1 DESCRI PTI ON METHOD OF PRODUCI NG PHENCL RESIN AND METHOD OF PRODUCI NG
EPOXY RESIN 5 TECHNI CAL FI ELD [0001] The present invention is related to a
si npl e met hod of produci ng a phenol resin having a pol yaryl ene et her
structure and a nethod of producing epoxy resin used the 10 phenol resin as
a raw material. 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 tipgpfrRPHORY and a cured article thereof
has excel | ent -di mensional stability, electrical insulating properties and
chem cal resistance. However, for exanple, since there has been required
refl ow resistance acconpanied with transition to surface nounting of a

ol dor i n 1 METHEPEPRORE R NGR PRENGE %ﬁ%ﬁ*ﬁ@ﬁb@éﬁ@&&@hﬁiﬁsm ati ng

material and so on, nuch nore heat | resi stance has been required for
el ectroni c conponent naterials, arkPQ sﬁﬁﬂﬁﬁe has been denanded a nateri al
of alownelt viscosity in which fillers can be highly filled. [0003] As an
epoxy §esin having |l ow viscosity satisfying such required properties, for

25 exanpl e, there have been known epoxy resin conpositions based on a

di gl ycidyl ether of dihydroxy trigehsiyhe8eepbher) (refer to Reference |
descri bed bel ow).

[0001]

The present invention is related to a simple method of producing a phenol resin
having a polyarylene ether structure and a method of producing epoxy resin used the

10 phenol resin as a raw material.

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 has 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 fitlers 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).




2 [0004] However, dihydroxy tri(phenyl ene ether) which was precursor of the
diglycidyl ether, is usually nuch difficultly produced in industry. That is
to say, polyarylene ether is wusually produced by reacting di hydroxybenzene
in the presence of an acid catalyst. 5 However, when di hydroxybenzene reacts
a dehydration-condensation reaction im the presence of such an acid

catal yst, the high nol ecul ar wei ght pol yphenyl ene ether with a nunber

aver age nol ecuiogf4wei ght (M) of 5000- 25000 is usually produced. The product
is difficult to be used as an encapsulating nmaterial of electronic

conponents or RwBNRHihGdrbRYiri(phafldte BieA WAL wRE RER0PHf the BighitidT t eni ng

point and high nelt viscosity. 10 Therefore, it need sel ectivel'y separate

t he | ow ' . . ' oduct, or
nas 1o dongng tofiR RO gAY Blodu kst Mhay 30 86/ pSalBbB PR IO T
produce di hydroxy tri(phenylene ether). It is difficult top agply the nethod
P o F ndusesally ppetrbby BAca APruCkal i the hripeprSLasARd GBI oni s {1 el d
recently, since it has been 15 inevitable to respond to environnental

pr obl &nsHpwgrerswheredihpdroaybiinzsnerepnind dehyidmiion-condensatiensrepetion iRithgh| y demanded
a so-called halogen-free flanme-retardant systemin which a resin itself has
a flame petakdofiguchiahaid sadlywthe highigoleculal vedght-pojyphehylemeethatvwittoant i n
additives. The pol yphenyl ene ether is excellent as a synthetic resin to

satisfy hnﬁﬁbé&%ﬁge hRoMsulP W%giht (Nﬁ%ﬁm-mowmfﬁmﬂﬁéw?l‘hé brddﬁctdi fficult
to apply the pol yphenylene 20 ether to the electronic field, 1h which high

fluidity.of ' i | | . i ' e ' ar wei ght
pr oduct }SS&W ggehea%%f‘jlagaﬂ ?ﬁ%pﬁ%lg%f&qﬁﬁ%ﬁgloqfe?%%%ﬂ%oqo;ﬂll n‘le1 ﬁ’ gpnér%@?*er. From
such a viewpaqint, for, exanple, ,a nethod (for, examle, .patent literature 2)
is pr opo%‘é‘a‘“?l?? @éteﬁ‘ﬁﬁsé’@g?“é? Oﬁéﬁts"ﬁ% poxpt gh Bslt5dscpsityy | ene et her
havi ng hi gh nol ecul ar wei ght with one-functioned phenol. _

10 Therefore, it need selectively separate the low molecular weight polymer from the high

molecular weight product, or has to depend on multistep syntheses means in laboratory
level, in order to produce dihydroxy tri(phenylene ether). It is difficult to apply the
method to industrial production.
On the other hand, in the above electronics field, recently, since it has been

15 inevitable to respond to environmental problems represented by a dioxin problem and
there has been highly demanded a so-called halogen-free flame-retardant system in which
a resin itself has. a flame retarding effect without using a halogen-type flame retardant in
additives. The polyphenylene ether is excellent as a synthetic resin to satisfy the above
requirement. However, as mentioned above, it is difficult to apply the polyphenylene

20  ether to the electronic field, in which high fluidity of materials is usually required,
because a high molecular weight product is yielded during the production of the
polyphenylene ether.  From such a viewpoint, for example, a method (for example,
patent literature 2) is proposed to made molecular weight lower by reacting polyarylene
ether having high molecular weight with one-functioned phenol.

25 The modified polyarylene ether obtained by the method of making molecular weight
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25 The nodified pol yaryl ene ether obtained by the nmethod of maki ng nol ecul ar
weight I 3 |ower can realize sone nol ecul ar wei ght reduction, and can be
use as a varnish conposition conmbining with solvent, however, when it is
used as a nelt nolding material for an encapsulating material of an

el ectroni c conponent, curing time is extrenely slow and a practical cured
article can not be obtained because it BRas not a 5 fluidity at the nol ding
tenperature range (for examl e, from,J50,t0 2009C). Patent Docupent 1:
Japanese. PRVER PR o Hble Syt SR IRacToR 1l e ke R R FRRHAS 15055

Pat ent Docunent, 2: Japanese Pat ent plication Layi pg- Opep Pyblication No.
Hei  2003-PSROSHION GOMpLN olyenty ?WMS‘F@}SM%FE m@glaa obj ect of
the present invention to provide a nethod of producing a phenol resin, and
as wel | asmaterigkfhoah encapsuatingamatpoadyof an sleatrémio sompenguhamoing tipesiin 15
obt ai ned by the nmethod thereof. Using the nmethod of producing a phenol

resin, polyafeilebndowtahd a praiticalcu @ artiElk tay hstdRobtainbechtseiifithissiot 4 al | 'y
produced by extrenely sinple and easy nethod, wi thout speci al

aftertreat ' ' Moo COODI i p reaction.

[ 0006] fzo@%ﬁ‘k@%@@%@%@?ﬁé}aﬂg‘? (f%rtu: é?ﬁrﬁ%?%ﬁ@ibl ve the above
subject, the present inventors found that in the product yielded by

dehydr at i oPatentdPasomgaink depangse PatersrApplicasiond ayingOpencPublicgteroNg| Heir omat i ¢
conmpound in the presence of a basic catalysis, instead of a high nol ecul ar
wei ght con@dudnps. a conmpound with low nmelt viscosity was

Patent Document 2: Japanese Patent Application Laying-Open Publication No. Hei
2003-160662

10 ' DISCLOSURE OF THE INVENTION

[0005]
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 hydroxyl 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, 50 as to achieve the present invention.

25 [0007]



sel ectively obtained, so as to achieve the present invention. 25 [0007] p 4
That it, the present invention relates to a nethod of producing a phenol
resin having polyarylene ether structure, which includes a step of reacting
pol yval ent  hydroxyaromati c conpound (A) having two or nore phenolic
hydroxyl groups per 5 nolecule in the presence of a basic catalyst (B) by
dehydration condensation reaction. [0088] Further, the present invention
relates to a nethod of producing a epoxy resin having pol yaryl ene et her
structure, which includes a step of reacting the phenol resin obtained by
t he above-nentioned nethod, with a (nethyl)epihal ohydrin. 10 [00Q9]
According to th@%#teg’@rﬂfeﬁem/'@ﬁ?ﬂt@ﬁ,fel@mt‘h%ﬂ?&?d&lf Prdyangiahenoldrtnol resin
whi ch can be used to produce pol yaryl ene ether having a | ow nelt viscosity
by ext r enehayingspalydrglens ethenstyuctae, which indludes a step pf viatting polgyeit al
aftertreatnment or conplicated nultistep reaction after polynerization, and
t he met hodhyfrofafsthifici@ntRaNd (A Fhdving fw@ or hiork PReidiR g droxgb idupdpeti ned by the
above nethggﬁjggn be providedF pBRI DESCRI PTI ON C2@$hé@tgg&€f%5 20 [ 0010]
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spectrum of the ol resin obtained in Exanple 1. FIG 4 is the nass
spectrum by the thylsilylation nethod of the phenol resin 25 obtained
in Exanmpl e 1.

Further, the present invention relates to a method of producing a epoxy resin
having polyaryiene ether structure, which includes a step of reacting the phenol resin
obtained by the above-mentioned method, with a (methyl)epihalohydrin.

10 [0009]

According to the present invention, the method of producing a phenol resin
Which can be used to produce polyarylene ether having a low melt viscosity by extremely
simple and easy method industrially without special aftertreatment or complicated
multistep reaction after polymerization, and the method of producing epoxy resin from

15  the phenol resin obtained by the above method, can be provided.

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 phenol resin

25  obtained in Example 1.



5 FIG5is 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 phenol resin obtained in Exanple 4. FIG 8 is a GPC chart of the
phenol resin obtained in Exanple 5. 5 BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON [ 0011] The pol yval ent hydroxyaromati c conpound (A) having two
phenoli ¢ hydroxyl group or nore per nolecule in the nethod of the present

i nvention, may Hé& § dva 6GP&ghae,of theOphendli tesid cbtayredph Exalnplec?. (al ), such as

1, 3-di hydr oxynapht hal ene, 1, 6-di hydr oxynapht hal ene,

1, 7- di hydr oxyngjgR6hieh GPE chhriSofdhdplibnokicsiapbtditddan Example 3.

2, 3-di hydr oxynapht hal ene, or 2, 7-di hydroxynapht hal ene; a di hydroxybenzene

(2a:2%) SS??Pm?ﬁyﬁl}@ﬂé %Itﬂ‘;/(gr oxy éﬁéz‘@}]eg?ﬂ é%@i@%%@ﬁ&g‘?'hydr oxybgnzene; a
L1 hyclr oxy bonzEich Sk EPCneR dnd henal esin Rt Y FoRBUReS 1 3. 6.

tri hydroxybenzene; and a conmpound (a5) having an al kyl group of nunber of
carbor® atom 1 to 4 or phenyl group as substituent in the aromatic nucl eus of
t he above-nentioned conpounds. [0012] 20 Anong these, a conpound having an
orientation at the BESTMODEFDRCEARRYINGHOUTFERANVENIION/I group in the
aromati c nucl ei bonded with the phenol hydroxyl group, and for exanple,

1, 3-di hydr oxyngpbtitjal ene, 1, 6-di hydroxynapht hal ene,

1, 8- di hydr oxynapht hal ene, or 2, 7-di hydroxynapht hal ene is preferred,

» 3-di hydr oxy beﬁgegélbg%%gen'? g?&%Rﬁrbﬁmﬁé oY KY HEAABE fwo phenolic hydroxyl

, 2, 3-trihydroxy

e

group or more per molecule in the method of the present invention, may be for example,

10  a dihydroxynaphthalene (al), such as 1,3-dihydroxynaphthalene,
1,6-dihydroxynaphthaiene, 1,7-dihydroxynaphthalene, 1,8-dihydroxynaphthalene,
2,3-dihydroxynaphthalene, or 2,7-dthydroxynaphthalene; a dihydroxybenzene (a2) such
as 1,3-dihydroxybenzene, 1,4-dihydroxybenzene, 2,3,5-trimethyl-1,4-dihydroxybenzene,
or 5-phenyl-1,3-dihydroxybenzene;a trihydroxynaphthalene (a3) such as 1,2,3-

15 trihydroxynaphthalene; a trihydroxybenzene (a4), such as 1,2 3- trihydroxybenzene,
1,3,6- trihydroxybenzene; ahd a compound (a5) having an alkyl group of number of
carbon atom 1 to 4 or phenyl group as substituent in the aromatic nucleus of the
above-mentioned compounds.

[0012]

20 Among these, a compound having an orientation at the position adjacent to the
phenol hydroxyl group in the aromatic nuclei bonded with the phenol hydroxyl group,
and for example, 1,3-dihydroxynaphthalene, 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

25 1,3,6- trihydroxybenzene, is particularly preferable.




25 1, 3,6- trihydroxybenzene, is particularly preferable. 6 [0013] In

addi tion, a dihydroxynapht hal ene (al) or a di hydroxybenzene (a2) is

pref erabl e because that the resulted phenol resin or the epoxy resin
obtained fromthe phenol resin has |lower nelt viscosity. A

di hydr oxynapht hal ene(al) such as 5 1, 6-gdi hydr oxynapht hal ene or

2, 7-di hydr oxynapht hal ene is particularly preferable from the aspect of
flame retardanc@013ind 2, 7- di hydr oxynapht hal ene is nore preferable in that
t he epoxy resin obtained from 2, 7-di hydr oxynapht hal ene has bal ance between

flame retardammwwahdmriumgﬂﬁmymhmﬂamﬁkmanmuaMﬂnMMqueﬁhmd@ﬁni§he present

I nventi on, Is preferable that the polyvalent 10 hydroxyaronmatic conpound
(A) havin r 10 BEechnld that e &mted APreSin diThCeRR S‘lgtﬁin fiouthhgxyl may be
m xt ure o?reaé% hydr oxyngph al eneﬂéal an gdr oxybenzene (ag [ 0014]
The basi c use re n_c net hod of the

pr esent ﬁ(?é%tqagﬁ %@“g W#@h&ﬁ ﬁ%ﬁb‘ﬁfﬁ“ﬁ@h@‘{cﬁ hydrOX| de such as
sodi um hydro | de, tassi um h dr oxi de,, al kal i ne net al tes such as
sodi um camdﬁ%x oxse\ap & PR - P@m@?nedﬁﬁglﬁﬁm&?f%é@gi}af&%pounds
such as tri phenylﬁghosphl ne. These basic catalysts (B) may be used

i ndi vi duatheaspeact pfiflaroertstardanaynarsi 2, 2-dihydrmayeaplithedenet it eoze preferlile ibtha®0 The

anount of the above basic catalyst (B) to be used may be properly sel ected

accor di ngthe@paxykiesith dbtaihdtEfrba D, T-dibgtkyadphtialdne has bilandedRbiéed flandd €. For
exanpl e, mhen al kal i ne netal hydrOX|de I's used, the anmbunt is 0.01 to 0.5

ol , and pre ?%ﬂ 4} .1 nol per nole of phenol hydroxyl group of
t he di functlona eno (a)

In addition, in the method of the present invention, it is preferable that the polyvalent

10 hydrdxyaromatic compound (A) having two phenolic hydroxyl group or more per
phenolic hydroxyl may be mixture of a dihydroxynaphthalene (al) and a
dihydroxybenzene (a2).

