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becone ML Glyphenylene ether efficiently, and the low molecular weight polyphenylene ether

obtained thereby.

Background Art

t5 Polyphenylene ethers have been used widely as a2 material for products or
parts in electrical or electronic fields, automotive fields, other industrial material
fields, and food or i)ackaging fields, because they are excellent in workability and
productivity, and can be produced as products or parts of a desired shape by melt
injection or melt extrusion molding methods.

0 A number of preparation processes of polyphenylene ethers have been
proposed, for example, by JP-B-36-18692 (The term “JP-B” used herein means an
“examined Japanese patent publication”) and U.S. Pat. Nos. 3,306,875, 3,344,116, and
3,432,466.

The polyphenylene ether, which is obtained by said known method and used

5 in the above-mentioned fields, is a high molecular weight polymer having a reduced
viscosity of not less than 0.3dl/g. Nowadays, however, it is expected that a very low
molecular weight polyphenylene ether is more suitable for an electronic material such
as a printed circuit board than above-mentioned high molecular weight polyphenylene

ether. As the electronic material such as a printed circuit board has become more



22 August, 2006 2 sophisticated recently, the conduct)Vvity-1.0 a
circuit itself has been nore noticeable. Such a condé&ggﬁﬁ%ﬁqigggis
emtted as heat. Therefore, the nmaterial %f a printed circuit board is
required to have not only good dielectricity but also high therma
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comon 5 to di ssolve a material into a solvent to functionalize it by a
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Accordingly, it is necessary that a material of a printed circuit board is
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"unexam ned Japanese patent publication") Pat. No. 6,211, 327.
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et her obtained “by the net od I's not satisfactory in the point of therm

resistance and el\eedy ifoleRl QRO LighE pof?pﬂe%yf’e‘?a}eaé:%} if [QRIbE& GeIPLBIH0-6520,
t he exanpl e, when the reduced pol'yphenyl ené ether is not nore than O. 2d|/g
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or the like to reduce the yield. Wen a good solvent of polyphenyl ene ether
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t he above-nentioned document) is used as a polynerlzatlon sol vent, the
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et her on feactor since a good solvent has good affinity for the

documents is satisfactory in the point of thermal resistance and electric properties.
JP-B-50-6520 describes a process for producing polyphenylene ether in a
15 mixed solvent comprising an aromatic hydrocarbon solvent such as benzene, toluene
and xylene, and an aliphatic hydrocarbon solvent such as n-hexane, isohexane and n-
heptane. However, the resultant low molecular weight polyphenylene ether obtained
by the method is not satisfactory in the point of thermal resistance and electric
properties. As is apparent from the description in the example, when the reduced
0 viscosity of the resultant polyphenylene ether is not more than 0.2dl/g, the
polyphenylene ether adheres on a reactor or the like to reduce the yield.

When a good solvent of polyphenylene ether (an aromatic hydrocarbon
solvent such as benzene, toluene and xylene in the above-mentioned dﬁcument) is
used as a polymerization solvent, the yield is reduced by adhesion of a low molecular

5 weight polyphenylene ether on a reactor since a good solvent has good affinity for the
resultant low molecular weight polyphenylene ether. In addition, problems occur such
that facilities to remove a good solvent from polyphenylene ether become excessive
and that the temperaturer of such facilities must be controlled very carefully.

Therefore, a reduced viscosity at which the low molecular weight polyphenylene ether
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of polyphenylene ether from the polyphenylene ether solution using, for instance, 2

5 devolatilization extruder. This process is an improved method for producing very low
molecular weight polyphenylene ether having a reduced viscosity of 0.1dl/g or less,
which process is free from problems of yield. The low molecular weight
polyphenylene ether obtained by this method, however, cannot be said to have
sufficient thermal resistance and electric properties.

0 Further, the low molecular weight polyphenylene ether obtained by the
above rmethod is generaily in the form of granular particles or pellets. Because la'rge
sized parti‘cles are contained in the polyphenylene ether, troubles arise such that it
requires a‘long time to dissolve in a solvent or adhere on a reactor in a half-dissolved

state.

1]

Disclosure of the invention
An object of the present invention is to provide a2 Iow molecular weight
polyphenylene ether having high thermal resistance, excellent electric properties and

good solubility in a solvent. Another object thereof is to provide a method for




requires a long tine to dissolve in a solvent or adhere on a r or in a

hal f - di ssol ved state. Disclosure of the invention Aﬁﬂﬁﬁﬁggﬁhéiiﬁée pr esent
invention is to provide a | ow nol ecul ar veight pol yphenyl ene ether having
hi gh thermal resistance, excellent electric properties and good solubility

in a sol yeptuciAahtlowhjdctulan@featt polypienyiond ethca ctitidadyf or 22 August,
2006 4 producing said | ow nol ecul ar wei ght pol yphenyl ene et her
efficiently. WtWim ¥ivesw tt0 aaGhivers tge bhevakdevaisasebjeaad thbjpeedent ihhentors
present inventors nmade extensive investigations, and acconplished the

present infaRNdNtONsivd ity Qiti@acidhs,| ameenddoaiplidedahorpie novheasionS 1. A | ow
nol ecul ar wei ght pol yphenyl ene et her which has a reduced viscosity

(71sp/c), as nedsiy gfksadt HOERLibA tRer@fdg/fovidelsor of orm sol uti on, of
0.04-0.18 dl/g, and a nol ecul ar weight distribution of 1.5-2.5. 2. The | ow

mol ecsil ar wei ghti.pal phenydiepelaet hergmc?eryyhraﬂyte@ei eatfer| wabelvehas whaeeaieed
the glass transition tenperature (Tg) of said pol yphenylene ether is 10
repr esentegtobity tRepfcy] howidaguRAUAL 3T il §.58)d &M18rofoth BoPiGdn, ofl050430.18
pol yphenyl ene et her powder conprising the | ow nol ecul ar wei ght

pol yphenyl/gnen@tahfiblcremarviéipgt URtiibeibA o0 2.2apove. 4. The pol yphenyl ene
et her powder according to item 3 above, which has a 15 nean particle size

of 5.0-1000#m 3. TheaoRomypramA ﬁa@heyaefpmwﬁfe aGepacddigidgotd {tem B adbove,
whi ch has a nean particle size of 5.0-500gm 6. The pol yphenyl ene et her

powder aa@efddhN@hd Oglab®MrInSRUE teMplflluRAS(TE) WEARaMAIFol gl nSefe Odther is
5.0-300,um O 7. The pol yphenyl ene ether powder according to item 3 above,
whi ci0 hagepaesented by the following equation:

Tg (°C)> 600 x (ysp/c) + 105

3. A polyphenylene ether powder comprising the low molecular weight

polyphenylene ether according to item 1 or 2 above.

. 4. The polyphenylene ether powder agcording to item 3 above, which has a
l5 mean particle size of vS.O-lOOO,um.
5. The polyphenylene ether powder according to item 3 above, which has a
mean particle size of 5.0-500m.
6. The polyphenylene ether powder according to item 3 above, which has 2
mean particle size of 5.0-300um.
0 ‘ 7. The polyphenylene ether powder according to item 3 above, which has a
" mean particle size of 5.0-100um.
8. The polyphenylene ether powder according to item 3 above, which has
substantially no particle having a particle size larger than 1000um.

9. The low molecular weight polyphenylene ether according to item 1 above,

which is obtained by polymerization of a phenol compound in the presence of a

1

catalyst and oxygen-containing gas.
10. The low molecular weight polyphenylene ether according to item 9
above, wherein the phenol compound comprises a 2,6-dimethylphenol.

11. The low molecular weight polyphenyiener ether according to item 9



mean particle size of 5.0-100pm 8. The pol yphenyl ene _gether po r
according to item 3 above, which has substantially n ing a
particle size larger than 1000#m 9. The | ow nol ecul ar wei ght pol yphenyl ene
ether according to item1 above, 5 whichsis obtained by polynerization of
a phenol conpound in the presence of a catalyst and o xygen-con gai ni ng
gas. 10. TFhevt.owhesieehd ahewdi gmppuldyjshemikbne compaisiag @b diimgthydp hererh Gid
above, wherein the phenol conpound conprises a 2, 6-di nethyl phenol. 11. The
| ow nol ec@hb- wenethylpbohgbhenyl ene et her according to item9 22 August,
2006 5 above, wherein the phenol conpound is a m xture conprising

2, 6-di net hyl phencil2 ahke low3 m@lequlaetwsighhepedyphendleikhethawaneirding de itemglft
polyphenylene et her according to item9 above, wherein the phenol conpound
is a mxtabeveonberedi Hp Qh@oalcmtmnphlerwomxame c§mPriing Phedynptaiplenol 3nd
The | ow nol ecul ar wei ght pol yphenyl ene ether according to any one of itens
10- 12 abo¥¢&-dighenglphenple phenol conpound further conprises a bival ent

phenol represented by the following fornula (1): OHOH Q'~ (1) 020-X--(
02 Q 10 wherei n1® Tando@ medotulaepréisenpaypheddend hthesaarsooding @i dfepanatof
substituent and represents hydrogen, an al kyl group, a substituted al kyl
group, anitama|H12cpboup, wheredulbe iphehedcempbknd fuptierpcoraprisesys bgydapt phenol
substituted aryl group, an al koxy group, a substituted al koxy group or

hal ogen; presggmésbby shafolddwingatdrouthy dtlocar bon resi due and derivative
thereof, oxygen, sulfur or a sulfonyl group; wherein each conbined 5
p05|t|on of each Q7. and X |s |n the ortho or para position with respect to

t he phenolic f !

0 wherein Q; and Q; each represents either the same or a different substituent and
represents hydrogen, an alkyl group, a substituted alkyl group, an aralkyl group, a
substituted aralkyl group, an aryl group, a substituted aryl group, an alkoxy group, a
substituted alkoxy group or halogen; X represents an aliphatic hydrocarbon residue
and derivative thereof, oxygen, sulfur or a sulfonyl group; wherein each combined

5 position of each Q; and X is in the ortho or para position with respect to the phenolic"
hydroxyl group.

14. The low molecular weight polyphenylene ether according to item 9
above, wherein the catalyst comprises a copper compound, a halogen compound and a

diamine compound represented by the following formula (2):

R, Ry

\N—RS—N/ (2)
/ AY
R Ry

wherein R;, R;, R; and Ry each independently represents hydrogen, a linear or
branched C;-5 alkyl group, with the proviso that they do not represent hydrogen at the

same time; and Rs represents a linear or methyl-branched C;-5 alkylene group.

15. The low molecular weight pqiyphenylen-e ether according to item 14




hydr oxyl group. 14. Thi | ow nol ecul ar wei ght pol yphenyl ene et ccordi ng
toitem9 above, wherein the catal yst conprises a cgé%§¥ﬁ%§hg§¥¥§, a

hal ogen conmpound and a di am ne conpound represented by the foll ow ng
formula (2): R / RB NNR5-N (2) R2 R4 wherein R, R2, R3 and R4 each

I ndependent |y represents hydr%gen, a linear or branched Cl-6 alkyl group,
with t h@bsveyi"dGTeinather prsplysd fusther qmprises tythasyene af enHertizgmmanogmingand
R5 represents a |inear or nethyl-branchedC2-5 al kyl ene group. 15. The | ow
nol ecul §°PTRORGHt28YR JiPEAHTIeRePeEMite sempPWichg to i tem 14 22 August, 2006
6 above, wherein the catalyst further conprises at |east one of a tertiary
nonoani ne conpbund RIRGesE tdcRredaeipentifolaw meoleewispurright ol yhsapteassether
produciag the | ow nol ecul ar wei ght pol yphenyl ene ether according to item|l
above, RAFUIIRSNMSr fitels Lt gRoet.cdich srmmBaieas shengtepspRErmnlymBTigind durndicnal

t he gresence of a catal yst and oxygen-containing gas using a good sol vent
of sai dSPBROHBActLItby Reseqee pblay sAEIYStenad coxigen-condriaing apsaupiesr 2spdeknt
of said | ow nol ecul ar wei ght pol yphenyl ene ether to the pol yphenyl ene et her
sol ut i of°!vsBt & Fedd g™ Jeelgcplor yreight aelxmhenslepe et hpi, tamdeadsting 4 poemstloent ar
wei ght goly henyl ene ether; O wherein said precipitation is carried out at
t he t enperatdutaw impleerdar Hisightafolyghenyjenp@etiar to the Podyphreariens eldeosdlutipn o
item 16 above, wherein the poor solvent is an alcohol having 1-10 carbon
atoms. 2Btaimeb Byoceid selumeminyfien ite erpresipitets esaidhelosi nmdecyanr wighlent
Is at 5 | east one solvent selected fromthe group consisting of nethanol,
et hanol Pelypsparisme ether;

0 wherein said precipitation is carried out at the temperature in the range of -80 to
20°C.

17. The process according to item 16 above, wherein the poor solvent is an
alcohol having 1-10 carbon atoms.

18. The process according to item 16 above, wherein the poor solvent is at

’  least one solvent selected from the group consisting of methanol, ethanol, propanol,
butanol, pentanol, hexanol and ethylene glycol.

19. The process according to item 17 or 18 above, wherein the poor solvent
further comprises water.

20. A process for producing the low molecular weight polyphenylene ether
according to item 1 above, which comprises the steps of polymerizing a phenol
compound in the presence of a caialyst and oxygen-containing gas, and precipitating
‘said low molecular weight polyphenylene ether in the course of the polymerization;
wﬁerein the polymerization solvent is a mixture of at least two alcohols.

21. The process according to item 20 above, wherein the polymerization
solvent is a mixture of at least two alcohols having 1-10 carbon atoms.

22. The process according to item 20 above, wherein the polymerization
solvent is 2 mixture of at least two alcohols selected from the group consisting of
methanol, ethanol, propanol, butanol, pentanol, hexanol and ethylene glycol.

