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[Title of Document] SPECIFICATION [Title of the Invention]
POLYARYLENE SULFIDE AND ITS PRODUCTION METHOD [Technical
Field] This invention relates to a polyarylene sulfide of narrow molecular
weight 5 distribution, high molecular weight and high purity which is
industrially useful, and relates to a production method of the polyarylene
sulfide havri'rﬁg these advantalgéas. [Background Art] Polyarylene sulfide

a

[Title ofBXecHBEay e ttiisiHiBeMs PAS) represented by polyphenylene
[Title FUHILSHNSIRGHET PeAYRRIERIEaiRS PIEPANIS ArESsRVDIGEIRSNMRETHOD

preferable properties such as excellent heat resistance, barrier properties,
[TechrhahtiezElresistance, electric insulation, hot wet resistance or flame

resistance, as an engineering plastic. And, it.is moldable by injectjon .

mOBind e SRR SRR g T Vs s dRas B b ECU S eight
distribsiicRt eighfiheeandmideintisad Hidheliatgswvhisghiasnefustians @leailicand

-electronic parts, mechanical parts and automobile parts in 15 which heat

relatesdgiganed uptiverafified rekibgnely ardeaguitdtida baving thege pevapiraes.

[Back@?ﬁcﬂmf’ﬂjt aid PAS, a method of reacting alkali metal sulfides such as
odium sulfide and polyhalogenated aromatic compounds such as
p-&ohlarglkeszanéde (ngesadtamideysbiyebtsrsuicticasas PAS) represented by

« N-methyl-2-pyrrojidone j d, and this methad.is.widel loyed

polyp SR BB e i DB S Bed ks Skl has

preferBlSBrb GBS SRRFPAS IOXERIY A HIRE R papR At ISR f;smp@ﬁﬁeaa lEhémical
u

high pressure and under a strong alkaline condition, and further,

resistenpRreioetiioiassiavients et wgh I6SiRtRE6IAN SGtheareNSiRReg| as an |
engin8¥Ff0|'dCfQ§ti'§. : nﬂ%%ssﬂyh?&gébybaﬁefi n @&ISW b @%ﬂ?@gﬁﬁ r?%?a 'ﬁg into
neeagcﬁ) ty a eoi

SINCE it IS erfergy exhaustiv e in whic eat cost Is nee
variodomnsoktedtyaeycling 26 &iilthesnbreststncefiberpahuineidzijiaseeaotite ifields
of agoly_condensation mechanism, much amaount of side products such

such g8 ShURIIAUHRIAEE% FRAIRYE PARE RFHIF ISR RRIT R G éyigrgbtle parts in

O T S o o orcinary

treafmencoanehe conthnetionlpeihaithbisantiRiie sy msstadre fsadingsatkal
metai%%%%%%éigﬁ%osg n%% %%?ﬂdg %lrlfg l;iacrari'y t%'l&é’é‘};%rt‘éés acr%rﬁ%%i{?g %b\rﬁvggﬂn%% such
as p-dichlorobenzene in organic amide solvents such as N-methyl-2-pyrrolidone is
proposed, and this method is widely employed as industrial production method of PAS.
However, in this production method, it is necessary to carry out the reaction at a high
temperature, a high pressure and under a strong alkaline condition, and further,
expensive polar solvents of high boiling point such as N-methyl pyrrolidone is
necessary, and it has a problem that a great process cost is needed since it is energy
exhaustive type in which a great cost is needed for solvent recycling.

Furthermore, since the polymerization reaction is of a polycondensation
mechanism, much amount of side products such as sodium chloride is produced.
Accordingly, a removing step of the byproduced salt is necessary after the
polymerization reaction, but it is difficuit to completely remove the byproduced salt by
an ordinary treatment, and in commercially available and widely used PPS products,

about 1,000 to 3,000 ppm in alkali metal content is contained. When an alkali metal
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salt is left in the produced polymers, such problems as damaging physical
characteristics including electric characteristics arises. Accordingly, when
a molded article in which such a polyarylene sulfide is used as the raw
material is used in the field of electric or electronic parts, deterioration of
electric characteristics by the alkali 5 metal in the polyarylene sulfide
becomes a big obstacle. Furthermore, polyarylene sulfide obtained by this

salt is ig8b egreivs atLRRYREER WRIARSRIRT ARIARIBIRPYRISH, and
charaQBNEIRR dearemef dSRRESIHNLSXRASEES Q?fégél’ rafe Qf Rigit %lYﬁ-:rﬁ%emglded

molecular weight'and number average molecular weight is Véry large an
articleiinsvehmblysneh of pobrandems iegifide veeigkdl8sdistritavi onateoialhatusasonfhe
i hen it is used for a mold prqcessing.application, . sufficient mechapical .
field o IR GHE AL A B BIE I DL e AR S At B kel
metal GRhEOpIPANOTEEhanfieted yvasda ary Bgkiel@mount when contacted

with a solvent was large, etc. In order to solve these problems, for

ex%m@,rra@@pp@vﬁfmag at&ﬁé%qmﬂiﬁg%wémwwmwéﬁuph
amout &g m@&@rsg@ﬁgt%ﬁ%&%%&%w&?%QP@@%P&#QBQ%n

treatment under oxi a pher€ such as in the air, becomes
expreseat $gaifye batithef preigfdsbe cageenfniteisomelitdteddndnredactviye

