1 DESCRI PTI ON EPOXY RESI N COMPCSI TI ON, CURED ARTI CLE THEREOF, SEM CONDUCTOR
SEALI NG MATERI AL, NOVEL PHENOL RESI N, NOVEL EPOXY RESIN, METHOD FOR
PRODUCI NG NOVEL PHENOL RESI N, AND METHOD FOR PRODUCI NG 5 NOVEL EPOXY RESI N
TECHNI'CAL FI ELD The present invention relates to an epoxy resin conposition
which is excellent in heat resistance and dielectric characteristics of the
resulting cured article as well as 10 curability during the curing reaction
and al so can be preferably used for sem conductor sealing materials,
printed circuit boards, coating materials and castings, and to a cured
article thereof; a novel phenol resin and a nmethod for producing the sane,
and a novel epoxy resin and a netfpgdchfsrignoduci ng the same. BACKGROUND ART
15 An epoxy resin conposition conprising an epoxy resin and a curing agent
as essential conponents is excellent in various phyS|caI propertles such as
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TECHNICAL FIELD

The present invention relates to an epoxy resin composition which is excellent in
heat resistance and dielectric characteristics of the resulting cured article as well as
10  curability during the curing reaction and also can be preferably used for semiconductor
sealing materials, printed circuit boards, coating materials and castings, and to a cured
article thereof, a novel phenol resin and a method for producing the same, and a novel

epoXy resin and a method for producing the same.

BACKGROUND ART

16 An epoxy resin composition comprising an epoxy resin and a curing agent as
essential components is excellent in various physical properties such as high heat
resistance, constitutional and low viscosity and is therefore widely used for electronic and
electrical components such as semiconductor sealing material and printed circuit board,
conductive adhesives such as conductive paste, adhesives, matrixes for composite material,

20  coating malerials, photoresist materials and color developing materials.

In various uses, particularly advanced materials, further improvement in



such as BOA and CSP are devel oped and also a reflow treatnent tenperature

I ncreases due to the use of a | ead-free solder, and thus electronic
conponent sealing resin materials 5 having excellent resistance to noisture
and sol dering have been required furthernore. As a technique for producing
the el ectronic conponent sealing resin material which neets these required
characteristics, for exanple, there is known a technique in which a nmethoxy
group- cont ai ni ng phenol resin obtained By nmet hoxyl ati ng a phenolic hydroxyl
group in a resol resin and converting the resulting nethoxylated resol resin
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such as sem conductor, seal jng material have | ow dielectric constant and
material s havi ngh$ dischrigetor produging the slectronic cofpenent sgling repRMdteTAler  been
obt ai ned, have 20 recently been required. Main factor for an increase in a
di el ect ri cWhishdnestthess sequired phargsgenistics, far example; thereisknoym 3 teehpiauedbyxy resin
cured article is a secondary hydroxyl group, which appears during the
curing rea®hichra methoxytgnoyn-¢aniaining phanokxspin ohtainediby methoxylating aphenadic  gr oup
serving as a crosslinking point is nore advantageous for dielectric

char act er i Bydroxyl grouptimp sespbrein and converting dhe resudting metbaxylated respl resinamear at i on
of the curing agent for epoxy 25 resin is decreased, there has never been
real i zt@ r sevehak nesigin the presence lof ari adidontalystlisused aga guring agent for epoxy resin,

thereby to improve fluidity and to impart moderate pliability to a cured article, and thus

improving moisture resistance and impact resistance of the cured article itself (see, for

example, Japanese Unexamined Patent Application, First Publication No. 2004-10700),
However, such a curing agent for epoxy resin is inferior in reactivity during the

16  curing reaction because the number of functional groups per molecule decreases.
It is of urgent necessity for a high frequency device to enable high frequency

operation in the field of electronic components, and therefore electronic component-related
materials such as semiconductor sealing material have low dielectric constant and
materials having low dielectric dissipation factor, which have never been obtained, have
20  recently been required. Main factor for an increase in a dielectric constant and a
dielectric dissipation factor in an epoxy resin cured article is a secondary hydroxyl group,
which appears during the curing reaction, and therefore lower concentration of a functional
group serving as a crosslinking point is more advantageous for dielectric characteristics.
In this respect, although the hydroxyl group concentration of the curing agent for epoxy

26 resin is decreased, there has never been realized recent required level of low dielectric



constant and | ow dielectric dissipation factor. As a technique for producing
an epoxy resin which exhibits excellent heat resistance, for exanple, there
has been known a technique in which an aromati ¢ conpound such as ant hracene
as an epoxy resin used for a conposite material matrix is reacted with 5 an
excess crosslinking agent such as p-xylene glycol to obtain a reaction
I ntermedi ate and the resulting reactio$ internmediate is reacted with a
phenol conpound to obtain a phenol restn in which an aral kyl structure and
an aromati c conpound are alternately arranged, and then the resulting
phenol re 'Hﬂﬁﬁ | Gk b ' wi th epichlorohydrin and used (see,
for exanpﬁg, a6§ﬁg§%&%kg€§2¥ﬁ@§&gg%§%% Application, First Publication No.
Hei 8- 10 30198(Q).. . [ IRl o] ent heat
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resi stance because g n aromati c structure nolety in a
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consi der edE A% ARRIRGEAC ey org restisied for 2 omep i alerial Ayl Fiad Wi by
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di ssipation factor in,the epoxy resin. Y_I@?vvever it be On{?hsgﬁianpg(ﬂsg ble to

avoi d dr adhs Esylingreagtionintsrmeshate (3rganted with a phenol eampound jo &endlecr ease
in concentratijon of the functional group. 20 As described above, in the
field of traHnin whichamamlkybsipishus and a0 stepaticeampoung are altamatelyartanged, apd peen
obt ai ned an epoxy resin conposition having dielectric characteristics
capabl e oftheube rryulting phensbresin is pperidagedhyararoling pathepichleraliydrie and usedsi ng
curing hindrance. DI SCLOSURE OF I NVENTION 4 .
(see, for example, Japanese Unexamined Patent Application, First Publication No. Hei 8-
10 301980),
Such an epoxy resin certainly exhibits excellent heat resistance because of high
content of an aromatic structure moiety in a polymer structure. However, when the epoxy
resin is used as an electronic component sealing material, there has never been realized
required level of low dielectric constant and low dielectric dissipation factor. Itis
15  considered to further decrease the concentration of a functional group by further
introducing an aromatic structure into the polymer chain of the epoxy resin so as to
decrease the dielectric constant and dielectric dissipation factor in the epoxy resin.
However, it becomes impossible to avoid drastic deterioration of curability as a result of
drastic decrease in concentration of the functional group.
20 As described above, in the field of the electronic component-related material,
there has never been obtained an epoxy resin composition having dielectric characteristics

capable of coping with recent high frequency operation without causing curing hindrance.

DISCLOSURE OF INVENTION



It is therefore an object of the present invention to provide an epoxy resin
conposition capable of realizing low dielectric constant and | ow dielectric
di ssipation factor suited for a recent high frequency type electronic
conmponent-related material w thout deteriorating curability during the
curing reaction, and a cured article thereof, as 5 well as a novel epoxy
resin and a novel phenol resin which give these perfornmances, and a nethod
for producing these resins. The present4inventors have intensively studied
so as to attain the above object and found that very low dielectric

constant and di ﬁ'ﬁﬂfé&f&e%%ﬁjeﬂ?&ﬁ {ﬁggﬁgﬁaogﬁ@{?h??&gn%@hl e exhibiting

good curability by 1ntroducing an aral ky an al koxy 10
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t he epoxy resin or SO as to forma predetermne d by these
units. Thys, th e t .d.nvention has n.co d...T [ esent
I nvention ¥?°§°rcﬁ“ﬁ%£{°5 g ?%5 “%‘H&éﬁs%‘r‘"?ye‘sﬁﬁ‘ cs‘fqﬁ)‘;(?ﬁ&?mﬁlamfé n epoxy
resin and a,curing,agent as.essential conponents, .wherein.the curi ng agent
16 conpri Sathout #ﬁ%%&mﬂﬁﬁ %c‘%’@eﬁpﬁtﬁ“ﬁr‘% ‘#?/ﬁ'&fm &henol i c
hydr oxyl group- containi ng, arQmat i drocar ban gro P), an al koxy
gr oup- go nt%fﬁ?lrﬁ’ FJONF SREXY E’g‘nt PG@‘Eﬁ BE%“’E; Fe@lﬁ'p‘”](‘%) g'éfﬁ (lgﬁ)eéé H%r{pgp@mes 1By
group (X), and also has, in a nolecular structure, a structure in which the
phenol i c Qshdor Producipe thesRI59iR%- ng aromatic  hydrocarbon group (P) and the
al koxy group-contai ni ng aronmatic hydrocarbon group (B) 20 are honded with
the ot her phenoifhe Present in¥gntogyhaye intensivalyrfudiedsossda attaim theabevs ehisst adbup  (P)
or al koxy group-containing aromatic hydrocarbon gyo%p (B) via the divalent
ar al kyl éﬁ@ﬂp‘-ﬁﬂ)ﬁ)‘ﬁl}(bbﬁ dielegtris gonstant andalislentei¢ dissipation fagtencap barealized an " epoxy
resin conposition (1)" hereinafter). Furthernmore, the present invention is
direct ed twhilkexhibising goed curabilitychy introducing an aralkyl structural unit and an alkoxy
10  group-substituted aromatic structural unit into the molecular skeleton of the epoxy resin or
phenol resin so as to form a predetermined bond by these units. Thus, the present
invention has been completed.
The present invention is directed to an epoxy resin composition comprising an
epoXy resin and a curing agent as essential components, wherein the curing agent
16  comprises a phenol resin which has each structural moiety of a phenolic hydroxyl group-
containing aromatic hydrocarbon group (P), an alkoxy group-containing aromatic
hydrocarbon group (B) and a divalent aralkyl group (X), and also has, in 8 molecular
structure, a structure in which the phenolic hydroxyl group-containing aromatic
hydrocarbon group (P) and the alkoxy group-containing aromatic hydrocarbon group (B)
20  are bonded with the other phenolic hydroxyl group-containing aromatic hydrocarbon group
(P) or alkoxy group-containing aromatic hydrocarbon group {B) via the divalent aralkyl
group (X) (this epoxy resin composition is abbreviated to an “epoxy resin composition (I)”
hereinafter).

Furthermore, the present invention is directed to an epoxy resin cured article

26  obtained by the curing reaction of the epoxy resin composition (I).



25 obtained by the curing reaction of the epoxy resin conposition (I). 6
Furthernore, the present invention is directed to a novel phenol resin
havi ng each structural noiety of a phenolic hydroxyl group-containing
aromati ¢ hydrocarbon group (P), an al koxy group-containing aromatic
hydrocarbon group (B) and a divalent aral kyl group (X), and also having, in
a nol ecular stricture, a structure in which the phenolic hydroxyl 6
group-contai ni ng aromati ¢ hydrocar bon gﬁoup (P) and the al koxy
group-containing aromatic hydrocarbon group (B) are bonded with the other
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group-contai ni ng aromati ¢ hydrocarbon grag (B d a dival ent. aral kyl group
15 (X), B n STOUPANWIRAE AromaRC ABERCATDER sm%@fmdé}w slkaxy GEVRIFRARING ch t he

gl yci dyl oxy grqu%- cont ai ni ng _aronmatic_hydrocarbon group_.(E), and the al koxy
gr oup- cont aromang hydresaboncgrows (B seabondad with the qthgr pherolis bydeoyyli&o¥e ot her

gl yci dyl oxy group-containing aromati c_ hydrocarbon group (E) or al koxy

gr oup- cont &PHainpearosaticihydioparber group (F)r alkexy groupicantaining asematicent ar al kyl
group (X &lthis epoxy resin conposition is abbreviated to an "epoxy resin
20 conposi hydmcarbon growp(ivimthe divalentaralkplgravn €X), whereiraanelhyisosifemk i on i s
directed to_a novel epoxy resin having each structure of a gycidyl oxy

gr oup- cont a9iGas measured by amIClrdssamisten isfrosn f.3 (e 5.0 dPa- sandadyydroxyl group
10 equivalent is from 150 to 500 g/eq.

Furthermore, the present invention is directed to an epoxy resin composition
comprising an epoxy resin and a curing agent as essential components, wherein the epoxy
resin has each structure of a glycidyloxy group-containing aromatic hydrocarbon group (E),
an alkoxy group-containing aromatic hydrocarbon group (B) and a divalent aralkyl group

16 (X), and also has, in a molecular structure, a structire in which the glycidyloxy group-
containing aromatic hydrocarbon group (E) and the alkoxy group-containing aromatic
hydrocarbon group (B) are bonded to the other glycidyloxy group-containing aromatic
hydrocarbon group (E) or alkoxy group-containing aromatic hydrocarbon group (B) via the
divalent aralkyl group (X) (this epoxy resin composition is abbreviated to an “epoxy resin

20  composition (II)” hereinafter).

Furthermore, the present invention is directed to a novel epoxy resin having each
structure of a gycidyloxy group-containing aromatic hydrocarbon group (E), an alkoxy
group-conteining aromatic hydrocarbon group (B), and a divalent aralkyl group (X), and
also having, in a molecular structure, a structure in which the glycidyloxy group-containing

25  aromatic hydrocarbon group (E) and the alkoxy group-containing aromatic hydrocarbon



group-contai ning aromati ¢ hydrocarbon group (B), and a dival ent aral kyl
group (X), and also having, in a nolecular structure, a structure in which
t he gl yci dyl oxy group-contai ning 25 aronmati c hydrocarbon group (E) and the
al koxy group-containing aromati c hydrocarbon 6 group (B) are bonded to the
ot her gl yci dyl oxy group-containing aromati c hydrocarbon group (E) or al koxy
group-contai ni ng aromati c hydrocarbon group (B) via the divalent aralkyl
group (X), wherein a nelt viscosity at 450C as neasured by an I Cl visconeter
is fromO0.3 to 5.0 dPa s and an epoxy group equivalent is from200 to 700

g/ eq. 5 Furthernor t,he present .inyention is di.rected to.a,sem conductor
seal i ng neFR Q) a’%{‘ﬁ?&ﬁlﬁ °‘$’Ffegl¥‘f3 OXY, gropRC iaquc(*\yﬁl’%&’?? 1), the
epoxy resin copposition (1) or (11) further c risi 70 t0,,95% by mass of
O ot garEFes 0D SE Aoy b T sromatc Bydios PGk Efoup A a Hs YRR g. agent
Furthernore, the present invention is directed to a nethod for producing a
novel 10 A5HEYErounEt)whempin ameltvisrosibinat 1507 a9 mepsyred\pyap)lG] giseameterds ai ni ng
aromatic conpound (al), an al koxy group-containing aronatic conpound (a2),
and a conpoom8.3(ta$)0 dRavs argt an apoxy gionp enrvelent ivfrem 280 t5 Whaleq (a3-a), (a3-b)
or (a3-c): [Chemical Formula I] XCH2-Ar-CH2X (a3-a) R20CH2-Ar-CH20R2
(a3-b) 6 H2C=CH AurthemOr2 tegBeseht ingention isdirected o & bemitondvotionsqalisg materigb
represents a hydrogen atom or a hydrocarbon group having | to 6 carbon
atons i n aowipriging th epgrry rdsin dompositiore(T) oh@) pthe epoxty resiv eompasitionDdir (Bt ed to a
met hod for producing a novel = epoxy resin, which conprises reacting the
novel phenfattheresinprising 30 we85% by intass efian\inorganic filler, in addition to the epoxy resin

and the curing agent.
Furthermore, the present invention is directed to a method for producing a novel
10  phenol resin, which comprises reacting a hydroxy group-containing aromatic compound
(al), an alkoxy group-containing aromatic compound (a2), and a compound (a3) having
the following structural formula (a3-a), (a3-b) or (a3-c):

[Chemical Formula 1]
XCH,—~Ar—CHX (a3-a)
R,OCHy— Ar—-CH,0R; {(a3-b)

HyC=CH—Ar—-CH=CH, (a3-c)
15  wherein, in the formula (a3-b), R, represents a hydrogen atom or a hydrocarbon group
having 1 te 6 carbon atoms in a single stage.

Furthermore, the present invention is directed to a method for producing a novel
epoxy resin, which comprises reacting the novel phenol resin obtained by the above
method with epichlorohydrin.

20 According to the present invention, there can be provided an epoxy resin
composition capable of realizing low dielectric constant and low dielectric dissipation

factor suited for a recent high frequency type electronic component-related material



met hod wi th epi chl orohydrin. 20 According to the present invention, there
can be provided an epoxy resin conposition capable of realizing | ow

di el ectric constant and |low dielectric dissipation factor suited for a
recent high frequency type electronic conponent-related material 7 w thout
deteriorating curability during the curing reaction, and a cured article
thereof, as well as a novel epoxy resin and a novel phenol resin which give
t hese performances, and a nethod capabfe of industrially producing these
resins in a sinple manner. 5 BRI EF DESCRI PTION OF THE DRAWNGS Fig. | is a
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anmpl e 1. . is a gra QWi a nass. s rum of a.phenol resin
obt al ned | FELESARIVEN eposY seditpang A npvel phgnc] F VB givadheze pRESTIRIS. SR, Denol
resin obtained,in apple 2.. Fig..5 ts a graph shaw ng a 13 C NVR spectrum
of a phen&&ﬁ%%ﬁ?a@ngﬁqHﬂ“meEgW%esf. Baé“}‘ emagPeoh showi ng a mass
spectrum of a phenol resin obtained in Exanple 16 2. Fig. 7 is a graph

showi ng a GPC chart of a phenol resin obtained in Exanple 3. Fig. 8 is a

graph showing a 13 G NVR spectrum of a _phenol resin obtained in Exanple 3.
Fig. 98s a graph show nngS%UQT\ﬁQFmDMGS esin obtained in

Exanple 20 3. . _
Fig. 1 is a graph showing a GPC chart of a phenol resin obtained in Example 1.
Fig. 2 is a graph showing a ' C-NMR specirum of a phenol resin obtained in
Example 1.

Fig. 3 is a graph showing a mass spectrum of a phenol resin obtained in Example

10 1
Fig. 4 is a graph showing a GPC chart of a phenol resin obtained in Example 2,
Fig. 5 is a graph showing a ' > C-NMR spectrum of a phenol resin obtained in
Example 2.
Fig. 6 is a graph showing a mass spectrum of a phenol resin obtained in Example
16 2.
Fig. 7 is a graph showing a GPC chart of a phenol resin obtained in Example 3.
Fig. 8 is a graph showing a ' C-NMR spectrum of a phenol resin obtained in
Example 3,
Fig. 9 is a graph showing a mass spectrum of a phenol resin obtained in Example
20 3.
Fig. 10 is a graph showing a GPC chart of a phenol resin obtained in Example 4.
Fig. 11 is a graph showing a ' * C-NMR spectrum of a phenol resin obtained in
Example 4.

Fig. 12 is a graph showing a mass spectrum of a phenol resin obtained in Example

25 4



Fig. 10 is a graph show ng a OPC chart of a phenol resin obtained i n-Exanpl e
4. Fig. 11 is a graph showing a 13 C NWR spectrum of a phenol resin
obtained in Exanple 4. Fig. 12 is a graph showi ng a mass spectrum of a
phenol resin obtained in Exanple 25 4. 8 Fig. 13 is a graph showing a GPC
chart of a phenol resin obtained in Exanple S. Fig. 14 is a graph showing a
GPC chart of a phenol resin obtained in Exanple 6. Fig. 15 is a graph
showi ng a GPC chart of a phenol resin obtained in Exanple 7. Fig. 16 is a
graph showing a GPC chart of a phenol resin obtained in Exanple S. 5 Fig. 17
Is a graph showing a GPC chart ,of a_phenol resin obtajned in_ Exanple 9.
Fig. 18 is a gr&sfh 13fsaemph shomings &@ehnhﬁnekmanﬁh@mwm&mw@étai ned in
Example 9. Fig. 19 is a graph showi ng a mass spectrum of a _phenol resin
obtained in Exaerg-é419amnhﬁ@memﬁrg%pﬁpnhwbmﬁmgbw@@gmpleéf a
phenol resin obtained in Exanple 10. Fig. 21 is a graph showing a 13 G NMR
spectrum of a pikigds is egtaph showinge GPCrehatpfaphanol psinpbtgined in Examplgaph
showi ng a nmass spectrum of a phenol resin obtained.in Exanple 10. 16 Fig.
23 is a graph sifogil6ds ag@pitshuiwing a GPCaxhart pHa phanebiesinobtairieddn Ekample #opl e 26.
Fig. 24 is a graph showing a 13 CNWR spectrum of an epoxy resin obtained in
E>t§arrpl $d26. Fi g Figd7iisa gragh shpwingo GPOxhart 0fis phenpbresin wbtaifeddm Ergople 9 esi n
obt ai ned in

Fig. 18 is a graph showing a ' ® C-NMR spectrum of a phenol resin obtained in

Example 9.

Fig. 19 is a graph showing a mass spectrum of a phenol resin obtained in Example

9.
10 Fig. 20 is a graph showing a GPC chart of a phenol resin obtained in Example 10.
Fig. 21 is a graph showing a ' > C-NMR spectrum of a phenol resin obtained in
Example 10.
Fig. 22 is a graph showing a mass spectrum of a phenol resin obtained in Example
10.
16 Fig. 23 is a graph showing a GPC chart of an epoxy resin obtained in Example 26.
Fig. 24 is a graph showing a ' C-NMR spectrum of an epoxy resin obtained in
Example 26.
Fig. 25 is a graph showing a mass spectrum of an epoxy resin obtained in
Example 26.
20 Fig. 26 is a graph showing a GPC chart of an epoxy resin obtained in Example 27.
Fig. 27 is a graph showing a ' * C-NMR spectrum of an epoxy resin obtained in
Example 27.
Fig. 28 is a graph showing a mass spectrum of an epoxy resin obtained in
Example 27,

25 Fig. 29 is a graph showing a GPC chart of an epoxy resin obtained in Example 28.



Exanple 26. 20 Fig. 26 is a graph showing a GPC chart of an epoxy resin-
in Exanple 27. Fig. 27 is a graph showng a' 3 C NWVR spectrum of

obt ai ned
an epoxy
spectrum

a graph s

obt ai ned
an epoxy

resin obtained in Exanple 27. Fig. 28 is a graph show ng a

mass

of an epoxy resin obtained in Exanple 27. 26 Fig. 29 is a graph
showi ng a GPC chart of an epoxy resin obtained in Exanple 28. 9 Fig. 30 is
how ng a 13 C NWVR spectrum of an epoxy resin obtained in Exanple
28. Fig. 31 is a graph showing a mass shectrum of an epoxy resin obtained in
Exanple 28. 6 Fig. 32 is a graph showing a GPC chart of an epoxy resin

rosin 808 30 ierph hewine © CoNIRRprckgn e sPor totin MBS o s

Showi ng o RSB of “an epoxy resin obtai ned in Bxampl e 30, Fig. 3615 a
graph showing a_OPC chart of an epoxy resin obtained in Exarrbl_e 31. Fi g. 37
is a graph showFigy3kis Seraphahevanga mass FpeatruaHoianspexy tesinpbiainediined in
Exanple 31. Fig. 38 is a graph showi ng a nmass spectrum of an epoxy resin
obt ai ned iBxampi Bcanpl e 31. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
6 Fig. 32 is a graph showing a GPC chart of an epoxy resin obtained in Example 29.
Fig. 33 is a graph showing a ' * C-NMR spectrum of an epoxy resin obtained in
Example 29,
Fig. 34 is a graph showing a mass spectrum of an epoxy resin obtained in
Example 29,
10 Fig. 35 is a graph showing a GPC chart of an epoXy resin obtained in Example 30.
Fig. 36 is a graph showing a GPC chart of an epoXy resin obtained in Example 31.
Fig. 37 is a graph showing a ! * C-NMR spectrum of an epoxy resin obtained in
Example 31.
Fig. 38 is a graph showing a mass spectrum of an epoxy resin obtained in
15  Example 31,
BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will now be described in detail.
First, the epoxy resin composition (I) of the present invention comprises an epoxy
20 resin and a curing agent as essential components, wherein the curing agent comprises a

phenol resin which has each structural moiety of a phenolic hydroxyl group-containing
aromatic hydrocarbon group (P), an alkoxy group-containing aromatic hydrocarbon group
(B) and a divalent aralkyl group (X), and also has, in a molecular structure, a structure in

which the phenolic hydroxyl group-containing aromatic hydrocarbon group (P) and the



The present invention will now be described in detail. First, the epoxy
resin conposition (1) of the present ‘invention conprises an epoxy 20 resin
and a curing agent as essential conponents, wherein the curing agent
conprises a phenol resin which has each structural noiety of a phenolic
hydr oxyl group-containing aromatic hydrocarbon group (P), an al koxy
group-contai ni ng aromati c hydrocarbon group (B) and a dival ent aral kyl
group (X), and also has, in a nolecul arlStructure, a structure in which the
phenol i ¢ hydroxyl group-containing aromatic hydrocarbon group (P) and the 10

al koxy groyp- | 0l ' 1 o) d with the
ot her phe%oT %@#&%F%%‘“@&R%% gﬁ%@%ﬁ?%@r’%&rﬂé‘roup (P) or
al koxy groyp- ogt in'hn ar fic hydrogarbon.qgrou @ via the dival ent

ar al kyl gr%ﬂoﬁﬁ "fﬁ%" E’%}‘Piﬁﬁg‘ﬁm&%m&?“‘[ﬂﬂ@“% ?ﬂ%@ﬁ’éﬁ%‘“}?ydr oxyl
group-contai ni.ng aromatic, 5 drocarhon grqu the al kaxy
group-cont%"mﬂag&?"gﬁg?hdrﬂ% R m@s&v@e‘xﬁ%@kykm\l “Val ent aral kyl
group (X) are regresented by "P",  "B' and "X espectively, . the henol
resin essentiall ahas?hwmﬁlé‘eﬁﬁ%frﬁ%&m&%@w?m& NERPBENE Al or
structural, noieties A2 and AS anong the follow ng structural mpieties A to
At [ Chéehri clhydrecarhen) eroup) (P), the atkoxy grayp-containingaromatis hydrprarban graup (B) and o
present invention, because of such a characteristic chem cal structure, the

aromatic céadimalient sralkylgraup GO Ararcpmsented bt @ TR s XS, meppctiveiithent heat
resistance is exhibited, Furthernore, the hydroxyl group concentration can
be noder at phepokresin essentinllydws, ink swlacnlar strushise,tarstmciumh moiety Aot struetureli el ectric
di ssi pation factor can be decreased by

moieties A2 and A3 among the following structural moieties Al to A3.

[Chemical Formula 2]
—P—X—B— Al
—P—X—-P— A2
¢ —BX-B— A3
In the present invention, because of such a characteristic chemi;cal structure, the
aromatic content in the molecular structure increases and excellent heat resistance is
exhibited. Furthermore, the hydroxyl group concentration can be moderately decreased
and also the dielectric constant and the dielectric dissipation factor can be decreased by
16  introducing an alkoxy group into the molecular structure without drastically decreasing the
hydroxyl group concentration. When the phenol resin is used as a curing agent for epoxy
resin, curability does not deteriorate. It is worthy of special mention that excellent
dielectric characteristics are exhibited, although a functional group having comparatively
high polarity such as alkoxy group is introduced.
20 " The molecular structure of the phenol resin may vary according to the number of
balances of “P” and “B" and examples thereof include the following structures (1) to (5):
1) a linear alternating copolymer having, as a repeating unit, a structure represented by the

following structural formula A4:



16 introduci ng an al koxy group into the nol ecul ar structure w thout -
drastically decreasing the hydroxyl group concentration. Wen the phenol
resin is used as a curing agent for epoxy resin, curability does not
deteriorate. It is worthy of special nention that excellent dielectric
characteristics are exhibited, although a functional group having
conparatively high polarity such as al koxy group is introduced. 20 The

mol ecul ar structure of the phenol resi B may vary according to the nunber of
bal ances of "P" and "B" and exanpl es thereof include the follow ng
structureﬁaﬁ%ﬁmhgoég%r ) a linear alternating copolyner having, as a
repeati ng X ﬁé ure represented by the following structural formula
Ad: 11 [Chepigal Fqiﬂyla 1 -P-X-B-X- A4 2) a branched alternating

copol ymer having, "as a rep€ating unit, structures represented by the

foll ow ng,structural formulas AS o A7: 5 [Chem cal Fornul a 4! -P-X-B-X- AS
- P- X- B- 2)3&5£W“L§°‘3¥“HW°P°W VIng, 85 & FEPPAtgamiIty enteddi¥m pol yrrer
having all structural mojeties Al to_ A3, 4) a polymer having a structure in
whi ch a pHiefrlewine sewctaral formulasAS & Alict ural units P and structural units X
bonded alternately with each other and plural structural units P in the 10

pol yneb blCkamigalFopnaadbd with a structural unit B via the structural unit

X, and 5) a polyner conprising a polynmer block conprising structural units P

and structuwpmlyupy tg._ X bonded al nately with each o , «ang a pol yner
bl ock corrpri]si}rclglﬂs'%ruct u‘?%l uniTﬁ"%’T?‘?fruﬁur al tﬁ%‘?Y?ﬁggﬂ'ed A7
X X

alternatelyli(r\,ith each ot her. :i( |

3) a linear or branched random polymer having all structural moieties Al to A3,
4) a polymer having a structure in which a polymer block comprising structural units P and
structural units X bonded alternately with each other and plural structural units P in the

10  polymer block are knotted with a structural unit B via the structural unit X, and
5) a polymer comprising a polymer block comprising structural units P and structural units
X bonded alternately with each other, and a polymer block comprising structural units B
and structural units X bonded alternately with each other.

