1 DESCRI PTI ON EPOXY RESIN COVMPOSI TION TECHNI CAL FI ELD The present
invention relates to an epoxy resin conposition containing a polyphenyl ene
ether, useful as an insulating material for a printed wiring 5 board and
the like; a solution of the epoxy resin conposition; a varnish having the

epoxy resin conposition in an organiclsolvent; a prepreg; whichis a
substrate inpregnated with the varnishy a lamnate board using the

prepreg; a curable resin/netal fo#ﬁSéQI%ﬁf@ﬁSite formed of the epoxy resin
conposition containing polyphenylene ether and a netal foil; a film

contai ning a curabl e epoxy £685%kP £REPRStbPHsTARENa printed wiring board
and an el ectronic device using these. 15 BACKGROUND ART An epoxy resin

excellent in cost performance is widely used as an insulating material for
printed wring boards. To satisfy the recent requirenent for increasing
the density of wiring, higher performance of 20 an epoxy resin has been
desired. For exanple, in a printed wiring board used in a high frequency
regi on, suchE@sNs@AR| FIEBDcomuni cations, an insulating material
excellent in dielectric characteristics, that 2 is, having a | ow
di el ectric constant antha poesedtelnventtonangéatesi sor aguepedyf or
preventing signal _
resin composition containing a polyphenylene ether,
useful as an insulating material for a printed wiring
5 board and the like; a solution of the epoxy resin
composition; a varnish having the epoxy resin
composition in an organic solvent; a prepreg; which is
a substrate impregnated with the varnish; a laminate
board using the prepreg; a curable resin/metal foil
10 composite formed of the epoxy resin composition
containing polyphenylene ether and a metal foil; a film
containing a curable epoxy resin composition; and a

printed wiring board and an electronic device using

these.

15 BACKGROUND ART
An epoxy resin excellent in cost performance
is widely used as an insulating material for printed
wiring boards. To satisfy the recent requirement for
increasing the density of wiring, higher performance of
20 an epoxy resin has been desired. For example, in a
printed wiring board used in a high frequency region,
such as satellite communications, an insulating

material excellent in dielectric characteristics, that



delay. To satisfy such a requirenent, an epoxy resin conposition
cont ai ni ng pol yphenyl ene ether has been 5 proposed. It is known that the
resultant |am nate board shows excellent dielectric characteristics.
Furthernore, as disclosed in JP-A-58-219217 and JP-A- 09-291148, a

pol yphenyl ene ether having inproved physical properties such as
processability and adhesion 10 properties, which is obtained by

i ncor por ati ngs anKePoXY adieWPgiBl ecthecpebyphany! eng gt hew so as to reduce
the nelt viscosity of the resin, is known. A lam nate board is generally

formed by iapeegoetingtangehstrakersgchrasd goaspréibaringt Bignalb resin
solution (varnish), followed by drying it to prepare a prepreg, |amnating
t he prepreg @atzq. neTal sat bfysaobhas cegpérefent, andeheayi mgstthe | am nate
under pressure. As desclosed in JP-A-58-219217 and JP- A-09-291148,
exanpl es of acwpbybniohocoprepatnggralgphenyhesh tEbArahagpdgeir esin
conposition containing a polyphenylene ether include a solvent capabl e of
di ssol vi ng an@P?%ﬁ@nyléheiét%@@WnahhaﬁDFBesﬁéépiFéaFI}amﬁﬁéFGde hal ogen
sol vents such as _dichl oronet hane and _chl orof orm and aronmati c sol vents such
as benzene, PBR¥Y| BRABS aRYCRYLERE. AFRESECEOFVERRERRGTHETASED singly or in

hal ogen sol vEHTERERESTFo B8 ALAFLBRSRnLRoP-Br Seng L PAARORTH SB fects. 3 on
Lo ot hapg. 5 D oo, kol GLHENS: 81c 0:RLTA S UhyEBlrfey cauoe
physical properties such as processability and adhesion
10 properties, which is obtained by incorporating an epoxy
group into the polyphenylene ether so as to reduce the
melt viscosity of the resin, is known.
A laminate board is generally formed by
impregnating a substrate such as glass fiber with a
15 resin solution (varnish), followed by drying it to
prepare a prepreg, laminating the prepreg and a metal
foil such as copper foil, and heating the laminate
under pressure. As desclosed in JP-A-58-219217 and JP-
A-09-291148, examples of a solvent for preparing a
20 varnish from an epoxy resin composition containing a
polyphenylene ether include a solvent capable of
dissolving a polyphenylene ether, and more specifically
include halogen solvents such as dichloromethane and
chloroform and arocmatic solvents such as benzene,
25 toluene and xylene. These solvents may be used singly
or in the form of a mixture of two or more types.
However, the use of such a halogen solvent

tends to be limited in fear of environmental effects.



To prevent the gelation, it is necessary to inpregnate a substrate with a
varni sh, while keeping it at high 5 tenperatures. Therefore, it has been
poi nted out that such an aronmatic solvent may interfere with formng of a
prepreg. DI SCLOSURE OF THE | NVENTI ON An object of the present invention is
to 10 provide an epoxy resin conpositign capable of solving the

af orenenti oned problens and having a satisfactory long-termstability to a

ket one genergh! yhdseehip nbeENM PHeuBECBECPol 8XAE! hBNEnPRGEMASEAkI | ity, high
adhesi on properties and heat resistance successfully 15 preventing a phase

separation i goavett i NgypPraaessgedhtdionxe€l hepbldphbaglene ehaeacteristics.
The present inventors have conducted intensive studies to solve the

af orenenti oned pbeeecht ths gelesubh, Lheyshaweetsang thatmplmeguseeof a 20
pol yphenyl ene et her having a predeterm ned nol ecul ar weight enables a

ket one to beausedstsabeswivind wvaraisharwhshe Feephsgnbreatt haghhave
surprisingly found that the solubility of the pol yphenyl ene ether having

t he predeterbemnedrabhsest ar Thergheren atkbasnbeeanpPpanpsdr ekhir kBBIFy
stabilized by epoxylating the pol yphenyl ene ether. Mreagver, they have
found that t&HeCRJANtRBATBELCaSALVENE URRY | HREFTERBRYWIER] AOLBEH E%oxy resin
to be 4 nodified overcones a problem of a phase separation taking place
in the curiny ProeES8-and trenendously inproves the physical properties of
t he resul tant

DISCLOSURE OF THE INVENTION
An object of the present invention is to
10 provide an epoxy resin composition capable of solving
the aforementioned problemg and having a satisfactory
long-term stability to a ketone generally used in
forming a prepreg, excellent processability, high
adhesion properties and heat resistance successfully
15 preventing a phase separation in a curing process, and
excellent dielectric characteristics.
The present inventors have conducted
intensive studies to solve the aforementioned object,
As a result, they have found that the use of a
20 polyphenylene ether having a predetermined molecular
weight enables a ketone to be used as a solvent of a
varnish. Furthermore, they have surprisingly found
that the solubility of the polyphenylene ether having
the predetermined molecular weight in a ketone can be
25 remarkably stabilized by epoxylating the polyphenylene
ether. Moreover, they have found that the addition of

a multifunctional epoxy resin to an epoxy resin to be



| am nate board and film 5 In addition, they have found that the
processability can be dramatically inproved by containing at |east one of
a cage-form sil sesqui oxane and a partially cleaved cage-form

si | sesqui oxane. The present invention has been achi eved based on the 10
findings nentioned above. Mre specifigally, the aspects of the present
invention are as follows. (1) An electfonic nmenber conprising an

epoxyl ated ppLypkenyl e9eebRes aeg'&eb@aw B¢ BOLRLESS sebarbiakn3 epoxy
groups per nol ecul e on average, the electroni c nenber being selected froma

resin varni shakipgeplage ¢Hrahkeciesnf/ prbakskobhdc emeasnideusilyvl m
| am nate board, multilayer printed wiring board, sealing resin

conposi tion, iapdooesabhe bRskicaQ epeBpesttieencfothan radhdsiave agent. (2) An
el ectroni ¢ nmenber conprising an epoxy resin conposition conprising an
epoxyl ated pehyphesybenedethdr friési.n having not | ess than 3 epoxy groups
per nol ecul e on average and an epoxy resin, the 25 el ectronic nmenber being
sel ected Brom the groupn eddsispnngtbeyahpwsi fouadnicdat ihepreg, curable
resin/nmetal foil conposite, film |amnate board, nultilayer printed
Wi ring boar dPreegpEEAgites¥nCcen benpasiatdralind IEREENEE K&sin conmpositi on
for an adhesive agent. g3a An el ectrqgni c apparatus ¢ nprisLn%:the
containing a east one of a cage-form silsesquioXxane
and a partially cleaved cage-form silsesquioxane. The
present invention has been achieved based on the
10 findings mentioned above.
More specifically, the aspects of the present
invention are as fcllows.
(1) An electronic member comprising an
epoxylated polyphenylene ether resin having ncot less
15 than 3 epoxy groups per molecule on average, the
electronic member being selected from a resin varnish,
prepreg, curable resin/metal foil composite, film,
laminate board, multilayer printed wiring board,
sealing resin composgition, and curable resin
20 composition for an adhesive agent.
(2) An electronic member comprising an epoxy
resin composition comprising an epoxylated
polyphenylene ether resin having not less than 3 epoxy
groups per molecule on average and an epoxy resin, the
25 electronic member being selected from the group
consisting of a resin varnish, prepreg, curable

resin/metal foil composite, film, laminate board,

multilayer printed wiring board, sealing resin



el ectroni ¢ nenber according to the above item1 or 2. 5 According to the
present invention, an epoxy resin conposition containing a polyphenyl ene
ether having a specific nolecular weight is excellent in heat resistance,
di el ectric characteristics, processability, and adhesion properties and
can be provided in the form 10 of a stable ketone solution at room
tenperature. Furthernore, the use of the epoxy resin conposition provides

a |ani nate bogrdofaving, expql Lephndielesthi eomphakaghar Esti as. BEST MODE
FOR CARRYI NG THE T NVENTI ON 15 Now, the present invention will be

descri bed iagHetalt. adbgrpol yphenyl ene ether resin to be used in the
present invention has a nunber average nolecular weight limted to the
range of 1,000 to 4, 0003anAn28leobhtanhs spppoaentschaprihgiagmohecul ar

wei ght of 20,000 or nore in an anount of substantially 20%or |ess. The
phrase "contalechgosbapoaehes havondingnbbetheasbargeghtemofl 2@, @00 or nore
in an anmount of substantially 20%or |ess" neans that the peak area of
conponent8 havi ng a 25Apepedundr taekhat PEES2RL0ODVERtAB e @Bt EPRFMed by ge
permeati on chromat ography is 20% or | ess. The_phrase "subsggntially free
of conponentXeRiki AEMBCHRBEEeDI GPNE21ReNGhE BPLlYBREBYLIERSnEFE€ineans t hat
the nol ecul ar wei ght at tEe stait oi eak.dﬁtection ii 20t000 r kess in
gel perneat i BAVERF ofraEBEFApAG. "THECH ngHEHQ EndSeEKEFILERn o 68 used in

resistance, dielectric characteristics, processability,
and adhesicn properties and can be provided in the form
of a stable ketone solution at room temperature.
Furthermore, the use of the epoxy resin composition
provides a laminate board having excellent dielectric

characteristics.

BEST MODE FOR CARRYING OUT THE INVENTION

Now, the present invention will be described
in detail.

The polyphenylene ether resin to be used in
the present invention has a number average molecular
weight limited to the range of 1,000 to 4,000 and
contains components having a molecular weight of 20,000
or more in an amount of substantially 20% or less. The
phrase "containing components having a molecular weight
of 20,000 or more in an amount of substantially 20% or
less" means that the peak area of components having a
molecular weight of 20,000 or more determined by gel
permeation chromatography is 20% or less. The phrase

"substantially free of compconents having a molecular




5 the present invention is limted in nunber average nolecular weight to
1,000 to 4,000, and substantially free of conponents having a nol ecul ar
wei ght of 300 or |ess. The phrase "substantially free of conponents
havi ng a nol ecul ar wei ght of 300 or |ess" neans that 10 the nol ecul ar

wei ght at the conpletion of peak detegtion is 300 or nore in gel
perneati on chronmatography. The nunber "average nol ecul ar wei ght of the

pol yphenyl en N vl Reble PHe$CRhe I@licyARtd on is
o P ShieghiE ?gngg'gpgl,ggogét%% A 86° Brereran Lo 4. 000, more

preferably 2,008nhtt ar4:8@0stand byrpbBak peetetabhy i2, 400 oo 4r0Q@ssvhen
t he nunber average nol ecular weight is 4,000 or less, a resin conposition

has a | ow nelit ¥ks$cpsirtnpadndngeddcr@tpyeaghsability. Wen the nunmber
average nolecular weight is 1,000 or nore, it is possible to prevent the
di el ectric constant of Ther epilgphempdent enheromesiincteadengsetharhi gher the
average nunber nol ecular weight within the range of 1,000 to 4,000, the

hi gher 255t hehef bretseot pneeattiongisgnlimdtedsan putbelreamveiraédeconst ant of a
resin conposition. Since a polyethylene ether resin contains caonmponents
havi ng a nol Bebkaplasi yriobt 20, 60008r tRore 020, angh saksendrllY
substantiall¥ 20% or |l ess, the resin shows good solybility in a ketone

sol vent suchtig&e 2EefORBOHESt RPVETRY P W@@Sﬁé}aﬁhWPﬁgkﬁtCEb?&QMQ¥t()

prepare a vagush ugia g KeLong pOLYERL 11 ¥ $ree of components

having a molecular weight of 300 or less" means that
10 the molecular weight at the completion of peak
detection is 300 or more in gel permeation
chromatograghy.
The number average molecular weight of the
polyphenylene ether resin to be used in the present
15 invention is limited within the range of 1,000 to
4,000, preferably 1,500 to 4,000, more preferably 2,000
to 4,000, and further preferably 2,400 to 4,000. When
the number average molecular weight is 4,000 or less, a
resin composition has a low melt viscosity and good
20 processability. When the number average molecular
weight is 1,000 or more, it is possible to prevent the
dielectric constant of a resin composition from
increasing. The higher the average number molecular
weight within the range of 1,000 to 4,000, the higher
25 the effect of preventing an increase in dielectric
constant of a resin composition.
Since a polyethylene ether resin contains

components having a molecular weight of 20,000 or more



5 preferably, conponents having a nol ecul ar weight of 20,000 or nore are
substantially not present, further preferably that conponents having a

nol ecul ar wei ght of 10,000 or nore are substantially not present. Wen

t hese conditions exist, the solubility of a 10 pol yphenyl ene ether resin in
a ketone can be maintained stably for,a long time. Furthernore, since the
pol yphenyl ene ether resin contains substantially no conponents having a

mol ecul ar wei ghtnofm30Atobs! 88psthieiReal, pesi skaneasof the ae@sin
conposition can be inproved while preventing an increase of dielectric

constant. Foghewangbed eelvphenykene at RetoheskblRastasustr wet ural unit
represented by the followwng formula (1). A specific exanple of the resin

is poly (2, 6a28tdhaebhymhekthfipbignyl eecari depkidyg B2 Bos®ikle tR3 R+ n
wherein n represents a positive integer; RlL, R2, R3 and R4 represent
hydrogen or mrhpdrecar bemnhabi ngihgt @ Betoaeberlaeofns; dNedeRl, R2, R3 and
R4 may be the sane or different. 5 A polyphenylene ether resin is

general | y5 ppﬁéﬁééébby,aCQ@p?ﬁéﬂFEabﬁﬁﬁnﬂeécﬁpgﬁpuiﬁé WeAgbE ofproduced by

a polynerization reaction” refers.to a _method in which a phen%!ic conpound
is polynerizaafBQO or more are substantially not present, further

preferably that components having a molecular weight of
10,000 or more are substantially not present. When
these conditions exist, the solubility of a
10 polyphenylene ether resin in a ketone can be maintained
stably for a long time.
Furthermore, since the polyphenylene ether
resin contains substantially no components having a
molecular weight of 300 or less, the heat resistance of
15 a resin composition can be improved while preventing an
increase of dielectric constant.
For example, polyphenylene ether resin has a
structural unit represented by the following formula
{1). A specific example of the resin is poly (2,6-

20 dimethyl-1,4-phenylene oxide).



oxidation in the presence of a copper catalyst or an 10 am ne catal yst by
use of an oxygen-containing gas, as disclosed in U S. Patent No. 4059568.
However, the polyphenylene ether resin obtained by this nethod has a
nunber average nol ecul ar wei ght of 10,000 to 30,000. A pol yphenyl ene et her
resin having a nunber 15 average nolegular weight within the range of
1,000 to 4,000 according to the present invention is prepared by
providing a comrercially avail abl e pol yphenyl ene ether having a |arge
nunber average nol ecul ar wei ght as described above and adjusting its
nunber average 20 nol ecul ar wei ght toythe aforenentioned range. The

adj ust rent of the nol ecul/arRawei ghRt of {he pol yphenylene 9 ether resin is
shown in a scientific lif e Joun\nal of Organic Chemistry, 34,
297-303 (1968). Mre sp a ppl yphenyl ene_ether resin having a
OCBn be reactkd 5 with a pol yphenolic
conpound such as a bisph tetranet hyl bi sphenol A tetranethyl

bi phenyl, di hydroxydi phenyl/ etheg, ph¢nol novorak, or cresol novorak in
t he presence of a radical ifitiator. Lhdhe reaction, the pol yphenyl ene
ether resin is 10 redistributed and reduced in nol ecul ar weight, with the
result that a pol yphenyl ene ether resin having a nunber average nol ecul ar
wei ght within the range of 1,000 to 4,000 can be obtai ned. Exanpl es of
;gfgxf‘dgf‘d; g?"??%%i@: gtor,toctude . 13.BeLo¥LAe,cQqROUNGS SKCh 48S sdicuny|

R; represent hydrogen or a hydrocarbon having 1 to 3
carbon atoms; and R;, Rz, R3 and R; may be the same or
different.

5 A polyphenylene ether resin is generally
produced by a polymerization reaction. The phrase
"produced by a polymerization reaction" refers toc a
method in which a phenclic compound is polymerized by
oxidation in the presence of a copper catalyst or an

10 amine catalyst by use of an cxygen-containing gas, as
disclosed in U.S. Patent No. 4059568. However, the
polyphenylene ether resin obtained by this methed has a
number average molecular weight of 10,000 to 30,000.

A polyphenylene ether resin having a number

15 average molecular weight within the range of 1,000 to
4,000 according to the present invention i1s prepared by
providing a commercially available polyphenylene ether
having a large number average molecular weight as
described above and adjusting its number average

20 molecular weight to the aforementioned range. The

adjustment of the molecular weight of the polyphenylene



cunyl peroxide, di-tert-butyl peroxide, 2,5-dinethyl- 2,5-di-tert-butyl
cunyl peroxyhexyne-3, 2,5-di nethyl- 2,5-di-tert-butyl peroxyhexane,

a,a -bis(tert- butyl peroxy-misopropyl)benzene (also referred to as 20
1,4(or 1,3)-bis(tert-butyl peroxyisopropyl)benzene) and benzoyl peroxide.
The polyphenylene ether having a nunbeg, average nol ecul ar weight of 1,000
to 4,000 may al so be prepared by perfdorm ng a general pol yphenyl ene ether

25 preparatleehggtQgglﬁnqstghgmﬁa&hng Lhe eheadtiion ;iR herdni ddl e when its
pol yneri zation degree is still low. Alternatively, the polyphenyl ene ether

can be effigbaphhy prepagadiby chemigtaysohbuentomi-xiour g10fsgnot Mdrd ess
than two types of al cohols and a predeterm ned am ne conpound serving as a

catal yst. Tospbtathcalpel yphesylehenellker stbstameisakl haviithee sof conponents
havi ng a nol ecul ar wei ght of 20,000 5 or nore, the above-described

redi stri buti dargeactinbermastrbgeefmbileicedtlry weepghtr wed. bEoreexcdamd e, after
the first redistribution reaction, the redistribution reaction can be
conpl et edShywatti agralvabtieseal icncomapond ghighorsaapslipphensili &,conpound
thereto. Alternatively, 10 after _the obtained pol yphenyl ene ether having a
nunber aver5§§rﬁﬁﬁééﬁﬂab1ﬁéh§ﬁploﬁ 1t@G@am6thyéo iphediydsol ved in a

ket one such g t hy Iethé ketonﬁ aceto i nspoluble matters can be
sinply renoved gérﬁﬁgﬁép enygi pf EFvoﬁheTg IH08P6@ 't R&t “&S561yphenyl ene

ether does nOgvorak in the presence of a radical initiator. 1In the

reaction, the polyphenylene ether resin is

10 redistributed and reduced in molecular weight, with the
result that a polyphenylene ether resin having a number
average molecular weight within the range of 1,000 to
4,000 can be obtained.

Examples of such a radical initiator include

15 peroxide compounds such as dicumyl peroxide, tert-butyl
cumyl peroxide, di-tert-butyl peroxide, 2,5-dimethyl-
2,5-di-tert-butyl cumyl peroxyhexyne-3,2,5-dimethyl-
2,5-di-tert-butyl peroxyhexane, «,a'-bis(tert-
butylperoxy-m-isopropyl)benzene (also referred to as

20 1,4{(or 1,3)-bis(tert-butylperoxyisopropyl)benzene) and
benzoyl peroxide.

The polyphenylene ether having a number
average molecular weight of 1,000 to 4,000 may alsc be
prepared by performing a general polyphenylene ether

25 preparation method and terminating the reaction in the
middle when its polymerization degree is still low.
Alternatively, the polyphenylene ether can be

efficiently prepared by using a solvent mixture of not



conpri se conmponents having a nol ecul ar weight of 300 or |ess
y, for exanple, a pol yphenyl ene ether having a nunber average

subst anti al |

nol ecul ar weight of 1,000 to
met hanol . 20 A phenolic hydroxyl

is contained in a proportion of not Iless than 1.2, nore preferably

| ess than 1.

4, and further preferably not | ess than 1.6 per nolecu

the armount OieQQeEthptn¥dE8§¥E BEOYR cbRoh @Wand aZErlagk@&%dggd

cross-linking occurs in a c

uni formy cupgéneThem ehﬁahge%@ﬂ% gkhar -hayipgra phenolic hydroxyl

in a proportion of not |ess than

4,000 may be washed with a sol vent such as
group of the obtained polyphenylene ether

not
e. When

Ing process. As aresult, the resin is not

group

2 per 11 nolecule can be prepared by

reacting a pol yphenyl eme ocbtheh W bBlgppehyphaaokthetoapbgndntdapdnform a
on reaction, as described above. Alternatively, in a general
pol yphenyl enérethef Goppepanati havimthadmoaepolgrherdbhtomgordd 09dch as

redistributi

bi sphenol A,

tetranet hyl bi sphenol A, tetranethyl biphenyl,

di hydr oxydi phenybret hehe phewmel-drevoibkd sedistedbuthaconorglrcfdprbe used as

a starting material. The epoxg conpound to be used in_the present 10

i nvention refees be affirégaharencylipemed. sbeln gxavgpieehpPSit6Ry dhien.