also decreased (e.g., refer to Patent reference 1). As methods of .
moleclgy AR BT BB R AR FO RGO D HBORGNA g

distribMESROd R RseNEKIH s EMIeRU RN digidbsiiisroagsieseton,

PAS 20 contains much amount of low molecular weight component, a

sufficiatdthmetba pigatichacactsrishas e e pataxykitaixand orebissontartrigat an

amou;"{EB{El ”%%ScBomapB“n%“rﬁ.”mJ?%X*H85%%""5% Ca?t%n%]oqu% Saﬁr[? %tsv(\)lmgrqtcontacted
phasgé mainly'comprising solvent at a emaera are” higher than the lowest

with atebipentines anybjcit ASrforaisragnaiies thlaasepiotkensbjoheriextieact step
the impurities, or a method of precipitating and coIIectinggg(ranular 25

of forigrAc aneriBkBIm§trieiep f e TRRNESE HeEtHYe, & NE PR /RSH ARGt by
subje MRSV AIAS SkRRISATRLANE DS MRlesHar MG A STREQUCh as

is narrowed since the impurities are extracted by the heat extraction
in the effiedtebumnge effEtsnns mdutiieiprecassdh doame fedbarapomipditedend

o S AR B SR R e oo e

abayerBeiiNeHiPIRRIERY Hhed 5 the above-mentioned problems of PAS, that
is, as a method to improve that the molecular weight distribution is broad since PAS
contains much amount of low molecuiar weight component, a method of purification
by phase separating a mixture of PAS containing impurities to a molten polymer phase
containing PAS and a solvent phase mainly comprising solvent at a temperature
higher than the lowest temperature at which PAS forms a molten phase, to thereby
heat extract the impurities, or a method of precipitating and collecting granular
polymer after cooling, is proposed. In these method, it is expected that the metal
content of PAS is decreased and the molecular weight distribution is narrowed since
the impurities are extracted by the heat exiraction effect, but the effect was insufficient,
and, the process was complicated since it was a method in which an expensive
solvent were used (e.g., Patent references 2 and 3).

As another method for solving the above-mentioned problem, that is, the
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problem that PAS contains a much amount of low molecular weight
component and has a broad molecular weight distribution, a PAS of
which ratio of weight average molecular weight Mw and number average
molecular weight Mn, Mw/Mn, is in the range of 2 to 5, which is produced
by a method characterized in that a sulfur source 5 and dihaloaromatic

compound were reacted in an organic polar solvent under a condition of a
problegantipal ByFe 2rtain 28070 ¢0raMOHND A0V BNiEGdar NS ightaaratreRent and

S ith an i lyen r nditi f r
has & B e R PR e SRR ST WS A o
molectiatesuighiveighindisitibiie m i cijainect dyulemegigot v Maletitads in the
weight component by washing with 10 the organic solvent at a hi

h
range @hdpidaure!iehe’S It Iae A S ALMBI oA FRsiaHAR 'Pg! S Bifur source
and diNESIARUIRERRARRAS QR RSB 2RBHISHiIMBYIAIN TRt ARddPe

effect was insufficient. Furthermore, in said method, since much amount
condit@fnexfpe tesivpdithiivng 28thjsodBa°TS eyl hteh2 polymaeriddherrsfaigained was

there remained .many problems to be solved. such.as, that it is, not o
wash o AR S NG RO R e 8 PR e & TR g0 220C
is disdRaient raienesHddcianmstPabokingy GAIR) dhadnsificieriomeleadiant

~_ weight distribution of the above-mentioned PAS, a PAS obtained by a _
distribgisi isiehtaieasteyCIeARAMBEZASWI MBI WRIPHRAREIRAMGAE RndyBPRIRY With

the org%@@ caNRmeiah W%m%ﬂﬂj@m‘a@ RIS PAGMACISAMRM N BFEin the

merized in an aprotic organic solvent, and to the obtained 20
PAS gidharievizstiaie gmetioidispeasimngsRdS andigiyeolzioed ddetiddnprotiGctard the

T e T
experddlipniars sgdpd madialadempaiatysp Righpnatbaniirnigwasle remained

temperature at which the PAS polymerization reaction product forms a

many pisitdansiedasepefhethasoihabititorob ¢rnuyepbeatss (Bupiemeins in
PAS @%?&?Q%ge%m%%gi &?!gg%ﬁ@%@%feh%g’ eby the molten polymer

ase’is cdllected, Is IS method, it is expected that a PAS
of aghamestiodletinasrodightitisinbuficie tavivigcutheoredbt dispriystion of the
Mw/Mn, around 1.9 is obtained, but in this method, since a method o

dof .
abovesmentRREHRR St BHRIGER Ol ARLP AISTIRN BRTHSAS a8 RIS RS i that,
an allGMRRYRCBYgRigeinoAATBAERa R Praad J0RIgEHAK WeiNIiRIdBHERY

