; FGHl e3eN'Nd6T" n DESCRI PTI ON METHOD FOR PRECI PI TATI NG POLYPHENYLENE ETHER
Techni tal Field The present invention relates to a nethod for precipitating
pol yphenyl ene ether, and a nethod for precipitating poly henﬁlene et her

whi ch decreases the nunber of fine particles of polyphenylene Mmmmmmlﬂmw
particles and reduces periodic fluctuations in particle size

able to stably produce honbgeneous pol yphenyl ene ether particles. *saisox
Background Art A pol yphenyl ene ether resin made from pol yphen . is
a plastic material which can provide products and parts in deﬁw’ﬂgmﬁﬁmﬁhmy
a mol ding process such as melt injgesi-@RpRlgi ng or melt extr

and whi ch has been widely used as a material for products and parf%%%n the
field of electronics and electricity, the field of autonobiles and the
field of various other industrial materials. As a nethod for producing

pol yphenyl | t pol ymeri zing a phenol
conpound in the B@%%e%%gég gAg% BBEY%%S@ﬁggghdﬁgh% Bni ne conpound 1 in
a good sol vent for pol yphenyl ene ether As a method for precipitating the
polyphenylene ether from a pol yphenyl ene ether solution obtained by this
met hod, t eyéﬁﬁ%gogp @ met hod for precipitating pol yphenyl ene et her
particles dr sol vent for pol yphenyl ene et her, such as

met hanol, to the sol ution. However, the pol yphenyl ene et her particles

preci pi tated byﬁ@Hﬁd@%ﬁ$%m%Jl%%@%%ﬂ%ncﬁﬁféFﬁsatPo@ Bethpdefparticl es
therein, and have the problemof clogging in a filtering step required
after a séﬂﬁmﬁﬁ%ﬁQQ#P%tﬁﬁﬂYPh%ﬂbb@?ph@h?Eeneaedhermpthddcﬁpmn process and
al so the problemthat a pol yphenyl ene ether conposition is not snoothly
suppl i ed ¥ Ekigidey Pol vohenyl&kneadthgrswbpchedeicredsesertheei ng
pelletized. Further, in the polyphenyl ene ether particles precipitated by
conventiomwmbﬂﬂtﬂﬁkiim¢up¢ﬂm¢mMQﬂonfopobEPhedyéehEUethatipa&tﬁ@l@article
si ze thereof occurs, which poses the problemthat the productivity

f | uct uat esinich ndvhide s tmer gd k¢ epluotuat yong $heparBtetedisngky, the

conventi onal pol yphenyl ene ether production nethods suffer fromthe problem
Wi th respedtedeabpriosimg iably to otderyspepduts hbropehyphenyl ene et her
production process and in the step for obtaining pellets of the

pol ypheny bengpidiarl eronmeasidt gfarisdcidatl they do not sufficiently conply
with industrial demands. 2

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 products 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 phenol compound

in the presence of a copper compound and an amine compound



An object of the invention is to provide a nethod for precipitating

pol yphenyl ene ether by m xi ng 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 tree polyphenyl ene ether particles, reduced
periodic fluctuations in particle size, and with honbogeneous particle size,
thus sufficiently conplying with the industrial denmands. Disclosure of the
Invention As a result of extensive studies for achieving the

above- nenti ogpe%o?@ ﬁslveﬁhefBE%%mgph@y@!lfewes drae compl gt edtacket hod for
preci pitati ng pol yphenyl ene ether by m xi ng a pol yphenyl ene et her solution

conpri si %P%{%g@ﬂg@@n‘st @ﬁ@ gaqygh%%,e%@ wW@iferd h8'Rf of with a poor

sol vent for nyl ene”ether "to precipitate polyphenyl ene ether

i cl wh ' h f L. i.cl I h
par i ol et e dakaE CAREEL et B PR FOAY S PR e
duced, thereb Ki it i.ble t t abl. .
poly phenyi e of RPN BAT PclBE BAd Gt BB eI Cp g v WLR Che

i ndustrial demands,  That |s, the invention provides. a nmetho forl

preci pi t RFMRT pBF?Bh@H?FehéI ECREN I ﬁﬁoﬁrngs%a}vfn 551 Mee% Ether

sol ution conprising pol yphenyl ene et her and a good solvent therefor with a
poor sol vV&RtE¥ or SBENypHeRFILERECdY hdP F@ﬁm%%ﬁ%ﬁh%ﬁe pol yphenyl ene et her
particles, the nmethod conprising: using a precipitation tank equi pped with
(a) a draft tub%?wﬁﬁ?rangg? peayphenylengge tat Batdi51&fe di sposed in the
draft tube and selected froman inclined paddl e blade, a screw bl ade and a
ribbon blpdecipirabad by sonyebaitngd deffestsd G ia utPdeebfEidR draft
tube, (d) a solution supply port, (e) a poor solvent supply port and (f) an
exhaust poattiatidsnghetreia, maxed hegleuttihen riwipramsiafy FIROGoVE ol dent, the
poor solvent and the pol yphenyl ene ether particles, the m xed solution
circularl giftewning byepotatidredf affterstd ryddignds tatelqb)stemeipod yphenyl ene
ether solution fromthe solution supply port (d) and concurrently adding a

poor sol wedl ybheaylbaepeahesolpreniucttippl prywards { e9nd tdlesebyher eci pi t ati ng
pol yphenyl ene ether particles; and discharging and recovering the

preci pi t ap £6b pehyphany kepe 1§hen iatid oteser ageidesiwidh ihenotxed sol ution
fromthe exhaust port (f). Brief Description of the Draw ngs
smoothly supplied to an extruder in a melt kneading step
required when being pelletized.

Further, in the polyphenylene ether particles
precipitated by conventional methods, the phenomenon of
periodic 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.



