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-1- DESCRI PTI ON PROCESS FOR PRODUCI NG LOW MOLECULAR
POLYPHENYLENE ETHER 5 Technical Field [0001] The
present invention relates to a process for producing a
| ow nol ecul ar pol yphenyl ene _ether; a | ow nol ecul ar
pol yphenyl ene ether; a procé§§ for producing an
epoxi di zed pol yphenyl ene ether; an epoxy resin
conposition; and an electronic 10 nmenber. Background
Art [0002] Epoxy resi n®ESURIPEI@Ne excellent in cost
performance, are widely used as 15 insulating
materials for printed wiring boards. In recent years,
t hese epoxy resins have al so been required to have
RRE&&SSt thUCBHQéQ\éﬂ-W%HLABsP%T@YPHEN% EdHER
support a higher density of wiring. By way of exanple,
for printed wiring boards wused in high frequency
ﬁggklcgﬁip s such as satellite communications, there
58eh'®%A need for an insulating material having
ﬁ%ﬁ? | ent dielectric characteristics such as a 20 | ow
I'electric constant and a | ow | oss tangent in view of

preveptd é/l‘lgse?& tifiEleB¥es to E%?&éé%]sefsﬁgrd&%_@in fa 18w-molecular

pol yphenyl ene ether as one terials excellent

%)&yﬁlﬁe% Rk kitr; a0baL@6leBilashd] Gshelend eBr; kppvdessSion pRoducing
he 1970s or so. However, a high-nol ecul ar

pobptxidined goigptehilehe ethen @f ¥p@aaksintonipbsition; antiyn electronic

because of its high nelt viscosity. 25 For exanpl e,

Petmbet. Docunents 1 and 2 al so each describe a process

for producing a |am nated board by preparing a

tol uene solution of a pol yphenyl ene et her and

i mpregnating the toluene solution into a substrate

RackesoydAftng the sol ution. -2- However, such a

ﬁiﬁgess i's very dangerous which invol ves inpregnating
luene

Epoxy resins, which are excellent in cost performance, are widely used as
insulating materials for printed wiring boards. In recent years, these epoxy resins
have also been required to have higher-functional physical properties to, for example,
support a higher density of wiring. By way of example, for printed wiring boards
used in high frequency applications such as satellite communications, there has been
a need for an insulating material having excellent dielectric characteristics such as a
low dielectric constant and a low loss tangent in view of preventing signal delay.
[0003]

The use of a polyphenylene ether as one of the materials excellent in dielectric
characteristics has been known since the 1970s or so. Howeyver, a high-molecular
polyphenylene ether is very poor in moldability because of its high melt viscosity.
For example, Patent Documents 1 and 2 also each describe a process for producing a
laminated board by preparing a toluene solution of a polyphenylene ether and

impregnating the toluene solution into a substrate while heating the solution.
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solution while heating the solution. In addition, a
pol yphenyl ene ether is generally poor in conpatibility
with an epoxy resin. Thus, when a sinple m xture of

t he pol yphenyl ene ether with the resin 5 is used as a
raw material for a nol ded artzl cle, it often represents
a challenge to i nprove the nmechanical strength of the
resulting nolded article. [0004] To solve these
pioavenrsuchRapentss Dovarprdan ger@isaviichlinyables ilopreghativga toluene
process for producing a nodified pol yphenyl ene ether
byluugmmlmhn@jlrmtbosqlpmmnyl ene ether 10 into a

| ower - ol ecul ar aredlstrlbutlon rea

and ebb@ddm%ﬁw mbe“weﬁﬁw i3, @TRE RO hINGTOMRA Eﬁlﬁy with an
\;’g%t%ﬂrteﬁ%s g&g‘e iﬁg&?yggplﬁé%ggqlg%a ﬁls @Bﬁg}y??en& esfw1 “he resin
EnuBaSBlyT i Forg e @aﬁégeﬁeny SR
B ST P R,

ﬁnt Docunent 3] JP-A-9- 235349 [Patent Docunent 4]
japa ese Patent No. 3248424 20 [Patent Docunent 5]

W20046 50K Ulesk Providits, PaeuBbéurfdnts) Pastdt 288k dsérbe/a process
Di scl osure of the Invention Problens to be Sol ved by

tfeprotweng b aivdifRe dod@behyltowetearhy doneentingagebphenylene ether
described in Patent Docunents 3 and 4 still admt of
iinpradeeeenibldcnlat polymeoby & hedistaibeticf rencsinntand ﬂp@mdizﬂ@ the
the redistribution reaction and -3- the handleability

golynies usimgeptchigolyslinnpl ecul ar pol yphenyl ene et her.

The
Patent Documents 5 and 6 each also describe a process which involves

producing a low-molecular form of polyphenylene ether by a polymerization method
and then epoxy-modifying the polyphenylene ether.

[0005]

[Patent Document 1] Japanese Patent No. 2667625

[Patent Document 2] Japanese Patent No. 3300426

[Patent Document 3] JP-A-9-235349

[Patent Document 4] Japanese Patent No. 3248424

[Patent Document 5] W02004/104097

[Patent Document 6] JP-A-2004-256717

Disclosure of the Invention
Problems to be Solved by the Invention
[0006]
However, the processes described in Patent Documents 3 and 4 still admit of

improvement in terms of the rate of reaction during the redistribution reaction and
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epoxi di zed pol yphenyl ene ethers descri bed in Patent
Docunents 3 and 4 also still have roomfor

i mprovenent in terns of the curing rate and the I|ike
when formng a conposition wth an epoxy resin. 5 On
the other hand, the processe€s described in Patent
Docunents 5 and 6 cannot be said to be sinple
processes and still admt of inmprovenent in terns of
thehandieablilicy oDihe edstiltmigdowymolEtdanpobyhenylemyether. o %h as
been made in view of these circunstances. Thus,

repoxidakd pelyplénylne eheosdastribedvia RaicohDpeumasntp? and @élsa still
process for producing an 10 epoxi di zed pol yphenyl in
deveroomuipir i pravericrin derewint tha guringaee Aad t@d}l@d’(heaf OFRige 2
present. |nv%nt|on IS to provide a process for

ﬁPB’«H’H&‘PH’g Wit

Dol yphEyF et N R Frhasiirs OPTOED I F g G T Bea g
15 Q7
.cmuioggl %d-sw'ﬁal 1rén§)§$§110cés@¥seﬁ}dosrtl A8 ot(iﬂlrp%\%grl?ﬁf‘ﬁ'n terms of the

|3GPAEY S ar  pol yphenyl ene et her

vin OVG

}r&ﬁﬁ%ﬁ efﬂcﬁgl cl,hventors have found that control li ng

action con ions in conducting the redistribution

r eact QB pfBntShvERtivn BALYded InlleliR WelDbfaBese@ircumstances.  Thus,
pol yphenyl ene ether suitable as a raw material for an

ﬁﬂﬁ%ﬁlh ﬁe@ﬂoﬂﬁb yrRethendoeiseprodde hprices fgopdducing an

andl ea

iepueidized polyph&O&dne Behes hating gpodbandieabilitent Anethen abjécti @ the
a process for producing a | ow nol ecul ar pol yphenyl ene
qirésent, ingention-istsl providan ppedeypfos pyddusiagatlermolgCpiocesss

for producin an epoxi di zed pol yphenyl epnge eth
aebyppendenaetherpytiahle pom ravamgtesisl é Wbﬁ’aaFne
as descri bed below. (1) A process for producing a

lity, thereby acconplishing the present

r &g §noxidized ng

nol ecul ar pol yphenyl ene ether having a content of

ﬁ%g&&@ymgiﬁ polecul ar weights of 20,000 or nore of

[0007]

The present inventors have carried out intensive studies for solving the above
problems. As a result, the inventors have found that controlling reaction conditions
in conducting the redistribution reaction can simply provide a low-molecular
polyphenylene ether suitable as a raw material for an epoxidized polyphenylene ether
having good handleability, thereby accomplishing the present invention.

[0008] |

Thus, the present invention provides a process for producing a low-molecular
polyphenylene ether, a low-molecular polyphenylene ether, a process for producing
an epoxidized polyphenylene ether, an epoxy resin composition, and an electronic
member as described below.

(1) A process for producing a low-molecular polyphenylene ether having a

content of components with molecular weights of 20,000 or more of 10 mass% or
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| ess and a nunber average nol ecul ar wei ght of 4,000 or
|l ess by a redistribution reaction which involves
reacting a raw pol yphenyl ene et her having a nunber
average nol ecul ar wei ght of ,10,000 or nore with a
pol yphenol conpound and a radical initiator,
characterized in that: 5 the redistribution reaction
step is a step conducted in a solvent; the ratio of
iése andanpabgmdveragk andeaidravei ght of KOO8 of Yessby @ redistribution
pol yphenyl ene ether : solvent) (mass ratio) is
peactipn whichtintolves: red@id gtacaw Polyphelyl émeetkerhaving o nuantygr average
the ratio of the radical initiator to the so] vent
mroderubas weightof 40,800 or mere/witk § pehibencl campeynd and a radical
rQV|deg at 0.5 égo to 5 : 100 (mass ratio). 10 (2)
T‘HEMBF’G %Fé?tF’éFde‘Pé ss described in item (1), wherein

oo RS BAE rttc
|1 t émo ) o Fof t&? }a%&ygﬁ&@@%'eﬁ%aﬁ); . @%{:ﬂgﬁa‘%& t)aggt{én lene

%P éﬁvd&% ALESE ﬁ%‘bﬁ g dé{PAt% ajod GARY 1%%1%’5% f@bi¥) nd

ecte 15 consi sting of

nap ht heradLst thmaﬂ@iﬂ muﬁsmoqm Qcﬂvelﬂ'(‘ﬂahicﬁﬁmtﬁfﬂrn &olvent) (mass
conpounds, quaternary amonium salts, im dazole, and

p&tmﬂm&mvmw{bsmo@&)ﬂhmm@dmw)on process
described in item (1), (2), or (3), wherein the

(Bdi sThe protibction racdss desceiberpiniitena(194 wherein thilovhmolasular
radical initiator is added at an average rate of 0.1
palyphénylengstherhavarcaverageawmbengbphenalia bydrpxyltssoups peis s
of the raw 20 pol yphenyl ene ether. (5) The production
prdedesofdel eF MPEH in any of items (1) to (4), wherein

t(ﬁe riﬁg %rfﬁsﬁ%tbm%iérg%a% Ferbetiod quﬁ@a o ﬁgre iF fsilgbution
reithion 3R i< fep peronga SR af ebd .CS?QPF SHGTaI e o
ggrgg(l%ﬁn%[hﬁﬁ ogﬁhtbgﬁtge{/aﬁf%g& e%t(g))ué%%{lm )arlqlrne c?ﬁﬁounds

I on br ocess escr

qhﬁ%agﬁm&enm sahtmﬁggdzﬂlet b mssﬁ&ﬁém%m@@rl tes a

step of” washi ng t W ol ecu ar pol yphenyl ene et her
RAua RbcRP dédcliBéd REtehPl U] (20 orB), @heicdtethe

redl stri gutl on reaction step.

redistribution reaction step is a step in which the radical initiator is added at an
average rate of 0.1 part by mass/minute or less based on 100 parts by mass of the raw
polyphenylene ether.

(5)  The production process described in any of items (1) to (4), wherein the
redistribution reaction step is a step in which the radical initiator is added under such
conditions that the threshold value provided as the decomposition rate constant of the
radical initiator divided by the addition time of the peroxide is 0.5 (1/hr) or less.

(6)  The production process described in any of items (1) to (5), wherein the

process comprises a step of washing the low-molecular polyphenylene ether with

water and/or an alkaline solution after the redistribution reaction step.



10

15

20

25

-5- (7) The production process described in any of
itenms (1) to (6), wherein the radical initiator is
benzoyl peroxide or a benzoyl peroxide derivative. (8)
A | ow nol ecul ar pol yphenyl ene_ et her havi ng a content
of conmponents with nD|ECLHEﬁ5VEightS of 20, 000 or
nore of 10 mass% or | ess and a nunber average 5
nol ecul ar wei ght of 4,000 or |ess, characterized in
t(Mat Theptemutiar probeas dewnithed it dny dfateinsd 1 biot(h), avherein the
phenol i ¢ hydroxyl group and a nethyl ene group present
iraditdl énitinton & bepasyl pemxiderrtathsnpdyd petoxidetdedrvatixet  gr oup
accounts for 1 to 20 mass% of the nol ecul ar A nmass. g 9)
ABbr odelow- m@lecplﬂbwwb@ybne s1hEx NaNinR# CHBER) Pk EpAPeRRats With
enolic

ORI £ At FOReY Dot 02{:10;56?89 G el 2GR average
000
Fadelfe “é?iw%r o) e 2 58‘68 SligeRinf uni

SPRLETHEL £l }e]x@f%“w eI P Bt et
'siglmﬁo file J)%Qn&%&faﬁ a@gﬁ) gv acddlint®s Ya@bo h*a§s‘% o2 rlecular

e epoxy conmpoun erage nunber t he epoxy
gﬁ@gps per nolecule of 2 or nore. (10) The producti on
process described in item (9), wherein the
(oY N grebéss for fredusiieayéppatdisidyelydhesylane akartygeldition of
nunber of the phenolic hydroxyl groups per nolecule
qthedlol® loxdremyl groud® C(Qrilﬂ.l)led_ hea lomeohobcilenpalyplenytene ether having
described in item (9) or % wherein the | ow ) )
repiuscher averpes ypleewiat wmhéoﬁfb 0Q er lgss| towperyl greupsgontained in an
pol yphenyl ene et her obtai ned by the production
FPekE sempasey ?ft?é%ptweéwyﬂ@f items (1) to ( 7), or the

'<8>“*. i Wtologfa HelHSraRy @Pﬁa{s&?ﬁ%g S MEES
i %réﬁ%sﬁtsﬁi‘gﬁ R 6EAGeS %t“@ag G 8 fens (o)
t 0 ( 11’]46 ep%Qy c&%%qu k?a%'aﬂ avgijage ﬁ]m'ﬁb‘ér'd? ghéaﬁa%% gf'&rps BOXYy

resin.
molecule of 2 or more.

