10 Novenber, 2005 DESCRI PTI ON FUNCTI ONALI ZED POLYPHENYLENE ETHER I N
TECHNI CAL FIELD This invention relates to a functlonéﬂiﬁ@ﬂﬁﬂggLygﬁggylene
ether resin useful as a plastic material in the fields of electrical and
el ectroni c products, autonobiles and other industrial materials, and foods
and packaging fields and to a process of producing the sane. BACKGROUND
ART Pol yphenyl ene ethers are excellent in processability and productivity.
They can be nolded by .nelt injection, nmelt extrusion and simlar nol ding
techni ques into products or parts of desired shapes with good
productivity. Therefore they have BU¥eitrRi&EIGN used as a material of
products and parts in the electrical and electronic fields, autonobile
field, and other industrial materials fields, and foods and packagi ng
fields. In the electrical and electronic fields, autonobile field and

ot her var FENSTIAYNASLIZES POLYPHEN YREOHUETHEMARESIAY t s have now cone to be

w dely diverse, and requirenents for resin materials therefor have al so
been diversified. To neet the requirenments, polymer conposite (conbination
of 1 10 Novenber, 2005 existing polyners with other materials) technol ogy

and pol yneECcENIOxL( g#oRbDNati on of existing polynmers) technol ogy have |ed
to resin materials wth characteristics not possessed by existing

materials. Generathpo! yRhenylsne-eihees, tWhkl eupxesbhant Lkl heat
reS|stance and mechani cal characteristics, have poor conpatibility wth

ot her 1 @bSendEnther cbpi £85 98 LOBERTT gks t 19@&8{7@&%9%‘%‘1”1 IS

Ilnlted hey have particularly poor conpati |ty W hi'ghl'y pol ar
material Sthe fields of electrical and electronic products,

automobiles and other industrial materials, and foods and

packaging fields and to a process of producing the same.

BACKGROUND ART

Polyphenylene ethers are excellent in
processability and productivity. They can be molded by
‘melt injection, melt extrusion and similar molding
'techniques into products or parts of desired shapes with
good productivity. Therefore they have been widely used as
a material of products and parts in the electrical and
electronic fields, automobile field, and other industrial
materials fields, and foods and packaging fields.

In the electrical and electronic fields, automobile
field and cther various industrial fields, products and
parts have now come to be widely diverse, and requirements
for resin materials therefor have also been diversified.

To meet the requirements, polymer composite (combination of



such as pol yam de and need to be functionalized to be ﬁonbiqfd Eiﬁg such
resins. Wth respect to functionalized pol yphenyl ene - 52486,
U. S. Patents 4,654,405 and 4, 888, 397, and JP- A-63-54425 propose processes
i n which pol yphenyl ene ether in a molten state is allowed to react.with a
reactive functionalizer, such as mal eic anhydride, in the presence or
absence of a radical initiator. However, the proposed processes involve
very high tenperatures for nelting the resin, which cause various problens
arising fromthermal . deterioration of the resin, such as col or change,
fornationebetBPQCPoﬁgwerﬁnHlﬁgoPtQSFOWaFﬁﬁéaé§ aﬁﬁ&%ﬂﬁ%ﬂﬁy Bdopean Pat ent
546497, JP-A-4-239036, and JP- A-3- 35020 teach processes in which a mxture
of pol yphlé%y%ﬁé a gt A¥r (GAALANALAEDI BRaPRisE ingusklagens)eite chmladyde, in
a prescribed mxing ratiois allowed to react in a solvent 2 10 Novenber,
2005 capab?eeofedi sgorebhy patgphehsl enchetheracThesetposcesses achieve
only a low functionalization reaction rate and, besides, resin

conposi t i prssadhsad ney @yi@tbn@imgtéhéalsesulting functi onal i zed

pol yphenyl ene ether with different polyners are of low utility as a

materi al due to tdwidgral rieYypiengldiadi Citthe £HANACE BE 1 85E681edP- fn2- 276823
di scl oses pol yphenyl ene ether with a 6-chroman end group to which a

functi onalestf tisi®sghae and 3APYhi GEDUPhHFa e PXEHi 260 RSYE BHBHP. S
bonded. In all the working Exanpl es given, however, pofyp henyl ene et her

s el t edcapat KA HETPATRIUNR £ 300G 072 B20Qing Thee ERSY Ling

functlonallzed pol yphenyl ene ether resins were found t ave a poor col or

tone andq i@ i ub H%Bp Which is a
scor ched reS%ﬁgﬁ%k?ff%%§f%%%%ghﬁ%dPV§f065gg%%%ﬂa§scﬁ% a process of

obt ai ni n%ar%ﬂ%'l%%'y} %%%rp@&ﬁ%r}lﬂﬂllQ%ftﬂQh qylgarll}pvﬁgﬁar materials

such as polyamide and need to be functionalized to be
combined with such resins.

With respect to functionalized polyphenylene ethers,
JP-B-3-52486, U.S. Patents 4,654,405 and 4,888,397, and JP-
A-63-54425 propose processes in which pclyphenylene ether
in a molten state is allowed to react with a reactive
functionalizer, such as maleic anhydride, in the presence
or absence of a radical initiator. However, the proposed
processes involve very high temperatures for melting the
resin, which cause various problems arising from thermal
deterioration of the resin, such as color change, formation
of black gel, and poor coclor tone or appearance.

European Patent 546497, JP-A-4-239036, and JP-A-3-
35020 teach processes in which a mixture of polyphenylene
ether and a functionalizer, such as maleic anhydride, in a

prescribed mixing ratio is allowed to react in a solvent



pol yphenyl ene ether in a solid state to react with a ;fﬂnctignaléébgg
conpound. According to the disclosed process, becau £ IS
preceded by m xi ng pol yphenylene ether with a solid or liquid
functionalizing conpound in a predetermned ratio, the functionalization
reaction rate is extrenmely low so that resin conpositions obtained by

bl ending the resulting functionalized polyphenylene ether and different
pol ymers have inferior 3 10 Novenber, 2005 nmechani cal characteristics and

| ow practicabiliity_as . .a terial. JP-B-63-7204 proposes supplying a

r adi cal §8P§#&Fi§§bﬁé558ﬁ%&&ﬁdHQ4$EQi¥¥ 6ﬁ£§E*to%§8F$pE§H§ﬁé%&S et her
in the presence of an organic or inorganic radical _polynerization
initiator?c?ﬁévﬁrﬁéégsai295I§B§Cﬁﬁénﬁ3é8ﬁéﬁoql%%aqq%QWlﬁﬂﬁﬁ(ﬁ&ﬂdzing
conmpound itself is apt to honopolynerize, failing to be added to

pol yphenyPefédgthekesignf rempasiyions mbheiowed babdlendimecttihenal i zed

pol yphenyl ene ether resins obtained by conventional techniques have an
unsati sf atesuytbapafvecheonednzedl prlygpheppéananethamd witbc bddifealent
properties for sufficiently fulfilling the demands of industrial fields.
The presemtlimeestéapa o€l bdestitidiayf anchi naakirzed dpel yphehngliene et her
whi ch has an excellent color tone, <contains little black foreign

subst anceingafi pr onéciesni Pl yoraraktteysswith. superi or mechani cal
characteristics when blended with other resins. BRI EF DESCRI PTI ON OF THE

DRAWNGS Fig. 1 igp-n-scherned2s of s@los@papat YshiQy1 Oht abhhag with a

functionali zed pol yphenyl ene ether, which is used in Exanple 1. 4
6-chroman end group to which a functional group, e.g., a
carboxyl group or an oxidized acyl group, is bonded. In
all the working Examples given, however, polyphenylene
ether is melted at a high temperature (300°C or 320°C). The
resulting functionalized polyphenylene ether resins were
found to have a poor color tone and to contain considerable
black foreign substance which is a scorched resin.

JP-A~12~191769 and WO 00/52074 disclose a process

of obtaining functionalized polyphenylene ether by allowing
polyphenylene ether in a solid state to react with a
functionalizing compound. According to the disclosed
process, because the reaction is preceded by mixing
polyphenylene ether with a solid or ligquid functionalizing
compound in a predetermined ratio, the functionalization
reaction rate is extremely low so that resin compositions

cbtained by blending the resulting functionalized

polyphenylene ether and different polymers have inferior



10 Novenber, 2005 Fig. 2 is a proton NWR spectrum of the functiognalized
pol yphenyl ene ether obtained in Exanple 1. Fig. 3 is 10 Nowgmber,2005,,
apparatus for obtaining a functionalized pol yphenyl ene ether, which is
used in Example 7. Fig. 4 is a schematic of an apparatus for obtaining a
functionalized pol yphenyl ene ether, which is used in Exanple 14. Fig. 51is
a proton NMR spectrum of the functionalized pol yphenyl ene ether obtained
in Conparative Exanple 13. DI SCLOSURE OF THE | NVENTI ON The present

i nvent or conduct ed gxtensive anestigatigns on the structure of

functi onal T¢&83 7 pof v phBATRERET&EREFS, SRR LPBURGAEE 1§2PdddItY Pfaf a
functionalized pol| yphenyl ene ether giving a proton NVR spectrumw th a peak
area rati d¢®§¥¥®8}- of 0.0001 or greater, wherein (A) is the area of peaks
at chemcal shifts from2.95 to 3.04 ppm and (B) is the area of peaks at
chenical shifts froin: 00 1406. DOoppaes haspphy exged | eadiceadl or tone,
contains little black foreign substance, and provides polyner alloys
havi ng supeeiwrenssitalg catmpelrad ath ez i g&sesushpha bt endedoiphediyf breent

pol yners and have thus reached the present invention. 5 10 Novenber, 2005
-6 The presdmrdr iinverhe gresdrad@sof card Progess Of iPsPgaei B0radical
functional i zed pol yphenyl ene ether conprising: allow ng pol yphenyl ene et her

to react wdllynairi=®asion ane ff i OnalheZ ig1e P AWIG IRAE RGd BHidL &Pl ecul e
thereof 5 (i) at |east one carbon-carbon double bond or triple bond and
(i) at | east one fruneiiQnall JQHP Sahrated feami hes apt to
homepolymerize, failing to be added to polyphenylene ether
efficiently.
As mentioned above, functionalized polyphenylene
ether resins obtained by conventicnal techniques have an
unsatisfactory balance between color or appearance and
mechanical properties for sufficiently fulfilling the
demands of industrial fields.
The present invention relates to a functionalized
polyphenylene ether which has an excellent color tone,
contains little black foreign substance, and provides

polymer alloys with superior mechanical characteristics

when blended with other resins.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic of an apparatus for obtaining
a functionalized polyphenylene ether, which is used in