[0014]
The basic catalyst (B) used as a reaction catalyst in the method of the present

15 invention may be specifically a alkaline metal hydroxide such as sodium hydroxide, or
potassium hydroxide, alkaline metal carbonates such as sodium carbonate, or potassium
carbonate, or phosphorous-based compounds such as triphenyl phosphine. These basic
catalysts (B) may be used individually or in combination of 2 or more kinds thereof.

[0015]

20 The amount of the above basic catalyst (B) to be used may be properly selected
according to a kind of the basic catalyst, a targeted reaction rate. For example, when
alkaline metal hydroxide is used, the amount is 0.01 to 0.5 mol, and preferably 0.01 to
0.1 mol per mole of phenol hydroxyl group of the difunctional phenols (a).

[0016]

25 What is particularly described herein is that, when the difunctional phenols are




[0016] 25 What is particularly described herein is that, when the

di functional phenols are 7 changed to polyethers, an acid catal yst such as
par a-tol uenesul fonic acid or nethanesul fonic acid has been conventionally
used, but in this case, a degree of polynerization cannot be controll ed,
thus resulting in a very high nelting ppint or a high nolecular weight
product which may not nelt until the deconposition point, and 5 therefore,
appl i cati chaniged &l pulyethers cancavidentalydt sucht Brpsad-soloagsulforgadidoh fluidity was
difficult. Regarding this, by using a basic catalyst as a reaction catal yst

in the prgagéahesutfouRHcidlhs belecotiveinallf %gé?lébﬁt\’lh'iﬁsbﬁﬁé h @égite piber of

nuclei of from2 to 8 and preferably 3 i s obtai ned surprisingly while

t he react t t | cul r

ﬁcc_or di ngb@%ﬁ%ﬂﬁf}o@ﬁ?@? Cﬁﬁ{g&ﬁ{h&?eesg[e} | n\ﬁﬁ}tlgﬁl g y & r\fllllaa{r;rﬁt erial
avi ng exce me retar as we ui e

r eact igon Blar werght prpdyck W gﬁaﬂ\'?é‘ﬁtnof?’@l@“ﬁaﬂ& W“@@H}%ﬂ%’é‘l s‘{ﬂ dyent whi ch

can forma honmogeneous sol ution, according to properties of the polyval ent
hydr ox§ ar theeefote, epphisationdto(eléctroniciremponent materjals fequiriog highfluidity was i ed out t he
reaction 15 solvent-free, because a solvent recovery process is not needed.
It is nordifficef erRdgarlingthis; dy uying @tbakib eataBardsi axeadtivontdaalyso invehe présentor der to
stably performthe reaction. [0018] As the above sol ubl e solvent, exanples

thereof NieRfor? kieQiiehs! redin Mading RS Gl nuﬁb&@f‘?xhcle%’f?ﬁ&ﬂf%@@ind or anyl
al cohol ; ethyl eneglycol's such as et hyl ene glycol, 20 dlethyleneglycol

et A6 s AR RER I e 02 %%%ﬁ&’f?@ff’?a e Bb R ey ot ner

et hyl ene ol noet hyl et her, ethyl enegl ycol nono et her,
di e%/ hyl e%hé (:19% 8 ri;ngh molegular weight. yordmgq ¥ the epoxy re 1n 0 t)fle present invention

10 is to be a material having excellent flame retardancy as well as high fluidity.

[0017]

The reaction may be carried out solvent-free or under a soluble solvent which
can form a homogeneous solution, according to properties of the polyvalent
hydroxyaromatic compound (A) to be used. It is preferable to carried out the reaction

15  solvent-free, because a solvent recovery process is not needed. It is more preferable to
carry out the reaction in the solvent 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,

20  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

25  ether, ethyleneglycol dipropyether, diethyleneglycoldimethyl ether, diethyleneglycol




nmononet hyl et her, di et hyl enegl ycol nonoet hyl et her, di et hyl enegl ycol

nonopr opyet her, di et hyl enegl ycol nonobutyl et her, ethyl enegl ycol

di mret hyl et her, ethyl enegl ycol diethyl 25 ether, ethyleneglycol dipropyether,
di et hyl enegl ycol di net hyl ether, diethyleneglycol 8 diethylether, or

di et hyl enegl ycol di propyether; chlorobegzene; or nitrobenzene. These
organi ¢ solvents may be used individually or in conbination of 2 or nore

ki nds t hexiatliyleth@y ondiethylenbglyeol shipropyethes pthiemobenzens; ec njtidbetzenn. oThese

pol yval ent hydroxyaromatic conpound (A) can be prevented so as to stably

obt ai n t hergpvlvenfiShaly bdbuded Gldlidlistly Hein combination of D 6r Mdsd Kindathedeyst (B) in
the a pol yval ent hydroxyaromatic conmpound (A) is dissolved solvent-free or

under theBérle at a

t enper at ur H%dﬁ ‘f‘s’l%%h o %tst ?%ﬁ{p%ﬁ%%g&gv%%fh g G[)b’%@t# 250C. The
reaction tine is rti cuIarI erred to belnarange
h 10 whi enmpﬂm@ﬁﬁaﬁifarw@ﬂa%? lpatinofithe e léeamror 7 to 10 hours.

In the reaction is preferable to distill off water produced during the
reacti &n out of tQ(H@] system by using a fractional distillation colum and so
on, which nakes the reaction proceed rapidly so as to enhance productivity.
[ 0020] 15 \Whenli the redution rthel badie cathlystdB) in the apolyvalphy hydyoxyaesimation

anti oxi dant or reducing agent may be added. The antioxi dant may be, for

exanpl e, febﬁg A aRSolyePRd]vent el v tivded HiRSoRiblesdbveiit Bhd e REARTGA can

derivatives, 2-valent sulfur-based compounds, or 3-valent phosphorous

Ty be. 1 OF é@%ﬂ%ﬁﬁgﬁi%gﬁw@%ﬁ%ﬁﬁéﬂeé B\ RIERTG ue Adp B8 OouPr U

acid, sul fur ous acid, hydrosul furous acid salts, or salts thereof. [0021]
250°C. The reaction time is not particularly himited but is preferred to be in a range in

10 which the temperature condition can be maintained for 1 to 10 hours. In the reaction, it
is preferable to distill off water produced during the reaction out of the system by using a
fractional distillation column and so on, which makes the reaction proceed rapidly so as
to enhance productivity.

[0020]

15 When the obtained phenol resin is strongly colored, an antioxidant or reducing
agent may be added. The antioxidant may be, for example, hindered phenol-type
compounds such as 2,6-dialkylphenol derivatives, 2-valent sulfur-based compounds, or
3-valent phosphorous atom-containing phosphorous acid ester-type compounds.  The
reducing agent may be, for example, hypophosphorous acid, phosphorous acid,

20  thiosulfuric acid, sulfurous acid, hydrosulfurous acid salts, or salts thereof.

[0021]

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

25 treatment or decomposition and then the phenol resin can be separated by general




After the termnation of the reaction, the reaction product may be
solidified itself to be taken out, or subsequently subject to the

glycidyl ation reaction by addi ng epihalohydrin. O, the catalyst may be
removed by neutralization treatnent, washing 25 treatnent or deconposition
and then the phenol resin can be separgted by general 9 operations such as
extraction, or distillation. The neutralization treatnent or washing

t r eat nentoperatiohesyvhras extvadioacaratistilagon o  JEeareatralizntion treatnsentior Washimpxanpl e,
an acidic material such as hydrochloric acid, oxalic acid, acetic acid,
sodi um ph%ﬁh@&t%ama?&w acfirdibRth @Befal 3AdtRodiagnd Ror éi&m?ﬁz‘?ﬂa adidic0022] The

phenol resin thus-obtai ned, which has pol yaryl ene ether structure, nay be

used as ] ] r wrality .qf . ki t | L .

appl i oat i GrEaiubh B W diolloft Rl Aol i ockh 60! dBiEP bhoGmiBiditPacic,
hydr oxyar omat.i c. conpound y be reduced by further performng a
separati Mg P&ﬁcgg*’é&#@%“%asu |lation, colum 10 treatnent, or alkaline
aqueous sol ution extraction, and each product may be isolated as a single
conporfent . [ 0d#822] The phenol resin obtained by the above-nentioned nethod
I's, for exanple, the conpound having a structure in which an arylene
structure i s bdridghensltrbsintinisiobtaiddd, sthjdhdme pelyanydénerether stroctgie, may bxygen
atom the total nunmber of aromatic nuclei formng the arylene structures

per nol ecyikd ad Eeiﬁ% @ MiZtukOof AOFhITSS Iah & Mbre6f MUAAHSLS AipliRaorR RO  hydr oxy!
group as a substituent. 0024 Since the phenol resin has a pol yaryl eneoxy

SUr uct Ur &y A olt] 613 biEn@Ueth it eachll BUHALYSalolybrBbaliP bR dTa) g Pheno!

resinis her ~ary ruc

be reduced by further performing a separating operation such as distillation, column
10  treatment, or alkaline aqueous solution extraction, and each product may be isolated as a
single component.
[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
15  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
20  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.

25 [0025]




t hrough an oxygen atomtherefore, char formation at the conbustion of the
cured article is accelerated so as to mani fest excellent flanme retardancy
as well as good heat resistance of the cured article. The total nunber of
aromatic nuclei per nolecule is from2 to 8 and preferably from3 to 6,
which results in excellent fluidity asjgwell. 25 [0025] 10 In addition, the
aryl ene group formng the phenol resin, nmay be a naphthyl ene group or a
phenyl ene gr oufdn additionythé erydenegotiphfprming the phgnobresm, plagbglagraphthylenp whi ch
each may have a phenyl group or an Cl4 al kyl group such as a nethyl group,
an ethyl orgi®6ida plRenfledR tow) Btiay BE a daphtidpledd graGP bPa pheriyldne peduipwisioh, from
the aspect of flane 5 retardancy. Fromthe aspect of flane retardancy,

napht hal [ pr, 1P, jas,1 MTOT €
prefer ab%ﬁh%@%f@Xbﬁ%@é%@é?}riz&tﬁ qlg ﬂg‘&@?‘?@hgw’e t halt%%ﬂ&fe&%h@%lé r elsi nis the
conpound having a structure, ,in which an .naphthal ene structure i s bonded

St h anot HEVPATyPRN @it HER bt HDuAaRE SyPS BBt BB s RS PhBRmG: ol nunber
of aromatic nuclei_form ng napht hal ene structure and the arylene structures
per ndl ecigtasdansy.f rFrenpthe gsmecheiflamaretardangy. naphihieleae onphenyleng BEWIS hydr oxy!
group as a substituent. [0027] Here, the naphthal ene structure form ng the
phenol r guiferabbe wnéd eaphthvd erdet ik adoeepreferdblet ruct ure having from 2 to 3 bonding
positions to an oxy group, it is preferable to have 2 bonding positions to
an oxy group, @pgsj fically 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 POST L1 O, e 42 el i O o S5 ¥ 0 ol i EwBE e

in which an naphthalene structure is bonded with another arylene structure through an

10  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

15  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]

20 Among these, 1,6-position and 2,7-position is 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 methyl group or a phenyl group

25  substituent, and particularly it is preferable that the naphthalene structure has no such




20 Anmong these, 1,6-position and 2,7-position is preferable fromthe aspect
of an easiness for production, and 2,7-position is nore preferable fromthe
aspect of an excellent balance between fluidity and flane retardancy.
Further, regarding a substituent other than the oxy group on aromatic
nuclei, it is preferable that the naphjhalene structure has no such
substituent or has a nethyl group or a phenyl group 25 substituent, and

parti cul agdbytitubnti fforp §ef #pédilof flae rethfd@ndyapht hal ene structure has no such I
substituent fromthe aspect of flane retardancy. [0029] The phenol resin

may forma nol gﬁﬂr structure in which a plurality of polyarylene
structures forns a direct bonding. 5 [0030] Meanwhile, in the phenol resin,

the other arylepe structure honded wi,th.th napht hal.ene, st.ruct.ure through
an oxygen atomeﬁée)})sbr? %ﬁﬁm%hﬁﬂﬁlaéﬂ@@?ﬁﬁ'ﬁ%eo W%‘B‘haﬁbﬁf%mw tructure.
Here, the phenyl ene structure y be a conpound having 2 or 3 bonding
positionsp‘ﬁw ng SGURISS, m}éﬁ‘dﬂ%ﬁybm an C,_4 al kyl group such as a nethyl
10 group, an ethyl group, a propyl group, or a t-butyl group, or a phenyl
group on the &i063tic rings thereof, |ike the naphthal ene structure.
However, fromthe aspect of fluidity of the phenol resin, the phenyl ene

structure havi nieznwisiRg ifhe Phend! irédits thebotBér @¥lene Shuite bondudaigi el e, in
whi ch the position of bonding to an oxy group nay be preferably

ot of or abl LfthatentsRagl Biugh o o2y RSO Ay CRUENhalend sRGZloks B ©
St act ur cPRmyteRE Sy  Bitee, A eRHEnE SineBiE mB Bk corona Bt 2 8 cn
substituent or has,a nethyl group or phenyl group substituyent, and
parti cul a]aqytgdmg positions to an 0xy group, and may have an %1_4 aﬁcyl group such as a methyl
10 group, an ethyl group, a propyl group, or a t-butyl group, or a phenyl 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
15  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
20 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]

25 [Chemical Formula 1}




preferred that the arylene structure has no such substituent, particularly
fromthe aspect of flane retardancy. It is provided that such another
arylene structure is preferably the 20 above-described napht hal ene
structure, fromthe aspect of flane retardancy. [0031] Specifically, this
phenol resin is preferably a structurejgepresented by the follow ng general
formula (1) fromthe, aspect of flane retardancy. [0032] 25 [Chem cal
Formula 1] 12 R j ; t 4~H General Formula (1) HO4Ar-o \R= R= 10 In the
general formula (1), each At represents independently a naphthyl ene group,
a phenyl ene group, or a naphthylene roup or a phenyl ene group having an Cl
.gq alkyl group or a phenyl oup § a sybstituent; each R2 represents

i ndependently a derogen . kylG?Je?éi@orﬁyﬁz‘i])am each

represent an i lge - | eas
greater; Rﬁg]%g - ;p atomor an aromatic hydrocarbon 15 group
cont ai ni ng 4 , ich is represented by the foll ow ng general
formula (1-2). Provided §hat the total nunber of aromatic nuclei in the

formula (1) is from2 tR*8; and in the general formula (1), a position of
bondi ng to the naphthal ene structure part may be any of two benzene rings

form 1y the nhpihe paharnlcfoshnladl)) eschpr tepreséritOindépeadedtsneniphtyldrergolpg 2] OHL

a phenylene group, or a naphthylene group or a phenylene group having an C,_4alky!
group or a phenyl group as a substituent; each R represents independently a hydrogen
atom or an Cy4alkyl group; n and m each represent an integer of from 0 to 2, and at least
one of n and m is 1 or greater; R’ represents a hydrogen atom or an aromatic hydrocarbon

15 group containing an hydroxy! group, which is represented by the following general
formula (1-2). Provided that the total number of aromatic nuclei in the formula (1) is
fro.rﬁ 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]

20 [Chemical Formula 2}

OH
_(_ Al“)"ﬁ 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 phenyl group as a substituent; and p represents an integer of 1 or 2.
25 [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



”
+Ar-}-x Ceneral Formula (1-2) P In the general fornula (1-2), each Ar
represents i ndependently a naphthylene group, a phenylene group, or a
napht hyl ene group or a phenyl ene group having an G A al kyl group or a
phenyl group as a substituent; and p represents an integer of I or 2. 25
[0034] In the phenol resin represented E the general formula (1), as

descri bed above, the position of bondi % to an oxy group in the naphthal ene
structure i £ er abl : | 51 - b en the
anot her ar gflgé)%éﬁ@tﬁroggt%&én?@’ ?#B%m%%@%gfg Ot?g,s'&tgﬁﬁé&épig??et onylg bondi ng
to an oxy group,in the envyl ene structure i,s preferabl 1.3-ppsi.tion, and
i the qunEiPab: ik Posifich PRYSRASEYS a8 i it e ey iBRE Sctyrs i PREEY g .
the phenol resipn is preferably conpounds represented by the following 5

st ruct ur al 1, 8dnosition, ndiinthe general fornpgla d), R Hepiséerably ahydrogsBatithg to an oxy
group in the naphthalene structure is 1,6-position. [0035] [Chem cal

For mul a 3] ABsdrdingly, the phefiv]'redin is preferably cdmipoulids teprésehted by the followingA /\ \! \|
H

5  structural formula P-1 to P-17 in which the position of bonding to an oxy group in the
naphthalene structure is 1,6-position.
[0035)

[Chemical Formula 3]

10 [0036]



VNN PP WHHHH~\J/ I\ \ J-1 p-10 H\! \I 10 [0036] 14 [Cheni cal
Formula 4] H\ ! !\ -11 P -2i H\ \/ 13 H-/ \ [/ [/ PV \ \ I p-14 HH
p-1SH H-/ \ HI I \I \I' H [0037] 5 Next, for exanple, the phenol resin
in which the position of bonding to an oxy group is 2,7-position nmay be
conpounds represented by the following structural formulas P-18 to P-25.
[0038] [Chem cal Fornula 5] 14

[Chemical Formula 4]

[0037]

5 Next, for example, the phenol resin in which the position of bonding to an oxy
group is 2,7-position may be compounds represented by the following structural formulas
P-18 10 P-25.

