1 DESCRI PTI ON METHOD OF PRODUCI NG PHENOL RESI N AND METHOD
OF PRODUCI NG EPDXY RESIN S TECHNI CAL FI ELD [0001] The
present invention is related to a sinple nmethod of
produci ng a phenol resin havi ng a pol yaryl ene et her
structure and a net hod of producing epoxy resin used the
10 phenol resin as a raw material. BACKGROUND ART [ 0002]
An epoxy resin or a phenoPESERIETIANSs been widely used in
the field of electronics 15 because an epoxy resin has a
| ow shrinking property at the tinme of curing and a cured
article thereof has excellent dinensional stability,
el eMETHOD OF FRORIFCING PHENOLRESINAND MEHQR IOF RROBUGHG .
However, for exanple, since there has been required
refl ow resi stance acconp@rOad¥ RESIN transition to surface
mounti ng of a sem conductor, mniaturization of a

5 sem conductor itself or a lead-free solder in the field
of electronics 20 such as a sem conductor encapsul ating
materi al and so on, nuclrgENE AIeEELDPact resi stance has
been required for electronic conponent materials, and
t hus thgpsihas been demanded a material of a | ow nelt
viscosity in which fillers can be highly filled. [0003]
AS an . : . , , : .
Foqui r o prescip ol js1els ¥ LEEROE S B Pt BUGS resin
k haxing e pokyprylens i atheg stmsere tand momésherb of producing epoxy iresjn asadethe

of, cl | hydr 0x [ enyl ene ether) (refer to Reference 1
10 4 %%“P.‘b%%a%%?%*‘w{“?&ﬂ ~[0004]

BACKGROUND ART
[0002]
An epoxy resin or a phenol resin has been widely used in the field of electronics
15  because an epoxy resin has a low shrinking property at the time of curing and a cured
article thereof has excellent dimensional stability, electrical insulating properties and
chemical resistance. However, for example, since there bas been required reflow
resistance accompanied with transition to surface mounting of a semiconductor,
miniaturization of a semiconductor itself or a lead-free solder in the field of electronics
20  such as a semiconductor encapsulating material and so on, much more heat impact
resistance has been required for electronic component materials, and thus there has been
demanded a material of a low melt viscosity in which fillers can be highly filled.
[0003]
As an epoxy resin having low viscosity satisfying such required properties, for
25  example, there have been known epoxy resin compositions based on a diglycidylether of

dihydroxy tri(phenylene ether) (refer to Reference 1 described below).
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However, dihydroxy tri(phenyl ene ether) which was
precursor of the diglycidyl ether, is usually nuch
difficultly produced in industry. That is to say,

pol yaryl ene ether is usually produced by reacting

di hydr oxybenzene in the presénce of an acid catalyst. 5
FDMBVﬁé ﬁhen di hydr oxybenzene reacts a

dehydr P%4dn- condensati on reaction |n the presence of such

an acid catal t he hi ecu ol e
o hor Moiaen sy Cptmier Ao DA SRR ORAR e
5000- 25000 is_usually produced. The product is difficult
ghenis uswally much difhig iy producsd aqq@dmeﬁata&s tyayabyarylgsegher is
conponents or printed circuit board materials because of
ssuafly Broduged bireagtingdinydrexygenzenminiha presgpesca en agid catglyst.
Therefore, it need sel ectivel eparate the | ow nol ecul ar
\Roivger, WMWWGMWIWMMQMW@MWHMW or
has to depend on multistep syntheses nmeans in | aboratory
peegaice of such anlsid cavalpst,chieitigh tholeydamxsight polyphemiehe ether with a
ether). It is difficult to apply the nethod to industria
pubkrabérage. médaculdraveddhin Gvin e 13600-2 5000 eusakibyvgodiced tThe prodsct
field, recently, since it has been 15 inevitable to
lisedi fFi 0lf] tol & 1B Y i s rRARIpEdhting e r RIS dl@RoRis etdpshebly oBpmilit@ki N
probl em and there has been highly denmanded a so-call ed

BRéaRard haeidd Bekust 6f ﬁﬁl@ﬂéﬁﬁeﬁiﬁ?fpﬁﬁt hodl BgH @8It Kisd Ry, N
itself has a flanme retarding effect without using a

NAERBRD itnéBfseldcalBy ph@ledRow ol Wel®BpolYi& from the high

pol yphenyl ene et her |s excellent as a synthetic resinto

i@‘iécﬁlfay}v&ﬁﬁt S;ﬂ@d?x}é? q))r’/x'ﬁftﬁﬁtgﬁ %ynltlﬂe§ s'Ege{/Afaée ﬁgﬁ%atory
Pl dierk oaac%;qsqyamxg Bk oD el Ly o

ma erla usu se’a cul ar

t |eIded during the productlon of the
Sﬁhggﬁ%ﬁvw%wﬁngﬁ8¥ “From such a vi ewpoi nt, for exanpl e,
a met hqg I atent lite ure oposed
o mddHOF @af%nﬁ;%a%#www et 63 e b tery
et her _havin gh nol ecul ar, wei ght wi t fungﬁione
psitaie togesp 'ﬁ‘r?&Y‘F‘?“é‘tf“ PE?BIFVF éﬁl?é’s%‘%t Y % o5 R he
met hod of making nol ecul ar. weight 3 | ower can realize
dsrrchasheeadughly détagnged a paseplied h@?ﬁena“m flape-refardgatsysiem ip which
varni sh conposition conbining wth sol vent, however, when
jagesinsitsglf bas aifaree retsrdingreffast wishows pg ahalegen-type flame retardant in
encapsul ating material of an electronic conponent, curing
nilditives sSThexpolypherlylens ether ianxtelent pnx syintmtic punda saisfyi thé abowan
not be obtai ned because it has not a 5 fluidity at the
mesjuttement .t owpeyen aumentioaedyabof ¢, dtris difiovilte agptytie pbIYphenyROOL ) .
Pat ent Docunent 1: Japanese Patent Application
kethyi toghe@dentrofia ifleldc mt widch iNgh fliidity 6f 1B&t&@26is ulRadle néquided; unrent
2: Japanese Patent Application Laying-Open Publication
hecandden higiDm3lehifa6oght RAIBELOHEIRE] @iringlthe grod@dchiin §ihd 0005]
It is an object of the present invention to provide a

pelypiedlyRhe @therducirog sachpeipRpointefor Bxan@ile] aasethid (for aganile,
net hod to produce epoxy resin fromthe phenol resin 15

phtmin@stuR)) id\RopiRtd @ nddd eiokRfilar WeikMdow&byTeichagplfarylene

producing a phenol resin, polyarylene ether having |ow
BBk ha‘(zin%fhgﬁ:' thiledd? wRsht ﬁﬂh‘ shé-hdtdohe@piRgced by extrenely
n

si npl e and easy nethod, without special aftertreatnent

i R i R

sol ve the above subject, the




present inventors found that in the product yielded by
dehydration and condensation reaction of a polyval ent
hydr oxyl aromatic conpound in the presence of a basic
catal ysis, instead of a high nol ecul ar wei ght conpound, a
conpound with low nelt viscosify was selectively

obt ai ned, so as to achieve the present invention.
25[00@00h realize some Mblatulirtweight exdpetipacanid cambenseiaa varaisht es
to a nethod of producing a phenol resin having

potongoyikiem oreliihiag withisoiotnt) dwewdt] when ing hiskdes aanedregldog
reacti ng pol yval ent hydroxyaromati c conpound (A) having

t VVa@fial TBY £ eﬂb?@ﬂhﬂ'i 60 ¥Fdn EcBORIS cOBporRnYBhragUng ik N
the presence of a btggsi c catalyst (B) by dehydration

CopdRBRR st addeAThd iR cul dQBRe daH hbhRobtalif2d bBEa8SENhas not a

invention relates to a nmethod of producing a epoxy resin

hayi.. ' ' S a step
5 o iy b Ao B Rt et ok Haliple it s AODHES'
above- nenti oned, net hod, wth_ a (nethyl)epihal ohydrin, |
107 e dlocument 1. Japansse Fatgyt éepltq%ovp!rﬂé@@répq Heatign Nog Hel
nmet hod of produci ng a phenol resin which can be used to
pr&d8®85pol yaryl ene ether having a low nelt viscosity by
extrenely sinple and easy nmethod industrially wthout
s pBate Dograent 21 lapaneesPatent Appliggtionchaying-Gpant Rublieatiop dackeion
after polynerization, and the nethod of produci nhg epoxy
r e2003-16069% 15 t he phenol resin obtained by the above
met hod, can be provi ded. BRI EF DESCRI PTI ON OF THE
10 DRAW NGS 20[ 0010] BISEIDSERBROEFEEIMNENTON he phenol
resin obtained in Exanple 1. FIG 2 is a FT-1R chart of
t he phenol resin obtained in Exanple 1. FIG 3 is the mass
spectrum of the phenol resin obtained in Exanple I.
FIG 4 i sgados] mass spectrum by the trinethylsilylation
nmet hod of the phenol resin 25 obtained in Exanple I.

It is an object of the present invention to provide a method of producing a

phenol resin, and as well as a method to produce epoxy resin from the phenol resin

15  obtained by the method thereof. Using the method of producing a phenol resin,
polyarylene ether having low melt viscosity can be industrially produced by extremely
simple and easy method, without special aftertreatment after polymerization or
complicated multistep reaction.

[0006]

20 From the results of careful studies in order to solve the above subject, the
present inventors found that in the product yielded by dehydration and condensation
reaction of a polyvalent hydroxy! aromatic compound in the presence of a basic catalysis,
instead of a high molecular weight compound, a compound with low melt viscosity was
selectively obtained, so as to achieve the present invention.

25 [0007]



5 FIG5 is a GPC chart of the phenol resin obtained in
Exanple 2. FIG6 is a GPC chart of the phenol resin
obtained in Exanple 3. FIG 7 is a GPC chart of the pheno
resin obtained in Exanple 4. FIG 8 is a GPC chart of the
phenol resin obtained in Exanpje 5. 5 BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON [ 0011] The pol yval ent
hydr oxyaromati ¢ conpound (A) having two phenolic hydroxyl
group or nore per nolecule in the nethod of the present

| nvent i That it"the/pré&ent DvereRsn faldtes to & Ghethodiof prbdaciyd @ Phtnbirei €
(al), such as 1, 3-di hydroxynapht hal ene,

1, Raviti iR RERE RAlRRAE whichznahdeyﬂlstewmmhg pbEGfent
1, 8-di hy roxynaphthalene 2, 3-di hydr oxynapht hal ene, or

2, %ycﬁ'é AVHREAY S BEREHuR é‘k&ﬂ?aw gn% BEbRPUORME R0k Slouptipd? @S

di hydr oxybenzene, i hydr oxybenzene;

52 i ion.
L
(a3) sug&xgz 1,2,3- 15 trihydroxynapht hal ene; a
tri hydrox nzene (a4), such as 1, 2, 3- trilydroxybenzene

ii E;/I& trFrb‘t}E‘y‘ N R ‘3:9‘"?5 s %Yﬁén ik
RUR. S sugstlhfgnt }ﬂagv ?C[hgﬁ%%tl gl eusggg:p e

V|ng an qrientation, at the 0si { adj acent
{ oolpee éﬁ %9%%%“@9@3}9& Vith ¢ e EY%N ei
bonded wi th the phenol hydroxyl group, and for exanpl e,
101, 3- di hy®®8%ynapht hal ene, 1, 6-di hydr oxynapht hal ene,
1, 8-di hydr oxynapht hal ene, or 2, 7-di hydr oxynapht hal ene is
pr ef er r dgrcorfing-te) thq')pmsg‘;&ym@nm@emethod of producing a phenol resin
5- phenyl - 1, 3-di hydr oxybenzene, 1,2, 3-trihydroxybenzene,
or wiish ¢ i used folpyetivox pilparylemesthdr shaqdag & loinglt Vigeosity by extremely
preferable. 6 [0013] In addition, a
di siynglecmy nasy mddaldandisgmlly withow splicta) sfieotxsarea eneonfpdi2jted s
preferabl e because that the resulted phenol resin or the
e pmxiitistep sdadticndfizt pelgmériativd, Aed b artlod bé piodudisise pooyasin v
viscosity. A di hydroxynapht hal ene(al) such as 5
15 1, fire Shétio0Feom oBaRIRE B HRNB oW methot, Ginbedir@xdddapht hal ene i's
partlcularly preferable fromthe aspect of flane
retardancy, and 2, 7-di hydroxynapht hal ene is nore
preferable in that the epoxy resin obtained from
2, 7-di hydr oxynapht hal ene has bal ance between fl ane
retardancy and fluidity.

BRIEF DESCRIPTION OF THE DRAWINGS
20 [0010]
FIG. 1 is a GPC chart of the phenol resin obtained in Example 1.
FIG. 2 is a FT-IR chart of the phenol resin obtained in Example 1.
FIG 3 is the mass spectrum of the phenol resin obtained in Example 1.
FIG. 4 is the mass spectrum by the trimethylsilylation method of the pheno! resin

25  obtained in Example 1.
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In addition, in the nethod of the present invention, it
is preferable that the polyval ent 10 hydroxyaromatic
compound (A) having two phenolic hydroxyl group or nore
per phenolic hydroxyl may be m xture of a

di hydr oxynapht hal ene (al) and3a di hydroxybenzene (a2).

[ 0014] e. basi atal.yst ., (B) used as.a feaction catal yst
o the HGoHE4 W R R pukdl 18R SholRe SR £

speci f}j Ly | kal ine t al_ hydr oxi.de_suc s sodi um
myr o568 8 CRO R s gl e AR FREP A o
carbonates. su sodi um carbonate, ar _potassi um

car bondkeT isgh O et s Hebl S0t ARSI ASTTIEA. oo

tri phenyl phosphi ne. These bhasic catalysts (B) may be
used i?\‘é%l ¢ ghagt ofithe phepaliresit obtinesin Exgpplesr e ki nds
thereof. [0015] 20The anmpunt of the above basic catal yst
(B) to be used may be properly selected according to a
kind of the basic catalyst, a targeted reaction rate. For
exanpl e, WhBRSEMGIPE FORRARRY N O TRE INVENEHON t he
anount is 0.01 to 0.5 nol, and preferably 0.01 to 0.1 nol
per nol{@0df phenol hydroxyl group of the difunctional
phenols (a). [0016] 25What is particularly described

her ei n Ti& polyatlentlydroxydrematicf compburd(al) hphimgpisdophanadic hydroxyl
changed to pol yethers, an acid catal yst such as

pgfoap bombRpestbleoule & tA€ indthed oNbé pREeS ilvEnntmacbafohéample,
been conventionally used, but in this case, a degree of

pﬂhw&bkﬁﬁbhtﬁﬂ_eﬁé(ﬁmgucﬁﬁs ¢ anfitiyatdx§ehphihblégie,r esul ting in a

very high nelting point or a high nolecular weight .
pﬁ,‘édﬁﬁgld:&@h tHaRYe NO%- W&Bxﬁﬁ%ﬂdlalé&?l,@-ﬁﬁ@%ﬂ?ﬂabhﬁﬂe@' nt,
and 5 therefore, application to el ectronic conponent

m 3%@@#}%@%&?&%@ %r B'ﬂh%dr%ﬁgﬁ%ﬁhﬂm%é adlifydr&4binzene (a2) such

Regar y using si'c catalyst” as”a reac(tazlz)on

c ' r ' 0 '
SRy bt CE BB R g 2 b BinBRANOL K penzene,
pref erab ta 6 ]S obtai.ned surpri singl il e the

e ER T O S S T S T b R e
nmol.ecul ar ight. Accordjngly, the epo resin of the
PR SHaREErs A ST ey btk R b1 SOV MEEE e
flame retardancy as well as hi fluidity. [0017]

The:% EHposrbenaspe déépﬂp@@%ﬂ%‘%m é?ui‘li‘ylr%&-‘l’o?]f“ﬂﬂb%ﬁ"f a
sol ubl e sal vent which can form a honobgeneous sol ution,
a6¥bonAtery 11t 4 SF Blhsay} sraw assubsiiepigp hearamticipeleesaf o mat i ¢
conpound (A) to be used. It is preferable to carried out
t Reovearaatipend compawidgent - fr ee, because a sol vent recovery
process is not needed. It is nore preferable to carry out
the red@8®i2dn in the solvent in order to stably perform
the reaction. [0018] As the above sol ubl e sol vent,
exanpl esmongthessf a erapobyed bavingtrolosiensatgin a4 thetpositign adidcentio the

cycl ohexanol, or anyl al cohol; ethyleneglycols such as
e phanobinelraylyl grolip in the aromatic nuclei bonded with the phenol hydroxyl group,

and for example, 1,3-dthydroxynaphthalene, 1,6-dihydroxynaphthalene,
1,8-dihydroxynaphthalene, or 2,7-dihydroxynaphthalene is preferred,
1,3-dihydroxybenzene or 5-phenyl-1,3-dihydroxybenzene, 1,2,3-trihydroxybenzene, or

1,3,6- trihydroxybenzene, is particularly preferable.
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20 di et hyl enegl ycol, triethyl eneglycol, or

pol yet hyl enegl ycol ; nonoet hers or diethers of

et hyl enegl ycol or diethyl eneglycol, such as

et hyl enegl ycol nononet hyl et her, ethyl enegl yco
nonoet hyl et her, et hyl enegl ycof nonopr opyet her,
diethylgﬁﬁﬁlycol nmononet hyl et her, di et hyl enegl yco
nonoét”& €ther, diethyl eneglycol nonopropyether,

S: Srtetr] Klylﬁgﬁ‘%é%/& 3 _. ngf](’g?‘iatg%é‘gfg{fee@})efﬁ'%?ﬂmygg&gtv%%%e (a2) is
PRG3R SRS G R R o SR O e
Rl At el B A SRR D etk

individually or in conbination of 2 or nore kinds

t hérdibpdroxgpanhthajege prig ddihydrogmaghtbalenedn particyarbeprpieable; fiym
of a pol yval ent hydroxyaromatic conpound (A) can be
pihe\eapreeef flasmegetardanay; andl2y7-dibydprynephshalene niomorepsdferable in that
5[ 0019] In the reaction, the basic catalyst (B) in
t b epopyokesiv abtemed fron2okgibiydroxanphthalaahaubadancapetiveen flame

di ssol ved sol vent-free or under the sol uble sol vent and

t Ipardeay aodfluidiyn be carried out at a tenperature

condi tion of about 100 to 300C and preferably 150 to

250 additior, @pthé inthot iofithe pfesén invpdtioh| it isl prefbiableithit the olynrblent
is preferred to be in a range in 10 which the tenperature
C @iidtbkylafimatia RolfoutEi(A) Bdvirigdwb @henblit BydOxyN @t or mbrelpee
reaction, it is preferable to distill off water produced
ddhdndfc ﬁ,hﬁo%»r Afal bOMiie oPh dihhroRyrapianathe (HBiaAgad
[

fracti onal stillation colum and so on, which nmakes the
rgﬁg&ug?éﬁéﬁggﬁ_rapidly so as to enhance productivity.

