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1 - DESCRI PTI ON PROCESS FOR PRODUCI NG LOW MOLECULAR
POLYPHENYLENE ETHER 5Technical Field [0001] The
present invention relates to a process for producing a
| ow nol ecul ar pol yphenyl ene-¢ther; a | ow nol ecul ar
pol yphenyl ene ether; a process for producing an
epoxi di zed pol yphenyl ene ether; an epoxy resin
conposition; and an ele menber. Background
Art [0002] Epoxy reS|nsEﬁ%ﬁﬂgﬁT e excellent in cost
performance, are wi dely used as 15insulating materials
for printed wiring boards. In recent years, these
Pﬁ@@Es”sqf(b}@ cieq dFeNoIaiT 8] FOLVAMENYLENE ETHER
hi gher-functional physical properties to, for exanple,
support a higher density of wiring. By way of exanple,
for printed wiring boards used in high frequency
TaphicabFictins such as satellite conmmuni cations, there
has been a need for an insulating material having
BWOe] | ent dielectric characteristics such as a 20l ow
dielectric constant and a |low | oss tangent in view of
pr ev ehhe prgsest gwamthmemh»;cs tp @@oBFEess for prodppiaggdewgnolgeular
yphenyl ene ether as aone of the materials excgllen
miyme@vl@et: ether; clawpelerylat pelwpheaylepe ethek ARIRFCss 1ok aradyging

1970s .. However h- nol ecul ar ph ne .

o quo e PTEBREnT H0 i FREBT I ey P15 RRa S Bo N O cffefnic
% viscosity. 25For exanple, Patent Docunents 1 and

Ewgﬁ % each describe a process for producing a

| am nat ed board by preparing a toluene solution of a

pol yphenyl ene et her and inpregnating the tol uene

8ltdd Afpt 0 a substrate while heating the sol ution.

wever, such a process is very dangerous which

fopge] ves inpregnating a toluene solution while heating

the sol ution. In addition, a polyphenyl ene ether

i's gefpixglrbsing) odiich die exdablait ibicbsttperfairhimcaare paagty used as

resin. Thus, when a sinple m xture of the

medllyplh@mytemaks fot prémtedhiriing brerdse s iln réSiest yesesd these epaxawesins

material for a nolded article, it often represents a

kavglalsorhgen resuineg tmb@/etm@mmnélaqhy@palmﬁgmm@ftOt fos example,

resul ting nol ded article. [0004 To sol theg
m@ﬁ@%@mé@wry BIETRSNt BY YAy 9 e&ar@é&hfoa@éetﬁ Wéﬂ%g oards

@V it ?%qﬁé’rﬁ%d%% 9%1?8&9#‘%&?53&% Bpigegone, fertfas been

LRRELRR! e BRLE R s '%@%fcﬁﬁ% PR ko
|

S0 RSHTREN S0 (R ST iy s,

B@b henylene ether by a polynerization nmethod and

hen’ epoxy-nodi fying the pol yphenyl ene ether. 15[ 0005]

[ Pat eftie [0 ¥ AB0lyphényldRANRST As BA¢ 6MNthe Nerterbfibdihent in dielectric
[ Pat ent Docunent 2] ‘Japanese Patent No. 3300426

{HRad dtstiDokasReh kiddwr Bnée heA®33048 so. However, 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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[ Patent Docunent 4] Japanese Patent No. 3248424 20

[ Pat ent Docunent 5] W2004/ 104097 [ Patent Docunent 6]
JP- A- 2004- 256717 Di scl osure of the Invention

Probl ems to be Sol ved by thejl.nventi on 25[ 0006] 3 -
the handleability of the resulting | ow nol ecul ar

pol yphenyl ene ether. The epoxi di zed pol yphenyl ene

et hers described in Patent Doc nts 3 and 4 al.so
Eloperer, sud 4 RyBeRss &vwé%?%m%ﬁwnf/%#vmsﬂwewgn anplngne

rate and.the like when form ng a conposition with an

§§8§91W8§?H?m%%ﬁh%%%m%¥her hand, the processes

descry bed..i - sal d:

o beraiias|od. PbSBhrRAUTRRL R etnBlly RoEAOImrRRLER) Hich an

' 0 ' hG leBREQith the resi

AR bl GO UEHL L D TbRnCORETA e i

6 Jsed BB 4 ARE BSterihiNbY a ndolO&i aitiole] # 6fte®feprdientoaehelidnge to

invention is to provide a process for producing an

eoox il methapiohlyplagtilof te resigng malded grigpded

handl eabi lity. Another object of the present invention

[@®0dd provide a process for producing a | ow nol ecul ar

pol yphenyl ene ether suitable as a raw material for the

epoxi B0 s&de psss piobleyise Retertt Pequmentsahands beacksicsirihg amgcess

Probl ens 15[ 0007] The present inventors hgve

fxmreding & mpdified pphehenlencether by cepYSiing? pRkyPAFYlgne cther
robl ens. result, the inventors have found,that
SRR QHoRI BRGSO et g AP figing the

di stri.buti. t.i i mpl id
PANETE PUBE PTG By 1 ene et her sui table as a raw

terpal f i d | | -
Sonavt Rt S5 RrAAY ERH RS ERHRE ORE WBRR imvolves,
Pfo%ﬁﬁﬂ ailwgﬂél:b%gar Rl %@%%Iggh?nyﬂ?ﬂé%thetr BS aoBaRdHzation method

nventron provides a pro or producing a

bR LESUL- A6 dIFEhY BRepbI | ieayRhO ether. 2 | ow- nol ecul ar

pol yphenyl’'ene et her, 'a process for producing an
pwosi di zed pol yphenyl ene et her, an epoxy resin
conmposition, and an el ectronic 25 nenber as descri bed
ptewDocimAntpr|depsssd RPategMod 2662 5a | ow ol ecul ar

pol yphenyl ene et her having a content of conponents
R at¢nt Mvicemantad] Japdngse %at@ft%ﬂl)ﬁ@@@“?@r more of 10 mass%
or -4 less and _a nunber average nol ecul ar wei ght of

B by Documents3 1dY-Ar9r 29349 r i but i on reacti on which
[hvol ves reacting a raw | ene ether having a
dW%%FXQW@FgﬁbJﬁ%?@ﬁhﬁﬁﬁa&gygﬁggéﬁ 10, 000 or nmore with

ol yphenol a radical initiator,

@ﬁ@?ﬁ (fPV§%Hﬁ8&E@ﬂ§%J&§gWe redi stribution reaction
[ 0 y4, a solvent; the ratio of

ﬁ%@QFg&?ﬁ%ﬁ@%ﬂéﬁ?ﬁ%ﬁ@*@?ﬁ@? to the solvent (raw
pol yphenyl ene ether : solvent) (mass ratio) is
provided at 0.4 : 100 to 40 : 100 (mmss ratio); and

bheldsatd i 18 1rvBgidradi cal initiator to the sol vent
(radical initiator : solvent) (mass ratio) is provided
Bfoblnks to bk 1¥ed By the LORn(ismss rati o).
[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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10(2) The production process described in item(1),
wherei n the | ow nol ecul ar pol yphenyl ene et her has an
aver age nunber of phenolic hydroxyl groups per

nol ecule of 1.2 or nore. (3)3_The production process
described initem (1) or (2), wherein the

redi stribution reaction step is a step perforned using

e L
Lo R B oS EAGR SRS alsp ag
g%;ae 10 mﬁgfpg bﬁﬁﬂﬁ&ﬁ&%?%{ﬂ?%? heQﬁgn Pat% Lﬁcmh(e H(e vslgh%)l ’for%mg a

ere ron r Ion step

§5rgpoélﬁbmitggngg&};@ghcal initiator is added at an

average rate of 0.1 part by nmass/m nute or |ess based

on 100n @@y dtherBandBES pRicedsbedésembalPiRd aydnh ©d¢iaRs Stahe 6.

(5) The productlon process described in any of itens
¢dnnot be §4d to b dmelaprodessdsadt still iathuiti ddimpeaeineonin$éra of the
is astep in which the radical initiator is added
predectigueTicienedi ti ons that the threshold val ue

provi ded as the deconposition rate constant of the

radi chfe prasent HIVGTIU(m hasdeen made inevigudif these cireyrpsterfces.helhus,
peroxide is 0.5 (1/hr) or |less. 25(6) The production
BIsER el eeted dhe metent MVERROTGE 19 Pwsde(amm@eés ( ProqieEiEA™

R ERY °°”@5§Eﬁshmva%£é’ca%ﬁw%% e ot apiset ofhe

1.on rea?tlon

Bt Enigh ' o B Slrob S O DR BT, "Dy
E&Kgﬁ & %ng% hek 1£a§ € asv%%verhﬂfntlﬁqur ﬁg gé@%;e ZQH g?%gény'le%e

perOX| or a benzoy er oxl rv
E@Bar A Iom#nnlecular polyphenylene et her having a
content of components with nol ecul ar wei ghts of 20,000
Meahdfop S@fwﬂé)th@%&@(%&é | ess and a number average
5nol ecul ar wei ght of 4,000 or |less, characterized in
fdoa7] a nol ecul ar chain end unit haV|ng both a phenolic
hydroxyl group and a met hyl ene group present in the
or t hoTlmowesdanomventotste vp kemiet ioot imwmsh'wtudgasd’upscﬂwing thetabove
for 1 to 20 mass% of the nol ecular mass. (9) A
piobleasss  fAsra igpdt tled inyertorsdpux fadingd skt sontygl g ydaghen conditions
ether resin by addition 10 of phenolic hydroxyl groups
Boindpeting theyregistmhtion reaction cap Simphh ew!@r?elowrmelecular

Vi n a ge nol ecul wei ght .. of. 4,000 o
P@ ??‘8%868 &I@Ef?sasadﬁwavﬁ@aa% %mepé).af dcm%%ﬁﬂﬂene ether
haracterlz nol ecu
EOMORAT Dbk Mty secomhiind e TooRicnEtona «
Fkb fular wei ghts of 20,000 or nore of 10 mass% or
and 15t he epoxy conpound has an average nunber

of t h?ht%?f%%r&%ﬁ’t“lﬁ%rﬁ%ﬁ g@éﬁ%% erg‘o&fss for ron{ﬂ?;‘it‘rag a lowlblecular

The productlon process In it erein

?T% YiteiB kbiieH laabwhRAbaN 198RnleREEhBAS pRoLedy R ?Qﬁiucmg
er of the phenolic hydroXyl groups per nolecule of

an oxidisad lypHetHbhe diher, pii epbiSiresiA comP6SiE6en,dRE Ghichedonic
initem(9) or (10), wherein the |ow nolecul ar
poinppherdesenteddicloar. is a | ow nol ecul ar pol yphenyl ene
et her obtai ned by the production process described in
doy o pracesssfor piodueing 2)lowanole¢dar polynhsngent ether havmg a
polyphenylene et her described in item (8). &

of gamPPIEB YL Fioksulebstahss ofc? 0400 s e @ i%anass% or
pol yphenyl ene 25et her resin obtained by the production
process described in any of itens (9) to (11), an
epoxy resin, and a curing agent for epoxy resin. -6
(13) An el ectronic nenber selected fromthe group
consi sting of an epoxy prepreg, a | am nated board from
an epoxy prepreg, a resin sheet, and a | am nated board
froma resin sheet, the nenber being fornmed using the
epoxy resin conposition described in item(12).
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5Advant ages of the Invention [0009] The present

