; e3e==F> 6VT_DESCRI PTI ON METHOD FOR PRECI PI TATI NG POLYPHENYLENE ETHER
Technical Field The present invention relates to a nethod for precipitating
pol yphenyl ene ether, and a nethod for precipitating pol yphenyl ene et her

whi ch decreases the nunber of fine particles of polyphenyl ene ether
particles and reduces periodic fluctuations in particle size, thereby being
able to stably produce honbgeneous pol yphenyl ene et her particles.
Background Art A pol yphenyl ene ether resin made from pol yphenyl ene ether is
a plastic material which can provide products and parts in desired form by
a nol di ng process such as nelt injEei¢RPHINI ng or nelt extrusion nol ding,
and whi ch has been widely used as a material for products and parts in the
field of electronics and electricity, the field of autonobiles and the
field of various other industrial materials. As a nethod for producing

pol ypheny MEF@IOEt WOR ERREETTE 1 TR Tl Nte t oy RHEMNKLLISE | WEBHER pol yneri zi ng a pheno
conpound in the presence of a copper conpound and an am ne conpound 1 in
a good solvent for pol yphenylene ether. As a nethod for precipitating the
pol yphenyl ene ether from a pol yphenyl ene ether solution obtained by this
met hod, therdrnisaknawe1al net hod for precipitating pol yphenyl ene ether
particles by adding a poor solvent for polyphenyl ene ether, such as

met hanol , to theneolHds@ht HewaMArion he potadphenyd enecreidefoparticles

preci pitated by conventional nethods contain a |lot of fine particles
therein, anddigvedhiePrebl BMalyIdROuNEEN andidtREtNGastsp required
after a sedinentation step in a polyphenyl ene ether production process and

al so the prebligNthah £ ROl YRSV &IE SHISF GRIPOSALEPEaESs NEke STDOL NI Y
supplied to an extruder 'in a nmelt kneading step required when being

pel | et i zeqyrfplnt BEr £ ifl pﬁ%y@wmﬁ%m@ﬁtéfﬂ@f.p&f@i@iégt ed by

conventi onal nethods, enomenon uctuations 1 n particle
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producti o roce nd. in.the step for_obtaining pellets of the
pol ypheny 323%%F%§F%§ﬁné£§%i rﬁfﬁig%ﬁﬁﬂ they do not sufficiently conmply
Wi th industrial demands.

Background Art

A polyphenylene ether resin made from polyphenylene
ether is a plastic material which can provide products and
parts in desired form by a molding process such as melt
injection molding or melt extrusion molding, and which has
been widely used as a material for preoducts and parts in
the field of electronics and electricity, the field of
automobiles and the field of various other industrial
materials.

As a method for producing polyphenylene ether, there
is a method of oxidatively polymerizing a phencl compound

in the presence of a copper compound and an amine compound



2 An object of the invention is to provide a nethod for precipitating
pol yphenyl ene ether by m xing a pol yphenyl ene ether solution with a poor
sol vent for pol yphenyl ene ether to precipitate pol yphenyl ene ether
particles, which can stably produce pol yphenyl ene ether particles with
fewer fine particles of the pol yphenyl ene ether particles, reduced periodic
fluctuations in particle size, and with honbgeneous particle size, thus
sufficiently conplying with the industrial denmands. Disclosure of the
Invention As a result of extensive studies for achieving the

above- mentRoRe ool el vettte it SYRIRISMUIS HaWRE coMsl &t 8¢ thatet hod for
preci pitating pol yphenyl ene ether by m xi ng a pol yphenyl ene et her solution
conpri si ngoporysitéimiitertd nat Hére avd whesodl &fee vefte W@l o with a poor

sol vent for pol yphenyl ene ether to precipitate pol yphenyl ene ether

parti cl espowphenylehe mihser soflutiimen pdrtdicles oy tihies et yiph@nyl ene et her
particles is decreased, and periodic fluctuations in particle size are
reduced, theteby smakiong id mpddsidl 1t @ istait yt or oty gee Tnvogenteus

pol yphenyl ene ether particles and sufficiently conplying with the

i ndust ri aktderands.tiBlals i8; ddiEdvenddan 35 oveértesfar et hpohéoylene

preci pitating pol yphenyl ene ether by mxing a 3 pol yphenyl ene et her

sol uti on e@mpr,Sisi@nPGlsy plamdreile eidiethéingb Putgiomt. sol vent therefor with a
poor sol vent for polyphenyl ene ether to precipitate pol yphenyl ene ether
particles, the meihed Gomd PIGpHisiiGrie MiaEpigatt amdank equi pped with
(a) a draft tube, (b) an at |east one-stage stirring bl ade disposed in the

draft tubg,rapdpseleEed rQMwhd Gld Nagk Badd ecdivden 2 sefeyebrade and a

ri bbon blade, (c) one or nore baffles disposed on the outside of the draft
tube, (d) par3QllldOnRURRLY, RATd ndW) EhdQForsPiN Y SUPPbInpoLh and (f) an

exhaust port: adding, to a m xed solution conprising the good solvent, the

| | . good .
poor so V%@';llt%\%qﬁlg'%)}:%%l %ﬂfﬁyﬂ%eﬁma p@é&i&%&@atf&g J&sdisokution

circularly b 0 on e stirring blade (b), the pol yphenyl ene

et her sol g)n![l%hfern e S| dit Iﬂb(ﬁﬂ‘ptp:ll.%rf &9{)&:&@ t(ﬁp@&u%@nt |y adding a

poor solv rom'the poor sol'vent sup ort (e), ereby precipitating

ol YPnersbER IS Sh e B Sl A Aol e et ke
from the %)fn%%%%tl yD Clﬂ.rutp];a(lfi)e'd 3:% ea]:n %%?ig’fdc?éf ofh Oé rBth %M&Eﬁg 9step
required when being pelletized.

Further, in the polyphenylene ether particles
precipitated by conventicnal methods, the phenomenon of
periocdic fluctuations in particle size thereof occurs,
which poses the problem that the productivity fluctuates
in the filtering step and drying step.

Accordingly, the conventional polyphenylene ether
production methods suffer from the problem with respect to
productivity in other steps in the polyphenylene ether
production process and in the step for obtaining pellets
of the polyphenylene ether composition, so that they do

not sufficiently comply with industrial demands.



Fig. 1 is a sectional side view show ng the precipitation tank used in
Exanple 1; and Fig. 2 is a schematic plan view show ng the baffles disposed
on the outside of the draft tube of the precipitation tank used in Exanple
1. In the drawings, the reference character (a) designates a draft tube,
(b) designates a stirring bl ade (one-stage paddle), (c) designates a
baffle, (d) designates a solution supply port, (e) designates a poor

sol vent supply port, (f) designates an exhaust port, D designates the

di ameter of the precipitation_tank, H designates the |iquid height, DH

desi gnates the A8 gRUSSE Ofe teafdviete Otand 319 REOGite & MHW aneter of
the bl ade. Best Mdde for Carrying Qut the Invention The pol yphenyl ene ether
of the in¥eht PR KRS ta idich ReHaiph ssvrlRiuret Tstr the Befihidg formul a (1)
(1) RL and R9 in the polyphenyl ene ether of the invention represented by
formul a ( Ppleabkenyidesenddrsty walaprieyetis: a paalt cyehvenpr i fafy or
secondary | ower al kyl, phenyl, am noal kyl or hydrocarbonoxy. RZ and R3 each
i ndependepblyrhemyvdsamt difdrrogen pywdimiryettr seElgmidaryldmneetzkyl or
phenyl . The pol yphenyl ene ether of the invention is a polyner or a

copol yner phaviied ex, r eduiced csrs cosEdly measduas pa typlely bergg détlvdt or of or m
solution at 30C of within the range of 0.15 to 1.0 dl/g, and nore

pref er abl pawittikile st he tharmgevedd @i2€ par@idled odf. tSpe@iciliyegdldnyl e

pol yphenyl ene ether of the invention is poly(2,6-dinethyl-1, 4-phenyl ene
ether), pelkyez- meirilcGst Wdukbat phandene EllheiYations in particle

pol y(2- met hyl 6- phenyl - 1, 4- phenyl ene ether), poly(2, 6-dichloro-1, 4phenyl ene
et her) or gtihe,| izk@ WAMEMERRGEHdSU LM as1Ofsihe, palyphenyl ene et hers of
the invention al so include a pol yphenyl ene ether copolyner such as a

copol ymer soff £3 G-=itIBt hsen@ngmi ahd R hentldd S fial 2dandndsg i et hyl phenol

or 2-nethyl -6butyl phénol) . E%e pol yphenyl ene ethers of the invention
descri bed above, poly(2,6-dinethyl-1,4-phenyl ene ether) and a copol ynmer of
2, 6-di et hyl phenol and 2, 3, 6tri net hyl phenol can be preferably used, and
nost pr ef &ised cssiqeolofi 16 dinmsrhydorl, 9- phenyl ene et her).