The phenolic hydroxyl group-containing aromatic hydrocarbon group (P) can

15  have various stuctures. For example, preferred examples thereof are phenols and
naphthols represented by the following structural formulas P1 to PIB, and atomatic
hydrocarbon groups formed from a compound having an alkyl group as a substituent on the
aromatic nucleus of them because of excellent dielectric performances. |

{Chemical Formula 5]



The phenolic hydroxyl group-containing aromatic hydrocarbon group (P) can
15 have various structures. For exanple, preferred exanples thereof are
phenol s and naphthols represented by the followi ng structural formulas Pl
to P16, and aromatic hydrocarbon groups fornmed froma conpound havi ng an
al kyl group as a substituent on the aromatic nucl eus of them because of
excellent dielectric performances. (Chemcal Fornmula 5] 12 OH OH -67 OH
PL\ P2 pj N OHOH OH OH 1130 H30 thel®H3 '\ PS P6 P7T P8 C%CH3 OH H- I M
HO P9 P10 P11 P12 OHHOHO P13 | \ | P14 | \ | P15 P16 -Hu Wen each of
these structurespogs |ocated omua nol ecul aryend, a nonoval ggt aromatic

hydr ocarbon group is forned. Anong these sfructures, rega diqﬁgthose havi ng
two or nore postthons_of bo mﬂéh th structur ;y on a
napht hal ene Pl P3

OH OH OH OH
HC HC H(C, CH:
Ps Ps P? P8
Cty Ch

8- B4

When each of these structures is located on a molecular end, a monovalent
aromatic hydrocarbon group is formed. Among these structures, regarding those having
two or more positions of bonding with the other structural moiety on a naphthalene

6  skeleton, the bonding position may be on the same or different nucleus,

Among the phenolic hydroxyl group-containing aromatic hydrocarbon groups (P)
described in detail, preferred examples are phenols and naphthols represented by the above
structural formulas P1 to P15, and divalent or trivalent aromatic hydrocarbon groups

formed from a molecular structure selected from a compound having a methy] group as a



6 skel eton, the bonding position may be on the sane or different nucleus.
Anong the phenolic hydroxyl group-containing aromatic hydrocarbon groups (P)
described in detail, preferred exanples are phenols and napht hol s
represented by the above structural fornulas PI to P15, and dival ent or
trivalent aromati c hydrocarbon groups fornmed froma nol ecul ar structure

sel ected froma conpound having a nethyl group as a 13 substituent on the
aromati ¢ nucl eus of them because excel 1ént flame retardancy can be inparted
to the epoxy resin cured article itself and it becones possible to design a
hal ogen.

el e](c:t ronhcs%%éﬁ%aah%ﬁf%%@ﬁ%ﬁE%%%&E%&#?%éwaﬁL% gl dl °
T AR e B
R O-0 3 JH88 Terta Wiy las ST o5t reapired e S oglefende Cmaenhy i oben
atomor a neéggylesgroup, and o represents an integer of 1 to 3. Specific

struct ur ed®f ented by the structural fornmula (2) are those represented

by the structural formulas PI. and P6 to P9. Specific structures represented
by the8 In the present invention, it is preferred to have a structure represented by the

following structural formula (2) or (3) because excellent flame retardancy can be imparted

to the epoxy resin cured article itself.
[Chemical Formula 6]
OH OH
(%o
(R")o
10 In the formulas (2) and (3), R; represents a hydrogen atom or a methyl group, and
o represents an integer of 1 to 3.

Specific structures represented by the structural formula (2) are those represented
by the structural formulas P1 and P6 to P9.  Specific structures represented by the
structural formula (3) are those represented by the structural formulas P10 and P11,

15 The alkoxy group-containing aromatic hydrocarbon group (B) contained in the
phenol resin structure is a monovalent or polyvalent aromatic hydrocarbon group having an
alkoxy group as a substituent on the aromatic nucleus, and specific examples thereof
include alkoxybenzene type structures represented by the following structural formulas B1
to B18 and alkoxynaphthalene type structures represented by the following structural

20 formulas B19 to B33.

[Chemical Formula 7]



structural fornula (3) are those represented by the structural formulas P10
and P11. 15 The al koxy group-contai ning aronmati c hydrocarbon group (B)
contained in the phenol resin structure is a nonoval ent or polyval ent
aromati ¢ hydrocarbon group having an al koxy group as a substituent on the
aromati c nucl eus, and specific exanples thereof include al koxybenzene type
structures represented by the follow ng structural fornmulas BI to B 18 and
al koxynapht hal ene type structures reprefented by the following structural 20
formulas B19 to B33. [Chem cal Formula 7] 14 OCH3 OCH3 H3C OCCH3 7 Bl (-~
~) B2 B3 H3C OCH3 OE@% OCF12CH3 B4 BS&?H H3C OCH2 OCH3 13 B7 B8 B9
B

OCH3 H3CI HBC 0C2i OCl-13 H CO B10 01353811 B C H3C H3C
H3CO 0CH3 OCH2 OCH3 B13 \ Bl14 / CH3CH20 i - Pr
Bl B2 B3
H;C OCH, OCH, OCH,(H;
B4 BS B6
HyC
OCH,CH; OCH,; OCH;
’ OoCH; H,C
H}C C[Hg H3C m‘lg H3C0 m]—ls
Q Blo Qaﬁ Bl ‘@‘ BI2
H3C H3C H3C
H,CO  OCH; OCH,CH, OCH;
CH;CH,O i-PY

O—t-Bu i
;Q' BI6 ‘G B17 _G BI8
1-

[Chemical Formula §]



OCH3 Ot-Bu i-Pr OCH3 :07- B16 B17 B18 (Chem cal Formula 8] 16 O 713 (1i3
~ B19 B20 B21 ~, ocH clh ¢cx3 ¢ u3 x3c x3c acct, % % B >326 B77 013 cH3O
0013 0130130 Q 3(1i30 B29 B29 B30 113t BuOt-BuO\ / B31 B32 B33 ~t3 Wen
each of these structures is |located on a nol ecul ar end, a nonoval ent
aromati ¢ hydrocarbon group is fornmed. Anong these structures, regarding
those having two or nore positions of bonding with the other structural

nmoi ety on a napht hal ene 6 skel eton, thebbondi ng position may be on the sane
or different nucleus Anong the phenolic hydroxyl group-containing aromatic
hydr ocar bon groups (P) described in detail, preferred exanples are

net hoxybenzene, nethox &l hoxynapht hal ene

ht hal ene, 16Hs hoxybenzene antfbe

represented by the uctural formula Bl B14 and O
(L
OCH, CHQ CH, CHyO CHy

ne -

B2l

3]
&
B

OCH; OCHy ot
d}“" = - K
CH,O
OCH, CHyCH:0, CHLCHO,
t-BuO t=-BuO

L . .

When each of these structures is located on a molecular end, a monovalent
aromatic hydrocarbon group is formed. Among these structures, regarding those having
two or more positions of bonding with the other structural moiety on a naphthalene

B  skeleton, the bonding position may be on the same or different nucleus,
Among the phenolic hydroxyl group-containing aromatic hydrocarbon groups (P)

described in detail, preferred examples are methoxybenzene, methoxynaphthalene,



the structural formula B 19 to B3 1, and divalent or polyvalent aromatic
hydr ocarbon groups fornmed froma nol ecul ar structure selected froma
conmpound having a nethyl group as a substituent on the aromatic nucl eus of
t hem because excellent flanme retardancy can be 5 inparted to the epoxy resin
cured article itself and it becones possible to design a hal ogen- free

mat eri al which has strongly been required in the field of electronic
conponents, recently. Particularly, di&alent or trivalent aromatic

hydr ocarbon groups are preferable in view of curability and dielectric
characteristics. Anong these, divalent or trivalent aromatic_ hydrocarbon
groups f otthexybenzene and ethoxymephihalene represeated by thestaetupad forpyla Bl taoBiberdd havi ng
a nmethyl group as a substituent on the aromatic nucleus are preferable
because r etvabfommpladi 190 B3dpandidivalent pupalyvalest anomatie hydrocazbonegrowps resi n
cured article is exerted, and structures represented by the follow ng
formul a (fymed fromma molecwarytraictuee setected Sroni 4 corapaupd bavinge methypgoupiasa i s

i mproved. (Chemical Fornmula 9] (OCH3) n (-Ph- (4) Ib\ R4 ) mln the

st ruct ur asubstituenti on thelyromitic nugleus of them eciise exglient flameretardancystanye gr oup, Ph
represents a benzene ring or a naphthalene ring, n represents an integer of
1 or 2§ aimpanted tethe epexytrasiaoured antigleritself ahd it bemeSpessitié © designplheloged- t he
structure represented by the structural forrmula (2) include structures

r epr esent e Mtehibllowlsith st saongly beerheldifedtn theBkld 8oeleckOniBZomBlnenBl 0, B11l, B12,
B13, 819, B20, B21, B23, B24, B25, B26, B27 and B31l. Furthernore, the

st ruct ur epceéntlyne Pitichlafiy divaldn birivalehhromitioWyidfdearbos foupd are preferable iy
represented by Ph is a naphthalene ring is preferable because excellent
di el ectri giewlf curability and dielectric characteristics.
Among these, divalent or trivalent aromatic hydrocarbon groups formed from a
10  molecular structure selected from a compound having a methyl group as a substituent on
the aromatic nucleus are preferable because remarkable effect of imparting flame
retardancy to an epoxy resin cured article is exerted, and structures represented by the

following formula (2) are more preferable because fluidity of the composition is improved.

(Chemical F ormula 9]
( OCH3) n
—Il’h—— 4
15 ( Ry ) m

In the structural formula (4), R4 represents a hydrogen atom or a methyl group, Ph
represents a benzene ring or a naphthalene ring, n represents an integer of 1 or 2, and m
represents an integer of 1 to 3.  Specific examples of the structure represented by the
structural formula (2) include structures represented by the structural formulas B1, B3, BS,
20 B8, B9, B10, Bl1, B12, B13, B19, B20, B21, B23, B24, B25, B26, B27 and B31.
Furthermore, the structure of the structural formula (4) in which a structural moiety

represented by Ph is a naphthalene ring is preferable because excellent dielectric



characteristics are attained. Specific exanples of the dival ent aral kyl
group (X) contained in a phenol resin structure include those of the
followi ng structural formulas X1 to X12. [Chemical Formula 10] 18 \ H2C Xl
X2\ /| CH H2C 2c CEF3 CH3 CH CH X3 /-\ CH X4 - \ /| CH Xs CH3 H3C [/ [/
\' / \ 2CH X6 -01 X7 H2C H3C CH HCCH3 -CH2\ / /_\ -~ \ [ [-\ CH X9

(gam X10 b-CH - X11 0112 X12 19 ,
1

characteristics are attained.

Specific examples of the divalent aralkyl group (X) contained in a phenol resin
structure include those of the following structural formulas X1 to X12.
[Chemical Formula 10]



Anmong these dival ent aral kyl groups (X), those represented by the foll ow ng
structural fornmula (1) are preferable in view of excellent flane retardant
effect. [Chemical Formula 11] RI RI -CHAr-CH (1) 5 In the above fornul a,
Rl represents a hydrogen atomor a nethyl group, At represents a phenyl ene
group, a bi phenyl ene group, a di phenyl ether-4,4"-diyl group, a naphthylene
group, or a structure having a nethyl group as a substituent on the aromatic
nucl eus of them Specific exanples of tlBe structure of the structural
formula (1) include structures XI to X9 and structure X12. In view of flane
retardancy, Rl is particularly 10 preferably a hydrogen atomin the
structural forrmula (1). The phenol resin used i\ the present invention can
have optional conbinations of structures descffBed in the above specific
exanpl es of the struct i et |es (P) (B) and ¥\ In the field of the
epoxy resin conpos genXiree flane re CHyyst er¥2 15 has
strongly been reqU|red ecently because of a pr¥ m of di oxin. As

descri bed above, flane retardancy of a cured article is remarkably inproved
according to {he sel ection of the, structure of the phenol resin.

Speci fical | ygenhen the al koxy grg&@-co ining aromatic hydgggarbon group
(B) is a nnno al ent or polyvale i ¢ hydrocarbon group fornmed froma
nol ecul ar 20 s ure selected frg nachthalene

et hoxybenz&¥e; o5SHapthal €He G ddnd LA 7T group as a
substituent on ¢ aromatic nucl eus=e them the divale aralkyl group (X)
is a dival ent hydrcdar bon group having a structure H;C

/
o))
Rt s T
HyC
/
HyC CH;
—_— X3
N U
HiC CH,
(i T !}C’CH’
GH— X10 ot

CH— Xi1

|]ian X12



represented by the follow ng structural formula (1): 20 [Chem cal Fornula
12] R Rl -CH AX-CH (1) wherein Rl represents a hydrogen atom or a nethyl
group, and Ar represents a phenyl ene group, a biphenyl ene group, a diphenyl
ether-4,4"-diyl group or a naphthylene group, and 5 the phenolic hydroxyl
group-contai ning aromati ¢ hydrocarbon group (P) is a divalent or trivalent
aromati ¢ hydrocarbon group fornmed froma nol ecul ar structure selected from
phenol , naphthol, and a conmpound havi nd®a net hyl group as a substituent on
the aromatic nucleus of them flanme retardancy of the phenol resin itself is
remarkably inproved and jt becones possible to prepare a hal ogen-free
material as an évpengthesedivalent araliheauns (X).dhess T?HP%FWQE’)’ dﬁfghany
group-containiqsfaronatic hydrocarbon group  (B) is particularly preferably

a di val entstgetural forgula{il) areprfermble i viewof exreHens retardapiesffest  curability
and dielectric characteristics. The phenol resin preferably has a hydroxyl
group equilChemical Farmnlatly range from 150 to 500 g/ eq. because flane
retardancy and dielectric characteristics of the cured article 15 are nore
i nproved. A Rhenol Regsin having a nelt viscosity at 150C as neasured by an
| CI visconetér withiln a rangquron10.3 to 5.0 dPa s is preferabl e because
of excell ent }kTﬁrﬁpﬂ?_ﬂuring nol di ng and heat resistance of the cured
article. In the present invention, a novel phenol resin of the present

i nventigon i s obiaitealiobd formiladRFrepreyintic Kydfogen dioaxsd a methplugogruirval ent and
melt viscosity within the above range. Wien the hydroxyl group 20 equival ent

ier }[MI E: B : grrlai;/ﬁﬁgg?e lfegﬂsg?%o%%la}‘r@e lgfbm%gﬁﬁg ?g?jgg%lire:ﬂ%r?waﬁgg tgwe}‘l Pg% ?c Is > and
cur abi i t ynaghthilefle ERUP,V alstriéture having a methyl group as a substituent on the aromatic
nucleus of them. Specific examples of the structure of the structural formula (1) include
structures X1 to X9 and structure X12. In view of flame retardancy, R, is particularly
10  preferably a hydrogen atom in the structural formula (1).
The phenol resin used in the present invention can have optional combinations of
structures described in the above specific examples of the structural moieties (P), (B) and
X.
In the field of the epoxy resin composition, a halogen-free flame retardant system
16  has strongly been required, recently, because of a problem of dioxin. As described above,
flame retardancy of a cured article is remarkably improved according to the selection of the
structure of the phenol resin.
Specifically, when the alkoxy group-containing aromatic hydrocarbon group (B)
is a monovalent or polyvalent aromatic hydrocarbon group formed from a molecular
20  structure selected from methoxybenzene, methoxynaphthalene, ethoxybenzene,
ethoxynaphthalene, and a compound having a methyl group as a substituent on the
aromatic nucleus of them,
ﬁe divalent aralkyl group (X) is a divalent hydrocarbon group having a structure

represented by the following structural formula (1):



In the phenol resin, an abundance ratio of the phenolic hydroxyl -
group-containing aromatic nonoval ent or dival ent hydrocarbon group (P) to

t he al koxy group-containing divalent aromatic hydrocarbon group (B), the
former/the latter, is preferably within a range 21 from 30/70 to 98/2
because flame retardancy and dielectric characteristics of the cured

article are nore inproved. The phenol resin can be produced by the nethod
described in detail below The method 3br producing the phenol resin will
now be described in detail. 5 The phenol resin can be produced by reacting a

hydr oxy gr con%al ni ng%] aromatic conmpound (al), an al koxy group-containing
aromatic c%ﬂ d a conpound (a3) represented by the foll ow ng

struct ural formJIa a3 a), (a3-b) or (a3-c): (Chem cal Fornula 13)
XCHz- Ar-CH2Xl(1aB- a) RiIR20CH2- Ar- CH2OR2 (a3-b) H2C=CH Ar-CH=CH2 (a3-c) 10
wherein, in_the f r_réﬁi(aS-le,) R2 represents a hydrogen atomor a
hydrocar bon ¢ group™ having 1 to 6 carbon atoms. It is worthy of special
mention that the reaction snoothly proceeds w thout causi ng gj@é‘ol ysi s,

though t he whyreindRuyreppesnats adiydrogien piog erreomethylerenyped Aerepeesonty APREIIENE a5 a taw
material. As an al kox?;ggroup obt ai ned by al koxyl ati ng Hﬁheml i C hydroxyl 15

group i s wignhupya biphanylene group cudiphenpicethastd 43rdiyla@eupc agrplthyrRMEIORR: aRg dr oxy |
group, the alkoxy group is easily hydrolyzed under a strong acidic
envi ronéent , whethe abenolib bydibiyl gyouperontainingaroiati¢ hydresachosgroum(®) i henol
resin str uct ure w thout causing any hydrolysis in the present invention.
divalent or trivalent aromatic hydrocarbon group formed from a molecular structure
selected from phenol, naphthol, and a compound having a methyl group as a substituent on
the aromatic nucleus of them, flame retardancy of the phenol resin itself is remarkably
improved and it becomes possible to prepare a halogen-free material as an electronic
10 component-related material. The alkoxy group-containing aromatic hydrocarbon group
(B) is particularly preferably a divalent or trivalent aromatic hydrocarbon group in view of
curability and dielectric characteristics.
The phenol resin preferably has a hydroxyl group equivalent within a range from
150 to 500 g/eq. because flame retardancy and dielectric characteristics of the cured article
16  are more improved. A phenol resin having a melt viscosity at 150°C as measured by an
ICI viscometer within a range from 0.3 to 5.0 dPa-s is preferable because of excellent
fluidity during molding and heat resistance of the cured article. In the present invention,
a novel phenol resin of the present invention is obtained from those having the hydroxyl
group equivalent and melt viscosity within the above range. When the hydroxyl group
20  equivalent is within a range from 200 to 350 g/eq, the resulting cured article is particularly
excellent in balance between diclectric characteristics and curability of the composition.
In the phenol resin, an abundance ratio of the phenolic hydroxyl group-containing
aromatic monovalent or divalent hydrocarbon group (P) to the alkoxy group-containing

divalent aromatic hydrocarbon group (B), the former/the latter, is preferably within a range



Speci fic exanpl es of the hydroxy group-containing aromati c conpound (al)
used 20 in the above nethod include nonsubstituted phenols such as phenol,
resorci nol and hydroqui none; nonosubstituted phenols such as cresol,

phenyl phenol , et hyl phenol, n- propyl phenol, iso-propyl phenol and

t - butyl phenol ; di substituted phenols such as xylenol, 22

nmet hyl propyl phenol , net hyl butyl phenol, net hyl hexyl phenol, di propyl phenol and
di butyl phenol ; and trisubstituted phenotks such as nesitol,
2,3,5-trinethyl phenol and 2, 3,6- trinethylphenol; and naphthols such as

1- napht hol , 2-napht hol and t hyl napht hol .. . These conpounds be .used in
conbi nat i offom 3/&(?3“@ 93’36"?&“%%91!‘&!%’9% agd die f ; “E-"E&’éﬁl“ﬁél ,

2-naphthol, cresol and phenol are preferable in view of dielectric

char act er i &tirlearemarefimpraved.et ar dancy of the cured article. Specific

exanpl es of the al koxy group-contai ni ng aromati c_conpound (a2) include
nmonoal koxybenzenBe phendl resin can beqiredused) by theanephnstdeseribed an detribhelownzthees such
10 as 1, 2-di et hoxybenzene, 1, 3- di net hoxybenzene, 1, 4-di net hoxybenzene, 1,4
di et hoxybemzthod farpioducingtthephengl riesio wilh powbb dascebed indstadlal koxynapht hal enes
such as 1-nethoxynapht hal ene and 2- net hoxynapht hal ene; di al koxynapht hal enes
such ass 1, 4- di nthdpheyolapdin bal lenrodi2ed byl rerctingoadyydagpiyt graiecrmtzimidg

2, 7- di met hoxynapht hal ene; substituted al koxybenzenes such as

1- met hoxy- drofatip yéhpoundifel), drdKoxvekdhpxgontubnisg aroinatic canppmd¢aBadd 4

propyl - 2- met hoxy- 4- et hyl benzene; and ani sal dehyde These conpounds may be
used in COB&h%ﬁmHQﬂ) réiTERted by B folldwing eetcturalformila (adykp(ad) or (Brd)sol e,
en

1, 2- di met hoxy zene, 1, 3-di net hoxybenzene, 1, 4- dinmethoxybenzene,

1- net hoxynggﬁ&ﬁ]a]geﬁn@aqh]} met hoxynapht hal ene are particularly preferable
because the resulting cured article is particularly excellent in flanme

r et ar dancy.XCHy—Ar—CH,X (al-a)
R:OCHZ_ Ar— CH;;ORZ (a3-b)

H,C=CH—Ar—CH=CH, (a3-c)
10  wherein, in the formula (a3-b), R; represents a hydrogen atom or a hydrocarbon group
having 1 to 6 carbon atoms.

It is worthy of special mention that the reaction smoothly proceeds without
causing hydrolysis, though the hydroxy group-containing aromatic compound (al) is used
as a raw material. As an alkoxy group obtained by alkoxylating a phenoli¢c hydroxyl

16  group is widely used for a technique for protection of a phenolic hydroxyl group, the
atkoxy group is easily hydrolyzed under a strong acidic environment, whereas, the alkoxy
group can be introduced into a phenol resin structure without causing any hydrolysis in the
present invention.

Specific examples of the hydroxy group-containing aromatic compound (al) used

20  in the above method include nonsubstituted phenols such as phenol, resorcinol and
hydroquinone; monosubstituted phenols such as cresol, phenylphenol, ethylphenol, n-

propylphenol, iso-propylphenol and t-butylphenol; disubstituted phenols such as xylenol,



20 Since a cured article having particularly excellent dielectric
characteristics can be obtained, anisole, 1-nethoxynaphthal ene and

2- met hoxynapht hal ene are particularly preferable. Specific exanples of the
conpound represented by the structural formula (a3-a), which serves as a
crosslinking agent, include 1,2-di(chloronethyl)benzene, 1,2 25

di (chononet hyl ) benzene, 1, 3-di (chl oronet hyl ) benzene,

1, 3-di (fl uoronet hyl ) benzene, 1,4 23 22

di (chl or onet hyl ) benzene, 1, 4-di (br ononet hyl ) benzene,

1, 4- d|(fluoronethyl benzene 1, 4- dl(chloroneth |)-2, 5-di net hy] benzene,

1, 3-di (chl ﬂatowl ;Mw L goeiyiutylphenol aethylh @w@henol. dipropylphenol and

di (chl or onet hyl 4-di et hyl benzene, 4,4'-bis chloronethyl)blphen |, 2,2 -
bi s( chl or cheutilp 91191 ;apén}qubsmdpmwsenﬂmsmtn Pyt simasyplphenolandz2,3,6-

bi s(chl oronet hyl ) bi phenyl, 4, 4" -bi s(brononet hyl blphenyl 4, 4" -

bi s( chl or dristethylphenglhandyiapbthblssuchas 1onaphiiol, @ ethydmaphtigl.ene.

Speci fic exanples of the conmpound represented by the structural formul a
(a3-b) include [Fhesdcpimpoendy mayobe used inopimbmatighy col |

1, 4-di (2- hydr oxy- 2- et hyl ) benzene, 4, 4'-bis(di nmethyl ol)bi phenyl, 2,4'-

bi s(di et hyl ol ) Ambrgrilése cémpourdals sdsAesvyiied xhyova - Pnayhyto),(F-mepkihp], cresol and

2,4' -bi s(2-hydroxy-2 10 propyl) bi phenyl, 1,4'-di (nethoxymet hyl)benzene,

1, 4' - di ( etphenylnié preferdbbinanay of didlectrid chdrsaistpoand) fiupiezetatiancy of the cured

1, 4' -di (but oxy) benzene, 1, 3'-di (nmethoxynet hyl)benzene, 1, 3'-

di (et hoxyretiklgl ) benzene, 1, 3'-di (i sopropoxy)benzene, 1, 3'-di (butoxy)benzene,
1, 4-di (2- met hoxy- 2-et hyl ) benzene,

1, 4-di (2-hydrox fit Bydmpley eTeReallko ipledi ardnfatib ¥ooRsund 4,4 - 15
bi s( met hoxynet h;slp)&gl phenyl? 2,4 blx?(%etpﬁ‘z)xy t hyl ) bi phen@?ijﬂ gi%

bi s( et ho SHLRR iafi{shie lah® a@ﬂgm mwngn
bi SE met ho%ﬁ[\g{a%ﬁbi phgﬂ?’z,még%h%l s( et ho%m&t hyl )gl phenyl , ésuch

10  as 1,2-dimethoxybenzene, 1,3-dimethoxybenzene, 1,4-dimethoxybenzene, 1,4-

diethoxybenzene and 1-methoxy-2-isopropoxybenzene; monoalkoxynaphthalenes such as

1-methoxynaphthalene and 2-methoxynaphthalene; dialkoxynaphthalenes such as 1,4-

dimethoxynaphthalene, 2,6-dimethoxynaphthalene and 2,7-dimethoxynaphthalene;

substituted alkoxybenzenes such as 1-methoxy-4-propylbenzene, 1(4-methoxyphenyl)-1-
16 propane and 1-propyl-2-methoxy-4-methylbenzene; and anisaldehyde.

These compounds may be used in combination. Among these compounds,
dimethoxybenzene, anisole, 1,2-dimethoxybenzene, 1,3-dimethoxybenzene, 1,4-
dimethoxybenzene, 1-methoxynaphthalene and 2-methoxynaphthaiene are particutarly
preferable because the resulting cured article is particularly excellent in flame retardancy.

20 Since a cured article having particularly excellent dielectric characteristics can be
obtained, anisole, 1-methoxynaphthalene and 2-methoxynaphthalene are particularly
preferable.

Specific examples of the compound represented by the structural formula (a3-a),
which serves as a crosslinking agent, include 1,2-di(chloromethyl)benzene, 1,2-

25  di(bromomethyl)benzene, 1,3-di(chloromethyl)benzene, 1,3-di(flucromethyl)benzene, 1,4-



bi s( et hoxymnet hyl ) bi phenyl, 2, 4'-bi s(ethoxynet hyl)bi phenyl, 4,4'-

bi s(i sopropoxy) net hyl bi phenyl, 2, 4'-bi s(i sopropoxy) net hyl bi phenyl

bi s(1- met hoxy-1 20 et hyl)bi phenyl, bis(1-nmethoxy-I-ethyl)biphenyl,

bi s(1-i sopropoxy-1-ethyl)bi phenyl, bis(2- hydroxy-2-propyl)bi phenyl,

bi s(2- met hoxy- 2- propyl ) bi phenyl and bi s(2-i sopropoxy-2- propyl)bi phenyl.
Speci fic exanples of the conmpound represented by the structural fornula
(a3-c) include bis(vinyl)biphenyls suc3 as p-divinyl benzene,
n}divinylbenzene and 4,4' 25 bis(vinyl)biphenyl. 24 The nethod for reacting

éhtgydtt gﬁa&aﬁéwen ”'e&‘%ﬁ%ﬁ&w”m !ﬁe}ﬁ%m°““%%hﬁ@ﬁﬁ%@é§§i&mnd b e
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" cont SHhlargme -ﬂ@%&%@&ﬁw @iow'%m%ﬁl&nﬂ &

?Lgufegaln: in T{Et ernedi ate reaction p?gduct wWith a hydroiygzgrgsg Ezgﬁf;: R?ng

aronatic cbﬂ&bmnwl)blmﬁba 42'blﬂfﬁbim3tbﬂbhwh°§h’haa3r‘eactl ng a hydroxy

group-contai ning aronmatic nmpound (al ), an al koxy group-contai ni ng

aromati® cbn:(shlmmnﬂhﬂ)blphmﬂa4dbbpﬂlnom0!(labyl)blnhbnvh4&’-5| ngl e stage. According

to the methods 1 and 2, the objective phenol resin can be obtai ned by

heating w bis(chloh'mméﬂ)g)diphmhlecthnrenéﬁﬁeii(@hlowth};l)mphlhdeﬁeon Sperift gxampléthi s

pol ymeri zation catalyst is preferably an acid catal yst and exanpl es thereof

i ncl ude i nofthenomp@mdaeprssenied by thersprdcturah famint (ad-b)inckndé poaylylene @ltok nd

phosphoric acid; organic acids such as 16 net hanesul fonic acid,

p- t ol uenesxylemmglecad,cl,4-di(2dydeony-2etiatibenzens) d,4' di(dimathytid)biphetiyl 52,4 -
bis(dimethylol)bipbeny], 4,4’-bis(2-hydroxy-2-propyl)biphenyl, 2,4’ -bis(2-hydroxy-2-

10  propyDbipheayl, 1,4’-di(methoxymethyl)benzene, 1,4’-di(ethoxymethyl)benzene, 1,4’-
di(isopropoxy)benzene, 1,4’-di(butoxy)benzene, 1,3°-di(methoxymethyl)benzene, 1,3’-
di(ethoxymethyl)benzene, 1,3°-di(isopropoxy)benzene, 1,3’-di(butoxy)benzene, 1,4-di(2-
methoxy-2-ethyl)benzene,
1,4-di(2-hydroxy-2-ethyl)benzene, 1,4-di(2-ethoxy-2-ethyl)benzene, 4,4’-

15  bis(methoxymethyl)biphenyl, 2.4’-bis(methoxymethyl)biphenyl, 2,2
bis(methoxymethyl)biphenyl, 2,3’-bis(methoxymethyl)biphenyl, 3,3°-
bis(methoxymethyl)biphenyl, 3,4’-bis(methoxymethyl)biphenyl, 4,4°-
bis(ethoxymethyl)biphenyl, 2,4’-bis(ethoxymethyl)biphenyl, 4,4°-
bis(isopropoxy)methylbiphenyl, 2,4’-bis(isopropoxy)methylbiphenyl, bis(1-methoxy-1-

20 ethyl)biphenyl, bié( 1-methoxy-1-cthyl)biphenyl, bis(1-isopropoxy-1-ethyl)biphenyl, bis(2-
hydroxy-2-propyl)biphenyl, bis(2-methoxy-2-propyl)biphenyl and bis(2-isopropoxy-2-
propyl)biphenyl.

Specific examples of the compound represented by the structural formula (a3-c)
include bis(vinyl)biphenyls such as p-divinylbenzene, m-divinylbenzene and 4,4’-

26  bis(vinyl)biphenyl.



boron trifluoride, anhydrous alum num chloride and zinc chloride. The
content is preferably within a range fromO0.1 to 5% by wei ght based on the
total weight of raw naterials to be charged. The nethod 1 is preferably a
met hod conprising reacting 1 nmol of an al koxy 20 group-containing aromatic
conpound (a2) with 2 to 30 nols of a conpound (a3) and charging and
reacting a hydroxy group-containing aromati c conpound (al). Regarding a
rati o of the hydroxy group-containing @omatic conpound (al) when charged, a
ratio of the total nunber of nols of the hydroxy group-containing aromatic
conpound (al) and the al koxy group-containing aromati c conpound (a2) to the
nunber of nols dhemkshadfopreactingabe ydsoxy group-yontaifing piomasis compaundr(@l)er abl y
within a range from51/49 to 97/3. According to 25 this nethod, the

mol ecul ar the elkoxyigeuptonthiaingarentic\cemponnd(a) andithe commponed &i3) espresented

copol yneri zed, and thus the al koxy group can be introduced into the

mol ecul ar  ist thel efrusheral formgla ¢i3Fd)cdad4b) biy(a3dich (thé compdundds dbbrevigyed diow a rati o of
t he hydroxy group-containing aromatic 5 conpound (al), the al koxy

gr oup- cont ‘Gothipbén Plidréinaferiaciade the Zollowisg ngthodoeimd  (a3) when char ged
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conpourd (al ) tQuédied B didtod &b i vidu3] din@ AR ke B ,
(al)/(a2), is from 30/70 to 9 1211%%566‘ ra)?ig?) o? t he %‘g?gllﬁlr?unber of nols of
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char gi ng aéo!mﬂo%\t’:l ms,%'aﬂéoﬁy &%anﬁlgr a?&ﬁaﬁco&mpomd (a2) and a compound (a3)

10  inasingle stage.