i nvention provides a process for producing an
epoxi di zed pol yphenyl ene et her having good solubility
in a solvent and excellent iLg.handleability, and the
like. There is also provided a process for producing a
| ow- 10 nol ecul ar polyphenylene ether suitable as a

it %§®§%@Q%g$ 31%%% Biaidieof ﬁ@bﬁ?? B poB i Bfion
e o ALY

eyl WAk o ERarune ga‘égto&x?hg Sf i RAGb o Hhmber average
Bw?ec‘am‘ vs)e%f Bk ;@6@0 bomIRSEHA B ggllypﬁélfb“{vcblﬂ 919fdazin|d hfical

esent 1 nv |ntended to

Qﬁtlét?fncfiﬁgd&?zetdhﬁ t}ﬁaQ| | owi ng enbodi nent, and vari ous

ications can be made within the scope of the gist
of t e rENQAbRTH red@IRAQIH]is Qrsféﬁ%‘éﬁdlfd%d iRraadlieint g
Low nol ecul ar Pol yphenyl ene E The process
for pihedatid sfghardvopslyph@glinaktheotothbeolyber(evepblgphenylene
according to the present enbodinent is a process for
pthed Ul vegt)gmassieatio) Bquibdedasi Oyphtiloctie 190HBRsHEatiPh @n@\
content of conponents wi th nol ecul ar weights of 20,0
or nothe ragfo of3heradiead mitdator leghe smvend (WQWBg‘Plt%r é@]é/em) (mass

nmol ecul ar, wei ght of 4, 000 or Iessggy a redistribution

Fadiod {5 RSAVidRd atD-p AVl (e }%@Wﬁ& taw pol yphenyl ene
th 7 h
" ored 33°‘*?6‘rpé"%5f ARG FARERED St B oAt

h
pabEostetist hilan FEIRILBLef 8l ok ﬁ%d“’%ﬂ?{ SRST

ftﬁ)llé’c%ﬂitoflt grlrng}é o of the raw pol yphenyl ene et her to
vent (raw pol yphenyl ene 5ether : solvent) (nass

g?t ' oi“hé grn gﬁ&}: Inds8cdt d&scfibed R0tdn® (B@r (DY WhefBBthe redistribution

e ratio of the radical initiator to the
%alcﬁ&ngtels isaéiéts@bervfd}hieu AR at 163§l o Rhal ysiBdectédafrom)thé group
provided at 0.5 100 to : 100 (mass ratio). [0012]
ket sistinig € niet dxlaﬁlﬁthbnbilﬂésl, odadfac pémoxide,ehdire, sroinelrempounds,
reacti on described in an 10academ ¢ docunent, "Journa
ghiat@mganaramGhiem s tsyimidakzole 8ird ﬁm&pbmgem)salts
Specifically, the redistribution reaction_is
(Dact Thapioduetingiroeesp desephehin @ﬂé (]ét ﬁ’éforﬂé); |Vﬁtj’rf‘dn Hhegh
nunber average nol ecul ar wei ght

peslistpbietinn reediopotards BitepHB fé)stéﬁ lfatl?tafj%S&ined at an

Iég‘i%ffar%‘fat@?g of (LR DY Fed %utﬁ@P BoY SRS oB O arli ¥ P Ghe raw
EPp?B,The r obabl e mechani sm of the redi stribution

e £ o1 | ows. Specifically, the
fﬁl yplilﬁg JO%H?‘JO% e;ggées@ﬁgscgggé/ yodf ifeHIR P} d(4$rv@nel?<95 fhe

rst |ca radical” 1 nitrator

rr@cﬁlétﬁ t1 Qctmﬁv &9 stehen R HPRE Pydi &1 €ni8RBETs added under such
ecu the destination of the radical, the

kéﬁ’dlﬁéﬂxé tﬁ@ﬂh@ ReagblCRIROpBdided as ﬁﬁl&e&myosﬂ@@f fa%econstant of the
pol yphenyl ene et her of sone of the constituent units
24w i htor Bivided e thedddition Bimeiof ther actidois 0.3 (lhr) or less.
reaction in which constituent units of the

06 ypiBaptodnetiet procesadesctibsd i dytefdtens @ he @heviirein the
conpound. Constituent units of the pol yphenyl ene ether
areesunEgisey @ bigp of washing tl@downvlﬁéulphmwhe@&?ﬁ% gihgr with

unl ess the radjcal dlsaqg
water and/or an alkaline solution after the redlstrlbutlon reaction step.
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[0013] 25According to the present enbodi nent, the

"l ow nol ecul ar pol yphenyl ene ether" also refers to a
pol yphenyl ene et her having a nunber average nol ecul ar

wei ght of 4,000 or |ess. Accg;dlng to the present
enbodi nent, the "nunber aver age nol ecul ar wei ght”
and "content of conponents w th nol ecul ar wei ghts of
20, 000 or nore" are neasured by gel pernmneation

qfﬂ)r onahe gfoalphtyor(lhec@is dedctibed momgtafitesis g bjod6), athectimthe
"GPC net hod") using polystyrene as a reference

saxhsal amidetor HenZayd mt:l@ﬁtdecn‘r adenpuheerozidgiderivatbieecul ar

wei ghts of 20,000 or nore" refers to the 5 proportion .

8) t hé lowaolterlarpalppheayleac 9&6@%&1@?&@%@ gomponents with
mol ecul ar weights of 20,000 or nore. nt en

Wﬁy@glﬁaﬁ #H0Q ?ﬁ)‘P@T&ﬂf alB ygss é’rﬂr l%T] a? alé‘%ltbsfr avﬁ{f}g&
R TP B B
SRR Q?Z'F%%Py%r%m PR A,
%??SHEO &lhlgg)ﬁgl}l FRY1 Q‘S)gg 39 %rfo ko P 91‘35’5% of the molecular

he present enbodi nment
ISas@ conpound haV|ng tmo or nore phenol groups in one

?ecule Speci fi c exanpl es thereof include bispheno

t eIArFf’[H@éSBYdr rSQR@1RN Hoxideied yhydenehetiresin by addition

?%ﬁlhy roxydlpﬁtnylﬁg?téﬁw phengﬁgﬁgngac and creso
P phéadic hhesel gouopocontsncdey alewuseldcudarpodymhenylanaether
conbi nation of two or nore thereof In this respect,
thireing aowenbeo hyepégerrodlecdapweight of @) Omrnledsdo apayrarevrs al
product. [0015] Exanples of the radical initiator used
icantained i aw epaxyeebpe i wharuaﬁ@n%miemzbfai cunyl peroxide,

tert- butylcuny per oxi de, di- ert but y| ﬁe OXIde h
2, 5- diedewymolegularpol yRhepylgig &gy 1 59Bie8 penfs wit

et i babirpSa ARG B o
Lot B posL SRPRETES B myrFl et of BRIGIXE ERNAL fer

tert- PEro

gﬁhﬁmpggpiopﬁgﬁgylsopropyl nonocar bonate, tert-butyl
per oxyi sopropyl 25nonocar bonate, tert-butyl

£6)OXXHE Sfo%l'ﬁ@tu%rf I%E’ECSQ Wbk bBE IO B9NZ RBERIn the T@¥olecular

erox and oyl peroxide deri’'vatives. These
%%ﬁé&m&lé@h{erm@s %@%r@geqﬁmm of thehemuTi ydidgh gfups per
or ‘nor e thereof 9 When, anong ot hers,
b@ﬂé@ﬂéompnoxh@&;or a benzoyl perOX|de derivative is
used, an al kaline washing step to be described | ater
¢an i e paslactidreprooesh descoibed jmditan ¥9) cgr(b(l)pwhcl@m thi eyt

in the | ow nol ecul ar pol yphenyl ene et her.

inn eder o] ypheidenaodthéryisia dmyruncgwiqessooty@he@dmerqtlaﬂwétaﬂ@d by
i mprovenent in physical Sproperties of_a %?i
pheoproduction proress deserbed inag St HFmh (Depp Bk gt the dow-molecular
In this respect, the tern1 enzoyl peroxide

dehipheiylene: eﬂ?"éfd@?“élb% “h‘ EBipound” havi ng the form of

oy, er oxi d benzene. ring_ stru
OEDe A B bl S B AT RS L p TPy By e
et her nz ro e to (11

PR Sl PR by BEROLERoR BReRERRatiZge 5 gf;%?*s%?m >
aﬁ%w))é} £Gin! %Mr Bt ﬂ%Ple Mhene ether using a
nuclhear magneti c r ance ratus (hereinafter

sonet i nes abbreV|ated as NNR ) to exam ne whether a
peak derived froma benzyl group or a benzoyl group is
observed or not. [0016] 15According to the present
enbodi nent, the redistribution reaction step is
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preferably a step conducted in a solvent in view of
preventing an abnormal reaction. Exanples of the

sol vent include aromati ¢ hydrocarbons such as benzene,
tol uene, xylene, nesityl ene,.gand di chl orobenzene and
chl oroform [0017] 20Here, the ratio of the raw

pol yphenyl ene ether to the solvent (raw pol yphenyl ene

ether : solvent) (mass ratio) is provided prefer
21300, clegonomembogiecianrah sh e BpREp IR o BB prepree
4Q: 100, .still nmore preferabl ; - 20
P DGR PR T SRy Babeh R Iy AN from e
by,: MRS 1 iti0ff described in
R L R L i
tegigby i bution 25 reaction with good productivity
iefh 3 { . .
W t hout using an unnecessarily |arge anount of the
SQYvRbes ofifiee RVBMYn of 40 parts by nmass or |ess can
contribute to maintaining the solution viscosity
bedoone charging the radical initiator in an
appropriate range, to - 10 - being able to mx the
r adi c@he presdrit aventiompiontides apeoagss fop predycing anepoxidized
reduci ng the generation of.by-productsﬁg{001§] ,
pobyphehiyhenetether hevipe geedsolubitibuinreselvent #d ettt he
radical initiator to_the 5sol vent (radical initiatorl:
dandlegbilyty( sassthe Hke. o?hqrglsp?#mfa‘élée%?QF%F%?JPW%’P“E)‘% a.low-
10Q to 5 ; 100, nore preferably at 1:. 100 ..to :1:.100.
THde @ﬁlypﬁwlf'f@ SBRTSEAROIF 75§ 12 {SIP‘%BIP}@’F &‘%%’3%“"6%‘39
mass, or .nore based on 100 parts by mass of the sol vent
@8§p88H@?P % to conducting the redistribution
reaction with good productivity w thout using an
unnecessarily |l arge anmount of the solvent. It also
fraucd | i&f the 10 reaction because
k%%ﬂdltoag?o??ve 0 %ms%&gt gﬁ her and pol yphenol

und may be radicalized. On the other hand, the
anount of 50 parts by mass or |less can contribute to
pr eventhedgmbeafe catrying oui the pksenttiovdrtionhartineften refamedtto as
of deconposition of the radical initiator or to )
nedubodigndnhef therpeesant iomersionis-desathed tslow mOtetyil. 15wHks,
according to the present enbodi nment, setting the ratio
aéspettetheavesonl inpénsionlienet intehded todetlinaiteddp v ollaning he
ratio of the radical jnitiator to the,gpl ent inftﬂe. £
shbedimenhgad veaaucaedificationscap hig madg i fhe gcope of the gist o
pol yphenyl ene et her having a nol ecul ar wei ght of
3le YO nore al t hough the details are uncertain. The
r&%;ged content of conponents with nol ecul ar weights
é , 000 or nore in the | ow 20nol ecul ar

