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(57) Abstract: The present invention has for its
object to provide a fire retardant resin’ composition
which is not only halogen-free and, hence, eliminating

the adverse effect to the environment and human. -
physiology but also reflecting an excellent fire -

- retardancy imparted to a polyphenol having inherently
favorable physical properties and heat resistance, The
present invention is a fire retardant resin composition
comprising a polyphenol compound and an jnorganic
microfine  particle, ~wherein said polyphenol
compound has such a structure that aromatic units
each having at least one phenolic hydroxyl group
are connected to one another through an organic
unit containing two or more carbon atoms, and said
inorganic microfine particle is a product of hydrolysis
and condensation of an alkoxide compound and/or a
carboxylic acid salt compound.
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5 April 2005 1 DESCRI PTI ON FI RE RETARDANT RESI N COVPOSI T ON, METHOD OF 1-TS

PRODUCTI ON, SHAPED ARTI CLES COMPRI SI NG THE SAME, AND SI LI ca° fpdhddfeal .

FI ELD The present invention relates to a fire retardant resin conposition,

SR RN T

article thereof, and silica. BACKGROUND ART Pol yphenol s are thernosetting

and their Bulld®R. GB.ERAHULE 6AUekAitdi PT. 8Rc efot @nedp byts nclalierohasiaebserradbecsuiand -

15 heat r e?rmﬁtsé% T, Of’tpﬁ%“:g’é% DRBGH L BYe dreedarde Godasznd Ahproratiamtarredringhast ieiial
materi al s, CWANCH: S MR TS 8% TPo ol di ng HECErs arder s 4rdCEFFElEs for i nks,

pai nt s, Pupbshtsk shes, adhesives, etc., raw nmaterials for epoxy resins, curing

agent s, “et'# inggpatosl regrgf: rardfant age of their 20 characteristically high

el ectrical insulation properties, polyphenols also exhibit remarkable

el ectrical insulating properties, so that they have been favorably used

for conposite electronic materials such as printed circuit boards,

sem conduct or encapsulating materials, inks, paints; 25 varnishes; and

adhesives as materials of - the electronic field. In those fields where

pol yphenol s :are applied, high fire retardancy shoul d be required. For

exanple, materials obtained by adding 10 to 50 weight parts of a fire 30
retardant additive, such as. a brom nated epoxy resin, to 100-weight parts

of a polyphenol resin-are in use. However, sonme of such hal ogen-contai ni ng

conpounds generate -toxic - hal ogen gases on incineration and the, burdens

~and ill- -effects on the environnment and human physiol ogy are '




35 seriously concerned in case of incineration of used or__5 April 2005 2
~waste products or thermal recycling by recovery of heat. Fo?APHiZ)0peason
as a fire.retardation technol ogy w thout using hal ogen-contai ni ng
conpounds, materials ,containing phosphorus-conpounds are being expl ored.
But 5 sone of such fire retardant additives detract fromthe nmechanica
properties and noi sture resistance of shaped articles, not to speak of the
risk for the eutrophication of the soil dr natural water by
phosphorus-containing pollutants fromdi scarded products and waste

materials. It 10 is urgently needed I novel fire retardation
technol ogy conpletely different fronpgﬁgié%ﬁggﬁf of using a phosphorus

conpound, which will be hal ogen-free and providing for not only good fire

retardancy wpirgh AkReaRPEHY f [ ials for electronic use,
15 adhesives, paints an%gﬁhgﬁgggerggpgghggﬁ?hgﬁﬁgé%%5%]é%snghﬁnggépNand
el ectrical charact 6FPSEPCSRTRELESr CAYPRASTNG [iHE0SANEL, , AkapgnesenKokai
Publ i catign Hei-9-216938 di scl oses a nethod of producing a phenolic

resin-cured epoxy resin which conprises subjecting 20 a silicon al koxide to
hydrol ysis and pol ycondensati ori i AEGENSEPLt FGRISf a phenoliic resin

consi sting of suchrgeshEdgLHEE L1 RAL ; ALOMBY I nits_having phenqli '
hydr oxyl groups are ec%nneqtedl?o o%éégngg é?egh?%u8h§ékﬁefEg?gﬁgngroup
cont ai ni ng oh&S&hr BBRPaEs ML CBndauBRRfothe fr psolduichgg25hehénoki cetardant

resin-si|iCarégﬂﬁ|@&m§§s§t§HﬁLn9_ég?ﬁﬁienkﬁhpgsiWﬁBR @Bn%ﬁ?ﬁ!nreﬁhg to
cure. ve sinc sgld phenolic resin-silica conplex TOr use as the

curing ent%ﬁﬁﬁsrﬁ frdpphyraELIRoFcBRPFiLELeRt Ri sRapetardincye therphEnolic
resin- curedaepoxyiiesin produced by this nethod does not have 30

sufficient fire retardancy to replace the materials produced by using said.
brom nat ed epoxy resin, said phos Ul or other fire retardant

additive. Thus, fRolpsheheThnacal tEephbsEEeahioRnMasleap! My desired in
this reSpe%ormulatio_n exhibit excellent physical characteristics and
15 heat resistance, thus polyphenols are regarded as important
industrial materials, which are utilized to molding'
materials, raw materials for inks, paints, varnishes,
adhesives, etc., raw materials for epoxy resins, curing
agents, etc. By taking advantagé of their
20 characteristically high electrical insulation properties,
polyphenols also exhibit rémarkable electrical insulating
properties, so that they have been favorably used for
composite electronic mate;ials such as printed circuit
boards, semiconductor encapsulating materials, inks, paints,
25 wvarnishes, and adhesives as materials of the electronic
field. |
In those fields where polyphenols are applied, high
fire retardancy should be required. For example, materials
obtained by adding 10 to 50 weight parts of a fire
30 retardant additive, such as a brominated epoxy resin, to
- 100 weight parts of a leyphenol resin are in use. However,
some of such halogen-containing compounds generate toxic
halogen gases on incineration and the burdens and i1l
effects on the environment and human physiology are

35 seriously concerned in case of incineration of used or -



35 -Japanese Kokai Publication Hei-11-92623 discl oses a 5.Apr|I 2005 3
nmet hod of producing a phenolic resin-silica conplex which d%ﬁﬂﬂl
subj ecting a silicon al koxide to hydrolysis and polycondensati on |n a
nol ten phenolic resin. However, this conplex cannot contribute to
expression of sufficient fire retardancy, either, with the result that
‘further technical sophistication should be devel oped to provide pol yphenol
conpounds - with fire retardancy as good asZenabling production of
hal ogen-free conpositions Meanwhile, as a fire retardation technol ogy,

Japanese 10, i ation i-10-36686.di scloses that a resin
conposi tion C%ﬁ%?l Fﬁg a Fegfntgbﬁm?g TEGHGENL: PEnTBFBYGEY ©&f N§aBefi ned

met al al koxi de as ﬁarnthmapneem®s,has geffaknretaverabbe €hanaclegystics

such- as heat aj ver er_techni cal sophistication nust be

al so studledwggﬁ?§£ Gg s%ﬁ??% eﬁ?n%FFEngtﬁpﬂﬁﬂB9d?0 BREEEFMBAPC

materi al s, ,ﬂ@nt&hstaQCEhOthohesﬁuompodaﬂana$e Kekaiy QMphb@éHLOBut

2000- 31314 | ose t o] ti .to_the, dr ot her mal-, tr eat nent
&4 dbacl gzesudn! eghn L&gxr&s§ agégévgﬁapﬁgga?g Erga

of the anorphous silica having sur Fg and a
uni nodal por@eQba@lQﬁétErOHEStlebuandnmmushumethes$st&ncange ehagldto 2,500

nanoneters, apd;ag.gst LRt gg Q%e%anofueh AL ggg@Sgh%he58§g2§583ﬁ2g9?5n0|S

contai ning at [east 10% of
However, the%® t%%n?%hbugrsnatééahugatbe bysphnﬁpboruproundaknlpgov|de 25

suffici ent f?éﬁlu@éﬁEQaBEMm MDELOVRE A %PSdﬁE?EaEBB'Q sPL. materlg} i ol ve

hydr ot h rnal y-treated silica sanples est noD invarra
an al kal'® t reatWegenhhy, neadeds be edeveher @e@hﬁ@ﬂo@hcalrehaodatmon is also

needed to ap@édhwl@%yt@sxhﬁpé@gyyvmbﬁ&eﬁeyfr@mbkﬁgﬁcbﬂc Q %febgu‘?& a

el ectronic 3 materials where [iabilities afe a
al kal i es. FUftheErores 9%%%%%%%fMﬁ%h?hpﬁblichﬁlbﬁlPﬁﬁﬂgerQSQGQ dlscloses a

t her noset t i ngréesd ingofpeShdt Odsmpogmcsasrﬂge(&téraﬁ'ﬁé{,“)&ﬁi&h“grées' n, (B)
an - organopolygl | LXaN8s AL AL { NS T ONRL L PL 0P LRt LY e M LN e
’
15 adhesives, paints and the like, but alsoc the favorable'
mechanical and eiectrical characteristics.

Referring to the prior art, Japanese Kokai
Publication Hei-9-216938 discloses a method of producing a
phenolic resin—cured epoxy resin which comprises subjecting

20 a silicon alkoxide to hydrolysis and.polycondensation in a
solution of a phenollc resin con51stlng of such a structure
that aromatic units having phenolic hydroxyl groups are
connected to one another through a methylene group
containing one carbon atom, and using the resulting

25 phenolic resin-silica complex as a curing agent, mixing
with an epoxy resin to cure. However, since said phenolic
resin—siliqa complex for use as the curing agent does hdt
provide for sufficient fire retardancy, the phenolic resin-
cured epoxy resin produced by this method does not have

30 sufficient fire retardancy to replace the materials

- produced by using said brominated epoxy resin, said
phosphorus compound or other fire retardant additive. Thus,
further technical sophistication was deeply desired in this
respect. '

35 Japanese Kokai Publication Hei-11-92623 discloses a



35 silanol groups, (C) a silicon alkoxide, (D) a catalyst for 5 April 2005
_4 the reaction of water with the silicon al koxide, and (E) ahAPBraf4Ri c

sol vent. However, even this thernpbsetting resin conposition nust be nore
inproved in order that it may express sufficient fire retardancy with
~certainty. SUMWARY OF THE | NVENTI ON According to a first aspect, the
present invention provides a fire retardant resin conposition conprising a
pol yphenol conpound and an inorganic mcrof¥ine particle, wherein said '
pol yphenol conmpound has such a structure that aromatic units each having
at least one phgnoli yl _gra are. connected, to one anot her through
‘an  organic unit concgfaiﬂr}lyo%&%&vr\bg gar p#gprréoﬁ T boTe Ut otsl L G C U P eYigani ¢

i crofi ne pardmRilgss &yrimtutingfa mljir@irySaUSk@mHéIOﬂdqgﬁ%dl%iq A
al koxi de composmgl. anel .g..carboxylic acid salt, compound. According to a
second aspect’, the pr erfsg{aanttlacinn\a/lergt%onlho%reorbip Y et ol ﬁPb’&H@Fmgghlei re

retardant resiARgHpEEHNIGN aonprilyirg @ potynhenion cOMPOUNG @t @arF; re

i norgani cs mycdf 4 e JRAS td jicdh camprises, @ (St f_subjecting

hydr ol ysi s and c_ond_eogéat iloqgrﬁf\eoﬁ"mg&nl.c%l? Koxi dgeesg'lo o'%}‘%‘paﬁb*?@?eﬂa et ¢

acid salt corffBUHe iirad issl whicsd & dm alevelpmedaly phenalde qaimaungchavi ng

such a structdoupdiiats aiamtd -(‘réjrliétsa]%q.n:; Vi t_least .ane phenolic

hydr oxyl gro&ﬁngF Qghnébtedj'to one anot e?giﬁggﬁgﬁ%m$Qﬁ%ﬁﬁﬂ%:unit

cont ai ni ng t Ctivne cdalBdp darorfree BopprdditA@0Es 4a According to a third

aspect, the presenteanw®AllieOn zRr QVirdes, & : r ci.ng._.a ire

retardan%ore ' QOEP Ltiog col risin aegggégﬁé%b Qﬁ%@%ﬁﬂﬁﬁ§yén8%§ﬁnese

i nor gani n#%ﬂﬁ?i égééFPFéP@, '799%§ﬂﬁﬁq cdosteep tfatswbjrectiong

hydr ol ysi s am@mp@@ﬁdﬁ@&ahb@@rQ%i®@'%l&%ﬁﬂﬁadﬁﬁﬂ%%%”%d%8¥ﬂ§éﬂid%?%%%ﬁ¥%hC
or e

ont.ai ni ng a react ant mat eri a

acid salt co und, i.n_a sol ution ,
pol yphenol CgﬁgguﬁgﬁQned metal afiox1de as main components has certain

favorable characteristics such as heat resistance. However,

further technical sophistication must be also studied to

,15 impart sufficient fire retardancy to electronic materials,
for instance. Furthermore, Japanese Kokai Publication
'2000-313614 discloses a technology relating to the
hydrothermal treatment of the amorphous silica having a
surface area smaller than 30 n@/g and a unimodal pore

20 diameter distribution within the size range of 30 to 2,500
nanometers, and as estimated by the nuclear magnetic
resonance signal, containing at least 10% of Q? silanols
and less than 0.5% of Q% silanols. - However, these
amorphous silica must be also more improved to provide

25 sufficient fire retardancy. M0reover, the preparation of
hydrothermally~-treated silica samples in the best mode
invariably involve an alkali treatment and, therefore, some-
technological innovation is also needed to apply this
technology without any problems in the field of electronic

30 and other materials where liabilities are affected by

- alkalies. Furthermore, Japanese Kokai Publication Hei-9-

208839 discloses a thermosetting resin composition
comprising (A) a thermosetting resin, (B} an
organopolysiloxane having functional groups reactive with

35 silanol groups, (C) a silicon alkoxide, (D) a catalyst for



According to a fourth aspect, the present invention provides a curable fire
retardant resin conposition conprising, as essential conporeApd 20Phe fire
retardant resin conposition according to the first aspect and a conpound
having at | east two glycidyl groups. According to a fifth aspect, the
present invention provides a sem conductor encapsulating materi al
conprising, as essential conponents, the fire retardant resin conposition
according to the first aspect and a conpound having at |east two gl ycidyl
groups. According to a sixth aspect, the present invention provide a wiring
a board insulation material conprising, as essential conponents, the fire
retardant ré$ fe@6g6di Ciforvadedortitly theo stild dar stl kesgeist, amdi gE¢ospound
having at logashionecthisitdyl nolavas, AGEArELAY tR-RuSEXRDt A aspert, the
present invention provides a shaped article obtainablée by gurlng t he
curabl e fi FETPECATARR WSS e B3 6s i HRa® vask drdiorgletro thiee ficuraly aspect. 5

Apri| 2005 e4dp rieeokdifid clieran mirghtrh 3sesley WIS HPIRTE Hijvention provi des
a sem conductor device obtainable by sealing with, an cuyfng of , the
sem conduct or encapsul ating material according to the fifth aspect.

According to a ninth aspect, stireay eSeNtyt NMeREProPpr ovi des an el ectric
W ring board obtainable by curing of the wiring board insulation nateri al

according to the sixth aspect. According to a tenth aspect, the present
i nvention provi#feegrdingsiol # diast veispect) theapreseat invertnt 1anda. £ fedkdgdef rgxot her m
L scanning. calorinetry

per unit Ssifl o rved in differential
and/ or di ff‘ag?esﬁtéﬁgﬁﬁgﬁséﬁ%? d ngrlloig?népoluﬂ&%{ﬁaﬁi’xiorgag’ccr"é‘&rﬁﬁ%ftpa{m to 400C, and
has not | ess thanePePAlsROH ﬁ@&%ph@ﬁ@lzcgm Hugh hbgt%g%%lﬁig%éns%t ratio

ituated in the range 0F “*120 to

A3/ A4 obt ainabl e spliitting a peak

- 80 ppn1iEhﬁgSFyofﬁﬁﬁﬁSBNWﬁssSé@PrBﬁéﬂﬂﬁ Bt 8 eas@B osiel pbancddponent and a

QQ silichydoupgnegroup Apel LoddB5tde kB Yhewabtills ahoyqalare of the
ide

art, the ggggegt invention.has for its object to prov frre retardant
resin conposttion™hhi chor aﬁBﬂ“SnFVOhQFo@@ﬁﬁfﬁéébQﬁdﬁﬁheﬁeeandelininating
the adverse effexidtinéhgarbyi nOBPBREnANE, PHNBN. @QY§'?E88McP“5fa|SO
reflecti érg Q.degége of fire .retardancy_inparted to a pol yphenol
havi ng iﬂﬁ%ren%?yls condensation of an alkoxide compound and/or

a carboxylic acid salt compound.

According to a second aspect, the present invention provides a method of producing a
fire retardant resin composition comprising a polyphenol compound and an inorganic
microfine particle,

which comprises a step of subjecting hydrolysis and
lpondensation of an alkoxide compound and/or a carboxylic
acid salt compound in a solution containing a polyphenol
compound having such a structure that aromatic units each
having at least one'phenolic hydroxyl group are connected

to one another through an organic unit containing two

or
more carbon atoms. '



favorabl e physical properties and heat resistance. The inventors of the
present invention conducted an intensive research to establ§4prl2005
technol ogy for nore effective fire retardation of pol yphenols and,
inspired by the usefulness of a resin conposition conprising a polyphenol
conpound having a defined structure and a defined inorganic mcrofine
particle. Utimtely they found that 4he fire retardancy of the cured
article is enhanced due to the structural feature such that aromatic

units each having at |east one phenolic hydroxyl group are connected to
one anot heAcwdrting &na thivtl@speetn i presery anvientianmirovides @bethad of pradweinpe nore car bon

atons. Th al so.found that M qle]s J 1 I { 1S a product
of hyngf %ﬁ%ﬁ13%%(?gﬁ%g%%a?réﬂgggq%ﬁggﬁk%ﬁfhg&gon%gﬁﬁg%bhgk%wba

car boxydrofinegaititlesal t conpound, particularly a product obtainable by
conducti ng Qég%%gysis apd condensation reactions in a so]lution containing

“either the r ntOMRL 375 ot $BFP 20 hof Yphenblng ompdtmty vS ta1! pol yphenol

- conpourshd@sn e hon WFE Chin exhkbik L deNESRpHNEE SRR B PN Of athex y1 O gani ¢

m crof i ne par%&cle in the, resin conposition and excellent fire retardancy
of t hf Tt et bl TR Ly ndr P SEttoRt FRREARIRG I e PRPFBRenent i nduce
that teterisBdfiartiled epsDubdexhi bbhipsuhdicient fire retardancy for 5
April 2005 5 nolding naterials for electrical uses, inks, paints,
var ni shes, adhesives, etc. without addition of the conventional fire
retardant additive. It was also found that a defined conpound, such as an
ether, is further 5 included in the formulation, which results very
suitabl e caAcpeting foonfofutt aspedtsthe prebant BIventign PEAvisies i €4rablyfies 151aE@pht

i nventian has heen accor di D thENGe irQMB R Qéshn Edaipbiigsn expl ored
into tiE"FEYRY 5P68§mn?%?a%%%%ﬁ%?%ﬁggtﬁ%%poten{ial of substances to i mpar t

fire 4doririzas thaficyaspect nekd qosrpband hagiag ptdeashivodygiybBAEt of highly fire
retardant resin conpositions and with their attention directed to the fire
retardancy-inparting ability of silica

According to a fifth aspect, the present invention provides a semiconductor

encapsulating material comprising, as essential components, the fire retardant resin

composition according to the first aspect and a compound having at least two glycidyl groups.

According to a sixth aspect, the present invention provide a wiring a board insulation
material comprising, as essential components, the fire retardant resin composition according

to the first aspect and a compound having at least two glycidyl groups.

According to a seventh aspect, the present invention provides a shaped article

obtainable by curing the curable fire retardant resin composition according to the fourth

aspect.



on resins, and they found that mcrostructure of silica wll| cause
formati on of H20O by dehydrative. condensation of 15 silanol ot 80089 high
tenperature, and that the concentration of organic |eaving groups on the
surface and interiorly of silica can influence the efficiency of fire
retardancy-inparting ability to be applicable in the field of electronic
conponents. The inventors arrived at t4¥ 20 investigation that a sufficient
fire retardancy-inparting ability can be insured with certainty by

eval uating the exothermobtained by the differential scanning calorinetry
and/or differential thernmal analysis of silica under defined conditions in
conbination with the integral 25 intensity ratio A/ A obtai ned by

29Si - DD/ MAS- NVRAc@pibng to aneightyi aspgett, thb ipfes€@® v ioh @rovidBsedficondictbridedieqr al

intensity rat.i / r.epresents .the peak area valye of the B silica
conponent (ﬁ%%ag’le@?ﬁﬁa@l% 3’1”%5‘1“% ﬁ“‘mgcﬂf’;fge SCHGORAYHAr e{qusgﬂg?g oalsiel 369t 3 and

A4 represtetiiedifthmepgeeak 30 area value of the Q4 silica conponent whose
nunber of Si04 groups adjacent to a silicon atomis 4. AQ/AM is the

val ue cal culated fromthe respective integrated peak areas obtained by
wavef orm separati on of respective peaks. The inventors further found that
a silica having,a od fire 35 retardancy-inparting ability as judged by

t he above 5 Apr‘i\‘fco%@gmé‘ r%’sléfiﬁ’ﬁ‘fti %‘ﬁ PFRETH, SRy e PROvieg AR glegtri é"-“il‘tgtb&?%ant
resin combediabledy cotimy itz wiihgbtahl iasukditioh aatehisl dardind to i sidigptdtr e
retardation technol ogy wi thout enploying any hal ogen contai ni ng conpound.
The present invention is based on the 5 above investigation. The present
invention, therefore, relates to a fire retardant resin conposition

conprising a po engl ¢ ound and an inorganic m.crofine particle,
wherei n sai d ﬁ%%&%ﬁ@%%?w@gggﬁﬂhgwHﬁ%?%ﬁ@ﬁ“@ngFWﬁ%%%¥@mthat aromatic 10
uni ts each havi ﬂﬁiéﬁ LEESH, ONEoPRERRL C3 NYdE XY, g?%@o@ﬁérm'cﬁ@?eﬁ ed to

one another with an organic unit contalnlng t _nore carbon atomns, and
sai d i norgahtcmaiser bheneof as observed in differential scanning

calorimetry and/or differential thermal analysis in an air
stream at 100°C to 400°'C, and

has not less than 0.001 nor more than 2.0 of an
integral intensity ratio Ags/Ag obtainable by splitting a
peak situated in the range of -120 to -80 ppm in ?°Si-
DD/MAS-NMR spectrometry into a Q® silica component and a o

silica component.



particle is a product of hydrolysis and condensation of an al koxi de
compound and/or a carboxylic acid salt compound. 15 The preseARili2A0®nti on
further relates to a silica which has not nore than 3.0 cal/g of exotherm
per unit mass thereof as found by differential scanning calorinetry

and/or differential thernmal analysis in an air streamat 100C to 400C, and
has not |ess than 0.001 nor nore thangZ0 2.0 of integral intensity ratio
AQB/ A4 obtainable by splitting a peak situated in the range of -120 to
-80 ppm in 29Si - DD/ MAS- NVR spectronetry into a B silica conponent and a
& silica component. 25 DI SCLOSURE OF THE | NVENTI ON The present invention
is now described in detail. The fire retardant resin conposition according
to the present i Mremtiicoh ofi nde sV attiadre ast ahwoladitng timet @mieslentf or

el ectron ¢ Y SHLALS ol Gg AW RaH Al Tor Lilapal e JLearplghes,
adhesi ves, ‘étc. and comprises a polyphenol Pcorpourid and an inorgani c

m crof i ne pasiclemnmidhidraghigdf fisimet dnke hateyataroyed andudience,
appl i cati ons.; ; I 1 t
rormt ¢ oy AR NG o CATOLN 11 ySircialelic b hubdn.
connect ed tRAMWHO lat fart i kgp dre oreining uniti B AmdrneeEds fArEont ai ni ng two

or nore carRan 00 RYHTdP%d A LS GhouE P HRRRNGInHeRaund, the

aromatic unit means "an aronmatic ring having at |east” one phendlic hydroxyl
group. Thi fadiomdtic RN Gal Pranetsis mid dpad gitsdditagiCeequi val ent

structure and, sugh anRIERAs o MIHOPHNANRE, RRRMNCL RAdNeenah,
bi sphenol, and biphenyl, etc. are preferred. The nost preferred, anong

these, is CHEPIFEAS *QFFEUY &0 BE ety hIATGERIY LoHANTS or
equi val ent egtfdeativiee fiale he p=admtet YoodlOdsilid wWed Bnspikdd by

pliiene, i e o phendsnerand e Sl grgpes. Fefefrina
polyphenol compound having a defined structure and a
defined ihorganic microfine particle. Ultimately they
found that the fire retardancy of the cured article is
enhanced due to the structural feature such that aromatic
units each having at least one phenolic hydroxyl group are
connected to one ancther with an intervening organic unit
containing two or more carbon atoms. They also found that
the inorganic microfine particle is a product of hydrolysis
and condensation of an alkoxide compound and/or a
carboxylic acid salt compound, particularly a product
obtainable by conducting hydrolysis and condensation
reactions in a sclution containing either the reactant
material for a polyphenol compound or the polyphenol
compound as such, which exhibit uniform dispersion of the
inorganic microfine particle in the resin composition and
excellent fire retardancy of the cured article. A
synergistic effect of these improvement induce that the

cured article could exhibit sufficient fire retardancy for



the- organic unit neans a noiety essentially containing carbon and
_connecting to the constituent aromatic units of 15 the pol yphéR#12088mpound.
- The organic unit having two or nore carbon atons preferably has a cyclic
structure. The «cyclic structure nmeans a structure containing a ring such
as an aliphatic ring or- an aromatic ring, for instance, and the preferred
ring includes a cyclopentane ring, a 20 cycl ohexane ring, a benzene ring, a
napht hal ene ring, and an anthracene ring.s Moreover, the organic structure
preferably has a nitrogen-containing ring structure, such as a triazine
ring or a phosphazene ring, and/or an aromatic ring, particularly
preferably hd¥E¥9 $AT ¥y T95 dfdtedcad asesat ilaks,ngaifite, pol yphenol

conpound may Jave I ATHYHkG  URIHS qu@Og&g%E%ﬁiiggu%&u%%% in addition
to the those ngﬂ}i ned .above, and may further additionally have a
structure suct’ fﬂ%ﬁo ShE R d8adh akshitdgreat Feagesoaksphématd c 30

hydroxyl groupar @ cerfrieciceddp e, aRAdReh sWahh o7 < g3ni Cfurlﬂﬂ'e%

cont ai ni ng OQSKﬁQ%EP .atgﬂ%ﬁggtgﬁéene). In_the case where the pglypehnol
conpound henti oned - abov OF At pEn- MBACK Ky ltisngyestr sudtrblas sai d
or.gani ¢ uni t ,conipe siittirong 6o rc dnikent pas nisebarakayni shas50 18 Sarp If it
is less than 1. nmss % plding materials. for 5 April 2005 8 efectronic
conponents, adnesives, pai Mss ECECTaPIbYsSepeyoPBe deficient in fire
retardancy and, ifThe énveedsr50fumsaert eRPYoRaRPeRtbNBhePR¥EHEEb10qy
properties c (o] |l reconciled.with _fire retardancy. The nore
preferred 5%$§n§gg§ga {5 §§eng§§eag&ﬁ& Plie SUPPIFPRBPe TR éMBRFEJTEBRge i s
5 to 20 hBss rgtaThlengivt togersiost éotr netetinedhtodabevepnkatt BE RegEEPt age

o R o SLESCEREEL AL BT ol R0R0e 8 s REL SREREL EERORE
10 The p0|ypﬁéﬁgptggnﬁguﬁaeu§é@eimethgdhn;gﬁﬁmpart$ngpabﬁeEablMﬁtﬁﬁlica
conpound pr oducedsingm bia kRaG! $BhnlRkALLhs c£3SERLERLLY SRMBI}SLN0 @
_ will cause formation of H,0 by dehydrative condensation of
15 = silanol groups at high temperature, and that the
concentration of organic leaving groups on the surface and
interiorly of silica can influence the efficiency of fire
retardancy-imparting ability to be applicable in the field.
of electronic components. The inventors arrived at the
20 investigation that a sufficient fire retardancy4imparting
_ability can be insured with certainty by eﬁaluating the
' exotherm obtained by the differential scanning calorimetry
and/or differential thermal analysis of silica under
defined conditions in combination with the integral
25 intensity ratio Aga/Ay¢ obtained by 2°Si-DD/MAS-NMR
spectrometry. In this connectioh, Bgs of said integral
intensity ratio Agi/RAgs represents the peak area value of
the Q° silica component whose number of SiQ, groups
adjacent to a silicon atom is 3 and Agy represents the peak
_30 area value of the Q' silica component whose number of $i0Q,
groups adjacent to a.silicon atom is 4. Ag/Bg is the
_value calculated from the respective integrated peak areés
obtained by waveform separation of respective peéks. The
inventors further found that a silica having a good fire

35 retardancy—imparting ability‘as judged by the above



aromatic unit having at |east one phenolic hydroxyl group-- (hereinafter
referred to sonmetinmes as an aromatic unit 15 constructing coPBi#®Poand a
conpound for constructing an organic unit containing two or nore carbon
atons (hereinafter referred to sonetinmes as an organi c unit- constructing
conmpound). The reactant material referred to above neans a 20 m xture
essentially conprising an aromatic unit- constructing conpound and an
organi ¢ unit-constructing conpound, optiahally containing other conpounds
where necessary, as well as a solvent and/or the sinilar which- may be

required for carrying out the reaction. As said 25 aromatic. ‘
uni t-constr ucet‘farfd'}/actolgjdbd‘}?dt% By gnitcl it -figmmsetirstdarng: emgiound, eit her

~one or two orcampesispiesi eson GAM RS ReGH @'%lQ%$%®-us%larWtﬂ&%h fire
uni t-constructlt\rll%mgarqcrr.pou&d referred to. above may be any conpound
ot &<

avi ng
either one or' 1 AP PREYo I IE TR SR Gras STt tedivaeno an
aromati ¢ ri ngecarith imEynaddidgcanal .| yThavereseher iaheneh oh@ s0ha iR on the

substi t uegt . Qt her. than hydroxyl. The preferred species of sa
aronatic gni tag{og}(#gétnsjfcs‘[etiw@%&%ound i ncl udes phenol, o-cresol, mcresol,

35 p-cresol, o-et hylhghenelseny- enfvghphieng! the rEpdd,e refl atesb APk lr2205 9
cresols, p-h yl ol - n-.pr.opyl phenal ,, o- isopropyl phenol,
p- i sopropyl p)h&ceé:lo )&g&m xtglejip}e c(?frr%c’lss}f)%ﬁlppé%ﬁ%ﬁ}?gﬁtﬁ@g & fedvmisdnenol |
mtert-butyl srapsiund anderar Butoyigand ok, i qrerttiyep enalic ik, 06dARhen@hkiap 5

nonyl phenol , - di_neth |, +2,.4-di me thyl phenol; 2, 6- dinethyl phenol
" 3, 4-di met hyl Eﬁ’elﬁlfﬁi‘l,erﬁg’,lﬁéé’l%?er&% GE5T SishoR S%P%E&rﬁettﬁﬂtpﬁéﬁﬁ‘la,tlc

2, 6- di - sé€- bunyligsheneh, havdndi atediastiuoplepprololic hydroxyl group are

3ot byl -6 | S o Pre; ARy, ey G R RIE Rt containing

3- et hyl - 6- t &MO- |93t PopRe g8IrboR- Bépmshuyld s4iet Hyloplendle, meiceofihe

g:gL Sg rieﬁclsgap%iﬁicqfe 33l d perRarRd,ehaving 14,wq Lor e phenalic hydroxyl

_ aikoxide compound and/or a carboxylic acid salt compound.

15 | The present invention further relates to a silica
which has not more than 3.0 cal/g of exotherm per unit mass
thereof as found by differential scanning calorimetry
and/or differential thermal analysis in an air stream at
100°C to 400°C, and has not less than 0.001 nor more than

20 2.0 of integral intensity ratio Ap3/Bgs obtainable by
splitting a peak situated in the range of -120 to -80 ppm
in *°Si-DD/MAS-NMR spectrometry into a O silica component

and a Q' silica component.