According to the methods 1 and 2, the objective phenol resin can be obtained by
heating with stirring in the presence of a polymerization catalyst. This polymerization
catalyst is preferably an acid catalyst and examples thereof include inorganic acids such as
hydrochloric acid, sulfuric acid and phosphoric acid; organic acids such as

16  methanesulfonic acid, p-toluenesulfonic acid and oxalic acid; and Lewis acids such as
boron trifluoride, anhydrous aluminum chloride and zinc chloride. The content is
preferably within a range from 0.1 to 5% by weight based on the total weight of raw
materials to be charged.

The method 1 iQ preferably a method comprising reacting 1 mo) of an alkoxy

20  group-containing aromatic compound (a2) with 2 to 30 mols of a compound (a3) and
charging and reacting a hydroxy group-containing aromatic compound (21). Regarding a
ratio of the hydroxy group-containing aromatic compound (al) when charged, a ratio of the
total number of mols of the hydrﬁxy group-containing aromatic compound (al) and the
alkoxy group-containing aromatic compound (a2) to the number of mols of the compound

25 (a3d), {(al) + (a2)}/(a3), is preferably within a range from 51/49 to 97/3. According to



_1s accelerated by heating. 15 In the present-invention, since alkoxy. -..
group-contai ning aromati c conpound (a2) is remarkably excellent in
reactivity, an al koxy structure can be easily introduced into a phenol
resin structure by the nethod 2. Therefore, the nethod 2 is preferably in
view of sinplicity of the nmethod. -In case of reacting by the nethod 1 or 2,
organi c solvents can be used, if necessary. 20 Specific exanples of usable
organi ¢ sol vent include nmethyl cellosol2se, ethyl cellosolve, toluene,

xyl ene and nmet hyl isobutyl ketone. The content of the organic solvent is
usually from 10 to 500% by wei ght, and preferably from 30 to 250% by

wei ght, babismeshod, the mojecnlar siruetgre:of ghe qbjretive,phangl resin ganbe Ytemate-har ged, The
reaction tenperature is usually within a range from40 to 250C, and 25

pr ef er abl ycopplymetio@i, and thog the alkvxy geampican he intoduded into the melesulasrstruenyre1 0 hour s.
26 \Wien a conmpound represented by the structural fornula (a3-a) is used as
t he conpoumdre(effientlyne reacti on constitutes a condensation reaction system
and a hydrogen halide gas such as hydrochloric acid gas is generated with
t he proceedi ng dh tliemethed2 (regarding amatict dfle hydroxy grow-eontaming bmimatihe hydr ogen
hal i de gas is quickly discharged out of the system 5 and trapped with an

al kal i & r ecoinipaohd (a1}, shedsikdxyegrews-teimainiby aromalnie Rompaodi{a)afld emoampenndd by the
structural fornula (a3-b) is used, the reaction constitutes a condensation

reacti on smsywhertdhdrged Férreatiien, Wbl @tio of the h§aRkH kRAlp-cohthitirig@omatc eedi ng of
the reaction, and thus it is preferred to quickly discharge themout of the

R v e e e et R A i b
reacti on SyHyeE APadd¥ahs of Ge othIRAHEESK mIS bf (h¥ hpdr8Ly gloBp containing
aromatic compound (al) and the alkoxy group-containing aromatic compound (a2) to the
10  number of mols of the compound (a3), {(al) + (a2)}/(a3), is preferably within a range from
51/49 to 97/3, 'When these conditions are satisfied, a cured article having more excellent
flame retardancy and dielectric characteristics can be obtained. The single stage reaction
in the method 2 is, for example, a method of charging all raw materials before the reaction
is accelerated by heating.
15 In the present invention, since alkoxy group-containing aromatic compound (a2)
is remarkably excellent in reactivity, an alkoxy structure can be easily introduced into a
phenol resin structure by the method 2.  Therefore, the method 2 is preferably in view of
simplicity of the method.
In case of reacting by the method 1 or 2, organic solvents can be used, if necessary.
20  Specific examples of usable organic solvent include methyl cellosolve, ethyl cellosolve,
toluene, xylene and methyl isobutyl ketone. The content of the organic solvent is usually
from 10 to 500% by weight, and preferably from 30 to 250% by weight, based on the total
weight of the raw materials to be charged.

The reaction temperature s usually within a range from 40 to 250°C, and

25  preferably from 100 10 200°C. The reaction time is usually from 1 to 10 hours.



not required. When the resulting phenol resin is severely colored, -
anti oxi dants and reducing agents nmay be added so as to suppress col oring.
Exanpl es of the anti oxidant include 15 hindered phenol -based conpound such
as 2, 6-di al kyl phenol derivative, dival ent phosphorus-based conpound, and
phosphite ester-based conmpound having a trival ent phosphorus atom Exanples
of the reducing agent include, but are not [imted to, hypophosphorous
aci d, phosphorous acid, thiosulfuric acggd, sulfurous acid, hydrosulfite,

and m xtures thereof and zinc. 20 After the conpletion of the reaction, the
reaction mxture is neutralized or subjecting to a washing treatnent until

the pH is adj ustWtema tdihpound cepigented bynha strocnital foadlulagaBakis abddyasfiom 4 to 7.
The neutralization treatnent and washing treatnent may be conducted

accor di ng ¢dinpbufi@ (39, thé RAGtontBANAMes d€Undensatig rRactibhaysté and e hidrogéil yst is

used, basic substances such as sodi um hydroxi de, potassi um hydroxi de, sodi um

car bonat e, halide @a31Rizh s h¥drbehdHe Ri¥esa8 9 gebrard With thd prok eedinpaT thtCredatRA, as a

neutralizer. In case of the 27 neutralization, phosphoric acid such as

buf fer mayaiXaheN i€ Reind HhacRE ﬁﬂﬁ@éﬁ%iwﬁsw@ﬁckgfgmmu@wm kfentd thin a

range from3 to 7 uUsing oxalic acid after the sy S made basic. The

obj ectiye mq@h?&@ﬁhggam%% gn@ﬁ%s?d%@ﬁ}s{eﬁg to the neutralization or
washi ng treat an Istil'ling o the “unreacted raw material s containing
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be of the system so as to increase a reaction rate.

10 When a compound represented by the strictural formula (a3-c) is used, the
reaction constitutes an addition reaction system and therefore a treatment for by-products is
not required. .

When the resulting phenol resin is severely colored, antioxidants and reducing
agents may be added so as to suppress coloring. Examples of the antioxidant include

15  hindered phenol-based compound such as 2,6-dialkylphenol derivative, divalent
phosphorus-based compound, and phosphite ester-based compound having a trivalent
phosphorus atom. Examples of the reducing agent include, but are not limited to,
hypophosphorous acid, phosphorous acid, thiosulfuric acid, sulfurous acid, hydrosulfite,
and mixtures thereof and zinc.

20 After the completion of the reaction, the reaction mixture is neutralized or
subjecting to a washing treatment until the pH is adjusted within a range from 3 to 7, and
preferably from 4 to 7. The neutralization treatment and washing treatment may be
conducted according to a conventional method. For example, when the acid catalyst is

used, basic substances such as sodium hydroxide, potassium hydroxide, sodium carbonate,

256  ammonis, tricthylenetetramine and aniline can be used as a neutralizer. In case of the



10 renoved by purification. In the epoxy resin conposition (1) of the
present invention, the phenol resin may be used alone, or other curing
agents may be used s far as the effects of the present invention are not
adversely affected. The other curing agent can be used in conbination so
that the content of the phenol resin is 30% by weight or nore, and
preferably 40% by 15 weight or nore, based on the total mass of the curing
agent. Exanples of the other curing agéft, which can be used in combination
of the phenol resin of the present invention include, but are not Iimted

to, amne-p . - ] b c . ' [4i
conpound, ’b%éﬁ@?p §§ﬁ§yp%§8°n§% ggéhob? %ﬁ&mt n Li%g“g 3’?@9 %gts%%db%l? t?)%}%g I
resins, and | vhydri c..phenol 20 of ,.ani. i,azine- | fied pheno
resin (pol 'Wiﬁ? %X%?#e n@&%ﬁ??ﬁnam%mfﬂ#gaﬁﬁghéﬁ ﬁéﬁ&iﬁ“ﬂﬁg \tng’&corrbi ned
by nel am ne or nz anani ne) . ng these, coppounds henal novol ak resin,
cresol novOPYk &5% Pﬁ%ﬁ?ﬁﬁ?ﬁ@m ﬁi/ %ﬂbFW%@ggﬁwgaﬁ@gPﬂpﬁodi fied
phenol resin, phenol aralkyl, resi napht hol aral kyl resin, paphthol
novol ak r e\yﬁh}n&%m%msﬁgﬁamaﬂ@% Eaptetooy mateTial soptaining, 826 cresol
condensed novol ak resin, biphenyl-nodified phgnol resin, biphenyl-nodified
28 napht hisidroxygronpenntaining atomatis corapsingi(31) and pmalkexy greup-Rom{IBIng of er abl e
because of excellent flame retardancy. It is particularly preferable to use
conpounds, arppatiesempaund (42).41 organisaelvent and dytpyetusiopvitiyhestipg uerer trdieadt phenol
resins such as phenol aral kyl resin, naphthol aralkyl resin,
bi pheny! - npréssujegthershy fotoncentrate the pradigth e fpe unreantad ray materialsibps meovessd and
ni trogen atom containing am notriazi ne-nodified phenol resins because the
resul ti ng eamrbedecycletic| B iy prefemred Id ipmmeduica apresise filtmationdtepdyto shedragtmentct ri c
characteristics. Exanples of the epoxy resin (B) used in the epoxy resin
conposi t i osftef he cofnpldtien of the reaction because inorganic salts and foreign matters can be
10  removed by purification.
In the epoxy resin composition (I) of the present invention, the phenol resin may
be used alone, or other curing agents may be used s far as the effects of the present
invention are not adversely affected.  The other curing agent can be used in combination
so that the content of the phenol resin is 30% by weight or more, and preferably 40% by
15  weight or more, based on the total mass of the curing agent.
Examples of the other curing agent, which can be used in combination of the
phenol resin of the present invention include, but are not limited to, amine-based
compound, amide-based compound, acid anhydride-based compound, phenol-based
compound other than the above-described phenol resins, and polyhydric phenol compound
20  of aminotriazinesmodified phenol resin (polyhydric phenol compound in which the phenol
nucleus is combined by melamine or benzoguanamine).
Among these compounds, phenol novolak resin, cresol novolak resin, aromatic
hydrocarbon formaldehyde resin-modified phenol resin, phenol aralkyl resin, naphthol
aralkyl resin, naphthol novolak resin, naphthol-phenol condensed novolak resin, naphthol-

26  cresel condensed novolak resin, biphenyl-modified phenol resin, biphenyl-modified



present invention include bisphenol A type epoxy resin, bisphenol F type
epoxy resin, biphenyl type epoxy resin, tetranethyl biphenyl type epoxy
resin, phenol novolak type 10 epoxy resir, cresol novol ak type epoxy resin,
bi sphenol A novol ak type epoxy resin, triphenyl methane type epoxy resin,
tetraphenyl et hene type epoxy resin, dicyclopentadi ene- phenol addition
reaction type epoxy resin, phenol aralkyl type epoxy resin, naphthol
novol ak type epoxy resin, naphthol aralyl type epoxy resin,

napht hol - phenol - condensed novol ak type epoxy resin,

napbt hol - cresol - condensed novol ak type epoxy resin, aromatic 15 hydrocarbon
f or mal dehy daphthed iresimandi amineiriatipnmbdified phcmyqsm@mfer@éq becausd obpxsictient|
novol ak type epoxy resin. These epoxy resins may be used alone or in

conbi nat i ofiame Aetardgndyh e itds partioutarlyeprefiomblelso pirecompotmydse for eranple ddghn,

napht hal ene type epoxy resin, phenol aral kyl type epoxy resin, biphenyl

novol ak ty pfonefexud hﬁc&biylgfutpmqmwmm@heﬁqtmmpmrpmml apdlleyl pesint,i cul arl y
pref erabl e because of excell ent flane retardancy and 20 dielectric

char act er i phjHilol afiléy] 2601 Bipheri Fh) il FesirBandighehilemedifiedGaphgt to be

used in the ‘epoxy resin conp05|t|on of the present invention are not
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group in the curing agent containing the phenol resin (A is fromO0.7 to
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25 the epoxy re5| n (B) because the cured artlcl e is excellent in
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tertian 1% a%@x@ resin, cresol novolak type epoxy resin, bisphenol A novolak type epoxy resin,
triphenylmethane type epoxy resin, tetraphenylethane type epoxy resin, dicyclopentadiene-
phenol addition reaction type epoxy resin, phenol aralkyl type epoxy resin, naphthol
novolak type epoxy resin, naphthol aralkyl type epoxy resin, naphthol-phenol-condensed
novolak type epoxy resin, naphthol-cresol-condensed novolak type epoxy resin, aromatic
16  hydrocarbon formaldehyde resin-modified phenoal resin type epoxy resin and biphenyl
novolak type epoxy resin. These epoXy resins may be used alone or in combination,
Among these epoxy resins, biphenyl type epoxy resin, paphthalene type epoxy
resin, phenol aralkyl type epoxy resin, biphenyl novolak type epoxy resin and xanthene
type epoxy resin are particularly preferable because of excellent flame retardancy and
20  dielectric characteristics.
The amounts of epoxy resin (B) and the curing agent to be used in the epoxy resin
composition (I) of the present invention are not specifically limited, and are controlled so
that the amount of an active group in the curing agent containing the phenol resin (A) is
from 0.7 10 1.5 equivalents based on 1 equivalent of the total amount of epoxy groups of

25  the epoxy resin (B) because the cured article is excellent in characteristics.



such as 1, 8-di azabi cycl o-[5.4.0] -undecene (DBU) are preferably used because
of excellent curability, heat resistance, electrical characteristics and
noi sture-resistant reliability. Another epoxy resin conposition (I1) of the
present invention is an epoxy resin conposition conprising an epoxy resin
and a curing agent as essential conponents, 10 wherein the epoxy resin has
each structure of a glycidyl oxy group-containing aromatic hydrocarbon group
(E), an al koxy group-containing aromati4® hydrocarbon group (B) and a

di val ent aral kyl group (X), and also has, in a nolecular structure, a

structure in whigh the | yci dyl, ox roup-cont ai nj ng..aronati c_hydrocarbon
group (E) and tﬂgnﬁmg‘ﬁ%&@ﬁ&% F%aﬂiﬂﬁé‘s%?‘ﬂﬁ%b”@gﬁwgﬁ%mﬁx Moup (B)
are bonded to the her gl ycidyl oxy group 15 containing aronmati,c hydrocarbon
group (E) W@Fﬁ’@ﬁzﬁ QEQ’G@I‘?E%“&‘F’HPKFQ a‘?’&‘?ﬁ% Fynng %@%ﬁ@ﬂ%@ B) via the
di val ent aral kyl group ()Q .That is, the epoxy resin in the epoxy resin
conpositimi/eﬁthese@ ipdg phesphpns-haged compgund, tastary amines OF9aMEi ng t he
epoxy resin conposition (1) wth epihal ohydrin and has the sane base

skel et on aarid metal saft, Lenvis geidsod amingicompiexe r Whenasedsforpamigondyctongealing e of 20
the phenol resin, since the aromatic content in the nolecular structure

i ncr eades, matetialephosphakisihgséd compounds|such as tripkenylphespbisiel and fertiantieminesi st ance
to the cured article and noderately decrease the epoxy group concentration,
and t he nodfuehas h\8-didzabicycio-£S. A4 uadecaic(DBU)quropreferablycused becaubeeofttixedlieot ri ¢
constant and dielectric dissipation factor of the cured article can be

decr eased wiribility} heatiesisrandey claétfies ichargetenistiaband myistuPsreSiswant raliakiilityt he case of
t he phenol resin, when structural units of the glycidyloxy 30

gr oup- cont ai ni ngAsutheFepéxy resin caapositiun (I ofthe piesent ientidrkia ay epoxyutpsiaont ai ni ng
aromati ¢ hydrocarbon group (B) and the divalent aralkyl group (X) are

21587 s Bttt st s 5L
10  wherein the epoxy resin has each structure of a glycidyloxy group-containing aromatic
hydrocarbon group (E), an atkoxy group~containing aromatic hydrocarbon group (B) and a
divalent aralkyl group (X), and also has, in a molecular structure, a structure in which the
glycidyloxy group-containing aromatic hydrocarbon group (E) and the alkoxy group-
containing aromatic hydrocarbon group (B) are bonded to the other glycidyloxy group-
16  containing aromatic hydrocarbon group (E) or alkoxy group-containing aromatic
hydrocarbon group (B) via the divalent aralkyl group (X).

That is, the epoxy resin in the epoxy resin composition (IT) is epoxidated by
reacting a phenol resin constituting the epoxy resin composition (I) with epihalohydrin and
has the same base skeleton as that of the phenol resin.  Therefore, similar to the case of

20  the phenol resin, since the aromatic ¢content in the molecular structure increases, thereby
making it possible to impart excellent heat resistance to the cured article and moderately
decrease the epoxy group concentration, and the molecular structure has an alkoxy group
therein, the diclectric constant and dielectric dissipation factor of the cured article can be
decreased without adversely affecting curability.

25 Similar to the case of the phenol resin, when structural units of the glycidyloxy



--fet+ety Y 1 or structural noieties Y2 and Y3 anong the foll ow ng structural
noieties YI to 5 Y3. [Chemcal Fornmula 14) -E-X-B- Yl -E-X-E Y2 -B-XB-
Y3 In the present invention, because of such a characteristic chem cal
structure, the aromatic content in the nolecular structure increases and
excel l ent heat resistance is 10 exhibited. Furthernore, the hydroxyl group
concentration can be noderately decreased and also the dielectric constant
and the dielectric dissipation factor cgn be decreased by introducing an

al koxy group into the nolecular structure wthout drastically decreasing the
hydroxyl group concentration. \Wen the phenol resin is used as a curing

agent for grpopyontsinimp arontatichiydiocirporigreap (k) dﬂallexygrcmpconﬂah:mgsmnthy of
special nention that excellent 15 dielectric characteristics are exhibited,

al t hough ahyidestattion gedu gQ(BQHﬁﬂ the divalencoalRer grbap OU)are fepesentad by YE'Y “Btiaid as

al koxy group is introduced. The nol ecul ar structure of the epoxy resin may

vary accorﬁ'ng?sf,&nw? e Bhty redin edaaitially Bas, &f a choleddldr sthictupé)d sesariil es t her eof
0}

incl ude the f Wi ng structures (1) to (5): 1) a linear alternating

copol yimer ighy¥1 ofdtruiturd Rftiétied W2l I3 sthonf theCollbwi %aﬁaaﬁnmkubywm@ 20
followi ng structural fornula Y4: [Chem cal Formul a -E-X-B-X- Y4 2) a

branch aygernating copolymer having, as a repeati ng unit, structures
represented by 31 the followng structural forrmulas Y5 to Y7:

[Chemical Formula 14]
—E—X-B— Yi
~—E—X—E— Y2
—B—X—B— Y3
In the present invention, because of such a characteristic chemical structure, the
aromatic content in the molecular structure increases and excellent heat resistance is
10  exhibited. Furthermore, the hydroxyl group concentration can be moderately decreased
and also the dielectric constant and the dielectric dissipation factor can be decreased by
introducing an alkoxy group into the molecular structure without drastically decreasing the
hydroxyl group concentration. When the phenol resin is used as a curing agent for epoxy
resin, curability does not deteriorate. It is worthy of special mention that excellent
15  dielectric characteristics are exhibited, although a functional group having comparatively
high polarity such as alkoxy group is introduced.
The molecular structure of the epoxy resin may vary according to the number of
balances of “Y” and “B” and examples thercof include the following structures (1) to (5):
1) a linear altemating copolymer having, as a repeating unit, a structure represented by the
20 following structural formula Y4:
[Chemical Formula 15]
—E—-X—B—X— Y4

2) a branched alternating copolymer having, as a repeating unit, structures represented by



(Chem cal Formula 16) -E-X-& X- YS -E-X-B-X- Y6 -E-X-14---X- Y7 | | 3) a

| i near or branched random pol yner having all structural noieties Yl to Y3, 5
4) a polynmer having a structure in which a polymer block conprising
structural units Y and structural units X bonded alternately with each
other and plural structural units Y in the polyner block are knotted with a
structural unit B via the structural unit X and 5) a polynmer conprising a
pol ymer bl ock conprising structural umdlts Y and structural units X bonded
alternately with each other, and a polynmer bl ock conprising structural units
B 10 and structural units X b e lternately with each other. The

gl yci dyl Jkﬁ}‘ﬂﬁm%ﬁwmﬁﬁﬂﬁr d{,{’;l hydr ocar bon group (E) is not

specific y limted and may be preferably aromati c hydrocarbon groups

r epr esent l&hetmieal Wgl8lowi ng structural formulas El to El 6 because of
excellent dielectric performances. [Chem cal Fornmula 17] 32 0~ OO OO0O

00 00 .Fe R f-900y0 00 Pl w6 —pX-PpX—
’f j f
3) a linear or branched random polymer having all structural moieties Y1 to Y3,

5  4)a polymer having a structure in which a polymer block comprising structural units Y and
structural units X bonded alternately with each other and plural structural units Y in the
polymer block are knotted with a structural unit B via the structural unit X, and
5) a polymer comprising a polymer block comprising structural units Y and structural units
X bonded alternately with each other, and a polymer block comprising structural units B

10  and structural units X bonded alternately with each other.
The glycidyloxy group-containing aromatic hydrocarbon group (E) is not
specifically limited and may be preferably aromatic hydrocarbon groups represented by the
following structural formulas E1 to E16 because of excellent diclectnc performances.

[Chemical Formula 17)



\\\ Ef3EH ESE6/ ~3CH OHO0OO 00 O}I3\ CH3 E9 EIO EIl \ E12
CH3 O- OOI\// E13\ | \ / E14 E15 E16 3 OO -Bu 0O Wen each of these
structures is |ocated on a nol ecul ar end, a nonoval ent aromatic hydrocarbon
group is forned. Anong these structures, regarding those having two or nore
positions of bonding with the other structural noiety on a naphthal ene 33
skel eton, the bonding position may be gn the sanme or different nucleus.
Anong the gl ycidyl oxy group-containing aromati c hydrocarbon groups (E)
described in detail, preferred exanples are glycidyl oxybenzenes and
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When each of these structures is located on a molecular end, a monovalent

-

E15 Elé

aromatic hydrocarbon group is formed, Among these structures, regarding those having

two or more positions of bonding with the other structural moiety on a naphthaiene



gl yci dyl oxynapht hal enes represented by the above structural formulas El to
E15, and 5 divalent or trivalent aromatic hydrocarbon groups fornmed from a
nol ecul ar 'structure selected froma conpound having a nethyl group as a
substituent on the aromatic nucleus of them because excellent flane
retardancy can be inparted to the epoxy resin cured article itself and it
becones possible to design a hal ogen-free material which has strongly been
required in the field of electronic co8onents, recently. 10 In the present
invention, it is preferred to Shave a structure represented by the

follow ng structural forrmula (5)_ or (6) because excellent flane retardancy
can be i ¢taw the bpnding pepitien mak be an thesame oF ditlereat mcdess . [ cheni cal Fornul a
18] 000 (5 (6) s)c 15 wherein, in the formulas (5) and (6), RS
represents a hyAmonetheglynidyloxygronp-¢npraining aypmatia hydrgcarben grewps &) an i nt eger
of 1 to 3. Specific structures represented by the structural formula (5) are
t hose repdescehedin detayl, praferred examplescare glyeidploxybenengpand=6 to E9. Specific
structures represented by the structural fornula (6) are those represented
by the st Bmi&mmmeMd)yﬁm abo¥4 stritterabfokoules Bt Bl end ai ni ng

di val ent aromati c hydrocarbon group (B) contained in the epoxy resin

st r uct &r e divalenpexiif-alentlatomatic dydronebasgibmsiormed frérm amidecular seradtareof t he

epoxy resin conposition (1). The divalent aral kyl group (X) contained in the
epoxy resiseleqtéd froinWcompsund having a2 methyl group as a substituent on the aromatic nuclevs

of them because excellent flame retardancy can be imparted to the epoxy resin cured article
itself and it becomes possible to design a halogen-free material which has strongly been
required in the field of electronic components, recently.

10 In the present invention, it is preferred to have a structure represented by the
following structural formula (5) or (6) because excellent flame retardancy can be imparted
to the epoxy resin cured article itself.

[Chemical Formula 18]
o)

{B‘ © @ (©)

16  wherein, in the formulas (5) and (6), Rs represents a hydrogen atom or a methyl group, and
0 represents an integer of 1 to 3.
Specific structures represented by the structural formula (5) are those represented
by the structural formulas E1 and E6 to E9.  Specific structures represented by the
structural formula (6) are those represented by the structural formulas E10 and E11.



6 specifically the same as those in the phenol resin of the epoxy resin
conposition (1). The epoxy resin used in the present invention can have
optional combinations of structures described in the above specific
exanpl es of the structural noieties (E), (B) and M As described above,

al so in the epoxy resin conposition (l11), flanme retardancy of 10 a cl ued
article is remarkably inproved accordi to the selection of the structure
of the epoxy resin. Specifically, when the al koxy group-containing aronatic
hydr ocarbon group (B) is a nonoval ent or polyval ent aromatic hydrocarbon

group forned frg ﬁgﬁgﬁm qltyag,c% I@ )(g&;ﬂﬁﬂane,

met hoxynapht haI ene 051?hoxybenzene 16 et hoxynapht hal ene, and a conpound

havi ng am..h%go group ﬁ@p&iﬁéaﬂ?mcsaﬂ.efapﬁms@fnqn@ﬁmomﬁh%v&eof them the

di valent ara I s"a dival ent hydrocarbon group having a

S AR 0 (1) Wherei n Rl represents & hydrogen atom
o oup. 2t phory iy %?%ﬁéﬁ%%&@ﬁ%ﬁ% O %ﬁé%@%ﬁ,“e%e”f ne

01 vl PRFAIDI B PR 0 9&%&&5 m?ﬂféﬁﬁ?ép%%? ottt e

sel ected from chi on enzene j dyl oxyna hth Ienﬂ and conmpound
having a met hylgﬁlj’r"gﬁ’fy 38 ety o et G ARRPRE REPACoR oL horn

(

fl
ame ret s%dancyk I:nz!dﬁ| m ve rgspgcllgc é:}ail%kes of the structural moieties (E), (B) and
.

As described above, also in the epoxy resin composition (II), flame retardancy of
10 & cured article is remarkably improved according to the selection of the structure of the
epoxy resin.
Specifically, when the alkoxy group-containing aromatic hydrocarbon group (B)
is a monovalent or polyvalent aromatic hydrocarbon group formed from a molecular
structure selected from methoxybenzene, methoxynaphthalene, ethoxybenzene,
16  ethoxynaphthalene, and a compound having a methyl group as a substituent on the
aromatic nucleus of them,
the divalent aralkyl group (X) is a divalent hydrocarbon group having a structure
represented by the following structural formula (1):
[Chemical Formula 3]
ftll 1}1

oo —CH—Ar—CH— M

wherein R, represents a hydrogen atom or a methyl group, and Ar represents a phenylene

group, a biphenylene group, a diphenyl ether-4,4’-diyl group or a naphthylene group, and

the glycidyloxy group-containing aromatic hydrocarbon group (E) is a divalent or

trivalent aromatic hydrocarbon group formed from a molecular structure selected from



remar kably inproved and it becones possible to prepare a hal ogen-free
material as an electronic conponent-related nmaterial. 5 The al koxy
group-contai ning aromati ¢ hydrocarbon group (B) is particularly preferably
a divalent or trivalent aromatic hydrocarbon group in view of curability and
dielectric characteristics. The epoxy resin preferably has an epoxy group
equi valent within a range from 200 to 700 g/eq. because flane retardancy
and dielectric characteristics of the #8ured article 10 are nore inproved,
An epoxy resin having a nelt viscosity at 150C as neasured by an | Cl

vi sconeter, wi,t.hin a range .fromO0.3 to 5.0, dPa' s i refergble because of
excel | ent EYQRYloNyYenzens, fixcjdyiprmanhthalens. prdg %"Qflgﬁgﬁg %F‘ea’rYLg’PHP@ﬂaart icle.
In the present invention,,6 a novel epo resin of the present ,inyention is
obt ai ned TSRS S8 sheprmpic %%my&@&ﬁyﬁéngm%ae?%egwmﬂﬁ@?‘ ¥ viscosity
wi thin the above range. Wen the epoxy group 15 equivalent is within a range
from 260 ¥emarkeblyjmpepved pad itbecamespgssitile gwrmam ahelogan-feematetial a6 Py excel | ent
i n bal ance between dielectric characteristics and curability of the

conposi t i dectronie compongmbxelated miaterishn abundance rati o of the gl yci dyl
group-contai ning aromati ¢ nonoval ent or dival ent hydrocarbon group (E) to

t he al&koxy gr oufhealioxyigniupecantainihgaromati bydnvdacbdnygrieupo®) bopartigudesly (B), t he
former/the latter, is preferably within a range from 20 30/70 to 98/2
because fprafeeablys divalanior tAvalent iamineatic hydrocdrboragrbep instiew of afratility andr ed articl e
are nore inproved. The epoxy resin can be produced by the nethod descri bed

i n det ai | diblebtoiecharspedstité.cal | y, the obj ective epoxy resin can be produced by

produci ng a phenol resin in the epoxy resin conposition (I) by the
above- descri bedIlierpbogresingréfembly Hag ai dx# prqupeqoilvalestovithiiva rdhge fiokal ohydri n.
For exanple, there can be exenplified a nethod 36
200 to 700 g/eq. because flame retardancy and dielectric characteristics of the cured article
10  are more improved. An epoXy resin having a melt viscosity at 150°C as measured by an
ICI viscometer within a range from 0.3 to 5.0 dPa- 3 is preferable because of excellent
fluidity during molding and heat resistance of the cured article. In the present invention,
a novel epoxy resin of the present invention is obtained from those having the hydroxyl
group equivalent and melt viscosity within the above range. When the epoxy group
15  equivalent is within a range from 260 to 420 g/eq, the resulting cured article is particularly
excellent in balance between dielectric characteristics and curability of the composition.

