaiteting, as a

imensity are rapplied o, Funkuchenmethod; @ fangentis,drawny 4 po1 yhydric

se uerEiaIIdergm ggl ht end of the Guinier plot, and then radius of iner a
gn%%(@attgrmg iftensity thiefeof are EACTaRAomYficithtion siEatheonauctor
R R detdfifiihes AR b f distiitsution 1Shef theaadiuseft ioned
merta obthefrimancparsclesframdhelerintensity: rFAtios. AsdMentioned rate for

e, th -mentioped inorganic microfine particle is preferably a _ ,
%5(%%%5?3% ((:’j‘(\)l;}n9 §1s tior%()) {;)r?cL) u%t%? armalkoxXide compouqﬁa preferably” ™

MEtE Skoxideyrod aRdft 4 earbidaide &tagclRd forsksralspmetalpreferred
eatboxylate)r andrpreferablysas bydrolyisisceondensation product produced

by sol-gel methed..| iS ca i , . f
ggm%offdﬁ%?e%eﬁﬂ%“i%ﬁ% ovo R RTINS Bl B used for
0

Blihdt preenited By (AE ABGVBSREigREd forfiuiat2) 2505 Of the
Py aveighteor imorecof the cogfpoundreépresénted Ipatheicle. In the
small-angle X-ray scattering analysis, fluctuation of an
electron density in a density uneven range changes a scattering
movement at the time of X-ray irradiation, and therefore a
particle size of 100 nmor less can be measured and inparticular,
a distribution state of primary particles in a dispersion medium
canbe comprehendedasitis. Conventionally, inordertomeasure
a particle size distribution of inorganic microfine particles,
an optical method, in which inorganic microfine particles
dispersed in a solvent at low concentration is irradiated with
a laser beam, and then the particle size or distribution is
measured from the scattering state, has been used, however, when
the dispersion medium of the inorganic microfine particles is
a resin, for example, the dispersion state is changed by solvent
dilution. Therefcre, how the inorganic micrefine particles
were dispérs ing in the resin cannot be accurately restaged. And
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

restages dispersion state of the whole cured body well since
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formula (1) are preferably used and 90 parts by weight or more are more
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 30 in flame retardancy and

in affinity with an inorganic microfine p%rgcle 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 52,hydrolysis condensation; reagtion Js performed in
presenc&%)ft%golg %dric %hen(fl, ngch is a dispersion medium, the _
inorganic microfine particle™& Stirrsd easiE? when e pofyRyarc phahor s g

amdted STRereforel the ebovegrchtiohatl vydrolysisib contedsafione hardening
f&s?ctb@ru' ;j‘gr@@f@mﬁ@@f‘%@%ﬁ@ Qr§§§£'f‘z0|§s.0ﬁ é@g @%oa(%tﬂé%fgl O0E9n medium.
splvent, the inqQrganic_microfi.ne_particle may be smootply _
manufagtureﬁﬁ?ﬁegggé\%:} e‘in?io%% i%pserﬁsal%éelaerﬁgehn% Sfthey scattering
Hotgaié SmiSréfneedaricis thé Bpbve-mentisieedizpersion state isl¢0tronic
preferably maintainec pytthe dispersionameslivun is-nok espepially linitethd i um,
A8 longsasdt)s stably;disparsed, 48 the dispersion medium, solid . particle
substances (for éxample, resin ﬂco_mposmon_conta?nlng a resin having !
o TeCAF WeRgHD rhil beHise Ut it HaAitBA oA e i Sutstatice in 2n
andrdinary< Scremperatutérforléxample; 20Ckkke am orgahic selvent Aganic
mentioned aboye cwben the process(hydiolysis.eandensation), . ingwhich,, rough
gh%TQ{%%nlc Q};%!Oﬂne Qgrtlcle |s?%roduced, is performed, for example, In '
presence of thé JolitPdiSpérsioh idtidm at oF&ﬁaWﬁﬂ?e?&fﬁ?&,ltﬁeX"my 1S
dishersien metidifris 20cappropriately diteted Withasblventgarid therea (28 =
g{@@?g Process atibedaciaanie,Picafinsparicle s perlpmedaand., o

e sessary, the solution for dilution may be volatilized. When an
orgagnj%él gg%%%t %sxijtseen ésjlc%g aitcsﬁgr;srﬁoﬁgﬁ)éq%?nl,zgxgrrﬁ Iescsi‘ézj‘iED et the area
'Pyanie sBvBRERCIiaE $athy alcBRoIRh stcH! 2Braserheéthanoh thamol, of
nzgropandli isoprepanolnabian@oesite. When the particle size {size
of the area having uneven density) is uniform, the scattering
intensity is represented by the following formula (1) according
to Guinier smail angle scattering intensity formula.

{formula 1]

1(q) = I(0) - exp(—4 3'Rg ) oy

I—(O): scattering intensity when QFZO

Rg radius of inertia of particle

in the formula 1, g represents a value determined by Fourier
transformof a spacemathematically, and represents a value (A™)
in propertion to an inverse of distance, and is represented by
the following formula (2) as a function of a scattering angle.

[formula 2]



10

15

20

25

30

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 pentafluoroethanol; aryl

alcohols having halogen atoms, such ag pentafluorophenol; monoethers

of (poly) alkylene glycol, such as (di) ethylene glycol monomethylether,
(di)ethylene glycol monoethylether, (di)ethylene glycol monobutylether,

(di) propylene glycol 35 monomethyl ether, polyethylene glycol

nonyl Hehyleth 2&?} 53 polyols, such as ethylene glycol, propylene

@yé‘oﬁa d lg,léfgr ediv). These organic solvents may be used singly

or inc bination%(l2 two or more of them. The dispersing element having

the organia selvephas therdispersign mediymymay:-be used 5 ag a,cealing 1. 54
%Bateré'%l, adg%%{\%sekr)y 1frgijlrthgrrTl cgmprising a resin component dissolved.

n'the other hand, a &lsgersm% Slement having a shapeable resin
composhish &84 Bispersiowetifum i®Alkb drevdinthe preferablee of X-ray
embodiments inrthe peesept inventiom Bm@a;;@ngd@;s;fb@@isp@@@means a
nt in-shap y osite) in_which an inorganic

e arttls o el lapres s oo ChAT Wec Lhtn by
HEPEFEISH Méditinfis thé rosinTomposifich! thevindigarmé niibfofifiein peak is
particte isldispersed-inithe aésin withi anaiftaining ¢kehabovesmentionedensity,
distribution, state; and.alse, 15 maintains the dispersian state.after shaping 1y,
or hardenln(%. Therefore, a shaged body (or cured body) obtained has
excélicht “moisture absaibtion te&RHEEFoP the TeaS ST ifion8d abBvey are

ApE-fi e o vas :effevt ohmhhocomposie with tthe inctgamic axcrofineially
particle, thatris, exeelientflame retardancy and 20 kinetic,propertys The inertia

in.composition is_not especially limited as long as.it is shapeable _ . .
L e D s EA s Dekirrhit don
e Faslieh: Ridfntresin e6mpesitibas aforekaiiple thetmeosetfingiresinibution

of the radius of inertia of the primary particle from their

intensity ratios.

As mentioned above, the above-mentioned inorganic
microfine particle is preferably a hydrolysis condensation
product of an alkoxide compound (preferably metal alkoxide)
and/or a carboxylate compound (preferably metal carboxylate),
and preferably a hydrolysis condensation product produced by
sol-gel method. In this case, with respect to use amounts of
the compound represented by the above-mentioned formula (1) and
the compound represented by the above-mentioned formula (27},
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
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compositions, such as phenol, epoxy, and unsaturated polyester, 25 or
thermoplastic resin compositions, such as (meth)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 conggosition is also described as resin
30 composition for convenience of explanation. The shaped body
conceptually contains a cured body, and means an object having an

W%&EE@?Qi@aﬂﬁﬁﬂéﬁ@géﬁﬁﬁnﬁgge%ﬁ%ﬁTQ%Cﬂ@%&@%ﬁ@@efﬂspégsence of
a

%b-eo s!lglaged Witt?la chfmical. h rdgnlng reaction among the sh ged. .
bq%hesy [Yaaé’fﬁc?n,efﬁlgsha‘f)%acb dy? dhdl H7& EaretiBoly 35 Hie 486 inorganic
deseribedyeRercally a8 askdpetat cussd:bodye 54t e grdéntoydric phenol
sufficiently wtilize the-advantage Eﬂaéthﬁ;@%%@%ﬁ@ﬂ%%sm%%qaé is

b igh level _moisture absorption resistance and flame
%g%ﬁg%%ﬁ%iggggrgﬁggtiéﬁ Erléeﬁﬁﬁer oﬁr‘(ya raterial (?o?gﬁcéﬁsﬁf%ﬁaiﬁﬁme of
5 LB nfEOSHERCIST B &Y fhstrdiig Mratefiakfok Wiring bearers cpreferalsl§ine
psed as hdlispersion mediunh Agcatdingly,-a res#x .composition
Compﬂﬁﬁﬂ@H@%E5%8§%¥EH1%@QEQEEEQ¥§T %% ”%%’%%EH%%%THErganic
ﬁr.efera ly used, and a thermosetting resih, suc;l%l sp en&, and epoxy, 1s” "
Quitlite A8 SURAATESIN ThEND ASBvESTBRNdHCT REiIFésmpssitoRnagtate 1s
et bethéde resid roomipositionktmay besapplied4a sseotherdhamais not

g@@@r@sqrz§¢n_1i9@r1d4@tgrsem@uéa§ir&mﬂe@%'ﬁﬁﬁncﬂﬂég@%%d. As the
H\géeréal f?ér\{VI%% Qoard..Aslthe a ove-mentlongd resin contained in the
resin’ 15 Composi i6H Which Ts"& diSPRriaR ffediurh® polsfdht Sherldis 11
A&UIRE high AivlEculaAwaightmaytses preforably gséd.dFhisopalytyidiic weight)
mh@nb:é intlulesa phensl resin of wsol type pblﬁi@%d smbétﬂ%iﬁ%@“%t” ordinary
e & hemmaoun ar ot Sheatically 20 Baljtydrs BrANBITAARt - 22
Bt RITE T IHFEIT ey BE FhdrB Carorraticsskel Sions pspeictivelyibsimp t ion)
atleast ohe phendnorganic microfine particle is produced, is
performed, for example, in presence of the solid dispersion
medium at ordinary temperature, the dispersion medium is
appropriatelydilutedvﬁiﬁ1asolvent,andthegmoducingprocess
of the inorganic microfine particle is performed, and then, if
necessary, the solution for dilution may be volatilized.
When anorganic solvent isusedas the dispersionmediunm,
examples of the organic solvent include fatty alcchols, such
as methanol, ethanol, n-propanol, isopropanol, n-butanol,
isobutanol,n—hexanol,cyclohexanol,neoctanol,n—decanol,and
n-dodecanol; aromatic alcohols, such as phenol and phenyl ethyl
alcohol; alcchols having heterccycles, such as
n—hydroxyethylpyrolidone;alkylalcoholshavinghaloqenatoms,
such as pentafluorocethanol;
aryl alcohols having halogen atoms, such as pentaflucrophenocl;
monoethersof(poly)aikylenegiycol,suchas(di)ethyleneglycol
monomethylether, (di)ethylene glycol moncethylether,
(di)ethylene glycol monobutylether, (di) propylene glyool
monomethyl ether, polyethylene glycol nonylphenylether; and
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hydroxyl group is bonded to each other with an organic group having two
or more carbon atoms therebetween. The above-mentioned polyhydric
phenols contain a large 25 amount of SP2 type electron orbits, since an
aromatic skeleton is contained as an essential structure, and therefore

the above-mentioned polyhydric phenoisshave a structure in which
pyrolysis at the time of high temperature does not easily occur, and
excellent flame retardancy. It is preferable that "an 30 organic group
havipg two os mdrecarkam atosns! tg bpad aromatie skeletons having aind

least. pne pheaelhydroxy group containg. %@M%@Crﬁﬁ"%}%”ﬁ%%hsa&gly or
benzene ring and naphthalene ring” or an polycyclic cycloaliphatic
%Eelcé%?% %ﬁ%ﬁh%&ﬁo‘m@nSF ditetietfIamietetartAfcy arrthe Heare Lement

Pesystancs Hertheg B5lincredse 55 dfhé hbove gpentioned pelyhydrieay be used

phendismayrhe praducedusingRJdsaction Fawmaterial compisingidy 4 resin

%%g%;ggd {Or&‘grmlngvg aromatic skeleton portion having at least one

lic ﬂydroxf/rgé)roup hereinafter, referred to as "aromatic 5
skeletorformifi ESrRp LTIty ahdla Seripolndfedsmmingdriorganic gloapeable
peottinn haviggr o abmose carbongiems iasranessential companeshe of the

ngﬁggggtoeggg@@ﬂ}{g;{'@gnt&pe&gsgeﬁrsin aleme‘péh{r}%hrgca %; shaping

where a dispersion medium containing p ﬁ/ﬁs ric 1delpheno and an ‘ .
BPERFrELIRTE hEd LRNHYIRE pRerofstepciyesm prdighpritioy@posite) in
whefetably: 30470 trRO/B0nand afdnecpreferably: 85465 1o 656/35. Wherthe=d may
weixing: Fatie-ef pokyhydrichgna e@éﬁ%%@ﬁ?gmtbg yﬁ@?égrﬂq{?&ﬁ%osition,

may be insufficient, . and %/v,hen the mixing ratio of polyhydric phenolsIs .
more thanh 70, 15 fhethd iRF prGidertics 6 BSshap&fana dutBdsay esin with
Terpidcaybe reguedh Whee ahy dispeérsions iediumiisusetzar, and also

rizorganigBictofine; pagicle ispreferably dispersedisoasto e 0. 440dening) .
@nf?e%gééé‘é%% tsoh]a%og/ﬁ %gﬁ? Iq%troiz%gg g %glfg{f] )elo r%%rgéglg%ésslogxcellent
moisture absorption resistance for the reason mentioned above,
and furthermore has effect of nanccomposite with the inorganic
microfine particle, that is, excellent flame retardancy and
kinetic property. The resin composition is not especially
limited as long as it is shapeable (capable of forming a
solidification obje_ct having a shape)}, and used may be publicly
known resin compositions, for example, thermosetting resin
compositions, such as phenol, epoxry, and unsaturated polyester,
or thermoplastic resin compositions, such as (meth) 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
composition for convenience of explanation. The shaped body
conceptually contains a cured body, and means an object having
anunchanged shape at ordinary temperature. Thecuredbodymeans
an object shaped with a chemical hardening reaction among the
shaped bodies. In addition, the shaped body and the cured body

are also described generically as a shaped and cured body.
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20 + inorganic microfine particle) . More preferably, the lower limit of the
inorganic microfine particle is preferably 0.5% by weight, and still more
preferably 1.0% by weight. The upper limit of the inorganic microfine
particle is preferably 40% by weight, and still more preferably 30% by
weight. When the amount 25 of the inorganic microfine particle is too high,
the above mentioned good dispersion State may not be maintained, and
when the amount of the inorganic microfine particle is low, the flame

retardaney andibe imprayemant effeatyn APICALPIORPTIES darived UAM: e
nanocomposite ma¥ insufficiently exhibited, In 30 the case where t
S %%jo

the
TISpersion medilit s & 185K ComiSosition” “art hé rBam dmpoditich Level
BoRtaINsTE seiveatinproducing lessivaped and cutedbodytwhithris @ firalresin

produst the splveptmayhe coptaingdinthe apove-mentioned dispersion
Q%%gli%@nlcri‘utg% C}r(%sinn(:é)n‘;{[ﬁaosition fom rising. two c.orgp%nents of the

present invention, I?IS pre er%&? ata 8\%/8[’ ﬁr%‘ﬁrolf%n ep%:xywéélng %Oard +5

BGiVERMP isY100 §findPandErt GEperlmit BE i @poxy/stpivalémo k5@ resin
gfmplo More preferably; themlpwerdimitis 126 gimalt anddhe wpperlimitisl a+ion
420 (mal and Juhermors preferebly e (el Il 8430910 AN o511,
the upper limit Is 400 g/mol. 5 In the resin composition comprising three ‘
CBMpORENE G b preSEnEmuEHton; Tt i préRAkd that 8¥sWerlikitofn- The
anepoxyequivaient is 60 g/modrarsd and apperslimit 0f anepokyse resin

earivalent is;#000,g/mel. Whenithe epoxy eguivalentis less than 100, ¢ .1 o

gémgl a low d{electric characteristic ma{3 not be 10 sufficiently exhibited, k
and wien it is more thak 20 0 'g/MBIHeaE tésistafcaprnsulatingmaterial
heotdasifyiernvalilitg may not be sufficient. More preferably, the lower

limit is 120 o/mol and the-wpperilBribds 3099 9/mel andfuihermarge resin
BilEAbY: g g 50 g and e e R on
R7E cBpehehtsTtefFEBy hased ovlerTimit &fcL 2000 Avadand aAapperinis
timityof A200omPas. More prefardbly, ghenol resin of resol type obtained
by subjecting phenol to polycondensation, or a novolak type,
and more conceptually means a compound group, and specifically
polyhydric phenols having a structure in which two or more
aromatic skeletons respectively having at least one phenol
hydroxyl group is bonded to each other with an organic group
having two or more carbon atoms therebetween.

The above-mentioned polyhydric phenols contain a large
amount of SP? type electron orbits, since an aromatic skeleton
is contained as an essential structure, and therefore the
above-mentioned polyhydric phencls 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
crganic group having two or more carbon atems" 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 norbernene,
since the flame retardancy and the heat resistance further

increase,
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lower limit is 1500 mPas and the upper limit is 4000 mPas, and

furthermore preferably, the lower limit is 1800 mPas and 20 the upper

limit is 3800 mPas. The viscosity at 25C or 60C of the above resin

composition comprising three components preferably has a lower limit of

100 mPas and an upper limit of 100009@ mPas. More preferably, the

lower limit is 150 mPas and the upper limit is 800000 mPas, 25 and

furthermore preferably, the lower limit is 200 mPas and the upper limit is
600000 ThasLEhesabeve: resirecomposition may futthes contaiy other roduced
£9mMponenisit-Recessary, rﬁ‘ét%ﬁ?baofhggﬁg%pg Qggat%(’) there arg, given. for ng
example, a stabilizer, a releasing agent, a coupling 30 agent, a coloring™
Hget 4 hticizer= A HitenESUch'ad’a S8NERE antl o FesttiveBRuaRcaR L i
ageneproviding flexibitity vareds eubberemateriats, Bophotogensitiver i ¢
smatedal, filers arflame- ratardant ap%ﬂ@@@gﬁg&%@?wﬁg%%rganic

rr%%tgrialsomg %egggr.ox{)riaéel set within the limits in which the )
Operaticnal ;f effect of thie present VERIGH IsTiot shcrifided S5 7 TRE Sential
FEEIR YomiPosition of the present invention may be a cured formulation by

curing iwﬂimg@?wtgta@hant;g@a@wr’?gm% dlh%l@ g%é/ﬂa%%%?g%ﬁemem,
]g)frlt\ggé)ré% qt.acid.anhydrides such as methyltetra ¥ rophthalic . , . .
anhydride, t%;%(a?\yiig%ht a.lcsé.D gr%hsyﬁcr)ilaer,nr%% %Thé:??arhy%%‘cl%hr%ﬁal%mynyumc
RINRYQhidE PIrRREMGY EhhBride BiechmetRyIHBGE AsidhritioUs fhepsliccesin
fesingistuche taspherofic adwalab resk) crasebnoyglag resin hisphenot Aeraply
novglacrgsiy, dicyclopgntadiene phepolic resin, .phenol aralkyl resin an
.terqene p%%nol reéin; various phenolic re(éineési%%:ﬁhlcg)gﬁﬁﬁyﬁglc ptdlemls

‘pheriolic reSit obtaindd by a 881ddRdatibrTeaaiBR Yob Fansus Benvlent , and
vHrthvariousraldempesasuich as hydiaxybénzaldehyde, lcrotonatdehydehan 70,
M@MQ@JBEBCMHJ%@S sykfogi}gﬂasggg %Hgdirﬁigf‘égl%ocﬂ)ef%%ed may be
rae_zrgo%nt _fthe above curing aggnt Is not particularly 15 limited and it is
preﬁera e that, for example, this use amount

When any dispersionmedium is used, an inorganicmicrofine
particle is preferably dispersed soas tobe 0.1 to 50% by weight
to 100% by weight of a dispersion element (dispersion medium
+ inorganic microfine particle). More preferably, the lower
limit of the inorganic microfine particle is preferably 0.5%
by weight, and still more preferably 1.0% by weight. The upper
limit of the inorganic microfine particle is preferably 40% by
weilght, and stillmore preferably 30% by weight. When the amount
of the inorganic microfine particle is too high, 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,
andtheresincompositioncontainsasolvent in producinga shaped
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
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has a lower limit of 0.05 parts by weight and an upper limit of 10 parts by

weight with respect to 100 parts by weight of the resin composition of the

present invention. More preferably, the lower limit is 0.01 parts by weight

and the upper limit is 20 5 parts by weight. In the above curing, a curing

accelerator may be used and one or twgsor more of organic phosphorus

compounds such as triphenylphosphine, tributylhexadecylphosphonium

bromide, tributylphosphine and tris(dimethoxyphenyl)phosphine are 25

preferable:rin addition,dhesse amauntpfibe curng accelemtiormaybe valent

appiopyiallyset wigin heJimits nhich e onerational et oL, o /o1
r%sent invention is not scarified. Furthermore, as for curing conditions,

5% cUfifg RperatiPe préforAbl) RES'R fowsrifinit oF 70E AN anippee tably,

B04imiv o200 CnMore preferaphmatie dowkrtlimit is-88€ drichthe tppeolimit/moy .

is 180C.rAndnthe-ewing time prefara et limi
upper Iirﬁit ofhl5.h(;@5rrs. More prefera%%,%%%% Iimglr;ni&sh%f%1%)]3%5 Igﬁgrt%%lts of

Uppef limit 7s' 10-AoUra “35 Ns the clfed fotrtidtion othtained actfding it of
e POV, Sutherd IgiveR d SHapédatticladuch agpaprofileyandsueh epoxy
shaped lasticle fermed osingitbe .feSWh‘é}{n@@%ti%}a@r%EhegQﬁ%%Qtlegt is less
invention also constitutes the present invention. As the abpve . cure
%r?ﬁ?]‘lé?t?c;)n, r{gqr%rfa{re‘f1 i\/‘iecﬁwfo%r:rﬁEsE %?ﬁ i, ,ls%eng_ﬁgﬁéi%%,% and st
%er%lﬁﬁu%}é]ti‘énqeshﬁg@d bsihvg thBFesidonipositiorrnof ¢hé presehi00 g/mol,
irention alsoaoonstitutes thie preferabler embasiment,of dhenpresentur Ficient .
' i Eépgye in osition.is.suitably used.as materials for, .. .
%@%ﬂ%echaﬁigz%c%%?g%%gn%ﬁ%e%#%ﬁﬁ é??a%%rgﬁ% %edgﬁggsr, l'lm%t
oS BP v, SHiIR ARG SrErt6e ot Rfo ey, Limit Ls
hdldingtformiagsland eoatingsrand radhesives. 58mongothers, it is

particu'@ﬂ%’e%ﬁ%@§ﬂ€?%@%°éﬁé meltipglierming anda, . os composition

H not be

i [ aterial formed .
g%%gpgggggugbglcomponents greferably'has a lower 1imit of 1200

mPass and an upper limit of 4200 mPass. More preferably, the
lower limit is 1500 mPa*s and the upper limit is 4000 mPa+s,
and furthermore preferably, the lower limit is 1800 mPa+*s and
the upper limit is 3800 mPa-+s.

The viscosity at 25°C or 60°C of the above resin composition
comprising three components preferably has a lower limit of 100
mbPa+s and an upper limit of 1000000 mPass. More preferably,
the lower limit is 150 mPa*s and the upper limit is 800000 mPa+*s,
and furthermore preferably, the lower limit is 200 mPa+s and
the upper limit is 600000 mPavs.

The above resin composition may further contain other
components 1f necessary. As such other components, there are
given, for example, a stabilizer, a releasing agent, a coupling
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

effect of the present invention is not sacrificed.
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using the above resin composition also constitutes a preferable 15

embodiment of the present invention. The above resin composition is

suitably used for a material for encapsulating semiconductor, a printed

wiring board, a build-up type wiring board, a solder resist, a laminate

plate, a material for a light-emitting diods, (LED), a sealing material 20 for

a liquid crystal display or organic electroluminescence display (organic

ELD), a material for semiconductor devices, a material for civil works

such as fiber l&&i@f@fﬁ%ﬁaﬁ@&t@%ﬁ&{|EBP3fa&?étiﬁg"@@%@alig{}&g@ﬁé.%\’%ay be a
. ctric insulating coating material, an _

S L e P B8R bt nds = caring

EFR FormbftiBnteimEE LSRG theGelih Bompositiontst thé presdnenhydrides

invehtion misohgdnstitutes thixpresenkinvention yinthe $esi:eompesitipn + halic

aftheresent ipyanti lj n-ha&o n, non-antimony. , ., .

fir%r%éard%nt aI%(\eére\{frg %%h%?/%%gc%:%%\%%ﬁy u?é‘ .yg%rie(%(%hwﬁg,rom%&hmc

Aitroyen-Containing EorhpouRas sGch astyarric aei BeMtives, resins such

iBBcyansuriclacidnderivhtives andrihe dike sphiosphocusinitrogencontdisisigenol A

eompoundssiich ag Lyglephesphazenss. éﬂ%%iquﬁ§&md§ﬁ@8ng§ralkyl

zigg:%i%eﬁérog oxid%emowggegum oxide, ferrocene and the 35 like may
be mentioned. 59"FOr thé purposé of ifproling thE TnBiSfRe teSistameel:s such
aRPROMKITG Stabilty st elevatetstempe Fatdrecof IG andootbensation reaction

semicontiuctor elements, amanipnexshangernay also headded; The
Anien ggggg i rticularly limited but the pubplicly 5 known
sgbstgn(;esgr%]ga% aé%q e%% Fo?%?(%(r)nnp g,%ﬁyg gt%l&%é) ?%j e J?uyd?gﬁscomplex'

ORHEBH A el EmEhEsélBtted Hsia ARGy magnesium, aluminum,
titanium{ zieconizimpand bismutieraay be mentioged;canditbess-paybecularly

used eachJndependently. of in cambination OE-&goear MRe.of e oo crmount
mong these, hydrotalcites of the following 10 formu a? dre preterred: o
@LﬁAxﬁﬁﬁﬁ &ﬂj§)ﬁ§'9H§é(§Frts by weight and an upper limit

of 10 parts by welght with respect to 100 parts by weight of

the resincompositionof the present invention. More preferably,
the lower limit is 0.01 parts by welight and the upper limit is
5 parts by weight.

In the above curing, a curing accelerator may be used and
one or two or more of organic phosphorus compounds such as
triphenylphosphine, tributylhexadecylphosphonium bromide,
tributylphosphine and tris(dimethoxyphenyl)phosphine are
preferable. In addition, the use amount of the curing
accelerator may be appropriately set within the limits in which
the operational effect of thepresent invention isnot scarified.

Furthermore, as for curing conditions, the curing
temperature preferably has a lower limit of 70° and an upper
limit of 200°C. More preferably, the lower limit is 80°C and
the upper limit is 180°C. And, 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.

As the cured formulation obtained according to the above,
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wherein 0 < X < 0.5; and y is a positive integer. In the resin composition of
the present invention, there may optionally be incorporated such other
additives as a mold 15 release, e.g. higher fatty acids, metal salts of
higher fatty acids, ester type waxes, polyolefin type waxes, polyethylene,
polyethylene oxide; a colorant, e.g. car black; and a stress relle\{e_r,
e.g. silicone oil, silicone rubber powder.For use of the resin composition
of the present invention 20 as a sealing material, any technique may be

used-for pr, E@@{i%nsﬂ%g:‘/.d gMéﬁ% \AIQUS, raw r%tgg_i?les can e uen shaped

2 G
unifarml spersed and admixed; however, as a common pfacﬁce,_a i
TG ottt (Oroany BIGRBG the TREdS e ARBATE sty oot
afotatslefraw seatariais with acmixéreop theskke; mektégmead'mg 25.Hhene above
blendawithra.mixing soll, apexteuder, gﬁtbeu@@fm@%}emqn}%%%g%% pellet,

' fter cooling may be mentioned. Tableting size and welg o
%\éc?r(li%rl t‘fj%té’] compa |%Jfre8 0 %%ar%&aﬁ]gf%&ﬁfbﬁﬁoﬁf& e Blettronic-EompBRasd tion
Bbtainsbl& by et apdtHEEAy- Emenswitvthetresintcomposition offtheabl e
present inventiont 3Mhincuges electronic.companents manufactured by
mounting ygiigys lemets, L, elve lements such as semiconductor,
chips, transistors, diodes, thyristers and passive slements %u as _
B pachirst FeTEoRy, BRI GHWAHOUS SUBEORME emBerssich rabdéadt ronic
framies; wiretktape carrters ofiringhdarts glasssheetsn 35 siligon wafersr « s |

Sofsealieg s neeasean.ortinns wihJheesin 00, CAROSIEN ;e ong
agﬁordi%to 'FheAP?jrCese_nt mveentl(?n As such electro fc componen s,~ eret -
Tiay be mentioned SrAiRaRS Fesin:Seatdtritis! SdiR a3 DS tdusl mfimenaterial
paekage)] PLod qprastig leadedachip bairier), QER{guachfiabpackage)rmed by
T e o o] 1ot b P afiigrabLe
TSOP, (thin. small. outline package),. inqu ,
%%%%t%?r%a %Ie(%%/ f%(%ln% ge?rﬁi?:gr’?&uc 8?3(5\71&8&0n alead frame,
connectintftBRAMAITREdAs-saEPas tHeobohntling ipath b thesdefices toaterial

fthe leadsdyyswire bondingeoi bydneans 6fa vampri nted wiring board, a
build-up type wiring board, a solder resist, a laminate plate,
amaterial for a light-emitting diode (LED), a sealing material
for a liquid crystal display or organic electroluminescence
display (organic ELD), a material for semiconductor devices,
a material for civil works such as fiber reinforced plastics
(FRP), a casting material, an adhesive and a material of an
electricinsulatingcoatingmaterial, anda semiconductor device
oraprintedwiringboardcomposedof the cured formulation formed
using the resin composition of the present invention also
constitutes the present invention.

