De!".3cription Title of Invention: POLYPHENYLENE =HER AND METHOD FOR

PRODUCI NG THE. SAME Technical. Fiold The present invention
relates to a pol yphenyi ene ether, and a. nethod for producing' the
same, CacHronnd Art Pol yph 71ene ether is excellent in

processability and productivity: and has an advantage at being
capable ct being efficiently nmade irits-,. products and parts having
desired shapes by a nolding netnbg such as nelt in-jection or nelt
eztrnsion., Polyphenyl ene ether, mekinf: the best use of 3UCh an
advantage is broadly used in the field. of electric and electrnni.c
material's, the field of autonobil é§SGtHer Fields of varlohs typPs ef
industrial materials, and the field of food packages, and as
materials for parts. Particularly, since polvn.henylene ether is
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addition to electric oharacterietics, the appearance of orhductd has
Peen raised; therefore, the inprovenent of color tone of po.glene
et heh ffseltkchandalt eereducti on of

[0001]
The present invention relates to a polyphenylene

ether, and a method for producing the same.

Background Art
[0002]

Polyphenylene ether is excellent in processability
and productivity, and has an advantage of being capable
of being efficiently made into products and parts having
desired shapes by a molding method such as melt injection
or melt extrusion.’ Polyphenylene ether, making the best
use of such an advantage, is broadly used in the field of
electric and electronic materials, the field of
automobiles, other fields of various types of industrial
materials, and the field of food packages, and as
materials for parts. Particularly, since polyphenylene
ether is excellent in electric characteristics, it 1is
being developed to applications as electronic materials,
particular applications requiring the insulation

performance.



contam nation of nol ded prodhots with forelgn matters (gei).ed
mat eri als, by-products, netals and. the |ike) are gemanded, As
technol . ogies to reduce foreign nattehd contained. in pol yphenyi ene
ether, there are proposed, for exanple, a technology in which

pol yphenyl ene ether is nelt kneaded: and thereafter nelt filteked
(for exanple, see Patent docunent 1), and a technol ogy in which the
filtKation is carried. cut in every step fromthe polynerizetion to
the nelt kneadi ngeid.arnple, see Patent. doci).h.ent There is al so
phoposed a[&ﬁﬁﬁqology in which in order to dupphess cl oggi ng of a.
hot nnnnek “w nmetal foreign matters in injection nolding utilicing
t he hot hunner,IReL ets used in Lnlegtion Qgg%csng are or%ed usi ng

a. magneticmechi ne. ‘and only"pal I &t's Thabiing® Hete oo cloCtionie

cont dnmi nat.r re._re n lL.e.. . .see P .. do t :
[ QU041 hag%r?ﬁgsdt%5%L§%§E$q§ﬁ%£¢igofﬁeqfﬁekﬁﬂhgfﬁb%%gﬁ?ﬁﬁé%§(%ne

ether, thecsheec tkeducti-an and @@?@é?dﬁ&e gnhancenmenl ot parts and
t he tnicknss reductisn nol ded products are progressing. In order to

mai ntai n t heiliegh. thasulratieon tper figiranceerdl $& idy1such gl ded
products size-reduced, precision-enhanced and thickness-reduced, the
el ectric chafagheniystines cahepoliyphernyi emel etrherreane triequiafed. to be
raised, contamination of molded products with foreign matters
(gelled materials, by-products, metals and the like) are
demanded.
As technologies to reduce foreign matters contained
in polyphenylene ether, there are proposed, for example,
a technology in which polyphenylene ether is melt kneaded
and thereafter melt filtered (for example, see Patent
document 1), and a technology in which the filtration is
carried out in every step from the polymerization to the
melt kneading (for example, see Patent document 2).
There is also proposed a technology in which in order to
suppress clogging of a hot runner with metal foreign
matters in injection molding utilizing the hot runner,
pellets used in injection molding are sorted using a
magnetic sorting machine, and only pellets having little
metal contamination are taken out (for example, see
Patent document 3).
[0004]

On the other hand, also in the field using

polyphenylene ether, the size-reduction and precision



Fromthe viewpoint cif raising the dielectric Drekdown resistance and
the .Like out of electric chatacteristiem netal foreign matters
contained in nolded products are required to be nore highly reduced_
The technical devel opnent with respect. to catalytic nmetal residhes
contai ned in pplyphenyi ene ether has conventionally been nade, and
there is proposed, for exanple, a nehod;of nmaking netals in a
pol yphanyi ene ether to be 10 ppmor |ess for exanple, see Patent
docunent 4), Prior Art Dbcunents Patent document UJJ. No, dc:clL;:ner;
t 1t hid- (Jpen No. 2U0l- Datent dpcpmant 4: :-J,..:parntse Patent
Lai d- Dden NG!Sy Hi Paliverit i P ol enits® her SOt vVedbyCt he
| nvention eAqs descri bed above, technol ogies to reqTL(JPce t.he anmount
of foreign et £ SO het-© i CPSTYpHENYi ehe “dttidr Rave Been
conventionaéflé/ ropose l?‘ v ({Ente hngﬁp ie f
document s. an@ggpr:q ate _l\c,)&} i%fétrréa !oann of T %e(? Jkrfleéa)l %}g%(g%?%d
COMPOSi i N0 At Pase, & AldIAEH! L d Oy SEGHI & ABRLERSE P Lhickpess-
conta' mnuting metals due to det.aage and the [ike of a paxt of an
appar atus imdihedreldhkneading.c stiePsacteristics of polyphenylene
ether are required to be raised.

From the viewpoint of raising the dielectric
breakdown resistance and the like out of electric
characteristics, metal foreign matters contained in
molded products are required to be more highly reduced.
The technical development with respect to catalytic metal
residues contained in polyphenylene ether has
conventionally been made, and there is proposed, for
example, a method of making metals in a polyphenylene
ether to be 10 ppm or less (for example, see Patent

document 4).

Prior Art Documents

Patent document

[0005]

Patent document 1: U.S. Patent No. 7244813

Patent document 2: U.S. Patent No. 7041780

Patent document 3: Japanese Patent Laid-Open No. 2004-
99682

Patent document 4: Japanese Patent Laid-Open No. 2003-

2981



The technol oPatent docunment 3 specifically relates to a technol ogy of
passing resin pellets thrbugh a. magnetic sorting machi ne, and cannbt
sufficiently renove netal fOrdgfl matters for such reasons that the
metals included in the pullet interior cannot sufficiently be
removed, and that pellets once adsorbed by a magnet drop by their own
wei ght. and the collision of nmel lets passing afterward, and thus

cannot conpletely be krc.t. The technol ogy nt Patent dbcknent 4
relates to a method of decreasing netal catalyst (Cr or the |ike)
residues in. $ poiyphenylene ether, and is still insufficient as a.

technol ogy to decrease a netal magnetic material (be) bringing about
di el ectric breakdown i ; of the above-nentioned conventiona

) . Al
t echnol ogi 68 1'S' % tEchibiBYy-Bf primarily aling at the decrease of

foreign matiers, and is t. inproved. in. color tone of the
pol yphenyi eélreObgﬁmePco be rgo%\fegnbg‘ﬁe%% ecrh‘ﬁ%rf%lg?/ni s conventionally
knc, A, n ingdygch in order to Lit:prove the color tone of

pcl ypt henyl ene et her, the ool yphenyl ene ether, a thernostabilizef and

the like are nmeht kneaded. t hgosecure Goohease Of: d newtablyhe _
contamnating nmetals in the nmelt kneacfling step is difficult, as in

Pat ent doeshenintl @nddhe di ket {000]containddem l)ﬁfﬂ'\@@i’le@é t he
present invention is to provide a pol yphenyi ene ether having a | ow

forei gn matdterer contenigerexeceltdmgi driw el ecprogosehar act eri stics, and
excelling also in the appearance characteristic. fOr SCH Vifli the
Pr obl em However, the technologies of Patent documents 1 and
2 relate to filtration of melt kneaded resin compositions,
and pose a difficulty in secure decrease of contaminating
metals due to damage and the like of a part of an
apparatus in the melt kneading step.
The technology of Patent document 3 specifically
relates to a technology of passing resin pellets through
a magnetic sorting machine, and cannot sufficiently
remove metal foreign matters for such reasons that the
metals included in the pellet interior cannot
sufficiently be removed, and that pellets once adsorbed
by a magnet drop by their own weight and the collision of
pellets passing afterward, and thus cannot completely be
removed.
The technology of Patent document 4 relates to a
method of decreasing metal catalyst (Cu or the like)
residues in a polyphenylene ether, and is still

insufficient as a technology to decrease a metal magnetic

material (Fe) bringing about dielectric breakdown.



As a result of exhaustise stadles n- solve the above-nenti onej

ni ohl ebs, the present inventors hhve fonnd thatsr.:eel:b.:Inn of the
netal mgnetl o Tntefial anban,a 'a ..n.iipuen7lene ether in n pr

de' Ser bi ned range can solve the ::::bavc?-nme3-::: _irind nroblenai”
nnd esin previde the polypnen7l ene ether excellent |In elebrr
characteristics and ehsellent In the appearance characteristic; nmi
this finding has led. to the conpletion of the p.resent inention.
That is, the present invention is as fellows, 0010; A pol yphenyiene
ether, conprising a contenta nmetal. nagnetic material of 0,001 ppm or
hi gher and (°%\%er "t han 1,000 ppm The pcl Uehe ether according to item

|] above, : . .
(1] Any of the above-mentioned conventional technologies

is a technology of primarily aiming at the decrease of
foreign matters, and is not improved in color tone of the
polyphenylene ether itself.

Although a technology is conventionally known in
which in order to improve the color tone of polyphenylene
ether, the polyphenylene ether, a thermostabilizer and
the like are melt kneaded, the secure decrease of
inevitably contaminating metals in the melt kneading step
is difficult, as in Patent document 1 and the like.

[0008]

Then, an object of the present invention is to
provide a polyphenylene ether having a low foreign matter
content, excelling in electric characteristics, and

excelling also in the appearance characteristic.

Means for Solving the Problem
[0009]

As a result of exhaustive studies to solve the
above-mentioned problems, the present inventors have
found that the specifying of the metal magnetic material
amount in a polyphenylene ether in a predetermined range
can solve the above-mentioned problems, and can provide
the polyphenylene ether excellent in electric

characteristics and excellent in the appearance



wherein the pol yphenyl ene ether cpnprlses a content of a netal
magnetic material of 0.001 phei or higher and |ower than 0.500 pp:rT
3 The pol yphenyi ene ether aporrling to Item|[1l] or H; above,
whetein thn pnlyphnnvi ene ether conprises a content of 8 netal
magnetic material. of 0.001 ppmor higher and | ower than 0.100 ppm
f41 The pol yphenyi ene ether accarding to any one of itens LI; to
PT abowe, wherein the netal magnntln material. |Is a. netal. nmagnetic
mat eri al cp. tielhy an Fe el enment The poI p--;ylenn ether

according to ite 41 above, mhereln 0 phenylen et her
conpri ses ?}%‘r‘?t r]tﬁtlct h. aéiq:é:rﬁiserifelrﬂ Cpf‘?)% ehehi gher and

I . th 0, 10 I th di t
any one of GTEHE [AT 13 [91° 4H67E w SPATE THe pol yphenyt ene. et her i s
a powder havi NIrBako t%‘éf’@?%% ?&r H'n‘%)e%t‘l' gmat.er, Ofe 3 1UnOr

smal | er, ﬁyphen ne et her accor |ng to any one “of itens
[1; to [61 Qﬁg_ Ve, mhere|n t he pol yphenyi ene ether is a. powder
havi ng a Ioose apparent specific gravity of 0.4 or higher,

[1]

A polyphenylene ether, comprising a content of a
metal magnetic material of 0.001 ppm or higher and lower
than 1.000 ppm.

[2]

The polyphenylene ether according to item [1] above,
wherein the polyphenylene ether comprises a content of a
metal magnetic material of 0.001 ppm or higher and lower
than 0.500 ppmn.

[3]

The polyphenylene ether according to item [1] or [2]
above, wherein the polyphenylene ether comprises a
content of a metal magnetic material of 0.001 ppm or
higher and lower than 0.100 ppm.

(4]

The polyphenylene ether according to any one of
items [1] to [3] above, wherein the metal magnetic
material is a metal magnetic material comprising an Fe
element.

(5]
The polyphenylene ether according to item [4] above,

wherein the polyphenylene ether comprises a content of



[ €] The pol yphenyl ene et her according. to any one of itens [II
to [7] above, wherein the pol yphenyiene ether is a powder hevdng a
specific surface area of 1 nRig or larger, [9] The poi - -

henyl ene ether according to any one of itens [11 CO [[3; abuve,
wherein a whol e netal nagnetic material conpidses a comtent of the
metal magnetic matrial having a maxi nhm breadth of 150 vmnr | arger
of 01 particle/kg or lower, [10; ,olyphonyiene ether according to any
one of |, heat ;a color index value of a polyphenyiene ether

conpr essed at 31(PC for 20 mn at a pressure of 10 hlPa) of 3 5 or
| ower, 111fhe Fe glestidgd Flor PHod®rel my disotSiphetty | etee

conpri si ng .QENF%EQE of :
[6]

The polyphenylene ether according to any one of
items [1] to [5] above, wherein the polyphenylene ether
is a powder having a volume-average particle diameter of
3 mm or smaller.

(7]

The polyphenylene ether according to any one of
items [1] to [6] above, wherein the polyphenylene ether
is a powder having a loose apparent specific gravity of
0.4 or higher.

[8]

The polyphenylene ether according to any one of
items [1] to [7] above, wherein the polyphenylene ether
is a powder having a specific surface area of 1 m?/g or
larger.

[9]

The polyphenylene ether according to any one of
items [1] to [8] above, wherein a whole metal magnetic
material comprises a content of the metal magnetic
material having a maximum breadth of 150 pm or larger of
0.1 particle/kg or lower.

(10]
The polyphenylene ether according to any one of

items [1] to [9], wherein the polyphenylene ether has a C.



pol ymeri zi ng a phenol. conpound so as to obtain a pol yphenyl ene et her
represented by the followng formula (1); and passi ng the
pol yphe, :yiefl e ether through a magnetic separati ng machi ne equi pped
with a magnetic force-. generating. source so as to make a cohtent of
a netal magnetic material in the polyphenyiehe ether to he 0,001 ppm
or higher and |ower than 1,000 ppm ;ngh.1,17 rFornmula 1] \ / R3 i
iN/N(L) N i
I. heat (a color index value of a polyphenylene ether
compressed at 310°C for 20 min at a pressure of 10 MPa)
of 3.5 or lower.
[11]
A method for producing a polyphenylene ether,
comprising the steps of:
polymerizing a phenol compound so as to obtain a
polyphenylene ether represented by the following formula
(1); and
passing the polyphenylene ether through a magnetic
separating machine equipped with a magnetic force-
generating source so as to make a content of a metal
magnetic material in the polyphenylene ether to be 0.001
ppm or higher and lower than 1.000 ppm:
[0011]

[Formula 1]

R3 Ry
(1)

\ R4 Ry /
{0012]
wherein Ry, R, R3 and Ry each independently represents

one selected from the group consisting of a hydrogen atom,

a halogen atom, an alkyl group which may be substituted,



[ V.. I\\ In;j121 Whc.:leTh r2;ir: CE: pefl GenC
roup cor:,liciuing of a hyO-fiKjert atom a halac:en.ilkyl c.roup
wi ch may. he suibstitutcH 9-- an aryl group which may be
substituted, an at:al kyl grg,up which nay be substituted, and an
ai koxy group which may be substituted- 121 The nethod for
produci ng the pbayphenyi ene ether ahcorging to item[111 above,
cbnpri si ng
an aryl group which may be substituted, an aralkyl group
which may be substituted, and an alkoxy group which may
be substituted.
[0013]
[12]
The method for producing the polyphenylene ether
according to item [11] above, comprising:
rassing the polyphenylene ether through a magnetic
separating machine equipped with a magnetic force-
generating source so as to make a content of a metal
magnetic material in the polyphenylene ether to be 0.001
ppm or higher and lower than 0.500 ppm.
[13]
The method for producing the polyphenylene ether
according to item [11] above, comprising:
passing the polyphenylene ether through a magnetic
separating machine equipped with a magnetic force-
generating source so as to make a content of a metal
magnetic material in the polyphenylene ether to be 0.001
ppm or higher and lower than 0.100 ppm.
[14]
The method for producing the polyphenylene ether
according to any one of items [11] to [13}, wherein the
metal magnetic material is a metal magnetic material

comprising an Fe element.

(15]



passi ng. the pclyphenyiene ether through a magnetic. separating
mac: Thi ne equi pped with a nmagnetic force-generating source go as to
make a cbntent of a netal magnetic material in the pol yphenydene
ether to he 0,001 ppmor higher and | ower than 0.500 ppm nb-c The
met hod. tarproducing. the :Cr vierte ether according to item[111
ab. ce, conprising: passi ng the polyphenyl ene ether through a
magneti c. separating machi ne equi pped with a nagnetic
force-generating source so as to make a content of a nmetal magnetic

material. in the polyphenyl ene ether to be 0,001 ppm or hi hher anh
| oner than 0, 100 'SpMe P41 fOT PITREIGrEhod S 610 Ipaduei g’ & HH-her

ool yeheny ene. et et accorl gt o, ey hoe ol 1tere (AL L0 i eress
conprising éHEF%%f%ﬁﬂ%ﬁ?leé%'é%her]{g a powder having a volume-
average particle diameter of 3 mm or smaller.
(16]

The method for producing the polyphenylene ether
according to any one of items [11l] to [15] above, wherein
the polyphenylene ether is a powder having a loose
apparent specific gravity of 0.4 or higher.

[17]

The method for producing the polyphenylene ether
according to any one of items [11] to [16] above, wherein
the polyphenylene ether is a powder having a specific
surface area of 1 m2/g or larger.

[18]

The method for producing the polyphenylene ether
according to any one of items [11] to [17] above, wherein
when the polyphenylene ether is passed through the
magnetic separating machine equipped with the magnetic
force-generating source, a magnetic force in a region for
removing a metal magnetic material from the polyphenylene
ether is 0.6 T or higher.

[19]
The method for producing the polyphenylene ether

according to any one of items [11] to [18], wherein the



The net hod for produci ng the pol yphanyl ene ether according to any.
one of itenp rl1ll] to ;114] above, wherein the gol vphenyiene ether is
a powder having- a vol une-average particle dianmeter of nm of smaller,
The net hod for producing the pol yphenyi ene ether according- to any
one of itens [11] to [151 above, wherein Ito pol yphenyiene ether Is a
powder having. apparent specific gravity v 0,4 or higher, [17:

The nmet h-0d for producing the pol yphenyl'ene ether according to any
one of itens LIi] to [16) above, wherein the pol yphenyi ene

et her powder having a spec surface area ofg.:2/g or larger, [181

rhe met hod Mgy oef § @atry dhee pol yiphepyiepe ef higre aeedrdihg to any
one of itens [1-1) to W] above, wherein. when the pol ychenyl ene
ether |e paddett thrsudght tthe Sralghet? ¢ 5epaf @t F %S T machi ne equi pped
with the magnetic force-generating source, a nmagnetic force in a
regi on for ving a netal magnetic material fromthe, ether is 0.6

GO, e g pepole o IR L0010 RaL SO oo
according to any one of items [11] to [19], wherein the
polyphenylene ether is passed through between the
magnetic force—generating source arranged with a spacing
of 15 mm or smaller.

[21]
The method for producing the polyphenylene ether
according to any one of items [11] to [20], wherein the

magnetic separating machine has a magnetic force-

effective separation length of 100 mm or longer.

Advantageous Effects of Invention
[0014]

The present invention can provide a polyphenylene
ether capable of effectively suppressing the occurrence
of black foreign matters, and excellent in electric
characteristics and the appearance characteristic, and an

effective method for producing the polyphenylene ether.

Mode for Carrying Out the Invention

[0015]



magnetic. force -generating source of the magnetic sepaxating nmadhi ne
is an el ectromagnet. [20i The met hod for producdng the

pol vpne. nyl ene et her according to any one of itenms [11) to L 91,
wherei n the pol yphenyi ene ether |Is passed through between the

ma. gnetic force-generating source arranged with a spacing of 15 nm or
smal ler, [211 The met hod for pLoﬁ%ang t he poi ymmenvi ene et her
according to any one of itens [111 to OA, wherein the nmagnetic
separating machi ne has a nagnetic torceeffective separation | ength of
100 mm or | onger. Advant ageous Effects of inventdon L0014l Thu

present i nsenL1cé¥ rEdn iV -dera 99819pE e therd dBt .1t e ptsent
effectively. soppressiflg the_;-)ocurrence (if black foreiTi matters,
and excdIeﬁﬂV??F%ﬁ%ch?E@lQﬁﬁﬁ%ﬁt%@f%¥¥%§ 'and® € hetAppear ance
charscer | Stacy bt an of[epive muLnd Lot peeduping the
according to th%%e present invention is not limited to the
following embodiment, and various changes and
modifications may be made within the scope of the gist.
[0016]
[Polyphenylene ether]

The polyphenylene ether according to the present
embodiment is a polyphenylene ether having a content of a
metal magnetic material of 0.001 ppm or higher and lower
than 1.000 ppm.

(Structure)

The polyphenylene ether according to the present
embodiment has a structural unit represented by the
following formula (1), and may have a plurality of kinds
of structural units.