(10) The production process described in item (9), wherein the low-molecular
polyphenylene ether has an average number of the phenolic hydroxyl groups per
molecule of 1.2 or more.

(11)  The production process described in item (9) or (10), wherein the low-
molecular polyphenylene ether is a low-molecular polyphenylene ether obtained by
the production process described in any of items (1) to (7), or the low-molecular
polyphenylene ether described in item ().

(12)  An epoxy resin composition comprising an epoxidized polyphenylene ether
resin obtained by the production process described in any of items (9) to (11}, an

epoxy resin, and a curing agent for epoxy resin.
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-6- (13) An electronic nenber selected fromthe group
consi sting of an epoxy prepreg, a |lam nated board
froman epoxy prepreg, a resin sheet, and a | am nated
board froma resin sheet, t menber being forned

usi ng the epoxy resin conposition described in item
(12). 5 Advantages of the Invention [0009] The

present invention provides a process for producing an
€pHxi Ah 2lectromoimeptbenydlene fomahe pavp ngngsog of ah@poxy prgpreg,
in a solvent and excellent in handleability, and the
lailarminated droard fsom lan 6pprIoieDiise, arepincbes sardoy 1apyinatedthargd fom a

| ow 10 nol ecul ar pol yphenyl ene ether sujtable as ra .
mesireshest, thegpember t@ywﬁ%ani%asmwefpﬂ@m@ﬁ@@pﬁ@m dpgegibed in
Mode %or Carrying Qut the Invention [0010] 15 A best

ASE e by carrying out the present invention

(Gherei naft eferred to as an enbodi ment of the
&@&‘éﬁ%&esﬂﬁé%h‘%ﬁ}mﬁ s described below in detail. In
:I&CE) respect, the present invention is not intended
0 élim’tedtothefollovving enbodi nent, and

vari o SAR i hidah B S8R e®f
Vhe o e RO 1 R0/ON pro s RRLARACMblddLtink U6 <poOdRe

BoRpHErylehelctliér HaliAg wbad sdlabiviBhianysobrat &idcellie in

process for producing a | ow nol ecul ar pol yphenyl ene
dbhdlcabditydndl thg like  Thee Bradsgnbvided e gravesstfor producing a low-
process for producing a | ow nol ecul ar pol yphenyl ene
atdlequldrpol yphemyl endtirertsuitible anpuvematsrial foh thesdpenidized

wei ghts of 20,000 or nore of 25 10 nass% or |ess and a
palyipbenydensratligs. nol ecul ar wei ght of 4,000 or less by a |
redi stribution reaction which involves reacting a raw
pol yphenyl ene ether having a -7-

Best Mode for Carrying Out the Invention
[0010]

A best mode for carrying out the present invention (hereinafter referred to as
an embodiment of the present invention) is described below in detail. In this
respect, the present invention is not intended to be limited to the following
embodiment, and various modifications can be made within the scope of the gist of
the invention,

[0011]
Process for Producing Low-molecular Polyphenylene Ether

The process for producing a low-molecular polyphenylene ether according to
the present embodiment is a process for producing a low-molecular polyphenylene
ether having a content of components with molecular weights of 20,000 or more of
10 mass% or less and a number average molecular weight of 4,000 or less by a

redistribution reaction which involves reacting a raw polyphenylene ether having a
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nunber average nol ecul ar wei ght of 10,000 or nore with
a pol yphenol conpound and a radical initiator,
characterized in that: the redistribution reaction

step is a step conducted in a7solvent; the ratio of

the raw pol yphenyl ene ether 10" the sol vent (raw

pol yphenylene 5 ether : solvent) (mass ratio) is
provided at 0.4 : 100 to 40 : 100 (mmss ratio); and
triuenbephvevagf moloeul irawléight ofi 19{000air aforé evithepadyihenoitcompound
(radical initiator : solvent) (mass ratio) is
Endviredidalanitigtos, charko@rized & that100 (nmass rati o). [0012]
Here, the "redistribution reaction" refers to the

r eact iherredisksibutipe teackorasicp B eraeradueted incusplvant;

"Jour nal of ganic Chem stry, 34: 297-303 (1969)"

Speci fhetatie 9,%1@%“' PebPBERENscts 1 g SIER (W aol%henylene

R S PR A 5SS LB ARl
o PR o AP A, RSP By e
i%%88§ggnrggg?o%5q?géogfggggﬁggﬁéc énisn1ofgthe

megdigtribution reaction is as follows. Specifically,
the pol yphenyl ene et her and pol yphenol conpound are

bot h Hekg the Tradibeidlifigietadiont hefersad itlideadtivntdesdrived i he
radi cal then noves in the pol yphenyl ene ether
rachdenit docutierit fdoutash o fr@riganin Chiemfidtey, B&dI9TE103 (1 HED)".
radi cal i zed phenol conmpound subsequently deprives the
Rpleyificeliyy terredistritation feastioneisaf readtiondn mdiche apalypheniylese ether
20 thereof. Thus the redistribution reaction is a
rhaxingiadrigh numbercaveragn srolgoylan tveighit issreagted wih a polyphenol
pol yphenyl ene et her are distributed tg the enql
COFPSHREIN (b RessCs e A TegiFal anitiggor fonroy Pﬁ&ﬁb&@\fﬁ@ﬁ%ﬂe ether
ther are successively distributed to,th no

RN ot S S Bt ondferayfrp s motieuleh pishl 0P BT B less
Accor di t r ' .

q"h? géolh%gfreqﬁ%ﬁ@lf}%aﬁrb;f tﬁmﬁggﬁg?n réaaiggon is as follows.

"1 ow no enyl ene O refers to a
SRR Sl te SRR Tt
A 2B BY thd ABicalNit®dr. The radical then moves in the polyphenylene
ether molecule. At the destination of the radical, the radicalized phenol compound
subsequently deprives the polyphenylene ether of some of the constituent units
thereof. Thus the redistribution reaction is a reaction in which constituent units of
the polyphenylene ether are distributed to the phenol compound.  Constituent units
of the polyphenylene ether are successively distributed to the phenol compound
unless the radical disappears.
[0013]
According to the present embodiment, the "low-molecular polyphenylene
ether” also refers to a polyphenylene ether having a number average molecular

weight of 4,000 or less. According to the present embodiment, the "number



10

15

20

25

-8- average nol ecul ar wei ght" and "content of

conponents wi th nol ecul ar wei ghts of 20,000 or nore"
are measured by gel perneation chromatography
(hereinafter sonetinmes abbreyiated as "GPC net hod")
usi ng polystyrene as a ref eréhce substance. The
"“content of conponents with nol ecul ar wei ghts of

20,000 or nore" refers to the 5 proportion of the peak
adetrageé molecalae &veipght'Cantip'eomBitso f\Woinpon@itewith arolounl ay weights of
20,000 or nore. "A content of conponents having a

12601086 wir aroreledrg Inteamfred by @élpeomeativprobramiategrophtyathereinafier 0
mass% neans that the nol ecul ar weight at the start of
pemktimgeabhreviated ag "GBCouahest") peing pphysivesns @s @ refstengg substance.

el permeation chromatography. [0014] 10 The ra
?ﬁhey BPrEPRIOf fempenrafs Wb Solerular évetﬂ%é%@]r%&@&dsd?%mef%% the
be a .co rci al ,praduct. The pol yphenol conpound . use
HromRST P Hge Arakidsdonatee of SomBeaRoRRAmAGIRE R &
re~phenol gro ' £yl ;
CHAPYBY TRk (B SR ST Rt OB BEATRY 2000 or
j g0, i [ : f peak
i ATMLRG L AW RURE Wi Bt st of peo
RRYchich KIBD0R R Ms W mieBsueri @By BRf p@Meion WMeohtoFRDRY.
thereof. In this respect, the “above pol yphenol
und used nay be a conmercial product. [0015]
Exanpl es of the radical initiator used in the present
enbodiTie rdw polyphihs1e2@ ettiee usadlin ey greseieembodiment may be a
tert-butyl cunyl peroxide, di-tert-butyl peroxide,
ZoBuwkirersk prpti@ts5- di -tert-butyl cunmyl peroxyhexyne- 3,
2,5-dinmethyl 2,5-di-(tert-butyl peroxy)hexane, p-
ment hdhe pﬂl\ﬁfah@rwé eemrpennd used HGHE BEsFEHembegdanent is a compound

hydr operoxi de, tert-buty|] hydroperoxjde,. tert-hputyl
PRy B2 e OF HoES phegpl SBUPY PRI BN e P eCHiCi LB Fe;? frcot

BB BB e R
R AP i RS OREO o

656 GRIRRUB IR id BYorEinMREbfHWBE more thereof. In this respect, the

above polyphenol compound used may be a commercial product.

[0015]

Examples of the radical initiator used in the present embodiment include
dicumyl peroxide, tert-butylcumyl peroxide, di-tert-butyl peroxide, 2,5-dimethyl2,5-
di-tert-butylcumyl peroxyhexyne-3, 2,5-dimethyl2,5-di-(tert-butylperoxy)hexane, p-
menthane hydroperoxide, diisopropylbenzene hydroperoxide, tert-butyl
hydroperoxide, tert-butyl peroxyacetate, tert-butylperoxybenzene, diisobutyl
peroxide, tert-hexyl peroxyisopropyl monocarbonate, tert-butyl peroxyisopropyl
monocarbonate, tert-butyl peroxyacetate, tert-butyl peroxybenzoate, benzoyl
peroxide, and benzoyl peroxide derivatives. These compounds may be used alone

or in a combination of two or more thereof.



10

15

20

25

or in a conbination of two or nore thereof. -9- Wen
anong ot hers, benzoyl peroxide or a benzoyl peroxide
derivative is used, an al kaline washing step to be
descri bed later can increase {he nunber of hydroxyl
groups contained in the | ownbl ecul ar pol yphenyl ene
ether. The increased nunber of hydroxyl groups can
contribute to i nmprovenent in physical 5 properties of
a cur 8vhant aclong otherscherasylgleassde oramntsinzoyl rpetasigeedentvati e is
In this respect, the term "benzoyl peroxide
dwsed, vatallabne weshing step teabedespiibaddatenean ingreaseethe opmberof
benzoyl peroxide whose benzene ring structure has_a
hyBewivt &@HPS C@mmeda@ the lowt-mplecyleppplyabenyisnesthey The
grou her nzo er oxi de has been used
rlaﬁF%aﬂ DPRPES %ftha ToFY Y FOLPLSHR Bt rﬂw GemerhicAEat w%yswal

G ﬁtgcﬁﬁedrrﬁé@w b ettt RoB R B oY ot e
(her .e'Irpﬂl vé}l%%ﬁ;}é%? el I!egg Eb%ﬂg?@e’%@%ﬁgd&ﬁlagv%&s {oqa com ound

exam ne roma

i‘habﬁn?éﬁ’é’forﬁrcff %andg? gé}gﬁfta@gﬁg) s@berllBhe nfx%gﬁﬂwe %55 a substltuent

According to the di ment

rs@eh &4 4 ikl Srdup QAE bh ethyPg®Bp. S preferably a step
conducted in a solvent 1n view of preventing an

abnor wethetlic® dehioyhperokidaiips Beenaised hea madicabinitidteradrmdecan be
aromati ¢ hydrocarbons such as benzene, tol uene,
xlgteemened foysi¢aghiemethe aem!taigdhivemolseul aprdyphedylene ether using a
chloroform [0017] 20 Here, the ratio of the raw
rocieptmagnetiesontrse apparete (Reseinafier sprnatmlep ehyptietad pene
ether : solvent) (nass ratlo) is provid preferab
"NMRED to exgminegvhether a pegpdertygd dr Omébewggvuatof& benzgiyph group
t.o 40 100, still nore preferably at 8 : 100 to 20 :
i?)@bse“‘ﬂ"'?é’ré‘%unt of the raw pol yphenyl ene ether of 0.4
ﬁ@@bsby mass or nore based on 100 parts by nmass of the

ént can contribute to conducting the

redi sty cgrldiﬂr%g Je?é?l‘fgﬁlggdlmehh tl%ol%glsmb%wﬁ}éa%h&%step is

thou RiSnecessar anmount
preferably a step conducted in a solvent in view of preventing an abnormal reaction.