25 ' DISCLOSURE OF THE INVENTION
The present invention is now described in detail.
The fire retardant resin composition according to the -
present invention finds application as a molding material
for electronic materials or a raw material for inks, paints,
30 varnishes, adhesives, etc. and comprises a polyphenol
compound and an inorganic microfine particle, which has
sufficient fire retardancy for such applications. The
above polyphenol compound has a structure such that
- aromatic units each having at least one phenolic hydroxyl

35 group are connected to one another with an organic unit



catechol, resorcine, biphenol, bisphenol A, bisphenol S, —bisphenol F,
etc., and conpounds for constructing 15 pol ycyclic aromatic @APk2008uch as
a- napht hol, (3-naphthol, etc., can also be used with advantage. The
preferred species of said organic unit- constructing conpound include (1)
aromati ¢ conpounds having any of a-hydroxyal kyl, . a-al koxyal kyl, and

a- acet oxyal kyl 20 groups, (2) unsaturated bond-contai ni ng conpounds, (3)
car bonyl group-contai ni ng conpounds, such7as al dehydes and ketones, (4)
conpounds having two or nore kinds of said specific active groups or

active sites ggd.$5é cgﬁgounds havigg any of am no, hydroxyal kyl am no,
and 25 di (hyGPBk§alk)F) SHPnB gPBHps C2ASOPh&teRF -ar omati ¢ conpounds ref erred
to above, the folkefiengicgnpoubds avevprpbeibadnoR- ¥¥hyben., gkyeol, p-

xyl yl ene gl L et hyl . et her - di acet oxynet hyl benzene, m xylyl ene
g?/y)éol , n? xﬁ%%%’é% ‘i}c{%F I&‘Fﬁ%?hgf‘ E‘FHBF?% §6n)éi he¥ipdy At ﬁ?ﬁ%ﬁ%?éﬁe,

p- di hydr oxyi sbgnopytbepdearyl pgrdupet htixys sepsegyl benzeneis a moiety

p- di acet qxyi ylL b , trihydrox t hyl benzene, ’

e hydr oy SavSay) Berbehat” o Pt RoRUHE RO FBERDEReRHd, such ad phenol,
t ri met hoxyi sbpaopqlbeazenenaghiholdi hntdhoxyeebhy! bippasybl, and :

4,4' -dineth bi ny 3 ' - di,acet.oxynet hyl bi phenyl ,

3,3 - di hydrg¥%§%ﬂ%{bi %Eghy ,re5‘§’/i§?ffelfr§805 B FPL HTR $E0Y4; anong

t hoxymet hyl bEpaeayl 1s3tRe-phepel oxprmehylibephellyd ,moiety having such a

4, 4" -di hydr ! r i ‘ ‘- diLnet h i sopropyl bi phenyl ,
-4,4'-d:agetgg%%éggrggg%g?gﬁ§£§+F égfchgkﬁy%?§§§%58§P5g§FBh8ﬁ§H§I; 3,3 5
dinetho£§¥so%?%%?%%?%ﬁ@n?Y,aB,Blrdaékﬁﬁex?bsapaébylbiphenyl, phenylene,

2,5-dihydroxyﬂ@tﬂyéngpﬁib@ieggmugs5- di met hoxymet hyl napht halene,
2, 5-di acet oxynet hyl napht hal ene, ~ 2, 6-di hydr oxynet hyl napht hal ene, 2, 6-
di met hoxynet hyl napttHaaehed, 2ferdhatet bxyhbe hgbauphpe byehendl compound,

2, 5- di hydr oxyhe opr 9yl Oaphi haheses 2. RoiacfsScthenf 2l vpsabyrat fdng
bond-contalnéggbggngg qggnnecting to the constituent afomatic units of
15 the polyphenol compound. The organic unit having two or

more carbon atoms preferably has a cyclic structure. The
cyclic.structure means a structure containing a ring such
as an aliphatic ring or an aromatic ring, for iﬁstance, and
the preferred ring includes a cyclopentane ring, a '
20 cyclohexane ring, a benzene ring, a naphthalene ring, and
an anthracene ring. Moreover, the organic structure
preferably has a nitrogen-containing ring structure, such
as a triazine ring or a phosphazene ring, and/or an
aromatic ring, particularly preferably has a triazine ring
25 and/or an aromatic ring.

The polyphenol compound may have other aromatic units
and organic structures in addition to the those mentioned
above, and may further additionally have a structure such
that aromatic units each having at least one phenolic

30 hydroxyl group are connected to one another with an organic
unit containing one carbon atom (methylene).

In the case where the polypéhnol compound mentioned:
above has a nitrogen-containing ring structure as said
organic unit, the nitrogen content is preferably 1 to 50

35 mass %. If it is less than 1 mass %, molding materials for



referred to above, divinyl benzene, diisopropenyl benzene, “Iréxfgmiggnzene
. triisopropenyl benzene, dicycl opentadi ene, p
'_d|nethoxylsopropylnaphthalene 2,5- di acet oxyi sopropyl napht hal nene, 2, 6-

di hydr oxyi sopr opyl napht hal ene, 2, 6- di nmet hoxyi sopr opyl napht hal ene, 2, 6-
diacetoxyiSopropyInaphthalene,etc. nor bornene, terpenes, etc. are
‘preferred. 20 As the (3) carbonyl group-cont ai ning conpounds referred to
above, various al dehydes and ketones contdé ning 5.to 15 carbon atons are
suitable and nore particularly, benzaldehyde octanal , cycl ohexanone,

acet ophenone, | dehy, hydr ax acetophenone crot onal dehyde, 25
Ci nnaﬁal dehydee Eh:M%;/ox)a{fllj %&)uot arat_1 derﬁ%be ‘é@eprﬂaﬁé!ta? é?ﬁf%}e may possibly
cycl ohexanedit&a “ﬁﬁﬁﬂﬂflﬂrﬁxnﬁﬂﬂﬁmmﬁﬂﬂﬂhﬁaﬁﬁﬁ|dﬁhﬁgeexﬁfEﬁgfi;rlng o
nor bor nanedi ggrdal.dehyd | d et G r referre e

t he (4) corrpg(ﬁﬁr'lsctzlé‘;1 ha\r}l}tngﬂa thag{rp %?ggy&k RS L qs épﬁqrdzjé‘@uc\ﬁ'é‘%@ﬁs or
active S|teswaﬂﬁerem@nﬁﬂéﬁéiwedindhpuunmaah@mmmgra raebagyk grewpraag an

| wd I d i sopropenyl acet ophenone,
Citronel ol torieal s Sa AR e, Ta AT e oA ARG THRGPNG. an
a- hydroxyalk%ﬁ &r ta 2@5m@ﬁwoﬁyalwye gibupgandcantansakruratedd benghbne! udes
5 April 20051%1t%@hb@&Q%yﬁﬁﬁﬁy&ﬁlx@%@ebfd%%%d %éé %%%@t qpthylstyrene

di met hoxymet hyl st yrene, di met hoxymet hyl -
hydr oxynet hy FditFoeRh edz &he, PW}&@@%@@étW@m@pmgdprwp¢Mb¢mEem©tal mass of

et hoxymet hylttlievipaY BeRAEGN € c ABIRHSEY 59? Q|k%gp%gpxb enze%e,0 etc. The
preferr species o said (5) Conpounds having any o
hydroxygﬂ%ylanlno ﬁdPB@€HPGP8%y§PE¥PPQﬁIhéedgﬁOUerlmuwadélnalaalne

d|hydroxynetbybﬁekaﬁuyethéocbhb@ﬁ@ﬂOb&E%hE%h”%E@ﬁ?@ﬁe CeLRAUANATL0g; -y
: d|hydroxynethgg%%% gygn%ghgrlslng a compound for constructing an
aromatic unit having at least one phenolic hydroxyl group
(hereinafter referred to sometimes as an aromatic unit-
15 constructing compound} and a compound for constructing an
organic unit containing two or more carbon atoms
(hereinafter referred to sometimes as an organic unit-
constructing compound) .
The reactant material referred to above means a
20 mixture éssentially comprising an aromatic unit-
constructing compound and an-organic unit-constructing
compound, optienally containing other compounds where
necessary, as well as a solvent and/or the similar which
may be required for carrying out the reaction. As said
25 aromatic unit-constructing compound and organic unit-
7 constructing compound, either one or two or more species
can respectively be used.
The aromatic unit-constructing compound referred to
above may be any compound having either one or two or more
30  phenolic hydroxyl groups attached to an aromatic ring and
- may additionally have either one or two or more substituent
groups other than hydroxyl.
The preferred species of said aromatic unit-
constructing compound includes phenol, o-cresol, m-cresol,

35 p-cresol, o-ethylphenol, pfethYlphenol, a mixture of



tetrahydroxynethylacetoguananlne benzoguanam ne,

di hydr oxynet hyl benzoguanani ne, tetrahydroxynethylbenzoguanéﬁﬁﬁ@zmgﬁea
di hydr oxymet hyl urea, 15 tetrahydroxynethylurea et hyl enedi am ne,

di hydr oxynet hyl et hyl enedi anmi ne, tetrahydroxynet hyl et hyl enedi am ne,
hexaet hyl enedi am ne, di hydr oxynet hyl hexaet hyl enedi am ne,

t et rahydr oxynet hyl hexaet hyl enedi am ne, p-xylyl enedi am ne, 20

p- di hydr oxymnet hyl anm nobenzene, m xyl yl ene@i am ne, m

di hydr oxynet hyl am nobenzene, 4,4'-oxydianiline,  4,4"- .
oxydihydroxynethééanilLBe, 4 4'-ge§ Xlenedlanlllne 4,4 -

met hy| enedi hVar8Ryfet Ry PEHFPHAE EhYLPhe AR ng PrRE®E OL YdBREBGAds Ohavi ng a
triazine noi esppsuphlahenellanbre sodrobenpaguananm;na xa¢ekogyanam ne, etc.

: f Th t ant t d ab f bl
e S ORI BRELBIL AL UL TeS AhoLe BrEer SOy porpr 1 =cs

as starting tempeundyApheand, apeanpmpndn@apa L@cqg g:@ﬁbng gt least one of

the 30 t ft f d
10" sonet 1 ws BEVLPAPFERG Conpauntcby HecRelener Artipshpahaheeo bpco

preferably, thwetbaéphanoimt 8;habinesaghphahby,caprrdsesethBusyaphing,

d A f f t t f d .
i e (1) 35t (ARePR ERRERLE % or 8 TR BhLyTRReRaL a2 T ST FRETS Apri
2005 12 conprﬁMle¥n0énd3amcbhp¢uﬂdlsapabpglpﬁehoumlBgmsahgl gFganic unit
{he Sequence ofF eakEPhERor D SeTE L e e ot o R B p AR RO he 2abst e brtrnce, |

‘the sequence of rea eSe sta nce
it is 536¥efér%§FhY£Bhﬁanf|ﬁ adthmnées- thetsbatyﬂpgenompolndeét bst@rti ng

conpound Bl @ngtﬁygﬁ,géﬂglco gundn,ﬁ_z}%e% érereét%é%f . the recfteclt ?‘g’r‘i’ag‘%the

ensur e that startlng e react ore co
reaction bet WBBAENIt @Os?ﬁrWPﬁe ebepolhd Bvdndxylaorpngsconpbude Bl and, for

10 exanpl e, khtbsndtefesableihe, rsggﬁewf SB%&%h@HOEOWOHEQpﬁénoftﬁrt' ng
compound Bl anpd starting conpound concurren
blsphenol F, etc., and compounds for constructing

;5 polycyclic aromatic units, such as o-naphthol, B-naphthol,
etc., can also be used with advantage.

The preferred species of said organic unit-
constructing .compound include (1) aromatic compounds having
any of o-hydroxyalkyl, a-alkoxyalkyl, and a—acetoxyalkyl

20 groups, (2) unsaturated bond-containing compounds; (3) |
carbonyl group-containing compounds,rsuch as aldehydes and
ketones, (4) compounds having two or more kinds of said
specific active_groups or active sites, and (5) compdunds
having any of amino, hydroxyalkylamino, and

25 di(hydroxyalkyl)amino groups.

As the (1) aromatic compounds referred to above, the
following compounds are preferred: p-xylylene glycol, p-
Xylylene glycol dimethyl ether, p-diacetoxymethylbenzene,
m-xylylene glycol, m-xylylene glycol dimethyl ether, m-

30 diacetoxymethylbenzene, p-dihydroxyisopropylbenzene, p-

" dimethoxyisopropylbenzene, p-diacetoxyisopropylbenzene,
trihydroxymethylbenzene, trihydroxyisopropylbenzene,
trimethoxymethylbenzene, trimethoxyisopropylbenzene, 4,47~
dihydroxymethylbiphenyl, 4,4’ -dimethoxymethylbiphenyl,

35 4,4’—diacetoxymethylbiphenyl, 3,3’ -dihydroxymethylbiphenyl,



or react the starting conpound A wth starting conpound B2 in a first
stage and foll owed by reacting the starting conpound Bl in 2ABERE stage.
" This protocol leads to a 15 nore positive enhancenent of fire retardancy
and the reaction product can be applied with advantage to nol ding
materials for electronic conponents, adhesives, and paints, for instance.
More preferably, the starting conmpound Ais reacted with starting conpound
B2 in a first stage and 20 starting conmpoumd Bl is further reacted in a
second stage. The formulating nolar ratio of the starting conmpound A to
starting conpound B utilized for the production of said polyphenol
conpound is pref efdBiefhesymessy lbaphenyl, RoB’ mdiecehamyt8hglbiphemel,

proportion'om,uhed§h@e&b&gi%gpggggggqghéni spal,ber than 1/1, gel ation may
take pl ace i coyrse of production of the'fire retardant resin

th :
composi ti on ﬁ&@&# Y EOPEREYLRVBRENYR, 4nd’iHisketopyopoptbpplbiphdreyl,

starting c0npoGnddAhg&Q@ans@g&épnggph@g§ﬁq goRpOsi tion may possibly be
hardly expre sin% fire 30 retardancy. The nore preferred ratio, ,in terns of
enhanceneht SBPERY*SR SCRECPYLE1PBERYdant  Pésidh acsipsyi.spprop uLD Bhemy Bd

t enper at ur e, 2i, $-ddhydesxyink@RylndphtRAN en@Or e, sthan 8/ 1, and the still nore
preferred ratj.o i s not 8/ 1 nor. npre than 5/1. 35 The above

i S Y '

pol yphenol cOAPSTRG*YEeSPERAR Ba BP&r néd °5ABFELO2gDSth 31 RgPR B ¢1Ry Sai d
react ant mat &;baklihgdpoegeacaydhaphtiatahyst o, §he catal yst for the
production of;. l.yphenol . co und may _be any substance capabl e of
acceleratingd%ﬁSERPégg FgﬁlBPpggﬁaTFBSCt?vé"ﬁé?@FFQFYmStﬁﬁén%%ﬁ%l%%ﬁs

sui t abl L& or 2y adihgdrbhgistarbpRinapanhatsadeBl 2peef erably include acid
cat al ysts sugh _as;. i Lc acid e.g. hydrochloric acid, sulfuric acid,
phosphori c a§FQQEP8%?9%§ gﬁP¥?EﬁPﬁBHF&g88rd?f Tg. p- toluenesul fonic acid,

et hanesul f ofliL.ecatpPdyieopropyOnsppehaineng, agids such as boron trifluoride

or its compl gxnyatbk{t UBpOOBLPANSRVLL90LE, a5 g, heteropol yacids, etc., and
dimethoxyisopropylnaphthalene, 2, 6-

15 diaceﬁquisopropylnaphthalene, etc.

As the (2} unsaturated bond-containing compounds.
referred to above, divinylbenzene, diisopropenylbenzene,
trivinylbenzene, triisbpropenylbenzene, dicyclopentadiene,
norbornene, terpenes, etc. are preferred..

20 As the (3) carbonyl group-containing compounds
referred to above, various aldehydes and ketones containing
5 to 15 carbon atoms are suitable and more particularly,
‘benzaldehyde, octanal, cyclohexanone, acetophenone,

_ ' hydroxybenzaldehyde, hydroxyacetophenone, crotonaldehyde,

25 cinnamaldehyde, glyoxal, glptaraldehyde, terephthalaldehyde,
cyclohexanedicarbaldehyde, tricyclodecanedicarbaldehydé,
norbornanedicarbaldehyde, suberaldehyde, etc. are preferred.

Referring to the (4) compounds having two or more
kinds of specific active groups or active sites, the

30 preferred compounds having a carbonyl group and an

~ unsaturated bond include isopropenylbenzaldehyde,
isopropenylacetophenone, citronellal, citral,
perillaldehyde, etc.

The preferred compound having an a-hydroxyalkyl or o-

35 alkoxyalkyl group and an unsaturated bond includes .



solid acid catal ysts such as activated clay, synthetic =zeolite, sulfonic
acid series ion exchange resins, perfluoroal kanesul fonic act 8Pde002s i on
exchange resins, 15 etc. The added anobunt of catalyst for reacting said
starting conmpound Bl appropriately depends on the acid strength of each
catal yst, though it preferably adjusts 0.001 to-100 nass % with respect to
the starting conpound 20 Bl. As the catal yst giving a honbgeneous system
‘within this range, trifluoronethanesul féaic acid, nethanesul fonic acid,
boron trifluoride, etc. are preferred and the preferable added anount of

t hese cataly L 5. mass %, The add mount QqQf _het er ogeneous

catal ysts su%%ﬁﬁ%g%}gw?%]h%x% nge edséi}}‘lysé,]mm%y "%_,meet(%bylsigfé’ ‘erably 1

to 100 mass dbmeierymaithlos ttreeroat al sttt forymeaotli-ng-tdteh St dig,
conpound B2,y i b i q can be used with advantage includes

~alkali netal %&%@%&n@%ﬁ%@l&%{ hydr oxi des, such as sodi um

hydr oxi de, paYdssst yme Hykdid s romariammdnsr oxi de, etc., the corresponding

‘oxi des, &mMmgpl @, SR Y 10 4 erdd m nes, hexanet hyl enet et rani ne,
sodi um car bonat%%ﬁ%t@ anld t egaécll?zrdé%:egt al ysts which can be used wth

advant age i rfed e ek el s dwy wsteerse 3% tydr ochl oric acid, sulfuric
acid, sulfonic acige %&ﬁ'eée@@ﬂe%‘%@o@%&%”ﬂﬁ %%'n&)%ﬁ’un Ch 35 gxal i c
s; and dival ernt al sa

acid, acetic acid, etc.; Lews acl . t e t$ stich as
zi nc acet at 2RY e AT HO £ i e rast v et arria n anshpsbisittidame siva Iugdd aas.nan

epoxy resin i agenidd e ©:LGid ) Rl Rl RO 1 AR i gat i on, it s

preferaale to use an amne as the basic ™ catal yst "or an organic acid as the
aci d cat8 ystrilygiexyneddi ol ainaorafaticoumtadnesuch as netal is not

preferabl e. WiejerdegessafdacafdfiaddifideLacti on of the starting 10
conpound B2 is ¢ eted, inpurities such as salts are preferably renoved
by neutraliZEEF?éggﬂﬁﬂﬁﬁm%&ﬂQ%Qﬁfﬁﬂqqﬁnamlnef benzoguanamine,
‘dihydroxymethylbenzoguanamine, :
tetrahydroxymethylbenzoguanamine, urea, dihydroxymethylurea,
15 tetrahydroxymethylurea, ethylenediamine,
dihydroxymethylethylenediamine,
tetrahydroxymethylethylenediamine, hexaethylenedianine,
dihydroxymethylhexaethylenediamine,
tetrahydromeethylhexaethylenediamine, p-xylylenediamine,
20 p—dihydroxymethylaminobenzene, m?xylylenediamine, m~
dihydroxymethylaminobenzene, 4,4’-oxydianiline, 4,4’-
oxydihydroxymethylaniline, 4,4’ -methylenedianiline, 4,4'-
methylenedihydroxymethylaniline, etc. Among these,
conpounds héving a triazine moiety such as melamine,
25 Dbenzoguanamine, acetoguanamine, etc., are preferred.

The reactant material mentioned above preferably
comprises an aromatic unit-constructing compound
{hereinafter referred to sometimes as starting compound A)
and a compound capable of forming at least one of the

30 above—mentioned organic structures (1) to (5) (hereinafter
referred to sometimes as starting compound B) as essential
components. More preferably, the reactant material
essentially comprises the starting compound A, arcompound
capable of forming at least one of said organic units (1)

35 to (4} (hereinafter referred to sometimes as starting



wat er. However, when an am ne conpound is used as the catalyst,
neutralization and washing for renmoving inpurities are preféfﬁﬁ“@05
refrained. 15 Wi le the pol yphenol conpound is to be fornmed on
condensation of the aromatic ring of starting conpound A with the
substituent group of the starting conpound B, the .reaction entails

by- production of a carboxylic acid, an alcohol, water, etc. acconpanying
formati on of the 20 pol yphenol conpound. THe carboxylic acid, alcohol and
wat er thus forned as byproducts can be easily renoved from the .reaction

product by di sbihbhakhiop;under sreduced pressure _during or after the
reaction or by a%eo%gog%g’dgégiglg?PBHQHaAFﬂpébéﬁl9§ng9rWFﬂEoﬁﬁldny
conpl i cated pPb8eBufeunThe (5t edbeérehnpfoducteFarthg E6e§éﬂEt§HQEeé% means a

m xture contatftpgnal b dygt orned in the reaction, thus 1ncluding
" the pol yphenol corrpo%ndc,)ﬁ%ﬁe %y%%z)duc SERH D tl'tearstﬁﬂwfil%e et dseagitdotol

and wat er, thEh%%%aﬁ?%%tﬁ%@dcommmmn@aliy,tn@dam@eesghy@ahcé?s§fiP§d

hereinafter. ReéeerimbetOsthe, reacti nditions_in the production of
sai d pol ypheno] coppound, thgx?egrgtéaéﬁagi?%’rrp et AF_TFENGr ePBPABNY Adj ust ed

so that bypr ottt 1ear&RRevRd BBl dandl sohot immdcompennar g2 vepesized or
distilled of fstanmmhy 400 te2406, The Leagiion fenperarure is more
preferably 110, ):]f 180C, still more 5 I’I?E’LZ%O‘%EL% %P%]Ftéjr%%l §OHBYRD BBOC,
Thu;, plr_oducgt:;fd die tfrﬁejr;fp%qlm&? %;mmmbbn rwf)lt/lges ]beyapilzp@ucxsé@md&ffa
car boxylic stk olhiherSonphud ey bypi aductss, can be easi _rggﬂ;e Fom
the reactiyon é))gé)dtict. .Iﬁp.endi ng_on char acten%tllﬁgsc%“%%l&n%d%%da URE of
starting mat et ars,  catalystPr orer e tionreanperiet g retieg , cdimureRat i on
time is pref estabttyinadjargicach S B 1t hatq the 18 ic%}ﬁ\;f%ﬁi the SLaLL
conpound A QHP‘fgégﬁiégé(% g@%ﬁgﬁ Bis subs?g%pla ylﬁgﬁ%%eﬁ%ﬁfuﬁﬁﬁﬂgyﬁ s to
say, the carboxylic acid, Y &TFRRSE Feetisdh takanilidorennyidwsl Bei ng
30" minutes toRA Homss. sHagyemenel FafRWel Heatd A ld hd Sih i@ 42 hours.
' compound Bl in a second stage. This protocol leads to a
15 more positive enhancement of fire retardancy and the
.reaction product can be applied with advantage fo molding
materials for electronic components, adhesives, and paints,
for instance. More preferably, the starting compound A is
reacted with starting compound B2 in a first stage and
20 starting compound Bl is further reacted in a second stage.
The formulating molar ratio of the starting compound
A to starting compound B utilized for the production of
said polyphenol compound is preferably not less than 1/1
nor more than 10/1. If the proportion of the starting
25 compound A is smaller than 1/1, gelation may take place in
the course of production of the fire retardant resin
composition according to the invention, and if the
proportion of the starting compound A exceeds 10/1, the
resin composition may possibly be hardly expressing fire
30 retardancy. The more preferred ratio, in terms of
enhancement ability of the fire retardant resin composition
_at elevated temperature, is not less than 1.3/1 nor more
than 8/1, and the still more preferred ratio is not léss
than 1.8/1 nor more than 5/1.

35 The above polyphenol compound is preferably obtained



Referring to the reaction technol ogy used for the production of said

.pol yphenol conpound, the reaction can be proceeded in presehferid00z

sol vent which is preferably 15 inert to the reaction between the starting

conpound A and starting conpound B. Thus, toluene, xylene,
nmonochl or obenzene, or dichl orobenzene, for instance, can be wused. By using

a solvent, the starting. conpound can be dissolved therein to give a
honbgeneous system In 20 reacting the staﬁ%ing conmpound Bl, the reaction
preferably takes place in absence of a solvent. In the producti-on of said
ol yphenol cospousdcting sk€RD y U ag carb X |'C aci d,

al cohol and f % gnd the solvent fromt
preferably caf?reuYdht by %I S1§3}est O?Pltunfﬂe& Iarwcéld@tmh qn!fessqwlq;;ﬂ{erﬂall to

10 kPa at theca@p@@n@eméyoB@danpegﬁgg@gggg Cg&ggi ?ﬁegggg ctegfﬁheggllc

conmpound nmay _al so. ncom tantly distille
procedure is p?%$%+%%l9 cafttfleRedutinptBateubalantial 30 conpl etion of the

reaction. 5The |norgantCCmtﬁlpétﬁes@ﬁfébPéef§£09 ntion is
t he product og hydr .ol y. s an con ensation of %%bggﬂ% %e c%%%%ﬁ%% and/ or
a carboxylic act s%?t obftEPlintRcinde ganid ﬁﬁtabfshe pachiate is

preferably trmnqmgmnmm 351@% hgdgolyﬁdﬁo@mgo§93d§g§gt|Q@ 9@£§é3§9% by the
sol-gel 5 Apgg s%ﬁ%? thod Mor e eferabl Is the pro

hydrol ysis and condensattbh ofan &F %ﬂesﬁ%ﬁﬁﬁhﬁdaﬁsdob@a@ne@%by t he
sol - gel nethddﬂﬂmﬁﬁqukibmiccﬁcidmkméwﬁaﬁeﬁﬁﬂf§ﬂﬂgeg@§@|cg%@entloned 5

-above |slbhe:£§ﬂggﬁﬂq t by .a h sis reaction and a subsequent :
condensati on réacti on 1yg)(jlj'h‘-:géﬂigr0L¥‘§/t§| gc{é o?nr%aﬁjdu%’éh‘él%r%%lﬂfbﬁ qageckason of

an al koxi de COHIGWHREBte ttharse ok oo mmsa&két@m@)@w@c @&:W'é&c?” as
follows: 10 MORY & ns?[e{ Wﬂsolylfchs)as acN(.(lO_gted glay, synthet]_c

~ MOH)bO -. M2/0 (con

zeolite, sulfonlc acid series ion eXchange resins,
perfluoroalkanesulfonic acid series ion exchange resins,
15  ete. ' ,

The added amount of catalyst for reacting said
starting compound B1 appropriately depends on the acid
strength of each catalyst, théugh it preferably adjusts
0.001 to 100 mass % with respect to the starting compound

20 Bl. As the catalyst giving a homogeneous system within
this range, trifluoromethanesulfonic acid, methanesulfonic
acid, boron trifluoride, etc. are preferred and the
preferable added amount of these catalysts is 0.001 to 5
mass %. The added amount of heterogeneous catalysts such

25 as ion exchange resins, active clay, etc. is preferably 1
to 100 mass %.

Referring to the catalyst for reacting the startlng
compound B2, the basic catalyst which can be used with
advantage includes alkali metal or alkaline earth metal

30 .hydroxides, such as sodium hydroxide, potassium hydroxide,
barium hydroxide, etc., the corresponding oxides, ammonia,
primary to tertiary amines, hexamethylenetetramine, sodium
carbonate, etc. and the acid catalysts which can be used
with advantage include inorganic acids, such as

35 hydrochloric acid, sulfuric acid, sulfonic acid, etc.;



(wherein Mrepresents a netal element; Rl represents an al kyl grou% or an
_acyl group; and a, b, and c each represents an arbitrary n 5 As

sai d al koxi de conpound and/ or carboxylic acid salt conpound, a conpound
represented by the follow ng general formula (1): MOR2)n (1) (wherein. M
represents a netal elenment; R2 represents an 20 al kyl group or an acyl
group; and n represents an integer of 1 to 7) and/or a conpound represented
by the following general fornula (2): (RBAMM OR2)P (2) (wherein Mand R2
respectively have the sanme nmeanings as 25 defined in general formula (1);

R3 represents A or anic. grou and n1and p each represents an integer of
1to 6) can Ekd WIS o%ﬁi el @l 3§t dgrangt s Fidn ee fabove
general f or mll@:ﬁls (d9idad a(rﬁj dJs\raplr@'fterz@éJ&a/l %P&%(YAu&%%bolﬁnébé&%t%ar bon
30 at ons, a ro ropyl,. n-buty i - but

sec- butyl , tert rga‘{tye? f-pen rﬁ Cpaé{)tc ll'o‘gllé‘h]e‘1 a‘éf)l‘pop dss REed ap‘ﬁreﬁffer abl y
an acyl  gr ouERs¥xY fes¥n canbony afens, fdﬂﬂ@lemﬁi@m&p&%ﬂdnl@rop' onyl,
butynyl, sgtc., c ) above gener al fornu}a 35 (2)
is preferably neloér)a{gtglﬁ(%}{c gl%{)(t};gofgrneiéa%sﬁﬁ% H:CE FF S BT At i theodus iy
atons, thus iGRlaldisly ot kel roupss suchd ass nlﬁimydclm-dgtcgg)yst |sjp{&pyl

n- butyl |-blitégl,dl§@5c éaﬁutﬁleﬁi;e’{ Q&gyé ar 5P nt%/I é“eﬁr‘l‘l}g% n hept yl ,

- n-octyl, etc.; hal ogenate groups ~ suc
3-chl oropr op;ﬂre@r@ % trichloropropyl, etc.; nmercapto group- cont ai n| ng

al kyl  groups suchygs 2 rﬁ%rcga)%tagwﬁe%%? eraq_J no rOL‘L_p contﬁal ni n%ﬁ;\lrtl

groups s $h as 2- anlnoethyl anlnoeth
3-dineth Zetis. Cqmﬂﬂewwbupgmmnﬂtl%$:nhﬁnﬂs s&ﬂmwhnheny
t hyl ph |, - t.C kyl
et hyl pheny pf%tﬂwabqqﬁ%mv%% LN RORNENY 74 il d L}PVSBQ% #aés%lpgu 58 WY

groups such as benzK etc. Roxy group- containi i ch as
owever : W

en an amine compound is used as the
catalyst, neutralization and washing for removing
impurities are preferably refrained.

15 While the polyphenol compound is to be formed on
condensation of the aromatic ring of starting compound A
with the substituent group of the starting compound B, the
reaction entails by—productien of a carboxylic acid, an
alccohol, water, etc. accompanying formation of the

20 polyphenol compound. The carboxylic acid, alcohol and
water thus formed as byproducts can be easily removed from
the reaction product by distillation under reduced pressure
during or after the reaction or by azeotropic dlstlllatlon
with a solvent, without any complicated procedure The

25 reaction product in the present context means a mixture

~containing all products formed in the reaction, ﬁhus
including the polyphenocl compound, the byproduct such as
carboxylic acid, alcohol and water, the catalyst used
optionally, and the solvent described hereinafter.

