[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
[Titﬁe vo#atil component generated during melting and excellent in molding

stability and wetHEE tesistaser #84dkgtound art] Polyphenylene sulfide
[T1it(hereinaftes abbraviated-as PR tesins have gxcellent propetties suitable, .
as engineering plastics such as heat resistance, barrier properties,
sulfdklmicamsifesistance, electric insulation and wet heat resistance, and are
- vari electric/electronic parts, machine parts, automobile parts,
[T@ﬁﬁ%g. e?réggt%(l:} mainly produced by injection molding and extrusion
maldiagp Hewever,iBR&resns arelhigh in melt:proecessing temperaliie.cing a
owing to their high melting points and are likely to generate volatile
PO LYESHpENERtS eIt protBssigS PhRTtulay BPPS freairprekired tosmall
in raveieledirie esistance as usediop glectiic/electionic RAAS IS 1. orponent
acid-treated to be lowered in metal content. Such a PPS resin remarﬁagly
genegensratesia Volatite: ldomporent, ocontaminate thenniold o tasclogithety and
oldcvent for causing molding failures as the case may be, and therefore
IS %ghl?eaégnglf:oebe decreased in volatile component. The volatile
[Baceomponant:ean be decreased by heat-treating the PPS at a temperature
of lower than the melting point, but an excessive heat treatment brings
abbit S probidifis ddfolvctmoldebiity onirigto anobxeessieeise of  PPS)
resiﬂ@lﬁ\é@%oé@é@ﬂQé%Ehgﬂgg .lfcctEPQSOf %9@&%‘9@ R'9 déjr%iTnheee%eSS ngglastics
invention is based on the finding that if an
such as heat resistance, barrier properties, chemicals resistance,

wet

electric insulation and wet heat resistance, and are used as various
electric/electronicparts,machineparts,automobileparts,fiima
fibers, etc. mainly produced by injection molding and extrusion
molding.

However, PP3 resins are high in melt-processing temperature
owing to their high melting points and are likely to generate
volatile components during melt processing. Particularly a PPS
resin reguired to have electric rasistance as used for
electric/electronic parts is acid-treated to be lowered in metal
centent., Such a PPS resin remarkably generates a volatile
componernt, to contaminate the mold or to clog the mold vent for
causing molding failures as the case may be, and therefore is highly
desired to be decreased in volatile component. The wvolatile
component can be decreased by heat-treating the PPS at a temperature
of lower than the melting point, but an excessive heat treatment
brings about such problems as lower moldability owing to an

excessive rise of melt viscosity and to the production of a gelation
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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 PPS resin has been
erformed since before, For example, Patent Document 1 discloses an

Profiruded Hribleottaihed By ehiifg & PP%: rsth for kéepifgiiépolyher 1f an
aciodscasity dn amnge from £000.10: 16000, ROises, (300 to 1609 Pi:aij%)r} (g’%ggi’:ment

shear rate 200/sec) and for keeping the non-Newtonian "coefficient nin'a
undegange ot 155 wo2diand sabsequentlySmettsextruding the ewed resinl ler in
owever, 590(_9 rP&)ises correspond _to a melt flow rate of less than 100

mtagljll Thin. and Since the PP 188inli¢ SO iPeltvisdssig ds @ compenent

witreansidergblyjowetthey flowahility at the-time of injection molding, the PPS
resin is unsuitable for injection molding especially when it is a

fillet€onts hing: PRS- fssin lcomipasition OF uithdh Sthie PRS resirpaisclosed o rmed
=1ndR said patent igorglgt)g\é% i%r;gepi#:tgg degree n?ef Igﬁhe{m lISo>:Lidation

treatment, and if the degree of thermal oxidation’ treatment s (00 farge? - Fuded

artithégaskdecreasing effectrisrsaturateply andsamthecotheeband,dhereels &1 ymer
problem that the melt flowabilitgﬁlgeclines. Patent Document 2 discloses a

V1S GREHOH fof tFeatimlyTe gFartilar PP'S resihawith avweighraviéidgetmoleelifarsa )
(31@N9wh£HE§Q1QQQ&¥'&%@%§@E?aQéHe%%%apEQ£§%§%$§§Qoﬁ%ﬁimewt?nian

smaller for thermal oxidation. However, as descri atent Documen
coefy i 8btainihg aPPS resfrowithfa weight average fholecular weightefyuent 1y

ne1 430000 95 gher, and an average particle sige of 50 m or smaller, 2
. . : W

special polymerization reactor of grinding 1s necessany td Mtréase ther ¢ spond
to acestland thereforedhe method ecannot becusgdias a geperaldnethods 2. ppg

 Further, such fine PPS particles cannot be smoothly fed into an

resin 1s so high in melt viscesity as to considerably lower the
flowability at the time of injection molding, the PPS resin is
unsuitable for injection molding especially when it 1is .a
filler-containing PPS resin composition. Further, the PPS resin
disclosed in sald patent is relatively large in the degree of thermal
oxidation treatment, and 1f the degree of thermal oxidation
treatment is too large, the gas decreasing effect is saturated,
and on the other hand, there is a problem that the melt flowability
declines,

Patent Document 2 discloses a method for treating a granular
PPS resin with a welght average molecular weight of 30,000 or higher
and an average particle size of S0 umor smaller for thermal oxidation.
However, as described in Patent Document 2, for cbtaining a PPS
resin with a weight average molecular welight 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,
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extruder for melt kneading, to decrease the melt-kneaded and extruded
amount per unit time uneconomically. Patent Document 3 discloses a
method for curing a PPS resin in a low oxygen atmosphere, but does not
refer to achieving both excellent melt flowability and low volatile

component content IE% erforming thermal oxidation treatment under
Fur R ificctbRtitionss PatentDéEdmeRE4 aelssesemettisd bompfisiagitheo an

=xt518R3 Of ¢ Epcoyering g RPSyresin by g flysh. method after polymerjzatio
washing it with hot water of 130C or hig%]er, fi teringaéhg trggtilﬁtg k/{/li?hagr%d and
ext ripidid aguesus sofutiom: Thismethatheam certainkyl. decrease ionic
impurities and the volatile component, but since dry PPS is treated at
160C 167 HOUTE A hifoga S

e

61 4 Hours i 4 hitro BARTIFNE BREMpIES dekerbéd i fiie resin

in sdoement, dae effestefdesreasingithecualatile-compenentis small . s g wotn
[Patent Document 1] JP 63-207827 A (claims) [Patent Document 2] JP

©#C%6-28BH7BA ([claihts) [Pdtent Davdmierit 3] 9Pal-12¢327mp(elains) {Patent t by
P L e O S fone.

. SN o
invention] [Problem to e invention] The Bresen mve

mabletamintensivestudy fal addressing: thetproblered ebtainingdaPRSeps of
resin, excellent in melt flowability, small in metal content and in the

TeChbuRPofthé Volatift® compénént L deridraldetdstihgriefmgP ahdexeéiert i on,
wasHRBOlANG: sty and avel bept gesisfance. aq asa fealtagnieved e, .,

. _present invention. [Means for solving the problem] he preslercrIt Ventors
withshidiedito sbive tha abovementioried problefin iandrastaresult foundartainly

gecArogess for.producing a PPS resin remarkably decreased in the amount
S ot tP%e VO Z]tlllé: C(l)ﬂr?%%%%% %3 geherated’ dﬁﬁ?\lgartnle fing; EREEMEin rirdlf since

dry flewability @dglced at 180°C for 4 hours in a nitrogen stream in the
examples described in the document, the effect of decreasing the
volatile component is small.

[Patent Document 1] JP 63-207827 A (claims)

[Patent Document 2] JP 6-248078 A (claims)

[Patent Document 3] JP 1-121327 A (claims)

[Patent Document 4] JP 2002-283934 A {(ciaims, examples)
[(Disclosure of the invention]

[Problem to be solved by the invention]

The present inventors made an intensive study for addressing
the problem of cbtaining a PPS 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, and as a result achieved the present invention.
[Means for solving the probliem]

The present inventors studied to solve the abovementioned
problem, and as a result found a process for preducing a PPS resin

remarkably decreased in the amount of the wolatile componant
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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

genegad §enethtet \RheRthdatdd and richbdHt B20¢ inNaktuns dsr2hédity  and
decr -3 WY grless in the ash content achieved when.inciperated at 55 CJ‘:l’lity

(3) 4.0 wt% or less in the residue amount achieved when a solution wit
and peftthy Weight ofthespelyphenylene sulfide fesin yWissolyiedlin 20 pads byg  an
. weight of 1-chloronaphthalene is pressure-filtered by a PTFE membrane
d= 3 3
act fil}[?el?ev@it eé Eo@r% Sizaof \f[lr%hat“zgﬁé%rlg PriKuted’ e B Higef tHarr nermal
ox1d2@Q @AL0 min in melt flow rate (according to ASTM D-1238-70: measured

ata_temperature of 315.5C and at a load of 5000 g), by acid-treating a
polyphénylehe sulide resifirdr aeierreatmef® sieprarid subsequently

1. Areatpedsior hermal grdayian a Mefmial SKANNON SR & APIRSESR wicn
for producing a polyphenylene sulfide resin, ac%oréllng to the
propapovernentiongd 1 0whereifk inthelacid treatmant steputhe polyphenylengt ile

sulfide resin is immersed in an acid or an agueous solution of the acid for

925 SRATHRRES R TFORESL RS RROMSAG A hapaRSIonE SARIBTEGRE 2 hours,
(2} accorging Jo the aboygmentioned 1.gr2.whergin intheacid treatment o o+ =4

step, the polyphenylene sulfide resin is immersed in an acid or an
at Saflieous3sotutionvofthe acid for tieathentrat pHI2 ¢o Sranchat 804a 208€. when

s o B e o BN N ere 8 g i
dissbyhetiwater at 80 tp2200C ivperfoemed before the-siBporonaphthalene is
pressure-filtered by a PTFE membrane filter with a pore size of
1 pm 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), by acid-treating
a polyphenylene sulfide resin in an acid treatment step and
subsequently treating it for thermal oxidation in a thermal
oxidation step.

2. Aprocess for producing a polyphenylene sulfide resin, according
toc 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 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 agqueous
gsolution of the acid for treatment at pH 2 to 8 and at 80 to 200°C.
4. A process for producing a PPS resin, according to any one of

the abovementioned 1 through 3, wherein the step of treating the
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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 PPS 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 ppsifady, S6cordiigo afy Hhe6f 408 Bhovernentioratet throlighes,the step

of awhersinthe PR kesin ispa resin srecovered by a flush method. [Effects of
the invention] This invention can provide a PPS resin .remarkably

5. Adgvreased inthe mnsolnt bfthe velatileresmponentgeneiatediduringy one of

the Melting, excellent.in ngflow and further decreased in metal
he alig 1 thr

bility : |
Content to be excallentin rﬁ&%ngﬁs&taﬁﬁfff Snd wet heafredidanéd. [rfeting

the best modes fofcarmirgout the ventign] Modesfor,catrying outihe i+ reared
invention are explained below in detail. The PPS resin obtained by the

0 agrodHEfGR PRECesEIGTth AN iIveREieH isa polyhieriaving te fecuerig or more
A+ 14nits, a&lﬂde@r%%%nt%c_i 5b)%he1 %)Ilg\évinr%structural formula (1) [Chemical

formula 1] In view of heat résistance, it8 preferred that the PPS resin
6. AcontainssF0%cor moredofcd palymerHiavirg the, regueringunits, €achny one of
the r@eé)resented b té]g bovementioned structural formula. More preferred is
F

CIaBE S Nt rther SHE PP r&&iA iy comtain REstRan Abbat 2 resin

recodQ%:0f the recurringUnitsyepresented by the following structures:
[Chemical formulae 2] S~ -aN----a4 11 KD_IF&
[Effects of the invention]

This invention can provide a PPS resin remarkably decreased
in the amount of the volatile component generated during melting,
excellent inmelt flowability and further decreased inmetal 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 in
detail.

The PPS resin obtained by the production process of this
invention is & polymer having the recurrihg'units, each represented

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 fthe abovementioned structural formula. More

preferred 1s 20 mol% or more. Further, the PPS resin may contain

[
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CH, CH3 St CH3 ltis 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 the volatile gas generated when heated and melted at
320C in vacuum for 2 hours. Preferred is 0.28 wt% or less, and more
preé’erred is 0.22 wt% or less. It is not preferred that the amount of the
gas GEnétRfet affer thétmal BRidafi6H fredfriertls fRorethBRATRI Witdo, by  the
fo11siReadhe volatile;cemponent deposited in the mold and in the old vent
portion increases, and transfer failures and gas yellowing are likely to
[Chegdciirl TRe 18WwerkEmit in the amount of the gas generated after thermal
oxidation treatment is not especially limited, but it is uneconomical that
@ gn‘fd of thermal oxidatign treatment is,long enough to decrease the
4s geheration amou @ %riod of thermal oxidation
tres megﬁto? long, the detation product ig likely to be produced and
moalding res may be caused. Meanwhile, the gas generation amount
means the amount of the gas volatilized by heating and melting the PPS
e in%h vacuumand later liguefied op.solidified by cooling to be
s' be mg @ a glass ampoule hermetically
ntaﬂnin e PPS resin‘invacugm ima tublilar furnace. The glass
ampoule is shaped to have a belly portion of 200 mm x 25 mm, a neck
portion of 255 mm xZP»mm and a wall@Hickness of 1 mm. As the

elir meAsyring n$t od, o Iog ortion of the glass ampoule
hermetically conta -/ he PPS \esin ih vacuum is inserted into a tubular
furnace of 320C and heated for 2 fgyrs, and the volatile gas is cooled

and deposited in the neck portion of the ampoule which is not heated by
thel ubwaldarinagle 1 Eherreck pertiaisisest oubbtained by the production

less

process of this invention is required to be (1) 0.3 wt% or less
in the amount of the veolatile gas generated when heated and melted
at 320°C in vacuum for 2 hours. Preferred is 0.28 wt% or less, and
mere preferred is 0.22 wt% or less. Tt is not preferred that the
armount of the gas generated after thermal oxidation treatment is
more than 0.3 wt%, since the volatile component deposited in the
mold and in the old vent portion increases, and transfer failures
and gas vellowing are likely to occur. The lower 1imit in the amount
of the gas generated after thermal oxidation treatment is not
especially limited, but it is uneconomical that the pericd of
thermal oxidation treatment 1s long enough to decrease the gas
generation amount, and further if the pericd of thermal oxidation
treatment is too long, the gelation product is likely to be produced
and molding failures may be caused.