[ yph | . et:h : . _ h
BB PR L s PR TR e PeapRpL oV 1o e
ngl/v)-/ ﬁgﬁgﬁtﬂ%gér% fg%ﬂ?’gﬂ‘gﬁ 1M InR¥cRPoIFinehAend Bfer according to

' ene ether. I n other words, an
ROl Sling B bORIMERNRIYIEESRs Bdriréduediy PR vaslleuld pulyphénylene
i's excellent in handleability (hardly precipitated
fetRIMANRG 8 @bitent ofevapoatnts aainrheopdaray cigkts of 26,000 of more of
sol ution storage properties). 25[0020] Accor di ng
110 nidse%qurdssnnd emnodieneveragetthelecddi weighbefi4, 090 erdagstiyon
step is preferably a step which is perfornmed using at,
Iredisttibutnen r@actiaqrwﬁicb anvobtes dedctipgn i PoypBenyleusthd haxige
of netal naphthenates, vanadi um pentoxide, anili ne,
am ne conpounds, quaternary ammoni um salts, im dazole,
and phosphoniumsalts in view of inproving the
reaction rate and decreasi ng hi gh nol ecul ar wei ght
conmponents. Specifically, in the redistribution
reacti on, an oxygen radical derived froma 5phenolic
hydr oxyl group present at the nol ecular chain end
forms a reactive site. Here, a plurality of oxygen
radi cals may bind to each other to termnate the
reaction (produce a peroxide). The use of the above

o, oy N . o
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10Speci fi c exanpl es of the catal yst include

napht henat es such as cobalt naphthenate, zinc

napht henat e, nmanganese napht henate, and | ead

napht henat e; vanadi um pent oxiyde; anilines such as

di met hyl ani | i ne; am ne conpounds; quaternary anmoni um
salts such as tetranet hyl anmoni um chl ori de, and

t et rabut yl anmpni um br.am de; i dazol es; an
awagf}r?dﬁ%ﬁn@m Ir Wigh @?38%’95]%?@%{ hﬁé’°ﬁ§’38“°é|°8‘r?é’°““d
or.15 in a.conbiﬂatio Wo. or nore t her eof

n_of. &h
?ﬂ%? %ﬂﬂg??ﬂhﬁ %‘dgﬁﬁ%dn Ot only before charging the
radi cgl, ﬁ%&%t&]b%@' refitor¥GAs %@Eﬁ%%ohﬁ‘&t&hﬁﬁﬂ&lyent;

Accor di present "enbodinent, the ratio of the

cat al y3tadPof tlhg refv@%lﬁﬁhéfﬂlt&l@)étﬁ%ﬂ & BtRevettqadvapyigbhenylene
er

raw pol yphenyl ene et ) "(mass ratio) is provided

SRf e{venb) (hadd ra@iogﬂs proi@éd 4ta0.4: 1006, 407000 (prass rtiaklapd

at 0.1 : 100 to 0.5 : 100. The anount of the catal yst

of 0.t rixéy 6f thy radics irdtiatoptoehd asleeht grad@Dingtzaters sbivent) (mass
mass of the raw pol yphenyl ene ether can contribute to
tatio) isgroyideé du@ b nd 00 heeS mb0@Oudsaratidi ght of t he

pol yphenyl ene ether. The anobunt of 1 part by mass or
[@€¥L]can contribute to maintaining the electrical

characteristics of the resulting epoxy resi . .
25conble Hie e UiAN TR, TS1ER e Hirg Cestin dBreaibt i an

e e e S trne Chamy: 2o on (s,

he . i | initiat. i S,. f |y .
585 BT et B8 soapi B 8 FERRH IE RS Aol Bhenylone cther
?}é\g&lg %?}?é}y%&nlgé aggxra%e {?ﬁl&ﬁ&? W&%ﬁﬂsere%ted &R aiRsRMeRs]

y mass o e raw pol yphenyl ene ether in

b }%Qﬂd RURPPRSSICRYS & radicld idiBaet tptovidE AoRphE@dene cther
addition rate of 0.1 part by mass/mnute or |ess can
GG @HE?&rﬁﬂe,ﬂfﬁMﬁéﬁriaO&aF@ﬁlo[&aht Wwefphobf 4,800 oaless.
generated fromthe radical initiator or to preventing

t he raaepiodablefmdchenismdif tlad fedmtiimaby pévetigh eres felidwes:

with the radical generated fromthe radical initiator
tSpecifiea byt itterpad§phehplenachemdridzadynikaeiclomponpd ated ol first
the radical generated fromthe radical initiator, th
radicalizod bythamstiselingmtast The rariah dheaaneyesdn the polyphenylene

ST TN IETRATH Y
A R R

TR 5 S ERBEMA SO G Bl B BT Blgpygnics o
R R RSB e AR ORI sty

WQ&%! helBleBO LS eClre 2R RN @Y di¥R{tRited BARSphehBBcompound
redi r

ution reaction step is also a step in which

qmﬁmgthggkmkﬁ&%baﬁQr I's added at such an average
addition rate that the threshold val ue provided as the
geapnposition rate constant of the radical initiator

ivided by the addition tinme of the 20peroxide is

pr ef erabbrdin t6 tid priesent embbdiseent, e Bopraplecdbt golgpienylene
(1/hr) or |ess. The threshold value of 0.5 (1/hr)
sther'balso tefers compplyberylans efreahiaving agiumber pysapgs Balegylar
radicals. In other words, the threshoéd.valugﬁgf Ob5
(gight)of dr000@s dessanAsenrdmiio the nresegberpBalimegt e number
nmol ecul ar wei ght distribution value of the resulting

| ow- nol ecul ar pol yphenyl ene ether and i nproving the
el ectrical characteristics and 25sol vent solubility
thereof. In this respect, the nol ecul ar wei ght
di stribution can be determ ned by the above GPC

nmet hod. [ 0024]
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- 13 - The "deconposition rate constant of the
radical initiator” is determned fromthe frequency
factor and activation energy of the radical initiator.
The deconposition rate constgnt can be described as
follows where Ais a frequency factor; AE is an
activation energy; Ris a gas constant; and T is an
absol ute 5tenperature. Deconposition rat

ABBEY DACRR WeEhY'snd "Contel‘n’f% CAMBAREY wﬁ Bfo %i‘ a%ig:hts of

3P Ry g e meemrro LBl PEP SOy sRE wAE ! e

5 o B SHTRabE L LGOLE e o
N&3GESbht P ggrlknh%nétnﬁsq}éﬁ Entolﬂﬁtexfa?%}e s of 26,(5[@ drafbre@lefers to the

inrtrator. rough t washi ng step can
?» ot B he PedkEdBRHDE afdd®f CoMbORtOWith Adlddule walghithef
adical initiator and an al cohol, a carboxylic acid,
20®ob e nldrke 'Y esfétt of Borhpéndhedelvingm myktelar aeightaed20,000 or
dramatically pronbte an epoxidation reaction in
epox bflsubistagtizlhe0 hows%rbineans that thempidvehy weight a6be lstart, of peak
It can al so suppress a gelation reaction in the
dptexiiataisi2O) 00@a dess gnmaasirereeit by eeheermiesigisehromatogtaply.
reaction sol ution. The washi ng step can be
¢e04led out at room tenperature; however, it is
preferably performed at 60C ar higher r referably
80C ol haraynaelypheryicys sther Pedia t@%%ﬁ%?‘gg%‘%ﬁgﬂgg’a%’ ﬁ% a
washi ng rate higher. 20[ 0026] The | ow nol ecul ar
ﬁBFVﬁﬁ%WﬁF@‘énether obt ai ned by the production process

of th resent enbodi men S ' l;
wei gt "ERENPPIST RP Al st 2R aPsEh U PRGN 14 compound
[N H{E_?_@ i ifRQWhpldsQhereof
éﬁgﬁ%ﬁgsoPn agvﬁ%géﬁﬁﬁ%ﬁghggg§2ﬁ¥§ed%§%hent?ﬁgégctive
RO YA Sphehdt A SR ambth9Bidphbibl W itéthurkdiBy18fhenyl,
redistri'bution reaction is described, although the

Qe yalird &y dahen nstied ! tiefol dveldcoamd @t ubeslapol Tike nythpaiends
ether also has a far |ower nolecul ar wei ght

thest d el hivne va ke cdrhbinatidreo MinoMr noark ¢harefed Iif thaswesprst, the
table. In the docunent, the MV Vh - 14 - value, as

cbber polpeteenblycanpuGRCserbnap e a vaminesciplanradedt. 2. 7 and

3.4, but does not seemto be | owered bel ow this range.
I[P0kdnt rast, the | ow nol ecul ar pol yphenyl ene et her

obt ai ned by t he production procesg of theggrgseng. d
enbodExamples g thedpdistdnisiatoypseshinghe presgyt epibgdiggent include
5].0027] Low nol ecul . Ether TQF
I

PR peE s Eary | eBRER Ao Berg ki, -dimethyi2,5-

STl e Bt BRSSP AERA SRR B s

r - 9 r

Hoerflepd Mool B S fTRRRAR o3 B0, Br D

|eZ b1 e 1pBRxPb&Rend)Aiitobutyl
m@g"g‘gﬁﬁ% %ﬁ%ﬁ%’éﬁﬁ%&%ﬁg? gup gnd a net hyl e};1e
PRI ERE RNy bBrok Higostop ManPtaibodsite] rRrttbigylpRengisopropyl
hydr oxyl group accounts for 1 to 20 mass% of the
mbrecaibanatoaes-bulih @etoawacandteaedi-butyd pbrophieenzbatecbeavgdr
can be suitably obtained by the above-descri bed
peoxédss afidbemogbperoxide detiativan| sthesacompoundh arpylberised alone
et her. 15[ 0028] Here, a nol ecul ar chain end unit
lpain agotbbinatien phisyeotrireoieylieresdyl group and a met hyl ene
group present in the ortho position to the phenolic
hydr oxyl group accounts for Ito 20 nass% preferably 2
to 10 mass% of the nol ecul ar mass. The content of 1
mass% or nore can suppress the introduction of double
bondi ng into the 20nol ecul ar chain end unit
(conversion to a quinone). The reduced introduction
amount of doubl e bonding | eads to the inproved
whi t eness degree of the product, which is preferable

o .4 )
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25The term "nol ecul ar chain end unit" is a concept

i ncl uding a benzene ring present at the end position
of pol yphenyl ene et her (one nolecule) and a
substituent - 15 - which the _benzene ring has. Wat
substituent is introduced into the nol ecular chain end
unit can be anal yzed by structural identification