[0038]
[Chemical Formula 5]

10



10~ 15t P-l1la P-19 Roo 4 H1~it HHP-WP-21 [0039] [Chem cal Formula
6] 1 1 HP-22 P-23 P-M 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 described above, it is preferable that the phenol resin
specifically described 10 above has a structure in which a naphthal ene
structure is bonded with anot her naphthéﬁene structure through an oxygen
atom since the cured article thereof has nuch better flanme retardancy as
wel | as better heat resistance. SpecificallyH 5 phenol resin 16 may be
represent ed Hu i formula (2). [0042]

[ Chem cal For P19

P18

[0039]

[Chemical Formula 6]

5 [0040]
The phenol resin may be used individually as each of the compounds, or as a
mixture of a plurality of the compounds.
[0041]
As described above, it is preferable that the phenol resin specifically described
10 above has a structure in which a naphthalene structure is bonded with another
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



R 4-H no G \ '"j, ol RR=CGeneral Fornula (2) R 5 R=1n the general
formula (2), each RZ represents independently a hydrogen atomor an Cl4

al kyl group;”nh and to each represent an integer of fromO to 2, and at | east
one of n and to is 1 or greater; R represents a hydrogen atomor the

foll owi ng general fornmula 10 (2-2): [0048) [Chem cal Fornmula 8] Oi (.1i.
Ceneral Forrmula (2-2) 33 RL P In the general formula (2-2) each Rz

repr esent smahbemmmtewyafonymwha?dmmg genea 4o &@)kyl group; p
represents an integer of 1 or 2. Provided that the total nunmber of aromatic
nuclei in the fofoela (2) is from2 to 8, and in the general fornmula (2), a
position of bonding to the naphthal ene structure part nay be any of two
benzene ri [Cieniidl FoRfufa napht hal ene structure part. 17 [0044] In the
above general formula (2), RZ is preferably a hydrogen atom and specific
exanpl es thereof may be conpounds of the above structural formula P-1 to P-2
1. 5 [0045] :

General Formula (2)
5

In the general formula (2), each R represents independently a hydrogen atom or
an C,4 alkyl group; n and m each represent an integer of from 0 to 2, and at least one of n
and m is 1 or greater; R' represents a hydrogen atom or the following general formula

10 (2-2):

[0043]

[Chemical Formula 8]

O

H
2 ) ‘4| H General Formula (2-2)
Enz R? i ’

In the general formula (2-2) each R? represents independently a hydrogen atom or an C;.4

15  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.



Since the phenol resin thus-obtained is commonly obtained as a m xture of
conpounds of each structure as descri bed above, the phenol resin in the
present invention rmy be used as being such a m xture. Mreover, the
reacti on product contains difunctional phenols which are a raw conponent.
Therefore, the phenol resin of the 10 pnesent invention nmay be used as a
m xture containing this raw conponent. The content of the difunctional
phenols in the mxture is preferably 5 to 80%as an area ratio in the
nmeasur enent by GPC, fromthe aspect of fluidity of the epoxy resin
conposition. [Of$d#) The phenol resin specifically described above is
preferred in which an hydroxyl 15 equivalent in the mxture is in a range

of 50 to 3509/ eqm&xgaﬁm&éggﬁl g&%@yﬁﬁ' ﬁﬁ?@?kerﬁtﬁghgnyd%bgé% I[&Iﬂaﬁh%e@i &, the

epoxy resin conposition ’be obt al ne ty "and the

cured article ich is nolded has excel |l ent heat resist : 47] The
phenol res W%\i\@s@sfﬂﬂia’&y&s cgmgmlqcﬁéﬁgbe Ve 6?“"5‘?@?@86‘9@%&? h&qor may be
20 used as raw material for producing epoxy resin. [0048] The curing agents
for thedepoxy resi04&han be conbined with the another curing agents such as
am ne- based conpounds, am de-based conpounds, acid anhydri de-based
conmpounds, nul ti Sake die gherclaksin dmsenbtaisedsin comawnhnobisined aza mixtmediff | ed
phenol 25 resins (nultival ent phenol conmpounds in which phenol nuclei are

connect ed \bmPouids oFBAGRNSLIBAE ad RREMEAABANE, TR phehOOESh in HepreRAXMvésiphn f Or
whi ch the phenol resin is used as a curative agent, for exanples, may be

bi sphenol & MRUsEPRVeitSSilcha dixRRE e N NiofeobdiPfhe F0AKi%n pisttubt chtARENY!

difunctional phenols which are a raw component. Therefore, the phenol resin of the
10  present invention may be used as a mixture containing this raw component. The
content of the difunctional phenols in the mixture is preferably 5 to 80% as an area ratio
in the measurement by GPC, from the aspect of fluidity of the epoxy resin composition.
[0046]
The phenol resin specifically described above is preferred in which an hydroxyl
15  equivalent in the mixture is in a range of 50 to 350g/eq. in that the obtained phenol resin
has good fluidity, the epoxy resin composition excellent can be obtained by curability
and the cured article which is molded has excellent heat resistance.
[0047]
The 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



5 type epoxy resin, tetranethyl biphenyl type epoxy resin, phenol novol ac
type epoxy resin, cresol novolac type epoxy resin, bisphenol A novol ac type
epoxy resin, triphenyl methane type epoxy resin, tetraphenylethane type
epoxy resin, dicyclopentadi ene-phenol addition reaction type epoxy resin,
phenol ar al kyl type epoxy resin, naphtholgnovol ac type epoxy resin,
napht hol ar al kyl type epoxy resin, naphthol - phenol co-condensed novol ac type
10 epoxy raslaminmenienneguagamide). co- condensed novol ac type epoxy resin,
aromati c hydrocarbon fornmal dehyde resin-nodified phenol resin type epoxy
resin, or bipher[gb49]novol ac type epoxy resin. These epoxy resins may be used
individually or in a mxture of 2 or nore thereof. [0050] 15 Anobng these
epoxy resins, t | - A0 kddin 3 '\Fe)ﬁ%@n oXy resin,
phenol ar al kyl tﬁgﬁgg%éneywﬁﬁégwﬁg%l gﬁﬁe&gﬁbxy ret’siﬁ)g or

xant hene type 0X esin, ar referred fromthe of excel.lent, flame
retar dancyg@qﬂ’?&dfnéyi%?’}sp@e&?ﬁé\pq@? 3903&?6%11,] 15p: Bnqlﬁ;s[gﬁ?cj ’%’r{g""@g{?"o"ﬁé{\ ly, a
curing accel erator may be proge_rly onbi ned. As sucE a ([‘uri ng accel erator,
there ray WECGREY P, sampthyhiphényf Bpe epaxiresinaphanalneyolag fype epoxy Iriihg
accel erator may be phosphor-based conpounds, tertiary am nes, im dazol es,

or gani ¢ acérdsalsbedlactype epoxyensin, bisplinel Anowlactype epgiyeesisdripbenythethanesed f or
a semnm conductor-encapsulating material, the curing accelerator is

pr ef er abl ytype epoxyhresinhetrapienbReate fpaeporitresidCdicpdopentddieneyphenblodditione, or a
tertiary amne such as 19 1, 8-bicyclo-[5.4.0]-undecene (DBU) fromthe

aspect of RAGR! FR0Exd) i Pehdbiklo Gt cpbiPicsoifiendibBlbht Bk cBegper ti e

reliability In resi'st ance,

resin, naphtholaralkyl type epoxy resin, naphthol-phenol co-condensed novolac type

10  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]

15 * Among these epoxy resins, the biphenyl type epoxy resin, naphthalene type
epoxy resin, phenolaralkyl type epoxy resin, biphenyl novolac type epoxy resin or
xanthene type epoxy resin are preferred from the aspect of excellent flame retardancy and
dielectric property.

[0051]

20 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,
orgaﬁic acid metal salts, Lewis acids, or amine complex salts. When used for a
semiconductor-encapsulating material, the curing accelerator is preferably a

25  phosphorous-based compound such as triphenyl phosphine, or a tertiary amine such as



m

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
nmet hod of producing an epoxy resin of the present invention, which is

expl ained in detail below [0053] The nethod of the present invention for
produci ng epoxy resin includes a procegps of reacting the phenol resin
havi ng a pol yaryl ene structure, which is obtained by 10 the above-nenti oned
met hod, wi t,B-bieyeldafl.4.0budecete/ BUksroBhcasped af eycellencentacutability, heat hod i n
whi ch the phenol resin and the (nethyl)epihal ohydrins are reacted in the
presence oOfesigtalés elec@ithbpropértics eeltabilay in Mirhidéty eésigarica éte. of the phenol resin
and the (nethyl)epihal ohydrins is preferably 2 to 10 noles of the
(nethyl)epihalongggips per nole of aromatic hydroxyl group in the phenol
resin, and an amount” of the basic catalyst 15 to be used is preferably in a
range of 0.9 to 2. e r_Jol f aromat.i c_hydroxyl Leup i the phenol
resin, fromthe ‘g’éﬁ’e‘@%‘if?"aﬁ‘g%‘ﬁ“\}ﬁ? ﬁhe&pi R ilﬁggegy qsgswm?l?qlg%l‘?qrgﬂucg*gt er the
termnation of the reaction. As a, specific reaction t hod, there nmay be
ment i orved CROFY &esith thpo@racted MO T%S%C%@rﬁvdmég ﬁh ﬂ!frmgﬁﬂ‘é‘)f producing an

(met hyl ) epi hal ohydrins are introduced into a reaction vessel in a

pr edet er m epeay resin of the gresemdtreshtion, whitk spxphiineddn detagdelofw. 20 t o 20 120C for
0.5 to 10 hours while adding the basic catalyst all at once or slowy.

[ 0054] The basi qoosgjal yst used herein nay be used as a solid formor as an
aqueous solution thereof. Wien the basic catalyst is used as an agueous

sol uti on thereof ] j i . 1 S

conti nuously add'léhfnvl\ﬁl %B%eﬁ%gﬁﬁng@{)ﬁg@%nrg@h%@&xkgﬁéﬁygﬁdﬁggare
continuously distilled off.frqmthg reacti, on m xture under,20 ., a.reduced
nssur o oprbet O el e pbeddl s fay i S ho am Ik b Gutst Phicb s ahineERYved and
t he (nethyl)epi hal ohydrins are continuous|y recycled into the reaction

mi xt ur¥)  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
15  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
20  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

25  the (methyl)epihalohydrins are continuously distilled off from the reaction mixture under



[ 0055] The (nethyl)epihal ohydrins nmay be, for exanple, epichlorohydrin, 5
epi bronohydrin, or [i-nmethylepichlorohydrin, and anong these,

epi chl orohydrin is preferred fromthe aspect of easiness for commerci al
acqui sition. When performng the conmmercial production, it is preferable
that, in the reactions in the next and20ater batches after the term nation
of the reaction in the first batch for the epoxy resin roduction, the
(et hyl ) e@irpduced prassure of ateasphaticpressurerand thandwateris sepasited pardiemoved andised 10
in conmbination with fresh (nmethyl)epi hal ohydrins corresponding to an anount
of the deie @setled)epiteldhyld)inpare zonfimmbusly secyslet into thetehytignapixnakohydri ns are
consuned in the reaction. [0056] The basic catalyst may be, for exanple,
al kaline earth 58 hydroxi des, alkaline 15 netal carbonates, or alkaline
met al hydroxi des. Particularly, alkaline nmetal hydroxides are preferable

epoxy resim andiefEs 29%39410 %%%ng& e, GGk EREh 0] 7o o may

be nention e use th se sic c alyst be ,used as in
an aquéouéP! QfP?hﬁdt&‘f B"fﬁ 1?’8 S@"WA@P‘S é%epwi@r@é‘idf‘ﬂ‘? orm A
reaction rate in the 20 synthe5|s of the epoxy re5|n can be accel erated by
usi ng an o@refemedfroml the aspertof egsiness don jommertial acquisifton. ¢  Idhepgperformingot
particularly limted but my be, for exanple, Kketones such as acetone, or
met hyl et hyd conmrhercial prddactien, $ is preferalsle st ded reactidng irdthe netetgadddatpy al cohol |
| sopropyl al cohol, 1-butanol, sec-butanol, or tert-butanol, cellosolves
such as’ mypRkks SRk HRSENRatdT oﬁh@iféacﬁﬁi nARO KKE bateh R Ee 18din

tetrahydrofuran 1, 4-di oxan, 25 1, 3-dioxan, or diethoxyethane, aprotic polar

sol vent's kel e A idritofb g leBSHiBY o o ehlE resbbof bRLAN:L SR ™ -

These org

10 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

15  metal carbonates, or alkaline métal hydroxides. Particularly, aikaline 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

20  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,
1-propy alcohol, isopropy! alcohol, 1-butanol, sec-butanol, or fert-butanol, cellosolves
such as methyl cellosolve, or ethyl cellosolve, ethers such as tetrahydrofuran, 1,4-dioxan,

