[Title of the document] Description [Title of the invention] Process for production of polyphenylene
sulfide resin [Technical field] The present invention relates to a process for producing a
polyphenylene sulfide resin excellent in melt flowability, small in metal content and in the amount of the
volatile component generated during melting and excellent in molding stability and wet heat resistance.
[Summary] In one aspect, there is provided an injection molding process of polyphenylene sulfide
resin conpositoncdoripdsidg eupsiysie e dyifideresin (A)with properties of (1) 0.3 wt% or less in
the amo tgt_Lter1eO Igﬂle gas, %nerategl %\/hen heat%d and r%%tied at 320C in vacuum for 2 hours, (2)
0.3 Wt% OF 168 in the ash CORtent achieved WHeh incinerSfed A Bstet (3F 4wt G S tthe
residue aplotidiachieyed when a solution with 1 part by weight of the polyphenylene sulfide resin
dissolved in 20 parts by weight of 1- chloronaphthalene is pressure-filtered by a PTFE membrane filter
with a poree§ize F & lum 8 B80C for 5 minutes, and (4) higher than 500 g/10 min in melt flow rate
(according to A 11238- 70, I re_of 315.5C and at a load of 5000 g),
obtained by acid%-{lrlgela%ng a pc%lyéﬁfr%ﬁgrigﬁ%%s%%%anaa é?r%%%n%eﬁ? gte%r\c/)v iereinin said acid
treatmeptstep hteydalyehemi énesulfideireserisamrersed inmalacid boaamwiueous sehaion of the
acid for tfreatment_at pH 2 to 8 and §t 120 to 200 C, and subsequently treating it for thermal oxidation,

wherein'itis Resfre 287 2h aidspterd-ffih ARV Ger? Corlcaftrdtoht: b 2 %o FHBIRBREat 160 to
270 C ferdhata doheuis ima thermaloxidationstenwhekein thediffarence between the maximum -
bar flow length and the minimum bar flow length of 100 shots is 10% or less, wherein said
polypheti§lenBasiffidesresit esmposition (comprising said polyphenylene sulfide resin A)is continuously
molded i[rgarp%\%)(gvidth 12.7 mm, thickness 0.5 mm, side gate 0.5 mm x 5.0 mm) under condition of
injection speed 300 mm/sec, injection pressure 40 MPa, cylinder temperature 300 C, mold

temperature 150€ cinjeetiqretime tisecentscopbng dme 20 secensis: serew speed HIb ¥ sback
pressure 1 MPa and suck-back 10mm, and the difference between the maximum bar flow length and

the min%rﬁ%%YW%ﬁ?@O%ﬂ%Mﬁs otained. [Background art] Polyphenylene sulfide
(hereinafiex phbrevigied-as PES) rggmé_f@ggﬁcegenbgwg@ﬁ%@gle ag epgineering plastics
r

such as heat resistance, barrier properties, chemicals resistance, electric insulation and wet heat
resistancd) and Areoused ut varoos elettricleldctriric partd emachine phds sautomobié pants, films,

fibers, etc. mainy produced b in'ecggn molding and_extrusion molding. However, PPS resins are
Pigh in FRERBrOCES SIS tERBETR I DI GR o ta PGP G 1% fical} (5 eeate

volatile cemppriests-gyring melt pragessig. Rasticularlya:PRSasih requireg-tenaveelgsiic
resistance as used for electric/electronic parts is acid-treated to be lowered in metal content. Such a
PPS resif téimanafgafieratds @voldtile €ofpdhgnt o testaminatelthe mold drco atoguthe mold

vent for caysingsyoldjpg failures as the Gage may he, and therefore,is highly: desired to be decreased

in volatile component.The volatile component can be decrease by%%at-trea ng theOéPg%iea

temperatareyotiewet ¢hren thel Mefttng-peint blitseréxcedsive heaptieatment bringshabeift such

problemsﬁs lower ngl%Ida ililty owing to an excessive rise Qf melt viscosity and to the production of a
cnioronapnthalere 1is %

gelation ressure-filtered by a PTFE membrane filter
with a pore size of 1 um at 250°C for 5 minutes, and {4) higher
than 500 g/10 min in melt flow rate (according to ASTM D-1238-70:
measured at a temperature of 315.5°C and at a load of 5000 g),
obtained by acid-treating a polyphenylene sulfide resin in an
acid treatment step, wherein in said acid treatment step, the
polyphenylene sulfide resin is immersed in an acid or an agqueous
solution of the acid for treatment at pH 2 to 8 and at 120 to 200
°C, and subsequently treating it for thermal oxidatioﬁ, wherein

it is heat-treated in an atmosphere with an oxygen concentration



product. The present invention is based on the finding that if an acid-treated PPS resin is subjected to
thermal oxidation treatment under specific conditions, the PPS resin can be made smaller in metal
content and can be greatly decreased in volatile component without highly rising in melt viscosity.
Thermal oxidation treatment of a PPSresinhasbeenperformed since before. For example, Patent
Document. 1 discloses an extruded article obtained by curing a PPS resin for keeping the polymer
viscosityif aerangéa from500rte 1600Q poises (50010 k608Ha'y) (314G, sheantate-200/seq) and for
keeping the non-Newtonian coefficient n in a range from 1.5 to 2.1 and subsequently melt-extruding

the cured Te5TR* HoWaVer 25668 pofdePeorrdSioeito a it fiSwrarE6FIess tReT186%/10%in, and
since theBRSesibissochigh in SgftWseosity asdoconsigerably lower the flawgbility at the fime of
injection molding, the PPS resin is unsuitable for injection molding especially when it is .a
filler-corft@iniry PPS ¥8Sin@omipgusitionvRenhen ke P@ oebirplistipdediin said patent is:eclatively
large in cree of thermal oxidation treatment, and if the degree of thermal oxidation treatment is
too Iargg,?3 ﬁ}%%sarllsgdle%?eagﬁ%mgﬁé&%g %atﬁ?a%,%ﬁgy&ongﬁ%yglﬁeF ha%‘é ﬁfgg i Problém fat the
melt flowabilitirdeslises. molRatenifosument 2 discloses a method for treating a granular PPS resin
with a weight average molecular weight of 30,000 or nigher and an average particle size of 50 p.m or

smaller foFtA&Mat DxitialiBn. HAWETEICES dOs&ibBR in PaRAt BBEEMEN2, 76t obtdiniAg BPPS resin
with a weighd averags malecular wejaht-of 30,000 of higherand an a"ﬁ%%%g gilgl%iiezgsof 20 Ka or

smaller, a special polymerization reactor or grinding is necessary to increase the cdst, and therefore
the method d&rmot be Lsedas argamerabmethods Further, sushdine &z patigles cagpotrbe smoothly
fed into an ‘extrtg‘Jdgr f%ri%elt kneadin% to decrease the melt-kneaded and extruded amount per unit

time unécononicaly. T PAtER DocUmMERPS HA2Id0sEia e thtd P Curifs A PP SRESH iN% low
oxygen aEsphese:bus coesnes referte achigviag et gxeellentmeltiiowability anddew.yglatile

component content by performing-thermal oxidation treatment under specific conditions. Patent
Documétit 4 §igE10sBE IREiiBHCBAP s theREsE ctrecongingla RS résiar bieafiéh method
after polymerization, washing it:with, hot water of 130C or higher, filtering and treating with an acidic
agueous solution. This method can certainly decrease ionic impurities and the volatile component, but
since dryERRB s treatddaattdlB0C for 4 hours in a nitrogen stream in the examples described in the
document, the effect o%decreasing the_volatile component is small. !Patent_Document 1] JP 63-207827
A (claims) [Paten? DARUFBH S7IP 6248678 A (diaihis)IRAfHT D 81BN - 124 3FF & (claims)

[Patent Rocument 4} JP-2003-293934-A {elaimse gxamples)Pisglogure-qfdhe inventipnl [Rroblem to

be solved by the invention] ~ The present inventors made an intensive study for addressing the
problenPUFEhesiniiRfd PES kedinexeelbaTinFaalthonrbilty, ssmatt iremietal lconteptaneircthe amount

of the valatil mp nerated during,melting, and excellent in molding stability and, wet heat
gf&?t%olrg EHSﬂﬁl%%:hon =1 c?wencghea '9é53t|%%?ﬂﬁgan%rf({na ﬁa%ﬁeapgr(}ﬁg&ﬁ)us The

. e
resistance, and as a result achieved the present inven Oor Solvi

presentaéiventerscstediedtocoive the-abovementinaegproblernandap fuepHatfoundsa precess for

producing . a PPS resin remarkably decreased in the amount of the volatile component
fibers, etc. mainly produced by injection molding and extrusion

molding.

However, PPS resins are high in melt-processing temperature
owing to their high melting points and are likely to generate
voiatile'components during melt processing. Particularly a PPS
resin required to have electric resistance as used for
electric/electronic parts is acid-treated to be lowered in metal
content. Such a PPS resin remarkably generates a volatile
component, to contaminate the mold or to c¢log the mold vent for

causing molding failures as the case may be, and therefore isg highly

la



generated during melting, excellent in melt flowability and decreased in metal content to be excellent in
molding stability and wet heat resistance, by relatively lightly treating an acid-treated PPS resin with a
relatively low viscosity for thermal oxidation. This invention is configured as follows: 1. A process for
producing a polyphenylene sulfide resin with properties of (1) 0.3 wt% or less in the amount of the
volatile gas generated when heated and melted at 320C in vacuum. for 2 hours, (2) 0.3 wt% or less in
the ash ¢eatentdchievedavhéadmeineratediat 550Ca £3)14 0 widtrariessin theliesidue hatdln

hieved wh lution.with 1 part by weight of the polypheny ifide resin dissolved in 20 part
oy weighEBF EERIaron AT € roeL G ARETet o7& PTFE THEN A ek WAPEX RO Siz of 1

IAm at 250C frd-mimaes.and (highey thanS00 @ko min inrealtlowdate(accerding . ASTM
D-123E-70: measured at a temperature of 315.5C and at a load of 5000 g), by acid-treating a
polyphehyieRgsulfige vésirsincdh aeiPheéathient step-ane Sutikeldehy: iredEtingvtfog theematoxidation
in a thermal oxidafion step. 2. AproGess gL padusing A nolyphenylens sulide resin, agqarding to the
abovementioned 1, wherein in the acid treatment step, the po ygﬁenﬁene 3Ulfide Fedini& immersed in
an acid or an aqueous solution of the acid for treatment. 3. A process for producing a polyphenylene
sulfide resin, according to the abovementioned 1 or 2, wherein in the acid treatment step, the
polyphenylene sulfide resin is immersed in an acid or an aqueous solution of the acid for treatment at
pH 2 to 8 and at BO to 200C. 4. A process for producing a PPS resin, according to any one of the
abovementioned 1 through 3, wherein the step of treating the PPS resin by hot water at 80 to 200C is
performed before the step of acid-treating the PPS resin. 5. A process for producing a PPS resin,
according to any one of the abovementioned 1 through 4, wherein in the step of treating the PPS resin
for thermal oxidation, the FF5 resin is heat-treated in an atmosphere with an oxygen concentration of 2
vol.% or more at 160 to 270C for 0.5 to 10 hours. 6. A process for producing a PPS resin, according
to any one of the abovementioned 1 through 5, wherein the PPS resin is a resin recovered by a flush
method. [Effects of the invention] This invention can provide a PPS resin remarkably decreased in
the amount of the volatile component generated during melting, excellent in melt flowability and further
decreased in metal content to be excellent in molding stability and wet heat resistance. [The best
modes for carrying out the invention] Modes for carrying out the invention are explained below
detail. The PPS resin obtained by the production process of this invention is a polymer having the
recurring units, each represented by the following structural formula (1): [Chemical formula 1]
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In view of heat resistance, it is preferred that the PPS resin contains 70% or more of a polymer having
the recurring units, each represented by the abovementioned structural formula. More preferred is 90
mol% or more. Further, the PPS resin may contain less than about 30% of the recurring units
represented by the following structures: [Chemical formulae 2] CHS3 It is desirable that the PPS
resin obtained by the production process of this invention is required to be (1) 0.3 wt% or less in the

amount of ghe yelatile gas.generated when-heated and.melted at320C.in vacuum for 2.hours.

Preferred is 0.28 wt% or less, and more preferred is 0.22 wt% or less. It is not preferre that the
amount of tAé GasGériesratBl aresterfial exittiondreatiment issmoreithani:8 wid%: sinee the volatile

component deposited in the. mold and ghme_g!g@vg'gsoqjg%r]fincre%s%%, %%q transfer failures and gas

yellowing are likely to occur. The lower limit in the amount of the gas generated aftar fHerfial oxidation
treatment BeiéteSgadiany: limited; buthitisiunecdnomicat that ¢he periad et thiesmalexidation treatment
is long en .decrease the.gas generatian amount, and further if the period of thermal oxidation
treatment?g%}ég?é%g%fh%sggla"ﬁb%%r%dh%trlréeﬁ%elyf 6 %%Sﬁ‘rrleUCed and molding failures may be caused.
Meanwhile, the g&%:genefation amaount means:the-anfours of the gas velatilized hy-heating and
melting the PPS resin in vacuum and later liguefied or solidified by cooling to be deposited. It can be
measured by fiGatng a glass S Séﬁfgmﬁgrm%?ﬁgﬁﬁ JOHTARTY tHe PP ] IERP iAW &CUU ¥ tubular

furnace. Thetglase anpoule ésishaped ta have apbelly-portian of 10Qapy X 254, anegk.portion of
255 mm x 12 mm and a wall thickness of 1 mm. As the particular measuring method, only the body
portion of the* gagsampbute haRRetiEa contdiniy e PP rsshein VagGuhwislifgertee into a tubular

furnace of 320Gandsheated for.2 hourss and the volatile gas iscooledanddepositedin the neck portion
of the ampoule which is not heated by the tubularﬁ furnace. T%egn"e' pr?ﬁioﬁ%gchﬁvgﬁfélﬁanweighed,
and subsetftiehtlythatepdsitéd gds i§ Hissolveadmto ehforoform2dr remdvat Feemteeneck portion is

Defore remoning the s ank foa et somouing the Gus. e gob Gene e oL SafiBe obiained.
The PPS resir obtaifed sy-theaproductioregrodess ofthisdiuéntiom s requirachtosber(2) 823 wit% or
less in the,ash gontent achieyed;whep-inciperated.at 550C. Preferred is 0.2 wibe or less,
flowability at the time of injection molding, the PPS resin is
unsuitable for injection molding especially when it is .a
filler-containing PPS resin composition. Further, the PPES resin
disclosed insaid patent ig relatively la:‘ge inthe degree of thermal
oxidation treatment, and if the degree of thermal oxidation
treatment is too large, the gas decreasing effect is saturated,
and on the other hand, there is » problem that the melt flowability
declines,
Patent Document 2 discloses a method for treating a granuiar
PPS resin with a weight average molecular weight of 30,000 or higher
and an average particle size of 50 mmor smaller for thermal oxidation.
However, as described in Patent Document 2, for obtaining a PPS
resin with a weight average molecular weight of 30,000 or higher
and an average particle size of 50 um or smaller, a special
polymerization reactor or grinding is necessary to increase the

cost, and therefore the method cannot be used as a general method.

2



and more preferred is 0.1 wt% or less. An ash content of more than 0.3 wt% means that the metal
content of the PPS resin is large. A large metal content is not preferred for such reasons that the
electric insulation becomes poor and that the decline of melt flowability and the decline of wet heat
resistance can be caused. The PPS resin obtained by the production process of this invention is
required to be (3) 4.0 wt% or less in the residue amount achieved when a solution with 1 part by
weight of therRRSresindissbived P20 parts by seightefcl-chloranaphthalene is pressugg-filtered by
a PTFE membrane filter with a pore size of 1 pl. at 250C for 5Sminutes. Preferred is 3.5 wt% or less,
and more prefariatis 20 wishor 1636 28 188idué AnfiRint 8F ffore fane biwivesndans thit the thermal

oxidation eesslinking:ef4hePRSresin has progressed excessively to increase the gelation product in
the resin. it is not preferred that the thermal oxidation crosslinking of the PPS resin progresses

excessively for such-f@dsdristHat fte effect oftitteasimytthed dlatilecoormporeritis smalland on the

other hand that the,decline.of melt flawability and the_production of a gelation, product can cause
molding failures. The IO\}H{/%% limit of tr%-:- residue amount is not e%%e%?:allgyalir%i%éd,eﬁﬁf}% dk)é)sﬁl'riably 1.5% or
more. Preférféd i$1 T w%eartmble it thie késiduedadmunt is.smaller thampdra%:; the degree of thermal

oxidation ¢rosslinking, s, W, an refore the yolatile component cannot be decreased so much
during me tiér)@ %ﬁg K\}%?’laﬁ%%éarﬁ%&%}g%%géﬁ%ﬁg% e%?%léiﬁél k&Y remain ST © O Meanwhile,
the abovementioried: residbecameunt is dneasuretsusing: arsampla@biaiied ynpressing a PPS resin to
form a film with a thickness_of about 80 gm, and.using a high temperature filtration device and a SUS
test tube equipped With a pheumatic cap and a‘“éé’t?fériﬁﬁ? 12 P Aftcuarly BE fifst atrhembrane filter

with a poressize of 1 gm.is setdn therSYS test tube, and 1:pat by weight of the pressed film with a
thickness of about 80 gm as a PPS resin and 20 parts by weight of 1-chloronaphthalene are weighed
and sealedifthe*8US R8T ib& RS tEst 1 i 88 in the'High teshperatrerfilterionadevice of 250C,

and heategk23¢ sbaken {05 miputes. {Hhenan aifzcaptaining, injecior is.connected with the pneumatic
cap, and the piston of the injector is extruded for pneumatic filtration in the hot state. Eor particularly
determiniritf thé Tésicud BRToLRT, #ie Hiéibrarre ilter beforerfilration-apd:thermembrane: filter dried at

150C for Lhoup after flcation ave weighedsgaddiare e gifferenge of the yuelghts,the regidue amount
volatile component is small.
[Patent Document 11 JP 63-207827 A (claims)
[Patent Document 2] JP 6-248078 A (clzims)
[Patent Document 3} JP 1-121327 A {claims)
tPatent Document 4] JP 2002-293934 A (claims, gxamples)
(Disclesure of the invention)
[Problem to be solved by the invention]