In the resin composition of the present invention, the
publicly known non~halogen, non-antimony fire retardant agents
may be concomitantly used. For example, nitrogen-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

like may be mentioned,
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10 and sealing the assembly with the resin composition of the present

invention by transfer molding or the similar technique; the TCP (tape

carrier package) obtainable by sealing the semiconductor chips

connected to a tape carrier through a vamp with the resin composition of

the present invention; the COB (chip ongkpard) 15 module, hybrid IC, or

multi-chip module, which is obtainable by connecting active devices, such

as semiconductor chips, transistors, diodes, thyristers and/or passive

devices suchtds: gapagiters, @&Siﬁqs&cﬁﬁgﬂﬁ%oﬂhéﬂ(ﬁﬁﬂﬂé’@%%é formed %Qrﬁs@ and
iring: boa I ubstrate by wire,bonding, flip chi ng or

O ering, And coaog the asoambl it I oS Sormpostor orife. ©ther

Srdenitinvention: SEBER fhalfdrid aiay) SeSPRMF Sigy patkagdrondded.

thedike which:is obtairablesbymnounting devices vonithe sudace-of ae publicly

QH%MMP§U@§E¥§é@@“ﬁ%ngb“HEEQﬁ““?SQSeEE%£HQ%Eﬁaﬁ§%¥$§§? Qs and

on the reverse side, connecting the 25 devices to the con u%tor_s of the .

organic SUBStrats thiGugh £ VamsBrBY wire Bohangt ARt SExting thegnesium,

assErmBy it iHearebinm comipositionof theinvéntionu Refersingide thent i oned,

3@ainglglﬁéh@@l yoﬁ;ﬂ.eVi%%%WégQéhe l{jﬁ@@g‘f@ﬂthm?ﬁ %frthfrrl]o :ﬁgﬁ%%ng& ion of

inventi Qw-pressure transfer ing Is the most.common me but

glév ?r%egg{?lgﬁ ?n(é)f{j fr?éec%'coarzn%ge%%qﬁ erﬁc%diﬁ& FotiAStEanss HisoLpetowing

GSed e rebin BEMpPBSIERA BF & present invention may be also used as

a LED engapsiulatiog material ,whigh s a sealing rp@;erial_ of compound
semicondugtarsy The gpplication of the resin 35 com OSitIOQ of the

present invention as a LED encapgl_Jlé'ESlnga 61 ma elrla?isléles%?i%‘gd in the
followingg' it i€ préridble B BRshtar Antibxidantintoshe epdxyerdsion, there
gempusitiorfor LE D entapsutatingamaterial of the prasentdnvention apds mo1d
a.peayent axlapfive Aerioralon tdhe [me p oL Nealng. and 0 f8, cacey
cur.irgl formulation having few colored. As antioxidants, phenol, sulfar and
PhoSpHafe aitfoxid&its THAY e HEed A 6101650 Pans by weigheshylene,
e HAtiokidamarexide; a colorant, e.g. carbon black: and a stress

reliever, e.g. silicone o©il, silicone rubber powder.

For use of the resin composition of the present invention
as a sealingmaterial, any technique may be used for preparation
provided that the various raw materials can be uniformly
dispersed and admixed; however, as a common practice, a method
comprising thoroughly blending the predetermined formulating
amountsof:mmvmaterialswitheamixeror1jualike,meltmkneading
theblendwithamixingroil,anextruder,orthelike,andcrushing
the kneaded weight after cooling may be mentioned. Tableting
sizeandweightcontributecompatibletx)thenmldingconditions.

The electronic component obtainable by encapsulating
elements with the resin composition of the present invention
includeselectroniccomponentsmanufacturedbynmuntingvarious
elements, 1l.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 tape carriers, wiringboards, glass sheets,

siliconwafers,andsealingthenecessaryportionswiththeresin
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100 parts by weight of the epoxy resin composition is mixed with. _
Examples of the antioxidant which may be used may be mentioned 10 in
the following antioxidants. Monophenols: 2,6-di-tert-butyl-p-cresol,
butylated hydroxyanisole, 2,6-di-tert-butyl-p-ethy_lphenol, _
stearyl-(3-(3,5-di-tert-butyl-4-hydroxyphegyl)propionate; Bisphenols:
2,2'-methylene bis(4-methyl-6-tert-butylphenol), 15 2, 2'-methylene
bis(4-ethyl-6-tert-butylphenol), 4,4'-thiobis(3-methyl-§-tert-butylphenol),
@,@ﬂb@@’ﬁ@émbig@meﬂﬁw}@-tembuwdpb&mﬁ)e13t9-bt§{7|ention As such
é‘@ﬁ@%ﬁgtl{pdgﬂﬁ HT’O@HX' 54' h}f(ﬂf'@f}éésgj@ﬁgygp %@% % P IE|Oi g%dm 8 ec(::l ﬁ a? ry
ionyloxy}ethyl]-2,4.,8,10-tetra xaf'}sglro[j@ undecane; 2
\fféi@ﬁpﬁgr%]%:% 1! ,§itri§&§gﬁe IQ dFENPS-tertbtiyipResyiftritane, FLCC
1 BB\ FimEthy k2 desLtis(315-diatertimutyl-4-Bydroxybentyf 1jbenzenkage), SOP
tﬁﬁ%%&[%@tﬂymg-%é%'@'@&?Qrt'ggm'ﬂ%ﬂﬂ)ﬁquXMHtﬂ%ﬂﬂ ?Zhg -1 ela % dt ﬁ:)al‘a ckage),
' : ' '-bis-(4'- -3'-tert-but enyl)buthylic
psapionatelmethane, pisf3, 3-bis-(4-hydro o o kage),
acid] cﬁyco ester, ‘1,%%4“35 B dictert- Uté{ %ﬁy(dfrg%% H?i}{l)? étnagi<age)
HE2A G (18, Bt S frfote, Rocdprcl, 3eThefollowing compounds area lead
preferably-used: as sulfut cantionidants silayry-3:3-thiodipeopienateny pad, of
diryistys3 3xthiodipropionate, ang distean 3.3 odiopronionate: 33 & vy
The following compounds are preferaﬁly used as phosphate N i
ahtioxidants PhoSpHEEE HigHERY P U paté ndipREt isodeayl £ the present
physpHaten ghenyladiisoelecyd pidsghate, this(sonylphenydphesphate, the TCP
diisqdecyd pentaerythrita ﬁ%@@h ?m‘réblle by seatling the semiconductor
' -di-tert- ate, cyclic neopentane ‘ ,
(t:rhsl(%,él gb%er[i%c%tgwr%%n%)ga%%p carrl%zr thropugh a vamp with the resin
composition of the present invention; the COR {(chip on board)
module, hybrid IC, or multi-chip module, which is obtainable
by connecting active devices, such as semiconductor chips,
transistors, dicdes, thyristers and/or passive devices such as
capacitors,resistors,Coiistxjtheconductorsformed«x1awiring
board or glass substrate by wire bonding, flip chip bonding or
soldering, and sealing the assembly with the resin composition
of the present invention; and BGA (ball grid array), CSP (chip
siZ@package)erthelikewhichisobtainablebynmuntingdevices
on the surface of anorganic substrate formedwith terminal means
for wiring board connection on the reverse side, connecting the
devices to the conductors of the organic substrate through a .
vamp or by wire bonding, and sealing the assembly with the resin
composition of the invention. Referring to the sealing metheod
of devices with the resin composition of the present invention
low-pressure transfer molding is the most common method but
injectionnwldingorcompressionmolding,forinstance,mayalso
be used.
Theresincompositiontxfthepresentinventionnmyixaalso
usedaseaLEDencapsulatingn@terial,whichjf;asealingneterial
of compound semiceonductors. The application of the resin

composition of the present invention as a LED encapsulating
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tetraylbis(octadecyl)phosphate, cyclic neopentane
tetraylbis(2,4-di-tert-butylphenyl) phosphate, cyclic neopentane
tetraylbis(2,4-di-tert-butyl-4-methylphenyl)phosphate, 10
bis[2-tert-butyl-6-methyl-4-{2-(octadecyl
oxycarbonyl)ethyl}phenyl)hydrogene phgsphate;
Oxaphosphaphenanthrene oxides:
9,10-dihydro-9-oxa-10-phosphaphenanthrene-l0-oxide,
TO: (325-gi-teri-put/-dchyidpeokybenzilp- 970 dibydros@-oxa-1 15
P'phosph@ﬁ?ﬁﬁ@g@ﬁégﬂ?@(@% ﬁlenﬁi ahn an%ﬁoxidl%nt i_zéto the epoxy
- oxY- -dihydro-9-oxa-l0-phosphaphenanthrene-10-ox ide.
'?ﬁgifeﬂaﬁ%ﬁﬁggﬁé%gy%eﬂ% é)g&a iRgy Bt iPis Eepetiafy " the present
preferably tHatpreridl/seifar &htioaddnta tér phersifphiosphsteon at the time
artibxidaritsds used irocombination: 2Q4The resin genpesitien abthew colored.
present EW?EH%%Q@T)/ pedised asa M%ﬁ&f aﬁ'o%ltr%\élg le ta%k%soé?cer(?ants mavy
%uch em odlm%?éo containing the ultravio etg sorber may preferably .
B uBEF WheH thé r&sin WBntdoditdit 6f the presehtinvéntibs istséoasdant in
LED remeapsulating aidterialt 26 kto the resincampesitian 100 partsibyed with.

WQQ@B@E@Q} @@ﬁ%ﬁk%‘!?@gﬁ@%t@]@z@&pﬁ% yaweight (PHE}%@ ment ioned
Xl}fa\c"t(?leet f%lﬁrorber 5 bler}ded, and lightfastness can be furthef improved.

s the ultraviolet absorption agent which may be blended, common

ultraviolét@bReFstivhier plsfic Maytes tséd; tant-the dollowing 3G apd ated
mmﬂeﬁgdla aﬁ an Ilexﬁ}nmilg.w@aﬁuc&/g@ @ci§|1§§§qdba%@ }Ipp @g}gleg%i@ylate,

I1- e alicylat nd p-0 nyl salicylate; .
S cropionace
5 H5RNSRRA-Rriethoxy BEIdpRERBRE 85 (4 -methyl-6-tert-butylphenol)
2-hydfoxy=A-ogioxybenzophenetRy83 6-tert-butylphenol),
4-hydroxysdsdodeayloyhenzophenone.,, v 1 phenot) ,

%,Zé-dl droxy-4-methoxybenzophenone, .
2"t %Fé’xg%ﬂi,i@8ﬁﬂ€tﬁ3i§b%?%bﬁéﬁ&r?e§ fargutylphenol), 3,9-bis(l,

1—dimethyl—2—{5—(3—tertwbutyl—4—hydroxy—5~methylphenyl)prcp
ionyloxy}ethyl]—2,4,8,10—tetraoxaspiro{5,S]undecane;

High molecular weight phenols:
1,1,3—tris(2—methyl—4—hydroxym5—tert—butylphenyl)butane,
1,3,5—trimethyl~2,4,6~tris{3,5—di~tertmbutyl—4—hydroxybenzy
1) benzene,
tetrakis»{methylene—B—(3',5’-di—tert—butyl—é’—hydroxyphenyl
}propionateimethane, bis[3,

3" -bis- (4’ -hydroxy~3" -tert-butylphenyl)buthylic acid] glycol
ester,
1,3,5~tris(3’,5’mdi—tertwbutyl*4'—hydroxybenzyl)—sec~triazi
ne-2,4,6-(1H, 3H, S5H)trione, tocophenol.

The following compounds are preferably used as sulfur
antioxidants.

dilauryl-3, 3’ ~thiodipropicnate,
dimyristyl-3, 3’ -thiodipropionate, and
distearyl~3, 3’ ~thiodiopropionate.

The following compounds are preferably used as phosphate
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2-hydroxy-4-methoxy-5-sulfobenzophenone; benzotriazols, such 5 as
2-(2'-hydroxy-5'-methylphenyl)benzotriazol,
2-(2'-hydroxy-5'-tert-butylphenyl)benzotriazo.l,
2-(2'-hydroxy-3',5'-di-tert-butylphenyl)benzot_riazol,
2-(2'-hydroxy-3'-tert-butyl-5'-methylphenyy)-5-chlorobenzot riazol, 10
2-(2'-hydroxy-3',5'-di-tert-butylphenyl)-5-chlorobenzotr.iaz ol,
2-(2'-hydroxy-3'5'-di-tert-amylphenyl)benzotriazol, and
22 dhyddaxy:3',3",4",5, " ,6"-tetrahydrophthalimido methyl)-5'-methyl
Hhenzotriazal, hi ' uch .as .
Ei@g 6,6-j[e?ti’a?‘n%ﬁﬁgﬁg{gg?%%lgéz%i%b?ighenyl isodecyl phosphate,
BE%.’B,%?Z,%,%%ﬁé%ﬂs&%%hﬁ-ﬁ%B@ﬁ&ﬁ)seléééété{wny lphenyl)phosphate,
Pisi 8226 BLpertamethyl-dipiperdy YH3:5bis{1 4 ;dimethy

kﬁ@ﬂkﬁﬂ@m@@Qﬁ$@9¥®@§§W@9HB@@?%@@gbHQEJQH nggnggg§ggtane

optional component) may ke additionally blended with the epoxy resin
O T b LR ROy G T HRSEHREAN
eBmpanehtssdre blendediata: ratiohyof 9081 10130 parts by aveightdo the ¢
nesipegompesition of the present invention 100 parts by weight. (1)

wderad reinforcing, agents and fillers: for example, metal oxides, such
prpp e e e e R e
frhpatpabRsowderrsiica; Rrsdasiivh: &Ad (@yseatsifizd:; transparent
dilgrsz sbicmas peglagsl beadsigatah hydeoxide: SUER asralwminum
hydraxide; kaolin, mica,, graynd Oglg%ré% graphite, and molybdenum

u

isulfide. ‘Ang amount of these substances are blended as long as

rahSparehty of thes 86Xy’ 30 BGMpBSITBA of te-Bresentinveritiorrs not
Hecrebseddand 40ttoo100/parts by sueightiof them te 100 pastsibyaveight oxa-1
®f the, gompasition-efihe present inveption is preferably used. These

£om éré%t'ogg ce rfto*lgce emission or Iosg of!ght receiving of opf[ical o
seniconducior elemant cabiset by iight Scattertit? Tghe B Shisiding Hma 10 - ox
IRe€ like BT patticles: 64 lirthetpresent ibventiondadluoteseéntsubstance it is
4$pdde& 11y preferably that phenol/sulfur antioxidants, or
phenol/phosphate antioxidants is used in combination.

Theresincompositioncﬁ?th@presentinventionnmylxaused
as a mixture of an ultraviolet absorber. Such embodiment of
containingtheLﬂiravioletabsorbernmygmeferablylx%usedwhen
the resin composition of the present invention is used as a LED
encapsulating material.

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.
As theultraviolet absorption agent which may be blended, common
ultravioletabsorptionfoxplasticmaybeused,andthefollowing
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,
Z-hydroxy-4-methoxybenzophenone,

Z-hydroxy-4-octoxybenzophenone,
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to a translucency resin and a dispersing agent may be further contained.
As specific dispersing agents, barium titanate, titani.um oxide,aluminum
oxide,silicon oxide, calcium carbonate 5 and the like are preferably used.
Organic dispersing agents, such as a melamine resin, a CTU guanamine
resin, and a benzoguanamine resin, mgkalso be used. A light emitting
diode having good directional characteristics may be constituted by
containing the above-mentioned agents. The term "dispersing 10 agent"

used/ereyméans that having-a centtalpasticle diameter of Inm or more
andlesa than: 5 oy e, dispersing. agentnaying, a central particle

gia ete ?f 1 pm or more and less than 5 pm is preferred, since the

ispersing dgertefettvely CaR Fofistt IRfE FreRT &R EED clipdnd a
fludreseent substante @and-suppréssoli: caloptrevennessprodueed by 1s, such
a;‘sing a_ﬁmgg@fkgﬁybgtang@@gyiﬂgﬂ@” g@(}jg)@ft%c%% %ggzé@g use of the
ispersit ent cap,more_narrow and width of an emission
gpggr'urrr}%a%r%dp a ﬁgr% e%eltjﬁ%gb d‘l&?@ﬁ/ﬁﬁz%ﬁw ESOP Sty AF&ybe
6btained CHPaYotREr RAnd! e dispérsingtagent tavihyeocenttati2@ o1,
particte-tignmeteryof 4 rmecortmprecgnd-lessthami penhas ajlaw.effectofpen zot
interference of light from a LED chip, but can increase a resin viscosity
g/itZ%yt reducing alight intensity. Therefore, using this dispersing agent,
wh a“&éf&régg%ﬁ%ar?of‘a%a"&%@%—l%qﬂléé%@nﬂﬁé)reémc&ylgmhgraﬁ@ltriaz
thee like, iEbetomes 25 possible-thidisperse adfitigraseent substanee inthel , and
pesify aimagjauaiojmiy. and togmainiain e, stale Ing syings, A #1%s o
if ?ﬁ% parficle sclﬁgéi)f a quor%scent substance Is used; w ich is .
relatively difficditto hdI& SHHSdUETHARI StffictentyiBrRehss kerines, such
athievéd 2Ag nfentiohed aboes thé 30-dispersing agent inthetpresent
invention pxhibjts achifferant offect depanding gy the pagicle size range,
gnd (e dispegsant ma gge%sr?dzs_e ectivel o,ré'n (fombination,despendir!f?
on use’ In ordef to bbtain a good dréssereffettid ditig’pratads, a fiffdrethy

habivg e mfge perierersize iyprenerablylddnediniéda 35:\When a filler

having & bentfallpesticle gizecafknpmdo BO:AMonal component) may be
additionally blended with the epoxy resin composition of the
present invention if needed. These optional components are
blended at a ration of 0.01 to 30 parts by weight to the resin
composition of the present invention 100 parts by weight.
(1)powderedreinforcingagentsandiﬁjlers:forexample,metal
oxides, such as aluminum oxide and magnesium oxide; silicon
compounds, such as impalpable powder silica, fused silica, and
crystaisilica;transparentfillers,suchasaaglassbead;metal
hydroxide, such as aluminum hydroxide; kaolin, mica, ground
quartz, graphite, andmolybdenumdisulfide. Any amount of these
substances are blended as long as transparency of the epoxy
composition of the present invention is not decreased, and 10
to 100 parts by weight of them to 100 parts by weight of the
compositionoftﬂuepresentinvention;Mspr@ferablytﬁed. These
combinations can reduce emission or loss of light receiving of
opticalsemiconductorelementcausedbylightscattering,light
shielding and the like of particles.
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65 preferably 20 pm to 50 pm are contained in a translucency resin, a

blinding of a dicing blade may be effectively recovered, and an excellent

dresser effect may be obtained. (2)Colorants or pigments, such as

titanium dioxide, molybdate 5 orange, Prussian blue,ultramarine blue,

cadmiumyellow,cadmium red, and orgag¥c coloring matter. In the present

invention, a light emitting diode may also be constituted by mixing a

fluorescent substance into a resin composition. A high-output light

emitting Hioble hriayasee 10 constinitéd alse By containing:a fudreseente is added

su;b%taﬂﬁen@lﬂﬁﬁm@pf@ﬁli@fefﬁanbsﬁ@%%ﬁ%t_“l with ai@&% p;@tgt{ﬁ'%élljzéﬁ‘urth@r
f cent substance with a small particle size, Apigment may

?g%gﬁﬂ%gév%?fh,t%{g fll%)(?r%gée%%tcsu stince. @]%naa%%%%én%?afgl‘m ¢itanate,

A EJL Pl Ayetits GIpslyRyitie sickhols ok beleondelsatiods theresf rbonate

Potyhydeiclaléehels orpolytondensatiensdhereafit te 2.0-.equivaledt agents,

maybe.nolided fa databnymberof moleief the gpgyaroypand e,

S1

lycidyl group. Examples of the polyhydric 20 a use mcﬁfde . '
SIS E0, HethyIne uife, HHife g s Glycoh, demiere diydas diode
bmp'ym@gty@o@ix,embmamuimhapamemn@cﬁdlcgly@zeyobérimﬂasml;uted by
@m’?mm@t@wé(tmg@kaWM%'@la’%élﬁ%@'.“tyfﬂf@ntmy"&?L%Bersing
[ Qsittizosn Q t%in%(_jL rr}nmal%abnesfucrggzetr_m[‘)froved b eaddln 25 these diameter
p%%/]ﬁydric alcohols oF polycondensationd Whistéof; @yvandid dut&dig ¢4
TondMers, Bijomearsd arPsyiithetictesihs nfdyebe fartkersblendeddnt having

ardernto:improve prepesties ohan €poxy ¢uring dormilation,for examplen s un
dilyents-for Iegg,xysrfé&!@tﬁg%gié“ hatic B dipLor trials, iYL, | e £1ect
ethers, an oxetane 30 compound, a UOFO(FeS , an acry?a e resin; a

§itidBherEa FHalHR GEEd Sl of IR CORISiIF&EGN DF BEd R AfoRNeF SUppress
témr The biendings ratiodf thesecompoyrds anskesinsrare preferally having

20 pags hyaweighi to 109 parts, Ry, weight pf,the %ﬁr’g%%ﬁlté%@lg agent can more
narrow a half band width of an emission spectrum, and a light
emitting diode with high color purity may be cbtained.

On the other hand, a dispersing agent having a central
particle diameter of 1 nm or more and less than 1 pm has a low
effect of interference of light froma LED chip, but can increase
aresinviscositywithout reducinga light intensity. Therefore,
using this dispersing agent, when a depression part of a package
is filled with the resin by potting and the like, it becomes
possible to disperse a fluorescent substance in the resin almost
uniformly, and to maintain the state in a syringe. And, even
if & 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
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.

Inorder toobtainagooddressereffect inadicingprocess,
a filler having a large particle size is preferably contained.

When a filler having a central particle size of 15 um to 50 pm,
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of the present invention, so that the original property of the 35 epoxy resin

composition of the present invention is not 66 sacrificed, the blending

ratio thereof is. A light emitting element sealed is not particularly limited

when the resin composition of the present invention is used as LED

encapsulating material. A element whicly gmits light 5 relatively short

wavelength having a peak wavelength of 350 to 550nm is preferably used

as a light emitting element sealed, since the resin composition of the

presentinvention isexcellent.in éiggt@@meﬁg/g@ wg@aﬂ{gﬁgw%g}%y resin,
I I pifride.compound semiconductor rmed}ﬁy meta

oA cheTeal 10 vapos deasiion uod (MOCVD Hethbdy o vered, and

OIETTHT bedit cr/&ET S816ngatisitinetiod fife MBE ietisod), or halide

Vapctphasenelongationamethod (HYRE nethod) mayhe mentioned, @ty bdat o

thediof emiting elemanids tepresented Ry ANGBAVN K INORKS, caamium

0-Y< 1, 0<X+Y<1) as a formula, and includes W%at is calle B/lnary group

TENnithide 25MpBaid SmidorificiR HthaFis, AlxGaN, and InN, and
what is calid terpanpsgrotp Hiveitrideccompauingh sesnicenduciod,ithatissay also

BXGahsN ARl XNy apdGaXInt XN (inthe, above, 4<Xsh)- ASE, - resin
sty tgrseigfitgg serHic anlijc;_tgrb_horpoitfrq ture hth'QQ MIS gg%[éor}hglee
junction, ph junction 20 or the Tike, Neterostructife, dr'dsti Yy
REfePdsitutiieé may BebmentiBhied.Naribus |iihinbusswavelengths may:e
bemmsmr@péwiﬁgmmaé@l"tab%ﬁﬁﬁtﬁlﬁ@@@i@ﬁﬂiﬁ@?f!}%’@a@ticle size
mixed «6r. reof. A single,quantum well structure or a ,

multi plfegq%éatl%ﬂg r%gvl;vgegl l%%%?é}ﬁ%%v%ghaasser&alg;l n%ﬁgts%)% Gelive2s rayér P rament

¥5hhedFort 83 FiR dn Whikh & ftiahtii BffeEES brodivede nesy-be used.
The opticaldsemmicenductor element according to the present invention is

nopticalsgmicandygtar element comprising at least one pair of lead
o oiag % semiconductor chip electrically connected to the

trodes, an optic .
?e@g%?egﬁroﬁgféﬁ a??écao&%?osre%ﬁﬂ BEAMGARE Bpfical sersicshducsichip,
the mol8aésinysdirigferhuethby suringsthe epoxy sesin compositicn-cof 0.1 to

5.0 equivalent may be included to total number of mole of the
epoxy group and the glycidyl group. Examples of the polyhydric
alcohols used include ethylene glycol, diethylene glycol,
trimethylene glycol, triethylene glycol, propylene glycol,
1,4—butanediol,1,6whexanediol,glycerol,trimethyloipropane,
pentaerythritol, dipentaerythritol. A flexibility of an epoxy
resin composition obtained may be further improved by adding
these polyhydric alcohols or polycondensations thereof.

(6} Various curable monomers, oligomers, and synthetic resins
maykxafurtherblendedjjlordertx}improvepropertiesofanzepoxy
curing formulation. For example, diluents for epoxy resins,
sudnasaliphaticepoxy,diolortriols,Vinylethers,ancxetane
compound, a fluororesin, an acrylate resin, a silicone resin
may ke used singly or in combination of two or more of them.
The blending ratio of these compounds and resins are preferably
50 parts by weight to 100 parts by welght of the composition
of the present invention, so that the original property of the

epoxy resin composition of the present invention is not
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according to the present invention. Accordingly, an optical semiconductor
element in which reduction in emission or efficiency of light receiving

caused by yellowing of mold resin, 35 and chip damage or wire breakage

by heat cycle is hard to produce 67 may be obtained. The resin _
composition of the present invention may.be used as a sealing material

such as a semiconductor encapsulating material. The application of the

resin composition of the 5 present invention as an encapsulating material
issdesctibeddn tbaefolmmﬂgmﬂgh%&% cempf%i@glogtthe pfrﬁsent

inventio ller be incorporated, for reduction ¢ .y
absorptl%r% qa]ndg%ag%%llceeﬁmgf theima %egpa?lls%n enﬁar%%lfnelh?ugﬁfelalf limited
EBRGuER . ShtTerAMe_Tent BRstrengHe Pile 36 irorganirfillep indladesed as
pBWwdenchiltess sach ag fusedesilical . crystallirensiliea,aluminasGalcium | g+

§@§%@1§@%&ur§h8§r@%}ﬁ% u%@?ﬂ% %greak wave%glr;ﬁlth of 350 to

oncarbl e,siliconnitride, aluminum nitrid on nitride

z%co s f%?&@r]lt% ’étce@a‘?ltél%ﬁnél%ﬂltﬁﬂ‘théﬁlhnﬁeﬁé‘J@%@fl’% sealed,
%bﬁ@ﬁ@@ﬁﬁ@@%@@ﬂﬂ@@@ﬂ@k@sﬂ@ﬂ&a@ﬂ&ﬂd@ﬂhﬁﬁeﬁheﬂmﬂeexcellent

ﬁlMgw&lgaﬁuefﬁe@%\/lngztléeéﬁ@fﬁdéni E&fﬁ%t%na'H%@%gT:eﬁyaﬁgége group III

agne |um drOX|de zm.c borate zmc molybdate a he like maybe

‘mentioned. THese inorganic filleraimay ba uéed Qéféﬂeiﬁﬁép%ﬁaéﬁﬂf&qﬁmlcai
%@ﬁﬂﬁhgﬁ@@éﬁﬁm9ﬁﬂWRﬁ@QQ)éMﬂ@%ﬁpEWﬁﬁngﬂheIﬂ@hﬁﬂﬂdﬂﬁebﬁantCrystal
slentipredabavertused (siliea isrefasiadioy reducing,a coefficient of praqe

d rred b cause of |ts high he
theymal (expansion and, h%fogy ﬁeﬁc ég S8 i he 1igne

conductivity. The mor rispre erath?Iy dotieritord

BRELHSEBf ﬁ%%a%glﬁoﬁ%n"ﬁﬁﬁm aBrhsiRhess 25 ofabhol 8 SHstermasv<1,
bFicidabiliag hydgrascopieity areductionuata caefficiept of thesmalinary group

F hanceme formulating amount of the ,
%(E{Zgzﬁalﬁg?b%%iion 10r0%t ecgr%’ %%gv%gl ﬁ}?of e rt';aeswig corrﬂn%ogsn8 dn ?d Lok,

R& prekent invention & pF&@%W?@JE)%ﬂ% by Weight 6rfdre Gerand

%ﬁ@Q@gﬂ@quqg, that is, AlyGa;yN, AlxIn.xN, and GayInixN {in the
above, 0SX<£1). As a structure of the semiconductor,
homostructure having MIS junction, PIN junction, pn junction
or the like, heterostructure, or double hetercstructure may be
menticned. Various luminous wavelengths may be chosen
depending on a material used for semiconductor layer or mixed
crystal degree thereof. A single quantum well structure or a
multiple gquantum well structure having a semiconductor active
layer formed on a thin filmin which a quantum effect is produced
may be used. The optical semiconductor element according to
the present invention is an optical semiconductor element
comprising at least one pair of lead electrodes, an optical
semiconductorchipelectricallyconnectedtotheleadelectrode,
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
semiconductor element in which reduction in emission or
efficiencycﬁflightreceivingcausedknfyellowingwxfmoldresin,

andcﬂr@adamagecn:wil%zbreakageknfheat,cyclejfshardtx)produce
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30 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 35
a wiring boardinsulation material obtaingghby adding, if needed, 68 diluted
solvent, cure accelerator, filler, fire retardant agent, and the like to the
resin composition of the present invention, immersing a suitable
reinfolcement of ceadting a suitable substrate with it, drying the material to

remove the.selvent, 5.aRd suring the resin, Such, ggneéef}tﬂp&ll)f{{rg:nﬁé)?@e used

includes one-sided, double-sided, or multi-layered composite lam .
6oard, & %?aqsﬁnéjponﬁ@?ﬁﬁel faminiate bdatd “ark SFARETEHoRY B Mamitiate 2t ing
Bodrel L4 #etal Base iingibedrdoa buift-up: typeewitingcboardandithe of the
m&@nTﬂWQﬁb@VﬁaH&D@%%SQI\/@Q %E%@Egﬂ%;@élfgllgﬁ’ {'ggc?ﬁ%ﬁeribed in
rdant.agent and reinforcement, which can be preferably use e ,
s,r% a igg)r%nlect%éél%f degféé%l%rrpergé& NG RN Blectichl wiritigioarG Whﬁ gntion,
PELTHEGMpEsifidn ofthesresbrst iAVetionoaredescribed:in e followingt humid
b Thesolvent mentionedahovens praf e@ﬁ%ﬁ&@@&@ﬂ?ﬁs f@ﬂéa'@él@gaﬁ%cement
ast ang structure selgcted from the group consisting of ether bond,
LegsLteLrLE%?l:cj,té é)ﬁaar%i?tcrzééﬁ" iél?o'm,g;glllﬁ’id ?r?l g?c%??f?a?tz}ﬁe%qutirsn‘u‘?ﬁi‘\h cGsity e
&y BEOBtGirted for intmersint dicoutingy of tpending:on the Arngl silica,
cenditienisltoriye vsdd, 20, suchucompounds may:he ysedeael, calcium
E@ﬁ@@ﬁ@%@b’ﬁéé@%%ﬁ%% t%frpé@é),r mofe gg}lhgg}kﬁs tel-;e salfg\z{%ondqitride ,

¢ mI[r)l(l)ugd havi{_fl a et:l?er bond, the following compoun sfpay e used
W%H advantage f%rcg%(a 51E Cdiethyt BtHeT disiopyiether, dlisopiobyr zircon,
éther,tdibutyether divexyé ethapi2Béthytvihyliether, hutyl viny) ethesds as
ap'ﬁselej_@h@ﬂetebMM@W&%@@EP%@@Q%%@PQL and so forth.
\E/Qe?r%%m e%%%%%?l’e a?]s‘?erizr}’é euwl sther, qiphenyl ether, dibenzyl ether, . effects,
aluminum hydroxide, magnesium hydroxide, zinc borate, zinc
molybdateandthe likemaybementioned. These inorganic fillers
may be used each independently or in combination of two or more
of them. Among the incorganic fillers mentioned above, fused
silica is preferred for reducing a coefficient of thermal
exXxpansion and alumina is preferred because of its high heat
conductivity. The morphology of the filler is preferably
spheriform because of its molding flowability and abrasiveness
of amold. In terms of moldability, hygroscopicity, reduction
of acoefficient of thermal expansion and enhancement of strength,
the formulating amount of the inorganic filler based on 100 parts
by weight of the resin conmposition 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

awiringboardinsulationmaterial obtained by adding, if needed,
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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, ethylgge glycol monohexy! ether,

ethylene glycol dimethyl ether, diethylene glycol, diethylene glycol 35

methyl ether, diethylene glycol ethyl ether, diethylene glycol 69 butyl

etheén iethyléne glycaldimethyl etheradiethyleneiglycot diethyeihelant agent,

g‘ﬁmﬂﬁ'@elgiwlt@bﬂtbé %IQQEA“SH}X&%&Q%R" trﬁ'ey}]l)é F&%r& invention,
monomethyl ether, tetragég/lene glycol, 1-methoxy-2-propanol,

RS TN -%ropan%]r ehes ?c%cf sty e?ﬁeﬁﬁ?&dy%égt%élt able
irretiiyl &tiser prbpylenedglytolprobyl ethes prepylenerglycotdutyleether vent ,

dﬁ&%ﬂ@@@@%ﬁ'z@@&@é)y|e@%lgly%% @@@g@@%&@tm&ﬂd q&aglef@ includes
0 et er, dipropylene imet er, dipropylene

gly%oldq] ﬁfgle ereb propgeeﬁ%glycgﬂ glctyl rﬁ)%%ﬂgxéﬁl)}c%lf‘mate
%ffﬁ& Pylefebivicot rﬁBﬁéMé%Hﬁ%tﬁéFﬂlzlﬁfé?hbWétﬁan@h aramid epoxy type

Zeemmemhnalra (methoxymetbexy} ethagolo Zrigopiopoxyethapelype wiring
butoxygthanal,. 2+(isppentyloxy)ethanol, 2- (hexyloxy)ethanol,

uvumu Livd L

2- pheno ethanol, 2-(benzyloxy)ethanol, furfuryl alcohol,
tetrahydrt 8 (ERP LiEoRoR ACREhRNEYRBAtorat oripoR 918 Favmgarf iiler,
&ster borios thimfollowing.compowridsfarecstitahle; fonexample, methyk ferably

foranatey, ethyldarmatggRrepy Jormatgutylfo rg}alr?r dsabutyl Z&é—"’é@ Ae, c t rical
&J)entyl fo% ate methyl a}(l:etate ethgl acetate, propyl acetate, isoprop
acetate’ utyirace%a e, |soebqu?ace é%@pg&llgdﬁp é)dzefaﬁ@ %Eﬁﬁﬁ%e%&%entw“

?s%%eﬁ@?ﬁééﬂaﬁéi slmeﬂli@(y@eﬂylca@eme sec-hexyl acetate, 2-ethylbutyl
acetate, Zhethyliexyh aceiatie iyelohexyaretate, benzyk agetate, a{“%%%ound
@qu&%q%% gtgyé pi%%{grﬁatehbu%] rogjconate |S(1pentyl<i%t% |grgag: F: group

ethylene g I'monoacetaté Tehe éllycol MONOACE
con51st1ng of ether bond ester bond, and nitrogen atom, and

1norderthattheoptlmumv1sccsitymaybeckmainedforimmersing
or coating, or depending on the drying conditions to be used,
such compounds may be used each independently or as a mixture
of two or more of them.