25  1,3-dioxan, or diethoxyethane, aprotic polar solvents such as acetonitrile,



i ndividually, or in a conbination of suitable 2 or nore kinds thereof in
order to control polarity. [0057] 5 After washing the reaction product
fromthe epoxidation reaction as descri bed above, the unreacted

epi hal ohydrin or the conbined organic solvent is renoved by distillation.
In order to obtain the epoxy resin havipg a | ow content of hydrol yzable

hal ogens, the obtai ned epoxy resin is again subjected to the reaction by

di ssol ved diveethydsulfoxided ordimephyifosinamide. anThesganganicssilvents maybéused t ol uene,
met hyl iso-butyl ketone, or 10 nethyl ethyl ketone, and added with an
aqueous  soindividwallyf orcin addokbination W kwitableyZlsronsorbkindsubéreatinsoadéruochytebl oxi de,

or potassiumhydroxide. In this case, a phase transfer catalyst such as
quat er nary,qgRni um salts, or crown ethers may be present. Wien the phase
transfer cgt Igst is used, its anbunt to be used is preferably in a range of
0.1to 3.0 meigﬁ@%%gﬁth respect to the epoxy resin to be used. After the
termnation of t reaction, the produced salt is renoved by filtration,
or washing, and again, the_ solvent such as toluepe, or nethyl isg-hutyl
ketone s distil Agsr Wwashing,thg reastipr prrduct{Eore ghe.gpoxidation paction xdeserthedy can be
obtai ned. [0058] As described above, the epoxy resin obtained has as a main
skel et on whbaie, the uarea@@d spihalohydrin trothe ngmbimed pigasicsokventis removaddyi n which a
arylene structure is bonded with another arylene structure through an oxygen

atom and t distillatonl T ohler toodbtain Ah@époky révirt haiing 910w oehtémef AydioBasblet ruct ure
and the arylene structure per nolecule is from2 to 8  Since the aryl ene

OXy Struct Hijgodns tfh%Bﬁﬁxeid 8 filis 3pdih b ctﬁi' [thé RIaBBéd BYdi ﬁlftfﬁﬁéerat ed
during COHEUS%I oh of the %gr’é)gf%rtfcgéel anﬁéet eﬁ) gengr at es el>§ce ent flame
ret ardancy, anwhi l.e.. since the,tofal, nupber of lei is from

2 to 8 per ow;%glga/gp%x,y 1efifl'in fn organic solven{ ich 80 uene, me ;Pﬁg-tblugfl ﬂgt%ne, or
10  methyl ethyl ketone, and added with an aqueous solution of an alkaline metai hydroxide
such as sodium hydroxide, or potassium hydroxide. In this case, a phase transfer
catalyst such as quaternary ammonium salts, or crown ethers may be present.  When
the phase transfer catalyst is used, its amount to be used is preferably in a range of 0.1 to
3.0 weight% with respect to the epoxy resin to be ﬁsed. After the termination of the
15  reaction, the produced salt is removed by filtration, or washing, and again, the solvent
such as toluene, or methy! iso-buty! ketone is distilled off, and thereby, the epoxy resin of
high purity can be obtained.
[0058]
As described above, the epoxy resin obtained has as a main skeleton which is a
20  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.

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



22 epoxy resin also has excellent fluidity. [0059] Meanwhile, the aryl ene
group fram ng the expoxy resin, may be naphthylene 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 group, an ethyl group, a propyl group, or a t-butyl group
or a phenyl group. Fromthe aspect of 23 ame retardancy, naphthyl ene group
or phenylene group is preferable, and naphthylene group is nore preferable.
[ 0060] Tiepewy tmsin alsq hasexpellenefluidity. t hat the epoxy resin has a structure in
whi ch a 10 napht hal ene structure is bonded with an aryl ene structure through
an oxygen atom §0@59]t he total nunber of aromatic nuclei formng the
napht hal ene structure and the arylene structure per nolecule is from2 to

8. It is more praésmailectht ARflerd BoMPREMingAik Bx AT rdsin Shiy'6d AdpRthyfineh i S

substituted by a (meta) glycidyoxy group 1n the aromatic nuclpgus. [0061] 15

Here, the t ' ' t hal ene
ctruct ur o SO0 SrPHeRYEnS biol- ot phy P s BRENedeTR 0k Bbndfn €100
fromtge aspect . of fl uj qit of the epoxy resin, the na%‘%}f al ene structure
or of er dbl AR SUShias ARGy E560, an 6HY1 EIGORA BIOBYLORR, OF f O EFPUPIE Sbondi ng
position of oxy group is preferably 13-position, 1,6-position,

1, 7- posi t i phenyligreup Fsemitkmaspectdf flonietretardaney; naphthylerd group or plengleneg t hese,
1,6-position and 2,7-position are preferable fromthe aspect of an easiness

f or producdrowmis paeferable/ apdsaphitgdenegrony e mpre prefaable. from t he aspect of an
excel l ent bal ance between fluidity and flane retardancy. [0062] The epoxy

resin may form[@()g@al ecular structure in which a plurality of arylene

Therefore, it is preferable that the epoxy resin has a structure in which a

10 naphthalene structure is bonded with an arylene structure through an oxygen atom and
the total number of aromatic nuclei forming the naphthalene structure and the arylene
structure per molecule is from 2 to 8. It is more preferable that the epoxy resin has a
structure which is substituted by a (meta) glycidyoxy group in the aromatic nucleus.

[0061]

15 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.

20  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 strﬁctm‘e in which a plurality of arylene

25  structures is bonded by a direct bonding.



25 structures is bonded by a direct bonding. 23 [0063] Meanwhile, in the
epoxy resin, the other arylene structure bonded wth the naphthal ene
structure through an oxygen atom may be t he above-descri bed napht hal ene
structure and phenyl ene structure. Here, the phenylene structure my have 2
or 3 5 bonding positions to an oxy graf, or may have an Cl.4 al kyl group
such as a net hyl roup, an ethyl group, a propyl group, or a t-butyl group
or a phenyl grd@®3Xn aromatic nucleus thereof. However, fromthe aspect of
fluidity of the epoxy resin, the phenylene structure having 2 bonding

posi tions to aMeanwhilepinthe spgxyatsin ahé othet arylene strudtine Hoadet wigh theosi ti on of
oxy group may be preferably 1,3-position, 1,4-position or 1,5-position. 10

Among t heghthlede BPSdthre Wroush AR bLydeh Atdhh AR Be ihdBivERlesidRE haftithAéheeasi ness
for the production. BesideS, regarding a Substituent on the aromatic

nuctoue Sepbbs. SRSV enE HAFRE SHEACH oo B BRERASS 0 10, o e

structurée has ho C r and particularly

preferred that the arylene structure has no_.su a substituent, fromthe
aspect® ofbandihapos o 1AM Orerradh. of PRt &%%Pwaﬁﬂy oW $Heh a3 Apnethd 15

structure is preferably the above-described naphthyl ene group, fromthe
aspect ofgrbummes ethydgeougampiopy] gosp;]or as-butsd neup) ariaphieayl sreyp o aiomatia t he
nol ecul ar structure of the epoxy resin is specifically a glycidyloxy group

or a (i - nmiclenk deyeofdiibwayerofitemthe dzpéctiof flultityf dsecepiox? Gesin) deepliecanlena

gl ycidyl oxy group is particularly preferable fromaspects of flane

o o S0l A SRABE Pk S g3 b i e AT o 2
position of oxy group may be preferably 1 3-position, 1,4-position or 1,5-position.

10  Among these, 1,3-position is more preferable from the aspect of an easiness for the
prodﬁction. Besides, regarding a substituent on the aromatic nucleus of the another
arylene structure, it is preferable that the arylene structure has no such a substituent or
has a methyl group, and particularly preferred that the arylene structure has no such a
substituent, from the aspect of flame retardant effect. Particularly, the other arylene

15  structure is preferably the above-described naphthylene group, from the aspect of flame
retardancy.

[0064]
A (methyl)glycidyloxy group in the molecular structure of the epoxy resin is
specifically a glycidyloxy group or a -methylglycidyloxy group, but in the present

20 invention, a glycidyloxy group is particularly preferable from aspects of flame retardancy
of the cured article and easiness for obtaining a raw material in the commercial
production and so on.

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

25 following general formula (3) from the aspect of flame retardant effect,



Specifically, this epoxy resin is preferably a structure represented by the
25 follow ng-general formula (3) fromthe aspect of flane retardant effect.
24 [0066] [Chemical Formula 99 RL R3 R3 Rl ~ O Ear 0-- O hl?al~~~~~~ ~JR
General Formula (3) RZ In forrmula (3), R3 represents a hydrogen atomor a
met hyl group; each Ar 5 represents inggpendently a naphthyl ene group, a
phenyl ene group, or a naphthylene group or a phenyl ene group having an Cl4
al kyl group or [R0fflenyl group as a substituent; each R2 represents

i ndependently a hydrogen atomor an Cl4 al kyl group; n and meach represent
an integer of fliCheikkal Ponulawyl at | east one of n and mis 1 or greater; R
represents a hydrogen atom or an aronmati c hydrocarbon group containing an
epoxy group 10 represented by the folkpmﬁng general formula (3-2), provided
that the total number of the ,awpmatyq¢ nuglei ®n the fornula (3) is from?2
to 8, and in the abovwg gen ArftQ a sition of bonding to the

i
napht hal enepsielgt off ha a t rihgs fort ng gdiRral ReRRGIRAENE i Nng.
[0067] 15%}%?1{ ATSPITRap 0] Ko R o b General oo g SN L)

general forfrula (3-2), R re resents a hydrogen atomor a methyl group; each

In formula (3), R® represents a hydrogen atom or a methyl group; each Ar
5  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;
each R*represents independently a hydrogen atom or an C;.4 alkyl group; n and m each
represent an integer of from O to 2, and at least one of n and m is 1 or greater; R'
represents a hydrogen atom or an aromatic hydrocarbon group containing an epoxy group
10  represented by the following general formula (3-2), provided that the total number of the

aromatic nuclei in the formula (3) is from 2 to 8, and in the above general formula (1), a
position of bonding to the naphthalene skeleton may be any of two rings forming the
naphthalene ring.

[0067]

15 [Chemical Formula 10]

D
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

20  group or a phenylene group having an C,.4 alkyl group or a phenyl group as a substituent;



Ar represents independently a naphthyl ene group, a phenyl ene group, or a
napht hyl ene 20 group or a phenyl ene group having an Cl-4 al kyl group or a
phenyl group as a substituent; 25 p represents an integer of 1 or 2. [0068]
In the epoxy resin represented by the general fornula (3), as described
above, the position of bonding to an2dxy group in the naphthal ene structure
is preferably 5 1,6-position and 2, 7-position, and, when the another aryl ene
st r uct ur @ represenpdaniptegaeof howlip, t he position bonding to an oxy group in the
arylene structure is preferably 1,3-position, and in the general fornula
(1), RZ2 is prefeoesply a hydrogen atom Accordingly, the preferred a
conpound anmeng the epoxy resin (A) may be, for exanple, an epoxy resin

db h th
represente yhﬁﬁfeeﬁ:&k}ﬁéﬁ‘ln’}g r%EéxH&fWﬁ eirilto ﬁﬁulﬁi ), i ddseried 4boéll ch the 10

position bonding to am oxy oup In’t ene Structure 1s
L 6 o a5 5 o b8 e gy © 22 1A S
5  1,6-position and 2,7-position, and, when the another arylene structure is a phenylene

group, the position bonding to an oxy group in the arylene structure is preferably

1,3-position, and in the general formula (1), R?is pfeferabiy a hydrogen atom.

Accordingly, the preferred a compound among the epoxy resin (A) may be, for example,

an epoxy resin represented by the following structural formulas E-1 to E-17 in which the

10  position bonding to an oxy group in the naphthalene structure is 1,6-position.
[0069]

[Chemical Formula 11]




[Chemical Formula 12] 527 I\ \/ E-11 E-12 I\ J\ \/ \I E18 ! I \ \I \I

IV \! E-14 E1I8 GG E-I EI G'J [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 follow ng structural forrmulas E-18 to E-25 5 may be

mentioned: [0072] [Chemcal Forrmula X% i; i 28 ol. r Ir~1Ir i E48 Ir E18
Il r I rirlr

[0070]

{Chemical Formula 12]




rl r EE201 r I r E22 r 1.l . I ~~ r . ror ~1 .1 rd [0073]
[Chemical Fornmula 14] I~ r r r i. N-g EF22 EdB Ar r r G  Gl~ rrr
dor e lrr EZt .1 r Ir " Ir r E2b 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 Zbnpounds, or as a mxture of a
plurality of the conpounds. 10 [0076] As described above, it is preferable
that the epoxy_resin has a structure in which a naphthal ene structure is
bonded wi t h anotiher F structure through ge omin that a
w's = Bod heat |

[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 folldwing structural formulas E-18 to E-25
5  may be mentioned:
[0072]

[Chemical Formula 13]



29 resistance. Specifically, this epoxy resin may be represented by, for
exanple, the follow ng general fornula (4). [0077] [ Chem cal Fornmula 15]
R R RL/ \ o\,a ~p CGeneral Formula (4) >I._ 'or \ ° "~R RKDb' ~.
R RZ 5 R In the general formula (4), each R3 represents independently a
hydrogen atomor a nethyl group; each R represents independently a

hydr ogen atomor an Cl.4 al kyl group; n and m each represent an integer of
fromO to 2, and at | east one of n and mis lg® O greater; R represents a
hydr ogen at omp g 0 formul a § . [0078] [Chemi cal
Formula 16] FO @@ (5 Or Mulgyg(4-2) I R2 P In the gqgeral
formula (4-2), ea@ P ndepen ent | %, yd gen at Qn a 15

met hyl group; each RZ represents independently a or an Cl-4
al kyl group; p represents an integer of 1 or 2. frat t he t ot al
nunber of aromatic nuclei in the general formula (4) |s from2 to 8, and a
position bonding to the naphthal ene skeleton in the above general fornula
(4) may be arffxg [ ' @ napht hal ene RI NG

[0073]

[Chemical Formula 14]

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



ftﬁ

| 30 [0079] Also in the above general forrmula (4), R2 is preferably a

hydr ogen atom and specific exanples thereof may be conpounds represented
by above structural formula E-1 to E-21. Moreover, the conpounds
represented by the above structural fornmula 5 E-18 to E-21 in which a
position bonding to an oxy group is 2,7-ppsition are preferred fromthe
aspect of excellent flane retardancy and heat resistance, and particularly,
it is prefresistance. t Spesificallynthis epoxy eésin may be nepoesenited bypioe sxample, thy t he
structural fornmulas E- 18, E-19 or E-20 fromthe aspect of an excell ent

bal ance betfoHewingl geeral firmoubta@yy and fluidity. The total nunber of aromatic
nuclei in the general formula (3) is particularly 10 preferred to be 3 to 6
fromthe aspect c[bO?] excel | ent bal ance of flanme retardancy, heat

resi stance and flurdity. [0080] The epoxy resin described above can be

obt ai ned, f exampl e .by.yeacting dihydroxynaphthal enes or a m xture of

di hydroxyna[g{’ffwgiagﬁggmﬂﬁgshi hydr oxybenzenes 15 (abbreviated as "difinctional
phenol s", below) in the presence of an acid catalyst to obtain a phenol
resin, then, repeatedly extracting a | ow nolRcul ar wei ght product with an

organi c solvent, and then perform ng the i dyl at,i on of the phenol resin.
. -’Mxyresin, it is _
& d i hgeRe@pPaRmIL{4)a basic