In the epoxy resin, an abundance ratio of the glycidyl group-containing aromatic
monovalent or divalent hydrocarbon group (E) to the alkoxy group-containing divalent
aromatic hydracarbon group (B), the former/the latter, is preferably within a range from

20  30/70 to 98/2 because flame retardancy and dielectric characteristics of the cured article
are more improved.

The epoxy resin can be produced by the method described in detail below.

Specifically, the objective epoxy resin can be produced by producing a phenol
resin in the epoxy resin composition (T) by the above-described method and reacting the

26  phenol resin with epihalohydrin. For example, there can be exemplified a method



_conprising adding 2 to 10 nols of epihalohydrin to I nol of a phenolic

hydr oxyl group in the phenol resin and reacting at a tenperature of 20 to
120C for 0.5 to 10 hours while adding 0.9 to 2.0 nols of a basic catalyst
to 1 nol of a phenolic hydroxyl group at a time or gradually. This basic
catal yst may be used in the formof solid or an aqueous solution. 6 Wen
usi ng an aqueous sol ution, there may bipenployed a net hod conpri sing addi ng
the basic catal yst continuously, distiling off water and epi hal ohydrins
continuously fromthe reaction m xture under reduced or normal pressure,

separ at | 1. lSiuaRkRg D (8 it or e BBHAC 1A of o BEholiE i roun i

epi hal ohydr e reaction ont 1 nuou n-case of I ndustri al
producti o | hal gg '! 48 rfg%i ' hnitial
batch for %?gﬁgfﬁg@%{ﬂgﬁ%e%%fg% SIn aotrfgoﬁ\l/vﬁgges, '?{t&]}@ﬂbﬁlrre léfrléfjlbl e to use
epi hal ohydr4.,ns [ frqQm.th [ | ﬂug{ i l.pation with
new epi ha adéﬁ??{ﬁﬂ‘%?“n“éfag’ﬁ%ﬁﬁ?‘“&%ﬁ?ié’%’gﬁﬁh%'q’f’g&g osglgf)br?g)%g | r?lrt he
reaction in th fal.l ow.n atch. . The .epi,hal ohydri.n to edq 8. not
Cpect 11 cal Py « Dhjs B Chlis Py od e e T RE Vi o B R S e
epi bronohydrin and P-net hyl epi ch| orohydrin.. Anpn 5.t hese .epi hal ohydri ns,
epi chl ¢t ohYAER BSINg %?%‘F%‘F%"Bﬁ’g*%é}!% %WIF °’F’§1°(¥g;£ﬁg1’éﬁ°9 |°P'59‘P’a%£f‘éﬁ%‘%¥w th
ease. Specifjc exanples of the basic cat %Stﬂlqil,&fl yde al kali eélrt nmet al
hydr oxi de, basicicatalyst ¢astinpously; distithipg off natex endienibalohydring camtinyqusly t hese
basi c catal ysts, alkali metal hydroxide is preferable because it is
excel | ent Yepctionumixre undse redyeadyor gprmal Bressyss, jenamting thegeaciign FUXWES tPeact i on,
and exanpl es thereof include sodium hydroxi de and potassi um hydroxide.
Bef or e usefemonevatep 284 reterning opthalohydrins into thragactian migture soptigoudly. aqueous
sol ution having a concentration of about 10 to_55% by weight, or may be used
in the form of Bepserf induatriakproductinn, aitheughalliepihalohydrinsde be ehargaddnapoxy resin
can be enhanced by using in conbination with an organic sol vent. Exanples
of t hel®r giaitiat beseh for prodoetian of an ehoxy resimare new ones, it is preferable to use
epihalohydrins recovered from the crude reaction product in combination with new
epihalohydrins in the amount corresponding to those consumed in the reaction in the
following batch. The epihalchydrin to be used is not specifically limited 2nd exarnples
thereof include epichlorohydrin, epibi'omohydrin and f-methylepichlorohydrin. Among
15 these epihalohydrins, epichlorohydrin is preferable because it is commercially available
with ease.
Specific examples of the basic catalyst include alkali carth metal hydroxide, alkali
metal carbonate and alkali metal hydroxide, Among these basic catalysts, alkali metal
hydroxide is preferable because it is excellent in catalytic activity of the epoxy resin
20  synthesis reaction, and examples thereof include sodium hydroxide and potassium
hydroxide. Before use, these basic catalysts may be used in the form of an aqueous
solution having a concentration of about 10 to 55% by weight, or may be used in the form
of solid. The reaction rate in the synthesis of the ¢poxy resin can be enhanced by using in

combination with an organic solvent. Examples of the organic solvent include, but are

26  not limited to, ketones such as acetone and methyl ethyl ketone; alcohols such as methanol,



26 not limted to, ketones such as acetone and nethyl ethyl ketone; al cohols
such as nethanol, 87 ethanol, 1-propyl alcohol, isopropyl alcohol,

1- but anol, secondary butanol and tertiary butanol; cellosolves such as

met hyl cell osolve and ethyl cellosolve; ethers such as tetrahydrofuran,

|, 4- di oxane, 1, 3-di oxane and di et hoxyet hane; and aprotic polar solvents

such as acetonitrile, dinethyl sulfoxide and di nethylformm de. These
organi c solvents 5 may be used al one o87in conbination so as to contro
polarity. After washing the reaction product of the epoxidation reaction

with water, the. unreacted epihal ohydrin and the organic solvent are
di sti | | ed cHipoly]-prpy ﬁﬁ@ogdﬁm‘w deghol 1-%%@@"%%9fmddﬂmce t he

content of hydrolyzabl e hal ogen in_the epoxy resin, the resulting epoxy
resin is duaeledipselyes wchﬂsﬁﬁ‘hﬁlrfgﬂﬂ%"%@ﬂ@ém callosolve;ethegs syehas net hyl 10
| sobutyl ketone or rretﬁt\él et hyl ketone and an aqueous sol ution of an al kali
netal  hydstshydrofurens H,dedioxandi Lidndinxamesnddhiethoxyethane: and apmiicipelag sodventind t hen

the reaction can be conducted. In this case, for the purpose of inproving

t he react isuch asscetonittile, dimethyl sifoxidy anddimethylfornaniden These prganigsolvents a phase
transfer catal yst such as quaternary ammonium salt or crown ether. Wen

usi ng Bhe mdydwaistd alosd @rin camnbingi$dn sotak éo comtobpdlarity. preferably within a 15
range fromO0.1 to 3.0% by wei ght based on the epoxy resin. A high purity
epoxy resin camﬂee\mhﬁ@meebabﬁoﬂdprbdmbMeepthhm@cﬁdﬁewhbmt&,ahe m xture
with water to renove a salt produced after the conpletion of the reaction,

and di sti lunreagted bpihMlobyirinend tesifaniSsolvent @9 distilled SF b Yikating@ndéritbdu¢ed one with
heati ng under reduced pressure. In the epoxy resin conposition (I1) of the

present i p@BireONin drlét t6 RAYe ﬂasaé.ﬂer(tanyc&&ymﬁhﬂ@@nbumethgomteaﬂ,dmef the

present invention can be used alone or in conbination w t he ot her epoxy
resin as fraquitiig épbly REGediSsoMed'abfin iX P SRinit 50106t s6rh Asluste] medypr sel y

affected. Wen using in conbingplon mn?ﬁ t he other epoxy resin, the content
of 1 e pepQbuty® ketBnddr methyl ethyl ketone and an aqueous solution of an alkali metal
hydroxide such as sodium hydroxide or potassium hydroxide, and then the reaction can be
conducted, In this case, for the purpose of improving the reaction rate, the reaction may
be conducted in the presence of a phase transfer catalyst such as quaternary ammonium salt
or crown ether. When using the phase transfer catalyst, the content is preferably within a
15 range from 0.1 to 3.0% by weight based on the epoxy resin. A high purity epoxy resin
can be obtained by filtering or washing the reaction mixture with water to remove a salt
produced after the completion of the reaction, and distilling off'a solvent such as toluene or
methyl isobutyl ketone with heating under reduced pressure.
In the epoxy resin composition (II) of the present invention, the epoxy resin (A)
20  obtained by the method of the present invention can be used alone or in combination with
the other epoxy resin as far as the effects of the present invention are not adversely affected.
When using in combination with the other epoxy regsin, the content of the epoxy resin of
the present invention in the entire epoxy resin is preferably 30% by weight or more, and
particularly preferably 40% by weight or more.

25 As the other epoxy resin, which can be used in combination with the epoxy resin



—the—present invention in the entire epoxy resin is preferably 30% by wei ght
or nore, and particularly preferably 40% by wei ght or nore. 25 As the other
epoxy resin, which can be used in conbination with the epoxy resin 38 of
the present invention, various epoxy resins can be used. Exanples thereof
i ncl ude bisphenol A type epoxy resin, bisphenol F type epoxy resin,
bi phenyl type epoxy resin, tetranethylbiphenyl type epoxy resin, phenol
novol ak type epoxy resin, cresol novol 88 type epoxy resin, bisphenol A
novol ak type epoxy resin, triphenyl nethane type epoxy resin, 5
t etraphenyl et hane type epoxy. resin, djcycl opentadiene-phenol_addition
reaction tof e REpWRLINvention, VaTiguLenoKy Fesing ¢an be pied o pExamplesthereofinginda ol novol ak
type epoxy  resin, naphthol aral kyl _type epoxy resin, .
napht hol - grisphencl AdypransEy rﬁﬁvblsal{mp% & §POXY TR, biphepyl iyperpoXy: Fesify | -
condensed novol ak type epoxy resin, aromatic hydrocarbon formal dehyde
resin- mditﬁwthﬂhéﬁmﬂmmﬂmﬂ@b&@} nevalak tyRe epaxy 5esih reselawelak ¢ ype
epoxy resin. Among these 10 epoxy resins, phenol aral kyl type epoxy resin
bi phenyl rgpetneKy repisebisphenpl Aaovalak type:envec a¢sim eripheaylmethane ype spaxydesimapht hol
novol ak type epoxy resin, naphthol aral kyl type epoxy resin,
napht hdl - pgeteaphkayleathahe tpmec:povy risink dicyglepeniadiene-phariohadditignredetion ¢ypespbxy
condensed novol ak type epoxy resin, crystalline biphenyl type epoxy resin,

t et r anet hytedin,phemliralicylpe gy resis maphtlol dovalak (ype epdxy pesirg paphtho] asdlky!
represented by the 15 followng structural fornula: [Chem cal Fornula 19]

at, CH, cC tgpe epoirirdsin; baphtiiol-phésidl-¢éiidefited MG vEIAK type Epoxiylresik naphthol-cresol-

condensed novolak type epoxy resin, aromatic hydrocarbon formaldehyde resin-modified
phenol resin type epoxy resin and biphenyl novolak type epoxy resin. Among these

10  epoxy resins, phenol aralkyl type epoxy resin, bipbenyl novolak type epoxy resin,
naphthalene skeleton-containing naphthol novolak type epoxy resin, naphthol aralkyl type
epoxy resin, naphthol-phenol-condensed novolak type epoxy resin, naphthol-cresol-
condensed novolak type epoxy resin, crystalline biphenyl type epoxy resin,
tetramethylbiphenyl type ¢poxy resin, and xanthene type epoxy resin represented by the

15  following structural formula:
fChemical Formula 19]

are particularly preferable because a cured article having excellent flame retardancy and
dielectric characteristics can be obtained.
The curing agent used in the epoxy resin composition (II) of the present invention
20  may be known various curing agents for epoxy resin, for example, curing agents such as

amine-based compounds, amide-based compounds, acid anhydride-based compounds and



—P are particularly preferable because a cured article having excell ent
flame retardancy and dielectric characteristics can be obtained. The curing
agent used in the epoxy resin conposition (lI1) of the present invention 20
may be known various curing agents for epoxy resin, for exanple, curing
agents such as am ne-based conpounds, am de-based conmpounds, acid
anhydri de- based conpounds and 39 phenol -based conpounds. Specific exanpl es
of the am ne-based conpound include dia&m nodi phenyl net hane,

di ethyl enetrianine, triethylenetetran ne, diam nodiphenylsulfone,

i sophor onedi am ne, i mdazple, BE3 -am npl ex and uani€1 ne derivative.
Speci fic @henpkbasedsomppundsy; wwm@ﬁﬁgﬁﬁammﬂaa%@m gﬁﬁ'}dﬁm de, and
pol yam de reS| n s nt hesi zed froma dinmer of linolenic acid and

et hyl enedidiamin lmethane diethylpratriaming JECHYICRCIEFAMIAG.| de- based conpound

I ncl ude phthallc anhydride, trinmellitic anhydride, yronellltlc anhydri de,
mal ei ¢ anidjrminediphenylsuifoney isophsmeniediamines imidazalel BF armlngfww lewasdir opht hal i c
anhydride, methyl nadi ¢ anhydri de, hexahydrophthallc an dri de and

met hyl hex zosniding Wetivative. aSpeyidiciedamplspefthé amidebassdcompeundsinclude phenol - based
conmpound i ncl ude pol yhydric phenol conpounds such as phenol novol ak resin,
cr esol 5nodidyahdiamilenandapobyratidecresiy dyrnihesized firofrox dimiet efljmidenicaridandyodi f i ed
phenol resin, dicyclopentadi enephenol addition type resin, phenol aralkyl

resin (pephylenediamine. Spboific examipies of tepbidanhydridattieydd compiomnd include
trimet hyl ol met hane resin, tetraphenyl ol ethane resin, naphthol novol ak resin,

napht hol - phealit attdddsIesiellidy ahlgidridd, pyfoisellitic anhpdridepinaleicambydridendensed

novol ak resin, biphenyl-nodified phenol resin (polyhydric phenol conpound

b1 phenyl - megt T CPaph o Ean (pary e e napht hel compadnd Th whi ch the

hexahydrophthalic anhydride and methylhexahydrophthalic anhydride. Specific

10  examples of the phenol-based compound include polyhydric phenol compounds such as
phenol novolak resin, cresol novolak resin, aromatic hydrocarbon formaldehyde resin-
modified phenol resin, dicyclopentadienephenol addition type resin, phenol aralkyl resin
(popular name: Xylak resin), naphtho! aralkyl resin, trimethylclmethane resin,
tetraphenylolethane resin, naphthol novolak resin, naphthol-phenol condensed novolak

15  resin, naphthol-cresol condéensed novolak resin, biphenyl-modified phenol resin
(polyhydric phenol compound in which the phenol nucleus is combined by a bismethylene
group), biphenyl-modified naphthol resin (polyhydric naphthol compound in which the
phenol nucleus is combined by & bismethylene group), aminotriazine-modified phenol
resin (polyhydric phenol compound in which the phenol nucleus  is combined by

20 melamine or benzoguanamine).

Among these compounds, those containing a lot of aromatic skeletons in the

molecular structure are preferable in view of flame retardant effect.  Specifically, phenol
novolak resin, cresol novolak resin, aromatic hydrocarbon formaldehyde resin-modified

phenol resin, pheno! aralkyl resin, naphthol aralkyl resin, naphthol novolak resin, naphthol-

25  phenol condensed novolak resin, naphthol-cresol condensed novolak resin, biphenyl-



——phenol nucl eus is conbined by a bisnethyl ene group), am notriazi ne-nodified
phenol resin (polyhydric phenol conpound in which the phenol nucleus is
conbi ned by 20 nel am ne or benzoguanam ne). Anobng these conpounds, those
containing a lot of aromatic skeletons in the nolecular structure are
preferable in view of flane retardant effect. Specifically, phenol novol ak
resin, cresol novol ak resin, aromatic hydrocarbon fornmal dehyde
resin-nodi fied phenol resin, phenol a#@l kyl resin, naphthol aral kyl resin,
napht hol novol ak resin, naphthol 25 phenol condensed novol ak resin,

napht hol - crespl. condensed. noval ak, tesin, . bi phenyl 40 no.difio%g%%;enol resin,
bi phenyl - mﬁﬁ@@e%mg}phm&mpdaﬁﬁﬂsn&abﬁheftfgﬁﬁ%mmaﬂnsaﬂ ol resin
are preferably because of excellent flane retardancy. wever, . in the

present i Rhenel resin areprfesably hepansernf exeellent famerretgrdanedy s Howeverendhe | ectri ¢

constant and dielectric di sslim%ation factor is exerted, a phengl resin, used
as an esspresenslinventions singe remarkable affestnf decreasingthe disleewsiciopnstantadd particul arly
a novel phenol resin of the present invention is preferable. Furthernore,
when t he pdielsetic dissipation factos apexened, afphenvl zesimtised@s e g3seutial porApongALn the B)
havi ng an al koxy group represented by the structural formula (1'), a

di val efit epoxyl rksih campasiticnX]), paticwlariynd mavebphenblresin ofithe preatntfinventiomis( 2' ) and a
phenol i ¢ hydroxyl group-containing aromatic hydrocarbon group (P)

r epr esent gekfirybleh eFirtiermére, when the plebp] resin islébmposabofian ardnaatichypgroeérbomb| e
because excellent flame retardant effect is exerted. The contents of the

epoxy r esigroupH) hivingan dlkexyageuti represdnted bynhstrucasil formuda(ios adivalen( | 1) of the

present invention are not specifically limted and the content of the

active gr akikyl group €Xy tépredentediByhe istudbirall fofriilh Y2°) asa phefiolichydedxybqui val ent s
based on 1 equivalent of the total epoxy groups in the epoxy resin because
t he resul igrdig-coHiaRinPdrbingtiChydrocatfon s (PRRpreschtad by e ftnuki (3F 6r (4), it
10  is particularly preferable because excellént flame retardant effect is exerted.
The contents of the epoxy resin and the curing agent in the epoxy resin
composition (IT) of the present invention are not specifically limited and the content of the
active group in the curing agent is preferably from 0.7 to 1.5 equivalents based on 1
equivalent of the total epoxy groups in the epoxy resin because the resulting cured article is
16  excellent in characteristics.
If necessary, the epoxy resin composition (II) of the present invention can be
appropriately used in combination with a curing accelerator.  Various curing accelerators
¢can be used and examples thereof include phosphorus-based compound, tertiary armine,
imidazole, organic acid metal salt, Lewis acid and amine complex. When using for
20  serniconductor sealing materials, phosphorus-based compounds such as triphenylphosphine
and tertiary amines such as 1,8-diazabicyclo-{5.4.0}-undecene (DBU) are preferably used
because of excellent curability, heat resistance, electrical characteristics and moisture-
resistant reliability.
Regarding the epoxy resin compositions (I) and (II) of the present invention

28  described in detail, since the resin itself has effect of imparting excellent flame retardancy



_|If necessary, the epoxy resin conposition (I1) of the present invention can
be appropriately used in conbination with a curing accel erator. Various
curing accelerators can be used and exanpl es thereof include
phosphor us- based conpound, tertiary amne, imdazole, organic acid netal
salt, Lewis acid and am ne conpl ex. Wen using for 20 sem conduct or sealing
mat eri al s, phosphorus-based conpounds such as tri phenyl phosphine and
tertiary am nes such as 1, 8-di azabicychp-[5.4 ( -undecene (DBU) are
preferably used because of excellent curability, heat resistance,
el ectrical characteristics and noisture. resistant reliability. Regarding
t he epoxy atcdsding twothe selédtion of the inolambr (eight off the spoxyresiteort the cwengtagent, 25
described in detail, since the resin itself has effect of inparting

excel | ent tHe resitingedunddiaticly istkcelRacinMiinrgetniahdycevar ifacdonventiohalhyhwsedol ecul ar

wei ght of the epoxy resin or the curing agent, the resulting cured article

is excel | @gineir@taidbTEndtdbcdnstaned. Heweves, iordervs erhibit edré sxcelia flafeane
retardant is not incorporated. However, in order to exhibit nore excellent

flame ret@Ldaigya hlodtl MG inde reardaf(0) cohigingaibstdnGrllE AMhabgenHom
substantially n0 hal ogen atom5 may be incorporated in the filed of

sem copd Ug.lﬁa?fbeﬁﬁ&#o?ﬁe&'ﬁhﬁé fdSf Snibaduedr falif@Riatetitly ab far af HRIdABRRY I St ep

and relia ity o e sem conductor device do not deteriorate. The epoxy

resin Copgfﬁséyemg%@%hqambggy bi e SathieOiity-of 8&vidd dHor BAEAGERN (O

subst ant I NS Nno ogen atom t may contain a trace amount (5000

Cont ai ned i 0 t hAnS SRRy FbuEictiBoion PRl U el HfiEnAdE ) 1 1
22T k) S U T o o SROCERARE 0D BRE L™
These 11 QtEAPRTLAA R SurpEgien 4R Hom dffalony it LRty o Fofl, 01
retarqgnts my Re 4Si85of e halogen-free flame retardant (C) include, but are not limited to,
phosphorus-based flame retardant, nitrogen-based flame retardant, silicone-based flame
retardant, inorganic flame retardant and organic metal salt-based flame retardant. These
flame retardants may be used alone or the same kinds of flame retardants may be used in
combination, or different kinds of flame retardants may be used in combination.
15 Examples of the phosphorus-based flame retardant include, but are not limited to,
inorganic and organic compounds. Examples of the inorganic compound include
ammonium phosphates such as red phosphorus, moenoammeonium phosphate,
deiammonium phosphate, triammonium phosphate and ammonium polyphosphate; and
inorganic nitrogen-containing phosphorus compounds such as phosphoric acid amide.
20 The red phosphorus is preferably subjected to a surface treatment for the purpose
of preventing hydrolysis. Examples of the surface treatment method include (i) a method
of coating with an inorganic compound such as magnesium hydroxide, aluminum
hydroxide, zinc hydroxide, titanium hydroxide, bismuth oxide, bismuth hydroxide, bismuth
nitrate or a mixture thercof, (ii) a method of coating with an inorganic compound, such as

26  magnesiom hydroxide, aluminum hydroxide, zinc hydroxide or titanium hydroxide, and a



conbi nation, or different kinds of flanme retardants may be used in

conbi nation. 15 Exanples of the phosphorus-based flanme retardant incl ude,

but are not limted to, inorganic and organic conpounds. Exanples of the

i norgani ¢ conpound i nclude ammoni um phosphates such as red phosphorus,
nonoamoni um phosphate, dei ammoni um phosphate, triamoni um phosphate and
anmoni um pol yphosphate; and inorgani c nitrogen-containing phosphorus
conmpounds such as phosphoric acid am dd2 20 The red phosphorus is preferably
subjected to a surface treatnment for the purpose of preventing hydrolysis.

Exanpl es of  the surface treatpment nmethod include, (i) thod . of coating
with an i WP@“WM%M“&BW%P%W&W&ﬁﬁ&%fgﬂ?mﬁﬁ?aq?}dr oxi de,
zi nc hydroxide, titani um hydroxide, bisnuth oxide,  bisnmuth hydroxide,

bi smuth rf eostingfilsm madepfan jnereenie cerppound syoh a5 magperiem bydrevide. atgmipum, an

i norgani ¢ conpound, such as 25 magnesi um hydroxi de, al um num hydroxi de, zinc
hydr oxi de hydraxidearing hydroxide sy Ganiumhydeoxitle with sthgmmeoseiting resinesugl 8tphenaly r esin
such as phenol resin, and (iii) a nethod of double-coating a coating film
made of amesinor gani ¢ conpound such as magnesi um hydroxi de, al um num

hydr oxi de, zinc hydroxide or titanium hydroxide with a thernosetting resin
such as$ phenol Bxamples oSthexegpicghosphohisdamigampouphiosipdocaranadiyesigaiapound

i nclude commodity organic phosphorus-based conpounds such as phosphoric

aci d est erplpephopustshsedodononds suclnas phosghorip acid dstepdomsgpiand) iphosphosic acidpound,
phosphi ne oxi de conpound, phosphorane conpound and organic

ni t r ogen- copipauid, Phodphinéditid ctmpoant phosphink\oxidecompgant, phospharamhor us
conmpounds such as 9, 10-di hydro- 9-oxa 10- phosphaphenant hrene | 0-oxi de, 10

10- (2, 5- dimg;owmmﬁamani&o -Gmnitriing Phasplesed cotpuad)idpelwgddioxi de and
10- (2, 7- di hydr ooxynapht hyl)-T OH 9- oxéaiﬂl1 0- phosphaphent;?t hr ene=| 0- oxi de; and
phosphorus compounds such as 9,10-dihydro-9-oxa-10-phosphaphenanthrene=10-oxide,

10  10-(2,5—dihydrooxyphenyl)—10H-9-oxa-10-phosphaphenanthrene=] 0-onide and
10—(2,7-dihydrooxynaphthyl)-10H-9-oxa-10-phosphaphenanthrene=10-oxide; and
derivatives obtained by reacting these compounds with a compound such as epoxy resin or
phenol resin,

Each amount is appropriately selected according to the kind of the phosphorus-

15  based flame retardant, other components of the epoxy resin composition and the degree of
desired flame retardancy. When the red phosphorus is used as the halogen-free flame
retardant, the amount is preferably within a range from 0.1 to 2.0 parts by weight based on
100 parts by weight of the epoxy resin composition containing an epoxy resin, a curing
agent, a halogen-free flame retardant  and other fillers and additives. When using the

20  organic phosphorus compound, the amount is preferably within a range from 0.1 to 10.0
parts by weight, and particularly from 0.5 to 6.0 parts by weight.

When using the phosphorus-based flame retardant, the phosphorus-based flame
retardant may be used in combination with hydrotalcite, magnesium hydroxide, boride
compound, zirconium oxide, black dye, calcium carbonate, zeolite, zinc molybdate and

256  active carbon.



—derivatives obtained by reacting these conpounds with a conpound such as
epoxy resin or phenol resin. Each anmount is appropriately selected
according to the kind of the phosphorus- 15 based flame retardant, other
conponents of the epoxy resin conposition and the degree of desired flane
retardancy. When the red phosphorus is used as the hal ogen-free flane
retardant, the amount is preferably within a range from0.1 to 2.0 parts by
wei ght based on 100 parts by wei ght o#3the epoxy resin conposition
contai ning an epoxy resin, a curing agent, a halogen-free flame retardant

and other fillers and afdtgitjves. V\h‘ﬁ] usi ng,t he 20, or.gani ¢c_phosphor us
conpound, the aFutirples of the aitrogensbased flame fetafdant ing %%“6"’? PEUR®B 0 parts by
wei ght, and particularly from0.5 tQ 6.0 parts, by L ght. en .using the
phosphor u§yansis acid campoind, isogvanuric agid compannd and phosgtyatine; %mm?%? ardant rmay
be used in conbination with hydrotal cite, nagnesi um hydroxide, boride
conpound, cempewnd m#G@‘,iGWMde@}Soﬁaﬂ%ﬂiﬂﬁﬁ“&%ﬂMﬁé{‘Pﬁfﬂﬂbk& zi nc

mol ybdate and 26 active carbon. 43 Exanples of the nitrogen-based flane
retardant i ncl uBsamplesof the tiazing sompounshineiude melaming, acgiogBANAMING, socyanuri c
aci d conpound and phenot hi azi ne, and triazine conpound, cyanuric acid
conpousd &eozdgeamyrine; mefors aietimg, Gugrinoguaraming) z&ﬁ’bn%lelami@x pelpplsplarict he
triazi ne conpound include nel anm ne, acetoguanam ne, 5 benzoguanam ne, nel on,

mel um  suaeidneiandng mignanaminey (i cnenotrietisesuliate qooippyids spéhosi guanymieldmineani ne,
triguanamne, (i) am notriazine sulfate conpounds such as guanyl nel am ne

sul fate, maifas)melbmatifate and nelamnsuifbtef @) eocopdénsateoafphemols atchas phenohenol s such
as phenol, cresol, xylenol, butyl phenol and nonyl phenol w th nel am nes and

f or mal dehyg@ok uglanslsbutiiph&isl Al ndagipherpl vithawsl atinesad fognaddehpd rmch asl
fornguanamne, (iii) mxtures of the
melamine, benzoguanamine, acetoguanamine and formguanamine, (iii) mixtures of the

10  cocondensates (ii) and phenol resins such as phenolformaldehyde condensate, and (iv)
compounds obtained by modifying the compounds (ii) and (iii) with tung oil orisomerized
linseed oil.

Specific examples of the cyanuric acid compound include cyanuric acid and
cyanuric¢ acid melamine,

18 The amount of the nitrogen-based flame retardant is appropriately selected
according to the kind of the nitrogen-based flame retardant, other components of the epoxy
resin composition and the degree of desired flame retardancy. The amount is preferably
within a range from 0.05 to 10 parts by weight, and particularly preferably from 0.1 10 5
parts by weight, based on 100 parts by weight of the epoxy resin compositiox-x containing

20  an epoXy resin, a curing agent, a halogen-free flame retardant and other fillers and
additives.

When using the nitrogen-based flame retardant, a metal hydroxide and a
molybdenum compound may be used in combination.

The silicone-based flame retardant is not specifically limited as far as it is an

256  organic compound containing a silicon atom, and examples thereof include silicone oil,



10 cocondensates (ii) and phenol resins such as phenol f or mal dehyde
condensate, and (iv) conpounds obtai ned by nodifying the conpounds (ii) and
(itii) with tung oil orisonerized Ilinseed oil. Specific exanples of the
cyanuric acid conpound include cyanuric acid and cyanuric acid nelamne. 16
The amount of the nitrogen-based flame retardant is appropriately selected
according to the kind of the nitrogen-based flane retardant, other
conmponents of the epoxy resin conposi#4on and the degree of desired flane
retardancy. The anount is preferably wthin a range fromO0.05 to 10 parts
by weight, and particularly preferably from0.1 to 5 parts by weight, based
on 100 pafilisonsrubker gnd silieonepesibnoxy resin conposition containing 20 an epoxy
resin, a curing_agent, a halogen-free flane retardant and other fillers and
addi ti ves. WhenThesamnennt pEtha siliconecbaserHarne retadant isapproprintely selegiedal hydr oxi de
and a nol ybdenum conpound may be used in conbination. The silicone-based
flame ret agcording toghcnbimdgﬁﬁviﬁlif/aom-baﬁed flame catardantf osher sompenengs ofithe goxpr gani ¢
conmpound containing a silicon atom and exanples thereof include silicone

oi |, 44 sdsin compesitioh brd the degree 6f the flame estardancyh e Thenamount isfpreferably
silicone-based flame retardant is appropriately selected according to the
ki nd 0§ t Indthin 4 tangafrern @500 20 pans byetvaphichabed e H0rpacto by eweipht ef af epoky epoxy
resin conmposition and the degree of the flame retardancy. The ampunt is

pr ef er abl yesin svimpoisition comaiging fah @y rédin, taxcuzig pgerit, s Hajogenifigh flatha setardent 100
parts by weight of an epoxy resin conposition containing an epoxy resin, a

curing agand othér filldrogrindititioes. f | Wheh usktigahelsiliéonebastddlang refardahgns and
addi tives. Wien using the silicone-based flanme retardant, a
molybdenum compound and alumina may be used in combination.
Examples of the inorganic flame retardant include metal hydroxide, metal oxide,
10  metal carbonate compound, metal powder, boron compound and low-melting glass.
Specific examples of the metal hydroxide include aluminum hydroxide,
magnesium hydroxide, dolomite, hydrotalcite, calcium hydroxide, barium hydroxide and
zirconium oxide.
Specific examples of the metal oxide include zinc molybdate, moiybdenum
16 trioxide, zinc stannate, 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 and tungsten oxide.
Specific examples of the metal carbonate compound include zinc carbonate,
magnesium carbonate, calcium carbonate, barium carbonate, basic magnesium carbonate,
20  aluminum carbonate, iron carbonate, cobalt carbonate and titanium carbonate.
Specific examples of the metal powder include powders of aluminum, iron,
titanium, manganese, zinc, motybdenum, cobalt, bismuth, chromium, nickel, copper,
tungsten and tin.

