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1 DESCRI PTI ON PRODUCTI ON PROCESS OF POLY( ARYLENE
SULFIDE) 5 TECHNI CAL FI ELD The present invention
relates to a production procesg of a poly(aryl ene
sulfide), and particularly to producti on process of
a poly(arylene sulfide), by which a poly(aryl ene
sulfide) having a desired nelt viscosity can 10 be
stably produced. BACKGROUND ART Pol y(aryl ene sul fides)
(hereinafter abbrevi ated BBSCRPASESY represented by
pol y(phenyl ene sulfide) (hereinafter 15 abbreviated
as "PPS') are engineering plastics excellent in heat
resi stance, chem cal resistance, flanme retardancy,
mechani caPRPPOPEEPN eBROGESSt OF cCROLH ( ARELENR SJULFIDE)

di mensional stability and the |like. The PASs are
comonly used in a wde variety of fields such as

el ectrical and electronic 20 equi pnents and autonotive
equi pnents because they_E%E&BEE_ﬂgﬂﬂéﬁ or nolded into
various _kinds of mglded or forned products, filns,
sheet, FiH&ESBc lnE{)‘?n(’jéﬁélr 5Flﬁ‘§r9f5 tAr BcBESARgtion process

te?“”'né P e S n AT Bttty 3 -

PA: L in.
PRAGUGEL o0k PLOSES %a?fi‘measld%m%f%“% ShNd %go'av%egh a
| So{ £REESA M L, A fi DAl ﬁa\a{ﬁ)ﬁ Olfg)cf’g,(gdl 40, as% Sity can

or gani ¢ am de solvent suc pyrro
Ase §@§b§ylﬁfgd§@gﬁpe, a conbi nation of an al kal i
nmet al ~

BACKGROUND ART

Poly(arylene sulfides) (hereinafter abbreviated as
“"PASs"”) represented by poly(phenylene sulfide) (hereinafter
abbreviated as “PPS”) are engineering plastics excellent in
heat resistance, chemical resistance, flame retardancy,
mechanical properties, electrical properties, dimensional
stability and the like. The PASs are commonly used in a
wide variety of fields such as electrical and electronic
equipments and automotive equipments because they can be
formed or molded into various kinds of molded or formed
products, films, sheet, fibers, etc. by general melt
processing techniques such as extrusion molding, injection
molding and compression molding.

As a typical production process of a PAS, is known a
process, in which an alkali metal sulfide that is a sulfur

source is reacted with a dihalo-aromatic compound in an
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hydrosul fi de and an al kali netal hydroxide is also

used. In order to stably provide a good-quality PAS,

it is 5 necessary to strictly control polymerization
conditions such as a nolar rafio of an alkali netal
sulfide to a dihal o-aromatic conpound, a water

content, a polynerization tenperature and

pol ynmeri zation tinme on the prem se that the purities
oforigawimakerdal so15e6endaEy égmnﬁégﬁ?ﬂ(?ﬂ?\f@réfﬁi&pe. As
i ke are high and constant. For exanple, it a water

cahtestulifnrt Beupekymar tdabi AR+ EEACHE O8N SYSELM i fetLO
| ow, unpreferable reactions such as deconposition of

ahPASoshdrfied teddahoadrell. métal heydBbLId€0Nd entsd Sused.
too high to the contrary, a polynerization rate is

mar kedl ¥n sdodwed, tors tl Jyn prefverdablae gaiodie gi@adttiyorasar €t is
caused. As the alkali nmetal sulfide of a raw naterial,

i §ecgenerdl Ity asedcily hydtack pohyméningtrogreatditions -
amount of water of crystallization. Further, these

r §WCRabéer Palglatyrapéoadfednt alkabl reace] orukiistemas

agueous solutions in 20 some cases. Accordingly, a _
gFeBflanBLiRTasf CWEPBPOBRI st S FRLCF heoryeriem atpamerization
p%int of tine tgese raw materi al s have Dbeen charged
i NEOPETPERERT BRTVBRLRNS T Lpth! thet PRodRR t Fitth Pl epARiat the
Lpgsitgedeh d;atiog s%eg of heati%%rand derdrating a
XTUr&®Roft af Al e ERT 07 Hani T RYT S of VEARE t5 &g apd the
syFLgra§8uEg nt9,§00L Lol _a water content in the
pol yneri zat1on r%%c %%%£%§%tenf¥%eﬁgﬂgﬁﬁ’lﬁfaﬁrgﬁﬁga
a8oAteft ePnPELOT pb Pyl POL YIRS ZAL1 O SteR, 3., The
dehydrati on stepplgygenerégfy oper§%§?|ryiﬁ%nﬁfkgéﬁhéow’
OhinpPePEHAPIE ABLEE: 5O VI tiatad Sorp S V&N 2% pas
formed tend to occur. If the water content is too high to
the contrary, a polymerization rate is markedly slowed, or
unpreferable side reactions are caused.

As the alkali metal sulfide of a raw material, is
generally used its hydrate containing a great amount of
water of crystallization. Further, these raw materials may
be added to the reaction system as aqueous solutions in
some cases. Accordingly, a great amount of water exists in
the system at the point of time these raw materials have
been charged into a reaction vessel. Upon the production
of a PAS, thus, a dehydration step of heating and
'dehydrating a mixturevcontaining an organic amide solvent
and a sulfur source to control a water content in the
polymerization reaction system is generally arranged as a

step prior to a polymerization step.
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pol yneri zation reaction and conducted until water is
di scharged out of the systemby distillation, and the
water 5 content is lowered to generally 0.3 to 5 nol,
preferably 0.5 to 2.0 nol pernol of the alkali netal
sul fide. Wen the water content has becone too lowin
the dehydration step, water is added prior to the

pol ynmeri zation reaction to regulate the water content

Wi thin andegékgdhrd@nge. s 4, A d efeddie, VAL %rpe‘i%ncte%lnti_ni fhe

regul ated, a dihal o-aromatic conpound’is charged into

t hrgeacid oF Sysbefhnabdath@e £8AGELENtEY St €M 4Ssolvent for
heat ed, thereby conducting a polycondensation

r gadiyiner.i zbrribhe rdehydbat kaa sbepuctbe ahkal i whetal is
sulfide 15 reacts with water in the organic am de
selivemargadd oultydfogbn syktietlebfHAS)ti 51 gubh | bih@UShY water
di ssociated and volatilized out. Wen water is
dicomitleingd isf flobprhdatbongennraihe GeBydsasimnl stepeféiebly
water is discharged together with the organic am de
s@l-vefo dufsingé PRE B9St el tbe ehkal wegahi subfidie. When
solvent and water are separated from each other by

dits€i FPAETroRONARBTORRY RAEeme| §odi tehaigethe Alehydmation
sane tine, hydrogen sulfide forned is_ also volatilized
oGt ®BndVar€EhaP gedIBdt BF 48Tt he &heteedymemeization reaction

;géa&%éhégggoggeofaF%droaﬁn gulflde_in t he dehydrati on

p CaUS8S®t hB® 25 FOF | BAP hG pr BbHeHR # rfef FHtustIa
orRUugt AR REPEFSRofl e S L S OB R
EPUPCIRE By bhEcphol L o obo gl By el UL e
reaction system is heated, thereby conducting a
polycondensation reaction.

In the dehydration step, the alkali metal sulfide
reacts with water in the organic amide solvent, and
hydrogen sulfide (H2S) is equilibriously dissociated and
volatilized out. When water is distilled off by heating in
the dehydration step, the water is discharged together with
the organic amide solveﬁt outside the system, or the
organic amide solvent and water are separated from each
other by distillation, and only water is discharged. At
the same time, hydrogen sulfide formed is also volatilized
out and discharged outside the system. The volatilization
of hydrogen sulfide in the dehydration step causes the
following problems in an industrial production process of a

PAS.

First, since the amount of a sulfur source such as an
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every lot. In general, the quality of polyners forned
of every lot varies according to, for exanple, a
change of raw 5 nmaterials (partlcularly, an al kal
metal sulfide and/or an al kal i4 metal hydrosul fide),
variations in the conposition of raw materials
attendi ng on changes in the grade of PAS, or
variations in the amount of hydrogen sul fide

v ol 1ad4 i &%&alo@hl&h@%ﬂQEnQaQﬁe@h%Qg%ﬁe'00&9@1E§E§t9$n of
dehydration under 10 heat or changes of reflux ratio

| rhyadrdigen Ishatfiieke , CaleUm visld saddieki 6f, pe¥aached1{hérs vary
sane raw materials are used, and production is

perfeoryméd tunden §Hb6f&htlﬂhéyqﬁﬁ9159n@f EENghd # ONSormed of
melt viscosities of polynmers formed vary between |ots
bevauye lofte vamdest acicolrdidnogen , sibki deahplepl at thazed of raw
out in the dehydration step varies. Second, it is

direfgegidlet st dpsrabloyplprégucenaaPAslihavtal auhfghe and/or an
polﬁnerlzatlon degree due to volatilization of

h nekpLi B¥drpsrlétdapl evasinteonsway bhe composition
pol yneri zati on reaction between an al kali netal
s& ‘3¢ FAGeI24Sdrhiredarenari ehebapoui@ Fheagrade of PAS,
kycondensatlon re%ctlon bet ween 2 conponents, it is
8 eV AT t488Pr 4Bl & PolaYtitaPE BudrBPER st Fadperokehilized
gnents to about 1: th high_accurac

o SREEEPEhhaehacBAR ey the nrate "pol Rar S At O under

d €T e of _hydrogen sul .
Vg%aﬁlezggﬁggEQ o%pgg@ia hya¥a |gﬁ %b {i%?%%?c?%&Pmn‘
tgnC he u f S r aI
ngpa?egﬁﬁgﬁge ggg?oghg kaﬁl %%%gl %Q§ﬁ£€e§?éd%)are used, and

chabaadtién EQ“§¥§Eorhéd'§ngé£féG {aﬁ{ﬁéiﬁgr{ﬂezgkm
accurate nolar ratio between conmponernts upon t
reantii@Nohe¢ansett HesE889€ies of polymers formed vary
between lots because the amount of hydrogen sulfide
volatilized out in the dehydration step varies.
| Second, it is difficult to stably produce a PAS

having a high polymerization degree due to volatilization
of hydrogen sulfide. For example, since a way of
polymerization reaction between an alkali metal sulfide and
a dihalo-aromatic compound is a polycondensation reaction
between 2 components, it is generally desirable to regulate
a molar ratio between both components to about 1:1 with
high accuracy in order to provide a PAS having a high
polymerization degree. Thus, the amount of hydrogen
sulfide volatilized out in the dehydration step is

predicted to control the amount of a sulfur source (alkali

metal sulfide and/or alkali metal hydrosulfide) charged.
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of variations in the anmount of hydrogen sulfide
volatilized out is wwde. 5 If the anpbunt of hydrogen
sulfide actually volatilized out is less than the
predicted amount, a nolar ratPo of the alkali netal
sulfide to the dihal o-aromatic conpound becones
excessive, and so undesirable side reactions such as
rapi d deconposition reaction tend to 10 occur. In
omdekvie® stabhy predyeq1a PAS-BAYLRY &nhi8Burate molar ratio
pol yneri zation degree, thus, it is essential to

Steiteeky, be@nt EehpaRenfBagyhs the ABRUPicRfLAYIIOIeMMe range
sulfide volatilized out. However, it has been
diofff veulibtionachhevie hleuhbt 8AdBEdABYEN VESTOSAE Wtk 111ized
thin a scatter of nelt 15 viscosity because the anount
obultydsogedesul fide volatilized out in the

dehydration step varies. Sone proposals have

her et of off et emarade dfohytdmgepurspdse def asaleilng t he
problens attending on the volatilization of hydrogen
sUPLp@élireeheudehydiass ohhan ephe 20r &b cexdnpheynt her enolar

‘has been _proposed a_process conprising determning

t hetiRo0ht tBe AYlrb§enetal f sWbf vde ate | ibedlihalotaramatic
dehydration step to find an anmount of a sulfur source
eﬁPéPPHﬁdt RecrEadt PHReEFEYem Se hs i ¢eskialsy Jids

exa e Japanese Patent Publication No. 33775/1988).
PR E PR ngUE £h; SSBT SCUSEOTEOHOF T e O B (. o
CLialL. Bl st S g s ol L compound,
CHSUAFYy B SR | b TEESRR N L TSR A
hydree60 stifhd8sure the amount of hydrogen sulfide
volatilized out. However, it has been difficult to achieve
the intended melt viscosity and thin a scatter of melt
viscosity because the amount of hydrogen sulfide
volatilized out in the dehydration step varies.

Some proposals have heretofore been made for the
purpose of solving the problems attending on the
volatilization of hydrogen sulfide in the dehydration step.
For example, there has been proposed a process comprising
determining the amount of hydrogen sulfide volatilized out
in a dehydration step to find an amount of a sulfur source
existing the reaction system with high accuracy (for
example Japanese Patent Publication No. 33775/1988).
According to this process, a molar ratio of the alkali

metal sulfide to the dihalo-aromatic compound in the

polymerization step may be fitted with high accuracy.
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vol atilized out in the dehydration step, and the
guantitative analysis brings loss of time. 5 There has
been proposed a process causi ng hydrogen sulfide

vol atilized out in a dehydratién step to be absorbed
in an aqueous solution of an alkali nmetal hydroxide
to recycle and reuse it in a dehydration step and/or
a polynerization step of the next batch (for exanple

1 S e L 10 e
T R g A L TR

SQkﬁhQﬁaH§ﬁ9%§kﬁ@e%%rm1%%kﬁb%do%h%gﬁggggﬂesgf9¥€£at'on

step of the next batch however hi s “process brings

hivgh enerigied @s% hecause dehgdrammunt sebpwakgy R be
dehydrated i ncreases. Wien the 15 aqueous sol ution of

hygreganr asihid daangeakebednigs neeycbedrikhbrough the
pol ynmeri zation step of the next batch, the process

i nvol veshé¢he paolbens midmrwkdich Ofracdi WRIdizdt hgdirogen
reaction in the above-descri bed systemthe water
contldrida volwtiidhzied bughin2@ dTkeydrhasohestepropased

a process conprising causing hydrogen sulfide
géesoabed iin andehydrati enlstépnt ofben abketbedetal an
aqueous sol ution of sodi um hydroxi de and conducting
n&YOrepiigst iten rerveaei srdwirebseNibydnoshfiehydrauion $ioep
deternm ne the amount of hydrogen sul fide 25

VGPSYPI 2eBORUTSLLERteRANBIED 9ApAResEePhiBAtch (For example,
8@8316‘%'62%&&??1%. ﬁggiansﬁ&éﬂllﬁggﬁ%s%gégﬁg it %&r?%i%h -
e R RO . L
d?%%&%ﬁgatkﬁgbusﬂdthe dehydration step of the next batch,
however, this process brings high energy loss because the
amount of water to be dehydrated increases. When the
aqueous solution of hydrogen sulfide recovered is recycled
through the polymerization step of the next batch, the
process involves the problems attending on a polymerization
reaction in the above-described system the water content in
which is high.