4 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 baffl es disposed
on the outside of the draft tube of the precipitation tank used in Exanple
1. 1n 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 anmeter of the precipitation tank, H designates the |iquid height, DH

designates the fieighieof dhecs aftvinbeonand 8B gesigaat esnctdiodi amet er of
the bl ade. Best Mdde for Carrying Qut the Invention The pol yphenyl ene et her

of | the | msnuLon. haee 2 1 b6 T AesYE UaLuGeneE bjenialibguang formila (1)

(1) RL an in Henyt'ene ether of the invention represented by

O 15y EEPDOEEL | Yo (BRI BACRL R o pBof BudhaGEN el Tary or

secondar nyl , am noal ydr ocar bonoxy. R2and R3 each
i ndependent|y .represent drogen I r I | or
phenyl | BRI AERT cRet et ey BF CFhEEh e Pr e S Ay LSOy s G a

copol yner havij a reduced viscpsi] measur.ed_w chl orof orm
soFut?onEﬁ¢\” ?ﬁ'vwgﬁ?% ?%% ?gﬁéé¥opraaﬁ§etgg}&ghgpggén%% tﬁ%?é
preferably within the rapnge of 0.20 to 0.7$ dllg. S%gci iC II& t he

pol yphenyltasiel @t #erWbEnt ReEhv enttorPF 5ot §F 206- HifeP Ry PPLEAYSRERy I ene

et her), poly(2-nethyl-6-ethyl-1, 4-phenyl ene ether), . . .

pol y( 2- meathe B-paehitlas 4- PRERGREnBeELRELF, TRCHS tE oS HTbRALE Hptfeny ! ene

ether) or the like. O her specific exanples of the %pkéPhenylene et hers

size, and with homogeneous particle size,

sufficiently complying with the industrial demands.

Disclosure of the Invention

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 solution 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 polyphenylene ether particles and sufficiently
complying with the industrial demands.

That is, the invention provides a method for

precipitating polyphenylene ether by mixing a




of the invention also include a pol yphenyl ene et her copol yner such as a
copol ynmer of 2, 6-di net hyl phenol and a phenol (e.g., 2,3,6-trinethyl phenol
or 2-nethyl -6butyl phenol). O the pol yphenyl ene ethers of the invention
descri bed above, poly(2,6-dinethyl-1,4-phenylene ether) and a copol yner of
2, 6-di et hyl phenol and 2, 3, 6tri net hyl phenol can be preferably used, and
nost preferred is poly(2,6-dinethyl-1,4-phenylene ether). 6 1) There is
no particular limtation on the polynerization nethod of the pol yphenyl ene
ether for use in the invention. Exanples of the p nmerization net hod of
the pol ymrehypmeyéeheretberug@luﬁlpﬁecmpéhﬁnlaﬁ PR éyméemﬂ@%t hod
described in U S. Patent 3, 306, 874, in which 2, 6xylenol is oxidatively
polynerlzeﬂhmslmgdaacgupde&obveatcubﬁﬁa§0§aWﬂth@ B OZmised Ve ta 1R al yst .
The met hods described in U S. Patents 3,306,875, 3,257,357 and 3, 257, 358,
JP 52-017880yBredP16Re06tRE8F A HPe63p152628 pALypleriyd drie trer al so
preferred as the production nmethods of the polyphenyl ene ether. The end

structure,9ftiBeeppl ypbenytroa evheriefinghe invention is preferably a
structure of the following formula (2): H wherein RL, R2, R3 and R4 are

each defined inythgysangrédlpianaebnasankt bgRippLa, WA hanc )R® idr dfite
above-shown fornmula (1) . The end structure of the pol yphenyl ene et her of

the '”Ve“ \895' '%b éﬁ eeeigéalel ¥ne-Sithdet wite rafi e fald evigmpdat mrd a (3):
~ ~ ~ ~ ~ H CH2NRSR5' wherein R5 and RS each represent
hydrogen Qﬁeaargk%ykube 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




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 2,6 dinmethyl phenol in the presence of a primary or secondary ani ne
usi ng a catal yst containing copper or nanganese. As the above-nentioned
primary or secondary am ne, a dialkylamne is preferred, and

di -n-butylam ne, dinethylamne or diethylamne is nore preferably used. The
good solvent for the pol yphenyl ene ether of the invention neans a sol vent
whi ch satisfactorily dissolves pol yphenyl ene ether to forma honbgeneous
pol yphenyl ene efier Solmita osecThenpbl ypienyienesbonéngssheti on of the
invention is a solution in which polyphenyl ene ether is honbgeneously

di ssol vegrdt it govsh soanentsedheénpbkyphéaylenendt her concentration in the
pol yphenyl ene ether solution of the invention is preferably from 10 to 300

by wei ght basedrip, thei ok yphieayhene plaervsewushowing theAbatftfd egood
sol vent for the pol yphenyl ene ether of the invention, preferred is at | east

one sol ventssel &gt od Eﬁ@%@@gzggeoftehéea@a@edt&bbeae tHee poor sol vent for
t he polyphenylene et her of the

precipitation tank used in Example 1.

Tn 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 Ry in the polyphenylene ether of the invention

represented by formula (1) each independently represent



invention is a solvent which does not dissolve pol yphenyl ene ether. As the
poor sol vent for the pol yphenyl ene ether of the invention, preferred is at
| east one sol vent sel ected from nethanol, ethanol, isopropanol, n-butanol,
acetone, nmethyl ethyl ketone and water. In the invention, it is preferred
that the good sol vent for pol yphenyl ene ether conprises at |east one

sol vent sel ected from benzene, toluene and xyl ene, and the poor solvent for
pol yphenyl ene ether conprises at | east one solvent selected from nethanol,
et hanol , isopropanol, n-butanol, acetone, nmethyl ethyl ketone and water. In
the i nvenbydnpget,i provetr ypoef eramhday ywsewart weleyas piengbod sol vent for
pol yphenyl ene et her, and nethanol as the poor solvent for polyphenyl ene

et her. Thempnbypkenybena yelrbera qaridx:cl.esRef ahdeR4 vttt | tmdepenpenitlgl es
conpri sing pol yphenyl ene ether. The pol yphenyl ene ether particles of the