to an 30 extraction treatment in a molten state at a high temperature and a
aromatigrcpregeursl ate @lymerized in an aprotic organic solvent, and to the obtained
polymerization solution containing PAS polymerization reaction product, 5 to 50 wi%
water with respect to the whole solution and an inorganic and/or organic acid to acidify
the above-mentioned polymerization solution are added, and at a temperature higher
than the lowest temperature at which the PAS polymerization reaction product forms a
molten phase, the polymerization solution is phase separated to a solvent phase and
a molten polymer phase to thereby the molten polymer phase is collected, is disclosed.
By this method, it is expected that a PAS of a narrow molecular weight distribution
having a degree of dispersion, Mw/Mn, around 1.9 is obtained, but in this method,
since a method of separating much amount of low molecular weight component from
PAS is employed by subjecting PAS having a broad molecular weight distribution to an

extraction treatment in a molten state at a high femperature and a high pressure, the
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process is complicated and the yield of PAS obtained is low as 80% or
less, and further, in said polymerization of PAS, much amount of
expensive lithium compound is used, and there remained a problem that
a residual lithium in the polymer is feared (e.g., Patent reference 5). 5
Furthermore, as a production method of PAS having a narrow molecular
weight distribution, a method of heating ring-opening polymerization of a
procesydficampberieditnd Higymisk if theSprddainesd¢ deviadadhfig wpeamdgnd
olymerization catalyst, is disclosed. In this method, different.from the .

oo R Rt LR Ao L AN P e SLEus W AR Pound is

used, mdnaard asranimaalecutabiweiahtle eisidbuliamismbtathedvifhest heared
complicated organic solvent cleaning operation. However, in this method,

(e.g.. BRRNBFPIIKENIREA salt of sulfur such as sodium salt of thiophenol is
“Seﬂﬁﬁxg}%@;%@@%@@&ﬁ%ﬁﬁé‘%h %ﬁt g HbUﬁ‘i‘?Sé( HhESR ?ﬁcﬁéﬁ:lar
there was a problem that much amount of alkall metal Femains in the PAS

weighbbitatnbdiichna imétisthefiehtiing dsgwhererth ealyroentafitimeatesidyalic

alkali eta_is decreaged 15 by decreasing the amount used of the .
ary*e%ﬂékﬁ& @%‘8\%8@&%&%%‘9&@&, HEIRGENE-BRANIEIE Bl Riisalan
cataly$eighiistBo&iobipined hespvesdrridivierineilie RFEQBLMBIRIGREEFatent

and 7). As a method of solving the problem of PAS obtained by the

refereaﬁése?ra@ﬁti’gdw m@@aﬁité@t@n?&ﬁdwwrwaaréamﬂy m@laﬁ%@ﬁwﬁght

distridGREVR éﬁ‘fS‘fhg&ﬁWﬁﬁ’ﬁ% %&%ﬁf@é’fé&“8£%%]%§‘88!féﬁ%%é’?ﬁ\‘\’§'Se'B&ation.
cyclic aromatic thioether oligomer is ring-opening polymerized by heating

Howeuerdén pvisersibod aspalgraardktitimstbhtait whinhifgesechies asdilfun salt of
radical, is disclosed. In this method, since a nonionic compound is used

thiophgdgl fiytcrBadoR TNERBRTHE BRPLBRIFAHAMRAME T ToMUTRISOT PAS,
there WSCRIBIBBRRARAEHAREFFASRAINHANMENG! HRRs VaRRNANARPRRYIED Blined.

25 the polyphenylene sulfide obtained by said method is low as 85C. This
And indhisdagteothénmerecuiaewdhheimiomtafd healeshiabiadalienetaLisiciecreased

contains much amount of, lQu malecular weight compoenent and, the
uch ameynih 9wy g sompens

by e SRR IR et i BT O B CRRA AP LRS G bR ot ere was

a proliisHechiamvekghianddlghion Predeulainel Jrddistabutientidienthesmoratent
althozgh there is no disclosure about a weight loss ratio when heated of
referesgesSRINpbAknylene sulfide obtained by said method, since the

PONENEHZaHRIY IBIIGIRNinG the problem of PAS obtained by the above-mentioned
method, i.e., a method of decreasing the amount of residual alkali metal in PAS, a
production method of PAS in which a cyclic aromatic thicether oligomer is
ring-opening polymerized by heating under presence of a polymerization initiator
which generates a sulfur radical, is disclosed. In this method, since a nonionic
compound is used as a polymerization initiator, it is expected that an alkali metal
content of the obtained PAS is decreased. However, glass transition temperature of
the polyphenylene sulfide obtained by said method is low as 85°C. This is because
the molecular weight is low and, said polyphenylene sulfide contains much amount of
low molecular weight component and the molecular weight distribution is broad, and it
was insufficient in view of molecular weight and narrow molecular weight distribution.
Furthermore, although there is no disclosure about a weight loss ratio when heated of

the polyphenylene sulfide obtained by said method, since the polymerization initiator
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used in said method has a lower molecular weight compared to that of the
polyphenylene sulfide and its heat stability is also inferior, it was feared
that much amount of gas is generated when the polyphenylene sulfide
obtained by this method is heated, and its molding processability is poor
(e.g., Patent reference 8). 5 Furthermore, in the ring-opening
polymerization in the production method of PAS disclosed in Patent

used iremidnm?@cbrmtadmmwaqh@triw@igﬁé pmﬁ@am@ t@ﬂmbmfﬁmt to

solyp SRS IHIY S1F I RS e olgamer Wiieh SubsiANAlY on

COﬂ aln a linear po € as ItS monomer source, an

amouRnbf gaeiesneiiatsaallinenauat siipaanprirarylafigsoliidmisdasiitiednethod
In general, 10 since cyclic oligomer is obtained as a mixture with much