There has been proposed a process comprising causing
hydrogen sulfide generated in a dehydration step to be
absorbed in an aqueous solution of sodium hydroxide and
conducting neutralization titration with 1N hydrochloric
acid to determine the amount of hydrogen sulfide
volatilized out (for example, Japanese Patent Application

Laid-Open No. 160834/1990). However, the process

comprising collecting hydrogen sulfide in the aqueous
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nor eover an operation for determning is newmy

devel oped to reduce production efficiency. In

addi tion, when the 5 aqueous solution of sodium

hydr oxi de contai ni ng hydrogen 7sul fide recovered is
recycl ed through the reaction system problens
attendi ng on increase in sodium hydroxi de and water
arise fromthe viewpoints of polynerization reaction

a%@lhﬁ%o%uékiE%d@ﬁmah?é§ok9dgetgoﬁgggrm%geTygrf%$ﬁ¥§es to

been proposed a process conprising recovering

hﬁ%&@@@ﬂcéuhfhgﬁiMﬁkéﬁiHE%@@eoﬁBrdﬂﬁén@e@br&&ﬂ%%ﬁéﬂjEﬁ?d

step by causing it to be absorbed in an organic am

salorentre@Uhsi @petheisXSEBM qbBeWhi £ ng hes debydy afdRl oped to
step is being conducted, and reusing the hydrogen

suletiude protecevenedfascaecfblf urrs e iidh ,awhen the

pol ynmeri zation reaction (for exanple, Japanese Patent
Appiuecati enlliaidrCGpensdldium2B6864% 188 7Yon tACCHigi Mg tdyen
this process, the hydrogen sulfide volatilized out in

t seldéedgdratpvarsdeps cancheledetbveugd @ne reuseichn system,
t hereby solving various problens 20 attending on the
verabilengagtoandingyedr ofenrsas i te sedi uprigduciniglea and
PAS little in variation of nelt viscosity and stable

i HagGal PEYySeHERRD eFhe eVERAPALR B sOPprovegser 4t ignoaftction
of the volatilized hydrogen sulfide absorbed in the
ofganiEeafiati syl 9bnt ¥AF| BS, Panfc¥mede is a demand

for 25 devel oping a nethod for nore accurately |

gr aspi EFﬁ%qgﬁb% BT B ORPHEGyén PEQCEPde COBRBAG I PHe

s T R T - SR
a?%ggggg€£§£n@iéﬁrbfbgégglﬁéegtaéo"ggS%ﬁéggﬁgl fg 5% organic
amide solvent outside the system, in which the dehydration
step is being conducted, and reusing the hydrogen sulfide
recovered as a sulfur source in a polymerization reaction

(for example, Japanese Patent Application Laid-Open No.
286861/1997) . According to this process, the hydrogen
sulfide volatilized out in the dehydration step can be
recovered and reused, thereby solving various problems
attending on the volatilization of hydrogen sulfide and
producing a PAS little in variation of melt viscosity and
stable in quality. However, even in this process, the
amount of the volatilized hydrogen sulfide absorbed in the
organic amide solvent varies, and there is a demand for
developing a method for more accurately grasping the amount
of hydrogen sulfide.

Among the qualities of a PAS, a melt viscosity is one
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aromatic conpound to an alkali netal sulfide strongly
affects the nelt viscosity of the PAS. However, in a 5
production process of a PAS, conprising adding an

al kali nmetal hydroxide as neefled, and heating and

pol ymeri zing a dihalo-aromatic conpound and an al kal
metal sulfide and/or an alkali netal hydrosulfide in
an organic am de solvent, there has not been yet

p&ﬁpQ%%dm%@ti@Qﬁ%&%hﬁklﬁulg995@9[e ﬂ?:@@quﬁﬁﬁﬁkhﬁﬂya charge

met hod for fixedly controlling the P/S ratio.
DIrSCliGSYRE rSEn it -NYENFEGNa LEdi §sanp PH) 8611 9%) tHE 4 dihalo-
present invention to provide a production process of

a apomptdkcy cengoaubf itdehn BYkWhi CleBal 15upol ¥€ asyi&neLy

sul fide) having a desired nelt viscosity can be

stdlfley tpr atdecedl tl nipabticul ar, tAs PR§ ectiBfeyresant a
invention is to provide a process by which a

detrpduatiion prepecsanocliea BABot bbyppes f oy neddimn amoalial i

of hydrogen sulfide |lost by 20 volatilization out of

t Retpdabvidonxsgst em needetie dndteheaninpeamktpehphigrizing a
accurately calculated out by a conparatively sinple
nmeihedo-anamatisl apmpaund efdaasurikelsowetel céakigele and/or
to _a dihalo-aromatic conpound charged is accurately

c Ot FOKPLd HRHASeDYBROPROLBASI &7 011  HEGambEranide Solvent,

calcul afed 25 out, thereby stably producing a
p%kﬁ(ﬁr Féngogug??aeyethﬁ PRYSSA e i spftally adoptable

[ it Th t i t h j ed t .
YLRECRE AT BRERSHLch VPR, YEL SRR B A ravso

achi eving the above objects. As a result, the
i nventors have conceived of a nethod for cal cul ating

out an amount of HydrpespreUbEi F8: TnvENTION

It is an object of the present invention to provide a

production process of a poly(arylene sulfide), by which a
poly(arylene sulfide) having a desired melt viscosity can
be stably produced.

In particular, an object of present invention is to
provide a process by which a dehydration step can be
smoothly performed, an amount of hydrogen sulfide lost by
volatilization out of the reaction system, or the like can
be extremely accurately calculated out by a comparatively
simple method, and a molar ratio of a sulfur source charged
to a dihalo-aromatic compound charged is accurately
controlled and set on the basis of the amount calculated
out, thereby stably producing a poly(arylene sulfide)
having a desired melt viscosity.

The present inventors have carried out an extensive
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di scharged froma reaction vessel in a production
process 5 of a PAS conprising a polynerization step of
subjecting a sulfur source and a di hal o-aromatic
compound to a polynerization Peaction in an or gani c
am de solvent, wherein in a dehydration step that is
a step prior to the polynerization step, the
dehydration step is performed by a 10 process

COmUdsig theat Wight RevAkXt ¥heakA EBElE@@ﬁ Plle above
vessel, to which a distillation colum is [inked,

guitdierg s .vapser avebatit] zaﬁietﬂl\tréh@t&ﬁtnéx}@td&{b&%aﬂ%f a
to distill and separate it into respective

carqmbenttar kefllcutiargng bughanbainbiing brag{ispgéakan fide

out of the bottomof the 15 distillation colum and

c ohipprohsinggdt feoor gameacafibdevesekvenh aspao@itttéPpabrocess

conmponent into the reaction vessel, cooling a

| oV BoiPRSngofpardsiiog hakehynetriohtibe soppobftéebiecting a

distillation colum and conprising water and hydrogen

s§flifge epurhe ernHer Hahdlooadpmshacgeohydungero a

sulfide 20 that is not condensed by the cooling and

r @Pﬁy%eélﬁaﬁloaf reggtépncbhdensedgénie ahede solvent,
tillation colum, and discharging the remaining

w& @Fel&n&na r BERYABARILON eXpPRSEN®R bet hetheR Heriat lo the
g mgter of the ﬁ gnt of water refluxed into

cRe éﬁ“&ffﬁz tPBn=EBPunhit EndSRHET 251 GRoBHEP of S viggrormed by a

di rged w t hout b . uxed n amount of

npaEoREa otk aa ho SERAP RS FPS Rt RE T entt | Ui Vesgdon

[ r e agv [ cul ati u

tﬁgggﬁgugkgogh%ggrg ggggﬁfiggigglsc arged’ ?on1é§ Guiding

”@QﬁHEegolgﬁhygzgé Eget*gtéis@fPP§{15ﬁ I8 §ifin b W& ti11 and

basis of the relation expr essi
separate it into respective components, refluxing a high-

boiling fraction taken out of the bottom of the
distillation column and comprising the organic amide
solvent as a principal component into the reaction vessel,
cooling a low-boiling fraction taken out of the top of the
distillation column and comprising water and hydrogen
sulfide on the other hand to discharge hydrogen sulfide
that is not condensed by the cooling and reflux a part of
water condensed into the distillation column, and
discharging the remaining water, and a relational
expression between the total amount of water of the amount
of water refluxed into the distillation column and the
amount of water discharged without being refluxed, and the
amount of hydrogen sulfide discharged from the reaction

vessel is determined in advance, thereby calculating out
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An anount (amount of the sul fur source charged) of 5
the sulfur source renmaining in the mxture after the
dehydration step can be cal cul ated out on the basis of
the anount (anmount of hydrogéH)squide di scharged) of
hydrogen sulfide cal cul ated out by the
above-descri bed nethod, thereby controlling a charged
nolar ratio of the sulfur 10 source to the

dithal enauerRbLIEC hgarpgeRdsanrtihe BaskiaPfel hEro@™Udasured
of the sulfur source cal culated out. According to

t had ueetlfodthet hetamounbuat bydwagen sul fhdepgans ber the
accurately cal cul ated out wi thout collecting hydrogen
sWefliade odiad c kapgedst.onconduct quantitative anal ysis,
15 thereby stably producing PASs extrenely little in
vari at i ®nh apfumnte| tamawdosift ytheyerul fluot sollreepraentd) of
invention has been led to conpletion on the basis of
t FéSe stilfdirngourpecoraphging thetheesenturaveftéon;he
there is provided a process for producing a
pGeprdrgitdre sGEPI B8Y, PeofptFeiaged QUL adn efhey basis of the
dehydration step of heating and dehydrating a m xture
cGHPEMN §™gH"6r §AnP¥danvER s8I TeRe, dhschargedlorf hydrogen
sul fur source (A) selected fromthe group consisting
fsuagllt?& Fag’ﬁflif")cﬁéd?‘dgu??i HBE ahvardes ¢ hkec method,
subfi nd.an,,al kal i tal .hydroxi de added 3s
8557 B T8 Fhie seM R BTA Ol ot Sr e P Hae sulfur
' , y LzAt] f _charging.a ,
arhar e B Y TR E T A B E0 PR a e basis of the

clzgaaahei BY Lhe LRI chuﬁg%(tgéfcﬁfatc’é@j&%. t%%c%g%ifik{g; to

source (A) and the dihalo-aromatic conmpou
athpel MERAbAA £RE LBSGHE 0B | My 4RGSO daM £ AN A8, e

sol vent, which conprises:
accurately calculated out without collecting hydrogen
sulfide discharged to conduct quantitative analysis,
thereby stably producing PASs extremely little in variation
of melt viscosity every lot. The present invention has
been led to completion on the basis of these findings.
According to the present invention, there is provided

a process for producing a poly(arylene sulfide), comprising,
after a dehydration step of heating and dehydrating a
mixture containing an organic amide solvent, at least one
sulfur source (A) selected from the group consisting of
alkali metal hydrosulfides and alkali metal sulfides and an
alkali metal hydroxide added as needed to control the
amount of water in the mixture, a polymerization step of

charging a dihalo-aromatic compound (B) into the system

containing the remaining mixture to subject the sulfur
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(1) in the dehydration step, heating the m xture

containing 5 the organic am de solvent, at |east one

sul fur source (A) selected fromthe group consisting

of al kali nmetal hydrosulfidegjand al kali et al

sulfides and the alkali netal hydroxi de added as

needed in a reaction vessel, to which a distillation
colum is linked, and guiding vapor 10 volatilized to

t Boudicst i(R) abhdnthel diMal o-drshatic atshpsepar ete td a

into respective conponents, refluxing a high-boiling

f pedvinemizakeénnoveaotivheinbobe oorgdnideantidd i ddatdran, which:
colum and conprising the organic am de solvent as a
pECARIEpaFSeonponent into the 15 reaction vessel,

cooling a lowboiling fraction taken out of the top

ofl 1§ héDditkei frhydsat Eer urherndhedritg sty miaterreambntaining
hggro en sulfide to discharge gﬁggogen sulfide that is

not'€ gBHEEh%eﬂmb9etﬁ%l%%%Fin@t glefong snlfart sgfurce (A)
cgndensed into the distjllation columm,

i R R M A IR BT S T
EVREbaNTL; SERT SRS O Ot oS Pal Sl s ohathe H1kali
SLSLRL| ALhOR £80 T B00H SR D VR G SR o
syhfibde, &iéﬁbﬂ%?g%ﬁ - 2y.an 8 fﬂ(}ag{egf,y Gal %ulji_acl:#iirn%vgpor

out the anmpunt ydrogen s [ schar

MeasHt ed; Y&k Ugs, ofhd f@ilé@ilie%i%n 3&8&%;’8‘0 L&r; 19N e

basis of the relationa expressi on cal cul'at'i ng

- Odépafa 680Ut i {fered Sl df vd ed g (b dd as

refluxing a high-boiling fraction taken out of the
bottom of the distillation column and comprising the
organic amide solvent as a prihcipal component into the
reaction vessel,

cooling a low—boiling fraction taken out of the top
of the distillation column and comprising water and
hydrogen sulfide to discharge hydrogen sulfide that is not
condensed by the cooling and reflux a part of water
condensed into the distillation column, discharging the
remaining water,
(2) determining a relational expression between the total
amount of water of an amount of water refluxed into the
distillation column and an amount of water discharged
without being refluxed, and an amount of hydrogen sulfide
discharged in advance, fhereby calculating out the amount

of hydrogen sulfide discharged from a measured value of the
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"anmount of the sulfur source charged") of the sul fur

source 5 (A) remaining in the mxture after the

dehydration step on the basis _qof the anpunt of

hydrogen sul fide cal cul ated out®, thereby controlling

a charged nolar ratio of the sulfur source (A) to the

di hal o-aromati c conpound (B) on the basis of the

amount of the sulfur source (A) cal cul ated out, and

1@otthénapdhnsubfesbiag dhetbal hasisosf cend A)e g drha

di hal o- aromati c conpound (B) to the polynerization

r exptreenipn,the organic am de solvent in the

pol ynmeri zation step. 15 BRI EF DESCRI PTI ON OF THE

DRAW REScRiLgtingi piitsenatesuan Exenplmaftapparfusd to as

used in the roduction process according to the

pr égenpt| ﬁﬁeﬁﬁe oRul EBESTOWODE FHOR GARRYING YT STHEur source

I NVENTI ON. 20 1. Sul fur source: In the present

i (OLnFPBRINART| BRsEherBISHEFara Sber cehe sialardwent fqromtep on
consisting of alkali nmetal hydrosulfides

aﬁgeaﬁﬁﬁ ? AkthRes ?PHESOfshXG%RH%E;%P fitdqircalypded out,
kal j t | fid
e nEr Y P bho bl ¢ e TR T A A SR AT
i , b | f | fide t
opbbEdE: (AHDLS B St A58 o SR St kﬁfvmx ?sﬁeesbasm

Sykf Sa r r o) al.l\y e an
R R e R R R R S A nd
hygdegat e i ncl ude sodi um sulflde nonahydrate (thSQFQC»

and sodi um sul fide pentahydrate (Na2S5H20). The

al K?' subBbetisyl fhdes iByubesowrdseth) @S A SUeRYS 10—
m xt ure.
aromatic compound (B) to the polymerization reaction in the

organic amide solvent in the polymerization step.