Meanwhile, the gas generation amount means the amount of the
gas volatilized by heating and melting the PPS resin in vacuum and

later liquefied or solidified by cooling to be deposited. It can
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and weighed, and subsequently the deposited gas is dissolved into
chloroform, for removal. Then the neck portion is dried and weighed
again. From the difference between the weight of the neck portion of the
ampoule before removing the gas and that after removing the gas, the

as generation amount can be obtained. The PPS resin obtained by the
oe m% d%fc?i%r?éir&?éasfsl&ﬁh?s GnGE BRI FEquiFstERte: £810-3 Wik ‘or iedsig the

e iBdberash-ooplent, Achieved whiamigeineraled al 5506, Preferied 180.2u1¢ 1
wt% or less, and more preferred is 0.1 wt% or less. An ash content
shapg@ré tham \6:3aviss Meansothiat the mtalcomentoftherPRS sesinds portion

[ ‘ hat the
of ole¥ge. @(Ialr%;e metaldc%ntvt?gﬂs g%t,preferred for such reasons t

electric insulation becomés poor ahd thatthe declindof mieft FBGiy L calar

measand the declinedf weh heatyesistange can pe cansed: TRRPRI SN appoule
. obtained by the production process of this invention is reqylreq to be (3) _
nermg blvis of 1668 rftheregiduetaMdint sichievied Whek asolgtiomaithtied into

t ight of t sin .dissolved in 20 parts by weight o
b onahlohe 5 rscattb-TREAny &P FE Hebratb Aigr Withe*L1e
gas agporesizé ehd dept25@€doi 5 hilrutes: Prefertadis 315 Wil Qfigessie which

more (Preferred is 3.0 wt% ar less. A residue amount of more than 4.0

is Qb raka At théftHardxidatoi Efossiinkig 6FtherPPS Te8in 7 fias out
and PEAGrBSSRd £xgessivebifednereaserfhe gelation prpduct in they resiny ILs ;¢

~not preferred that the thermal oxidation crosslinking ‘of the PPS resin
chlogfyréssesd excegsient for Slchrréasons thabthe: effect ofddeicrdasmty the ghed

-yolati onent.is | and on the other hand that t ecline of melt
ssa sy STIRDeN s S0l a0 0p e oller IR et e degine ALTEL, oo
of tifagiluresothe loweolimit efithe residue aypeuatis notespecially limiteehibuf <he

IS qfsirably 1.5% or more. Preferred is 1.7% or more. If the residue
gas, 5

TNt a8 sATHlfer a1 598 thB deide BF tHdrial BRidation crosslinking

The PPS resin obtained by the production process of this
invention is required to be (2) 0.3 wt$% or less in the ash content
achieved when incinerated at 550°C. Preferred is 0.2 wt% or less,
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 melf
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 wt% or less in the residue amount
achieved when a solution with 1 part by weight of the PPS resin
dissclved in 20 parts by weight of l-chloronaphthalene 1is
pressure-filtered by a PTFE membrane filter with a pore size 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

wts means that the thermal oxidation crosslinking of the PPS resin

.



is too low, and therefore the volatile component cannot be decreased so
much during melting, the volatile component decrease effect being likely
to remain small. Meanwhile, the abovementioned residue amount is
measured using a sample obtained by pressing a PPS resin to form a film
with a thickness of about 80 m, and using a high temperature filtration

7%° fevide anda SUS Testibé bolUippBa With's pricurmne EapanFgduct in the

resigatherng tinrel. Rartewlady atfirst ampembrane filter\with a,Rore $128,9f, 1 g
1 mis setin the SUS test tube, and 1 part by weight of the pressed film
of thftnZFthidkiTelds BEASCRSBRM 88 aPPS Yedin 4ad 201parts bysveight bkt the

£ reksehioponanhthalene are Véeigh%@ng sealgd in.the SOS test tube. The
© test tube is set in thegc:lﬂgﬁtemc|c))erattljree fiﬁ?arftl%%ﬂc?en\%ceigf fgﬁél',ﬂar?dld on the
ot heneateddand: shaklen foe Siminutes. rEen, An-aiscontaiRingdnjester is-oduct ion

ected with the pneumatic cap, and the piston of the injector is

ot agﬁgﬁaéé?& Bhekitatic fitratorem fﬁ%%rﬁaﬂ%?%?%%ﬁiculgh? lower limit
of cdelerauingdnertasidue aeunts rmemirane filet beforg firation and. 1,

the membrane filter dried at 150C for 1 hour after filtration are weig
1. 5%k froprthe differdsea efitheswéights, thiemesidue ahfounteisrebtaihes. amount

- S.resin obtai by the production process of thjs 8 inventionis |
e S;rgegq%%gfj {C(gﬁég (gj fgﬁerbt%a&r:e o) 8/|89m€1“%fﬁ“1% 5w Tale fibéordmg ok +ng

is tASTMD-1238-KOrmeasured ata lemperature o 315:5Candatiaload-ot 5 seq
5000 g) . Itis not preferred that the melt flow rate is 500 g/l0 min or lower,
50 Mg A P AL Wifidte ThE PRPS fesiPileanates laffampantottefifebe ing

11 kel$ Wsed, 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

PP%resiiobtainethsy theprodactioimprotess:ofithisinwention: isiRotmeasured
usin%sgeg?rlrlﬁé igpig dcabfﬁé"!iﬂﬂ;‘&i%%é%g%émg %éeiigsin to forma £ilm with
a thickness of about 80 pm, and using a high temperature filtration
device and a SUS test tube equipped with a pneumatic cap and a
gathering funnel. Particularly at first a membrane filter with a
pore size of 1 um is set in the SUS test tube, and 1 part by weight
of the pressed film with a thickness of about 80 um as a PPS resin
and:ﬂ)partsknrweight<af1wchloronaphthalene(anaweigh@denmisealed
in the 3US test tube. The test tube is set in the high temperature
filtration device of 250°C, and heated and shaken for 5 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 the
residue amount, the membrane filter before filtration and the
membrane filter dried at 150°C for 1 hour after filtration are
welghed, and from the difference of the weights, the residue amount

is obtained.

The PP3 resin obtained by the production process of this
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(composition) with a strength enduring practical use, 1 Pas (300C, shear
rate 1000/sec) or more is preferred. The PPS resin obtained by the
production process of this invention is required to satisfy all the
abovementioned properties 1) through (4). In the process of this
invention, a PPS resin is sugjecte to acid treatment and subsequently to

IV e Rl ORiIdaTOR e ment for obtai ihg EPPS Esin Withdhé Epatitictn melt
£ lowptopestiesctie RRS; resin torhersubjested to the.acid treatment angdithe, .+ ;e

thermal oxidation treatment respectively essential in this invention can be
of 33PpPSCresifl abtaindd by any mefHodi Therefores ascommescially avaitable the

PPSesin can also ke used, and a PPS;resin produced by polymerizin
melt J)
mon%mers as describe l?elow can gsolggﬁggd.sﬁhnecr%e f?o% c?r casg where

the pRRlucing a PRS resintocbe subjected tonthenacidrtreatmentand theised, the
thfs{mal oxidation treatment respectively essential in this invention is

me LTy dscHbet elow. At fifdtethe: polRaldyeratdParbhidtic &5iRpBGRd, S0 Low as
to dsulfidizing agepk,c pplymerization-galvgnt, molecylar weight modifier, ., Cosity

polymerization aid and polymerization stabilizer used in this invention will
of e PERplaRdd sstbw [Rolyhalogerated ardmaticreompound]f @ALs invention

: y%l enated argmatic cqmpound refers to a compound. having two or
s n?ﬁogre%%%aé% Ea‘d%gm% Ep%%%%g’m%ggulglgéarﬁﬁgg of the® S@ﬁgtbrg%n%e&esm

(comgromatic:eompotind inelidef-dichiorobenzene. m-dichlarabenzepg.s (30g0c,
o-dichlorobenzene, 1,3,5-trichlorobenzene, 1,2,4-trichlorobenzene,
sheag >tz EqetraRAIGRSEnZeh e HekathloPeBerzer@d2, 5-dichlorotoluene,

2,Spdichipse-prylene, o 14sdipromphenzene, 1. 4-dilodobenzene ‘
1-methoxy-2,5-dich|or8beﬁzene, et(?/.e Prefergblyc/) p-dicﬁ?oro%%%)zdeensescfnf chis
inveps uged Further] acdpclyseriobiainedlbyhe abovementioned properties

{1) through (4}.

In the process of this invention, a PPS resin is subjected
to acld treatment and subsequently to thermal oxidation treatment
for obtaining a PPS resin with the specific properties. The PPS
resin to be subjected to the acid treatment and the thermal oxidation
treatment respectively essential in this invention can be a Ppg
resin obtained by any method. Therefore, a commercially available
PPS resinfxﬂlalsolyaused, and a PPS resin produced by polymerizing
monomers as described below can also be used.

The method for producing a PPS resin to be subjected to the
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 polymerization stabilizer used in this invention will be
explained below.

[Polyhalogenated aromatic compound]

9



combining two or more different polyhalogenated aromatic compounds
can also be used, but it is preferred that a p-dihalogenated aromatic
compound is a major component. The amount of the polyhalogenated
aromatic compound used is in a range from 0. 9 to 2.0 moles per 1 mole

of the s fidizing agent for obtaining a PPS resin with a viscosity suitably
for%r&? ity CApraterrediraigals ©.95BPO5 Holés tifPa fore  Sompound

havm@f@mqﬁamé%@égw-gﬂaalgsp&%ugwgkgglaeqamuheﬁyﬁﬁgge% of the

agent can be an alkali metal sulfide, alkali metal hydrosulfide or rogen
polysafige spramplesobihetalkaliametal sulfidelincludedithium sulfider obenzene,

- ST e mzene,

mixture consisting of twa 6r' more 0

1, 2, sediumcsulide san hepreferably used. Anyigfihese atkali -metal sHfides; ene
can be used as a hydrate or agueous mixture or anhydride. Examples of

nexats kAl HEtENSy drosulfide- i S ouiin "Ry drasulfivs Jotassiam -y Lene,

1, 4-Rydrpsyifide,, lithium hydrosulfide, rubidium hydrosulfid?, GeSIUM. o+ envene
hydrosulfide and a mixture consisting of two or more of the foregoing, an '

1-meamongthem, sbdhuhv hydrosulfide, 10 can betpreferably used. Anyekrerably
e alkali metal E/ydro uifides can be used as a hydrate or aqueous
€

R ?T#u%rﬂméjr?%dsu|fic§wﬁb*heg%m%réﬁg@hﬁzﬁf@rﬁ APakafed by

ixtare or anhy:

combMetaly hydposulfide-and: arr alkaH metal hydnoxids, in-situ i 8L68CGUOR 1 6 unas
system can also be used. Further, the sulfidizing agent prepared from an
can aaﬁ%&li@ﬁelfa?lerﬂ/d%ﬁlﬁé‘elér@rﬁaméﬁ%é@ hydroxidé ecarpalse bed aromatic

compgggafeﬁrgdafo&gggin @&arpé%rngg@tion vessel. Furthermore, a sulfidizing

agent prepared from an alkall metal hydroxide such as lithium hydroxide
or Sodivmdydroxidetdnd polyhalogenated aromatic compound used is

in a range from 0.9 to 2.0 moles per 1 mole of the sulfidizing agent
for obtaining a PPS resin with a viscosity suitably for processing.
A preferred range is 0.95 to 1.5 moles, and a more preferred range
is 1.05 to 1.2 moles.
[Sulfidizing agent]

| The sulfidizing agent can be an alkali metal sulfide, alkali
metal hydrosulfide or hydrogen sulfide.

Examples of the alkali metal sulfide include lithium sulfide,
sodium sulfide, potassiumsulfide, rubidiumsulfide, cesium sulfide
and a mixture consisting of two or more of the foregoing, and among
them, sodium sulfide can be preferably used. Any of these alkali
metal sulfides can be used as a hydrate or aqueous mixture or
anhydride.

Examples of the alkalili metal hydrosulfide include sodium
hydrosulfide, potassium hydrosulfide, lithium hydrosulfide,
rubidimnhydrosulfide,cesiwmhydrosukfideandsamixtureconsisiiﬂg

of two or more of the foregoing, and among them, scdium hydrosulfide
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hydrogen sulfide in situ in a reaction system can also be used. Moreover,
the sulfidizing agent prepared from an alkali metal hydroxide such as
lithium hydroxide or sodium hydroxide and hydrogen sulfide can also be
transferred for use in a polymerization vessel. in the case where the
sulfidizing agent is partially lost due to dehydration operation, etc. before

Can iRiigibh ot poRetizdtion rRagisn, theipphiéd amiomtt'ot the sdfidiig L des
can agenifaeansihe Femaining smonnt oBtangd by sytragting e joss from

the actually supplied amount. Meanwhile, an alkall metal hy roxide

and/er ahalkalinesearfi dhetal hydoexide can @dseebe fised tgedm:eu&_g\m& metal

the idizing agent. Preferred examples of the alkali metal hydroxide ‘
Rydnesd gls%%ilgﬁghﬁ roXi éf{pjotg‘gstiﬁr]npﬁy%%ﬁé?ﬁth%EHyEI‘ﬁo%iHe? reaction
systehidiam dyesoxide, sesium hydroxide andea mixtee consisting Of W0 QL - o q

more of the foregoing, and preferred examples of the alkaline earth meta
LromyaiogidEdndulie ealkidvidersxids Sstrentiing hyedoxidel, bagiuel hydroxide
can Nydrgxide, ggpag\g}%qgﬁg@n%b%odé%@ hydroxid% fan be.pfe{%mfgyyv used.

In the case where an alkali metal hydrosulfidé is tsed as the Shifidizing " -
ageéhty it ie: espedially=preferfeditoruseyam atkal metabhydroxidesm an alkali

imultaneously, and the amount of the alkali metal 11 hydroxide used is
Mot VARG O 6 $516°E 201 mIET 6y 8 bl of e BRI Tox e and

nydriygrasefide: Apreferredrange is 1,00.10-1 15 moles, and.amore , 1o oqq.

preferred range is 1.005 to 1.100 moles. [Polymeérization solvent] It is
Mo resretarred-pcusetarf dffamic polas solvemzstheepolymerizationssoheent. metal

e s e S o
sul fNethyka-pyrsolidener oaprelactams stchsas Nrmethylsneanrolactam, ve ssel .

in the case where the sulfidizing agent is partially lost due
to dehydration operation, etc. before initiation of polymerization
reaction, the supplied amount of the sulfidizing agent means the
remaining amount obtained by subtracting the loss from the actually
supplied amount.

Meanwhile, an alkali metal hydroxide and/or an alkaline earth
metal hydroxide can also be used together with the sulfidizing agent.
Preferred examples of the alkali metal hydroxide include sodium
hydroxide, potassium hydroxide, lithium hydroxide, rubidium
hydroxide, cesium hydroxide and a mixture consisting of two or more
of the foregoing, and preferred examples of the alkaline earth metal
hydroxide include calcium hydroxide, strontium hydroxide, barium
hydroxide, etc. Among them, sodium hydroxide can be preferably
used.

In the case where an alkali metal hydrosulfide is used as the
sulfidizing agent, it is especially preferred touse analkali metal

nydroxide simultaneously, and the amount of the alkali metal
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1,3-dimethyl-2-imidazolidinone, N,N-dimethylacetamide,
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

stability. Amang them, especially N-methyl-2-pyrrolidone (hereinafter may
yargE %é;é‘%ﬁgt%d NMP) caii B prefétably UsetOThe amdtinidt ther 1 mole

I

moles per 1 mole of the sulfidizing agent. A preferred range is 2.25 to 6.
mo legoled)@nd &'iicte PrEffede fange 52,530 5.5 bles [Moletllaradeight

ifier]. Eor forming the ends of a produced PPS resin or for adjusting
[POlﬁggél)%te%ggiosnor}%éecrﬁ% or the molecular weight, a monohalogen

compound (not Necessarilyorequicedhto beramaromatic GOMPOUNILEAN 55 the
also pbe used together with the abovementioned polyhalogenated

PO LY Iimatit- cGiipSind GPolymenzatiohaid|AUdsing' & pokydrization kid forolvent
N ini PRSresin,with.a, yelatively.high izatio reeina .
o poriod o e O oY refonel mades. 1ot Gass g L ddonzs
suchpolyrferiZatios it 1-22merns @lsubistancedhat cai acttovinetegserthe i done,
vifcosit of the PPS resin obtained. Examples of the polymerization aid
“EPLReRideSR organic cAfoxylate, watdf alkali metdr&HibAde, GroamircLactan,
1, 3-sulfenate,1sulfuriciacid alkadi Taefab salt, alkaline earthymetal.oxide .alkali, ; 4o,
metal phosphate, alkaline earth metal phosphate, etc. Any one of them
N N"’"Q&W%E%&%ﬁ%@ﬁé‘b@ﬁmo oR PiGHEOTtém caliralsd e ased together ianide,
; meng n ' Hqﬁ%( e water can be preferably
dlmeﬁ\sed. Th%ﬁggc??er%%%egg alkali me%ﬁ%%%&%?dteeécd éolrranlpxou%laes thereof,
etc. Any of these solvents can be preferably used since they are

of tREganicnolarsolvent usadisiselected in &@99%@%&-9@@0&%@@1@%0& .15

high in reaction stability. Among them, especially
N-methyl-2-pyrrolidone (hereinafter may be abbreviated as NMP) can
be preferably used.

The amount of the organic polar solvent used is selected in
a range from 2.0 moles to 10 moles per 1 mole of the sulfidizing
agent. Apreferred range is2.25to0 6.0 moles, and a more preferred
range is 2.5 to 5.5 moles.

