Titd e: FI RE RETARDANT RESIN COVMPCSI TI ON, METHOD OF | TS PRODUCTI ON, SHAPED
ARTI CLES COWPRI S- | NG THE SAME, AND SI LI CA Abstract: The pré%éﬁﬂzmﬁﬁentlon
' has for its object to provide a fire retardant resin conposition whichis
not only hal ogen-free and, hence, elininating the adverse effect to the
envi ronment and human physiology but also reflecting an excellent fire
retardancy inparted to a pol yphenol having inherently favorabl e physical
properties and heat resistance. The present inventionis a fire retardant
resin conposition conprising a polyphenol conpound and an i nor-ganic

m crofine particle, wherein said pol I ound has such a structure
that aromatic units each having at %ggggggﬁg%%ﬂgnollc hydr oxyl group are

connected to one another through an organic —unit containing two or nore

: i i r uct of
R U B L T
acid salt Con‘poundSH-APED ARTICLES COMPRISING THE SAME, AND SILICA
5 .
TECHENICAL FIELD

The present invention relates to a fife retardant
resin composition, a method of producing the fire retardant
resin composition, a curable composition containing the

10 fire retardant resin composition, a shaped article theéreof,
and silica.
BACKGROUND ART _

Polyphenols are thermosetting and their cured
formulation exhibit excellent physical characteristies 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 varnishes, 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 polyphenol resin are in use. However,
some of such halogen-cohtaining 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 -



5 April 2005 1 DESCRI PTI ON FI RE RETARDANT RESI N COVPCSI TI.ON, METHOD OF | TS
PRODUCTI ON,  SHAPED ARTI CLES COVPRI SI NG THE SAME, AND SI LI CA Apeth3Q0eAL
FI ELD The present invention relates to a fire retardant resin conposition,
a nmethod of producing the fire retardant resin conposition, a curable
conposi tion containing-the 10 fire retardant resin conposition, a shaped
‘article thereof, and silica. BACKGROUND ART Pol yphenol s are thernosetting
and their cured fornulation exhibit exceBlent physical characteristics and
15 heat resistance, thus polyphenols are regarded as inportant - i ndustri al

mat eri al s, I I tilized nol ding materials, raw materials for inks,
pai nt s, varﬁ?é%ggﬁpgggﬁggﬁvgg,gg?ﬁm??rﬁaFﬁﬁﬁéPPa ¥ FBFOBBEXYCre8PAE: curing
aPentsz efc: By taRbngthﬂsaneagenpfaﬁheiﬁi?@lehaFQQEEL%ﬁLtééhhMlbgggl

el ectrical i 0 perties, po enol s al so exhibit remarkabl e

el ectri-cal iﬂgg*g%rngsgégogé;?ggg,c§8kgﬁﬁfn9h§9m989885eeﬂaF8€6ﬁéﬁly used
for conposi¢enkhésingnpbospheriatsospohnds prenbedngi egpilbreboards,
S ves acoofPcaropleh RO ARLEEL Pudnr B6R sREEE] e Rack FRoRaEhner o
pol yphenol s Beehappraédprapghtiésrandenaidancy sheukdaheer equshegdedFor

exanpl e, matgri akses0bhgtn dirg O-weight parts of a fire 30
r et ar dant additive?ssuch aggag ?%ﬂi%gtggge%gig ;§§i%get§u££888&5?§h?nparts
of a pol yphe?bl thespalhrerinatigeal Honkorrby pbmepbbraaehohakbgéngcont ai ni ng

conpounds 93@@1@&@aﬁ9§iEroﬂ?&?gégraéée%rﬁauhegi%ﬁﬁa&%ggeaﬂgtgg alb”rqﬁﬁs

and ill _ effects on the environnent an uman physi o y are sefio sly
concerndd i ntealeIrtivcrRedeadi bn devaben or ngvApr Fire0pstardasienpr oduct s

or thermal regyghd NEgPYcbREDYEEYy Ofii P& ent from the concept of using a
' ' phosphorus compound, which will be halogen-free and
providing for not only good fire rétardancy which are
required of the molding materials for electronic use,
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 phenolic resin consisting of such a structure
that aromatic units having phenolic hYdroxyl groups are
connected to one another through a methylené groﬁp
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



For-this reason, as a fire retardation technol ogy w t hout _using. _
_hal ogen-cont ai ni ng compounds, materials ,containing phospho? @80kZ¥Bounds
are being explored. But 5 sone of such fire retardant additives detract
fromthe nmechani cal properties and noi sture resistance of shaped articles,
“not to speak of the risk for the eutrophication of the soil or natural
wat er by phosphorus-containing pollutants from di scarded products and
waste materials. It 10 is urgently needed $0 devel op a novel fire
retardation technol ogy conpletely different fromthe concept of using a

phosphorus c , i id1 _be hal ogen-free and _ providing for not only
‘good fire ret arganpyomrg%%w‘rleng r%cpt}??récgﬁo? IEE?%“}FD?Jd]if@a TR et ligh

el ectroni ¢ USRS srthegibvies;t iged et ss ik drhea 1 lkdesi ddb W o Qﬁ}ﬁ?cdl%ﬁ@‘é‘?{dam e
mechani cal a ' .characterjstics. Referring to the prior art,
Japanese Koka%%ﬁﬁ%éc%ﬁt&mlﬁ g A@g%%l diiet ge%’é? hodO¥EVErodiibiiig a
phenol i ¢ resiFRRBUred ERRAL rasgitr Mhitoh oo g sess isib) e t4Uer 20 éh tSifiiyGoN

al koxi de 50 hydr0lysiS, a co i, ol utiqn of a  phenalic
resin consisting of _s%éh%%%%c?&?%pﬁéageasruoﬁa%}ba r#lrsﬁ}?aqlitrf‘&hﬁﬁéﬁ'él ic
hydroxyl gr ouds¥ere 1 cedrimec tsbuls! dree dmotlhared Hrougtoal detgull yeiergnoup
containi ng onfougANLRE MR ANt YINGdNEJ ?ass!“u}dor%? 22 phenalic |
resin-silica conplex as a curing agent, mxing-wWth anré%’ Gesin to
cure. Howeverp,’:C’gf'-}'r"r,tvsl°§’ai0e]f prRdsianc L hessigempids idad coampl ex for use as the

curing agent does melanwhfiQW, dedf ar uyff ir“eit‘%\’}[dhfti'r (&AL A3ne ?he hgnol i c
resin- cuged oxy .resi.n pnéduced by this netab&ogbégxﬁbCﬁﬁ é 6Pagese
ci S He G hou
sufficient fivteTetalddréyitsd Hegidde 36f8 ratiedlalses grodueeddsinusi ng said
bromi nat ed epwupdsdsiion s:@m@rirsh@@pfaorﬂ&ifip%w%e%o%ém?{ A1 &:‘i—%@hg nt
addi tive. Th%%, fdut;t.her te&hﬁ_l cal_sophi stication was eepsl y é)es red
this respect’ 359FipafEsBekstar [BoHiceasomaisl comperead sdinesl osesaans
April 2005 3 faebiradlel chreddtiond st iRfen@ldit 4L9idkSibdEhs X6y
conpri ses S“lﬁu%ct%;er}gt% 'nl"c%%?) al Eﬁm de to hydrolysis and pol ycondensati on
N a molten pheno Lo rg ey fetote thmq§1on 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. Moreover, 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



conpl ex cannot contribute to expression of sufficient fire retardancy,
either, with the result that further technical sophisticati dnAsti@@P8 be
devel oped to provide pol yphenol conmpounds with fire retardancy as good as
enabling production of hal ogen-free conpositions. Meanwhile, as a fire
retardation technol ogy, Japanese 10 Kokai Publi.cati on Hei-10-36686
di scl oses that a resin conposition conprising a resin and the condensati on
product of a defined netal al koxide as gmai n conponents has certain
favorabl e characteristics such as heat resistance. However, further
t echni cal %ﬁgyistication must be al so studied to 15 inpart sufficient fire
ret ar dancy %St ORI @ Tnatadraralvelth ftdre isdidtiamoe a lhntikier, mamel, (Eapanese
Kokal Publ icoadnae s2000nt130k6udbae] 0sgsnachechpalogx Letaling. Lo, the

a rea

hydrot hermal treatnent of the anorphous silica having a "Su
smal | er t h&"™BOSHAGRaAESt (e Hods igprevee dinawetder dibsttr ilfutdagn wi t hi n

the size rangeeet 30£lfa c3.<5Q0 £iNANIBESHinANY 135, e34Li8BL&d by the nucl ear
magneti c resonance signal, containing at | éast 10% of i'l anol s and

| ess than 0.5% of 2 silanols. However, these anorphous silica nust be

al so nore inproved to provideueasufdrctent 1§¢Ferf&yar dancy. Moreover, the
preparation of hydrothernmally-treated silica sanples in the best node

invariably involve an alkali treatnment and, therefore, some technol ogical
i nnovation is afserdimgeded firs aaprpl, yhe hiesent trveition 9evden 4 Fed tetMht R&RD! ens i n

the field @psdicst e other materials where |iabilities are
affected by © g%‘f@lcﬁg’ghﬁﬁ%‘??‘ﬂ@?‘ﬁ%’? 8‘,’“"9?&5‘@1‘?1’&% menreRic memsfipeRatticds Hei - 9-

208839 di scl osesharther RS A HoNgphesion byl ri si a
thernnsetkhng resiﬁ _%BL an borggn%%g%yggﬁggghg ﬁ%&i%& uﬁc??gﬂéf%ﬁ?oups
reactive Wth 35°8fFafoPngtsusech Bpvingi kitcdrasitk oxiedphetDLia cat al yst for

5 April 2098rdxybegreapt hed @bnwatekdWirbhohhe sSikihgen tﬁ'r%ﬂghdsn and (E) an
organic sgkgggg. However, . even this thernosetting resin conposition nust
be nore i nproved TR br dBRERABLNE: tHRy OTeRpres saghbhi aitems, f nd r et ar dancy

with certainty.sSUMMARY: QnItEn MWENThNbarticle is a product of

hydrolysis and 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. '



According to a first aspect, the present invention provides a fire
retardant resin conposition conprising a pol yphenol conpourfiARiH&09A
inorganic mcrofine particle, wherein said pol yphenol conpound has such a
structure that aromatic units each having at |east one phenolic hydroxyl
group are connected to one another through an organic unit containing two
or nore carbon atons, and said inorgatyg mcrofine particle is a product of
hydrol ysis and condensati on of an al koxi de conpound and/or a carboxylic
acid salt conpound. According to a second aspect, the present invention
provi des aAredirfing tood thirdashect, g peeserft iirventiaet e ddes ta. matkddofqoedvesg &i on
conpri.sin ol yphenal .c¢ . and J i 1LGr Of i rticle,

wni oh ol e AR RACRIS RN bR Sy Tl B LORAE. 1

an. al kietofike: peoicfpound and/ or a carboxylic acid salt conpound in a solution
cont ai ni ng aago!%phenol, conpound hayvi ng such a structure that aromatic

“units each CHPTEIRT BneCHRenbl FEPhGEEBAY | LyfBRbY k% @bhnected to

- one anedieEns e Oogho BNaNr SRRGLIHAI EokeBLAE NEAG/ & W05 Of a r B®% €1 Lar bon at ons.

5 April 2005 4a According.to a third aspect, the present invention provides
a met HSH Df S Pt batRPAGURd $7r@ Pt Hemt CPRER R ERFpRSFEROFERbNpri si ng a

pol y phexiod r oo dt lad dr ey p @R gRNESmpHhed Of i ne particle, which conprises a
step of subjecting hydrolysis and - condensati on of an al koxi de conpound
and/or a carboxylic acid salt compound in a solution containing a reactant
material for the pol yphenol compound. According to a fourth aspect, the
present invention provides a curable fire retardant resin conposition
conprising,Aa&nﬁm§entRmmhw@ﬂmdhenwgwtﬁW@ﬁﬁnwﬁwﬁ@%&PHaWFﬁFé@Pﬁg@bnposition
according to the first .as krsht 3dsid @aghsitimo gl yci dyl

gr oups™™ 88@Pﬂgﬁﬁw?gmgm%?$¥%£g§%ggﬁﬂﬁgﬂggg?§ggﬁ%_invention provi des a

seni comderdingtto the ficsappedt atd epmpetraktiaghe 2i3east veighigidyb&o®ssent i al conponent s,
the fire retardant resin conposition according to the first aspect and a
conpound having at |east two glycidyl groups. According to a sixth aspect,
the present invention provide a wiring a board insulation nmaterial

conpri sing, ,as_essent | C nent Fdnbin antsemReAddcteOMPOSIi ti on
accordi ng €%9¥ﬁ%g$?r%3ﬁ%s%%§$’gﬁﬁﬁgm%gﬁggﬁﬁﬁlﬁgﬁﬁﬁg at least two glycidyl
gr oupSencAmabting noatéraal acosprising, hanspwutial ¢ampopeniss dAe TRy EHFIBh Tvi des a

S haDEdcc?nI;ptolsi%lor? 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.



obt ai nabl e by curing the curable fire retardant resin conposition according
to the fourth aspect. 5 April 2005 4b According to an ei ghthAadF88® the
present invention provides a sem conductor device obtainable by sealing
with, and curing of, the sem conductor encapsul ating nmaterial according to
the fifth aspect. According to a ninth aspect, the present invention
provides an electric wiring board obtgpnable by curing of the wiring board
‘insulation material according to the sixth aspect. According to a tenth
aspect, the present invention provides a silica which has not nore than 3.0
cal /g of exothermper wunit mass thereof as observed in differenti al
scanning calorinmetry and/or differential thermal analysis in an air
stream at 100C Accodl}do aarighthaspetipihe pesat iramiod pRV ke ieni®hluddi@nyias 0 of an

integral intensity ratio. [[AQ4 ohtainable by splitfing a peak situated
inther an%téal%z\i) e—%’fﬁﬁing W'gggnﬂﬁ%igﬁ? em £ uéﬂ’ég:’ﬁl?tﬁlﬁ%ta?%‘?rql?& oa @
silica conpdrdifthapgit.a QQ silica conponent. 5 April 2005 4c In view of the
above state of the art, the present invention has for its object to

provide a fire retardant resin conposition which is not only hal ogen-free
and, hence, elimnating the adverse effect to the environnent and hunman

physi ol ogy but also.reflecting a high degree of fire retardancy inparted
to a poIyphenolgﬁﬁﬁ?ﬁﬁofHW%ﬁéﬁ?ﬁymﬁ LY APrRiggRrQides pn plegige Mingsboaild heat

r esi st anc enbtaiitableibyeeriigufsheofiriid i afl B Sftion imavEM dcQRdSODdGHEaEet. | Nt ensi ve
research to establish a technology 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 mcro in@H@Zrtig#e. Utimately they found that the fire
retardancy of t'Né™R atephiagneg § 1“%%%%W@E@“BW@W§F¥%@ structural feature
such t hat afO"B{thchumgsnﬁg%@évmgn%.beééifgnsfp@ﬁaehéfmh%@foxyl gr oup

are connected to one another with an intervening organic uni cont ai ni ng
two or nopeitambes bhemsof Theyohsevveduht ghfferential 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.



the inorganic mcrofine particle is a product of hydrolysis and
condensation of an al koxi de conpound and/or a carboxylic ad APd2005
conpound, particularly a product obtainable by conducting hydrolysis and
condensation reactions in a solution containing either the reactant
material for a pol yphenol conmpound or the pol yphenol conpound as such,
whi ch exhibit uniformdispersion of thhg, inorganic mcrofine particle in
the resin conposition and excellent fire retardancy of the cured article.
A synergistic effect of these inprovenent induce that the cured article
could exhibit sufficient fire retardancy for 5 April 2005 5 nol di ng
materials for electrical uses, inks, paints, varnishes, adhesives, etc.
wi t hout additi on Im‘ wikey odorventatonad Stiatee roet a:riﬁaratrtaddtihtei veeskentwas al so

found t hat; g, digfi e, LoTONNG: . SHETLES AN SINFae 15 LU here 5 4g) uded in

t he fornulétlon resul t's ver conpos i'on Tor 1N S, paints
and varnlsrnﬁslﬂﬂﬂpmnaﬁmﬁﬂon|Wh&ﬂh|xﬂ1Hﬂﬁ;anylhﬁkng&nﬂﬁpQﬁ davb| dpade, The

i nventors farither el qned a{c{Ué%éé‘eef‘Fé&&‘{dé% 9He déa Qi Rl 1R

potential of substances to Inpart f O retardancy to resins ?br use in

t he devel opferidfodii dhity c’ﬂl«?ﬂa redtlgrataimy r%shwkboiﬁm@t idniged with their
attention ARy Qi ddd &d of FIRAMEAdPALY NG Aidishaly silica on

resins, and they found that m crostructure of silica wll cause formation

of H20 by J&W%%@Wdﬁ%l&l% aid At gresudpdamceni gh

tenperature, and 1hRati e tFRNEANtHHARL ik Qin tONGARING il@a HoRd@@dPsnon the
surface and .interiorly of silica can influence the efficiency of fire

r et ar dancy - HFE iRy BR3P (10 58 Gt i as 9@ HO R dioF T8l ect roni ¢
conponent s.e fHe:-H iRMe iQles J:@trdr\(ﬂd:lain td¥e pdl yoheestlisgaindyn il r@dswhf i ci ent

eval Uat | ng T CASTIUREAR O & P 5y, G 14 G0 R Segiing Lal or | met ry
and/ or difteﬂ@mMGﬁouImampﬂunﬂuﬂ@&Mﬁg(ﬁ dﬁﬂunﬁﬂlyﬂﬁﬂttu&@fmmenacondltlons in
COMI Al L B IS0 R MRS LA o HRLAGH OBt phagd bY
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



intensity ratio AQB/ A4 represents the peak area val ue of _ the silica

_ conponent whose number of Si04 groups adjacent to a silicon?®&Pd¥R008 3 and
~AQ4 represents the peak 30 area value of the Q4 silica conponent whose
nunber of Si04 groups adjacent to a silicon atomis 4. AQBQ/A4 is the

val ue cal cul ated fromt-he respective integrated peak areas obtained by
wavef orm separation of -respective peaks. The inventors further found that
a silica having a good fire 35 retardancy& nparting ability as judged by
the above 5 April 2005 6 evaluation nmethod and a highly fire-retardant
resin conposit.ipon containing such a silica is useful for the fire

retardation tnboc]‘r‘l:ﬁ&goé‘ﬁ}at\/ﬁ”c’fﬁ)ltﬁ IS SAGTS el Walesgeri ndont @iadintg , conpound.
The present ivarentshes,i sidmsad ) tdhe . 313keVe BT I9atiORyThe present
i nvention, thceorevfore, rell es to a fire retardant resin conposition
conpri si ng a oY PHea2 drfd e ndn addditdaisi-c Btcvedi abspafeund e,
wherei n sai d thed yphiefineedrpeipathes sseeh 23 Shr behdhe thats grquatic 10
units each hqx{qgmﬁ£iLeaﬁﬁggﬁﬁ?gp nol.ic hydroxyl group are connected to
one anot her Wi th an orgari i WG L Chwe edilipsr @ecar soatabdes, and
sai d i nor ganicompocridfiione foraritlkel, e plad na sPaedueh rof shwdr ol ¥8L S, nt
condensationi%ﬁeggio%l%%Q e conpoungﬁgn [or, a carboxylic acid salt -
conpound. 15 The present o mrent iFoTFGriHer FA&Vate®eto a silica which has
not more than 3.0 &ak/ gnokneoathénmper 8RpLoFBES intheERef nasnbayndy by
differential gganni lorinetr and/ or ?iff rential thermal analysis in
an air streamat f3%6&38-46g%,P§ﬁ&nﬁ&§9n8 F&E§%Fﬁ§ﬁsoﬁeoimﬁéFtnﬁ%éethan
20 2.0 o0 ntregeadansetsi e siasi GoAQBSAQAnObhai Habkeopienspbitt hi g1 g peak
situated in the.r 2p¢e 0fL112Q ggl %&. pm_.in_29Si - DD g NVR spectronetry
into a Q8 silica conponent —and a° pgisgla:%gnéo SnEﬁF!\l/A gebFSQE@URE?’B: THE
| NVENTI ON Théigee§edt tionkbst ifémei setenddesgribpdrinndetbilityThe §iTeca -
retardant reshnr@eHRASI Lhan taeGokaLAg tRaENE; Dhctygntion; fLads
appl i cation as 4 nnldfn% naten&a? . a ﬁlgggg%ruckure Of.Sl ica
_ will cause Tormation 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 retardancy-imparting
_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, BAgsy of sald 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. Ag3/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



for-electronic materials or a raw material for inks, paints, 30 varnishes,
adhesi ves, etc. and conprises a pol yphenol conpound and an § ABRIGARPC
m crofine particle, which has sufficient fire retardancy for such
applications. The above pol yphenol conpound has a structure such that
aromatic units each having at |east one phenolic hydroxyl 35 group are
connected to one another with an organic unit 5 April 2005 7 containing two
or nore carbon atons. Referring to the abave pol yphenol conpound, the
aromatic unit means an aromatic ring having at | east one phenolic hydroxyl
roup. This aromatic unit is nmoj ety 5 having a phenol or equival ent
gtrugture an V%Eiﬁ¥%ﬁ? angl, g hﬂﬁuifgﬁﬂ#%Uﬂﬂdanﬂummﬁmeno

bi sphenol , angbmyn ity ettt i gy peferd ad.1 the 1@%59%51“ efrdxe%eafﬂ’i%

“these, is the phen I str ct The nnlety havi ng such a ~phenol or
equi val ent stfﬁ% %Hﬁﬂﬂﬂy MatIGH Y ErEsstinautaay By leidepi-,

al kyl ene, ar add«yUalermmdemhmwl enke paBdehheisk@hkabndiQuBsseReEET £100.
further, Fo t e,&§x§§% é% enol compound, the organic unit nmeans a noiety
essentially corﬂalnlnfIO carbor?nd connecting to the constituent aromatic
units of 15 the polTEherelscoanpoweactibhe @h@aife Adi &eh%x@@gtbm@_QErenDre
carbon atons f 3,.% cI| Sstructure. The cyclic structure nmeans
a structure é%%%%?%?ﬁgxéﬂﬁﬁh 1 é?naEQﬁﬁﬁﬁﬁ%HQ:QWHﬂ} e&?1ar omati c

ring, for inst@pseindarad tane moerfg«ame:dmcl@ﬂm@ wles i 16y Chopertiangaiyng, a

- 20 cycl ohexang, yr a naphthale e ring, .and an .anthracene
ring. Nbreovg% the o Oa gﬁ@§gﬂkrucﬁ%r5u gfgr Yi&s aﬁl@ﬁﬁﬂ@ﬁlEontalnlng

ring str&@tuﬁ@ﬂi§U@ﬁCha§aaxmgla2|deasmn@n@rpmethSQh&yﬂrbmyln@xo@@déeé an
aromatic rin acular Ly pr I S triazi.ne ri.ng 25 and/or an
GorRcltle g?t% d%e 2abehak 1@% 9§QQﬁ%§’ £ﬁ§~ﬁPﬁga&HﬁP§ and

aromatic ring. The pol yphenol conpoun
organic stru #igr € Mergdderbon asomise BndseaadnUm@m@dn;@bmiexo&ﬂdenay

at' | cast “one ghendl] c E%égh%r?%g oL el 2R e TRt Rl ¢ h
an organi c pound 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,land has not less than 0.00l nor more than
20 2.0 of integral intensity ratio Bg3/Bos obtainable by
splitting a peak situated in the range of -120 to -80 ppm
in *°$i-DD/MAS-NMR spectrometry into a Q 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



uni-t contai ni ng one carbon atom (nethylene). In the case -where the

pol ypehnol conpound nentioned above has a nitrogen-cont ai ni gPrl 295
structure as said organic unit, the nitrogen content is preferably 1 to 50
35 mass % If it is less than 1 mass % nolding materials for 5 April 2005
8 el ectroni c conponents, adhesives, paints, etc. may possibly be deficient
in fire retardancy and, if it exceeds 50 mass it nay happen that physical
properties cannot be well reconciled witfA fire retardancy. The nore
preferred 5 range is 3 to 30 mass % and the still nore preferred range is
5to 20 mass % ., The.nitrogen content referred to above is the percentage
by mass of tﬁ%nE%ﬁEnguéH gt ofiPte ﬁPFgSBeﬁtBFSthe pol yphenol conpound,
with the total masBebérrihe pol ypbeapbveoppoypd-hglngohpkendastiRQ0 mass %