[ 0020] "15When 't he obtai ned phenol resin is strongly

col ore 004} anti oxi dant or reduci ng agent may be added.
The anti oxidant may be, for exanple, hindered phenol-type

cOmPOUnls e Byt 1 Kb BARDAL S BERRANES r o HaL

sul fur 0 osphorous

at omx cont ai.ni ng.phgsphpr pous i.d.ester-type gconpound

THE PRI I RO R &g BE P RGBT aicns SufifB BRHo g o
aci d, . phosphqr ous acid, 20thiosul furic,acid, sulfurous,

o Epaisidi Breife Akge e bR Sucl asSafing cerhanaln ot PREBRT
After the ternmination of the reaction, the reaction i
p ceshonsie, H%8P°5gl°§%51ba?°ﬁi°@'ap?‘ln§%¥‘!°g poTphenyhRRAIPIYER., Topse basic
subsequently subject to the glycidylation reaction by
aGdiales Ehimay tsrvest individeally qriiecphingtips of Zaympee kinds#heewl py
neutralization treatnent, washing 25 treatnent or
deconpd8Ptilon and then the phenol resin can be separated
by general 9 operations such as extraction, or

di st i | | Hieiamountifghepbgve basicxatalysti{Bp tocketusedmaybe prapdilyriglected
treatment can be performed according to general nethods,
anctording toakindyifdhe basicaetalybica megetediredctionnate. Ber dxguiplocibenr i c
acid, oxalic acid, acetic acid, sodium phosphate
melkeleanetal hydrogile liorsed, tecimbugtis 00hyo 66 mod edd pieffoaRPD.01 to

0.1 mol per mole of phenol hydroxy! group of the difunctional phenols (a).
[0016]

What is particularly described herein is that, when the difunctional phenols are
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The phenol resin thus-obtained, which has polyaryl ene

et her structure, may be used as being a m xture of a
plurality of kinds thereof in various applications, but,
i f necessary, the content of the unreacted pol yval ent
hydroxyaronatic conmpound (ﬁo fay be reduced by further

rf AR TR P R
oo B LS e 5 5

above rrentl oned rret hod is, for exanple, the caonp
h&QIYAgTiZAtien Fanset hesoptolgd; s wespltipg i errewéwm?lapemlgt or a high
bonded wi th anot her 15 arylene structure through an
oxpdasnlapweight preduct whigh may Refaneligmtibhe degompogitien Bing #dni ng
the arylene structures per nolecule is from2 to 8 and

t itsreferonapplicatinu td déctioniv gompysicatrodtetinjoiequiring bigh dpidity was
substituent. [0024] Since the phenol resin has a

pdiffiady | Regastipg dtis, by singa basiodatatyst asmereantiph eatalyf0n the present
structure in the nol ecul e of the phenol resin is bonded
wiiiivientéong thia pherai yekimrhaviag rheadtairmdblr dfingtlerof fovy2)er8 atdom
therefore, char formation at the conbustion of the cured
atptdferhisty B $o axwblabredisafrisifgiawhile thredcti@sproduct &l doesiibjekt @me
retardancy as well as good heat resistance of the cured
amhhvifig @m§K AR 1dcalapveighiTD ch&ﬁm@l?/(lﬁ@époﬁy 4 SFitheREseiBhRGHbE
is from2 to 8 and preferably from3 to 6, which results
| B @€ § Intafitfal ﬁdvﬁig@x&éﬂeﬁtsﬂa‘ﬁﬁlrkta%ﬁﬁc@%ﬂeﬂ ad Righ ﬂl]ldl I'n
addition, the arylene group form ng the phenol reS| n, may
be a na{I@m yl ene group or a phenyl ene group, or nay be a
napht hyl e group or a phenyl ene group which each may

have a ”Plneq'@%luog fngg Bﬁ Q{ITlapou?}éV&Jt—lf%L onglfn%%pa stblijlﬁ:rlfe s%?veﬁt which

nmet hyl group,
epilotp aheiR enzsng%o@rgégyos«@rls @fﬂrrq%g%s OFuf} 3f flam

napht hal en henyl en P, ref rabI e
38?'}9 %831 opeiind (47 Byt 1 F B iRgqPe © wﬂfﬂ 8Pte%res°ﬂ°rt
refer bl e that t he phenol reS| nis.t
?ﬂj “fige heraii BPUVEIhTERPYBhPIArESh FRt rraﬂféﬂﬁ igppls %?féblr ¥
bonded wi th anot her aryl ene structure through an
carry out the reaction in the solvént in order to stably perform the reaction.

[0018]

As the above soluble solvent, examples thereof may be alcohols such as benzyl
alcohol, cyclohexanol, or amyl alcohol; ethyleneglycols such as ethylene glycol,
diethyleneglycol, triethyleneglycol, or polyethyleneglycol; monoethers or diethers of
ethyleneglycol or diethyleneglycol, such as ethyleneglycol monomethylether,
ethyleneglycol monoethylether, ethyleneglycol monopropyether, diethyleneglycol
monomethylether, diethyleneglycol monoethylether, diethyleneglycol monopropyether,
diethyleneglycol monobutylether, ethyleneglycol dimethylether, ethyleneglycol diethyl

ether, ethyleneglycol dipropyether, diethyleneglycoldimethy! ether, diethyleneglycol
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10 oxygen atom the total nunber of aromatic nucl ei
form ng napht hal ene structure and the aryl ene structures
per nmolecule is from2 to 8 and the aromatic nuclei have
a phenol hydroxyl group as a substituent. [0027] Here,
the naphthalene structure for#&ng the phenol resin, my

L
RS AT R R B 4 b 5

1, 3-position osi tion, osi ti on osi tion,

2 By U558 t{lftss ﬁOIU‘éF sojvep: tspaeflmt%swn o B?WY‘W’é‘ ht%eaap%ta tic
fIU|d|ty of the phenol resin. [0028] 20Anong .t hese,
1,50mpeidi(Ad prnciecprovented s pstp éhblwgbpméheplmpléem om t he
aspect of an easiness for production, and 2,7-position is
more prE0&labl e from the aspect of an excellent bal ance
between fluidity and flame retardancy. Further, regarding
a subst Ixthereactismhte besiceatalyse(B)iy thgeaolyvalantdydiesyirematic
nuclei, it is preferable that the naphthal ene structure
hasmpoursli{ahissiitssived sodvent-Fee drasda tnesohiple spivengand theaegghienydn
group 25 substituent, and particularly it is preferable

t hatcarriBe oaPp b tdndletif@e Sdriditdh Wl bdaa SO0 360AC and bieferably 150 to
substituent fromthe aspect of flanme retardancy. [0029]

ThaoRhengl 12 a{tnfme P AT R Bl S bl Shd 1 44k

a pIura ity o ol yarylene st uctures rms a direct

i RSFEL BB 5% gttﬁth};ﬁe?&m
oL BRI DR R Eh R TRl B P R R

st uct u be a co ound ving 2 or 3. bondi

ol Gbom Sl Sr . Hhah em%@aawnet%e%{fwﬁly so 28
group such as a nethyl 10 group, an ethyl group, a propyl

ﬁBﬁ@mﬁﬁmﬁﬂFnﬁatyl group, or a phenyl group on the

aromatic rings thereof, |ike the naphthal ene structure.
However [0089lom t he aspect of fluidity of the phenol resin,
the phenyl ene structure having 2 bonding positions to an
oxy gr oWifhen thembtained phéno] resin iswioogly chleradoan antioxidartt ohrsdeting
to an oxy group may be preferably 1, 3-position,
1,agemposiyibe addedr ThSanpiosidantamy bhdhe@mn,plemisdqmdsphehdﬁypes
preferable fromthe 15 aspect of an easi ness of
preothipcirde suchfas 2 jShdislkylplegal déringtivas, Sulaiint sulfanbasedcddippunds, or
aromati ¢ nucl eus of the another arylene structure, it is
predaentphaplidiais dtdis catythiap phaspliotoisiicil SIR6PO coigdunds.  The
substituent or has a nethyl group or phenyl group
S UbdilcinigAgert mag b6, fopédainplel Bypophdepiefr@isiaeid, pHvaphordie adidy| ene
structure has no such substituent, particularly fromthe
aspiesdifufit adill 20 HurloBd Aid] Ahddsulfutoub Scid k4] desltstthatofsuch
anot her arylene structure is preferably the 20
above- dgmer) bed napht hal ene structure, fromthe aspect of
fl ame retardancy.

After the termination of the reaction, the reaction product may be solidified

itself to be taken out, or subsequently subject to the glycidylation reaction by adding
epihalohydrin.  Or, the catalyst may be removed by neutralization treatment, washing

treatltlent or decomposition and then the phenol resin can be separated by general
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[ 0031] Specifically, this phenol resinis
preferably a structure represented by the foll ow ng
general formula (1) fromthe aspect of flame retardancy.
[0032] 25 [Chemical Fornmula 1] 12 1General Formula (1)
Oln the general forrfula (1), each Ar represents

HO4 Ar |

i ndependent | apht hyl ene gro a, phenyl en rou or
SRR b AL ap: arssiaterhy | hendBirRin 61t Hastife
al kyl gro or. a phenyl. grou a, spbsti tuent: each.
et Ffe e En AT aryin g B s A ot SRS 3% Ao
group;, n_an each represent an integer of fromO to 2, .
afgte lspférﬁﬂwg%?eﬁsm 0, oaalip acid aoegf aﬂ&e“&f“@ﬂ phggphate monobasic,
represents _a hydrogen atom or an aromati c hydrocarbon 15
gPiFapoBis Aeidigat MaY BhUsddr oxyl group, which is represented
by the follow ng general fornmula (1-2). Provided that the
total [AeA%ber of arommtic nuclei in the formula (1) is
from2 to 8, and in the general fornmula (1), a position
of bondihaghenol tekip thussibtained cmkicisbas polyarydenp ather stmigtutsemay be
of two benzene rings form ng the naphthal ene structure
pesed as ped3BhixdGe pOnplatatied of kondsthesoPin vaHiousAppbdations] Beniér al
Formul a (1-2) In the general formula (1-2), each
Arecesfty e tdntent 6fkap amndsmdd polyaaleayhytiox ) aagatty @ufpousl (A) may
phenyl ene group, or a naphthylene group or a phenl ene

IbOieBudaa vy RGtheNpecibming ks ¥epaghti@p Ppadiition spEER)istifiaiaD calema
substituent; and p represents an integer of 1 or 2.

2644488t or alkaline aqhbous BEludiER@hctioR Sdnd ehPTESARnBHLOMolhBSas a
general fornmula (1), as described above, the position of
bgﬁ@é &gnlfdﬂeﬂn oxy group in the naphthal ene structure is
preferably 13

[0023]

The phenol resin obtained by the above-mentioned method is, for example, the
compound having a structure in which an arylene structure is bonded with another
arylene structure through an oxygen atom, the total number of aromatic nuclei forming
the arylene structures per molecule is from 2 to 8 and the aromatic nuclei have a phenol
hydroxyl group as a substituent.

[0024]

Since the phenol resin has a polyaryleneoxy structure in which the arylene
structure in the molecule of the phenol resin is bonded with another arylene structure
through an oxygen atom therefore, char formation at the combustion of the cured article
is accelerated so as to manifest excellent flame retardancy as well as good heat resistance
of the cured article. The total number of aromatic nuclei per molecule is from 2 to 8

and preferably from 3 to 6, which results in excellent fluidity as well.

[0025]
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1,6-position or 2,7-position, and, when the another

aryl ene structure is the phenyl ene group, the position of
bonding to an oxy group in the phenylene structure is
preferably 1,3-position, and in the general formula (1),
R2 is preferably a hydrogen dom Accordingly, the pheno

in i . ef bl d ted by th
oo AR SR ol BELRREISE, M Moo
D551 Tty Aol e Chn S AP S BRSPS
14 [ Chem cal F la 4 0037]. 5Next, f npl e, t
TR A T, T SO LT ITRLS, o

J

group is 2, 7-position may be conpounds represented by the

f SOPRWPRRPYS BIOHR 106 A APUY beTRYR 25 spbstigent, fiptuthe aspeqs 9B flame

[ Chem cal Fornmula 5] 10 15 [0039!Iml '
retardancy. From the aspect of flame retardancy, naphthalene or phenylene group is

preferable, and naphthalene is more preferable.

[0026]

Therefore, it is preferable that the phenol resin is the compound having a structure
in which an naphthalene structure is bonded with another arylene structure through an
oxygen atom, the total number of aromatic nuclei forming naphthalene structure and the
arylene structures per molecule is from 2 to 8 and the aromatic nuclei have a phenol
hydroxyl group as a substituent.

[0027]

Here, the naphthalene structure forming the phenol resin, may be a naphthalene
structure having from 2 to 3 bonding positions to an oxy group, it is preferable to have 2
bonding positions to an oxy group, specifically in which the position of bonding to an
oxy group is preferably 1,3-position, 1,6-position, 1,7-position, 1,8-position, 2,3-position,
or 2,7-position, from the aspect of fluidity of the phenol resin.

[0028]

Among these, 1,6-position and 2,7-position ig preferable from the aspect of an
easiness for production, and 2,7-position is more preferable from the aspect of an
excellent balance between fluidity and flame retardancy. Further, regarding a
substituent other than the oxy group on aromatic nuclet, it is preferable that the
naphthalene structure has no such substituent or has a methy! group or a phenyl group

substituent, and particularly it is preferable that the naphthalene structure has no such
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[ Chem cal Fornul a 6] 5[ 0040] The phenol resin
may be used individually as each of the conpounds, or as
a mxture of a plurality of the conpounds. [0041] As
descri bed above, it is preferable that the phenol resin
specifically described 10 abade has a structure in which

a naphthal ene structyre is bonded w th anot her
nﬂgﬁgﬂﬁ}tgw@@?ﬁ%‘fﬁ?&ga@ﬁ% C¥n oxygen atom since the
cured article thereof has nmuch better flane retardancy as

vel | ad®%&ter heat resistance. Specifically, this phenol
resin 16 may be represented bly, for exanple, the
way

f ol | owi g pesied Fesin mayr fetm a mojecular sygtre inerhish apleraliyoful a

7] In the general formula (2), each R2

r eplyarsiene stustiegsdomsintdisecthbonditig.ogen at om or an Cl. 4 al kyl

group; n and in each represent an integer of fromO to 2,

and at [Pe¥dt one of n and mis 1 or greater; Rl

represents a hydrogen atom or the foll ow ng general

f or nul aMddngAhile)in tHe@hdn) rdsiohthaiothat arfAendrutuatul bonded with the
naphthalene structure through an oxygen atom may be the naphthalene structure or
phenylene structure. Here, the phenylene structure may be a compound having 2 or 3
bonding positions to an oxy group, and may have an C;4alkyl group such as a methyl
group, an ethyl group, a propyl group, or a t-butyl group, or a pheny! group on the
aromatic rings thereof, like the naphthalene structure. However, from the aspect of
fluidity of the phenol resin, the phenylene structure having 2 bonding positions to an oxy
group is preferable, in which the position of bonding to an oxy group may be preferably
1,3-position, 1,4-position or 1,5-position, however, 1,3-position is preferable from the
aspect of an easiness of production. Further, regarding a substituent on the aromatic
nucleus of the another arylene structure, it is preferable that the arylene structure has no
such substituent or has a methyl group or phenyl group substituent, and particularly
preferred that the arylene structure has no such substituent, particularly from the aspect

- of flame retardancy. It is provided that such another arylene structure is preferably the
above-described naphthalene structure, from the aspect of flame retardancy.

[0031]
Specifically, this phenol resin is preferably a structure represented by the

following general formula (1) from the aspect of flame retardancy.