The present inventors made an intensive study for addressing
the problem of obtaining a PPS resin excellent in melt fTlowability,
small in metal content and in the amount of the volatile component
generated during melting, and excellent in molding stability and
wet heat resistance, and as a result achieved the present invention.
[Means for solving the problem]

The present inventors studied to sclve the abovementioned

problem, and as a result found a process for producing a PPS resin

1A

remarkably decreased in the amount of the volatile component
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The PPS resin obtained by the production process of this invention is required to be (4) higher than
500 g/10 min in melt flow rate (according to ASTM D-1238-70: measured at a temperature of 315.5C
and at a load of 5000 g). It is not preferred that the melt flow rate is 500 g/10 min or lower, since in the
case where the PPS resin filled with a large amount of a. filler is used, the melt flowability of the PPS
resin composition becomes so low as to destabilize the molding. The upper limit of the melt viscosity of
the PPS reginobiained dyrthegprodictionproeess df this inventiar is natiespesially:limited, but with
view to obgieigipg;‘% ergsipﬁ(c{gmpqsitiog)ﬁwitp a strength enduring ptactica! use, 1 Pas (300C, shear rate
1000/sec) OF Hore 15 prefefred: ~ “THEPPS TeSif SHiGfet By thepresivdiivg proebdd ot this
invention isrrequired tosatisfy ed 1beabavementionedproperties (L) through (4). . inlig the process of
this invention, a PPS resin is subjected to acid treatment and subsequently to thermal oxidation
treatment fSrSbtaifiAg 5 PPS retfn With te SF6cific prégetiesy THesPPSiresifias bésubjécted to the
acid treatmentzand the thermal oxidation treatment respectively essential in this invention can be a
PPS resin obtained by any method. Therefore, a. commercially available PPS resin can also be used,
and a PPS resin pro¢ficel5y pbRinérzifig morbiets & destiibed:below can also be used. The
method for produgis PS tesi subjected to the . acid treatment.and the thermal oxidation
treatment #gsgggi%\lfé%/ée%se%ﬁal i{ra\%%fg%l%%ltign %%Ogéﬁggﬁ)%ib@%wf}ﬁf irst-thePolyhalogenated
aromatic dorRp6aTid.ssulfidizidg agept,ywdlymerization solvent, motecidarweight meadifier,)
polymeriz%té%n a@i‘g1 gpad?_p%h{merizgtiop s(}abilidzer used in this invention will be explained below.
[Pclyhalogenated aromatic compotndr - = A'BolyHaldgenated aromafie eBripsund: féfets to a
compound Bavihgitwa Bramoie: halogen atomsiper-onemoleciie<Examples, of the golyhalagenated
aromatic compound include o-dichlorobenzene, m-dichlorobenzene, o-dichloroben2ene, 1,3,
.S-trichloro%bn%%ﬁe‘,' , 574 thicHiotberfzend %524 5Hetrachfordbenzane ierathlerobenzene,
2,5-dichloeotetuend, 2, S-dighloro=p-xenee 14-dibromebenzenel 1, 4.dilpdahenzene., . . 1
1-methoxy-2,5-dichlorobenzene, etc. Preferably p-dichicrobenzene can be used. Further, a copolymer

obtained By-E6mibiiifig two of thoFé Bifferent pdisiaiogenated areimntic compotndsoan also be used,
but it is prefesead: that# pdibalogepated aramaticicompound is 3 majer component., - The amount

i

of the polyhalogenated aromatic compound used is in a range from 0.9 to 2. moles*pz)é%r T*mole of the
suifidizing“ad@htéer obtainifga PPS:resie witreavigcbsityislitably: forprooessingo Anareferred range is

0.95 to 1.5, males; and a.more preferred range.is 1,05:1p 1.2 s.-[Sulfidizing agent] ~~ The
sulfidizing agent can be an alkali metal sulfgljde, alka%srrnetaT hy (rélo%su fide o%%%%gggn Sififide.
Examplestefthe mkali emefalsuifidgédnetutlenlithiuimaudfide, sodiung sulfide spatassivmn.sulfide,
rubidium. sulfide. cesivm, sulfid |.a.mixture. consisting of two or more of the foregoing, and among
them, sodium surﬁ%e ciaglﬁlh be przsfg?a %{%365 Any ojf?he%%e afkatimetaFaTREES carr b uskd as a
hydrate orsaguesiisnibiturecoranbydridet for thermal oxidation in a thermal

oxidation step.

2. A process for'produéingeapmlyphenylene sulfide resin, according
to the abovementioned 1, wherein in the acid treatment step, the
polyphenylene sulfide resin is immersed in an acid or an agueous
solution of the acid for treatment.

3. Aprocess for producing a polyphenyliene sulfide resin, according
to the abovementioned 1 or 2, wherein in the acid treatment step,
the polyphenylene sulfide resin is immersed in an acid or an agqueocus
solution of the acid for treatment at pH 2 to 8 and at 80 to 200°C.
4. A process for producing a PP3 resin, according to any cne of

the abovementioned 1 through 3, wherein the step of treating the
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Examples of the alkali metal hydrosuifide include sodium hydrosulfide, potassium hydrosuifide, lithium
hydrosul fide, rubidium hydrosulfide, cesium hydrosulf ide and a mixture consisting of two or more of
the foregoing, and among them, sodium. hydrosulfide can be preferably used. Any of these alkali
metal hydrosulfides can be used as a hydrate or aqueous mixture or anhydride. Further, a
sulfidizing agent prepared from an alkali metal hydrosulfide and an alkali metal hydroxide in situ in a
reaction s can.a us rther, th idizing agent prepared from an alkali metal
hydrosulfi()jéz'I grr:%gagr? all}sag;ligrgetaf%ygﬁ)é%eggagigg T)% ttgasn grj%og Jfgqrv licé?r% %‘ﬁolﬁil%rﬁeﬁ%ﬁﬁon vessel.
Furthermdté, & stffidizitrtagentprepafsd fromian alkali metal hydroxide such as lithium hydroxide or
sodium hyg.roﬁdsmggd@%erb%@ggiigéitg ig%reraec:;[ipg sy&s;,ct:%mwcg&als_(t) be used. Moreover, the
suifidizing agent prepared from an alkali metal hydroxideé stch as Tithium hydroxide 6F Sodium
hydroxide &kl lydrogeansulfideccah alsobestradsferted formseqn anpolymerizationvessely In the
case wherg, the_sulfidizing agent is partiall Ig t due to dehydration operation, etc. before initiation of
polymerizﬁtlﬂfgfn izﬁcﬁ%ﬁfﬁmégshép |eeEg fnfoguiﬁ’t%ﬁﬁé) SUlfidizing AgBRE Mearts 1RE Femaifinglamount

obtained byrsubtracting:the:loss.ftam the actyaly.supplied.amountn o+ Meapwhile, an,alkali metal
hydroxide and/or an alkaline earth metal hydroxide can also be used together with the sulfidizing
agent. Pretérred Bxamples oi. fhe Skali MetaPhy@itkide include sodium hydroxide, potassium

hydroxide glithiurp hysisexides rubidim diydsoxidecesitin hydroxide and a tgg)(tgl:g/cgggisgpg of two or
more of the foregoing, ang.prefe‘rred examples of the alkaline earth metal hydroxide include calcium
hydroxide - o ATITERYAoXIE baritdi 15t bxitle, Bt TAHONGheRT Sotarrhydroxide ean be

preferablyused; e reqlnthe,case where an-alkali metal hydrosuifide is used as the sulfidizing agent, it
is especially Preferred to use an alkali metal hydroxide simultaneously, and the amount of the alkali

metal hydrbxitieiisedis i & raRge Hohr0I95 to 1.20 moles per 1 mole of the alkali metal hydrosuifide.
A preferred rangeqig 1,00.to. 115 moles, and a,more preferred range F]I% 1,005 10 1.100 molgs.

[Polymerization solvent] it is preferred to use an organic polar solvent as the %%Fy%gﬁzation
solvent. Exanmiples ataheoganic polarislvént nctude aprotic:organie solvents 4y pidied:by;,

N-alkylpyrrolidones such as.N-methyl-2-pyrrolidone and N-ethy1-2-pyrrolidone, caprolactams such as -
N-methyl-c-ééprcﬁa%%a?nn, I?eé%l@r%eotﬁé?lz{?r/r%l g‘%ﬂdiﬁb‘%e?N%ﬁ-ﬁﬁ%@ﬂ%ﬁa‘c@fﬁﬁaé,&mem

N,N-dimethylformamidé  kexamethyd phosphertieacid tiamide, dirmethyisulfane; tetsamethylene
sulfoxide, F}Q}. miétgreg tgereoj, etc. An}_/ of these solvents can be preferably used since they are high
in reaction Stability “AmGHS them . eSpediaiy K-Mathyl?s: pyFrofiaore fHereinafter may be abbreviated
as NMP} can be preferabiy tisest: r vi rthe @meust of the.erganie polansalventused isgelected in a
range from 2.0 moles to 10 moles per 1 mole of the sulfidizing agent. A preferred range is 2.25 t0 6.0
moles, anr%"al“ﬁfo)re preferred range is 2.5 to 5.5 moles. [Molecular weight modifier] For forming the

ends of a produced,PPS:resin of foradiustingithe pelymerization reaction.ar the.mplecular weight, a
monohalogen compound (not necessarily required to be an aromatic compound) can also be used
together with' fietatsovemaitiongerpolitaldge hbfed erbratic ComboandIPblymerizationsaid)

by the following structural formula (1}:

(Chemical formula 1]

In view of heat resistance, it is preferred that the PPS resin
contains 70% or more of a polymer having the recurring units, each
represented by the abovementioned structural formula. More

preferred is 90 mol% ox more. Further, the PPS resin may contain

g
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Using a polymerization aid for obtaining a :Pz) resin with a relatively high polymerization degree in a
shorter period of time is one of preferred modes. In this case, the polymerization aid means a
substance that can act to increase the viscosity of the PPS resin obtained. Examples of the
polymerization aid include an organic carboxylate, water, alkali metal chloride, organic sulfonate,
sulfuric acid alkali metal salt, alkaline earth metal oxide, alkali metal phosphate, alkaline earth metal
phosphate, &te. Amkeneofthemuganize used alone.or two ot mare of them can alsg be.ysed together.
Among them, an organic carboxylate and/or water can be preferably used. The abovementioned
alkali metaltarBbxgte s 8 domipsund represented by general formula R(COOM)n (where R denotes
an alkyl grw@eﬁyglggllgggggggea@/j group, alkylaryl group or aryialkyl group respectively having 1 to
20 carbon atoms; M denotes an alkali metal selected from lithium, sodium, potassium, rubidium and
cesium; and nreenotes an integer of 1 to 3). The alkali metal carboxylate can also be used as a
hydrate, anl e &%ﬁueous solutig%ia/}ﬂ%u Eles of the alkali metal carboxylate include
lithium acetate, s@diu etate, potassinvacetate, sodiym propionate, lithium valerate, sodium
benzoate, sodium pheyyi e, potassium p-toluylate, mixtures thereof, etc. An alkali metal
carboxylate can also be formed by adding almost equal chemical equivalents of an organic acid and
one or more compognds sele

ted from /th roup cansisting of alkali metal hydroxides, alkali metal
carbonates.5 {®A Al .@‘ y rbonaf@é@h@-@ eaction. Among the abovementioned alkali
metal carboxyla s,é lithidm salt is highl ssQ‘Jva in the reaction system, having a high aid effect

but is expensive, and a potassium salt, rubidium salt or cesium salt is considered to be insufficiently
dissolvable in the reaction system-CFherefore, sodiurfiracetate inexpensive and moderately dissolvable
in the polynte a s-}ste g%ﬁLpref r usse%_ The amount of the polymerization aid,
if used, is usuallyin a fangeifr .01 mole to,0y_mole per 1 mole of the supplied alkali metal sulfide.
A preferred range for obtaining a higher polymetigation degree is 0.1 to 0.6 mole, and a more
preferred range is 0.2 to 0.5 mole. Using water as a polymerization aid is one of effective means
for obtaining a resifi ésmijsusition highlbaldnedtP Between flowabiitdand high taughness.dn this case,
the adde is.usyally.in.ar from 0.5 mole tg 15 moles per. 1 mile of the supplied alkali
metal suI?%%e@%ggrgefg%e%%rgﬁgjé%%%%%%ﬁﬁinﬁsa hig 1"elr‘f§eocfiyr%%ri}l:z)étiégL }degr(ge 150.6° 16 ¥oles, and a
more preférredhmangeisit o heles: Lat iThedimegwher thespolyreerization @id is agistedis not

especiallyﬁ%o%(‘zjq%d, and the polymerization aid can be added at any time during the preliminary step

describediater at'the tife SFhiti&fing A& PolymeriZatioh sitning 1hE Poljntetiz&tich, ahd can also
be added:partiathymidtipletimeso Howener, ir-the ease wheres an-alkali setal-earboxylate,is used as
the polymerization a%d, in view of easy addition, it is preferred to adq"it at a time at the time of initiating
the preliminary stef oratth& tmeSrinriafionthé PolyrefiZatoR *EafRher n tHE €88 héfe water is
used as the pelyrmerization aid; adding uring theipelymerization.Jeaction after supplying;the
polyhalogenated aromatic compound is effective. [Polymerization stabilizer] A polymerization
stabilizer €8 Be*t&ed Tor SEabHiAniFihe PolyRiczatirRaeasn systeincand forpiaviehtinesside
reactions.-A polymedzation stabilizerscontributes o the stapilization of the palymerization reaction
system and to the inhibition of unwanted side reactions* One of the side reactions Is the production of
thiophenoP fantfif a HolynieriZatioiT Stabilizer istdedeth the piotiuction of thiophenol can betinhibited.
Examples.qQf the polymerizati tabilizer inclu uc ounds as alkali metal hydroxides, alkali
metal ca%%#a%gé%%alkgliﬁg %%%%érheb%a{fzﬁydi?é;xti&ddsgs%ﬁn%gﬁirgﬁﬁ e %ﬁrtﬁgrﬁagtarggrb%%}‘a eos(?pAOr%ong them,
alkali metahlydrakidesisiichias sbdrmihydioxide, jootassinmulydroxidesanck ithiumhydsaxide are
preferred. The g% mentioned alkali metal carboxylates also act ag polymerization stabilizers, and
therefore %%3 inc L?}e%ép in the 1irgic)lyr(rafe‘”ﬁz"‘ét |6% %?a%iﬁ%e%ﬁsgg A ?f%isolﬁvg%\%ﬁfilfuﬁﬁbﬁ‘ﬁﬁlﬁé case
where an atiatitmetal hydrosulfittesis usedyas the: sulfidizing agent,1axdescribed:hefore; dtis especially
preferred to use an daIkaIi é?_e I h%drox‘ide simultaneously. The alkali metal hydroxide that is added by
an amount excessiva for the stfidizifg ageft S4n &Y act as a polymerization stabilizer.  Any one
of these polymerization: stakilizetscanheusedalane oF twoRHMore of them canalse be used in
combination. The amount of the polymerization stabilizer is usually in a range from 0.02 to 0.2 mole
per 1 mol8HF the Kupptied Hikal metd Stffide: A preferfet Fargdis 0:6316 0.1 ekl @hd admore
preferred range is 004.10:0.09 male; i dhe amount isfoo:small the. stabilizatiop effect s insufficient,
and if the amount is too large on the contrary, an economical disadvantage occurs while the polymer
yield tends to decline. The time when the polygnerization stabilizer is added is not especially
specified and can be added at any time during the preliminary step described later, at the time of
initiating the polymerization or during the polymerization, and can also be added partially multiple
times. However, in view of easy addition, it is preferred to add at a time at the time of initiating the




preliminary step or at the time of initiating the polymerization. The preliminary step, polymerization
reaction step and recovery step will be particularly explained below in this order. [Preliminary step]

The sulfidizing agent is usually used as a hydrate, and it is preferred to heat a mixture containing an
organic polar solvent and the suifidizing agent before adding the polyhalogenated aromatic compound,
for removing the excessive amount of water outside the system. Meanwhile, in the case where water is
removed excessivelyy this,qperation, it > ter far.cQvering the shortage.

Further, as described ab%%e,gags tﬁ%%lf%d%i%%eiﬁgﬁ? ﬁt%??i%?gi%rm:[e%gllgl?ifi%égpgré?ﬁ%rl'él@ fr%%h an alkali
metal hydFdsulfidé ahd’ah afialiietal hydioiddedn sfutinacreactibnesystemsorinarvessekother than a
polymerizati ssel Iso e The method.is not especially limited, but used is a method
comprisingt{f%%éé(tgeﬁsl,(aj o%%a%(agir%g gﬁ%&i\%%}%@?ﬁy _rgosﬁf%gmé‘ng agnbaf{irré1i %e?éﬁ‘h%o%iiﬁégfb an organic
polar solveiit desirablyinl arrinert:das ataidsphierelinastemetature rangetfieneoem demperature to
150C, preferaply room temperature to 100C, and heating at normal pressure or under reduced
pressure trf?)”égt%)g‘één%55gr%$?ﬁ%he??t[”‘?yeféfabl%gdavra%%g‘fr‘“oc”rﬂ 186 162808 for ity afvay water.
At this stageragiolymelizationtaid-canjalsosbe addeds Further;to-pramete thestemaval;ef.water by
distillation, toluene or the like can also be added for performing the reaction. In the polymerization
reaction, it is préfefred HAtARE amoift of ratel it iR peymerizalish systent 0% i6 1016 moles per 1
mole of thessupplied sidfidizing-agent; iethis-case, the arpountiefwater in the polymerization system is
the amount obtained by subtracting the amount of water removed outside the polymerization system
from the armolRt of FHtEFsTppiied intd the polyimeAzation Bystemc Furtheritie sappliédowater can be
any of wateraguegHs solutian. ghistal water, etc, dPolymerization reaction step); ., 41t is preferred that

a sulf idi zinq agent and a polyhalogenated aromatic compound are made to react with each other in

an organi€ pofdrscvént v a tefipérature Taagefrorn 20001 lowerithair 200G rforprogusing PPS
resin particles;.,  Whenihe polymerization teaction step indnitiated.the sufidizing agent and the
polyhalogenated aromatic compound are added to the organic oFar Solvent desira f/flnl%fh inert gas
atmosphe?é iktemperdtaresange fremoroony temperaturetd 2B6€, pieferablynd0@4g 220C. At this
stage, ap erizati id can alsa be added, The order for supplying these raw materials is not
establishe%%zd Eflé% rgl\%vg:n?a%%ﬁgfs%égr? afls%cblg %da%a %%ﬁ%%é&ﬂéu The mixture is usually
heated to a rangerfremP2ZG0C ¢o 2006 tEhienheating rate isnetespaciallylimited butusually selected in
a range frpmvo.rg)tl, to 5C/min, and a preferred ran egs 0.1to 3C/min. . In general, the mixture is
heated firally fo alt%%ﬁgrgt%%“d’f“zgotfb%%d )a%d is"hadBToledtt vsuaiy drthe ivsdrature
usually for 8r2%te:60,haurs: preferably0i5:t0 3@ draurs. p - - #A method.of performing theJeaction, for

example, at 200C to 260C for a certain period of time in the stage before the final temperature is
reached, &Rd Sibsedienty Heating to-a ringeTronts70 to’S0aC s SHECEvE fof dtaminbea higher

polymerizatiendegree.lnsthis.case tbheqeagtion dime.at 200C 192600 is usyally; selegted in a range
from 0.25_hour to 20 hours, preferably in a range from 0.25 to 10 hours. Meanwhile, for obtaining a

polymer iith & HGh&F Folymetization ‘degiee, BeRERHfFtHEpolyHisTiZetppmmdltipleat the

electric insulation becomes poor and that the decline of melt

flowability and the decline of wet heat resistance can be caused.

