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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 poly(arylene sulfide) and a
production process thereof, and particularly to a
poly(arylene sulfide) excellent in nmelt stability, |ow
in crystallization tenperature and excellent in
whi t eness 10 degree, and a production process thereof.
The poly(arylene sulfide)esfrtiergy esent invention is
suitable for use as a material of fibers and the

i ke. BACKGROUND ART 15 Pol y(aryl ene sul fides)
(hereinafter abbreviated as "PASs") represented by

pol y EfRe&npWRERENEUSTILEEPE| haNBi ARODECTIakbPRUCRS ® ATHBREOR
"PPS") are engineering plastics excellent in heat

resi stance, chem cal resistance, flane retardancy,
nmechani cal strength, electrical properties and

di mensi onal 20 stabilitRECHNﬁgﬁiNﬁiﬁéﬁb comonl y used
in a wde variet fields such as electrical and

el ectrd PCP§GEFB£EHP§QBEHOHaﬁ?bﬁ%@?vﬁoeﬁup®hﬁh4%ylene

bec se they,can be forned or nolded into various
TSR 01kt B T it FrAErs thteﬂer?sf a§lﬁe€?§tlcUlarly

f 25
|¢£%§’013} & F%& gg%rlarjrﬁ St 6‘% |ea‘| nd aW& ﬁ‘gggiéﬁﬁ
'EH‘Ef¥%tJ¥if%aﬁ@y %en&&ﬁ%&%&@o% %r%%%%EIOfgaﬁgA%hlteness

known a 2 process, in sulf ur "soarc

reapted wWdd 2 Hihrlqs G, <C i
éﬁﬁge sol vent gﬁth as N PPRIcG <CMRABY . 'Hﬁ%‘ﬁ%£§ﬂ3§§lene
sulfide) of the present invention is suitable for use as a

material of fibers and the like.

BACKGROUND ART

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

As a typical production process of a PAS, is known a
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met hyl - 2- pyrrol i done (hereinafter abbreviated as
"NMP-). As the sulfur source, is mainly used an al kal
nmetal 5 sulfide. There is also known a nethod of

using, as the sulfur source, &n alkali netal sulfide
formed by reacting an alkali netal hydrosulfide wth
an al kali netal hydroxide in situ. The polynerization
reaction of the sulfur source with 10 the

dplrakesar onat #Ei 6PNPOLAUrLS Jodesal 1d Neacted with a dlhalo—
pol ycondensation reaction to produce a great anount

aarsmhtii cempoandal kahh defahibadmoe) sscheds Na@ as n-
after the reaction. There have therefore been
prepbsédZnpyhodsidone (leapyimgfaesadlibsaets st NaC Npyp~) |
washi ng the PAS obtained by 15 the polynerization with
ahAfaShengul Faui gosueh, ass wed brly amedragani 16cegal wartdal a

m xture of water and an organic solvent or water

cBORL AP ng T s figctadimo (Mromnexameitdod) afaneseyg, Patsenhe
Publlcatlon No. 6-86528, Japanese Patent Publication

NBUL BUB 72T C8 a ke Bk Pht aift tah pt i lditdeorf draiadl QyereNe:ting
4 20 3 §15 J nese Pat ent Publlcat|on No. 4-55445

ang @ dagt ToHpt d3R i Bt ditd-edgerd iNgietal hydroxide
10-26% §Z On the ot her hand, There have been

proposed productlon processes of a poly(arylene

1 fid f ,
S hal odhe bBabALER-Acs 8l UL 38RO e A0 S fr  prurce with
f. I
eGS0t B0 AR IR Lo A A8 2 Li0ly SXaTLe:
W@@ﬁﬂorﬁ%d&@d@%d—%&d@%ﬂ SN%r 22 Lh4L4r 3f 2

Japanese Patent Publication No. 6-5 apanese
Red ent (1 Appl |a}atallq@1L1alnda-tgqema|§!<1de30%c%8é%9ﬁac1 after the

Japanese Pat ent

reaction. There have therefore been proposed methods for
removing a salt such as NaCl by washing the PAS obtained by
the polymerization with a washing liquid such as water, an
organic solvent, a mixture of water and an organic solvent
or water containing a surfactant (for example, Japanese
Patent Publication No. 6-86528, Japanese Patent Publication
No. 6-57747, Japanese Patent Application Laid-Open No. 4-
139215, Japanese Patent Publication No. 4-55445 and
Japanese Patent Application Laid-Open No. 10-265575).

On the other hand, There have been proposed
production processes of a poly(arylene sulfide), in which a
sulfur source and a dihalo-aromatic compound are
polymerized in the presence of an alkali metal hydroxide

(for example, Japanese Patent Application Laid-Open No. 2-

302436, Japanese Patent Application Laid-Open No. 5-271414,
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Application Laid-Open No. 2-160834 and Japanese Patent
Publ i cation No. 6-51793) . According to these
production 5 processes, however, it is difficult to
set conditions for stably perfornming the

pol yneri zation reaction. In addition, since a great
anount of the alkali netal hydroxide is used 1in these
production processes, it is difficult to inhibit side

I eRlan@Re phQeRYr bheh i c8khcg he BAS$, ée_§§£§£éé Ypatent
crystalline polyners poor in nelt stability and fast

| Rppystalibinzakiaropenerd . f bogna PR N $L8LLesd NBYrent
have invol ved such problens that thread breakage Is

eapyliicaedour Laparopeht NSPi DAL BYS3 488 PhySisdée Patent
properties of nolded or forned products after 15 nelt
nFhghligadd ohoNm. n§-at 298y r equt @srdiy additHedyy drRiuction
PASs have al so involved a problemthat they are easy

t @ripeesselsor bdvander mel ispddfEssuhy tonskt i omsdi dhete for
has thus been proposed a process for producing a
mslt@édvopefrdpirmdnpr sdacroéyverliieatipn cekhotitvone RO addition,
stability by using a PAS havin% a pHranging fromb5.5

t §118°82agrABAsEMEHNFNCh FiRedlkdl vepetal hydroxide is used
acetone/water (volunme ratio = 1;2) (for exanple,
JéBa%Ef%ePHFSHFCJAbBPi BRPFBRSCEai dF perfiNofiqulpoos imhibit
Igiérd%r t%.obtain a PAS fast in crystallization 25

spaed and“high®rn whiteness degree, there has been

2 oposch B, CUELOD B 39555 2 355203310 M ine

speci fi'c reaction  Tcon

' ' i | kal.i .
ﬁg?g ﬁérgoﬁogfogﬂcﬁggttQ€a€f§%€¥dg%%{ﬁ%%%lfgzé;ﬁéﬁgﬁifzatlon

sul fide wth para- and -aro
CQﬂE@Hng§ohnaaﬁo?ﬁ@ﬁnégaﬁgjd@hé@'ﬂ&?Q’iﬁUH&ved such problems
that thread breakage is easy to occur upon melt spinning,
and physical properties of molded or formed products after
melt molding or forming are irregular. In addition, the
PASs have also involved a problem that they are easy to be
colored under melt processing conditions.

There has thus been proposed a process for producing
a molded or formed product excellent in colgr tone
stability by using a PAS having a pH ranging from 5.5 to
8.8 as measured in a mixed solvent of acetone/water (volume
ratio = 1:2) (for example, Japanese Patent Application
Laid-Open No. 11-209617).

In order to obtain a PAS fast in crystallization
speed and high in whiteness degree, there has been proposed
a production process of a PAS, in which specific reaction

conditions are adopted in the process for producing the PAS
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noreover an acid or hydrogen salt is added to a slurry
containing the PAS after the reaction to adjust the pH
of 5 the slurry to 7.0 to 11.0, the slurry is then
filtered, and the resulting cake is heated under a
non- oxi di zi ng gas atnosphere to renove the sol vent
(for exanple, Japanese Patent Application Laid-open
No. 2002-201275). However, according to the

COopy enth @Nthg PEOMUCEL ON mdiOs Pracesses L I?)%J:Pa/'—\s’anidt eta-
has been inpossible or extrenely difficult to provide

a @A pxeetditid ncdduidabid idy anfhnWhih8RRSSo1vent, and
degree and slow in crystallization speed froma

noh¢eeostataen dd DI SCHIBRGGF sEHR ENVENHGN tht ai $18Rry

obj ect of the present invention to provide a

potyfaxithone She fRAR)aBlaw tite areesitaldn zat iadf uspeete pH of
froma nolten state and excellent in whiteness

delgrees Ly ato prdduet ildn Qor ddes s lhvrervedfs. t2@nAfathetred, and
obj ect of the present invention is to provide a
po%@?aF%ﬁ%ﬁﬁ%Qﬂﬂqﬁ&ﬁﬂl&nhﬁﬁﬁﬂ%/qHﬁﬂﬁo@e@©ﬁnOﬁéﬁﬁZing gas
stabilit in addition to the above-descri bed

pr%fd%?%ﬁ?%%f,e dritl TS d ddE G lpresdesd orheraaplel nJapanese

ticular, furth )bj ect of th t 25
AT o HR e e e o By 881y P06 201 P7EL) . whi ch
i's obtﬁggggeby gub'egting a SHIfur source and a ,
di hal o- “ar6iati c %%%ﬁ thd t9 B PofYmert Z:ton Reaggtdrn

i'bﬁdg%§%6593§§%%oeP%% aQt&%ﬁ%'%eg%tghp@%%é?i%?$£ggﬁggemely

organi c am vent’, "and i's TTOW i

F%ﬁﬁﬁﬁﬁﬁHEEtdﬂﬂ¥$@iﬁe Qh@h%n%§%eQ§g5%eiﬁngefécgkgggiity and
innelt stability, and a
whiteness degree and slow in crystallization speed from a

molten state.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a
poly(arylene sulfide) slow in crystallization speed from a
molten state and excellent in whiteness degree, and a
production process thereof.

Another object of the present invention is to provide
a poly(arylene sulfide) markedly improved in melt stability
in addition to the above-described properties, and a
production process thereof.

In particular, a further object of the present
invention is to provide a poly(arylene sulfide), which is
obtained by subjecting a sulfur source and a dihalo-

arcmatic compound to a polymerization reactioen in the



10

15

20

25

producti on process thereof. 5 The present inventors
have carried out an extensive investigation with a
view toward achi eving the above objects. As a result,
it has been found that in a prooduction process of a
PAS by pol ynerizing a sulfur source and a

di hal o-aromati c conpound in the presence of an al kal
10 netal hydroxide in an organic am de solvent, first,

Cg?isted i SQ&ﬁeﬁﬁc]ﬂ?n&ﬁ%.e ?H&%xq gpgﬁeghso§Pgnic amide

a a nmanner t the met a

hyéifl%rﬁ:e 'a%cprleas sy 14 %ry@rt%ﬁqutz'ac&ﬁoﬂf témggrge 1e0%ign in
nol per of the sulfur Source, and seconh H

rxunﬂnﬁhégyruagﬁéétaﬂaraﬂd@nyan&ahmO&eﬁkeet&§1n§tvaSQﬁg a
repeatedly at least twice with a washing |iquid

camaiett iofn WateYessa dhyedie@yFhi | i ¢ organi c sol vent or a

mxed liquid thereof in a washing step after the

pol yner Tkat poasenanitnaénthis have, cdie gbloneran Sxtensive

washed with water or the mxed liquid at a fina

vaghiarg- istedgen andhwashiiey 20wecddiathdrsiagethe above

controlled in such a manner that the pH of the

wedhiawg-9-i gdbdaafeernltheinabaingetal feund tHiat alr ange

of 8.0 to 11.0, thereby obtaining a PAS, which is | ow

i PTFIFSiem PERCESH © mpeFAtu by, PeAYBEFeALNTNa sulfur source

whi t eness degree and further nmarkedly inmproved in

maTd & SBALOy A ToBATRE SraveRnd ﬁveﬁbﬁoﬁrﬁ%ns@eﬂf | @y alkali
l.etion .t he basis of these di ngs

A K AORRR Sroeanp T eRpatt FBR IS ABIESRE, { hkot, charged

pr (ar |f|d having_ the . fol]o

e .‘éeii‘f? PSRy e PoorBLaetes B fg R BY suen

SH%%%e@at%a%st%%a§H&QQ1 metal hydroxide is present in a

proportion of 1.00 to 1.09 mol per mol of the sulfur source,
and second, the polymer formed in the polymerization step
is washed repeatedly at least twice with a washing liquid
composed of water, a hydrophilic organic solvent or a mixed
liquid thereof in a washing step after the polymerization,
and at this time, the polymer is washed with water or the
mixed liquid at a firnal washing stage, and washing
conditions are controlled in such a manner that the pH of
the washing liquid after the washing falls within a range
of 8.0 to 11.0, thereby cobtaining a PAS, which is low in
crystallization temperature, excellent in whiteness degree
and further markedly improved in melt stability.

The present invention has been led to completicn on

the basis of these findings.
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5 under conditions of a tenperature of 3100C and a
shear rate of 1,216 sec-1; (b) pH being 7.0 to 12.0
as nmeasured in a mxed solvent of water/acetone
(volume ratio = 2/1); (c) crystallization tenperature
bei ng at nost 220'C 10 as neasured in the course of

| ow ng the tenperature of the polyner at a rate of 10
(err)Cmn froma nolten state; and (d) mhiteness

degreezﬁﬁédﬁbfﬂq: %a%%e7% %%eg%aiﬂggg ﬁy?ért ergr so£h5%

melt nol ded ormed uct éne

Sﬁkéiﬂﬁédagcﬁégjr(‘thrpeltl@esﬁle { ha’]élr{ VM 1090 4 Q;?M)ng

desirably further have the follow ng propertles

apdbpertiss (&) €oraij o M2/ W1 being at |east 0.80,
wherein W2 is a nelt viscosity value neasured at a

shear r@te mefl t1v2kGosseg- biialt er tBekdohor pgd0s M AUhESsured
at 3100C and MV, is a nelt 20 viscosity val ue neasured

atnaesheandiaienofofd, 21begetriud ter he)°d £AR 8 shear rate
m nut es at 310(err)C and (f) content of a

| of toRBGUs@r 'wei ght conponent extracted by Soxhl et
extraction with chlorof orm being at nost 5.0% by

wei ght . (P25 PRAc beddiong - ﬂotphéZpﬁesenmeaaVEﬁdibn athiexed

is also provided a process for producing a

p%?%Y%??I%ﬁew%tﬁ#/%ﬁﬂtQﬂﬁ 1y igitde & Sullfur sour ce

and a di hal o-aromatic conpound 7 in an organic am de
sol vent{C)wRrER tadhprrséen ’Eﬁlflpﬁﬁa’auéﬁabgilﬁ@ stapest 220°C
control ling. char ed anDuntssz the spective

componentsTT msudh &£ Hriifer® KdTrefgfyre of the
q¥9{OXIde is presen%fl% acgaggortlon of 00 to 1.09

rate from & molten state; and

(d) whiteness degree being at least 70 as measured in
the form of a melt molded or formed product.

The poly{arylene sulfide) according to the present
invention may desirably further have the following
properties (e) and/or (f):

(e) a ratio MV,/MV; being at least 0.80, wherein MV,
is a melt viscosity value measured at a shear rate of 1,216
sec™ after held for 30 minutes at 310°C and MV, is a melt
viscosity value measured at a shear rate of 1,216 sec’!
after held for 5 minutes at 310°C; and

(f} content of a low-molecular weight component
extracted by Soxhlet extraction with chloroform being at
most 5.0% by weight.

According to the present invention, there is also

provided a process for producing a poly(arylene sulfide) by

polymerizing a sulfur soﬁrce and a dihalo-aromatic compound



5 nol per nol of the sulfur source, (Il) in a

pol yneri zati on step, polynerizing the sulfur source

and the di hal o-aromatic conmpound in the presence of

the al kali nmetal hydroxide in The organic am de

solvent, (I1l1l) in a washing step, washing a polyner

formed in the 10 polynerization step repeatedly at

| east twi ce mﬁth a mashing i quid conposed of water,
solvent or nlxed Iqu|d

e EbP e S “vo R Ll S aer i

d fi h t
Qﬁ%?éoﬁhé?faﬁ%i‘f&% S S B U
t hakpLbes bl Obmbdigereshi 04Ul qnaaffrteeg J&J('slefv)tms JRLCNE

I's within a range of 8.0 to 11
Cﬁé’c@ﬂhﬂ@r@i?@e af 4 qﬁrég@nw\aﬁhlmpﬁé;ﬁﬁ«uoqp'&feqt 'ogg tB 1.09
pol ymer having the follow ng properties (a) t
2fo apefBhd ]l vV SCOSE tyubRING it 3, 000 Pa-s as
nmeasured under conditions of a tenperature of 3100C
andI p shearpshfmerofatli Al 6 sac- HolshyeiH ibgj RGe7 sR1FQr
12.0 as nmeasured in a mxed solvent of water/acetone
(vohune 3dithe @IMYLo-25rdrticr ysimgldunzatinOnhe presence of
tenperature being at nost 2200C as neasured in the
colie skliptli ouelrd hghtdweo stighpdimatiiree cofgartilre apaldgneplaent,
arate of 10 (err)Cmn froma nolten state at a 8
t ehpEk atire WISIBUDOG tathd Wadhiile tleresymgegfeamisdi ag the
east, 70 as neasured in the formof a nelt nol ded

10 o?OJrW‘?'I%JdZ?) FoU AT CPTHERFIARIEE G pregcds&vere éth a
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K%%gﬂlrgleQ§u§Pkmmpgsed of water, a hydrophilic organic
solvent or a mixed liguid thereof, and at this time,
washing the polymer with water or the mixed liquid at a
final washing stage, and controlling washing conditions in
such a manner that the pH of the washing liguid after the
washing falls within a range of 8.0 to 11.0, and

(IV) in a collecting step after the washing step,
collecting a polymer having the following properties (a) to
(d) :

(a) melt viscosity being 1 to 3,000 Pa-s as measured
under conditions of a temperature of 310°C and a shear rate
of 1,216 sec™;

(b) pHE being 7.0 to 12.0 as measured in a mixed
solvent cf water/acetone (volume ratio = 2/1);

(¢} crystallization temperature being at most 220°C
as measured in the course of lowering the temperature of

The pelymer at a rate of 10 °C/min from a molten state at a
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5 according to the present invention may desirably
conprise the following steps | to 5. (1) a
dehydration step 1 of heating and reacting a m xture
contai ning an organi c am de sodvent, an al kali netal
hydrosul fi de and an al kali netal hydroxide in a
proportion 10 of 0.95 to 1.05 nol per nol of the
al kali netal hydrosulfide to discharge at |east a
%rt 8£a udeStt %3@ coni ai ning water fromthe
nterror -of “tf tem3Ght ai ni ng thernxnﬂe to the

eXter|QQ)°f EE%D%%%t ﬁgé)b@l§§a5g5ﬂga agfme?%ured in

addi ng an aI al i r oxi er to
m:KéUESrrﬁe@P'Q'rHQl‘t rtncsttﬁfeéyét B A d ol dehydrat' on

step, as needed, in such a manner that t ‘al kal i
met al Iy @ﬁo@t@c%a@nv\@&%eeaéeo@f %ﬁ@nfgoli}‘ (nyp&ﬁé | ORBride)
of 1.00 to 1.09 nol and 0.5 to 2.0 nol, respectively,

petcot® n®f t@ Shid fiife SOUE Cﬁdt(é}ﬁilejrﬂafatyerders@fr%lbrl%d cofprise
as "charged 20 sulfur source") including the alkal

mebal fdydswobud fd$ideys I 3o & pol yneri zation step 3

including a first-stage polynerization step 3-1 of

adith ny dellydrad oiear osetp ¢l coipsutnichd @niche ericxtitge at aixture
subj ect the sulfur source and the dihal o-aromatic
c@%b%ﬁfﬁllt% an pofganrt Znidn godactiton a25 adkadi metal

erature of 170 to 2700C, thereby formng a
32%%@%%?14%&1’1% o rividiash lomeste 1t g ddiodlds- arorapireportion