23. The process according to item 16 or 20 above, which further comprises




but anol , pentanol, hexanol and ethylene glycol. 19. The process according
to item 17 or 18 above, wherein the poor solvent furd%Augusty2006s water.
20. A process for producing the | ow nol ecul ar wei ght pol yphenyl ene et her
according to item 1 above, which conprisg; the steps of polynerizing a
phenol conmpound in the presence of a catalyst and oxygen -containing gas,

and precitpet apngf p¥ifdidOW BRIref UWeahpMEngineP PhyNpABKEENEwEBTECUIBr tWidight
course of the polynerization; erein the polynerization solvent is a

m xture q;o@i;heln@p&,te d1wer qu@gm,ﬁg; 21. The process according to item 20
above, wherein the polynerization solvent is a mxture of at |east two

al cohol s vhatia0thb- WS HGRE ROIVeat PRt 1648t 0RPQoNeAE QR cALL BloH Mk ERoupt &dHs2ling
above, wherein the polynerization solvent is a mxture of at |east two

al cohol s o$%ﬁﬁ§€ﬂ,fefﬂﬁ‘otl,hﬁro$'&ﬁ)blﬂ? %Wl?béﬂgn@f, he¥Bh &Y etb81& NPl col.
propanol, butanol, pentanol, hexanol and ethylene glycol. 23. The process

accorgling to item pohrdddsabR¥erding eNitkr Db oG eI SR B MGl sAVER!
7 the step of purifying a slurry conprising the precipitated | ow nol ecul ar

wei ght  peiiphesnipALE el by washing; wherein the washing solvent is at
| east one sol vent selected fromthe group consisting of nethanol, ethanol,

propanol , but anals, 'ﬂf‘d“%%&'ss RRIANRE @Nflehl B.’Ilzﬁﬁ)‘%ePlW%-fu\";’th?e‘}-comﬁiﬁrspﬂﬁess
according to item 23 above, wherein the washing solvent further conprises

water. 2gieplRe PEREESE AREOLSHRheldO sbl @it 2Brodl 0¥ Bwa ¥l € oWl hBRLu R TRFiZ RS
the step of renoving the contained solvent froma washed | ow nol ecul ar

wei ght  pelypRBeRikheRer &Il RNg dndi didobtfliFfMwa.ati | i zation. 10 26 The
process according to item 16 ofr 20 above, which further conprises the

stepgy of separabieNbhd PPodedV JFRLAGHE Ab MELITY 0P A0y RESVY] | AR hEEdIBer! EdiPAses
slurry conprising the precipitated | ow nol ecul ar wei ght pol yphenyl ene
ether totebiRpsh & Wlarating the low molecular weight polyphenylene ether from a slurry
comprising the precipitated low molecular weight polyphenylene ether to obtain a wet
" low molecular weight polyphenylene ether, and removing the contained solvent from
said wet low molecular weight polyphenylene ether by drying and devolatilization.

15
Best Mode for Carrying Out the Invention

The low molecular weight polyphenylene ether of the present invcntionlis a
low molecular weight polyphenylene ether that has a2 reduced viscosity (nsp/c), as
measured at 30°C in a 0.5g/dl chloroform scolution, of 0.04-0.187dl/g, and a.molecular

0  weight distribution (Mw/Mn) of 1.5-2.5.

The reduced viscosity can be obtained by measuring polyphenylene ether in
the form of a 0.5g/dl chloroform solution at 30°C using a Ubbelohde viscometer. The
reduced viscosity of the low molecular weight polyphenylene ether of the present
invention is 0.04-0.18dl/g, preferably 0.04-0.15dl/g, more preferably 0.05-0.13dl/g.

5 . The .molecular weight distribution can be obtained by us‘ing gel permeation
chromatog_raphy (GPC). A étandard polystyrene is preferably used for the
measurement of a molecular weight. A GPC-LALLS method wherein GPC is combined
with a light scattering method can also be used. The molecular weight distribution

(Mw/Mn) of the low molecular weight polyphenylene ether of the present invention is



| ow nol ecul ar wei ght pol yphenyl ene ether, and renovi t he cont ai.ned
solvent from said wet |ow nol ecul ar wei ght polyphengﬁ%ﬁgmgﬂhg¥ﬂ¥£ drying
and devol atilization. t5 Best Mbde for Carrying Qut the Invention The | ow
mol ecul ar wei ght pol yphenyl ene ether of fthe present invention is a |ow
nol ecul ar wei ght pol yphenyl ene ether that has a reduced viscosity (Tisp/c),
as neasursad.nt pdEEbln 1a6-02.99Mdk 16 aoddulim SRigHt Pylypodnyde il ethelSehivigg a
and a nolecular ,0 weight distribution (Mv M) of 1.5-2.5. The reduced
Vi scosi t ynodedulbe webilai dieckibytiseas uhatnehnpel haghesnydrenerminedsidtincd hed fededriaf
a 0.5g/dl chloroformsolution at 30*C using a Ubbel ohde vi sconeter. The
reduced proyeodes thohd thae Haowagotheciddace yverighdsipolofptienyresaat cdhheitiod ddide a
present invention is 0.04-0.18dl/g, preferably 0.04-0.15dj/g, nore
pref er abinp1€cudr Oeilghdidigritutibacourod fehd| rangsvor gind peisshr ildektion. can be
obt ai ned by using gel perneation chronatography (GPC). A standard
pol ysiyrene i s mheflemahloYedis@dwledghtt fyphandeie ettt oif tha prek&ntuinaienvien gs.
A GPC- LALLS net hod wherein GPC is conbined with a light scattering nethod
can al sohipd ub@GhalThesismheeul & Meiightx dicstihebilil QBsis(ddoe My gilasi heahdwon
nmol ecul ar wei ght pol yphenyl ene ether of the present invention is 22 August,
2006 8 tenfpedature PTES & ad¥dy 11 iHpreférabld ChdtQie TOIWEGIcRE1MMEL ERht POl ppleenichene
et her having a nolecular weight distribution in that range has better
thermal ¢ast B108GRaANGaRiGGh tkfpe AItORESBlatfed biathd PAloWiaygi symatia: r educed
viscosity of the present invention and a nolecular weight distribution out
of the range of Tghecps @gent (spyentitos. 5 The | ow nol ecul ar wei ght
pol yphenyl ene ether of the present invention has high thermal resistance.
As a i néBerein ThesprbedteSthet MACE trahsii s Yempanuid QdegreenPelsRishirel (hkg)ow s
used. It is preferable that the | ow nol ecul ar wei ght pol yphenyl ene et her
has a glmisRctlaangeighnpéigpReiAkié cethbi, ahi®hspyc treprefsOhisOvienge depedt vixeositg
(*©) > 600 x (ilsp/c) + 105

{unit: dl/g) of the low molecular weight polyphenylene ether measured at 30°C in a

0.5g/dl chloroform solution.
The low molecular weight polyphenylene ether of the present invention is

5 preferably powdery. The mean particle size of the low molecular weight
polyphenylene ether poWder of the present invention is 5.0-1000um, preferably 5.0-
500um, more preferably 5.0-300xm, most preferably 5.0-100um. In addition, it is
preferable that the low molecular weight polyphenylene ether powder has
substantially no particle that is not smaller than 1000um.

0 ' The low molecular weight polyphenylene ether of the present invention can
be obtained by polymerization a phenol compound in the preéence of a catalyst and
oxygen-containing gas.

The phenol corﬁponnd to be used in the present invention is a compound

having a Structure represented by the following formula (3):

Rg
OH (3)
Rg Ry

wherein Rg, R; and Rg is each an individual substituent; Rs represents an alkyl,



10 wherein Tg represents the glass transition tenpera&grg sdgggggECelsius)
of the Iow nolecular weight polyphenyl ene ether, and ents the
reduced viscosity (unit: dli/g) of the | ow nol ecul ar wei ght pol yphenyl ene
ether nmeasured at 30*C in a 0.5g/dl chlogoformsolution. The | ow nol ecul ar
wei ght pol yphenyl ene ether of the present ‘invention is 15 preferably
powdery. dhisstitesd pPAk{l, ChealbyResestithrd anaIxgl eaubRr susitgated ok phskudyens
et her powder of the present invention is 5.0-1000,um preferably 5.0-

500, um neouistpeeidendbdyy Sronp0QHd) RIOShd PRET €1chDIrYp2sOnti DOAL AU ditionaddi thase,
it is preferable that the | ow nol ecul ar wei ght pol yphenyl ene et her powder
has substdentibakd|fipr Ry, hadidgeheort fAbgés not smaller than 1000, um 10 The | ow
nol ecul ar wei ght pol yphenyl ene ether of the present invention can be

obt ai ned by pol yBeampdis of saciphesathpeoipondniddé n-theoRr ESediar tb¥ipaenal, o, 3 sd-
and oxygen-containing gas. The phenol conpound to be used in the present

| nvents ontriethytpligaolind2-d1ayliphgnsl, St2-metiyies eepflpsendled 2hy-didrayphlehowi ng-n-
formula (3): R6 OH (3) R~ R7 5 wherein R6, R7 and Rs is each an individual

subst i t ueptopyf¥heneRr esSEBily1 1 ndYi6pkiphddoAUGUSnet RS chibraphéidll Ut @dn edbkyl6-
aral kyl, substituted aralkyl, aryl, substituted aryl, alkoxy or
subst i t uttadmalpkexyl, gr Duftith ANE-iRYp@PH1pRE n6BC N2 e h §E 804 -Prop yIpBEb1 | QReth1-6-
those described for R6, hydrogen or hal ogen. Exanples of such a conpound
i ncl ude wrome$hbanol?, 6- d-pRIMMLPASKHAY1pHad],6- &,tstdinﬁlﬂabf#ﬂbﬁaﬂéla 2-ethyl-6-
2- et hyl phenol , 2-net hyl - 6- et hyl phenol, 2, 6-di et hyl phenol, 2-n-
propylh pPeammpaeemhw-nﬁtmylps@whm@em, ZpheiylphefolC bl QdO@Yhenol, 2,6-bis-
2- met hyl - 6-
10  (4-fluorophenyl)phenol, 2-methyl-6-tolylpheno! and 2,6-ditolylphenol. They may be
used either individually or in combination. Incorporation of a small amount of m-
cresol, p-cresol, 2,4-dimethylphenol or 2,4,6-trimethylphenol in the above-described
compound does not cause any substantial problem. Among these phenol compounds,
2,6-dimethylphenol is particularly industrially important. A combination of 2,6-
15 dimethylphencol and 2,3,6-trimethylpheno] or that of 2,6-dimethylphenol and 2,6-
diphenylphenol is also used preferably.
Moreover, it is preferable that the phenol compound comprises the bivalent
phenol compound represented by the following formula (1):

OH OH
Ql Ql

Q3 Q

D. wherein Q; and Q, each represents hydrogen, an alkyl, substituted alkyl, aralkyl,
substituted aralkyl, aryl, substituted aryl, alkoxy and substituted alkoxy group and
halogen, and they can be either the same or different; X represents an aliphatic
hydrocarbon residue and a substituted derivative thereof, oxygen, sulfur and ‘a

- sulfonyl group; and the combined position of Q; and X is each ortho or para with

v respect to the phenolic hydroxyl group.

Examples of such a compound include the group represented by the



br onophenol, 2-me thy] - 6 -isopropyl phenol, 2-nethy|-6-n-EropéiEgenol,
- -6- bronophenol, 2-nethyl-6-n-butyl phenol, 2, i henol ,

2- et hyl
2- et hyl

-6- chl orophenol, 2-nethyl -6-phenyl phenol, 2-phenyl phenol,

2, 6-di phenyl phenol , 2, 6-bis 10 (4-fl uorophenyl)phenol,
2-met hyl - 6-t ol yl phenol and 2, 6-ditol yl phenol. They nmay be wused either
i ndi vi dusdilywig fdtn@0aed(nay,i @Rb) A QIR9r ation of a small amount of m

cresol ,
above-descri bed co

p-cresol, 2,4-dinethyl phenol or 2,4,6-trinmethyl phenol in the
pound does @mot cause any substantial problem Anmong

t hese phenol conpoug . {met hyl phenol is particularly industrially

i nportant. A conbof
ol or that of 2,6- d|
preferably. Mreove

and 2, 6- diphenylphenol is also used
, it is preberable that the phenol conpound conprises

t he bival ent phenol conpound represented by the following fornmula (1): OH
OH QL Q@O0 X (~ Q@ Q..D whereln Q and @ each represents hydrogen, an
al kyl ,

aryl,

W th

o

al koxy and@sy}
either the same or

resi due and a subst
sul fonyl group; and
respect to the
i nclude the group represented by the 22 August,
(1-a),

af kyl,  substituted aral kyl, aryl, substituted
Bbxy group and hal ogen, and they can be
repredents an aliphatic hydrocarbon

‘ x+vative thereof, oxygen, sulfur and a

he conbyned position O Q@ and X is each ortho or para
phenol i € hydroxyl group. Exanples of such a compound

substituted al

(1-b) ‘and (§;¢): HOX.CHI-a) QQ Q 02 CHH

wherein Q; and Q; each represents hydrogen, an alkyl, substituted alkyl, aralkyl,
substituted aralkyl, aryl, substituted aryl, alkoxy or substituted alkoxy group and
halogen, and they can be either the same or ciifferent; X represents an aliphatic
hydrocarbon residue and a derivaiive thereof, oxygen, sulfur and a sulfonyl group.

A typical éiample of the compound having the structure of the above-
mentioned formulae is a compound wherein both of Q; and Q; are methyl and X is

isopropylidene, a compound wherein both of Q, and Q. are methyl and X is

. methylene, a compound wherein both of Q; and Q. are methyl and X is thio, a

compourd wherein both of Q; and Q, are methyl and X is cyclohexylidene, and the
like. Needless to say, the compound is not limited to the above-mentioned examples.

The biphenolic cbmpounds are used either individually or in combination.
The amount of the biphenolic compound is not particularly limited but is preferred to
be 0.1-30% by mole to monophenol compounds.

As the catalyst of the present invention, all‘th‘e known catalyst systems
which are commonly applicable to the production of polyphenylene ether can be used.
Examples of the known catalyst systems include the combination of a transition metal

ion having a redox capability and an amine compound capable of forming a complex

di met-dyyl phenol and 2,3,6-t rinme thyl phen

2006 10 follow ng formul ae



Q"~ X" QA (1-b) 2 @@ QOH HOX-1 Q1 (I-C @ 5 wherein Q and 2 each
represents hydrogen, an al kyl, substituted al kyl, ar&@dﬂﬁﬂéinﬁgﬂgtuted
aral kyl, aryl, substituted aryl, al koxy or substituted al koxy group and
hal ogen, and they can be either the same or different; X represents an

ali phatic hydrocarbon residue and a dertVative t hereof , oxygen, sul fur and

a sul f onyitlg il Pranditi P i@l RIAMRYreeQAmf10es CMROYBEL 13N EINGed BRe domysrising Of
t he above- 0 nentioned fornulae is a conpound wherein both of Q and @ are

met hyl agdpper SompsORd ARVl bl @Min e AcSTPFARD b b @6 RpFishit B AhnEhned8dcdRp i m
ncthyl and X is methylene, a conpound wherein both of Q and 2 are nethyl

and X i Sahmia(ﬁ,arainecﬂﬂﬂﬁm;mr@dlﬂptbﬁhﬁ Dkobdit aRehpdnaradnat Bxlin@Rdm¥oudd;
cycl ohexylidene, and the 1like. Needless to say, the conmpound is not

linited tpdthe 1ak0vEmBRNhE %j?ﬁn@?iﬁﬂ%ﬁ%ac’iioﬂ‘?;@r@&'ﬁ@%b& SEXFIOHN Y Surfe® an
used either individually or in conbination. he anmount of the biphenolic

conposindaikaliet cafitibaUlasmy1ll bAbhed oPUiIkhE &F @heiddtioh®l sRA10 akod@VodTY the
nol e to nonophenol conpounds. As the catal yst of the present invention, al

the knowamgmd 8énipéusd/ 84 £ BE addbll ¢H tRY Batd Rhdenppl i cabl e to the production
of pol yphenyl ene ether can be used. | anpl es of the known catal yst

systems incl ude Atpen £ oM NAlk AL A ufed [N &4 @1 stRbAlprisOil ha:\sipggr Sompeexd,
capability and an am ne conpound capabl e of form ng a conplex 22 August,

2006 with Hah®gda' ePmpbhRd MRt AldidRihe ESRpEXRAIREFresSted By NS BN Wwieg Y6ARuRNE
conprising a copper conpound and an am ne conpound; one conprising a
manganesg@y¢onpound and an am ne conpound; one conprising a cobalt conpound
and an am ne conpound; and the like. Since the polynerization reaction

progresses nore efficien%&y under an
1 3

/\N-—Rs—N< (2)

0 R3 R4
wherein R, R;, R; and Ry each independently represents a hydrogen atom, a linear or
branched Ci-4 alkyl group, with the proviso that they do not represent a hydrogen
atom at the same time; and R;s represents a linear or methyl-branched C,-s alkylene
group.