Specific examples of the boron compound include zine borate, zinc metaborate,

25  barium metaborate, boric acid and borax,



—mweybdenum conpound and al um na may be used in conbination. Exanples of the
I norganic flanme retardant include netal hydroxide, netal oxide, 10 netal
carbonat e conpound, netal powder, boron compound and | ownelting gl ass.

Speci fic exanples of the netal hydroxide include al um num hydr oxi de,

magnesi um hydr oxi de, dolomte, hydrotalcite, calcium hydroxide, barium

hydr oxi de and zirconi um oxi de. Specific exanples of the netal oxide include
zi nc nol ybdate, nolybdenum 15 tri oxi de4fzi nc stannate, tin oxide, alum num
oxi de, iron oxide, titanium oxide, nmanganese oxide, zirconium oxide, zinc
oxi de, nol ybdenum oxi de, cobalt oxide, bisnmuth oxide, chrom um oxide,

ni ckel oxi de, Sppsifie exaniples ofithe lownmelting gloss includesplassy compeundspichas §ea t he

nmet al carbonate conpound include zinc carbonate, nagnesi um carbonate,

cal ci um caPbrr(Bokysubbromu o ); hipdmted glasHSi€h MgQehtcQi Rh@-BabPh sompeund, 2004l uni num
carbonate, iron carbonate, cobalt carbonate and titani um carbonate. Specific
exanpl es ofP; O eMgBtcamppumd] 85 O 132 OpaBbQ-Mg(d comprfund) R+Sn@Fcompaund, PbO+ ani um
manganese, zinc, nolybdenum cobalt, bisnmuth, chrom um nickel, copper,

t ungst en aiyg Qsi-TeO;Spanpdund, Alx O3 LG caxhpduiné ahd lead barsificadnd i ncl ude zi nc
borate, zinc netaborate, 25 barium nmetaborate, boric acid and borax. 46

Speci figc exanpl ghe @moliftef ity inoizabic figme rasdant icippiispriglehsseleced apawdidg tsuch as
Sea Pree (Bokusui brown Co.), hydrated glass Si2-MOH2 0, PbO B2G3

conpound, kind BEtHeSnor ASAP fitdant RehePEompPaheRiz of He@pblQesiatbmposhior- Sn- O F
conpound, PbO V2 05 -Te®2 conpound, Al2 03 -H2 O conpound and | ead

borosi | i cqhg theidefte R MRMB retidadd}S THORHGM: §5 frbfRfiBly Witidh 8 dHge fomPROSs @01 1 ately
sel ected according to

20 parts by weight, and particularly preferably from 0.5 to 15 parts by weight, based on

100 parts by weight of the epoxy resin composition containing an epoxy resin, a curing

10  agent, a halogen-free flame retardant and other fillers and additives.

Examples of the organic metal salt-based flame retardant include ferrocene,
acetylacetonate metal complex, organic metal carbonyl compound, organic cobalt salt
compound, organic sulfonic acid metal salt, and compound in which a metal atom and an
aromatic coropound or a heterocyclic compound are ionic-bonded or coordinate-bonded.

15 The amount of the organic metal salt-based flame retardant is appropriately
selected according to the kind of the organic metal salt-based flame retardant, other
components of the epoxy resin composition and the degree of flame retardancy. The
amount is preferably within a range from 0.005 to 10 parts by weight based on 100 parts by
weight of the epoxy resin composition containing an epoxy resin, a curing agent, a

20  halogen-free flame retardant and other fillers and additives.

If necessary, the epoxy resin of the present invention composition can contain
inorganic fillers. Examples of the inorganic filler include fused silica, crystalline silica,
alumina, silicon nitride and aluminum hydroxide. When the amount of the inorganic
filler is particularly increased, fused silica is preferably used. Ground or spherical fuged

25  silicamay be used. In order to increase the amount of the fused silica and to suppress an



—the-kind of the inorganic flanme retardant, other conponents of the epoxy
resin conposition and the degree of flanme retardancy. The anount is
preferably within a range from0.05 to 20 parts by weight, and particularly
preferably from0.5 to 15 parts by weight, based on 100 parts by wei ght of
t he epoxy resin conposition containing an epoxy resin, a curing 10 agent, a
hal ogen-free flame retardant and other fillers and additives. Exanples of
the organic netal salt-based flame retadant include ferrocene,
acetyl acetonate netal conplex; organic netal carbonyl conmpound, organic
cobalt salt conpound, organic sulfonic acid metal salt, and conmpound in
whi ch a meingreaseria melt wscasity of aonelding matemab gpherisnl fasedstlicp dxcpreferablrvstdound are
i oni c-bonded or coordinate-bonded. 15 The anount of the organic netal
sal t - basedInfdrderdo insteasaithe mpentafthespharisaldilica, pastice sigel distribution efthe o t he ki nd
of the organic netal salt-based flame retardant, other conponents of the
epoxy r esi sphevead sidica isgpmefemblytaijnstdd.grBe filling tatinis prefezabliclighy in Viaw of lament i s
preferably within a range from0.005 to 10 parts by wei ght based on 100
parts by seirddnicy afd isipartieplay preferably 65¥bysvdighnor high¢rdiassdan thategloxy resin, a
curing agent, a 20 hal ogen-free flanme retardant and other fillers and
addi ti vies. athbunt of the epexy, redih corfipa3ition/ € When abed foea poudactive paste covinduative
conposition can contain inorganic fillers. Exanples of the inorganic filler
i ncl ude f ufiRéts Sidhias silvet pywilétlahd B&ppet povider cartbeliidedla, silicon nitride and
al um num hydr oxi de. When the anmount of the inorganic filler is particularly
i ncreased, fusedrhb bpckylresiPbdthtisiioh YT) 68 @D of BeQEdnCinvéntios) vasials f used 26

silica may be used. I'n order to increase the anmount of the fused silica and

10 suppr esgmghuffing ARGRERTE d FHlalBéduplih®£Rats! 2leabant, Pidehl AndBindlsifiets

spherical fused silica is preferably used. In order to increase the anount
of the sphgiiealddsd if dedessftp! [1Cl € size distribution of the spherical silica
is preferably adjusted. The filling ratio is preferably high in view of
flame ;0 The epoxy resin composition (I) or (II) of the present invention can be obtained by

uniformly mixing the respective components described above. The epoxy resin of the
present invention, which contains an epoxy resin of the present invention, a curing agent
and, if necessary, a curing accelerator, can be easily converted into a cured article by the
same method as that which has conventionally been known. Examples of the cured

15  article include molded cured articles such as Jaminated article, casted article, adhesive
layer, coating film and film.

Examples of the application of the epoxy resin of the present invention
composition include coating materials such as semiconductor sealing materials, resin
compasitions used for laminate and electronic circuit board, resin ¢asting materials,

20  adhesives, interlayer insulation materials for build-up substrate and insulating coating
materials. The epoxy resin is preferably used for semiconductor sealing materials.

In order to produce an epoxy resin composition for semiconductor sealing
material, an epoxy resin and compounding agents such as curing agent and filler are well
mixed uniformly using an extruder, a kneader or a roll to obtain a melt-mixing type epoxy

26  resin composition. In that case, silica is usually used as the filler. The filling ratio of the



—retardancy and is particularly preferably 65% by wei ght or higher based on
the total 5 anmount of the epoxy resin conposition. Wien used for a
conductive paste, conductive fillers such as silver powder and copper
powder can be used. To the epoxy resin conposition (1) or (Il) of the
present invention, various conpounding agents such as silane coupling
agents, releasants, pignents and enulsifiers can be added, if necessary. 10
The epoxy resin conposition (1) or (II%*of the present invention can be
obtained by wuniformy mxing the respective conponents descri bed above. The

epoxy resij, of the resent inventi i.,ch _cont.ai n epaoxy resipn of the
present i ﬁ’@ﬁ{sip erably W @r"&éﬁﬁf’m 3&%9 %byn%gggtwoﬁbgﬁﬁgy 5’8’@&-3} erat or,
can be easily converted intQ a cyured . article by t S nef hod as t hat
whi ch has OSBFFERYY SRBCPPPEELeP, RbiP PESTHbY (R pats PE g G mete) o
i ncl ude nol ded cured articles such,as lamnated article, casted art,cle,
adhesi ve Spaytimpreysdlams rem@%mwwsg@aﬁfpwéoﬁﬂ eraekingtesistanes B of t he
epoxy resin of the present jnvention conposition include coating materials
such” as sdpriecsease e linear sxpansian coafficienta) Whep ghy flling e of the flles is Rt o
| am nate and el ectronic circuit board, resin casting materials, 20
adhesi $es byiwright ongere, thesfiieet:is Suthapenbancss $emicpaducior perkagemeldinads and
insulating coating materials. The epoxy resin is preferably used for
sem conducpoducteddiyi amgethed enmaprising castinger gwlding thercompesitiemusingadyanstesi n
conposition for sem conductor sealing material, an epoxy resin and
conpoundi nolding mashige oharcinjection moldingandchinecdnd hedting ab 5@ toRO0PC faei2dedGuni form y
using an extruder, a kneader or a roll to obtain a nelt-m xing type epoxy
26 resin dmomoyas bbiaira seinfcondattoratesiee asa tohied mgticlesual | y used as the filler.
The filling ratio of the 47 filler is preferably within a range from30 to
95% by wei ght b&sereo cofMeryths epoxip yesiveofithé present invention composition into a
10  composition for printed circuit board, the epoxy resin can be converted into a resin
composition for prepreg, It is possible to obtain the resin composition for prepreg
without using a solvent according to viscosity of the epoxy resin composition, However,
the resin composition for prepreg is preferably obtained by preparing a vamish using an
organic solvent. As the organic solvent, polar solvents having a boiling point of 160°C or
16  lower such as methyl ethyl ketone, acetone and dimethylformamide are preferably used.
These solvents can be used alone or in combination. A prepreg as the cured article can be
obtained by impregnating various reinforcement base materials such as paper, glass cloth,
glass nonwoven fabric, aramid paper, aramid cloth, glass mat and glass lobing cloth with
the resulting vamish and heating to a heating temperature suited for the kind of the solvent,
20 preferably 50 to 170°C. A weight ratio of the resin composition to the reinforcement base
material is not specifically limited and the resin content in the prepreg is preferably
controlled within a range form 20 to 60% by weight. When a copper-cladded laminate is
produced by using the epoxy resin composition, the copper-cladded laminate is obtained
by laminating the prepregs thus obtained using a conventional method, appropriately

25  laying a copper foil thercon and contact-bonding them with heating at 170 to 250°C under



—of the—epoxy resin conposition, and is particularly preferably 70 parts by
wei ght or nore so as to inprove flane retardancy, noisture resistance and
sol der cracking resistance and to decrease a |linear expansion coefficient.
Wien the filling ratio of the filler is 80 parts 6 by weight or nore, the
effect is further enhanced. Sem conductor package nmolding is conducted by a
nmet hod conprising casting or nolding the conposition using a transfer
mol di ng machi ne or an injection noldi ng8machi ne and heating at 50 to 200C
fro 2 to 10 hours to obtain a sem conductor device as a nolded article. In

order to convert .the Yo Iesin of t resent invention conposition into a
10 corrposiPE"?SB‘?fePSﬁ t‘b?‘?ﬁﬁ% %ﬁf‘(‘?ﬁ\"f"s%gﬁﬂ‘,&‘t he epoxy resin can be converted
into aresin ¢ osjtion for re It i s possihl.e to optain.the resin
conposi tion for %@%@W%&‘ﬁggﬁeg@‘?@m%{mﬁﬂ R Hiusef B3 BB ty of
t he epoxy yesin co siti,on. However,, the,resin coppQsitiqn for prepreg is
pr ef er abl %F%n%@%9%@#@&%Wﬁﬁwww&ﬁwﬂmﬁwﬁxﬂ%wg‘m. As the
organi ¢ sol vent, polar sol vents haé'bng a boiling point of iLGOC or. 16 | ower

such as negmgtof herspoxyesigrompasition D, adding s pigmegy # wicandiafilles foobtapper ap| y

used. These solvents can be used alone or in conbination. A prepreg as the
cured @t icomposition fixs resist ink and applying thy eomnesitian o9 a prinied beard upibg e spreen  base
mat eri al s such as paper, glass cloth, | ass nonwoven fabric, aram d paper,
arami d cl qirinfingsystem teenbtain d resishink duradiamtaele;l oth with the resulting varni sh
and heating to a heating tenperature suited for the kind of the solvent, 20
preferably 50 t VhepOk: epoxyeesiphef thepicsent invedtionrcomipnsiiomisaséd 4san t o t he

rei nforcenent base nmaterial is not specifically limted and the resin

cont ent i reonthertive paste gheires canrtefusediingthod cornpiadihgdispersitg fineacondwagivef orm 20 to
60% by wei ght. When a copper-cladded |amnate is produced by using the
epoxy r esipurtindesyin ah epaxy, resit conmusition-t¢ bbtainectohmposition for asisatnpid evaductive

| am nating the prepregs thus obtained using a conventional method,

appr oo atlayey, and ol rsthacompisipg eonveling ihtoed aete resixtlcaniprisitioh ob amahismropitem wi t h
heating at 170 to 250C under
conductive adhesive, which is liquid at normal temperature.

An interlayer insulation material for build-up substrate is obtained from the epoxy
resin of the present invention composition by the following procedure. That is, the
curable resin composition containing a rubber and a filler is applied on a wiring board with

18  acircuit formed thereon using a spray coating method or a curtain coating method and then
cured. If necessary, the wiring board is provided with predetermined through holes,
treated with a roughening agent, washed with hot water to form unevenness on the surface,
and then subjected to a plating treatment using metal such as copper. The plating method
is preferably an electroless plating or electrolytic plating method, and examples of the

20 roughening agent include oxidizing agent, alkali and organic solvent. A build-up
substrate can be obtained by optionally repeating such an operation and alternately
building-up resin insulating layers and conductive layers having a predetermined circuit
pattern. Through holes are formed after forming an outermost resin insulating layer,

When a copper foil with a resin obtained by semicuring the resin composition on the

25  copper foil is contact-bonded on a wiring board with a circuit formed thereon with heating



—48 pressure of 1 to 10 Mpa for 10 mnutes to 3 hours. Wen the epoxy resin
of the present invention conposition is used as a resist ink, there can be
used a nethod conprising using a cationic polynerization catalyst as a
curing agent of the epoxy resin conposition (l11), adding a pignent, a talc
and a filler to obtain a 6 conposition for resist ink and applying the
conposition on a printed board using a screen printing systemto obtain a
resist ink cured article. Wen the epo4y resin of the present invention
conposition is used as a conductive paste, there can be used a nethod
conprising dispersing fine conductive particles in an epoxy resin
conposi t i 8hl050350% te form empugbenadetirface; a huildsup subsirase mhnpm%luped withpudyer , and
a met hod conprising converting into a paste resin conposition or an
ani sot r opibeing cubjemtied tovthe stephefd platingtdatrhenits | i quid at normal tenperature. An
interlayer insulation material for build-up substrate is obtained fromthe
epoxy resin of Atcaredmiscleof the presat inventiurinaysbé obagindad/byt deprivedtional ng
procedure. That is, the curable resin conposition containing a rubber and a
filler isnetudcfduiig fn spoiy R@irhnipdsitonn Tie leatng eiperafube conditionsfragn usi ng a
spray coating nethod or a curtain coating nmethod and then cured. If

necessgry behﬂﬁommlﬁ gelb@ad sbcbAtiny 10 \thelafld ¥d dppliéatidf b€ Euirgagentsd toboksehol es,

treated with rougheni ng agent, washed with hot water to form unevenness on

the surf aggeomiingiont Sid TheoRoSition Bbiainkd By thaUbsveaRdtiB ay Bt RétddBhRlinsuch as
copper. The plating ‘method  i's preferably an el ectrol ess plating or

el ectrol yirgnge 'ferﬂ W@ rurédhbBHEISRPE S Rim&%iaﬁ%muﬁ&%meﬁﬂﬁm | ncl ude

oxi di zi ng agent organi c sol vent A bui substrate can be

obt ai ned a.g&[g
bui | :jl ng- up re5| n m%ﬁgtt# 3 r’g'?}‘é an con ugél‘\glugld ?Qu avi ng a
predeterm Pg,glllgbﬁgﬂlﬂ%g{& Hﬁeﬂnoﬂ_mngﬁbg&oﬂ%%t?éﬁﬁuwrmd after form ng an

out er npst n 1nsu ayer
10 Therefore, it is possible to obtain an environmentally safe epoxy resin material

capable of exhibiting high flame retardancy without using a halogen-based flame retardant
by using the phenol resin. Excellent dielectric characteristics can realize high operation
speed of a high frequency device. The phenol resin can be efficiently produced by the
method of the present invention, and enables moleculer design according to the level of the

16  above objective performances.

Examples
The present invention will now be described by way of examples and comparative
examples. In the following examples, parts and percentages are by weight unless
20 otherwise specified. Melt viscasity at 150°C, GPC, NMR and MS spectrum were
measured under the following conditions.
1) Melt viscosity at 150°C: according to ASTM D4287
2) Softening point measuring method: JIS K7234
3) GPC:

25 Apparatus: HLC-8220 GPC manufactured by Tosoh Corporation, Column: TSK-



—\hen a copper foil wth a resin obtained by sem curing the resin conposition
on the 25 copper foil is contact-bonded on a wring board with a circuit
formed thereon with heating 49 at 170 to 250C to form a roughened surface,
a build-up substrate can be produced wi thout being subjected to the step of
a plating treatnent. A cured article of the present invention may be
obt ai ned by a conventional nethod of % ring an epoxy resin conposition. The
heating tenperature conditions may 5 B appropriately selected according to
t he kind and application of curing agents to be used in conbinations, and

t he conpogity SRt W OOTRT hGaauRd vy Told a range
fromroom %f'rrgg{r)at uremggzogg}é%d?'e*zg ' t?éagrml di ﬁlg%nrret hod,wgo(g:%mnventi onal
met hod of é%&m&\ an epoxy resin conposition is used and conditions peculiar
to the epo resin of the present invention conposition are not required.
10 Therefore, itS 'is pgisi ble.to obtain an environnmental |y safe epoxy resin
mat eri al capabl QISR ¥ fuﬁad‘ hi gh flame retardancy w thout using a

hal ogen-based flane ret arrEQ%nt by using the phenol resin. Excellent

di el ectric char ZQRRAEHPUDI, \ ealize high operation speed of a high

frequency devi c&. The.ﬁﬂenol resin can be efficiently produced by the
met hod %f t he p *Tnvention, and enabl es nol ecul ar desi gn according to

the level of _the 15 abgve objectiy 0, nces, Exanples The present
i nvention ‘\%iNMRh M%@Sa@z{%maawd@agﬁ{?}n anpl es and conparati ve

exanples. In the follow ng exanpl es, pacts_an rc ages, are hy wei ght

unl ess 20 VtMiErdouble facysing “WMV%&%@S&SWW nd MS
spectrum were neasured under the followi ng conditions. 1) Melt viscosity at
150C: accdEfiladtd.o ASTM D4287

Example 1 [Synthesis of phenol resin (A-1)]

10 In a flask equipped with a thermometer, a cooling tube, a distilling tube, a
nittogen gas introducing tube and a stirrer, 125.2 g (1.33 mols) of phenol, 72.5 g (0.67
mols) of anisole and 166.2 g (1.00 mols) of paraxylene dimethoxide were charged and 3.6
g (0.038 mols) of methanesulfonic acid was added. After heating to 150°C, the mixture
was reacted for 2 hours while collecting methanol as by-product using a distilling tube.

16  Afier the completion of the reaction, 1500 g of methyl isobutyl ketone was further added
and the reaction solution was transferred to a separatory funnel and then washed with water.
After washing with water until rinse water is neutralized, unreacted phenol, anisole and
methyl isobutyl ketone were removed from the organic layer under reduced pressure to
obtain 226 g of a phenol resin (A-1) having a structural unit represented by the following

20  structural formula.

[Chemical Formula 20]

TS

As a result of the measurement results of the weight of the recovered unreacted phenol and



—2)—-Sof t eni ng poi nt neasuring nethod: 315 K7234 3) GPC. 26 Apparatus:
HLC- 8220 GPC manuf actured by Tosoh Corporation, Colum: TSK 50 GEL G2000HXL
+ 02000HXL + G3000HXL + A000HXL manufactured by Tosoh Corporation Solvent;
tetrahydrofuran Flowrate: 1 m/mn 5 Detector: R 4) NVR NWVR GSX270
manuf actured by JEOL, Ltd. 5) MS: double focusing type nass spectrograph
AX505H (FDSOSH) manufactured by JEOL, Ltd. Exanple 1 [Synthesis of phenol
resin (A-1)] 10 In a flask equi pped wityy a thernoneter, a cooling tube, a
distilling tube, a nitrogen gas introducing tube and a stirrer, 125.2 g
(1.33 nmol|') of phenol, 72.5 g (0.67 nols) of anisole and 166.2 g (1.00
mol s) of pmlsaleyhm.’mhecheaarhnenttbuhmfeahﬂdmbgtoapndfﬁeﬁesu@ng(phmrmm R) of
met hanesul fonic acid was added. After heating to 150C, the m xture was

react ed f anoldr jadooga sthidheralomit of @ thydexylairinpraintainin wronratid hgdrocerborggraup
distilling tube. 15 After the conpletion of the reaction, 1500 g of nethyl

i sobutyl ketagtacturas uditiof dwnethadogoup-aomiaining aronssticihydrosabost poop iethet r ansf err ed
to a separatory funnel and then washed with water. After washing wth water

until ri nsghenéliresin,the foprbrihe latted was P6/24.C t ik rpfidtigd phefiélirésih Raddsbfteringhy |
| sobutyl ketone were renoved fromthe organic Iayer under reduced pressure

ﬁ g obtgal Mol rgset gy&n NRRIA), 'a R vidsity (RN Bethibd: UCT Wsemeidtithethod,
presented by the | 1 owi ng” 20 structural formul a.
measuring temperature: 150°C) of 3.9 dPa+s, and a hydroxyl group equivalent of 233 g/eq.
A GPC chart of the resulting pheno! resin is shown in Fig, 1, a C' > NMR chart is shown in
Fig. 2, and a MS spectrum is shown in Fig. 3. A signal assignable to a methoxy group
observed at 55 ppm in NMR and a hydroxyl group equivalent revealed that the methoxy
10  group in the compound is not decomposed.
Example 2 [Synthesis of phenol resin (A-2)]
In the same manner as in Example 1, except that the amount of phenol was
replaced by 133.5 g (1.42 mols) and 72.5 g (0.67 mols) of anisole was replaced by 98.0 g
(0.71 mols) of 1,2-dimethoxybenzene in Example 1, 254 g of a phenol resin (A-2) having a
16  structural unit represented by the following structural formula was obtained.
[Chemical Formula 21]

{Smom} [Sm0m]

As a result of the measurement results of the weight of the recovered unreacted phenol and
1,2-dimethoxybenzene, and the measurement results of a hydroxyl group of the resulting
phenol resin, a molar ratio of a structural unit of a hydroxyl group-containing aromatic

20  hydrocarbon group to a structural unit of a methoxy group-containing aromatic
hydrocarbon group in the pheno! resin, the former/the latter, was 67/33, The resulting

phenol resin had a softening point of 74°C (B&R method), a melt viscosity (measuring



—{-chemeal Fornmula 20] CH2 \ / N2 | fL ~HlI~+ a Ha\ / H2 As a result of the
measurenment results of the weight of the recovered unreacted phenol and 51
ani sol e, and the neasurenent results of a hydroxyl group of the resulting
phenol resin, a nolar ratio of a structural unit of a hydroxyl
group-contai ning aromati ¢ hydrocarbon group to a structural unit of a
nmet hoxy group-containing aromati c hydrocarbon group in the phenol resin,
the former the latter, was 76/24. The ggsulting phenol resin had a softening
6 point of 75C (B&R nethod), a nelt viscosity (neasuring method: |Cl
vi sconeter nethod, neasuring tenperature: 150C) of 3.9 dPa s, and a
hydroxy| arethad: EGfuviscaingter methodameagimng tempepire:d3APE) of 2.6 dRa*s.48d Bt i ng phenol
resinis showmn in Fig, 1, a Cu 3 NMchart is shown in Fig. 2, and a M5
spect r um hydrokphgroupregaivalensof 2§4/en alA GBE ichartof the resultingphdnoksesigrisup
observed at 55 ppmin NVR and a hydroxyl group equival ent reveal ed that the

met hoxy 1GhepmoinFigr4, 2@ > NMBochar is showntin Bigc Srand 8ddS spetramp$ shovi|i6Fig.hesi s of
phenol resin (A-2)] In the sane manner as in Exanple 1, except that the

anount of gphandgnal\@signalsle kogethbyy rdtp bb@ned at®S perh &) NMRland’ Bydgoxyd. 67 nol s)
of anisole was replaced by 98.0 g (0.71 nols) of 1,2-di nethoxybenzene in

Exanpl ¢ Lgrﬁ%‘hqﬁivﬁfenﬁeﬁéwé_&hmrtﬁéiﬁﬂhbfy bup Rvthé GorAipouhd iSiiot dedogipked/ni t
represented by the follow ng structural formula was obtai ned. [Chem cal

Fornul a 2Hxahpik® SyhtRedis 6f piéndl réin pa3ggsul t of the nmeasurement results of the
wei ght of the recovered unreacted phenol and 1,2-di met hoxybenzene, and the
measur ement resy e sihe maned a1V Exasipi!P, eRéept that 25321 {1.3W0mols) of phenol

was replaced by 143.8 g (1.33 mols) of o-cresol in Example 1, 239 g of a phenol resin (A-

3) having a structural unit represented by the following structural formula was obtained.

10  [Chemical Formula 22] .

TESN RSP

As a result of the measurement results of the weight of the recovered unreacted o-cresol
and anisole, and the measurement results of a hydroxyl group of the resulting phenol resin,
a molar ratio of a structural unit of a hydroxyl group-containing aromatic hydrocarbon
group to a structural unit of a methoxy group-containing aromatic hydrocarbon group in
15  the phenol resin, the former/the latter, was 81/19. The resulting phenol resin had a
softening point of 64°C (B&R method), a melt viscosity (measuring method: ICI
viscometer method, measuring temperature: 150°C) of 1,2 dPa+s, and a hydroxyl group
equivalent of 230 g/eq. A GPC chart of the resulting phenol resin is shown in Fig. 7, a
C'? NMR chart is shown in Fig. 8, and a MS spectrum is shown in Fig. 9. A signal
20  assignable to a methoxy group observed at 55 ppm in NMR and a hydroxyl group
equivalent revealed that the methoxy group in the compound 13 not decomposed.

Example 4 [Synthesis of phenol resin (A-4)]



—phenet—restn;, a nolar ratio of a structural unit of a hydroxyl
group-containing aromatic 20 hydrocarbon group to a structural unit of a

met hoxy group-contai ning aromati c hydrocarbon group in the phenol resin, the
former/the latter, was 67/33, The resulting phenol resin had a softening
poi nt of 74C (B&R nethod), a nelt viscosity (nmeasuring 52 nethod: |Cl
vi sconeter nethod, neasuring tenperature: 150C) of 2.6 dPa s, and a
hydr oxyl group equi val ent of 254 g/eq. 88 GPC chart of the resulting phenol
resinis shown in Fig. 4, a C13 NV\R chart is show in Fig. 5, and a M5
spectrumis shown in Fig. 6. A signal assignabl 0, ,a et gr oup
observed at 55 kp!heﬁﬂnmmn%masalﬁw ’I“S‘Fg bg@%&@%@ﬁs)fa veal ed t hat
t he net hoxy group in the compound is not deconposed. Exanple 3 [Synthesis
of phenol naegvhnmnwl]oxmquée@mbofaﬂ%ére@é’omplﬁwgﬂﬂr-e 1, except that 125.2
g (1.33 nols) of phenol was replaced 143.8 g (1.33 nDIs) of o-cresol in
2l 1 bibshosybethribipheny) inasmple1AZ50g ofwbhens! 151 (A havia & sryeaa
represented by the follow ng structural formula was obtained. 10 [ Chem cal
For nul a 23initirepresestediby thesfolowingstructoral fomonlaoeas obtainedt results of the wei ght
of the recovered unreacted o-cresol and anisole, and the neasurenent
resul t § of[CherhicdlFormhilagd3dup of the resulting phenol resin, a nolar ratio of
a structural unit of a hydroxyl group cont ai ni ng aronatic_hydrocarbon group

to a structurabrunit of a nethox r cn),nt a| ni ng arorratlc hydr ocar bon
group in “_c 1/19. The
resul ting resiwhad softenl ng=poi n‘t (B Rimet hod), a nelt

Vi scosity (rreasurl ng met hod: |1C VI sconet er rret hod measuri ng tenperature:
150C) of 1.2 dPa s, and a hydrox o roup (%w val ent of 230,9/eq, A GPC
chart of tAaresdtofthemepmement weightolithe ered ungeacted phenol and

anisole, and the measurement results of a hydroxyl group of the resulung phenol resin, a

molar ratio of a structural unit of a hydroxyl group-containing aromatic hydrocarbon group
to 2 structural unit of a methoXy group-containing aromati¢ hydrocarbon group in the

10 phenol resin, the former/the latter, was 75/25, The resulting phenol resin had a softening
point of 97°C (B&R method), a melt viscosity (measuring method: IC] viscometer method,
measuring temperature: 150°C) of 21 dPa-s, and a hydroxyl group equivalent of 296 g/eq.
A GPC chart of the resulting phenol resin is shown in Fig. 10, a C'* NMR chart is shown
in Fig. 11, and a MS spectrum is shown in Fig. 12, A signal assignable to a methoxy

15  group observed at 55 ppro in NMR and a hydroxyl group equivalent revealed that the
methoxy group in the compound is not decomposed.
Example 5 [Synthesis of phenol resin (A-5)]

In the same manner as in Example 1, except that the amount of phenol was

replaced by 150.6 g (1.60 mols) and the amount of anisole was replaced by 43.2 g (0.40

20  mols) in Example 1, 190 g of a phenol resin (A-5) having a structm;al unit represented by
the following structural formula was obtained.