ﬁéﬁ? 50. to 98% and a second- stage
{rp z%‘t i‘or D Mt 513 Hﬁ’lofOfc&ﬁ‘ter (ﬁ‘lllkl‘?“grgL f5é 2dnount

ter the r ctlon tentafter the first-sta
(ﬁﬁ%ﬁ%ﬁﬁ%% |oﬂlst lﬁﬁlﬁg dabGutt stFaQéSFﬁgtate
I?ﬁgg%ﬁarge S%}Qa%pggﬁ%%gor t%e sysgem coggalnlng

the mixture to the exterior of the system;

(2) a charging step 2 of adding an alkali metal hydroxide
and water to the mixture remaining in the system after the
dehydration step, as needed, in such a manner that the
alkali metal hydroxide and water are present in proportions
of 1.00 to 1.09 mol and 0.5 to 2.0 mol, respectively, per
mol of a sulfur socurce (hereinafter referred to as “charged
sulfur source”) including the alkali metal hydrosulfide;

(3) a polymerization step 3 including a first-stage
polymerization step 3-1 of adding a dihalo-aromatic
compound to the mixture to subject the sulfur source and
the dihalo-aromatic compound to a polymerization reaction
at a temperature of 170 to 270°C, thereby forming a
prepolymer that a conversion of the dihalo-aromatic

compound is 50 to 928%, and a second-stage polymerization
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5 heating the reaction systemto 245 to 2900C, thereby
conti nuing the polynerization reaction; (4) a washing
step 4 of washing a polynmer formed in the

pol yneri zation step after the ol ynerization step
repeatedly at least twice wwth a washing |iquid
conposed of 10 water, a hydrophilic organic solvent or
a mxed liquid thereof, and at this time, washing the

i h i xed |iquid final .
agg%gﬁg—ﬁng@ $@£§£olf£n%ro %}égoun%qgf wé%efi I'ghsiﬁ$actlon

Stage, and con ng washing' tondit't o

RIS, ARTRRGEL P2 Gl PR PR gl DARUISENL0 Y g 814 9 oo
?Bgiﬁé)hagosel %_eg’cé{‘& SLEP waPir SEPar AL tihe aqurskg(;%rrtion

romthe washing Iiquid after the washing step-a

db¥i Dgot BE 1POhYIBper 200 BESH MDE IR LLRRING QdLrBE ang
I NVENTION 1. Sul fur source: In the present invention,

aReatkali tABt Bbachyeh Osyd {ddecd sy genes aldgrcused a8ng
sul fur source, As exanples of the al kali netal

hygdnosul i hdethamyo bemeaent d ohed 25 diidn ;um

hydrosul fi de, sodi um hydrosul fi de, potassium

hydr osuv&sdeng rebeni 4 hywdrgsutd ideyolgesimumormed in the
hydrosul fide and m xtures of two or nore conpounds

t Ret ¥oeriThelien kaik¢p 10f tept wie yaruwin fdadd amys tse used

in any formof an anhydride, a hydrate and an aqueous
sbFREF BRI Mndhgl ¢l et wiserli ikt h 1y dfesduilrfd de @l composed of
[ithium hydrosulfide are preferred in that they are

i RALST ri Al Py sl bl B3 G o Piate O tTIve MHMes i 1suid

epal by drozyl (108,15 prel enably; used 25, A0, A9N80% e
or the mixed liquid at a final washing stage, and
controlling washing conditions in such a manner that the pH
of the washing liquid after the washing falls within a
range of 8.0 to 11.0; and

{5) a collecting step 5 of separating the polymer from the
washing liguid after the washing step and drying the

polymer.

BEST MODE FOR CARRYING OUT THE INVENTION
1. Sulfur source:

In the present invention, an alkali metal
hydrosulfide is generally 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
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(i.e., amxture with water having fluidity) such as
an aqueous solution fromthe viewpoints of processing
operation, nmetering, etc. In general, a small anount
of an alkali metal sulfide 1 Cis secondarily produced
in a production process of the alkali netal

hydrosul fide. A small anount of the alkali netal

sul fide may be contained in the alkali netal

hydr o5 ul fd des Hisedid @w&h%ep%%%%nﬁnj@ﬁ NFo@A. oFNahhhshydride,
case, the total nolar quantity of the alkali neta

hydrasid d dendlarandnaldkal isomitalonsul Anseg beceses sodium
charged sul fur source after a dehydration step

Expad 881 ©fdd hencalkadhi uke rald dogdridiidde airecbudéerred in that
I'i't hi um hydroxi de, sodium hydroxide, potassium

hiyigks 9 xd ek, industti dialryhydradxXialie.e eesiaumohy proxiede Beel alkall
m xtures of two or 20 nore conpounds thereof. Among
tihese], sothasn hidicoxide mferablvhiusedhpdr 6ri dgugpgs mixture
preferred. The alkali netal hydroxide is preferably

usede as amituesuy ik ates idyiag faniddgeousuch as an
solution. In the production process accordin% to the
prasenits S RVENT O Eanie® Y Watdr PE§CpEstng
dehydrated in the dehydration step includes water of

heRR e FHeF - &St er™ I mediim of an aqueous sol ution and

wat er secondarihy 11 duced n reaction. :

B kol i TRoGAPCRgdy o3uPPREE TUPPR L RE AF it D it sulsiae
hydr oxi de. 2.. Di hal o-aronatic :
q¥%af%g%ﬁ%ﬁﬁ&%¥:%%%%5%ﬁgm%§éﬁl?n thHg¥%g%hF%ss of the

| Ye | QR 45 gl Al pgenat ed A26RaRt i GnEARROYRdLRaVAIEal 1
metal sulfide may be contained in the alkali metal
hydrosulfide used in the present invention. In this case,
the total molar guantity of the alkali metal hydrosulfide
and alkali metal sulfide becomes a charged sulfur source
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 nydroxide and
lithium hydroxide are preferred. The alkali metal
hydroxide is preferably used as an agueous mixture such as
an agueous 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 aqueous solution and water secondarily
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2 hal ogen atons directly bonded to the aromatic ring.
Speci fic exanples of the dihal o-aromatic conpound

i ncl ude o-dihal obenzenes, mdi hal obenzenes,

p- di hal obenzenes, 10 di hal ot olluenes,

di hal onapht hal enes, net hoxy- di hal obenzenes,

di hal obi phenyl s, di hal obenzoi ¢ aci ds, di hal odi phenyl
et hers, di hal odi phenyl sul fones, dihal odi phenyl

S L.des. an i hal odi phenyl ket ones. r he :
r e A s LR B o THEL Tl G eiae
by, optnenang f odi r}ﬁe@amﬁ%dlas@@eha' ogen atons in the
same di hal o-aromatic co oundlnay be the sane or
different fromeach other. These di hal o-aromatic
conpounds may be used either singly or in any

cobp R4 1 ORa tfied €0d . s @har ged amount of the
di hal o-aromati ¢ conpound is 20 generally 0.90 to 1.50

mol , prefeeridblay o0a2omt@it. 28mPBlind GBEE PhefrE aplysent
1.00 to 1.09 nol per nol of the sulfur source (alkal
metaensibfii de andliorl efdad tedredwdma thydraesiddunde having
remai ning in the systemafter the dehydration step.

2% Balaptecutars wil gt t Ipdidriderd tandther anchiang coring.
crosslinking agent: 12 1In order to forma term na
ofPacshiei sxanteucrurdid i aAs frmegd corcompdufy anclude
pol ynerization reaction or a nolecular weight, a

T R (e Hotolsn zanasys Paftihadererizenes,

c ound). may be used in conbination. In order to 5
PO EC b WACHet o G G SIRTHeH. sy nBte chgRy-dihalobenzenes,

gt%lﬁ%%ﬁ%g_g%)%%r%qﬁ Cc}é_(kgﬁplyqbgeg%o%ec %\!cvilac%{ss, %h%ri%g?gh%nyl ethers,
dihalodiphenyl sulfones, dihalodiphenyl sulfoxides and
dihalodiphenyl ketones.

Here, the halogen atom means each of fluorine,
chlorine, bromine and iodine atoms, and 2 halogen 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
generally 0.90 to 1.50 mol, preferably 0.95 to 1.20 mol,
more preferably 1.00 to 1.09 mol per mol of the sulfur
source {alkali metal sulfide and/or alkali metal
hydrosulfide) remaining in the system after the dehydration

step.

3. Molecular weight modifier, and branching or crosslinking

agent:
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3 hal ogen atons are bonded, an active

hydr ogen-cont ai ni ng hal ogenated aronati c conpound, a

hal ogenated aromatic nitro conpound or the |ike may

al so be used in conbination. 1@ Preferabl e exanpl es of

t he pol yhal o- conpound as a branching or crosslinking
agent include trihal obenzenes. 4. Organi c am de

solvent: In the present invention, an organic am de

sol vent 5 that is an aprotic_palar. organic_sol vent

i s use IhinhéﬁgocVé%?ﬂ¥grtﬁﬁgugggygﬁaﬁigReFégéfiBFrﬁﬁBure
pPolygephzaklPR.qr SACLI The lc am de sol vent is
prefera%?y sta%?egPt%&ggf%lga?éqéﬁg%f éﬁﬁ$Qeﬁﬁﬁﬁ%hQE%§r &

Sﬁ@%égh§agxggpﬁﬁ§,oé ﬁl@ﬁogﬁg@n&&nﬁﬂfﬁ@ﬁ%ﬁﬁt 2Q dl.é\rays an

i ncl ude am de conpounds such as I mam

aﬁﬂombkbbdbgﬁiaﬂﬁﬁﬁﬂﬁﬁﬁj@@;u$b§|fﬂléﬁﬂgfﬁéﬁﬁdﬂn In order to

compounds s as N-met hyl - C-caprol act am

Nfakkyh pyt & 0thd@Ner cOrpOsMUsk & Mlymer, a polyhalo—compound
cycl oal kyl pyrrol i done conmpounds such as N nethyl-2

pymepl ndoniee antivay € yoh odvexyd t 2= pypnidddneto which at least
N, N-di al kyl - 25 i m dazol i di none conmpounds such as

13 3hdl adky | aRems m dazobrididonas ;adieitvad kddyeea containing
congounds such as tetranethylurea; and

hiex aad Rys pedsphond &l ¢ recampadsdormpdwidscid tesuaroastic nitro
hexanetnxrphosphorjc triam de. These organic am de

soPHRMERA Ry Bee usEtR diatherl st iyl yusmd idm gepbination.
conb'natifn t hereof . Among t hese organic am de _
SO VEMT LI R A RBLE R (1619 dHe 'edmpseageund as a branching
N-cycl oal kyl.pyrrolidone c ounds, _N-al kyl caprol act am
c%ﬂﬁ%ﬂﬁ%%fgégph@r@9ﬁ9$Iéﬂé¥qaﬁ(ﬁ%ﬁﬁ%%ﬂQ%ﬁﬁ§n€énpounds

are preferred, and N-nethyl -2-

4. Crganic amide solvent:

In the present invention, an organic amide solvent
that is an aprotic polar organic solvent is used as a
solvent for the dehydration reaction and polymerization
reaction. The organic amide solvent is preferably stable
to 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-alkylcaprolactam compounds such as
N-methyi-é-caprolactam; N-alkylpyrrolidone compounds or N-
cycloalkylpyrrolidone compounds such as N-methyl-2-
pyrrolidone and N-cyclohexyl-2-pyrrolidone; N,N-dialkvyl-
imidazolidinone compounds such as 1,3-dialkyl-2-

imidazolidinones; tetraalkylurea compounds such as

tetramethylurea; and hexaalkylphosphoric triamide compounds
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pyrrolidone, N-nethyl-(err)-caprolactam and

1, 3-di al kyl -2- i m dazolidinones are particularly
preferably used. The 10 anmount of the organic am de
solvent used in the polyneriZa&tion reaction in the
present invention is generally within a range of 0.1

to 10 kg per nol of the sulfur source. 15 5.

Pol yneri zation aid: In order to pronote the

p LZAakl ' . Qbpain a, PAS having_a _high__.
Doy er o Rt ol EEP RO e R L L R O RS g Bai€ amice
v [ [ S JTB. | .

ey T ent T o o Febdomr Tl 1o B b i on
oknhkhegspol yneri zation aids include netal salts of

organic sulfonic acids, lithiumhalides, netal salts

of orgaiidhg GHReXWrgenae damiaead s@lllsvalnitsrjemhlﬁgils of
phosphoric acid, which are generally publicly known
apypobyimonzatoapoands, §-ofy PASSI kABNGdheke MRIPounds,
salts of organic carboxylic 25 acids are particularly
pReé& eky edabechaseant heyn@asends nexpand-weialkig-anount of
the polynerization aid used varies according to the
kimgdetot hélconpotwrbuseds Howquerferded i tarics N~methyl-2-
generally wthin a range of 0.01 to 10 nol per nol of

t her thhi gede s Ul frue timolreceaps o 1Bethadr anidoi , St-dpalbyA-2-
dehydration step is arranged as a prelimnary step

f P12 pol LR Pt | BFF REP- 19 onity siraffeadioumsesf. The
water jn _the reaction system The dehydration step is
p%rfl?%ﬁre%lf by € L P PLEs IR héktShg ta Hiskt ur e

CON B0, L0S, GLOAN LRG0 W an! MG AL, TR
gererally within a range of 0.1 to 10 kg per mol of the

sulfur source.

5. Polymerization aid:

In order to promote the polymerization reaction to
obtain a PAS having a high polymerization degree in a short
period of time, various kinds of polymerization aids may be
used in the present invention as needed. Specific eéamples
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,
which are generally publicly known as polymerization aids
for PASs. Among these, metal salts of organic carboxylic
acids are particularly preferred because they are
inexpensive. The amount of the polymerization aid used

varies according to the kind of the compound used. However,




10 the al kali netal hydroxide, desirably, under an
inert gas atnosphere and di schargi ng water outside
the systemby distillation. In the present invention,
it is preferred that in the detwdration step, a

m xture containing the organic am de 15 solvent, the
al kali netal hydrosul fide and the alkali neta
hydroxi de in a proportion of 0.95 to 1.05 nol per nol

[ i taI drosulfllde b ated 0 cause
atlleast%Ie[ﬁ%ral Ee “afkart gﬁe?glg @ rB%u} iRt (RFr mol of
reagl. Whth ﬁe alckal ig hydr oxi de, thereby
convert|ngg%t Fﬁtoﬁan Sg§kgka netal sulfide and at
the sane tine, discharge at Ieast a part of a
distillate containing water fromthe interior of the

sy st.emegQat-aitAbAgskBg: M xture to the exterior of the
system If a nolar ratio of the alkali netal hydroxide

5to0 a 2% neydfatig changed alkalngaehal ahﬂiEQ%HEEhg? step
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inthis step is too |low, the amount of a su
coﬁpmnenpoqymdtmgenloﬁubfeﬁeioV@bﬂtrélZﬁﬁb(HﬁodﬂtIJEEwater in
dehydration step becones 15 great, which tends to
i n¢be redotiponsyatpmodubite dhydhseidro steywerisnge@formed by
the anmount of the charged sul fur source or cause
abAoPHAFeE8aEPBhss and Hezeinoratibntwfe ec XS fromedhe
due to increase of a polysulfide conmponent in the
chﬁF@éHls UL Ear Sebveee. r Ehai ol kel hftefak Heydrosulfide and

eh drag 0 If the nolar _ratio of the al kali netal

Bl\'{Sx? E Fb Iaeﬁﬁlreh%@r%éd%r%?w%hkamn% #n inert gas

hyg£osulﬂlge é 8 in some cases, change in
pr Opertr B85t *Pfe %?g%%¥%l%ﬁh¥ﬁF%%l%%ﬁﬁld?n%PQN§YStem by
ingreased, difficulty may be encountered on stably
In thé present invention, it is preferred that in the
dehydration step, a mixture containing the organic amide
solvent, the alkali metal hydrosulfide and the alkali metal
hydroxide in a proportion of 0.95 to 1.05 mol per mol of
the alkali metal hydrosulfide be heated to cause at least a
part of the alkali metal hydrosulfide to react with the
alkali metal hydroxide, thereby converting it into an
alkali metal sulfide and at the same time, 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.
If a molar ratio of the alkali metal hydroxide to a
mole of the charged alkali metal hydrosulfide in this step
1s too low, the amount of a sulfur component (hydrogen

sulfide) wvelatilized off in the dehydration step becomes



10

15

20

25

10 perform ng the polynerization reaction,
gquality of a PAS fornmed nay be deteriorated. A

preferable nolar ratio of t
to a nole of the charged a
this step is 0.96 to 1.04. |

PEQbHS%i‘H}aeéfaﬁhéo :ﬁ gros

the al kali netal

he al kali net al
kals netal hydr

or the

hydr oxi de
osulfide in

n many cases, a small
anount of an alkali netal 15 sulfide is contained in
an al kali netal hydrosul fide, so that the

i s oy Aol FERR RS VRReE L& e nie ﬂfﬁ% Hiigy aue

i

frde contain

nEE@EeZQbﬁHkﬁhgereEE@QoMQeQn@ é@@éfl

al kali nmetal sulfide i1s mxed In, e no ar ratio

t Baeakkak hcpehak ohyﬁ”]@éﬁlﬁﬁlﬂ?yd@ec&@&%r% ech Aule Qﬁlarged
the basis of the content " (anal ytical val ue
abkakirmevakchydensihihgeattor regyl @l dhec il ar r£ the
ratio. 25 In the dehydration step, the dehy
contlact edtiont £l théeatloat Emie0fl Watdrociagriciangnatdt &f +he

of hydration (water of crystallization),

am)unt of

S le%OeU[nr ce or

Cgf tehePAS formed

) of the

dration is

a water

meda paed setbadarmne ya l 6hydrosucediavater;ocetitigh,s in some
|l onered within a range of necessary anount
deR§e? at Forngt eph Phepeehielr a2 f orhe s rqargferreablde solvent
conducted until the water content in the
plawn%%u %%??%S?%ac@lr%ﬁl%lylsmrm}s hree fifeEiite S anp stably
fur source. Wien the water

it Enrniad ThEcenerma rom R daRaeR 19 seep S o o
d tot
LEAS et phe R P Kt AT RarlBEr FR  parases TRetio

of the sul

: Ccp?r\glllggaﬂzafPerfci’etgf%yr@toegf

& t'”to Ad

s. 1n the

%E%ncharged

alkali metal hydrosulfide in this step is 0.96 to 1.04.

