*150150* DESCRI PTI ON FUNCTI ONALI ZED POLYPHENYLENE ETHER RESI N TECHNI CAL
FIELD This invention relates to a functionalized polyphenylene ether resin
useful as a plastic naterial in the fields of electrical and electronic

products, autonobiles and other industrial materials, and f m\mm
‘packaging fields and to a process of producing the same. BA \

Pol yphenyl ene ethers are excellent in processability and product|yidy-
They can be nolded by nelt injection, nelt extrusion and simlar nolding
techni ques into products or parts of desired shapes with good
productivity. Therefore they have been wdely used as a material of
products and parts in the el ectriBB$CRDBETIGNectronic fields, autenpbile
field, and other industrial materials fields, and foods and packaiinﬁ

fields. In the electrical and electronic fields, autonobile u“mmﬂw“mm m
ot her various industrial fields, products and parts have no

wi del 'y cHFUNTTSEQNAL HIE RO INEFENS, EN O EF 1858k %E@Jfﬁri al s therefor hawe»al so
been diversified. To neet the requirenments, polymer conposite (conbination

of existing polynmers with other materials) technol ogy and polymer alloy
(conbi nati on of existing polyners) technology have led to resin materials

wi th chaimgheldagt IilgS Pt possessed by existing materials. General
pol yphenyl ene ethers, while excellent in heat resistance and nechani cal

characteristicspave RAR% ion relates to a functionalized
polyphenylene ether resin useful as a plastic material in
the 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 other 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
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conpatibility with other materials, and the choice of materials to be
‘conbined with is limted. They have particularly poor conpatibility with
hi ghly polar materials such as polyam de and need to be functionalized to
be conbined with such resins. Wth respect to functionalized pol yphenyl ene
ethers, JP-B-3-52486, U S. Patents 4, 654,405 and 4, 888,397, and JP-

A- 63- 54425 propose processes in which polyphenylene ether in a nolten
state is allowed to react with a reactive functionalizer, such as maleic
anhydride, in the presence or absence of a radical initiator. However, the
propose% rocessezyinvolve %e%% hi gh tenperatures for nelting the resin,

R )
whi ch c&0¢8 VEEI BRYBFESI ¥t haritdierg tetemieRer mile chistladyorasrd on of t he
resin, such as color change, formation of black gel, and poor color tone
or appeBPaNBer E&#@Meéﬁopgﬂéﬁ$19¢6@§7?XJPtAnq-E&myMQrsmut@w%%ManBSOZO
teach processes in which a m xture of pol yphenyl ene ether and a
functi oRaVezéed sacheasnnmbeeciadbydittecharaatepriasdrdsedti xing ratio is
allowed to react in a solvent 2 t capable of dissolving pol yphenyl ene

ether. pbesespedcegsesisathyematertiyig.l ow functionalization reaction rate
and, besides, resin conpositions obtained by blending the resulting

functionalized @@ﬁyp@gg%%g?gh@ﬂyféngﬁ%?%gfgfe%ﬁg e ngﬁﬁgﬁﬁtaﬁﬁeOf | ow

utility as a material their i rior nmechanrca aracteristics.
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materials to be combined with is limited. They have

particularly poor compatibility with highly polar 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 polyphenylene 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 color 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



resul ting functionalized pol yphenyl ene 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 WD 00/ 52074 di scl ose a process of
obt ai ni ng functionalized pol yphenyl ene ether by allow ng polyphenyl ene
ether in a solid state to react with a functionalizing conpound. According
to the disclosed process, because the reaction is preceded by m xing

pol yphenyl ene ether with a solid or liquid functionalizing conpound in a
predetermned ratio, the functionalization reaction rate is extrenmely |ow

so that resin conpositiqns obtained by blending the resulting

functi off@H C%gp}ﬁﬁé%ﬂ%ﬂiaH&hﬁﬂh%ﬂﬁiQﬂqfQﬁQﬁﬁ-p@hﬁﬁ@r@rﬁgﬁésﬁﬁferior 3
mechani cal characteristics and |ow practicability as a material.

JP- B- 632FP0£VSr @pdyes oppliyingy iwnaddizedliomaleaeriaaatecambund in a
gaseous phase to pol yphenylene ether in the presence of an organic or

i nor ganibesrigdiscalrespal yompiozdttiionsi mibttiadined bEhe Ipretiess thwol ves the
problem that the functionalizing conpound itself is apt to

hormopol yeeuilzeéngf duhicnd oha 1be cadged yiod cpolephemthene vaidhed i fdrgitent ly. As
menti oned above, functionalized pol yphenyl ene ether resins obtained by

convent belghetreChReqUES 1Bavatan i tynsat hshackiwibahanes kelwgen col or or
appearance and nechanical properfies for sufficiently fulfilling the

demands i af e-Adushebabnf b8hd8haFaeLRLESEAL . NVention relates to a
functionalized polyphenylene ether which has an excellent col or tone,

contains |ittlesplack.50pghgngsunshance,o2)PnRhYYLAES o RRLY B 42kl oys with

superior mechanical characteristics
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 liquid functionalizing
compound in a predetermined ratio, the functionalization
reaction rate is extremely low so that resin compositions

obtained by blending the resulting functionalized

polyphenylene ether and different polymers have inferior



when bl ended with other resins. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is
a schematic of an apparatus for obtaining a functionalized pol yphenyl ene
ether, which is used in Exanple 1. 4 Fig. 2 is a proton NVR spectrum of
the functionalized pol yphenyl ene ether obtained in Exanple 1. Fig. 3 is a
schematic of an apparatus for obtaining a functionalized pol yphenyl ene
ether, which is used in Exanple 7. Fig. 4 is a schematic of an apparatus
for obtaining a functionalized pol yphenyl ene ether, which is used in
Exanple 14. Fig. 5 is a proton NVR spectrum of the functionalized