The

epoxy resin to be used in the present iinvention is one having not |ess
than two epok¥r§FotpSiakthPHtACRDIEAGEFAONEXERF &t sEadh Ed 8poxy resin
i nclude a bi resin,

a bi sphenol

10

15

20

25

RBLE P ban skl Be RS 1 LR by 281 R5° 8" FAG B RS (SR
and/or a polyphenolic compound thereto. Alternatively,
after the obtained polyphenylene ether having a number
average molecular weight of 1,000 to 4,000 is dissclved
in a ketone such as methylethyl ketone or acetone,
inscluble matters can be simply removed by means of
filtration.

In order that a polyphenylene ether dcoes not
comprise components having a molecular weight of 300 or
less substantially, for example, a polyphenylene ether
having a number average molecular weight of 1,000 to
4,000 may be washed with a solvent such as methanol.

A phenolic hydroxyl group of the obtained

polyphenylene ether is contained in a proportion of not
less than 1.2, more preferably not less than 1.4, and
further preferably not less than 1.6 per molecule.
When the amount of phenolic hydroxyl group is low, a
failure of cross-linking occurs in a curing process.
As a result, the resin is not uniformly cured.

The polyphenylene ether having a phenolic

hydroxyl group in a proporticn of not less than 1.2 per



resin, a hydantoin-type epoxy resin, a biphenyl-type epoxy resin, an
alicyclic epoxy resin, a triphenyl nethane type epoxy resin, a
phenol - novorak type epoxy resin, a cresol-novorak type epoxy resin, and 20
hal ogenat ed products of these epoxy resins. The nultifunctional epoxy resin
to be used in the present invention rgfers to an epoxy resin having not

| ess than 3 epoxy groups within a nolecule. Any nmultifunctional epoxy

resin my bepdsed,as Egﬂgbéspk%pa%édC%Qt%b&%tﬂﬁb Legs1tRRMRNIRRRXY groups
mnthln a nol ecul e. Exanples of Such a multifunctional epoxy resin include

a phenol - novetakrt yREhERO¥Y 1K Bkeholdc ebfpouUNndoer derifyit @poxy resin, a
napht hol novorak 12 type epoxy resin, a bis-A novorak type epoxy resin, a

di cycl opent agednetphbneloceparnctésnn, aandekicphdkeidc abawviene epoxy resin, and
an aliphatic am ne epoxy resin. They may be used singly or in the form of
a mxture of Abtewoatypedyor inpregekgadupbiliphenydrale esd®y resin  shown
above is preferably contained in an amount of 5% by nass or nore,
preferabl § 1D¥ebgpratdsnomesbed, angolyphengleror@ppd26% By afass or nore of
the total anmpunt_ of _the epoxy resin. If the amunt of the 1Q

mul ti f unct i oRAFPEEBRY AesFﬁtF§mﬁé§¥1tﬁéﬁP§@?8} ﬁas§etr@H@t@uﬂed resin
causes phase se araalog Ag gn1nat rd or a.filmfornmed of
such a cur ed®tB8RRY L sAihy FP&V Fﬁ 5&%&3?5 fidss P 3 eZPVPES st Sfce to

hose f or Ted of ) CUES eSS0 80lYt e A8 ULy fRabigaal epoxy resin

The epoxy compound to be used in the present

10 invention refers to a halogenated glycidyl such as
epichlorohydrin. The epoxy resin to be used in the
present invention is one having not less than two epoxy
groups within a molecule. Example of such an epoxy
resin include a bisphenol A-type epoxy resin, a

15 Dbisphenol F-type epoxy resin, a bisphenol S-type epoXxy
resin, a hydantoin-type epoxy resin, a biphenyl-type
epoxy resin, an alicyclic epoxy resin, a triphenyl
methane type epoxy resin, a phencl-novorak type epoxy
resin, a cresol-novorak type epoxy resin, and

20 halogenated products of these epoxy resins.

The multifunctional epoxy resin to be used in
the present invention refers to an epoxy resin having
not less than 3 epoxy groups within a molecule. Any
multifuncticnal epoxy resin may be used as long as it

25 contains not less than 3 epoxy groups within a
molecule., Examples of such a multifunctional epoxy
resin include a phenol-novorak type epoxy resin, a

cresol-novorak type epoxy resin, a naphthol novorak-



or nore.

t he resi

The epoxyl ated pol yphenyl ene ether resin of the present invention
preferably contains, in average, not |ess than 3 epoxy groups, and nore
preferably, not 20 less than 5 epoxy groups with a nolecule. If not |ess
than 3 epoxy groups in average is present within a nolecule, such a resin
shows excellent conpatibility wth ag&}her epoxy resin. In addition, since

n

Is cured at a high rate andintegrated into a cross 25 |inking

structure of .{hg ngﬁgu?@%&}ﬁ,r%SE@F-ﬁonB%%k $9RA Aoy tlas place.

Furt hernore, Since

nber of polar groups aré contained in a nol ecul e,

thle resin i5di&9@QbFén@ia§§@h\é§’%hieﬁoé Rpbak, $elkvent agueh ighat ket one 13
sol uti on.

pol yphenyl engmehbeepoky trheipresedt annwenpharict hemipel \epheryy lremrdn . et her
skel eton contained in the epoxylated 5 pol yphenyl ene ether resin is
preferably 30hty 80% by usesssimoile prefiar abky f4@nt o f8@%ohxtness ofand

further

p

The epoxyl at ed pol yphenyl ene ether resin contains an epoxyl at ed

referably 50 to 60% by mass. The higher the proportion of the

pol yphenyBentwet hgpesk elretrome .t h&hehingAsr funetdbhedt epoXpt &S ng an

increase in 10 dielectric constant of a resin conmposition. For this

reason, the skewat shoper tBoRres eppbiler aonyadosshy imads amguntp o, Jfor e

preferably 40% by mass or nore, and _further preferab&y 50% by ss or
S

nore. \Wen t RE MBEEpEFt MEHSof PERESEERYFhefFl Sife MéSKe P

mass or

| e

10

15

20

25

A of _ REEr ot 90% 15 by
Sshogecg%g %&g ﬁ;tb%%fggtgg%sogrankggl%f the total amount

of the epoxy resin. If the amount of the
multifuncticnal epoxy resin is less than 5% by mass,
the cured resin causes phase separation. As a result,
a laminate board or a film formed of such a cured resin
is inferior in adhesiveness and heat resistance to
those formed of a cured resin containing the
multifunctional epoxy resin in an amount of 5% by mass
or more.

The epoxylated polyphenylene ether resin of
the present invention preferably contains, in average,
not less than 3 epoxy groups, and more preferably, not
less than 5 epoxy groups with a molecule. If not less
than 3 epoxy groups in average is present within a
molecule, such a resin shows excellent compatibility
with another epoxy resin. In addition, since the resin
is cured at a high rate and integrated into a cross-
linking structure of the other epoxy resin, no phase
separation takes place. Furthermore, since a number of
polar groups are contained in a molecule, the resin is

readily dissolved in a polar solvent such as a ketone



conposition according to the present invention, that is, the solubility of
the resin in a ketone at room tenperature, is successfully expressed. The
proportion of the pol yphenyl ene ether skeleton is preferably 80% 20 by
mass or |less, and further preferably 60% by nass or |ess. The epoxyl ated
pol yphenyl ene ether resin of the pre;ggt invention preferably has a nunber
average nol ecular weight of 3,200 to , 000, nore preferably 25 3,500 to

8, 500, and fHBEP@&OHnef%B%bE$O§ QQeHOﬁEJQBQenyWQ%% hecrurey: raver age

nol ecul ar wei g I's 10,000 or ess, the melt viscosity of the resin is

low, exhi bi thagageedapr egesgabickdt polipachyibee atvekeage 14 nol ecul ar
weight is nore preferably 8,500 or less, and further preferably 7,000 or

| ess. When the nunber Iavehageregkaculiaveneight, ithe3p20@prhrenyireme a resin
havi ng good el ectric properties can be obtained. The 5 nunber average

nmol ecul ar weegheri skedeeopr ebatabingd 3p5@becepoxydatadd further preferably
5,000 or nore. Assumng that the skeleton proportion of the polyphenyl ene
ether is Gonvelmedenylehe sahlerpresdnt ien prederiadlapsdy it &9 Hp&Yyphenyl ene
ether resins, the 10 | arger the nunber average nol ecul ar. wei ght of the
resin, the hMgeer Wﬁéeepé@ﬁﬁF@béﬂbﬁQrﬁpe§°ﬁthé6pﬁsToaﬂE&§P§ Sfore
specifically, when the skeleton portion of ol yphenyl ene ether is
cont ai ned i nPESHREFEAYI 87 &P 80% By "RESs, Wﬁﬁcﬁlﬁg' héN%west proportion

that allows Lhe 19,1851 041 Q. 889\ V8 1012 LSS UdthleRbn YL @ TeS1

higher the effect of preventing an increase in

10 dielectric constant of a resin composition. For this
reason, the skeleton portion is preferably 30% by mass
or more, more preferably 40% by mass or more, and
further preferably 50% by mass or more. When the
proportion of the polyphenylene ether skeleton is 90%

15 by mass or less, a characteristic feature of a resin
composition according to the present invention, that
ig, the solubility of the resin in a ketone at room
temperature, is successfully expressed. The proportion
of the polyphenylene ether skeleton is preferably 80%

20 by mass or less, and further preferably 60% by mass or
less.

The epoxylated polyphenylene ether resin of
the present invention preferably has a number average
molecular weight of 3,200 to 10,000, more preferably

25 3,500 to 8,500, and further preferably 5,000 to 7,000.
When the number average molecular weight is 10,000 or
less, the melt viscosity of the resin is low,

exhibiting good processability. The number average



havi ng a nunber average nol ecul ar wei ght of 3,200 shows good electric
properties. However, nore satisfactory electric properties can be obtained
in the case of a resin having a nunber average nol ecul ar wei ght of 20
3,500, and further satisfactory electric properties can be obtained in the
case of a resin having a nunber average nolecul ar weight of 5,000. An
epoxyl at ed pol yphenyl ene ether resin can be obtained by reacting a

pol yphenyl engoebhen oW L,Bight 23 RRQYXY prerredrdy koL oexamliesdly aigrcting a
pol yphenyl ene ether with épichlorohydrin in acCordance w th a known

net hod. NbrefﬁEEﬁEEi9@EEErabEKCGDOb© oebtiaisaed hyedi $%el wur@epol yphenyl ene
ether in 15 epichlorohydrin having an anount of at |east one fold,

preferably, avekaastmblbeudaraweliahgeias 3t heopbenabre, hydweaxdyl group of

t he pol yphenyl ene ether, followed by adding thereto an al kaline netal

hydr oxi de subhvasgNg6Hd5edecKtic Plrepampuets cbnt be abkalined.hydhexi de is 1

equi valent or nore relative to that of a phenolic hydroxide. The reaction

i s perforhAednambsd pyereq€ fioleculpy veigbar 45 Tewer exglifeambloonposition is
washed wth water or filtered to renove a generated salt and 10 unreacted

epi chl or ohydBi B9PsOdi &PTEl edngf fUsEhgadPR§ LR 2PdET Ss80PeRE FRHF -as

nmet hanol , thereby,precipitagin% a_. desired resin. The epoxyl ated

pol ypheny| en&S8tRaRdy E8pR ERR Sked6tE8 BBPRPAEGOBY °teddfi ng a pol yphenyl ene

ether and 130?9p%@8§¥ekgsg@hgg ngcgk %%%%% 9% %h%a%%k¥§%f%%brtion
in the epoxylated polyphenylene ether resins, the
10 larger the number average molecular weight of the
resin, the higher the electric properties thereof. To
explain more specifically, when the skeleton portion of
polyphenylene ether ig contained in a proportion of 30%
by mass, which is the lowest proportion that allows the
15 resin to dissolve in a ketone sclution, even a resin
having a number average molecular weight of 3,200 shows
good electric properties. However, more satisfactory
electric properties can be obtained in the case of a
resin having a number average molecular weight of
20 3,500, and further satisfactory electric properties can
be obtained in the case of a resin having a number
average molecular weight of 5,000.
An epoxylated polyphenylene ether resin can
be obtained by reacting a polyphenylene ether with an
25 epoxy compound, for example, by reacting a
polyphenylene ether with epichlorohydrin in accordance
with a known method. More specifically, it can be

obtained by dissolving polyphenylene ether in



catal yzing the reaction between a phenolic hydroxyl group and an epoxy
group, at 100 to 200C for 1 to 20 hours, followed by renoving an unreacted
epoxy resin. As the catalyst, use may be nmade of one or nore 20 conpounds
selected fromthe group consisting of hydroxides such as sodi um hydroxi de
and potassi um hydroxide; alkylate salts such as sodi um net hyl ate and

sodi um butyl ate; quaternary amonium sdalts such as tetrabutyl amoni um

chloride andeE@EE§g§EH¥Br§H"BQVHEQZgnb%%@hﬁ% o@hg%pﬁ%%%%ﬁb%%lE%l%UCh as
tetraphenyl phosphoni um brom de, "anyl triphenyl phosphoni um br oni de;

i m dazol e coppedBésbIYchads12aBet BylFonidazel e arged a2- welehyphefdlniddazol e;
am nes such as N, N 16 diethyl ethanol am ne; and potassium chloride. As the

epoxy resin hodbexysedrbepebti, tagy pepoyyichedcnenay hee, dsddcasd dyg as it
contains not |less than two epoxy groups within a nolecule. Exanples of
such an epoxyd8ingsiheretbude albka3phenciketAdt hydrepdxiy sesinasa Nagisphenol
F-type epoxy resin, a bisphenol S-type epoxy resin, a hydantoin-type epoxy
resin, a 5|phenVDHtyp@heepmmynteginth&naékﬁéy@ﬁl@Yﬁypéléﬁo%w Aesin, a
trlphenyl met hane type epoxy resin, a phenol -novorak type _epoxy 10 resin
and a cresol eAB¥YRARNEY pE BOERY TEASEAVENEC KBPSgOhare®SPGddG s of these
epoxy resins, _Furthernore, nentioqon may be Egde of di such

d h
as a pol yet hf¥8rexgFgcol Thg 5SP§EFSByP§nEe§ aﬁuggﬁgkﬁﬁgnghg95ne

g}o; n?Q?ungLOgeX%nEog&g?th e resulEan% O%pOSl%%%% %E”Wéé hed in the form

with water or filtered to remove a generated salt and
10 unreacted epichlorchydrin is distilled off or adding a
poor solvent such as methanol, thereby precipitating a
desired resin.
The epoxylated polyphenylene ether resin can
also be obtained by reacting a polyphenylene ether and
15 an epoxy resin in the presence of a catalyst for
catalyzing the reaction between a phenolic hydroxyl
group and an epoxy group, at 100 to 200°C for 1 to 20
hours, followed by removing an unreacted epoxy resin.
As the catalyst, use may be made of one or more
20 compounds selected from the group consisting of
hydroxides such as sodium hydroxide and potassium
hydroxide; alkylate salts such as sodium methylate and
gsodium butylate; quaternary ammonium salts such as
tetrabutylammonium chloride and tetramethyl ammonium
25 bromide; phosphonium salts such as tetraphenyl
phosphonium bromide, amyl triphenyl phosphonium
bromide; imidazole compounds such as 2-methylimidazole

and 2-methyl-4-imidazole; amines such as N,N-



two types or nore. Unreacted epoxy resin is renoved by dissolving the
reaction product in a solvent such as toluene, adding thereto an excessive
anount of nethanol to precipitate the epoxyl ated pol yphenyl ene ether 20
resin, which is collected by filtration. An epoxyl ated pol yphenyl ene et her
resin according to the present inventign having, in average, not |ess
than 3 epoxy groups per nol ecule can bé" obtained by directly addi ng at

| east 5% by pRSth,2echhehber ablihedt drgaplorh@Wibn @IS ridnd Mol dHef erably
at least 20% by frass of a nultifunctional epoxy resin itself to the epoxy

resin. As thepegit eBkief thhee Mdeld hieretimgnahyep@oky esidin neneases, the
average 17 nunber of epoxy groups contained in the resultant epoxyl ated
pol yphenyl enasetihas nesighasndteasetaing noeadkisag thapoloweheampd:ane et her

Wi th an epoxy resin, it is preferable that two types or nore of epoxy
resins 5 aregusegs kitpint iacuodecudee oExmd ey pds sofch @l tefaxct | ona
epoxy resins and one or nore types of bifunctional epoxy resins are

pref erabl § usedinThaclmdet iaf dicphemall dpéyper €POFY Fagsiet.uld i n i ncreasing
the nunber of epoxy_groups in the resultant epoxyl ated 10 pol yphenyl ene

et her resin; Ph6REeEP] FhéYPeeSERKY ssife AmiSPHERALl STdYESHERPHesi n
makes a pol yphenyl ene_ether difficult to dissolve in r%ﬁgtion system and

causes gel afFEAThy 3t RYCRELOET R YRS RPORY FESEhe Ry Pkl e r=YP rher ef or e,

a solvent nust be added to thi.reaition 15 system_ Hawever, i.f a
bifunctionaI6865¥er§§Pn & alicyclic type oxy resin, a 'triphenyl

methane type epoxy resin, a phencl-novorak type epoxy

10 resin and a crescl-novorak type epoxy resin and
halogenated products of these epoxy resins.
Furthermore, mention may be made of diglycidyl ethers
such as a polyethylene glycol, a polypropylene glycol,
butane diol, hexane diocl, and cyclohexane dimethanol.

15 They may be used singly or in the form of a mixture of
two types or more. Unreacted epoxy resin is removed by
dissolving the reaction product in a solvent such as
toluene, adding thereto an excessive amount of methanol
to precipitate the epoxylated polyphenylene ether

20 resin, which is collected by filtration.

An epoxylated polyphenylene ether resin
according to the present invention having, in average,
not less than 3 epoxy groups per mclecule can be
obtained by directly adding at least 5% by mass,

25 preferably at least 10% by mass, and more preferably at
least 20% by mass of a multifunctional epoxy resin
itgself to the epoxy resin. As the content of the

multifunctional epoxy resin increases, the average



added to the reaction system it dissolves polyphenylene ether, rendering
the reaction to easily take place, while preventing gelation. Thus, the
reaction proceeds even in the systemcontaining no 20 solvent to obtain a
desi red epoxyl ated pol yphenyl ene ether resin. The term nal phenolic

hydr oxyl group of an epoxyl ated polyppfnylene ether resin is preferably 10
meg/ kg or less. If the termnal phenolic hydroxyl 25 group is 10 nmeq/ kg or

| ess, the resj n,ke di I RoAcketene ist ablky Q18 d@ng tine. To
attain a sta F@bg?oﬁg-F P%?ggﬁﬁgPFigﬁ Fn a ke#?hg, tﬁé ter% nal phenolic

hydr oxyl groago'k?la&%&ebahgfphén@;q%bge@he&es;&saﬂd ih@rehwelsher mreferably 3
nmeqg/ kg or less. The phrase "dissolving in a ketone at room tenperature"

means her ei nrehatiagkat paeypokulilenchavheg wa thesinn epoxgn ramiunt iaf 10% by
mass is transparent at 5 roomtenperature. Mire specifically, when the
solution isiki bkedtedblpr eherahivy, tipesf okt matbieow fr epiodkye riess imet
obt ai ned. The state of the solution having substantially no solid matter
must be néi nkaenededot Ionpprtightlaaf,t enet be et ityweiss afade but al so for
one 10 or nore days, preferably 30 days or nore, and further preferably,
90 days or norétiThnstionpdcapewyi resisgalng ParkeSTt MPES oM &faration of
Doed i n the: S THPERERTAnPBRFTOR PABFUGE ST BIETA INoNORES o BiIF ae
multifunctional epoxy resin is useful in increasing the
number of epoxy groups in the resultant epoxylated
10 polyphenylene ether resin; however, the presence of the
multifunctional epoxy resin makes a polyphenylene ether
difficult to dissolve in a reaction system and causes
gelation by the reaction with the polyphenylene ether.
Therefore, a solvent must be added to the reaction
15 system. However, if a bifunctional epoxy resin is
added to the reaction system, it dissclves
polyphenylene ether, rendering the reaction to easily
take place, while preventing gelation. Thus, the
reaction proceeds even in the system containing nc
20 solvent to cbtain a desired epoxylated polyphenylene
ether resin.
The terminal phenolic hydroxyl group of an
epoxylated polyphenylene ether resin is preferably 10
meg/kg or less. If the terminal phencolic hydroxyl
25 group is 10 meq/kg or less, the resin can be dissolved
in a ketone stably for a long time. Tc attain a stable

long-term solubility in a ketone, the terminal phenolic

hydroxyl group is preferably 5 meqg/kg or less and



acetone, nethylethyl ketone, nethylisopropyl ketone, nethylisobutyl

ket one, and cycl ohexanone; and aromatic ketones such as acetophenone.
Preferably acetone and nethyl ethyl ketone and nore preferably nethylethyl
20 ketone is used. That is because, depending upon the structure of the
pol yphenyl ene ether to be dissol ved, ﬂ$thylethyl ket one can maintain the
state-of-no-solid matter and requires 1ess nodification of a conventi onal

process sinceynehhyl etlyk kehone pquredalbhy 1d4ged in a 25 varnish for
formng a | am nate board. The ketone soOlution of the present invention is

not particularly limtede Bhiase agikesdvasg tin GOMetiche atkeiowwe, however,
the content of ketone is 1 satisfactorily 5% by mass or nore, preferably
15% by masstempswaeureor ecphel Geaklivy 30%ctby keseoner soiner,icandavfiog her
preferably 50% by nass or nore. Because an epoxyl ated pol yphenyl ene et her
resin i s not aeasely Sndiessampadti wfa 198 wenmasishdrs thamspakstrdgnatand a

hal ogen solvent, if the content of a ketone is |low, problenms such as
crystal | i 2at ropmakgmpegeitpireat | doreakpecpificallye whsar tthet el usricyerti es
besides electric _10 properties to_an epoxylated pol yphenyl ene ether resin
accor di ng toifh&ipteaset. i prederaRlyrhéheedild by 198 TRSESHSHiltth T8t epoxy
resin and used in the formof an epoxy resin conposition. In such a case,
t he content OBFaﬁﬁédepof?ﬁa?é&tﬁopﬁpﬁ@ﬁyF@iétépﬁe 3Vddieh is 15 preferably

€ :
25% by mass g&bg%g%tgglagen%p%éXiEE%b%ter must be maintained not

only right after the solution is made but also for one
10 or more days, preferably 30 days or more, and further
preferably, 90 days or more. This is because it
usually takes time from preparation of an epoxy resin
composition solution until use.
Examples of a ketone to be used in the
15 present invention include aliphatic ketones such as
acetone, methylethyl ketone, methylisopropyl ketone,
methylisobutyl ketone, and cyclohexanone; and aromatic
ketones such as acetophenone. Preferably acetone and
methylethylketone and more preferably methylethyl
20 Kketone is used. That is because, depending upon the
structure of the polyphenylene ether to be dissolved,
methylethyl ketone can maintain the state-of-no-solid
matter and requires less modification of a conventional
process since methylethyl ketone is usually used in a
25 wvarnish for forming a laminate board.
The ketone solution of the present invention
is not particularly limited in mass as long as it

contains a ketone; however, the content of ketone is



conposition. When the content is |l ess than 25% by nass,

the ratio of

pol yphenyl ene ether is low, lowering the electric properties. Wen the

epoxy resin to be mxed is an epoxy 20 resin having an
the cured product obtained can be inproved in adhesion

oxazol i done ring,
properties to a

copper foil and a plastic w thout redegng the heat resistance thereof.