As the above compound having an ether bond, the following
compoundsmay be usedwith advantage: for example, diethyl ether,
dipropylether,diisopropylether,dibutylether,dihexylether,
ethyl vinyl ether, butyl vinyl ether, anisole, phenetol, butyl
phenylether,pentylphenylether,H@thoxytoluene,benzylethyl
ether, diphenyl ether, dibenzyl ether, veratrole, propylene
oxide, 1,2-epoxybutane, dioxane, trioxane, furan,
2-methylfuran, tetrahydrofuran, tetrahydropyran, cineole,
1,2-dimethoxyethane, 1,2-diethoxyethane, 1,2-dibutoxyethane,
glycerin ethers, crown ethers, methylal, acetal, methyl
ceilosolve,ethylcellosolve,butylcellosolve,ethyleneglycol
moncopropyl ether, ethylene glycel monohexyl ether, ethylene
glycol dimethyl ether, diethylene glycol, diethylene glycol
methyl ether, diethylene glycol ethyl ether, diethylene glycol
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monoacetin, diacetin, triacetin, monobutyrin, dimethyl. carbonate, diethyl
carbonate, dipropyl carbonate, dibutyl carbonate, butyric esters,
isobutyric esters,isovaleric esters, stearic esters, benzoic esters, esters
cinnamates, abietic 30 esters, adipic esters,y-butyrolactones,oxalic esters,
malonic esters, maleic esters, tartaric gsters, citric esters, sebacic esters,
phthalic esters, ethylene diacetate. As the above-mentioned compound
containing a nitrogen atom, the following compounds are suitable: for
empl%,tmzitar@mat:t@@ltey%@F‘@%Q.%}B@ﬁ{?i#@HQ@P@%{&%@EJ@FQEE e g1ycol
itr ene, acetonitrile, propionitrile, succinonitrile, butyronitrile,
i%%(gl?@%n%i e%%gfergﬁi i é?%egr?zegn?tr% A olurﬁgrffé_’,yéor% ifie, triethylene
Ritriethyformamidey NeRedimbrsiforniaaiigaie NON-disthiiformamideasthy Lene
gmﬂzgga;HQMB@mV§@eﬁﬂmdep5@bmﬂﬁnﬁﬁ?ﬂégyﬁﬂu@%opanol, propylene
iN-diethylagetami -pYIrol] -met roli.done,
2]-1([:%1 rolactam: A?%%egﬁogggmﬁﬁéﬁgﬁgﬁgg g{ ﬁﬁjﬁ?gl&?@%fe Stiicrgg opytene
SL16E(BH oMb Grots CoRGISHH.6r et Bond, Gsforbéiid:canddi propy ene
Aitrogen atbhm, the following. sompoundsiare isyitableidor, 10 examplesne glycol

Roelbumarphatine. I phepyinaBhalige, MO GELPANEAC8IAG, Yy 1ene
C IlocsglLve %ceé%telprotpé/l ce Icgflve acetate, butyl cellosolve acetate,

Eé‘anXye(l;hyﬁE acémats, " diettylEné ghRSIHBRoMeyPeidt Bittate sther,
dietiyieny g6l fioroethyl etharavetate ndiethyienelglycolmenopropyther,
ether d5cacetate diethylene glycelmonokyty] eitheragetate, RIQRYIENE et hanol ,
glycal me l.ether acetate, FéfQB}é'%Q% Q/t(:}gl ethyl ether acetate,

ropylene glycol prop)ﬂ ether acetate, ﬁgropyﬁe{ﬁ%*glycol butyl ether
gééﬁh’?é?%‘?ﬁ%ﬁ}l%ﬁé et RiethyletHéracetats y digropylehe glycol ethyl
ethenacetae tdipropylene-glyeel 201prepylatheracetate, diprepyleng coho1,

gg/gggalpl%ﬁlrg@g%%%t%e, SMriprepyjene glycol methyl ether acetate. The
f

use amount of the above compound having at least one structure
selected ffom thé groiy BERdistiiy of eftfér Bend, 23ty an ester bond, the

fellowing compounds are suitable: for example, methyl formate,
ethylformate,propylformate,butylformate,isobutylformate,
pentyl formate, methyl acetate, ethyl acetate, propyl acetate,
isopropyl acetate, butyl acetate, isobutyl acetate, sec-butyl
acetate, pentyl acetate, isopentyl acetate, 3-methoxybutyl
acetate,sec—hexylacetate,Z—ethylbutylacetate,2~ethylhexyl
acetate,cyciohexylacetate,benzylacetate,methylpropionate,
ethyl propionate, butyl propionate, isopentyl propionate,
ethylene glycol moncacetate, diethylene glycol moncacetate,
monoacetin, diacetin, triacetin, monobutyrin, dimethyl
carbonate, diethyl carbonate, dipropyl carbonate, dibutyl
carbonate,butyricesters,isobutyricesters,isovalericesters,
stearic esters, benzoic esters, esters cinnamates, abiletic
esters,adipicesters,y“butyrolactones,oxalicesters,malonic
esters, maleic esters, tartaric esters, citric esters, sebacic
esters, phthalic esters, ethylene diacetate.
AStheabove—mentionedcompoundcontaininganitrogenatom,
thefozlowingcompoundsaresuitable:foxexample,nitromethane,

nitroethane, l-nitropropane, 2-nitropropane, nitrobenzene,
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bond, and nitrogen atom is preferably 5 parts by weight or more 25 and

1000 parts by weight or less based on 100 parts by weight of the resin
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-mgthylimidazole, 30
2-ethyl-4-methylimidazole; amines such as
2,4,6-tris(dimethylaminomethyl)phenol, benzylmethylamine,

& Badiazaliicylofs. 4 Okdrundecene (BBWuccinonitrile, butyronitrile,

2d3dudiphloraphenm. L dimethyluiea DGMY), ang. organophosphonss,
ompounds such as tributyl phosphine, 35 triphenyl pﬁos ihe, and !
TG P ERS T HosE B TA0Rs (& 1HC-FiGh a1 6 Yersrait

dgnthentionetoabovel dve samet substances-assthose slescrhadiabove
fonthe materigl facensapsidating gemicondystor may besemployed, As: ; 4o,

_emaQ%velreinggrgfgn an, any known reinforcement 5 material may be
used: thus inorganic fibrous matetals’sich 4" woven and nonwoven
fabrics N Bjjse, NP tpens ypentdypev Diypeandotherglassfibersr ructures
Elﬂaﬁatﬁm@ﬂ@s_@@éﬁ‘@:rm@lﬁﬁ@&ﬁmgﬁt%ﬁép@@ti@a&%xﬂﬂ%ﬁﬁdm?a%er bond,
such as.glass rovir ass,gloth, .chopped glass str_e}_[ll , hollow glass o
fiber, glass ?ngt, 1@9%3&55??&%5;& rﬁzﬁgngnwg\i}n&%laéjss clotf, Eg‘réﬁﬁg le: for
WeHEwWoveN Tabfté aia ThE ke and FistaEbel wetizh o additionethy 1
syathetic brgaaicereirferciagtilersdteinforcing erganic: fihes materialk foroso1 ve
such a8 0r9gye polymers capaple of farmipg filaments may,also be .
3@@@%& c(fe in the%ractice of the prese%%r':%1[|']r%v'en$i%’|r(?.n AS ¥§p¥r%¥ent%(ﬁ\e/§ ate,

es

examples & ineréiriordng SHgaR itser ifdtetial thére niblapd v1ene glycol
eeritivhied L pelyfetherketones); poliimidobbazexarble;qoly(phepylepel cther
sullide).olyesiers, aomale polyamidesy.aiomatc polyamides, ., propylene
f’l ggienrJeJ es, ag%l!% recsw%ségnd oly(vinyl'alcohol). 20 Fluqropolyme S
(gug% as pg%/té{raﬁﬁuoroe%y?ene %E&E LIS i the Practics dithercetate,
Rﬁ@gﬁ&%ﬁﬁﬂﬁ%mg¢ﬁeg@ﬁﬁm%eﬁmﬁﬂr acetate, propylene glycol butyl
ether acetate, dipropylene glycol methyl ether acetate,
dipropylene glycol ethyl ether acetate, dipropylene glycol
propyl ether acetate, dipropylene glycol butyl ether acetate,
tripreopylene glycol methyl ether acetate.

The use amount of the above compound having at least one
structure selected fromthe group consistingof ether bond, ester
bond, and nitrogen atom is preferably 5 parts by weight or more
and 1000 parts by weight or less based on 100 parts by weight
of the resin composition. The more preferred range is 10 parts
by weight and 300 parts by weight or less.

Suitable éxampies 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, benzylmethylamine,
1,8~diazabicylo[5.4.0]-7-undecene (DBU),
3w(3,4—dichlorophenyl)—1,1—dimethylurea {(DCMU) ; and
organophosphorus compounds such as tributyl phosphine,

triphenyl phosphine, and tris (dimethoxyphenyl)phosphine.
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further includes natural organic fibers known to those skilled in the art,

such as cotton cloth, linen cloth, felt, carbon cloth, natural cellulose webs

such as kraft paper, cotton paper, and 25 glass f iber-reinf orced paper.

Such reinforcing fillers may be provided in the monofilament or

multi-filament mode, and may be used ggch 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
VELious oS s a3 weven ber e iorcamens norsaen fogy o ver e
rgi%{f%lrcsclaﬂngen%t%gi:é p%aspgr.slﬁégnsgeﬂ%rﬁ?\}:v%%gﬁi AR SnBYen pficd 6F tal for
JiaSS RSy G pdhvaraRild fiberaret particatarlysuitablee Thdse materials

rgay be wﬁedtza*ﬂmMe%emd&mkmrrd@rﬁmt&&@ri%@f‘»&wm@ﬁ@@r@%memz
them. /2 [Ln@dgit' , bave-menti ispersing element are .
eﬂ‘ectivelaz/n se f(%] v%%%& b%é?}ﬁ@(b%té?g %rnelle%:t%rﬁ:% v(\)/ﬁl‘%grgalto?mal& such as
ohe_Sided dolbiEiSided, dFmitcRyeretl dompsosite 1&riate boarels, T type,
SUEbRs A uilt-0p typeaoraftompositetype: 5 Jaminate beardra gassmaterials

epoxy dyperaminate board..an arapid epexytynelaminate board, a metal, |\
k%%s_e v%/lrlnggkiqajg. The resin cgmppsmonpf the present invention ?nay be ’
pre?)éjr}a%% USEd as a raw mdterarfor the! prodtictidr Fepsid? Fésifs fas a
moftiiiy fisiéndl 6r BRaped formiations sech at d0architectuial webs (woven
m}gﬁdefs,a:éaiiMfomiﬂ?ﬁ,_ I?eﬁmgakﬁe%%rl?%’iQ@Ft-%yfe_czﬁq?i%%%?fg§on,
er.r S, ing materials (specifically, sealing materials for _
Egmicofgl%ctoir};[e(\?aﬁgfs %%étrllr?ggs,%é}c ir?elétfr%ﬁsnérﬁ%}nforcmg organic
SleRforfdbRENi: Corhpanentd! 6advehiciespshipsicaircrafipobas afaworming

][fl'ai_@ma%rﬁmsthia];f amaﬁ@n@mh@@w@mﬁei@cg@aﬁx H@@@mg@;‘%esent
S D o o s
Ficittfor NG PAGRETLE conRptEn e e Ten o1 red
poly{etherketones), pelyimidobenzoxazole, poly(phenylene
sulfide),polyesters,aromaticpolyamides,aromaticpolyimides,
polyetherimides, acrylic resins, and poly(vinyl alcohol).
Fluoropolymers:sucheﬂspolytetrafluoroethyleneznayalsotxaused
in the practice of the present invention. The reinforcement
further includes natural organic fibers known to those skilled
intheart,suchascottoncloth,linencloth,felt,carboncloth,
natural cellulose webs such as kraft paper, cotton paper, and
glass fiber-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 tvpes
of fiber, by co-weaving or in the core/shell, side-by-side,
orange-type, or matrix-fibril, and other constructions known
to thosgse 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 polvaramid fiber are
particularly suitable. These materials may be used each

independently or in combination of two or more of them.



10

15

20

25

30

35

20 not particularly limited as long as the above resin composition

comprising two components or three components is obtained. For

example, as a method for producing the resin composition comprising two
components, there is preferably employed a producing method

comprising the step of hydrolyzing/condggasing 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

organic rhetaltbimpoungd istaddec i this hydrwhzing/copdensing teRnent are
Eﬁ%%éﬁ@@gﬂwﬁg%&@@HQQ%EK%%%BQ?HO fon coptaini %gé?g§§WQ9ring)
_i%%\gn%géggi%a\s%one of a glycidyl group and/or an epoxy group and an
inafganic microfine particle the efodtor Prodbéingrerisising reeg te
oFfRely gingfeordensing hetad alkdxidielandipr metal carboxylatedyite type
charging-wales i presenge of the.cempound haying: aLleastene of ayn o yanig
gl%gc?lg I %r:y P afdr/nolrnag]te Xy graup, andin 35 the o
hydrolyzingiconidensing step, an orgahic ine cEPOURA T3 Bohiaiifg

one or Ndte eléifiént seldtted ebicalrgpdup: bengistingeofZn, Bl Ganlmay be
GeePbrRp5h anckBi heing addedand-a compound, beingsglidat 4o ¢ SpoOXY

being.uised,n the casg of cantainingan aromaic mojety having at least_ "~
one of a glycidyl group an%/or 5 angeap%xy groﬁa}ﬁa%%da compoundBeing TUet 3

&3iid o Uiy AF 25 E BB tised I e Sastostict Eontalming amtar ofraicds
moidty also teonstititesithe preseatinvertion: As:a meetBodios Dredueingerials
theresinceompasition campy '%E%f?fa%m%'}e'gég%Bg%dé’&'lgo@ﬁh%%rious
comprising a satlec%fnmlxmg 0 a phenolic compound containing inorganic
microfing particies Aha & CORIPOTHE toMaRitd afieadtdifsbra gigaagonent s,
§FotH AU drsepodyigreup adontaiminy inorganic aickofine:particles, iSor the
paﬁ@UEﬁWéWEﬁUM@ﬁ@@QX%Qy%@QQH%%%E@%%&?QQ§§81Q@@%%%%ﬁnts, for
ER@PQH”%? in a state that the inorganic microfine 15 particles aré

sufficiently dispersed and/or dissolved in two compounds, respectively,

the contefit bPthednBrRjahiSmicrsfine qshrtidledn thewhelelresimmposition of

compositionrcanipeviaareasad by aethod of addition of respective
components and a method for mixing respective components are
not particularly limited as long as the above resin composition
Comprisingtmm>componentscn:threecomponentsjjsobtained. For
example, as a method for producing the resin composition
comprising two components, there is preferably employed a
producingn&ﬂjuxicomprisingtjusstepcyfbydrolyzing/condensing
metal alkoxide and/or metal carboxylate by charging water in
presence of a compound having at least one of a glycidyl group
and/oranepoxygroup,whereinanorganicmetalcompoundisadded
in this hydrolyzing/condensing step. Thus, a method for
producing a resin composition containing a compound having at
ieastoneofaglycidylgroupand/oranepoxygroupandaninorganic
microfine particle, the method for producing comprising a step
of hydrolyzing/condensing metal alkoxide and/or metal
carboxylatetmfchargingwaterlepresencecﬁfthecompoundhaving
at least one of a glycidyl group and/or an epoxXy group, and in

the hydrolyzing/condensing step, an organic metal compound
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large amount and a peculiar property resulting from an inorga_1r_1ic

microfine particle can be exhibited more sufficiently. 20 Specifically, the

coefficient of thermal expansion is significantly reduced and it become

possible to obtain cured formulations having particularly excellent

insulating property and thermal shock regsjistance. Thus, a method for _

producing a resin composition comprising three components of a phenolic

25 compound, a compound containing at least one of a glycidyl group

mﬁeanmmgr@mmm@ﬁwlwmfw ﬁ%&%@lﬁé‘%ﬂ%@%sistmg
ising a step of mixing the olic compound . containi A

%%Tr]ggaﬂﬁig%icr%%ne%drt)%ne’a}# 3 c%%)ﬂpo%hds %oﬁfé%iﬁé éf?é“ééq d?f_édﬁfd' ‘f“d a

fhegipeiay groupane/or am epbXy 30grogpcontainingtthe-morgaficontaining

miceofimespairticle; alsoy mﬂng%ﬂmee@@@%ﬁw@rﬁi%%e 1k, 2hovEup and/or

ing the resin compasition comaprising three . ,

e B oot coRA e ben0

organit niciofifne partitle BRt a2 digdiayrgroap- &fdIBPaR epoRy ety also

grouptéontaimingtéompowrek74. comtainingicamn.inorganic microfine particle

is not paticullady Hisaited 2pd a0.0rdingry:ethad may b oeﬂ%!%%dggﬁgrising
e_wei%ht, ratio b_e{tween these compounds is not particularly limited. -
%ls%‘? “a method for §ddian8¥ﬁé§%c&6}ﬁﬁ%%8?§l rSHRRICtAAY fimiteg 5 £ mixing
Anb Ky of e fHors SuTH asadding dropwise,changingrdividedlyne particles
charging-hy engopesatian @@ﬁlg@%—ﬁ@g@hg m@%! be %ﬂaﬂ'?x%dy'f% %%QS%&Q%M/M
m descrihed.above may have been, containe _ ‘
%gh rre%)%ﬁ?]g)s%%e%%éné%eoggr%ﬁrﬁ Headt dle%rgf?enrl Midihg these Compodlngs.cs. 1s

RO pretérablel esipblnterit dF el fesleompbsitionidbtained thythel eads to
mbsve praducing methodiis asdeseribedahave: Inthe abeve;ROAUCING rofine

mathod. tbe phenolig epmpound ;confaining an inorganic microfine particle
referably takes a form in which morganﬁ)c microfine paﬁlcles are” . .
g?s“ﬁ%?éle“od&ndﬁsl%e&%aﬂ%d’ m the pHEHoie esrmhpound. ey g mmethceiforof ine

Prdducidg in the whole resin composition can be increased by a
largeamountandeapeculiarpropertyresultingfromaniﬂorganic
microfine particle can be exhibited more sufficiently.
Specifically, the coefficient of thermal expansion is
significantly reduced and it become possible to obtain cured
formulationshavingparticularlyexcellentinsulatingpzoperty
and thermal shock resistance. Thus, a method for producing a
resin composition comprising three components of a phenolic
compound,eacompoundcmntainingat.leastcnuaof&aglycidylgroup
and/oxr 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
group 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

glycidyl group- and/or an epoxXy group-containing compound
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this form, there are suitably employed, for example, (1) a method for
mixing a phenolic compound and inorganic microfine particles after
having produced the phenolic compound and the inorganic microfine
particles, respectively, (2) a method for mixing the 20 inorganic microfine
particles by producing a phenolic compg nd and hydrolyzing/condensing
an alkoxide compound and/or a carboxylate compound in a solution
containing the phenolic compound to obtain inorganic microfine particles

@fb‘ih@a{ih@ﬂ@cﬂcaﬁ%wlﬂn%%}%rofinedparticle is not ?articuiarly
or a

jrune:lt‘tgzoeqj[oggpl;(/j{drﬂ_iorlp/zing{condensmg1 nalkoxide 25 compound and .
carboxylate compound in & sSIGtoh Contming % FERCt YT HateH o the e iaht
PRERGIE ToMTsouRE ahd terppreddeing apheaolicicorpound] Amidngd .  Also,
mhﬁr;gm methed©f (2) @h@aﬁi&:@rf&rt@ﬂj By, g%ﬁlgﬁghgp%@ﬁl%gg%mﬁnited
met : . | the phenglic compound and the inorganic , = .
microfir?e ﬁgﬁ(%%&% gotrlrcr:]edB an 8|td§en DmesPossible 16 Obta g fasi-dediy,

COmposition” WHIEH iSRRG ARE-MBFY&TE hyBrd (compositepireasiaged.  In
it i thednoergamicmicrofinepasticles sueh-assiiconexide microfingve been
Paxicles.are dispersed.in a fine-grajned state.in the phenolic. compound

being a matrix. The organic-ir?)c%rgg%ii% r?yr%r%igtﬁ%é%S%ﬁtg}ﬁgd%?(hﬁ%%é zgn after

%%é%’e%t AameretA/0BRYY %5 The phenolic compound containing an
inorgani¢ Riierofine lpatticlebmay alsothe Producedshy adsting thetphenolic-z i ned
ispmposngnand the ingrganie, microfing padicle;toa compgund optained

by the I% dr Wsisa%ondensatlo# reaction step in the above producing 5

method >él)or (3) ‘and mixing thefi. Y i wotitcing Hiethbd Ehown ifi teound
e {2) a8 déscribeE aboverd pherdlicccompbund. és finst prodiiced takes a
ngs&i m@aklcmggﬁgﬁbmwd Q%?@Q@%&Q‘:b'ﬁe%r%&%%ﬁr é}&?@%lﬁ@ltgand/or
dhe Solution, .an xide ound and/or a carboxylate compqund, ,
and water or a sgven cgﬁéﬁgﬁgcﬁﬁ f)g%c%har%% tomﬁé%é)rr% %é)r producing

tHytifolyidcohtgnsatioRn reattion. A soiyepifetnofids preferréd. Aslthe method
above galuticngoataining thagphenoliceenpeunghini c microfine particles
after having produced the phenolic compound and the inorganic
microfine particles, respectively, (2} a method for mixing the
inorganic microfine particles by producing a phenolic compound
and hydrolyzing/condensing an alkoxide compound and/or a
carboxylate compound in a solution containing the phenolic
compound to cbtain inorganicmicrofine particles in the phenolic
compound, and {3) amethod for hydrolyzing/condensinganalkoxide
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)
ispreferred. Byemploying such producing methods, a composite
of the phenolic compound and the inorganic microfine particie
is formed and it becomes possible to obtain a resin composition
which is an organic-inorganic hybrid (composite) in a state that
the inorganicmicrofineparticlessuchassiliconoxidemicrofine
particles are dispersed in a fine-grained state in the phenclic
compound being a matrix. The crganic-inorganic hybrid thus

obtained exhibits an excellent flame retardancy.
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among various solvents described above, alcohols such as methanol 15
and ethanol; ketones such as acetone and 2-butanone; and substances
obtained by dispersing/dissolving a phenolic compound in a hydrophilic
organic solvents such as tetrahydrofuran, dimethylformamide and
pyridine. And, other solvents may be added, if needed. In addition, the
use amount 20 of the solvent preferably has a lower limit of 5 parts by
weight and an upper limit of 500 parts by weight with respect to 100 parts

by weightiof the ahenelic compound. Mate preferably, the, lower limitis 20, 5 .
E%@%QX Yveel%t agcj ggje ugpe%rglt s %OO parts b Welght. 25 ,

Urthermore, ag for reaction conditions &yhﬁﬁgﬁ/%% coRdBASAbNtR thampound
4b6Vvé PethioRFer potiiitiny; the Feastion” ierhperaturecpreferablyt lvds; fomed by
example,ra loyvardimitrof OCs andan topet limit 6f 120G, Mare,preferabilyaucing

the lgwer limit is,20G an er limit js 80C. The reaction time
preferablﬁesg has a%vﬁlergﬁr%eit%$%bnrﬁinébe%mdnd an upper limit of 24

hours. MOre Brétersbiy: thé Bier Arhitis ¥ hodr tdid ahe ippet limitsigapcr ibed
howrse In therpreduding methpd shawhdn the-ahoye-(3)ufirst aselWioBo1ution

EORIAINRG AFaMROWAd f0,form %Mﬁt&f: 3 Eel?}%% a3§e%7{16d/ W e?‘ éﬂt , into the

ggr{]pg%d to form an organic skeleton, described above, v are
Feaction matetals f&gﬁ%ﬁo%r%ﬁ%ﬁnﬂ?%/ﬁr%p%r%ﬁF%ﬁﬁﬁﬂﬁt%ttﬁiscompoundr
3oldtiont an alkoridecdormpound and/on arcarbexylate compaunddant perform
wattgrcra selvent-coniainingwaler ateseharged toyperfarm a hydralysis; ; o

%ré(%ensatign reaction to obtain a 5 reaction material solution for a

rred. : ) . SRR .

% enolic compound in which the above inorganic microfine particles are
dispersétf A 58I-gepP iethodis pestefred tReRt acpherolideompound isupound,

synthgsized acsersling:to:theseactiopcondions descrivedabove. As@thanol
sqlvent and, a-use;amaunt of a solvent which are used, 10 for the above

solution containing the rea%tigﬁ%at%ﬁalafg?gof}ﬁer‘%}% i%n’k?ﬁloguan%?ﬂnee’ and
§3Hﬁﬁﬁﬂ§§§d@§ ﬂtﬁépﬁiﬁﬁﬁﬁfing/dissolving a phenolic

compound in a hydrophilic organic scolvents such as
tetrahydrofuran, dimethylformamide and pyridine. BAnd, other
solvents may be added, if needed. In addition, the use amount
of the solvent preferably has a lower limit of 5 parts by weight
and an upper limit of 500 parts by weight with respect to 100
parts by weight of the phenolic compound. More preferably, the
lower 1imit is 20 parts by weight and the upper limit is 200
parts by weight.