10 The polyp ompound used in the inyention s preferably the
conpound pro ﬁgﬁét??gﬁ?% e™r a4zt afit 2hBlarLal T189sBAVLARI ftcdRPPLSPRE a

ﬁogpounﬁ forpbenzliocpydgoaml gfonptgc¥hw&tah?m5ﬂgca&ni@a§§ angp@g@piiES
ydr oxyl «gro . (here r referred.to, soneti nes as an aropati.c un
construcf?ngHggﬁpgu%d§H§%%an%oﬁ%gﬁﬂalFBF 855§FF85FiﬁﬁgansuﬁpgéﬁiEhaﬁP%r
cont ai ni ng thpdoequbnenear baphbhohs afihereceabler bieprensd,t angoneti nes as
an organi ¢ upifp.gQpSt ti o . The reactant material referred to
above neans a E)2% %?xt%?g egg%nﬁggﬁgggégﬁppf%?rﬂf%ﬁlQﬁ?) ?%ﬁhﬂﬁ?qng
construct i ngteespouhd bhel BheveyantruahireconBhe undiaigy ovpoynshich a

optionally L i h po re__negessar as | as a

sol vent andf%§é$%£ 2?n§%%?63£?§E Hﬁggc eg?eﬁa'rgg ?8P¥88F?9¥ﬁgyout t he
reacti ot Assdastibated obut #tkyhi t atbrsenact engleghpophdnghd phgaplendnit -
constructinga@@np@gngimgigpeérggﬁspr two or nore species can respectively
be used. The aromati ¢ unjt-constructing conpound referred to above may be
any conpound havi MEEFEIREIonEiBrheo Be Fbeeabgve phehwphendy deoxybunt oups

attached to e aspf@iic whig RoshgBy Additionakly:baye eLbheL ;g 0r two or
or e SUbStltég}toﬁgég pgoﬁgggiiégagohzgéoéghétituent afomati 1Lt f
c units o
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



The preferred species of said aromatic unit- constructlngﬁconpound i ncl udes
. phenol, o-cresol, mcresol, 35 p-cresol, o-ethylphenol, e? ApIiAPBRol | a
_nixture of 5 April 2005 9 cresol s, p-hydroxyethylphenol
p- n- propyl phenol , o- isopropyl phenol, p-isopropyl phenol, a m xture of
_i'sopropyl phienol s, o-sec-butyl phenol, mtert-butyl phenol, p

tert-butyl phenol, pentyl phenol, p-octyl phenol, p 5 nonyl phenol,
2, 3-di et hyl phenol , 2, 4-di me thyl phenol; 2 6-_ dinethyl phenol,

, 4-di net hyl phenol , 2, 4-di -sec- butylphenol 3, 5-di net hyl phenol ,

3
2, 6-di - sec- by :HH%F di -tert-_hut henol .
3- net hyl - 4 |so>§ropy nC%[ %%] ety 2 C@‘ ﬁyls"p S5 oRiptteholete. may possibly

i | Sy 3 et sy st s g
met hy &f; y , r e eno etc. e
preferred spe(?lses of l;&a?%%) 5 e% t}}?g:v ?lp dﬁnélol’fyé’leoxyl

groups i ncl ude ké@@@mlla@m mrmlmmandgn Spmﬁéoino:i\e irspbepol S,
bi sphenol 5F, , {@n rUCts ol |cgromtic
p 5 ﬁ%dbe iand %Qﬁ@ﬁpﬁg%ﬁq %H&“% %; A T JJ ﬁ%@ﬁﬁﬁéfdwgpﬁge

- uni'ts, such as a-naphthol, (3-na
.-advantage THe érépeﬁpe@a§§eéiesTbﬁ SatdogegaoontanttreﬁeﬂséauealQQOVe

conpound i ncliydenel et %Bé%d%fh%\ﬁ' e"Lors AW et YET Pyl kvl
Ky

a- al koxyal kyl ,, and a- acet oxyal groups Unsat
bond- contalnPﬁ&rGSﬁﬁoﬁﬁd§he(@Plw@éﬁ@@ﬁyEO@@@updcowuamnmm@ tenrpaundss sach

as al dehydes taedpolghoRAS] (AheAHRoads g‘é' g%‘éﬁ 1% I K nds of sald
n

specific @Ct|ve grogps or active sites, Eonpound$ ®°havi ng any of
ami no, roxyal kyTaRi RBlYRRER9% GppﬁyﬂﬂdxyéﬁﬁyﬂpaﬁhﬁolgweupsonAssthe (1)

aronatlc Conp@HEdSabeyethédcb@p@@%ﬁﬁprbﬁ%ceﬁokkgﬂﬂ@ﬂecg %%gﬂ% A5ferial

~preferred: p.x len col yl yl ene gl ycol dinet
p- d|acetoxyneﬁ%ﬁﬁﬁéﬁié%e%omﬁF%ﬁPFﬂeﬁeC&PP@BPd ﬁP%ypvpéﬁéUgﬁyogladlnethyl

~ether, m 30 dranetoxyuethyhbenagnai meQBHYQhQXFggﬁggggyh?ﬁ@%ﬁ@@ gPoup

B eoRRERLLREBEEDe Bl 0 BB OBY BEnENS, i unit-
tri met hax&/ nethypkbenzehag tompeuhdxyaﬁdpéoﬂuh @ﬁﬁ@n@or4c6nstruct1ng an
d|hydroxynEtQ¥5QhEQeQ¥Lt éOntalnln %xgneth%oblpggg on atoms
(hereinafter referred to sometimes as an organic unit-
constructing compound) .
Thg reactant material referred to above means a
20 mixture essentially 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 speéies
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



35 .4, 4' - di acet oxynet hyl bi phenyl, 3, 3'-di hydr oxynet hyl bi phenyl, 5 ril 2005
10 3, 3'-di me thoxynet hyl bi phenyl, 3, 3'-di acet oxynehyl bi pheny? April 2005
4, 4" - di hydr oxyi sopr opyl bi phenyl, 4,4'- di net hoxyi sopropyl bi phenyl ,
4, 4' - di acet oxyi sopropyl bi phenyl, 3, 3'-di hydroxyi sopropyl bi phenyl, 3,3" 5
di met hoxyi sopropyl bi phenyl, 3, 3'-di acet oxyi sopropyl bi phenyl,
2, 5-di hydr oxynet hyl napht hal ene, 2, 5- di net hoxynet hyl napht halene,
2, 5- di acet oxynet hyl napht hal ene, 2, 6-di hy@r oxynet hyl napht hal ene, 2, 6-
di met hoxynet hyl napht halene, 2, 6-di acet oxynet hyl naphal ene, 10 .
2, 5-di hydr oxyi sopr opyl napht hal ene, 2,5 15 As the (2) _unsaturated
bond-contain%naSggﬁpoaﬁgggrpéﬁnggéphﬁnﬁﬁovBTHdpﬁpﬁyﬂﬁéﬁ?@ﬁe,0“
giisoPropenyﬁbepzepg;phéﬁbQLnpkbeb;eﬁpylghbh%Qpr@gﬁgkkﬁggzg@e,
- di cycl opent adi t hoxyi sopr opy| napht hal ene, 2, 5-
diacetoxyisogﬁggsPﬁg%ﬁﬁﬁﬁPﬁéne???%g_hpﬁg PB??P%@pPGﬁﬁFﬁéBHFH&PBﬁ@?QgGP"
di met hoxyi sopeopybnaphphahene, Bettylpheaboxybsept Qﬁh@ggmgthene,etc.

Eﬁ 3% car bonyl,

nor bor neng, tc re.preferred. 20 As the (
group-cogfaih§%8§§§§%8§hdg’grgﬁ@?%&HEPgEQBiVe?'éé 1BGShyLaBRYEEs Anfi
ket ones cont diinehjylphenol’ Sardbdanathyipheacsyi takl-aiardcABuLylphenc],
particul arlys cbgk ctagnal ,,.cycl ohexanone cetophenone,
hydroxybenzaﬁaghggégkﬁgg¥g§§8gétgpﬁeﬁén ®ce 8?3&8B8§ﬁ§de%’§5gl"tert‘

ci nnamal dehyletygpheral, grueshzldéhydepropyephehalal dehygdayl-5-

o vagp STRPRIEHSRL LOSUPRR R ILES, coreriravirns 1o
the (4) onpborashriphagoiwo3orerbyé-6ktads-bhtyppbiehbt, atteet ghotps- or
nsat ur at ed bond | HELoHES ! sobeopenyt Bongar oy aee e f e PR el XeBudiRelone,
citroneIIaI,héV%?%IFwop@Fimpﬁﬁdﬁh§ﬂ@li@thydThEY¢retenpedinohp@ﬂnd havi ng an
a- hydr oxyal kyht8&ndt, 3Bedbkexya) kyipREQyP, 89d:BReHRTARUT B §FhoRONs i NC! udes
bisphenol F, etc., and compounds for éonstructing
15 polycyeclic 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,



5 April- 2005 11 di hydr oxynet hyl styrene, dihydroxynethyl-q;nethyLs&yrene,
di met hoxynet hyl styrene, di met hoxynet hyl - a- net hyl st yr ene, 5 April 2005

" hydr oxymet hyl di vi nyl benzene, hydroxynet hyl di i sopropyl benzene,

met hoxynet hyl di vi nyl benzene, net hoxynet hyl di i sopropyl benzene, etc. The
preferred species of said (5) conpounds having any of am no,

hydr oxyal kyl am no, and di (hydroxyal kyl)am no groups include nel am ne,
di hydr oxynet hyl nel am ne, 10 tri hydroxynmethyl mel am ne, acetoguanam ne,

di hydr oxymnet hyl acet oguanam ne, tetrahydroxynet hyl acet oguanani ne,

benzoguanami ne, , di hydr oxynet hyl benzoguanam ne,
t et r ahydr oxyRettnyCBEsEogrameryd bipheayldi By df odjaeehpkymehy lbbphenyl,

tetrahydroXyqeuhybgh9@m0§&H$b%Qgg&qgﬁgﬁeDHQLhﬁdrQxynethyIethylenedianine,

et r ahydr oxy et hyl enédi am ne; hexaet hyl enédi am ne,

tet rahyd thyl et Ryl enedi am ne> - hexaet fyY enéd

di hydr oxymet AyREXeErRPresedvaRiracn vilet aldy dddrymsohyliheraep b épeanah] ne,

p-xyl yl enedi apBnedif dgogyﬁggggépgqbﬁﬁb@gbqgbgpéene, m xyl yl enedi am ne, m

dlhydrox%getﬂélanhno enzene, b4 -oxydianiline, 4,4 - .

oxydi hydroxy felfyPexy SRR cRyALiRbeRylenddiBaniiipge tosyasopropylbiphenyl,

et hyl enedi hgdtexy ptifpkamelthpenaghehaAepRg bhese, conpounds having a

triazine nnig&&eiﬁcg as gelan%gg iS benzoguanam ne, acetoguananine, etc.,

are preferred: SXYREEPNAPARATBAL SR e A PoRdECEbB ¥ BERY bRaBh Vha ke | ses
an aromatic @pist-déhystonghienyytnapaundlehBer eigafter referred to sonetines
as starting nd. A ..and a ound capabl e of form ng at |east one of
the 30 above§%§§?ﬁ8ﬁ égpézﬂﬁghﬁgggépﬁreéféI?l?SeE9¥YWﬁEPé?%%P¥@¥en@eferred
to sonetithes2a§-dihytirngytenpoupgdl Bppashessant i al 5-conponents. More
preferably, ghe tg terial S entiagl conprises the starting
conpound A, a_cgnpgggsgggggggﬁBaBPtSSiﬁPﬁg tgreast one of said organic
~units (1) 35dtécéﬂpxyheoprnaytaaphehelnedet02$enetines as starting 5 Apri

2005 12 dihydroxyisopropylnaphthalene, 2, 6- |
dimethoxyiSOpropylnaphthalene, 2,6-

15 diacetoxyisopropylnaphthalene, etc.

As the (2} unsaturated bond-containing compounds.
referred to above, divinylbenzene, diisopropenylbenzene,
trivinylbenzene, triisopropenylbenzene, 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 .



conmpound B1), and a conpound capable of formng said organic unit éS)
(hereinafter referred to sometimes as starting conpound B2)S Ap@#RPdi ng t he
sequence of reacting these starting conpounds in the above instance, it is
5 preferable to mix, in advance, the starting conpound A starting
‘conpound Bl and starting conpound B2 before starting the reaction and
ensure that starting conpound B2 w | be reacted before conpletion of the
‘reaction between the starting conpound Aland starting conpound Bl and, for
10 exanple, it is preferable to react the starting conmpound A, - starting

conpound Bl ' nd. B2,.concurrentl or react the starting

compound A Wt %%ég%¢%%%iiﬁg§ﬁﬁP"Béifh¥129§¥3%ﬁﬁkﬁ" ?@é§h¥#§ﬁ¥§ﬁﬂﬁj by

{eactagg thed%m%#m¢xmmethuﬁnﬂyuhﬂﬁbidﬁmﬁEhnx%mhE?yﬁyn—ﬁ%?ﬁ%ﬁyﬂyﬁﬁnﬁhI eads
0 a mor | ; of fire retardancy an e reaction

| S PESEHNE RN Of o ] y

product can be appli h ant age %0 ol di ng materials for electronic
conponent s, Rfibesk vieet hwhil ipssipnapylfeorzdmst ance. More preferably, the

'starting sconpoMnsk Aud sy rgfgﬁ W arting conpound B2 in a first stage
and 20 starting co ounydl | |r§gf%grr%%er?é’r eacted in a second stage. The
f ormul at i ng hTFReXyee thy bilignomipyibengeoommpaiml A to starting conpound B

utilized for the paradugtdanfq j & ol d.] referably not
| ess than 1/1 nor nn#g$than 10/ 1. |fﬂfﬁﬁp3%§%%r¢§gﬁgﬁggir%“ﬁ?%ﬁﬁﬁﬂg 25
conpound A &% | @i ndhah vduox el et e ney arek eliplhaskrdayalthd Jeoimse of
production ofrd fige used %&%ﬁ-&&siﬂn;mgtﬁﬁ i ding to the

i nventi B’ g%d}?$3the proportiéh_of the star|%%§¥%ﬁ%¥ﬁﬁéyg|exceeds 10/ 1

the resPn condbeiEqBmTEY alamine hadriuarsipressing fire 30

retardancy. diteydesemdeferdatdaldmhnide terns of enhancenent ability of
the fire retardant C{E‘:e'sin cwosition at elevated tenperature, is not |ess

than 1.3/1 nortt ORI/ LA CSRIYAR SN g | B2 raeradimed ratio i s not

|l ess than Id8idredyayte, Idwfafdana3b ndie above pol yphenol conpound is
pref erably thettai

erd 5 %ﬁ{il 05 13 gy r%gctin said_react%Pt material in
presence of & CCALATYETY e TORASEANASH Rave ‘g‘re@du&l‘l}@fﬁi% BYIR R pHEEdol

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



compound may be any substance capabl e of accelerating the _reaction of said
reactive material. 5 The catal ysts suitable for reacting thed&pariG0Rg
conpound Bl preferably include acid catal ysts such as inorganic acids,

e.g. hydrochloric acid, sulfuric acid, phosphoric acid etc., organic

sul fonic acid, e.g. p- toluenesulfonic acid, nethanesulfonic acid, etc., 10
superstrong acids such -as boron trifluoride or its conplex,
trifluoronethanesul fonic acid, heteropolyadds, etc., and solid acid

catal ysts such as activated clay, synthetic. zeolite, sulfonic acid series

i on exchange kg&hR8nd fl oal kanesul fonic acid series ion exchange
resins, 15 etc. henadggé'aﬁgéng ngegPﬁgyg?p?Bier@5c?Pﬁ§1§aiQalétarting

conpound Bl aPfpeapifavelly dépetdsrennt heeacidreste8ngbhseficeaghscat al yst,

though it prekesablyyady 1 tp 100 mass %wth respect to the
“starting compound 20gBl.HﬁA§§?%nggt alfg%qarﬁm%d:% hotRINed UBE ssastcdrhng t hi n

this range, tFF?F%O?%%%%%@%e@@m@@@h@sathdth@ﬁ&h@ﬂésyhggahge,ag{disboron

trifluoride, pterepiiS1Prefes{gd d referabl e added anount ,of these
catalysts is 0,001 to 5 nas£§@6 h%&g%%%g’aﬁ%%nf BF L HRf eFBleARRe A,

catal ysts sucht25HR | eRmpendnRe aedi pbaratng veompayndess. hksopsef erably 1

to 100 nmass %t&Ref B4 | g t 04 bg; Sat S reacting the starting
conpound B2, the %%50 cat al y(gflﬁlh?i%#dc%%&gfee utgle%tﬁfﬂrQhHQaﬂ?%@%‘lﬁ%(ﬂ%des
alkali metal Ot hIR&ITFRE RS (e Fral cow hskiioxi dbsthe ucha @51 SO bakTreen

DG Gy e e X o M VLR bl L Rl
sodi um car borat & ‘_eeft c-- artd Hqﬁfeﬁﬁ@%aﬁ%lw@ vithe hs tcant ey us@sboudd i,
g e S o4 O 17 i 0L
acid, acetic acid, etc:; Sh&k FECIEEP AR di vl @nts testtalns atdrpauch Bas
zinc acetate.in Wetinste stiage reiardaniolasigy %E?Pfﬁ!rfd Ahd Ssﬂﬁszetqn%s an
epoxy resin Gy dag 298Nt ifnora‘ esleec%tnrcf quzle{geel .eCtTlrlggl grotocol 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 preférably 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 exXpressing fire.
30 retardancy. The more preférréd 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



5 application, it is preferable to use an anmine as the basic_ catal yst or

.an organic acid as the acid catalyst, since residues of ino¥ §8Al200%atter

such as netal is not preferable. Were necessary, after the reaction of
the starting 10 conpound B2 is conpleted, inpurities such as salts are
preferably renmoved by neutralization and/or washing with water. However,
when an am ne conpound - is used as the catalyst, neutralization and washi ng
for renoving inpurities are preferably r &% ai ned. 15 Whil e the pol yphenol
conmpound is to be formed on condensation of the aromati c ring of starting

conpound A V\byhréﬁ@t&ﬂésbhwe%agﬁ%{? ﬁét%??aﬁt Lt b”% ound_B, the
reaction entallﬁ P¥6 rod |on of a carboxylic acCid; cBhof, water,

etc. acconpan§f mat']f H %%@@%IW@md@mmumdf él'hﬁﬁqzsp’}tmmql ic

aci d, al cohol @m;dou\@{ﬁem hus kA r Si | v
from the reagtl on. pro ag dlpgtgﬁbgg??%ﬁ g%g%ie gucegcﬁigggﬁt mé}ih‘?l ng
or after the r%%%tt%% %f ﬁ?lézE%%FBbV@ Ba5erkipdtion with a sol vent,

Wi thout afly compl | CEt@dept OTegs esu i) § eAGE | 082 PEOHYCE L n%‘%]g'refﬂzl&%ts,egtn

context neans, xt con al | _products
thus includi n(%ng %oﬁ/pfﬁﬁﬁ ﬁﬂgoh%‘éllu‘tlﬁea’éyér @@Il;léiystl@hsacsh zar boxyl i ¢

aci d, al cohollmndgamaiceracidte, cat@l Yevduser1oppti 9Rak! Vs 2Rd, 1 he %oévent

descrlbed her errl to the reaction conditions Tn
product i on ofﬁ%%?gég er%‘réh%l h’po%%lant‘Flestlég%tli%nact@np%r‘at we is
preferably ad}QJlst@Db&ledstaic bypt®duné thLes HOXFbA £c agE fy, alcohol and wat er

-are vapoRpze f anely 100 to 240C. The reaction
t enper at ur e ?Ssﬂn%ltsceidl[s)érﬂ(# 9%)(?& iﬁ%l S RN st lwords gprits xope e,

preferably 13?0-’Jtﬁimetlfmjsestp}mm |amtcm,f Hidree ros0 yphenad, conpoung g
i nvol ves by- t X aci d and ot hers but the byproducts

can be eaS|Iy renoved from reac

“characteri st iz&5 tend S&H]cfewla;trmﬂﬁtd (ﬁelste&rtmtg étsactleetrt@é Sre@ﬁ{s’ntl yst, or

reaction t enpRidiWidho Aliane Wi dfiACtd & LI 1S preferabl age 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.;



adj usted so that the reaction between the starting conmpound A and startlng
. conpound B is substantially conpleted, that 1is to say, the 2 &pp

acid, alcohol and water cease to 10 form thus being 30 mnutes to 24
hours. The nore preferred reaction tinme i's 1 to 12 hours. Referring to the
reaction technol ogy used for the production of said pol yphenol conpound,
the reaction can be proceeded in presence of a solvent which is preferably
15 inert to the reaction between the starfldng conpound A and starting
conpound B. Thus, toluene, xylene, nonochlorobenzene, or dichl orobenzene,

for instance, n. be using a solvent, the startin conpound can
be di ssol vedolt%ﬂere(f s gif \/Sé}/ %ft eyt 2y acQ‘LIChgv t he
starting congeunids Bicidde amﬂoiﬂmm{tefr@é@m Ysal@kes:f ace ilrh@ HOf a
sol vent. In tfhe qggyc on of sa o] henol conpound, the enova of
bypr oduct s, suc as caé SO T aAcWP rae?/%&hoqorﬁ?fbﬂ%rérls d%ﬁfci S 81 vent
fromthe rea®pwty ptr&mlmtcumrzﬁ geafteradt Yo Xad i+ 8ek 01 dtHistd | | ation
under a rgdu 148 to- 10 .kPa at the above-mentionegd

tenperature. Since the dnrggéteéjﬁﬁﬁﬁﬁq ¢ St Phging &5 dede basic
conconi t ant | yaliaskys4 exr afrf ondenidi stdid atd Olrhe P icEdid e iy tr ef gfabl y

d t etlon t he reaction. The
o gani o B Rlb AN E:rioall a%qccgll{%# e T or S 9the product of

~inorganic.nmicrofine particle Gecdt
hydrol ysi s afFedrifdrsat i on of an al kOXI de conmpound and/or a car boxyl ic

o oduct 35 of hydr ol sice SR Condénem T an i AoRAT ) Pife B e 4 hspr 1

pr oduct of “hydrol ysis and con énsation o
2005 16 het hGPm preefigr aioimpletted,s itmppirprudasctsuath faysd rsel Iyt Siraand

condensat'i Onpﬁe@}aﬁl@@e@%v%%@u%%ﬁaqq%e |one§it/%% 5’%‘%1%1 %wtq% hod.