As a result of extensive studies for achieving the
above-mentioned object, the present inventors have
completed a method for precipitating polyphenylene ether
by mixing a polyphenylene ether sclution comprising
polyphenylene ether and a good solvent therefor with a
poor solvent for polyphenylene ether to precipitate
polyphenylene ether particles, wherein the number of fine
particles of the polyphenylene ether particles is
decreased, and periodic fluctuations in particle size are
reduced, thereby making it possible to stably produce
homogeneous peclyphenylene ether particles and sufficiently
complying with the industrial demands.

That is, the invention provides a method for

precipitating polyphenylene ether by mixing a



6 There is no particular Iimtation on the polynerization nmethod of the

pol yphenyl ene ether for use in the invention. Exanples of the

pol ymeri zati on met hod of the pol yphenyl ene ether for use in the invention

i nclude the nethod described in U S. Patent 3,306,874, in which 2, 6xylenol
I's oxidatively polynerized using a conplex of a cuprous salt and an am ne

as a catalyst. The nethods described in U S. Patents 3, 306,875, 3,257,357

and 3, 257, 358 JP 52-017880 B, JP 50-051187 A JP 63 152628 A and the |ike

are also &g%ﬁ%gﬁet he rRrodugtjan, PRinGhenene et her.

The end s ure-of the pol yphenyl ene ether he I'mvention is preferably

Zaihrﬁéﬁfﬁﬁ L the 2o 98 e e SRt W% o e Tt O e
the. i nvenb? f°ﬁ1srw3f-& pregeﬂle'r‘rﬁb%”% PR T R e (5
! particles, the method comprising:
using a precipitation tank equipped with (a) a draft
tube, (b) an at least one-stage stirring blade disposed in
the draft tube and selected from an inclined paddle blade,
a screw blade and a ribbon blade, (c) one or more baffles
disposed on the outside of the draft tube, (d} a solution
supply port, (e) a poor solvent supply port and (f) an
exhaust port;
adding, to a mixed solution comprising the good
solvent, the poor solvent and the polyphenylene ether
particles, the mixed solution circularly flowing by
rotation of the stirring blade (b), the polyphenylene
ether solution from the solution supply port (d) and
concurrently adding a poor solvent from the poor solvent
supply port (e), thereby precipitating polyphenylene ether
particles; and
discharging and recovering the precipitated

polyphenylene ether particles together with the mixed

solution from the exhaust port (f}.

Brief Description of the Drawings



CH3 -0 ~ ~ ~H ~3) H CHZNRSRS wherein RS and RS each represent hydrogen or
an al kyl group. Techni ques for obtaining the pol yphenyl ene ether having an
end structure of formula (3) include, for exanple, a nmethod of oxidatively
coupling 2, 6di net hyl phenol in the presence of a primary or secondary am ne
usi ng a catal yst containing copper or nmanganese. As the above-nentioned
primary or secondary amne, a dialkylamne is preferred, and

di - n-butyl am ne, dinethylamne or diethylamne is nore preferably used. The

good sol vent fof; hepoEyQPEQXk?B thgéFogibue 5g%ggbiggeneans a sol vent

whi ch satisfactor%ry di Ssol ves poﬁ?phen ené et her fo form a honbgeneous

pol yphenyl ene. et her .sol ution. The .po | ene _.ether solution of the
inventioongcép%gFE%Pgn%Fﬁ wHF€%'6§|?%ﬁgﬁ§%bﬁé 5§ﬁ%r i s honbgeneously

G ssol ved, L0 e 8009 28l xentcT eolYBeINLens £ e spcsplzten, |1 the
by meightd?ggggegnokh%he outside of the draft tube of the

precipitation tank used in Example 1.

In the drawings, the reference character (a)

designates a draft tube, (b) designates a stirring blade

(one-stage paddle), {c) designates a baffle, (d)

designates a solution supply port, (e) designates a poor

solvent supply port, (f) designates an exhaust port, D

designates the diameter of the precipitation tank, H

designates the liquid height, DH designates the height of

the draft tube, and SD designates the diameter of the

blade.

Best Mode for Carrying Out the Invention
The polyphenylene ether of the invention has a main

chain structure of the following formula (1):

R 1

R; and R; in the polyphenylene ether of the invention

represented by formula (1) each independently represent



pol yphenyl ene ether solution. 8 As the good solvent for the pol yphenyl ene
ether of the invention, preferred is at |east one solvent selected from
benzene, toluene and xyl ene. The poor solvent for the pol yphenyl ene et her
of the invention is a solvent which does not dissolve pol yphenyl ene et her.
As the poor solvent for the pol yphenyl ene ether of the invention, preferred
is at | east one solvent selected from net hanol, ethanol, isopropanol,

n- but anol , acetone, nethyl ethyl ketone and water. In the invention, it is

preferredh&gggg%ge g&ﬁ%é%§\§¥“5Jé&?%q} %Q%ﬂ%%%&ﬁﬂﬁﬁgﬁﬁgﬁo rises at | east

one sol vent "selecte rom-benzene, ene’ a 'he poor sol vent

for pol yphenyl e ther .conprises at |east on ol vent sel ected from
nethanol,agﬁﬁgﬁgﬁyﬁiggppgr|%ﬂééagqﬁﬁ¥ﬂm)? %Egt he? t*ﬁéeQﬁWé%n$g¥one and
water. In_the invention, it is nost referred(%g:use tol uene as the good
sol vent f &FPREPYH! e%MQQ%QQQWNE{l R RN Y M Yora oY ek for

pol yphenyl ene ether. The pol yphenyl ene ether particles of the invention are

particlesp58ﬁ§ﬁrsing pol yphenyl ene ether. The pol yphenyl ene et her particles

of the invention
The polyphenylene ether of the invention is a

polymer or a copolymer having a reduced viscosity measured
with a 0.5 g/dl chloroform sclution at 30°C of within the
range of 0.15 to 1.0 dl/g, and more preferably within the
range of 0.20 to 0.70 dl/qg.

Specifically, the polyphenylene ether of the
invention is poly (2, 6-dimethyl-1, 4-phenylene ether),
poly(2-methyl-6é~ethyl-1, 4-phenylene ether), poly(2-methyl-
6-phenyl-1, 4-phenylene ether), poly(2,6-dichloro-1,4-
phenylene ether) or the like.

Cther specific examples of the polyphenylene ethers
of the invention also include a polyphenylene ether
copolymer such as a copolymer of 2,6-dimethylphenol and a
phencl (e.g., 2,3,6-trimethylphenol or 2-methyl-6-
butylphenol) .