Examples of the solvent include aromatic hydrocarbons such as benzene, toluene,
xylene, mesitylene, and dichlorobenzene and chloroform.
[0017]

Here, the ratio of the raw polyphenylene ether to the solvent (raw
polyphenylene ether : solvent) (mass ratio) is provided preferably at 0.4 : 100 to 40 :
100, more preferably at 4 : 100 to 40 : 100, still more preferably at 8 : 100 to 20 : 100.
The amount of the raw polyphenylene ether of 0.4 part by mass or more based on
100 parts by mass of the solvent can contribute to conducting the redistribution
reaction with good productivity without using an unnecessarily large amount of the
solvent. The amount of 40 parts by mass or less can contribute to maintaining the

solution viscosity before charging the radical initiator in an appropriate range, to
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sol vent. The anmpbunt of 40 parts by mass or |ess can
contribute to maintaining the solution viscosity
before charging the radical initiator in an
appropriate range, to -10- bgbng able to mx the
radical initiator rapidly and”uniformy, or to

reduci ng the generation of by-products. [0018]
According to the present enbodinent, the ratio of the
rtedtigeablle forhixi thé cadidabirtitietor rapmlty) aredniniformb)i, orto redudingither
: solvent) (mass ratio) is provided preferably at 0.5
-genedtiomot By-prodocts. nore preferably at 1 : 100 to 3 :
100. The amount of the radical initiator of 0.5 part
HPOHHss or nore based on 100 parts by nmass of the

f’gh.vigqc%??néﬁnﬁé'a@?%n? 1%%38  hdat g{ﬁ;eﬁ*‘%) iniiaiop i the
PR GRica PRARET S Band GRS BT R ov et e s L AET s o0 o
%ecﬂjd)s %opef}glléferrm taiN Pl% penemy eFﬁ‘lF F‘lfznggfxt %}He Badxcal ﬁnnator of

heno be radi ca

23O Y TRSS oPfhel SBRRNC&A contribute t
con??rltgutﬁle to p?g\%aﬁ%?%g?q%%rg Ure rise due to the =0

evalieingitke RaRtritition deA6P Athidodd pRIdutidty wih&Alusing an
initiator or to reducing the generation of

hympeesshnity farge #MOKR bf ffe sdhvent. dcaiss fhiciligateotht peoceeding nf the
enbodi nent, setting the ratio of the raw

pedgrioh drgduse botbttheraw polyphenglehe ether andcpol ypheneltdompofind may
the radical initiator to the solvent in the above
rbgrrgdisalizsduc©s thhethetwinduthe ampntcpfoip RATH By yise AL/ leashean
ether having a_ nolecular weig q%f 20, 000 8 mizre
aqmmwom%veaev&twe%eme érl@ ia e rptbemuahesy

nt ent s.wmth ul ar, wei ght s of., 20
ChrgPesan AHBE PRI B PRRIp SRR B ETIRe SR @Fouts
@pv@ontrlbute to i nproving the soI ubility in the
nt of the epoxidi zed pol yphenyl ene et her obtai ned

by epappiyd a@:&(]‘gmtgrlg tl{egyi‘ésegpétﬁﬁéﬁlﬁl'émp Eéetﬁn%‘gxﬁgétg{]ﬁf RL BRY -

I n ot her an e zed can

PRI o s gl bl e
tif RIRCALRN B £ 20F red 06K th@resmlualltfa@@ ofi po1gPkenylenp @thct Baving a
molecular weight of 20,000 or more although the details are uncertain.  The reduced
content of components with molecular weights of 20,000 or more in the low-
molecular polyphenylene ether can contribute to improving the solubility in the
solvent of the epoxidized polyphenylene ether obtained by epoxidizing the low-
molecular polyphenylene ether. In other words, an epoxidized polyphenylene ether
can be achieved which is excellent in handleability (hardly precipitated from the
solvent even at room temperature or good in solution storage properties).

[0020]

According to the present embediment, the redistribution reaction step is

preferably a step which is performed using at least one catalyst selected from the
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25 [0020] According to the present enbodi nent, the
redistribution reaction step is preferably a step
which is perforned using at | east one catal yst

selected fromthe -11- group ?on5|st|ng of net al

napht henat es, vanadiun1pento aniline, amne
conpounds, quaternary annnnlun1salts, i m dazol e, and
phosphonium salts in view of inproving the reaction
rgaowp euidisting oEmsiahgarhitginates| vanadiam pesiogite, mli}im) BN .
Specifically, in the redistribution reaction,

aoypenndsa duateinaryemimeniufr salts, amidnzpleeanst n@sﬁmm yalts in view
group present at the nolecular chain end forng
refampropingsthe scactipprate and grctresing ;ghdﬂolﬁﬁlg)@rewelghm%%eﬂts

na bind to each other to.termpate the re
(pr od @esmﬁcqim gythg é?dlSt"Ff%‘é“‘ﬁ’sréa“d’ront HLOXNBSY &2 %@9 ﬁmﬁd froma

@asﬁa’bfc% g R 45 BT gan kit Ot BFREH Fegutsice
I
DY Sl ESERL Plafls hRShte fo BARVAERSIGER: BlFRe Hcion

hen manganese

g%h@@g g&%md%?..d TRAfe %ﬁﬁﬁtamgp@ézﬁﬂy?t\é@ﬁ‘ %lrktﬂm.lte to again

nt oxi anilines suc I met ani line; am née

de&%@éilﬁg thYRERIRAD Ye EEtHBfké?a@h{r@sﬁeUCh as _
tetramet hyl ammoni um chf ori d and tetrabutyl ammoni um

ljoopiide; i m dazol es; and phosphoni um salts. These
catal ysts may be used alone or 15 in a conbination of
two orSpetifie ckimaplendf thkatalyat iaklpde naphyhdnetea dudchsobalt
only before chargi1 ng the radical initiator but aI SO
afapbthendte, zitcamapbthenate onahgagesemaphtbennte aad{ead mgplth

the ratio of the catalyst to the raw pqlyphen IS
eanadiumRentaxjas; anﬂmw%wémwl@ﬁbn%taﬁm f{%é@ S; quaternary
b S ey P o T s 4 e phorir
f h f. 0.0
3Bk oS b ohGlR s oo S R stonc o
SRt SRR O Bofnbagpr abl y reduci ng the
wei ght "o e po

1%t yphenyl ene et her. The

am) untrifeathRtfday B¥ aB8&En R onlydtfor {Rarging the radical initiator but
also after the charge.

According to the present embodiment, the ratio of the catalyst to the raw
polyphenylene ether (catalyst : raw polyphenylene ether) (mass ratio) is provided
preferably at 0.01 : 100 to 1 : 100, more preferably at 0.1 : 100 to 0.5 : 100, The
amount of the catalyst of 0.01 part by mass or more based on 100 parts by mass of
the raw polyphenylene ether can contribute to favorably reducing the molecular
weight of the polyphenylene ether. The amount of 1 part by mass or less can
contribute to maintaining the electrical characteristics of the resulting epoxy resin
composition without unduly reducing the molecular weight of the polyphenylene
ether.

[0022]
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contribute to maintaining the electrica
characteristics of the resulting epoxy resin 25
conmposition without unduly reducing the nol ecul ar

wei ght of the pol yphenyl ene 1 ther. [0022] -12- The
redistribution reaction step s a step in which the
radical initiator is preferably added at an average
rate of 0.1 part by nass/m nute or |ess, nore

pr ef erfhblrgdigribdtigrancactioy stapsis Astepun svhigh the saslideh inglaptomis
100 parts by mass of the raw pol yphenylene ether in
\irefgrably addeg ebarsaveirgs ratedd Orlepact yomassgningle qrjesselgere

ddj ti t f 0.1 t b [ mi I
hicrabbp 85 pir Dy rvslt g ot s s o1 A By PR f the raw

enerated fromthe radical initiator ar to preventing
helRheadEne fihefrin ey PLIPRIestiDEA SIS ARy I ene ot her

ith di .. t - adi cal .
i b 0 B PR AP b TRt A8k P cpycomiote

N : .  cal

(RPRARE e ctioh 08 AT EonelEEA S e opRE ifysr o2

reV dih s AR R oY RIS 8181 R PR (ypheryltiteeth@aditH @B rifical
nol ecul es of the radicalized phendl conmpound. In

Odcheratadardis thd radichiEinitRebrsthe rdadtibosf the aalid¢abiaed plehol compound
pol yphenyl ene ether can be efficiently reacted with

twich feendical gengrated dronT thesaditdl énitiuter,ahereaetilsh ¢fi molecwésof the
of 0.1 part by mass/mnute or |ess can contribute to
i radicalizer pglyiphenylenerdtlesr, xfthpreantien of meldewss/of the tadiealiped
radi cal nol ecul e and reducing the content 15 of
ahepelrempeung.t hinpathes syards, imihegpdistrigptiomreagiipny thepgl yphenylene
[0023] The_redistribution reaction step . is.also a ste
i theriree he effieiandlyireasted with thgmbenglcompapady gthus, {Bf augrag
average addition rate that the threshal.d value .
b ad o e BEkGsyBai et ds E0uHBpTo Hiresping the
Fadical st v ' hig: Ny
AREFbe b€ fro Rl Y i) AL AP AR b e
. . shol d val ue of
Bg%fo?{f? E%‘;fs %}tgIrédsl}é&g%{rﬁ%ﬂﬁ?f%%g%@?%ﬁ%?évent ing the
r@agij on of radicals. In other words, the threshold
value of 0.5 (1/hr) or less can

The redistribution reaction step is also a step in which the radical initiator is
added at such an average addition rate that the threshold value provided as the
decomposition rate constant of the radical initiator divided by the addition time of the
peroxide is preferably 0.5 (1/hr) or less, more preferably 0.2 (1/hr) or less.

The threshold value of 0.5 (1/hr) or less can contribute to preventing the
reaction of radicals. In other words, the threshold value of 0.5 (1/hr) or less can
contribute to decreasing the molecular weight distribution value of the resulting low-
molecular polyphenylene ether and improving the electrical characteristics and
solvent solubility thereof. In this respect, the molecular weight distribution can be
determined by the above GPC method.

[0024]
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contribute to decreasing the nolecul ar wei ght

di stribution value of the resulting | ow nol ecul ar

pol yphenyl ene ether and inproving the electrica
characteristics and 25 solvent, solubility thereof. In
this respect, the nolecul ar Weight distribution can be
determ ned by the above GPC nethod. [0024] -13- The
"deconposition rate constant of the radical initiator"

i s detlderfiermthposition rate comstany efithg radical dnitiated' ia determinied from
energy of the radical initiator. The deconposition

rthe Ecgumey fastoraad aplévation enegr @f the radicaldvitiatafer Bhn i s a

GRSOBBRStem et cametont 128 b fess L B SWRGREF A dsadercy
i ti rat tant = Al ! 00

TGRSl RGP COSETof 1 hERRBSaN BB deAPTH P H

ﬁg&}%ﬁgéy conprises the step of washing the

Cul ar pol yphenyl ene ether with water and/or an

al kal i Ql!lﬁd er 3 et ri bution

r eact iﬂob%msng)g%ﬁ réé %&?‘i‘% r %&P?&%ﬁgggct ion usually
I[ﬁgyﬂs the residue of the radical initiator. Coing
t

rough the washing step can contribute to renoving

the r ahcgusdiRtion pctdskd tiaf predent erabbdiment preferablp coraprdses the
an al cohol, a carboxylic acid, and the |ike present

i stept dfew ashm@tthe loveyrl eonlaa pol yphenytkna retiter eath| waterendfoptae alkaline

an epoxi dation reaction in epoxidizing the _

| soiwtion aficutheredistrippliemehetiva sip. etTheredistribution wgpetion usually

suppress a gelation reaction in the epoxidation

rleaies ithavesidde pltba srdical itigtps c Saqing thspughtbe waghing sisp can

sol ution. The washing step can be carried out at.room

t PR iprEmoL BRI de OF e Tikp &F treiinipal sty Ao nmloonol, o

60C or ..hi gher, . refecaply 80C or higher . hi

ot affotri OF ik Bieber i et overdl g o ety

[ h : il a M0k ) '

LB0RSle NPk 8 A BOLUPARIE RAR o1 Btar PBlyRhES ene
ether. It can also suppress a gelation reaction in the epoxidation reaction and reduce
the viscosity of the reaction solution.

The washing step can be carried out at room temperature; however, it is
preferably performed at 60°C or higher, more preferably 80°C or higher. A higher
liquid temperature makes the washing rate higher.

[0026]

The low-molecular polyphenylene ether obtained by the production process of
the present embodiment has a higher molecular weight than the average molecular
weight estimated from the number average molecular weight shown, for example, in
Table 8 in the academic document: Reactive Polymers, 15: 9-23 (1991) in which the
redistribution reaction is described, although the details are uncertain. The low-

molecular polyphenylene ether also has a far lower molecular weight distribution

value than the Mw/Mn calculated from the table. In the document, the Mw/Mn
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t he present enbodi ment has a hi gher nol ecul ar wei ght
than the average nol ecul ar weight estimted fromthe
nunber average nol ecul ar wei ght shown, for exanple, in
Table 8 in the acadenm c docunent: Reactive Pol yners,
15: 9-23 (1991) in which thé 25 redistribution
reaction is described, although the details are
uncertain. The | ow nol ecul ar pol yphenyl ene ether al so
hahicaad duatertmingzlrbynthe €&Pq) method) \ginies Hetsteen Btand 3.4, bat daes not
than the Mv Mh cal cul ated fromthe table. In the
deerunehe Jovened Balgwithis fangey alneontrass, @edwmqie@laswlmenylene
GPC net hod, varies between 2.7 and 3.4, but does not
stharobgingd bydhepedugianguesess of the pesent embogdHrent an ag
| ow nol ecul pol.y henylene et her obtained by the
NW@W&VPW%?& Sof the present enbodi nent can
etgéé ve an MN/I\/h value of 2.3 or less. 5 [0027]

I ecul ar Pol yphenyl ene Et her The | ow nol ecul ar

qplvy% ?S}y‘ﬁhgﬁfleq‘%ﬂﬁ%}e present enbodiment is a

oW rm ecu phenyl'ene et her having a content of

CONMPORFRTSy. W’a&l&i g%g)};éhé{ayle g 68 1R pré@nPERbimER i€ a low-

of 10 mass% er average nol ecul ar 10

Viﬁ‘d)lgm arffolyhbheRfledd eth@Sfwinghedontdn€bf drtbdnents Rath Molecular
nD ecul ar chain end unit having both a phenolic

%}ﬁiﬂéf 2@000er Motk of 108hdy)scordesy and p npmbsenterdge mdlecular
ortho position to the phenolic hydroxyl group

aeg ghtruif 4,000ror less,cchafacteriged/inthattaeoleoilecaiasr endagst haVing both

| ow- nol ecul ar pol yphenyl ene ether can be suitably
antenelichysiyoxsh @rtamcméade@bylﬁmamup poRserign ﬂmorﬁxommongo the
a_| ow nol ecul ar pol yphenyl ene _ether. 15 [0028] Here, %h
rsERlis fafdr@wégwua@aCWSt oR & AYmesth of theirasiepylar mass.  The

ggg;{go ﬂfﬁ%etgi?fe‘i%:bggsﬁ%& %fl)’legsgglbe A8 vE R scribed

o Omoeffelﬁwg SRR ool RRY finfr. | 0 10 TS0

c[ﬂazgguppress the introduction of double bonding into
0 nol ecul ar chain end unit (conversion to a

qui NoRgle, 2 HhGlebRHURSH dndtunfF4¢ink®Bth a phenolic hydroxyl group and a
methylene group present in the ortho position to the phenolic hydroxyl group
accounts for 1 to 20 mass%, preferably 2 to 10 mass% of the molecular mass. The
content of 1 mass% or more can suppress the introduction of double bonding into the
molecular chain end unit (conversion to a quinone). The reduced introduction
amount of double bonding leads to the improved whiteness degree of the product,
which is preferable in view of easily detecting contamination with impurities. On
the other hand, the content of 20 mass% or less can contribute to improving the
reaction rate in epoxidizing the phenolic hydroxyl group of the molecular chain end.