's healgroapdisimelr i BrRereapllitnianae bR @ubrtoniifiaesares)
Nee R ARG A0 E"tgu ﬂlég‘ g&%ﬁ%g{%%l%%nQH?H@'E%%E%H&?@&%H of

up factor of PAS o h allows to use a mixture of
PAS chgclasetigorﬁ’atmtcmfwanobgcﬁﬁer&s‘t nsoulmnebeddhai ihighine preferable

fion has d. th d,
oo} e A dt SRR ET T BN B e? QURAT MUY fmoar
substaittiiig @@é&eﬁ@%mﬁ@mqussf@a}%@m@@@1@aﬁﬁ@ﬁdz¢s@reagece and

1). This method is an easy polymerization method of PPS, but the degree
only a6f pkamaiy sioall A MheLobefifegar pslvayRie sidfinesia aupetierich i general,

since ége{i%poeif fc?ﬁu'@rr ACHERLAS % 25 Oé’é %a\'ﬁ E@?ﬁi&gﬁs@% SRR ESP?L A8 oligomer, a

gree or polymerizatio cou y raising t eating

purifidatiopesptrstidiuby atghdelebisarseessamy mmt&nalara/\mghpsmmbha:fmrohgomer
practical use, and in this case, a formation of cross-linked structure coul

and “H%PS&%%I@QC%HLi'f’v@%@%ﬂ%t@é%m%%fB%@E\méh"‘f?’ﬁaé}] fpws to use
a mixthRI9e %%%%l'ﬂ@@r%m?dﬂ?& 20 R RONEIZAERNn BRihod

of a PPS of h|g quality suitable for practical use has been desired. 25 On
réng—ommaamﬂm: a@fﬂﬁéth@asi)@f‘erjeﬁﬁeﬁsmg weight loss ratio when heated

o R s sR Re

Xa e, a me reatl yliene

cyclic@ﬁ@@mwegx% igtheessd ere mabadeepemivce I@\@@dlkaw:a (haitingatent
point, or a method of heat treating polypheag/lene sulfide in an inert

fefereéwﬁo*sbheT@fatraqmﬁBéﬁae@r@aéwepmﬁw@ PhRIBHPARHT BR. ?@éhe degree
of polREM ARSI RRS SRR PENRUIRIR LePPINAMENE \ihich is improper for

practical use. In said reference, it is disclosed that the degree of polymerization
could be increased by raising the heating temperature, but yet it did not arrive at a
molecular weight suitable for practical use, and in this case, a formation of
cross-linked structure could not be avoided and it was pointed out that only a PPS
which is poor in thermal characteristics could be obtained, and a polymerization
method of a PPS of high quality suitable for practical use has been desired.

On the other hand, as methods of decreasing weight loss ratio when heated
of PAS, conventionally many proposals were made regarding heat treating method of
PAS, for example, a method of heat treating polyphenylene sulfide under oxygen
atmosphere at a temperature lower than its melting point, or a method of heat treating
polyphenylene sulfide in an inert gas atmosphere at a temperature lower than its

melting point, etc. (e.g., Patent references 9 and 10). Although in the polyarylene
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sulfide obtained by these methods, in fact, compared to the PAS which is
not subjected to a heat treatment, weight loss ratios when heated are apt
to decrease, but yet their weight loss ratios when heated are not a level
which can be satisfied. Furthermore, the polyphenylene sulfide obtained
by this method contains much 5 amount of low molecular weight
component, and its degree of dispersion which is expressed by the ratio

sulfidephisighddve tagesioribors \elght sanmargiatkedieSmblistunot
i g o | AR |
sore{ S N A AR SRS B AR L R SR TPl

yet thanelatigiaritan! iatussywhigh heatedatsalved | Cohwidte carcbwosatistiear
treating PAS, a PAS resin pellet obtained by melt-extruding while purging
FU*’th%ﬁ?%miﬂ%%@@ﬁ‘%ﬁlé%@%iﬂ@@@ﬁ%ﬁ)‘t iRigehpsteaR PR BuirE
amoult W SRS NEllAXHYERDAYHSNIHAR JLBILET GURREL N ach is
vent port, is disclosed (é.g., Patent reference 11) In this method, since
expretisedniaatheetbieof isaighieyomgs mekiogzeweabturadh A aYRRge

under a reduced 15 pressure condition,.a degassing effect during the heat
moloq R BRI B REIB 1 RSB TO-2 PG GACE er
weighbeaigfbafidhe i rbiaingsiy thisopetbodfisoleniagsetwpithtaiievehveas!

not yet a level which could be satisfied. Furthermore, the PAS pellet
conteRkisoy8iivg e niyoreimdidsrAtEEIso a molecular weight distribution

H - : H i
R e A s e R S Sl S
melt-ékftitheguhiiewasgngfhicenty Highth Rategerefehdadetpifer 845t 3@BBder a

7 to 10) [Patent refe ] JP-H1-25493B ( 2 tent.
o b A B o W G oo
with ashtddR2i2dRdeRaes .40, Fhidmaiertéalasente Sl s 9nd8esdhnce the

(pages 5 to 6) [Patent reference 6] JP Patent N0.3216228, specification

heat t(paijeentis tojrigthaitaeneeding FMpsPuEnONBASI g aIRYe dHtshichtrsticed
e S
expecipadiisbtienvipage RisSratio when heated of the PAS obtained by this method is
decreased, but its level was not yet a level which couid be satisfied. Furthermore,
the PAS peliet according to this method had also a molecular weight distribution
characteristics and alkali metal content characteristics similar to those of the
above-mentioned polyphenylene sulfide, and it could not be said that the purity was
sufficiently high.