15 Examples ;)f.the copper compound mentioned herein as a catalyst component
will be described. As the preferred copper compound, cuprous compounds, cupric
compounds and mixtures thereof can be used. The cupric compounds include cupric
chloride, cupric bromide, cupric sulfate and cupric nitrate, while the cuprous
compounds include cuprous chloride, cuprous bromide, cuprous sulfate and cuprous

0 nitrate. Of these cuprous and cupric compounds, particularly preferred are cuprous
chloride, cﬁpric chloride, cuprbus bromide and cupric bromide. These copper salts
may be synthesized upon use from oxides, carbonates or hydroxides of copper, and
halogens or acids corresponding thereto. Methods of mixiné cuprous oxide and a
hydrogen halide (or a solution of a hydrogen halide) are frequently used for the

preparation of such copper salts.

(=]

Examples of the halogen compound include hydrogen chloride, hydrogen

bromide, hydrogen iodide, sodium chleoride, sodium bromide, sodium iodide,



5 al kaline condition, a small amount of alkali or an additional small
anount of the am ne conpound can be added to the cat Anong
them preferably used is the catal yst conprising a copper compound, a
hal ogen conmpound and a di am ne conpound H%presented by the follow ng
formula (2): R / RBNR5-N(2) R2 R4 0 wherein Rl, R2, R3 and R4 each
I ndependgnithssinmpreat@ids pomsdnageBbrahidy, potaksiaar i0didd)r anenreth@ladmah kirh
group, with the proviso that they do not represent a hydrogen atom at the
sanme tinehklaride RS rrephesenflasmndditgar drorgidy| - heaaskedylednbordlky| eriedide,
group. [5 Exanples of the copper conpound nmentioned herein as a catal yst
conponenttetraedhlyldiemd e i | dh6lri d &S tdthee tpy o 0 mC 6 pfiRid eC P Qbifide thglgHi MUBium
conmpounds, cupric conpounds and m xtures thereof can be used. The cupric
conpounddoditel Thes€ pldgen v unde, ca@URd uEedbOah dQuebuPEb Mitiw 6Aksodutton in
cupric nitrate, while the cuprous conpounds include cuprous chloride,
cupro8s hr prapge, s@upHOUBh&sdl halo@eANcb BpuildScdh et GodE e i@er tiRABEdERIDY QLS in
and cupric conpounds, particularly preferred are cuprous chloride, cupric
chl ori de coabpii fiksn Witk 66 @Nfhot!Phér&obr Prafefed eSS C QPRPHUEAS afe alBAqulOus
synt hesi zed upon use from oxi des, carbonates or hydroxi des of copper, and
hal ogens sofutbi 6 h gdozen RANSH 0¢) ah HaALCiReo MLENAGSnAIf K dtoPen GU@nDles OXi de
and a ,hydrogen halide (or a solution of a hydrogen halide) are frequently
used for the 5 Atepa@tidopticeliehl1GoPAesn Sikl ispofadngl emeohanidhar haf agese
conpound i ncl ude hydrogen chl ori de, hydrogen brom de, hydrogen i odi de,
sodi um chbmipbdeds,Sdly Usandbe ndhiflo ys @ Hol Pt Othle eo ppd? AUGUSKL RfI6rabDP thasfriowin
chl oride, potassium brom de, 12 potassium i odide, tetramethylamoni um

10 0.02 to 0.6 mole per 100 moles of the phenol compound, and the amount of the

- halogen atom will be from 2 to 20 times the molar amount of the copper atom,
Examples of the diamine compound as the catalytic component will next be

enumerated. Examples thereof include N,N,N’,N’-tetramethylethylenediamine,

N,N,N’-trimethylethylenediamine, N;N’-dimethylethylenediamine, N,N-
|5 dimethylethylenediamine, N-methyiethylenediamine, N,N,N’,N’-
tetraethylethylenediamine, N,N,N’-triethylethylenediamine, N,N’-

diethylethylenediamine, N,N-diethylethylenediamine, vN-ethylethIenediamine, N,N-
dimethyl-N’-ethylethylenediamine, N,N’-dimethyl-N-cthylethylenediamine, N-n-
propylethylenediamine, N,N’-n-propylethylenediamine, N-i-propylethylenediamine,
0 N,N’-i-propylethylenediamine, N-n-butylethylenediamine, N,N’-n-
butylethylenediamine, N-i-butylethylenediamine, N,N’-i-butylethylenediamine, N-t-
butylethylenediamine, N,N’-t-butylethylenediamine, N,N,N’ N’-tetramethyl-1,3-
diaminopropane, N,N,N’-trimethyl-1,3-diaminopropane, N,N’-dimethyl-1,3-
diaminopropane, N-methyl-1,3-diaminopropane, N,N,N’,N’-tetramethyl-1,3-diamino-

l1-methylpropane, N,N,N’,N’-tetramethyl-1,3-diamino-2-methylpropane, N,N,N’,N’-

S

- tetramethyl-1,4-diaminobutane and N,N,N’,N’-tetramethyl-1,5-diaminopentane.
Preferred diamine compounds are those in which the alkylene group that links the two
nitrogen atoms has 2 or 3 carbon atoms. Although no particular limitation is imposed

on the use amount of the diamine compound, it is usuwally employed in an amount



chl oride, tetranethyl ammoni um brom de, tetranethyl amrgai um i gdi@ﬁlz tetrae
t hyl amoni um chl ori de, tetraethyl anmoni um brom de an ni um
i odi de. These hal ogen conpounds can be used as an aqueous solution or a
solution in 5 a proper solvent. These hal pgen conpounds can be used either
individually or in conbination with two or nore thereof. Preferred hal ogen
conpoundsraigingiranWedliso 18ahdles @ar aD0 hysleo@Enh € phondlde nfprkndn agqueous

sol ution of hydrogen brom de. Al'though no particular limtation is inposed
on the anount of Tiohekese camp@undsmpbheytscain fie peafetmiedind tehéibrg htoseppive
atomw || preferably be from 10 0.02 to 0.6 nole per 100 noles of the
phenol cocgapotndsandd tdxenddbumbneimidd arbalddgeridepindividuably éir DNc@mbimazidn
times the nolar anount of the copper atom Exanples of the diam ne conpound
as the caisahybmpoaeAponeid prakédt iNCXAtiGL. enuner at ed. Exanpl es t her eof

i nclude N, N, N, N -tetranet hyl et hyl enedi am ne,

N, N, N5 trimet hyl @#hbydeemetteftidryemobbMNnidll GmpyLeddTymeneda Hphite BkthhrySamines
di met hyl et hyl enedi am ne, N-ne thyle thylenedia mine, NN N ,6 N -

t et r aet hyinetddihgnediaiiice, teNiddyN ahideel hEkeinpydsenedirevti naclddeN -for example,
di et hyl et hyl enedi am ne, N, N-di et hyl et hyl enedi am ne, N-ethyl et hl enedi am ne,
N, N di metrhyéthMiammidky| arityhyamihaM 0€propylamine, tributylamine, triisobutylamine,
N, N - di net hyl - N- et hyl et hyl enedi am ne, N-n- propyl et hyl enedi am ne,

N, N' - n- prdipielt ey iRyl ydamih & i iiee th Npropyapih el AyyianabdyAmine, ddmethyl-n-butylamine,
N, N -i-propyl et hyl enedi am ne, N-n-butyl et hyl enedi am ne, N, N -n-

but yl et hiengdisaprdlabVine Bhid WN-@idiiy RNy NEnine. These tertiary monoamines can
N, N -i-butyl et hyl enedi am ne, N-t- butyl et hyl enedi am ne,

N, N' -10- budey luet bytiehediiadividyally, NrNin NomkEihe66Rt 6F | at L1edst diwaiTidIOpc@parreof.
N, N, N -trinmethyl -1, 3-di am nopropane, N, N -dinethyl -1, 3- di am nopr opane,

N- et hyl -AltBewilamon@araee libithidh , Y impbifaimbhyle LsS-ahamtnoitSis preferably
1- net hyl propane, N, N, N , N -tetramet hyl -1, 3-di am no- 2- net hyl propane,

N, N, N , Nempgleyédmat sy lambu4t dafgingofrebninel aadl0 moles per 100 moles of the phenol
N, NN ,N -tetranet hyl -1, 5-di am nopentane. Preferred di am ne conpounds are
t hose i ncohipohoidbe al-kyl ene group that links the two nitrogen atons has 2
or 3 carbon atoms. Although no particular limtation is inposed on the use
amount of the diwiiinggaddpo e seddndiady widbdlaiine@phmpyealds, example®olitsecondary

15 aliphatic amines include dimethylamine, diethylamine, di-n-propylamine, di-
isopropylamine, di-n-butylamine, di-isobutylamine, di-tert-butylamine,
dipentylamines, dihexylamines, dioctylamines, didecylamines, dibenzylamines,
methylethylamine, methylpropylamine, methylbutylamine and cyclohexylamine.
Examples of secondary aromatic monoamines include N-phenylmethanolamine, N-

‘0 phenylethanolamine, N-phenylpropanolamine, N-(m-methylphenyl)ethanolamine, N-
(p-methylphenyl)ethanolamine, N—(2’,6’dimelhylphenyl)ethanolamine, N-(p-
chlorophenyl)ethanolamine, N-ethylaniline, N-butylaniline, N-methyl-2-
methylaniline, N-methyl-2,6-dimethylaniline and diphenylamine. The secondary
monoamine compounds are however not limited to the above-described ones. They can

5 be used ecither individually or in combination of at least two or more thereof.
Although no particular limitation is imposed on the use amount, it ranges preferably
from 0.05 to 15 moles, more preferably from 0.1 to 10 moles, per 100 moles of the
phenol compounds.

The secondary monoamine compound and tertiary monoamine compound can




22 August. 2006 13 ranging fromO0.01 to 10 noles per_100 noles of the
phenol conpound. To these catal yst conponents, it is LU-PY
tertiary nonoam ne conpounds and secondary nonoam nes are added either
individually or in conbination as a co gnent in the present invention. 5
The term "tertiary nonoam ne conpounds” ans aliphatic tertiary am nes

i ncl udi ngb@uk&d/eithér {nA¥idah My 3MiRLImUFAATD) €S cBHﬁ'it%qus' Scinddsalyst, exanpl e,
trimethylamne, triethylamne, trioropylamne, tributylam ne,

triisobutylam neyt jdialg@t pyerefaBYd ag1 Ny 2 uTRIINAPEQRER@BNAAY known to Jhave an
aryi di et hyl am ne, di nethyl-n-butylamne, die thyli sopropy?ram ne and

N- et hyl cefge @heX Y hprdvigg t-ﬁgeﬁtﬂy'hﬁ'ifz'aﬁ'bﬁ ANgaoReH e CAM y b bR 16262 i@1 fsREFor
individually or in corrbl nation of at |east two or nore’'thereof. Al though

no parti Cddaddplb) iFid QIR LY fard HPRRRH cRID ridiCk d5En 3TRHE kradletnande Bf @Iqerrqalal $36”
enpl oyed in an anmbunt ranging fromO.1 to 10 noles per 100 noles of the

phenols  cROiHEguacNCh R b@qg@ad:t%%s%hﬁnéﬁﬁq@qﬁwermmﬂm?aqq&rgplﬁlad%xceedmg
exanpl es of secondary 15 aliphatic am nes include di nethyl an ne,

di et hyl amg. 08y, 4l vae 8RR A0l Gmdlint JESROHAIRNE 2 dMfon Alizdzdut yl ami ne,
di -isobutylam ne, di-tert-butylamne, dipentylam nes, dihexylam nes,

di octyl am nes, dAEIQEW&Wg@ﬁ%on@ehgﬁd’gz@a@%nﬁﬁd uH@ﬁ Wl?ﬁ@)’ikﬁﬁbﬁ'eof the present
met hyl propyl am ne, mnet hyl'butyl am ne and cycl ohexyl am nhe. Exanpl es 01P

secondar Yn ¢ {6, 'ﬂbtrmﬂf’%m@%§yécﬂpbugglswﬁﬁqﬂﬁﬁlrg%tfrﬁﬁgkﬁ%ﬂean MerDgas such as
phenyl et hanol am ne, N-phenyl propanol am ne, N-(m nethyl phenyl) et hanol am ne,

N (p- metliebpELAY hh frRABOL ARG mbktute ©f audhm?fah%h@h | Qlﬁ:thhﬂqﬁll?@éﬁeat any
N-(p- chl orophenyl)et hanol anine, N-ethyl aniline,. N-butylaniline,