pol yphe et her_,oht ai.ned in Conparative Exanple 13. DI SCLOSURE OF THE
| NVENTI %%zlgaesecrﬂabri%/teﬁﬁﬁtlc%% Z]oo“éﬁ@\%"xabﬂfv@éﬁﬁaﬁi ons on the
structure of functionalized polyphenylene ethers, and found as a result
that a qﬁﬁ%ﬁ%%%mﬂized pol yphenyl ene ether giving a proton NMR spectrum
with a peak area ratio (A)/(B) of 0.0001 or greater, wherein (A is the
area of peaks atPcReficdll04spirops sesomuppdying & 04dimml and (B) is the
area of peaks at chem cal shifts from6.00 to 6.90 ppm has an excell ent

col or t ®%d ymegrirzabie dampcanil dok af araeieguss isisnae I;aﬂq/p}-rgrgmiéjﬁs pol yner
al | oys havi ng superior nechanical characteristics when blended with

di f f er eettheal ymetseapteshave dfusn eaeged d e ARSI iIOvRiQN. 5 The

present invention provides a functionalized :
polymerization initiator. The process involves the problem
that the functionalizing compound itself is apt to
homopolymerize, failing to be added to polyphenylene ether
efficiently.

As mentioned above, functionalized polyphenylene
ether resins obtained by conventional 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.



pol yphenyl ene ether which has, in its nolecule, at |east one functional
group selected froma carboxyl group, an acid anhydride group, an am no
group, an am de group, an imde group, a silyl group, a hydroxyl group and
a glycidyl group, and which gives a proton NVR spectrumw th a peak area
ratio (A)/(B) of 0.0001 or greater, wherein (A is the area of peaks at
chem cal shifts from2.95 to 3.04 ppm and (B) is the area of peaks at
chem cal shifts from6.00 to 6.90 ppm The present invention also rel ates
to a process of producing a functionalized pol yphenyl ene et her conpri sing:
al | owi ng pol yphepyl e ether to re at | east one functionalizing
conpound havi ng ?%g ﬁ%|%cBF%t?ﬂa$%stp€F}raw PéakPeone carbon-carbon
doubl e- b nd or tr Ie bond and é ) at | east one functional group sel ected
fromthe uBFBbB“E%E%FQtPHbYBFGQY &PBoRyhegr sbpaiandaéndEdampdei de group,
an am no group, an am de group, an imde group, a silyl group, a hydroxyl
group and a glycF8gl Jrbup? swhkemshicheffancappanttusnforoopoandihg
supplied in a gaseous state to the pol yphenyl ene ether and allowed to
react w @hfvhet pohgpheed| pokyehéeyleficacsheid shatR 8k asedbehow t he
melting tenperature of the pol yphenyl ene ether. BEST MODE FOR CARRYI NG OQUT
THE | NvBBH&fiNL & The functionalized pol yphenyl ene ether according to the
present invention is made up of phenyl ene ether units represented by

general fornul a Kig. andi Has acHdmedi Ot argré)g':ftﬁ)ai'éltﬁg'ef lC?SHé?n}.lE?r eof :

(1) wherein Rl, R2r R 3, and R 4 each represent rogen ato
al kyl gr@umr%tféha?tii%d 0 h ne_in whi Ch R
and R 2 each is a hydrogen %\P%’% EHREY WALH is §e8 +n

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 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, 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.



and R 4 each is a methyl group is preferred. The functional group possessed

-by the

functional i zed pol yphenyl ene ether of the present invention

is a

carboxyl group, an acid anhydride group, an imno group, an imde group,
hydroxyl group or a glycidyl group, wth an acid anhydride group and a

‘gl yci dyl

group being preferred. The functionalized pol yphenyl ene ether of

the present invention shows a proton NVR spectrumin which the 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 0.0001 or greater, preferably 0.001

7 The proton NWR spectrum of the functionalized polyphenylene

ether of the prEsensrésyentigMehtifRasYeeddat af eQALkepRaRaLUKe W th an NWVR

nmeasuring systemhaving a frequency of 400 Mz or higher on a sanple

preparegoby$hgm§§@halaghébeWEQEchQEa'&ﬁe teohxgﬁéﬂi
e

trinmethyls

or greater.
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NMR spectrum of the functionalized pol ypheny|l ene ether of the present
inventi%ﬁﬁéh)?ﬁﬁu%mﬁ%aﬁl%thgE?%?tigghygﬁ?§%%eﬁ§P%Hea€9hér§1M§Fdﬁﬂth

starti

t enper a

wth aqyrfunctipnalizer. It is considered fromthese facts

ea ratio (A)/(B) of 0.0001 or greater, wherein (A) is the

area of peaks at chemical shifts from 2.95 to 3.04 pﬁm, and
(B) is the area of peaks at chemical shifts from 6.00 to
6.90 ppm.

The present invention also relates to a process of
producing a functionalized polyphenylene ether comprising:

allowing polyphenylene ether to react with at least
one functionalizing compound having in its molecule thereof
(i) at least one carbon-carbon double bond or triple bond
and (ii) 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,

wherein the functionalizing compound is supplied in
a gaseous state 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.