[Patent reference 1] JP-S45-3368B (pages 7 to 10)

[Patent reference 2] JP-H1-25493B {page 23)

[Patent reference 3] JP-H4-55445B (pages 3 to 4)

[Patent reference 4] JP-H2-182727A (pages 8 to 13)
[Patent reference 5] JP-H9-286860A (pages 5 to 6)
[Patent reference 6] JP Patent N0.3216228, specification (Pages7 to 10)
[Patent reference 7] US Patent No. 3141459, specification (pages 5 to 6)
[Patent reference 8] US Patent No. 5869599, specification (pages 27 to 28)
[

Patent reference 9] US Patent No. 3793256, specification (page 2)
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[Patent reference 10] JP-H3-41152A (claims) [Patent reference 11]
JP2000-246733A (page 4) [Non-patent reference 1] Polymer, vol.37, no.
14, 1996 (pages 3111 to 3116) [Disclosure of the Invention] 5 [Problem to
be Solved by the Invention] The present invention aims to provide a
polyarylene sulfide having a narrow molecular weight distribution and is of

a high molecular weight, a high purity and is industrially useful, and a
prifteietd iatergnre ot HolyHryithd tibde(p@img)such advantages. 10

b?géﬁﬂrejgg\é}g%tq?lPrgp%%l?ze&afrgm (té]e ab%ve-mentioned

[
pr 0 of the presentinvention |§I%Bp ovide, 1. A polyarylene

sulfide ¢hasattesiaeshioathat aPgWrebrweipBraverape roogiajayeignt i 3116)
~ 10,000 or more, and weight loss when heated satisfy the following 15
[Disclegprsighth@iretien]l w2)/w1 x 100 < 0.18(%) (Here, LWr is a weight

[Probilgﬁ?t{)aﬂ@@{? edo%iﬁlg_w%t%q{grmined from a sample weight (W2)
w

en arrived at 330C with respect to a sample weight (W1) when arrived
at THe @rebent antreantitoyeavientticanddy sip o cayliedeost iigaedadiy a narrow

molecH iR DRG0 RGOSR HSE THRIEF B Bl0s 8, 0aT g o s
indusPrRduGEefMeHid pfrAlrabAanelide sba/asienecsumdbaiaing such

polyarylene sulfide prepolymer which contains cyclic polyarylene sulfides
advardegesst 50 25 wt% or more and of which weight average molecular weight

[Mea,J;g k%?sﬁt&@méqh%%\jgb{%zﬁzd to be converted into a high polymer of which

weight average molecu eight is 10,000 or more. [Effect of the
In\Reagian]ivie tosding te tire pliesent irubinn theiobestibldte pregieet anvention
. industrially 30 useful polyarylene sulfide having a narrow molecular
is 10 RERYYIR distribution and is of a 7

1. A polyarylene sulfide characterized in that of which weight average
molecular weight is 10,000 or more, and weight loss when heated satisfy the following
eguation.

AW = (W1 - W2)/W1 x 100 £ 0.18(%)

(Here, AWTris a weight loss ratio (%) and it is a value determined from a
sample weight (W2) when arrived at 330°C with respect to a sample weight (W1)
when arrived at 100°C when a thermogravimetric analysis is carried out up to a
predetermined temperature from 50°C to 330°C or more at a heating rate of 20 "C/min
in non-oxidizing atmosphere under normal pressure).

and,

2. A production method of polyarylene sulfide characterized in that a
polyarylene sulfide prepolymer which contains cyclic polyarylene sulfides at least 50
wi% or more and of which weight average molecular weight is less than 10,000 is
heated to be converted into a high polymer of which weight average molecular weight
18 10,000 or more.

[Effect of the Invention]
According to the present invention, it is possible to provide an industrially

useful polyarylene sulfide having a narrow molecular weight distribution and is of a
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high molecular weight and high purity, and a production method of
polyarylene sulfide having such advantages. [Best Embodiment for
Carrying out the Invention] Hereafter, embodiments for carrying out the
present invention are explained. 5 (1) PAS The PAS of the present
invention is a homopolymer or a copolymer in which the repeating unit of
formula -(Ar-S)- is the main constituting unit, preferably said repeating
high nipiigesilesrgigstl BrdniopiinoNde teductiereatbathié polyamdene sulfide
havin re&r&%%r%tedn?g thse following formulas (A) to (K), but among them, the
ormula X?IS 95 especially preferable. [Chemical formula 1] R1 R1 R1
[Best BNOmelFIoRCRRRG Bt BieRivedt(BA1O CHZ O ...(G) R2 R2R2R1
RIR101100H) C..(c)R2ZR2R1R100.() OSOR1R20 R2 .
Rj@'@aﬁ%)e:pgﬁgqgin@@s. fQEy@rwr]gzoththg) pgesent invention are explained.