N-metdy| r2ho rakhid agid.i B¢, th&"pﬁ?&sﬂl‘é g Rk C&'y@ﬁﬁﬁ‘ﬁh?ﬂ' '!h'le é‘lg%é?lﬂfﬂﬁﬂﬁﬂe%mneﬁ
The secondary nonoam ne conpounds are however not mi ¥

above- deggfmbegrBeR isNRYictaN, BubfeHIfFh ﬁ'a&hfcreﬂfgglewlfﬂlﬁlrlﬂéd@écd ressure or
conbi nation of at least two or nore thereof. Although no particul ar
| imtati gRdésSpidipased ardthhe use anount, it ranges preferably
There is no particular limitation on the temperature of polymerization.
Polymerization is preferably conducted at a temperature ranging from 0 to 80°C, more
5 preferably 10 to 70°C, because reaction does not proceed smoothly at an excessively
low temperature, while the reaction selectivity becomes low at an exceséively high
temperature.
No particular limitation is imposed on the treatment after completion of the
polymerization reaction. A method wherein an acid such as hydrochloric acid or acetic
0 acid, ethylencdiﬁminetetraacetic acid (EDTA) or a salt thereof, or nitrilotriacetic acid
or a salt thereof are added to the rf:action mixture to deactivate the catalyst is usually
used.
No particular limitation is imposed on the met-hod of treatment of by-
product, such as diphenoquinone, which is known to be formed in the common
) polymerization of polyphenylene ether. As long as a metal ion of a catalyst is in a
substantially deactivated state as mentioned above, decolorization is achieved just by
heating. The decolorization can be also achieved by adding a reducing agent such as
hydroquinone and sodium dithionite in a required amount. There is no limitation to

the temperature of this step, but it is preferred to carry out the step under the



fromO0.05 to 15 noles, nore preferably fromO0.1 to 10_nfol es, per. 100 nol es
of the phenol conpounds. The secondary nobnoam ne congadﬁaﬂﬁﬁdggaétiary
nonoam ne conpound can 22 August, 2006 14 be used either individually or
I n conbination as constituents of the catﬁlyst. It is also preferable to

a

add a surfactant conventionally known to 'have an effect of. inproving the

pol ymer i za&mnoﬂqatfltmttymﬁémim cHOiwrf%*é@Ian@h&amwo%e oF8pera®balp! e,
trioctylnet hyl ammoni um chl ori de known as the trade nanme of "Aliquat 336" 5

or "Capriquat” capghged$ess alxh&hlaaefoarmﬂmmﬁg pRIEIRNFRInY WhEhi fhefe hatBeBR!
exceeding 0.1 w.[I~ based on the total anpbunt of thé whole reacti on

m xture. 16$odnheaowg@i@iﬁﬁ%a'ﬂil?&leﬁ%ta&@ %&Qﬂo&p%epélhyf?rbéﬁt | lvedt Lo a
present invention, not only pure oxygen but also a mxture of oxygen and

an inert ﬂﬁ§p§é&?ﬁe]ﬁ§ etHtrl 0880 A 230 yhRtizQtiod! folvOt ?nd“p’éi%h%ngfen@' éthehds
an inert gas such as nltrogen at any 10 rati o can be used € pressure

in the syslepititéd B9 thbGoPR! PEiZALd A0 (hERGLIRNof pBWrE@llzancﬁﬁsstdea's%lutmn
sufficient, but reaction nay be effected under reduced pressure or under

pressure @gy meﬁqmonm%ed'»§hé}9m0§rgtdofa%<ﬁceﬁﬂ 5 wdl?{ﬂha‘r}nmeeth%mer@kurﬁ of
polynerlzatlon Pol ynmeri zation is preferably conducted at a tenperature

rangi ng fﬂd}mngnrzﬁ)tlgp*sglvcrmrfnd polyphehi§leal! %ndp it widQited qgcﬁl!‘»%?an@aqth'eofbw
does not proceed snoothly at an excesSively Iom/tenperature whi |

reacti on 3&lee@tak & hPSRIPER dyPh AL t1RD SXEES Hr¥lnY iRl Otiod ec'meﬁé’-tdbrtﬂnemoby
particular limtation i's 1nmposed on the treatnent after conpletion. of the

pol ymer i ZziHePRt t8&G! hPfhodd Mt hod wherein an acid such as hydrochloric acid
or acetic O acid, ethylenediam netetraacetic acid (EDTA) or a salt

therqgf, or ni trAJId];tHgaﬂf'et bfe cBgit £li alﬁ@tl,ﬁzattm:r ElQih(ﬁ:f @rh@pt.qﬁq Sort §Avent of
reaction mxture to deactivate the cata yst is usually wused particul ar
limtati @npdﬁphenylm%ﬁﬂ:rqg usB8 a¥ef POf iriddtRAL E@QEnpfm&))ﬁblyphenylcne ether is
| precipitated in the form of particles in the course of polymerization, a mixed solvent
comprising at least two alcohols must be used as a poor solvent.
As a poor solvent, an alcohol having 1-10 carbon atoms is preferred. More
{5 preferable are at least two alcohols selected from the group conmsisting of methanol,
ethanol, propanol, butanol, pentanol, hexanol and ethylene glycol. A poor solvent is
preferred not to contain water.
There is no particular limitation on how many kinds of solvent are used as
long as two or more are employed. In addition, no particular limitation is imposed on
0 the weight ratio of each solvent in a mixed sclvent, and the combination and weight
ratio of solvents, which are required to achieve this process, can both be¢ selected
_from these solvents. Accordingly, an extremely wide range of selection can be
provided. From the industrial viewpoint, however, it is natural that limitations are

imposed to some extent in consideration of price, difficulty in recovery and the like.

It has been found that the use of a mixed solvent comprising at least two

]

alcohols exhibits extremely unique behavior where the molecular weight of a low
molecular weight polyphenylene ether is controllable by changing the weight ratio of
the alcohols constituting the mixed solvent and where the polymerization activity and

yield are more improved than the case where a single alcohol is used, though each



product, such as di phenoqui none, which is known to be foEned ig tge common
pol yneri zati on of pol yphenyl ene ether. As long as a L 09 ¢4t al yst
is in a substantially deactivated state as nentioned above, decol orization
is achieved just by heating. The decol orijgation can be al so achi eved by
addi ng a reducing agent such as hydroqui none and sodiumdithionite in a
required &hehel compfudings theomiked satveonise pddresdlenpesfitier towoimdlbisastvepght
but it is preferred to carry out the step under the 22 August, 2006 15
condi t i on Pefyrhsayieasehert-ure of 10-100*C from the vi ewpoi nt of operation.
In general, as a nethod for obtaining polyphenyl ene ether, there have been
known a preci pit &t igendpollyemsrmaptdosmistenhibe piemerizatiopowrivemn| wighin Ofe aange
pol yphenyl ene ether is used as a polynerization solvent and pol yphenyl ene
ether is Whereldpimadeewar weigleg payphaiylpee tibkek és nbn didsel calurfherdbre, it should
pol ynmeri zation; and a solution polynerization nethod wherein a good

sol vemt obe @oped yidiethy$ dnes ephancansthas edyagooal sqlekymiy nzttkcbonisal wveatl ianche
pol yphenyl cne ether is dissolved in a solvent. The | ow nol ecul ar wei ght

pol yphenypelymesizagionofsalhentpr Foentexampbent iion thanchse obf aileed ninlecwdiat horeight
t hese nethods. 10 Adopting the precipitation polynerization method wherein
a poor sobvlanhenilena gbky phoniyg erecdluethevistmsiysed aD7llfm! yinermixadi solvent of
sol vent and pol yphenyl ene ether is precipitated in the formof particles
in the comethangl asd| Ynmiol ahapngordaim xesmsidl aeaint ¢ongarti ) gofitxylarst As Whe
al cohol s must be used as a poor solvent. As a poor solvent, an al cohol

havi ng 1-re@ueed Bogositpwd fody phafydenedtheMde ereakds, phefaarcallt of gyoe dasto 1 vaa st hicho
al cohol s selected fromthe group consisting of nethanol, ethanol,

pr opafol ,caguceqrdbt ipdhe spvdymenigxtinol scdvehteishyddaned glly bk . cabe pafotows ahslentilars
preferred not to contain water. There is no particular limtation on how
many ki ndéeight sllypkenydere esher dmvidprgdasedt wiscosityooé u0ddbgpl thyedccelpmable
addition,.no particular limtation is inposed on O the weight ratio of
each sol \ampuntpfaxyleredn 3ok \pariy mesindtiohsobomiinabioon S@pgmackightmount of good

solvent cannot be flatly determined since it varies depending on the desired reduced
viscosity of low molecular weight polyphenylene ether and compatibility to low

15 molecular weight polyphenylene ether. Thus, it is natural that the amount of good
solvent varies depending on the kind thereof.

On the other hand, in the case of the solution polymerization method
wherein a good solvent of a polyphenylene ether is used as a polymerization solvent
and polyphenylene ether is dissolved in a solvent, the poor solvent is added to the

0 solution containing the obtained low molecular weight polyphenylene ether to
precipitate low molecular weight polyphenylene ether, the precipitation being carried
out at the temperature in the range of —-80 to 20°C.

As the good solvent, benzene, toluene, xylene (including isomers thereof,
i.e., ortho-, meta-, and para-xylene), ethylbenzene, aromatic hydrocarbons such as

styrene, halogenated hydrocarbons such as chloroform, methylene chloride, 1,2-

wr

dichloroethane, chlorobenzene, dichlorobenzene, and nitro compounds such as
nitrobenzene are included. A preferable good solvent is toluene. As a solvent
categorized as a good solvent despite some property as a poor solvent, there can be

exemplified aliphatic hydrocarbons such as pentane, hexane, heptane, cyclohexane and



rati o of solvents, which are required to achieve this_process, bot h be
sel ecte~d fromthese solvents. Accordingly, an ext rm&ezﬁﬁage of

sel ection can be provided. Fromthe industrial viewpoint, however, it is
natural that limtations are inposed to gpnme extent in consideration of
price, difficulty in recovery and the like. It has been found that the use
of a m xedydohertanerogmpenssisngh ats | ¢hst sewatealandhaltlsylexhimiates etherensich as
uni que behavi or where the nol ecul ar wei ght of a |l ow nolecular weight

pol yphenytegrad ydrdfarran sndotitrholléthbt;ed imetbhbngifngidehandahgHike. dfliay ofn behesed
al cohol s constituting the m xed sol vent and where the pol ynerization
activity eitber indéy¥iduallg eroinecombinaviean . tNiareovhg «© aoer whbeet aush ngladcalide hald
i s used, though each 22 August, 2006 16 al cohol constituting the m xed

sol vent iwa&rpoey tokoeninedf withén [tbe mmogecubhar thei ghttiopahipphenybboriecétafear.
A good solvent may coexist in the polynerization solvent within the range
wher e 3l owalghecizationvigieghthp&dypphenydoduméot her i s not di ssol ved. Therefore,
it should 5 be noted that this does not nmean that any good solvent is not
contai ned at all Asma résulpok ypody meetaion,sel soémtion Feompeisimgpllew mnldchdarceseghf
| ow nol ecul ar wei ght pol yphenyl ene et her having reduced viscosity of

0. 07di / g,paljpphenylexe gdilevent aofolvemt isasiahiredd Thistcomobntnrptyorc ofitthe how molmkchlar
anount (about 1% of xylene. As the reduced viscosity of polyphenyl ene

et her deoregdespoliyhbemytonat ether gondhsolsvhnionhiisCchofl Opazéinutaobxi Biited, t et  is
pol yneri zation solvent is reduced. In the case of |ow nolecular weight

pol yphenylrefraaleliyn2y-70&vbngveaigihuced vi scosity of 0.04dl /g, the acceptable
anount of xylene in the polynerization solvent is about 50ppm The anount
of gdbd sol ventAchmnatolseulfal avtightiepaypheredese reakern is \paccipitatesbdiydrddingna
t he desired reduced viscosity of |ow nolecul ar weight polyphenyl ene ether
and conpawpbisioltenttto thewesbltant eolition. Vexghplepodfy fitve pyd epelverhdnclufinughers,
is natural that the amount of good solvent varies depending on the kind

t her eof . k€tpnelseand helcohalsd, Piedetrhd Casa afcdhvd Baovingi dniGaiayben | tamisonMore

et hod preferred is at least one alcohol selected from the group consisting of methanol,
ethanol, propaﬁol, butanol, pentanol, hexanol and ethylene glycol. Moreover, the poor
.5 solvent may contain water.

No particular limitation is imposed on the apparatus and means employed in
the method for the precipitation of low molecular wcighi polyphenylene ether.
Various methods can be employed such as a method comprising continuously feeding a
solution containing low molecular weight polyphenylene ether and 2 poor solvent to

0 an adequately sized vessel equipped with a stirrer; a method comprising feeding a
poor solvent to a vessel with a solution containing low molecular weight
polyphenylene ether; a2 method comprising feeding a solution containing low
molecular weight polyphenylene ether to a vessel with a poor solvent; and a method
comprising continuously feeding a solution containing low molecular weight

) polyphenylene ether and a poor solvent to a tube-type static-mixer.

No particular [imitation is imposed on the temperature of the solution
containing low molecular weight polypherylene ether and the poor solvent to be fed
to the precipitation apparatus. However, very careful attention must be paid to the

temperature of the precipitation operation in the apparatus. In order to obtain the low



wherein a good solvent of a pol yphenylene ether is used as a polynerization
sol vent and pol yphenyl ene ether is dissolved in a sow&@i’ééor
solvent is added to the 0 solution containing the obtained | ow nol ecul ar

wei ght pol yphenyl ene ether to precipitatg | ow nol ecul ar wei ght

pol yphenyl ene ether, the precipitation being carried out at the

t enper at uP@l¢qulpnevaighgeotifphe8fleng OBC. ofAthd Ipeegmodingehtient it iharzessary to
t ol uene, xylene (including isoners thereof, i.e., ortho-, neta-, and

par a- xy| epyy st HiE Reagiphtalioar e enipedatucaribche rsugh ofis-80stoy2@1@, When the
hal ogenat ed hydrocarbons such as chloroform nethylene chloride, 1, 2-

di chl or oetemttfaatugn| isr oienz2AHE, Hive hinotesvdarz avedgharpdlypltenyloenptheardsasucth bas
nitrobenzene are included. A preferable good solvent is toluene. As a

sol vent RIZCHyWES cbecaysa qfoedhevbreon es pidceors oAdbthpnghelotwy msleauipooweight
solvent, there can be exenplified aliphatic hydrocarbons such as pentane,
hexan®, hepyahenyleye etheaxandaprdcidtateduatier 2900, difranydinahephengy; isosgeisd
such as ethyl acetate and ethyl formate; ethers such as tetrahydrofuran
and di et Hyl tavwenr theditempemptusukd drisdehamp@0f e Thuse.a Thepereanebendrsed80°C is
either individually or in conbination. Mreover, a poor solvent such as

al cohol s iaptficigat-er nay be contained within the range where the reaction

m xture obtained after 5 polymerization keeps the formof a solution. As a
result of polynefistetrycemprisog lewonoeleonjuriweight polypiehgleut athercimhs solvent
pol yphenyl ene ether and a solvent is obtained. The concentration of the |ow
mol ecul arcanyed ghtaiped yyhemy lo€ride ctbivae-mentitmeds oletthodmn The hot meletilbnl weight
limted, but is preferably 25-70% by weight. 10 A |l ow nol ecul ar wei ght

pol ypgfenyiodrrheayiane ethepr ebithé trreeshtbinvadtiongcen jroobtxnéd ghtough témoval of
resul tant solution. Exanples of the poor solvent include ethers, Kketones
and al coRenainipg efadrerid fiam athealbohol Ahaelvegtirei®vehribothodt tnvduddvbrae method
preferred is at |east one al cohol selected fromthe group consisting of

met hanol comgrisgrdiseparatipantde, slbuyainod a2 paid and| liqidxtnobtaimdvedtloy erdecular
gl ycol. Moreover, the poor

weight polyphenylene ether and drying or devolatilizing the resultant to obtain low
molecular weight polyphenylene ether.

S There is no limitation on the means for solid-liquid separation, and any of
the known methods can be applied. For example, any equipment such as a percolation
centrifuge, a centrifuge with a scratch typed stirrer, a vacuum drum type filter, and a
nutche are usable. It is noted that, in the case of the slurry obtained by precipitation
at low temperature after polymerization using a good solvent, the first separation is

0 carried out at a temperature in the range as mentioned above in describing the
precipitation.

Prior to the drying or devolatilization, the wet low molecular weight
polyphenylene ether is preferably washed with a poor solvent of the low molecular
weight polyphenylene ether. The washing golvent is preferably at least one solvent

> selected from the group consisting of methanol, ethanol, propanol, buta.nol, pentanol,
hexanol and ethylene glycol. It is also preferred to have water contained in the
washing solvent.