The PPS resin obtained by the production process of this
invention is required tobe (3) 4.0 wi% or less in the residue amount
achleved when a solution with 1 part by weight of the PPS resin
digsclved in 20 parts by weight of l-chloronaphthalene 1is
pressure-filtered by a PTFE membrans filter with a pore gize of
1 pm at 250°C for 5 minutes. Preferred is 3.5 wt% or less, and more
preferred is 3.0 wt% or less. A residue amount of more than 4.0

wt% means that the thermal oxidation crosslinking of the PPS resin
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stages is effective. For performing the polymerization in multiple stages, it is effective that the
conversion of the polyhalogenated aromatic compound in the system reaches 40 mol% or higher,
preferably 60 mol% at 245C. [Recovery step] After completion of polymerization, a solid material
is recovered from a polymerization reaction product containing the polymer, solvent, etc. The most
preferred methods for recovering the PPS resin include methods of recovering under Quickly cooling
condition, and erefihe snoskpeeferrasireeovering methodsds 4 flush method; In.a flysh,method, the
polymerization reaction product is flushed from the state of high temperature and high pressure
(usually highgrthan 256€ At highte? thaf 81QIchiD) int6 BRtrABphéosf Aormal pressure or
reduced prassufe, farsrecovering the pelysmer. as pacticles while recovering the solyent. The flushing in
this method means to spout the polymerization reaction product from a nozzle. The atmosphere into
which the polériZdtict: Feaeaivhngrodiet 1o flashéd isparticukarly, for exarhplesmitrogenisr water
vapor of ngrmal pressute e temperature is usually selected in a range from 150C to 250C.
According%gpa@%lﬁi%%n%;%ﬂ ?ﬁ% s((%ﬁgni pmﬁaritge%él (ﬁ:%aﬁlérl]i ﬁe%FéL\é%\algrle‘jd%%ﬁﬁgr?g@)ﬁs?y \C/Jvci]tﬁ"tﬁéor“ecovery of
the solventfapdahesretovery titve tarealso:be zelatively:ghorti ThereforeTadlushvmethod:is an
economically gégeu%%tigggvgrg &eﬁth_.pQ.J g?thg recovety, method, an ionic compound typified by
sodium and an ofganic fow polyméerization product {oligomer) t8hd 15 be thoorporaitiintt the polymer
in the process?ofcsolidificatiorr.dowever, the method-forteeevering the PRSIesinUsadimthe
production, process, of this inventign is not limited to a flush method. A method of recovering the
polymer pé%icﬁrélgab‘yeﬁow{%go 'n%iqd@%’%tﬁﬁ‘g’%ﬁ&tﬁo‘df@ﬁﬁ%@o PeEd- f thetnethod satigfies the
requiremengstofdhisinvention Hawvever cinview of ecenamis sfficiency.and prriognangejs more
preferred to use the PPS resin recovered by a flush method for the production process of this
invention. 3° ™THe Hid tré At shdtthe thermidl cxitribRT R fERE6Ra PPE resinces sssential
requirements; ef this inventionwillhe described below in detail. In the PPS resin production
process of this invention, it is essential that the PPS resin obtained, for example, by the
abovementioned f&RMEHzationtreactsn St&sand Teeoveary Sispifs aciditraatéd inthesacietitreatment
step. and {143 picteugrthat ot warereatient sien. s perionad before acid regimen step.

Further, a step of washing by an organic’solvent may also be perform”edigé:frgrg the acid treatment step
and the het Waterdreatment step.t The prid aseduinithe acidi tteatreent of this invention.isipet especially
limited, if if, does nof act to decompose the PPS resin, and the examples of the acid include acetic
acid, hydrochloric acid, sulfuric a?:%’, pﬁ&spﬁo?%uﬁ“cﬁg,égli&%b%‘cif c%‘%&r%%%?d,%ﬁorﬁ%%ﬁd, etc.
Among thent, aceticacifiamdhydrochloticacichcary betmore preferably-used, byt ae acid that

decomposes or - . e .
pore size of 1 pm is set in the SUS test tube, and 1 part by weight

1)

of the pressed film with 2 thickness of about 80 um as a PPS resin
and 20 parts by weight of l-chloronaphthalene are weighed and sealed
in the SUS test tube. The test tube is set in the high temperature
filtration device of 250°C, and heated and shaken for % minutes.
Then, an air-containing injector is connected with the pneumatic

cap, and the piston of the injector is extruded for pneumatic

filtration in the hot state. For particularly determining &k

[¢)]

residue amount, fhe membrane filter before filtration and the
membrane filter dried at 150°C for 1 hour after filtration are
welghed, and from the differenca of the welghts, the residue amount
iz cobhtained.

The PPS resin obtained by the production process of this
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deteriorates the PPS resin, such as nitric acid, is not preferred. When an aqueous solution of an acid
is used, it is preferred that the water is either distilled water or deidnized water. It is preferred that the
pH of the acid aqueous solution is 1 to 7, and a more preferred range is 2 to 4. It is not preferred that
pH is 7 or larger, since the metal content of the PPS resin increases. It is not preferred either that pH
is smaller than 1, since the volatile component of the PPS resin increases. As the acid treatment
method, itiis-preferted 1o immersedhe-RPS:resin in agracid ok a0 aguegys solution; of the acid, and as
required, stirring and heating can also be performed. When heating is performed, it is preferred that

the tempetaftifeid 60 {6 280E HiRiore prefétrBa ¥anfa 18 12094200¢, afidea ferRemidiepreferred
range is 150 t9,200€: ILjsngt preferted that ihetemperature is lower, than 80C for such,reasons that
the acid treatment effect is small and that the metal content increases, and it is not preferred either in
view of safétythat e I8mpetatute s Mgherdanr250€y sincetha pressuie becamestoerhigh. Further,
when the resin is immersed in.an 0 [t f i"ortr ent it is preferred that the pH
achieved Egéthefagcig Tgﬁtﬁgﬁgﬁo&%%nt% %n% ?%O&?gé:]gge% fﬁ)rﬁjgfgb@é: is srsnélrgg3 gfefEFFed. It is not
preferred tsalt pH iotarget than 8f siee theSmetal icontentiafdhe RPShesirinsreasesow aslt is
preferred that.th id-treatment time, for the reaction between the PPS resin and the acid to reach
satisfactor%[/JJ e%ﬁﬁ%%r%ﬁ% is Erg)gfﬁ?nc}ucfér} 'theg%aiesé‘ vhere hréutf“egt"m(%}r?{a id" S%r“fo\%setaoﬁt%éc, and it is
preferred that tireRife 20020 S heurs intthe casewherethe-tteatmaent isHperformedat-200C. As
for the ratio between the PPlil[es' .and the acid or the acid aqueous solution in the acid treatment,
e the’ PPE ety suffitiently TMmETEEd ihthe2cid B iifthe adid Hqueous

. L. 18 hot eg
since it is preferredetoﬁ(eep

solution dyrBgi$he teeatment itis: preferred t04458.0.5-19 500 L. ofthe agid of acid aguepus solution per
500 g of the PPS resin. Amare preferred range is 1 to 100 L, and a furthermore preferred range is 2.5
to 20 L. ItTS'RBE prétefret thiaf 56 Anfourttthé adid BF &&iFsqueous solution is smaller than 0.5 L per
500 g of the PPSrresimsince the, PRS tesia gappot be syffisientlyimmersedJnthe aqugous solution,
being only insufficiently washed to be larger in metal content. Further, it is not preferred either that the
amount of thE4Cid Bt aéidF agtiesas Selutnis iofé thah B0 ¢ YFarB00-§ ofdherPPSIesis, since the
amount of the sglution,begcpmes so large for the amount of the PPS resin that the production efficiency
declines remarkably. The acid treatment is performed by a method of supplying a predetermined
amount of the FF5IYeSiie o predsteriinbdanmbumtstofomater dricithesadid armd hebtig/stitring in a
pressure yessel, or [ fa t] 18 %é ;[Lfg ing the acid treatment, etc, As the method for
separatiné%h%\élq%e%l%s%g%%gn ar%%]h%%e Brgsiﬁ%%ng %hheeﬁré%mgﬁf solution g‘ffe“ragénr%btfetion of the
acid treatrhent Hfiltration using Brsieve orrfilter is simples anadifot example, matasal filtrationppressurized
filtration, reduced pressure filtration, centrifugal separation, etc. can be used. For removing the acid
and impur}ft?essﬁé%nga?n‘in?@ugﬂ efﬁg %ﬁr:?é}c;%e%‘f ?hgel PP er%s%“sr?etp%?é%é%] frSmth8treatmantsdiution, it is
preferred to washanith cotcer:-hotaateeseveral timesn The washing method-can be asmethod of
watering the PPS %siq on agiltration device while filterin%, or a method of su plying the geparated
PPS resin‘into prearanged Watdr AAFHiRSfing aghii or Sepatatingthié uteol< E6ittiBh4nd the PPS
resin. It isgweferred-thaitherwatee usegdforwashing is.either, distilled-watet, or.dejonized water. In
this invention, it is preferred to perform hot water treatment by the following method before the acid

treatment&EFTE IS preteffedithatfite Watdrused idttRe not wiitéfireatment in this invention is either
distilled water or deionized, watet, It is-pegferred thap the hot waterireatroent tempgratyre,is 80 to
250C. A more preferred range is 120 to 200C, and a further more
- acid treatment and the thermal oxidation treatment respectively
essential in this invention is described below. At first, the
polvhalogenated aromatic compound, sulfidizing agent,
polymerization solvent, molecular weight modifier, polymerization
aid and peolvmerization stabilizer used in this invention will be

explained bhelow,

[Polyhalogenated aromatic compound]
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preferred range is 150 to 200C. it is not preferred that the temperature is lower than 80C for such
reasons that the hot water treatment effect is small and that the volatile gas generation amount
increases, and it is not preferred either in view of safety that the temperature is higher than 250C since
the pressure becomes too high_ It is preferred that the hot water treatment time is long enough to
allow the sufficient extraction treatment by the PPS resin and hot water. A preferred range of the
treatment time at 80€is,2 10 24chaursqand a-referred range of thedreatment time at 20000 is 0.01 to
5 hours. It is preferred that the ratio between the PPS resin and water in the hot water treatment is
such as tg'aNowdrésfimehtiAtae Stats Wherecthe PRS esimisisuffidientlyEkeptiimsersedrin water. It is
preferred qunt of water 500 g. PS resin is, 0.5 to 5001, Amore preferred range is
1to 100 L'imaﬁrj\}oglgag fur h}a{r ﬁw%f?e ?)atrge?glr%g %anéglt?g}é%g fo Z{O%Ifﬁfl%senog p%fgﬁle%:[:tﬁ%? thie amount of
water is sialleEthiat 05 L4sars500 g-ofithe RRSresinfor such réasens that the SRS resin cannot be
sufficiently kept,immersed in water, being only insufficiently washed and that the volatile gas
generatio%i ia?n'équﬁ:'tliﬁéfle*é)sre%?Fquzrﬁ]Pé?f it is not preferred €i 'e?’t atthe AMOURT SPRATERTS more than
500 L peri59€:giof the RS sesin, since the:amountof water becomes spilarge-forthe amount of the
PPS resimthgg %p% Pro_dl,%ction efficiency declines remarkably. The operation of the hot water
treatment i€ not eSp&ciafly Tifiited, and a method of supplying a predetéfifimed amBUAESE the PPR
resin into a-predetermined-amenntebwater-and heating/stirdng in a pressure vessek 01, method of
continuouslya%erforming the hot water treatment, etc. can be used. The method of separating the

aqueous SOIHHER HPEPNE BRI & ffofn HHE treathienit Solutich aRep LoRipletoiT o tisihet water
treatmentds.Aot espgcially imited byt filteation using & siews.or.a filter is simple, and for example,
natural filtration, pressurized filtration, reduced pressure filtration, centrifugal filtration, etc. can be
used. Fort&mavity Bieiffpurities fdnisiring brthestffaceds tid PPS tesin separated from:the
treatment solidion, it i§spr§f§{(£§§£o ! with,cold or hot water several times. The washing method is
not especially limited, and can’be a method of watering the PPS resin on a filtration device while
filtering, or a metfi6@ ofsuipplying thessepardted PRS #¢sid intopraairanged water anddfiltering again,
for separating, t , solytion the PPS resin. It is preferred that the water used for washing
is either (;‘-S&E%e(? %vrgfgr%(%% ‘eighﬁé‘g \%g?()arrfl% fesFBﬁﬁe?,né?nic% fh%t e%é?ﬁﬁ&i%ﬁ%?%ﬁgegﬁd groups
during thefacicctréatmeéntiamd daringsthe hot wateritseatmient isuiatqprefered, dt-is desirable to perform
the acid tr,eatrg]@egégpgdthp hot Wactegtrggtg_nen_t ig an inert atmaosphere. The ige[t atmosphere can be
nitrogen, heliirm o argon, ete.. but a hittogen attosphiare is'Breteftedréin ar eE8hoMiRaF viewpoint.
In this in:yentibniiefore the agisl tseatment step and the hot water treatment step, a step of washing
with an o\:\?a 1niLchojver~,1t can alsofbe used. The method is as described below. The organic solvent
used for washing té PE5S 765 this invention is not especially limited if it does not act to
decompose the PRS resin: Examples-gkihe organie selvent includenitrogen-containing palar solvents
such as N-methyl-2-pyrrolidone, dimethylformamide, dimethylacetamide, 1, 3-dimethylimidazolidinone,
hexametHyF pROSPHOTTISSErhideand pipeiasiibiess shifdsi@eisulfone-based solvents such as dimethyl
sulfoxide, dimethvisplfone ang sulfolane, ketneshased:solyents such as aggtone, methyl ethyl
ketone, diethyl ketone and acetophenone, ether-based solvents such as dimethyl ether, gi'propyl ether,
dioxane ah@itettasydrdfitan Hedlegensased Sefentsifichias chidiofdem, maethyterelchicride,
trichloroethylene, ethylene dichlori e ethy . manochlaroethane, dichloroethane,
tetrachlor%igt!ﬁ;gng? ggﬁcﬁo%&%aég %TF\% éﬁﬁé%e%zﬁ%&a@%h% /%k%%%?—%%éga 'solvents such as
methanol téttran ot gsrbbanol Iutdnof; spentanct, ssthyleneyglyeeki propylenerghjicel phenal; cresol,
polyethyl lycol and polypropylene glycal, aromatic hydrocarbon-based solvents such as benzene,
toluene a%%%%lén%?éfcf%’r%or%ﬁ e%see c%ré%%icas”ol\?er{fécgf 5 Especially profetred o use °F
N-methyl-2~pyreolidone, acetone, dimethylformamide or chloroform, etc. Any one of these organic
solvents can be uged alcfne or wggr mare %fw,them can glso be used as a mixture. The method
for washing with &1 organic soiveht2afi be tor é¥aniple d Méthod offnidtsiny thesPB S esin into the
organic solvent antirasiegquires stising or heating.can also be performed, Jhe vashingtemperature
for washing the PPS resin with the organic solvent is not especially limited and an arbitrary
temperaturs THHE SHEERHH M FsngeFrdrt Sointe ﬁiﬁéféﬁﬁe’i‘f&y&‘b@ﬂ?@%‘@ Cipie WalsHing
temperatuge is.highet.the washing efficigney dendsdo.be higherand usually.a sufficient:effect can be
obtained at a washing temperature of room temperature to 15000. The washing can also be performed
in a pressure vessel under pressurization at a temperature higher than the boiling point of the organic
solvent. Further, the washing time is not especially limited either. In the case of batch washing, though
depending on the washing conditions, usually a sufficient effect can be obtained by washing for
S5minutes or more. Continuous wasning can also be performed. The acid treatment, the hot water
treatment and the washing with an organic solvent can also be appropriately combined. In this
invention, it was found that only if a PPS resin is acid-treated before it is subjected to the thermal

oxidation treatment, a PPS resin excellent in melt flowability, small in metal content and in the amount
nf the vnlatile comnonent adenarated diirina meltina and aveellant in moldina ctabilitny and wet heat