[0017]

[Formula 2]

/
\__/ (1)
\ /
R4 Ro



invention (hereinafter referred to as 'the presen, enbodinet') wll
he described in detail, The present invention is not limted to
the. fbilow ng enbodi nent, and various changes and nodificati ons may
be made within the scope of the gist, [00161 [ Pol yphenyl ee et her;

The pol yphenyl ene et her according to the present enbodinent is a
pcl\g.-..gle:r., 11, e. ne ether having-aigontent of a netal nagnetic
materi al of 0,001 ppmor higher and | ower than 1.000 ppm ; Structure)
The pol ypnenyl ene et her according to the present enbodinent has a

PeveC Tt ol el Eheeperanted Bnkhe ) GbLRMAAG 9T THLE K1) A

ave it plurality of kinds o Struct ura unlts 17)° ornu 400

S each independently represents one selected from the group
consisting of a hydrogen atom, a halogen atom, an alkyl
group which may be substituted, an alkenyl group which
may be substituted, an alkynyl group which may be
substituted, an aryl group which may be substituted, an
aralkyl group which may be substituted, and an alkoxy
group which may be substituted.
[0019]

In the above general formula (1), examples of a
halogen atom represented as Ri;, Rz, Rz and R; may include
a fluorine atom, a chlorine atom and a bromine atom, and
a chlorine atom and a bromine atom are preferable.

In the above general formula (1), the term "alkyl
group" of an alkyl group which may be substituted and is
represented as R;, Rz, Rz and Ry represents a straight-
chain or branched-chain alkyl group preferably having 1
to 6 carbon atoms and more preferably having 1 to 3
carbon atoms; and examples thereof may include methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl and hexyl, and methyl and ethyl are
preferable and methyl is more preferable.

In the above general formula (1), examples of the
term "alkenyl group" of an alkenyl group which may be
substituted and is represented as R;, Rz, Rz and Ry may

include ethenyl, l-propenyl, 2-propenyl, 3-butenyl,



S == ..., ., ..., A4 [OOlai

pentenyl and hexenyl, and ethenyl and l-propenyl are
preferable.

In the above general formula (1), examples of the
term "alkynyl group" of an alkynyl group which may be
substituted and is represented as R;, Ry, R; and Ry may
include ethynyl, 1-propynyl, 2-propynyl (propargyl), 3-
butynyl, pentynyl and hexynyl, and ethynyl, l-propynyl
and 2Z2-propynyl (propargyl) are preferable.

In the above general formula (1), examples of the
term "aryl group" of an aryl group which may be
substituted and is represented as R;, Ry, R; and Ry may
include phenyl and naphthyl, and phenyl is preferable.

In the above general formula (1), examples of the
term "aralkyl group" of an aralkyl group which may be
substituted and is represented as Ri, Ry, R3 and Ry may
include benzyl, phenethyl, 2-methylbenzyl, 4-methylbenzyl,
o-methylbenzyl, 2-vinylphenethyl and 4-vinylphenethyl,
and benzyl is preferable.

In the above general formula (1), the term "alkoxy
group" of an alkoxy group which may be substituted and is
represented as Ry, Ry, R3; and Ry, represents a straight-
chain or branched-chain alkoxy group preferably having 1
to 6 carbon atoms and more preferably having 1 to 3
carbon atoms; and examples thereof may include methoxy,

ethoxy, propoxy, isopropoxy, butoxy, sec-butoxy, tert-



:13 In the above general fornula (1j,R2f Rit and R4 each

i ndependently represents one selected fromthe group consisting of a
hydr ogen atom a hal ogen atom an al kyl group whtch may be
substit.oted, an al kenyj. group which. may be substituted, an al kynyl
group which may Me substituted, an aryl. group whi_ch may be
substituted, an aral kyl group which peysbe substituted., and an

al kozy group which. May bu substituted_ [00191 In the above
general formula (1), exanples 01 a hal ogen atomrepresented as Ri "and

Ra may 1 nClid%y A AN 18 2LaM f.a QL) ne, Al g and g beniog atom
andachlorlne t'om an rom ne omar e’ prefera th
above generale foraad.al), the term"alkyl group’ of an al'hyl nreup
whi ch may be substituted and is represented az. RR2nd Rl represents a
strai ght - [@haion or branched-chain al kyl group preEerahjv havi.ng |
to 6 carbon. atonms and nore preferably haying 1 to 3 carbon atens;
and emam pl es thereok mlyvienclewde arettyinuiet hyl),, prropyliyl spphapylan
butyl, isobutyl, sec-but tert-butvpentyl and hexyl and nethyl and
e.thvt prefeernebloercand et hyMan norer pref e:-rrabd]ekynyl gtaoup heambove
general fornula ,1), ezanoles of La: Lain '"alkenyl ccup cL an al kenyl
group Wi cr@ﬁ@db)}(ﬁe EUbst idnut eifl ank sy xR twim clr eser drepsedease R,
R tdf h may include et henyl upr o%enyl 2 -propenyi, 3 -butenyl,
as Ry, Ry, R; and R4 may be substituted at 'substitutable
positions with one or two or more predetermined
substituents.
Examples of such a substituent may include a halogen
atom (for example, a fluorine atom, a chlorine atom, a
bromine atom), an alkyl group having 1 to 6 carbon atoms
(for example, methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, hexyl), an aryl
group (for example, phenyl, naphthyl), an alkenyl group
(for example, ethenyl, l-propenyl, 2-propenyl), an
alkynyl group (for example, ethynyl, 1l-propynyl, 2-
propynyl), an aralkyl group (for example, benzyl,
phenethyl), and an alkoxy group (for example, methoxy,
ethoxy) .
[0021]
(Reduced viscosity)
The polyphenylene ether according to the present
embodiment preferably has a reduced viscosity (msp/c) of

0.20 dL/g or higher. Thereby, a polyphenylene ether

having sufficient heat resistance can be obtained.



bentenyl and. hexenyl, and ethenyl acg 1 -pllpenyi are preferable.

in. the abommgeneral fornia (1), exanples of. the term 'alkynyi
group' of an al kynyl grup which may. be suhstitsted and |l o
teptesented as Rib. 1$2, R :: and R4 may include ethynyl,

Itcrengynyi, 2 -probynyl (ptoparyl), 3 - buLynyl, pentynyi and
hexynyl, and eLhybyl, | -bropynyi anN. 16 2 -bropynyl i,ptsparrjylH,
ate preferale, Il n the above general fornmula Ci, exales of the
term'aryl grup' of an aryl. gronp which nay be snbstitnted and is r@

presented as Th., R.2", R3 and  ''i..4 n i nc.:lnde phenyl. and
napht hyl, and pheny$. i’ prregzﬁlzc.e.q .Vslrsa%sgl?cyy &Sp)lc:} thtge%’%lsl\ﬂ@g%ner al

fornula I'L ezaples ofsthei tN.om 2 atal kylsgroubi0f; a0 apalkyl " gronp
d 1 .., R, R3 and

whi ch may be subotitsted and 1o teptnented as 1--.,

1--t: may iﬂ@i§pﬁ5h{¥%ﬁb-éﬂheﬁ”ﬁﬂ“ﬁfﬁ%mcéhtﬂ@ﬁﬂ&ﬁbéﬂzwl5 /dL under
-met hyl benc a- nmeLhvl i senzyl, 2 -vinyl phecet,and 4 -$jni $.%henet hyl .,

and benzy.la denfseferabl @nditionld: tdve above general fbtma i, 1),
the term'al kozy utsup" tall al kct>v yroup which nmay be substituted

and is rN presefitedRolyghdnylene ,gthend R,abrdeipresentisha starmsdnnt -
chain ..,: branched-chain ai koxy ,gr,snp preferably having I to (I,
car bbn at orfEnTHtRETte Tred avabl s daly nged 4 or$decardbniatesitand
exanpl es thereof may incinde nethoxy, ethoxy, prbpcs$y" isobrom oxy,
bntoxy, m,W\EAC)AEDX,2T ett4g dr Shbutexy, apéntyl bkynand hexykoxip)y

and net hoxyO azr]Bd éLh/cgy axe, (ﬁ{eert er abse,

or hi

The reduced viscosity (msp/c) is a value varying
depending on the amount of a good solvent, the amount of
a catalyst, the feed amount and feed rate of an oxygen-
containing gas in a polymerization solution, and the
concentration of each phenol compound in the
polymerization solution. Therefore, in order to control
the reduced viscosity (msp/c) in the above range, these
polymerization conditions may be regulated.

On the other hand, the upper limit of the reduced
viscosity (nsp/c), for example, in a case where the
polyphenylene ether according to the present embodiment
is used for processing by extrusion molding or the like,
is preferably 1.5 dL/g or lower, more preferably 1.3 dL/g
or lower, and still more preferably 1.1 dL/g or lower,
from the viewpoint of suppressing the decrease of molding
fluidity and the decrease of processability.
Additicnally, from the viewpoint of shortening the

production time, the reduced viscosity (nsp/c) is further



100201 In the above general fornula ri.), an alkyl gr..,:y3p,..
an. aryl group, an al kenyl group, an al kynyl group, an. aral'- -I
group and an al koxy group c.ihi.ch are represented as |:1, |:12;and
Ps2. may be substituted at subjctlitable positions with. one or two
or nore predterm ned substituents. Exanpl es of such a
sabstitrent may include a hal ogen atem (fer. esanple, a f) urine
atpr,l, a chlorine aton1 a bromne atom), an al kyl group having 1 to
6 carbon atobs (for - az: anpl e, nethyl et hyl, propyl, isopropyl,
butyl, isobut ty rt.-bu a 'y h= xyl a

or oupeshnpts g ‘33/ B Ml 187 B, e e B
et henyi, 1 prop: Or acmgﬁppenyl) an alkyny| group (for exanpl e,

erhyn:, , | -propynyl” - propynyl), an araihyl group ;for exanple,
benzyl , phenet hyh}, raaqcaagwgeo(ﬁlea, cexanpl e, chsthe. xY, nfeta@%@ment
(Reduced Vi scosity) he ool yl ahenyi ene ether &oserdin to the

pi dt sent emfyodi ment qurefer apliyuthas: a edyced:phdrseosid ye(HsP/ 9w Qs 20
dlig or higher:. Thereby, a poiyphenylere ether having ssffloient

heat resi stiande E, an cbe kobtaiined,an Ubbelohdkeheriterdiet dredocef  under a
viscosity G spio)" refers tp a reogced viscosity at a chl orof of di
sol uti on atccadpaliypheriyl3rie.et her in a concentration of 0,5 g/d0l.2
ander a tenperature condition of 00' Cy

[0022]

{Shape)

The shape of the polyphenylene ether according to
the present embodiment may be powder-shaped or pellet-
shaped, but is preferably powder-shaped.

The polyphenylene ether is preferably a powder
having a volume-average particle diameter of 3 mm or
smaller from the viewpoint of the transportation
efficiency, the meterability in melt kneading with other
components, and the like. The volume-average particle
diameter is more preferably 2 mm or smaller, and still
more preferably 1 mm or smaller.

With the polyphenylene ether particle being made
smaller, whereas the "loose apparent specific gravity"
described later is likely to become lower, the "specific
surface area" described later becomes larger. By
contrast, if the particle diameter is made large from the

viewpoint of improving the handleability of the powder,

the specific surface area decreases.



The pol ypdOonyi ene et her according to the present enbodiic,ent nore
pteferably has a f,--JO UCed ViSCriSity (iisp/c) of 0.25 dE/ g at

hi gher, and still nore preferably 0,23 dt/g or higher., The
reduced viscosity hilsp/c) is a val ae varying dependi ng ou the anpunt
of a good solvent, tho anmount of a catalyst, tho feed ,afount: and
feed rate of an ozygen containing gi:tsgiApolynerization sol ution,
and the concentration of each phenpl corapoand in the

pol ynmeri oati onTherefore, in order to control the reduned viscosity

(1:31-.2./c¢) in %Q@ §E§V9% ggg th%cgcggh%%%%rbc%%kfgt%%ndrh;ons

.fr,ay be regula Han e ‘upper

reduced %)%%%%'nttY gec1 &c grla(;/)r 'oran%?(acrﬂ%l e‘;%ﬂaag:lafl(@ss% (J,:ée the

poi yphenyi ene et her accor to the present e ment is used for

processi ng améaextdrelé%qu'&e@ola@o% O%Héﬂ%lldﬁ?e v RURS B ildl e
dL/clower, :nor,- preferably 1. 0 di,/ g & lower, and still PO

prefer abl ydlaine(ﬂe/roo(ﬂ thewelo,1 vigremitihe, vicewpai @ar&flcﬂ@mﬁsm ng the

drzicf,:::13.SeRiolGng fluidity and the d,ncr,fla.-seprocessabiliiy.
preferably in a range of 50 pum to 2,000 pm, more
preferably in a range of 100 pm to 1,000 pum, and still
more preferably in a range of 150 pm to 1,000 pm.

The volume-average particle diameter can be measured,
for example, by "dispersing" a polyphenylene ether powder
in methanol, and then measuring by using a laser
diffraction particle size analyzer, SALD3100, made by
Shimadzu Corp.

[0023]

(Loose apparent specific gravity)

The polyphenylene ether according to the present
embodiment is preferably a powder having a loose apparent
specific gravity of 0.4 or higher. Thereby, the
polyphenylene ether becomes one which is excellent in the
transportation efficiency when the polyphenylene ether is
packed in a predetermined container and transported, the
meterability when being handled, and the powder
handleability when being dissolved in a solvent. The
loose apparent specific gravity is more preferably 0.45
or higher, still more preferably 0.48 or higher, and

further still more preferably 0.5 or higher.



Additionally, f.f0-"1";:. the viewpoint of c.:- assune the production
time, the tedatred viscosity (.flsp/c) is further prefetably o,ag O
));:f.,,,ef, al:d much twattd: preferably 0.7 dt/g or iwer, The
reduced viscosity can. be obtained bv neasurenent of a chlorsform
solutict) of. a polyphenyiene ether powder in 0,5 g/dl by using an
Ubbel oktl e visctntcr tube under a bobdibion of (t) h ape) The shape
oi :fl1 pslyphenyiene ether accdrail:c) the present enbodi nent Enay
be powder-shapd or pe) shaped, but 15 nreferably powder-shaped-

The pol ybhebyl e e r i referably a _pOMef hav'ind

Vb1 U Sver age DAFLLEPEoaAREE EF Lo H O Smat P oy St RS VARG
of the tran rtati i+CJ Y, t il kel t L hg
wah nt ber cﬁgl%gnt@ﬁ% ttcel}i&%l k(e%%égvﬁsg%#aa%igpelkgéa’r tnllﬁ%?gdw

di ameter i sigmneRr efierabl yoZ-gm o shRliler o and stiddnine . of 100

preferablymmor smaller,
cc in volume.
[0024]

(Specific surface area)

The polyphenylene ether according to the present
embodiment is preferably a powder having a specific
surface area of 1 m?/g or larger from the viewpoint of
raising the affinity for other additives such as a flame
retardant.

Since a powder having a large specific surface area
generally has a large area with which additives having
high affinity for the polyphenylene ether fit, the
affinity becomes high; so the powder has such a merit
that when a polyphenylene ether resin composition is
manufactured, the polyphenylene ether and the additives
can be fed together at the feed time of raw materials.

The polyphenylene ether powder more preferably has a
specific surface area of 2 m?/g or larger, still more
preferably 5 m?/g or larger, and further still more
preferably 10 m*/g or larger.

The specific surface area can be measured, for
example, by BET method. The BET method specifically
involves making a vacuum state at 120°C for 8 hours as a

pretreatment, using the constant-volume method, and



Wth the poi yphenyi ene ether particle beino nade snmaller, whereas the
"l oose apparent specific, dravity" deseribed later *s likely to
becone | ower, the 'specific surface area' described | ater becsnes
|arder. By contrast, if. the particle dianmeter is made | arge fromthe
vl ewpsint of: inproving the handleablity nf ths pswder, the specific.
surface area decreases, FI C-Divlot ke vi ewpoi nt of a bal ance
between the '| oose apparent specific graity' and. the 'specific
snrface area.' described above, the vol ene-average particle dianeter

f th I j 4 i i f i f SO
fo 2,000 b rbre bf erbrabi S i & rheeor TU) o 5 007558 undrt
still nore preferabl yrihn %drs%@@%&%fnpme&r@)el_na%%e is ysEhce Mol-upe aber age

barficle dianeter can be neasered, fNr e-4anple, by "dispersing” a

ol yphenyi eng, etdhesrpowdero ige eefdhanol ,nangbdden. mrassydng by using a
| aser diffraction particde dize anal yfer, akE03100, maci, Ei by

Shi madzu Cosumpfadd coses apparentulspesd hd cn@rewidydpr-mini ThEBEL JAPAN,
pol ypbenyl ene ether according to the present ebbocUent is preferably
a powder havig admose: apparemdmapeci fic gravity of 0,4 or higher.
Ther eby, the pol yphenyi ene ether becones ere which is excellont tn
fhe transpo&Qé%ﬁ]on ef ficiency when the ool yphenyl ene ether is packed
in a predeterm ned. container and transported, the neter ability when
bei ng handl ed, aN§He Fénder chardiceail)i ty when bei ng di ssobcod in e

so'Lvent . The | gase shnaton socellic Se )y i ore proferatly. 4

broferably 8,3 AL 08Tne s oA S0 27R S0 SRSELL g

ET-E, nadeé%%er containing 0.001 ppm or more and less than 1.000
ppm of a metal magnetic material.

The metal magnetic material component used herein
refers to one which is solid at room temperature.

The metal magnetic material includes any of a single
substance, an oxide and an alloy, and also includes one
containing two or more elements. The metal magnetic
material includes, for example, one in which at least one
element is constituted of a transition metal element.

A metal magnetic material is a metal satisfying y >
0 in the following expression.

X is a susceptibility, and is represented by the
following expression (2).

[0026]

[Expression 1]



osokawa M cron Corp.) and using a netal container of 100 cc in

v-oi nme, [0024) fic surface area) The col yphenyi ene et her
according r the pr':iSelli. enbodinent is preferably a powder having
a epecific surface area of 1 nt/c; or larger fromthe m ewpoinr. of
raisin::: the affinity for other additives on.ch as a flane

reCar dant . Since a. powder hay2trio a |arge specific surtace
area generally has a large area with which additinmes having.
noLephenvi Cneetnertxt.the affinity becomes high.; SC, the powder has
such a merit that when it pol yphenyl ene ether resin conposition is
manuf act ured, the polpyphenyi ene ether and the additives can be fed

together ar. thespfee inxgag raw. oaterl ais, The

pol yphenyi ene etfer ggmde re preferably has a specific onxface
area of 2 n2/n or ' r, still iaore preferablyS ra2/q. or |arger,
and further still nore breferablyM-ifg or larQ - The specific

surface areaocan be neasured, for ezanple, by BET nethod.. The BET
met hbd specifically innolves naking a vacuhmstate at 1'"CjYt tor B
hours as a pretfeatirentbousi agprhesconstiant »srepbmeeemethadmaametic
measuri ng an adsorption desorption isothermal curve using nitrogen.
The adsor pflicaetemger atiurte vios uoet; atnd7-H r&rare < sadsordsatet to beeld.
used is nitro%en, The specific surface area is cal cul ated using
BELSORP - nilAiP4SBEL JAPAN, Inc.) for the measurenent _

In the polyphenylene ether according to the present
embodiment, the content of a metal magnetic material is
made to be lower than 1.000 ppm from the viewpoint of
imparting high electric characteristics, even in the case
where the polyphenylene ether is made into low-thickness
molded products and films. The content of the metal
magnetic material is preferably lower than 0.500 ppm,
more preferably lower than 0.200 ppm, still more
preferably lower than 0.100 ppm, further preferably lower
than 0.050 ppm, much further preferably lower than 0.020
ppm, and especially preferably lower than 0.010 ppm.

In the polyphenylene ether according to the present
embodiment, making the content of a metal magnetic
material to be 0.001 ppm or higher can provide the
polyphenylene ether excellent in color tone.

The content of a metal magnetic material in a
polyphenylene ether can be measured, for example, by the

following method.



[002b] ',,Metal magnetic material) rls described above, the
poi yohenyl ene ether according to the present enbodinent is a
pol yphenyi eno et her containing 0.001 ppmor nore and | ess than 1, 000

ppca of a nmetal nagnetic material _ The metal magnetic materi al
conponent. used herein refers to one which is solid at room
t enper at ur e. The netal magnetic-maberial includes any of a

singl e substance, an oxide and an alloy, and. also includes one
containing two or aiOe el enents. The nmet al nagnetlc mat eri al

) h N
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to a centrifugal machine so as to precipitate the metal
magnetic material. At this time, a magnet of 0.5 T or
higher, whose weight has been weighed, is put on the
bottom of a container charged in the centrifugal machine.
Thereafter, a supernatant is discarded; and the magnet
and the metal magnetic material are again dispersed in
chloroform, and subjected to the centrifugal machine so
as to precipitate the metal magnetic material and to make
it adsorbed on the magnet on the bottom. This operation
is repeated several times, and thereafter, the magnet on
the bottom is recovered.

The magnet on the bottom thus obtained and having
adsorbed the metal magnetic material is dried; and the
metal magnetic material contained in the polyphenylene
ether is quantitatively determined from the weight change
before and after the centrifugal separation.

[0029]

A method for regulating the content of a metal
magnetic material in the polyphenylene ether according to
the present embodiment to be 0.001 ppm or higher and
lower than 1.000 ppm may includes the following methods
such as (1) a method in which a polyphenylene ether is

subjected to a contacting treatment with a strong acid,



In the pol yphenyiene ether accord.i.ng to the present enbodi ment, the
content. of a. netal magnetic material is made. to he | ower than
1.000 ppmfromtheof inparting high electric characteristics: even
in. the case where the pol yphehyl ene ether is made into | owthickness
nol ded prod:Jots 3.D.C.: filnms, The content of the netal.
if...agnetic material is preferably Lower.- than 0,500 ppm nere
preferably | ower than 0,200 ppm still. nore preferably | ower than.
0"100 ppm further preferably |lower. than 0,050 ppm nuch further

f bl . t 0..020 .ppl d ially. hrei bly |
pref erabl v Jouet, e, 0:020.p0) v 20 evpecl aly Prelerably | gve
t E i i | ; t al j t i al
present, Snbosl Tk fmid e e SO ank. ol L morel 5, et

excel | ent it-GOIQM L4 magnem% content Eeifel a(ﬁtélmmtiﬁ which
material in a. polypheftvlene et.her can be neasureH, for exanple,

by. the fold gwinghadmtihots et The porephepyl enei . £ dissolvedeip-
chl oroi sr. m whi ch has been passed thr.ourfti a 0.2nmenbrane filter

M || ex3E- (.gl@GHE3,1 inade; -y dvireek g 1hnidpoires )i oranchisubjected to a
centrifugal nmachine so as to precipitate the netal nmagnetic material.
At this timeedcetimgnetedofar®BitT or migherta Wwhosenavei ghndiasr beenare
wei ghed, is put on the. bottomcf. a container. charged in the
centrifagalmimsck) dne.. Thereafter, a. snpernatant is discerded: and
the magnet. and the netal magnetic nmaterial are again dispersed in

chl or ef er m~“@Ad $ijrected A d G He veidnt rd fugandrechite se as to

precipitate the t al etic. material, and to make it. adsorbed. on
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magneti c m%qu%ﬁtifﬁéyﬁégytéggyﬁgﬁ}?fgﬁ#vgggqg%P%?nateriaI cont ai ned

in the polyphe ene ether is gi: _ m ned fromthe
wei ght chanc., - enheforenand aft e, the cents ifug-al, separ atdon,

[ 00291
nitric acid, sulfuric acid, and aqua regia.