The low molecular weight polyphenylene ether can be obtained by drying or

devolatilizing the wet low molecular weight polyphenylene ‘ether. There is no




.5 solvent may contain water. No particular limtati LS | on the
appar atus and neans enployed in the nethod for the Mof | ow
nol ecul ar wei ght pol yphenyl ene ether. Various nethods can be enpl oyed such
as a method conprising continuously feedi§g a solution containing | ow
nol ecul ar wei ght pol yphenyl ene ether and a poor solvent to O an adequately
si zed vevaglicdguilppidation tdn shetdiryimer Ay vettheknoenpiieshody teediengpEiedpdbdr
solvent to a vessel with a solution containing | ow nol ecul ar wei ght
pol yphengkemgletaprddla drpet edvaamr dgienga fspedi diyea, sdleut e dyrt andithe Hkew
nol ecul ar wei ght pol yphenyl ene ether to a vessel with a poor solvent; and a
met hod €anphei viedg Espeatintyousyipef sepkiehieyablys od rnieidoow tcomndeari axi et @as.nDhmaighar
wei ght pol yphenyl ene ether and a poor solvent to a tube-type static-m xer.
No parti eutlara diviegathordows nialpoded wrighh@ol gieey kinwr ethet dhehisoinvknon is
cont ai ni ng | ow nol ecul ar wei ght pol yphenyl ene ether and the poor solvent to
be fedl pbtaimed gnetiepifeani ofi appewddrusDeHdudliesdtioy eisy acateshiod thhi amipaises
nmust be paid to the tenperature of the precipitation operation in the
appar at usemévingraepidtde ool aem ime thoWk22by\hguishg tROGEsullfeinwketen atioleei gt
pol yphenyl ene ether of the present invention, it is necessary to carry out
t he precwpighit paypbenitlbee teehprer Bheirdevohitilhatioanflodes 86r te@adPt«CthaNiwsthbhe
tenperature is over 20*C, |ow nol ecul ar wei ght pol yphenyl ene et her cannot
be precwpertet edebdoruseeletuladhesign pelyphenyleact @her Alst bopiglhed aw Bohenel ar
wei ght 5 pol yphenyl ene ether can be precipitated under -80*C, extraordinary
ener gy idevodgpilizatéon teatiugleer ektradednipemat udie whilkegsvdlbenizify)* &ad Thusynder
tenperature under -80*Cis inefficient. A slurry conprising |ow nol ecul ar
wei gift  polofjsizeteyditamn etpedict,amdd shes levient whesin he mfeigahnrechdiyinzawidf thehbbw
above- nenti oned nmet hods. The | ow nol ecul ar wei ght 10 pol yphenyl ene et her
of the prelenlariweight polyphanyle@ectihai ivedeptrhssauipe drignbvaling®to robrdEnni mgss of
solvent fromthe slurry. A solvent-renoval nethod includes a nethod

low molecular weight polyphenylene ether of the present invention while eliminating

the solvent, and then the mass of the low molecular weight polyphenylene ether is
forced out. Any other methods than described herein can also be applied. The low
5  molecular weight polyphenylene ether obtained by devolatilization is in the form of a
pellet or a mass. In this invention, it is preferred to reduce the low molecular weight
pblyphenylene ether to a powder by grinding and the like. .
The low molecular weight polyphenylene ethers of the present invention
have excellent thermal resistance and electric properties so that they are very
) advantageously used for electronic materials, which are required to have a low
dielectric constant and lov§ dielectric loss. Sinmce the low molecular weight
polyphenylene ether powder of the present invention has a small particle size, it
dissolves in the solvent extremely rapidly when used for example in the process for
producing prep leg and in the processes thereafter. In addition, it can be preferably
used for electronic materials from the viewpoint of productivity because of its
excellent reactivity with various reagents for modification reactions.
Moreover, the low molecular weight polyphenylene ether of the present
invention can be advantageously applied to various thermoplastic resin composi‘lions,

thermosetting resins and the like. The low molecular weight polyphenylene ether is



conprising separating the slurry into a solid and liquid to obtain we( |ow
nol ecul ar wei ght pol yphenyl ene ether and drying or d t he
resultant to obtain |ow nolecular weight pol yphenylene ether. ~5 There is
no limtation on the neans for solid-liqujgl separation, and any of the
known met hods can be applied. For exanple, any equipnment such as a

per col at i eapatderd rilisigBzing comtus fhegaoplattic aesiaraimpodivpedssthairiercande used
vacuum drumtype filter, and a nutche are usable. It is noted that, in the
case of theagplastigizebtlaimiddbbyeglizedi thial alid bow nadlebolar tveriplr polypbedfleee ether
pol yneri zation using a good solvent, the first separation is O carried out
at a terrpef ahmrpecaemttlh'eemmngealaMnmpﬂlednmdmabdved ipolydeayldpienghthebtained by
precipitation. Prior to the drying or devolatilization, the wet |ow

mol ecul ar usi@gght nopoily plighyine heubdrheveiglst gnmdaf;ﬂrealqunemaslmdtw tdntaibpoorto an
solvent of the | ow nol ecul ar weight pol yphenyl ene ether. The washi ng

sol verit i|&ngnogfmeablny flaiditpast one solvent selected fromthe group

consi sting of nethanol, ethanol, propanol, butanol, pentanol, hexanol and
et hyl ene gl ycol . Ektmplkesalo§otipr afser wéth ta0 thenmgoplaites @eid anoRdie] Nfdrhexample,
washi ng solvent. The | ow nol ecul ar wei ght pol yphenyl ene et her can be

obt ai ned dwymplrsyiiogs ovith depolyatydenziregint fiacheling awbbel-ecdf@cegicdétyrene, AS
pol ypbenyl ene ether. There is no 22 August, 2006 19 particular limtation
on the drrgsing APSiyedifi amldethkridive), aglolpdsideaiesine aapgllybidin Fain, epaekser rasin,
paddl e dryer, a vacuumdryer, a spray dryer, a heat tube dryer and the |ike
can be usetiguitkpecitdl tegjn,dthgrmgplastiprediapalal orcerliked while wxdaplenof nies tuse
gas. Through such a drying, the | ow nol ecul ar wei ght pol yphenyl ene et her
of thi0s iwi¥keniidwermesStingt aésiediicluddie féorexnniple powdeaiposiDenolvaith | 21 adpicody,
Is a nethod that conprises renoving a volatile solvent and the |ike by
heati ng tumeatuestedtpuiyestet, podyurmhey|casssinkied hiryp o iy miabeipli de)cp letnlodic. resireor
devol atilization includes for exanple the nmethod wherein wet | ow nol ecul ar
wei ght pohy ptken\hertbe s bgdnsiic resipplanddheonaschdag adsins are however not limited to

these examples. In particular, the low molecular weight polyphenylene ether has flame
retardancy, which is inherent in polyphenylene ether, so that it is useful as an
5 additive to give thermal resistance to a substance having low thermal resistance or an
additive to give flame retardancy to a substance having low flame retardancy.
Particularly, it is very useful for improvement of 'polystyreme or thermoplastic
elastomers.
When a composition comprising the low molecular weight polyphenylene
) ether of the present invention is prepared, additives other than the above-described
ones can be incorporated. Examples thereof include plasticizers, stabilizers,
modifiers, ultraviolet absorbers, flame retardants, coloring agents, mold release
agents, fibrous reinforcing materials such as glass fibers and carbon fibers, and fillers
such as glass beads, calcium carbonate and talc. Examples of the stabilizers or
modifiers include, but are not limited to, phosphites, hindered phenols, sulfur-
containing antioxidants, alkanolamines, acid amides, metal salts of dithiocarbamic
- acid, inorganic sulfides, metal oxides, carboxylic anhydrides, dienophile compounds
such as styrene and stearyl acrylate, and epoxy group containing compounds. These

additives can be used either individually or in combination.



devol atilization extruder, extruded froma die while devolatilizing, and

cut under 10 cooling to obtain a pellet; and the nethédAngusti 2006 adequat e

container with the low nolecular weight polyphenylene ether is

depressurized by heating to obtain a massjof |ow nol ecul ar wei ght

pol yphenyl ene ether of the present invention while elimnating the

sol vent, and t hefompenems sooftitthing tw reolecahposiwengivnt poigg Henldvemelet bler

is forced out. Any other methods than described herein can al so be

appl i ed. WHght palyphenplege stbar aketighpresehty ptventibe@ndichaixobimiangdndnner. For

devolatilization is in the formof a pellet or a mass. In this invention,

it is prexempée t ocoledoneitindingomw drolesolalt Hizahwinglmtethqb| gagimedey| diwatiegharlldrg

a powder by grinding and the like. The | ow nol ecul ar wei ght pol yphenyl ene

et her s ofBanarpmixentkniendentemnchdlauixeexaaht ¢ike ¢anchbarased.esi st ance and

el ectric properties so that they are very advantageously used for

el ectfonic materials, which are required to have a low dielectric constant

and low dielectric loss. Since the | ow nol ecul ar wei ght pol yphenyl ene

et her pokd@mpdés t he present invention has a snmall particle size, it

di ssolves in the solvent extrenely rapidly when used for exanple in the

process for prdthecpmrgeprimyehtgn anidl ba deberipped e ssas delel odil @eferémce to the

addition, it can be preferably used for electronic materials fromthe

vi ewpoi nfolééwimgodixemples,ybbechesinvehtibs Sshaatdehdtebt camschiedi ay béinp lUaritals

reagents for nodification reactions. Mreover, the | ow nol ecul ar wei ght

pol yphentliegei®. et her of the present invention can be advant ageously applied

to various thernoplastic resin conpositions, thernosetting resins and the

| i kel® The | ow mblaek mhesuengitw ot arpiedron tdnethet methoidsd@2ribadbstqw 2006 '20

capabl e of plasticizing various thernoplastic resin conpositions so that it

can be uClldRedpeed viscositycinzefc) It will be realized that the | ow nol ecul ar

wei ght pol yphenyl ene ether of the present invention can be applied to

modi fi ed pol yphéhy|reducet véscosittyaphdble polypisinyderse mtiremnlwticlyhwaolod¢ainad in

wei ght pol yphenyl ene ether to contribute to an 5 inprovenent in fluidity.
each Example and formed in a 0.5g/dl chloroform solution, was measured at 30°C by

using an Ubbelohde viscometer. The unit is dl/g.
5 (2) Yield of polyphenylene ether
The yield of polyphenylene ether was expressed in weight percentage of
dried polyphénylene ether to the phenolic compound used.
(3) Molecular weight distribution
The molecular weight distribution was determined using a2 working curve
}  which was obtained from ethylbenzene and standard polystyrene samples with a gel
permeation chmmalogriphy device (“SHODEX GPCsystem 21” manufactured by
- Showa Denko K.K.). The standard polystyrene samples used above had a molecular
weight of 550, 1,300, 2,960, 9,680, 28,600, 65,900, 172,000, 629,000, 996,000,
1,960,000 and 3,900,000. Two chromatographic columns (“K-802.5” manufactured by
‘Shodex) connected in series were used. The measurement was conducted using
chloroform as a solvent with a solvent flow rate of 1.0ml/min at a column temperature
of 40°C. A UV detector was used as a detector. The wavelengths of ultraviolet rays of
254nm and 283nm were used to obtain a working curve of standard polystyrene

samples and to measure the molecular weight of polyphenylene ether, respectively.



Exanpl es of the use with a thernoplastic resin include, for exa&l e,
conpositions with a polystyrene resin (including rub
pol ystyrene, AS resin, ABS resin and the like), a polyam de resin, a
polyolefin resin, a polyester resin, a bpquid crystal resin, thernoplastic
el astoner or the like,, while. exanples of the use 10 wth a thernosetting
resin i nGlRewdes fwereextsgoleed ainc obpersifeimnand t thearreewloant, solwibas ufennedwhich
pol yester, pol yurethane, crosslinked aryl, bisnaleimde, phenolic resin or
the |ikesulfHenedsepppplisssived mege s mavddt heingos gnemhpnectiites. aae shievied ot
limted to these exanples. In particular, the | ow nol ecul ar wei ght
pol yphenyieapereaanes Thes nidleerdar recightiadietribugforc {Mw/Mmhet exttiop @f the weight
pol yphenyl ene ether, so that it is useful as an 5 additive to give thernal
resi st anaeenage ameldsslanoeightyiMy )l ond t hember avewigst modecudar afeighiddMn)vevrod
give flane retafdancy to a substance having | ow flame retardancy.
PartiTul ablayned.t is very useful for inprovement of polystyrene or
thernoplastic elastoners. Wien a conposition conprising the | ow nol ecul ar
wei ght potlybartieyd eite ofepdigpharylemeeteesent i nvention is prepared, additives
ot her than the above-described ones can be incorporated. Exanpl es thereof
i ncl ude pl asti ciTher polyphebylene extber obingd eins each tExampk edesabdedbbeow fwame
retardants, coloring agents, nold rel ease agents, fibrous reinforcing
mat er i al passedhthagugh as ssiévddrayimgich cazdhoof fliOhan, and flid Ipel pphenyd¢neagther
gl ass beads, cal cium carbonate and talc. Exanples of the stabilizers or
nmodi fi erremaigingden thst sizve wes wéighedd The, pplypbphyleas, ethimpessed piwonghsthe
sul fur- containing antioxidants, al kanolam nes, acid am des, netal salts of
di t hifoc sripearivas digpedsed frpmyakinoldolni¢puse theep aiticdsisikesthecenfipiyg iaclaser-type
anhydri des, dienophile conpounds such as styrene and stearyl acfylate, and
epoxy greRAipickopizgi #iadpzeaoffiSei<2000 emenufaduired \hys Sbtmadza ecarpdratiemerin the
individually or in conbination. 22 August, 2006 21 Conponents constituting
t he resiqtseonibrsi thieoveizbhtadi polyghetderowtingl eondiaing eeitghtsipod gphestadeh@%
ether of the present invention can be mxed in any manner. For

by weight of the weight of the total polyphenylene ether, the particle size of

polyphenylene ether was determined to “>1,000um.”
5 (8) Glass transition temperature (Tg) of polyphenylene ether
The glass transition temperature was measured by scanning twice while
heating from 50°C to 300°C at the rate of 20°C/min under nitrogen atmosphere using a
differcntial scanning calorimeter (Pyrisl, manufactured by Perkin-Elmer Japan Inc.).
The glass transition temperature was obtained from a specific heat curve of the second
0 scanning.
(6) Dielectric constant of polyphenylene ether
A polyphénylene ether was press molded by using a tﬁold having a size of
150mmx150mmx2mm and a press molding machine (test press “YSR-10”
manufactured by Shinto kinzoku kougycusyo Co.,Ltd.). Using a part of the resultant

press molded piece, the dielectric constant at 1 MHz was measured based on JIS-

w

K6911. As a measuring equipment, Presion LCR meter (“HP-4284A” manufactured by

Hewlett-Packard Co.,Ltd.}) was used.