BRIEF DESCRIPTION OF THE DRAWINGS -

Fig. 1 illustrates an exemplary apparatus used in the

production process according to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

1. Sulfur source:

In the present invention, at least one sulfur source
selected from the group consisting of alkali metal
hydrosulfides and alkali metal sulfides is used as a sulfur
source. As examples of the alkali metal sulfides, may be
mentioned lithium sulfide, sodium sulfide, potassium
sulfide, rubidium sulfide, cesium sulfide and mixtures of

two or more compounds thereof. These alkali metal sulfides
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As a sul fur source, an alkali netal hydrosulfide may

be used in conbination with an al kali netal hydroxide.

As exanples of the alkali metal hydrosul fide, may be
mentioned |ithium hydrosulfide, sodi um hydrosulfide,

pot assi um 10 hydrosul fide, rubidi um hydrosulfide,

cesi um hydrosul fide and m xtures of two -or nore
conmpounds thereof. The alkali netal hydrosul fide may
beraeseenemadny tommeetiablgnhydiidBle anllydsad ei@antha@form
aqueous sol ution. Anong these, sodium hydrosulfide

ard ki hydumtkeydriosahplae af eclps eiwirek iindilhate Fodihey
are industrially avail able on the cheap. The al kal

meuadlf idpdrnosaehiidetes (Fasf eIty ansed ods uan sadfitdas
mxture (i.e., a mxture wwth water having fluidity)
sBeRtasydmataqules” THUt-i oBherabkehe neeabosntBidd may be
treatment operation, netering, etc. 20 In general, a
sHEFA afpaRt aBFeansalkariraetal sulfide is

secondari | ed in a production process of the

d

al kal i %t%l£%¥%sﬁﬂ%%. R sdaliamsial sydrpeulfide may
al kali .netal sg!fige na%,be contained in the alkal,

FalSeHy dPoSOTPI DR ESRI"F Rt AR PrEREhtTTrREMYGI=ide- As
t hi , 25.1h t al tit th | kal i ]
SrBRSE: oorhiatehit RLET, YRR Lefle LIRS ens sones

f Uk ‘ dehyd ' tep. 14
St G et e S ROV s Rt

h . e odi . : . .
rﬁg&?&bgﬁflég,'Hﬂ%b&gﬁﬂXﬁggﬁoggiﬁfééyn%{PEUﬁ”ﬂ s?%%lflde

i di um hydr oxi de, cesi u ydr oxi de” and m xture
t WBd O i x B0F8s CORPOHH ASr t REF £ Of o mABNGs tH1ESE 0 SOdIME 51%4a13

hydroxide and 5 lithiumhydroxide are preferred in
thatal heydab€ulfide may be used in any form of an anhydride,
a hydrate and an aqueous solution. Among these, sodium
hydrosulfide and lithium hydrosulfide are preferred in that
they are industrially available on the cheap. The alkali -
metal hydrosulfide is preferably used as an agqueous mixture
(i.e., a mixture with water having fluidity) such as an
aqueous solution from the viewpoints of treatment operation,
-metering, etc.

In general, a small amount of an alkali metal sulfide
is secondarily produced in a production process of the
alkali metal hydrosulfide. A small amount of the alkali
metal sulfide may be contained in the alkali metal
hydrosulfide used in the present invention. In this case,
the total molar quantity of the alkali metal hydrosulfide

and alkali metal sulfide becomes a sulfur source charged

after a dehydration step.



industrially avail able on the cheap. The al kali netal
hydroxide is preferably used as an aqueous m xture

such as an aqueous sol ution. L t he production

process according to the prese 10 inventi on,

exanpl es of water to be dehydrated in a dehydration

step includes water of hydration, a water nedi um of

an aqueous sol ution and water secondarily produced by

a reactEpampies hef attkaldl ket almdwydr asidfdxdele intch ude

al kali nmetal hydroxide, or the like. 15 2.

Dilidihg-var duyslrios idenpeaddumThgddbkabe- apotras s turs ompdtwdi de ,
used in the present invention is a dihal ogenated
arfowdaGisne bygegrddravicagiam habogendat end wixectéy of two or
bonded to the aromatic ring. Specific exanples of the
diMPEISo CAFORRPEE ¢BAPEAAd 2omg| ties - didthluwbdrydaeide and
m.di hal obenzene, p-di hal obenzene, di hal ot ol uene,

ditHddmEp AYRECEhEe AEEnBXSLarRafobRnERAE, they are

di.hal obi ph [, di benzoi ¢ acjd, dihal odi_phen
e€H§PFQr§Pﬁ§¥oaVaﬁEggﬁesapfBH@,Caﬁﬂaro&ﬁﬁhéH§@JJYmetal

S d%é&q eaqg gigaloghghenéb ket one. 25 Here, the

harogen atom nBans each? a of 5f FUoPANROUS dhhr e, Such as

br,om .Qdi tons, and 2 hal ogen atonms in the
dﬁ%aﬁgﬁggg%a%?ghggﬁgbund may be the sane or different

15 11 off eaeh oldilor iPSE U QML (EOMRAURTS sont

may be wused either singly or 1 n any inatio

t hakeakiofhecanRynts Obrt g1 di-h r '
chargedlﬁs Sene?alfy 5.9§t?% ?#g%én§€?§%§%?§$g§f39

0d8hytieatidl BBbp Sn8DhGePrRiescabby Ay@attonl. 00 yiler
per nmol of the sulfur

medium of an aqueous solution and water secondarily
produced by a reaction of the alkali metal hydrosulfide
with the alkali metal hydroxide, or the like.

2. Dihalo—-aromatic compound:

The dihalo-aromatic compound used in the present
invention is a dihalogenated aromatic compound having 2
halogen atoms directly bonded to the aromatic ring.

Specific examples of the dihalo-aromatic compound
include o-dihalobenzene, m-dihalobenzene, p-dihalobenzene,
dihalotoluene, dihalonaphthalene, methoxy-dihalobenzene,
dihalobiphenyl, dihalobenzoic acid, dihalodiphenyl ether,
dihalodiphenyl sulfone, dihalodiphenyl sulfoxide and
dihalodiphenyl ketone.

Here, the halogen atom means each atom of fluorine,
chlorine, bromine and iodine atoms, and 2 halogen atoms in

the dihalo-aromatic compound may be the same or different
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source (alkali netal sulfide and/or alkali netal

hydrosul fide) remaining in the systemafter the

dehydration step. 3. Mol ecul ar wei ght adjuster,

branchi ng or crosslinking 10 ‘agent: In order to, for
exanple, forma termnal of a specific structure in a

PAS formed or regulate a polynerization reaction or a

nol ecul ar wei ght, a nonohal o- conmpound (nay not be

alfxays carhab@iRtl.C TREPOUDH a TBYa Rénaldl Us€hddhnds may be
conbination. In order to forma branched or

cressl ieikedrpeliyiger, oa pal yhgl eoepiPOUNEn (PRYr&OF . be

al ways an aromatic conpound), to which at |east 3

hal ogenTla¢ caveourair eo hortdedjitel deddordtic compound charged is
hydr ogen- cont ai ni ng hal ogenated aromatic conpound, a
haleogerated 0aPOmabi ¢ . ADt molcoppefiadaibly 20. hetd i ke2 orayol,

al so be used in conbination. As the pol yhal o- conmpound
adoxepParériraglor lePBssbi hkPAgmayeper imopref erthedsul fur
trihal obenzene. 4. Organic am de solvent: In the

prresERe i(AvEALiometah eryhhie anflder svlkeht moml hat

i;ﬁgn apraotic polar organic solvent is used as a _
sOMERCUE6rI]) JERYRFRENBN IR ehBe| BYSBPE after the dehydration
paolynmeri zation reaction. The organic am de solvent is

pF& grably stable 16 to an alkali at a high

;gﬂgﬁ%i&%ﬁ?aﬁsﬁgfggkﬁ%S{SSEQEEAQEQQ e'égﬁg¥“é}§ggf¥%king
CUIMpUUTTUS— outTT T Ao

N et hyl formami de and N, N-di net hyl acet ami de;
I caprol act am conpounds such as 5

(’;l; fﬁhﬂn‘ &R AACTRYR Nyl PYLLR! Ldene, ¢gopoypds

specific structure in a PAS formed or regulate a

age

polymerization reaction or a molecular weight, a monohalo-
compound (may not be always an aromatic compound) may be
used in combination. In order to form a branched or
crosslinked polymer, a polyhalo-compound (may not be always
an aromatic compound), to which at least 3 halogen atoms
are bonded, an active hydrogen-containing halogenated
aromatic compound, a halogenated aromatic nitro compound or
the like may also be used in combination. As the polyhalo-
compound as a branching or crosslinking agent is preferred
trihalobenzene.

4. QOrganic amide solvent:

In the present invention, an organic amide solvent
that is an aprotic polar organic solvent is used as a
solvent for a dehydration reaction and a polymerization

reaction. The organic amide solvent is preferably stable
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cycl oal kyl pyrrol i done conmpound such as N-nethyl - 2-
pyrrolidone and N cycl ohexyl -2-pyrrolidone;

N, N-di al kyl - i m dazol i di none conpounds such as

1, 3-di al kyl -2- i midazolidi noness tetraal kyl urea
conpounds such as 10 tetranethylurea; and
hexaal kyl phosphoric triam de conpounds such as
hexamnet hyl phosphoric triam de. These organic am de
selovent s1may ibatusedight BehpSEAGLYOr in any

conbi nation thereof. Anong these organic am de

sol ventspedt @il Kydxabp 1038 IdH 113N 1GRAMNRURES de solvent
N- cycl oal kyl pyrrol i done conpounds, N-al kyl caprol act am

campdudds aatdeNcbngbahyl sutni dazw| idi nesen gorpamidide and

are preferred, and N-nethyl-2- pyrrolidone,
NNpBt-Hyheshgaprokant day andalk 31 dhpt&yhePam compounds such as
i m dazol i di nones are particularly preferably used. 20

ThNemarbuht-&-ofamnhel acgan] oN-am kel ot vaniddise ddrpoui@s or N-
pol ymerization reaction in the present invention is
génelarliivhpyhraladeaageompodnd $och OakgN-pesthml—of

the sulfur source. 5. Polynerization aid: 25 In order

t BYprehpierehangoNyfEfi ohexvh- ¢ erctFohidene obi A iimlkyl-
PAS_gaviig a high ol yneri zation dggree in a short

pefitBaZ 8t TEFRRRC Y EPTBRYR RS nFiechfapol yIeti oy breai ds
ngé.gezlz. used in %hg %rfseft i nventi on as needed.
SPREHPER-EXANBIES: bF T hel ot yhes | RIS dGthAude

f_organic. sulfonjc acids,, ['ithium

e Eoetethay Bre2a Rl re i b Lo BB 1 iaiTnte pgooumas
alkal,i t al 1 ric. aci 5 ich are_ . .
genera??? pu%@?%%i ﬁﬁ%ﬁggggbgd#iﬂéﬁvg%tigﬁggfdgrganlc amide
solvents may be used either singly or in any combination
thereof.

Among these organic amide solvents, N-alkyl-
pyrrolidone compounds, N-cycloalkylpyrrolidone compounds,
N-alkylcaprolactam compounds and N,N-dialkyl-
imidazolidinone compounds are preferred, and N-methyl-2-
pyrrolidone, N-methyl-gé-caprolactam and 1,3-dialkyl-2-
imidazolidinones are particularly preferably used.

The amount of the organic amide solvent used in the
polymerization reaction in the present invention is
generally within a range of 0.1 to 10 kg per mol of the

sulfur source.

