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1 DESCRI PTI ON POLY( ARYLENE SULFI DE) AND PRODUCTI ON
PROCESS THEREOF 5 TECHNI CAL FI ELD The present
invention relates to a production process of a

pol y(aryl ene sulfide) by subjecting a sulfur source
and a di hal o-aromati c conmpound to a pol ynerization
reaction in an organic am de solvent, and
particularly to a 10 productlon rocess of a

pol y(aryl ene sul fide), b Nalkali neta
hydrosul fi de and an al kal i netal hydroxide can be
used in conbination as materials for a sulfur source

t I ' ' ti d
o1y TR e Sy TR AP 05, b2Bost mumoor
bi s(4-chl orophenyl) sulfide 15 that is an inpurity

secondarily produced upon the polynerization

reaction, excellent in feagkivitYri@$ilane coupling

agent s such as y- anlnopTUpyTrrreg%nys lane, little

in vol atid ¢ Rther lmeﬁtq%p%tigt@@dtaoedpkedﬁek%n process

tone can be provided. 20 The present invention also

r &f aj esol @ (00} Yés Y enei dsul By das)jdomiid 4 heicant eurce
of bis(4-chlorophenyl) sulfide. The present invention

f amd her d1leh Bb-esréma ot yéanydene tsu fpalesje eixaedl@ntreaction
in reactivity to silane coupling agents such as

yianamoprogpyl ¢ raretdoxysivane, 25 BACKGROUNDIARTO a
Pol y(aryl ene sulfides) (hereinafter abbreviated as 2
production process of a poly(arylene sulfide), by which an
alkali metal hydrosulfide and an alkali metal hydroxide can
be used in combination as materials for a sulfur source to
stably conduct a polymerization reaction, and polymers
extremely low in the content of bis(4-chlorophenyl} sulfide
that is an impurity secondarily produced upon the
polymerization reaction, excellent in reactivity to silane
coupling agents such as Y-aminopropyltriethoxysilane,
little in volatile matter in a compound and good in color
tone can be provided.

The present invention also relates to pecly{arylene
sulfides) low in the content of bis(4-chlorophenyl) sulfide.
The present invention further relates to poly(arylene

sulfides) excellent in reactivity to silane coupling agents

such as Y-aminopropyltriethoxysilane.

BACKGROUND ART

Poly(aryvlene sulfides) (hereinafter abbreviated as
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"PASS"') represented by pol y(phenyl ene sul fide)

(hereinafter abbreviated as "PPS') are an engi neeri ng

pl astics excellent in heat resistance, chem ca

resi stance, flame retardancy, nechanical properties,

el ectrical properties, dinensional 5 stability and the

like. The PASs are commonly used in wide fields such

as_electrical and el ectronic equi pnents and

auFBRB( 1 vECBEGFBERESCBebalEdPTRBY 18RA BBl bifhkd (bpreinafter
i ntqQ vari qus glnds of nol ded or forned

p?bgaﬁf%at{e | fi§, "FERet 2T Fi BBr§ngéP‘Eerb9‘3g@%%?%%c?re‘?’fcelle“t

Ppceesing Loghnaues 10 such ﬁgssggggé'?;gﬁgpé °Ct ey,
PA

mh.ggﬁ%ﬁ?%ﬁ?&%?%%}:%é%sg‘%sgﬁ E i RorBhPRET 6.8 fensional

agegﬁmﬁognaueg?gpng.Of | o S&Jﬁﬁ% gs%da?m wide

N 15 net hyl - 2- py one ere 1s known a

U?h@@dénsu@hkég'eﬂ@&@kle¥gr9§3|élggtéggl@ne@ﬁfﬁﬁénts and
nmetal hydroxide in conbination as materitals foor th

selitbhos QuECequiiBMEN €5 , be&Qh§enEﬁ89dcé§ ok f £4 ehdbd &f’molded
set conditions for stably performng a polynerization

reacti oaribAsaddhlisonf RO1a6€06di NPrhed thiSdawEtHodEilms,
difficulty is encountered on inhibition of side
rehetton§ibehs, contenbyoffenetal i helt nptders bropneschniques
great, and difficulty is encountered on reduction in

t Recboatenktobtisbos( 4ichtot bphenyl disal dndeconirats $ soran
inmpurity due to a great anmount of the alkali 25 netal
hpet8knde used upon the pol ymerization reaction.

There has heretofore been proposed a production
proces$ofd PARIGa] WA CAi oAl paloicesst & Bpdrodal kngen a

Srocess in which a sulfur source is reacted with a dihalo-
aromatic compound in an organic amide solvent such as N-
methyl-2-pyrrolidone. There 1s known a method of using an
alkali metal hydrosulfide and an alkali metal hydroxide in
combination as materials for the sulfur source. HEowever,
this method is difficult to set conditions for stably
performing a polymerization reaction. In addition,
according to this method, difficulty is encountered on
inhibition of side reactions, the content of volatile
matter becomes great, and difficulty is encountered on
reduction in the content of bis (4-chlorophenyl) sulfide
that is an impurity due to a great amount of theralkali
metal hydroxide used upon the polymerization reaction.
There has heretofore been proposed a production

process of PAS, in which an alkalil metal hydrosulfide, an
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3 alkali netal hydroxide and a pol yhal o-aromatic
conpound are reacted by 2 stages (for exanple,
Japanese Patent Application Lgid-Qpen Nos. 2-302436
and 5-271414). In Japanese Patent Application
Lai d- Open No. 2-302436, it is 5 described that the
anount of the alkali netal hydroxide wused is within a
range of 0.7 to 1.3 nol, preferably 0.9 to 1.1 nol
péikash BF tehe harkaKi drepan Rygpéghpipderonatiexappbeynd are
of Japanese Patent Application Laid-Cpen No. 2-
362@§6ed|§Ysﬁoﬁﬁa§ﬁse%§@Flﬁﬁﬁﬁaﬂeexﬁﬁﬁﬁﬁeﬁﬁa?aE%ﬂFun1
10 hydroxi.de was used in a proportion of 0.92 npol per

w&Pp Fca§68Puﬁﬁﬁ96P8§BIFPae 23 B%ﬂééea@%tén%714l4) In

(PReeF B kP ke P LOACABPd LT CPThola pr ot 0Ltaly 1t is

fflcult g ep r uce . con t

8§%§%EHF8r8% enybf 1BHs |Pld Sn% % E?ﬂp?%%EOXIde
t eagt t e,60Hp gen n
s LGS S FHR 0 o g 4800 <
per, fi opim apppl M@rb;akhenaiﬁéﬁlﬁgt fnﬁyapoé 1h£1 Q. ﬁn
produce a hi gh-nol ecul ar wel ght po ymer at yi el d
wheanphesmBkaya &hé@eoiﬁaﬁgﬂtuﬂbﬁwéé’%igﬁ H§§(§L(§19e12Q\Io -
sodi um hydrosulfide is | ow as own i n Exanpl es of
t Bese3edoeynenben dApanpseikehenl LpRphbratist sodium
Lai d- Open No. 2- 302436 describes the fact that the

ahpdnbxdfiegasssusgénenatedrosostbbh, obud . dbasoNope Syl of

analytical results as to gas conpositions. 25 There
hasdbesnhpropesédide pr ghiusiriame radoess Agfplication Laid-Open
poly(glghenylene) sulfide, in which a nolar ratio of
alo.- 71414 also disclose a like technical matter.

According to these processes, however, it is
difficult to reduce the content of bis(4-chlorophenyl)
sulfide and also to improve the reactivity to silane
coupling agents. In addition, there is a tendency to make
it difficult to stably perform a polymerization reaction
and to fail to produce a high-molecular weight polymer at
high yleld when the molar ratio of sodium hydroxide used to
sodium hydrosulfide is low as shown in Examples of these
documents. Japanese Patent Application Laid-Open No. 2-
302436 describes the fact that the amount of gases
generated 1is small, but does not show analytical results as
to gas compositions.

There has been proposed a production process of

poly{p—phenylene) sulfide, in which a molar ratio of an

alkali metal hydroxide to an alkali metal hydrosulfide is
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al kali metal hydroxide to an al kali netal hydrosulfide

is 4 controlled to 0.80:1 to 0.98:1 to conduct

pol ymeri zation by one stage (for exanple, Japanese

Patent Publication No. 6- 51792). According to this

process, however, side reactions are easy to occur,

difficulty is encountered on stably 5 perfornmng a

pol ymeri zation reaction, and noreover it is also

dFPRiEEaRE eflotPeluBl: LhEOcBnP8nl BP BPBEUCENPO}BRREHEAYion by

sulfide and to inprove the reactivity to silane

cBUpI PRGISadERt s S*THBI & - hd3PBRERC pF dpBR_EA™ AP bt GRibEe: dFP - 6~
of PAS, .10 in which an al kal.i nmetal hydroxide

PSL098% | rPECHEH Tort AR €At S esctions

f | kal al d i de t du
poFynerlgangﬂgﬁv%ohgng%éﬁglF oigS%&%ﬂ%ﬁEegﬁép%%e%Eébly

FBLeRL . % m&Q%QéQ%H Jf\Q?c%OQ& 20430 eodDET S, 4
ose Foductron pfocess 1
leQBed§%§9@up¥ Hé' d Qea£%§|Eoﬂ?&ﬁ%_?yd69§9+f&ﬁ%%rophenyl)
and an al kal1 net al roxide to specitfy a no rat
b§ﬁm@§8etQﬁdr@ép§ﬁ£k¥§ecgﬂgoﬂgﬁé§l&I9§ @53§Pi§he coupllng
Japanese Patent Application Laid-Open No. 2-160834)

ThgestBas further been proposed a process for
produci ng PAS by one 20 stage by controlling the
anmount Tferan halKademgiralpo sydzoxirdeuaddesd becledst 6£4PAS,

nol per nol of an alkali nmetal hydrosulfide (for
exanphichJapaatkel Patehd]l Puplircatdeni Noused-H170F)roportion
However, these processes also involve the sane
probliehtnagstpnajapasesk Mat eper Rubl i chtammNeli metal
6-51792. 25

hydrosulfide to conduct polymerization by one stage (for
example, Japanese Patent Application Laid-Open No. 2001-
181394) . There has also been proposed a production process
of PAS by one stage by using an alkali metal hydrosulfide
and an alkali metal hydroxide to specify a molar ratio
between the respective components (for example, Japanese
Patent Application Laid-Open No. 2-160834). There has
further been proposed a process for producing PAS by one
stage by controlling the amount of an alkali metal
hydroxide added to 0.3 to 4 mol per mol of an alkali metal
hydrosulfide (for example, Japanese Patent Publication No.

6—-51793) . However, these processes also involve the same

problems as in Japanese Patent Publication No. 6-51792.

DISCLOSURE OQF THE INVENTION

It is an object of the present invention to provide a
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DI SCLOSURE OF THE INVENTION It is an object of the
present invention to provide a 5 production process

of a poly(arylene sulfide) extgemely low in the

content of bis(4-chlorophenyl) sulfide that is an
impurity secondarily produced upon a polynerization
reaction, excellent in reactivity to silane coupling
agents 5 such as y-am nopropyltriethoxysilane (i.
aRTRESFIFaRR) Prorreel efi A pelulprelanet evlihde) c@wo@m@ly low
and good in color tone, % whi ch an_al kal i _net al .
hy-&r %Em FPRECRRACANPAFKAT PRI ABPRNCRAYHL oxEHBi danthet is an
used as materials for a sulfur source to stably

comgHet t¥ ESFyﬂgﬁriéy.Bﬁoﬁaae@.Bﬂonlﬁ $®%¥W@ﬁl%ﬁﬁ%ﬁﬁ
t r
Zuf—e. %é%lef’%%%}: .‘%T 'a%ﬂf's%e‘a%f{ws%a i fred Gty agents
furt 1€%ecl q} t he, presep |nvent|onf
8“6 o@?d %%WC(%’R}? HHIHES) Y-t Ffnesilane),
[9RCLANI LY 1818t : 20CnCPUDL] Eghggsg$§oéy& 288 dodd in color

am nopr opy triethoxysi |l ane. ent I nven OI‘S ave

CabhkednoUln @0n exh ensky e; m@¥§§thg@£5§@1¥4&@ aléﬂwalkall
toward achi eving the above objects. a resu

| R¥EAL ORh$aNaY e160RER1 ¥E8UuOEG Aas PHOEESSa FONRYH Sd negal fd‘r
a dehydration step for controlling 20 the anount of

wabekcénta Pragugt tONAREOCESSo DImEAS Dy oPOyA®I i NY

a sulfur source and a di hal o-aromatic conpound in an

or gani Ginartilder stijeent ofheadle pEeardtr eaCknfgon WeXtLr@rovide
containing an al kali netal hydroxide in a proportion
obolp(@bytend. 951 hnfleperlowl inftle abkiadnt meff dbis (4~
hydrosul fide in

chlorophenyl)} sulfide. A further object of the present
invention is to provide poly(arylene sulfides) excellent in
reactivity to silane coupling agents such as Y-
aminopropyltriethoxysilane.

The present inventors have carried out an extensive
investigation with a view toward achieving the above
objects. As a result, the inventors have conceived of a
process comprising, in a dehydration step for controlling
the amount of water in a production process of PAS by
polymerizing a sulfur source and a dihalo-aromatic compound
in an organic amide solvent, heating and reacting a mixture
containing an alkali metal hydroxide in a proportion of
0.95 to 1.05 mol per mol of an alkali metal hydrosulfide in
the organic amide solvent to dehydrate the mixture,

arranging a charging step of adding an alkali metal

hydroxide and water to the mixture remaining in the system
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25 the organic am de solvent to dehydrate the m xture,
arrangi ng a charging step of adding an al kali netal
hydroxi de and water to the mxgure remaining in the
system 6 after the dehydration step, as needed, to
control the total nunber of noles of the nunber of

nmol es of an alkali netal hydroxide forned with

hydrogen sul fide forned upon the dehydration, the

nafser shendebydafitiha gltkal i agenakdsdhyteogbderatidede total
prior to the dehydration and the nunber of noles of

t REMREEKaPE metgr R¥dibgi Bembadedanpéest pf an alkali metal
dehydrati on, and the nunber of noles of water so as to
aHﬁQﬁPxﬂéelfQGm?Q Y15 B@?rﬁﬁﬁnoﬁuéféﬁﬁfﬁ@r@%@rEﬁcn the

sul f sour cluding the alkali_neta
L SRPLEERE i  10hePErPRS PR PHOCE Rk CEn: fLkAT hgnatal

hyd d f h h
d% ﬁr?%5§8?8§9692§528?.%8|§§eaﬂ§§Y?ﬁ?¥h§? g B8 fefher o
X@Er'%$%h8”aiE§EE' ﬁﬁég$§i%%caddg8 S%@@r the
e ocess accord e resen

%ﬁgﬁkggﬁgﬂsléapﬁéhgeﬂﬁMﬂﬁylgftH %eé g?lﬁgt%ﬁt%g as to

B
bet ween t met a drosulfide and

metalinRYdroxi e €Baiged Lorths) dehydiat FQn §$§Pcés(charged
controlled within a limted specific range, and

peam@ﬁkl@eueeesh@nahhahhgneﬁélabygrpxmgﬁaiOhﬁdrégﬁlf&de
the sulfur source is controlled within a specific 20

| ERibedngangethEustyBeem hheepr ogesScREEPsEticg 40dtHe 0.5 to
present invention also has a feature in that a
spebi bec mblwoost aje pbhygedi zal fon psocess respeopiwsiy, and
According to the production process of the present
further performing a polymerization reaction by a specific
two—-stage process.