[0032]

[Chemical Formula 1]




10

15

20

25

In the general formula (2-2) each R2 represents

i ndependently a hydrogen atom or an Cl4 15 al kyl group; p
represents an integer of 1 or 2. Provided that the total
nunber of aromatic nuclei in the formula (2) is from2 to
8; and in the general formuld2(2), a position of bonding
to the naphthal ene structure part may he any of two
benzene rings form ng the naphthal ene structure part. 17
[ 0044] In the above general formula (2), R2is
preferably a hydrogen ato speci fic exanples ther eof
may be conpounds h ve sy ructural fornmula P-1 to
P-21. 045] / %n y gnolG?“éﬁqlﬁm?'}ﬂ%(- @)bt ai ned
iS _co nl S, a mxture of conpounds of each

st HEETYAE™ i bedtabove, the phenol resin in the
present inveéhtidn nay be used as being such a m xture.
Moreover, the r@®ction product contains difunctional
phenol s which are a raw conponent. Therefore, the phenol
r esi nlnghe géveral Grpnkd & tach hr eeprésents mdgpendently @daplhydene group,
m xture containing this raw conponent. The content of the
di phenglene pabip, pine napishylenetghmpor x phenglens gonp heviadany/C,5 atky!
80% as an area ratio in the nmeasurement by GPC, fromthe

agfap br Ophehyiuirolipt a6 aGhbdtiiRne pat R’ Feppdsents g @addntloa hyfog4o]
The phenol resin specifically described above is

P aRfner a8 € | AlkyWpr&ilp; A andin@aého¥preset Aliied! of Woml 0tot2Dhd at least
mxture is in a range of 50 to 350g/eq. in that t he

OBATHERIRNRNYr gFARER HeRedROY hl bk ot of dbPar SRR REABon

conposition exce | ent can be ob ai hed by curablllty and

 BBE PRl b ) SR s RS B GE IR UEpd)

CHrhlfl ( 195 'Frod;uﬁ’efd el %gﬁtBMb%be’&r?xg%qc@&eﬂﬁ ﬂ?eofoHﬁtﬁQ(l"i‘%s

raw mater

from 2 to 8; and in the general formula (1), a position of bonding to the naphthalene
structure part may be any of two benzene rings forming the naphthalene structure part.
[0033]

[Chemical Formula 2}

OH
_(_ AP‘)“H General Formula (1-2)
P

In the general formula (1-2), each Ar represents independently a naphthylene
group, a phenylene group, or a naphthylene group or a phenylene group having an C;4
alkyl group or a pheny! group as a substituent; and p represents an integer of 1 or 2.

[0034]

In the phenol! resin represented by the general formula (1), as described above,

the position of bonding to an oxy group in the naphthalene structure is preferably



[ 0048] The curing agents for the epoxy resin can
be conbined with the another curing agents such as

am ne- based conpounds, am de-based conmpounds, acid
anhydri de- based conpounds, nultival ent phenol conpounds
such as am notri azi ne-nodi fi edzphenol 25 resins

(mul tival ent phenol conpounds in which phenol nuclei are
cohfeosition of 2, Frposi@onyenda wheretho andihan 20/dana ntwriture s the pigagipne
The epoxy resin for which the phenol resin is used as a
c ugmup,ube pogiton of bandingxa apbxsgrowmeip teephiendpriesstrotturk i yneferably
epoxy resin, bisphenol F type epoxy resin, biphenyl 5

t y pB-pepiday, ané fi the génetal fommbtlay1), BT ispeefisrably y hedregemayoni.esi n,
phenol novol ac type epoxy resin, cresol novolac type
epaxyordigglythe heaphesinls phefaamo Icampdnmﬂerem@eﬁgemg&hmfottowing
tri phenyl net hane type epoxy resin, tetraphenyl ethane type

5 epenaetura Forul£h-1 ¢y P19 RehRH uerpeszﬁtstﬁmonaﬂg td dnOdkyToRABlih e
type epoxy resin, phenol aral kyl type epoxy resin,

ﬁﬁmﬂﬁknggﬁghﬁgmqﬁpﬁmgg@xy resin, naphtholaralkyl type
epoxy resin, napht phenol co-condensed novol ac type 10
epoxy rqg&g napht hol - cresol co-condensed novol ac type
epoxy reS|n aromati ¢ hydrocar bon formal dehyde
ng %henol resin type epoxy resin, or biphenyl
ac type epoxy resin. These epoxy resins may be used
|nd|V|duaIIy or in a mxture of 2 or nore thereof. [0050]

15Anong poxy resi niQ the b|phenyI type epoxy
resin wRayene type ep enol ar al kyl type
epoxy r ,Q!)phenyh novol Axy refsin or

xant he OXy resin #d fromthe aspect
of excellent fFame retardancyhe pCtric property.

[ 0051] 20|n adght i optlonally, a curing accel erator
g accel erator,

t here g | QYS arret exanpl es of
such a i ng acc<!b at or o®PHbased
conpou«ds, tertiary<am nes, 4zol es, organic acid

metal salts, Lewis a€rds, or #fine conplex salts. Wen
used for a seniconductor-encaosulating material, the

Curin'dﬁb cl/@natop is preferHy Syhg ous- based
conmpou PlphenyQ!i ISPhE N a{tertiary anine
such a¥ cycon®- [. 3 fromthe
asped )ce in cih “heat resistance,

el ectri cal [ e in humdity

10 [0036]



On the other hand, when the phenol resin is used as raw
material for producing 5 epoxy resin, the targeted epoxy
resin can be produced by the nethod of producing an epoxy
resin of the present invention which is explained in
detai|l bel ow. [0053] e nmet hod of the present

i nvention for producing epoxy'ﬁesin i ncl udes a process of

rq@@&m&g;ﬁﬁﬁmghpnol resin having a polyaryl ene structure,
whi

i s obtained by 10 the above-nenti oned nethod, with
)eplhalohydrlns Specifically, it my be a nethod
t resin and the (net #h) epi hal ohydri ns

i ntrodéchyag patio o € phtinol ¢ A
(et hyI' Iohydrlns pref eNg 8s of the
(met hyl ) epr hal ohydrins par nol 8dof aromati c=Ky
in the phenol resin, and an anount of tY
catal yg s , ad is prefgpably in a range of 0.9 to

As a speC|f|c reactlon RE L oo ¢
a method in which the phenol resin and the _
(et ,)eplhalohyo i ns areHWntroduced into a.react

vessel : io an{reacted in QD

t enper 2012 6rY 045 Sp-18
whi | e @. =4l yst $ )

[ 0054] Tlae N Hsed pre R ny' be used as a
solid forn1or as an aq ous sofft i ‘ When t he

basi c cat &an ed as an aqueous solutlon thereof, a
met @@ T 0¢ sphi ch the solution is

contin ' @, and 25 the

(et hyl pee conti nuously distilled off

'H!‘ under 20 a reduced pressure or
at nospheric pressure and then water is separated and
renoved and the (nethyl)epi hal ohydrins are conti nuously
recycled into the reaction m xture. [0055] The
(nethycﬁgﬁgﬁlohyclrins may be, for exanple,
epi chl o rin, 5 epibromhydrin,

[ 3- met hyl epi. chl orghydrin, and anpn these

5 epi chl o& yOF PRROTRLE, ﬁw@heqqleamfmmcgn%e pesision of bandingdp Ay
for connerC|aI acqui sition. Wen performng the
c gAvRIYiE 2.4 tPopitiorimey Porpmpopndsyepresented Ay the folipwing structura formulas
reactions in the next and | ater batches after the
t &M wdt-2on of the reaction in the first batch for the
epoxy resin production, the (methypepihal ohydrins
recycl e0B8lom t he crude reaction product are used 10 in
conbi nation with fresh (nethyDepi hal ohydrins
cor r espiigtmigl Fomae nount of t he decreased
(et hypepi hal ohydrins as the (nethyl)epi hal ohydrins are

10 consuned in the reaction. [0056]



The basic catalyst may be, for exanple, alkaline earth
nmet al hydroxi des, al kaline 15 netal carbonates, or

al kal i ne netal hydroxides.Particularly, alkaline netal
hydr oxi des are preferable fromthe aspect of excellent
activity in the synthetic reacfion of the epoxy resin,
and, for exanple, sodi um hydroxi de, orpotassium hydroxide
may be nentioned. In the use thereg hese basic

bR an aqueo @i.olution of about
a sgljd fornf JA reaction ragq
e epoxy resjin ¥an he accel Ted
by using an organic solvent in conbi ' [
solvent is not particularly limted buteTs :
exanpl e, ketones such as acetone, or nethyl ethyl ketone,
al cohol s such as nethanol, ethanol, 1-propy al cohol,

i sofkery! al cohol, 1-butgagedyd sec-butanol, or

tert - Ry cel | osol @ngUCh as nethyl cellg or
et hyl | ve, ethe uc tetrahydrof u

1,4- , 3- H oxan, o hﬁ?ﬁthgxyetha;e, P2
pol ar s afetonitrile)? Y

di met hy met hyl f or t nat . = or gahi c

sol vents may be uéed i ndividually, or in a conbination of
sui t abl Oafﬁr nore kinds thereof in order to contro
polarita; 057] 5After washing the reaction product from

the epoxidation. reaction as descri bed above, the

unr eact ﬁmqéh%m§% n or the conbined organic sol vent
is renoved by distillation. In order to obtain the epoxy
resin having a | ow content of hydrol yzabl e hgl,ogens, the

e reaction

obt ai ned epoxy resin is again subjected t‘jg
by di ssol ved the Qbkai ned epoxy resin in ay organic
sol vent such as Q@]uene, nmet hyl i so- butyl me, or 10
Hand added with an aq®e®us sol ution
A hydr2exi de Hoygh-gdbsaditymrhy dr pes de,
or pot assiuf ide. In this égs3 hade transfer
catal yst such as quaternary amoniumsalts, or crown
ethers nmay be present. \Wen the phase transfer catal yst
is uged, its amount to be used is preferably in a range

ketone is distilled off, and thereby, t he epoxy resin of
shi gh purfgbypjcan be obtained. [0058] As described above,
t he epoxy resin obtained has as a nmain skeleton which is

a 20 st rgdphesol A By B usd MARMRANY asdab 6 tHE Sorhpbuldly, 6/ bsd

aryl ene structure is bonded with another aryl ene

St ieditd ot alplirAHY Br @B iy @RAs. at om and the total nunber of
aromatic nuclei” form ng the arylene structure and the

aryl ene @bdycture per nolecule is from2 to 8. Since the
aryl ene oxy structure is formed in a cured article, char

; ti . . ey _
art ol o aepREasbilelh K brbiabRF B pHAlL ARindpr L Uik
Ne Ol . . . - oY

10} 34 e ARG IS PhBh AP SRl SEOMRA Vi MGhS' | ©

naphthalene structure through an oxygen atom since the cured article thereof has much

better flame retardancy as well as better heat resistance.  Specifically, this phenol resin



5

22 epoxy resin also has excellent fluidity. [0059]
Meanwhi l e, the arylene group from ng the expoxy resin,
may be napht hyl ene group or phenyl ene group, or
napht hyl ene group or phenyl ene group having an Cl4 al kyl
5 group such as a nethyl grouﬁﬁ an ethyl group, a propyl

97 G0 be geﬁyr%%éﬁ@% ¥r eRanié) of foﬁo\ﬁpg g%(rlerag fRHR1a (3], OM t he

aspett et ardancy, nap ene group or
phenylegﬁaﬁgoup is preferable, and naphthylene group is
nore preterable. [0060] Therefore, it is preferable that
t he.epoxy.resin,has a structure in which a 10 napht hal ene
stﬁaﬁgug%ngmﬁgnded with an arylene structure through an
oxygen atom and the total nunber of aromatic nucl ei
form ng the naphthalene structure and the aryl ene
structure per nolecule is from?2 to 8. It IS nore
preferable that the epoxy resin s a structure which is
substituted by a (nmeta) glycid group in the aromatic
nucl eus. [0061] 15Her |ppae structure formng

t he epo r n B Structure having
from 2/t bo___g’ g9
fr g aspadt oL

| 2

AN R ,
i i By Bt Che epoxyPai AL
napht h

ructuge preferably has 2 bondi ng positions
to an oxy!group, in which the bonding position of oxy
group is ﬁreferably 1, 3-position, 1,6-position,
1,7-position, 1,8-position, 2,3-position, or

2, 7-position. 20 Anong these, 1,6-position and

2, 7-position are preferable fyomthe aspect of an

easi nes slniﬂaﬁseaﬁfah@mlb k), %vﬁlaR%epr-eﬁa@ l?$eaﬁpqe§t?%§>@r°sen atom or
preferable fromthe aspect of an excellent bal ance
beepEertliyl grayp: §angd g eaqhppresent anrintsges of frpw@go 2, and at least one of n
The epoxy resin nmpy forma nolecular structure in which a
pl anchiis { ogreatery Rerepreadhtssa hydeagen atom of thedfablewing gengral formpla
bondi ng. 23 [0063] Meanwhi l e, in the epoxy resin,

10t h&-dx her aryl ene structure bonded with the napHithal ene

15

structure through an oxygen atom may be the
above- dg6@43]bed napht hal ene

[Chemical Formula 8]

OH
( %‘z ) - General Formula (2-2)
RZ Rz p

In the general formula (2-2) each R? represents independently a hydrogen atom or an Cy4
alkyl group; p represents an integer of 1 or 2. Provided that the total number of aromatic
nuclei in the formula (2) is from 2 to 8; and in the general formula (2), a position of
bonding to the naphthalene structure part may be any of two benzene rings forming the

naphthalene structure part.



structure and phenyl ene structure. Here, the phenyl ene
structure may have 2 or 3 5 bonding positions to an oxy
group, or may have an Cm al kyl group such as a nethyl
group, an ethyl group, a propyl group, or a t-butyl group
or a phenyl group on aromatic kMucl eus thereof. However,
fromthe aspect of fluidity of the epoxy resin, the
phenyl.ene structure having 2 bonding positions to an oxy

group is ferable, in which the bonding position of oxy
group ne preferably 1, 3- position 1, 4-position or

1, 5-position. Ano he n,is nore

o of o1 abiPube ihgHs BB DFEHE o Kol pisestiee BYdrpgenp, and specific

productron Besi des, regarding a substrtuent on th

ar Grammnles thereofanay bsrcompeings of the sboxe jirestaldprmaa firldo Pr2tl i s
preferable that the arylene structure has no such a
Ssubstitudf®45dr has a methyl group, and particularly
preferred that the aryl ene structure has no such a

subst i t usinee thé plaemol tegin gipebtained isfcommenlyeatbipintdias a afitwrstof
Particularly, the other arylene 15 structure is

pr ebmpaindyof dach sthotnee ghalssaribbdabove het pheha mesinginglwpprefentinvention
t he aspect of flane retardancy. [0064] A

( mexiay bl ngdyas ibeliytl such agniatupe. i N Mdisyvem thecedcdsn mbduee tamensof
the epoxy resin is specifically a glycidyloxy group or a
f | difehdiivhd plieiothyw iy are & @awpconiponert Theeforeethe phendOresin of the
invention, a glycidyloxy group is particularly preferable

10f r prasai m@ﬁtsonqtmfﬁearﬁ‘éﬂ asef rﬁkﬂﬁé‘&hta@r{m% 1A W lcBflpdiehi. ClTRe and
easi ness for obtaining a raw materi in the comrerci al

Pr QEMErtioP fhe ANEnRBnA PheddOR He mixture is preferatl@§itd 82hd i ar&hr'aﬁo

epoxy resin is preferably a structure represented by t

25

¢ ot e rRik A AEOPGRL 3 fpdrar M drak %%rfeﬁm%&rtt
formul a @6%1] R3 represents a hydrogen atom or a nethyl
group; Ar 5 represents independently a napht hyl ene

, I ht h ) .
e en A A e e e g o
159" GeB i B bmsﬁtttggﬁsgamﬁstgqgs@gﬁaﬁgﬁa' B BRT Shnol e
t f f d at | f
%awﬁﬂgmﬂ P Ge% rotn copspoiten Sedkno b?yatagvgifay Spahil
an aromati ¢ hydrocarbon_group containi-ng an epoxy group

10 apd he sured ariglepyhiehis modded bog sxgellsahsabresiptandeul a (3-2),

provi ded that the total nunmber of the aromatic nuclei in
t he fornﬂ@p‘éﬂ](S) is from2 to 8 and in the above general

formul a %h
e phenol resin may be used as a curing agent for the epoxy resin, or may be
20  used as raw material for producing epoxy resin.
[0048]
The curing agents for the epoxy resin can be combined with the another curing
agents such as amine-based compounds, amide-based compounds, acid anhydride-based
compounds, multivalent phenol compounds such as aminotriazine-modified phenol

25  resins (multivalent phenol compounds in which phenol nuclei are connected with



position of bonding to the naphthal ene skel eton may be
any of two rings formng the naphthal ene ring. [0067]
15[ Chem cal Formula 101 In the general formula
(3-2), It represents a hydrogen atom or a nethyl group;
each Ar represents i ndependentlBy a napht hyl ene group, a

phﬁ@%ﬁﬁ %&%B % napht hyl ene 20 group or a phenyl ene
gr oup aV|ng a }kyl group or a phenyl group as a
substrt%ﬁﬁ? 25 p represents an integer of 1 or 2.

[ 0068] me epoxy resin represented by the genera

SR S

efer?b% PE'F?‘{}E on an&é%f@?ﬂ?‘%@%%@%%ﬂ&\éﬁg%lwsﬂyl

p03|t|on bondlng to an oxy group in the ar ene structure

51 stype enaxy apsiTy teframetizLbiphenhl typgpoxiresMephgaplgionplas trpaeRoxy resin,

10

15

20

25

(1), R |s preferably a h dro en atom Accordingly, the

pr el pexolag tyrsrapEXIIESiAhisRpench A nepelRs tyPe eftoy fexin, friphenydmethane
for exanple, an epoxy resi n represented by the foll ow ng

St fype Epaxaresimo tatmpleny Bthane yPEEPLRY tesinydicyshopentadiete-phesoltaddition
bondi ng to an oxy group in the naphthal ene structure is

1, fagimitypecpoxy 166 9ihefdbivelii/ltape dpoxyesia, daphthol-novolac type epoxy

resin, naphtholaralkyl type epoxy resin, naphthol-phenol co-condensed novolac type
epoxy resin, naphthol-cresol co-condensed novolac type epoxy resin, aromatic
hydrocarbon formaldehyde resin-modified phenol resin type epoxy resin, or biphenyl
novolac type epoxy resin.  These epoxy resins may be used individually or in a
mixture of 2 or more thereof.

[0050]

Among these epoxy resins, the biphenyl type epoxy resin, naphthalene type
epoxy resin, phenolaralky! type epoxy resin, biphenyl novolac type epoxy resin or
xanthene type epoxy resin are preferred from the aspect of excellent flame retardancy and
dieléctric property.