30 Referring to the reaction conditions in the
production of said polyphenol compound, the reaction
temperature is preferably adjusted so that byproduct
carboxylic acid, alcohol and water are vaporized or
distilled off, namely 100 to 240°C.. The reaction

35 tLemperature is more preferably 110 to 180°C, stili more



2- gl yci doxyet hyl, 3-glyci doxypropyl, 2-(3,4- epoxycycl ohexyl et hyl etc
and unsaturated group- containing organic groups such as Vi 4\9”@0@%

" (met'h)acryl oxypropyl, etc. The netal elenment Min the above general

formulas (1) and (2) may be any netal elenment in the periodic table of
the el ements capabl e of having the structures of .conmpounds represented by
the general formulas (1) and (2), but is 20 preferably at |east one netal

- el enent selected fromanong Goup |IIIB @benents, e.g. B, Al, Ca, In, and
TI; G oup IVB eI enents, e.g. C, Si, G, Sn, and Pb; Ti, Zr Zn, Ca, Na,

L|, Te, M, Ba,  Ta, Mo, Th, Cs, etc. Armn%éthese , Inor Si is
preferred arfﬂr%ipelfasblt%é-?rﬁ)rté) Pkl & r ednuss PO Pmdé’fcéh‘tﬁound and

car boxylic asd tymadiol Cibmﬂﬂmh ClWﬂﬂ@%@pﬁﬁiﬁ&@l&p%&e dretahpBlarent

i ncludes tetraal koxysilanes, such -as tetrarethoxysilane,

t et r aet hoxyst$ HheiNd &MRns fidpdxlsiT e A4t £ B dprsd/si |zamoved

" tetra-n- but ofysi | @ne, rdepttricod s | @@@en@l@.ntgeb&latﬁl%(fa@ﬁre@ﬂé%hbgne

ot e PO e S ALK aesy SUCh RS 0 ane

ethyltriet hcmymtt;aﬂe tempEoplid i EEOOXYiSid afeacttod oy tid qiﬁw@t%m@ne

- opy X1 IEIEReL L a0Sde PLOBL LR S ctacing compoun

chl or opr opyl 4 ramed I*ﬂbwllr@e:oxﬁqcﬁnﬂi B risf | gy operopyd 1Yy rmixdm)]xafused antat3, 3, 3-

M T R R R i O

phenyl t ABet froxy,si trane bephemyim migtuioeey/ sid e holenzy IThei metrleoxym | ane,

B oy ARYRLLARE - el e Ay by Ly | 7Pt | ane. 3

gl yci doxypr opyltri et hoxysiI'ane

epoxycycl ohexyl ) etReydetrrimest tt@(yt%lei ares ct2-q18, echapohoayy ol sxhibe xidr) dthiey |

‘triethoxysi Jang cMidiylded IIBIOPYSHIANE1 compound, the reaction can be
proceeded in presence of a solvent which is preferably |

15 inert to the reaction between the starting éompound A and
starting cqﬁpound B. Thus, toluene, xylene, | _
monochlorobenzene, or dichlorobenzene, for instance, can be
ﬁsed. By using a solvent, the starting. compound can be
dissolved therein to give a homogeneous system. In
20 reacting the starting compound Bl, the reaction preferably

takes place in absence of a solvent.

In the production of said polyphenol compound, the
removal of byproducts, such as carboxylic écid, alcohol and
water, and the solvent from the reaction product is

25 preferably carried out by distillation under a reduced
pressure of 0.1 to 10 kPa ét the above-mentioned
temperature. Since the unreacted phenolic compound may
also be concomitantly distilled off, the distillation
procedure is preferably carried out after substantial

30 completion of the reaction. _ _

The inorganic microfine particle according to the
invention is the product of hydrolysis and condensation of
an alkoxide compound and/or a carboxylic acid sait compcund.
This inorganic microfine particle is preferably the product

35 of hydrolysis and condensation obtained by the sol-gel



vinyltriethoxysilane, 3 (neth) acryloxypropyltrlnethoxys&la&g %Hgth)
~acryl oxypropyl triethoxysil ane, etc di al koxysi | anes 15 s ﬁ P2

~di nmet hyl di met hoxysi | ane, di et hyl di et hoxysi | ane, diethyldlnethoxy5|lane,
di et hyl di et hoxysi | ane, di-n- propyl di net hoxysil ane,

~di -n-propyl di et hoxysi l'ane, di-i- propyl di net hoxysil ane,

-~ di-i-propyl di et hoxysi I ane, dlphenyldlnethoxy5|lane

~di phenyl di et hoxysi |l ane, etc.; 20 tetraac}ﬁoxy5|lanes such as

tetraacet yl oxysil ane, tetraproplonyloxy5|lane etc.; triacyloxysilanes,

such as ”EHﬂMhh&ﬁaCﬁ%%l iﬁﬁﬁi?ﬁﬁﬁaf;q*ltr'3§ %|O§%$kla%ehy roly51§nd

di acyl oxysi | anes, suc cetylo

di et hyl di aceand d;@lsﬂfkrafmtlm of Al tdweisk 2angetridanet haxtysideandy the

t et raet hoxysdd 1 @ity trimethoxysil ane, methyltriethoxysilane,

di net hyl di net hoxysi I'ane, and di net hyl di et hoxysil ane are preferred. Thus
the al koxi de conpdiitd Rﬁ@i@tam@/ M@ms arsl |dorateralaidindeenfotiba

al koxi descormoupd i i chhga dkd“%ﬁ% Cﬁé than Sl eferably

i ncl udes single netal aIKOX|des SUch as L| )
(OCH3) 2, Srd (Tisjuent mondem@)ion @eqdeers) 2, B (OCHS) 3 Al (OCHS

) (CE2H) 3, And bR e (ST B B LIE) ALY LLAD) 2
& (oSS I SR G (@@@émffi; E

(OCH3) 4, 'ﬂbd(agﬁﬁﬁeﬁhagﬁfdifgw§x3kﬂ) 4, Ti (OC4H9) 4, Zr (OCH3) 4, Zr
(CC2H5) c.; and conplex net al alkoxides,

7)
such as'Pa [AP4 8@; cﬁcﬁﬁ‘z? A&Vdﬁolwﬁlm ~(M4BHOSIHPARAH 2, My [Al
(sec- OCAHI) 4M] ORY . 5 MO (d.S0- BG3HT ) #dRaeh GRHED) 2Zr [ Al (OCBH7) 4] 2,

Ba[ Zr (OC245) et Referri to the utilized amgunts of said conpounds
of general f ?ﬁ) rg% & MEJrdi Femandn & FRETeFpRES r@t ar dancy

of the curaldlefli rga:m_gi atrrdaant arcgsu yrdhGonResid,i o) andh theahfinity of the
_obtalned 'nQ&%ﬁ%éﬁné@(ﬁﬂﬁéfﬁﬁé¥§§§gﬁf fon t he constituent conponent of the
15 As saild alkoxide compound and/or carboxylic acid salt
compound, a compound represented by the following general
formula (1):
M (OR?) 4, ' (1)
| (wherein M represents a metal element; R? represents an
20 alkyl group or an acyl group; and n represents an integer
of 1 te 7) and/or a compound represented by the following
general formula (2)
(R*) M (OR?) (2)
{(wherein M and R? respectively have the same meanings as
25 defined in general formula (1); R® represents an crganic
group; and m and p each represents an integer of 1 to 6)
can be used with advantage.
The alkyl group as R® in the above dgeneral formulas
(1) and (2) is preferably an alkyl group of 1 to 5 carbon
30 atoms, thus including ethyl, n-prepyl, i-propyl, n-butyl,
 i-butyl, sec-butyl, tert-butyl, n-pentyl, etc. The acyl
group as R? is preferably an acyl group of 1 to 4 carbon
atoms, thus including acetyl, propionyl, butynyl, etc.
~The organic group as R® in the abdve general formula

35 (2) is preferably an organic group containing 1 to 8 carbon.



i -butoxy, sec-butoxy,

curable fire retardant resin conposition, the proportlon_of t he conpound

of general fornula (1) is preferably not |ess than 80 wei ght Ap#rd085 nore
" preferably not Iess than 90 15 wei ght parts, based on 100 wei ght parts of

the total of "~conmpounds represented by general fornulas (1) and (2). In
order to accel erate said hydr ol ysis and condensation reactions, netal

chel ate conpounds can be used. One or two or nore species of these can be

used. The 20 preferred netal chelate conpolund is at |east one conpound

selected fromthe group consisting of Zr(OR4)q( RSOOOHCORG)4 q, - Ti (OR4) t
~(R5000HCORG) a artial hydrol ysate
t her eof . Refeﬁ?#ﬁg ?guﬁhénéggéé &e?gﬁ ithﬁbgscﬁHﬁbuﬁasgeﬁQYIQSnaﬁaoPﬁlfnay

be the sane drpdioplérentpuayd, edebutepy esentbutgn, OtgaﬂkﬁuﬂgmvpnoﬁeﬁtyP 6

akony! ar ous or Y0 BoRBbETEonhEE M, §58nA Peddenelpficachrt GRORRE coor

of 0to 3 éﬁ@hsaﬁeérééentspanpyhte@echmbraptOpgl The3prgani ¢ 30 group of

T propyl i Broe T REREYT | Cbt g - CRBEOUgrRD LerEabutgY, ShEkbni Y1

n- hexyl, phefyPupsesuchThe 3drkexyhpgepuppygl;lanondbgcanpencataisifgr R6
f bI y ol 35 ,
preferably 'QQ&?@eﬁrgﬁFgoéﬁcheEQoéyaanBEERgfy g}gﬁégggéﬁam*ﬂggﬁggg ?ﬁéd

ert - but ox
speci es of safdnREraPYéhePaténebhpdaminopnobudeseticr coabyin ghelips esuch

compounds sug gaehil; NmebHLOXKERDY] égﬁ§9§ﬁ85§&e ﬁé%ﬁggggﬂgngi n- but oxy

bi s(ethyl] acetoace ate) zitconium ' n- is(et
acet oacettt ePEPPESRPERY tef@éﬁF@PhepVépyEtgcetGa@ékaieQrQuPEOﬂuuh]as

tetraklS(acebEhZQer@BaEOkébRQOQkHHb cgﬁkaﬁkhﬁge&Pééng ?P@ﬁﬁéaéﬁé

zi rconi um e%c ; titanium chel ate conpounds such propoxy %ls?ethyl

acet oacet at e 9?¥8ﬁﬁ8ﬁ¥eﬁpyﬁrp?oﬁbX?l%P§YB€@P¥l 19~ 4éefate) titani um
di-i-propxy bpskgeetybhagglpaahel}isesl ymindehfisatabdrahugtaypschel ate

conpounds, Suggtglnghéléggaglc groups such as vinyl, 3-

15 (meth)acryloxypropyl, etc.

The metal element M in the above general formulés (1)
and (2) may be any metal element in the periodic tablé of
the elements capable of having the structures of compounds
represented by the general formulas (1) and (2), but is

20 preferably at least one metal element selected from among
Group IIIB elements, e.g. B, Al, Ca,,In; and Tl; Group IVB
elements, e.g. C, Si, Ge, Sn, and Pb; Ti, Zr, Zn, Ca, Na,
Li, Te, Mg, Ni, Cr, Ba, Ta, Mo, Tb, Cs, etc. Among these,
Al, In or Si is preferred and Si is the more preferred.

25 The alkoxide compound and carboxylic acid salt
compound containing Si as the above metal element includes
tetraalkoxysilanes, such as tetramethoxysilane,
tetraethoxysilane, tetra-n-propoxysilane, tetra-i-
propoxysilane, tetra-n-butoxysilane, tetra—i—butoxysilane,

30 tetra-sec-butoxysilane, tetra-tert-butoxysilane, etc.;

- trialkoxysilanes, such as methyltrimethoxysilane,
methyltriethoxysilane, ethyltrimethoxysilane,
.ethyltriethoxysilane, n-propyltrimethoxysilane, n-
propyltriethoxysilane, i—propyltrimethoxysilane;‘i—

35 propyltriethoxysilane, 3-chloropropyltrimethoxysilane, 3-



ethyl acetylacetate alum num di-i-propoxy acetylacetonato- aluni num

i - propoxy bis(ethyl acetoacetate)alunmnum i propoxy bis(acefpiil 2005
“acetonato)al um num tris(ethyl 15 acetoacetate) alum num tris(acetyl

acet onat o) al um num nonoacet yl acet onat o- bi s(ethyl acetoacetate) al um num
etc. The preferred, anong these, are tri-n-butoxy ethyl acetoacetate
zirconium di-i-propoxy bis(acetyl acetonato)titanium di-i-propoxy ethyl
acetoacetate 20 alunminum tris(ethyl acetaacetate) alum num The utilized
anount of said netal chelate conpound is preferably not nore than 30

wei ght parts ed on 100 weight parts of said conpound of general formula
(1) and/or égﬁ;ﬁﬁﬁF?ﬁykﬁﬁkﬁ§ﬂoﬁ¥ﬁ¥&ﬂQﬁ(2§r$13Tt exceeds 30 wei ght 25

parts, the shapefl@stdpicpyendsmdihaiefrigiatesis gurface appearance. The
utilized ano nt.#ﬁ nDr%%Preferably not _nore than 20 wei ght parts, stil
mor e pr ef er abty MOt TR P Y iHdn- sl ke ghtalrw t & To sai d al koxi de conmpound,

sai d carboxy|ner @ ttbmaddy 1 30 e ROUAE 1 He Sadd i norgani c mcrofine
particle esultjqﬁ) frq_ Lhetﬂégrolysis and'condensation thereof, coll oidal
silica and/ or® ¢SO TR~ 0 P 7eHH: R Srd d P BroR 1P Y ik oleleo o 5 ikeimenci ng
the rigidity mfertylet riesttdng flidre:, Rtadeenti desdn, £OMPasi tion. One or two
or nore spedﬁg%(g té%%é{ﬁ?e can be ysed. 5 April 2005 21 The coll oi dal
et Above s A i DL S 15t wiiaRe de3of high purity

silica nention
in water and/®rycl ddsydrmphilltrd rertgand s islelnent3- i ts average particle

concent rati ot o e LG R L o1 D dl s 1 ca, - Snowi ex,
| sopropah8l SiHdxye ySaloheatlnatdly 18id ineet hSo} s i(lpaduct- (e, al | are
ane, bot h arEodesne e ) Etit e e s et 5 o e i ney 10
Ludex ( pr odudtinydieighhedyst leheDuBont, U.S.A.), Syton (product nane,
product of Nq&&@@%%mrgigx@p%oﬂyyﬂﬁﬁﬁéthoxysilane, 3~

_ {(meth)acryloxypropyltriethoxysilane, etc.; dialkoxysilanes,

15 such as dimethyldimethoxysilane, diméthyldiethoxysilane,

' diethyldimethoxysilane, diethyldiethoxysilane, di-n-
propyldimethoxysilane, di-n-propyldiethoxysilane, di-i-
propyldimethoxysilane, di-i-propyldiethoxysilane,
diphenyldimethoxysilane, diphenyldiethoxysilaﬁe, etc.;

20 tetraagyloxysilanes, such as tetraacetyloxysilane,
tetrapropionyloxysilane, etc.; triacyloxysilanes, such as
methyltriacetyloxysilane, ethyltriacétyloxysilane, etc.;
and diacyloxysilanes, such as dimethyldiacetyloxysilane,
diethyldiacetyloxysilane, etc. Among these,

25 tetramethoxysilane, tetraethoxysilane,
methyltrimethoxysilane, methyltriethoxysilane,
dimethyldimethoxysilane, and dimethyldiethoxysilane are
preferred. Thus, the alkoxide compound preferably contains
a silicon alkoxide.

30 The alkoxide compound in which said metal element is
other than Si preferably includes single metal alkoxides,
such as LiOCH;, NaOCHs, Cu {(OCHs),, Ca{OCHi3),, Sr{OC;Hs),,
Ba(0CzHs)2, Zn(OCsHs)z, B(OCHs)s, Al (OCHs)a, AL (OCoHs)s,

Al (iso-0CsH7)3, AL (OC4Hs)3, Ga(OCzHs)s, Y(OC.Hs)a, Ge (OCpHs),,

35 Pb(0C4Hs) 4, P(OCHa) 3, Sb (0OCzHs) 3, VO(OC:Hs)s, Ta({OCsH7)s,



(product nanme, product of Nalco Chemcal Co., US A), etc. can be used
wi t h advantage. The col |l oidal alumnm na nentioned above is ei thAp2405 15
alum na sol within the range of pH 2 to 6 using water as a dispersion
medi um or an al um na sol using a hydrophilic organic solvent as a

di spersion nmedium its. average particle dianmeter.is 5 to 200 nm
preferably 10 to 100 nm and its solid concentration is about 5 to 30 mass
As to 20 the alum na nentioned above, syritdetic alum na, boehmte, and
pseudoboehmite are suitable. The colloidal alumna 'which can be used with
advant age - |ncludes Alum na Sol -100, Al um na Sol - 200, Al um na Sol - 520

(product nand Ogﬁﬁ)areLa696§ﬁﬂﬁs e ( Qﬁs%@nfcﬁéﬁﬂgﬁb 4ndustqGz8s)a,Ltd. ), etc.

25 The fornulrati pg-eonunt,, ofisat Ll ei-dakusi )i & [ I
alumna is P eferg?ly no€ nn%g tgHqu ;i E par éﬁ%g g%l?ﬁL baggd on 100

wei ght part s2a$06dfs!ds SbF- th@nQnSPﬁaﬁ?é Wﬁgﬁéfﬁhéoﬁadﬁﬁeléuéérﬁ$ed from

the al koxi dea¢amposadoasd/) QUaP@’I@PKWi%a@Stﬁh??H wm%%c ddc,8 9}432,
e_.shaped artlcle tends deteriorate i

Curface abpedtIteTSTRAHidRarr oECATIMRLS 5L (Gotinhol e (it 4GSt par ts.

The inorgani etaicrofine particle accordlng to the invention may optionally

contain the hydrolgs te/cond nsg%e E %drol yzabl e nmetal salt, and as
sui tabl e exanpl es of 5 Apr{I eoott ézﬁgd? PYRER| 8T nEeafl SEMPOURERre can

be nenti onedotoppeerataftsmaliah a$)CHﬁBD322, CHCEBnsCUSAriBhCor thd ani um
salts such g i i , etc.; yttriumsalts such as Y (NKB) 3,
YC13, etc. ; glgcgégﬁﬁgéa?YSOE EﬁéaguEPgéﬁ,%2F%1§E%a§dZPFhES??n etc.
- chrom uGal cemposht hen Cap8ICBR8, aEfCh3tyebE. thaluhtauﬂbaahhSrgﬂﬁhcaS

Al (NGB) 3, Alg{ - I.ckel salt uch.as Ni hKB 2, .NCl2, etc.
One or two or é?é%%ngﬁ%%fgéégg Fﬁgsgﬁ%aﬁoﬁg §88“tTﬁ8mp bhSRL 20 "L
hydr ol ysat e/ eehdlehs af erof retishdanhydesliyzabhposet abngakthe plopaytben aof

conponent of +{ he. Pk g&g 9 S deps of .t he al OXIde
conpound and/or %ar ? b GUAEPLYSES-ANTa §RNIE 8}69 agly S0l k92
han 80 welght parts, more preferably not less than 90

15 welght parts, based on 100 weight parts of the total of

compounds represented by general formulas (1) and (2).
In order to accelerate said hydrolysis and

condensation reactions, metal chelate compounds can be used.
One or two or more species of these can be used. The

20 preferred metal chelate compound is at leést one compound
selected from the group consisting of Zr(ORUq(R.COCHCORﬂ
Tl(ORﬂr(R.COCHCOR )4-r, and Al (ORY) S(RE’COCHCOR )4-s Or a
partial hydrolysate thereof. '

4-qy

Referring to the above metal chelate compounds, R!
25 and R5, may be the same or different, and each represents
an organic group of 1 to 6 carbon atoms; R® represents an
‘organic group of 1 to 6 carbon atoms or an alkoxyl group of
1 to 16 carbon atems; g and r each represents an integer of
. 0 to 3; and s represents an integer of 0 to 2. The organic
30 group of 1 to 6 carbon atoms for R! and R® preferably
 includes methyl, ethyl, n-propyl, i-propyl, n-butyl, i-
butyl, sec—bﬁtyl, tert-butyl, n-pentyl, n-hexyl, phenyl,
etc. The alkoxyl group of 1 to 16 carbon atoms'fbr R®
preferably includes methoxy, ethoxy, n-propoxy, 1 DYOopoxy,
35 n- butoxy, i-butoxy, sec- butoxy, tert-butoxy, etc.



acid salt conpound or a conmponent constituting a mxture as _particles.
Since the inorganic nicrofine particle according to 15 the ?A/P@®R008n is

t he product of hydrolysis and condensation of an al koxi de conpound and/ or
a carboxylic acid salt conpound, it has an ultrastructure distinct from
the structures of the.inorganic mcrofine particles obtainable by other
processes involving different reaction nmechanisns. 20 In cases where the
inorganic mcrofine particle contains angoof such netal elenents as Si,
A, P, Fe, Ag, Sn, Ti, V, Cr, M), Co, Cu, Zn, Sh, La, etc., for instance,
t he uItrastructure can be confirmed by nucl ear netic resonance (NVR)
anal ysis. Taking t A8ecRLEE ﬁﬁrﬁﬁléﬁeS#eﬁsoi55ééﬁtﬁﬁgéd ahedntexanppeunthe

fundament al shedetiese Zis cdn il@0han atet Cahednen s aned Ry the,Si 04 cluster
consi sting f 4 oxg%gq at ons coordlnated around one Si atom and t he
ul t rast r uct uPBECEER | P CEiPPEE tdEFe R RE ENThoRiSrObu texysbdsd eshade t he

oxygen at0n1WpehohhetQQ@gQQQ@bnghm5tﬁL%ut% g'&rﬁ@@e%%@@ where a silica is
prepared y air OXI%% ceous sand obtai ned by pyrolysis or
t her mal redu8F| a§e§FPf68ﬁlH§r|&8treﬁé8épowrepu§ters share all of the

oxygen atonsacmﬁbbcehetee&uhhohham SituhVRraRAly Sy 1 vedlohateny rkRai (4, |

silica conpogp V|n peak t op 100 ppm I n-contrast,
the case of t%gE8?§ %CﬁﬁPﬁFe§66§}§érﬁ9368Pys e&Carid td6ABEHBat | on of

an al koxi de cbﬁpadecam@b@mdsasuahbasybuela@map%abtbQ@W@Q%@d which is

di scl d Si 04 cl d dent |
from _chel r AGEGRBOOTE AhCCRo ot Carar EPORyGdn PSE JAESEH toommon, |5 8o 1 hat

the @B sl¢|caccbﬂp@mEQKahawmngda peakopag aue(at@aylppﬁetpnaﬁé BREkhSUm,
observed al o |de C onent i S-NVR, anal ysi s can rOV|de
R GuaPPor aadbhhe BneT PR EBbrulle?  SMGnre WichopeREoRy

a useful technlque or ascertalning wh
particle is ?hbypréé@@ﬁleﬁehﬁaeobﬁsmsnamd déndepsabbay atetymaaetahkpa+de

conpound andh 9 @nGAY POXYLbEoas! A133LEnGO RRURE. B LYLL MRE nGRAD €S 1O
estimate how an inorganic cr !
pPropoxy 1s(acetyl_acetonato)alumlnum, tris{ethyl -

15 acetoacetate)aluminum, tris{acetyl acetonato)aluminum,
monoacetylacetonato- bis(ethyl acetoacetate)aluminum, etc.
The preferred, among these, are tri-n-butoxy ethyl
acetoacetate zirconium, di-i-propoxy bis (acetyl
acetonato)titanium, di-i-propoxy ethyl acetoacetate

20  aluminum, tris(ethyl acetoacetate}aluminum.

The utilized amount of sald metal chelate compound is
preferably not more than 30 weight parts based on 100
weight parts of said compound of general formula (1) and/or

| ‘compound of general formula (2). If it exceeds 30 weight '

25 parts, the shaped article tends to deteriorate in surface
appearance. The utilized amount is more preferably not
more than 20 weight parts, still_more preferably not more
than 10 weight parts. .

To said alkoxide compound, said carboxylic acid salt

30 compound, or said inorganic microfine particle resulting
from the hydrolysis and condensation thereof, colloidal
silica and/or colloidal alumina can be added for the
purpose of enhancing the rigidity of the resultihg fire
retardant resin composition. One or two or mofe species-of

35 these can be used,



particle can function. As the inorganic mcrofine particle, it is
preferable, to use a silica, and particularly because of fig#apriz2005

ret ardancy, which could be nore preferably obtained from the hydrolysis
and condensation of an al koxi de conpound and/or a carboxylic acid salt
conpound, and has an wultrastructure such that the integral intensity ratio
AQB/AXA is not. less than 0.001 nor nore than 2.0, which is 20 determ ned
by splitting a peak situated in the range®f -120 to -80 ppminto B3 and
4 silica components by nmeans of 29Si-DD/ MAS-NVR anal ysis. The integral
intensity ratio AQB/ AQ4 are as. hereinafter defined referring to the silica
according to 25 theepFeseftdphvehtion. nanbirpsgahrEe nieraf dhepgrsidrl e

mentioned abe¥esiCoBRE saRydrsaEebe SPYRTHGaktpakti ghes-angdhes - agor egat es
t hereof, and tge aveﬁage gartlcle di aneter of Said aggregates is
pref erabl y nBYORBPBILAGNCEBANIFNFOLYENE/ 3Dt ExaEEasI20P2BEACLE hélamelefani ¢

m crofine paisi 6l eocannohmbeprentarmy1di spessedni Nahhei €9NPOsigi on so
t hat the nechanicgl grogertles tenﬂﬂto be adversely affected. The nore
preferred paFPPEFBLEREHB ! Si 8PABE hBr BOt AQnTMBSEnd - arftf GHE-¥daY nore

pref erred pastﬂmba,dsﬁaatek,i$sﬁptop@ﬁ@%tbam135 @o@ﬂ1Mgh§aﬁ§In$£gi§§rFte f
spherical papticles" .used herein ril 2Q05 24 ans prinmary, particles o
t he inorganiéO%iéPS?FHSgpg??FCIﬁl?aﬁgetﬂﬁo BFﬁF"8ggyé§§$%s@h%§éﬂa%erein
means seconda@nguspaitbel Bsdf py nedtdeobayoossat hepredautt hmagoseaatian of
the primary [t s, 5.The.fire retardant . resin c osition of the
present invég??gﬁkgsogrg? FRBFYS éﬁ%ﬂlﬁaﬁﬁd naﬁﬁggg 5i q@r gahtd- -

m cr of i N paktdeke (hasdheenndinspepseduch afpohpphenol.scanppuddiornd t he

Lochnol ogy, olBEARNE! iy B, SOHESLARIeLACl ydEon (1) e nethod, o
particl e i ndépeadent| pamep| boeddchbyofii Nahgot Bbemioal(@d.1 he.S.A.), etc.,
can be used with advantage. |
The colloidal alumina mentioned above is either an

15 alumina sol within the range of pH 2 to 6 using water as a
dispersion medium or an alumina sol using a hydrophilic
organic solvent as a dispersion medium; its average
particle diameter is 5 to 200 nm, preferably 10 to 100 nm,
and its solid concentration is about 5 to 30 mass $. As to

20 the alumina mentioned above, synthetic alumina, boehmite,
and pseudoboehmite are suitable. The colloidal alumina
which can be used with advantage includes Alumina Sol-100,
Alumina S01-200, Alumina S0l-520 ({(product name, all are
products of Nissan Chemical Industries, Ltd.), etc.

25 The formulating amount of said colloidal silica
and/or colloidal alumina is preferably not more than 60
weight parts as solids based on 100 weight parts as solids
of the inorganic microfine particle derived from the
alkoxide compound and/or carboxylic acid salt compound. If

30 it exceeds 60 weight parts, the shaped article tends to

- deteriorate in surface appearance. The preferred amount is
not more than 40 weight. parts. |
The inorganic microfine pérticle accdrding to the
invention may optionally contain the hydrolysate/condensate

35 of a hydrolyzable metal salt, and as suitable examples of



met hod whi ch conpri ses produci ng a pol yphenol conpound in_ advance and
conducting the hydrol ysis and condensation of an al koxi de cofpalA®d5and/ or

" a carboxylic acid salt conpound 15 in a solution conprising said pol yphenol
conmpound to disperse an inorganic mcrofine particle therein, (3) the

met hod whi ch conpri ses .subjecting an al koxi de conpound and/or a carboxylic
acid salt conpound to hydrolysis and condensation in a solution containing
a reactant material 20 for the synthesis 22 the pol yphenol conpound, _
foll owed by formng the pol yphenol compound. Anong these, the nethod (2)
or (3) is preferred hus, the preferred nmethod of producing the fire

retardant resitf CBIFSSNAEH ofalifd Sahfentihers wenudes mendtieperiocopper
conducting hydndsyshahang 2o e@idensaicpy) efusd), abkexi de; cQAPOHNG, pnd/ or a

- carboxylic acid salt .cgmpoynd.in a solution containing the reactant
“material for St“rﬁzg1 501 J&%gﬁm H(’:Sllrf)’ou?lﬂs%ﬂd/e&rc vhe Ghaliyphsadits compoahd. It is

still nore prefes:ab) ev¢hat etmi.d palyhenel sa0eEPeuURG Ras 7assh ! ugtdl g such

that aronmti g, _unj each 30 having at |east one phenolic hydroxyl group are
connect egg t ng (rryeogzh’ot%fe?' % Y gt 5 u?ﬁ“fr}% TorftaiMing: t WeChy nore

car bon at ons.etSuch atettiotuofs airtedwtidhy dhe if (o) § etar,daat ) . F esid ; and

conposition i o] t her aspect..of the invention. By ‘using such a -
product i on né?ﬁ%%%‘é%ﬂbfﬁf?ﬁ%lgf #HéBmégzbdﬁvghénﬁFcconBBﬁnﬁ ahti® i Mor gani ¢
m crofi ne pamdns epeakes ofb thpsid 2O0D2mspldaceThe give the fire retardant
resin conposht) iL_nventi.on i_.ch.i's an .organi_c-inorganic brid
(conplex% c51‘#§§52%§€§2%%§§§§§%%%:5??? PSR, ogﬁzﬁﬁéﬁggﬁiélnFéE fine
parti cl elOsudtryvadbea anicomploines tsidfi ¢hepgrioidelcg, cifnhybiralyatisi xndol yphenol

~conpound. Thyg,n4he L3l Red +@roanicx, sif0r [ yori.de caonposition
exhibits an exgéllegt ?re ,FeFa% g%éﬁg%, %?@Pﬁpﬁga§89pﬁecgg 9§y%éfhod (2)
for produci ngcdd Falé cerpogadt oresi wopwopesitt consta tpalipghennh xtompoand | s
10 first progucedi@sprepare a solution containing the pol yphenol conpound,

as nentioned above. Then, an al koxide
Since the inorganic microfine particle according to

15 the invention is the product of hydrolysis and condensation
of an alkoxide compound and/or a carboxylic aéid salt
compound, it has an ultrastructure distinct from the
structures of the inorganic microfine particles obtainable
by other processes involving different reaction mechaniéms.

20 In cases where the inorganic microfine particle contains

' any of such metal elements as Si, Al,rP, Fe, Ag, Sn, Ti, V,
Cr, Mn, Co, Cu, Zn, Sb, La, etc., for instance, the
ultrastructure can be Confirmed by nuclear magnetic
resonance (NMR) analysis. Taking the case in which Si is

25 contained as anrexample, the fundamental structure is a
regular tetrahedron formed by the Si0O, cluster consisting
of 4 oxygen atoms coordinated around one Si atom, and the
ultrastructures generally differ depending on how SiOq

| clusters share the oxygen atom with the neighbour clusters.