In many cases, a small amount of an alkali metal

sulfide is contained in an alkali metal hydrosulfide, so

that the amount of the sulfur

the alkali metal hydrosulfide

No problem arises as to a raw material for

the alkali metal hydrosulfide contains the

source involves a total of

and the alkali metal sulfide.

the PAS even if

alkali metal

sulfide. Even when a small amount of the alkali metal

sulfide is mixed in, the meolar ratio to the alkali metal

hydroxide may be calculated out on the basis of the content

(analytical value) of the alkali metal hydrosulfide 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
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10 vessel is conducted within a tenperature range of
generally fromordinary tenperature to 300" C
preferably from ordinary tenperature to 200' C. The
charging of the raw material siéray not be in order,
and the respective raw materials may be additionally
charged in the course of the 15 dehydrati on process.
An organic am de solvent is used as a solvent used in
e deh ation st ep. This _solv preferab
zfrre Oﬁlcyed{wé“hagregran| ¢Cant eigo veﬁt ngéan The® gf necessary
B Zat kAN L eRen 3R N Rt "l )
part| cq arly pre er?eg& ﬁ‘ﬁ% arr%% oﬁy% d)é rg aﬁr'lcO is

arg 4& 201536/ \é%%bu\é%%@l Lecgenenal Lycak EQStQﬁgeinO{hQ 1

to 10 kg pér nol of the sulfur source charged in the

r gapt i} 1ve3Seh. relbeidah%dEatinonspregessai soconduet et o mo1
by heating the mixture after charging the raw

maied! im)1S dfiNt:Bet BR1EQRCELARCEVESERn | tha dRIPeaidie®it has
range of generally up to 3000C, 25 preferably 100 to
25Q@Crieor-cgenemaliny the Aehytiesttion24tehoukSter may be added
preferably 30 mnutes to 10 hours. Heating nethods

i polivde ta rbichpd lgherékaicnbngsaepi xedrégupetat tihe, water
method 17 of raising the tenperature either stepw se
orcogdnitnfous! wesamgdavedtired of conbi ni ng both

met hods. The dehydration step is conducted by, for

exanpl eTha BRAER Ry srfersnese dat |ffrﬁRﬁ}”s‘—a§3ﬁstlélmOo|a geaction
conbi ned system of both systens, 5 An apparatus for
c8ﬁ§ﬁ€9|ﬁ§ CrREYERGEr Mt Bﬁns?eﬁeﬁﬁ?raB%r?h%a%%%ﬁp%sg%PerallY
reaction vessel (reactor) used_in,the subsequent
cflr;?FFePlriléPPGﬁf §?E‘566Pt8if?f EPeﬁPOfCrrorﬁerrAl blvngom)

f t f t
PP AT Yo GEERE RN Bn? ODrC 1 nd PoRYBFALPGnot The Fas

materials may not be in order, and the respective raw

S

materials may be additiocnally charged in the course of the
dehydration process. An organic amide solvent is used as a
solvent used in the dehydration step. This solvent is
preferably the same as the organic amide solvent used in
the polymerization step, and N-methyl-2-pyrrolidone is
particularly preferred. The amount of the organic amide
solvent used is generally cof the crder of 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
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10 step, a part of the organic am de solvent is
generally discharged together with water outside the
reaction vessel. At that time, hydrogen sulfide is
di scharged as a gas outside tive system In the
dehydration step, it is considered that the 15 al kal
nmet al hydroxide reacts with the organic am de sol vent
by the heat treatnment to produce an al kali netal

net al

I m_noal kyl b | at th | kal i .
LIS SRR RGN 5 —

S et bEE AL TS peungpe e pbyapasion

paktpof st Bsngbgaéa Bt akopyg;&%ﬁ%&eé 'a gag %ﬁ@é&f isa\‘/is:/\\ée‘irwgt 3

water to produce hydrogen sul _ _
hydhexhdsus aggstbe @Ndéogﬁﬁbﬁﬂ@&'gﬁﬂﬂﬁQQH§qQﬁﬂ§systems.

di scharged outside the system The di scharge of

hydr ogesh syppfairée usowsi denthe tsy: t@HbiQeg¥6§§{i¥n step may
l'inked with the weight |oss 25 of the sulfur source in

the systenme Aseos didgdyion tvedSsel Npaydcadir )t QRASW e he

t he amount of hydrogen sulfide volatilized off in the
dehypdeqtton st Epndeni sxiavtt ys 3@ «aldidfatremutfidhe it. 2
amount of the sulfur source remaining in the system
iRathrtah obl dre rappaorafus hes sutdfigraddyr ee doorotsien

al kal'i netal hydroxide or dihalo-aromatic conpound is
rEget At @Ut TR Chhrdjitly a1 épitdmiuthe pretsbat dehydration
invention, it is preferred that an alkali netal

h§HT0xi YL AN Wat'dhe RF Tt 3B dhe A 65 CeRErAilAY

in.the systemafter the dehydration step, as
dlsghar eé together with wgker outside %he reaction vessel.

At that time, hydrogen sulfide is discharged as a gas
outside ithe system.

In the dehydration step, it is considered that the
alkali metal hydroxide reacts with the organic amide
solvent by the heat treatment to produce an alkali metal
alkylamincalkylcarboxylate, and the alkali metal
hydrosuliide exists in the system in the form of a complex
with the alkali metal alkylaminoalkylcarboxylate. On the
other hand, a part of the alkali metal hydrosulfide reacts
with water to produce hydrogen sulfide and an alkali metal
hydroxide, and the hydrogen sulfide produced is discharged
outside the system. The discharge of hydrogen sulfide
outside 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 off in the dehydration step to exactly
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10 needed, in such a manner that the alkali netal

hydr oxi de and water are present in proportions of
1.00 to 1.09 nol and 0.5 to 2.0 nol, respectively,

per nmol of the sulfur sourcel@Bcharged sul fur source)
including the alkali netal hydrosulfide and al kal
nmetal sulfide. Here, the anount of 15 the charged

sul fur source is calculated out in accordance wth an

gg#?EhQQ e[SHg{QEQ %ﬁ+f#t urce]sul%TbtalnﬂE!e%gplnlng in

ur char ge es o T urvol ati11zéd

a&asrsygggﬁdi tm @fala?to aoéf the %rﬂﬁdfs%lﬁlrfc%r to

source” may e Teferre s the amount o
" aual Laphe; Sﬁetgp rvgf@ Fo byl ocgﬁraﬁ%fdﬁaerdnﬁdt\a@ Ul ALH s
in the dehydration step, an al kal

hygggxga@dls produced by an eqU|I|br|un1react|on and

comes to remain in the system Accordingly, it is

necessary to exactly grasp these anounts to determ ne

a nolar ratio of the alkali netal hydroxide to 25 the

sul fOhasgimgesiept he charging step. If the nolar ratio

of the alkali netal hydroxide to a nole of the sulfur

sour ce lins theo phrieglkpti Anyemeioasest 19 prhfageednthat an

properties of the organic am de solvent may be

| atkebsaietal phorrele rant tiaier dre desevhdsi tthenmixture

reactions may be caused upon polynerization. In

abENe + kg t He  thowsrs eyt il e S Idehysdaguan sfFepr, as

PAS éned Is often 5 caused. The nDIar rati o_of the

APRATTD netal ST UrD RS0 Aot Gilkd aqtedr hydgrsdde
00, to 1,09 nol r.ef er abl 1-01 to.1.08 nDI

wm%%ﬁéaéﬁf?%ﬁ? W? TLong Sfcdi-§ g 1.09 mol

PL &4 &5 abl y, lzocfrﬁoler preferred.to ndu
t% pol ynerizat i'on reé%zr%%Flve%ﬁﬂlper mo&x@&és%gfsuﬁfur
source (charged sulfur source) including the alkali metal

hydrosulfide and alkalil metal sulfide. Here, the amount of

the charged sulfur source is calculated out in accordance

with an equaticn, [Charged sulfur source] = [Total moles of
sulfur charged] - [Moles of sulfur volatilized off after
dehydration]. The amount of the charged sulfur source may

also be referred tc as the amount of “available S”.

When hydrogen sulfide is volatilized off in the
dehydration step, an alkali metal hydroxide is produced 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 socurce in the charging step.

If the molar ratio of the alkali metal hydroxide to a

mole of the sulfur source is too high, in some cases,
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10 the alkali netal hydroxide in that the

pol yneri zation reaction is stably perfornmed to obtain
a high-quality PAS. 8. Polynerization step: The

pol ymeri zation step is conductli@éd by charging a 15

di hal o-aromati c conpound into the m xture after
conpletion of the dehydration step and heating the
sul fur source and the dihalo aromati c conmpound in the

OE QH & @H] §058L¥f8% ?¥ €h§r$é£{ rgﬁide solqent iy be

r| zat1on vesse eactl on vessel use

'QnEB@ag@BydBQtéﬂﬂo§$§P fé gg% sthe &Egg f%&&gtfg ctions

t he dehydration step and t al o- ar onm c conp

amBychar gedsbat apbhe ? M@Pﬁé@iéz@n \i%sg%'dlt/-\%herth@e
dehydration step and before the pol ynerization step,

t heweamRyNb s @Betﬁﬁeﬂﬂgﬁrﬁkﬂcﬁ?@eﬂlﬁﬁwa%ﬁrﬁA@%rmed is often
coexisting water, and the [ike may be controlled as

neededd . Beflor endlher 2% tHiel yrerinzatbdixalst eptal dyliBgide to a

the pol ynerization step, a polynerization aid and

orpér afdibevesl imy deumntxeds ThE) mMixinhg@ofmdihe preferably

m xture obtained after conpletion 20 of the

déh§draei dbn0strepl windre herolf dnad ok aronEti cacoipddisd s

conducted wthin a tenperature range of generally from

1PBTEHCBERDLy preferadly ¥ i tiR0l 06 3300CisVheafeheed to

respective conponents are charged into the

psqvﬁwm Z5R ¢ P BYNRSS tion IRl &l ighflyatinosxicgss of

osed on,the o r of harglng I.n general bot h

gﬁ% @fﬁg ﬂ%t%%qw%ﬁff%ﬂ Hé}d?étﬁtr SR B 6tie OBr
eral meri zation_reactio

pré?era yléé%ngj OE?%%kgstﬁﬂﬁi 5b5§§% Hu§QltY PAS.

tenperature ranglng 10 from170 to 2900C. As a

heating nmethod, is used a nethod

8. Polymerization step:

The polymerization step is conducted by charging a
dihalo-aromatic compound into the mixture after completion
of the dehydration step and heating the sulfur source and
the dihalo-aromatic compound in the organic amide solvent.
When a different polymerization vessel from the reaction
vessel used in the dehydration step is used, the mixture
after the dehydration step and the dihaloc-arcmatic compound
are charged into the polymerization vessel. After the
dehydration step and before the polymerization step, the
amounts of the crganic amide solvent and coexisting water,
and the like 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 retaining a fixed tenperature, a nethod of raising

the tenperature either stepw se or continuously or a

conmbi nati on of both nmethods. The pol ynmeri zati on

reaction time is within a rang® of generally from 10
mnutes to 15 72 hours, desirably from30 mnutes to

48 hours. The anmpunt of the organic am de sol vent

used in the polynerization step is within a range of

ge Ly f -1t preferably from0..15 to
e Bt s o8k =Pign' 3heP Henl R T Bt e SRR g Fpouna

th i-zat | ep. u e e
e sPeLYARELZa %QFREE goFégngthPg PLn JBY, P géﬁ5¥%%f§ from

in the course o meri zation reaction” So

as 1l kal ksowkt *}B%E%‘&l&%&%ﬁ%ffﬁ OB -Of ater, ,

coexi sting upon the begi t he polynerization

reaekbentigePEehgbAbhYsCOREN Shheged 1D 12D BT ANIS zation
of 0.5 to 2.0 nol per nol of the charged sul fur

5 soweesell t nbsppref endblel 10itaei@ases thgpadatindn ofhd Re-der of
coexi sting water in the course of the polynerization
21chpegétigon. Il nyendraef erabile madueiniten aprogpassially
according to the present invention, the
poFymegedat poamabhchPohiens condactediima. t he
pol ynmeri zation step by an at | east two-stage 5 ,
pol yner iZatdedegrlocdds podpricgiingtipn) raaticien- ssageeferably
pol ynmeri zation step of heating a reaction mxture .
coRPAARFRGAt RE ®r §BRT ELa0E dereotvemt & Hemagajure ranging
source, the dihal o-aromatic conpound and the al kal

10 npfaP™ hyBrbRi 480 & t e dpBertied ®BLAPAr at$ gi$%d 1 Oonethod

g?og?g8%%£g%%8n%rgﬁgé S%%%ﬁ%égtgggfﬂaié&é%ég()énggfglng the
temperature either stepwise or continuously or a
combination of both methods. The polymerization reaction
time is within a range of generally from 10 minutes to
15 72 hours, desirably from 30 minutes to 48 hours. The
amount of the organic amide solvent used in the
polymerization step is within a range of generally from
0.1 to 10 kg, preferably from 0.15 to 1 kg per mol of the
charged sulfur source existing in the polymerization step.
20 The amount may be changed in the course of the
polymerization reaction so far as it falls within this
range.
The amount of water coexisting upon the beginning of
the polymerization reaction is preferably controlled within
25 a range of 0.5 to 2.0 mol per mol of the charged sulfur

source. It is preferable to increase the amount of the

coexisting water in the course of the polymerization
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nol of the charged sul fur source to conduct a
pol yneri zation reaction, thereby form ng a prepol ynmer
that a conversion of the dihal o-aromatic conmpound is
50 to 98% and 15 (B) a secormd- stage pol ynmerization
step of controlling the anount of water in the
reacti on systemso as to bring about a state that
water is present in a proportion of 2.0 to 10 nol per

%a Ei%%? charged sul fur source, and heating the
reaction systemto 245 to 2900C, thereby conti nuing
the 20;poly i zal.l0 eacti.an. In the first-stage
pol yrre% zagtl i%ﬁéfs epﬂ,lél]tgrlos Hesi T abite 5 S fac():rcr%rglng to the
PLERALYIEE nhayigna WRLY ,¥iS6051t 0 130
Pg(err)s lgs neasﬁfegﬁatpa ?enper%%gé% %?a§§5§b%ﬁuf%§du0ted
sheaknheabe19herlpdiboserep By YRISE TBYsPEAdded a
final stage of the polynerization reaction or upo

cpaplketirenatheheptotessi BShEASEihle water content for
t he purpose of |lowering the 22 contents of common

sdh) secamdarskygpr pdugedrangdeispustép e5f HduiN®y a reaction
pol ymer fornmed or collecting the polynmer in the form
oftipanteckestaThéngyshenvofathe o0l yaresd ZadnON the sulfur
reaction may be a batch system a continuous system
ofcrresmbihat fohaboodrdwot bisystmmeund midetbatalicaliiseetal
pol ymeri zation, 2 or nore reaction vessels nmay be
ubgdrpsidehef pthposeeoi fishaont ook ngptive pol Yitericz A7080 in
c¥cle time. 9. Post treatnment step: 10 As a post
t FBSt RERFCBEBpC AT YRFSY heR pol RSk dbre T reattticor?,. 0 mol per
[ step of separating a PAS forned by the

tmgieokstﬁe chgrged s&i%ur sgurce to conduct)g
polymerization reaction, thereby forming a prepolymer that
a conversion of the dihalo-aromatic compound is 50 to 98%;
and

(B) a second-stage polymerization step of controlling the
amount of water in the reaction system so as to bring about
a state that water is present in a proportion of 2.0 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.

In the first-stage 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 final stage of the

polymerization reaction or upcon completion thereof to

increase the water content for the purpose of lowering the

5
13
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pol yneri zation reaction froma reaction m xture

(slurry) containing the PAS and washi ng and dryi ng
the PAS. After the drying, the PASis collected as a
product. 15 More specificallyz2zafter conpletion of the

pol yneri zation reaction, for exanple, a slurry cool ed

is separated by filtration as it is or after diluted

with water or the like, and the resultant filter cake

S shed nd filtered, repeat and t hen r|e

BBy T e Preah 5o e e et L MU T e r Lt ies

p&ﬁf%ﬁgbhglg$89ufé%ﬁgd g%oggffeg 1thelfresepgner %q“ihe form

I nvent mer can

t B@ gg@@u!:%spolmrsyssceg{l b t?‘ﬁe' >@olg,§~@arr1§g%qoy leaya?on

slurry by a nethod of si by means o

am§9r§8nab§§@Hﬁes§Q€e£°|Xnggnfﬁﬁh$ﬁ%:%%§%Eﬂld& a combination
separated fromthe organic am de sol vent, by-

PEedUEtE, sPbt&AEEr Sin alife pERRIShildey RfitekrtiR8tion, 2 or
pol yneri zation reaction may be subjected to sifting as

| o238 rié&ctbon heghelenpey ateings&d ater thenaipose of
collecting the polynmer. In general, the organic am de
sehvenéniag ah&apolymet atathadn deyclod itgioner s,
deconposition products, etc. 5 adhere to the PAS

after such separating treatnment. Accordingly, it is
necessary to fully wash and purify the PAS forned in
oPdePosh bbeabhent PASavi ng excel l ent  physica
properties. In the present invention, in the washing

‘step, tHed P@Sﬁoﬁfﬁéﬁmﬁaﬁnéaepnaﬁﬁérpéhynﬁ@iz@?rbﬁatlon

steg ts was re eated g% | east twice with
£ bo?iq %r%o separating a PAS formed by the

polymerization reaction from a reaction mixture (slurry)
containing the PAS and ﬁashing and drying the PAS. After
the drying, the PAS is collected as a product.

More specifically, after completion of the
polymerization reaction, for example, a slurry cooled is
separated by filtration as it is or after diluted with
water or the like, and the resultant filter cake is washed
and filtered repeatedly and then dried, whereby the PAS can
be collected. According to the preferable production
process of the present invention, a granular pclymer can be
formed, so that the granular polymer is preferably
séparated from the slurry by a method of sifting the
polymer by means of a screen because the polymer can be
easily separated from the organic amide solvent, by-
products, oligomers, etc. The slurry after the

polymerization reaction may be subjected to sifting as it
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wat er, a hydrophilic organic solvent or a mxed |iquid
thereof. In the present invention, the washing is
desirably conducted preferably at least 3 tines, nore
15 preferably at least 4 tinmeg3 particularly
preferably at least 5 tinmes. The upper Iimt of the
washing tinmes is of the order of 10 to 15 tines in
many cases. The hydrophilic organic solvent nmay be
etLh My, = &Prof i I C e tyi I he
R e e

| p6t yderketone sol vents such as acetone; nitrile
solvents such as acetonitrile; and am de solvents

such agNg@ihell- 2thRy birekindenemafd solvent, an alkalil
N, N- di et hyl f or mam de. Exanples of the protic organic
spkyent hi neliadec Bl gahet s s allvestipso sitictorap Rl uetshyletc.
al cohol, ethyl al cohol, propyl alcohol and ethyl ene
ghynete Theskee hyals ophitdr cswrlyayes ol Mentts gryndye .used
either singly or in any conbination thereof. Anbng
t heser@iinghydr ophi$ i eoegamic ‘sl et vardetaose Augify the
preferred in that it is excellent in the effect to
r BABvEcrmpdrini esd¢r o ltabul arPAeilfiti b
such as oligonmer and deconposition products. Acetone
i Bhafso2preferee ¥ om the 5 vi ewpoi nts of economics
and safety. The hydrophiIic,organictgolven s _are

I

excel | &t e BRFESSRHt dOV PG PEovE PO HBFBEOPar toP- the
meight or?anig in§u%itiesl such asiéﬂi omerss. and, .;
dBROWBGE| FPERSHr bdut?s. PAT IS 2 r 14ty wat'ér and a
nYARORDLL] ¢ OLORDLE, SOLYENt, 1S, 10 LGRS ditd Mmposed of
e ¢ 0 fenobve a SecondariTy produce a I met al
h@QtQ?,Sgcﬁy§§o£ﬁ£1i&no§89ﬁ£éogbiééﬁ{“%ﬂ‘%Nmixed liguid
thereof. In the present invention, the washing is
desirably conducted preferably at least 3 times, more
preferably at least 4 times, particularly preferably at
least 5 times. The upper limit of the washing times is of
the order of 10 to 15 times in many cases.