The method specifically includes a method in which a
strong acid prepared by mixing concentrated hydrochloric
acid and concentrated nitric acid in a mixing ratio of
3 :1tol : 3 is brought into contact with a
polyphenylene ether.

After the both are contacted for at least 1 min, the
contacted mixture is filtered and sufficiently washed
with water, and thereafter dried so as to obtain a
polyphenylene ether in which the content of a metal
magnetic material is lower than 1.000 ppm.
<Magnetic force separation treatment>

This method is one in which a polyphenylene ether

and a metal magnetic material contained therein are



A nmethod for regulating the cantent of a netal nmesnetic filaterial in
t he pol yphenyien ether according to the present enbodi nent to be
0,001 rpmor highet and |l ower than 1..000 ppm nmay includes. the
foll owi nd net hods such as Li.) a nmethod in which a ool yphenvi ene
ether is subjected to a contacting treatment with a strong acid, 23
) a method in which the :uetal magnetigcg material in a pol ybhenyl ene
ether is siOnected to a seua.r.,Ertion |, reatnent by a nagnetic
force, and ;3) a nethod in which a polyohenyiene et her obtai ned. by

usi nggl ass-ymade ot glass linir-tr eat r ol rlzatlon ank ands
pr edet er ni ne :rr?gcun Yof 'the ﬁ%a‘[géie r?éfli e}/g@i r'e’ ixeo.

<Contacti n en;}.?g;[ s\gutz_{]beﬁ st Hang g%%gd sPeCJ.f-E@aﬁlrg;eH%Q/%llvse one in

whi ch a. p ne et ‘obt'al ne merizin
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Thestrong acid may |ncludes hydrochloric acid, nitric acid

acid, and aguadiec sEiemetihod specifd cal neludes: a m}bﬁhamg/p@n@
strong. acid prepared by m xin concentrated hydrpchlotic acid.
concent r at ed heirt rarel acied rigdtza. MmAKidg.c matdc-iofl by the magnetlc
force. If a powdery polyphenylene ether is used, the
content of the metal magnetic material can be reduced
largely, which is preferable.
<Mixing with a metal magnetic material>

By using a glass-made or glass lining-treated
polymerization tank in a polymerization step of a
polyphenylene ether, a polyphenylene ether containing no
metal magnetic material can be obtained. By mixing such
a polyphenylene ether and a predetermined amount of a
metal magnetic material, a polyphenylene ether containing
a prescribed amount of the metal magnetic material can be
obtained. Although the mixing method usable may be a
well-known method, in the case of using an iron-made
mixing apparatus, no heating is preferable from the
viewpoint of preventing the contamination with metals.
(0030]

The metal magnetic material may includes a metal
magnetic material containing an Fe element. The metal
magnetic material containing an Fe element may includes
an Fe single substance, oxides originated from Fe,

ferroalloys containing Fe as a component, and minerals



3 is brought into contact wdth a nohenyl ene et her. ; After the
both are contacted for at least I mn, the contaoted m xture is
filtered and sufficiently washed with water,thereafter dried so as to
cbtalr. a pol yphenyl ene ether In which the content of a :detail nas.;
netic material is |lower than 1.000 ppm <Magnetic. force separation.
treat ment > This nmethod is one inywhi-ch a pol yphenyl ehe et her
and a netal magnetic. material contained therein are separated.
using a magnetic. force (magnetic force - generating soutce). The

hod fi hi h | Th th
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pl yphenyi eng. idier ﬂﬂ% LAl rgnel S5 aln by 10, mgnet ¢
forcN. ptwdery ool'yphenyi ene ether is sse e conten t he netal
magnet i ¢ matierdidluncan he r educnd, | ar gleﬂah-mmmmpé@éi §IP€%
-(Nxing with a netal magnetic material> By u.,g a. glass -rt e of
gl ass |ini ng-dirgadwd steel of 18% chromium and 8% nickel, magnetite,
magnetic pyrite, ilmenite, hematite, iron ore, siderite,
arsenopyrite, limonite, pyrite, lepidocrocite, goethite
and iron sand.
[0031]

In the case where a metal magnetic material contains
an Fe element, the content of an Fe element contained in
the polyphenylene ether according to the present
embodiment is preferably 0.001 ppm or higher and lower
than 0.100 ppm.

Also in the case where low-thickness molded products
and films are manufactured by molding the polyphenylene
ether according to the present embodiment or a
composition containing the polyphenylene ether, the
content of an Fe element is preferably lower than 0.100
ppm from the viewpoint of imparting high electric
characteristics.

By making the content of an Fe element to be 0.001
ppm or higher, a polyphenylene ether excellent in color
tone can be obtained. The content of an Fe element is
more preferably lower than 0.050 ppm, still more

preferably lower than 0.020 ppm, and further still more

preferably lower than 0.010 ppm.



phlymeri zatinn tank in a polynerization step of a. pclyphenyl nne
ether, a pglypenyiene ether containing nt, netal magnntic materi al
can be ohained. By m xing such a pel yphodyl ene ether and a.
prnCet erm ned anohnt o.f. a nmetal 3T.;agnetic material, pol yohenyi ene
et her containing a prescribed amount of the nmetal magnetic
-if.aterial. can te obtained. Al thoaghothe m xi ng net hod usabl e may
weal - known nmetho(:: in theof usin.g an iron -.T.,ade m xi ng
apparatus, no heating is preferable fromthe vi ewpoi nt of
pre.'rentL&% t@ﬁ contam nation with netals. [CQO30: The net al
magneti c CeriZl may i ncludes 8 netal magnetic material containing
an Fe ea.enent, . The netal magnetic material an Fe eaenent y incl udes
o T AN Fen e e routy

an Fe single suBQFaHSQ, Fg? 3?88tf€8R|EﬁPeP ebyx
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Exanpl ed rher I nc eiron, 1Ir elz rom um steel s of

i i non-el nrom-umalloys, Lhr %’dgugﬁgn&}ﬁ%, L8l Ho11owing method.

i ron-chrom gm ni ckel alloys, ainless steel of 1S%ctiromum
andni ckel , magneti-te, nmagnetib¢ pypblepnkhierinte «thenatiist e, ddondd i e,

c:,iderite" axsenopyrite, linonite, pyrite, |epidoerocite, goethite
and iron samd-=dantt lre icaseHAS cardarehal, magnhetdc: imat efilal e eRntas Neg an.
Fe elenment, the content of an Fe el enment ePntained in the
pol yphenyl €né tetrhert acco?2ding tradeheé ypriesentt enbaodh nenttd s @r0ef erabl y
0, 001 ppm or hipher and | ower than 0,100 ppm
of chloroform is sprinkled on the filter used for the
filtration, and is suction filtered. This operation is
repeated several times, and the obtained filter is dried
at normal temperature and normal pressure.

The filter is immersed in a liquid containing 1IN
hydrochloric acid and 1IN nitric acid to be thereby
permeated with the liquid for 1 hour. Thereafter, a part
of the liquid is sampled, and quantitatively determined
by ICP-MS. The filter is thereafter further permeated
with the liquid for 1 hour; and a part of the liquid is
sampled, and again quantitatively determined by ICP-MS.
This operation is repeated until the value becomes stable,
and a stabilized value is taken as a quantitative value.
At least 500 g is analyzed and an average value is
calculated to thereby determine the content of an Fe
element.

[0033]

In the polyphenylene ether according to the present

empbodiment, the content of a metal magnetic material



Also in the ,..ase where | owtbickness nol ded prodets arid filnms are
manuf act ured by nol di ng. the pol ypnenyi ene ether according. to the
predent enbodi nent or a conpesition epntraining the pol yphenyiene
ether, the content et an Fe elenment id preferably |ower than 0, 100
ppm fromthe viewpoint of inpartinpn electrc 1-:",, making the
content pf, an Fe elenment to be 0,001 ppm. O hlrper, a pol yphenyi ene
ether excellent in polpr Ii(me ean Fe reotai ne6, The rmantent of an
Fe elenent |d nure preferably |ower than 0,050 ppm still nore
prefeYably |ower than 0,020 ppm and further still nore preferably

| ower than G010 FpMaXiT0030] SFE e 6ht entl of" & Feét&IEnshit cont ai ned
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filtration, and i's suction filtefed, This oper,ation IS repeate

several tinmes.alanditheebtal neddidter dise drieghatyhosimedutenpes atyre
and normal pressure- The filter is immersed in alN t,,ydrochloric

acid. and INfmidtd ehaci dhd @dig dereyh perdreat eds whdde thecd i QLigdsf or
1 hour. Thereafter, scent. of the liduid Is sanpled, and

gquanti t ati weldy sthetedgrsi nod by 1P-MS. The filter is thereafter further
permeated with tno liquid. for | hour; and. a part of the liquid is
and. agai n. Quahhitatieehyxdeter vireod thy clfCRHIS,t aTthits: coperiat i on i s
repeated until the value becones stable, and a. stabilized value is
taken as alglirantictlatiisve Yalire .o Atl dreast GO0 ke s anal ydddy andsanving

aver age vaI¥F is calculated to theres determ ne the content of an Fe
el ement , whether the metal magnetic material has passed through a

sieve (mesh) of a sieve opening of 150 pm.

The specific method may include a method in which a
polyphenylene ether is dissolved in chloroform, and
subjected to a centrifugal machine so as to precipitate a
metal magnetic material; a supernatant is discarded; and
the metal magnetic material is again dispersed in
chloroform, and subjected to the centrifugal machine so
as to precipitate the metal magnetic material; this
operation is repeated several times, and a magnet is
approached to the bottom of the outside of the container
so as to isolate the metal magnetic material; and the
metal magnetic material thus obtained is subjected to a
drying treatment and thereafter passed through the sieve
of a sieve opening of 150 pm; and the number of particles

of the metal magnetic material not having passed



; 33l In the poi Taiiene ether according to, the pte5,: ent

enbodi ffient, tne content of a netal magnetic material having a
maxi mum breadth of 150 pmor larger is preferably 0,1 particle/kg sr
lower in fine processing or |ow -thickness nolding, fromthe

vi ewpoi nt of suppressing of clogging of a midind netal nold, r,ding
faults and netal nold danage, and fromghe viewpoi nt of suppressing
def ects when the pol vhhenyl ene ether is nmade into filns and nheets,
That the maxi mum breadth of a nmetal nagnetic material is 1.50 pm or
| arger can be verified by observjng whether the nmetal magnetic
materi al has Spassed ik dgh Va isi eVeidd. 14 nilev & Speniy oft 150 pm
The specific nmhthqod .nay- _i ni.ude met hod in whic.h a pol yphenyi ene
ether is dF@ggF&ég i R *and subjected to a centri fugal
machi ne so as t recipitats.a al magnetic sriel; .a_spernat ant
i s di scarded; aﬁa ?hgrgg?gﬁg%ﬁggg Fccﬁﬁtgpiapfrg igﬁna&i?6§?§%&q n
chl or of or d .subj ts the centrifu F:1.3Chin::;: Sr E:Sto
precipit apléna'?%erlﬁgt éjl%cgs)g)gﬁ@t ic r%ﬁtregr%rall;sg?ﬁelr ﬁalrgtnlcllse /rke%eoa’% elaower ’

several tings, sand a mgnel drs approached L9 dhe hot tiom ofc the
outside of the csntainer so as to iso-iate ths netal nagnetic

material, ' yandcthe petal.imagnet i) MRt /- 1al - dhes old ai nsd-d s-1c/kg

sebjected ts drying treatnent and thereafter hasPed through the sieve

sf a : =, ..iceveofvel.-) 0t he nunber of pa icies of the netal nagnetic

mat eri al not having passed therethrcugh per unit weight or. the

nmet al magnetic Aabtefiyahensleakcaltated,in which the content of a
metal magnetic material having a maximum breadth of 150
um or larger is 0.1 particle/kg or lower can be obtained
by the above-mentioned (method in which a polyphenylene
ether is brought into contact with a strong acid),
(method in which a polyphenylene ether is subjected to a
magnetic force separation treatment) or (method in which
a polyphenylene ether and a predetermined amount of a
metal magnetic material are mixed).

The polyphenylene ether containing 0.001 ppm or more
and less than 1.000 ppm of a metal magnetic material
according to the present embodiment is a polyphenylene
ether excellent in color tone in which the color index
value is low and the change rate of the color index value
before and after heating is low.

Polyphenylene ether is known to be generally colored
by heating when being molded, compressed, or melt kneaded

with other resins and the like. Therefore, a

polyphenylene ether having a lower color index value



prer,erablh the content of the netal magnetic material of 100 p.m or
larger i3 0,1 paKticie/kg rr and still nore preferably, the er,rt, -of
the uletal nagnetic mateKial of SO pmor larger is 0,-1 particlel/kg
A pbl yphenylene 1-sth'E:K in. which. th,:: content of a netal

m agnetic mater-HCL having a maxi num breadth of 150 : Am or | a. Kger
is 0,]. paKticle/ko ,-J.K lower can _rbg by the above-nentioned
;.method in ',,,thich a pol yphenyiene ether is brcught into conta.rrt
wite strong. acid), (neth..cd in which a polychenyiene ether. i3
subj ected. to a nagnetic force separation treatnent'? or LWSPSOPL in
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An example of a typical method of measuring the
color index value of a polyphenylene ether after heating
is a simple method of measuring a color index value (C. I.
heat) of a polyphenylene ether compressed at 310°C for 20
min at a pressure of 10 MPa.

The color index (C. I.) of a polyphenylene ether is
determined as follows.

First, a chloroform solution of a polyphenylene
ether in a concentration of 0.05 g/mL is made by
dissolving the polyphenylene ether in chloroform. The
same chloroform as used for dissolving the polyphenylene
ether is charged in a quartz cell of 1 cm in cell length,
and the absorbance of the pure chloroform by ultraviolet
light (wavelength: 480 nm) is measured, and taken to be 0.

Then, the chloroform solution of the polyphenylene
ether prepared in the above is charged in the same cell,
and measured for the absorbance at 480 nm.

The absorbance of the pure chloroform is subtracted
from the absorbance of the chloroform solution of the
polyphenylene ether, and the difference is divided by the

polyphenylene ether concentration of the chloroform



after heating nakes the pol yphenyl ene ethet better in colnr tone, The
term "pol yphenyl ene ether after heating"” refers to a pclychenyiene
ether after b.:elf kneading, a pnlyllThenyiene ether after nol ding
and a pol yphenyi ene As exanple at a typical. nethbd. of, meabnxing
the color index Yalcn of a. polyphenyleoe ether after heatini is a

sinpl e methnd nf neasuring a. enior index _value C. |I. heat; of a

pnl yphenyl eoe et her onnpressed at 310c,C fct 20 mn at a oressute of
| a The col or index (C ) of a pol yphenyi ene ether is.

detetm ned as foli owb" fitsts a chlnroformsolution of a

pol yohenyl effel Ethet ¢h Ghe cflif?ﬂ:ﬁé?ﬁ?%l’lr%fhe otticos pathe| %u%aa@tbys

di ssol vi ng ychen7l ene eth in_chlorofotrn
phiorofnrrnéﬁiié%éf%ﬁ Ui Ssot Vi ?%e %Dl%nh%%@Wén%fegg%r i s charged

in a. obartn| nrq &eC”1'§ cel | Iength, and the absorbance of the
pnt e chlnté? o ?raV|J?é§ I'i bht mavelengthnn) i s neasuted, and

taken to be CU The cHhen. st %%Q{a&rucg ardn lhlgéh f(é.he%.hheat s

pol ypheoyi ene et her prepare e abnoe e sa

cell, and neastred,foras the, absorbance at 480 o Vlewpgbﬁthe@ngémg?
of the pare ohiornformis subtracted from the absorbance of

chl nt nf or misol 1td onref éﬁ&pﬂa@n}ﬂnyi@npr@ﬁea&blynqi @h@rdabt«@&ence
i s divided by t he pol yphenyi ene ether concentration of the chl or of orm
more preferably 3.5 or lower, still more preferably 3.0,
and further still more preferably 2.5 or lower.
[0034]
[Method for producing a polyphenylene ether]
The method for producing a polyphenylene ether
according to the present embodiment comprises the steps
of polymerizing a phenol compound so as to obtain a
polyphenylene ether represented by the following formula
(1), and passing the polyphenylene ether through a
magnetic separating machine equipped with a predetermined
magnetic force-generating source so as to make the
content of a metal magnetic material to be 0.001 ppm or
higher and lower than 1.000 ppm.
[0035]

[Formula 3]



solution of the pplyphenyl ene ether, and the quotient. is defined as

a color index (0.-heat) of the pol yphenyiene ether, The CO CK
indez -saline after heating C. |I. heat) iS preferably as | ow as
possi ble from the viewpoint of color and specifically, is
preferably. 4.0 or lower, ntre preferably 3,5 or lower, still nore
preferably 3,0, and further still note3preferably 2,S ,-)K |ower,

[ 00341 ; Method for producing. a pol yphenyi ene ether.] The

nmet hod. for producdng a pol yphenyi ene ether according to the present:
enbodi ment. conpyises the steps of polynerizing to phenpl conpound so
as to obtain a poiyphenyl gne ether represented or the follow ng
formula (1), and. passing t he ppl yphenyi ene et her through a nmagnetic
separating machin i-gped with\a tedet er ni ned magnetic
force-generati 0 as to\make the content of a nmetal magnetic
material to or— and | ower than 1.000 ppm 10035-i

| FOrnmula 3] |

[0036]

In the above formula (1), Ri, Rz, R3 and Ry each
independently represents one selected from the group
consisting of a hydrogen atom, a halogen atom, an alkyl
group which may be substituted, an aryl group which may
be substituted, an aralkyl group which may be substituted,
and an alkoxy group which may be substituted.

[0037]
(Step of polymerizing a phenol compound)

First, the step of polymerizing a phenol compound to
produce a polyphenylene ether will be described.

<Phenol compound>

Examples of phenol compounds for production of the
polyphenylene ether may include o-cresol, 2,6-
dimethylphenol, 2-ethylphenol, 2-methyl-6-ethylphenol,
2,6-diethylphenol, 2-n-propylphenol, 2-ethyl-6-n-
propylphenol, 2-methyl-6-chlorophenol, 2-methyl-6-
bromophenol, 2-methyl-6-isopropylphenol, 2-methyl-6-n-
propylphenol, 2-ethyl-6-bromophenol, 2-methyl-6-n-

butylphenol, 2,6-di-n-propylphenol, 2-ethyl-6-



1c the above forma (1),RL.122, and R4 each i ndependently reoresents
one nel ected fKomthe grcYJ...mconsisting of a hydrogen. atom a

hal ogen :::t0T's grou.:.p. which iaay. bean aryl group whieb may be
substituted, an aral kyl ell.oup which nccy. be eobetituteo, and an

al koxy group which may be sobstitateg. iari 371 ofvf..erleing a phenoA

conpound) the step -' coBynericing a phenol conpound
tc. ptoduce a. pol yphenyl ene ether will be described. G ?benol
conmpound> Exanple of phenol conmpounds for production of the

h Ly hen hol
gogfﬂsr ylc?lgf% p haror. s, "%C%’u 60qu1 ’}ﬁ} f%eo y ?z_phen)br opy'h% egc'@
2 -ethyl - .
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pror.--yl pfﬁ@ﬂiyl—%—t@l@&'ph&dﬁ W@?&Qﬂ y1%hen i%hyl -6 -n -
but yl ohehol , 2:6-e. ---propylphenall-ethy -

chi or ophE: mmet&meh@ncﬂ 6-2 ripnemyhipimalel, 2, 5—d1ethylphenol,

2-methyl-5-ethylphenol, 2-ethyl-5-methylphenol, 2-allyl-
S-methylphenol, 2,5-diallylphenol, 2,3-diethyl-6-n-
propylphenol, 2-methyl-5-chlorophenol, 2-methyl-5-
bromophenol, 2-methyl-5-isopropylphenol, 2-methyl-5-n-
propylphenol, 2-ethyl-5-bromophenol, 2-methyl-5-n-
butylphenol, 2,5-di-n-propylphenol, 2-ethyl-5-
chlorophenol, 2-methyl-5-phenylphenol, 2,5-diphenylphenol,
2,5-bis-(4-fluorophenyl)phenol, 2-methyl-5-tolylphenol,
2,5-ditolylphenol, 2,6-dimethyl-3-allylphenol, 2,3, 6-
triallylphenol, 2,3,6-tributylphenol, 2,6-di-n-butyl-3-
methylphenol, 2,6-di-t-butyl-3-methylphenol, 2,6-
dimethyl-3-n-butylphenol and 2,6-dimethyl-3-t-butylphenol.

Particularly since being inexpensive and easily
available, 2,6-dimethylphenol, 2,6-diethylphenocl, 2,6-
diphenylphenol, 2,3, 6-trimethylphenocl and 2,5-
dimethylphenol are preferable, and 2, 6-dimethylphenol and
2,3,6-trimethylphenol are more preferable.