BEST MODE FOR CARRYING OUT THE INVENTION

eTWRen. $B1ARI95C8R. pph APpESr PREYPR @Phe proton

n ol yphenyl ene ethers which have been heat treated under the sane
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chenical "shift for each



t hat these peaks are attributable to the structure of the pol yphenyl ene
‘et her noiety having the functional group bonded, which structure has not
been el ucidated as yet. The functionalized pol yphenyl ene ether and the
starting pol yphenyl ene ether preferably have a reduced 8 viscosity ranging
fromO0.15 to 1.0 dl/g, particularly 0.20 to 0.70 dl/g, in a 0.5 g/dl
chloroformsolution at 30C. It is preferred that the functionalized

pol yphenyl ene ether of the present invention and the starting

pol yphenyl ene ether be in a solid state. Preferred solid fornms include
powder and pellets, with, powler being still preferred. Pol yphenyl ene

et hers of pomdgﬁefSPHFQFQQGﬁgéﬁﬁaBPéYBP?“W&@“@X&&MGQ &ﬁqgﬁ¢bﬂhéoa

pol yphenyl ene ether in a good solvent, such as toluene, xylene, chloroform
or chIoFéSeﬁf@ﬁ@Ptaﬁﬂvéﬂﬁﬂﬁg aspdede sl wénphenwydlenss etdtdranoliter acet one,
to the solution. For ease of handling the powder obtained by this nethod
pr ef er aBepreasniepabyi gesesize foemuden (10 pmdanc sl 0Fhnoidialis preferred
for the functionalized polyphenylene ether of the present invention and
the stgrbupgipokyiphsoykeneecetherebd:be crystalline powder having a
melting point ranging 200 to 260C. Literature furnishing the information
about the relation between crystalline polyphenylene ethers and their
nelting points include, for exanple, gournal of Pol ymer Science, Part A,
2(6), pp. 1141-1148 (1968), Eurgpean Bblyner Journal, (9), pp. 293-300
(1973), and Pol yner, (19):—2?. 1-84 (,1978). The nelting point of

pol yphenyl ene ethers as reflerre ih the present invention is defined to
be the peak top tenperatur observed in a tenperatur

wherein R', R?, R’, and R’ each represent a hydrogen atom,
an alkyl group or an alkyl 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 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
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

0.0001 or greater, preferably 0.001 or greater.



heat flow rate plot obtained with tenperature rising at 20°Cmn in
-differential scanning calorinetry (DSC) . Where the plot has a plurality
of peak top tenperatures, the nelting point of the pol yphenylene ether is
.defined to be the highest one. The functionalized pol yphenyl ene et her of
the present invention can contain appropriate additive(s) according to
the use. The additives include flame retardants, heat stabilizers,
anti oxi dants, UV absorbers, surface active agents, lubricants, fillers,
pol ymer additives, dialkyl peroxides, peroxy, peroxycarbonates,

hydr oper oxi des, and peroxy ketals. The functionalized pol yphenyl ene et her
according to tHReeppeseon NNMRespieat raan ofe thlt Fiuned iloynasupeidyi ng a
functionalizing conmpound in its gaseous state to a pol yphenylene ether in
its sol ipdlgbhktyardealdtowirng it ke fPreldn@Nanvaintd GOMROWM & dLagt W th
the solid polyphenylene ether at or below the nelting tenperature of the

pol ypherylane efbBeh+ uk@ e hPHAdMER He RLIGSSS sfs e i nvention,
it is preferredbthatufhe polyf—)ihenyleneaether%JS ctlrugﬁﬁﬁﬁﬁ%n%he

functioraki,zing CQQDQQ@dNQQ o %1§§|rdo%t%t§ %re %F%pgxpheny!epe

ether is allowed to reac e’ S§tat ncti onal i zi ng

I f, t teri ti f

appoar anse3BLRAGOREE BhpraiBhsdst BaveReLY %ﬁs"%é%%geé'aﬁéiré"?n"t he
th t t Wh th

ol ypheky LARE"SaRAT2 PR §oBR 84878l SEPEEo AdosaEoRT . TaSg. . tol uene or

chl or obenpzene, de_to react with the functionalizing conpound, peaks

do not § @éFa}nSPng L fRGe®aFPoRP2kod 1t §he. BURpBRECK THRe B0t on NMVR

spectru 1t
P H]cgdeg by taking the peak assigned to the protons of

tetramethylsilane as 0.00 ppm.

The peak area ratio (A)/(B) according to the
present invention is equal 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 functionalized 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 preferably have a reduced



and the polynmer alloys with other resins have | ow nechani cal
characteristics. The functionalizing conpound which can be used in the
present invention conprises at |east one organic conpound having in the
nol ecul e thereof at | east one carbon-carbon double bond or triple bond and
at | east one functional group selected fromthe group consisting of a
carboxyl group, an acid anhydri de group, an am no group, an am de group,
an imde group, a silyl group, a hydroxyl group and a glycidyl group. O
such functionalizing conpounds preferred are those having a doubl e bond

and at .easi_.qne rhoxyl. groyp, i d.anhydride group, jmdo group or

gl yci dyl\}lgsfco%lfﬁoclyn rt%heo‘qﬁ?ﬁyeféﬂ%@ﬁeﬁ& k! -@Sé&}f% Fg%(%‘?% Fhel @d%gmal eic
anhydri de, itac%n'c anhydride, naleic acid, fumaric acid,

phenyl n&i%i%i’de dLi'Gacdm @ i 9/t ddiouafommishluteian iat 3Q°Cd, gl yci dyl
met hacryl ate, glycidyl acrylate, allyl glycidyl ether, hydroxyal kyl

met hacryl at e coﬁ%o&ﬁd§?e§ﬁér2dlihéﬁnéhﬁymmﬁQﬁiﬂﬂqﬂim%mmounds. Armong t hem
mal ei ¢ anhydride is extrenely preferred. In the production process of the
pr esent Pody@enya enet kg hieomotfi dhal ipziesgndto npoiertt icn dasd rddd y supplied in
its gaseous state to the pol yphenyl ene ether. Were the functionalizing

conpoundtiastsmppbégpheny l ehieqeitthear beolind aStsrilge,d tdratdecaction w Il be
extrenely sl ow because the process of the functionalizing conmpound' s

penet r aPrageirited kb 180kodmBOlyRNARE SB%RINGhd PN At 61 (et er mi ning
step. As a result, the nunber of the "functional "groups i ntroduced into the

TruPLSBLEE SUER UL BRRrRLRREL DO LB Hha RS B Lo 1o
powder form are obtainable by, for example, dissolving a
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 method
preferably has a particle size between 10 um and 1,000 pm.