The process according to the present invention has a
feature in that a molar ratio between the alkali metal
hydrosuifide and alkali metal hydroxide charged in the
dehydration step is controlled within a limited specific
range, and a proportion of the alkali metal hydroxide to 1
mol of the sulfur source is controlled within a specific
limited range. Further, the process according to the
present invention also has a feature in that a specific
two—-stage polymerization process is adopted.

According to the production procéss of the present
invention, the polymerization reaction can be stably
performed, and inconvenrient reactions such as thermal

decomposition are inhibited. According to the production

process of the present invention, there can be provided PAS
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i nvention, the polynerization reaction can be stably
25 perfornmed, and i nconveni ent reactions such as
thermal deconposition are inhibited. According to the
production process of the present invention, there
can be provided PAS 7 having a bis(4-chlorophenyl)

sul fide content Iower than 50 ppm According to the
production process of the present invention, there
capvahgoabbipl évitédrPpSerxtEel behfida Someart i Vowgr tichan 50
a silane coupling agent as denonstrated by a ratio
(PV2/-MW1) of a nelt viscosity value (MW2) of the PAS
after a reaction with amnosilane to a nelt viscosity

val ue AMPHIBEF dree thee Hreskiatdrrexeesgss2 of &fe present
neasured at a erature of 310C and a shear rate of
1137gnEegns. tli%r%ngﬁ?d‘?ﬁﬁot]%etﬂjéo‘]ﬁ%%%%c?}f‘%n@ﬁ?%]e]e%%t ofn
eseg |nventg t here. can further rovi ded
PAG BRERREY 5t0 i REUFDE: AT Hed R9EEbI S | S aRe £a o0 by 2
L mat t in_a conpou
| FoehE: SRVAZPLLoRe ) Sae b ot fon -t sUfD) Ga) e
s 0 e pres invent.i
CREFOETE %%%@#%%% wLERCHI AN Sl e oS ﬁ%aavsnwﬂ ¥ value

b'(ﬁ(rffy cﬂé@w@hﬁﬂgl }eaéyieiﬁ de,confens 4 %rm%mécp AP

as determ ned by a gas ~chronat ographi ¢ anal ysi's

aEERpOARCE-UI LB ﬁléﬁ%ﬁ%%{d 09 stdatethed speqi bhgdgkn-the
scription of e present application. Adcording to
the preserirdifverb ehe PReB@ciSoal $@ocess of the present
invention, there can further be provided PAS which is
markedly inhibited in coloring and little in volatile
matter in a compound.

The present invention has been led to completion on
the ‘-basis of these findings.

According to the present invention, there is provided
a poly(arylene sulfide) having a bis(4-chlorophenyl)
sulfide content lower than 50 ppm as determined by a gas
chromatographic analysis in accordance with a measuring
method specified in the description of the present
application.
| According to the present invention, there is also
provided a pely(arylene sulfide) having a ratio (MV2/MV1)
of a melt viscosity value (MV2} of the poly(arylene
sulfide) after a reaction with aminosilane as specified in
the description of the present application to a melt

viscosity value (MV1) before the reaction exceeding 2.0 as
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provided a poly(arylene sulfide) having a ratio

(MV2/ W1) of a nelt viscosity value (MV2) of the
poly(arylene 25 sulfide) after,a reaction with

am nosi |l ane as specified in ﬁe description of the
present application to a nelt viscosity value (MW1) -
before the reaction exceeding 2.0 as 8 neasured at a
tenperature of 310C and a shear rate of 1,216 sec-1.
Aceesdiragd o theeppesettirengentiof; drere disdurddiesr of
provi ded a process for producing a poly(arylene
stlPléeypeby - 5 pol ymerizing a sul fur source and a

di hal o-aromatic conpound in an organi c am de sol vent,

whi ch cf*d%ﬁj?rndsw thife Ghes rASanE igvepdion, (Dpre is further

deh tion step of heating and reacting a m xtu

cBh XF PﬂgatHﬁoﬁ?ﬁﬁnfﬁraﬁf%@ugbpgeﬁtpo%ﬁ(%ﬁyéﬁmerﬁ%%ﬁlde) by
1 dr osul g an al kali nmetal hydroxide in a
pPSE%W?Fbﬁln%f 20585t 1h iOBBC%?n%e? 241~ HEIA K| fompound

drosulfld rge. east. a part of a ,
dlsthIa¥ SN Eontar nﬁog% f%%hgkrﬁPTQﬁ%ﬁ?%rtQﬁ fgiective
s¥§&§g18§ntaining the m xture to the exterior of the
syst 5 (2) a charging step of adding an al kal

m?i?' hagﬁ%fg@l@l@dstgﬁtﬁf 1,01 Ney i xd %&Jﬁ%@%fﬁ '}.%tia{hre

the systemafter t ydratlon st ep,

cephtinihg LR ab - HAIDEr afae "D £5er0f | tJﬁ?JﬂﬁQ&% a1

mol es of an alkali netal hydroxide formed with

hy gt pgenL S1dié | ghed f of netk Aponnd g1 dehyel-atdonn 20 &thﬁ)ortion
nunber of noles of the alkali netal hydroxi de added

pofod.99H thel dehydshatpen man ¢heciwindieialofl wads of
tgidrosulfide to discharge at least a part of a distillate
containing water from the interior of the system containing
the mixture to the exterior of the system,

{2) a charging step of adding an alkali metal hydroxide and
water to the mixture remaining in the system after the
dehydration step, as needed, to control the total number of
moles of the number of moles of an alkali metal hydroxide
formed with hydrogen sulfide formed upon the dehydration,
the number of moles of the alkali metal hydroxide added
prior to the dehydration and the number of moles of the
alkali metal hydroxide added after the dehydraticn, and the
number of moles of water so as to amount to 1.00 to 1.09
per mol of a sulfur source (hereinafter referred to as
“charged sulfur source”) including the alkali metal

hydrosulfide existing in the system after the dehydration

and tq 0.5 to 2.0 per mol of the charged sulfur source,
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al kali metal hydroxi de added after the dehydrati on,

and the nunber of noles of water so as to anount to

1.00 to 1.09 per nol of a sul%ur source (hereinafter
referred to as 25 "charged sul fur source") including

the alkali netal hydrosulfide existing in the system
after the dehydration and to 0.5 to 2.0 per nol of

t he charged sul fur source, 9 respectively, (3) an

f respestaygelpol yneri zati on step of addi ng a dihal o-
aromatic conmpound to the m xture to subject the sulfur

sdd) canafdrehesdppal pohyoani rettonpoter ¢H adding a dihalo-
pol ynmerization 5 reaction at a tenperature of 170 to
27pemather EBYPPPBRT Ay TheprepbRyeeko t Bk ect orversi biur

of the dihalo-aromatic conpound is 50 to 98% and (4)
aSSBEGRd2BHagRe pBi HAer T2 5P oR St EPRPULBNEP of | PHy el zation
amount of water in the reaction systemafter the first

188F 548N pdFyfeFPRRET3RUEE epl sb’ Aste of BY (g HIss P Ya forming
hat i sts_ i tion, of. nore than
P LL it S R L (R R
ti th ti t t 245
olha e a0d BEE R Lhe pelyieri saci on

rl @@pt%oyecé,lﬁng@Jg%/%lﬁ%%%@w% J#Ecc!rnl\ﬁég}\!{%ﬂ\& the

. Sulfur source:"I'n the present invention, a
neh@hnt NYEr 9stbii g 1§c Ust 8o S fl SOW LN St rat-

exanples of 20 the alkali netal hydrosulfide, may be
mepigenedl{héhi eition step 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 charged sulfur source, and heating

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

polymerization reaction.

- BEST MODE FOR CARRYING QUT THE INVENTION

1. Sulfur source:

In the present invention, an alkali metal
hydrosulfide is used as a sulfur source. As examples of
the alkali metal hydrosulfide, may be mentioned lithium
hydrosulfide, sodium hydrosulfide, potassium hydrosulfide,
rubidium hydrosulfide, cesium hydrosulfide and mixtures of
two or more compounds thereof. The alkali metal
hydrosulfide may be used in any form of an anhydride, a
hydrate and an aqueous solution. BAmong these, sodium
hydrosulfide and lithium hydrosulfide are preferred in that

they are industrially available on the cheap. The alkali
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hydr osul fi de, sodi um hydrosul fide, potassium

hydr osul fi de, rubidi um hydrosul fide, cesium

hydrosul fide and m xtures of 4w or nmore conpounds

t hereof. The al kali net al hyd?osulfide may be used in

any formof an anhydride, a 25 hydrate and an aqueous

sol ution. Anong these, sodium hydrosulfide and

['ithium hydrosulfide are preferred in that they are

| AgGstr nAArysuvaitabie prefavakbheapscdhes atkapqud@us mixture

metal hydrosulfide is preferably used as an aqueous

mixt Gre a(Plgturg wikburetarthavdrer Thavdhgy ¥ | sheli tgg an

such as an _aqueous solution fromthe viewpoints, of

pFEEESEPNGClBperat FEAT tRF ghi RgPOLRES &F |prQemetHly a
alkali metal sulfide is

smal | _amount of an
SSESHEEFPPy ﬁ?bgsﬁgﬁ'iﬁt%'production process of the
| kal i tal_h | fide. A I f.th .
el gl dyiresu ) oe Ao LAl ol el i
fl ' h [ tion, .|
ok SRy eER 1 L RAGEETY LS 11

met gkt hydeesyl f8e.sangs @b kald Jmebal a%&JIJtd%fbgt%%”%ak%n

charged sul fur Source after a dehydration ste

ExatRh esu0f i ghena) ksdi coBt Al nbydioxile ined tdenetal

['ithium hydroxi de, sodi um hydroxi de, potassium

hydaoskderiddSusedi dh upndygiroxige, i Geshtiedydroxite s case,
and m xtures of two or nore conpounds thereof. Anbng

t hersetosali nsl by dgexheetansls thé ha 1 hy dieoxd denal®sul fide
preferred in that they are industrially avail able on

t hird chebpl i Thetal kahl f ¢ dbecdyals oxi clea tgeraflehablapurce
used as an aqueous m xture such as

after a dehydration step.

Examples of the alkali metal hydroxide include
lithium hydroxide, sodium hydroxide, potassium hydroxide,
rubidium hydroxide, cesium hydroxide and mixtures of two or
more compounds thereof. Among these, sodium hydroxide and
lithium hydroxide are preferred in that they are
industrially available on the cheap. The alkali metal
hydroxide is preferably used as an aqueous mixture such as
an aqueous solution.

In the production process according to the present
invention, examples of water to be dehydrated in the
dehydration step includes water of hydration, a water
medium of an agueous solution and water secondarily
produced in a reaction of the alkali metal hydrosulfide

with the alkali metal hydroxide, or the like.

2. Dihalo-arcmatic compound:
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20 an aqueous solution. In the production process
according to the present invention, exanples of water

to be dehydrated in the dehydration step includes

wat er of hydration, a water nmedium of an aqueous

sol ution and water secondarily 25 produced in a
reaction of the alkali netal hydrosulfide wth the

al kali netal hydroxide, or the like. 2.

Di hal o- %h@nﬁﬂh@ﬂqxﬁ@ﬁmﬁﬁﬂcqumﬂqnﬁdhuﬂﬂdnxnwﬂhﬁupresent
conpound used in the present invention is a .
ditRIF8EEREt ed ar GrieileJennedndraBadtag 2ompategehaving 2
atons directly bonded to the aromatic ring. _Specific
e%&&ﬁﬁ@g 8fofRe ddir a6 YaPBREEAC TRoRPBUABOTAEL GdBIBI -

di hal.obenzene, mdi_hal obenzene, di hal obenzene,
d§R§FaFaPUSHampaPﬁaPSn5 Rt RaPang-aromatic compound include
Ioben20|c

nor oﬁélﬁégggfS%Qﬁ??géPﬁiPE85§?h§roa.ﬂﬁaﬁ}? SiFFdhe
15QE%98E8E§@¥ Bgfl % @galglhalﬁg%E enydlﬁgi enzene

alo en - a neans eac uori

CBhﬁéheslphéﬁgh”edéggﬁbggh981étQHEd a&ﬁhglgé%gggﬁ%l ether,

atons in “the sane o-aromati c COﬁpOUﬂd

SaﬂﬁaQBdlghgﬁﬁﬁeghl%59€1eé?ﬂa@&@@ﬁheﬁpﬁsgulfox1de and
di hal o-aromatic conpounds may be used either singly

oHihAl8aYpaeAbinatikefet hereof . 15 The charged anount
of the dihal o-aromatic conpound is generally 0.90 to

1. 50 nulerepr eftey ald odbdS ddm hehdach WFH Eluorine,
preferably 1.00 to 1.09 nol per nol of the sulfur
sobiceifal kbkpmiptahnduliddileec antdos , abkal 2 meléden atoms in
the same dihalo-aromatic compound may be the same or
different from each other. These dihalo-aromatic compounds
may be used either singly or in any combination thereof.
The charged amount of the dihalo-aromatic compound is
generaily 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
hydrosulfide) reméining in the‘system after the dehydration

step.