i nventi onrépeesahnl yydrberasd dramaise dm ddivdddptlone ©f a Bk gDnpesi tion
with ot her conponents by nelt kneading after filtering and a drying step.
As the pobypnenyl ene ether 9 particles of the invention, it is preferred
that the average particle size is 400 umor nore, and that the content of

fine particles hpyi ﬁglgpa@wl%h% 3@ 00 fLl AR UM d 855 | S5 290 by wei ght or
| ess. As the pol yphenylene eéther particles, it 1s nore preferred that the

aver age gig@é?.%&zg k%b%ﬁ@méwaédyﬁgiatﬂyﬁuééﬁaJﬂéﬁ%é§%$QWe£QuP@ﬂtiCle

size duri ecipitation, that is, tfe fl'uctuation 1n average pariicle

#1 2o over, PLECLPLL LRI LB kIR0 AN oS AL LR e et of
kless. range of 0.15 to 1.0 dl/g, and more preferably within the
range of 0.20 to 0.70 dl/g.

Specifically, the polyphenylene ether of the
invention is poly(2, 6-dimethyl-1,4-phenylene ether),
poly(2-methyl-6-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.

Other specific examples of the polyphenylene ethers
of the invention also include a polyphenylene ether
copolymer such as a copolymer of 2, 6-dimethylphencl and a
phenol (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-dimethylphenol and 2,5,6—

trimethylphenol can be preferably used, and most preferred

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



As the pol yphenyl ene ether particles, it is especially preferred that the
average particle size is 500 umor nore, that the fluctuation in particle
size during precipitation, that is, the fluctuation in average particle
Ssize over precipitating tinme, is 50 ~mor less, and that the content of
fine particles having a particle size of 105 ~mor less is 1% by wei ght or
|l ess. In the invention, neans for obtaining polyphenyl ene ether particles
have been studied. As a result, it has been discovered that the use of a
specific precipitation tank eqU|pped with a draft tube described bel ow
al l ows the pol ypheaws ehe »e hearsbtutabnlsupphtédnt onbéhef fecti vel y ni xed
with the poor solvent to stably precipitate pol yphenyl ene ether particles,
and that dischreeg agtroriOmethpsedf sbhat pohyphenlé epeeeitpietratfioon usank nakes
it possible to effectively produce pol yphenyl ene ether particles with |ess
nunber of ifn nehgaitvehesonr educed periodic fluctuations in particle size,
and honobgeneous particle size. Further, the precipitation tank of the
invention is a mEempidatepnthanso havéngzatiah heasbdopBe- shage stirring

bl ade (b) disposed in a draft tube (a) and selected froman inclined paddle

bl ade, a g idmdeeROdeensrbbop Bkaden 8RE 9AQeAK i GBI € nRAkdeL T HeC)
di sposed on the outside of the draft tube (a). The draft tube (a) of the

i nvention gk rndaddddionedalh provi dedehn theopr @oispi tiat Lan fHank.¢-The shape
thereof is nost preferably cylindrical. However, thé cross section thereof

5 00 4 Bhd D £ T Bl s P ”ﬁéﬁl?ﬁe?ﬂ%ath%?h pokyganal. o ot he | ike.

The draft a) of the |nven ion 1s preferably dlspos concentrlcally

h h gl
MDD, (NEARhRALel ot o onl e 06l Lned paddhe Diage ?ﬁaéegpgzz.ezt;f%
;Os?Fr??gQﬁﬁf 6 4 fggﬁcé tPa§Q§t£°5a§b8n§55d'565%3 E nore preferably
g by"i'nhc v’ padd

orne I nr'ng™ an of di har to 55
1 ow descrBa 58 dw RO oo ooy Rir0BET6 'esr#xéﬁ 1505280k does

not become ho resu n i ncrease uctuyations in aver age
particle §¥§%q§? ?xﬁﬁ%H%L éﬁ%eg?ﬁﬁ?dpﬁﬁth?eEro H&téepeweﬁk§@é of the
invention is eferabl a stirri bl ade having a shape simlar to that of
a screw u&&jﬂhﬁ ¥Eﬁgﬁ¥k§??b% €bt ade of the invention is preferably a
hel i cal stlrrln% bl ade_of single blade type or doubl e bl ade type.

baffles (c) of t |§ﬂﬁﬂﬁ§?ﬂF§#¥ﬁtﬁﬁf?%ﬁp?%%%@h?PXéﬂnPne5h§FlP?lﬁ&etank in
order to control the flow In the precipitation tank of the invention, the
m xed soI&ﬁWﬂﬁﬁﬁﬂﬁn#%lREF??E@@%Mdas%?%%ﬁ?urﬁh@fp56ﬁ §ellv-emingnd

pol yphenyl ene ether particles is pushed out to the bottom of the tank or
the |iqui For&@kdia of2khe nmi xed 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 t.“k as an approxinately per pendi cul ar
ascendi ng flow or descending flow do-gircularly flow inside and outside the
draft tube. In the precipitation /énk af the invention, the circul?ktion
direction of the mixed sol ufidd dependg orPHhe rotational direction of the
stirring blade and the shape of the=s&irring blade. 12 In the invention,
t he pol yphenyl ene et her solut|0ﬁ%ls added froma solution supply port (d)
to the mxed solution. In the i nventi o4 the pol yphenyl ene ether solution
is preferably added to the mi xed solution fromthe solution supply port (d)
provi ded aheveitrheR;l,i guj dR} eved Rf ddee edctedishindd oin the same

manner as with R;, Rz, R; 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):