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 theif melting points
include, for example, Journal of Polymer Science, Part A,
2(6), pp. 1141-1148 (1968), European Polymer Journal, (9),
pp. 293-300 (1973), 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-



state. Further, the peak area between 2.95 and 3.04 ppm w |l be extrenely
smal | . The functionalizing conpound can be supplied by, for exanple,
directly feeding a vaporized functionalizing conpound or feeding a
functionalizing conmpound as diluted with an inert gas. The inert gas

i ncludes helium argon, and nitrogen, with nitrogen being particularly
preferred. In diluting a gaseous functionalizing conpound with an inert
gas, the volunme concentration of the functionalizing conpound is
preferably 1% or higher. The volunme concentration of the functionalizing
conpound is obtained fromthe saturated vapor pressure at a tenperature 12
4 for vapetiflew rakefpheti obbdin¢dgvionpbender&ourenstanog, atwhen mal eic
anhydride reaches gas-liquid equilibriumin a nitrogen atnosphere at 190'C

under a2®iCyintinpries SUrfef e die 1 alolsmnrgonc e e int 10f (@i ¢ aMaydride in
the gas phase is 79% The higher the volunme concentration of' a

functi onied i zidg KONPOUSTLrd her Yi ghesed ber s gacthplrseheeds the preferred. It
is particularly advisable in the present ‘invention that a gaseous

functi onal ¢ ZAgpomnd e pSopindiipusty dedkf0i8 poEypbgnyLepg ether so
that the functionalizing conpound nmay have a linear velocity wmth respect

to the gl iphawdengw&ther. In this case, there is obtained an increased
rate of the elenentary process of the functionalizing conpound' s diffusing

along the p6l YR RO ST BRI G AR YOS £ NG gas T11m

surroundi ng the pa l'es, Wi I'nan’ i hcreased eaction rate. In
oo S RSN 4PN S a SO RS e Wha L INELE) e
according to the use. The additives include flame
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



respect to the polyphenylene ether results in a higher reaction rate.
However, the anmount of scattering powder increases with the increasing

| inear velocity to cause an increased |oss of the powder. Accordingly, a
preferred linear velocity of the gaseous functionalizing compound wth
respect to the pol yphenyl ene ether ranges fromO0.05 msec to 10 nfsec. 1.3
(.0 A preferred tenperature in the reaction between the functionalizing
conpound and the pol yphenylene ether is 110 to 230'C, particularly 155 to
230" C. The higher the reaction tenperature, the higher the reaction rate.

Nevert heless, ; ti.qn rature exceeding 230*C wll . cause the

pol yphe%fl z%ellé%tw[]lzlgctég%nerlte%m\?\]‘ii c%cf&ouﬁesa S 2RR{AFST o at e dARFC tone. In
the pre isnenti o radi cal initiator can be added to accelerate the
react i oﬁlﬁ%gr &a??%c tﬁegdill‘ld@?marl@ hee ety i FRECHHEN calVhiediet i at or s.
When th% %?se us funﬁtionalizing conmpound and_ the = pol yphenyl ene ether are
brought Rt §OLERNEEY LEger dbernilih 2 shcts dtest Hader dimg ts Iventpr esent

i nvention, the polyphenylene ether nmay be either allowed to stand still or
stirred®i-A-a teAEENEN OreshdloroPia zegast iion maneartat uedat be thusek where t he
pol yphenyl ene ether is allowed to react while being stirred includes, but
is not FhpctédnedizangHersphehdni peaksadpaddite apipealr, iandhr paddee drier. A
Henschel m xer is particularly preferred. The functionalized pol yphenyl ene
et her accomdkngSt o Bhe4ppemetih ikheeprotdni NMN deletarpl,i @Rkigd n the

electrical and electronic fields, autonobile and other ‘industrial fields,
and foodnandhpapkagmee &1ebys. with other resins have low
mechanical characteristics.

The functionalizing compound which can be used in
the present invention comprises at least one organic
compound having in the molecule 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-
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Pol ymer all oys obtained by nelt kneading the functionalized pol yphenyl ene
‘ether of the present invention 14 and pol yam de, polyimde or polyester are
excellent in color tone, appearance, nechanical characteristics, and
productivity and therefore useful with great advantages in applications in
the electrical and electronic fields, autonobile and other industrial
fields, and food and packaging fields. The present invention wll be
illustrated in" greater detail with reference to the foll ow ng Exanpl es,
but the invention should not be construed as being [imted thereto. Method
of evalyation (1) Deternination of added carboxyl groups and acid
anhydrig%afﬂ@%&ﬁ%%mm%hhﬂi ePEPPRRES pol AMpien Y keete, avdhkeic Fhwirddeal |,
functional i zed pol yphenyl ene ether particles as obtained by the reaction
wer e cl eanexit reme heaprefaceedne for 3 hours or longer in a Soxhl et
extractor to renove the unreacted functionalizing conpound remaining on

the particles. Mhertee theodusici dronst o 2esk pof yphenyt &sént et hesnefbgr the
reaction was nelted or pelletized by use of an extruder, it was thoroughly

gr ound ﬁmeFKWWEﬁiéﬂbfﬁﬂ@ﬁéaéomﬁ%ﬁhéupﬁe§é§gr$ﬁl§h§§p§if@@iP? 89 ration. The

cl eaned polymer was dried at 150C under reduced pressure o mMHg for 1
hour | A4 Su%e 8l L iy ofb Rl veg, digepl vod In chloroform and the
E:gﬁf !Ore(?r:ttsi oﬁo[ La nodeur{rllergeééjg}‘geé}eq%a;igﬁiﬁ%%%é?&ﬂh%g%%dpfrO :Jﬂvgga on the
dried ffinqct}iic&)noarliszoeldi Osl:1¥aPthee,nyt'!heenereeé[chte:{o'n will be extremely slow

because the process of the functionalizing compound'é

penetrating into the solid polyphenylene ether is the rate-

determining step. 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

will be extremely small. The functionalizing compound can

be supplied by, for example, directly feeding a vaporized

functionalizing compound or feeding a functionalizing

compound as diluted with an inert gas. The inert gas

includes helium, argon, and nitrogen, with nitrogen being

particularly preferred.