The above-mentioned phenol compounds may be used
singly or in combination of two or more.

For example, preferable are a method of using a
combination of 2,6-dimethylphenol and 2, 6-diethylphenol,

a method of using a combination of 2, 6-dimethylphenol and



cd.i.i.al.,.:TivliDbenol" 2,6 -bis -:",:--LIA oro..:,:phe.nyl)phenol,
2 - methyl -6 -tolyiphen,-)1, 2,1&dit.c)",,, ziptinol,

diriiethyl ohen.01,-trinmeth.viphenol, 2,5 -diethyl.oh.,:inol, 2

-met hyl -5 -ethyiphenoi, 2 -ethyl -5 -nethvlph,anol, 2 -alivl

5-di al l yi phenol p 2,3 -diethyl propyi.ohenol, 2 -nethyl
,---ch.lc.rophf.,nol, brrinophenoi, 2 spgethyl -5 -Isopropyl phencl,
prcpyi phnol, 2 -ethyl -5 -bronpphenol, 2 -nethyj butyl phenol, 2,5 -di
-n 2 - propyl phenol” -ethyl -5 -

chl oropheno) , 2 -. .avathy, -nhenyl nol, 2,5 -d.l|." ohnyl phenti, 2,5
-bis-fl uorgjﬁhe%yq pﬁheéWc;l%equﬁet%ﬁeqﬁéoé toojizﬁsplffé%oal‘ " %lr?atlon of
-ditclyiph Vo - di -3 -all yi phe 2

triailyl phzllo‘idié %ﬁge%dhi{l%eur}o;i‘ p‘%ledno% ’@g%%&@f’%}geﬁ?]ﬂ/fr}%-a

p: 1, athyl phenalog %6 vdind "5 RUM | 53 R o4 thyd Rhenol g1 diapt byl 53
-n -butyl phenci and 2,6 -dinmeth.yr -3 -t.--butvl phenol’,

1:rarticul ar,-Ay-simee thel gk ddiexpat nsive and. eaaily avallabl, 2,6

- di et nyi phenol, 2,6 -dietnyl phenti, 2,6- diphenylphenol, 2,3,6
-trimethyl phsruirhasd 2.i5indi methylsphemnoibe ara qprefalablieynaand, .
2,Gd*neth | phen01l. and 2:3;6- -::_cinet.1l-w phenol are nore
pref erabl e. In plkeocabovepomentsi cionéd phlenpl seeINperunds s nay e
wsed singly. or in conbination of two or nt,re, For exa.inple,
pref er abi . gatde.dd of- wsiawl a Lol abingidty omofo R, 52 ~4i fret hyl phenol and
2,6 -diethyl phenoi, . _ _
trimethylphenol and the like, which are contained as by-
products in production, may be contained.
[(0038]

<Polymerization method>

The polyphenylene ether according to the present
embodiment can be produced using the above-mentioned
phencl compounds by precipitation polymerization or
solution polymerization described below.

[Precipitation polymerization]

In a step of producing the polyphenylene ether, in
the case of carrying out precipitation polymerization,
the polymerization step is divided into the following
stages of an early polymerization period, a middle
polymerization period and a late polymerization period.

Early polymerization period: a period from the

initiation of introduction of an oxygen-containing gas to

the beginning of observation of precipitation.
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yneri nas uci ng the

pol yphenyi ene;jettheroqin the case of carrying out precipitation

pol ymeri zation, the polymerlatien step -hs divided into the follow ng
stages of an early ep@loyneidrzati:an Pefdathd :a dnigddTe, pot yarerizati ofe
berod and a late::erigation pprlodr Early polynerization pefir:d a
period fromhdre the slurry becomes stabilized to the completion of

the polymerization.

In the stages, the time until the precipitation
occurs and the time the slurry becomes stabilized vary
depending on the amount of a good solvent, the kind of a
monomer and the concentration of the monomer.

The precipitation state of a polymer can be suitably
observed visually.

The observation method specifically includes a
method in which the precipitation state of the polymer is
Observed visually through an inspection window of a
predetermined reactor, a method in which a polymerization
solution is extracted from a sampling port to a
transparent container of glass or the like, and the
precipitation state is observed visually, and other
methods.

With respect to an indication to start the visual
observation of the state of the polymer, depending on the
amount of a phenol compound contained in a polymerization
system and also the amount of a good solvent or a poor
solvent to the polyphenylene ether, the precipitation of

the polymer starts to be cautiously observed preferably



inj Lvatiof of lu,truudifftion of an ozygen-ccntaining gas to Lire
begi nni ng of observation of precipitation, i ddl e

pol ynmeri zation period a period fromthe start of the precipitation
uhtli a slurry beconea stabilized, Late pol ynerisation period' .
a period fromthe time when the slurry becones stabilized to the
conpl etion of the polynerization. - 35lnA the stages, thetine

J.J, TW.1ld. the prelpitation occurs and the tinme the alurry becopes
stabilized vary depehdi ng on the anphnt of a good solvent, the kind
of a nono nd .t:he i f ot - oI'h
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..1...haly: sisation solution is estracteg froma sanpling port to a
t ranspar entracont aiepetheaf Sgltass or the like, and the precipitation
state is observed. viasallys and ot her nethods, respect
to an iodisationntohst arept hé visdwakrobsepvahieopodfyphke yseate cofhetrhe
po ir,.,r, depending or: the anount. of a. phenol coirm',.E. :b

cont ai ned PR TFGINFere- A8 emickicgs: ts yetoe ladi tal so rchle/mamoiuatt iofn i t
good soIvth or sport solvent to the polyphenyiene ether, the

pr eodpi t at "6/ Tof St ke SFSIPRES Sthart’s Fo HHe cauticustBE CsSdra e has
pref, E rab not until .the polynerization ratio reachos (9,s, nore
preferablykﬁgp.O%ﬁﬁﬁwephénp@y 'XEﬁﬁ%ﬁ?q%ﬂq(?9%¥ﬁﬂ$estgﬁ©b and stil

v, b S LR WL Uhe ol IRl salion, T 0 setehen Otey

in the ste raolymerizing e pc yphéﬁ§1 acc

present emodiment.c a pol.yer sati.on, forw.iis. preferable.d o i ch al so

after precpitation has been observe a polynmeri ( vent, the
pol ynmeri zatbep ks ceciiat ithged Wd b e Hriecipidatian hei ng mai nt ai ned.

in the mddl e polynerization. period, and conpleted in the late

pol yneri zation. Ipeth@dprecipitation polymerization, use of a poor
solvent having a high hydrophilicity is likely to easily
reduce the amount of metal magnetic material foreign
matters included inside the polyphenylene ether resin
particle. Examples of the poor solvent having a high
hydrophilicity may include methanol, ethanol, propanols,
butanols, pentanols, hexanols, ethylene glycol and
acetone. Particularly solvents miscible with water in
any proportion have a high hydrophilicity, and examples
thereof may include methanol, ethanol, propanol and
acetone. These poor solvents may contain water.
[0039]

[Solution polymerization]

A polymerization method, in which when the

polyphenylene ether is produced, a state that the



In the precipitation polymaduhi-irilon."™ use of a poor solvent having
a high hydrophilicitv is likely to. easily reduce the anpunt of netal
magnetic material foreign matt,..iu:s included inside the

pol yphenyi ene ether resin particle. Exanples of the poor solvent
hayi ng a high hydrophilicity ney include methanol, etnanoi,

propancl s, butanols, pentanols, hesanoBs, -ethyl ene gl ycol and
acetone. Pattioulaxly solvents nuseihie with water in any proportion
heve a hi gh hydrophilicity, and exanples thereof may include
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After the completion of the polymerization, the
polyphenylene ether can be isolated by a method of adding
a poor solvent to the polymerization solution in which
the polymerization has completed, a method of drying the
polymerization solution, or other methods.

In the solution polymerization, use of a poor
solvent having a high hydrophilicity as a poor solvent
used when the polyphenylene ether is isolated from the
polymerization solution in which the polymerization has
completed is likely to easily reduce the amount of metal

magnetic material foreign matters included inside the

polyphenylene ether resin particle.



In the case where the solvent is oixhd. with wathr I n an opti onal
propottion, and US:::d., thb solvent having a hiG hYdraphiliCty ja
preferably used, and such a sPivent may I|nclude netnanol, ethanol,
propanol and aU. etone, Since a netal magnetic oaterial has a.
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hydr ophi licityprecipitation pblynerizatiyon and the sol ution
polyneritation is IL] sly La easly disperse the netal nagnetic
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whi ch ozygen and an inert gas such as nitrogen. are Tfli.Xed in an
opti onal prael tomoriteriaon,praigqrita gas ard wieh, ithe angvant i nevingas
such as nitrogen. or a rare gas aro mxed in an optionel itoportion,
and the |iKeggh hydrophilicity is preferably used, and such a

solvent may include methanol, ethanol, propanol and

acetone.

[0040]

Since a metal magnetic material has a high
hydrophilicity, use of a poor solvent having a high
hydrophilicity in the precipitation polymerization and
the solution polymerization is likely to easily disperse
the metal magnetic material in the solvent rather than to
cause the metal magnetic material to be present inside
the polyphenylene ether resin particle. Use of the poor
solvent having a high hydrophilicity in the precipitation
polymerization and the solution polymerization makes the
removal of the metal magnetic material easy.

[0041]

In the polymerization step of the polyphenylene

ether according to the present embodiment, in any of the

precipitation polymerization and the solution

polymerization described above, the polymerization is



The pressute in the polynerization reactic.n syctemduring the

pol ymeri zation reaction may be normal pressure, but as reguirod, the
pressure usable may he a reduced presnufn or an el eyateg pressure,
The feed rate nf an oxygen-contai ning gas can be selected optionally
in consideration of the heat renoval, the polynerization vate and thn
like, but. iS preferably NmE/ min or higher, and nore preferably. 10
N/ m n cr higher, in terns of pure :oxygen per J. mmi of a phenol
conmpound used in the polynerization, [0042.; <7:ni:Uivese To the

pol ymeri zati o reaction sytten(of the polyphenyl ene ether according
o The pr oRART 2Ly, (A bty da A T S e i B4
hydroxideskgﬁ_ét%%kjne metal s., hydroxions rf alkaline earth netals,
al kbxi des of alkalire metals, neutral alts such, as magnesi um sul fate

and. cal ci um chkgekd. tt5,80d 200kt 8.y gen—confaiSUREACLANL o pure
obnenric:naily ;mown ta have an effec¥ of ., 1-,,roying the

pol yneri zatdqy@et, i i tga My, fvﬁi’itch*?'b)?@ge@fjm t0, tihes palyueerd .zat i on
solment, 1-1:xanples of snch a surfactar, nmay include
trioctvi methylrameonizum efilard de knowptas Al 1l quatdds- tainch CapRi quatgas
1.-,.rade nane, made by. Dolindr, Laboratar-les), The use anountan
additis'e ils1 prhefoér ablry aiml tehe imange gral igldeedimie: r Q% dy amassre
wh gas are mixed in an optional proportion, and the like.
The pressure in the polymerization reaction system
during the polymerization reaction may be normal pressure,
but as required, the pressure usable may be a reduced
pressure or an elevated pressure.
The feed rate of an oxygen-containing gas can be
selected optionally in consideration of the heat removal,
the polymerization rate and the like, but is preferably 5
NmL/min or higher, and more preferably 10 NmL/min or
higher, in terms of pure oxygen per 1 mol of a phenol
compound used in the polymerization.
[0042]
<Additives>
To the polymerization reaction system of the
polyphenylene ether according to the present embodiment,
additives may be added, such as hydroxides of alkaline
metals, hydroxides of alkaline earth metals, alkoxides of

alkaline metals, neutral salts such as magnesium sulfate

and calcium chloride, and zeolite.



respect to the toanount of the palynerieatj,,an reaction raw
material, <Catalyst> 'In the polynerization of Lpolyphenyiene ether
accerdind La the present enbodinent, a predeterm ned catalyst Is
preferably. used. Catalysts usable are well-known catal yst systens
general ly used in production of pal yphenyi ene et her. Ezanpl es
t hereof may include catal ysts canpasedsof_a transition netal -1on
hayi ng the redo2 ability and an am ne conpaund capable of fprmng a
conplex with the transition nmetal ion, and specifically may include
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thereto A suitable catalyst. In the pelynmerizatirin step o

pol yphenyl ene retheh raeeer difdd t@ tthe Rresent: remodidrent Jry.+ Ngd udb
a catal yst containing a copper conmpound, a halogen conmpound and a

di ami ne chmpund represent-ed dy arhe d@iHioWa g wgener alafor mi@: (13) as
OaxtSt.i. t it. JConprinenta, [00441
Dojindo Laboratories). The use amount of an additive is
preferably in the range not exceeding 0.1% by mass with
respect to the total amount of the polymerization
reaction raw material.
[0043]

<Catalyst>

In the polymerization of the polyphenylene ether
according to the present embodiment, a predetermined
catalyst is preferably used. Catalysts usable are well-
known catalyst systems generally used in production of
polyphenylene ether.

Examples thereof may include catalysts composed of a
transition metal ion having the redox ability and an
amine compound capable of forming a complex with the
transition metal ion, and specifically may include
catalytic systems composed of a copper compound and an
amine, catalytic systems composed of a manganese compound

and an amine, and catalytic systems composed of a cobalt

compound and an amine.
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Since the polymerization reaction progresses
efficiently under a slightly alkaline condition, an
alkali or further an amine may be slightly added thereto.

A suitable catalyst in the polymerization step of
the polyphenylene ether according to the present
embodiment may include a catalyst containing a copper
compound, a halogen compound and a diamine compound
represented by the following general formula (3) as
constituting components.

[0044]

[Formula 4]

[0045]

In the above general formula (3), Rs, Rg, R7 and Rg
each independently represents one selected from the group
consisting of a hydrogen atom and straight-chain or
branched-chain alkyl groups having 1 to 6 carbon atoms,
and all thereof are not simultaneously hydrogen; and Rq
denotes a straight-chain or branched-chain alkylene group
having 2 to 5 carbon atoms.

[(0046]



An usabl e exanpl e of the copper conpound constituting a catal yst
conponent may include a cuprous conpound, a. cupic conmpound or a

m zture thereof. E, zanpl es of. the cutarous conpound nay
i ncl ude cuprouo chloride, cuprous brom de, cdprous sulfate and
cuprous nitrate. Exanpi es of the cupric conpound may i ncl ude
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chl oride, cupric chloride, cuprous brom de and cupric |hrtm de,
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chloride, cuprous bromide, cuprous sulfate and cuprous
nitrate.

Examples of the cupric compound may include cupric
chloride, cupric bromide, cupric sulfate and cupric
nitrate.

Above all, especially preferable copper compounds
are cuprous chloride, cupric chloride, cuprous bromide
and cupric bromide.

These copper compounds may be synthesized from an
oxide (for example, cuprous oxide), a carbonate salt, a
hydroxide and the like, and a corresponding halogen or
acid. For example, one copper compound can be
synthesized by mixing cuprous oxide and a solution of a
hydrogen halide.

[0047]

Examples of the halogen compound constituting a
catalyst component may include hydrogen chloride,
hydrogen bromide, hydrogen iodide, sodium chloride,
sodium bromide, sodium iodide, potassium chloride,
potassium bromide, potassium iodide, tetramethylammonium

chloride, tetramethylammonium bromide,

tetramethylammonium iodide, tetraethylammonium chloride,
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phenol conponoa to E, 2anpl afs of the aiam ne conpounds
tebt esent ea by thesabbueogenetahpbanapl segybenckddosingly or in
combination of two or more.

Preferable halogen compounds are an agueous solution
of hydrogen chloride and an aqueous solution of hydrogen
bromide.

The use amount of the compound is not especially
limited, but is preferably 2 times or more and 20 times
or less in terms of halogen atom with respect to the
molar amount of copper atom; and the preferable use
amount of a copper atom is in the range of 0.02 mol to
0.6 mol with respect to 100 mol of a phenol compound to
be used.

[0048]

Examples of the diamine compounds represented by the
above general formula (3) may include N,N,N',N'-
tetramethylethylenediamine, N,N,N'-
trimethylethylenediamine, N,N'-dimethylethylenediamine,
N,N-dimethylethylenediamine, N-methylethylenediamine,
N,N,N',N'-tetraethylethylenediamine, N,N,N'-
triethylethylenediamine, N,N'-diethylethylenediamine,
N,N-diethylethylenediamine, N-ethylethylenediamine, N,N-
dimethyl-N'-ethylethylenediamine, N,N'-dimethyl-N-

ethylethylenediamine, N-n-propylethylenediamine, N,N'-di-



tetrsnet hyl et hyl eneal am ne, trinethyafthyl enedi am ne,

N, Nb- di net byl et byl ooedi am oe, N-, Nedi bet hyl ft hyl enedl am ne,
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N, N- ai et nyl . et hvi sof t herme, ei - et hel et hyl enedi am na, N, be
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":,,C -alinethyl-Nfthyl et hyl eeedi andne, Nen- propyi et hyl enedi anl ne,
n- propyl et hyl enedi am ne, N—i-oropylothylenedianine a di

t.hyl
2Ruty) at hy | ored aanes g i T Lyt i e e Lo R
- butyl at hvignedigmi ne, o Nt fgﬁgdﬁéﬁngquql rﬁ€ﬁ%%enéﬁlamlne,

-t-butyl et hyl enedi am ne, -tetra al, 3 adia opane

N, N, N at ri fif,,xet-hyl -l 3redj sard Imr&url\é Ny-=digethyd e s Shediamine,
-di ami rbpropane, N -methyl- di ani noprbpane, N, N,Ns, W -tetranet hyl

-1, 3 -di ammal ki iretdryl probanth ed et anet hylt - ﬂué&kéﬂﬁyﬂéﬁbdﬁamlne,

nmet hyl propane, -tetranethyl -1,4 -di am nbbht anc
N,N'-di-t-butylethylenediamine, N,N,N', N'-tetramethyl-
1,3-diaminopropane, N,N,N'-trimethyl-1,3-diaminopropane,
N,N'-dimethyl-1, 3-diaminopropane, N-methyl-1,3-
diaminopropane, N,N,N',N'-tetramethyl-1,3-diamino-1-
methylpropane, N,N,N',N'-tetramethyl-1,3-diamino-2-
methylpropane, N,N,N',N'—tetramethyi—l,4—diaminobutane
and N,N,N',N'-tetramethyl-1,5-diaminopentane.

Preferable diamine compounds are ones whose alkylene
group (Rg) connecting two nitrogen atoms has 2 or 3
carbon atoms.

The use amount of the diamine compound is not
especially limited, but is usually in the range of 0.01
mol to 10 mol with respect to 100 mol of a phenol
compound to be used.

[0049]

Then, other components constituting the
polymerization catalyst will be described.

In the polymerization catalyst used in the
polymerization step of the polyphenylene ether, in
addition to the above-mentioned catalyst components, for

example, a tertiary monoamine compound or a secondary
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al i phatic terdgesxy am nes including. allcycltc tertiary am nes,

The tertiary monoamine compounds are aliphatic
tertiary amines including alicyclic tertiary amines.

Examples thereof may include trimethylamine,
triethylamine, tripropylamine, tributylamine,
triisobutylamine, dimethylethylamine, dimethylpropylamine,
allyldiethylamine, dimethyl-n-butylamine,
diethylisopropylamine and N-methylcyclohexylamine.

These tertiary monoamines may be used singly or in
combination of two or more. The use amount thereof is
not especially limited, but is preferably 15 mol or less
with respect to 100 mol of a phenol compound to be
polymerized.

[0051]

The secondary monoamine compounds applicable are
secondary aliphatic amines.

Examples thereof may include dimethylamine,
diethylamine, di-n-propylamine, di-i-propylamine, di-n-
butylamine, di-i-butylamine, di-t-butylamine,
dipentylamine, dihexylamine, dioctylamine, didecylamine,
dibenzylamine, methylethylamine, methylpropylamine,
methylbutylamine and cyclohexylamine.

As the secondary monoamine compounds, ones

containing an aromatic also are applicable.
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, aonpocnds,N-oneE's, €'ont iaidt Mgl predn @r odet 4 1€o pdison@y ev-appl i cabl e,
chlorophenyl)ethanolamine, N-ethylaniline, N-butylaniline,
N-methyl-2-methylaniline, N-methyl-2,6-dimethylaniline
and diphenylamine.

The above-mentioned secondary monoamine compounds
may be used singly or in combination of two or more.

The use amount of the secondary monoamine compound
is not especially limited, but is suitably 15 mol or less
with respect to 100 mol of a phenol compound to be
polymerized.

[0052]
(Step of recovering the polyphenylene ether)

After the polymerization reaction of the
polyphenylene ether is carried out as described above,
the obtained polyphenylene ether is post-treated, and
recovered.

The post-treatment method after the completion of
the polymerization reaction is not especially limited,
but usually involves adding an acid such as hydrochloric
acid or acetic acid, ethylenediaminetetraacetic acid
(EDTA) and its salt, nitrilotriacetic acid and its salt,
and the like to a reaction liquid so as to deactivate the

catalyst.
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preferably repeatedly carried out.

Thereafter, by carrying out a drying treatment using
a drier, the polyphenylene ether can be recovered as a
powder.

[0053]

The drying treatment is carried out at least at a
temperature of 60°C or higher, preferably 80°C or higher,
more preferably 120°C or higher, still more preferably
140°C or higher, and further still more preferably 150°C
or higher.

If the drying of the polyphenylene ether is carried
out at 60°C or lower, the content of aromatic
hydrocarbons in the polyphenylene ether cannot be
suppressed to less than 1.5% by mass efficiently, and
there arises a risk of generating odors at heat
processing.

In order to obtain the polyphenylene ether highly
efficiently, effective are a method of elevating the

drying temperature, a method of raising the vacuum degree

in the drying atmosphere, a method of carrying out



Ther eafter,
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the polynerization is in a. state that the :cilyphenyiene ether Is
precipitated, in order to clear and renove the catal yst, a cleaning
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The drying treatnent is carried our at. least at a
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suppressed te, less than Lit by mass efficiently, and there arises a
ri sk of generatrnag dedans; atctsatrdfdd6:5108LX0 a mixer concurrently.