In the invention, a nethod of adding dropw se the pol yphenyl ene et her
solution fromthe solution supply port (d) provided above the liquid |evel
of the m xed solution to a downward-flowi ng portion of the circularly
flow ng m xed solution can be nore preferably used, because this causes no
occurrence of scale of the pol yphenylene ether in the precipitation tank.
In the invention, the poor solvent is added froma poor solvent supply port
(e) at the same tine that the pol yphenyl ene ether solution is added from
the solution supply port (d) to the m xed solution. The poor solvent supply
port (e) is preferably provided di HectlyCbh the wall of the precipitation
tank above the liquid level of the nixed solution or between the draft tube

and the precipitation tank above_thg |iduid EFveI of the mxed sé6Bution. In
the precipitation nethod of tﬁE*%ol eds ether of the invention, the
precipitated are di scharged together

pol yphenyl ene ether particles 13

with the m xed solution from an exhaust QQ[N-%R}, and recovered. In the
preci pitation nethod of the pol yphenyl ene étﬁ'r of the invention, the m xed
solution is preferably overflowed fromthe exhaust port (f) provided at the
position \91I1 }anl kquAIqldllgE}/.ele h trfbnprrg_g@pt Sy dtdPah | o thhe PIRGLpPi tation

t ank, there%y |scﬁarg|ng and recovering the pol yphenyl ene ether particles
fromthe precipitation tank. In the precipitation nethod of polyphenyl ene

ether of $h&"¥hvention, it is preferred that the ratio of the precipitation

tank dianeter/the Jiquid_heigh 1k Lxed | ] [ cipitation
tank (that is, ?ﬁshaﬁgPSchogr%ﬁ??ﬁégﬁﬁgﬁﬁ Z@g% f%ﬁgﬁgmigﬁ¥gﬁfof t he
tank) is from0.1 to 2, that the rati. t_he hei. t raft tube/the
above- menfRBHRE F‘Pqﬁf‘é ﬁgéirblﬁf:ui% P%or%oﬁ.%%at o(%. é%&rfg{et’hglfol?he ratio of
"the vertical interval between the |i.quid |evel, .an > nDSt upper portion
of the dr%¥FmPéSe"PtW@tgﬁgvg%ngﬁﬁﬁﬁﬁé q%xnﬁq¥3ﬁﬁ%ﬁhé{§‘fron10.01 to 0.3
When the liquid |evel is at a position higher than the nDstchﬁgg portion
of the dr@imethbyéprhenpd J& theaPLEsEDAFaC h& Wel'dhe 95 qif P Tevel and the
most upper portion of the draft tube" as used herein shall be considered to
be a posi aéhyBevasHag andakiey SithE€NtGdd M4 CORRKR|CT ST han t he nost
upper portion of the draft tube, it shall be considered, to be a negative

val ue. When t heRpathe ebovgemgPEdPRECaBidarahiOiSERAIITHET YU & hei ght
of the m xed solution in the reckfitation_tank (that, is, the distance from
the |iqui dihék&ﬂan@mhésb@tnafpmrdfe ‘hanhAd-nPYeseR iy 0.1, it is
unfavorable in terms of productivity. Wien the ratio of the precipitation
tank di andieethlydamiqe orhelighithydfanine risaP s IRIES B ARLY NeSPfeci pi tati on
tank (that is, the distance fromthe liquid level to the bottom of the
tank) exceeds 2Thki gloost isolivegtpdigsr tine meguirhanyighe e ikeuavbiebl e in

terms of production cost. In the precipitation nmethod of the pol yphenyl ene
invention means a solvent which satisfactorily dissolves

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.



ether of the invention, it is preferred to carry out stirring with such
stirring power that the m xed solution can be effectively discharged from
t he exhaust port (f), and that the pol yphenyl ene ether particles do not
stay on the bottomof the precipitation tank. Wien the ratio of the draft
tube hei ght/the above nentioned |iquid height is Iess than 0.05, a stable
ascending fl ow or descending flow nay be not obtained in sone cases. 15
When the ratio of the draft tube height/the above nentioned |iquid height
exceeds 0.6, an ascending flow or descending flow may be not obtained
stably in some Bastbe Yhed shéveati doof theheolamrhiessllang ether ket ween the
liquid |level and the nobst upper portion of the draft tube"/the

above- menthengdvkehquod, herglferired dss dathdradstObnd e digthasgkeofed he m xed
solution may be not stabilized in sone cases. Wien the ratio of "the

vertical gpbmrwvahzbaktyeenlikeel iagd &ylewsd. and the npst upper portion of
the draft tube"/the above-nentioned |iquid height exceeds 0.3, a stable

ascendi ng flow ¢pcdgseendbngehltoworay nee paatysingilned idtisoneocages. In the
preci pitation nethod of polyphenyl ene ether of the invention, the weight

ratio of iH?eH@?%nSQEV%n%/ﬁ@%n&o%%fﬁﬂ‘5335'ﬂbﬁr&§§56$¥ESO|Ut'on i's

preferably from Wen the weight ratio of the poor solvent/the

good solv x lution is less than 0.3, there is high
possibiI|§8E¥h§FBg %Q %rocur during

As the poor solvent for the polyphenylene ether of
the invention, preferred is at least one solvent selected
from methanol, ethanol, isopropancl, n-butanol, acetone,
methyl ethyl ketone and water.

In the invention, it is preferred that 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, ethanol, isopropanol,
n-butanol, acetone, methyl ethyl ketone and water.

In the invention, it is 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



precipitation. Wen the weight ratio of the poor solvent/the good sol vent
in the m xed solution exceeds 2.0, it is unfavorable in ternms of production
cost: 16 I'n the precipitation nmethod of polyphenyl ene ether of the
invention, it is nore preferred that water contained in the poor solvent is
fromO0.3 to 50 parts by weight. In the precipitation nethod of

pol yphenyl ene ether of the invention, the tenperature of the m xed solution
is preferably from30 to 60C. In the precipitation nethod of polyphenylene
ether of the invention, the quotient obtained by dividing the sumof the
suppl y speed iodldéheo potlyphemyérniont het $a|nr€6ﬁr§a§p¢hég fthém t he supply
port into the precipitation tank and the supply speed of the poor sol vent

concur r et SHPpbaegidnd 0si he psegopi prt bonmbask bydt fkalti ghied amount of
the m xed solution renmaining in the precipitation tank is defined as the

average resjdancesti pendus pgi whkshnbbengobyphenykere sétzkeo fpantsi gires st ay
in the precipitation tank. In the invention, the average residence tine

during whjch dde P@lwh@gydlsnghetberlageti cles stay in the precipitation
tank is preferably from?2.0 to 30 m nutes. \Wen the average residence tine

is 2.0 mnutes or |©ss, 116 £opieAL tnthepgopdcsekyent il tbee
pol yphenyl ene ether particles is increased, which may sonetimes cause the
particles to be fLrply fixgd 2, 90% FNAUNRN &TLLLe dl5CRa0YEm bE more,
that the fluctuation in particle size during precipitation,
that is, the fluctuation in average particle size over
precipitating time, is 100 pm or less, and that the
content of fine particles having a particle size of 105 pm
or less is 2% by weight or less.