The product of hydrolysis and condensation
conpound obt&mﬁéﬁ'byHawﬁVSFolvgﬁﬁ pBagtlipA eaupoahdubseysedt asohdensation

reaction. Thearudreltysinsuteaatii-gr iapd a%%@%ﬁtﬂgorforre%(\etﬂo%n%f an al koxi de
compound  or q %%&g é%gl%r%cb%e%%zgﬁ%ynggﬁlalned

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—productidn of a carboxylic acid, an
alccohol, water, etc. accompanying formation of thé

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 réaction, 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



be. witten as follows: 10 MORl)a + aH2O (hydrol ysi s) -.__IV(O-Ra_+ aR OH
MOHa -. MOH)bO -. M2/0 (condensate) (wherein M representsARyiiZE03

" element; Rl represents an alkyl group or an acyl group; and a, b, and c

each represents an arbitrary nunber). 15 As said al koxi de conpound and/ or
carboxylic acid salt .conpound, a conpound represented by the foll ow ng
general formula (1): MOR2)n (1) (wherein.Mrepresents a netal elenent;
- R2 represents an 20 al kyl group or an aad®l group; and n represents an
integer of 1 to 7) and/or a conpound represented by the foll owmng general
formula (2): éRB%g%\/(O?Z)P (2) (wherein Mand R2 respectively have the sane
meani ngs as PR Hettined 1t enethiC f offifisa PEPAURE lospodséles an or gani c
group; and pENEbHRRAC IR Ase NS ANy d N8 rfude 16h B ac%ﬂlﬁ);déﬁ% with
advant age. The, Iarljfi/c{< group as R2 in the above general formulas (I) and (2)
i s preferabl3~dn H%A }lﬁ%uﬁ”b‘? W] PH BT TP Rorfa s ihus eiagi ng
et hyli ln-pr;):prydr@r htheprﬂslmﬂtidh Qﬁﬁdﬂucﬂ;blﬂ)'feﬂe%ndiﬂ‘gl' et )élh,arfal%rtTerli'éTtxl:F L to 4
n- pentyl . etc. acy rooup. as Is preferably an ac group o o]
car bon gton%r}dtffffféecfr?d‘ﬁ}g?%d?%c%?%”}ﬁ dﬁW%l%t%%fY%qfc.orThe or gani ¢
group as R3 rendthiombmngagenansd, faral) ahd5rda)tisn praieradlpr e enagni
group containing..l to 8 carbaon 5 %oril. 2005 17 atons, thus including alkyl
‘groups such %%]‘%Se‘%%%lls,o ntﬁ'bel’t()p‘{he, R R L y‘im,;e i SYRRYADY Ga |,
tert-butyl, h-pehtsgrtimhexppoundaptid ,subocintiakl €. conisll axgehatted tal kyl
gr oups suchj[ 3-fl.uorqpropyl,.  3-chl or opr opyl 3%3,3% tr.ichl oropropyl,
etc.: nercap sgsrg? osuaﬁgcotn eaié;a?/rn%oxéf s a%]rcgfup%l%% o -‘”F?etr%rapqeoap%o%f?l;
am no gh8up-borm aitiiug bedlng/ | 3 §moiupstestictto 854 hranmnoetTiyl more
2-di met hyl a .f@%{%d N ?CH apy! s 31[ i ret 1 hopropyl, etc.; aryl
groups suchrBas phenyl, ?rre C{}?B%len%ll,se %ﬁg%ﬁmﬂet hoxyphenyl , 10
et hoxyphenyl , fl udiedshrariyig tet dhe aresddddonyrivgimclimsty assed for the
. production of said polyphenol compound, the reaction can be
proceeded in presence of a solvent which is preferably
15 inert to the reaction between the starting compound A and
starting compound B. Thus, toluene, xylene, | _
monochlorobenzene, or dichlorobenzene, for instance, can be
used. 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 acid, 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 at 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 salt compeound.
This inorganic microfine particle is preferably the product

35 of hydrolysis and condensation obtained by the sol-gel



benzyl etc.; epoxy group-containing organic groups such as .

. 2-glycidoxyethyl, 3-glycidoxypropyl, 2-(3,4- epoxycycl ohexyl56‘5"i‘fy?|0,0_1.5 etc.;
~and unsaturated group- containing organic groups such as vinyl, 3 15

(met h)acryl oxypropyl, etc. The netal elenent Min the above general

~ formulas (1) and (2) may be any netal elenment in the periodic table of

- the el enments capabl e of having the structures of conpounds represented by
‘the general formulas (1) and (2), but isl80 preferably at |east one netal
el enent selected fromanong Goup II1I1B elenents, e.g. B, Al, Ca, In, and
TI; Goup I me , and P Na,
Li, Te, ,\{Fétk%(f Eﬁﬁ g)rgl\ﬁt)ega'Pb%y’Cs étscthﬁnﬁjﬁﬁg%“ﬁg gt EXF‘IO%%%? Si is
pr eferr ed aﬁl@lccﬂsd@wmre of efreralochx iz Trensd ke atargieuad bgndhe
carboxylic agif ound containing Si as the above netal elenent
includes tetraa oxy anes, such as tetranethoxysil ane,

t et r aet hoxysi | ane Thﬁatﬁ%ld\lcm Gpﬁ))lwsiﬁt:dn@la emda-qmcmrmmw hhaneioned

t et ra-n-lgut t t cbutoxsllane
tetra-tert- gat}%l%%/?ﬁatnﬁesg ée%gsmm{%rl L~ISE{<oxyS| yznes%} s]%’c s rezetion”aRa

met hyl tri nethaRIsat Grndsnsatiamaoeaitiare, et hyl tr| rret hoxysi | ane,
ethyl triethoxysil ang H&dﬁdﬁﬁ@ﬂ§'ﬂg§éﬂyﬁﬁﬂﬁﬁﬁ“ﬁoﬁkéﬂgéﬁﬁg 1 legthexysikane,

i -propyltrimnet hoxy5| | ane Ci)ropyl triethoxysi
3-chl or opr ot tFi¥Rst i yRamRand P a agharnylagnscigl salt compound can

chl or opr Opy|ﬁél@l®j@fﬁld§.%ll?ow?53 trifluoropropyltrinethoxysilane, 3,3, 3-
trifluoggprop ethox S|Iane - mercaptopropyl trinethoxysilane, 3 5

am nopr opyl tr bé( yisidteRe, hgdéﬁ’llﬁéﬁlsépy'l M P8 hokyak1Ghe,
phenyl tri met hw(mﬁl)Lanaﬁ tp}.lmpgwl tr et Noxyehhiangatelpenzyl tri met hoxysil ane,

benzyltrieth si l.an 3- ci doxypr Itrlrrethox ilane, 3-
gl yc?ldoxypr 0@{}%’ ﬁ’{) qg%‘_%%é‘l %p ezi:py element; %\% represents an
epoxycycl Oh@d}l‘h)letd]:}dlt}f |crfetaho>at§,tll Eg’tfbupz @hdd-a,epoxyeyciokaxyl ) et hyl

“triethoxysi rle%)r}eser{tnsyl tr |arr%tlt]:oxayrs§ Ina )V‘I nyltriethoxysil ane, 3
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.



(et h) acryloxypropyltrinethoxysilane, 3 (meth)

“acryl oxypropyl triethoxysilane, etc.: dialkoxysilanes, 15 suzAp@R005
* di net hyl di met hoxysi | ane, di nethyl di et hoxysilane, diethyldi nethoxysil ane,

di et hyl di et hoxysi | ane, di-n- propyl di net hoxysil ane,
di - n- propyl di et hoxysi | ane, di-i- propyl di net hoxysil ane,

di -i-propyl di et hoxysi | ane, di phenyl di net hoxysil ane,

di phenyl di et hoxysil ane, etc.; 20 tetraacyloxysilanes, such as

tetraacet yl oxysil ane, tetrapropionyloxysilane etc.; triacyloxysilanes,

S, o Y sl st oL DN b Loyl ale, ol ot

dlacyloxy5|lanes ‘such-as™
dlethyldlaceuypmmpyﬂbanebueyd, Arbngyihesec- Bﬁtyetraﬁﬁthﬁﬁy§&laﬂepentyl

t etraet hoxysi,| met hgx Ian | triethgx
dlﬁEthy|dIﬁEPh§%§¥}|aneg%§E8hdlnEPﬁyV reFﬁ8xysbPiﬂgeﬁ?£ a5 gik@?rgﬁouﬂﬁus
the al koxi de seehpesnd- éﬂebenabbyyéonBach$orapsoby¢onBaBkBX|de 30 The

| koxi d ' t ther.than S pref bl
Tholudes Zi nere mebartarbals ase < Aercal?E brblo-Rackrn i8R chily o, ca’

(OCH3) 2, Sr9FoEBPRSFUZh Ba ROTREERPROPZAPYDE2EG)ng, gBo(OEEBht 81inAhg( OCH3)

3 fadrerahbn ey etfe - fydftiBl oo (El kB biste) 3, o

(OC3H7) 5, 53BmpAPPropyd, 18- dmmetnyLBmLBOptapyccsemy , ahgl (@E26by SucHi

OCH3) 4, T 4, H7 %§TB 4, 7
§CC2H%) Iaécgégﬁgl mgth&l%%ﬁég? étﬂglgh g&ﬁg@%Fﬁoxﬁéyé LOXIde;
such asjﬂ% [ &F PﬁgBhEESM7)fAuPrQPhﬁgY@Aletho ac3Hrylagtrorps Myugil as

OC4AHI) B INi. 7
ggf%r(Cﬁ24é) fhz%leegc Eéé%é??ﬁg@%%ﬁ?&éﬂg?%ﬁggg g%%%ﬁ%?iéo a?%&é%n%%unds
of gener al ﬁﬁwﬁéd?iyeﬁﬁﬁl(2§ glvctdmsyaEraYionZof3the fire retardancy

of the curabbpokyeycmsh@kyam&th9§;ne&@ QOHHeShhsaeueaéeahgr@u finity of the
obt ai ned i nor mcrofine particle for the constituent conponent of the

curable fire® g@?ﬁ?ﬂéﬂ? PEIPRLCoRPOLPEi BHCRt A& BEBESrtPon of the conpound

- of generH fdmathhattylosyprepel abkycnot |ess than 80 weight parts, nore

preferably hot lesfhéhﬁgtgf element M in the above general formulés {1)

and (2) may be any metal element in the periodic table 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-



15 wei ght parts, based on 100 wei ght parts of the total of conmpounds
represented by general formulas (1) and (2). In order to act8rdi?®fe said
“hydrol ysis and condensation reactions, nmetal chelate conpounds can be used.
One or two or nore species of these can be used. The 20 preferred netal

chel ate conpound is at .| east one conpound selected fromthe group

consi sting of Zr(OR4)q(RSOO0OHCORG)4 q, Ti (ORM4) t (R5000HCORG) 4 i, and.
Al (OR4) (R COCHCOR6) 4_s or a partial hydrol ysate thereof. Referring to

t he above netal chel ate conpounds, R4 25 and R5, may be the sane or

di fferent, anoheach represents an organic group of 1 to 6 carbon atons; R6
represents an-MHRRE P Y duR gy bl & earbody It ons or an al koxyl group of

1 to 16 car boin:if DG ok UL i 9RGhd 8PS EBENL S @ ifteger of 0 to 3; and s
represents an%%]g%e er of 0 to 2. The organic 30 group of 1 to 6 carbon
atons for R4 : Ib‘?%?%?@tﬁﬁlleqwi(ﬂega%fth%, ethyl, n-propyl, i-propyl,
n-butyl, i- butydaptsgerdiiMsidetHobpEyland); pentyl, n-hexyl, phenyl, etc.
The al koxgl gr.oup of 1 to 16 carbon atons for R6 preferably inc]udes

met hoxy, &t hoWy: IRIHpdEEnS NS5 3 HUk L OB vt bxihosekl Inntcoxy
tert-butoxy, mtenyltrimeApiddysA06ne20 pliten pref edtiedk ppecd gs, of said netal
chel ate corrp%g}}dz l'ﬂfll uedE S .zir.coni um chelﬁf conmpounds. such as tri-n- -

but oxyet hyl acetoacet ate S1 RSO’ deHEBut oMt (et e, atet oacet at e)

zi rconi um nimmgy}jm}qﬂiﬁ@t&myﬁfﬁﬁp)ﬁ rconi um tetrakis(n-propyl
acet oacetate ; tetrakis(acetyl acetonato)zirconi um

t et r aki séjet hﬁlzﬁé{:lg%éz&bgogge F SR LT, 2 %'a‘iﬁ um chel ate conpounds
such as #P-i -garauswclsitexatin@thydoatioatdiai @i Tartegniamm3,d-~i - pr opoxy

bi s(acetyl 1%;;%951 Y bl LA i-. - Pr opxy. .hi s(acetyl acetonate)titanium
etc.; and al um nurﬁ%&h%tx&aggwg&ﬁ%s{e%@gfy A -vp’T%‘b]OWmeeq silane,
acet yl acet at &&@YihAnh@Bhodivsii-lgmepoxdy acet yl acet onat o- al um num i - pr opoxy
bi s(et hyl aceyRasstLEN Ak UM (o] bi_s(acetyl acetonato)al um num
tris(ethyl 15 ace?gacr?t a-fg;&g#?%itﬁ&%%tt%%%%?ea%(ﬁ’ g%etonat o) al um num
monoacet yl aceféidl GCmilopephpb vadatcadberatss)l aaleynmiatum; etimlkoxysilanes,

15 such as dimethyldimethoxysilane, dimethyldiethoxysilane,

' 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,



The preferred, anong these, are tri-n-butoxy ethyl acetoacetate Z|rcon|un1
di -i - propoxy bis(acetyl acetonato)titanium di-i-propoxy ethgpri20

acet oacetate 20 alum num tris(ethyl acetoacetate) alum num The utllized
amount of said netal chelate conpound is preferably not nore than 30

wei ght "parts based on 100 weight parts of said conpound of general formula
(1) and/or conmpound of general forrmula (2) If it exceeds 30 wei ght 25
parts, the shaped article tends to deterixdate in surface appearance. The
utilized amount is nore preferably not nore than 20 weight parts, stil

nor e preferabl§ not nore than 10_wei ght parts. To said al koxi de conpound,
sai d car boxyl'itBCat) @ shRr{ OC3y }eonPuR ZH@rdfsﬁﬁdOﬂH@)rgarﬂlc Gfiz8elofi ne

particle resulitipg- oummqshmmdméw%rgeéﬂgppd%s(@dzﬁn hefe@osn 0"0' dal
silica and/o%agoIIO|dal al um na can pose of en Hanci ng

the rigidity%bfOtHd) ﬂesﬁFFlngaPQréomPéﬁéraaﬁﬁlréékﬁxééﬁﬁasﬁﬂpbnaSCne or two

or nore specLesAdiisdsotiresg] cAMPEALSLEL - ébﬁpquDZQQﬁ EQQ EI05da

silica n%ptlﬁ fﬂ ?bove % % |sp rsion l'iclc anhydri ih burity
in water Sandf ot (TRYEP fsﬂf” i & of'giliPe 2 %BWJeH? 2307 6] mv &edde @&mﬁﬁc&

dianeter isebcto 100 nm preferably 10 to 50 nm and its solid 5

concentration is %ft 10 to 40 As colloidal silica, Snowtex;
| sopropanol Silica FEERBE haRoF %lPF&ilzgﬁlaTBPBHﬁcanéﬁéd GPMPQyRds
product s. of Nfsganefhbnfoamulhadm$oraﬁa (Eyd. in EahslaedatrPehabsr(proOduct

nanme, both a p t sts enl cals |ndystries Co., Ltd.), 10 .
Ludex (produ%?r%a%§9§§&§ g%f%%%PSHF&bShS ALF TUEBHEDERFBALRt nare,
~ product & I\A‘;)m]amotldeay&d) thNahftﬁagthpDﬁdUhé sBneinpHodtekgahidNal co

g?ﬁﬁ:ﬁglnenfloned g%gv%§£ElCl?ﬁg§rgﬁhgs Hgg gggﬁ??ﬁFﬂ tﬂg L%%bgagf pH
2 to 6 usingSWatleke afine negpedsnbnraadnunnmpoamtabunlnhespkopsrﬂgom.of
gygggfgll:g tHé9@&8%0§§&V§Pt erag?y'?g@%ﬁi%oéﬂﬁdig”ﬁre%%rg%f§agot pardicle
han 80 welgh -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.



and its solid concentration is about 5 to 30 mass As to 20 the al um na
“nmentioned above, synthetic alumna, boehnmite, and pseudoboehfiPile209pe
suitable. The colloidal alumina which can be used with advantage incl udes
Al um na Sol -100, Al um na Sol -200, Alum na Sol-520 (product name, all are
products of N ssan Chem cal Industries, Ltd.), etc. 25 The formul ating
anmount of said colloidal silica and/or colloidal alumna is preferably not
nore than 60 weight parts as solids basesoon 100 weight parts as solids

of the inorganic mcrofine particle derived fromthe al koxi de conpound
and/ or carboxylic acid salt conpound. If 30 it exceeds 60 weight parts, the
shaped article ten@get&reééﬁéﬁﬁoﬁgﬁélﬁﬁ Sir pade @pﬁéérgh@éatﬁheompeﬁedred

amount is nahclee ! rza&c%@lm @hle 1RRKkL %omm%nld@,%%w Gsmeghiofine particle
according to,the §¥g_ ion may optionally contain the
hydr ol ysat e/ BBEB&H? et ag ehidfoly £5BiNd Ufet 8 ~Balritozd bas (stihvabl e

exanpl es of 5cépb:ak:ez&%)&artcmlumdra%@@@x@ Hf%tl% é&%ﬁ' i, there can be
nentloneqscogger sa%t zuc as (N03) 2, CQuCl2 , etc.; titanium
salts  suth PerEte rc?Pé@@' EF&rakﬁﬁtPF@ﬁP§§ﬂts such as Y (NGB) 3,

YC13, etc. ;azetoaneﬁﬁmﬁahh&cﬁuﬁhmastétS@&asZ%@%%yl 50%&6N§§b?21§56n1um
al um num salts suc

chrom um sal S (: 1l etc.;

Al (NOB) 3, Al%t%’ég%f‘ésaté’ttg & &%OH‘F %e%élltr§°§‘&élﬁ‘fa§tﬂ|(Née)tznlwqu etc.

One or two orhefpte spapioandsl suhasescdn- bepu&©6xYTst (ethyl

‘hydr ol ysat e/ f ch.a hydrol.yzabl e netal 10 may be a

conponent Ong%gSﬂ %g@% gﬁ%ﬁn&PoF gﬁs +aRd °PESHd ﬁ§é? %yaf t he” al koxi de

, conpoundihndﬁgeteaeb@xyhmaumacdd sabtopagpbmmda@@t&loQ@ﬂ@ﬁﬁﬁte¢@m&hhiuﬁlng
a mxture as art e ani c nlcrofln part,.cle accordi ng

to 15 the |ﬁvgnf|g%hi§luﬁlgﬁﬁ %ﬂ%ga@g %OHP8P991$ Sntt cSﬁdgﬁsétP5ﬂp°6¥ an

al koxi de conpbbid éﬁéﬁ@ﬂaaeéatboﬂQUmcnambddsahtpropnwguadetyuabaSOEato—

o] tact bt AhinC - bEBRbLYCL 1 SENALY 83cRhaLEka9n g Bl o5 07 ne

particl es obtainable rocesses i nvolvin eren
mechani sns. QBOPﬁX¥a§é§ ﬂﬁéﬁ@ltﬁ@etﬂ@ﬁgahaéumnanmtlhelpaethgﬂe contains

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,



any of such netal elenents as Si, Al, P, Fe, Ag, Sn, Ti, .V, O, Co,

Cu, Zn, Sb, La, etc., for instance, the ultrastructure can DAPEEEPSrmed by
nucl ear magnetic resonance (NMR) analysis. Taking the case in which Si is
25 contained as an exanple, the fundanental structure is a regular
tetrahedron forned by the SiO4 cluster consisting of 4 oxygen atons

coordi nated around one Si atom and the wultrastructures generally differ
dependi ng on how SiO4 clusters share thelxygen atomw th the nei ghbour
clusters. 30 In the case where a silica is prepared by air oxidation of
siliceous sand obtaj ned bY rolysis or thermal reduction of a silicon
hal i de, the Si o4 clFhgteps @hé@é al1iet: mpetierygdenbaronss v dhsméwrsiasul t

that Si-NWR amaby&ualbemaayarlaalMfthﬁ ﬁﬁpﬁkhtgalﬁoageafn%naﬁafnQ a peak
top at -120 o 35 pm In contras? In the case of the product of 5

April 2005 2 YH§BPBF$§FSOéﬁﬂ“é%nﬁ%ﬁ%ﬁPFonlBﬁ aMeardexpaet Eohpodihanalry or a
carboxylic aﬁsdssabt100ﬁﬁﬁun§r@bbﬁﬂbl§ @DSEbOSGdnhn Lhasitspsgification,

sonme Si04. clusters % |ndegen enily rom their neighbours which do not
share oxﬁ%en 8?8ﬁEtFﬁ ¢BhmoR, 2BoUb tHafct AR ®3ssi ki clitdiddmeifialhavi ng a
peak top ate511®6a ppﬁbhﬁex901ppﬁrbpaﬁbiesyedca|QBQ?lﬁétﬁﬁﬁoﬁﬂsﬁlié&a
conponent . EME ( 8 £y3|s can grOV|de a usgful techni que for
ascert ai ni ng~het h&PIRATi RePGanf &t nfER oPFREVUGEST PEI BIF82R hehpRbeREt of

hydr ol ysi s amddusndeasatLbd pf Cdfaanial koxcde ¢prpausd asdéprpaticaihoxylic
acid salt co an er.enables to estimgte _how an inorganjc

ni crofine Ee c g ?ﬁ%%??%ﬁs gségﬁ%lFﬂi ;Hgﬁsﬁf%?ﬁf?ﬂe' g&lkde it
is preféthlépdeKo psedacsi hiana, pnddpattofuba?bytbeUaSSR pf $yt@n15

ret ar dancy, u ef er tai pe drolysis
and condensa??%ﬁaggea%ggpkogPégugén%gu g%ﬂgPOrB gcérgbx§?r 3%id salt
conpound, andphaguah namerastedctbrefsNethhahemmeaEnCegram Snkensidtcratio

AQB/ A4 is nghn LESS afn 0 re than 2.0, which is 20 determ ned
by splitting anpeak g%?ua%g Qév?ﬁﬁaggnge of -120 to -80 ppminto B and

Q& silica conponentiebgohbaidal oilPaBia DIpIVMASONRMR abevgsis.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



The, integral intensity ratio AQB/ A4 are as hereinafter defined referrlng
to the silica according to 25 the present invention. The in2AgaR0E5
“mcrofine particle nmentioned above conprises discrete spherical particles
and/ or aggregates thereof, and the average particle dianeter of said
aggregates is preferably not nore than 100 }im If it 30 exceeds 100 pun,
the inorganic mcrofine particle cannot be wuniformy dispersed in the
conposition so that the nechanical propeeeies tend to be adversely

af f ect ed. The nore preferred particle dianmeter is not nore than 5 pm and

the still l£ref rred particle dianeter is not nore than 35 2 pm The
term' dlscret i 4&%%i%9§%§ Siddd Héregien Bnape mepddoned geRnsr

~primary part |scznafs (sfucﬁ‘h%sj ramr(mn ¢, NeecDf,i raenl tbeke; aRfabhentSiMs

"aggregat es’ d her secondary partlcles formed de novo as the
‘result of agﬁ?ﬁéﬁfﬁiﬁﬁéﬂ4't écﬂ?1n%%%opaﬁﬁFbPe§tt§l?WeSﬁﬁﬁé SECAr @8nt resin

conposi tion df Ndaegpr‘ﬁSBﬁt etlcﬂ\/'efﬁﬂl@ﬂ)l’!ﬁlnpl’sﬁfl@’sa@uy_jhl @Ssqcflgog ng)g@lt hat an

i nor gani c, r rt|cI has, been_dj spersed in_ a pol yphehol, ~cdnmpound,
and t he techn @%%? %dUc? WHUR g2 E%ﬁ&&ﬁw%§nF§9ﬁbﬂdesC{q ¥3t he net hod

whi ch conpri sgs:.%0 amwdmﬁm@aauwlwmm@ rameund znd san) i NAgAn Gng

et hod whi ch ASIEr SE4 TSt SR g A Bent mn%%&ﬁdtgﬁetcﬁﬁva&%éoéﬂﬁ

conducti ng th@rhy@mﬁcyﬁﬁsodh¢h@@mdem$atEOMS@b anhal koxi de conpound and/ or

a carboxylic I ina s conprisin ai.d | yphenol
h@ﬁgp a%e99£$5ﬁgxéﬁk 'JF & bg%go@p&a%ﬁ gﬁ% gthe _

conpound to Se ah 1 norgani ¢ mocrofi
met hod wh? ch@omirei sesogpbinentt g ¢MeaWMGdu@$ odnpgdmdlyamd/anda car boxylic

acid salt complg BHILY vales AR AN Insallan i aoo0lukkan, cant ai ni ng

a reactant materi al or the synthesis o he po
fol | owed by aerrdeﬁétt FeTpolysherola compomedt Avpsgithéseg bhmimethedas (2)
or (3) is prefeniiedesThus, the preferred method of producing the fire

retardant resin conposition of the .invention includes a step for
conducti ng hydroly§ﬂ§cﬁnahe 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



25 condensation of an al koxi de conpound and/or a carboxylic acid salt
compound in a solution containing the reactant material fordApd2889yphenol
conmpound and/ or the polyphenol conpound. It is still nore preferable that
sai d pol yphenol conpound has a structure such that aromatic units each 30
havi ng at | east one phenolic hydroxyl group are connected to one another

t hrough organic units containing two or nore carbon atons. Such nethod of
producing the fire retardant resin conp@gtion is also another aspect of
the invention. By using such a production nethod, conplexing of the 35

pol yphenol conmpound and inorganic mcrofine particle takes _ 5 April 2005
25 place to BvdectKelsi pedr epafganeties| af canpaskokadeotonheuniingedt don

“which is an grgaphexiy;N9LJARLE Bx@&iQoﬁﬁeﬁﬂée%%icﬁogErh%geﬂoéeai§£0§ﬁ9 ic
di spersion of an_lnorganlc mcrofine particle, such as a mcrofine silTica
particle, inSPSCATHARFIRNPOPYBReRSP: CORMTAIE Fhist inderpidgmed dimani c-

i norgani ¢ hybrede §eMBRBbLLLONWEBXBHbAELSHER §K§fé'Sﬁyg%hfstoﬁgtﬁngQﬁMon,
, Referri to tge bove method (2) for producing a”"fire retardant resin
conposi tidn, 58 Bﬁgpﬁﬁﬁop Ot FTRPOTIN T (Bt iRy od ek teprapard G

sol uti on conppihntsg-bbeppal Yphepakr¢eaPQUSLes 88-MeALI gnegi phoye. Then, an
al koxi de conpound apd/or. a carboxylic acid salt conmpound and either - water

or a sol vent “¢BRPEFRIng iR 1 93fe RIFNALS sol\WisHR to carry out
hydrol ysi s andchnndessabkoasteathinnsg wheiherpasf enoedahsct hecsokigs!