S T S
R b AL IR B0t R Bek e o
g cgﬁséﬂ; %&ﬂgysgc;ah& wk}%nsw%aggularg}gdlg%&gy@%&e on ’ﬂ-[e

oxyl ~groups contain ow mol ecul ar

m&%@é@aﬁ@é}%my&%&{@xﬁ&%aﬁ BRBEL: BYSpRYEmER if gmfjﬁw

wel ght of 4,000 or 1eSs to epoxy groups containe n
BFOPERIRY Y1 & 0BRA PrRsHuct QY &, glid GraRsTHE fendpeedtage

nol ecul ar wei ght of the | ow nol ecul ar pol yphenyl ene

et her Ini this4e§pREt, tie tbr@s Shenpo @ iperaxideydediv@@:"aefeleto s, compoand
preferably 2,500 or less; the lower Iimt thereof is
pawhg thetfbym 50Berupy hprexiderwhesqlraatercabigstiic0dOhaya substétuent
The nunber average nol ecul ar wei ght of the

push-aswl reethylagropoandomesthylagieuet her of 4, 000 or |ess
reduces the nelt viscosity of the | ow nolecul ar

pol yph&sthee henzoslanarexide hes kegh useshasra adical ingiatqner got ¢ag be
S bk b S S BB g
bR oAk it e e OREAGAR: sOhhGge dbfelied ¢
ERME o, Slanffle dRReCR bedRiemivtd bl b MBtoBE Bt Rbenzoy) group

MBS0l of g5tS: nore preferably 2 mass%or |ess, stil
nor e pre?erably 1 mass% or | ess and nay be

gosyantially O mass% Setting the content to the
range can contribute to inproving the handleability
( enhaactorgding he thrqryent erfisddilnieht, the)rediftribborepaxtiah stemlis
pol yphenyl ene et her obtai ned by the epoxidation. The
prficreblly acteplcoddoste® bl @sdvanm aewef posvenfibgiaralnprmal reaction.
achi eving good solubility in a ketone sol vent.
Enamples of thepelyent inplade anpmmabic dadiogerbpns syshap Prrasac.dpiyene,
can be obtai ned by the above-descrihed process for
pYlsae anasyyigne.ond dahderabenzeporndiorofaRe ether. - 16 -
hgg?t] Here, the average nunber of phenolic
xyl groups contained in one nolecule of the

| ow ngl ecyl ar.. po henyl ene ether .i s f .2 or
ot e, gy e g A PG YogBRerS R btk PIHE G AR

) ; - | i.S .
BOPRRRIS clref; QRS Grash B RO bt 2804 540B t0 40-

# 1 r lsti Q% : .
Y6, n?(gf@ggktfﬁgﬁfy £l 106 1HUGT oY lstif n%’r@%ié?érat)ﬁ/eat 8 : 100 to 20 : 100.

I ow nol r “pol yphenyl ene ether of 1.2 or nore can

TRE b Mt thraWBid 1 Pitheh AP E@ef 8BEH b¥i@ bl ndsh6r fPReMased on
resin. The |l arger nunber of phenolic hydroxyl groups

nek parts Byemepfitish dodeenp odry @itritylte fecadidbetingsthp ralisributam
closer to those of the epoxy resin, which nmay enhance
tdaetiorewthigeod prodiictivity weiploxit dsing dn pohgaeksanyy kange andhet of the
10 The average nunber of the hydroxyl groups of the.
badvenol Ehehmpuplf Yo merty be meseohless esh oongibulctednaipginipgthe
meriit of suppressing a sharp rise in the nelt .
letirsyiscosey gﬁf%@wr@ng Shegadigaligiiatesfin pp @ppropriate range, to
pol yphenyl ene ether is charged in the epoxy

nodi fi cati on. In this respect, according to the
present enbodi nent, the average nunber of phenolic

hydr oxyl groups contained in one nolecule of the

| ow- nol ecul ar 15pol yphenyl ene ether is cal culated from

t he phenolic hydroxyl group equival ent and the nunber
aver age nol ecul ar wei ght. [0032] The aver age

nunber of epoxy groups contained in one nol ecul e of
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20preferably 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 contaijged in one nolecule to 2

or nore has the nerit of uniformy curing the

epoxi di zed pol yphenyl ene ether together with the epoxy
esin, Setting it to 7. or le can contribute to.

@sﬁgﬁékestp ﬁb‘xég%‘iaélé?alr 1@5tamrdﬁp1§l§/ea}n3t%ﬁgnafy, PR rPﬁS%é’}g the
25epoxy-mmdi fyi.ng the | ow nol ecul ar pol yphenyl ene
g?%eg?t}(}/ﬁ%ﬁ%d‘}&&? - Exanpl es of the epoxy conpound
k@bﬁ@iCh t he average nunber of epoxy groups contai ned
inone nolecule thereof is 2 or nore include bispheno

A- LY DR cERANY 16 B HesenPLribSERht, Fiel MRS o RN ER HhillGtor to the
bi sphenol S-type 'epoxy resins, hydantol n-type epoxy

kIS bmtSradiiaP HRitbr 1OPRNORAMYs faf6) 18 provadddpreterabl £ ROXY : 100 to
resins, 5triphenyl net hane-type epoxy resins, pheno
§ovobaneteypefeRbdXat Irei0ns 3 :A106s offThe emol@aftlyp@drpbinitiator of
resins, naphthol novol ac-type epoxy resins, bis-A
Advsirtaey yperepuk pased DinnidO mdits g Inogse nf theiselveritpdae wohtribute to
epoxy resins, alicyclic am ne epoxy resins, aliphatic
sondvetiegtheyedistsibnion maetidnav vy aned predpetbdiyovishauhesiagan

These epoxy conpounds may be used alone or in a
BBRasETsar | Ydarasramanst of thselaentn o faho tagiitsdes the progeeding ghthe

epox onmpound, i.s preferably selected s hat, it
Rt Bebir W ltkahy TRy g red eohah Rl spigoynd may

X r OUPS~ 0 re. pe | ecul e t he, avera
BB HA8Y T P GRS LRRE Rurip i 4 S Pl HRE £ Fess can

. | ' i ar

R S e RN G L
B R R e R R
fwavy groups at 100C to 200C for Ito 20 hours in the
presence of a catalyst for reaction of these groups.
Her e, Tieusaagogding@fo thb reatitadmtaidirhat) setttnghiie ki afake siwe h
as sodi um hydr oxi de 20and pot assi um hydr oxi de;
pbliyphatytens @ties tsthe Bolvsntsmditheativ tof yheatadicahiditsbetitathe solvent
butyrate; quaternary ammoni um salts such as .
trethe abeneyiangasoedusss tielrosidend rativdoftaepal pphenlghe alrenhaying a
brom de; phosghoniun1salts such as

{n@ﬂchl@ﬁ @/ﬂgh’bﬁ g%ﬂ%pqupmeggbpggh thgletails are uncertain.  The reduced
anyl tri.phenyl phosphoni um bromi de; .1 m dazol e catal ysts
IR RN A R B A T I by o
am ne catal ysts such as N, N, 25di et hyl et hanol am.ne:
Bt ReGp i Esme it S RE S St St BAATLRGh te
[ : [ ' of . .

FUBAE pPine' P RorRTBoNRRL R DB I PR ARE o

' r ct I
By 8 OB 88 S ok OB RRRMEny ene cther
&nBBBdchieve® WhEThtiS eRIRnER HaRdIU IRty REkdXyY prRBIPitRIGH fRINS the
can show good solubility in ketonés. The epoxidi zed
0V bedtydt eoem eéhipdratuse &l gdhh ghluyios sioRak ipedpRrtidsy.h
other 5 epoxy resins and thereby can provide an epoxy
0830h conposition form ng a honogenous varni sh. The
epoxi di zed pol yphenyl ene ether can offer a uniform
cur edAgnooding to thepresant emshesliment] theeedisteiputien feaetidr siep is

anot her epoxy resin because of its high reactivi2¥.
Qr@@gﬁﬂly a step which is performed using at least one catalyst selected from the
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10 Epoxy Resin Conposition and El ectronic Menber

The epoxy resin conposition according to the present
enbodi ment conprises the epoxidi zed pol yphenyl ene

et her obtained by the above_pfoducti on process, an
epoxy resin, and a curing agent for the epoxy resin.
The epoxy resin conposition of the present enbodi nent
can provi de an electronic nenber excellent in the.
BEBIP; cRpsigtng ¢fangialnaphthgnates, ypnadyym perigrigs,aniiing amine
resi stance, sol vent resistﬁnce el.ectr,i

| ) L.
EPRP NS JUatSTRArY AEIRPTIWR SptS dmidegr)gAnd PROSphoniugy salgdn view
BPaE ! e . .
Shista ogE Xy feRgiah ev%??f@f?%@ﬁéﬁf% l@ﬁg@l{r{‘”@ggﬁsﬁ"‘r‘rﬁﬁssnés
adhessg%iqﬁ%gg’lpﬂﬁé redfRin e rQAc?tciﬁ,' a(flsogéfgm AL der%ved from a

reducl heat resistance of the ed product.

Eﬂ&_o@i'é rﬂy&%x?ﬂ@%hp %%seﬂt@?tlﬁ%&%cdlﬁsdhﬁid éhdrRbehEx Alabiivesite.
curing agent capable of reacting with the epoxy resin

Herd, apRralifyvTeRysin ok hddy Bifd Wosdch Sther € téfRinate the reaction
Exanpl es of the curing agent include non-latent and
(@béinde acpetoxide)agaht sisewbi thh abmeoradhgss cantaherilie inggain
agents such as dicyandi am des and ali phatic

dedopauistheshe p&axidadco mgenagtedperenetiveistta. as

di am nodi phenyl net hane, netaphenyl enedi am ne, ammmoni a,
100284 hyl ami ne, and di et hyl am ne; phenol curing agents

T e ThSRIenl P LRIl s PRl D e
in, - 19 - d id hydr i [ tS... Thes
i AR Rt S PR
th f.. The.cur| i s.added.
0B 85585 AL A Gl e

G Rk @%1&1 suth hs {etxgﬁlréﬁl&/ﬁc{n%ﬁﬁiﬁm éﬁfl&é%g axﬁ]fegagu@lammonium

equi val'ent s ‘per epoxy equivalent o ol e epoxy

bEsthide GHIRLRIds! 814 plREPRABIm salts.  TihGsER@AYst§ B3 Be used alone or
conposition of the present enbodi ment may al so contain

& 4 LaABinkBS 6Tt or X RBMrest. of the flame retardant

used include at |east one selected fromthe group

consi Thé e4yalgét hayobe adled doemdy pefoes thrsging the radical initiator but
epoxy-cont al ni ng phosphazene 10conpounds, phosphate

ebb eftsr theeghalgased phosphat e esters, and qui none
derivatives of phosphine conpounds. The flane

r et ar Aagarding te thet prbsopt ebediment, 1B ratie ebshscatabysbtafhe &y
on the whol e epoxy resin cgggosition in view of nore

sobehenyiensi ethvar keptalygrsay gplypagmésne ather) (aass rajin) isprayided

epaxy, resin . .is not c en in selecti a a ‘

Peserhbi it 9-’%&1@085%@*?8@@%@6%%@5& 3168 §144 8TEs plo0. The

hal ogen-free fire-retardant resin 1 Si A

B8y the St ol ol B0t Bt BRSSO by s of
iy | Y heficlay

BB e R R SRS B IR o RGP e SRR

GRONY of BR1701 Shd éRE:  FBLAnRAM 1 OPhrt bB1a8PEK

reg%%Oaccgﬁﬁﬁgg?%r preferably 1 to 58&%352%3 rmresscan

R6RfiBHRRS YnadflaihMhGle BRESUaIhatRRriBREXF th€fdstilting epoxy resin

conposi tion. Further, the flanme retardant

acmpovitien wWixhogrnatelyabdyciddthe eondecutmssdghtrofitiee polyphenylene

preferably 20 to 25 mass% of the epoxy resin

cthoeposi ti on. These contents of the conponents can

achi eve a cured product which has 25good el ectrica

tMR24ct eri stics and has an extremely good bal ance

anong heat resistance, adhesion and processability

whil e maintaining flame retardancy. [0040] - 20 -
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The epoxy resin conposition of the present enbodi nent
may further contain an accel erator. Exanpl es of
t he accel erator include imdazoles such as
2-met hyl i m dazole, 2- methylig-ethyli m dazole, and
2-phenylim dazole; tertiary am nes such as 1, 8-
5diazabicyc|o[5 4 0] -undecene-7, triethyl enedi am ne,

ErE bur ) R kB e P RS P HBEB I hERich S i
bedieap xﬁF B L1k RNk 923 UPN 1 Poriun gﬁgnm RPPRRNGBUM

etrapnhen orate rpne

tp%féﬁBWO’fi bat 8y BrassIh@ffe é&%%' & O P0dTRAM kbgr HEE DS the raw
alone or in a conbination of two or nore théreof.