In diluting a gaseous functionalizing compound with
an inert gas, the volume concentration of the
functionalizing compound islpreferably 1% or higher. The

volume concentration of the functionalizing compound is

obtained from the saturated vapor pressure at a temperature

12
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The amount of added carboxyl groups and acid anhydride groups in the
‘functionalized pol yphenyl ene ether thus cleaned and dried were determ ned
by titration using phenolphthalein as an indicator. Specifically, 1 g of
the functionalized pol yphenyl ene ether was wei ghed out and put in a 500
m Erlennmeyer flask. To the flask was added 200 m of toluene to conpletely
di ssol ve the functionalized polyphenylene ether. Two or three drops of an
et hanolic solution of phenol phthal ein were added to the solution, and a
0.01 nol /I methanol solution of sodiumnethylate was added thereto
dropwi se froma burette until the whole solution assuned pink. The anount
of addedocavbprylzgngupbe dndcadiotadnihyidiyi demgoames Wasrobhaiaadef rom t he
vol une of the dropw se added net hanol solution of sodiumnethylate. (2)
Col or twhenofmaflenct eahgtirzedd pebypeenylaene ieuhier equl 15® riumdfirchl or of orm
was dissolved 0.5 g of a functionalized pol yphenyl ene ether, and the

sol uti onivasgeRUhthBsBnBURT bt SobbcNahog apnoohi ol gsape'GEHEh of 1 cm

The absorbance of the cell at 480 nm was neasure

spect r opBQURABEEBHceARHat DENMBRSHEEE; Eahﬁﬁgﬁg L Rhis 'ega%y nae A hi gher

measur ed val ue |nd|cates t hat the 1% nyl'ene e under gone

thernallgebgglonﬂﬁ Hgglggkthadﬁgu%ééé#n%g%ﬁp?ﬂga s_color tone

deterioration e co or tone neasure t%rtlng pol yphenyl ene

ether p er . of black forei bstanc particles

presentﬁﬁﬂEE%ﬁﬁé%?éﬁg |ze%p%%Fthgﬁylg g thgb ?ﬁag i 6? EhBSr of or m was

dISSO|V functionalized pol yphenyl ene ether, and the solution
fi e eParPhr8:

rough filter paper of 10 cmin dianeter. After the

f|Itrat|0n, therIa§k§§§%f% art bSt Qfgagfgtiglggeogresent

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. 1In this case, there is
obtained an increased rate of the elementary process of the
functionalizing 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 loss 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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the filter paper were counted with the naked eye. The starting

pol yphenyl ene et her powder contained no black foreign substance. (4)
Reduced vi scosity of polyphenyl ene ether: The reduced viscosity of the
starting pol yphenyl ene ether used for functionalization was found to be
0.43 dl/g as measured as a 0.5 g/100 m solution in chloroformat 300C
with a Ubbell ohde visconeter. (5) Proton NVR neasurenent of functionalized
pol yphenyl ene ether: A functionalized pol yphenyl ene et her obtained
through the purification operation of (1) above was dissolved in

Lot r amot iyl o1 | aneb et Aaaed ERorra: U8 By Sh¥adeachighadis v oRBnsioment vas

tetranet hyl sil ane was added to Sol a

made at - rature and 400 NMR I n the NVR spectrumthe
chenicthggg}%zgi?gggﬁ 68&?0%85 aaéiggé PRRYRGSNYE epotedher gfs 110

tetrame hylgéiane as 0.00 p n1hé6) Mel t kneadi ng of functionalized

pol ypheh§i éA8 Gt AT ke ety ahd et ¢ e230°Gonfbsei hiigheandheet hod of

eval uating polymer alloys: The reaction product obtained in Exanples and
Conpar af F9Et FRAnpeRBERASLAR) otbd hdgHey bhestamdithgnatrat®50C in vacuum for
10 hours. Thirty parts by weight of the dried functionalized pol yphenyl ene

ether pdederthélpastsabyeset gbh obmpebyenegenatedashy’ engebuyafiene bl ock
copol ymer, 59 parts by weight of a polyam de 66 resin, and 5 parts by

wei ght oduse pohy apd DgpBeki $5éRe Wet Be i ¥§0muet | wﬁ@ghkgsgqggssgq extruded at
320C by means of a tw n-screw extruder ZSK-25 supplied by rner to obtain

pel | et sdedéeioPSt @t SoVSF e spbded by an injection nolding nachine into a

In the present invention a radical initiator can be

added to accelerate the reaction. Organic peroxides are
LO 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
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t est specinen according to ASTM standards, of which a notched |zod inpact
‘strength (ASTM D-256; 23C) was neasured. (7) Measurenent of nelting points
of starting pol yphenyl ene ether and functionalized pol yphenyl ene et her:
.The peak top of the peak observed in a tenperature- heat flow rate pl ot
obtained with tenperature rising at 20C mn in differential scanning
calorinetry (DSC) was taken as a nelting point. The nelting point of the
18 starting pol yphenyl ene ether used for functionalization was 2380C.
Exanple 1 The apparatus used in Exanple 1 is showmn in Fig. 1. 1In a 10
liter-v [ t.orf B was put 2 kg of ol yphenyl ene et her powder. A 10
liter- vg‘%nmomgqlcd’e’aﬁdﬁwee &%ﬁS%W%mW¥ offﬁ he reactor B
via a valve C. Both the reactor B and the evaporator A were equipped with
a j acketSCHH MANGH KRAPC &R aMfchandsiny sFhathtierimtsies r candted t o

adj ust the pol yphenyl ene ether powder or maleic anhydride in the container
at a d& Haietr &g &heane fidre avagforlatwirt A gwees tplerd vt aged immal ei ¢
anhydride. Both the reactor B and the evaporator A were evacuated to 0.1
mHg or dRPdd Ay ivesnd rofthe edewumi qainmrebreienitatbniia maladsie D, and the
valve D was closed. Then, the jacket tenperatures were adjusted so as to
rai se wBdomepéreatndethk rt Hadumlteiia lafiydrdge dnd thwwEwapeprator A and

t he pol yphenyl ene et her powder in the reactor Bto 1900C. The valve C was
opened Ipiatctkkbeihy Ifiietllde, wher eupon gaseous nal ei ¢ anhydride fromthe
evaporator A was introduced into the reactor tank B. At this tine point,
the valve C was switched off, and the reactor B was cl osed