I npart flanme resistance to the cured product, at |east

one type of a

brom nated epgxy 423 -k8%iiAy B3P eﬁ%%ge%% GiRAROURG-FRALAIR NG AL LPOXY

group, a phosphate ester, "a con phosphat e ester,

and a quinoline

To

derivative Ofa3sPheSRRIrRe GRHROWIE FRBMDLIRE 308N ARG sAD A nidr@ie dret ar dant .
The flame 20 resistance can be attained if the flame retardant is

cont ai ned i nfafrthERURkeFerk@iy0Eormes ahsmbe aloriche Healaalseeoxy resin
conposition. In this case, if the conbination of a flanme retardant(s)
sel ect ed doegpnaty15tednpailyphenyirneaeatheepamesinedisn nod ledsdgen-free fl ane-

retardant resin can be obtained. As the mxing ratio of the conponents in

an epoxy 5r ediisscdnedsiitn en salveng otdfeer bleer Bhitetame @sk\A at ed

pol yphenyl ene ether resin is from40 to 90% 10 by nass;

a flanme retardant

is from 10 tba3ousby seayent.an fesdey coadient( pfefek@ioficorid HA&N g an

oxazolidone ring) is fromO.1 to 30% by mass. Nore preferably, a
Qﬂﬂ%%ﬁfﬁ#k%w t he

epoxyl at ed pBEPPRERY ENEhetife CTYESPR HAATHG A 2100 BRI e mA

skel et on port&ggein aratio 15 of 50 to 60% by nmass is 50 to 60% by mass, a

fl ame P

To impart other properties besides electric

10 properties to an epoxylated polyphenylene ether resin

according to the present invention, the resin may be

mixed with an epoxy resin and used in the form of an

epoxy resgsin composition. In such a case, the content

of the epoxylated polyphenylene ether resin
15 preferably 25% by mass or more of the epoxy

composition. When the content is less than

is
resin

25% by

mass, the ratio of polyphenylene ether is low, lowering

the electric properties.

When the epoxy resin to be mixed is an epoxy

20 resin having an oxazolidone ring, the cured

product

obtained can be improved in adhesion properties toc a

copper foil and a plastic without reducing the heat

resistance thereof. To impart flame resistance to the

cured product, at least one type of a brominated epoxy

25 resin, a phosphazene compound containing an

epoxy

group, a phosphate ester, a condensed phosphate ester,

and a quinoline derivative of a phosphine compound may

be contained as a flame retardant. The flame



retardant is 20 to 25% by mass, and an epoxy resin having an oxazol i done
ringis 1 to 10%by nmass. If the conponents are mxed in the

af orenenti oned ratio, the resin conposition is obtained with good

el ectrical 20 properties and well balanced heat resistance, adhesiveness
and processability while maintaining Ehﬁ”E resi stance. Next, the cage-form
si |l sesqui oxane to be used in the present invention and its partially

cl eaved 25 S&%Q%Eéﬁc@!: nbBeexptaifed. 1A thaughasi! iedair8iabie igompound
repr esent ed y Si 02, silsesquioxane is a conpound represented by

[R Si03/2] n SbhegsAYROXANENI amauRe! ¥§i h0%ape RissSyht hesezed Bye

hydr ol ysi s/ pol ycondensati on of a conpound represented by R Si X3 (R is
hydrogen atopbtal bpdxgcaebon geappsieioa.si [hcehist easeqntidi mheg group;
and X is a halogen atomor an al koxy group). The 5 nolecules are typically
arranged i n aomhimaphouscofsar titbneeretakddder st osmlettedt doeg aotage-form
structure (i.e., a conplete condensation cage-form structure) or a
partial | y5cl eanedist aubraménahedeepoxyi resina aapelpaem-sregetdpaderr om
which a silicon atom 10 has been renpved or a cage-formstructure in which
a part of sreresvAaBkyyeRAiboAds bg ebeadBaf: Specific structural exanples
of the cage-form silsesquioxane to be used_in the present invention my

i ncl ude a cage-form si PEethfi BkZABIr EBFdSeRfedl By CPRBORSILS| FOWPHY gener al

formula (A). Furthernore, specific e
(A) epoxy reg?n composition, it isg preferable that an

epoxylated polyphenylene ether resin is from 40 to 90%
10 by mass; a flame retardant is from 10 to 50% by mass;
an epoxy resin (preferably one having an oxazolidone
ring) is from 0.1 to 30% by mass. More preferably, an
epoxylated polyphenylene ether resin having a
polyphenylene ether as the skeleton portion in a ratio
15 of 50 to 60% by mass is 50 to 60% by mass, a flame
retardant is 20 to 25% by mass, and an epoxy resin
having an oxazolidone ring is 1 to 10% by mass. If the
components are mixed in the aforementioned ratio, the
resin compcsition is obtained with good electrical
20 properties and well balanced heat resistance,
adhesiveness and processability while maintaining flame
resistance.
Next, the cage-form silsesquioxane to be used
in the present invention and its partially cleaved
25 structure will be explained.
Although silica is the compound represented
by 8i0,, silsesquioxane is a compound represented by

[R'S103/2]1n. Silsesquioxane is a polysiloxane



structural exanples of the partially cleaved structure of the cage-form
sil sesqui oxane to be used in the present invention nmay include one
represented by the follow ng general formula (B). However, structural 20
exanpl es of the cage-form sil sesqui oxane and the partially cleaved
structure thereof are not limted to :hhese exanples. [RSI@3/21 n (A (R
SB/2) 1 (RXSIO k (B) 25 In the genéral formulas (A and (B), Ris 22

selected fro qr; nsi.St-bRgs9E /RYa0g8AaL2M; oan ofalzkoxyl group or
aryl oxy grougyﬁgeﬁgég%at%QGﬁgg%go ® %(gns? a sSbstitSteg o? unsubsti t ut ed

hydr ocar bon Qbﬁ%ﬂaunfiahébﬂge%eh@eaob??akbgﬂxélt OR'S, i aNFy@rSh&hCoBo@l 0/ 5
containing group having 1 to 10 silicon atons. R nay be constituted of the
sanme groups Apdracpkbbal gkpupf, ogr aupslibxampkem-ebnthe ndage ofreum;

si | sesqui oxane represented by the general fornmula (A used in the 10
present inveahdoH inchutalbgpesatepr esenhedllpxiyhgroheni.calThior nul a

[RSI 3/2]6 (the followng general formula (2)), the chem cal formula

[ RSi 03/ 2] 8 (mhéechdkkownirrgtyenerdlyf ermahge@3)in, anhevehphiovd fornul a

[ RSi O3/2] 10 (the follown eneral forrmula (4)), the 15 chemical formula

[ RSi 03/ 2] 12 etﬁécmr%v\pngagdﬁéréprmf SEEBEERG SR oRPNGRESCEPFM and t he

chemcal fornula [RSI 3/2]14 (the follow ng general fornula %P)). R
structure (i.e., a complete condensation cage-for

structure) or a partially cleaved structure thereof
(i.e., a cage-form structure from which a silicon atom

10 has been removed or a cage-form structure in which a
part of silicon-oxygen bonds is cleaved)}.

Specific structural examples of the cage-form
silsesquioxane to be used in the present invention may
include a cage-form silsesquioxane represented by the

15 following general formula (A). Furthermore, specific
structural examples of the partially cleaved structure
of the cage-form silsesquioxane to be used in the
present invention may include one represented by the
following general formula (B). However, structural

20 examples of the cage-form silsesquioxane and the
partially cleaved structure thereof are not limited to

these examples.
[RS103/2]n (A)
(R'SiO3/2)1(RXSiO)k (B)

25 In the general formulas (A) and (B), R is



10 Si SSi_~R(2) oR ,00S\ RR23 R RS OS p/ RCSOOS ~RO
(3) RS OO R ~or//Si OSI\ RR RR S-0S/ d O RS pP. -~S-~R
RN ---Si/---CR(4) 0Sr- u0Ol ,,d0ol SSm,S-R R OSSOR R

22
selected from the group consisting of hydrogen atom, an
alkoxyl group or aryloxy group having 1 to 6 carbon
atoms, a substituted or unsubstituted hydrocarbon group
having 1 to 20 carbon atoms, and a silicon atom-

5 containing group having 1 to 10 silicon atoms. R may
be constituted of the same grcups and a plurality of
groups.

Examples of the cage-form silsesquioxane
represented by the general formula (A) used in the
10 present invention include types represented by the
chemical formula [RSiOi3,:} (the following general
formula (2)), the chemical formula [RSiC3,2]s (the
following general formula (3)), the chemical formula
[RSi03,2]110 (the following general formula (4)), the
15 chemical formula [RSi0Os,2]12 (the following general
following formula (5)), and the chemical formula

[RSi03,2]14 (the following general formula (6)).
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1R R/ORpis< Osj, OO R\ S 0....\ %Si-R(5 RS _,~Ro< 0
Sip &l,~R R-~SiI/ R24 8-0SSdR0O0 SS OR O RS \ iR RSIS-0O-

(6) OIRO. p\~," S Si-R RSi," RO O0Op SiCDS" p-_==5i
In a cage-form sil sesqui oxane represented by
23
R
\ e
Si O—S§i
' &
R\Sé_o i S,AR
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(3)

(4)

(8)

plSi_ R R



the general formula (A) [RSIGB/2]," nis an integer of 6 to 14, preferably
8, 10 or 12, and nore preferably 8 10 or 8 and 10 in conbi nation, or 8,
10 and 12 in 5 conbination, particularly preferably 8 or 10. Further in the
present invention, use may be nade of a partially cleaved structure of a
cage-form silsesqui oxane where a part, pof silicon-oxygen bonds is cleaved,
or a structure of a cage-form sil sesquioxane 10 having a partial structural
deficiency, alternatively, a partially cleaved structure of a cage-form

si | sesqui oxane derived therefronland represented by the general formula
(B) [RSIGB/2]1(RXSIOk (1 is Ran inte er from2 to 12, and k is 2 or 3). 15
In the general formula (B), )éh 593 gr'up sel ected fronlthe group

consi sting of a group rrepr€seéented b% 1 (Rl is hydrogen atom an al kyl
group, or a quaternary dﬁgn@un&rad , a halogen atom and 25 groups

defined as R above). A plju bty ofgXs"may-te the s or different. In
the formula, 1 is an int gek“éiﬁL”E() 125 eferablﬁ%geto 10, and
particularly preferably 4-06 o] K% s 2 %; Two or three Xs in 5 the
sanme nol ecul e represent@ “by th f%rnula (EﬁS )k may be connected to each
other to form various™ s of R |caupl ed s tures. Specific exanples of

the coupled structures mA*J \explalnqﬁ’beIOM/ Two Xs in the sane

nol ecul e represented by ;5' gd%ta#m ormula (B) may form an

internol ecul ar coupled Sructure Yepresgnted by the general fornula
R

In a cage-form silsesquioxane represented by
the general formula (A) [RSiO3s2]n, n is an integer of 6
to 14, preferably 8, 10 or 12, and more preferably 8,
10 or 8 and 10 in combinatiocn, or 8, 10 and 12 in

5 combination, particularly preferably 8 or 10.

Further in the present invention, use may be
made of a partially cleaved structure of a cage-form
silsesquioxane where a part of silicon-oxygen bonds is
cleaved, or a structure of a cage-form silsesquicxane

10 having a partial structural deficiency, alternatively,
a partially cleaved structure of a cage-form
silsesquioxane derived therefrom and represented by the
general formula (B) [RSiOs3,2]1(RXSiO)x (1 is an integer
from 2 te 12, and k is 2 or 3).

15 In the general formula (B), X is a group
selected from the group consisting of a group
represented by OR; (R; is hydrogen atom, an alkyl group,

cr a quaternary ammonium radical), a halcgen atom, and



(7). Furthernmore, two Xs present in different nolecules are coupled with
each other to forma coupled structure represented by the general formula
(7), 15 thereby form ng a binuclear structure. Y (7) -0 z where Y and Z
are selected fromthe sanme groups as X. and Y and Z nmay be the sane or
different. Exanples of a coupled stru%gure represented by the general
formula (7) include a structure of a 0 bivalent group represented by the

fol | ow f Ph h 26 Si/
ol o g Tosrmias 401401480 Mhsse) P AcpresgiLe, Sopheavhagraun. 26 'S

p\ [ CH=CH2 <And 12dme GECGH2r r Y e ACHRCHRRGRAHEo kMG 18) 1\is an integer
of 2 to 12, preferably 4 to 10, and particularly
preferably 4, 6 or 8; k is 2 or 3. Two or three Xs in

5 the same molecule represented by the formula (RXSiO)y
may be connected to each other to form various types of
coupled structures. Specific examples of the coupled
structures will be explained below.

Two Xs in the same molecule represented by
10 the general formula (B) may form an intermolecular
coupled structure represented by the general formula
(7). Furthermore, two Xs present in different
molecules are coupled with each other to form a coupled
structure represented by the general formula (7),

15 thereby forming a binuclear structure.

mo\ /Y (7)

where Y and Z are selected from the same groups as X,
and Y and Z may be the same or different.
Examples of a coupled structure represented
by the general formula (7) include a structure of a
20 bivalent group represented by the following formulas

{(8) to {(14), where Ph represents a phenyl group.



Me 27 p CH2CH2CH2NHCH2CH2NH2 S1 / (14) p/ \Me Exanpl es of conpounds
represented by the general fornula (B) to be used in the present invention
include a trisilanol type represented by the general formula (3) which has
a partial structural deficiency, 5 a type of conpound synthesi zed therefrom
and represented by a chemical fornmulag (RSI33/2)4 (RXSIO)3 (e.g., the
follow ng general formula (15)), a type of conpound having a coupl ed
structure represented by the general fornmula (15) or the chem cal formula
(RSI/2)4 10 (RXSiO 3 in which two of three Xs forma coupled structure
represented by the general _fordmula (7me(for exanple, the follow ng general
formula (16)), a type of conpownd rived froma disilanol structure,
which has a partially cleaved stgilicture of thé8general formula 15 (3) and
represented by the chem cal for}rﬁl a(RSIB/2)6 (RXSiO2 (for exanple, the
foll owi ng general fornulas— ) and Nd8)), and a type of conpound
represented by the general fornmula (17) or the chemcal formula (RS G3/2)6
(RXSiQ2 in which two Xs forma coupled 20 structure represented by the
general formula (7) (for exanple, the general formula (19)). In the
general fornulas (15) to (19}), R anci;,.?;cg{ Y and Z bonding to 28 the sane
silicon atom nmay be nutually e)«‘&ha ed in

Si
/ \Me

(9)

—( CHyCH=CH,
Si (10)
—0 Me
— 0 Me
sl (11)
—0 Ph
—_—0 /CH=CH2
/SI\ (12)
—0 CH=CH,
—10 CHgCHzCHzNHg
Si (13)



position. Furthernore, two Xs present in different nolecules are nutually
coupl ed via any one of various coupled structures represented by the
general formula 5 (7) to forma binuclear structure. R Si -X/X RCSOS
R X (Ib) RS ----- 00------ R oS\ RRY RS-0S/ Z ORDS/ OO,
RX(16) RS ----- [-O----- Si Oor20’\~R ., § OS\ RR29 R X--Si
Si~X O/ 0s RO(17)

—0 CHyCHaCH;NHCHCHaNH,

(14)

Examples of compounds represented by the
general formula (B) to be used in the present invention
include a trisilanol type represented by the general
formula (3) which has a partial structural deficiency,

5 a type of compound synthesized therefrom and
represented by a chemical formula (RSiOsz/2)4 (RXS10);
(e.g., the following general formula (15)), a type of
compound having a coupled structure represented by the
general formula {15) or the chemical formula (RSiOsz,2)4

10 (RXSi0)3; in which two of three Xs form a coupled
structure represented by the general formula (7) (for
example, the following general formula (16)), a type of
compound derived from a disilanol structure, which has
a partially cleaved structure of the general formula

15 (3) and represented by the chemical formula (RSiOs3,2)s6
(RXSi0), (for example, the following general formulas
(17) and (18)), and a type of compound represented by
the general formula (17) or the chemical formula
(RS103/2) 6 (RXS10), in which two Xs form a coupled

20 structure represented by the general formula (7) (for
example, the general formula (19)). In the general

formulas {(15) to (19), R and X or Y and Z bonding to



R--Si----- 0-0------ SIV1. ;oo Il O R S, OS\ RRR 3 S RS/ pSi O
(18) x -Si OSi\ ORO-10 OS\ RRZ R--,SQi ~Si~~R: RS 0RO
O0(19) OR,Si----- -0---- 0O OR S OS\ RR 30 Exanples of a
conpound having a couple structure containing a netal atom other than a
silicon atomby coupling two or thre %s of the general fornmula (B)

i ncl ude a conpound represented by thechemcal 5 fornula (RS G/2)4

(RXSI O3\ Whhehsbiicds§ PHBOHNG . ohCREFSBA! RALDX 11 DCegeRRRGdl gl @ (8) in
which three Xs torms a coupled struCture contaihing a Tii atom These

various cagepb9ifishl sesgutp¥anBre, two Xs present in different
molecules are mutually coupled via any one of various

coupled structures represented by the general formula

5 (7)) to form a binuclear structure.

R
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0
i i (15)
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conpounds or partially cleaved conpounds thereof may be 10 used singly or
inthe formof a mxture of a plurality of conpounds. Exanples of Rin a
conpound represented by the general formula (A) and/or the general fornula
(B) and to be used in the present invention nmay include 15 hydrogen atom
an al koxy group and an aryl oxy group, Sy substituted or unsubstituted

hydr ocarbon group having 1 to 20 carbon atons, and a silicon
atomcontaining group having 1 to 10 silicon atons. Exanples of the

al koxyl group having 1 to 6 20 carbon atons include nethoxy group, ethoxy
group, n- propyl oxy group, i-propyloxy group, n-butyloxy group, t-butyloxy
group, n-hexyl oxy group, andec¥giohexyloxyi,QLGUp. Exanpl es of the aryl oxy
group include phenoxy group apdi2, 6-di %hylphenoxy group. The nunber of
25 al koxyl groups and aryl oxy“gr oups wi i% a nol ecul e of a conpound
represented by the gekeral~fornula géximr (B) is preferably 3 or |ess and

nore preferably 1 or |eS5 1n Pogal>| 31 mpl es of t4&) hydrocarbon group
having 1 to 20 carbon ato inthdeJnoncyclic or cyclic aliphatic
hydr ocar bon groups such as mat-hyl.,..etdyl..-. ;Q%opyl, i - propyl, butyl
(n-butyl, i-butyl, t-butW, s C:but§3), 5> pentgl (n-pentyl, i-pentyl,
neopentyl, cycl opentyl, te’), hexy| - hexyl, i-hexyl, cyclohexyl, etc.),
heptyl (n-heptyl, i-heptygs o——s¢tyl (n-octyl, i- octyl, t-octyl,
etc.), nonyl (n-nonylg~1-nonyl etc.), R
R R
3 v
|
N, e
N L W
\S : S R 0 {18)
-~ o]
X '
R——gj-----1-0-- == S
0 . o) ~
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decyl (n-decyl, i-decyl etc.), undecyl (n-undecyl, i 10 undecyl etc.),

dodecyl (n-dodecyl, i-dodecyl etc.); noncyclic or cyclic alkenyl groups
such as vinyl, propenyl, butenyl, pentenyl, hexenyl, cycl ohexenyl,
cycl ohexenyl et hyl , norbonenyl et hyl, heptenyl, octenyl, nonenyl, decenyl,
undenyl , dodecenyl, and styrenyl; 15 | kyl groups such as benzyl,

phenet hyl , 2- nethyl benzyl, 3-nethyl bénzyl, and 4-net hyl benzyl etc.;

aral kenyl groups such ag.pREHECHrOLOEBmpALYH HEOYRS aSkehpas phenyl group,
tolyl group and xylyl group; and substituted aryl "groups such as a

4- am nophenykt gl,080re280AtAY AR 8y RhRBYh10EEUR, ofhekt RBxypheryll igioaup, and
4- vinyl phenyl group. In the case where the nunber of aliphatic

hydr ocar bon gteupbhagbnugl2ntot0 ear bameat @85 odndhehgenewmafief cafnudlekenyl
group having 2 to 20 carbon atonms of 25 these hydrocarbon groups, are

| arger in propdrihohutihan cbhpotiotiakepurbensedf bR tKe Yhemdcal special ly
excellent nelt fluidity can be obtained in formng a cured product.