Of the polyphenylene ethers of the invention
described above, poly{2, 6-dimethyl-1, 4-phenylene ether)
and a copolymer of 2,6-dimethylphencl and 2, 3, 6-
trimethylphenol can be preferably used, and most preferred

is poly (2, 6-dimethyl-1, 4-phenylene ether).



are mainly intended for use in the formation of a conposition w th other
conponents by nelt kneading after filtering and a drying step. As the
pol yphenyl ene ether 9 particles of the invention, it is preferred that
the average particle size is 900 Eun or nore, and that the content of fine
particles having a particle size of 105 Nmor less is 5/0/7 by weight or
| ess. As the pol yphenyl ene ether particles, it is nore preferred that the
average particle size is 450 Eun or nore, that the fluctuation in particle
size during pregipitati i f i i verage particle
si ze over preci ;I:ht@ar{e?nlgsoﬁo , |tsl 1 Oat%ﬁlnlr%#%%gés% O%k#\dﬁtlﬁat t he content of
fine particl \VJj .ng: i che. si e I = i ght or
| ess. As %eﬁ%ﬂ(ﬁqf/ip%aen%lycfane%gg% %(!{eroéa@f? %%&?&%%%‘%pﬁ%% I%Of)?ée{?éfred t hat
t he average pc%rti.cle size is 500 dun or nore, that the fluctuation in
particle sz furi Mg prstipitation, that is, the fluctuation in average
particle size over precipitating tine, is 50 Fun or less, .and that the
content of fi ne%%%s"#%ﬁ% %%E%%ﬁ@%f&e&oéo% h%r less is 1~ by
wei ght or less. In the invention, neans for obptainjng pel ypheny| ene ether
parti cl es PRIPTHEBH ARG T ALH 1eut? , the %%erb%%‘%“dﬂ%g\}%?ejﬂh?hat t he
use of a specific precipitation tank equipped with a draft tub gescribed
bel ow al | RFNIE dﬁﬁ%@@l’éﬁ@e‘ih&a%ﬂ%tgo%oéuﬁ)ﬁ eﬁnt‘ﬁhb‘éheff Ctively
m xed with the poor solvent to stably precipitate pol yphenyl ene ether
parti cl es xyAedialhaits Rkt gialy Pabvmeri 3o $oingi anCrRPLPBE pfeRipitation
tank makes it possible to effectively produce pol yphenyl ene ether particles
with | ess awprsars cfa ¥t rangaan i anire aeducedtpbysbdi I mathdons in
particle size, and honpbgeneous particle size. Further, the precipitation
tank of tldesianidid oim 6. % pralepis ati 0o+ &nk, hawZhg. ah’ atnfieast one-stage
stirring blade (b) disposed in a draft tube (a) and selected from an
i nclined paddi’e 3HHde]P SO EM) aktle ANdSe-PPbbdA bl adl, 6ant-oh28 0k nore
baffles (c) disposed on the outside of the draft tube (a). The draft tube
(a) of therichvdrd ildrké sare pat$o tpoafewtéd providedpiodubelpnesephedsi on
tank. The shape thereof is nost preferably cylindrical. However, the cross
section t et edfe iolngthdnyides ¢tohetrrcul ar, but may be el liptical,
pol ygonal , or the |ike.

The end structure of the polyphenylene ether of the

invention is preferably a structure of the following

formula (2):

R, 1

Rj Ry
wherein R;, Rz, Rs; and R; are each defined in the same
manner as with R;, Rz, Rz and Ry in the above-shown formula
(1) .
The end structure of the polyphenylene ether of the
invention is more preferably a structure of the following

formula (3):



The draft tube (a) of the invention is preferably disposed concentrically
within the precipitation tank. The inclined paddl e bl ade of the invention
is preferably a stirring blade forned by inclining an ordinary paddle at 5
to 85 degrees with respect to the rotational direction, and nore preferably
a stirring blade formed by inclining an ordinary paddle at 35 to 55
degrees. When a paddl e bl ade having no inclination is used, the circulation
fl ow descri bed below is not forned, so that 11 the m xed sol uti on does
not become honbgeneous, resulting igp i ncyggsed fluctuations in the average
particle size of the pol yphenyl ene e{her/ particles. The screw bl ade of the
invention is preferably a stirring havi ng a shape sinilar tgythat of
a screw used for ships. The ri-bborn—jl ade)of-Othe i nvention is preferably a
helical stirring blade of single blaget/ype or double blade type. The
baffles (c) of the invention are baf4le plates fixed in a stirring tank in
order to control the flow. In the pgleci piGHeNBsRst ank of the invention, the
m xed sol ution conprising the good solvent, the poor solvent and
. pol yphenyl ene ether partic|es is: pushed out t@ t he botton1o£ tge tank or
the |iqui Hhe&@aR 56 BRE Rb xeeP <ol LRRORSHIT | RYSFPETRaff ng™i A~EKE draft tube
with the rotation of the stirring blade, and then, flows between the draft
tube and Y®&Pl- of the precipitation tank as an approxi mately perpendi cul ar
ascending flow or descending flowto circularly flow inside and outside the
draft tube. In Teebpienias e eptedming e RGAEHRSBA CINE S ul ati on
direction of the m xed solution depends on the rotational direction of the
stirring beydegasd el stapetoira i starmmuky blladerciyde: ¥% he inventi on,
the pol yphenyl ene ether solution is added froma solution supply port (d)
to the m exdmpdleyt izometihrd mef ioxdalrtiore 1Y eowol iiphedwtene et her sol ution
is preferably added to the m xed solution fromthe solution supply port (d)
provi ded alimeshitigHdarmii dirl eved pofesdrecani xbda st indon. oF nsedEeNAAYENt i on, a
nmet hod of addi ng dropw se the pol yphenyl ene ether solution fromthe
sol uti on smpgpley yxdntg (d)cagreadw e dabin e ¢opped devednginede- m xed
solution to a downward-flowi ng portion of the circularly flow ng m xed
sol ution can be A epraafoareaien ttisadsd ecawsey tdn ssesprsdsr Noawkrer r@nce of
scal e of the polyphenylene ether in the precipitation tank. In the
i nvent i ondithe&yieerisol Mendrd Semrketed drid il a-paont gbdniame, supply port (e) at
the sane tine that the pol yphenyl ene ether solution is added fromthe
sol ution supRith PO ddl)ot didehyiaethsol sithere ghefeoaisl gohyedt supply
port (e) is preferably provided directly on the wall of the precipitation
tank above the Inirguighd@®vilwintt o xas sol wheaty endedvieen éhetieaft tube
and the precipitation tank above the liquid | evel of the m xed solution. In

the preci pialdondmeidnss of dderaol pheay | eneiethetopi1yheissyeneson, the
pol yphenyl ene et her particles

polyphenylene ether to form a homogeneous polyphenylene

ether solution.

The polyphenylene ether solution of the invention is
a solution in which polyphenylene ether is homogeneously
dissolved in the good solvent.

The polyphenylene ether concentration in the
polyphenylene ether solution of the invention is

preferably from 10 to 30% by weight based on the

polyphenylene ether solution.




13 precipitated are discharged together with the m xed solution from an
exhaust port (f), and recovered. In the precipitation nmethod of the

pol yphenyl ene ether of the invention, the m xed solution is preferably
overflowed fromthe exhaust port (f) provided at the position of the |iquid
| evel of the m xed solution in the precipitation tank, thereby discharging
and recovering the pol yphenyl ene ether particles fromthe precipitation
tank. In the precipitation method of pol yphenyl ene ether of the invention,

it is preferredg td raci pl ' di erfthe

| i qui d hei ght oqut]ﬁttélém ecrd:?séo u‘?elt%gnhfonlptﬁgé Bééeﬁ%}%}é#?%ﬁet%ﬁgg%t#at is, the
di stance from.the li.quid |evel to,the botiom of e i .1 to 2
that the 19 & et e el B Lo Thet Arar t L EABE/ Phe SDo0E kel SERI 1 quid
height is from0.05 to Qfﬁﬁﬁgnd Hﬂit the ratio of "the vertical interva

bet ween t H& T4 QfiH 48 vel “HHFT e WOSTY Upper portion of the draft tube"/the
above-nentioned |iquid height is fromO0.01 to 0.3.. Wen the liqujd level is
at a position hildgfe®PIHard Vee%s‘{oﬁptﬂé‘? Fb%]rﬂ’l'b?f”()]fe‘??leem%ﬂogu RE " he
vertical interval between the liquid | evel and the nost upper portion of
the draft BTN jspd RGETFR st clhedoepsiterdtS$9LBe a positive val ue,
and when the [iquid 19 | evel is |ower than the nobst upper portion of the
draft tub@cliPheuilene @i dered to be a negative value. Wien the ratio
of the precipitation tank dianeter/the |iquid height of the m xed sol ution
in the precipit&d éhea anoy takvent fae hestemberienmere ¢terdofevel to
the bottomof the tank) is less than 0.1, it is unfavorable in terns of
product i vithe \Wemtienr aiefofredel prati bezationetapkvenbngesertad 1iquid
hei ght of the mi xed solution in the precipitation tank (that is, the