[0051]

In addition, optionally, a curing accelerator may be properly combined. As
such a curing accelerator, there may be used various kinds thereof, and examples of such
a curing accelerator may be phosphor-based compounds, tertiary amines, imidazoles,
orémﬁc acid metal salts, Lewis acids, or amine complex salts. When used for a
semiconductor-encapsulating material, the curing accelerator is preferably a

phosphorous-based compound such as triphenyl phosphine, or a tertiary amine such as
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** |t - tat IP* E-17 [0071] Next, for exanple,
as the epoxy resin in which the position bonding to an
OXy group is 2,7-position, those represented by the
following structural fornulas E-18 to E-25 5 nmay be
mentioned: [0072] [Chemical FdPrmula 13] 28 [ 0073]

| SRS dS T -4 on TR ook A B
[ oPeZi%Jance, electrical properties, reliability in humidity resistance, etc.

[0052]

On the other hand, when the phenol resin is used as raw material for producing
epoxy resin, the targeted epoxy resin can be produced by the method of producing an
epoxy resin of the present invention, which is explained in detail below.

[0053]

The method of the present invention for pfoducing epoxy resin includes a
process of reacting the phenol resin having a polyarylene structure, which is obtained by
the above-mentioned method, with (methyl)epihalohydrins. Specifically, it may be a
method in which the phenol resin and the (methyl)epihalohydrins are reacted in the
presence of a basic catalyst. Here, an introducing ratio of the phenol resin and the
(methyl)epihalohydrins is preferably 2 to 10 moles of the (methyl)epihalohydrins per
mole of aromatic hydroxyl group in the phenol resin, and an amount of the basic catalyst
to be used is preferably in a range of 0.9 to 2.0 moles per mole of aromatic hydroxyl
group in the phenol resin, from the aspect of reactivity or easiness for purification after
the termination of the reaction.  As a specific reaction method, there may be mentioned
by a method in which the phenol resin and the (methyl)epihalohydrins are introduced
into a reaction vessel in a predetermined ratio and reacted in a temperature range of 20 to
120°C for 0.5 to 10 hours while adding the basic catalyst all at once or slowly.

[0054]

The basic catalyst used herein may be used as a solid form or as an aqueous
solution thereof. When the basic catalyst is used as an aqueous solution thereof, a
method may be employed in which the solution is continuously added while water and

the (methyl)epihalohydrins are continuously distilled off from the reaction mixture under
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The epoxy resin may be used individually as each of the
conpounds, or as a mxture of a plurality of the
compounds. 10[ 0076] As descri bed above, it is
preferable that the epoxy reS|n has a structure in which
a napht hal ene structure is boffied with anot her

cur eor@* W%“%“%ﬁé%‘%@?“ﬁ%‘&%g?%@{“ YAE"s Spindind Plol

a%hg %%e%e%ﬂlgﬁusl iedI 1ﬁt§|tﬁeyre%c%1gh fho)ﬁ]?rgw ng

reS| sent exa
gener al [ﬂogglrml a (4). [0077] [Chem cal Formula 15] A \le
1Yl R2 o CGeneral Forrmula (4) A ¢ N= Ra 5 1n the

soneral ok 0 R SEOR SRR ©

i nd ndently hydro tom or an Cl4 al kyl group; .n

arPaﬁ’ﬁ?‘%‘g’&Fn%@ﬁs enlehlorpl yogarand pmpepgihess. fmchiorola)ﬁ@maﬁ

| east one of n and mis 1 or 10 greater; Rl represents a

hyRapfeigRe-from Bimasnect ofeasingss BRCHBMGERERANISTGR | Wheypepiprming
0078

[ the co]mmermal production, it is preferable that, in the reactions in the next and later

batches after the termination of the reaction in the first batch for the epoxy resin
production, the (methyl)epihalohydrins recycled from the crude reaction product are used
in combination with fresh (methyl)epihalohydrins corresponding to an amount of the
decreased (methy!)epihalohydrins as the (methyl)epihalohydrins are consumed in the
reaction,

[0056]

The basic catalyst may be, for example, alkaline earth metal hydroxides, alkaline
metal carbonates, or alkaline métal hydroxides. Particularly, alkaline metal
hydroxides are preferable from the aspect of excellent activity in the synthetic reaction of
the epoxy resin, and, for example, sodium hydroxide, orpotassium hydroxide may be
mentioned.  In the use thereof, these basic catalysts may be used as in an aqueous
solution of about 10 to 55 weight% or as in a solid form. A reaction rate in the
synthesis of the epoxy resin can be accelerated by using an organic solvent in
combination. This organic solvent is not particularly limited but may be, for example,
ketones such as acetone, or methyl ethyl ketone, alcohols such as methanol, ethanol,
l-prc'ipy alcohol, isopropyl alcohol, 1-butanol, sec-butanol, or terf-butanol, cellosolves
such as methyl cellosolve, or ethyl cellosolve, ethers such as tetrahydrofuran, 1,4-dioxan,

1,3-dioxan, or diethoxyethane, aprotic polar solvents such as acetonitrile,
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[Chem cal Fornmula 16] General Formula (4-2) 1In the
general fornmula (4-2), each R3 represents independently a
hydrogen atom or a 15 nethyl group; each R2represents

i ndependently a hydrogen atom or an Cl4 al kyl group; p
represents an integer of 1 or 2. Provided that the total

PEOP%“Y?%{“‘Q’@%%% hl‘éﬂ%%’é¢°ﬁ%#ﬁ?éﬂﬁ?’%%??%ﬁ{°ﬁé%% E‘?ﬁ %4%*#8:’
© b by e bAoA BEiRp 2 RE MHi il FRE i B e

Al so i.n the above general forrmula (4), R2 ispreferably a
hy8P85&n atom and specific exanpl es thereof may be
conpoungi rjpresented by above structural fornula E-1 to
E- 21. er, the conpounds represented by the above
structural fornmula 5 E-18 to E-21 in which a position |,
bondi ng Aleraresiyng thg reagiion rrogucy frpwyhe qperidation repcEipas degeribed
fromthe aspect of excellent flame retardancy and heat

r e 8baveathe voregptad epihalonydringr|the combiried opganic splyprit és removesidya

m xture of the conpounds represented by the structural

f odistillation E- lngorder£df obtain tie-epoxyf tegimhavieg & ten¥ ofdydrolyzable
excel | ent bal ance between flanme retardancy and fluidity.
Théalbgrnal theehtdined epbxiaresimag againrsubjected forthe teactipe g dabolved the
formula (3) is particularly 10 preferred to be 3 to 6

f r obtainbéepxp eGin infan argasix calére sichhs tcduene, mdthy! lisorwityl ketone, or
retardancy, heat resistance and fluidity. [0080]
Thenegiybatliylketne adé sdded heth adagvducaiution o skalid metad hydroxide
exanpl e, by reacting di hydroxynapht hal enes or a m xture
of sebhhy d6dai RPdbLidelop peassaMtihydrdXidl OXyIRAR) S Bhab® transfer
(abbreviated as "difiinctional phenols", below) in the

Pr eseRaSud as%ﬁat@ﬁlhﬂr dnfhadinh? Salk Cor @RIV dthefs BEEROPredeS 1 NWhen
then, ‘repeatedly extracting a | ow mol ecul ar” wei ght

pr i

o1 St seMah e RSP RUR, REPHGRL o R4 PR KRRIY BTl Ir0%
ex %?)' \l/& gg{iﬁlglté&{ehtvtb e engJ llg,ﬁn Me(ggs%f%:{ tHelte tllarﬁm{x Hfé the

préfera he”epoxy resin can talne
o1 g 1R sfegR g RS i 4 R btk A s tesplyen
h [ hus- qQbt aj ned .i . | bt ai ned .
i RYSHAS o e B kot oWt e Sere B ep R of
re

abgvg, t.he epoxy resin in the present invention may be
us BB RUIHSARGE P i xture. Mreover, the reaction
product contains a high '

-~ [0058]

As described above, the epoxy resin obtained has as a main skeleton which is a
structure having an aryleneoxy structure in which a arylene structure is bonded with
another arylene structure through an oxygen atom and the total number of aromatic
nuclei forming the arylene structure and the arylene structure per molecule is from 2 to 8.
Since the arylene oxy structure is formed in a cured article, char formation is accelerated
during combustion of the cured article and then generates excellent flame retardancy.

Meanwhile, since the total number of aromatic nuclei is from 2 to 8 per molecule, the



25 nol ecul ar wei ght conpound havi ng a 2-hydroxypropyl ene
group, which is produced by 31 the reaction between an
epoxy group and the phenol resin that is a precursor for
the epoxy resin; or diglycidylethers of difunctiona
phenols which is a ram;conpon@%t. Therefore, the epoxy
res . | tion may be used as being a
nia#g¥§£gg%?§$%§%§ﬂ%hggmﬁfgh nol ecul ar wei ght conpound or
ram1con@gggﬂt in abbreviation, 5 herein below). As
describ anove, since the nunber of nuclei of the epoxy

[ b d | [ he_ p
| vent | Sianvis BRGRARE atb R Fring e b ol BSTE pmbipvicae

m xture of the epoxy resin with the, diglycidylethers_of

£ HEFOUR 95 APRRLFRS 2D frBREY lend £50up of PhAYIegF Syl havind an C\ 4 alkyl
di gl yci dyl et hers of the‘gifunctional phenol s in the

mi P weh &s ymethil spn, anetfy ssep, 2RIORY EPUPA T AWy ligPupE
measurenent _by (PC, fromthe aspect of 10 fluidity of the
e pheyylEERiPnFroBHp® aspest of flaperetapdancy, naphthplene gepyppr phanylene
specifical |y described above is preferred in which an

e peyp 8 graferatle mad ngphthvdenaigsoup isanerg preferable.ange of 100 to
4009/ eq. since the obtained epoxy resin has good

f 1 ui di tl9960f he epoxy resin conposition having excellent
curability can be 15 obtained and the cured article

t her eofThem$ore)tie ptefersbléithat the emixg raaimdms a fOQBBE in which a A
melt viscosity of the epoxy resin is preferably 5.0 to

(d

10 0. daphthBesieSstattuien Gonded ivith afraylent emmfchaattirdughan pegien afonrgadd
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fluidity of the obtained epoxy resin. [0084] 20Next, the
€ P@¥ Yotdl @EinBer B YroaRtit Sedlei ifsvetiing tHlelAdphihale@t sthRYurbmdiBestylefe
conmbi nation with other epoxy resins as far as the effects

Of sthub@rd e BRMcule MVRdth 2 948 af B nivRd n%léﬁ}a%lei tRAtakepoxy RGi8 hs S

the other epoxy resins to be conbined with, various epoxy
r eghBRrd WiclPR substini&Ey BiAD,8rbudGh aRfardBMichicleus,
bi sphenol %\ t;%es epoxy ar(gg%%,gmb}azp enol” F tyaée elgoxg/euZSS
resin, E@ﬁ@fnyl type epoxy resin, tetranethyl biphenyl
type epox esit, phenol novol ac

Here, the naphthalene structure forming the epoxy resin may be a naphthalene
structure having from 2 to 3 bonding positions to an oxy group. However, from the
aspect of fluidity of the epoxy resin, the naphthalene structure preferably has 2 bonding
positions to an oxy group, in which the bonding position of oxy group is preferably
1,3-position, 1,6-position, 1,7-position, 1,8-position, 2,3-position, or 2,7-position.
Among these, 1,6-position and 2,7-position are preferable from the aspect of an easiness
for production, and 2,7-position is more preferable from the aspect of an excellent
balance between fluidity and flame retardancy.

[0062]

The epoxy resin may form a molecular strﬁcture in which a plurality of arylene

structures is bonded by a direct bonding.
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32 type epoxy resin, cresol novolac type epoxy resin,

tri phenyl net hane type epoxy resin, tetraphenyl ethane type
epoxy resin, dicyclopentadi ene-phenol addition reaction
type epoxy resin, phenolarallcyl type epoxy resin,
napht hol - novol ac type epoxy si n, naphthol aral kyl type
epoxy raﬁbg, napht hol - phenol co-condensed novol ac type
epoxy é resin, naphthol-cresol co-condensed novol ac type
ePOXY AEahRiIE EOMR by WA, 820000 B RE FALAGLRSHfled with the
resi n-nodi 11 ed phéen resrn type €poxy resin, or

bi . nyl -nodj fi ed novol ac type epaxy, resin. t e
At TR Hio B oot YPR PR ol B e GRR Pl
bi phenyl aral | cyl type epgx esi n or novol ac type.epoxy
- S8R amd pRenfehe SN oo dh Pt 89 o TRy AR 2 6E8 &
article having excellent fla retar cy can be 10
o*éﬁnéfnﬁ@eaﬂfreﬁds 81 oXy group, REMAY, Bave gp Fmgﬁgﬂmupdg%asmmé%xy
resin obtained by the nethod of the present invention, .
t HePR aRgthyberovns @ prapat sTevn; ok hbyleroup s phenyl Broyp a8 arematic
for epoxy resins, for exanple, curing agents such as
amictras Betrefl Howeporution theaspegeofifluddity of oxitissingth¢ phenglene
anhydri de- based conpounds, or phenol - based conpounds.
Spseiciufd lpainigy?, bogsdingpbsong o arhaxygmiupds trafeables onplioinths bowdimg
be di am nodi phenyl net hane, di et hyl enetri am ne,

t pasatioh pf exegretpy mbybeygrefecibhni, hrpakitaine Ny J4-wuitibo nel ,5-position.

i sophor onedi am ne, i m dazol es, BF3-am ne conpl exes, or
gAmdhglihes:, 8@1povifibh is@sore preforgblefom thetasgecodl sl @adimes e fbr the
conpounds nmay be di cyandi am de, or pol yam de resin
Sprafieish.Z eBesides) Regardhd®subSituetid o the @topimitie nacléd o2tH@ another

et hyl enedi mai ne, exanpl es of the acid anhydri de-based

CARAMIGARIRY: iOFreRAUbIhAGhHAAY dudiCrure Hab B hichlalsEbstituent or
e

anhydride, pyrotrinellitic anhhydride, maleic anhydride,

t ﬁgsraq@e%g g&ﬁg{ﬁi :p%gg@w bilefiered BRI Y LREXE E&&mﬁ P%s%! suh a

anhyd c anhydride, hexahydro p alic

el had i VAL
exarrtgléeng’q‘f)ofng)ghﬁg?ﬂg%\édgo - gés% cgn%%u?cé&c#a%gbtgé tr’r‘fli}Fliﬁr\//lgffeent
p ; 0 such i.ns S0
R € Prel RS B RS PRREDsaR 8163 Hos) R il 658
reg%@@nndified phenol resins, dicyclopentadi ene pheno

atf cSf'ype resins, phenol aral kyl resins, naphthol aral kyl
resinsTD%%Lnethylohnethane resins, tetraphenyl ol et hane

resins, ht hol novol ac resins, naphthol -pheno

co- condensed novol ac resins, naphthol -cresaol, co-condensed
novol ad* (meshyhelycidylome graup irthe ﬁOEG“IB'rr‘é‘He‘I‘“%OfﬂFsﬁpﬁéY resin is
(rmul ti val ent phenol conpounds in which phenol nuclei are
crfifsslya a&xﬁl&l@w&m & g &-methylplycidyrpnerayr. bibiaiths rresent
napht hol resins (multival ent naphthol conpounds in which
phaension A glyadylenyeereuip partiaarhy prefesablerom espectypidlage retagdancy
am notri azine-nodi fied phenol resins (nultival ent pheno
cofrthonersarticle ol eapingss dernbtainies efawinaersad fihibe cergmppia
mel am ne or benzoguanatninc), or the phenol resin having
aproduction and so on.