[Molecular weight modifier)]

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

arcmatic compound.
[Polymerization aid]

Using a polymerization aid for obtaining a PPS resin with a
relatively high peolymerization degree in a shorter period of time

is one of preferred modes. In this case, the polymerization aid

iz



represented by general formula R(COOM)n (where R denotes an alkyl
group, cycloalkyl group, aryl group, alkylaryl group or arylalkyl group
respectively having 1 to 20 carbon atoms; M denotes an alkali metal
selected from lithium, sodium, potassium, rubidium and cesium; and n
denotes an integer of 1 to 3). The alkali metal carboxylate can also be

Teaniséd a8Ehydrate, Bihydide of afubbus SHiitii: PatfculdFesamplesdf the
pps thealkalmetal carboxylate, include 'EHQ'%&E&&?&?&%%%@B%%%clude an
potassium acetate, sodium  propionate, lithium valerate, sodium benzoate,
orgaggdiunt pHenyldcetate, potassium pictaylate, meixtutes thereof,dic. Anrganic

alkali metal carboxylate can also be formed by adding almost equal
sl il Se%%?v%féh%s%?%% g?'gia%ﬁ:lagﬁtaan% gr? or r%&}%aé&l%ﬁoﬁﬁﬁﬁh metal

oxidselecled fromdbe roupsgonsisting ok alkalimetal chydroxidesnalkghi metal o« ¢
carbonates and alkali metal bicarbonates to each other for reaction.

AnY Aiforiy the aovémentionsa alRaiPretalr chHioxylates & litufsalt issn also
be ubighly dissluable inthe reaction system, hay n%&%%%g@ﬁ@%&%%‘% water

expensive, and a potassium salt, rubidium salt or cesium salt is
can gonsideredrtoiitey insidficiently dissolvable in the reaction system.

Thfg—:go%% sodium acetate inexpensive and moderately dissolvable in the

polyiTeriZatioh Sysleri Can Behost pfetsfably G 18 e aiount BPRFeuNd

reprpelymerizationaifeif ssedsisdusually incavange,from 0.01 moledto 0.7, .11
mole per 1 mole of the supplied alkali metal sulfide. A preferred range for
9T oughtaiiingca higherapslymerizationsdeyree is Dk 1to10v b moteirand aampte Lkyl

referred rangg; is 0.2 to ole, Using,water as a polymerization aidis .
gmugne ofE?effective r?eaf%a%%gbr%?ni%ggarggiﬁ%oarﬁsgsslﬁogr%%%ﬁﬁ/%gﬁa%%ea& kali
met abetwedncfiewabflityrand highiterghness; inthisicasesthe.added ameumtis and

cesi R PIE 1AL IR O MR L3 e P e oS SRR et
carboxylate can alsc be used as a hydrate, anhydride or agueous
solution. Particular examples of the alkali metal carboxylate
include lithium acetate, sodium acetate, potassium acetate, sodium
propionate, lithium valerate, sodium benzoate, sodium
phenylacetate, potassium p-toluylate, mixtures thereof, etc.

An alkali metal carboxylate can also be formed by adding
aimost equal chemical equivalents of an organic acid and one or
more compounds selected from the group consisting of alkali metal
hydroxides, alkalil metal carbonates and alkali metal bicarbonates
to each other for reaction. Among the abovementioned alkali metal
carboxylates, a lithium salt is highly dissolvable 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. Therefore,
sodium acetate inexpensive and moderately dissolvable in the

polymerization system can be most preferably used.
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alkali metal sulfide. A preferred range for obtaining a higher
polymerization degree is 0. 6 to 10 moles, and a more preferred range is
1 to 5 moles. The time when the polymerization aid is added is not
especially specified, and the polymerization aid can be added at any time

during the preliminary step described later, at the time of initiating the .
| po@ﬁ%eﬁ%’ﬁ%to?ﬁu?ﬁﬁ #Hepdigienizaton: aidl canfalkese abisleerually in

a raPgttiaymultiple fimes. However Jnd .e%aﬁem\éﬂfgr_% ?nt?ﬁlgay@%%ﬁ%% % a;ttl kali

carboxylate is used as the polymerization aid, in view of easy
metajs preférredso add it atrarérher aethe tiavecef inifiating dhe: preliminary step. gher
r.at.the time aof initiation the polymerization. Further, in the case where
poly v%v%frelrz%%s?&%%%%%&@ﬁér]izgégg 'aéld?% ing d0rih§ tHe polyman7&tibr anee

is Creaction@fterrstipplying the polyhalogenated aromatic compound is
effective. [Polymerization stabilizer] A polymerization stabilizer can be
used forstadifiZingte folyitigfzation- fenctivh systens and forsrevéntngeans

tor Siieteacians. A polvyirzation staliiaey contriytes to fhe stabllzation, .,
of the polymerization reaction system and to thein ibition of Unwante
flowsiderehgtions. Oneoftheside reactidns isithe progictionofadded amount is

EEJiLo henol, and if a polymerization stabilizer is added, the production of
usua |8}[;

heriof €4l be MHibited. Exkmples of thé FokyifefiZation Siabiliget oo ied
alkaincluge-suchscompaunds asalkalbmeta) Bﬂ%@émﬁéra%%@ﬁﬁﬁﬁkg 2 higher
carbonates, alkaline earth metal hydroxides and alkaline earth metal
Polvegibotates ARG, Alkali melarhydroxidesisuctras sodifiarred range
1s 1hydroxide, Pé)éa_lssium hydroxide and lithium hydroxide are prefgrrgd. The
abovementioned alkali metal carboxylates also act as polymerization
stabiilizersi aad theseforehare inclyded: in-the polymerization stabilizersis not
espegigqf}ﬂggecified, and the polymerization aid 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 the case
where an alkali metal carboxylate is used as the polymerization
aid, in view of easy addition, it is preferred to add it at a time
at the time of initiating the preliminary step or at the time of
initiation the polymerization. Further, in the case where water
is used as the polymerization aid, adding during the polymerization
reaction after supplying the polyhalogenated aromatic compound is
effective.
[Polymerization stablilizer]
A polymerization stabilizer can be used for stabilizing the
polymerization reaction system and for preventing side reactions.
A polymerization stabilizer contributes fo the stabilization of

the polymerization reaction systemand tothe inhibiticn of unwanted

side reactions. One of the side reactions is the production of

14
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invention. Further, in the case where an alkali metal hydrosulfide is used
as the sulfidizing agent, as described before, it is especially preferred to
use an alkali metal hydroxide simultaneously. The alkali metal hydroxide
that is added by an amount excessive for the sulfidizing agent can also

b act as a polymerization stabilizer. Any one of these polymerization
Fhiogahlizers caithe Used aldheYBEfWG 6F Afte 6F theildait lsé be adddin  the

prodcambipations Tt&%@%@&&o@f t*&%ﬁo'%@ef%%ﬂ%f@elb'”.zer isysyallyina .,

range from 0.02 to 0.2 mole per 1 mole of the supp %d alkga#ar%ngt%%s of the

polysipfide o ipreferted tangesis (L.081o@x1 suale, anthacmearispreferred4ang@etal
.04 t0 0.0 moﬂre.. If the amount is too small, the stabilization effect is

isO
hydﬁ%?&f%%%ht, Sd‘it the aMfount is fOOIRMGE O e coNtraly:Hh eGdhonicafietal
- hyddisadeantage ocunsiwhiledbepalymer yield, tends:to degline. The time . 1 .15

when the polymerization stabilizer is added is not especially specified and
me tadah by &t ARG HIME duihghe ystehmindey steps desdribed fatensatde and

e vthedti initiatin e I ization.or during the polymerization, and
e e o) A
carkaddifierrdt slpreferredato add atartime at the simesofiinitiating thed Merefors
A preli in%rg/ step or at the time of initiating the polymerization. The ‘

e rliminaRy step, polyineN2&idie Foactibh Step Hrithreco i8R stepswill ben  this

inveparticularlyrexplained below inthis.order. [Preliminarystep] The, drosulfide
‘ sulfidizing agent is usually used as a hydrate, and it is preferred to heat a
15 ikturé torttamintlant ofganic polagsolventaandithecsulfidizingagent, it is

[ logenated aromatic co und, for removing the
eSpeggrzgeﬁsels%idﬁr%c%%% %{vga?erggutsiag?he §ystent: %ﬁ‘ﬁ{]whilr&eﬁame Cg%gr oxide
simulhereswatelis rediovedlkali metal hydroxide that is added by an
amount excessive for the sulfidizing agent can also act as a
polymerization stabilizer.

Any one of these polymerization stabilirzers can be used alone
or two or more of them can also be used in combination. The amount
of the polymerization stabilizer is usually in a range from 0.02
to 0.2 mole per 1 mole of the supplied alkali metal sulfide. &
preferred range is 0.03 to 0.1 mole, and a more preferred range
18 0.04 to 0.0%9 mole. If the amount is too small, the stakilization
effect is insufficient, and if the amount is too large on the
contrary,(yqeconomicalAdisadvantaqe<3ccursxﬂ1ile%ﬂmspolymez'yield
tends to decline.

The time when the polymerization 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 sasy addition, it

is preferred to add at a time at the time of initiating the
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excessively by this operation, it is preferred to add water for covering the
shortage. Further, as described above, as the sulfidizing agent, the alkali
metal sulfide prepared from an alkali metal hydrosulfide and an alkali
metal hydroxide in situ in a reaction system or in a vessel other than a
polymerization vessel can also be used. The method is not especially

Pre ifitdt bt Used 87 Hhethtd comprising thé Sipsist addingatvalkai 22t ion.
metal hydrosylfide and anal E?)I', m?@i WQ}E&X}%@C 1. an Qrganic.polar, . g3e and

solvent desirably in an’inert gas atmosphere in a temperature range fr
recaponrvterhperatiid tod 500, tpreférablyyreom temperators tor100C; lahd order.
(Pr ileiatiﬂgaart nosgmal Pressure or under reduced pressure to at least 150C or
|gﬁler, préﬁ‘eratl%i? to a range from 180 to 260C, for distilling away water.

At this: stage, i pelymerization aid camalso be added. Fusther. fp.or Qmoﬁﬁd it

r

_ the removal of water by distillation, toluene or the like can a!so be adde
L5 PSiigerforming theFeattibh= fivte Belyhvsrizationaeaction it is prefemregolvent

nq thatdhe amount of water in tt grization,system is 0.5 ta 10.0 males q
1 per 1 mSoIe of the smﬁ%?)liedggsaul id%%%g%nt?m tﬁ%égcaggethepcgnyouan %?enate
a romyater incthrepolymeriZationrsystemiig; thenamaunt obtdined dycsubtrastingsater

amount of water removed outside the 16 polymerization system from

th ( .
Outstﬁ(gear% Gint OF Waller sﬂﬁﬁﬁé{ﬂ“ﬁ}%ﬁthé%E@%é}%ﬁ&f@%@eﬁﬁ thet, fisgoved
excesSuppliedwater can beany-af water, aguegqus, salution .crystal M&%%Cer for

[Polymerization reaction step] It is preferred that a sulfidizing agent and a
covegdiiNalogenatedr ismatic compound are made to react with each other in

' i 0C to lower than

o el POt aen g el e Fom Ao W over e
alkareactien stepsislifitiatech th@ared from an alkali metal hydrosulfide
and an alkall metal hydroxide in situ in a reaction system or in
a vessel other than a polymerization vessel can also be used. The
method is not especially limited, but used is a method comprising
the steps of adding an alkali metal hydrosulfide and an alkali metal
hydroxide to an organic polar solvent desirably in an inert gas
atmosphere in a temperature range from room temperature to 150°C,
preferably room temperature to 100°C, and heating at normal pressure
or under reduced pressure to at least 150°C or higher, preferably
to a range from 180 to 260°C, for distilling away water. At this
stage, a polymerization aid can also be added. Further, to promote
the 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
ammount of water in the pelymerization 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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sulfidizing agent and the polyhalogenated aromatic compound are added
to the organic polar solvent desirably in an inert gas atmosphere in a
temperature range from room temperature to 220C, preferably 100 to
220C. At this stage, a polymerization aid can also be added. The order

for supplying these raw materials is not established and the raw materials
POLYRST AldieBdasa SMuktaRotds. TRE WiiktuPe is'aseallysheRteded ainto the
pol yiRAGEMIOMA00G to 290C - The heating fate (3 not,especially imited, but
yusuaIIy selected in a range from 0.01 to 5C/mﬁ>g), aln%gawpar%%ﬂecdi Par?gee Y of
wate@.,l toa8€hmin.dn genheral, thermixtarke isdieated finally to a temperature of
250 ta 290C, and is made to react usually at the temperature usually for

[Po L g B0 Rlrs” praferably D& 10 20 hours. A method of performing the
reaction; foreample, 200G 1o 269€for @ cedain Qﬁﬂ%dg%ﬂ[(ﬂ%iﬂ&asnated
y

stage before the final temperature is reached, and subsequently heating
Arongy 3 FaRGEHOWE D70 fo P9OE iseffattive foi6btaiting @higherin an organic
polagolsyc erization degree. In t if,rcease, the rgactioniiigge at 200C to 260C is
lsually selected in a range from 0.258Hoar 180 hors: preferaBiy-nea: <20°C
for rangduframd).25%0 A9HoursaMeanwdie, for obtaining a polymer with a
igher 17 polymerization degree, performing the polymerization in

hi ,
mUlfise stagedis effettivé 2Edperformirigithe pdiRerizatiomintrhaltipe  the
sul Feagesnl is:glectivethat the m\g%a@e%MQ@M@%@@%%@@@ are

compound in the system reaches 40 mol% or higher, preferably 60" mol%
addegt 45CHIRecoveny: SteppAtter completion ofjsolymerization; a solidinert gas

maﬁerial is_recqvered from a polymerization reaction product containing
atmo & em Féﬁ;ure range from room temperature to 220°,

e p%?yrﬁrelr,asé)tlve
preferably 100 to 220°C. At this stage, a polymerization aid can
also be added. The order for supplying these raw materials is not
established and the raw materials can also be added simultaneously.

The mixture is usually heated to a range from 200°C to 290°.
The heating rate is not especially limited, but usually selected
in a range from 0.01 to 5°C/min, and a preferred range is 0.1 to
3°C/min.

In general, the mixture is heated finally to a temperature
of 250 to 290°C, and is made to react usually at the temperature
usually for 0.25 to 50 hours, preferably 0.5 to 20 hours.

A method of performing the reaction, for example, at 200°C
to 260°C for a certain period of time in the stage before the final
temperature is reached, and subseguently heating to a range from
270 to 290°C is effective for obtaining a higher polymerization
degree. Inthiscase, the reaction time at 200°C to 260°C is usually
selected in a range from 0.25 hour to 20 hours, preferably in a

range from 0.25 to 10 hours.

Meanwhile, for obtaining a vpolymer with & higher
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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 polymerization reaction product is flushed from the state of high
temperature and high pressure (usually higher than 250C ar)d higher than‘
PO LygRafhyinty dRf SEmBsphErS BERGRNAIL Prossaite B FédiUcetipressume; Ttiple
stadOecQvertgdhe polvines s nalicles whllerecqyering e solvent, The ).
flushing in this method means to spout the polymerization réaction
staqggrpduct fiomed frozizler el h@atrﬁdspheas@mi@whi)@hcbfietp;&yw_‘[igﬁﬁqr@genat ed
reaction groduct(i#s flushed is particularly, for example, nitrogen or water

4 O apor of normTal Prestlireafid héiefperafife i€tsually s¥ddted®tn aricher,

pref@ngeiftomd30C o 2306 4Agsording to a flush method, the solid material.
can be recovered simultaneously with the recovery of the solvent, and the

[Recreeeverystifie tan also be relatively short. Therefore, a flush method is an

ec ical ellent recovery method. In the recovery method, an ionic.
co%%g%%d t%/l%gi}?gdéll% égdiﬁqr%\ %%lafﬁ“ organic Tow ’poﬁ/mge%n%é forl prodace ! 1S

recocligemef)tenddodelinaetporatedintor éae palymesid e process O ning the
solidification. However, the method for recovering the PPS resin used in
PoLYREr 1830 Geon fiocess of this invention is not limited to a flush

methed. A method of recaoyering the polymer Q%@Sk?@ﬁyﬂ§so¥%k§8 Olmigs resin

(quenching method) can also be used if the method satisfi
incll‘é&fﬂiFéﬁﬁﬁém§%f@ﬁisﬁﬁ@@xﬂ@ﬁmﬂ)wemérriraviqwim:ﬂéqonm?mﬂ:ief@icmg%ition,
and éﬁ B%rf%mancet itis r@%re %rgf%rergd to use the PPS resin recovere

i

y
ush method for the production process ot his ifvetiion” fhgla‘ﬂ:ﬁﬁ méthOd-
In atreatrarntanddhbe therngboxidatian reatthentofa RRSJIesimas-essentialspeq

requirements of this invention will be . .
frmnthestateofkughtxm@eratureandh;ghpmessure(usuallyhlghmr
than 250°C and higher than 8 kg/cm®) into an atmosphere of normal
pressure or reduced pressure, for recovering the polymer as
particles while recovering the solvent. The flushing in this
method means to spout the polymerization reaction product from a
nezzle. The atmosphere into 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 a range from 150°C te 250°C.