The heater used for the thermal oxidation treatment in this invention can be an ordinary hot air dryer,
rotary heater or heater with stirring blades, but in the case where an effiCient and homogeneous
treatment is intended, it is more preferred to use a rotary heater or heater with stirring blades. It is
desirable that the oxygen concentration in the atmosphere of the thermal oxidation treatment is 2 vol%
or higher. More desirable is 6 vol% or higher. The upper limit of the oxygen concentration is not
especially ditash huldnadawia safeoperalion, 2bout 50 volieisithedinit, Anduingi prfered s 25
vol% or lower. It is preferred that the thermal oxidation treatment temperature of this invention is 160 to
270C. A niote piéfetréd rafige is 160ab220C Atieaosprefertad thattherthermabexidation treatment is
performed at a temperature higher ﬁ%gzgg for thg@gggg%éha,t the thermal oxidation treatment

i Cl h

progresses so rapidly as to make the control'di cult and t tﬂowalf)ﬁi%{/?L rémarka Ei‘)'}' declings. On the
other hand:\tistsyrefédedaaitherrthat the. temperatune dsclowetthan H60G fansuch ¢@asans that the
thermal oxjdation treatment progresses very slowly and that the generated amount of thevolatile
componen)gt %&Erequs%%g? If;"?ssﬁfé?égrr%sdet at tﬁé%rg\ﬁ%ferﬁ‘ ?Er'n%!‘%sP 5%%& 50hGHE A Hicr8preterred range
is 0.5 to 16 hoursyrand B:fuither adrengrefersed tange ds.d ta:b houes) it isaiot preferred.that the
treatment time is.shorter than 0.2 hour for. such reasons that the thermal oxidation treatment cannot be
performed-Sutfidiently Ahd that The anTourtor tRES/oH&IR COpBiFeritas 166 Targes 38 not preferred
either that the treataentdime.is Jonges than §0ours feesuchreasonsthatthe crasslinking reaction by
the thermal oxidation treatment progresses to lower the flowability and that the residue amount
achieved Wh&fa SRR WithSE Haresy Weight He PP SFesirdREoMesH H0yshres by weight of
1-chloronapfitbalene is:presaurerfiltered.by a RTEE membrane filter with a pere size of 1 um at 250C
for 5 minutes increases to lower the molding stability. Further, dry heat treatment can also be
performed BeTdre ahd dftet tie! theridligxddatibrriteathrsri Sfot tHe purposes bk inhibitiegthe thermal
oxidation er@sslinki ovi er,, i I t temperature is, 100.to 270C, and a
more prefglr?fg %%gg %ﬂgg(%t% ib%%%?tﬁggﬁﬁgiéﬁ%%ggﬁ éﬁ%%}ééﬁ ggr?c%%ﬁéﬁgﬁlin this case
is lower than!Z volBosiris prefor cdrthiat flee tredtitent:ime. is 8.24050:haurs: Aomarespreferred range
is 0.5 to 10 hours;and a further more preferred range is 1 to 5 hours. The heat treatment device can
be an ordinary hoytlgéir” %/gra Srg r(")vrt%gr)‘/ﬁ %%é%[grso%%e%gt%fz with Sitfing Bades, bt in thetasé there an
efficient ahe mererfivaiogeneous sreatmenrtis interfded: it 18 more jpraferashinuse-aretanysheater or

heater Witg sgg:rjcj_gogladce%sé 3 MTbe PPS resin obtﬁ@iggd by the production process of this invention as
described above i§ excellent i heat resiStance, hemicals tesistaricd: fiatié Tetdraansy Btéctric
propertiesranc mecharicalpropertiesrandican berapplict-asdnjectionsmaldgd-adicles, fiims, sheets,
fibers, etc., being ahle to be especially suitably applied for injection molding. Meanwhile, for
obtaining ff%oé}g% dFifigihvention, it is most preferred to obtain a molded article by using only the
PPS resin obtaineg:by#he psodustion.pnocess af thisdnvention, byt as reguired, it is,permitted to blend
~a PPS resin not in conformity with the abovementioned conditions. As the blending rate, the PPS resin
obtained B e prodacior ProBasd orthg mveRtioTcean B BleHusd by 78 $6 2594 torerample, 75%,
50%, 25%) selacted asdpauireds o= Rwiher; apothersesin ¢an alsobe aggsgﬁaéh%%%mfesi”
obtained by the production process of this invention to such an effect that the effects of this invention
are not impafea*Fee exahiplé sit Bsmall eimeuatsh a highly seft tHeymoptdstic, resimisiadded, flexibility
and impag istance ¢ Nills hanced,,Howeyer, it is not preferred that the amount of the
thermoplag'{s,gg %gs%ﬁ]%cggég%gﬁ %&g‘%ﬁggeggr%%o%gdgﬂgn?‘épnsé"é;’?ﬁlér?ga?g:ég pectin arto the PPS
resin will Beipaifed. sBspeciallyrat ding36 S wordess isspréfeitrecs Exanmples:af-the thermoplastic
resin include epoxy group-cantaining.olefin-based.copolymers, other olefin-based resins, polyamide
resins, polej ﬁfy%%fgfefenp%ﬁglgtg arégﬁ%?ip%\&ﬁtﬁﬁéﬁgteggp%?ﬁéﬁ%@ rBSNECHopheniend ether
resins, polysdifong desinstpolyatlyisulfoneasinso palyketone-resing, polvetberigida sesips, polyarylate
resins, liquid cc5ystal polymers, polyether sulfone resins, polyether ketone resins, polythioether ketone
resins, poﬁ/se?he‘rether ketone resins, polyimide resins., polyamideimide resins, polyethylene
tetrafluoride resingpettie cafurthery forthe puspesgof modification; any ofthe follgwing-gempounds
can be addedicord‘inary additives, for example, coupling agents such as isocyanate-based compounds,
organic sifihe based-onfiF6iTds  brgarfis titihate -baséa Eompsliidsy-bfgania bbtaretsaséd
compounds,ard £Pexy compouRds plasticizerssuch.as polyalkylene axide oligomer-hased
compounds, thioether-based compounds, ester-based compounds and organic phosphorus-based
compounds, crystal nucleating agents such as talg,;kaolin, organic phosphorus compounds and
polyethyether ketones, metallic soaps such as montanic acid waxes, lithium stearate and aluminum
stearate, releasing agents such as ethylehediamine-stearic acid-sehacic acid polycondensation
product and silicone-based compounds, coloration preventives such as hypophosphites, further
lubricants, ultraviolet light protective agents, colorants, foaming agents, etc. It is not preferred that the
amount of any of the abovementioned compounds exceeds 20 wt% of the entire composition, since
the properties peculiar to the PPS resin will be impaired. Adding 10 wt% or less, preferably 1 wt% or

lace ic Aecirahla Einirthar for the niirnoce nf enhancina the mechanical ectrenath toirinhnece aote



0-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,mercapto group-containingalkoxysilanecompoundsas
such y-mercaptopropyltrimethoxysilaneand y-mercaptopropyltriethoxysilane,ureidogroup-containing
alkoxysilane compounds such as y-ureidopropviethoxysilane, y-ureidopropyltrimethoxysilaneand
y-(2-ureidoethyl)aminopropyltrimethoxysilane,isocyanato
group-containingalkoxysilanecompoundssuchas y-isocyanatopropyltriethoxysilane,

y-isocyanatppropyiitiimethoxysilane, y-isesyanatepropylmethyldimethoxysilaneser 1 mole
y-isocvanatopropylmethyldiethoxgsiIane, 7-isocyanatopropylethyldimethoxysilane,

7-.isocyarfatopropyiethyrd ey Sitaissiid §-is6cy afatsitbpyRichiorssitaihe, Amifogrolipléontaining

alkoxysilapecempoyngdssughas 7s2samineethyhaminopropykpethyldimethoxys ane,
7-(2-aminoethyl)aminopropyltrimethoxysilaneand y-aminopropyltrimethoxysilane, hydroxyl
group-contaifing'akbk§sitarie E6hipounds such asy-hydroxypropyltrimethoxysilane and

yhydmmymnpﬂﬂg%hqgﬁg@g%éyyed to use an organic polar solvent as the

polymerization solvent. Examples of the organic polar solvent
include aprotic organic solvents typified by N-alkylpyrrolidones
such as N-methyl-2-pyrrclidone and N-ethyl-Z2-pyrrolidone,
caprolactams such as N-methyl-g-caprclactan,
1, 3-dimethyl-Z~imidazoclidinone, N, N-dimethvliacetanide,
N, N-dimethylformamide, hexamethyl phosphoric acid triamide,
dimethylsulfone, tetramethylene sulfoxide, etc., mixtures thereof,
etc. Any of these solvents can be preferably used since they are
high in  reaction gtability. Among  them, egpacially
N-methyl-Z-pyrrolidone (hereinafter may be abbreviated as NMP) can
be prefesrably used.

The amount c¢f the organic polar solvent used is selected in
a range from Z.0 moles to 10 moles per 1 mole of the sulfidizing
agent. Apreferred rangs is 2.25 to 6.0 moles, and a more preferred
range is 2.5 to 5.5 moles.

[Melecular welght modifier)

For forming the ends of a produced PPS resin or for adiusting
the polymerization reaction cr the molecular weight, a monohalogen
compound (not necessarily reguired to be an aromatic compound) can
also be used together with the abovementioned polyhalogenatsd
aromatic compound.

[Pelymerization aid]

Using a polymerization aid for obtaining & PPS resin with a

relatively high polymerization degree in a shorter period of tine

is one of preferred modes. In this case, the polymerization aid
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The suitably added amount of the silane compound is selected in a range from 0.05 to 5 parts by
weight per 100 parts by weight of the PPS resin. A filler can also be mixed with he PPS resin
obtained by the production process of this invention to such an extent that the effects of this invention
are not impaired. Examples of the filler include fibrous fillers such as glass fibers, carbon fibers, basalt
fibers, potassium titanate whiskers, zinc oxide whiskers, calcium carbonate whiskers, wollastonite
whiskers, aluium hosate, whiskers. aramic fhers, alunipa fihers, Siican caids pers, geramic
fibers, asbestos fibers, gypsum fibers and metallic fibers, silicates such as talc, wollastonite, zeolite,
sericite, MREE, k&6l elayz pyfobhylfiteiekitonité, dsbastdy and atarmina silicaten oietdkcompounds
such as sili ide, magnesium oxide, alumina, zirconium oxide, titanium gxide and iron oxide,
carbonate%gs%%ﬁ%g c%‘mum‘ggﬁ%%hte,ﬁ%é%rn’esi&r%kggrbon%?e%grfd acc?%r%tjé, Sulfatés’&leh as calcium
sulfate andbafium sulfate L Hydroxides.sueh iaslcaleiim hydeoxide smagnesiuradidroxigde: and
aluminum h}y:gé%xiq%{knqn-fiQrQUf fillers %uch as %Igsg bead(s%%ass flakes, glass powder, ceramic
beads, carbon nanotiipes, fillérenes Boton HitAdé siliEenCarbid e Scarbdi bitke Sfiicd ahd graphite.
The filler caryatso:behollow, ane twe arsmore types of these fillerssan alse he-used tegether. Further,
any of these fillers can also be treated preliminarily with a coupling agent such as an isocyanate-based
compound ‘otitic SiEnE Gdsed ComiSobRE organic fnhte HaLea eorA pB LR dfgaric-Borane-based
compound:gr epexy €ompaund: useH is preferred that the mixed amount of any of these inorganic
fillers is usually 0,0001 to 500 parts by weight per 100 parts by weight of the PPS resin. A more
preferred range is'OD0PRY 206 parr B weldhit: Thedkedganic fiterdaritent san becehamyged as
appropriatefor sespective, applications krjview of the balance amang strength. stiffness apd other
properties. Usually typically the PPS resin is supplied into a publicly known melt kn€ader such as
a single-sEreVV BXtEiter CtiyScrevpextruaier IBanbury mixery kaeader orunixingaolt haill larid kneaded
with the meltpeak emperati ot e:PES resin + 510,000 25 Ihe processing lemperature. In the case
where subsidiary raw materials‘are useg, the mixing order of raw taterials is no?espe(:lal’ry limited,
and usableas ahy sréthodssuchi asma methodwomprisingrthe steps=efium, alhthe dawsmatetials and
melt-kneaggnbg%the_ m%tgrenb% é@% ggsgverrpenztlioned ynegdwgfmeqn}od, arpmethiqﬁcognpris_ing the steps of
mixing some of the raw materials, meltkneading the rmixture By the abolEniehtioned¥neading
method, ane:furthe mixingsthe=ather saw.materiads forsuhseguent msjtikneading, exasvethod of
mixing some. of the raw materials, and melt-kneading the mixture using a single-screw or twin-screw

extruder, WRITE Miklhg tHe bttt FafrmateHids TRingthE §TQé teéder. Mforadvér® the grétfients to be

added by smalhamaunis can of coutse, besaddedafterthe other ingredients-are kneaded by the
abovementioned method and pelletized, so that the entire composition thus obtained can be molded.

The PPS FE<iR {8&mpBsition) of Hidnveritiort 8Bidined a8 Hesetibedbioresizsuitabieespecially for
injection melding. Particular applications, of the, PRS rasin inclyde, for example -elegtric/electronic parts
such as sensors, LED lamps, connectors, sockets, resistors, relay cases, switches, coil bobbins,
capacitors, variabfé céfe&égér SHEes: opficalPickals Vibrators Svarlvustormeral boardsl transformers,
plugs, printed circuit hoards, tiners ;speakers, microphenes, %%dao&%ea%%maé!ﬁwé%fé’ fagnetic
head bases, power modules, encapsulated semiconductor parts, liquid crystal display parts, FDD
carriages, FDP ehassiswotérbrsshelolders, paraliolicantermassnidgonfputtkzélated parts;
household. and affice electiic appliance parts such.as VIR pafts, television parts, rons, hairdryers,
rice cooker parts, electronic oven parts, audio apparatus par?s including audio paﬁs, aué’lo laser discs
and compact dists,dilmindtion:parts; Tefrigeatarpattscairtconditianerpasts atypewritee parts and word
processor parts; machine-related parts such as office computer-related parts, telephone-related parts,
facsimi Ie-rcgﬁlarteé Xﬁ;a%rf“st? ec‘%’pi%r-‘irze“qra%a Ii|?Jasr‘l"si, : "Wlaghiiln"gor[ fistl rcgé,s %%lférfaﬁéﬁs,lﬁgmeersr afd typéwriters;
optical dewiges and pescisigremacilinerelatedparts:such-as microscopess binaculass.scameras and
timepieces; water service parts such as tap plugs, water mixing faucets, pump parts, pipe joints, water
quantity cSAtrdlvalEs reliefvanas -watdr tehfperifure ehsors: Svater 4eanfitFsenssts did water line
meter housings; autarmebile/vehiclestelatad parts sueh as yalve-alternatortermingls, alterpator
connectors, IC regulators, potentiometer bases for light dimmers, various valves including exhaust gas
valves, variots PipedTor 16l antstiction ditd dischafgsiaystemsy aif irtake dzzte sriorikels, intake
manifolds-fuel pumps, engine cooling watet joints scarburetor majin hodies, carburetor spacers,
exhaust gas sensors, cooling water sensors, oil temperature sensors, throttle position sensors,
crankshaft position sensors, air flow meters, brake pad wear sensors, air conditioner thermostat
bases, room hot air flow control valves, radiator motor brush holders, water pump impellers, turbine
vanes, wiper motor-related parts, distributors, starter switches, starter relays, transmission wire
harnesses, window washer nozzles, air conditioner panel switch boards, fuel-related electromagnetic
valve coils, fuse connectors, horn terminals, electric equipment part insulation boards, step motor
rotors, lamp sockets, lamp reflectors, lamp housings, brake pistons, solenoid bobbins, engine oil filters,

ignition device cases, car speed sensors, cable liners, engine control unit cases, engine driver unit
racac ~anacitor cacae Mmotor incerilation mateariale and hvbhrid car control evetem narte and nther



Three grams of a PPS resin was weighed and placed in a glass ampoule having a belly portion of 100
mm X 25 mm, a neck portion of 255 mm x 12 mm and a wall thickness of 1 mm, and the ampoule was
sealed in vacuum. The body portion only of the glass ampoule was inserted into ceramic electric
tubular furnace ARF-30K produced by K.K. Asahi Rika Seisakusho and heated at 320C for 2 hours.
The ampoule was taken out, and the neck portion of the ampoule, which was not heated by the tubular
furnace and had & olakle,gas sdeposited ingrein was,ayf utaising a fle and weighed, Supsequently,
the deposited gas was dissolved by 5 g of chloroform and removed, anéiihé neck por for was dried by
a glass dryefBfBoETOR I hBuremeweighed again FEveldiffelence betweenthc weightef the neck
portion of paule re gag removal and that after gas removal was calculated as the gas
generatiorr%llaa%m%)fznt9 (\/\%%%%Ash c%ntgr%tT%&A@gcufa?gl?/ewe?gﬁ}éd 546 s5%pld w%% Pliced in a
crucible biakediet 550C beforetrrd; andithe crutitienwas placed:-imanelecticfurpace:0f;550C for 24
hours, foriigciguegatin &hq s%g'fplej. The amount of the ash remaining in the crucible was accurately

: T . , s
weighed, and the rate of thée measured weight to the weight of the sample not yet incinerated was

calculated as thelasincontert(wid%e). JRegtdue amaowit]= 1 4 APTHE srembrane;fiterwith-a pore size
of 1 wit wgighed beforehand was set in a SUS test tube equipped with a pneumatic cap and a

gathering flnnel protititePby Sershu ciertfiR G L 18¢, ahdH0m¢ 8t AP resitpressed to form

a film withra shiskness pfabout: 80 pra.anch2 gsof 1rehloranaphthalene weresplaced,in the test tube,
followed by sealing. The SUS test tube was inserted into high temperature filtration device SSC-9300

produced'by Senghi Sciitifie E6VLED.) &d thediltralien devicd Was Aearddtandsstrakerrat 250C for 5
minutes, :disselvedhe PR3 resininto 1-chloranaphthalene. A:2Q mk.injector containing air was
connected with the pneumatic cap, and the piston was extruded to filter the 'sofution l%ft e membrane
filter. TheRAeMbtanéFifter Was dakenicuf afd:aried v vacuunmat 4 56C dop delieurn; subsequently being
weighed. The-difference between the weight of the membrane filter before filtration and that after
filtration was calculated as the residue amount (wt). [Melt flow rate (MFR)] MFR was measured
according to the Afethotligpecifiedrin AST M131288-70=at actemperature 0:3455Ciandatta load of
5000 g. However, aresin with a low viscosjty of more than 1000 g/10 min as MFR is too high in
flowabilityé;%\éael olv%/l?rri\ assﬁjfeﬁei?ftebg)\il this (?ngg?uﬁﬁg Rethba®Eorthe PPS 7Esing I6HARMER viscosity,
the followéng capitftegiaphvas usegd:fol measuring the nielbviscasity. \When, the-meltviscesity of a PPS
resin with ¢ .MFB,oftSOO /%0 min was measured, it was found to be about 80 Pas (300C, shear rate
1000/secy, This indicates thafifoP & Tesine o gr&auy iffdrént irf cosiitiking 8B §Fée atinot greatly
different indhedependence ofpelt viseosityon shearsate and temperature hayemelt viscosity values

- of lower than 80 Pa.s, they have MEP. values of higher than 500 g/10 min. Welt viscosity] :

CapillogrdptFi6 FHodutsd by F6y6 Sefld Sigakd-Shot 1 1 394s 88edt6 meastetheanettviscosity at

300C using a,dienwithan eifisedengthiot 10,00 mm:and an«rifice diameter of,0.50 mm, [Measurement
of cooling crystallization temperature (Tmc)] DSC7 produced by Perkin EImer was used at a

heating/c84ling Fate' 8F26E/mihtinid hitfsher atmbephiic asiig Hbputd0 Ay bhsampte astfollows: (1)

Heating fram 50 t0,340G.and holding a1 340C for], minute (2). Cogling.tg 100C (3) Heating to 340C
again and holding at 340C for 1 minute (4) Cooling to 100C again
is used as the polymerization aid, adding during the polymerization

reaction after supplying the polyhalogenated aromatic cempound 1s
effective,

[Polymerization stabilizer]

polymerization reaction system and for preventing side reactions.