[0065]
Specifically, this epoxy resin is preferably a structure represented by the

following general formula (3) from the aspect of flame retardant effect.
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10 polyaryl ene structure, which is obtained by the nethod
of the present invention. [0087] Anobng these,

particul arly the compounds containing nmany aronatic
skeletons in the nolecule are preferable fromthe aspect
of flame retardancy effect, &id specifically, preferred
are phq:&# novol ac resins, cresol novol ac resins,
aromati‘c ;drocarbon 15 fornmal dehyde resin-nodified
phenol si ns, . phenal aral kyl resins, naphthol aral kyl
resinsi 'Bﬁ%ﬁgﬁnﬁ gllac resi ns, naphthol - phenol

co- condensed novol ac resins, naphthol -creso
co- ci andensed novol ac [ f biyphemy! - nodi fi ed pheno
resins, biphgnyl - u 0 i ns, or

am potriazi Aig- Myadif i &d :Rhermol reésSins, dro f
excelPent ot Armo7raeal dan&y. 20[ 0088] nb%ﬁﬁ“@@ﬁ?ﬁ?%%ﬁy
conPosi ti on made” of phenol resin or epoxy resin having a
pol yaryl ene structufe as essential conponents, which are
obtai ned by the ngthods of the present invention, flane

r et ar ddAdymyia Gh&” spresentap hydsogen BOELFEMARY @rqu@ieach d&n

wi t hout conbining flanme retardants previously used in the
afapresemssvadenendantly @ pagehthylene gpovpf ahenylsnagrewp, bt ¢paphthyleaere
retardancy, for exanple, a non-hal ogen-based flane

r gtogp demphenplienhgrogphayingsmiay alkybgvumaern agtheyyl gomvpas A substituent;
hal ogen atons may be conbined in a range where
nedctiRSirdpirdsynts imdepeadandly sy diogecptem ocasE; alkyl gtoupiyi dridtny eash
sem conductor devices in the field of a sem conductor

e rapagaat laa iritepgr oftfr@n D ad 2, adatieaskaptof n[aAOROF 157 preate BXy
resin conposition conbined with this non-hal ogen-based

f kepreerited Bydigyth atl@esr aRQkorSlio hldBtrsdn gt ogidhfaining vl epaGNgroup
atons, but, for exanple, may contain hal ogen atons of

abdsertéd & foreWehgPRARASfoini A% B -2) Rt idbd/thetahd 38M nihRof e
epi hal ohydri n contai ned iﬁ the@egg§$ ?esin. [0098] 10The

abRWGHO MO B %Hdﬂ&%@gis TeloRIEro S L il MY abBRY geiral fofthula (1), 2
exanpl e, a phosphorus-based flanme retardant’ a

o ¢ L '
¢ EbGABRE A0 AN G ABhlon oy et OO AE clh e

or ic flame retardant, and the use thereof is
nggﬁﬁgﬁg%ghj in which these flane retardants may be used

indiviig&%ﬁy, or in a plurality of the sane type flane
retard or in conbination of the different type

15fl a et ardant s. h 91] As the phosphorus-based fl ane
r et ar daipemigpliprmula d8t o oni ¢ phosphorus or organic
phosphorus conpounds nmay be used. As the inorganic
conmpounds, for exanple, red-phosphorous, anunoni um
phosphat es such as anmoni um phosphat e, anmoni um

0

Iy

e

In the general formula (3-2), R® represents a hydrogen atom or a methyl group; each

General Formula (3-2)

Ar represents independently a naphthylene group, a phenylene group, or a naphthylene

group or a phenylene group having an C,.4 alkyl group or a phenyl group as a substituent;
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20 phosphat e di basi c, anmmoni um phosphate tribasic, or
pol y ammoni um phosphat e, inorganic nitrogen-containing
compounds such as am de phosphate nay be used. [0092]
The red-phosphorous is preferably one that is subject to
surface treatment for the putbose of preventing
hydr i.s.and s and as a nmethod of the surface
trrggrt%%nt{%@ggetrﬁg}gﬁﬁay be nentioned, for exanple, (i) a
nethod(k% whi ch red phosphorus is coated 35 with a film
of an f Fbanic conpound such as magnesi um hydr oxi de,
roxi de, zinc oxi de, . titanjumh i,de

[ um hyd d.
bi St 11 1 P e Y L SRR Soppule Ch R OGReED R P ay
ftht freBion" Roodinrie 50 PREROMH B BB TSR S BIFTER

magnesi um hydr oxi de, al um num hydr oxi de, zinc 5

pesitiogeand 4,7-rasttign, ave, WRea thpanglengrylgnestiugreis a shenylsge
resin, and (iii) a method in which red phosphorus is
cRyere thenpsitiombandingite an ey growsyi disi acylensriuceg is preferably
magnesi um hydr oxi de, al um num _hydr oxi de, zi nc hydroxi de,
t§,3-position, 4nddn thei stesralformilinel), R ieprefdrabiyt4hysirdgen atowt
t hernosetting resin thereon. [0093] 10The above organic
phaspligly theposfeoedrdompayndoeenoni dire eprayebio (Ahindg bg; farssample,
organi ¢ phosphorus conpounds such as phosphate ester
cmnporynesin rgphessmbdy ihe &diotinpaapauabfrmplaoBaho B 17 iaeihith the
conmpounds, phosphi ne oxi de conpounds, phosphorane
RO BElRlingdb af bGAROGp 1 the MPRMaleAdtACRIdIg 1 8hRSIBRr US
conpounds, or cyclic organi c phosphorus conpounds such as
9,10-dgﬁmdro-9-oxa-10-phosphaphenathrene-lO-oxides,
1510- ( 2, 5-di hydr ooxypheny1l) - 10H 9- oxa- 10- phosphaphenat hr e
ne- 10- geﬂeﬂﬁ&vl Fofmula 11]
10- (2, 7- di hydr ooxynapht hyl ) - 10H 9- oxa- 10- phosphaphenat hr e
ne- 10- oxi des, and a derivative which is obtained from
reacting these with a conpound such as epoxy resin or
phenol resin. [0094] 20The anount of the
non- hal ogen- based fl ane retardant to be conbined is
suitably selected according to the kind of the
phosphor us-based fl anme retardant, other conponents of the
epoxy resin conposition, and required degree of flane
retardancy, and for exanple, when red- phosphorus is used
as the non-hal ogen-based flanme retardant, it is
preferably in a range of 0.1 to 2.0 parts by weight in
100 parts by weight of the epoxy 25 resin conposition in
which all of the epoxy resin, the curing agent, the 36
non- hal ogen-based fl ame retardant and other filler or
addi tives are conbi ned, and when




t he organi ¢ phosphorus conpounds are used, it is
preferably in a range of 0.1 to 10.0 parts by weight, and
nore preferably in a range of 0.5 to 6.0 parts by weight.
[ 0095] 5 When the above phosghorus-based flame retardant
is used, hydrotal cite, magnes3®um hydroxide, boron
ziLconi um oxi de, ack dyes,

‘§5 ite, zinc noly

cal ci um
tive carbon may
P retardant.

[ 0096],. e above nitrog ; d e retardBnt,
for exanple, tT1azine conpounds; ,g@yanur aci d conpounds,
i socyanuric a compounds, or pﬁenothia ne, and anong
these,ﬂi)'- Ne/ coupounds, ¢ gonpounds,

i socya [ [ Q§>ogunds ar, [0097] &

the ab®# triazi ng sonpounds, barent i oned, for
exanp®@, nel am ne,™Qcet oguana= benzoguanam ne,

mel on, =l am sacci ndguanani ne,
pol ynel am ne_phosphate, or trigugpamn ne,
(1) agsy- {2¥i neysul fate conpeyund
fate, nele
cofffounds o

b 920 butyl ph

B0hyl enenel am ne,
and for exanpl e,

(iii he co-co seqd_conpounds of the

abov olgf esi ns € 3 f@r mal dehyde
cond ( (iv) one : ii) o

(ii%Y i no®%fi ed with\w brer i 283

g ; dp et ar gant =01 fethe

epoxy resin mposTyL,on, and requfTed degree of flane
retardancy, and for exanple, it is preferably in a range
of 0.0a¥ﬁ€]10 parts by weight, and nore preferably in a
range .1 to 5 parts by weight, in 100 parts by wei ght
of the (004 esi nposition in which all of the epoxy
resin,[émﬁm%%FWHﬁmh nt, the non-hal ogen-based fl ane
retardant and other 10filler or additives are comnbi ned.
[ 0100] When t he above nitrogen-based flane
retardant is used, netal hydroxi des, or nolybdenum

5 conpounds may be conbined toget her.




[0101] 15 As the above silicon-based flanme retardant,
silicon atom containing organi c conpounds can be used
wi thout particular limtation, and, for exanple, there
may be nentioned silicone oil, silicone rubber, or
silicone resin. [0102] The anoait of the above
silicon-based flame retardant to be conbined is 20

epoxy rée
r et ar dan

t he epoxy resin conp05|t|a' DG
resin, thesguring agent t he non-hal ogen-based fl anme

t oget ek . )
retardant, there may be
hydroxides net al OXIdeS

nmagnes INg Ny ¢ o
hydrOX|dec-bar|un1hydr. ' » :
10[ 0105] SpeC|f|c'5xaanes for the above net al
oxi des ' ex.-ule zi nc nol ybdate, nol ybdenum
trioxide] n«0X|de al um num oxi de, iron
oxi de, t nggﬁ oxi de, zirconi um oxi de,
zi NnC 0Ox| pe e, cobalt oxide, bisnuth
oxi de, ¥ | oxide, copper oxide or
tungsten 15oxi de. [0106]

[0071]

Next, for example, as the epoxy resin in which the position bonding to an oxy
group is 2,7-position, those represented by the follewing structural formulas E-18 to E-25
5  may be mentioned:
[0072]

[Chemical Formula 13]




Specific exanples for the above netal carbonate conpounds
may be, for exanple, zinc carbonate, magnesi um carbonate,
cal ci um carbonate, barium carbonate, magnesi um carbonate
basi c, al um num carbonate, iron carbonate, cobalt
carbonate, or 20 titani um car bdhat e. [0107] Specific
exanpl es for the above netal powder may be, for exanple,
alun1nun1 i ron, tltanlun1 rranganeseG c, nhol ybdenum

- F . , tungsten, or
Q8 S for t he abB¥®
bor on conpounds may be, for exanpl e, S¥#re Bt atendBnc
nmet aborate, barium netaborate, boric acke FO6IF um
borate. [0109] Specific exanples for the above
Iom#neltlng poi nt gl ass nay be, for exanple, 5 glasses

iy Bauxi t e- Brown

) P203- wgo P203- B2

F 1283- 1- 120 based edE_21
| assesp .m-se >
grmunt ok | n| c fl a?re elepdagt

combi ned TS sui tab y 10 seI ected accoldrrng to e kifd of
the inorganic flane retardant, other conmponents of the
epoxy resgagr3ponposition, and required degree of flane
retardancy, and for exanple, it is preferably in a range
of 0.05 {[OChetfcd)®bintulPy4]ei ght and nore preferably in a
range of 0.5 to 15 parts by weight, in 100 parts by

wei ght of the epoxy resin conposition in which all of the
epoxy resin, the curing agent, the non-hal ggen-based
flame retardant and other 15filler or add{{)ves are

conbi ned. [0111] Exanpl es for the apoye
organonetal lic fl &g retardant may be, foxarrpl e,
ferroceme ot .'-ac net g

or ganonet @‘? ﬁﬂ nyl

5 [0074]

In the above structural formulas E-1 to E-25, “G” denotes a glycidyl group.

[0075]

The epoxy resin may be used individually as each of the compounds, or as a

mixture of a plurality of the compounds.
10 [0076]
As deséribed above, it is preferable that thé epoxy resin has a structure in which

a naphthalene structure is bonded with another naphthalene structure through an oxygen

atom in that a cured article thereof has better flame retardancy as well as good heat



organi c salt conpounds, netal sulfonic acid salts,
conpounds where netal atom and 20 aronmatic conmpound or
het er ocycl i ¢ conpound are bonded in an ionic bonding or
coordi nati on bonding. [0112] The anount of the above
organonetal lic flame retardant2fo be combined is suitably

sel acgor.di [ of,. th tall
e R R R e e R S
conpQsition dr {red degree of flane retardancy, and
40W$§?W@§§W§Fg%anﬁﬁéipreferably in arange of 0.005 to
10 partsﬁgﬁ feight in 100 parts by weight of the epoxy
resin co 'tion in which all of the epoxy resin, the
curjng agent, ihe non-hal ogen-based flane retardant and
ot H&Memicel Eyrmyle 1344i t i ves are conmbined. [0113] 5The epoxy
resin conposition of the present invention may conprise
inorganic filler if necessary. Ex |l es for the above
inorganic filler may be, for ex fuysed silica,
crystalline silica, alu Nimde, al um num
nitridg and t‘*ﬁe Fy 5 aGeneral Formula (4)
sem [N ala ngrhat erial, and a conductive
fill such\ §slA1Y:v F.afmder, copper powder and so on may
be nmentioned if the application of 10 conductive pastes.
0114] Here, when t he epoxy resin conposition is used as
t he sem conductor encapsul ating material, the anount of
the inorganic filler is in the range of 70 to 95 wei ghe/0
of th iller per 100 parts by weight of the_epoxy resin
c onpogq o s?ﬂefaégﬂ%ﬂaagg B aepg\e&m',%m% ﬁ@y&ﬂg‘{“ HoR ge?
particularly preferable in 80 to 95 weight%in order to
enhaethylLggoup; each R eapesseniniagerepdpntly p hydrpgen;aiqm aran (s alkyl group;
| ead-sol der crack resistance. Wien the inorganic filler
i s cendraesrbdepresentaa intagsr of Gem@go 2 and 3t Igast ghr ofn andan is 1 or
inorganic filler is preferably fined silica. The fused
1G] | greaternBrepresensserhyidrogen tloaror ¢ire fohewing generad formpladfiZyal
form, but in order to enhance the mxing ratio of fused
silica af@7pf event an 20increase in the nmelt viscosity of
the nolding material, it is preferable that spherica
fused si [Clmited Fomla y6Jused. Further, in order to enhance
the mxing ratio of spherical silica,

tiyon

General Formula (4-2)

In the general formula (4-2), each R’ represents independently a hydrogen atom or a

15  methyl group; each R? represents independently a hydrogen atom or an C;_4 alkyl group;
p represents an integer of 1 or 2. Provided that the total number of aromatic nuclei in the
general formula.(4) is from 2 to 8, and a position bonding to the naphthalene skeleton in

the above general formula (4) may be any of two rings forming the naphthalene RING.



the inorganic filler is preferably prepared such that the
distribution of particle size of spherical silicais
properly controlled. [0115] 25A process for producing the
sem conduct or encapsul ating material of the present 41

i nvention fromthe epoxy resin3Ronposition may be
nentione? {~g1 Whi ch each conponent descri bed above and
further %e %ther additives are thoroughly m xed by neans

of an ex Al%dgrth . Agngcagle?lgml fo%ula g{)t %ﬂ?gﬂefeﬁ%wyg&oﬁnlﬁf&r{ Qhd"

mxturelsotalne rovi

tion for rmdln nm con to
° CRRPE R TR Y ¥ PP oRE FR e &?e 4 ahs%os@aa%w 5P
a l.d, sfer Ider n_extrusion der_or t
[ Ea%l @ms% A A i
to hours, sq.that .a sem conductor package as
-‘rm| %@a tcpﬁ@a i which & peatiehonding & ag %‘1%?“%%»7@68%99 f8 mﬁerred
osition of the present invention nmay be used for
ex ggwéhe agpect @frem@h‘pbﬂﬂmq Tetardaneycanl Geat iesipanes. ;apd pagticularly, it is
materi al s, conductive pastes, |am nate sheets, electronic
ci rpreferablsdanersa mirdurs of te wmndwteﬁ@tméhﬁ stustugal fvmals E-18,
resin nold materials, adhesives, dielectric interlayer
mat B+1P af E-20dronbihe Iatpeqpf lbw exadlend balhme beiwser Barné regrsdaanylamnsio
on. Anong the above various kinds of uses, the epoxy
r esfluidityo mihs tdtal anmbér dflasnatic awcidi in the gedera formmla (Bis particularly
suitably used for the sem conductor encapsul ating

10mat prefeerbd Rt Atb® fidn the depett dflah Bgrelidit BiladleDf flpac tetaddnay, hyat
for the sem conductor encapsulating material. [0117] In

or dﬁglsmgh@gﬁmyt he epoxy resin conposition of the
present invention into a conposition for a printed

circuit begofl, the epoxy resin conposition may form for
exanple, ‘a prepreg. It is preferable that the epoxy resin

conposi t 'T‘B@ef)o?(y‘fésﬁﬁ‘ﬂﬁ%aﬁ&ggﬁo‘%qaﬁj Malﬂ&i R IRih e% r gl e

to forma prepreg, no solvent s use
o it ohe Ol AEEPOL VS, A RIS %*d‘ééh.YFﬁ%a“ﬁ?m
150 Phirgvinh e S Pl e S R3F ey p
é‘ gf&@ﬂ{l 3 gfenol in G Siepdy et b ?fé%lg%?&%megﬁ Proflaet with an
IR IR SMENE LI R
gl agsgect grfz excellent productivity of the epoxy resin, it is preferable that the epoxy resin
can be obtained in the presence of a basic catalyst then performing the glycidylation of
20  the phenol resin.
[0081]
Since the epoxy resin thus-obtained is commonly obtained as a mixture of the
compounds of each structure as described above, the epoxy resin in the present invention

may be used as being this mixture. Moreover, the reaction product contains a high

25  molecular weight compound having a 2-hydroxypropylene group, which is produced by



fi ber, glass nonwoven fiber, ararnid paper, aramd fi ber,
glass mat, or glass roving fiber, and then heated at a
tenperature according to the used solvent, preferably at
50 to 170C, to obtain the prepreg as the cured article. A
ratio of the resin conpositio@land t he reinforcing base

éﬁeéﬂgrﬁ BorREen ol m il a3 g%##l?%shﬁ’th“ %éﬁ%%ﬁfafgtﬁ? s
%
2 oFBE T é%ﬁfyg%%g °sf§1§f%'e°%zgﬂq5ﬁ&§%r nien ¥R Rl ?ﬂ%vo@ssw
| R S p i o B DR R R oy e e AR et
a C er thi @C followed b Qeat regiln L "
ﬁﬁf@ﬁa&n& .ﬂ@sfe}‘s ulmem&%%e @@f coglwpeggmbérefaﬂemt 0

O MPa for 10 m nutes to 3 hours, to obtain the 10

5copereintielont e dAs derrrlbadabevsesince thoaupalier ofvaislel plthe praxy resinen

conposition of the present invention is used as a

c ol supprastpdiabe ow mltimeesmynmtl% Htis praeegpbisthatitiey mizjuagrsiuged

a method to be used as osition for an isotropic

c oagly Bxtarg of the gpoxyrresin mth m@ glyrididethgseof the difunstienabpleasisn

15 conposition for a circuit connection or an isotropic

c otie cariteng o £ilib dipiyeaiyletiecd ofitle difuhétopmalphpiisia the mixboens

tenperature, by dispersing fine conductive particles in

t herefgably 5 te80% acanpeasatio tithe Bashi@nehtbydGRIE frdnothe htpettrofan

interlayer dielectric material for a build-up board from
10t heluRily ephs ¥péxgTbdin EmiReBioni on of the invention, for

exanpl e, the curable resin conposition properly conbi ned

wi th rubjpegy or fill er is coated on a circuit-forned

Wi ring board using a spray coating nethod, a curtain

et hod OfpeldBixy delif sﬁé&ﬁic&%f&s&%ﬁ dbovERERt efeﬁ'ta& faf Wlﬂai(élﬁﬂyoﬁy

hol e such as & through e part If necessary, the

t hlégih%élﬁ‘h{‘tﬁgnm AL Al hl?getorf @51‘3@%&2 @c?@@&gﬁﬁk epoxy Igesm

rougheni ng agent and t e SUI' ace

Bf’%‘?-"”@aﬁél ity 3fe &t P %%s%%?*ﬁ%nﬁfg?é@%ﬁ*gﬁfﬁ%?ﬁog"
st e S

roughengﬁa 1gent there may be menti oned an oxi di zi ng

agent 8l or organi ¢ sol vents. These operati ons are
repeated in_order accordl ng to, the pose, .
al t er natf vsityissesity @f the epoxy; ré%etprqfeablésémo |0dy3?a eﬁd 5% C in the
conductor |ayer of the Eurposed 5 circuit pattern, by
whingxturefeonb e lnspechofigoed duidignofiske elttaingdrepdxy ®sidvi ded t hat
maki ng the through hole part is carried out after form ng
the diell@84lic resin layer of the outernost |ayer. The
resi n-adhered copper thin filmwhere the resin

20conposi tNom, thsepdoay festumacbeaned indivdoalheor miny be dsed im dombination
heat - pressed at a tenperature between 170 and 250C to
f owithatheoegixy sesirsac éyr abhe effectdnfttieeprisent idveanpob aramdt degeniobyeed.
manuf acture by omtting the process 10 of plating
t reat men08q]0120] The epoxy resin conposition of
the present invention may be al so used as a resist ink.