The term "molecular chain end unit” is a concept including a benzene ring

present at the end position of polyphenylene ether (one molecule) and a substituent
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amount of doubl e bonding | eads to the inproved
whi t eness degree of the product, which is preferable
in view of easily detecting contam nation with
inmpurities. On the other haqg, the content of 20
mass% or | ess can contribut€ t°0 i nproving the
reaction rate in epoxidizing the phenolic hydroxyl
group of the nolecular chain end. 25 The term

"which thd enzeteaing leasd WWiat Subistituantcie imtepincédiatouttie mplecular
benzene ring present at the end position of
pdlaiménsinyitesas betahadyz¢ddnestmsiedudeitifisadorausn MR .uent
-15- which the benzene ring has. What substituent is
|H@ Yduced into the nol ecul ar chain end unit can be

%F? Fﬁé@%&ﬁ%‘%&%ﬁ@%@ 7( nezgzl ggl ler\J/EenyI ene
Eglh%r??\%}a@@ ¢ BF R e R Py 38 pPRERBR LS sfe? according to

P B B PR D8 A AL AR SRR E enc

héfﬁ'ér@ééfﬁ b? L84H8n BPﬁﬁeﬁbfi@ HydBxf SrOVpsBBh@RHE3A a low-molecular

pol yphenyl ene et her having a nunber average nol ecul ar

VRl giien Plend etBBOhaing £REnB& aveRXMolicBMP Felphtbd, 00010 Mss to
an epoxy conpound. 10 Here, the nunber average

ngplog e wraips wentgiied of arl dpxleumponmicul ar  pol yphenyl ene
ether is 4,000 or less, preferably 3,000 or |ess, nore

pr ef erbdre th@n&fiBer average aw]eculae wegght of thedow-mdlecdat s
preferably 500 or nore, nore preferably 1,000 or

rsl gphemylenaefhrercis 4:008r0a dess.maeferabl a3, 00 prjless, oore preferably 2,500
| ow nol ecul ar _pol yphenyl ene ether of 4,000 or, |ess
r@dﬁﬁ?e@wt errinit thereod, é)%li?f?fﬁf%h‘ly phfeor @W%Oé%megﬁrably 1,000 or

poI Ien 15 et her can ,contribute rov n
PRetharldb 50Fs Wracaffé?c&scru fer et i v el Syl PoLsphichtene

g el B s R o PRI B bpapmiene
CHRL B SRR it BB SRR S
PRIeYIBSRILEME wiiliRlorh D08Qr FRES c/ﬁnocfonltrﬁﬁﬁe toﬁfrr‘ifr&hﬁ?{lﬁé efectrical
characteristics.
[0030]

The content of components with number average molecular weights of 20,000
or more in the low-molecular polyphenylene ether is 10 mass% or less, preferably 5
mass% or less, more preferably 2 mass% or less, still more preferably 1 mass% or
less and may be substantially 0 mass%. Setting the content to the range can
contribute to improving the handleability (enhancing the solvent solubility) of the
epoxidized polyphenylene ether obtained by the epoxidation. The content of 1 % or
less can also contribute to achieving good solubility in a ketone solvent.

In this respect, the low-molecular polyphenylene ether can be obtained by the

above-described process for producing a low-molecular polyphenylene ether.
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mass% or | ess, nore preferably 2 mass% or |ess, stil
nore preferably | mass% or |ess and may be
substantially 0 nmass% Setting the content to the
range can contribute to inprgving the handl eability
(enhanci ng the sol vent solubiTity) of the epoxidized
pol yphenyl ene et her obtained by the epoxidation. The
content of 1 %or 25 less can also contribute to
dohzBvi ng good solubility in a ketone solvent. In this
respect, the | ow nol ecul ar pol yphenyl ene ether can be
obt ai ritae,dhe avesageatumber dﬁslmnbb@ﬁyqjomﬁ@@ns@pntpmd itz Pigy
a | ow nol ecul ar pol yphenyl ene ether. -16- [0031] Here,

thelegie phte lowrmelecwsr Rﬂhmi@nylenme;ﬁhwd&yrefga‘a}ud& or more, more
con in one Iecul | ow Iecul
{? i}m énOé@r%a mere QF%?ré{’]é(bll foqmzr theHpper uﬁﬁﬁ'éereof is

%F%fab?%égﬁ%% i Rt ShBPErBRpeE of e hydrony
| 53 TR R SE R Yo Rl i8Sl BEL I LARE el Bl

roxyl  —groups ecula

%ﬁll&iﬁ%ﬁ%{é@ ?&cﬁ@@ﬁ)"thé’tspc;xtyzr Qﬁe ? Ph PSR nﬁﬁ%xréfﬁi%ﬁoﬁc%ydroxyl

It nore reactive poxy resin

oBRmaKes ﬂf@é}ﬁki&zéﬂ)ﬁél}%}éﬁylerﬂf AHRS pidiletFesid®er to those of the
epoxi di zed pol yphenyl'ene ether's properties closer to

tdpoge ré3in, iwhich mppeyhanesihe readfiiviti ofrihi¢ epokidizeéd pblyphenylene ether.
reactivity of the epoxidi zed pol yphenyl ene ether. 10

THe aremgagembendfehe bydrokd grquhsaf yhie lgwaunplecdfr pdigphenylene

| ow-nol ecul ar pol yphenyl ene ether of 5 or |ess has

tetleer o6 Sior less havithe meesit ioh spnpresking @ sharpaise in theaneleyiscosity even
viscosjty even when a |arge anmount of the

p}iﬁlll%ﬂpﬂw'éfgﬁl aspangphide Prlyphenlenseti it ﬂ?@r&eﬂdwe epoxy modification.

nmodi fication. In this re acc

preset’ Rt Hpcrairal T nimegy e themswaF ppmber of
PR e S B3 B0 gaER A SanSenly S tfedof i tuy
SRR ERE i CplGMHe B (e M IR P broB Syt and

QH@H&Eb&fav%ﬁ S YndQUP Syt @i ned in one nol ecul e of
the epoxy conpound used I n the production process of

tloesyr esent enbodi ment is 2 or nore,

The average number of epoxy groups contained in one molecule of the epoxy
compound used in the production process of the present embodiment is 2 or more,
preferably 2.5 or more, more preferably 3 or more, and the upper limit thereof is
preferably 7 or less, more preferably 5.5 or less.  Setting the average number of
epoxy groups contained in one molecule to 2 or more has the merit of uniformly
curing the epoxidized polyphenylene ether together with the epoxy resin.  Setting it
to 7 or less can contribute to suppressing a side reaction (gelation or the like) in
epoxy-modifying the low-molecular polyphenylene ether.

[0033]
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20 preferably 2.5 or nore, nore preferably 3 or nore,
and the upper limt thereof is preferably 7 or |ess,
nore preferably 5.5 or less. Setting the average
nunber of epoxy groups cont%kned in one nolecule to 2
or nore has the nmerit of uniformy curing the
epoxi di zed pol yphenyl ene ether together with the epoxy
resin. Setting it to 7 or less can contribute to
suppr &amptesaf diehpor g aatipaumd(igethidh the averagdmurhbdref epaxy
25 epoxy-nodi fying the | ow nol ecul ar pol yphenyl ene
egrpweps. confaQied3h ond holdeukkrthéresf is £ or mwre prskudebispbonal dh-type
whi ch the average nunber of epoxy groups contained in
cwexyritstsubisphenal tifpei epory esingoigphicnel i@ sPapHERio,
A-type. epoxy resins _Q¥sphenol F-type epoxy. resins,.
HIYSpRERolYPEERYHYS e BY PeR KT YRS ePORY IR Gx% EPEHOHENS,

GRS m B RGBSR el 0B B S R
DRSS B RS P 82 e RRLPSES O R o

e’kgyg% ?&irfsy&gyclgpfél%ga)ﬁg{nl‘é?h%l egi) &Eiﬂ@,earl‘k?ﬁi ENGhPBEBR resins,

resins, am né epoxy resins, aliphatic

allipR&i CALMY ep&S) RSins, ARE hARLSRARIBHuN ARHOES TRRE efixy

These epoxy conpounds nay be used alone or in a

aoftponads fly bé udedldie ot & comBinetdn oflt®oRamhdre theaedfy ,
an epoxy conpound is preferably selected so that it

Rantvduderty, an epepocontioned igyurkfeptbdnsdl ental sotthatrit pravides) aiB
epoxy groups or nore per nolecule on the average.
[pogidjzedpotymbenensether hoving ddipoxgroups phioars neg molecule on the
hydr oxyl groups contained in the I ow 15 nol ecul ar
pBF#BRenyl ene ether to epoxy groups contained in the
jﬁﬁ%ﬁ conpound, for exanple, a process can be adopted

i nvol ves reacting the phenolic hydroxyl and

oD RLRRSR 0G 5 FNG Rl  RRENL By e o
gﬁ&lgglgmi%yhgrﬁ%l%%éetﬁgr 6 %8}&9’ ét%ub@&dn't’ﬁﬁeﬂ%%é)éﬁoq&%oﬁfﬁﬁﬂnd,
for example, a process can be adopted which involves reacting the phenolic hydroxyl
and epoxy groups at 100°C to 200°C for 1 to 20 hours in the presence of a catalyst
for reaction of these groups.

Here, examples of the catalyst include hydroxides such as sodium hydroxide
and potassium hydroxide; alkylate salts such as sodium methylate and sodium
butyrate; quaternary ammonium salts such as tetrabutylammonium chloride and
tetramethylammonium bromide; phosphonium salts such as tetraphenylphosphonium
bromide and amyltriphenylphosphonium bromide; imidazole catalysts such as 2-
methylimidazole and 2-methyl-4-imidazole; amine catalysts such as N,N-
diethylethanolamine; and potassium chloride. These compound may be used alone
or in a combination of two or more thereof.

[0035]
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20 and pot assi um hydroxi de; al kylate salts such as
sodi um net hyl ate and sodi um butyrate; quaternary
ammoni um sal ts such as tetrabutyl amoni um chl ori de and
tetranethylannoniunlbronide;1ghosphoniun1salts such as

t et raphenyl phosphoni um brom'8é and

anyl tri phenyl phosphoni um brom de; i m dazol e catal ysts

such as 2- methylim dazole and 2-nethyl -4-i m dazol e;

am ne Thatepbridized polyphamyldNe kth2b obtaried Pl diidamndhciion pegcess of the
and potassi um chl oride. These conpound may be used

giresvet erobodiment roo phiyrexhibits godd salubility insramatisesobiesnts such as

[ 0035] -18- The epoxidi zed pol yphenyl ene et her

dplugngany wxjeneruit pﬁ@ @%ﬁh%g?ﬂdowg@ehtdﬂn ketengsr esent

ot oa{1he BT gt BolaErm e it e Al EoTERIDE ittt
Py ey en SEthirodde th fRR P crBER TRl RS
Hodffaenchsagiith.  Ple BoRRrell BB AGE REGKAE SR GRIVHA
e&?éﬂdﬂgggcg vﬁfﬂoﬁﬂ%‘aﬁlgﬁl? ?%g:ﬂ ?éﬂﬁ?’d’tﬂoﬁ %n?&ﬁcﬁﬁer%%)&ﬁ teQfMBecause of

cure uct w siing layer separation from

Q&Cﬁigﬂea@@ﬂébf resin because of its high reactivity.
[0036] 10 Epoxy Resin Conposition and El ectronic

Neobsr The epoxy resin conposition according to the
present enbodi nent conprises the epoxidized

Pedoxy Resin @oepettiver andiHledtromik Iembke above producti on
process, an epoxy resin, and a curing agent for the |
epoxy Thespoxy fEsia copwpeyition apeerdis o iiedresanigmbadiaent comprises
present enbodi nent can _ provide_an el %ctroni c menber

cthe ePddized polyphenyleas pihgr absaiged gﬁﬁteha 8¥© Brofueuan Rregess, an
sol der heat  resi.stance,. solvent resistance, electrica

AN RSN A3 P ERrInE PR s T HERY F a7 ] TGO BB cappontion of
gtﬁgi sén Sé%%ogla}r\{einrt] %anagro(\)/lx eza(r)lle&e%?rggicrn%&@be?%xééfﬁnﬁ“QHﬁ?peeling
strength of a metal foil, solder heat resistance, solvent resistance, electrical
characteristics, and the like.
[0037]

The use of an epoxy resin having an oxazolidone ring as the above epoxy
resin is preferable because it can improve adhesion to copper foil and plastics
without reducing the heat resistance of the cured product.