The present invention will be illusfrated in
greater detail with reference to the following Examples,

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 ground 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



tight. The reactor was allowed to stand for 60 mnutes while maintaining
"the tenperature and the pressure and then 19 cooled in a water tank. After
roomtenperature was reached, the tank was opened to take out powder of
-functionalized polyphenylene ether. In Table 1 are shown the anount of
added mal ei ¢ anhydride in the functionalized pol yphenyl ene ether, the
col or tone neasured val ue, the nunber of black foreign substance .
particles, and the peak area ratio (A)/(B) in proton NVR neasurenment, i.e.
the ratio of (A) the area of peaks in chem cal sh%fgg 2.95 %ﬁ 3.04 ?n]t&NR
B) the areg of peaks in chemcal shifts 6.00 to 6. ppm e proton
gpéctruﬂq%;éhﬁﬁﬁ#%QQEQQPYQ. EYRGILEs I3 SEEPE aTRE.CEr Gfe diCe PSR KBxanpl e 1 was
repeated, except that the reaction time and tenperature were changed. The
anal yt i GATSSRANE NS the Feurfdin Brian adeice ing yasheanureheorastidad are shown in
Tabl e 1. Conparative Exanples 1 to 3 The procedure of Exanple 1 was
r epeat e¢ondidamt iarhdthathe o ewotd amrt ade percttilome Missi roh ayugesburithe
pol yphenyl ene ether nelted and adhered to the wall of the reactor. The
anal yti camadiesd tom diiteaidrecdarfanstiwnali zetRPd ybhdiamlee ek} . The
apparatus used in Exanple 7 is shown in Fig. 3. In a 10 liter-vol une

Henschel nixer Bheasmpuht2olfd a@tiedP@y¥BBRRY @RS usishangpawder - The Henschel
m xer B was connected to the same evaporator A as used in Exanple 1,

wWhi ch Canhaidiadiet QR ohp@f iMB&lC rAMMAIINAG 1 26 B 1YHRER yTeneOetndly 190C was

delivered to each™of fhe jackets of the
thus cleaned and dried were determined by titration using
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 functionalized
polyphenylene ether. Two or three drops of an ethanolic
solution of phenolphthalein were added to the solution, and
a 0.01 mol/l methanol solution 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 dissolved 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 absorbance of the cell at 480 nm was measured with a

spectrophotometer, and the measured value was multiplied by

20. A higher measured value indicates that the

16
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Henschel m xer B and the evaporator A to raise the tenperatures of the

‘pol yphenyl ene et her powder and the maleic anhydride to 190C. Wth val ves
C, Dand E open, 2 liter/mn of nitrogen was made to flow through the val ve
E, whereby a m xed gas of gaseous mal ei c anhydride and nitrogen was fed to
the Henschel mxer. Sinultaneously wth the start of nitrogen feed, the
stirring equi pnent of the Henschel m xer was started up to rotate the
stirring blades at 600 rpmto stir the pol yphenyl ene ether powder. After
m xing by stirring for 60 m nutes, the powder was taken out fromthe

m xer. Exanples 8 to 13 The procedure of Exanple 7 was repeated, except
that t hHeRhaH anaetdifg thampamsangonerid ettt t thicoranbdyt i cal

results of the functionalized pol yphenyl ene ether are shown in Table 2.
Conpar atdurd rEx &gl exsacttions h iThe meraoce dur leo 0t drxeangs tee 171 et L @peat ed,
except that the reaction tenperature was changed. The pol yphenyl ene et her

nel ted ame adleredone iitaswaldd afalife off @3 Wrarlih P WKk yT&asell t's
obtained are shown in Table 2. Exanple 14 The apparatus ‘used 1 n Exanple 14

i's showrthe Fighwddr Wi @h capparatus were conposed of the same maleic
anhydride evaporator A as used in Exanple 1 and a 10 liter-volunme tank B.

RS, Lk v R o abik Eodb R S AN lGc 1l (e dh s, Packed

with glass wool (Fl), 1 kg of phenyl ene er powder was put on the

gl ass “Q%'ct@%%a%QE%% e&¥P%5ﬁ?eW%SF§ t thereon to prevent the

S
pol yphenyl ené et her po scat Fﬁg in agas flo.w

In 50 ml of chloroform was dissolved 5 g of a
functionalized polyphenylene ether, and the solution was
filtered through filter paper of 10 cm in diémeter. 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 operation 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
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Both A and B were evacuated to 0.1 nmHg or less with a vacuum punp, and
"the inner atnosphere of each tank was conpletely purged with nitrogen gas.
Both A and B were placed in the respective hot oil baths, whose
-tenperatures were controlled to heat the nmaleic anhydride in A and the

pol yphenyl ene ether in B to 190C. Wien the tenperatures becanme steady at
190C, valves C and D were opened, and nitrogen gas was fed to A through
the valve C. As a result, a mxed gas of maleic anhydride and nitrogen was
fed to B at a linear velocity of 0.08 nisec After 20 mnutes from 22 the
start o di t he L, ej.c.anh ide/nitro nlxed as to the tank B, the
val ves %@%ﬁgr Qgé?e Eaaégé MgﬁdMgéu Wo%%ﬁ %ﬂy?%ﬁe et her pomder
was taken out The ampbunt of added nal eic anh dride in the
functioﬁg??i%ﬂ p%?&ﬁﬁeﬂ?l%ﬁ%hePﬁ%F Was 935¥d9§rﬁabynﬁeﬁ§ﬁtProthéscolor t one
measured_val ue was 0. 33, and the nunber of black foreign substance
particlef WRSTemehyehpi banasas o0 200 Thempr ocedur e of Exanple 14 was
repeated, except for changing the |inear velocity of the maleic
anhydri &) e kogeneadiied ofstpactiogal hzedghoByphenyhener eahtioand
tenperature. The analytical results of the functionalized pol yphenyl ene

et her ap®lg4roive i redhb| eopo Conpam adhdt eméxaoP| €5 vabudtThe procedure of
Exanpl e 14 was repeated, except that the reaction tenperature was changed.