According to a flush method, the solid material can he
recovered simultaneously with the recovery of the solvent, and the
recovery time can alsc be relatively short. Therefore, a flush
method 1s an eccnomically excellent recovery method. In the
recoveryn@thod,Eﬁuioniccompoundtypifiedigrsodiwnandem1organic
low polymerization product {(cligomer) tend to be incorporated into
the polymer in the process of scolidification.

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

18



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
acid-treated in the acid treatment step, and it is preferred that a hot water
treatment step is performed before acid treatment step. Further, a step of
ProdRESATY BY HresTyariic-Scivent rray-are be pekorimed before thélacith method.
ent-st t er freatment step. The acid.used in the .
B méa%%é'?:eagttﬁle%r}%gg 81%2 ?nl?/%n}[?gr% is%}%?y@sep%ci%ﬁg ﬁfﬁﬁ%ﬁs if |li) oéss‘JL ROt a%?oj"lng
(quetoadiecompesenthe) PRSresins cand thesexamplesiof the apiskinglideacetie the
acid, h%{tdrochl ric acid, sulfuric acid, phosphoric acid, silicic acid,

TeaUedrbon tﬁci&f% propiohic-2dia" &t Amonig et Bcetic’acid @ifid © £ economic
e £ £ ibydroshlosicacid canhe mare preferably used butanacid that |, .. 1o pps

decomposes or deteriorates the PPS resin, such as nitric acid, is not
resigreféed WHénah aqlieousisolatibrof Anmcithis used;itds prefepredcess of
. th ater is either distilled water or deionized water. It is preferred
thlsth]g{i%%g%lﬂéo the acid aqueous solution is 1 to "1, and a more preferred

rargesisz2: tal 4t Hds nat prefered that pik isZ Ordarges-singe the metaht of 4
content of the PPS resin increases. 19 It is not preferred either that pH is

FPS GfisHer than E5SRBE ife voRilile E6MPBRENtT tHePPSreERriRéfased Ll be

descAsithe agiditreatmenimethod, it is preferred to immerse the PPS resin in
an acid or an aqueous solution of the acid, and as required, stirring and

heating ltarr &S ortse performedcWiven heatirg dsqerforined rivisrpreferred © is

that the t eratyre is_80.to 250C. A more preferred range is 120 to
©SSCh006: an%@%urtﬁgelre mgfgéspre%%rsréa rgglﬁé‘i to DBBC SFRRge . Py the

abovpiefenred that the tomperatirg Js loweethan8QG for sueh teasops thatthe,
acid treatment effect

acid-treated in the acid treatment step, and it is preferred that

a hot water treatment step is performed before acid treatment step.

Further, a step of washing by an organic solvent may also 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,
propionic acid, etc. Among them, acetic acid and hydrochloric acid
can be more preferably used, but an acid that decomposes or
deteriorates the PPS resin, such as nitric acid, is not preferred,

When an agueous solution of an acid is used, it is preferred
that the water 1s either distilled water or deionized water. It
is preferred that the pH of the acid agueocus 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.
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is small and that the metal content increases, and it is not preferred either
in view of safety that the temperature is higher than 250C, since the
pressure becomes too high. Further, when the PPS resin is immersed in
an aqueous solution of an acid for treatment, it is preferred that the pH
achieved by the acid treatment is lower than 8, and a pH range from 2 to
It 1gid'fiors prérereed Itas hbe préfertedohat pHIsddrberthames, Sinceiese the

volahetal C@éﬂ%r?éﬁtﬁe O%P%ggsig 'gcrlggses. It is_preferred that the acid

treatment time for the reaction etwegrgf rt]hel B §er%5§|ensand the acid to

redich satisfactorytequilibrienm s 10:24 haursdndhe case where thererse the
treatment is gerformed at 80C, and it is preferred that the time is 0.01 to 5
PES KSiirs'In the “ChstWwiledth rédthiiait s pertorred atfo0teAs fortheand as

requiadiodhetyvaen the,PRRiresinand,thg acid or the kdf%%%%%‘s S%l# Ig r}:g ating

the acid treatment, since it is preferred to keep the PPS resin sufficiently
is piwiersedin the asidorifahesdcichaquenes selution dtiing the eatrent ooc.
it is reJLferred to use 0.5to 500 L of the acid or acid agueous solution per

A MOEEEEof fié PPEYEdin A ore pretéiedraiye & 110 1004 "aRG Hreferred
ranghirther maore: prefered range iss2.9de 20k dtisnot preferred that the o1 e

amount of the acid or acid aqueous solution is smaller than 0.5 L per 500
15 logayof fie PP fesmr sicetie PPS i eanhbtbe sufficienthtment effect

is dimarseddn heaquenus sallen. being poly Insufiidenty washed fobe
larger in metal content. Further, it is not preferred either” tHat the amount
pre fefrithechcid Ioracid aqueoussdlgtidie tsymone thar: S00:kyper 500:g:0f they i gher
h PfS%gesin, since the amount of the solution becomes so large for the
ar

amount of the BPS feSihtRatthe PRSUICEDN: efficierty deEFFriFéLé“err_ when the
PPS rematkablymble asid tieatmentispesfaumed by & method of SupPlYING.A + ap: |

_ predetermined amount of the PPS resin into predetermined amounts

it ig preferred that the pH achieved by the acid treatment is lower
than 8, and a pH range from 2 to 8 is more preferred. It is not
preferred that pH is larger than 8, since the metal content of the
PPS resin increases.

It is preferred that the acid treatment time for the reaction
between the PPS resin and the acid to reach satisfactory equilibrium
is 2 to 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 is performed at 200°C.

As for the ratio between the PPS resin and the acid or the
acld aqueous solution in the acid treatment, since it 1is preferrsd
te keep the PPS resin sufficiently immersed in the acid or in the
acid aquecus solution during the treatment, it is preferred to use
0.5 to 500 L of the acid or acid agqueous solution per 500 g of the
PP3 resin. A more preferred range is 1 to 100 1, and a further nmore

preferred range 1 2.5 to 20 L. It is not preferred that the amount

of the acid or acid agueous solution is smaller than 0.5 L per 500
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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 aqueous solution and the PPS resin from the treatment

solution after completion of the acid treatment, filtration using a sieve or

filter is simple, and for example, natural filtration, pressurized filtration,
9 ofrebhiged predstié Hilrador cehbffugBiSsepardtion; etor cantve usel Forently
- Vil ' i ities remaining on the surface of the PPS
lme%g%r% %?pg?ge%@rgﬁ% erg ggg%n%&n%’%ﬁﬁ&%i Pslfgrejf’velfgrlé %(\’ﬁ/\}aes%t\i{‘/?fhwas’md
to beold vphot waterselerattimes.. Thewvashing methos gan he-amethed Ofther
w teringrgthe PPS resin on a filtration device while filtering, or a method of

hat g {ipBlyitg tHe sEdardtsd BPS redinifts preanEhgeds fratsriad fitefifge than

500 BgadL: fonseparating the agueous solution.and . the. PRS resint ILIS. 1 v ion

preferred that the water used for washing is either distilled water or
becoggprigetavatert #r thisdnvaation, it istdreféféd te perfarehot water oduct ion

: nt he following.method before the acid treatment step. Itis
efflgge%fé%%d%t& tﬁgeﬁatg?ﬁgég ‘{%)r é hot water treatment in this invention

is eitheradistiled-waterardeienized satepdltis,prefpwed thatthedol, 1y ing a
water treatment temperature is 80 to 250C. A more preferred range is

predys>6 {5 Hpee, HHad furterhibrd A pretefred tange ke 150 o pO0Ed Irgounts

of wiebprefRiedibat the, temperaiuea fsjouer ihan 80 forsye teasonshat |
the hot water treatment effect is small and that the volatile’ gas generation

Or aamuntthcréases) adivissiot prefefredreither i viewcatisafets thatithe etc.
temperature.is higher than,250C since the pressure becomes too high. It

as rg Mol t%%mﬁgta?v%t%?%eha?n?@rﬁ%ﬁes is R)%@té%u@]ﬂ%tgifoﬁﬁ eresin

is preferred ‘Er?é“"t _
£ romstifficient exirastiondreatment Dythe PBS-resin; R ROEMALCL A « reatment,

. preferred range of the treatment time at 80C is

filtration using a sieve or filter is simple, and for example,
natural filtration, pressurized filtration, reduced prassire
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
cold or hot water several times. The washing method can 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 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 80 to

250°C. A more preferred range is 120 to 200°C, and a further more
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2 to 24 hours, and a preferred range of the treatment time at 200C 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 PPS resin is sufficiently kept immersed in water. It is preferred that

the amount of water per 500 g of the PPS resin is 0. 5to 500 L. A more
prefgersared e i$1 t61D0US andFurthéi: move prefeped fangeis 2540 the

is.n ferred.that the . unt of water is smaller than 0.5 L per

: em%grogg %%hg éPpgéwréginL;?g r SE (@h ?2%%5 n§ Hrat thePPs ?egg?wa(;tam et water
treagufficientyf Reptt immersedlin water, tieing enly insufficiently washee:and = ¢ 1 on

th%t the volatile gas generation amount increases. Further, it is not

SO dreférted either thal the dmbtirt OF WAtEF fmbre i 5601 péi SO § sREety
thatthe,B F%%rﬁ?@?a%@?@ the amaunt. of water-becomes 5o %{ge JOLIS, o becomes

amount of the PPS resin that the production efficiency dectines
too Héﬁ?é’rkably. The operation of the hot water treatment is not especially

Imiedad o yeihod of suppbing 2 predetermped amountof the BPS

resin into a predetermined amount of water and-heating! Stinina ifG +5 terg

enougressurelvessel ersamethad ot coptinueusly perfarming thephot watess resin
treatment, etc. can be used. The method of separating 22 the aqueous
and BOutiBA i thé PPS F&iR fo s B frealimenesblutionmafter completiorB6fC is

2 tolhe hotwater leatmentis pot especially, lipited, but filtration using a sieve .
. or a filter is simple, and for example, natural filtration, pressunze&i
is Ofilfratiée, redbeed spressure filtration, centrifugal filtration, etc. can be

us%(%. For Eeer?ovijr:}géh imé)l,éritiGesrr Tgi ing on the surface of the PPS

resin Separated from the treathient SOItOR. 1138 PréfetrEd toaswily water
in teeldioshobyater severakiimes.sEhewashing methodiispot .espegialy i che

limited, and can be a method of watering the PPS resin
state where the PPS resin is sufficiently kept immersed in water.
It is preferred that the amount of water per 500 g of the PPS resin
1s 0.5L0 500 L. Amore 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 water 1s smaller than 0.5 L per 500 g of the PPS resin
for such reasons that the PPS 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 ig more than 500 L per
500 g of the PPS resin, since the amount of water becomes so large
for the amount of the PPS resin that the production efficiency
declines remarkably.

The operation of the hot water treatment is not especially

limited, and a method of supplying a predetermined amcunt 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

22



on a filtration device while filtering, or a method of supplying the
separated PPS resin into prearranged water and filtering again, for
separating the aqueous 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

the fauRRdn aRdHurity HehbhRatérreamentisaiotpreféred gt solution

aftedesiable to perforgrtheacid reatment and the, hot water S CILDAN 11y
inert atmosphere. The inert atmosphere can be nitrogen, helium or argon,

Limigted butetnifrobenzatimospheienis prefeered frameart etaromical simple, and
viewpoijnt. In this invention before the acid treatment step and the hot

For A erptiga{trﬁlgnttus]fgﬁ, é Step 6 waSHing Wit 4 b?%ié_%%?%al‘é%duced

presbevset: Thesmethodde as desgrbeddelowsThe orgapic solyeptusedfor -,
washing the PPS resin in this invention is not especially limited if it does

reMONSACtOtecHtHpdse e PES s oERanipies of tHe oryanic sbiver#s resin
in nitrogen- ining polar _solyents such as .

SepaN%ﬁ]yl%ﬁﬁ?ﬁ or?e?ﬁ%e%?ﬁ?oﬁr%éﬁigé, ‘dimétiiadetamide,-© Wash with

coldl,8dinhethylimidazoliinones hexamethyl phasphesus amide@nthod is not
piperazinones, sulfoxide/sulfone-based solvents such as dimethyl

@Sp@gtﬁ

de, diffidtfiisuftdfe GHd Siifdlalet BRkétbndRBH SDIvERsERishresin
on aaﬁﬁggkaﬁﬁdﬂeﬁ@%§@@1%@@Pé’9%§Qﬂr%ﬁ@?eé¥"£a$§PHB%n%%es%Ba%ying

ether-based solvents such as dimethyl ether, dipropyl ether, dioxane
the gepafydroflRHS Halegenibased rsolverts suchwas: ehlorofbrin, imethiytenegain,
ride, trichlorqethylene, ethylene dichloride, perchloroethylene, J
for %%%é%%lgéo%e‘%hg%g gigﬁﬁ)?élesthg’r?éLfef}gghlgr%cgth%%%, pérchlbfoetRane 1t 18

pre fandechlorehenreneaalcoholphenot-hased:solventssuch-asqnethanol 4 water
ethanol, propanol, butanol, pentanol, ethylene glycol, propylene glycol,
Or SHRERGIZERSHR olyethylene glycol and polypropylene

Further, since the decomposition of PPS end groups during the

aclid treatment and during the hot water treatment 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 is
preferred from an economical viewpoint.

Im this invention before the acid treatment step and the hot
water treatment step, a step of washing with an organic solvent
can alsoc be used. The method is as described below. The organic
solvent used for washing the PPS resin in this invention is not
especially limited if it does not act to deccompose the PPS resin.
Examples of the organic solvent include nitrogen-containing polar
solvents such as N-methyl-2-pyrrolidone, dimethylformamide,
dimethylacetamide, 1,3-dimethylinidazolidinone, hexamethyl
phoéphorus amide and piperazinones, sulfoxide/sulfone-based

solvents such as dimethyl sulfoxide, dimethylsulfone and sulfolane,
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glycol, aromatic hydrocarbon-based solvents such as benzene, toluene -
and xylene, etc. Among these organic solvents, it is especially preferred
to use N-methyl-2-pyrrolidone, acetone, dimethylformamide or

chloroform, etc. Any one of these organic solvents can be used alone or

two or more of them can also be used as a mixture. The method for
ket opashimgstithod rdahicsevent tan b for rexample; thmbthotd @fie, diethyl

i ' ini ' d, stjrrin
Kot ersing,the PPS.I inta_the arganic solvent, and as required, ! .
© Og%?]]eg#:g cg;eﬁt géﬁebﬁe%}%r’forﬁwecﬁ ﬁ'hgeaevea(ghﬁaftlg%b%sratﬁ}leg?brW’as f‘rf&eg:ml
ethethe PRS- resin withthe, organiarsolvent isnotaspeciaty fimitediand @8 -based
arbitrary t%mperature can be selected in a range from room temperature

SOLVig a0t S00C. ff tHeWasHif femparaiite 1S'higtieic!the WasHirg roethy Lene,

ethye#igiencydends Jo:benigher and-ysually tf”h?’if ficient eff%%n?@@htie%oethane ,
obtained at a washing temperature of room temperature to 150C. The ‘

dichhashmgheas also bé performedinaipressure vesseluhderpressurization and

Lo P e e B gnanol,

Further, the Washing time‘is not especi

ethabafth washingothoughcdepandipg onhe washing cenditions - ysually-81 ene
sufficient effect can be obtained by washing for 5 minutes or more.