A polymerization stabllizer contributes to the stabilization of

side reactions. One of the side reactions is the production of
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The cooling crystallization peak temperature appearing in (4) was employed as the cooling
crystallization temperature (Tmc). [Molding stability] One hundred parts by weight of a PPS resin
and 67 parts by weight of glass fibers (ECSO3TN-103/P produced by Nippon Electric Glass Co., Ltd,)
were dry-blended, and TEX30a twin-screw extruder (L/D = 45.4) produced by The Japan Steel. Works,
Ltd. was used for melt-kneading the mixture at a screw speed of 300 rpm by setting the temperature to
keep the tempesatie:of the sesindelivered from the eylinder at,329C, and the kneaded resin strand
was pelletized by a strand cutter. The pellets were dried at 120C overnight and supplied into Fanuc
Roboshot 2=801Rfection toldikgTraehing (oduded By Famus £td.), tEeentinsouslyfmalckbars (width

12.7 mm, ghigkness 0.5, side gate 0.5 myn. 5,0 mm),under conditions of injection speed

300mm/sec, injection pressure 40 MPa, cylinder temperature g‘éﬁ&??’nsold ?em‘“perétlur%el C, injection
time | secénd.r3% igoling thmed( sevends, screwrspeed:$00 rpmibackpressurenl MRa:and
suck-back, , and the lengths.of the melded bars were measured as thebarflowlengths. After the
first 20 sk% S v%?é ﬁ?r%v%ﬁaa\?vé%/?ﬁ“engi 8%&8 q%?v%&eaﬁ e aXinur BaFAdW Fehgth Shifthe
minimum ber#ow: lehgtirinid 00 shots: was abtainedd Ao easewhere dbe difference hetwegnthe
maximum:hb:L r.flow IEn th and the minimum bar flow length accounted for 5% or less of the mean bar
flow length 6F 100 5ASHS Was EvalUateato e “kcellstit (A PSS WHeTE the/différade accounted
for 5% to ta%;gond4(B), ~and a casewherertbe difference.agequnted.for marethan 10%. "poor (C)."
[Wet heat resistance] One hundred parts by weight of a BPS resin and 67 parts by weight of glass
fibers (ECEO3TNLEO3MS Prodiicdd By RippsiFElddiie ass b Lidgweradnibléndedhiand TEX30a
twin-screw extryden {L./D #4543 produced by, The, Japan.Stesl Works, Ltd: was used for melt-kneading
the mixture at a screw speed of 300 rpm by setting the temperature to keep the temperature of the
resin deliveted'fidt the cyifderatB32bC, and feekieaded résincstidrmdiwas petletizedtby: a strand
cutter. Th ere dri 20C overnight.and molde epare specimens of 80 mm x 80 mm
X 2.0 mm %h%%%%r%ﬁec%%%ﬁ%%i%g maE%]ineLa%nlogll(()? (prgégé)e{d" by N?s%%? Plgls}zi%‘lﬁélﬁé%ial Co.,
Ltd.) at a reshvidraperatire of 300€ andalmotd terhperaturexofiz506: Onian ebtained speacimen, a
copper sh 20 x.20 mm-x 0.5 mm thick was placed, and they were set in a thermo-hygrostat
with a tem%%%g&fre %gfgg%g%gg g%hou]?ni %o élg%ol 6rzgv%?héa§’[etpeatr% Tt f%iﬁ% d4ys (340 hours). After
completionof Yreatment, the coppersheet was visually confirmed. A copper sheet free from any
‘change on the s%jlac% was \f%luat_ed t(i be " 999*"(35%; and a copper sheet discolored on the surface,
"poor (C)." [Referente Exariple 1] Preparation 6f PPSIT -2 An AlitSciAR Witk astifiePand a valve at
the bottom wasicharged:with:826::4 g4£0:Q smoles).ef47 5y sediumhydrasulfide, 2925.0-9 (70.2
moles) of 960/‘gy§odium‘h droxide, 13860.0 g (140.0 moles) of N-methyl-2-pyrrolidone (NMP), 1894.2 ¢
(23.1 mol8s) of Soditny Acétatd ahd 16566 0'g 6F fon Extifalige Watsr, ardwbie HieBgenivas fed at
normal pressurez the systea wassgraduallyheated.tg 240G  taking abopt.3 hours, tedistil away 14772.1
a of water and 280.0 g of NMP, Subsequently, the reaction vessel was cooled to 160C. The amount of
water remaiing A the S586M per 1 Mdle6f the stippifed akali marsuliitie fwas 2908 ardles including
the water consumeddfor hydrolysis of (NMP Further, the scattered,amaunt %&%@@96&%@8 was
0.023 mole per 1 mole of the supplied alkali metal sulfide. Then, 10646.79 24 m'oJles) of
p-dichloroben2&he {§-DCB)aRd 64449 g68.1iMoles) of-NMP ete atded,.amg ¢hesreadtion vessel
was sealed.unpder.nitrogen VVith stigri ) [ he system.Was heated from 200C to 270C at
a rate of gggé%r%% nﬁn%ghélﬁ%%gg ?og%%grﬁaﬁﬁﬁ@nr:%é&élé%oﬁ@a Ve at the bottom-of the autoclave
was openééigad thdes préssurization by nitrogen, the content was flushed into a vessel with a stirrer
for 15 minutes angd stirred at 250C TIt%lrea while to remove mo a%f NMP. . The obtained solid and 53

S W

t
liters of ion exchange water were placed in %earujtgélé‘vgr\l/vﬁ%\ A stirfet dnd WadEd at 50¢ For 30
minutes, &g suctdi filtratien Wasderformed:using aglassHfilter with.a pare.size: ef 49 ta. 46 Ism- Then,
60 liters of ion exchange water I%e%ted to 70(‘1ﬂwas‘”poqred+into a glass filter with a pore size of 10 to 16
pm, to pefform Suction filtration forobtamiitg 1806809 6F PP&S1 ‘a8 chke 180rtaiting 7558y of the
PPS resino[Reference: Example:23 Prgparation 0fRR$-2:Polymerization was perfrmed.as described
in Reference Example 1, except that sodium acetate was not added at the time of polymerization, to
obtain 16866 §'GrPPSTY a5 L8ké t86itaining 550" g of thé PPS tésirrCompaiativerExample 1]

is preferred to add at a time at the time of initiating the
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P85-1 was not subjected any of the hot water treatment, acid treatment and thermal oxidation
treatment. [Comparative Example 2] PPS-1 was subjected to the thermal oxidation treatment
without being subjected to the hot water treatment and the acid treatment. The powder of the
P85-1 subjected to the thermal oxidation treatment was placed in a heater with a stirrer having a
volume of 100 liters and subjected to the thermal oxidation treatment under the conditions shown in
Table 1. Moanwhile,dn the:thermal pxidation freatrent.with an, oxyqen coneepiration of 12%, 1.0
liter/min of air and 0.96 liter/min of nitrogen were introduced Into the heater, and an oxygen
concentration mefervaBlifstaledanthesheater for Feasdrisg thenoxygen concenttationafEomparative
Examples 300041y o PS4 Was sbiscted{a ihe adid treatment wihout belng subjegted to the hot
r

water treatment, and subsequently was not su jeCnget}é%ﬁg thermal oxidation treatment ™ In
ComparatiVB:Blamples s aned,] an autoclave with a stirrer was charged with 18000 g of 883-1 as a
cake, 40 liters of i@geexgqh@ngg water and 700,% of acetic acid %Corp arative Example 3) or 43 g of
acetic acid (Comparative Exarmple %), and the atmosphers inthe atitotlavéWas fepieed by nitrogen.
Subsequentlyp the’ systetntwasdweatedhto: 192€ and kept akthe tempetatirefor 30 minutas to perform
the acid treatment. The pH. during the acid treatment was as shown in Table 1. The autoclave was
cooled, aritt the ¢ ﬁteﬁleS%dfﬁfe]rga 558 lasS fiter fit POt sizéof Re 0181 TheR SO liters of
ion exchangewaterheatedte.60"Crwas powred info arglass.filters tq perfqrm suction filtration for
obtaining a cake. The obtained cake was dried in a nitrogen steam at 120C for 4 hours, to obtain a
powder of PPSIbjREtEd 15 tie acld ireathbnt. pPWorkmGERENMPIES 4 wa%nd Somparative
Examplesta:111 RS, Lyas subjegied fo the, acid treatmentwithout hejng subjected to the hot water
treatment. In Working Examples 1 to 4 and Comparative Examples 5 to 11, an aitoclave with a
stirrer was-EVarEedawith 4 8900rG ©¥993-1 as a cake, 40 liters of ion exchange water and 700 g of

acetic acid (Working Examples 1and Idfi%réqica%g%ratglg FF>§1am i%sf§ (9”79'-7 to 10gmor 43tgeof acetic

acid (Working Examples 2 and 3 and Comparative Example 6) or 7 ¢ of acetic adid ‘ECom"parative
Example E)kand the atinospheredn the autosiave wassrepidded by nitragem vihensthe system was
heated to 192C (Working Examples 1 to 4 and Comparative Examples 5 to 9 and 11) or 70C
(Comparaétgﬁc})eé f)glan%lf(‘eaj?()) Igﬁrg%a&%%]fﬁg Tgr%pjé?at%afé Yor-50 ninttés t6° BefdihTHe Heid treatment.
The pH during tse aoid treatnient wascasyshawn in Tableds Jde autoclave was ¢ooled, and the content
was filtered gy a glass filter with a pare size of 10 to 16 1.m. Subsequently, 60 liters of ion exchange
water heate {bo%bs was pSiFsTinto aYglasEHiler 10°perfofifitsudtion Hitration forBttaming a cake.
The obtairet cakepwastdsiediinaitogen stream atrik20G ford heurs ~to obtain.a powde of PPS-1
subjected to the acid treatment. The powder of PPS-I subjected to the acid treatment was placed

in a heatePWiths Stifrer Rabihg & RMdMme st 100 iterd Shd fRSthermbY oxidation tFeatmeritwas
performedsunderthe.conditions-shown in Table J. Meanwhile, in, the thermal oxidation freatment with

an oxygen concentration of 12% (Working Examples Land 4 and Comparative Examples 5and 7 to
11), 1.0 1 &&FAHT 8P Al ARETDITERRFANIAGT hitrogértweredntroduted tothethéaters and-an oxygen

concentrationneler was nataligd a M beatet (o measure dhe oxygen gongentation, The thermal

“oxidation treatment with an oxygen concentration of 21% (Workinvg E“xa%npﬁgé Fana 3ana¥
Comparative Example 6)was petformed:ifan die atmosphereiwithaieintiadueed atd.96 liters/min.

[Working @g_%@gleg % jie) ?@q Comparative @@mgf) PPS-E’L‘ was subjggted to the hot water

le, 13]
! added. 7 T OMGLE .
treatment, subsequently 1o the acid treatment and further Stﬁ)seequentfi/ to the'thermal dxidation

treatmentthe removal of water by distillation, toluene or the like can also
be added for performing the reaction.

In the polymerization reaction, it is preferred that the
amount of water in the polymerization system is 0.5 to 10.0 moles
per 1 mole of the supplied sulfidizing agent. In this case, the
amount of water in the polymerization system is the amount obtained
by subtracting the amount of water removed outside the

-
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In Working Examples 5 to 8 and Comparative Example 13, an autoclave with a stirrer was charged
with 18000 g of PPS-I as a cake and 40 liters of ion exchange water, and the atmosphere in the
autoclave was replaced by nitrogen. Then, the system was heated to 192C and kept at the ,
temperature for 30 minutes to perform the hot water treatment. The autoclave was cooled, and the

~ content was suction-filtered by a glass filter with a pore size of 10 to 16 I'm. Subsequently, 60 liters of

lon exchagge walet healed ta J0Cas poatknina.olass fitsl.o-pertarn sugtion filraon for

obtaining a cake. An autoclavé with a stirrer was charged with the obtained cake, 40 liters of ion

exchangervaterandz 200 gof deetic acid (Wotking Exantples bi Fand 8eand Compaxative’Example 13)
or 43 g of ic acid. (Working Example 6), and the atmosphere in the autoclave was replaced by
nitrogen. %aﬁe@r%,gtheé%y&é\fg%{ngw%lhée@aﬁépa ’togrgﬁé%(c:JIC and' aé%f At tr?et ?e’mperature for 30 minutes to perform
the acid treatment: ‘The: phoduring the acidstreatiment was as shown in Table I. The autoclave was
cooled, and subseguieptlﬁ ti%e .cqnﬁtien,}\ was filjte%;%;jé%y a glass filter with a paore size of 10 to 16 Rm.
Then, 60 liters of jon exchange water heated WASPOUTEd MtS & Gras Mtk pEForm suction
filtration ferrebtainingacpakertine-abtaingd eake svas diiedrina: pitregen:stream. At 120G for 4 hours,
to obtain a powder of PPS-1 subjected to the hot water treatment and the acid treatment. Then, the
powder oFPP3T1ubje8ked forHeREE WA Fe ARt BREMECACH Hredtprait Wassaljetted to the
thermal oxidatign ideatment ngderdhe copditionsishown in Table 1. In the thermal oxidation treatment
with an oxygen concentration of 12% (Working Examples 5, 6 and B) and in the thermal oxidation
treatment with an'B¥&igehtoneentfafisn o DI Werkiflg- ERarfpRe7) 1 theldit ahd Fitlogerisates were
the same as g Working Examples;}y 10 4.a %&QM%@‘@’E@S&&*P&%@R@%F%”% Loxidation
treatment with an oxygen concentration of 0% (Comparative Example 13) was performed in a nitrogen
atmosphet&@fith fifod&s intiothiced ard196 liteps/Hint[Coamparative Exampte 12]ert fm<Comparative
Example 1%htggnhoetrwatler tﬂregg{gen'g: ggg tge l;Qerm@al oxidation treatment were performed by the same
methods as descf?beéE in r\llvcfirkingp gxampfe 5, ngeptf fhat the Acid ?r%%?rﬁaeﬁflﬁ/%s“ﬁo?[%grf’drmed.

The measure fresziitsiofithe gas gedkration:amount sashyeontent- lesidue amownt, MRRand Tmce of
each PPS resin.obtained are shown {ij‘é;l:'a le 1. .7As can be seen from Working Examples 1 to 8, if
the pH and temperature for the acid treatmant and the terhperatire; B At oyden &ditcentration for
the thermakaxitatieh 4reatmienh arescontrobed - PRSTesin smallingas genarationameunt, ash
content and residue amount can be obtained while it can have a melt viscosity in excess of 500 g/10
min. as MFR. T EUMRRER 1hE evaltdtidnréstiftd ot tnbliifgrstabfity 578 wet Hedtreisténce are also
shown in Table.kalt Can be seensthat ondyk prhenr aiRPSikesinsmalin das.genegrationamount, ash
content and residue amount and with an MFR of higher than 500 g/10 min is used, molding stability
and wet h&at fedidtzfite Bétormelgosd °°COh-the otlierhanee s Comparative Exafple 15 since the
acid treatmentwas not performed, the MFR. was low and the ash content was large. Further, since the
thermal oxidation treatment was not performed, the gas generation amount was large. In Comparative
Example 2, since the%¢i& Featmett Wasthbi ferformed thoughthe therhtalkosidaten treatment was

performed, the MFR wag low and the ash content was large, In . Comparative Examples 3 and 4, since
the thermcgléo%é\gtiéﬁ trge”éa(%m&éntav%és%nsot%ae%%)r%%dr t aoﬁ%f%t%é%%& t?%%trﬁ%ecnt%vea%qﬁ%ﬁéﬁﬁ%d, the gas
generation Hidount was |drge> IrF Comparative Examplessand B, Since thermalkoxidation treatment
temperature was 2%0% low, the gas generation amount (:Y\é%stlar%e. In Comparatjve Example 7, since the
thermal oxidation tréatment time Was (00 Short, the gas genarition amotnt Was lafge. 1h " Comparative
Example 8psinge’the theemat exidation:treatment time:was too:leng dbeesidue amountwas large and
the MFR was I%vz\é. Lnd%grrl%argiive E@mgle 9, since the ;Q%rmalmoxiQation treatment temperature was
too high, the Tesidue amount WAs 1arge ant the MER was Tow. T Commgarative EX&fiple 48! since the
acid treatment teimperetiure wasrweedow. the-ash sentent waslargeand the MER was jaw,, In
Comparative Example 11, since the acid treatment effect was not exhibited owing to an alkaline pH,
the ash cOtRBRERas IaTge arfd RBREENFAS 16\ “hesbiniitative’ EREmpRe 490 Ginta wiatasid treatment
was not pedformedqthesash eoptent svaslarge angthe MERwas Jow<In Comparative, Example 13,
since the oxygen concentration during the thermal oxidation treatment was too low, the impurity
removal effetPBy oxidationrwasdowantPtie’gas generation amount was large. Since Comparative
Examples 1 to 13:have these problems, if,can be.seen.from Tahle | that gogd results could not be

obtained in the evaluation, of molding stability and wet heat resistance. Comparative Example-
17
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polymerization degree, performing the polymerization in multiple
stages is effective. For performing the pelymerization inmultiple

stages, it is effective that the conversion of the polvhalogenated
g Y g

.

aromatic compound in the system reaches 40 mol% or higher

“r

of

245°C.

o

preferably 60 mol%
[Recovery step]

After completion of polymerizaticn, a solid material is
recovered from a polymerization reaction product containing the
polymer, sclvent, etc.