Example 1.



group consisting of a carboxyl group, an acid anhydride_ group, an am no
group, an am de group, an imde group, a silyl groug; 0 oup and
a glycidyl group, 10 wherein the functionalizing conmpound is supplied in a
gaseous state, diluted with an inert gas, to the polyphenylene ether and
allowed to react with the polyphenylene ether of a solid state at or bel ow
the nelting tenperature of the pol yphenyl ene ether. 15 The present
invention also provides a functionalized polyphenylene ether produced by
such a process which has, in its nolecule, at |east one functional group
selected froma darboxylisgromsotam MR spegtdrirdecridup, an anmi no group,
an am de group, an imde group, a silyl group, a hydroxyl group 20 and a
gl yci dyl dgrmgs, i caved iwdeict hpagi wedse rey Jorrod oant INMR olptesci radn 1w Bsbarap peak. ar ea
ratio (A)/(B) of 0.0001 or greater, wherein (A) is the area of peaks at

chem cal shifts fFdm.2395st @ s3h@hapam aar Bppayathes &@a ot Poaksy at
chem cal shifts from6.00 to 6.90 ppm 25 BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ONal@uNetrivmlatgize d2@08 ypheMia dritncdidranal iviedoaly phany! gne et her
according to the present invention is made up of phenylene ether units

represent edapyigeneral formula (1) and has a functional group in the
nol ecul e thereof: 5 (1) wherein nis a value from15 to 330 and Rl, R2, R3,

and R4 each reprps nuaﬁgygrgaﬁema%% oggagﬂng%%%g %rag)bgc'ya Wi R0 group

havi ng an am no groap. The one iIn ich each’1s rogen at om
and R3 an ch LS h (o IS ferred. . The functi.gnal group
possessedgbgg?ﬁggpﬁhz ?8§§%P¥g8hgnyﬁene e%%%r, wglch 1% used in
Example 14.
Fig. 5 is a proton NMR spectrum of the

functionalized polyphenylene ether obtained in Comparative

Example 13.

DISCLOSURE OF THE INVENTION

The present inventor conducted extensive
investigations on the structure of functionalized
polyphenylene ethers, and found as a result that a
functionalized polyphenylene ether giving a proton NMR
spectrum with a peak area rétio (8)/(B) of 0.0001 or
greater, wherein (A) is the area of peaks at chemical
shifts from 2.95 to 3.04 ppm, and (B) is the area of peaks
at chemical shifts from 6.00 to 6.90 ppm, has an excellent
color tone, contains little black foreign substance, and
provides polymer alloys having superior mechanical
characteristics when blended with differen£ polymers and

have thus reached the present invention.



pol yphenyl ene ether of the present invention is a carbox 5 gr
aci d anhydride group, an imno group, an imde group Fé¥@¥é¥¥h— p or a

glycidyl group, with an acid anhydride group and a glycidyl group being
preferred. The functionalized pol yphenyl ene ether of the present invention
shows a proton NWVR spectrumin which the 20 ratio ((A)/(B)) of peak area
(A) between chem cal shifts 2.95 and 3.04 to peak area (B) between 6.00 and
6.90 ppmis 0.001 or greater, preferably_@.001 or greater. 10 Novenber,
2005 The proton NMR spectrum of the functionalized polyphenylene ether of
the present invention is nmeasured at roomtenperature with an NWVR

measuri ng system havj a_freguenc 400 her on a sanple
prepar ed by dissolv#ﬂg Pﬁ%s?ﬁﬁcf?ﬁ%ﬁF?QEdrﬁg+%ﬁﬁeﬁ9I neL8FRBf Pﬁ

trlHEthyIS|Ipmeda@mhglalmgneeybﬁégigehobeﬁgE h@necegﬂbgaboﬁﬁkiglaar each
peak in the NVR spectrumwas decid t aki ng t e peak assigned to'the

prot ons of tetranetﬁ%l@W%%%eP@%YDhQOprﬂe Fhkepeti neeatreitb Q%)l%B;t
di t t f | f
the " pears. Phe SelRESERAILENAY' LBRRLEGIHE VARG, IADLER R Rhot Pl ERE RS

NMVR spect fum(df &heléantt bnaatazednpohypbengbebee Bbharo@ftthplérBSQGt

i nvention do nﬁt ag ear xﬁth starting pol yphenyl ene ethers nor with
starting pol §PAenyf Endtet RRFE Oﬂﬁlgﬁnﬁé%%nﬁ efrReRt Setegted GREBr thRe sane

tenperature EQHQ'&bﬂgléélHéle'Q LhepERgetd P8y UtaM‘%gQHtaRﬁkagl xed
w th any functlonallzer is considered f hes acts that these

peaks are at@?@%ﬂta@ﬁeamDHQh@r@upucaurempﬁetQeoupolyphemyﬁengreuperanniety
ok (ATEL| OBk ok BRRITH, ST ST SELUIELNE SNBSS vt g
pol ypheny0ene et hewh@reierehd yEheavwei end BOXLR§ compound is supplied in a
gaseous state, diluted with an inert gas, to the
polyphenylene ether and allowed to react with the
polyphenylene ether of a solid state at or below the melting
temperature of the polyphenylene ether.
15 The present invention also provides a functionalized
polyphenylene ether produced by such a process which has, in
its molecule, at least one functicnal group selected from a
carboxyl group, an acid anhydride group, an amino group, an
amide group, an imide group, a silyl group, a hydroxyl group
20 and a glycidyl group, and which gives a proton NMR spectrum
with a peak area ratio (A)/(B) of 0.0001 or greater, wherein
(A) is the area of peaks at chemical shifts from 2.95 to
3.04 ppm, and (B) is the area of peaks at chemical shifts
from 6.00 to 6.90 ppm.
25
BEST MODE FOR CARRYING QUT THE INVENTION



8 10 Novenber, 2005 viscosity ranging fromO0.15 to 1.8 Ellg,“gaﬂiigylarly
0.20 to 0.70 dl/g, in a 0.5 g/dl chloroformsolutio 9 :

preferred that the functionalized polyphenylene ether of the present
invention and the starting polyphenylene ether be in a solid state.
Preferred solid forns include powder and pellets, with powder being stil
preferred. Pol yphenylene ethers of powder form are obtainable by, for
exanpl e, dissolving a polyphenylene ether,in a good solvent, such as
toluene, xylene, chloroformor chlorobenZene, and adding a poor sol vent,
such as nethanol or acetone, to the solution. For ease of handling the
powder obtai ned by t is _methqod npreferably has a particle size between 10

pmand 1,000 pm it 1§ EP@Férlroé‘é‘lﬂ&th RS LY RRENYFaIS féd‘erp&%&%ﬂgeﬁ@

ether of theth@rgé@ste 'tn‘i?ﬂitérﬁﬂcﬁpqst hdeSty i ngn& s Lo be
crystalline po éblng a nmelting p0|ntkﬁgné?%ﬂﬂgb§'to 26 therature
f ur ni shi ng ﬂ@@ﬁa@ﬁmﬁﬁﬂlhm19ﬂmﬁnahlﬁpnmﬂkﬂn dn etdveers arimtcatddnsd

pol yphenyl e rs nd t in ints include, for exanple,

Jour nal of %d%kb% SC|engb eﬁﬁgt &' I%fgp pp. 1141-1148 (1968), European

Pol ymer lburnal (9), pp. 293-300 (1973), and Polyner, (19), pp. 81-84

(1978). The neltlng poi nt of pol yphenylene ethers as referred to in the

present invention is defined to be the peak top tenperature of the peak

observed in a tenperature 9 10 NovenberR]2005 Hgeat flow rate plot obtained

with tenperature rising at 20C mn in di{ferential scanning calorinetry

(DSC) Where the plot has a pluralityfof op tenperatures, the

nmel ti ng point of the pol yphenyl ene f ned to be the highest one.
n

R4
(1)

wherein n is a value from 15 to 330 and R*, R?, R, and R!
each represent a hydrogen atom, an alkyl group or an alkyl
10 group having an amino group. The one in which R! and R?
each is a hydrogen atom, and R? and R* each is a methyl
group is preferred.
The functional group possessed by the functionalized
polyphenylene ether of the present invention is a carboxyl
I5 group, an acid anhydride group, an imino group, an imide
group, a hydroxyl group or a glycidyl group, with an acid
anhydride group and a glycidyl group being preferred.
The functionalized polyphenylene ether of the
present invention shows a proton NMR spectrum in which the
20 ratio ((A)/(B)) of peak area (A) between chemical shifts
2.95 and 3.04 to peak area (B) between 6.00 and 6.90 ppm is
0.001 or greater, preferably 0.001 or greater.