(Chemical Formula 24]



—&—+—3-NMR—<chart is shown in Fig. 8 and a MS spectrumis shown in Fig. 9. A
signal 20 assignable to a nethoxy group observed at 55 ppmin NMR and a
hydr oxyl group equivalent reveal ed that the methoxy group in the conpound
i s not deconposed. Exanple 4 [Synthesis of phenol resin (A-4)] 63 1In the
same manner as in Exanple 1, except that 166.2 g (1.00 nots) of paraxyl ene
di nmet hoxi de was replaced by 242.3 g (1.00 nots) of 4,4'-
bi snet hoxynet hyl bi phenyl in Exanple 1,64284 g of a phenol resin (A-4) having
a structural wunit represented by the follow ng structural formula was
obt ai ned. [ Chem cal Formgla 23} X 4~-XS CH Xz4 As a result of the
nmeasur enent Bults of the wei gh ™ he recoverled unreact ed phenol and
ani sol e, r Hﬁg;?dﬂ group of the resulting
phenol resiln,~™a nol ratilo of ructural unidt of a hydroxyl
group-contai ning aromati ¢ hydrocarbon group to a structural unit of a

Fﬁ‘eh?é@%é?#ﬁeéﬁﬁ&{fﬁlg”ﬁw%asm”d gheilodlis %é%?ﬁﬁ%%ﬁ%&:ﬁ%@% Ceni ng

' 97C, ( B& ' ' i ngQ. - 1 C

I cor: st R e S ) P R ey
. [ . A GPC, \ '

i Y s SRt asfucti St EahioRl emph-cousibg pprais nEfgE RS ERHE B Vo

spectrumis shown.in, Elﬁ%ﬁé}% A signal. assi gnabl.e .to met hOﬁ 15 group

observed 2 SEchualunit %Y SouDgeRRiping Frefpaticydraganbemn BronB e o 4t hat t he

met hox roup in the _conpound is not deconposed. anpl Synt hesi s of
phenol 4 r gghmgl(rgsgg,) the formrgrethe latter, was 79/21. The tesuﬁt?ng ;%éngipres?n Ee& a gorhem%g

point of 75°C (B&R method), a melt viscosity (measuring method: ICI viscometer method,
measuring temperature: 150°C) of 3.3 dPa-s, and a hydroxyl group equivalent of 202 g/eq.
A GPC chart of the resulting phenol resin is shown in Fig. 13.

Example 6 [Synthesis of phenol resin (A-6)]

10 In the same manner as in Example 1, except that the amount of phenol was
replaced by 94.1 g (1.00 mols) and the amount of anisole was replaced by 108.1 g (1.00
mols) in Example 1, 213 g of a phenol resin (A-6) having a structural unit represented by
the following structural formula was obtained.

[Chemical Formula 25}

18 out {50t

16  Asaresult of the measurement results of the weight of the recovered unreacted phenal and
anisole, and the measurement results of a hydroxyl group of the resulting pbenol resin, a
molar ratio of a structural unit of a hydroxyl group-containing aromatic hydrocarbon group
to a structural unit of a methoxy group-containing aromatic hydrocarbon group in the
phenol resin, the former/the latter, was 53/47.  The resulting phenol resin had a softening

20  point of 76°C (B&R method), a melt viscosity (measuring method: ICI viscometer method,



—a—the-sare—anner as in Exanple 1, except that the anount of phenol was
repl aced by 150.6 g (1.60 nots) and the anmount of anisole was replaced by
43.2 g (0.40 20 nots) in Exanple 1, 190 g of a phenol resin (A-5) having a
structural unit represented by the follow ng structural formula was

~obtained. [Chemical Fornmula 24] 54 H2 i H2\ /H2~ i H2\ / H2~ As a result
of the neasurenent results of the weight of the recovered unreacted phenol
and anisole, and the nmeasurenent resufgs of a hydroxyl group of the
resulting phenol resin, a nolar ratio of a structural unit of a hydroxyl
group-contai ning aromati ¢ hydrocarbon group to a structural unit of a

met hoxy gmeapuriog temperritang: H036R0f 45 Patis pandradydraxybgroup aquivalers of Béheleqr esi n,
the fornmer/the latter, was 79/21. The resulting phenol resin had a softening
poi nt of AJEPC EfEr ofehdzsi)ltingplsanbl resin scskownyin Figed4uri ng net hod: 1 Cl

vi sconeter nethod, neasuring tenperature: 150C) of 3.3 dPa s, and a

hydr oxyl 8xatiple 9(Simthdstyuf phéno?0Rirfae®] A OPC chart of the resulting phenol
resin is shown in Fig. 13. Exanple 6 [Synthesis of phenol resin (A-6)] 10 In

the same nannerpAfie sdindaiMifiet & ih Ex@ib@R, cxdept thihhiec albiitiof phenobwaol was
replaced by 94.1 g (1.00 nols) and the anpbunt of anisole was replaced by

108. 1 g ( jepifled BPYPI.4 (35X 210N Shed ameil of aritéol@wBd'RpREked 95180, 4(A6BmdI9vi ng a

structural "unit Tepresented by the follow ng structural formnula was

obt ai ned. pjf Ry dTREHMN R Yasreplacdity 120! @ .00 mols) of 4,4'-
bis(methoxymethyl)biphenyl in Example 1, 275 g of a phenol resin (A-7) having a
structural unit represented by the following structural formula was obtained.
[Chemical Formula 26)

10  As aresult of the measurement results of the weight of the recovered unreacted phenol and
anisole, and the measurement results of a hydroxyl group of the resulting phenol resin, a
molar ratio of a structural unit of a hydroxyl group-containing aromatic hydrocarbon group
to a structural unit of a methoxy group-contatning aromatic hydrocarbon group in the
phenol resin, the former/the latter, was 84/16.  The resulting phenol resin bad a softening

15  point of 58°C (B&R method), a melt viscosity (measuring method: ICI viscometer method,
measuring temperature: 150°C) of .7 dPa“s, and a hydroxyl group equivalent of 257 g/eq.
A GPC chart of the resulting phenol resin is shown in Fig, 15.

Example 8 [Synthesis of phenol resin (A-8))
In a flask equipped with a thermometer, a cooling tube, a nitrogen gas introducing

20  tube and a stirrer, 125.2 g (1.33 mols) of phenol, 72.5 g (0.67 mols) of anisole, 175.5 g
(1.00 mols) of 1,4-di(chloromethyl)benzene and 23.7 g of an aqueous 36% HCI solution

were charged and then reacted with stirring in a nitrogen gas flow at a temperature within a



—H2\ / H2} 16 As a result of the neasurenent results of the weight of the
recovered unreacted phenol and anisole, and the neasurenent results of a
hydr oxyl group of the resulting phenol resin, a nolar ratio of a structural
unit of a hydroxyl group-containing aromatic hydrocarbon group to a
structural unit of a nethoxy group-containing aromatic hydrocarbon group in
the phenol resin, the forner/the latter, was 53/47. The resulting phenol
resin had a softening 20 point of 76C (§8&R nethod), a nelt viscosity
(measuring nmethod: 1Cl visconeter nethod, 55 nmeasuring tenperature: 1500)
of 4.5 dPa-s, and a hydroxyl group equivalent of 279 g/eq. A GPC chart of
t he resul tiange fobrar¥lto i20°Croves2 hinoswhileremayinglhydrdgen ohlbade/gensarddhmders of
phenol resin (A-7)] In the sane manner as in Exanple 1, except that the

anmount of Iatin@butwithesysteinl athé reaytiohasfughe domthctedlas }40°CHer Dhmunt of
ani sol e was replaced by 180.5(1.67 nots) and paraxyl ene di net hoxi de was

repl aced bxfigrkRe orfiplétior st thateadtioff 15004 of miti] fRobingkieiBic yds)dddgahwidythe | n
Exanple 1, 275 g of a phenol resin (A-7) having a structural unit

r epr esent egadiontsoRitib® WadwhrdEeret /& tdparkbory Rird] ahdihén withad #RE watéghem cal
Formula 26] CHa 4~-CHc4 2 10 Asa result of the neasurenent results of the

wei ght of hRer & QB WAENGHF HES PHANCharilzedBhreRhéd phiRRS], Adi1dRRS Ur enent

results of a hydroxyl group of the resulting phenol resin, a nolar ratio of

truct i ) g | ! '
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structural formula,

[Chemical Formula 27]
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10  As aresult of the measurement results of the weight of the recovered unreacted phenol and
anisole, and the measurement results of a hydroxyl group of the resulting phenol resin, a
molar ratio of a structural unit of a hydroxyl group-containing aromatic hydrocarbon group
to a structural unit of a methoxy group-containing eromatic hydrocarbon group in the
phenol resin, the former/the latter, was 76/24. The resulting phenol resin had a softening

15  point of 74°C (B&R method), a melt viscosity (measuring method: ICI viscometer method,
measuring temperature: 150°C) of 3.8 dPa-s, and a hydroxyl group equivalent of 229 g/eq.
A GPC chart of the resulting phenol resin is shown in Fig_ 16.

Example 9 [Synthesis of phenol resin (A-9)]
In the same manner as in Example 1, except that the amount of phenol was

20 replaced by 188.2 g (2.00 mols), 72.5 g (0.67 mols) of anisole was replaced by 79.1 g (0.50
mols) of 2-methoxynaphthalene, and 3.6 g of methanesulfonic acid was replaced by 4.3 g

of paratoluenesulfonic acid in Example 1, 183 g of a phenol resin (A-9) having a structural



15 point-of 58C (B&R nethod), a nelt viscosity (neasuring nethod: 1Cl

vi sconeter nethod; neasuring tenperature: 150C) of 0.7 dPa s, and a

hydr oxyl group equival ent of 257 g/eq. A GPC chart of the resulting phenol
resin is shown in Fig. 15. Exanple 8 [Synthesis of phenol resin (A-8)] In a
flask equi pped with a thernoneter, a cooling tube, a nitrogen gas

I ntroducing 20 tube and a stirrer, 125.2 g (1.33 nole) of phenol, 72.5 g
(0.67 nob) of anisole, 175.5 g (1.00 ADII) of 1,4-di(chloronethyl)benzene
and 23.7 g of an aqueous 36% HCl solution were charged and then reacted

With stirri in antro as flow a.te atutre within a 56 range
from 70 taﬂﬁg@&%%%&ﬁﬁgﬁﬁ%‘%mw%ﬂ@“ﬁgﬁwﬁ chl ori de generated
under heatj ng, of system The reaction was further conducted at 140C
for 2 houié*.‘“g'wé’m?lﬁégﬁorrpl etion of the reaction, 1500 g of nethyl

| sobutyl ketone was added and th reaction solutign was transferred to a
separatory fu | and then shed wjt W£r._ 5 Affer washing with water
until rin i wali-ze QDpasi—ani sol e and net hyl

i sobutyl kelLomM€& were'Tenov fromthe organi c | ayed under reduced pressure
to obtain 226 g of a phenol resin (A-8) having a structural unit

represented by the followng structural formula. [Chem cal Fornmula 27] 1 i
H \ I H~H H \ / HT 10 As a result of the neasurenment results of the

festl ts o TRl Meiirerfi o Bt G pREbaRb R siRberk ORI S0
R e L R A
OO e S 1oL QLB P BT broul SRRl ol o511 1110
hydrocarbon group to a structura] unit of a methoxy group-containing aromatic
hydrocarbon group in the phenol resin, the former/the latter, was 72/28. The resulting
phenol resin had a softening point of 68°C (B&R method), a melt viscosity (measuring
10  method: ICI viscometer method, measuring temperature: 150°C) of 1.2 dPa*s, and a
hydroxy! group equivalent of 240 g/feq. A GPC chart of the rcsillting phenol resin is
shown in Fig. 17, a C!* NMR chart is shown in Fig. 18, and a MS spectrum is shown in
Fig. 19. A signal assignable to a methoxy group observed at 55 ppm in NMR and a
hydroxyl group equivalent revealed that the methoxy group in the compound is not
16  decomposed.
Example 10 [Synthesis of phenol resin (A-10)]
In the same manner as in Example 9, except that the amount of phenol was
replaced by 157.2 g (1.67 mols) and the amount of 2-methoxynaphthalene was replaced
by 131.3 g (0.83 mols) in Example 9, 237 g of a phenol resin (A-10) having a structural

.20  unit represented by the following structural formula was cbtained.

[Chemical Formula 29]



—15 point—of-H4C(B&R nmethod) a nelt viscosity (neasuring nethod: 1C

vi sconeter nethod, neasuring tenperature: 150C) of 3.8 dPa s, and a
hydr oxyl group equival ent of 229 g/eq. A GPC chart of the resulting phenol
resin is shown in Fig. 16. Exanple 9 [Synthesis of phenol resin (A-9)] In
the sane manner as in Exanple 1, except that the anount of phenol was 20
repl aced by 188.2 g (2.00 nols), 72.5 g (0,67 nole) of anisole was repl aced
by 79.1 g (0.50 noll) of 2-nethoxynapgghal ene, and 3.6 g of nethanesul fonic
acid was replaced by 4.3 g of paratoluenesulfonic acid in Exanple 1, 183 g
of a phenol resin (A-9) having a structural 57 unit represented by the
follow ng sfr ural forrmul was pbtai ned. [Chem'gal Formula 28] 2- i M2\
ﬁa ene

/ M2 4&cHoc Lt pf the of the weight of the
recover ed u&rét e’%‘@%&‘ End 5 hoxy@le

, and t he measurenent
results of a hydroxyl group of the resulting phenol resin, a nolar ratio of

a structural unit of a hydroxyl qgroyp-containing aromatic hydrocarhon group
to a strudisimasultofite rafwﬁwﬁtsg# eght o F‘Wﬂ?@"ﬁfe %‘3‘%&&&5 bon
group in the phenol resin, the forner/the |atter, was 72/28. The resulting
phenol r eZrmethoxynaphibalensnansdthe gieasuremeng renltssdm hydroxygroupofithe reswliing osi t y
(measuring 10 nethod: 1Cl visconeter method, neasuring tenperature: 1500)
of 1.2 dPabenddresingamolarestid ofqr sorptuea univ of ehydrexyl gepgpgortaining agmmtishart of t he
resulting phenol resinis shown in Fig. 17, a C13 NMR chart is shown in
Fig. 18, duydrogarhéh groep toastricturalivof a methioixy group-comamingrdmatigsi gnable to a
nmet hoxy group observed at 55 ppmin NVR and a hydroxyl group equival ent
reveal 8d thydtocsrhen geotninahie ghanopreisin, the formenfhedarter,iwasi93(37. The resulting
phenol resin had a softening point of 70°C (B&R method), a melt viscosity (measuring
method: ICI viscometer method, measuring temperature: 150°C) of 1.3 dPa+s, and a
hydroxyl group equivalent of 300 g/eq. A GPC chart of the resulting phenol resin is
shown in Fig. 20, a C'* NMR chart is shown in Fig. 21, and a MS spectrum is shown in
10 Fig. 22. Asignal assignable to a methoxy group observed at 55 ppm in NMR and a
hydroxyl group equivalent revealed that the methoxy group in the compound is not
decomposed.
Synthesis Example 1 (Synthesis of compound described in Japanese Unexamined Patent
Application, First Publication No. Hei 8-301980)
16 In a 500 ml four-necked flask, 166 g (1.0 mols) of p-xylylene glycol dimethyl
ether, 44.5 g (0.25 mols) of anthracene and 8.4 g of p-toluenesulfonic acid were charged
and then reacted with stirring in a nitrogen atom at 150°C.  Methanol produced during the
reaction was removed out of the system. When 16 g of methanol was produced after
about 2 hours, 216 g (2 mols) of o-cresol was added and the reaction was further conducted
20  at 150°C for 2 hours, Subsequently, methanol produced during the reaction was removed
out of the system.  After the completion of the production of methanol, the reaction

solution was neutralized with sodium carbonate and excess o-cresol was distilled off under



—15 deconposed. Exanmple 10 [ Synthesis of phenol resin (A-10)] In the sane
manner as in Exanple 9, except that the anmount of phenol was replaced by

157.2 g (1.67 nole) and the anount of 2-nethoxynaphthal ene was replaced by
131.3 g (0.83 nols) in Exanple 9, 237 g of a phenol resin (A-10) having a
structural .20 unit represented by the follow ng structural formula was
obt ai ned. [Chem cal Fornula 29] 58 44CH20CWM2 J 4GeccHH -1\ / H2 As a result
of the measurenent results of the weighy of the recovered unreacted phenol
and 2-nmet hoxynapht hal ene, and the nmeasurenment results of a hydroxyl group
of the resulting phenol resin, a nolar ratio of a structural unit of a
hydr oxyl gedwed pressues toiohtrin2 M @ef aphehglaesin (A0 having the foblowing sweatemal al  uni t
of a methoxy group-containing aromatic 5 hydrocarbon group in the phenol
resin, thdofmdaer/the latter, was 63/37. The resulting phenol resin had a
softening point of 70C (B&R nethod), a nelt viscosity (measuring method:
| G vi scof€hemicakidmdla 3asuri ng tenperature, 150C) of 1.3 dPa s, and a
hydr oxyl group~gqui val ent of 300 g/eq. AGPC chart of the resulting phenol
resinis shp ' ig. 20
spectrumis 6 Chirgs
observed at pm ' ¥dr oxy+=group equi val ent reveal ed that the
met hoxy group in the conpound is not deconposed. Synthesis Exanple |
(Synthesis of conpound described in Japanese Unexam ned Patent Application,
First PublTheaesubingmbenaliessirchadsofening pointofB450 BHR meshed) rempleviseosityk, 166
g(1.0 noles) of p-xylylene glycol dinethyl

6 (measuring method: ICI viscometer method, measuring temperature: 150°C) of 4.4 dPa“s

and a hydroxyl group equivalent of 252 g/eq.
Synthesis Example 2 (Synthesis of compound described in Japanese Unexamined Patent
Application, First Publication No. Hei 8-301980)
In a 500 mi four-necked flazk, 166 g (1.0 mols) of p-xylylene glycol dimethyl
10  ether, 42.5 g (0.25 mols) of diphenyl ether and 12.5 g of p-toluenesulfonic acid were
charged and then reacted with stirring in a nitrogen atom at 150°C. Methanol produced
during the reaction was removed out of the system. When 16 g of methanol was
produced after about 3 hours, 202.5 g (1.8 mols) of o~cresol was added and the reaction
was further conducted at 150°C for 2 hours. Subsequently, methano] produced during the
15 reaction was removed out of the system,  Afier the completion of the production of
methanol, the reaction solution was neutralized with sodium carbonate and excess o-cresol
was distitled off under reduced pressure to obtain 237.5 g of a phenol resin (A’-2) having
the following structural formula. |
[Chemical Formula 31]

15000

20  The resulting phenol resin had a softening point of 100°C (B&R method), a melt viscosity



—ether-—44.5 g (0.25 noll) of anthracene and 8.4 g of p-toluenesul fonic acid
were charged and then reacted with stirring in_a nitrogen atomat 150C
Met hanol produced during the reaction was renoved. out of the system Wen
16 g of methanol was produced after abqut 2 hours, 216 g (2 nols) of
o-cresol was added and the reaction was further conducted 20 at 150C for 2
hours. Subsequently, nethanol produced during the reaction was renoved out
of the system After the conpletion ofé&he production of methanol, the
reaction solution was neutralized with sodi um carbonate and excess o-cresol
was distilled off under 59 reduced pressure to obtain Zgﬁ ‘gﬁof a phenol
resin (A (measwrng meghed: IC} wisqompess gnethad, messusing tempemtyrs: 1Y00QL0 194Par% ul a 307
The resulting phenol resin had a_softening point of 84C (B&R nethod), a nelt
vi scosi t yanda hydwexyl gronp equivalent of 249 8/04-sconet er net hod, neasuring
tenperature: 150C) of 4.4 dPa s and a hydroxyl group_equival ent of 252
g/ eq. SynSymsbésis Exampld 2(Synthssinofwompound desonbrdiin dapanessUnssamingd Batgetnese
Unexam ned Patent Application, First Publication No. Hei 8.301980) In a 500
m  f our - nApisibchtith, Firet PubliGatipn(No. @00B0H)700f p- xyl yl ene gl ycol dinmethyl 10
ether, 42.5 g (0.25 nols) of diphenyl ether and X12.5 g of p-toluenesulfonic
acid were charipadesimidn véssel, 1680 €100 miol)of sttho-cresol and 132.0igt(2 3gnol) ef amm at
150C. Met hanol produced during the reaction was renoved out of the system

When 16 gagieot@s0% fzmalisolutitnosete chhngddtand 1350 ¢t(1.3 rhal)iofan 22eous 39%( 1. 88
mlls) of o-cresol was added and the reaction was further conducted at 150C

for 2 hougsdiunph de Béthtion WRidddaPdropwize usde c6tlinpi@et dire hbbr whidet i on was
renoved out of the system After the conpletion of the production of

252 222()'0 girag?gx?iﬁﬁﬁltjogﬁ of Riwitr] ORAVARe EtMIéRIn oF Aebpitisd hdditidn il adxdiRnat e and

was heated to 40°C and then reacted for 2 hours reaction. Then, 126.0 g (1.0 mol) of

10  methyl sulfate was added dropwise at 40°C forione hour. After heating to 60°C, the
reaction was conducted for 2 hours, thereby to synthesize a resol resin in which a phenolic
hydroxyl group is methoxylated. Adier the completion of the reaction, the aqueous layer
was separated and 282.0 g (3.0 mol) of phenol and 9.1 g of 35% hydrochloric acid were
added, followed by the reaction at 90°C for 4 hours. Afer the- completion of the reaction,

15  the reaction solution was neutralized with 6.0 g of an aqueous 25% ammonia solution and
a neufral salt was removed by washing with witer. The unreacted phenol was removed
by heating to 200°C under 60 mmHg to obtainia phenol resin (A’-3) having a structural
unit represented by the following structural formula,
{Chemical Formula 32]

S 4

20  The resulting phenol resin had a softening point of 77°C (B&R method), a melt viscosity

(measuring method: IC] viscometer method, measuring temperature: 150°C) of 0.8 dPa+s

and a hydroxyl group equivalent of 160 g/eq. :



—was distilled off under reduced pressure to obtain 237.5 g of a phenol resin
(A" -2) having the followi ng structural fornula. [Chem cal Fornula 31] .e
H2\/ ~~ ~/ \/ CH2 20 The resulting phenol resin had a softening point of
100C (B&R nethod), a nelt viscosity 60° (neasuring nmethod: ICl visconeter
met hod, mneasuring tenperature: 150C) of 19 dPa s and a hydroxyl group
equi val ent of 249 g/eq. Synthesis Exanple 3 (Synthesis of conpound descri bed
i n Japanese Unexam ned Patent Applicagion, First Publication No.
2004-010700) 5 In a reaction vessel, 108.0 g (1.0 nol) of ortho-cresol and
132.0 g (2.2 nol) of an aqueous 50% formalin solution were charged and
133.3 g (ﬁwumnﬁsémumﬂaﬂ aqueous 30% sodi um hydroxi de sol uti on was added
dropwi se under cooling over one hour while nmaintaining at 30C or |ower.
After the conpl &4 faskehuippedwith e theddometen, a drdpping fininel, @ conling bsiamtiat 0 40C
and then reacted for 2 hours reaction. Then, 126.0 g (1.0 nol) of 10 net hyl
sul f at e watirrer Ugtipads o Miler XJtC4D mahofatturadcbytMitsui Chéizalsinet 468)g (90 60C, t he
reaction was conducted for 2 hours, thereby to synthesize a resol resin in

whi ch a phigdig)ldf epichlsrbhedim, 139 @ 6P nibutahitl 4hd>2yd efttechethiiiensyl afitnondun! et i on of

the reaction, the aqueous |ayer was separated and 282.0 g (3.0 nol) of

phenol gan¢hfride Sreff chamid Bydidismheaniiile Phigihg bitlea nikdg@digas! Ohleridarihy td he

reaction at 90C for 4 hours. After the conpletion of the reaction, 15 the

reaction y3b@bhPRINGSE (he'Brdsdlr &Rt atbitbpit Sedurf 90 (ROHRYYSF APAnBSRPNI a

solution and a neutral salt was renmoved by washing wth water. The

o 2o . BBy ATt AL Qe MO WOLET TR, ka1 o
struct ur aleoh@aH hider the same conditions for 0.5 hours. The distillate produced by azeotropy
during stirring was separated by a Dean-Stark trap and the aqueous layer was removed, and
10  also the reaction was conducted while retuming the oil layer into the reaction system.
Then, the unreacted epichlorohydrin was disﬁlied off by vacuum distillation. The
resulting crude epoxXy resin was dissolved in 590 g of methyl isoiantyl ketone and 177 g of
n-butanol. To the solution, 10 g of an aqueous 10% sodium hydroxide solution was
added and the reaction was conducted at 80°C for 2 hours. Then, the reaction solution
16  was washed with 150 g of water three times until the washing is neutralized. Afier
dehydrating by azeotropy in the reaction systemn, precise filtration was conducted and the
solvent was distilled off under reduced pressure to obtain an epoxy resin (B-1) having a
structural unit represented by the following structural formula.

[Chemical Formula 33)

6ot

20  The epoxy resin had an epoxy equivalent of 241 gleq.

Synthesis Example 5 (Synthesis of epoxy resix:n described in Japanese Unexamined Patent



—fchemeal Fornula 32] HCH3 i H+ HH2~ 20 The resulting phenol resin had a
softening point of 77C (B&R nethod), a nelt viscosity (neasuring nethod:
| CI visconmeter nethod, pleasuring tenperature: 150C) of 0.8 dPa s and a
hydr oxyl group equival ent of 160 g/eq. 61 Synthesis Exanple 4 In a flask
equi pped with a thernmonmeter, a dropping funnel, a cooling tube and a
stirrer, 168 parts of MIlex XLC 4L manufactured by Mtsui Chemcals, Inc.,
463 g (5.0 noll) of epichlorohydrin, 889 g of n-butanol and 2 g of
tetraet hyl benzyl amonium 5 chl oride were charged and di ssol ved while
purging with a nitrogen gas. After heating to 65C and reducing the pressure
to an azedipplgation,JFirst BublatioONg 2003-203333) of an aqueous 49% sodi um
hydr oxi de sol uti on was added dropwi se over 5 hours. Then, stirring was
conti nued undernahklizafour-nscked flasknesuipped @ith alstmersand Atheatds, 462 g (b0 eals)oduced
by azeotropy during stirring was separated by a Dean-Stark trap and the
aqueous | afeimetindhydesquiniie was disidival ina sblventmsiature of 500q:sofeclochecind 2004gi | e
returning the oil layer into the reaction system Then, the unreacted

epi chl or obgéthylend\@gcal nidnbeth @tk Th/the sélution, di6st of pasitéloghesulfvmic deib ul ti ng
crude epoxy resin was dissolved in 590 g of nethyl isobutyl ketone and 177 g

of  n-Hut dRSkddedand 64 gg@.ts widl§)df 419 te@nsadebpdewiascidded drapwize hilephyifig oxi de
solution was added and the reacti on was conducted at 80C for 2 hours. Then,

the react hRéhidR tdhdaP BenkfatidB folGWEESY irfifly 100 & TH0°DEELTS Rduk@hild mes unt i |
the washing is neutralized. After “dehydrating by azeotropy in the reaction

DYoL SRR o s AN Py ny o6l eaBinoPIsr | o
and the filtrate was repeatedly washed with water until it is neutralized and then dried to
obtain 175 g of a phenol resin (GPC purity: 99%).

10 In a flask equipped with a thermometer, a dropping fumnel, a cooling tube and a
stitrer, 175 g of a phenol resin, 463 g (5.0 mols) of epichlorohydrin, 53 g of n-butanol and
2.3 g of tetracthylbenzyl ammonium chloride wete charged and dissolved while purging
with a nitrogen gas.  After heating to 65°C and reducing the pressure to an azeotropic
pressure, 82 g (1.0 mols) of an aqueous 49% sedium hydroxide solution was added

16  dropwise over § hours, followed by continuous stirring under the same conditions for 0.5
hours.

The distillate produced by azeotropy during stirring was separated by a Dean-

Stark trap and the aqueous layer was removed, and also the reaction was conducted while
returning the oil layer into the reaction system. Then, the unreacted epichlorohydrin was

20  distilled off by vacuum distillation. The resulting crude epoxy resin was dissolved in 550
g of methyl isobutyl ketone and 55 g of n-butanol. To the solution, 15 g of an aqueous
10% sodium hydroxide solution was added and the reaction was conducted at 80°C for 2
hours. Then, the reaction solution was washed with 100 g of water three times until the
washing is neutralized. After dehydrating by, azeotropy in the reaction system, precise

25 filration was conducted and the solvent was distilled off under reduced pressure to obtain



—st+uetdral unit represented by the follow ng structural formula. [Chem cal
Formula 33) i R 1/ 20 The epoxy resin had an epoxy equival ent of 241 g/eq.
Synt hesis Exanple 5 (Synthesis of epoxy resin described in Japanese
Unexam ned Patent 62 Application, First Publication No. 2003-201333) In a |
liter four-necked flask equipped-with a stirrer and a heater, 152 g (1.0
nol s) of trinmethyl hydroqui none was di ssolved in a solvent m xture of 500 g
of toluene and 200 g of ethylene glycgd nonoethyl ether. To the solution,
4.6 g of paratoluenesulfonic acid 5 was added and 64 g (0.6 nols) of 41%
benzal debyde was added dropw se while paying attention to heat generation,
fol | owed &yemixymesim(P-2) havixg a sruttueed unis repreaenied by thetellcwingistetyral ng of f
noi sture. After cooling, the precipitated crystal was renoved by filtration,
and the ffdrmubet e was repeatedly washed with water until it is neutralized
and then dried to obtain 175 g of a phenol resin (GPC purity: 99%. 10 Ina
fl ask equ[GhessicaliFohmuaad4kr noneter, a dropping funnel, a cooling tube and a
stirrer, 175 g ofya PR resin, ey ,(5.0 nols) of epichlorohydrin, 53 g
of n-butanol yandl % 3Ld ley anmoni um chl oride were charged
and di ssol ved :0gden gas. After heating to 65C and
reduci ng e “@fle re, 82 g (1.0 noll) of an
aqueous 4 S as dadded 15 dropwi se over 5 hours,
fol | owed by contiigj the same conditions for 0.5 hours.
The distillate prot@ficed by azeotropy during stirring was separated by a
Dean. Stark trap and the aqueous | ayer was renoved,: and al so the reaction

was condu@heepoiyirksin had an epoxy equivalent of 262 g/eq.