The most preferred methods for recovering the PPS resin
include methods of recovering under a quickly cooling condition,
and one of the most preferred recovering methods is a flush method.
in a flush method, the peclymerization reaction product is flushed
'fromthestateofhightemperatureandhighpressure(usuallyhighw
than 250°C and higher than 8 kg/cm®) into an atmosphaere of normal
pressure or reduced pressure, for recovering the polymer as
particles while recovering the solvent. fThe flushing in this
method means to spout the polymerization reaction product from a
nozzle. The atmosphere intc which the polymerization reaction
product is flushed is particularly, for example, nitrogen or water
vapor of normal pressure, and the temperature is usually selected
in & range from 1§O°C to Z50°C.

Acceording to a £flush method, the solid material can he
recovered sinultaneously with the recovery of the solvent, and the
recovery time can alsc be relatively short. Therefore, a f£lush
method 1s an economically excellent recovery method. In zthe
recovéry&nethod,eﬁtionic:compound&typifiedigisodiunzand an organic
low polymerization product {oligomer) tend to be incorporated into
the polymer in the process of sclidification.

However, the nmethod for recovering the PPS resin used in the

18
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production process of this invention is not limited to a flush method.
A method of recovering the polymer particles by slow cooling
(quenching method) can alsc be used if the method satisfies the
reguirements of this invention. However, in view of economic
efficiency and performance, it is more preferred to use the P08
resin recovered by a flush method for the production process of
this invention.

The acid treatment and the thermal oxidation treatment of a
PPS resin as essential requirements of this invention will be
described below in detail.

In the PPS resin production process of this invention, it is
essential that the PPS resin obtained, for example, by the
abovementioned polymerization reaction step and recovery step is
acld-treated in the acid treatment step, and it is preferred that
a hot water treatment step is performed before acid treatment step.

L

b4

3

ther, a step of washing by an organic solvent may alsc be
performed before the acid treatment step and the hot water treatment
step.

The acid used in the acid treatment of this invention is not
especially limited, if it does not act to decompose the PPS resin,
and the examples of the acid include acetic acid, hydrochloric acid,

sulfuric acid, phosphoric acid, silicic acid, carbonic acid,

t

o

i

oplonic acid, etc. Among them, acetic acid and hydrochloric acid
can be more preferably used, but an acid that decomposes or
deteriorates the FP3 resin, such as nitric acid, is not preferred,

@When an agueous solution of an acid is used, it is preferrsd
that the water is either distilled water or deicnized water. It
is preferred that the pH of the acid agueocus solution is 1 to 1,

and a more preferred range is 2 to 4. It is not preferred that pH

is 7 or larger, since the metal content of the PPS resin increases.

19
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It is not preferred either that pH is smaller than 1, since the
volatile compeonent of the PPS resin increacses.
As the acid treatment method, it is preferred to immerse the

PPS resin in an acid cr an agueous solution of the acid, and as

required, stirring and heating can also be performed. When heating
is performed, 1t is preferred that the temperature is 80 to 250°C.

Amore preferred range is 120 to 200°C, and a further more preferred
range is 150 fto 200°. It is not preferred that the temperature
is lower than 80°C for such reasons that the acid treatment ef fect

is small and that the metal content increases, and it 1s not

preferred either in view of safety that the temperature is nigher
than 250°C, since the pressure becomes too high. Further, when the
PPS resin is immersed in an agueous solution of an acid for treatment,
1t is preferred that the pH achieved by the acid treatment is lower

ot

o}

than 8, and a pH range from 2 to B is more preferred. It is
preferred that pH is larger than 8, since the metal content of the
PPS resin increases.

It is preferred that the acld treatment time for the reantion
between the PPS resin and thé acid to reach satisfactory eguilibrium
is 2 f£o 24 hours in the case where the treatment is performed at
80°C, and it is preferred that the time is 0.01 to 5 hours in the
case where the treatment 1s performed at 200°C.

As for the ratio between the PPS resin and the acid or the
acid aguecus solution in the acid treatment, since it is preferred
to keep the PPS resin sufficiently immersed in the acid or in the
acid agueous solution during the treatment, it is preferred to use
0.5 to 500 L of the acid or acid aqueous solution per 500 g of the
PPS resin. Ameore preferred range is 1 to 100 L, and a further more
preferred range is 2.5 to 20 L, It is not preferred that the amount

of the acid or acid agueocus solution is smaller than 0.5 L per 500

20
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g of the PPS resin, singce the PPS resin cannot be sufficlently
immersed in the agueocus solution, being only insufficiently washed
to be larger in metal content. Further, it is not preferred either
that the amount of the acid or acid agueous solution is mere than
500 L per 300 g of the PPS resin, since the amount of the sclution
pecomes sc large for the amount of the PPS resin that the producticn
efficiency declines remarkably.

The acid treatment is performed by a method of supplying a
predeternined amount of the PPS resin into predetermined amounts
of water and the acid and heating/stirring in a pressure vessel,
or a method of continuously performing the acid treatment, etc.
As the method for separating the agueous solution and the PPS resin
from the treatment sclution after completion of the acid treatment,
filtration using a sieve or filter is simple, and for sxample,
netural filtration, pressurized filtration, reduced pressure
filtration, centrifugal separation, etc. can be used. For removing
the acid and impurities remaining on the surface of the PPS resin
separated from the treatment solution, it is preferred to wash with

coid or hot water several times. The washing method can be a method

Q

f watering the PPS resin on a filtration device while filtering,
or a method of supplying the separated PPS resin into prearrangsd
water and filtering again, for separating the agueocus solution and
the PPS resin. It is preferred that the water used for washing is
either distilled water or deionized water.

In this invention, it is preferred to perform hot water
treatment by the following method before the acid treatment step.
It is preferred that the water used for the hot water treatment
in this invention is either distilled water or deionized water.
It is preferred that the hot water treatment temperature is 850 to

230°C. A more preferred range 1s 120 to 200°C, and a further more
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preferred range is 150 to 200°C. It is not preferred that the
temperature is lower than 80°C for such reasons that the hot water
treatment effect is small and that the volatile gas generation
amount increases, and it is not preferred either in view of safety
that the temperature is higher than 250°C since the pressure becomes
too high.

It is preferred that the hot water treatment time is long
enough to allow the sufficient extraction treatment by the PPS resin
and hot water. A preferresd range of the treatment time at 80°C is

2 to 24 hours, and a preferred range of the treatment time at 200°C
is 0.01 to 5 hours.

It is preferred that the ratio between the PPS resin and water
in the hot water treatment is such as to allow treatment in the
state where the PP3 resin is sufficiently kept immersed in water.
It is preferred that the amount of water per 300 g of the PPS resin
is 0.5 to 500 L. Amore preferred range is 1 to 100 L, and a furthrer
more preferred range is 2.5 to 20 L. It is not preferred that the
amount of water is smaller than 0.5 L per 500 g of the PPS resin
for such reasons that the PP3S resin cannot be sufficiently kept
immersed in water, being only insufficiently washed and that the
volatile gas generation amount increases. Further, it is not
preferred either that the amount of water is more than 500 L per

£

500 of the PPS resin, since the amount of water bescomes so largs
g g

for the amount of the PPS resin that the production efficiency

declines remarkably.

The operation of the hot water treatment is not espscially
limited, and a method of supplying a predetermined amount of the
PPS resin into a predetermined amount of water and heating/stirring
in a pressure vessel, or a method of continucusly performing the

hot water treatment, etc. can be used. The method of separating

[
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the aqueous solution and the PPS resin from the treatment solution
after completion of the hot water treatment is not egpacially
Limited, but filtration using a sieve or a filter is simple, and
for example, natural filtration, pressurized filtration, reduced
pressure filtration, centrifugal filtration, etc. can be used. For
removing the impurities remaining on the surface of the PPS resin
separated from the treatment solution, it is preferred to wash with
cold oxr hot water several times. The washing method is not

especially limited, and,caﬁ be a method of watering the PPS resin
on a filtration device while filtering, or a method of supplying
the separated PPS resin into prearranged water and filtering again,
for separating the agueous solution and the PPS resin., It is
preferred that the water used for washing is either distilled water
or deionized water. |

Further, since the decomposition of PPS end groups during the
acid treatment and during the hot water Lreatment is not preferred,
it is desirable to perform the acid treatment and the hot water
treatment in an inert atmosphere. The inert atmosphere can be
nitrogen, helium or argon, etc., but a nitrogen atmosphere ia
preferred from an economical viewpoint.

In this invention before the acid treatment step and the hot
water treatment step, a step of washing with an organic solvent
can also be used. The method is as described below. The organic

sclvent used for washing the PPS resin in this invention i

H

3 nof

especially limited if it does not act to decompose the PPS resi

pow |

Examples of the organic solvent include nitrogen-containing polar
solvents such as N-methyl-2-pyrrclidone, dimethylformamide,
dimethylacetanids, 1,3~dimethylimidazolidinone, hexamethyl
phosphorus  amide and piperazinones, sulfoxide/sulfone-based

solvents such as dimethyl sulfoxide, dimethylsulfone and sulfolane,

23



Z61.00? 'OL OWO|[ to-0C 069 68? 00 co-Sdd

ketcne-based solvents such as acetone, methyl ethyl ketone, diethyl
ketone and acetophenone, ether-based solvents such as dimethyl
ether, dipropyl ether, dioxane and tetrzhydrofuran, halogen-based
solvents such as chleroform, methylene chloride, trichlorcethylens,
athylene dichloride, perchliorocethylens, monochloroethanes,
dichloroethane, tetrachloroethane, perchloroethane and
chloiobenZene, zlcohol/phenol-based solvents such as methanol,
ethanol, propanol, butanol, pentancl, ethylene glycol, propylene
glycol, phenol, cresol, polyethylene glycol and polypropylens
glycol, arematic hydrocarbon-based solvents such as banzene,
toluene and zylene, etc. Among these organic solvents, it is
especially preferred to use N-methyl-2-pyrrclidone, acetone,
dimethylformamide or chloroform, etc. Any one of these organic
sclvents can be used aldne or two or more of them can also be used
as a mixture.

The method for washing with an organic solvent can be, for
example, a method of immersing the PPS resin into the organic solvent,
and as required, stirring or heating can also be performed. The
washing temperature for washing ?he FPS resin with the organic
solvent is not especially limited and an arbitrary temperature can
be selected in & range from room temperature to about 300%C. If
the washing temperature is higher, the washing efficiency tends
to be higher, and usually a sufficient effect can be obtained at
a washing temperature of room temperature to 130°C. The washing
can alsc be performed in a pressure vessel under pressurization
at a temperature higher than the boiling point of the organic solvent.
Further, the washing time is not especially limited either. In the
case of batch washing, though depending on the washing conditions,
usually a sufficient effect can be obtained by washing for 5 minutes

or more. Continuous washing can also be performed.

24



LI61 Og a LZ1TO01[0 ELL 612 a co L-Sdd |

The acid treatment, the hot water treatment and the washing
with an organic sclvent can also be appropriately combined.

In_this invention, it was found thar only if a PPS resin is
acid-treated before it is subjected to the thermal oxidation
treatment, a PES resin excellent inmelt flowability, small inmetal
content and in the amount of the volatile component generated during
melting and excellent in molding stability and wet heat resistance
can be cbtained. Unless the PPS resin is acid-treated before it
is subjected to the thermal oxidation treatment, both excellent
meltflowabilityandtheinhibitioncﬁfthev@latileccmponentduring
melting cannot ke achieved, and as a result, a PPS resin excellent
in meldability and wet heat resistance cannot be obtained.

In the PPS resin production process of this invention, th

s

abovemenéioned.acid treatment and hot water treatment or washing
with an organic solvent are followed by the thermal oxidation
treatment. The thermal oxidation treatment refers to the treatment
performed by heating the PPS resin in an oxygen atmosphere or by
adding a peroxide such as Hp0; or a sulfurizing agent such as 3 to
the PP8 resin and subsequently heating, and in view of treatment
simplicity, heating in an oxygen atmosphere is espacially
preferread.

The heater used for the thermal oxidation treatment in this
inventlion can be an ordinary hot air dryer, rotary heater or heater
with stirring blades, but in the case where an efficient and
homogeneous treatment is intended, it is more preferred to use a
rotary heater or heater with stirring blades. It is desirable that
the oxygen concentration in the atmosphere of the thermal oxidation
treatment is 2 vol% or highar. More desirable is § vol% or higher.
The upper limit of the oxygen concentration is not especially

limited, but in view of safe operaticon, about 50 vol% is the Timit,
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and more preferred is 25 vel% or lower. It is preferred that the
thermal oxidation treatment temperature of this invention is 160
to 270°C. A more preferred range is 160 to 220°C. Tt is not
preferred that the thermal oxidation treatment is performed at a
temperature higher than 270°C for such reasons that the thermal
oxidation treatment progresses so rapidly as to make the control
difficult and that flowability remarkably declines. On the other
hand, it is not preferred either that the temperature is lower than
160°C for such reasons that the thermal oxidation treatment
progresses very slowly and that the generated amount of the velatile
component increases, It is prefsrred that the treatment time is
0.2 to 50 hours. A more preferred range is 0.5 to L0 hours, and
a further more preferred range is 1 to 5 hours. It is not preferred
that the treatment time ls shorter than 0.2 nour for such reasons
that the thermal oxidaticn treatment cannot be performed
sufficiently and that the amcunt of the volatile component is too
large. It isnot preferred either that the treatment time is longer
~than 50 hours for such reasons that the crosslinking reaction by
the thermal oxidation treatment progresses to lower the flowability
and that the residue amount achieved when a solution with 1 part
by welght of the PPS resin dissolved in 20 parts by weight of
l-chloronaphthalene is pressure-filtered by a PTFE menbrane filter
with a pore size of 1 um at 250°C for 5 minutes increasses to lower
the molding stability.

Further, dry heat Treatment can also be performed before and
after the thermal oxidation treatment, for the purposes of
inhibiting the thermal oxidation crosslinking and removing water.
It is preferred that the temperature is 100 to 270°C, and a more
preferred range is 120 to 200°C. Further, it is desirable that the

oexvgen concentration in this case 1s lower than 2 vols
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preferred that the treatment time is 0.2 to 50 hours. A more
preferred range is 0.5 to 10 hours, and a further more preferred
range 1s 1 to 5 hours. The heat treatment device can be an ordinary
hot air dryer cr rotary heater cr heater with stirring blades, but
in the case where an efficient and more homogenecus treatment is
intended, iﬁ is more preferred to use a rotary heater or heater
with stirring blades.

The PES xésin obtained by the preduction process of this
invention as described above is excellent in heat resistance,
chemicals resistance, flame retardancy, electric properties and
mechanical properties and can be applied as injection meided
articles, films, sheets, fibers, etc., belng able tc be especially
suitably applled for injection molding.

Meanwhile, for cbtaining the effects of this invention, it
is most preferred to obtain a2 molded article by using only the PPS
resin obtained by the production process of this invention, but
as reguired, it is permitted tc blend a PPS resin not in conformity
with the abovementioned conditicns. As the blending rate, the PBS
resin cbtained by the production process of this invention can bhe
blended by 75 to 25% (for example, 750%, 50%, 25%) selected as
required,

Further, another resin can also be added to the PPFS resin
obtained by the production process of this invention £o such an
effect that the effects cf this invention are not impaired. For
example, if a small amount of a highly soft thermoplastic resin
is added, flexibility and impact resistance can be further enhanced.
However, it is not preferred that the amount of the thermoplastic
resin exceeds 50 wt% of the entire composition, since the features
peculiar to the PPS resin will be impaired. Especially adding 30

wt% or less is preferred. Examples of the thermoplastic resin
P
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include epoxy group-containing olefin-based cepolymers, other
olefin-based resi.ns, polyamide resins, polybutylene terephthalate
resins, polyethylene terephthalate resins, polyphenylene ether
resins, polysulfone resins, polyallylsulfone resing, poiyvketone
resins, polyetherimide resins, polvarylate resins, liquid cryszal
polymers, polyvether sulfone resins, polyether ketone resins,
polythicether ketone resins, polyethersther ketone resing,
polyimide resins, polyvamideimide resins, polyethylens
tetraflucride resins, etc.

Further, for the purpose of modification, any of the following
compounds can be added: ordinary additives, for example, coupling
agents such as isocyanate-based compounds, organic silane-based
compounds, organic titanate~based compounds, organic borane-basad
compounds and epoxy compounds, plasticizers such as poelyalkylene
oxide oligomer-based compounds, thiocether-based compounds,
ester-based compounds and organic phosphorus-based compounds,
crystal nucleating agents such as talc, kaclin, organic phosphorus
compounds and polyethyether ketones, metallic scaps such as
montanic acid waxes, lithium stearate and aluminum stearate,
releasing agents such as ethylenediamine~stearic acid-sebacic acid
polycendensation product and silicone-based compounds, coloration
preventives such as  hyvpophosphites, further lubricants,
ultraviolet light protective agents, colorants, focaming agents,
eta. It is not preferred that the amount of any of the
abovementioned compounds exceseds 20 wt% of the entire composition,
since the properties peculiar to the PPS resin will be impaired.

Adding 10 wt% or less, preferably 1 wt% or less is desirable.
Further, for the purpose of enhancing the mechanical strength,

toughness, etc., an alkoxysilane having at le‘ast one type of

functicnal groups selected from epoxy groups, amino groups,
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isocyanate groups, hydroxyl groups, mercapte groups and urei&o
groups can also be added to the PPS resin obtained by the production
process of this invention. ZExamples of the compound include epoxy
group=-centaining alkoxysilans compounds such as

y-glycidoxypropyltrimethoxysilane,

y-glyvcidoxypropyltriethoxysilane and
B- {3, 4~epoxycycloheryl)ethyltrimethoxysilane, mercapto
group-containing alkoxysilans compounds such as
y—mercaptopropyltrimethoxysilane | and
y-mercaptopropyltriethoxysilane, ureido group-containing

alkoxysilane compounds such as y-ureidopropyltriethoxysilane,

y~ureidopropvltrimethoxvsilane and
y= (Z~ureidoethyl)aminopropyltrimethoxysilane, isocyanato
group~containing alkoxysilane compounds such as

y-isocyanatopropylitriethoxysilane,
y¥isocyanatopropyltrimethoxysilane,
y-isocyanatopropylmethyldimethoxysilane,
v-isocyanatopropylmethyldiethoxyvsilane,

y-isccyanatopropylethylidimethoxysilane,

vy-isocyanatopropylethyldiethoxysilane and
v-isocyanatopropyltrichlorcsilane, aming group-containing
alkoxysilane compounds such as

y- (Z-~aminoethyl}aminoprepylmethyldimethexrysilane,
V*(ZMaminO@thyl}aminoprépylﬁrimethoxysiiane and
r-aminopropyltrimethoxysilane, hydroxyl group-containing
alkoxysilane compounds such as y~hydroxypropyltrimethoxysilane and
y-hydroxypropyltriethoxysilane, etc.