The curing agent for the epoxy resin is preferably a curing agent capable of
reacting with the epoxy resin to form a three-dimensional network structure.
Examples of the curing agent include non-latent and latent curing agents which
encompass amide curing agents such as dicyandiamides and aliphatic polyamides;
amine curing agents such as diaminodiphenylmethane, metaphenylenediamine,
ammonia, triethylamine, and diethylamine; phenol curing agents such as bisphenol A,

bisphenol F, phenol novolac resin, cresol novolac resin, and p-xylene novolac resin;
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resin is preferable because it can inprove adhesion to
copper foil and plastics 20 w thout reducing the heat
resi stance of the cured product. The curing agent for

the epoxy resin is preferably a curing agent capable

of reacting with the epoxy” 25in to forma

t hr ee-di nensi onal network structure. Exanples of the
curing agent include non-latent and latent curing

ageatid anhydrive ceriogapents  dificskeagentsimay beyesed alongoh 1reg
diC{anqianides and al i phatic polyam des; 25 am ne
sambingtian ehtvo enropresheraptaniThe griing pganpistaddedbpreferably at 0.1 to

nmet aphenyl enedi anj, n apponj a, .triethylam ne, an
dpéﬂﬁvla@ﬁ%srw@wepwg}ﬁmeb’x Q-3 %wvée%c‘%hagors ipéepf%éﬁ'dl at 0.5 to
A . bi.sphenol F, phenol novgl ac_resin, cr.esol novol ac
T papivale perepihetgrnt ok thedtyqle Sory s gomppiton
ip&ﬁgride curing agents. These agents may be used

one or in a conbination of two or nore thereof. The

curin ' . t . .
cu TP oy S ety i conuin
Hald reffRiz@at.preferably at 0.5 to 1.5 equival ents per

epoxy equi val ent of the whol e epoxy resin conmposition.

5 [ 00g&hmplee of M flanieasiardanongRdindlidyat dast hiee leerdftom the
enbodi nent may al so contain a flane retardant.

EExeuppdomsistifig b fHeromircate] epek prebanst epoxgetontadlingphasphizeast
one selected fromthe group consisting of brom nated,
epopypundss phsphaip estors coomdensad pgoqph@tgphtgnsem@ quinone derivatives
corrgounpls, phosphate esters, condensed _ phosphate .
o3 peesphingrramperndsn e The flapgirpipedant igsuitdy pddedat 10 massde or
conmpounds. The f]ane retardant js suitably added, at , 10,
TR RH oy b5 SPOEIFSI ROMRIBNEn dp ey G1asTs surely achicving
osition in.view of nore surely.achi.evin I
ARy 1Y PR a3 el p LR sl AR o Rame
[ [ qhet 3 { :
SBIFER YL BOL R e B AR o 2Rt resi
fbhfokigbar dant resin 15 conposition. [0039] In the
above epoxy resin conposition, the epoxidized

gobynhenyl ene et her

In the above epoxy resin composition, the epoxidized polyphenylene ether
accounts for preferably 40 to 90 mass%, more preferably 50 to 60 mass% of the
epoxy resin composition.

In addition, the epoxy resin accounts for preferably 1 to 50 mass%, more
preferably 50 to 60 mass% of the epoxy resin composition.

Further, the flame retardant accounts for preferably 10 to 50 mass%, more
preferably 20 to 25 mass% of the epoxy resin composition.

These contents of the components can achieve a cured product which has
good electrical characteristics and has an extremely good balance among heat
resistance, adhesion and processability while maintaining flame retardancy.

[0040]
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accounts for preferably 40 to 90 mass% nore
preferably 50 to 60 mass% of the epoxy resin
conmposition. 20 In addition, the epoxy resin accounts
for preferably 1 to 50 nmass%,.nore preferably 50 to

60 mass% of the epoxy resin” gﬁpositlon. Further, the
flame retardant accounts for preferably 10 to 50

mass% nore preferably 20 to 25 nass% of the epoxy

r esi n Theepasi fiesiawompbsitien oHiht erésenteinttodemen mpyrferther contain
can achieve a cured product which has 25 good
gnectelerewir. characteristics and has an extrenely good

bal ance anong heat resistance, adhesion and

pr oc e S&amples of thericederater inchudei Imidazplensuchas Zrmgiyljmidazole, 2-
BB ey R Gy oA PR PSP ST s ghet a5 T
RS b D505 kR BB, b e
SRS B IRE iy YRS Y A B U e and
G g e et
ttApRARTHOYPHINS RafiRnlMofdds N Fifesé SiceRRNER Yh4) trsusbd Blowdr in a

t et raphenyl borate and tri phenyl phosphi ne

tcohibadtion Yif bos at Rorelthegef, accel erators nmay be used
alone or in a conbination of two or nore thereof. 10
[[004i1]] When a nol ded product such as an el ectronic
menber i s obtained using the epoxy resin conposition

of t héVimnesmntded phustiichmeh as an olgetronie memberisfobipgedgising the
prepared in advance. Here, exanples of afighvené fog
pepuFasHcomposifign ot di¢ nrasntierebodivenina vapishdhereof may be
addi ti pn t.o hal ogen solngnts s%ghnsgﬁdichLor nethaq$. Iud
e ORYERSEr MK BXARIRHET 25 WNY TRLCRERER tigvarnish Include
enzene, toluene.and .xyl ene, e
THRGETE @it HTAFT o B Re BRE LR Fenblibhenfy,
chloroform and aromatic solvents such as benzene, toluene and xylene.

Examples of the ketone solvent include aliphatic ketones such as methyl ethyl
ketone, methyl isopropyl ketone, methyl isobutyl ketone, and cyclohexanone and
aromatic ketones such as acetophenone. In addition, for example, in a case where a
curing agent such as a dicyandiamide or an accelerator less soluble in ketones is used,
a solvent such as, for example, dimethylformamide, methyl cellosolve, propylene
glycol monomethyl ether and mesitylene can also be used as a co-solvent when a
ketone is employed as the main solvent.

The solid content concentration in the varnish is not particularly limited;
however, it is preferably 30% to 80%.

[0042]

The electronic member of the present embodiment is formed using the above

epoxy resin composition. Examples of the form of the electronic member include
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ket one, nethyl isopropyl ketone, nethyl isobutyl

ket one, and cycl ohexanone and aromatic ketones such
as acetophenone. In addition, for exanple, in a case
where a curing agent such aé a di cyandi am de or an
accel erator |ess soluble in kKifones is used, 20 a

sol vent such as, for exanple, dinethylfornmam de,

nmet hyl cel |l osol ve, propylene glycol nonomethyl ether
ancepes pteptegna lansinated baoarth drous aderxy prawess al regnsheshend a
ketone is enployed as the nmain solvent. The solid
demineted boo ratsinshdch t he varnl sh is not
part|cularly limted; @ however, i.s preferably 30%
to goddethasdsifonpraucingthe|cpexy m@gmwr grexappleyp

%@S@@sﬂ% hﬁ&%&gﬁn&ﬁ%{m@sﬁ@ o el e vver

TG p RO e B i
pr i} Dﬂﬁﬁé!te?%ﬁhg n%ﬁ&’r[ﬂzéh %lgs%'c'ibtﬁhﬁ: Kvov%‘f&‘éﬂﬂ'& clo 91’ nonwoven

€ époxy I ncl ude exa

\yeedr CMH S01pl }geﬂ éﬁ@hht@i’i{iﬁﬂf‘ atTRGn it uﬁehelrééan lrg;sr@gﬁ?hted

substrate and th e solvent, 5 fol

hetthe siibsiste 1@(@'}1&11&:%1#1& Hn'ih@eds ubﬁé\veatxﬁsl ;ﬁ@f’et&@ﬁy @k 85 that the

cloth, aram d cl oth, polyester clot h, nonwoven gl ass

abgh hontarﬁmf@r/ény]rglaﬂodo Gd)%tliasedmm&ew&fss ofibk pecpreg.

cloth, pulp paper, and linter paper. The anmount of the
ee43] i npregnated into the substrate is not

particularly limted; however, it is preferably set so

t hat Mgshod és produeing e resintsheet dngudeg far exappleoa mathod Whlch
hased on fhe nmass of the pre 10, [.0043] Method_fo
ARives; apglyingsthe waimishdp @él@etairtgﬂm@IY$tbyle@&@rﬁmhﬁlal%e film, or the

%Flg%g@&@?ﬁ%%t#&vrgﬁ%ﬁ?%@f@%ﬁg at 26moing g bobat T
ﬁ e SRind BlaEkd ?)Sr‘ e difa B GHLE SRR AR
RRARACL 05 3 PR em ﬁgﬁ%%ﬁe aftbed GHThe ?Eﬁ?’ i o
ARIEMEP e ploBir] | ke 10 ke a
[0044]

Examples of methods for producing the laminated board include a method
which involves laminating a prepreg, a resin sheet and a copper foil into a layer
composition according to the purpose, followed by thermal compression. One
specific example thereof involves laminating pluralities of prepregs and curable
resin-metal foil composites on a substrate and bonding/thermal crosslinking the
layers under thermal compression to provide a laminated board having a desired
thickness. Another example thereof involves laminating a plurality of curable
resin-metal foil composites on a substrate and bonding/thermal curing the layers
under thermal compression to provide a laminated board having a desired thickness.

The metal foil may be used as a surface layer or an intermediate layer. Examples of
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mul ti-layered product. [0044] Exanples of nethods for
produci ng the | am nated board include a nethod which
involves lam nating a prepreg, a resin sheet and a
copper foil into a |ayer zg%ﬁpnposition according to
t he purpose, followed by thermal conpression. One
speci fic exanple thereof involves | am nating
pluralities of prepregs and curable resin-nmetal foi
methods far esodmeing tbeibstinatedbeard also intilwrdg/ a hethad which involves
crosslinking the |ayers under thernal conpression to
isheatingghe laminatingtaad chuag progessengpliralidy Pt emes forsequsatd.
Anot her _exanpl e thereof involves |am nating a
PpuliFHYEER8.of curable 25 resin-netal foil conposites on

. db i ng/th I [ | ay. .
B e e T
B398 5 5T L RS o O 5 S b B frine

oar_%gﬁxggFquﬂgﬂﬁkhqggﬁﬁor produci ng the | am nated

so I nclude a nethod which involves repeating
the lam nating and curing processes a plurality of
times for sequential nulti-layering. In this respect,
Bkiipleef erence to curing tenperature, the conditions
of curing 5 at 180C for one hour can be adopted, for
po4apbl e, as conditions for preparing a
gener al - purpose FR4 | am nated board. Exanples [0045]
10 THEhqpressahinventiamris dessribed bielawrin Bethep dpteil with refarence fo
detail with reference to Exanpl es and Conparative
Exampleeand Compatetive Exampley e A19waver.dheispentipnds gelintegded to
Ee,llnite to the foll om ng Exanpl es. [0046] The
& imifse fothe dellowrag Fxpmplest i cs was carried out by the
@4' ﬁWI ng nethods. 15 (1) Nunber Average Mol ecul ar

|8 t (M), Mol ecular Wight, and Mol ecul ar

The evaluation of characteristics was carried out by the following methods.
(1)  Number Average Molecular Weight (Mn), Molecular Weight, and Molecular
Weight Distribution (Mw/Mn)

Gel permeation chromatography analysis was performed using a column
consisting of Shodex A-804, A-803, A-802 and A802 (trade name, manufactured by
Showa Denko KK). Molecular weight was determined by comparison with the
elution time of a polystyrene whose molecular weight is known.

(2)  Phenolic Hydroxyl Group Equivalent and Number of Phenel Groups (Number
of OH)

A low-molecular polyphenylene ether was dissolved in methylene chloride, to
which a methanol solution of 0.1 N tetraethylammonium hydroxide was then added.
The mixture was vigorously stirred and then measured for absorbance at 318 nm.
The phenolic hydroxyl group equivalent (unit: meq/kg) was determined from the

difference in absorbance between a case where the methanol solution of 0.1 N
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Wei ght Distribution (Mv M) Cel perneation
chr omat ogr aphy anal ysis was perforned using a colum
consi sting of Shodex A-804, A-803, A-802 and A802
(trade nane, manufactured by,, Showa Denko KK).
Mol ecul ar wei ght was deterni‘ned by conparison with the
20 elution tine of a polystyrene whose nol ecul ar
wei ght is known. (2) Phenolic Hydroxyl G oup
etracthplamnioniuml hijxinokele vofs aBdehoild aGrasepheletoeinethanolf solition
A | ow nol ecul ar pol yphenyl ene ether was dissolved in
wes hotladded. c Hheddition, tho numbéraif phenal ereups ipcsaplecnls vast
0.1 N tetraethyl ammoni um hydr oxi de was then added. 25
qehenlatesk frgwethmgenﬂhg dydiexyl ereup pquivalentnd REMbERAISIALS
for absorbance at 318 nm The phenolic hydroxyl group
@&{ﬁc\%‘éﬂé(ﬁt Eﬁﬁ‘?ﬁa?teﬁ%‘&f’%g) was deternined fromthe

i fference, in absorbance between a case where the

th xy%&lub‘fa?%‘ of 0.1 N -23- tetraethyl anmoni um

hydr oxi d nol
sol u% ne%oégéqlﬁg%g%d’z% gnéaﬁﬁr%gggwﬁ%é E ,t('; Itﬁﬁ eﬁz%%er of

en | ecule was calculated fromthe
g‘ﬁeng}dfc ﬂygrégg{ﬂg?oup equi val ent and nunber average
ol eyicindidhidB tvak Rddedda af afolfCof (76 EqUivAIRRaY a curing agent
Equi val ent The epoxy equi val ent was neasured accordi ng
bazed bipthe epdRP equitdlint\dfas pexidized pdlypHanyldne ytheritandhikh 2-
was added in an anount of 0.6 equivalent as a curing
agthytimideze oy msrfutthe addekys avpscelatatorito pfovide agalaticn tiraelof 4
pol yphenyl ene ether, to which 2- 10 nmethyli m dazol e
maritésandPdrseende dt HH &irio affert eompanitiaro \EpEogition was
gelation time of 4 mnutes and 30 seconds at 170C tq

eiredpt EBORG proanethoyn andrmeassimdfos Blapolfangiion tempeatuag using a
ol ouSal oS Pea U], [0S RSO o
S e N TR ) e
gtg‘lgsmé?e.i i QMSH&Q&“M temperature measured in the first round was
defined as Tg 1, and the glass transition temperature measured under the same
conditions after cooling, as Tg 2. The absolute value of Tg 1 - Tg 2 was defined as
ATg. ATg gives an index for observing the proceeding of curing.
(5)  Solvent Resistance