di stance fimm tetHampd d ¢tdvatol o tdwbbopaned of ntihetanpk) exeteds: 2, high
stirring power is required, which is unfavorable in terns of production
cost. In tmeehylecipgitatiorometdod witehe pol yphenyl ene et her of the
invention, it is preferred to carry out stirring with such stirring power
that the m xed sl Utheoni roam thieoref fict iy agbye T soddr geslt f tloen gded exhaust port
(f), and that the pol yphenyl ene ether particles do not stay on the bottom
of the prewilpidrat i for tpskyphenl éihe ¢atieo odmpheseds adt 1ebethenght/the
abovenentioned liquid height is less than 0.05, a stable ascending flow or

descendi ngdllvamw tireye hecthed Dhdmi etk éme SotEl eas€Sand Sxyl¥hen &he taki o of
the draft tube height/the abovenentioned |iquid height exceeds 0.6, an
ascendi ng gdoaw (1 wasiec efsht ngb I fisiveripyebe oohe bt @mpels st abt yléassone cases:
one solvent selected from methanol, ethanol, isopropanol,
n-butanol, acetone, methyl ethyl ketone and water.
In the invention, it i1s most preferred to use
toluene as the good solvent for polyphenylene ether, and
methanol as the poor solvent for polyphenylene ether.
The polyphenylene ether particles of the invention
are particles comprising polyphenylene ether.
The polyphenylene ether particles of the invention
are mainly intended for use in the formation of a

composition with other components by melt kneading after

filtering and a drying step. As the polyphenylene ether



When the ratio of "the vertical interval between the liquid | evel and the
nost upper portion of the draft tube"/the above-nentioned liquid height is
| ess than 0.01, the discharge of the m xed solution may be not stabilized
in sone cases. Wien the ratio of "the vertical interval between the liquid
| evel and the nost upper portion of the draft tube"/the above-nentioned

I i qui d hei ght exceeds 0.3, a stable ascending flow or descending fl ow may
be not obtained in sonme cases. In the precipitation nmethod of pol yphenyl ene
et her of Is 0N, L jght_ rati HoloTelg he good

sol vent i %g?ﬁé%\%%%gqg&htﬁﬁg\rﬁrgl&ﬁéf elrgb]?“{/ élr%fm 0. 301 f%%?gﬁ%%en t he

wei ght ratio of the paor soLvenL/tQﬁygood sd&g¥g igh&rgagg>%ﬁgsolution IS
| ess t han?0S32%th&S R gﬁ%zpeosjﬁ b |t%}n tHat"¥= £5W 1T Oecur duri ng

precipitation. Wen the weight, ratiq of the poor_salvent/the sol vent
PheThe. i ced teatutitort B St 1 e AR A B 19 46 b fBBcuct | on
cost. 16 In the precipitati,on nethad of pol yphenyl ene ether of the
invention?ri3%5§ Hﬁ?gﬁb&@fé%¥%%bqfﬁﬁ %®r contained in the poor solvent is
fromO0.3 to 50 parts by weight. In the precipitation nethod of

pol yphenyl ene etp*ﬁert%@f gquéfﬂ%r?\lﬂéﬂteir@n,eq et ie of thé ¥ %ed sol ution
is preferably from30 to 60C. In the precipitation nethod of polyphenyl ene
et her of PHelierrad it tHe beTene BBrAiAe8 By-2€i Visdidny tHe FumdFet he
supply speed of the pol yphenyl ene ether solution supplied fromthe supply
port intothRé gheribiuciianl¢ankhaRartReleugpng Heed DPESHelpbot tsdPvent
concurrently supplied into the precipitation tank by the |iquid amount of

t he m xed tdeltutiison thendli Maigrati-arhel Pprate TAdatRart 1@k $529e?Yed as the
average residence time during which the pol yphenyl ene ether particles stay
in the precegitdtiadn rtqarkime,n itshel tthyemtaonledshe anderidyet rigse dence tine
during which the pol yphenyl ene ether particles stay in the precipitation
tank is prehgrall o ff riime . dhntta G srimiiasy ANmrtiel aver ageof ekt dewte ti ne
is 2.0 mnutes or |less, the content of the good solvent in the

pol yphenyloend estshers £ thyclwesi ghet iccrleas®ed, which may sonetines cause the
particles to be firmy fixed to one another after discharge. 17 When t he

aver age resi denés tthhee pexogéds: 3G nd rttles; partpiosless,a drabdemin terns of
productivity and production cost. The precipitation nethod of pol yphenyl ene
et her of especially preferred that the average particle size is 500

pum or more, that the fluctuation in particle size during
precipitation, that is, the fluctuation in average
particle size over precipitating time, is 50 um or less,
and that the content of fine particles having a particle
size of 105 um or less is 1% by weight or less.

In the invention, means for obtaining polyphenylene
ether particles have been studied. As a result, it has
been discovered that the use of a specific precipitation
tank equipped with a draft tube described below allows the
polyphenylene ether solution supplied to be effectively
mixed with the poor solvent to stably precipitate

polyphenylene ether particles, and that discharging a
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the invention can stably produce honbgeneous pol yphenyl ene ether particles
with an extrenely | ess nunber of fine particles thereof and extrenely
reduced periodic fluctuations in polyphenyl ene ether particle size, so that
it constitutes a precipitation nethod of polyphenyl ene ether which conplies
sufficiently wwth the industrial demands. The pol yphenyl ene ether particles
obt ai ned by the precipitation nethod of pol yphenyl ene ether of the

i nvention are honbgeneous pol yphenyl ene ether particles with extrenely |ess

number of pfiag I%%fltu't%'o%s i eeot aRd UL EMR] kA TRk PR {11 P Sigee
di stribution, so that they give extrenely high productivity when nelt

Kk ded h
p2$?|§IegkgbFggﬁggg%eqsngﬁ%¥%%%g|tggﬁ%ﬁéékﬂéﬂ%jégﬂ'poﬁgg% ﬁgﬁ%ne esker of
the i nventll QR ¢any %rfeffeLr %blg;éﬁ s_Lecci %_ercﬁ.lv&e[rgaé I‘lll% r a pol yphenyl ene

et her conp05|t|on he "pol’yph ene et’her par es o he i nvention can
be extre referably used i.n pol mer a obtalned b neading with a
t her nopl g&lli%(?%}l@gllﬁn&&ﬁl é’ér:}lfsle erﬁnb or‘crI naeoﬁlosf famt (%

pol yi m de, .a pol yetherimde, a polyester or a pol ycarbonate. The

pol yphenyPéR& -et her particles of the invention, and the pol yphenyl ene et her

conposition and oI ner allo u5|n t he pol en ne et her artlcles of
the invention af8% Fbl éF&ﬂ%?IHQE%QQjeggklﬁg Qﬁnﬂqqﬁﬁ 1%nd are

wi dely applicable to appllcatlons inthe field of electronlcs and

el ectri ci By PrEfdPitetd o5 tamomeiings Mhdk HEAS el e Gt 345 | DUt ot Her
industrial materials. The polyner alloy or pol yner conp05|te containing the
pol yphenybPéaédeet!fdr disroiscided Tofe 1Ha fithviehe o) 15t ereremisa apfti cabl e i n
the field of electronics and electricity, the field of autonobiles and the
field of warilowdisaferradihsthlade meefFakY. btadehapd ehe FRSHHR A ARNe
ether particles obtained by the preC|p|tat|on met hod of pol yphenyl ene et her
of the ineskt coe @re Memeodarfddies pollyphicpdsatk ot Hére patisideschaifing a
greatly smal |l er nunber of fine particles and extrenely narrow particle size
di stri but deaftsdulieat(apr.oductivity is stabilized in the filtering step and
the drying step. Exanples 19 Enbodi nents of the invention wll be
illustrated i n Gheaderfdettaible Wiath ofeftédreericerand itdre ifsold géimigh tebcanpl es, but
the invention should not be construed as being limted thereto. In the
Exanpl es aad 1Cprpariatedy & nExtanplpee diyel tfadl lcowitregnipol Tpheemylapree et hers were
used. A-1. According to the nethod described in Exanple 3 of JP 59-023332
B, 13% by theirglett dfs audtsal parfealhity aylamd; G metHbyepleenolthsas added in
the presence of each catal yst and di-n-butylam ne over a period of 35

m nut es Wairloe =S yeRitiiong toxenegeiT, ianchaf tieimitdy outiescd apse mit tmage, the
supply of oxygen was stopped. An aqueous solution of trisodium

et hyl enedixamenatigitriaaqgt gl R aadded: tind hei el yneri zation m xture, and
the m xture was maintained at 70C. Then, the m xture was sent to a
centrifuge manufraet wredthyyBharphess Ghe BN R0USOYS-dh@asdlopnt ai ni ng
each catal yst and trisodi um et hyl enedi am netetraacetate was separated to

obtain a pals ?@@%@yl&mﬁe@lttmrcaﬂgjwtﬂl%l(lﬁ the ddig e 0l srphesyt ene et her
content of 13.5% and a specific gravity of 0.894. The reduced viscosity of

the pol ypheny! engetiiien 16l 8aaed d bichrelloMan -5 eHden when measur ed
with a 0.5 g/dl chl oroform solution.
preferably a stirring blade formed by inclining an
ordinary paddle at 5 to 85 degrees with respect to the
rotational direction, and more preferably a stirring blade
formed by inclining an ordinary paddle at 35 to 55 degrees.