Furthermore, as for reaction conditions of hydrolysis
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
15 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,



10

15

20

25

30

35

method of the above (2) may be employed and reaction conditions of the
hydrolysis and the condensation are the same as showo in_aboye method
(2). 15 In the phenolic compound containing an inorganlc'm|croflne
particle, the content of the inorganic microfine particle suitably has a
lower limit of 3% by weight and an uppe]rglmlt of 80% by weight with
respect to 100% by weight of the total amount ofthe phenolic compound
containing an inorganicmicrofine 20 particle. When this content is less

Mma%my@wlm@mgwg taqu%&ngrg@@ﬁm' rofine particle 'Q%empared

Ie reS|Q comﬁﬁ)olsmon may not be sufficiently increase for a cure

rmuiatilon fo exhibit exCaleRt st Pt SIsErR AR B &t §h‘é@P€bOXY late
?é%li@t%ﬂ@éraﬁ@whémﬁg raeretheml & 096 byweight rahandlinge25are charged
propertyreauld beripsufficient to 'E&E@&ﬁgﬂ%%ﬁap@%fﬁ{@%bwgoéﬁ%;&“ a

f lower limitis 5% by weight an upper limit is 50%
%&g@tl%lr%tﬁegeg&ve r{ne 1‘Ef)c;)LrOﬁSlroIWUC|n g18sincoMpBsiton 1 which the
?:B%‘b‘ﬁs%ﬁ?@ﬁﬁé*%é%‘bﬁéﬁ%féﬁﬁréé6émbﬁén@@r thespresenti 30 A sol-gel

ievention;, the ghyaidyt ioupnand/or 4he1epexy GroUReeRAINING synthesized
&@ggpgypggcoggalgm '98@@9& rylc&%fﬁncg artlcles (Preferalg% tak % _:[Thee
aro

form in which the inorganic microfine partlc &s are iSperse

dissolvetfirf e gifEiay HR6up- HRe/GHIREEp6xy @ré@é%@ﬁfalﬁih?gch are used
tompduind.basemethod forproduciag this @5-formy thereiare suitablyia1l for a

}gﬂﬁ@ﬂl@YQ@, @é@ﬁ@mﬁ’&? (d).8 method 7.2, oL n&élggﬂglé(gldyn g{%u?o producing
é:ylor n Q y group-c %Bflmg compound andainorganlc microfi ditions
"particles a te aving prodt eIa &GV OYStb 2 BAdFSTRE Eppxgondi
Og‘roﬁbﬁizd?ﬁéiﬁmbw\@pm tznd thelimtrganit micrafine patticlesne as shown
irespectivelywand{2) 52 method for mixing the inorganic microfine particle

by hyd 0 ing an alkoxide compound and/or a carboxylate
compoﬂﬁ%@#ﬁﬁgiglr%g Water in p():rce)ré’"er?clem 68 YT §rsups 5\"}(’96?*1“@

BT EpoxyFarotpecaritaihitiicondpduti torebmaiminorgaric nfidrofinparticle
spartieles yAmongrothers; the method s 3% by weight and an upper limit

of B0% by weight with respect to 100% by weight of the total
amountofthephenoliccompoundcontaininganinorganicmicrofine
particle. When this content is less than 3% by weight, the
content of the inorganic microfine particle in the whole resin
composition may not be sufficiently increased for a cured
formulationtoexhibitexcellentinsulatingpropertyandthermal
shockresistance,andwhenitismorethanBO%byweight,ahandling
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 compoesition
comprising two components or three components of the present
invention,theglycidylgroup~and/ortheepoxygroupmcontaining
compound containing inorganic microfine particles preferably
takes the form in which the inorganic microfine particles are
dispersed and/or dissclved in the glycidyl group- and/or the
epoxXy group-containing compound. As amethod for producing this
form, there are suitably employed, for example, (1) a method
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10 of (2) is preferred, and by employing this method, it becomes possible

to homogeneously and finely disperse the inorganic microfine particles in

a fine-grained state in the glycidyl group- and/or the epoxy

group-containing compound. The above glycidyl group- and/or the epoxy

15 group-containing compound containigg inorganic microfine particles

may also be produced by adding the glycidyl group- and/or the epoxy

group-containing compound and the inorganic microfine particle to a

compaund ebtaingd by the hygrelysis gardensationreaction steRinthe 2 i ning

abovsnipeuga method (2) 2o and-miing them. Jn the prodyeing

method shown In the above (2), water is- tsed and it ispreferdbid t& fdatpduced

By &ddihgaiatet iff B dmotnt /ot fréiel 6 pans Iy welght oet fimity toompound

%ﬁamﬂ@ym@@bfaxﬁumparﬂ/&mi@ﬂﬂiﬂk f%ﬁﬁﬁlﬁﬁt@ﬂe@, p@@ggbwﬁqig@tzqf,thgm (2)
' - e. xylate compound. More .

et e o T i 30 prey GG SR e per €10

%&%&F %%&éiaﬂt( AINWERF 488 f'thi &BabtioH Anybfand/or a

iop-dxchanged: watepand pH-adjusted water maybe aised, but wateternce of a

havieg apH g’?&%ﬁb%g / @Ip_@f?régBﬁ@r&ﬁwsg&%gﬁmwggr%gr%ound to

%%cgﬂen%or}ssible ta reduce ionic impurities in the’composition a form

a resin composifion hdviig oW Rygrdecopictt or higfR8WALiHy: 2 Usageie thod
Pdtterofitherbole water niayrbe a patterniof 136 tddmgnwaterdiropwise: come s
todhe alkoxidecompeurt apdior the 48 garlexylag;cQrRound-@La i norganic
%}L’tgg PI I%QagaiQg;\iva;%%rsbyion% 0&9{13“_0”- In the dabovethyd,rolysig )
condensation step in the producing methad of the above () His e 9tveidyl
Frefetabledtiserant BRSO HAtal f5 eBmpouhd tohttiningranewrdnore

element Belectatbiremdbe grayn censisiing af4n.d. AlnGa: i Ge, Pb, P,
5RO R di% RPN o SHED 21" BBRIC LTSI Ph G TROYAL RECICTRIL 038 o
particles may also be produced by adding the glycidyl group-
and/or the epoxy group-containing compound and the inorganic
microfine particle to a compound obtained by the hydrolysis
condensation reaction step in the above producing method (2)
and mizing them,

In the producing method shown in the above (2}, water is
used and it is preferable to react by adding water in an amount
of from 10 parts by weight (lower limit) to 50 parts by weight
(upper limit) with respect to 100 parts by weight of the alkoxide
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
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

adding water dropwise to the alkoxide compound and/or the
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property and is more preferably a compound which will be incorporated
into a skeleton of the inorganic microfine particle 10 or a crystal lattice
after being hydrolyzed. For example, when the inorganic compound is
silica, when pH adjustment is carried out by using an acid/alkali
compound as a hydrolysis condensation; gatalyst, the acid/alkali
compound remains in the composition as ionic impurities, and thereby
intrinsic low hygroscopicity 15 and insulating property of the composition

may be:sateificed:cOndhe other handa wherising theahovePrganRisr by one
mgtal cempound, since ionic impurities are absorbed in a siloxane

crosslinking _structure during dispersing silica and do not occur the

deterioration BFtRE Bﬁ?sﬁ‘é’ﬂg hropettis-ISen By réRTaimimPZondt ishier oducing
mfputitidscdfteh preparnimy the resin corppesitionsland tthesresian organic metal
compesitiondeay. be tsed bfbe.application fields .equivalent to thase ofa .,

onventional e resin. As the ahove organic metal compound, for

Seanlo. COaBuATS Tkel the TllowThg are sultable. 8 SrgamcHm catalyst.
CoOMipodritls® Tt dcetate tdchydrateczing (methacadate, zine octénateolytic
rinooxalate diydraterzine rpeté_npig)_f@mi&ildgj, EB&%@QQ@C@&@}%@%% ptgr;]i,_ll be

u dqpﬁg zing, zing  bis(his(tri silyl)amid), .zinc dibutyldithio ,
Eglr‘f)ama%?a %%% %i%%tﬁy dﬁflﬁ%fc%g(grﬁrgé }}g?n%:%cff rﬁ%%?g‘/facltﬁi%)cc% R
86 Ant N REimbidsiaéthexids Zit BeRydéxyiquinolinite, eziample, when
2=péntangdionateczinou 2,6 6-4etiamethyl8:5-haptenedionate: 1Organigr r i e d

boron sormpaynds sharatoleine, haran arylexide, é’Rg’é‘f%g’géglxéd&ndensation

ggrogitertibug%ide, boron ethoxide, boron 35 isopropoxide, boron o
methoxide, boreh metrioyettibxide 7P Bofsh-heropbside? the composition
fris(frimdthylsilory)boiors berod Vingldimgthyisilokide; antkdiphegylbetanei city
8rhydrnguinekinalg. OrapaicAUMINYMLOMREUNDS: AUMIAUM e sacrificed.
Shts{:l?ngOé({:qjee-%th | gget%tg gl-l-gri(_)rpox ethyl acetoacetate 5 aluminum,
di-i-propoxy ace y?aceftlonatée a’llumlnan"?,/q?p B%y organic metal compound,
slnce 1conlc impurities are absorbed in a siloxane crosslinking
Structure during dispersing silica and de not cccur the
deterioration of the physical properties caused by remaining
of icnic impurities after breparing the resin composition, and
the resin composition may be used in the application fields
equivalent to those of a conventicnal epoxy resin.

Astheaboveorganicmetalcompound,forexample,compounds
like the following are suitable.

Organic zinc compounds: zinc acetate dihydrate, zinc
(meth}acrylate, zinc octenate, zinc oxalate dihydrate, zinc
methoxvyethoxide, zinc neodecanoate, undecanoic acid zing, zinc
bis(bis(trimethylsilyl)amid), zinc dibutyldithio carbamate,
zinc diethyldithio carbamate, zinc dimethyldithio carbamate,
zinc N, N’ ~dimethylaminoethoxide, zinc 8~hydroxyguinolinate,
zinc 2,4~pentanedionate, zinc
2,2,6,6wtetramethyi—3,5—heptanedionate.

Organic boron compounds: boratoleine, boron aryloxide,
boron~n-butoxide, boron-tert-butoxide, boron ethoxide, borcn

isopropoxide, boron methoxide, boron methoxvyethoxide,
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his (ethyl acetoacetate)aluminum, i-propoxy
bis(acetylacetonate)aluminum, tris(ethyl acetoacetate)aluminum,
tris(acetylacetonate)aluminum, tris(etylacetonate)aluminum, and
monoacetylacetonate 10 bis(ethyl acetoacetate)aluminum. Organic
gallium compounds: gallium 8-hydroxyo,%1' alinate,
gallium(lll)2,4-pentanedionate, gallium(l Il):pethoxide,
gallium(l)2,2,6,6-tetramethyl 3,5 heptane dionate,

E@w@ﬁ%Wﬁﬁ§@$ﬁ§ﬂ@@by§uﬂgﬁﬁ@§%éqﬁyﬂé?loxy}bprgn,'boran

tris(di Cﬂ%%ﬁ?l oggﬁllluméOrganlc indium compounds: indium . _
hexafltoropentanédionate; nditht methokyethbxidarfdiamy droquinolinate.
2,4-pentah@didhates iIndidmUmethyi(trinvettylyacetylacetate, and indium
trhﬂugm:pﬁrrbaneméﬁlﬁt_ﬁ%o Qrganie Q?rm@niﬂ%%‘gﬁg%%@yq&%oacetate
germatrenpe, methyltriethoxy germanium, tetra-n-butoxy germanium,
te‘tra-n-ethdxy@giermaﬁftl:uO m ?f%ﬁa?s%%r&po?@eéte?rrﬁ%ﬁﬁm?ﬁ Ethoxy P oPoxY
Bematilm: [eFadsEimemyRIeApEémEnium; RESPbutylacetoxy

gemtariamy haddtiethylnegthoxyngermanium;i 25 &rganic lead compounds:

te(H). tri t ad , lead .
B o ey asbonarela g inum,
idat og?e%f@ fify i6Adiso et aRoate™ )2 RAdIN2 A35eritaAe afjmte t e
ezl (H)606, 7, 7.8 8t8heptafiionoa2, 2=dimethyl-3,5-octane 30 dionate,

badmx@%@&%¥@%@¥@@%ﬂ@@ﬁgb@ﬁgs;gallium87hydr0ﬁ¥ uinclinate,
I%aldflllgmﬁ,91gii(aézaﬁqetg¥ll-3,5-h(§j[)tane dionate. Organic Ehosp orus.
ompounds: diethyl p SSPHita HrifBhyF phdshhire triethyt pliddpinieie -
Wis(trivethy 5ilyIfphbsphite; tristhylphdsphatie, B5heptane dionate,
grs(trimethylsityiphosphate  diethdethyltriathoysianed0 ana
grmetyirimelhy siMipDosphate, |
2-(diphenylphosphino (—:gtt)ﬁ?l mé’tﬁrﬁethoxysuane:
2-(diphémyisHbsphireyethfitietioRysians, indium
hexafluoropentanedionate, indium methoxyethoxide, indium
Z2,d-pentanedicnate, indium methyl (trimethyl)acetylacetate,
and indium trifluoropentanedionate.

Crganic germanium compounds: hydroxy germatrene,
methyltriethoxy germanium, tetra-n-butoxy germanium,
tetra-n-ethoxy germanium, tetraisopropoxy germanium,
tetramethexy germanium, tetrakis (trimethylsiloxy)germanium,
tri-n-butylacetoxy germanium, and triethylmethoxry germanium.

Organicleadcompounds:leadacetate(II)trihydrate,lead
acetate(IV),leadtetrafluoroacetate(II),lead(meth)acrylate
(II),1eadpropionate{IV),leadoctenate(EI},leadneodecanoate
(IT), lead{IIl}2,4-pentane dicnate,
iead(II)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 dicnate.

Organic phosphorus compounds: diethyl phosphite,
trimethyl phosphine, triethyl prhosphine,
tris(trimethylsilyl)phosphite, triethyl phosphate,
tris(trimethylsilyl)phosphate, diethylethyltriethoxysilane,
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diphenyiphosphine. 5 Organic antimony compounds: antimony acetate,
antimony (lll) n-botoxide, antimony (Ill) n-ethoxide, triphenylantimon,
tris(dimethylamino)antimon Organic bismuth compounds: bismuth acetate,
bismuth octenate, bismuth salicylate, bismuth hexafluoropentane 10
dionate, bismuth(lll)t-pentoxide, and bismuth 2,2,6,6-tetramethyl
3,5-heptane dionate. In the above hydrolysis condensation reaction,
catalysts other than the catalyst described above may be used, and one

ot iwa BryMore ohinorganie g;@g@yggﬁ&yg,rochloric acid, 15 sulfuric

§gifaaL dhréigicla%%;sorg@ic acti_%s ((:%w as variqus sulfonic acids and

sul Oﬁ% Acid type Tomexchange resih Hitahate Bstérs 4Bén 28%etrabutyl

fitaffate BRa BriprepyI i firahatd: tih aitsodytates stemas dibutyltin

fayraten Wdibutyinrmaleate, dibutyltin acetate, tin octylate and tin 20

naphth . zirconi late_.compound such as tri-n-butoxy ethyl ,
cetoas(gtga erz%gor%i%%?%-btﬁg%g %?gitﬁyl %%gfo%%géétﬁf%%o% mantimony

ﬁ%&)&iﬁf§@ﬁﬂi‘éeé’t8§é&%¥ Yirédnidimetelrakisde, triphenylantimon,

t-prdpylacetbadetate)zijconiumo tetrakis(acetoacetonate)zirconium, and

tewrakiseiyl 29acstoncetate) Ziganium... tianium.chielate compound

such as di-i-prapoxy his(ethy] acetoacetate) titanium, di-I-propoxy

Bis(atetyacetate itaniumditisproposy D@Lty RCERHale)iRFMRRNARM

BOctetraRis(debafladetdndte)titamiam: camihe, compbundsisuch as

ammenia- butylamiaen gatylaming dibutylaming , maonoethanolamine,

diethangl};i\r@'ng,atge@arlllol%rpio e, diethylenetriamine, triethylenetetramine,
oleylamine,” benzylaming, benzyidintetifiahinga - 100 redaction, catalysts

L EthyI-ARethllimidarord 352 46: ristimethylaminophendlemosphilinend one
and-bBLLE1 n(d;8:-diazabicyelpls.4 Ol ¢-undecena); aad salts OLINESE - aciq,
sulfuric acid and nitric acid; organic acid such as various
sulfonic acids and sulfonic acid type ion-exchange resin;
titanate esters such as tetrabutyl titanate and tetrapropyl
titanate; tin carboxylates such as dibutyltin laurate,
dibutyltin maleate, dibutyltin acetate, tin octylate and tin
naphthenate; zirconium chelate compound such as tri-n-butoxy
ethyl acetoacetate zirconium, di-n~butoxy bis(ethyl
acetoacetate) zirconium, n-butoxy tris(ethyl acetoacetate)
zirconium, tetrakis (n-propylacetoacetate) zirconium,
tetrakis(acetoacetonate)zirconium, and tetrakis(ethyl
acetoacetate) zirconium.

; 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, diethanolamins, triethanclamine,
diethylenetriamine, triethylenetetramine, oleylamine,
benzylamine, benzyldimethylamnine, Z-ethyl-4~methylimidazole,
2,4,6-trisdimethylaminophenol, morpholine and DRU



10

15

20

25

30

35

compounds and carboxylic acid. The

use amount of the above hydrolysis

condensation catalyst preferably has a lower limit of 0.1 parts by weight

5 and an upper limit of 20 parts by weight with respect to 100 parts by
weight of the alkoxide compound and/or the carboxylate compound. More
preferably, the lower limit is 0. 5 parts bgweight and the upper limit is 10
parts by weight. In the above hydrolysis condensation reaction, an organic
10 solvent may also be used, and one or two or more of ethers such as
tetrabydrofurain (FHE) o Nemetityl pyrralidone(NMP) adiglysae (diethylene s

glyseldimethyl gther), gg%tmjllq[gylacgﬂgs_olve, butyl cellosolve (ethylene

glycol mgnobutyl ether) and propylen
amides s?d}c% é’lsg diniét Vlfbtrm%ﬁ%

e glycol methyl ether acetate;

E95TDME) dhifditdatRyiscaantigesat ton

MNA)Wetohas Suetnhs dcbtonezand 2ebuthnone (MEK) .; aleehols sugh weight
aam%thaag@eghmgtp@pa@@l,p@%tégobfln@éfg}%h%% P t to 100

ate; hydrocarpons such as

i luent h lycidyl h
E%BIC{IQ% %r},_Sk?éilcofagh%ygﬂyogféealg%@g&ﬁ%ﬂea’.I}%eﬁg’W_%rgggl}?oxylate

exane and cyclo

exane, aromatics suc

S6Wen7ERe arldriftdbehzereHaloges sockad thibtoforth anehrts by weight
dictiloraethanegsilicanestsuch assysh.asdimethydpelysil.oxane and
cyclomeﬁgjc&nE'and%cggQ@ygle _dLngne and pyridine. The use amount

1 SHIOUV LYS

of (the above organic solvent pre eréBIy “has 2 ower Timit ot %E)%DB)'/ v%gié)hﬁganic
2Rd BR Uperiimit 5P 12094 555 by Al ght fithrespect for@0% by welyht s such
oftie giyeitytigrolprand/or Hie) e poxyngroupiCotainiiig 6@MROURE PMOra i g1 yme

preferably, «the tgyt\fegmifd%@é%w

by weijght, and f ferably, the lower limit 18 30%
A0 the Ugner M s 160 by Welght 50 AHeT Redotif o

e upp

1
w

et and thecpperlimtis %o so1ve,
5“6ﬁ§£%ropylene

hydrohsisebhdénsationring tee abeve methed ferprodusing,ribe ngactionmami de

temperatdre qpreferably haswa loyves |

e Tower limi

imiuel 0C.and,an upperdimit of 200G - 14

ferab lower limit is 10C and th limit_is 150C, and
U CrOre braTSTAbly. 16 1OWbE IFAE I 0L 45 RE o UEeP it o P11

furthermore prefe

ggéégg%d’ﬁﬁg“%ﬁm@ﬁmﬁﬁyp@ﬁ@@@@anol; reaction diiuents such as

glycidyl methacrylate; hydr

ocarbons such as hexane and

cyclohexane; aromatics such as toluene, xylene, m-cresol,

benzene and nitrobenzene; h

alogens such as chloroform and

dichloroethane;Siliconessﬁuﬁlassucheysdimethylpolysiioxane

and cyclomethicone; and ace
The use amount of the
has a lower limit of 20% by

tonitrile, dioxane and pyridine.
above organic solvent preferably

welght and an upper limit of 120%

by weight with respect to 100% by 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 condit

ions of hydrolysis condensation in

the above method for producing, the reaction temperature

preferably has a lower limit

More preferably, the lower

of 0°C and an upper limit of 200°C.
limit is 10°C and the upper limit

is 150°C, and furthermore preferably, the lower limit is 20°C

and the upper limit is 100°C.

And, the reaction time preferably

-
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82 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 18 hours, and
furthermore preferably, the lower limit is 2 hour and the upper limit is 12

hours. 5 In the glycidyl group- and/or the epoxy group-containing

compound containing a inorganic microffde particle, the content of the

inorganic microfine particle suitably has a lower limit of 3% t_:y weight and

72 upperdimit of 80%.by welght, yith fespectto 10096 by weightotthe, , |
total amount of the glycidyl group 10 and/or f}le epo&bggroup-contammg T
EohpBotihG ContHiifg dn Sndrganic middfiné pattiRisrWiish tHeecoment 1imit
isdess tham 3% Bynweight tthe contentof te:inerganic mierofisearticle: « is 2

inthe whele resin ¢omposition may notbe gufficiently increased for a
cured for[mulaklltion Eo ave excellent insulating property 15 and thermal o
shock resistance miy %%Ygeg(fb%iﬂéo?%ﬂé%éﬁﬁ T RGHEF TRAP 8098 thyr 1 ning

Wit A Hatidlihg property Aray:rotbecsufficierfitodmprove thee, the content
atoldalailiiylfofg@zbﬂktyrrM@i%M@&f@?@ggt@rﬁﬂ%"‘@ﬁﬂ%gﬁ % by \é‘iﬁigé]“ﬁef limit
d-th rlimit is 50% by weight. 20 Then, scribed is a method fo
8?0§J:i% g%%s r%_%sﬁq%doe élmtgep %%n ARhG t%% i%%ﬁg%ﬁ’icwﬁft?&?nél_lth respect
Eﬁrtﬂc@é), Arhdnd e iforganiehRickstinelpantielerst thé prégent invehtsA, group-
imwhich thecinorganic miesafine:partisleriaving-aradius of inertia,of 885 an
im%%m@%@f?&@%%%%% rga%%par%e Qa&?g aggtrggl S:‘%lc less than
nertia of 10 to 50nm is dispersed with a specific ra |q.%s a methaod for ‘
Folfdcilfg e GispePSing WldmBht Raving SstEPs FspersibhStatsine particle
preféreedtis aametvdth forproducingothendispersing element centaningranrcased

ﬂayg@ngthHOﬁe%m%y&@@oﬁﬁ%%WH@%ECQQE%§H§H%SEﬁéi y@%%e'Froperty
EB{allch? |c;]eea§1n%/l r,3§0”1 tal_car,box late are sypplledfroma solution level on it
nelgﬁbor G6d of & rehction VatEd Containg s drerSibh ThedtanfRaling

BS viseasiBrof- 160 PAedord«(¢000 poise) brtess at @0iG opditutionmay not be
shereof; apdwatthe sapedirae svaterisisupplied IO Meapility. More
preferably, the lower limit is 5% by weight and the upper limit
is 50% by weight.

Then, described is a method for producing a dispersing
element containing the inorganic microfine particle, among the
inorganicnnicrofirmsparticlecaftﬁmapresent,invention,jjlwhich
the inorganic microfine particle having a radius of inertia of
less than 10nm and the inorganic microfine particle having a
radius of inertia of 10 to 50nm is dispersed with a specific
ratio. As a method 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, inwhich alkoxide and/or
metalcarboxylatearesuppliedfromasolutionlevelneighborhood
of a reaction vessel containing a dispersion medium having a
viscosityof 100 Pa second (1000 poise) or less at 20°Cor dilution
thereof, and at the same time, water is supplied into the
dispersion medium or dilution thereof from a reaction vessel

bottom level, and a hydrolysis condensation
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dispersion medium or dilution thereof from a reaction vessel 35 bottom
level, and a hydrolysis condensation 83 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.
In the above-mentioned producing metRdd, it is preferable that the total 5
supply amount of alkoxide and/or metal carboxylate and water is 0.2 to

Q% ight i dispersing element 100% by weight in the reaction
vesés%b%il}rgﬁh% ab%él%ﬁe%%tio%% p?rolg]uecﬁngs ?nle]fﬁ&df?i‘rst?fhde dispetdign ganic
i 1€ pitanto the featibhivé sseh ahtidreakes 16 whefetheat ion product:
di&pg@t@xﬁrﬁdim@a§d&d¢eﬁn @@mg}ip@@ prciigayﬂgmp%@tyre,m the
thesdisnersian mrdbp saelminaiv, gitad Wil e AR IONoNeR. ¢ ocal
organjc solvent which can be used as a dlsper5|oﬁ medium. The

di

SBRrsioR HTetIimTE diibicd 58t be .00 deSoidPeress iof@d water
preferdolys5bPalsecontiy s dnd stik marecpreferably: 18 parsedantkopby weight

{esst ptordinary stempetaturg (20C). This viscosity is the value measured
with B t¥ e {%tgtional visc?&ettgr. As the reaction vessel, a reaction

vessel with an agitating device Pyt Bee PCreadtiBrt VBsskl itk at, the
PRAORSBIE FiRirksBade Ravingta shapetdueiras atpropelfers 201a paddleshe case
mdmriﬁbfimﬁwﬂ@m@@ aﬁ@d@@ﬁﬁsﬁsﬁf‘t@i\é@ﬁhﬁ@ﬁ%@%t EPosition at
£spec i tion vessel equipped with other agitatin . ,
deviceg,)grgéﬁgge%ﬁ%% ee’xt;éu%%rcg_llwggf%) fike "aISE CT]rrr1}2'§1‘1 %ﬁs@g?lmma”ly
RIKOKGE ahliic MBI TaryskyRie ke sappiadifioma s28 iguid which can be
wefghberhoati ekthedispersioni mediumios dilutipa thereaf ((hareinafter.qi 1 uted
sefereed toas imerdiguid), an teris supplied into inner.liqui a
reaction \ﬂt ssel bottom level. gp%%iﬁfa%i’ ﬁéa%o%ég %ﬁfot?g e%aqoég second,
a

VArtboXytate iIRtFSducG Pifei dispdbeldsotharitie &xit rhay be asolatishinary
1emre3 heighbothodd of irfiet fiquid; andia-water itducing:pipeisured with

Ede@@@Q.d)%% thatthe exitmay.beat a b&@%é‘%@&@‘er{‘&?@&é sel, areaction

vessel with an agitating device may be used. A reaction vessel
withiapivotablenﬁxingbladehavingeashapeSuchas(apropeller,
apaddle,and51ribbon,isnentionedasearepresentativeexample,
put is not especially limited. A reaction vessel equipped with
other agitating devices, amixing roll and extruder and the 1ike
also may be used.

Alkoxide and/or metal carboxylate are supplied from a
liquidneighborhood of the dispersionmediumor dilution thereof
(hereinafter,referredtoasinnerliquid},andwaterissupplied
into inner liquid from a reaction vessel bottom level.
Specifically, an alkoxide and/or metal carboxylate introducing
pipe is disposed sc¢ that the exit may be a sclution 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”
means 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
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the reaction vessel. The term "solution level neighborhood" means a
space from the mixing blade in inner liquid (in case of a plurality of mixing
blades, a mixing blade nearest to the 35 surface is meant) to the solution
level, and an upper space of 84 the solution level. The reason why the
water introducing part whose exit is di§fbsed in a reaction vessel bottom
level, and the introductory part of alkoxide and/or metal carboxylate are

19%%305%9&\%’“% a gistanfe frcﬁt@ each other is that the exit of 5 the alkoxide

and/or metal carboxylate intrdducing pipe’is Ydisposid iff the "t roducing part

AhovE-rAshtiorsd 3pace fadpate From tit mixing eblade ikvinrertiquighel, and
ﬁh@Sgkﬂkmgg%ﬁoﬁﬂdﬁﬁ¥ﬁP@€r§PR@%%H%P§§@%HE?hE@§D<%¥iboxyﬁate are
dmentioned e, r issolved or solved in.inner liquid until . .
Wa%trg r makes gg)lntaggﬁ%svlgi%'nwggo%a%manedﬁ}g?lm%% %grﬁosxy%}%?byghe‘ em? of
I$hosing the sikGXide Andrsi-metdt RSOy REE fhtrbduemdisar @angide s
Weter setroducirigepatt with-adistancedtorpeash otherpand thetgfore@ mixing

hyslrelysis Q%@pg@@i@a@%@ carfied outunder. homogeneo gﬁer space
s%/s% m. ég{oce,edln of the reaction may properly _1_5 delayed, and'the
Particle may B& préveritdd trom bed Ridero sifteib takes S6ie fimeof 1nely
Blkoxide’ afdfor raetht edrioxylatecto inake contact Withvwater. Theeeforeyntact
Wi MiNatecinorgrNichaierofing particlehaving the ahave-meationed:particle, . ; .
a%@/glstﬂg%té?g ggg:rgal I‘aPILJCS% |sth€ug t to,be produced. 20

"Accordingly, alkoxide andfor metat carboxylate: orifater is®preférabfy = -
dtipphed at BFdte 6F drdppiny fevet dnisprefamalbste thava tetal sapplycherefore

aarhqmﬂtﬂfﬂiémddmﬁﬁ@ﬂ@dﬁ@'@hCa@@&gﬂ@iﬁqarl(&wééﬁfﬂ&@d? %Qo%rh?/er
ight.in di ing element 100%. by weight in the reaction vesse

h‘é&sﬁl ?agtotﬁg%o%%%%e d%pit?:tejr:s,gljgrﬁ2 %ejdrllénoéér? Ffﬁée %ﬁgragﬁfénnﬁﬁé%fn%omrly
PBartidig e defifel 2R TO0% 5y welhy) P thicrapgbedhé parikle sive larger,
distributiontis leasystoreoritiolin the ahovezmestioned definedaangerioxylate

g@eﬁyggﬂ$8§ggeqem%%@nJgég@¥%f%ﬁg¥8@%@g, a minute inorganic
microfine particle having the above-mentioned particle size
distribution (inertial radius) is thought to be produced.
Accordingly, alkoxide and/or metal carboxylate, or water is
preferably supplied at a rate of dropping level.

It is preferable that a total supply amount of alkoxide
and/cr metal carboxylate and water is 0.2 to 50% by welight in
the dispersing element 100% by weight in the reaction vessel
(a total amount of the dispersion medium and the inorganic
microfineparticle isdefinedas 100% by weight) . Inthis range,
the particle size distribution is easy to control in the
above-mentioned defined range.

In the hydrolysis condensation reaction, a hydrophilic
organicsolvent,suchasmethanolispreferablyaddedinadvance.
When water i1s not compatible with the dispersion medium,
especially with the resin composition, the hydrophilic organic
solvent functions as a dissolution auxiliary agent, and helps
water finelydisperseandsclveininnerliquid. Whenasubstance

having high viscosity or solid shape at ordinary temperature
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30 organic solvent, such as methanol is preferably added 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 finely disperse and solve in

inner liquid. When a substance 35 having;high viscosity or solid shape at

ordinary temperature 85 is used as the dispersion medium, the

hydrophilic organic solvent may also function as a solvent for dilution. The

m?admgmwm erganic :spb/;eﬁ% &m&%&pﬁifj%bﬁ@@&ﬁ%@@;ﬂﬂ%@éﬂ@)ﬁ%ﬁc solvent
u - nd ethanal; ketones, such as aceton n L

g-gb%tgr%nge;%%ﬁgﬁgc%}gﬁgn%p%?%ﬁ%%c a5 e%ﬁ%fé%nﬂéoalycoﬁ%per%%gﬁgphl tie

861" 1 3 HOFETEdIdIS NIRE difiER§Hicrmamidénpyiidine a1l oher may be

sdlvents maysbe:mixedndfiecessany.dMschwher a esin 68RMPRSIHONAS acetone

wsed asthe dispgrsion L0 mediym, EH%QQQV%_'&%@Q?Q dydrolysis t‘tﬁglene

cgndenfation re\aﬁ;[]ion is ﬁarrled out in the resin composition, which is
dispersion Fmeditint, Winér 858din composktiontig 8§hthesizel; fof

exampley When el dsovemehtoned polyliydiic: phenolsare obtaingdiby mixed
synthesis sthis-synthetic reaction is carried out and then the 15 hydrolysis
condensation reaction of E<'31ISI<_Jorxinga and/or metal carboxglatg maybe
carried out in the same reaction vessel (Lnder’ existeRcs of polyhydiitspersion
BREAGISY, sifice B alsovehiehtioReal Thisharsing istlementisnsasiiyon reaction
Dbtained i When therresin: compiositiomcoRtaiNs-al epoxyesin e Bsihersion

fompgsitionmay QQ:Q% fndiég J’Dnsg.l%lement either_tbp{ rgixine%witlfw example

polyhydric phenols bef ore synthesis of the ﬁ%ragﬁlc newilc%ozflne’parcfircle or
BYHAdinG artsptixytesih t6R& dRpesint slbment i whichithe indrgaiieed by
iorofine partitleiis synthdsized-ane mixingthe dispersingd element 2% hen the

H{edemperature giihe ahover-mentioned ydralysis  conden SQH%"/ or metal
reaction |iggeferabl 0 to 60C, and more preferably 5 to 40 C. The
car%oxy. e mae%ér%l%ﬁﬁﬁﬁu?éét in the same reaction vessel {under

reactiontime is g

existence of polyhydric phenols), since the above-mentioned
dispersing element is easily obtained. When the resin
composition contains an epoxy resin, the resin composition may
be a dispersing element either by mixing with polyvhydric phenols
before synthesisof the inorganicmicrofine particle orbyadding
an epoxy resin to the dispersing element in which the inorganic
microfine particle is synthesized and mixing the dispersing
element.

The temperature of the above-mentioned hydrolysis
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
remeve under reduced pressure of 0.1 to 10 kPa at the same reacticn
temperature as in the polyhydric phenols synthesis. When the
dispersionmediumisdilutedusinga " solvent (mentioned below)"
added in order to improve flowability, the solution need not
to be removed, but may be partly removed.