3. Molecular weight control agent, branching or

crossiinking agent:

In order to, for example, form a terminal of a
specific structure in a PAS formed or regulate a
polymerization reaction or a molecular weight, a monchalo-
compound (may not be always an aromatic compound} may be

used in combination. In order to form a branched or
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hydrosul fide) remaining in the systemafter the
dehydration 20 step. 3. Mol ecul ar weight contro
agent, branchi ng or crosslln@#pg agent: In order to,
for exanple, forma termnal of a specific structure
in a PAS formed or regulate a 25 polynerization
reacti on or a nol ecul ar wei ght, a nonohal o- conpound
(may not be always an aromatic conpound) may be used
iﬁrééﬁ%ﬁnéﬁﬁonolyme@rderp@byh@lnTaompenu@edn@y 1@t be always
crosslinked pol yne pol yhal o- conpound (may not be
aﬁﬁa?§0maﬁl§réﬁﬁPPEn@bnpbgnﬂylchoaﬁhl%ﬁsht3I@@b@geﬁ atoms
hal ogen atons are bonded, an active
h%?o@@ﬁd%mt aPnPRGINHEI bydhagen-car biim ity dordrurin ted
halogenated aromatic njtro conPound or 5 the |ike may

en%

aP§8 B&* GsEQPRURD DR nBE+ AN A1 eF BPBRBF£C %&%@m%orwound or
L yhal li
noRt TH R TRE S TRPrE oBaRdent Carbiiptlpn a gwerertbie

%ﬁ%&3%8%3%%wf%%mﬁ%%ﬁﬁ%ﬁwm
'éryésﬂlaﬁlﬁ%né&&ﬂ@ﬂinéfﬁdéﬁg e oy gLl oy g eact i on and

pol yneri zatl r eact or gani c e solvent is

pref grgbhycstabke stpyap.al kali at a hlgh t enper at ur e.
Specific eXanpres of the organi ¢ am de sol vent 15

i ncl udeg rarinde HEREHNAS vEuER oaS NnNodiyaBt By LioraBaELdgent
and N, N-di met hyl acet am de; N-al kyl capr ol act am
conpoungsasugpr@sic NodBd AYdra€aPr O Bedis used as a
N-al kyl pyrrol i done conpounds or N

solvent for the dehydration reaction and polymerization

reaction. The organic amide solvent is preferably stable
tc an alkali at a high temperature.

Specific examples of the organic amide solvent
include amide compounds such as N,N-dimethylformamide and
N,N-dimethylacetamide; N—alkylcaprolactﬁm compounds such as
N-methyl-€-caprolactam; N-alkylpyrrolidone compounds or N-—
cycloalkylpyrrolidone compound such as N-methyl-2-
pyrrolidone and N-cyclohexyl-2-pyrrolidone; N,N-dialkyl-
imidazolidinone compounds such as 1,3-dialkyl-2-
imidazolidinones; tetraalkylurea compounds such as
tetramethylurea; and hexaalkylphosphoric triamide compounds
such as hexamethylphosphoric triamide. These organic amide
solvents may be used either singly or in any combination
thereof.

Among these organic amide solvents, N-alkyl-

pyrrolidone compounds, N-cycleoalkylpyrrolidone compounds,
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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 - 20 inidazolidinoqggconpounds such as

1, 3-di al kyl -2- im dazolidi nones; tetraal kyl urea
conmpounds such as tetramethylurea; and
hexaal kyl phosphoric triam de conpounds such as
hexamnet hyl phosphoric triam de. These organic am de
sdFeéhvs canyobactswedcenphendsi agtlyNoN-ihadkyl—

conbi nation 25 thereof. Anong these organic am de
sefyeneslifiapryl coppprofpdene poapoundd, and N-methyl-2-
N-cycl oal kyl pyrrol i done conpounds, 13

NPEFKR9LEdprel altraatkphpbueisr @l tNmN-afidl kyd=dialkyl-2-
imd zolidinone conmpounds are_preferred, and

I\Eﬁ‘éaﬁﬁP- 2AIBYRFE| gg%n@?rﬁmﬁ%ﬁwys%%%waa a¥ afd

1, 3-di al.kyl -2- im | i dinones are particul arl ,

pref er a %alﬁoéjd’tt é’dﬁ'ﬁ&ear?orlﬂ‘??l&f at“Préieorsé’:}ljf’ieéltar‘r%lstfi’éI in the
S .Ln the olymerjzation reaction jn the

PR EbrRE b ohoT e PR L R R TR RE b o e To 1

t el - 0 sukfur, spurce.. b.

Pryae ittt g hefre ol i TR LS T P arr of the
pPeLYPREi 28410 reaction to obtain a PAS having a high
pol yneri zati on degree in a short period of tine,

vali pYsykbndsa of oROLyaeri zati on aids may be used in

the present invention as needed. Specific exanples of

t he poliyneirideat iten paicd® tenGlhed @ o tnah- 1$akt $nofkca@aBKC to
15 sulfonic acids, lithiumhalides, netal salts of
ovlgaaic aceAbokyvicgasidsglanso byhetizaeiah &&dtse ofn a short

phosphoric acid.
period of time, various kinds of polymerization aids may be

used in the present invention as needed. Specific examples
of the polymerization aids include metal salts of organic
sulfonic acids, lithium halides, metal salts of organic
carboxylic acids and alkali metal salts of phosphoric acid.
Among these, metal salts of organic carboxylic acids are
particularly preferred because they are cheap.

The amount of the polymerization aid used varies
according to the kind of the compound used. However, it is
generally within a range of 0.01 to 10 mol per mol of the
charged sulfur source.

6. Dehvdration step:

A dehydration step is arranged as a preliminary step
for a polymerization step to control the amount of water in
the reaction system. The dehydration step is performed by

a process comprising heating and reacting a mixture
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Anmong these, netal salts of organic carboxylic acids

are particularly preferred because they are cheap.

The anount of the polynerizatipop aid used varies 20
according to the kind of the conpound used. However,

it is generally within a range of 0.01 to 10 nol per

nmol of the charged sul fur source. 6. Dehydration

step: A dehydration step is arranged as a prelimnary
steptazpifgr an pobymeri 2atdenssliepnto spnaéibhlihsetal
anmount of water in the reaction system The
dbpfdratiléadst apdi anpatketiretiebyl Bypresdds, conpiiabhy.
heating and reacting a m xture 14 containing an .
oPgHRTc2Bni-R8TsoPFENRIMAAPHEKE| ARReEAFChAYABIUVRIEE outside

and an al kal tal  bydroxide, desirably, under an
iﬁg?tS§5§e§thﬁggﬁéFéTiﬁalapscharging wat er out si de

h by distillation. 51 h t -
e SIS ] S SRS congspgns ene
A | kal i hyd Lfid th kal i
T R e
.t kal,i d L de. |
Poherae b el ialb Rlal DNCiogHLgels Beck o o0d 1 os

1Q0¢0pLai AbNg,wat gE éiQQlihﬁekgieﬁ&@fo@&l%b§%3¥§tﬁgéted and

containing the mixture to the exterior of the system
| feactBhatoratsenotgbhecal kakt gepatehydroxhderiodie
nol of the charged al kali nmetal hydrosulfide in this

steptaisihgowstatb| rrémhetnavuntepion sl fHE SpIPERENdntaining
(hydrogen 15 sulfide) volatilized out in the

. dehgdnagtone stepthecoresrior of the system.

If a molar ratio of the alkali metal hydroxide to 1
mol of the charged alkali metal hydrosulfide in this step
is too small, the amount of a sulfur component (hydrogen
sulfide) volatilized out in the dehydration step becomes
great, which tends to incur reduction in productivity due
to lowering of the amount of the charged sulfur source or
cause abnormal reactions and deterioration of a PAS formed
due to increase in a polysulfide component in the charged
sulfur source remaining after the dehydration. If a molar
ratio of the alkali metal hydroxide to 1 mol of the charged
alkali metal hydrosulfide is too large, in some cases,
change in properties of the organic amide solvent may be
increased, difficulty may be encountered on stably
performing the polymerization reaction, or the yield and
gquality of a PAS formed may be deteriorated. A preferable

molar ratio of the alkali metal hydroxide to 1 mol of the
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great, which tends to incur reduction in productivity

due to lowering of the anbunt of the charged sul fur
source or cause abnornal reacfgons and deterioration

of a PAS forned due to increase in a polysulfide
conmponent in the charged 20 sul fur source renaining

after the dehydration. If a nolar ratio of the alkal
netal hydroxide to 1 nol of the charged alkali netal
hydrogelf kdéails metalahgdroenlsode casebis shangesi .96 to
properties of the organic am de sol vent may be

i AcPdased, difficulty may be encountered on stably 25
perform ng the polynerization reaction, or the yield

and qubH IRFUDICEPAS § oitheldl P U dit @l erldeadd. metal
preferable nolar ratio of the alkali nmetal hydroxide

t §U1TAHF &F FRBt2sneghirgan alkali wetab hydresuifide. so
in this step i cases,

s 0.96.to 1.04. In many, a snal
amrBaht TBF &RCUPkaPT HtBEaPUlLHIrf FORTFE LBRPLV A& HobRL of
U kal i [ hyd [fid 5 th th t .
o AR S I G S L S BEELE
h ' . h | kal i t al L fide, bl
DA QS L. B0 et Lol 05! A BILLL 0Py BRGPLORLETY cne

Sh bR gL DG sccan el bteck (R THELY s esae

afoleWeds 1fePeSstbhe {RErLHE PUTPPSEePinPyOLUCi Y &
hi gh-quality PAS "according to the present” inventi on.

EyeBsWhes aosnehb paprpyst OF phedabkahianet@h-suhfide pas

is mxedin, the nolar ratio to the alkali neta
hydeoxidrgi socaheupatednouinoentibe. basich efhdhe small

content (analytical value) of the alkal

amount of the alkali metal sulfide is mixed in, the molar
ratio to the alkali metal hydroxide is calculated out on
the basis of the content (analytical value) .0of the alkali
metal hydrosulfide in the present invention to regulate the
molar ratio.

In the dehydration step, the dehydration is conducted
until the content of water comprising water of hydration
(water of crystallization), a water medium, secondarily
produced water, etc. is lowered within a range of necessary
amounts. In the dehydration step, the dehydration is
conducted until the water content in the polymerization
reaction system is reduced to 0.5 to 2.0 mol per mol of the
sulfur source. When the water content has become too low
in the dehydration step, water may be added prior to the
polymerization step to regulate the water content to a

desired value.
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15 metal hydrosulfide in the present invention to
regulate the nolar ratio. In the dehydration step,
t he dehydration is conducted til the content of
wat er conprising water of hydration (water of
crystallization), a water medium secondarily 20
produced water, etc. is lowered within a range of
necessary anounts. In the dehydration step, the
dehydr afhonchargrtonduct etk smt ¥4 w tret ot €ls ciontet derction
t he polynerization reaction systemis reduced to 0.5
t yeEs@Indls sendusitedf wilthinsgl temrssatvse YWasget hé generally
wat er content has becone too low 25 in the dehydration
stigpm watdnagyy tearedasarpr i(dr tpo36Re) pol 0T z atiedierably
step to regulate the water content to a desired
vAFGE CFEinRy SRBPGLAGUSE tRe380r@w Miteerdh@rgiing @fa the
reacti on ves i S condﬁfted wthin a tenBerature

Foht gr

I )
{ AReTOr Gararal'Py “Proffordi RAFSTr eABEr 4lGr BopBOEbive raw
3 oC f bl f di .t t t
2R84 300 R T SRR o L0, EL DR  LTRE"BLHEEG 0 e
. cha | |
2 GGPY R BOCpEBBE RSP IR | SFod it TLEH SRR 28 wsgp oo 2
PLREEeR L AQAr 9aNiGaRLHG 3L YERAL skE8pUSesh 88 &y1vent is

sol vent used in the dehydration step. This solvent iIs

pheterabby yt RBcS8ARA8 st BR-0LG80hE caRhdB-SObYEBEtUSEEd in
in 10 the polynerization step, and

Nthet byl yRepyeaelibdopeeps apar fi-fbkayhyoppetest edondhes
anount of the organic am de solvent used Is generally
abeautiBulatroylPfrkdepeednol Tid dteunsuwf UWhSWKEhic amide
charged in the reaction vessel.
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 100 to 250°C for generally 15 minutes to 24
hours, preferably 30 minutes to 10 hours. Heating methods
include a method of retaining a fixed temperature, a method
of raising the temperature either stepwise or continuously
and a method of combining both methods. The dehydration
step is conducted by, for example, a batch system, a
continuous system or a combined system thereof.

An apparatus.for conducting the dehydration step may
be the same as a reaction vessel (reactor) used in the

subsequent polymerization step or different from it. A

material of the apparatus is preferably a corrosion
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The dehydration process is conducted by heating the

15 m xture after charging the raw materials into the
reaction vessel in a tenperature range of generally

up to 300C, preferably 100 to 250C for generally 15
mnutes to 24 hours, preferably 30 mnutes to 10

hours. Heati ng nethods i ncl ude a nethod of retaining

a fixed tenperature, a nethod 20 of raising the

t ergrdsatamte meitehdn 1steph se @t taafuinnuons| yhe athwdration
met hod of conbi ning both nmethods. The dehydrati on

stséeni, s acpaducbéd thy, ofrganéxanplide acbhatoh $ysyengrally
conti nuous systemor a conbi ned systemthereof. An
appacheagefotogentiect Waght Wetdehpdtatdentbeepeaayiofbvessel.
be the sane as a reaction vessel (reactor) used in the

s tbs &faént1p6l y hedireaenofudfégeot sditFehengetr am ft gaa
mat erial of the apparatus is preferably a corrosion 17

r Q4tSt4Rt L&t 8¥S&PMsuch as titanium In the

I t
o o, {keﬁ%ﬁﬁﬁw%a A i e PR et Gihge the
dr ogen Su|fld

| 815P TS hrddy B050 ety r86?§?d@nfhe2§§s?hﬁén+ﬁk?fé
gg?igg Elggxﬁégphegk %%eg I%E%g fgr%ta£ glk i%g?%gﬁ%

ydr reacts MA e organic ant de”

lekP?aﬁ?ﬂBaﬁkQﬂBQ?Qt Egdf %Ek%hEaE% ?Eh drosulfide

al kyl am noal kanoat e rosultrde

1@xexkst $ni prthe §¥§ﬁeﬂh'9héh§o£ﬁr8f0£ @oﬁ? %ﬁtphe
the al kali neta? al kyl am noal kanoat e. he ot

handala mpasl 8fk{hemahkal kafshak . hys ogid fddge %&Ids a
with water to

part of the alkali metal hydrosulfide reacts with water to
form hydrogen sulfide and an alkali metal hydroxide, and
the hydrogen sulfide formed is discharged outside the
system. The discharge of hydrogen sulfide cutside the
system is directly linked with the weight loss of the
sulfur source in the system. Accordingly, it is important
to measure the amount of hydrogen sulfide volatilized out
in the dehydration step to exactly calculate out the amount
of the sulfur source remaining in the system in that a
molar ratio to the alkali metal hydroxide or dihalo-
aromatic compound 1s regulated.