When a paddle blade having no inclination is used, the

circulation flow described below is not formed, so that

11




20 A-2: A pol yphenyl ene ether solution (A-2) having a pol yphenyl ene et her
content of 22.3 and a specific gravity of 0.911 was obtained in the sane
manner as with the above-nmentioned (A-1) with the exceptions that 22~ by
wei ght of a toluene solution of 2,6-dinethyl phenol was used and the supply
of oxygen was stopped after 85 mnutes |lapse fromthe start of

pol yneri zati on. The reduced viscosity of the pol yphenyl ene ether contained
in (A-2) was 0.40 dl/g, when neasured with a 0.5 g/dl chloroform sol ution
Exanple 1 r.eci pitati.an , t j , i an_j

di anet er o@é.ispgﬂrf% afjﬁlgdlI %é%%%%ergo%%%g&g% %%%%%?Q%g?t ﬁ%%‘la%%?g&bor e

di aneter of at sition where the vertical interval b t he

i audtevd Ot oo el e P T hETR T bl 5T REt ank
corresponded to 95 was equi pped with a draft tube having an internal

di anet er gﬁ%%éj%ﬁfpa{h%%l%ﬂeaf%%%%ep%’é HrtSDf 40 nmat a position where the
vertical interval. between the quyi | evel and the nost_upper portion of
the draft tube cColT &SP AY 2 © AR RS pﬁa@’?%ﬁef%ﬁLyv%s equi pped
with a one-stage faour-blade inclined paddl e blade (inclination: 45 degrees,
bl ade di amEter1™8 MAdadaiing 2 sthap¢ n3lhl wefe. CTnheldbl efed 0FS58¥%0l uti on
remaining in this precipitation tank was 1100 ml. In the precipitation
tank, 370 WH §OT @WeS420 g of methanol and 10 g of water were placed
and stirred at a stirring revolution of 600 rpm By stirring, a spiral
descendi ng fl owTarc urikdpr xliate thie theaf invteibel orants apr abpF Rl et el y

per pendi cul ar ascending fl ow occurred between the outside of the draft tube
and an i niEligdl sFinzhapriebige tafi ongbakblade Waperonadoablewed to flow
in the jacket to adjust the tenperature in the precipitation tank to 50C.
Then, the pPadphersa ene et her solution (A-1) was added at an addition rate
of 190 g/mnute at a diagonal position to the exhaust port inside the draft
tube in the predis tatifred ank, @hdlze nineshisiclutaon lodf BFe Soiv ke of

met hanol and 2.5 wt~ of water was added at an addition rate of 100 g/ m nute
at a di agdnadedasi td et imrire texhlaust order to control the flow.

In the precipitation tank of the invention, the
mixed solution comprising the good solvent, the poor
solvent and polthenylene ether particles is pushed out to
the bottom of the tank or the liquid level of the mixed
solution while circulating in the draft tube with the
rotation of the stirring blade, and then, flows between
the draft tube and a wall of the precipitation tank as an
approximately perpendicular ascending flow or descending
flow to circularly flow inside and outside the draft tube.

In the precipitation tank of the invention, the
circulation direction of the mixed solution depends on the
rotational direction of the stirring blade and the shape

of the stirring blade.
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port and fromthe sanme height outside the draft tube in the precipitation
tank. A m xed solution overflowed fromthe exhaust port was recovered. In
addition, sanples were separately collected after 10, 20, 40, 80 and 160
m nutes fromthe start of the addition of the m xed solution of nethanol
and water. During the precipitation, no change was observed in the flow
state of the m xed solution, and it was stable. The average residence tine
was 3.2 mnutes. 22 A sanple collected fromthe recovered m xed sol ution

and the sanple (0] ct. fit.er t j i e each
sanpl es 1¢olh e tl%q’e%tlt%ﬁénch)cl%,é m‘%ﬁl{fe ]%!rfe?%?ﬁu dd 1B WL

filtered, washed by m xi ng ne en, ered again, followed by

vacuum dr yi_n t fQr hqurs t t.ai | yph I £ articles.
The m xed>i§olglﬁﬂe6‘1n%%§lﬂ % bsée})]Tu?EILitoznr esglp%jﬁﬁﬁrp%r%gl gpn%. erﬁlv%?%t PI e matter

cont ent o% t.h j%ﬁjed pol yphenyl ene ether particles was 0.1~ by wei ght or

| ess. The ég It ig pol yphenyl ene ether particles were sieved, and the

wei ght of each fraction was neasured. From.a cunul ative curve of particle
size distributidm, ﬁblﬁgﬁﬂ9ﬂqgﬁﬁ€i?(ﬁﬁ%&ﬁﬂﬁﬂ¥'QthQﬁthxﬁﬁ%ﬁt% | ative
val ue (nedi an dianeter) was faken as the average parficle size. Simlarly,
the contenf E\ﬁte‘%er@ﬁﬁﬁ)aratqd(ﬂdest%am%dmé‘ yia= oz el %Wo?h? ess obtai ned

fromthe cunul ative curve of particle size distribution was taken as the
fine partﬁ@p@tﬂgpeﬁupply port (d) provided above the liguid level

of the mixed solution.

In the invention, a method of adding dropwise the
polyphenylene ether solution from the solution supply port
{d} provided above the liquid level of the mixed solution
to a downward-flowing portion of the circularly flowing
mixed solution can be more preferably used, because this
causes no occurrence of scale of the polyphenylene ether
in the precipitation tank.

In the invention, the poor solvent is added from a
poor solvent supply port (e) at the same time that the
polyphenylene ether solution is added from the solution
supply port (d) to the mixed solution.

The poor solvent supply port (e) is preferably
provided directly on the wall of the precipitation tank
above the liquid level of the mixed solution or between
the draft tube and the precipitation tank above the liquid
level of the mixed sclution.

In the precipitation method of the polyphenylene

ether of the invention, the polyphenylene ether particles

i3




Variations with tinme of the average particle size and the fine particle
rate of the resulting pol yphenyl ene ether particles were extrenely snall
and the fine particle rate thereof was extrenmely |ow. Wen the resulting
pol yphenyl ene ether particles were nelt kneaded using an extruder, the

pol yphenyl ene 23  ether particles followed the extruder very well, and it
was possible to stably produce a conposition. Table 1 10 m n20 m n40 m n80
m n160 m nTotal Anmpount AverageParticle Size633646683654635632nFi ne

1€ TSR 5049 50 Sl e s s STe s o o 0 1
rori on B S o oSO RSB o e i
start of additiqn. R ifIa s RS PIIANRN o F LEIAN0R YRS, PPseL ved 10 the

ether of the invention, the mixed sclution is preferably

overflowed from the exhaust port (f) provided at the

position of the liquid level of the mixed solution in the

precipitation tank, thereby discharging and recovering the

polyphenylene ether particles from the precipitation tank.

In the precipitation method of polyphenylene ether

of the invention, it is preferred that the ratio of the

precipitation tank diameter/the liquid height of the mixed

solution in the precipitation tank (that is, the distance

from the liquid level to the bottom of the tank) is from

0.1 to 2, that the ratio of the height of the draft

tube/the above-mentioned liquid height is from 0.05 to 0.6,

and that the ratio of “the vertical interval between the

liquid level and the most upper portion of the draft

tube”/the above-mentioned liquid height is from 0.01 to

0.3.