30 In the case where a silica is prepared by air oxidation of
siliceous sand obtained by pyrolysis or thermal reduction
of a silicon halide, the Si0, clusters sharé all of the
oxygen atoms, with the result that Si-NMR analysis reveals
only the @' silica component having a peak top at =120 to

35 -100 ppm. In contrast, in the case of the product of



conpound and/or a carboxylic acid salt conpound and either water or a

sol vent containing water is added to the above solution to TApi2085t
hydrol ysis and condensation reactions. 15 The preferred is the sol-gel

met hod. The above sol ution contai ning a pol yphenol conpound is preferably
a solution prepared by dissolving the polyphenol conpound in a solvent
such as an alcohol, e.g. nethanol, ethanol, etc.; a ketone, e.g. acetone,
2- but anone, 20 etc.; or a hydrophilic organic solvent e.g. tetrahydrofuran,
N, N- di met hyl f or mam de, pyridine, etc. \Wiere necessary, other solvents may
al so be added. The ampbunt of said solvent relative to 100 weight parts of
t he pol yphenBlrdEBrpstRdane preferaptjonopt| essalpsxifdancsmpeight apasies nor
orore than 509 wakbkyRaLt sciibLg1 br ebRPARRY: whichS; B0k:1LESSsLAAN, 20y 1e! ONt
parts nor nore than 200 weight parts.  As the other solvents referred to
above, nethafiBFCoELicathaRol SOPEr Sifistatsters euitabledesaidetiery ifrpnt o t he

condi tions otnhbyergkyshsoand wﬁ@&ﬂea§aﬁbensﬁ§§8tbQ?éeﬁoétBﬁngﬁiBgTﬁgg,fife
r et ar dant reS|£ Cg OSIthﬂl, the reacti on terrpera ure Is prerera 3%) to
120C, nor® prFef&ha rghgoQtoSJschc.a THIRRRA T SN 3 Pk cfap ab v X

mnutes to 28phodbS-900pemPLef 6hablkved LDodds138 PRHI§! HiARFd! 2005 26 In
t he above net hod ﬁ3h odeHoducing t{ﬁ&fjre retardant resin conposition, a
sol ution conf8PRPHGNEai d™iF IR | TN LT SiRdt rRIQATHYE conparils and/ or

organi ¢ unit technsgnectongasonpontsngswhdeheeaghanhoBhRibahSctofie -
polYPenol CRIPRNnd,! 3o PLER" Bl LBIL 2180 D LI, SLE, LIS i proune
cont ai nivy wahealkoridendumpbngd hydyorysi sasbdxodndensatli 981teasipOnsdt 0

D oy et 88, RS oAU B Lo 8L XeLReLpcomRound, L, el £l 10
sol -gel technegbécldhearaftectibe. _

As the inorganic microfine particle, it is preferable
to use a silica, and particularly because of fire

15 retardancy, which éould be more preferably obtained from
' the hydrolysis and condensation of an alkoxide compound
and/or a carboxylic acid salt compound, and has an
ultrastructure such that the inﬁegral intensity ratio
Rgs/Bgy is not, less than 0.001 nor more than 2.0, which is

20 determined by spiitting a peak situated in the range of
-120 to -80 ppm into Q° and Q' silica components by means
of ?°$i-DD/MAS-NMR analysis. _ |

The_integral intensity ratio Ay /Ay are as
hereinafter defined referring to the silica according to

25 the present invention.

The inorganic microfine particle mentioned above
comprises discrete spherical particles and/or aggregates
thereof, and the average particle diémetér of said
aggregates is preferably not more than 100 ym. If it

30 exceeds 100 um, the inorganic microfine particle cannot be
uniformly dispersed in the compoéition so that the
mechanical properties tend to be adversely affected. The
more préferred particle diameter is not more thaﬁ 5 um, and
the still more preferred particle diameter is not more than

35 2 um. The term “discrete spherical particles” used herein



pol yphenol conmpound is synthesized under the conditions described above.
The utilized solvent in said solution containing the 15 rea2fgft20&teria

" for the pol yphenol conpound and the 20 utilized anmount of the solvent nmay
be the sane as those nentioned for the above nethod (2) of producing the
fire retardant resin conposition and the conditions of hydrol ysis and
condensation nmay al so be the sane as those described hereinbefore. In the
fire retardant resin conposition obtaineddpy the above production nethod,
the content of the inorganic mcrofine particle relative to 100. mass % of
the fire retardant resin conposition is preferably not I ess than 3 25 nass
% nor nore tREANSOPHABSIY PREticles Pésshehano3gamss %icanfaceephahliele

degree of fipgqrehardapgy~ " e sl Tt e mass %

t he ease of handling tendgB gegétggcr???@e%ggg&nnkﬁééﬁié%?égafgg be

adversely -aPpEEiedesThermededpr apEprad thrgeesslmonfl eggrebanibn30fnass %

nor nore thaahéopggﬁgro-ﬁgggggigg to the fire retardant resin conposition
. : " .

of ~the invention, its thermal softening tenperature is preferably not
| ess thar? 45C nor RBEefiRanrebecdarherefbrecprepsiitédnr afigbhespnesehtss

than 60C nor i ApERLEBANI 35p+a06rabts AKALAXK eqiidwalent éﬁ'?ﬁokaaggéferab'y
not 5 April 2005 27 |less than 100 g/ nmol nor nore than 280 g/ nol. € nore
preferred rallgerPSiR6t PRESSCERaR2E2DeGNNEL SREX Svelr &1t RaRolZRbegrAol . I n

usi ng the fitempebafgdanhdr esenteeAROSblyOBObrblRcidy BYeRt kon for the
preparation of the curable fire retardant resin conposition to be

e f ) :
descri bed heFSWHSFfEE?ni?nF%uQSﬁeﬂ?heghSr@?épﬁglVh& ce®pPyissFution, a

Vﬁrn!sh,UDr_ﬁropa&iﬁg hnpsmgbh?ﬁéﬁsgohpohﬁdFﬁhﬁ @%f%%%%@ﬁn&@ ﬁgtgbgﬁﬁése
the inorganic mcrofine particle, and_t ol yphengl (10 conpound and to
ensur e satis?ﬁg%bF efFﬁ?gP?9¢ePﬁl¥UCﬁ°TE°a6d-gy mixing the two, (2) the

nethod which comprises producing a polyphenol compound in
advance and conducting the hydrolysis and condensation of
an alkoxide compound and/or a carboxylic acid salt compound
15 in a solution comprising said polyphenol compound to
disperse an inorganic microfine particle therein, (3) the
method which comprises subjecting ah alkoxide compound
and/or a carboxylic acid salt compound to hydrolysis and
condensation in a solution containing a reactant material
- 20 for the synthesls of the polthenol compound, followed by
forming the polyphenol compound. Among these, the method
{2) or (3) is preferred. Thus, the preferred-method of
producing the fire retardant resin composition of the
invention includes a step for conducting hydrolysis and
25 condensation of an alkoxide compound and/or a carboxylic
acid salt compound in a solution containing the reactant
mate;ial for the polyphenol compound and/or the polyphenocl
compound. It is sti;l more preferable that said polyphenol
compound has a structure such that aromatic units each
30 having at least one phenolic hydroxyl group are connected
'~ to one another through organic units containing two or more
carbon atoms. Such method of producing the fire retardant
resin composition is also another aspect of the invention.
By using such a production method, complexing of the

35 polyphenol compound and inorganic microfine particle takes



application, the fire retardant resin conposition preferabl contains a
conpound having at |east one structure selected fromthe gr%&pmégﬁ§isting
“of ether bond, ester bond, and nitrogen atomas a solvent, a plasticizer,
15 or a lubricant. As the above conpound having an et her bond, t he
foll owi ng conpounds can be used with advantage: for exanple, diethyl

et her, dipropyl ether, .diisopropyl ether, dibutyl ether, dihexyl ether,
ethyl vinyl ether, butyl vinyl ether, 20 amisole, phenethol, butyl phenyl
et her, pentyl phenyl ether, methoxytoluene, benzyl ethyl ether, diphenyl
ether, dibenzyl ether, veratrole, propylene oxide, 1,2- epoxybutane

di oxane, tri dx HQMQWVeZﬁﬁeﬂmméLmemerd&mtahyﬁno&ummmSIﬁfﬂﬁahydn@pyran

cineol e, & slumben e & o B AEONELIAE, e DiLoKELane

glycerin ethers, crown ers /et hyl
cel | osol ve, I‘}Hrlc%llf}%sﬁolmﬂeirceqmghei@g@mmmrmj)ra)p;alnozejahﬁrc et hyl ene

gl ycol nDnOhQ%khdﬁﬂHg, Bl 1 ether di et hyl .ene gl.ycol,
diethyleng gl ycol nethf) 30 e%ﬂ ¥éﬂ§5§ yco (ﬁ%ﬁﬁ q‘ %

di et hyl engd gl% @Rt BuEBALwheaol dficémﬂme?he §hysol tiilerreblmlmeﬁhels:ganlc—

di et hyl ene “dlysefarl ey et iy
trlethylene Co trfg%%ylenetﬁmgt ﬁ%ﬁg%%gﬁ¥ﬁ9 ng% %%ﬂﬂqﬁﬁeene
-glycol, gﬁéﬁVT r’&Yopanol 1- et hoxy-2 35 propanol propylene gl ycol

‘met hyl et her pr opRlegne: rglmgcqlo Q}@F&Ho@%%cﬂ B%l g)% plr o%yl ene
gl ycol propyl.ether propylene  glycol but "erve choI

di pr opyl ene d?ﬁ@bl qﬁﬁﬁﬁﬁﬁIﬂﬂs%ﬁtﬁﬂmPQﬁkﬁ%ﬂﬁwléhéxdh$®QHQﬁnﬂmanﬂndeuher

di propyl e dliyeal pdidmtdéﬂ tet iefepdidpromdane & ¥l A rdirgf e et her,
di propyl ene ?ﬁéFO| ﬁe | ethe trlpropylene gl ycol, trlpropylene egcoI
nononet hyl e n&1S TERGIKEBAERAYS -, Bhen, an alkoxide

( met hoxymet heoypetingn aing /2-ri saop:ra&mmmtﬁa%md %2 URRRANRNANA either
2- (|sopentylgé¥)eigﬁn%lﬁ ﬁ %yﬁxylo ethanol 10 2- phenoxyethanol
P

5. (benzyloxy)ethan0| nlng water is added to the above
sclution to carry out hydroly51s and condensation reactions.
15_ The preferred is the sol-gel method.

The above solution containing a polyphenocl compound
is preferably a solution prepared by dissolving the
polyphenol compound in a solvent such as an alcohol, e.q.
methanol, ethanol, etc.; a ketone, e.g. acetone, 2-butanone,

20 etc.; or a hydrophilic organic solvent e.g. tetrahydrofuran,
N,N-dimethylformamide, pyridine, etc. Where necessary,
other solvents may also be added.

The amount of said solvent relative to 100 welight
parts of the polyphencl compound is preferably not less

25 than 5 weight parts nor more than 500 weight parts. More
preferably, it is not less than 20 weight parts nor more
than 200 weight parts.

As the other solwents referred to above, methanol or
‘ethanol, for instance, is suitable.

30 Referring to the conditions of hydrolysis and
~ condensation reactions for producing the fire retardant
resin composition, the reaction temperature is preferably 0
to 120°C, more preferably 20 to 80°C. The reactien time is
preferably 30 minutes to 24 hours, more preferably 1 to 12
35 hours.



~tetrahydrofurfuryl alcohol, etc. As the above-nentioned conpound having an
ester bond, the follow ng conpounds are suitable: for exanpdéprigdOhy
formate, ethyl formate, propyl formate, butyl formate, 15 isobutyl formate,
pentyl formate, nethyl acetate, ethyl acetate, propyl acetate, isopropyl
~acetate, butyl acetate; isobutyl acetate, sec-butyl acetate, pentyl
acetate, isopentyl acetate, 3-nethoxybutyl acetate, sec-hexyl acetate,
2-ethyl butyl acetate, 2-ethyl hexyl acetatd 20 cyclohexyl acetate, benzyl
acetate, nethyl propionate et hyl propionate, butyl propionate, isopentyl
ropi onate, ethyl ycol nono etat di_et hyl ene gl ycol nonoacetate,
gnngacetin diacet? g QESY?nmeﬁgﬂgbugbr?ﬁ PH ﬁ%?ﬁ?ﬁ gE%erﬁ%te di et hyl

car bonat e, drptep@hntatbsmateQmﬁbbmtybn25aC§beﬁQbﬁ,cbﬂtﬁﬁh§n§5§§£§,
i sobutyric eg stearic ester benzoi ¢ esters,
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est ers, . nal onposestiet sngmabapoundtens, thartaatCaﬂstﬁaﬁerlaiErf@reSteFS

baci t et hyl di t As t he
sebactc. et ek, Blel | CofpLaLa, 1€ DXbee. 20cdi asatal by ebgy e, Lhe
conpounds arélsgxtébleompoundxanﬁVer carborpklbaaejidnskhiloetbapéund and
1-nit - tenit I trile,
ni rOprOpagﬁthgg”géEQPrBPaQeFo1UEBE°Q§HEePn%naCG g|§¢5ﬁF?$§ﬁ éo@épé:|?

succi noni tri ronltri I Sobutyron
- 2005 29 benszﬁF@lY@lSaandlgﬂndﬁnsetlbnrnaacﬂeons+netbyhéoanaeadeant

N, N-di met hl f gr papi de, Sgﬁhkﬁgﬁ;?% gég?gh?§°1a§8%§rro b N FeLhylacetam de,

N, N- di net hyl acet am de, one
N—nethyﬂﬁ&rerPH@ﬁ%lCemlgr@ébnglB@réhﬂletbaSAbeehedcenpoaad haliti g a

plurality ofpa@%@aﬁﬁpttﬂ@egols&éycw&ﬁﬁl EJaeCt‘lqﬂe:fegzﬂﬁépet}% oup consi sti ng

of ether bond,_ ester_ bond, and nitrogen OW ng conpounds are
suitabl e: foPobyahenel @P@Pﬁyﬂﬁniﬁhévnhbeskﬁi@ @h@ﬁy|hbepﬁ@ndnélom@thy|

cel | osol ve agesatgpe@t iybve.
The utilized solvent in said solution containing the
15 reactant material for the polyphenol compound and the
utilized amount of the solvent may be the same as those
mentioned for the above method (2) of producing the fire
retardant resin composition and the conditions of
hydrolysis and condensation may also be thé same as those
20 described hereinbefore. |

In the fire retardant resin composition obtained by
the above production method, the content of the inorganic
microfine particle relative to 100 mass % of the fire
retardant resin composition is preferably not less than 3

25 mass % nor more than 80 mass $. If it is less than 3
mass %, an acceptable degree of fire rétardancy may not be
eXpressed. If it exceeds 80 mass %, the ease of handling
tends to be sacrificed and moldability will be adversely
affected. The more preferred range is not less than 5

30 mass % nor more than 50 massr%.

Referring to the_fire retardant resin composition of
the invention, its thermal softening temperaturé is
preferably not less than 45°C nor more than 200“C. The
more preferred range is not less than 60°C nor more than

35 150°C. Its hydroxyl equivalent value is preferably not



cel.losol ve acetate, propyl cellosolve acetate, butyl cellosolve acetate,
_ phenoxyet hyl acetate, diethylene glycol nononethyl ether acefgfie2005
di et hyl ene gl ycol nonoethyl ether acetate, diethylene glycol nonopropyl
et her acetate, 15 diethylene glycol nonobutyl ether acetate, propylene
glycol nethyl ether acetate, propylene glycol ethyl ether acetate,
propyl ene glycol propyl ether acetate, propylene glycol butyl ether
acet ate, dipropylene glycol nethyl ether 2acetate, .di propyl ene glycol ethyl
~ether acetate, 20 dipropyl ene glycol propyl et her acetate, di pr-opyl ene

gl ycol  butyl, ethes acet trlpro ene | nmeth ether acet at e,
etc. The utlﬂﬁglnghgﬁbéﬁ?} %Ye aﬁg gr@oﬁ%@éh%8ﬁa$V Thea8rene
structure selbgetfed rfadomatiye gﬁomptcdmsmstmag.qmo %5m©qh%brbﬂ6@e eshgr bond,
and nitrogenquoglhg preferably not |less than 5 weight parts nor nore than
1000 wei ght part ased on 100 weight parts of the resin conposition. The
nore preferred randga M@ln@tth@s§1Khanet@rWanghmepaht&om9651ﬁmbﬁ thapn 800

vei ght pagtsin3@nFhen ife relka sition the inv ntlon can
be used, in égnlgturelmftht§%c§Q%§ haV|n%n§ S SHSE %Fm51§Fy5?59F P bups
and/ or otherr&édﬂtF@@@OS&§l@nc@pabbedeﬁcmebedtamdanMamesmm ¢onm95|t|on e.g.

sentconductogomg@gﬁggu irag matericals ar cirgui r wiring.bpard 35 -
insulation materials. ?ée curabre f?bea%eﬁaﬁggﬁFEPgéln YeABHPRY 2865230

conposi ti on BfStRe |ﬁ%eﬁ@?hncaéeafcbhpb$|b®bh egsensany| yo Gﬂﬁﬂﬂépﬁﬂﬁk sai d

pol yphenol c@RROYRBrgSRiE LAGLERR L,n agtic i d conpound
havi ng | east tmnrg Il dll groh%spg%% iche cgﬁab%hobkgixégg onIy by the

5 above- ntFSWBﬂuﬁgtHBH ﬁPtﬁnﬁP%?nQaﬁlé§ﬁ§§9ﬁwtéﬁuedwpylsﬁhg swai d

pol yphenol caﬁmeadtaaﬂ | RaegZRire FLekehhbAe E%EEhCES @hgglgﬁe conmpound
havi ng at | east tmobg C|d¥ grou ps, but also b wth m xing said
pol yphenol cBREEREPIYaFAntRA FganFemﬁPEPGfhﬁglﬁarﬁﬁcﬂéasén@ngald conmpound

having at 10skeastukeosghyetdyl rgeaupEei Brblip s8HBi9RPEHAL heN-Phef HELHO
ester bond, and nitrogen atom as a solvent, a plasticizer,

15 or a lubricant.

As the above compound having an ether bond, the
following compounds can be used with advantage: for example,
diethyl ether, dipropyl ether, diisopropyl ether, dibutyl
ether, dihexyl ether, ethyl vinyl ether, butyl vinyl ether,

20 anisole, phenethol, butyl phenyl ether, pentyl phenyl ether,
methoxytoluene; benzyl ethyl ether, diphenyl ether,
dibenzyl ether, veratrole, propylene oxide, 1,2-epoxybutane,
-dioxane, trioxane, furan, 2~methylfuran, tetrahydrofuran,
tetrahydropyran, cineole, 1,2-dimethoxyethane, 1,2-

25 diethoxyethane, 1,2-dibutoxyethane, glycerin ethers, crown
ethers, methylal, acetal, methyl cellosolve, ethyl
cellosolve, butyl.cellosolve, ethylene glycol monopropyl
ether, ethylene glycol monohexyl ether, ethylene glycol
dimethyl ether, diethylene glycol, diethylene glycol methyl

30 ether, diethylene glycol ethyl ether, diethylene glycol

© butyl ether, diethylene glycol dimethyl ether, diethylene
glycol diethyl ether, diethylene glycol dibutyl ether,
triethylene glycol, triethylene glycol monomethyl ether,
tetraethylene glycol, l-methoxy-2-propanol, l-ethoxy-2-

35 propanol, propylene glycol methyl ether, pfopylene glycol



whi.ch conprises m xing said pol yphenol conpound and a dispersion of said
inorganic microfine particle in said conpound having at | ea8APfilgP0§ yci dyl
groups. Thus, the curable fire retardant resin conposition such as 15
sem conduct or encapsul ating materials, circuit or wiring board insulation
materials and the |ike, which essentially conprises the fire retardant
resin conposition of the invention and the conpound having at |east two
glycidyl groups is also another aspect o28the present invention. 20
Furthernore, a shaped article can be provided by curing said curable fire
r et ar dant rez&p %%Hﬁfsi&jon. Therefore, . the shaped articl e obtainable by
Ccuring the cOr&SIEY FEPS et REGRNT SPEs 9 YEGHp BECBYdn ebhet he PEAPEAENRBN, t he
sem conduct oryldesilc dualitaienakire BY peREANSHeAliING-ANd GBFLRY1 eRE ENEco1 |
senlconducto%o_ggg ipla%pn% material s of the invention, and the electric
circuit or wPINGB8ard SSbFAr nSHPE OBy LeDsr By “Ce MerPetIW Lo thEEr ng boar d
i nsul ati on netigrioglylehe ghecolveimieenyar etalksq stibrbpoluehher1gspects of the
present &nv i.Qn t above-nentioned cQ und havi ng at | east two
gl yci dyl %roggéfgg%o%%hé§§iﬁgpﬁggwﬁﬁngng&@@ngglgggﬂﬁoeBPernnre gl yci dyl
groups per ntlrépuopydeaesyilyable. tThusopgnienebigd yeypenghysidnl1ethrgerseries
of epoxy resihns, . | L firom_ ondensati on of a bi'sphenol conpound,
such as 35 bFspeg%§# F%%ﬁg%he%L%Qg?ﬁ ngﬁg gr %f or the like, with an 5
April 2005 3i1mgshipalvoleytory) etbrobdk ardkkplopypgeghyabdyl 2et her series of
epoxy resins | A ROMst. ation.of a., phenglic,conpound, such
e pheno] . ormeol Yot LEny 2 s n 18Ky BB Ll SN BRGY ALV EpRLAD
or the I}&e, 25Pherrxieithangdnyde (babayabdghpdbanpiopifonahdghydecohol,

benzal dehyde tcsahihqui-aledelyde) dheygheopentadi ene, a terpene, coumarin,
p- xyl yl enedi net hyl et her, dichl oro-p-xyl ene,” or the like, followed by

further condensati®f 6Ret REoVesneRfhgnegoryphenot bawpognanwesheanrbond,
epiha|0hydfimheQEMQEGWEnQSEEhpéQnaQrE%% ebi%BBKX:r?éknéxéﬁﬁﬂéEiﬂ9t£§9”‘the
condensatIOhfggmate' ethyl formate, propyl formate, butyl formate,

15 iscobutyl formate, 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~hexyl
acetate, 2-ethylbutyl acetate, 2-ethylhexyl acetate,

20 cyclohexyl acetate, benzyl acetate, methyl propionate,
ethyl propionate, butyl propionate, isopentyl propionate,
ethylene glycol monoacetate, diethylene glycol monoacetate,
monoacetin, diacetin, triacetin, ﬁonobutyrin, dimethyl
carbonate, diethyl carbonate, dipropyl carbonate, dibutyl

25 carbonate, butyric esters, isobutyric esters, isovalerié
esters, stearic esters, benzoic esters, ethyl cinnamates,
abietic esters, adipic esters, y-butyrolactones, oxalic
esters, malonic esters, maleic esters, tartaric esters,
citric esters, sebacic .esters, phthalic esters, ethylene

30 diacetate, etc.

As the above-mentioned compound containing a nitrogen
atom, the following compounds are suitable: for example, |
nitromethane, nitroethane, l—nitropropane,‘2—nitfopropane,
nitrobenzene, acetonitrile, propionitrile, succinonitrile,

35 . butyronitrile, isobutyronitrile, valeronitrile,



tetrahydropht hali c acid, hexahydrophthalic acid or benzoic acid with an
epi hal ohydrin; glycidyl ether series of epoxy resins resul t? g3 t he
condensati on of a hydrogenated bisphenol or a glycol with an

epi hal ohydrin; am ne 15 containing glycidyl ether series of epoxy resins
resulting fromthe condensation of hydantoin or cyanuric acid with an

epi hal ohydri n; and aromat.ic pol ycyclic. epoxy resins such as biphenyl
series of epoxy resin, naphthal ene serieg9%f epoxy resin, and the |ike can
be used with advantage. Moreover, 20 conpounds having an epoxy group in

t he nol ecul ar as obtainable by the addition reaction between such an epoxy
resin as abdv@ZeR B pbt y RE L et B thdmotmiaramiior e phraraishpound

can al so be g/t @Yk h ONErdm i, OF, NV® EcISPELS Asafdd hese. can e, used. 25
The fornulatlngqgfss ratjo of said fire retardant resin conposition and

epoxy resin ¥ FEE LR Mb TAIRYHHOSI ¢ Bl oty Nesin) is preferably

not |ess thati 8OAyDace0inims e 2-har 7Ol Bond f Windsh)BSer RIS, 705- t he
operties of the cured article may 30 possibly

mechani cal and ot her pr

deteriorgte.c??r? a &%@ed%t%OIBO, fire retardancy may possibly be
insufficient. The ADrendrefmpaedi nengend Ssa Fnird ESSy tdan 35 &m0 i JAEE
than 65/35. The above-ne ionq? fixturﬁ nn¥ further, contain othgr '

addi tives, stch'a uﬁﬁ?i%‘gi%%%ee PR r $0e £ 1P SCORBUPHING © B BYRnt Y re
retardant adestewdsong) astd aizersgen eaicdn v etive Apsilowi0p Smshhhnentss;e and
pi gments. Suj |.e, exappl es_of {he above curi ccelerator referred to

j ust above a?%fg%?%%ZO eré%ﬁg@ﬂ%%% @u%%h%gm%¥5@%fﬂ$ 1 m dazol e,

2- et hyl -4 neplheh y hnolegind binet aretlayd neslldssled asetate, ethyl

2.4 0 tris(d {g%fxgl]“g@ﬁ%!é) gé‘?{%@gfﬂé@fwyiéé@{&, butyl

, 8-di azabi cyl o[ 5. 4. 0] - 7- undecene )

3- (3, 4- di chl eebpheny V¢ -dcdtafi ety neere (IDEMACer e, dinethyplgamophosphor us

o S ee Y DML 0 0L AP BLOTELEE monoet stnes
acetaté, diethylene glycol monopropyl ether acetate,

15 diethylene glycol monobutyl ether acetate, propylene glycol
methyl ether acetate, propylene glycol ethyl ether acetate,
propylene glycol propyl ether acetate, propylene glycol
butyl ether acetate, dipropylene glycol methyl ether
acetate, dipropylene glycol ethyl ether acetate,

20 dipropylene glycol propyl ether acetate, dipropylene glycol

- butyl ether acetate, tripropylene glycol methyl ether
acetate, etc.
The utilizing amount of the above éompound having at
least one structure selected from the group consisting of

25 ether bond, ester bond, and nitrogen atom is preferably not

- less than 5 weight parts nor more than 1000 weight parts
based on 100 weight parts of the resin cdmposition. The
more preferred range is not less than 10 weight parts nor
‘'more than 300 weight parts.

30 The fire retardant resin composition of the invention
can be used, in admixture with a compound having at least
two glycidyl groups and/or other additives, as a curable
fire retardant resin composition e.g. semiconductor
encapsulating materials or circuit or wiring board

35 insulation materials. The curable fire retardant resin



Furt hernore, as pointed out above, the fire retardant resin conp05|t|on in
a fluid form such as a solution, a varnish, or a paste, nﬁ@ pel 3088 mul at ed
Wi th an epoxy resin to provide a curable fire retardant resin conposition
as an 15 ink, a paint, or a varnish, for instance. In such cases, after-
using the curable fire retardant resin conposition as an ink, a paint, or
a varni sh, the conpound having at |east one structure selected fromthe
group consisting of ether bond, ester b&dd, and nitrogen atom can be
removed by 20 drying under reduced pressure and/or under heating to

provi de a shaped artjcle go rising the fire retardant resin conposition.
The drying cONEPes bR &7 gﬁ% b?ve%E}%¥sl%aﬁ BRNRPHE bHen at F§nbEg Lkt ed

accor di ng todnhpry@mi d%ﬁ@splrﬁﬁyplb@héln@o b, eé&mOin&P&aH%d conpound
having 25 at Ieaft one structure selected fromthe group consisting of

ether bond, BS¢E?IHYhPGNC ?tr%@%ns%%%n?0¢%?¥%%r¥%Véng 2h taaek Were a

varni sh i s ugegcbyyl naesshon, wmh@hsgaﬁtm@I@bt@l@@dlﬂ@gr§§gyn@y foe exanple
be a flb%pus rei nf orcene above reinforcenment, any.known

r ei nf or cEnentP® ‘ﬁ%t%‘??%*o%%% %%t%é%dWlY%dgl‘i‘%gg%n?@“??%%%‘d%n NP BPT R % uch
as woven andsabdwsvEypHeabsi csombobhd yaed i\iEoicy@xelcSni&EQflﬂ'e pypeicle type

mont i oned. Thoss Hoy el Sae L% SR IFRYF 7o gp BEE Sy T HECbRbpgat ol ass
strand, hol | aks® wmraIm@mm®i3®1gmamsxim@e$a1@IpﬁBypﬁémogl@éﬁpﬁwmdﬁQQﬁxﬂat,
nIRUEVER O aRiox L Bt VRS Yo 0L Sl AT PLEL DT
pol ynmer $Ccaphdrst onWCf oraidfl | gnembs TantBe atsoe bepenpt byedor na tiethod
P e e bl e bl T S R
pol'yi mi dober#b5R&63n pof Vg phninengasic fi ey o £ ot yesteisle fmosatdc
pol yam des, asRp@ing malnidn éj@sleapé)é y@&@%i{;&ﬁ&ﬁ o858 Y! It J£Sihg and
- pol y(vinyl -al cohol) . Fluoropolyne
curable fire retardant re51n composition such as
15 semiconductor encapsulating materials, circuit or'wiring
board insulation materials and the like, which essentially
comprises the fire retardant resin composition of the
invention and the compound having at least two glycidyl
groups is also another aspect of the present invention.
20 Furthermore, a shaped article can be provided by curing
said curable fire retardant resin composition. Therefore,
the shaped article obtainable by curing the curable fire
retardant resin composition of the invention, the
- semiconductor device obtainable by encapsulating and curing
25 the semiconductor encapsulating materials of the invention,
and the electric circuit or wiring board obtainable by
curing the circuit or wiring board insulation material of
the invention are also still further aspects of the pfesent
invention.
30 As the above-mentioned compound having at least two
' - glycidyl groups, epoxy resins having an average of two or
more glycidyl groups per molecule are suitable. Thus, epi-
- bis type glycidyl ether series of epoxy resins resulting
from the condensation of a bisphenol compound, such as

35 bisphenol A, bisphenol F, bisphenol S, or the like, with an



such as pol ytetrafluoroethylene can also be used in the —practice of the
present invention. The reinforcenent further includes natur%ﬁpﬁﬁﬁg iC
fibers known to those skilled in the art, such as cotton cloth, linen
cloth, felt, 15 carbon cloth, natural cellul ose webs such as kraft paper,
cotton paper, etc., and glass fiber-reinforced paper. Such reinforcing
fillers can be provided in the nonofilanment or nmulti-filanment node, and
can be used each independently or in co#bination with other types of

fiber, by co- meaving or 20 in the core/shell, side-Dby-side, or ange-type, or
ITB.tI‘IX- fibril of her constructions knovvntothose skilled in textile
product i on. eﬁié‘r? %Mdéﬁ'@'cﬁ?%l%ﬁﬁa}]éﬂﬂ F YRard (st hbld e e 15 edd SRoven

fi berl-rel nf Qj’Eegrpﬁj{.yb th%s%]itbﬁfg r%dgt{ qi}c@r@mldeﬁatpﬁneh r0f2235 Tge spapﬁd
article -nenti,one ove ra exhibits not less t V- grade of the
fire retardahi&y th,cc Cg sr’rla‘é/IUL 39 PHTY r AWy YR By insuring a
fire retar dangyrefimot daEtSes:deﬂa,n Bioigrasde zof ﬁ:h_epﬂélnc% Ff Id’le et aridancy,
the fire_retar materials f ectronic

e onenps. b S s ol e Rty L e T e e
curable fir é:mﬁaalrctlﬂrﬂd&,esaﬂmﬂ;mbdéhpde,ofdid:geclmpsmetrﬁdmn@,am e rnpeed,as a
seal ant such. as a..semcq encapsul at.i ) The Ilcatlon of
the curable Sb Hite ré%arlglaéﬁ]t&}ee%llnr‘le%p Pogtl olfelﬁtL Oer? Ver Jiaegrﬁ 'a$¥a 5
‘April 2005 %@d@d@ulmlk@muwiﬁhrﬁmeldmmdémﬁhtmmmefftﬂé owavd.ting the

curable fir t on_ of v, ni c
filler can ed’ﬁ} ?{(;eglgocr)ir a{ q@é‘h O%lﬁcgfn i ll?ég&nbf%rnl (#%f o‘%ﬁang&lrl near
expansi 88 5 sosifdd @ erepoxnhentienente il thisey Tomuuche wwweraﬂmtlcenh?a’fncenent
of strength fidl n élgiﬁ?' 93“9‘?5 I 1S, sfused
silica, cr ystjatijl}%ﬂr?}H r?al %’;ﬂaﬁérrjid}\aclll ca |%%1{&e A('e{ c?yucré]ecar lodjnat e,
pot assi um t3dighatih sfm |W%Ja?be@élnislquY;@)¥ﬁﬁlt¢¢@%r %mﬁmﬁ KPPt ri de,
.boron Nitrides ey Wddd e Zid CONR tHd "€ bensation of a hydrogenated

bisphenol or a glycol with an epihalohydrin; amine-

15 containing glycidyl ether series of epoxy resins resulting
from the condensation of hydantoin or cyanuric acid with an
epihalohydrin; and aromatic polycyclic epoxy resins such as
biphenyl series of epoxy resin, naphthalene series of epoxy
resin, and the like can be used with advantage. ‘Moreover,

20 compounds having an epoxy group in the molecular as
obtainable by the addition reaction between such an epoxy
resin as above and a polybasic acid compound and/or a
bisphenol compound can also be employed. One or two or
more species of these can be used.