The functionalized pol yphenyl ene ether of the present invention can

contain appropriate additive(s) according to the uses L I

include flane retardants, heat stabilizers, antioxidants, UV absorbers,
surface active agents, lubricants, fillers, polyner additives, dialkyl

per oxi des, peroxy, peroxycarbonates, hydroperoxides, and peroxy ketals.
The functionalized pol yphenyl ene ether according to the present invention
can be obtained by supplying a functionalizing conpound in its gaseous

state to a polyph | ene et h in it sol i and al | the
functional i zi ng coﬁ%%uﬂﬁoFB“ g%%tSRFF THRe® go?ﬁ PBFYpARBA Féﬁ ether at or
below the nelting tenperature of the polyphenylene ether. In the
productlonp%%BE%§§y%?n?h%tb?és@ﬁtthﬁv@ﬁ??@ﬁt 1PFeP§1BPeFérW€éSPH§? fife

pol yphenyl ene ether reacting with the functionalizing conpound be in a
sol i d stat®oomesmPreXHeupel yphlenyneN¥Renpapul §nal Fpoedmt Bavéaet ain its
nolten state with the functionalizing conpound, an increase of bl ack
forei gn substeameecorofiet @0 i i at donhbfhappear ansempliehptOpddeliokgnber, 2005
as yellowi ng can result, and no peaks appears in the range from2.95 to
3. 04 ppm idi¢drel pirod orhdAMRuspecénabi zdepel yiinen pbéyphetytenénet her in a
di ssolved state in a solvent, e.g., toluene or chlorobenzene, is nmade to

react wit rcatieetHywinctioned don te ©onp o e Peaks]l sheo Aotmappeasr in the range
from2.95 to 3.04 ppmin the proton NWR spectrum either, and the polyner

al | oys W tdheptiter] resims mavedaw pdiehani oad haracd e hshigss The
functional i zi ng compound whi ch can be used in the present invention

conpri ses (e il RAB1HONS IQMIARIHe (AP UKL d1BH NS, idhd NerJRdeeube thereof at
| east one carbon-carbon doubl e bond or tTiple bond and at | east one

tetramethylsilane as 0.00 ppm.

The peak area ratio (A)/(B) according to the
present invention is egual to the ratio of integrals of the
peaks.

The peaks between 2.95 and 3.04 ppm appearing in
the proton NMR spectrum of the functicnalized polyphenylene
ether of the present invention do not ‘appear with starting
polyphenylene ethers nor with starting polyphenylene ethers
which have been heat treated under the same temperature
condition as used in the reaction but without being mixed
with any functionalizer. It is considered from these facts
that these peaks are attributable to the structure of the
polyphenylene ether moiety having the functional group
bonded, which structure has not been elucidated as yet.

The functionalized polyphenylene ether and the

starting polyphenylene ether preferabkly have a reduced



functional group selected fromthe group consisting of a carboxyl qgroup,
an acid anhydride group, an anmino group, an am de grkﬂdﬂggiﬂﬂﬂﬁiéﬁﬁgioup, a
silyl group, a hydroxyl group and a glycidyl group. O such
functionalizing conpounds preferred are those having a double bond and at

| east one carboxyl group, acid anhydride group, imdo group or glycidyl
group in the nolecule thereof. Specific exanples include mal ei c anhydri de,

i taconi ¢ anhydride, naleic acid, fumaric acid, phenylmaleimde, itaconic
acid, nethacryli¢c acid, acrylic acid, gl C|dyl met hacryl ate, gl ycidyl
acrylate 3FF9PSl§VyE?H9Fn€tﬁéPm Hyé?o%?aﬁk?ld%éﬂha@ﬁ%l&?@ @6ﬁﬁb&h , and 2
11 10 Novenber, 2005 -12 di net hyl am noal kyl conpounds. Anong them naleic
anhydri de tbsoei@réhégy prnefebrédg/dh théoppddunt sodupriocess S0°€he present
invention, the functionalizing conmpound is desirably supplied inits 5
gaseous state to the pdlyphesytedetleebethe Whenetibealinmedi onal i zing
conpound is supplied in a liquid or solid state, the reaction wll be
extrenel y sébyphdieeherse ¢tiee protesseobrébent ubntrentabhzeng chspound' s
penetrating into the solid pol yphenyl ene ether is the rate 10 determ ning

step. As ast®stiig pdeyphebered dtiger facihonabobi@upsatstroduced into the

pol yphenyl ene ether wthin a prescribed time will be much smaller than in
the case mheferidie damcd | fahd Zj MG SQEPIER ;- Sah& ém@tgas\ﬁ%ﬁ state.
Further, the peak area between 2.95 and 3 04 ppm1 be extrenely

smal | The,dunct ignald @ﬂgllc%@;%é& e %Jeeeederr&g@f

functional'i zi ng conmpound as wth an'inert gas. The Inert gas nay

i ncl ude helduay ARGPMr AU ATHIEN L L0 4L 9GeN bekng. pREEhguLar |y

preferred.
polyphenylene ether in a good solvent, such as toluene,

xylene, chloroform or chlorobenzene, and adding a poor
solvent, such as methanol or acetone, to the solution. For
ease of handling the powder obtained by this methbd
preferably has a particle size between 10 um and 1,000 um.
It is preferred for the functionalized
polyphenylene ether of the present invention and the
starting polyphenylene ether to be crystalline powder
having a melting point ranging 200 to 260°C. Literature
furnishing the information about the relation between
crystalline polyphenylene ethers and their melting points
include, for example, Journal of Polymer Science, Part A,
2{6), pp. 1141-1148 (1968), European Polymer Journal, (9),
pp. 293-300 (19273), and Polymer, (19), pp. 81-84 (1978).
The melting point of polyphenylene ethers as
referred to in the present invention is defined to be the

peak top temperature of the peak observed in a temperature-



20 In diluting a gaseous functionalizing conpound with_ an inert s, the
vol ume concentration of the functionalizing conpounﬁgﬂgﬂ$¥¥k¥§qaﬁgﬁ-1@6or

hi gher. The volunme concentration of the functionalizing conpound is
obtained fromthe saturated vapor pressure at a tenperature 10 Novenber,
2005 for vaporizing the functionalizing conpound. For instance, when
mal ei ¢ anhydri de reaches gas-liquid equilibriumin a nitrogen atnosphere
at 190C under ambient pressure, the volume concentration of maleic
anhydride_in the s hase is . 79% The higher the volune concentration of
a functiBRafi #LA oBAgt PﬁéaHPﬁﬁewlﬁﬁetﬁ@&@?@&ﬁrﬁaﬁéﬁéﬁg|4§ preferred.
It is particularly adV|sabIe in the present invention that a gaseous

f unct i onakP% 11ei e oirrp olnGif eentomt | scawsl g f eall e vimepoyyPREGYL eriéhetder so
that the functionalizing conpound may have a linear velocity with respect
to the potiphehytenaseahplurenithi sfcasak ther éemperebtaiesed tée i ncreased
rate of the elenentary process of the functionalizing conpound' s diffusing
al ong t hemepolypheoiyhenesf ether ppayphehelsnef atkeact sssetheegasof blem
surrounding the particles, which results in an increased reaction rate. In

maki ng a gesepughésmncénonal i zing conpound to flow, a higher |inear
vel ocity of the gas with respect to the pol yphenyl ene ether results in a

hi gher reaction Mmat efudonenedli 48 PPN el SCatdehéPdoPOMEEr | ncreases
with the increasing linear velocity to cause an increased |oss of the

powder . ACCOr NG e 2561 8LH ehntd NP NELOF] d¥e Oéd&{%lgé%f
functionalizing conpound wth respect to the pol yphenyl ene ether ranges

from 0. 0% dEaei AP ) Hefse 13 rhe NAMSTVes 40N o AlGHd ed tenperature

in the reaction tween th
retardants, heat stabilizers, antioxidants, UV absorbers,

surface active agents, lubricants, fillers, polymer
additives, dialkyl peroxides, peroxy, peroxycarbonates,
hydroperoxides, and peroxy ketals.

The functionalized polyphenylene ether according to
the present invention can be obtained by supplying a
functionalizing compound in its gaseous state to a
polyphenylene ether in its solid state and allowing the
functionalizing compound to react with the solid
polyphenylene ether at or below the melting temperature of
the polyphenylene ether.

In the production process of the present invention,
it is preferred that the polyphenylene ether reacting with
the functionalizing compound be in a solid state. Where
the polyphenylene ether is allowed to react in its molten
state with the functionalizing compound, an increase of

black foreign substance or deterioration of appearance such

10



functionalizing conpound and the pol yphenyl ene et her jz élo ﬁo é@%&,
particularly 155 to 230C. The hi gher the reaction tem Vemae gher
the reaction rate. Nevertheless, a reaction tenperature exceedi ng 230C
wi Il cause the polyphenylene ether to nmelt, which results in deteriorated
color tone. In the present invention a radical initiator can be added to
accelerate the reaction. Organic peroxides are preferably used as radi cal
initiators. Wien the gaseous functionalizing conpound and the

pol yphenyl ene eLTer,are brought into contact to react with each other
accordi ng o YRelBYLREntaRnteRtibn, 2PAe"CpBrRKHeAYPEAE SeifetfayF 2hdSei t her
allowed to_stand still or stirred in a reaction vessel. The reaction
appar at us £9°Be?- §3ctonwhe? & PPB pB| YPRRcRyPEAR BMRepPRStaANManeWnEBE 1 eact
whil e being stirred includes, but is not limted to, a Henschel mxer, a
paddl e ni xeie pebyRhedtéee detleer I #edsshel veilxetats par&i eolaehy,
preferred. The functionalized pol yphenyl ene ether according. to the
present inventi orelwene det yclappt dloabteneé n themadtecdrireakbtandtrl enkronic
fields, autonobile and other industrial fields, and food and packagi ng
fields. Pafymerialdoys roptaimesiny, edkkneadiog ifseaf upst tpeakkzgd

pol yphenyl ene ether of the present invention 14 10 Novenber, 2005 and

pol yam de,faol YA rosdeor3 ud yast eim afitte axe&sd de MR Nsp&Ot Blim} 08L L &ppear ance,
mechani cal characteristics, and productivity and therefore useful with
great advameges ighlaRl iQaldyansith tha&! addifalnand gectronic fields,
aut onobil e and ot her "industrial fields, and food and packaging fields. The

present | meRMLARW Idhh8 dildustisated in greater detail with reference to
the foll ow ng Exanpl es,

The functiconalizing compound which can be used in

the present invention comprises at least one organic
compound having in the melecule thereof at least one
carbon-carbon double bond or triple bond and at least one
functional group selected from the group consisting of a
carboxyl group, an acid anhydride group, an amino group, an
amide group, an imide group, a silyl group, a hydroxyl
group and a glycidyl group. Of such functionalizing
compounds preferred are those having a double bond and at
least one carboxyl group, acid anhydride group, imido group
or glycidyl group in the molecule thereof.