$OlypBdillene ether iNORW 6f sipprd&in cgjé sid¥edacgdich as an
el ectronic nenber i s obtained using the epoxy resin
conpo¥h¢ avmagef addhnparf0t] prbipdnasvhinuge otdedsicah contribute to
t hereof may be prepared in advance. Here, exanples of
areyehtiegnthe freactipn eprdicaly geheratedrfrving thei radicaldeitiettr on
solvents in addition to hal ogen solvents such as
Grevyenigrothe renstien ahide I&heﬁlaﬁ@p@lwhqry&ﬁna cthenwid thoradegal s
benzene, toluene and xyl ene. | es of the

%g{%ﬁgﬁ §f8mtéﬁiadl% pruaétomﬂiwpwa%ti%l Ckféhfbﬁis tcaligadphggol compound
Pt e L kBB S i 9o

g‘?ﬁcaﬁ‘?éd pol'l h}ﬂ Ypheny ggge ?)2 r}ée rgac‘rtjoﬁ %ctu?esst?é II]he rgdlgahzed
Eh&%"fl Bsth n%e gﬁ g‘g r R6RR! 1 %rtﬁ% %dlétxﬁ@ﬁlo%(}%:w?i oft ehﬁb)f)lgphenylene

et ones USG a solvent suc

Gﬂh@?&éﬂ%e@ﬁ&@ﬁ'ﬂlﬂﬁao@@ Witnl e Fﬁén%? eé,m&mnar OFYLENRe Moy
mononet hyl ether and mesitylene can al so be uUsed as a

edditon ens 0V ehrt By HetsoRenhts of ags @Mﬁ&n@@bdt@ﬁ) ifBieBsing the
sol vent . The solid content concentration in the
warnbérsdt phenoliethydeoxyl groups byt radichitracleclowad ssducing thescontent
preferably 30%to 80% 25[0042] - 21 - an epoxy

of @pnEgenta Withnipkrtedr Woights of 20)008r epoxy prepreg, a
resin sheet, and a | am nated board froma resin sheet.
M82Bbds for producing the epoxy prepreg include, for
exanple, a nmethod which invol ves inpregnating the

var ni SIf edisibatien Feactian step icplstasicy) rrngghtﬂweraétﬂab@mator is

[, oned by heat rin of t e substrate
?4&@#&&8403|a5§§6@ss@ ltla?gﬁﬁ?gé&%ttwes yelue Brovided;as the
n.

BRPYRETTeHfle Bl PP Thgler ?i‘hve%# BB DOHR AR or e
ﬁém*‘iﬁé ikt 65 mf&gsgn%?ed%ae&&%lm@ hele i<

articu howe era

set %étﬁ@sh&lb Q/afu@ 0. 53(? Vﬂrﬁ&t 1e8d L8 rcon%f@% L{:?Tx%guhg the

70% based on the mass e prepreg
eéthRh firadicdls O dMCitRE Wdies rtﬁegihﬁesﬁbl%e\ﬁalder&i(ﬂﬂﬁl/hﬂ) @F less can
exanpl e, a nmethod which involves applying t varni sh
¢omtrébunetoadecta@bing tige 1oleyelahykephediseibapbh Raluabe tHei rkstltig low-
the like using a bar coater or the |ike and drying and
meleowlangplyptengiehe etier ankhienffroVing thwdeqrieg @hadctaristics and
B-staged is | am nated on a doubl e-si ded copper foi
Johenhealebilingbergetl Usithig resphet the ondleamareight digribwtibn can be
&ﬂ?t treated in an oven or the |like to nmake a

igriingdRpethe gboyedalie toethesh44] Exanpl es of net hods for
[thgu0|ng the | am nated board include a nethod which

| ves am nating a prepreg, a resin sheet and a

copper foil into a |ayer 20 conposition according to
t he purpose, followed by thermal conpression. One
speci fic exanple thereof involves |amnating
pluralities of prepregs and curable resin-netal foi
conposites on a substrate and bondi ng/t her nmal
crosslinking the layers under thermal conpression to
provi de a | am nated board having a desired thickness.
Amother exanple thereof |nvolves Ian1nat|ng a

o ~re_ - T | e o



- 22 - methods for producing the | am nated board al so
i ncl ude a nethod which invol ves repeating the

| am nating and curing processes a plurality of tines
for sequential nulti-layerings. In this
respect, with reference to curing tenperature, the
condi tions of curing 5at 180C for one hour can be

adopted,  for exanple, as condition or...preparing a
gener he ptsﬁcg@@em e micoel 6 st BN ds dptgmispd from
OThe present inyention is desgcribe el. . n further
St B RO s B e st Mo st e T
. h . " . .
ARG o RS Rl S L SO ALl K76l s
is ~ AStd rried; ot e
PR S0 SRS s RN T
Véhgththtufdh) , Mol ecul ar Wi ght, and Mol ecul ar Wi ght
Di stribution (Mw Vh) Gel perneation
chr onBiceghpdstoraiatl doastantvas epe(-heyREd usi ng a col um
consi sting of Shodex A-804, A-803, A-802 and A802
(0022de nane, nmanufactured by Showa Denko KK).
Mol ecul ar wei ght was determ ned by conparison with the
20el uThepradieteongfroeesp of thetpyesenieenbnsiimentrireferabhy compprifgs the
is known. (2)Phenolic Hydroxyl G oup Equjval ent ﬁnd )
N7 0 wvaélpmgumgnl@w-@@gwgr Qq{w;hy@yle@g e%eﬁ with wateg and/or an alkaline

Iomhnvlﬁcu ar pol yphenyl ene ethﬁé,mas.dL solved .in
b

feluon atier the redistationeqghiop §ter- mbPh BiyriRy QR eaiiogusually
.1 tetraet i hyd i.d t dded. 5

Yezen At AR e IRAL B e Qs niTRn AR EE fen i

f . e X

cgﬂm\ﬁ;gﬁg{% ?gﬁ(&ﬁ{l?{heﬁéﬁy%r tﬁ@ fk® Bftﬂg lré(ﬁc% Yr?ﬁ%y %rhcgélpéigohol, a

equi was determ ne rom

i i . .
gr%r{btﬁg I?&‘?d,laﬂd AN FBGR %%@V?e%gtléh SRRSn WLER dri@atically

solution of 0.1 - tetraet hyl anmoni um

Rydh &% laf @pyvadataidestidndn ep&agiginghié Rv-hRldvalad poBhenylene
solution was not added. In addition, the nunber of

ehenol It garoalps syppiessalgelutibe rés@torn &l thu lepdddatfanaradtiva and reduce
phenol i ¢ hydroxyl group equival ent and nunber average

tihed e sadlsay ofihiegedctibhastudet.er mi ned. 5(3) Epoxy Equi val ent
The epoxy equival ent was neasured according to JIS K

7236. Thdyvapleag step nanbe ofrrigdrgutBit cooam tinaperaferopiewed g 1s

in an amobunt of 0.6 equivalent as a curing agent based
orefemblyasofoymed ot QO3 Cerithighter. anore m&fﬁr@blzfe&iygar Rry| @ kégher
ther, to which 2- 10 nethylim dazole was further
guiddempergiirg pakesthg phgshing 1356 e a gelation time of
ﬁ 'Eutes and 30 seconds at 170C to offer a

%ﬂ% sition. The conposition was cured at 180C for one
hour ?Héj ld)lr\ysfg%ns ?Jeg:ﬁfjalr fg?fyg%@?@’netertﬁeq %b{alir?eratbé/stﬂ‘??Iﬁogggﬁcﬁla?{g?ess of

using a canni ng calorime

i Qe SRR RG¥%vedSe mblecul
R Bttt il c QBB B IRE By ordfe mblccular
WehTBSRRALE frotthBe ALABEr dveRidRinidlStuIAanRghtahbwa, for example, in
measured in the first round was
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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defined as Tg 1, and the glass transition tenperature
nmeasured under the sanme conditions after cooling, as
Tg 2. The absolute value of Tg 1 - Tg 2 was defined as
ATg. ATg gives an index for_ebserving the proceedi ng
of curing. (5) Solvent Resistance 20The curing agent
and accelerator were mxed in the epoxidized

pol yphenyl ene et her as descri bed

i,ch
Rl il B30ks PP Deibohoanes hubabaed e B dags not
duct 3%) d
SETRLG BoRere %thls?,raﬁsﬁut BEontR eIt ?%Paui’gfﬁhen-‘ﬂene
t f
g:{ﬂg}gl‘(ﬁlgﬂi éy the LH Eluc%ton;[) LeshRd %nqgﬁ@ H t cHPchieve an

ace orougiiness. ness was
%Eﬁg@p@&ggopggngggsbefore and after the mashlng, t he
vent resistance was determ ned as "good" in the

CORE V JWhere no change therein was observed and, as

poor" in the case where the surface becane rougher.
1LoRAmolecOhr Bygphhetyicd Botier Sol ubi ity A neasuring
obj ect was heat-dissolved in a solvent so as to

pr ovi Tee bweonlenlar pdlyphenyhemastirer nfjtholpresent abb@idmentss agdow-
After cooling to roomtenperature, the solution was
aidleomi polypbemaieheath@ bavinga canfsniefecoanensits Witibelecwar
days and then 5filtered using a nenbrane filter. The
el ghés of\@sOQQecmrwetOé‘ 1%@%@4% apd, prhembesravgeape molecular
reqU|red for i fference betwe he nmass .of
TR PBRPIERS SEHECE G (145 Bt %1%%%8““% both

s of the filter and the fi

b Eal ST haronp ebE s e e #31% bitdrten PeRhbyBfion o e
l Eéc'nohc-{th n%&?i %rgl || E%u%%oxe%?o di’(?l[nggs"/aﬁf thg%(ﬂecum%asg.heThe

ove n was 1

| L C Wﬂeﬂ)ﬁe hél‘Q:fclﬁ Bg’séta%% %télh@&l)&' ﬂieveﬁ)bv& @e&nbed

as poor nit | ess than

Erdi@%sfor r&lu@h% la $&W InhSle &R oRpheRyl @né—&ﬁ& Tan gent of

am nated Board The dielectric constant and | oss
{Gorggnt were neasured according to JIS C 6481.
The neasuring apparatus used was an LCR neter (trade

name: Hé284 Ajoldcnlamehaih @nd unie laviyg Bgthl aspitendlec hydrbogigesup and a
Inc. [0047] Exanples 1 to 8 and Conparative Exanples 1
ety Rediretr prisseant onthe esbe ipositinato bemberalishydraet Stone
conmposition and reaction 20conditions each shown in

ar%p@uétstt btopbiwpesdo. nseterabl et 19 H}matﬂ"ysﬁ@ﬁyw?féﬂ%ﬂn@ﬁs The
to XI. Table 1 also includes the analy