Fromthe aspect of excellent praq t
preferablethaﬁ,the eRo egi

catal yst the o2 t [:on 20 the phenol resin. "[0081]
Since the e res taffMed is commonly obtained as a m Xxture of the
conpounds of each str descri bed above, the epoxy resin in the
present 5i nvention R

In the general formula (4), each R’ represents independently a hydrogen atom or a
methyl group; each R? represents independently a hydrogen atom or an C;.4 alkyl group;
n and m each represent an integer of from O to 2, and at least one of nand mis 1 or
10  greater; R' represents a hydrogen atom or the following general formuta (4-2):
[0078]
[Chemical Formula 16]

O

L

o
@:‘4
tg./ \J ®  General Formula (4-2)
R? Rt /P

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.



may be used as being this m xture. Moreover, the reaction product contains a
hi gh 25 nol ecul ar wei ght conpound having a 2-hydroxypropyl ene group, which
is produced by (1 31 the reaction between an epoxy group and the phenol
resin that is a precursor for the epoxy resin; or diglycidylethers of

di functi onal phenols which is a raw conpdment. Therefore, the epoxy resin
of the present invention nay be used as being a mxture containing this
hi gh nol ecul ar wdPgM] conmpound or raw conponent in abbreviation, 5 herein
bel ow). As described above, since the number of nuclei of the epoxy resin
can be suppressealst in the above gemetad éorprubis@hiRiinprefdralip a hiytdrdgen ptoef, andbl e t hat
the mxture is used as a mxture of the epoxy resin with the

di gl yci dyl ejgie eﬁim;&l@@tﬂi}édfﬁi%%hﬁmﬁesen%)ﬁﬁ&e Btructiral ffmula

di gl ycidyl ethers of the difu i onal "phenols in thé mxture is preferably 5
to 80% as aty 0 | f 10
Frutdity o Ei EopbyMPisoler 8 s BDMETERerei Ry ths 0GR )l

speci ficall escribed gbove is eferred in which an epoxy equivalent in
the ni xt5ureg11§ to -2 ingryeh BPO?EE@‘?{W"A%’Q/‘@&XYﬁ?}Bﬁe‘SQE’eP o HeAEIBd resin

has good fluidity, the epoxy resin conposition having excellent curability
can be 15 offomitheaspestaf§ekeslicnt Bamearctirddnsyahe heasfresiviance xansl pagticuldrbyait is
resistance. [0083] A nelt viscosity of the epoxy resin is preferably 5.0 to
0.1 nPas atpréfecdblé fo isba mixtuet of thefooipothds rapresaitediy the ettudthtal firtiniaeE-18)e
obt ai ned epoxy resin. [0084] 20 Next, the epoxy resin may be used

I ndi vi dual 1 .1 90 FRY b tﬁégﬁteb{bf%ﬂf@ibél&ht%nchE@ré&h*iﬁfne%ﬁi‘dﬁn&ﬁdd“s as far

as the effects of the pres I nvention are not deteriorated.

fluidity. The total number of aromatic nuclei in the general formula (3) is particularly
10 preferred to be 3 to 6 from the aspect of an excellent balance of flame retardancy, heat
resistance and fluidity.
[0080]
The epoxy resin described above can be obtained, for example, by reacting
dihydroxynaphthalenes or a mixture of dihydroxynaphthalenes and dihydroxybenzenes
15  (abbreviated as “difunctional phenols”, below) in the presence of an acid catalyst to
obtain a phenol resin, then, repeatedly extracting a low molecular weight product with an
organic solvent, and then performing the glycidylation of the phenol resin. From the
aspect of 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



[ 0085] As the other epoxy resins to be conmbined with, various epoxy resins
may be wused, and exanpl es thereof may be bi sphenol A type epoxy resin,

bi sphenol F type epoxy 25 resin, biphenyl type epoxy resin, tetranethyl

bi phenyl type epoxy resin, phenol novolac 32 type epoxy resin, cresol
novol ac type epoxy resin, triphenylnethgane type epoxy resin,

t et raphenyl et hane type epoxy resin, dicycl opentadi ene-phenol addition

reacti on t $hegeactionbytweesian epptiegroup and the phengl eesitpthayisaqueeursardpirtheiol - novol ac
type epoxy resin, naphtholaral kyl type epoxy resin, naphthol -phenol

co- condens egbxyaesih;aor digipeidgletheys ¢F diRattionahpiablzodhich Blawceongonegnsed
novol ac type epoxy resin, aromatic hydrocarbon fornal dehyde resin-nodified

phenol  r esiherd¥RéE tﬁ@gﬁ&kgrrés‘iﬁ Bf tha'pr Emﬁminﬂwyfﬂeqﬂe%mhgﬁ nliXfife €POXY

resin. Anong these e resins, the tetramethyl biphenyl Type epoxy resin,
bi phenyl ar al kvl . t oxY..resin_of. novol type epoxy resin are preferably
used par ti Sefiaipiag i RS ieRaL Helghe difumound of B woiashent ihbretatiol
retardapcy, can b 0 obtained. [0086] As the cufing agent used |n epoxy
resin obt ahefeth Bsjow -eﬁ*?e&ﬁ%b"ﬁ‘ra%i’% shce ferfum eﬁvéwq?%r?,%thm%yw%@ used
various kinds of known curing agents for epoxy resins, for exanple, curing
agent s suche suppsessertbtolimdew in thequesedtinventicneit iepreterablehatithe nixtuee  ussd
anhydri de- based conpounds, or phenol - based conpounds. Specifically, exanples

of the angniaarcbfabegmrydesinaythabe dighitidituahgd onthle difulictivmal phenols.
di et hyl enetriam ne, triethylenetetram ne, diam nodi phenyl sulfone,

di et hyl enet i ar ne, | | m nod _

ot | vat 1 vea et Lt O R AR e R bt am de, o
I i d ' | zed f a.d] f 20 |.i | id d

B hy eneai ERTYY St A& art B of s tre it QR Tt eBfor

10 fluidity of the epoxy resin composition.

)

[0082]

The epoxy resin specifically described above is preferred in which an epoxy
equivalent in the mixture is in a range of 100 to 400g/eq. since the obtained epoxy resin
has good fluidity, the epoxy resin composition having excellent curability can be

15  obtained and the cured article thereof has excellent heat resistance.

[0083]

A melt viscosity of the epoxy resin is preferably 5.0 to 0.1 mPa-s at 150°C in the
mixture from the aspect of good fluidity of the obtained epoxy resin.

[0084]

20 Next, the epoxy resin may be used individually, or may be used in combination
with other epoxy resins as far as the effects of the present invention are not deteriorated.

[0085]

As the other epoxy resins to be combined with, various epoxy resins may be
used, and examples thereof may be bisphenol A type epoxy resin, bisphenol F type epoxy

25  resin, biphenyl type epoxy resin, tetramethyl biphenyl type epoxy resin, phenol novolac



may be phthalic anhydride, trinellitic anhydride, pyrotrinellitic anhydride,
mal ei ¢ anhydri de, tetrahydrophthalic anhydride, nethyl hexahydrophthalic
anhydride, nethylnadic anhydride, hexahydro phthalic anhydride, or nmnethyl
hexahydro phthalic anhydride, exanples of the phenol -based conpounds nay be
mul tival ent phenol 25 conpounds such as ghenol novol ac resins, cresol
novol ac resins, aromatic hydrocarbon ii 33 fornal dehyde resin-nodified
phenol r esi ype eppxy\res toenlac ype epxyaesindriphenylmethanatype epxaresinr al ky|
resins, naphthol aral kyl resins, trimethyl ol methane resins,

t et r apheny| etrapieaplethans type epoepresinodicpclupdntatienesphenol addrivniredctioh eype!
co-condensed novol ac resins, naphthol -cresol co-condensed novol ac resins,

bi pheny! - mogich, e&kid %eﬁdlarﬁlmﬁ)pe%péprJe&ihVﬁdgﬁiomb%lsé type EPOXsini N Whi ch

phenol nuclei are cdonnected by bl sriet hyl ene group), biphenyl-nodified

napht hol regj |V t t ds | [ h | nuclei are
C ognect ed b@dpgla'so %‘: ‘Zﬁéeg%%’%’ 3 g%ig’ l%ﬁilthgﬁﬁ%?wfgg?ﬂr%p %@c}l :E’P P%ﬁ %g](r)?eeﬁ’ S#fr esins
mul tival ent phenol conpounds in i ch phenol nuclei are conpnected b
Enal ani nZ’J orreﬁ@nw@&l&iﬁ%ﬂ@q-cwe@ "BH%‘E‘E)WPF ERORY 158D; wgmaﬂqgsI%ewﬁq’IM ene
structure, which is obtained by the nethod of the present invention. [0087]
Armong t hes eforpaldehydelreginymadifiedphepolnesis typsrapaky rasin, onbiphemydmeedified kel et ons
in the nolecule are preferable fromthe aspect of flane retardancy effect,
and speci f i n@lolae, typgepokerésisl aAmopgthiesd epiay ebsins, thesetiamethylasiphengbwpé ac
resins, aromatic hydrocarbon 15 fornal dehyde resin-nodified phenol resins,

phenol ar al kéﬂox? P& Ebiplﬁﬂgllaﬁlﬂ}l ¥l égéky Ff StShovoldd "é@bx@fé\élﬂﬂ ﬁg 8fe?<§551§ ,

napht hol - phenol co-'condehsed "novol resins, naphthol -creso - condensed

20 O 0 JRRS R B8,
excel | ent
10  obtained.

[0086]

As the curing agent used in epoxy resin obtained by the method of the present
invention, there may be used various kinds of known curing agents for epoxy resins, for
example, curing agents such as amine-based compounds, amide-based compounds, acid

15  anhydride-based compounds, or phenoi-based compounds. Specifically, examples of the
amine-based compounds may be diaminodiphenylmethane, diethylenetriamine,
triethylenetetramine, diaminodipheny! 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 anhydride-based compounds
may be phthalic anhydride, trimellitic anhydride, 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 phenol novolac resins, cresol novolac resins, aromatic hydrocarbon



flame retardancy. 20 [0088] In the epoxy conposition made of phenol resin or
epoxy resin having a polyarylene structure as essential conponents, which
are obtained by the nmethods of the present invention, flane retardancy of
the cured article becones excellent even without conbining flane retardants
previously used in the art. However, in3grder to manifest 25 nuch higher

fl ame retardanc f or exanpl e, a non-hal ogen-based flane retardant which

34 does n d’ornm&wdm resin-mpdifisd phenol esinsg dieyelopentadiene pheneladdiotdype nesivs, r ange
where noldability in a encapsul ating process or reliability of

sem conductphenalardlkyresing, fdphtHolazhllyl reing timethglvhdeihhng reginsapsul at i ng

mat eri al can be kept. [0089] 5 - " The epoxy resin conposition conbined

with this papphah a%ﬂmﬁ@fe%msfﬁ@ﬁﬁml h&iMckasths, 4aBHhRSheAbRG. aftidelely cont ai n

hal ogen atons, but, for exanpl may contain ha ogen atons of about at nost

5000 ppm a e | ed fr n the
epoxy resi %O%l?g %lh}l%l gg co-%ogg&hsgﬁ Bge‘ﬁg‘lbgg@g f&{ﬁﬁ%&i_ﬁg’p} ﬁgé’ﬁ?n%y be,
for exanple, . @:BQ horg tiased fl ane retardant, mtrgg ased fl ane
retardaft, FeSiay ‘6 phepol comppunds in whichpheag] nuglej retardant,
or an organorretalllc flame retardant, and the use thereof s not limted,

i n whi ch t fhésretiylenesgroup)abiphenyd- m@ﬁtrbnapbﬁml resitisv i (ondtivajent naphthel a plurality
of the same type flame retardants or in conbination of the different type
15 flame r ebmpdamisin whihlghenol nuclei are connected by bismethylene group), or

I

aminotriazine-modified phenol resins (multivalent phenol compounds in which phenol
nuclei are connected by melamine or benzoguanamine), or the phenol resin having a
10  polyarylene structure, which is obtained by the method of the present invention.

[0087]

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

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 articie becomes excellent even without
combining flame retardants previously used in the art. However, in order to manifest

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



As the phosphorus-based flanme retardant, either inorganic phosphorus or
organi ¢ phosphorus conpounds may be used. As the inorganic conpounds, for
exanpl e, red-phosphorous, ammoni um phosphates such as anmoni um phosphat e,
ammoni um 20 phosphat e di basi c, ammoni um phosphate tribasic, or poly amoni um
phosphate, inorganic nitrogen-containi g conpounds such as am de phosphate
may be used. [0092] The red-phosphorous is preferably one that is subject
to surface doeenetrspbstantiallyicoatainphalogenatosns may be pembiged yz tnge wherend so on,
and as a nmethod of the surface treatnent, 25 there may be nentioned, for
exanpl e, (imoldabilitylind enbapshlatihg pastegieseliubilitg of sentioaddudtor ldedides inithefigldf i [ m
of an inorganic conpound such as magnesi um hydr oxi de, al um num hydr oxi de,

zi nc. hydr 0%(dRemidohAitiedeipSolitiod nartidh G be Rygdr OxI de, bi smuth nitrate, or a

m xture thereof, (ii) a nethod in which red phosphorus is coated with a film
of a mxture of @(gkgiénorgani c conmpound such as magnesi um hydroxi de, al um num
hydr oxi de, zinc Js ydr oxi de, or titanium hydroxide with a thernosetting

resin, and (iil) method jn which red phosphoyus i oated with a film of

an i nor 3ani ¢ ¢o ﬁH°’9(1¥f’ﬁmé‘§’mﬂ?§’&ﬁ%§P@hf“ﬁ§&$@>¥£"dé‘?n'§!a&ﬁeﬂ'$ﬁ? i de, zinc
hydr oxi de, titanium hydroxide, and then coated with a film of thernosetting
resin t her getardahpd@snot substantiallybenntain halagenatpms dphdouexamplg suayckontai®y be, for

exanpl e, wi dely used organic phosphorus conpounds such as phosphate ester

conpounds, halugep htoniscofabbuot at awIpSR00dpm ahwselimpudtyaderided fopothads, phosphi ne
oxi de conpounds, phosphorane conpounds, or organic nitrogen-containing

P s BRI RRLER b SOOpLE, plospior s comounds such

[0090]

10 The above non-halogen-based flame retardant may be, for example, a
phosphorus-based flame retardant, a nitrogen-based flame retardant, a silicon-based
flame retardant, an inorganic flame retardant, or an organometallic flame retardant, and
the use thereof is not limited, in which these flame retardants may be used individually,
or in a plurality of the same type flame retardants or in combination of the different type

15 flame retardants.