(1) PAS

The PAS of the present invention is a homopolymer or a copolymer in which
the repeating unit of formula -(Ar-S)- is the main constituting unit, preferably said
repeating unit is contained 80 mol% or mare. As the Ar, there are units such as
represented by the following formulas (A) to (K), but among them, the formula (A) is
especially preferabie.

[Chemical formula 1]

R1 R1
(A ~(F)

R2
R1 R1
...(B) ~<:(:)>~CHZA<E‘)‘>7 ..{G)

@ (M)

()

4@_2 x.@:m x@m

e ha - R e
=0

©-

R2 R2
R1

4@_:0 m_@_m
SR iy
3
]

- {K)

S
888§,
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(R1 and R2 are substituents selected from hydrogen, an alkyl group of a
number of carbon atoms 1 to 12, an alkoxy group of a number of carbon
atoms 1to 12, arylene group of a number of carbon atoms 6 to 24 or a
halogen group, R1 and R2 may be same or different) 5 As far as this
repeating unit is the main constituting unit, it is possible to contain a small
amount of a branch unit or a cross-linking unit expressed by the following
fol tlasqLi} 20a(e subistitueimbiabiactetopptiveeirador kgt @ oiuhadea

branch unit or, cross-linkjng unit is in the range of 0 to 1 mpl %, with
numo RS A PR RIS R 1 vl UGH ROl AN S PReetion eyt o 12
arylenédroud of o MirkbelAf datborMicl S iboumere, HaeBaSobile Presenrt R2

invention may be any one of a random copolymer, a block copolymer or a
may h@ikaine PefirEsitaining the above-mentioned repeating unit. 15 As a

regr, ti ; : j :
B R e
conthiloeks cabiolynterthet edf amdia unik tore tresof radegnentienpdegsed by the
especially preferable, PAS, polyphenylene sulfide (hereafter, may be .
oo LS TR B Mnich BoR BBt B SO SR i of these
branEARRIHEING SHULIRTIRLYREY 3G Gheraicgé lormuda3h@ bt nitHnashat e niAr-S)-
_of 80 mol% or more, especially 90 mol% or more, is mentioned. A
unit indlekular weight of PAS of the present invention is, in weight average
mol ht, 10,000 or more, preferably 15,000 or more, more

lar wel
icmnﬁ)‘%ﬁiﬁﬁip\{é%m 5 or more. When the weight average molecular weight
is less than 10,000, moldabilitt

Ar —-s]--- (L)

Ng_

w-(Ar —S]— (M)

Furthermore, the PAS of the present invention may be any one of a random
copolymer, a block copolymer or a mixture thereof containing the above-mentioned
repeating unit.

As a representative ones of these, polyphenylene sulfide, polyphenylene
sulfide sulfone, polyphenylene sulfide ketone, random copolymer thereof, block
copolymer thereof and a mixture thereof, are mentioned. As especially preferable
PAS, polyphenylene sulfide (hereafter, may be abbreviated as PPS) which contains
p-phenylene sulfide unit as main constituting unit of polymer

[Chemical formuia 3]
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at processing is low, and characteristics such as mechanical strength or
chemical resistance of molded article becomes poor. Although there is
especially no upper limit of weight average molecular weight, but less
than 1,000,000 can be exemplified as a preferable range, more preferably
less than 500,000, further preferably less than 10 200,000, and in this
range, a high molding processability can be obtained. Regarding a
broadness of molecular weight distribution of PAS of the present
invention, i.e., the degree of dispergiomeaxpressed by the ratio of weight
average molecular weight andn " el e}mlecular weight (weight
average molecular weight/numhenavéragge molgcular weight), 2.5 or less
is preferable, 2.3 or less is 15 more preferable, 2.1 or less is further
preferable, 2.0 or less is still further preferable. In case where the degree

in an %Mﬁﬁﬂ%?i@@ BXSREDR AardoWspalesmasyveialtt cRmRaacH rmentrined.in

AS may increase, and this may cause a decrease of mechanical
charaigtsiias weightthé RS b theaer esenioliverdsus Sinin applitdtis 28
in‘crease %f[ 93s %neration amo%mt %/lhe I*ﬁ:c?\éed and an increaserof

mo‘e"é‘rﬁé%‘?’% disso vmgof)ﬂ?%rﬁ ’c%'}%p%ﬁe t when contacted With a6 \?é%%ly 18,000

or mogic. \Wiesa, tHie\ebigve aveniiga ecoaighalr wesgag s neslethdar Web0,andidability
number average molecular weight can be determined by usin%,]for

at proggafiptesdayE @NdisbURARIISHEPURTARY FABR) R RGAISTERNAthef chemical
resistElR BRTRLIIRCHHENBICX AR, FLAISTARIE 1R USERRIBNIP O tipper

of the present invention Is not especially 25 limited, but usually, melt

limit ofiseighty m&mn@meﬁlﬁaﬁmﬂ@gjﬁom ley(S 00Dy $HHHY, Cate chbdddsexymplified
=2 R OB Rt B Ao SO0 0 gyt
200,000NRREPNHi Onesgand HidhRTRIRIARIS Ibat ssupikal daatBbcamiaRkyhich

is an impurity is 100 ppm or less. Preferable alkali metal content is less

thdrES@ishing, arbepagiens Ao epiar vraialzt distribriverefdtfyo10f Phprpresent
| ol _ i
mvenfg T BT L CLNRl sy 10 SR o ORI ik oo
moledlésreasiesiaad applisatiaverduemelpoidsraneglrtimeagimseNatiage molecular