5 Examples 11 to 25 and Comparative Examples 1 to 3
The above epoxy resins (B-1) to (B-2), YX~4000H manufactured by Japan Epoxy
Resin Co., Ltd. (tetramethylbiphenol type epoxy resin, epoxy equivalent: 188 p/eq), NC-
3000 manufactured by Nippon Kayaku Co., Ltd. (biphenylaralkyl type epoxy resin, epoxy
equivalent: 274 g/eq) and EXA-4700 manufactured by Dainippon Ink ;nd Chemicals,

10  Incorporated (naphthalene type epoxy resin, epoxy equivalent: 164 g/eq) as epoxy resins,
the above phenol resins (A-1) to (A-7) as polyhydric phenol compounds, the above phenol
resins (A’-1) to (A’-3) as comparative curing agents, triphenylphosphine (TPP) as a curing
accelerator, condensed phosphoric acid ester (PX-200 manufactured by Daihachi Chemical
Industry Co., Ltd,) and magnesium hydroxide (ECOMAG Z-10 manufactured by Air Water

156  Inc.) as flame retardants, spherical silica (S-COL manufactured by Micron Co., L.td.) as an
inorganic filler, y-glycidoxytriethoxysilane (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 were mixed according to the
formulations shown in Tables 1 to 3 and then melt-kneaded at a temperature of 85°C for §

20 minutes using a twin roll to obtain the objective compositions and curability was evaluated.

Physical properties of a cured article were evaluated as follows. That is, samples for



—+eturning the oil layer into the reaction system Then, the unreacted
epi chl orohydrin was 20 distilled off by vacuumdistillation. The resulting
crude epoxy resin was dissolved in 550 g of nethyl isobutyl ketone and 55 g
of n-butanol. To the solution, 15 g of an aqueous 10% sodi um hydroxi de
solution was added and the reaction was conducted at 80C for 2 hours. Then,
the reaction solution was washed with 100 g of water three tinmes until the
washing is neutralized. After dehydrat gfgg by azeotropy in the reaction
system precise 25 filtration was conducted and the solvent was distilled
of f under reduced pressure to obtain 63 an epoxfy resin (B-2) having a
st r uct ur alevainationrwére orade from the abolve cémpasitioina by sterfollowingiprocedumns; [and thetheni cal
Formula 34] Ha Hs tli Ni Hal, i H3 HH HB Ha Hs Ha Jn | 1 The epoxy resin
had an epdseyt resistance] farhe wiardifity ardodielectfic Eheamperisticd wereancaSurad by @enpar at i ve
Exanples | to 3 The above epoxy resins (B-1) to (B-2), YX-4000H nmanufactured

by Japan Hplisying Preedurés). The kadulty dreshiowrin/Tubles peRol type epoxy resin, epoxy
equi valent: 188 g/eq), NC 3000 nmanufactured by N ppon Kayaku Co., Ltd,

( bi pheny| adifdakdskistadide® €poxy resin, epoxy equivalent: 274 gfeq) and EXA-4700
manuf act ured by Dai ni ppon I nk and Chem cals, 10 I|ncorporated (naphthal ene

type egoxy resi (5las8RANNtGIimPE@R: The PAsrAGitioR ferfppatiirevhis inasured B above
phenol resins (A-1) to (A7) as pol yhydric phenol conpounds, the above

ety SR oo i sty ol s
RSAII manufactured by Rheometric Co., double cantilever method: frequency of 1 Hz,
heating rate: 3°C/min).
<Curability>

10 0.15 g of an epoxy resin composition was placed on a cure plate (manufactured by
THERMO ELECTRIC Co.) heated to 175°C and clocking starts using a stop watch. A
sample was uniformly stirred by a tip of a bar and the stop watch was stopped when the
sample is separated into threads and left on the/plate. The time required for the sample to
be separated into threads and left on the plate was defined as a gel time.

16  <Flame retardancy>

A sample for evalvation having a width of 12.7 mm, a length of 127 mm and a
thickmess of 1.6 mm was made by molding at a temperature of 175°C for 90 seconds using
a transfer molding machine and post-curing at a temperature of 175°C for 5 hours. The
resulting five samples having a thickness of 1.6 mm were subjected to a2 combustion test in

20  accordance with UL-94.
<Measurement of dielectric characteristics>

A sample for evaluation having a width of 25 min, a length of 75 mm and a
thickness of 2.0 mm was made by molding at a temperature of 175°C for 90 seconds using

a transfer molding machine and post-curing at a temperature of 175°C for § hours. The

25 resulting sample was subjected to a bone dry treatment and stored in a room at 23°C and a



—accteterator, condensed phosphoric acid ester (PX-200 manufactured by

Dai hachi Chem cal Industry Co., Ltd.) and magnesi um hydroxi de (ECOVAG Z- 10
manuf actured by Air Water 16 Inc.) as flame retardants, spherical silica
(S-COL manufactured by Mcron Co., Ltd.) as an inorganic filler,

y-gl yci doxytri et hoxysil ane (1 CBM 403 manufactured by Shin-Etsu Chem cal

Co., Ltd.) as a silane coupling agent, carnauba wax (PEARL WAX No. 1-P
manuf actured by Cerarica Noda Co. Ltd.)ggand carbon bl ack were m xed
according to the fornulations shown in Tables I to 3 and then nelt-kneaded
at a tenperature of 85C for 5 20 mnutes using a twin roll to obtain the

obj ecti ve lnumigity df 5086 for2d dounsr abhén, & didkamtricevastarttand a dicRivtrii dissipagiomperti es of
a cured article were evaluated as follows. That is, sanples for 64

eval uat i onfagwer &t afesaercy il 0 MHbsf ke resultins éuredarticle werdunedsated dyithe
procedures, and then heat resistance, flanme retardancy and dielectric

char act er i mtthed dofied imHE 6481 Wing Iapeddnot MavdraDAndl oree (HP4X1BThe results are
shown in Tables 1 to 2. <Heat resistance> 6 3 ass transition tenperature:

The gl ass mamlsdnire® By Agile Tadhnbl ,meBsured by wusing a viscoelasticity
measuri ng apparatus (solid viscoelasticity nmeasuring apparatus RSAlI

manuf agf ured by Rheonetric Co., double cantilever nmethod: frequency of 1 Hz,
heating rate: 3C/ mn). <Curability> 10 0.15 g of an epoxy resin conposition
was placed on a cure plate (manufactured by THERMO ELECTRIC Co.) heated to
175C and cl ocking starts using a stop watch. A sanple was uniformy stirred
by a tip of a bar and the stop watch was stopped when the sanple is
separated into threads and left on the', plate. The tine required for the
sanple to be separated into threads and left on the plate was defined as a
gel tine.



—16-<Flare retardancy> A sanple for evaluation having a wdth of 12.7 mm a
| ength of 127 mmand a thickness of 1.6 mmwas nade by nolding at a
tenperature of 175C for 90 seconds using a transfer nolding nachine and
post-curing at a tenperature of 175C for 5 hours. The resulting five
sanpl es having a thickness of 1.6 nmwere subjected to a conbustion test in
20 accordance with UL-94. <Measurenent of dielectric characteristics> A
sanple for evaluation having a wwdth 6 25 nm a length of 75 mmand a

t hi ckness of_2.0 S de by gnlding at Irﬁ £-175C for 90
seconds usip ransf ér | ¢li hg| machi - FUld aft erature
of 175C for % h$ur°&§ ‘I'h(; P5[Festl i 19% Al J#a’égftaéﬁg ne dry
treatnent a sfloted §nlalrbom atL2BCL ahd it uilsho r 24
hours. Then 83“ ¢l ecfrqclgconst ant aAng ' C b Dald [@{sfactor at a
frequency of®1B0 Y+t of |t % résul tihgfc ’% @&g?%ﬁma"a by the
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n MOOQV~1~ VI M M? N.~~ODLIry @ hhM; N'" mfVop HMVL NVl M
SS MNOO /'\ op ~O00 t*~ ~aaaaaQ d~4'l 67 Table 2; Formul ation table of
epoxy resin conposition (parts by nass) and evaluation results Exanples 22
23 24 25 B-1 60 Epoxy resins NC-3000 64 71 EXA-4100 47 Curing agents A-9
63 A-10 74 70 87 Condensed phosphoric acid ester Magnesi um hydroxi de TPP
Fused silica Coupling agent Carnauba wax Carbon black Curability 35 39 29
37 Heat resistance 104 Il 140 130 67

Table 2: Formulation table of epoxy resin composition (parts by mass) and evaluation

results
Examples 22 23 24 25
B-1 60
Epoxy resins NC-3000 64 n
EXA-4700 47
. A-9 63
Curing agents A-10 7% | 70 | 87
Condensed phosphoric acid ester
| Magnesium hydroxide
TPP
Fused silica
Coupling agent
Carnauba wax
Carbon black
Curability C 35 39 29 37
Heat resistance 104 111 140 130
Combustion test class V-0 V-0 V-0 V-0
1* 3 2 4 3
2+ 12 7 15 14
Dielectric constant 277 ] 276 | 283 | 2.7R
Dielectric dissipation factor (x 10%) 64 60 83 70




Conbustion test class V-0 V-0 V-0 V-0 1* 3 2 4 3 2* 12 7 15 14 D electric
constant 2.77 2.76 2.83 2.78 Dielectric dissipation factor (x 10 64 60 83
70 68 Table 3: Formulation table of epoxy resin conposition (parts by nass)
and evaluation results Conparative Exanples 1 2 3 B-1 66 66 81 B-2 Epoxy
resins YX-4000H NC-3000 EXA-4700 A -1 68 Curing agents A -2 68 A'-3 53
TPP 3 3 3 Fused silica 850 850 850 -Coupling gout 55 5 Carnauba wax 5 5
5 Carbon black 3 3 3 -Curability 55 68 54 Heat resistance 110 112 125

Table 3: Formulation table of epoxy resin composition (parts by mass) and evaluation

results
Comparative Examples 1 2 3
B-1 66 66 81
B-2
Epoxy resins YX-4000H
NC-3000
EXA-4700
A'-1 68
Curing agenis A-2 68
A-3 53
TPP 3 3 3
Fused silica 850 850 850
Coupling agent 5 5 5
Camnauba wax 5 5 5
Carbon black - 3 3 3
Curability 35 54 54
Heat resistance 110 112 125
Combustion test class V-1 V-1 *3
1* 18 22 37
2* 98 113 143
Diclectric constant in 3.13 3.27
Dielectric dissipation factor (x 10™) 108 117 135

Note of Tables 1 and 2:

*1; maximum combustion time (second) in one flame contact

*2: total combustion time (second) of 5 samples

*3: flame retardancy required to V-1 which does not satisfy the relationships (XF < 250
seconds and F 4« < 30 seconds), but causes no combustion (flamne does not reach clamp),

resulting in quenching of flame.

Example 26 [Synthesis of epoxy resin (E-1)]

In 2 flask equipped with a thermometer, a dropping funnel, a cooling tube and a
stirrer, 233 g of the phenol resin (A-1) obtained in Example 1 (hydroxyl group: 1
equivalent), 463 g (5.0 mols) of epichlorohydrin, 139 g of n-butanol and 2 g of



Conbustion test class V-1 V-1 *3 1' 18 22 37 2* 98 113 143 Dielectric
constant 3.11 3.13 3.27 D electric dissipation factor (x 10 108 117 135
Note of Tables 1 and 2: *1; maxi mum conbustion tinme (second) in one flane
contact 2: total conmbustion time (second) of 5 sanples '3: flane retardancy
required to V-1 which does not satisfy the relationships (EF < 250 seconds
and Fm "< < 30 seconds), but causes no conbustion (flanme does not reach
clanp), resulting in guenching of fl agge. Exanple 26 [Synthesis of epoxy
resin (E-1)] In a flask equipped with a thernoneter, a dropping funnel, a
cooling tube and a stirrer, 233 g of the phenol resin (A-1) obtained in

Exanpl e 1temwlbeml aprponium|chlogide werd charged ams@sg:lw(eé whilegurging, with a

epi chl orohydrin, 139 of n-butanol and 2 g of 69 tetraethyl benzyl ammonium
chl ori de mitmgencdsar gAgzdmﬁnﬁwsﬁr’Oeddwdhtiag thepoissare td athazgotropic pregaue, gas,
After heating to 65C and reducing the pressure to an azeotropic pressure,
90 g (1. 190(k) mols) afamayuecusst PO sadium! hydrokidel selutichewascidded dropwise omerded

dropwi se over 5 hours, followed by continuous stirring under the sane

condi t i onbourg follbwed by ostinubaestirfihg imder tiecsame eonditishsifyr % bedrs.opThedur i ng
stirring was separated by a Dean-Stark trap and the aqueous |ayer was

renoved, ggillad srodidea biyQaciropy ditfire stiorpwhe@pathifel By b Tedh SRl trhpgnddthe | ayer
into the reaction system Then, the unreacted epichlorohydrin was distilled

im;\f 5836 V&&Hb’ﬁ‘ ISH'éWaE bhdvel, anﬁf&ﬂortﬁéﬁ‘éﬁéﬂoﬂgvag coxiRicRRWAe r&arnihgBé ofli SSOl ved
g of nmethyl
layer into the reaction system. Then, the unreacted epichlorohydrin was distilled off by
vacuum distillation. The resulting crude epoxy resin was dissolved in 590 g of methyl
isobutyl ketone and 177 g of n-butanol. To the solution, 10 g of an aqueous 10% sodium
hydroxide solution was added and the reaction was conducted at 80°C for 2 hours, Then,
the reaction solution was washed with 150 g of water three times until the washing is
neutralized. After dehydrating by azeoﬁ‘opy in the reaction system, precise filtration was
conducted and the solvent was distilled off under reduced pressure to obtain 260 g of an
epoxy resin (E-1) having a structural unif represented by the following structural formula.

[Chemical Formula 35]

[ eoud {5m0n]

The resulting epoxy resin had a softening point of 65°C (B&R method), a melt viscosity
(measuring method: ICI viscometer method, measuring temperature: 150°C) of 4.0 dPa‘s
and an epoxy equivalent of 303 g/eq.

A GPC chart of the resulting epoxy resin is shown in Fig. 23,2 C'’ NMR chart is
shown in Fig. 24, and a MS spectrum is shown in Fig. 25, A signal assignable to a

methoxy group observed at 55 ppm in NMR and a hydroxyl group equivalent revealed that



| sobutyl ketone and 177 g of n-butanol, To the solution, 10 g of an aqueous
10% sodi um hydr oxi de sol uti on was added and the reaction was conducted at
80C for 2 hours, Then, the reaction solution was washed with 150 g of water
three tines until the washing is neutralized. After dehydrating by
azeotropy in the reaction system precise filtration was conducted and the
sol vent was distilled off under reduced pressure to obtain 260 g of an

epoxy resin (E-1) having a structural doit represented by the foll ow ng
structural fornmula [Chem cal Formula 35] 4LCH¥#OCHZ} J4t HLOCH2 The resulting
epoxy resin had a softening point of 65C (B&R nethod), a nelt viscosity
(measur i ndhemethony eroup inthe sompound ivnatideepmpeseds y A mglar mtiocof astruetural yoit) * of
4.0 dPa s and an epoxy equival ent of 303 g/eq. A OPC chart of the resulting
epoxy r esiof aigtycidybany groupre¢aptainiag azematic Bydunearbonegroup to a stuouwnl upitpfy. 24, and
a M5 spectrumis shown in Fig. 25. A signal assignable to a nethoxy group
observed anethéxygroup-conkdifitng arbrmatin hgidrosarborcgroumingheiepoxly eesin way detereningdhat 70

t he net hoxy group in the conmpound is not deconposed. A nolar ratio of a

st r uct ur alfrommthe meafuremegityresulty bHthg weightipf the ricaveredionrazctsdphienolapd moizabebon
group to a structural unit of a methoxy group-containing aromatic

hydr ocar bdn tigrproguction tfthe pleamol resingAnl )y sl themessureneait rebulesoftateydroxgb ur ement
results of the weight of the recovered unreacted phenol and anisole in the

product i orpgrép éffike REENG plieas) résinAlAs a fRdlLithefommastie fitenwas 2624t s of a
hydroxyl group of the resulting phenol resin. As a result, the forner/the

latter waExhfiple27 iﬁof?ez,oiﬁe@hgmp of epoxy resin (E-2)] In the sane
manner as in anpl e 26, the epoxidation reaction was conducted, except

t Bta; t 23 phenol 14 fidishmé Aradner 8 ih ERIMACSE! diVepbrilationYeadiidh wii@BAductas! N (A-2)
except that the phenol resin (A-1) was replaced by 254 g of the phenol resin (A-2) obtained
in Example 2 (hydroxyi group: 1 equivalent) in Example 1, to obtain 277 g of an epoxy
resin (E-2) having a structural unit represented by the following structural formula.

[Chemical Formula 36]

ek [Emgl.

The resulting epoxy resin had & softening point of 56°C (B&R method), a melt viscosity
(measuring method: ICI viscometer method, measuring temperature: 150°C) of 1.2 dPa-s
and an epoxy equivalent of 328 g/eq. |

A GPC chart of the resulting epoxy resin is shown in Fig. 26, a C'* NMR chart is
shown in Fig, 27, and a MS spectrum is shown in Fig. 28. A signal assignable toa
methoxy group observed at 55 ppm in NMR and a hydroxyl group equivalent revealed that
the methoxy group in the compound is not decomposed. A molar ratio of a structural unit
of a glycidyloxy group-containing aromatic hydrocarbon group to a structural unit of a

methoxy group-containing aromatic hydrocarbon group in the epoxy resin was determined



in Exanple 2 (hydroxyl group: 1 equivalent) in Exanple 1, to obtain 277 g of
an epoxy resin (E-2) having a structural unit represented by the foll ow ng
structural fornmula. [Chemical Fornula 36] H3 Ha 4 H2~~ HH Uj, H The
resulting epoxy resin had a softening point of 56C (B&R nethod), a nelt
viscosity (measuring nethod: ICl visconeter nethod, neasuring tenperature:
150C) of 1.2 dPa- s and an epoxy equivalent of 328 g/eq. A GPC chart of the
resulting epoxy resin is shown in Fig. 786, a C 3 NWMR chart is shown in
Fig. 27, and a M5 spectrumis shown in Fig. 28. A signal assignable to a

met hoxy group observed at 55 ppmin_NVR and a hydroxyl group equival ent
reveal ed tirem theimeaswrsmenbapsulis of theiweigh of the resouered uBreacs Eh?é@lr@g A ol ar
ratio of a structural unit of a glycidyloxy group-containing aromatic

hydr ocar balimgihoxybenzeng insthe pradustion ofthe phsnobresingéa1?0,and gheomeasarement ni ng
aromati ¢ hydrocarbon group in the epoxy resin was determned 71 fromthe
measur enenesults ofih hypdroxyligneuprofitp resulting phenoloesiner Asla rasulg,ahe formenthe bittemnd 1, 2-
di met hoxybenzene in the production of the phenol resin (A-2), and the

measur enenvas §7¢33ul t s of a hydroxyl group of the resulting phenol resin. As a
result, the former/the latter was 67/33. Exanple 28 [Synthesis of epoxy

resin , 3)Hxahipld IE[Syfitkesisoiépoky fsin (B-Hkanpl e 26, the epoxidation reaction

was conducted, except that the phenol resin (A-1) was replaced by 230 g of

the phenol resi in thd-sghe aidnAdra8th Exdingik 20th€epbxidatied ¥dtionGid3éBadubted,
equi valent); 250 g of an epoxy resin (E-3) having a
except that the phenol resin (A-1) was replaced by 230 g of the phenol resin (A-3) obtained
in Example 3 (hydroxyl group: 1 equivalent), 250 g of an epoxy resin (E-3) having a
structural unit represented by the following structural formula was obtained.

[Chemical Formula 37]

ol (8o

The resulting epoxy resin had a softening point of 57°C (B&R method), a melt viscosity
(measuriﬁg method: ICI viscometer method, measuring temperature: 150°C) of 2.4 dPa+s
and an epoxy equivalent of 297 g/eq.

A QPC chart of the resulting epoxy resin is shown in Fig. 29, a C'> NMR chart is
shown in Fig. 30, and @ MS spectrum is shown in Fig. 31. A signal assignable to a
methoxy group observed at 55 ppm in NMR: and a hydroxyl group equivalent revealed that
the methoxy group in the compound is not decomposed. A molar ratio of a structural unit
of a glycidyloxy group-containing aromatic hydrocarbon group to a structural unit of a
methoxy group-containing aromatic hydrocarbon group in the epoxy resin was determined
from the measurement results of the weight of the recovered unreacted o-cresol and anisole

in the production of the phenol resin (A-3), and the measurement results of a hydroxyl



structural unit represented by the follow ng structural fornmula was

obtai ned. [Chemi cal Fornula 37] y3 N3 4 Mo-r-4 14 The resulting epoxy
resin had a softening point of 57C (B&R nethod), a nelt viscosity

(measuring nmethod: 1Cl visconeter nethod, neasuring tenperature: 150C) of
2.4 dPa s and an epoxy equivalent of 297 g/eq. A OPC chart of the resulting
epoxy resin is showmn in Fig. 29, a CGt 3 NWR chart is shown in Fig. 30, and
a M5 spectrumis shown in Fig. 31. A simgnal assignable to a nmethoxy group
observed at 55 ppmin NVR and a hydroxyl group equival ent revealed that the
met hoxy group in the conpound is net deconposed. A nolar ratio of a

st ruct ur al growp of thofesultipg phdndltesiny 45 swgsult,ahe formenihe latenwas 81/H.dr ocar bon
group to a structural unit of a nethoxy group-containing aronatic

hydr ocar bExampta 2P [Synthksis efepoxy resin (B-)hs deternmined fromthe neasurenent
results of the weight of the recovered unreacted o-cresol and anisole in

t he production @& tielsemp ingannér as ésExaniple 2§, theeopdxidationreactionevasgondueted] t s of a
hydroxyl 72 group of the resulting phenol resin. As k result, the

former/ t hextceprtiot tophestl rdsth (A-Dxwadreplacd hbmstghfm@mﬁolemy;\-mysbmmé&# 4)]

In the same manner as in Exanple 26, the epoxidation reaction was conduct ed,

except tah ExpRIFB ok fiunt AdliviBR) 190 k3¢ afefaty 6 @ flhavizg phenol resin

(A-4) obtained 4 (hy oxyI group: 1 “equival ent’), 0 g of an
epoxy resi r&u&lguff)lm w Bk'ﬂ‘?l% JHiRg sthithimal TSMIESWEY Gffaiked. t he fol I ow ng
struct urals formul a g%t aP’?ied Chem cal For rrul a 38)

[Chemical Formula 38]

The resulting epoxy resin had a softening point of 85°C (B&R method), a melt viscosity
(measuring method: ICI viscometer method, measuring temperature: 150°C) of 13.2 dPa-s
and an epoxy equivalent of 370 g/eq.

A GPC chart of the resulting epoxy resin is shown in Fig. 32, a C!'? NMR chart is
shown in Fig. 33, and a MS spectrum is shown in Fig. 34, A signal assignable to a
methoxy group observed at 55 ppm in NMR and a hydroxyl group equivalent revealed that
the methoxy group in the compound is rot decomposed. A molar ratio of a structural unit
of a glycidyloxy group-containing aromatic hydrocarbon group to a structural unit of a
methoxy group-containing aromatic hydrocarbon group in the epoxy resin was determined
from the measurement results of the weight of the recovered unreacted phenol and anisole
in the production of the phenol resin (A-4), and the measurement results of a hydroxyl
group of the resulting phenol resin.  As a result, the former/the latter was 75/25.
Example 30 [Synthesis of epoxy resin (E-5)]

In the same manner as in Example 26, the epoxidation reaction was conducted,



z | 4LH24 , The resulting epoxy resin had a softening point of 85C (B&R
nmet hod), a nelt viscosity (neasuring nethod: ICl visconeter nethod,
measuring tenperature: 150C) of 13.2 dPa s and an epoxy equival ent of 370
g/eq. A GPC chart of the resulting epoxy resin is showmn in Fig. 32, a Cl13
NVR chart is shown in Fig. 33, and a M5 spectrumis shown in Fig. 34. A
signal assignable to a nethoxy group observed at 55 ppmin NMR and a
hydr oxyl group equi val ent reveal ed thatg the methoxy group in the conpound
is riot deconposed. A nolar ratio of a structural unit of a glycidyl oxy
group-contai ning aromati ¢ hydrocarbon group to a structural unit of a
met hoxy gremcept tuhthaiphenvd resinaiAal ) washreplaced iy (258 pof thepplienoltrisin (@) pbteimed n was
determined fromthe neasurenent results of the weight of the recovered
unr eact ed ip Bxample @ (Hydroxyd @roup: 1 equivedent), 00Lig bf amepaiiy trésin (B:8) tedvingasi n (A-4),
and the neasurenent results of a hydroxyl group of the resulting phenol
resin. As seuctallinit WEhé filRpwin sttt forkil2oras ébtsingd.e 30 [ Synt hesi s
of epoxy resin (1:-5)] In the sane manner as in Exanple 26, the epoxidation
reacti on \j@hemiieAELHNAR 3973 except that the phenol resin (A1) was replaced
by 279 g of the phenol resin (A-6) obtained in Exanple 6 (hydroxyl group; 1
equi val ent), g of an epoxy resin (E-5) having a structural unit
represented_ by the foll ow stryctural fornula ywas obtained. [Chem cal
Formul a 39] }43EH20CHZ 4i H |/ CH|Th@Hesul ting epoxy resin had a softening
C

poi nt of 68 i'@‘?é suring nmethod: |Cl
i enperla .ﬁi 'gfe 5.6 dPa s

Vi sconet er
The resulting epoxy resin had a softening point of 68°C (B&R method), a melt viscosity

(measuring method: ICI viscometer method, measuring temperature: 150°C) of 5.6 dPa-s
and an epoxy equivalent of 355 g/eq. A molar ratio of a structural unit represented by the
general formula (3) to a structural unit of represented by the general formula (4) in the
compound was determined from the measurement results of the weight of the recovered
unreacted phenol and anisole in the production of the phenol resin (A-6), and the
measurement results of a hydroxyl group of the resulting phenol resin.  As a result, the
former/the latter was 53/47. A GPC chart of the resulting phenol resin is shown in Fig, 35.
Example 31 [Synthesis of cpoxy resin (E-6)]

In the same manner as in Example 1, the epoxidation reaction was conducted,
except that the phenol resin (A-1) was replaced by 240 g of the phenol resin (A-9) obtained
in Example 9, to obtain 270 g of an epoxy resin (E-6) having a structural unit represented
by the following structural formula.

[Chemical Formula 40)

| ‘Lé;@{%_ W:: o



and an epoxy equivalent of 355 g/eq. A nolar ratio of a structural unit
represented by the general formula (3) to a structural unit of represented
by the general fornula (4) in the conmpound was deternmi ned fromthe
measurenent results of the weight of the recovered unreacted phenol and
anisole in the production of the phenol resin (A-6), and the measurenent
results of a hydroxyl group of the resulting phenol resin. As a result, the
former/the latter was 53/47. A GPC chagg of the resulting phenol resin is
shown in Fig. 35. Exanple 31 [Synthesis of epoxy resin (14-6)) In the sanme
manner as in Exanple 1, the epoxidation reaction was conducted, except that
t he phenolThe easilting spaRy resis hadpsofteningippint 0 66f CoB &Rmethiod); o Imaltcdscesityn- 9)
obtained in Exanple 9, to obtain 270 g of an epoxy resin (E-6) having a

st r uct ur ameasinting mpthed g6 artbcorbgtert hethéd) mheasiring temperatuce: 250°Co ofrllRaAPafsCheni cal
Formul a 40) 44 oHa a\/ Hz H2\/ CH 74" The resulting epoxy resin had a

sof t eni ng apdamépony efiiCaleMOR3Ib®eplegd), a nelt viscosity (neasuring nethod:
| CI visconeter nethod, measuring tenperature: 150C) of 1.2 dPa s and an

epoxy equi val enp\ GFC gt ¢ffipsresulifnd ¥poRy dsin i hawpinFig. 86 & 04> MR ehirefsi n i s
shown in Fig. 36, a C13 NVR chart is shown in Fig. 37, and a M5 spectrumis

shown in Ehéwm BigA7S it EMS3peduaiti [sRowintFig I8 haXdigdil aidipnable ey yed at 55 ppm
in NVR and a hydroxyf group equi val ent reveal ed that the nethoxy group in

the conpowiithdxy ghtip BEGISPRSS Ppmin TNRand 8 hy@roR¥l doudl dqiifvaléhfevaildd thaof a

gl yci dyl oxy group-contai ning aromati c hydrocarbon group to a structural unit

3/; B et mﬁtﬂéﬂﬁbﬁpﬁttﬂé BirfisbuAl AR HEcompSAAC 2 WIRBlafaBY BE b BnldiGaRRAXY T eSin
of a glycidyloxy group-containing aromegic hydrocarbon group to a structural unit of a
methoxy group-containing aromatic hydnocarbon group in the epoxy resin was determined
from the measurement results of the weight of the recovered unreacted phenol and anisole
in the production of the phenol resin (A-9), and the measurement results of a hydroxyl
group of the resulting phenol resin.  As p result, the former/the latter was 72/28.
Synthesis Example 7 (Synthesis of epoxy resin described in Japanese Unexamined Patent
Application, First Publication No. Hei 8-301980)

In the same manner as in Example 26; the epoxidation reaction was conducted,
except that the phenol resin (A-1) was replaced by the phenol resin (A’-2) obtained in
Synthesis Example 2, t0 obtain an epoxyiresin(E’-1) having a structural unit represented
by the following structural formula.

(Chemical Formula 41]

Hﬂ,@—cﬂth@‘c"l‘}—

The resulting epoxy resin had a softening point of 61°C (B&R method) and an epoxy
equivalent of 324 g/eqg.

Synthesis Example 8 (Synthesis of epoxy resinidescribed in Japanese Unexamined Patent



fromthe neasurenment results of the weight of the recovered unreacted phenol
and anisole in the production of the phenol resin (A-9), and the
measurenent results of a hydroxyl group of the resulting phenol resin. As a
result, the fornmer/the latter was 72/28. Synthesis Exanple 7 (Synthesis of
epoxy resin described in Japanese Unexam ned Patent Application, First
Publ i cati on No. Hei 8-301980) In the sane nanner as in Exanple 26; the

epoxi dation reacti on was conducted, exgept that the phenol resin (A1) was
repl aced by the phenol resin (A -2) obtained in Synthesis Exanple 2, to
obtain an epoxy resin:(E -1) having a structural unit represented by the
fol | owi ng @Nlm%tmlmthedI@?ﬁ-wg%r nul a 41] The resul ti ng epoxy
resin had a softening point of 61 C (B&R nmethod) and an epoxy equival ent of
324 g/ eq. Synt hirsthe sEnemphrer 8s (nFxaniple26 thef epoypidatjon readtion s condueted; n
Japanese Unexam ned Patent 75 Application, First Publication No. He

8- 301980) ekcept that the phenohresinr(Aal) was réplaced by thephenblaresip (X'-3)athtadmedriract i on was
conducted, except that the phenol resin (A-1) was repl aced-by the phenol

resin (N ZByntesigExanple 2, 1o Sptain@beppxiresiiiB-23 havise o Sthatudalamitegmusentedi n (E - 2)

having a structural unit represented by the follow ng structural formula.