25 The'formulating mass ratio of said fire retardant
resin composition and epoxy resin (fire retardant resin
composition/epoxy resin) is preferably not less than 30/70
nor more than 70/30. If it is less than 30/70, the
mechanical and other properties of the cured article may

30 possibly deteriorate. If it exceeds 70/30, fire retardancy

" may possibly be insufficient. The more preferred range is
- not less than 35/65 nor more than 65/35.
The above-mentioned mixture may further cohtain other
additives, such as curing accelerators, fillers, coupling

35 agents, fire retardant additives, plasticizers, reactive



forsterite, steatite, spinel, mullite, titania, etc., beads _as spheriform
versions thereof, glass fibers, and so forth. Furthernore, %@Pﬂﬁgxﬁanic
fillers having fire retardant effects, alum num hydroxi de, nmagnesi um
hydroxi de, zinc 15 borate, zinc nolybdate, etc. can be nentioned. These
inorganic fillers can be used each independently or in a conbination of
two or nore species. Anong the inorganic fillers nentioned above, fused
silica is preferred for reducing the |iAa8ar expansion coefficient and
alumna is 20 preferred because of its high heat conductivity. -The

nmor phol ogy of. i filler,is. preferably spheriformbecause of its nolding
flowability Jalnldpegbtrsds'ia\%ledn sjs(ﬁ%‘?ntas old. In ternms of noldability,

hygroscopi ci ty, redudtabdre cfxdnenr ofexpansitanve aaffire} enicedrd agpitancenent
of strength, o, f [ mount .of. the Jjnorganic filler based on 100
wei ght part sr%%e{%ed ctﬁ‘{ ?’b'} %t falngr')oe‘?er etar cf‘é“rf’t&arzeosli ch‘g)n%%ést IS o %e

i nvention i sngirtefleimsislazalot, |2estihant 70 thael ighitdqmartes, amr.e pmahersably 100
to 1000 wei ghi.p Sy 4 Sl 040,950 weight parts. If it
is 30 | ess than %%gméight %éﬁ ,f%%§§¥£%ﬁiﬂ§%§%h%%§ %é?sl%o be decreased.
If it exceedsroBOlmgightampiara s, f1didizabiandsi S 1. be- TnsdddesieentDBU)n t he
curabl e firerefafdant, rasidh &AMPRSH Hi-Qn | DV ERLEAN, .
hitherto-knommﬁion-ha ogen}nhon-aﬁﬁfnonyﬂ%ﬁ?##ﬁ%ﬁ%eﬁ%ﬁ%@dt%a(ﬁ%i%%% can
be conconi t &GP URREPIGIUS IRTGUIZEO5S 188! exanip! i ktogarhisent ai ni ng
conpounds  SuGh e rByRHH 1 A6 108 [ d4atd MRSy RAEYAIIHA H1G A deld gl ves,

etc., ghosphorus/nltrogen-contaln|ng conpounds such "as “cycl ophosphazenes,
and met &P ¢ nds such as zinc oxide, 5 iron oxide, nolybdenum oxi de,

ferrocene, etc. camMaeriRitd,onadpdigNtddSUNIARRSR Oft HdMHiQW R thh@ant
noi sture resistance and working stability at el evated-tenperature of 1C

and ot her SERTLARIBIGH IH&RR dds,2 dnlwif P Bkchghgerdtdh s6139-1581/1@ added.
The ani on exchangst, icx NOtpfad,| GHAHey TSI LEH with an epoxy resin

to provide a curable fire retardant resin composition as an

15 ink, a paint, or a varnish, for instance. -In such cases,
after using the curable fire retardant resin composition as
an ink, a paint, or a varnish, the compound having at least
one structure selected from the group consisting of ether
bond, ester bond, and nitrogen atom can be removed by

20 drying under reduced pressure and/or under heating to
provide a shaped article comprising the fire retardant
resin composition. The drying conditions for inks or
paints can be appropriately adjusted according to the vapor
pressure, boiling point, etc. of the used compound having

25 at least one structure selected from the group consisting
of ether bond, ester bond, and nitrogen atom. Furthermore,
in cases where a varnish is used by immersion, the
substrate to be immersed may for example be a fibrous
reinforcement. |

30 As the above reinforcement, any known reinforcement

"material can be used; thus inorganic fibrous materials such

as woven and nonwoven fabrics of N type, NE type, S typé}.T
type, D type and other glass fibers, quartz, etc. as well
as organic materials can be mentioned. These may be such

35 as glass roving, glass cloth, chopped glass strand, hollow



but. the hitherto-known substances can be used. For exanple, hydro%gIC|tes
and the hydrous oxide of an elenment selected from anmpng magh &8N
“aluminum titanium zirconium and bisnuth can be nentioned, and these can
be used each 15 i ndependently or in a conbination of two or nore species.
Among these, hydrotalcites of the follow ng general formula (3) are
preferred: Mi-xAl x(OH) 2(C3) x/ 2mH20 (3) wherein 0 < X < 0.5 and mis a
positive integer. 20 In the curable fire Batardant_rQS|n conposi tion of
the invention, there may optionally be incorporath srfh ?tﬂerha?d}glrgs

s anold release, e.g. higher fatty acids netal salts o i ghe

:cids, ester e@ﬁﬁg S/ éiﬂ%&ﬂ%ﬁq¢1Q%&ﬁﬁ\ﬁ%&iﬁcqﬁﬂ@ﬁﬁtnnqnwpvqnﬂqﬂeﬁhylene
oxi de, 25 et clotcatoranic il GarRan Mlack: i) AR LSS sl i ever,
e.g. S|I|cone |I|con§ r ubber mder et c. or use o e curabl e

fire retar dar‘f‘f re5| T G99 3‘f’lncmsgin R& 1enPEreNds é@lafé?ééllaﬁt fidhgrs

technique camdie assed-dari Prepamaid O dedk tﬂaﬁrtmltda;e ﬂiaira'lr%lﬁstsr Ay 30
material sg carg]tsn ni forrﬂ%yeﬁjgsper d a adm xed; however, conmon
0

practi ce, AF i@ hdh %é%ﬁeékfé{@é? -m P}éd
_for mulatlng arpirAssla e mn]‘iﬁ ?Mrtglhel a:e;mr?qg(rtcgtrjc?{ %dgﬁiﬁhgllbleﬁe and
E?L;hrﬂgag%n?%t %nlgégg hr%\;%ss S & gbgﬁﬁ?dle(?ar?odé’ FAETSREPRePAbl et i ng 5
April 2005 36osliyeniatnd ererss< azaniter, i bi;ﬂ:tlg/ ;;gqu;gﬂjdﬁee shtéﬁ%?% W'gﬁillh%stggsl, ces
\(/:\Ao?ﬂl Elhgniurabl Hﬁ%l S%arpgg%r gantopgagﬁoﬁnacor?‘péjsﬂt des, O\p S"ﬁ\; RLO8H - .
i ncl udesl@l ecgmriic cERIGTentegLf @tgrhyc(aftmdﬂb)alinrngugﬂi)ng Fﬁﬁbg?gaﬂejﬁlﬂéﬁﬁs I.e.
?ﬁ;:ygtgfglcgﬁg§y%£h pgégﬁg g@ﬁi%@h %@aﬁg % hﬁf@%ﬂ?t&P@ coils,
etc. on van<ﬁ£§QﬁhﬂﬁNQﬁrﬁ?&n&ﬂ@@ﬁ@tsu@Wem$ﬂ0@ad Thanes;niermemeﬂttape
carriers, Ww rﬂu&@:h@arl%lﬂe%s%astﬁ%tls’or%_j'anl%or%lbers known to those
skilled in the art, such as cotton cloth, linen cloth, feit,
15 carbon cloth, natural cellulose webs such as kraft paper,
cotton paper, etc., and glass fiber-reinforced paper. Such -
reinforcing fillers can be provided in the monofilament or
multi-filament mode, and can be used each independently or
in combination with other types of fiber, by co-weaving or
20 in the core/shell, side—byuside; orange—-type, or matrix- -
fibril, and other conétructions known to those skilled in
textile production. Such fillers can be supplied in
various modes such as woven fiber-reinforcement, nonwoven
fiber reinforcement, or paper.
25 The shaped article mentioned above preferably
exhibits not less than V-2 grade of the fire retardancy
according to the UL-94 fire retardancy test. By insuring a .
fire retardancy of not less than V-2 grade of the UL-94
fire retardancy, the fire retardancy required of molding
30 materials for electronic components, adhesives and paints
can be sufficiently satisfied. _
The curable fire retardant resin composition of the
~ invention can be used as a sealant such as a semiconductor
encapsulating material.  The application of the curable

35 fire retardant resin composition of the invention as a



wafers, etc. and sealing the necessary portions with the epoxy resin
nol di ng material for encapsul ating according to the inventi®AiPril008ych

" electronic conponents, there can be nentioned ordinary resin-seal ed |Cs,
such as DIP (dual 15 inline package), PLCC (plastic |leaded chip carrier),
QFP (quad fl at package), SOP (small outline package), SOQJ (small outline
J-l ead package), TSOP (thin small outline package), TQFP (thin quad fl at
package), etc., which are obtainable by 4 xi ng sem conductor devices on a
| ead frame, 20 connecting term nal neans, such as the bonding pad, of the
devices to the | eads by wire bonding or by means of a vanp and

encapsul at i ngichesHssérblymatehisheloudabbeibedeinr ehar dablowesgn In

conposi tion ket Re, LRYEN e he sini]ar technique;
the TCP (tape garrfer 5 E%gg gégéEaggglggﬁpﬂ gbﬂg% ng tﬁ %ﬁlconductor
chips connedb8ntéoa. tabeléargﬁéﬁctﬁﬁé&gh aanahp wnthrpheatedabbe

firecr etar dagtduess AncaNPARhE 108:0b b NEAT | Ofloa L e, 0OB, (i p on boar d)

nodul e, hybrid I.C, or nulti-chip no by connecting
active devi c&8etdiehens, 39n§éﬁ?@@ﬁaﬁc9§rh@htpgonduahsvstmrsandlodes

thyristers, ehBanceRBALOHrPIESENGLHEVI RS ﬁ%_h;eﬂﬁcg diéxorsrr chgRistors,
oar

coils, &etc. to the conductors fornmed on a wirin ass substrate
by wire bondPRYIEFYi Sl&%?ﬁ%aﬁabn@s Fu§8ﬁdéﬂh§araﬁﬁ%ééﬂ-lh@etﬁela@,@enbl y

with the cur amhmfmr eca@&:@ﬁﬂa@u@éat@:ﬁl eagemﬁse:&h@@ngfcet h&t?é’ﬂ‘&dﬂ“ and
BGA (ball grid 5 2005 37 arra (chip size packagé) or the like
which is Fé RELS) 8'b§l EﬂPlﬁ@rﬁééFce§l6hc?ﬁenéﬁ¥%ﬁ@e 6¥u@hn%$gan|c

substratmfonﬁmdmet hbb e61i natrnaanSbéﬁylma; ngi beahda, CeNpeshi on on the

reverse S|de ¢ Enec |ng td vices,to.5 thf conductors. of the organi c
‘substrate thr8u5 5t vanp® b§ wi PRIBShdi YLl aher skaFeRg2t hetassemids wit h

t he curabl e aﬁlspheeiﬁoﬂmnvere$onscﬂnaﬁébf;O@lgésthﬁbéﬂyﬁn&h@nsoFfﬁﬁﬂilng
e fire retardant

(2,1 e Sncansik BB TRLPSY Pl Sehees o R R bl e e Latardart
most common effects, aluminum hydroxide, magnesium hydroxide, zinc
- 15 borate, zinc molybdate, etc. can be mentioned. These
inorganic fillers can be used each independently or in a
combination of two or more species. Among the inorganic
fillers mentioned above, fused silica is preferred for
reducing the linear expansion coefficient and alumina is
20 preferred because of its high heat conduct1v1ty The
morphology of the filler is preferably spheriform because
of its molding flowability and abrasiveness of a mold. In
terms of moldability, hygroscopicity, reduction of linear
expansion coefficient and enhancement of strength, the
25 formulating amount of the inorganic filler based on 100
weight parts of the curable fire retardant resin
composition of the invention is preferably not less than 70 .
weight parts, more preferably 100 to 1000 weight parts,
still more preferably 200 to 950 weight parts. If it is
30 less than 70 weight parts, reflow resistance tends to be
 decreased. If it exceeds 950 weight parts, fluidity tends
to be insufficient.
In the curable fire retardant resin composition of
the lnventlon, the hitherto-known non-halogen, non- antlmony

35 fire retardant additives can be concomitantly used. For



met hod but injection nolding or conpression nolding, for _instance, may

al so be used. The electrical wiring board can be obtained by?ABH&@98%ing a
wiring board insulation nmaterial fromthe 15 curable fire-retardant resin
conposition of the invention, a solvent as needed, said cure accel erator,
filler, fire retardant additive, etc., inmmersing a suitable reinforcenent
- or coating a suitable substrate with it, drying the material to renove the
solvent, and curing the 20 resin. The ela&trical wiring board includes
one-si ded, double-sided, or nmulti-layered conpositée |am nate board, a

gl ass epoxy type |am nate board, an aram d epoxy type |am nate board, a
met al base vﬁiﬁlﬁ@l%aﬁﬂd‘;r%%quwqm copowedpoaieh @3 ccyaBumie sol vent

menti oned aboyed ideieieiobsy S5abeyacOPPOUND: &0 AP Poy&L, | €ast, one
structure selected from the group consjsting of ether bond, ester-bond,

and ni t r ogeP AR TGP T QI HRTCUNA LR Hed o TPRIN YT sTee? t35 may  be

establ i shed ¢pslophtesShdgends Coatd NEet O CoReOGhAY O0c130ad hei gl Vi:hde,
conditi ogs to be usge sucLﬁ c(gn‘lgounds_ an be wused each independently or as
a mxtur& of "I Y Hor LOSYRITIIN RELdRy (FREFPFERE . AR f | $1 rR] ar dant

additive, theentshgmedubstances as those nentioned above for the

sem caonduct or encapsul ati ng materi can be enployed. 35 As the :

rei nf or cenent , . a%rofﬁ}%éﬂhﬁ%sﬁ a‘?aé TS O t-h% T § FUER) e S tance

her ei-nbef or eardrnwdiek amp| Byt 1 by  aip vele wanite donamyeratiadro £siofagl ass

fiber or polg@t_rléam d fiber. ar pa ticul arl%‘é suj tabl e.. These materj al Z)Secan
i t . 5

be used each’ IhdepeRuent TIIC B | P85 CHivni Hat T oD S ME TS ot & shetd
The cur ¥l e ddded r etTdwed amtiore sixcheogeaesiits o tofpattd culrvent irestedatbe

preferably erial f roductjon _of .ep resins, as a
ol di g mat ) S SHEEREMin | o E8c 88 G pRouRhr ! Mrisirabe,
vari ous housydrmtalcitemtandoreshyduils -empide pef cam cel emdvtarsksl ecii®:ds ol der

resists, seapaijt samcﬁ@jﬁrﬁ;a%&gé’bcf&ﬁ, eNGARSHLRL i{'ﬂtanium, zirconium, and

: bismuth can be mentioned, and these can‘be used each

15 independently or in a combination of two or mofe speciles.
Among these, hydrotalcites of the following general formula
{(3) are preferred:

Mg -xBly (OH) 3 (CO3) x/2 mH,0 (3)
wherein 0 < X £ 0.5; and m is a positive integer.

20 In the curable fire retardant resin composition of
the invention, there may optionally be incorporated such
other additives as a mold release, e.g. higher fatty acids,
metal salts of higher fatty acids, ester tYpe waxes,
polyolefin type waxes, polyethylene, polyethylene oxide,

25 etc., a colorant, e.g. carbon black etc., and a stress
reliever, e.g. silicone o0il, silicone rubber powdér, etc,

For use of the curable fire retardant resin
composition of the invention as a sealant, any technique
can be used for preparation provided that the various faw

30 materials can be uniformly dispersed and admixed; however,

'~ as a common practice, a method comprising thoroughly
blending-the predetermined formulating amounts of raw
materials with a mixer or the like, melt—kneading the blend
with a mixing roll, an extruder, or the like, and crushing

35 the kneaded mass after cooling can be mentioned. Tableting



"materials, various castings, machine parts, electronic/electric parts,
~road vehicles, ships, aircraft, etc., or as a raw nmateri al 56@”5&@5
producti on of adhesives or electrically insulating paints, for instance.
15 The present invention is further directed to a silica which has not
nore than 3.0 cal/g of- exothermper unit mass as determ ned by
differential scanning calorinetry and/or differential thermal analysis at
100C to 400C in an air streamand has né® | ess than 0.001 nor nore than
2.0 of 20 integral intensity ratio AQ/AQ obtainable by resolution of a
peak situated, in range of -120 to -80 ppmin 29Si - DD MAS- NWVR anal ysi s
into the B $t%% c%tn‘ildﬁ%%?]e‘ﬁ?n%bb‘@e sFPfeat L bapbheRie TRbkding e
retardancy-i¢dmaditngnability of the silica 25 according to the invention
can be evaluated by a nethod conbining the determ nation of the exotherm
by di fferential s%é%rﬁ%%‘:tc%‘?%]r‘? FEARRPTRY PR FRER ERtPwl erdr T a i ysi s
under the dedénbdesontiii€ns, cutdbld hei det es i RashONr 8§14 heompb s B i
intensit% ratéo AQB/A%? of the %ffined io onents 30 by 29Si - DD/ MAS- NVR
anal ysi s> ThTs BVAI TATTIN Fot Hoa 1955 [REF O Pt C eXPRAPRARTY ER2F 1RATSR the
capacity of Isylneentfos vapbshs nfdefices) et ag daneyive &8eicesi fucHhes present
i nvention, therefor& rther directe of eval uating the

her ef or %s f d to g.n&thod

fire retardancy-TTRAFTTAY S5 RB | T13 DS K07 catorer esF LR ERr cOrpri ses
conbi ni ng t hend Ppsslve00svBOedeterim aatcapaof tdéhe, exesherorpercemig, mass
by differentj [ al or i ry and/or differential_ thermal analysis
at the rangeétg#' 1 %g@%j%f%é%éﬁ%pcg%%%? BePRERT W‘l%ﬂ ?ﬁefeﬁét%?ﬂ‘%%‘ti on of
the intdfralwimeénsiny carrbergB/ WHidtgundatdby gkssbutheat$spsilidarg) of
t he peak in n f =120 . =80 ' 9Si - - lysis
of silica in%%fe%%b%géi?%%as%%%% e%k?@%%@&@%% %rggérr%%ﬁ“én : %gt he
above det er i¥PREY oFe HIn axol dhibnon 12 her bxbt her nenodpautabitaneeceatihe to

-measured by @id T eienti fhn SCAMNIRENQ 1GRIA IR MdondRn US| NG & differgnt i al
scanni ng cal ori neter . '
. : mentioned ordinary resin-sealed ICs, such as DIP (dual
15 inline package), PLCC (plastic leaded chip carrier), QFP
(quad flat package), SOP {(small outline package), SOJ
(small outline J-lead package), TSOP (thin small ocutline
package), TQFP {(thin quad flat package), etc., which are
obtainable by fixing semiconductor devices on a lead frame,
20 connecting terminal means, such as the bonding pad, of the
devices to the leads by wire bonding or by means of a vamp
and encapsulating the assembly with the curable fire
retardant resin composition of the invention by transfer
molding or the similar technique; the TCP (tape carrier
~ 25 package) obtainable by sealing the semiconductor chips
connected to a tape carrier through a vamp with the curable
fire-retardant resin composition of the invention; the COB
(chip on board) module, hybrid IC, or multi-chip module,
which is obtainable by connécting active devices, such as
30 semiconductor chips, transistors, diodes, thyristers, etc.,
- and/or passive devices such as capacitors, resistors, coils,
etc. to the conductors formed on a wiring board or glass
substrate by wire bonding, flip chip bonding or éoldering
and sealing the assembly with the curable fire retardant

35 resin composition of the invention; and BGA (ball grid



and/or differential thermal analysis (TG— DTA) using a thernobal ance, and
by neasuring the change in mass of the substance in respons%APEHanét Wi th
t he thernobal ance (TG, the exothermcan be determined fromthis change in
mass. 15 In the practice of the invention, while the exotherm may be
determ ned by whichever of differential. scanning thernonetry and
differential thermal analysis using a thernobal ance, the average of the
exot herm val ue determned by differentidall scanning calorinetry and that
determ ned by 20 differential thermal analysis usi n’g a t hernobal ance nay be
used. The above det ermnation by differential scanni ng cal orinetry and/ or

det er m nat i G¥ Wy di (55 i@ Stiitesr mackagll v Shes Ioikeér eIty iGarri ed out

by increasi Rgpttdigrad d W%@idﬂl@lgatdeaur@sﬁ A & Bt e 20F A vehikthe
range of 250to GOOCE an atm)sphere of dr?gaalr at a flowrate of 0.1

m/min to 5SY9RTF2%0r Rhef o Weriti% P93 Dr ef er abl y
" cal cul at ed b;brﬁfab@rdn th tire \kaiv&seotzsleié/,edsdﬂmﬂl%ct&fe 400G des tehe

exot her uni t 30 o ilica. The Z9Si MAS- NVR anal ysis for the
ot er m EF§ GO T T HIAS o GRa RO 1550 e oy Y 6F NR
(nucl ear magj}etwm:er eﬁﬁftalﬁﬁ;ﬁ) aSpe dd0natg |1ﬂ1earwéal@nﬂ3pfw1t&olur@ cflm’a}:ﬂ_iel i con
atom This determ atl net had 35 conprises a in ngl e pulse to the
nucl eus to 5 AYper 40 TobSEP R gsp ek &t &%’g J%h‘f n%—}%ﬁcoupl ing only
during uptake of Rdfersiigralto ame snveg duiilertei i et hemharfc eteenicesf wditgnal

intensity due to th nucl.ear overh er effect itati 31 gnal s can be
- obtained. 5 ecpuar amﬁ eér set]:[eltnags I%St the’ “f.'% q_‘slcf{ﬂvﬁf/:tnaef ysis may for

exanpl elBe ashfaitiows, Nudmmssmettnmﬁﬁ@onmrspeu ridreetierst AAINGCEA 00,

manuf act ur eqn@éﬁ}:c}%{e%ﬂﬂr { el gar ‘Srp CAPS %Lb%%ﬂan‘?ggs' for

(observation nu esonance
instance, may also be used

The electrical wiring board can be obtained by
preparing a wiring board insulation material from the

15 curable fire-retardant resin composition of the invention,
a solvent as needed, said cure accelerator} filler, fire
retardant additive, etc., immersing a suitable
reinforcement or coating a suitable substrate with it,
drying the material to remove the solvent, and curing the

20 resin. The electfical wiring board includes one-sided,
double~sided, or multi-layered composite laminate board, a
glass epoxy type laminate board, an aramid epoxy type
laminate board, a metal base wiring board, a built-up type
wiring board, etc.

25 The solvent mentioned above is preferably said
compound containing at least one structure selected from
the group consisting of ether bond, ester .bond, and
nitrogen atom, and in order that the optimum viscosity may
be established for immersing or coating, or depending on

30 the drying conditions to be used, such compounds can be
used each independently or as a mixture of two or more
species. As to the filler and fire retardant additive, the
same substances as those mentioned above for the
semiconductor encapsulating material can be employed.

35 _ As the reinforcement,.any of the materials mentioned



Measuring node: DD-MAS (di pol e decoupling/magic angle spinning)
“Application pul se: 10-60 pul se Repetition time: not |ess thafAPBR®ac. 15
" Nunber of scans: 200 to 10000 tines Spinning rate: 3 to 15 kHz (Observation
tenperature: 300 K External standard: sodium 3-(trimethylsilyl)propane-I-
sul fonate, 1.534 ppm 20. The pul se to be applied can be adjusted within the
‘above range according to the relaxation tine of the nucleus to be
nmeasured, and the nunber of scans and spimgng rate can be adjusted within
t he above respective ranges according to the sanple rotor dianeter to be
used for asure @B of said_integral intensity ratio A@@/ A4

denot es the SgﬁlBEE£°§§IG@nopetﬁ@PéBY§ﬁhléatcwﬁﬁeneﬂndlnomhovhnthe

nunber of SiOfzabkistescs gUdhgsedtink® 8rS S
t he peak area vaL § of y@l A silica gogggggg?ﬁagnkhﬁmg Egtﬁpg¥l g t%
Si 04 cl ust er s°H04CERT T %0 %I TR EdR 2 k8 oRil SPet. 1 9NEB/ vuh riopiepemdeantd wal ue

cal cul ated from thea C@mbgﬁatednr@$p€Q6|M§ Re2ak §ﬁ8§§e§s split by waveform

separatiory Under tpﬁ agovegre %lone measuring conditrons, the peak
showi ng the presence of C PRt F érﬁoﬁﬁ%ﬁéﬂ%nﬁaée%;QSC@eBksproatof]ﬁﬁhto

-100 ppm whi kevehbipeakashowi pgefbﬁaﬁlﬁ\pﬁhEd2995a4ﬁaﬁrﬁ§€é‘ffa9f f(ga? &kﬂé i ca
conponent has,a, %?é%lé p gte 100 to - NR m For exanple

are the charts obfarna Pﬁ§y2§%flffy NNFP%%&P?S?@teil@ ef@II|ca
Fig. 2 shows Sb@Bﬁdt@plebsersedhaaeuﬂﬁchiagc@@ﬂ&Bﬂﬂem@@r@P”%aEh&@ the 5
peak around -J108s PR isy gggd%é &he Cﬁ f£|lca conmponent . and the peak
around -99 ppmis a S|gn 31 1 Peh c%ﬂp%ﬁ%%tCl%%H1¥H%O@ﬁﬁbgra
|nten5|t9-rat$Qﬂ¢€B/¢E§ﬁﬁ%ﬁu SehkantmresemEc@ﬁﬁﬁut@ieQnééﬁ%@Ii%&ﬂ@tegrated

o ound tE{osv"SE?’n@é*‘%%lé DerdEEREE o Ee PERLS nliling Bo a0 T P 10
ectronlc/electrlc parts, road vehicles, ships, aircraft,

etc., or as a raw material for the production of adhesives
or electrically insulating paints, for instance.

15 The present invention is further directed to a silica
which has not more than 3.0 cal/g of exotherm per unit mass
as dete:mlned by differential scannlng calorimetry and/or
differential thermal analysis at 100°C to 400°C in an air
stream and has not less than 0.001 nor more than 2.0 of

20 integral intensity ratio Agi/Agy obtainable by resolﬁtion of
a peak situated in range of -120 to -80 ppm in 2°Si-DD/MAS-
NMR analysis into the Q® silica component and ¢° silica
conmponent,

The fire retardancy-imparting ability of the silica

25 according to the invention can be evaluated by a method
combining the determination of the exotherm by differential
scanning calorimetry and/or differential thermal analysis
under the defined conditions, with the determination of the
integral intensity ratio Bos/Bgq of the defined components

30 by *°Si-DD/MAS~NMR analysis. This evaluation method is

- useful for expediently evaluating the capacity of silica
for imparting fire retardancy to the resin.
The present invention, therefore, is further directed
to a method of evaluating the fire retardancy-imparting

35 ability of silica for resins, which comprises combining the



the presence of 4 silica conponent and suggest the absence of the B
silica conponent, and accordingly the integral intensity raRfprili2905

“calculated to be AQB/AX = 0. In the evaluation nmethod according to the

invention, 15 the fire retardancy-inparting ability of the silica for the
resin can be reasonably eval uated as bei ng good when said exothermis not
nore than 3.0 cal/g and said integral "intensity ratio AQGB/ A is not |ess
than 0.001 nor nore than 2.0. By eval uatigig the fire retardancy-inparting
ability 20 of silica according to the above criteria, it is easy to

expl ore whether a silica has a satisfactory fire retardancy-inparting
ability or @@teﬁﬁl@§§é§nwﬁ€féh@r@éﬁﬁbeK@aVEMngnmupssarbypdeﬁéatemnlahe
surface as Weldan@s nignt@Nic®ikb el taF&%/%k}Okﬁ‘if?bE'eﬁﬁl 122 %’%ﬁﬁ‘ QEQ?{)L&,

| eaving group may for exanple be al koxyl , Rén P enoxy and/ o

ani no, thesea§r6éﬁsrP§§@e0ffﬂ@ﬁl?héosﬁppcé an éheaaﬁedtteﬁperamuhetMmth

generati ng @Q@b@ﬁin@%@anB@e&h%XEﬁ%%@?aﬁolﬁténsﬂﬁ CQa%?& &3 tr“%ound
generatiop of heat in the resin composition contai |ng e

Therefore? tRY ELSPRBLAPRerEPLddtinTabeteths PG@#lWBdtﬁﬁoﬁﬁnﬁe Qénbhéwlon

of such or ganioc -Beaybnrg igr @u@s“swmmmmeaﬂrjﬁ%e o%n%% ﬁftbof' y of
the fire retardancy-inparting abi'lity o e silica

the silica an £fec
for the reS|ﬁg80§po§+if%ﬁ CRpPeRer hored @ru§%%%Q§:§?mﬁﬂﬂﬁnﬁancy i nparti-ng .

ability of silica shotuhd bBo&bSae5efﬁihht2895oﬁ2e§59h@kﬂedtﬁé L RS 18d Lanol
(-Si-0H) gro§gs exi tlng n the. silica undergo dehydrative condensation at

el evated tefpePaltiP8 “#B°Fi G8FaPs ﬁ?éﬁ&ﬁﬁdtﬁ¥ gx6CREEATAAY PRERBIRY
i nt ensi t30 r athdoAREAQY WDSUDnushﬁgaEOM@fﬂgﬁéhemﬁd 5céﬁ§@ﬁ§tb3§offﬁgﬁﬁ%

suggest t hat il has i cient anol ~groups to
insure a satléﬁgg Ogi% t%gﬁaﬁhﬁﬁg§? ﬁBﬁEYFﬁ@ 28?TP?§ ¥RUR9 & silica
such that satheemobhéantes Botl bpr eeathahng. @heabhgngadisanss nd £0fed
intensity raEth@&ﬁééggn'§esﬁ8n98ttgeﬁgakh tg le ggerﬂgﬂglgggg %TO as

~exam ned by t

the exotherm can be determined from this change in mass.

15 1In the practice of the invention, while the exotherm may be
determined by whichever of differential scanning
thérmometry and differential thermal analysis using a
thermobalance, the average of the exotherm value determined
by differential scanning calorimetry and that determined by

20 differential thermal analysis using a thermobalance may be
used, _

The above determination by differential scanning
calorimetry and/or determination by differential thermal
analysis is preferably carried out by ihcreasing the

25 temperature at a rate of 1°C/min to 20°C/min over the range
of 25°C to 600°C in an atmosphere of dry air at a flow rate
of 0.1 mL/min to 5 L/min. Moreovei, the exotherm in the
invention is preferably calculated by converting the value
observed from 100°C to 400°C to the exotherm per unit mass

30 of silica. .