The suitably added amount of the silane compound is selected
in a range from 0.05 to 5 parts by weight per 100 parts by weight

of the BPS resin.
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A filler can also be mixed with the PPS resin obtained by the
production process of this invention to such an extent that the
effects of this invention are not impaired. Examples of the filler
include fibrous fillers such as glass fibers, carbon fibers, basalt
fibers, potassium titanate whiskers, zinc oxide whiskers, calcium
carbonate whiskers, wollastonite whiskers, aluminum borate
whiskers, aramid fibers, alumina fibers, silicon carbide fibers,
ceramicfibers,asbestosfibers,gypéwnfibexsandnetallicfib@r&
silicates such as talc, wollastonite, zeolite, sericite, mica,
kaclin, clay, pyrophyllite, bentonite, asbestos and alumina
silicate, metal compounds such as silicon oxide, magnesium oxide,
alumina,zirconiumoxide,titaniumoxideamuiironoxide,carbonates
such as calcium carbonate, magnesium carbonate and dolomite,
sulfates such as calcium sulfate and barium sulfate, hydroxides
such as calcium hydroxide, magnesium hydroxide and aluminum
hydroxide, non-fibrous fillers such as glass beads, glass flakes,
glags powder, ceramic beads, carbon nanotubes, fullerenes, boron
nitride, silicon carbide, carbon black, silica and graphite. Ths
filler can also be hollow, and two or more types of these fillers

can also be used together. Further, any of these fillers can

Qs
fomd

30
be treated preliminarily with a coupling agent such as an
isocyanate-based compound, organic silane-based compound, organic
titanate-based compound, organic borane-based compound or epoxy
compound.

Ie i

53]
o)

referred that the mixed amount of any of these inorganic
fillers is usually C.0001 to 500 parts by weight per 100 parts by_
welght of the PPS resin. A more preferred range is 0.001 to 400
parts by weight. The inorganic filler content can be changed as
appropriateforrespectiveapplicationsinxﬁ&w;afthebalanceamong

strength, stiffness and other properties.

0
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Usually typically the PPS resin is supplied into a publicly
known melt kneader such as a single-screw extruder, twin-screw
extruder, Banbury mixer, kneader or mixing roll mill and kneaded
with the melt peak temperature of the PPS resin + 5 to 60°C as the
processing temperature. Inthe case where subsidiary rawmaterials
areusad,thexdxingorda:ofrawn@terials:MsnotespeciallylimitmL
and usable is any method such as a method comprising the steps of
mixing all the raw materials and melt-kneading the mixture by the
abovementioned kneading method, a method comprising the steps of
mixing some of the raw materials, melt-kneading the mixture by the
abovementioned kneading method, and further mixing the other raw
materials for subsequent melt-kneading, cr a method of mixing.some
of the raw materials, and melt-kneading the mixture using a
single-screw or twin-screw extruder, while mixing the other raw
materials using the side fesder. Moreover, the ingredients to be
added by small amounts can ©f course be added affer the obher
ingredients are kneaded by the abovementioned method and pelletized,
s0 that the entire composition thus obtained can be molded.

The PP3S resin {compesition; of this invention obtained as
described above is suitable especially for injection molding.
Particular applicaticns of the PPS resin include, for example,
electric/electronic parts such as sensors, LED lamps, connecﬁor&
Sockets,xesistors,relaycases,switches,coilbobbins,capacitors,
variable capacitor cases, optical pickups, vibrators, wvarious
terminal boards, transformers, plugs, printed clrcuit boards,
tuners, speakers, microphones, headphones, small motors, magnetic
headbases,powermodules,encapsulatedsemiconductorparts,liquﬂj
crystal display parts, FDD carriages, FDD chassis, motor brush
holders, parabolic antennas and computer-related parts; household

and office electric appliance parts such as VTR parts, television

31



[dwai awa Oxygen concentration Hot water treatment IAcid treatment

parts,irons,hairdryers,ricecookerpartg,electronicovenpartm
audio apparatus parts including audioc parts, audio laser discs and
compact discs, illumination parts, refrigerator wparts, air
conditioner parts, typewriter parts and word processor parts;
machine-related parts such as office com uter-related parts,

telephone-related parts, facsimile-related parts, copler-related

parts, washing fixtures, motor parts, lighters and typewriters:

optical devices and precision machine-ralated parts such as
microscopes, bincculars, cameras and timepieces; water service
parts such as tap plugs, water mixing faucets, pump parts, Eipe
joints, water quantity control valves, relief valves, wats

temperature sensors, water guantity sensors and water line meter
housings; automobile/vehicle-related parts such as  valve
alternator termiﬁals, alternator connectors, IC regulators,
potentiometer bases for light dimmers, various valves including
exhaust gas valves, various pipes for fuel and sucticon and discharge
systems, alr intake nozzle snorkels, intake manifolds, fuel pumps,
engine cooiing water joints, carburetor main bodies, carburetor
spacers, exhaust gas sensors, coocling water sensors, oil
temperature sensors, throttle position sensors, crankshaft
position sensors, air flow meters, brake pad wear sensors, air
conditioner thermostat bases, room hot air flow control valves,

radlator motor brush holders, water pump impellers, turbine vanes,

[N

w-perﬁmtorwrelatedparts,distributors,starterswitches,starter
relays, transmission wire harnesses, window washer nozzles, air
conditicner panel switch boards, fuel-related electromagnetic
vaive coils, fuse connectors, horn terminals, electric equipment
part insulation boards, step motor rotors, lamp sockets, lamp

reflectors, lamp housings, brake pistons, solenocid bobbins, engine

O

iifilt@rs,ignitiondevicecases,carspeedsamsors,cableliner&
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OtUt. [Comparative Example 14] 925-2 was not subjected to any of the hot water treatment, acid
treatment and thermal oxidation treatment. [Comparative Example '15] P25-2 was subjected to the
thermal oxidation treatment without being subjected to the hot water treatment and the acid treatment.

enginecontrolunitcases,enginedriverumitcases,capacitorcasﬁn
motor insulation materials and hybrid car control system parts,
and other various applications.

[Examples]

This invention is explained below more particularly in
referance to examples, but is not limited thereto or thersby.

Inthe following examples, material properties were svaluated
by the fecllowing methods.
fGas generation amount]

Three grams of a PPS resin was welghed and placed in a glass
ampoule having a belly portion of 100 mm x 25 mm, 2 neck portion
of 255 mm x 12 mm and a wall thickness of 1 mm, and the ampoule
was sealed in vacuum. The body portion only of the glass ampoule
was inserted inte ceramic electric tubular furnace ARF-30K produced
by K.K. Asahi Rika Seisakusho and heated at 320°C for 2 hours. The
ampoule was taken out, and the neck portion of the ampoule, which
was not heated by the tubular furnace and had a volatile gas
deposited therein was cut out using a file and weighed.
Subsequently, the depesited gas was dissolved by 5 g of chloroform
and removed, and the neck portion was dried by a glass dryer of
60°C for 1 hour and weighed again. The difference between the welght
of the neck portion of the ampoule before gas removal and that after
gas removal was calculated as the gas generation amount (wt%).
[Ash content]

Accurately weighed 5 g of a sample was placed in a crucible
baked at 550°C beforehand, and the crucible was placed in'an electric
furnace of 5350°C for 24 hours, for incinerating the sample. The
amount of the ash remaining in the crucible was accurately weighed,
and the rate of the measured weight to the weight of the sample

not yet incineradtad was calculated as the ash content (wt%).
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In Comparative Example 15, an experiment was performed as described in Comparative Example 2,
except that P25-2 was used. [Comparative Examples 16 and 17] P25-2 was subjected to the acid
treatment without being subjected to the hot water treatment, and subsequently was not subjected to
the thermal oxidation treatment. In Comparative Example 16, an experiment was performed as
described in Comparative Example 3 except that 225-2 was used. The pH for the acid treatment was
as showriaghahle 2amoudn Comparative Example 17, an experiment was performed as described in
Comparative Example 4 except that P25-2 was used. The pH for the acid treatment was as shown in
Table 2. [Workidyg EXEpregopariearid-Coaipardtive Bxanphe18lize 925-2Zwas suisjésteerto the

acid tregiment without heing subjegled. ta.the hat water rea -txppg%%smsc%%ng Wap.suplected to

the thermal oxidation treatment. In Working Example 9, ah experiment was péerformed as
describechim ¥voilangdEtaempled excertthat2252wWasyusechskhe pelifenthefacidtseatment was as
shown in Table 2. In Working Example 10, an experiment was_performed as described in Working

Exampl& 95 ex88pPfhat 23-5 Was' R Bt e trermmdi®ydddtiomtrédiieft was fERSfed for 6
hours. The pi fortheacid t@%@&ﬂsngbweﬁ a8 ShOWIBAERIe 120 1 ene! nw\éfpék;%%@@mﬁ 11, an

experiment was performed as described in Working Example 4 except that P25-2 was used. The pH
for the deftbtreaipent Trasl@ysholin FEFABBD. ThenTeniparativersanmslel 18 st edperifent was

perform described in.Com tive, Example 9.exce 3, -2 was,used and that 43 g of acetic
acid Wag %ﬁd Fo%%ﬁ%ra%{f tgré)atﬁ%%. tel%ﬁqfére%zéca?ci térglat%gegngt Was as s ec()giwrglJ i %%?335% [Working

Examplegsigdaidbic coR25-2anas, sultertethio thelhatavatentreaiment, subsequentlydodhe acid
treatment and further subsequently to the thermal oxidation treatment. In Working Example 12, an

experimeRthas peEforiédasidescribedin Wakingt Exampfns ERcdptehat B S-2wds USEek The pH
for the acid-Heatrpentmas asshawninlable 4,4 Werkingkxample 13, an-Lxperimentwas

. performed as described in Working Example 6 except that 225-2 was used. The pH for the acid
treatment.was Eesstiowniire TablecZp,  aldNorking IBamplea cartexgriinent Was perforimed as

described i orking Example 7. except that 225-2 was used and that the thermal oxidation treatment
ot poF S R DT BN e TRt Foiine Hg DELrAB G be SCeF e T5Ell But

and dried in vacuum at 150°C for 1 hour, subseguently being weighed.
The difference between the weight of the membrane filter before
filtration and that after filtration was calculated as the residue
amount {wt%).

[Melt flow rate .(MFR)]

MFR was measured according to the method specified in
ASTM-D1238-70 at a temperature of 315.5°C and at a load of 5000 g.
However, a resin with a low viscosity of more than 1000 g/10 min
as MFR is too high in flowability to allow measurement by this
measuring method. For the PPS resins low in melt viscosity, the
fcllowing capillograph was used for measuring the melt viscosity.
When the melt viscosgity of a PPS resin with an MFR of 500 g/10 min
was measured, it was found to be about 80 Pa-s (300°C, shear rate
1000/sec) . This indicates that if PPS resins not greatly different

in crosslinking degree and not greatly different in the dependence

of melt viscosity on shear rate and temperature have melt viscogity
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In Working Example 15, an experiment was performed as described in Working Example 8 except that
P25-2 was used. The DH for the acid treatment was as shown in Table 2. The measured results of
the gas generation amount, ash content, residue amount, MFR and Tmc of each PPS resin obtained
are shown in Table 2. As can be seen from Working Examples 9 to 15 that use 925-2 lower than
PPS-1 in melt viscosity, since the pH and temperature for the acid treatment, the temperature, time and
oxygen cgggggtéaggnfg‘g éhe thermglo%idation treatEn

le therr ation fre e‘pé agr&igo‘ntrﬂ?lled, the FPS reﬂ:sin_oﬂbtained is
small in gas generation amoun]ﬂ Ash Content ah% sltiaue amount t (‘jﬁgqh ‘ﬁ%é‘&%ﬁen%&gw in
excess of B0D g/AD’minas MFR. Further, the evaluation results of molding stability and wet heat

resistance Qreeniglso.ghown in Table 2. It can be seen that only when a PPS resin small in gas

]

generatior; émduﬁrt?:é%ﬂsédtrﬁént and residue amount and with an MFR of higher than 500 g/10min is

used, molding stahility and:wetheat resistance become goedk: s<@p:the-other hangd, in.comparative
Example 14, since the acid treatment was not performed, the ash content was large, and further since

the therm#P&sidafioRtrestifent Was Aot pErsffd - the:§as §érieratfomanio it vas-lakger In
Comparative Example A singe the. aciddreatmentwas npt perfgimead through thesthermal oxidation
treatment was performed, the ash content was large. In Comparative Examples 16 and 17, since the
thermal oxid&ficH tréstfierit Was nbt performetithbugh theacitreatinéttwas erformed, the gas
generation amounkwasJarge.da Comparative Exapple 18, since the thermaloxidation treatment
temperature was too high, the residue amount was large and the MFR was low. Sincée
Comparative: Examplé&CYato 18rhave theserproblemss thearcbe seen feanmiFalle 2uthatgeod results

could not be obtained in the evaluation of molding stability and wet heat resistance. Working Example
1911 z- 13611 081 361 '

{1} Heating from 50°C to 340°C and holding at 34C°C for 1 minute
(2) Cooling to 100°C
{

{

{ad

} Heating to 340°C again and holding at 340°C for 1 minute

.

) Cooling to 100°C again

The cooling crystallization peak temperature appearing in (4) was
employed as the cooling crystallization temperatuie (Tmch .
[Molding stability]

Ore hundred parts by welght of a PPS resin and 67 parts by
welght of glass fibers (ECSO3TN-103/2 produced by Nippon Electric
Glass Co., Ltc.) were dry-blended, and TEX20o twin-screw extruder
(L/D = 45.4) produced by The Japan Steel Works, Ltd. was used for
melt-kneading the mixture at a screw speed of 300 rpm by setting
the temperature to keep the tenmperature of the resin delivered fron
the cylinder at 320°C, and the kneaded resin strand was pelletized
by a strand cutter. The pellets were dried at 120°C overnight and
supplied into Fanuc Reboshot w-30i injection melding machine
(produced by Fanuc Ltd.), to continuously mold bars (width 12.7
mm, thickness 0.5 mm, side gate 0.5 mm x 5.0 mm} under conditions
of injection speed 300 mm/sec, injection pressure 40 MPa, cylinder

temperature 300°C, mold temperature 150°C, indection time 1 second,

4
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cocling time 20 seconds, screw speed 100 rpm, back pressure 1 MPa
and suck-back 10 mm, and the lengths of the molded bars were measurad
as the bar flow lengths. After the first 20 shots were thrown away,
the difference between the maximum bar £low length and the minimum
bar flow length in 100 shots was obtained. A case where <the
difference between the maximum bar flow length and the minimum bar
flow length accounted for 5% or less of the mean bar flow length
of 100 shorts was evaluated to be “excellent (A),” a case where
the difference accounted for 5% to 10%, “good (B),” and a case where
the difference accounted for more than 10%, “poor (C).”
[Wet heat resistance]

One bundred parts by weight of a PPS resin and 67 parts by

welght of glass fibers (ECSC3TN-103/P produced by Nippon Electric

—

Glass Co., Ltd.) were dry-blended, and TEX3I{o twin-screw extruder
(L/D = 45.4) produced by The Japan Steel Works, Ltd. was used for
melt-kneading the mixture at a screw speed of 300 rpm by setting
the temperature to keep the temperature of the resin delivered from
the cylinder at 320°C, and the kneaded resin strand was pelletized
by a strand cutter. The pellets were dried at 120°C overnight and
molded to prepare specimens of 80 mm x 80 mm x 2.0 mm thick using
injection molding machine UH1000 {produced by Nissei Plastic
Industrial Co., Ltd.) at a resin temperature of 300°% and a mold
temperature of 150°C. On an obtained specimen, a copper sheel of
20 mm x 20 mm x 0.5 mm thick was placed, and they were set in a
thermo-hygrostat with a temperature of 60°C and a humidity of 90%,
for wet heat treatment for 10 days (240 hours). After completion
of treatment, the copper sheet was visually confirmed. A copper
sheet free from any change on the surface was evaluated to be “good
(B)” and a copper sheet discolored on the surface, “poor (J).”7

[Reference Example 1] Preparation of PPS-1
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An autoclave with a stirrer and a valve at the bottom was
charged with 8267.4 ¢ (70.0 moles) of 47.5% sodium hydrosulifide,
2925.0 g (70.2 moles) of 96% sodium hydroxide, 13860.0 g (140.0
moles) of N-methyl-2-pyrrolidone (NMP), 1894.2 g {23.1 moles) of
sodium acetate and 105300.0 g of ion exchange water, and while
nitrogen was fed at normal pressure, the system was gradually heated
to Z40°C taking about 2 hours, to distil away 14772.1 g of water
and 280.0 g of NMP. Subseguently, the reaction vessel was cooled
to 160°C. The amount of water remaining in the system per 1 mole
of the supplied alkali metal sulfide was 1.08 moles including the
water consumed for hydrolysis of NMP. Further, the scattered
amount of hydrogen sulfide was 0.023 mole par 1 mole of the supplied
alkali metal sulfide,

Then, 10646.7 g {(72.4 moles) of p—dichlorcbenzene (p~DCB) and
0444.92 g (65.1 moles) of NMP were added, and the reaction vessel
was sealed under nitrogen gas. With stirringat 240 rpm, the system
wag heated from 200°C to 270°C at a rate of 0.6°C/min, and held at
270°C for 70 minutes. The ejection valve at the bottom of the
antoclave was opened, and under pressurization by nitrogen, the
centent was flushed into a vessel with a stirrer for 15 minutes
and stirred at 250°C for a while to remove most of NMP.

The obtained solid and £3 liters of ion exchange water wers
placed in an autoclave with a stirrer and washed at 70°C for 20
minutes, and suction filtration was performed using 2 glass filter
with a pore size of 10 to 16 pm. Then, 60 liters of ion exchange
water heated to 70°C was poured into a glass filter with a pore size
of 10 to 16 um, to perform suction filtration for ebtaining 180600
g of PPS-1 as a2 cake (ceontaining 7550 g of the PPS resin).
[Reference Example 2] Preparation of PP&-2

Polymerization was performed as described in Reference
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Example 1, except that sodium acetate was not added at the time
of polymerization, to obtain 16800 g of PPS~2 as a cake {containing
7250 g of the PPS resin}.