The pabglymey|ehowes her powder particles were fused together into |unps.
The anal ytical results are showm in Table 3. Exanples 21 to 25 The

procedure of Examplredctiam reraicad ospeiiid fi EXd Hdadde

functionalizing conmpound put into the
Comparative Examples was allowed to dry on standing at

150°C in vacuum for 10 hours. Thirty parts by weight of
the dried functionalized polyphenylene ether powder,

6 parts by weight of a hydrogenated styrene-butadiene block
copolymer, 59 parts by weight of a polyamide 66 resin, and
5 parts by weight of a polyamide 6 resin were mixed well

and kneaded and extruded at 320°C by means of a twin-screw

extruder ZSK-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 melting pbints of starting polyphenylene
ether and functionalized polyphenylene ether:

The peak top of the peak observed in a temperature-

heat flow rate plot obtained with temperature rising at

20°C/min in differential scanning calorimetry (DSC) was

taken as a melting point. The melting point of the
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evaporator A. The results obtained are shown in Table 4. 23 Conparative
‘Exanpl e 10 Pol yphenyl ene ether powder (2 kg) and solid naleic anhydride
(20 g) were mxed well and put into the sane tank B as used in Exanple 1.
.The tank B was evacuated to 0.1 nmHg by neans of a vacuum punp, the val ves
C and D were closed, and the container was tightly closed while

mai nt ai ning the reduced pressure. Heated oil was delivered to the jacket
of the tank B to control the tenperature of the polyphenyl ene ether/naleic
anhydride m xture at 190C. The mixture was allowed to stand under these
condi ti r Q.mnputes to react. After. 60 m nutes' standing and
reacting?gfﬁgngoggbxgﬁﬁp¥;§n8tﬁ ChoNdEr fRE LRRGE Ional IR I9Fo RS of added
mal ei ¢ anhydride in the resulting functionalized pol yphenyl ene ether was
0.-02 paf8°®y weight. Conparative Exanple 11 The same Henschel nixer as
used in Exanple 7 was purged with nitrogen, and a m xture of 2 kg of

pol yphenyl ene et her powder and 40 g of solid nmaleic anhydride was put
therein. Heated oil was circulated in the jacket of the Henschel mxer to
adj ust Ekempbeel tenperature in the m xer at 190C. The stirring bl ades
were rotated at 600 rpmto stir and m x the pol yphenyl ene ether powder.

Aller SUITTING T b ik d 01y 0 T AUt Ramp 24 L MeaPoNdgn usptgken out from

the m xer. The analytical results of the functionalized po henyl ene

ether afg shoyn;torJa0i Ene- agi e, 12_Fhe procedure of
Conparative Exan%lerll was ?%%gg?gdé gggg%?g?%ab&tﬁg powder tenperature in

the njxﬁglyphenylene 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 evaporator 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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was 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 anhydride (100 g) were
~mxed well, and the m xture was kneaded and extruded at 300C by neans of a
tw n-screw extruder ZSK-25 supplied by Werner to obtain pellets. The

anal ytical results of the pellets are shown in Table 5. The proton NMR is
shown in Fig. 5. Conparative Exanple 14 The procedure of Conparative
Exanpl e 13 was repeated, except for changing the kneadi ng and extrudi ng
tenperature to 320C. The anal ytical results of the pellets are shown in
Tabl e 5C.°<&ﬁf§palr’hﬁ VR ESENpRRK 15 A 43| SRR nATRRRY 2ERER  Y2Skg§aahadi ol uene
(6 kg) were mixed and heated while stirring well until the solution

t enper dthf &3 AHEd He ke rovly perdenmef nfieect bpnakingdl e and,

after confirmng that the pol yphenylene ether was conpletely dissolved, 40
g of n&f@ib@”@ﬂ‘}&(ﬁﬂ@@ﬁm- addedabd et Re agel whicom tHee astdunrt rf was
continued for 2 hours while keeping the solution tenperature at 105C.

Then, tdvslesbimeliedre taripetatde e mesh e rinppedi dres & d aesll ypeéipneote was added
thereto in small portions while stirring, whereupon the system becane a

sl urry.etWean SHeg cfl arettwanoimesas: et 1 ddie 13 ihndd# esr af1dde slurry was
separated by filtration and dried to give functionalized polyphenylene

%Ble; g@méiagfgn Bubsnalad igeatt il t ardf die pdas Whdd G poysler are shown in
(A)/(B) in proton NMR measurement, i.e., the ratio of (A)
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 obtained 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. Simultaneously
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.
After mixing by stirring for 60 minutes, the powder was

taken out from the mixer.