' The ?°Si-DD/MAS-NMR analysis for the determination of
integral intensity ratio Agi/Ags is a technique of NMR
{nuclear magnetic resonance) spectrometric analyéis of
solids for silicon atom. This determination method

'35 comprises applying a single pulse to the nucleus to be



above nethod of evaluating the fire retardancy- |npart|ng .ability according
to the invention has a very favorable fire retardancy- |npafﬁﬁﬁﬂ Plity
for resins. The method of producing the silica according to the 15
invention advantageously conprises a hydrolysis step for hydrolyzing a
hydrol yzabl e sil ane conpound and a condensation step for condensing the
hydr ol ysate obtained in said hydrolysis step, and preferably the
tenperature for these hydrolysis and conggnsation reactions is controlled
20 within the range of 0OC to 150C. As the above hydrol yzabl e sil ane
conpound, an al koxi de conpound and/or a carboxylic acid salt conpound are
preferred. THROSARGE @&dc GRFdiddantitor Hcdepoxplivgacndy saltin@Sugsmpound

referred to ajzoved %l@rn%zler%mdy s%n%%"(@?a‘é@@. 1eRCeReRLed AUt e O 5{2&’1“9

general fornula (la) wherein represents an a group
or an acyl grédeNsidvarse GbGﬁﬁo@ﬁ§lﬁ@Er@§@m@@@S@y eféetsl | owi ng general

30 formula ( 2R)ant(i tQtR V2@ gl er @i B% b$+as ndef i ned in general fornula

(la); R3 representggan organi ¢ group represents an integer of 1 to 3).
35 ‘The hy@rolysis M cP@éﬁméﬁ&rcéﬁB§H§§ﬁ|8ﬁ t8&c aﬁTDﬁ/M¥SNMMW 2005 43 the

above a|kOXI@QaQQQﬂQMﬂﬁyaE@rC@&@ﬁﬁlbl%ea%%df%§hbwsconpound both of which
are hydrol yz%@ic( silane conmpounds, are witten as follows. Si (OR1)4 + 4H20

(hydrol ysi s) 4 PEIAR EeEOPeRFg SPSCaayeder: BVAPCEAGAdensat i on
product ) (mmnmﬂadﬂhrreepb@s@mmeamab&yﬂ group or an acyl group) The

| kyl d,ac ro a n the above, general fornulas (l.a) and
?2a¥ a?gogfe$P A1 P SCE%EE%OR%E;PEGFHEB éxg:%by4°Qﬁ%ﬁH?§%9qIﬂﬁ?@égéflned

in the geder alesoh@nfeer Muleasmeht)y aBd4GZ)MHehevant to the inorganic mcrofine
Measuring mode: DD-MAS (dlpole decoupllng/maglc angle
spinning) _
Application pulse: 10-60° pulse
.Repetition time: not less than 60 sec.
- 15 Number of scans: 200 to 10000 times |

Spinning rate: 3 to 15 kHz
Observation temperature: 300 K
External standard: sodium 3-(trimethylsilyl)propane-1-
sulfonate, 1.534 ppm ' .

20 : The pulse to be appliéd can be adjusted within the
above range according to the rélaxation time of the nucleus
Lo be measured, and the number of scans and spinning rate
can be adjusted within the above respective ranges
according to the sample rotor diameter to be used for

. 25 measurement.
BAgs of said integral intensity ratio RAo3/Roq denotes

the peak area value of the @* silica component in which the -
number of SiQy clusters adjacent to a silicon atom is 3 and
Age denotes the peak area value of the Q' silica component

30 in which the number of Si04 clusters adjacent to a silicon

 atom 1is 4. BAgi/Ag represents a value calculated from the

integrated respective peak areas as split by waveform
separation, Under the above-mentioned measuringrconditions,
the peak showing the presence of Q! silica compbnent has a |

35 peak top at -120 to -100 ppm, while the peak showing the



particle described hereinbefore. The organic group as R3 in the above
_general formula (2a) is preferably. the same organic group 24rde008ed for
R3 in the general fornula (2) relevant to said inorganic 15 mcrofine

particle. The above al koxi de conpound and carboxylic acid salt conpound,
both of which are hydrol yzabl e silane conpounds, -are preferably the sane
as the al koxi de conpound and carboxylic acid salt conpound descri bed for
.the inorganic 20 mcrofine particle in the case where the netal elenent is
Si. Such conpounds may be -used in one or two or nore species. Preferred,

anong such conpounds, are, tetranethoxysilane, tetraethoxysilane
net hgl trinet ﬁg;%gpf:ﬁn-@,% Sret 1T e‘f?f@?é%??%n}é?s 2% Eﬁ%t?@tgoﬁ‘%‘t%@(y@ I7ane,

and di met hyl dbeppaxysidanexampe cComidgo] | 2 ngngat da by dfid Ysh $refbptained
te .conmpound can be used for

condensati on, _react pqQns, t chel
acceleratingbyhggFeénggﬁgMgg"ghﬁI%ﬁa Y6 1 € e it 6 - £ BF Isafdshows
i norgani ¢ mi peeki heppavbsekecdaadoasdt heosepph 30dchebappmconpoundsnd he
sane conpoun S n ioned.for said.inorganic,mcrofine particle '
can be gﬁgfe %%?yakggﬁs n?ﬁé BE8ed® aftBinen6e §8igﬁﬁe§;J5% Fare dis
preferably netdnbhe phakh 8DoweidghP9ppptisibasedignedlfo weegbt piariss of the
above conpou er f 3 nd/ ot conmpound of general
formul a (2a)e§PB??g§§ée§ég géggiﬁﬁébggiogg%ﬁﬁsﬁéygﬁ? bgrgqu¥%I%ﬁ$© of the
resin interntRedefiprh,the cabopbahddniyoposbibliytgiyvetstiapateasttel es with
poor surfacg aran . : Le_p re d nmount_is _,not _nore

t han 20 meigh?ﬁgggtégagﬁétE%QE%?FEGﬁnéggg%éfg?f%degé%%ﬂ% T FHY re than
10- wei ghtO partgund TheS8apphe thkexpdekcodapotihdrafidrear bozyhied toi gheal t

conpound, whigb Bres@RsErhbed: above As ﬁé%@%{&h%%i@QQ’th@S el as

the silica obtainable by subjecting mﬁfc ever of 1 conpounds or both
to hydrol ysi 8fahbec@ndehslsta sipmagnenn nd et edioth W ttheolntiakdl silica

and/or colloifl@knsity ratio is calculated to be Ag/Rg = O.
In the evaluation method according to the invention,

15 the fire retardancy-imparting ability of the silica for the
resin can be reasonably evaluated as being good when said
exotherm is not more than 3.0 cal/g and said integral
intensity ratio Ags/Rgs is not less than 0.001 nor more than
2.0. By evaluating the fire retardancy-imparting ability

20 of silica according to the above criteria, it is easy to
explore whether a silica has a satisfactory fire
retardancy-imparting ability or not.

In cases where organic leaving groups are present on
the surface as well as interiorly of the above silica,

25 which organic leaving group may for example be alkoxyl,
alkyl, phenyl, phenoxyl, and/or aminc, these groups leave
from the silica at elevated temperature with generating
copious heat under exposure to air, which induces the
generation of heat in the resin composition containing the

30 silica. Therefore, the exotherm referred to above is
derived from the combustion of such organic leaving groups
present on the surface and/or interiorly of the silica and
affect the fire retardancy-imparting ability of the silica
for the resin composition. Furthermoré, the fire

35 retardancy-imparting ability of silica should be also



al um na just as nentioned for said inorganic mcrofine particle, and as
the colloidal silica and colloidal alum na, those descri bed® BRI Z08pd -
i.norganic mcrofine particle can be used with advantage. 15 The
formul ati ng anount of said colloidal silica and/or colloidal alumna nmay
be the sane as nentioned above for the inorganic mcrofine particle. The
silica according to the present invention has excellent fire
" retardancy-inparting ability and, therefdre, 20 a resin conposition
containing the above silica assunes an excellent fire retardancy. As the
resin conponept.of said resin ¢ osition, the known resins can be used.
r 31 9anthe SFiennd

Thus, for ex&fBrai™p g St duch 99! ng¥r8HPE, exyFBANE, 60 BY% on 4, 6,
nyl on 12, 25séltca pmﬁgegbeaehgakasisuchoaaeﬂgbyiehhxte@@eveﬁsahthalatf)% |
pol y(butyl en repht hal at e etc,; poly(vinyl chloride) resin, polyolefin
resins, polygﬁéﬁg Q?%E?ng? ib8§§aF85ﬁﬁgf”‘:ﬁ%ﬂi????ﬁﬁ?%,mﬁﬁémﬂﬁ9¥¢%sins
such as pol ypheapsitgompoindRy:/ABSwiesiim, tAS meskve-mhdnfSonadd styrenic
resins 3@ su S , etc.,.c e _used, . However, whenrsajd resin
conposit?%n ?gsﬁgcggb%s% gggasﬁ%gﬁﬁﬁg%ﬁﬁgeFﬁalsf%?caebéﬁt?oﬁ?@fh%ﬁﬁﬁhents
or raw mat er ahbkef orf dgslhbanvbsgoouppatat $nsfive anshene€actbrirscpref erabl e
to use a pol yphengl C?Qfﬁﬁgpgiﬁgdégﬁl?Qgepoxy resin, because both are 35
r-cure rmul at'|

t hernosetting and the ( ns show excellent 5 April 2005 45
physi cal properti eBhuheatr 3bbictaseeh thatetacd récathyrmi hsuhat imgre

properties. h 0, n C u r ove, .t he me |,
pol yphenal cgﬁa%u%dg %%P?ﬁogédn§%¥?ogggéﬁégéiﬁ %%%?gPYSr?B%Ot%@§???éE
retardadC r eRPh LoRposhan oh- @8h berumede Thanaboleapobyphinetl kpnpoand is

preferably hasode méFMSyUsE éﬁ&fu&@ﬁﬁ%afﬁga%ifeupeﬁgrgﬁéryb?%é%%%ﬁﬁ%LeaSt

one phenolic hydroxyl group are connected to one ano
organi c unita?%z%%ﬁ TGP B WHr B0 chhpohndebhbon IgaThe epoxyfaesiabbaitable
for use as thﬁréeﬁéfhi&hﬁéidimparting ability for resins.

The method of producing the silica according to the

15 invention advantageously comprises a hydrolysis step for
hydrolyzing a hydrolyzable silane compound and a
condensation step for condensing the hydrolysate obtained
in said hydrolysis step, and preferably the temperature for
these hydrolysis and condensation reactions is controlled

20 within the range of 0°C to 150°C.

As the above hydrolyzable silane compound, an
alkoxide compound and/or a carboxylic acid salt compound
are preferred. '

The alkoxide compound and/or carboxylic acid salt

25 compound referred to above is preferably a compound
represented by the following general formula (la):

Si(OR?), (la)

(wherein R? represents an alkyl group or an acyl group)
and/or a compound represented by the following general

30 formula (2a): |

| (R?) 4S1 (OR?) 44 (2a)
{wherein R® is as defined in general formula {(la); R’
represents aﬁ organic dgroup; ¢ represents an integer of 1
to 3).

- 35 | The hydrolysis reaction and condensation reaction of



resin conposition may be a conpound having at |east one -epoxy group, thus
i ncl udi ng such preferred conpounds as epi-bis type glycidyl5é&pHegi008eri es
of epoxy resins resulting fromthe condensati on of a bi sphenol conpound,
15 such as bi sphenol A, bisphenol S, bisphenol F, or the like, wth an

epi hal ohydri n; novol ac-aral kyl type glycidyl ether series of epoxy resins
~resulting fromthe condensation of a phenol conpound, such as phenol,
cresol, xylenenol, resorcine, catechol, bixzphenol A, bisphenol F, naphthol,
20 hydroqui none, or the like, with formal dehyde, acetal dehyde, -
propionaldehﬁge, benzal dehyde, salicyl al dehyde, dicycl opentadiene, a
terpene, coumdfi APOFEXPILYCERER FEIBPndeeREr Cadborvdrie- poifl érét or the

like, and subseguent, sem#ebIailm@rhokrkheyhesultpg-PalivRheNeLLpaIRaYNd.

with an 25 epi hal ohydrin; glycidyl ester Series of epoxy resins resulting
fromthe con&éﬁsgfﬁﬁﬁeraFe?P&H?HPophthalic acid, hexahydrophthalic acid,
benzoic acid, or the (bRke, w tdn,an (hepirbal,ehxdr i,ngigbugi dyl sgtdier series of
epoxy resins resul%izﬁ iron1$hﬁ ondensagtion of a hydrogenated bi sphenol

30 or a gfycol with*ah épinarb ?%}ﬁ%f’éﬁﬂhaﬁFH@déaﬁﬁéﬂﬁPn§r0§P9EidyI et her
series of epdwheresnns'resptésogtéram dheyl copgdepsati on otyhyganie n or

cyanuric acid mﬁthTﬁn ?Eiaaloh¥drin. Nbriover, conpoungds ﬂaV|ng an epoxy
group in the nol ectifaf 4¢ 0Bt 8 RaBPE BYYLnE 2HA £F0R rEActroOrA 2 et ween
such an epoxgenesikn desrabdwee dnd)aapdl YRasi aracipdeFeApbilly 20@5s4fiecconpound

fhe above epari redtauR, ara 309 SRR SBoThobe JRATOErond ey GRRpraL
et heri fik&ti dnrsfilaspdiiyphedol{2)5rehevghycicdylthet Habirbiagdlci enctefensed to
ot oo BRRLUELCLLEL L B LhepRYG. echn quer [on mamle 2 e
gf ;g al kal i netalTg?d@@ﬁﬁééCaﬂfﬂthes B?OﬁhfbgeSab@v@4gémmw§;zﬁmﬁ%ﬂﬂa
reaction prodggi i§ LPeFBCA%¥ELEEne same organic group as defined for R®
in the general formula (2) relevant to said inorganic
15 microfine particle. '

The above alkoxide compound and carboxylic acid salt |
compound, both of which are hydrolyzable silane compounds,
are preferably the same as the alkoxide compound and
carboxylic acid salt compound described for the inorganic

20 microfine particle in the case where the metal element is
Si. 8uch compounds may be used in one or two or more
species. Preferred, among such compounds, are
‘tetramethoxysilane, tetraethoxysilane,
methyltrimethoxysilane, methyltriethoxysilane,

25 dimethyldimethoxysilane, and dimethyldiethoxysilane.

In controlling said hydrolysis and condensation
reactions, a metal chelate compound can be used for
accelerating the reactions as similar to the description
for said inorganic microfine particle, and as the metal

30 chelate compound, the same compounds as those mentioned for
said inorganic microfine particle can be preferably used.

The added amount of said metal chelate compound is
preferably not more than 30 weight parts based oﬁIIOO

Vweight parts of the above compound of general formula (la)

| 35 and/or compound of general formula (2a). If it exceeds 30



As .the al kali netal hydroxide referred to above, potassi.um hydroxi de or
sodi um hydroxi de, for instance, is suitable, and it is prefefgpl2806o add
the hydroxide gradually to a hot m xture of the polyphenol and 15

epi hal ohydrin to control the reaction m xture at pH 6 to 10. The above
epi hal ohydrin is used in excess, nanely in a proportion of 2 to 30
equi val ents, preferably 2 to 10 equivalents, with respect to the hydroxyl
groups of the polyphenol. After conpletigain of the reaction, the residual
20 -epi hal ohydrin is renoved by distillation under réduced pressure, or by
azeotropic distillation with a suitable solvent, while the unreacted

al kali netal"ebdpbuhdrbfd meyPteduef thetrapénpietermbkydrehpvehdy, for

exanpl e, washipauitt hayebessidThe glvei dybpehhert{isati ghrgan,@lso 25 be
carried out QX Eddltlon reaction between the epi hal ohydrin "and the
pol yphenol % bt 2S8ndRP8Rranphase The dpaferPrafeansad a agouatqdst er nary

aﬁﬂDniUﬁ]Sa|ﬁo@rm@repﬁ@§ﬁh90iN@l?ﬁttpaﬁﬁgeéﬁﬁ|Mhétsﬁﬁﬂpeﬁéiérﬁkégef¥£&()
120C, fallowed b{_addinﬁ sai d kal1 netal_ hydroxide to carry out 30
[

ring-cl oSi ng® PRt b YeheParfytagn 460t Be1gbE PFRES - obt ai ned epoxy resin

preferably has 220The 306v@/ £Uketi@d cOROSNNEULHY akLRboXR] Bhtac ey tthe
ound as the resjn conponent,

he. teohnol o3BT 58" pYREERI AEL: PLCaBO0E BSPROCB PRI O T HER LURs Ry 5
April 2005 44sdestiibedtaboyeli¢d)obbeinebhedpyhsehi 660DRY S@Si MOGACIIYD .
Them " (2) "t hETHEE hOR MR ARe COmar SRSt br BUTEP RS 08: Bt SRRERTE Ui | n°
advance 18nd 15 sibieel # bgd sai th at&bke déatospouod and/or calbexyalc acid
onennr oty See RVOLRLYEANLS Solebe Comage el VS 2
a silica theraiiclg) ahe asethedcoblehdebnpilses subj ecllondd heahlkiowd,de
conpound those described for said inorgénic microfine particle can
be used with advantage.

15 The formulating amount of said colloidal silica
and/or colloidal alumina may be the same as mentioned above
for the inorganic microfine particle.

The silica according to the present invention has
excellent fire retardancy-imparting ability and, therefore,

20  a resin composition containing the above silica assumes an
excellent fire retardancy.

As the resin component of said resin composition, the
known resins can be used. Thﬁs, for example, polyamide '
resins such as nylon 6, nylon 6,6, nylon 4,6, nylon 12,

25 etc.; polyester resins such as poly{ethylene terephthalate},
poly(butylene terephthalate), etc.; poly{(vinyl chloride)
resin, polyolefin resins, polyacetal resins, epoxy resins,
acrylic resins, phenolic resins such as polyphenol
compounds, ABS resin, AS resin, HIPS, and styrenic resins

30 such as polystyrene, etc., can be used. However, when said

' resin composition is to be used as a molding material for
electronic components or raw materials for adhesives or
paints, for instance, it is preferable to use a polyphenol
compound and/or an epoxy resin, because both are |

35 thermosetting and their cured formulations show excellent



10, and/ or carboxylic acid salt conmpound to hydrolysis and  condensation in
a solution containing the above reactant material for the pofpilRoRsI
conmpound to give a silica followed by form ng said pol yphenol conpound to
give a mxture, and the |ike, and anong these nethods, the nmethod 15 (2)
or (3) is preferred. In the above nethod (2) of producing the resin
conposition, the polyphenol conpound is first produced as nentioned above
and the solution containing this polyphesgl conpound is prepared. Then,

t he al koxi de conpound and/or 20 carboxylic acid salt conpound and either
water or a solvent containing water are added to the above solution to
carry out hshydlgsl ek coiribndsdtorresist aulast iaonw edmicdiniiasd livhe above
pol yphenol  commeund; ,,d e, as the solution described herei nbefore for
said 25 fire retardré%tspfr sﬂ‘f?%%rfposition. In the above nmet hod (3) of
‘produci ng sai d redih theomsosintiene . swing calnkbxiede reedh dondbave/, oithear boxyl i ¢
acid salt compo beSh S Y. i : I Nt he

sol ution _cont al n%*%le rea?ﬁ&nﬁ%rﬁﬂ O(S)érest_ e 310 p%e%ﬁgﬁecfg%ound to
obtai n aSsi |§@%a §he thiere i retariante. resife rconmms itdget Aan ke arsed. for the

pol yphenol conpounghd SahKAUSRA Yt RACIcdnpddify S !ﬂ:trie%r%@ltya!h@sn% the
silica to synthesize the pal yphenol conpound to give the résin o
conposi ti on DFCLRETHVBHER o a B3 e s vk Heht§ e drastingt iadn Isdstte oasl y

contai ns anypRedWrid RRORAR ofrdiie 408 | QMM sl M@Ntstie NaIRe Rl cohol s

such as nethanol, . ethanol, etc.; ketones such as acetone, 2-butanone,

etc.; and hYFIHH 13% Griphic Whtl dH SRR AL T & FRSEUr &Foms -
N, N- di mephyl f or maniide, egnity didi€in aid s fOridy asaeld e Tddie reachaat
material for thepo{%x henol c ki .nds of

onpoynd. / |f nec ary, other
Sol vents nmayFaT S EUUERA L1 UhdITY) D EORRAT b AT Sishids STt Sl ned by
t he above pep@l:uptc_i;mup,ectrmm ogye picirer ablgh hase fvirdd@essordamds rmss %

epi~bis type glycidyl ether series of epoxy resins
resulting from the condensation of a bisphenol compdund,

15 such as bisphenol A, bisphenol S, bisphenol F, or the like,
with an epihalohydrin; novolac aralkyl type glycidyl ether
series of epoxy resins resulting from the condensation of a
phenol compound, such as phenol, cresol, xylenenol,
resorcine, catechol, bisphenol A, bisphendl F, naphthol,

20 hydroquinone, or the like, with formaldehyde, acetaldehyde,
propionaldehyde, benzaldehyde, salicylaldehyde,
dicyclopentadiene, a terpene, coumarin, p-xylylenedimethyl
ether, dichloro-p-xylene, or the like, and subsequent

_ condensation of the resulting polyphenol compound with an

25 epihalohydrin; glycidyl ester series of epoxy resins
resulting from the condensation of tetrahydrophthalic acid,
hexahydrophthalic acid, benzoic acid, or the like with an
epihalohydrin; glycidyl ether series of epoxy resins
resulting from the condensation of a hydrogenated bisphenol

30 or a glycol with an epihalohydrin; and amine-containing

' glycidyl ether series of epoxy resins resulting from the
condensation of-hydantoin or cyanuric acid with an
epihalohydrin. Moreover, compounds having an epoxy group
in the molecular as obtainable by the addition reaction

35 Dbetween such an epoxy resin as above and a polybasic acid



10 nor nore than 150 mass % of silica content based on 100 mass % of the
resin composition. If it is less than 3 mass % sufficient f%ABrZ8Par dancy
may not be expressed and if it exceeds 150 nass % the ease of handling
will be sacrificed and noldability adversely affected. The nore 15
preferred silica content is not less than 5 mass % nor nore than 100 nass
% The above resin conposition can be caused to cure by an appropriate
met hod sel ected according to the kind of 4éresin used; thus, thernmal curing
by press-nolding at 20 el evated tenperature, baking'or the like is

sui table, and- when.the resin conposition conprising an epoxy resin as the

resin corrpon‘éﬂlf‘p‘i"émiloalb%/%ﬂr%obl RERhCompeing falepakse hesemrleEsd be

used. The curing agwtmétﬁ{cﬁi rceﬂ ﬁlfbcﬁm)l pired efodly Rotpchagias an ne
conmpounds su anlllne fornaldehyde resin,

ch as_hi -anm no ane,
bi s( 4- ani nopﬁléﬁgﬁ%ﬂf o%%mpr eg?W%P Pl oAl HEL &Y | enedi ani ne,
di et hoxytri aatherlfiafateidﬂyl@ﬂei qisdsamhi‘@;ol
2,2,4-trigret hyl he anm.ne nt X (ylene i am

e, . s
bi s(4 amgrrgcycl ohe ?)%e‘f%la% efhgyificati SRR %o just above

am nonet hyl - Gaﬁ Be tcanet by | oyt lohettyd alondven t@@mpi@n@neﬂbaanémﬁnpmc a

al i phatic po y 0 S btalnab fro of, these am nes
and a dimer ﬁgﬁ %|%§é|§£1 a@%fgh np%??p%%%5¥q%aﬁ%% T obtai nabl e
by condensatu@uablyalzpneMemwpmﬂmh zslﬂcdfllasnés‘ﬁaphey@ioxm@sﬁt 4o<yﬂoeno|

‘resorcine, cgﬁge@of? dpegglhéﬁ éﬁé¥¥1 g%%g%fg blgghenol F etc. mnth
de dehyde

f or mal dehyde, acet propi ona enza
sal|cyIéﬁheh?@@oveﬁ¢@yclopentadlene terpene coumarin, p-xylylenedi nethyl

ether, or the |ikeig drlcﬁ%fﬁﬂﬁ@ké %?E%Fgé& 2, anhyelr i de,

'tetrahydrophthallc an pyrone
- 3,3, 4, 4- benzB%h@%Héﬁe‘tywmwr|%Qcéﬁlamﬂymlr@eldeetﬁoruiesmn¢%lcar nor e

speci es of tbeseata, bindised. i JNorsidion acCorAiag Ao Lhe-bpygntion and the

resin conposition Contalnlng said silica can
gradually to a hot mixture of the polyphenol and

15 epihalohydrin to control the reaction mixture at pH & to 10.
The above epihalohydrin is used in excess, namely in

a proportion of 2 to 30 equivalents, preferably 2 to 10
equivalents, with respect to the hydroxyl groups of the

_ polyphenol. After completion of the reaction, the residual

20  epihalohydrin is removed by distillation under reduced
pressure, or by azeotropic distillation with a suitable
solvent, while the unreacted alkali metal compound. and
byproduct salt are preferably removed by, for example,
washing with water. The glycidyl etherification can also

25 be carried out by addition reaction'betWeen the
epihalohydrin and the polyphenol in presence of a phase
transfer catalyst, such as a quaternary ammonium salt or a
phosphonium salt, generally at temperature of 40 to 120°C,
followed by adding said alkali metal hydroxide fo carry out

30 ring-closing reaction generally at 40 to 120°C. The

- obtained epoxy resin preferably has 220 to 300 g/eq of an
epoxy equivalent weight.

When the resin composition comprises a poljphenol

compound as the resin component, the technology of

35 producing the above resin composition includes, as



- measur ed rrmomechani cal anal yzer (TMA) on a nee
he Ill’%élre

10 advantage in or as a nolding material for architectural._
housi ngs, | am nate boards, built-up circuit boards, seal ant

gﬁpm 5005

- semi conduct or encapsul ating materials, cast products and nol ding materials

to be used in machine parts, electronic/electric parts and conponents,

road vehicles, 15 ships, and aircraft or as a raw.material for the
production of adhesives, electrically insulating paints, and so forth.

BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 4% a TEM photograph of a fire
retardant resin 20 conposition enbodying the present invention. Fig. 2 is
a 29Si - DD/ MAS- NVR spectronetric chart of a silica. Fig. 3 is a

29Si - DD/ MAS- I9R SEdd gherva c dHartheofmeghog) (whish 28 TBESE MODE OBOR iGARRY! NG

QUT THE | NVENEla\lpo-ﬂ%HeQﬂdlo‘@diﬂnmn%ﬁ slajlldjssta. al e Lhe N GSR llyénventl on

in further det wi f hout defi ni ng the scope of e I nvention.

ot herwi se i ndi% ?Lalpé"@ &Y Migdmds € hge tﬁ@rt@ﬂhﬂd/\e‘ﬂgmh' camgpralsies
" per cent ages p(r%:l'ucdﬁr@ sAaSs péypnEM@ 1t Wu@fﬁp@&ggﬁr&%ﬁature was

e pene; rati on
nmode and N9y &l Fetder [FOREP Ul gt darree baxivilii cJ RS 1H0070.

The i nor gani &alitC ketipap@near tWhdld (‘an‘ét eRid r30 WS 1¢et8NENed Jp i@ pg the

conposition as synthesized 5 Ap 2005 50 to stand in an air streanlof air
at 800C for %@dﬁ%ﬁt}(tséf C@é’l‘{eﬁ’lsa?'ttllﬁél e % FRTRL Fy sranird ndRange idn mass

from the pr @oﬂ.ty@h(émg ahnpeunst (wamberk)e B0 112 da @fhdr@uir, ngekedpkl ask
equi pped w t rk trap and a stirring rod was

char ged 302%§%h% Whlf |fP@Hél&chéP%3@§¥H9%gﬁﬂe;ﬂ%&ﬂﬁldﬁneoeeoen& of
p- toIuenb@ulﬁoﬂ#oracﬂdboawd1thacuﬁnmaﬂatub@pﬁﬂhduld MGIRRIEG 1isn adgni t rogen

afthELgaP}agghP%n%gk ieqt i;0g t@%lu%%tercggl%gng%%a%he a %%%r%%g%@gn%15c
materlal for the polyphenol compound to give a silica
followed by forming said polyphenol compound to give a
mixture, and the like, and among these methods, the method
15 (2} or (3) is preferred. | '

In the above method (2) of producing the resin
composition, the polyphenol compound is first produced as
mentioned above and the solution containing this polyphenol
compound is prepared. Then, the alkoxide compound and/or

20 carboxylic acid salt compound and either water or a solvent
containing water are added to the above solution to carry
out hydrolysis and condensation. o

The solution containing the above polyphenol compound

'is the same as the solution described hereinbefore for said
25 fire retardant resin composition.

' In the above method (3) of producing said resin
composition, said alkoxide compound and/or carboxylic acid
salt compound is subjected to hydrolysis and condensation
in the solution containing the reactant material for the

- 30 polyphenol compound to obtain a siliea in the first place.
 Then, the reactant material for the polyphenol coﬁpound is
caused to react in the solution containing the silica to
synthesize the polyphenol compound to give the resin
composition of the invention.

35 The ebdve—mentioned solution preferably contains any



tenperature was increased to 150C and maintained for 6 hours. The

formation of water ceased when 79 g of water was recover ed.? fRe00fe
reaction systemwas cooled to 60C 15 and 176 g of nethanol was added. Two
PTFE tubes were inserted into the reaction mxture in the four-necked
flask, and with the tenperature being nmaintained at 60C, 336.4 g of

t et ranet hoxysil ane and 157.8 g of water were fed through the respective
tubes by nmeans of peristaltic roller punpss 20 over 4 hours. After the
feeding, the reaction systemwas naintained at 60C for 4 hours. Then,

~ under nitrogeg strgan&athe tenPerature was i ncreased again and while
trapping t he®FeEP8uaPtharérdanalverked ReRRaHoR1GPRALEhEUChS ap, makhemohad

begun to be disthblededtf ;akeabaut 8Q6n 23 LBetShE!rbngyWagcRENt Lpded up to
180C. The re5|8u§l Bhﬁngt was distilled off under reduced pressure and the
system was cOBfeBYEEOBMYEIFoPYBRRADI SROHEBESt FBRNARAstatralvRTAhlE_Ns0l i d.

Ehg yie:d m?s,ﬁiaigitgpegbh?am?ﬁe,sgptgaiﬁg,tgﬂaeggtgbgt§@§55ggalpgf

ydroxyl va was mol, ,apd the inorganic mcrofine particle
content Was Hgﬁ.5@?cgﬁ§gnﬁgEe§}é%ogﬁr1QEeoP° gﬁpgﬁéékéﬂmPPﬁgﬁ-equpped with
a gas 35 inhetgesaabeaneSharkkinap aﬂdsalﬁéhtéimgyr@ds@aﬁecggag@go§afp%iI
2005 51 432.§Sg of phenol, 172.2 g of benzoguanam ne and 179.2 g of 37%
formalin, an m%ile the white opaque solution was stirred in a nitrogen
gas stream 9 nl ofhaquesis eompnsat sohubboninas addede diopwese. Wien the

-reaction sy had. ran ent, .the te rature_was Lncreased to
~about 80C aﬁ%§€%%8g§%$e§§§§§8}%%ﬁbé?géeﬁﬁaéy E?Frggﬁg??ﬁ? Ehaﬂohr§§s%h%
t enper atlfr e BFr there ehbenobhSki xessetwaf sihiceasedtangai hasditdnwater which

began to be gdistidl g +QLf ; ab . hei ng. golil ected with the trap, the
10 sol.ution was heated and%%%%%tg#%%%gg§i§§0C: %rlé-%éi}%ﬁs ﬁhﬁpg%rnation
of water ced8d¥ whensubbigientwhiee watardavoveray. nFhebefexpreshedraadt i on

mxture was £p0] €dekeeds 150 mass %, the ease of handling will be
sacrificed and moldability adversely affected. The more
15 preferred silica content is not less than 5 mass % nor more
| than 100 mass %.

The above resin composition can be caused to cure by
an appropriate méthod selected according to the kind of
resin used; thus, thermal curing by press-molding ét

20 elevated temperature, baking or the like is suitable, and
when the resin composition comprising an epoxy resin as the
resin component is to be cured, a curing agent for epoxy
resins can be used.