The mixer includes a stirring-type drier and a tumbling-
type drier. This can make the processing amount large
and the productivity high.

The drier specifically includes a paddle-type drier,
a rotary drier, an SC processor, a KID drier, a ribbon
mixing drier, a rotary kiln and a multi-fin processor,
and the stirring-type drier is especially preferable, and
the paddle-type drier and the SC processor are preferable.
These can produce the polyphenylene ether more suppressed
in scattering and dusting and excelling in powder
handleability.

[0054]

The polyphenylene ether obtained by the above-
mentioned production method is preferably a powder before
and after a step of passing the polyphenylene ether
through a magnetic separating machine described later.

By passing the polyphenylene ether in a powder state
through a magnetic separating machine equipped with a
predetermined magnetic force-generating source as
described later, the content of a metal magnetic material

can be controlled at a very high efficiency.
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progehsor Ol%b rpleh 13 rh(rél rYlie’ne et‘?%%t %o‘ﬂd fgsl%gg)%ﬁ r]}%‘ et arﬂTe?r and

thh padd|esh%QQeqr'hﬂl@ﬂguéﬁgdé end@nereﬁehﬁ@hpékglgﬂ%fQ&%QIe Tt hge
gah produch the pol yphhnyl ene h ? hgr nore sopptpsshd in scatthtihg ang

dpgting andihxelilbingon) powdere hand eat yohe pddQBY is largH® than 3
pol yphenyi ene hther obtained by ' MP above-nentioned. prcé%gtlon

nmet hod i s ptref ehabloywaepowder; sbefrer maama: taet hiea httepmofmpashiap ¢he
pol yphenyl enh et her through. a magnetic shparating ruachi nh ghscri bed
| ater. hanm)ingagslsmlgftirﬂiepﬁl yptthmdsene et roeec powdeti st arplt,
throogh a ,a.c..Tt?.tic separaPi ng magThnh egni pphd with a
phedeternlﬁﬁg ﬁ&gﬁﬁﬂ@ﬁ putien efgenheatt my droutide alnadésct ilbedbriat er
thh nh:.--d-, nt he a netal magnhtic material can be controlled at
a 'yphy h|&HféFFPF§enc§he YAl VRFsEHBT9EFuRB T avEer-8ge 1 partEe] é Sdirasst er

preferably 2 mm or smaller, and still more preferably 1
mm or smaller.

With the polyphenylene ether particle being made
smaller, whereas the loose apparent specific gravity
described later is likely to become lower, the specific
surface area described later is improved. By contrast,
if the particle diameter is made large from the viewpoint
of improving the handleability of a powder, the specific
surface area decreases. Therefore, from a balance of the
both, the volume-average particle diameter of the
polyphenylene ether particle is preferably in a range of
50 pm to 2,000 pm, more preferably in a range of 100 um
to 1,000 pum, and still more preferably in a range of 150
pm to 1,000 pm.

A method for measuring the volume-average particle
diameter involves, for example, "dispersing" the

polyphenylene ether powder in methanol, and then



of the pol yphenyl ene ether pewdet is mcferabi 3mmer smallet,

Al t hpugh depending on. the pi,..:rticle sire distribution, if the
size of the pewder is larger than t he powder clees the nmagnetic
separat...--..,g machine: so handling. a sufficient processing anount

becones difficult, and cartyi hg out an efficient precessing nethod
Pecenmes difficult- The volur:e -averageoparticle diameter is Morr:i
prefrably 2 mmsnmallet, and still nore preferably :1. mmor SIP:. |lee
pol yphenyl ene ether particle being made small etd whereas the | oose
appatent specific gravity .described |later_is |ikely tu beconethe
specific sﬁnrefaéscuerla }ydelgsclrr}%ead Tater ngsfrf-lia 1}30%&?%%1% ntTast, if
the particl ggﬂgyer i I t i i nt bf tnproving
t he handl eaaglla\ql ty of Ssz?)Do er’, t Cgeesgﬁ;em l|I$(;‘Ljeds%drfac area decreases.
Therefete, fgwmia bal ance of the both, the volume-aye:age particle
di aneter of the pol yphenyiene ether particle is preferably in a.

range of '00 inThe 2,000 apgsuar@%tte sRreficirablrsiin aate X0Q ni to 1, 000
kin, and still nore preferably in a ranee cf 150 te 1,000

met hod f or greagurdmg drifee arolauneraveragerparyi cl € draneyeeri nvohvespy,

for exanple, 'dlspersin5)' the polyphenyl.ene ether pewdet 1;1

nmet hanol , aveert Here polyphenylene ether is processed using a
magnetic separating machine, a practically sufficient
processing amount can be achieved. The loose apparent
specific gravity of the polyphenylene ether is more
preferably 0.45 or higher, still more preferably 0.48 or
higher, and further still more preferably 0.5 or higher.

The loose apparent specific gravity of a the
polyphenylene ether can be measured using a powder tester
(Powder Tester Type PT-E, made by Hosokawa Micron Corp.)
and using a metal container of 100 cc in volume.

[0056]

The specific surface area of a particle constituting
the polyphenylene ether powder is preferably 1 m?/g or
larger.

A powder having a large specific surface area is
generally chemically active, and makes it easy for a
metal magnetic material having a low affinity for the
polyphenylene ether to be separated therefrom, allowing
efficiently controlling the content of the metal magnetic

material.



measuring by using a laser diffraction particle size analyzer,

SALD3100, nmade by Shimadru Corp. [00551 The | oose apparent
specific gravity of the pol yphenygone ether is p:referably 0,4 or
hi gher, Thereby, when. the pol yphenyl ono etbef -1:::. processed.

using a nmagnetic separating nacnine, a practically sufficient
processi ng anmount can be achi eved. Thesboese apparent speN-ific
gravity of tho pol yphenyieno ether is nore preferably 0,45 or: higher,
still ittoro preferably 0,48 or higher and farther stiII nor e.

preferably 0.5 aif Bightec: eic UG 005 Apnar enl, specitic, of ayi Ly

of a the polyphenylene her nmeasured usin

(Powder Testier lype - fsiaib - mRde. by, I"Qfél}heaﬂ\?tt 0%%§ifbf§9nbg0£8movélad

usi ng a netal contalner of 100 cc in vo The specific

surface arearofciaparg o cgpﬂsgiéa&talngy thes polys g ¥l enec et ek« powder
is preferably 5 M2./g or ?; powder haying a |large specific

surface areadrsetgeneialdwy: cheim catdyracdd vens andl makesaitieasychohoa
fletal nagnetlc material having a low affinity for the pol yphenyi ene
, . 2. Lh,:.: Kd acdoiseparnat edf T h@dntQra; dhlaawing efifricei entd ylarger
controlling the contont of the netal magnetic :::f2,c.j.
the specific surface area, a metal magnetic material is
likely to be more easily removed, the specific surface
area is more preferably 2 m?/g or larger, still more
preferably 5 m?/g or larger, and further still more
preferably 10 m?*/g or larger.
The specific surface area can be measured, for
example, by BET method. The BET method specifically
involves making a vacuum state at 120°C for 8 hours as a
pretreatment, using the constant-volume method, and
measuring an adsorption desorption isothermal curve using
nitrogen. The adsorption temperature is set at 77K, and
an adsorbate to be used is nitrogen. The specific
surface area is calculated using BELSORP-mini (BEL JAPAN,
Inc.) for the measurement.
[0057]
(Step of removing a metal magnetic material in a
polyphenylene ether to obtain a polyphenylene ether
having a content of a metal magnetic material of 0.001
ppm or higher and lower than 1.000 ppm)

The polyphenylene ether obtained as described above

is passed through a magnetic separating machine equipped



If the specific surface area is smaller than I the netal magnetic.
materi al may not possibly be renoved - efficiently, and. particularly
the renoval ef the ictal magnetic material incbrporated inside the
parti bl e canpbt be carried eut efficiently. That is, since the |arger
the speci.fic surface area, a netal maenetib material is likely to be
nmere eerily reneved, the specific surfgce-area |le nere preferablye/g
or larger, still nore prefeeably 5 M2Iq br larc:e.r" and further
still. mere preferably 10 m2/o0 or larger.. The epecific eurface
area can b%,ir{_%asaur ed, . f.or_exanpl e BET. net hod, The BET net hod

b
epeoi fi cal I'y i hvelVes fakihe’ n%a&nu%ﬁle% AT @t 10T on% torhetrs°as

a pretreat rgésnt | ng; ]ﬁm-v ]{’%_t . and nﬁﬁ%g g.ca
adsbrptien _esteor [t)btsdl en r|¥ gdgtélée)lﬂaéa c%;lreﬁrleéjg n W%?log n. The all(!]go?f)t |Qon
t enper at uxeds; 1Sefa e tilKmAnd- an. adeprdym g, be- usedhds Mhgrogen.
The spebife surface area is palpulnted using. }F..E LSORP -m ni (BEL

JAP-1,.0, Ihan f.arod hedeasui enent, 1.0057.) (5tep ef renoving a
metai. mignetic material. in a pelyphenviene ether to obtain a

pel yphenyi ene hayi ngeCnaconrttent sefosaanetal mmgnetd wdwmiterddalwiofh 03 001
ppm br higher and | ower than 1.000 prim The pedypenyi ene et her
obt ai ned as rdesdrd heidhcabovern S passed: e tdwotght angagnet ¢€, separat cae
machi ne equi pped wth a predeterm ned magneti c force-generating
source so &% tFobtdiTF alhpol yphenyd ener ethere Navy hgd a2 cont ent of a.

nmetal magnetic material of 0.001 ppm or higher and | ower than 1.000
ppm predetermined passage where the magnetic force-generating

source is arranged, and examples thereof include a Magnet
Separator made by Daika Co., Ltd., a Magic Catch made by
JMI Co., Ltd., and an Electro Magnetic Separator made by
Nippon Magnetics, Inc.

By passing the polyphenylene ether through the
magnetic separating machine equipped with the magnetic
force-generating source, the metal magnetic material
contained in the polyphenylene ether is adsorbed by the
magnetic force-generating source, and the content of the
metal magnetic material can be controlled.

The magnetic force-generating source may include
permanent magnets and electromagnets, but is preferably
an electromagnet from the viewpoint of the intensity of
the magnetic force, and the easiness of recovery of the
metal magnetic material.

[0058]
With respect to the magnetic force of the magnetic

force-generating source, a higher magnetic force of a



As the magnetic separating machi ne equi pped. with a predeterm ned
magneti c fcrce-generating source, there can be used ones which have
a.structure haying a predeterm ned passage where the nagnetic
force-generating source is arranged, and ozanpi es thereof inelsde a
Magnet Separator made by Daika Cb,, Ltd., a Magic Catch nmade by JM
Co.. Ltd" and. an. Eleotro Magnetic Separator nmade by N ppon
Magneti cs, 0..).ssing the polyrhenvl ene ethgtf thrbuct the
magneti ¢ separating nachi ne equi pped with the magnetic

ragnet arati ne ed _ nel L
the. Col ypheayTBhd SherT's Broct bed Byt RE TRgrel] €'Y OREe Gnarat i ng
source, andhe GENLRAMSAf IR I alndNetid JBLRId Al LaMder i a1

controll ed. € magnetic force-generating source 'say inc

per manent magnetswand elreetdRmagnets; e duty, iserief erablye@ magnetic
el ectromagnet fromthe viewpoint. of the intensity of the magnetic

forc.,,, anmdittche sggsiaressiof megovery ofrdde nmetral ddgipsmets]. . n
material. 1005; i:-.11.1th respect Co the nagnetic fprcetne nognetin
f or ce- generatdfrg eguer de,6 & hirgherghmagnetd e froreeeofolay hEgretozed
portion in a repion Were the poiyphe /iene ether j passed thtongh
and the netalghvagnettiic:! matrer iralefissralely Dv:S (1 dr Fiiplmore effilcéent |y
renove the netal magnetic materal, and the magnetic force in the
region is préfigrablly 0.-6 T off Kiigher:, mst% pref erabtien.oraf erably

hi gher, still. mete preferably 0,9 T or higher, ftfizthe preferably
1.2 T or hilger, %nd further preferably 1.6 T or higher,

By passing the pel vpheuyl en, ether through a. region, magnetized by the
magnetic force Bb’eﬁgfggtl%ﬁgtggupc%yp eﬁéﬁ&ln.e r‘?&g%ét i rr?g’tgzlr i“al” Car 'be
adnor bed, ; i t.ho n I ng. e L yphenyi ene
ether to the grrrlggtnlgtze ?fg%s}gz%%fatn?ar%% én!}aéghgo%re?%éé{eélnf& ngﬁins@%%ggtr%et ate

ef the magpeti-Q $ERAALINMIRCHINE cBYLd Nel4ige, & methed. in. which a
magneti c separating nachine hatiing a predeterm ned. passage equi pped

ejth. a magneti gxbopl esgenetatichgorDance sipasetg and the yphenylene
pol yghenyi ene ether is nmupttLLed frem an upper portion of the passage
and is all enedrt ad nee ywaaJdetic separating machine, depending on
the structure of the magnetic separating machine, may
include a method in which a magnetic separating machine
having a predetermined passage equipped with a magnetic
force-generating source is used, and the polyphenylene
ether is supplied from an upper portion of the passage
and is allowed to freely fall.
[0059]
The shape of the magnetic force-generating source
may be of any shape such as a cylindrical shape and a
coil shape.
As the magnetic separating machine, for example,

there can be used one having a structure in which a

cylindrical coil to generate a magnetic field is



[ 0059-: The shape of the magnetic force-generating soutce hgpe such
as a cyindrici shape and a coil shape, r,.s the magnetic
separating. machine, frn- exanple, there can be used one haying a
structure in which a. cylindrical coil to generate a magnetic field
is installed and a slit-shaped magnetic material filter is disposed

in the cylindrical bodv. The magpetic material filter assunes a
magnetic lorce by a magnetic field generated lay the coil, and this
beconmes a magnetic force -genetating source. Spaci ngs of the.

magneti c f%%%&%"i{’lﬁf t%tn:dg% YCE hta*bger%?{]é g"?{?eitci'% n{:a;[hcee PR Tﬂeﬂ%’é % o

ether is passe a , Spaci ngs magnetic matecial f*
are defined,; by spacings, of- Mar] %atly%%%gpf penettatipn gaps of

lattices, slits, parse nmeshes and the I'ike constituting the magnetic

material filLMnehecandgaceipt gherabby 5 1mm-oL ssiklsens, niRHetic _
preferably 10 mnmod smallet, still note pceferabiy 7 mmor :nmallein.

and furthertcstdd Ibymer enclgrieefier alley b Jgesicaxr Fesmal lere ddiom thed this
vi ewpoi nt pf the renovai efficiency of a netal. nmagnetic mattial,
The shape ofcarmagretiagrfaorice fogenergatriariat85g (ra@s?2€l8 . 05) t
[iMtt:::d to the structure as descri bed above in. which a
slit-shaped naghetirenpat efi ahef nbgeetiis diogpe—omed red iadcyloindrE cal .
hody, and may ne a t.C 2,-)U-:ar struct,,..,D=., in whlc'n no

sl i t - shaped ragrét i“é It érficalpo lvidheeyy s g st el inpssg®giomt 1s,
t hr pugh whi ch t he pol ynhenvl ene ether is passed. in this case, the
cyl i ndri calPPBGdy Sontdr iT0F 6T Espcnds & ‘& mdgnétS'c F10F ¢ lgeet at Y ng
source, and _the tube di aneter. of thezfylin ed cordeggo

ds t .
epaci ng of SRS MY ¢ Tores oot &th i 50 ghon gaps of ?%?Ej;]ﬁﬁe
i i nt f..effici t | f t. i i , t
viewpont by eif| Clenl d Suyl. of J e rEal. mmonetic maerial . Lhe

nunmber bf magnet'ic materi ters is prefer ts or nore,

more Prefenalintcld RS A MR AP SRERPISTPr AP i 15r
smaller, more preferably 10 mm or smaller, still more
preferably 7 mm or smaller, and further still more
preferably 5 mm or smaller, from the viewpoint of the
removal efficiency of a metal magnetic material.

The shape of a magnetic force-generating source is
not limited to the structure as described above in which
a slit-shaped magnetic material filter is disposed in a
cylindrical body, and may be a tubular structure in which
no slit-shaped magnetic material filter is installed in a
region through which the polyphenylene ether is passed.
In this case, the cylindrical body interior corresponds
to a magnetic force-generating source, and the tube

diameter of the cylinder corresponds to a spacing of the

magnetic force-generating source.



The mainetic material filter may be any ef a lattice-shaped one, a
slit-shaped one and. a coarse nmesh - shaped one, Rfter the
megnetic field is generated by naking. a current flowin the coil,

t he pol yphenyi ene ether is introduced in the cylinder, and netal.
magnetic :material conponents are adsorPed on the magnetic materi al
filt.s,r, and thus renosesl, 100601 - The-length. of a regist,a
passage through whicls the pol yohenyi ene ether is passerl, where the
nmetal magnetic material contained in the pol vphenyl ene ether can he

remeses:, that i the magnetic force -effecsive seperation.lissigth
s proferably 160°HmaF NGRYESIIH Pt &I L TRE rgRlr el Of the Hethl

f -of f i ; ti. I i : i n total
orcea-g %Hn%%l%e%rt%lll%q h. hging ép%dgq%lé %n}?ceé‘rié"l ota

can efficMen renove the metal magnetic mat . Srareinms es

long'i. 7. 1" jand st Lild Jmse pre.f erablne 120, mp e | s, ger, - Jhe, aboye
-mentioned 'the magnetic force'ls N fective' in the passage through.

whi ch the pol ypheny ene reirher drsi 28388dpreferahl s apmgnet i endor ge i n
the region of 0,1 T or nig::: and filc.re preferah
more.

The magnetic material filter may be any of a
lattice-shaped one, a slit-shaped one and a coarse mesh-
shaped one.

After the magnetic field is generated by making a
current flow in the coil, the polyphenylene ether is
introduced in the cylinder, and metal magnetic material
components are adsorbed on the magnetic material filter,
and thus removed.

[0060]

The length of a region, in a passage through which
the polyphenylene ether is passed, where the metal
magnetic material contained in the polyphenylene ether
can be removed, that is, the magnetic force-effective
separation length is preferably 100 mm or longer in total.
The magnetic force-effective separation length being 100
mm or longer in total can efficiently remove the metal
magnetic material. The length is more preferably 110 mm
or longer, and still more preferably 120 mm or longer.

The above-mentioned "the magnetic force is
effective” in the passage through which the polyphenylene

ether is passed is preferably a magnetic force in the



hi gher, [0061i The pol yphenyi ene ether th,is obtained has a
content c,f the netal magnetic material of |ower than 1,000 ppm
preferably | cwer than. 0,00 ppm nore preferabJ.y. |ower than 0.200

phmand still .Ric.te preferably |ower than 0.101i [00621

M 2?0l yphenyi ene ether resin conposit:ion.si The pol yphenyl ene
et her according to tne present enbodinent - is nelt kneaded with
crinyentionelly kn.own stiere.,,:ins and thnrnsetting

resins se as to nake a resin ccnpositin, Ezanpl esof the thernohlastic

resin and thernosetti resin may inolde resins sach as. pclyethyi ehes
pol yprwyl enree,gjt%nerorr%p 'g]sti co%lkbjr%?%’: 18 4O b if?f/%f‘?ﬁag%]e\,’ LR
acryloniUﬂ%;%gggfene resins, acrylonitrUe/butadi ehe/stvrene resins,
nmet haory1l. esins, Yinyi chloride, p& yamde, p,-)Ilyacetal,
htrahl oh noleeoiar wei ght polyethyl ene, polyhhtylene terephtn,,,|ate,
pol yui et hyi pent ene, oul ycarbonat n, poi yphenyi ene : ool vet hei

ket one, crystal hingneies yopelytitraf laioraetiyleng t pridyetherd mdesent
of the metal magnetic material of lower than 1.000 ppm,
preferably lower than 0.500 ppm, more preferably lower
than 0.200 ppm, and still more preferably lower than
0.100 ppm.
[0062]
[Polyphenylene ether resin compositions]

The polyphenylene ether according to the present
embodiment is melt kneaded with conventionally known
thermoplastic resins and thermosetting resins so as to
make a resin composition.

Examples of the thermoplastic resin and
thermosetting resin may include resins such as
polyethylene, polypropylene, thermoplastic elastomers,
polystyrene, acrylonitrile/styrene resins,
acrylonitrile/butadiene/styrene resins, methacrylic
resins, vinyl chloride, polyamide, polyacetal, ultrahigh
molecular weight polyethylene, polybutylene terephthalate,
polymethylpentene, polycarbonate, polyphenylene sulfide,
polyether ketone, liquid crystal polymers,
polytetrafluoroethylene, polyetherimide, polyarylate,

polysulfone, polyether sulfone, polyamidoimide, phenol,



hol ysul f che, pol yether shlfone, polyam doi ne, phenol .,

nmel am ne, unsatuhated pol yester, 'kyr:, epoxy, cLuLlvi phthalate and
bi smal ei m do, Addi ti on of conventionally known additives and.

t hernopl astic elastoners at the tine of nmelt kneadinc: is nore
preferable in order to inpart effects of conductivity, flane

retarl ancy, inpact resistance and the. 5D0531 When a resin
conposition using the pol yphenylene ether armor:ding to the phbsent
:-zi mhodi ment i s prodbcee, other additives may be added, for exanple,

plast of zers, st abi |1 26rs, mwoli{ers., nisraviol et sbeghhents, [ ane

retandants, col’orants, rel ease. agen roas reinforci terials

nuch an 9'Qﬂﬁafi§¥”§héﬁﬁhé%%t%HHf%#§W§1ef%Ehé!'|er5 soch as gl ass
C

beadn, cal ci um bahbonate, talc an ay, .1, :xanpl es of the

stabi | izer -Jndztche thedi fder-dmyedindide phasphorus: estel ssndi nder ed
phenol s, sul furcbntaining antiozidants, al hbnol am nes, acid am des,

det hl oGar batret endielad ¢ i Sak Isst dorgant cthsut findess metal koxhdesg is
carboxylic annydriees, dienophile conpounds of styrene, steahye
acryl ate ormdte pidies rante epoxyr e oups combat ni aff eonpounids, These
additives may be bsed singly O In conbination GI' t\WC) O MJf,

Met hods f orcam&idgl conponehtse constidanéng anpoatypheavienecet herd the
resin. conposition can use, for e.x.anple, a solution blending. and
deaerati on fethod, an extruder, a heating. roll, a banbury mxer, a
kneader and[oaoé'éj]enscnel m xer,

When a resin composition using the polyphenylene
ether according to the present embodiment is produced,
other additives may be added, for example, plasticizers,
stabilizers, modifiers, ultraviolet absorbents, flame
retardants, colorants, release agents, fibrous
reinforcing materials such as glass fibers and carbon
fibers, and fillers such as glass beads, calcium
carbonate, talc and clay.