As the polyphenylene ether particles, it is
especially preferred that the average particle size is 500
um or more, that the fluctuation in particle size during
precipitation, that is, the fluctuation in average
particle size over precipitating time, is 50 pm 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

10



When the average residence tinme exceeds 30 mnutes, it poses a problemin
t'ernms 'of productivity and production cost. The precipitation nmethod of

pol yphenyl ene ether of 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

pol yphenyl ene ether particle size, so that it constitutes a precipitation
nmet hod of pol yphenyl ene ether which conplies sufficiently with the

i ndustrial demands. The pol yphenyl ene ether particles obtained by the
preci pi t atiord neshoti caf pol siphepyd enei ehheonotathemakesentitopoasaeble
honogeneous pol yphenyl ene ether particles with extrenely | ess nunber of
fine partigl|essddereofy anb@xte epsl ypnanydehpaethet epairzecdiest withit i on, so
that they give extrenely high productivity when nelt kneaded with anot her

conposi t i1y s Tatnd S of hei pol yphenyl e9¢ etleeefaptiebascobtai ned by the
preci pitation nethod of pol yphenyl ene ether of the invention can be

bref er abl 4 isadh o 1AW SRLEILAL LphcR pRLYROREYLABEuS DA tGRIROS] i on.

The pol yphenyl ene ether particles of the invention can be extrenely
pr ef er abl .gged in a polynmer alloy obtained by kneading with a
thernnplagtlc'resin such as a 18 styrenic resin, a polyamde, a

polyimde, a p t.heri m.de, a po o poky b The;
pol yphenyl ene g%%gheprdr {pi'hcer e‘*%r%cglﬁ%%gg%%{;/%n ?Ig]ﬁ,8£ngﬁ%hgﬂg%ﬁ§5§en§lsene et her
conposi tion and pol yner alloy wusing the pol yphenyl ene_ether rti.cl es of
t he inve@ﬂQﬁ?%ﬂéﬁ?&kl%%?ﬁ?%%l%?Y§g9iﬁ?tgg ¥ aFEePgeaﬁgﬁgbafgéﬁgg%ghd are
wi dely applicable to applications_ in_th i eld of electronic nd
‘el ectricityadg hbk i%’r%fgcg?e(gu%%n%b#%g%aﬁﬂg?héa? i 8P SSS%LG\‘?&FF@&%O& her
industrial nmaterials. The_polyner alloy or pol r c osi, contai hing the
pol yphenyqfénjél%%h’é‘?dpﬁ?‘fl‘iiéﬁe?{éfjet'hél i%‘«,fé%‘rf W‘g ?ﬁgf raaﬁvﬁoap&%aésm ein
the field of electronics and electricity, the field of autonobiles and the
field of antione of Heere nebiieal (Fat ePRPESAFARt RBR, OMAS 188 With ene
ether particles obtained by the precipitation nmethod of pol yphenyl ene et her
of the i mmnit omlae e(@bnogeneous pol yphenyl ene et her particles having a
greatly smaller nunber of fine particles and extrenely narrow particle size
di stribution, sthehdtafr ddiesi (dtyofstBeabhverbdonnishe PerLaltiiRg step and
the drying step. Exanples

wall provided in the precipitation tank. The shape

thereof is most preferably cylindrical. However, the

cross section thereof is not limited to circular, but may

be elliptical, polygonal, or the like.

The draft tube (a) of the invention is preferably
disposed concentrically within the precipitation tank.
The inclined paddle blade of the invention is

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



19 Enbodi nents of the invention will be illustrated in greater detai
with reference to the foll owi ng exanples, but the invention should not be
construed as being limted thereto. In the Exanples and Conparative
Exanpl e, the follow ng pol yphenyl ene ethers were used. A-1: According to

t he met hod described in Exanple 3 of JP 59-023332 B, 13% by wei ght of a
tol uene sol ution of 2,6-dinethyl phenol was added in the presence of each
catal yst and di-n-butyl am ne over a period of 35 mi nutes while supplying
oxygen, and after 100 minutes |apse of tinme, the supply of oxygen was

st opped. Ahecagiiceads sedhuftiicon dafe st ricgodiaomret hdreesheomhet eesabcEtat e was
added to the polynerization m xture, and the m xture was mai ntai ned at 70C.
Then, theifl Xhreawasi FanictiGtd ccentim fulge avemdee tpaedi die Sharpl @ss Co.
and an aqueous phase contai ning each catal yst and trisodi um

et hyl enediag petigihancalcalee svde rSepRatdlad 4.0 obtai n a pol yphenyl ene et her
solution (A-1) having a pol yphenyl ene ether content of 13.50 and a specific
gravity of 0.894nThe rkgdydadieVicFCasid i itferfi® D0l phesiyd e gtder
contained in (A-1) was 0.53 dl/g, when neasured with a 0.5 g/dl chloroform
sol ution. A2 ol I SOl Uk ) i OGr

pol yphenyﬁgggré?ﬁtzarbl?g%t %@?@g%oﬁaéqn?%ﬁgpﬁiﬁlc&ggr%v??ié{o?(go%ll was
obt ai ned | h .manner as with the above-nentioned (A-1) with the
exceptionggfﬁaﬁogg%%ﬁ “wei ght of a toluene solution of 2,6-dinethylphenol
was used and the,su f .gxygen st, after ] | apse from
the start of poﬁ?ﬁe&?%éfgo€3a¥%eCgﬁgﬁﬁﬁdgsgggagF}?J%ﬁ%?%%g%%ﬁgﬁﬁgnylene