As mentioned above, in the above-mentioned dispersing
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to 24 hours, and preferably 1 to 12 hours. When the dispersion medium is
diluted, the solvent for dilution may distill off to 30 remove under reduced
pressure of 0. 1 to 10 kPa at the same reaction temperature as in the

polyhydric phenols synthesis. When the dispersion medium is diluted

using a"solvent (mentioned below) " adéigd 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 86 element of the
inDcganie ﬁﬂ@%ﬁ ne ﬁgﬁiﬁi%ékltf mQﬁ%&@/ f@%?%eg@@i@,tfoﬁﬂgd M&Q%anic

s condensation of. alkoxide and/or metal carboxylate is disperset

e LT B B GO ahy Bad RS oa Lon of
EdrpoatET BB A terdisirersion yaediar ssci rasirresmgosition,dispersion
m@bliiolgﬁ krowmaglditives, @ﬂgbﬁs&wﬁlgﬁmgﬁa%@%@é@hﬁﬁ@mﬁ@%@gs ition.
agent, , iC tive diluent,.and pigment may be . . .
urther aﬁ%fé{%‘&%r% g%%é%t%%@? %Hﬁé %?u%?i%éﬁtcrﬁéa b blent e’dpf&f Licly
With TR FedinT ¢SRposTiisH! #mich 6 el didpersioh srediam, il bider teoupling
grove flowability. Asasubing solvénts aiplasticizer,r anddubkricant foent, and
examples arpelowmentioned.compound having at least one structure

seIectedAfrgnhthe group colnsis_tin .of ether bond, ester bond, and ‘
nitrogen atom is prefertel: 15 Wiverf ther aBBVe éHtidnecPdispafsinge plended
dlehehtis used forcanistidting matérial for wititig board dhe insulating um, in
nmeﬁfaidomwﬂag@qa@m% @jS@/rme@tsf%@@@elgi%ﬂﬂ?i%%g%fsticizer,
ve:- tioned ¢ ound having at Jeast one structure selected from '
oo Boming S elHar DL e ront, BRd hfite SOBRbi g1
e g%‘ﬁ@%iﬁ&%le’?ﬁé‘ﬁ{%%é@u?éeé@@&ﬂéfwéﬁmw, td@fd by osingthes isting of
resuingomixture-as: am inkacGoading rateriak; «of avayishs apd dhen-byq .
drying t r ure and/or with heat to remove
the ,com%%%ﬁ#e%%ﬁsi%%%%?%ﬁiﬁhsﬁ ink or the %%gﬁlr%l %&t%ri%?e d for
?sanTBSé‘Blf Haj08t8a 98 depbRding on A\hpersrdssiie, Boiling poifitsrterial
flegrlikglofing board may be formed, for example, by mixing the

above-mentioned compound having at least one structure selected
fromthegroupconsistingofetherbond,esterbond,andnitrogen
atom with the dispersing element to secure good flowability,
andkﬂfusingtheresultingndxtureasenlink,acmatingnwterial,
or a varnish, and then by drying the compound under reduced
pressure and/or with heat to remove the compound. The dryness
conditionscftheinkorthecoatingmaterialisproperlyadjusted
depending 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
atcom,

The various additives illustrated as 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,theshapedandcuredbodyobtainedpreferably



10

15

20

25

30

35

the used compound having at least one structure selected from the group

consisting of ether bond, ester bond, and nitrogen atom. The various

additives illustrated as suitable additives 30 in the case where the

above-mentioned dispersing element is used as a material for

encapsulating semiconductor or an insukgfing 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

dboveamehtivred S5disipersingodleinehtpthemshapedand:curedhathble v-1 or

ohiainedpreferablyi8/ thas auflame retardancy.ofV-2.0r.mors, more. . o v s on.

ngeeé%t}ll% ¥-ll or more mfﬁgggred bé/ UL-94 standard flame retardant

examination. When tha Trams relardand mlastrsd By e g4 sthndaras: £lame

|afe? lditet rétardait @kamination'is &/-2 ormoere, fdrexamplepthe flahe £ 1lame

5 etardzancy demandetkin the elﬁ@tr@m'@dg%séﬁycﬁﬁﬁj@rg@ fiﬂd Al fie1d
a : -mentioned.shaped and cur ody can achjeve

%ﬁagglgﬁn%o%%%\%%%eg%iar ai}lcy%ﬁgi?ééﬁﬁ%%%nop%%l ion ofthe =1d cured

%)r%géf niileRtohHfaevaritus® 20 excBrdH: brorstidd sich agaardancy .

insulating property, thermal shock resistance, moldability/formability and

strengthrand, excellentfame retardancy,yen gﬁ% frmof thin Qllg?f s various

addltl%rl, can form a cured body having an excellent mechanica

‘Sperties and haat FesiStinsE Ahd*s ctfed fortiidtidhte AibBRG BA 15 hermal

2
rope
gﬂiﬁ%ﬁénﬁﬁﬁﬁéﬁ?@ﬁ@@ Aneba dispétsing éfementicohfdiningran intorganich, and
m@ﬁn%ﬁarﬂglfﬁ@?@g@a}iyﬂ@%??ﬁ% hYQ%QﬁQQBiB tfotf.ﬁllf ﬁfsé'i fﬁ*ﬁ?&‘?ﬂa ddition,
suitably used _as materials for, for
St LR R b L
eofipoRerts of YeRICRISC Shippig and-20 aftciattsredrstrietionbuiding ing an
modnﬁmg/éormimgpa@daaaa@'n%sz&m@i adﬂgﬁ'%t%%%‘%%Té\d@%EQ%nta_ilFing an
% einafter resent invention wi
be des%r&%e(%&idr%[ %lgg;:fn%@;é %&:ﬁ%ﬁ%ﬁ%&&?@%ﬁﬁﬁ&, %%?tﬁegygr%mp i
Brfegeﬁﬁﬁ}éhﬁ&?ped body, and therefore the resin is suitably used
as materials for, for example, mechanical components, electric
and electronic devices, components of vehicles, shipping and
alrcrafts, construction/building, melding/forming, and

coatings and adhesives.

BEST MODE FOR CARRING OUT THE INVENTION
Hereinafter, the present invention will be described in
more detail withreference toExamples, but the present invention
isnot limited to these Examples. Inaddition, “part(s)” refers
toYpart (s) byweight” and“%" refersto™% byweight”asparticular
notice is not given.

Synthetic Example 1

Into a 500 mL four necked flask equipped with a gas inlet,
& cooling tube and a stirrer, 165.65 g of alicyclic epoxy resin
(trade name “CEL 2021P” produced by DAICEL CHEMICAL IND., LTD.)
and 165.65gofpropyleneglycol methyl ether acetate were charged,
and when the resulting mixture was stirred well at room
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is not limited to these Examples. In addition, "part(s)" refers to"part (s)
byweight"and"o"refers to"obyweight"as particular notice is not given. 30
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 DAICEE!_BCHEMICAL IND., LTD.) and
165. 65 g of propylene glycol methyl ether acetate were charged, 35 and
when the resulting mixture was stirred well at room 88 temperature to

ehiaip-a hemogepgous salution, 82,Q1.0.0E Jettamsthoxysilaneand,34.57, ¢
o] 8£ r3-%|¥§lﬁl0X oro gl}}rlmeth xgsnane were charged and the mixture

was stirre at room em%er%ﬁ e't6 'obtaiff aoﬁomogeneous solution. 5 To
thisihixetsoiltiom 51131 §of igrrexchahged water ohpg6:8 avas ddded xture

g@@wisemm Iq é@wénat&%@ﬁ@’@ﬁ%@ﬂg&)ﬁ@ﬂ%i@ﬂgﬁggggéﬁ% solution.
ntly the,mixture was heated,to and kept at this temperature

for j%%%%s. %l}e%xtc,jl into t#%lglﬁb g of r%et%y?éh&soprha%éﬁﬁ&%%%%%&f%% of pH

fheniddre a8 4 o haRTtAiRB AT His St oF 22Hoursoand ehare rretharsolvhile

and rpyopyleneglycol inethykether acetate nuhigh werevalatiley c st ed o gooc

comPaneHts wate distlleo.off, under reduged pressur e%%th%r{%“%‘ﬁ‘%”sq 3.20

mixture was cooled to obtain a resin composition A" which was

Hoi-coloted AR pareRtRAG UiscBas liGiia - TRE yictdh 45 'oh theviesimwaswa s
260 gLand dte fesithad antepoxy Bouivaléntuetsl, 7 gnal ham inefgarito]l and

picspine particle content:f29.5% lhy wejght.and.visgesity; of 3520 Wo8tile
%%ZS%h%%r%tpetlc Exan&plgtz, %e% In%o a 500 mL four necked flask equippe

With 2 gas infet, “a coofingtubean g Slirrr 9853 58 6rRlidyEfis 8ogy and the
KSR (frafe rahve "ST3060 prodiest by Tohte Kasei Cos,iktddanebsition A
12326 wgefribmethaxyr2 propangbners-eharged; a&@wé;%&hgﬁ FeSulng. vie1q
mix tirred well at room_te rature to ohtain a 25 homogeneous
soIJﬁg%%so%gg%o%tsetrﬂﬁnée%bx?/gi a%zqgna 127 20 B EPORY St vaLent
of 171 g/mol; an incrganic microfine particle content of 29.5%

by weight and viscosity of 3520 mPaes at 25°C.

Synthetic Example 2

Into a 500 ml four necked flask equipped with a gas inlet,
a cooling tube and a stirrer, 123.25 g of alicyclic epOoXYy resin
(tradename “ST3000” producedby TohtoKasei Co., Ltd.) and 123.25
g of 1-methoxy-2 propanol were charged, and when the resulting
mixture was stirred well at room temperature to obtain a
homogeneous solution, 79.03 g of tetramethoxysilane and 127.91
gon—(3,4—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 heours, and
then methanol and l-methoxy-2 propanol, which were veolatile

components, were distilled off under reduced pressure and the
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g of2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane were charged 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 30 temperature while being stirred,

and subsequently the mixture was heatggl to 100C and kept at this

temperature for 4 hours. Next, into this, 1.63 g of antimony (lll) ethoxide

was charged, and the mixture was maintained in this state for 2 hours,
ardhahen methanehand l-methoxy-2propanel which\weee valatilgdssition B
Gempanents, were distiled, off upder.redyced pressurg and the 89 ..o o 01 4
remaining mixture was cooled to obtain a resmlcomposmonlé{ which was
Rdncofored trahsparert ahdvistbls TbGid: The Yidta of theRRiwag Pivea Lent:
¢ faAd the fesin hadahrepoxyrequivdlents 6f 231 gimol,dArcinosgariat of 51.5%

icrgfine; particle,contentof 51,5%:5 by yweight and viscasity of 1810
Egas a'?JZSC. Synthetic Exé?n%le% IntoallL fut&l%e?éu%ped with a
gas inlet, a cooling tube and a stirrer, 100 g of bisphenol A epoxy resin

beTpsohidcl1d-aeped<trade name "Epicoat 1001" produced by Japan

Epoxy Resins @lfld;Ltﬂgk,&%ﬁ@fé%ﬁﬁ@f%@ﬁdOM@ﬂagdg%sg ﬂanﬁlf‘?-pgi@ooling
canryl % palla lum were.char anc ht e mixture was heated o 85C .
ana%r?ég?r(?tearn%‘féﬁgge of ﬁﬁlizoa%tg%%\’/le&'\ﬁﬁé Irleorr?la%ei’ WK riffSgeh 8nde sotid
Next>tle ifiterslsl space Citdeaatodlavd (Vas replacetitib With-hyBrogen Resins
665 MPadin)pressirecanddhe arixture Wasmainamed Jfor24-howswhilg rryving
being_stifre d then, the internal space, was replaced with nitrogen and o
thenﬁgr%lsip _ﬁg ic:%ﬁy%%r %%a‘?lggﬁﬁn a\?\}é?s ﬁﬁlé%relajtg %%%éeln“é%sal%ﬁ?/gﬁc? d Ito 857C
%BS%W%&H%%M% SPREIT 99286 §'F Bl aly HisepoRy 266iA Yolufigh trogen

20®btained:was thargedtiatona 1000=mk four neeked:flask equipped withlaced
agas Hjetrasogling tube.and g stier, and.75:31,g of tetramethoxysilane. ; .
?89 72749% guorfc?-‘gg/j%[doggr,opg}ltnmethox silane were charged and the
mixture Was stirred at Foom tefparaturé fo obbiin @' Fmbgentshg rnal space
YgiffGilacedwithnitrogenand the graphite carrying 5% palladium
was filtered to obtain an alicyclic epoxy resin solution.
Then, 792.39 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 roomtemperature toobtaina homogeneous solution.
To this mixed solution, 53.49 g of ion-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
mixturewasmaintainedinthisstate for 2 hours ; and thenmethanol
and tetrahydreofuran, 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 vield of the resin was 310 q,

and the resin had an epoxy equivalent of 290 g/mcl, an inorganic
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25 To this mixed solution, 53.49 g of ion-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 60C and kept at this
temperature for 4 hours. Next, into this, 3.90 g of aluminum
di-s-butoxide-ethylacetate was chargecciig%nd the 30 mixture was
maintained in this state for 2 hours, and then methanol and
tetrahydrofuran, which were volatile components, were distilled off under

educedipressure-and the remaining mixture \wias Gooled to obtainaresin -, ¢
£9 osgié)psc WpiC | was non-colored transparent and semi-solid. The

yiel of the resfh was 310 g, 35 and the resin had an epoxy equivalent of

290 g/mol, an inorganic 90 micro fine particle content of 31.0% by weight

andiiscosity bk 2320-mPas at 60C. Synthetic Example 4 5 Into a 500 mL
four necked flask eguipped wit as jnlet, a cooling tube and a stirrer, .
168.62 g of aromatic crystaill(i\%l]ep1 gecgf)ig ré%ﬁlsa(‘}{rf uﬁ% 8‘%&2&8@“ m_iét’
brodticdd By JaparfEsoRy Resii€ 0o L BfY:oand 166.85 ¢ sitdiglyme stalline
Sverechiarged, Gndastsendhe Yesulting mixture wassstigdwell aeem, Resins

demperatyre tq,gbtajn; 10 @sh W%§8%§ﬁ®%8965§%1%8&, and when the
rt(g:;t&gam thox¥nsuage and 75.70 g of phenyltrimethoxysilane'were charged”
and the mixture was tiffédarrobhfiémperatureobbiigrature to obtain
hRBYERBewssoltibn T Tenthis fnixédssoltitiont: 48riStd okipniaxchanget 75 . 70
gNﬁ_tﬁrL%%Hy@@r\@!ﬁé @ﬁ@ﬁ@ﬂ%@&@ﬁ@@é&@@ﬁr%ﬁ t%@%’e&at%{gére was
puTigl ]e5 ejng stirred, and subsequently the mixture was heated to 1 ,

an lfe_pct1 aat%hﬁjfsotg%geﬁgﬁﬁé: ?%rufqﬁoﬁ%. S iRtS thisto 78ng s solution.
nfethdxyborare was ehafged, Hhdlthe inirtlré wassmalmtained incthise of pH
statedos 2:hblys, and thensmethanol and-diglyme; whish werevolatile e while
Gomponents, were e?riﬁséi"s‘?&gf ug%ertrfduggd 20 %ressure and the o
remaining mixture was cooled {0 obtain’a résin composition B WhidH i +2°"C
WN5hcioredrahdparsitamrrkstsns diguidn PHE Sield b the resimwasize0 0 . 78
e arvd- theeresiredeb anrepoxy equivalent, of 307 ghnol :aninotganitaintained
imiergfineparticler - o 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
tiquid. The yield of the resin was 260 g, and the resin had
anepoxyequivalentof307g/mol,aninorganicnﬁcrofineparticle

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

Synthetic Example 5

Into 2 1 L kneader of heating type equipped with a gas
inlet, a cooling tube and a heating medium circulator, 361.33
g of high molecular weight epoxy resin (trade name “ESCNZ20”
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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content of 29.8% by weight and a melting point of 104C. 25 Synthetic
Example 5 Into a 1 L kneader of heating type equipped with a gas inlet, a
cooling tube and a heating medium circulator, 361.33 g of high molecular
weight epoxy resin (trade name "ESCN220" 30 produced by Sumitomo
Chemical Co., Ltd.) and 154.86 g of bu 5] cellosolve were charged, and
after the resulting mixture was stirred well at 40C to obtain a
homogeneous solution, the solution was cooled to room temperature, and

iﬂ&ihifqr@éér]alt@;@ tetramethoxysilans: 83:08:9 Pt ion. Tothismixed
g%@\g@t{lmeth%}gnﬁ?@e 35 were charged by one operation and the mixture

Wwas kneadéd at 91" foshYempeiatue 16 BBtaih 4 hoRtogdnébliLsslutian. added

P RS 3bitiona t43U5Tg ofiareexdhangedividter iof phict Brwasled, and
addee: dy-one opefation et Foom temparatiie whilerdbeing kpeaded, 804 raised
§%b%%q)u§ng¥} ?ilntecrngé teérg gratture of the kneader was raised 5 to ,

100C ‘and Kept at this témperatire fOF4 hE s Rekt intb ‘thid7§.18 o=, into
bint Scetaté difydFate waschargedit and thé misagrehwas aibintaiédinnixture
this staterfor 2ihedrs rand thes methaneland, butyd cellasplve:which Were,1 ang
voleyiecompansitz, wigre distledd off uhden [eAUEed BIEssure ANAINE o 111 e
remaining mixture was cooled 10 by taking out it ?rp% t enkne’ager onto a
?nfeﬁaﬁl@atgt% bBEART o &Sif RBHpoSHich B HHiER AR trmaldednit seligas cooled
mattetkThe yield oftthd resinwas 58@ ggdand the-resin had ab epoxy:o obtain

equbalent&f,860 0/mak an inpreanicmicrofing patticle cantentof 30,60, - 4y,
b¥é"’Lecl h} a d a thermall s%tsnlng temperature of 118C. 15 Synthetic

Example 6 Thto'a 500 ML Touf ngdkgaﬁﬁgégeﬁ%?p]ﬁé&%ﬁ’é GBS Mgt valent
ebohRY tHbERhd &stitre TIZ0196 grofcalic§ eliczepexyt fesire (tradeaamet 30. 6%

BYX8e34'heroguged by Japan Epexy Rasins Gg., Lid),20-51,84 9.0f 11 go¢ .
triglycidyl cyanurate, 86. 40 g of 1-methoxy-2 propanol were charged and

86.40 g of pr%aylene carbonate were charged,
Xample 6

Synthetic
Into a 500 mL four necked flask equipped with a gas inlet,
& cooling tube and a stirrer, 120.96 g of alicyclic epoxy resin
{trade name "YX8034” produced by Japan Epoxy Resins Co., Ltd.},
51.84goftriglycidylcyanurate,86.40g;ofl—methoxy—Zpropanol
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 tetramethoxysilane and 119.56
gofB—{B,4—epoxycyclohexyl)ethyltrimethoxysilanewerecharged
and the mixture was stirred at 60°C to obtain a homogeneous
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
te 80°C and kept at this temperature for 4 hours. WNext, into
this, 1.61 g of trimethyl phosphite was charged, and the mixture
was maintained in this state for 2 hours, and then methanol,
l-methoxy-2 propancl and propylene carbonate, which were
volatile components, were distilled off under reduced pressure
andtheremainingndxturewascooledtoobtainaresincomposition

M which was non-colored transparent and viscous liguid. The
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and when the resulting mixture was stirred well at 60C to obtain a

homogeneous solution, 73. 879 of tetramethoxysi lane and 119.56 g of 3-

(3, 4-epoxycyclohexyl) ethyl trimethoxys i lane were charged 25 and the

mixture was stirred at 60C to obtain a homogeneous solution. To this

mixed solution, 61.21g of ion-exchanged,water of pH 6.8 was added

dropwise at room temperature over 2 hours while being stirred, and

subsequently the mixture was heated to 80C and kept at this temperature

for. 4 hours tNexid @tms&aatbis,glsd@l, gilaﬁtﬂm@t?¥l§fﬁ9§@mt§ﬂé@%&l@@@@giva lent
' w. intained in this state for 2 hours, and then

%ﬁ%gﬁpr?%ﬁén%e’th gﬁyr-%gg{(’)acp,gﬁol Iand %FEOOS%/J@ he %3%%%%%‘? ﬁﬁ%ﬁ%&eﬁ 40. 3%

Volatié t8fHpoteritsy iere distilfe 6ff ehbier rdtiutedaire8aiie. and the

remaining mixture was cooled to obtain a resin composition 35 M which

\ﬂ@glﬂgmg@lqreg(gra@sg%rgn&gﬁgé(ksgggﬂ%gqgiga;m 92 Xie/!,a\dngf the resin
was ZSSI%gnd t g re?}{n had an epoxy equivalent” of 201 g/mol, an _
ParicR ISt 846,307 B§ wRikht arftiRiscosiy sfreducing

inorganic micréfin _
6810 APES AR5 C T 5 Eamphesil a4 4 and<Comparativetoainplest andcribed

2 intyatflesk equippes with a gassinlel apsessy @P@@Eo@ﬁyi{:@s"’i%a(trade

stirger, eggﬁoﬁ\;{?%msin compositjons described, in Synthetic Examples
110 3 and two a icyclic %Eggyrée)%ln;b&ra%elh%r?ne l@@lﬁ?@ 1Pm8r’ddu‘ceﬁ' ; and

by Bafcat EHemical 1RG0 [ te rantPco dale ke tST3000! pieducedtisy: ) .

TefitoyKaset Qo drtdph methylbexahygiephthalic anbydride.(trademanme; -

PMUd08Gs produced by New daoan Chemigal Co,, 4d) a3 auling, ., gene,
%ent, tri Eiy hexadecylphosphonium romide as a curing ac‘ce?eratlor

gn&%ﬁ%ﬁ R ARGOXTIAR (e REE™ ArEage- W 408" Producesn 5 Bye lerator

RawaguehicChemivat industhyGo. ( bidzyias astabitizeriwere wharged iproduced

the campesitionsshown n ﬂ%@l%&s@?? were, mixed )ata8§)% asrpabilizer were

g%@am@e(g %gq%ﬁqrgducedtgre‘ssure, and thereby a _homogeneous epoxy

T fed: $05he "ESMpoSitioRY bEChmpHrave Te mixed

fesin domposition was ob
Exafipis Husedisificaftrate:naine 20=18@E2" preducedd)y and thereby a

ADMAEECHS Copdid:) was addedasametal, was obtained. To the
compositions of Comparative Examples, fused silica (trade name
“SO-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 a mold 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 I mm in thickness. With respect to the appearance of the

resulting cured resinplates, they were non-colored transparent
in Examples 1 to 4 but they were white and opaqgue in Comparative
Examples 1 and 2.

Forultravioletdiscolorationresistancetest of the cured
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
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oxide (metal component composing of an inorganic microfine particle) .
Subsequently, each of the above compositions was poured into a mold
and cured at 100C for three hours and further at 140C for three hours in
an oven to obtain a cured resin plate 25 of 1 mm in thickness. With
respect to the appearance of the resultigg 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. 30 For ultra violet

digcolorationiresistange test ok theseured, tesin plate, AXeNop.weatheling, s
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 50C in cell internal temperature and 45% in cell 35 internal
humiditylﬁ:otardeecfot@aﬁdx&ﬁt@tﬂtﬁatﬁ@t%@&@@ﬁ&ﬂ@%@%e@ﬁ@strlbutrﬁ_on of

9@@@@%%%@@%9%%8 Iﬁ@ﬂ@ﬁ’@ﬂe\gafs Valuateg (Ijnmterms fOfnLeX rpl cle 3)
order to mvestdgéate a article size dlStI’IbUtIOI’] OP%H ta|lOXI e micr

BAricIES (IRSrhriiCTHEdfid Barticled) mitheGesimsciinpositic tﬁ@tam@d in
Elred:Fesie piates elstainet:ing thetabove wesewehth stbjected 1@ scattering

small-pngle. X- taxzﬁgaﬁamgg%@iﬁeﬁ%'t@ﬁﬁgéﬁé89%%%{"5‘95 measured
E%eLctrum Wa(?{)neasured ,,u_sm the X-ray diffractomeéeter ""RINT-2

manufactlire 0 Rigak orp CTicident Xiray was @anerwfactured by
ﬁwb%%&ﬁr%ﬁt’é%hro@@ﬁ léiﬁﬂﬂl‘-tﬂﬁyemvhww monochterdterandfurtheme t hrough

passad thrayglhr #slitscanchthendhwasdiradiateditorthe gured resia platey, ., o,

and fg@geregn rays, wer detected with a chI%[tlon counter installed at
a camera leng télof 250 mercn rou% av%cu%m ‘path. TEDEtANIEY resin plate

é&ﬁdﬁ%ﬁgtﬁmﬁ ficaunAngeae tcﬁrét«fsdmaws@dzmmrabeon counter
voltage!, teloe gtirenta4®:k\, 200.0vh Operationumethods Fhed titnecuum path .

methed Measyring methad: [ransmission.method (20 separate, 20

operation)
X-ray used: CuKa

Tube voltage, tube current: 40 kv, 200 mA

Operation method: Fixed time method

Measuring method: Transmission method (206 separate
cperation)

Scanning angle covered: 20

Increment of a step: 0.1 to 5.0 degree, 0.01 degree

Measuring time: 30 minutes

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,
Inordertoinvestigatetheratioofconstituentmetaleiementary
component of metal oxide microfine particies (inorganic
microfine particles) in the resin composition, the cured resin
plates obtained were each subjected to a X-ray photoelectron
spectroscopy (XPS) analysis.

{Table 1]
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method to derive the radius of inertia and a particle size distribution was
determined assuming that a geometry of a particle is a sphere. In order to
investigate the ratio of constituent metal elementary 30 component of
metal oxide microfine particles (inorganic microfine particles) in the resin
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Table 1 will be described below.
CEL 2021P: alicyclic epoxy resin (produced by Daicel
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ST3000: alicyclic epoxy resin (produced by Tohto Kasei
Co., Ltd.)

MH700G: methylhexahydrophthalic anhydride (produced by
New Japan Chemical Co., Ltd.)

AntageW-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 particles weredispersed in shorter
particle diameter than the wavelength of visible light and it
was found that it could be suitably used for the uses reguiring
the transparency. And, the cured plates of the resin
compositions of Examples has small AY] and is considered to have
highresistanceiu;discolorationknfirradiation(ﬁfactiveenergy

rays such as ultraviclet rays.

Examples 5 and 6 and Comparative Examples 2 and 4

Intoa flask equippedwith a gas inlet, apressure 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 Epoexy Resins Co., Ltd., and trade
name“ESCNZZOHH"producedbySumitomoChemicalCo.,Ltd.),phenol
aralkylresin(tradename“XLCf3L”produc®jbyMitsuiChemicais,
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 properties andmechanical physical
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KNNOtpccEodgnQ.-DFdaoOQ 2 Table 1 will be described

below. CEL 2021P: alicyclic epoxy resin (produced by Daicel 95

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

Kasei Co., Ltd.) MH700G: methylhexahydrophthalic anhydride (produced

by 5 New Japan Chemical Co., Ltd.) Agtage W-400: phenolic antioxidant

(produced by Kawaguchi Chemical Industry Co., Ltd.) SO-E2: fused silica

(produced by ADMATECHS Co., Ltd.) 10 The cured plates of the resin

campositivns afiixamples haddrigher sanspasency-af thecured pkie: he cured
%%JE@@%@!@% Oéatgﬁ Eﬁé@s@ggoggggsraggom oar‘%:lge 2 plegdalg%s K&911
herefore it was assumed that microfine partlgles were |sperse8 in

ShoTtér PAHIIE dietEtar i tha vAVEEngth Of Vaise AgRCal® it iaB> 045 .

fountthat it coulichezsuitablystisersfor e uses:requitingathe rding to an

HapsharenreyARd: the §H%%@EQ§&?5?@£§@F@%E%@%8Eo%itgs Japan,

gggmples h,g%sm IIDY1 and is considered'to have high resistanc

iscolotation By iffadiation of adtive enérgy SrayS Subh dsitradiolst tayg sment s
20 ExdMples 5 andiiand Chinpdrative Examiples Staind 4 fntoreeflaskist ituent
@quﬁope@mwbraegasdmlg@é@@&ﬁg@ﬁ@ggcﬁ%@y@@ 4§I&gq5ﬁ;e§%%ea‘sure
of two rein compositions described in Synthetic Examples 4 and 5 an

tv%o E%oxff fesins (trade name Eﬁ%IEW%%BHa%%’Td‘DUCed by Japan Epoxy

Resins Co., Ltd., and trade name "ESCN220HH" producedby Sumitomo
Chemiieal2Go.,Ltd.), phenol aralkyl resin (trade name "XLC-3L" produced
by Mitsui Chemicals, Inc.) as a curing agent and triphenylphosphine as a

ctfite—aceelerator-were-each-chagged-in-the compositions-shown in Tahle
30 2, and were mixed at 110C and def ed Under reducEthprassitee Comparative
Exgr%pme 9 e lé Example 3 | bxample 4
Resin compasition D 64 .1 - - -
Resin composition E - 67.7 - -
Mixing YX4000H - - 53.1 -
compasition
XLC3L 35.9 32.3 46.9 43.9
Curing accelerator 0.5 0.5 0.5 0.5
Particle size O.5nm~ 10nm 71.9 61.8
distribution of
metal oxide in 10nm~ 100nm 28 .1 38.2
cured plate (Y%by
volume) 100nm or moer . ) Nao inorganic | No inorganic
component | component
Ratio of the Si 98.9 98 .4
constituent metal B
component 1.1 -
{rmol % Zn - 1.6
Tg(TMA
urement.. °C. ) 115 144 1186 146
Thermal property | 4 (hom ) 55 72 60 81
a 2(ppm) 180 185 183 192
Hexural strength
MPa) 116 183 108 150
Mechanical Fiexural moduius
property (GPa) 3.94 3.92 2.96 3.43
Fracture toughness
(MPa-mm) 1.91 1.12 1.88 1.06
Dietectric
£
characteristic 3.52ﬁ2 4.{)6_3 3.98% 4'21__
(IMHz) S 1.4x 10 “17 9% 10 b1.7x 10 ‘12 3x 10 °
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and thereby a homogeneous epoxy resin composition was each obtained.
Subsequently, each of the above compositions was poured into a mold
and cured at 120C for five hours and further at 150C for three hours in an
oven to obtain a cured resin plate 35 of 3mminthickness. Thermal
properties and mechanical physical 96 groperties (flexural strength and
flexural modulus) of the cured plates were each measured according to
JIS K7121 and JIS K6911 and fracture toughness was measured
according to ASTM D5045. Dielectric characteristics were measured

according 1 an 5,application ngte 1369-| prepared by Agilent
Technolci%ee@:q Q]a an, Ltd. and the c%a?é%tgeﬁkgﬁci Was evaluated using

measure 1 WGEYThE particRISi78 §RE the ratiofsT eceonstigents Co. ,

rétal component of the metal oxide (metal component) were measure by

the same, mannes ag mentioped.ahoyve;, 19&13%9%% gL EXAMPIE 2 Eﬁ%@?%al Co.,

Z“C parative Comparative Example 3 Example 4° Resin composition

ZF?? esin composition E - 67.7 Mixing YX4000H - - 53.1 - composition
(partsbyveight) EXSCN220HH 1 kv 5845 XhC8lr 88:9-321B¥61943.9 Chemicals,
Curing accelerator 0.5 0.5 0.5 0.5 Particle size 0.5nm- 10nm 71.9 61.8
distribution of metal oxide in 10nm - 100nm 28.1 38.2 cured plate (%by

volume) 100nm or riper - - No inorganic No inorganic component

compondrit- RatRS6TtRE $i08.9°08 Asdonstiuem idtabiesl ol Examples, they

exhibited handling properties equivalent to those of the resin
compositions of Comparative Lxamples, in despite of containing
the inorganic microfine particles and their cured plates could
be prepared without any problems as with Comparative Examplés.
And, it was proved that while the cured plates of the resin
compositions of Examples exhibited thermal properties

eguivalent to those of the resin compositions of Comparative
Examples,theyhadenhancedstrengthandelasticityinn@chanical

properties and delivered a low dielectric characteristic.

Production Example 1: Epoxy resin A
Cresol novolac type epoxy resin {trade name “ESCN220HH",

epoxy equivalent 220 g/mol, produced by Sumitomo Chemical Co.,
Ltd.) was used as is.