P@gmtt%t HmFB Y O SRR PRSP SheRYPARG0Z] &pufle ppifing into the
iar ﬁg ng}nél? ?gotnlvgrrs]lo%qa Ca“é;tul}rg)gtg)( ar.lehg%u %068 ar‘i:trocilv ﬁtl%n

bott

2B bRl Sih e AR AT Rs YuBlen SF bl RE R Rodber,

waldnti Bféf&‘%l@ in Vie@Pof 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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di ssol ved 100 g of a raw pol yphenyl ene ether with a
nunber average nol ecul ar wei ght of 18,000 (trade

nane: S202A, manufactured by Asahi Kasei Chem cals
Corporation) and 6 g of bisphenol A (BPA) as a

pol yphenol conmpound. Thereto was added 60 g of a 10%
mesi tyl ene solution of benzoyl peroxide (BPO 5 (trade

: BN, t d by .NOF t]
AT EEE R e I
for. 60 . mnutes for redistribution.reaction. e, the
B &8 Thil b B Pl By et P RIS e o
gmi@' and a val ue of the deconposition rate constant

|V|&ed by the addition tinme is 0.14 (1/hr). An

PENLOUfor m@iuemgm&smﬁféaq%gmaﬁ%n%ﬁwadded to the
reaction solution to 10sufticiently wash the sol ution

(al kafThe prgbisTE) prodiiéng BeBp&idiYed ﬁkﬂyﬂfb\ﬂgﬁﬁs ethet sdcoffing to
was renoved therefrom A small anmount of the organic
ltleymescabtaboditheheis @ pracess £t @roduoingeinespokidézet] ipelyptiadpdene
average nol ecul ar weight (M) by the GPC net hod, which
etheutasiacbyi addiiorbei phgndj S8 EIroxh graps centained ircd lyyonwhecylar
wi th nol ecul ar wei ghts of 20,000 or nore was 4.9% and
PREYPhen ydengl etrerheyighe namber pysregegrolesulanipight ofihd0Gordess to
The solvent in the sanme organic | ayer was al so dried
GO OSTRERS ¢RI RGN SR ERBXY EOTARRINExy| gr oup equi val ent ,

S T e
SRR B RSB0, B TR 2
SRS i LR e 40010

8. ke MBhb& Ao MoNRIEr Weﬁx@ byed lé\QQn&e&lflar%dllﬁWenylene

pol yphenyl ene ether with a nunber average nol ecul ar
\oteg BT 4,000 8P1eOPRdd&s (thd MR vivasRty 032Rd1ofk-midbtufaapblypRehylene
by Asahi Kasei Chem cals Corporation) and 8 g of
letlep hedhedn ddn{rifdy toampaoying shelhandleatsibityphevedf. THermetber
was added 400 g of a 2.5% xyl ene sol uti on of benzoyl
peeragt nelecBROWVe{ght afit 00@memoiyg@arcoBiibute to idroving the electrical
manuf act ured by NOF Corporation) over a period of 120
ihataetesstioahi ch was then reacted at 90C for 120
mnutes. Here, the radical initiator has a
osition rate constant of 0.55, and a val ue of

t he deconposition rate constant divi ded he .
i opwil B COIEHHH GRmPPHELT G MSRbpaFAEE TFeulH Susiglys of 20,000
sodi um hydr ogengar bonat e, was added .t o.t he , tLQ
B I LR BB b o rSieh EE iy peterably 5

. ¢ . .
SR8 AP L B0 SRS G SULA0AES o

. ] ' g .
e il R Py B oot e R nec gan
cestdibhRdo if Mn{%aha HardlldaBflity [Ehah@NE e soBfent UTMINBN S the
W th nDIechar 0 weights o¥ 20,000 or nore was 3. 1%
apokitlized pollyphatlydoncwetieg bbtathied by ithalépoxidafivi Mihe v@ger? of 1 % or
The solvent in the sane organic |ayer was al so dried
Ugss tan ale@asentebitheo piheaohg goduywbiubilyty igadenegalivest ent ,
which resulted in the equival ent being 850 nmeq/kg..
Low nbi désuiespech theylovemyleevlar palkiphrenylenggther pansboohtaingdby the
in which the nunber of phenol groups, per, nplecule is
4Bofrdescibedpocesy fyppredusiig aloy-moleculap palyplé%ﬂy?%\e ether.
equi pped with a bottom plug val ve was placed 300 g of
tol uene as a solvent, which was then heated to 90C.
Into the hot solution were dissolved 100 20 g of a raw
pol yphenyl ene ether with a nunber average nol ecul ar
wei ght of 18,000 (trade nane: S202A, manuf actured by
Asahi Kasei Chem cals Corporation) and 8 g of
bi sphenol A (BPA) as a pol yphenol conpound, the
resulting solution was then cooled to 70C and char ged

" A ~ o —s 1. 1 a1 .
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25 Thereto was added 400 g of a 2.5% tol uene sol ution
of benzoyl peroxide (trade nanme: Nyper BMI
manuf act ured by NOF Corporation) over a period of 240
m nutes, which was then reactgd at 70C for 240
m nutes. Here, the radical initiator - 27 - has a
deconposition rate constant of 0.05, and a val ue of
i&gaafconposition rate constant divided by the

i se addition time is 0.013 (1/hr). An

di hyd dde he.
e O B8 Pt LB R: Fitf i RS chelnli ipone

PIEHIE AT A A
pAteab ROt fbPRdrd) St e %Fﬁe%ﬁﬁﬁ 40 &%&remh@ %pf)glqlrﬂft' RRSLof is

averagé nol ecul ar wei gh GPC net hod, ™ whi

heFetablgd driledsNMof@profarhty 3\wuabt PR A@rapeGrithber. Bﬁ‘the hydroxyl
content of conponents with nol ecul ar weights of 20,0 5
groups béthsdswndl¢eul ansblypienyioheettibiosf MBbgibre can contribute to
distribution (MM M) was 1.7. The solvent in the sane
oralfing it mozg/reactivego llesepox rebin. e dlhedatger meaberrod phiwmolic hydroxyl
phenol i ¢ hydroxyl group equivalent, which resulted in
£rEPs flakonihe spokidizad palypboylang/ckigr's DIRETHSS 6logerp those of the
pol yphenyl ene ether 111 was thus obtained in whi

efFSle Wb‘ﬁ AAY Gharssshpesaciyheiine CP%’“%%P(:IP@H;’IGHC ether.
051 t
SR Pt g R BB B - F DR utpri
{
BAEY o 15 0t B850 S o O plely iy cven

@Ihglg é eé/lvgé Qm@g%%é Xﬁeﬂgﬁu : eéx%ﬁfél cﬁgrgh\é@ lu&me gggx}ﬁl’og%ation.
Chem Bahs r&‘fi’e@to A&btARy tc?@ie e éﬂnlﬁ)fdngétﬁm@ R0¢rafe AEREY: of

as a pol yphenol conpound, the resulting solutioh was
phedlic a9ddyE goﬁ&(éoﬁmi’néahﬁ lofi€ eholédule 3f the Mw-afol@ulato
cobalt naphthenate mneral spirit solution
potsphengixng etedr bycalbkoePfto® thiphenodit hiydidu gt groes edutivhlgnt and
as a catalyst. Thereto was added 15 g of
theinmobenpydrigenneleeulayyaeigher oxi de (trade name: Percunyl
P, manufactured by NOF Corporation) over a period of
B@ Al nutes, which was then 25reacted at 80C for 240
m nutes. Here, the radical initiator has a
deco rfﬁeﬁswracgﬁ nREbET RloFRoKHgFoUPs contemed in apgimalegalegé thsrepoxy
t he decgo ion rate constant divided

d é@ﬁl&ﬁ F BIPANFRRN Process 9hHF RreseRt §m€3/dlm2%t is 2 or more,

RS R e o R BRI ap its . md s AEE Bl Cptyor s
éAalFelfﬁJl V(‘@?&E r}nge Qfgratbyﬁ 59 :léés t h§et?ﬂ%&%$§/eﬁgk HBanQr of

sre ved there anoun rgani c

SRXS or Pk AbAG el 8 6né"ﬁﬁ%%e‘c@ié%‘ ﬁ g%%& ﬁﬁs”ﬁ@ gnetrn of Uﬁx‘?&‘ﬂ{ly

aver age nol ecul ar wei gh whi ¢
SirdgUhd Qﬂ)xhdlzéd"l%lmeﬁﬂéh@Eth\éﬁoggﬂhelbﬁitﬁ theopdR) resTrhe Settmg it
content of conponents wth nol ecul ar wei ghts of 20, 000
tor7 ordess cansodtri8ite tavdpprbBingd deteattioMigghtion or the llke) in
di stribution (Mv M) was 1.8. The solvent in the sane
epogrmialifyaysthe ag-nadlecul atrjodyphepylene ethasur e t he
Phenollc hydr oxyl group equivalent, which resulted in
0A&lequi val ent bei ng 450 neq/ kg. Low nol ecul ar

pol yphenyl ene ether IV was thus 10 obtai ned in which

t he nunber of phenol groups per nolecule is about 1.7.
[ 0052] Exanple 5 The sanme production as in the
production exanple 3 was carried out except 15t hat
cobalt napht henate was charged after the dropw se
addi ti on of benzoyl peroxide. The resultant organic

| ayer was used to determ ne the nunber average

nol ecul ar wei ght by the GPC nethod, which resulted in
t he nol ecul ar wei ght being 1,820. The content of
conponents mnth nDIecuIar m5|ghts of 20 OOO or nore

o ~ NN 7 o -
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which resulted in the equival ent being 930 neq/ kg.
Low nol ecul ar pol yphenyl ene ether V was thus obtai ned
i n which the nunber of phenol groups per nolecule is
about 1.7. 25[0053] Conparatiye Example 1 - 29 -