Specific examples include maleic anhydride,
itaconic anhydride, maleic acid, fumaric acid,
phenylmaleimide, itaconic acid, methacrylic acid, acrylic
acid, glycidyl methacrylate, glycidyl acrylate, allyl

glycidyl ether, hydroxyalkyl methacrylate compounds, and 2-

i1



but the invention should not be construed as being |i éf Hhergb%s Met hod
of evaluation (1) Determ nation of added carboxyl oﬁ%

anhydride groups in functionalized pol yphenyl ene ether First of al
functionalized pol yphenyl ene ether particles as obtained by the reaction
were cleaned in heated acetone for 3 hours or longer in a Soxhl et
extractor to renove the unreacted functionalizing conpound remaining on
the particles. Were the functionalized pp#yphenylene ether after the
reaction was nelted or pelletized by use of an extruder, it was thoroughly
ground to pomder inanortar and subjected to this cleaning operation. The
cl eaned polé 150C under essure of O.

d d ed 1
hour. An aliquo Wa WéthﬁgglpgﬁﬂgPuﬂg§ d%&%@ﬂvg M @ﬁﬂ@ﬂ&f@Pﬁ?ﬂHggethe

sol uti on meSlanakyzeﬁer be¥@ rMawerber, 2005 gas chronatography. Conplete
di sappearance of the_peaks corresponding to the functionalizing conpound
provi ded confirmati &8 £R&t PReduREéaBt PECFaRSt PEnkhezbPhgseotpooNentienmi ned

on the drledtaun%hgeeabgae gghrigggxhﬁae %tG% g ?ﬁ%ﬁ%ﬁizeggdqu

car boxyl groups and aci roupsin
pol yphenybengasthes sthte cbeahedpamgpdenqdeneretde&ernined by titration

usi ng phenol pht hal ein _as i ndicato ecifically, 1, g of the ,
functional i zed polypﬂ€ﬁ§?eﬁg e?HEFgl Ea&égbﬁgdCBWPoéﬂa bgtsuPHTéegoénnﬁ
Erl enmeyer flhagkidTertBelibagkawas @ﬁeegea@Qlah Qi 18 0beerg themedPPLEbR! ¥

di ssolve the functionalized polyphenylene ether. Two or three diops of an

ethanolic sBPGEVPSH Ehepﬁéﬁéﬁpﬁtﬁéléhﬁ wenetiddedicongheompbundds, and a
0, 0L ol /3 BtHepoL s 50buL1pn eheosdium KBS UaNG,uBs coded LheLEl fores
of addedlﬁarbekykmgnmugSstep. As a result, the number of the
functional groups introduced into the polyphenylene ether
within a prescribed time will be much smaller than in the
case where the functionalizing compound is fed in a gaseous
state. Further, the peak area between 2.95 and 3.04 ppm
15 will be extremely small. The functionalizing compound is
supplied by feeding the functionalizing compound as diluted
with an inert gas. The inert gas may include helium,
argon, and nitrogen, with nitrogen being particularly
preferred. _
20 In diluting a gaseous functionalizing compound with
an inert gas, the volume concentration of the
functionalizing compound is preferably 1% or higher. The
volume concentration of the functionalizing compound is

obtained from the saturated vapor pressure at a temperature



and acid anhydride groups was obtained fromthe volune of the dr%Pmﬁse
added net hanol sol ution of sodium nethylate. (2) bey, 2005
functionalized pol yphenyl ene ether: In 10 m of chloroformwas dissol ved
0.5 g of a functionalized pol yphenyl ene ether, and the solution was put in
a quartz cell having an optical path length of 1 cm The absorbance of the
cell at 480 nmwas neasured with a spectrophotoneter, and the neasured
value was nultiplied by 20. A higher nmeasured val ue indicates that the 16

10 Novenber, 2005 pol yphenyl ene et her _has undergone thermal deterioration
during t hé°FeXePPEAZziliHi ERCNEERS teOMGL 1EdRE FOMescat i 6RY 1MRE2B6For tone

measured val ue of the starting pol yphenylene ether powder was 0.23. (3)
Nurber of YBREcRa{LBLE| Qﬁhydbéﬁéné’éaﬁgﬁﬁi cess lpaedenedui L ifynerm diald zed

pol yphenyl ene ether: In 50 m of chloroformwas dissolved 5 g of a

functi onahizedgpnl yphesayhene ethépp°anghdée sabiknonpwassukeltehed t hrough
filter paper of 10 cmin dianmeter. After the filtration, the black foreign

subst ancevpauhe ctescent raheofi bfemapaper ankydrédant ad tiet atsh@haaked eye.
The starting pol yphenyl ene ether powder contained no black foreign

subst ancejs (#3% Redugeth Mol wi1 e y@dhersn ener edhesf dhe reduced
viscosity of the starting pol yphenylene ether used for functionalization

was foundegQc®foRs Bz hd dcomSoRaAs Ut RE ASgRe L. Bh8/ 188cfl of0kHEERORSI N
chloroformat 30C with a Ubbel | ohde visconeter. (5) Proton NWVR nmeasurenent

of functipgqéggfgkﬁg@yphenylene ether: A functionalized pol yphenyl ene
et her obtained through the purification operation of (1) above was

di ssol ved in deutgrg-LHQnal QY. & GANCHMd all GhOTp Le W0
invention that a gaseous functionalizing compound be
continuously fed to a polyphenylene ether so that the
functionalizing compound may have a linear velocity with
respect to the polyphenylene ether. In this case, there is
obtained an increased rate of the elementary process of the
functicnalizing compound's diffusing along the
polyphenylene ether particle surface across the gas film
surrounding the particles, which results in an increased
reaction rate. In making a gaseous functionalizing
compound to flow, a higher linear velocity of the gas with
respect to the polyphenylene ether results in a higher
reaction rate. However, the amount of scattering powder
increases with the increasing linear velocity to cause an
increased leoss of the powder. Accordingly, a preferred
linear velocity of the gaseous functionalizing compound
with respect to the polyphenylene ether ranges from

0.05 m/sec to 10 m/sec.
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A trace anmount of tetranethyl silane was added to the_ solution as_a
standard. Measurenent was made at room 17 10 Novenbeks ure and
400 MHz NMR. I n the NWR spectrumthe chenmical shift of each peak was

deci ded taking the protons of tetranethylsilane as 0.00 ppm (6) Melt
kneadi ng of functionalized pol yphenyl ene ether and polyan de resin
conposition and nethod of evaluating polyner alloys: The reaction product
obtai ned i n Exanples and Conparative Exanples was allowed to dry on
standing at 150C in vacuum for 10 hours. Thirty parts by weight of the
dri ed functional i 2e8*FdEyaehHeERE Gthge gowdde B andrie Betiwgghtthef a
hydrogenat ed styrene-butadi ene bl ock copolyner, 59 parts by weight of a
pol yani de fegctéonaligaag Sopmondyangeitgte ofl vaplpol wlama e theresian MEr e

m xed well and kneaded and extruded at 320C by neans of a tw n-screw

extruder Z8K22B°Guppdtetcbyaieynesst ecobBetm. palHeetrs.ghkhe tHel l ets were
nol ded by an injection nolding machine into a test specinen according to

ASTM st andardsionf tehpekaguiet, Che@ hzodermpaet rsbcenagih (ASTM D-256; 230)
was neasured. (7) Measurenent of nelting points of starting pol yphenyl ene

ether andntyasthenakized pelﬁxeﬁeglyk%mse%%%t Eaeeea%gf opgef [he,peak

observed in a tenperature- heat ow rate p obtained with tenperature

rising atczg9< aha 4 La npi,n | of, bRt r s taken as
R e - T o s AR

pol yphenykepe- et hef4isedi Eprcfyactionali zation was 238C. Exanple 1

In the present invention a radical initiator can be
added to accelerate the reaction. Organic peroxides are
preferably used as radical initiators.

When the gaseous functionalizing compound and the
polyphenylene ether are brought into contact to react with
each other according to the present invention, the
polyphenylene ether may be either allowed to stand still or
stirred in a reaction vessel. The reaction apparatus to be
used where the polyphenylene ether is allowed to react
while being stirred includes, but is not limited to, a
Henschel mixer, a paddle mixer, and a paddle drier. A
Henschel mixer is particularly preferred.

The functionalized polyphenylene ether according. to
the present invention is widely applicable in the
electrical and electronic fields, automobile and other
industrial fields, and food and packaging fields.