When the liquid level is at a position higher than
the meost upper portion of the draft tube, “the vertical
interval between the liquid level and the most upper

portion of the draft tube” as used herein shall be

considered to be a positive'value, and when the liquid
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the m xed solution, and it was stable. The average residence tine was 3.3
m nutes. The resulting m xed solution was treated in the sanme nmanner as in
Exanpl e 1, and the wei ght average particle size of the pol yphenyl ene et her
particles and the fine particle rate (the content (w$) of particles having
a size of 105 tun or |less contained in the pol yphenyl ene ether particles)
were neasured. 29 The m xed solution could be filtered wi thout problens.
The volatile matter content of the dried pol yphenyl ene ether particles was

0.1% by waight; afs hessr 35 I A b EXHPE L dor VA al# Oftse WitAEET Me of the
average particle size and the fine particle rate of the resulting

pol yphenylene, etfieropant kel esei o ey Shikdac and diaudine particle

rate thereo s ‘extrenel he resul t1 ng pol yphenyl ene et her

particles were gell, kneaded Usifg AL ddiSIrad fod@spssi bl e to

diameter/the liquid height of the mixed solution in the
precipitation tank (that is, the distance from the liguid
level to the bottom of the tank) is less than 0.1, it is
unfavorable in terms of productivity.

When the ratio of the precipitation tank
diameter/the liquid height of the mixed solution in the
precipitation tank (that is, the distance from the ligquid
level to the bottom of the tank) exceeds 2, high stirring
power is required, which is unfavorable in terms of
production cost.

In the precipitation method of the polyphenylene
ether of the invention, it is preferred to carry out
stirring with such stirring power that the mixed sclution
can be effectively discharged from the exhaust port (f),
and that the polyphenylene ether particles do not stay on
the bottom of the precipitation tank.

When the ratio of the draft tube height/the above-
mentioned liquid height is less than 0.05, a stable

ascending flow or descending flow may be not obtained in

some cCases.
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stably produce a conposition, simlarly to Exanple 1. Table 2 10 m n20

m n40 m n80 m nl60 m nTotal Anmount AverageParticle

Si ze503522513515519506nFi ne Parti cl eRat e0. 520. 590. 530. 560. 540. 54wt %
Conparative Exanple 1 A precipitation tank with a jacket, which had an
internal dianeter of 133 nm and was provided with an exhaust port having a
bore dianeter of 25 mmat a position where the vertical interval between
the liquid level fromthe bottom of the tank and the bottom of the tank 25

corresponded t 0 @R AL NaS; QM M dhh 10 ik thd 1daes / el Mhd e
one-stage four-blade inclined paddl e blade (inclination: 45 degrees, bl ade

di anmet er - i3 (Thdtf 13 Gihid HdiyDl feedde 008 UME, Of slem@ln ! BTk SGRI N NG i n

this precipitation tan n the precipitation tank, 370 g of

tol uene, %l%% (Hin gﬂadéggnai};%el%cgc Oébt‘['\?:#rféd\’\gf P;llaﬁ?dsoﬁ@dcééééfed at a

stirring revolutio Spira ow and a vortex occurred all

over the insi dewgl%r{ P]:%ejpéfe iej‘?ji L ing}lé[ axp%gff%asf 4 VG, i nef{%@ﬂ YR

allowed to flow'i e to adjust ehperature

preCipitagfaafgﬂﬁéééilﬁﬁa the most upper portion of the draft
tube”/the above-mentioned liquid height is less than 0.01,
the discharge of the mixed solution may be not stabilized
in some cases.

When the ratio of “the vertical interval between the
liquid level and the most upper portion of the draft
tube”/the above-mentioned liquid height exceeds 0.3, a
stable ascending flow or descending flow may be not
obtained in some cases.

In the precipitation method of polyphenylene ether
of the invention, the weight ratio of the poor solvent/the
good solvent in the mixed solution is preferably from 0.3
to 2.0.

When the weight ratio of the poor solvent/the good
solvent in the mixed solution is less than 0.3, there is
high possibility that scale will occur during
precipitation.

When the weight ratio of the poor solvent/the good

solvent in the mixed solution exceeds 2.0, it is

unfavorable in terms of production cost.
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Then, the pol yphenyl ene ether solution (A-1) was added at an addition rate
of 190 g/mnute at a diagonal position to the exhaust port in the
precipitation tank, and a m xed solution of 97.5 wt % of nethanol and 2.5
wt ~ of water was added at an addition rate of 100 g/mnute fromthe sane
hei ght. For a m xed solution overflowed fromthe exhaust port, sanples were
collected after 10, 20, 40, 80 and 160 m nutes fromthe start of addition.
At the start of precipitation, many small-sized particles were observed,

and the size of yhh adHahkyhbAcheagedyphbanl ehiene thirt i cl es
were produced T h Eh@ %E%g#??g?g Sl ze was not %tagpllzgde 56 The aver age

resi dence, % Eﬁem@ﬁvénﬁlghnua%slsAROQEt%@B%e@%%dn%%%tt%a%kﬁat the resulting

m xed sol ufion’in the samé manner as in Exanple 1. However cl oggi ng

occurred in tering h thege t & exchangg thedjlter. The
vol atile ﬁﬁpgg%nggn%eangfb ﬁé 6%%9% ené%e%g%égﬁ%r gértlcﬁgg after drying
was 0.8% by, ght. The wei ght average particle size of the

wglgﬁt.

In the precipitation method of polyphenylene ether
of the invention, the temperature of the mixed solution is
preferably from 30 to 60°C.

In the precipitation method of polyphenylene ether
of the invention, the quotient obtained by dividing the
sum of the supply speed of the polyphenylene ether
solution supplied from the supply port into the
precipitation tank and the supply speed of the poor
solvent concurrently supplied into the precipitation tank
by the liquid amount of the mixed solution remaining in
the precipitation tank is defined as the average residence
time during which the polyphenylene ether particles stay
in the precipitation tank.

In the invention, the average residence time during
which the polyphenylene ether particles stay in the
precipitation tank is preferably from 2.0 to 30 minutes.

When the average residence time is 2.0 minutes or
less, the content of the good solvent in the polyphenylene
ether particles is increased, which may sometimes cause
the particles to be firmly fixed to one another after

discharge.
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pol yphenyl ene ether particles and the fine particle rate (the content (w~)
of particles having a size of 105 4imor |less contained in the

pol yphenyl ene ether particles) were neasured. Different fromthe Exanpl es,
variations with time of the average particle size and the fine particle
rate of the resulting pol yphenyl ene ether particles were |arge, and the
fine particle rate thereof was high. Wien the resulting pol yphenyl ene et her
particles were nmelt kneaded using an extruder, the pol yphenyl ene ether

particles fol | oyedy! he exliddes %ﬂd@nd@'&@né%&@jmfrﬁﬁ&@é tenpting
to stably produce conposi tion. Tabl e 3 10 m n2D m n40 mi n80 mi n160

m nTot al t Aver.a %§§§ ﬁﬁﬁﬂy ]éggyfgﬂél &roduction
Particl eRa'EEﬁ> %fo 86%?3%@3&%4% %3 % \Zﬁﬂ g)%e | ivent i on has been
descrlbedcb% detail and with reference to specific enbodi ments thereof, it
wi ||l be appareént to one skilled in the art that various changes and

modi fications C%%eb%fg%¥%f€%'fgﬂ]ﬁgéﬂuﬁﬂofkﬁg¥§phé%ylene ether of
the invention can stably produce homogeneous pclyphenylene
ether particles with an extremely less number of fine
particles thereof and extremely reduced periodic
fluctuations in polyphenylene ether particle size, so that
it constitutes a precipitation method of polyphenylene
ether which complies sufficiently with the industrial
demands.

The polyphenylene ether particles obtained by the
precipitation method of polyphenylene ether of the
invention are homogenecus polyphenylene ether particles
with extremely less number of fine particles thereof and
extremely narrow particle size distribution, so that they
give extremely high productivity wheh melt kneaded with
another composition.

That is, the polyphenylene ether particles obtained
by the precipitation method of polyphenylene ether of the
invenfion can be preferably used as a raw material for a
polyphenylene ether composition.