@ sol Ut on- pPaBATEReby® P BeaPUPRUCENA: PERYSRERGP EBnpEURGERAA AL GBI vEn;
such as ¥h abhoohbkoxidg. compbhadohndgbhanotarbbrylia Keiansale. Gompseh@ne,
2- but anone, Qdekﬁr'h8£ a Q grop@ilic organi ¢ solvent e.g. . tetrahydrofuran,
; N,N—dlnethyI%ornanlae, py?l%l%%, 8t8§tﬁmg€% ﬁ%@e@ga?§?rggPﬁ8rméﬁf%gh?% nay
al so be addenarﬁhelanuﬂnpfohcsabﬂ.solvent relative to 100 weight parts of
e PElenenol Commpute, g AL A0 oL L85 er PR L2 U8 AL BB o
parts nor npfe use a silica, and particularly because of fire
15 retardancy, which could 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 diameter 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



than 200 wei ght parts. As the other solvents referred to above, nethanol or
ethanol, for instance, is suitable. 30 Referring to the cond?APEnE0Sf

" hydrolysis and condensation reactions for producing the fire retardant
resin conposition, the reaction tenperature is preferably 0 to 120C, nore
preferably 20 to 80C. The reaction tinme is preferably 30 mnutes to 24
hours, nore preferably 1 to 12 35 hours. 5 April 2005 26 In the above

met hod (3) of producing the fire retardaggy resin conmposition, a solution
containing said aromatic unit-constructing conpounds and/or organic unit-
constructing conpounds as the reactant materials for 5 pol yphenol conpound
is prepared, mﬁéhﬁoﬂéémEYYanmhgCéaﬁdofathexuder@amp@umdcandﬁne parhaxyki c

acid salt COHHHUEﬁea@grmeh5§§§8§%E8§”Oﬁs@dsﬁ Vet &%gkgbg @gnggisr for

conducti ng hydroI{5|s and sati on-reactions a reactant
mat eri al sol BBF6ACLEF pOFYEHeAsl nevapaanthien reisudly Qi'de@eQHOugannf

m crofine pathbcbglﬂg§ b§g9t§b§ggrsed It is preferably the sol-gel
techni que. Thereafter ¥ henol conpound is synthesized under the

condltloﬁ§ descri BB 5b§9ere¢ﬁédaﬂtlFgééns§pm@ﬁﬁltﬁ0§apd tbeupkeaent
cont ai ni ng thﬁveﬂaﬁlbﬁaﬁba?ke’f@rﬁbll@ laoeut:ﬂeapﬁ Xi%h%'ﬂ%'t gm%?g gfig the 20

utilized amount of .the solvent may be the sane as those - nentio
above nethodméﬁfogﬂnErBEEEFﬁéetHésfbﬁén FéEredssd fasian pednpbsipilon and the

condi ti ons oﬁoiﬂpdﬁﬁhysaﬁdaeﬂece@éﬁﬂéabgg}no&‘a r3lee ihg khensame as those
descri bed herei nbefore. &ue fire refardant resin conposition obtained by

t he above prSBWEPﬁbﬁlﬁBtﬁBS fR& (ont ERE BELPRE WhdrHasPBPHILERES i ne

particl el0 el pkbdaciagl@O0paRsphemof bbﬁpbhh@ ah@IahdaﬁbrﬁﬁﬁhE foERPESELEON IS
pref erably not 80 nmass % If it is |less

esS n nore.t han
than 3 nass /arﬁhCESCéBQEBFBQGSEiEe S?Qapwserﬁaﬁdéﬁéﬁ 8§ hEPrpd2) the
expressed. |hethodxektds 80mpe$sed) ptbeaueanqg af pharghieAgl 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



tends to be sacrificed and noldability will be adversely affected. The
more preferred range is not less than 5 30 mass % nor noreé thARIEPRRss %
"Referring to the fire retardant resin conposition of the invention, its
thermal softening tenperature is preferably not | ess than 45C nor nore
than 200C. The nore preferred range is not |ess than 60C nor nore than 35
150C. Its hydroxyl equivalent value is preferably not 5 April 2005 27 |ess
than 100 g/ nmol nor nore than 280 g/nol. The nore preferred range is not

| ess than 120 g/nmol nor nore than 240 g/nol. In using the fire retardant
resin conposition of the 5 invention for the preparation of the curable
fire retardamlagesin ¢iompddia i Hinre ordiea diesct i best heraipws teron idf ithe
soneti mes pref 2 : . j . a varnish, qr a, paste. In such
cases, it is lﬂ%@n%?c%é@%??t% i% H%Jg%erls%‘ T Jae i iR e

particl e and HE gl Yithendli e sonpiot il spel 4 orensfiran siatdsfactory
fluidity. |ngsuch rappld i t i t resi.n conposition .

pr ef er abl ¥ cont ai n‘s?qghocgoaqﬁg%luénl 'hag\]ﬁ?cn% af'ﬁ &f:rgfsarfrtdoﬁlene s%%llft%%;%%&cel&'e&“f rom
t he group>corsi™tiig dolefifendomprp@ster Bomg, 4he nbtrdged atganas-a
solvent, a pliasides h i.cant . ot ove, C oynd..havi ng an
et her bond, the %\dol I ovar%qc?gnp%ddr%gglc%n ee)ﬁgleﬁdlhces\;\nt at vcfﬁtnlgaé]i CkHc'ﬂrr‘e

-exanpl €, diEQQEﬂrQﬁqﬁﬁﬁ di propyl ether, diisopropyl ether, dibutyl ether,

“di hexyl ether, ethybf@ﬁfﬁnge&@e&hémgﬁgvéud@@hégtvyy Al %@dagdgpgpgenethol
y

but yl - phenyl ther,ﬁé:rpaentyl phenyl ether, nethoxytol uene,” benz et hyl
ether, di pheryl® Setifdrr ddfith AR &mB0s Mettr ot @0 ldisyladnecowictied is

1, 2- epoxy0ut diest giroxared td Grerd W ab1a- 1Bt @Uﬂctlériﬁ‘ﬁ’%gt %thre?Eydr of uran,
oxyet hane,

tetrahydropyran, cineqgle, 1,2-djnethoxyethane, 1,2 25 diet
1, 2- di but oxyé’toﬁa’ﬁ’i‘,en CiyEé’F‘ipr‘? S, MEdviPh st ReXse el hghal ahagbkatide
met hyl cel | osoimpeunet hyld/oteldl esaibesy b e 6B ld030l06p Rty leke «ghuee!
rerry” e nSEtSh oft Y eR1%sP SR BIAE Hes S o She SBove
_ solution to carry out hydrolysis 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.



- 30.ether, diethylene glycol ethyl ether, diethylene glycol butyl ether,
di et hyl ene gl ycol dinethyl ether, diethylene glycol diethyl5éphcd005

di et hyl ene gl ycol dibutyl ether, triethylene glycol, triethylene glycol
nmononet hyl ether, tetraethylene glycol, 1-nethoxy-2-propanol, 1-ethoxy-2
- 35 propanol, propyl ene:glycol nethyl ether, propylene glycol 5 April 2005
28 di net hyl ether, propylene glycol propyl ether, propylene glycol butyl
et her, dipropyl ene glycol, dipropylene gl3&kol nononethyl ether,

di propyl ene gl ycol nonoethyl ether, dipropylene glycol dinethyl ether,

di propyl ene glycol .5 dieth et he i pyLene gl ycol dlbutyl et her,
tripropyl ene gi ycof™ gﬁ?p?%By?eﬂ@gaPacgé?n%ﬁoﬂﬁ? yEiBghkpe fire
2-nethoxyethaaﬁhrdanethesyethampEsxﬁloﬁnehhQ%YﬁEEB?XMbﬁtB%ﬁQh? said

2-1 sopr opoxy an ut oxyet hano i sopent et hano

> (hexyl oxy) SFRERGIC a1 0 hRRKE R aE R a0 oo CRaR, Sy} coRARDHE WeikFur y

al cohol , tetoahydnotun@ucympahndhohs eha. rAscthetahavermenki eged conpound
havi ng arn: e |,0 oynd e syitable: for exanple,
net hyl F%rn§§%¥pg?ﬁ9F %gﬁﬁéﬁéé %%ogy gg? ti??éﬁW§a ﬁrﬁageng1%a+%obutyl
formate, pengykokbdemcenpoentlyhndéeraterbekhylic acetiaseltpeopybungeisde,

i sopropyl acgfafg, QHE¥£ 953%8}veh§°98bﬁalﬁce§§§§gggf§?§“t§%g€§§§§§e

pentyl acetate, 1sopentyl ace oXy
- acetate, 2- ebh?t@bY§LSaeeﬂacendeneahybhexyhcamenateo @@veyalehex&én@cetate,

penzy | 20! Ahere Bl IVLoPLOBLANGLE, pofLHKLABY CLABALRY, BU! yh BF OB Oat e

i sopentyl propionate, ene nMbNoace 0
nonoacetldt e, 1nﬁﬁﬁéﬁé@tmhcrﬁfa@etpﬁrttﬁlQCE@snbeﬁnndbapyrsad di Metiksy |

car bonat e, dpe&bxfas;zt beﬂeteoldgeioegbhﬁggﬁenatﬁle:dém1{ e Carbonat e,

butyric esters, isobuiyric estefs, isovaléeric esters eari c esters,
benzoi ¢ esteP%iY%@ﬁQ@lcF%ﬂﬁﬁﬁﬁésls ﬁbﬂébﬁélé%@eﬁ%deédtbﬁcC@BdetsonS

y-butyrol act gagsrixal 4sovesters, . malonic esters, naleic esters, tartaric
esters, citric esters sebaci c. esters pht halic esters, ethylene 30

di acetate, etc. AsiihetbbbvecientlbrRE Ednpoimdsebrt Bphi frp B2 MinDddr

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 the 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 retardancy 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 temperature 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



atom the follow ng compounds are suitable: for exanple, —nitronethane,
_ nitroethane, 1-nitropropane, 2-nitropropane, nitrobenzene, 508ty i | e,
propionitrile, succinonitrile, 35 butyronitrile, isobutyronitrile,
valeronitrile, 5 April 2005 29 benzonitrile, a-tolunitrile, formam de,
N-net hyl f ormam de, N, N-di net hl formam de, N, N-di et hyl f ormam de, acetam de,
N- net hyl acet am de, N, N-di net hyl acetam de, N, N di et hyl acet am de,
2-pyrrolidone, N-methylpyrrolidone, e- 5 4aprolactam etc. As the conpound
~having a plurality of above mentioned structures selected fromthe group

consi sting ofy ethes ho r bond an |tr en at n1 t he follow ng
conpounds are %su?i§%HQ% 5§anﬁl moﬁ-e%ﬁfl h&i/9d,- NThe more
phenylnDrphonﬁéerwe@hyhn@@ h@smbmelasetam%m.aumyb/mgqlh@&ohggeagﬁgﬁte,
propyl cellogqbv% acatate, butyl cellosolve acetate, phenoxyethyl acetate,
di et hyl ene gl'ycol” "nononet hyl ether acetate, diethylene glycol nonoethyl
ether acetate, di éohysdng qhﬁcéhrﬁDnepamﬁyhtemheﬁnaeem@be1t15ndbEtbﬂéene

gl ycol ”DEObEBMEH%E%%rf%Qe%%Ee %%Q%Eﬁ%% %%yéﬁg gpﬁgg e 6ﬁ§|r8§%%aé§t

propyl ene gl ycol ethyl ether a
acet at e, proﬁ@ﬁéﬁecng@@utl@@tib @Bhdesacabaﬁehedepmamybeme1glyeol met hyl

ether acet akemediRAPYeRe rahby ol selhyl et her tate, 20 _di propyl ene
gl ycol propyl efehéreac)é}tater gxgrosgheﬁe §|§§&F%§§ufyﬁ SER8FS §Ce$g
tripropyl enePgE¥éol ﬁ%tﬁ??he@%@¢swatbtaﬁeboehcnedhesmrylta|¢mrdﬁﬂpuﬁsaﬁ t he

above coﬁpouﬂﬁehaﬁb@%aﬁkc Leashrone EBEEEEE%eaiﬁl%ﬁ%egoayggkﬁhf gr oup

conS|st|ﬂ$ 25 et her bond, ester ni'troge m’1'S preferably
not | ess"{ haR°BPRERE hﬁnﬁaFPseﬁéPrﬁDFét#ﬁéﬁCEQ@W ﬁéhgﬁutyartkn saged on 100

wei ght partSapﬁl&b@tﬁaﬁlntﬁ@”ﬁ@%btkgﬂaragﬁt %@EanESRQBEEQ égnge I's not
| ess than 10 me%g garts nor nore than 300 wei The fire
retardant re8FRTEGAR ¥|FPBﬁaéPStﬁeCPHQQHPﬁoHaVéaE Bé 4sedt Pnpeadm xture

with a conposhdubauragsatekeadt rromotkygyp 669§@§t§ﬂ€/8f OLHEE bong,

additives, ag 2, cugabhe fhre Eetardan% resin conposition e.qg.
seni conduct of on 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~méthylfuran, 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 méthyl

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



encapsul ating materials or circuit or wring board 35 insulation nmaterials.

'.; The curable fire retardant resin 5 April 2005 30 conpositi on®&Prit05

invention is a conposition essentially conprising said pol yphenol

conpound, said inorganic mcrofine particle, and said conpound having at

| east two glycidyl groeups, which can be obtained.not only by the 5

above-mentioned nethod with mXxing a conposition conprising said

pol yphenol conpound and inorganic mcrofi2@ particle wth the conpound

having at | east two egC|dyI groups, but also by a nethod with m xing sai d
icm roflne particle, and said conpound

pol yphenol i nor
having at 1odr§§?P- %&Fﬁé %éaﬁﬁﬁsg & SOtte PERIY Lo §EREET ORTBPYACREL hod

whi ch conprl@d&ombﬂuw@yaaedhpalyah@m@bngﬁ@ogn@c@nd @1p§b?9?éﬁb0519éo§a'd
i norganic ﬁl%{ ne ?rt% le in,said npound havi n east two gl yci dyl
groups. Thus, ome Sdralit@ ey lPéPEW&&HF ﬁégcﬁlcﬁﬁﬁ8§ﬁpwéne§héﬁfas 15

senlconductoﬂi@mo&gi&h&t@ﬂgcmatdﬂmat&ylcgtggmt @ﬁPWbbymgnebggygognsulatlon

mat eri al sg an i ki igh _essenti al s.the fire retardant

resin con%os%t%gﬁﬂl é@hlﬁ%gﬁPpg e&ﬁdgﬁﬁgogoﬂﬁbﬁﬁﬁlhﬁypﬁﬁfat | east two

gl yci dyl gr¢ap®napyéhge gigthér, a$ﬁ@@bpqﬂehhegﬂ@@&&nhohBM@BhanetRQr,

Furthernore, ja shape ge%5ghghe an, %ng%%%%g é curing’ said curable fire
shap

retardant resin conpds ere ed article obtainable by
curing the cdﬂ@@b@xwmﬁéhomgﬂatdanblneansopmppsmyemhaﬁblthe i nvention, the

sem conduct o e ceraba! nabl By £RCARSYLALLAG AN CYELOG, 28 Lhe e

seni conduct or encadpsul ati hg naf e & THVE
circuit B wlrPhgnBsaedheppai ndbl(bebyylouy) rghehelci foutrgl wicohgl boar d

i nsul ati on ﬁ@@%&hﬁ&dQBfukﬁﬁryﬂvgTEbBBlar%t@|SO still further aspects of the
present invention ove-nent i onéd conpound having at | east two

gl yci dyl groups, epdxfRredbp¥enaenhgonndagenngendf hawbngrannes eyl yaidly|
groups per nﬁh@cmbg1awgn§Ubbﬁ?bandIhH§e SRk taPhs, t%B? g&x& gyl ﬁ&@ﬁ%lser'es

of epoxy resins rﬁsultlng fromthe condensation o enol ound
such as 35 birSpReh6r AthElspRERsEeF, P5P§§ﬁeﬁ@ﬁmste®rbﬂhﬁllfﬂémaﬁﬁth an

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, dlethylene glycol monoacetate,
monoacetin, diacetin, triacetin, monobutyrin, 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,



5 April. 2005 31 epihal ohydrin; novol ak aral kyl type glycidyl ether series
of epoxy resins resulting fromthe condensation of a phenol?&PEifd98und,
such as phenol, cresol, xylenol, resorcine, catechol, bisphenol A

bi sphenol F, or the like, 5 with formal dehyde, acetal dehyde,
propi onal dehyde, benzal dehyde, salicyl al dehyde, dicycl opentadi ene, a
terpene, coumarin, p-xylylenedi nethyl ether, dichloro-p-xylene, or the
li ke, followed by further condensation of9 he resulting polyphenol
conmpound wi th an epi hal ohydrin; glycidyl ester 10 series of epoxy resins
resulting fromthe condensati on of ¢tetrahydrophthalic acid,

hexahydr opht PR FQLEF Hl & Werzditt ekl Y Wi rami &g Rhrmesiial o reaiid ey |

et her seri esyaf-@DRXYh 1 F&EhAS de&s Ul Iv-ngi & £10M theangondensatd o e 2 N-
hydr ogenat ed bi sphenol or aI?é¥COJ wi th. an epi hal ohydrin; am ne 15
cont ai ni ng gr§CriyRcetRtdee N d- Sinehoniasekimidsedti¥ing  from the

condensat i ondDé t iy Tlant DA @, CY-aIWF+E] Bbite W iT-Fudih v 8Py Hidd Dhyskd N e-and
aromatic polgégcch. %on resins such as biphenyl series of epoxy resin,
napht hal éne TRE20FRpoXYF - resin, and the |ike can be used with

advant age. Moreoveks ti26 commpaunilshdaMidica ahleRoxit ol pbdid-hesiml erd ar
as obtai nabl e_by the addiiion reaction between such, an epox resin as
above and a pofybadfe® a%?%e%%‘:ﬁ%oﬁﬁ andf of - P b?%lb%]e%mgo%%o%ﬁae’&gw%'so
be enpl oyed. efner dsohap ad midr e Ggre caesm Of thdedel ko e cegshuds The
formul ati ng ss ratio-of said fire.retardant , resin conposition and epoxy
resin (fire sp%ttgar‘b ant. ?%Iéi%Xar%ln%ogﬁt?%wp%%mof&?’ngﬁi s preferably not

| ess t hd® 30pYOny hoorpine blndametdD. céflogsolve | @sstdthan SMyD, the
mechani cal r 1 es h | C 3 i bly

det eri orat e?@(%jjfp(?%]g%‘{(%e%g%{%%%?é? E?‘H% (?%{g(?%(gin%%/ Acfer%t{/?%%’sg?lgfgfbe

i nsuf fici entceThespbye prefaieedheamyeyéshyhoicéasie t hdie 3oy Bonaoyl ymrle

2ddi ti ves.  SuorReCRT TEEMCORTR I B PRy LUK Ny SN ether
retardant addtefaes, Plesrtykenerslyeehcionersompti¢tixgosagetate,

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



di l uents, and pignments. Suitable exanples of the above curimr;'g accel erator
referred to just above are i m dazol e conpounds such as 2- ﬁ?l"i%o@azol e,
2-ethyl -4-nmethylim dazole, etc.; amnes 5 such as

2,4,6-tris(di methyl am nonet hyl ) phenol , benzyl nmet hyl am ne,

1, 8-di azabi cyl o[ 5. 4. 0] - 7-undecene (DBU), :

3- (3, 4-dichl orophenyl }-1, 1-di nethylurea (DCMJ), etc.; and organophosphorus
conpounds such as tributyl phosphi ne, tri @enyl phosphi ne,

tri s(di met hoxyphenyl ) phosphi ne, and the 10 like. Furthernore, -as pointed
out above, the fire retardant resin conposition in a fluid form such as a
solution, a CUGPATEROBOL BRI ENVARIMR For AuFArRAShiian apsepokiakEsin to
provide a cucehbeiding s@largoniphessd CONPOsAL] 05adg BAolgahK, a paint,
or a varnish,.for_instance, Jn such cases, after using the curable fire
retardant reBtArRbH o ohches aRdi sid aCompennd gpawivgr at sheashetwonpound
having at | egbycidne gtswes UrehseheciRdodroptine-grayp §R051 511 fge Oof et her
bond, ester ondé_and nitr(ggrﬁn at(?mc n be renoved by 20 drying-under
reduced pres3U? &S AR orCtndePe MR Hhth 1Bt oYi eCARASpELORAr EPBPELS1NY

polr(rpri'si ng Fheidip@l;rbxﬂﬁmcdhmomchST@ &mﬂs&i@@micTﬁgcﬂéfiﬂ@hﬁ@ﬂﬁﬁéi@ns for
inks or pai c opriately adjyusted according.to the vapar
pressure, bo‘?#?rﬁgag%i%n%pcgé%{ﬁ) %?v%ll-*‘l% %uge %%ﬁp‘g‘ﬁﬁ‘ldg %9?ﬂ§f AN one
structure setbst day fa ane tihed grbtip mbnsngt sadd 161 ephenobodempest@r Hond,
and ni trogen; Fur I h cases where a.varnish is used b

i mer si on, th@égﬁ%%{#ar{‘gg{(gp%gei%ér%?%@%e’rm?/n o?a]e(;(a(ﬁ%rflgo'ﬁ%dah?Yb?%L%t