Example 1



exanpl e, a solution blending and devol atilization nmethqod, extr r, heating
roller, Banbury m xer, kneader, Henschel m xer or th used. 5
Exanpl es The present invention will be described in nore detail with
reference to the follow ng Exanples, butzihe invention should not be
construed as being limted thereto. to Each neasurenent was carried out by
the nethod descrilfet IpEiloigckeed) reRethaceas ipiedcwithta spargspre in Thdu qecriu @asgen-
viscosity of the polyphenylene ether, which was obtained in each Exanple
and for e PHRIAING. &iF @ StEhingr orbing Wedeardn balfls, secsar tit batt@o+C thy reagiong
an Ubbel ohde visconeter. The unit is dl/g. 5 (2) Yield of polyphenyl ene

et her The 2Pl EFthix pordansenin encendtgrarlinmst theprpmgerbritionved tist repetase B2 s
of dried polyphenﬁlepe ether to the phenolic conpound used. (3) Ml ecul ar
wei ght di €freupits shlotide dohedratear 1@ ghtofdB E%r hhdroichhonimsaciibt érati7dedolisting
a working curve_ which was obtained from ethyl benzene and standard

pol yst yr ehatdamiices? . aP3Te 2{giIN, NjelN intetrirosthy nropmt coljampiey 2y 632 of "1Sp1bBAXI,
GPCsystern 21" manufactured by Showa Denko K K. ). The standard pol ystyrene
sanpl es u48¥ 88Bovk nhbetaaohundci8@lz okilghdinéthyhhend] 306re 2ho@ed. T heg@eight
28, 600, 65,900, 172,000, 629,000, 996,000, 1,960,000 and 3,900, 000. Two
chr omat ogFaphi ¢f €8rkinyrd vedK-ceomopeniramas achurzad!/meth8dd@f)30codndert edgdrpus
series were used. The neasurenent was conducted using chloroformas a

sol vent whtiHigs,sthoydntropolion act @fygen Ofohmithe aspargeol wasn stertpér att @r eateofof
400C. A UV detector was used as a detector. The wavel engths of ultraviol et
rays of b&UnlimamdApgensa me tianegbd pody mbiti i tiv m tegopdea g e cvrsvedjosted taanddeand at
pol ystyrene sanples and to nmeasure the nol ecul ar wei ght of pol yphenyl ene
et her? re@?f&:?b’\,ié!fyﬁ“f@g%guggtipgz@@ﬁum in the jacket. The polymer solution became a

slurry in progression. No adhesion was observed om the reactor during the
polymerization. 120 minutes later from the initiation of oxygen introduction, the
introduction of oxygen was stopped and a 10% aqueous solution of tripotassium salt
of ethylenediaminetetraacetic acid (a reagent manufactured by Doujin Laboratories)
15 was added to the resultant polymerization mixture, and heated to 50°C. Then,
hydroquinone (manufactured by Wako pure Chemical Industries, Ltd.) was added to
the mixture little by little, and kept at 50°C until the polyphenylene ether in the form
of a slurry turned white. After the slurry becomes white, wet polyphenylene ether
obtained by filtration of the mixture was charged to a methanol washing solution
0 containing 50% by weight of water, and stirred at 60°C. The resultant mixture was
filtered, and methanol containing 50% by weight of water was drizzled over the
filtrate to obtain wet polyphenylene ether. The wet polyphenylene ether was vacuum-
dried at lld"C to obtain dry polyphenylene ether. The mean particle size of the
resultant polyphenylene ether was 56um, and no particles Iarger than 1000xm existed.
3 Reduced viscosity (ysp/c), yield, molecular weight distribution, glass traasition .
temperature (Tg) and dielectric constant were measured. The results are shown in

Table 1.

Example 2



22 Sanples were dissolved in chloroformand the resultant sol u£ E En, from
whi ch substances not dissol ved were renoved using a er, was
subj ected to neasurenent. The nol ecul ar wei ght distribution (Mv M), a
ratio of the weight average nol ecul ar weigght (Mv) and nunber average

nol ecul ar weight (Mi), was 5 obtained. (4) Particle size of polyphenyl ene
et her The pol yph@hylseme mtthed sbimErenpinleachrdpearyd] excdes thithidd welgbwradis
passed t hrough a sieve having a size of 1,000,um and the pol yphenyl ene

et her rethieachgconpetrmtsivay echvng edeitg hed.utafivd/ mohypdied)! BheNet hdheygassads
through the 10 sieve was di spersed in nmethanol to neasure the particle size
t her eof uatisggvedl loastre- rsasdor garingclle piohemenzdtyoer The Sitdd P@O0GEle size of the
manuf act ured by Shi madzu corporation). In the case where the weight of
pol yphenytdeewidandt prdyphenydémé atheorwashdadsneved exgeedebs 308ger byamdi0fRy mosxis ted.
wei ght of the total pol yphenyl ene ether, the particle size of

pol ypBenylaskemeargr ment wiat earniedechtt im thels GO0 mamn'tr b5 inSExGhpes 1t Thasiesubn
tenperature (Tg) of polyphenylene ether The glass transition tenperature
was neaswredhbyngediabilag.twi ce while heating from50*C to 300*C at the
rate of 20*C/ m n under nitrogen atnosphere using a differential scanning
calorineter (Pyrisl, manufactured by Perkin-El ner Japan Inc.). The gl ass
transition tenperature was obtained froma specific heat curve of the
second @Exoareidng. (6) Dielectric constant of pol yphenyl ene ether A

pol yphenyl ene et her was press nol ded by using a nold having a size of
150mx| 50mx2mmEreds angpmasBodrek din rixavpdlli heraé trepeatpd exseptYdRt 1DE weight ratio
manuf act ured by Shinto ki nzoku kougyousyo Co.,Ltd.). Using a part of the

r esull® anef 5egnhe compoinded wicodanght wi al-Botandmednsicdnt 0/80. |INVHzdvason was
measured based on JIS- K6911. As a neasuring equi pment, Presion LCR neter
(" HP- 428ahserypdfradhertedctyy diHeng ethe - PalykerikaGon, [Tt meamsparsixde size of the

resultant polyphenylene ether was 39um, and no particles larger than 1000um existed.
Each measurement was carried out in the same manner as in Example 1. The results

are shown in Table 1,

Comparative Example 1
The same method as in Example 1 was repeated except that the weight ratio
of each component was changed to n-butanol/methanol=0/100, that is, niethanol was
used as a sole solvent, and the polymerization period changed to 240 minutes. No
0 adhesion was observed on the reactor during the polymerization. The mean particle
size of the resultant polyphenylene ether was 15um, and no particles larger than
1000um existed. Bach measurement was carried out in the same manner as in Example

1. The results are shown in Table 1.

+  Comparative Example 2
The same method as in Example 1 was repeated except that, as ‘a solvent, n-
butanol saturated with water was used singly and the polymerization period was
changed to 240 minutes. No adhesion was observed on the reactor during the

polymerization. The mean particle size of the resultant polyphenylene ether was



Exanple 1 22 August, 2006 23 In a 1.5-L jacketed reactor equipped wth a
sparger to introduce an oxygen- containing gas, a stizg—éﬂg‘—'&ﬁ;ﬁé bl ade
and a baffle, each at the bottomof the reactor, and a reflux condenser in
a vent gas line at the upper portion of ke reactor, 0.2512g of cupric
chloride djhydrate, 1.1062g of 35% hydrochloric acid, 3.6179g of di-n 5
but yl ani me4my 3ng paftigenIneenthanel §4smm yxisse bpBaddinapiuseme ol wa§34riggd oul
met hanol ,. 493.80g of n-butanol and 180. Qg of 2,6-dineth IPhenoI wer e

char ged. HB® faMGHRARReL s ndixasmplp 1s Jihgeissulde mpo pkarn wai{b el

n- but anol / met hanol =70/ 30. Under vigorous stirring, the introduction of
oxygen fromthe sparger was started at a rate of 180m/mn. At the sane
time, the, polynerization tenperature was adjusted and kept at 10 40*C by

i nt r oduciGPPRATAYE E¥gmPAdeiBum i n the jacket. The pol ymer sol ution becane a
slurry in progression. No adhesi on was observed on the reactor during the
pol yneri zati on. HOs¥pHaedBod a5 dr Bxamnle Hewiapirepeatt dexedptahgyehre weight ratio

i ntroduction, the introduction of oxygen was stopped and a 10% aqueous

sol ut i on°bfath icpEPLEEI s £hengesk tcetthf}lnehééhmﬁow@l@htl&deéﬂflwl%&iau (methanol
reagent manufactured by Doujin Laboratories) 15 was added to the resultant
pol yner i ¥3fiUSRd fisxd Wirehingf@lvrmt Muchrdeson wheebsenvgd oodle Teaetor during the
(manuf actured by Wako pure Chemical Industries, Ltd.) was added to the

m xture P?]tyﬂeélwqu-t?'ﬁé,ma#m pagiieleasizg0of Uist r¢sulaat poilyphrayernestbemerasi n
the form_of a slurry turned white. After the slurry becones white, wet

pol ypheny?¥R: aprepartishesalatenr whar iL00P4m enistid timncampmonnk ofiadb Ehby gecighd a
met hanol _washi ng solution 0 containing 50% by wei ght of water, and stirred
at 68 c Eatfemeaspteamant wisccanriedaut i the spmg, mareernas o Esrmpbh tlai THen ge S0
by wei ght of water _was drizzled over the filtrate to obtain wet

pol ypher3fE @ ¥& el 2blenk wet pol yphenyl ene ether was vacuum dried at 110*C
to obtain dry pol yphenyl ene ether. The nean particle size of the resultant
pol yphenyl ene et her was 56pm and no particles |arger than 1000, um exi st ed.
Reduced yiicosit éi | sp/ 02, yi el d, nol ecul ar weight distribution, glass
transit i oymparative Example

The same method as in Comparative Example 3 was repeated except that the

5  polymerization period was changed to 55 minutes, Much adhesion was observed on the
reactor during the polymerization. The mean particle size of the resultant

" polyphenylene ether was 850um, and pariicies larger than 1000um existed in an
amount of 38% by weight. Each measurement was carried out in the same manner as in

Example 1, The results are shown in Table 1.

Example 4

The same method as in Example 2 was repeated except that, as a phenol
compound, a mixture comprising 126g of 2,6-dimethylphencl and 54g of 2,3,6-
trimethylphenol was used. No adhesion was observed on the reactor during the
polymerization. The mean particle size of the resultant polyphenylene ether was
43um, and no particles !arger than 1000um existed. Each measurement was carried out

in the same manner as in Example 1. The results are shown in Table 1.

Example 5



tenperature (Tg) and dielectric constant were rreasureg! The Eegaéés are
shown in Table 1. Exanple 2 22 August, 2006 24 The sin
Exanple | was repeated except that the weight ratio of each conmponent was
changed to n-butanol / net hanol =30/ 70. No aéhesi on was observed on the
reactor during the polynerization. The nean particle size of the resultant
pol yphenyl ene et he§ side Fmctipd sndnnBxpmple 2| aas| pgated KZAeNOOMtyf mixture
exi sted. 5 Each nmeasurenent was carried out in the sane nanner as in

Exanpl e 1€OMR{ESipgdifi6esof dredimhmlahgnghpne St e adpwhgnylphegahw agatshd sad
in Exanple | was repeated except that the weight ratio 10 of each
conponentPhfael crmpgaads & Hedfe ahdV Nt Alntsiteammytbpleting epeiiagiing Wiss used as a
observed on the reactor during the polynerization. The nmean particle size
of the rde@ineabeingply RrarsaAnsak it h&r qalysophhe Dedymeripatien cleaperghugerwas
than 1000#m exi sted. Each nmeasurenent was carried out in the same nmanner
as i nSEx&hprEed to THE G.eangd tthe pglymskaarion rperigd evas chagednpmridli veneeamiie
| The sanme nethod as in Exanple | was repeated except that the weight ratio
of each A8RPUARNY2S,\@ESTNAA Y tho rpadiot dhoingndehpmkymegizro@n. (Hig megn particle
met hanol was used as_a sole solvent, and the polynerization period changed
to 240 nisHt 85 . throregulignk Jlodypheay lenss etheadwan 33waen.r erdtinr paLviflss kapger than
pol ymerization. The nean particle size of the resultant pol yphenyl ene

et her wad09%ummpxigad. Facharanseteaeent sragesarrigdrout ig0de samexinanels. ascicFxample
measurenent was carried out in the same manner as in Exanple 1. The

resul ts Ar dhgHpwts preTeioven in Tpbleohpar ati ve Exanpl e 2

10
Example 6
The same method as in Example 1 was repeated except that the weight ratio
of each component was changed to n-hexanol/methanol=10/90 and 2 mixture
comprising methanol/water=90/10 (weight ratio) was used as a washing solvent. No
5 adhesion was observed on the reactor during the polymerization. The mean particle
size of the resultant polyphenylene ether was 54um, and no particles larger than
1000um existed. Each measu}ement was carried out in the same manner as in Example

1. The results are shown in Table 1.

0 Example 7
The same method as in Example 2 was repeated except that 2,6-
~ dimethylphenol containing 2.5% by mole of 2,2-bis{3,5-dimethyl-4-
hidroxyphenyl)propane was used as a phenol compound. No adhesion was observed on
the reactor during the polymerization. The mean particle size of the resultant
j polypheﬁylene ether was 42um, and no particles larger than 1000um existed. Each
measurement was carried out in the same manner as in Example 1. The results are

~shown in Table 1.

Example §




The sane nethod as in Exanple 1 was repeated except that, as a vent, n-
but anol saturated with water was used singly and the g%gﬂﬂﬁﬁﬁa&iLé% peri od
was changed to 240 m nutes. No adhesi on was observed on the reactor during
the polynerization. The mean particle size of the resultant pol yphenyl ene
ether was 22 August, 2006 25 39,um and no particles larger than 1000, um
exi sted. Each neabitf &ehmejped éarlﬂir%@md@ 1 was rpee ad e X peindiat Ake (W ighdaiapioe
1. The results are shown in Table 1. Conparative Exanple 3 5 The sane

met hod as % neBhafsrporeph s soansed dec apbute pal/meHangbixytane=867 #-28/0. Tac iNo
conponent was changed to xyl ene/ n-but anol / met hanol =60/ 20/ 20 and net hanol
was used A4besigmchisgbesredmm theseacaehduriss thaspUpmerizatioan Tihsemeangrasticle
during the, polynerization. The nean particle size of the resultant

pol yphenyF&iebtiherrefalantg poliphenghiaeparher o¥ & SHamgetnd men P20OY e s nhaesar s thag
in an anmount of 46% by weight. 10 Each measurenment was carried out in the
sane mannéP0%umicxistednBach meayemeas asscarted ogihotib e samgpnenner oippBramplee
Exanpl e 4_The sanme method as in Conparative Exanple 3 was repeated except
that the 1, Bhpaesutsr teathionn igeFatdd as changed to 55 minutes. Mich adhesion
was observed on the reactor during the polynerization. The nean particle
size of the resultant polyphenylene ether. was 850,um and particles

| arger than 1000, um existed in an anount of 38% by wei ght. Each

measur emehPMRAR L% EX&®PI§Ut in the sane manner as in Exanple 1. The
results are shown in Table 1. Exanmple 4 The same nethod as in Exanple 2 was
repeat ed except DR&PTdiBgG 4o pihbhomethohpdasatibed ninxt thee Bowmplesi nfy V28§ atsnt
2, 6-di met hyl phenol and 54g of 2, 3,6- trimethyl phenol was used. No adhesion
was olfserNed: dht-8R% ridgctrrcting i Wgst errigh| gwer iNamelgn. 2 hdimethyIphene] cwas

size of the resultant polyphenyl ene ether was
polymerized in. a toluene solvent at the temperature of 40-45°C with stirring while

supplying oxygen. Then, the supply of oxygen was stopped. An aqueous solution of
nitrilotriacetic acid was added with stirring in nitrogen atmosphere to extract a copper
catalyst in the water phase and heated to the temperature of 55°C, which was kept for
5  7O0minutes. The reaction mixture obtained was separated in a toluene phase Where a
polyphenylene ether was dissolved and a water phase where copper compound was
dissolved using a sharples liquid-liquid centrifuge., The resultant polyphenylene ether
solution was condensed by removing toluene until the solid portion became 65%, and
then the condensed solution was devolatilized using a devolatilization extruder to
0  obtain pelletized low molecular .weight polyphenylene ether. The mean particle size of
the resultant polyphenylene ether was not smaller than 1000um, and particles larger
than 1000um existed in an amount of 97% by weight. Reduced viscosity (nsp/c),
molecular weight distribution, glass transition temperature (Tg) and dielectric

constant were measured. The results are shown in Table 1.