Polymer alloys obtained by melt kneading the

functionalized polyphenylene ether of the present invention

14



The apparatus used in Exanple 1 is shown in Fig. 1. _In a 10 liter-vol une
reactor B was put 2 kg of pol yphenyl ene et her powde 0 | unme
mal ei ¢ anhydri de evaporator A was connected to the reactor B via a valve
C. Both the reactor B and the evaporator A were equipped with a jacket, in
whi ch hot, tenperature- controlled oil was circulated to adjust the

pol yphenyl ene ether powder or nmaleic anhydride in the container at a
desired tenperature. In the evaporator A was put 400 g of nmaleic

anhydride_ _Both-the.reactor B and the evaporator A were.evacuated to 0.1
iy or 1288 B RTAEEET B YRt ChuRp osRtect & iTh s Ve B and ¢ he
val ve D was.cl osed. Then, the jacket tenp ra&gres wer.e gdjusted so as to
rai se th8098ﬁng§?ur@EPSPIFHEEWBng SRAAGdr COE TAf teRd S&v&Sor &%t A and
t he pol yphenyl ene ether powder in the reactor Bto 190C. The valve C was
opened | i PEPEUBHIVEEY| @ndnwhBREGSBAS YaSEHLs WikheBE cakhPaVRaE aDeSmithe
evaporator A was introduced into the reactor tank B. ‘At this tinme point,
t he val ve@PPhhcatipnehen bhe, edpdtrhealeadtorlBohasnékoségldsight. The
reactor was allowed to stand for 60 mnutes while maintaining the

t enper at uretamdbihe andssther ahddubenidd fOeMNdsenbed, £2085apndol ed in a
wat er tank. After roomtenperature was reached, the tank was opened to

t ake out pavkiegimg fimtdsonalized polyphenylene ether. In Table 1 are
shown the anmount of added naleic anhydride in the functionalized

pol yphenyl ene ether, the color tone neasured val ue, the nunber of black
forei gn substance particles, and the peak area ratio (A)/(B) in proton NWR

neasurenent, i.e.thd herdsHnto Ofvdrion el BT &se Of 1 NeakSaddy cfygni cal shifts
2.95to0 3.04 mmto (B) the area of peaks in chem cal shifts 6.00 to 6.90

ppm  The gr¥aian MUV SIPaEit M d fe SN {8 Fl- £ 1 EXANP| B8ardo] Os 6
but the invention should not be construed as being limited

thereto.

Method of evaluation

(1} Determination of added carboxyl groups and acid
anhydride groups in functionalized polyphenylene ether:
First of all, functionalized polyphenylene ether

particles as obtained by the reaction were cleaned in
heated acetone for 3 hours or longer in a Soxhlet extractor
to remove the unreacted functionalizing compound remaining
on the particles. Where the functionalized polyphenylene
ether after the reaction was melted or pelletized by use of
an extruder, it was thoroughly grcund to powder in a mortar
and subjected to this cleaning operation. The cleaned
polymer was dried at 150°C under reduced pressure of
0.1 mmHg for 1 hour. An aliquot of the dried powder was

dissolved in chloroform, and the solution was analyzed by

15



The procedure of Exanple 1 was repeated, except that cti i me and
tenperature were changed. The analytical results of 1&*%%““‘ er, %05
functional i zed*, pol yphenyl ene ether are shown in Table 1. Conparative
Exanples 1 to 3 The procedure of Exanple 1 was repeated, except that the
reaction tenperature was changed. The pol yphenyl ene ether nelted and
adhered to the wall of the reactor. The analytical results obtained are
shown in Table 1. Exanple 7 20 10 November, 2005 The apparatus used in
Example 7 | in Fig. 3. n 10 |iter-vol ume Hen r B was
butD kg of2e pafy rehopERen: net SpSheEs dﬁaep%%%%? o o ePRAEE
connected to the sang evaporator A as used i n Exanp @é’ whi.ch cont ai ned
400 g of naPEFESBARYHPPAES P& AupaFvenelizenp aPmEQB wBECYdrfdered to
each of the jackets of the Henschel m xer B and the evaporator A to raise
the tenpef@itfiteBabior hehpbl yphenyeantedt RBRChdADaT 1ahagt REMPRENE ¢
anhydride to 190C. Wth valves C, D and E open, 2 liter/mn of nitrogen was
made to floemaimedghnthiee vatved Binehéerbdyizedi Retyghenviepgasedbhsrimal eic
anhydride and nitrogen was fed to the Henschel m xer. Sinmultaneously wth
the start of nitrdien deett tdfe sdded i cgrisopy pnentupd atdeaddidischel m xer
was started up to rotate the stirring blades at 600 rpmto stir the
pol yphenylaiteydt s quoovled . irAftles MhxctPomyl Stéd rpalyplosn $lent netlesr t he
powder was taken out fromthe m xer. Exanples 8 to 13 The procedure of
Exanpl e 7 tmass repeaiatl, arfX cBpted thdte tder & 8RGId Doy | 41EL BN £ MPSTRG Ure were
changed. The analytical results of the functionalized pol yphenyl ene
phenolphthalein as an indicator. Specifically, 1 g of the

functionalized polyphenylene ether was weighed out and put
in a 500 ml Erlenmeyer flask. To the flask was added

200 ml of toluene to completely dissolve the functicnalized
polyphenylene ether. Two or three drops of an ethanolic
solution of phenolphthalein were added to the sclution, and
a 0.01 mol/l methanol soluticn of sodium methylate was
added thereto dropwise from a burette until the whole
solution assumed pink. The amount of added carboxyl groups
and acid anhydride groups was obtained from the volume of
the dropwise added methanol solution of sodium methylate.
(2} Color tone of functionalized polyphenylene ether:

In 10 ml of chloroform was dissclved 0.5 g of a
functionalized polyphenylene ether, and the solution was
put in a quartz cell having an optical path length of 1 cm.
The absorbancé of the cell at 480 nm was measured with a
spectrophetometer, and the measured value was multiplied by

20. A higher measured value indicates that the

16



ether are shown in Table 2. Conparative Exanples 4 to 6 21 10 Novenber,
2005 The procedure of Exanple 7 was repeated, except1 v € on
tenperature was changed. The pol yphenyl ene ether nelted and adhered to the
wal | of the reactor. The analytical results obtained are shown in Table
2. Exanple 14 The apparatus used in Exanple 14 is shown in Fig. 4, which
appar atus were conposed of the sane mal ei ¢ anhydri de evaporator A as used
in Exanple 1 and a 10 liter-volume tank B. In the tank A was put 2.0 kg of
mal ei ¢ anhydride. The tank B was packed with glass wool (Fl), 1 kg of

pol ypheny Ipede pétemarl epentarhavashqpruturgle tdwn gy | Hesrmwb| detegwdi c gdisenwool  (F2)
was put thereon to prevent the polyphenyl ene ether powder from scattering
in a gas fduewng Boteh rAaatd db wertel v acuateddlod. tomarHipioeriesst iwt h a
vacuum punp, and the inner atnosphere of each tank was conpletely purged

with nitraogenc@asr Behk MAcandhBawiQueplacathd st ireppasiypeehpl end |
bat hs, whose tenperatures were controlled to heat the maleic anhydride in

A and thegipabyphenrengetohers in B to 190C. Wen the tenperatures becane
steady at 190C, "valves C and D were opened, and nitrogen gas was fed to A

t hrough tq%)vggéﬁfg'gésbga%%fE%Eeig% TXed 923 Ya Al gy de; and

nitrogen was at a linear “velocity of 0.08 misec. After 20 m nutes

from 22 19.Navenbes -2008008 309kl chgeding the mleic

anhydri de/nitrogen m xed o“fhe tan the valves C and D were
cl osed, and functiopalized_po henyl ene_et her wder -was taken out of B.
0L COSRRYUPFAROE g SEssBIVAE' SMBRJreEn

The anpbunt of addef

functionalized polyphenylene ether, and the solution was
filtered through filter paper of 10 cm in diametef. After
the filtration, the black foreign substance particles on
the filter paper were counted with the naked eye. The
starting polyphenylene ether powder contained no black
foreign substance.
(4) Reduced viscosity of polyphenylene ether:

The reduced viscosity of the starting polyphenylene
ether used for functionalization was found to be 0.43 dl/g
as measured as a 0.5 ¢g/100 ml solution in chloroform at
30°C with a Ubbellohde viscometer.
(5) Proton NMR measurement of functionalized polyphenylene
ether:

A functionalized polyphenylene ether obtained
through the purification operaticn of (1) above was
dissolved in deutero-chloroform in a concentration of 2 wt%.

A trace amount of tetramethylsilane was added to the

solution as a standard. Measurement was made at room

17



functionalized pol yphenyl ene ether was 0.57 part by ight. _Th gcw tone
measured val ue was 0.33, and the nunmber of bl ack for§$§ﬁ5§¥kgﬁé;9§u
particles was 0. Exanples 15 to 20 The procedure of Exanple 14 was
repeat ed, except for changing the linear velocity of the maleic

anhydride/ nitrogen m xed gas passing through B and the reaction
tenperature. The analytical results of the functionalized pol yphenyl ene
ether are shown in Table 3. Conparative Exanples 7 to 9 The procedure of
Exanpl e 14 was repeated, except that the reaction tenperature was changed.
The " pol ybRERSFERBZEt AER AoREH oMM -l 08 WEFeisaiet SEFREPS i nto | unps.
The anal ytical results are shown in Table 3 anples 21 to 25 The

pr ocedur eCBfMERahpEBiftnad eapeaPeak é’)?éeﬁlﬁcﬂé’ted ERFAGignGhenerotons
functionalizing compound put into the evaporator A The results obtained
are shownefntaabimeyhy2siienmoeenbef ROO5 Conparative Exanple 10