“rei nfordénenteasd A theyabdvke gedmbor e nend , samy ap?mtt@ﬁ;]nﬁnraeMHod .
material ca aused: 1 i.hor i I ials suc as woven an
homven faﬁﬁl?ﬁ%““o‘?‘_g“ﬁ%lyk%% RELE S K hoe L SRSt = A0 her

gl ass fi ber sdigRRFIion e .S@dexblF?rgml@rlgmr@fm epaat sctanibesaeht | oned.
These may bec&iellutp a5y sl ass: I A 00, ol aé%gi@%?é%g@gyedﬁl S 1§ and,

~hollow 5 April 2005 33 glass fiber, glass . rfaced rat, nonwoven
glass cl ot CUeah ki Gl Rib s fakdant epPie eempgsitben neeeh 4% ber

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



webs. In addition, synthetic organic reinforcing fillers—~ such as organlc
pol yners capabl e of formng filaments can 5 al so be enployed5ﬁﬂﬂt

practice of the invention. As representative exanples of the reinforcing
organic fiber material; there can be nentioned pol y(etherketones),

pol yi m dobenzoxazol e, -pol y(phenyl ene sul fide), polyesters, aromatic

pol yam des, aromatic polyi m des, polyetherim des, 10 acrylic resins, and
pol y(vinyl alcohol) . Fluoropolyners su8h as pol ytetrafl uoroethyl ene can
al so be used in the practice of the present invention. The retnforcenent
further includes natural or ganic flbers knomn to those _skilled in the art,

such as cot tH AN G iHe AT VhaE FAatkyl 5 ¥ pbiv S bth, e RUSAT*€8l | ul ose
webs such askregfdxapafins Cﬁétplrtﬂﬁj)a‘_fror@ttﬂle @tfrcheg{saaetslcfﬂ ke - ei nforced

Mol t1 1 amEEATIE CHPEHF b ebd DaUPT e sttt Y erom T combi nat i

mul ti-filaméht ’ e conbi nati on
Wi tdh gt herdtlm&dlfnefl bhettediio 0 tvme]tc}g:blorAZQ)i%pHé't&)Em‘ elshedte llke,k

si de- by-gsi de,. .qr e-ty r matr.i | and, ot structions known
o't nose skl T R o T s c i BT Suppl od 1 n
vari ous mdémrsudMeisydm,vmhdﬁral@ahﬁﬁpeimclmmmmnéﬂ kerterpene,
relnforcenent paper.. .25 -The rtlcle nt| ned abov referably

PR g AR R i s

exhi bits not 1 ess flre retar ancy Rict Hg Yo the
‘UL-94 fire riﬁtarlcﬁd«rm,y ftce]s]towaj/ bynsturgea cdnden st aowant ythod rna:ﬁtulltes& t han

V-2 grade o t n ar dan e d of
nol di ng 30 L%lnogﬁ rgcr?oﬁ%?c%yrrpc}%\en féﬁg%ﬁ @&ydﬁ %‘Qn < can
be suff iLOi erﬂdl;ﬁ-%iatq%femky T:h&esm abd 1 ¥4 yrey r &t e delme ¢@$cﬂ¢n$ﬂﬁm|qﬁ on of

t he invent| I 1 C ct.or

encapsul ating mat &A}E‘? e ap (?f(;(gt %@&%@Eﬁ% e %‘gg#lélg bret ar dant
resin conposidicdnigih tdve ¢mientdlardebna GLypkdyl 2908 B4s ehapsul @y
material is desg{d bedinihe £ald %@gcor&&bnw@l&w@@@ ﬁydifo%@rtaaaédﬁnt

‘resin conposition of the i1nvention, an inorganic filler can
i ncor por at ed® ¥RNeRP R | DrEBYCHLNT Bt b ¢ om! Al ¥ 1 Readn Bx®ansi on

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



5 coefficient, enhancenment of heat conductivity, and enhancenent of
strength. The inorganic filler includes powdery fillers suchAggl 2095ed
silica, crystalline silica, alumna, calciumsilicate, calcium carbonate,
potassium titanate, silicon carbide, silicon nitride, alumnum 10 nitride,
boron nitride, beryllia, zirconia, zircon, forsterite, steatite, spinel,
mullite, titania, etc., beads as spheriformversions thereof, glass
fibers, and so forth. Furthernore, as ifAdrganic fillers having fire
retardant effects, alum num hydroxide, magnesi um hydroxide, zinc 15 7
borate, zi ”Cdj."l‘?_{ btdsat & cft c. can be nentioned. These inorganic fillers can
be used eachi'n eperfd'erﬂ )ijqmpirh % conbination of two or nore speci es.
Anong t he i nor ganisuitfadlleerescamgritdsonad taleo\wdhofausad - isid ixmdls rareferred for

reducing th | Nsi coefficient. and alumna is, 20 preferred
because of ieliésf HI g?\d ﬁeé)?ttaﬂcf:goérjlgau%q?eviatrye. J’PHeQaazrrODlrephcocfH&)gci}”bqs tsﬁg:hf A% & i s
preferably systdryfioriddrarias e - affhyit-ot -mod tchi yigi i il e d i tetcand aalimassi veness
of a noldg. I 1 il V.QrQs I,cidt eduction of |inear
expansi og co%f %gégﬁ%’oidné;q‘eﬁhasg%leﬁ%tn ﬁoagﬁlgtoﬁrgér?g}%% )yqrhéen fornul ating
amount of t FenFioiepricl dniner bdsetlaoraligy 1ol ght0 pattsdefcerre (QEUAL] e

fire retards eRIdY YRS f oot ' ti i ~of er y. not, | ess
than 70 V\e?gg;{l&j'gﬁgjrcghs?kplnore pérﬂeﬁ?lgrvgb'llyjk%d% t§ 1%%%3 w@?dg%ﬁtﬁ ’péa?‘-@s',’ %(sﬁtdl |
more pref er SIGATAPIIBO W GO Prkt Sudlf 43 Gilseyiadwspdmez0 wei ght
parts, refl qw iaslShaasdpngs, t&i@(@iﬁﬁ%ﬁﬁ&%eﬂﬁmhﬁﬁgﬂ% %20 Welght

parts, fluidity tends to be insufficient. In'the curab Ire retardant
resin cE)Prposlth]‘t%-n of the invention, the hitherto-known non-hal ogen,

non- antimony 35 fﬁ\i’ﬂ:l’f&&lﬁﬂ@ntaﬁ%ﬂﬂt\é@ﬁ RAN DRHFEONGYHE tER X:e‘%%‘i‘:@;an%or 5
April 2005 35 exanpl e, nitrogen-containi 2@ conpounds such as cyanuric acid
derivatives,FS%dt T EEGY derd vadidbSLogsc such as a solution, a

phosphor us/ nid¥riget)- eantaai gy tge ,C oEP W SE S ASed GYCH0 0 HREL NS nand
met al conpoynds such. as zinc ide, 5 iron oxide, nplybdenum oxide,
ferrocene 9;p§ﬁﬁ%4ﬁaarﬁﬂﬁQéi§xfire 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



For. t he purpose of inproving the noisture resistance and workin stablllty
at el evated-tenperature of IC and other seniconductor devi c@4PrizaP0ani on

‘ exchanger can al so be 10 added. The anion exchanger is not particularly
restricted but the hitherto-known substances can be used. For exanpl e,
hydrotal cites and the hydrous oxi de of an el enent selected from anong
magnesi um al um num titanium zirconium and bismuth can be nentioned,
and these can be used each 15 i ndependentB®# or in a conbination of two or
nore species. “Anmong these, hydrotalcites of the follow ng general fornula
(3) are preferyed: i - XAl x(%;pZ(CCB)x/Zrﬂ-lZo (3) wherein 0 < X< 0.5; and
mis a posi tiVETHteRGE 20Ea5P (O ¢ el & Furiges afrétfantnqrémwerb@ripﬁgl tion

of the inventliath, tck@fﬁnlrtawéngl@na}éry 18} NeRor at %qlcﬁ 210t
additives as a rmld rele her fatty aci ta salts of

1felease, £ 0. g
hi gher fatty "St1%rs, [BsEEALYRE/ m’?%@% etdg %lgéﬁlﬁ Wa@f@a%e@g Bolyerhyl ene,

pol yet hyl ene almmea,s Z:Rﬁrcl.c pﬁ)l@@déﬁﬁr&apeﬁﬂga &@rﬂ&'?nlmgacﬁ‘&l%tnf\entsa%%
powder, etc or use

stress i ewe ne Qqi silicone ru

of the curgablea\e/l q rbee ?eé?pasifr 35 FFRSTsiqs s dihe Haviendemi-onkas a

seal ant, any negoladdque ticen dxampded foor m{eegaglaiﬂcgrtlpfgoqu]%ltdﬁatlbtege

‘various raw ﬁg{ tqnaﬂhegan bhe unlfor %4) sed and adnlxed however,
It o e S P g hrds

as a comon prac QQfsthe
predet er m nedDOflolrcha:thmgcammiles qfolr}ﬁ&\@he‘lml%’na?ﬂ@l\@ﬂd@ di?gfes(tlérbhe

like, melt-k ng .ral anextru ,_.or. the
|i ke, and crl?gﬁb?dn %rb%}]lg}akneaééd an%%éim eb%lc“’dﬂ%dﬁgrgg c&’rﬁ’l@/@tﬁ@ﬁtlf“&ﬁéﬁf
Tabl eti n§05 Asmdl 120@5’-5%135| @@damllms&rrydntarhchnnoel)conpatlbbbp‘ol?méflﬁ

nol di ng con@utdhoql% tfl’l%%ll% %r}leentcag]gkgl na ghlbsy encagﬁul ating

devices with the curabl flre retar a resin
i nventi on i nFMEFES c et e Presypdnémverftdlomi .calbd bylmﬁuntemgnttarl ous

devices, |, enathoe RILRS suehias SSHIRNdIEor dbhs, L anskstors,
di odes, thyrl rs,. etc. and passive devices such as ca aC|t S
resistors, %ﬁi in the art such as cotton cloth, llnen cloth, feilt,

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



etc. on various supporting nmenbers such as | ead franes, 10 wired tape
carriers, wiring boards, glass sheets, silicon wafers, etc.?&ntl Z¥aling

" the necessary portions with the epoxy resin nolding nmaterial for
encapsul ating according to the invention. As such el ectronic components,
t'here can be nentioned ordinary resin-sealed ICs, such as D P (dual 15

i nline package), PLCC (plastic |eaded chip carrier), QFP (quad flat
package), SOP (small outline package), S@k (small outline J-lead package),
TSOP (thin small outline package), TQFP (thin quad flat package), etc.
which are obtainable by fixing sem conductor devices on a |lead frane, 20
connecting t éPfEREL1AEaRg, metiehias thedbendingdpad, theé fhelodingcednt o t he

| eads by wir o] r ul ati t he assenbl
et Cur epRoRdiag.ey cpy - TEBRALBEnE YOTRn BOLRR RS BE Dt o iy

transfer nDPHWﬁQtéPDthénsiﬁpraﬁn@écﬁmﬂéae cehebdCPn¢oaperehedi Bor 25
package) 0bt§bﬂﬁ€k§oﬁ¥o§eﬁhh98 EB%o?EE&SH”QHSt?EnEQLpé pEROpEgted to a tape

carrier through a vanp with the cura fire-retardant“resin conp05|t|on
of the |ﬁ@enFP8§ ifhgnboBeneRFPUBRLhBATr Hpahpdohduchibi Ly, | @ador nultl-chlp

modul e,  whi ehnbaceRbatnabl 8tb¥ngeANCCE NG @Gt e deyi CRS, ﬁ‘rtcfh

sem conduct or g g transi stors, diodes, thyristers, etc. or paSS|ve
devi ces suchP3¥°E ﬁagﬁﬂﬁ?gs Fushsear §used ps! lC@tccrvét@hélegnﬂubx©¢6

formed on a mummgaboawc@ﬁmgk@_@§ca§é98&a§&§uﬁyc&%8n998d'ﬂ&t éé%nﬁmc“' P
bondi ng or SQ gerlgg sealin the assenbly with the Cufabl Ire
0

retardant 35-r&&MfH OSEEPBNCRFLLAR: | AYLAEPBNL AREIBGACLBRIRUEri d 5 Apri
2005 37 x0rap)trCae, (Bhr@nSnZErpdékaﬁéinlléhezltgﬁnﬁﬁ'CBlkéOHObta'nable by

t d bstrate f d with
Corm nal’ moahSTPERCAFPT ngeBOGT G cORNBELT oRohi Ehe FeuBR&®: SPHG; | deRRRECLi ng

t he devi ces te Sphbeitfonfducépssond therebgang9a§§bﬁibéi§ t BhQUEH SoMaP O
Pgsr%rgobondk O hgpﬁ ?%allng t??%%§§%n$é¥}?ﬁ h? n Cugable fir retardant
nposi |on 0 PRVvEN 9t fﬂ% hE&pEaFaF 99t et hod
of devices weflecthe glmmbhenfhyéroridedantgnesimmcopposkidon oind he 10
i nventi oy |B&%QES?Syiﬁctﬁ8f§£8£tQPlg%gg LS the ARt 1 S20HP" 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,

condi ti ogs to be use 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

addi tive, theentsagmedubstances as those nentioned above for the

sem canduct or encapsul.ating 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 polyaramd fiber_ ar articul arl suitable. These materjals can
be used eachgi?t}]e Tt (A AR o?'lpi e%l%%%i%‘ét?%ho%fe:f%a%?e%?aen SHed Z)se 5
The cur ¥l e ddded r etTdwed amtiore sixcheogeaesiits o tofpattd culrvent irestedatbe

preferably erial f roductjon _of .ep resins, as a
ol i ng. ot & 7 L BHEERS Sadtin | S e B8 OGUEL bECWBLa TP M B0l
vari ous housydrmtalcitemtandoreshyduils -empide pef cam cel emdvtarsksl ecii®:ds ol der

o s, oot ST ERREL, STERNLEL ORI ALieo Lot

“aircraft, 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:

M1 xAlx (OH) ; (CO3) /2 * mHz0 (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



"etc., or as a raw material for the production of adhesives or electrically

“insulating paints, for instance. 15 The present invention i s®Apfk3g9p
directed to a silica which has not nore than 3.0 cal/g of exotherm per
unit mass

differenti al

as determned by differential scanning calorinetry and/or
thermal analysis at 100C to 400C in an air stream and has not

| ess than 0.001 nor nore than 2.0 of 20 integral intensity ratio AQ/AQM4

obt ai nabl e by resolution of a peak situ&seed. in range of -120 to -80 ppm.

in 29Si - DD/ MAS- NMVR anal ysis into the @ silica conponent and &4 silica

conmponent .
according t "t VM FDCER
det erm nat i ofordii thenexotherm by differentia
differenti al
determ nation of t

The fire retardanc%ij arting ability of the silica 25

&% aF R b pYe at et o dmo kS ni ng t he

thermal anal ysis . under the defined conditions, with the
e CIRUGTALT MUFRITSRYT o1 P A MY o1 NP HoHa ricw

conponent s 3febyc29Sii LY MS- MMRuanal 516 . rdhi sdenal vati Qncombdot i s

usef ul

fire ret

directed

400C in an
rati o AQ/ A
-120

fQr expedi ently eval uatin he capacity, of silica for inmparting

3 by thE e fEEon L AaH I SRR Ot S errppREh et o b Te ked Cher
t dbyp methoihefveyabuatdegi dde, fire. retardangyvisparindag 35
ability of sjlica f&r r esi

S
det er i nat i ofe o CPREERE Hel WP prer CTAT T - MRS5S by P Fees e
calorinmetry =nd/passlivé edenicad sbhetndd aaphystsrsatrébestange @fi19H0C to

i st wth fh fermnation of the integral intensity
E?bu%ﬁa?%ﬁoé%s%?ﬁg?%ﬁl?%pm?rfa&f?ﬁ%)S%‘f’ht?i% %%fg fﬁal{‘?ﬁé’ range of
t 30- 807 openl | PRPhC2OSE e DEY MAS: NMR lamiat ¢sj sgbdssi bheatsntoiliden QB

Yatstetannfiiy

silica conpopept,and, (4, s@%cg%%%?gn@&é-négggggggggégtg(gﬁgm{@t{ 0 _of

exotherm the exotherm o

stance can erenti al

scanni ng 10 tRe¥Yihetty poBGnasiagenial f fer eantapsstaninggaced odimet oy
and/or diff epehtigyed BRGNS L1CEE R WiiibdenddieriRRA Age pANd

by neasuring the change in nas

Mass.

15

20

- 25

30

35

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,
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
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 connecting active devices, such as

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 soldering
and sealing the assembly with the curable fire retardant

resin composition of the invention; and BGA (ball grid

scanni ng cal orinmetry and/ or

whi ch conmpri ses ¢o ininﬁ?the 5 ril 2005 39
2

) [ “the substance in resgonse to heat with
t he t her nobadl@heeRad)ordiper e xer hitp e eakeBel@et eputhedsf PBMn (&l change in



15 In the practice of the invention, while the exotherm may be determ ned
by whi chever of differential. scanning thernonmetry and dif fefei208F

thermal anal ysis using a thernobal ance, the average of the exotherm val ue
determned by differential scanning calorinetry and that determ ned by 20
differential thermal analysis using a thernobal ance may be used. The above
determ nation by differential scanning calorinmetry and/ or determ nation by
differential thermal analysis is preferably carried out by increasing the
25 tenperature at a rate of 10 nmin to 200 mn over the range of 25C to

600C i n an at nospher e of dr air at a flow rate_of 0.1 nb/mnto 5 L/mn.
Mor eover, tREOrhérih iF %él%%\%ﬁ]‘ia&? i Cridteeridisy Weiulldt ed by

converting tdw Mg e Ahsefoed idPmcktled oriGie tmthe £t her BrRehidni t
mass 30 of silica. The Z9Si - DD/ MAS- NMR anal ysis for the determ pati on of

integral i ntRHEIR Yot g TIRBMAGE it B xch Tt SO INVR T 1L A%HS magnet i ¢
- resonance) spEGIdIRI idh alkdl yshveerofe Siald dSchﬁfecﬂiﬂdt}?theatdﬁﬁlcEH %o

determ nati nmet hod 35 co | es ng single pulse to the nucleusto
o 5 Aor BI ' JB RO BT Ve it o SAGATAL DS H st ARG, O S

upt ake of the ualxgﬁa:lqncanﬁb sm‘mie ddilring sthw adandemenitroftisd g:nﬁiable
intensity d . to cl.ear averhauser, ef f ect [5%;1(3““ tati Ve signal s can be
3 praer%

obt ai ned. 5 t sreetstjlnhd: Hﬁoﬁlhtelof@s?f “Ahal ysis may for
exanpl e be as fol [RevisriNne ¢ar tiwgretdap seEsonane ewesect mmieencetsvmmemoo

manuf act ure b Br uker ynan N cIe rSPecies Lo be sure 298|
- (observati o% ne‘yucql% I%el Oérreesornegtnce%requency r%lﬁ’z asurl ng node:

DD- MAS (&i p@lreve:tEI:mmI |1rtghms(s\amglte:ar5$ﬁemlmrg])dﬁpplnmetth&)nnqﬂﬂ SEmnd@®- 60
Tabe oA WP e 57 IMNLAP S Ccon MRSl BT or200 1
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, sald 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



Cbservation tenperature: 300 K External standard: sodium .
3-(trinethylsilyl)propane-1- sulfonate, 1.534 ppm 20 The pul 8épfil208a
~applied can be adjusted within the above range according to the relaxation

time of the nucleus to be neasured, and the nunber of scans and spinning

rate can be adjusted within the above respective ranges according to the
sanple rotor dianmeter to be used for 25 neasurenent. A3 of said integra
intensity ratio AQB/ A4 denotes the peak mgea value of the @ silica
conmponent in which the nunmber of Si04 clusters ad acent to a silicon atom
is 3 and AN denot the peak area value of the 4 silica conponent 30 in
whi ch the nunBSFebp %F@ﬁecpé§t€?seﬁﬂﬂaﬁéﬁt bytaweiehcend mbowpivend. AR/ AU

represents a \fabmeceabcmgahgg fFipert Re pb@gg%ﬁ&gdf&ggpeg%v a???cuf‘ efls as
split by wavef QL m gepar% Under the above-nentioned
conditions, the B k- shovit 3y ‘F%‘éeﬁ%%%n%@l gfe sesd | ¢ach cmqtmnmrderftasy a 35

peak top at -onmoa &Gﬁbpﬁatlmhl be the anjﬁo§gog\bgg Lhe 5 Aprll 2005 41

presence (é‘ @ sil 'f ngo}?ﬁ has ag top -100 to - Rgg For

exanpl e, 2 an & Chartke %%%ﬁ%dr%ynt%mmsitm

anal ysis of thevsntma cEngbeZpshﬁwabpga&séQ%sOg’sﬁéweﬂaé‘éf’i‘ﬂﬁ 5349 }F
ica

and -99 ppm ak_around -108 mis assigned-to t
conponent %-Pgﬁlé&gg%i? ar oTRA*Y 98 BT sggsgl ’@ﬂ%@l’t’l‘é nakerBaki fora

conmponent , an@lh@}h@dl ateychesi stensatyarahi ve AR A mEMRerst hesp{QLe, be

calculated fr nt inten |ty val ues of the respective peaks.