In this game otheh@loRy flRins REbaBafbined RethovaiBud @dxy fesith iaf be
the epoxy resin is conbined with a vinylic nonomer having

et Ryddefideabhyes MeRbihA Bobighek & thRhoxyPsinPvisphenol F type epoxy

25  resin, biphenyl type epoxy resin, tetramethy! biphenyl type epoxy resin, phenol novolac



15 cationic polynerization catalyst as the curing agent,
and further added with pignent, talc and filler to forma
resist ink conposition, and the conposition is coated on
a printed board by a screen printing nethod then to
obtain a resist ink cured artiéfe. [0121] The epoxy resin

20 9B sk Peel clet IR he o ik oY ridtind B ERIR A
ag e{é{raphqal%lrlgtﬁagn% éﬁ%éegb,g, r%gﬂ{l & fci IEI}'] Cf{lS engl_pgl??t;ég ta % % g ﬁ?no R %(ﬁrogh%g

t herern, -accor various f I'catl

d i bed. 0122 . h [ .
confibet FrE PR PR ey e RAPER CoR I R R R Ty
b L RO oS R Pt ey B EBSPhatiE 8

referred that a nethod of obtaining the cured article in
i Fepiny peehiaplsrgsol e pondensag Basiolae dpe sPoxyHESIp aEupatic hydrocarbon
invention preferably is added with vari ous conmpoundi ng
ageforsalgdehyde mw—m@%@nhynﬁawm enexy resisy priphsaylanedifiedor |
and the obtained conposition is heated in a tenperature
r anBevolsk Al EReXyZesit.o ABOE thesgsbeNyTesintethy mamthr;g@ptﬁnyl type
enpl oyed as a general nmethod for the epoxy resin
congmsy rasisnbiphitnylardilad typetepdnyaesic onrmestola type kpoxly aesinsare preferably
| am nat ed product, casted product, adhesive |ayer, coated
fi | nsed partibulang inERGAME chfsd[afkREHavib@ Theellpitdaar tretandmerytchbe
will be described in detail with reference to the
16 ol bmxihedy- exanpl es and conparati ve exanpl es, but the
i nvention should not be construed as being limted
thereto. [fdds}t he "parts” and "% are given based on
wei ght unl ess otherw se indicated. A nelt viscosity at

150C, a sQfhehirdg abiit ﬁied'?i?éb%tz S¥B btaiddd by IRARMEEIGithe FHont

M5 spectra were neasured at the follow ng conditions.

15[ Ql &ttion, thre ﬁayﬁg gse\di vafiaRiKinds 8F kﬂo@%@luﬂp eethis T eﬁ&r&/}gggsz for

D4287.  2) A ne of nmeasuring a meltihg point: _
i ool it Mol & hE RSN Bt B0l bRl ponite agd
ot ot el P ik ey ealif bt ot e

Sol Xrg:%te-iaasteg %%E‘A’u%&é’ In% gendianﬁln%ﬁ\llpﬁ%yﬁﬁeﬂ}angj Jigﬁlﬁenetriamine,

triethylenetetramine, diaminodiphenyl sulfone, isophoronediamine, imidazoles,
BF;-amine complexes, or guanidine derivatives, examples of the amide-based
compounds may be dicyandiamide, or polyamide resin synthesized from a dimer of
20  linolenic acid and ethylenedimaine, examples of the acid anhydﬁde-based compounds
may be phthalic anhydride, trimellitic anhydﬁde, pyrotrimellitic anhydride, maleic
anhydride, tetrahydrophthalic anhydride, methylhexahydrophthalic anhydride,
methylnadic anhydride, hexahydro phthalic anhydride, or methyl hexahydro phthalic
anhydride, examples of the phenol-based compounds may be multivalent phenol

25  compounds such as pheno! novolac resins, cresol novolac resins, aromatic hydrocarbon



Detector: Rl 25 4) Ms: Doubl e-focusi ng mass spectroneter
AX505H (FD505H), manufactured by Japan 45 Electronics
Co., Ltd. [0125] EXAMPLE 1 [ Synthesis of phenol resin
(a-1)] In a flask eqw pped with a thernoneter, a dropping
funnel a condenser, a 5 fract?bnal distillation col um

$13£bf11&g¥oxyr;ap 1aepgﬁe ?rg%)i?ggéc&gi gengﬂake?%gﬂéno} c()i\‘/l\ftn ¢ resins,
];notr i ogenm}gl 5 "gt ﬁ%h% quy?r%’“ﬁ%%ethé[?hﬁ%h&@qis? Fé;ngji 2917]
| &Fwt@gzoé?%@s a%s?@'tﬁ*fa%w‘\)@@ z?ala%amp ? %%Zf@?t Beled
o e, 200 Rqens U o oxl e aueaus, SO0 B pren

fractional distillation colum, and then the reactijion was

Sagdrsinsderitiplcatpheps! compeynds in whighghenol auglgiase copnected B t he

reaction, 15 nethyl isobut ket one 1000g was furt her

ad dasmethylengiggosp), l!nnhewl-rm&y redmaphtial s95i58 e (mgivalgntaphthol
separatory funnel. Subsequently, the solution was washed
wi toempeungs in whirk phemel wusishasd comneesed bcbismethylens greup), aind t he
sol vent was renoved fromthe organic |ayer by heating
undernarigzogroedifigh gescresitsgmobivalent phéitng cafipdunds jntvendi phenol
resin (1). The obtained phenol resin (a-1) was a brown
solnudlei drbeorinydedbyydnelenitie\va banzb guaasmih @) gr thejplsendl fedie haXGng a
melting point was 179C. [0127] The remai ni ng

1001 qioby/atyiléne sehctird ewhich 1 @8ained by e/ nisttiodrolf @e present invention.

(2, 7- di hydr oxynapht hal ene) was confirned to be 64% as an
area rat[g@spy the GPC from

Among these, particularly the compounds containing many aromatic skeletons
in the molecule are preferable from the aspect of flame retardancy effect, and specificaily,

preferred are phenol novolac resins, cresol novolac resins, aromatic hydrocarbon

15  formaldehyde resin-modified phenol resins, phenolaralkyl resins, naphtholaralkyl resins,

naphthol novolac resins, naphthol-phenol co-condensed novolac resins, naphthol-cresol
co-condensed novolac resins, biphenyl-modified phenol resins, biphenyl-modified
naphthol resins, or aminotriazine-modified phenol resins, from the aspect of excellent

flame retardancy.

20 [0088]

25

In the epoxy composition made of phenol resin or epoxy resin having a
polyarylene structure as essential components, which are obtained by the methods of the
present invention, flame retardancy of the cured article becomes excellent even without
combining flame retardants previously used in the art. However, in order to manifest

niuch higher flame retardancy, for example, a non-halogen-based flame retardant which



46 the GPC chart shown in FIG 1. [0128] Fromt he
results shown in the FT-fit chart shown in FIG 2, it was
confirmed that the absorption (1250cm|) derived from

aromati c ether was newy generat ed in 5 conparison with
the raw material (2, 7-di hydrox apht hal ene), and thus it

hy Q1B S SBinuAly ASAKHafloel Fo Bt il bb L A AR Sl
f"'!é)g‘hbﬂ??ﬁﬁfa %%%ﬁﬂﬁpéﬁ% i an"sﬁ%h‘&'&ﬂ By ES R e e

ntfheS| zed b 10 de rat nl of | ecul es of

2, " |Sﬁ’§7’3% Blf’ﬁaﬂ a°2"‘? 5 'ydr oxynapht hal ene
pent amaqu%) ﬁtr ucture (MNZ 728) synthesized by dehydration
of 5 nol EP8Pkes of 2, 7-di hydroxynapht hal ene. [0130] From
t he FDI\/ISbythetrlmethIS| lLati qn pet hod sho in FIG
%, thér e IHRFROXY EesEoMPPHERR tombined aiith g aerBaloggartaped flame
results fromadding 2 units of the nol ecul ar weight (Mw
72)re@rdaptoes pot ﬁ%hswyp%lm Spptagyhslagenepp.dit. doy example, may contain
2, 7-di hydr oxynapht hal ene tri xneric structure (Mv 444)
anchalagen ptemi of altout BEOPt WP ppmas SedetimpriiydeRrdifieg euni t s
of the nol ecular weight (Mv. 72) of the trinethylsilyl

gr cpthajpbydritogentained irvthdiepgrgiresay napht hal ene trineric
structure (Mv. 444). 20There were confirned the peak
(Ne=945) [(BDch results fromadding 3 units of the

nol ecul ar weight (Mv 72) of the trinethylsilyl group
lporti on The ahote dotidlogeybasadiflahelretadapemdyderfor exaaipldiat ur e
(Mv. 728) synthesized by dehydration of 5 nolecul es of

2, Toidiphyiidiseddnhichahans, ﬁﬂ&o%dﬂﬂnaﬁﬁ&lﬁn{emmﬁa silénHased

results fromadding 4 units of the nol ecul ar wei ght (Mw

72) fldMe refdRiaht! AdRbIRYhiS Nhdd rdddr@iHd, 0P @k biglibniePal BSflame retardant, and
2 7-di hydr oxynaphthal ene pentaneric structure (Mwv 728).

h et[]%&s% ﬁreof is not hgﬁtg@,"lﬁ bfich %H@ﬂmﬁ:{]refyﬁﬁnis e 'ﬁ@édqﬂdl(fﬁ@a;lly,

resin (a-1), 1n which the conten

t2 h; ar e r at 6}'1@%8&% aﬁJ r’%‘%@é‘g thg% %’E“éhtg%%n cffﬂ?é:t%/ﬁ‘é}ém type

lscorﬁa@; ! at Zt'sd' hydr oxynapht hal ene trineric ether 5
conmpound represented by the follow ng structural fornmnula:

[0132]  foq;

As the phosphorus-based flame retardant, either inorganic phosphorus or organic
phosphorus compounds may be used.  As the inorganic compounds, for example,
red-phosphorous, ammonium phosphates such as ammonium phosphate, ammonium

20  phosphate dibasic, ammonium phosphate tribasic, or poly ammonium phosphate,
inérganic nitrogen-containing compounds such as amide phosphate may be used.

[0092]

The red-phosphorous is preferably one that is subject to surface treatment for the
purpose of preventing hydrolysis and so on, and as a method of the surface treatment,

25  there may be mentioned, for example, (i) a method in which red phosphorus is coated



[ Chem cal Formula 18] [0133] 10 A trineric conpound
represented by the follow ng structural fornula, which
was synthesized by dehydration of 1 nolecul ar nucleus of
2, 7-di hydr oxynapht hal ene wi th 2, 7-di hydr oxynapht hal ene
di meric ether: [0134] [Chem caf® Formul a 19] 15 and

L?ﬁﬁau@g°%%%éhﬁ e S S L A
b 2 @@@Fﬁ&yﬁoxyna;ﬁiﬁﬁﬁ {180 by drod1BA, Bt A niate, or a
2, 7.1 hydr oxy Qﬁp 6’16 Shl nge%{{o%hﬁ}uﬁ% ¢o {e% &]a tﬁmPfA%PHm

2 [by esI’s’ resin

3::

phe glr ?gsalm‘%c Wp? oﬁﬁ%ﬁ?ﬁgﬁhﬁ‘?’ﬂ& glau%nu%aﬂyd?oxi& Zih

dr ox Iene 6 in Exanple 1 s .changed. to
élygﬁ%éa Kl RGPS TR rerasE BB e h G e i
a 2), was a brown soli d and had hydr oxyl group_equival ent
of V!L}B@gfﬁé ghespbeieis cogied ith wfilnyef apgnergant ¢pmpored oltas

magnesium hydroxide, aluminum hydroxide, zinc hydroxide, titanium hydroxide, and

!JI
—~

then coated with a film of thermosetting resin thereon.

[0093]

10 The above organic phosphorus compounds may be, for example, widely used

organic phosphorus compounds such as phosphate ester compounds, phosphonic acid
compounds, phosphinic acid compounds, phosphine oxide compounds, phosphorane
compounds, or organic nitrogen-containing phosphorus compounds, or cyclic organic

phosphorus compounds such as 9,10-dihydro-9-oxa-10-phosphaphenathrene-10-oxides,

15  10-(2,5-dihydrooxyphenyl)-10H-9-0xa-10-phosphaphenathrene-10-oxides, or

10-(2,7-dihydrooxynaphthyl)-10H-9-oxa-10-phosphaphenathrene-10-oxides, and a
derivative which is obtained from reacting these with a compound such as epoxy resin or

phenol resin.

[0094]

20 The amount of the non-halogen-based flame retardant to be combined is suitably

selected according to the kind of the phosphorus-based flame retardant, other
components of the epoxy resin composition, and required degree of flame retardancy, and
for example, when red- phosphorus is used as the non-halogen-based flame retardant, it

is preferably in a range of 0.1 to 2.0 parts by weight in 100 parts by weight of the epoxy

25  resin composition in which all of the epoxy resin, the curing agent, the



10 chart in FIG5, the remaining proportion of the
un-reacted raw material (1, 6-di hydroxynapht hal ene) was
confirmed to be 24% as an area ratio by GPC. [0138]
EXAMPLE 3 [ Synthesis of phenol resin (a-3)] 125g of the
phenol resin (a-3) was obtaine® in the same nanner as in

Exg{,ﬁélhﬁy%m ob%ger?\g}) ﬁﬁ?ﬁﬁgﬁgg&kpﬁle&%ddﬁmimﬁggm@ﬁangeaﬂd oen
.5
1 Bl ShotulsE sﬁ%&@ré YSTBT R et ke A
Léi%w”saq T3 gy BT PRI e b S R SR ER O ¢ he
GPC chart FIG 6, the remmining proportion of the

un- react[gﬁ%ﬁaw material (the sumof 20
2, 7-di hydr oxynapht hal ene and 1, 3-di hydroxybenzene) was

Sconf i r meWhembhp aboyg phespherys-hased flame {e@r@y d, hydroiaicite, 49

10

20

25

EXAMPLE 4 [ Synt hesis of phenol resin Z@D 100g of
t hanaghrsivg) hydeaxiide, beroa yompeyndsy Fistonien mder,h lsdies, algivmer as
in Exanple 1, with the exception that the

2, vartiptiaged repkisen ziph riokibdate, ot 8Giyeicarbeix may becambirss wittethged t o
1, 3-di hydroxybenzene 110 g (1.0 nol). The obtai ned phenol
r e phosplicrusthasedflathe evandant.sol i d and had hydroxyl group

equi val ent of 85g/eq and nelting point of 122C. Fromthe
GPC charfopodlhe remai ni ng proportion of the un-reacted raw
mat eri al (1, 3-di hydroxybenzene) was confirned to be 36%
as an argathe abdve nityogbPbased OdOtetdrashl/PbdexbmpISyiFibtiRsSionpaiinds,
phenol resin (a-5)] 10Iln a flask equi pped with a

t h@¥ﬁaﬂ@a&a corfpdth @) Rb&@n it W& conbosla AR PE&othidide] Mdn%gl

distillation colum and an agitator was placed 160g (1

Moliele Hazine CosthiMndE QYURALBLRBORARNEES R‘B ﬂltlceé‘&&)yorﬁﬂaﬁnds are

foI | oW ng for%h [a and benzyl al cohol’ and heat ed at

?& gg stirring and purging nltrogen gas to be nelted:
ﬁ%f [ Chem cal Formul a 21] After nelting, 23g

(O 2 nol 1 48% pot assi um hydr oxi de aqueous sol ution was
added. en, water derived fromthe 48% potassi um

Y0 O, QOUERUR AL SR A PR S] o R RL RS

an %eiamme acetoguanamine, benzoguanamine, melon, melam, saccinoguanamine,
ethylenemelamine, polymelamine phosphate, or triguanamine, and for example, (i)
aminotriazine sulfate compounds such as guanylmelamine sulfate, melem sulfate, or
melam sulfate, (ii) co-condensed compounds of phenols such as phenol, cresol, xylenol,
butyl phenol, or nonyl phenol, or melamines such as melamine, benzoguanamine,
acetoguanamine, or formguanamine, with formaldehyde, (iii) a mixture of the
co-condensed compounds of the above (ii) with phenol resins such as phenol
formaldehyde condensed compounds, (iv) one that the above (ii) or (iii) is further

modified with wood oil or isomerized armani oil.

[0098]



20 the reaction was again perforned for 15 hours. After
the term nation of the reaction, water 1000g was further
added, and precipitate is filtered, after washed with

water, it was dried under a reduced pressure, to obtain
147g of the phenol resin (a-5)3%f the present invention.
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3296as E%& a ratlo by the GPC fromthe GPC chart.