Furt her nobe, fonmubs ¢BSeOwher e (FX$E0hn 3xhiglh giftd cAWRRWEhr bon group
and/ or an al kenyl group, the nunber of carbon atons is typically 20 or

| ess, preferabkgsepteg b¥ssheaggngspd peemedapl(p) ip UPlFEJs@rqen vi ew of
the bal ance of the nelt fluidity in fornin% 5 a cqured %poduct, flanme

resi stance afd 5PEMELRI FEPPLeEBRpHESUEE ROPEPBEIHIed TH A€ br esent

i nvention may include % e above-cited hgdrocarbo& groups in which a part
of hydrogen atons or a iSﬁ various cag -form silse gulioxane

compounds or partially cleaved compounds therecf may be
10 used singly or in the form of a mixture of a plurality
of compounds.
Examples of R in a compound represented by
the general formula (A) and/or the general formula (B)
and to be used in the present invention may include
15 hydrogen atom, an alkoxy group and an aryloxXy group, a
substituted or unsubstituted hydrocarbon group having 1
to 20 carbeon atoms, and a silicon atom-containing group
having 1 to 10 silicon atoms.
Examples of the alkoxyl group having 1 to 6
20 carbon atoms include methoxy group, ethoxy group, n-
propyloxy group, i-propyloxy group, n-butyloxy group,
t-butyloxy group, n-hexyloxy group, and cyclchexyloxy
group. Examples of the aryloxy group include phenoxy
group and 2, 6-dimethylphenoxy group. The number of
25 alkoxyl groups and aryloxy groups within a molecule of
a compound represented by the general formula (A) or
{(B) is preferably 3 or less and more preferably 1 or

less in tctal.



skel eton may be substituted by a substituent selected 10 fromthe group
consi sting of polar groups (polar bondings) such as an ether bond, an
ester group (bond), hydroxyl group, carbonyl group, a carboxylic acid
anhydri de bond, thiol group, thioether group, sulfone group, aldehyde
group, epoxy group, amino group, am dg,;15 group (bond), urea group (bond),
i socyanate group, and cyano group; an& hal ogen atons such as fluorine

atom chlorine atom apgdnP1egi 88 8heNhy&eWCcERbENVEE6QEI hiv@hgt hetepoxy
resin conposition is closely related to inproving noldability 20 of an

epoxy resin gor adkeos0aPesst i ARl Ga8t AbNERgLibBectobioMingatuphagiagent. Wien
a substrate is inpregnated with an epoxy resin curable conposition and
dried, an epoxgrgcatiponegedspui shch esrmaghaeneéthylann-pporylgr édp reacts
with a part of phenolic hydroxyl 25 group, coming to the state of the
B- st age. Whepropel , epokylr ésihutul abiebubpbosttbohyln eshe-Susveé)of the B-
stage is then heated under pressure, the viscosity of the nolten resin
once decr®aseentylt he-penest | eveentyl 33neopensysi efYahaPEREN Lirncr eases
with the proceeding of _curing. The ngelt viscosit% of _.the epoxy resin
conposi tion BES- an BEX¥Et (BnherEll oheBeXVi scB¥FL9NeXYhat ©ES - because the
|l ower the nmelt viscosity of_an,5 epoxy resin, conposition, the |ower the
| owest visp%%???f éh%PEgént}FH@&EY%rseESVE’SSEEY's#ﬁ@?ﬁEV und” that the
el t VISCOSI%Xt?I,a@-ggg§¥,rggéﬁ)?og88§itkggnonyl, i-nonyl etc.),
decyl (n-decyl, i-decyl etc.), undecyl (n-undecyl, 1i-
10 undecyl etc.), dodecyl {(n-dodecyl, i-dodecyl etc.);
noncyclic or cyclic alkenyl groups such as vinyl,
propenyl, butenyl, pentenyl, hexenyl, cyclohexenyl,
cyclohexenylethyl, norbonenylethyl, heptenyl, octenyl,
nonenyl, decenyl, undenyl, dodecenyl, and styrenyl;
15 aralkyl groups such as benzyl, phenethyl, 2-
methylbenzyl, 3-methylbenzyl, and 4-methylbenzyl etc.;
aralkenyl groups such as phCH=CH group; aryl groups
such as phenyl group, tolyl group and xylyl group; and
substituted aryl groups such as a 4-aminophenyl group,
20 4-hydroxyphenyl group, 4-methoxyphenyl group, and 4-
vinylphenyl group.
In the case where the number of aliphatic
hydrccarbon group having 2 to 20 carbcn atoms and the
number of alkenyl group having 2 to 20 carbon atoms of
25 these hydrocarbon groups, are larger in proportion than
the total numbers of R, X, Y and Z, specially excellent

melt fluidity can be obtained in forming a cured

product. Furthermore, in the case where R is an



according to the present invention can be remarkably 10 decreased by addi ng
a cage-form sil sesqui oxane and/or a partially cleaved structure of
cage-form sil sesqui oxane thereto. Mreover, they have found that the
addition of a cage-form silsesqui oxane and/or a partially cleaved
structure of cage-forn1siIsesquioxanej@ so 15 inproves flanme resistance.
The content of cage-form sil sesqui oxane and/or cage-form silsesqui oxane in
an epoxy reskif: Si il L e I /&9 or e
preferably Oégégﬁgggg@? ggggggPegngg?g?tﬁgg/%fl%gr§%¥$9¥% 3??5 10% by
mass. \Wen tpgecpOkBAt bE Ballar afBmg, ist Bopiehl 1y 008kt Yeard the flame
resi stance of the resin conposition is effectively inproved. Any epoxy
resin curingpagestabby e yselleas, hadgmasei predarapagt, Wet bradeemoxy resin
to forma 25 three dinensional network structure. As exanples of such an
epoxy resin turivhgwagénthenballaonemay bkemmdét dfiuadnoy- Hat detrmdmoi ng agent
and | atent curing agents which include am de-based curin%lagents such as
34 di cyahdi antdeedndraduati pfidtine pekjakhdes anidnepbzsbdli&uri ng agents
such as di am nodi phenyl nethane, nethaphenyl ene di am ne, anmmonia, triethyl
anine, and diethyl anfExempprEnef- BasedPEuLPRE agehts PTERSES 5 bi sphenol

A, bisphenol F, phenol novorak resin, cresol ,novogaé resin, and p-xyl ene
novor ak resi AVERELIGR| BRYahRGdEABeIBSs@RO¥ET FAGCEgBHELOCREEP  ay be used
singly or in the forn1gt a m xture gf t or mre tyBes. :

groups 1n which a part of hydrogen atoms’br a main

skeleton may be substituted by a substituent selected
10 from the group consisting of polar groups (polar
bondings) such as an ether bond, an ester group (bond),
hydroxyl group, carbonyl group, a carboxylic acid
anhydride bond, thiol group, thioether group, sulfone
group, aldehyde group, epoxy group, amino group, amide
15 group (bond), urea group (bond), isocyanate group, and
cyano group; and halogen atoms such as fluorine atom,
chlorine atom, and bromine atom.
Low melt viscosity of the epoxy resin
composition is closely related to improving moldability
20 of an epoxy resin curable composition containing the
following curing agent. When a substrate is
impregnated with an epoxy resin curable composition and
dried, an epoxXy group reacts with a curing agent or an
epoxy group reacts with a part of phenolic hydroxyl
25 group, coming to the state of the B-stage. When the
epoxy resin curable composgition in the state of the B-
stage is then heated under pressure, the viscosity of

the molten resin once decreases to the lowest level in



To accelerate a curing reaction of an epoxy 10 resin conposition, it is
practical to add an accelerator other than a curing agent. Exanples of
such an accel erator include imdazoles such as 2- nethylimdazol e,

2-met hyl - 4- et hyl i m dazol e, and 2- phenylim dazole; tertiary am nes such as
1,8 15 di azabicycl o[ 5. 4. 0] -undecene-7,_triethyl enedi am ne, and
benzyl di net hyl am ne; organi ¢ phosphi nés such as tributyl phosphine and

triphenyl phﬁﬁé’h' PEre@Ndndt EBﬁﬁp*i‘ﬁEi‘!eQQéan%ht §h8UpPodSeding of
t et raphenyl phosphoni um t et raphenyl borate and tri phenyl phosphine 20

t et raphenyl bgrat 8g. Thede "Ry bevisedsstpoby ohei BpbRe rkenm of a m xture of
two or nore types. In the present invention, the term "substantial phase

separation tekesopiecen Heansnt batectWbgnthbelowesd piedustitebt ained is
measured by a light 25 diffusion neasuring apparatus, there is a diffusion
maxi mum i n theat ahgebefalisé theéold®drnthdhemephaseéscespayatvifoanal so can be
confirmed under optical mcroscopic observation. Because no substanti al
phase 35 Ssepprayi vasiakesmpbateion, atbear édwprotdhet lovesh epoxyl ated

pol yphenyl ene ether resin according to the present invention, a

di stinctive dEfe8LB¥-maxi numis not observed by the phase separation
observation. 5 Also, a distinctive phase separation of a,cu roduct is

ed _p
not observed by opticaF®i BF8§€Bpi NYBREPYEL PEKE ?BrBFéﬁéPEEX TaRRfsh

cont ai ni ng an_ epox resin conposjtion according to.the present. inventi on,
9 Qhag tKe meft vgsggsity og an epoxygre81n co%pos1t10n

according to the present invention can be remarkably

10 decreased by adding a cage-form silsesquioxane and/or a
partially cleaved structure of cage-form silsesquioxane
thereto. Moreover, they have found that the addition
of a cage-form gilsesquioxane and/or a partially
cleaved structure of cage-form silsesquioxane also

15 improves flame resistance.

The content of cage-form silsesqguioxane
and/or cage-form gilgesquioxane in an epoxy resin
composition is preferably 0.1% to 50% by mass, more
preferably 0.5% to 30% by mass, and further preferably

20 1% to 10% by mass. When the content is 0.1% or more,
the melt viscosity and the flame resistance of the
resin composition is effectively improved.

Any epoxy resin curing-agent may be used as
long as it can react with an epoxy resin to form a

25 three dimensional network structure. As examples of
such an epoxy resin curing-agent, mention may be made
of a non-latent curing agent and latent curing agents

which include amide-based curing agents such as



use many be made of not only a known solvent, which is 10 used in
preparing a varnish of an epoxy resin conposition containing a

pol yphenyl ene ether, including a halogen solvent such as dichl oronet hane
or chloroform and an aromatic solvent such as benzene, toluene, or

xyl'ene, but also a ketone-based solvenf, Exanples of 15 such a ketone-based
sol vent include aliphatic ketones such as acetone, nethylethyl ketone,

met hyl i sopr ogyl. aKk8%5 9Re aeMahAY LihSahypuhkrk et PB@y@ﬂﬂd%}fC!a%h%amﬁ%d and
aromati c ketoneS such as acet ophenone. Usually; a varnish of an epoxy resin

20 conpositignreant agehe Bokwphenyhamenetihphetf| A¥shael,uene as a sol vent
and nust be kept at a tenperature of e.g., 50C or nore at which the

var ni sh can hethapabhlized. didawever,, ammchie ,caseeahyan aefmey, resi n- based
varni sh using a ketone as a solvent, since it can 25 be kept at room

t enperat ure, dietbgh bmiheeapkdnol -bheedsamrimgnagends liehcase of a general
one. Such a conposition is preferable since no specific handling and
appar at us5ar bisphanrédAunbikehgangdnér abheacdi sverals reginep&EEsCdsi n
conposi tion containing a pol yphenylene ether. Wen a curing agent such as
di cyandi ani dacdpgakaffegise| apgt &r Xyaraet HOUPESH FESLR 3 ét &7 are used,
5in addition to _a ketone as a nain solvent, an auxiliary soJvent .such as
di met hyl forﬁﬁﬁyéé}dﬁépﬁ??dcéPF6§ﬁl98Fntﬁrop§%§¥émﬁwybﬁl%ﬁﬁﬁbﬁﬂfﬁﬁﬁ’ether,

or mesttyleng, My PRe YRHH of"a' MExTHIY LEPrud LhOWR! Ry aqncentration of

To accelerate a curing reaction of an epoxy

10 resin composition, it is practical to add an
accelerator other than a curing agent. Examples of
such an accelerator include imidazoles such as 2-
methylimidazole, 2-methyl-4-ethylimidazole, and 2-
phenylimidazole; tertiary amines such as 1,8-

15 diazabicyclo[5.4.0] -undecene-7, triethylenediamine, and
benzyldimethylamine; organic phosphines such as
tributyl phosphine and triphenyl phosphine; and
tetraphenylboron salts such as tetraphenylphosphonium
tetraphenylborate and triphenylphosphine

20 tetraphenylborate. They may be used singly or in the
form of a mixture of two or more types.

In the present inventicn, the term
"substantial phase separation takes place" means that,
when the cured product obtained is measured by a light

25 diffusion measuring apparatus, there is a diffusion
maximum in the range of 0.1 pum to 100 pym. The phase
separation also can be confirmed under optical

microscopic observation. Because no substantial phase



solid matter in a varnish is not particularly limted, 10 it preferably
falls in the range of 30%to 80% A prepreg according to the present
invention is manufactured by inpregnating a substrate with the

af orenenti oned varni sh, volatizing a solvent, applying heat to perform
sem -curing. Exanples of the substrategl5 include glass cloth, aram de
cloth, polyester cloth, nonwoven glass cloth, nonwoven aram de cl ot h,

nonwoven pog¥§§£§£iShOEleQUF@aBQpQE’aaGQrEHnb%bdQEkpogt%n Al t hough the
anount of resin inpregnating the substrate is not particularly limted, it

I's suitably éQkarQla{:éd %Bl’yﬁhéﬁ‘}meﬂeﬁaﬂﬁ@& thatint heceedient tef thee resin
after drying falls within the range of 30 to 70%relative to the nass of
t he prepreg. pAcsehabliaveastibhpetalikeihceanpoditéusdonomdixiguiro itshe present
invention is constituted of a 25 filmforned of an epoxy resin curable
conposi ti on aatd abserakdf byl thal phesghsebachhéss obsemwatiilom-i s not
particularly limted, it typically falls within the range of 0.5 mto 5
mm The nBt ahléoi | audedthorsinei pha?e pephoptégnt efhe euzedr pegidurt
conductive. For exangle, cogper foil _or alumniumfoil nmay be used.
Exanpl es of aSnBPhodPserigAuPHcPRELRGLaMAEEIECOPAF CRPERVATd® abl e resin
applied thereon include a 5 net hod of dLsEOIvingaan epoxy resin curable

conposition in a solvgﬁtpéﬁBéESsFiHSrfﬁé SSPGP_ RGH EHeSHEXEl  foil; a
e o oy BEEEAOGArBRERE 168 bcBrAihl! By BhEYLoURLh: AhRfedonn oPOXY

use many be made of not only a known solvent, which is

10 used in preparing a varnish of an epoxy resin
compesition containing a polyphenylene ether, including
a halogen solvent such asg dichloromethane or chloroform
and an aromatic solvent such as benzene, toluene, or
xylene, but also a ketone-based solvent. Examples of

15 such a ketone-based solvent include aliphatic ketones
such as acetone, methylethyl ketone, methylisopropyl
ketone, methylisobutyl ketone and cyclochexanone, and
arcmatic ketones such as acetophenone.

Usually, a varnish of an epoxy resin

20 composition containing polyphenylene ether employs
toluene as a solvent and must be kept at a temperature
of e.g., 50°C or more at which the varnish can be
stabilized. However, in the case of an epoxy resin-
based varnish using a ketone as a solvent, since it can

25 be kept at room temperature, it can be treated in the
same manner as the case of a general one. Such a
composition is preferable since no specific handling

and apparatus are required unlike a general varnish of




wi th heating under pressure; and a nethod of lamnating 10 a netal |ayer
of copper or alumniumon a filmfornmed of an epoxy resin curable
conposition by sputtering, depositing, or plating. The filmformed of an
epoxy resin curable conposition according to the present invention is 15
manuf actured by preparing a solution g% t he conposition, applying the
solution onto a polyethylene terephthdlate filmby a bar coater or the

like, and r&&fﬁé{'&ﬂytfés§ﬁla§ﬁ%o§yt%ﬁi 88ncdheihi! i pBu§pREAPARAd into the
state of the B stage is lamnated on a both 20 sides of a copper clad foi

pl ate by neagsh®F hot rolling or the |ike and subjected to heat treatnent
in an oven to forma nulti-layered product. A lam nate plate according to
the present inventionwkén hecurihfasyenedshyhl agi datyagdaapidpregd 25 a
curable resin/metal foil conposite, a filmand copper foil in accordance
with a | ayerastaccélerasortbdré-tordisavtmdeinuseketohtowedrbyusgpglyi ng
heating pressure on the |lam nate. Mre specifically, a plurality of 38
prepregs andizuaddieieesta/ ackatonei ascanpasint 8gldedt  mARualkyliaFiynat ed on

a substrate and individual |ayers of the |amnate are adhered_to each
other and s¢PdiveRhesushyaer ds@etrAKbALAFUAMAEE: | RECDHdeFepLesStVE 5 to

obtain a | am nate_board_ having a deshrfd t hi ckness. Altﬁ%nativelﬁ, a
plurality of PEXPYRbERSBLYRPHeNANOTBFIY L cBRPBE t 8BS WFEFYNFPRSt BBYoR a

e st VES Bl nBYRETNE! CaERSLSH Hhi"oSRGENELORE RS
solid matter in a varnish is not particularly limited,
10 it preferably falls in the range of 30% to 80%.

A prepreg according to the present invention
is manufactured by impregnating a substrate with the
aforementioned varnish, wvolatizing a solvent, applying
heat to perform semi-curing. Examples of the substrate

15 include glass cloth, aramide cloth, polyester cloth,
nonwoven glass cloth, nonwoven aramide cloth, nonwoven
polyester cloth, pulp paper, and linter pulp etc.
Although the amount of resin impregnating the substrate
is not particularly limited, it is suitably controlled

20 in such a manner that the content of the resin after
drying falls within the range of 30 to 70% relative to
the mass of the prepreg.

A curable resin/metal foil composite
according to the present invention is constituted of a

25 film formed of an epoxy resin curable composition and a
metal foil. Although thickness of the film is not
particularly limited, it typically falls within the

range of 0.5 um to 5 mm. The metal foil used herein is



cured with heating under pressure to forma |lamnate 10 board of a desired
t hi ckness. The netal foil nay be wused as a surface |ayer or an
intermediate layer. Alternatively, the | am nate process and the curing
process are repeated nmultiple tinmes to gradually obtain a |lam nate. 15 A
mul tilayer printed wring board forne f an epoxyl ated pol yphenyl ene
ether resin according to the present 1nvention has at | east one conductive

| ayer servi 9e§ér§e8'E6UbE QQ%E@r@@Ql&& E%ﬁ%hc@&%eorgﬁ%kcexbﬂﬁﬂkﬁtlng
| ayer mutualTy [amnated. Such a wiring 20 board may be manufactured by a

bui |l d-up systepplsi A811Pbat Ngmiaibe Fdiapmaysbemugeidng conductive paste
adhesion, or an integrated | am nation nethod using a copper clad | amnate

board and a resin conpgsitipdBsf 8f aameatbds bfe mageaftctdodeners, metal

manuf acturing nmethod for 25 a wiring board is not Iimted to these. In this
case, Wwhen tbhelf winhaadcukmeblanireate bpaidedr éhesedn dncdulds lsayer prlnted
W ring board can be obtained with quite excellent electric properties,
adhesi on 39 mptbpdr bifedishedvingsint aposyamesiol vamablescommasd.t ithe

el ectronic apparatus of the present invention enploys the nultilayered
printed wiri#g absatyentxanpl €assingusheaRodredoromic Saspdedads 5 i ncl ude,
but are not Limted to, a connug. cation rout a_.conput a tel evision,
a portable phBhé; & meBROd,HvA h@E&PQeF LR réoﬁlsﬁnrébgﬁéﬁ} and a

i gital r
digita Canep%ev1OUS1Y formed of an epoxy resin curable composition

with heating under pressure; and a method of laminating
10 a metal layer of copper or aluminium on a film formed
of an epoxy resin curable composition by sputtering,
depositing, or plating.
The film formed of an epoxy resin curable
composition according to the present invention is
15 manufactured by preparing a solution of the
composition, applying the solution onto a polyethylene
terephthalate film by a bar coater or the like, and
removing the solvent by drying. The film thus prepared
into the state of the B stage is laminated on a both
20 sides of a copper clad foil plate by means of hot
rolling or the like and subjected to heat treatment in
an oven to form a multi-layered product.
A laminate plate according to the present
invention can be manufactured by laminating a prepredg,
25 a curable resin/metal foil composite, a film and copper
foil in acceordance with a layer structure suitable for
intended use, followed by applying heating pressure on

the laminate. More specifically, a plurality of



A sealing resin conposition according to the 10 present invention is not
particularly limted as long as it contains an epoxy resin conposition
according to the present invention, and nay appropriately contain an
inorganic filler, a releasing agent, a coloring agent, a flame retardant,
and a stress-reducing agent. The 15 iqﬁgganic filler may be subjected to a
surface treatnent by a coupling agent 1 n order to snoothly adapt itself

to an epoxy eshpegonRASi Lionn1 EXRR A9neeh ! BE11CLERBLAYLRGCRL el ol ude

car nauba wa a- polyo I'n contal ning a carboxyl group. As the 20

col oring ageptcufPiyexanPhece@abRon BLBskrgBY BAd MBALVeAGd1 Aaykhe flane
retardant, for exanple, antinony trioxide may be nentioned. As the stress-

reduci ng agest, ther1exanpte, askl hanaredbber eand stheeoandoil may be
mentioned. A sealing resin conposition 25 prepared by using an epoxy resin
conposi ti on ateoldangoutdyt beopsdiakedi wieht heatisgvenyjeexpekekssnre n
processability, heat resistance and noi sture absorption properties. 40 An
epoxy resbn tonpbsainoa dswdndiagbtertihbapingeat deaveati shigkpelsé - -used as
an adhesive agent. Application of the adhesive agent may not be
particul ar| yAlternativelbvever plukeladnesfveusgbhe, repin/metpd &pdilkied to

el ectrical use, sufficiently exerts_ its excellent effects ingluding

el ectrical pFepepeiess aéﬁhiémﬁéabﬁépﬁptPe§PbﬁE§?tFe§P§téﬁ@évéﬁﬁal

processabiliizyers are adhered with each other and simultaneously
cured with heating under pressure to form a laminate

10 board of a desired thickness. The metal foil may be
used as a surface layer or an intermediate layer.
Alternatively, the laminate process and the curing
process are repeated multiple times to gradually obtain
a laminate.

15 A multilayer printed wiring board formed of
an epoxylated polyphenylene ether resin according to
the present invention has at least one conductive layer
serving as a circuit board and at least one organic
insulating layer mutually laminated. Such a wiring

20 board may be manufactured by a build-up system using
plating, a build-up system using conductive paste
adhesion, or an integrated lamination method using a
copper clad laminate board and a resin composition for
an adhesive agent. However, a manufacturing method for

25 a wiring board is not limited to these. In this case,
when the film and the laminate board are used, a
multilayer printed wiring board can be obtained with

quite excellent electric properties, adhesion



(Exanpl es and Conparative Exanples) 10 The enbodi nents of the present
invention will be nore specifically explained wwth reference to Exanples
and Conparative Exanpl es, below. Each of the properties was evaluated in
accordance with the follow ng nmethod. 15 (1) Melt viscosity The nelt
viscosity (unit: mPas) of an epoxy regjn conposition at 180C was neasured
by rheomat-30 manufactured by Contravées Inc. (2) Ml ecular weight 20 Ge

per meati on chrepRL-egEaPhhe anakksise e aB%rE%&W%QtU%b%Qs§%9Q@¥ A- 804,
A- 803, A-802 and A802 manufactured by Showa Denko K. K. as a columm. The

nol ecul ar wei ght was d@h@rgug@draageda @aaatgbubmomhetp&%semtconparlson
with that of a polystyrene known in nol ecul ar wei ght. (3) Anmount of

phenol i c hydﬁﬁxyhtgbﬁuampﬁoygphheyhﬁne1&hbereWa@rdmssdlwa&ihg met hyl ene
chloride, and then a nmethanol solution of 0.1 41 N tetraethyl amonium
hydr oxi de waboadded Elemgfles oAf sechviagoedesktyosticr epgaralissr bance was
measured at 318 nm The anount (unit: neqg/kg) of phenolic hydroxyl group
was det er fi nédchaded brtt hzednbtedémdseidn ts, abs cOPEMEd OfittilPna case where

t he met hanol solution of 0.1 N tetraethyl ammoni um hydroxi de was not added
thereto. (4)rEPpbRY eguFeAPEREY, a television, a porta le phone, a

PDA, a DVD recorder, a hard disk recorder, and a
digital camera.
A sealing resin composgition according to the

10 present invention is not particularly limited as long
as it contains an epoxy resin composition according to
the present invention, and may appropriately contain an
inorganic filler, a releasing agent, a coloring agent,
a flame retardant, and a stress-reducing agent. The

15 inorganic filler may be subjected to a surface
treatment by a coupling agent in order to smoothly
adapt itself to an epoxy resin composition. Examples
of the releasing agent include carnauba wax and a
polyolefin containing a carboxyl group. As the

20 coloring agent, for example, carbon black may be
mentioned. As the flame retardant, for example,
antimony trioxide may be mentioned. As the stress-
reducing agent, for example, silicon rubber and silicon
0il may be mentioned. A sealing resin composition

25 prepared by using an epoxy resin composition according
to the present invention is very excellent in
processability, heat resistance and moisture absorption

properties.