[091]

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



15 10- (2, 5-di hydr ooxyphenyl ) - 10+ 9- oxa- 10- phosphaphenat hr ene- 10- oxi des, or
10- (2, 7- di hydr ooxynapht hyl ) - 104 9- oxa- | 0- phosphaphenat hr ene-| 0- oxi des, and a
derivative which is obtained fromreacting these with a conpound such as
epoxy resin or phenol resin. [0094] 20 The anount of the non-hal ogen-based
flame retardant to be conbined is suitaldy selected according to the kind
of the phosphorus-based flane retardant, other conponents of the epoxy

resi n conpd¥ith 3 Blim ofaniinoeggnic ewmpeugd suchas magnpsiumdydrarides glumipem f or

exanpl e, when red- phosphorus is used as the non-hal ogen-based fl ane

r et ar dant , hytroxide, pine hpdmkidg, fitaniany ydyexidé, bisniuth hydroRidepbismuthynitrate givta i n 100
parts by weight of the epoxy 25 resin conposition in which all of the epoxy

resin, the mifurétheR@€ i) a hitghod ih wifich RAPhOPhBERNAs beksdTwith 8 TRmIcTladhidamé and
other filler or additives are conbi ned, and when the organi c phosphorus

conpounds : A f ] L f : ts by
wel oht - ang an T4 LorhBESUEH & eioth fyA0KAL ahhibyllodte, PRE 1Y 00,
5 When the . ahove, phosphorus-based f|ang retardant.is uged,..hydrotalcite,
magnesi Sm AYSRSHeHE: CBREH B it # Goressiriah s dendp ipe BBafinc ol of um
carbonate, zeolite, zinc nolybdate, or active carbon may be conbined with
the phosphdrchsred phesphorusie coatediwith atfilm{cfian dporgaric pempornd-syeh as
nitrogen-based flane retardant, for exanple, triazine conpounds, cyanuric
aci d conpouramesiihdydeoxidd, aluadingin hgdaidedsinc bydrpkidaaithniam hyaroxide] aadong
t hese, triazine conpounds, cyanuric acid conpounds, isocyanuric acid
conpounds  3héy 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



preferable. [0097] 15 As the above triazine conpounds, there nmay be
mentioned, for exanple, nelam ne, acetoguanam ne, benzoguanam ne, nelon,
mel am sacci noguanam ne, ethyl enenel am ne, pol ynel am ne phosphate, or
triguanam ne, and for exanple, (i) amnotriazine sulfate conmpounds such as
guanyl nel am ne sulfate, nelemsulfate, @ nelamsulfate, (ii) co-condensed
conpounds of phenols such as phenol, cresol, xylenol, 20 butyl phenol, or
nonyl phenobn-halogerebasei flamegetatdansandaitherifiller obadditings arcaeninshined, and when

acet oguanam ne, or fornguanam ne, with formal dehyde, (iii) a mxture of the

co- condens ti@ ceguniophidpherlis thapaindy are(uiskd, ivdstpheferablydh arrgsgest (sLNEE phenol

f or mal dehyde condensed conpounds, (iv) one that the above (ii) or (iii) is

further gg&ksft})ﬁaeigm, bnmgebﬁﬂekermy i FREh 6?%5% GW;Bar@ibB/-wegag[e 0098] 37

Specific anpl’es for the ove cyanuric acld conpounds” may , for exanple,
cyanuric acid, 0(03?;5 am ne cyanurate. [0099] The anount of the
nitrogen-based f retardant to be conbined is suitably 5 selected

accordipng to the_kind of the nitrogen-based flane retardant, other
componehts of t eBMW@?bWP@BWWﬂ@We taadang és psed hygdegrlerte.of 11 ane

retardancy, and for exanple, it is preferably in a range of 0.05 to 10
parts by weiaghgsiunahyidromide, horefi combounds,zimonizmnyexidd, blagk tyes) calcpmn t s by

wei ght, in 100 parts by weight of the epoxy resin conmposition in which all
of the epowsatbéwie, Zeolithzifid nolibdawe SottactivéCarbeimiR bo 6mbinag adthfthene ret ar dant

and other 10 filler or additives are conbi ned. [0100]
phosphorus-based flame retardant.
[0096]

10 As the above nitrogen-based flame retardant, for example, triazine compounds,
cyanuric acid compounds, isocyanuric acid compounds, or phenothiazine, and among
these, triazine compounds, cyanuric acid compounds, isocyanuric acid compounds are
preferable.

[0097]

15 As the above triazine compounds, there may be mentioned, for example,
melamine, acetoguanamine, benzoguanamine, melon, melam, saccinoguanamine,
ethylenemelamine, polymelamine phosphate, or trignanamine, 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,

20  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.

25 [0098]



When t he above nitrogen-based flanme retardant is used, netal hydroxides, or
nol ybdenum conpounds nay be conbi ned together. [0101] 15 As the above
silicon-based flame retardant, silicon atomcontaining organic conpounds
can be used without particular limtation, and, for exanple, there nay be
mentioned silicone oil, silicone rubber37or silicone resin. [0102] The
amount of the above silicon-based flanme retardant to be conbined is 20

sui tably sel ect eSpestfioexnmples for theabryeeyaparie srid spmpeounds agyche, fargxample,
retardant, other conponents of the epoxy resin conposition, and required
degree of tyameicaeidaodaalamineandnufater exanple, it is preferably in a range of
0.05 to 20 parts by weight in 100 parts by weight of the epoxy resin
conposition in joob1 al | of the epoxy resin, the curing agent, the

non- hal ogen- based flame retardant and other filler or additives are

conbi ned. 25 el AfodRA e libaanshar At | ARG BOLBRbeS i

nol ybdenum conpounds, I ne toge
ot al  hgdr SARORLAccEng o Ko of i i E‘%ﬁ ea%r@%q‘a‘)“ eﬁélﬁéonéé%r
boron 5 conpounds, or |ow nelting point glass [0104] Specific exanples for
the above Hheepoxysesimsamepsitinyanstrequiond dograesif lamee cynang forexpmple, it
magnesi um hydr oxi de, dromite, hydrotalcite, calcium hydroxide, barium
hydr oxi de, isypreferablyin ammpy of @85 del0 piits HyhO&pht, and more preferably in a range of
0.1 to 5 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
10  filler or additives are combined.
[0100]
When the above nitrogen-based flame retardant is used, metal hydroxides, or
molybdenum compounds may be combined together.
[0101]

15 As the above silicon-based flame retardant, silicon atom-containing organic
compounds can be used without particular limitation, and, for example, there may be
mentioned silicone oil, silicone rubber, or silicone resin.

[0102]
The amount of the above silicon-based flame retardant to be combined is

20  suitably selected according to the kind of the silicon-based 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 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.

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



Specific exanples for the above netal oxides may be, for exanple, zinc

nol ybdat e, nol ybdenum tri oxide, zinc tartrate, tin oxide, alum num oxide,
iron oxide, titanium oxide, nmanganese oxi de, zirconium oxide, zinc oxide,
nol ybdenum oxi de, cobalt oxide, bisnmuth oxide, chrom um oxide, nickel

oxi de, copper oxide or tungsten 15 oxidg. [0106] Specific exanples for the
above netal carbonate conpounds may be, for exanple, zinc carbonate,

magnesi um elmiommay be cambingdhtogethesnat e, bari um carbonate, nagnesi um

car bonat e basic, alum num carbonate, iron carbonate, cobalt carbonate, or

20 titanium carbfoi@Be. [0107] Specific exanples for the above netal powder
may be, for exanple, alumnum iron, titanium nanganese, zinc, nolybdenum

cobal t, bismut h, AGREOBNEindth&iEame AitRAAnt, thet1ER} B&meffiored! for €Rarhld08] 39
Specific exanples for the abOve boron conpounds nmay be, for exanple, zinc

[0100] " spedi By duefrilih, Bl T AR cafiq et hoin Sy AELoHE, "0 Ty

exanpl e 5 gl asses such as, Sipri (manufactured by Bauxite-Brown Corp.),
Si - Mg Hﬁemm%géew:m%ﬁesm@ssfwa P205- B203- PbO- MO, P- Sn- O F,
PbO V205- Te®2 or A1203- H20 based hydrated gl asses; or boron silicate based
gl asses. [0110] [0104] anobunt of the above inorganic flame retardant to be
conbined is suitably

Specific examples for the above metal hydroxides may be, for example,

aluminum hydroxide, magnesium hydroxide, dromite, hydrotalcite, calcium hydroxide,
barium hydroxide, or zirconium hydroxide.
10 [0105]

Specific examples for the above metal oxides may be, for example, zinc
molybdate, molybdenum trioxide, zinc tartrate, tin oxide, aluminum oxide, iron oxide,
titanium oxide, manganese oxide, zirconium oxide, zinc oxide, molybdenum oxide,
cobalt oxide, bismuth oxide, chromium oxide, nickel oxide, copper oxide or tungsten

15  oxide.

[0106]

Specific examples for the above metal carbonate compounds may be, for
example, zinc carbonate, magnesium carbonate, calcium carbonate, barium carbonate,
magnesium carbonate basic, aluminum carbonate, iron carbonate, cobalt carbonate, or

20 titanium carbonate.

[0107]

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]



10 selected according to the kind of the inorganic flanme retardant, other
conponents of the epoxy resin conposition, and required degree of flane
retardancy, and for exanple, it is preferably in a range of 0.05 to 20
parts by weight and nore preferably in a range of 0.5 to 15 parts by

wei ght, in 100 parts by weight of the egoxy resin conposition in which al
of the epoxy resin, the curing agent, the non-hal ogen-based flane retardant
and ot her 15 f.i | Bpecific examtiles foe theabeveborbn nenipour(ds tiay|be, foranample, Zine t he
above organonetallic flanme retardant may be, for exanple, ferrocene,

acet yl acet boaite; zite inddtatsRip) e mefaberae)bérid adid, o¢ aodiayborstenpounds, cobalt
organi c salt conmpounds, netal sulfonic acid salts, conpounds where netal

atom and 20 aror’r'[;*gliog conmpound or heterocyclic conpound are bonded in an
i oni ¢ bonding or col)r di nati on bonding. [0112] The anmount of the above

organonetal lic fLane.retardan 0 be conbined is. suitably selecte
Sceording to ¢ heSRRTet StoRtaE tor ik abius B ine ghint AAsS Plbiche oy BRnifle
conponents of the epoxy .resin conpagsition, and required deqgree of flane

r et ar dafcy glasses such asspri dmanwetured;by; Bauxite-Brown Gprp-h S10;- H3®. 0. 005 to 10
parts by weight in 100 parts by weight of the epoxy resin conmposition in

whi ch al | ®bOBOseBoRyP.0sN g0, P10s-Ba:siRu-MphiP-Sn4RE, Pk VhOs-dgonobased fl ame
retardant and other filler or additives are conbined. [0113] 5 The epoxy

resin conpadi,Ol-eR0Wasddigydpated Eﬁhseb;%%tdrﬁi@lidﬁ?e/b&edfgrab@@. inorganic filler if
necessary. Exanples for the above inorganic filler may be, for exanple,
fused silica, C[O’lsib Iline silica, alumna, silicon nitride, alum num
nitride and the ke in the application of a sem conductor encapsul ati ng

rial n n ' filler. h. e e i
material, and a Re gllljl((:){[n!ltvo the above fol%gcamc? 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.

[0111]

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



silver powder, copper powder and so on may be nentioned in the application
of 10 conductive pastes. [0114] Here, when the epoxy resin conposition is

used as the
i norganic fi
parts by wei

sem conduct or encapsul ating material, the anount of the
Iler is in the range of 70 to 95 weight% of the filler per 100
ght of the epoxy resin conpfsition, as 15 descri bed above, but

among this range, particularly preferable in 80 to 95 weight%in order to
enhanci ng fot example itds greferpblylinairatigeyof 095 40 40 partoby weiglit w0l aparts byck

resi st ance.

When the inorganic filler is contained in the ratio of 80 to 95

wei ght % twedghtod d@cgpoly rdsid tanpdsitionrie whichdiVoffthie esbxgiresdin,ahe dlveng ageng silica

may be used

In either crushed formor spherical form, but in order to

enhance ! e frh41fgdbised Shmb iBidar! dnlt e fillePordiitived BredBmibifidease 10 the

melt viscosi

fused silica b

of spheri cal

ty o I ng materi t 1s prefera at spheri cal

?gghnly used. Further, in order to enhance the mxing ratio
sil? , the inorganic filler is preferably prepared such that

the distribution of particle size of _spherical sjilica is properly,

cont r oPl ed.

[ 0115 epoxy resincompesitipn pf the prrsentigvention £eay; cosmIse inprganic

encapsul ating material of the present 41 invention fromthe epoxy resin
conposi t i dillemifynebessanynt Esmaples forwhe atiove amirganonfiberamay be) deoaxiatnple, filsede and

further the

ot her additives are thoroughly m xed by neans of an extruder,

kneader, rsiida, @ysthilige kilic®, dlivhink, sllicthl fiRide) dlimkinthenitideofidahe BRle infthe Pr ovi de
the epoxy resin conposition. As for nolding a sem conductor package, the 5

seri ConduGHoficofB 8PS WbAlcb AR thRbiatife FRIGIR ahY a\t5hdihede Fkruchal ' ansf et

nol der, a

bet ween 50.,an Cfor 2 to 1(()1h S g
ol ded pr GHYEPORERT SQPRASPAY e nd so on midy Be mentioned in'the app

extrusion no t’hen heat e t a tenperature

d 20 0 our o that a.s ITiCOﬁgal{Ii%}l%l% package as a

10 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

15  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

20  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 particie size of

spherical silica is properly controlled.

25

[0115]

A process for producing the semiconductor encapsulating material of the present




[0116] The epoxy resin conposition of the present invention may be used for
exanple, 10 for conposition used for underfilling materials, conductive
pastes, |am nate sheets, electronic circuit boards and so on, and coating
materials such as resin nold materials, adhesives, dielectric interlayer
materials for build-up board, dielectrac coatings and so on. Anong the
above various kinds of uses, the epoxy resin conposition of the present

i nvent i oninwentiondrann theadpoyy sk dnpositiva mayrbeonentioned in whichgac edmpupentat er i al
and the 15 underfilling materials, particularly for the sem conductor
encapsul addsexibedibevé add furthrlthé btheP adifieds atOthBfougRESmixed bgReeais b5 N

conposition of the present invention into a conposition for a printed

circuit b?@[[ulﬂgt, %}ri%fig:? gcm’%lr t?ﬁ ;lai?e CATROG oA iR¥e IsUblindd o w%%ﬁ!é%@ a

prepreg. [ he epoxy resin conposition is varnished by
20 using an organi c solvent to for repr.eq,, al t hough solvent is used
accor di ng"Ho8Y tr%én CQIMRASHIN; y HF f?mg@?ﬂ%s%%&ﬁmﬁ@%%‘gﬂgg?’gﬁ? As the above
organi ¢ solvent, polar solvents wth a boiling point of at npbst 160C such
as nethy| seati¢gadugier errapswatinggnaterigliismolded byrusingarineld, a fransferampldpioan e
preferably used, which may be used individually or as a mxture sol vent of

2 or nor esxtiusida molber opthelikecshdthemheaked at k eempsrass betweenc3Nande2VSC dbd Dwed t o
penetrate in a reinforcing base material of various kinds such as paper,

gl ass 42 . fj [ ) a4:Pbd 4 ber, glass
mat, or gﬁ°§3§ﬁﬁ‘5$\’n9‘l’ng’§i‘ erwﬂgﬁﬁrpﬁgﬁgﬁgg?gqgﬁ%@%ggéugﬁperat%‘éelhggcordi ng to
t he used sol ver[hl 6areferably at 50 to 170C, to obtain the prepreg as the
cured article. }etio of the resin conposition and the reinforcing base
material to be used is not particularly limted but it is preferable that
the 5 resin proB¥repPBYiTesin ¢amepasitionof the pressatisyentipnigayee vssthforgspmple.t o 60
wei ght % Wen a copper-coated | am nate sheet is prepared using the epoxy
r esi nlQc onfoosormpasitiort wsed for underfilling materials, conductive pastes, laminate sheets,

electronic circuit boards and so on, and coating matertals 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
ifivention may be suitably used for the semiconductor encapsulating material and the

15  underfilling materials, particularly for the semiconductor encapsulating material.