Fig. 3 shows R&ﬁéﬂﬁg% opf%ﬂtégg%n%oaﬁ H’}f{ﬁﬁlg bRk FErcunbreeards.

assuned i@ s @hefﬁsﬁ%@@ﬁcesm.l@tﬁ Isemlc@nm@@e@f &€z ssauesing he

absence of t d accardin t he 1 ntegral
ﬁﬁ%é@&éﬂ% ff@@ %gtﬁég %dﬂaoh %HXT

intensity ratio is calcu ated }® eval uati on method
according to %W?W@rﬁﬁ@ﬁctqﬁtmrtw eroad avedam:ymnpﬁﬁpﬂg a‘iﬂ-&ﬂatfyt of

the silica fogtdhe d as bel ood, when
tdhe of esi m%%{%@%ﬂ%y Al %Jg?%lo AL

said exothermis not more than 3 /g an
rati o AQ3/ AQPYT LRt Jéé%llt%a%fﬂ@lmlmrpmm,t h@m: 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




_these hydrol¥5|s an

2.0. By evaluating the fire retardancy-inparting ability 20 of silica
according to the above criteria, it is easy to explore wheth&pril208p|ica

" has a satisfactory fire retardancy-inparting ability or not. In cases

where organic | eaving groups are present on the surface as well as
interiorly of the above silica, 25 which organic.leaving group may for
exanpl e be al koxyl, alkyl, phenyl, phenoxyl, and/or am no, these groups

|l eave fromthe silica at elevated tenpersgure with generating copious
heat under exposure to air, which induces the generation of heat in the
resin conposition contalnln the 30 silica. Therefore, the exotherm
referred to ASseEnigatden vdd theosrohbesonbest Lo tohasschyordgafiecehesal ng

groups preS%@bnﬂ@n@h%ai%&ﬁ%@%r%ng6QVoan§EE%E' tQBlt?ﬁe§#hicgngTﬁ51affeCt

the fire retardancy-inpartin e silica
conposi ti on. 3FultPRer#BLE, ofhd 00'F et95498t§réan@9 ﬁnpastrﬁgmabwhthythé

silica shoul @ela@rmllﬁatéoﬁpblfl t%@‘)@n‘t‘-%g%@' ah0ed 528 t?gg%' ng 4( fi% H%vat ed

groups exj Stb ﬁ ilica und erg % rative condensa
t enper at F?B@ 3Fé°HZ®S§ﬁthH§g x@?hé ﬁ]ﬁﬁéklﬁﬂe@halrangEeﬂglty2@atlo

AQB/ AQ4 Wit hite the abavennenk é?rseidlﬁaﬂm@@@m V& 180985 cFUe98S LAt hak ot he

silica has a ufoC|e nunber of ' sil oups to insure a satlsfactory
fire ret ardﬁf@y i npa f’f?ﬁgc%ﬁ’??‘mt a\‘rlﬁ‘ilusQ é&qqacé%lwet%t sai d exot'herm

is not nore. than BnOtﬁalégoa@dd§abﬁmhﬂ&€96ﬁ|of”éﬁﬂﬁh&YmraEhQ é%@%ﬁéﬁ%
nor nore,than 2.0 as exam ne e above net hod of

10 not less t
eval uating tﬁg FlF&B %FEPSaﬁ@? Pﬁp&P?FHﬁedaﬁylﬁ%;fﬁééﬁgaﬁhgsﬁénﬁh%q
i nventi oh(?1 hasaéovemyttgvagabl)eusfmgeare&afé.aaﬁy13mp§r:hhﬂgﬂ§bb%&hﬁ@ﬁer
resins. The roduci.n ica accor to_the i nvention
advantageousgﬁhzggpgﬁgggrgnﬁlag %B?F?a t 8p2 X?lshﬁagopy%?nﬁsén%yﬂrolyzable
si |l ane conpoEhdraqbaéancendanéabyomesseplﬁgrthendﬁaﬁgaglhhﬁaﬁyd6@|N@@te
obtained in r , ~an ef erab ature

s8BL Ealel BT LBeBheR: (R A BE kR ki, FhrHEEBSbaNE it ne

cond Ion reacrti
bel1sgctherm can be determined from this change in mass.

range of 0C

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



As the above hydrol yzabl e silane conpound, an al koxi de conmpound and/or a
carboxylic acid salt conpound are preferred. The al koxi de c»ARHZESand/ or
carboxylic acid salt 25 conpound referred to above is preferably a
conpound represented by the followi ng general fornula (la): Si(OR2)4 (la)
(wherein R2 represents.an al kyl group or an acyl group) -~ and/or a conpound
represented by the following general 30 formula (2a): ( OR (2a) (wherein
R2 is as defined in general fornmula (la);4d&3 represents an organic group
g represents an integer of 1 to 3). 35 The hydrolysis reaction. and
condensation reaction of 5 April 2005 43 the above al koxi de conpound and
car boxyl i ¢ aditFesaled agcmseury,ingooktof HwiEchunt éntiydnby ydabl By sip ajes
conpounds, e tWd td; s f.0ld Si ) 4 +.4H IS1L.S) S 4 +
ARICH 5 S (04 TSt d e Fag¥iRee OB 3 1 %?13%‘%%‘%2{\/\/?; sPh ey
represents artTHSRAL ¢ dhecadyiclgrsupyerivasgirk elf fgcsup and acyl group

as R2 in the qbena igenerals ifig@amdl asn( ba) o g%i(n% . are preferably the sane
al kyl grogp and aCéLFgroup as those defined in the general 10 formulas (1)
h

and (2) r®levant t BALRBEGANI okitdngri RE Fhet | il YIRS HUR

her ei nbef or e.anBl& sarsg&RiC fProdRkaap B3 peN akhecahevg ;general formula (2a) is
preferably. the _same organi.c group as defined for in the general -

formul a (2) PEISSFAT "PIISLE FRSPHARCE FBOMtEPBELSE (pAVANEEAO0The above

al koxi de conmannd aand rear bgx Briukeaciydpsal t conpound, both of which are
hydrolyzabIeN§'Iane conpaund are preferably the sane as the al koxide

i , .
conpound and u@&ﬁﬁ&kﬁpﬁglgéi%OSQthEGﬁHSGHd dedcr i BREFGT 4He DUdregdni ¢ 20
m cr of i ne0 pantisohnance tfhequeseywher.astvhgragtal elenent is Si. Such

conpouncs My N2 uHIaY Had° pBlauhlP (31 plREe 4e2BEEh §hg/Ragi e hagh2MN9 such
.conmpounds, are
‘ 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 abaove respective ranges
according to the sample rotor diameter to be ﬁsed 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



t et.r anet hoxysi | ane, tetraethoxysilane, nethyltrinethoxysilane,
_methyl triethoxysilane, 25 dinethyl di met hoxysilane, and 5 April 2005

di met hyl di et hoxysilane. In controlling said hydrolysis and condensati on
reactions, a netal chelate conpound can be used for accelerating the
reactions as simlar to the description for said inorganic mcrofine
particle, and as the nmetal 30 chel ate conpound, the same conpounds as those
.mentioned for said inorganic mcrofine pérticle can be preferably used.
The added anmount of said nmetal chelate conpound is preferably not nore than
30 wei ght parts based gon_100 . weight parts of the above conpound of general

formul a (1 a) P3BS§REFoP L cBrpbunidF e et g P72 E9F 3% ekedds 30 5
April 2005 480wepght Par texanmlal NPLigd . theam @St Nat &t Eidn Xesh i tdbtdithed

conmpound may, possi bby, .give a arti.cles with poor, _ surface appearances.
The nore prepgrféa a dg&%gﬁﬁgﬁ&ﬁgsanﬁ&ﬂsﬁﬁ¥é’ 15 fﬁlﬁé@ghthﬁrtg aheE he
still nore ppeké&rteds ahnanvedSaﬁOUndDFeoehppmlanmeLgbtppﬁ[tsThusTmﬂaabove
al koxi de o d ar ylic acid salt .conmpound,,whjch are .descri bed
above as iygpgggz%gﬁgméi I gﬁés?pma%sv\%FFlgg’efjhgosfg'ﬁlecg obt B FrtnaRpent
subj ecti ng wahdheher pefik &hesedcefpoppasier abetihntd hydrakysf ssantka
condensat i onoBRor 40 beofar puLal edcut Lh colLeidal, silicasandor col | oi dal

f or fi-crof f'né

~al umi na just as” nentione sal norgani ¢ €19 and as
t he col | oi dakhsirEfeseandecokloitlatedl Gromathet hosegdesedi hadefist tgai d

i norgani c m gLefLpe,pagfLc ' - wi th. advan . 15 T
formul ati ng am)un'{DJ 8? g%%dl:%% ??)Higg g???%a Egln 703:l é(:l-g %i%éfe%?uﬁpna may
be t he sdhe asonedt rbABdramovehisopetkeibnokthanefonecr sbbnmpegatdi shew The

silica aCCOF@h89?£98&ﬂéep<5956“ts ‘iﬂfﬁd‘té%é}?@ng%‘?&'é& edd "he gbsence
retardancy-inparting,ability and, there e, 0 ares conp05|%|on
contai ning tAé EBBVE siiliiee yuanenh axtademdingly rigtardamyralas the

resin conpongntefbisdi daf €8 s COAPOSLLLER. tEhBe KNOWD, LeYi NS can be used.
Thus, for exanple,_polyanm de resins such as nyloh 6, nylon 6,6, nylon 4,6,
nyl on 12, 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



25-etc.; polyester resins such as poly(ethylene terephthaLate)
poly(butylene terephthal ate), etc.; poly(vinyl chloride) ﬁﬁngwpyolefln
resins, polyacetal resins, epoxy reS|ns acrylic resins, phenollc resins :
such as pol yphenol conpounds ABS resin, ASresin, HPS, and styrenic
resins 30 such as pol ystyrene, etc., can be used.. However, when said resin
conposition is to be used as a nolding material for electronic conponents
~or raw materials for adhesives or paintdi2for instance, it is preferable
to use a polyphenol conpound and/or an epoxy resin, because both are 35

t hernosettin April 2005 45

xa? thglr cgﬁ ?rnu atlons show excel l ent 5

physi cal pro%e? peRedpas ChEsPifanee, (and elecEFPERF| §X1Fhs0Pat RnEhe
erpeLtief. Aslfibhe umﬁgp@endéhgdﬂaﬁuﬂd &ﬁﬁ@éﬁgﬁt%@naQQVS%eQQQﬁdS?”E

pol yphenol c e _nentio einbefore 5 for the fire

r et ar dant reggﬁgggn%%glt fﬁgﬁrﬁ gég - P (U P M | L R RING i s
preferably hastansstyun&ﬂxe B ot hdattrdmomalel abuliet-me@adGhinlravi ng at | east
one phenplig are _conpecte 0 one. anot t hr ough, an
organi c Eﬁlt gé?%gf?%ogégggs %ugg?ﬁg %é?gn%helﬁl%hﬁa gﬁ§y r%%?ﬁlghWW%ble
for use as thembesinfislsandl gesupscbapmshﬁtenanaatbefacﬁ@ﬁpOﬁnﬂehaV|ng at
| east one FQ gégg . i1k g§¥i§§ Hﬂi?@t uch preferred conpounds as epi-bis

type gl ycidy rie oxy res resulting fromthe condensation
of a bi sphenol coﬁﬁ@uﬁd a 151 kieh aﬂcbltbhbnﬂal@\ekmS@@EMOisShobnﬁ@h£nO| F,

Serios of epondh 3. @ncgpy€ %%?%gg;a lﬂgﬁgkcon ensa ittyg 9|y%ﬁ2é816ther

series of , BPOXy resins re rom t
conpound® sueht akephervrn @r@@blnORyM@nenbhanrés@r@snexamanedhby thé sphenol

A, o0t sphencl ovBaBbeRel. o 20, BYJLCaM, none. 2 DL LAgachL Lty 106 ey

acet al dehyde, ﬁroplona dehyde, yde,
di cycl opent adP bRty 22 ¢ &R Fdheg E%uﬁbﬁlth9DRy¢9Ibﬁ@d$nﬁ@hylfae@h@ble

di chl or o- p- xm@ere@aramwmpaaagngu%sgy@gtfofoyggmgtI on of the
resul ting pol yphengl conpound with an 25 epi ydrin egC|dyI ester
series of epoxy re ‘ﬁ§ME$§§%I?fﬁ%rQ@%ﬁ%@%etQﬁwﬁk%&ﬁﬂlQ#FQ#dlng to the

- tetrahydiSsophthaénti@ci ddvantageously 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 carboxyllc 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'Rz,is as defined in general formula (la); R?
represents an organic group; ¢ represents an integer of 1
to 3).

- 35 | The hydrolysis reaction and condensation reaction of



hexahydropht hal i ¢ acid, benzoic acid, or the like with an. epihal ohydrin;
glycidyl ether series of epoxy resins resulting fromthe conel@rilz2008n of a
hydr ogenat ed bi sphenol 30 or a glycol with an epi hal ohydrin; and

am ne-containing glycidyl ether series of epoxy resins resulting fromthe
condensation of hydantein or cyanuric acid with an epihal ohydrin.

- Moreover, conpounds having an epoxy group in the nolecular as obtainable
by the addition reaction 35 between such #h epoxy resin as above and a

pol ybasic acid 5 April 2005 46 conpound and/or a bi sphenol conpound can

al so be enployed.. The nethqod of producing the above epoxy resin preferably
conpri ses a_ﬁgﬁyﬁaﬁgﬁi6A§deﬁ?cP@@P0uéﬁhéﬂﬁfPéé@péﬁléﬁ acpdl yphénol . 5 The

gl yci dyl et hebipboat, 0Boef efr 6Hikh hyst nghowe 68N He jqakk g@!mg%n&g,the
known technique; for exanple, .a polyphenol ang an epi hal ohydrinh are
stirred togefhér "TaSGaP ¢#5i AoPe¥ence of an alkali metal hydroxide at 40 to

120C for 5 to 24 hegreréngd 4 her,veasyuep1psedyct, ks (d@)recoygrpd. As the

al kal i al hydr oxi, referre 0 above, potassium hydroxide @r sodi um
hydr oxi ggg, for insééggg)"i‘é Jsg(iﬂ%)a?tﬂ e Safl i(FopdepsatdpapPeotdchid t he

hydroxi de griateakliy RO Aeppésanxsuse @f kyhegpehypbengh and1 1roup)
epi hal ohydrin to copLro e reactio gk§hure at pH 6,tp The above
| ¥~

t 10.
epi hal ohydrin is uséed P%k¥§c€§8Fpn3 JHOPPoBSr B oh? of2 3PV
equi val ent s, gpnefedalibym2lbe 1Qa)egudvdblent arewplle feespact the threhydr oxyl
groups of th I ol . ;AL ter letion,of the reacti,on, the residua
20 epihalohy§}F%?i§BE§ oud 8§§éi?%gﬁPaFﬁoﬁhﬁﬁﬁeEeféﬁﬁgedn EP&SQSP%Fagr by
azeotropt@ difsribflasi diwand d23uredbiventsabvéhk, inbirlgantlte miaredached
al kali et al d ; r . are preferably renoved by, for
exanpl e, magﬁ?ggeaﬁtﬁ%§gfé?¥8Tﬁggéﬁ9c?E§Feétherification can al so 25 be
carried out by addFhfonrganéti onobet aeeR’ the tlkepidadbohygenerahdidimla

DToni um sal L 2ar 0 Bhoephantim oal £ o RSoRePar Y gt Ens Parecar tb Fo |
120C, 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



foll owed by adding said al kali netal hydroxide to carry aut 30 ring-closing
reaction generally at 40 to 120C. The obtained epoxy resin %ﬁ@ﬂ@%ﬁﬁly has
220 to 300 g/eq of an epoxy equival ent weight. Wien the resin conposition
conpri ses a pol yphenol conmpound as the resin conponent, the technol ogy of
35 producing the above-resin conmposition includes, as 5 April 2005 47
descri bed above, (1) the nethod which conprises producing said polyphenol
conpound and said silica independently, 44llowed by mxing them (2) the
met-hod whi ch conprises produci ng said pol yphenol conpound in advance and 5
subj ecting said al koxi de conpound and/or carboxylic acid salt conpound,
which are hy@®b¥HtaBRECS; | BaedebapolinEBe resipyanbeysixedndi Sontensati on in

a sol uti on combpbRhATnSai poLbyphenpl &R n i ilica
therein, (3) tﬁgéunethog gﬂ?ch cg grises gﬁ%ﬁe%%?%89%§2§£ %o@?%ﬁ conpound
10 and/ or cathok§Ffc2BRPAL8AFESco AP ED BRRFrOTsAd Addril amsnddndstion in

a sol ution cest ahdragthle abowsigseachapts spbethal sEPIltﬁ@r@O%)%’Md
(6]

conmpound _t o %$ve a Silicg f ol | owed %% éornlng sai d pol yphen gonmpound to
n

give a m xtIPRURENGSRet| PRES Bhana eipREePAttfods, the method 15 (2)

or (3) is preferrethelsbéhe abayvei d@tEOdpéEhdOin®r QLS HG {headRBIdh1t
conposition, the e und is first produced as nentioned above

pol.ypheno| conpo
and the sol UtTTBRCEBMAt afAF A 2R sIpBFPREA0RLO BB URECF S BF 2phF e3i Lanssh,
t he al koxi deas owmpblings atndé osi 20cgasboxyhbblachd sabieeppeums: andl i tdyer
water or a sglvent containing water,_are added to the aboye solution to
carry out hg%ﬁg?y%?%p%%%d%o%géggg?iBﬂ.h¥ﬁﬁogﬁﬁh?i%ﬂgcﬁﬂ? M AT hd Rbove
pol ypherd® Ccospburmulised heishaneo bsoidel sei Ll canadescri bell dbd£l nbef ore for
said 25 fir nt.resi sibtion. I n.the above nethod_(3) of
pr oduci ng sd?ﬁhgggég?u%%n%%sﬁ?ﬁgﬁggg%i%OEIﬁ%%gd%n%B%%%hﬁd“ﬁ%ﬂ7%V“%arboxylic
acid salt compblnbei sasdbjectike tolhyidalysitiaadacdndebsatdah alumirhg

SO|Uti0n(x”%ﬁEQQn@eé@?iﬁgéc£gptsg?ﬁe{£§£g£8£ctﬂfcrofine 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



30. pol yphenol conpound to obtain a silica in the first plLace. Then, the
reactant material for the pol yphenol conpound is caused to 288@2008 the
solution containing the silica to synthesize the pol yphenol conpound to
give the resin conposition of the invention. 35 The above-nenti oned
solution preferably contains any 5 April 2005 48 of the follow ng sol vents;
nanmel y al cohols such as nethanol, ethanol, etc.; ketones such as acetone,
2- but anone, etc.; and hydrophilic organig sol vents such as
tetrahydrofuran, N, N-dinethylformam de, pyridine, and so forth as well as
5 the reactant material for the pol yphenol conpound. / |If necessary, other
ki nds of sol®eydscamyp ey tbie ndditdtonddistarsml. ante alesitricedpasi ti on

obt ai ned by {hg, ahoy %5%%@ technol ogy preferably has not |ess than 3
nmass % 10 nor nore t anlﬂrl 0 rra%ss % of silica content based on 100 mass %

of the resin conpdsi titeh palfyphenal |asswpatrgh 13 feggedgtos abloivei edhef i re
retardancy Myd RS LSS ANs 1] 1 EGRMR LA dTBRS Hngdif gase of
handl i ng wil | be%os%ﬁl?i ficed and m)lsda.sl ILfty a _ve‘rsljecﬁly a ec_ete , The nore
15 pref ePredt@F | e £t erttardant Tesih 13 S ikden %atobedised .t han 100

mass % The above i68idb GATRAS JiHMLARRHRANFES (R FHR Y 3B a
appropriate nethod sel ected according to the kind of reésin’used; thus,.

g . : .
ther mal curiflgf By pres3uehl didy OB 1T eifet'ed tasipdratiore 2thAigast 6pet he
like is suitgbesl BOthydhenyt herdigsidr £ masddd QD PMd et epoxy resin
as the resi con%gnent is to be cured,, a curing agent for epoxy resins
can be used.ti’liﬁ%u 3P ERAEHEC e Rl 1 PR € T ARSPD5 35 Sudes
am ne campounds sumite aspdis (e naphemile eihane asanibd ne-sfier mal dehvde
resin, bis(4-am no hen%%. sul fone¥ Jh‘?r opane- | '

3-di am ne, _
Pexamet hy! eriEdh Hi T Bt MO o, CORBIIh FERETb FarkaAst one
2, 2, 4-tri metdydhexgmoune- | {6 B hed i ngn sadly lenefimarddiesompounds  as
bi s(4-am noc Jg," hexy!%%net ne, 3jh30 or .series o 5 i .
ami nomet hyl %‘g %{?r? T H R Eh X Hm $E LT i BhedisiniMe, etc. :
al i phati c potgzminiesy from the condensation of a bisphenol compound,

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



pol yam noam des obt ai nabl e from any of these amnes and a- dinerized or
trimerized fatty acid; pol yphenol conpounds obtainable by coAB@R98%i on of
a phenol conpound, such as 35 phenol, cresol, xylenol, resorcine, catechol,
bi sphenol A, _ 5 April 2005 49 bisphenol,F, etc., with fornal dehyde,
acet al dehyde, propi onal dehyde, benzal dehyde, sal.i cyl al dehyde,

di cycl opent adi ene, terpene, counmarin, p-xylylenedinethyl ether, or the

i ke; and acid anhydri des such as phthal 46 5 anhydri de, tetrahydrophthalic
anhydride, pyronellitic anhydride, 3,3, 4, 4-benzophenonetetracarboxyl,ic

di anhydri de, -etc wo or nore species of these.can be used. The

. e or t
silica accora?ﬂﬁo??éz%ﬁﬁw%&e%t?%ﬁ??ﬁﬂP%rﬁPWE%ﬁ?ﬁ CORPBSFT i om Emtaread -ng
said silica can berlusetkthdd dO pebandage i AbRse pmidi Agsimterial for
architectural geg%gis, housj ngs, | a 'Qgte boards, built-up circuit boards,
seal ants, seRf&bh BreeRaps eﬂi?éﬁ BT Epral «gkycligybduct s and nol di ng
mat eri al s t oebleenseicdni smchit ne g8l §Shen®l ectronic/electric parts and
conponentss, road vghicles,. shi.ps,. and aircraff or as a raw material for
the pr odu5($;ti on ofﬁé%h% %%Vsl eﬁ%‘ﬁ%%ﬁﬁ}?%s‘iﬁ%?rﬁ?p‘é‘? nt'$st % forth.
BRI EF DESCRI ®3ih Oh: GFa fiHEe DRAVE NGS Hig. krowis eeJioM @b} ogs apdxafpbe fid e
retardant resj itlo i ng. the present invention. Fig. 2 is
205 - Doy W PSR R P RPN S SR ey e R
29Si - DD/ MAS- MR shecim omed sernce haf tamfabkabi Inetal 2oy BESTL MODE: FOR tGARRYI NG

“OUT THE | NVENJ} e foll es.illustrate the,present invention
in further dggai a%€h%u€gd%?hﬁgﬁggﬁﬁgﬁs%%%er%ﬁcE¥%Pi?ﬁ%%ﬁ#%n%sthess
ot herw 8@ i ndgeaveredal | "parts" are 30 "parts by weight" and al

Tpercentages (%" £ orgmen 0 ndhe URLTL SOENLARS SrpesA e vas

measur-ed with a thernomechani cal . on a nee penet’rati on
- mode and t hePRyaF g Rediexife detwediwedydreacode dafiee imétandd,S €0070.

The inorgani sufk£504) nendait i £ Lo LM1e to add the hydroxide

gradually to a hot mixture 6f 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



35 was determined by aI | ow ng the conposition as synthesi z_ed Apr| 2005
50 to stand in an air streamof air at 800C for 30 m nutes r%ﬁﬂoéulatlng

" the content fromthe change in mass from the pre-standing value. 5

(Exanple 1) To a 2 L of four-necked flask equipped with a gas inlet, a
Dean-Stark trap and a stirring rod was charged 302.6 g of p-xylylene
glycol, 687.0 g of phenol and 12.6 g of p-toluenesul fonic acid, and the
tenmperature was 10 increased in a nitrogem7gas stream Wile collecting the
wat er whi ch began to formaround 115C with the trap, the tenperature was

i ncreased to 150C and nmi nt ai ned for 6 hours. The formation of water
ceased when P&S§IdPafaEdOvarast lledd\emethothamitdie qoemstiisss Wsutd@tm1ws

cooled to 60@ai@.@@qy%ﬂ@dbﬂﬁcdﬂﬁdﬁ%wokﬁﬁa%aﬁgg%gj_Eﬁp PEFE&&EQ%%&

|nserted|nto ereactlon m xture in the four-nec \ivlthth
t enper ature Pfc MYafed gt o, 338, £he H@fthcéi ﬂ'ﬁml'h@mmma@e and
157.8 g of V\@tr@l’du\&ﬁl’n@ fsed ot oayghere JasReGd taL&?,ed% ngans of
- peristaltj Ier ﬁégps Zomgver 4 hourg After eeéQ%g, t he. reaction
syst em wa gelsbelfkom g @h&ﬁ’l‘@ouﬁ%r@n fdercatinoxoges “astideam

the tenperat wla&tvmmpm@asaﬁll@gﬁ'a&eam@d@@llﬁa}:;lrea%.'l%et he resindual t}’i/at er
and fornmed t%ﬁ(i W th the d';ep whi ch had begun to be dlstllledof at
about 80C, 25YPREISS S ARG WL Wﬁtﬁ&é?dlepat@%ﬁeonr@qt@@ndw sapRenol

was dlstlIIe@odehnmd&rcb@@@mad.QEEﬁiﬁp@r%%datQﬂjjiﬁﬁ&%@ﬂ@EE cqal e@hEO give
pol yphenol &ITIE%%I tlw?1 @ i.ite soli d The ield was 6: , the
thermal softening tem §P@P§l®§§ 5 JeFﬁé“ﬁ& e W@§P999d30
g/ nmol , ahd thadvn@rgamboxwﬂatohmﬂﬁ.ﬂaﬂtl@bﬁmﬁmﬁkfni>Wﬁ%ﬁrd@@sﬁ%)ahﬁxanp|e 2)
10 Lok o FEUBRISRETGH LB, SRALRRRH AR08 3] WILS) sRanpany S
172.2 g of b@ﬁi@ggaﬂaﬁpmet@ﬁdpbl@pﬁegodfcompound 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 siliéa 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 abdve—mentioned solution preferably contains any



37% formalin, and while the white opaque sol uti on was stered in
nitrogen gas stream 9 m of aqueous ammoni a sol ution was ad® ”H%@Emﬁse
When the reaction systemhad 5 becone transparent, the tenperature was
i ncreased to about 80C and the system was incubated under stirring for 4
hours. The tenperature.of the reaction mxture was increased again. Wth
wat er whi ch began to be distilled off at about 100C being collected with
the trap, the 10 solution was heated and 4mi ntai ned at 180C for 4 hours.
The fornation of water ceased when 160 g of water was recovered.