7. Charging step:

In the present invention, as needed, an alkali metal
hydroxide and water are added to the mixture remaining in
the system after the dehydration step to control the total

number of moles of the number of moles of an alkali metal



form hydrogen sulfide and an al kali netal hydroxide,

and the hydrogen sulfide forned is discharged outside

the 15 system The di scharge qf hydr ogen sul fi de

outside the systemis dlrectly linked with the weight

| oss of the sulfur source in the system Accordingly,

it is inportant to neasure the anpunt of hydrogen

sulfide volatilized out in the dehydration step to
ekadrbyidal ¢ukatd eutht hedangant s20f bflet hersadif ubon the
source remaining in the systemin that a nolar ratio

t dehiidrakkahi, tbeahunpdroxfdeodesdpohatbe atbahtimcetal
compound is regulated. 7. Charging step: In the
phEdearifaveddrdnpragrneedete dahnfikationesndl tR6 number of
hydr oxi de and water are added to the m xture remaining

i Bolepec§yshenpakeéi TAbadchydrarion @@@‘pdt@fb@mtlme

the total ., nunber of noles of the nunber_ of noles of
afCRYRarFiRBt &P 28 tﬂyﬂW%RPHet?an%% Wth- %%d@%@é%Ol of the
sul fi.de forned on th dehbydration, the nunper of

PEPCEREf SPHECS! RAPAEHE aﬁulﬁ%r%swa%ehda%alwlag fhe alkali
t dratlo d the ka
H?t?fhy&%%aefégae%% 3te %h%eﬁxyfd?%?.%#"% L

a 0 0 0] r source
&%H? ée f%?&sgﬁ?cgyﬁgéﬁrgélﬁ%l%%e al r et &t to

h¥ﬁ69§H|£6d6 EXESthHN tag sypt # f
dehydration and the gu%%e €ﬂ%g% G ?er %%&E@Ft%?urce
appepbctov01p.to 2.0 per nDI of the charged sul fur
source, 10 respectively. Here, the anount of the

Chargeﬁe&@'f&ﬂmﬁ%ﬂb@&tl%f the charged sulfur source is
calculated out in accordance with an equation, [Charged ‘
sulfur source] = [Total moles of sulfur charged] - [Moles
of sulfur volatilized out after dehydration].

" When hydrogen sulfide is volatilized out in the
dehydration step, an alkali metal hydroxide is formed by an
equilibrium reaction and comes to remain in the system.
Accordingly, it is necessary to exactly grasp these amounts
to determine a molar ratio of the alkali metal hydroxide to
the sulfur source in the charging step.

If the molar ratio of the alkali metal hydroxide to 1
mol of the sulfur source is too high, change in properties
of the organic amide solvent may be increased, or abnormal
reactions or decomposition reactions tend to occur upon
polymerization. In addition, the lowering of the yield and
quality of a PAS formed is often caused. The molar ratio

of the alkali metal hydroxide to 1 mol of the sulfur source
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cal cul ated out in accordance with an equati on,

[ Charged sulfur source] = [Total noles of sulfur

charged] - [Moles of sulfur vplatilized out after

dehydration]. 15 When hydrogen sulfide is volatilized

out in the dehydration step, an al kali netal

hydroxide is forned by an equilibriumreaction and

comes to remain in the system Accordingly, it is

nécesgarnyerablexacily tgr Asp st hede anvunpseftoabéyelndhd to

a nolar ratio of the alkali metal hydroxide to 20 the

sdl-Od5 gedr-celtnithereharyedigtest epndudt t bee nd bymemtiaotion

of the alkali metal hydroxide to 1 nol of the sulfur

s6GACE1PE £33 IRiLdl, i8hangesenopr bper eilégliohethé hydroxide

or.gani c am de sol vent may be increased, or abnornal

r dRctOis LHE BELERESIFEAADr E8RETHAE LEnateblycparformed to
rization. In addition, the | owering of

ﬂgtﬁﬁgl %ﬁ& “GUartity BfSa PAS formed is often
cgusgd The nDIar raﬁlo of the alkali netal hydroxide
to"1 source 19 is preferably 1.01
to 1.08; e preferabl 1..015 to 075 nmol.. It.
is pr ef err epdD]t o Conductt Ka er?ollsmacrolmzda q]toeﬁi %yeé:&}aﬁr&%ng a

ShhﬁQ&B¥aEBPS%ES$éoﬁ oLh8 @h%@'kth&é%tg¥gfg%L € cLibietion

that the pol yneri zattTon reaction Is s Yy perrtormne

ter $nabhahpadzpigh- gH@b'EMdPﬁ§at§ngpeh¥n§ %fﬁL'QQurce and

step: The polynerization step i s conducted by chargi ng

athei bahe18rapBhh€160ABAPAGNENIA hACCPEXhUFCaRilE solvent.
conpletion of the dehydration step and heating the

swhénr agouhee polyhOrtibetdbhalesacdmahbs ﬁﬁﬁpﬁéﬂgti@n.vessel
an organi c am de sol vent.

used in 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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When anot her pol ynerization vessel than the reaction.
vessel used in the dehydration step is used, the

m xture after the dehydration,step and the

di hal o-aromati ¢ conpound are c%grged into the

pol yneri zation vessel. After the 15 dehydration step

and before the polynerization step, the anounts of

the organic am de sol vent and coexisting water may be
cont r ol Tled pslyreedezitBef oreadthisopol y metnzedion cat@zted by
or during the polynerization step, a polynerization

aidd taed séeler paddiesisves mchpemaxede 28nfhegmtxbmgled to
the mi xture obtained after conpletion of the

dePdE€at iAon s thegm twiirtch meehadl hal so-uereaivat ine therpadetiaining
condycted within a tenperature range of generally from

160 figedsbemrgreftsrsnl ¢ feshrd2oft 56233080 Wienteiperature
respective conponents are charged into the, _

péi Fi?5??8&Sezgrv€§§§PPuﬁBSg§rPFcéIﬁPmPFHﬁFaPPoﬁfigoth

[ h f h i ng, and both conponents
L PBRS e gedt T KhETepbre Foms O aion i ooV Ha

I [ [ ti ' ; [ ted b .
o N LR R S e e ST
Z%Qgﬁ é@ ﬁiﬁﬁ?ggn ongghﬁgu ES ufﬁ 5# égux%(ﬁhe.or anic
retaining a fiIxe tenperafure, a nethod ot ralsif

taﬁiH§”ES&§EH%eu§esi&HeEhétﬁBT#%SIQE QQQﬂigygﬁskg Hitfin a
d on

conbi nati on of both nethods. e polyneri zat

reagteoBrt BRek81 WMt RkBmag  1apge; of xgensrabbyhiom 10y 0. 15
m nut es tob726hou?g, degirably fron?éoﬁninut%s ?o 48

haor $. kdhpeanmunt oof thhechsggaliCsudphdessol¥entxUseing in
in the polynerization step is within a

the polymerization step. The amount may be changed in the
course of the polymerization reaction so far as it falls
within this range.

The water content upon the beginning of the
polymerization reaction is controlled within a range of 0.5
to 2.0 mol per mol of the charged sulfur source. It is
preferable to increase the water content in the course of
the polymerization reaction.

In the production process according to the present
invention, the polymerization reaction is conducted in the
polymerization step by an at least two-stage polymerization
process comprising:

(1) a first-stage polymerization step of heating a reaction
mixture containing the organic amide solvent, the sulfur

source, the dihalc—aromatic compound and the alkali metal

hydroxide of the specified molar ratio to 170 to 270°C in
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10 range of generally fromO0.1 to 10 kg, preferably
from0.15 to 1 kg per nol of the charged sul fur
source existing in the polyngfizatlon step. The
anount may be changed in the °“tourse of the
pol ymeri zation reaction so far as it falls wthin
this range. 15 The water content upon the begi nning of
the polynerization reaction is controlled within a
r d&hge pefesénte bd Zalemolinpen ambuot btlie0chatged.suhmbbrper
source. It is preferable to increase the water
cawtlentt ithet kbaggedseudffurt heupokymer czatiionh reacti on.
20 In the production process according to the present
|@@éﬁﬂﬁéﬁZaﬁﬁénpéﬁﬁﬁﬁﬂpﬂattbﬁrﬁbacfp@mlng @opdappémmen that
the pol ynerization steg an at | east two-stag
pél )‘Fﬁé‘f"ieféthBnOpr-B@egé EORpRLSIAGLC( wmaowv‘iswsﬁagéo 98%
poh%ﬁerlzatlon step of heating a reaction 25 mxture

aining the organlc am de sol vent, the sulfur

ound, and the al

e & RpdeBer 83:§Pa%§ éégéﬁgngannﬁrsp PStFanFsoi%eng the
03mBART, b8 AdrebNEaPRERCREECELoMPLIL LA B8, B0OUR!bREng about
tg geangkhgt ggkxgegkﬁgkgognfsaggbggrtgaﬁ g?vmégén%ﬂgn 2.0

a prepo yner a conversi on O-arona

cppRound+i 8500t 9098% péraﬂgl(g% eh%eEHQg%QEagﬁ%fur source,

polynerlzatlon step of controlling t
vaher nbA+t hg &ﬁ@ckeget§3ﬁtgp&%ema§0t949r£§929@qyt tifbreby

state that water exists In proportion of nore
2¢Bntinuing the polymerization reaction.

In the first-state polymerization step, it is
desirable to form a prepolymer having a melt viscosity of
0.5 to 30 Pa*s as measured at a temperature of 310°C and a
‘shear rate of 1,216 sec™.

Water may be added at a second stage of the
polymerization reaction or upon completion thereof to
increase the water content for the purpose of lowering the
contents of common salt secondarily produced and impurities
in the polymer formed or collecting the polymer in the form
of particles. 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.

9. Post treatment step:

In the production process according to the present
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nmol, but up to 10 nol per not of the charged sul fur
source, 10 and heating the reaction systemto 245 to
290C, thereby continuing the:gglynﬁrization reaction.
In the first-state polynerization step, it is
desirable to forma prepol yner having a nelt viscosity
of 0.5 to 30 Pas as neasured at a tenperature of 310C
and a 15 shear rate of 1,216 sec-1. Water may be
addednat.oa,secondtstagetobntthaftpel yher paaymenization
reaction or upon conpletion thereof to increase the
waeerctéont mply bor cohduptiegdose ef:chodencagwihk a method known
contents of conmon salt secondarily produced and
iﬁﬁﬁrﬁﬁiég 20ei arthe Porf yeermp bt nedf o¥r codrirelot §ign tdfe the
mer in the form of particles. The polynerization
r éaﬁﬁﬁ%ﬁl%%ﬁém B} CHE R - Bapéﬁdgyéit éh\lrayC@ﬁ@lﬁ@oyg
system or a conbination of both systens. In th
béFEﬁrﬂF§9 BM|§ﬁéFF§5ﬁP6n35216rlﬁoPé ﬁEE@Fl@hlVEggeW%th
be use? pur.pose of shortenlnﬂE 25 the
P&n A

p8¥§ﬁ§r95a & 8P PPnEhEQreﬁﬂéFngegf t §?E% 1gpwashed
th d t

| Addnt f’%ﬁgrs%%%g%?sé%ﬁéﬁ?ﬁs%?@y Bas by B Pontesnea.
r§g§%kaggga¥obsh80§g8§§§9i§% 8g§§%%$”8§ hiho2.Letpod

comphbathon, of Lhenuply atg@@g egl{sgCEBQMeda Q§OQH3£ the

slurry coofled i's 5 sepa tration as
a&kﬁﬁu@ék”%@ﬂyﬂbkhls“@E@feQébifesébgﬁatéﬁdffaﬁ the reaction

resulting filter cake is washed and filtered

rapeated| ¥y wheeehydPAS sasvDRyCOhbegbefner by means of a
screen because the polymer can be easily separated from byf
products, oligomers, etc. The product slurry may be
subjected to sieving as it is in a high—temperature state,
thereby collecting the polymer.

After the separation (sieving) by filtration, the PAS
is preferably washed with the same organic amide solvent as
the polymerization solvent, or an organic solvent such as a
ketone (for example, acetone) or an alcohol (for example,
methanol). The PAS may be washed with hot water. The PAS
formed may also be treated with an acid or a salt such as
ammonium chloride.

10. PAS:

According to the production process of the present

invention, there can be provided a PAS having a bis (4-

chlorophenyl) sulfide content lower than 50 ppm, preferably

not higher than 40 ppm, more preferably not higher than
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According to the production process of the present

i nvention, a granular polynmer can be forned, so that

the 10 granul ar polyner is preferably separated from

the reaction mxture by a nmetfiod of sieving the

pol ynmer by neans of a screen because the polyner can

be easily separated from by- products, oligoners, etc.