Pol yphenyl ene et her powder (2 kg) and solid nmaleic anhydride (20 g) were
m xed wel (6hande put kneadinbeofafentanknaBiasdupedyphebBydmepkeeetheThentdank B
was evacuated to 0.1 mrHg by nmeans of a vacuum punp, the valves C and D
were cl osellyamidle t hes Contarpesivasnt kgt hgthbased whiallaatdmgnt ai ni ng the
reduced pressure. Heated oil was delivered to the jacket of the tank Bto

control thel y:eepespteye: of the pol yphenyl ene et her/nal ei ¢ anhydride
m xture at 190C. The m xture was allowed to stand under these conditions

for 60 mnutes td gatlct A4 §5r&udh B Esinsd AWl Bardtes T 83611 N, the
pol yphenyl ene et her powder was taken out. The anount of added nal eic

anhydri A% dubdife £R5Ukdei o UGS | £7RbIE8% HOLYPNERYL £8Ra sh o5 vas 0. - 02

150°C in wvacuum for 10 hours. Thirty parts by weight of
the dried functionalized polyphenylene ether powder,
6 parts by weight of a hydrogenated styrene-butadiene blecck
copolymer, 59 parts by weight of a polyamide 66 resin, and
5 parts by weight of a polyamide € resin were mixed well
and kneaded and extruded at 320°C by means of a twin-screw
extruder ZS5K-25 supplied by Werner to obtain pellets. The
pellets were molded by an injection molding machine into a
test specimen according to ASTM standards, of which a
notched Izod impact strength (ASTM D-256; 23°C} was
measured.
(7) Measurement of mélting points of starting polyphenylene
ether and functiocnalized polyphenylene ether:

The peak top of the peak observed in a temperature-
heat flow rate plet obtained with temperature rising at
20°C/min in differential scanning calorimetry (DSC} was

taken as a melting point. The melting point of the

18



Conpar ati ve Exanple 11 The sane Henschel m xer as us i n Ex 0 I 5 as

purged with nitrogen, and a m xture of 2 kg of poly powder

and 40 g of solid maleic anhydride was put therein. Heated oil was
circulated in the jacket of the Henschel m xer to adjust the-power

tenperature in the mxer at 190C. The stirring bl ades

rpmto stir and m x the pol yphenyl ene ether powder. After stirring and

m xing for 60 m nutes, 24 10 Novenber, 2005 the powder was taken out from

the m xer. The analytical results of the functionali.zed -polyphenyl ene
et her ares§ﬁ6ﬁﬁngiﬁo#gﬁ W?leﬁﬁnﬁgpﬁFiféeg&ggﬁi QR?tﬂﬂ§ﬂﬁiﬁ§§%ﬁQ;%ﬁs

Conparative Exanple 11 was repeated, except that the powder tenperature in
the m xer 23%&s- set at 150C. The analytical results of the functionalized

pol yphenyl ene ether are shown in Table 5. Conparative Exanple 13

Pol yphenyl ene et her powder (5 kg) and solid naleic
m xed well, and the m xture was kneaded and extruded at 300C by neans of a

tw n-scretixaegileudler ZSK-25 supplied by Werner to obtain pellets. The

analytical results of the pellets are shown in Table S. The proton NVR is

shown in Fig. 5 thapappbirseukxasplieitdEtaeppeotedsr ehownCanpargti Ve

Exanpl e 13 was repeated, except for changi ng the kneadi ng and extrudi ng
tenperatutrg 4018200 efhecanmkytigatoresulths phitt Rekgpelfl ets are shown in

Tabl e 5. Conparative Exanple 15 25 10 Novenber, 2005

polyphenylene ether powder. A 10 liter-volume maleic
anhydride evaporator A was connected to the reactor B via a
valve C. Both the reactor B and the evaporator A were
equipped with a jacket, in which hot, temperature-
controlled oil was circulated to adjust the polyphenylene
ether powder or maleic anhydride in the container at a
desired temperature. In the evaporator A was put 400 g of
maleic anhydride. Both the reactor B and the evaporatcr A
were evacuated to 0.1 mmHg or less by means of a vacuum
pump connected via a valve D, and the valve D was closed.
Then, the jacket temperatures were adjusted so as to raise
the temperatures of the maleic anhydride in the evaporator
A and the polyphenylene ether powder in the reactor B to
190°C. The valve C was opened little by little, whereupon
gaseous maleic anhydride from the evaporator A was
introduced into the reactor tank B. At this time point,
the valve C was switched off, and the reactor B was closed
tight. The reactor was allowed to stand for 60 minutes

while maintaining the temperature and the pressure and then
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anhydride (100 g) were



Pol yphenyl ene ether (2 kg) and toluene (6 kg) were m xed and heated while
stirring well until the solution tenperature reachedl9dtavember. 2005 ; .
was continued for a while and, after confirm ng that the pol yphenyl ene
ether was conpletely dissolved, 40 g of naleic anhydride was added to the
solution. The stirring was continued for 2 hours while keepi ng the
solution tenperature at 105C. Then, the solution tenperature was dropped
to 60C, and nethanol was added thereto in small portions while stirring,
wher eupon the system became a slurry. \Wen 5 kg of nethanol was added, the
solid matt%?oJcﬁ tHe %Iwmrmﬁénksep%ﬁmlédrmmft%paxa@mr@ndaarr@dcbsdgu ve
functionalized polyphenylene ether powder. The analytical results of the
resul ti ng Yewdeam ke shoawnéd Tabtakd. o6 dowdew embefun2006n4ét 190 oa)a) (V
C5 sisiLla aJ Co Hri uLd' If)LnLnL7)4J Enl 1J COyl U a) O onmvWWD AO .. 00
.0 X aNNNWNGBE Qe etheﬁT’anCTabl@aﬁ~a&blNMM%@LMH@<3m5qu of
f]NeHNIOr)CNM Hco "r-i,-1,-1HOLlr-1HHL-1
added maleic anhydride in the functionalized polyphenylene
ether, the color tone measured value, the number of black
foreign substance particles, and the peak area ratio
(A)/(B) in proton NMR measurement, i.e., the ratio of (&)
the area of peaks in chemical shifts 2.95 to 3.04 mm to (B)

the area of peaks in chemical shifts 6.00 to 6.90 ppm. The

proton NMR spectrum is shown in Fig. 2.

Examples 2 to 6

The procedure of Example 1 was repeated, except
that the reaction time and temperature were changed. The
analytical results of the functionalized polyphenylene

ether are shown in Table 1.

Comparative Examples 1 to 3

The procedure of Example 1 was repeated, except
that the reaction temperature was changed. The
polyphenylene ether melted and adhered to the wall of the

reactor. The analytical results cbtained are shown in

Table 1.

Example 7
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The apparatus used in Example 7 is shown in Fig. 3.

In a 10 liter-volume Henschel mixer B was put 2 kg of

polyphenylene ether powder. The Henschel mixer B was

connected to the same evaporator A as used in Example 1,
which contained 400 g of maleic¢ anhydride, via a valve C.
0il at 190°C was delivered to each of the jackets of the
Henschel mixer B and the evaporator A to raise the
temperatures of the polyphenylene ether powder and the
maleic anhydride to 190°C. With valves C, D and E open,

2 liter/min of nitrogen was made to flow through the valve
E, whereby a mixed gas of gaseous maleic anhydride and
nitrogen was fed to the Henschel mixer. Simultaneocusly
with the start of nitrogen feed, the stirring equipment of
the Henschel mixer was started up to rotate the stirring
blades at 600 rpm to stir the polyphenylene ether powder.
the powder was

After mixing by stirring for 60 minutes,

taken out from the mixer.

Examples 8 to 13
The procedure cf Example 7 was repeated, except
that the reaction time and temperature were changed. The

analytical results of the functionalized polyphenylene

ether are shown in Table 2.

Comparative Examples 4 to 6
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The procedure of Example 7 was repeated, except
that the reaction temperature was changed. The
polyphenylene ether melted and adhered to the wall of the

reactor. The analytical results obtained are shown in

Table 2.

Example 14

The apparatus used in Example 14 is shown in Fig. 4,
which apparatus were composed of the same maleic anhydride
evaporator A as used in Example 1 and a 10 liter-volume
tank B. In the tank A was put 2.0 kg of maleic anhydride.
The tank B was packed with glass wool (Fl), 1 kg of
pelyphenylene ether powder was put on the glass wool, and
glass wool (F2) was put thereon to prevent the
polyphenylene ether powder from scattering in a gas flow.
Both A and B were evacuated to 0.1 mmHg or less with a

vacuum pump, and the inner atmosphere of each tank was
completely purged with nitrogen gas. Both A and B were

placed in the respective hot oil baths, whose temperatures

were controlled to heat the maleic anhydride in A and the

polyphenylene ether in B to 190°C. When the temperatures

became steady at 190°C, valves C and D were opened, and
nitrogen gas was fed to A through the valve C. As a result,

a mixed gas of maleic anhydride and nitrogen was fed to B

at a linear velocity of 0.08 m/sec. After 20 minutes from
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the start of feeding the maleic anhydride/nitrogen mixed
gas to the tank B, the valves C and D were closed, and
functionalized polyphenylene ether powder was taken out of
B. The amount of added maleic anhydride in the
functionalized polyphenylene ether was 0.57 part by weight.
and the number of

The color tone measured value was 0.33,

black foreign substance particles was 0.

Examples 15 to 20

The procedure of Example 14 was repeated, except
for changing the linear velocity of the maleic
anhydride/nitrogen mixed gas passing through B and the
reaction temperature. The analytical results of the

functionalized polyphenylene ether are shown in Table 3.

Comparative Examples 7 to 9

The procedure of Example 14 was repeated, except
that the reaction temperature was changed. The
polyphenylene ether powder particles were fused together

into lumps. The analytical results are shown in Table 3.

Examples 21 to 25

The procedure of Example 1 was repeated, except for
changing the functicnalizing compound put into the

evaporator A. The results obtained are shown in Table 4.