ILYCRbntiktibt WasHhig 8an alshberférfothied: 24 Theodcid: rdatirehysthepyl ene
g1ychet watettreatrment and the washing, with ap organic solyent can alsg be

c 1 ; 5’ S ?s ?zene,
appropriately combined. In this invention, it was found that on yira P
toluggsin isndcidstieated before it idsubjecteddodhesthermat oxidatiomts, it is
trea&nient, a PPS resin excellent in melt flowability, small in metal content

©SPESHE T the 2nToUit ot the Volatiie compBRERY Jerferaigd ddrirty MReltingce tone,

dime@ﬂ?fﬂ@@%ﬁﬂﬂﬂén@gW@Hﬂ@@@@@?ﬁiW@EB?atﬁﬁ?ﬂéﬂggc??ng%%se organic
obtained. Unless the PPS resin is acid-treated before it is subjected to the
SOiVﬁ{E}ﬁé}%&i@&i@ﬁ%&%ﬁq@ﬁﬁ Bothlekeelienrore of them can also be used

as a mixture,

The method for washing with an organic solvent can be, for
example,eamethodcxﬁimmersingtﬂmaPPSresininto%jkeorganicsolvent,
and as required, stirring or heating can also be performed. The
washing temperature for washing ﬁhe PPS resin with the organic
solvent is not especially limited and an arbitrary temperature can
be selected in a 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 150°C. 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 5 minutes

or more. Continuous washing can also be performed.
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me ltflowability and the inhibition of the volatile component during melting
cannot be achieved, and as a result, a PPS resin excellent in moldability

and wet heat resistance cannot be obtained. In the PPS resin production

process of this invention, the abovementioned acid treatment and hot

water treatment or washing with an organic solvent are followed by the

thermi&l BxidatibR freafRént. The iheknish bxidation afeatment refers to tesh ing
- freatment, performed by heati e,RPs resin in an ox atmo here‘
h o%gr; adging aEOperoxi(%}elz1 su?%?fsgl}fﬁz o?agsﬁﬁgr?ﬂﬁé%%%%nys&&maéget%
the PP Shesiniane subsequerntlyheating; rand-inatewrof freatmentps resin is
implici ing i [ ially preferred. The
acicﬁ—”‘p Eléglgéége ting in an,oxygen atmaosphere is especially

eatsrused for the thermial bxidStion freafiftent th tﬁi_“se_in’\% ﬁt?é%?éan%féﬁﬁtion
treardinary hobais dryerrotansheater arhgater M@h%tg@@g_jp!ﬂdgﬁtabl% N metal

the case where an efficient and homogeneous treatment is’intended, !t IS
Contfpre Prefarrcth® tse & Fobdryr heaterlaridater withostirmihgpblades e is dur ing

irable t xygen concentration in the atmosphere qf the thermal
e o 1esimant 2 ok o ener Msre deSFAbie (6 6 Joie of =2 2 ance

can highebtThe epperlimitettherexygen concentration is notespeciallyoefore it
. Iir%ited, but in view of safe operation, about 50 vol% is the limit, 25 and
is s

e preterrsd i 25 volvh Bradwer: 1618 preferreBah A" thérfiah excellent

ne 1 tOXI0RoN treatmentdemperature of this invention,is, 160 -tg 27 %bAe%%reduring
preferred range is 160 to 220C. It is not preferred that the therma
me L tgigation reatient 45 performedrat & temperature higher thar 270Cfete 1 1ent

in m%%@a@fﬁons that C%he thermal _oxidatjon treatment progresses so rapidl

as to make ihe contror di S and THat Howabilft? e r@%lfﬁéﬁﬂ’f&%. -
Onihewiber hand dis not prafered cithes hat e IeMperalUlR S {OWEh, the

than 160C for such reasons that the thermal oxidation treatment

abovementioned 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 hy
adding a peroxide such as H.0, or a sulfurizing agent such as § to
the PPS resin and subsequently heating, and in view of treatment
simplicity, heating in an oxygen atmosphere 1is especially
preferrad.

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 i1s intended, it is more preferred tc 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 8 vol% or higher.
The upper limit of the oxygen concentration is not especially

limited, but in view of safe operation, about 50 vol% is Lhe ITimit,
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progresses very slowly and that the generated amount of the volatile
component increases. It is 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 is 1 to 5 hours. It is not preferred that the treatment time

is shorter than 0.2 hour for such reasons that the thermal oxidation
and fRafmBhEdaTioibe: perormed® safficishtand fatthermdeofdhghat the

theriglatiscomponantisdanqlaige Lot peterredeherinal fne teafment , ¢

time is longer than 50 hours for such reasons that the crosslinking

to Zréedttion by thertbhepmalteddationtseaimentprogresses mgl@vge_r th@_t is not
flowahility and that the residue amount achieved when a solution with 1

Pre Than by Welght ofthe BB S sy dissoved i 26 paRS'by waight of oxmed at 2
tempéfg$398aHﬁ@ﬁ@%"%ﬁéHe§3%ﬁtm?g§d§Q§hp¥g§§8 Q“%%%?ﬂg%%vﬁgkrmal

~apore size of 1 m at 250C for 5 minutes increases to lower the molding
oxldgfability tFerfierc dfy REapreatrentcan-aBss deperformedibeforetamdcontrol

: Lthe r xidation treatment, for the purposes, of inhibiting the
aE f?k]%%rrlh%;l %EE%%@C%%%%% %{:Sé femovi Ea gv%t}%?j%ﬁsllsl Bree%érre(g%h%‘?h@ ther

handfemperatureti o1 to-220G; arnd-a more: preferrechrangeris 29 10 2005: +han
. Further, it is desirable that the oxygen concentration in this case is lower
160%Ghah o voldhClt ist 28 Hreferrél Hiat et eRiREREIMeos 012 1680 houmsa Anent

progMosecpreferred range,is 0.5:40 10 fours.and a further more Bﬁeﬁ%ree%o latile

range is 1 to 5 hours. The heat treatment device can be an ordinary hot
compapedtjer srrotarydieater br heaeradithy stiingHrades, dut rinthecaset ine is

e n efficient and more homogeneous treatment_is _intended, it is
0.2 ﬁ%ré%p?}elfé%rre%’to ngg%r%tgrli/%eea%F §r KEAEF with Stirfingbladedofe » and

a fuRP3 resim-ebtainetd by dherproguctioniprecess,ofithis inyentionas preferred
described above is excellent in heat resistance,

that the treatment time is shorter than 0.2 hour for such reasons
that the thermal oxidation treatment cannot be performed
sufficiently and that the amount of the volatile component is too
large. It isnot preferredeither that the treatment time is longsr
than 50 hours for such reasons that the crosslinking reaction by
the thermal cxidation treatment progresses to lower the flowability
and that the residue amount achieved when a sclution with 1 part
by weight of the PPS resin dissolved in 20 parts by weight of
l-chloronaphthalene is pressure-filtered by a PTFE membrane £ilter
with a pore size of 1 um at 250°C for 5 minutes increases 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

oxygen concentration in this case i1s lower than 2 vol%. Tt is
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chemicals resistance, flame retardancy, electric properties and
mechanical properties and can be applied as injection molded articles,
films, sheets, fibers, etc. , being able to be especially suitably applied for
injection molding. Meanwhile, for obtaining the effects of this invention, it
is most preferred to obtain a molded article by using only the PPS resin

prefgpnfitedhy theBrodidtich: protess bRtistiivéhtion tbutS8s Feguired , iths more
refReFMItted 1o hlend aPRSresinn Eiﬁlrcsonfgr ity vxg'th e abovementioned q
ore conditions. As the blending rate, the PPS rérsa#n%btéllﬁe e'E:fi/ the™ pre?@rre
rangprédudtion processsof tHis:invention can bechlenttediky: 75:t0 B8% ffasrdinary
xample, 75%, 50%, 25%) selected as requi.red, Further, another resin

hot aﬁéﬁ §156 Be 3ddEE 16 e BES &si” obtAIhEd byhe prottEhsy proceisof ut
in tHis dventiondesuch ar reffect thatthg effests efthis,ioyention are.not .+ 14

impaired. For example, if a small amount of a highly soft thermoplastic
intergignlis aeldéd, flexbilifraid impactiresistance camtlbe furtherienhancetdeater
witnHoweyer, itis nat Br ffarreo_l that the amount _of the thermoplastic res_,in

exceeds 50 wt% of the entire composition, since the features peculiar to

the PP Shiesinrwill ibe imipaired: Especially: adding 30 W% qrlessiss of this
, mve8re,ferred. Examples of the thermoplastic resin 27 include epoxy
1

Foupicdttaifing et Dast® E6poymérss %ﬂ’t]e?“&leﬁfﬂ basst-resmgi stance,
chenpPelyagnide Lesins.palybuhylene ferephthalate. resins, polyethylene 5 o5 g

terephthalate resins, polyphenylene ether resins, polysulfone resins,
me chpblyaiylsulforecesines pelpketore résinsapolyéthérimideiresimst ion  molded

. polyarylate resins, liquid crystal polymers, polyether sugone resins, L
artlggl%gfhegrlaer%hesr%%c%? ’pé@%ﬁ%the?k%tdnzo\éé‘sril “Holetifefsingrrecially

suitketopeapsinse Pohyimide resins.cpolyamigdeimide resins, polyethylene
tetrafluoride resins, etc.

Meanwhile, for obtaining the effects of this invention, it
is most preferred to obtain a molded article by using onliy the PPS
resin obtained by the production process of this invention, but
as reqguired, it is permitted te blend a PPS resin not in conformity
with the abovementiocned conditions. As the blending rate, the PPS
resin obtained by the production process of this invention can be
blended by 75 to 25% (for example, 75%, 50%, 25%) selected as
required,

Further, another resin can also be added to the PPS resin
obtained by the production process of this invention to such an
effect that the effects of this invention are not impaired. For
example, if a small amount of a highly soft thermecplastic resin
is added, flexibility and impact resistance canbe further enhanced.
However, 1t is nol 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. &specially adding 30

wt% or less is preferred. Examples of the thermoplastic resin
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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-based compounds and epoxy
compounds, plasticizers such as polyalkylene oxide oligomer-based
Inc laifpotieRs Y thivethis-ssseerdmpeuridbs febterksased compountsand other
rgani rus-based compounds, crystal nucleating agents such as
O G a0t B i cliher Kb tih e ace

resimetalliccsoapsistichras modanictacid waxes; dithivm %Q@E@f_ﬁ@@ﬁglene ether
aluminum stearate, releasing agents such as ethylenediamine-stearic

re813Hd-SRBadit Aot  olycontdensalion Brodutt aHd tonedpasedy polyketone
resGOMPEYNYS-¢Qloration. D&%%%%’?Sp%i%%%ﬂ%o '}%%%‘]{tg,s Ilf{r &4 or yvatal

lubricants, ultraviolet light protective agents, colorants, foamlng gents,
poly&@eriis ot preferred thnt e memountofany obthey albovemestioned resins,

: nds exceeds 20 wt% af the entire composition, since the ,
P Oly%?%%%%e%eﬁecu |(3eF {0 the PPS'résm witlbe’ ﬁntp%‘?fé%t? TREding A6 W oresins,

poliessdereferatiy 1o or lgss issdesieable Jeurther; dorithe, PUrpPQSe Qfet hyl ene
enhancing the mechanical strength, toughness, etc., an alkoxysilane
LetIRdviNg bt Rsast Bié Bype BF Functional groups selected from epoxy groups,

aminp-graups, 28 it,s}‘?&y@@%%géogﬁsfngé@@f%la FOYRS, merc%pé?b%rfﬁgﬁowing

and ureido groups can also be added to the PP resin obtaine )
compgreduetion nprocessdsfdhisinventory. Exampleseof thécorapaupd includeping
POX oup-containing alkoxysilane compounds such as . )
agen)%-séIy%?%&y%%opﬁtﬂﬁ?fe‘%%gifsi _ﬁ@?g-gW&‘flﬁpo%yltﬁéﬁﬁﬁ%n%éﬁ@ based
comp(Ba@x-epaxyeyclehexybethyHrimetboxysilang uMeLCcapto 2 n i ¢ borane-based

group-containing alkoxysilane compounds such as
COMPR LB apiSbrEBYItHimEHERYildife andasticizers such as polyalkylene

oxide cligomer-based compounds, thiocether-based compounds,
ester~based compounds and organic phosphorus-based compounds,
crystal nucleating agents such as talc, kaolin, organic phosphorus
compounds and polyethyether ketones, metallic soaps such zs
montanic acid wazxes, lithium stearate and aluminum stearate,
releasing agents such as ethylenediamine~stearic acid-sebacic acid
polycondensation product and silicone~based compounds, coloration
preventives such as  hypophosphites, further lubricants,
ultraviclet 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 less is desirable.
Further, for the purpose of enhancing the mechanical strength,
toughness, etc., an alkoxysilane having at least one type of

functional groups selected from epoxy groups, amino groups,
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y-mercaptopropyltriethoxysilane, ureido group-containing alkoxysilane
compounds such as y-ureidopropyltriethoxysilane,
y-ureidopropyltrimethoxysi_ane and
y-(2-ureidoethyl)aminopropyltrimethoxysilane, isocyanato
group-containing alkoxysilane compounds such as

150 ARy Bn SO PropiItri ok Siianed Yo 6yaraoptepyirintsthorysilang, ureido

grouﬁ?%@@@@@&@ngﬂggylg!@gﬂ‘éoéﬁla&%in obtained by the production
y-isocyanatopropylmethyldiethoxysilane,

proapsocyardtopropylethyidimeth@xysilanes of the compound include epoxy

‘o -i_sggxggatogro ylethyidiethoxysilane and

¢ Lxé—isocyanét’?)pli) pyltrichfor6Siane: &Mifio grouCBREMIAG alkoxysiahe as

q{_gw@@'@@ypﬁésggﬂ@iﬁ{-e(gfﬁgp@é)ﬂ%qminopropylmethyldimethoxysilane,
y-(2-aminoethyl)aminopropyltrimethoxysilane and

Y- g1 ycardiroprapytrihtethoxysitane; hydroxyl group-containing alkoxysilane — and

_ ,=Cgmpounds such as y-hydroxypropyltrimethoxysilane and
b (By%yg%x}%%ﬁy t?}qe?h}y&%sﬁgﬁﬁ gtgx?ﬁggﬂffé'b%fi B3d8d amount of th&€rcapto
grougitamendenpaurd is seledtedxinsa ramge from @¢.6hde &parts by waight per 55
1.00 parts by weight of the PPS resin. 29 A filler can also be mixed with
YIS S P PSS bbtaifsd by we ipk8a6ction process of this invention to and
~ anext : f this invention are not impaired. _
! me%(%a%nbplés o??:]let@f%%é%g%%gﬁilt%ggé fillers glfc%lg% glass %e%,péé:r%%ammg
alkofiyers ) basaltcibersipatassiumititanatewhiskerse zinsoxide- whiskesSis 1 1ane,

. "_urgalgiur?ocar{)gnate whiskers, wollastonite whiskers, aluminum borate
F™ R GhiskerS Paramtid Hhers Bidimirid fibers, silicon carbide fibers, ceramic and

v~ (2 fibets; asbestes fibers,gypsyi fibersand metallic.fibers, silicates.sych. . ..
as talc, wollastonite, zeolite, sericite, mica,

group-containing alkoxysilane compounds such as

y-isocyanatopropyltriethoxysilane,

Y-isocyanatopropyltrimethoxysilane,

y-isocyanatopropylmethyldimethoxysilane,

y-isocyanatopropylmethyldiethoxysilane,

y-isocyanatopropylethyldimethoxysilane,

Y-isocyanatopropylethyldiethoxysilane and
vy-isocyanatopropyltrichlorosilane, amino group—centaining
alkoxysilane compounds such as