Production Example 2: Synthesis of Epoxy resin composition B
Into a 1 L kneader of heating type 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
ChemicalCo.,Ltd.)and154.9(gofbutylcellosolvewerecharged,
and after the resultingmixture was stirredwell at 40°C to obtain
a homogeneous solution, the solution was cooled to room
temperature, and into this, 255.1 g of tetramethoxysilane and
83.1g}ofphenyltrimethoxysilanewerechargedbycnueop@ration,

and subsequently the internal temperature of the kneader was



10

15

20

25

30

35

component (mol 1qZn-1.6 Tg(TMA 115 144 116 146 measurement C

Thermal property a1 55 72 60 81 a 2 (ppm 180 185 183 192 Flexural

strength 116 183 108 150 (MPa) Mechanical Flexural modulus property

(GPa) 3.94 3.92 2.96 3.43 Fracture toughness MPam1/2 1.91 1.12 1.88

1.05 Dielectric 3.52 4.06 3.98 4.21 chggacteristic t3n5 1. 4x 10-2 7.9x 10

1.7x 10 2 2.3x 10 2 97 Table 2 will be described below. YX4000H: epoxy

resin (produced by Japan Epoxy Resins Co., Ltd.) 5 ESCN220HH:epoxy

@i&%ﬁ!%(@ﬂﬂﬂd 5%?%%%@%@?%%9@%%%&5?% P@?@O%?uﬁ]s . Next,
in. (pr itsuiChemicals ncd)L ith respec e

r@e%rl?/ c?r?w%%’siti%hé%gf xé%p égf“thaeﬁ@gﬂﬁﬁted r%gndiﬁaepr%érﬁ:e%sar ged, and

EGGVAEht & thaseSofthe YeaiH  8mipbditidris etebmgarativerBxamplesnd then

imedespite okcohtaining thel inorganie Microfice partisles,and their euigbnent s,

plates could 1he prepared yithopt any prablems as wi I%C‘t%mggraglyg AN epoxy

Examgles. 15 And, it was proved that while the cured plates of the resin

E6MpOsitiohs Bf Ekarmplés dktiblted frierfiat properiey- etvidfedtipter -  The
thosebthé resire eompositiod§ of Gomiparative sﬁm@m tds;e@maé guivalent
enhapged sttength and-elasticity inymechanical praperties and.delivered-as g s

low dielectric characteristic. 20 . .
Ly weight and a thermally softening temperature of 118°C.

Production Example 1: Synthesis of Epoxy resin composition C
Into a 500 mL four necked flask equipped with a gas inlet,
a cooling tube and a stirrer, 168.6 g of epoxy resin (trade name
"YX4000H” produced by Japan Fpoxy Resins Co., Ltd.} and 166.9
g of diglyme were charged, and when the resulting mixture was
stirredwell at roomtemperature toobtaina homogeneous solution,
S8.1goftetramethoxysilaneand75.7gof phenyltrimethoxysilane
were charged and the mixture was stirred at room temperature
to obtain a homogeneous solution. To this mixed solution, 48.2
g of ion-exchanged water 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 g of trimethoxyborane was charged, and
the mixture was maintained in this state for 2 hours, and then
methancl and diglyme, which were volatile components, were
distilled off under reduced pressure and the remaining mixture
was cooled toobtainaepoxy resin composition Cwhich was viscous
ligquid. The yield 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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Production Example 1: Epoxy resin A Cresol novolac type epoxy resin

(trade name"ESCN220HH", epoxy equivalent 220 g/mol, produced by
Sumitomo Chemical Co., Ltd.) was used as is. 25 Production Example 2:
Synthesis of Epoxy resin composition B Into a 1 L kneader of heating

type equipped with a gas inlet, a coolinggube and a heating medium

circulator, 361.3 g of epoxy resin (trade name "ESCN220" produced by
Sumitomo 30 Chemical Co. , Ltd. ) and 154. 9 g of butyl cellosolve were
charged andraftes the yesulfing mixiure was stierediwelb at 40C10;0Bt&I0 mat in
%@9&%%{‘%%&%{%%&@% #:ttoon ‘\cl\ﬁjlf SC,O exdgtgoorgoc[in &eergg g radtnlfz%%’nia was
and into this, 255.1 g of tetramethoxysilane'and 83.71g of
BRERGEIRGkySIdne WereséHargéa dycons dperationo3siandn at 60°C in a
subisequrently the: internaitempetaturerofthekneadernwas 98=raised 0 car, it
#90G,and kept atdhis-temperagre for 4 hours Next., info this, 318 g of .,
zin¢ acetate dihydrate was charged, and the mixture was maintained’in

this §tatd foP 2 RourE Tamtf et niéthbfidl and Bitgreelfsgaie: iWhick ivare L was
Jolatileldorpohénts B weredistilé b off smderreduted pressuarertorabtain ut ion

AR £POXY 1ESiN-eompasition Bﬂgﬁbﬁ'ﬁh mﬁa?q%@%%%@ﬁ?ﬂhﬁ s

yield of the resin.was 5809, and the resin had an epoxy equivalent of 360 =
g/mol, a‘ﬁlfﬁgrgaﬁi%urr{?(ﬁojfi%%rpialﬁi(éfeeé}oré}le%? }é‘f%%%ﬂ%[g by Weight arfg'g niet
theétftdlly Sotehirg e getdtiresor1m8e:, 16 Production'Examplell: 74.8 g of
Syrthesisraf-Epoxystebin cemposiion € Jrie a-59Q m@fp@ﬁma@l;%@ flaskharged

i | s.inlet, a cooling tube and a stirrer, 168.6 g.of epo )

R B I 0 00 A 0 SR o
Lt Tand16619 154 of dlghyhictwere ehar§8aCandrwhiehahearkstlting was held
mixture-was stirred fielbatrgofo temperatiresa ©btainsa hermogeepuso rmalin

selution, 58, 1goftetramethoxysilane and7p.79of phenyitiimethoxysilane. . 1
J\%vere charged and the mixture was stirred at room temperature
cr threz hours. Subsequently, the mixture was heated to 180°C

todistilloffwater/methanolprcduced,andthenremainingphenol
was distilled off at 160°C under vacuum and reduced pressure
and the remaining solution was cooled to obtain brown and
transparent solid polyhydric phenol (2).

Then, 73.4 g of the polyhydric phenol (1) and 73.4 g of
polyhydric phenol (2) were dissolved in 146.8 g of methanol in
aflask, andtwo 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 solutionwas stirredwhile keeping
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
atthistemperaturefoxéhours,andthentheSolutiontemperature
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 scolid polyhydric phenolic resin composition
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to obtain a homogeneous solution. To this mixed solution, 48.2 20 g of
ion-exchanged water was added dropwise over 2 hours at room
temperature while being stirred, and subsequently the mixture was
heated to 100C and kept at this temperature for 4 hours. Next, into this,
0.78 g of trimethoxyborane was chargefl, and the mixture was maintained
in this state for 2 hours, and then 25 methanol and diglyme, which were
volatile components, were distilled off under reduced pressure and the

remaining;mixture (wag:cooladHio:0btain A.£peXynEeSINCOMROSHIAN.G o5 i tion

ﬁlhi h was viSC(Hs |I(%)u'd. The yield of the resin was 2 O?E, and the resin
S5 A SR ed A Bt 307 GTRIB A TGl THiCrOfEN 80 Y | aroup
Farticleccorténtof 2908% by Reighti Pratuction Examplevd:Synfhesis phrticle
palyhydric plfermlicaesingcampasition A Into a 500 mL four necked flask

equipped with a gas inlet, 35 a Dean-Stark trap and a stirrer, 310.7 g of
phenol, 21.6 g of 99 benzoguanamine, 43.7 g of melamine and 113.5 g of

& 3795 foridllin™ 6MRR were THARGEEARd B¢ this, 1 Mildsfaqudtirolic resin
amnyoria Wasn atlded dropwise while stirring a whitish solution at 60C in a

nittogen sear Wb he stiedsoluios hecarus claatil S was hepted 1o

to 80C and kept at this temieraty_re for 4 hours while stirring an: k :
heated to éﬁg:. THET rRithifing pHeror was! distillddbff Bndet rédgesd 9 tycel
presstire/arrtthererhaihing selitidne wab eodléd tol aptainbronhisolidsul fonic

9@'3/};3%%@@@[;@{)-3@@ @%W&t@k‘é%%ﬁ%@@%@%?g M%&% stream.
@%s |nlet5<tluo a I%ean-Stark trap and a stirrer, 346.8 g of phenol, 74.8 g of
25798 t6rvElin SOltoT ARG 3. 7 of tiethyinESKerecharged drfdiperature

fempérattierwasiraisedin Blritbgen strebim Aedomddnsation: sgattioreuse the
%;mg&mgﬂ%@ ancﬂ)gg%l%%y?owtﬁéﬁiq s:ﬂca Stast@r?fée the

g-fp [ o formalin ution was further
%%fded _and(%r%e r%i&lﬁgﬁﬁgﬁjgg%vsgsgﬁ&apQ%?ére%thiﬁres.%%brs%qﬁgﬁtfy? 192 9
tHe Hiixtire Was AEatett-toeIH0ts! 1o disHiILof WatBP fiethatioh prodiiced, s t11 led
and thenaemamingpheneksure and the remaining solution was cooled

to obtain brown and transparent solid polyhydric phenol (3).
73.4gof thepolyhydricphenol (1) and 73.4 g of polyhydric
phenol (3) were dissolved in 146.8 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 was stirred while keeping 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 47.1 g of lon-exchanged water was injected from the bottom
tube of the flask into the flask, respectively, over four hours.
Furthermore, the resulting scolution 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 poelvhydric phenolic
resin composition B. The yield of the composition B was 209.5

g, and the composition had a thermally softening temperature
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was distilled off at 160C under vacuum and reduced pressure and the
remaining solution was cooled to obtain brown and 20 transparent solid
polyhydric phenol (2). Then, 73.4 g of the polyhydric phenol (1) and 73.4 g
of polyhydric phenol (2) were dissolved in 146.8 g of methanol in a flask,
and two PTFE tubes were prepared angane tube was inserted into the
flask to the bottom level and the other tube was held 25 above the solution
level. The solution was stirred while keeping an internal temperature of

the flaskcat 206 and: 353 9 §f Jgtramethaxysilane was injected framithe .5
yppertube of H}aeﬁf@s& ng A41.2 g tof é?-gécf?gggd %%tfr was injected
e flask, respedtively,

from the bottom tube of the flask into't , res over four
hours. 30 Furthermore, the resulting solution was heated to 60C and kept
arthisitemperatirerfiorl4 hours; anditben the sobtiopHemperatyresWwas ¢ resin
raised and heated to 160C while distilling off methanol and water. Then,
volatile ?atter was completely distilled off under reduced pressure and

[

the remaifting Solutién WA cO5164 3B thishidinaaiky 28l bolyiydies inlet,
phienslic Fesit Sompopitionil00s Al The yield 96 the gonfpesition Awass268a rged

5:01 and {hescerposition Jead g thermally softening temperature g& 123G state

gﬁl)ﬁgr%}" grou]fot%aguivalent of 162 g/mol and an inorganic microfi

ine
partlc?e content of 29.6% by weight. 5 Production Example 5: Synthesis

of polyhyéiic phéfolicesin wenrtpdsitiones titoan2000 mLt fdur neckednserted

flask eghipperhwith tecgas inlgt ta Bean=Stark irap and a-stitrer, 8139 90§ neld
Mﬂe’é‘ﬁ@@%‘ﬂuﬁo q{ni%t[; lle.the{”hSGz?’nl'sl%%f %ﬁenglfa{]gt%ggi t%fox silane
p-toluenesulfonic amg were charged and’tempe‘ratgre was raised in a ¥ ‘

Hitfogeh Strédi. TFE ntikErs Wasthéatkd ©f150C didképeacthid - 5 g of 15%
semperaturenfonrt. hoursswhilg eollectiny metharobwith antrapbecapsertber 1ask

production of methanalbegap at aboyt 1136, Siage the 13 produgtionof 1,
methanol was completed at the point'where 192 g
mizxture was kept at 60°C for four hours. Subsequently, into

this, 50.7 g of a 37% formalin solution was charged, and
temperature was raised, and consequently the solution became
a state of refluxing at about 100°C. After holding the solution
in such a state for 1 hour, 50.7 g of a 37% formalin solution
was added and the resulting mixture was held for three hours.
Then, the solution was heated to 180°C to distill off
water/methanol produced, and then remaining phenol was then
distilledoffeﬂ:160%:undereareducedpressureenmitheremaining
solution was cooled to obtain amilky 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

146.5gof the polyhydricphencl (2) was dissolved to 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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of methanol was collected, remaining phenol was then distilled off under
reduced pressure and the remaining solution was cooled to obtain brown

and transparent solid polyhydric phenol (3). 73. 4 g of the ponhydr.ic

phenol (1) and 73. 4 g of polyhydric 20 phenol (3) were dissolved in 146.8

g of methanol in a flask, and two PTFELtubes 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 was stirred while keeping an

indernal ierrperatirelof thesflask@t:20C nand £59.3gob@5ature of the flask

exemetp s O IS s oo
. jon-exchan ater was i ;

ﬁési ?lné)g the ﬁg&e r%gs]?pé:c R/eﬁ%s\’/slér %guér i%oéu'rg. Huftherm@recfifgianged water

FESTIItinY §61Lfich Wadhédredae B0 dntbkeptiatihis tehperaturecforide flask,

heurseand tharythecsalutiono 30 wasuheatedrto 460Cyapdheatetito 180G + i g

ile distilling_off water/methanagl.produced, Then, volatile matter was
%?r%%i%ité% e dirsrs 1?8(:%%2#%8 ucd presSurd’and tiPerature for
fehraining oo Walcs61ed 16 ebtaitad milky dolid pohis/dic bheticlici 11ing

resinrcehipositibreBdThe yield of The:composiion B:west209:535:0 cangh letely
the.composition had aybermally softening. (emperaluie 101, 0 3G, - sy
hg roxyl grpup e uijvalent of 197 g]tmo angan |ﬁorgan|p microfire o1

Eﬁa?tf‘(:ﬁie Eor%émy %ﬁz%@?%bﬁ?ﬁ%’d&%ﬁ‘@%ﬁb@é: 8ynthdsfs gfield of
oy Rifie phichblic rBsire $ 20Mposition Chrataardob four neckeskflaskhe rmally

[ it in| rk tra irr .3e of o
S s %&ﬁ%gﬁ?%i%e%%%%%m dafeter of
ina s%ate of being melted: 10 Two fUlJes Ware prepared ahadne -9
Ribe'®aghifserted into the flask to the bottom level and the other tube was

held above the solution level. Then, 173.6 g of tetramethoxysilane was
inigalgd fiom te,upper e ob e flask and 80.5,4.9115% aquepus
ammonia was |njected from the bottom tube o Pfhe as ‘ ‘
Preparation method of resin composition for molding/forming
Into a 300 mi kneading vessel of heating type eguipped
with a pressure reducing device, resins of from the epoxXy 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, triphenylphosphine as a curing
accelerator was charged in the proportiocn of Table 1 and the
resulting mixture was kneaded for 30 minutes under reduced
pressure. Immedlately, the kneaded one was poured into a moid
of 1mm 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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15 into the flask, respectively, over four hours, and then the mixture was
kept at 60C for four hours. Subsequently, into this, 50.7 g of a 37%
formalin solution was charged, and temperature was raised, and
consequently the solution became 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%
formalin solution was added and the resulting mixture was held for three
hours. Then, the solution was heated to 180C to distill off water/methanol
produced, and then remaining phenol was then distilled off at 160C under

ateduced.pr .and the remaining 25 solution was cooled to obtain a
milky solid %%e@%%ﬁ%%htéﬁ&%e FESin %8m§é°%ﬁmn@ el df thé thermal
CORPOSHoR Clias 2285 g, and the composition had a thermally

softening tempetratare baf-02( dndashydroxykgreypeguivalentefr ¥4 7. cnrs of
gime P {i xample 7. Synthesis of polyhydric phenolic resin

cgm !{gg%oﬁrgg%%g%ﬁ oef‘(t % péi/ﬁyﬁﬁg %hé%(‘)%ﬁf“ \%%g%isas%(ﬁ%ﬁdtbrﬂG?

g of rﬁ&ﬁéﬁ%ﬁﬂ?&*}%%gﬁfaﬁa%‘é%ﬂ@éEJ%@%@%%W&M%@@scribed
#se was ifvertdd inte theyflask tortherottaim devel anddaf therathen tube i ze of
washeld;ahgve the spjutionlevel. lution. 102 was stirred while

éIﬁ(,?gpli_rrllg an eierrlr'gerenaj temggor%igr}{eﬁo tggiﬁgsli%oéta 5618&21,% _ %gg%a S%Ifed by T[‘.@”
tetramethoxySilane was injected from fhé GRpdrtibe-oftheHask arasrg Line
YT idhekhahgediwater was njéctedsftorn dhig botjonthtubelafthetflasksition
ﬁmﬁgbe‘ﬂaﬂl@f éas:p@c%?éﬁtoiégli i‘i’iﬂellf%’é%h_ ﬂ:ﬂgm%"ﬁ]@% t@fﬁ%é%gngjdne was
solution ted to 60C and kept at this temperature for ours, an

then ?}Ieé/s%g%tic%? v%gé heated t%)dcféjgta&v%ﬁg %}:s?iﬁllﬁrg-e off MBthandlafd ©r29e
Yrfter TheRlvoralild frafee wascompletaly idistilled off at260€ dnder Tg-80°C

reduged pressue t@letaiafﬁﬁqiI!sylaoaspli;d;e@ye\éde’z%@bgﬂe%cef@ief thermal
LOMPOsit The yield of the.composition as the
composit%mn Egdgﬁt'e%%% y go%té%nﬁr%l tgﬁﬁéﬁaﬁé%%f ﬁfg?{j fydiRyfaken as
%roup efFigSIRRE61 12BRg ROl AR dApAINBRIETIC ricrofine patticke coptent 2s 1s
dF0mERed above.

<Radius of inertia of inorganic microfine particile.

Using the obtained resin plates, the particle size
distribution of inorganic microfine particlies was determined
according to the procedure of “Measurement of radius of inertia
ofinorganicmicrofinepaxticie”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
or more are shown in % by volume.
<lemperature cycling test>

A test piece was cut off in a size of 5 cm square from
each of the resin plates obtained and subjected to 1000 cycles
of temperature cycling from -60°C (holding time 10 minutes) to
150°C (holding time 10 minutes), and then the appearance of the
resin rest plece 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

aexcellent: Blister (s}, peeling(s) and crack(s) are not preseant



by weight. 15 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 equipped with a pressure reducing
device, resins of from the epoxy resin 20 A to the polyhydric phenolic
resin composition D were charged in thg proportions shown in Table 3,
and 150 g of the resulting mixture was dissolved at 110C and mixed for
30 minutes under reduced pressure. Then, triphenylphosphine as a
euringl Accelerator was charged in the proportion of Table 1 and the 25
resulting mixture was kneaded for 30 minutes under reduced pressure.
Immediately, the kneaded one was poured into a mold of 1 mm in
thickheSs ahd cured at 110C for three hours and further at 150C for three
hours in an oven to obtain a resin plate of 1 mm in thickness. 30 Using
the resulting resin plate, the glass transition temperature (Tg) , the
coefficient of thermal expansion (al, a2) 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 35 cycling test. 103 <Glass transition temperature (Tg),
coefficient of thermal expansion (al, a2)> Using the obtained resin plates,
Tg and coefficients of 5 thermal expansion ((X1, a2) were determined
according to "Measuring method of coefficient of thermal expansion”
described above. Specifically, a square piece was cut off in a size of 5
mm x 5 mm from the resin plate obtained and measured by TMA, and in
a temperature-deformation curve obtained, a tangent line 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
temperature. And, an average



coefficient of thermal expansion in the range of from Tg-80C to Tg-30C
was taken as al and an average coefficient of thermal 15 expansion in the
range of from Tg+30C to Tg+80C was taken as a2. A measuring
apparatus and measuring conditions are as is described above. <Radius
of inertia of inorganic microfine particle, \lsing the obtained resin plates,
the particle size 20 distribution of inorganic microfine particles was

determined according to the procedure of '

b

'Measurement of radius of
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Exanmples 11 and 12 and Comparative Example 9

As an epoxy curing agent, 3.5 parts by weight of a thermal
initiator for cationic polymerization (trade name “San-Aid
SI—GOL”,contentBZ%,producedbySANSHINCHEMICALENDUSTRYCO.,
Ltd.) was added to 100 parts by weight of each of three resin
composition A, the resin composition M, and a resin composition
formed by mixing alicyclic epoxy resin (trade name “CEL 2021p”
produced by DATICEL CHEMICAL IND., LTD.) and fused silica (trade
name “SO-E2” produced by ADMATECHS Co., Ltd.) in a weight ratio
of 70:30, and the mixture was mixed well and bubbles were
eliminated through centrifuging. The defoamed resin
composition was poured into a mold for casting and then this
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 sguare 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 asbeing defective anddefective fractionwas checked.
¢ Heat cycle test ‘

Moisture treatment was applied to each test piece in the
conditions of 130°C, 20% 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



16

15

20

om2iUcoO Oco0f>mOO0IOmmUtinUzamFE)+0O0i0.a0
o VO'RnaNm Z COOO<ouCN'mOmcV)UOcCONYNio-~
mo00;0+ aCWmM =EEEE=0 mooOUUUUYYjN NOO
CCcc 5cOmil-VUNNtoUyUUUnnm')ccedaEWoomd
mw'~-UvUf-dS Qoof.cssotgclcbc,aaaa.co 1yl6UUUUE
BENOvmv avv 12mmt ssrcrmooxSy'yN TO0060 nan
0O000wwwddddFiUdnov106 Examples 11 and 12 and

comparallyeExamPIeR and defective fraction was checked.

Takble 4
Comparative
Example 11 | Example 12 Exarmple 9
Resin composition A 100 - -
Resin compaosition M - 100 -
Mixing composition
SO-E2 - - 30
Sk-606 3.5 3.5 3.5
Solder heat X . -
resistance Defective fraction 1710 0 5/ 10
Heat cycle test Defective fraction 1/ 10 0 4/ 10
Precipitation
Appearance of composition Uniform Uniform | of Inorganic
component

It becomes possible to reduce occurrence of a defective
in absorbing moisture by large amounts by employing the resin
composition as shown in Table 4., It is thought that comparing
with the resin composition of Comparative Example 9, in the resin
composition, the precipitation of inorganic components was not
observed even after centrifugal treatment and in addition to
this an effect of stress relaxation by the charge of inorganic
components became more remarkable by reducing particle sizes

of inorganic components more.

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.

[Thermally softening temperature]

Thermally softening temperature was measured according
to JIS K 6910.

[Phenol hydroxyl group equivalent]
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As an epoxy curing agent, 3. 5 parts by weight of a thermal initiator for
cationic polymerization (trade name "San-Aid 5 SI-60L", content 32%,
produced bySANSHIN CHEMICAL INDUSTRY Co., Ltd.) was added to
100 parts by weight of each of three resin composition A, the resin
composition M, and a resin compositiog fgrmed by mixing alicyclic epoxy
resin (trade name "CEL 2021P" produced by DAICEL CHEMICAL IND.,
LTD.) and fused silica (trade 10 name "SO-E2" produced by

ADMATEGESCony btk n agneight aflo; 05 7:30, and theuidwe Was o rding

@(i)xe\gl\gelkaﬂ%pgpbles were eliminated through centrifuging. The

defoamed resin composition was poured into a mold for casting and then

i< PRGIE WS Placed fntark imstdvenianderritisgen atmosphere and 15

treated at T20@ for & thout and 180G for Iriosiss, nskiherna wshaped s put into

article wasitaken oyt rpm.the, mald, and a square piece was et ofina . 5440
ize of 12 mm x 12 mm with a diamond cutter to obtaina fest piece. IF’he.

%ﬂ%’m}‘m Tsts idYe Eondlidtad 28 Sofier hear fesibames Meishire weight as

treatneent Wasrdpptieflitoeeach testqiiece. in the conditions of 130C, 90%

RH and 100 hours using a NAST chamber, and then the test piece was

irerggéseggggdsglger bath of 260C, for 30 seconds. 10 samples for each .

{est plece wete tested. 25 Ritérihe Safiple Wasdakdrr it 6 theidbiggr rticiel

bath, thé‘preserige ISrialisénee of erick wasipliservedand dwe podurierice 2

Ob&@@&ﬂ&%ﬂﬂd@%@ﬁi@@iﬂ’@ﬁé@ﬁ}ﬁ@@f‘g%@cﬁﬂ?ilfg?jﬁi@ﬁéWith a shaker
hec cycle test Maisture treatment was applied to each test
ngi%%cel?n t Oel_l!l %%Ct)'co%é}tig%s%fl 1?6@“5&%5 8%?8 106%hotiPs uSing HEAST t°
ChRahber u4id theR ADBCyRIbs dRfeinperakifd byting diony 80C (holling Then,
time Behouns)Ao =400 (haldingstimend hourskwastear formed: ck:samples again
(R eastHest ieas LS (esleds AS 1IRSBTPIS KPS KN LA & cturry
testing apparatus, the presence or absence oj? crack was observed and

- 63dUrrcd Sr&aRk Was jHiGea07244 BBINY défeive andidereemad with
fraotiopwasehétked:r having a pore size of 0.025 um to isoclate

inorganic microfine particles. The inorganic microfine
particles were measured for *°Si-DD/MAS-NMR spectrum under the

following conditions.

Condition example of ??Si-DD/MAS-NMR measurement
Nuclearmagnetic resonance apparatus: "AVANCE 400" manufactured
by BRUKER Corp.

Probe used: 4 mm MAS probe

Measurement nucleus: “°Si (cobservation nucleus resonance
fregquency: 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 kHz

Cbhservation temperature: 300 K

External reference material: sodium 3- (trimethylsilyl)
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Table 4 Example 11 Example 12 Comparative Exale 9 Resin
composition A 100 - - Resin composition M - 100 - Mixing composition
(parts by weight) CEL2021P - 70 SO-E2 --30 SI- 606 3.53.53.5
Solder heat resistance Defective fraction 1/ 10 0 5/ 10 Heat cycle test
Defective fraction 1/ 10 0 4/ 10 Precipifgtipn of composition Inorganic
Uniform of Inorganic nic component 5 It becomes possible to reduce
occurrence of a defective in absorbing moisture by large amounts by

prieyiRg l%@iﬂﬂnﬁ%%ﬁl%ﬁﬁit@s. SBQf!ééH:'JEEJ ﬁ%ﬁlfg i%éﬁ?}é%biﬂh%t 534 ppm
[ ith the resin composition o mparative Example 9, in the
o5 10 LMDbSIlch, 116 b GURGAIDR OF FOfgANTE COTTPONAIS W€ het e Pk

resin 10 composition, the precipita :
dBBERBU M enaftet tentrifugd] treaifetandrinadediticrito tRiksemn efféut
@bstvessnmhaxmiﬂacbyqﬁesahlarga_%W@&Q@O@Qm§@0@m®m&t, T
g%nﬂ@@@%&gﬂcﬁﬁ@%r}gﬁ%ﬂ%bg?ﬁc%f nor a“'%C%mVPeOPee%tSé%fE?x%?acted,
A flame retardant resin comp03|t|on and a cu a%?e ﬁame retaréan resin

LBHpoRitionTére Greparétt A pHysicaPpropehied thereds wiggermined and
Byalbated by thie-follotWing Bvaluation +hethod =26 [ Thermally setiening
temperature] Thermally softening temperature was measured according

6910. . . . : : . . o
E%%géérsgbliltY'OI inorganic microfine particle: Existence of

flocculated substance]

A curable flame retardant resin composition was applied
to copper foll so as to have a thickness of 20 pm and cured,
and existence of flocculated substance and transparent degree
were observedwith a substancemicroscope and a scanning electron
microscope (SEM).
[Tg and coefficient of thermal expansion]
Tg, coefficient of thermal expansion (o 1) in a glass range,
and coefficient of thermal expansion (o 2} in a rubber range
were measured by the TMA method. The measurement by the TMA
methodwascarriedoutwith"TMASO"byShimadzuCorp.atcompress
mode. Measurement conditions were load: 0.lg, heating rate:
5°C / min, and measurement temperature: 20 to 200°C.
[Flame retardancy]

Flame retardancy was evaluated according to the UL-94

examining method.

Example 13

Into a four-necked flask equipped with a gas inlet, a
Dean—Starktrap,andaastirrer,513.9partsofgwxylyleneglycol
dimethyl ether, 831.3 parts of phencl, 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.
Sincetheproductionofn&thanolwascompletedatthepointwhere
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[Phenol hydroxyl group equivalent] 108 Phenol hydroxyl group equivalent
was measured according to JIS K 0070. [Inorganic microfine particle
content] A flame retardant resin composition measured was putinto 5 a
crucible and burned in a furnace under air circulation at 800C for 1 hour,
and an obtained residue was measureg ar weight as inorganic microfine
particles. [Integrated intensity ratio of inorganic microfine particle] 10 A
flame retardant resin composition was put into a container containing

E@lﬁgwﬂf@@{h and ﬁatsl?%ﬁv%g %;at%?lﬂk%% (I_'O{&Zm%qlil{g ?’?&]854)@%%%%%%00 oled
olu as subjected to centrifugal separation, an
f’oort g 3 (\{Iv‘h ean?cg%é §e|%aafécn? lig |dW§§??éFﬁc}vé’ba AndqefShydrofuran

was again 15 put into the slurry remained and stirred for 2_hours. A slurry
obtained hy epeattngribe pperation 3 imes was filtered M@ﬂz@f npembLang. ro
ilter, i .pore. size of 0.025 pm tQ isolate .inorganic mjcrofine .
EE%t'&%‘ﬁ%%%R E%% %ﬁero%ﬁé&pgﬁicﬁgls f?a arén% faormlxed solution

particles. The inorganic micr es were measur

26SEBDIMAGNMR Spebtrlihaitiierthe 20ibReRing conditiohsparts of
Eonditiorpexamplecafi20SiRBAMASINMR measurementNucleasr water were

magnet n 400" manufactured by . |
BRUKgédfiiﬁ%éf%ﬁ,?ﬁ%tgﬁff A o iR, Mhile keeping
ti

2B i 15h SR AtibR RGNS HeEoRantR e ettig iy T 79U 87 - MITz)e addition was

Measiremantovoded The DD:MIAS)(dipoleldecouplingymiagie angle remaining
spinming)Mmethed 30 iragiation pisg-angle: 1@ -60 degres pulse, Pulse < o
r%%eat tirr%e: 60 seconds ar more, Number of scans: 200 - 1(%000 times 4 whil
%plﬁrﬁﬁa Fate” 3105 K92 'Ob&Enalich tempefhtlre> 868 |t ream, and while

collecting unreacted water and methanol, which began to distil
off at about 80°C, by a trap, the stirring was continued to 180°C.
On completion of the reaction, unreacted phenol was distilied
off under reduced pressure, and then the remaining solution was
cooled to obtain a flame retardant resin composition F having
a transiucent white solid matter. The yield of the flame
retardant resin composition Fwas 853 parts, and the composition
Fobtainedhada thermally softening temperatureof 69°C, aphenol
hydroxyl group equivalent of 192 g/mol, and an inorganic
microfine particle content of 22.3%. The composition of silica
particles in this flame retardant resin composition F is shown
in Table 5.