The product slurry may be subjected to sieving as it

i $0i ppa hisghettenpénatiuie stabedahbet heteby fekkaet hBImethod
the polynmer. After the separation (sieving) by

fildecatriibrd ttheERASpPles)psetendhky washed wethrtpeion of the
same organi c am de solvent as the pol ynerization

stiresrnt eppaAcertdgani-c Boewehle suth(asclal okaplomey ) osul fide
exanpl e, acetone) or an al cohol (for exanple, 20

MECR&RBIE) aMOTRESPAS Riy lBasikadAedpwi t hhRovohatéte Mhkter
PAS formed may al so be treated with an acid or a salt
sGERt58t BRABARENTERFEFLYE. Whon pASOmPeEBddhalineg the of
prodﬁction process of the present 25 invention, there

c3HBe®pFovi d8d18I PASIARVI"RGI8Ini §pathehl BhepResyl Fing
her e, ReROREt b RhS o8 Rearer ABFsCRo ki phir *bhanraace. or
el R g S oR ! uHSr A R beTRER ol felo Thitedaes co
oraC S b orareny < EbFEESk BR%h A8 ERe VT pb Gpesing. T

| enst ,POsERM 1hhENVOLAL 1 L Em Etﬁésédcggtgﬂé ﬁ&f&%ﬁ?
excessi ve when a COfT'pOUI’]d makKi ng use o such a Sis
i nj ect ixdmlidRA tSaHNHrddiR di@lldridd@ss of the present
invention, there can also be provided a PAS having a ratio
(MV2/MV1) of a melt viscosity value {(MV2) of the PAS after
a reaction (described in Examples) with aminosilane (i.e.,
Y-aminopropyltriethoxysilane) as specified in the
description of the present application to a melt viscosity
value (MV1) before the reaction of higher than 2.0,
preferably at least 2.1 as measured at a temperature of
310°C and a shear rate of 1,216 sec™. The upper limit of
this ratio is generally about 3.0. A higher ratio
indicates that the reactivity of the PAS to a silane
coupling agent is higher.
When the reactivity to aminosilane is high, a

viscosity in a molten state of a composition composed of
the PAS and aminosilane becomes high, the relation of the

viscosity to the shear rate differs from PAS alone, such

effects that occcurrence of burr in melt molding is reduced
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nol ded product tends to cause defects at its

appearance, or the anount of inpurities attached to a

nold increases to markedly | oywer workability upon

nol di ng and processing. In 10 The present invention,

ppmis based on the weight. According to the

production process of the present invention, there

can al so be provided a PAS having a ratio (MW2/ W1)

ofare mebtighitsebsiutty wabuee(Mi2) oaf 1bhe+RAS aftmelta

reaction (described in Exanples) wth am nosil ane

(Precesgdngecopdaniinopr opyl bei etierydi | ahe)Mes/MV1 is lower

specified in the description of the present

appencati 6ichoaapmelbmevi seodpt yo Vvakaen( Mé) ebégoteto

the reaction of higher than 2.0, preferably at |east

2 devgd ope s¥GPReBTaPCA i Biperien et PRIV HM: PEiregs of

rate of 1,216 sec-7. The upper limt of 20 this ratio

. EAaeﬁsFaFfifrngbaat téEoprASﬁpehéPV?aw@n itﬁdvéafiesw%éwl may

reacti the PAS to a,silane . coupling agent
?ﬁf’gﬁ ¥9\£%P1112ﬁg r SRR IS/ L a‘Fﬁlffo%sr'I de iRe i gh,
state of .a, conp

csﬁ%ééig 1¥clg BofiBLLen; stale of 2, comp B ohoBas aRd
ﬁsgéggﬁa g%\g&getx'égegl%h%the heaf rate ot

ers rom al one haﬁ)oéﬁurrence

%r@?é?rbﬁ el & hmd i ,' S; ff eldéjcc?éjsﬁdéblaé' & PTQUaN, 1 the

out, and selection Tdtitude of pr ocessl ng

CQBG&&'Qﬂﬁhgﬁnabﬁlﬂbgeﬁgggelfaﬁ@zéﬂ@qpkéséﬁ@efnvéﬂéfon can
2, such a polymer tends to [essen the effect to

-devebofesuchnpr opght tesenYien the production process

of 5 PAS according to the present invention is used,
W2/ WIheyAS obtained by the production process according

to the present invention is good in color tone, and its
yellow index (YI) is generally at most 10, preferably at
most 8, more preferably at most 7, often within a range of
5 to 6. A compound of the PAS obtained by the production
brocess according to the present invention is little in the
amount of volatile matter generated and is also suitable
for use in fields of electronic equipments and the like, in
which inhibition of volatile matter is desired.

After the second-stage polymerization step, the PAS
according to the present invention, which is obtained by
collecting from the reaction mixture, has a melt viscosity
higher than the melt viscosity of the prepolymer obtained
in the first-stage polymerization step as measured at a
temperature of 310°C and a shear rate of 1,216 sec!. No

particular limitation is imposed on the melt viscosity
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al so be stabilized. Wen W2/ W1 varies, the nelt
viscosity of a conposition conprising such a PAS and
am nosil ane tends to vary. Thu%3 such a polymer is not
preferred. Accordingly, it is“desirable to control the
10 ratio within a fixed range, and the present
invention can also neet the requirenent. The PAS
obt ai ned by the production process according to the

preseptrarvesti gnoPs, gonshi NrL0d Or1 tONe, s@d) | 68 the PAS
yellow index (Yl') is generally at nost 10, preferably
agctbroosty 8p mbreppeeketalbhyeatinpst Howafdmren i tid rwithin
a range of 5 to 6. A compound of the PAS obtained by

t rerpnoducti pnefprebégsfacwobti hg 860t Re: present preferably
invention is little in the anount of volatile matter
gémepatteédtandPsParse suitable for use in fields of

el ectronic equipnents and the like, in 20 which

i nhi bi tTeh B v@it@dined hat tidre inraietied paacesst Recording
secong-sta%e Bolﬁnerization step, the PAS according
t 5°t hBepPESERE LI AVBREFOAT WAY chSi BobPedi Redfpymed into
[l ecti fromthe reaction m xture, has a | t
CPeEEErEy Toh PR R ERCOREPEC LT sebsPE LT BRe g Heroducts such
r [ O ined_25 in the first-stage .
e EPaREREL Penthic efR-Eh LIS hikdt S BHG oinaty oF by

?19869?9r§t§ﬂ8@5a£§5§soﬁi&ﬁ§1§£8$ﬁ%%%aﬁ?c §f£%é§§!afibrous

imtation is”inposed on t I cosit
(kemperat Hhay 31051 SHeaki L8l €or 1s g BnSefe’ JeOind hey ¢

PAS according to the present 1nvention. However, it

| geWi tBEN a3 1angs of preferablyileams3@ £0:800i MR8, The
nore preferably from40 to 500 Pa-s.

PAS is particularly preferably PPS.

EXAMPLES

The present invention will hereinafter be described
more specifically by the following Examples and Comparative
Examples. Physical properties and the like were measured
in accordance with the following respective methods.

(1) Yield:

Assuming that all the available sulfur component
existing in a reaction vessel after a dehydration step was
converted to a polymer, the weight (theoretical amocunt} of
that polymer was used as a reference value to calculate out
a proportion (% by weight) of the weight of a polymer
actually collected to the reference value as a vield of the
polymer.

(2) Melt wviscosity:
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5 The PAS obt ai ned by the production process according

to the present invention may be nolded or forned into

various injection-nol ded produ§és or extruded products

such as sheets, filns, fibers and pipes either singly

or by incorporating various kinds of inorganic

fillers, fibrous 10 fillers and/or various kinds of

synthetic resins, if desired, as it is or after

oxi di zedl m@bt cv bssd$ hkedva ThecaPNS:d sopard iowl@sdyt 20 g of

preferably PPS. EXAMPLES 15 The present invention

widl I[d1ie Peilyakre byb@egasc oifb€dpimogeappedi£i dabhyfpytured by

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

PHYSIOc 8e ifhoperieirésshnd LHe Di-kebherkl pebtneede flat die of

accordance with the follow ng respective nethods. (1)

vileP 180 dhsBgieRg aPRat Vamm fhe lavaithabpe ggPFuRs @

conmponent existing in a reaction vessel after a

dERYr-eiIEn &1Ep thEs terbRvaltss Wesaspsl Frepl0ihe After the
ight (theoretical apgount) .of _that polyner s, used

a8odVer o PEREAS, BRde DU e dll P8 GHPOTE BropBRt PERd( 8%

by .wei.ght) _of I of . a_pal yner. 25 .act ual

CHAPEERSY) 18k AT raPeihedtyarBl BB ERATG OR bilger mate of

Pl YARr 5o(2) Melt viscosity: 26 A nelt viscosity was

nmeasured by using about 20 g of a dry pol yner by neans

of(3Fapbiagr aphel Gl MBRULAGEYS €d by Toyo Sei ki

Sei sakusho, Ltd.). At this tine, a flat die of 1 nmm

in di areteyl gk MR idsd@ndidiaas 198t %53 1 minute by
means of an electric power press to prepare tablets. . The
tablets were used as a measurement sample to measure a
color tone by means of TC-1800 (manufactured by Tokyo
Denshoku Gijutsu Center) in accordance with a reflected
light measuring method under conditions of standard light C,
a visual field of 2° and a colorimetric system. Prior to
the measurement, the apparatus was calibrated by a standard
white plate. The measurement was conducted at 3 points as
to each sample, and an average value thereof was calculated
out. The color tone was indicated by a yellow index (YI)
value.

(4) Reactivity of polymer:

To 100 parts by weight of a polymer was added 0.8
parts by weight of Y-aminopropyltriethoxysilane
(hereinafter abbreviated as “aminosilane”), and they were
well blended. Thereafter, 20 g of the blend was taken out

to measure a melt viscosity value thereof under the same
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5 capillary, and the tenperature was set to 310C

After the polyner sanple was placed in the apparatus

and held for 5 mnutes, the t viscosity was

nmeasured at a shear rate of 1,216 sec-1. (3) Color

tone (yellow index): 10 A polyner was pressed under 15

MPa for 1 mnute by neans of an electric power press

to prepare tablets. The tablets were used as a

nme@dlr enecb ssayphheatsoriegsupadationkonst daechybaganskove.

of TC- 1800 (manufactured by Tokyo Denshoku G jutsu

Cadheerpaich iaécor ddncbewprhymerefthectiedigbtkilghy & ratio to a

measuring met hod under conditions of standard |ight C,

amgildu i seceligyovatugngfathel ppiiweeri ctesyshéah Peior

to .the neasurenent, the apparatus was calibrated by a

sEERBaEd Lanki Fasppdeed, THEARBashrefehe ®aBIEbhenet edn other
oints as to each sa and an average val ue

? %“(8?8‘8? Was ESPEGEEEEY 96 gglffb%@m@a BRSt BHelwaged by a
ReCEP L6 2 s her in95ea08 BAFLS B Wetght erosity] of
DeLXTRERoS BH0R e SuRRL VAL ¥RLPBR Bleup of che pormer
SRRt ohedBeareBhenh! A0 1) 800 LOBVUELE il e ene
tgopasYr € A WRlieViseos] tihdaldigd halgof under, the sy of

same” 27 nelt viscosity nmeasuring conditions as
deser pbegmaboyg. nIggekeactivity of the polymer was

indicated by a ratio to a nelt viscosity value of the
pobynBetet@inBtEBNNOf bis (4-chlorophenyl) sulfide:

Iin a NEG tube (10 mm in diameter x 75 mm) is taken 30
mg of a dry polymer, and the tube is set in a Curie point
head space sampler of JHS-100 (manufactured by Japan
Analytical Industry Co., Ltd.). The apparatus is heated at
180°C for 30 minutes and at 330°C for 15 minutes to cause
volatile matter to pass through a trap vessel with built-in
glass wool at 40°C under a helium stream, thereby adsorbing
and collecting it. The trap vessel is then cooled to room
temperature and further heated at 360°C for 10 seconds to
desorb the volatile matter, which is subjected to gas
chromatographic analysis using helium gas as it is, thereby
determining a volatile component.
<Conditions of gas chromatographic analySis>

Apparatus: Hitachi G-3000,
Temperature of vaporizing chamber: 300°C,

Column: HP-5 {0.32 mm in diameter x 25 m; df (film
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am nosi | ane was added, under the same conditions. In
other 5 words, the reactivity of the polynmer was
evaluated by a ratio [(MW2)/(M1); increase ratio of

melt viscosity] of the nmelt viscosity value (MW2) of

the blend of the polynmer and am nosilane to the nelt
viscosity value (MV1) of the polynmer. A higher ratio
indicates that the reactivity of 10 the polymer is

hi gher. (5)thReteremisnatd on 26f phi]s(4- chl or ophenyl )

sulfide: In a NEG tube (10 nmin dianeter x 75 M) is

t akénigon pgmpératdry: pbfyaerhoadtng hett 6O ifHrset nimutes,
a Curie point head space sanpler of JHS-100

( mafdi&ehdr e bycuppantuse Abal 90 Calat rdustahingo.rate of
Ltd.)., 6 The apparatus is heated at 180C for 30 m nutes
and® &t/ B0 @b holsl ifichiatesthad deme ratolzst ifle g mgmutes,
to Sass through a trap vessel with built-in glass

W00

ehechoE: uhiler (21 #Be | e shieaks dakretyradsbrbithg
and |[lecting it. . The trap vessel is then cooled to
roo%%gﬁl?%n%%gat%?%l%%d #ufﬁﬁﬁﬁmh%ated at 360C for 10
sec t SO he volatile matter, which is
sub?@g?%dp%gggas{P%%f%ha?%%raphic anal ysi s using

hel ]bé'f'éﬂﬁlf‘nﬁléﬂ, iﬁ@téﬂ'ﬁ{ﬁ@&, flgcﬁrﬁ e n%ﬂf@r%:%oot{ aé&]_lvee using

conponent. <Condi tions of gas chronatographi

AN Y8 { 501 25 APRAERL 1SS 1 4 8¢ iy 13000, o enper at ur e
of vaporizing e b0 e HE%710.32 nmin

diianevela¥i bzl @épdéit eEBoohbh€KkHESSImFodnd> 9M ,
Col um tenperature: After holding at 60C for 5
m nut efter 60% by weight of a dry polymer, 39.8% by weight
of a fibrous filler (glass fiber having a diameter of
13 pm) and 0.2% by weight of a lubricant were mixed for 5
minutes, the resultant mixture was melted and kneaded by a
twin-screw extruder the cylinder temperature of which was
320°C, thereby preparing pellets. Ten grams of the pellets
thus prepared were weighed and *taken in a test tube having
a diameter of 10 mm. A piece of SKD1l metal of 8-mm sguare
(thickness: 2 mm) was placed on a stack of the pellets, and
the test tube was sealed with a silicon stopper. The test
tube was then put in an aluminum block bath and heated at
340°C for 4 hours. A volatilized deposit on the metal
piece before and after the test was visually observed to
make a judgment in accordance with the following standard.
A: No deposit is observed,
B: Deposit is extremely slightly observed,

C: Deposit is observed, and



raising the tenperature to 300C at a heating rate of
8C/ mn and holding at that tenperature for 10 m nutes,
5 Detector: FID (flame therm%c detector), 310C
Carrier gas: Helium 2.5 m/m™n, Split ratio: 1/14.6,
and Determ nation: Determned froma calibration curve
using bis(4-chlorophenyl) sulfide synthesized. 10 (6)
Vol atilized deposit conponent of conpound: After 60%
by wei ght Rfpesdr yipohymerdl 8RI8% tyedwei ght of a
fibrous filler (glass fiber having a dianeter of 13 n
an&=@mpdehy Jwei ght of a |ubricant were mixed for 5
m_nutes, the resultant mxture was nelted and kneaded
by -aRelydrgitdosc s&&Paxt r uder the cylinder tenperature
of which s, 320C, thereby prepari n% pel lets. Ten
granms dt %I%%a"ehp%?lf ARLOTIE pl R e Wt e TgHed-aHgm was

t in a, havyi di aneter of 10 A

pCbEasst Bibf1 2Bl oop o BHGARE. SCLAFCRROLER SarmyS)
Laced tack of .the pel| d. 2Q the test

(ERaRRRETCaar 4l BhTR a%erviEoR srapher ST THASECRY “tube

. i . 1 k bath heat
R R UL T R

' .b ; 3 Vi | b -
tpiélg@ﬁ ; §B@EﬁmZQQl§f‘LE_@r S f eShn MBS, Vi @.L?de r%’oo]?] S \r%oq:llum

make a judgnment in accordance wth t | oW n¢
shendardl r2aeAnNOHIeRAS i hgl 8nO0RRST Y¥Edea B vPEROSLE £5 873 by

extremely slightly observed, C. Deposit is observed,

andiglt By Bepnsi bri sogvhkedly obsenvgdor a 74.69% by weight
agqueous solution (NaOH content: 22.41 mol) of sodium
hydroxide (NaOH) and 6,700 g of N-methyl-pyrrolidone
{hereinafter abbfeviated as “NMP”). Assuming that a sulfur
source composed of sodium hydrosulfide and sodium sulfide
is indicated as “$”, NaOH/NaSH before dehydration is 1.02
({mol/mol), and NaOH/S is 1.00 (mol/mol}).