The curing agent and accelerator were mixed in the epoxidized polyphenylene
ether as described in (4), which was then cured at 180°C for one hour. The
resultant cured product was soaked in a 3% sodium hydroxide aqueous solution at
40°C for 3 rﬁinutes and washed with running water for 20 minutes. The washed
cured product was observed for surface roughness. When the roughness was
compared between before and after the washing, the solvent resistance was
determined as "good" in the case where no change therein was observed and, as

"poor" in the case where the surface became rougher.
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15 atnosphere. The glass transition tenperature

measured in the first round was defined as Tg 1, and
the glass transition tenperature nmeasured under the

same conditions after coolifyg, as Tg 2. The absolute
value of Tg 1 - Tg 2 was deffned as ATg. ATg gives an

i ndex for observing the proceeding of curing. (5)

Sol vent Resi stance 20 The curing agent and accel erator
(er e Evakegionof Shkbdpxi di zed pol yphenyl ene ether as
descrlbed in (4), which was then cured at 180C for one
hour . A Terasuringseijechwas beatalissphved i s selaent e ak lprovidg agoptent

TG T T PR R
%ﬁﬁﬁé@iﬁlwéﬁg Suhd ab#éhf”“aé PlREeDB T PP B g hen
Bﬁér% g%ﬁggﬁ?‘%}é ! Eﬁe g’i‘l Bl": %Esehesa?édvtg %eaglfré It]’f‘e é of

case where no c

H:ﬂ@ L cdaSr Q%ﬁ?&%e%@ﬁweeﬂ%e mQ&q{g thd ﬁlt%rrfforﬁ %?ch"i’ﬁ@ ESvent
e s

rface ecams rou Eval uati on of

2Rl vebh hblaMliZedRSHTal ﬁﬁs@&ﬁtﬁ@ Elt&%dhﬁ@ﬁhﬁk@ 204 VRMnAd of the

solvent so as to provide a content of the neasuring

filgrgiek s©fo BAch®$ H¥ss%iok tyss,C ODhd sddubiilityrvarevhiaaied aat good!
the solution was allowed to stand at 25C for a
phedtheaboy e i deysof asdidydaya ndmiohe as Smbddratet stien giweg
a nenbrane filter. The filter was heated to neasure
frimm deyis éinclosivelmysdaye dinclueidel, ond ahEpogi 't whereih tias less than 5
bet ween the nmass of the filter fromwhich the sol vent

- been volatilized (the total mass of the filter and

Aty i e ol
1

S gl B s

HUTEL 5 PR AT, B Pt R o
fagstadaRAY P A fen't—@%tﬂx%lo%@es@ﬂ@rd The d' eI ectric

constant and Toss tange were measured according to
JIS C

[0047]
Examples 1 to 8 and Comparative Examples 1 to 3

Redistribution reaction was conducted under the composition and reaction
conditions each shown in Table 1 to provide low-molecular polyphenylene ethers I to
XI. Table 1 also includes the analyses of the resultant low-molecular

polyphenylene ethers. The details of the reaction conditions are given below.

[0048]
Example 1
In a reactor equipped with a bottom plug valve was placed 300 g of

mesitylene as a solvent, which was then heated to 90°C. Into the hot solution were
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6481. The neasuring apparatus used was an LCR neter
(trade nane: 4284A) 15 manufactured by Agil ent
Technol ogies Inc. [0047] Exanples 1 to 8 and
Conparative Exanples | to 3 di stribution reaction
was conducted under the conpusition and reaction 20
condi ti ons each shown in Table 1 to provide
| ow- nol ecul ar pol yphenyl ene ethers | to Xl. Table |
dissvédnidlOuglefsa tawepcadyptiepglese ethert with B @smbtaverage molecular
| ow- nol ecul ar pol yphenyl ene ethers. The details of
tvhmht eblk, §Wn(tredetame: dis2 02 magufaetiraddiyohsahi Keged @]hems“-als
nmple | In a reactor CP“ ped with a bottom p

Garp@@twa&argﬂ G8ef bgebzr@ ol @ﬁypbwée%ﬁ cam%w’e ntLhereto
: s Sed 20 glZ06 By sobrion ot ot Wﬁ%ﬂ? RRbb) B,

‘%“?If’%&‘iw S5 el By R, Porpolifiofliyf ekt oF240
8{ ﬁlr‘l'e(ana} 86“@%@ 69 i fnugk %&J}g@g%ibé‘gérg@g%tioarl.

¥
as a pol Chheno npoun ereto has a

Here fﬂ%srhdl)éélq{ﬁ%af%i’ hh’st 4 @éboﬁf oBBDE PHE cHRE dp?ﬂ‘ bfig 5§ BRDa value of

tra e nanme: Nyper M, manuf acture

ﬁa@rde@c;rﬂlsdsﬁmﬂ @té&fonﬁaﬂ&ﬁhﬂgd BY thé4dditish wﬁee@ 0. l\ﬁﬁ‘ﬂmﬂ) was
then stirred at 90C for 60 mnutes for redistribution

r eact Amaqueoties@iiuth hedrogeh@edonari wasaidded toathe geaction solution to
deconposition rate constant of 0.55, and a val ue of
sufbcidnityywpsistht isolntiom{adkaliomashang), aidtheteshljp thetdggeous solution
addition tinme is 0.14 a&l /hr). An aqueous sodi um

wosirempyed thaefreme Aesmalicaraunt of thp ergegigdeyaebiadnedthegmwas

t 10 sufficiently wash the solution (alk
Shiorfipfermingth Fﬁew%mvrqgﬁ@%%%w&l&(( gM thg,GBC method,

BBER ree g Sinpetie £ 3000 Ths GBRer of oErpReh deolctt
I

BN 3 o T

%gﬂ%ﬂg@%% ‘ré]" dt ?’ﬁé@&l@ u"i‘ hgrs\éﬁm}'g% a?n@lfag%s’(%gdt@soﬁlneﬁq{peto

measure the phenolic hydroxyl group equivalent, which resulted in the equivalent

being 625 meq/kg. Low-molecular polyphenylene ether I was thus obtained in

which the number of phenol groups per molecule was about 1.6.

{0049]
Example 2

In a reactor equipped with a bottom plug valve was placed 300 g of xylene as
a solvent, which was then heated to 90°C. Into the hot solution were dissolved 100
g of a raw polyphenylene ether with a number average molecular weight of 20,000
(trade name: SA201, manufactured by Asahi Kasei Chemicals Corporation) and 8 g
of bisphenol A (BPA) as a polyphenol compound. Thereto was added 400 g of a

2.5% xylene solution of benzoyl peroxide (BPO) (trade name: Nyper BMT,
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15 (MM VM) was 2.2. The solvent in the sanme organic

| ayer was also dried up to neasure the phenolic

hydr oxyl group equival ent, which resulted in the

equi val ent  being 625 neq/ kg, , Low nol ecul ar

pol yphenyl ene ether | was the& obtained in which the
nunber of phenol groups per nol ecul e was about 1.6. 20
[0049] Exanple 2 In a reactor equi pped with a bottom
mhang faeairstEb WNOFC arperhtidflovgr afperigd efi2Caminutesswhich mtas then
whi ch was then heated to 90C. Into the hot solution
veacteddit 9840 forrd 20 @finutgs. of Herey thovrgsliday phidatot kasa decomposition rate
with a nunber average nol ecul ar, wei ght of 20, 000 25

consians olﬁ 8:38; ardmporue ofthe dg@mmé@ro?yztm@iﬁtmklé%qled by the
Co 8 A (BPA
go%"w%ia@?ﬂa rp“%&h%%bfﬁlag Ther'et o vas added 400 g of a
. 5% ' BRPO,
name: My R eRer s B8 Bl EiriesphofEfign o
gé(ﬁ%t?%tl? %Jas %osfoh&l%g éﬂﬁﬁ&%&m%b&ﬂ t°5n S/quaqdegﬁs%ommn

m nu era I ni

h\%? rén@l%QEH@ng O &rAdiPam&RABE ﬁ{étorginupla?%' ob%ﬂﬁ‘edihere was

ue of econposition rate constant vi ded

t4Rn 16l 0&BMIRE thRARIn{YeP BydriglmbRcflar’®eight (Mn J by5thé\(1'rPC method,

aqueous sodi um hydr ogencar bonate was added to the

fnehi¢H reQultedGh M Bding 0,126.Uf Theeantdnt Wi v@fpordehs il mbleonlar
(al kali washing), and t hen only the aqueous sol ution

weesghteafi06eD0 drenark a3, 186 samd I the moteenlar okighhdistibyton c

| ayer obtained here was taken to determ ne the nunber

aVev/ Mg was 2dc ulThe sabiegtin tbwwgmelwwalm@ed up to

whi ch resulted in M _being 2,120. The content of

s a din phepplighydserad Lsrcavp egyivakenk rehichhresyltedgn sheorquingieat

% nd herm Iar t distribut

FBWM el BeloPersfave e@g ‘?sgthVﬁ ehtpiggdin
d neasure, th c hydr oxyl

“@aﬂﬁhsam“@sﬁ %ﬁ?@nwﬁf%wsmgng SRR i Vel ent

bei ng 850 neqg/ kg. Low nol ecul ar pol yphenyl ene ether 1|1

was thus obtained in which the nunber of phenol
a6¢xops per nol ecule is about 1.8.

Example 3

In a reactor equipped with a bottom plug valve was placed 300 g of toluene as
a solvent, which was then heated to 90°C. Into the hot solution were dissolved 100
g of a raw polyphenylene ether with a number average molecular weight of 18,000
(trade name: SA202, manufactured by Asahi Kasei Chemicals Corporation) and 8 g
of bisphenol A (BPA) as a polyphenol compound, the resulting solution was then
cooled to 70°C and charged with 1.6 ml of a 7% cobalt naphthenate mineral spirit
solution (manufactured by Wako Pure Chemical Industries Ltd.) as a catalyst.
Thereto was added 400 g of a 2.5% toluene solution of benzoyl peroxide (trade
name: Nyper BMT, manufactured by NOF Corporation) over a period of 240

minutes, which was then reacted at 70°C for 240 minutes. Here, the radical initiator
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15 [0050] Exanple 3 In a reactor equipped with a

bott om pl ug val ve was placed 300 g of toluene as a
sol vent, which was then heated to 90C. Into the hot
solution were dissolved 100 %O g of a raw

pol yphenyl ene ether with a heber aver age nol ecul ar

wei ght of 18,000 (trade nane: SA202, manufactured by
Asahi Kasei Chemicals Corporation) and 8 g of
haspenolpoditioBRAS carstant pH0.9fHdal vabengdohedecotripesition rate
resulting solution was then cooled to 70C and charged
winstant dgided byfthe digpwesstraditiondishe B LArheral spirit
solution (rmanufactured by Wako Pure Chemi cal ) .
| ndust\piagecous godiumdydragsiearbenate was added & the pepstign splgtion to

ggf%g{gfgﬁg Wgﬁé @h%%%)tyg:og E&gﬂ?%égﬁt@gﬁ g@gwq%?gﬁ(si s%?ution
PRSP ERe dEe Bt 0k FER! Siioh 18 sxtiri b b hyE s
(35Ol AR ARt v

SUelPEh 1RY oAt QRYILE Beifl 18200 The B8htérkt of cSrhBodohts ik

aqueous sodi um hydr ogehcar bonate was added to the

bRAGHul 4P W eFght 16 00000 itk fw281063%| ahdwas tholdaglas Melght on
(al kali washing), and then only the aqueous sol ution

Qiswitsutiot PMe V) keas a{ 7. orMheAoben in thermm orgénit leyeowanalse

| ayer obtained here was taken to determ ne the nunber
dvied ap & mohdsacaithe phewilightydtoxyt greusequingdentowhioiesitred in the
resulted in the nol ecul ar wei ght being 1,820. The
cquivalnt beinghfifomenks. wlow-melstwanpalyphgaylgre etherlil was thus
20, 000 or more was_ 0.5% and the nol ecul ar, i ght
@bteined iny tvhisk thampmbgT alebenol groups perBPIFeHE i ‘\?Iﬁ’t"lg L9sane
organic |layer was also 10 dried up to neasure the
phenol i ¢ hydroxyl group equivalent, which resulted in
@f‘v equi val ent being 1,050 neq/kg. Low nol ecul ar

E éhenylene ether Il was thus obtained in which

F%g??igg)er of phenol groups per nolecule is about 1.9.