5. Polymerization aid:

In order to promote the polymerization reaction to
obtain a PAS having a high polymerization degree in a short

period of time, various kinds of polymerization aids may be
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for PASs. Anpbng these, netal salts of organic

-carboxylic acids are particularly preferred because

they are cheap. The anobunt of the polynerization aid
used varies according to the kKind of the conpound
used. However, it is 10 generally within a range of
0.01 to 10 nol per nol of the sulfur source charged.
6. Dehydration step: The dehydration step is perforned

by, POCAST pTREARKIESk ng.a | i |
sul fide and/ of an aFkaH?eH?%Bﬁe%g Hﬁggggsmﬁﬂgﬁgflc cxamples

Ofcganine p1GaeToLuenbn alaBelﬁ&%@@Cﬁe%l aé‘a?*ll,é‘aéf organic
net al hydroxi de as needed, desirably, under an inert
g&fﬂl&ﬂom&plaeﬁasand1dh§(§iﬂah§lﬂ§ewat REtoUt shdes dherganic
system by distillation. Since the alkali netal sulflde
| sagboavdlily acsed asdaabydl at fe0h1 agaeosiSoM pidkEhotic acid,
20 contains nore water than the pol ynerization
r adchoareegeseraWhgnptbeial kakhowrt ab bytymstd £4 theord Sids
used as a sulfur source, an alkali netal hydroxide of
t B@roP@ér - of Aneng etthe sl are b urdlis it dedyand caldagWoxylic
the alkali nmetal hydrosulfide to react therewith in
sPCddsn aaR BRganFelani deprofespedehecatse ttieey are cheap.
dehydration step, the dehydration is conducted wuntil
t he contEhteRtuifatedr Benmpolemes ikattdonor idy 4sadi garigs
(wat er of crxst [1jzation), a water nediu
888853??9y ngau%éﬂdmﬁfeﬁhee?%mp?%n@o q%d Worsivgra it is

anount s

d dr at tep,
t BE Ry ATt ToR Tae EORMtCtbd Uhi To ¢ b ik drSbtoRit the
i 9.t be pggg LiZ g 904 5 reaction systemis reduced to
out o _

genera Iy a 5 nol,
6. Dehydration step:

The dehydration step is performed by a process
comprising heating an alkali metal sulfide and/or an alkali
metal hydrosulfide in an organic amide solvent in the
presence of an alkali metal hydroxide as needed, desirably,
under an inert gas atmosphere and discharging water outside
the system by distillation. Since the alkali metal sulfide
is generally used as a hydrate or aqueous mixture, it

_contains more water than the polymerization reaction needs.
When the alkali metal hydrosulfide is used as a sulfur
source, an alkalil metal hydroxide of the order of an
equimolar amount is added to allow the alkali metal
hydrosulfide to react therewith in situ in an organic amide
solvent.

In the dehydration step, the dehydration is conducted

until the content of water comprising water of hydration
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preferably about 0.5 to 2 nol per nol of the sulfur
source. Wen the water content has beconme too lowin
the dehydration step, water may be added prior to a
pol yneri zation step to regul atethe water content to a
10 desired value. The charging of these raw materials
into a reaction vessel is conducted within a
tenperature range of generally fromordinary

t eWeajeat wire ckr@s300C: zprebay abbywheem n@f diRar Yecondarily
tenperature to 200C. The charging of the raw 15

matrerdualesl way erot ehe . IlsoﬂdﬁéreandltﬂﬁnrﬁsﬁﬁﬁééV@frﬁ@&essary

materials may be additionally charged in the course of

t kerougddlsydr | Oime pleaitedsat Avh o5 gaR) Corandig eRlawarin 1S

used as a solvent used in the dehydration step. This

soloreiictiesl uptéfiechbl yathe santeas fhetlos gasi wmeu getion

solvent used in 20 the polynerization step, and

hPﬁﬁﬁﬁypnzswyﬁemlﬂaonedusedpaotgeuéaalyypnmﬁmﬁr@dS1Ihéinml

amount of _the organic am de solvent used is generally

a@&@ﬁegaklﬁoaheu gOpértap? ®plther melfef Svarselfur source.
ed in the reaction vessel. The dehydration

pW @ s§h?SW€6ﬁHu€?EHeB§ haat PRgORREtoR5Lol xtureha t er

_ﬁ & t he r?MInaterlals into the reaction vesse

éPat BFEPr afgESbf MgENRE af It pPE P BT, 2
100 t 250C generally 15 m nutes
p%’%ﬁm% RSP, EPRr BP AEPG SRR TR 1 TGS Lo 2
Hg@gaggdngggggs i nclude a nmethod of retaining a fixed
tenperature, a nethod of raising the tenperature

ei t her ﬁHéﬂEMé¥%1 %gnQ%%%%y%%%' %@r@aﬁgtgﬁggo%sreaction

conbi ning both dration
CQ@QH@RGQSbM®n&Qét§éaﬂP£§1naab@@ﬁgbfﬁ%ﬁfgnréhge of generally

from ordinary temperature to 300°C, preferably from
ordinary temperature to 200°C. The charging of the raw
‘materials may not be in order, and the respective raw
materials may be additionally charged in the course of‘the
dehydration process. An organic amide solvent is used as a
solvent used in the dehydration step. This solvent is
preferably the same as the organic amide solvent used in
the polymerization step, and N-methyl-2-pyrrolidone is
particularly preferred. The amount of the organic amide
solvent used is generally about 0.1 to 10 kg per mol of the
sulfur source charged in the reaction vessel.

The dehydration process is conducted by heating the
mixture after charging the raw materials into the reaction
vessel in a temperature range of generally up to 300°C,

preferably from 100 to 250°C for generally 15 minutes to 24
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conti nuous system or a conbi ned systemthereof.

However, the batch systemis preferred for the

producti on process according to the present

i nvention. A reaction vessel fbf conducting the
dehydration step 10 may be the sane as a

pol yneri zati on vessel (reactor) used in the

subsequent polynerization step or different fromit.

A tratrer,i @lredle rilte yf SaCH o tees$el 1bshpueker ablyt #hg methods
corrosion resistant material, wth a titanium

meitrerlivale beimed hopar bifc weanliy ippeberigdd tBmpBeature, a method
dehydration step, a part of 15 the organic am de

slfvanti siinggeher dlelnpediascirar gédhtogetbpwiswi bh wahefnuously
outside the reaction vessel. At that tine, hydrogen

s@Nd @e meghdids offaicgady ipvolbabolthzedtbatly . asTle gishydmation

t he dehydrati on step, the m xture containing the

orf&R dSafradussiedent, APrl edsmpdme subfbichssusten, a

-selected 20 fromthe group consisting of alkali netal

hy PP iPde §YSAE aPRaRi crREbaneduryFties Bhearens. alHaddaver,
al g¥daoxide added as needed is heated to
ggﬁt’n”;?dP &N PYSIHA™ A PrEdGErrEntopr bBResBragesk dpmgp¥ecess

the present .inyention, the.dehydration step is
pé&r- %F%é&giﬁoa¥sga8f98ﬁn§eéggﬁ¥t%8nmhich a 25

he o G S RT b GioT S e L P Sin08 e

the organic amde Sol ven

S%ﬁ§cbgdthgrQghghgiggogp%gﬁ?§%%%gpg%8{?§égfl.r%géﬁéf) used

hydr osul f1 des and i dés an

ahhakhenﬁhﬁgeaﬁgﬁgxFg§g§%g§gat§§n §fa ??isdffééfgniggr mit.

n
this reaction vesse vapor  vo lzed s gul de
ta tmheedisti brathenreQbuMBnt Pedistiiis ?§@§e§§@?§a§§%6frosion

into respective conponents. A high-boiling 5 fraction
t akefsoahtohatbeibot t @MBf at Betgh Stk | hatdo0a LOobeHHy
particularly preferred. In the dehydration step, a part of
the organic amide solvent is generally discharged together
with water outside the reaction vessel. At that time,
hydrogen sulfide is discharged (volatilized out) as a gas.
In the dehydration step, the mixture containing the
organic amide solvent, at least one sulfur source selected
from the group consisting of alkali metal hydrosulfides and
alkali metal sulfides and the alkali metal hydroxide added
as needed is heated to dehydrate it. 1In the production
process according to the present invention, the dehydration
step is performed in a reaction vessel, to which a
distillation column is linked. The mixture containing the

organic amide solvent, at least one sulfur source selected

from the group consisting of alkali metal hydrosulfides and
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and conprising the organic am de solvent as a
princi pal conponent is refluxed into the reaction
vessel. On the other hand, a logwboiling fraction
taken out of the top of the di&tillation col um and
conprising water 10 and hydrogen sulfide is cool ed
and condensed. Hydrogen sulfide that is not condensed
by the cooling is discharged (volatilized out) as a
gas.kaAipaetadf swatferesondansed hykathemec08l i MgdiSxide added
refluxed into the distillation colum, and the
r érangiedgdnasehersedi sohahgedredheioenaessal, wWat@rvamyr
15 be stored in a storage tank. In that case, the
watcda tiddredx ég gnﬂdeﬂheOdthelﬂhatnbhatebmnmol@mmaSseﬁstlll
through, for exanple, a flowreter to nmeasure the
c@ﬁﬁl&@P@éaéﬁoaﬁtlnﬁﬁeF@éPeCAPVhoggmpehent%na@nmn@h boiling
water that is not refluxed into the distillation
c L@ ire dRr&ERaPyédOtt heechatiFami 98 ble afbeihtl ter@pfcolumn

H%:SO nmeasur ed, . \When t he whol e anbunt of the

FPRG T hEt-8e Fées%ﬁeal?na%ees%%‘ée%tt%ka Rfgicipal

t _of t ore t he, st orage, t ank after t he
oRRbalh LTt Bk e kb enE F%@gtaowees

I f 25 Th
Cum o TR o L 28T 10 0 O

to the present invention i‘n

b%fd%ﬁ%rltBBdo@fD‘cﬁesﬁﬁgchEQJcié!?‘gtﬁ tltﬂlteiﬁ&e@o 10 F D vater

Fig. I rllustrates an exenp appar atus us
|BnﬁhﬁyﬁkggéﬁtbQTf@&QC§§SCQSEQ&déﬂ@ é&h&éﬁ%e?reﬁgﬁEogen

I nvention. An upper part of a reaction vesse

exanplge @h@@'!geﬁbzaébﬂ@eﬂ§§§e$} ﬂhe'&bdﬂﬁﬂ&‘f& discharged
dehydration reaction is perfornmed, is connected to a

di(sbilhkaliesd50a0) uan 3 Hhsough p@ﬂﬁ RE a4 condensed by
successively connected to a
the cooling is refluxed into the distillation column, and
the remaining water is discharged. The remaining water may
be stored in a storage tank. In that case, the water
refluxed into the distillation column is passed through,
for example, a flowmeter to measure the cumulative amount
thereof. Although the remaining water that is not refluxed
into the distillation column is discharged, the cumulative
amount thereof ie also measured. When the whole amount of
the remaining water is stored in the storage tank, the
amount of water stored in the storage tank after the
dehydration step is measured to regard it as a cumulative
amount of water.
The method according to the present invention in the

dehydration step will be described more specifically with

reference to Fig. 1. Fig. 1 illustrates an exemplary
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condenser 5 and a storage tank 6 through a line 4

extending fromthe top of the distillation colum 3.

As the distillation colum 3 ,s desirably used a high
performance distillation col capabl e of

efficiently separating an 10 organi c am de sol vent

such as N-nethyl-2-pyrrolidone and water from each

other. A fraction conprising the organic am de sol vent
asp@arptiuscupall ¢onpbaeptodsctakenpoiiteof ddwe hbidPmo the
of the distillation colum 3. This fraction is

r ®itegread inventhenl5 Areaminen peesiself b trhueatgbnavieissel (for
10. A fraction containing water and hydrogen sul fide

| $XPARAR 08t Polynpeitaopioh vhesed] st |imtylvicical wahyBiration
This fraction conprises water (stean) as a principa

cORPEHeRE afdPPsfarsedactonpaniedtey thyardigerillation
suIEide. The fraction fromthe top is guided to 20 the
cGRABABer ShEArehigh thee|#nend andcevdiwwly TRnae®ed to a
Is turned ipto water by the cooling and stored in the _
SF8P§§83?5n 8 @ thataeaskr™hybir I F i derq Hatextending
n copndensed t he,cool j is discharged through a
T et AR L LR RLIR e vt VR 4

bai: ng - [ 25 storage tank. The di,scharge of
poyRiietedy) St 02 B AP LA v P 4 S DI mance
tQ: e di.st i tien The 0 .

L P IRRL B oRCLS A A AbaD L Pk e O b ating an

SYEHaAScaln Bt s Oy EAk kO G 6 Al e sol i
nmet hod gccording to the present invé%?iomﬁg?yﬁﬁﬁﬁn%$%nd

wakeerstobedehdhthenst orage tank 6 is refluxed into
the distillation colum 3. In that case, an anount of
5 wat e rfafdopiet icemphtiedhat edebyrgahl evamiest 901486t as a
principal component is taken out of the bottom of the
distillation column 3. This fraction is refluxed into the
reaction vessel 1 through a iine’lO. A fraction containing
water and hydrogen sulfide is taken out of the top of the
distillation column 3. This fraction comprises water
(steam) as a principal component and is also accompanied by
hydrogen sulfide. The fraction from the top is guided to
the condenser 5 through the line 4 and cooled. The steam
is turned into water by the cooling and stored in the
storage tank 6. In that case, hydrogen sulfide that is not
condensed by the cooling is discharged through a line 7 as
a non—condensable gas component without being stored in the
storage tank. The discharge of hydrogen sulfide permits

the distillation column 3 to smoothly perform distillation.