Example 9
According to the method described in Example 3 of JP-B-59-23332, the
polymerization was carried out. While supplying oxygen, a toluene solution

containing 50% by weight of 2,6-dimethylphenol was added over 35 minutes to a



43, um and no particles larger than 1000, um exi st ed. C ne%s 8 nt was
carried out in the sane nmanner as in Exanple 1. The hown in
Table 1. Exanple 5 22 August, 2006 26 The sane nethod as in Exanple 2 was
repeated except that a m xture conprisingsl1l26g of 2,6 -dinethyl phenol and
54g of 2, 6-di phenyl phenol was used as a phenol conpound, 0.1690g of =
N, N, N, N feluepgfetveecaial eretnmen Higs v rose dragide. dipgere bpemids, N, N’-di-t-
conponent of the catalyst, the polynerization tenperature was 5 changed to
60* C, andbt‘Wée‘ﬁ(SFV’rFé‘l‘?'EH’cei’%NpéW%éYMﬁstdhbﬁg‘@G ang digerbyi vlamése. Kpe supply of
adhesi on was observed on the reactor during the polynerization. The nean
particle O¥Y&d §rstHerped (4t mAuipbllgtshedyn apvearsherlutigs df3thentriggdiuppsalt of
particles |arger than 1000, um existed. Each neasurenment was carried out in
the sane fEWAEediaminsteeaspstic 2qid Ve sdded) ts theepalimerizatoTaplisture, ppd the
Exanple 6 . The sane nethod as in Exanple | was repeated except that the
wei ght? r afi B uIofWak dif Pd ot SndemPeiatiehah gt G- o The hesgation / mix t9ae of i2i7ego wasd
a mxture conprising nethanol/water=90/10 (weight ratio) was used as a
washi ng sHAPgEHed ioa wlggnsephane whsreopselyphemyiennetharawasrdiginlypg andewater
pol ymeri zation. The nean particle size of the resultant polgghep | ene

qu

et her wasPiehers foprer samppunrdyap shissodved apingl0oraknsdiqwid eqntrifuge.
measurenent was carried out in the same manner as in Exanple 1. The
resul ts aFeetsHbfuieppltanthmexture gapdmnsierryd The semsifnes moduiactpredERyniagpizs
was repeated except that 2,6- dinethylphenol containing 2.5% by nol e of
2, 2- bi s( FHPdi Het PBiRInY- 2 hpelyehybrers | §theppsglatings coatdniag 26%hehp| weight of
conpound. No adhesion was observed on the reactor during the .
pol yntr i Zplyehenyiene athes, Fhieh woe dsiorained (164) eduinckated precipitation tank with
an overcoat-jacket having a stirring turbine blade and a baffle inside thereof was
used. The polyphenylene ether solution “(A)” was charged to the tank in an amount
shown in Table 2, Condition a, and the temperature was kept at -10°C by letting a
coolant flow in the jacket while stirring. Further, methanol of which the temperature
15 was adjusted at —-10°C was added in an amount shown in Table 2, Coﬁdition a. As a
result, the weight ratio of methanol as a poor solvent and toluene as a good solvent
was methanol/toluene=2.5. When a slurry wherein polyphenylene ether was
precipitated by reacting the solutions with each other was obtained, it was filtered
with a nutche and washed by drizzling methanol of which the temperature was
0 adjusted to -10°C. The obtained filtrate was vacuum dried at the temperatﬁre of
140°C for 1 hour,
The mean particle size of the resultant polyphenylene ether was 42um, and

no particles larger than 1000um éxisted. Each measurement was carried out in the

same manner as in Example 1. The results are shown in Table 1. The same process was

(]

carried out under the conditions that lthe weight ratios of methanol as a poor solvent,
- and toluene as a good solvent were 5.0(Condition b), 7.6(Condition ¢) and 12.0
(Condition d). Under any of the conditions, the polymer v;'as precipitated as a particle
and no iJarticles larger than 1000um existed. Each measurement was carried out in the

same manner as in Example 1. The results are shown in Table 1.



pol yphenyl ene ether was 42, um and no particles |arger than 1000 um
exi sted. Each neasurenent was carried out in the sa@—ﬁ-ﬁﬁﬁ%&—%}j—qn Exanpl e

1. The results are shown in Table 1. Exanple 8 22 August, 2006 27 The
sanme nethod as in Exanple 1 was repeatedzexcept that the weight ratio of
each conmponent was changed to n-butanol /et banoi/ xyl ene=85/14. 25/ 0. 75. No
adhesi on was observed on the reactor during the polynerization. The nean
particle_ size of the resultant pol yphenyl ene ether was 54,um and no
particl e§xpEPYEL0t han 5 1000pm exi sted. Each measurenment was carried out in
the sane manner as in Exanple 1. The results are shown in Table 1.
Conpar ati ve Exarfiieesamepmethradi argint Exemelardthadrepestedi badpl thathde Praciplita tioh
U S Patent 10 No. 6,211, 327, the reaction was carried out. Namely,
2, 6- di netemReipere| woamshapedd heri°Ledo | Gonditivol uebimdsolangnef dbe tdpmditions, the
tenperature of 40-45*C with stirring while supplying oxygen. Then, the
supply oPelymfegevianaseapipisddas Anpartiséowad sl partoreoflarger tthah ck0l0aoekkistati d
was added with stirring in nitrogen atnosphere to extract a copper
cat al yst Ea¢h miv@syrememt phass earaivd hetiredh¢ samhentermpersat ExandplS3* TThenhnd solits
was kept for .5 70m nutes. The reaction m xture obtained was separated in a
t ol uene Yadewmhiar Eakde Ipol yphenyl ene et her was di ssol ved and a water phase
wher e copper conpound. was dissolved using a sharples liquid-liquid
centrifuge. The resultant pol yphenyl ene ether solution was condensed by
removi ng toluene until the solid portion becane 65% and then the
condensdeeBprigtiverExeanplddvol atili zed using a devolatilization extruder to 0
obtain pelletized | ow nol ecul ar wei ght pol yphenyl ene ether. The mnean
parthlcl e size ofhe shme megtbbd antinptamplerf wanageptdied ewasptnidint Shalpkeripithton
1000Pm and particles larger than 1000,um existed in an amount of 97% by
wei ght . trBgeraderey iwasoshanged ¢p/30°C inplCesditaom weilghtthidi sondibisin, oprecifitmsd
transition tenperature (Tg) and dielectric

polymer stuck on a stirring turbine blade and formed a mass so that it was impossible

to continue the operation.



constant were neasured. The results are shown in Tableg,1, Ex e 9
According to the method described in Exanple 3 of JP—%&%‘%@%e

pol ymeri zation was carried out. While supplying oxygen, a toluene solution
cont ai ni ng 50% by wei ght of 2, 6-di nethyl pjeenol was added over 35 minutes to
a 22 August, 2006 28 toluene solution catalyst coqpri si ng cuprous brom de,
hydrogen bronide, N, N -dfahle IoutMEAEHREMEHTaREAYL

N, N- di met hyll-n-DutyT anf ne_and [at == DUy a5 e W‘v of—OX
stopped 74 fi niewofl at er1sphd aquéis dol utg@@“&j Ma /M godil@gr n
et hyl enedi as¥@cetmeadcet g ci|d dded (ot he pol ynerizgbjon |m xture,
andyt he 5 mpPa-t+-e—was \eﬂg?/git & ﬁ\%iperat"'[z‘ ,l A ’E)C yTh° i cf,

obt ai ned wag Epatat ed 4-A16 fol Bhe phase Séher e |a pdPyp 1eny8%ne ethie? S
di ssol ved ahd V@,;ej _phagggyhere g%opper corpound [wag ggl SE0l ¥y@f Usi ngsa

shar pl es |i g-e=—tgeH-d—eentr-fuge—Fhen—the f°°"'+°n* -6 WS

transferred|to BX-cknt rli fLB&5 nuf%Ect uf ed b99Shar al eb.92Co p.1%% obt & a
pol yphenyl epeogiek. $9 W.oed $ontgy ni ng 26%xby wgi gptsof 10130on yphgngd en
et her, whi cp—was—determred—Ar—-~Ajracketedprgeiprtati-or—tanik—wth

ah
over coat - j apk@mmE¥i Ad L8713 ryi ng"5t ur bi ne BPade and2-a6baff %43 ndi d@-Ther pof
was used. ToempREyphEny. £1¢ =t hey; solfuti aghg' (A) "l waggchhr ged t g ttie4§ ank

H d Toll o Candi O} Aand it ha + Andaar At e A lean
N an anoun LI TaurT T _, o016 HoH [ 9 oo rImcC oTrpTT ac ot WarS—<EP]

at -10C by| FerPiBg 4| doblant 15w i p t heBi%cket vhiPe 5ti%%5i nd. Bed?t hef,
nmet hanol of ] whigz) 4 he t@nmra ur @gls Nas adBustec ajgslo*Clvy@s edde43 n an
anount showr Tabt-e wuu tHomr—a—+TAs—a—trestit—the—peralit—ratto—of

net hanol as|_a % 3 sol vé’nq nd t8l7uena as 33good cﬂ\]/@nt 2.50

met hanol / t o ue®a=3. 5. V\lt;emgsa 5| uggy wher _ei B4 pol yphengben qtsl@er_ Wag.48

preci pitat gd by, _reactim e ot gtTons w thoeactroth Was—aitaimey; it S
filtered  withP& dus clhe b8 wa.shéﬁ_m Waid oftS%hi dn PHed
t enperaturgq wa&x, 8 adjustEd tp - #00C. | The bt ai n¢d F.88t rjat @ 8sas |vagLagm

dried at tHe-TENRET Ay g B, A0 C o T e | 2.68 162 2.59
Ex. 9-a 0.120 90 256 1.75 189 2.47
Ex. 9-b 0.116 92 350 1.82 188 2.47
Ex. 9-c 0.112 92 625 1.93 185 2.50
Ex. 9-d 0.112 93 280 2.08 185 2.50
Ex. 10-a 0.124 89 430 1.88 189 2.46
Comp.Ex. 6 not precipitated

Table 2 PRECIPITATION CONDITION

Condition a b c d
Polyphenylene ether solution

(parts by weight) 70 40 30 20
Methanol

(parts by weight) 130 160 170 180
Methanol/toluene 2.5 5.0 7.0 12.0

(weight ratio)




The nean particle size of the resultant pol yphenyl enem um and
no particles larger than 1000/ um exi sted. Each neasur I ed out
in the same manner as in Exanple 1. The results are shown in Table 1. The
sanme process was carried out under the cdhditions that the weight ratios
of net hang as a poor solvent, and toluene as a good solvent were

5. 0( Condi t°8F*Bf 12 #X8P85hdi tion c) and 12.0 (Condition d). Under any of
the conditions, the pol|yner S precipitated as a particle_ and no
particles |arger "Psﬂﬁg ‘hé%ﬂm@ﬁyi‘i'@d?&ﬁéﬁzHb'r?é%l%q.u”érﬁé‘r’h‘"%% le e rirctl 28617 #nd
the sane nner..as in Exanple 1. The results are shown in Table 1. 22
August . 265%‘?%“@ meles thandane thet HEWoHYion mi&MH dnethyiathyikstoneegvas

except that the precipitation tenperature was changed to I*C in Conditij on
a. Under wﬁs‘btfdt ‘c BYartiesra! ‘Y?Fe“‘é”‘ﬁbl";'}f‘réf‘ thes m3maes rﬁef%t‘t‘%d delow. First,
partige 3{}9 no nﬁa tw'jfﬁl arger than 1000, um exi sted. Each nmeasurenent was
carried oot ¥ /THen¥ tegtnner was cpargsdqinpt goynd-pptomed flask, andsdgrBenily
Table 1. Conparative Exanple 6 10 The same method as in Exanple 9 was
repeat ed BX8Ept ThEACHKSUSIECrDithat iemPerit@ppHatlre 8 eharrjeahenylst cthey
Condition a. . I; this condition, precipitated polynmer stuck on a stirri nﬂ)@
turbi ne bPHAPesh FRhENaRPlmand Somparative Expmplaprasehrrgedihersinc Exaept
operation, 22 August, 2006 30 Table 1 MEASUREMENT RESULT No. of 11sp/c
Yiel d MeaffsBalMfes dhsapamphepydens cdbes of Gemepiativg Egamplechsvanichargesy gjhe

1% [Pm Ll 1 Ex. 1.0.116 97 56 1.89 185 2.49 .
1xture was first cloudy, and then became clear. The time from addition of the

l0  polyphenylene ether until clarification of the solution (dissolution time) was
measured. The condition in the flask at dissolution was observed. The results are

shown in Table 3.

Table 3: DISSOLUTION TEST OF METHYLETHYLKETONE

Dissoluti_on Time Condition Observed
[min]
Ex. 1 1.1
Ex. 2 0.87
Ex. 3 0.75
Ex. 4 0.92
Ex. 7 0.95
Comp. Ex. 3 - Not dissolved
Comp. Ex. 5 30 Mass generated

Ld]

When the polyphenylene ether obtained in the Examples was used, the
dissolution time was about 1 minute and no adhesion was observed on the inner wall
of the flask. In the case of polyphenylene ether obtained in Comparative Example 5,
the dissolution time was 30 minutes and a mass of pellets was generated and adhered

I on the inner wall of the flask. The mass was hargl to dissolve.