Epoxy equi val ent was neasured in accordance 10 wth JIS K 7236. (5)
Bendi ng strength Bendi ng strength was neasured by a material testing
machi ne Type 5582 manufactured by Instron Corporation based on JIS C 6481.
15 (6) Dielectric constant and dielectric tangent of |am nate board
Dielectric constant and dielectric ta nt were neasured by LCR neter
4284A manufactured by Agilent Technologies Inc. based on JIS C 6481. 20

(7) Measurement of insghubbeximlteis bLBmpBLkYEAbn Actesiindsddicsiol ved in a
solvent with heating. After the resin solution was returned to room

tenperature, prbsvas finvthatied ByyapseaBeanasf aht adheBieef blgeat .was heat ed
to volatilize the solvent. 25 Insoluble matters (% by mass) were neasured

based on thapdittateoaeccfnthesadnkstke tigkher mbef ave bed after the

vol atilization of the solvent. (8) Measurenent of phase separation 42 A
var ni sh was paredctidashyal mimatedr edHpwestect, , thei edhead vehegiead . f Gif t he
presence or absence of a diffusion maximum (that is, the presence or
absence of phhséssapriaefdohp ehechriradgusel esuifpmiestiviesFegmsby a |ight
di ffusi on measuring apparatus DYNA- 3000 (manufactured by O suka

El ect roni cs EE?,eEFGlE?ntTﬁéf§GFﬁaé§Céﬂdﬂﬁ9 EhrPEGTpFEduPE RETE3FSer ved by

use of 2 I asg] 1 GLogoope V10 (rmnufagiuried by KEVENCE

processability.
(Examples and Comparative Examples)

10 The embodiments of the present invention will
be more specifically explained with reference to
Examples and Comparative Examples, below.

Each of the properties was evaluated in
accordance with the following method.

15 (1) Melt wviscosity

The melt viscosity (unit: mPa's) of an epoxy
resin composition at 180°C was measured by rheomat-30
manufactured by Contraves Inc.

(2) Molecular weight

20 Gel permeation chromatographic analysis was
performed using Shodex A-804, A-803, A-802 and A802
manufactured by Showa Denko K.K. as a column. The
molecular weight was determined based on an elution
time in comparison with that of a polystyrene known in

25 molecular weight.

(3) Amount of phenclic hydroxyl group

Polyphenylene ether was dissolved in

methylene chloride, and then a methanol solution of 0.1



Corp.). The case where phase separation was observed 10 was eval uated by X
whereas the case where no phase separation was observed was eval uated by

0. (9) Solvent resistance A copper foil |amnate board was soaked in
met hyl ene chloride at 35C for 5 mnutes and then 15 appearance change was
observed. The case where a blister observed in the | am nate board was

eval uated by X, where no blister was observed in the |amnate board was

eval uat ed byy0 s I E{ET isur ed based
on JIS C 64 1Fe%%%%tﬁg%g§?ggbhgé0§ ag?%%gg %ﬁgaﬁﬁﬁﬁg¥t§?%§g§§y groups of

an epoxyl at efg pol y@?@%h@@@ gthereHeShBsWapatakCwhat adakyirdidviadi ng 25 the
nol ecul ar wei ght of The epoxyl ated pol yphenyl ene ether resin by the epoxy

equi val ent. §12) nhMeasgrhemanbuat Tanlg:wasqreasubedphased ien hydedR$T net hod
of 43 JIS C 6481. (13) Copper foil peel strength Copper foil peel strength

was neasur edgbgupl ®asCie48imihefiPbapatabnonhExdiffiiferéncke pgal yphenyl ene
ether] First, 10 parts by mass of a high-nol ecular weight pol yphenyl ene
et her havbngahsoubbereawéthge caskewtkar Wheghethsnbdr geolas i @00
(manuf act ured by
0.1 N tetraethyl ammonium hydroxide was not added
thereto.
(4) Epoxy equivalent
Epoxy equivalent was measured in accordance
10 with JIS K 7236.
(5) Bending strength
Bending strength was measured by a material
testing machine Type 5582 manufactured by Instron
Corporation based on JIS C 6481.
15 (6) Dielectric constant and dielectric tangent of
laminate board
Dielectric constant and dielectric tangent
were measured by LCR meter 4284A manufactured by
Agilent Technologies Inc. based on JIS C 6481.
20 (7) Measurement of insoluble matters in solvent
A resin was dissolved in a solvent with
heating. After the resin solution was returned to room
temperature, it was filtrated by a membrane filter.
The filter was heated to volatilize the solvent.
25 1Insoluble matters (% by mass) were measured based on
the difference in mass of the filter before and after

the volatilization of the solvent.

(8) Measurement of phase separation



Asahi Kasei Corporation) and 30 parts by nmass of 10 bi sphenol A were

di ssolved in 100 parts by mass of toluene with heating. To the solution
m xture, 30 parts by nass of benzoyl peroxide was added and stirred at
90C for 60 mnutes, thereby performng a redistribution reaction.
Furthernore, 10 parts by mass 15 of benhzoyl peroxi de was added and stirred
at 90C for 30 mnutes to conplete theredistribution reaction. The

reaction m xture was ﬂd%ngQSﬁ 099 party by gggglgfa eethanol and the
obt ai ned precipitate was tered off. The filtered material was further

washed wit h r880c20 RaLts B¥smBRscREqNEbRanek bHeeabhaien cpolapizkery ene
ether I. yphenyfene ether | was anal yzed by the gel perneation

chronatography fodimpliec shamaweimght .(tAstaisr eshkt prebenpel yahenyl ene et her

| had a nunber average 25 nol ecul ar weight of 1,900 and did not contain the
conponent s oéfbaenokeocil phagei ghpavht20n00@nochrorange ©300 -dr Hress.

Furt hernore, the nunber of phenolic hydroxyl groups per nolecule was 1.7.
44 [ PreparalbponuiExbuphel2gbt goffphényl maesurhog] appbyplicy PEN&-et her |
was obtained in the sane manner as in_ Preparation Exanple_1 of
polyphenylenéoéphémaéﬁééﬁﬁurﬁétth@tE&kérEaé§ﬁ¢ﬁ§1§ﬁe505 ~wi4tR -ret hanol  was
not perfornmed. The pol yphenyl ene et her was anal yzed by, .the gel

per neat i on cﬁh@nﬁ?éﬁﬁﬁﬁh?ff Pen6P€€GIQF°@€F§hWaS ﬂéSEngéuPW Wﬁ% of

| yphenyl en her 11 h n r
pol yphenyleng ?gsgr mlcrggcgpeuggﬁ—loo (manufactured by KEYENCE

Corp.). The case where phase separation was observed
10 was evaluated by X, whereas the case where no phase
separation was observed was evaluated by O.
(9) Solvent resistance
A copper foil laminate board was soaked in
methylene chloride at 35°C for 5 minutes and then
15 appearance change was observed. The case where a
blister was observed in the laminate board was
evaluated by X, where no blister was observed in the
laminate board was evaluated by O.
(L0) Flammability test
20 Flammability was measured based on JIS C
6481.
(11) Number of epoxy groups
The number of epoxy groups of an epoxylated
polyphenylene ether resin was calculated by dividing
25 the molecular weight of the epoxylated polyphenylene
ether resin by the epoxy equivalent.
(12) Measurement of Tg

Tg was measured based on the DSC method of



aver age nol ecul ar wei ght of 2,000 and did not contain 10 conponents having
a nol ecul ar wei ght of 20,000 or nore but contai ned conponents of 300 or

| ess. The nunber of phenolic hydroxyl groups per nolecule was 1.7.

[ Preparati on Exanple 3 of pol yphenyl ene ether] A known net hod for preparing
pol yphenyl ene 15 ether, e.g., a netho% di scl osed in Exanples of U S

patent No. 6,211, 327 was conducted,lmﬁ the reaction was termnated in the
early stage ghpd @ﬁé@g@_mﬁth nmet hanol . More specifically, 2,6-dinethyl
phenol was reacted only for 30 m nutes (although the reaction is 20

general ly CO@Q§§teéoé%?r”kegqeﬁbehns@réﬁbﬁﬁnt of toluene at a tenperature
ranging from40 to 4 whil e supplying oxygen and stirring in the presence

of copper bronm de andcgpperbbyhapgeae asrangghakgst meSshseduent IS t he
oxygen supply was stopped. Wiile an 25 aqueous nitrilotriacetic acid

sol ution wascadded.with stirring under nitrogen sealing to extract the
copper catalyst into the water phase, the tenperature of the reaction

m xture was f[Arspdrhoib5CEandpiei At efnedlaphebylenesesherd for 70 m nutes.
Thereafter, the copper catalyst was centrifugally renoved, and the
reaction sol uti on wasFaashed1®i PRr&snbrvhaase o8| at hdgh-pelgculésul t,

pol yphenyl ene ether |11 having a nupber_ average 5 nol ecul ar wei ght of 2,000
and” cont ai ni K§1ABtcBRPYRBANY1CHE SLREFeBANAFIWE GNIPSE 2TSF6Fr nore and
gg?yggen'yfgf,@oggggagg,gg,;ig tPOE"Pa e He" 38 b8 WRABS e TRL Y © Of the

Asahi Kasei Corporation) and 30 parts by mass of

10 bisphenol A were dissolved in 100 parts by mass of
toluene with heating. To the sclution mixture, 30
parts by mass of benzoyl peroxide was added and stirred
at 90°C for 60 minutes, thereby performing a
redistribution reaction. Furthermore, 10 parts by mass

15 of benzoyl peroxide was added and stirred at 90°C for 30
minutes to complete the redistribution reaction. The
reaction mixture was added to 1,000 parts by mass of
methanol and the obtained precipitate was filtered off.
The filtered material was further washed with 1,000

20 parts by mass of methanol to obtain polyphenylene ether
I.

Polyphenylene ether I was analyzed by the gel

permeation chromatography for molecular weight. As a
result, the polyphenylene ether I had a number average

25 molecular weight of 1,900 and did not contain the
components of a molecular weight of 20,000 or more or
300 or less. Furthermore, the number of phenolic

hydroxyl groups per molecule was 1.7.



[ Preparati on Exanple 4 of pol yphenyl ene ether] 10 Pol yphenyl ene et her

was obtained in the sanme manner as in Preparation Exanple 1 of
pol yphenyl ene et her except that the step of adding additional benzoyl

per oxi de was not conducted. Pol yphenyl ene et her
gel permeation chromatography for nnqu

Y

|V was anal yzed by the 15
| ar weight. As a result, the

pol yphenyl ene ether IV had a nunber nﬁ#ecular wei ght average of 2,300 and
cont ained_no p¢agRonents gkaiBieon bespoiybneagiabaed eamonents of

or nore.

The

nu phenol ¢ hydroxyl groupsS 20 per nol ecul e was

[ Preparation Exanple 5pgfivpolyphent ergecet her lvakl cpritinddy ifRsheof a
hi gh- nol ecul ar wei ght polyphenyl ene ether having a nunber average

nol ecul ar

wehabt masinka’ 8¢ an 20 atreruEaaipled 1byfAsahi Kasei 25

20, 000
1.6.

Corporation) and 6 parts by mass of bisphenol A were dissolved in 100
parts by maspodfphehyéeacnethehreatkiceptr thatt lhesdlageirowvasixng eteg0 parts
by mass of benzoyl peroxide was added and stirred at 90C for 60 mnutes to
46 condubt witbdirsthiaboili wasr eatt pewrfoEmecher nore, the reaction mixture
was added to 1,000 parts by mass of nethanol and the obtained precipitate

was filtered of f.

The Thiel Perewhenydese wadheruXihasadtdd 3% HY1, 000 5

parts by mass_of nethanol to obtain pol yphenyl ene etaer V. Po%%gﬂgnylene

ether V was &REl P2ddPEYTERE 198 ChyomatoraR ehiGTa

wei ght .

As a

10

15

20

25

T 8
As a result, the polyphenyvlene ether II had a number

average molecular weight of 2,000 and did not contain
components having a molecular weight of 20,000 or more
but contained components of 300 or less. The number of
phenolic hydroxyl groups per mclecule was 1.7.
[Preparation Example 3 of polyphenylene ether]

A known method for preparing polyphenylene
ether, e.g., a method disclosed in Examples of U.S.
patent No. 6,211,327 was conducted, but the reaction
was terminated in the early stage and washed with
methanol. More specifically, 2,6-dimethyl phenol was
reacted cnly for 30 minutes (although the reaction is
generally conducted 100 minutes) in a solvent of
toluene at a temperature ranging from 40 to 45°C while
supplying oxygen and stirring in the presence of copper
bromide and di-n-butylamine as a catalyst.
Subsequently, the oxygen supply was stopped. While an
aquecus nitrilotriacetic acid solution was added with
stirring under nitrogen sealing to extract the copper
catalyst into the water phase, the temperature of the

reaction mixture was raised tc 55°C and maintained at

cul ar



result, the polyphenyl ene ether V had a nunber average 10 nol ecul ar wei ght
of 4,500 and contai ned no conponents of 300 or |ess but contained
conponents of a nol ecular weight of 20,000 or nore. The nunber of phenolic
hydr oxyl groups per nolecule was 1.6. [Preparation Exanple 6 of

pol yphenyl ene ether] 15 The reaction conducted in the same manner as

i n Preparation Exanple 3 except that 2,6- di nethyl phenol contai ning

2,2-bi s(3, 5-gdp et Qyb+4- fB¥d59X%RHﬁg¥E) PrAadag s used. cBppaol esult,
polyphenylene ether VI was obtained having a number 20 average nol ecul ar

wei ght of 2, ZQQa@?QtCQHEab@h391@u§3Ql9yr@ﬁ@&e@f gaApenenteakavdiong a
nol ecul ar melght of 20,000 or nore but containing no conponents of a

nol ecul ar wegghtit 06n3Q8s0tvakbBes. wiba aufbehaabl pbauelibe.hydsoxyl groups
per nol ecul e of the 25 pol yphenyl ene ether was 1.8. [Preparati on Exanple 7
of pol yphenykenelet hpolyplepgitacbytimgsIafl aakiigh- aohaobear aveirglte
pol yphenyl ene et her having a nunmber average nol ecular 47 weight as |arge
as 20, 0005( manbeaviaredebyhpsalii 2K8§6i andorporatnany aod CIODEAENS Shy mass
of bisphenol A were dissolved in 100 parts by nass of toluene with
heating. Toofha melecprdarnirighs, 06028afP8 BY AMR¥S 61dERPoPr 5 peroxi de
was added and stirred at 90C for. 60 m nutes to nduct a redistribution
reaction. Fui?ﬁ@rno?@e GGmb5§rP§ BYeRRed CoPYBERKY! g!gﬁgPB?igngas added and
stirred at 99¢ L1 39:MAdtes,!0neoTRLEtethe,  §dkshribution

[Preparation Example 4 of polyphenylene ether]
10 Polyphenylene ether IV was obtained in the

game manner as in Preparation Example 1 of

polyphenylene ether except that the step of adding

additional benzoyl peroxide was not conducted.

Polyphenylene ether IV was analyzed by the

15 gel permeation chromatography for molecular weight. As

a result, the polyphenylene ether IV had a number

molecular weight average of 2,300 and contained no

components of 300 or less but contained components of

20,000 or more. The number of phenolic hydroxyl groups
20 per molecule was 1.6.

[Preparation Example 5 of polyphenylene ether]

10 parts by mass of a high-molecular weight

polyphenylene ether having a number average molecular

weight as large as 20,000 (manufactured by Asahi Kasei
25 Corporation) and 6 parts by mass of bisphenol A were

dissolved in 100 parts by mass of toluene with heating.

To the solution mixture, 30 parts by mass of benzoyl

peroxide was added and stirred at 90°C for 60 minutes to



reaction. The reaction m xture was added to 1,000 10 parts by nass of

nmet hanol and the obtained precipitate was filtered off. The filtered
product was further washed with 1,000 parts by mass of nethanol to obtain
pol yphenyl ene ether VII. Pol yphenyl ene ether VIl was anal yzed by the 15
gel permeation chromatography for nnlgﬁylar weight. As a result, the

pol yphenyl ene ether VII had a nunber ‘"average nol ecul ar wei ght of 1,100 and

did not cont abRayeTROPER; S0k oarFBLeeHLAE i Wl INkygtn2dnB9Q OkpEore or | 300
or less. The nun% of phenolic hydroxyl groups 20 per nol ecul e was 1. 8.

[ Manuf act ur er@é@ﬁmbﬁ Af xeappewas! adakanmtpateoboapd)ytE0bgn maRexwgroup of a
conposition serving as a curing agent, 0.6 fold equival ent of

di cyandi am deeBBanab antdnehgr obpaimetihprethyl tketowasafid teaedemttfner e 25
added. The varnish was adjusted so as to contain 60% by mass of a solid
matter. |n ExhapEedtéred Brofdescwabedulraher) yashedayidbsilg@éd® t hat
phenolic hydroxyl groups of pol yphenylene ether conpletely react 48 wth
epoxy groEipspasbst hut médseyafidinghhdachascaglitdinnpodPheBYRENSo eidieiro
correspond to the nunmber of epoxy groups from which the nunber of phenolic
hydr oxyl gro¥p was detracted. 5 Furthernore, 2-nethylimnm dazol serving as a

curing agent was added_in an anpunt ing fromO. 3%

relative to the contenpoéyphﬁﬁyéﬁFFdetH%FtngBF fre V&Fﬂlgﬁ' %ﬁyﬁﬁ'ch the

gel ation tIrrEe&meatlon chromatography for molecular weight. As a
result, the polyphenylene ether V had a number average

10 molecular weight of 4,500 and contained no components
of 300 or less but contained components of a mclecular
weight of 20,000 or more. The number of phenoclic
hydroxyl groups per mclecule was 1.6.

[Preparation Example 6 of polyphenylene ether]

15 The reaction was conducted in the same manner
as in Preparation Example 3 except that 2,6-
dimethylphencl containing 2,2-bis(3,5-dimethyl-4-
hydroxyphenyl) propane was used. As a result,
polyphenylene ether VI was obtained having a number

20 average molecular weight of 2,700 and containing C.5%
by mass of components having a molecular weight of
20,000 or more but containing no components of a
molecular weight of 300 or less. The number of
phenclic hydroxyl groups per molecule of the

25 peclyphenylene ether was 1.8.

[Preparation Example 7 of polyphenylene ether]
10 parts by mass of a high-molecular weight

polyphenylene ether having a number average molecular



required for gelation) of the varnish at 170C fell 10 within the range of 4
to 5 mnutes. Subsequently, glass cloth (manufactured by Asahi-Scwebel
Corporation, trade nanme: 2116) was inpregnated with an epoxy resin varnish
and dried to obtain a prepreg having a resin content of 50% by mass. 15
Four sheets of the prepreg obtained agﬁye were |am nated and a copper foi
sheet of 35 pmthick was superposed to the upper and | ower sides thereof.

The resul ta@éiégm pat @awgg Qée%%béegmahu@ae&a%aw 8,0h 201 KakseiR? with
heating at a temperature 190C for 60 20 mnutes to obtain a both sided

copper clad tapphaheiohpakda Ibepdacaf biyhmagbt aicned spbkholi dediegepper cl ad
| am nat e board was neasured by DgC. The bending strength of the | am nate

board was evalgsbetdelyia 2bobpadtBgbieshss bExaspuentl wAnhepewy imesi n
conposition (1) conposed of 100 parts by mass of pol yphenyl ene ether | and
100 49 partSobyheasslatianbmighenel, FT@ppaAtepbyymaesi of( AERz0OZE0
manuf act ured by Asahi Kasei Corporation) as an epoxy resin was dissol ved
in 130 pabt spbyorade was mdthyl enHybthetredeatA§0ECreaul 69 minvhdgeheous 5
solution containing no insoluble matter was obtained at roomtenperature.
When the sol @¢n8nchiad sedisgrabupsen repetichte SHriheraRIFar &Mt brown

solution was nmaintained for 4 days_and turhidity “@ﬁ %pserved.at t.he
parts by mass of benzoyl peroxide was added and stirred

at 90°C for 30 minutes to complete the redistribution
reaction. The reaction mixture was added to 1,000

10 parts by mass of methanol and the obtained precipitate
was filtered off. The filtered product was further
washed with 1,000 parts by mass of methanol to obtain
polyphenylene ether VII.

Polyphenylene ether VII was analyzed by the

15 gel permeation chromatography for molecular weight. As
a result, the polyphenylene ether VII had a number
average molecular weight of 1,100 and did not contain
components of a molecular weight of 20,000 or more or
300 or less. The number of phenclic hydroxyl groups

20 per molecule was 1.8.
[Manufacture Example of copper clad laminate board]

To an epoxy group of a composition serving as

a curing agent, 0.6 fold equivalent of dicyandiamide as
an amino group, methylethyl ketone as a solvent were

25 added. The varnish was adjusted so as to contain 60%
by mass of a solid matter. 1In Examples 1 to 3
(described later), it was designed that phenolic

hydroxyl groups of polyphenylene ether completely react



5th day. Wen the anmount of the insoluble matter was 10 nmeasured, it was
0.5% by mass. Furthernore, 100 parts by mass of pol yphenyl ene ether | and
100 parts by nass of AER260 were m xed and nelted. The nelt viscosity of
the mxture neasured at 180C was 2,500 nPas. 15 [Exanple 21 An epoxy resin
conposition (2) conmposed of 100 part§¥py mass of pol yphenyl ene et her |

and 100 parts by mass of a bi sphenol Type A epoxy resin (AER 260

UBnUfaCthedwEMhAéﬁBk Kgssl %?rQgr%EEQ“Hi@%aﬁBi%%i@BO%&sr%%H%dW&% di ssol ved
in 130 parts by naSs Xf neP yl ethyl ketone. As a result, a honpbgeneous

sol ution conkai BBANnROsbNgal Ubl eckabEeENAAScORhal hetbat ofo@Bdgper at ure.
When the solution was stored at 25C, the state of a transparent brown

sol uti on wasgz2bupBi firaimneditar thedaysbardofuphieticly cwaydrosgrly edrcate t he
5th day. Wien the anmobunt of the insoluble matter was neasured, it was 0.5%
by mass. [ Exaapl deBfabBedAn epoxy resin conposition (3) conposed of 100
parts by mass of pol yphenylene ether 111 and 100 parts by nass of a
bi sphenol 5Type A epoxyFuetheriaER., 260ehrbiifiaddazed BRrAdaN A8ade
Corporation) as an 5 epoxy resin was dissolved in 130 parts by mass of
met hyl et hyl Reréng. agsng pasubpdded RBnBgenBsyst F8nginsn f&&m Ji-fi k¢ no
insoluble matter was obtained at roomtenperature. en tqg sol ution was
stored at 25€-3% by mass relative to the content of the solad
matter of the varnish, in which the gelation time (time
required for gelation) of the varnish at 170°C fell
10 within the range cof 4 to 5 minutes.
Subsequently, glass cloth (manufactured by
Asahi-Scwebel Corporation, trade name: 2116) was
impregnated with an epoxy resin varnish and dried to
obtain a prepreg having a resin content of 50% by mass.
15 Four sheets of the prepreg obtained above were
laminated and a copper foil sheet of 35 pum thick was
superposed to the upper and lower sides thereof. The
resultant laminate was pressurized at a pressure of 20
kg/cm® with heating at a temperature of 190°C for 60
20 minutes to obtain a both sided copper clad laminate
board.
The Tg of the obtained both sided copper clad
laminate board was measured by DSC. The bending
strength of the laminate board was evaluated by a
25 bending test.
[Example 1]

An epoxy resin composition (1) composed of

100 parts by mass of polyphenylene ether I and 100



the state of a transparent brown solution was 10 naintained for 3 days and
turbidity was observed at the 4th day. Wen the anount of the insoluble
matter was neasured, it was 0.8% by nass. [Conparative Exanple 11 An epoxy
resin conposition (4) conposed of 15 100 parts by nass of pol yphenyl ene
ether IV and 100 parts by mass of a bjgphenol Type A epoxy resin (AER 260
manuf act ured by Asahi Kasei Cbrporatioﬁ? as an epoxy resin was dissolved

in 130 partsy Q¥t€a§? %%ss”%?hﬁl%HQ?he%%ﬁoﬁ9peA§ 2psgullesid hamrgeneous 20
sol ution was not obfained at roomtenperature and™ turbidity was observed.