[0142] 5 MPLE 6 [ Synthesis of epoxy resin (b-1)]
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pressure. Next, nethyl isobutyl ketone 432g and n-butano
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thus obtalned and di ssol ved. Again, | Qg of 1096sod|um
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reacted at 80C for hours, andthe solution was washed 3
tinmes mn@ gater of 150g until pH of the washed 20 water
becane neutral. Then, after the systeminside was
dehydr at ' t
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abbr evi at i .ned epoxy resin (b-1) had
2 pistonnsiBenatyl, Btbons geSter St hRERESE" ana epoxy
equi val e[|n ﬁf 187g/ eq. 25[0143] 51 COVPARATI VE EXAMPLE |
[Synthes'é f phenol resin (a'-1)] 100g of the
phenol resin was Qbtained in the same manner. as
i n Exanpl atnouw ‘tfﬁhft hevesiteprhasnd emgretardant4ads pryptiasd iim
hydr oxi de  aqueous_sol ution in Exanple 1 was changed to
20 o itably) sglepied agcortingcto ke landn«;/fdhqitlbmzdvasqﬂlsﬂwee@r@ﬁ@ ofher
Exanmpl e 1, 5 phenol resin (a' -1) was obtained for
cowprEpanents of g sPeHyaesiTPRImpIBKtian.Aed rgniserbiiesres of flamg retaryangy gnd
brown solid and had hydroxyl group equival ent of 183g/eq
andortewampledbinpeeferably in 2 wnpreefdQirte 20 arpdyevdight &y peeth by ng
poi nt can not be determ ned. [0144] EXAMPLES 7 to 14 and
COvRRAT thiEeiXAKRINESnPositiorSin which all of the epoxy resin, the curing agent,

the non-halogen-based flame retardant and other filler or additives are combined.

25  When the above silicon-based flame retardant is used, molybdenum compounds, or



10As epoxy resin, using YX-4000H

(tetranet hyl bi phenol -type epoxy resin, epoxy equival ent:
195 g/ eq) manufactured by Japan EpoxyResin Co., Ltd.,

NC- 3000 ( bi phenyl aral kyl type, epoxy equival ent: 277gleq)
manuf act ured by Ni ppon Kayal cu38o., Ltd. and N 665- EXP

(cr A y resin, epoxy equival ent:

20%3ﬁ%ﬁ4u‘?og%qﬁ%erﬂ§%g%@%§mi ni ppon I nk and Chem cal s,

Inc., an@l&{)e above-nentioned epoxy 15 resin (b-1); as a

curing agent’, using phenol resins (a-1)-(a-5), (a'-1) and

Mrex XLC- .3 phenol. ar al k esi.n, hydroxyl. gr
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hydr oxi de (Z-10 20 manufactured by Air Water Co., Ltd.),
a spher al®1$tlsed silica (S-CO., manufactured by M cron
Co., Ltd.) as an inorganic filler, y-glycidoxy

t ri et hox§pscifigresamppenmon 0@ abengrmgtal dydroxidesypaydpe, for Bxasple,
Chem cal Co., Ltd.) as a silane coupling agent, carnauba
wavaluhiaRhy Wdedddmagndjummbytinéads, droeute Phyd@easleitd, calcihindydiOnids,
Ltd.), and carbon bl ack, according to the fornul ati on set
f orbatium hydrakide ©r ZiramilinPhainekideubj ect to nel t - kneadi ng 25
using 2 rolls at 100C for 10 mnutes, to obtain the

10pur posed[oeosjposi ti on. For the 52 obtained conposition,
the gel tinme was neasured by the follow ng nethod to test

t he cur abpecific kd 13€ the aBbveQhietd] Dk RleS ARPBS ifdrieRilnyIB Tinc
press-nol ded at 180C for 10 m nutes and further cured at
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prepared fromthe cured article thus-obtained according

T ke AR o
Gl b e TS AR SR A5, B bRBEIS AP Ru6 g

too}n?dSC and the system observation started by using a
stopvvﬁtch. The sanple was uniformy stirred at the end of
the rod, q@& t he stopwatch 10 stopped when the sanpl e was
br oken i[r? formof thread, which was |eft on the plate.
The tinme_consuned until this sanple was brokep to be_ left
on t he PRBRCUERREY los heahave qatt Crpgtacs eoTaRgps hay be, for

Fl ame retardancy: The 5 specjnens of 1.6mmthickness
pr EP3PRE ZF carhanate, reppgnesiumg garbone; FAFJURSAIBORA, Paym gasbopate,
conmbustion test. . Gdass transition tenperature; it
wadnagaesiim eatbensiehysis, alyminwa cabprags. fron parhenste, prpalt sarbenate At
(RSAI'l- manuf actured by Rheonetrics Co., Ltd., double

20Ca Aitaniay exrbenstehod: frequency of 1 Hz, tenperature-raising

velocity of 3C /mn). [0147] 20[ TABLE 1]
[0107]

1

Uh

Specific examples for the above metal powder may be, for example, aluminum,
iron, titanium, manganese, zinc, molybdenum, cobalt, bismuth, chromium, nickel, copper,
tungsten, or tin.

25 [0108]
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Specific examples for the above boron compounds may be, for example, zinc
borate, zinc metaborate, barium metaborate, boric acid, or sodium borate.

[0109]

Specific examples for the above low-melting point glass may be, for example,

5  glasses such as Sipri (manufactured by Bauxite-Brown Corp.), $i0,-MgC-H,0,
Pb0-B:0s, ZnO-P,0s-MgO, P»,05-B,03-Pb0O-MgO, P-Sn-0O-F, PbO-V,05-TeO; or
A1;03-H,0 based hydrated glasses; or boron silicate based glasses.

[0110]

The amount of the above inorganic flame retardant to be combined is suitably

10 selected according to the kind of the inorganic flame retardant, other components of the
epoxy resin composition, and required degree of flame retardancy, and for example, it is
preferably in a range of 0.05 to 20 parts by weight and more preferably in a range of 0.5
to 15 parts by weight, in 100 parts by weight of the epoxy resin composition in which all
of the epoxy resin, the curing agent, the non-halogen-based flame retardant and other

15 filler or additives are combined.

foii1]

Examples for the above organometallic flame retardant may be, for example,
ferrocene, acetylacetonate metal complexes, organometallic carbonyl compounds, cobalt
organic salt compounds, metal sulfonic acid salts, compounds where metal atom and

20  aromatic compound or heterocyclic compound are bonded in an ionic bonding or
coordination bonding.

[0112]

The amount of the above organometallic flame retardant to be combined is
suitably selected according to the kind of the organometallic flame retardant, other

25  components of the epoxy resin composition, and required degree of flame retardancy, and
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for example, it is preferably in a range of 0.005 to 10 parts by weight in 100 parts by

weight of the epoxy resin composition in which all of the epoxy resin, the curing agent,
the non-halogen-based flame retardant and other filler or additives are combined.

[0113]

The epoxy resin composition of the present invention may comprise inorganic
filler if necessary. Examples for the above inorganic filler may be, for example, fused
silica, crystalline silica, alumina, silicon nitride, aluminum nitride and the like in the
application of a semiconductor encapsulating material, and a conductive filler such as
silver powder, copper powder and so on may be mentioned in the application of
conductive pastes.

[0114]

Here, when the epoxy resin composition is used as the semiconductor
encapsulating material, the amount of the inorganic filler is in the range of 70 to 95
weight% of the filler per 100 parts by weight of the epoxy resin composition, as
described above, but among this range, particularly preferable in 80 to 95 weight% in
order to enhancing flame retardancy, humidity resistance or lead-solder crack resistance.
When the inorganic filler is contained in the ratio of 80 to 95 weight%, the inorganic
filler is preferably fused silica. The fused silica may be used in either crushed form or
spherical form., but in order to enhance the mixing ratio of fused silica and prevent an
increase in the melt viscosity of the molding material, it is preferable that spherical fused
silica be mainly used.  Further, in order to enhance the mixing ratio of spherical silica,
the inorganic filler is preferably prepared such that the distribution of particle size of
spherical silica is properly controlled.

[0115]

A process for producing the semiconductor encapsulating material of the present
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invention from the epoxy resin composition may be mentioned in which each component
described above and further the other additives are thoroughly mixed by means of an
extruder, kneader, roll or the like until a uniform mixture is obtained, to provide the
epoxy resin composition.  As for molding a semiconductor package, the
semiconductor encapsulating material is molded by using a mold, a transfer molder, an
extrusion molder or the like and then heated at a temperature between 50 and 200°C for 2
to 10 hours, so that a semiconductor package as a molded product can be obtained.

[0116]

The epoxy resin composition of the present invention may be used for example,
for composition used for underfilling materials, conductive pastes, laminate sheets,
electronic circuit boards and so on, and coating materials such as resin mold materials,
adhesives, dielectric interlayer materials for build-up board, dielectric coatings and so on.
Among the above various kinds of uses, the epoxy resin composition of the present
invention may be suitably used for the semiconductor encapsulating material and the
underfilling materials, particularly for the semiconductor encapsulating material.

f0117]

In order to process the epoxy resin composition of the present invention into a
composition for a printed circuit board, the epoxy resin composition may form, for
example, a prepreg. It is preferable that the epoxy resin composition is vamished by
using an organic solvent to form a prepreg, although no solvent is used according to the
viscosity of the epoxy resin composition. As the above organic solvent, polar solvents
with ﬁ boiling point of at most 160°C such as methyl ethy! ketone, acetone, dimethyl
formamide and the like are preferably used, which may be used individually or as a
mixture solvent of 2 or more kinds.  The obtained varnish-like composition can be

allowed to penetrate in a reinforcing base material of various kinds such as paper, glass
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fiber, glass nonwoven fiber, aramid paper, aramid fiber, glass mat, or glass roving fiber,
and then heated at a temperature according to the used solvent, preferably at 50 to 170°C,
to obtain the prepreg as the cured article. A ratio of the resin composition and the
reinforcing base material to be used is not particularly limited but it is preferable that the
resin proportion in the prepreg is prepared to be commonly 20 to 60 weight%. Whena
copper-coated laminate sheet is prepared using the epoxy resin composition, the
thus-obtained prepreg can be laminated by a common method and properly laminated
with a copper thin film, followed by heat-pressing at a temperature between 170 and
250°C under a pressure of 1 to 10 MPa for 10 minutes to 3 hours, to obtain the
copper-coated laminate sheet.

[0118]

When the epoxy resin composition of the present invention is used as a
conducting paste, there may be mentioned by, for example, a method to be used as a
composition for an isotropic conducting film, or a method to be used as a paste resin
composition for a circuit connection or an isotropic conducting adhesive which is a liquid
phase at room temperature, by dispersing fine conductive particles in the epoxy resin
composition.

[0119]

In order to obtain an interlayer dielectric material for a build-up board from the
epoxy resin composition of the invention, for example, the curable resin composition
properly combined with rubber, or filler is coated on a circuit-formed wiring board using
a spray coating method, a curtain method or the like and then cured. Then, after making
a hole such as a through hole part if necessary, the thus-obtained material is treated with a
chemical roughening agent and the surface thereof is washed with hot water so as to form

a bump, and then subjected to plating a metal such as copper or the like. As a method
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of plating described above, non-electrolytic plating and electrolytic plating are preferred,

and as the roughening agent, there may be mentioned an oxidizing agent, alkali, or
organic solvents.  These operations are repeated in order according to the purpose, so
as to alternatively build up a dielectric resin layer and a conductor layer of the purposed
circuit pattern, by which the build-up board can be obtained. Provided that making the
thr;)l-igh hole part is carried out after forming the dielectric resin layer of the outermost
layer. The resin-adhered copper thin film where the resin composition is half-cured on
the copper thin film is heat-pressed at a temperature between 170 and 250°C to form a
rough surface, by which the build-up board can be manufacture by omitting the process
of plating treatment.

[0120]

The epoxy resin composition of the present invention may be also used as a
resist ink.  In this case, there may be mentioned a method in which the epoxy resin is
combined with a vinylic monomer having ethylenically unsaturated double bond, and a
cationic polymerization catalyst as the curing agent, and further added with pigment, talc
and filler to form a resist ink composition, and the composition is coated on a printed
board by a screen printing method then to obtain a resist ink cured article.

[0121]

The epoxy resin composition of the present invention may further comprise
various compounding agents such as silane coupling agent, release agent, emulsifier or
pigment incorporated therein, according to various kinds of the application described
above.

[0122]

The epoxy resin composition of the present invention can be cured by common

methods according to the purpose or uses so as to obtain the cured article.  In this case,
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it is preferred that a method of obtaining the cured article in which the epoxy resin

composition of the present invention preferably is added with various compounding

agents and then properly added with a curing accelerator, and the obtained composition is

heated in a temperature range of about 20 to 250°C. A molding method can be
employed as a general method for the epoxy resin composition. The thus-obtained
cured article forms laminated product, casted product, adhesive layer, coated film, or
film.

EXAMPLES

[0123]

The present invention will be described in detail with reference to the
following-examples and comparative examples, but the invention should not be
construed as being limited thereto. All the "parts" and “%” are given based on weight
unless otherwise indicated. A melt viscosity at 150°C, a softening point measurement,
GPC measurement and MS spectra were measured at the following conditions.

[0124]

1) A melt viscosity at 150°C: based on ASTM D4287.

2) A method of measuring a melting point: DSC822¢ manufactured by Mettler,
temperature-raising speed: 3°C /min.

3)GPC:

- Instrument: HLC-8220 GPC, manufactured by Toso Co., Ltd., column; TSK-GEL
G2000HXL + G2000HXL + G3000HXL + G4000HXL, manufactured by Toso Co., Ltd.
* Solvent: tetrahydrofuran

* Flow rate: 1 m1/min

- Detector: RI

4) MS: Double-focusing mass spectrometer AXS05SH (FD505H), manufactured by Japan
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Electronics Co., Ltd.

[0125]

EXAMPLE 1 [Synthesis of phenol resin (a-1)]

In a flask equipped with a thermometer, a dropping funnel, a condenser, a
fractional distillation column and an agitator was placed 160g (1.0 mole) of
2,7-dihydroxynaphthalene represented by the following formula and heated at 200°C
with stirring and purging nitrogen gas to be melted:

| [0126]

[Chemical Formula 17]

HOOH |

After melting, 23g (0.2 motl) of 48% potassium hydroxide aqueous solution was
added. Then, water derived from the 48% potassium hydroxide aqueous solution and
water to be produced was taken out by using the fractional distillation column, and then
the reaction was again performed for 5 hours.  After the termination of the reaction,
methyl isobutyl ketone 1000g was further added for dissolution, and then transferred to
the separatory funnel. Subsequently, the solution was washed with water until the
washed water became neutral, and the solvent was removed from the organic layer by
heating under a reduced pressure to obtain 150g of the phenol resin (1).  The obtained
phenol resin (a-1) was a brown solid, the hydroxyl equivalent was 120g/eq and the
melting point was 179°C.

[0127)

The remaining proportion of the un-reacted raw material

(2,7-dihydroxynaphthalene)} was confirmed to be 64% as an area ratio by the GPC from
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the GPC chart shown in FIG.1.

[0128]

From the results shown in the FT-IR chart shown in FIG.2, it was confirmed that
the absorption (1250cm™) derived from aromatic ether was newly generated in
comparison with the raw material (2,7-dihydroxynaphthalene), and thus it was assumed
that dehydrative etherification between the hydroxyl groups occurred.

[0129]

From the resuits shown in the FD-MS chart shown in FIG.3, there were
confirmed 2,7-dihydroxynaphthalene trimeric structure (Mw: 444) synthesized by
dehydration of 3 molecules of 2,7-dihydroxynaphthalene, and 2,7-dihydroxynaphthalene
pentameric structure (Mw: 728) synthesized by dehydration of 5 molecules of
2,7-dihydroxynaphthalene.

[0130]

From the FD-MS by the u'imethylsilylatioﬁ method shown in FIG 4, there were
confirmed the peak (M'=588) which results from adding 2 units of the molecular weight
(Mw: 72) of the trimethylsilyl group portion to 2,7-dihydroxynaphthalene trimeric
structure (Mw: 444) and the peak (M'= 660) which results from adding 3 units of the
molecular weight (Mw: 72) of the trimethylsilyl group portion to
2,7-dihydroxynaphthalene trimeric structure (Mw: 444).

There were confirmed the peak (M'=945) which results from adding 3 units of
the molecular weight (Mw: 72) of the trimethylsily! group portion to
2,7-dihydroxynaphthalene pentameric structure (Mw: 728) synthesized by dehydration of
5 molecules of 2,7-dihydroxynaphthalene and the peak (M=1018) which results from
adding 4 units of the molecular weight (Mw: 72) of the trimethylsilyl group portion to

2,7-dihydroxynaphthalene pentameric structure (Mw: 728).
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[0131]

From the above, it was interpreted that the phenol resin (a-1), in which the
content of 2,7-dihydroxynaphthalene of the raw material is 64% as the area ratio by GPC
with respect to the total resin, contains 2,7-dihydroxynaphthalene trimeric ether

5 compound represented by the following structural formula:

[0132]

[Chemical Formula 18]

pecaseasen
[0133]
10 _ A trimeric compound represented by the following structural formula, which
was synthesized by dehydration of 1 molecular nucleus of 2,7-dihydroxynaphthalene
with 2,7-dihydroxynaphthalene dimeric ether:

[0134]

[Chemical Formula 19]

15

and
[0135]
a pentameric compound represented by the following structural formula:
[0136]

20  [Chemical Formula 20]
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which was synthesized by dehydration of 2 molecular nuclei of
2,7-dihydroxynaphthalenes with 2,7-dihydroxynaphthalene trimeric ether.

[0137]
EXAMPLE 2 {Synthesis of phenol resin (a-2)}

147g of the phenol resin (a-2) was obtained in the same manner as in Example 1,
with the exception that the 2,7-dihydroxynaphthalene 160g in Example 1 was changed to
1,6-dihydroxynaphthalene 160g. The obtained phenol resin (a-2) was a brown solid and
had hydroxyl group equivalent of 135g/eq and melting point of 137°C. From the GPC
chart in FIG. 5, the remaining proportion of the un-reacted raw material
(1,6-dihydroxynaphthalene) was confirmed to be 24% as an area ratio by GPC.