et her contained,in, (A2 0, 40 dl /.g, wh asured with 5 g/dl

chl or of orhﬁeéé i (?r?.lré%mé‘aﬁerpges@]gfﬁ]teateqqoah@% a%%vi% daloﬁ?%g?(et . whi ch
had an in%gr al dianmeter of 133 nmm and was provided with an exhaust port
havi ng a BéPESditadMEt-er of 25 mmat a position where the vertical interval
between the liquid |level fromthe bhottom of the tank aq&%%hﬁ%ggtton1of t he
tank correspondéde §28518% (s OdqlifFped iRH O Frieft P ubee 9° an
internal diameter of 80 mmand a draft tube height of_ 40 nn1ft a position
where t hefdged dal 3 sdmrandbdddent RFI9gdid FRVETOhnt ¢ nel Mst  upper
portion of the draft tube corresponded to 27 mm This precipitation tank
was equi pped wi R &benerecigd thduiom|tadd iafcIthfed PRI adhee
(inclination: 45 degrees, blade dianeter: 33 nﬁa as 21  a stirring bl ade.
The vol unaigkda sediudtiosn qoawaiiming ithe HoPdhrai it i e tRARTwas 1100 m .
In the precipitation tank, 370 g of toluene, 420 g of methanol and 10 g of
wat er wer eopivandd ansgh@odtviptyeed lene asttian gy rlesdod it 3 drewshedoowpnto By
stirring, a spiral descending flow occurred inside the draft tube, and an
appr oxi matbky bgdtioandifc dihar tagdermdt ridie | lovawict ke eril bef weled mh¥edut si de of
the draft tube and an inner wall of the precipitation tank. Hot water was
al | owed t soflludnivoinn wiid § adketulted: iady uist e denfierative evipht blee
precipitation tank to 50C. Then, the pol yphenyl ene ether solution (A1) was
added at abptaddion @f rtatee sifirkAthqy/bliatd e atd ahiragohbbwposétweant o t he
exhaust port inside the draft tube in the precipitation tank, and a m xed
sol uti on @he9draftt %udfe neichanolaldnd 2.thempPped i it &t i svast anlkleas adn an
addition rate of 100 g/m nute at a diagonal position to the exhaust port

and from prr@&maiteélqhtpeqqﬂeaidie:mm drafdndithe £Yow her pdestenhdangon tank.
A m xed solution overflowed fromthe exhaust port was recovered. In

addi tion, r3amples cweice1senss atielw GHiectat afuesidd, tR, dArt 8busad 160
mnutes fromthe start of the addition of the nm xed sol uti on of nethanol

~and water. During %he Rrecipiitaidioh thichangmaeasmebseiyed tiethe flow
state of the m xed solution, and
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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it was stable. The average residence tine was 3.2 mnutes. 22 A sanple
collected fromthe recovered m xed solution and the sanples collected after
the respective el apses of tine were each filtered, washed by m xi ng

met hanol , and then, filtered again, followed by vacuumdrying at 140C for 4
hours to obtain pol yphenyl ene ether particles. The m xed solution could be
filtered without problens. The volatile matter content of the dried

pol yphenyl ene ether particles was 0.1% by weight or |less. The resulting

pol yphenyl ene ether particles were sieved, and the weight of each fraction
was neasured. Fiontheclnukatioes, ctihee pofl ypaenydleassietdafi strliwiitaton, the
particle size corresponding to a center cumul ative val ue (nedi an di aneter)
was takeniasatibeda¥evage paltitdiba siupelySpudtar(d), thetlopmismd (w % of
particles having a size of 105 umor |ess obtained fromthe cunul ative
curve of pgrtiteba.size distribution was taken as the fine particle rate.
Variations with tinme of the average particle size and the fine particle

rate of the resghting pab¥pkesy erdceihalphantilers aier exdnenidry smal |,
and the fine particle rate thereof was extrenely |ow. Wen the resulting

pol yphe'ny#snﬁr@%egabw hhiekes taere dTelitkdenerded iusi Nk exd ruder, the
pol yphenyl ene 23

solution supply port (d) provided above the liquid 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 flowiﬁg
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 solution.

In the precipitation method of the polyphenylene

ether of the invention, the polyphenylene ether particles

13



ether particles followed the extruder very well, and it was possible to
stably produce a conposition. Table 1 10 mi n20 m n40 ni n80 mi n160 mi nTot al
Anmount Aver ageParticl e Si ze633646683654635632nFi ne

Particl eRat e0. 330. 390. 350. 360. 340. 36w % Exanpl e 2 The sane operations as in
Exanple 1 were conducted with the exception that the pol yphenyl ene et her
solution (A-2) was used. 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. During the precipitation, no change was observed in the
fl ow st aterafighentm&etrsodiig clbargaddtogewasrswabhe th&haixeer age resi dence
time was 3.3 mnutes. The resulting m xed solution was treated in the sane

manner asd N et ord, aknelk i bes vepght af ey agedpaetiovkeesi.ze of the
pol yphenyl ene ether particles and the fine particle rate (the content (WM%

of particles hayi ntha i &ei Pf t 10PotMerhd&SE £ COnkapbegdphantNenpgol yphenyl ene
ether particles) were neasured. 29 The m xed solution could be filtered

wi t hout ﬂgﬁ £ e 3 v&¢§§tl@nﬂaﬁﬁérmggeaegblgtlbhe1@rp@@f@qb%n@enylene

et her particles was wei ght or less. Simlarly to Exanple 1

variations, e%fibvf%@ﬁffémtﬁ? Q{xgﬂgtpﬁﬁﬂzd §)Shzsvaaddt e fipe particl e

rate of t e resulting polyp ene e particles were extrenely smal

and the 1108 PALL LG & g2l y‘%e?vas?%X&ﬂgnﬁéxehowol\/“@%nt g, resul ting

ponphenﬁ?ene e par kneaded usi ng an extruder, it was

poss'bleg§o<:1p1tatlon 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 0.0l to

0.3.