Examples 8 to 13

The procedure of 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. Thé
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 giass wool (Fl), 1 kg of |
polyphenylene 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.
The color tone measured value was 0.33, and the number of

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 functionalizing compound put into the

evaporator A. The results obtained are shown in Table 4.
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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 feduced 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 solid maleic
anhydride was put therein. Heated oil was circulated in
the jacket of the Henschel mixer to adjust the power
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 solution 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 solid 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.
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INDUSTRIAL APPLICABILITY

Having 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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-has not been obtained by conventional techniques, the functionalized

pol yphenyl ene et her according. to the present invention has an excellent
color tone, contains little black foreign substance, and provi des pol yner
alloys with superior mechanical characteristics when blended with
different polyners, and therefore nmakes it possible to provide products
and parts in various industrial fieCusIMBat - will sufficiently neet the

i ndustrial demands. 32 CLAIMS 1. A functionalized pol yphenyl ene ether which
has in its nolecule at |east one functional group selected from a

car boxyl group, an acid anhydride group, an am no group, an am de group,

Whi ch gi ves a pr ot an KT SaRe Fr i ThYRn e 2Rt Re E0 e P HE RSl pafl of 0. Goos
or gre?ﬁeﬁtswﬂgﬁgkﬂlgA%tiﬁegg% %E%af%%c%%%%%la%fgygﬁégﬂected 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 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.

2. The functionalized polyphenylene ether

according to claim 1, wherein (A)/(B) is 0.001 or greater.

3. The functionalized polyphenylene ether
according to claim 1, wherein said functional group is an

acid anhydride group.

4. The functionalized polyphenylene ether
according to any one of claims 1 to 3, which has a melting

point of 200 to 260°C and is in the form of powder having a

particle size of 10 pym to 1,000 um.
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shifts from2.95 to 3.04 ppm and (B) is the area of peaks at chem cal
-shifts from6.00 to 6.90 ppm 2. The functionalized pol yphenyl ene et her
according to claim1l1l, wherein (A)/(B) is 0.001 or greater. 3. The
functionalized pol yphenyl ene ether according to claim1, wherein said
functional group is an acid anhydride group. 4. The functionalized

pol yphenyl ene ether according to any one of clains 1 to 3, which has a
melting point of 200 to 260C and is in the form of powder having a
particle size of 10 pmto 1,000 pm 33 5. A process for producing a

functionalized 5polygg§ yéggefg£hﬁ%ogggpﬁ's'ngﬁngkkgﬂg@gzgglyphenylene

ether to react with at |least one functionalizing conpound having in its

nol ecul i | east rhon-carhbon doubl e bond or triple bond and
(1) a?oﬁ&é&?ky&gﬁ u 5gggn%%m F&&ﬁngélected fromthe group consisting of a

car boxyl group, acid anbydri de_group, .an am no group, an am de group,
an inmde group,agTQWF99 BPgﬁﬁgenXl%ﬁﬁrGiyﬁrgﬁ8uﬁe§ ¥ 3Gy &tdyieagtoup,
wherein said functionalizing conpound is supplied in a gaseous state to

t he pol §pRefiypreféonphéeiagd campenad ey ingadh vittsh mode pdle/ plienydtene et her
of a solid state at or below the nelting tenperature of the pol yphenyl ene
et her. &eaFheopeocesbohocapbodudiondla bonct icondlripde bopoldy @mehylidne et her
according to claimb5, wherein-said functionalizing conpound is

conti nuatislgabkownnei fluacgasaals gsbape sed echhedpdirpphehyl eeuwgt her. 7. The
process for producing a functionalized polyphenylene ether according to

cl ai m 5consfsthgr efnat Berbpalyphesubenanctiey Rasyarielet igiduRQi it of 200
to 260C and
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 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.

6. The process for producing a functionalized
polyphenylene ether according to claim 5, wherein .said
functionalizing compound is continuously blown in a gaseous

state to the polyphenylene ether.

7. The process for producing a functionalized
polyphenylene ether according to claim 5 or 6, wherein the
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.
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isin the formof powder having a particle size of 10 pmto 1,000 pm 34
.8. The process for producing a functionalized polyphenylene ether
according to claim5 or 6, wherein the functionalizing conpound is naleic
anhydride. 9. The process for producing a functionalized polyphenylene
‘ether according to claim®6, wherein the gaseous functionalizing conpound
is blowmm at a linear velocity of 0.05 msec to 10 msec with respect to
the polyphenylene ether. 10. The process for producing a functionalized
pol yphenyl ene ether according to claim5 or 6, wherein the gaseous

f“”CtiO”aliZi”QBQogﬁgg?grbéegglEBﬁdﬁ§%EDc§HgiQeEEncgﬁgnailzeghe process for

produci ng a functi ed pol yphe ene ether according to claim5 or 6,

wherein_t r ti.qn erature .is 0C.ta 230C . . The process for

pr oduci ﬁéﬁgpfhueﬁl?tclleg%aleltt?e a%&%fgﬁé‘r%ujtione%l&%fsof C(])Ef’divﬁbeﬁeglrbl ™5 or 6,
wherein the_ .reactiaqn tenperature is 155C to 230G ., 35 13. The process for
pr oduci fy & FORCLIGTAG FEFPWR dive MA &M Srding to claim5 or 6,
wherein the reaction is carried out in a Henschel mxer. 14. The process
for producing a functionalized polyphenylene ether according to claim5 or

6, wherein the reaction is carried out in a paddle drier. 36
The process for producing a functionalized

polyphenylene ether according to claim 6, wherein the
gaseous functionalizing compound is blown at a linear
velocity of 0.05 m/sec to 10 m/sec with respect to the

polyphenylene ether.

10. The process for producing a functionalized
polyphenylene ether according to claim 5 or 6, wherein the
gaseous functionalizing compound is diluted with an inert

gas.

11. The process for producing a functionalized

polyphenylene ether according to claim 5 or 6, wherein the

reaction temperature is 110°C to 230°C.

12. The process for producing a functionalized

polyphenylene ether according to claim 5 or 6, wherein the

reaction temperature is 155°C to 230°C.
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13. The process for producing a functionalized
polyphenylene ether according to claim 5 or 6, wherein the

reaction is carried out in a Henschel mixer.
14, The process for producing a functionalized

polyphenylene ether according to claim 5 or 6, wherein the

reaction is carried out in a paddle drier.

36