When the anoggh phntifectureal B asaBit @aswas copadtaedon)t asasnl. 2% by mass.
[ Conparative Exanple 21 An epoxy resin conposition (5) conposed of 25 100
parts by nasspokypekypheirpkede seoleedViand3b0parmar by masmass of a

bi sphenol Type A epoxy resin (AER 260 manufactured by Asahi Kasei

Cor por at i on) mashghetdgixketesen was di seshtéed inhtBogsastsishy mass of 51
nmet hyl et hyl ketone. As a result, a honbgeneous solution was not obtained
at room t Bnpepatitienardéntednsingi np wasodbdey set tere washebimdmad it t he

i nsol uble matter was neasured, it was 2.5% by nass. 5 [Exanp 4] 50 parts
by mass of pépgawhéﬁylpeﬁét@ﬂfﬁer Whaﬁdthaoseér«l{téoyyWﬁﬁs§t@Fe§ li‘i"s;?rge Type

A epoxy reS|n (AER 260 manuf actured by Asahi sei “poratlon) as an
he state of a transparent brown s ution

maintained for 4 days and turbidity was observed at the
5th day. When the amount of the insoluble matter was
10 measured, it was 0.5% by mass.

Furthermore, 100 parts by mass of
polyphenylene ether I and 100 parts by mass of AER260
were mixed and melted. The melt viscosity of the
mixture measured at 180°C was 2,500 wmPa-s.

15 [Example 2]

An epoxy resin composition (2) composed of
100 parts by mass of polyphenylene ether II and 100
parts by mass of a bisphencl Type A epoxy resin (AER
260 manufactured by Asahi Kasei Corporation) as an

20 epoxy resin was dissclved in 130 parts by mass of
methylethyl ketone. As a result, a homogeneous
solution containing no insoluble matter was obtained at
room temperature. When the solution was stored at 25°C,
the state of a transparent brown solution was

25 maintained for 4 days and turbidity was observed at the
5th day. When the amount of the insoluble matter was
measured, it was 0.5% by mass.

[Example 3]



epoxy resin were heated to 130C, thereby nelting and 10 m xing them To
the resultant m xture, one part by mass of a 1% by mass sodi um

nmet hyl at e/ met hanol sol ution was added and stirred until honobgeni zed. After
5 mnutes, the tenperature of the nolten product was increased to 190C
and stirred for 2 hours to obtain an 13 epoxy resin conposition (6). The
epoxy resin conposition (6) had an epoxy equivalent of 502 and a nelt

viscosity of 3,100 nPagpabyc}80CesThecaRpuaS tebnt 5N BakpRRRAOLEC hydr oxyl
group was 4.5 neq/kg. Thepgoﬁteﬁ? ofcuﬁ?eactednegoz; 20pquantified by gel

permeation chpenBLEgEaBPYmHBE 38 pgiyﬁﬁehylgﬁésebﬂéQdIQm thd ghar ged anount
of 100 parts by nmass. Accordingly, the proportion of the epoxylated

pol yphenyl enpaet Bebyr fak8 wESabBippheaolbyTypesa ¥bery treeiconBERt of

term nal phenolic hydroxyl group per kg 25 of the epoxyl ated pol yphenyl ene
et her resin 288 nmahufihatededi bywAsaBi7KaegikgGorpheatéonparss apy nmass of the
epoxy resin conposition (6) was dissolved in 40 parts by mass of 52

met hyl et h§l &etwrereainowpbetiébgohyadgénoldis 0sphrytisoRY Wassobtai ned wit hout
insoluble matter. When this solution was stored at 25C, no precipitate
appear ed formeBbydaybEydr kabpaewi t RBuf FASBLELI @ RAMPEENESVFi [arly, a 5 60%
by mass acetone solution of epoxy resin_conposition | %red at, 25C

_ ~ epoXy re st
produced no BPLBEBPRaFENERLNANTJEPsIBFOLHBLE. M2G LT ol 2FhEPEFIRY S i n

conposi tion &g%mm@gmperature. When the solution was stored at 25°C,

the state of a transparent brown solution was

10 maintained for 3 days and turbidity was cbserved at the
4th day. When the amount of the insoluble matter was
measured, it was 0.8% by mass.
[Comparative Example 1]

An epoxy resin composition (4) composed of

15 100 parts by mass of polyphenylene ether IV and 100
parts by mass of a bisphenocl Type A epoxy resin (AER
260 manufactured by Asahi Kaseili Corporation} as an
epoxy resin was disgsolved in 130 parts by masgs of
methylethyl ketone. As a result, a homogeneocus

20 solution was not obtained at room temperature and
turbidity was observed. When the amount of the
insoluble matter was measured, it was 1.2% by mass.
[Comparative Example 2]

An epoxy resin composition (5) composed of

25 100 parts by mass of polyphenylene ether V and 100
parts by mass of a bisphenol Type A epoxy resin (AER
260 manufactured by Asahi Kasei Corporation) as an

epoxy resin was dissolved in 130 parts by mass of



di ssolved in 100 g of toluene and nethanol was 10 excessively added thereto
So as to precipitate epoxylated pol yphenylene ether resin I. The obtai ned

epoxyl at ed pol yphenyl ene ether resin | had a nol ecular weight of 2,900 and
an epoxy equival ent of 2,260. Accordingly, the proportion of polyphenyl ene
et her 15 skel eton was 65% by mass and gfe nunber of epoxy group per

nol ecul e was 1.6. When a copper clad |lam nate board was fornmed wusing the

epoxy resin ¢ampeSiddiin (Brord. Nad & LURIRC! H GBSl 4.2 at 1 M,
a dielectric 20 tangent of 0.011, Tg by DSC of 165C, "and a copper foil

peel strengt QfutQ B8 vl MR ot iHdE R RBICtt Ak rathase eparation.

After a solvent resistance test, a blister of the copper clad | am nate

board was obseradity Repimsdveth SOHML tthdbyammss oJf pdleyphenyl ene et her
| and 50 parts by nass of a tetrabrono bi sphenol Type A epoxy resin (AER
8018 manuf actimsed Ul cAs@lut kaseis Cagemanatd on)t asa=ark .Foxy messs. wer e heat ed
to 130C, 53 thereby nelting and mxing them To the resultant m xture,
one part By rEsemgflea41% by mass sodi um net hyl at e/ met hanol sol uti on was
added and stirred until honogenized. After 5 m nutes, the tenperature of
the 5 nolten product wed iReditEaddd Mo sL SUC HYEROFHENS AtEET hold™ t o
obtain an epoxy resin_conposition (7). The epoxy resin conposjti n:é7) had
an epoxy eq@idv&EHS &Y Mageo ofh@ PiRRenRLdodE v FPOKY JrHDagAE

260 manufactured by Asahi Kasei Corporation} as an

epoxy resin were heated to 130°C, thereby melting and
10 mixing them. To the resultant mixture, one part by

mass of a 1% by mass scdium methylate/methanol solution

was added and stirred until homogenized. After 5

minutes, the temperature of the molten product was

increased to 190°C and stirred for 2 hours to obtain an
15 epoxy resin compositicn (6).

The epoxy resin composition (6) had an epoxy
equivalent of 502 and a melt viscosity of 2,100 mPa:s at
180°C. The amount of terminal phencolic hydroxyl group
was 4.5 meg/kg. The content of unreacted epoxy

20 quantified by gel permeation chromatography was 33
parts by mass based on the charged amount of 100 parts
by mass. Accordingly, the proportion of the epoxylated
peolyphenylene ether resin was 67 parts by mass. When
the content of terminal phenolic hydroxyl group per kg

25 of the epoxylated polyphenylene ether resin was
calculated, it was 6.7 meqg/kg.

When 60 parts by mass of the epoxy resin

composition (6) was dissolved in 40 parts by mass of



at 180C. The amount of term nal phenolic hydroxyl 10 group was 6.3 neq/Kkg.
The content of unreacted epoxy quantified by gel perneation chronmatography
was 14 parts by nass based on the charged anount of 100 parts by nass.
Accordi ngly, the proportion of the epoxylated polyphenylene ether resin
was 86 parts by mass. Wen 15 the content of term nal phenolic hydroxyl
group per kg of the epoxyl ated pol yphenyl ene ether resin was cal cul at ed,

it was 7.3 nﬁgéﬁglemgm RA: ALt Sabyofpsstelyt RemepexpuEe BN uLERMPOSI ti on
(7) was dissolved in 40 parts By mass’ of 26 nmet hyl et hyl ketone, a

conpl et el y hgaBgepessnseal witbBurasneblabledmuttbeut Wheel gblie matter. Wen
this solution was stored at 25C, no precipitate appeared for 30 days or

nore. Sim |l asbyutachO¥abyspagedaaet 068C, siod wireoipitabe sppegredsior
conposition (7) stored at 25 25C produced no precipitate for 30 days or
nore. 10 g oBOt Heyspoxympesi witboposinsohuple watstedi.ssSivédardyi0@ g of

t ol uene and net hanol was excessively added thereto so as to precipitate 54
epoxyl at eB p6PyphEnyheacacehener 89LHLEPN PheCBPKY HEG1Ne FORPOSLEGON

pol yphenyl ene ether resin || had a nolecular  weight of 3 55% and an epoxy
equi val ent of 9toEed apcesrdi PEPTUCERPropRFiPbReee porypherf¥En8Tet her 5
skel eton of the epoxyl ated pol yphenyl ene ether resin was 53.5% by nmass and
t he nunber of°EBoxy group per nolecule was 1.7. Wen a copper clad

lam nate board was forggdg of the epoxy resin composition (6) was

dissolved in 100 g of toluene and methanol was

10 excessively added thereto so as to precipitate
epoxylated polyphenylene ether resin I. The cbtained
epoxylated polyphenylene ether resin I had a molecular
weight of 2,900 and an epoxy egquivalent of 2,260.
Accordingly, the proportion of polyphenylene ether

15 skeleton was 65% by mass and the number of epoxy group
per molecule was 1.6.

When a copper clad laminate board was formed

using the epoxy resin composition (6), it had a
dielectric constant of 4.2 at 1 MHz, a dielectric

20 tangent of 0.011, Tg by DSC of 165°C, and a copper foil
peel strength of 0.88 kgf/cm. The cured product had
phase separation. After a solvent resistance test, a
blister of the copper clad laminate board was observed.
[Example 5]

25 50 parts by mass of polyphenylene ether I and
50 parts by mass of a tetrabromo bisphenol Type A epoxy
resin (AER 8018 manufactured by Asahi Kasei

Corporation) as an epoxy resin were heated to 130°C,



by using the epoxy resin conposition (7), it had a 10 dielectric constant
of 3.9 at 1 Mz, a dielectric tangent of 0.008, Tg by DSC of 163C, and a
copper foil ©peel strength of 0.78 kgf/cm The cured product had phase
separation. After a solvent resistance test, a blister of the copper clad
| am nat e board was observed. 15 [Exangp]e 61 100 parts by mass of

pol yphenyl ene ether I was dissolved in 120 parts by mass of

epi chl or Ohydﬁherebyomgﬁ%iﬁgl Hhidomi x1BgPahksh . by TBRE 810 e@ 2%y Mmass

aqueous sodi um hydf oxi de soOl ution was added at 60C over 20 60 m nutes, and

thereafter shiktadeat 08QCPESE 69 mAkBULESa 18 bYemaeacidodiwwol ution, 50
parts by mass of water was added, stirred, and allowed to stand still.

After an aqu@etdsypbhasg¢médhanepasaledibn weedweded pnodwtddreal tuntil

epi chl orohydrin was distilled off under 25 a reduced pressure to obtain an
epoxyl ated hohppbhadgkdne afher Sesiimukkek, The tketperedvepoxf dthed

pol yphenyl ene ether resin IIl had a nol ecul ar wei ght of 2,010 and an epoxy
55 equi val emploknlpspduchcwesdiingirgasede ter 3567 €i endottipsedpheryFene

et her skel eton of the epoxylated polyphenylene ether resin was 95% by mass
and the nunberrsf teperyagnoap FECXNDFESH e CREPCBIEIOR 150 -parts by nass of

epoxyl at ed pol yphenylene ether resin Il and 90 parts_by nmass of a
tetrabrono bi sphenol TVEeeR°§§b%€SP€sFﬁmPRERtS@f8%HénG?%%fﬁ}éﬁxﬁvr Asahi

Kasei Epoxy gghivgaghk g%r?,g%%t%%dF% %%Hg’viscosity of 70,000 mPa-s

at 180°C. The amount of terminal phenolic hydroxyl
10 group was 6.3 meq/kg. The content cof unreacted epoxy
quantified by gel permeation chromatography was 14
parts by mass based on the charged amount of 100 parts
by mass. Accordingly, the proportion of the epoxylated
polyphenylene ether resin was 86 parts by mass. When
15 the content of terminal phenolic hydroxyl group per kg
of the epoxylated polyphenylene ether resin was
calculated, it was 7.3 meqg/kg.
When 60 parts by mass of the epoxy resin
composition (7) was dissolved in 40 parts by mass of
20 methylethyl ketone, a completely homogenous solution
was obtained without insoluble matter. When this
solution was stored at 25°C, no precipitate appeared for
30 days or more. Similarly, a 60% by mass acetone
solution of the epoxy resin compositicn (7) stored at
25 25°C produced no precipitate for 30 days or more.
10 g of the epoxy resin composition (7} was
dissolved in 100 g of toluene and methanol was

excessively added thereto so as to precipitate



thereby nelting and m xing themto obtain an epoxy 10 resin conposition
(8). The obtai ned epoxy resin conposition (8) had an epoxy equival ent of
632, and a nelt viscosity of 17,000 nmPas at 180C. The anount of term nal
phenol i ¢ hydroxyl group was 0.1 neq/kg. Wen 60 parts by mass of the epoxy
resin 15 conposition (8) was dissolv in 40 parts by mass of nethyl ethyl
ket one, insoluble matter was observed.” Then, the solution was heated to

50C. As a reggbkylhbea baiybat@hmaﬁét gEhues rdissaolved traeObbaiainad
conpl etely honbgeneous solution. The solution did not produce any 20

precipitate abbeylhtedaposiphedyatnddSether ¥@sdaysi hidr hi dicllgcedsarobserved
at the 11th day with 0.5% by mass of insoluble matter. Simlarly, a 60% by
mass acet onees$ghtt b6n3pEsbhandpaxryepesgiynequipedencori( 8) 268 honbgenous
Wi thout any precipitate. Turbidity was 25 observed at the 7th day with 0. 7%
by mass of iAsobuBieglyat tbhe. pvhpnraicoppér polynheayilgace ebdgrd was for med
by using the epoxy resin conposition (8), it had a 56 dielectric constant
of 4.0 at51 skelehodi efethei eporahgert pplyrbenylegebgtbst &8si66C, and a
copper foil peel strength of 0.86 kgf/cm The cured product had phase
separation. ¥RBeP3aS&oPVeRasSpednsgt hREcWNSEY SE5SBPKYt 8FFHP ©FE copper cl ad
| am nat e board_was_observed, |[Exanple 7] 50 parts by nass of pol yphenyl ene
ether 111 aMdlS6Yp&r ¥&8Spy -dass of a bi sphenol Type A epoxy resin

When a copper c¢lad laminate board was formed
by using the epoxy resin composition (7), it had a
10 dielectric constant of 3.9 at 1 MHz, a dielectric
tangent of 0.008, Tg by DSC of 163°C, and a copper foil
peel strength of 0.78 kgf/cm. The cured product had
phase separation. After a solvent resistance test, a
blister of the copper clad laminate board was observed.
15 [Example €]
100 parts by mass of polyphenylene ether I
was dissolved in 120 parts by mass of epichlorohydrin.
To the solution, 10 parts by mass of a 50% by mass
aqueous sodium hydroxide solution was added at 60°C over
20 60 minutes, and thereafter stirred at 60°C for 60
minutes. To the reaction solution, 50 parts by mass of
water was added, stirred, and allowed to stand still.
After an aqueous phase was separated to remove a
produced salt, epichlorohydrin was distilled off under
25 a reduced pressure tc obtain an epoxylated
polyphenylene ether resin III.
The obtained epoxylated polyphenylene ether

resin III had a molecular weight of 2,010 and an epoxy




(AER 260 manufactured by Asahi Kasei Corporation) as an 10 epoxy resin were
heated to 130C, thereby nelting and mxing them To the resultant m xture,
one part by mass of a 1% by mass sodi um net hyl at e/ met hanol sol ution was
added and stirred until honogeni zed. After 5 mnutes, the tenperature of

the nolten product was 15 increased t%5190C and stirred for 2 hours to

obtain an epoxy resin conposition (9).” 10 g of the epoxy resin conposition

(9) was di ssglypgh bfc 199 9,§f70t.0|.h1688réﬁlﬂg[f?§ hapel pyapogdded ohereto in a
greatly excesSive anount so as to 20 precipitiate epoxyl ated pol yphenyl ene

ether resin pM f{@ﬂ}méﬁéi BeHeepokul ated pel ypheapbepeaether resin IV  had
a nol ecul ar meié%t of 2,450 and an epoxy equivalent of 2,500. Accordingly,

the proportipalephenlyehenytree retharwakebstobyohatbeaagoxhkeat ed

pol yphenyl ene ether 25 resin was 82% by nass and t he nunber of epoxy group
per nol ecul eumlasrO0oB8epdhe gpoup pesi motenpdsi waenl(9) had an epoxy

equi val ent of 461 and a nelt viscosity of 1,600 nPas at 57 180C. The
amount of 5t erni nal pheh®Pi pahydr bxyimagsoap eprazy2adeaegrkyPhenylesst ent of
unr eact ed epox quantified by gel perneation chronato raph% was 41 parts
by mass baseat%ﬁrtﬁ@Séﬁaiéédaaﬁoaﬁt PBFLS$0bYpBRES Sthe ABRELADEEEGY dingly,
the proportion of the epoxylated polyphenylene ether resin |V.was 59 parts
by nass. WheRlERBERB8At EXPSOR FEPﬁVnEFSbHeRéFRCBH§HrHQ?P GFEHﬁed$%V kg of

t he epoxylatggaﬁf'%QQSEyﬁggﬁyeEQ?f £g8[ Lgfe heated to 180°C,

thereby melting and mixing them to obtain an epoxy
10 resin composition (8). The obtained epoxy resin
composition (8) had an epoxy equivalent of 632, and a
melt viscosity of 17,000 mPa:s at 180°C. The amount of
terminal phenolic hydroxyl group was 0.1 meg/kg.
When 60 parts by mass of the epoxy resin
15 composition (8) was dissolved in 40 parts by mass of
methylethyl ketone, insoluble matter was observed.
Then, the solution was heated to 50°C. As a result, the
insoluble matter was dissolved to obtain a completely
homogeneous solution. The solution did not produce any
20 precipitate after it was stored at 25°C for 10 days.
Turbidity was observed at the 11th day with 0.5% by
mass of insoluble matter. Similarly, a 60% by mass
acetone solution of the epoxy resin composition (8) was
homogenous without any precipitate. Turbidity was
25 observed at the 7th day with 0.7% by mass of inscluble
matter.
When a copper clad laminate board was formed

by using the epoxy resin compcsition (8), it had a



was cal culated, it was 3.4 nmeqg/ kg. 10 Wen 60 parts by mass of the epoxy
resin conposition (9) was dissolved in 40 parts by mass of nethyl et hyl
ket one, a conpl etely honobgenous sol ution was obtained without insoluble
matter. Wien this solution was stored at 25C, no precipitate appeared for
15 19 days. Turbidity was observed atfﬁpe 20th day with 0.7% by mass of
I nsoluble matter. Simlarly, a 60% by " nass acetone sol ution of the epoxy

resin ComOSELLoBarL9) BAs0hhEl BedaheTagenents! Y e Byehidikydnas obser ved
at the 13th day wt 1.3@6§y mass of insoluble matter. 20 Wien a copper

cl ad | am nat gahgand wasof gogedrgbyyuskngothe sePOXyahi@sa ncepprosEbidn (9),
it had a dielectric constant o? 4.3 at 1 MHz, a dielectric tangent of
0.010, Tg bypbsC strih5€h afidoaseoRp€lycioi | Theekbustrdepgbkuat Gadd kgf/cm
The cured product had 25 phase separation. After a solvent resistance
test, a blipheseokepheatapper alfadrl anspavenboardiwsengieséessd. a [ Exanpl e
81 The sane nethod as Exanple 4 was repeated 58 except that the reaction
tinme at 190Chhastset oft threcopper tdadbilamanaheeporydr weisn obSRFYSct-i on
(10). The obtained epoxy resin conposition (10) had an epoxy equival ent
of 455, and &EHemplej déosity of 2,500 nPas 5 at 180C. The anount of

term nal phenolic hydroxyl roup was 20.9 /E . The content qf unreacted
epoxy quantified by géP BéFgﬁaPVoWaéﬁrBﬁanggg %?Y&€§e4§t Zr 9 Ty nass

based on theaﬁﬁaggegaggguﬁ§ %gséogfp%r %sphenol Type A epoxy resin

(AER 260 manufactured by Asahi Kasei Corporation) as an

10 epoxy resin were heated to 130°C, thereby melting and
mixing them. To the resultant mixture, one part by
mass of a 1% by mass sodium methylate/methancl solution
wasg added and stirred until homogenized. After 5
minutes, the temperature of the molten product was

15 increased to 190°C and stirred for 2 hours to obtain an
epoxy resin composition (9).

10 g of the epoxy resin composition (9) was
dissolved in 100 g of toluene and methanol was added
thereto in a greatly excessive amount so as to

20 precipitate epoxylated polyphenylene ether resin IV.
The obtained epoxylated polyphenylene ether resin IV
had a molecular weight of 2,450 and an epoxy equivalent
of 2,500. Accordingly, the proportion of polyphenylene
ether skeleton of the epoxylated poclyphenylene ether

25 resin was 82% by mass and the number c¢f epoxy group per
molecule was 0.98.