The hydrophilic organic scolvent may be either an
aprotic organic solvent or a protic organic solvent.
Examples of the aprotic organic solvent include ketone
solvents such as acetone; nitrile sclvents such as
acetonitrile; and amide solvents such as N-methyl-2-
pyrrolidone and N,N-dimethylformamide. Examples of the
protic organic solvent include alcohol solvents such as
methyl alcohol, ethyl alcohol, propyl alcohol and ethylene

glycol. These hydrophilic organic solvents may be used

either singly or in any combination thereof. Among these
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nol ecul ar wei ght organic inpurities. Water is
excellent in the effect to renove the al kali netal
hal i de, the organic am de solvent and the hydrophilic
organi c solvent used in 15 ti2d washing. Therefore, in
the washing step, it is preferable to perform washing
with the hydrophilic organic solvent or the m xed
liquid (mxture of water and the hydrophilic organic
n_comnbi nati o

. ak i {
B L T S A RS
Oﬁgaﬂbcexéghygf?% of mxed fécg‘yltg bleenﬁ)oexy O.rIl{T%drlaéle%nh(lOW—

initial stage o t he vvas

mﬁb@écﬁ@akhﬁ@l&ﬂﬂdégﬁﬁgnen€§p1§ﬁ@@ Jéudfﬁ egﬁ&ﬁﬁito

the hydrophilic organic solvent 1n the [T quid

|&e@@ﬁp@ﬁﬁflﬁﬂdpﬂﬁﬂu@ﬁsSumk%hbhezﬁssﬁh%%tﬁgekﬁggban¥rom the
mxing ratios within a range of from 1:99 9:1

t et aBpoinas Wef ghto@hi @ Mhensdhecywashi ng vvnth the

m xed liquid and washing with water are perforned in

25 corfhenatyidopnphiitt Heubrganductbngehbe washingewW éht in the

the hydrophilic organic solvent, however, a m xed

| eghedt b@nt@hW@glwvatmléquaaxprvapi@JHti arrgahnipr dfenabhyes

1to 60% wei ght, nore preferably 1 to 30% by

V\%‘P@]htas p@fw@wm |aync5 brefrarab tioh toZ0%tsy wWei ghted
preferably used as the mxed liquid in that the

r%:%f%‘x’ﬂa"l1 ef frEtehcindfa thelaRfeniic dnguria ised veneh ias

ol i rs, and deconposition products is raised, The
%?ﬁﬁ PR tHR tﬂ’é chg 43 JRPYS agémdia;rllyoproduced

LT P T B T, O S, A,
Vﬁgﬁ%éﬁhar weight organic impurities. Water is excellent in
the effect to remove the alkali metal halide, the organic
amide solvent and the hydrophilic organic solvent used in
the washing.

Therefore, in the washing step, it is preferable to
perform washing with the hydrophilic organic solvent or the
mixed liquid (mixture of water and the hydrophilic organic
solvent) and washing with water in combination. It is
preferable that the washing with the hydrophilic organic
solvent or mixed liquid be performed at an initial stage of
the washing step, and washing with water be then conducted.
A mixing ratio of water to the hydrophilic organic solvent
in the mixed liquid is optional and may be suitably
selected from any mixing ratics within a range of from 1:99
te 99:1 in terms of a weight ratic. When the washing with

the mixed liquid and washing with water are performed in
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liquid used in each washing is generally 1 to 15
times, preferably 2 to 10 tines, nore preferably 3 to
8 tines as much as the volunetric anmount of the
pol ymer. The washing 15 is corducted for generally |
to 120 mnutes, preferably 3 to 100 m nutes, nore
preferably 5 to 60 m nutes. After the washing, the
washing liquid is separated by neans of a screen,
centrifugal separator or.the like. Filtratian.is
CORTRATEATRY Hoane: orethiCEreen i (At Ttk & 36 AW ng
a L Lquid. t g ly .30 to 70% by. wej ght, .
oP %Q%H§g1%286§%%§1%|§€ﬁ%% obt ai ned. aTrIf}élxceéing rliqf‘luléial
S used, t [ 4 t I iNn o
O Tk e TR el ekt Wase ggr b
| hauydcandotbep r2be fdh i af '199’369!]%1}1%id@@§,h| Fdi%ularly
conducted. The washing is generally conductéd at
op i Par ¥l enperat 5 Kyl Swd P0G prdiQUeNar, hRQ as the
washi ng may al so be conducted at a tenperature 26
| miveed OX idn phein tHiedt tied danperatdi Seddl oFs thikeorganic
washing liquidis inaliquid state. For exanple, it
maypbeitipeef auabl & i ol Spneecases] tdedsedwdit iwat @rodsicts is
the washing liquid for the purpose of enhancing the
dezesg@ncy of water. 5 In the washing step, the PAS
formed may al so be subjected to a treatnment (washing)
with afhgciv@sding vicht vbat vabbhng lsatidsiehgemerally
amoni um chloride. In the production process according
tReF Herprd et iz iRt PASM L ithe “asdHingg 1doage and

i 10 last run) of such repeated

(|.e.,.magﬂén of the _ % ,
VBERT RIS THY PARSVEERadHed W h 3" GaSRPREC PRUFGS washing
Cf’{?ﬁf’(?dus‘?éd \Aia& (:’\erazcc}'lr v}ahs%irggxeids lgie%%-ir%lly 1l to 15 times,
preferably Z2 to 10 times, more preferably 3 to 8§ times as
much as the volumetric amount of the polymer. The washing
is conducted for generally 1 to 120 minutes, preferably 3
to 100 minutes, more preferably 5 to 60 minutes.

After the washing, the washing liquid is separated by
means of a screen, centrifugal separator or the like.
Filtration is conducted by means of the screen, a wet cake
having a liguid content of generally 30 to 70% by weight,
often 40 to 60% by weight is obtained. The centrifugal
separator may be used to obtain a wet cake low in liquid
content,

After the washing with such a washing liquid and the
filtration, the next washing is conducted. The washing is
generally conducted at ordinary temperature (15 to 30°C).

However, the washing may also be conducted at a temperature
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(i.e., a mxed liquid of water and the hydrophilic
organic solvent), and washing conditions are
controlled in such a manner that the pH of the
washing liquid after the washizmg 15 falls within a
range of 8.0 to 11.0. In this final washing stage,
water or a mxed liquid (for exanple, a mxed liquid
contai ning water in an anmount of 60 to 99% by wei ght)

t t ef bl .
SRR AR, AL BRBPLALER 5 A oo
hi t f the | ast th
"S0L08, 2120, TR RSPLR: O I i e Do

r%@ef%ggﬁe ﬂ%%é%%é@g &?'&ggtkﬁ& %aﬁexprosd‘{%e WE@

washi ng quird a e was nmeans

Oﬁl& €a. Wﬁ?mﬁ uﬂﬂbﬁeaéfn&%éﬂggn@fﬁ S resuq%%dys of water.

m Xé Ing |1quid, and

nMrxt Yhe sssih rggeg)o tRONBUET £ K YaSH} NO.sd hd @%b%%ted

obt ai ned by polynerizing the sulfur source with th

dibahotarofmbhe CRAPRURG) | Wi theard lacid Q&?%@Q:L‘gaﬂrd'é@lt with a
al kali netal hydroxide in the organic am de solvent,

akkati sacroapoundsn sut hclaso s demai ni ng al kal i net al

hydr oxi de are dissolved out in the washing liquid, so

t hat t hen washiprgdhicguiott afrberstshecwasiing haytBhoprasent

5 al kal i ne pH even when water is used as the washing

| igupdtioExampl @sfofah wethiow foragonty ot i npsttiglg of the
washi ng conditions at the final washing stage in such
alaBhnErnt haf sedle prPeAdtetheramisting tegdisf afasemasied with
washing falls within a range of 8. 0 to 11.0 incl.ude

(R)"as P%oﬁl%?l%s??fbp%s%‘@) Wast 1R 19U tﬂbl%m i i d
g%d of basic %O%En(g ? added, ci fT&e% IEE %111c organic
tFoll ¥ ng-{H e of UasHT Y g
solvent), and washing conditions are controlled in such a
manner that the pH of the washing liquid after the washing
falls within a range of 8.0 to 11.0. In this final washing
stage, water or a mixed liguid (for example, a mixed ligquid
containing water in an amount of 60 to 98% by weight)
containing water in a high proportion is preferably used.
Water is more preferably used.

The final washing stage means washing of the last run
in the repeated washing, and after the washing of the last
run, the PAS is dried and collected as a product. The pH
of the washing liquid after the washing means a pH of the
washing liquid as measured after the PAS is mixed with the
washing liquid, and the resultant mixture is stirred to
conduct the washing. In the PAS cbtained by polymerizing

the sulfur source with the dihalo-aromatic compound in the
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(iii) a method of controlling the anbunt of the
washing liquid to the polyner, and (iv) a nethod of
conmbi ning these nethods. 15 The washi ng conditions
are controlled at the final washing stage in such a
manner that the pH of the washing liquid after the
washing falls within a range of 8.0 to 11.0, thereby
collecting a PAS having a pH (hereinafter may be

referred to "resjn pH') of 7.0.to0.12.Q as. neasured :

| RPERE S e vt VAl Bt it i G ot e PRt e amide
2: Dy o8 TeLPoth for IBASUING LOLs Lesi Nt Wikl B8y s
deSeribed’ i v ~detar 1S9 L'ES e resin &Elgf the

PAS. [ s+ C it hin. a1 f. 7.0 10 12..0 iQ. .
R LG ALES ML AE eSOl B 2Bl Liausa, o0

crygtal Lhzakh on AP il S d¥ ghd R teness, %%g,fage%n

and excellent in nelt stability can be obtwai néd.

thg1 pkh ofe phe-Washimsh | d af heyed R WashRGhHahot N8 quid.
final washing 28 stage is too high, the resin pH also

becones Hyaghl eand rt BemethbtieiesS coagreel ang MRt twashing
stability are also lowered. If the pH of the washing

| i qoihdiaides 2bethashingl atadtiend imalge viashhnag st agener that
is too low, the resin pH also becones Ilow, 5 and only

a BAS piil ghf | therwsttallg Zatqwid teehper dthe eraslhdwg falls within
whi t eness degree and insufficient in nelt stability is

obt ataede Thed pH of 1hed washiutte | (iduiad meftthed tofe using a
washing at the final washing stage is generally 8.0

t oW49hong pi@ret abt WIBL S 3 BEIE oD Rag ith & ofRshidg 18 added,
step, the washing is desirably repeated until the

cohttht 2 e EPHP T WA UL AR gt number of washing runs,

(1ii) a method of controlling the amount of the washing
Jiquid to the pclymer, and (iv} a method of combining these
methods.

The washing conditicns are controlled at the final
washing stage in such a manner that the pH of the washing
liquid after the washing falls within a range éf §.0 to
11.0, thereby collecting a PAS having a pH (hereinafter may
be referred to as “resin pH”}) of 7.0 to 12.0 -as measured in
a mixed solvent of water/acetone {(volume ratio = 2:1). A
method for measuring this resin pH will be described in
detail in EXAMPLES.

The resin pH of the PAS is controlled within a range
of 7.0 to 12.0 in the washing step# whereby a PAS low in
crystallization temperature, high in whiteness degree and
excellent in melt stability can be obtained. If the pH of

the washing liquid after the washing at the final washing
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conmponent extracted by Soxhlet extraction with
chloroformis preferably at nost 5.0% by wei ght, nore
preferably at nost 4.0% by weight, particularly
preferably at nost 3.0% 15 byaweight. If the washing
Is insufficient, the content of the | ow nol ecul ar

wei ght conponent is increased, so that the physica
properties of the PAS are deteriorated, and its uses

are_limted, t t washi ng, .the PAS is separated
PR o0 Rath iR FIEUTE by 1 13t 1B QAT hg - ond the

S%E?%@n&%%cggﬁrggkgnd 108 Pé%éigﬁ%fﬂ%ﬁ inawetted ¢

stat e, as been Separate e washing

| icgui iy | t di | &¢; g unges, ofyli - r ~
kfdi gn bs Dgat §dspNEg AT | §di g undes %&ﬁ% llmqgﬁi%ﬁg tl%ﬁ Final

or reduced pressure t0 renove the

SWEBhangBBAgke BsOLb8ULEAS {5e CALL BCLRH. 414D lomes 10w,
Pol y(aryl ene sul fide) (PAS): The PAS according to the

paegeshliynyephEoniys 2f ZHysed DIt €10l edle RAMIMRY low in
predom nant repeating units of arylene sulfide
repiessateddbyrébeasd rucsiwfdl cfottdm fe A -stS]iliiky is
which Ar is an arylene group. Wen the repeating wunit
[elta®ntdi s Tef imedfashe melst ifladdlguinl eftetrthehPABaShing
according to the present invention is a polyner

céht ahai hgnat hvsshbpeat tage ubd tgdmema plodordt iten 16f. 0,
generally at least 50 nol% preferably at |east 70
nBF@@eﬁ%%éYp$e5eF%bl@-%t | east 90 nol % The aryl ene

group (Ar) is preferably a p- phenxLene,group_or a

m phenyPerf&SgreFHIne0 SACRor dhRg"ESNERE pFodBRiFaplY

proces f tg? pr.esent inveq%io , there can be .
DFOUTARE A BAS. hEF rig T HET Y o4 i Fy Mo Tectiar weight
component extracted by Soxhlet extraction with chloroform
is preferably at most 5.0% by weight, more preferably at
most 4.0% by weight, particularly preferably at most 3.0%
by weight. If the washing is insufficient, the content of
the low-molecular weight component is increased, so that
the physical properties of the PAS are deteriocrated, and
its uses are limited.

After the washing, the PAS is separated from the
washing liquid by filtration using a screen, or the like.
The PAS (wet cake) in a wetted state, which has been
separated from the washing liguid, is heated and dried

under ordinary pressure or reduced pressure to remove the

washing ligquid. In such a manner, a dried PAS is collected.

10. Poly(arylene sulfide) (PAS):

The PAS according to the present invention is an
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various properties as neasured in accordance with
respective nmeasuring nethods (described in EXAMPLES)
prescribed in the present description. 15 The PAS
according to the present inveriidon has a nelt
viscosity of 1 to 3,000 Pa-s, preferably 3 to 2,000
Pa-s, nore preferably 10 to 1,500 Pa-s, particularly
preferably 15 to 1,200 Pa-s as measured under

S e T e

U$e¢1a% 2R i RE% 10 He@engghe?yl @ﬁem@{:glgéﬁufélt rmg [—Ar—

vi scosity of the P is too ts mechani ca

propenrki %ﬁﬂéﬁcﬁﬂfﬁ‘lbnéiﬂf EM}!L@HE gtbuphe wB| tend $eQ%alYng
is too high, its nelt-flow characteristics are

deheri grated-fjoikowerihbe aBl dingler (hosal ngoadd, 2&he pas
processing ability thereof. The PAS according to the
presemtingvent ithp passanpHin(ersionpth Hfpdighd® déh€hining
preferably 7.0 to 11.5, nore 30 preferably 7.5 to
lih5sasepeasungdunhtaim xegdrspbveindbnobf waterd Bcetaone east
(volunme ratio = 2: 1) The production conditions

i A8l ndilhg phefwashilpgatohdiastong molit heoPAPreferably at
accordin% to the present invention are controlled in
steRsh 8Unmphdr tTee amelenssigrPw t Haredfs aldfenaibili B p-
this range, whereby the whiteness degree,
cPV?PXFPP?aQFBHPt@ﬁp%r%fﬂ?%ﬂyéﬁﬂen%¥?uﬁtab|I|ty can be

adj ust to respecti preferable ranges. The_ PAS
accordﬁﬁﬁ33%glﬁg PLASHECEn PARSESS ¢ the present

YRR A2t A boTE AL U o P43 SBT3 Pmng
p@SE?BQQ'%ropertles as measured 1n accordance with
respective measuring methods {described in EXAMPLES)
prescribed in the present description.

The PAS according to the present invention has a melt
viscosity of 1 to 3,000 Pars, preferably 3 to 2,000 Pa's,
more preferably 10 to 1,500 Pa-s, particularly preferably
15 to 1,200 Pa*s as measured under conditions of a
temperature of 310°C and a shear rate of 1,216 sec®. The

melt viscosity of the PAS is used as an index to its
mclecular weight. If the melt viscosity of the PAS is too
low, its mechanical properties become insufficient. If the
melt viscosity is too high, its melt-flow characteristics
are deteriorated to lower the molding or forming and
processing ability thereof.

The PAS according to the present invention has a pH

(resin pH) of 7.0 to 12.0, preferably 7.0 to 11.5, more
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at nost 2100C as neasured in the course of |owering

the tenperature of the PAS at a rate of 10 OO mn
froma nolten state at a tenperature of 3400C. In

many cases, the 15 crystalliz&Qi on tenperature can be

| owered to at nost 2050C, further at nost 2000C. The
lower Iimt of the crystallization tenperature is
preferably about 1650C. Since the PAS according to the
P[g?é%@%abﬂge'ﬂtboﬁo hf‘f‘ 8 %9%e§£&§éd’?‘| lﬂ lc?trﬁi%dzﬁolvent of

nper at ur ifs crystallization speed rom
WEE@P/§E@E§néS %Pﬁ{\{ne TP&tf& yﬂ?‘i | Za‘r'h%np%@%t%nt he

i s made sl ow wher eby nel t forrrabl ity such

eé&ﬁéﬂ@bbhbt Yn &8 PEy | FIRE OV Leh 1 e FIRE @cHy %19 tth% PAS
the present invention has a whiteness degree of

| easbrdOngstoeasdrgtdetdnt hendoimat a5 c;’:brfﬁ&ldlllﬂai <1@ld such a
or formed product. The upper limt of the whiteness

degneeri shgenehal tysof phetiosdesf ofal8s aritn tWien range,
t he whiteness degree of the PAS is high, a nolded or
3¢hefebppetheredicénexs efid@mnte | noigod torl tioree ican teaperature
obtai ned, and noreover a nolded or forned product of
t Aed PASL tantdlel 1 pogi ¢3n tiomeddiws oy gt veasswitave pfreferable
the whiteness degree of the PASis too |ow, the color
t 5AeI®¥-t he resulting 5 nol ded or forned product
becomes brown, or color irregularity occurs, If the
whi t endd& Eé&r EECOrIthe PASLRS PrEsePbw RV EnT§0R| By &

u or the nplded or for oduct to
Q5T F GR Lo oF SOR LHERb SR Dt (230 (i A aCord e

nvention 10 yat M2/ W1 o

oF oY FEn ot YR Akt o 0L it e o aT o by 20K Cy cRgEerably
Oén? mog\@eéf(l)% '\éhézn{esésurm:f\ilt Vltico%loiﬁ svalc>LIJ lowering the
temperature of the PAS at a rate of 10 °C/min from a molten
state at a temperature of 340°C. In many cases, the
crystallization temperature can be lowered to at most 205°C,
further at most 200°C. The lower limit of the
crystallization temperature is preferably about 165°C.
Since the PAS according to the present invention has a low
crystallization temperature, its crystallization speed from
a mclten state 1s slow. The crystallization speed of the
PAS is made slow, whereby melt formability such as
extrudability can be improved.

The PAS according to the present invention has a
whiteness degree of at least 70 as measured in the form of
a melt molded or formed product. The upper limit of the

whiteness degree is generally of the order of 85 or 80.