When the liquid level is at a position higher than
the most 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

14



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

m n40 m n80 ni nl160 m nTotal Amount 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 dianmeter 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 to 95 nm was equi pped with no draft tube, and with a

one- st agel &oull- bbadewemcthaadth&ddusdﬂummaq|nuﬁﬁunn|Qﬁ1tM$ degfees, bl ade
dianeter: 33 mm) as a stirring blade. The volunme of a solution remaining in
this prectpbbatii@nshank wascbnd@deired nd e pr eciquttiaté ormlwamk, 370 g of
tol uene, 420 g of nmethanol and 10 g of water were placed, and stirred at a

stirring revol ujheR €He60AtiBMorALSRI baledilpdWaridm tenrkt ex occurred all
over the inside of the precipitation tank by stirring. Hot water was

al 1 owed 1 g hatel:n chite kel neq il W e dismersilueidn Lhethe

precipitation tan Then, "t he pol yphenyl ene ether solution (A1) was

added at gggéggltt' QQOBattgn%f JC%%tg/lrg Nyt ali & Alagonadm pasé ti ogui@ the

exhaust p preci |tat|on tank, and a m xed sol ution of 97.5 wt~ of

methanol 2ag.2. 3 %o‘“’ftheofoo\e%% egadded at A Add tiom rete, of 109 o/ minute

fromthe

unfavorable in terms of productivity.

When the ratid 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) 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 solution
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 cases.
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For a m xed solution overflowed fromthe exhaust port, sanples were
col l ected after 10, 20, 40, 80 and 160 minutes fromthe 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. 26 The aver age
residence tine was 3.3 mnutes. An attenpt was nmade to treat the resulting
m xed solution in the sane manner as in Exanple 1. However, cl ogging
occurred in filtering, so that it was necessary to exchange the filter. The
vol atile matterwWcent he oétiheofotiphdnpifénsubehae igatyitiieeahater drying
was 0.8% by wei ght. The wei ght average particle size of the pol yphenyl ene
et her parméstesnaddltheifli heigartt egkeedat € . hencarstcemding Hlaf articl es
having a size of 105 ~mor |ess contained in the pol yphenyl ene et her

parti cl esye¥eEgdNBaSHLEG. mBY ber eptt bbamitike Btamilyesn wmatdarss with tine
of the average particle size and the fine particle rate of the resulting

pol yphenyl ene efhgn paktirgkes wer ethar gertard it hetlime lpardtivden raie
thereof was high. Wen the resulting polyphenyl ene ether particles were

mel t kneageg, yg e exbr veer nolike upRlerhhemdiene ot hate Rardiel es fol | oved
t he extruder poorl whi ch caused fal ure in attenpting to stably produce a
ConpOS't'QHbeZZthe above—mentloned 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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Table 3 10 m n20 m n40 m n80 m nl60 m nTotal Amount AverageParticle
Si 2e533762453175213401~nFi ne Particl eRat el5. 610. 622. 453. 348. 231. 2wt % Whi | e
the invention has been described in detail and with reference to specific
enbodi ments thereof, it will be apparent to one skilled in the art that
various changes and nodifications can be made therein w thout departing
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
Appl i cabi ity The tiet hoceaifpttetiowenetlondfof pebuPheRdlrAg EPEEhenyl ene
ether by mxing a polypheny!ene ether solution with a poor solvent for
pol ypheny ferehet heverttoi gu eci pi t atwopel pphéayredetbeheraparticles is a
nmet hod whi ch can stably produce honmpbgeneous pol yphenyl ene ether particles
Wi th | esedntdeiedfiditige paodt ckesveher esf faod PedutedSPepiradisc by
fluctuations in particle size, and which solves the problenms in drying the
pol ypheny|engmtet her 28 particles and in producing a pol yphenyl ene et her
resin conposition, thus sufficiently conplying with the industrial demands
inthis field. ®9 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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CLAIMS 1. A nethod for precipitating polyphenylene ether by mxing 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 of the draft tube, (d) a solution supply port, (e) a poor

sol vent suppl y ficet el 4¥3rage exhaudenper tinadaragedso 38 MikEEESol ut i on
conprising the good solvent, the poor solvent and pol yphenyl ene et her
partlcIesl@qﬁggésculprbyléhomnngebmsrofaproduatlNhéYSﬁmdwnﬁdeQQXPQtn t he
pol yphenyl ene ether solution fromthe solution supply port (d) and
concurrentd y- a- poor solvent fromthe poor solvent supply port (e), thereby
preci pitating pol yphenyl ene ether particles; and di schargi ng and recovering

the precipitateshpolyphe Y%ﬁﬂ@oﬁtﬁeth@arbﬁcb@iybﬁ@ﬁwh%memdﬂhdﬂﬂeﬁnXed
solution fromthe exhaus port 2. The method for precipitating

pO'yphe”y%ﬁ$61899ﬁ£18ﬁ0859'egabeCF%b@uée waekeichedies Bowegbisalyiidran is

overfl owe rom the exhaust port to di scharge the pol yphenyl ene et her

part i cl es. {1om §he.PLeGLPlL AL o gg@%pmélym%s@etnme&oroﬂoriemam tating

polypheny er-accor |ng to claiml or 2, wherein the ratio of the

preci pi tallon, Lok g aneter Lol uid digighty ludde Eaxeihssol uton i the

preci pi tat rati o of 'the height of the draft
t ube/ said ui d_hei [ £ of s pert i cal
i nterval BL?aEEﬁtéOP qudpPé ggnﬁgg ee%E%f g%géngé{%#bn 'of the draf t
tube/said |iquid hei

s fromQ.,01.to O.
preci pi ta%FnﬁOBBHEHgﬁﬁl én@rgFﬁé’thg:&SPd r?SChtf)é é’%‘?’é@g}f&é}%nn% 1to 3,
wherein the good solvent fqr po enyl ene conpr | t_]east one
sol vent sefkerethiEBnFBBR2ZLRE, SFS%h @ngﬁé'%91 aﬁﬂ“f %Fé%x% sol vent for
pol yphenyl ene et her conprises at |east one solvent sel ected from net hanol ,
et hanol , #€®pREBanol , n-butanol, acetone, nmethyl ethyl ketone and water:

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

That is, the polyphenylene ether particles obtained
by the precipitation ﬁethod 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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5. The nethod for precipitating polyphenylene ether according to any one of
claims 1 to 4, wherein the weight 31 rati o of the poor solvent/the good
solvent in the mxed solution is from0.3 to 2.0. 6. The nethod for
precipitating pol yphenyl ene ether according to any one of clains 1 to 5,
wherein the poor solvent contains water in an anount of 0.3 to 50 parts by
weight. 7. The nethod for precipitating pol yphenyl ene ether according to
any one of claims 1 to 6, wherein the m xed solution has a tenperature of
from30 to 60C. 8. The nethod for precipitating polyphenyl ene ether

accordi ngstgraﬂ}{cO&%san,Claaipffﬁlﬁarﬁi)dg,, gi pbhgimndayemrage rwstitvanvel de ne
during which the pol yphenyl ene ether particles stay in the precipitation
tank of fpoph2y@ster38rmungbeyca®bdieloenhenyl ene ether particles obtained
by the nethod according to any one of clains 1 to 8, having an average
particle size OfrhéOgowgbaenweae Mthea goAtaniledf If rehgartvaitesomaving a
particle size of 105 dun or |l ess of 50 by weight or |ess. 32

CA(, . ACaS% AVuQ . A th ition and polymer alloy
u,.AFS. A %éAg%}EA?&%RSFX}? R RASA AR AN Ay, AU AXC A ACa. AC. AL. Au. Af

a. Afc: M 1145 1C . ¢ the inventi
(#.#.>???95%69?593~EQ}¥$§§§%§f§§55¥%¥§& fgﬁgéy§§§;§8xpx§x§§§iTpigT?<?>?<||x
| ~>><<x]| | >?><8xx<>? , . - ) . . ,
~@}x<x<8>éF§|FP§>§§§%&§E&QX§¥EH%(%Eﬁ%q %«Eﬁﬁﬁﬁciggﬁﬁiig % &|i%%~|>~>><?xx
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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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centrifuge manufactured by Sharpless Co., and an aqueous
phase containing each catalyst and trisodium
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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A-2: A polyphenylene ether solu ion aving a
polyphenylene ether content of 22.3% and a specific
gravity of 0.911 was obtained in the same manner as with
the above-mentioned (A-1) with the exceptions that 22% by
weight of a toluene solution of 2, 6-dimethylphenol was
used and the supply of oxygen was stopped after 85 minutes
lapse from the start of polymerization. The reduced
viscosity of the polyphenylene ether contained in (A-2)

was 0.40 dl/g, when measured with a 0.5 g/dl chloroform

solution.

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 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
pbetween 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

21




3109% & ()-1pdYNC' $! 10( 10( 10(. MLO% & ()-1)f>t 1004 & ()-9Z10% & ()- !+
7810%'(& ()-3, &1 10% & ()-}~<YNC $!| & 10%& ()- & 109%&' ()-! 9!10% & ()-I!
91 109%& ()-19! 109& ()-1fS10%& ()- a\”_ae~ = $!!|3109BB& ()-S, 109B& ()- 10

10 10yy> 109& ()-! 'M 10%& ()--' M 10%& ()-- dB~ =$!!ls  109BB& ()-

1098B& ()- Y109B& ()-3S109B& ()- ,1098& ()- 1098B& ()- " Y]
aB~ = $! ! F3109B& ()-! 19%40%BB& ()-y&) 3109B& ()-/" 109B& ()-"*10%B& () -
0d0uB& ()- !1111 111g\QF $!'! 10B 10B 10B' 109B& ()- S>s109B& () - 9109B& () -7

109B& ()-1 5109B& ()-!!'?2'vi}!ItI"aB\QF $!'!Y10% h& ()- S10% h& ()- F L:10%
h& ()- 91Gost& (Yinglvhari ( ) Thiel ¥oumeh& f( )a “sQlut Q@M $19 Y184 0%
h& () - y#lO@bh&{()- 110% h& ()- ! 110%h& ()-110% & ()- 10% h& () -
Qi###S @ _$aB\Qp i d 1Bli0% thi&r( ) edif WADWhMM&ML) -1 -10% h& ()- +910%
h& ()-)Z10% h& ()-4'10% h& ()- _$$$$WBAAYNC $!'! 10 h 10 h 10 hf> 10%
h& ()- :Y10% h&'1() the % di% i(Dat3ornl & (378 31086 b&lg¢re, 420 g
WEWRIRIEYNC $! !
of 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 wt% 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, samples 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
problems.

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 pum 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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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
wt%
Example 2

The same operations as in Example 1 were conducted
with the exception that the polyphenylene ether solution
(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
precipitation, 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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The mixed solution could be filtered without
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
wit%

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 liquid level from

the bottom of the tank and the bottom of the tank
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corresponded to 95 mm, was equipped with no draft tube,
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 methanol 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 solution (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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The average residence time was 3.3 minutes.

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
LLm
Fine Particle
Rate 15.6 10.6 22.4 53.3 48.2 31.2
wt%

with reference to specific embodiments thereof,

While the invention has been described in detail and

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.

Application No.

This application is based on Japanese Patent

2002-025096 filed on February 1,

2002,

and

the contents thereof are incorporated herein by reference.

Industrial Applicability

polyphenylene ether by mixing a polyphenylene ether

The method of the invention for precipitating

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,

solves the problems in drying the polyphenylene ether
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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 solution 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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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, ethanol, isopropanol,

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

5. The method for precipitating polyphenylene ether

according to any one of claims 1 to 4, wherein the weight
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ratio of the poor solvent/the good solvent in the mixed

solution is from 0.3 to 2.0.

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 weight or less.
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