The polyphenylene ether particles of the invention
can be extremely preferably used in a polymer alloy

obtained by kneading with a thermoplastic resin such as a
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fromthe spirit and scope of the invention. This application is based on
Japanese Patent Application No.-2002-025096 filed on February 1, 2002, and
the contents thereof are incorporated herein by reference. Industrial
Applicability The nmethod of the invention for precipitating pol yphenyl ene
et her by m xing a pol yphenyl ene ether solution with a poor solvent for

pol yphenyl ene ether to precipitate pol yphenyl ene ether particles is a

met hod whi ch can stably produce honngeneous pol yphenyl ene ether particles

with | ess qﬁgb er; of e pgr%bgggﬁlmg % enﬁ' uced perdodi&rimide,

f1uctuati Sn n par e STz é problems in drying the

pol yphenyl ene .et h artlcle n produci ng a pol yphenyl ene et her
resin conﬁbéx%%%ﬁ§ %ﬁqﬁgféﬁﬂ%O%F ﬁfy gﬁ%plylng with the industrial denmands

'n this field. Z%e polyphenylene ether particles of the invention,
and the polyphenylene ether composition and polymer alloy
using the polyphenylene ether particles of the invention
are not particularly limited in their applications, and
are widely applicable to applications in the field of
electronics and electricity, the field of automobiles and
the fields of various other industrial materials.

The polymer alloy or polymer composite containing
the polyphenylene ether particles of the invention is
preferably applicable in the field of electronics and
electricity, the field of automobiles and the field of
various other industrial materials.

Further, the polyphenylene ether particles obtained
by the precipitation method of polyphenylene ether of the
invention are homogeneous polyphenylene ether particles
having a greatly smaller number of fine particles and
extremely narrow particle size distribution, so that
productivity is stabilized in the filtering step and the

drying step.

Examples
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CLAIMS 1. A nethod for precipitating polyphenylene ether by m xing a

pol yphenyl ene et her sol ution conprising pol yphenyl ene ether and a good
solvent therefor with a poor solvent for pol yphenyl ene ether to precipitate
pol yphenyl ene ether particles, the method conprising: using a precipitation
tank equi pped with (a) a draft tube, (b) an at |east one-stage stirring

bl ade di sposed in the draft tube and selected froman inclined paddle

bl ade, a screw bl ade and a ri bbon blade, (c) one or nore baffles disposed

on the outside ehfe ald Jthde (DvehSldtiom SUppl vi RO tatd@®)im poor
sol vent supply port and (f) an exhaust port; adding, to a m xed solution

conprisin lvent,. t %QQ{ a € t her

parti cl es%(gftne E,\Ccei(}?cu t;aﬁ]lymtor\l/viﬁr;%f y rcoﬁggéc?lggr}{%fﬂgﬁg&g%ﬁr%% F%%’e (b), the
pol yphenyl ene .et her l.ut i 0 t ' I d) 4
concurr entq%y g%ﬁogrnﬁe%#eéﬁ% n%*‘?%?nﬂ% hrt(;&p?%r ué%f%%ﬁgggu%%ﬁgé lpré)é tij(lg??e? her eby
preci pi tatin ol yphenyl ene ether particles; and di scharging and recovering
t he preci FF%Fgﬁ”polyphenylene ether particles together with the m xed
solution fromthe exhayst rt (f 0 2.. .The met hod far, precipitating
pol yphenyl ene etﬁbﬁ*ﬁhi%ﬁﬂﬁﬁf%<?%95§§W93r%&ﬁﬁ%ﬂ¢§% gﬂ fgagsolution is
overfl owed fromthe exhauyst port (f%ﬁéo di scharge,the pol yphenyl ene et her
particles W gt Xéb?ﬁ§ﬁ?ﬁ?t%. T3 WeRR We¥%od for precipitating

pol yphenyl ene ether according to claiml or 2, wherein the ratio of the
precipitation tank diameter/ |liquid height of the m xed solution in the
precipitation tank is from0.1 to 2, the ratio of the height of the draft
tube/ sai d |i qui @Hei FRCardimb k. U5 methid darFies b FH R Sef ti cal
interval between a liquid |evel and the nost _upper_portion_of the draft

t ube/ sai d 95 R PHEIL33 $f roht PV We it P 7 ThkueRe hdalyebion of

preci pitating pol yphenyl ene ether according to any one of clains 1 to 3,
wher ei n t Fe fgubdreddi wiarerioy Wl yﬁtﬂ@@ljéheg}éﬁ’é Heresonpe i @6seafh| east one
solvent sel ected from benzene, toluene and xyl ene, and the poor solvent for
pol yphenylcarie latsterarsbpr-irsdautiy L drebize  @ver sa| veniodepbciednir@hefet hanol
et hanol , isopropanol, n-butanol, acetone, nethyl ethyl ketone and water: 5.
The net hoavifidre pruggd Jofitre i oy pat y plrechya Eer el Hlermirebesi hgpte ahy one of
claims 1 to 9, wherein the weight 31 ratio of the poor solvent/the good
sol vent i rtilMes riheeds gl ioh osyderomwds SstapRred. Gn Huamishod for

preci pitating pol yphenyl ene ether according to any one of clains 1 to 5,
wher ei n t e lpodirors al i erd'i sopdih . nst gl @ted amimaneinaacét&8 vas50 parts by
wei ght. 7. The nethod for precipitating pol yphenyl ene ether according to
any one ofadileal o tHo nl wher oiat idre mixiedrsol amnd obhdasiatteapeaat ure of
from30 to 60C. 8. The nethod for precipitating pol yphenyl ene ether

accor di ng rt0 ratyi e &f wdeai.nsThehp ¥heUh¥YkROranwavekage tesiedence tine
during which the pol yphenyl ene ether particles stay in the precipitation
tank of frmtZiOnidge IhniMmitesred. bPodyPheTys €neo ef hend parnt Aghesusbt ai ned
by the nethod according to any one of clains 1 to 8, having an average
particle siizeofcB0% B @re A®H eca By s Coand enti obdfwme particles having a
particle size of 105 Eun or |ess of 5~ by weight or |ess.

ethylenediaminetetraacetate was separated to obtain a
polyphenylene ether solution (A-1) having a polyphenylene
ether content of 13.5% and a specific gravity of 0.894.
The reduced viscosity of the polyphenylene ether contained

in (A-1) was 0.53 dl/g, when measured with a 0.5 g/dl

chloroform solution.
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where the vertical interval between the liquid level from

the bottom of the tank and the bottom of the tank

corresponded to 95 mm, was equipped with a draft tube

having an internal diameter of 80 mm and a draft tube

height of 40 mm at a position where the vertical interval

between the liquid level and the most upper portion of the

draft tube corresponded to 27 mm. This precipitation tank

was equipped with a one-stage four-blade inclined paddle

blade (inclination: 45 degrees, blade diameter: 33 mm) as
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this precipitation tank was 1100 ml.

In the precipitation tank, 370 g of toluene, 420 g
6f methanol and 10 g of water were placed, and stirred at
a stirring revolution of 600 rpm. By stirring, a spiral
descending flow occurred inside the draft tube, and an
approximately perpendicular ascending flow occurred
between the outside of the draft tube and an inner wall of
the precipitation tank.

Hot water was allowed to flow in the jacket to
adjust the temperature in the precipitation tank to 50°C.

Then, the polyphenylene ether solution (A-1) was
added at an addition rate of 190 g/minute at a diagonal
position to the exhaust port inside the draft tube in the
precipitation tank, and a mixed solution of 97.5 wt3 of
methanol and 2.5 wt% of water was added at an addition
rate of 100 g/minute at a diagonal position to the exhaust
port and from the same height outside the draft tube in
the precipitation tank. A mixed solution overflowed from
the exhaust port was recovered. In addition, sampleé were
separately collected after 10, 20, 40, 80 and 160 minutes
from the start of the addition of the mixed solution of
methanol and water. During the precipitation, no change

was observed in the flow state of the mixed solution, and

it was stable. The average residence time was 3.2 minutes.
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time were each filtered, washed by mixing methanol, and

then, filtered again, followed by vacuum drying at 140°C
for 4 hours to obtain polyphenylene ether particles.

The mixed solution could be filtered without
preoblems.

The volatile matter content of the dried
polyphenylene ether particles was 0.1% by weight or less.