After purged with nitrogen gas, the contents were
gradually heated to 200°C over 3.5 hours with stirring to
distill off 940.0 g of water and 1589.6 g of NMP. At this
time, 0.31 mol of hydrogen sulfide (H,S) was volatilized
out. Accordingly, an available S content in the reactor
after the dehydration step was 22.12 mol. The amount of
HzS volatilized out corresponded to 1.39 mol% based on the

charged S content.

2. Charging step:

After the dehydration step, the reactor containing

22.12 mol of the available 5 was cooled to 150°C, 3,299 g
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[ Exanple 1] 1. Dehydration step: A 20-liter autoclave
(reactor) nmade of titani umwas 5 charged with 2,000 ¢
of an aqueous solution [sul furgf content: 22.43
nol ; anal ytical val ue of NaSH:%y a neutralization
titration nethod: 61.48% by weight (21.93 nol) ;
sodi um sul fide (Na2S) content: 0.50 nol] of sodium
hydrosul fi de (NaSH) having an anal ytical val ue of
62P8¢%ﬁ@}0r@bWQﬁgnﬁ by emeans foeri edbmetiped, 260"gDOB") /
a 74.69% by MEI aqueous sol ution (NaOH content:
2?V&}lﬁ€ﬂﬁ gd@&ﬁ] Rydrewildé CKabPfBand 83900 gfofMP and
th rrolldone (hereinafter abbreviated as
Py &%iﬁ@tﬁﬁa908t§9¢fap $b6r EaEbAPO3EALSRDLe S =

d' |f d d diumsulfide 15
Sg I@ gqros éilo %%Fﬁzgﬁgggfépgeeeh9aga§|8ng|§f1N69H

B B PoB AT e ot L QUATeREE erE épaﬁ%éﬁ%p féatbat
R R TR B (T
(616§Dﬁ09§ @%?ﬁgaeBySUbEFqgﬂ£§%§ o%ﬂgfvﬁl§u%%sg%ﬁ¥alned in

out. Accordingly, an”avai cont ent

repet eeacabter the dehydration step was 22.12 nol. The
anount of H2S volatilized out corresponded to 1.39

el %pbagrdronathen shapged S content. 25 2. Charging

step: After the dehydration step, the reactor

cont ai mhig e 22.sk2 nidr afndihe 1@ilnie 9088 50ed R rated
150C, 3,299 g 30

at 250 rpm, a reaction was conducted at 220°C for 1 hour,

and the reaction mixture was then heated to 230°C over 30
minutes to conduct a reaction at 230°C for 1.5 hours
(first-stage polymerization step). Thereafter, the number
of revolutions of the stirrer was increased to 400 rpm,
517.5 g of water was charged under pressure [total water
content in the reactor/available S = 2.80 (mol/mol)] while
continuing the stirring, and the contents were heated to
260°C to conduct a reaction for 5.0 hours (second-stage
polymerization step).

4. Post treatment step:

After completion of the reaction, the reaction
mixture was cooled near to room temperature, and the
reaction mixture was sifted through a screen of 100 mesh to
collect a granular polymer. The thus-separated polymer was
washed twice with acetone and additionally 3 times with

water to obtain & washed polymer. This washed polymer was
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[ p-di chl orobenzene (hereinafter abbreviated as

"pDCB")/ available S = 1.015 (nol/nol)] of pDCB

3,736 g of NMP and 118 g [tot@ water content in the
reactor/available S = 1.50 (nol/nol)] of water were
added, and 8.2 g of NaOH 5 having a purity of 97% was
added in such a manner that (NaOH in the
reactor/available S) is 1.05 (nol/nol) . NaCH (0.62
mterSeRed by Polbat Vi Faiiobls efiubeSs| sodvhtanned apctic
the reactor. 3. Polynerization step: 10 Wiile a
sticdetoi fEEaltl 884 Rothacreatt 4P Wakobpkt ateeites, 2801 the
rﬁghpg reactbon ﬁas conducted at 220C for 1 hour, and

t e&EERGRINPRIYFET WS St KBRThEEFBEI: B1oB0oEab6Er e

m nut e nduct a reagtion at 230C for_1.5 hours

t
(PR FORIara e uBry nirr SET6H Step) Therart dicuthe The vield
1 [ th ti ' d
UEagher Bxabul SLORBTLARS BhabnERPhiRER uAB A bRl S35 ks et
t | t , t ] . . L
TSt 2ol 10sPE 5 g0 i rd Relgii g e conaitions ana
CQRLi RULRYrERerakliikkNgs ﬁﬂgsiéglcﬁggggﬁga§§r§rQe§ﬂ§Qn in

to 260C to conduct a reaction for 5.

(vapoBd- st agg 20 pol yneri zation step). 4. Post
treatnment step: After conpletion of the reaction, the

r ¢agbimphe B Xture was cool ed near to room tenperature,
and the reaction mxture was sifted through a screen
of 100 Glestyitrgy 2&:<cadrehictedrianwiar spaley nnekthes in
t hus- separated pol yner was washed twice with acetone
ahdamgdet L oaattyt3thetreshad dhounmait ef the obadéouam solution of
washed pol yner. This washed pol yner was
sodium hydroxide (NaOH) charged was changed from 1,200 g to
1,150 g. Accordingly, NaOH/NaSH before dehydration was
0.98 (mol/mol), and NaOH/S is 0.96 (mol/mol). In the
dehydration step, dehydration was conducted under the same
conditions as in Example 1. As a result, 935.0 g of water
and 1567.3 g of NMP were distilled off, and 0.34 mol of H,S
was volatilized out. The available S content in the
reactor after the dehydration step was 22.09 mol. The
amount of HzS volatilized out corresponded to 1.52 mol%
based on the charged S content.

Thereafter, 3,296 g [pDCB/available 8§ = 1.015
(mol/mol)] of pDCB, 3,703 g of NMP, 125.7 g [total water
content in the reactor/available S = 1.50 (mol/mol)] of
water and 15.8 g [NaOH in the reactor/available § = 1,02
(mol/mol) ] of NaOH having a purity of 97% were added in the

same manner as in Example 1 to conduct first-stage
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31 immersed in a 0.6% by wei ght aqueous sol ution of
acetic acid to treat the polyner at 40C for 40

m nutes, and the thus-treated;polyner was then washed
with water. The granul ar polyner was dried at 105C
for 3 hours. The yield 5 of the granul ar pol ynmer thus
obt ai ned was 90% and its nelt viscosity was 145
Pa-s. The pol ynerization conditions and the neasured
r 88VPS T2 AFRPEI- c af UpF opert S, ab k6 showef nvaab|wess Icharged
and 2. [Exanple 2] 10 Charging was conducted in the
sHPECRaRAErSEE e ATOERANPRECT ERBERRTL hAt thReTaABLAL/ of
t he aquequs sol ution of =~ sodi um hydroxi de ( NaCH)
CRAPEAGTUES Schangld (FBATTO200 §of Gondugsosgoond-stage

A di_ngl .NaOH NaSH bef dehydrat | 0.98
Fegeinglu, NCH NeLbel ot dehyral o0 13, 0.98 icr
d [ dehydr at | duct ed d th
SBLORgL gBeoLeps IEDMIEA! L0 VaieQRANEL oG, UICEL LB

O&h@ﬁkgﬁlg?Bgaéﬁé7 §aﬁu?£r. ,%ﬁﬁégugﬁﬁ%i559919%%5v%9290%f

0.34 s vol ati hé™ avai

Copbenk i eyk af.ter 15 hepdehydrat | VAS. :
ST e Lt LA e 3 S8 8

CebhaspopHedahe in82mBRLYe-HaseduPPsthe § éggglsgro erties
content. Thereafter, 3,296 g [pDCB/available S = .dﬁS

(apk/ pRbyh oh PEEBes3178384920f NWP, 125.7 g [total
water content in the reactor/available S = 1.50

(Bkampl ] 30f 25 water and 15.8 g [NaOH in the
reactor/available S =1.02 (nol/npl)] of NaCH havi ng
a puri tChagfgigitdowmer ecadtedtddn ittheche same manner as in
Example 1 except that the amount of the aqueous solution of
sodium hydroxide (NaOH) charged was changed from 1,200 g to
1,220 g. Accordingly, NaOH/NaSH before dehydration was
1.04 (mol/mol), and NaOH/S is 1.02 {(mol/mol). In the
dehydration step, dehydration was conducted under the same
conditions as in Example 1. As a result, 935.2 g of water
and 1595.0 g of NMP were distilled off, and 0.31 mol of H,S
was volatilized out. The available S content in the
reactor after the dehydration step was 22.05 mol. The
amount of H;S volatilized out corresponded to 1.69 mol%
based on the charged S confent.

Thereafter, 3,274 g [pDCB/available § = 1.010
(mol/moi)] of pDCB, 3,715 g of NMP, 108.5 g [total water
content in the reactor/available S = 1.50 (mol/mol}] of

water and 15.6 g [NaOH in the reactor/available S = 1.075

(mol/mol)] of NaCH having a purity of 97% were added in the
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same manner as in Exanple 1 to conduct first-stage 32
pol yneri zati on. Subsequently, 516.9 g of water was
charged wunder pressure [total syater content in the
reactor/ available S = 2.80 (nDI/nDI)] to conduct
second- stage polynerization. After conpletion of the
pol yneri zation, a 5 polyner was collected in the sane
manner as in Exanple 1. The yield of the granul ar
peianee manings @lst annEdawad €90%:o andduts Mektivesagsity
was 125 Pa-s. The polynerization conditions and the
mPRIUFEd izaddions wbi lghysneabupusper hicesingr éhehowantents from
Tables 1 and 2. 10 [Exanple 3] Charging was conduct ed
|@29h6 sand6 fEhmereras it hadempl Subsegueptivhableéhe g of
ueous solution of sodi um hydroxide

f th
%% SRar ggag%ﬁg ERERGeBTFPEHIE, i@et@lmai\{@rig@iea’c in
4 NaSH pef t .
R %‘s%%t%ﬁav e 8T B0t Pl ﬁ’%‘{?hgomuet
hyd t nder_t
S%%é%?%'n o RBLEE PR R hhlr o e RS

g A, L e R e

cqnt eRnt Or t
S g1 a5 A S 0

C@b'f:@&ﬁ@adﬁgst 054, 68ngPL ¥ hasedyeBcbbecgharget: & Pa:8. The
content. Thereafter, 3,274 g [pDCB available S = 1.010°

(ﬁﬁﬂ&ﬁﬁklka@ﬁoﬁEEBndStZéﬁsgaﬁﬁ WE, mdH8u ped fé@ﬁ?%s of

water 25 content in the reactor/available S = 1.

(pbyEmok) ] pobperties are shown in Tables 1 and 2.
[Comparative Example 1]

Charging was conducted in the same manner as in
Example 1 except that the amount of the agueous solution of
sodium hydroxide (NaOH) charged was changed from 1,200 g to
1,000 g. Accordingly, NaOH/NaSH before dehydration was
0.85 (mol/mol), and NaOH/S$ is 0.83 (mol/mol). In the
dehydration step, dehydration was conducted under the same
conditions as in Example 1. As a result, 965.8 g of water
and 1513.5 g of NMP were distilled off, and 0.40 mol of H,S
was volatilized out. The available S content in the
reactor after the dehydration step was 22.03 mol. The
amount of HzS volatilized out corresponded to 1.78 mol%
based on the charged S content.