The curing agent referred to above preferably

25 includes amine compounds such as bis(4-aminophenyl)methane,
aniline-formaldehyde resin, bis(4-aminophenyl}sulfone,
propane-1,3-diamine, hexamethylenediamine, diethoxytriamine,
triethylenetetramine, 2,2, 4-trimethylhexamine-1, 6-diamine, |
m~xylylenediamine, bis{4-aminocyclohexyl)methane, 3-

30 aminomethyl-3,3,5-trimethylcyclohexylamine,

~ isophoronediamine, etc.; aliphatic polyamines;
polyamincamides obtainable from any of these amines and a
dimerized or trimerized fatty acid; polyphenol compounds
obtainable by condensation of a phenol compound, such as

35 phenol, cresol, xylenol, resorcine, catechol, bisphenol A,



60C and 100 g of nethanol and 8.3 g of acetic acid were added. Then, two
PTFE tubes were inserted into the 15 reaction nmixture in thedAglit2%08cked
flask, and with the tenperature being maintained at 60C, 210.1 g of
t et ranmet hoxysilane and 99.4 g of water were fed through the respective
tubes by neans of peristaltic roller punps over 4 hours. After the
feeding, the reaction systemwas 20 incubated at 60C for 4 hours. The
reaction solution was started heating agagnh under nitrogen stream and
while the residual water and forned nethanol which had begun to be
distilled off at about 80C were trapped with the trap, the stirring was
continued up RiFHBICL. The atesi,dusl tiphnola 2feiwake t heietdistddygd of f under
reduced pres ek the,: st S. cool ed ta .gi ve pol yphenol conposition
Bas a ml k%\&rhcfptle SO C?l%l.yf%e b3e/e|rHeZI d\/\%@’%G S@ﬁlt%’elatwer sof t eni ng
t enper at ur e HS W@ artadyedreox e npanes wasuni2(Hi n, g/pHx y 1ank e Meteraani c
m crofine parddid:e cantgnt 14as. .3 D%, Th l.yphenol conposition B thus
obt ai ned was observed tgly ¥ ans’m%snialtsoancle & %ﬁtlrﬂoec?r Py 'F’@I%Ea.llpi g. 1
showi ng tfRe PEMYsHGCSyr &5t rah yslalopitided! i cc emposirtiden Byrdidilqatds a
m crofine di spef&iame0f 3Si3l isCa it f.or f .35 discrete spherical
particles or agd?%'atestheréofQﬁﬁ%¥§?%§§ﬁ(%%iﬁﬁ§%§ ﬂﬁﬁ%HQﬂJ;Qﬂﬂﬁﬁéﬂgﬁs
rangi ng from&out ©86 Al F¥CapBURCEE0sRAT1EExaliptke3) Fanab2 Lsed.
four-necked flask egui pped W L3935 i t. an-Stark trap and a
stirring rod was charged 492.2 g o? A i'o-_gghgcépof?{/l Ry A dpltrbﬁyg,e%ﬁ?. 6 g
of phenol af@™P55itgdops contanfing ¢aidh sdldlcangenr bsi msepr adidt nane
"Anber | y50 15dPEytager edust: ak Bobdn&iHaasa o) 1204 .4 ncrease, of
tenperature was,started:-under ni trqgerjfldg?r eaamr)lf(} x?gt ir%%cg&{%&c%@&gﬁ to form
around 140C B8RSy ePPREPBASg leRigaieebioarasi d builiis e ctirapitt beards,
reaction sol seiedanwas sbratedduetdfOenadgdsimiRtaigned +L.or .8 hoﬂ%?t The
reaction ce%§gg w@en 195 g 8t acetic acid was recovereé. ?Here ore,
UCts and molding materials to be used in machine parts,
electronic/electric parts and components, road vehicles,
15 ships, and aircraft or as a raw material for the production

of adhesives, electrically insulating paints, and so forth.

‘BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a TEM photograph of a fire retardant resin
20 composition embodying the present invention.
Fig. 2 is a ?’Si-DD/MAS-NMR spectrometric chart of a
silica. '

Fig. 3 is a *’S1-DD/MAS-NMR spectrometric chart of a

silica.
25 |
BEST MODE FOR CARRYING OUT THE INVENTION
The following examples illustrate the present
invention in further detail without defining the scdpe of
the invention. Unless otherwise indicated; all “pafts” are
30. “parts by weight” and all “percentages (%)” are “mass %”.

The thermal softening temperature was measured with a
thermomechanical analyzer (TMA) on a needle penetration

mode and the hydroxyl value was determined in accordance

with JIS K0070. The inorganic microfine particle content

35 was determined by allowing .the composition as synthesized "



t he - reaction m xture was cool ed and the ion exchange resin 15 was recovered
_by filtration. To the filtrate was added 109.0 g of nethano? APHF®0Phe

m xture was returned to the flask. Then, two PTFE tubes were inserted into
the reaction mxture in the four-necked flask, and with the tenperature
bei ng mai ntai ned at 60C, 251.2 g of 20 tetranethoxysilane and 142.0 g of
15% aqueous amonia solution were fed through the respective tubes by
means of peristaltic roller punps over 4sbours. After this feeding, the
system was incubated at 60C for 4 hours. The solution was heated again
under nitrogen and while trapping the 25 residual water and fornmed nethanol
whi ch had beduh T'¢Ht 1niat i3eds vigamo ot B0@0Q We i r30 ng.nvdres
continued up add dBI0a ] afhien & e uadn e of - Stﬁéqeéhaq{aset 'J,lr.'rl & 's%f ff under

y

reduced pressyre and the resi due was cooled to give p pheno co%ﬁgsition
Cas a mlk- %(?%ﬁﬂﬁQﬁnéﬁﬂﬁyﬁ%ﬂ%ﬁ-So vias 521 g, the thermal softening
tenperature was 76C, the hydroxyl value was 235 g/nol, and the inorganic

mcrofineg p jcle cantent was 19.2% (Exanple 4) 35 To a 1 L of
f our - necked ?ﬁ&¢¥“§ﬁhﬁgped with a gas 5 April 2005 53 inlet, a Dean-Stark

trap and a stirringo ad 2vs @GR neASRdl 9@k equipped with a gas
2,5-d!acetox%gﬁknxlQ@&ﬂﬁpqhﬁpe 36. 4 qlof phenol ™ an 2?.7 of “stron
acid ion exchange 'r &sim o proguttt Hidm@ b et iyl ngs qod) waspich@teedof Rohm
& Haas 5 Co.)302arfd o e trermendteuree giagd)Crasas.ed girdebHil1098R- 12Ageki ¢
was heated and ha SEhIar BIHBC-T oIS, tRIsesbroageased when
202 g of 18cetincrggised vies a eddvergeth ayat, sthessef.or Bhilbecseastt oily Sitad em was
i1 at o vas Sddsd Ta7 L o Car oek Rensl ot il e e this Crebur hed (o
the flask. THERPSEAGUPFFRast dbey ensred itwsAS0EE amdontale theaeti @axnsxture in
the four- negkedsi | aske aRELWEEOLLDE agg&grgggggdbgﬁgg 9Bi8t§%rﬁé é¥
was recovered. Then the reaction system was cooled to 60°C
15 and 176 g of methanol was added. Two PTFE tubes were
inserted into the reaction mixture in the four-necked flask,
and with the temperature being maintained at 60°C, 336.4 g
of'tétramethqusilane and 157.8 g of water were fed through
the respective tubes by means of peristaltic rollér pumps
20 over 4 hours. After the feeding, the reaction.system was
maintained at 60°C for 4 hours. Theﬁplunder nitrogen
stream, the temperature was increased again and while
trapping the residual water and formed methanol with the
trap, which had begun to be distilled off at about 80°(C,
25 the stirring was continued up to 180°C. The residual
phenol was distilled off under reduced pressure and the
system was cooled to give polyphenol composition A as a
milk-white solid. The yield was 619 g, the thermal
softening temperature was 52°C, the hydroxyl value was 193
30 g/mol, and the inorganic microfine particle content'was
20.7%.

(Example 2)
To a 1 L of four-necked flask equipped with a gas
35 'inlet, a Dean-Stark trap and_a stirring rod was charged



15 60C, 260.3 g of tetranethoxysilane and 104.7 g of 1596“aqueous anmoni a

. solution were fed through the respective tubes by neans of Péprid®ostic -
roller punps over 4 hours. After this feeding, the systemwas incubated at
-60C for 4 hours. The increase of tenperature was started again under 20
nitrogen stream and while trapping the residual water and formed nethanol
whi ch had begun to be distilled off at about 80C, the stirring was
continued up to 180C. The residual phenobBiwas then distilled off under
reduced pressure and the system was cool ed to give pol yphenol 25

corrp05|t|onD m | ite solid. The yield was 508 g, the thernal
sof tening tenp a%’jlu e el thed tR o By I Penzn e namine eing /OIS, 2amd cithe

i norgani c mi CE?J%lfmrmlimplﬁqdwmwtt}v@%k%(}c@%pﬁﬂlé AR i@ mlako @ 1 L of
f our - necked féﬁs (g ped th a gas inlet, a Dean-Stark trap and a
stirring rod Was ¢ ngg ?gedl FaDHEiAamne Ml Ply asueotiseampoaiiane,

and -while thelwmosr atas eadvhsd rmrdlivalsn,ed Ahehd5€he?21Qaltgopf s§%tem l%aii)4

t et ramet hgxysi 99 4 r were fed through 5
i ndepende%t tu"lbes Dy TTEA ?q“ r&get %EF‘?pcerradWreer W%féﬁe@tﬁo@bsmmfter
~ the feeding, &he rasatttion sysdtam evamsnaibagert widB0G Hiafr ihheerS 4 Then,

30.2 g of - b an m ne _and 179.2 of 37%5 fornalln
wer e added, an % |t§eg%%5%g%§olUEESﬁewégacébﬁPlﬁﬁﬁﬁgF? ¥8Prred under

ni trogen at @g@reaﬁ@ réggecin onWishis weebewateht bagsparenbei @idchouss. The
sol uti on was int.ai hed for 4 our nder const
P I LER 3 Lo0 B Wl e e S PN r 28

stirring, and start eat1 ng again. gﬁanol wat er
m xture WAi cHHAEissgwee diart et sirid Ineldrrh:faflneai aab Qo "85Eowi thhbhest rap,

the reaction gAXtAY848S, tbqa It aned .ty 180C for 4 hours. The
reaction ceased when 350 g Ctﬁ%n%ex t?;&ew\}'\l/aeg‘ A8 oPePEd WaTthEr RSre, the
resi dual pheﬁ&cqwedi St ﬂ'hleééf@rﬁf ubber readbted @bxpnessuie a@nsldédeto

reaction m xtag-e v a0 @d 40 ¥ t¥&nol and 8.3 g of acetic acid were
added. Then, two PTFE tubes wére inserted into the
15 reaction mixture in the four-necked flask, and with the
temperature being maintained at 60°C, 210.1 g of
tetramethostilane and 99.4 g of water were fed through the
respective tubes by means of peristaltic roller pumps over
4 hours. After the feeding, the reaction system was
20 incubated at 60°C for 4 hours. The reaction solution was
started heating again under nitrogen stream and while the
residual water and formed methanol which had begun to be
distilled off at about B80°C were trapped with the trap, the
stirring was continued up to 180°C. The residual phenol
25 was then distilled off under reduced pfessure and the
system was cooled to give polyphénol composition B as a
milk—white solid. The yield was 486 g, the thermal
softening temperature was 98°C, the hydroxyl value was 204
g/ml, and the inorganic microfine partlcle content was
30 16.5%.
The polyphenol composition B thus obtained was
observed by transmission electron microscopy (TEM). Fig. 1
showing the TEM photograph of polyphenol composifion B
| indicates a microfine dispersion of silica in the form of

35 discrete spherical particles or aggregates thereof with



pol yphenol conposition E as a mlk-white solid. The yield- was 345 g, the
thermal softening tenmperature was 150C, the hydroxyl val ue R&¥Pring¥dg/ nol ,
and the inorganic mcrofine particle content was 23.2% 20 (Exanple 6) To
a 500 mL of four-necked flask equipped with a gas inlet, a Dean-Stark
~trap, and a stirring rod was charged 208.92 g of phenol and stirred at 40C
under nitrogen 25 stream Then, two PTFE tubes were inserted into the
reaction mixture in the four-necked flask®&nd with . the tenperature being
mai nt ai ned at 60C, 101.38 g of tetranethoxysilane and 56.5 g of 15%

aqueous amonig 1S4l utd; re f .hrough the respective tubes by nmeans of
30 roller pu?ps olvereuth%gn&\ﬁfgé.r%Afrt%glrg[ltnﬁeﬁeo&ia??é’,u%tIBP FEadd GPoUh 00 8mwas
i ncubated at 60C for 4 hours. Then, 16.62 g of benzoguanam ne, 33.60 g of
mel am ne and &44b1% &f) 37% formalin were fed and the mxture was

consistently stirred at 60C until the reaction m xture becane transparent.
35 Thereafter, theTPedcti énofyspamnes ketarftleskheatiipgeagaiinhb aApisl 2005
55 and whgl e ity1Ri R g 4Rtek- anal, m re.which had begun to be
distilled off at about 85C the g%% t%%ﬁ'%%é&ﬂﬁgéﬁédrgﬁdwﬁﬁ 196G at 180C
for 4 hours. Aerd héT deddveipcetonarethydtiiphenyt, x 507 6had ofeatlead1180
g, the 5 resighdale sphenrol, mas rdingt blied ; ff L..re | pressur and t he
reaction sysgﬁgﬁya% cggled to”g?vg 50I;% eﬁ%F%%gg%pgggﬁgoﬂpfoggcg name

mi | k-white soffPETFYEtyilel §r¥as POOIYCT pife Robay maHassf Conilng anenpdeat ur e

was 122C, thdnkydaesylbr vahue wesri93.a/ ol d i norgani.c. mi.crofine
particle, .10 gbntgnt wgf 21?7&: (5%w§§?a??€§t%?a@%PgrlggE%?@?%n%E?ﬁgm-
hydrol yst3 aA%cdfd@ndsk PEABF Lot EPFamBERURFSIINANE oMl phidg teeppény of 79

g of water iMhikSatheiQraQQdUWQtﬁftﬁéaﬁﬂbg 1inkheecheshduakoriienah was
distilled Ofkeg@ggrtgeqqgeg gkgsagigtg%n%dégo%n% %gﬁrs. The feaction

ceased when 195 g of acetic acid was recovered. Therefore,
the reaction mixture was cooled and the ion éxchange resin

15 was recovered by filtration. ' To the filtrate was added
109.0 g of methanol, and the mixture was returned to the
flask. Then, two PTFE tubes were insefted into the
reaction mixture in the four-necked Flask, and with the
temperature being maintained at 60°C, 251.2 g of

20 tetramethoxysilane and 142.0 g of 15% aqueous ammonia
solution were fed through the respective tubes by means of
peristaltic roller pumps over 4 hours. After thisrfeeding,
the system was incubated at 60°C for 4 hours. The solution
was heated again under nitrogen and while trapping the

25 residual water and formed methanol which had begun to be
distilled off at about 80°C, the stirring was continued up
to 180°C. The residual phenol was then distilled off under
reduced pressure and the residue was cooled to give
polyphenol composition C as a milk-white solid. The yield

30 was 521 g, the thermal softening temperatﬁre was 76°C, the
hydroxyl value was 235 g/mol, and the incrganic microfine

particle content was 19.2%,.

(Example 4)
35 : To a 1 L of four-necked flask equipped with a gas



reaction m xture was cooled to give pol yphenol conposition G as a

. brown-colored solid. The yield was 487 g, the thermal softehiArRgl 2005

tenperature was 48C, the hydroxyl value 20 was 152 g/ nol, and the inorganic
m crofine particle content - was 0% (Conparative Exanple 2) Omtting the
hydrol ysis and condensati on of 25 tetranethoxysilane foll ow ng recovery of
160 g of water in the procedure of Exanple 2, the residual phenol was
distilled off under reduced pressure at 188C and the reaction nixture was
cooled to give pol yphenol conposition H as a deep yellow solid: The yield

was 417 g, thesthernal _softening te rature was 92C, the hydroxyl val ue
was 171 g/ nré]%lela%hdg?r?ee%%no(rjc&gﬁﬁ ct%pc£$% Partii% LShtER R

~ (Exanpl e of préépdr gt iodn 20f6-al ishaped yardtsl g aphbh e &36.7% to o2 and

Conpar at.i ve le d n.a heating, hatch m xer of 300 g capacity,
a phenol 5 A%%ﬁ%gﬁ@%%g%ﬁ%ﬁ SSHBY b FEGHRHIATAH ™ e '
EPN-1180", 18@roglussl nefieedxypegguisiallentDmed, ghitroducaduet refhrCisbaraSpeci al ty
Cheni cal s5Co gl Was zhar a ] ch of .sai.d pal yphenol .conpositions A
toHin the rat;/)\kr(j)‘1 iandigglfe%%glﬁ iah:lb ug%l.wa% A%t%greaé %%ﬁfecrh MrSroughl y
di ssol ved and§itdfdégiflobegad riondicewn @troli@C ldider areducdd durtessuieh, t he
curing accel@patesn2- ehRY kudvrBiyLisg I ed in.the _pr LLion
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30 seconds, fi&F SwBauEy - 10Themedratéonnpestednwhano282f babrbaaetiovhdidg

die and presgsshapedeabdl88E, URdel «Fc32 M3 f Qi o fg%%rs e, folding was
postcured by allowing it to stand for 2 hours at i oA nitrogen stream
at at nospher COO}FEsalfeths ignyexshemded rastincves Hesoveakahbyal and

thermal 15 propertiesnof therkar edlarhiel gawergqgyal yat ed aSE%Qi:HQmS IS
K6911 and JI S g?%ﬁl, r.eEBectl vely. The fire retardancy of This cured’
article was &041 GALeBFRUT§cWEPdERESTRIECh tohdhiL £34 stkest Therhotiwo PTFE

tubes were inserted into the reaction mixture in the four-
necked flask, and with the temperature being maintained at

15 60°C, 260.3 g of tetramethoxysilane and 104.7 g of 15%
aqueous ammonia solution were fed through the respective
tubes by means of peristaltic roller pumps over 4 hours.
After this feeding, the system was incubated at 60°C for 4
hours. The increase of temperature was started again under

20 nitrogen stream and while trapping the residual water and
formed methanol which had begun to be distilled off at
about 80°C, the stirring was continued up to 180°C. The
residual phenol was then distilled off under reduced

. bressure and the system was cooled to give polyphenol

25 composition D as a milk-white soclid. The yield was 508 g,
the thermalAsoftening temperature was 73°C, the hydroxyl
value was 219 g/mol, and the inorganic microfine particle
content was 20.0%.

30 (Example 5)

To a 1 L of four-necked flask equipped with-a gas
inlet, a Dean-Stark trap and a stirring rod was charged
433.0 g of phenol and 12.1 g of triethylamine, and while
the temperature was maintained at 45°C, 210.1 g of

35 tetramethoxysilane and 99.4 g of water were fed through
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independent tubes by means of peristaltic roller pumps over
4 hours. After the feeding, the reaction mixture was
stirred at 60°C for 4 hours. Then, 30.2 g of
benzoguanamlne, 60.9 g of melamine and 179.2 g of 37ﬁ
formalin were added, and the white opague solution was
continuously stirred under nitrogen at 60°C. The reaction
system became transparent in 2 hours. The solution was
heated to B80°C, maintained for 4 hours under constant
stirring, and started heating again. While collecting the
methanol-water mixture which had begun to be distilled off
at about 85°C with the trap, the reaction mixture was
heated and maintained at 180°C for 4 hours. The reaction

ceased when 350 g of the mixture was recovered. Therefore,

- the residual phenol was distilled off under reduced

pressure and the reaction mixture was cooled to give'
polyphenol composition E as a milk-white solid. The yield
was 345 g, the thermal softening temperature was 150°C, the
hydroxyl value was 185 g/mol, and the inorganic microfine
particle content was 23.2%.

{Example 6) ,

To a 500 mL of four-necked flask equipped with a gas
inlet, a Dean-Stark trap, and a stirring rod was charged
208.92 g of phenol and stirred at 40°C under nitrogen
stream. Then, two PTFE tubes were inserted into the
reaction mixture in the four-necked flask and with the
temperature being maintained at 60°C, 101.38 g of
tetramethoxysilane and 56.5 g of 15% agueous ammonia
solution were fed throﬁgh the respective tubes by means of
roller pumps over 4 hours. After the feeding, the reaction

. mixture was incubated at 60°C for 4 hours. Then, 16.62 g

of benzoguanamine, 33.60 g of melamine and 87.21 g of 37%
formalin were fed and the mixture was consistently stirred
at 60°C until the reaction mixture became transparent.

Thereafter, the reaction system was started heating again
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and while trapping the water-methanol mixture which had
begun to be distilled off at about 85°C, the solution was
heated and maintained at 180°C for 4 hours. When the
- recovery of water-methanol mixture had reached 180 g, the
5 residual phenol was distilled off under reduced pregéure
and the reaction system was cooled to give polyphenol
composition F as a milk-white solid. The yield was 200 d,
the thermal softening temperature was 122°C, the hydroxyl
value was 193 g/mol, and the inorganic microfine particle
10 content was 21.7%.

(Comparative Example 1)
Omitting the hydrolysis and condensation of
tetramethoxysilane following reCovery of 79 g of water in
15 the procedure of Example 1, the residual phenol was
distilled off under reduced pressure at 180°C and the
reaction mixture was cooled to give polyphenol composition
G as a brown-colored solid. The yield was 487 g, the
thermal softening temperature was 48°C, the hydroxyl value
20 was 152 g/mol, and the inorganic microfine particle content
was 0%. '

(Comparafive Exampie 2)
Omitting the hydrolysis and condensation of
25 tetramethoxysilane following recovery of 160 g of water in
the procedure of Example 2, the residual phenol was
distilled off under reduced pressure at 180°C and the
reaction mixture was cooled to give polyphenol composition
H as a deep yellow solid. The yield was 417 g, the thermal
30 SOftening temperature was 92°C, the hydroxyl value was 171

g/mol, and the inorganic microfine particle content was 0%.

(Example of preparation of a shaped article - 1) Examples
-7 to 12 and Comparative Examples 3 and 4

35  In a heating batch mixer of 300 g capacity, a phenol-
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~ 2005 58 The abbreviations used in Table 1 have the fol | ow ng® ApBldf0fgs.
"EPN- 1180" means phenol - novol ak series of epoxy resin ("Araldite
EPN-1180", 180 g/ nol of epoxy equivalent weight, 5 product of C ba
Specialty Chem cals Co:) and "2E4AMZ" nmeans 2-ethyl-4-nmethyli m dazol e.
(Exanpl e of preparation of a shaped article -2) Exanples 13 to 18 and
Conparative Exanples 5 and 6 10 In a heatggg batch m xer of 300 g capacity,
phenol - novol ak series of epoxy resin ("Araldite EPN-1180", 180 g/ nol of
epoxy equi val ent wei ght, product of C ba Specialty Chemcals Co.), nethyl
cel | osol ve ah@VehekoBesaed ofokpphgncksconiddirbildiseALPE-H 8er e ®0 mul at ed

bl ended for 30 ainat ceorsl FaNSa by S onrH ot obF B5HF Tt Shperat LuReC e, ¢ he
curing accel ERgRdFaRsetnyl - asnohphilatddzeliehwaschedfi sat dep@l ppiosidon
i ndi cated incofgBket20hQ R €R2fE4 A ¥ﬁénEﬁQioTEhaiggEQ&SQnm@gbfgeP.to
5 After each batch was thoroughly dissolved and bléndéa for
30 minutes at 110°C under reduced pressure, .the curing
accelerator 2-ethyl-4-methylimidazole was fed in the
proportion indicated in Table 1. The mixture was kneaded
under reduced pressure for 30 seconds, followed by |
10 immediate injection into a flat board molding die and
press-shaped at 180°C under 3.92 MPa for 1 hour. The
molding was postcured by allowing it to stand for 2 hours
at 180°C in a nitrogen stream at atmospheric pressure to
give a cured article. The mechanical and thermal
15 properties of the cured article were evaluated according to
JIS K6911 and JIS K7121, respectively. The fire
retardancy of this cured article was evaluated in

accordance with the UL-94 test method.



20 i merse a gl ass woven cloth (0.18 mmthick, product of - Nitto Bosek
~Co., Ltd.) at a rate of 80 weight parts as solids of varnishApE20090

wei ght parts of the cloth and dried in a drying oven at 120C for 30 °
mnutes and in a drying oven at 150C for 1 minute to prepare a prepreg. 25
Six sheets of said prepreg were laid up and a 35 pmthick electrolytic
copper foil was applied on both sides of the stack. The assenbly was then
hot press-fornmed under the conditions of53923 kPa at 190C for 120 m nutes
to give a 1.2 mmthick doubl e-side copper-clad | amnate sheet.. The 30 fire
retardancy of this copper-clad | am nate sheet was evaluated according to
the UL-94 testalikd Hod and the sol der heat resistance, peel strength, and
dielectric constant were evaluated according to JIS C6481. - 5 April 2005
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The abbreviations used in Table 1 have the following
meanings.
' “EPN-1180” means phenol-novolak series of epoXy resin
(YAraldite EPN-1180“, 180 g/mol of epoxy equivalent weight,
5 product of Ciba Specialty Chemicals Co.} and “2E4MZ£ means
2-ethyl-4-methylinidazole.

(Example of preparation of a shaped article -2) Examples
13 to 18 and Comparative Examples 5 and 6

10 In a heating batch mixer of 300 g capacity, phenol-
novolak series of epoxy resin (“Araldite EPN-1180", 180
g/mol of epoxy equivalent weight, product of Ciba Speciaity
Chemicals Co.), methyl céllosolve and one of said
polyphenol compositions A to H were formulated in the ratio

15 indicated in Table 2 and thoroughly dissolved at 80°C and
blended for 30 minutes, followed by cooling to room
temperature. Then, the curing accelerator 2-ethyl-4-
methylimidazole was fed in the proportion indicated in
Table 2 to prepare a varnish. This varnish was used to

20 immerse a glass woven cloth (0.18 mm thick, product of
Nitto Boseki Co., Ltd.) at a rate of 80 weight parts as
solids of varnish per 100 weight pafts of the cloth and
dried in a drying oven at 120°C for 30 minutes and in a
drying oven at 150°C for 1 minute to prepare a prepreg.

25 Six sheets of said prepreq were laid up and a 35 pum-thick
electrolytic copper foil was applied on both sides of the
stack. The assembly was then hot press-formed under the
conditions of 3923 kPa at 190°C for 120 minutes to give a
1.2 mm-thick double-side copper-clad laminate sheet. The

30 fire retardancy of this copper-clad laminate sheet was

 evaluated according to-the UL-94 test method and the solder
"heat resistancé, peel strength, and dielectric constant

were evaluated according to JIS C6481.
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5 April 2005 60 In Table 2, "EPN-1180" and "2E4AMZ" have the sanme neani ngs
as in Table 1. (Results) 5 Various characteristic values of %herid#0&d
articles are shown in Table 1 and various characteristic values of the
copper-clad | am nate sheets are shown in Table 2. No practically useful
fire retardancy was exhibited at the low |evel of addition even though
commercial fused silica was 10 used as the inorganic mcrofine particle in
t he Conparative Exanples. However, in t Exanpl es where the inorganic

m crofine particle was synthesized by the hydrolysis and condensation of a
nmetal al koxide, a practically useful fire retardancy was expressed with
the low | evel of afidi Tabhe 15 FOPNAERIBOreankihepgamas NQvEEEheaSELL N

mechani cal s r. the behavi ors that could be attributed to the
presence of %%gﬂgﬁg?ggﬁi%n 'ggg?iﬁe particle synthesized by the hydrolysis
and condensati on of a netal al koxide and the correspondi ng copper-clad

| am nat es mquegbig gound to 20 exhibit satisfactory characteristics.
(Exanpl es 19 an f In a heating batch m xer of 300 g capacity,. cresol-
‘novol ak <eries of Epokyus esharéptedistioaneliESCHE 220 H ure@52 280c pdaol  of
epoxy equi val ent i.ght C Sum t ono em cal Coppany, . Ltd. t he
pol yphenol c%ﬁ%ogﬁgygniﬁ g%ﬁg& %bgggngar%ﬂuﬁxg F%§€65+8E§Feﬁélb?9c :

met hyl et her theetapper-cbhdehtmhaphehahantisaanexshoen of nheavyear onald ¢

petrol erium : I {n Lo,indjicated in. Taple 3. and 30
t hor oughl y d?%%%ﬁ%%%igy géggukfF%?gc%gﬁégaanyrg%ﬁ1e%%h%%?ﬁgu?g,ghe Low
t ri phenyl phokp¥eheof agddhblenr ¢vgnatbelighatonpreraas] atfidedd anil desswdved in

t he properti@sedngscated;) p i n iLnk thus.
prepared was_ appli ed ?ol%ﬁgg%?g%e%$C%8£££%nﬁ%ﬁFggl%o%%egp$o¢$m $F3ct%en 35
printing and®¥RTREEsn PWsNaT atindde fforamol ed mites thee Howani2005

microfine particie was synthesized by the hydrolysis and
condensation of a metal alkoxide, a practically useful fire
retardancy was expressed with the low level of addition.

15 Furthermore, there was no decrease in mechanical strength
‘or thermal behaviors that could be attributed to the
presence of the inorganic microfine particle synthesized by
the hydrolysis and condensation of a metal alkoxide and the
corresponding copper-clad laminates were alsoc found to

20 exhibit Satisfactory characteristics.

{(Examples 19 and 20)
In a heating batch mixer of 300 g capacity, cresol-
novolak series of epoxy resin (product name “ESCN-220HH”,

25 220 g/mol of epoxy equivalent weight, product of Sumitomo
Chemical Company, Ltd.), the polyphenol composition‘A or B
obtained in Examples, propylene glycol methyl ether acetate, .
solvent naphtha and a mixture of heavy aromatic petrblerium
were formulated in the ratio indicated in Table 3 and

30 | thoroughly dissolved at 80°C. After cooling to room
temperature, triphenylphosphine, as the curing acceierator,'
was added and dissolved in the proportion indicated in
Table 3 to prepare an ink. The ink thus prepared was
applied to one side of a 16 um-thick copper foil by screen

35 printing and dried in an oven at 100°C for 10 minutes. The



61-other side of the foil was also subjected to coating and drying under
the same conditions as above and was cured in an oven at 1896pfil@0030
mnutes to give a cured film The boiling water resistance of the cured
filmobtained was 5 tested by 2-hour boiling in water and 30-second
imersion in a solder- bath at 280C and rated for. the,change in appearance
according to the criteria: 0 = no change in appearance, X = blister/peel.
As to thermal behavior, the dynam c nodyus of viscoelasticity (DVA) was
determ ned. 10 15 20 25 Tabl e 3 Exanpl e Exanpl e 1920 ESCN- 220HH33.832. 8
Pol yphenol conposition A36. 2- Conposition ( Polyphenol conmposition B-37.
2t b par oth®Plside @f ythewighl )wRPEMALdS. H1I5] OcSed vent coaphidadnd. 015.0

PhySicalBOilaPQiM@ISﬁdéPS&ﬁéaggﬁgoconditions as above and was cured in
an oven at 180°C for 30 minutes to give a cured film. The
boiling water resistance of the cured film obtained was

5 tested by 2-hour beiling in water and 30-second immé}sion
in a solder bath at 280°C and rated for the .change in
appearance according to the criteria: O = no change in
appearance, X = blister/peel. As to thermal behavior, the

dynamic modulus of viscoelasticity (DMA) was determined.

10
Table 3
Example | Example
15 19 20
ESCN—220HH 33. 8 32.8
' Polyphenol composition A 36. 2 —
Composition | b4ty ohenal composition B - 37. 2
(parts by
- weight) TPP 1.0 | 10
PGMAc 16.0 15. 0
Solvent naphtha 15. 0 15. 0
Physical - Boiling water resistance O @
properties Tz(DMA) 140 145
25

In Table 3, “EPN-1180” has the same meaning as in
Table 1.
~acetate and TPP means triphenylphosphine.