The epoxy resin composition (9) had an epoxy

equivalent of 461 and a melt viscosity of 1,600 mPa-s at



by mass. Accordingly, the ampbunt of term nal 10 epoxyl ated pol yphenyl ene
ether resin was 60 parts by nmass. Wen the content of term nal phenolic
hydroxyl group per kg of epoxyl ated pol yphenyl ene ether resin was
calculated, it was 34.6 neq/ kg. Wen 60 parts by nass of the epoxy resin 15
conposition (10) was dissolved in 40 ts by mass of nethylethyl ketone,
a conpl etely honogenous sol ution was "obtained w thout insoluble matter.
Wien this sobyidon Was shid S @omidde SHAMS1 OF RydFSRFDAELBEp brown
solution was naintained for 5 days and turbidity 20 was observed at the 6th
day. Wen th@aknsobullbg/rBLt efheVWasniBasUBEdunkbatBed0ed¥xly mass. When a
copper clad |lam nate board was fornmed by using the epoxy resin conposition
(10), it hadgaanti€leat bi;:cgednptantaeiod. 4habmitbbzapaydiwvalseatiri c 25
tangent of 0.012, Tg by DSC of 163C, and a copper foil peel strength of

0. 85 kgf/cm pdheschyenapsotastdhad thhaskasgpdr atmpont Aft 810 0apsaiteent
resistance test, a blister of the copper clad | am nate board was observed.
59 [ Exanpl eb91m36sg ohcaocrdésglynovbeakreppetépoxpir skien eporgNatedg
manuf act ured by Asahi Kasei Epoxy Co., Ltd.) and 30 g of a bisphenol type
A epoxy resiﬁozﬁEbenBlﬁﬁﬁuﬁﬁb?Er§6359 AYaWRSKESePRERSX PYCHESSt d. ) were

heated to 100C and, m xed with stirring. _After sufgiﬁiently m xed, 0.005 g
of NaOCH3 wa¥PgBdERet 6oRhENtsBEUEPERLARYt BPENRLls BYELRRE 8%t irred for
about 15

per kg of the epoxylated polyphenylene ether resin IV
was calculated, it was 3.4 meg/kg.

10 When 60 parts by mass of the epoxy resin
composition (9) was dissolved in 40 parts by mass of
methylethyl ketone, a completely homogenous solutiocn
was obtained without insoluble matter. When this
solution was stored at 25°C, no precipitate appeared for

15 19 days. Turbidity was cbserved at the 20th day with
0.7% by mass of insocluble matter. Similarly, a 60% by
mass acetone solution of the epoxy resin composition
(9) was obtained homogeneously. Turbidity was observed
at the 13th day with 1.3% by mass of insoluble matter.

20 When a copper clad laminate board was formed
by using the epoxy resin composition (9), it had a
dielectric constant of 4.3 at 1 MHz, a dielectric
tangent of 0.010, Tg by DSC of 155°C, and a copper foil
peel strength of 0.40 kgf/cm. The cured product had

25 phase separation. After a solvent resistance test, a
blister of the copper clad laminate board was observed.
[Example 8]

The same method as Example 4 was repeated



m nutes. After heating to 180C, 40g of pol yphenylene 10 ether | was added
to the solution mxture and heated as it was for 3 hours at 180C to 190C
to obtain an epoxy resin conposition (11). The epoxy resin comnposition
(11) had an epoxy equivalent of 384, and a nelt viscosity of 57,000 nPas
15 at 180C. The term nal phenolic hydrgxyl group was 0.6 neq/ kg. The
content of unreacted epoxy quantified™y gel perneation chronmatography was

32 parts by pmss..baggd pfet t_ngaeé%aeéﬁagvaet }95°é0x9aQaéé§ by smss.

Accordi ngly, the proportion of termnal epoxylated 20 pol yphenyl ene et her

resin was 68nhpatt 8cb¥HARSS. a}{\héﬂox?hﬁegﬁ?ﬂt ebfpekitebn nalb)phemelel ¢ hydr oxyl
group per kg of the epoxyl ated pol yphenyl ene ether resin was cal cul at ed,

it was 0.9 neatKkgnedhepc8d papis bympesst@bnt Heoepaxyd Besepoxy conposition
(11) was dissolved in 40 parts by mass of nethylethyl ketone, a conpletely
honobgenous setuiirabenwasfohtai naddwat ellt wihscbshtg ot Be500Wa-¢ hi s
solution was stored at 25C, no precipitate appeared for 60 90 days w t hout
i nsol ubl eSmaatet80%F i |'Bnd yamaud % Hyt exmbssa hcphenel 5ol hydvexyt the epoxy
resin conposition (11) did not produce a precipitate for 30 or nore days
when stored aroRBCras 20.§ BEAYhE.epdky FEBERNEORBOSNEFSFTER] PPREY

di ssolved in 100 g of toluene and net hanol was added thereto in a greatly

excessi ve anBuAntisigd Py IpleBrpleatdoBpERYPHEEAIBEPYYhEAT &fe et her resin

V. parts by mass based on the charged amount of 100 parts

by mass. Accordingly, the amount of terminal
10 epoxylated polyphenylene ether resin was 60 parts by
mass. When the content of terminal phenolic hydroxyl
group per kg of epoxylated polyphenylene ether resin
was calculated, it was 34.6 meq/kg.
When 60 parts by mass of the epoxy resin
15 composition (10) was dissolved in 40 parts by mass of
methylethyl ketone, a completely homogenous solution
was obtained without insoluble matter. When this
solution was stored at 25°C, the state of a transparent
brown solution was maintained for 5 days and turbidity
20 was observed at the 6th day. When the insoluble matter
was measured, it was 0.3% by mass.
When a copper clad laminate board was formed
by using the epoxy resin composition (10), it had a
dielectric constant of 4.4 at 1 MHz, a dielectric
25 tangent of 0.012, Tg by DSC of 163°C, and a copper foil
peel strength of 0.85 kgf/cm. The cured product had
phase separation. After a solvent resistance test, a

blister of the copper clad laminate board was observed.



The obt ai ned epoxyl ated pol yphenyl ene ether resin V had 10 a nol ecul ar

wei ght of 5,200 and an epoxy equival ent of 830. Accordingly, the
proportion of pol yphenyl ene ether skeleton of the epoxyl ated pol yphenyl ene
ether resin was 52% by mass and the nunber of epoxy groups per nolecule
was 6.3. 15 When a copper clad | am natg board was formed by using the
epoxy resin conposition (11), it had a dielectric constant of 3.9 at 1
MHz, a diel e¢ckkbgpltagpent of 0.006, Tg by DSC of 190C, and a copper foi
peel strength of %.47 kgf/cm The cured product had no 20 phase separation.
After a solvent resistapcg b€sh, ceesbli abecrak thpeceppay ekadnl am nate
board was not observed. [Conparative Exanple 3] 50 parts by nass of

pol yphenyl en¢EeNhee opesanuf @6tuvedntdy58sphit EabginBpexyf Chi.sphédal) Type A
epoxy resin (AER 260 manufactured by Asahi Kasei Corporation) were heated
to 130C, theardy3freptpfigaahisphrenng thee ATerorberegsnl {&A60m xture, one
part by mass of a 1% by nmass 61 sodi um net hyl at e/ net hanol sol uti on was
added and> sheRrnEacturef RynbgehizEaseif EBPXE fPnut B§C-¢ h¥er€enperat ure of
the nolten product was_ingreased to 190C_ and stjrred 2 hours to obtain

an epoxy reshﬁaﬁeéoﬁﬁoépPiQﬁﬁ?q2?¥XQ%é”%$Bx§t+E§%Wgcon%g£?¥ion (12) had an
cROXY e VALEDL 0L 130 R0dg Bl okl SO kol %090 gkes eb cAgoc The
solution mixture as a catalyst and stirred for about 15
minutes. After heating to 180°C, 40g of polyphenylene

ether I was added to the solution mixture and heated as

it was for 3 hours at 180°C to 190°C to obtain an epoxy

resin composition (11).

The epoxy resin composition (11) had an epoxy
equivalent of 384, and a melt viscosity of 57,000 mPa-s
at 180°C. The terminal phenclic hydroxyl group was 0.6
meg/kg. The content of unreacted epoxy quantified by
gel permeation chromatography was 32 parts by mass
based on the charged amount of 100 parts by mass.
Accordingly, the proportion of terminal epoxylated
polyphenylene ether resin was 68 parts by mass. When
the content of terminal phenolic hydroxyl group per kg
of the epoxylated polyphenylene ether resin was
calculated, it was 0.9 meg/kg.

When 60 parts by mass of the epoxy resin
compocsition (11) was dissolved in 40 parts by mass of
methylethyl ketone, a completely homogenous soluticn
was obtained without insoluble matter. When this

gsolution was stored at 25°C, no precipitate appeared for




meq/ kg. The content of unreacted epoxy quantified by 10 gel perneation
chromat ography was 36 parts by nass based on the charged anount of 100
parts by nmass. Accordingly, the proportion of the epoxyl ated

pol yphenyl ene ether resin was 64 parts by mass. Wen the content of

term nal phenolic hydroxyl group per QQJIS of the epoxyl ated pol yphenyl ene
ether resin was calculated, it was 8.1 neqg/ kg. Wien 60 parts by mass of

the epoxy reEbndaiifem%hthniﬁé%)qu% dassakvedgimi4@MY,t & Bysmass of
met hyl et hyl ketoné, the resultant solution contained 20 insoluble matter at

room t enper afHk8. akBeBnet Bb3 utsehubifoRheasphest eestia 2d@mpoAdtdaresul t, the
I nsoluble matter was dissolved to obtain a conpl etely honbgenous

sol uti on. Wheniy hdsdsabut pebdwes st prediptit2E€ foo 30r exi pickrat elaypear ed
for 17 days. Turbidity appeared 25 at the 18th day with 0.5% by mass of

i nsol ubl e mawhen. st8redl atl ¢5°@. 60% by mass acet one sol uti on of epoxy
resin conposition (12) was prepared honogeneously with no insoluble matter
and turbi 8ity appearedlét ot hé Shk eRoxFayeRinh ceMPoRdLEPinddd JoEsnsol ubl e
matter. [Conparative Exanple 4] 50 parts by mass_of pol ypheny] ene et her
resin V anddsgspaved BR A8Ss JoPLatpileshensndTysE hANSo XRS5 4, (AER 260
manuf act ured by Asahi. Kasei Corporation), were heated to 130C, thereby

mel ting and RPRFRECL ABnR IFSLRY FESEPEaNE AMMieS%RE &t by mass of a

1% by mass sodiym pethylat o/ qethanol sobutl 9n was3dded.and v,
The obtained epoxylated polyphenylene ether resin V had

10 a molecular weight of 5,200 and an epoxy equivalent of
830. Accordingly, the proportion of pelyphenylene
ether skeleton of the epoxylated polyphenylene ether
resin was 52% by mass and the number of epoxy groups
per molecule was 6.3.

15 When a copper clad laminate board was formed
by using the epoxy resin compesition (11), it had a
dielectric constant of 3.9 at 1 MHz, a dielectric
tangent of 0.006, Tg by DSC of 190°C, and a copper foil
peel strength of 1.47 kgf/cm. The cured product had no

20 phase separation. After a solvent resistance test, a
blister of the copper clad laminate board was not
observed.

[Comparative Example 3]
50 parts by mass of polyphenylene ether resin

25 IV and 50 parts by mass of bisphenol Type A epoxy resin
(AER 260 manufactured by Asahi Kasei Corporatiocn) were
heated to 130°C, thereby melting and mixing them. To

the resultant mixture, one part by mass of a 1% by mass



stirred until honobgeni zed. After 5 mnutes, the 10 tenperature of the

nol ten product was increased to 190C and stirred for 2 hours to obtain an
epoxy resin conposition (13). The epoxy resin conposition (13) had an
epoxy equivalent of 453 and a nelt viscosity of 12,000 nPas 15 at 180C.
The amount of term nal phenolic hydroxyl group was 4.2 neq/kg. The content
of unreacted epoxy quantified by gel rmeati on chromat ography was 42

parts by ”as§?ﬁgﬁﬁdmgEh&?%ﬁ%Z&Q?ﬁgn%qDEB ugﬁg%g%a@a%ﬁﬁﬁdbﬁnﬁass-

Accordi ngly, € propor e epoxylate pol yphenyl ene ether resin

was 58 partsgby, pREs unYieNhohbgetgnkant &fcker B RahurReNolie hydroxyl group
per kg of the epoxylated pol yphenyl ene ether resin was calculated, it was

7.2 nmeq/ kg. VBRRe6Qtpaet by hERGS10Ent becapexy waesiihcZeadedpasi tismic(13)
was dissolved in 40 parts by mass of nethylethyl ketone, the resultant

sol ution conkasnediriragolifull @ HBULer tat obtadnt empepatiyr eesimen, this
solution was heated to 50C. As a result, the insoluble 63 matter was

di ssol vedst ocohpasntacaorntpkét.el y honogenous sol ution. Wen this solution
was stored at 25C, no precipitate appeared for 4 days. Turbidity appeared
at the 5th day with 0Th% epoxasgesin roobosis iem tldR) hag @ HAOKY a 60%
by mass acetone solution of the epoxy _resin conposition &13) was prepared
honogeneous| $awivRlens PhsdBGbpadmat el taid sSCesiitdi ©f &pPdd 8F2F 2hd day

wth a 0.7@6b% nass of insoluble nmatter,
180°C. The terminal phenolic hydroxyl group was 5.2

meq/kg. The content of unreacted epoxy quantified by

10 gel permeation chromatography was 36 parts by mass
based on the charged amount of 100 parts by mass.
Accordingly, the proportion of the epoxylated
polyphenylene ether resin was 64 parts by mass. When
the content of terminal phenclic hydroxyl group per kg

15 of the epoxylated polyphenylene ether resin was
calculated, it was 8.1 meq/kg.

When 60 parts by mass of the epoxy resin
composition (12) was dissolved in 40 parts by mass of
methylethyl ketone, the resultant solution contained

20 insoluble matter at room temperature. Then, this
solution was heated to 50°C. As a result, the inscluble
matter was dissolved to obtain a completely homogenous
solution. When this solution was stored at 25°C, no
precipitate appeared for 17 days. Turbidity appeared

25 at the 18th day with 0.5% by mass of insoluble matter.
Similarly, a 60% by mass acetone solution of epoxy
resin composition (12) was prepared homogeneously with

no insoluble matter and turbidity appeared at the 9th



[ Conpar ati ve Exanple 5] 10 The sane nethod as Exanple 9 was repeated
except that pol yphenylene ether V was used to obtain an epoxy resin
conposition (14). The obtained epoxy resin conposition (14) had an epoxy
equi val ent of 362, and a nelt viscosity of 114,000 nPas at 180C. The
anount of 15 term nal phenolic hydroxx&zgroup was 0.5 meg/ kg. The content
of unreacted epoxy quantified by gel pé€rneation chromatography was 40

parts by masgpbhagednon bhes 8lAkkis0o#MNaL1eH1L0RaRRELS Dy mass. _
Accordingly, the proportion of the epoxylated pol yphenyl ene ether resin 20

was 60 parts [bympBgaciVberxkhgieontent of terminal phenolic hydroxyl group
per kg of the epoxylated polyphenylene ether resin was calculated, it was

0.83 neqg/kg. Wen 60 parparby BEsmaek biie pefgphengdiemes?®tderpasidiron (14)
was dissolved in 40 parts by mass of nethylethyl ketone, the resultant

sol uti on convaen€ds0i pagktebby matteofat boepheewdelaer & SHERY, this
solution was heated to 50C. As a result, the insoluble 64 matter was

di ssol vedSt orebtiai HAERc 8P| wesiyf aksngendys Asebliufiagel WRPAUHt Bl uti on
was stored at 25C, no precipitate appeared for 17 days. Turbidity appeared
at the 18th #ayewrerted7s%rpy3R8Ss bheraly uelbindt #BF. MEXTNFE FRRMY, a 60%
by mass acetone sol ution of epqx¥ resin conposition g}4 magépre ar ed
homogeneous| oWt TREWLAESTuBE &Y e PREN &3 K] aﬁé%é? & the 19th

. 0 :
day with a Omgéébéoﬁﬁﬁ% %%th%ﬁ%%%?h%t%%%%ﬁrSOIution was added and

stirred until homogenized. After 5 minutes, the
10 temperature of the molten preoduct was increased to 190°C
and stirred for 2 hours to obtain an epoxy resin
composition (13).
The epoxy resin composition (13) had an epoxy
equivalent of 453 and a melt viscosity of 12,000 mPa-s
15 at 180°C. The amount of terminal phenclic hydroxyl
group was 4.2 meg/kg. The content of unreacted epoxy
quantified by gel permeation chromatography was 42
parts by mass based on the charged amount of 100 parts
by mass. Accordingly, the proportion of the epoxylated
20 polyphenylene ether resgin was 58 parts by mass. When
the content of terminal phenolic hydroxyl group per kg
of the epoxylated polyphenylene ether resin was
calculated, it was 7.2 meg/kg.
When 60 parts by mass of the epoxy resin
25 composition (13) was dissolved in 40 parts by mass of
methylethyl ketone, the resultant solution contained
insoluble matter at room temperature. Then, this

solution was heated to 50°C. As a result, the insoluble



10 g of the epoxy resin conposition (14) was 10 dissolved in 100 g of
tol uene and net hanol was added thereto in a greatly excessive anount so as

to precipitate epoxyl ated pol yphenyl ene ether resin Vi.

The obt ai ned

epoxyl at ed pol yphenyl ene ether resin VI had a nol ecul ar weight of 11,400
and an epoxy 15 equivalent of 1,960. Acgcordingly, the proportion of
pol yphenyl ene et her skel eton of the epoxylated polyphenylene ether resin

was 60% by nas%tagdwgg.]edzig,%@%dofcoeB%)éiar QURSTREE tE0ke Gt geaD Uz 8.

[ Conpar ati ve Exanpl e

The sane nethod as Exanple 9 was repeated

except that pghypheny! engept REEsVEb1was cusadst aroled At as°epony resin
conposition (15). The obtai ned epoxy resin conposition (15) had an epoxy

equi val ent oprd@ipitaned appebted feesit Maghk.49T0CDidRay appk@ded Hre 25
term nal phenolic hydroxyl group was 0.9 neq/kg. The content of unreacted
epoxy quanti thedSby del pecheat 66nbychassatdgiagyiuide Fetyart.s by nass
based on the charged anmount of 100 parts by mass. Accordingly, the 65

proporti of oBimhéazpuxyhat@& pul yeEenpcesenet Kok utdonn ofndd

E7/FRYAM s by

mass. Wen the content of term nal phenolic hydroxyl group_per kg of the
epoxyl ated BBF}PhERTPEHA tatRer{ 18ds WVASWRE CPAFER SCERISICANEL YL W3 neq/ kg.

When 60 parts by nass_of the epoxy resi

, It 1 ' | ved |
40 parts by ﬁﬁsénéPluﬁéFhVﬁéFﬁ§IaP@tGHgglggggﬁ%Eéﬁé&%dﬁSgééﬁﬁiﬁghg§Fu¥?0n|n

with a 0.7% by mass of insoluble matter.

[Comparative Example 5]

10 The same method as Example 9 was repeated

except that polyphenylene ether V was used to obtain an

epoxXy resin composition (14). The obtained epoxy resin

compcsition (14) had an epoxy equivalent of 362, and a

melt viscosity of 114,000 mPa's at 180°C. The amount of

15 terminal phenolic hydroxyl group was 0.5 meq/kg. The

content of unreacted epoxy quantified by gel permeation

chromatography was 40 parts by mass based on the

starting amount of 100 parts by mass. Accordingly, the

proportion of the epoxylated polyphenylene ether resin

20 was 60 parts by mass. When the content of terminal

phenolic hydroxyl group per kg of the epoxylated

polyphenylene ether resin was calculated, it was 0.83

meq/kg.

When 60 parts by mass of the epoxy resin

25 composition (14) was dissolved in 40 parts by mass of

methylethyl ketone, the resultant sclution contained

inscluble matter at room temperature. Then,

this

golution was heated to 50°C. As a result, the insoluble



was obtai ned without any insoluble matter. Wien this 10 sol ution was stored
at 25C, no precipitate appeared for 90 days w thout insoluble matter.
Simlarly, a 40%by mass acetone solution of the epoxy resin conposition
(15) stored at 25C produced no precipitate for 30 days or nore. 15 10 g of
t he epoxy resin conposition (15) was I ssolved in 100 g of toluene and

nmet hanol was added thereto in a greatly excessive anmpbunt so as to

precipitate ﬁ?%ﬁka%‘]ig RoLYBRGRY! %Beo%EQQ%Oéﬁ%h&p&'btely'r&%rr@%te&ﬂdﬁ%d

epoxyl ated po enyl ene ether resin VI ad a nol ecul ar wei ght of 3,030

and an epoxygg@utyahent wheh thds AegotdbAgie EBRErpHOREr LSOO, Oho
pol yphenyl ene ether skeleton of the epoxyl ated pol yphenyl ene ether resin

was 36% by npgecapdthie appbeireaf fepoly gegeps Tpebidnltecuppesasds. 9. 25
When a copper clad | am nate board was forned by using the epoxy resin
conposi tion &i5rhealdchl dayr wtthconggably ohsé. Bfatinboldb leamditéleactri c
tangent of 0.015 (i.e., extrenely poor electric properties), Tg by DSC 66
of 175C, &ndSamitdppéy.fei EOfebly sesengrhtohel sBlutigh/ eh ePexYcur ed product
had no phase separation. After a solvent resistance test, no change was
observed inreRénceppePsétaan dAtnarvasheaeBarsd BOMPICEEOVE B ¥Hste 7] The
same nethod as Exanmpl e_ 9 was repeated except that 2 of a.cr |, novor ak
type epoxy r@@ihnSgEEleZQQtﬁﬁﬁuﬁaétGPé@lgﬁtK53RPeR§?gia@p&?f %%&P’Ltd.)

day with a 0.9% by mass of inscluble matter.
10 g of the epoxy resin composition (14) was

10 dissolved in 100 g of toluene and methanol was added
thereto in a greatly excessive amount so as to
precipitate epoxylated polyphenylene ether resin VI.
The obtained epoxylated polyphenylene ether resin VI
had a molecular weight of 11,400 and an epoxy

15 equivalent of 1,960. Accordingly, the proportion of
polyphenylene ether skeleton of the epoxylated
polyphenylene ether resin was 60% by mass and the
number of epoxy groups per molecule was 5.8.
[Comparative Example 6]

20 The same method as Example 9 was repeated
except that polyphenylene ether VII was used to obtain
an epoxy resin compeosition (15). The obtained epoxy
regin composition (15) had an epoxy equivalent of 401,
and a melt viscosity of 49,000 mPa-s at 180°C. The

25 terminal phenclic hydroxyl group was 0.9 meg/kg. The
content of unreacted epoxy quantified by gel permeation
chromatography was 29 parts by mass based on the

charged amount of 100 parts by mass. Accordingly, the



and 58 g of a bisphenol type A epoxy resin (A250 10 manufactured by Asahi
Kasei Epoxy Co., Ltd.) were used to obtain an epoxy resin conposition
(16). The epoxy resin conmposition (16) had an epoxy equival ent of 490, and
a melt viscosity of 4,500 nPas at 180C. The anmpbunt of term nal phenolic
hydroxyl 15 groups was 2.7 nmeq/kg. The.gontent of unreacted epoxy
quantified by gel perneation chromatography was 31 parts by nmass based on

the charged g@etsa&t%nlg@ RRE! Spoly 18RS pAIGPhnakhe il aRRYitH on of
t he epoxyl ated ~pol yphenyl ene ePher resin was 69 parts by nmass. Wien 20 the

content of tgaE nal pRReRObC mAYEr. OXYhear @Up pohtkat of themdpeayl ated
pol yphenyl ene ether resin was calculated, it was 3.9 neq/kg. Wen 60 parts

by mass of tpeeapdxy hesirpxytonmosipt petr k@bewahedE§$n¢ﬂuatadﬁ 40 parts by
mass of 25 nethylethyl ketone, a conpletely honobgenous sol uti on was
obt ai ned wi t holiypheypyilesel ebhermuesén. wakeralltiud atedl,utiitorvasas -t ored at
25C, no precipitate appeared for 30 days or nore w thout any insoluble
matter. 62 ®eaikarly, a 40% by mass acetone solution of the epoxy resin
conposition A stored at 25C produced no precipitate for 30 days or nore.
10 g of the epoxy resi HheBnHEsPREEH PIBY@ﬂﬁSOfSt@@S§§FV§U L&§%1100 g of

t ol uene and net hangl was ad Bﬁret a great| essi ve anpunt so as
to preC|pltSP@P866§§PQté&SSoW?ﬁh FES ge K& 4Pe &P %‘ %W:"Bfﬁbc’ t ai ned

epoxyl at ed poé%By?2¥L¢96 g%%,resbgﬁghetely homogencus solution

was obtained without any insoluble matter. When this

10 solution was stored at 25°C, no precipitate appeared for
20 days without insoluble matter. Similarly, a 40% by
mass acetone golution of the epoxy resin composition
(15) stored at 25°C produced no precipitate for 30 days
or more.