Thereafter, 3,287 g of pDCB and 3,625 g of NMP were
added in such a manner that (pDCB/available S} is 1.015

(mol/mol), 195.0 g of water was added in such a manner that
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water and 15.6 g [NaOH in the reactor/available S =
1.075 (nol/nol)] of NaCH having a purity of 97% were
added in the 33 sane manner as in Exanple 1 to
conduct first-stage polynerization while continuously
heating the contents from 220C to 260C over 1.5
hours. Subsequently, 516.0 g of water was charged
under pressure [total water content in 5 the
r d&detter/ avdidiralsioat8nt 2ng@henveAmtbyyaveitehdlacs) is 1.50
second- st age pol ynerization. After conpletion of the
pdfPdeFiodati emd d0p6l gnef WadHcbpvéoted bnrihe sinB7% was
manner. .as in Exanple 1. The yield of the granular

GIVREr 1h S ChoBt BPRBE 'wkEa88%iagRd 1nt §haeFeagtetsbaveylable

p

el dFed -L0s (FEL/BP] phyBreaP Y pFOPERETER aF xS hORAATS

DR SEELA 2 Phe tBatE B aAE: TRENER @ Bx il SAM0bR chpy

b PSR TR O Ton s BB nas L ERaRBEA R rBRrd, 0050 Phebsure
R N et s el SR 2 e A L
Sebuikas 0,0 S 5241 0 V52 ROSHEL 00 b s
Oéewhar—sgggénEOi 8r9z8t 9bn NVR pes e égnﬁi]jé_lﬂhig% e rthe

and 0.40 mol o S was volatilized out.
apalymbkezSteont eat rbActhén peagher Rhtedetdposed, and so
S

dehydration step was 22.03 nol. The anount of
vobapplimed was collespeddedrie pklidnamil 2t ikasedrfitions
the charged S content.

and the results are shown in Tables 1 and 2.
{Comparative Example 2]

Charging was conducted in the same manner as in
Example 1 except that the amount of the agueous solution of
sodium hydroxide (NaOH) charged was changed from 1,200 g to
1,080 g. Accbrdingly, NaOH/NaSH before dehydration was
0.92 (mol/mol), and NaOH/S is 0.90 (mol/mol). In the
dehydration step, dehydration was conducted under the same
cogditions as in Example 1. As a result, 944.4 g of water
and 1545.3 g of NMP were distilled off, and 0.38 mol of H,S
was volatilized out. The available S content in the
reactor after the dehydration step was 22.05 mol. The
amount of H:S volatilized out corresponded to 1.69 mol%
based on the charged S content.

Thereafter, 3,290 g of pDCB and 3,665 g of NMP were

added in such a manner that (pDCB/available $) is 1.015
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25 Thereafter, 3,287 g of pDCB and 3,625 g of NWP were
added in such a manner that (pDCB/available S) is
1.015 (rmol/nol), 195.0 g of wader was added in such a

‘manner that 34 (total water content in the

reactor/available S) is 1.50 (nol/nol), and 10.6 g of

NaCH having a purity of 97%was added in such a

manner that &NaOH in the reactor/available S) is 0.90
(BABIOL) ¢ RéPeBy dcoAduietPRgwhir stidstlaga Such a manner that
polyneri zation in the sanme manner as in Exanple 1.

sdt??é‘-&&eﬂ’ﬂtﬁr SPRteng &p %ﬁ?eFeﬁﬁ§0éﬁaV9ééag§§e$) is 1.50
resazr in such_a_manner_that (total water content .

moldacf8F Avarl SoPE BpOHshavapg( aoPPRBEY, of 97% was

zzﬁgﬁ g ads, hg%faiéﬁfgﬂg?t oA bt e 50 s
PSPES: 250 EIARIT e ey 8P 8%0883&1?9%%% E4hatTREage
rﬁé?ﬂkrhér@%gggﬂm@n' ehlaBLﬁé f&aﬁn r as mparative,

I Ng was conduc e sarreprranner

agubﬁeéﬁeg%ﬁ 91% @XQGBE %Q értQgsagﬂ%ﬁg%ﬁbuﬁﬁgrg%ressure

aqueous sol ution Sodi um hydr oxi de

Wag ﬁh@ﬁgﬁdmﬁhﬁgkltggg Qtégal1w9§9rgco£@89£diﬁgkﬂe
NaOH NaSH bef ore dehydration was 0.92 (nol/nol) , and

Na€klSorgalad0abmel 6yohy 2. 80 the1l/dehydr ehé Pt &Pnducting
dehydrati on was conduct ed under the same 20 conditions

aseton@xanpye folPseairesubh, Whek Goadpwali®in NG he
1545.3 g of NWP were distilled off, and 0.38 nol of
HeSlymasigataonl i 2epdobyner Thes aval labted Sicotit@ntamé manner
the reactor after the dehydration step was 22. 05 no
The in Example 1. The yield of the granular polymer thus
obtained was 90%, and its melt viscosity was 90 Pars. The
polymerization conditions and the measured results of
physical properties are shown in Tables 1 and 2.
[Comparative Example 3]

Charging was conducted in the same manner as in

Example 1 except that the amount of the agueous solution of

. sodium hydroxide (NaOH) charged was changed from 1,200 g to

1,220 g. Accordingly, NaOH/NaSH before dehydration was
1.04 (mol/mol), and NaOH/S is 1.02 (mol/mol). In the
dehydration step, dehydration was conducted under the same
conditions as in Example 1. As a result, 930.3 g of water
and 1590.7 g of NMP were distilled off, and 0.44 mol of H,S
was volatilized out. The available S content in the
reactor after the dehydration step was 21.99 mol. The

amount of H;S volatilized out corresponded to 1.96 mol$%
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amount of H2S volatilized out corresponded to 1.69
nmol % 25 based on the charged S content. Thereafter,

3,290 g of pDCB and 3,665 g of3NMP were added in such

a manner that (pDCB/ avail abl e S is 1.015 35

(mol/nmol), 153.1 g of water was added in such a manner
that (total water content in the reactor/available S)

is 1.50 (mol/nmol), and 41.5 g of NaOH having a purity
ofba@ﬁ%\%lsth@dﬁé@rlgﬁ?ds@cﬁoatﬁaﬁner that (NaOH in the
reactor/available 5 S) is 1.0 (nmol/nol), thereby
conductTli"]%rEF??%?rst%g%@ 1 o §er P GRtawh 3 P he §Bﬁ'ré\7MP were

er . as in Exanple 1. Subsequently, 516.
dwéél §H5Pg€ggﬁ‘ﬁ‘8‘&r §P€§sdPQCB/ﬁvé‘E:éﬁbéenghné? 1.015

that tent th gt / | abl

| Mo16h80R ARy %?ﬁé‘?%s-;'e&wa%ceﬁﬁ 18%3‘%‘{;%‘ (SopSpabr that
Adt t

pgﬁéﬁéﬂ GarednooRtblt COMRLE: LORPhrh Bhainapig Shre 130

nq&%@9m0§§ 'Qnﬁxﬁgp%e 1bfTB§8§bﬁgn gtsh§9?% nuI ’ was

pol ymer thds obfaine ISCOSI

Wagq8 Ra- suchhg mQHh%gEEhéﬁtkﬁQOﬁogg'£h8n§egggoﬁpgvallable
nmeasured results of 15 physical properties are's

IB)Tabl@s1@oamaoz/moh?bﬂEﬁé@Ebyecgﬁéﬂpkgnélf£P§£géBQge
was conducted in the sane nmanner as in Exanple

exoephetrhaktibe anouRt eEmbh@aafHeOHS §ﬁ|ﬂkéﬁﬁ1@fl
sodi um hydr oxi de (NaCH) charged was changed from 1, 200

gstibs2Guén229, g51Ac6ogdoBghy e Nakdk Nabht-efiotifder pressure
dehydration was 1.04 (nol/nol), and NaOH S is 1.02
(Aol Auoh) 2 hanhhe tbHehydtatadnwstep, cdehydtr aih othaas
conduct ed under the sane
reactor/available S) i1s 2.80 (mol/mol), thereby conducting
second-stage polymerization. After completion of the
polymerization, a polymer was collected in the same manner
as in Example 1. The yield of the granular polymer thus
obtained was 70%, and its melt viscosity was 90 Pa*s. The
polymerization conditions and the measured results of
physical properties are shown in Tables 1 and 2.
[Comparative Example 4]

Charging was conducted in the same manner as in
Example 1 except that 552 g of sodium acetate was added,
thereby conducting dehydration. As a result, 935.3 g of
water and 1590.3 g of NMP were distilled off, and 0.31 mol
of H»5 was volatilized out. The available S content in the
reactor after the dehydration step was 22.12 mol. The

amount of H;S5 volatilized out corresponded to 1.38 mol%

based on the charged S content. After the dehydration step,



10

15

20

25

conditions as in Exanple 1. As a result, 930.3 g of

water and 1590.7 g of NWP were distilled off, and

0.44 nol of H2S 25 was volatil4zed out. The avail abl e

S content in the reactor after the dehydration step

was 21.99 nol. The anmount of H2S volatilized out

corresponded to 1.96 nnl9636 based on the charged S

content. Thereafter, 3,281 of pDCB and 3,687 g of

Nﬁp%ﬁ@r@ Oédd@@qwaéf@éﬁaalﬁaﬁner 1t RaP ((pDTBMavail @l BDCB and
LS, 1. 015 nol /ol ), 104.1 of water was added in

s&cﬁ 8 FatietPhaeTs eddes aafePedshesntatart R NaOH was

and 19.5 g of

%ﬁ@?ﬁ;'? Lf. Sgta'&? wédfésf’ogw& g?lsggg;ﬁf fihgugRagtor/
OH i
TeDRI AR S8 1T 2l b g 2860 .fﬁé""'fi. B, alé il .
e
pqlem r;‘%t\ﬂa%gkg t%g RATE1TRANC! 3 [459 anp

Subsequent | d under

pressur ?g; ter cont ent
in the.ﬁh?%g% tor avallaQE%:J 'S %#%éy éqlf%/maal)

tB%&?RErEQB@gsh'Q%ac%ﬁ%ﬁnﬁaétégﬁd88£¥HE§£Z§EbQ9 fé¥tf”hours

conpletion o yneri zation,
cahbeehed LR @@@°§aﬁ§rn§n@@ﬁr§5 AF te? %%ﬂ@ﬁ %1%n ; the

yield of the granul ar pol ynmer thus obtalne

apdliyhmeriehtivhscaspbyymwas 90sPaosiedbed in the same manner
pol yneri zation conditions and the neasured results of

phgsicaExpmpper fli. esTlas ey sdbivo f nthkab)@sdl seanpbAymer thus
[ Conparative Exanple 4] 20 Chargi ng was conducted in
t RetsanednuaneBS&s and Exanpektlvéxcepityhats5620gPafs. The
sodi um acet ate was added,

polymerization conditions and the measured results of
physical properties are shown in Tables 1 and 2.
[Comparative Example 5]

Charging and dehydration were conducted in the same
manner as in Example 1. As a result, 941.5 g of water and
1601.0 g of NMP were distilled off, and 0.31 mol of H,S was
volatilized out. The available S content in the reactor
after the dehydration step was 22.12 mol. The amount of
HzS volatilized out corresponded to 1.38 mol% based on the
charged S content. Since 3,300 g of [pDCB/available S =
1.015 (mol/mol)] of pDCB and 3,749 g of NMP were added, and
neither water nor NaQOE was added, (total water content in
the reactor/available S) was 1.20 (mol/mel), and (NaOH in
the reactor/available S) was 1.041 (mol/mol).

Thereafter, in a polymerization step, a

polymerization reaction was conducted at 220°C for 2 hours
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t hereby conducti ng dehydrati on.
wat er and 1590.3 g of NWMP were distilled off,

of H2S was volatiliz
in the 25 reactor after the dehydration step

of

0. 31 nol
cont ent
was 22.12 nol.

The

out .

As a result,

935.3

amount of H2S volatilized out
based on the charged S

corresponded to 1.38 nol %

content.

3, 738 g

After the dehydration step,
[@D@Bﬁ@@@lﬁébﬁéoéC er015h@un$/rnﬂgqenﬁcqmﬁﬂétmmm of the

of NVP were added, and neither water

37 3,300 g of

nor

g

and
The available S

Na OH

WS Y&@&é&atéeﬂvhétpeﬂamar Hacecoddarsnt P ehélashing
and (NaCH

rea

|Wq

AR

able S) was 1.22 (nol/nol),
8Pﬂ§&&9|ésﬁerS?CﬁégnlmeaEUFﬁoﬁrna|yemperature

TSN b S SRS e 2ines
"?'%??ewg@gfyﬂiﬁls Sfen pr%%nﬁmAE%ae% SEEE0 116 (1l melt
or ARG B0l Gited ot RS obray et Ve Bk b P eD e ond
FAREOR L BB To B VBRLEBO . s 50
prapeeki esaganezshown in Tables 1 and 2. [ Conparative

Exanpl e 5] 15 Chargi ng and dehydrati on were conduct ed
in the sane nmanner as in Exagpktei1l. As a result,

9A+—5—¢g-of—water—angd—1601.0-g of NMP were distilled
of f, |amef®e31 nol of H2S was olatilized out, The
hvai || ablebydSaciant ent | i n t he reabtor 95@?&? ?ﬁ%lmﬂuon
dehydration step was 22 127not —The—anount—of-—26HES
ol atli | i zed |oukapgor | esponded to 1./38 nol % ¥&86d on| t he
NzOH/S NaSH NMP/S pDCB/S m,0/8 reactor/ Temp. | Time
mol/mol mol /ol kg/mol | mol/mol | mol/mol | available °c hr
S mol/mol
1| 1.00 1.02 0.40 1.015 1.50 1.050 %i&; 3.0
QD
]
%* 2| 0.96 0.98 0.40 1.015 1.50 1.020 201 50
% 230
=l
3| 1.02 1.04 0.40 1.010 1.50 1.075 %ig; 1.5
1| 0.83 0.85 0.40 1.015 1.50 0.900 220- 1 4 4
230
@ 2] 0.90 0,92 0.40 | 1.015 1.50 1.000 %iﬁ; 3.0
A3l 1.0 1.04 0.40 1.015 1.50 1.100 %iﬁ; 3.0
g
8 220-
4/ 1.00 1.02 0.40 1.015 1.20 1.041 7.0
260
5{ 1.00 1.02 0.40 1.015 1.20 1.041 %i;; 7.0

Table 2




10

15

charged S content. Since 3,300 g of [pDCB/available S
= 1.015 (nol/nol)] of pDCB and 3,749 g of NWVP were
added, and neither water nor NaOH was added, (total
water content in the reactor/available S) was 1.20
(mol /mol), and (NaOH in 25 the reactor/avail able S)

was 1.041 (nol/nol). Thereafter, in a polynerization

f

f

o

gtep,[ @ potymerizationyreaction was conducted—at—226€

or 2 hourssc®d stagd then at 260C for §,houyrs. After Comp”d.
conpllet i dwlgteriFiopol yreri zati on, a pofynmer was

¢ol |l gcted by| a fTashingl nethod WhiTe holding ([he Jolatil
feact|i onofsi xf lee. at Tizet erRed at wve | of 260fmelhE Reactivity ronaitl ©
hol yrerolvdeds| obt ailned was svasheds5 t fe$ Spait H wetress™ ranir
The vield of; the polyner was|95% land its nelt |

| §cgsi $ wowals B9 Passy They pol yaer(i zagi on gendijti opsy B

;] the—reasurediresults of fphysilcal properties are

shqw| iz.goTablaes 1 and 2. odabl e2sl | Bebore dehydratbon B
i rst—stagepot-yrertzati-on—NaGH —NaOH-HR—NaOH S—NaSH

NVR/3S pb@B/ § HBEQY § belact 08% Tehp [Tiene | nokhnol| kgl rml B
mol{/ ol ot 7ol —ayal t abt e C hr ot /ot S o7 ot—1

1. 40 |1.95%. 4348, 015-0. 5Pesow56eP30 3.0| 2 0. 94 0.98 -
)'%'4% 1.013 1. 50,1 Og.oo 230903' I 50 1.3 C
A3 2.80 260 5.0 70 90 5.9 66 2.0 c
% 4 - = - 85 130 | 9.0 85 1.8 o
Q

5 - - - 95 95 | 12.0 117 . 1.5 D

Note:

*) Dimer: Bis (4-chlorophenyl) sulfide

**) AS: Aminosilane (yY-aminopropyltriethoxysilane)

INDUSTRIAL APPLICABILITY

According to the present invention, there can be

provided production processes of PASs, by which an alkali

metal hydrosulfide and an alkali metal hydroxide can be
used in combination as materials for a sulfur source to

stably conduct a polymerization reaction, and polymers

extremely low in the content of bis(4-chlorophenyl) sulfide

~that is an impurity secondarily produced upon the

polymerization reaction, excellent in reactivity to silane

coupling agents such as aminosilane, little in volatile

matter in a compound and good in color tone can be provided.