The hydrogen sulfide discharged may be recovered by any
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refluxing of a part of water within the storage tank 6
into the distillation columm 3 permts snoothly and
efficiently perform ng separation between the organic
am de solvent and water by t It distillation colum 3.
In general, water 10 refluxed is desirably refluxed
into the top or upper part of the distillation
colum. Wth respect to water cool ed, a part thereof

muethed sekhuxedabBbepthendist bhl atyQRi €A Solvent.

wi t hout being stored in the storage tank 6, and the

remai nder ey nigethldsl di sohatigef dhrouwghraskente i8vention, a
Alternatively, a part of water that is not refl uxed

| Pegtt eé dirseir] babred ¢ol thm S8tonaye beask of eis widfliuked into
the storage tank 6, and the renmai nder may be

ditdehgigéd lintdoghcohemhi Be Slmhgmtt eseapaci kyooiht of

the storage tank 6 is small. In any event, the anopunt
oﬁa?@IMé?%#uF@ﬂlaﬁeéntﬂgéatﬁ@ by sti fleunarecd umihe

and the anmount of water discharged w thout being _

r 6EfdXREdndr 8f AeBltFedl Wpter vhehbentkR atiomras é@nk 6 into

tor i t hi the storage tank 6 may be o
G A S T LA LB e hEmh T SebBrN haTERERIY yahd R Heriantly
"discharge" as_used.in the present 25 invention neans
PR Rt P o b EuREF orh oo (i, Solbent and
di still ati i Lt hout bein ef luxed into both
O3 LB, SRer ALY A1 DO 089 T a2 PRt

Ceeéhhkgasléf8e§§£a$g¥SP8918x8§“ Lo L 5%?%%ther part

rati o of the anount wat er efl uxed in
dbsgt thbalih 901 £0A LML t &1 fifn anount of water di scharged

wi t hout being refluxed falls within a 5 range of
gener alitH mEpRicl @ot 4al@r9Qoonkafl ehaBhytf ERBYeof may be
refluxed into the distillation column 3 without being
stored in the storage tank 6, and the remainder may be
discharged through a line 8. Alternatively, a part of
water that is not refluxed into the distillation column 3
may be stored within the storage tank 6, and the remainder
may be discharged through the line 8 when the capacity of
the storage tank 6 is small. 1In any event, the amount of
water refluxed into the distillation column 3 and the
amount of water discharged without being refluxed are
measured. After the dehydration step, water stored within
the storage tank 6 may be discharged through the line 8.
Incidentally, the term “discharge” as used in the present
invention means discharging outside the reaction vessel and
the distillation column withoutvbeing refluxed into both

devices.
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80:20 to 20:80, nore preferably from30:70 to 70: 30.
Assum ng that the anount of water refluxed into the
distillation colum is R the unt of water

di scharged w thout being refluxed is E, and a ratio
between themis 10 R'E, a |oad upon heating in the
distillation colum increases to cause energy | oss as
the ratio R'E becomes higher. If the ratio RREis

| oner tbn ttee caitydaratiors epanrat irerf let week itthener gaai set in
am de solvent and water wthin the distillation
cEMGinabBaBRes dbhecei veigkd rabioacflStipardmaint hef water
organic am de solvent is distilled out together wth
waCervEeeminhe £Bp @isthélatsen| catwon tol thm ammhint of
dlscharged whi ch causes problens such as | oss of the
oW&&ﬁFc éﬁFH@rgﬁﬂvﬁhFhO?t ?ﬁ%%ﬁlé@f%ﬁ%%ﬂ Bbimtwigthin a

drogen _sul fi de t|| zed; 20 In the present

Y Uaheasa YR Phpmul ot 0 661 Lketl i nab by £rom
d I I he dehydr at t
néﬁéébegg 98'5%3«9&”?@%2?}:6%55% g d T 48 s %

Il t f t [
the or ek 9IE TRl Yon BTG Qeﬁgr’a arﬁﬁﬁﬁiﬁ%gge%ﬂao the
rafkuxed,  9nt b6 drn 0 bheg gfﬁg ' arffolft IEHE(%% er discharged

expressi on between the tot anount er o

aW@HHBqub@@ﬁ?rrégiﬁﬂégdlénﬁo ihe C&é%lé'é?ﬂ £ 5 ¢

and the anount of water dlscharge out being

refEyuxedioandupbe REBRUM g (8 Sond Qifs[’cfﬁqgtﬁcﬁ?' col&Hfﬂ?let
of hydrogen sul fide volatlllzed out") of hydrogen

sithtrdesds sthatgese | sneeyermaedd nradvance @ @ mes
anmount of hydrogen sulfide discharged is cal cul ated

obigheom a6 theasurted \RARUE soflowre ot ahecambult-ael;,

wat er on the basis of

separation between the organic amide solvent and water
within the distillation column becomes defective, so that a
part of the organic amide solvent is distilled out together
with water from the top of the distillation column and
discharged, which causes problems such as loss of the

organic amide solvent.

7. Calculation of amount of hydrogen sulfide volatilized:

In the present invention, an amount of water refluxed
into the distillation column in the dehydration step is
measured by a flowmeter, and that amount is added to an
amount (generally, an amount of water stored in the storage
tank) of water discharged without being refluxed. On the
other hand, a relational expression between the total
amount of water of the amount of water refluxed into the

distillation column and the amount of water discharged
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the rel ational expression. Such a rel ationa

expressi on can be prepared by carrying out regression

anal ysi s usi ng vol um nous %ﬁglnental data actually

measured as to the relation 1 etween the total

anmount of water and the anount of hydrogen sulfide

vol atilized out in the dehydration step as a

dat abase. When the database is subjected to regression

amdltyheug, baingl abifonabdexph@sshonabuat! (Aees 1@Eelr&d to as

non- |inear nodel (double |ogarithm nodel or

sémoygdr otfthhy@isogedebhil€adebeopaepati edd dowevesf Hierogen

rel ati on between the total amount of water of the

asdAl def dwacbeproefll dsedetarninetieini sdvahatj oma olhmmamount

and the anount of water discharged w thout being

r &ff| bxdgogshdsthéidpodaschirtgdr byepataiated out from a

di scharged can be accurately grasped by, for exanple,
aegsrrrdarantgePtr éb?e*é@ﬁ@ daBguRheof o¥d &R e the basis of

rggFtlo al . expression (1): y =ax + b (1) wherein x

h&SLtaP ahoGRPTeSRbYRt of distillate of water)

of the unt of ter refluxed.into distillation_. 25
col um 5a tthe i at}f REES SdioSc FArge§ WEeRated by

b I d he. dehyd h
S5T8 1 U{EC 30 ey S BRI el

anoun dro en su

r%%?&k@ﬂe%€§§eha ngcgéalpgtﬁe%%?Pgd a@“@ Hﬂ{a@%fgfaon

he rel ati ona expr essi

PRERWBERT Sh¥aryiag %s&aél@s JvthéP n&p&% agr&&rgﬁ

operating conditions. a and can be determn
SH?H@@Qéﬂgsﬁmﬁlﬁép@él@@ﬂiﬁ%e@a$§ktﬂhEtKéxHéﬁﬁﬂfgklon step as

anal ysi s.
a database. When the database is subjected to regression
analysis, a relational expression of a linear model or non-
linear model (double logarithm model or semilogarithm
model) can be prepared. However, the relation between the
total amount of water of the amount of water refluxed into
the distillation column and the amount of water discharged
without being refluxed, and the amount of hydrogen sulfide
discharged can be accurately grasped by, for example, a
linear model represented by the following relational
expression (I):

y = ax + b (1)
wherein x is the total amount (amount of distillate of
water) of the amount of water refluxed into distillation
column and the amount of water discharged without being

refluxed in the dehydration step, y is the amount of

hydrogen sulfide discharged from the reaction vessel, and
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When t he neasured value (x) of the total anount of
water is substituted into the relational expression
(1), an amount (y) of hydrogen sulfide discharged in
the dehydration step can be ¢ cul ated out. If the
anmount of 10 hydrogen sul fide discharged in the
dehydration step is .known, an anount of the sulfur
source. renmmining in the reaction vessel can be

cadotitl af echcobt afreopuihattamBunt T@nche thel amumt ekdrit@sion
sul fur source charged into the reaction vessel in the
bedinniangndlb bmet berpmesent irAvenhyoAccbhdibng ato the
anmount (that is an actual "anount of the sulfur

s awree achigr ged” prefathegsubhdi tisosr ce rambimicag ibe

the m xture after the dehydration step is calcul ated
odeterminedbRyi subf erhénanbhat espehjengeh datd fiae

cal cul ated out to control a charged nolar ratio 20
bétREEFSike s0PLUFiSource (A) and the dihal o-aronatic
compound (B) on the basis of the anmpbunt of the sul fur
sour ce Tgn cHte feasrssutvalnfe GHafedhrortatatapmgunt of
bet ween, the sulfur source (A) and the dihal o-aromatic

gés’ﬁﬁlsﬁnas( Bpostdtufe %25? R BRbaERioRIL t%}éprﬁsswn (I), an
2 0. 90
SHRuEg ""”F’a‘“‘:g?é?&%%ﬁ auégf‘{i"“é‘%%%é’ 7 Toreie
Eéﬂ%‘f%@?‘#fzm Sebosin e P PehafBs dren ‘”Ifnéf#a a@eunt of
hyduesykhi gﬁifl{jg 85981ﬁa£ e&PL Al &%ﬁé&#f&éi snce

vari ation of t viscosl y every

ano%herBYaﬁQﬁhfobfatﬂ@'Qﬁlf@%'§bﬁgcér¥%ﬁggﬁyﬂqf¥ tgﬁ%

i hal o- aronmatic conmpound charged to 1 no

SukhUti8aULEEs81 Wi R Pe acd BOEEa 08 1o @0 £ -GSt amount and
the amount of the sulfur source charged into the reaction
vessel in the beginning.

In the present invention, thus, an amount (that is an
actual “amount of the sulfur source charged”) of the sulfur
source remaining in the mixture after the dehydration step
is calculated out on the basis of the amount of hydrogen
sulfide calculated out to control a charged molar ratio
between the sulfur source (A) and the dihalo-aromatic
compound (B) on the basis of the amount of the sulfur
source (A) calculated out. The charged molar ratio between
the sulfur source (A) and the dihalo-aromatic compound (B)
is such that the amount of the dihalo-aromatic compound
amounts to generally 0.90 to 1.50 mol, preferably 0.95 to

1.20 mol, more preferably 1.00 to 1.09 mol per mol of the

sulfur source (alkali metal sulfide and/or alkali metal
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8. Polynerization step: The polynerization step is
conducted by charging a dihalo-aromatic conpound into
the m xture after conpletion ég t he dehydration step

and heating the sul fur source“and 10 the

di hal o-aromati ¢ conpound in an organi c am de sol vent.

When a pol yneri zation vessel different fromthe

reaction vessel used in the dehydration step is used,

t bydrogtlfédeaf t ern thwlaehydraiticom st epsand ttthe in

di hal o-aromati ¢ conpound are charged into the
pykyretigat pbnmebsseiscapsity ¢hersiSlaehydr atd ciesimegple to
and before the polynerization step, the anpunts of

t ﬁéxsfiéanpenaﬁvﬁeas@wém rahto cobxilse i ampwimt erf ey didalo-
control | ed as needed. Before the polynerization step
oPTABALAG EABPPBRY nER7EERH 0RO st epol L hotmerulfaty Gource
aid and other additjves may be m xed. 20 The m xi ng of
tHétﬁ?ﬁtﬁrEaB%?a?ﬁeH-%?tE? totdt etion of the

dghygr tion, st W th the di hal o-aromatic conpound is
cond = 2 erature range of generally from
100 to 350 preferabl.y from120 to 330C. en the
respecﬁﬁvﬁg%gﬁﬁﬁﬁéﬁfgﬂépesgﬁ r §&8d °Ph BCFﬁgvﬁy chdfging a

PQEMQ@BLéf%ﬁ%gigsc&ﬁﬁ%\?ﬁd c tcpa{ﬁé Cnlflllxa:rlbrlelt rgtif.ttaetri %%n{r?t S(’etion

i nposed on t or der argi ng, an ot h "compone

apég €H@F8§ﬁy&9a§f@ﬁls@&ﬁté&@sh%éﬁiﬁg thd IdB-£ 756E%%6 and

pol ynmeri zation reaction i s con ed at generally

t €h8585ha P6€f BEADE Ve 120t SurdB0G AP E-Jurferallae L8 vent .
to 290C. As a heating nethod for this Teaction, is

USREnaa pe&lesk Diateddivddgen di xed diMmaidt Wi r@action
met hod of 5 raising the tenperature either stepw se or
coatsalouséy f the dehydration step is used, the mixture
after the dehydration step and the dihalo-aromatic compound
are charged into the polymerization vessel. After the
dehydration step and before the polymerization step, the
amounts of the organic amide solvent and coexisting water
may be controlled as needed. Before the polymerization
step or during the polymerization step, a polymerization
aid and other additives may be mixed. |

The mixing of the mixture obtained after completion
of the dehydration step with the dihalo-aromatic compound
is conducted within a temperature range of generally from
100 to 350°C, preferably from 120 to 330°C. When the
respective components are charged into the polymerization
vessel, no particular limitation is imposed on the order of
charging, and both components are charged in small portions

or at a time.
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a conbi nation of both nethods. The pol yneri zation

reaction tinme is wwthin a range of generally from 10
mnutes to 72 hours, desirably from30 mnutes to 48
hours. The anmount of the organic am de sol vent used

in the polynerization 10 step is within a range of
generally 0.1 to 10 kg, preferably 0.15 to 1 kg per

nol of the charged sul fur source existing in the

pol ynerTiratpolyrst eipa thhe areurttiomy s benchangedaitngtherally
course of the polynerization reaction so far as it

f &l00s twi BROACt hise fangely 18 (The cB’ent mofewakeFeugiohy 170
t he beginning of the polynerization reactionis
pﬁ@féﬁgﬁ¢y dontar dldagd ngi tmieithod foangeief rgeneiahl yid. Bsed a
to 5 mol per nol of the sulfur source charged. \Wen

i oetiofnpéngedatBingt ai Alacd obemperacurer awigiHtod of

pol ynmer or_oligoner, or a special 20 polynerizatjon

hFaE

8489 Ehgq5FTRAT2hYRRVRT CheheS IR ESE ottt iRlpusd Y or
canE o b ThE ebbPeh B n ThY Brgumsr Gt 1oporggetion
cauneRiE SRR 3 Babde 107 TReR OStA Y ol Vs o 72
oyt e TRy LRARCES D Lo Va1 ke govnt

tgrt PRe - am e . . ers n
81t PReCOPLLAL Y. anEXENPLESeRf POLYNE i Zad 'ré)cﬁlﬁr( 3%%%%%

conprising 28 increasing the water conte

cedesei Of wibrin Pl ¥aREE Zak | dhdLacty an 1 ndd ude 13y,
process conpri sing conducti ng a reaction at a

t pEpeeasble 0119768010 Ri0ker msefer ably A80-dei 238G ur

the presence of water in an 5 anmount of 0.5 to 2.4
meburpeeéeiablyg0id tive oAlymdr DAILIBH step. The amount may
be changed in the course of the polymerization reaction so
far as it falls within this range.

The content of water upon the beginning of the
polymerization reaction is preferably controlled within a
range of generally 0.3 to 5 mol per mol of the sulfur
source charged. When it is intended to obtain a low-
molecular weight polymer or oligomer, or a special
polymerization process is adopted, however, the water
content may be changed outside this range. For example,
the water content may be controlled within a range of 0.1
to 15 mol, preferably 0.5 to 10 mol per mol of the sulfur
source such as an alkali metal sulfide. The water content
may be increased in the course of the polymerization
reaction or decreased by distillation to the contrary.