23



" r-lOrou)M—lZLtaCuU)aCDCDOOOZSHH 0O N (2 Oa
CMDDNr"GNd'IQGb rl CrO r-INNNfI NMNcolDN O 0 a) (

rila) 4-4ri a) Oro 10 >1 Z --1 .Q- 4) SI 4) '"000kJ [ a) 2 14
OOMCd ANNCV O- Oa .Cro -ric)'tonmM\V NLQu)l' "CSC Q@ NrG r~ -

NN U

30000000000 C Si 0-c 4J Ua) N S5InininNU)In a) -Hc Z HOHOi ,-tONCOO C O

-rl 43

Comparative Example 10

Polyphenylene ether powder (2 kg) and solid maleic
anhydride (20 g) were mixed well and put into the same tank
B as used in Example 1. The tank B was evacuated to
0.1 mmHg by means of a vacuum pump, the valves C and D were
closed, and the container was tightly closed while

maintaining the reduced pressure. Heated oil was delivered

to the jacket of the tank B to control the temperature of
the polyphenylene ether/maleic anhydride mixture at 190°C.
The mixture was allowed to stand under these conditions for
60 minutes to react. After 60 minutes' standing and
reacting, the polyphenylene ether powder was taken out.

The amount of added maleic anhydride in the resulting

functionalized polyphenylene ether was 0.02 part by weight.

Comparative Example 11

The same Henschel mixer as used in Example 7 was
purged with nitrogen, and a mixture of 2 kg of
polyphenylene ether powder and 40 g of sclid maleic
anhydride was put therein. Heated oil was circulated in
the jacket of the Henschel mixer to adjust the power

1

temperature in the mixer at 190°C. The stirring blades

were rotated at 600 rpm to stir and mix the polyphenylene

ether powder. After stirring and mixing for 60 minutes,
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the powder was taken out from the mixer. The analytical

results of the functionalized polyphenylene ether are shown

in Table 5.

Comparative Example 12

The procedure of Comparative Example 11 was
repeated, except that the powder temperature in the mixer

was set at 150°C. The analytical results of the

functionalized polyphenylene ether are shown in Table 5.

Comparative Example 13

Polyphenylene ether powder (5 kg) and solid maleic
anhydride {100 g} were mixed well, and the mixture was

kneaded and extruded at 300°C by means of a twin-screw

extruder ZSK-25 supplied by Werner to obtain pellets. The
analytical results of the pellets are shown in Table 5.

The proton NMR is shown in Fig. 5.

Comparative Example 14

The procedure of Comparative Example 13 was
repeated, except for changing the kneading and extruding
temperature to 320°C. The analytical results of the

pellets are shown in Table 5.

Comparative Example 15
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Polyphenylene ether (2 kg) and toluene (6 kg) were
mixed and heated while stirring well until the solution
temperature reached 105°C. The stirring was continued for
a while and, after confirming that the polyphenylene ether
was completely dissolved, 40 g of maleic anhydride was
added to the solution. The stirring was continued for 2

hours while keeping the solution temperature at 105°C.

Then, the sclution temperature was dropped to 60°C, and

methanol was added thereto in small portions while stirring,
whereupon the system became a slurry. When 5 kg of
methanol was added, the sclid matter of the slurry was
separated by filtration and dried to give functionalized
polyphenylene ether powder. The analytical results of the

resulting powder are shown in Table 5.

26



-~ O
ml
z w §2 Le
H__ o .%W
n
o8 ,D.\w
(@]3] _,Waw
we cZT
.2 5%
Mm oL
\)w = o S|Peaxssqo
=% 3 L — Jou 0ET| 9000070 Al £€6°¢2 ZS°0 m.maaﬁmxm
MN v WW oy T ) eiedwuon
— ' cu GZT}| 20000" : ¢ Slduexy
. “To 0°0 91 5672 - .
Wm\m " % *|peassqo 250 ! 0s¢ ErRdUOs
o [ (@)
Jou ] a1duex
\M) OW.H < ¢0T 0 186 ST ¢ 090 T 00¢€ H.mwmaﬁow
-6 -=¢ S¢ee GET 8T00°0 0 8€°0 ' )
Im/m,mrx o= : 0570 5°0 01¢ 9 oTdwexy
40.H h.ﬂm = 96 8000°0 0 0€°0 Pz 0 Z 02T ¢ aTdwexy
IO\Wuo.HW x 0¢T €T00°0 0 GETO £€F 0 Z 091 7 oT1dwexy
O mCI ° SE€e STIT 800070 0 ZE"0 BE'0 T 09T € oT1dwexyg
. N 11 vPeEZ : :
OM>mWo = MM 9100°0 0 62°0 09°0 z 06T =z =7dwexqy
- 0 = L0000 : .
oumiM\mc 0 G20 PG 0 T 06T| 1 eTdwexy
o Wm ml SeToTaIRdg AUQO._”WZ
aT SsEO (9) eduelsgng antep Agq jxed)
“_hw =93l HE.R“. mﬂﬁ\bv ubteirod| peinsesy spTaIpAyuy
- ()] 'S r4mc.nu..mm U3 cmmum AoeTd SUOL| OT9TeW pPaIPPVY| (1Y) sSwTl "durs,
3! omma{ FAI=KW 1oBaQWT| (d)/(¥)| 3o Iequny T07T0D 3o 3unowy| uoTloeay| uortioesy
1)r| B —_ i i
' ' T d71dYL
G4mm@mc
— .
- O ~0 n
OOmeri
O~ o
= O (WN o LO
Z0 = £ O
.o~0I .o
C%(Ol © N
v8af%8
p=8-39
No=8: TE
@) ;. OO
W&WOiQV
OLRBES2




Q E 48 F

r

JJ 0)

AN

too O-114 -P -H ro

ULOLNLULGO n a) O oMW Sr)M f NNNNN W
S-i

rl
“-"ri COcoNm CgML.OC, HLO MNOri N 00000 CO000 00000 G
r Cr-i

r
(0]

8¢
psaIasgo
Jou LIT} 900000 TT BZ ¢ LY 0 G0 ove m.MwMMMMw
PSATIISO
iou £TTj 20000°0 £l 99°¢ 0S°0 §°0 0S¢ m.wwmwwww
pasaxssgo
Jou 6 0 Sh ¥8 ¢C ¥S°0 S'0 00¢g v.MMMMNMw
ree 88 ¢000°0 0 §2°0 vZ o Z 00T| €1 a1dwexy
See S¢T1 0200°0 0 AN, SP°0 S0 0TZ| 21 ardwexgy
rec 6 0T00°0 0 Le 0 ¢z 0 T 0CT| TT =1dwexy
Q€T 0TT{ STI00°0 0 ZE"0 6E£°0 T 09T| 0T srdwexy
Gecl S¢C1 L0000 0 6270 PE"Q S0 091 6 oTdwexqg
S€C €Ct 8T00°0 0 9¢°0 ¥G°0 T 061 g oTdwexy
S¢¢ V1T 600070 0 €270 670 S0 061 L ®Tduexy
soueisang|  entes|  Aa aorgn
QMMWW sumwMme :mﬂwwom painseay wﬁmuwhscm
mcﬂuwmz oedur| (g)/(49)} Jo0 gwnﬁmm HMMM% UﬁmwszMMMWM AMMWMMMWM coaw%ﬁm%
¢ dTgvYy,




@)
—_ o
<
O 02D~
rrU_
—_<o
h= )
I .0
> uunuw
_rE
c o o
ol —io -
(&) 1 —_
I o
C__
O OO0 o
< -
© A8
o..oo
OO0 o«
T, OD
=
Ooo._
- 'o" T
>0 &)
1O "w»
— 1 O
™ .—
— < = o
o o
CJUWU
=
m"wcm
_'8o
a%4.J
[72]
e
_1
243
o ®
3 oc
M =1
o
OQoxo=I
LrO)_
gEuway
Oo i
o —
twor_
M= —
..m|~—r1__
rlwm-
OLTw )

ri NMC'N N (NNNN 0CO00 a)

6¢
paaIssqo . & =oT7duexyg
+ou LOT| 800000 61 8¢°¢C 9% 0 80°0 0be "exedwo)
paaIxasqo g8 oy1dwexq
iou £01| S0000°0 T 99°¢ 7670 BO "0 06¢ "eredwo)
peoaxssqo [ oTduexy
30U SOT 0 1) V8 ¢ 1870 80" 0 oot “exedwo)
1 X4 L8] €000°0 0 G20 7€ 0 06°8 00T| 0Z ®Tdwexy
[2%4 Q1T £€200°0 0 FE"O 9%°0 S'0 0TZ| 61 =Tdwexy
¢ €T ¢e00°0 0 Le o 09°0 06 ¢ 09T| 8T =1dwexy
GEZ SOT| 9T00°0 0 ZE"0 V-0 90°0 09T| LT =T1dwexxy
GEC 61 9000°0 0 62°0 0" 0 0s°'T 09T} 91 sTdwexy
PEC 6 6000°0 0 9¢°0 SE°0 <070 06T| ST oTdwexy
Se¢ A 6100°0 0 €EE"0 LGS0 800 06T| ¥T =1duwexy
S9ToT31aRg (aybtom
souelsSang antep Aq 3aed) (o9s fur)

{20) (wr/p) ubTtsx03| peoinsesy 2pTIPAYyuy} A3100T9A (IY)

Jutogi yibuszag joeTyg QUOJL| DOTaTeW Pappy IeaUuTT “dura gy,

butyton 3oedurt (g)/(d)| 30 ToqUIny I0TOD Jo junowy SeH] UOT3oeay

£ dTdYL




L8
= 0€
~ o

=z
P =

>
e T

<
co
8o

8
' Gez S6} S200°0 0 ' ey
MJ.m LZ'0 090 OTIRWNT Gz sTdwexq
o m . - ﬂUl—HUw
_mw €2 8L] TT00°0 0 LETO 1v°0 OTTAIDR| pz oTdwexy
N
N

. pTo®

omm GET S8| 600070 0 £€°0 06 0j 2TTAx0RYlRW| £7 aTdwexy
22 cez 28| sz00°0 : Pt
0z 0 6270 Gp°0 OTUODB]T| 2z sTdwexy
> |
> . sprapiyue
_ m GEZ €ZTI| €£00°0 0 82°0 L9°0 OTUODB]T| 17 sTdwexy
e} SaT2T3IIRg
0 (52) - : (3ubTom
v /D) souejsgn
~ M A jutod| yabusaag ubTarog MUMHM Umuwmwmm »Quwwmmww vcsmm%ww

= utiTen| 3oedur| (g)/(v) 30 IoqumN| suol Io0TO) peppY| -TeuoT3OUNg

2 .