Examples of the stabilizer and the modifier may
include phosphorous esters, hindered phenols, sulfur-
containing antioxidants, alkanolamines, acid amides,
dithiocarbamate metal salts, inorganic sulfides, metal
oxides, carboxylic anhydrides, dienophile compounds of
styrene, stearyl acrylate or the like, and epoxy group-
containing compounds.

These additives may be used singly or in combination

of two or more.



1. 00641 As described before, it is known. that. when thm

pol yphenyi ene ether is nelt kneaded wth other resins, the

poi yphenyi ene ether is colored by heating. Therefore, a poiyphenyi ene
et her having a |lower color index value after heating exhibits a.
better color. tone. Since the pcil yphenyi ene ether containing
0,001. ppmor nore and | ess than 1,000s5ppm of the netal nagnetic
material according. to rt,d present enbodinent is a pol yphenyl ene

et her excellent in color tone in which the color index value is | ow

and the change g@%%g f %he cqlor |nd%¥ ve e Q%Lpre a d after heatind
is low, also th rent i énéed p51§ﬁﬁbﬁ§|ene Sther” régqn

COMposi t | O%dl}pﬁ{&w a{rley Ex68l | e A”cérﬁk?o 0l oty %e Rt e WhiGh the

col or inde I'ue 1I's Tow and the c ange rate o of Thdex val ue
before ari %@Iﬁpﬁre heatd g, S, qy‘iendlnq_l'zﬂpd Heede 2t 1ol metkéod an

i:)].-:ratee, L otev. . -Jtiori e - clesi:.iiiii
Exarrpl es, mﬁtﬁd&ﬁcw%ﬁtﬂﬁ@ PFESEN hdibuenthofeas AoknéhAbtednto
the fol lio' . .Jing Fi xanpl es, -l easur enent met hods of

varlou.propeniemﬁbhén ﬁixekunﬂ es are shown as follows,
[0064]

As described before, it is known that when the
polyphenylene ether is melt kneaded with other resins,
the polyphenylene ether is colored by heating. Therefore,
a polyphenylene ether having a lower color index value
after heating exhibits a better color tone.

Since the polyphenylene ether containing 0.001 ppm
or more and less than 1.000 ppm of the metal magnetic
material according to the present embodiment is a
polyphenylene ether excellent in color tone in which the
color index value is low and the change rate of the color
index value before and after heating is low, also the
above-mentioned polyphenylene ether resin composition is
similarly excellent in the color tone in which the color
index value is low and the change rate of the color index

value before and after heating is low.

Examples
[0065]
Hereinafter, the present invention will be described

in detail by way of specific Examples and Comparative



fl., Extfaction of a netal magnetic material. in a pol yphenyiene
etner, anh we.idhinc of the contenr., A pol yphenyl ene et her was
di ssol ved in an excessive anmnount. of chloroformin a 500-nE gl ass
bottler and thereafter, a magnet of 1,4 T was contacted on. the
outside of ti-de glass bottle to collect netal nagnetio nmateri al
conponents in the solution. The coll ected-netal macetic materi al
conponents were five tines washed with chloroform and the netal
magnetic nmatetial c.onponents dried at 100C for 1 hour were extracted

oo 2 Ul gREIeUs mleral . a0 v et i VISl . e,

pol ypi : | ens .et.her s .di s i |, of_ chlor.oform and suction
filtedcd uzilﬁ{;lh%df ;ﬁ%t et?{eofst%&égsg’fd%&%(an%dleg%y Advant ech Co,, Ltd, 20X
mL of chl orefargn W.: _z5 sprinkled bn the filter used for tho
fiItratjonJ and suction filtered. This opKation was fepeated

sei--eral tinesyeandrthenftahtenoabt aifned Was sdiined iata INRRlertics

teaTerature and nornal pressgre, The filter was imMmersed in. a
['iquid contiai Mxamp 1@ shydrcocdianm asacid angnitric acid CG: as to be
perneate& with the liquid for |I. hour, Thereafter, a part of the

i ghid was (Samplzed,acandrguanta trattiadelnadetterarimedkrial Thea filter was
thereafter further pernmeated with the liquid for 1 hOWK; and a part
of the |iquicd Ywasrsampleed;trand agal nieiQiaintd tat i Vet ycdeterii ned
|.1CP-M5, This operation was repeated until the value becene stable,
and. a stabiliz8dPvalaechescrgkenhas &2 sqdantsitaticdve vallue€xcessivrhe

operation was carried oqut five ties, and an averai e was cal cul at ed.
P amount of cﬁioroform in a 500-mL glass bottle; and

thereafter, a magnet of 1.4 T was contacted on the
outside of the glass bottle to collect metal magnetic
material components in the solution. The collected metal
magnetic material components were five times washed with
chloroform, and the metal magnetic material components
dried at 100°C for 1 hour were extracted as a metal
magnetic material, and weighed.

(1.1 Weighing of the amount of an Fe element in a
polyphenylene ether)

100 g of a polyphenylene ether was dissolved in 2 L
of chloroform, and suction filtered using a filter of
A500A090C made by Advantech Co., Ltd. 200 mL of
chloroform was sprinkled on the filter used for the
filtration, and suction filtered. This operation was
repeated several times, and the filter obtained was dried

at normal temperature and normal pressure.



[00671 (2. Check for black foreign. matters G a pol yphenvi ene

Ct her) pol yphenyi ene ether was subjected to a neat press
treatnent (conditions: at 320C, for 20 mn., and. at 10 MP81l, and 10
sheets of: the pol yphenyiene ether made into 15 cmx :1 t- cmx | mm
thick were manufactured_ Five persons checked and observed the 10
sheets us.ing OSl, -1, nade by O suka €tics Co., Ltd.., and bl ack
foreign Natters were e')al eated aceetdinthe foll ow nu stndaro. There
we. :irb nb bl ack tonp b: Th There were tws or |ess

b.a.rtic.i. esfb re par cle ot black to

There
mat er a exceed ?mo Eé%F 5Ig§soﬁmm§6§w§den 6§§l HECE! F&Plpﬁb of a

a. polyphen ene ether concen ion ri

prepar ed. Q%rh%%&%@gwi%methe liquid for 1 hour. Thereafter, a part
of the liquid was sampled, and quantitatively determined
by ICP-MS.

The filter was thereafter further permeated with the
liquid for 1 hour; and a part of the liquid was sampled,
and again quantitatively determined by ICP-MS. This
operation was repeated until the value became stable, and
a stabilized value was taken as a quantitative value.

The operation was carried out five times, and an
average was calculated.

[0067]
(2. Check for black foreign matters of a polyphenylene
ether)

A polyphenylene ether was subjected to a heat press
treatment (conditions: at 320°C, for 20 min, and at 10
MPa), and 10 sheets of the polyphenylene ether made into
15 cm x 15 cm x 1 mm thick were manufactured. Five
persons checked and observed the 10 sheets using 0SL-1,
made by Otsuka Optics Co., Ltd., and black foreign
matters were evaluated according to the following
standard.

There were no black foreign matters observed: ©

There were two or less particles of black foreign

matters on average: O



ypenyl pne ether at a heating tenperature of necc 20 mn and under a
pressure of le 1.-1Pa. at the heatinu, and thereafter dissolinmthe

pol yphenyi ene ether in chihtoform The sanme chl orof orm as used
for di S5i;11.V.inrj the pol yphenyi ene ether was charged in a quartz
cell of I cmintell. length, and the abe.orbance of the pure

chloroform by ultraviolet |ight ;wavel ength: nn) was neasured, and
taken to be C, Thun, the chl orof orm uol uti pnthe poly: dhenyi ene et her
prepared I n the above wan charged in the sanme cell, and neaaueed for

the absorbance gh480 AM. pariicille Bbsorbance of fhe Ak

Chl () YOf O M was subtract ed Féomthe absorbance. o

sol ution ofe§é]eeecplﬁﬁlgg]ﬁ1yéa{eﬁ}$jl&t@§e& ?]"’[\?%]%%1%%@% ceonce was divi ded

by. the poiy.crup i'epncm of the chlorcfm

s, ol uti ci nthe gol y&henyi ene ethef, and the quotient pas defineMas a

color index value, C [|. heat, of. the pol yphenyaene ether, (4.

Vbi sne - averagesqart i ole:dianet eso Ofpree PEIMQ tertyt Enec et heedting)

Pc.lvr:hc.ryier. ether f)owders btained in Exanples and ConpaYativw

Exanpl es descri Bedhlatrerfower ecdachon of a polyphenylene ether in a
concentration of 0.05 g/mL was prepared by heating the
polyphenylene ether at a heating temperature of 310°C for
20 min and under a pressure of 10 MPa at the heating, and
thereafter dissolving the polyphenylene ether in
chloroform.

The same chloroform as used for dissolving the
polyphenylene ether was charged in a quartz cell of 1 cm
in cell length, and the absorbance of the pure chloroform
by ultraviolet light (wavelength: 480 nm) was measured,
and taken to be 0.

Then, the chloroform solution of the polyphenylene
ether prepared in the above was charged in the same cell,
and measured for the absorbance at 480 nm.

The absorbance of the pure chloroform was subtracted
from the absorbance of the chloroform solution of the
polyphenylene ether, and the difference was divided by
the polyphenylene ether concentration of the chloroform
solution of the polyphenylene ether, and the quotient was
defined as a color index value, C. I. heat, of the

polyphenylene ether.

[0069]



"di spersed” in nmethanol. Then, the vol une-average particle dianeter
was neasured by using a laser diffraction particle size analyzer,

Si VhD3100, made |Icy ShinmaAzu Corp. (5. Lbose apparent specific.
gravity of a pol yphenvl ene etner| Thai oose apparent specific
grevity was neasured using. a powder tester (Powder Tester. Typenado
by 1.-Inmsdkawa M cron Corp.) and. usingla-metal container of 100 cc
in volune. ;00711 (.6. Specific. surface area of a pol yphonyi ene

et her) The specific surface area was neasured by BET net hod,

e ) 3L 1PL, o1 LI Al LA MO U BT 15 090 DA
ether)

Polyphenylene ether powders obtained in Examples and
Comparative Examples described later were each
"dispersed" in methanol. Then, the volume-average
particle diameter was measured by using a laser
diffraction particle size analyzer, SALD3100, made by
Shimadzu Corp.

[0070]
(5. Loose apparent specific gravity of a polyphenylene
ether)

The loose apparent specific gravity was measured
using a powder tester (Powder Tester Type PT-E, made by
Hosokawa Micron Corp.) and using a metal container of 100
cc in volume.

[0071]
(6. Specific surface area of a polyphenylene ether)

The specific surface area was measured by BET method.
The BET method involved making a vacuum state at 120°C
for 8 hours as a pretreatment, using the constant-volume
method, and measuring an adsorption desorption isothermal
curve using nitrogen. The adsorption temperature was set
at 77K, and as an adsorbate, nitrogen was used. The
specific surface area was calculated using BELSORP-mini
(BEL JAPAN, Inc.) for the measurement.

[0072]



Tracking stability) A test sanple of 1.5 cmx 15 cmx 1 smwas
ocxed" and as el ectrodes, platinumwas used, ' ?" ectrodes were
arranged at an interval of 4, mmon the surface of the test sanple a
vol tage was applied between the el ectrodes; a n,|-nass% aqueous
solution of amonium chloride as a test solution ,,,tas dropped
from a hz, :if of 25 cmdrop helns evepy-0,4 sec for 30 sac:r and
tracki ng breakdown generated was observed, and the threshold voltage
was neasured. The test was carried out at. vpltages of every

addi tional a i.ed out. 5 ties for the one VO tage, The test.
was carri edpg'utclarg)a;ld@qlqgs%tasbaln]ﬁlte‘z) for each Exanple, and the tracking

stabi |ty vas eyaluated gocording Lo the follow ng, standard: . . The

di f.fpfp=e between a klaximumvalue and a.” m ni num val ue o

vol tage valdesofcdheid; t st sanmh es. wassdower than 50 .c,.. 0
The difference between a mazdngm val ue and a m ni nrum val ue of

t hreshol d vol t age evalrues sofyetrhe 25 tested sanplres wasSC 'o 7 Ofwrhi gher

7; X [00731 (3, Evaluation of snpl.,,i,.,.-rixal-ion productHviry)
the surface of the test sample: a voltage was applied
between the electrodes; a 0.l-mass% aqueous solution of
ammonium chloride as a test solution was dropped from a
height of 25 cm drop by drop every 0.4 sec for 30 sec;
and tracking breakdown generated was observed, and the
threshold voltage was measured.

The test was carried out at voltages of every
additional 50 V, and carried out 5 times for the one
voltage.

The test was carried out on 5 test samples for each
Example, and the tracking stability was evaluated
according to the following standard.

The difference between a maximum value and a minimum
value of threshold voltage values of the 5 test samples
was lower than 50 v: O

The difference between a maximum value and a minimum
value of threshold voltage values of the 5 test samples
was 50 V or higher: X

[0073]

(8. Evaluation of polymerization productivity)



A productivity in whilLh one-tine operation could. polynerige about
10(1) kg or nore was evaluated to he a high productivity and as On
A productivity in which the case of about |ess than 100 kg. was
eval uated to be not a very high productivity and as X, [01) 741
Eval uati on of searation operabilit magneti c separating
machi ne gesgr-ihed | ater which coul d-canry out the separation
operation of 100 k..g or nore per 1 hour was juged to have a high.
separation operability and eval uated as One which could carry
out the separat%p tion of. tIEFS than in kg per | .hour S

d

n_oper
T: udged to have a™l'¢ uggfféﬁlgtyi on d éfrcgbiolnie_t_)}l &\altatdd “aEH X
M- PhH ) 160 CIg of Gubtie L3180 g SThyci ogen At %e o
high productivity and as ©.

A productivity in which the case of about less than
100 kg was evaluated to be not a very high productivity
and as X.

[0074]
(9. Evaluation of separation operability)

A magnetic separating machine described later which
could carry out the separation operation of 100 kg or
more per 1 hour was judged to have a high separation
operability and evaluated as ©.

One which could carry out the separation operation
of only less than 100 kg per 1 hour was judged to have a
low separation operability and evaluated as X.

[0075]
(Production examples of polyphenylene ether resins)

(PPE-1)

160.8 g of cupric oxide, 1,209.0 g of a 47% hydrogen
bromide agueous solution, 387.36 g of di-t-
butylethylenediamine, 1,875.2 g of di-n-butylamine,
5,707.2 g of butyldimethylamine, 826 kg of toluene and
124.8 kg of 2,6-dimethylphenol were charged in a
stainless steel-made, 2,000-L, jacket-equipped
polymerization tank equipped on the bottom of the

polymerization tank with an iron-made sparger to



brom de agueous sol ution, 387,3E., g of di-tbutylethyl enedi aney
1,37,2 q of di-n-butylamne. SI707,2 q of butyldi hyl apjne,of tr,I|gene
and of 2, 6-di net hyl bhenol were r,targ.c.1 in a stainless
st eel -made, 2,000-L, | acket-equi pped polyneriation tank equi pped on
the bottom of the polyneri.zation tank with an iron-nmade sparger to

i ntroduce an oxygen -containi ng gas, —aggtai ni esc steel-made stirring
turbi ne bl ade and a stainless sthel-mde baffle, and on a vent gas
line on the upper part of the polynerization tank with a reflux

cool er, itro en as was being. blown in at ow yhju of
13 L/mn, a‘r{b“’s‘%cﬁ"ree g%hc‘?ﬁ“}&{f%rfl%e%%% a %%@L %%u%t% ution
and t he |nter al ure of rhac or | Thhn

dried air sté%%e&lﬁr blnuceP ratee% 2 %iZSRE?rdﬂa??om

the xparger, 1°ethaenc§)°<$1¥”§rx!-&?€'<g% %ht 1412 eulﬁﬁé%g%ékﬁ%kogh&’as

initiated. Teaeratlon was carri e I nternal

t enper at nr g @ty tde; end: of the. R@lﬁ’k@%'f‘@fl@x“@éof@?”%l?g Lo becone
Thc. 9nmner|zat|on iighld ,1- the iand of :.-.he phynericatipn wax in

a. sol utiomistatgsn Thes &&i@tb@ih@fblé\ﬂ@ diigd air1vasysthepud? hQU ky
cf mass% et hyl enedi am netetraacetic acid tetrasodismsalt i'a

reagent made/novn WHndndo: Labes aimi X1 eshaasi added becthe a homogeneous
ed].",deer-1-7.at.ic, mxture, and the polymuization ii ixture. was
dtlrred at.solutiprC drott 4GV migrand téercadtonedof otstardhcand. the
resul tant was suhj;ecthd to a ilqdd-liduid uewaration La. cu-iso
-coca cent ridamged Béﬁ@aratjind machi ne madh by GE.I,.. Goup Ar.-:| to

be thereby cep.u-n..edi -i.nto an organic phade and a. water nhahe
Then, a dried air started to be introduced at a rate

of 1,312 NL/min from the sparger into the polymerization
tank, and the polymerization was initiated. The aeration
was carried out for 142 min, and the internal temperature
at the end of the polymerization was controclled to become
40°C.

The polymerization liquid at the end of the
polymerization was in a solution state.

The aeration of the dried air was stopped; 100 kg of
a 2.5 mass% aqueous solution of an
ethylenediaminetetraacetic acid tetrasodium salt (a
reagent made by Dojindo Laboratories) was added to the
polymerization mixture, and the polymerization mixture
was stirred at 70°C for 150 min, and then allowed to
stand; and the resultant was subjected to a liquid-liquid
separation (a disc-type centrifugal separating machine
made by GEA Group AG) to be thereby separated into an

organic phase and a water phase.