The present invention has been described in detail with reference to specific

embodiments thereof. It will be apparent to one skilled in the art that various changes




Ex. 2 0.082 98 34 1.87 167 2.52 Ex. 3 0.075 98 39 1.92 155 2.55 Conp. Ex. 1
0.070 88 15 1.35 135 2.80 Conp.Ex. 2 0.072 76 39 2. 542 August 3006, £y 3
0.476 97 920 2.58 215 2.45 Conp.Ex. 4 0.195 64 850 2.39 205 2.47 Eit. 4
0.081 1 98 43 1.85 178 2.48 Ex. 5 .0.079%97 33 2.10 180 2.50 Ex. 6 0.085
98 54 1.89 169 2.48 Ex. 7 0.085 98 42 1.87 167 2.53 Ex. 8 0.103 97 59

1. 88 183 ¥ndaqifisatigns sapbeapadel ygein withegh dopmdingpiromothe gpiziy angoscrps of
1.75 189 2.47 Ex, 9-b 0.116 92 350 1.82 188 2.47 Ex. 9-c 0.112 92 625
1.93 1 5 Bigdnventiong_ g o 112 93 280 2.08 18 1 .50 Ex. 10-a 0.124 89 430
1.88 189 2. 46 Corrp Ex. not precipitated TabI e 2 PRECI PI TATI ON CONDI TI ON
Condition a b c db emewﬁemﬂlméwét Hebased) oniJopanesarRateny Appligntien7dapensy
20 Methanol (parts by weight) 1 130 160 170 180 Methanol/toluene 2.5 5.0
(wei ght r%ﬂﬁegs Appgicetiop N05 2ppdft A, filegosn Mgexch 8, 2002 and the content thereof is

5 expressly incorporated herein by reference.



Ref erenti al Exanpl e Using the pol yphenyl ene ethers ob& ed in, nples 1,
2, 3, 4 and 7, and Conparative Exanples 3 and 5, the ate in
nmet hyl et hyl ket one was neasured. The neasurenent was carried out in the
manner descri bed below. First, 5 100g of ¥®thylethyl ke tone was charged in
a round- th one %sé and stlrred gently using a nmagnetic stirrer at the
terrperature osf S‘bhét pol yphenyl ene ether obtained in each Exarrpl e

d Co t h dt t th
ST B S, e s B R Bt
f t cloud dth b I The t f ddj 1
oo S et TR, RFFGRE e Gheob S BAH BReSly e o

was neasu condition in the fI at di soI utlo vvas obser ed. The
results a?xeceﬁ§ﬁb\/\7ﬁeFH'GI'a‘b’I"Be?“’sTab‘?‘b %I‘%Sﬁ_ spugil folveit and

NETHY THYL Di ssol u ion Ti nd i on pserved

?“K'E%g\lg’yomrg“eE?( the B"\}Sge @m "L'U‘s%‘ Fri)"""cE‘k”J 3‘“‘ Natft’a.eé%%r?/w
Corrp Ex. 30. Mas e ated_ 5 \When the _p henyl ene et her obt ai ne
Che! Exam RS TIIE Mdeoditiers Gf UBFuFTURST SAE ARE. OGO RGPS @hﬁayleﬂe
adhesi on S observed, on th wal |, of the flask. In the case
pol yphenyﬁwgﬁre“é’t E'érp roftced n‘be‘C‘?F‘Ebﬁf)‘ifr’ﬁt‘lg\/@ M| he dsof P?ﬁ%“‘dlng%ﬁ‘ﬁ?l on
time was 30 mnutes and a nmass of pellets was generated and adhered | on
the inner wall of the flask. The mass was hard to dissol ve.



The present invention has been described in detail wth refereggﬁ to
specific enbodinents thereof. It wll be apparent t in the
art that various changes 22 August, 2006 32 and nodifications can be nade
therein without departing fromthe spiri#4and scope of this invention. The

present application is based on Japaneégkﬁﬂ%ent Application (Japanese

Pat ent Application No. 2002-63626) fil March 8, 2002 and the content
thereof is 5 expressly incorporated herein by reference. 22 August. 2006
33 Industrial Applicability In the present invention, the |OM/HD|€CU|ar
wei ght polyphenxlene ether Vi n pecjfic nol ecu ht dlstrl

t
exhi bits high thermal OSIF‘é‘ﬂ(?é %ﬁbgﬁeﬁg Iplhém’legf’e&{&r' wr’ i 8s e (gu £n
hi bi t II b t S t t
the p'owfae? PE: Eé‘a peskdisdtaChaR ¥ a0 SR e ety SLEtare i
d nodi f t h |.0 ht | yph I
et her cafl/Butls 8aTVE af FTUPBNE I BRUBY af gt 21 he method of present
i nvention. 22 August, 2006 34 CLAIMS 1. A |low nol ecul ar wei ght
pol yphenyl ene et her which has a reduced viscosity (Tisp/c), as neasured at

30*C in a 0.5g/dl .¢ghl orof or | utiqQn 18 dl /g, d a Iec ar
wei ghlt distri gu?l M °“_‘( %mg;%,‘?a% "'I'e‘rﬁﬁ‘ |1’8\‘,9'H’:’6Pé Fﬁwé' b%f’ Eﬁ lri‘le
et her accordin n the ss transition tenp ra re T
o oni I RBE R et hapeiren Empatalve o Tey Choctid (RN RRFIARS: [oBhe 11D
Tg (*O) represente(dtfasPt{e }ollowm5g equation:

o Tg (*C)> 600 x (msp/c) + 105

3. A polyphenylene ether powder comprising the low molecular weight

polyphenylene ether according to claim 1 or 2.

5 4. The polyphenylene ether powder according to claim 3, which has a mean

particle size of 5.0-1000um.

5. The polyphenylene ether powder according to claim 3, which has a mean

particle size of 5.0-500um.

6. The polyphenylene ether powder according to claim 3, which has a mean

particle size of 5.0-3004m.

7. The polyphenylene ether powder according to claim 3, which has a mean

i particle size of 5.0-100um.

8. The polyphenylene ether powder according to claim 3, which has

substantially no particle having a particle size larger than 1000um.



3. A pol yphenyl ene ether powder conprising the | ow nolecul ar i t&t

pol yphenyl ene ether according to claiml or 2. 5 4. Tﬁ@—%%‘%ﬂ;g@—ene et her
powder according to claim3, which has a ggan particle size of

5.0-1000j um 5. The pol yphenyl ene et her powder according to claim 3, which
has a mean parti%l &hei lwov aholclab0@pipht Gpol¥hke vy hehyd @acordiderto poradar 1,
according to claim3, which has a nean particle size of 5.0-300gm 7. The
pol ypheny [vgrieh etshebtapmedidry @obyouatizagiono ot | Qi pghedol WingfouhdSim the gresfret o€l £
size of 5.0-100,um 8. The pol yphenyl ene ether powder according to claim 3,
whi ch has catalbstt otk oatdep-cxntpanitg ghe having a particle size larger than
1000, um 22 August, 2006 35 9. The | ow nol ecul ar wei ght pol yphenyl ene

et her according to claiml1l, which is obtained by polynerization of a
phenol conpound in the presence of a catalyst and oxygen-containing gas. 5
10. THe | ow nol edél. dfhevdoghtmopaiuypherygianpophesylRac osteNgcé@rdéd ite) Aaim 9,
wherei n the phenol conpound conprises a 2, 6-di net hyl phenol. 11. The | ow

mol ecul arW\herfghtthp(plhypblbmﬂxpmetMpnamsIzch-lﬂgmbﬂlyeblfl?ddaﬂl.9 wherein the
phenol conpound is a m xture conprising 2, 6-di net hyl phenol and 2, 3,6- 10
trimet hyl phenol. 12. The | ow nol ecul ar wei ght pol yphenyl ene et her according
to claim9, wherein the phenol conpound is a m xture conpri sing

2, 6-di et hyl phenadll. ad P9v6-mdiephrnywphdnopolypherdydend ahdr0ve ¢82H B & clweh gt
pol yphenyl ene et her according to any one of clains 10-12, wherein the
phenol cowpersna thephlkesl compousdss a Bimatecobmphienid 2,6-dimethylphenol and 2,3,6-

10 trimethylphenol.

12. The low molecular weight polyphenylene ether according to claim 9,
wherein the phenol compound is a mixture comprising 2,6-dimethylphenol and 2,6-

diphenylphenol.

13. The low molecular weight polyphenylene ether according to any one of
claims 10-12, wherein the phenol compound further comprises a bivalent phenol

represented by the following formula (1):

. OH OH
Ql Ql

Q; Qz

) wherein Q; and Q; each represents either the same or a different substituent and
represents hydrogen, an alkyl group, a substituted alkyl group, an aralkyl group, a
substituted aralkyl group, an aryl g}oup, a substituted aryl group, an alkoxy group, a
substituted alkoxy group or halogen; X represents an aliphatic hydrocarbon residue
and derivative thereof, oxygen, sulfur or a sulfonyl group; wherein each combined
position of each Q, and X is in the ortho or para position with respect to the phenolic

hydroxy! group.



represented by the following formula (1): OHOH @ (g Xé Q ﬁggrein Q
and 2 each represents either the sane or a different and
represents hydrogen, an al kyl group, a sufgstituted al kyl group, an aral kyl
group, a substituted aral kyl group, an aryl group, a substituted aryl
group, an al koxy gro-up, a substituted al koxy group or hal ogen; X
represents an aliphatic hydrocarbon residue and derivative thereof,
oxygen, sul fur orl4a Bid feonyhmolrolyr;, weigntepslyphedylenethithed acpmding on dhimash
@ and X is in the ortho or para position with respect to the phenolic

hydr oxyl whetgin £ Aatplgst, c20PGise86a ldappEhecdmpournl,eauhalogeri givhpound and a
pol yphenyl ene ether according to claim9,- wherein the catal yst conprises a
copper cotiraingd comploahdgepresemiedUndtianihimwidg doimelac@)pound represent ed by
the followng fornmula (2): \ / RB NR5-N(2) R2Z R4 5 wherein R, R2, R3
and R4 each indepgndently represents hydrogen, a linear or branched Cl-6
al kyl group, w th the proyiso that they do not represent hydrogen at the
same time; and R5 rNpRes®hts a | (Adar or methyl-branched C2-s al kyl ene
group. to 15. Therfow nol ggul ar wei ght pol yphenyl ene ether according to
clainsl4, wherein the catalyst further conprises at | east one of a
tertiary .nonoam ne conpound and a secondary nonoanm ne conpound. 16. A
process fwkempimdRici Rg, thie andwWRyoéahulinde paaid iy pelpy pdeany | igrieogéhen libear or
according to claim1, which conprises the steps of polynerizing a phenol
conpound branched C;-4 alkyl group, with the proviso that they do not represent hydrogen at the

same time; and Rs represents a linear or methyl-branched C;-s alkylene group.

10 15. The low molecular weight polyphenylene ether according to claim 14,
wherein the catalyst further comprises at least one of a tertiary monoamine compound

and a secondary monoamine compound.

16. A process for producing the low molecular weight polyphenylene ether

5 according to claim 1, which comprises the steps of polymerizing a phencl compound

in the presence of a catalyst and oxygen-containing gas using a good solvent of said

low molecular weight polyphenylene ether, and adding a poor solvent of said low

molecular weight polyphenylene ether to the polyphenylene ether solution obtained by
said polymerization to pr'ecipitate said low molecular weight polyphenylene ether;

J  wherein said precipitation is carried out at the temperature in the range of ~80 to

20°C.

17. The process according to claim 16, wherein the poor solvent is an

alcohol having 1-10 carbon atoms.

18. The process according to claim 16, wherein the poor solvent is at least

one solvent selected from the group consisting of methanol, ethanol, propanol,



in the presence of a catal yst and oxygen-cont ai ni ng gzg using nggOd

sol vent of said [|ow nolecular weight polyphenylene “ ing a
poor solvent of said |ow nolecul.ar wei ght pol yphenyl ene ether to the

pol yphenyl ene et her sol ution obtained by said polynerization to

pr eci pi t bttganghipkntave bk eondl andvwehglthe pdyyqghenyl ene et her; 3 wherein said
precipitation is carried out at the tenperature in the range of -80 to
200C. 17. The process according to claim 16, wherein the poor solvent is an
al cohol having 1-10 carbon atons. 18. The process according to claim 16,
wherein the pood9sdlheeprodess atcdoeding tondaisw| Mentr $&| edicecinf tlemplobe giloan
consi sting of nethanol, ethanol, propanol, 22 August, 2006 37 butanol,
pent anol furteetaeaipraged vedthyl ene gl ycol. 19. The process according to claim
17 or 18, wherein the poor solvent further conprises water. 5 20. A
process for producing the | ow nol ecul ar wei ght pol yphenyl ene et her
according to claim1, which conprises the steps of polynerizing a phenol
conpound in th20prepenees dbr preducihy he dod m¥Ygaibarc@dighit pdlgpasylesddther
precipitating said | ow nolecular weight polyphenylene ether in the course
of the polcyndingziat ¢laim I) whizhecomplieespiey seps 24t pelpmeoizigk pleenadl rdoxipouadof
at least two alcohols. 21. The process according to claim 20, wherein the
pol yner iipathieopresehwent 4 satadysti addibeygén-abniadmial gax) aaldcphelsitirawg 3gidl 140
carbon atons. 22. The process according to claim 20, wherein the

pol yner imelecohrsodighhpolypheaylenx tetlicxr iof that cdrastoftthe paligmbeoizaisat ected from
the group consisting of nethanol, ethanol, propanol, butanol, pentanol,
hexarfol velredteit thel polynyirizadion s23venflie apmbaess ofiat bdadi Do tabcatloas.m 16 or 20,
which further conprises the step of purifying a slurry conprisi ng t he
preci pitat ed | ow nol ecul ar wei ght

21. The process according to claim 20, wherein the polymerization solvent is

a mixture of at Jeast two alcohols having 1-10 carbon atoms.

; 22. The process according to claim 20, wherein the polymerization solvent is
a mixture of at least two alcohols selected from the group comsisting of methanol,

ethanol, propanol, butanol, pentanol, hexanol and ethylene glycol.

23. The process according to claim 16 or 20, which further comprises the -
step of purifyin.g a slurry comprising the precipftated low molecular weight
polyphenylene ether by washing;
wherein the washing solvent is at least one solvent selected from the group consisting

-of methanol, ethanol, propanol, butanol, pentanol, hexanol and ethylene glycol.

- 24. The process according to claim 23, wherein the washing solvent further

comprises water. :

25. The process according to claim 23, which further comprises the step of

removing the contained solvent from a washed low molecular weight polyphenylene



pol yphenyl ene et her by washi ng; wherein the washing solvent is_ at |east one
sol vent selected fromthe group consisting of net harﬁﬂ-,ﬂsﬁ&n@ﬁpropanol ,
but anol, pentanol, hexanol and ethylene gkycol. 24. The process according
to claim 23, wherein the washing solvent further conprises water. 25. The
process &¢kor by dgying apldadevioP8jlizdtiaxh furt her conprises the step of

renmovi ng the contai ned solvent froma washed | ow nol ecul ar wei ght

pol yphenyl ene 22 August, 2006 38 ether by drying and devol atilization. 26
The process according to claim16 or 20, which further conprises the steps
of separating th& [Thw pwicessuhacondéagihd qleiny piteny | 2newkichefurt kaant@émptisies Yhe 5
conprising the precipitated | ow nol ecul ar wei ght pol yphenyl ene ether to
obtai n asteps bbwepptaitng dhe vieiwghtolgohlapherighenpolgipheryleaadethenoicbmgat barry
cont ai ned solvent from said wet |ow nol ecul ar wei ght pol yphenyl ene et her
by dr¥i ngoeupdisieg theapidcipiadteddowt molecular weight polyphenylene ether to obtain a wet

low molecular weight polyphenylene ether, and removing the contained solvent from

said wet low molecular weight polyphenylene ether by drying and devolatilization.

10