Examples of polymerization processes comprising



10

15

20

25

of the sulfur source charged to control a conversion
of the dihalo-aromatic conpound to 50 to 98 nol %
addi ng water so as to bring ut a state that water
exists in a proportion of norée than 2.0 nol, but up
to 10 nol, preferably 2.5 to 10 7.0 nol per nol of the
sul fur source charged, and then heating the reaction
systemto a. tenperature of 245 to 290C, thereby
coOMANPGiSAEGat der wateiroponAsna par theutankye po&f erabl e
production process, may be nmentioned a process
c Hgrsitigaddnaucepragianlsnpdlidaesi pactens r eamp  oniiq
the pol ynerization step by an at |east two-stage
pEOVREICtAAL 6n rpReEéss sbnpr tsinngratayeSpEpl10 ofo 270°C,
heati ng a_reaction nix%ure containing the organic
afitGd e<aPent 80t ke 3aPfUrincihe o oenmrl athevater in an
und_ (B) to 170.to 270C in the 20

di_hal o- ti
p'ra;‘a“g’aﬁ%zé%%?%f fé?ogﬁgav}oimAﬁ?fEﬁb_lexg Fo7250 ful e pex mor
ur _sour u

géﬁy%éﬁi%g?Fgﬁlnggg iSﬁ?réﬁérgBycg%FﬁT.gaa¢?ﬁ¥ﬁﬁﬁ?8ﬂﬁ0f the
c .Qn o: ar i £, compound is

b cconugcai on ol by 9Lhajoar oLy Competng I . o,

waker ol Brifg géoﬁgagt599t§y§ﬂ§91§9t8§.é§3§£§ng1%P%ﬁ&>%rtion

state that water exists in a proportion of nbre than

20@ fBke BHENUP.HOMdD, BHRE @ﬁrtQDiOQ%%ibepf%%éfgbly 2.5 to

source (A) charged, and heating 29 the reaction
sysvefivl 0p@45mb0 300Chet HET LRY SOMEEOWRNG-JdE and then

Z.

pol yneri zation reaction. In Step 1, it is desirable to
f beatangr epel yaretibavsfigtam med ta ViSeestd duf &k 24P +o

30 Pas as neasured at a 5 tenperature of 310C and a
sheafc r attee byl , &t iseGinly dHe reaction.
As a particularly preferable production process, may

be mentioned a process comprising conducting a
polymerization reaction in the polymerization step by an at
least two-stage polymerization process comprising:

(1) Step 1 of heating a reaction mixture containing the
organic amide solvent, the sulfur source (A) and the
dihalo-aromatic compound (B) to 170 to 270°C in the
presence of water in an amount of 0.5 to 2.0 mol per mol of
the sulfur source (A) charged to conduct a polymerization
reaction, thereby forming a prepolymer that a conversion of
the dihalo-aromatic compound is 50 to 98%, and

(2) Step 2 of controlling the amount of water in the
reaction system so as to bring about a state that water
exists in a proportion of more than 2.0 mol, but up to 10

mol per mol of the sulfur source (A) charged, and heating
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Step 2, the polynerization reaction is continued so as

to forma polyner having a nelt viscosity higher than

the nelt viscosity of the prepplynmer forned in Step

1. Water nmay be added at a final stage of the 10

pol yneri zation reaction or upon conpletion thereof to

i ncrease the water content for the purpose of |owering

the contents of conmon salt secondarily produced and

| R inSieed 1onn syR&epoltpndi 5f spnBd0%E, cdldmdty nprtti@uing the
pol yner in the form of particles. To the
p@%@%&%riéﬁﬁéﬁnsfgﬁcééearding to the 15 present

i ti , } IR g f oth blicl

cnoon oo sy br PR S B G Sodorrnd prephiyEs”

t f, d.the. t i i j ti I I

| PERY PonS bart PEarAry pBly P Pt PorPorbcitaieatired at a
A R R e R SRR L
S%%tegm-, ket gﬁéyﬂ%@%\gﬁéﬁ gg%g?y#%'@&nt%n@%d MIes o

reacti on vess use € purpose O

shrerkeni pa1yherPRLYARG Z2aLLop v§¥ﬁ$§i{lggﬁqﬂ@52gﬁén the melt

production process according to the pr

| NeRbsGRy BEPEEEL brepbMpRbrabbehed hen POLYHES I zati on
reacti on nmay be conducted in accordance with a nethod

_known pefersendyn Hhedtdd fora exann! @taagbt 8k the

conpl etion of the 30 polynerization reaction, a
produnerskatiyncoebedios osepasat &shpyetidd ratd vaso

it is or after diluted with water or the |ike, and

t hacresakt £hg Wateercoakent sfomstied parnsbdd ldferiethering the
repeatedly, and then dried, whereby a PAS can 5 be
céPrgeped. ofTheoprodusel sl siecyndayi e subjwoikdtd impurities

in the polymer formed or collecting the polymer in the form
of particles. To the polymerization step according to the
present invention, may be applied many of other pubiicly
known polymerization processes or modified processes
thereof, and the present invention is particularly not
limited to a particular polymerization process. The
polymerization reaction system may be a batch system, a
continuous system or a combination of both systems. In the
batch-wise polymerization, 2 or more reaction vessels may
be used for the purpose of shortening the polymerization
cycle time.

In the production process according to the present
invention, a post treatment after the polymerization
reaction may be conducted in accordance with a method known

per se in the art. For example, after completion of the
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sieving as it is in a high-tenperature state, thereby
collecting the polyner. After the separation by

filtration or sieving, the P % may be washed with the
same organic am de solvent as the polynmerization

solvent, an organic 10 solvent such as a ketone (for
exanpl e, acetone) or an al cohol (for exanple,

nmet hanol ), hot water, or the |like. The PAS forned nay
albsdybertreated webhtaonacadpovdacsaslursycdoa@ised is
amoni um chl oride. No particular limtation is inposed
osephgafelt by15ivisgbsphyafast measar edf adr adiluted with
tenperature of 310C and a shear rate of 1,216 sec')
oWaitks PASthecbilifnganrd the resebeingihierry ogrke is washed
However, it is preferably within a range of 30 to 800
pang, fipierplerepaptydin. t angobhem-driedpwerhetrby a PAS can
pol ynerizatiqn reaction_is conducted by 2 stages, 20 a

PRS RAvi-RGT a9 mel The i REUBTY SREF IRy %{’ﬁ?esh”é’llteCted to
viscosity of a,prepolyner fornmed in the first-stage
SCaEEBPeRS 1} 1 &5 GBt 3 RUBRT HEThErREEhE S e NPy

St 2)._The, PAS bt ai by t ducti.on proce .
TRk an gl Bn e RS R R b e Moy B0 iy Bg T tration
f i K 2 ' injectlon-nmolded products or .
| SETRACLTAD, 20UoEh L) MhEHLONSA A6 BIPIELS oo

. . _singl . ti ) .
ppRiEacCtblrent: 10/ ¥nlrpPyme PERIPOLE QI AR | P it
vabiodatkinds QF SYRLPELEC (£85I BSampfe, d&SIF &) & idn
is or after oxidized and crosslinked. Since the PASs

okt abned byofh@x@m§96§sm@€ﬁ9ﬁ&iﬁg Kok e d¥ eStthe like.
invention are little in lot-to-lot variation of nelt 5

viraeoBRbyfothed phagesssngbé hereoteLan e &t alddd or a salt
conduct ed,
such as ammonium chloride.

No particular limitation is imposed on the melt
viscosity (as measured at a temperature of 310°C and a
shear rate of 1,216 sec™') of the PAS according to the
present invention. However, it is preferably within a
range of 30 to 800 Pa‘*s, more preferably 40 to 500 Pa-s.
When the polymerization reaction is conducted by 2 stages,
a PAS having a melt viscosity exceeding the melt viscosity
of a prepolymer formed in the first-stage step (Step 1) is
obtained in the second-stage step (Step 2).

The PASs obtained by the production process according
to the present invention may be molded or formed into
various injection-molded products or extruded products such

as sheets, films, fibers and pipes either singly or by

incorporating various kinds of inorganic fillers, fibrous
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and the resulting formed or nol ded products are

provided as high-quality products little in

vari ations of various proper The PAS is

particularly preferably polyfghenylene sul fide)

(PPS). 10 EXAMPLES The present invention wll

herei nafter be described nore specifically by the

fol |l owi ng Exanpl es and Conparative Exanpl es.

MEadueiragand! hodsaofophykicas pf opgnthesi armsesins 15 f

follows. (1) Melt viscosity: Anelt viscosity was

rr§13§EiFéé bgSnméhnés obr Captevgeaphizdd Gfdrard et urkedl by Since
o Sei ki Sei sakusho, Ltd.) using 20 g of a dry

%ﬁn@?‘sésoﬁtéféﬁﬁ@ebyﬁih? hPECE¢ PR, a@cdFding 2 dike gfrepent

mnmin diameter x 10 mfmin_length was used as a

céBVFP‘éwn 3hg %h*ét%%nia%rh%r@v\?a%t seristFmpe Aqldr

aced | n a neasuring oven and held

[ B7oeBe Rk HES PraSEr Ay iberet von Hrmiay gorgucted,
h f
DaR8 AR ErShyphnd apoRiS p%rﬁw%ﬁx %??mfi#fgs areggovided as
d t t
SheOnt Qs NEY b8ty SELVETELR ”‘A%f€$t%0°r9%20sﬁ<3faofflo%s

“gﬁwg&em@s Pyrigl ilana o %rt%q Ay RREeyLRgd as

was charge reaction-vessel heat ed

tﬁoi—?@ﬁnex@?ﬁeﬂf@ 31 Abakyolppgy 5 terms of NaSH) of
sodi um hydrosul fi de having a
EXAMPLES
The present invention will hereinafter be described
more specifically by the following Examples and Comparative
Examples. Measuring methods of physical properties are as
follows.
(1) Melt viscosity:
A melt viscosity was measured by means of Capirograph
1-C (manufactured by Toyo Seiki Seisakusho, Ltd.) using
20 g of a dry polymer as a sample. At this time, a flat
die of 1 mm in diameter x 10 mm in length was used as a
capillary, and the temperature was set to 310°C. After the
sample was placed in a measuring oven and held for 5
minutes, the melt viscosity was measured at a shear rate of
1,216 sec™.
[Example 1]

1. Dehydration step:

An equipment shown in Fig. 1 was used to conduct a



concentration of 64% by wei ght and 179 kg (3.36 knol

in terns of NaOH) of sodi um hydroxi de having a

concentration of 75% by weig wer e charged, and

heati ng was conducted wuntil thHe tenperature within

the reaction vessel reached 10 192C to conduct a

dehydration reaction. After the dehydration reaction,

120 kg of water was taken out into a storage tank 6.

Adleiivoliratt ioh watetionefbuzedtept praodi sbiad |l@miiyomerization

colum 3 during the dehydration reaction was

i FtteHrat REtar 1307 kgdbya I\lﬁnéﬁwm-@yrgfolamna t ot al

annunt.(herelnafter referred to as "anount of

dilbereiapéter ahbepviagedwasel NYBSk e helorged tingto a

distillation colum 3 putting 120 kg of water stored

wFPﬁFﬁlPﬁeV§Fé?égénﬂahﬁage@o§@thé@<ha§ﬂéhW©uHétéé &mol in
dat abase obt ai ned conductlng the 20

§ﬁ§@ga9 aﬁgéf? of° éB?a?%ﬁF?SH%% ?l?&%THQtals
P SPHSRr s crafarf onar éipv"’r‘%éé’ SR TS o G S 1m
@Eﬁ%no?oygoébﬁgg Qﬁg roge nE%?é%eh$X%§§g§,%ﬁﬁ%ﬁfkrgklon

nga§55'59dwe9g%§'9§réh g&&'ogn YL &M qh%p%nnducted

anount (x d stl er upo

dhﬁ%hh'@hb°@ehﬁe£§€u§§ wg€ﬁ¥gr§ﬁéoﬂeéﬁﬁ%b&“&éggél reached

distillation. Although a and are paraneters varyi ng

aggordi a9 dshdde @%}ﬁ}d&%@% Atillg  conditions,

a was 0.0119, and b was -0. 783 under t e above- .
descri et eaxpaid mehilyalratadl tHe@l$iod, WIeD kfeoanpuRtr was

of distillate of water was 250 kg,
taken out into a storage tank 6. An amount of water
refluxed into a distillation column 3 during the
dehydration reaction was integrated at 130 kg by a
flowmeter 9, and a total amount (hereiﬁafter referred to as
“amount of distillate of water”) of water passed through
the distillation column 3 putting 120 kg of water stored
within the storage tank 6 together was calculated at 250 kg.
From a database obtained by conducting the
dehydration reaction repeatedly many times, it is.proven
that a linear relation represented by the following
relational expression (I):
y = ax + b (1)
wherein both a and b are parameters, exists between an
amount (y kg) of hydrogen sulfide lost by being volatilized
outside the reaction system and the amount (x kg) of

distillate of water upon the distillation in the
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t he anount of hydrogen sulfide volatilized out was
calculated out at 2.2 kg (0.06 knmol) fromthis

rel ati onal expression (1) This value was used to

cal culate out an anount of th®& sul fur source

remaining in the reaction 10 vessel and was found to

be 3.38 knol. A trap conposed of a 10% aqueous

solution of NaOH was arranged in aline 7 in Fig. 1

t elddsirtating arepnBiynthefl qibydnogenosul fAde,JuyH € and b are
trap and storage tank 6 by nmeans of iodinetry so as

t pareasee savadydagt evtokGshg A5 8héespbiradds davd@l diferating

~corresponding to 0.06 knol was obtai ned and agreed

wicomdilé onal,ue wakcQl At &d, oahdby the ARt hesl @eger dilg above-
to the present invention. 2. Polynerization step:
TiHies crébet] eprprecsmehtadscohdigédnwi th 503 kg (3.42 20
krmol ) of p-dichl orobenzene (hereinafter abbreviated as
" pDCB" )When cmt ragtov thsl fard irsditdi 1 adfe pBCBattert hess@bbukyg,
source that is a nonomer ratio to 1.012. The m xture

Wit AMPNBtr @AchYEAOVBB s8Il fadet Heha hibhizel upit ovax20C

duct. a reactjon for 5 hours. The reaction

v§§§§Pqﬁé§d28th%ﬁ ¢hared (0 Ph B@Okb Promglers zgkptional
t he reaction xt was, heat ed to 260C to conduct
Bk ERRIRRT D 5 Bl T B i oo et ge out an
t 34 t |.ed t
i%%%%ﬂsgr ofier SRS kR Pteg? ThiRERIRE SOt TR v

S'v@%@erQHHngan %éﬁdngélgg 3mesh) 1o collect a

granul ar pol yner forne e”granular’ pol ymer was

washed A W.G8, WddhACet Qe arj.?ﬁa te'ogga%th%lgnt ngﬁaOH was
with water to obtain a was polymer. IS wash
arranged in a line 7 in Fig. 1 to determine an amount of
hydrogen sulfide in the trap and storage tank 6 by means of
iodimetry so as to measure an S content lost. As a result,
a value corresponding to 0.06 kmol was obtained and agreed
with the value calculated out by the method according to

the present invention.