15 10 g of the epoxy resin composition (15) was
dissolved in 100 g of toluene and methanol was added
thereto in a greatly excessive amount so as to
precipitate epoxylated polyphenylene ether resin VII.
The obtained epoxylated polyphenylene ether resin VII

20 had a molecular weight of 3,030 and an epoxy equivalent
of 510. Accordingly, the proportion of polyphenylene
ether skeleton of the epoxylated polyphenylene ether
regin was 36% by mass and the number of epoxy groups
per molecule was 5.9.

25 When a copper c¢lad laminate board was formed
by using the epoxy resin composition (15), a dielectric
constant of 4.5 at 1 MHz, a dielectric tangent of 0.015

(i.e., extremely poor electric properties), Tg by DSC



had a nol ecul ar wei ght of 3,820 and an epoxy equival ent 10 of 2, 060.
Accordingly, the proportion of polyphenylene ether skeleton of the
epoxyl at ed pol yphenyl ene ether resin was 71% by mass and t he nunber of
epoxy groups per nolecule was 1.85. When a copper clad | am nate board was
formed 15 by using the epoxy resin cqﬂposition (16), it had a dielectric
constant of 4.2 at 1 MHz, a dielectric ~tangent of 0.010, Tg by DSC of

169G, and a g@ppoLod ol dng Peeboshlengbin Ofeds 39:KGhGE ofhe, gur ed product

had phase separation. ter a solvent resistance Test, a 20 blister of the

copper cl ad k@@'{ﬂﬁte ppar dupas gheavedhad %Wﬁg@@@ ¥eparatilon .8] The same
nmet hod as Exanple 9 was repeated except that OCH3 was added to the

reaction syshemeasadsolabakysksardahbe heatingot elperet wWee Wisegstedat 210
to 25 220C to obtain an epoxy resin conposition (17). The obtained epoxy

resin conposihi @he( téppkadcandepaxinaeguibcalrent of 881, and a nelt
viscosity of 74,000 nPas at 180C. The anount of term nal phenolic hydroxyl
68 groups wdSofpadrmedikgExdihgleoritent of unreacted epoxy quantified by
gel perneation chromatography was 23 parts by nass based on the charged
anount of 100 parts b{fheassmeAsesheiingsy Exeneler Spwas serstEese epoxyl at ed
5 pol yphenyl ene ether resin was 77 parts by mass. Wien the content of

terninal pheRSFERthyAAGX¢l IgPSup FEESRG TEVOXRE &YBRYERCRY &S/ Phenyl ene
ether resin %%%N %%B%“%%Eﬁ%ackhrg%sbgfisgiﬂl§%sei Epoxy Co., Ltd.)
and 58 g of a bisphenol type A epoxy resin (A250
10 manufactured by Asahi Kasei Epoxy Co., Ltd.) were used
to obtain an epoxy resin composition (16).

The epoxy resin composition (16) had an epoxy
equivalent of 490, and a melt viscosity of 4,500 mPa:s
at 180°C. The amount of terminal phenolic hydroxyl

15 groups was 2.7 meq/kg. The content of unreacted epoxy
quantified by gel permeation chromatography was 31
parts by mass based on the charged amount of 100 parts
by mass. Accordingly, the proportion of the epoxylated
polyphenylene ether resin was 69 parts by mass. When

20 the content of terminal phenolic hydroxyl group per kg
of the epoxylated polyphenylene ether resin was
calculated, it was 3.5 meqg/kg.

When 60 parts by mass of the epoxy resin
composition (16) was dissolved in 40 parts by mass of

25 methylethyl ketone, a completely homogenous solution
was obtained without any insocluble matter. When this
solution was stored at 25°C, no precipitate appeared for

30 days or more without any insoluble matter.



60 parts by mass of the epoxy resin 10 conposition (17) was dissolved in 40

parts by mass of nethylethyl ketone, a conpletely honbgenous sol ution

obtai ned without any insoluble matter. When this solution was stored at

25C, no precipitate appeared for 30 days or nore w thout any insoluble
matter. 15 Simlarly, a 40% by mass acef one solution of the epoxy resin
A stored at 25C produced no precipitate for 30 days or nore.

conposition
10 g of the
and net hanol
precipitate

was

§98§Xag§2i“aggﬂgﬁﬁlth&@s(éZétwﬁétF@h%%@bﬁegfiEhé0%g$#¥ tol uene

was added efeto in a greatl) _
geexH! abrgoRetYBRERYLeRe Al Ber 25esi ProducedhBoobt ai ned

epoxyl at ed pol yphenyl ene ether resin I X had a nol ecul ar weight of 9
and an epoxypegdipatent fetk 20088ysAeeomdiragly, the proportion of

pol yphenyl ene 25 et her skel eton of the epoxyl ated pol yphenyl ene et her
resin was 28% by mass andgt bé nhebepoafy epeiy groppsitpen rdlsecwlae was 3. 8.

When a copper clad |am nate board was forned 69 by using the epoxy resin

conposi tiBn
dielectric

digpplvedhad ao00dgebdéctpiloenensndnteshancd wasl apded a
tangent of 0.014 (i.e., extrenely poor electric propert

y excesslve anpunt so as to

, 460

i es),

Tg by DSC of thgretoant a 65ppelYyf 6KCepedVesagppaigeR 88 £249 kgf/cm The
cured product had no phase separation. After a solvent resistance test,
change was OBXEF¥BdtARSt RECKYPPEEICPRAYPRRINAEBSHEAFEY TR LAY [10]

10

15

20

25

The obtained epoxylated polyphenylene ether resin VIII
had a molecular weight of 3,820 and an epoxy equivalent
of 2,060. Accordingly, the proportion of polyphenylene
ether skeleton of the epoxylated polyphenylene ether
resin was 71% by mass and the number of epoxy groups
per molecule wasg 1.85.

When a copper clad laminate board was formed
by uging the epoxy resin composition (16), it had a
dielectric constant of 4.2 at 1 MHz, a dielectric
tangent of 0.010, Tg by DSC of 165°C, and a copper foil
peel strength of 1.39 kgf/cm. The cured prcduct had
phase separation. After a solvent resistance test, a
blister of the copper clad laminate board was observed.
[Comparative Example 8]

The same method as Example 9 was repeated
except that NaCOCH; was added to the reaction system as a
catalyst and the heating temperature was set at 210 to
220°C to obtain an epoxy resin composition (17). The
obtained epoxy resin composition (17) had an epoxy
equivalent of 881, and a melt viscosity of 74,000 mPa's

at 180°C. The amount of terminal phenolic hydroxyl

no



75% by mass of the epoxy resin conposition 10 (11) and 25% by mass of a
brom nated epoxy resin (AER8018 manufactured by Asahi Kasei Epoxy Co.,
Ltd.) were nelt-blended. The epoxy resin conposition (18) had a nelt
viscosity of 21,000 nPas at 180C [Exanple 11] 15 75% by mass of the epoxy
resin conposition (11), 5% by nass Ofiﬁn epoxy resin having an

oxazol i done ring (AER4152 nanufactureé; y Asahi Kasei Epoxy Co., Ltd.) and

20% by mass gf rQaknat edneRoxy . r eakN-bAEREP18 rmanwkacteiedkyAsahi
Kasei Epoxy ??pgo E?da) mgrg9nélt-blenged. The epoxy resin cgﬁbgﬁftion

(19) had a mghhn¥igcesi by 6b118e9RBa0Ra8 ahrdB@€ogrhbBremmae 23] 75% by nass

of the epoxy resin conposition (11), 3% by nass of an epoxy resin
contai ni ng apaz2bsoxgzmkisdopasedngn( AbR4tharpadubacunted by 0As phirtisasei
Epoxy Co., Ltd.), 12% by mass of an epoxyl ated phosphazene conpound
( SPG100 manubgchased bpcEbsdkagl@hermheaprEportlitd. pfantiel @oby latss of a
phosphate 70 ester conpound (PX200, manufactured bé Dai hachi Chem cal
| ndustry Bo. polyghnwéesenethebl srdéd. wIke 7 7epasxysr 8% magénpodibEiron (20)
t hus obtai ned had a nelt viscosit{ of 19,000 nPas at 180C. 5 [Exanple 13]
100 parts bythassostepsl phhsaymenalephenolic ydrpavis IFPURaEToRIAER 260,
and 5 parts by nass of ca e-forn1si|seiquioxag§ | represented by the
fol | owi ng of the epoxylated polyphenylene ether resin was
calculated, it was 0.4 meg/Kkg.
60 parts by mass of the epoxy resin
10 compesition (17) was dissolved in 40 parts by mass of
methylethyl ketone, a completely homogenous solution
was obtained without any insoluble matter. When this
golution was stored at 25°C, no precipitate appeared for
30 days or more without any insoluble matter.
15 Similarly, a 40% by mass acetone solution of the epoxy
resin composition A stored at 25°C produced no
precipitate for 30 days or more.
10 g of the epoxy resin composition (17) was
dissolved in 100 g of toluene and methanol was added
20 thereto in a greatly excessive amount so as to
precipitate epoxylated polyphenylene ether resin IX.
The obtained epoxylated polyphenylene ether resin IX
had a molecular weight of 9,460 and an epoxy equivalent
of 2,080. Accordingly, the proportion of polyphenylene
25 ether skeleton of the epoxylated polyphenylene ether
resin was 28% by mass and the number of epoxy groups

per mclecule was 3.8.

When a copper clad laminate board was formed



formula (20) were nelt-blended. The epoxy resin 10 conposition (21) thus
a nelt viscosity of 720 nPas at 180C. When 130% by nass of
ket one was added to the conposition, the solution contained

obt ai ned had
nmet hyl et hyl
no insol ubl e
| Bu [ Exanpl e
and 5 parts

matter. X _INH2 iBu 1$U (20) I~-MB Q'iBu Si i--iBu
14] 15 100 parts by nass éﬁ the epoxy resin conpositi
by mass of a partially cleaved structure Il of a cage-

siIsesquioxaggpgéggée§ﬁgtggﬁ%%é&ggigp%%Z R chienMuh 3y (24 were el t

bl ended. The

esin c Ition

~'" Bu
on (6)
form

thus 71 obtained had a nelt

viscosity of 3980.pPas cakoh@0ent Wrer 40 pant by BARYS Qledwtilyl et hyl ketone
o the conposition and di ssolved, the solution contained no

i nsol ubl e mathagent2ofi BU02L) (i'.el ,4ektieBdl@Hpoor. e3ectric

was added t

10

15

20

25

properties), Tg by DSC of 177°C, and a copper foil peel
strength of 1.49 kgf/cm. The cured product had no
phase separation. After a solvent resistance test, no
change was observed in the copper clad laminate board.
[Example 10]

75% by mass of the epoxy resin composition
(11) and 25% by mass of a brominated epoxy resin
(AER8018 manufactured by Asahi Kasei Epoxy Co., Ltd.)
were melt-blended. The epoxy resin composition (18)
had a melt viscosity of 21,000 mPa-s at 180°C
[Example 11]

75% by mass of the epoxy resin composition
(11), 5% by mass of an epoxy resin having an
oxazolidone ring (AER4152 manufactured by Asahi Kasei
EpoxXy Co., Ltd.) and 20% by mass of a brominated epoxy
resin (AER8018 manufactured by Asahi Kasei Epoxy Co.,
Ltd.) were melt-blended. The epoxy resin composition
(19) had a melt viscosity of 18,000 mPa-s at 180°C.
[Example 12]

75% by mass of the epoxy resin composition
(11), 3% by mass of an epoxy resin containing an
oxazolidone ring (AER4152 manufactured by Asahi Kasei
Epoxy Co., Ltd.), 12% by mass of an epoxylated
phosphazene compound (SPG100 manufactured by Otsuka

Chemical Co., Ltd.) and 10% by mass of a phosphate



imBu SiBu ~iBu 5 The properties of the | am nate boards fornmed from epoxy
resin conposition solutions obtained in Exanples 1 to 3 are shown in Table
1. 72 [Table 1] Exanple 1 Exanple 2 Exanple 3 Epoxy resin conposition (1)
(2) (3) Polyphenylene ether I (Part by weight) 100 Pol yphenyl ene ether |
100 (Part by weight) Polyphenylene ether 11 100 (Part by weight) AER260
(Part by weight) 100 100 100 Properties of copper clad | am nate board

const ant 03861868%55' Eof aﬁhangpkzéoZ fhaButaltubedl 86t DaG nhMa) tangent (
g(C 157 143" 'Bending stréngth 220 250 105 Copper
foil peel straegiba@. iﬁdgsﬁzy0C35 Ltd.) were melt-blended. The
epoxy resin composition (20) thus obtained had a melt
viscosity of 19,000 mPa-s at 180°C.
5 [Example 13]
100 parts by mass of polyphenylene ether I,
100 parts by mass of AER 260, and 5 parts by mass of
cage-form silsesquioxane I represented by the following
formula (20) were melt-blended. The epoxy resin
10 composition (21) thus obtained had a melt viscosity of
720 mPa-s at 180°C. When 130% by mass of methylethyl

ketone was added to the composition, the solution

contained no insoluble matter.

By /0/ ’0/ (20)

[Example 14]

15 100 parts by mass of the epoxy resin
composition (6) and 5 parts by mass of a partially
cleaved structure II of a cage-form silsesquioxane
represented by the following formula (21) were melt-

blended. The epoxy resin composition (22) thus




(K f/cm The properties of copper clad | am nate boards fornmed fromthe
epoxy resin conposition solutions obtained in Exanples 4 to 9 and
Conparative Exanples 6 5 to 8 are shown in Table 2. To the epoxy resin
conposition solutions obtained in Exanples 4 to 9 and Conparative Exanpl es
6 to 8, dicyandiam de as a curing agepyf and 2-nethylim dazole as a curing
catal yst were added to prepare epoxy resin varnishes. Then, each of 10 the

epoxy resin yarni3HASKWAS ACASH t0}i3c0kasy Plrabgo Webhouit i ppgegnating gl ass
cloth with it, cureg at 1%00 for l3chgur§’, further cured at 200C for 3

hours, and ﬁHQheQbegaﬁrQst be hiaght o¢i hbusioetAgas KeedpR!l waEhedderbul ts are
al so shown in Table 73 trnN) r~0000040rnw 00 coox w co
d) NLO ,1 Wb 6n@ OoftPosixioh- bnHOdDss¥1@ed, the solution

contained no inscluble matter.

. S—0—81
B /O/ /O/ Me (21)

5 The properties of the laminate boards formed
from epoxy resin composition solutions obtained in

Examples 1 to 3 are shown in Table 1.



ri A MHL Ornolnc XX r- NOO WNrn 4101 OOWOO. 00 0 00 07
XX r4- COMOW LO NOOOO r-1 6) OMOr owc XX rooC -2V N
_,-I Cor-gpmO) NXXrl CO Ox >>1 0OE -H~ toort a+i Eo
QUJ-) U-1 J-) ~, -HxW Q xxO0UI~-ri mOd) (o
72
[Table 1]
Example 1 | Example 2 | Example 3
Epoxy resin composition (1) (2) (3)
Polyphenylene ether I
(Part by weight) 100
Polyphenylene ether II
(Part by weight) 100
Polyphenylene ether IIT
(Part by weight) oo
AER260
(Part by weight) 100 100 100
Properties of copper clad laminate board
Dielectric constant
Dielectric tangent
Tg (°C) 155 157 143
Bending strength 220 250 105
Copper foil peel
strength 0.55 0.57 0.35
(Kgf/cm)

10

The properties of copper clad laminate boards

formed from the epoxy resin composition solutions

obtained in Examples 4 to 9 and Comparative Examples 6

to 8 are shown in Table

2. To the

epoXy resin

composition solutions obtained in Examples 4 to 9 and

Comparative Examples 6 to 8, dicyandiamide as a curing

agent and 2-methylimidazole as a curing catalyst were

added to prepare epoxy resin varnishes.

Then,

each of

the epoxy resin varnishes was cast on a glass plate

without impregnating glass cloth with it, cured at 150°C

for 3 hours,

further cured at 200°C for 3 hours,

subjected to the light diffusion measurement.

results are also shown i

n Table 2.

and

The
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Ol1l-1 H-0UOW>a) NOO.I rl1 Wp.z20q a42uTur2T E, p2To iaddoo 30
saz-4z9doad 75 The properties of copper clad | am nate boards forned from
t he epoxy resin conposition solutions obtained in Exanples 10 to 12 are
shown in Table 3. 76 N~ C LOr-1 © r- r-I Nr- m O~0o NOO I > 0O

ri Nfli 0) N- Or-i rn LnOOmIn_pélr-I t " NLOComOO H (v O
ra WC -r{ Oro N CO

The properties of copper clad laminate boards
formed from the epoxy resin composition solutions

obtained in Examples 10 to 12 are shown in Table 3.
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NN-H>4 v-i ri

epoxy resin conposition solutions

in Tabl e 4.
(22)

Pol yphenyl ene et her |
100 Epoxy resin conposition (6) (Part
si | sesqui oxane

cage- forn1S|Isequ|oxane 5

WH $S4 . -i
[ Tabl e 4]

(Part fhy

5%%%#1by

'~ ONFX4 4-4 NO p Q:
r UW77 The properties of copper clad | am nate boards fornmed fromthe
obtained in Exanples 13 and 14 are shown
Exanpl e 13 Exanpl e 14 Epoxy resin conposition (21)
(Part by Zght) 100 AER260 (Part by weight)

y weight) 100 Cage-form

R tdpldet d1eay adhrSit{Hcd Wk tds Of
wel ght’)” Properties of copper clad

'$H HN44 WO WOQ

| am nat e boarsg rdsel oS ithet @pehdntrebid 4ohpdsitMdh Jsolutions

obtained in Examples 13 and 14 are shown in Table 4.

10

[Table 4]
Example 13 | Example 14
Epoxy resin compcsition (21) (22)
Polyphenylene ether I
(Part by weight) 100
AER260
(Part by weight) 100
Epoxy resin composition (6) 1
(Part by weight) 00
Cage-form silsesquioxane I
(Part by weight) >
Partially cleaved structure II
of cage-form silsesquioxane 5

(Part by weight)

Properties of copper clad laminate board

Dielectric constant

(*1MHz) 4.3 4.4
Dielecﬁﬁighﬁangent 0.011 0.012

Tg (°C) 148 162

Bending strength (MPa) 200 400
Copper foil peel strength 0.87 0.95

(Kgf/cm)

INDUSTRIAL APPLICABILITY

The epoxy resin composition of the present

invention can be used in various ways since it has

advantages such as long-term stability to a ketone,

excellent processability, and excellent dielectric

properties.

The composition is applicable to printed

circuit boards and electronic apparatuses in the form

of a varnish ueing a solvent,

impregnating a substrate with the wvarnish,

a prepreg formed by

and a




Dielectric 1MHz) tangent ( 0.011 0.012 Tg(C 148 162 Bending strength
(MPa) 200 400 Copper foil peel strength (Kgf/cm 0.87 0.95 5 | NDUSTRI AL
APPLI CABI LI TY The epoxy resin conposition of the present invention can be
used in various ways since it has advantages such as long-termstability
to a ketone, excellent processability,,and excellent dielectric 10
properties. The conposition is applica%?e to printed circuit boards and

el ectronic a ; i .f f i sh using a solvent, a prepreg
formed by i ﬁ%%g%ﬁ%géa}iu sﬁ%?gﬂﬁlﬁ%&ﬁi@var nish, and a 78 |am nate
board using the prepreg. 79 CLAIMS 1. An el ectronic nenber conprising an
epoxyl ated pol yphenyl ene ether resin having not |ess than 3 epoxy groups
per nol ecul e on average, the electronic nenber being selected froma resin
varni sh, prepreg, curable resin/netal foil conposite, film |amnate
board, nultilayer printed wiring board, sealing resin conposition, and
curabl e resin conposition for an adhesive agent. 2. An el ectronic nenber
conprising an epoxy resin conposition conprising an epoxyl ated



pol yphenyl ene ether resin having not | ess than 3 epoxy groups per
on average and an epoxy resin, the electronic nenber being selected from

t he group

nol ecul e

consisting of a resin varnish, prepreg, curable resin/netal

foil composite, film lamnate board, multilayer printed wiring board,
sealing resin conposition, and curablf?resin conposition for an adhesive

agent. 3. An el ectronic apparatus conp

sing the electronic nenber

according to claim1l or 2. CLAIMS

1. An electronic member comprising an epoxylated

polyphenylene ether resin having not less than 3 epoxy
groups per molecule on average, the electronic member
being selected from a resin varnish, prepreg, curable
resin/metal foil composite, film, laminate board,
multilayer printed wiring board, sealing resin
composition, and curable resin composition for an
adhesive agent.

2. An electronic member comprising an epoxy
resin composgition comprising an epoxylated
polyphenylene ether resin having not less than 3 epoxy
groups per molecule on average and an epoxy resin, the
electronic member being selected from the group
congisting of a resin varnish, prepreg, curable
resin/metal foil composgite, film, laminate board,
multilayer printed wiring board, sealing resin
compogition, and curable resin composition for an
adhesive agent.

3. An electronic apparatus comprising the

electronic member according to claim 1 or 2.