The tenperature of the organi c phase obtai ned was nade room
tenperature, and net hanol was excessively added thereto to thereby
manufacture a. slurry in which a polypenyl ene ether was precipitated,
Thereafter, the slurry was filtered uoi ha a Basket Centrifuge (0-1)
type, nade by Tanabe WIlltec Inc.). After the filtration,

met hanol 'as excessively charged in. _t e Basket Centel, and again
filtered to thereby obtain a. wet I T niyohenyiene ether. Then, the
wet pol ychenyi ene et her was charged and crushed in a Feather M|l (FM

-15, made by Hosokawa M cron Corp.) .equi pped wdth a 10-nmm r ound- hol e
mesh, and. hel d%g&e 1515 %t e rﬂ?ﬁ =Ry fod%.oanll,% HoUTS 1_ian]d“eaélc‘?f)"f‘ﬁ’ cal
drier tot y obtain., a dry - state | yphenyl ehe et her wder,,
The'redi zcal OF 50at o Padr ire s i1y uECudRerof= 8 exe o br B Yordeeen

of the PO'MBH%HM&?WﬁaeEﬁ@f%£§W9§ﬁu£§c9%§%gédé1u¥@§hgﬁtﬁﬁﬂﬁﬂeg usi ng

an Ubbel ohde visconeter tu and was e vel a: nme-aver age

particle di 5,850 t I i t ifd avy
anﬂew W - Lhes 199@@1&9951{@%4 i/lgfé?ﬂl\]éoalftegf thy

vtas 0.52:: he specific surface prea was -1, H; PPE-2)

A peayphenyd ene-ptihes wast oF epakeddya abl een @@ﬁpa@faﬁéomotheet%e,
the dried air to the polynerization tank to L24 m n. The reduced

vi scosity ;rildueptihe)(atilg) @t180c¢Cnof)a. chl orof orm sol ution of the
pol vt Thenyi enta ether powder in 0,5 gidt was determ ned using an
Ubbei chde vi scoietterr tiuilse,f iand ataisor0, 40: t e votasresawesage=parti cl e
di anetet was 790 gn] the | oose apparent specific. .
charged in the Basket Centol, and again filtered to
thereby obtain a wet polyphenylene ether. Then, the wet
polyphenylene ether was charged and crushed in a Feather
Mill (FM-1S, made by Hosokawa Micron Corp.) equipped with
a 10-mm round-hole mesh, and held at 150°C at 1 mmHg for
1.5 hours using a conical drier to thereby obtain a dry-
state polyphenylene ether powder.
The reduced viscosity (msp/c) (dL/g) at 30°C of a
chloroform solution of the polyphenylene ether powder in
0.5 g/dL was determined using an Ubbelohde viscometer
tube, and was 0.51.
The volume-average particle diameter was 850 um; the
loose apparent specific gravity was 0.52; and the
specific surface area was 34 m?/g.
[0076]
(PPE-2)
A polyphenylene ether was prepared by altering the

aeration time of the dried air to the polymerization tank

to 124 min. The reduced viscosity (msp/c) (dL/g) at 30°C



Cravity was 0,52; and the specific sutfare area was 62 (PPE-3)
1,005 g ofcaprac. ezide, 7,556 g of a 47% hydrogen Ptom de agneons
soietion, 2,421 q uf ch butyl ethvi enedi smAmv, 11,72 g of dien-but, %
67 g of hutyldi methylam ne, 5,163 kg of tol eene and 780 q of 2,5

edi net hvi phenol wete charged in a glassl0-P" jacket-equi pped

pel yneri zatton tank eoni pped on the hetlom cf the pol ynerization.
tank. with a glass-made SparC ef L.) introduce an oxygen-contai ni ng
gas:, a Teflon -made stirtino tnrbine blade and a gl, EnEasensde
baffl e, and fgn a vent gas line on the u&g)eer $frt of

pol ymer i dat9 orf tAHCWI TR R Tt uzOt dot er)€ vif @%6W£$€%e%t%%§ was
To ir o beGHEE Bt Ut o G Hd  Os'T HUBFHAT { o7 ot bt &Y RS
t a rate oFNCTR CT (OIRThe Sharher i mlo (hE pol VS ILATIEN tank.
and the poh%ﬂ?ﬁiéfgt&HBM@@ein&ééaﬁ@&'wgbetﬁgrf5$gg apparent specific
gravity was 0.52; and the specific surface area was 62
m?/g.
[(0077]
(PPE-3)
1.005 g of cupric oxide, 7.556 g of a 47% hydrogen
bromide aqueous solution, 2.421 g of di-t-
butylethylenediamine, 11.72 g of di-n-butylamine, 35.67 g
of butyldimethylamine, 5.163 kg of toluene and 780 g of
2,6-dimethylphenol were charged in a glass-made, 10-L,
jacket-equipped polymerization tank equipped on the
bottom of the polymerization tank with a glass-made
sparger to introduce an oxygen-containing gas, a Teflon
(R)-made stirring turbine blade and a glass-made baffle,
and on a vent gas line on the upper part of the
polymerization tank with a reflux cooler, while a
nitrogen gas was being blown in at a flow volume of 0.2
L/min, and stirred until the mixture became a homogeneous
solution and the internal temperature of the reactor
became 25°C.
Then, a dried air started to be introduced at a rate

of 8.2 NL/min from the sparger into the polymerization

tank, and the polymerization was initiated. The aeration



was carried out for 15e ;dn.: and the internal tenperatore at the end

of the polynerization was controlled to becone The
polyneri zation licoid at. the end of the polynerization was in a.
solution state, The aerati on. of the dried air was stopped; 2,5

ha of a 2.5 mass% agrLebus solution mt ar.

et hyl eneal am netetraacetic acid tetrasgdiumsalt. (a reagent made by
Doj i ndo Labratories) was added to the polynerization m xture., and
the pol ynerization mxture was stirred at 7T)C, for 150 mn, and then

I, dt tand; . t |tant. j t. t 3
th 9 St Al AR
ase an s
phase 10 8R4 DRES oo poMBLANLEEIELALS S0 L argant o pise

to thereby jpreci pitate a pol ypd "viene ether; thereafter, the
resultant was filtered; and the fit:rand pol yphenyi ene ether was

di sperseb in anTﬁé09§$?MEriizﬁ’EQ@ﬂt 10bunet hanehe an@ st rhed at hut
for 30 mn, and thereafter again filtered_ The. operation was

repeat ed twiodentea itArerieby wabt aim =a ametutpelry phemyd ene ether, ilisebea

usin,J a (mmssand a wet-state Thereafter, the recoYered

pol ypnenyi ens efheramastion of the dried air was stopped; 2.5 kg of
a 2.5 mass% aqueous solution of an
ethylenediaminetetraacetic acid tetrasodium salt (a
reagent made by Dojindo Laboratories) was added to the
polymerization mixture, and the polymerization mixture
was stirred at 70°C for 150 min, and then allowed to
stand; and the resultant was subjected to a liquid-liquid
separation to be thereby separated into an organic phase
and a water phase.

The temperature of the organic phase obtained was
made 50°C, and methanol was excessively added thereto to
thereby precipitate a polyphenylene ether; thereafter,
the resultant was filtered; and the filtrand
polyphenylene ether was dispersed in an excessive amount
of methanol, and stirred at 50°C for 30 min, and
thereafter again filtered.

The operation was repeated twice to thereby obtain a
wet polyphenylene ether.

The white slurry-like polyphenylene ether was

filtered using a glass filter, and a wet-state

polyphenylene ether as the filtrand was recovered.



St 1)1to a vacuumdryind treatnent at 1403(3 ar | mrHb for 1 hour to
t hereby obtain a pol yphnnyi enn et her powder. The reduced
viscosity (T.,ip/c) (01llig) at 3t of a shiorofsrmsolution of the
pol yphenyi ene etber powdbr in 0.5 g/dL was determ ned using. an
Ubbel shde visrsnster tube, and was 0,51. Tao voliinme-average particle
di aneter was 350 w.w the | oose apparentgspecific. gfavity was 0, 1;
ang the specific surface area was 35 A pol yphenylt e ether was
prepared as in thn tPPiL-3;., exbipt for altering. the aeration tine
of the dried air, to tf? ?ol gb i zation tank

su¥

L 9 lto 131.mn, The
redubed viscosity ({FF c31br gy caf“3R31 VB TR YeRIGr 61 6Fm 4615t on
f tbeto. 0.S.Cc/d1l, det 1 ned .usi Ubbel ob '"Ti tihbe, d
was 040, THBIST e Lo Hoe Tl Cru e e e 90 O R  TieCe
t. ihfi ity o 50Q; : i fi f
rea “was S5 7dr o500 7S B aGet I aopar At i e el e
Examp. | bs and Copat gl vB EvaupLes cesqel bed (Laven: ansoc of o

el eott pmagneti ¢ separating nacn: ne (, product nane

chloroform solution of the polyphenylene ether powder in
0.5 g/dL was determined using an Ubbelohde viscometer
tube, and was 0.51. The volume-average particle diameter
was 850 um; the loose apparent specific gravity was 0.51;
and the specific surface area was 35 m?/g.

[0078]

(PPE-4)

A polyphenylene ether was prepared as in the (PPE-3),
except for altering the aeration time of the dried air to
the polymerization tank to 131 min.

The reduced viscosity (msp/c) (dL/g) at 30°C of a
chloroform solution of the polyphenylene ether powder in
0.5 g/dL was determined using an Ubbelohde viscometer
tube, and was 0.40. The volume-average particle diameter
was 780 pm; the loose apparent specific gravity was 0.50;
and the specific surface area was 53 m?/g.

[0079]
[Magnetic separating machine]

In Examples and Comparative Examples described later,
an electromagnetic separating machine (product name: CG-
180X, made by Nippon Magnetics, Inc.) equipped with a

magnetic force-variable apparatus was used.



made by. W ppon Magnetics, Inc.) equipped with a nagnetic
force-variabl e apparatus was used_ One type of screens of the
follwng was used,. and pihrality shbets thereof were used and the
sheets were rotationally clockw se shifted sheet by. sheet by h3as
SE=iefi from the above, and attached, rod-shaped screen, a screen
opening. of 5 mMmm 20 sheebs rod-shapedsscreen, a screen ypentng of 10
mm coarse nesh screen, a scbeen opening.=, 25 sheets A net al
magnetic. material attached to the screen was recovered and wei ghed.

The metal magnet,i ri.gj . attach t creen even when a _power
source of an eléggrggégng?.Sﬁagepgrégdngf?%égowég g@edpsﬁy’ AP

ontl X' 2nq e 26nesh LNAMRIING Lo M Wby NI he QAP
exanpl es ofilene ethers involv3ng s
rotationally clockwise shifted sheet by sheet by 45° as
seen from the above, and attached.

A: rod-shaped screen, a screen opening of 5 mm, 20
sheets

B: rod-shaped screen, a screen opening of 10 mm, 20
sheets

C: coarse mesh screen, a screen opening of 3 mm, 25
sheets

A metal magnetic material attached to the screen was
recovered and weighed.

The metal magnetic material attached to the screen
even when a power source of an electromagnet was turned
off was recovered by unfixing the screen and hammering it
with a hammer.

[0080]

[Production examples of polyphenylene ethers involving a
treatment by a magnetic separating machine]

(Example 1)

A separation operation was carried out on the (PPE-
1) using the electromagnetic separating machine equipped
with the screen A.

The magnetic flux density was 1.6 T, and the (PPE-1)

was passed at a rate of about 200 kg/h.



treatment by a magnetic separating. ma.chinej (Exanple 1) A

There was nu occurrence of clogging of the screen, and the treatnent.
could be consistently stably carri.sA out. The csntent ef the netal
magneti c natefial of the pol yphenyi ene ether bbtained was 0. 003 ppm
QO her results are shown in Table | shown bed. ow. (Exanple. z) The
speration was r:1:333fi3d CU a33 ir -Eganpl e 1, except for using the
screen of a magneticdensity sf T, There was no occurrence of

cl ogging ef the screen: and the treatoent cou'ld he consistently

srably, cali-) sO . ThS SOnLant, o tle Jetal manet e /Rl LAl
and the treatment could be consistently stably carried
out. The content of the metal magnetic material of the
polyphenylene ether obtained was 0.003 ppm.

Other results are shown in Table 1 shown below.
[0081]

(Example 2)

The operation was carried out as in Example 1,
except for using the screen of a magnetic flux density of
La2 Ts

There was no occurrence of clogging of the screen,
and the treatment could be consistently stably carried
out. The content of the metal magnetic material of the
polyphenylene ether obtained was 0.030 ppm.

Other results are shown in Table 1 shown below.
[0082]

(Example 3)

A separation operation was carried out on the (PPE-
1) using the electromagnetic separating machine equipped
with the screen B.

The magnetic flux density was 0.8 T, and the (PPE-1)
was passed at a rate of about 200 kg/h.

There was no occurrence of clogging of the screen,
and the treatment could be consistently stably carried
out. The content of the metal magnetic material of the

polyphenylene ether obtained was 0.160 ppm.



,.)ther resalts are shown in Tabl eshown hel ow, (Exanple 3) A
separation opefatibn WB3 carried out on the (PPE - |) using the

el ectromagneti ¢ separating nachi ne equi pped with the screen E

The magnetic flux densfy was CC I, and the. (Pn was passed at a rate
(...t20C kri/h, There was no ucberrence of clogging of the
screen, and the treatnent could be cong'jistently stably carried out.
The content of the nmetal magnelLic material st the 160 pslyphenviene
et her obt ai nedppn: ., rithet results are shown. in Table

.Shown' bel OM [%%l%ie%l r %ﬁqtjsl ear4 s-[‘l%%mo%er{ aItaibcine sshcoavg{ ibeedlé)v\ru.t' as
in Exampl e 3;

[0083]

(Example 4)

The operation was carried out as in Example 3,
except for using the screen of a magnetic flux density of
0.5 T. There was no occurrence of clogging of the screen,
and the treatment could be consistently stably carried
out. The content of the metal magnetic material of the
polyphenylene ether obtained was 0.500 ppm.

Other results are shown in Table 1 shown below.
[0084]

(Comparative Example 1)

The (PPE-1) was evaluated as it was without the
separation operation by the magnetic separating machine.
The content of the metal magnetic material of the
polyphenylene ether was 1.020 ppm.

Other results are shown in Table 1 shown below.
[0085]

(Comparative Example 2)

The (PPE-3) was evaluated as it was without the
separation operation by the magnetic separating machine.
The content of the metal magnetic material of the
polyphenylene ether was 0.000 ppm.

Other results are shown in Table 1 shown below.
[0086]

(Example 5)



except for using the screen of a nmagnetic flux density of

There Was S.C., occ,irrence of -:eing of the screen, and. the
treatnent could be consistently stably carried out, The content of
the metal. nmac:nbtic material of the pbayphenytene ether obtained was
0, 500 ppm O her tesolts are ShOM in Table 1 mhown be: ox,
[0024-: ((Tbnparative Flxanple 1) - 77he (PPE-1) wes eval uated as
it was without the ee.p,,11-:(itir, operation by the magnetic
separating machi ne, The content of the nmetal nagnetic material of the

pol yphenyi ene e r.wam-1 22? r results are_shr)wn in
Table | shown biﬁgmfglﬁéf§gf E%Egﬁétﬁﬁg éiﬁﬁﬂl@ ?E 2 stefHe EPPE-)
was evaluaE%%daﬁnitvg%iﬁytlgyn Q%@.sgﬂgkgtiono e%g%hpn bv t he
magnet | e separatiné maching, "The “co 0f The 'méta

magneti c

b S U R A T

g of a steel balli R4 siznd 1+&f ifil.gatipn,0f «dnfluences of. netal
without the separation operation by the magnetic
separating machine. The content of the metal magnetic
material of the polyphenylene ether was 0.100 ppm.

Other results are shown in Table 1 shown below.
[0087]

(Example 6)

The operation was carried out as in Example 1,
except for using the (PPE-2).

There was no occurrence of clogging of the screen,
and the treatment could be consistently stably carried
out. The content of the metal magnetic material of the
polyphenylene ether obtained was 0.010 ppm.

Other results are shown in Table 1 shown below.
[0088]

(Example 7)

The operation was carried out as in Example 6,
except for using the screen of a magnetic flux density of
0.8 T.

There was no occurrence of clogging of the screen,
and the treatment could be consistently stably carried

out. The content of the metal magnetic material of the

polyphenylene ether obtained was 0.060 ppm.



contam nati on on aLyphenyl ehe etherj described |ater were ndzed, and
the m xtOre was evaluated as it was w thout the separati m operation
by the nmagnetic separating maphi ne. The content of the netal mainptic
mat er Gal of. thp ppl yphenyi ene ether was 0.10C ppm O her
results are shpwn to Table |I shown bel ow, :18007] (Ezpnpse :..2

The operation was carried out. as in_Exanple 1, except for using the
(PisE -2), Thete was no occurrence of clogging of the screen,
and the treatnment copld be consistently’ sably carried out

Taco content of the netal pagnetCc ipat, 111, of th

pol yphenyl ene ePﬁ@?roEFEPﬁga #as 6610 ﬁBnFable 1rFPH¥P P&%ﬁ“&s are
sisc,rnin ngbﬁ shown bel ow, [ooaol (Exanple 7) The operatinn was
carried out I'n Exar:tple U except. for using. the sofeen of a

magneti c fu%%&%%%% ﬁ%eo%x%n%ig 3)

The (PPE-2) was evaluated as it was without the
separation operation by the magnetic separating machine.
The content of the metal magnetic material of the
polyphenylene ether was 1.080 ppm.

Other results are shown in Table 1 shown below.
[0090]

(Comparative Example 4)

The (PPE-4) was evaluated as it was without the
separation operation by the magnetic separating machine.
The content of the metal magnetic material of the
polyphenylene ether was 0.000 ppm.

Other results are shown in Table 1 shown below.
[0091]

(Comparative Example 5)

10 kg of the (PPE-1) was melt kneaded using a ZSK25
twin-screw extruder (made by Werner & Pfleiderer GmbH in
Germany, number of barrels: 10, and a screw pattern
having a screw diameter of 25 mm, and one kneading disc L,
one kneading disc R and two kneading discs N) at a barrel
set temperature of 310°C and at a screw rotation
frequency of 200 rpm, to manufacture strands at a

discharge amount of 10 kg/h.



There was no oecnrrence of elooging of the screen, and the treatnent
could be consistently stably Parried out, The content of the netal
magnetic material of the pol yphenyl ene et her obtai ned was 0, 0.80 ppm
O her results are shown in Table I shown bel ow, [00891 d7. dnparative
Exanpl e 3) The (PPE-2'3 was evaluated as it wao wd.thont the
separation operation. by the magnetic segparating machine_ The
content. of the netal magnetic material of the bol yphenvi ene et her
was 1,080 ppm O her results are shovvn in Table 1 shown bel ow,
. 00901: %F ati -le Exanpbi E-4) was evaTh. ated as
it was W|thout feSepa SFiaSlﬁdoﬁérréﬂdoﬁ’aﬁy Wﬁ?ﬁgﬁ%éﬂ c?‘d’éapta?]ét Agh
maphi nn, The ontent of he nmet net.i.c rrat i al_.of t
pol ybhenyl anéjlcé’tehp1 W S bG’O(J?l E{:r‘ﬁ rﬁg'qlileter esul trhf 5rl§es errhien Tabl e
| shown belo % arajtlve (Eg? | e 5) 10 kg. of the (PEE-1)
was mnel t kﬁ) “us ng a'ZE ‘n-screw nztruder (d-dhdo by Warner

4 PfUoiderar GrRhskBaration operation was carried out on the
obtained pellet using the electromagnetic separating
machine equipped with the screen A. The magnetic flux
density was 1.6 T. Since clogging of the screen occurred
when the pellet was passed at a rate of 200 kg/h, the
passing rate was inevitably suppressed. The content of
the metal magnetic material of the polyphenylene ether
obtained was 1.200 ppm.

Other results are shown in Table 1 shown below.
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[0092]
[Table 1]
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As shewn in Table 1, it was found that in "ifzanples to 7 each, since
the content of the netal maminetio material. was 0,001 ppm or highea
and | ower than 1.000 ppm the polypnenyiene ether exhibiteci. no
occurrence of black foreign matters and a high quality, and was very
excellent in the color tone. Further even if a netal - made

pol ynmerication tank geneaally Jsed in plkants and the |ike was used,
since the content of a netal nmagnetic material could be controlled te
be 0,001 ppm or higher an& | ower than 1.000 ppm the pel yphonyiene

et her havin &b{?gh oisal-ity could be produced at a very high
predactimﬁtﬁq In Conparative Exanples 1 and 3 each, since the

tent of th t al ti terial 00r | ea ni gh t he
Cracking. st abi Pt d RS ThfGH a1 ha foctar FANES oD adk Terdrgre |
matters was, £ 13§ N e and, OO0 ) CBLI B, 4 e, 2005, e vas:
interior. nparative anples 3 and 4 containing no neta

magneti c nmatard,al o wefes imfesi ofoh ot hes GOLOL: n§008yer than 1.000 ppm,
-In Conparative Exanple 5, a latge nunber of the netal magnetic

materi al W@J@M}&qé}%}lm&%b’ dien 1iemved, vep ec pr esept andpaack

practicaly good result was SLOT . gained. [0094j 'Verification of

i nfl uences fofratetralmacont am svad | O oh agpel vipt heayd enes et bey:
excellent in the color tone.

Further even if a metal-made polymerization tank
generally used in plants and the like was used, since the
content of a metal magnetic material could be controlled
to be 0.001 ppm or higher and lower than 1.000 ppm, the
polyphenylene ether having a high quality could be
produced at a very high productivity.

In Comparative Examples 1 and 3 each, since the
content of the metal magnetic material was 1.000 ppm or
higher, the tracking stability was inferior; the
occurrence of black foreign matters was observed; and
additionally, the color tone was inferior.

Comparative Examples 3 and 4 containing no metal
magnetic material were inferior in the color tone.

In Comparative Example 5, a large number of the
metal magnetic material which could not completely be
removed were present and a practically good result was
not gained.

[0094]



As ccrJ bed before; the (PPE-1) was a pol yphenyi ene et her obtai ned by
using a polymerization tank ha, xing an iron-nade, spareer on the

pol ynmeri zation tank bottom and 5. he (PPEa pol ypnenyl ene et her

obtai ned by using a boiyierizatlon tank. having a gl ass-nade sparger
to introduce an oxypen -containing gas on the polynerlzation tank

bottom Rs a result of each metal sanalysis, the content or an Fe
el ement of the (Pr.,.E -1) was 520 ppe; and that of the (PPE-3)
wasppb, In order to support evidence of: contamination. with a

tiny anount of netals centaining an Fe el enent. as a nmai n conpenent
originatedi%ﬁﬁﬁﬁ194?¥qqtﬂﬁLﬁQﬁ%%ﬁﬂﬁﬁﬁt?ﬁimﬁfﬁﬂzﬂﬂ@ﬁ%ﬁkﬂa§%ﬁpl?keadoe
to piping corrosion, wear and the like, the follow ng steel. ball as
an iron pewPer’ ¥ 91%&di5F the (PPi:-:, -3), which contained no Fe

el ement, in an anoLnt descri bed bel ow., ( el, ball Steel balls
made by Tanaka %B.Eefféi &S ggsgfﬁbegkﬁeﬁgki ﬁérgaﬁ%§HPOlypheQ¥%ﬁﬁe

Chrough a. 51 bue of 106 pe-t 1 oteer” ba e N e 1 AR

through a. sieve of _
passed t hr ough, & & 30, pdte @nd ot havi ng. « passed: t by oughga

: eV 10fe 230, |
s-ieve of 150steel ball [ 0095i
the (PPE-3) was a polyphenylene ether obtained by using a

polymerization tank having a glass-made sparger to
introduce an oxygen-containing gas on the polymerization
tank bottom.

As a result of each metal analysis, the content of
an Fe element of the (PPE-1) was 520 ppb; and that of the
(PPE-3) was 0 ppb.

In order to support evidence of contamination with a
tiny amount of metals containing an Fe element as a main
component originated from structures constituting plants
and the like due to piping corrosion, wear and the like,
the following steel ball as an iron powder was mixed in
the (PPE-3), which contained no Fe element, in an amount
described below.

(Steel ball)

Steel balls made by Tanaka Co., Ltd. as described
below were used.