- Therefore, g reac% gn m xture was cooled to 60C and 100 g of nethanol
and 8.3 g of° cEbeciadiawirpesohgRAS ' ThaRe Lywe LPPRELsuBBShwas el hAkano bd

into the 15 eenshodn atstur RetdntBeshoHr aBegkedohbask.napgdn¥hth the.
tenperature belnagaaln alned at 60C, 210.1 g of tetranethoxy5|lane and
99.4 g of wafB? ECPRY %ﬁrSE%ﬂn%ﬁe50}8§BEétFV@htBBe§eB§aﬁﬁéﬁ§f6¥anr

peristaltic Npm+emmpunp$feyaamléehopysldéﬁberahBesBe@Qtﬁg,a&hﬁei§a§£'On
syst em gkﬁl ncubat e e reaction soluti on_was

started heat 9 583?% Edgﬁg F%?gggﬂrsgﬁéaﬁPlﬁa hGRPLeCPRROVRES| dhfal wat er

and forned neebesshrwhi chhbadkbeganofosbevedist nhhed16bf bat aahopt o800 yer e
t rapped MAthu£$§ trap, the stirring was continued up to 180C. The resi dual
_phenol 25 was en distilled off under reduced pressure and the system was
cool ed to give poI?@@en@$inommm§¢$ibhoﬁ3abtaineﬁlkymbhéeab@Wéd The yield

: 486 g, the th 9 th |

“vas 204 S APEol e R R R n Rl R T S aE. b
The pol Whenetdr conpesthinnl B0 thass obt af neillias cobSenVeﬁabgdteanBﬂDSS|on_

el ectron ”1Qﬁ9§§0§yongﬁ@ reglﬂ c&mp§Q9¥ﬁgg theg ﬁN‘&P%F%%¥ hofy

pol yphenol conposition B cates a mcrofine di I Sper sion o |I|ca in the
form of 35 dPagfete %@ﬁ@%?t%mtpﬁ;t%cI@EaDdaaggregateettherempraﬁshdSaw®r|I

2005 52 partigler dbAcBLeL s sangiag Si;rOﬁ€b855e59fnﬂﬁ?hﬁ?&%lis?obgm
_(Exanple 3) To a 2 L of four-necked flask equ

sacrificed and moldability adverseEy 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,



5 inlet, a Dean-Stark trap and a stirring rod was charged _492.2 0
4, 4' - di acet oxynet hyl bi phenyl, 517.6 g of phenol and 25.1 g %ﬂpgltquﬁg acid
i on exchange resin (product nanme "Anberlyst 15 Dry", product of Rohm &
Haas Co.), and the increase of tenperature was started under nitrogen
stream 10 Acetic acid .began to form around 140C and while trapping this
acetic acid with the trap, the reaction solution was heated to 170C and
mai ntained for 8 hours. The reaction ceaggd when 195 g of acetic acid was
recovered. Therefore, the reaction mxture was cooled and the ion exchange
‘resin 15 was recovered by filtration. To the filtrate was added 109.0 g of
met hanol , andi$mariod Jf.e atas. ,r eimmﬁbmltd@ycfé Askce tHgbhja PTFE tubes

wer e 'nserte%fdﬂl%rfﬂ%e}{ ctiQr Qlcgna]t&%tyéil nt e r-necked flask, and with

the tenperature belng i nt'aine e8P & r amet hoxyS| | ane
and 142.0 g SHasvk Qaﬁn&aﬂ;emﬂnmnarpenﬁLnaammammg &ﬁdqﬂnﬂ@mﬂaﬂay%h 1

respective tuh@sy er tigr unp % hours Af ter
this feedjing, _the &g?czl% vvaskelnné_J a’%ec&Cf: r@tygqléfe E‘rﬁjc?g"‘rsas 'ﬂ:ﬁ]@k@éllﬁtl on
was heat ed ag@idridsr fietredar romh bilie tardppimgid, he¥oradiidyal wat er
and formed mefhanpali d@hl ah shad soeq %Dqlel?]%necy trlalclﬁsf gﬁfflv?%ts d?xb tyaﬁggppfgﬁ

stirring was conti nued up ‘to 180 he reésidual
of f under ré&dfced® BFe@’éuF‘éOa‘ﬁﬁ PREer epRdleswas tbekedcta peveaspal yphenol

conposition C as aThel kiwhkge [ he yi t he t her mal
sof t eni ng te%er ature was 75Ca%?b§gﬁ gr g)? tﬁ\?all&%%\/vggo%%nél/ e, L&Ritt he

i nor gani ¢ m GPEPPTE tipay FPBItélé‘éFﬁgeﬁtal\ﬂa§l]lgczo/m:a@Eb&rmnls@M)ﬂ&ﬁ To a 1 L of
f our - necked fldsslktegel ppedrWalkh 2a@a A% 5 | St ark
trap and a stir %@é d vvag cha?51 ed %ilagA& e I?LQ& 3t aI}C%tl’tECturaT

2, 6- di acet oxm{b nagﬁflﬁépgﬁe lﬁg‘Gn@tg bparéﬁenblulértdumfirguaﬂ: bbaodg,

acid ion exclsalaganltesl Benfpoaduet oRaR® ¢ ﬁ@‘&@%lt)[%b i'n%t@’r a,lsprgggfﬁt of Rohm
rature was .i ncrease ni troégen. ~ Acetic

& Haas 5 Co. the_te
aci d began t% P gﬁl %tgr SBHngiﬁénﬁnHaESFllé&tseéov\PﬁhUsf‘—ﬁle ipr apchihe pokbSi on
was heated ardemhirnnhaicretleatri?20farts 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 deflnlng the scope of
the invention. Unless otherwise indicated, all “parts” 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 particié content

35 was determined by allowing .the composition as synthesized "



for- 8 hours. The reaction ceased when 202 g of acetic acid was recovered
_and, therefore, the reaction systemwas 10 cool ed and the i ohABHAAge
resin was recovered by filtration. To the filtrate was added 137.1 g of
met hanol, and the 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 being nmaintained at 15 60C, 260.3 g of tetranethoxysilane
and 104.7 g of 15% aqueous ammoni a sol ut son were fed through the
respective tubes by neans of peristaltic roller punps over 4 hours. After

this feeding,, the aj%/cft_em was incubated at 60C for 4 hours. The increase of
tenperat ure vied Tt d' Rfai H undere @ off taioyert GEAm fd Mhidieutrappi ng

the residual awvai eyalandlatfatqrechdetdiangi s Wil gh MB%%H% t?neas%i %tri ) ed of f

at about 80 the stirripng was continued up to 1 € resi duaPmphenoI
was then di st%}}el écheo*fsft"UHS’é?g retit®d pressure and the systemwas cool ed to
gi ve pol yphenol 25 conposition D as a mlk-white solid. The yield was 508
g, thet ern@xasoflt em)ng tenperature. was 73C, the hydroxyl value was 219
g/nol, and th H%‘l?rgea i‘c mcrofine particle content was 20.0% 30 (Exanple
5) To a 1 L of fourtonecked, fdfadoweguidiped Wity @ GRS pdddl §fi 12 Dggg- St ark
trap and a stirrding r%?jeale_/fa_ tchq(‘r3 ed 433,0 g of phendl and 12.]5.l of
triethylamne ~and whiler thel %féeipataﬁ‘rde e R iMainesd vas #beryedo. 1 g of
35 tetranet haddgsif ane famd-:90. 1 e eofg WalcAr, veme of /d JH e 15 AR kb 2005 54
i ndependent 5 eristajtic |l er punps over 4 hours. After
t he feeding,%#?2§;2§%¥$%%Rﬁﬁi¥ﬁfé%ﬁﬁg’sﬂQir ' HETEGE AR 4 WaSurs. Then
30.2 g ol0 bémgogameaniime 2 60.trogeof ga anireamandwife2¢01 0&cBY% Sfor malin
were added, gpg thepwhit q | utiqn Qntinuously stirred under
ni t rogen at 60C.e,' Tﬁl\gyp eggg}’% gln%%sﬁtrélmaﬁé@i\%é ltlﬁ’a sb’ég&ﬂﬁentﬁaﬁou%? The
sol uti on was teR®gragdure 866, imuirsesiededof A504 chauds manaer: iaedsFant g

i o mhcsiart oo 9393, 87 OELE EOLLER! LR, S 0P fpe! vt

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



at about 85C with the trap, the reaction mxture was heated and nai ntai ned
. at 180C for 4 hours. The reaction ceased when 350 g of the PARIA®Sas -
recovered. Therefore, the residual phenol was distilled off under reduced
15 pressure and the reaction m xture was cooled to give polyphenol
conposition E as a mlk-white solid. The yield was 345 g, the thernal
softening tenperature was 150C, the hydroxyl value was 185 g/nol, and the
inorganic mcrofine particle content was523.2% 20 (Exanple 6) To a 500 niL
of four-necked flask equi pped with a gas inlet, a Dean-Stark trap, and a

stirring rod ha[r%gd h208 92 %of phenol and stirred at 40C under
nitrogen 25 stteam? hed Rl PTFE ke L dtenqmmnasi natamd BE 9 . Reac bifon

m xture in th¥7% ofwrmerked fhaskang wid ke c%%@f‘e’

atdin g kel ng i nt ai ned
at 60C, 101.3 t et ranet hoxysi | ane and 56. g of 15% aqueous ammoni a

f
sol ution were Jgrdr()?%rjorhﬁ I?h%r?é%b&ﬂsi V18 fes hy RPfeoRE Eattoard apunps

over 4 hours.s¥futerorn head entliad),didigirACt WBBN Wh¥t YEEWAS Qgpéﬁeﬂagt 60C
i 33.60 g of nelamhne an

for 4 hours. I of, benzoquanani ne, ,

87.21 g of 3%}5@#}1‘6? %‘E}qﬁsl&a&%n?’eaﬂ% FHE TR ST &'afas- KGwsisede il ybsuitr r ed
at 60C unti| &he rasatttilon syxitan evdrecaremydmans R s 35 - iher eaftar, the

" reaction syst S r i.ng again 5 ril, 2005 55 and while

t rappi ng the%ﬁgﬁgkng%%a%%ﬁpggg%hfg ﬂ%igﬁehﬁa Ch&GBnEETBES V3% | | ed of f at

about 85C, thHa\&siagddragmis:. hPatbédwahdrmehinthi bedaat +480& 05t 41 heyrs.

Fest dual . pheral i uT o o i TS5t v EE e taRa ERE react i on
system wA8 coRletian glase hesltyashenmsl nadoradsied et B 8as ca foirl k- weke .sol i d.
ydroxyl Vel e et R gy o ey e a NS BGR & 6 N TBhr FFSl e 10
content was ZFECAeReConpahgteferexahprereacOibnt nhgtthe hysrobyséd emd
condensati on e¥°c and 100 g of methanol 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 particle 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



- tetranet hoxysilane followi ng recovery of 79 g of water in- 15 the procedure
of Exanple 1, the residual phenol was distilled off under reddP8bessure
at 180C and the reaction mxture was cool ed to give pol yphenol conposition
G as a brown-colored solid. The yield was 487 g, the thermal softening
~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 tetranme®Roxysil ane follow ng recovery of
160 g of water in the procedure of Exarrpl e 2, the residual phenol was

distilled off es. 80C ndt reaction mxture was
cool ed to give polyp eLeno(E[ﬁ‘%(%oel[}rrrpsos |§r§l G 5‘ $&p e Mok ARt A prel d

was 417 g, the thermal 30 softening terrperature was 92C, the hydroxyl val ue
was 171 g/ rm(lmxaq@)qet@q inorganic mcrofine particle content was 0%
(Exanpl e of preparation of a shaped article - 1) Exanples 7 to 12 and
Conpar ati ve Exanpl €® 3 &@nd 4If3%5ohm-ackéeati Mg asit etqurrppeﬂ afi t30@ gasapacity,

a phenol & Agriilet20Q5 nev-qgl,ak | of resin ("Aral di
EPN-1180", 180 g/ ol D%%ne(g\ggﬁea:%%\%’a%%n 4 % qﬁ%lnﬁr 5é’ﬁlctw a5 c%aﬁgegpem alty
Cheni cal s Co.%° 9 @rfnﬂlrét'édlwpﬁﬁomﬁtml@alp@e}wlypbéﬁom C P @dichibons A

to Hin the rsgid @g ndi @tfe(gtlrlg ahl-e 41. f.ter C ch_was thorou hly
di ssol ved ang_bl enﬂedg?or %Enut es altoglll'% %an t}e%ghcg l’6)rdessu gt he

curing accel éFRES Y?tetlhc’lerzt' rrrePﬁy’Idlumtdé?iolR@hWa§ ﬁ@dsu Got.he apmdopmetl on
i ndi cat ed Inl'ﬁaiile%.sla othefﬁpéEH'tﬁr\éﬁ%a%n%%‘%%edu'ﬁgﬁ rf\ﬁ‘ﬂ%%%ew %%%lér for

30 seconfi fol |l g % mredi ate injection int oar
die and %re egﬁgpé‘&lgt tgoe GﬁdéPrﬁl gronps fd0° 13 rodr whife trmlp@ung vvas

postcured by talllsom:agllct at@dsivand tae 2-hAgur %heatre%%oh“ 310ith G ?19%5 stream
e B " 5750 Thi a3 aRted o Sevaras o hour ooty
proper e r e e C gero JIS

K6911 and J| SeK32Blyheaspeét pvekyacthect heed wakardapeyrafi.t htge fursek,

article was eyal yated;in mixture was cooled and the ion exchange 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



accordance with the UL-94 test method. 5 Apri | _
. Table 1 al1l11oNNOO m 110 .PLO> E amv E WNtbNtoQy o M III$ AP 3§08

LrPJOE O C41NcoONO CdIIllII1TOM1 1 Ococo mll
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inlet, a Dean-Stark trap and a stirring rod was charged
469.1 g of 2, 6-diacetoxymethylnaphthalene, 536.4 g of
phenol and 24.7 g of strong acid ion exchange resin
{(product name “Amberlyst 15 Dry”, product of Rohm & Haas
Co.), and the temperature was increased under nitroéen.
Acetic acid began to form around 140°C and collected with
the trap, the solution was heated and maintéined at 170°C‘
for 8 hours. The reaction ceased when 202 g of acetic acid
was recovered and, therefore, the reaction system was
cooled and the ion exchange resin was recovered by
filtration. To the filtrate was added 137.1 g of methanol,
and the mixture was returned to the flask. Then, two PTFE
tubes were inserted into the reaction mixture in the four-
necked flask, and with the temperature being maintained at
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
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

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%.

(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
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
benzoguanamine, 60.9 g of melamine and 179.2 g of 37%

5 formalin were added, and the white opaque solution ﬁés
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

10 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 .

15 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%.

20

' {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

25 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

30 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 becaﬁe transparent.

35 Thereafter, the reaction system was started heating again



"m-c UCCbOCm'yy ~J Ty- EmO vy 0J *d Ua 5 April 2005 58 The

abbrevi ations used in Table 1 have the follow ng neanings. 5 ApRl 20030
“‘means phenol -novol ak series of epoxy resin ("Araldite EPN-1180", 180 g/ nol
of epoxy equival ent weight, 5 product of Ci ba Specialty Chenicals Co.) and
"2EAMZ" nmeans 2-et hyl -4-net hylim dazole. (Exanple of preparation of a
shaped article -2) Exanples 13 to 18 and Conparative Exanples 5 and 6 10
I'n a heating batch m xer of 300 g capacitgs phenol - novol ak series of epoxy
resin ("Araldite EPN-1180", 180 g/ nol of epoxy equival ent weight, product
of Ciba Specialty Chen1cals Co.), nethyl cellosolve and one of said

pol yphenol céRfoditdilens rALPd N idvee Wadeiruiat:ad niod mhatmamlwhlﬁhlhdﬁcated in

fapl e 242na bagipual veduisaladanh f0G anto ! Aaled ok 30101 0heSes,

foll owed by cooling to room erature hen, the’ curlng
2- et hyl - 4- n@@ﬁﬁ@ﬁn@@ﬁz@ﬁénﬁéénﬁédaﬂnlﬁﬁecpﬁ@goﬂth@mrmndlﬁhﬁmdthm Table 2

to prepare aréabRiesh: oFhig el fissh H | PS8 42 19hasS ppyen
clofh ?0 8 éﬁ]the g ° roduct of aﬁ??o §§§eE% é%d @%% .%d 195 Pat of 80

wei ght pa tsT&S1ayali @ eBPlv&@ﬁl§H5§éﬁl@d00ﬁ€|gﬁﬁegamﬁﬁuaﬁdtheesborh and
dried in a deydnghevesaadtibl0Gykeen3Ra8l BBLER2RY AR p@ﬁ%bﬂgn8yen at 150C
for 1 mnute to g %?gg % ggeprmglk—whlte solid. The yield was 200 g;

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-



25 -Si x sheets of said prepreg were laid up and a 35 pmthick electrolytic
copper foil was applieg og both sides of the stack. The ass@ﬁ@ﬂVﬂMﬁs t hen
" hot press-formed under the conditions of 3923 kPa at 190C for 120 mi nutes
to give a 1.2 mmthick double-side copper-clad | am nate sheet. The 30 fire
retardancy of this copper-clad | am nate sheet was. eval uated according to
the UL-94 test nethod and the solder heat resistance, peel strength, and
dielectric constant were evaluated accorgkng to JI'S C6481. - 5 April 2005
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novolak series of epoxy resin (“Araldite EPN-1180", 180

g/mol of epoxy equivalent weight, product of Ciba Specialty
Chemicals Co.) was formulated with each of said polyphenol
compositions A to H in the ratio indicated in Table 1.

5 After each batch was thoroughly dissolved and bléndéd for
30 minutes at 110°C under reduced pressure, .the curing
accelerator 2-ethyl-4-methylimidazole was fed in the
proporticn indicated in Table 1. The mixture was kneadéd
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 nitrogén 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.
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60 In Table 2, "EPN-1180" and "2E4MZ" have the same neanings as in Table
1. (Results) 5 Various characteristic values of the cured articles are
shown in Table 1 and various characteristic values of the copper-clad
| ami nate sheets are shown in Table 2. No practically useful fire
“retardancy was exhibited at the low |evekgof addition even though
comrercial fused silica was ‘ .
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.



10 used as the inorganic mcrofine particle in the Conparative Exanples.

~ However, in the Exanples where the inorganic mcrofine part? PE

synt hesi zed by the hydrolysis and condensation of a netal al koxide, a
practically useful fire retardancy was expressed with the | ow | evel of
addition. 15 Furthernore, there was no decrease in nechanical strength or
t hermal- behaviors that could be attributed to the presence of the
inorganic mcrofine particle synthesized py the hydrolysis and
condensation of a netal al koxide and the correspondi ng copper-cl ad

| am nates were also found to 20 exhibit satisfactory characteristics.
(Exanpl es 19Tabde2@) In a heating batch nmixer of 300 g capacity, cresol-

novol ak series of _epoxy resin (produc ane "ESCN-220HH', 25 220 g/ nol of
epoxy equi val ent] we gr&, prodyct of jSumt omp Chem ca@ Conpany, Ltd.), the
pol yphenol conpdsitian A on B lopq§inéa P195nanpbsg gprqpylene gl ycol
met hyl ether acqtzabg, ogolivent na)h1ha§aﬁjga R et s gof 'hpavy aromatic
petrol erium werlé Bprnullated iinjthejratio|i hdi chtpd| ih Taple 3 and 30
t horoughl§ di ssqiv@d 4t [8QC] Aftef ¢opling to rpom | tgefrpef at ure, ' _
triphenylphosphigﬁ? gs?t@q ($ri g ?09e1eoa?)rm ¥AS ded| and di ssol ved in
the proportion indi catigq it “é%le 3%16 fa) g)aie,ani IThe ink thus
prepared was agpligdito ¢ne gidejol a 16/pth|ck Eepperifoil by screen 35
printing and drijed {n{an ¢vénial IOUC{Tor |10 mnufep. nel5 April 2005 61
other side of tHe fpjlitwasg al $o|sudject ed @EOcﬁagc@goand; dryi ng under the
same conditions |as abq%p’qﬁd’ués‘:m el { njoaR @weqdagilng for 30 mnutes
to give socured|film [The| boill ing Yafet t8sistante| of| Che cured film
obt ai ned was 5 tlest gd 8? Z-four Thor T hg i watef—gng—3p=sgecond i nmer si on
in a solder batH atf23@¢ and fajed {o {8eothabiel i RRPparance accor ding
to the criteria:j 0 F-ne|dhande!is) | appear-age® eX.F.bliptlef/peel. As to
t hermal behavi or|, the|®dynam ¢ nBéu ug of V{scokl pstic Py (DMVA) was
determ ned. 10 35 2P
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25.Tabl e 3 Exanpl e Exanple 1920 ESCN-220HH33. 832. 8 Pol yphenol conposition
A36. 2- CbnposrPion (nEonphenoI conposition B-37. 2 t b paAprk20ppp1. 01.
0y weight) PGWAc15. 015.0 Sol vent naphthal 5. 015.0 Physical Boiling water
resi stance00 propertiesTg(DVA) 140145 In Table 3, "EPN 1180" has the sane
nmeaning as in Table 1. "PGWAc" means propyl ene glycol nethyl ether

acetate and TPP neans triphenyl phosphine. The nunerical values relating to
conposition are in parts by weight and 30;4/g in the section of physical
properties is in units of C. (Results) O%FIOUS physi cal properties of
cured films are presented in Table 3. It was found that the cured thin 35
fil m denonstrat ed IheTabeécElIEDPNFMEBUH|aﬂ?gggEﬁyz@ngia%Sﬁgg)é%?%thggﬁ 22
t he satisfac .poil Lng.wat.ey.resistance. anpl es o]

series of ep%géx%g Fnafp%gdﬁéélﬁ ﬁe " YDF _

{Results) _

5 Various characteristic values of the cured'arficles
are shown in Table 1 and various characteristic values of .
the copper-clad laminate sheets are shown in Table 2. No
practically useful fire retardancy was exhibited at the low
level of addition even though commercial fused silica was

10 used as the inorganic microfine particle in the Comparative
Examples. However, in the Examples where the inorganic
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 accelerator,
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



5 170", 170 g/ nol of epoxy equival ent weight, product'of _Tohto Kasei

K. K.), biphenyl series of epoxy,resin (product nanme "YX-4009Apri 2095 g/ nol
of epoxy equival ent weight, product of Japan Epoxy Resins Co., Ltd.),
cresol -novol ak series of epoxy resin (product nane "ESCN 220HH', 220 g/ m
10 of epoxy equival ent- wei ght, product of Sum tono Chem cal Conpany,

Ltd.), polyphenol A or B obtained in Exanples, triphenyl phosphine, fused
silica (product nane "PLR-6", mean partiggle dianeter: 4.1 jim product of
Tatsunori Co.), carnauba wax (product nane "M 300", product of Cerarica 15
Noda Co., Ltd.) and carbon black (product nane "MA-100", product of

~ M tsubishi ChentcrasiGorpbraie ofi)iveras f ol sol atletectadtbe ¢edtng ndicated in

Table 4 and L] sknead 8 f 0. mn. to prepare nol di n onpound.
Usi ng a tran%&é%ngpr es%%j 1?1{‘1% gc)%“rr%o(géln e rd %ﬁ%‘g‘? ‘?Iﬁ% %%%d‘?%%i&%f
180C 20 and & OWFa 4brl Y’ ceftonds0 anthposs cur eghi ver ancoved fit1lm18@8efor 5
hours to giwg,a i rtkc he.Tg. of t.he shaped article
was neasur ed %gt%g%%%ﬁng%%gﬁg%?%ﬁlégn% eflzcerr?dl'l\%}f%n%?t?%n% di”ﬁ on, a

pr essur e ScookesteRsepet flpwedoebl bag riedvater aard$ Mimsecdnd atrvoerdiest  under
the conditiops 9f 121G ang-0. > dpa- f f i jgating the
rate of mass gai ns. 30 35 5 Ap%?l 203% %gd]SIO%%&%gf%]@ glge?, %Eéél%b e 4roCL
110 10) 000 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
20 weight) TPP 1.0 1.0
PGMAc _ 15.0 | 15.0
Solvent naphtha 15. 0 15. 0
Physical - Boiling water resistance O O
properties Tg(DMA) 140 145
25 .