When the whiteness degree of the PAS 1s high, a molded or
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nmeasured at a shear rate of 1,216 see-' after held for
30 mnutes at 3100C and MV, is a nelt viscosity val ue
neasured at a shear rate of 1,216 sec-1 after held
for 5 mnutes at 15 3100C. | n3dany cases, this ratio
W2/ W1 can be controlled to at |east 0.90, further
at least 0.95. The upper limt of this MW2/WL1 is
preferably 1.0. A higher ratio NVZ/NVl (closer to 1.0)

g?%@?&eﬁ¥é$ﬁét é$§ g%£ 2H?II &g Q%RS % 5%tﬁ;ned and
Iﬁlokém@&eg ﬂéiéé&%% S a&mm%w@&m& Y

form ng because t VI Scosity vari es even

“b551§§'9@$e@h@@9§h§rbi@%ﬂ“éﬁhdy' &Qrﬁhggwﬁ9€gh559n§egree
For exanmple, if the melt stability of the

Peer thé hpgadi Hreskansy | Stieasdo 1 Ay dfp%eﬂ&letsuﬁmg
spinning. In addition, if the nelt stability of the

PAS] ded @ﬁOfonﬁé‘car;gﬁﬁdumt paesinea) HYoRRer tdresoabra

nol ded or fornmed product obtained by nelt processing
mayrbeutavsed. oStwnce. 32f tthe RAStaceesddagree bhethe PAS is
present invention is excellent in nelt stability,

steh Hef ects B eaoverdionelcult tie dPAS racder diodgledo orhéormed
present invention, a content of a |ow nolecular

BT gfie C e o oh et S B5ad s ledr b th aseeHiogtandxt ract i on

with chloroformis preferably at nost 5.0% by wei ght,

mor e prL&f &A&oFHSaf CRBESEIRION by RePEREST L phir Y PR @t 4 VA

pref erabl Y, at nost 3.0% by wejight. The content of the

oo o S v aﬁ?f%ﬂlaisﬁeﬂ Lehiiai Bl § IO @ Tably

é/as Iowas

f | ) | )
PSS Y e Ty Gt Wre Lar Paeredt r SHEh ey SHES or
\A]x/rel?%%]xtlpé/d wel ghtyy I f, the contenty of thelow mohecul ar,, 54

minutes at 310°C and MV; is a melt viscosity value measured
at a shear rate of 1,216 sec ' after held for 5 minutes at

310°C. In many cases, this ratio MV,/MV, can be controlled

to at least 0.90, further at least 0.95.

The upper limit of this MV,/MV; is preferably 1.0.

A higher ratio MV,/MV; {(closer to 1.0) indicates that
the melt stability of the PAS is better. If the melt
stability of the PAS is poor, it is often difficult to
stably conduct melt molding or forming because the melt
viscosity varies even with slight change in molding or
forming conditions. For example, if the melt stability of
the PAS is poor, thread breakage is easy to occur upon melt
spinning. In additicn, 1f the melt stakility of the PAS is
poor, changes in physical properties of a molded or formed

product obtained by melt processing may be caused. Since
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conmponent is too high, the nelt stability of the PAS
is deteriorated, and the physical properties of the
resulting nolded or forned product are | owered. 15
Since the PAS according to th&2present invention is
excellent in nelt stability, lowin crystallization
tenperature and excellent in whiteness degree, it is
suitable for use as a material of fibers and the |ike.

TQﬁepﬁﬁsag§§5%%$%%tht eeéfggg%tifgggHgﬁﬂl%%?é%%ellent in

f ornmed or d into Fious formed or

C rusi v 1 E ) ect i ' conpr essi on
B e 4 e e L e Tt bt

preferﬁﬁgth%FﬁggTécQ%rﬁﬁEglNgE@EECErg§e§%ngﬁr&ﬂ@igﬁ§(a

according to the present invention is excellent In

nMebht&RE MBI &1 1w SHeTcas exthddabi lddnp gt @xddsSted by
slow crystallization speed froma nolten state, and 33

absphextebkensict tomelitistalididford ors eam@bithEeadost
breakage is hard to occur upon nelt spinning, and

chabgesy waighysimate proppstalelsy arte artd 4.@20e5UReQFht,
formed or nolded products after nelt form ng or
npedihguléFuky heref &ralhey RAS ecorilidig Hyo vidigrhpr.es€ht

i nvention can provide formed or nol ded products high

i ACMARE enek stike gleerebauser r itsiditerquaiparsndr comdgageed in
upon nelt processing is little. EXAMPLES 10 The

pFRe S | v T o Al 1Y aerkhars aroasddescr Thedlonprelimit

specifically by the follow ng Exanpl es and Conparative .
BTt I AT g St hodie aEaR%eIat, Ipffsigare aht or 1.5%

AOPSELdee. 19 MORSLLLES 9 ¢R2"3GLENOTELERa " S ne

component is too high, the melt stability of the PAS is
deteriorated, and the physical properties of the resulting
molded or formed product are lowered.

Since the PAS according to the present invention is
excellent in melt stability, low in crystallization
temperature and excellent in whiteness degree, it is
suitable for use as a material of fibers and the like. The
PAS according to the present invention can be formed or
molded into various formed or molded products by extrusion,
injection molding, compression molding or the like. Among

PAS, PPS is particularly preferred.

EFFECTS OF THE INVENTION
Since the PAS according to the present invention is
excellent in melt formability such as extrudability due to

its slow crystallization speed from a molten state, and
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(1) Yield: 15 Assuming that all the available sulfur
conponent existing in a reaction vessel after a
dehydration step was converted to a polyner, the

wei ght (theoretical anmount) of23 that pol yner was used
as a reference value to calculate out a proportion (%
by wei ght) of the weight of a polyner 20 actually
collected to the reference value as a yield of the

[ §. . Vi SLiVe:ADelt-vis '
DXL EL o Lo YhBEPeLiis 5] L) SEORAL Yopcad
' a . i
SEr R Er AR ERGRY, GO0 TR A BRI, AP g

1iHﬁPh§sQﬁémeﬁﬁépérﬂgeﬁn&f@ hergtfo vascsed o réhed or
capillary, and the tenperature was set to 3100C

Ainbedetihprpaliyt®r a Bder SAdPL ef a6 ) acednd I Further,

apparatus and held for 5 ninutes, the nelt viscosity

waBenBASusedoatiiag sheathe gpecodéntl, Ahberseieon dz3) pehtide

stability: 5 Melt viscosities of a polynmer sanple were

neasueaédor nmo bdded r dandecs tini gihel mbovieatesey idsgrtbee because

nmeasuri ng nmethod of the nelt viscosity except that

t heshehernglt okonf chieapohypermet niwcasaipar dtsurld téfle .

3100C was set to 5 mnutes and 30 mnutes, and a

rati o between the neasured val ues was 10 cal cul at ed

out. Mre specifically, a nmelt viscosity (MV1) of the

pol yner sanpl e was neasur e§*at'FaEShear rate of 1,216
ter held faqr 5 m.nutes ate atu

3100C. THTEIE o QEIEPTEM2) 37 PRECCHREEREI Prepescribed
Sﬁgpéespecifically by the following Examples and Comparative
Examples. Measuring methods of yield, physical properties
and properties or characteristics are as follows.

(1) Yield:

Assuming that all the available sulfur component
existing in a reaction vessel after a dehydraticn step was
converted to a polymer, the weight ({(theoretical amount) 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 yield of the
polymer.

(2) Melt viscosity:

A melt viscosity was measured by using about 20 g of
a dry polymer by means of Capirograph 1-C (manufactured by
Toyo Selki Seisaku-sho, Ltd.). At this time, a flat die of

1 mm in diameter x 10 mm In length was used as a capillary,

and the temperature was set to 310°C. After the polymer




was neasured at a shear rate of 1,216 sec-1 after held
for 15 30 mnutes at 3100C. Aratio (MV2/WI) was then
cal culated out on the basis of these neasured val ues.
This ratio is also referred to34as retention of nelt
viscosity, and a greater value indicates the nelt
stability of the polynmer is higher. 20 (4)

Det erm nati on (Soxhlet extraction) of a |ow nol ecul ar

vei JEPQE&ngﬂ%beébQHttﬁg gP?grgtBQ|¥g§r%¥@%ffor 5 minutes,

subjeCted to Soxhlet ‘extraction wth
ChHQkPEﬁhE)%%s%%s%%&r%%%'H%as%@&&eﬁi;aE§E%§Et£99etéﬁe
was set to 6 hours. "After 25 conpletion of the

extir agtd @t he sol vent was evaporated by a rotary
evaporator, and the residue was vacuumdried at 600C
for(33 beursstibeiweiyght of the extract remaining in a
35 flask was then nmeasured to cal cul ate out a content

50f a | aveldletidesi wetghif conponetdr cemipdicn@@ renmeheured in

pol yner on the basis of the nmeasured wei ght and the

weiagito rafantcke wipbl yher absed-dasthébedt magsioimg SnéB)od of the
Wi t eness degree (WH): A polynmer was heated and nelted

at "g2F0Citersity mkaaréstbytathot hpaessgantne heh the polymer
solidified by pressing at roomtenperature to produce

a shedhe ThepesstlranpfsheeiC was seinda &d mmuks® @nd 30

for ;30 mnutes to produce a 10 crystallized sheet.
Thi'd P&y aPPPzBdTehéRt PREYCHB e EsBAS SBRP| B F s was

t .t | or. t b )f .
10 CEPGFIARGSEoPYr - DI 'e? e Net @GR 206 rmfursoriidd (V)
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oY oeHEL 161 VR0 82N IR0 1 hlaBul 8 S8 8 LN vate of
1,216 sec™’ after held for 5 minutes at a temperature of
310°C. A melt viscosity (MV,;) of the same polymer sample
was measured at a shear rate of 1,216 sec™' after heid for
30 minutes at 310°C. A ratio (MV,/MV,) was then calculated
out on the basis of these measured values. This ratio is
also referred to as retention of melt viscosity, and a
greater value indicates the melt stability of the polymer
is higher.
(4) Determination (Soxhlet extraction) of a low-molecular
welght component:

About 10 g of a polymer was subjected to Soxhlet
extraction with 50 ml of chloroform as an extracting
solvent. Extraction time was set to 6 hours. After
completion of the extraction, the sclvent was evaporated by

a rotary evaporator, and the residue was vacuum-dried at

60°C for 2 hours. The weight of the extract remaining in a
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met hod under conditions of standard light C. Prior to
the 15 neasurenent, the apparatus was calibrated by a
standard white plate. The neasurenent was conducted
at 3 points as to each sanpl&p and an average val ue
t hereof was cal cul ated out. The color tone of the

sanpl e was indicated by a whiteness degree (WH). 20

(6) Crystallization tenperature (Tnt): A polynmer was

h%ﬂlg]g \9519 élri erge J?’%Ptt% fcoa{ dp;lJLglatrg %Llfte% nacetﬂ%t of a

press and t uenc e an anorp

ﬁ@tmof\? }ﬁallow nﬁﬂrﬂfpérgt f QI IBRRIY %ertthe Piymer on

ected romt am)rp ous sheet to nmeasure |

CEMét@Jaéiéa&f Oflhd Qﬁ&%ﬂéﬁ Ged 1] gm) ademd grmemat Wethe
| owering conditions by neans of "D fferential Scanning

Gab Oy &Rt @5 @SGY " ti@natt @l aiash by Perkin Elmer. Mre
36 specifically, the crystallization tenperature was

meap uwietk etibsierdepnet t (wins: t hat the sanpl e was heat ed

to 3400C in a nitrogen gas atnosphere (20 m/mn),

hel d for pbifieut @ast heklial baapreatsdeaanszoherrwodoed

at arate of 10(err)Cmn. 5 (7) Resin pH About 6 ¢
ohimupes yinera samiplesess aid ofhercetdnalidnicd 3¢ mresking at
purified water (product of Kanto Chem cal Co., Inc.)
wepem ptereleelr ¢ Fieoe are Bty e ek, Fhakersporasp sheet
m nutes by neans of a shaker and then filtered by a 10
separ ari eyl ¢dnmel 15 WopHoat 30hainasgst At prpqwa fas

nmeasur ed Io%/] means of a pH neter

D@ﬁ?ﬂ?%}}b e%t%ﬁﬁet' This crystal%é ng sheet was used as a
sample for measurement to measure a color tone by means of
*Color and Color Difference Meter CR-200” manufactured by
MINOLTA in accordance with a reflected light measuring
method under conditions of standard light C. 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 caléulated_
out. The color tone of the sample was indicated by a
whiteness degree {WH).

(6) Crystallization temperature (Tmc):

A polymer was heated and melted at 320°C for 10
minutes by a hot press and then quenched to produce an
amorphous sheet. Abcut 10 mg of a sample for measurement
was collected from this amorphous sheet to measure its
crystaliization temperature (Tmc) under temperature-
lowering conditions by means of “Differential Scanning

Calorimeter DSC7” manufactured by Perkin Elmer. More
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15 A 20-liter autoclave (reactor) made of titani um was
charged with 1,951 g of an aqueous sodi um hydrosul fide
(NaSH) solution [sulfur (S) content: 22.08 nol;

anal ytical value of NaSH by aeneutralization
titration nethod: 61.86% by weight (21.53 nol) ;
sodi um sul fide (Na2S) content: 0.55 20 noll having an-
anal ytical value of 63.44% by wei ght as neasured by

sgdleg%ﬁy%{ggr éfef%?: ﬁ%}%ﬁ%’%@r%@ﬁw R‘%ea@ SRR 4 480 §Rasured
6,70

(Rhdet 2Ftartsdhs ubay Spd Sy i f A 3R pIPoE in a

SEMEEEaZR GONPORRCLN 20 W%‘d‘?ﬁ Siqﬁ ?’3’4 SO o

dm)%](/j I’Tg%lj)nﬁ@%%&%? Oégnd ({HJAI{ :PAV\A %%@r!a.dc 'gaq;avt% Io% Q.Ogg/mln

ter purge ni trogen gas,
conf epd s:Nvefe: gradual Iy heated to 2000C over 2. 5 hours
with stirring to distill off 893.2 g of water and
852. 8 @polutN¥Pg Af thpslyhkResaflpdenolsohl hydrogefone and
sul fide (H2S) was volatilized off. 5 Accordingly, the
amdunt of minei 8ikd watsour gerddwvaidfallaats' Chiemithe Co.,
reactor after the dehydration step was 21.68 nol. The
abpant WGrre2s actdtitigeth @flgoraespdided t shaked for 30
nol % based on the charged Sin --his step. 2.
ChERGEDY BY dpean® of tershateandrtdtanof idttegedt by a
reactor containing 21.68 nol of the available S was
c%%?%laa%nm@@@els 267PF ofpléechrerébantehtquid was
(herei nafter abbreviated as "pDCB')/ available S =
TOPDE TR lﬁﬁi‘%ﬁn%fo%ﬁcé) 2“9583439 of NMP and 114 g

[total water content in the reactor/available S =

Example 1
1. Dehydration step:

A 20-liter autoclave (reactor) made of titanium was
charged with 1,951 g of an agqueocus sodium hydrosulfide
(NaSH) solution [sulfur (S) content: 22.08 mol; analytical
value of NaSH by a neutralization titration method: 61.86%
by weight (21.53 mol); sodium sulfide (NapS) content: 0.55
mol] having an analytical value of 63.44% by weight as
measured by iodimetry and 1,151 g of a 74.78% by weight
agueous sodium hydroxide (NaOH) solution (NaOH content:
21.52 mol} together with 6,701 g of N-methyl-2-pyrrolidone
{hereinafter abbreviated as “NMP”). When a sulfur source
composed of sodium hydrosulfide and sodium sulfide is
indicated as “87, NaOH/NaSH before dehvydration is 1.00

(mol/mol), and NaOH/S is 0.97 (mol/mol).
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15 1.50 (nol/nol)] of water were added, and 16.12 g of
NaOH having a purity of 97% was added in such a
manner that (NaOH in the reactor/available S) is
1.054 (nol/nol) . NaOH (0.783#ol) produced by

vol atilization of H2S is contained in the reactor. 20
3. Polynerization step: Wile stirring the contents at
250 rpm by a stirrer installed in the reactor,

2 A L6 L R

reacti on m x urg was t

UL ?+£¥ch ?ugt fb[eodo%a%ve%” 225 %%999 9En23edPing to

ynerlzatlon conversi on

p@?@ti’l?b&’yf @9?1%2 T@%ﬁaja{@r ddie gmzn‘fser Qff nMpP. At this

revol Utions of the stirrer was increased to 400 rpm

44108, do 0f MB1 et £ I8y d Me§es hak DETHAINCeSS ) PReSS Wl aititl@zed off.
the reactor [total water <content in the

reacd ol ey ey | abhe Sheurd 6F (4l /gmldr whidree (“available
continuing the stirring, and the contents were heated
te”) 266Cche concuct af teactionidigrdrdhtidowtsep was 21.68 mol.
(second-stage 5 pol ynerization step). 4. Post

t Teat aeotnstep: A tverl agdédplzed of fotorhespendefionp 1.79 mol%
2,154.3 g of the reaction mxture cooled near to room
tb@@@da@@r‘éhﬁva%halmd)lfedllan@ﬂsﬁ f&%P + hr ough a 100- mesh
screen to collect a 10 granular polyner in a wetted
statehduate? efent: 60%by weight). To the granul ar

pol ymer |n the wett egast ate, were dded

acet ondT&fF &0 6FYPERTERENENGR ?eFe?Stoﬁ/a%%nY‘Wenmg
T AR WRUERIE WS ST S
tpeoreéhfgrobenzene (hereinafter abbreviated as “pDCB")/
available 8 = 1.025 (mol/mol)}] of pDCB, 2,284 g of NMP and
114 g [total water content in the reactor/available S =
1.50 (mol/mol)] of water were added, and 16.12 g of NaCH
having a purity of 97% was added in such a manner that
(NaOH in the reactor/available S) is 1.054 (mol/mol). NaOH
(0.78 mol) produced by volatilization of H;S is contained
in the reactor.
3. Polymerization step:

While stirring the contents at 250 rpm by a stirrer
installed in the reactor, & reaction was conducted at 220°¢C
for 1 hQur, and the reaction mixture was then heated to
230°C in 30 minutes to conduct the reaction at 230°C for
1.5 hours (first-stage polymerization step; conversion of
pDCB = about 92%). Thereafter, the number of revolutions

of the stirrer was increased to 400 rpm, 441.5 g of water
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15 amount of the polynmer collected, and the water
content in the washing liquid is 5% by weight. After
t he above-descri bed washi ng was performed tw ce,

washi ng under stirring with 13808 g of ion-exchanged
water was conducted 5 tinmes. This washing with

i on-exchanged 20 water was conducted for 20 mnutes in
each run. After conpletion of fi naI washi ng with

d H t | d t t h
IR e Rl L T A B
aE&ﬁ’Eeﬁt”lHU{t? @offe {ra1ie V@S—]é) &3 ¢ 213/%1%'1) while

I'ng descri ed a%ove € tenperature of

V\’@éﬂti‘ﬂuiﬁg Ui e Was; Seind | 0 4P ”Eﬂée MRGL AL L dcheC dyel to

the washing. Stirring power was set to at |east
| b gt eatd On. o i SUSPERI A o3 %o rSlaf [l RG.Q b)@/@cBHwE’éége

component after the washing was conducte

fbblyaét 0a tsbmgs €e@00- mesh screen. A |iquid content

in a wet cake after the filtration was 40 to 60% by

wei ghd st 5t dbetmeashedt o] ymer obtained in this manner

was dried at 1050C for 13 hours by a dryer. The yield

of theAfgranuglcawlpalipmerft hbs obtaikhed, wasl92% @ndf the
the nelt viscosity thereof was 160 Pa-s. The data of
cotartiomenixiere ceabid insar crysten itaamamture was
tenperature and content of 10 a | ow nol ecul ar wei ght
c%%@h%ta%r%l%mmthwmlae HOO-meedmficrepn] to collect a
Dehydration step: A 20-liter_ autoclave (reactor) mad

OFTERPLAT Une RS T 1R chatgeddhi e e 9‘8@“:@3%1@%%%&93 by
sodl uh hydr os%l fide

he granular polymer in the wetted state, were
added 1,528 g of acetone and 80 g of ion-exchanged water to
wash the polymer with stirring. At this time, the amount
of the washing ligquid is 5 times as much as the theoretical
amount of the peclymer ceollected, and the water content in
the washing liguid is 5% by weight.