“PGMAC” means propylene glycol methyl ether
The numerical
values relating to composition are in parts by weight and

30 Tg in the section of physical properties is in units of °c.

(Results)
Various physical properties of curéd films are
It was found that the cured thin
35 film demonstrated their excellent thermal property and also

presented in Table 3.



propertiesTg(DVA) 140145 In Table 3, "EPN-1180" has the sape neaning as in
Table 1. "PGWAc" means propyl ene glycol nethyl ether acetat®AarR0POP neans
tri phenyl phosphi ne. The nunerical values relating to conposition are in
parts by weight and 30 Tg in the section of physical properties is in units
of C (Results) Various physical properties of cured filns are presented
in Table 3. It was found that the cured thin 35 fil mdenonstrated their
excel l ent thermal property and also 5 Amréi 2005 62 the satisfactory
boiling water resistance. (Exanples 21 to 26) Bi sphenol F series of epoxy
resin (product name "YDF 5 170", 170 g/nol of epoxy equival ent weight,
product ' of I@ﬁt@aKagéaCKOKy)bobdphgnwbtserme31etaﬁﬁexy resin (product
name "YX-4000H', 195 g/nmol of epoxy equivalent weight, product of Japan
Epoxy Resins Co., Ltd.), cresol-novolak series of epoxy resin (product
nanme "ESCN—22§HﬂmP12§02§/ﬁD 26)of epoxy equival ent wei ght, ‘product of

-Sum t ono Cheni cal ng @ td oL ¥p A _or B, 0obt ai ned |n | es,
trlphenylghosghlne use FICS} Sgoéﬁcps kereﬁtﬁ épr gﬁ%g Tti qg
di aneter: oGd@PlopfT§P§EHDEqu¢Uaﬂpntcaemghba pﬁmdﬁptodﬂct name

"M 300", pro&ggt ok ggraklga 15b | bon_bl a roduct
name "NA—lOO" Sroguc% of u%Bs%nghgﬁ#%gF 8% &lgnflﬂeg% ég Rl at ed
in the rat|onﬁﬁ8|cXFeéOPHHfabﬂ8549éﬁglr@EIegnéxdeduava8eﬁx feight, min. to

prepare a rmbdbagcﬁowouaganUE aRE§§H§f €b. (PLERS) ét pg 88@@6‘4}‘9 L @S cured

under the conditions of 1 and 6.9 MPa fo con s an cured in
an oven at 86&%fof 58985V5r€§l§|&Eradéﬁﬁeﬂam@s ES§Na§§ﬂHHftlb2@ g/ihe Tg

of the erpedfaepbﬁyeewasvamaﬁur@el%&h groatleweﬁegﬁﬁﬂt&% gﬂ&hi’&ﬂ (TMA)
and, in addlglon ﬂggs ure cooker was perforned to carrie
‘huni di ficati 6 Pég%’fu r’ thBOCBRAFEPLNE BF Boobtahmed. 2o Exmapies, 100

hours for invesphgaylpgotbhingl efokefBss10aLN (product name “PLR-6",

mean particle diameter: 4.1 pm, product of Tatsumori Co.),
carnauba wax (product name “M-300”, product of Cerarica

15 Noda Co., Ltd.) and carbon black {product name “MA-100",
product of Mitsubishi Chemical Corporation) were formulated
in the ratio indicated in Table 4 and roll-kneaded at 80°C
for 10 min. to prepare a molding compound. Using a transfer
press, the compound was cured under the conditions of 180°C

20_ and 6.9 MPa for 90 seconds and postcured in an oven at
180°C for 5 hours to give a cured resin shaped article.
The Tg of the shaped article was measured with a
thermomechanical analyzer {TMA) and, in addition, a
pressure cooker was performed to carried out a

25 humidification test under the conditions of 121°C and 0.20

MPa for 100 hours for investigating the rate of mass gain.

30

35
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In Table 4, “TPP” has the same meaning as in Table 3.

Tg in the physical properties section is in units of °C.

(Results)

5 Various physical characteristic valﬁés of the ‘cured
films are presented in Table 4. Despite the formulations
of the shaped article containing fused silica as a dominant
component, the.respective shaped articles showed 100°C or
more of Tg, which indicated excellent heat resistances, and

10 considerably low hygroscopicity.

(Production Example 1)
Polyphenol composition A was obtained by the same
procedure as in Example 1. The yield was 619 g, the
15 thermal softening temperature was 52°C, the hydroxyl value
was 193 g/mol, and the inorganic microfine particle content
was 20.7%.

(Production Example 2)

20 Polyphenol composition B was obtained by the same
procedure as in Example 2. The yield was 486 g, the
thermal softening temperature was 98°C, the hydroxyl value
was 204 g/mol, and the inorganic microfine particle content
was 16.5%.

25
(Production Example 3)

To a 2 L. of four—-necked flask equipped with a gas
inlet, a Dean-Stark trap and a stirring rod was charged
109.0 g of methancl. Then, two PTFE tubes were inserted

30 into the methanol in the four-necked flask and, with the
temperature being maintained at room temperature, 251.2 g
of tetramethoxysilane and 142.0 g of 15% aqueous ammonia
solution were fed through the respective tubes by means of
peristaltic roller pumps over 4 hours. After the feeding,

35 the system was incubated at 60°C for 4 hours. Then, 421 g
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Table 4, "TPP" has the sane neaning as in Table 3. Tg in theApHh2908al
properties section is inunits of C. (Results) 5 Various physical
characteristic values of the cured filns are presented in Table 4. Despite
the, fornulations of the shaped article containing fused silica as a

dom nant conponent, the respective shaped articles showed 100C or nore of
Tg, which indicated excellent heat resistances, and 10 considerably | ow
hygroscopicity. (Production Exanple 1) Polyphenol conposition A was
obtained by the same procedure as in Exanple 1. The yield was 619 g, the

- 15 thernal softwalagihenpbeablr ecwdaa 3RECo3LBe hﬁﬁ@obel%@k@eYLH@sgig3

0,
Seanpi ¢ 2) 2076 ophonsr “Gombadi B Bh- 6oRaS BOAA: Radnby LS Canbitpregedur e
as in Exanpl eontefhe ¥bél dpuwadus86od, Jahen EpexpaResahkenbny teaperaisre
E’th.ggf:e theabudaoky! tNBl Heact?3n?8YUeliPina®BT 589050 %{1831,' ne
5 the temperature was increased under nitrogen stream
Methanol began to be distilled off arocund 65°C and the
solution of methanol and water was collected with the trap,
stirring was continued up to 180°C and the residual phenol
. was distilled off under reduced pressure. After cooled to
10 room temperature, polyphenol composition I as a milk-white
solid was obtained. The yield was 521 g, the thermal
softening temperature was 123°C, the hydroxyl value was 183
g/mol, and the inorganic microfine particle content was
19.2%.
15
(Production Example 4)

-~ To a 1 L of four-necked flask equipped with a gas
inlet, a Dean-Stark trap and a stirring rod was charged
109.0 g of methanol. Then, two PTFE tubes were inserted

20 into the methanocl in the four-necked flask, and 251.2 g of
tetramethoxysilane and 142.0 g of 15% aqueous ammonia
solution were fed through the respective tubes by means of
peristaltic roller pumps at room temperature over 4 hours.
After the feeding, the system was incubated at 60° c for 4

25 hours. After the reaction mixture was cooled to room

| temperature, white powder was filtered out with a membrane
filtering paper with 0.2 um average of micropore and baked -

,at.600°C in an air stream for 2 hours. After cooling to |
room temperature, the powder was crushed in an agate mortar.

30 The resulting powder was added to 421 g of a molten

l melamine-phenol resin (product name “Epicure YLH969”,
hydroxyl value: 148 g/mol, softening point: 118°C, nitrogen
content: 15%, product of Japan Epoxy Resins Co., Ltd.) at
150°C in a 1 L of four-necked flask equipped with a gas

35 inlet and stirring rod. After cooling, polyphenol



was 16.5% 25 (Production Exanple 3) To a 2 L of four-necked flask equi pped
_with a gas inlet, a Dean-Stark trap and a stirring rod was ZhaRIgGE8S 109.0
g of nethanol. Then, two PTFE tubes were inserted 30 into the nmethanol in

t he four-necked flask and, with the tenperature being naintained at room
tenperature, 251.2 g of tetramethoxysilane and 142.0 g of 15% aqueous
ammonia solution were fed through the respective tubes by neans of

" peristaltic roller punps over 4 hours. Afgger the feeding, 35 the system was
‘incubated at 60C for 4 hours. Then, 421 g _ 5 April 2005 65 of o
mel am ne- phenol resin (product name "Epicure YLHI69", hydroxyl value: 148
g/ M, soft enCREPESILFILON U8@asnicbtagard esntemtil kiS5l tpr edddy.of THapan Epoxy
Resins Co., Ltd. d t.0, r ti i.ssol ved at 60C.
Then, 5 the ?é%égfg?%rgq%aggiﬁ%ﬁegggé%%ﬁdg%%ﬁ%%ﬁé'e§%§&F%3urewg?ﬁano

began to be d&ist 11 édeotfycaoayid vBSGeandst R83 gdmatli,omndf tiret hanobaand

wat er was coklieebed nW th Ahe 1t aRn et [hisNg gv@s continued up to 180C and
t he residyal phenol m%%'distilleg g?f uﬁ er ﬁgﬁuced pressure. After cool ed

to 10 ro tenperature, pol yphenol conposition | as a mlk-white solid was

obt ai ned. Theprybahdtwas Fxbnghlet B¢ thermal softening tenperature was 123C,
t he hydroxyl value_was 183 /nmol, and the inorganic mcrofine particle
content was 19. 20EX$6PEPFb@icthEn 2BLEApPROYRETE TavetEToforohdnetkeds T | ask

equi pped Wi t bfatgasanettheiysa 1Baanwikarkducam a8d 48 9t iy r ichg F?gcggﬁre
char ged 109.% g of ngthangl. Then, two PTFE tubes weré inserted Into
the net hanol Ofn EREUFSEP N ESRERIEI dsKaSandhesyiseg repeaters AreghbBRysi | ane

and 142.10 g pbljd_é%eaqﬂle&umpfammbjﬁ Kslab_uai Qlﬁll}hemift%dsbllfiﬂugh]?ﬂ@eyield
respective t S neans o eri,staltic roller unps at room.tenperature
oveP 4 hoursggg 49 J, t%e the@mal sofEenlng temp%ra ure was 98“C?pthe

' hydroxyl value was 204 g/mol, and the inorganic microfine

particle content was 16.0%.

15 (Production Example &) _
421 g of molten melamine-phenol resin (product name

“Epicure YLH969”, hydroxyl value 148 g/mol, softening
point: 118°C, nitrogen content: 15%, product of Japan Epoxy
Resins Co., Ltd.) was placed in a four-necked 1 I flask

20 equipped with a gas inlet and a stirring rod at 150°C was
added 99.1 g of commercial fused silica (product name “PLR~
6”, mean particle diameter 4.1 um, product of Tatsumori
Co.), and the mixture was cooled to give polyphenol
composition L as a milk-white solid. The yield was 518 g,

25 = the thermal softening temperature was 123°C, the hydroxyl
value was 183 ¢g/mol, and the inorganic microfine particle
content was 19.0%.

(Example of evaluation of the silica in the polyphenol
30 composition)

The above polyphenol compositions A, B and I to L
were respectively placed in screw-capped bottles containing
tetrahydrofuran and stirred with a shaker for 2 hours to
give white opaque solutions. Each of these solutions was

35 centrifuged and allowed to .stand for one day, whereby an



Aft.er the feeding, the systemwas incubated at 60C for 4 25 hours. After
_the reaction nixture was cooled to room tenperature, white POREE?O0Ras
filtered out with a nenbrane filtering paper with 0.2 pun average of
m cropore and baked at 600C in an air streamfor 2 hours. After cooling to
roomtenperature, the powder was crushed in an agate nortar. 30 The
resul ting powder was added to 421 g of a nolten nelam ne-phenol resin
(product nane "Epicure YLH969", hydroxylgyal ue: 148 g/ nol, softening
point: 118C, nitrogen content: 15% product of Japan Epoxy Resins Co.,
Ltd.) at 150Cin a 1 L of four-necked flask equi pped with a gas 35 inlet
and stlrr|nglﬁéﬁlqﬁhﬁﬂfnﬁﬁﬂhomgWaeomw&mmam ﬂblamﬁﬂle2005h§65ﬁp§?@§tém@n J
was obt ai ned a3 | 4 T s 518 e therpal
sof t eni ng terrpery;llth{?rs}ekrv?/a\i\r{,g)lvte(%i %%d S % %i)}ly %Eymﬁ?%l%l fjnﬂlltggnd t he
i norgani ¢ nmt&@ENERefuTae @gednt. enﬂ-‘hwaspi@c@%lr(aPwmdugépeﬂt&,{aﬂ@f63 5)

Except that  ttheheaddedh AImRYRL 10f te%_ drglysis. of tetra hoxysi | ane
was reduced to 45.0 g, the prgke o . Eédug%%bﬁ g?§n6I§E§ %Es ot herw se
repeat ed Yo GiVFOUES FSmpyisasolt léé‘@pfdﬂgt Pepe adtha M. IOIESWI;nmt eve@lalgd ofhe

yield was 4&3d}opb&% treerFah asef LR RYienR r@&e 18.a3S. .98 e@g he hydroxyl

val ue was 204 gﬂg@l %nd the inorganic mcrofine “particle ent was
16.0% 15 (PFS iSO LECRRPPE 1610821 g of nol ten nel ami ne- phenol resin

(product name " Epingtthe t¥eH3691 cahydnex ¥k -¥abie 1480/ nL.ng
poi nt: 118C, nltro eg qQnt ent : 5296 produgt of %9apg%g Eggk g% LG km

Ltd.) was pl REEYEER &% ohr 2REcR88 € Haﬁlﬂ@@sﬂgeéqwﬂﬁbe@sﬁltﬁsé Qé@opnlet

and a stl@rlmgnuddcaUrbEObg wags s@d@g@69&01 g ofhgomygggfgﬁ fuse #Eﬁi
(product nanmg . BLR rticle dlaneter 4.1 pm_ prod uct 0 atsunnr

Co.), and thé nlxtqupﬁég%ESSIéBCFSaSFQQ 58F§phéﬁop/méﬁwp@§ﬁﬁp§hnﬂ as a
mlk-white sbbméerimarylehdgm@sZSlBogﬁOBchhﬁebﬁg&mgb g@ﬁggﬁh@getegperature

was 123C, thg;Rydeexyl rate. 150 mL/mln
In addition, the 2°Si-DD/MAS-NMR spectrum of the
15 silica solid was measured uSLng Bruker’s AVANCE400. The
measuring condltlons were: measured nucleus: *°si
(observation resonance frequency 79.487 MHz), measuring
mode: DD/MAS (dipole-decoupling method), application pulse;
20 to 45 degree, repetition time: 60 sec., number of scans:
20 200 to 5000{ spinning rate: 3 to 10 kHz, observation
- temperature 300 K. The peak observed with sodium 3-
(trimethylsilyl)propane~l—sulfonate a8 an external standard
was set to 1.534 ppm. The peak appearing over the range of
=110 ppm to -80 ppm was subjected to waveform separatlon to
25 extract a Q° silica component and a Q' silica component and
the integral intensity ratio RAg3/Rgy was calculated from the
respective integrated intensity values. |

(Example of evaluation of the polyphenol composition)
30 Each of the above polyphenol compositions A, B and I
 to L was mixed with liquid bisphenol F epoxy resin (product
name “YDF~170”, epoxy equivalent 169.5 g/mol, product of
Tohto Kasei K.K.) and triphenylphosphine in the ratio
indicated in Table 1 and the mixture was batch-kneaded at

35 11Q°C to prepare a homogeneous'mixture. This batch was



val ue was 183 g/ nol, and the inorganic mcrofine particle content was
19.0% (Exanple of evaluation of the silica in the pol yphéno? Apdd005
conposition) The above pol yphenol conpositions AL Band | to L were
respectively placed in screw capped bottles containing tetrahydrofuran and
stirred with a shaker for 2 hours to give white opaque solutions. Each of
t hese solutions was 35 centrifuged and all owed to stand for one day,
whereby an 5 April 2005 67 insoluble fractdpn was allowed to settle. The
supernatant only was renoved and the residual slurry was added with
tetrahydrofuran again. This procedure was repeated for 3 tines
successi vel y hhanshertedatoshufiytwastéllbesed foldr onghy pESbDr 8 dd | tering
paper with O. e . i CLO e.to isolate the powdered silica
from each po%gﬁgg}éﬁgcéﬁﬂggé}? ?%%n- O%\i’?%tﬂ@%@lﬁc%t%ﬁ% FEov el ta he peak
exot herm bet GER 300¢ ahdandDC] masn melas uf et W £ ha DBG § DS62:3300,7hel®i re

manuf act ured by I, enge : The_neasuring condjtions were
t enper at ur.e incF%%g?l%&rgfeF Oi)tylﬁ?%,aﬁe%l%g?i% T et BRErRY riRy a2 t o
600C, neasuri hgShthetlP@re: dry air, flowrate: 150 ni/nin.- In addition,

t he 29Si - DD MAS- NVR spectrum of the 15 silica solid was neasured using
Bruker's AVANEE400. The neasuring conditions were: neasured nucl eus: 29S
(observati on Beomhhte frequency 79.487 MHz), measuring node: DD/ MAS

(di pol e-decoupl i ng 1t had)y) i | nul se:. 20 .to. 45 deqgree, repetition
time: 60 sec., nunber . of sca?ifgfzgﬁzéo tloéjﬁﬁol,soslpa}tnenq ey AL t o 10 kHz,
observation XERPEHERUrE 3RPIe The Theakestiddsved wnbh ysadi om Bhas an

ext er nal 19t anstal tcasaiss SEItd® x4 PPpndisl %%c?é’igﬁa&w% oyer Lhe,range
of -110 ppmto Sﬁg pm was subj ected 1o waveform separa 1o td Z%I_e%tra_ct
a @ silica conpo CH{) ﬁ%’f @?‘ej‘g‘?ml% Tbrigorhtanghd-he reesuittegrel i ntensity
ratio A/ AQemwkysiad et ajiedl S1I0MdNerom polyphenol compositions J to L
are shown under Comparative Examples 7 to 9.
In Examples 27 to 29, RAg3/Ay is not less than 0.001]
15 and the exothermic peak between 100°C and 400°C is minimal,
suggesting the abundance of silanol groups in the silicas.
In Comparative Examples 7 and 9, Ag3/Bgy is invariably 0 and
the exothermic peak between 100°C and 400°C is minimal, -
suggesting the complete absence of silanol groups in the
20 silicas. In Comparative Example 8,.Agy@m4 is comparatively
large and the exothermic peak between 100°C and 400°C is
also large, suggesting the presence of an abundénce of
combustible organic groups other than silanol in the silica.
The fire retardancy data on the above cured articles
25 are presented in Table 5. The fire retardancy values of
cured articles prepared by polyphénol compositions A, B,
and I are shown under Examples 27 to 29 and the fire
retardancy values of cured articles prepared by polyphenol
qompositions J to L are shown under Comparative Examples 7
30 to 9.
' Whereas the UL-94 fire retardancy of V-0 was
expressed in Examples 27 to 29, the fire retardancy was not
achieved to the grade V-0 in Comparative Exampleé 7 to 9.
These results are correlated with the degree of presence of

35 silanol groups in silica which is suggested in Table 5.



respective integrated intensity values. (Exanple of evaluation of the

- pol yphenol conposition) 30 Each of the above pol yphenol conp%@PFVEWQ A B
~andl to L was mxed with Iiquid bisphenol F epoxy resin (product nane
"YDF-170", epoxy equivalent 169.5 g/ nol, product of Tohto Kasei K K. ) and
tri phenyl phosphine in the ratio indicated in Table 1 and the m xture was
bat ch- kneaded at 35 110C to prepare a honbgeneous m xture. This batch was -
5 April 2005 68 transferred to a flat nmetgh board nold and press-forned
under the conditions of 180C and 0.98 MPa for 2 hrs to give a cured
article in the formof a flat board. The fire retardancy of the cured
Carticle was eV FRIABE FEIHE UL cH e gdtatmethod vy Restildrs)of Tied esul t's
of analysis ofetizsiad id i . r i.n, Table,l. The .results of
anal ysis of the 10 si(%?ccgi'sé iglﬁcgdﬁfﬁﬁ%gﬁqylp%eano AL Hpsdiilohs A B, and
| are shown RFFFECESANPISS e tintrosiid thed iresufl t6 pbakanal péisef t he

silicas fromgelsiphenolhcanpaessii 1 under arative
Exanpl es é tﬁgﬁﬁlln aﬁgles 27 t%ﬂgﬁgsA%ﬁ#A&ﬁé§%§§ﬁ%%%%s%gt%%ﬁﬂ%% 15
and the eXot i ThAsfaen 00Q Sn@DECH S imiDfdl anadygdesti ng t he

abundance of silanol groups in the silicas. In Conparative Exanples 7 and
9, AQ@/AQM4 is invariably 0 and the exotherm c peak between 100C and 400C
is mnimal, suggesting the conplete absence of silanol groups in the 20

silicas. In Conparative Exanple 8, A@/ A is conparatively large and the
exot herm ¢ peak between 100C and 400C is also |arge, suggesting the
presence of an abundance of conbusti ble organic groups other than sil anol
inthe silica. The fire retardancy data on the above cured articles 25 are
presented in Table 5. The fire retardancy values of cured articles
prepared by pol yphenol conpositions A, B, and | are shown under Exanples
27 to 29 and the fire retardancy values of cured articles prepared by

pol yphenol



conpositions J to L are shown under Conparative Exanples 7 30 to 9.
~Whereas the UL-94 fire retardancy of V-0 was expressed in Bx&ppia99527 to
29, the fire retardancy was not achieved to the grade V-0 in Conparative
Exanples 7 to 9. These results are correlated. with the degree of presence
~of 35 silanol groups in silica which is suggested in Table 5. 5 April 2005
69 The above results indicate that the evaluation of fire retardancy due
to addition of silica can be easily predigted fromthe intensity ratio of
@ peak to 4 peak confirmed by in 29Si - DY MAS- NVR spectrometry of silica
.and 5 the exotherm between 100C and 400C in DSC analysis. 5 April 2005 70
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In Table 5, “YDF-170” means liquid bisphenol F series
of epoxy resin (product name, epoxXy equivalent: 169.5 g/mol,
product of Tohto Kasei K.K.}. ‘

5 INDUSTRIAY, APPLICABILITY g
' The fire retardant resin composition of the invention,
which is constituted as above, is not only halogen—-free and,
hence, eliminate the adverse effects to the environment and
human physiology but also very satisfactory in fundamental
10 characteristics such as physical properties and heat
resistance. Moreover, it is capable of providing cured

articles with excellent fire retardancy.

The present application claims priority under 35
15 U.S.C. 8119 to Japanese Patent Application No.2002-151271,
filed May 24, 2002, entitled “FIRE RETARDANT RESIN
COMPOSITION, METHOD OF ITS PRODUCTION, AND SHAPED ARTICLE
COMPRISING THE SAME”. The content of this application is
incorporated herein by reference in its entirety,
20



CLCL x ho ---w 6006-00 0 09p Na?Uu G 4- O'CNGmM Zmc-UO Cnin1~ v C
dUoinJ mMOQn Q+ 00U 5 April 2005 71 In Table 5, "YOFEARHFOOReans

1iquid bi sphenol F series of epoxy resin (product name, epoxy equival ent:
163.5 g/ mol, product of Tohto Kasei K K. ). 5 INDUSTRI AL APPLI CABILITY The
fire retardant resin conposition of the invention, which is constituted as
above, is not only hal ogen-free and, hence, elimnate the adverse effects

to the environment and human physiol ogy but also very satisfactory in
fundamental 10 characteristics such as physical properties and. heat

resi stance. Moreover, it is capable of providing cured articles wth
excellent fire retardancy. The present @ppIMBation clains priority under 35

1. A fire retardant resin compasition comprising a
polyphencl compound and an inorganic microfine particle,

5 wherein said polyphenol compound has such a sE}ucture
that aromatic units each having at least one phenolic
hydroxyl group are connected to one another through an
organic unit containing two or more carbon atoms, and

said inorganic microfine particle is a product of
10 hydrolysis and condensation of an alkoxide compound and/or

a carboxylic acid'salt compound .

2. The fire retardant resin composition according to
Claim 1
15 wherein said organic unit containing two or more

carbon atoms has a cyclic structure.

3. The fire retardant resin composition according to
Claim 1 or 2
20 , wherein said organic unit containing two or more

carbon atoms has a triazine ring and/or an aromatic ring.

4. The fire retardant resin composition according to
Claim 1, 2, or 3
25 wherein said alkoxide compound contains a silicon
alkoxide. 7

5. The fire retardant resin composition according to
Claim 1, 2, 3, or 4
30 wherein said inorganic microfine particle obtainable
" by hydrolysis ahd condensation of an alkoxide compound
and/or a carboxylic acid salt compound is a silica haﬁing
‘not less than 0.001 nor more than 2.0 of an integral
intensity ratio Ags/Ag obtainable by splitting a peak
35 situated in the range of -120 to -80 ppm in 2°Si-DD/MAS-NMR



15.U. S. C. 119 to Japanese Patent Application No.2002-151271, filed My 24,
. 2002, entitled "FIRE RETARDANT RESIN COWPOSI TI ON, METHOD OF5 e 2005 '
PRODUCTI ON, AND SHAPED ARTI CLE COWPRI SI NG THE SAMVE". The content of this
application is incorporated herein by reference in its entirety. 20 -- 5
April 2005 72 CLAIMS 1. Afire retardant resin composition conprising a
pol yphenol conpound and an inorganic mcrofine particle, 5 wherein said
pol yphenol conmpound has such a structure 7ghat aromatic units each having
at | east one phenolic hydroxyl group are connected to one anot-her through
an organic unit containing two or nore carbon atons, and said inorganic
i crofine parsBeateansty pricdiecta & &@lhydrobmgnseahdandndeQ%&ukMtaﬁ an

al koxi de compQypdrand/ or a carboxylic acid salt conpound. 2.. The fire
retardant resin conposition according to Claim1 15 wherein said organic
unit containing two or nore carbon atons has a cyclic structure. 3. The

fire yetardant resiqy compositbopenseardingelon Chithildobn 220 hsLplp, ol d

or ganic uglt ﬁ nt ai_ni ng tmo or nore carbon atons has a friazin
and/ or an 1Fb1WI . 4. %Fhé@F iYe retardant resin conp05|t|on according

to Claiﬁll 2, Orw&é%@fﬁh%%ﬁhﬂ1%%&@aﬁﬁ%oﬁh@%o%9%ﬁo g%&%aheﬁpngEE gon

al koxi de. 5. The flre r tardant resin conp05|t|on a cor

3, or 4 30 WRErP&EHE Eai PRt GaniPeTRICLST iBREl/ |94t BigaIre astHes rtabrreofbylth

hydrol ysi s addscawéﬁmﬁﬁﬂparﬁﬂbﬂﬁ1dﬂdﬁ@&b@ea%O%@%&%%aiﬁﬁQkﬁ&g nb@r pgxylic
acid salt co ounq s a silica having not |less than 0.001 nor nore than
2.0 of an |n?EﬁVb mensity rati o AQB/ A4 obtainable by splitting a peak

7. The fire retardant resin composition according to
Claim 1, 2, 3, 4, 5, or 6

which contains a compound having at least one _
structure selected from the group consisting of ether bond,

15 ester bond, and nitrogen atom.

8. A method of producing a fire retardant resin
composition comprising a-polyphenol compound and an
inorganic microfine particle,

20 which comprises a stép of subjecting hydrolysis and
condensation of an alkoxide compound and/or a carboxylic
acid salt compound in a solution containing a polyphenol
compound having such a structure that aromatic units each
having at least one-phenolic hydroxyl group are connected

25 to one another through an organic unit containing two or

more carbon atoms.

9. A method of producing a fire retardant resin
composition comprising a polyphenol compound and an
30 -inorganic microfine particle, |
which comprises a step of subjecting hydrolysis and
condensation of an alkoxide compound and/or a carboxylic
acid salt compound in a solution contalnlng a reactant

material for the polyphenol compound.
35



35,situated in the range of -1.20 to -80 ppmin 29Si - DY MAS- NWVR 5 ril
2005 73 spectronmetry into a @B silica conponent and a Q4 sil%éar! Z8kponent .
6. The fire retardant resin conposition according to 5 Caim1l, 2, 3, 4,
or 5 wherein said inorganic mcrofine particle conprises a discrete
spherical particle and/.or aggregates thereof with its average particle

di anet er. as aggregate being not nore than 100 pm 10 7. The fire retardant
resin conposition according to Caiml, 2, 3, 4, 5 or 6 which contains a
conpound having at | east one structure selected fromthe group. consisting
of ether bond, - 15 ester bond, and nitrogen atom 8. A method of producing
a fire retardant resi.n Aconpasid i Dir € Oondt 4 sd0g: ar P11y pharsd s comgound and an
i norganic rri%r%grrle@articleS 20 _whi.ch co riges % stgg of sub%ecting
hydrol ysis and PéondeisaftoiS6E a4l KOPPERtofpothE AhdPoFShaESPBEXYI i C
‘acid salt conpsundcompassaliohi ancoedtagnicagcaapal yphenok, aonpougd baving
such a structure._t Lc.unit ach, having at |east one phenolic-
hydr oxyl gro%%daﬁeggkﬁﬁéggggagéngoagn S8R Gt HEP 9&#8&8H§aﬁr8Paangc uni t
containing two or nore carbon atons. 9. A nethod of producing a fire
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' and a compound having at least two glycidyl groups.

10
12. A wiring board insulation material comprising,
as essential components, the fire retardant resin
composition according to Claim 1, 2, 3, 4, 5, 6, or 7 and a
compound having at least two glycidyl groups.
15
13. A shaped article obtainable by curing the
curable fire retardant resin composition according to Claim
10.

20 14. A semiconductor device obtainable by sealing
with, and curing of, the semiconductor encapsulating

material according to Claim 11.

15. An electric wiring board obtainable by curing of

25 the wiring board insulation material according to Claim 12.

16. A silica
which has not more than 3.0 cal/g of exotherm'per
unit mass thereof as observed in differential scanning
30 calorimetry and/or differential thermal analysis in an air
 stream at 100°C to 400°C, and
has not less than 0.001 nor more than 2.0 of an
integral intensity ratio Ags/Bg obtainable by splitting a
peak situated in the range of -120 to -80 ppm in ?°Si-
35 DD/MAS-NMR spectrometry into‘a'Q3 silica component and a Q°



5 10 15 10. A curable fire retardant resin conposi tion conprisin as
_essential conponents, the fire retardant resin conposition aéedr ﬁg to
Claim1, 2, 3, 4, 5, 6, or 7 and a conpound having at |east two glycidyl
groups. 11. A sem conductor encapsul ating material conprising, as
essential conponents, the fire retardant resin conposition according to
Caiml, 2, 3, 4,-5 6, or 7 and a conpound having at |east two gl ycidyl
groups. 12. A wring board insulation matggial conprising, as essential
conponents, the fire retardant resin conposition according to Caim.l, 2,
3, 4, 5 6, or 7 and a conpound having at |east two glycidyl groups. 13. A
shaped arti clsé ldlgiraicoapbecby .curing the curable fire retardant resin
conposition according to Claim 10. 20 14. A sem conductor device

- obtainable by sealing wth, and curing of, the sem conductor encapsul ating
material according to Claim11l. 15. An electric wiring board obtainable by
curing of 25 the wiring board insulation material according to C aim 12.
16. A silica which has not nore than 3.0 cal/g of exotherm per unit mass

t hereof as observed in differenti al scannlng 30 calorinetry and/or
differential thermal analysis in an air streamat 100C.to 400C, and has
not | ess than 0.001 nor nore than 2.0 of an integral intensity ratio-

AR/ A4 obtainable by splitting a peak situated in the range of -120 to
-80 ppmin Z9Si 35 DD MAS-NMR spectronetry into a B silica conponent and a
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ABSTRACT The present invention has for its object to provide a fire
retardant resin conposition which is not only hal ogen 5 free® ARt 208&nce,
elimnating the adverse effect to the environnment and human physi ol ogy but
also reflecting an excellent fire retardancy inparted to a pol yphenol
havi ng -inherently faverable physical properties and heat resistance. 10
The present inventionis a fire retardant resin conposition conprising a
pol yphenol conpound and an inorganic mcjofine particle, wherein said
pol yphenol conmpound has such a structure that aromatic units each having
at | east one phenolic hydroxyl group are connected 15 to one anot her
t hrough an organic unit containing t WRAEITRADYF € car bon atons, and said
inorganic mcrofine particle is a product of hydrol ysis and -condensati on
of an al koxi de conmpound and/or a carboxylic acid salt conpound.

The present invention has for its object to provide a

fire retardant resin composition which is not only halogen-
5 free and, hence, éliminating the adverse effect to ghe
environment and human phyéiology but also reflecting an
excellent fire retardancy imparted to a polyphenol having
inherently  favorable physidal properties and heat
resistance.
10 The present invention is a fire retardant resin
composition comprising a polyphenol compound and an
. inorganic microfine particle, wherein said polyphenol
compound has such a structure that aromatic units each
having at least one phenolic hydroxyl group are connected
15 to one another through an organic unit containing two or
more carbon atoms, and said inorganic micfofine particle is
a product of hydrolysis and condensation of an alkoxide

compound and/or a carboxylic acid salt compound.