2. Polymerization step:

This reaction vessel was charged with 503 kg (3.42
kmol) of p-dichlorobenzene (hereinafter abbreviated as
“pDCB”) to control a molar ratio of pDCB to the sulfur
source that is a monomer ratio to 1.012. The mixture
within the reaction vessel was then heated up to 220°C to
conduct a reaction for 5 hours. The reaction vessel was
then charged with 69 kg of water, and the reaction mixture
was heated up to 260°C to conduct a reaction for 5 hours.

After completion of the reaction, the reaction
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pol ymer was immersed in a 0.6% by wei ght aqueous

solution of acetic acid to subject the polyner to an

acid treatnent. The thus- treq;gd granul ar pol ynmer was

then washed twice wth water he granul ar pol yner

was dried to obtain a 10 pol y(phenyl ene sul fide)

having a nelt viscosity of 140 Pa-s. The results are

shown in Table 1. [Exanples 2 to 101 A dehydration

s feFx tiae pesf opaéddbyethetsameomappapatasuaadand sifted

conditions as in Exanple 1 except that the 15 anount

ofthdiogioih| pateretnwhbeingas waeivedopkhhng af r Bh@eunof (100

250 to 350 k% by changing the reflux ratio in the

diSeiY | &Ci 6R é@FEnrﬁ graeRangi Rglymer gliapmedy dhe granular

heating in the reaction vessel. After the dehydration

sPEFYTER HASUNESNER AVFSFRIVAER afclaberand addhtienslly 3
§m%ubst|%ute |n%o 20 the rel atjonal expression (I)

Pclt5e"3hErahCafBtAtRof "AFHFSgRP Wit ¥ i dghis washed

[ | t d th | f
V@o%&ﬁ.e%;ve«%aw (g3 e oL LUE ol soures .
t Th t )
oRL; 38028 Roln LSk (0o ac%%?ﬂg c%rif%%ud Jgeatment.
n@ﬂ@”@ﬁuEaEkQagéd -Exgiple &lgﬁeEhﬁ S aghed twice
B¢ ted OJ%V¥

anount of the sulfur sourc | a o0 perform

t hethpehy 8Bl i Z@td Q- JrRAGE: b 3R POSEs Hr%%hm’t%t optain a

Exanples 2 to 35 10 were experinental exanples

cobfiiynphagylbee sﬁiﬁ§&¢y9n§§§n%fat&@iﬁ”&%@%ﬁ%fﬂ§“§f“ﬂ¥b Pa‘s.
to the present invention in the case where the anount

offhdi séshlas eané shaberimasaised 1o about 300 kg. As
the result of 10 5 experinments in total including
ExBrphelds Zheonkdi

A dehydration step was performed by the same
apparatus and conditions as in Example 1 except that the
amount of distillate of water was varied within a range of
250 to 350 kg by changing the reflux ratio in the
distillation column or changing the quantity of heating in
the reaction vessel. After the dehydration step, an amount
of distillate of water in each case was substituted into
the relational expression (I) to calculate out an amount of
hydrogen sulfide volatilized out, and an amount of the

sulfur source remaining in the reaction vessel was

calculated out on the basis of that value. The reaction

vessel was charged with pDCB so as to give the same charged
monomer ratio as in Example 1 on the basis of the amount of
the sulfur source calculated out to perform the

polymerization reaction and post treatment. Examples 2 to
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viscosities of the PPSs obtained were 124 Pas at the

m ni num 155 Pas at the nmaxi num and 138 Pas (standard

deviation: 9.7) on the averagig The results are shown
in Table 1. 10 [ Exanple 111 %ehydration step was
performed by the same apparatus and conditions as in
Exanple 1 except that the anount of distillate of

wat er was changed to 500 kg. From the genera

exXfr esgicomxple) imantafuertmpl ehydoogeon sukhige dbe

vol atilized out was calculated out at 5.2 kg (0.15

k edlfe ctifvenetsise odnmbbrt pobcdbst abtatéiond vat elte wase SO0
kg. An anmount of the sulfur source remaining in the

r é@dendionydgséhenassealrbarat edeoamoant 30 80d kerol 1 ¥atomof

this value. The reaction vessel was charged with 490
kFar8r3¥aRnsLyF &P zboabcéogokas ths dihee nasarldapd 10
charged nmononer ratio as in nple 1 to performthe
p&FF%EFW?HFFoﬁnréaE?FohnﬁﬁHdb6§tEX@m@b?n%ntth§¥m%%t
resul t nelt viscosity of 139 Pas was

oE{ﬁgFﬁS&tlﬁﬁxgﬁpFﬂeﬁfsﬁsowaéﬂ%r‘w%nl%’% P it the

d t
PRLRIRIRS Bhochf EnaE Fﬁ%pﬁéﬁiﬁﬁwa%redéf@?'w%§$Z<s2$aﬂé“ard
m@%@&a%énch?ng?dokotﬁgo Jf'a(ﬁl:r om'I%l6 trl]ﬁeur% enearr% shown in

expr essi on an amount drogen S

veLat Ll hzed out was cal cul ated out at 6.4 kg (0.19
knmol )  when the amount of distillate of water was 600
kgex@npianmpynt of the sul fur source remaining in the
reaction 5 vessel was cal culated out at 3.26 knol from

this V&i%&mydratlon step was performed by the same
apparatus and conditions as in Example 1 except that the
amount of distillate of water was changed to 500 kg. From
the general expression (I), an amount of hydrogen sulfide
volatilized out was calculated out at 5.2 kg (0.15 kmol)
when the amount of distillate of water was 500 kg. An
amount of the sulfur source remaining in the reaction
vessel was calculated out at 3.30 kmol from this value.
The reaction vessel was charged with 490 kg (3.34 kmol) of
PDCB so as to give the same charged monomer ratio as in
Example 1 to perform the polymerization reaction and post
treatment. As a result, PPS having a melt viécosity of
139 Pa*s was obtained.

[Example 12]

A dehydration step was performed by the same

apparatus and conditions as in Example 1 except that the

amount of distillate of water was changed to 600 kg. From
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The reaction vessel was charged with 485 kg (3.30

knol) of pDCB so as to give the sanme charged nononer
ratio as in Exanple 1 to perf%mthe pol ymeri zati on
reacti on and post treatnent. a result, PPS having

a nmelt viscosity of 10 142 Pas was obtai ned. The

results are shown in Table 1. 37 -i orl1 NOrl Ln d
couU ri N V] (I (12 MNMLI) Il) CO d 04 -P
Qyhel generafd| exkpresgion (1) r lanlamdunt of ihWrd@@b smfide
O OO0 .Jj NNNNNNNNNNNN S4NHr-I rlri
HvAletd lized oul Mo OO T © G G 3y SP U9 kmol)
-~ rlrlrlrdlri rlrlr-1 Hrl NO\V\ gOHQ QCL
ovReg fhenampuntorR @i shiblatezafdgyatey w4600 -kg.) gn
J S Mn) 1) mr) ©Q m(*) 1) m 4)

ma-COs+O$l ( ,
qagount of t ur sourcé remaining in theée reaction
vessel was calculated out at 3.26 kmol from this value.
The reaction vessel was charged with 485 kg (3.30 kmol) of
pPDCB so as to give the same charged monomer ratio as in
Example 1 to perform the polymerization reaction and post

treatment. As a result, PPS having a melt viscosity of

142 Par*s was obtained. The results are shown in Table 1.
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b4J 1-4 1) 9wPor hrrr mMr nmcomcx OHN
HNMd U (ONOO r1 Hrl k XXk XX XXXk XX
WWWWWWWWWWWW 38 | arative Exanples 1 to
10] I'n Exanmples, the sulfur c ent |ost (hereinafter
abbreviated as "S content lost") was cal cul ated out

from the anmount of distillate of water in the
dehydration step, 5 whereas in Conparative Exanples 1

t dCofparehevamanplesf 1 € 90i1 | ate of water was not

i nvestigated, and the anmount of pDCB charged was

det er m Frede:oamp e badies w0fl fthe contenttenbstl qaerehatfter
had been cal cul ated out in Exanple 1 to conduct a
pépreviizaetonsr 88cepohentnlosher wos dsgl ks sedreouli) from
equi pnent as in I_Examlal es 1 to 10 was used to conduct a
déhFdPRPIBR PéaliFbhllatpob§nertentimntheateivhraticdm step,
po?It treatment. After 1,275 kg of NWP was charged

i H6783FeaBt FBRPaTRESEE Brapkes el €@ WG0Ghaomaupt of

( 4%5 % in_ternms of 15 NaSH) of sodium

hé&tf's g Eg BeChalfh§T a"8dnkeht +AY ¢ HF tohooHP VidigRmount of
79, k .36 k f di h i de havi

B PrAleth 2R B lai S e Ul S Sncene

h in o} t nti he te ature within

¢ E8bkotna tOR-6 704G EL A ed 05 PP it o '8 onauct

d ' Cl.J . uni t t he _,anount of

nedr onehL EBF{FACELaPLL AR, (R B! BB l® AP Uk

equipment as in Examples 1 to 10 was used to conduct a

-~ dehydration reaction, a polymerization reaction and a post

treatment.

After 1,275 kg of NMP was charged into a reaction
vessel and heated to 150°C, 302 kg (3.45 kmol in terms of
NaSH) of sodium hydrosulfide having a concentration of 64%
by weight and 179 kg (3.36 kmol) of sodium hydroxide having
a concentration of 75% by weight were charged, and heating
was conducted until the temperature within the reaction
vessel reached 192°C to conduct a dehydration reaction.
Assuming that the amount of hydrogen sulfide volatilized
out in the dehydration step is 2.2 kg (0.06 kmol) like that
calculated out in Example 1, an amount of the sulfur source
remaining in the reaction vessel was calculated out at 3.38
kmol using this value. The reaction vessel was charged
with 503 kg (3.42 kmol) of pDCB on the basis of the amount
of the sulfur source thus calculated out to control a molar

ratio of pDCB to the sulfur source that is a monomer ratio
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out in the dehydration step is 2.2 kg (0.06 knol) like .
that calculated out in Exanple 1, an anmount of the

sul fur source remaining in thg reacti on vessel was

cal cul ated out at 3.38 knol |ng this value. The
reaction vessel was charged 25 with 503 kg (3.42 knol)

of pDCB on the basis of the anbunt of the sulfur

source thus cal culated out to control a nolar ratio
oftppBCR 120 t he sul fur source that is a nononer ratio

39 to 1.012. The m xture within the reaction vesse

was heatlked mpxtepe 220Chin tondustcloreactdorl fwors hieated up
hours, the reaction vessel was then charged with 69
k&xbﬁzﬁaﬁeto gadduhe 5 reactiom foxtUrkowas, hgat ectaypion
to 260C to conduct a reaction for 5 hours. After

cOISetl 3R Softheme chezgeroitht RE keaefi BAtATxt are Wes
cool ed .near to roomtenperature and sifted through a

saeé'é?r*flﬁévﬁﬁ&tgrﬁ #es bpefeAgupf to1860mk (q@o:crmbmt te0

cal t. a an ol The 10. gr anul ar mer .

vvgcs?av(\:/gcsoéld%:vmg’e%\%ug ygg%%‘ﬁ]é %?fap‘% B ¥ha yrseaCtlon'
e el Ty s

a%%ogaf%%hutth%u% gcgkkge Chgtu _erglé-s?g {>ng£‘£<§

twce wat er “an

vnlsf,@omntu%o?@ggm LESPSS gxte. g gxgﬁpiaiog;af' ned by, 10

experinments npar ati ve Tt otare

W@t@nﬁ5a83§o§§mbﬁewﬁbnWHEHbdlﬁ%lgéswﬁﬁhtQ@etgﬁé'5%@”
and 105 Pas (standard deviation: 22.6) on the

awedageona@lyhat tameeaktien whtael toVvbBEaSht ¥ M@§hed polymer.
extrenely 20 wide. The results are shown in Table 2.
This washed polymer was immersed in a 0.6% by weight
aqueous solution of acetic acid, washed additionally twice
with water and then dried.

The melt viscosities of the respective polymers
obtained by 10 experiments (Comparative Examples 1 to 10)
in total were 75 Pa*s at the minimum, 151 Pa-s at the
maximum and 105 Pa*s (standard deviation: 22.6) on the
average, so that a scatter of melt viscosity was extremely
wide. The results are shown in Table 2.