W b ZTEYL

ww wld4 14 10 Novenber,
V)43 Uytf) N O oMVWMO SJO . OM : 5E 0.

43 rj (nNMOOWN H U)

hut




04
> 54 0) N(nNHOLO O -

1€
6T oTduexy
Qg Z¥! #0000°0 0 g€ 0 ST°0 Z S0T ‘exeduo)
paaJgasqo F1 STdwexwy
Jou 0€T 0 L8 Lz ¢ 090 - 0¢¢ Teredwo)
paaxssqo €1 eTduexyg
40U SOT| so000°0 €S e ¢ %0 - 00¢ "exedwo)
21 or1dwexqy
pEz o€ 0 0 8€°0 2070 T 0ST exedwo)
IT sTdwexy
SE¢ £€¢| £€0000°0 0 80 S0°"0 T C6T rexedwo)
0T sT1dwexy
SEC S¢] 20000°0 0 £€C°0 c0°0 T 06T ‘ereduo)
S§9T2T3Ieq (Jybtem
aourlsqng anyep Agq axed)
(Da) (u/p) ubTtsxoj| painsesy apTIpAyuy (3,1
jutod| yabusaag yoeT1g SUOL| DTSTeW PoOpPPY| (1Y) swTr “dwag,
BUTITOR 1oedul! (d)/(¥)| o zequmy I0OTOD JO Junoury| uOT3IORdY| uoTIDESY

§ d18YL




a)-Hp HHHHIIN 0 -H (d F UOOOOOU) OmO61C](n0NO§' HHHM@/M
HHHHHH m a) m wm a~m ym ym a) PHPHLI HPHPHPH aEaEaEa oE nE
NE m oxoxoxoxoxox U WJ WU WU WU WU W 10 Novenber. 2005 | NDUSTRI AL
APPLI CABI LI TY Having a novel structure that has not been obtained by
conventional techniques, the functionalized polyphenylene ether according
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bl ack foreign substance, and provides polynmer alloys with superior
mechani cal characteristics when blended with different polyners, and

t her ef or eINBKRBSRIRLPAEBLBLABISE B 0ovi de products and parts in various

industrial fields that will sufficiently nmeet the industrial denmands. 32
10 Novenber, 2005Ha®8rg a novel structure that has not been obtained

by conventional techniques, the functionalized
polyphenylene ether according to the present invention has
an excellent color tone, contains little black foreign
substance, and provides polymer alloys with superior
mechanical characteristics when blended with different

polymers, and therefore makes it possible to provide

products and parts in various industrial fields that will

sufficiently meet the industrial demands.
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vember ng

produci ng a functionalized polyphenylene ether conp

pol yphenyl ene ether to react with at |east one functionalizing conpound
having in its nolecule (i) at |east one carbon-carbon doubl e bond or
triple bond and (ii) at |east one functional group selected fromthe group
consi sting of a carboxyl group, an acid anhydride group, an 10 am no
group, an am de group, an imde group, a Sglyl group, a hydroxyl group and
a glycidyl group, wherein said functionalP2zing conpound is supplied in a
gaseous state, diluted with an inert gas, to the polyphenylene ether and
allowed to react with the 15 pol yphenyl ene ether of a solid state at or
bel ow t he EHE iCigh IMSTIRE BENING GTHR HeVIIBAshe ARER RS fPlekOWSD:  The process
for producing a functionalized polyphenylene ether according to claim1,
wherein said 20 functionalizing conmpound is continuously blown in a gaseous
state to the pol yphenyl eng@dys for Producierss ffungyicshecling:da
functionalized polyphenyl'ene ether according to claiml or 2, wherein the
25 pol yphenyp@hgrkarrickermisethep| PR PBIH: of 200 to 260C and is in the

form of pepwder havi i | 1, 000 pM et atleeqE©Cess
for produgi ng a fun%lgbnvgﬁ&zgflwdpoi%lﬁ]neeﬁ%&g{r?eg ggt%e]? according to claim1
or 2, whereidné htundtinmia bhal ngi oompompd draivisg nah el ts anpdeievbe. (1) at
Novenber, 2005 -34 5. Th rocess fo roduci ng a f ' ize -

pol yphenyl enke 3% he?N & ctdTREMGCT P} a‘#??ﬁ?fe \L,%B%I?%i%rtﬁgfﬁ%%g%%% fha (11)

functionali Z‘jh 01 SAMP A 80 OF ¥z Bt g Folp NEST e St &€l DEbRYLDE PrdBpm sec to
10 msec with respect to the polyphenylene ether, ,
consisting of a carboxyl group, an agld anhydride group, an

10 amino group, an amide group, an imide group, a silyl group,
a hydroxyl group and a glycidyl group,
wherein said functionalizing compound is supplied
in a gaseous state, diluted with an inert gas, to the
polyphenylene ether and allowed to react with the
15 polyphenylene ether of a solid state at or below the
melting temperature of the polyphenylene ether.

2. The process for producing a functionalized
polyphenylene ether according to claim 1, wherein said
20 functionalizing compound is continuously blown in a gaseous

state to the polyphenylene ether.

3. The process for producing a functionalized
polyphenylene ether according to claim 1 or 2, wherein the
25 polyphenylene ether has a melting point of 200 to 260°C and
is in the form of powder having a particle size of 10 um to

1,000 um.

4, The process for producing a functionalized
30 polyphenylene ether according to claim 1 or 2, wherein the

functionalizing compound is maleic anhydride.




6. The process for producing a functionalized polyphﬁgghene Stheﬁ
according to claiml1l or 2, wherein the 10 reaction te e152993¢ to
230C. 7. The process for producing a functionalized polyphenylene ether
according to claiml or 2, wherein the reaction tenperature is 155C to
230C. 15 8. The process for producing a functionalized polyphenylene ether
according to claiml1l or 2, wherein the reaction is carried out in a
Henschel m xer. 20 9. The process for prodg&ing a functionalized

pol yphenyl ene ether according to claiml or*2, wherein the reaction is
carried out in a paddle drier. 10. A functionalized pol yphenyl ene et her
produced 25 by a process of claim1 and which has in its nolecule at |east
one functional group selected froma carboxyl group, an acid anhydride
group, an am no grou r.Qu a M oup, a
hydroxyl group and a@bly?P%”FQ%g%g% &Or rOducggggves C%%% lﬁ%ﬁ spectrum
with a peak 3blapdenydteane (eAhe(B)acfo itk Orclgrieatzsr whsheyiei ntheh) is the
area of peaks at chenjcal shifts from2.95 to 3.04 ppm and (B) is the
area of peak§a§te°d%§e:ﬁ”6’§ltl§rﬂaf]ﬂs“f%rﬁ06“mﬁl% ifo NG @ 2de%ams 6. 90

ppm 11. The | ANfhe l,gjdm 10,
wherein the pgglé%alrtg/g@rﬂaﬁcob%%/( IBQSQP): ({tgoégd’l W&?&g%‘% er. g %ZOC tjlq'iﬁtran

functlonal|zéﬁﬂpﬁﬂy@h@ﬁvkem¢h@wher according to claim10, wherein said

functional group is an acid anhydride group. 10 13. The functionali zed

pol yphenyl ene ether according to any one of clains 10 to 12, which has a
6. The process for producing a functionalized

polyphenylene ether according to claim 1 or 2, wherein the

10 reaction temperature is 110°C to 230°C.

7. The process for producing a functionalized
polyphenylene ether according to claim 1 cor 2, wherein the

reaction temperature is 155°C to 230°C.

15
8. The process for producing a functionalized
polyphenylene ether according to claim 1 or 2, wherein the
reaction is carried out in a Henschel mixer.
20 9. The process for producing a functionalized

polyphenylene ether according to claim 1 or 2, wherein the

reaction is carried out in a paddle drier.

10. A functionalized polyphenylene ether produced
25 by a process of claim 1 and which has in its molecule at
least one functional group selected from a carboxyl group,
an acid anhydride group, an amino group, an amide group, an
imide group, a silyl group, a hydroxyl group and a glycidyl
group, and which gives a proton NMR spectrum with a peak
30 area ratio (A)/(B) of 0.0001 or greater, wherein (A) is the
area of peaks at chemical shifts from 2.95 to 3.04 ppm, and

(B) is the area of peaks at chemical shifts from 6.00 to



melting point of 200 to 260C and is in the form of pox\g%overﬁlaﬁ/érngo%s

particle size of 10 pmto 1,000 pm =

10

-35-

.90 ppm.

11. The functionalized polyphenylene ether
according to claim 10, wherein the peak area ratio (A)/(B)

is 0.001 or greater.

12. The functionalized polyphenylene ether
according to c¢laim 10, wherein said functional group is an

acid anhydride group.

13. The functionalized polyphenylene ether
according to any one of claims 10 to 12, which has a
melting point of 200 to 260°C and is in the form of powder
having a particle size of 10 um to 1,000 um.