Y- {(Z~aminoethyl)aminopropylmethyldimetheoxysilane,
Y- (2-aminocethyl)aminopropyltrimethoxysilane and
y-aminopropyltrimethoxysilane, hydroxyl group-containing
alkoxysilanecompoundssuchasy*hydroxypropyltrimethoxysilaneand
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 PP5 resin.



kaolin, clay, pyrophyllite, bentonite, asbestos and alumina silicate, metal

compounds such as silicon oxide, magnesium oxide, alumina, zirconium

oxide, titanium oxide and iron oxide, carbonates such as calcium

carbonate, magnesium carbonate and dolomite, sulfates such as calcium

sulfate and barium sulfate, hydroxides such as calcium hydroxide,

mayridsidmirhydroxide ariteatuiiadm iHydroxide: Fion-fibrousfilters saehby the

lass beads, glass flakes, glass powder, ceramic beads, carbon N

pmd%%r%tﬁ%egf ﬁﬁ%r%sne%gk%rolns r%t?i‘é%?léiﬁggn ER DTS LatBorF BlatR Csifiegt the

ef feand graphites The diller sanalsorhe:hollew; aad tworor-meretypes Ofe £111er
these fillers can also be used together. Further, any of these fillers can

inclyds hetreated prelfifari witFaidoing agert saetrasarf ibers, basalt
£1pelSocyanate-based &P%%wﬂ{%%'&sé'?”gi%acs%dxﬁ%@ pound, organic . . .

titanate-based compound, organic borane-based compoundlgr €poxy .
carbeompeundhitispreferred thdtthe aniked amoLuint iof agy of these inerganic rate

. _fillers is usually 0,0001 to 500 parts by weight per 100 parts by weight of
s S pe ki ta re"prefétrét 1aifge’is°0.661 16 406°parts byweight 1oers,
ceraﬁmeEEM&%@?ﬁ@ﬂé@@&&%@@é?@P@@ﬂﬁﬂﬁ@i%@@?@%ﬁ%@%é??%?%%%era

~_applications in view of the balance among strength, stiffness and other
s111prdpetties! 30 BsudliyiypicalflthesePsiresin is suppliet, intoea publicly mica,

own kn ch as a single-screw extruder, twin-screw ,
kao%&t’rud%?g énb% 2 Sr'ije}r; I?nleta%'er %)rer%&?ﬁlglﬁzo?l’miliagrkf& khe&ded "Withthg™ e
s11imetepealetemperattireofithesPES resin it 5 §0,606<asithe 96essing oxide,

temperature. In the case where subsidiary raw materials are used, the

2 LU ing OFdet bl FAW itErials'is Hot Wasecially At canertisipleds BRgnates
suchmethod sueh.as amethad.camprising,the; steps.of .mixing all the fAWs1omite,
materials and melt-kneading the mixture by the abovementloneg
sulfgheadifigthethodsamétimdscohfprising tive stepswf sulfate, hydroxides
such as calcium hydroxide, magnesium hydroxide and aluminum
hydroxide, non-fibrous fillers such as glass beads, glass flakes,
glass powder, ceramic beads, carbon nanotubes, fullerenes, boron
nitride, silicon carbide, carbon black, silica and graphite. The
filler can also be hollow, and two or more types of these fillers
can also be used together. Further, any of these fillers can also
be treated preliminarily with a coupling agenlt such as an
isocyanate-based compound, crganic silane-based compound, organic
titanate-based compound, organic borane-based compound 0r epoxy
compound.
Itisgnefexredthatthenﬁxedamountofemnfoftheseinorganic
fillers is usually 0.0001 to 500 parts by weight per 100 parts by
weight of the PPS resin. A more preferred range 1is 0.001 to 400
parts by weight. The inorganic filler content can be changed as
appropriateEorrespectiveapplications:hzview<ﬂftheba1anceamong

strength, stiffness and other properties.
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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, or 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
feeder Moneduar; thelihgrédientstd be sadded:by gpdll amotmtsscanafblicly

ours eaddeg after the other ingredi nt§arevkneaded by the o
knovgrboll\;l/%erln?enjﬁ%%&ei EBn'"%&et?f%g%an Defetizétt ~§0 fHal the EXtrE“SSitposiiom ~screw

extthde pptainedcan b@mqe%n-@&@@f’%@%ﬁﬂﬁ%pg%iﬂ?n)anltbi_%_nd kneaded
invention obtained as described above is suitable especially for injection
withmbltinge Partiealaraplicaticns ! the PRS fekh inchide, fob exanfigleC as the

pro ceé%%tﬂﬁ{f legironic,parfs. such ag RENSOLY lm?%'%é%@%s%oé‘ ne J(_:'.toc*:séw materials

sockets, resistors, relay cases, switches, coi Ins, capacitors,
are yaridble tapacitbn casese optital pickaps, nibratots; varouspterminal v 1imi ted,
boar,df transformersﬁgrlﬁgj S, printed circuit boards, tuners, speakers,
€

and G EpRongs hdall Al AotBrS Thaghbtico Head basest pewek eps of

mix imgdules, encapsylated semicanductor parts,diquid scrystal display padsy, . 1.
FDD carriages, -DD chassis, motor brush holders, parabolic antennas
abovgme BSmputst-relded gartsiabosehold antiofice eleetriccapplianice partps of

L Y s, television 31 parts, irons, hair dryers, rice cooker .

e lg*gt%,ggigc-%grﬁ 21 év%nwpgr?éeéﬁt%gsdp |zI3ﬁaer£1)tf_uskf)laer?sfg ilrl%ﬁﬁ"léﬁ AUdis pafdY the

abovaudio laseradisésiand i campactdiscs, dhumnationarts, xefrigerator aHsS raw
air conditioner parts, typewriter parts and word processor parts;

M hathifie-relaté parts SUENTSS Hffice Commpliter-félatedParad of mixing some
of E@J@ph%ﬁ'rﬁ@ﬁ%qpéﬂ%,fa%@il%@@egﬁé@@iﬁ%p@ﬁi@%% g)ggrtes’ using a

washing fixtures, motor parts, lighters and typewriters; optica ices
s InYgd precision machine-telated parts sdelr as whicrescopesn binoculassher raw

. 1d timepieces; water service . .
mate%@%%asugggélm,%%eSl%e ?ee(fer. Moreover, the ingredients to be

added by small amounts can of course be added after the other
ingredientsaIEzkneaded}xythe<abovementionedrmethodemmipelletized,
so that the entire composition thus obtained can be molded.

The PPS resin {composition) of this invention cbtained as
described above is suitable especially for injection molding.
Particular applications of the PPS resin include, for exanple,
electric/electronic parts such as sensors, LED lamps, connectors,
sockets,resistors,relaycases,switches,coilbobbins,capacitors,
variable capacitor cases, optical pickups, vibrators, wvarious
terminal beards, transformers, plugs, printed circuit boards,
tuners, speakers, microphones, headphones, small motors, magnetic
headbases,powermodules,encapsulatedsemiconductorparts,liquuj
crystal display parts, FDD carriages, FDD chassis, motor brush
holders, parabolic antennas and computer-related parts; household

and office electric appliance parts such as VIR parts, television
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parts such as tap plugs, water mixing faucets, pump parts, pipe Joints,

water quantity control valves, relief valves, water temperature sensors,

water quantity sensors and water line meter housings;

automobile/vehicle-related parts such as valve alternator terminals,

alternator connectors, IC regulators, potentiometer bases for light
part@iminers svafiobs valves incluting cextiaustgas-valves: varous. pipesfoparts,

.fuel and SL%:tion an% disch g%isf}/stem , air intake nozzle snorkels, intake

audlr%aar’r?l’ttj)?drsé,1 el ptmpg, iélr%rine CB8IiRY Water oints: APEUrRIOFRAM dEscs and

compbediesdearbyyetor 1 Spacerscexhaust gas SeNseLsy £0gling water SENSOES,  air
oil temperature sensors, throttle position sensors, crankshaft position
CONAddnddrs Fairfici netérd? Brakelfad weari Sensbes, dirrconelitiorrepsor parts;

machEUTOSAL pases, Joam hot,ai; flaw conttal v glv%sdm%adiator_ gni%[%r brush

ut?r & garta
holders, water pump impellers, turbine vanes, wiper mofor-related parts,
teledistribtitars] startbrswitches| starterifedays; ransmissionayire harrasses; ated
window Yg/asher nozzles, air conditioner panel switch boards, fuel-related

PArt O ctiomaghatic aivé Soils $iSE EoRAectdrs, hofh terhiinalaJelediR Y riters;

optieguipraent; pa inswiation beards, step MoIQrotors, lamp sqokets, lamp.y, 45
reflectors, lamp housings, brake pistons, solenoid bobbins, engine oil

mi CriEr8PRyhitioR device edses, carspest senbots]tablesliners, 82teaginesrvice
co ;unit cases, engine driver unit cases, capacitor cases, motor :

pa‘rtinsr%th%clAtion rﬁa%zr alégéggﬁﬂ/bm%g?céﬂﬁt}rﬁnﬁs &M parts’ and Gthepttss pipe

Joinvarjous apphcations.{Exampiesk ddis inventien |s explained belowdrore ya+er
particularly in reference to examples, but is not limited thereto or thereby.

D RS Row e 8Xam plds- fiatdHal Propertie\ierese valdatitl by thane meter
nousfollgwing methodss [Gay generation.amountly parts such as valve

alternator terminals, alternator connectors, IC regulators,
potentiometer bases for light dimmers, various valves including
exhaust gas valves, various pipes for fuel and suction and discharge
systems, air intake nozzle snorkels, intake manifolds, fuel pumps,
engine cooling water joints, carburetor main bodies, carburetor
spacers, exhaust gas sensors, cooling water sensors, oil
temperature sensors, throttle position sensors, crankshaft
position sensors, air flow meters, brake pad wear sensors, alr
conditioner thermostat bases, room hot air flow control valves,
radiator motor brush holders, water pump impellers, turbine vanesg,
wiperﬁwtor—relatedparts,distributorg,starterswitches,starter
relays, transmission wire harnesses, window washer nozzles, air
conditioner panel switch beards, 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

oilfilt@rs,ignitiondevicecases,carspeedsensoxs,cableliner&
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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 ARE-30K produced by K.K. Asahi Rika
eng igeisakusho ‘and Heatedest,320C for 2hoursr Thel anpsatke, wasstaken @utases
mot O?gwdi%hseuri%%k. %ortion of the f\gnpouée wtgich was not heated by the tubular

Urnace and had avolatilegas aepo?sli}’ed‘c Heréin WaS BItSdt Usig § e ts:

and andveeighed cSubsequentlyr the.deposited gas was dissolved by 5 g of
___ chloroform and removed, and the neck portion was dried by a glass dryer
[Ex2g1 568 )for 1 hour and weighed again. The difference between the weight

of the;neck poxtion: of the ampgulle_hefare gas remoyal vaend}%hahaﬁﬁfl%%iy in

CRskolRedsl
removal was calculated as the gas generation amount (Wt%). [As
refegontent] ecaratelylweigheds g of asample iwascplaced éta cucibleerepy .

baked, at 550C beforehand, and the crucible was placed in an electric
B g&?"d’%?ﬁ ARG 1St inciieraing the SaRTIE L PRe anfotifedia ted

furnace of 55

by tthe asinremaining-inithegeucible was accurately weighed, and the rate of
the measured weight to the weight of the sample not yet incinerated was

[Gascgiegated-astheBishiebatent (wt%). 33 [Residue amount] A PTFE

m e fi ith a_pare.size of 1 m weighed beforehand was, set in a

S eBT i S it & hEaraEls S e auAhER ol * PLace

amp oprbeluced hydSenshil Sgigntific Co ,d4d.] cand:#0& mg of:a, PRSHesiR portion
ressed to form a film with a thickness of about 80 pm and 2 g of

of Zg-ih%?oﬁa&r%h%n%qﬁe?e Baced i e pest fulse (olI5Wed bySehlifgampoule

was TBe SUS fest ube was i@@fét%agtqp%igwewpsaw%P"t@}@_ deviee . rpoule
SSC-9300 produced by Senshu Scientific Co., Ltd., and the filtration

was Heyiehwas iddieteandiic 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 welghed.
Subsequently, the deposited 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 weight
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 welghed 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 550°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 welght to the weight of the sample

not yel incinerated was calculated as the ash content (wt%).
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shaken at 250C for 5 minutes, to dissolve the PPS resin into
1-chloronaphthalene. A20mLinjector containing air was connected with
the pneumatic cap, and the piston was extruded to filter the solution by
the membrane filter. The membrane filter was taken out and dried in
vacuum at 150C for 1 hour, subsequently being weighed. The difference
[Re spéyweermhienieight of the membrane filter before filtration and that after
filtration was calculated as the residue amount (wto). [Melt flow rate

(MER)'MERWAS higdBured-46dording o the¥éthodspecified in km weighed

pe foASTMD1238- 4R at ademperature 9t 315,5€ @@%g&ﬂ%%@@%o Oneumatic
However, a resin with a low viscosity of more than 1000 g/10 min as MFR

“aP 306 tgh i AOWAbII 6 allow FieesBreméit by this Theasuriighethod.td .,
and 05 the PPS resips '%vezgqéggl%gtggl%ﬁ%gf%foeﬁxgrgp'& Fxamples 81013 1 1 ees

and Comparative Examp , the following capillograph was
of absed faromeasuriang the neglt visensit:cWHhenithe maelt viscosity, 0k aRPSr the
resin with an MFR of 500 g/10 min was measured, it was found to be ‘
about 80 Bﬁ?@ﬁé’&%ﬁ@ﬁ%&?@ 1000/8ecy SThigindichisstha irppsted into

nighresiigaotgreatly different: inerogslinking degree and nat gyeatlydifferent .,
in the dependence of melt viscosity on shear rate and temperature have

Scilepeltiviscdsity - 34-values o fovidrethan BORas theyhanie MR valoes ofd and
higher thap .500 g/10 min. [Melt viscosity] Capillograph 1C produced by

Shakgfgyc? eé?ge(?saga-rsho,Ti[d?%aess’usga {§'mea8irEthe el Viscdsiy dt 1nto

1-ch36@Crusing adiewith an plifice lengthof 4000 mm-and;anierifise connected
diameter of 0.50 mm. [Measurement of cooling crystallization temperature

VR ) FOSEprotUCel by PErkifl Elffret wab et atAHeatRgicoolingter the
solukals0fA0CHDIR I8 Niteoen AIMPSPhEre using, 200Ul 10 MARTR . +axen out

and dried in vacuum at 150°C for 1 hour, subsequently being weighed.

test

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 (for
example, Examples 8 to 13 and Comparative Examples 13 to 15), the
following capillograph was used for measuring the melt viscesity.
When the melt viscosity 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 viscosity
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sample as follows: (1) Heating from 50C to 340C and holding at 340C for

1 minute (2) Cooling to 100C (3) Heating to 340C again and holding at

340C for 1 minute (4) Cooling to 100C again The cooling crystallization

peak temperature appearing in (4) was employed as the cooling

crystallization temperature (Tmc). [Molding stability] One hundred parts
valupy weightofa PRSredin atml 67 party byaweight of glassdibers hicher than
500 %EH%O%T%&OS/P produced by Nippon Electric Glass Co., Ltd.) were

ry-blenéed, and TEX30a twin-screw extruder (L/D = 45.4) produced by

(Me1the Japanidteel Works, Ltd. was used for melt-kneading the mixture at a

screw speed of 300 rpm by setting the temperature to keep the

ternperatdRIGIRE rEsik Heliverd fiom e Syintiér 3¢ 820C  afdaheltd. was

knea resin.s d elletized .by a stra ter. The pellets wer
aKneaded.res p N€ peliels were
aee dried at 120(%% o%%%igﬁ;ea%d véuspcp?i%égﬁtoaéan%%%%bggﬁgtga-goidi:hiaec‘ﬂ65h an

orifiptdihgmyathing (pioduicedrby Fanao Lidt), fo continuaisiy mald bars o mm.

width 12.7 , thickness 0.5 mm, side gate 0.5 mm x 5.0 mm) under
(e EHETERT GTinjselon Shebd S0DTTISE, WoBCOATBRSEbE0 DS

cylinder tamperature,3006, moldemperatiite 150C. dnjectiondime 1, .01 1 ng

second, 35 cooling time 20 seconds, screw speed 100 rpm, back
rateppdssyPétl MiPa Bndesuckebade 0 aimy ant ¢heelengthsyobtheumoldedug of a
5 ampggrsa\ge@o@fg\ﬁgr:ed as the bar flow lengths. After the first 20 shots were

thrown away, the difference between the maximum bar flow length and

(1) theaminimupe dearflow lergth 4o 400:shots was; obfaineds Asasewhete the, ;-
difference between the maximum bar flow length and the minimum bar
(2) HERIeRGthtaccbbiftéd for 5% or less of the mean bar flow length of 100

(3) §BQHs wasevaluated to be excellent(p),\a,case wheee. the difference
accounted for 5% to 10%, "good (B) ," and a case where

(4) Cooling to 100°C again

The cooling crystallization peak temperature appearing in (4) was

employed as the cooling crystallization temperature (Tmc).