In a reactor equipped with a bottom plug valve was placed 500 g of toluene as
a solvent, which was then heated to 90°C. Into the hot sclution were dissolved 100
g of a raw polyphenylene ether with a number average molecular weight of 18,000
(trade name: SA202, manufactured by Asahi Kasei Chemicals Corporation) and 8 g
of bisphenol A (BPA) as a polyphenol compound, the resulting solution was then
cooled to 80°C and charged with 1.6 ml of a 7% cobalt naphthenate mineral spirit
solution (manufactured by Wako Pure Chemical Industries Ltd.) as a catalyst.
Thereto was added 15 g of diisopropylbenzene hydroperoxide (trade name: Percumyl
P, manufactured by NOF Corporation) over a period of 60 minutes, which was then
reacted at 80°C for 240 minutes. Here, the radical initiator has a decomposition rate
constant of 0.0001, and a value of the decomposition rate constant divided by the

dropwise addition time is 0.0001 (1/hr).
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15 Exanple 4 In a reactor equipped with a bottom pl ug
val ve was placed 500 g of toluene as a solvent, which *
was then heated to 90C. Into the hot solution were

di ssol ved 100 g of a raw polyphenyl ene ether with a
nunber average nol ecul ar weight of 18,000 (trade

name: SA202, manufactured by Asahi Kasei Chem cals
Corporation) and 8 g 20 of bisphenol A (BPA) as a

pol y pAeagheons spdiumdydtdgencasisariate was aldeditd tha resstion kantion to
cooled to 80C and charged with 1.6 m of a 7% cobalt
sefifiloiehtiy stash therselution §gikali washirg)uaridgher( olbi mhmewowwn
Wako Pure Chem cal Industries Ltd.) as a cataly

e remeyedakerafiiorad  Asngpligmepnt 96@@@554%2@9@&1%(‘ here was
dr de (t P i
fﬂ)g( o %Bﬁ? Ingj‘%) EBS%FWEQ B {:ﬁﬂ%y %?lglgtd)yﬁﬁﬁ ﬁngmg\%ﬂ?,c\ﬁhwh

PRI g Mol Rt Shisdt n8E 8o The Bl BF colBorfinis it
o1 QP Gk Oghgglugfe@ fgo’a‘i (#%&E g&;a@q gﬂﬁ GOERG éhfcyle%ﬂlaf fefiht

constant ropw s |t I on
Qi g% / §'1 BA‘n lé@Rf'éﬁt 1%@1% $4fle organic la er was also
hlyS rogencar was ed to the react |gon sgl ution

Hhedup fd ﬁb@u}é me Wﬁé{blfbh@dﬁﬁwgrbﬁﬁ el Kaht whithhesulrkd in the

and then only the aqueous solution was renoved

el sléntdring™ Ormeéd/k g mollov-nafledulee polyphenyderiesyler IV was thus
obt ai ned here was taken to determ ne the nunber
abireden whichahé aumberi ofiphetn} grdvps GRACnaiecHlods about tA. 5
resulted in the nol ecul ar wei ght being 3,900. The
content of conmponents with nolecul ar wei ghts of
20,000 or nore was 1.9% and the nol ecul ar wei ght
#0821 i bution (Mv M) was 1.8. The solvent in the sane
&%'c | ayer was also dried up to neasure the
%ﬁ % hydr oxyl group equivalent, which resulted in

|togley pﬁ@%%ﬂ\{’g‘%w@ntg?%g’lﬂ‘na?\ﬂ &gé’n&qﬁ( 9‘18*”%@& et %‘%{ex?\‘hout frreept

?1838 g@l?*ﬂ%%%h mREW_}E l;hé} r i u Ir *gﬁs@ gg&ltlhﬁ o?@&ﬁbyﬂpe?omde
AhedeialthRbrerdi Rl & v?’as"\@s%d ?cﬁdertérﬁ‘ﬂn@ﬂ'l% nﬁﬁfbﬁpiverage molecular

weight by the GPC method, which resulted in the molecular weight being 1,820.

The content of components with molecular weights of 20,000 or more was 0.8%, and
the molecular weight distribution (Mw/Mn) was 2.0. The solvent in the same
organic layer was also dried up to measure the phenolic hydroxyl group equivalent,
which resulted in the equivalent being 930 meq/kg. Low-molecular polyphenylene
ether V was thus obtained in which the number of phenol groups per molecule is

about 1.7.

[0053]

Comparative Example 1
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15 that cobalt naphthenate was charged after the

dropwi se addition of benzoyl peroxide. The resultant
organic |ayer was used to determine the nunber average
nol ecul ar  wei ght by the GPngst hod, which resulted in

t he nol ecul ar wei ght bei ng 1;7°820. The content of
components wi th nol ecul ar wei ghts of 20,000 or nore

was 0.8% and the nolecular weight distribution

( MV Nin)a reactoreq@ippet avithal hastomn plug vhlve seasplazed $0¢aaf toluene as
| ayer was also dried up to neasure the phenolic
myalventywhigh o theguicoted énPO°C.wHntstihe Baisoludion; were ¢ dissolved 100
equi val ent being 930 neq/ kg. .Low nol ecu

pef wmyllyeh@yle@pwgwr Wil iReE oueen MECHIAr YRl of 18,000
Ftlzjﬁglg%]ram%gﬁgl;&; a‘;lg{?a%ﬁg?pp&zkiﬁp é@cm efrHcaAs ?gﬁa fa}lo%) ar?d56 g
PEPRARE0LACBPoTar R Phhch Bkt [ Re Rl RS o T,

g‘rel gﬁ;&eer&ﬁ gt}agl@ N éa nu%&ﬂ@fgctuﬂzd NOF @Ur;laoratlon)

ether w averagé nol ecu

gﬂ;en% ol8 &nggtes (Wi & 28R stirrd2 A2 0°CHE PRinutedoby

Kasel em cals Corporation) and 6 g 5 of

@Mﬁﬁ&ﬁﬂn réactiBRA) Hag:, thepadivalhiginaior aadp desuthpositieneste constant
was added 6 g of benzoyl peroxi de (trade nane: Nyper

BMJ.55 remduf adicsfabe BycohipBsiGon pase avnstan) dividedrbyahe érqp@@se

of 6 m nutes, which was then stirred at 90C for 60

ailditivesimeovas et/ i buti on reaction. Here, the

radical initiator had a decorrp03| ti on rat const

of 0. 85 aqaenis sodinmwdeTsenerbenatopLdder Zgastion solution to

const ant di VI ded by t dropwi se 1 add|

sulticenfiymjash i Sﬁhﬁl@alﬁgﬁ%‘bm @H\‘@y%‘}“g@% 8‘&% ‘l“&"\ﬁam“’“

added to t eact i on I ut i suf.

{78 TP YR, tg?{efrgan al""r ‘HT‘%‘& °f§’r?o?’ léi ére&tt% ﬁed"ﬁe?@ WS

us _.sol ut on V.
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bR el B ot pﬁo(l)édéa i R bRy 2[0S THE @GMERToT tBingBherywith

molecular weights of 20,000 or more was 21.0%, and the molecular weight

distribution (Mw/Mn) was 3.2. The solvent in the same organic layer was also
dried up to measure the phenolic hydroxyl group equivalent, which resulted in the
equivalent being 625 meq/kg. Low-molecular polyphenylene ether VI was thus

obtained in which the number of phenol groups per molecule is about 1.4.

[0054]
Comparative Example 2

In a reactor equipped with a bottom plug valve was placed 100 g of toluene as
a solvent, which was then heated to 90°C. Into the hot solution were dissolved 100
g of a raw polyphenylene ether with a number average molecular weight of 18,000

(trade name: SA202, manufactured by Asahi Kasei Chemicals Corporation) and6 g
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15 resulted in the nol ecul ar wei ght being 2,300. The
content of conponents with nolecular wei ghts of

20,000 or nore was 21.0% and the nol ecul ar wei ght

di stribution (Mv M) was 3. The solvent in the sane
organic layer was also driet up to neasure the
phenol i ¢ hydroxyl group equivalent, which resulted in
the equival ent being 625 neq/ kg. Low nol ecul ar
pbHbigpteany A ¢BEAg e polyphewmd cothpeund) dhemtoneas added A0 gof a
the nunmber of phenol groups per nolecule is about 1.4.

1 0% dueBosabaticn ¢RhsnEood pploaide (trﬁdwmw@ﬂr BNLH;: pseytactured
with a botton1g|ug valve was pl aced 100 tg tqu ne_ .
by NOBCarposatipaheveresind @ §2 QWéwt?ﬁeM Was thgrstiniedyas 90°C

b Eﬁ%ﬁfﬂglé?#er'egwﬁ{l&m ESCSom e g gL A S A
18, 000
%%\%?P 10p;Tatecanst @épg 8%§r ﬁg{rag qhé%) tﬁ% 8@%@0@@@4 rrgt? oBstant
. | d. Th
SLIRH e Aebiiigadfioh e ¥R IS UBRTET N or Thansoy
per oxjhdead u@qulﬂﬂrfﬁfdrdﬁéﬁgﬁrb% whPdidbasd ﬂh'é@éﬁctlbﬂ sc’)‘lﬁlfon to

Cor porati'on) over a“’perio 120 m nutes, which

Sh@Riently WasK tiRtsoRiden (ARl GAsHIRhE)VARSthE® bnnyehie ﬁqwebvhnﬂdlm:mﬂ
reaction. Here, the radical initiator had a 5

sas esmesidithasiromt e Acandll ansurnbf thembganankdyer obddined Ixfre was
t he deconposition rate constant divided by the
tikep o detemade theamnttienevergge 0ol2gulariweight bythe @ngglod which
sodi um hydrogencar bonate was added to the reaction
soulied trthe molesutar wsight beipg RAOR. t Fhe senteatiof somppreats with
washi ng), and then only the agueous sol ut was
m%wéaa WP} BHO00OTIRReIWas o e, 290 ﬂt‘%’éwt?PE‘ﬁWSlgF‘E\yer
BB LB o D oA T e R o
th U :
R Uh S bt s Tk ) B B $hitn fted in the
3. g | h

é 219?@%%1%%6%% LRl "5?1‘3‘2%1%@% o s s

%&?ﬁedqn W&{ th¥RSmBESE phéﬁél%%wa PePmBRRENSabde 1.6,

phenol i ¢ hydroxyl group equivalent, which resulted in
t he

[0055]
Example 6

The same experiment as in the production example 3 was carried out except
that the temperature during the dropwise addition and the reaction temperature were
both set at 110°C. Here, the radical initiator has a decomposition rate constant of
5.1, and a value of the decomposition rate constant divided by the dropwise addition
time is 1.3 (1/hr). The resultant organic layer was used to determine the number
average molecular weight by the GPC method, which resulted in the molecular
weight being 1,750. The content of components with molecular weights of 20,000

or more was 8.5%, and the molecular weight distribution (Mw/Mn) was 3.2. The
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15 equi val ent being 650 nmeq/ kg. Low nol ecul ar
pol yphenyl ene ether VII was thus obtained in which
t he nunber of phenol groups per nolecule is about 1.6.
[0055] Exanple 6 20 The saqf experinment as in the
producti on exanple 3 was car lied out except that the
tenperature during the dropwi se addition and the
reaction tenperature were both set at 110C. Here, the
scddént & theshrmk et ganidlageravad atsordpied iupito measitre theqhshalint hyadfoxyl
5.1, and a val ue of the deconposition rate constant
giioup deuivilgnt, whidrreglied én theadiquivalent beimg81Gmeq/Re( 1Low) .
The resultant organic | ayer was used to determ ne the
atasalar pelynhenyiage ethst ¥dUivas thysi aptaingsl inpvrctghe nymbgnef
;@%FE resulted in the nol ecular weight being 1, 750.

of gioumhper srolegie BrABAYS! - t h nol ecul ar wei ght s of
20,000 or nore was 8.5% and the nol ecul ar wei ght
di stribution (MvM Mh) was 3.2. The -31 solvent in the

organi c |layer was also dried up to neasure the

Eﬁgﬁ%lic hydr oxyl group equival ent, which resulted in

ER yi val ent being 810 neg/ kg. Low nol ecul ar
poﬁggﬁenylene ether VIIl was thus obtained in which

t he npEdQmQikpeRRenes i9fHRYPSIRAN BRI SvdsTaAtdWut except
1.4. 5 [0056] Exanple 7 The sane experinent as in the

e\ 206-k Plené1¥ A MRIce of bisplenoPAl | THe Gestiltant ©fginic lage vads used to
2,6-xylenol in place of bisphenol A The resultant

detgamine tHeaypentbenagerageatdolecularlWeight ey thie GP G methodymvkich resulted
average nol ecul ar wei ght by the GPC nethod, which
imethe Imodetulan wehght reing 4A8Qr  be gontentaifiggmpomas withaolecular
content of conponents w th nol ecul ar megghts, f.
voiehtsf@0.008108 mpze was 356, and theveolesylacieight %ﬂgwm
istributi was 2.5. The.solvent in the sanme
BV Tesg e, e salveys TaMeamissremic fudStiee rioa p 1
Fﬁg&gg{h%\?g%gﬂgw;dr&%? Ex%uf% ull,li\\/fgllereltlj %Vhléﬁh r'es(.:ul?tea iy Hlletesgivlaﬂ:nt
being 460 meq/kg. Low-molecular polyphenylene ether [X was thus obtained in

which the number of phenol groups per molecule is about 1.1.