[ Chem cal Yyah¢sllawihglsmidteral fosmlfal Ng epoxy resin had a softening point of 79C
(B& t nmethod) and an epoxy equival ent of 421 g/eq. Exanple 32 to 44 and

Conpar at i yeh&sidfiHopfiuid 42p 5 The above epoxy resins (E-1) td (E-5) as epoxy
resins, the epoxy resin %)B- 2)

Do oot

The resulting epoxy resin had a softening point-of 79°C (B&R method) and an epoxy
equivalent of 421 g/eq.
Example 32 to 44 and Comparative Exarhples 4 to 5

The above epoxy resins (E-1) to (E-5) as epoxy resins, the epoxy resin (B-2)
obtained in Synthesis Example 5 as an epoxy resin to be used in combination, the epoxy
resins (E’-1) and (E’-2) as comparative ejpoxy resins, the phenol resin (A-1) obtained in
Exarmple 1, the phenol resin (A-2) obtainied in Example 2, the phenol resin (A-4) obtained
in Example 4 and XLC-LL manufactured by Mitsui Chemicals, Inc. (Xylok resin, hydroxyl
group equivalent: 176 g/eq) as curing agénts, triphenylphosphine (TPP) as a curing
accelerator, condensed phosphoric acid ester (PX-200 manufactured by Daihachi Chemical
Industry Co., Ltd.) and magnesium hydroxide (ECOMAG Z-10 manufactured by Air Water
Inc.) as flame retardants, spherical silicaj{S-COL manufactured by Micron Co., Ltd.) as an
inorganic filler, y-glycidoxytriethoxysilane (KBM-403 manufactured by Shin-Etsu
Chemical Co., Ltd.) as a silane couplirig agent, carnauba wax (PEARL WAX No, 1-P

manufactured by Cerarica Noda Co. Ltd!) andicarbon black were mixed according to the



obtained in Synthesis Exanple 5 as an epoxy resin to be used in conbination,
the epoxy resins (E -1) and (E -2) as conparative epoxy resins, the phenol
resin (A-1) obtained in Exanple 1, the phenol resin (A-2) obtained in
Exanpl e 2, the phenol resin (A-4) obtained in Exanple 4 and XLCLL

manuf actured by Mtsui Chemcals, Inc. (Xylok resin, hydroxyl group

equi valent: 176 g/eq) as curing agents, triphenyl phosphine (TPP) as a curing
accel erator, condensed phosphoric aci dygoster (PX-200 manufactured by

Dai hachi Chemical Industry Co., Ltd.) and nmagnesi um hydroxi de (ECOVAG Z-10
manuf actured by Air Water 1Inc.) as flame retardants, spherical silica

(S- COL nefecrhaletionsatiows itnlahlest 166, and[thek theltkneaded atiaderopemitarefaf B5YE for 5

y-gl yci doxytri et hoxysil ane (1 CBM 403 manufactured by Shin-Etsu Chem cal

Co., Lt d.imtesasmglatwin oiupobtap epoxyicompaitionsofthe plebinfiivemios and. | - P

manuf actured by Cerarica Noda Co. Ltd) and carbon bl ack were m xed accordi ng
to the 76eurabilityrwisavalomed.s Rhysicalpripifiesf 4 cired Griivhowéra evaluatéd asifollemled at a
tenperature of 85C for 5 mnutes using a twin roll to obtain epoxy

conposi t i Dht i) kariiples foF ewdhitition Weedinady frarfi the aboveichpositionSby the fallovingl .
Physi cal properties of a cured article were evaluated as follows. That is,

sanpl es f grocempdsUaidi tRéh N RsHBAG, AL tetirdfhe AAY BickeR thhrabtBistich Wetdh e

foll owi ng procedures, and then heat resistance, flane retardancy and

di el ectrigafhiad ttﬁéfo%{”g?g teQuregeasured by the follow ng procedures. <Heat
resi stance> (d as$ transition tenperature: The glass transition tenperature

was neas : | a viscoelasticity neasuring apparatus (solid
: t PobistatRbNg. y g app _
vi scoel agﬂq% ty measuring apparatus RSAlIl nmanufactured by Rheonetric Co.,

doubl e Cant i | e\l ook MR hifinsh ehfsitiod Bitpbifird @hFmeFeey) -

<Curability>
using a viscoelasticity measuring apparatus (solid viscoelasticity measuring apparatus

RSAIl manufactured by Rheometric Co., double cantilever method: frequency of 1 Hz,
heating rate: 3°C/min).
<Curability>

0.15 g of an epoxy resin composition was placed on a cure plate (manufactured by
THERMO ELECTRIC Co.) heated to 175°C and clocking starts using a stop watch. A
sample was uniformly stirred by a tip of 4 bar and the stop watch was stopped when the
sample is separated into threads and left an the plate.  The time required for the sample to
be separated into threads and left on the plaéwhs defined as a gel time.
<Flame retardancy>

A sample for evaluation having d width of 12.7 mm, a length of 127 mm and a
thickness of 1.6 mm was made by molding at a temperature of 175°C for 90 seconds using
a transfer moiding machine and post-curing at a temperature of 175°C for 5 hours. The
resulting five samples having a thickness pf 1.6 mm were subjected to a combustion test in
accordance with UL-94. |
<Measurement of dielectric characteristics™>

A sample for evaluation having 4 width of 25 mm, a length of 75 mm and a



—0.15 g of an epoxy resin conposition was placed on a cure plate
(manufactured by THERMO ELECTRIC Co.) heated to 175C and cl ocking starts
using a stop watch. A sanple was uniformy stirred by a tip of 9 bar and
the stop watch was stopped when the sanple is separated into threads and
|l eft on the-plate. The tinme required for the sanple to be separated into
threads and left on the plate was defined as a gel tine. <Flane retardancy>
A sanple for evaluation having el widthgof 12.7 nm a length of 127 nm and a
t hi ckness of 1.6 nmwas made by nolding at a tenperature of 175C for 90
seconds usin a transfer nol ding nmachine and post-curing at a tenperatureof
175C for wcgumsofzﬁmmmadehgnﬂm gartpmperatieadfrldSC fdri%0iseconds using . 6 nm
were subjected to a conbustion test in accordance with UL-94. <Measurenent
of di el ecta ransfen moddingmachincend pastseurink ot 4 temperaaire of 1 TH7CHaw$ hopre Wit h of 25
mm a length of 75 mmand a 77 thickness of 2.0 mmwas made by nolding at a
t enper at urresulfinglsaiple was Sibjested tonslbonekiry geatmentrand stosed inalrdomat 23 chanda and
post-curing at a tenperature of 175C for 5 hours. The resulting sanple was
subj ect ed Humiditpof50% €or24thoea! NFhén, 8 dltletriv coisthn and b dizlechic disdpaind a
hum dity of 50% for 24 hours. Then, a dielectric constant and a dielectric

di ssi pati ofctof ﬁ(&tﬁé’quéﬁcyébffl()@m%sﬂﬂfg% dréd SrticleMeers eféwutrédn%v wered article

were neasured by the method defined in S- C- 6481 using | npedance Materi al

Anal " y i i “d. 78 00
Anal yzer a0 AT ned TRNISICEIY SihgTphBinos MarFRPARAYAG YHPO}9 15 p m

manufactured by Agilent Technology Col, Ltd.
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Tabl e 5: Formul ation table of epoxy resin conposition (parts by mass) and
evaluation results Exanples 40 41 42 43 44 E-1 _ 78 E-2 87 Epoxy resins
E-3 41 E-6 86 76 B-2 41 Curing agents A-9 58
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Dielectric dissipation factor (% 107)

Epoxy resins
Curing agents
Fused silica
Heat resistance
Camauba wax
Carbon Ylack
Combustion test class
‘lt
2#
Dielectric constamt




XLC-LL 47 46 50 48 Condensed phosphoric acid ester 30 Magnesi um hydr oxi de
30 TPP 3 3 3 Fused silica 820 830 850 'Coupling agent 5 5 5 Camauba wax 5 5
5 Carbon black 3 3 3 Curability 20 30 31 20 130 Heat resistance 105 115
145 30 114 Conbustion test class V-0 V-0 V-0 V-0 V-0 142 4 32 2* 17 11
18 16 7 Dielectric constant 2.85 2.97 3.16 2.81 2.77 D electric

di ssipation factor 81 99 107 79 65 x10 BO; Table 6: Formul ation table of
epoxy resin conposition (parts by massyg and evaluation results Co tive
Examples 4 5 FE -1 87 Epoxy resins Ef-2 94 -3 Curing agents 4-1

Table 5: Formulation table of epoxy resin/composition (parts by mass) and evaluation

results
Examples , 40 41 42 43 44
E-1 78
E-2 87
Epoxy resins E-3 ‘ 41
E6 ' 86 76
B-2 41
A A9 58
Curing agents XLC-LL 47 | 46 | 50 | 48
Condensed phosphoric acid ester o] 30
Magnesium hydroxide { 30
TPP ' 1 3 3 3
Fused silica : { 820 | 830 | 850
@Q@g&gﬂﬂt ' ] s 5 5
Camauba wax 5 5 5
Carbon black ,' { 3 3 3
Curability 20 30 31 20 130
Heat resistance ' 105 115 145 30 114
Combustion test class ‘ V-0 V-0 V-0 V-0 V-0
1* , ] 4 2 4 3 2
2% |l 17 11 18 16 7
Dielectric constant f | 285 | 297 | 316 | 281 | 2.77
2““1’35')“" dissipation factor 81 | 9 [ 107 ] 7 | 65




XLC-LL 47 40 TPP 3 3 Fused silica 850 850 coupu= agent 5 5 Carnauba wax
55 Carbon black 3 3 Curability 30 50 Heat resistance 125 120 Conbusti on
test class V-1 V-1 1* 16 18 2' 88 107 Dielectric constant 3.07 3.05
Dielectric dissipation factor (x 10 106 103 Note of Tables 1 and 2: *1 -
maxi mum conbustion tinme in one flanme contact (second) *2: total conbustion
time (second) of 5 sanples |NDUSTRI AL APPLI CABI LI TY The present invention
is applicable to 'an epoxy resin conpo&tion which is excellent in heat

resi stance and dielectric) characteristics of the resulting cured article as
well as curability during the curing reaction and al so can be preferably
used for T@é@ﬁ:d’@na\alenmmglmf EPRIYFEsiR Eomposition (partscdy mmsshandievalyalions, coati ng
materials and castings, and to a cured article thereof, a phenol resin and
a met hod fesdltspr oduci ng the sane, and an epoxy resin and a method for

pr oduci ng=ttre—s=me: &k tive Examples I 3
E-1 87
Epoxy resins EF:§ 94
E'-4
. A-l
Curing agents XLC-LL 17 40
TPP 3 3
Fused silica ‘ 850 850
Coupling agent ) 5 5
Carnauba wax ‘ 5 5
Carbon black . . 3 3
Curability j 30 50
Heat resistance 125 120
Combustion test class ' V-1 V-1
1* 16 18
2¢ ; . 88 107
Dielectric constant 3.07 3.05
Dielectric dissipation factor (x 107) 106 103
Note of Tables | and 2:

*1: maximum combustion time in one flame contact (second)

*2: total combustion time (second) of § samples
INDUSTRIAL APPLICABILITY

The present invention is appliceble to an epoxy resin composition which is
excellent in heat resistance and dielectric|charaeteristics of the resulting cured article as
well as curability during the curing reaction and also can be preferably used for
semiconductor sealing materials, printed kircuit boards, coating materials and castings, and
to a cured article thereof, a phenol resin dnd a 1énethod for producing the same, and an

epoxy resin and a method for producing the same.



CLAIMS 1. An epoxy resin conposition conprising an epoxy resin and a curing
agent as essential conponents, wherein the curing agent conprises a phenol
resin which has each structural noiety of a phenolic hydroxyl
group-contai ning aromati ¢ hydrocarbon group (P), an al koxy group-cont ai ni ng
aromati ¢ hydrocarbon group (B) and a dival ent aral kyl group (X), and al so
has, in a nolecular structure, a structure in which the phenolic hydroxyl
group-contai ning aronmati c hydrocarbon group (P) and the al koxy
group-containing aromatic hydrocarbon group (B) are bonded with the other
phenol i ¢ hydroxyl group- containing aromatic hydrocarbon group (P) or al koxy
group-containing aromati ¢ hydrocar IAIMDup (B) via the divalent aral ky
group (X). 2. The epoxy resin conposition according to claim1, wherein the
al koxy group- containing aromati c hydrocarbon group .(B) is i nonoval ent or
pol yval ent aromatic hydrocarbon group forned froma nol ecul ar structure

sel ected f.rom nai geoky ez eonsposition ehsipyisifpdt dpoive nevin aidwouying agent as

et hoxynapht hal ene, and a conpound having a nethyl group as a substituent on

the ar ombdskdntinliéoniiénes, witedh theriflg Yhestmptsed K phenB] 4R wWhich Ha edckdi val ent

hydr ocar bon group 'having a structure represented by the foll ow ng

structur %m@&&ﬂ%&e %?aﬁﬁﬁaﬁ@hf&h;gﬁmgcan@mﬂoﬁﬁ ic gﬁ?é&h&'ﬁmﬁﬂ{l’),"‘her ein

Rl represents a hydfogeh atom or group, an epresents a

phenyl en 5];94}1% - ' I tah\alent dratk¥i roup or a
napht hyl gar?e%rg%?‘?pé% _ tﬁ%b‘g’ﬁ‘gﬂgf‘?%%?“g?wyéﬂ%?com% ni n léjrog tic
hydrocar b@ﬁ, AHIHR lf(aE,)in 'a%lﬁec%?ar structure, a stricture in which the phenolic hydroxyl

group-containing aromatic hydrocarbon group (P) and the alkoxy group-containing

aromatic hydrocarbon group (B) are bonded with the other phenolic hydroxyl group-
containing arornatic hydrocarbon group (P) or alkoxy group-containing aromatic
hydrocarbon group (B) via the divalent asalkyl group (X).

2. The epoxy resin composition according to ¢laim 1, wherein the alkoxy group-
containing aromatic hydrocarbon group (B) is @ monovalent or polyvalent aromatic
hydrocarbon group formed from a molecilar structure selected from methoxybenzene,
methoxynaphthalene, ethoxybenzene, ethoxynaphthalene, and a compound having a methyl
group as a substituent on the aromatic nutleus of them,

the divalent aralkyl group (X) isa divalent hydrocarbon group having a structure
represented by the following structural farmula-(1):
[Chemical Formula 3]

1}1 llil
—CH—Ar-CH— M
wherein R, represents a hydrogen atom or a methyl group, and Ar represents a phenylene
group, a biphenylene group, a dipheny! ether-4,4’-diyl group or a naphthylene group}and
the phenolic hydroxyl group-coutaini:;g aromatic hydrocarbon group (P) is a



—gi-valent or trivalent aromatic hydrocaybon group formed froma nol ecul ar
structure selected from phenol, naphthot+ and a conpound havi ng a net hyl
group as a substituent on the aromatic nucleus of them 3, The epoxy resin
conposition according to claiml or 2, wherein an abundance ratio of the
phenol i ¢ hydroxyl group-containing aromati c hydrocarbon group (P) to the
al koxy group-containing aromati ¢ hydrocarbon group (B), the forner/the
|atter, is within a range from30/70 82 98/2. 4. The epoxy resin
conposition according to claim1, 2 or 3, wherein the phenol resin has a
hydr oxyl group equivalent of! 150 to 500 g/eq. 5. A sem conductor sealing
mat eri al dbamt@;1mgdmmwymmkmp%meérﬁma@mmmmm one of
clains 1 to 4, the epoxy resin conposition further conprising 70 to 95% by
mass of aselecwed fromipberial) daphthol, andaichmposnd having @ meghyk group 95 a sebstituenieoncur i ng
agent. 6. An epoxy resin cured article obtained by the curing reaction of
t he epoxy theesomaticanutleas bf them. according to any one of claims 1 to 4. 7. A
novel phenol resin having each structural noiety of a phenolic hydroxyl
group- containing aromati ¢ hydrocarbon group, (P), an al koxy group-cont ai ni ng
aromati ¢ hydrocarbon group (B) and a dival ent aral kyl group ()(), and al so
having, i@, a NORSePoRY restd Edmiodition aboobdifip!td difh 1 o )Rihetein featphddiek i C
hydr oxyl group-containing aromatic hydrocarbon group (P) and the al koxy

gr oup- conkgigdifike fHeROR hydrdkyt OGA-cOMRintHzSinAtiR) hyd AicarbBR RERE (P olihé he ot her

phenol i ¢ hydroxyl™ group-contalning aromatic hydrocarbon group 83 (P) or

al koxy grqmw%%?,%eaﬁtaﬂj@'ma&@%mar (BY, IhPfofrRbr/the Rutted) & Wi b ent

aral lryl grou ereln a nelt viscosity at 150C as neasured by an | Cl

Vi scomnet ermjgg EP’DFQO 5.0 dPa- s and a hydroxyl group equivalent is
from 150 to 6‘8’ g eq.%%w

4, The epoxy resin composition according to claim 1, 2 or 3, wherein the phenol
resin has a hydroxyl group equivalent of1150 to 500 g/eq.

5. A semiconductor sealing material comprising the epoxy resin composition
according to any one of claims | to 4, the epoxy resin composition further comprising 70 to

95% by mass of an inorganic filler, in aadition to the epoxy resin and the curing agent.

6. An epoxy resin cured article obfained by the curing reaction of the epoxy resin

composition according to any one of ¢laims 1 to 4.

7. A novel phenol resin having each: structural moiety of a phenolic hydroxyl group-
containing aromatic hydrocarbon group (P), an alkoxy group-containing aromatic
hydrocarbon group (B) and a divalent aralkyl group (X), and also having, in a molecular
structure, a structure in which the phenalic hydroxyl group-containing aromatic
hydrocarbon group (P) and the alkoxXy group-containing aromatic hydrocarbon group (B)

are bonded with the other phenolic hydroxyl group-containing aromatic hydrocarbon group



8. The novel phenol resin according to claim7, wherein the al koxy
group-containing aromatic hydrocarbon group (B) is a divalent or trivalent
aromati ¢ hydrocarbon group formed froma nol ecular structure selected from
met hoxybenzene, net hoxynapht hal ene, et hoxybenzene, ethoxynaphthal ene, and a
conpound having a nmethyl group as a substituent on the aromatic nucl eus of
them the divalent aral kyl group (X) ii a dival ent hydrocarbon group having
a structure represented by the foll owggg structural fornmula (1): [Chem cal
Formula 3] RI Rl -CHAr-CH (1) Ru represents a hydrogen atom or a net hyl
group, and Ar represents a phenylene group, a biphenylene group or a

di phenyl @rralking grapycontpiningaromatic kydeogathongroup (%)Niﬂdh'ydi‘fmﬂkﬂnt ai ni ng
aromati ¢ hydrocarbon group (P) is a divalent or trivalent aromatic

hydr ocar bgroupr(@Eiowliereine aneltrdsoositynat| 16010 asrmeasured by ap ICkdSwotetat i fromOshenol |
napht hol , and a conpound having a nethyl group as a substituent on the
aromati c mas0iPa - Dindtaltydrox9] gréop equivejent issrom ¢ 50mosliltg/ayy conpri si ng an epoxy
resin and a curing agent as essential conponents, wherein the epoxy resin
has each structure of a glycidyloxy group- containing aronmatic hydrocarbon
group! (E), an al koxy group-containing aromati c hydrocarbon group (B) and a

di val ent gpal | 1 Yhe A&v2Yphend) resifBecoMifg td @dim 7, WiRrdiR HRGIKRY ghtip-hfaiiihgir e, a
structure in which the glycidyl oxy group-containing aromatic hydrocarbon

Bondbd o 2Rt KRR el ) e B B Do bt oup
(B) or al koyeaddd Rmolecular structure selected from methoxybenzene, methoxynaphthalene,
ethoxybenzene, ethoxynaphthalene, and a compound having a methyl group as a
substituent on the aromatic nucleus of them,
the divalent aralkyl group (X) is a divalent hydrocarbon group having a structure
represented by the following structural formula (1):
[Chemical Formula 3]
1?-1 Illl
—CH—Ar—CH— M
R\ represents a hydrogen atom or a methyl group, and Ar represents a phenylene group, a
biphenylene group or a diphenyl ether-4;4’-diyl group, and
the phenolic hydroxy] group-cositaining aromatic hydrocarbon group (P) is a
divalent or trivalent aromatic hydrocaroen group formed from a molecular structure

selected from phenol, naphthol, and a compound having a methy! group as a substituent on

the aromatic nucleus of them.

9. An epoxy resin composition comprising an epoxy resin and a curing agent as
essential components, wherein the epoxy resin has each structure of a glycidyloxy group-
containing arematic hydrocarbon group|(E), an alkoxy group-containing aromatic

hydrocarbon group (B) and a divalent agalkyl group (X), and also has, in a molecular



contai ning aromati c hydrocarbon group (13) via the divalent aral kyl group
(X). 10. The epoxy resin conposition according to claim9, wherein the

al koxy group- containing aromati ¢ hydrocarbon group (B) is a divalent or
trivalent aromati c hydrocarbon group forned froma nol ecul ar structure

sel ected from nmet hoxybenzene, nethoxynaphthal ene, ethoxybenzene,

et ooxynapht hal ene, and a conpound having a nethyl group as a substituent on
the aromatic nucl eus of them the divagent aral kyl group (X) is a dival ent
hydr ocar bon group having a structure represented by the follow ng
structural formula (1): [Chemical Formula 31 R R -CHAr-CH_ (1) wherein
R repr es8muchire asyraetogdn whickvthe glysidploxy grougreonisining atomatic bysdrecaghoms o

phenyl ene group, a bi phenyl ene group or a diphenyl ether-4,4"-diyl group,
and the gerpup (B)and ghecalkoxy-grenp-cintaining aromatic hydiogatborcgrobp (B)arobendedyo | s

divalent or trivalent aromatic hydrocarbon group forned froma nol ecul ar

st r uct ur ethe ethee plycidflorynerompicohuaininparomatichyslroqihon gnipoE) opglkotegrene, and a

conpound having a nethyl group as a substituent on the aromatic nucl eus of

t hem 11.co'ﬁhﬂﬁﬁg)@é)haﬁeﬁwrom?bﬁﬁ(B)ﬁ@ﬂﬂrdﬁﬁalﬁthﬁlk?lgtioﬁp?Xpr 10, wherein an
abundance ratio of the glycidyloxy group-containing aromatic hydrocarbon
group (E) to the al koxy group-containing aromatic hydrocarbon group (B),
the former/the latter is within a range $6 from 30/70 to 98/ 2. 12. The

PN 2RSSR oty e ROET g PO
containing aromatic hydrocarbon group (B) is a divalent or trivalent aromatic hydrocatbon
group formed from a molecular structure selected from methoxybenzene,
methoxynaphthalene, ethoxybenzene, ethoxynaphthalene, and a compound having a methyl
group as a substituent on the arornatic nugleus of them,

the divalent aralkyl group (X) is/a divalent hydrocarbon group having a structure
represented by the following structural formula (1):
[Chemical Formula 3]

Ry R,

—CH-A—CH— O
wherein R; represents a hydrogen atom or a methyl group, and Ar represents a phenylene
group, a biphenylene group or a dipheny! ether-4.4°-diyl group, and

the glycidyloxy group-containirig aromatic hydrocarbon group (E) is divalent or
trivalent aromati¢ hydrocarbon group formed from a molecular structure selected from
glycidyloxybenzene, glycidyloxynaphthalene, and a compound having a methyl group as a

substituent on the aromatic nucleus of them.,

11. The epoxy resin composition adcording to claim 9 or 10, wherein an abundance
ratio of the glycidyloxy group-containing aromatic hydrocarbon group (E) to the alkoxy

group-containing aromatic hydrocarbon group (B), the former/the latter is within a range



13. The epoxy resin conposition according to any one of clains 9 to 12,
wherein the curing agent conprises a phenol resin which has each structural
noi ety of a phenolic hydroxyl group-containing aromati c hydrocarbon group
(P), an al koxy group-containing aromatic hydrocarbon group (B) and a

di val ent aral kyl group (X), and also has, in a nolecular structure, a
structure in which the phenolic hydroxyl group-containing aronatic
hydrocarbon group (P) and the al koxy: gg®up-contai ni ng aromati c hydrocar bon
group (B) are bonded to the other phenolic hydroxyl group-containing
aromati ¢ hydrocarbon group (P) or al koxy group-containing aromatic

hydr ocar b®mgdPg03o 88R. vi a the dival ent aral kyl group M 14. A seniconductor
sealing material conprising the epoxy resin conposition according to any
one of clains 9 to 13, the epoxy resin conposition further conprising 70 to
95% by mass of an inorganic filler, in addition to the epoxy resin and the
curing agiht. The.epoxy resincompesition angordthg:to claoh 8, Hhowlilnwlietoin thtvepoxyr i ng
reaction of the epoxy resin conposition according to any one of clainms 9 to
13. 16. Aesinhes aregoxy eqaisalentod 200 2bgdleqst ruct ure of a gyci dyl oxy
group-containing aromatic hydrocarbon group (E), an al koxy group-containing
aromati ¢ hydrocarbon group (B), and a divalent aral kyl group (3), and al so
having, in a nolecular structure, a 86 structure in which the glycidyl oxy
gr oup- confxi ni NiheapOxPEesin OMPoHAEA E2OrdeigQt Any bne ¥ethimb Beo #3,Keheyein the
group-contai ning aromati ¢ hydrocarbon group (B) are bonded to the other

gl yci dyl opidingapéti v6AP#ides 2ipAend} rédifAWhich R Kl R ARl GhAER of Ebhi&iolia! koxy
group-containing aromati ¢ hydrocarbon group (B) via the dival ent aral kyl

gr \??gcg)&}tly% f r %ogﬁgﬁ%go%w%%@ﬁgﬁ?i& r %Wgent is
from 200 £ 8miffOnflirédrbon group (B) and a divalent aralkyl group (X), and also bas, in a
molecular structure, a structure in which the phenolic hydroxyl group-containing aromatic
hydrocarbon group (P} and the alkoxy graup-containing aromatic hydrocarbon group (B)
are bonded to the other phenolic hydroxy! group-containing aromatic hydrocarbon group

(P) or alkoxy group-containing aromatic hydrocarbon group (B) via the divalent aralkyl

group (X).

14. A semiconductor sealing material comprising the epoxy resin composition
according to any one of claims 9 to 13, thk epoxy resin composition further comprising 70

to 95% by mass of an inorganic¢ filler, in dddition to the epoxy resin and the curing agent.

15. An epoxy resin cured article obtained by the curing reaction of the epoxy resin

composition according to any one of claims 9 to 13.

16. A novel epoxy resin having each structure of 2 gycidyloxy group-containing
aromatic hydrocarbon group (E), an alkoXy group-containing aromatic hydrocarbon group

(B), and adivalent aralky] group (X), and also having, in a molecular structure, a



17. The novel epoxy resin according Ito claim16, wherein the al koxy group-
containing aromati c hydrocarbon group (B) is a divalent or trivalent
aromati ¢ hydrocarbon group formed froma nol ecul ar structure selcted from
met hoxybenzene, net hoxynapht hal ene, et hoxybenzene, ethoxynaphthal ene, and a
conpound having a nmethyl group as a substituent on the aromatic nucl eus of
than, the divalent aral kyl group (X) is a dival ent hydrocarbon group having
a structure represented by the followggg structural fornula (1): [Chem cal
Formula 3) RI RI -CHAr-CH (1) wherein R represents a hydrogen atomor a
met hyl group, and Ar represents a phenyl ene group, a biphenyl ene group or a
di phenyl striveurd intwhicth yle glycidyloxyegrouacantaiping achobeieihydrogarbome gloyp (Byamdp as a
substituent on the aromatic nucleus of them and the glycidyl oxy

gr oup- contheialkoxg groupridhtainiiy atomatc livatoarwnréup) (B) arechondédwitheoother r i val ent
aromati ¢ hydrocarbon group fornmed froma nol ecul ar structure selected from

gl yci dyl Ogbybﬁymnro@leoﬁtaﬂﬁﬁ%ﬂwmmaﬂm g26up (Ef) epaiRepygrolimuomgningret hy|

group as a substituent on the aromatic nucleus of them 89 18. A nethod

for produgiontid hjdréedrbel\Eoap (B)34 émedwaleﬁhmﬁﬂk?pgb G 6X), lédein Wmalrhydr oxy
group-contai ning aromati ¢ conpound (al), an al koxy group-containing aromatic

(30a) (S B SQCTRERANPRY B K visStnb b Bl ) S P B e P

group equivalent is from 200 to 700 g/eq.

17. The novel epoxy resin accotding!to claim 16, wherein the alkoxy group-
containing aromatic hydrocarbon group (ﬁ) is a divalent or trivalent aromatic hydrocarbon
group formed from a molecular structure ef’.elcted from methoxybenzene, |
methoxynaphthalene, ethoxybenzene, ethoxynaphthalene, and a compound having a methyl
group as a substituent on the aromatic nugleus of them,

the divalent aralkyl group (X) is & divalent hydrocarbon group having a structure
represented by the following structural formula (1):
[Chemical Formula 3]

1}1 1}1

—CH—Ar—CH— M
wherein R, represents a hydrogen atom or a methyl group, and Ar represents a phenylene
group, a biphenylene group or a diphenyliether-4,4’-diy1 group, and a compound having a
methyl group as a substituent on the aromatic nucleus of them, and

the glycidyloxy group-containing aromatic hydrocarbon group (E) is divalent or
trivalent aromatic hydrocarbon group formed from a molecular structure selected from
glycidyloxybenzene, glycidyloxynaphthalene, and a compound having a methyl group asa

substituent on the aromatic nucleus of them.



R20OCH2- Ar - CH2OR2 (a3-b) H2C=CH Ar-CH=CH2 (a3-c) wherein, in the formula
(a3-b), R2 represents a hydrogen atom or a hydrocarbon group having | to 6
carbon atons. 19. A nmethod for producing a novel epoxy resin, which
conprises reacting the novel phenol resin obtained by claim18 with

epi chl or ohydri n.
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18. A method for producing a nove! phenol resin, which comprises reacting e hydroxy
group-containing aromatic compound (al), an alkoxy group-containing aromatic

compound (a2), and a compound having the following structural formula (a3-a), (a3-b) or

(a3<c):

[Chemical Formnula 5]
XCHy;—Ar—CHX (a3-a)
R,OCH;— Ar—CH,0R, (a3-b)

H,C=CH—Ar—CH=CH; (a3<)
wherein, in the formula (a3-b), R, represents a hydrogen atom or a hydrocarbon group

having 1 to 6 carbon atoms.

19. A method for producing a novel epoxy resin, which comprises reacting the novel
phenol resin obtained by claim 18 with epichlorohydrin.