. characteristics of a high level. Here, the alkali metal content of PAS of the
weighY AT H YRR S OB L MBI PR, TS PHIE R ROLAE 7S 1S

more @l@ms@,l N1hs pefyWichheiindrsisiig of BAP IBsnersitdihesipiefdtable,
electric
In case where the degree of dispersion exceeds 2.5, low molecular weight component

contained in PAS may increase, and this may cause a decrease of mechanical
characteristics when the PAS is used for mold processing applications, an increase of
gas generation amount when heated and an increase of amount of dissolving out
component when contacted with a solvent, etc. Where, the above-mentioned weight
average molecular weight and number average molecular weight can be determined
by using, for example, a SEC (size exclusion chromatography) equipped with a
differential refractive index detector.

Furthermore, a melt viscosity of PAS of the present invention is not especially
limited, but usually, melt viscosity in the range of 5 to 10,000 Pa-s (300°C, shear rate
1000/sec) can be exemplified as a preferable range.

The PAS of the present invention is characterized by being of a high purity

10
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furnace or the like, and by analyzing the above-mentioned ash by, for
example, ion 10 chromatography or atomic absorption spectrometry, a
guantitative analysis is possible. Where, the alkali metal means lithium,
sodium, potassium, rubidium, cesium, francium of Group IA of the
periodic table, but it is preferable that the PAS of the present invention
does not contain other alkali metal than sodium. In case where an 15
compaiiRellforeeavetEnabenasdians it toptafaeeble tha) aamikgs eettisantent which
. : [t ther. ch istic - [ - r-Qf
s an R o B e el ol A e ek fER oo,
more saiferdbinslespecaligsehiemthieABretmtaing fithppm thisesslinginen the alkali
becomes serious. Bé the way, among various metals, compared to other

metal cRtpohexcemds THEEPTLrRaRTIYRE PRINSH Eed dhRpRiGateRigh PAS
may imeeiaSe A5ALBARIDS ROIRGBEEHNARREEPB NS BIREHSA! which requires an

characteristics, thermal characteristics and the amount of dissolved out
electricsitalnfl#KS. cheredmigticsahenghdargiousiaraidlut afsall nbgtal content of
ressing aspecially the alkali metal content in the above-mentioned
P G RN E PR i) & PRS LAN bi AORUBE 2 anfount of

alkali rgthiermaecadtsatefelaite thalidoe BASAY iheineseit iyvastonatoer:ctric
not 25 substantially contain other halogen than chlorine, i.e., fluorine,

furnagg mihe, liseirnd ARy edoe where e plies e dehdP¥skitenaamignion
. . . : e in. it -
chron A e ahea Bl S ey B B e R
possiliigluence on mechanical characteristics of PAS is small, but in case
h ther h th hlorine s containgd, ties 30 . . .
CUTHEERANE Al R e B L BT A FopSiResium.
franci@RQficibodd paraptepetes R et anaatsBiile Mbfaaeavi PR StASe

of the present invention contains chlorine as a halogen, its preferable
presephiBuaninn deesdidesaniabrethireriaiiyreilHansesiyrand gase where an

. % or loss, i | cal cha A o
st FEETSHA D AL ORGSRt BBt o
thermehatantacisticiddhd PAS, of Alnel pitesembin eefzictorisfthatrtdusing mhblassof

. when heated satisfies the following equation (1). AWr = (W1 - W2)/W1 x
dissolygg QU TRIA) WiENHre, (ANTASS Wi IAS 3ab79%) 2Rd RSESFRiNevhen

PAS SRIBIRENRAITIAMAIs inclination becomes serious. By the way, among various
metals, compared o other metals than alkali metal, for example, alkali earth metals or

transition metals, alkali metal has a greater influence on the electrical characteristics,

- thermal characteristics and the amount of dissolved out metal of PAS. Accordingly,

among the various kinds of metal, by suppressing especially the alkali metal content
in the above-mentioned range, it is estimated that the quality of PAS can be improved.

Furthermore, it is preferable that the PAS of the present invention does not
substantially contain other halogen than chlorine, i.e., fluorine, bromine, iodine,
astatine. In case where the PAS of the present invention contains chlorine as a
halogen, since PAS is stable in a temperature region usually used, when a small
amount of chiorine is contained, its influence on mechanical characteristics of PAS is
small, but in case where other halogen than chicrine is contained, properties

characteristic to them may aggravate characteristics of PAS, for example, electrical

11
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sample weight (W2) when arrived at 330C with respect to a sample weight