[Molding stability]

One hundred parts by welght of a PPS resin and 67 parts by
welght of glass fibers (ECS03TN-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 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
supplied into Fanuc Roboshot «-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, injection time 1 second,
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the difference accounted for more than 10%, "poor (C)." [Wet heat
resistance] One hundred parts by weight of a PPS resin and 67 parts by
weight of glass fibers (ECS03TN-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
coo Lpft-kigading themixtize atcarsereswspeed 0030Pmpnoby Bettings thee 1 Mra

temperature.to keep the temperature of the resin delivered from the
and %%r?;graact%igé?n Hnd the kieadad FESiPsralRa Hiad fedetized By s dirared

as ticdtter- The-pelletsovere drigd at 120G qvernight and, malded to prepare away,

specimens of 80 mm x 80 mm x 2.0 mm thick using injection molding
the fdctine UrpLOGG (Srotuced By Nissel Plastic Iadustriah Co.abtd F htaninimun

resin te re. of old te rature of 150C. On an
par ofl:f?(glhineglg:cl)a(g&&cti}'.r[lneln?,1 a?%p%?%f?eﬂ of 82Org)r]rrgr%a)éL 5 (fln'm X 0.5 A tr‘ﬁléll?re che
dif fwasmplaced and:theyhwerne ssehimab thermo-hygeosiatwith@ termperatikem bar
£1 OE6OC and a humidity of 90%, _for wet heat treatment for 10 days (240

hotirsy M AT COMIERor OF treatifentethe Gopper enBstmasisdallyy 1ength

of 19@”@H3¥¥§\9@@P%ﬁ§@%%%@%@g@”b@ny@Q@@%ﬁ%R{hQ§9¢aC%m@§se where
evaluated to be "good (B)" and a copper sheet discolored on the surface,

the dpiép(CyIciRetarents Exdinplé 1]Rréparatidnoi®P 8L 36:A0 autoctavehere

it tirrer and a valve at the bottom was_charged wjth 8267.4 g (70.0
th g R /
o ot o 50k Lo eyt B IRL. 20585 g (102 miGie) 6 Seo
[Wetsodiam hydroxide; 33860.0 g (140.0 moles) of N-methyl-2-pyrrolidone

(NMP), 1894.2 g (23.1 moles) of sodium acetate and 10500.0 g of ion
exCRANGEWATSH aRa Wil hitt6gei ak fed af RrmaFpresaure, GReparts by

weigBYStem was.gradually heated 19,240 taking abqut 3 hours, to distil away. .
g14772.%% of water and 280.0 g of NMIS}%U sequently,O{t%l el\}téggtléonn B8cric
GlaswgeSsel wascooled: te HHOC-blhenamound of VERER@Naining-indhesystenuder

{L/ngrggvgkaproduced 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 UH1I000 (produced by Nissei Plastic
Incdustrial Co., Ltd.) at a resin temperature of 300° and a mold
Cemperature of 150°C. On an obtained specimen, a copper sheet 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 discclored on the surface, “poor (C).”

[Reference Example 1] Preparation of PPS§-1
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of the supplied alkal=i. 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 per 1 mole of the supplied alkali metal
sulfide. Then, 10646.7 g (72.4 moles) of p-dichlorobenzene (p-DCB) and
6444.9 g (65.1 moles) of NMP were added, and the reaction vessel was
sedledainder hitregerigas. aWith stimng ab24rpm lthe systerhewasttom was

ted.f mE?Z(g)f: 0 270C at a rate of 0.6§/mi ,agd held at 270C for 70
chaz %lzr%ut‘géjE %he ejec'ti%)ngvag\cl;g at the’ E%t%moéf tﬁz Altottale Was bpenggl £1de,

292 5arnd yndenpressulizationby fifroge the coptentwagflushegddntaoay (1:0.0
vessel with a stirrer for 15 minutes and stirred at 250C for a while to

Mol emBve Mds 0T NIMPPHE btdifea Solitind 53 fitéés 8f ibni@dchameles) of
sodiWaterwere - plaged inan gytaclay eé"‘ﬁithi%ﬁ“rée{c%“agn%%::xge%%goc for3d e

minutes, and suction filtration was performed using a iter ‘with 'a
nitrpgrersizesof 40 o I6ommT hen; 68diters, of ion exchangeawaterheatedtoieated

was poured into a r%Iass filter with a pore size of 10 to 16 m, to

7 l ]
to 25 g%rﬁaéﬂc‘?i%nafﬁﬁﬁt‘?o fOrYbt&inirP 18666 GlofPpg-1 43 Wedkey of water
and (Entaining 7550y of the PES.resin)y [Reference Example2. 1.1 yas cooled

Preparation of PPS-2 Polymerization was performed as described in
to lReterende: @ 2Exrample 1, extept thatsodilmiadetatérwasynot @ddedratl mole

s thet I le r a_ti%p to obtai )t16§00 off‘P%;Z_ as a cake ,

o Cantaig 75805 bl e ERS remn. [Conpatie EAmgls TFREiS toe

watewas notsuljécted:any pf the het watef tramtment sagid Hisegtmentandat tered
thermal oxidation treatment. [Comé)arative Example 2] PPS-1 was

SMOUR [hikcted 16 IHE thatmAareKidaRsn réatBRt Wlioutbefgsabjddtedterpl ied
a1 xathe hetwates reatment and the acid

Then,10646f7g(72.4nmles)ofp—dichlorob@nzene(waCB)and
6444.9 g (65.1 moles) of NMP were added, and the reaction vessel
was sealed under nitrogen gas. With stirringat 240 rpm, the system
was 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

autoclave was opened, and under pressurization by nitrogen, the
content was flushed into a vessel with a stirrer for 15 minutes
and stirred at 250°C for z while to remove most of NMP,

The obtained solid and 53 liters of ion exchange water were
placed in an autoclave with a stirrer and washed at 70°C for 30
minutes, and suction filtration was performed using a glass filter
with a pore size of 10 to 16 um. 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 obtaining 18000
g of PPS-1 as a cake (containing 7550 g of the PPS resin).
(Reference Example 2] Preparation of PPS-2

Polymerization was performed as described in Reference
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treatment. 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 oxidation treatment under the

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

treatment with an oxygen concentration of 12%, 1.0 liter/min of air and
Exan®.96 liter/mivephitrogen werdiintroduesd: intothe heateraand an-0xygen + ime
of oS ncentration meter was installed in the heater for measuring the oxygen

P Roncentration: (ComparAtiva Examptes 3 4ihd % PPSF \fasdtibjected te1ning

1550thg acid treatmept withoutbeing subjected to the hot water treatment, and

subsequently was not subjected to the thermal oxidation treatment. In
| Comppiaritive Ex@mptes 3 and 4, an autoclave with a stirrer was charged

WitBPLOB_ Q, of PPS-1 as a cake, 40 liters of ion exchange water and 700 1,
g of acé?c agc?drt%%rﬁggﬁa%\eg %féanﬂlgleo )%?rlifﬁgogf wfc%%% fdigatment, acld

trea(Gemparativetxample 4)xang-theratmospbeeein the autoclave was
rergace,d by nitrogen. Subsequently, the system was heated -co 192C
[Compad kGt &t themigerature for 30 minutes to perform the acid treatment.

Thept during:the acid-reatmentwas,as shown, iq Table L. The ...

~autoclave was cooled, and the content was filtered 38 by a glass filter
withgith dopdressize’dpl ¢0ted 6am. Then 80 liters: of icrrexchange waterche acid

. heated to 70C was poured into a glass filter, to perform suction filtration
creailmen

or obtaining a cake. The obtained cake was dried in a nitrogen steam at

120€dop4uhpursoto ebfairr mspawdergkPPSAA subjested ta-the.acid .5 Ga+ 1 on
treatment. [Working Examples | to 4 and Comparative Examples 5 to 11]

treappyit Wi shbjected t6thé atiriféatniehit ithott beingr stibjeéted to the 1 une
of 1 d@tlv_’@@f dreatment, j'@é’%!%ﬁdgg E%%@@JS%&? é}?:[] ga%%rgg %‘%g\éetme nt under
Examples 5to 11,

the c¢onditions shown in Table 1. Meanwhile, in the thermal
oxidation treatment with an oxygen concentration of 12%, 1.0
liter/min of air and 0.96 liter/min of nitrogen were introduced
into the heater, and an oxygen concentration meter was installed
in the heater for measuring the oxygen concentration.
[Comparative Examples 3 and 4]

PP5-1 was subJected to the acid treatment without being
subjected to the hot water treatment, and subseguently was not
subjected to the thermal 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 exchange
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 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 Table 1. The autoclave was cooled, and the content was filtered
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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 of acetic 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 acid (Comparative Example 11), and the atmosphere in the
by aaticuiaveé Wasereptaced dyoritregeinzEhef, e systenuwas heated to0 1iters
of 1492C orkingWEgéam les 1 tg 4 and Comparative Examples 5 to 9 and

1) ‘GF offiparative Example 10)and RebP HtHe BRibéraursforad ter,

to peirfutes teperform thel acid treatment. Jhe-ph during the.acid treatment . 1 ned
was as shown in Table 1. The autoclave was cooled, and the content was

cakefigradBy 84 ass diltet LY aTporessize of 1046°16 Fait. Subsegaently, 60tain
= poligeotiensexchangg yatsrhealed 19,0C was pored.ntoa glass fiter,

to perform suction filtration for obtaining a cake. The obtained cake was
[Wordriedinta aitrdgen dtréam‘at20C fondsheurs vto abtaitea povederofil)

PP -%;s bj‘gcted toghe acid treatment. The powder of PPS-1 subjected to
the acid treatinent was Biatad 'R a H¥atétwith & Sfiériaing'a VoRife Deing

subjef.0a litersyppdithe thermal exidationstreatment was performed under
the conditions shown in Table 1. Meanwhile, in the thermal oxidation

treatmBAL Witk ah o3 e Tondentfatior of 2296 (W briking Esxamples | an 11,
an 8800 39 LATERRNE FrampiSRL A oA RO e ST A s

0.96 liter/min of nitrogen were introduce o the Heater, and an‘ox
a caéencetfiratioremeterfiwas instaledsingheheater tormeasuregther oxygen ¢ acid
oncentration, The_thermal oxidation treatment with an oxygen

(Worcoj“r?&r%ﬁati%igfszf%a&ﬁo?kiﬁ&%)&?ﬁ@% D ArtE3 R tparative 7 to 10)
or 4Example S} was-parformed;ingn aif atmosphere with air éﬂ%%%@&ngt%]ﬁt ive

1.96 'Liters/min. [Working Examples 5 to 8 and Comparative Exampl
Exampps-§ was slbjeeted: trthechetoatet treatment, subsegueptle 11), and the

atmosphere in the autoclave was replaced by nitrogen. Then, the
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 filter
with a pore size of 10 to 16 um. Subsequently, 60 liters of ion
exchange water heated to 70°C was poured into a glass filter, :o
perform suction filtration for obtaining a cake. The obtained cake
was dried in a nitrogen stream at 120°C for 4 hours, to obtain a
powder of PPS-1 subjected to the acid treatment.
Thepowd&rofPPS—lsubjectedtx)th@acidtreatmentwasplacai
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 treatment

with an oxygen concentration of 12% (Working Examples 1 and 4 ang
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to the acid treatment and further subsequently to the thermal oxidation

treatment. In Working Examples 5 to 8 and Comparative Example 13, an

autoclave with a stirrer was charged with 18000 g of PPS-1 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
Compatrtheitempetaturedfor 3G:mindtesotal perfoim the 1 hetwater treatmientaTheo . 96

autoclav% was cooled, and the content was suction-filtered by a glass

Liten Lt bore §58'0f 1010 16 " - SUbLedubhtly 83 fitdts 6t iGRid an oxygen
concexehangeowates heateghto 706 twas paured into-a glass filter, to pedform, .

suction filtration for obtaining a cake. An autoclave with a stirrer was
CXYYERarged witH thet obfained takd, 4oriters ohioniekélhangerwateramy 700th an

Oxyg%rgf accgﬁigeg(ﬁiga(i\_/\i%rlgin Ex r%les @Jx%njrgl §)a@g Conl%aratié(e Eg%mpée and

3) or 43 g of acetic aci tWor ing Examp and the a?mosphere in

Compthen alteclavenydsreplaced e nifrogead Then the systemas beated £0, air
192C and kept at the temperature for 30 minutes to perform the acid

: 9 :

IR GERENE The pit dUfih Tié Atid-treatment was as shown in Table 1.

[wor khe auieclaye wasscaoled, %sto‘é%ﬁfélt e enily the gontenty was-filtered by
0

a glass filter with a pore size of 1 m. Then, 60 liters of ion
exEfange wate? Heatad fl70C Was poiiredintg at 48:glassifillestbsequently
+o therfo m. uction filtration for obtaining a cake, The obtained cake was
° d%edginla% ni%r%%%lrcl%?r%qémagtg 12‘0%%%%%0%??,%0%8@#5 powd&fGe thermal
oxidRPS:1 subjected ta the hot water treatment and the acid treatment. Then,
the powder of PPS-1 subjected to the hot water treatment and the acid

treatmBAREGAE Subjetted fthe  tierfhat BidatiBr treatrant drdeithe 13, an
auﬁoqu¢@0@%§H0wné@ﬂf¥@%f&é%t@%HE%@Eﬂ8@93“%%8@6“%5%%”@%?91 as a

oxygen concentration of 12% (Working Examples 5, 6 and 8) and in the
cakethershal Oxidation stredtment wittan ngyger tencentrationraf 219osphere in

the ég%ggygbgﬁﬁﬁpgég&acecibyzzitrogen. Then, the system was heated
to 192°C 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 156
pm. Subsequently, 60 liters of ion exchange water heated to 70°C
was poured into a glass filter, to perform suction filtration for
obtaining & cake. An autoclave with a stirrer was charged with the
obtained 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
Table 1. The autoclave was cooled, and subseguently the content
was filteredby a glass filter with a pore size of 10 to 16 um. Then,

60 liters of ilon exchange water heated to 70°C was poured into a
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the air and nitrogen rates were the same as in Working Examples 1to 4
and Comparative Examples 5 to 11. The thermal oxidation treatment with
an oxygen concentration of 0% (Comparative Example 13) was
performed in a nitrogen atmosphere with nitrogen introduced at 1.96
liters/min. [Comparative Example 12; In Comparative Example 12, the hot
glasgwaferitteatmernt asd therthermalioxidation treatmentwerelpedformed by cake.
same metFods as .described in Working Example 5, except that the

The Ctél%:ldatlrggﬁin%% WAE Ot péfforméed The HERs Gl @R dits bf the gag 4 hours,

to openerationamaunt, ashcantent; uesidteamount MFR and, Tme,ofgach; .«
PPS resin obtained are shown in Table 1. As can be seen from Working

and Bxarified 11680 AE pH BhE terhberatire for the BER treatmdntandiihe the
not IGMRSralyre, ime and, oxygen copeentation for the thermal oxidation -

. S
treatment are controlled, a PPS resin stall in gas ger?eraﬁgn aniount,
therash contem ldnthresidue amountcar betohiainedaihiledt.ean have aimettan1e
1 i/isqC sity .in excess of 500,9/10 min as MFR. Further, the evaluation
. I

C f '
results of Moftihg Statifity ait Wet et Heststance aR-AIB SN i Lration
of 17ablevdritcap be.seen thatonly 43 when aRPStesinsmall ngas .« 4o+ on

generation amount, ash content and residue amount and with an MFR of
Lreahigpat thai SO0 gPHY fik i§ esedn hciding stabilty antiwekheat Example 77,

istance oad. .On the other hand, in Comparative Example 1,
whe éﬁwﬁ%ﬁg alg%g%r%(;%?ﬁeﬁ? Was no Jﬁ%rfégr%eé,atﬂ% MER Wad' Poﬁ(élﬁa fgamples

1 toash eontentrwas targe sFurthery sinece she shermal oxidationetreatment was: ; on
not IlEr:erfo,rmed, the gas generation amount was large. In Comparative

FreERGMpIE 2" Rirte te 4610 treatTaH: s Aot perfdmeéd eRgugtiiheve Exanple
13) #hermalexidatonireatment wasperfprmed.the MER was lowandthe .. .4

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
not performed.