[Comparative Example 11]

The calculation of the S content lost from the amount
of distillate of water in the dehydration step according to
the present invention was not conducted, and a trap
composed of a 10% aqueous solution of NaOH was arranged in
the line 7 in Fig. 1 to determine an amount of hydrogen

sulfide in the trap and storage tank 6 by means of
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[ Conparative Exanple 111 The cal cul ation of the S
content lost fromthe anount of distillate of water
in the dehydration step according to the present

i nvention was not conducted, &fd a trap 25 conposed of
a 10% aqueous sol ution of NaOH was arranged in the
line 7 in Fig. 1 to determ ne an anount of hydrogen
sulfide in the trap and storage tank 6 by means of 40

| adidreleitryS@oasst @odabeENnNBcaAnSsCONL ML | OSd+ . After
1,275 kg of NMP was charged into a reaction vesse

and heatgget oL IBOC kBAX KK I dalgddn ihebs @kaction
NaSH) of sodi um hydrosul fide having a concentration of

64765y awal ghhtandtd79s5kec (B @D k3. of Al UM terms of
hydr oxi de having a concentration of 75% by wei ght
wereeHihafgeddiamdhhdabsngfidasheohdycs econudntrathieon of 64%
tenperature within the reaction vessel reached 192C

t ®ycwedgbt andehylr ki 68 .BEaknpdh. of Af¢@iurh Heydroxide having
dehydration reaction, iodinmetric analysis was 10
condeEceatsatine ebl ¥ egt Punwebplti vare Ashargeduland dreating
amount of h¥drogen_sulfide vol atilized out was _
d¥PEr fPREECTaE BREbl KRBP. tEFBAT & hlse vl Ueln arhammartion

of the sulfur source remaining in the reaction vesse
WISSERILcGPaFBAdoLP2 @tt® IR .2 Prhivdgadtioon reessdion .

harged with 498 kg 15 (3.39 kno|) of pDCB on th
B L T T R L SRR M ST

basi's o
oSTMEhal bR PhbEERa IR (St soiee LAshals 1,
SASHOnorRTabeten TR B0 10 0% (R S brnines
oyer 039onMkAYL es FiQnf AMIUCT, SRR F eACLIRRNt of the sulfur
source remaining in the reaction vessel was calculated out
at 3.35 kmol. The reaction vessel was charged with 498 kg
(3.39 kmol) of pDCB on the basis of this amount of the
sulfur source to control a molar ratio of pDCB to the
sulfur source that is a monomer ratio to 1.012.
The mixture within the reaction vessel was heated up

to 220°C to conduct a reaction for 1 hour, and then heated

up to 230°C over 30 minutes to conduct the reaction

additionally for 1.5 hours. The reaction vessel was then
charged with 69 kg of water, and the reaction mixture was
heated up to 260°C to conduct a reaction for 5 hours.

After completion of the reaction, the reaction mixture was
cooled near to room temperature and sifted through a screen

having a sieve opening of 150 pm (100 mesh) to collect a

granular polymer. The granular polymer was washed twice



additionally for 1.5 hours. The reaction vessel was

then charged with 69 kg of water, and the reaction

m xture was heated up to 260%1to conduct a reaction

for 5 hours. After conpletionof the reaction, the
reaction m xture was 25 cool ed near to room

tenperature and sifted through a screen having a

si eve opening of 150 m (100 nesh) to collect a

gwambl arepohgnend Jheéigianalay Ppotiymes wiash wasted to obtain
twice 41 wth acetone and additionally 3 tinmes with

wat eshedobodvmera Wsire dvaedigdrarol yiieirs waas Hedhepskydnen a
was inmmersed in a 0.6% by wei ght aqueous sol ution of
afebpchbicraighhshedeconddseiohadh yof vi eetiv tdr wht eva sdredl
then dried, The nmelt 5 viscosity of the PPS obtained
waddizdopal By Ywiceedithswahee apdviphem dmdige 2Thgome)t
VZ]_.~ NWLn. mri HNNNN 1-1 Oa WNWOMmMNIn x
0'1S§COP1HY (L the | PPN obepined gvagp I§2 Pays). - fjhe. pesyyts
4] O NIIIIiIIIIIO-HN}iV)
are shown in Table 2.
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UWUNUWU W43 | NDUSTRI AL APPLI CABI LI TY Accordi ng
to the present invention, in the production process
of a poly(aryl ene sudysiedr Qomydsidig hey
pol yneri zation step of subjecting a sulfur source and
a 5 di hateeadonptic WRMAUNEH0 i ROHYIBRN,| 2at kBB production
reaction in an organic am de solvent, a dehydration
stepcelat oifsaapply0aryserp sabfbaepnoohht ys pey frarared,
and a nolar ratio of the
polymerization step of subjecting a sulfur source and a

dihalo-aromatic compound to a polymerization reaction in an
organic amide solvent, a dehydration step that is a prior
step can be smoothly performed, and a molar ratio of the
sulfur source charged to the dihalo-aromatic compound
charged can be accurately set on the basis of the
relational expression between an amount of hydrogen sulfide
volatilized out of the reaction system and lost and an
amount of distillate of water upon distillation, thereby
stably producing a poly(arylene sulfide) having a desired

melt viscosity.



10

15

20

25

sul fur source charged to the di hal o-aromati c conpound

charged can be accurately set on the basis of the 10

relati onal expression between an anmount of hydrogen

sulfide volatilized out of the*reaction. system and

| ost and an anount of distillate of water upon

distillation, thereby stably producing a poly(aryl ene

sul fide) having a desired nelt viscosity. 44 CLAIM

1. A process for producing apotwyd aryl ene sul fide),

conprising, after a dehydration step of heating and 5

dehydrating a m xture contai ning an organi c am de

solvent, at |least one sulfur 'source (A) selected from

the grolp ZAcgnsicsisisngoaf palodaldinaetabohydaoglbhédesifide),

and al kali netal sulfides and an al kali netal

hy@ﬁ@%ﬁééngddedtas peddbgdretioconstebp dhehamblimy afd

water in the mxture, a 10 pol yneri zation step of

cﬁ@%gﬂﬁgtanalﬁaméxéﬂéﬁaﬂpct@@npoqndn ¢Byanit canthée solvent,

system containing the remaining m xture to subject

tﬁ"é el 0§8uﬁegf(lA) sqH#cehdAdi Ral echednbrém the group
pol ymeri zation reaction in th

oﬁj ﬁrlétlg‘ﬁz aé §8>i<ééht meyAl cRYEsApE] E&des 1anq 1&)11%1% Heetal

de“é% binPad 881 gehe L Latiet BoshySHen Suf rHISbA LR sged to
?%%%ﬁf gl Rarr "ﬁ%?;%;ﬁﬁ?.%aeé‘iéﬁ%' the. al kal

wsbﬁgmese%géaggl ggg 3§§8ﬁsggﬁg%g pel Idlpcg]ma}qgisgecdmpound

?gbg:ggFMagﬁé sygkéﬁ'Ebﬁ€91£9n§h€hg'§é$$i§§ﬂé”hf§%d¥g]to

subject the sulfur source (A) and the dihalo-aromatic
compound (B) to a polymerization reaction in the organic
amide solvent, which comprises:
(1) in the dehydration step, heating the mixture containing
the organic amide solvent, at least one sulfur source (A)
selected from the group consisting of alkali metal
hydrosulfides and alkali metal sulfides and the alkali
metal hydroxide added as needed in a reaction vessel, to
which a distillation column is linked, and guiding vapor
volatilized to the distillation column to distill and
separate it into respective components,

refluxing a fraction taken out of the bottom of the
distillation column and comprising the organic amide
solvent as a principal component into the reaction vessel,

cooling a fraction taken out of the top of the

distillation column and comprising water and hydrogen
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Separate it into respective conponents, refluxing a
fraction taken out of the bottomof the distillation
colum and conprising the organi c am de 25 sol vent as

a principal conmponent into t he*teaction vessel,

cooling a fraction taken out of the top of the
distillation colum and conprising water and hydrogen

45 sulfide to discharge hydrogen sulfide that is not
candefisied tdbyitsheacgel hfgragednr etitexda paat 0§ M&t €fondensed
condensed into the distillation columm, discharging

t by rdrnicoiong nwated, ref2hixdet paricnbigwatee! abh@®@ted into
expression between the total 5 anpunt of water of an
anhintdisft iddedérn onetbixed ,i diechhegidygsthel athain ooy umnter,
and an anmount of water discharged w thout being

r éfdudederadaiag anvedetébnhydesgeassubhidetween the total
di scharged fromthe reaction vessel in advance,

t REIC&B ofalMédieat Phgasuemarnandiinvaber hydf bgeed sin o dehe
di scharged .10 fromthe reaction vessel froma neasured

v &G T athen: GPANNaABEN BN oRMRRREr OB We her bdks sharged
the rel ational expressi.on, cal cul ating out

ARG hE ;

FefHaf € u?@?erﬁﬁe(g% ggoungngﬁnhy%$og§£ sulfide
; SR g e RIS nPathioBr vERe HehfaratTant ot Bipkapy
caraufapgahg Blc' gf BIBURL SF DVIFAGER SRLFLAS draparoe
(248 el st sl ol e A RO o

[RUCSEE( O EaLouLshodnn il UED 2081006 s,

cqepouadc(B)tifgt BeLPehYaRELZ At (REr& SRCEHLOP F+8rd ey to as
“amount of the sulfur source charged”) of the sulfur source
(A) remaining in the mixture after the dehydration step on
the basis of the amount of hydrogen sulfide calculated out,
thereby controlling a charged molar ratio of the sulfur
source (A) to the dihalo-aromatic compound (B) on the basis
of the amount of the sulfur source (A) calculated out, and
then
(4) subjecting the sulfur source (&) and the dihalo-

aromatic compound (B) to the polymerization reaction in the

organic amide solvent in the polymerization step.

2. The production process according to claim 1,
wherein the relational expression is a linear relational
expression represented by the following relational

expression (I):
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organi c am de solvent in the polynerization step. 2.

The production process according to claim1, 25

wherein the relational expression is a |linear

relational expression represétfted by the follow ng

rel ational expression (1): 46 y = ax + b (I) wherein
x is the total amount of the anpbunt of water refluxed
into distillation colum and the anmount of water

di scharged aw thoyt being refluxgd in the dehydration
step, 5y is the amount of hydrogen sulfide discharged

f morarteie xr eacthentveasehmoantd bet bha ansubt as€ water
paranmeters. 3. The production process according to
cl@ifiuked whépednsichliheidehydlanhoangdt €pe dheumt xdfur@iter
is heated to a 10 tenperature of 100 to 250C. 4. The
pridggbeirgrdprotbsstabedndi ngfloxetiaim lhe ddieydtatian step,
the dehydration step, reflux conditions are set in
siichAsathgnarpuniapfahwdrghenr avi 6id¢ dheclamoyed fofom the
water 15 refluxed into the distillation colum to the
afSaRti6r vVREFer  dreEhhpElda wiRAoRt 2 bei Pryraret teied

falls within a range of from90:10 to 10:90. 5. The
producti on process according to claim1l1l, 20 wherein in
t he dehydr%hion step, .the dehydrati on under heat _is
conducted iHsHERYECHERRePTPREESt AECRAE LRI chRt ehrim 1,

e 202 SERG8-Pl %ol e 56 ABFEL & Ad¥ea w0
T R L AT A WA
4. The production process according to claim 1,
wherein in the dehydration step, reflux conditions are set
in such a manner that a weight ratio of the amount of water
refluxed into the distillation column to the amount of
water discharged without being refluxed falls within a

range of from 90:10 to 10:90.

5. The production process according to claim 1,
wherein in the dehydration step, the dehydration under heat
is conducted in such a manner that the water content falls
within a range of 0.3 to 5 mol per mol of the alkali metal

sulfide (A) charged.

6. The production process according to claim 1,
wherein in the dehydration step, the dehydration under heat

is conducted by means of an apparatus so constructed that
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i s conducted by neans of an apparatus so constructed
that 47 an upper part of the reaction vessel is
connected to the distillation colum, a fraction from
the top of the distillation ¢olum is successively
sent to a condenser and a storage tank, a fraction
fromthe bottomof the 5 distillation colum is
refluxed into the reaction vessel, a part of water

steor eghplelt Phetsber age tanktisnr ¢bLYXedi iNEOhnddh&ed to the
distillation colum, and at that tinme an anpunt of

watiert inekituxed cosuinfit egr atedtbynarfbawikd efop 10r 7hdhe
production process according to claiml1l, wherein
affiertifthietdehydpatinanist epccans ameunt sofit tH® a condenser and
di hal o-aromati ¢ conpound (B) charged is controlled

wat iterager angé, oh fr806tionlfO8mnbhe pesttmh of ithe

sul fur source (A) charged. 15 8. The production

pAdeEdd lagéondragurnn tharaflyxedhentd nthe tdmction vessel, a
pol yneri zati on step, the polynerization reaction is
cBAdlcPédVBcanSEPrEdask the- stagege podynerd zeflorked into
process conprising: 20 (1) Step 1 of heating a
rEEEtﬁbﬁtﬁEEFEF%nc6ﬂ%%?ﬁin@n@h@t Brajant Enamdeamount of

sol yent % e syl fur,source (A). and the
dPRAFG- SPEMMEFE EOmbBEREFT B0 (oY 170E YOG i n ¢ he

presence of water in an amount of 0.5 to 2.0 nol per
nol of the sulfur source (A) charged to conduct a

p0|ynenf?a&hggprgéué%ggﬁi Pocé$§r$%éo%$%§%g&aﬁgﬁﬁp?gq

prepol ymer "t a converston o

coreeund Letal 1R 984 éﬁgt of trold i
the anmount of wat er e|'/nyt e (& AP, %Plaf O Ad 11
dihalo-aromatic compound (B) charged is controlled within a

range of 1.00 to 1.09 mol per mol of the sulfur source (A)

charged.

8. The production process according to claim 1,
wherein in the polymerization step, the polymerization
reaction is conducted by an at least two-stage
polymerization process comprising:

(1) Step 1 of heating a reaction mixture containing the
organic amide solvent, the sulfur source (&) and the
dihalo—aromatic compound (B) to 170 to 270°C in the
presence of water in an amount of O.S to 2.0 mol per mol of
the sulfur source (A) charged to conduct a polymerization
reaction, thereby forming a prepolymer that a conversion of
the dihalo-aromatic compound is 50 to 98%, and

(2) Step 2 of controlling the amount of water in the
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48 reaction systemso as to bring about a state that
water exists in a proportion of nore than 2.0 nol,

but up to 10 nol per nol of the sulfur source (A
charged, and heating the reactdon systemto 245 to
290C, thereby continuing the 5 polynerization
reaction. 9. The production process according to claim
8, whereinin Step 1, a prepolyner having a nelt

Virseeiibyn @&st@m5sboa§0tga§r§§gn§§§H£eQ &tafe that water

tenperature of 310C and a 10 shear rate of 1,216 sec-1

| xfierdedn a proportion of more than 2.0 mol, but up to 10
mol per mol of the sulfur source (A) charged, and heating

the reaction system to 245 to 290°C, thereby continuing the

polymerization reaction.

9. The production process according to claim 8,
wherein in Step 1, a prepolymer having a melt viscosity of

0.5 to 30 Pars as measured at a temperature of 310°C and a

shear rate of 1,216 sec ! is formed.