[0117]

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

20  using an organic solvent to form a prepreg, although no soivent is used according to the
viscosity of the epoxy resin composition. As the above organic solvent, polar solvents
w.ith ﬁ boiling point of at most 160°C such as methyl ethyl 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

25  allowed to penetrate in a reinforcing base material of various kinds such as paper, glass




t hus- obt ai ned prepreg can be | am nated by a common nethod and properly

| am nated wth a copper thin film followed by heat-pressing at a
tenperature between 170 and 250C under 'a pressure of 1 to 10 MPa for 10
mnutes to 3 hours, to obtain the 10 copper-coated | am nate sheet. [0118]
When the epoxy resin conposition of thg2present invention is used as a
conducting paste, there may be nentioned by, for exanple, a nethod to be
used as afibepglassnanvnven diben aransd papgy aramishfihertglasg niat) onglass ravingfiberd t o be
used as a paste resin 15 conposition for a circuit connection or an

| sot ropi C af@HeH hkatBd afditfipersuréAbediding téthleiuded bivddi Frefertibly KT th @M, at ur e,
by di spersing fine conductive particles in the epoxy resin conp05|t|on

[0119] ay k a build-up
board fr ol QYER it BreBi¥es b isRclsl & e §¥&%k§"fﬁ€@é®ﬁ% ofdbe Cxanpl e,
the curable fesin co properly co h r.ubber, i1ler |s
coated onrand m%b%se?&t@t ?P?F& 158l htalt%dtplrlgyt léaa%f?rﬁel%f&

curtain nethod or the |like and then cured. Then after making a hol e such
as a thr ongsin propertionin thefprepgeg isquepared todetcomsnatly 20 60 waight%al Whenar eat ed
with a chem cal roughening agent and the surface thereof is washed wi th hot

wat er so as;ﬁ]ﬁe@cﬁﬂednaaﬁnﬂe bhiepis @eshrédeyingthejepotyesinopt §1ti6@, the net al such as
copper or the like. Asa nmethod 43 of plating escrlbe above,

non- el ect Rl\dbkdinddl g Efn@@cﬁi‘ﬂ%&hﬁﬁété@wﬁg&nﬁioﬁ%égﬂgﬁxglﬁa}ggé §/ ffifhateind as the

rougheni ng agent, there nay be nentiohed an oxi alka or

or9en o St Llsbpy S RIS S RER Pl £S100RR 70 L0100

conduct or ayer of the purposed 5 circuit pattern, by which the bUI | d-up
board can 26@ Gwnder n@aessw@&.l dedo Mforrﬁ‘il nyightesie 3 hours, to obtain the

10  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 exampie, a method to be used as a
composition for an isotropic conducting film, or a method to be used as a paste resin
15  composition for a circuit connection or an isotropic conducting adhesive which is a liquid
phase at room temperature, by dispersing fine conductive particies in the epoxy resin
composition.
[0119]
In order to obtain an interlayer dielectric material for a build-up board from the
20  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

25  abump, and then subjected to plating a metal such as copper or the like. As a method



through hole part is carried out after formng the dielectric resin |ayer of
the outernost |ayer. The resin-adhered copper thin filmwhere the resin
conposition is half-cured on the copper thin filmis heat-pressed at a
tenperature between 170 and 250C to forma rough surface, by which the

bui | d-up board can be manufacture by o#3tting the process 10 of plating
treatnent. [0120] The epoxy resin conposition of the present invention my
be al so usfqdating deseribeidsabove; inondetectrnlysic plasiog and electroltic plating atei prefetted, et hod
in which the epoxy resinis conbined with a vinylic nononmer having

et hyl eni cald 4 theouihiértin® apeito thdre nixg @ mentidned anlSxidiirigpest, pikhlinaer i zat i on
catal yst as the curing agent, and further added with pignent, talc and

filler to%%eﬁiek vERS! Stmeekog&m&ia&é&pﬁaggwt &B&&%ﬂ@g&kﬁb' ose0gf ed on a

printed ard by a screen printing ne en to ob naresist ink cured

article. [0121] Th reshn. conposition,of t hesenk.lnvention my
Further cBrprArbmetikly SRRt SR ACHERT o 84 B codiBR ISR BF M g
agent,_rel ease agen{), emul sifier OL pi.gnment jncorporated therein, according
to vard oudirqutpatersy w@e&ﬁﬁc build-pp hoard san e abtaingd o\ Brovided shat makmg the)oxy
resin conposition of the present invention can be cured by common 25

met hods athcaughihole past isicerredopbatter dormisg thestielastrit gesttblagemofitheowtemmaast ar t i cl e.
In this case, 44 it is preferred that a nethod of obtaining the cured
article ipywhi The kdden-adlRXsd dopperthincRIEPRbére it redih colipopition & Half-cuteddn on
preferably is added with various conpoundi ng agents and then properly added

termer at ut§ <7, S LS hon SR 5 b Beriil: BRRRATLIG A e JERR ' 1 @

rough surface, by which the build-up board can be manufacture by omitting the process

10 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

15  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

20  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

25  methods according to the purpose or uses so as to obtain the cured article.  In this case,




5 enpl oyed as a general nethod for the epoxy resin conmposition. The

t hus-obtained cured article forns | am nated product, casted product,
adhesive |l ayer, coated film or film EXAMPLES [0123] 10 The present
invention will be described in detail with reference to the

fol | owi ng- exanpl es and conparati ve exagqpl es, but the invention should not be
construed as being limted thereto. Al the "parts" and "% are given based
on wei ghit is preferss thatreemethed of obtainatgate curedetticlevinsadtish the epoxyfe8ii, a sof t eni ng
poi nt neasurenent, GPC neasurenent and MS spectra were neasured at the

f ol | oW ngompatidd eMthe phederdtGvihtion preferibly tis ¥dded AGth varidhs ésfifoundimged on ASTM
D4287. 2) A nethod of neasuring a nelting point: DSC822e manufactured by

Mettler, =LAl S : - ] 3 ' ] :

MG 5220 68t B BbbRDEA) AN 0P Lok ack Bbfhor ind hC obBd bR,
Lot r ahy ABEHER TP ERBEAFLIE GEE O aPaHE 10 1DRS L or iRl amEftofsn B o - ocusi ng
mass spectromneter AX505H (FD505H), nanufactured by Japan 45 El ectronics
Co., §tdemplyedhs a getevaliriethod By thdepoxy resin gimpusitiane s The tsigbfained

cured article forms laminated product, casted product, adhesive layer, coated film, or

film.
EXAMPLES
[0123]
10 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.

15 [0124]
1} A melt viscosity at 150°C: based on ASTM D4287.
2) A method of measuring a melting point: DSC822e manufactured by Mettler,
temperature-raising speed: 3°C /min.
3) GPC:

20 - 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

25  4) MS: Double-focusing mass spectrometer AX505H (FD505H), manufactured by Japan




In a flask equi pped with a thernoneter, a dropping funnel, a condenser, a 5
fractional distillation colum and an agitator was placed 160g (1.0 nole) of
2, 7- di hydr oxynapht hal ene represented by the follow ng formul a and heated at
200C with stirring and purging nitrogen gas to be nelted: [0126] [Chem cal
Formula 17] HO ~ ~ OH 10 After neltisg, 23g (0.2 not) of 48% potassi um
hydr oxi de aqueous sol ution was added. Then, water derived fromthe 48%

pot assi uBleblyalncs«ColeLaljueous solution and water to be produced was taken out
by using the fractional distillation colum, and then the reaction was
agai n perfor 125r 5 hours. After the termnation of the reaction, 15

nmet hyl 1 sobutyl ketone 1000g was further added for dissolution, and then

transfer ﬁgﬁﬂ?[ f _iySubsequent |y, the solution was washed
W th vvatér un ﬁmﬁgﬁﬁﬁs{s@e}g{e}v{\%}trﬁ%}ﬂ@ep&m neutral, and the sol vent was
renoved fromthe gorganic |ayer h heat i ng,under .a reduce ressure to
Dbt i n 150 of R rawgped ¥h 2 Hermomigtes PR Ash SAonosBes A (. 1) was a
brown solid, the h}/d_r oxyl equival ent was 1209/ eﬁ%ﬂand the 20 nelting point
was »roQgrac B Cp agiaoowa: plgxet ed raw materi a

579 dractjopaldistillatios celavm an $ placest 16084 1 ormelehef ed i al

(2, 7-di hydr oxynapht hal ene) was confirned to be 64% as an area ratio by the

GPC f r on? 2alihyidrexyaRphthiland represinted by the@llowing Z8dmuli andrhédte] at200C s shown in
the FT IR chart shown in FIG, it was confirnmed that

with stirring and purging nitrogen gas to be melted:
[0126]

[Chemical Formula 17]

) HOOH |

After melting, 23g (0.2 mot) 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,

15  methyl isobutyl ketone 1000g was further added for dissolution, and then transferred to
the separatory funnel. Subséquently, 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

20  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




the absorption (1250cmt) derived fromaromatic ether was newy generated in
5 conparison with the raw material (2,7-di hydroxynaphthal ene), and thus it
was assuned that dehydrative etherification between the hydroxyl groups
occurred. [0129] Fromthe results shown in the FD-MS chart shown in FIGS,
there were confirnmed 2, 7-di hydr oxynagt hal ene trineric structure (Mwv 444)
synt hesi zed by 10 dehydration of 3 nol ecul es of 2, 7-di hydroxynapht hal ene,
and 2, 7-tie GRA chaytrshpivhlinFEGé. pentaneric structure (Mv 728) synt hesi zed by
dehydration of 5 nolecules of 2,7-di hydroxynaphthal ene. [0130] Fromthe
FD-MS by the troizgt hyl silylation nethod shown in FIG 4, there were 15
confirmed the peak (M =588) which results from addi ng 2 units of the

mol ecul ar wei %ﬁ{th@vresz&& H?)fwntiﬂ‘?héﬁ’f- Bﬁ% mqﬂ*xgl?g t%gb rrhéd that

2, 7-di hydroxynap ane tri neric t he peak (M= 660)
V\:hIChI’e ults fr n sof t he | ecul ar, wei t Mv. 72) of the
tri net hyt'§ t’ 29@%5?%%9 O?afoﬂ?tm/%tgo XA RSN 8 neric structure
(Mv. 444). 20 There were confirnmed the peak t(h';\a/l =945) WhICh results from

addi iy 3camparisonwithithgrayomaterink(2, Fndihydro }walmi thas it wasassumed; | yI group
portion to 2,7-di hydroxynapht hal ene pent aneric structure (Mwv 728)

synt hesi madddhydﬂﬁhqdhaﬁﬁmﬁmmetv&emmm@ql gfoups dedinfeddr oxynapht hal ene and
the peak (M =1018) which results from adding 4 units of the nol ecul ar

wei ght ( Mw 72{),@;6 the trimethylsilyl group portion to 25
2, 7-di hydroxynapht hal ene pentaneric structure (Mv 728). 47 [0131] Fromthe

above, It Was B0t eh RO in' AEFBIE Chark SiRivh i 18)3, thefe Wit the

confirmed 2,7-dihydroxynaphthalene trimeric structure (Mw: 444) synthesized by

10  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 trimethylsilylation method shown in FIG. 4, there were

15  confirmed the peak (M"=588) which results from adding 2 units of the molecular weight
(Mw: 72) of the nimethylsiiyl 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).

20 There were confirmed the peak (M'=945) which results from adding 3 units of
the molecular weight (Mw: 72) of the trimethylisilyl 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

25  2,7-dihydroxynaphthalene pentameric structure (Mw: 728).



content of 2,7-di hydroxynaphthal ene of the raw material is 64%as the area
ratio by GPC wth respect to the total resin, contains

2, 7- di hydr oxynapht hal ene trinmeric ether 5 conmpound represented by the
followi ng structural formula: [0132] [Chemical Fornmula 18] [0133] 10 A
trimeric conpound represented by the fgtlow ng structural fornula, which was
synt hesi zed by dehydration of 1 nol ecul ar nucl eus of

2, 7-di hydroxyndphHal ene with 2, 7-di hydroxynapht hal ene di meric ether:

[0134] [Chemical Formula 19] HJH O~ 15 and [0135] a pentaneric conpound

represent ed by Rrbom thehbave| 1 Gvas intexpiatécithaf the phiéridl rdsin {2003 wkich fHehemi cal
Formula 20] 48 1. C H which vvas synt hesi zed by dehydration of 2 nol ecul ar

nucl ei of rimeric
et her. [cc?_i1 ?of’i Wﬁlﬁ é’ﬂ%ﬁ% esi s o‘ﬁ]méenoﬁsr esl WQ%WﬁFO t he
phenol i re(spec% }o it Stotaptei?:'innc(:aodntams5 t3edlh3fadgc?xynaf;hrl‘l:-falef;ies trfn?en%x?h rI e L

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]




with the exception that the 2, 7-di hydroxynapht hal ene 160g in Exanple 1 was

changed to 1, 6-di hydroxynapht hal ene 160g. The obtai ned phenol resin (a-2)

was a brown solid and had hydroxyl group equival ent of 135g/eq and nelting
point of 137C. Fromthe GPC 10 chart in FIG5, the remaining proportion of
the un-reacted raw material (1, 6-di hydg®xynapht hal ene) was confirned to be
24% as an area ratio by GPC. [0138] EXAMPLE 3 [Synthesis of phenol resin

(a-3)] 125g of #ae _phenol resin (a-3) wa ined in the sane manner as in
Example 1, 15 wit ' , /- di hydroxynapht hal ene 1609 in
Exanpl e 1 was changy
nol ) and 1, 3-di hydr O%3
(a-3) was a br owygolX

The obt ai ned phenol reS|n
ppp equival ent of 101g/eq and
in FIG 6, the remaining
proportion of the u ’ (the sum of 20

2, 7- di hydr oxynapht hal ene and 1, 3 di hydr oxybenzene) was confirmed to be 36%

as an  area ratyRichWwalSnthdstebd Bl iy e\ EmdlebaiyPhii@aior of phenol resin

(a-4)] 100g of the phenol resin”(a-4) was obtained in the sane manner as in
Exanpl e th o) e 2 1,0 ht hal ene 160g in
Exanpl e izmg\éﬂyé'ﬁ%&ﬁﬁﬁg v?%#ﬁx@?"éﬁ%ﬁé‘ﬂ'ﬁ%le% %be\é %%Ef m)l) The obt ai ned
phenol resin (atpi%jl]vvas brown 5 solid and had hydroxyl group equival ent of

t

859/ eq and nel poi nt of 122C. From the GPC chart, the renaining

proportion of the un-reacted raw material (1,3-di hydroxybenzene) was
conf i rimedEXAMRLEB2 {Synthesis efiphanolaesin (bPIGPC. [ 0140]

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

10 chart in FIG 5, the remaining proportion of the un-feacted 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,
15  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
20  2,7-dihydroxynaphthalene and 1,3-dihydroxybenzene) was confirmed to be 36% as an
area ratio by GPC.