[0138]
EXAMPLE 3 [Synthesis of phenol resin (a-3)]

125g of the phenol resin (a-3) was obtained in the same manner as in Example 1,

with the exception that the 2,7-dihydroxynaphthalene 160g in Example 1 was changed to
a mixture of 2,7-dihydroxynaphthalene 80g (0.5 mol) and 1,3-dihydroxybenzene 55g (0.5
mol). The obtained phenol resin (a-3) was a brown solid and had hydroxyl group
equivalent of 101g/eq and melting point of 136°C. From the GPC chart in FIG. 6, the
remaining proportion of the un-reacted raw material (the sum of

2,7-dihydroxynaphthalene and 1,3-dihydroxybenzene) was confirmed to be 36% as an

area ratio by GPC.

[0139]
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EXAMPLE 4 [Synthesis of phenol resin (a-4)j

100g of the phenol resin (a-4) was obtained in the same manner as in Example 1,
with the exception that the 2,7-dihydroxynaphthalene 160g in Example 1 was changed to
1,3-dihydroxybenzene 110 g (1.0 mol).  The obtained phenol resin (a-4) was brown
solid and had hydroxyl group equivalent of 85g/eq and melting point of 122°C. From
the GPC chart, the remaining proportion of the un-reacted raw material
(1,3-dihydroxybenzene) was confirmed to be 36% as an area ratio by GPC.

[0140)
EXAMPLE 5 [Synthesis of phenol resin (a-5)]
| In a flask equipped with a thermometer, a dropping funnel, a condenser, a

fractional distillation column and an agitator was placed 160g (1.0 mole) of
2,7-dihydroxynaphthalene represented by the following formula and benzyl alcohol 80g
and heated at 200°C with stirring and purging nitrogen gas to be melted:

[0141]

[Chemical Formula 21]

HOOH |

After melting, 23g (0.2 mol) of 48% potassium hydroxide aqueous solution was
added. Then, water derived from the 48% potassium hydroxide aqueous solution and
water to be produced was taken out by using the fractional distillation column, and then
the reaction was again performed for 15 hours.  After the termination of the reaction,
water 1000g was further added, and precipitate is filtered, after washed with water, it was
dried under a reduced pressure, to obtain 147g of the phenol resin (a-5) of the present

invention.  The obtained phenol resin (a-5) was a brown solid, the hydroxyl equivalent
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was 154g/eq and the melting point was 182°C. The remaining proportion of the
un-reacted raw material (2,7-dihydroxynaphthalene) was confirmed to be 32% as an area
ratio by the GPC from the GPC chart.
[0142]

EXAMPLE 6 [Synthesis of epoxy resin (b-1)]

In a flask equipped with a thermometer, a dropping funnel, a condenser, and an
agitator were placed 120g of the phenol resin (a-1) obtained in Example 1,
epichlrohydrin 463g (5.0 mol), n-butanol 139g and tetraethylbenzyl ammonium chloride
2g and dissolved. After raising a temperature to 65°C and then reducing the pressure to
the azeotropic pressure, 90g (1.1 mol) of 49% sodium hydroxide aqueous solution was
added dropwise to the solution over 5 hours. Then, the solution was continuously
stirred for 0.5 hour at the same condition. During this period, the reaction was carried
out while the portion distilled out by azeotropic boiling was separated by a Dean-Stark
trap, then, the aqueous layer was removed and the organic layer was recycled into the
reaction system. Then, the un-reacted epichirohydrian was distilled off by evaporation
under a reduced pressure. Next, methyl isobutyl ketone 432g and n-butanol 130g was
further added to the crude epoxy resin thus-obtained and dissolved. Again, 10g of 10%
sodium hydroxide aqueous solution was added to this solution and reacted at 80°C for 2
hours, and the solution was washed 3 times with water of 150g until pH of the washed
water became neutral.  Then, after the system inside was dehydrated by azeotropic
boiling and subject to precision filtration, the solvent was distilled off by evaporation
under a reduced pressure, to obtain 170 g of the epoxy resin (referred to as “epoxy resin
(b-1)" in abbreviation, below). The obtained epoxy resin (b-1) had a melt viscosity at
150°C of 0.5 dPa-s and epoxy equivalent of 187g/eq.

[0143]
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COMPARATIVE EXAMPLE 1 [Synthesis of phenol resin (a’-1)]

100g of the phenol resin (a’-1’) was obtained in the same manner as in Example
1, with the exception that the 48% potassium hydroxide aqueous solution in Example 1
was changed to para-toluenesulfonic acid hydrate 2g.  As the same as Example 1,
phenol resin (a’-1) was obtained for comparative example. The obtained phenol resin
(a’-1) was brown solid and had hydroxyl group equivalent of 183g/eq and the
decomposition temperature is 250°C because melting point can not be determined.

[0144]
EXAMPLES 7 to 14 and COMPARATIVE EXAMPLES 2 to 6

As epoxy resin, using YX-4000H (tetramethylbiphenol-type epoxy resin, epoxy
equivalent:195 g/eq) manufactured by Japan EpoxyResin Co., Ltd., NC-3000
(biphenylaralkyl type, epoxy equivalent: 277g/eq) manufactured by Nippon Kayaku Co.,
Ltd. and N-665-EXP (cresol novolac type epoxy resin, epoxy equivalent: 203g/eq)
manufactured by Dainippon Ink and Chemicals, Inc., and the above-mentioned epoxy
resin (b-1); as a curing agent, using phenol resins (a-1)~(a-5), (a’-1) and Mirex XLC- 3L
(phenolaralkyl resin, hydroxyl group equivalent: 176g/eq) manufactured by Mitsui
Chemicals, Inc. ; these were combined with triphenylphosphine (TPP) as a curing
accelerator, a condensed phosphoric acid ester (PX-200, manufactured by Daihachi.
Chemical Industry Co., Ltd.) as a flame retardant, magnesium hydroxide (Z-10
manufactured by Air Water Co., Ltd.), a spheral fused silica (S-COL, manufactured by
Micron Co., Ltd.) as an inorganic filler, y-glycidoxy triethoxysilane (KBM-403,
manufactured by Shin Etsu Chemical Co., Ltd.) as a silane coupling agent, carnauba wax
(PEARL WAX No.1-P, manufactured by Cerarica Noda Co., Ltd.}, and carbon black,
according to the formulation set forth in Tables 1 and 2, and subject to melt-kneading

using 2 rolls at 100°C for 10 minutes, to obtain the purposed composition. For the




TPP 3 3 3 3 3 Fused silica 850 850 850 850 850 Coupling
agent 5 55 5 5 Camauba wax 5 5
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obtained composition, the gel time was measured by the following method to test the

curability. Further, after fhis composition was press-molded at 180°C for 10 minutes
and further cured at 180°C for 5 hours, a test specimen of 1.6 mm thickness was prepared
from the cured article thus-obtained according to the UL-94 test method and properties of
5  the cured article were confirmed by the following method.
[0145]
Gel time: The epoxy resin 0.15g was loaded on a cure plate (manufactured by
Thermo Electric Co., Ltd.) heated to 175°C and the system observation started by using a
stopwatch. The sample was uniformly stirred at the end of the rod, and the stopwatch
10  stopped when the sample was broken in a form of thread, which was left on the plate.
The time consumed until this sample was broken to be left on the plate was set as the gel
time.
[0146]
Flame retardancy: The 5 specimens of 1.6mm thickness prepared by the UL-94
15  test method were subject to a combustion test.

Glass transition temperature: it was measured using a viscoelasticity measuring
instrument (RSAII manufactured by Rheometrics Co., Ltd., double Cantilever method:
frequency of 1 Hz, temperature-raising velocity of 3°C /min).

[0147]

20  [TABLE 1]



55 5 Carbon black 3 3 3 3 3 Gel tinme (sec) No gelation
27-42 42 Conbustion test class Cured Article can n ot be
obtained V-1 V-1 V-1 1*
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TABLE 1. The table of the formulation (weight parts) of the epoxy resin composition and

the evaluation results

Examples
7 8 9 10 11 12 {13 14
Epoxy | YX-4000H 42 |42
Resin NC-3000 93 90 98 103 |86
N-665-EXP 42 |42
(b-1) 82
Phenol | (a-1) 41 50 |50 52
Resin (a-2) 44
(a-3) 36
a-4) 31
(a-5) 48
Condensed phosphoric acid e 30
ster
Magnesium hydroxide 20
TPP 3 3 3 3 3 3 3 3
Fused silica 850 [850 (850 850 |850 |850 ]850 |850
Coupling agent 5 5 5 5 5 5 5 3
Carnauba wax 5 5 5 5 5 5 5 5
Carbon black 3 3 3 3 3 3 3 3
Gel time (sec) 34 33 25 27 38 37 |38 32
Combustion test class V-0 [V-0 [ V-0 V-0 |V0 [V-0[V0 {V-0
1* 4 5 5 8 3 9 8 2
2* . 15 17 19 37 12 45 [ 43 10
Glass transition temperature | 155 150 [ 152 146 (179 | 146 | 145 | 190
[0148]

[TABLE 2]
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20 27 25 2* 93 160 154 dass transition tenperature 130
122 119 Notes of Table 1: 5 *1: the maxi mum conbusti on
time in contact with a flane at one tinme (sec), *2: the
total conmbustion tinme of the 5 test specinens (sec),
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Comparative Examples
2 3 4 5 6

Epoxy | XY-4000H 35 36 36
Resin

NC-3000 81 82

N-665EXP 35 36 36
Phenol | (a’-1) 53 64
Resin | XLC-3L 52 62 62
Condensed phosphoric 30
acid ester
Magnesium hydroxide 20
TPP 3 3 3 3 3
Fused silica 850 850 850 850 850
Coupling agent 5 5 5 5 5
Camauba wax 5 5 5 5 5
Carbon black 3 3 3 3 3
Gel time (sec) No gelation 27 42 42
Combustion V-1 V-1 V-1
test class
1* Cured Article can n | 20 27 25
2% ot be obtained 93 160 154
Glass 130 122 119
transition temperature

Notes of Table 1:
*1: the maximum combustion time in contact with a flame at one time (sec),
*2: the total combustion time of the 5 test specimens (sec),
Self-extinguish: although flame retardancy (XF<250 sec and Fax<30 sec) required in V-1
was not satisfied, the combustion flame is extinguished before reaching the position of
the fixing clamp.

INDUSTRIAL APPLICABILITY

[0149]



55 According to the present invention, the nethod of
produci ng a phenol resin which can be used to manufacture
pol yaryl ene ether of low nelt viscosity by extrenely
simpl e and easy nethod industrially w thout specia
aftertmatnent or conplicateddultistep reaction after

pol ynerj.zation, and the nethod, o roduci ng, epoxy, resi.n

P AR fefitire S tstfon heinriath pradhion B do ey i aich
met hod, .can b rovi ded, 56 IMS 1.. A nethod of .

e O et et boluay iens Gber At IS PoIE SR IRE L prfisacly simple
structure, conprjses. a step, of reacting polyval ent .

e ey ysthoddrqustriabyyyishen spesial afiartrsagmenier crmniiseted BRSSP | ¢
hydr oxyl groups per nolecule in the presence of a basic
deactips afier palymprizagionyaad theiranthadad grodyeing enexy sesin frm thephenph e
nmet hod of producing a phenol resin having pol yaryl ene
gesmeebtdifedshy the abnve-mzationed imrethodocag baipravidedwher ei n t he

pol yval ent hydroxyaromati c conmpound (A) having two or
nore phenolic hydroxyl groups per nolecule, is a conpound
having an orientation at the position adjacent to the
phenol hydroxyl group in the aromatic nuclei bonded with
t he phenol hydroxyl group. 15 3. The nethod of producing a
phenol resin having polyaryl ene ether structure according
to claim1l, wherein the polyval ent hydroxyaronmatic
compound (A) having two or nore phenolic hydroxyl groups
per nol ecule is a dihydroxynaphthal ene (al). 20 4. The

met hod of producing a phenol resin having pol yaryl ene

et her structure according to claim1, wherein the

pol yval ent hydroxyaromati c conpound (A) having two or
nore phenolic hydroxyl groups per nolecul e according, is
a di hydroxybenzene (a2). 57 structure according to claim
1, wherein the polyval ent hydroxyaronmatic conpound (A)
having two or nore phenolic hydroxyl groups per nol ecul e,
is a mxture of a di hydroxynapht hal ene (al) and a

di hydr oxybenzene (a2) 5 6. The nethod of producing a
phenol resin having pol yaryl ene ether structure according
to claim1l1, wherein the dehydration condensation reaction
according to claim1, is carried out in Et tenperature
range of 100 to 300 C




7. , A nmethod of' producing a epoxy resin having
pol yaryl ene ether 10 structure, conprises steps of
reacti ng pol yval ent hydroxyaromati c conpound (A) havi ng
two or nore phenolic hydroxyl groups per nolecule in the
presence of a basic catalyst (B) by dehydration
condensation reaction, and r gcting t he phenol resin
obt ai ned by the previous steg with a
(et hyl ) epi hal ohydrin, 15 8. The nethod of producing a
epoxy resin having pol yarylene ether structure according
to claim7, wherein the polyval ent hydroxyaronmatic
compound (A) having two or nore phenolic hydroxyl groups
per nol ecule, is a conpounGLABMS ng an orientation at the
posi tion adjacent to the phenol hydroxyl group in the
ardmat i ¢ nucl ei Aooetlheichf piothlvinglrehe®! phie hotindnotimgiepb eleroup.
- 9. The method of producing a epoxy resin having
5 pobtyraiue, emepristshistep of reading peyabotiydiongareroaticlcaipaid (Afthevieg n
t he pol yval ent hydroxyaromatic conpound (A) having two or
ot g meregibierolin ppidroxey kroyrseepsoleate intie pusdnes ofizdwssideatdysk s a
di hydr oxynapht hal ene 25(al). 58 10. The nethod of
pr6%@&ﬂﬂgﬁam@p@%$mﬂﬁ®hﬁmﬁﬁ@ing pol yaryl ene et her
structure according to claim7, wherein the polyval ent
hydr oxyaromati ¢ conpound (A) having two or nore phenolic
hydroxyl groups per nolecule, is a dihydroxybeazene (az2).
112- The met hod offpmedodeimepdaciegrortipnel sesinvharing pelyprylene ether
pol yaryl ene_ether structure according to claim7,wherein
10t hErupyTeRerEng orFaim dxihercdmihe pc&we@nﬁvawwsemﬁmwmm@ (o or
nmor e, phenol i ¢ hydroxyl groups per nolecule, is a mxture
of DaYIngPHS o B REBAETERRYE eroaps pea malegiley i A orprydaviane
(a2 .1 The nmethod o a_epoxy resin having

.12 N f producin )
poPFRRPA Ehegpsion @Wﬂ]ﬁ@%ﬁbﬁuﬁmb@@ g gspuatiGesid n
t he dehydrati.on condensation reaction, is carried out in
a P‘@ﬁﬁg‘%gﬂﬁ?@’eﬁ%lﬁ@@% 898D to 300 t.

15 3. + The method of producing a;phsnol resin having polyarylene ether
structure according to claim 1, wherein the polyvalent hydroxyaromatic compound (A)
having two or more phenolic hydroxyl groups per molecule is a dihydroxynaphthalene
(al).

20 4. The methed of producing a phenol resin having polyarylene ether
structure according to ¢laim 1, wherein the polyvalent hydroxyaromatic compound (A)
having two ‘'or more phenolic hydroxyi groups per molecule according, is a

dihydroxybenzene (a2).

25 5. ' The method of producing a phenol resin having polyarylene ether
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structure according to claim 1, wherein the polyvalent hydroxyaromatic compound (A)
having two or more phenolic hydroxyl groups per molecule, is 8 mixture of a
dihydroxynaphthalene (al) and a dihydroxybenzene (a2)

6. The method of producing a phenol resin having polyarylene ether
structure according to claim 1, wherein the dehydration condensation reaction according

to claim 1, is carried out in 8 temperature range of 100 to 300 °C.

7. : A method of producing a epoxy resin having polyaryiene ether
structure, comprises steps of

reacting polyvalent hydroxyaromatic compound (A) having two or more phenolic
hydroxyl groups per molecule in the presence of a basic cafalyst (B) by dehydration
condensation reaction, and

reacting the phenol resin obtained by the previous step with a (methyl)epihalohydrin,

8. The method of producing a epoxy resin having polyarylene ether structure
according to claim 7, wherein the polyvalent hydroxyaromatic compound (A) having two
or more phenolic hydroxyl groixps per molecule, is a compound having an orien;cation at
the position adjacent to the phenol hydroxyl group in the aromatic nuclei bonded with the

phenotl hydroxyl group.

9. - The method of producing a epoxy resin having polyarylene ether structure
according to elaim 7, wherein the polyvalent hydroxyaromatic compound (A) having two
or more phenolic hydroxyl groups per molecule according is a dihydroxynaphthalene
(al).



10

15

58

10.. + The method of producing a epoxy resin having polyarylene ether structure
according to claim 7, wherein the polyvalent hydroxyaromatic compound (A) having two

or more phenolic hydroxyl groups per molecule, is a diydroxybenzene (a2).

11. The method of producing a epoxy resin having polyar:}lene ether structure
according to claim 7,wherein the polyvalent hydroxyaromatic compound (A) having two
or more phenolic hydroxyl groups per molecule, is a mixture of a dihydroxynaphthalene
(al) and a dihydroxybenzene (a2).

12.. 1 The method of producing a epoxy resin having polyarylene ether structure
according to claim 7, wherein the dehydration condensation reaction, is carried outina

temperature range of 100 to 300 C.