In a reactor equipped with a bottom plug val ve was

pl aced 100 g of toluene as a solvent, which was then

heated to 90C, Into the hot solution were dissol ved
100 gEstmales alvhsspyphemnasad inphih t f¥frape e of cpoxy
aver age nmol ecul ar i ght, of 18,000 (tra ane: 2
s evined Ty mtiRp AR ndrores i me g BPERent e
. of, . hi . : D nd.
RGN T st R S i
i 8 - PSR RO Y i
IR P FRAYY B b EF R PR IRTLIOUS i
@%H@npﬁﬁaﬁeggﬁ)é &x§ iU bh &Il h&RAAd-BPe eplyBresihél@resol
radical initiator had a deconposition rate constant of
QobSlac-typd cpoxptedims afaphihel Ale@tPYpe thaxy resihg bisoAsioaolac-type
di vided by the dropw se 10addition tine was 5.5
ey desins, dicyclofentadisaepbermd dpaxy rhsids, aljeydizrabomacmxyassins,
added to the reaction solution to sufficiently wash
ahiphatislagtinoepoxalrkans, angBHp gayatedpreductsethersaf. y khigse epoxy
aqueous_sol ution was renoved therefrom A snall a¥ount
6P mppiendsepyriecuised plone ehina sraabipgia qidwoos e thereol.
determ ne the nunber ayverage | ecul ar i.ght by the
B cHBE ot SRAY CAMDBURES PP EIERO el ted s01L AL BiP VS Fht
bei ng. 2,300.. The coptent .of ,conponents wth nolecul ar
SBr e e phen® GherBiatea SPER Bom ot et Rign the
?ﬁérggg di stribution (MvM M) was 3.2. The solvent in
e Sanme organic |layer was also dried up to nmeasure
T@g4ﬁhenolic hydr oxyl group equival ent, which resulted
n the equival ent being 625 nmeq/ kg. Low nol ecul ar
pol ypAemd 510€es€ tdi@kd ditlon WEPhédbiR he8roxlt dlobgeicdntainél @hthe low-
t he nunber of phenol groups per nolecule Is about 1.4.
0&Ah] ar poIvphE@l énctetlior aoBpE y2erbiipsecon@mtddan tiegpiopp@dmpound,
with a bottom plug valve was placed 100 g of tol uene
& 25males o pwerss cantbiealdopiad whidninhalaterta¢tmgdbEphénolio hydroxyl
the hot solution were dissolved 100 g of a raw
pod yphergydwneat @007E! tovil 00AC domutetdr haaweindhe prastres@if arcatalyst
wei ght of 18,000 (trade nane: S202A, manufactured by
Ferapacticp oétheshgioupal s Corporation) and 6 g - 30 - of

bi sphenol A (BPA)_ as a pol yphenol conpound. Thereto .
was adedeBnRie! the gaiokystgneiy %hgkwgg%wcg@s B%fﬁ%wdmmde

BT B 5 b s R B Rl
S e B S5 BB P o ik
FASFATRABLEL O] 05,6205 8Bl QS 2uoBlcAthY BB nonir

Boaué 81 A ARAY fphBHHYBRIDbrotild/ifidazole catalyd®s such as 2-

aqueous sodi um hydr ogencar bonate was added to the
measliddaA R dHd Dethy]-SuhfidiorN kmna/asdlydihieuchak W, Non

(al kali washing), and then only the aqueous sol ution
di@thyt etimamoianihbeand fpotassiuh drimiide. afthesd canfipduing norygsenised alone
| ayer obtained here was 10 taken to determ ne the
ounizeronsheatmge1twb oc olae theedoght by t he GPC net hod,

whi ch resulted in the nol ecul ar wei ght being 2, 400.
[B985kont ent of conponents with nol ecul ar wei ghts of
20,000 or nore was 13.0% and the nol ecul ar wei ght

di stribution (MM Mh) was 3.1. The solvent in the sane
organi c layer was also dried up to nmeasure the
phenol i ¢ hydroxyl group equivalent, which resulted in
t he 15equi val ent bei ng 650 neqg/ kg. Low nol ecul ar

pol yphenyl ene ether VII was thus obtained in which the
nunber of phenol groups per nolecule is about 1.6.

[ 0055] Exanple 6 20The sane experinent as in the

o o - oy
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that the tenperature during the dropw se addition and
the reaction tenperature were both set at 110C. Here,
the radical initiator has a deconposition rate
constant of 5.1, and a valuej@f the deconposition rate
constant divided by the dropw se addition time is 1.3
(1/hr). The resultant organic |ayer mas used to

(:Gitc e:% %%U}X?‘\ﬁﬁrh%? ?}rg)gﬁ}?l?)\é/%&ﬁ%eth{%n% hY% |p.crqu L&Epr@ﬂ%locess of the
7

o T e PO T 0

Y@h%ﬁtangl ﬁenle IBH{ Al?(pcq(n Mg/va%g ugth%% 1|<']e ones - solvent

organi c to neasure
the p I I
n e ud.X3dalF%%°“’M 9“’-’8&*‘8“1 e h?%"w% DA% Mot
HARGRY k@ eRbHhAn Mo'vlde%%pbk‘jdﬁesm;fb@ﬁlohrfm\fﬂhg A
the "nunber of phenol groups per” nol ecule is about 1.4.
hon0B&kLs kxamhl e The epoxidizddipolspiied yRxp ethemed ofés aiunifoha
production exanple 1 was carried out except use of
2ured pyddenolvithout ghasing afertiepphtoroirok. andther epsayiresinbecause of
organic | ayer was used to 10 determ ne the nunber
v ighgeaatvitgcul ar wei ght by the GPC net hod, which
resulted in the nol ecul ar wei ght being 2,380. The
&nt of conponents with nolecul ar weights of 20, 000

r s 9.39% an e nol ar wei ght
EP%W #B%‘}‘A%BWPPWW?E%@“@ ﬁﬁ*ﬁué Tsol vent in the sane
was also.dried

phenol TRy e Forgp i btedwietnd Rt Spbeireay comprise
SR b ik AR
F}gdggﬂ%sﬂfarﬂrhe&ﬂ QO ASr 6! € The e?@@&tesﬂi .cbmposition of

7] Cbnparatl e Exanp Ol'n a reactor equi pped
WetgReRnDGhbQInBh{UGn Yo W e mem@ﬁ@ﬂmem@r &ceflerdt@h URMReling
as a solvent, which was then heated to 90C. Into the
fedng@0bd T mefal W&, eoldeisisat eidtahOf) sglveht @siktaice, electrical
pol yphenyl ene ether with a nunber average nol ecul ar
elergherisvics, bBad GROliKde r ade nane: S202A, manuf act ured by
Asahi Kasei Chem cals Corporation) and 2 g of
Bi08ghenol A (BPA) as a pol yphenol conpound. Thereto
was added 100 25 g a 2% tol uene sol ution of benzoyl
per oxTlreusetof ad @pwem@smmpjeng apRaZHeDE HEE @b &g 3B VRRROXY
Cor poration) over a period of 240 m nutes, h. was
fcﬁenls Pe%‘{“e@efq bepausedt Gop ﬁmzme&ﬂﬁm%to BPE, foweg PR Sal

v Wil g s detl e g B BHBOGIErOn rat e const ant
| vi dﬁge g%ngha r“?trtg Wgrg gﬂcar retférggl gglgéé?ﬁtyaﬁﬁt)le of

An aqueous Ssod&r um ate

fe%?tﬁrgé Wi ﬁ%lm C g? Pesﬁrpté)sf‘dhé a(ihl%e td11¥1 r‘{mﬁl hiGos0 Lﬁ"&dt&}@

n only t e aqueous solution 5

B@aﬁnﬁl@ﬂ@f/@n@ chAg; %@één@ mcltﬁeﬁﬂﬁllhteﬁt@idﬂhteﬁf curfh@ a@EM8Nihch
| ayer obtained hefe was taken to determ ne the nunber

avehpdss dmmilde euting a%@tsgﬁlbh Ay dichenddnfidee hitdsliphatit pblyamides;

resulted in the cul ar wei ght being 8,400. The

aoimeenting hganpeh astimminbddipholytoethare, wmtagihbsylerﬁedi’ajniae,o

or nore was 36.2% and the nol ecul ar wei ght

ghsniabtrictiydaraivies an) diskhglamife; phikeclsuring agerthsudhes dagphenol A,
iC Iayer mas al so 10dried up to neasure the

ﬁ%ﬁ‘@ loyoyplagiresip caesal ayadan resighandp-Kelsne peyplagyesin;

the eqU|vaIent bei ng 160 neqg/ kg. Low nol ecul ar

pol yphenyl ene ether X was thus obtained in which the

nunber of phenol groups per nol ecule is about 1.3.

[0058] 15 Exanple 8 The sane experinent as in the

production exanple 1 was carried out except for

elimnation of the step of washing with an aqueous

sodi um hydr ogencarbonate to provi de | ow nol ecul ar

polyphenylene ether X The organlc Iayer was used to

e o o o o o -
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20 in the nol ecul ar wei ght being 2,610. The content of
conponents with nol ecul ar wei ghts of 20,000 or nore
was 5.3% and the nol ecul ar wei ght distribution

(MV M) was 2.2. The solventj¢n the same organic |ayer
was al so dried up to neasure the phenolic hydroxyl
group equivalent, which resulted in the equival ent

bei ng 580 neq/ kg. Low nol_ecul ar pol yphenyl ene et her X
B 2614 GRS CHERE FAPPSS TR 4l ust SlgRe RbIM o

SRR B I BB et b iR s
’lo%qa‘i%ZI%nt%, %bt%zpr&eiab?};g'o% t00319q'7ui\|/aléms, still more preferably at 0.5 to
1.5 equivalents per epoxy equivalent of the whole epoxy resin composition.

[0038]

The epoxy resin composition of the present embodiment may also contain a
flame retardant.

Examples of the flame retardant used include at least one selected from the
group consisting of brominated epoxy resins, epoxy-containing phosphazene
compounds, phosphate esters, condensed phosphate esters, and quinone derivatives
of phosphine compounds. The flame retardant is suitably added at 10 mass% or
more based on the whole epoxy resin composition in view of more surely achieving
flame retardancy. If the brominated epoxy resin is not chosen in selecting a flame
retardant, the epoxy resin composition will be a halogen-free fire-retardant resin
composition.

[0039]

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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The epoxy resin composition of the present embodiment may further contain
an accelerator.

Examples of the accelerator include imidazoles such as 2-methylimidazole, 2-
methyl-4-ethylimidazole, and 2-phenylimidazole; tertiary amines such as 1,8-
diazabicyclo[5.4.0]-undecene-7, triethylenediamine, and benzyldimethylamine;
organic phosphines such as tributyl phosphine and triphenyl phosphine; and
tetraphenylboron salts such as tetraphenylphosphonium tetraphenylborate and
triphenylphosphine tetraphenylborate. These accelerators may be used alone orin a
combination of two or more thereof.

[0041]

When a molded product such as an electronic member is obtained using the
epoxy resin composition of the present embodiment, a varnish thereof may be
prepared in advance. Here, examples of a solvent for preparing the varnish include
ketone solvents in addition to halogen solvents such as dichloromethane and
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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an epoxy prepreg, a laminated board from an epoxy prepreg, a resin sheet, and a
laminated board from a resin sheet.

Methods for producing the epoxy prepreg include, for example, a method
which involves impregnating the varnish into a substrate and then drying the solvent,
followed by heat curing. Examples of the substrate include glass cloth, aramid
cloth, polyester cloth, nonwoven glass cloth, nonwoven aramid cloth, nonwoven
polyester cloth, pulp paper, and linter paper. The amount of the resin impregnated
into the substrate is not particularly limited; however, it is preferably set so that the
resin content after drying is 30 to 70% based on the mass of the prepreg.

[0043]

Method for producing the resin sheet include, for example, a method which
involves applying the varnish to a metal foil, a polyethylene terephthalate film, or the
like using a bar coater or the like and drying and removing the solvent. The film
thus prepared and B-staged is laminated on a double-sided copper foil laminated
board using a hot roll or the like and heat-treated in an oven or the like to make a
multi-layered product.

[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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methods for producing the laminated board also include a method which involves
repeating the laminating and curing processes a plurality of times for sequential
multi-layering.

In this respect, with reference to curing temperature, the conditions of curing
at 180°C for one hour can be adopted, for example, as conditions for preparing a

general-purpose FR4 laminated board.