The resulting polyphenylene ether particles were
sieved, and the weight of each fraction was measured.

From a cumulative curve of particle size
distribution, the particle size corresponding to a center
cumulative value (median diameter) was taken as the
average particle size.

similarly, the content (wt%} of particles having a
size of 105 pm or less obtained from the cumulative curve
of particle size distribution was taken as the fine
particle rate.

Variations with time of the average particle size
and the fine particle rate of the resulting polyphenylene
ether particles were extremely small, and the fine
particle rate thereof was extremely low.

When the resulting polyphenylene ether particles

were melt kneaded using an extruder, the polyphenylene
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ether particles followed the extruder very well, and it

was possible to stably produce a composition.

Table 1
10 min 20 min 40 min 80 min 160 min Total
Amount
Average
Particle Size 633 646 683 654 635 632
um
Fine Particle
Rate 0.33 0.39 0.35 0.36 0.34 0.36
wit%
Example 2

The same operations as in Example 1 were conducted
with the exception that the polyphenylene ether scolution
(A-2) was used.

For a mixed solution overflowed from the exhaust
port, samples were collected after 10, 20, 40, 80 and 160
minutes from the start of addition. During the
precipitatioh, no change was observed in the flow state of
the mixed solution, and it was stable. The average
residence time was 3.3 minutes.

The resulting mixed solution was treated in the same
manner as in Example 1, and the weight average particle
size of the polyphenylene ether particles and the fine
particle rate (the content (wt$%) of particles having a
size of 105 um or less contained in the polyphenylene

ether particles) were measured.
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problems.

The volatile matter content of the dried
polyphenylene ether particles was 0.1% by weight or less.

Similarly to Example 1, variations with time of the
average particle size and the fine particle rate of the
resulting polyphenylene ether particles were extremely
small, and the fine particle rate thereof was extremely
low.

When the resulting polyphenylene ether particles

were melt kneaded using an extruder, it was possible to

stably produce a composition, similarly to Example 1.

Table 2

10 min 20 min 40 min 80 min 160 min Total

Amount

Average
Particle Size 503 522 513 515 519 506
um
Fine Particle
Rate 0.52 0.59 0.53 0.56 0.54 0.54
wi%

Comparative Example 1

A precipitation tank with a jacket, which had an
internal diameter of 133 mm and was provided with an
exhaust port having a bore diameter of 25 mm at a position
where the vertical interval between the ligquid level from

the bottom of the tank and the bottom of the tank
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and with a one-stage four-blade inclined paddle blade
{inclination: 45 degrees, blade diameter: 33 mm) as a
stirring blade.
The volume of a solution remaining in this
precipitation tank was 1140 ml. In the precipitation tank,
370 g of toluene, 420 g of methancl and 10 g of water were
placed, and stirred at a stirring revolution of 600 rpm.
A spiral flow and a vortex occurred all over the inside of
the precipitation tank by stirring.
Hot water was allowed to flow in the jacket to
adjust the temperature in the precipitation tank to 50°C.
Then, the polyphenylene ether scolution (A-1) was
added at an addition rate of 190 g/minute at a diagonal
position to the exhaust port in the precipitation tank,
and a mixed solution of 97.5 wt?® of methanol and 2.5 wt?
of water was added at an addition rate of 100 g/minute
from the same height.
For a mixed solution overflowed from the exhaust
port, samples were collected after 10, 20, 40, 80 and 160
minutes from the start of addition. At the start of
precipitation, many small-sized particles were observed,
and the size of the particles gradually increased. Then,

fine particles were produced. Thus, the particle size was

not stabilized.
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An attempt was made to treat the resulting mixed
solution in the same manner as in Example 1. However,
clogging occurred in filtering, so that it was necessary
to exchange the filter.

The volatile matter content of the polyphenylene
ether particles after drying was 0.8% by weight.

The weight average particle size of the
polyphenylene ether particles and the fine particle rate
{(the content (wt%) of particles having a size of 105 um or
less contained in the polyphenylene ether particles) were
measured.

Different from the Examples, variations with time of
the average particle size and the fine particle rate of
the resulting polyphenylene ether particles were large,
and the fine particle rate thereof was high.

When the resulting polyphenylene ether particles
were melt kneaded using an extruder, the polyphenylene
ether particles followed the extruder poorly, which caused

failure in attempting to stably produce a composition.
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Table 3
10 min 20 min 40 min 80 min 160 min Total
Amount
Average
Particle Size 533 762 453 175 213 401
pm
Fine Particle
Rate 15.6 10.6 224 533 48.2 31.2
wit%

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes
and modifications can be made therein without departing
from the spirit and scope of the invention.

This application is based on Japanese FPatent
Application No. 2002-025096 filed on February 1, 2002, and

the contents therecf are incorporated herein by reference.

Industrial Applicability

The method of the invention for precipitating
polyphenylene ether by mixing a polyphenylene ether
solution with a poor solvent for polyphenylene ether to
precipitate polyphenylene ether particles is a method
which can stably produce homogeneous polyphenylene ether
particles with less number of fine particles thereof and
reduced periodic fluctuations in particle size, and which

solves the problems in drying the polyphenylene ether
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30310% & () - ) 11s0ug&a( pre@ipli thidog Cpnk emmngped with (a) a draft
33+10% & () - xxyy!y"y#y$yPy| obU410 v pMLO% & ()-10!10!10! f= 109 & ()-
3| 9S10% &t(ipe, <AM)0WN& at) -LeREr] O¥es (DadRy \ahiz97 e [bIage 0disae9s® 11 -
910%8 & ()- 310U & ()- 3108 & ()- 3C1OB & ()- Vv
the draft tube and selected from an inclined paddle blade,
a screw blade and a ribbon blade, (c) one or more baffles
disposed on the outside of the draft tube, (d) a solution
supply port, (e} a poor solvent supply port and (f) an
exhaust port;
adding, to a mixed solution comprising the good
solvent, the poor solvent and polyphenylene ether
particles and circularly flowing by rotation of the
stirring blade {(b), the polyphenylene ether solution from
the sclution supply port (d) and concurrently a poor
solvent from the poor solvent supply port (e), thereby
precipitating polyphenylene ether particles; and
discharging and recovering the precipitated

polyphenylene ether particles together with the mixed

solution from the exhaust port (f).
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Wee" 109 & () - we'S109 e ( et tl fursre rowed tading Erlwrhronslens afdrernes & () -
w}tt}, ~d~~mL+vZ: P)10% & ()- 3F10%W & ()- 3 10% & ()--
10% & () - kR g -wb\WL alRe "--o0k3 [ wierddrl the103880 (9L Phe 10% & ()- P%
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P510% & ( prde3i0%a ion RI&l Wt ashd)er Pyl )Q0Pd r€)ghBse10ME& 1)1x68: ; <svU4 3
10% & () -
0 solution in the precipitation tank is from 0.1 to 2, the

ratio of the height of thé draft tube/said liquid height

is from 0.05 to 0.6, and the ratio of a vertical interval

between a liquid level and the most upper portion of the

draft tube/said liquid height is from 0.01 to 0.3.

4. The method for precipitating polyphenylene ether
according to any one of claims 1 to 3, wherein the good
solvent for polyphenylene ether comprises at least one
solvent selected from benzene, toluene and xylene, and the
poor solvent for polyphenylene ether comprises at least
one solvent selected from methanol, ethancl, isopropanol,

n-butanol, acetone, methyl ethyl ketone and water.

5. The method for precipitating pelyphenylene ether

according to any one of claims 1 to 4, wherein the weight
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6. The method for precipitating polyphenylene ether
according to any one of claims 1 to 5, wherein the poor
solvent contains water in an amount of 0.3 to 50 parts by

weight.

7. The method for precipitating polyphenylene ether
according to any one of claims 1 to 6, wherein the mixed

solution has a temperature of from 30 to 60°C.

8. The method for precipitating polyphenylene ether
according to any one of claims 1 to 7, giving an average
residence time during which the polyphenylene ether
particles stay in the precipitation tank of from 2.0 to 30

minutes.

9. Polyphenylene ether particles obtained by the
method according to any one of claims 1 to 8, having an
average particle size of 400 um or more, and a content of
fine particles having a particle size of 105 um or less of

5% by weilight or less.
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