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 a 37% 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 solution became transparent, and therefore
432.9 parts of phenol was added and the solution temperature

was again raised. The mixture was heated to 180°C and kept at
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35 External reference material: sodium 3-(trimethylsilyl) 109
propane-l-sodium sulfonate: chemical shift value of 1.534 ppm Based on a
spectrum obtained, peak resolution of the peak appearing in -140 to -40
ppm was performed. Then, the above-mentioned Q4 silica component,
Q3 silica component, T3 5 silica compgrﬁnt, and T2 silica component
were each extracted, and each peak aréa of AQ3, AQ4, AT3, and AT2
was determined and AQ3/AQ4, AT2/AT3, (AT2+AT3) / (AQ3+Ap4) were

ealsulated, [Rispersibility.of inerganic, miarofing particle; Existence of 10 ..

locculated substance] A curable flame retardant resin composition was

SIEE> Yo EBPPErRILs a0 Haves tHickre’s ot 20 pritamidcur8d  Gnd Since
éxistencebitiotetlatdd salbistance anderapsparent degrée: werent where 160

Qéﬁﬁye@ﬁNﬁéEtﬁgﬁ%@nﬁﬁf@@%§§gpsﬁ@ﬁ§%ﬁg?ﬁpggﬁﬂ%Q%pr%% cooled to
croscope _[Tg.and coefficient of thermal expansion] Tg, . o
ggef iéie%%gf?h%egln%?&psaﬁs%oﬁ § ??noﬁal ofass r%%é%g] and éj-o[)gfﬁlcfignttcﬁlazme

fherAaF eRpansion: ta RPikvA Hishet ramgsiaere measured by the TMA

method. The measurement by the TMA 20 method was carried out with

TMASQ’%§h@@Zﬁ%%§ngW§&§ mogga ggugerlm%?xt@ flask as
conditions were load: 0.1g, heating rate: 5C min, and measuremen

BEMpEEITTe: 26 (53008 L fr1dme retdldaRs)] BRhg He@rdancyivas. parts of
evaluatedtaccoyding torthe WL -94 . 25cexansinimganethed. toxample 3/4ni0 1 ane,

arfeuerpecked flask eguipped:with A.03s, Inletca Peansstarkrap and a. e
xylylene glycol 30 dimethyl ether, 831.3 Earts of

strrer. 13.9 patts of poxy ) dim

phenol- And 8-4T part& ot potofierebiifoRit adiFwhie thafgBasi-ure of the
températiré Was-rai$éd: inclhitrbgerwstream: The inixttreowas Heatedro using
45061 ard kephaf thisdemperatre for 6 Hosiks while collecting methanol, 1, rs
it 3 rap because Ing production, of methanal began at about 118¢: ¢ rean,
and while collecting unreacted water and methanol, which began
todistil off at about 80°C, by a trap, the stirringwas continued
to 180°C. On completion of the reaction, unreacted phenol was
distilled off under reduced pressure and then the remaining
solutionwascooledtoobtainéf&ameretardantresincomposition
G having a translucent white solid matter. The yield of the
flame retardant resin composition G was 481 parts. The
composition G obtained had a thermally softening temperature
of 125°C, a phenol hydroxy group equivalent 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 a2 gas inlet, a
Dean-3tark trap, and a stirrer, 77.5 parts of melamine, 344.86
parts of benzoguanamine, and 336.4 parts of a 37% formaldehyde
aqueous solution (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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35 Since the production of methanol was completed at the point where
110 192 g of methanol was collected, the remaining solution was cooled
to 20C, and 340 parts of methanol was added. Then, two
polytetrafluoroethylene (PTFE) tubes were 5 installed in the upper part of
this flask, and a mixed solution of 326.8 parts of tetramethoxy silane and
42.8 parts of 3-aminopropyl trimethoxy Silane, and 104. 8 parts of water
were injected from the separate tubes into the flask, while keeping an

iﬂﬁ@i@ﬂ@;@f’ﬁf@uﬁ%@f @@J@K@é@%ﬂ_@e@ggg@? was Lpe%%ﬁ?%r? Woiution
%\éer A{ngotur%gglng a ro@erpurg , %nd then the remalnln%l\%?lutlon was L

ept for 4 HGLS™AT BOE" Theh tHe sQbfion teripier &t wWas AR Faisego L was
%@Qﬁﬁro@@ﬁ stieant, aadtilile colledtirrunreactedavater dnd hidtR@nelnd the

Whibhrﬁeg?mf@sdiﬁﬂn@iﬂh@bﬁ@fcﬁ%&b}é@ﬁraﬁl@"%J%tirﬂggﬂfaj\r%terI. After
tinued.t .15.0n_completion of the reactian, unreacte

\%%% %]Jls%ﬁ}ég glo??ll% n%er]n r%‘ Lj:coed%pcr%eéglrj1 & ,Pa‘ﬁ%e?iﬁerr?}%g fsetrﬁgl%%%{zsgﬁ%b% parts
RaLEBRY Y6 BhtsiR i tane Fetardantrasin tbrpositort Fhaviagdani formly
wamsldcentrwhitehsolistmatien J heaeldof the: flamewretardapt iesifg the

Fempasilon Fauas B33 parts, agdihe compaslion FOFaaltedy . e r yias
)\ hyoﬁoxy

hadathermally softening temperature of69C, apheno group

&G aRht 8 162 Yhhol Ardtai iorgahic RRiElof ifd particie chRferitoflected,
2D 3% £Tirel bdmpositidm bf siticavparticles snithis flamecetardantresinparts of
gempasition s shawnyin Table 5. 25 Example 14 Into a four-necked

flask equipped with a gas inlet, a Dean-Stark trap, and a stirrer, 172.2

parts of benzoguanamine and164.3parts of a37% formaldehyde agueous
solution {farnalif)30 WEEE cliarged arcrtheisolitiohlwat stirrédiat 708k as

penitfege: streans Thersplution, was aimiky solutian, byt @ﬁe@f%@-%ﬁ%ﬁﬁts of
L e O T VA0,
and 94.8 parts of water were injected from the separate tubes
into the flask, while keeping an inertial temperature of the
flask at 20°C. The addition was carried cut over 4 hours using
a roller pump, and the mixture was kept for 4 hours at 60°C.
Then, the temperature was again raised in a nitrogen stream,
and while collecting unreacted water and methanol, which began
todistil off at about 80°C, bya 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
solutionwas cooledtoobtaina flame retardant resincomposition
F having a translucent white solid matter. The vield of the
flame retardant resin composition H was 918 parts. The

compeosition 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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432.9 parts of phenol was added and the solution temperature 35 was

again raised. The mixture was heated to 180C and kept at 111 this

temperature for 4 hours while collecting water with a trap because the

production of water began at about 100C. Since the production of water

was completed at the point where 160 jpagts of water was collected,

remaining solution was cooled to 5 10C, and 103 parts of methanol was

added to obtain triazine ring-containing polyhydric phenol. Then, two

PEEE-ttbes were instaltet:in theflask, asoperdosmeddnExample 138 g 1veol,
' i , rts etramethoxy silane and 82.1 parts of .

e AP e b L acid

@%ﬁaﬁ@?&ﬁ&éﬂinﬁqﬂetf%ﬁi%ﬁﬁé%ebﬁ@ AR irfstflal- ferApetditRIBRIRE ream.

flask at ¥0Q rEhe additiontwas carried ut overid hets ysinghagoltemperature

PUMPs and the reguiting %ﬁtk%WQE(gng@é% hours, 12 aIEPQpC'bED:eAhse the

tem%era{[:ure Wa? %,g%ain rajsed in a nitfogen stream, and while'collecting .
HAreALed WALSF ahd THEtARAT Which BBtn  todistil off SR EBotREGE Byt ion
afrap the stirrnguasleominuet th 4 80CL 10N womptelionof thesredctiamer was

ubrepsted-phencl avasa distilledrofi snder reduged pressuie and then the
remaining 20 solution wascooledto obtain aflame retardant resin

composition G having a translucent white solid matter. The yield of the

flame retay8Bint Fa&in ChkipdsitishsGrwas 4815t s Thel momsositios Gpart of
obtaifeddiadatherbially sefteningitempetatvren 0k 125C, arhenal 157.8 parts
bydroxy.group.equivalent of 237 g/mpl, and 25 an,inorganic microfin

particle content of 23.9%. Tﬁze compos(li’ﬁiosnetrn)l‘a éﬁctaepﬁﬁ%%?ess fLrlnthcl)s ﬁg%eﬂas}(’

FethrdRartradin® SGmpbRtibh 6 is SRBWATA Tabke f EXGriple 25 36 1Al & - The
foltiriecke dWfieslcequippet] with a gas inléipa DReas-Starktrap)asd goump, and

sHuar: %6 apans of ms@rp%?eth%%@h@@!i%oc{@%%@gvanﬁ@ﬁ%@Qﬂperamm

%3@.4aparts of a 37% forma y%e agueous solution (formalin) were ‘
Cﬁarge ?5ﬁd¥ﬁé§8ﬂti&ﬁlv\%snl rogen stream, and while collecting
unreacted water and methanol, which began to distil of £ at about

80°C, by a trap, the stirring was continued to 180°C. On
completion of the reaction, unreacted phenol was distilled off,
and then the remaining solution was cocled to obtain a flame
retardant resin composition I having a translucent white solid
matter. The yield of the flame retardant resin composition I
was 619 parts. The composition I obtained had a thermally
softening temperature of 58°C, a phenol hydroxy group equivalent
of 193 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]
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stirred at 70C in a nitrogen stream. The solution was a milky 35 solution,
but after 21.3 parts of diethanolamines was added and 112 the stirring
was continued for 4 hours, the reaction solution became transparent.
Therefore, 500 parts of ethyleneglycol was added and the reaction
solution was heated to 150C and the Sil ring was continued to collect 216
parts of water. After 5 confirming that the productlon of water had stopped,
389.9 parts of phenol was added in a state of melting solution, and
Liniformly mixed, and the stifring" was cofitinued Whilg raising the

femperature to 180C. Since [Repodtiqtinn efWwe] Was,GqePl
oint where 81 parts of watef was collected, 10 the rémaining so

wascooed:10.40¢, and 140jparts of mefhanol was gdde
CEE%JQR%VY@E@ installed ir| the flask ag perférmed |n Exéknple 3,a 1

Aaf Q £..1
nixed-sotttton-of-269-8-partg-of—15-tetrafethoxysiane-and-60.2

hﬁ@methoxysnane and 948 péafis gf wateltillere injBctédfr
sgparate tubes into the flask, while_keeping an inertial e P

ﬂ%}%}?ﬂ The addition.was (‘l.é]l)rrl Ut ove j['g ggg tpller
puivp;tand.he’ migute vas ~eptdor141ho irs at 698 0 Tbemhe 0
emperature was d.gclill rarsedHTamitt ogen stream—an yeHvrhite-ee :eCLing
unreacted water and methanol, which began to distil off at about 80C, by
a trap, the stirring was continued to 180C. On completion of the reaction,

upreacted phemalvassdistiled; off underireduced pressu d%% i@@@é@%”égﬁta ined
ant resin

m utio cooled tq obtain a flame. retar
c%mﬂgér:%%grg%a{/?n aacti’?an(%élucent-L White BB mat@P 5THe VidId of el has an
ﬂaﬁ%%ﬁé}aénﬂfé%ﬁﬂédrwoméﬁ% Was D1Byaits. The temipdsiionH of the
obtained:hadwecthetmallyrsofterting teroperature @ié%&ﬁdb@ﬂk@dlcle of the

PJZQEQ@(YB@%%QHW?Q&?I#% n@%‘i@”%gof%'”or%a Gmicrofine . ;

$artlcle content of 22.1%. The composition of silica partlcfes i this flame
8@?&%??5&??%@%05&16&%|S"§’Wﬁﬁ“ﬁ&blé}5d 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. In Fig. 1,
the peak near -110 ppm represents existence of the ¢° silica
component, the peak near -102 ppm represents existence of the
¢’ sitica 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 flame retardant
resin composition})

Flame retardant resin compositions F to I, orthocresol



10

15

20

Comparative Example 10 35 Into a four-necked flask equipped with a gas
inlet, a 113 Dean-Stark trap, and a stirrer, 302. 6 parts of p-xylylene
glycol, 687.0 parts of phenol, and 12.6 parts of p-toluenesulfonic acid
were charged, and temperature was raised in a nitrogen stream. The
mixture was heated to 150C and kept at 1is temperature 5 for 6 hours
while collecting water with a trap because the production of water began
at about 115C. Since the production of water was completed at the point
WREfR P patbs st viaterimad reotiectde, e A @f nidthdnct wasyasigdedvalent
2@ Thepimo: PfﬁEEdﬂbh@% w@gg imgtatt;qﬂ@dhﬁ&@@@r ]?@tt,ofLw.flﬁsmé%gening
etramethoxy.silane and.157.8 paris of water were injecte
B Tt Wic ALKRS SFNGARY S1VE0T methyl
fehieratire bitHe fidskasteoarThe” BaiioR Wasearida otvowst Hy DAICEL
KU Ushig Bllerpmimp, aadd s thereteddixiure waskent ol 49urs Binding
60G 1 Them JemPErathre, \Was ag@inlf%‘se@,i”&ﬁl”%%% syeam, andawhile, 4
iollec(tjingl unreacted water and methanol, which began to éIStIFIO# a
AU S0E A trap, THE"StrATgWaS donindied o o Worisétion LTD-)
eftheSreactionpumdacted phehdlavad distilled off 20 and:thentheompositions
remaining spllu;i%% copled: |” Vtocqﬁt;aﬁlasfl%mgn{ﬁ@fggﬁk@é:{(} Fesin
ition | havi translycent white solid . matter. The yield of the _

‘t%% %%éa%é’grﬁsregi% '?:%n%ﬁos%tionéll%%rﬁbb - dompdtionpraanic
ObtEhd &R iHekmbfly' Softening terhperbtteef E8C) erprreriol diydroxy t hod .
@mﬁupieqt:h/aiﬂ;gh%corﬁé&&g&a@z@nﬂl@?@of@@@%m}ﬁ%@% Partieipositions

nt : omposition of silica particles in this flame .
gegztér%ragrﬁ rélezs‘gi?rﬁ3 Ic{é;m%:)ssli%égr? I ?38 S ((%/Jvﬁelrlf %%}g B, f‘Pa%Fe %flkﬁvﬁx%r%llec}mess
93 ERati PR RTERIR LM 5 Toparatie ExampIE £0 (oA elratantzmes, and
Fegii &G lan oven at 80°C for 30 minutes, and further at 100°C

for 30 minutes 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 1x107Pa (10 kgf/cm?) at 180°C to chtain cured
body samples. Tg and coefficient of thermal expansion of each
sample were evaluated by the above-mentioned method. Each

evaluation result is alsc shown in Table 6.

[Table 6]
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com positin No AQ3/A04 0.700.620.690.41 AT2/ Az-30.140.420.
28 0 -K'r2+Ara)/ AT2+ATs) 0. 11 0. 32 0. 24 0 As shown in Table 5, the

inorganic microfine particle contained in the flame retardant resin
compositions F to H each has an 5 integrated intensity ratio satisfying the
requirement of the present invention, b tlt e inorganic microfine particle of

the flame retardant resin composition |

as neither T3 silica component

nor T2 silica component, and does not satisfy the requirement of the
present invention. 10 In addition, 29Si-DD/MAS-NMR spectrum of the

AL R-—a L erafla.

oW atal
Iforgafte—terothe-pattee

omposition F is shown in Fi

CoPHORItoha WESSROWSTh F

rticla-containaod in t
y

TTITATT TS U

cantainedli

ha.flama. ratardant resin
T O TTOAT T T U o Tt rorcoar T T o oTTT

- BBk 23S HDRRIMA S NMR. SpeCi

n the flame

retardant e

Cep parative
qilﬁxam pe 11

ig. 2. n Fig.

4 silica._compaonent, the

1, 15 the pe

Ak neay -11(

eak near -

ppm 4
02 ppm

|EBPEESHREeNiStence of the G
Bpresentd eXiSiEnte 6hthe (

D3 sHlita tomponegat, 4he

peak near -1

7 ppRe. 1

ERreses-gxistenge of the
P epresents rexistence of

the 32 slica

3 silica component, and

component

the peakne

r-ru

In Fig: 2, of

heak 20. Nealn1R8HPM 1S 0D

thenQdssitisarcgmponent, and

no peak of

served, but this peak rep
bthe? €offpo

hentsis ob

ly the —

esents exis]ente—m'—“
erved. ™

ADIEs. .10, B;And Com

arative Example 11257

Manutaciurg and

aluatieprofcunable flame re¢tardant resin compositign) Ft&me retardant™
s Compesiions, | 10 1, ortiocresol I15] ovolak tyfje epoxy Tes
ramesYRGNEZ04": epoxyeqdivalerit 205 jg/mol-manufactured by Fohte3- 9
asel Cq.,.Ltd.),. hardening dccéléraior tnphenyl priogphineg, and
;%%ﬁgﬁhﬁ%?ﬁpﬁw%mhyl ethdr ace ‘:io(tr de name "PGM-AC"; U7
mdvfactited by DAICEL 5 CHEBICAL IND. 34TD.) Weressubjected tos, 0
T e » _
substance one None None Existence
Appearance Transparence | Transparence| Transparence M iky
Phystalproperties of cured
body

Tg ) 151 165 170 140

a 1 Wgor kss) 48 40 43 75

a 2 Tgormore) 148 145 150 176

Table 6 shows that the cured bodies obtained from curable
flame retardant resin compositions No.l to 3 of the present
invention each has excellent dispersibility of the incorganic
and lowered coefficient of

microfine particle, improved Tg,

thermal expansion. 1In the Comparative Example, in which the
curable flame retardant resin composition No. 4 containing the
inorganic microfine particle containing only the Q! silica

component was used, the dispersibility is inferior, and the Tg
and the coefficient of thermal expansionwere alsc at lower level

than that in Examples.

Examples 19 to 21 and Comparative Example 12

Flame retardant resin compositions F to I, orthocresol
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ratio shown in Table 6 at 110C, and then mixed using 3-roll kneading

machine(manufactured byINOUE MANUFACTURING CO.,LTD.) at 25C

to produce curable flame retardant resin compositions No.1 to 4. Using

these curable flame retardant resin 10 compositions No.1 to 4,

dispersibilities of the inorganic microfipg particle were evaluated by the

above-mentioned method. The above-mentioned curable flame retardant

resin compositions No.1 to 4 were applied to copper foils so as to have a

thickess ef4Q papexpressadin tetms ok selideontentaftergiryness, apd;

Lo fealedinean guen A180C for, 30 minutes, and fudher &t 100G 0630,

minutes to prepare copper foils with resm.nﬁwe cgpper foile With resin !
fe tafatsd g He BG5S ARl e B1ay&e eyppBfoNs Withtresinsolers r ity

Eureelfori2 hours unddr pressutizations of: Ixd0uARa (L0-kaflem2kat18QG 1 co.

fo-abtain cured, 20-bqdy.samples: 1g.and.cogfficient of thetmal expapsion , o,

g;l (alach amg}lﬁtwere evaluated by the above-mentioned method. Each’ .
eVallation tedtnAis AI¥s Showit HEFASIE & Fsnie B 116" ERAnPpR1Bing ratio
ERaniph 17 Babe ph 18-CamparativerExam phll kiCurdbledlamehine
retardart cesiri @ 3¢ conn pestian NaEROXY RSt sIDCNT404) 36, 1,324 ce
ér;’i?f 23:113]&61“1l XFthm e re{acrglggg rleasir%__ 3.9 corq}gos‘i'gbn Na F Fhm e o
retardant resin - 37, 6 - - composithn &G Fh EGRthrdARtregif cnpositions
EBmposttioh/Na H3258 Fraht erdtardiant vesis _( compositioh INanp38eg ardant
t&p henydrphospbneds 16.. 60 d ©) wPeMoAe30./:30:0 80,0 30:0der the
pressure of 1x107%pPa (10 kgf/cm®) at 180°C to obtain plate-shape
curedbody samples. TheTqg, thecoefficient of thermal expansion,
and the flame retardancy of each sample were evaluated by the
above-mentioned method. Bach evaluation result is also shown

in Table 7.

[Table 7]
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Existence offbccuhted None None None Existence substance
Appearance Transparence Trans arence Transparence M iiry
Physisalproperties of cured body Tgt) 151 165 170 140 a 1 u'gorless) 48
404375 a2 (CgormOle) 148 145 150 176 Table 6 shows that the cured
bodies obtained from curable flame re nt resin compositions No.1 to
3 of the present 5 invention each has excellent dispersibility of the
inorganic microfine particle, improved Tg, and lowered coefficient of
thermal expanS|on In the Comparatlve Example in which the curable

...... he |nnrgan|r~ microfine

)artlcle containing onIy the @%%QQESIO@ t2W $u the} Comparatve
lispersibility is inferior, and the Tg_and the coefficient of thermal | Exampk 12

ixpahsidhnveretatso atdewer level than “that in Examples. E%amp es 19
rPaBeSEemparative Examplé 12 15 Flame retardant fesin compogitions
brk-ortheeresoCikkionavolatype spaxy fesin (frage hames ¢ | 15 1
e NI RR I SEPOXy equivatent 195 gfnot-manufag
fg,ggyg%g%gm , hardenirig ade’élé?atcr trlphenyl pﬁosphene, igh —

EEIYIA %@gagglcagraoe nanme“PLR=6"1manufacturegtby Tatsumgri-€Co5
Ltd)y gguba wax (manufapturedby CERARICANQDA Co., Ltd), and-

1/

AL AsK Y \/y%gﬁsuojeueu to ettt mixmg-at-btendingratto—shown-in

Lahle, £t 986, with 3-roll kngadingmachijne (manufacturéd.by INOUE —
ANVEAGTURING CO-; CTP)toproduge—uniformnjixtures-{et
lame.tetardant resin compogitions™10 Noi5 to 8). Thepe uniform mixtures. 9

WWWWI compositignsNo-5to-§)-were-cureg IL'JI 2
GRS TRAEEP FRA Rressure of[1x10%4Pa (10 kafferR2) dt 186€ o otjtain O 3
JhatR-shape 70. O 70. O 700 70. 0
C amauba wax 0 3 0 3 0 3 0. 3
Carbon bhck 0 2 0 2 0 2 0 2
Physkalpmperties of cured
body
Tg C) 148 162 167 137
a 1 (Tgor kss) 13 12 14 20
a 2 [gormore) 53 52 55 65
Flm e retardance V— 0 V-0 V-0 V—1

Table 7 shows that the cured bodies obtained from the
curable flame retardant resin compositicns 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
Tgand the coefficient of thermal expansionwere also at 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
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cured body samples. The Tg, the coefficient of thermal expansion, and
the flame retardancy of each sample were evaluated by the 15
above-mentioned method. Each evaluation result is also shown in Table
7. [Table 7) 118 Exam ph 19 Exam pk 20 Example 21 C om parative
Example 12 Curable flame retardant rgsig 5 6 7 8 composition Na Epoxy
resin | SCN-195XL) 15.1 13. 5 15. 6 15. 1 Fhm e retardant resin 14.9 - -
corn positbn Na F Fhm e retardant resn corn pos tbn NT- C 16. 5 Fhme
retardant eesincain positionNa Eilkda4 Fhm e retardant resn corn positbn

Nal 14.9. rg{bggzélpgg '@%Qm%9t§ L3 Q ﬁgélérgéggg%%grgp e were

0 C amauba wax 0. 3 Carbo

BHysﬁFp]r&ﬁéirt‘é’g o %%8“%89 rz g @ﬁﬁé’f@?f@? 13% dYs§H6riesg) adement
P2 2420t § 20T branore 53 52f5506bnEhin eaetardanceat ONEDNQ V1 lary

tdsbledshows that the.cuped bodies qbtained framdhg ;curableflame ;) «

retar ant resin com osmons No. ito 7 of the 5 present invention each e
has improved Tg' angl Towerad Sefficient of theral Bxpafiston” Bt et tering
THRTEraiGe Example? it Whichate Ucurabletflaenél retardant fesimctometer

campositioniNg. hwas tiseduthed by Rigaku Corp. Incident X-ray was
converted to monochrome through a multilaver mirror

monochrometer and further passed through 3 slits, and then the
raywas irradiated to the sample (the above-mentioned capillary)
and scattered X-rays were detected with a scintillation counter
installed at a camera length of 250 mm through a vacuum path.
Detailed conditicns were the same as those mentioned above,
except that counting time was 5.0 seconds, and the particle size
distributions (inertial radius) were alsodetermined in the same
manner as mentioned above. The thermally softening

temperatures, the phenol hydroxyl group eguivalents, and the
inorganic microfine particle contents were also determined in

the same manner as mentioned above.

Example 22

Into a four-necked flask equipped with a gas inlet, a
Dean-Stark trap, andastirrer, 302.6partsof p-xylylene glycol,
087.0 parts of phenol, and 12.6 parts of p~toluenesulfonic acid
were charged and temperature was raised inanitrogen air stream.
The mixture was heated to 150°C and kept at this temperature
for & hours while collecting water with a trap because the _
preduction 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. Polyhydric phenocl consisting of
p-xylylene glycol and phenol was obtained.

Then, two polytetrafluorcethylene (PTFE) tubes were
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Tg and the coefficient of thermal expansion were also at inferior level

than those in Examples. 10 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 119 particle in dispersing elemgnt] The dispersing elements

obtained in each example were pulverized using a mortar. The pulverized
dispersing element passed through a screen of 300 mesh were charged
ipteacapillay® tube made vksilica glassad X mmcp whilel giving wibratiopot tom

@ep&d%"@?é%%mgt samples: A smallangleXstay scaltering it of the
measurement was pe rme uslnqat e X-ray diffractometer "RINT-2400",

mandfactiret M f?lg U Corp IAcident XGay wid cohvehes 189 an inertial
moRBedRE throtighlenfuldayerrirdér L0 mvhbchrometer and furthermethoxy
passatthraugh:3jslits, andihen theeray-was ivadiated tethe sample (thes 98. 6

ghouesmantipned,caplilan), and scqtipred Grays were detesied W'fgh Pre flask

scintillation counter Insta a camera lengt throu
&é’&ﬁ:ﬁ%‘&ﬁ%%émné&%ﬁﬂ%@ﬁ%%ﬁe@aﬁ@a@ 1ﬁ6§e%@ﬁt|6ﬁéé‘lrs using
above 15 except thattolreting imenivas i © seeondstand the paricke at 60°C.

Smendlsg@%@gﬁt(@?g'av]*é%d'g aW?re**@lSQ&gte_Jm'Qequm:eg%u Stream, and

manner as ntioned above. The thermally softening temperatures, the
nheno hydlroxﬁ b Fhiafehts! éiﬁntfﬁ]é IBtJERI AT dfin& PAfIEegan to
@érﬁ*éhﬂslv\@?é alsoadstefimiriediin RO thetsame maaner asmertisnedcont inued
above o Example 2240 afourneskeddlaskequirped With-,623. 0I8h &101 was

D e W e
’Eé]rﬁﬁé‘rlé%r‘éé\ﬁa§?§1§@dilrﬁé? nitFdgeiiaif sitéame rEHembadewas heatedring a
to- 2500 andrkeptiat this teMperateter. The vield of the dispersing
element A was 662 parts. Physical properties of the obtained
dispersing element A were evaluated and results are shown in
Table §.

Example 23

Into a four-necked flask equipped with a gas inlet, a
Dean-5Stark trap, and a stirrer, 432.9 parts of phenol, 172.2
parts of benzoguanamine, and 164.3 parts of a 37% formaldehyde
aquecus solution (formalin) were charged, and the solution was
stirred in a nitrogen stream at 70°C. The solution was amiilky
solution, but after 14.5 parts of diethanclamines was added and
the stirring was continued for 4 hours, the reaction solution
became transparent, and therefore temperature 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 by a trap. Since the
production of water was completed at the point where 160 parts
of water was cellected, the remainingmixture was cooled to 10°C,
and 103 parts of methanol was added. Triazine ring-containing
polyhydric phenol was obtained.
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for 6 hours while collecting water with a trap because the production of
water began at about 115C. Since the production 30 of water was
completed at the point where 79 parts of water was collected, the
remaining mixture was cooled to 20C, and 176 parts of methanol was
added. Polyhydric phenol consisting of 4g-xylylene glycol and phenol was
obtained. 35 Then, two polytetrafluoroethylene (PTFE) tubes were 120
prepared and one tube was inserted into the flask to the bottom level and
the other tube was installed so that the exit of the tube was above the

solution While keeping ti e flask at
333 Sgﬁlféf%}l tet?’if?]etho)(y 5{%5[}%%% v?a%fﬁ?e%:%{e%wfggm the upp%éiﬁ,?tut%eo'pafsk as

the i 98 5*pars 6 Water\Ras hjectad i the botiom teor ie above
fldsk g thiel flask. Ttreladdition: ivas<airied dutbversdt heurstusing was at the

eder-prrmpy-and. th%&m&@&%@%ﬁ%é@ﬁ@?%@@?&uﬁéGBf the flask
tg@qqga@re galn ralsedflm an |tra[5%en stream, Td 10 while coIIectln%1 .
unreacted wa er an Fiethandl, Which BagantsY distift DAt bt BEeS py From

5%&&’5@’&?“?%{?\/\?&% EhRALEE 1R TBD'EY CnRraniptetibnistithe reactionj ected
unreactetkphenebwasudistdledofeundarieduces pressere«and thentheidicion
remaining, mixture was,cooled to obtajn a dispersing.element A haV'anﬁmn he

Wl L L

15 transiucent whité solid matter. The |er of the d E‘]ls persing. element A T
Wag 883 paress Fﬂﬁ?/gﬁ’cafﬁr‘bp‘érﬁééumhé‘bbéé%n@ d%b@fgngf@wwre Was
were evaduated andzresulisoarershawa dm , Tablewwh 20<Examiple 2340t dreacted

fes-necked flask egyippe t (R ERD, qN %
Etlrrer 432.9 p%ts %?%er%ﬁ%%? %ﬁfoﬁ%eﬁ%%%t%ﬁaﬁ%ﬁe aa?n fg‘ t s0°C,

BANE Jr 8796 frniaidetydas a‘ﬁﬁ@o‘ag%BﬁHféﬁC%f&%éI% \Were @ﬁ‘afg‘éiapletlon
aﬁdtﬁh@ B6RIEDA Was 25rstirretkid phrtrogensstrdamtat [70:C. dhe solitioreduced

was asnitly, soldtionduitalier 145 parts.of diethanclamines was added optain
gngl g}:)e esz}gg pl% Vé’?%z(r:lgpaﬂcn gel'(?af 107&%(9 Oau rtsrctarll’zesreua gggg‘: Sohlitilzoen solid matter.

The yield of the dispersing element B was 493 parts. Physical
properties of the dispersing element B obtained were evaluated

as performed in Example 22. Results are shown in Table.