[0139]




EXAMPLE 5 [ Synthesis of phenol resin (a-5)] 10 In a flask equi pped with a
thernoneter, a dropping funnel, a condenser, a fractional distillation
colum and an agitator was placed 160g (1.0 nole) of

2, 7- di hydr oxynapht hal ene represented by the follow ng formul a and benzyl

al cohol 80g and heated at 200C with 49 rring and purging nitrogen gas to be
melted: [0141] 15 [Chemical Formula 21 ] NO ~ ~ OFl After nelting, 23g

(0. 2 nol )JEXAMPYE $ Hymthasisofiphend téssre(aaddlieous sol uti on was added. Then,

wat er derived fromthe 48% potassi um hydroxi de aqueous solution and water
to be produced 100g of thegphendliredity (444) wgh stisinéd Mmahé same meintdriak iMExample @) um,
and then 20 the reaction was again perforned for 15 hours. After the

ter i nat iypfh b ohBispeiof Wik V2, 7-AIRYGRGxyhAARRLINR 6 ih BREmARCIoHas Aidflodt 801 I L2t @

is filtered, aft washed wi'th water, 1t was ied under ar u%ed

pressure, . i 7 enol-. resin f.the,pr nt

I nventi onl.j%wgg%%?g?%‘gﬁgbﬁieﬁmﬁr %‘n l(Tg?’ §§€a69§§%§§%‘}‘3%‘5 ghécl‘f‘&?sstﬁﬂ‘émhydr oxyl
equi val ent 50 was 154g/eq and the melting point was 182C. The remaining
propoft i wlidand had hydsoxyd greupequikalent pE$ 38469 qud melting peiny o Kokt hEr®he) was
confirnmed to be 32% as an area ratio by the GPC fromthe GPC chart. [0142]
5 EXAMPLEhé GPSyohiattethe seradinmgryportion of the udréacked awfthatskalequi pped with a

t hernoneter, a dropping funnel, a condenser, and an agitator were placed

120g of t(s-dheRekyteasdnd) (s sonfitRicaitd B 36% 5%4a TRaGatlo by &PCChI rohydrin 463g
(5.0 nol), n-butanol 1399 and tetraethyl benzyl ammoni um chloride 2g and

di ssol ved. Af t[354d]ai sing a tenperature to 65C and then reducing the pressure
to

EXAMPLE 5 [Synthesis of phenol resin (a-5)]

10 | 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 stitring and purging nitrogen gas to be melted:

[0141] |

15 [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
20  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



10 the azeotropic pressure, 90g (1.1 nol) of 49% sodi um hydr oxi de agueous
solution was added dropwi se 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 waf) separated by a Dean-Stark trap,
then, the aqueous | ayer was renoved and the organic | ayer was recycled into
t he 15 r ewas i5dg/eqysd ¢im mekiag point svas h82°%€a The deragpning|prapoytion eftheas di stil | ed
of f by evaporation under a reduced pressure. Next, methyl isobutyl ketone

4329 and \ir-RuéRd flw ﬁﬁfamw@smdwafd%?ﬁalpmmes Wat Benfiiied o BHI% o A afea

t hus- obt ai ned and di ssol ved Agal n 0g of 10% sodi um hydroxi de aqueous

sol uti on Iy and reacted at 80C for 2 hours, and the
sol ution l)év\géb%a% lélé%o mas WI vvat er of 150g until pH of the washed 20

wat er becane gﬁr& Then, after the systeminside was dehydrated by
azeotropic b g and subject to precision filtration, the solvent was
distilled off by evaporation under a reduced pressure, to obtain 170 g of

the epoxyEXAMEBLE 6 ESynthesis afepexy resisdhyl)l esin  (b-1)" in abbreviati on,
bel ow). The obtai ned epoxy resin (b-1) had a nelt viscosity at 150C of 0.5

dPas and epoxy Iaqdla\shb@ipped‘wﬁﬁiwmonﬁ&r,[ﬁkéﬁ}inémnnmm&&mwﬂE I
[ Synt hesi s of phenol resin (a' -1)] 100g of the phenol resin (a'-1") was

obt ai ned {gitafod refeplBc mmrof&pmn@&agml(ﬁl)ébmmmEm ggeption that the
48% pot assi um hydroxi de aqueous solution in Exanple 1 ‘was changed to

Pasin (o CHRLER) %?%‘W@rﬁéﬁ%ﬁp%‘rlﬁsé@%@%?ﬁﬁﬁﬁéﬂ%‘i St sopfno.

resin (a -1) was brovvn soli,d and had hydroxy %up equj val ent of 1839/ eq

and the 48aisifisselvedonAfieninising we@megahzrs(s@ﬁéé%m enEqducing tRPretsutedf not be
determ ned. [0144]
10 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

15 reaction system. Then, the un-reacted epichlrohydrian 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 150¢g until pH of the washed

20  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.

25 [0143]




EXAMPLES 7 to 14 and COVPARATI VE EXAMPLES 2 to 6 10 As epoxy resin, using
YX- 4000H (tetranet hyl bi phenol -type epoxy resin, epoxy equivalent:195 g/eq)
manuf act ured by Japan EpoxyResin Co., Ltd., NC 3000 (biphenylaralkyl type,
epoxy equival ent: 277g/eq) manufactured by N ppon Kayaku Co., Ltd. and
N-665- EXP (cresol novol ac type epoxy giesin, epoxy equival ent: 203g/eq)
manuf act ured by Dai ni ppon Ink and Chem cals, Inc., and the above-nenti oned

epoxy 1TOMPARAINVEEXAMRLE L{Syntheagafphendd restn @hdhjol resins (a-1)-(a-5),
(a'-1) and Mrex XLC 3 L (phenolaral kyl resin, hydroxyl group equivalent:

1769/ eq) manufigggd ufmelghandlﬂrésw(a 1%5§aﬁélﬁedﬂnrtﬁe samé MBHker\e8 HEELMiE ned wi th
tri phenyl phosphine (TPP) as a curing accelerator, a condensed phosphorl C

acid este R x S Ltd.)

as a flar’rév1 tfqlet%% g’%gﬂ?muﬁé{g%gglgd ?"(E)@h%ﬂﬁ{lge i%&ggggﬁg%?da@t ur er?y eby Ai r Wat er
., Ltd. heral sed Ilca COL, manuf cture

Crd) asvasiphnaal g e plorReplionis GROOVHRIT 28 | cAibsgans sneXumelflas,

rranuf actured by Shin Etsu Chenical Co., Ltd.) as a silane coupling agent,

car niub#@herol resipaArl) waaxbtained for corapamativetespmplenheabtained aheusl res | Lt d. ) |

and carbon bl ack, according to the fornulation set forth in Tables 1 and 2,

and subj(e’GI)Wﬁbrewhskﬁl@mﬂhmiﬁﬁrwlgmuaeqoﬂvhbnmf]mgﬁqfandﬂfbo m nutes, to
obtain the purposed conposition. For the 52 obtained conposition, the gel

Lime WasicEBApekitih iipbrifurk & 150N bEcAIRE Rfting Dol thn hifhe deilrAfied Y. FuTLher.

after this conpositiOn was press 80C 10 mnutes and further
cured at 180C 6]2{4 5 hours, a test specinmen of 1.6 nmthickness was prepared
fromthe cured dicle thus-obtained accordi ng to the UL-94 test method and
properties of 5 the cured article were confirned by the foll owi ng net hod.
[0145] @RXAMPRES Trigel 4andGOMPARATI VERX MMPLERZ &5 on a cure plate
(manuf actured by

10 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

15  resin (b-1); as a curing agent, using phenol resins (a-1)}~(a-5), (a’-1) and Mirex XLC-3L
(phenolaralky! 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

20 manufactured by Air Water Co., Ltd.), a spheral fused silica (§-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

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




Therno Electric Co., Ltd.) heated to 175C and the system observation started
by using a stopwatch. The sanple was uniformy stirred at the end of the
rod, and the stopwatch 10 stopped when the sanple was broken in a form of
thread, which was left on the plate. The tinme consuned until this sanple
was broken to be left on the plate was 52et as the gel tine. [0146] Flane
retardancy: The 5 specinens of 1.6mmthickness prepared by the UL-94 15

t est met hobtaimedsompbsition, the gel tinhwas measuraddst the @lkoyeing methnd:to dest thenper at ur e:
it was neasured using a viscoelasticity nmeasuring instrunment (RSAlI

manuf act uiceability Rt lafies thicomposition wikid wedss-niedddd 4t80?C fat10adinutel r equency
of 1 Hz, tenperature-raising velocity of 3C/mn). [0147] 20 [TABLE 1] 53

conposi 1 1 S e Fl R Cb0X ol ek Bt lln BR S sSbhick i SR Brephel,”

Epoxy YX-4000H 42 42 Resin NC 3000 93 90 98 103 86 N-665-EXP 42 42 1 82

Phenol . fiom thegursg asticle FusrabiinedAccamingo she Gh-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]



(a-4) 31 (a-5) 48 Condensed phosphoric acid e 30 ster Magnesi um hydroxi de
20 TPP 3 3.3 3 3 3 3 3 Fused silica 850 850 850 850 850 850 850 850
Coupling agent 55555555 Camauba wax 55 5 5 5 5 5 5 Carbon black 3
3333333 Cel tine (sec) 34 33 25 27 38 37 38 32 Conbustion test class
V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0 1* 4858 3982 2* 15 17 19 37 12 45 43
10 dass transition tenperature 155 150 152 146 179 146 145 190 [0148]

[ TABLE 2]TARLE Tabhestable ofithe fommulation (weightiparta) ofithe epoxysesin kompesitien ansk t he
epoxy resin conposition and the evaluation results Com arative Exanples 2 3
4 5 6 EphxyvakiatibfeesditsS 36 36 Resin NC- 3000 81 82

Examples
7 8 9 10 il 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 5
Carmnauba 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 [V0 (V-0 |V-0 |V-0[V-0 {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]



N 665EXP 35 36 36 Phenol a'-1 53 64 Resin XLC-3L 52 62 62 Condensed
phosphoric 30 acid ester Magnesi um hydroxide 20 TPP 3 3 3 3 3 Fused silica
850 850 850 850 850 Coupling agent 55 5 5 5 Canauba wax 55 5 5 5 Carbon
black 3 3 3 3 3 Cel tine (sec) No gelation 27 42 42 Conbustion V-1 V-1 V-1
test class 1* Cured Article can n 20 34 25 2* of be obtained 93 160 154

A ass 130 122 119 transition tenperature Notes of Table 1: 5 * 1. the

maxi mum dieble?s Thotable ofihé¢ formutatian {weightpasts) dftire epoxyonesintcompogienynd *2: t he
total conbustion tinme of the 5 test specinens (sec), Self-extinguish:

al t hough tiid @atatieh adsdanicy (EF: 5250 see and Fm <<30 see) required in V-1

was not satisfied, the conbustion flame is extinguished before reaching the

positiofof the Tixing cfanp. 10 1 NDUS (R fBardtiver Exaimples | ¥
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:
5  *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 (ZF<250 sec and Fnax<30 sec) required in V-1
was not satisfied, the combustion flame is extinguished before reaching the position of
the fixing clamp.
10 INDUSTRIAL APPLICABILITY

[0149]



[0149] 55 According to the present invention, the nethod of producing a
phenol resin which can be used to nmanufacture pol yarylene ether of |ow nelt
viscosity by extrenely sinple and easy nethod industrially w thout special
aftertreatnment or conplicated nultistep reaction after polynerization, and
the met hod of producing epoxy resin friggmthe phenol 5 resin obtained by the
above- nenti oned net hod, can be provided. 56 CLAIMS 1. A nethod of producing
a phenol r eAcoordiag korthe podsgar iV anien cthb efetirid of predueingephehbbesin whict ep of
reacti ng pol yval ent hydroxyaromatic conpound (A) having two or nore

phenol i ¢ chyHE @serlto dantifactupehol YRy Rk kefhet Of ToWemalt PIsESAY LS éi&eﬁaeit}%ghﬁlec at al yst

(B) by a 5 dehydration condensaftion reaction. 2. The méthod o roducing a

phencl " G B LRI 0o oot NSO oRESAEHLR LSf. ™ L.
AT T o TR R A W

nucl ei bonded with the phenol hydrOﬁ%I group. 3. The nethod of producing a
phenof r eesimotitained by the apave-mentionsdmethed, can beprovidedor ding to claim 1,
wherei n the ‘pol yval ent hydroxyaromati c conpound (A) having two or nore 15
phenol i ¢ hydroxyl groups per nolecule is a di hydroxynaphthal ene (al). 4. The
nmet hod of producing a phenol resin having pol yaryl ene ether structure
according to claim1l, wherein the polyval ent hydroxyaromati c conpound (A)
having two or nore phenolic hydroxyl groups per nol ecule according, is a

di hydroxybenzene (a2). 20




5. The method of producing a phenol resin having polyarylene ether structure
according to claiml, wherein the polyval ent hydroxyaromatic conpound (A)
having two or nore phenolic hydroxyl groups per nolecule, is a mxture of a
di hydr oxynapht hal ene (al) and a di hydroxybenzene (a2). 25 57 6. The nethod
of producing a phenol resin having polgsaryl ene ether structure according to
claim1, wherein the dehydration condensati on reaction according to claim1,
is carried out in a tenperature radGiAIMS 100 to 300 C. 5 7. A nethod of
producing a epoxy resin having polyarylene ether structure, conprises a

step of rneagf inBﬁo& Bﬁgﬂdﬁ&ﬁ a'phehd] réd BAVIREplyary e BEieh SituciEre Odoitiptided O any
one of clains a (nethyl)epi aI ohydr| n.

a step of reacting polyvalent hydroxyaromatic compound (A) having two or more

phenolic hydroxyl groups per molecule in the a presence of a basic catalyst (B) by a

5  dehydration condensation reaction.

2. The method of producing a phenol 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 compound having an orientation at
10 the position adjacent to the phenol hydroxyl group in the aromatic nuclei bonded with the

phenol hydroxyi group.

3. The method of producing a phenol resin having polyarylene ether structure according
to claim 1, wherein the polyvalent hydroxyaromatic compound (A) having two or more

15  phenolic hydroxyl groups per molecule is a dihydroxynaphthalene (al).

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

20
5. The method of producing a phenol 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 mixture of a dihydroxynaphthalene (al) and
a dihydroxybenzene (a2).

25




57
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 a temperature range of 100 to 300 C.

7. A method of producing a epoxy resin having polyarylene ether structure, comprises a
step of reacting the phenol resin obtained by the method according to any one of claims 1

to 6, with a (methyl)epihalohydrin.