[0057]
Comparative Example 3

In a reactor equipped with a bottom plug valve was placed 900 g of toluene as
a solvent, which was then heated to 90°C. Into the hot solution were dissolved 100
g of a raw polyphenylene ether with a number average molecular weight of 18,000
(trade name: SA202, manufactured by Asahi Kasei Chemicals Corporation) and 2 g
of bisphenol A (BPA) as a polyphenol compound. Thereto was added 100 g a 2%
toluene solution of benzoyl peroxide (trade name: Nyper BMT, manufactured by
NOF Corporation) over a period of 240 minutes, which was then reacted at 90°C for

240 minutes. Here, the radical initiator had a decomposition rate constant of 0.55,
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15 being 460 nmeqg/ kg. Low nol ecul ar pol yphenyl ene et her

| X was thus obtained in which the nunber of phenol
groups per nolecule is about 1.1. [0057] Conparative
Exanple 3 20 In a reactor equj pped with a bottom pl ug
val ve was placed 900 g of t< 4ene as a sol vent, which
was then heated to 90C. Into the hot solution were

di ssolved 100 g of a raw pol yphenyl ene ether with a
AR @4lu@ ¥ £fhe decdiBpRaidnantewehg it dididddBb PR drépwiseladdition time
name: SA202, manufactured by Asahi Kasei Chem cals

&as pargiihen) and 2 g of bisphenol A (BPA) as a

pol yphenol conpound. Thereto was added 100 g a 2% 25.

t ol ueAr agadous setiumfhydemgeosarbonateoxscasdded Folle TeagHan solution to

et pasa P NGB SIKal e DEISATHB PR PR tion
S EOSA R BR PR o AL ERurs o e guganie oy B ipin B wos
s SRR i A 1 B v
RIS e
‘P@oﬁ@u’l’%)utr%éﬁg ?f NEFOPEY Mot MEasBG O U d 0 mblediillar relps

renove rom A small amount of the organic |ayer

ARk UIRd (VBRI AIY)aSast2ek e MTHeG olRheinthe sanidierganioteyer was also
aver age nol ecul’ar wei ght by the GPC net hod, which

Ideied up estmeBsuk Hitherphksslid lnidroxsd ghatip equinglest, Abich régudted in the
content of conponents with nolecul ar wei ghts of
20uidaRnOseimpt & megkg6. Rew-rasidculargrohmhenylerg ether X mas thus
di stribution (MvM M) was 2.7. The solvent in the _sane
@birémsddn whyedy thaasmbbrsef phenelrarexpspst melaaleds, ARNES
phenol i ¢ hydroxyl group equivalent, which resulted in
the equival ent being 160 neq/ kg. Low nol ecul ar
poh%ﬁhenylene ether X was thus obtained in which the
id r of phenol groups per nol ecule is about 1.3.

[Eq(%%%]le 2 15 Exanple 8

The same experiment as in the production example 1 was carried out except
for elimination of the step of washing with an aqueous sodium hydrogencarbonate to
provide low-molecular polyphenylene ether X.  The organic layer was used to
determine the number average molecular weight by the GPC method, which resulted
in the molecular weight being 2,610. The content of components with molecular
weights of 20,000 or more was 5.3%, and the molecular weight distribution
(Mw/Mn) was 2.2. The solvent in the same organic layer was also dried up to
measure the phenolic hydroxyl group equivalent, which resulted in the equivalent
being 580 meq/kg. Low-molecular polyphenylene ether X was thus obtained in

which the number of phenol groups per molecule is about 1.5.
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20,000 or nore was 5.3% and the nol ecul ar wei ght
fiabterilbution (M~ Mn) was 2.2. The solvent in the sane
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,C h34ti 89 r. E -34- [0060] 4I‘—'romthe results of Table

1 the followi ng contents can be read. (1) To reduce

MOL_20, 000 (9" (the content of conponents with

[kepul ar  wei ghts of 20,000 or nore) to 10%or |ess,

It is effective to use a catalyst, control the 5

dr opviFrem the tésultoof Tible 1 othe folloadig eontems eandhegiead.cont r oI

the quantitative ratio of a raw pol yphenyl ene eth {

91)3 ol T/t}erﬂdpca‘l‘i‘dOd@aBJOQO (%h"e(ﬂ@m%{}ﬁ’ltqma P%PQ“&NS&"@T ecular

radical initiator to a solvent.

mmht??f/)zos(}% rEENP 0 A lam “d? et 9 VS A oy confep! the

IS

qupaf§$easlriec}t1q¥ﬁetmt1§9 PR e R F B  ab BP Bl
ny| t

POMP B R SR e Pt S B udrn 2 rallel

1n1t1§01$ %l Vs%went [ 0061]

(2)  To improve (narrow) the molecular weight distribution (Mw/Mn), it is
effective to control the dropwise addition time of a radical initiator, control the
quantitative ratio of a raw polyphenylene ether to a solvent, and control the

quantitative ratio of a radical initiator to a solvent.

[0061]
Examples 9 to 16 and Comparative Examples 4 to 7

To 40 g of a bisphenol A-type epoxy resin (trade name: A250, manufactured
by Asahi Kasei Epoxy Corporation) was added 0.1 g of tri-o-tolylphosphine as a
catalyst, which was sufficiently stirred and then heated up to 160°C. In addition,
cach one of the low-molecular polyphenylene ethers I to XI or a high-molecular
polyphenylene ether with a number average molecular weight of 18,000 (trade name:
SA202, manufactured by Asahi Kasei Chemicals Corporation) was (dropwise) added
so0 as to provide a loading of 60 g. The mixture was reacted for 5 hours to provide
an epoxidized polyphenylene ether (epoxidized PPE). The results of evaluation of
various physical properties thereof are shown in Table 2.
[0062]

To 70 g of each epoxidized PPE obtained as described above was added 30 g
of a highly brominated epoxy resin (trade name: AER8018, manufactured by Asahi

Kasei Chemicals Corporation), added dicyandiamide as a curing agent in an amount
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Exanples 9 to 16 and Conparative Exanples 4 to 7 15 To
40 g of a bisphenol A-type epoxy resin (trade nane:
A250, nmanufactured by Asahi Kasei Epoxy Corporation)
was added 0.1 g of tri-o-toly) phosphine as a

catal yst, which was suffici'enhtly stirred and then
heated up to 160C. In addition, each one of the

| ow nol ecul ar pol yphenyl ene ethers Ito XI or a

bf @b-foxdl eqoivakent agtht ypirengrbem emetrtéwased drithe epanyhgoup in the
average nol ecul ar wei ght of 18,000 (trade name: 20 .
SARABtionpand sted methy ethad ketondasasol Gimbni Baghgvamish had a solid
Cor poration) was (dropw se) added so_as to_provide a
Faueit 0§ 6@ massYog . ImExamplss 9 tel hassuming thetithe phenpligdydeoxyl
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0.3%nas9% Bhs&t 6011 sBHY bMRER DT edch Vol s1a Th MG thel Belai®iiitiine of
based on the epoxy group in the conposition, and

ardathigeithybe e tywitkiatthdngs obd &0$ wimites. Eatins epaxy rséin
had a solid content of 60 mass% In Exanples 9 to 11,

sarnishengerelvbtaindde phenol i ¢ hydroxyl group of each

| ow- nol ecul ar pol yphenyl ene ether reacted with the

epoxyEapheppxy st ayrishiivasinpregratedsintietiglass detbKtrage name:

ampunt to correspond to the nunber of ep_ox¥ gr oups

2} Brmanpfasturedsbn A aahdinS ciebel ospepiomaad duied to,prgyide gagepreg
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VarnrShes wer e obt ai ned.  Eac epoxy resin varnfsh
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bRsRIr& ¥t ABkFcRF ePTHEB double-sided copper-clad laminated boards were
obtained.

The resultant double-sided copper-clad laminated boards were evaluated for
various laminated board physical properties. The results are shown in Table 2. In

this respect, in Comparative Examples 4 and 5, ATg's were each determined to be

unanalyzable since two Tg's appeared.
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physi cal properties. The results are shown in Table 2.
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Fromthe results of Table 2, the follow ng contents
can be read. (1) The | ow nol ecul ar pol yphenyl ene
fi06eT s having a "MOL_20,000 (99" of 10%or |ess
(preferably 5% or |ess) were each used and

epoxyEnoodtht iresults of Patde 2 dbe f@lowieg eqrostitslcande read.

pol yphenyl ene et her having good solubility in toluene
& r obim oenpelegelar mlyphﬂna}graﬁﬁh@w,havma" Fa2@ YR )" of
gool yphenyl ene théars having a " 0, 000 (9%, .of 2%d
% as dess (preferably A Y rdesshWaressash ys Epexy-modifiedyp grovide

P o B IER RS S Ao 888t o
L%r | %gg a%d,}sljt%r}o/weelgw-r?lgﬁcﬁgpﬁgl%l{éﬁweﬂg efflers having a
"MOL_ZZ0,000 (%)" of 2% or less were each used and epoxy-modified to provide the
epoxidized polyphenylene ether having good solubility in methy! ethy! ketone.

(2)  The low-molecular polyphenylene ethers having a "MOL>20,000 (%)" of
10% or less and a number of phenolic hydroxyl groups of 1.2 or more were each
used and epoxy-modified to provide an epoxidized polyphenylene ether. The epoxy
resin composition containing the epoxidized polyphenylene ether was cured without
causing phase separation during the production of the laminated board. In addition,
the laminated board had a better solvent resistance.

(3)  The step of washing with alkali was adopted in producing the low-molecular
polyphenylene ethers to provide the laminated boards favorable in glass transition

temperature, electrical characteristics and the like.
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10 10% or | ess and a nunber of phenolic hydroxyl
groups of 1.2 or nore were each used and

epoxy-nodi fied to provide an epoxi di zed pol yphenyl ene
et her. The epoxy resin conmp@sition containing the
epoxi di zed pol yphenyl ene et “was cured wthout
causi ng phase separation during the production of the
| am nated board. In addition, the |am nated board had
a better solvent resistandd.AIMS(3) The step of
washing with al kali was adopted in producing the

| ow- nol ecul ar pol yphenyl ene ethers to provide the

| am nat ed boards favorable in glass transiti
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intidtbRtRdracteriaxdag ttgd zed in that: the redistribution
reaction step is a step conducted in a solvent; 10 the
rat i othetedidiibuition readtionemyib @ sepebidirctdddn talselvent; vent
(raw pol yphenyl ene ether : solvent) (mass ratio) is

pr ovi thedatet oftheiraw pclPphenykede stheO® thersalvent framof)olyrheaylene
the ratio of the radical initiator to the sol vent

etharli solvent)rimapsratie) is psevidestat 0.4 msto 404108 (mpss ratio); and
provided at 0.5 : 1 0 mass, ratjo
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3. The production process according to claim 1 or 2, wherein the redistribution

reaction step is a step performed using at least one catalyst selected from the group
consisting of metal naphthenates, vanadium pentoxide, aniline, amine compounds,
guaternary ammonium salts, imidazole, and phosphonium salts.

4, The production process according to claim 1, 2, or 3, wherein the
redistribution reaction step is a step in which the radical initiator is added at an
average rate of 0.1 part by mass/minute or less based on 100 parts by mass of the raw
polyphenylene ether.

5. The production process according to any one of claims 1 to 4, wherein the

redistribution reaction step is a step in which the radical initiator is added under such
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20 quaternary amonium salts, imdazole, and
phosphonium salts. 4. The production process according
toclaim1, 2, or 3, wherein the redistribution
reaction step is a step in [ch the radical initiator
is added at an average rate’of 0.1 part by

mass/ mnute or | ess based on 100 parts by nmass of the
raw pol yphenyl ene ether. 25 5. The production process
aaiitistisnigatthee thrgsholderahie peoddebasl the decbmpobigionirate thistant of the
redistribution reaction step is a step in which the
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il @itas wefgh?de D00 oriisre 0610 ifdssP o8 Usoind £asmberdivarage
nunber average 10 nol ecul ar wei ght of 4,000 or |ess,
afodecalar eveight df 4,000 balessy charhetetitedrin cliediamadeahlarrchain end unit
havi ng both a phenolic hydroxyl group and a nethyl ene
ga\oupbmaqﬂwnolu qhytdnex yb grdwp and@gnethylang group erqﬁmin@ thecortho
hydr ox group_accounts for 1 to 20 mass% of th
n@%@u%athe phenelic hydroaylgreepascopps o g rﬁgSSa{hof the molecular
epoxi di zed pol yphenyl ene ether by addition of 15
B%@holic hydr oxyl groups contained in a | ow nol ecul ar
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epoxy compound, characterized in that:

the low-molecular polyphenylene ether has a content of components with
molecular weights of 20,000 or more of 10 mass% or less; and

the epoxy compound has an average number of the epoxy groups per
molecule of 2 or more.
10.  The production process according to claim 9, wherein the low-molecular
polyphenylene ether has an average number of the phenolic hydroxyl groups per
molecule of 1.2 or more.
11.  The production process according to claim 9 or 10, wherein the low-

molecular polyphenylene ether is a low-molecular polyphenylene ether obtained by



20 the epoxy conmpound has an average nunber of the
epoxy groups per nolecule of 2 or nore. 10. The
production process according to claim9, wherein the

| ow nol ecul ar polyphenylene ther has an average
nunber of the phenolic hydro groups per nolecule
of 1.2 or nore. 25 11. The production process
according to claim9 or 10, wherein the | ow nol ecul ar
ol prpdetiph precest dveording ta ahpwd clainesc Litcat, oo dhe/lpivemylecular
et her obtained by -40- the production process
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an, epoxy. res 5 and a curing agent for epoxy resin.
T%d gﬁ ’é t%ﬁego%rﬁ%& sel ec?edgfrom t he Sr oﬁp

?9 nsi g élg&rd}flc ﬂl@m%eloﬁeo%del%rﬁ Yhe e% @&Hﬁ%ﬁvg%f Qe %ﬁgxy Igepreg,

roman epoxy resin s I am hat’e

Q@zﬁﬁﬂatfeﬂ BBhA frdn%h @ &Gﬁ;ﬁ-& rep NereSRTRG:, &?ﬁ'aﬂﬁmﬁrﬁ"té&%%ard from a
usi ng the epoxy resin conp05|t|on according to claim

tedin sheet, the member being formed using the epoxy resin composition according

to claim 12.