After the above-described washing was performed twice,
washing under stirring with 1,608 g of ion—-exchanged water
was conducted 5 times. This washing with ion-exchanged
water was conducted for 20 minutes in each run. After
completion of final washing with ion-exchanged water, a pH
meter was placed into the washing liquid before filtration
to measure a pH after 5 minutes. As a result, it was 10.7.

In each washing described above, the temperature of
the washing liquid was set to room temperature to conduct
the washing. Stirring power was set to at least limitation

cf suspension.
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(NaSH) solution [sulfur (S) content: 22.07 nol;

anal ytical value of NaSH by a neutralization
titration nmethod: 61.86% by weight (21.52 nol) ;

sodi um sul fide (Na2S) content 390.55 nol] having an
anal ytical value of 63.44% by wei ght as 20 neasured by
iodinmetry and 1,119 g of a 74.78% by wei ght aqueous
sodi um hydroxi de (NaOH) sol uti on (NaCH content: 20.92

ohyar S ts 8 598 ptrisl) Mk RiGH EEFL RS Ssning
({?Qélé‘&lﬁuc&& ﬂ%ﬂa &J‘ JHM %eflo&ba e thh%cre n, A
contents were ra uaw[ heat to 208“ over 2.

hPH&éu‘i‘" é&‘nééﬁi rirDQatvPet dda%é 'alf&fxf @@él&ﬂftlwﬁt %Es 40 to
MP. At this time, 0.4 nol of hydrogen ‘

sgd)%l}glye &éggﬁ‘atvvas vol atilized off. 40 Accordi ngly,
t he amount of the available S in the reactor after

the dehydr akispadsbepywas db+687n8Bl inTHei amitte Ofwadl2fried
vol atilized off corresponded to 1.81 nol % based on the
char gesPcS figt tie Siosir@P byb a2 drhar gi Tige S§ 891 d Aff ethd he
dehydration step, the reactor containing 21.67 nol of

t reamvla T abd eyr8: matsh wo obleich tredl 7GGC973,,2685.dg the melt

[ pDCB/ avail able S = 1.025 (nol/nol)] of pDCB, 2,260 ¢

of is vl andtHelige qff [Mant all 6 Ghvdtaers cofhentlata phecolor tone,
reactor/available 10 S = 1.50 (nol/nol)] of water were
Rk, S Bkl b Ba gClb‘JStP@(}}Zthgte&lP&;ﬁWeoﬁn@7W§nt of
added in such a manner that (NaOH in the reactaor

[2veP T AR 13 %S WS PoE (FRIIARAD T NEaS S(hé"“@o 1FE‘DIT)ab1e L.
produced by volatilization O H2S is contained in the
reactor. 15 3. Polynerization step:

Example 2
1. Dehydration step:

A 20-liter autoclave {(reactor) made of titanium was
charged withk 1,950 g of an agueous sodium hydrosulfide
{NaSH} solution [sulfur (S} content: 22.07 mol; analytical
value of NaSH by a neutralization titration method: 61.86%
by weight (21.52 mol); sodium sulfide {(Na;S} content: 0.55
mol] having an analytical wvalue of 63.44% by weight as
measured by jiodimetry and 1,119 g of a 74.78% by weilght
aqueous sodium hydroxide (NaOH) solution (NaOE content:
20.92 mol) together with 6,700 g of NMP. NaOH/NaSE before
dehydration is 0.97 (mol/mol), and NaOH/S is 0.95 (mol/mol).

After purged with nitrogen gas, the contents were
gradually heated to 200°C over 2.5 hours with stirring to
distill off 889.3 g of water and 833.0 g of NMP. At this

time, 0.4 mol of hydrogen sulfide (H,3S} was volatilized off.




Wiile stirring the contents at 250 rpmby a stirrer
installed in the reactor, a reaction was conducted at
220'C for 1 hour, and the reaction m xture was then
heated to 2300C in 30 m nutestd@ o conduct the reaction
at 2300C for 20 1.5 hours (first-stage pol ynerization
step; conversion of pDCB = about 92% . Thereafter,

t he number of revolutions of the stirrer was

"A gfoaf%q% 1§ r40a%er RIb.441.2 9,8f va ef ot%f was charged. . i op

nt o the reactor a V\ﬁt er conten

|'&fﬂ§% %%%CHh%§@¥%%H%B|%t§ﬁd ﬁ6§1(@?|58?|)]Tﬁg]Aﬂ%&£ of

contlnumgt e"stirrin e contents were heate

t@h82559£%§9199@d85f éof?@gﬁéﬁﬁeéo%o41(%f“MHf5 based on the
(second-stage polynerization step). st

th@&@%@tsshgpthégtg&egonpletlon of the reactlon t he
resultant polynmer was washed in the same nanner as in

Examoheryihg sebbpain a purified polynmer. After

conpl etion of final 5 washing with ion-exchanged

wat er, &fpdH nmeterdatasdpdaicad staxt,0 tihe rnsasitiong doingaiid ing
before filtration to nmeasure a pH after 5 mnutes. As
a2nesul tnoli bfwake9a9aiThelyi 8l daef codhedgtanut@ic, 3,265 g
pol ynmer thus obtai ned was 93% and the nelt viscosity

t HOPESY awas LaklepPs- s. 1TR85daral dnokbl opf toPEB, 19, 3l tg of
stability, crystallization tenperature and content of

NM@waﬁglééﬁlgr[ﬁét@ﬁtWé@ﬁﬁoﬁ@ﬁteﬂérénsﬁ%ﬁmr¢¢FqQﬁﬂ%¥allable

—Eé l e 3_The dehydratlon step to.th
081 Jmie at(fnaﬁf@%b m@Fewa&srp@?r AdeTn B §3 (heoT NaOH

ost t rg}?t ment step

nme.manner as
% manner that

B PPN SR VIR T g e

(NaOH in the reactor/available S) is 1.020 (mol/mol). NaOH
{0.80 mol) produced by volatilization of HzS is contained
in the.reactor.

3. Pelymerization step:

While stirring the contents at 250 rpm by a stirrer
installed in the reactor, a reaction was conducted at 220°C
for 1 hour, and the reaction mixture was then heated to
230°C in 30 minutes to conduct the reaction at 230°C for
1.5 hours (first-stage polymerization step; conversion of
pDCB = about 92%). Thereafter, the number of revolutions
of the stirrer was increased to 400 rpm, 441.2 g of water
was charged under pressure into the reactor [total water
content in the reactor/available S8 = 2.63 (mol/mol)] while
continuing the stirring, and the contents were heated to
255°C to conduct a reaction for 4.0 hours (second-stage

polymerization step).
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fol |l owi ng procéss, 4. Post treatnent step: After

conpl etion of the reaction, washing of the 20 polyner

was performed in the same nanner as in Exanple 1

except that the washing w th idan- exchanged water was

conducted 7 tines, thereby obtaining a purified

pol ynmer. After conpletion of final washing with

i on-exchanged water, a pH neter was placed into the
shing liquid before 25 filtration to neasure a pH

?re?ogt&ﬂﬁ?éﬁ?nks‘é\eﬁ’esult, it was 9.7. The yield

of the anul ar _pol.yner th oht ai, ned 929

Che mertt Oracolels ARG a5 thes Tr 48 pare Fenat et

OhofOhal LODSalRLE BLADILT {he IS

tenp a

é].alz—ié Zﬁlt iEQQ:trrﬁ)le 1 to
rature and content o OW- NDI eCcul ar wel g t

CoppPQngNL ﬁ@fff§@@2?%%ﬁT§?bl%i%ﬂr5c%%§qgkgoﬂ of final

Dehydr at | on st ep: iter autoclave (reactor) made

ot«agh&ﬁﬁi wwa%ns@;a&}g&ﬁi%a@ the de 802 GOfmat AGUROYS aced
sodi um hydrosul fide (NaSH) solution [sul fur (S)

COAteNthe 202001 NPt 11iqnad Yibvé £ate 10; Maddiei of daSH bR a pH
neutralization titration nethod: 59.42% by wei ght

(49téd2 poh)nutseodi Wa sulddsdd t( ,Nd2Swagont.ent : Tide Hpield of
nmol | having an anal ytical value of 62.39% by wei ght as
mehsugednbyar opd hetey ings 101045l mpdfwas PB08%rigy the melt
wei ght aqueous sodi um hydroxi de (NaOH) sol uti on ( NaOH
cohtensitasthorast mpdy 1ohetdhes. wilhle 6are20§ eplRppPtone,
NaOH NaSH before dehydration is 1.01 (nol/nol), and
NAOHESSERLDLDBY ( ndT Y7ot ) L iz i@ FRIMRFER With afid cogérent of

gas the contents wer e )
a low-molecular weight component were shown in Table 1.

Example 3

The dehydration step to the polymerization step were
performed in exactly the same manner as in Example 1. A
peost treatment step was conducted in accordance with the
following process.

4. Post treatment step:

After completion of the reaction, washing of the
polymer was performed in the same manner as in Example 1
except that the washing with lon-exchanged water was
conducted 7 times, thereby obtaining a purified polymer.
After completion of final washing with ion-exchanged water,
a pH meter was placed into the washing liguid before
filtration to measure a pH after 5 minutes. As a result,
it was 9.7. The yield of the granular polymer thus

obtained was 92%, and the melt viscosity therecf was
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gradual ly heated to 200C over 2.5 hours with stirring
to distill off 824.3 g of water and 829.7 g of NW.

At this 20 time, 0.38 nol of hydrogen sulfide (H2S)
was volatilized off. Accordingty, the anmount of the
available Sin the reactor after the dehydration step
was 19.68 nol. The amount of H2S volatilized off
corresponded to 1.91 nol % based on the charged S in

tJJ[Heé:' E§at h{‘ r i%gt dagglacr) I nglgﬁ:e\ecigeAft élfh&%g&?{?dﬁ?t I on

or contal nin

/ - r
%ﬁ PR %%%%df@%%% A s g1 TR
éﬁ it [ éyéﬂsﬁﬁﬁ%ernCQQbQ@tl'n the
reac of /avallable &= 1. O (nmol/mol)] of water were
added, and 2.72 q of NaOH having a purity of 97% was
added in such a nmanner that 5 (NaOH in the
reactor/available S) is 1m&mpaeoly nol) . NaOH (0.76
nol ) produced by volatilization of H2S is contai ned
in, thenFeactiom sktefPol ymeri zation step: Wiile stirring
the contents at 250 rpmby a stirrer 10 installed in
t he reactoOr]liaereastbohawas (teaduct ednade 220" 1@ temirung was
hour (first-stage polynerization step; conversion_ of
pOCB-gedboiuth 92902 dTivdt @af arieotve spdaer hgfrosulfide
revolutions of the stirrer was increased to 400 rp
Gﬂa%ﬁk)%ﬁlq&ﬁQﬂ'[ﬁmiifdhdﬁdedNQWRﬁ%t p?@s@@r@oﬂntdnﬁﬁgtlcal
react or éfotal wat er 15 content, in

reaktdrd ViR %ne@@%zrﬁﬁlﬂ?olt)l]tr\ﬁﬁl%‘ method: 59.42%
AL EIR R B

(Seffwﬁgégéglan analytical value of 62.39% by weight as
measured by iodimetry and 1,045 g of a 74.08% by weight
aqueous sodium hydroxide (NaOH) solution (NaCOH content:
19.35 mol) together with 6,702 g of NMP. NaOH/NaSH before
dehydration is 1.01 (mol/mol), and NaOH/S is 0.96 (mol/mol}.

After purged with nitrogen gas, the contents were
gradually heated to 200°C over 2.5 hours with stirring to
distill off 824.3 g of water and 829.7 g of NMP. At this
time, 0.38 mcocl of hydrogen sulfide (H2S) was volatilized
off. Accordingly, the amount of the available S in the
reactor after the dehydration step was 19.68 mol. The
amount of H;S volatilized off corresponded to 1.91 mol%
based on the charged 3 in this step.
2. Charging step:

After the dehydration step, the reactor containing

19.68 mol of the available S was cocled to 170°C, 2,951 g
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pol ymeri zation step). 4. Post treatnent step: 20 After
conpletion of the reaction, the resultant polynmer was
washed in the same manner as in Exanple 1 to obtain a
purified polynmer. After conpl esion of final washing
wi th ion-exchanged water, a pH neter was placed into
the washing liquid before filtration to neasure a pH
25 after 5 minutes. As a result, it was 10.0. The

Eﬁﬁ%wﬁb% 2‘% L2y Bol VIEL, S DUAALISH Vae 2506, oo
o&M{;ogg 59” tota l t Sz% atpc% | 'éﬁ’t 1cryt§'} alrlelazcactolro available
tenpera@ure gn con -FOMFnﬁ}eCU ar WE K

cgnpog)e% ‘(‘ﬁ?&f/xﬁ@?)"‘f' 6%‘ J@Péxe vJEreE%cf 72rrgd of NaOH

Dehydration step: A 20-liter autoclave reactor)

Ofi otk h@nk gg%ﬁﬁé;( Shag-ged, W thide$04, gs&fh an n?a?ﬁh)%qu%hat

sodi um hydr ide (NaSH) solution [sul fur

cm&mt_mler_l@%é@éto@wyﬂlme aljue ofoNaSRAYmd1) . NaoH
neutralization titration nethod: 59.5% 10 by wei ght

(18.16 wdl) prodededm syl fdoer (INa2S)i gortem,s @s84ontained
nol] having an anal ytical value of 62.12% by wei ght as
neasthiedrdyctedi netry and 1,030.6 g of a 73.95% by

wei ght aqueous sodi um hydroxi de (NaOH) sol uti on ( NaOH
contemiymeddz @5l omwl Jtemyget her with 6,005 g of NWP

NaOH NaSH before 15 dehydration is 0.99 (nol/nol), and
NaOH SWhg 1@ g8 ifrwdnonshe. coptepkspakgeddwrph by ta ogehrrer
gas, the contents were gradually heated to 2000C over
2ims bk ed W htlse iFedHep R0 @ disstdtiomoffasg4nglugted at 220°C
m?ér nd 78Zflr§tof NVP. At this

our stage polymerization step; conversion of
pDCB = about 22%). Thereafter, the number of revolutions
of the stirrer was increased to 400 rpm, 461.0 g of water
was charged under pressure into the reactor [total water
content in the reactor/available § = 2.82 (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 resultant
polymer was washed in the same manner as in Example 1 to
obtain a purified polymer. After completion of final
washing with ion-exchanged water, a pH meter was placed
into the washing liguid before filtration to measure a pH
after 5 minutes. As a result, it was 10.0. The yield of
the granular polymer thus obtained was 22%, and the melt

vigscosity thereof was 230 Pa:s. The data of color tone,
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time, 0.4 nol of hydrogen sulfide (H2S) was
volatilized off. 20 Accordingly, the anount of the
available S in the reactor after the dehydration step
was 19.59 nol. The ampbunt of 4ER2S volatilized off
corresponded to 2.01 nol % based on the charged S in
this step. 2. Charging step: 25 After the dehydration
step, the reactor containing 19.59 nol of the

R e e S T e e o
reac?orfﬂaiv“%@f?%ﬁd L [ﬁ%&% A T o e TagrE

added, and 13.9 g of NaOH having a purity of 97% was
added in such a manner that (NaOH in the
reactor/available S) is 1.@od{mwldmol) . NaOH 5 (0.80
nol ) produced by volatilization of H2S i s contai ned

i D, thehy@aet Mn BzefPol yneri zation step: Wiile stirring
the contents at 250 rpmby a stirrer installed in the

react om, 2@-neaeti antwasacenquetedoa; 2A200C>f 10i foiivn Svas
hours (first-stage polynerization step; conversion of
pECBrgedboith 9B 04 drhef eaf taryedie sudiber hgfdrosulfide
revol utions of the stirrer was increased to 400 rpm
60FagH) ofolat ben wesn char g6t urddererpresu®® imetlo ehelytical
reactor [total water content in the reactor/avail abl e
Svalyge 4st (Wt ey )g TS %R | e oM ivitie tlse seithedhig>2- 5%
and the contents were heated to 2550C to conduct a

rBARCTEbANF of 1D P MRS, i Whetit! idsh e(éﬂatzé) 2%9@@3’6@&
QT ERd t OBEL 5 e300 ST, SR g o
measured by iodimetry and 1,030.6 g of a 73.95% by weight
agqueous sodium hydroxide (NaOH) solution (NaOH content:
19.05 mol} together with 6,005 g of NMP. NaOH/NaSH before
dehydration is 0.99 (mol/mol), and NaOH/S is 0.95 (mol/mol).