[Comparative Example 1]

PPS~1 was not subjected any of the hot water treatment, acid
treatment and thermal oxidation treatment.
[Comparative Example 2]

PP5-1 was subjected to the thermal oxidation treatment
without being subjected to the hot water treatment and the acid
treatmant.

The powder of the PPS-1 subjected to the thermal oxidation
treatment was placed in a heater with a stirrer having a volume
of 100 liters and subjected&to'the‘thermal,o;idatiorltreaiment under
the conditions shown in Table 1. Meanwhile, in the thesrmal

oxidation treatment with an oxygen concentration of 12

o

, L.G
liter/min of air and 0.96 liter/min of nitrogen were introduced
into the heater, and an oxygen concentration meter was installsed
in the heater for measuring the oxygen concentration.
[Comparative Examples 3 and 4]

PPS5-1 was subjected to the acid treatment withouf being
subjected tc the hot water treatment, and subseguently was not
subjected to the thermzal oxidation treatment.

In Comparative Examples 3 and 4, an autoclave with a stirrer
was charged with 18000 g of PPS-1 as a cake, 40 liters of ion exchangs
water and 700 g of acetic.acid (Comparative Example 3) or 43 g of
acetic acid (Comparative Example 4), and the atmosphere in the
autoclave was replaced by nitrogen. Subseguently, the system was
heated to 122°C and kept at the temperature for 30 minutes toperform
the acid treatment. The pH during the acid treatment was as shown

in Table 1. The autoclave was cooled, and the content was filtered
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by a glass filter with a pore size of 10 to 16 um. Then, 60 liters
of icn exchange water heated to 70°C was poured into z glass filter,
to perform suction filtration for obtaining a cake. The obtained
cake was dried in a nitrogen steam at 120°C for 4 hours, to obtain
a powder of PPS5-L sublected to the acid treatment.

[Working Examples 1 to 4 and Comparative Examples 2 to 11}

PPS-1 was subjected to the acid treatment without being
subjected to the hot water treatment.,

In Working Examples 1 to 4 and Comparative Examples 5 to 11,
an autoclave with a stirrer was charged with 18000 g of PPS-1 as
a cake, 40 liters of ion exchange water and 700 g cof zcetic acid
(Working Examples 1 and 4 and Comparative Examples 5 and 7 to 10)
or 43 g of acetic acid {(Working Examples 2 and 3 and Comparative
Example 6) or 7 g of acetic écid {Comparative Example 11), and the
atmosphere in the autoclave was replaced by nitrogen. Then, zhe
system was heated to 192°C (Working Examples 1 to 4 and Comparative
Examples 5 to 9 and 11) or 70°C (Comparative Example 10) and kept
at the temperature for 30 minutes to perform the acid treatment.
The pH during the acid treatment was as shown in Table 1. The

autoclave was cooled, and the content was filtered by a glass filte

a1

with a pore size of 10 to 16 um. Subseqguently, 60 liters of ion
exchange water heated to 70°C was poured into a glass fiiter, to
perform suction filtration for obtaining a cake. The obtained cake
was dried in & nitrogen stream at 120°C for 4 hours, te ebtain a
powder of PPE-1 subjected to the acid treatment,
Th@powderof%@S"lsubjectedtx>theacidtreatmentwaEplaced
in a heater with a stirrer having a volume of 100 liters, and the
thermal oxidation treatment was performed under the conditions

shown in Table 1. Meanwhile, in the thermal oxidation Lreatment

with an oxygen concentration of 12% (Working Examples 1 and 4 and
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Comparative Examples 5 and 7 to 11), 1.0 liter/min of air and 0.5%6
liter/min of nitrogen were introduced into the heater, and an oxygen
concentration meter was installed in the heater to measure the
oxygen concentration. The thermal oxidation treatment with an
oxygen concentratiocon of 21% (Working Examples 2 and 3 and
Comparative Example &) was performed in an air atmosphere with alr
introduced at 1.96 liters/min.

[(Working Examples 5 to 8 and Comparative Example 13]

PPS-1 was subjected to the hot water treatment, subseguently
te the acid treatment and further subsequently to the thermal
oxidaﬁion treatment.

In Working Examples 5 to 8 and Comparative Example 13, an
autoclave with a stirrer was charged with 18000 g of PP3-1 as a
cake and 40 liters of ilon exchange water, and the atmosphere in
the autoclave was replaced by nitrogen. Then, the systemwas heated
to 182°C and kept at the temperature for 30 minutes to perform the
hot water treatment. The auvtoclave was cocled, and the content was
suction~filtered by a glass filter with a pore size of 10 to 16
pm. Subsequently, 60 liters of ion exchange water heated té 70°C
was poured inte a glass filter, to perform sucticen filtration for
obtaining a cake. An autoclave with a stirrer was charged with the
cbtained cake, 40 liters of ion exchange water and 700 g of acetic
acid (Working Examples 5, 7 and 8 and Comparative Example 13) or
43 g of acetic acid (Working Example 6), and the atmosphere in the
autoclave was replaced by nitrogen. Then, the system was heated
to 192°C and kept at the temperature for 30 minutes to perform the
acid Treatment. The pH during the acid treatment was as shown in

BAE Y

Table 1. The autoclave wa

n

cooled, and subseguently the content

ot

th

ilt

&

was filteredby a glass rwith a pore size of 10 to 16 um. Then,

60 liters of lon exchange water heated to 70°C was poured into a
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glass filter, to perform suction filtration for obtaining a cake.
The obtained cake was dried in a2 nitrogen streamat 120°C for 4 hours,
to obtain a powder of PPS-1 subjected to the hot water treatment
and the acid treatment. Then, the powder of PPS-1 subjected to the
hot water treatment and the acid treatment was subjected to the
thermal oxidation treaé:mént under the coenditions shown in Table
1. TInthe thermal oxidation treatment with an oxygen concentration
of 12% (Working Examples 5, 6 and 8) and in the thermal oxidation
treatment with an oxygen concentration of 21% (Working Example 7),
the air and nitrogen rates were the same as in Working Examples
1 to 4 and Comparative Examples 5 to 11. The thermal oxidation
treatment with an oxygen concentration of 0% (Comparative Example
13) was performed in & nitrogen atmosphere with nitrogen introduced
At 1.96 liters/min.
[Comparative Example 12]

In Comparative Example 12, the hot water treatment and the
thermal oxidation treatment were performed by the same methods as

described in Working Example 5, except that the acid treatment was

e

not performed.

Thenmasuredxesultscftﬂﬁagasgenerationamount,ashccntenm
residue amount, MFR and Tmc of each PPS resin obtained ars shown
in Table 1.

As can be seen from Working Examples 1 to 8, if the pH and
temperature for the acid treatment and the temperature, time and
cxygen concentration for the thermal oxidation tresatment are
controlled, a PPS resin small in gas generation amount, ash content
and residue amount can be obtained while it can have a melt viscosity
in excess of 500 ¢/10 min as MFR.

Further, the svaluation results of molding stability and wet

heat resistance are also shown in Table 1. It can be seen that only
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when a 2PPS resin small in gas generation amount, ash content and
residue amount and with an MFR of higher than 500 ¢/10 min is used,
molding stability and wet heat resistance become good.

On the other hand, in Comparative Example 1, since the acid
treatment was not performed, the MFR was low and the ash content
was large. Further, since the thermal oxidation treatment was not
perfermed, the gas generation amount was large. In Comparative
Example 2, since the acid treatment was not performed though the
thermal oxidation treatment was performed, the MFR was low and the
ash content was large. In Comparative Examples 3 and 4, since the
thermal oxidation treatment was not performed though the acid
treatment was performed, the gas generation amount was large. In
Comparative Examples 5 and 6, since thermal oxidation treatment
temperature was too low, the gas generation amount was large. In
Comparative Example 7, since the thermal oxidation treatment time
was Loo short, the gas generation amount was large. In Comparative
Lxample 8, since the thermal cxidation treatment time was Loo long,
the residus amount was large and the MFR was low. In Comparative
Example 9, since the thermal cxidation treatment temperature was
too high, the residue amount was large and the MFR was low. In
Comparative Example 10, since the acld treatment temperature was
WO Low, the ash content was large and the MFR was low. in

Comparative Example 11, since the acid treatment effect was not

exhibited owing to an alkaline pH, the ash content was large and
the MFRwas low. InComparative Example 12, since the acicd treatment
was not performed, the ash content was large and the MFR was low.

In Comparative Example 13, since the oxygen concentration during

—

the thermal oxidation treatment was too low, the impurity remov

-
4

¥

effect by oxidation was low and the gas generation amount was large.

Since Comparative Examples 1 to 13 have these problems, it
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can be seen from Table 1 that good results could not be cbhtained

in the evaluation of molding stability and wet heat resistancs.
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[Comparative Example 14]

PPS-2 was not subjected to any of the hot water treatment,
acld treatment and thermal oxidation treatment.
[Comparative Example 15]

PES~2 was subjected to the thermal oxidation treatment
without being subjected to the hot water treatment and the acid
treatment.

In Comparative Example 15, an experiment was performed as
described in Comparative Example 2, except that PPS-2 was used.
[Comparative Examples 16 and 17]

PP5-2 was subjected to the acid treatment without being
subjected to the hot water treatment, and subseguently was not
subjected te the thermal oxidation treatment.

In Comparative Example 16, an experiment was performed as
described in Comparative Example 3 except that PPS~2 was used. The
pH for the acid treatment was as shown in Table 2.

In Comparative Example 17, an experiment was performed as
described in Comparative Example 4 except that PPS-2 was used. The
pH for the acid treatment was as shown in Table 2.

[Working Examples 9 to il and Comparative Example 18]

PP5-2 was subjected to the acid treatment without being
subjected to the hot water treatment, and subsequently was subjected
to the thermal oxidation treatment.

InWorking Example 9, an experiment was performed as described
in Working Example 1 except that PPS-2 was used. The pH for the
acid treatment was as shown in Table 2.

In Working Example 10, an experiment was performed as
described in Working Example 2 excepi that PPS-2 was used and that
the thermal oxidation treatment was performed for 6 hours. The pH

for the zacid treatment was as shown in Table 2.
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In Working Example 11, an experiment was performed G

described in Working Example 4 except that PPS-2 was used. The

e
i

for the acid trestment was as shown in Table 2.

In Comparative Example 18, an experiment was performed zas
described in Comparative Example 9 except that PPS-2 was used and
that 43 g of acetic acid was used for the acid treatment. The pH
for the acid treatment was as shown in Table 2.

[Werking Examples 12 to 15]

PP5-2 was subjected to the hot water treatment, subseguently

to the acid treatment and further subsequently to the thermal

oxidation treatment.

In Working Example 12, an experiment was performed a

i
w

described in Working Example 5 except that PPS-2 was used. The pH
for the acid treatment was as shown in Table 2.

In Working Example 13, an experiment was performed as
described in Werking Example 6 except that PPS~2 was used. The pH
for the acid treatment was as shown in Table 2.

In Working Example 14, an experiment was performed as

described in Working Example 7 except that PPS-2 was used and that

the thermal cxidation treatment was performed at 200°C for 2 hours.

e £

The pH for‘tn@ acid treatment was as shown in Table 2.

in Working Ixample 15, an experiment was performed as
descriked in Working Example 8 except that PPS-2 was used. The pi
for the acid treatment was as shown in Table 2,

Theﬂ@asuredresultsofthega$generationamount,ashccntenm
residue amount, MFR and Tmc of each PPS resin cobtained are shown
in Table 2.

As can be seen from Working Examples 9 to 15 that use PPS-7
lower than PP3-1 in melt viscosity, since the pH and temperaturs

for the acid treatment, the temperature, time and oxygen
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concentration for the thermal oxidation treatment are controlled,
the PPS resin obtained is small ingas generation amount, ash content
and residue amcunt though it has a melt viscosity in excess of 500
g/10 min as MFR. |

Further, the evaluation results of molding stability and wet
heat resistance are also shown in Table 2. It can be seen that only
when & PPS resin small in gas generation amount, ash content and
residue amount and with an MFR of higher than 500 g/10min is used,
molding stability and wet heat resistance become good.

On

¢t

he other hand, in Comparative Example 14, since the acid
treatment was not performed, the ash content was large, and further
since the thermal oxidation treatment was not performed, the gas
generation amount was large. In Comparstive Example 15, since the
acid treatment was not performed through the thermal oxidation

treatment was performed, the ash content was large. In Comparatiy

[

Examples 16 and 17, since the thermal oxidation treastment was no

T

performed theough the acid treatment was performed, the gas
generation amount was large. In Comparative Example 18, since the
thermal oxidation treatment temperature was too high, the residue
anount was large and the MFR was low.

Since Comparative Examples 14 Lo 18 have these problems, it

can be seen Ifrom Table 2 that good results could not be obtained

in the evaluation of molding stabllity and wet heat resistance.

N
~J



rHot water treatment

Temp. Temp. Time Oxygen conoentration
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1 Acid treatment lIThermal oxidation treatment | Gas generation so amount IAsh content2)
IResidue amount3) | (tH diAl | Al'SODele llarll O tu [Industrial applicability; According to this
invention, a PPS resin excellent in melt flowability, smallinmetalcontentana in theamountoL the
volati].e component generated during melting and excellent in molding stability and wet heat
resistance can be obtained.

[Industrial applicability]

According to this invention, a PPS resin excellent in melt
flowability, small inmetal content and in the amount of the volatile
component generated during melting and excellent in molding

stability and wet heat resistance can be obtained.
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[Title of the document] Claims [Claim 1] An injection molding process of polyphenylene sulfide resin
composition comprising a polyphenylene sulfide resin (A)with properties of (1) 0.3 wt% or less in the
amount of the volatile gas generated when heated and melted at 320C in vacuum for 2 hours, (2) 0.3
wt% or less in the ash content achieved when incinerated at 550C, (3) 4.0 wt% or less in the residue
amount achieved when a solution with 1 part by weight of the polyphenylene sulfide resin dissolved in
20 parts by weight of 1- chloronaphthalene is pressure-filtered by a PTFE membrane filter with a pore
size of 1 wripat:d20€ o minpiesand ¢4 higher than 500 g/10 min in melt flow rate (according to
ASTM D-1238-70: measured at a temperature of 315.5C and at a load of 5000 g), obtained by
acid-treatinégca pisly perdyleria seffidere Sia if Hif aiareammarit stepynhIBFiesadldaditereatment
step, the polyphenylene sulfide resin is immersed in an acid or an %%jeous SOILétiOI‘l of the acid for

treatment at pH (FERIF RE1DD 10208 °C "aRd subselTertf Traaiy it tSFiéfmal 558a%on, wherein
itis heat-tfe&tﬁ&!ha%%& here yyith an axygep.congeniration gf 2.yal%,grmore.at 160 to 270 C for

0.5 to 10 hours in a thermal oxidation step, wherein the difference between the maximum bar flow

length and the minimum bag flow length,0f-100,shats is:40%:af less, yhesginsaid pelyphanyiene

sulfide resin composition (comprising said polyphenylene sulfide resin A)is continuously molded into
bars (widthrd2.% mathicknesscQb mim, sitlelgate O:b o x50 aaimy ditdetcCdreitio nwoieinjection
speed 300 mm/sec, injection pressure 40 MPa, cylinder temperature 300 C, mold temperature 150 C,
injection timedisecendsicaolirgplifte 203secoridsystrew speed 100 rphm, back PpressareuttMPa and
suck-back 10mm, and the difference between the maximum bar flow length and the minimum bar
length in 10G°Bherswvasdetined  fCHRf 2T THE fijection RIdingProckssHrcording t6*elaim 1, said

polyphenylene sulfide resin comgaosition cpmar,isinogl;vhe%pgl pzhen lene sulfide re;iﬁn Af) gontains

inorganic fIfrSWHEIEIT e Fiked EmbTntdf the Ihorganic fillers 1§ D°G00Y t6 500 parts by weight per

100 parts by,weight.of the polyphenylene sulfide-rasin,(4). [Gaim3l-the injectionamelding,process

according to claim 1, wherein the step of treating the polyphenylene sulfide resin by hot water at 80 to

200C is perfoumed hefore the step-of agid-teeating the polyphamyene sulfide resin. nfGlaim 4] The
injection molding process according to claim 1, wherein the polyphenylene sulfide resin is a resin
recoveredlnhaﬁhﬁﬂmnyﬂhmdnin in melt flow rate (according to ASTM D-1238-70:

measured at a temperature of 315.5°C and at a load of 30060 g},
obtained by acid-treating a polyphenylene sulfide resin in an
acid treatment step, wherein in said acid treatment step, the
polyphenyiene sulfide resin is immersed in an acid br an agueous
.soiuticn of the acid for treatment at pH 2 to 8 and at 120 to 200
°c, and subsequently treating it for thermal oxidation, wherein
it is heat-treated in an atmosphere with an oxygen concentration
of 2 vol% or more at 160 to 270 °C for 0.5 te 10 hours in a
thermal oxidation step, wherein the difference betwsen the
maximm bar £low length and the minimum bar flow length of 100
shotg is 10% or less, wherein said polyphenylene sulfide resin
composition (comprising said polyphenylene sulfide resin A)is

continuously molded into bars

50



(width 12.7 mm, thickness 0.5 mm, side gate 0.5 mm x 5.0 wm)
under condition of injection speed 300 mm/sec, injection pressure
40 Mpa, cylinder temperature 3200 °C, mold temperature 150 °C,
injection time 1 second, cooliné time 20 seconds, screw speed 100
rpm, back pressure 1 MPa and suck-back 10mm, and the difference
between the maximum bar flow length and the minimum bar length in
106 shots was otained.

[Claim 2] The injection molding process according toe claim 1,
said polyphenylene sulfide resin composition comprising the
polyphenylene sulfide resin (A) contains inorganic fillers
wherein the wmixed amount of the inorganic fillers is 0.0001 to
500 parts by weight per 100 parts by weight of the polyphenylens
sulfide resin (&) .
iClaim3] The injection wmolding process according to claim 1,
wherein the step of treating the polyphenylene sulfide regin by
hot water at 80 to 200°C is performed before the step of acid-

treating the polyphenylene sulfide resin.
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[Claim 4] The injection molding process according to claim 1,
wherein the polyphenylene sulfide resin ig a resin recovered by a

flush method.
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