Examples
[0045]

The present invention is described below in further detail with reference to
Examples and Comparative Examples. However, the invention is not intended to
be limited to the following Examples.

[0046]

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 Phenol 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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tetraethylammonium hydroxide was added and a case where the methanol solution
was not added. In addition, the number of phenol groups per molecule was
calculated from the phenolic hydroxyl group equivalent and number average
molecular weight thus determined.
(3)  Epoxy Equivalent

The epoxy equivalent was measured according to JIS K 7236.
(49)  Measurement of ATg

Dicyandiamide was added in an amount of 0.6 equivalent as a curing agent
based on the epoxy equivalent of an epoxidized polyphenylene ether, to which 2-
methylimidazole was further added as an accelerator to provide a gelation time of 4
minutes and 30 seconds at 170°C to offer a composition. The composition was
cured at 180°C for one hour and measured for glass transition temperature using a
differential scanning calorimeter (trade name: DSC6220) manufactured by SII Nano
Technology Inc. It was heated from 40°C to 250°C at 20°C/min in a nitrogen
atmosphere. The glass transition temperature measured in the first round was
defined as Tg 1, and the glass transition temperature measured under the same
conditions after cooling, as Tg2. The absolute value of Tg 1 - Tg 2 was defined as
ATg. ATg gives an index for observing the proceeding of curing.
&) Solvent Resistance

The curing agent and accelerator were mixed in the epoxidized polyphenylene
cther 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 minutes 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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(6) Evaluation of Solubility

A measuring object was heat-dissolved in a solvent so as to provide a content
of the measuring object of 30 mass%. After cooling to room temperature, the
solution was allowed to stand at 25°C for a predetermined number of days and then
filtered using a membrane filter. The filter was heated to measure the number of
days required for the difference between the mass of the filter from which the solvent
has been volatilized (the total mass of the filter and the filtrate) and the mass of the
filter per se to reach 0.1 mass% or less.  The solubility was evaluated as "good"
when the above number of days was 10 days or more, as "moderate” when it was
from 5 days (inclusive) to 9 days (inclusive), and as "poor" when it was less than 5
days.
(7)  Dielectric Constant and Loss Tangent of Laminated Board

The dielectric constant and loss tangent were measured according to JIS C
6481. The measuring apparatus used was an LCR meter (trade name: 4284A)

manufactured by Agilent Technologies Inc.

[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



10

15

20

25

056 0 001 51 0052Z110 poo8 08 |ow
1000-0 0 0 Z 05 051 A 006 05 9L 1 81

-25-

dissolved 100 g of a raw polyphenylene ether with a number average molecular
weight of 18,000 (trade name: S202A, manufactured by Asahi Kasei
Chemicals Corporation) and 6 g of bisphenol A (BPA) as a polyphenol compound.
Thereto was added 60 g of a 10% mesitylene solution of benzoyl peroxide (BPO)
(trade name: Nyper BMT, manufactured by NOF Corporation) over a period of 240
minutes, which was then stirred at 90°C for 60 minutes for redistribution reaction.
Here, the radical initiator has a decomposition rate constant of 0.55, and a value of
the decomposition rate constant divided by the addition time is 0.14 (1/hr).

An aqueous sodium hydrogencarbonate was added to the reaction solution to
sufficiently wash the solution (alkali washing), and then only the aqueous solution
was removed therefrom. A small amount of the organic layer obtained here was
taken to determine the number average molecular weight (Mn) by the GPC method,
which resulted in Mn being 2,560. The content of components with molecular
weights of 20,000 or more was 4.9%, 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 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: $201A, 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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manufactured by NOF Corporation) over a period of 120 minutes, which was then
reacted at 90°C for 120 minutes. Here, the radical initiator has a decomposition rate
constant of 0.55, and a value of the decomposition rate constant divided by the
dropwise addition time is 0.28 (1/hr).

An aqueous sodium hydrogencarbonate was added to the reaction solution to
sufficiently wash the solution (alkali washing), and then only the aqueous solution
was removed therefrom. A small amount of the organic layer obtained here was
taken to determine the number average molecular weight (Mn) by the GPC method,
which resulted in Mn being 2,120. The content of components with molecular
weights of 20,000 or more was 3.1%, and the molecular weight distribution
(Mw/Mn) was 2.1.  The solvent in the same organic layer was also dried up to
measure the phenolic hydroxyl group equivalent, which resulted in the equivalent
being 850 meq/kg. Low-molecular polyphenylene ether II was thus obtained in

which the number of phenol groups per molecule is about 1.8.

[0050]
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: S202A, 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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has a decomposition rate constant of 0.05, and a value of the decomposition rate
constant divided by the dropwise addition time is 0.013 (1/hr).

An aqueous sodium hydrogencarbonate was added to the reaction solution to
sufficiently wash the solution (alkali washing), and then only the aqueous solution
was removed therefrom. A small amount of the organic layer obtained here was
taken to determine the number average 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 0.5%, and the molecular weight
distribution (Mw/Mn) was 1.7. The solvent in the same organic layer was also
dried up to measure the phenolic hydroxyl group equivalent, which resulted in the
equivalent being 1,050 meg/kg. Low-molecular polyphenylene ether III was thus

obtained in which the number of phenol groups per molecule is about 1.9.

[0051]
Example 4

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 solution were dissolved 100
g of a raw polyphenylene ether with a number average molecular weight of 18,000
(trade name: S202A, 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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An aqueous sodium hydrogencarbonate was added to the reaction solution to
sufficiently wash the solution (alkali washing), and then only the aqueous solution
was removed therefrom. A small amount of the organic layer obtained here was
taken to determine the number average molecular weight by the GPC method, which
resulted in the molecular weight being 3,900. The content of components with
molecular weights of 20,000 or more was 1.9%, and the molecular weight
distribution (Mw/Mn) was 1.8. The solvent in the same organic layer was also
dried up to measure the phenolic hydroxyl group equivalent, which resulted in the
equivalent being 450 meq/kg. Low-molecular polyphenylene ether IV was thus

obtained in which the number of phenol groups per molecule is about 1.7.

[0052]
Example 5

The same production as in the production example 3 was carried out except
that cobalt naphthenate was charged after the dropwise addition of benzoyl peroxide.
The resultant organic layer was used to determine the number average molecular
weight by the GPC method, which resulted in the molecular weight being 1,820.
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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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: S202A, manufactured by Asahi Kasei Chemicals Corporation)
and 6 g of bisphenol A (BPA) as a polyphenol compound. Thereto was added 6 g
of benzoyl peroxide (trade name: Nyper BMT, manufactured by NOF Corporation)
over a period of 6 minutes, which was then stirred at 90°C for 60 minutes for
redistribution reaction. Here, the radical initiator had a decomposition rate constant
of 0.55, and a value of the decomposition rate constant divided by the dropwise
addition time was 5.5 (1/hr).

An aqueous sodium hydrogencarbonate was added to the reaction solution to
sufficiently wash the solution (alkali washing), and then only the aqueous solution
was removed therefrom. A small amount of the organic layer obtained here was
taken to determine the number average molecular weight by the GPC method, which
resulted in the molecular weight being 2,300. The content of components with
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: S202A, manufactured by Asahi Kasei Chemicals Corporation)

and6 g
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divided by the dropwise addition time was 0.28 (1/hr).

An aqueous sodium hydrogencarbonate was added to the reaction solution to
sufficiently wash the solution (alkali washing), and then only the aqueous solution
was removed therefrom. A small amount of the organic layer obtained here was
taken to determine the number average molecular weight by the GPC method, which
resulted in the molecular weight being 2,400. The content of components with
molecular weights of 20,000 or more was 13.0%, and the molecular weight
distribution (Mw/Mn) was 3.1. The solvent in the same organic layer was also
dried up to measure the phenolic hydroxyl group equivalent, which resulted in the

equivalent being 650 meq/kg. Low-molecular polyphenylene ether VII was thus

obtained in which the number of phenol groups per molecule is about 1.6.

[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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for 240 minutes. Here, the radical initiator had a decomposition rate constant of

0.55,
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and a value of the decomposition rate constant divided by the dropwise addition time
was 0.14 (1/hr).

An aqueous sodium hydrogencarbonate was added to the reaction solution to
sufficiently wash the solution (alkali washing), and then only the aqueous solution
was removed therefrom. A small amount of the organic layer obtained here was
taken to determine the number average molecular weight by the GPC method, which
resulted in the molecular weight being 8,400. The content of components with
molecular weights of 20,000 or more was 36.2%, and the molecular weight
distribution (Mw/Mn) was 2.7. The solvent in the same organic layer was also
dried up to measure the phenolic hydroxyl group equivalent, which resulted in the
equivalent being 160 meg/kg. Low-molecular polyphenylene ether X was thus

obtained in which the number of phenol groups per molecule is about 1.3.

[0058]
Example 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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[0060]

From the results of Table 1, the following contents can be read.
(1)  To reduce "MOL>20,000 (%)" (the content of components with molecular
weights of 20,000 or more) to 10% or less, it is effective to use a catalyst, 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.
(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: AER250,
manufactured by Asahi Kasei Chemicals Corporation) was added 0.1 g of tri-

o-tolylphosphine as a catalyst, which was sufticiently stirred and then heated up to
160°C. In addition, each 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: $202 A, manufactured by Asahi Kasei Chemicals
Corporation) was (dropwise) added so 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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of 0.6-fold equivalent as the amino group amount based on the epoxy group in the
composition, and added methy! ethyl ketone as a solvent. Each varnish had a solid
content of 60 mass%. In Examples 9 to 11, assuming that the phenolic hydroxyl
group of each low-molecular polyphenylene ether reacted with the epoxy group,
dicyandiamide was added in such an amount to correspond to the number of epoxy
groups from which the number of phenolic hydroxyl group was subtracted. 2-
Methylimidazole was also added as a curing agent in an amount ranging from 0.1 to
0.3 mass% based on the solid content of each varnish, in which the gelation time of
the varnish at 170°C fell within the range of 4 to 5 minutes. Thus epoxy resin
varnishes were obtained.

Each epoxy resin varnish was impregnated into a glass cloth (trade name:
2116, manufactured by Asahi-Scwebel Corporation) and dried to provide a prepreg
having a resin content of 50 mass%. Four sheets of the prepreg were layered one
after another and each copper foil sheet 35 um thick was superposed on the upper
and lower sides of the multilayer. The resultant composite was thermally
compressed for 60 minutes under conditions of a temperature of 190°C and a
pressure of 20 kg/cm®.  Thus 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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[Table 2]
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[0064]

From the results of Table 2, the following contents can be read.
(1)  The low-molecular polyphenylene ethers having a "MOL>20,000 (%)" of
10% or less (preferably 5% or less) were each used and epoxy-modified to provide
the epoxidized polyphenylene ether having good solubility in toluene at room
temperature. In addition, the low-molecular polyphenylene ethers having a
"MOL>20,000 (%)" of 2% or less were each used and epoxy-modified to provide the
epoxidized polyphenylene ether having good solubility in methyl ethyl 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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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;

the low-molecular polyphenylene ether has an average number of the phenolic
hydroxyl groups per molecule of 1.2 or more; and

the low-molecular polyphenylene ether is a low-molecular polyphenylene

ether obtained by the production process according to any one of claims 1 to 6.