Themeasuredz@sultsof1ﬁmagasqenerationamount,ashcontenm
residue amount, MFR and Tmc of each PPS resin cbtained are 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
oxygen concentration for the thermal oxidation treatment are
controlled, a PPS resin small in gas generation amcunt, ash content
and residue amount can be obtained while it can have amelt 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 1. It can be seen that only
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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
when7 asiigé the thernsalaokidationytreatmrert:time (mas teo:shortsthe gasatent and
eneration amount was Iar%e. In Comparative Exame%Ie 8, since the

e e O Hat B rEAthent tiie wis fodiohg, Hhat %é‘ Ahfbantivag used,
moldlarge andithe MR wvas low: In Comparative Fxample 9, since.the thermal

oxidation treatment temperature was too high, the residue amount was

lar§& dneftherER Wasdew! In CoprparativesEXaraplel £0 Lsingérthe acick acid
t reatfGaRent t@”}f’i{aéué%%"éar%é’v&c’ law, 'ﬂ%fsﬁacé’ entwaslarge andthe ¢

MFR was low. omparative’ Example 11, sirice the acid treat

was bkifegewasknott exhibitedrowingte ahetkaline-pH dtheiash €QBILALMEAS was not
large and_the MFR was low. In Comparative Example 12, since the acid
PeT it Mifant -Was Fibt peHoRmed . the &S cotiteiAias fFgE anditheMERarat ive

ExamPas low. dn.empatatiye;Example 13, since the oxy G&'%’%‘f{?@&%@é‘uﬁh the

during the thermal oxidation treatment was too low, the impurity remov
thergfdcPby 8xidationiwas loveahdithe gas jemerationtaraouRRwasslarge. and the
ash »%E‘&e ggm arative Examples.1to 13 hcave these problems, it 42 can be

seen from Table T that go%%%r:eosﬂfﬁt%%aoufd[ RotB&bBtdifed fithe!r Since the
therevaluationiafmolding-stabiliy, and:wet heat resistancfe 43MANN QMO 514

00.-(1JO0lat0OIW<OVJOO>YVUU aOO'ONaN N(QON~"O
trea@r@r@ §gs 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 +ine
was too short, the gas generation amount was large. 1In Comparative
Example 8, since the thermal oxidation treatment time was too long,
the residue amount was large and the MFR was low. In Comparative
Example 9, since the thermal oxidation treatment temperature was
too high, the residue amount was large and the MFR was low. In
Comparative Example 10, since the acid Lreatment temperature was
woo 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 acid 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 removal
effect by oxidation was low and the gas generation amount was large.

Since Comparative Examples 1 to 13 have these problems, it

42



aNONNCJa.-(N1OONIONNOo.-oUU aNONNMaO AV
ONNN'"'OOU aNO-NCINMNVONIWOO0O0OaNOOMNN
UU aoM(@lvmooOOONUUMNMvVMMVNNO ~'roQm Eaa
OON{INNNOMOO'-(ONOO(~a0O0oO0OeWVNOONNam a
can Bd ONO MO Gadr0h NINO Q1N U0 {nONGQ NN Q- i-, talned
Qm aaNppNIANa~++aCmNNOO' "UUEIJco6lVO]
in tN@N O i NRE NPINGEQI LBy N @ hetvid ih v r afd NO> Be@r @&Dslﬂanca
ZOy(~d'Ol?.-NONONNaaNOONONQ-ma MaKm11”0
ONUUMM1I~-moNNOmMM aaOOott% N

43



1

Table

aNa4<NONOMGBIUUIJ(NINONIONN<mhmm aaOO'-ON
almallllllIoNNMoUUMVMONNNONMMaaoolfJN
A~EEamaEiEmcHm

m c'~Eoom+ m-00 EofHLINI-(n~Q't

QIO FTC ey 4] PPS-2 was not subjected to any
-gtihe hat weaes = @gid [ teeatmjent and thermal oxidation
tigatment. [Cam Examplé'i15] PPS-2 was subjected to the thermal
g<gationitreatm ut bemygisybjected to the hot water treatment
=And e acigSire RGom @L@' Example 15, an experiment was
- J o5 | — T
férformed as|d A Comparatiye Example 2, except that PPS-2
used. [Cp Examptes 16 and 17] PPS-2 was subjected to
~he| acigkt |8 e uthe g@ﬂgcted to the hot water treatment, and
gdabsequently w bjected tp th¢ thermal oxidation treatment. In -
(}P pargwe: , anjexperimgnt was performed as described in
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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 11 and Comparative Example 18] PPS-2 was subjected to the acid
treatment without being subjected to the hot water treatment, and
subsequently was subjected to the thermal oxidation treatment. In

[ Comprotrihg Exaniperd, cantédperiment was performed as described in

Woarking-E I t that PPS-2 was used. The pH for the acid .
ot s Ao T 2 In W Gridhg ERGMHE 167 GRE T reatment,

treatment was as shown

acidexperimertwas perforrsed a5 deseribedin WerdneExample 2 except
that PPS-2 was used and that the thermal oxidation treatment was

(oS ieE tor s MEdR. Thé pH for the acid treatment was as shown in
Tab@§%ﬂ5dQ§V@KE%§@¥§Hm%&1¢§&eﬁgﬁgg§§£W%%QSQ g?ﬁd%%e?tm@ﬁ
g e pH for

described in Working Example 4 except that PPS-2 was used.
withihetadie reatment wases showrnin Tablew2: ire Comparative:Example- 18, acid
¢ roadh 8X eriment was performed as described in Cor_npar_ative Example 9

except that PPS-2 was used and that 43 g of acetic acid was used for the

acidrireatmenta the pHe fordheacid reatmentwas as shown dn Jable 2e g as
[Working Examples 12 to 15] PPS-2 was subjected to the hot water

descdafrent? sUREEGUSHHY VR theadid fredtmemcaT-furiher siBSeGuertly tosed.
ECom@grtglgm;gl %%iggstrelaéngg& ITWorking Example 12, an experiment

was performed as described in Working Example 5 except that PPS-2
waBifsed. The pkufgrdhe @giditreatmentwasi as shawndm T ab;l@t%_dﬂt being
Working Example 13, an experiment was performed as described in

SUbI{forking Example & excpt tHat PES: 24744 uséd e pH Sfor tid- adidwas not
sub jEeaaeiovas as showndn Tableide ion 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 kExample 17, an experiment was performed as
descriped 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 11 and Comparative Example 18]

PP5-2 was subjected to the acid treatment without being
subjectedtofﬁuahotwatertreatment,andgubsequentlywassubjected
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 except that PPS-2 was used and that
the thermal oxidation treatment was performed for 6 hours. The pH

for the acid treatment was as shown in Table 2.
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In Working Example 14, an experiment was performed as described in
Working Example 7 except that PPS-2 was used and that the thermal
oxidation treatment was performed at 200C for 2 hours. The pH for the

acid treatment was as shown in Table 2. In Working Example 15, an
experiment was performed as described in Working Example 8 except

that PPE2X WakdsédaThe aH for theacid treatmentwasvass showmftiormed  as

desctakle 2..The measured results of the gas generation amount, ash content,
escres?éue éﬁﬁc%lfn %W—S’h%ﬁ%mpn%% of §4¢ QB§§ Sin obtaireli&iesHon ihte Pi

for Table®:As car:-besseen from Werking kxamples:$ ta. 15 that use PPS-2
lower than PPS-I in melt viscosity, since the pH and temperature for the
acidtrétRnt thé temperatirs tihfe afd oRy§er 4Badncentration forthed as

desdherpal QKi%@é%Wtﬂgﬁﬁﬂgoﬁegxé@%?%%é%gﬁ}9§’£"§in§d IS cad and
small in gas generation amount, ash content and residue amountatﬁoug%
thatit hasa nlelevistosity: iniexeess of500 /10 mia as-MER feurthernthe The pi

for %%u%té%n recsults of moldin stabilitg and wet heat resistance are also
Shown i Table"2 HERT bdseenThaf 61y When 3PBS%esin small in gas

[Worgeneyatiga@meunt; ash gontent and residue amount and with an MFR of
higher than 500 g/10min is used, molding stability and wet heat
resistance"etsme tiRyods O thé lothep hand  incConsparative: Examyple dident 1y

to SiRcethe acid freatment was not performed, the ash content was Jarge,
and further since the therm§ o%‘é%%oﬁrtresé hentgs %gty pétr?orr%%%, fhesrmal
ox1dgds generatiamamount was large. In Comparative Example 15, since the

aci treatn;f%nt was _not performed through the thermal oxidation treatment

was beftornied Sthd 28R Rbfterttwasiirgé HRCdmparative Examplesr1ed  as
descanddd, singe the:thermal axidationteeatnentwas not _performed thoughy, . .

the acid treatment was performed, the gas
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 plt
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 PPFS-2 was used and that
the thermal oxidation treatment was performed at 200°C for 2 hours.
The pH for the acid treatment was as shown in Table 2.

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

Then@asuredresultsoftimagasgenerationamount,ashcontenm
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 PPS-7

lower than PPS-1 in melt viscosity, since the pH and temperature

for the acid treatment, the temperature, time and OXYgen
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generation amount was large. In Comparative Example 18, since the
thermal oxidation treatment temperature was too high, the residue
amount was large and the MFR was low. Since Comparative Examples 14
to 18 have these problems, it can be seen from Table 2 that good results
could not be obtained in the evaluation of molding stability and wet heat
conaesistancexn47dt N IO Ne@r{a 10d:at 3 bV N@Aﬁ:a@le N-© ONQBL1eq,
tINNOMOY..-NMO<mMONNNOdONMQmMa-NOONRN'
the QPR FERIS RPN%“@%E)W‘?J&P&IN%N@WN@@%H%“W@% RER PR et

and E<NWMN NNGOY HHQ M6 QQNaQOaQn@lNQIPSQOQMQM Qé(%leé@ Qf 506
No AaVONi.-NNOMO?Nmmn a~Np~N
g/100m@ 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 a 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 the 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 gag
generation amount was large. In Comparative Example 15, since the
acid treatment was not performed through the thermal oxidation
treatment wags perfoxﬁed, the ash content was large. In Comparative
Examples 16 and 17, since the thermal oxidation treatment was not
performed though 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
amount was large and the MFR was low.

Since Comparative Examples 14 to 18 have these problems, it
can be seen from Table 2 that good results could not be obtained

in the evaluation of molding stability and wet heat resistance.
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48 [Industrial applicability] According to this invention, a PPS resin
L Indggidiient imriekl fiowability, small in metal content and in the amount of
th e, onent generated during melting and, excellent in molding
stgﬁt}lél%lé %ﬁégﬁgt]%eﬁ?]égisﬁﬁfgengéﬁ be oabtgi%gd.‘rié ﬁitl%xo??fﬁé ent intmelt
flowdbdument] Eladrns [Claiot 4]l A-pracess forproducirgapalyphenylene c1a+11e
sulfide resin with properties of (1) 0. 3 wt % or less in the amount of the

compobiEiife JHY'Géreratbd Wi Hedtsd aid tneffédiat 320l inavdeudrn forplding
stabloursy (2).0-3wi%orless insthe-ash.content achieyed whep incinerated

at 550C, (3) 4.0 wt% or less in the residue amount achieved when
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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 m at 250C 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 315.5C and at a load of 5000
[Titgg byfaciteredtingnapolyphenitene sulfide resin in an acid treatment
s%(?pl n% subse%uent%treatin%%it for thermal oxidation in a thermal

[Clag T ™21 A RFGCEES 18P pfodiRingeR POy bRBAy T e Stiffder e s in

oxidation s?erp(?(f

withresiopaceoedingto(claim, b, whergin in.the acid-treatmentstes e: vo1ariie
polyphenylene sulfide resin is immersed in an acid or an aqueous
gas gefinionteidnegeidfor reatrmentnfClagn 3]tA Processror produciigra’ hours,

2y Bolyphenylene sulfide e%ig Ceor in togaim or 2, wherein in the acid__
) treatrﬁent step, the po yphgnaghe%ﬁﬁ%%prjésﬁ%}r%\r%eecfsg T an'Heid 6F &

at Sap’aquecys solutiarkobthe aeid for trgatmeatatpl 2.10-8 apd-at809.4 when
00C. [Claim 4] A process for producing a polyphenylene sulfide resin,

; ] n
480 a%E%Pd?n‘éth%r}y%%toPé’ldT%glhfhr‘b@@%@, Pherdih the St of trdating resin
dissthepelyphgnylene sulfide resip bmélp%wetero%t 89 10.200C is.performed . ;.

before the step of acid-treating the polyphenylene sulfide resin. [Claim 5
presapiocéss for predhcing aEpalyphenyienasulfidé resiny ddcording teany ze of

1 mogf 0%§{5@|¢115f1§hr ungh 4, wherein in the step 50 of treating the o
M Solyphiehylens SulfidE tBEIRTor thtthal bkidatiBnethe poRphelyrehed min in
me 1t suffiderresiatie heatdreated injancatmasphere withsan oxygenecasured a+ a
concentration of 2 vol% or more at 160 to 270C for 0.5 to 10 hours.

Lemp AT 6F Aprocess Tor produéingta poRphehyiehelsdlidepesingid-treating
a pcAGRoRding fe.a0y ope f glaims 1 through 3, wherein the polyphenylene,

subsequently treating it for thermal oxidation in a *‘hermal
oxidation step.

{Claim 2] A process for producing a polyphenylene sulfide resin,
according to claim 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.

[Claim 3] A process for producing a polyphenyiene sulfide resin,
according to claim 1 or 2, wherein in the acid treatment step, the
polyphenylene sulfide resin is immersed in an acid or an aguecus
solution of the acid for treatment at pH 2 to 8 and at 80 te 200°C.
[Claim 4] A process for producing a polyphenylene sulfide resin,
according to any one of claims 1 through 3, wherein the step of
treating the polyphenylene sulfide resin by hot water at 80 to 200°C
is performed before the step of acid-treating the polygphenylens
sulfide resin,

.Claim 51 A process for producing a polyphenyliene sulfide resin,

according to any one of claims 1 through 4, wherein in the step
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sulfide resin is a resin recovered by a flush method. 51

of treating the polyphenylene sulfide resin for thermal oxidation,
the polyphenylene sulfide resin is heat-treated in an atmosphere

with an oxygen concentration of 2 vol% or more at 160 to 270°C for

0.5 to 10 hours.

(Claim 6] A process for producing a polyphenylene sulfide resin,
according%x)anycmmaofclaimsE.throughfi,whereintﬁuapolyphenylene

sulfide resin is a resin recovered by a flush method.
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