Steel balls having passed through a sieve of 106 um

and not having passed through a sieve of 45 pm: steel

ball P



(Conparative "inxanple TO kg of theand (,050 g of the steel balls P
having a particle dianieter of 45 to 106 pmwere m zed, and the

m xture was checked. for black foreign matters as it was w thout. the
separation bperation by the magnetic sN. parating machi ne, The

eval uatibn resnit ie shown in [0096] Y:oP.iparative Exanble 7) 10
kg of the IPPE-...3) and 0,050 g of thegsteel balls haaing a particle
di ameter of 106 to 150 W were fubn'i:dr andcher:ked for black
foreign mattera as It.whont the separation operation by the magnetic

separating machine. The evaluation result is shown in L0097 Ez.ap
Steel balls having passed through a sieve of 150 pm

and not having passed through a sieve of 106 pm: steel
ball Q
Steel balls having passed through a sieve of 250 um

and not having passed through a sieve of 150 pm: steel

ball R
[0095]
(Comparative Example 6)

10 kg of the (PPE-3) and 0.050 g of the steel balls
P having a particle diameter of 45 to 106 pm were mixed,
and the mixture was checked for black foreign matters as
it was without the separation operation by the magnetic
separating machine. The evaluation result is shown in
Table 2.
[0096]
(Comparative Example 7)

10 kg of the (PPE-3) and 0.050 g of the steel balls
Q having a particle diameter of 106 to 150 um were mixed,
and the mixture was checked for black foreign matters as
it was without the separation operation by the magnetic
separating machine. The evaluation result is shown in
Table 2.
[0097]
(Comparative Example 8)

10 kg of the (PPE-3) and 0.050 g of the steel balls

R having a particle diameter of 150 to 250 pum were mixed,



10 kg of the tPPE-3 and 0.050 g of the steel bails R havinc a
partible diameter of 150 to 250 ;:mwere mxed, and the mcture was
; Meeker] for black foreign mattets as it. was wi thout the separation
operation by the magnetic separating machi ne, The eval uation result
is shown in Table 2, NO5.1 10 :-....g of the (PPP) -3) and
5,050 g ot. the steel balls c,2 having;a partinis dianeter of 105 to
150 wa were m xed, and subjected to the sepatation operation nsing
the el ectretagnetie separating dachi ne eci dpped with the screen A

fate of thé T SRt BT abom J00Hee HOTTHOrE ek o G Cls SRS BF

cl oggi ng of scr.een d the tteadnent could be c 5|stentl
stably car ri eéﬁdout elite\?ca uasﬁ_poanra?celsocnueo% 1OW 1'h Q{h ina%%%%bi
(Exanples 910 .,13) e.Qperatio 0 as+n ie
except for a cor%‘ln tg'coﬁ%%tlgggagﬁg%% F%gPa%FS %tshgwﬁ nThe

eyal nhti on-esy t;s are shown in Table 2, iU100-) fI|onparat|ve
Exami,le 90 10 1the (d)d)),E.--3)) and 0.055 s of the steel bails R
hayi ng a partioslie di aneter of 1T-10 to 250 ) Tm were m xed, and
charged in a polyethyl ene-made hag. Thereafter, Sr adsorption bar T,
in which 3 (hararmmagnet). havi ng a nmagnetic
10 kg of the (PPE-3) and 0.050 g of the steel balls
Q having a particle diameter of 106 to 150 um were mixed,
and subjected to the separation operation using the
electromagnetic separating machine equipped with the
screen A. The magnetic flux density was 1.6 T, and the
mixture was passed at a rate of the treatment of about
200 kg/h. There was no occurrence of clogging of the
screen, and the treatment could be consistently stably
carried out. The evaluation result is shown in Table 2.
[0099]
(Examples 9 to 13)
The operation was carried out as in Example 8,
except for according to conditions shown in Table 2 shown
below. The evaluation results are shown in Table 2.
[0100]
(Comparative Example 9)
10 kg of the (PPE-3) and 0.050 g of the steel balls
R having a particle diameter of 150 to 250 pum were mixed,

and charged in a polyethylene-made bag. Thereafter, an

adsorption bar T, in which a bar magnet having a magnetic



flux density of 11,25 T and a dianeter of 23,5 sm was but in. a
SUS313mhade tube having. ah cuter ci-janmeter of 25 mm was put in the
pel yethyl enc:: bah, and the bac was hand bl ended or 1 mn,

Thereafter, after the adsorption. bar T\' token out fromthe

pol yet hyl ene bac, the pol yphenyi ene ether was checked for hlack
foreign matters, The evaluation resulLtghs_shown in Table 2, [0101]
(Conpar ati velO) The operation was nor nod out as in. Conparative
Mkanpl e 9, except for using the steeT bal P The evaluatiN n heshl t

(2 SO T S i %"%aiﬁiévnedoam Gﬁ%% o 22 iheas put

di anet eh of. 103 nlxed and nel.t ed us SY25
twin -8CreWext sﬁg%ﬂ%)m e by e, ,he‘-"rvnlenrg & pfi'ei derer “? hibH (?fn r%hy,

nunber of i or
rr?n and cns 1Sr élzcd- ‘nq di scﬁl}éé%r aar |ng d|srégg}{@]§£@%g IR,

blended for 1 min.

Thereafter, after the adsorption bar T was taken out
from the polyethylene bag, the polyphenylene ether was
checked for black foreign matters. The evaluation result
is shown in Table 2.

[0101]
(Comparative Example 10)

The operation was carried out as in Comparative
Example 9, except for using the steel ball P. The
evaluation result is shown in Table 2.

[0102]
(Comparative Example 11)

10 kg of the (PPE-3) and 0.050 g of the steel balls
Q having a particle diameter of 106 to 150 pum were mixed,
and melt kneaded using a ZSK25 twin-screw extruder (made
by Werner & Pfleiderer GmbH in Germany, number of
barrels: 10, and a screw pattern having a screw diameter
of 25 mm, and one kneading disc L, one kneading disc R
and two kneading discs N) at a barrel set temperature of
310°C and at a screw rotation frequency of 200 rpm, to
manufacture strands at a discharge amount of 10 kg/h.

The melt kneaded strand was immersed in a water bath,



and two kneadinh discs N) at a. barrel set tanpchature 1(xt and at a
screw rotation frequency of 200 rpm to nmanufacLure srands at. a

di schahge anohnt at 10 kr":/h. The nelt kneaded strand was i mmersed
in.weteh batn, enc.: pelleized by a strand cutter, The size of the
ell.ets was 3 nmx 3 am. sepa: aation operation was ca.rrie
out on the obtained pellet nsing the_ekectromagnetic separating

machi ne egni pped with the screen A. The nagnetic flwx flenslty was
1,6 T. Since clogging of the screen occurred when the pellet was
passed at. a of 200 WO 3. assing rate was i tably
soppr essed.? “F’L egulrﬁteﬁﬁedo X%%aé?&rﬂ'gtrﬁq teterid® of %

psl yphenyl en et her fi bila| ned Wax 3.090 ppm The evaluation reswt is

shown. in. Sfapi%2,79%) F78hpl e 14) As described before,
the C PPE .-1) was %aQ%ltX%?xe%'e%‘%l%tnhW l%taal'ﬂee% %tuﬂ]rpgck?e
poi ymeri zation tank havi ng onam . a parger on

pol yref i batdion, tank émtltémuﬁwg tihe: q%@@ﬁorﬁ)é a0 Fe elenent iy the

nmet al anal ysis was S . sepatati on operati on was
canti ed ontmzem ithe e(q?HEpedL)wmt n@hé he- el @of£ omagnretsdretsieparati ng

machi ne egw wped
density was 1.6 T.

Since clogging of the screen occurred when the
pellet was passed at a rate of 200 kg/h, the passing rate
was inevitably suppressed. The content of the metal
magnetic material of the polyphenylene ether obtained was
3.090 ppm. The evaluation result is shown in Table 2.
[0103]

(Example 14)

As described before, the (PPE-1) was a polyphenylene
ether obtained by using a polymerization tank having an
iron-made sparger on the polymerization tank bottom, and
the content of an Fe element by the metal analysis was
520 ppb.

A separation operation was carried out on the (PPE-
1) using the electromagnetic separating machine equipped
with the screen A.

The magnetic flux density was 1.6 T, and the (PPE-1)
was passed at a rate of about 200 kg/h.

There was no occurrence of clogging of the screen,
and the treatment could be consistently stably carried

out. The content of an Fe element of the polyphenylene



with the screr, I; " The manetic flox density was 1.6 was passed
at a f,:it'E of about 200 kwf, k" There wax n. & occurrence of
closo'ing of the screen, and the treatnent could he conslptently
stably carried. ow. The content. of an Fe elenent of. the

pol yphenyi ene ether obtained was 2 ppb, The pol yphenvi ene et her
obt ai ned. was checked f:or black folLeign wettiter..s by the nethod
descr.thed al cove,. and no black foreign matters were, obeerveeic

| C. 1051 .A8 shown. in Table 2, it wah
found that in Eca. tnplee to 13 each, since the content of the netal

magn, stic rHt e &° ias $owets tznaﬁ’Pki O(T@epﬁ)ro& e &(ﬂ%ﬁéﬁ&ﬁrEsne

et her exhi bi.t.ed no, occurrence oreien matters a

hi gh ohal i t(iptalgﬁ}e Sepat ation o eﬁ%ﬂf a%f]a E Ky Wels” 2@3& gﬁ@ and
th | ypt

mgnet | ¢ it Eé%f”o?e%ﬁ%. s é’*@r,%fy??e%?%%é‘i%l%?%“e% f@*@ ngere
that the netal..ceparation nethod asine a nmagnetic. separatlng nachlne
hr)ol d renove the nmetal magnetic nmaterial particle even in Exanpl es

12 and 13 using the steel balls i.-1 having a 'particle dianmeter of
130 to 250 p.m, and was an efficient nethod.



In Txanple .14, even in the case of ygine a polynerizaticn tank
havi ng netal -made fich:tior,..., and using a pol yphenyl ene et hen
(PPE-1) in the state crynta-H,,ing a netal nagnetic nmaterial In the
pol yl meTi cati on stage, the netal oeparation nmethod going a.

mac. .inetic separating machine could effectively renove the netal

magnetic material, and a-high -Qualjty C lthhequene_e W Was
obt ai ned. . to Cngarati\e :LQLllJll) :5 9 and 1 i n whi
the metai .renovii war. (2, fikriep g&;ﬁ) gya. S.|f magnetr% te g)f
osino a magnetic separat| rig nechi Ae £a& d arge| nonber of et al
maenetic material which ¢ieuld not 8t etely be renmoved. were =
present, and. a prannficaliy can result gould not Pe galne |
conparative Ezanple 11, sErce ths spparatli onfeper&ion pas [carrjed
out using the pellets, thetscrieen; pegetragi on wag i|nBefipr &n &
separation of the netal @ﬁnletict mat eri al| coul d n& sEif icifently b
carried out, Industrial RApphreabit+iy—{6iht- Hre—pol-yjpheniy
et her according te the prgsent invewtgon has|t he @hcu&t'ial ~ | g
applicability. as variousgypds |of parts [n&terials iinSthel f|| ekd of
el ectric and el ectronic fﬁﬁerials, 'he filel d|of lad gnebi | es| and
other. fields ef various{types ¢f 1ndustrial[matjedals, [TiT|n
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[Claim1l] A poiylLd en,a ether, conprising a content of a netal
magnetic material of. 0.001 ppm or higher and | ower than. 1, COO ppm
The pcl yphenyl ene et her according to claim1, wherein the

poi vphenyl ene ether conpriges a content of a netal nagnetic :material
of 0,001 ppmor higher and | ower than 0,500 ppm [C aim 3] The

pol yp, i

:enyl ene ether according to clagml or 2., wherein the

pol yphenyl ene et her conpriges a content of a nmetal nagnetic nateri al
of 0,001 ppm or higher and | ower than 0,100 ppm cmst an The
pO. 1iphen7l%g§§?ther according to claim 4, wherein the pclyphenyiene

et hey conpr
and | ower than.

a content of the re elemmt. of. 0,001 ppm or higher
As s wgpﬂ% g h% nb§lit was found that in Examples 8

to 13 each, since the content of the metal magnetic
material was lower than 1.000 ppm, the polyphenylene
ether exhibited no occurrence of black foreign matters
and had a high quality. The separation operation at 200
kg/h was possible, and the polyphenylene ether could be
obtained wherein the metal magnetic material was
efficiency recovered.

It was found that the metal separation method using
a magnetic separating machine could remove the metal
magnetic material particle even in Examples 12 and 13
using the steel balls R having a particle diameter of 150
to 250 pm, and was an efficient method.

In Example 14, even in the case of using a
polymerization tank having metal-made portions, and using
a polyphenylene ether (PPE-1) in the state containing a
metal magnetic material in the polymerization stage, the
metal separation method using a magnetic separating
machine could effectively remove the metal magnetic
material, and a high-quality polyphenylene ether was
obtained.

In Comparative Examples 9 and 10, in which the metal
removal was carried out by a bar magnet instead of using
a magnetic separating machine, a large number of the

metal magnetic material which could not completely be



The pol yphenyi ene ether according to any one of clains 1 to 5,
wherein the pol vphenyl ene ether is a powder havini a vol une-average

particle dianmeter of 3 mMmor smaller. [Caim?7: ThE

-1 yphenvi ehe et her according to any one of clains 1 to C ;" wherein
the potyphenyi ene ether 13 a. Nowder havi ng a | 005, 3e apparent
specific gravity of 0,4 or hlgher, [COaim The

polylithTv:gine ethe.r according to any one of claim::To 7, u.he
pol yphenyi ene ether M. a po,,,?der halng 3c'if 1 MH gI ar ger
The polyn. henyi ene ether according :To any one of hlaims to a,

wher ei n. r\ﬁﬂﬂ‘@dﬁé’teéle rgGTetite rarerd é?racﬁﬁlcr?dfllﬁ s d%?r?ltéh’% BeUtRe
net al rragnet ngTer.ial ha, Mio a Ri aZi MOM breadth of 150 Rm or
| ar ger of f DA tgia&n@/dlm or lower, [Caima1.0]

In Comparative Example 11, since the separation
operation was carried out using the pellets, the screen
penetration was inferior, and the separation of the metal

magnetic material could not sufficiently be carried out.

Industrial Applicability
[0106]

The polyphenylene ether according to the present
invention has the industrial applicability as various
types of parts materials in the field of electric and
electronic materials, the field of automobiles and other
fields of various types of industrial materials, film

materials, IC tray materials, and food package materials.



The pol yphenyl me et her acobrding to any one of clains 1 tb 9,

wherm n the pol yphenyi ene ether has a. C. I, heat (a color index
-val ue of a pol yphenci ene ether conpressed at 31.0'C for 20 mn. at a
pressure of 10 MPa) bf 3,5 or ItA);sd". [Caim1lll A et hod for

prodfl ei ng a pbl ypt henyi enm et hbr, conprising the gtbps ofc

pol ynerising a phenol conpound se as_tggsobtain a pol yphbnyl enm et hbr
represented by the following forrmula fli; and bassi bg the p

| yi Thenvi ene ether throuih a nagnetic. separating macht he equi pped
with a magnetic forcegenerating source, Si as to make. a content of a
mtal magnetic material in the pol yphéAyi"&nm ether to he 0 001 ppm or
U ghgr and It.nbr than ].000 ppm: iHornmuld 1] 9 wherein RI., R2;
ft; and. R 4 each independently represents

[Claim 1]
A polyphenylene ether, comprising a content of a
metal magnetic material of 0.001 ppm or higher and lower

than 1.000 ppm.

[Claim 2]

The polyphenylene ether according to claim 1,
wherein the polyphenylene ether comprises a content of a
metal magnetic material of 0.001 ppm or higher and lower

than 0.500 ppm.

[Claim 3]

The polyphenylene ether according to claim 1 or 2,
wherein the polyphenylene ether comprises a content of a
metal magnetic material of 0.001 ppm or higher and lower

than 0.100 ppm.

[Claim 5]



one select:ed fromthe group consisting of a hydrogen atom a
:-lalgen atoRn an al kyl group which may he substituted, an aryl group
whi ch. may be substituted, an aral kyi group which nmay be substituted,

and an ai kr., 2y gxoup which may be substituted. laim 121 The
nmet hod for broth-Acing tde bpi phenyl ene ether aocording to claim
11, conpri sing2 passi ng the polyphenyiene ether through a

magneti c separati-o.g nmachi ne egi pbed with a magnetc force-generating
source so as Lo nake a content of a netal magnetic iftaterial in the
bol yphehyl ene ether Lo be 0.00i ppm or higher and | ower than 0J-A0
ppm_ Cl: 24, m'he PolypaspigetRe SpoPypRERYPIEREJetRer Phflodgh a
magneti ¢ sepat at.i nq machi.ne equi_pped with a. magnetic forcgenetating
source so nglﬁa&@eagﬂﬁﬂp %ﬁlerﬁﬁgﬂrrﬁﬁﬂﬁﬁ%???nﬂeﬁ?QieW% ?%e

B(F:”)T: yphenylt%rée ]:'eet %?Lrer&e%tb%fo’oq(?)]o lp%erororhil'%.hgehreranadn Olvo\"n’vgert h@(‘ar?' 100
0.100 ppm.

[Claim 6]

The polyphenylene ether according to any one of
claims 1 to 5, wherein the polyphenylene ether is a
powder having a volume-average particle diameter of 3 mm

or smaller.

[Claim 7]

The polyphenylene ether according to any one of
claims 1 to 6, wherein the polyphenylene ether is a
powder having a loose apparent specific gravity of 0.4 or

higher.

[Claim 8]
The polyphenylene ether according to any one of
claims 1 to 7, wherein the polyphenylene ether is a

powder having a specific surface area of 1 m?/g or larger.

[Claim 9]
The polyphenylene ether according to any one of
claims 1 to 8, wherein a whole metal magnetic material

comprises a content of the metal magnetic material having



[Claim 141 The net hod for producing the, polyphenyiene ether
according. to any one of claim 11 to 1.3" wherein the nmetal magnetic
material is a netal magnetic material conprising an Fe el enent,

[Claim151 The net hod for producing the pol yphenyl ene et net
according. to any one of clainms Il to 1.4, wherein. the pol yphenyi ene
ether is a powder havinh a volune-average_particle dianmeter of 3 mm
or smaller. for.tHs 2riiyiThsrvian;:: The method. for

produci ng the pol yphenyl eno et her accordiny to any one of clains 11
to 16, wherein the Pol vphenyl ene ether is a powder having a specific
surfaco ar éa™FinuR/ay ordihargferl > @raian THrger offHe Jrerdvodi ¢ be/ kg
produci ng t he pol yphenyl ene ether according to any one of clains 11
to 17, mhef@iﬁ‘“ﬁ%ﬁ t he. pol yphenyl ene ether is passed through the
magneti ¢ seai ati ng machi ne equi pped with the magnotio
force-generating source, a nmagnetic fgrce in a region for reKtoying a
net al rragne[td'l%ii;gthj]i al fromthe pol yphenyiene ether is 0,5 T or

hi gher, [Caim 191

The polyphenylene ether according to any one of
claims 1 to 9, wherein the polyphenylene ether has a C. I.
heat (a color index value of a polyphenylene ether

compressed at 310°C for 20 min at a pressure of 10 MPa)

of 3.5 or lower.

[Claim 11]

A method for producing a polyphenylene ether,
comprising the steps of:

polymerizing a phenol compound so as to obtain a
polyphenylene ether represented by the following formula
(1); and

passing the polyphenylene ether through a magnetic
separating machine equipped with a magnetic force-
generating source so as to make a content of a metal
magnetic material in the polyphenylene ether to be 0.001
ppm or higher and lower than 1.000 ppm:

[Formula 1]



The net hod for nroducing the poh,i nilLene ether according to any. one

of claims |i to 1:.3, wherein the magnetic force-generati.ng source
of the magnetic. separating machine is an el ectromagnet, ether
e.t:-.3.ac Is i TTt0eCl thr.,21:agh 00) 33133wlir: cr;-...:YuT:' Ler,
[Claim211 The net hod for produci ngthe pOLVprtefl VieTle ether
accordinn i.-.ar"." 0lle of clainms 11 g 20, ,,.,terc:lIn the nagnetic

separating. machine has a magnetic force-effective s,..E: paration
length of. TOO par:i or |ong, ELr.

Rj Ri
(1M

R4 R2

wherein R;, Rz, R3 and R; each independently represents

one selected from the group consisting of a hydrogen atom,
a halogen atom, an alkyl group which may be substituted,
an aryl group which may be substituted, an aralkyl group
which may be substituted, and an alkoxy group which may

be substituted.

[Claim 12]

The method for producing the polyphenylene ether
according to claim 11, comprising:

passing the polyphenylene ether through a magnetic
separating machine equipped with a magnetic force-
generating source so as to make a content of a metal
magnetic material in the polyphenylene ether to be 0.001

ppm or higher and lower than 0.500 ppm.

[Claim 13]
The method for producing the polyphenylene ether

according to claim 11, comprising:
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passing the polyphenylene ether through a magnetic
separating machine equipped with a magnetic force-
generating source so as to make a content of a metal
magnetic material in the polyphenylene ether to be 0.001

ppm or higher and lower than 0.100 ppm.

[Claim 14]

The method for producing the polyphenylene ether
according to any one of claims 11 to 13, wherein the
metal magnetic material is a metal magnetic material

comprising an Fe element.

[Claim 15]

The method for producing the polyphenylene ether
according to any one of claims 11 to 14, wherein the
polyphenylene ether is a powder having a volume-average

particle diameter of 3 mm or smaller.

[Claim 16]

The method for producing the polyphenylene ether
according to any one of claims 11 to 15, wherein the
polyphenylene ether is a powder having a loose apparent

specific gravity of 0.4 or higher.

[Claim 17]



The method for producing the polyphenylene ether
according to any one of claims 11 to 16, wherein the
polyphenylene ether is a powder having a specific surface

area of 1 m?’/g or larger.

[Claim 18]

The method for producing the polyphenylene ether
according to any one of claims 11 to 17, wherein when the
polyphenylene ether is passed through the magnetic
separating machine equipped with the magnetic force-
generating source, a magnetic force in a region for
removing a metal magnetic material from the polyphenylene

ether is 0.6 T or higher.

[Claim 19]

The method for producing the polyphenylene ether
according to any one of claims 11 to 18, wherein the
magnetic force-generating source of the magnetic

separating machine is an electromagnet.

[Claim 20]

The method for producing the polyphenylene ether
according to any one of claims 11 to 19, wherein the
polyphenylene ether is passed through between the
magnetic force-generating source arranged with a spacing

of 15 mm or smaller.



[Claim 21]

The method for producing the polyphenylene ether
according to any one of claims 11 to 20, wherein the
magnetic separating machine has a magnetic force-

effective separation length of 100 mm or longer.