In Table 3, “EPN-1180” has the same meaning as in
Table 1. “PGMAc” means propylene glycol methyl ether
-acetate and TPP means triphenylphosphine. 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
presented in Table 3. It was found that the cured thin
35 film demonstrated their excellent thermal property and also
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the satisfactory boiling water resistance.

(Examples 21 to 26)
Bisphenol F series of epoxy resin {(product name “YDF
5 1707, 170 g/mol of epoxy equivalent weight, product/of
Tohto Kasei K.K.), biphenyl series of epoxy resin (product
name “YX-4000H”, 195 g/mol of epoxy equivalent weight,
product of Japan Epoxy Resins Co., Ltd.), cresol-novolak
series of epoxy resin (product name “ESCN-220HH”, 220 g/ml
- 10 of epoxy equivalent weight, product of Sumitomo Chemical
Company, Ltd.), polyphenocl A or B obtained in Examples,
triphenylphosphine, fused silica (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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physi cal properties sectionis inunits of C. (Results) 5 Various physical
characteristic values of the cured
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films are presented in Table 4. Despite the, fornulations_of the shaped
article containing fused silica as a dom nant conponent, th2Apek¥®8ti|ve
shaped articles showed 100C or nore of Tg, which indicated excellent heat
resi stances, and 10 considerably | ow hygroscopicity. (Production Exanple 1)
Pol yphenol conposition.A was obtained by the sanme procedure as in Exanple
1. The yield was 619 g, the 15 thermal softening tenperature was 52C, the
hydr oxyl value was 193 g/nol, and the ingrganic mcrofine particle content
was 20.7% (Production Exanple 2) 20 Pol yphenol conposition B was obtai ned
by the sane procedure as in Exanple 2. The yield was 486 g, the thermnal

sof teni ng tenper at i eTaese 98C, “ther hygds oxyd yahdlene Wasnd04s 9{ Avtah B t he
inorganic mgrofin article content was 16.5% 25 (Production_ Exanple 3)

e
To a 2 L of %&%E‘E&W?%%%l SREPPPEEI 67t et ya’ 18 nletunatpedh- SFark trap
and a stirring rod was charged 109.0 g of nethanol. Then, two PTFE tubes
wer e inserteg 30 iﬁ%o the nmethanol in the four-necked flask and, wth the
tenperature bBFAYLHAI ntained at room tenperature, 251.2 g of ) |
t et r amet Boxysi | anevanibul=4 2oy g1 04 1. 15% pateotss aNE0Rh Pue SObHL t108 "¥er&d f ed

t hrough the respective tubes by neaps, of ,perjistaltic . rol]ler punps over 4

hour s. After%i’%gsfﬁlé%i%ﬂ?s%%t? et ﬁ?gﬂ?vés imeed:rﬁ'%b@‘ﬁﬁwwrﬁours.

Then, 421 g of5tWersha@édba656i0le mebankieipbefokedesibitar adust doab®ant

"Epi cure YL " hydroxyl val ue:.148 g/, softening point: 8C,

ni t rogen cg§$%%??eﬁg969%¥pﬁ%§?g§fl ENE a%ﬁgx§r£é§?ﬁ§ Eﬁ?WEEta&§ §;%r added

to the reacthonesyst®m awdich ssndlvestatl 60€1Theh, hbat heesbapenatsy eands

i ncreas un i | stre began to be distilled off around
The CEhrietEREP BhyPRTbrodEaPRERLy

65C and the so ron o “was collected with the trap,
stirring was continued up to 180C and the residual phenol was distilled

of f under regdpcegPEESSUELangiLef) cooled to

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



~was reduced to. 4 t he ﬁroce ure of Production
repeated to P Iﬁa oPybhE
yield was 483fgenihe taepanhtepbtRENY2EeAPELALULGAESyP8Ga1hbewa hYDEPXY!

10.room tenperature, pol yphenol conposition | as a mlk-white solid was
obtai ned. The yield was 521 g, the thermal softening t enper2fpFlOps 123C,

- the hydroxyl value was 183 g/ nol, and the inorganic mcrofine particle

content was 19.2% 15 (Production Exanple 4) To a 1 L of four-necked fl ask
equi pped with a gas inlet, a Dean-Stark trap and a stirring rod was
charged 109.0 g of nethanol. Then, two PTFE tubes were inserted 20 into
the nethanol in the four-necked flask, anghg251.2 g of tetranethoxysilane
and 142.0 g of 15% aqueous ammonia solution were fed through the
respective tubes by means of peristaltic roller punps at room tenperature

- _over 4 hoursef mﬁiemlnhepheedﬂngesuhe(@ysueﬁtw@ambnegqugQeaQLﬁgggﬂpr 4 25

hours. After s coqled.to roo erature, white
powder was fP&?g?g %Qﬂe {EgnééﬁgénéogFFP589lH818§peiq§4Fh Bibrpgen
aver age of nF@nprte &hd, bakeducat 0600€phn Bpoakr RekiaadamMcher, 2thourgasAfter

cooling to t t er wa rushed i,n_an gate nortar. 30
The resu|t|n58§§au§§p§2§ 55585&?8 %%%q § ﬁﬁﬁ?gﬁveﬂeﬁg et phEh%?'reS|n
(product ShanBheEpeRDEEaYLHOETAS lhydﬁasyd uaHue: ni&%ogéﬁnhtrsaﬁtenlng

-point: 118C, M@thaﬁafnbeggﬂtgatbelé tgigg éfefaga %go ng tg%S 0.,

Ltd.) at 150Cin a 1 of our-nec equi ppe
and stirringSPédtigntef webhpngl BﬁﬂywhéﬁDIWESApDRRe2®GE 66tbohpesttapn J

was obt ai nedsairalm;hkax\hb&ﬁgiﬁhéa uEhﬁa ybgh E'ng}a %ﬁé Qfggﬁﬁf%oﬁﬂ&?']d he

sof t eni ng tengera uf e. was r oXy
i norgani c. nVefof+hkliphediefé EBﬁ?énFedH§GQQPQ$§S@PEodu&ft©mtExdmgiéﬂB)

Except tiuat f@@maﬂgﬁﬂeﬁﬂﬁﬂﬂé 0%0%95§én59rc8M959£¥§bﬁ Iogstgté§fﬁtﬁﬁ¥%§llane

was ot herw se

B C&Pﬁﬁ)sﬂ‘?]&h wesasSAL g 4 ktlmtlee@m d. The

value was 204 &lfnléngndhthfnégggg?glglg}g£fgéngartlcle 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 methanol in the four-necked flask, and 251.2 g of
tetramethoxysilane and 142.0 g of 15% agueous 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



particle content was 16.0% 15 (Production Exanple 6) 421_g of nolten
_ mel am ne-phenol resin (product nane "Epicure YLHI69", hydr ox§prinZ0be 148
g/ nmol, softening point: 118C, nitrogen content: 15% product of Japan
Epoxy Resins Co., Ltd.) was placed in a four-necked 1 L flask 20 equi pped
with a gas inlet and a-stirring rod at 150,C was .added 99.1 g of
comercial fused silica (product name "PLR- 6", nean particle dianmeter 4.1
" pm product of Tatsumori Co.), and the nggture was cool ed to give
pol yphenol- conposition L as a mlk-white solid. The yield was 518 g, 25
the thermal softening tenperature was 123C, the hydroxyl value was 183
g/mol, and t ﬁ@“@@@ﬁ@&mnc Jnivgrsofobrie ipact issl @ mdm—th.UMSOIQdO% T &Exanpl e of

eval uat i on ofyikhe Was'%QB'% tQ%gp%h¥Q%%ﬂogoﬁ%%n3%. %%&L Iy pgggegb?xe

pol yphenol conp05|t|ons , res ectl
scr ew capped 188t € esheohvsinexyg viEdteahpdr a8 armaid stidr the whblhganshaker

for 2 hours h@crgmqg@Mya&%lgg@qg%nigthM% s.1oEgeh of these solutions was 35
centrlfuggd and allowed to stand for one ay, whereby an 5 April, 2005 67

i nsoluble’fraction was allowed to settle. The supernatant only was renoved

and t he resi deabdsilciibn w@%H@qge@ with tetrahydrofuran again. This
procedur e was repe%ted for ti mes successively and the final slurry was

filtered. 5 through ﬁEﬁBFaﬁéaFlWpérﬁﬁéeﬁaﬁ@PuﬁFtﬁfOWGEErpﬁpévbWég@lm$lS

ni cropor e tOOESQba&embh@o&QWQQ%%@ Slaksi gadlice@ eachs @Obypﬁﬁﬁog eage§%t'0“
Wth the SI|I a th%f [ ecov % aeak exot herm between 100C an
was neasur edhi EHOBEET €B§C OYREnGLECEWLE8 By¢Pratedctengéveon. ). The

neasurlHUJCopdﬂyphﬂﬂowetempbeﬁmebatKraslachﬁd&kﬁﬁlkét%ollgﬁynTﬁb PEARYri ng
at nosphere: dry flow rate:

tenperature ng 25 t suri_n
150 nL/m n. P% §8|t|0n 2g§§§P?D5PﬁE DR §6@€FF&FP6P Wﬁé 9§5C5|Fh%a
" solid was nehydredyﬂlswa@uBr uker 28 JAYANGE40BndThee TB3sYaNAE ﬁ@ﬂ@lbtmés

wer e: neasurﬁQr@E%hS”%on%%%E 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



~ (observation resonance frequency 79.487 MHz), neasuring node: DD/ MAS

_ (di pol e-decoupl i ng nethod), application pulse: 20 to 45 deg?&®ril28et i tion
time: 60 sec., nunber of scans: 20 200 to 5000, spinning rate: 3 to 10 kHz,
observation tenperature 300 K. The peak observed with sodium 3 as an
external standard was .set to 1.534 ppm The peak appearing over the range
of -110 ppmto -80 ppm was subjected to waveform separation to 25 extract
a @B silica component and a 4 silica conggnent and the integral intensity
ratio AQB/ A4 was calculated fromthe respective integrated intensity

val ues. (Exanpl e of evaluation of the polyphenol conposition) 30 Each of
the above pollyytrdndile dipediittnomesAalBcaved Ito tsetitwas Whyedupbihatigyi d

bi sphenol F epaxy JLsi "YDE-17Q", epoxy equjval ent 169.5
g/ nol, product )(%/ Toﬁ{ég%?eji%ﬁ. IE.@))%ngr?&!t rulaéhesr*ulﬁr Woé‘yﬁﬁi %gfdie PRéEDratio
i ndi cat ed i n tFABIQ YErafdneEne agivitur eThéds babchdkneaded aepd5tdd0fot 03

prepare a homragRREQUS 86 W:8, This hat S .- ril 20 68 transferred
to a flat_metal board mold and press-?h?ﬂggﬂ &%&%Féfﬁgsc%ﬁg%FFSHs of 180C

re

and 0. 98 ¥Pa tgOUS, membgang Fé 14 eauinad pawtsire Ivg tihn 0. 108 5f prnmaokra gkl af

board. The finieropeirar daN6¥% ook rkhe heuredantl Ll uated by the UL-94
5 test nethod. &R sults) The results%bfd%ﬁgﬁggﬁéwgé %é% aF@&gsilica are

presented i nPPARPLeRClTiceTPestieNof anal ysis of the 10 silicas isol ated

f rom pol yphenol compesi thensificB, +and kec%%%r§E9W@P pﬁéhgféggﬁ%gi%f?o%i 39

un
and the results of l.ysis of the silicas from po
to L are sh%ﬁ%wﬁﬁ&e&%@oﬁpéPgtﬂQQ Ex&ﬁﬁl@@aﬁuﬁ@dQWlK% BEREMIPES-2T00p 29,
AQ/ AQ4 16 nomnudsstiirad By0fic $Biandet b .§X0t HRE NS, PERKy HeLyRen 40QC and

400C i s m ni . suggesting the abundance of silanol groups in the
silicas. nwggﬁpa§§3%$§aﬁ%gﬁpFEEr?aéﬁaggFaAeB/AQACV@anvaeaabryng and the
exot herm ¢ péakpbetheern r80Geand5400Ce08 0l nndBkurisyggesbspdethe gpppl ete
absence of sil.ano 0 i,n e silicas. In Conparative Exanple 38,

Lid a%g&egg%e' lg mE9m1n. ’

A/ AQY is compar _
In addition, the ?’Si-DD/MAS-NMR spectrum of the

15 silica solid was measured using Bruker’s AVANCE400. The

measuring conditions were: measured nucleus: *°si
(observation resonance ftequency 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—sulfonaté as 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 separation 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



| arge and-the exothermc peak bet ween 100C and 400C is also_lar
.suggesting the presence of an abundance of conbustible orgéﬁﬁ@”%%@ﬁps
other than silanol in the silica. The fire retardancy data on the above
cured articles 25 are presented in Table 5. The fire retardancy val ues 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 todg are shown under Conparative
Exanples 7 30 to 9. Wereas the UL-94 fire retardancy of V-0 was
expressed in Exanples 27 to 29, the fire retardancy was not achieved to

the grade V- OtFAnEsepaedt tyea EXhapl stT1toQrd ﬂbE§eaﬁ@5yfé§sﬁfékmed

| at ed. h 35 I I

Wi ch 15 sugganted CaTapra: BLoBS ABFTTEG e 8s "D dbecrrben s i cat e

that the eval #a¥fod ©¢r¢drertlelardantyedﬂ@rm03ﬁdﬂlfl@@ haddl | qhCan-pe
peak confirmnmed

easily predi gtedrfiQayt e

by in 29Si - DD/ MA SN E%p%%t?%%e??éé% %%.%%% évgﬁ%aE%%ﬂﬁ%rﬁh%éﬂﬂé@n
100C and ﬁooct?% oetedd ysis. 5 April 2005 70 10 15 20 25 30 35 Table 5 >
rnEc. mmOm a Eaolllll, o o a0 Zt E xlttorxz E> U WO

{Results)
The results of analysis of isolated silica are
presented in Table 1. The results of analysis of the
10 silicas isolated from polyphencl compositions A, B, and I
are shown under Examples 27 to 29 and the results of
analy51s of the silicas from polyphenol compositions J to L
are shown under Comparative Examples 7 to 9.
in Examples 27 to 29, Agi/Bg, 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
compositions J to L are shown under Comparative Exanmples 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.
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The above results indicate that the evaluation of fire

retardancy due to addition of silica can be easily

predicted from the intensity ratio of Q® peak to Q' peak

confirmed by in *’Si-DD/MAS-NMR spectrometry of silica and
5 the exotherm between 100°C and 400°C in DSC analysis.
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c-UOoOOmm~v C dUoinJ mMOQn Q+ 00U 5 April 2005 F4pnik2008bl e 5,
"YDF- 170" neans liquid bisphenol F series of epoxy resin (product nane,
epoxy equivalent: 169.5 g/nol, product of Tohto Kasei K. K.). 5 I NDUSTRI AL
~ APPLI CABI LI TY 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 andy human physiol ogy but also very
satisfactory in fundanental 10 characteristics such as physical properties
.and heat resistance. Moreover, it is capable of providing cured
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articles with excellent fire retardancy. The present appILcatlon clains
priority under 35 15 U.S.C. 119 to Japanese Patent Appli cati®April2005

No. 2002- 151271, filed May 24, 2002, entitled "FI RE RETARDANT RESI N
COVPOSI TI ON, METHOD OF | TS PRODUCTI ON, AND SHAPED ARTI CLE COVPRI SI NG THE
SAME". The content of this application is incorporated herein by reference
inits entirety. 20 ---5 April 2005 72 CLAIMS 1. Afire retardant resin
conposi tion conprising a polyphenol conpeund and an inorganic mnicrofine
particle, 5 wherein said pol yphenol conpound has such a structure that
aromatic units each having at | east one phenolic hydroxyl group are
connected to one aﬁ@tﬁéblﬁhﬁoudHDahlT@ngMaMSuahhuadnbahﬁh@gouww gerfBE €
carbon atons r ne particle.is.a ro ct of 10
~hydrol ysis aﬁﬁag%ﬁﬁgtggfggnq%?bgﬁ@ ﬁ%&ﬁﬁe g0 OTRY ¥ g Carb84PPic
“acid salt coRpedn¢t 2f Tebthi Kesedt &.&ant. resin conposition according to
Caim1l 15 wherein said organic unit containing two or nore carbon atons
has a cyclic structure. 3. The fire retardant resin conposition according
to Cainml or 2 20 wherein salwfé‘i'@&m APPLICHBILITY Ng two or nore Lo
carbon atons has apkr n diQr. ;an in 4. The fire
retardant resjn boE??Fo%eg?gg?ﬁ@ % 6%&%%%}tifh §hf5;ﬁﬁgpéﬁﬂn5ald
al koxi de conﬁb&ﬁ& éénF&Pﬁ§l§u§ﬁﬁléénabQWonﬂ@enO5 oTHe hislegeet-drdantndesin
conposi tion a@ﬁ@bql691hQna§batHblad%er§e %%f%c%g phergin @Hgohﬂgﬁ anh

m crofine particle btalnable by hydrolysis and con ensa ion o

al koxi de conp8tiAd P HHFB@OQYCEPEOQ}ﬁPCVQéWdS@éﬂﬁfé@ﬁpéwndnl§uadsmbntal
having ¥t khasatharif+003 Babhﬁﬁ@ep59§@c%lopQEpQBth@EeQBalheb@tens'ty

rati o AQ/ A4 obtai nabl e splitti ea
& Q4e:ﬂs%ance ﬁg%e ver, ﬂg 1spcapable 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



35 situated .in the range of -1.20 to -80 ppmin 29Si - DY MAS- NVMR 5 ri
. 2005 73 spectronetry into a (B3 silica conponent and a 4 si 19 &aril 208Pponent .
6. The fire retardant resin conposition according to 5 Caiml, 2, 3, 4,
or 5 wherein said inorganic mcrofine particle conprises a discrete
spherical particle and/.or aggregates thereof with., its average particle
di aneter as aggregate being not nore than 100 pm 10 7. The fire retardant
resin'conposition according to Claim1l, 322 3, 4, 5 or 6 which contains a
conmpound having at |east one structure selected fromthe group.consisting
of ether bond, 15 ester bond, and nitrogen atom 8. A nethod of producing
a fire retardant resin conposition conptA$MAg a pol yphenol conpound and an
inorganic mcrofine particle, 20 which conprises a step of subjecting
hydrol ysis and condensation of an al koxi de conpound and/or a carboxylic
acid salt conpoundli-n & §éKeat rehaceanai neagnacpobyphenoh compposimg havi ng
such a structgylegrialo 1arimid i : P t t one.phenolic
hydr oxyl roﬁfgfre onnect ed %S&Foﬂ%nagggﬁo%%ga\rﬂ%grnaﬁucgéoegiﬁleo gaé:r%l %&hit
containing two or “WSrERarsdd &onEhenolA apppiesddothas coudi rg sérfickere

retardant resihat GOERRSIld QhGMYAE A RPIHPIYIY: & g;b%qlfaqﬂ_% an 30
inorganic mcrofine _particle, which conprises a step of subjecting :

hydrol ysi s and &8 de Aot Cannaisd d@ @ amat havd/yrcugbamboxy| i ¢

acid salt compeuwndd mnd tSAdHtamiGNHANNIII) R LMY JREES T ahgf or the
pol yphenol conpound..%S.S April, 2005 74 5 10 .
Sald 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
lS 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 and 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



15-10. A curable fire retardant resin conposition conprising, as essential
_conponents, the fire retardant resin conposition according ?6p@a0m 1, 2,
3, 4, 5 6, or 7 and a conpound having at |east two glycidyl groups. 11. A
sem conduct or encapsul ating material conprising, as essential conponents,
the fire retardant resin conposition according to Claiml, 2, 3, 4, 5, 6,
or 7 and a conpound having at |east tw glycidyl groups. 12. A wring
board insulation material conprising, as7ygssential conponents, the fire
retardant resin conposition according to Cdaim1, 2, 3, 4, 5 6, or 7 and
a conpound having at |east two gl yC| dyl groups. 13. A shaped article

obt ai nabl e byRagtTRFate indral &f siéliret apupntenesandcanpbsiiiion
according to GrdidRenk0. 20 14. A semi conductor device obtainable by sealing
wi th, and curing of, the sem conductor encapsulating material according to
Claim1l. 15. An electric wiring board obtainable by curing of 25 the

i ring board | noul af) omnaniegak. 8aeaifl neLonCah L 126148 AASLISR Ui cf

has not re than 3.0 cal/g of exothermper unit er ved
in differ2nt 32 anniZrg 30 %al%t idretry and/or differential ther nal

analysis in an alrwwﬂﬁéiﬂﬂs%hdlgggrbﬁnigoﬁac%%@l%%s8% il§8S ¢ Bﬁé?ﬁgegoé hor

nore than 2.0,.,0of a integral intensity ratio A/ A obtaina
splitting a YE&¥ ik pertdide @Pd/PZOaﬂ@rqyﬁﬁﬁﬁnﬁhﬁrzgglW35h

DD/ MAS- NVR ' s et h@ﬂmtargé il i@ 1QB diakista rC AP AR He AE BPhgdOndRr ﬁbr8005 75
silica corrpo nt. %C?Aprll 2005 76 ABSTRACT The present |nvent| on has for
i'ts object t& Vi fire retardant resin conposition which is not only

hal ogen 50free and, hence, elimnating the adverse effect to the
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



environnment and human physiol ogy but also reflecting an excellent fire
retardancy inparted to a pol yphenol having inherently favorabpd 389sica
properties and heat resistance. 10 The present invention is a fire
retardant resin conposition conprising a polyphenol conpound and an

I norganic mcrofine particle, wherein said polyphenol conpound has such a
structure that aromatic units each having at |east one phenolic hydroxyl
group are connected 15 to one another thrpugh an organic unit containing
two or nore carbon atons, and said inorganic mcrofine particle is a
product of hydrolysis and condensati on of an al koxi de conpound and/or a
carboxylic acid sallD.compoursgble fire retardant resin composition

comprising, as essential components, the fire retardantr
resin composition according to Claim 1, 2, 3, 4, 5, 6, or 7
and a compound having at least two glycidyl groups. , |
. I
11. A semiconductor'encapsulating 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.
10 |
12. A wiring board insulation material comprising,
as essential components, the fire retardant resin
composition according to Ciaim 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 Ays/RAgq 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°
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silica component.