After purged with nitrogen gas, the contents were
gradually heated to 200°C over 2.5 hours with stirring to
distill off 840.3 g of water and 787.2 g of NMP. At this
time, 0.4 mol of hydrogen sulfide {H;S) was voliatilized off.
Accordingly, the amcount of the availabkle S in the reactor
after the dehydration step was 19.59 mol. The amount of
HzS volatilized off corresponded to 2.01 mol% based on the
charged S in this step.
2. Charging step:

After the dehydration step, the reactor containing
19.59 mol of the available S was cooled to 170°C, 2,923 g

[pDCB/available S = 1.015 {(mol/mol}] of pDCB, 3,597.6 g of
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4. Post treatnent step: 20 After conpletion of the
reaction, the resultant polynmer was washed in the
same manner as in Exanple 1 to obtain a purified

pol ynmer. After conpletion of fé¢mal washing with

i on- exchanged water, a pH neter was placed into the
was hi ng liquid before filtration to neasure a pH 25
after mnutes As a result, it was 9.5. The yield of

tqﬁq VISCOSIt ajt%% egb%%%QEthgﬁ %ﬁ%br@QQtBP?avallable

reo The data of

cad ar qf O, (of %&a%bk|ryweg%y§ﬁabh|zﬁhﬂom3 9 g of NaOH
tel’rperat ure an Cont ent of a | ow nol ecul ar wei gh

CORANRNta YRS Shown o723 TaRl @ ghedEXameienbadmihfer that
dehydration step to the polynerization step were

perdaruredh ithexactdnst/heasamiraenensas .084Exaoplec?) . NaOH

However, a post treatnment step was conducted in

acoorgtancd ) wWrddddee gl howangd 1irecdess. of. HRpsts contained

treatnment step: 10 After conpletion of the reaction,

waishitige ofeddier pol yner was perfornmed in the sane

manner as in Exanple 1 except that the washing with

i oh- éxdharm}écta/tdtoer av@P: conducted 8 tines, thereby

obtainin purified polynmer. After co Ietion of ,

final wH hiLﬁgSW¥ﬁlF@nt]é§tc%%%’@%’élt%\/a%%r2 SFRE B fetErirrer

was placed into the washing |iquid before filtration

t ol aaslres] & Tp HHhe T o5 o n gt &2 CAd oR f"’é§uFPnduFFe%a§t 220°C
thus _obtain

il L e L

The d%&ﬂBOf é¥ &é%V? e%eg%%gkli£ﬂe number of
revolutions of the stirrer was increased to 400 rpm, 607 g
of water was charged under pressure into the reactor [total
water content in the reactor/available § = 3.45 (mol/mol)]
while continuing the stirring, and the contents were heated
to 255°C to conduct a reaction for 2.0 hours, and then
cooled to 245°C over 30 minutes to conduct a reaction for
11.5 hours (second-stage polymerization step).
4., Post treatment step:

After completion of the reaction, the resultant
polymer was washed in the same manner as in Example 1 to
obtain a purified polymer. After completion of final
washing with ion-exchanged water, a pH meter was placed
into the washing liguid before filtration to measure a pH
after 5 minutes. As a result, it was 9.5. The yield of
the granular polymer thus obtained was 85%, and the melt

viscosity thereof was 450 Pa‘'s. The data of color tone,
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20 crystallization tenperature and content of a

| ow- nol ecul ar wei ght conponent were shown in Table 1.
Conparative Exanple 1 The dehydration step to the

pol yneri zation step were 25 pérforned in exactly the
same manner as in Exanple 1. However, a post
treatnment step was conducted in accordance wth the
foll owi ng process. 47 4. Post treatnment step: Washing

of e I wa rfor. in t r [

R e R e e i T
< hi co : 5 . o

B S

purified polynmer. After conpletion of the fina

washing wth ion-exchanged water, a pH neter was

placed into the washing Ig:gndefore filtration to

neasure a pH after 5 mnutes. As a result, it was

12.5, Tine veehdratibhest@pgtanuharppoiyeeizébisn step were

obt ai ned was 92% and the nelt viscosity thereof was

156r Parsed The eat@tbf ol oramtoonegnnarelas simalfixlampye 2.

crystallization tenperature and content of a

| Howevk ecUh gprosiei gt a torporrerep were shigwttiad Tablegcprdance

15 Conparative Exanple 2 The dehydration step to the

pol Yetheaf ¢ bhowirg nmerecsperforned in exactly the

same manner as in Exanple 1. However, a post

t f eab peht tEE2PIGRIS Tetifuct ed in accordance with the

follow_ng process. 20 4. Post treatpent step; After
conpl et IOFOPﬁéeFéSBtPSth?O?e@CB?OPhewasglng of 'tne

polymer was performed in the same manner as in Example 1
except that the washing with ion-exchanged water was
conducted 8 times, thereby obtaining a purified polymer.
After completion of final washing with ion-exchanged water,
a pH meter was placed into the washing liguid before
filtration to measure a pH after 5 minutes. As a result,
it was 8.9. The yield of the granular polymer thus
obtained was 92%, and the melt viscosity thereof was

123 Pa*s. The data of color tone, melt stability,
crystallization temperature and content of a low-molecular

weight component were shown in Table 1.

Comparative Example 1
The dehydration step to the polymerization step were
performed in exactly the same manner as in Example 1.
However, a post treatment step was conducted in accordance

with the following process.
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reaction m xture cooled near to roomtenperature was
sanpl ed and sifted through a 100-nmesh screen to
collect a granular polymer in a wetted state (water
content: 60% by 25 weight). Toithe granul ar polynmer in
the wetted state, were added 502 g of acetone and 26
g of ion-exchanged water to wash the polynmer with
stirring. At this time, the amount 48 of the washing

I uguidsksté tigpstas nmuch as the theoretical anount
of* 't K& SFol Ve "E8it &4FBd, and the water content in

the vaspLOg id i ddd e VLA ASLd 06 AhAVes,
descri bed washi ng was “performe %ﬁce,_mas i'ng undeér 5
SHb%Enga%o&nz x ggge§ E&Egpézghgto b&QQ’?E?hQPQE%)

water was conducted 3 tines. Thereaffer, this was éé
pq%MEEEyWa@7%@SQ§g HHQ@H,tgtkﬁé'QgsﬁQﬁg3Qi&ﬁg&L@§oﬂMffhal
a y

. 3% aqueous acetic acid solution prepare
agdishdn $8t8 @bnaeathenadelidwh@es/0tBetBpPfobtaining a
i on-exchanged water, and washing for 20 m nutes mﬁt%
4P0rgd fakd pbiemeRangettiat @smpBst candiuctet: final washing
additionally 4 tines to obtain a washed pol yner
Altieh dompkethangefl whitnal waphi mgtwtthas ontexehanged the

~water, a pH neter was placed into the washing |iquid

bekehenfyi Limatidoheforpedslteatbon pbl mbdenrd aniplitaSter 5
As a result, it was 3.8. In each washi ng descri bed
aFoveteshe enpereswle oft war Whshi nghkei gheddwas ske

to roomtenperature to conduct the washing. Stirring
pOFErvhas Betymgrathreasbipinftarfon®2df audpeEisitemlt

Sifting.of the polyner onent after_ the 20 washi ng
WS SEBRAGEL SASBYOF| MEFal PONERST ng MOl GB TosH SEH@nTone,

Qg%iﬁgégaﬁgﬂﬁ%gf Egygtgﬁii%gkfogf%gépéggtéfétéfﬁIéghtent of

a low-mclecular weilght component were shown in Table 1.

Comparative Example 2

The dehydration step to the polymerization step were
.performed in exactly the same manner as in Example 1.
Bowever, a post treatment step was conducted in accordance
with the following process.

4. Post treatment step:

After completion of the reaction, 707 g of the
reaction mixture cooled near to rcoom temperature was
sampled and sifted through a 100-mesh screen to collect a
granular pelymer in a wetted state (water content: 60% by
weight) . To the granular polymer in the wetted state, were
added 502 g of acetone and 26 g of ion-exchanged water to

wash the polymer with stirring. At this time, the amcunt
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to 60% by wei ght. The washed pol yner obtained in this
manner was dried at 1050C for 13 hours by a dryer.
The yield of the 25 granul ar pol ymer thus obtai ned was
93% and the nelt viscosity théreof was 81 Pa(err)s
The data of color tone, nelt stability,
crystallization tenperature and content of 49 a

| ow nol ecul ar meight conponent were shown in Table 1.

WP ratlvereag{ u1d 1s EF ég S%n %pgsAtgg thggretlcal

ave e %o anlun1mas cha

By 7 g s o it e 1.

X{Lﬁd“%tg 3l 'bz_yatheQ'E_‘;htt' tragtop AR hadhye-
61 8696 by wei gh . sodi um sul fide (Na2S)

CC&EéﬂﬁlbéhlﬂésHHHd dgﬁﬂﬁa}ﬁyim@@akwkb@a|w&@h@ﬁgoﬁnder
63. 44% by wei ght as 10 neasured by iodinmetry and 1,178

0 ofinaifdy 78% o Weirghles aqueows ssediodmibydeaxhdfged water

(NaOH) solution (NaCH content: 22.02 nol) together

Witds 6ot caf NMRmeNaOH NaSH bef ore dehydration is

1.02 (nmol/nol), and NaOH/' S is 1.00 (nol/nol). After

pur ged Bheheafteogenhgasyathed comiwmtss waes evasted under

gradual ly heated to 2000C over 2,5 hours with stirring

t stidimind |fogf 30 tgsofvivdt ér OaRd 8%8e8ug efelP. acid

At this tine, 0.39 nol of hydrogen sulfide (H2S) was

va%qn%%@r%qre%womwgyl -Bfe Jambuaccstct peid to 470 g

available Sin the reactor after .the dehydration steE
2SI Y20 o ditd &ffashéggvé:%t#u FaRusep with

o'éfgfggg%%)t%ﬁ%hanged(ﬁﬁtgﬁs%%sogo% C%ggrgggi§ionally 4
times to obtalin a washed polymer. After completion of
final washing with ion-exchanged water, a pH meter was
placed into the washing liquid before filtration to measure
a.pH after 5 minutes. As a result, it was 3.8.

In each washing described above, fhe temperature of
the washing liquid was set to room temperature to conduct
the WaShingy Stirring power was set to at least limitation
of suspension. Sifting of the polymer component after the
washing was conducted by filtration using a 100-mesh screen.
A ligquid content in a wet cake after the filtration was 40
"to 60% by weight.

The washed polymer obtained in this manrner was dried
at 105°C for 13 hours by a dryer. The yield of the
granular pclymer thus obtained was 93%, and the melt
viscosity therecf was 81 Pa-s. The data of color tone,

melt stability, crystallization temperature and content of




10

15

20

25

2. Charging step: After the dehydration step, the
reactor containing 21.68 nol of the available S was
cooled to 1700C, 3,266 g 25 [pDCB/available S = 1.025
(rmol /ol )] of pDCB, 2,262 g of29NWP and 115 g [total
water content in the reactor/available S - 1.50

(nol /ol )] of water were added, and 35.6 g of NaOH 50
having a purity of 97% was added in such a manner that

Na ' h | abl /
(I\Ig()&-?c_)kqIu(@?Slﬁf‘izlrlr'l[t)%21 pfgcr) Iﬁ\é:(léoa OI%IP at"’:’ r|eza]T? onrg gon ﬁg%’l)e iR
contained in the re@&ﬁgéra§1§é2§%i élgatlon st ep:

Wiile stirring the contents at pm by a stirrer

|@stggh?gré@lgge3{§§ctor a reaction was conducted at
200C 1 hour, ‘and the reaction m xture was then

heat ed A @0-23Q ¢ 2R t3Q 1BRULEQSaLREPNAHEE bRetE AR 1R MWwas
at 2300C for 10 1.5 hours (first-stage pol ynerization
StRprge@NWetsi DBl o pPERT apesdud2984idhereBfdilfide

the nunber of revolutions of the stirrer was

| napAsesolot400 [Pl fddl(S) geaitevad er22 s rehiar gedilytical
under pressure into the reactor [total water content

i nalhe otale Bl /lowad | adher8 22063 (nidlvanwilgr] mattiieel :1%1.86%
continuing the stirring, and the contents were heated

thy P850Ttt (2Eohdlueel e reekttworsfloridk O(Nwof) scontent: 0.55

(second-stage polynerization step). 4. Post treatnent
s‘i“%b] PR T ERY cHRpA R O L. t‘ﬁéh%% iGh, 44 @3 @eiigdnes
mer was washed in the same manner_ as |n Exa

AL G A e R s MR Tu EP AP LA
fi

aquéous sodium hydroxide (NaOH) solution (NaOH content:
22.02 mol) together with 6,700 g of NMP. NaOH/NaSH before
dehydration is 1.02 (mol/mol), and NaOH/S is 1.00 (mol/mol).

After purged with nitrcgen gas, the contents were
gradually heated to 200°C over 2.5 hours with stirring to
distill off 901.0 g of water and 833.3 g of NMP. At this
time, 0.39 mol of hydrogen sulfide (H;S) was volatilized
off. Accordingly, the amount of the available S in the
reactor after the dehydration step was 21.68 mol. The
amount of H,;S volatilized off corresponded to 1.76 mol%
based on the charged S in this step.

2. Charging step:

After the dehydration step, the reactor containing
21.68 mol of the available S§ was cocled to 170°C, 3,266 g
{(pDCB/available 8 = 1.025 (mol/mol)] of pDCB, 2,262 g of
NMP and 115 g [total water content in the reactor/available

S = 1.50 (mol/mol)] of water were added, and 35.6 g of NaOH
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washing with ion-exchanged water, a pH neter was

placed into the washing liquid before filtration to
neasure a pH after 5 mnutes. As a result, it was

11.8. The yield of 25 the grasol ar pol ynmer thus

obt ai ned was 85% and the nelt viscosity thereof was

171 Pa-s. The data of color tone, nelt stability,
crystallization tenperature and content of 51 a

| pwe ol ecul ar. wei ght,.conponen re sho in Table 1.
BT T EETTE o ® PO Tor Srog: MR726H (T

a a EHQ? f_.titani r
mﬁ?%gﬁ,ggoéégg&%ggg% aqd%%ﬁg&g% |U¥¥%§%§é§ﬁl@?§é§gﬂ)' NaOH
(%@SWQ_ﬁ@iPtﬁfghié%&f¢gi&5%$f%¥gfggfo %ﬁﬁ%@ﬁvhé contained
anal ytical ‘value of SH by a neutralization

tihratd ope@thod: 59.5% by weight (19.01 nol) ;
sodi um sul fi de (Na2S) content: 0.83 nol] having an

apal yé1Eadr vad tieor0fs 84 12% by wei ght as 10 neasured by
iodimetry and 1,028.7 g of a 73.95% by wei ght aqueous
sodi unwihydeoxicde r¢ NgOdhesebttenns (NaCGkEconte by a 19t DPrer
nol) together with 6,001 g of NWMP. NaOH NaSH bef ore
dehy e Bt ¢®nin stHe 0Qddidd M )rezaitd INAGHsS donid@c®@d at 220°C
(mol /ol ), After purged with nitrogen gas, the

cHrt ehtlower eand 5 hyr acheattiprhesitgtiteo v260G0eoyv ra2el to

hours with stirring to distill off 830.8 g of water

a0 “r8d ng 36f mNwWRteAt tohiconduictethe. 88amblonf ahydddlerfor

sulfide (H2S). was volatilized off. Accordingly, the

amouto WS t Hel ka9 @i Pe it a ti@ac serdf Cepvergion of
The 20 anpunt o

VT 1 120 o or  4BR5Ra5h 50 TP HBPYE Dhsedvor tions
t@@ fﬁguég%kégé'%égﬂf%égég%ed to 400 rpm, 441.3 g of water
was charged under pressure into the reactor [total water
content in the reactor/available S = 2.63 (mol/mol)]l while
continuing the stirring, and the contents were heated to
255°C to conduct a reaction for 4.0 hours (second-stage
polymerization step).

4. Post treatment step:

After completion of the reaction, the resultant
polymer was washed in the same manner as in Example 1 to
obtain a purified polymer. After completion of final
washing with ion-exchanged water, a pH meter was placed
into the washing liquid before filtration to measure a pH
after 5 minutes. As a result, it was 11.8. The yield of
the granular polymer thus obtained was 85%, and the melt

viscosity thereof was 171 Pa*s. The data of color tone,

melt stability, crystallization temperature and content of
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2. Charging step: After the dehydration step, the
reactor containing 19.45 nol of the available S was
cooled to 1700C, 2,902 g 25 [pDCB/available S = 1.015
(rmol /ol )] of pDCB, 3,533.7 g5af NWP and 170 g [total
water content in the reactor/available S = 1.70

(nmol /ol )] of water were added, and 45.8 g of NaOH 52
having a purity of 97% was added in such a manner that

(NaOH in the reactor /[available . S) is 1.100 (.nol I
(REH Rot 08 SR SN EVRNAI S Shad, bkl (DI 1.

is contained in thecérﬁ?ﬁaoiivé &antﬁ’)qlze\érgeri zation
e

step: Wiile stirring contents a O rpmby a

siirpehyatlnsialledin the reactor, a reaction was
conducted at 2200C for 4.5 hours (first-stage

pol ymemni 2ati1gR st @R oe@BYEr $keActOF) PRXE: o ADOUEa9BW - was
Thereafter, the nunber of 10 revol utions of the

Sth&r§ed Wasth nCrepsed ¢ @ A0t rdfle S spdi@in Wb sWas ide
charged under pressure into the reactor [total water
conaemt saldtieod epeilofdavea) aldreceits 39A4% 4 mpll/;mahkllytical
whil e continuing the stirring, and the contents were

heat eel of ANZXHH06Y to rownduclt i zaa trieac thidmr sftdon2 @ thodrs 59 . 5%
and then 15 cool ed to 2450C over 30 m nutes to conduct

aby eeeidion f1%. 01 m&Lhowsi{wecond-steag@iazS) content: 0.83
pol ynmeri zation step). 4. Post treatnment step: After

c@‘h%] rondfan g Baktdoh, valie ds fi2-datt Ppolpreh twas
washed in the same manner_ as in Exanple

Gt 96 i | T ooy e A o GpHioR G P PRaeiont
é?%@%%@s V\éé illm?rhx_,? rcchxaincgeed(lx}/avaotﬂe)r ’soﬁ&HiorrrlEt(ﬁ’ao\f}fa%ontent:
19.02 mol) together with 6,001 g of NMP. NaQH/NaSH before
dehydration is 1.00 (mol/mol), and NaOH/S is 0.96 (mol/mol).

After purged with nitrogen gas, the contents were
gradually heated to 200°C over 2.5 hours with stirring to
distill off 830.8 g of water and 782 g of NMP. At this
time, 0.39 mol of hydrogen sulfide (H»S) was volatilized
off. Accordingly, the amcocunt of the available S in the
reactor after thé dehydration step was 12.45 mol. The
amount of Hy;S volatilized off corresponded to 1.98 mol%
based on the charged S 1in this step.
2. Charging step:

After the dehydration step, the reactor containing
19.45 mol of the available S was cooled to 170°C, 2,902 g
[pDCB/available S = 1.015 (mel/mol)] of pDCB, 3,533.7 g of
NMP and 170 g [total water content in the reactor/available

S =1.70 (mol/mol)] of water were added, and 45.8 g of NaOH
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into the washing liquid before filtration to nmeasure a
pH after 5 mnutes. As a result, it was 10.2. The
yield of the granular polymer thus obtained was 80%
and the nelt 25 viscosity therg&df was 470 Pa-s. The
data of color tone, nelt stability, crystallization
tenperature and content of a | ow nol ecul ar wei ght
corrponent were shown in Tabl el 53 LnU co (O C(C

P Tl T SRS ey R i e
(%[bd):r lcnqc)tﬂé dadrorPBvi 1 @NIN shnikn1CPobOhB1 Vo). waom
(0.79 mol) produced by veolatilization of HxS is contained

in the reactor.
3. Polymerization step:

While stirring the contents at 250 rpm by a stirrer
installed in the reactor, a reaction was conducted at 220°C
for 4.5 hours (first-stage polymerization step; conversion
of pDCB = about 93%). Thereafter, the number of
revolutions of the stirrer was increased to 400 rpm, 603 g
of water was charged under pressure inftc the reactor [total
water content in the reactor/available § = 3.45 (mol/mol)]
while continuing the stirring, and the contents were heated
to 255°C to conduct a reaction for 2.0 hours, and then
cooled to 245°C over 30 minutes to conduct a reaction for
11.5 hours (second-stage polymerization step).