According to the present invention, there can also be




3 1.02 1.04 0.40 1.010 1.50 1.075 260 1.5 1 0.83 0.85
0.40 1.015 1.50 0.900 230 3.0 0 2 0.90 0.92 0.40

1.015 1.50 1.000 230 3.0 3 1.02,1.04 0.40 1.015 1.50
1.100 230 3.0 c 4 1.00 1.02 0.40 1.015 1.20 1.041 260
7.0 51.00 1.02 0.40 1.015 1.20 1.041 260 7.0 10
Table 2 39 Second-stage pol ynerization Pol yner Conpd.
H2OQ'S Tenp. Tine Yield W Yl Dinmer* Reactivity
VEHreiiided FBSEnBPWCikr thePasnppmiwbf hbAS{A-ahl tepphankl)
0 1.2.80 260 5.0 90 145 5.8 13 2.5 B 2 2.80 260 5.0
961125955 B4cordimy Lowthe 2B PE0 BBl a0 Hheresan
2f2 B. 1 %.80 260 5.0 Deconposed - - - - 2 2.80 260 )
51§746°50°6. BT8Y 18 EASS £x86126Dt51D 7029biBibyeEe silane
2.0 .C .4 85 13%39.0 51.8 C U,E 95 95 12.0 117 . 1.5
DCORBL&R I+ FIBPEEr SUBPSPA- BREBPSHABRGE) sul fide **) AS:

Am nosi | ane (y-am nopropyl triethoxysil ane)
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5 | NDUSTRI AL APPLI CABI LI TY According to the present
i nvention, there can be provided production processes
of PASs, by which an al kal i ng{al hydrosul fi de and an
al kali metal hydroxide can be "used in conbination as
materials for a sulfur source to 10 stably conduct a
pol yneri zati on reaction, and polyners extrenely |ow
in the content of bis(4-chlorophenyl) sulfide that is
an inmpurity secondarily prodilceBM&ipon the
pol yneri zation reaction, excellent in reactivity to
silane coupling agents such as am nosilane, little in
volatile 15 matter in a conpound and good in col or
tone cah- bé‘éFﬂwW@éalenﬁb@@ﬂéﬂﬁg)t@aWﬁ@Qpﬁe§eﬁﬂ4"
éintlo re can al so be 40_ provided PASs low in
EGiP %F&déhF8P56ﬁ§n}PYerSGPﬁPdé0 PEEOREi ng
the pre inve n, there can further be

pr8$F&8&n %SEYeQCgFFeﬁ rPRategLePhiey 2Pl EF i ane

coupling agents such as am nosilane. 41 CLAIMS 1. A
pol y(aryl ene sul fide) having a bis(4- chl orophenyl)

SU|fid§%C°%F$%ﬁy' ﬁe%%a u?%i%%é %v1%ﬁd%;%g%EQEQMQ¥/MV1)

a gas roma ana SIS

fid 02 £8t j t
A B oy

reackhi@s) Wakhe@nhNoshLannt Ri8nNBhind Qs Yigc08LtY H@] pe
(MV1) before the reaction exceeding 2.0 as neasured
aviacbemper ahlue Qfiv3l0fcapdeatrB8eabarBiEn0kkceeding 2.0 as

measured at a temperature of-310°C and a shear rate of

1,216 sec™t.

3. A poly{arylene sulfide) having a bis (4-
chlorophenyl) sulfide content lower than 50 ppm as
determined by a gas chromatographic analysis, a ratio
(MV2/MV1) of a melt viscosity value (MVZ2) of the
poly(arylene sulfide) after a reaction with aminosilane to
a melt viscosity value (MV1) before the reaction exceeding

2.0 as measured at a temperature of 310°C and a shear rate

of 1,216 sec*; and a yellow index of at most 10.

4. The poly(arylene sulfide) according to claim 3,
wherein the bis(4~chlorophenyl) sulfide content is at most
30 ppm, the ratio (MV2/MV1) is 2.1 to 3.0, and the vyellow

index i1s at most 7.
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1,216 sec-1. 3. A poly(arylene sulfide) having a

bi s(4- 15 chl orophenyl) sulfide content |ower than 50
ppm as determ ned by a gas ch&gn&tographic anal ysi s,
aratio (M2/W1l) of a nelt viscosity value (MW2) of

the poly(arylene sulfide) after a reaction with

am nosilane to a nelt viscosity value (M1) before

the reaction exceeding 20 2.0 as neasured at a

t enper ab ur & GfirBEGE dind @ rhieari noate podfy (Arglénseecul fide)
and a yellow index of at nost 10. 4. The pol y(aryl ene
stf PedyrgEdaraiong soléhai so8rcewhedeindihelo-aromatic

bi s(4-chl orophenyl) sulfide content is at nmost 25 30
pFMPORESr &1 @1 MWZARVE) amddg, sofgesto, whhdht pempelsew the
index is.at nmpst 7. 42 5. A process for producing a
pSIyPEA & Re SSGPFI 88 by pol ymerizing a sul fur source

yidfie: : fur_sou
SOeRt SRR R CaOtpFFeRs SEhBoa BFeat v BOSEERRIoR  Micture
h [ f heati ti
ﬂ%%?%?gglﬁgﬁﬁékﬁ?ﬁégﬁﬁséswé§%h%9 ﬁ$§ '%533@%£?1§nmetal
i . l . a i
g e eie, A3 AT RS AT R SPoA BB geprampreion
obrt Beosl kalh pEtaby Budrasyl brdenko, fsehange, ot

| east a part of a dis | ate containing water from

t RoairBLAN F9HeOtot AesSHSLEM SONTALBENG pLhe SEXL UAEsLP11ate
the exterior of the system (2) a charging step o

addhngianngl katermetah bxdr oxtdei @Rdo rWeh & s§Ordecontaining
m xture remaining in the systemafter the

the mixture to the exterior of the system,

(2} a charging step of adding an alkali metal hydroxide and
water to the mixture remaining in the system after the
dehydration step, as needed, to control the total number of
moles of the number of moles of an alkali metal hydroxide
formed with hydrogen sulfide formed upon the dehydration,
the number of moles of the alkali metal hydroxide added
prior to the dehydration and the number of moles of the
alkali metal hydroxide added after the dehydration, and the
number of moles of water so as to amount to 1.00 to 1.09
per mol of a sulfur source (hereinafter referred to as
“charged sulfur source”)} including the alkali metal
hydrosulfide existing in the system after the dehydration
and to 0.5 to 2.0 per mol of the charged sulfur source,
respectively,

(3) a first-stage polymerization step of adding a dihalo-

aromatic compound to the mixture to subject the sulfur
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dehydration step, as needed, to control the total
nunber of 15 noles of the nunber of noles of an al kal
netal hydroxide forned with hydrogen sul fide fornmed
upon the dehydration, the nu r of noles of the

al kali nmetal hydroxide added prior to the dehydration
and the nunber of noles of the alkali netal hydroxide
added after the dehydration, and the 20 nunber of

Malces cef anat &iheS@idS 100 aaFRERt ct @ckpBdntO th. @9poPherization
nmol of a sulfur source (hereinafter referred to as

" charcgadns witf W tseeeethrienelrudizng tbhe 7abkal +h dBL forming
hydrosul fi de existing in the systemafter the
dehydregoilgme randatto a0 converdidnper mhk dfihthe-ahamgedc

sul fur source, 25 respectively, (3) a first-stage
peloyperingatiisor Osttep 96fs ,addidng a di hal o- aromatic

conmpound to the mixture to subject the sul fur 43

sddrcé &f¢orkesdiongl poavosutizetéonpetiad p6 gontrolling the
pol ymerization reaction at a tenperature of 170 to

2 p8ennith @fe My tRgr APngheargrepéPyney strat adtesnibesfdrst-

of the dihal o-aromatic conmpound is 50 to 98% and 5

( B9 BOSHHCLLZGE 108 FiEPi 79t PEnTSt BHIBY 8bAtEoR| Fhgte that
the, ampunt of .water in the reaction s¥ﬁten1after t he
fIPEEE SFAGESpoPy ReProRPELMCEt 8p B8 8s P8 bf i AgMabouput up
a.state a r exists {n_a proportion of nore .

S B b bern bt g BR gl PRRGh roFoRrg enapg et ing
S u .ce, .and _heati 10 t geaction systemto,
Zgggt%eéggéggtﬁgfg v %8n??%u%ﬁggﬁﬂé§'pﬁﬁ?ﬁﬁ9 F41 orftuing the
r gacthars -8+ 15Re rpLedyshi on process according to claim

S,

6. The production process according to claim 5,
wherein in the dehydration step, the alkali metal
hydrosulfide and the alkali metal hydroxide are supplied as
respective aqueous mixtures, and a mixture containing them

is heated.

7. The production process according to claim 5,
wherein in the dehydration step, the mixture is heated to a

temperature of 100 to 250°C.

8. The production process according to claim 5,
wherein in the charging step, the total number of moles of
the alkali metal hydroxide is controlled so as to amount to
1.01 to 1.08 mol per mol of the sulfur source including the

alkali metal hydrosulfide.
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wherein in the dehydration step, the alkali nmetal 15
hydrosul fi de and the al kali netal hydroxi de are
supplied as respective aqueoqg m xtures, and a
m xture containing them is he tted. 7. The producti on
process according to claim5, 20 wherein in the
dehydration step, the mxture is heated to a
tenperature of 100 to 250C. 8. The production process
accordi g tihec lpaiodul,t i oah@reic sish akthe ralangitig cshen, 5,
the total nunber of noles of 25 the alkali netal
hydteoxiide ins tbenthelkbédgsetap, t chambuphlt oudb8t 66 moles of
1.08 nol per nol of the sulfur source including the
altkgl plietldl meydilobubfpdededds @onThelpeddsct snto amount to
process according to claim5, wherein in the charging
sttefl5t ke LofdP makbeeromohpbéstbe suhéual kahiceetatluding
h¥droxide ii;s controlled so as to anobunt to 1.015 to
118¢52hbpLpeefdl Brdrmeusfiifar source including 5 the
al kali netal hydrosulfide. 10. The production process
according to claim5, wherein in the first-stage

a nelt

I i zat| t . I havi ,
Vi scosi 1§ off 16, BrPGUSh1 pRsPEECT6oBHSFEAPH: te clain 5,
t : 3 d h t . 1,216 -1
| ERE b e She T R P ohnas ot braselethied; ey 1o
Cb@éﬂb%yme%hhggiggrghﬁélgo?Pgbgg t aé%e§.§h§o 30 Pa+s as
second-stage 15 pol ynerization s e%, 5) "a separation

Sﬁ@QsQ?eﬁegéerLQQpQrQ9L¥gE6ff9{&qgEL&P@i%hear rate of

1,216 s.ec'f1 is formed.

11. The production process according to claim 5,
which further comprises, after the second-stage
polymerization step,

(5) a separation step of separating a polymer formed from a
reaction mixture containing the polymer, and
(6) a washing step of washing the polymer thus separated

‘'with an organic solvent.

12. The production process according to claim 11,
wherein in the separation step, the polymer is separated

from the reaction mixture by sieving.

13. The production process according to claim 11,
wherein the organic solvent used in the washing step is

acetone.
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reaction m xture containing the polyner, and (6) a
washi ng step of washing the polyner thus separated

with an organic solvent. 20 12, The production process
according to claim11, wherei h°in the separation

step, the polynmer is separated fromthe reaction

m xture by sieving. 25 13. The production process
according to claim11l, wherein the organic sol vent
used i nl4he Mashimghsitdpnd HroaeisoRecdBinddtolbeaim 5,
producti on process according to claimb5, which

pridniicde p ravpdlep( ar plodnd asyllEhdepuhavidey aabigafda bis (4-
chl orophenyl ) sulfide content |ower than 50 ppm as
detheoropdgnyy ) a sgad idkr coategtaphiweranbbysb8. ppmlsas

The production process according to claim5, which
pAGHeaad ngdpblyy fagpEerbroubtPdeRrhavi Agadyeasi o

(MV2/ W1) of a nelt viscosity value (MV2) of the
poly(arylene sulfide) after a reaction with

aninos;t$ne H%ylo a nmelt viscosity value (MW1) before
the reactio OELGRG 10D, §raseRsadGregdangato claim 5,

tegge ature.af 310C ng a ihear rate_ of 1,216 sec-1,
1877 eP5P8a§8Fi8nPB?8 BE¥15BBoPHI hydEd RpAiRYS2 rabio

WG /RURY! 895, 2,R0LY(RLYLEN, SULTL A DEY 0F B el oW

poly{arylene sulfide) after a reaction with aminosilane to
a melt viscosity value (MV1l) before the reaction exceeding

2.0 as measured at a temperature of 310°C and a shear rate

of 1,216 sec t.

l6¢. The production process according to claim 5,
which provides a poly(arylene sulfide) having a yellow

index of at most 10.