Example 24

Triazine ring-containing polyhydric phenol was obtained
in the completely same manner as in Example 23. Then, 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
of 208.0 parts of tetramethoxy silane and 4.17 parts of
di-s-butoxide ethylacetoacetate aluminum was injected from 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 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.
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became transparent, and therefore temperature of the reaction solution
was again raised. The mixture was heated to 180C and 30 kept at this
temperature for 4 hours while collecting water which began to distill off at
about 100C by a trap. Since the production of water was completed at the
point where 160 parts of water was collected, the remaining mixture was
cooled to 10'C, and 103 parts of methanol was added. Triazine
ring-containing 35 polyhydric phenol was obtained. 121 Then, two PTFE

tbes wese installed.ip.the flask as pegformed in Example 22, so that the
exit of one tube was above the solution level and the exit of the other tube

was at the 5 bottomlevel. While keeping an inertial temperature of the
flaskat 19 C; 210.1 parts of tetramethoxy silane was injected from the

upper tulpe of Meh@a@sﬁ@d&%aamgg%qyﬂ%w%cg%ﬁw e obtained
E@}tgm@tg(pe Ofltgﬁ eﬂflSkSiQtO the flask. The addjtion was %rried out over 4

ours usm%maﬁ) -roller B/umprf%nnéatﬂgﬁ tha 10 it irs%-s pt for HERgufeTe PTEE
AUBTE. TRER, idhiperbhird Was tdigain raissdan aonirbgenstieam farnples 22

whiterollectinghunreacted: water anddmethanak which hegante disil off, 1evel
APyl BQC; by, tap, thestiy UatiCatr el ars .'ﬁ’g : QD 1cvel. while
completion of the reaction, unreacted phenol was distille o%ndeer _

fEttRed 45 Pré&&ure 1and tRBR e enidiniy Fiigtdrtaids tooléd fo obtaiture
atispetsifigrelernent B haaingadranskigent white selid mattes. JThendelds zinc

atibedispersingielement.B was 483 parts, Fhysical, fﬁ%oxer{iﬁﬁé)fct?et ¢ flask
dlsagrejsbng4 element Brgbtalned were evaluated as performed in Example

37 "RésLilts A oW in FAGIE. ﬁéﬁxja?r?p%%ﬂc#rérz‘ﬂ% fiRg-contdinigt ube of
polghydae bherob idisobtainéd infthecomplételytsamethannemad in-ely same
ﬁé?@@&ﬁQiE@%&ﬂ?@iﬂiﬁé§%F%$ﬁ¥%@ﬁﬁﬁ%@£%a§5@§E§§singelement
erformed.in Exam _ and 23, so that the exijt of one tube wa

gb%\%g t]h?é?scﬁuﬁgr? ‘%S\% and thghejifﬁ%f%ﬁg SthePtibE Was 4 ﬁe%]o?ﬁo?jn of the
f%ygp@vﬁmyg element Dwas 490 parts. Physical properties of the
dispersing element D obtained were evaluated as performed in

Example 22. Results are shown in Table 8.

Comparative Example 13

Into a four-necked flask equipped with a gas inlet, a
Dean-5tark trap, andastirrer, 302.6 partsof p-xylylene glycol,
687.0 parts of phenol, and 12.6 parts of p-toluenesulfonic acid
were charged and temperature was raised in a nitrogen stream.
The mixture was heated to 130°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
parts of methanol was added. Polyhydric phenol consisting of
p-xylylene glycol and phencl was obtained.

Then, two PTFE tubes were installed so that the exits of
both tubes were above the solution level. While keeping an
inertial temperature of the flask at 60°C, 333.4 parts of
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keeping an inertial temperature of the flask at 10C, a mixture of 208.0

parts of tetramethoxy silane and 4.17 parts of di-s-butoxide

ethylacetoacetate aluminum was injected from the 30 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 game 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.

Physieal35 propertiés: obthe dispersingelementrCohtained weren jected from

evaluated, 122. Results @@&@WE&I%@B%@@R@ g?ag’ﬁaﬂqgo the upper
rlg%-gog]t:al&n% ggzhgnc p1henol was obtained 5 in the comp ete_!y same

anner as’in pleio8 TRET two PREE dibdshwerd instafidd irfheut over
flable 58 perfolmedan Bxahiples 22 anar23, Socthat the exit ohoreabe further
bottom lovel, Whie. keoping an nertal Empelaure o e fla ot 166, 5. ¢

vel. While, keeping_an inertial temperature of the flask at 10 -C, a

S e O We R af et o and
BEstatd Gihydrdté Wadmietted Forh Bivd upperitlibetofthe flask0aRdien.4 trap,
pars of watermwasiinjectes fromuthe hastons tube, of dhe Hask inte the,flask. the

%&&%%ﬁtﬁpumee%%@elﬁtﬂ}égﬂ?f manner as in Example. 23 was educed

é?eated to obtain a dispersing element 15 If)%%lf/llnLgea translucent whité

i matier. TRE VI the digpersiny glefheht Drfasuorparsd to obtain
Phiysicet propertiesaafehe Kispersingretement-Dhabtaingd weke.evaldatet whit e

aspedfopmed iy Example,22,Resylts are %P%”E‘sﬁ%f?je%&gent 5 was 619
Co]_grt\:%aratlgg Exggw le 13'Into a four-r%ecked flask equipped with a gas ‘
TRI&C 3" Dean/Stfk vl Aid & sHit & 30 6parR T ptiidid glyedi obtained
$8YD parts bRpkehels apd 6 partsiof FEtoleriesuldnic Acigulvereare shown
thamgediandstemperature was raised in a nitrogen stream. 25 The mixture

was heated to 150C and kept at this temperature for 6 hours while

collecting water with a trap because the
Comparative Example 14

Into a four-necked flask eqguipped with a gas inlet, a
Dean-Stark trap, andastirrer, 216.5parts of phenol, 86.1 parts
cf benzoguanamine, and 82.2 parts of a 37% formaldehyde aqueous
solution {(formalin) were charged, and the solution was stirred
at 70°Cinanitrogen stream. The solution was a milky soclution,
but after 7.3 parts of diethanolamines was added and the stirring
was continued for 4 hours, the reaction solution became
transparent, and temperature 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 phencl 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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production of water began at about 115C. Since the production of water

was completed at the point where79 parts of water was collected, the

remaining mixture was cooled to 60C, and 176 30 parts of methanol was

added. Polyhydric phenol consisting of p-xylylene glycol and phenol was
obtained. Then, two PTFE tubes were mstalled so that the exits of both

tubes were above the solution level. While keeping an 35 inertial

temperature of the flask at 60C, 333.4 parts of 123 tetramethoxy silane

afd 187 parts of waler wérevinjected - fiometheseparatettibes ofthenent and
G@pgatﬂbgs @fm&%\ﬁ&i@@, t@d@%ermE%@@f the; sqlution Jevel.okhe; parts of
%cei(%lggpngvﬁ c}gmesd gtnov%rngI h6061rs using a roller ngp’ and then the

mixture was further 5 Kept for 4 hours A 60C ThBIF Bfiperanfeday’ - 7 parts
adaitdhed firatnitregen reamiant whikccotiebting ufreacted Waterk while

andpmethannl, which began: tordistilh off 8t aheuti8DC-by attapa g cion was

stirring was continue to 180C. Qn completion of the reaction, unreacted

Eg%nol was disrgllleduc()j?f un§er réld?l}:cne% ﬁ&g#eggﬁrg,uénﬁdyhgﬁ %dlate?y‘after
affiig-nhddre WAS cH8REYE Dbtainea eRspefsiAg etement Eder applied to

eomparisbryhavinged translucentwhite i selid-matter uthe yielgof thel was dried

dispersing element £.was, ,6lgngams'“P“@/iSiaC@lllBE’&Opv?g;L;esr%fitQSgis“poerémg *C at

(B SHUS,

glﬁ(gnent E obtained were evaluated as Eerformed in Example 22. Results

are SHowi 5 mPrhsie B2 Edtisatative EXSmiple’ B4 IS &fdtiffecketnen, the
flask egaipped withcaigas inlety @l PaneStairk trap, and Asstisresi216.51ement F

patis of pheral=86 1pasts: 20:0f benzeguanamine and 82,2.p348 0fa. ¢ e
gZ% feorrrsn%je@ﬂg aguequs sol;ﬂ n (formalin) wgre charged, and the

soittion wassfirre eg%%gu fivd n%rc?gae]ﬁts?r’earﬁ DY SBILEUPRES Blffikg - the
ShRIEBHK S butaftdreme fars of ticthasblamiresawad ndtled and ther formed in

Btiringl was zontinued far-4 hewrss thekeacton selution became 25
transparent, and temperature of the reaction solution was again raised.

The mixture was heated to 180C and kept at this
Comparative 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 a welght ratioof 7:3, and themixture 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 oil sealed rotary vacuum pump
turbo-molecular pump, and then an internal 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
plasma andmade tobeoxidizedwithremaining oxygeninthe furnace,
and after that, the oxide was cooled. The above-mentioned cycle
was properly repeated to obtain 60 parts of inorganic microfine
particle.

Then, into a four-necked flask with a stirrer, 150 parts
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temperature for 4 hours while collecting water which began to distill off at
about 100C. Since the production of water was completed at the point

where 80 parts of water was collected, 30 unreacted phenol was distilled

off under reduced pressure to obtain 312 parts of nonvolatile component.
Then, another four-necked flask was prepgred, and one PTFE tube was
installed so that the exit of the tube was at the upper 35 part of the
four-necked flask. Into this flask were charged 124 188.9 parts of the
abovecichtivAed hoavelatilecbmponent and v85-partp bEmethariot zdntea in

mixagbselution 0f1295-parts0f tetramethoxy silane and BOpats @k rature to
methanol, a % ?égop%%% é)c]; water fg%m th% ng%/&m&ﬂéioned tube into the

flask while 5 keeping an inertial temperdtare at & AdditiGn adtoned

CATiEdDUt OBt 40l BsRRyA FOHER puris! Ihiaetibtsly Bfterathestirred for
addition sthendispersininelement ebtained wassappliepkto, a nergal ghassumtg or

an ixture solutio ied dri C 7 haurs, and. .

D A e BLed LS Mhing
168 0156 intite! TheR bt SolutBiaS Edoled o bbaiA BEPers ing
dispamsingeleaiedtP having a trahslacentwbite solit inattert Thesyieldpérsing
the-rispersing-element Fwas 230 pafts: Ehysical propertiesof the:, .16 22,

NS LSV 508 £ 1w-L.00 RN §

%iesggis?irég eg:emesntoﬁvgbtgine{ja\%ﬁre valuated as perf_ormed in 15
xample 23, ﬁesm?lts are’shown in“Table 8. Comparative Example 15
Metal silicon coarse grains roughly pulverized and having a grain size of
1lTamier le$s and polyethylene glycol as a binder 20 were mixed at a
weight ratio of 7:3, and the mixture was subjected to compression molding
to have a shape of round bar having 50 mm(D. 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 oil sealed
rotary vacuum pump 25 turbo-molecular pump, and then an internal
pressure was adjusted to IOPa, 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 30 plasma andmade to
be oxidized with remaining oxygen in the furnace, and after that, the
oxide was cooled. The above-mentioned,gycle was properly repeated to
obtain 60 parts of inorganic microfine particle. 35 Then, into a
four-necked flask with a stirrer, 150 parts 125 of triazine ring-containing

alyhydric phenal.ohtained i

a|§r&'.g ember tur to 180C

mple 23 was charged, and melted by

eto agded was 60 parts of the
fin& particle, and the mixture was stirred
Lré-ofj0.15 Pa or less (20 mmHg or

lement G having a translucent

dispersing element G was 230 parts.

ment G obtained were evaluated

5 are shown in Table 8. [Table 8]
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In the dispersing elements A to D, the inorganic microfine
particles having a radius of inertia of 50nm or less disperse
S0 as to satisfy the requirement of the present inventicn 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 F, liquid bisphenol type epoxy
resin {(trade name "YD-127": epoxy equivalent 185 g/mol:
maﬂufacturedbyTohtoKaseiCo-,Ltd.),andhardeningaccelerator
triphenylphosphine&%ﬁx&subject@dtoeabatchndxingeﬂ:blending
ratio shown in Table 9 at 110°C to cobtain uniform mixtures
{(dispersing elements for manufacturing a cured body.) These
mixtures were applied on copper foils so as to have a thickness
onOumandcuredtoguoducesamplesforevaluationofdispersion
state of the inorganic microfine particle with an electron
microscope (SEM). Each of the above-mentioned dispersing
element for manufacturing a cured body was charged into a meld
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
existenceofflocculatedsubstanceormorphologyhavinganisland
shapecausedbylocalizationoftheinorganicmicrofineparticles

was observed, "poor" was given, and when neither flocculated
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onNo2TNNOS5t-xav 127 In the dispersing elements A to D, the

inorganic microfine particles having a radius of inertia of 50nm or less

disperse so as to satisfy the requiremeyy gf the present invention as 5

shown in Table 8. On the other hand, in the dispersing elements E and C,

particles having a radius of inertia of exceeding 50nm existed, and in the

dispersing-elemenichrgreay ameurirafasuperiinenatticles bawng @i crofine

h 9%@1@1@@%%‘% PSJ:%%S eé'ls:ts%de lsoe%xgq]flg%ezes thn%gca?sderved face
:omparative Examples 16 to 1% (manufacture and evaluation o !

diSpersingt & Emetit ford ififacturing a cured body) Dispersing elements

Ao Fsliguid bisphienohtypelepoxy 15 resin (trade name "YD-127": epoxy

equivalenh L8 gimol: smapuiactured bytoffoKaseiCa. Lid. band. oo -5 soq ac

réa@%g\?g aggeheﬂto{;[ trg?henyl rghos{?hlne were subje_cte(_j to a batch

mixing at biending ratic ShGWwn A TAbe 6 dt 11BeMd obiaiR UpitfT LT e cooker

mixtute$ (ispersinglehtehtsfoerranufatesing aretrgdtbody. pThese 2@nples

mixteresaverenapplied on copper foils so as to have a thickness of 20 pm

and cured to produce samples for evaluation of dispersion

iGlass transition temperature (Tg) ]

The 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. Each sample was measured for Tg, coefficient of
thermal expansion (o 1} in a glass range, and coefficient of
thermal expansion (x 2) in a rubber range by the TMA
{(thermomechanical analysis) method. The measurement by the TMA
methodwascarried&nﬂ:with"TMAE%V'byShimadzuCozp.eﬂzcompress
mode. Measurement conditions were load: 0.1g, heating rate:
5°C/min, and measurement temperature: 20 to 200°C,

[Flame retardancy]
Theplate-shapedcuredbody samplesweremeasured for UL-94
flame retardancy by the UL methed.

[Table 9)



state of the inorganic microfine particle with an electron microscope
(SEM). Each of the above-mentioned dispersing element for
manufacturing a cured body was charged into a mold 25 for a plate, and
cured for 2 hours under the pressure of Ix10-4 Pa (10 kgf/cm2) at 180C to
obtain a plate-shaped cured body. Eaghyaluation method is as follows.
Each evaluation result is also shown in Table 9. 30 [Dispersibility of
morganlc microfine particle] The above-mentioned samples for evaluatlng

1
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The plate-shaped curedbody samples were measured for UL-94 flame
retardancy by the UL method. 25 [Table 91 129 00~00NOLOOUN 00
I nallllllioOExd'th~rrN>UWO yOYNrNraeEc6illiC61
Oa2Em'tTLOrOr> O)WC)LOOoO.j_pjil!'lii-vcoTvi E'CctNTr
drrr> OKUWYNOOONf O00Oalhhlg!llaOOrMrl ELEXXOrr
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Table 9 shows that each hygroscopic property is low in
Examples26tx)29,jjlwhich1juadispersingelementcﬁfthepresent
inventicn was used, and confirms that the Tg is each improved,
the coefficient of thermal expansion is each lowered, and the
flame retardancy is each excellent. By contrelling primary
particle diameter of the inorganic microfine particle to 50nm

or less, and iimiting a ratio of the superfine particle having
a particle diameter of less than 10nm, the thermal property and
the moisture resistance have been improved. However, in
Comparative Examples 16 and 18, in which the dispersing element
containingtheinorganicmicrofineparticlewithalargeparticle
size was used, the moisture absorption resistance was inferior,
and the Tg and the coefficient of expansion were also inferior
to that in Examples. 1In Comparative Example 17, in which the
dispersing element containing a great amount of superfine
particles were used, the particles were too fine and therefore

cemposite effect was not exhibired.

The present application claims priority to
JapanesePatentApplicationNo.2004—231254filedAugust
6, 2004, entitled “METHOD FOR PRODUCING RESIN COMPOSITION
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 these applications are incorporated

herein by reference in their entirety.
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1, osit comprising a c avin
EOUTa0U 08 a0 a0 1g) ok eing o caigolnd Having
least one of a glycidyl group and/ocr an spoxy group and an

incrganic microfine particle,

the inorganic microfine particle containing 56 to 99.9
mold of 51 and 530 to 0.1 mol% of one or more element selected
from the group consisting of %n, B, Al, Ga, In, Ge, Pb, P, 8b
arnd Bi, as constlituent metal components, and as a particle
size distribution, the inorganic microfine particle containing
t

a~ [ 3 = T PRV —~ Tom e -~ ke [P - N [y
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2]
[
o

particles
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,

a compound being sclid at 25°C being used as the
compound having at least one of a glycidyl group and/or an
epoxy group in the case that the compound contains an aromatic
moiety having at least one of a glycidyl group and/or an epoxy
group, and a compound being solid or liguid at 25°C being used
as the compound having at least one c¢f a glycidyl group and/or
an epoxy group in the case that the compound does not contain

an aromatic moilety.

2. A resin composition comprising three components of a
pheneclic compound, a compound having at least one of a
glycidyl group and/or an epoxy group and an inorganic
microfine particle,

the resin ccomposition being a resin composition in which
a ratic of a coefficient of thermal expansion, o, in a
temperature range of glass transition temperature Tg or more

to a coefficient of thermal expansion, o), in a temperature

range of Tg or less (o./0y) in a cured formulation of the resin

composition is less than 1.9.

3. The resin compositicon according to Claim 2,
wherein the phenolic compound has a structure in which

two or more aromatic skeletons respectively having at least



Table 9 shows that each hygroscopic property is low in Examples 26 to
29, in which the dispersing elementgfthe present invention was used,
and confirms that the Tg is each improved, 5 the coefficient of thermal
expansion is each lowered, and the flame retardancy is each excellent. By

onggnirsliing prindaip pattisiectiameter dithdsnorgartie phiceofivee patticlean

orRONM orless,and: imiting aWatiootihe-superfine paticle PAYING B veen .
particle diameter of 1 ess than | Onm the thermal property and 10 the
moisture resistance have been improved. However, in Comparative
Examples 1.6 and 18, in which the dispersing element containing the
inorganic microfineparticle with a large particle size was used, the
moisture absorption resistance was inferior, and the Tg and the
coefficient of expansion were also inferior 15 to that in Examples. In
Comparative Example 17, in which the dispersing element containing a
great amount of superfine particles were used, the particles were too fine
and therefore composite effect was not exhibited. 20 The present
application claims priority to Japanese Patent Application
N0.2004-231254filedAugust 6, 2004, entitled "METHOD FOR
PRODUCING RESIN COMPOSITION AND RESIN COMPOSITION" and
Japanese Patent Application 25 N0.2005-077734 filed March 17, 2005,
entitled "RESIN COMPOSITION, METHOD FOR PRODUCING THE
SAME AND SHAPED BODY." The contents of these applications are
incorporated herein by reference in their entirety. 131 CLAIMS 1. A resin
composition comprising a compound having at least one of a glycidyl
group and/or an epoxy group and an inorganic microfine particle, the
inorganic microfine particle containing 50 to 99.9 mol% of Si and 50 to 0.1
mol% of one or more element selected from the group consisting of Zn,
B, Al, Ga, In, Ge, Pb, P, Sb
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and Bi, as constituent metal components, and as a particle size
distribution, the inorganic microfine particle containing cn 4 1V to _.
uonvo, 'by v~.. .. lu of particlesiii....... euie of having _a particle LZ _ L _
uf n v aiiy ~.-) nm or more and less than 10 nm and 50 to 20% by volume
of particles having a particle size of 1 or more and less than 100
nm, a compound being solid at 25C being used as the compound having
at least one of a glycidyl group and/or an epoxy group in the case that the

compound copftaing aB-afomatis Moiely having at least ope of a glycidy!

group a%{gr}‘_ﬁgn epé)ﬁ]g grou ,and a comgound being solid or liquid at

25C being tsed "as the E8Hpauind Haviry &t ledétore 'of Saglydidyidrotpand/ or
andF AR EpOXyEgroUp in the case that the compound does not contain

an aromatic moiety. 2. A resin composition comprising three components

of a phepiolicigompound, a.egmpaung having 2t jepstone ofa gvaiyly . ins -
rom:ﬁio and/or an epoxy group an‘inorganic’ microfine particle,
gé%i composition being a resin composition in which a ratio of a

coefficienh ot thermalekpamsiania, rinar demperatire rangeief glassi con oxide
MﬁE%@@@.ﬁWﬂ%ﬁ!&Egé}YdﬂB&%ég &Csoeépc'eet %B‘%é@';gé?;éga@f'%” 4 50 to

al, in_a temperature range of Tg or less (a2/al) in a cure ulation of =
thB%eSir oo poEiitn € RS- HARTT & 3L Thi Gesft EBMPEsBEA He cstamys L ing
¢ Claim 3,,wheéreirsthe phendlie,cofipound Bas arstrugture 4 which iwoituent
08 MOre asamatic skeletans respectivebihaving atleastidla o s on, the

9hggol<1jc r%drgxyllgr up, are bonded to each other with an organic
sﬁeleﬁ)n aVing TWo of Mord®ardsn Stons it 8fetivien® 183 24 P¥hgolume of
Pediih Eenfpddition. according té Claim Bze 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.

6. A flame retardant resin composition comprising a
polyhydric phenol and an inorganic microfine particle,

the inorganic microfine particle having a structure that
satisfies Bgpz/Age of 0.01 to 1.0, Ap/Aps of 0.01 to 1.0, and
(Ars+Ars) / (Rpsthgy) 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 2°Si-DD/MAS-NMR measurement, and a peak area
derived from a structure having a 4 silicon 'atomsMbonding Si0,
atomic group being defined as Ay, a peak area derived from a
structure having a 3 silicon atoms-bonding Si0, atomic group
as Az, a peak area derived from a structure having a 3 silicon
atoms-bonding R-5103 atomic group (R being an organic group not
containing oxygen atom at a position adjacent to silicon atom)
as Arz, a peak area derived from a structure having a 2 silicon
atoms-~bonding R-5103 atomic group (R being an organic group not
containing oxygen atom at a position adjacent to silicon atom)

as Ago.

7. The flame retardant resin composition accerding to



wherein the organic skeleton has a triazine ring and/or an aromatic ring. 5

5. The resin composition according to_any of Claims 2 to 4, wherein the

inorganic microfine particle is a silicLoji"Foxide microfine particle and

contains 50 to 100 mol% of Si and 50 to 0 mol% of at least one element
c1selected from the group consisting 10 of Zn, B, Al, Ga, In, Ge, Pb, P, Sb

and Bi, as a.constituent metal component, and as a particle size |

distriS o the THOrGANC RGO PARIEIS CBRIAINS 75 (659 BYVBAE
capt Partcks-havinga pertidle sizadf0:5 nimoranerd any less tHanc10%tm
pyaRdi3mio 45% byrvelume. of particleshaving @ paicls, 13.size of 10 nm or

~_mare and I%ss than 100 nm, 6. A flame retardant resin composition
triaikox ar

comprising & polyhydrié phehol 8/dan fbrganic microfine particle, the
inorganic microfine particle having a structure that 20 satisfies AQ3/AQ4

of 0.04 to 0. ANiZ/AJ 3-0£9.01.10 1,0, and (A ZHATILA(ARSHAAH O

610‘01 t60 2.0,7When the inorganic microfine particle being measured for a
pedk appeadring in the range of -120 to -40ppm by 29Si-DD/MAS-NMR
measuremeint, and sopéak atedcdetived from=a stracturethavdingra 4hich

cwSiligonatoms:bonding SiQ4 ?&@m@e@?y&qw gfingd as AQAL a.peak

area derived from a_structure having a 3 silicon atoms-bonding Si04

Or SR Grodly 4 AQ3 %4 paktdred GEfvEd Horfi 2 Srachits Havitiy 33

crgiicdn atoms-bending R-5i03atamic:graup (R keingan-beganiegiedp .not
containing oxygen atom at a position adjacent to silicon atom) 30 as AT3,
a peak area derived from a structure having a 2 silicon atoms-bonding
R-SiB3atémic §F6up RAGERY art ®PganicgrorplidC tortdiRiig dkygéhe

f 1 atemratta position-adjacentipsilicon-atom} asiAR. 35 dnTheflameins &

cortardantresin camposition accarding. 1q 133, Claim. 6, whereln, fhe
inorganic microfine particle is obtained by

16. 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 inorganic microfine particle having a radius of
inertia of 50 nm or less, and a weight ratic of the microfine
particle with a radius of inertia of less than 10 nm and the
microfine particle with a radius of inertie of 10 nm or more
and 50 nm or less being 1 : 99 to 40 : &0,

wherein the dispersion medium contains at least one

organic solvent.

i1, A dispersing element containing an inorganic
microfine particle obtained by a hydrolysis condensation
reaction of alkoxide and/or metal carboxylate in a dispersion

medium,



carrying out a hydrolysis condensation reaction of 50 to 99% by weight of
tetraalkoxysilane and 1 to 50% b ;jght of trialkoxysilane and/or
dialkoxysilane. 8. The flame retardant resin composition according to
Claim 6 or 7, wherein the polyhydric phenol has a structure in which two
or more aromatic skeletons respectively having at least one phenol
hydrgxy! group.are banded fo.each other with an, oraanic.group having
_ two or more carbon atoms therebetween. 9. A flame retardant resin
inesdrhpostiotP cEmptisinGg tie flameretaidait resin eoffpodiforhetofding
partoiany of Glaims 640 8and a eempoungkhaving atleast twe-glyeidytne
s QRS 10: A disperaing,element coniaining an inorganie, misreling, .
particle obtained by alhydronS|s condensation reaction of alkoxidé and/or
andmefarearboxyfaté ik dspersion® niedititn,‘thelinorganic microfine particle
having a radius of inertia of 50 nm or less, and a weight ratio of the
micr%%ilréer e@%rticﬁl% ngltlhsa ergd'&uosmol:Tl iggrgzran of Ie%s g}%n %qurg and the
microfine partigle with & radius of inertia of T0 hni 6rmore “and 50" nm or
less being 1 : 99 to 40 : 60, wherein the dispersion medium contains at
least one organic solvent. 11. A dispersing element containing an
inorganic microfine particle obtained by a hydrolysis condensation
reaction of alkoxide and/or metal carboxylate in a dispersion medium,
133a the inorganic microfine particle having a radius of inertia 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 radius of inertia of 10
nm or more and 50 nm or less being 1 : 99 to 40 : 60, wherein the
dispersion medium is a shapeable resin



134 composition. 12. The dispersing element containing the inorganic
microfine particle according to Clai 31, wherein the resin composition
contains polyhydric phenols. 13. The dispersing element containing the
inorganic microfine particle according to Claim 12, wherein the resin
comgompasition further contains an epoxy resin. 14. A cured formulation
obtainable by using the resin composition according to any of Claims 1 to
5. 15. A semiconductor device or a printed wiring board composed of the
curedtformutétion 2Rebrding B CRIMt14°16> B iise it for rickss tating
misenficondyetor icomprsingrieske sta comy@asitian according to any of
Claims, 1,105, te.flame: tetardant sesin compasition ageording toany of
Claims 6 to 9 or the dispersing element containing the Inorganic microfine
PhgRftidle according to any of Claims 10 to 13. 17. An insulating material for
wiring board comprising the flame retardant resin composition according
to atp% of (fhaeim ,6.10 9 or theegi(_ésrgeer in Q%Igment co%tgining\the inorganic

microfine particle a cording to any of Claims 1616 °13.'18 ocrL?r%%lgody

mightainet By Etfifigthedfaie retardant oSt Edmposition according to any
of Glaims=6i0¢her the: idisperging element coptaiping the: NOIganNiGpoxy

Ies[r.ii]rcl:rofine particle according to any of Claims 10 to 13. 19. A
semiconductor component device obtained by using 135 the material. for
encapsulating semiconductor according to Claim 16. 20. A substrate for

electrical wiripgrebtaingehByMsiRg obtainable by using the resin

composition according to any of Claims 1 to 5.

15. A semicenductor device or a printed wiring board

composed of the cured formulation according to Claim 14.

16. 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
of Claims 6 to 9 or the dispersing element containing the
inorganic microfine particle according to any of Claims 10 to

13.

17. An insulating material for wiring board comprising
the flame vetardant resin composition according tc any of
Claims 6 to 9 or the dispersing element containing the
inorganic microfine particle according to any of Claims 10 to

13.

18. A cured bedy obtained by curing the flame retardant
regsin 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 13.

19. A semiconductor component device obtained by using



the insulating material for wiring board according to Claim 17. 21. A
method for producing a resin 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/condensing metal 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 the hydrolyzing/condensing
thestep,an oiganic metak compoundscontainingone of moreietement Claim
1. 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 25C being used as the
compound haying.atleast one of a,givcifvl group andlor anepoxy, group
in the case that the compound contains an aromatic moiety ha\//lng at
the|disi i bF & eyl Yroliprard/iorh Bpoky grotiprardda corfpaimdl 7 -
being solid or liquid at 25C being used as the compound having at least
oné€ bf a glyeidylgtolpramnd/oan epoxyr group dorte casecthattheaining
a c6OPEKNG dopsnat-coatain amarematicy Meiety,122.Amethed or .n
rod%i&l %rggsiarlncgrrpcposgtljgn com Ori jg% threetcomsponents of a phenolic
cgrﬁqpou d,a compounagcon aining a feastone of a glycidyl group and/or
an epoxygietis dritr aRtnerganic miciofine! particletiie method
hydeomprisinga step of mixirg the phenolig- compeund.cantainingdhelate by
cha%%an%%g%@r%fﬁ‘%Pé‘étéc'ged'éPe{%%d and/ OJnCé!SIEQLYPQgthfrei%QQQ e of
compound containing at [east one of the g?yu yl group and/or an epoxy
& JIh¥GGAtorftakiing the/ Mordanfe rigréfiiéParticle dispersed and/or
dissaheed therein Hidba 123 i Aonethad-{et produeing the dispetsingnetal
comGiEMENE GONIAINING axinorganic mickafing, padile according o any of,
Claims 10 to 13, the method comprising a step, in which alkoxide and/or
consisting of Zn, B, Al, Ga, In, Ge, Pb, P, Sb and Bi bheing

added,

epo

and a compound being solid at 25°C being used as the
compound having at least one of a glycidyl group and/ocr an epony
group in the case that the compound contains an aromatic moiety
having at least one of a glyvcidyl group and/or an epoxy group and
a compound being sclid or liquid at 25°C being used as the
compound having at least one of a glycidyl group and/or an epoxy
group in the case that the compound does not contain an aromatic
moiety.

22. A methed for producing a resin composition
comprising three components 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 inocrganic microfine particle dispersed
and/or dissoclved therein and a compound containing at least one
of the glycidyl group and/or an epoxy group containing the

inorganic microfine particle dispersed and/or dissolved therein.



136 metal carboxylate are supplied from a solution level neighborhood of
a reaction vessel containing a dispeysion medium having a viscosity of
100 Pa second or less at 20C or dilution thereof, and at the same time,
water is supplied into the dispersion medium or dilution thereof from a
reaction vessel bottom level, and a hydrolysis condensation reaction is
carried out under stirring, and the inorganic microfine particle, which is
the hydrolysis.condensatiop:Rraauck of ralkoxide.and/or metal gakboxylate,

Constgroduce%nwgrelgq}n the solutlon jEevel nelghbogrhood of % reactlon ot
Vessernmeans a Spa &from the" mlxmg &N 1inérfigi B 1hE sdittion

Clyaves. 24. Thelmethod for producing the dispersing element according to
claim23; wherein a-totahsupply ameunt of alkaxide andigrmetal and/or
carboxylate and water is 0.2 to 50% by weight based on the dispersing
element 100% by weight in the reaction vessel.
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metal carboxylate are supplied from a solution level
neighborhood of a reaction vessel containing a dispersion
medium having a viscosity of 100 Pa second or less at 20°C or
dilution therecf, and at the same time, water is supplied into
the dispersion medium or dilution thereof from a reaction
vessel bottom level, 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,

wherein the solution level neighbourhocd of a reaction
vessel means a space from the mixing blade in inner ligquid to

the solution level.

24. The method for producing the dispersing element
according to Claim 23,

wherein a total supply amount of alkoxide and/or metal
carboxylate and water is (.2 to 50% by weight based on the

dispersing element 100% by welight in the reaction vessel.