4. Post freatment step:

After completion of the reaction, the resultant
"polymer was washed in the same manner as in Example 1 to
obtain a purified polymer. After completion of final
washing with ion-exchanged water, a pH meter was placed
into the washing ligquid before filtration to measure a pH
after 5 minutes. As a result, it was 10.2. The yield of
fhe granular pclymer thus obtained was 80%, and the melt
viscosity thereof was 470 Pa:'s. The data of color tone,
melt stability, crystallization temperature and content of

a low-molecular weight component were shown in Table 1.
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4 O N4~ co U u0) -11 4~ 043 U co (o HO a) 4)
-1~ ~: U cod4dr 4~ .,-Aaa) ~ ~30 0-~J 4P
co~ U -i V) 2L 0 m~4 0 54 As apparent fromthe
results shown in Table 1, it i53 understood that the
PASs (Exanples 1 to 5) according to the present

i nvention have a resin pHranging from7.0 to 12.0,
and are high in mhiteness degree, excellent in nelt 5

[ ]
the ot ey T e A stimsr Pie WASRIGP| FAra Cait i
tﬂﬁdgkgﬁbo&aﬁ éggtﬁ a?§§§sarégm§i@$ 4 g%ﬁﬁgltene%ﬁﬂgto the

degree and nelt sta OWer e arative

Egseaplegtllnvgw@poﬁhﬁap@ eréyfnvmmg}gge 'ﬂrg%rdonﬁw & 12.0,

final 10 washing stage Is too 't stability

i snboweserighand Lhec&hyst 3<!1é¢r?@é ! %é&%@% frelt
becones hi g% (Conpar ati ve Exanpl e 2) Wen the

PoLYPELiZAt bR 16@NThtéPRStd DT i BAS <10 Nofpdaldu thin
the range of the present invention, it is difficult

t 0 obt &irn thePAShEY execel, | ehkni Iﬂh‘MﬁpHeBQSSth@.ﬁ@Bl@@d_liquid
melt stability even when the pH of the washing I|iquid
agtt heef f hahl weshh hyg st oagee | s tohangerh ( Gdnpathdtierness
Exanples 3 and 4). | NDUSTRI AL APPLI CABI LI TY

degree and melt stability are lowered (Comparative

Example 1). When the pH of the washing liquid at the final
washing stage is too low, the melt stability is lowered,
and the crystallization temperature becomes high
(Comparative Example 2). When the polymerization
conditions for PAS do not fall within the range of the
present invention, it is difficult to obtain a PAS
excellent in whiteness degree and melt stability even when

the pH of the washing liquid as the final washing stage is

changed (Comparative Examples 3 and 4).

INDUSTRIAL APPLICABRILITY
The poly(arylene sulfides) according to the present

invention can be molded or formed into various injection-
molded products or extruded products such as sheets, films,
fibers and pipes either singly or by incorporating various
kinds of inorganic fillers, fibrous fillers and/or various
kinds of synthetic resins, if desired, as they are or after
subjected to oxidative crosslinking. The poly(arylene

sulfides) according to the present invention are




20 The poly(arylene sulfides) according to the present
i nvention can be nolded or formed into various

i njection- nolded products or extruded products such
as sheets, films, fibers and5pi pes either singly or
by incorporating various kinds of inorganic fillers,
fibrous fillers and/or various 25 kinds of synthetic
resins, if desired, as they are or after subj ected to
OXi C OSS|l The oI . sul fide

a 8%?% Ta Eytﬁu E % en?ornvgntlé % 5o Of HPrudea
p r uita r uc

eg?&ggHEQ Le é%sPéﬁ% g bgég%erég%%gadgé ey Hare

S I 0 P I I
ot fF.Q%%E%@-‘L@* R PR T fene Sl ey
having the following properties (a) to (d): 5 (a)

nelt viscosity being 1 to 3,000 Pas as neasured under
conditions of a tenperature of 310C and a shear rate
of 1,216 sec-1; (b) pH being 7.0 to 12.0 as neasured
in a mxed solvent of water/acetone (volune ratio -
2/1); 10 (c) crystallization tenperature being at nost
220C as neasured in the course of lowering the
tenperature of the polyner at a rate of 10 Cmn from
a nolten state at a tenperature of 340C, and (d)
whi t eness degree being at |east 70 as nmeasured in 15
the formof a nelt nolded or formed product. 2. The
poly(aryl ene sulfide) according to claim1,
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whi ch further has the follow ng property (e): (e) a
rati o MW2/ W1 being at |east 0.80, wherein W2 20 is
a melt viscosity value neasured at a shear rate of
1,216 sec-1 after held for 306m nutes at 310C and W1
is anelt viscosity value neasured at a shear rate of
1,216 sec-1 after held for 5 mnutes at 310C. 25 3.
The pol y(aryl ene sulfide) according to claim1, which
further has the foll ow ng pﬁgﬁ§pgy (f): (f) content of
a | ow nol ecul ar wei ght conponen extracted by
Soxhl et extraction with chloroformbeing at nost 5. 0%
by weight. 4. The poly(arylene sulfide) according to

claimi, & ﬁﬁ@f{;%ﬂyi@ﬁe%ﬁﬂ?ﬁé&f athdihd hen dM %8 owin ting

sol vent of water/acetone (volunme ratio = 2/1) is

terddebriand(dhero crystal lization tenperature neasured
in the course of lowing the tenperature of the

pol ynmer(aat ma1rawe sebsi@y( eeihE/ m Aof BpODA PRI & efs sh@iQured
at a tenperature of 3400C is 10 at nost 210'C 5. The

pohyéar ybedet seid | sie)a acaaseaitanghteo ol @10°2, anWh&r 8hBar rate
the ratio W2/WI 's at |east 0.85. 15 6. The

pof yl a2y6 emecSul fi de) according to claim3, wherein

the content of the | ow nol ecul ar wei ght conponent

extracti®d By S@xﬁgeﬂ Extraéti Bnagi mhaenredotora mixed

nost 3. 0% by MBI? 20°7. The poly(aryl ene sul fide)
atebref hePt ow%fF% RAStoRghi P lunen 5d1AA AT yA/dne

sulflde) obt ai ned _by polynerizing a sulfur source and

a di hal‘&) aF6H§F?&lééﬁﬁéeﬁdt?ﬁp?ﬁéture being at most 220°C

as measured in the course of lowering the temperature of
the polymer at a rate of 10 °C/min from a molten state at a
temperature of 340°C; and

{d} whiteness degree being at least 70 as measured in

the form of a melt molded or formed product.

2. The poly(arylene sulfide) according to claim 1,
which further has the following property (e):

(e) a ratio MVz/MV; being at léést 0.80, wherein MV,
1s a melt viscosity value measured at a shear rate of 1,216
sec” after held for 30 minutes at 310°C and MV, is a melt
-1

viscosity value measured at a shear rate of 1,216 sec

after held for 5 minutes at 310°C.

3. The poly{arylene sulfide) according to claim 1,
which further has the following property (f):

(f) content of a low—molecular weight component
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presence of an alkali netal hydroxide in an

organi c,am de solvent. 25 8. A process for producing
a poly(arylene sulfide) by polynerizing a sulfur
source and a di hal o-aromatic 58/ conmpound in an
organi ¢ am de solvent, which conprises: (I) in a
charging step, controlling charged anounts of the
respective conponents in such a manner that the al kal

"Pédgérg%%‘%rdo’ﬂéﬂ%oiﬁ%l%r %‘%&ae‘& AnPLRRAT Eh??ﬁ?;f ﬂmoﬁeh‘?g at

e sul ur source

pPRlodrery ?atwywﬁg T polyner|2|ng the sulfur source
and the hal’o-ar omat’i ¢ conmpound in the presence of

the al kali nmetal hydroxide in the organic am de

solvent, (I1l1l) in a washing step, washing a polyner
formed 4n the: 1dI1polamErdrzatshQF isleep acepeat agl Yoatlaim 1,

| east twice with a washing liquid conposed of water,

a WhedtedphitlhieC porr g@Rist:regliolivierheomigetl xelvehgusd

thereof, and at this tinme, washing the polynmer wth
watadre rola cigeng Xed lumguirdtab & 2filhaliswdshi hg $tafe,and the
and controlling washing conditions in 15 such a manner

t lvaty sttiee 1 adfi opha ewashieng rei gepduapteint hbe aaghsaget
falls within a range of 8.0 to 11.0, and (IV) in a
cAIEEG g estteprafredhrehe twashi Rglerep, atcel Fakeing a

pol yner having the follow ng properties (a) to d):

26 0( &5/ ment fHPBCasTPY BRI PiEA 1S tat 32 OUTuPREatwee of 340°C is
measur ed unger conditions of a tenperature of 3100C

arid #°sted!rate of 1,216 sec-1;

5. The poly(arylene sulfide) according to claim 2,

wherein the ratio MV,/MV; is at least 0.85.

6. The poly(arylene sulfide) according to claim 3,
wherein the content of the low-molecular weight component
extracted by Soxhlet extraction with chloroform is at most

3.0% by weight.

7. The poly{arylene sulfide) according to claim 1,
which is a poly(arylene sulfide) obtained by polymerizing a
sulfur source and a dihalo-aromatic compound in the
presence of an alkali metal hydroxide in an organic amide

solvent.

8. A process for preducing a poly{arylene sulfide)

by polymerizing a sulfur source and a dihaleo-aromatic
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(b) pH being 7.0 to 12.0 as neasured in a m xed

sol vent of water/acetone (volunme ratio = 2/1); 25 (c)
crystallization tenperature being at nost 2200C as
measured in the course of |oweBing the tenperature of
the polyner at a rate of 10 OO mn froma nolten state
at a 59 tenperature of 340'C, and (d) whiteness
degree being at least 70 as neasured in the formof a

MEb b SRh 4 efh 0L p&{&%&r%%é 3 ucfﬂfvgeéx The AU ses -

process of the yl ene accordingto

chaj m B, o Woek 8 hd hec o%ﬂﬁlﬂ@@%&ﬁa Wi®unts of the
pol y(aryl ene sulflde) conprises the folllowng steps 1

tebpetdiva dshysialion stapnl Hindieaid RhandHLaakiang
a mxture 10 containing an organi c am de sol vent, an

ahkahl Wedadxidydiositddeer and ap@pgaltdiomeiod 1.00 to 1.09
hydroxi de in a proportion of 0.95 to 1.05 nol per nol

ahol heenlkal iohretlad suyfinosadhfdate, t o di scharge at

| east a part of a distillate containing water from

t el ntrera arolfme ez sstyisire m oamt giadivnge ri% itnlge titiex tsuléur

to the exterior of the system (2) a charging step 2

o owHiel My dntia kathalretaatonptdroxiapovasd imattée roeskace of
m xture remaining in the systemafter the dehydration
sﬂé% a2 hedtrler | i W ERPH G2 ghridre (rstentiife angldeafsiolvent,
ng% hydr oxi de and water are present .in pr%portlons

261 bt) °

1O 1R Sy n%ﬁepafnd“%ﬁ@ri% % B9 1) rmed in the
res ctlve (gp of a q% sourc%i.hereLn fter
r%‘? A "Sc%%ﬁgre??e G Sodféey SEFudithg ehe

Jf (%m’f ﬂ%/ c@p%%ecg of vﬂasa)era %O|h)§/ql§: p%E:IL I%no %Blc
3 |nc ng HIiTS
solvent or a mixed liquid thereof, and at this time,
washing the polymer with water or the mixed ligquid at a
final washing stage, and controlling washing conditions in
such a manner that the pH of the washing liquid after the
washing falls within a range of 8.0 to 11.0, and
(IV) in a collecting step after the washing step,
collecting a polymer having the following properties (a) to
(d) :

{a) melt viscosity being 1 to 3,000 Pa-s as measured
under conditions of a temperature of 310°C and a shear rate
of 1,216 sec *;

(b) pH being 7.0 to 12.0 as measured in a mixed
solvent of water/acetone (volume ratio = 2/1};

(c) crystallization temperature being at most 220°C

as measured in the course of lowering the temperature of

the polymer at a rate of 10 °C/min from a molten state at a
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pol yneri zation step 3-1 of adding a di hal o-aromatic 25
conpound to the m xture to subject the sulfur source
and the dihal o-aromatic conpound to a pol ynerization
reaction at a tenperature of 5870 to 2700C, thereby
formng a 60 prepolyner that a conversion of the

di hal o-aromatic conpound is 50 to 98% and a
second- st age pol ynerization step 3-2 of controlling

t anou n_the reaction systemafter the
f??@ RS a%%ep%¥6§5¢f%at|6§ step so as to 5 bring about

a StatQCﬁhQﬁnW@E%%s'%e&&%@eﬁglhg Qtp§8Q9£t79naso$e§s&Eed in

to 10 nol per of the charge fur source,

heaki BYrkherr£agdl PSS LM 4 of@r%d RN T her eby
continuing the polynerization reaction; (4) a washing

step 4 of washing a polyner forned in the 10
pol ymeri zation step after --he polynerization step
repeat édl yTat peastctiveepmwbidsa sbsthagpdliWHylene
conposed of water, a hydrophilic organic solvent or a
nexklideguacdcotdiengofo armimats t htsertdime, theagtrionigcitien
polymer with water or the mxed liquid at a fina
VashEags seagehe anel 162 comtrol $u g deds Fomphieedi ttihens
in such a manner that the pH of the washing |liquid
af@b%OWh@gmﬁ%%@%glf%ﬁl% within a range of 8.0 to

and (5) a collecting step 5 of separating the

péH/n%rd?lFYﬁilWWeon VSR g 9 diatdrs én rr@éwé;slmgng mixture
o el B A T e H B o i Pt RS
Cl%r/]gllftl of?;_é’fg ;_Epnf I naJ[]H:\L,PShIe St 3;%61:0)%1 e %_%ntar %lrlo%%rtlon
SUC manner e pao was

of 0.95 to 1.05 mol per mol of the alkali metal
hydrosulfide to discharge at least a part of a distillate
containing water from the interior of the system containing
the mixture tc the exterior of the system;

{(2) a charging step 2 of adding an alkali metal hydroxide
and water to the mixture remaining in the system after the
dehydration step, as needed, in such a manner that the
alkali metal hydroxide and water are present in proportions
of 1.00 to 1.09 mol and 0.5 to 2.0 mol, respectively, per
mol of a sulfur source (hereinafter referred to as “charged
sulfur socurce”} including the alkali metal hydrosulfide;

(3) a polymerization step 3 including a first-stage
polymerization step 3-1 of adding a dihalo-—aromatic
compound to the mixture to subject the sulfur source and

the dihalo~arcmatic compound to a polymerization reaction

at a temperature of 170 to 270°C, thereby forming a
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25 liquid after the washing falls within a range of
8.0to 11.0, by (i) a nethod of using a washing
liquid to which an 61 acid or basic conmpound is
added, (ii) a nethod of contra@ldling the nunber of
washing runs, (iii) a nmethod of controlling the
anount of the 5 washing liquid to the polyner, or
(iv) a nethod of combining these nethods. 11. The

! e e e aharei
fﬁgggggkzﬁgapgﬁég% mg@g\?égéﬂgn & e M H1a; WNSIG i

IS uSed as the washing

| Lopbdual thesdipal gyashing étégﬁon&—%ta% ;ﬁo{}%‘g{#z}%ion

process according to claim 8, ereint iC

o5gapi §-50b¥eRbn st { My tHige VRsNY o SLERd:S i@ dHeRSteaction

one aprotic organic solvent selected from15 the group
copstshi Agt6f kit ONEr SOl Ve S, pdli Jikd 4 18 S0l e Mi®ep AP as to

am de solvents. 13. The production process according
torehai abBut aheteid tier hydiophid i rganiia solpportion
used in the washing 20 step is an al cohol solvent.
1d4f Tbhée o oblicts brpgr oxek o Acitor dingrdedd GhdifirB,source, and
wherei n the hydrophilic organic solvent used in the
washt gy shepréscatet ongstdab 416.2 Fhecprasdict i @hereby
process according to claim8, wherein in the washing
sEeptinashy nghsv ROl e dgallophi fdactepn ;

(4) a washing step 4 of washing a polymer formed in the
polymerization step after the polymerization step
repeatedly at least twice with a washing liquid composed of
water, a& hydrophilic organic solvent or a mixed ligquid
thereof, and at this time, washing the polymer with water
or the mixed liguid at a final washing stage, and
controlling washing conditions in such a manner that the pH
of the washing liquid after the washing falls within a
range of 8.0 to 11.0; and

(5} a collecting step 5 of separating the polymer from the
washing liquid after the washing step and drying the

polymer.

10. The production process according to claim 8,
wherein the washing conditions at the final washing stage
are controlled in such a manner that the pH of the washing
liquid after the washing falls within a range of 8.0 to
11.0, by

(i) a method of using a washing liguid to which an
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organi c solvent or the mxed |iquid conposed of water
and the hydrophilic organic solvent is conducted, and
washing with water is then conducted. 5 16. The
producti on process according td claim15, wherein the
m xed |iquid conposed of water and the hydrophilic
organic solvent is a mxed liquid containing water
and the hydrophilic organic solvent within a range of

fﬁgﬁﬁlb 9b59189¢&m%8u$§f£§ ofy8q4wei ght ratio. 10 17.

The production proctess according’ to claim15, wherein
in the yashing Step tfh%%ﬁ&gimq ' tReanmied ok guLg;
conposegggf wat er ang thg y ropﬁq iceoPgaégc Ogoﬁ%éﬂ%ng
apdneontai ning water in a proportion of 1 to 60% by 15
wei ght is conducted, and washing with water is then

conduct@d.i)18& mEi@cRr eduehin@cRNeeesshacaRbdhRdokOthe
claim8, wherein in the washing step, the polyner is

wasbeiin@01  gpeat edl yheinpd1lyhde, content of a

| ow mol ecul ar wei ght conponent extracted by Soxhl et
extractiion w tiethbldondf eonmbing ngedueed methAbdaost 5. 0%
by wei ght. 19. The production process according to
claim8, 25 wherein in the collecting step, a pol yner
further having the follow ng property (e) is

col | ectldd (&heapradieot M/ mMacodes mrerrdieusttd.GGgim 8,
wherein W2 63 is a nelt viscosity val ue nmeasured at
a"BRESI" r bt ettt AT sTeRP 1 VY Helu$dors3Ghe washing

jnutes at 3100C and W1 js a nelt viscosity value
rnr%Ja%‘ﬁjr(idaBt %ée s’fcfe%ﬁnl g9 152 see- !

12. The production process according to claim 8,
wherein the hydrophilic organic soclvent used in the.washing
step is at least one aprotic organic solvent selected from
the group consisting of ketone solvents, nitrile solvents

and amide solvents.

13. The production process according to claim 8,
wherein the hydrophilic organic solvent used in the washing

step is an alcohol solvent.

14. The production process according to claim 8,
wherein the hydrophilic organic solvent used in the washing

step is acetone.

15. The producticn process according to claim 8,

wherein in the washing step, washing with the hydrophilic
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after held for 5 mnutes at 3100C. 5 20. The
production process according to claim8, wherein in
the collecting step, a polynmer further having the
followi ng property (f) is collécted (f) content of a

| ow nol ecul ar wei ght conponent 10 extracted by Soxhl et
extraction with chlorof ormbeing at nost 5.0% by

wei ght .
organic solvent or the mixed ligquid composed of water and

the hydrophilic organic solvent is conducted, and washing

with water is then conducted.

16. The production process according to claim 15,
wherein the mixed liquid composed of water and the
hydrophilic organic solvent is a mixed liguid containing
water and the hydrophilic organic solvent within a range of

from 1:99 to 99:1 in terms of a weight ratio.

17. The production process according to claim 15,
wherein in the washing step, the washing with a mixed
ligquid composed of water and the hydrophilic organic
solvent and containing water in a proportion of 1 to 60% by
weight is conducted, and washing with water is then

conducted.

18. The production process according to ciaim 8,
wherein in the washing step, the polymer is washed
repeatedly until the content of a low-molecular weight
component extracted by Soxhlet exiraction with chioroform

is reduced to at most 5.0% by weight.

19. The production process according to claim 8,
wherein in the collecting step, a polymer further having
the following property (e) is collected

(e} a ratio MV,/MV; being at least 0.80, wherein MV,



10

63

is a melt viscosity value measured at a shear rate of 1,216
sec™ after held for 30 minutes at 310°C and MV; is a melt
1

viscosity value measured at a shear rate of 1,216 sec”

after held for 5 minutes at 310°C.

20. The production process according to claim 8,
wherein in the collecting step, a polymer further having
the feollowing property (f) is collected

(f) content of a low-molecular weight component
extracted by Soxhlet extraction with chloroform being at

most 5.0% by weight.