(W1) 10 when arrived at 100C when a thermogravimetric analysis is

carried out up to a predetermined temperature from 50C to 330C or more

at a heating rate of 20 CImin in non-oxidizing atmosphere under normal

pressure. Regarding the PAS of the present invention, LWr is 0.18% or

less, 0.12% or less is preferable, 0.10% or less is further preferable and
chara¢t@88ios lessaisidétidartiabilits prefeadsovheratsaltfecbive pxesealsitivention

aboye-mentioned range, it.is not.preferable since, for example, a problem
contaiiy (IR ER AMASE 1f BTIARE B e ESsoors
preferBIMEs5a4t 5 BF 4eser-hd9nARBIOP Tl @ digriataxuysiamhdelhRgrange,
to a mold at injection molding mai({ also increase to thereby decrease

electriga gharaele ilirg kraridanenRbIiteS SResBASIBNRIFRABWOSUFF-of
h : now
MARRBR EREIGRFROH I PR Lia BARARIRREHDL ot e

e present invention is different in molecular weig
weightliskiutiem draatpdriytsdiate titeffollowiogesgltteokndin PAS and is of an
extremely high purity, it is estimated that the value of AWr is extremely

decrb¥sBd VAR QUGH YIS IS8R d YeberminE L wr by an ordinary
theygragravimalis weighalysisrdid s paramesanpir @1dbie MRKEIfom a

non-oxidizing atmosphere of normal pressure is employed. The
samplgonaigidifivg atrhespiisieethabds Chatwiid orpgent toacaakoWRIgHAsWV 1)
when BIESECFRNIARIEC Wi Sample b Ol AElesh Rieleratiy Ao Bty apiess
preferably, it IS an atmosphere which substantially does not contain
predetygeidhetise it anfioant JHE A BEpaete stk at afrutitoggnateetia0d *C/min
or argon, and 30 among them, from the view point of, especially, economy

in NONLAYIAZHLALASRRRIRIG IS MFBGERBSR Bhere is especially
prﬁ@p@ﬁl{aﬁgﬁ'ﬁﬁetﬁﬁﬁ‘?{mﬁé RIBHEMERADR PGSR DARYOUITNEN. 12% or

undert andard condition, and is an atmospheric condition of absolute
less ipprsterats, 101 PkRa lesa tefupthetpretsrable exich81885280esehestithiirther

atmosphere of measurement is other than the above-mentjoned, there
prefe 3hlee 15 GRAE NG ot oS ReRB ORI O T & BN ra TR
preferiieashle9dragtianbiaise pidbieMATayUsisthatanapxdsabont et iheniketel gas

PAS may occur during measurement or it is much different from an _
when dhaddphRpnarldiraeeessambia [asesiagiananitiznie a die or dice at extrusion

molding or to a mold at injection molding may also increase to thereby decrease
productivity. As far as the inventors of the present invention know, AWTr of the
known PAS exceeds 0.18%, but since .the PAS obtained by the preferable method of
the present invention is different in molecular weight distribution or impurity content
from those of the known PAS and is of an extremely high purity, it is estimated that the
value of /AW is extremely decreased.

Although it is possible to determine AWT by an ordinary thermogravimetric
analysis, but as an atmosphere in this analysis, a non-oxidizing atmosphere of normal
pressure is employed. The non-oxidizing atmosphere means that the oxygen
concentration in gas phase contacted with sample is 5 vol% or less, preferably 2 vol%
or less, further preferably, it is an atmosphere which substantially does not contain
oxygen, that is, it is an inert gas atmosphere such as of nitrogen, helium or argon, and

among them, from the view point of, especially, economy and easiness of handling,
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Here, in the measurement of LWr, a thermogravimetric analysis is carried

10 out by raising temperature up to a predetermined temperature from

50C to 330C or more at a heating rate of 20 C/min. Preferably, after

holding at 50C for one minute, by raising temperature at a heating rate of

20 C/min, a thermogravimetric analysis is carried out. This temperature

range is the temperature region often employed when a PAS represented
nitrogey puhesdyeie espideily preafecaileusdhdnidné roaal thiedsire means a

temperature regjon often.employed when a PAS of a solid state is molten_..,.
PSS RS T B AR ED ST S S o040 6 h RN condition

of abdelmeasatdErRIre PN Of Rraptcal Aperisdaiears enappaihatagEgated Ydsen
from PAS at the time of practical use, or an amount of the component

the atagspdiese &f BERSEFRSAUE Bk HfaheveJoRiEtionBE FaRIGRIIESS a
possiigig&Wﬁ%t%ﬁaﬁﬁéﬁgﬁ{“{ﬁ%ﬂw@ﬂﬂgﬁI%Sﬁlé%@?lg@rﬁgﬁ? RS Bractical

ange I1s small Is an excellent PAS of high quality. It is preferable that
use oflieeneS wechethtb B0 \W4ida tarriedtoe tiwdt o R Aot ofsandolaref

L T [

of theipggneral, amount of weight loss when heated of a thermosetting 25 resin
or a thermoplastic resin is apt to be large as the temperature becomes
hidtergndn e RirrRskraenioindiMétintbarmessaydmpipiceana yssss parried
considerati f such inclinati j fit I o i

out by B e Y R B e O BT e or

more lBiss WdwinheateddDhed?AD of thefaretdnt aitwehtiatirandtthe’ Knfavone minute,
\PAS, and as a result found that, in case where the weight 30 loss ratio of

by raipag iR HREEAMIR A R A5RING 151 Vel MhR R HRIFAIRRHRaRglysis is
carrieddanalyERcRpBinatthers 8 e kﬁ%rﬂ%@?ﬁ@@%@%ﬁ%@@@%@&)?&@ when

(3) between the weight loss ratio and the temperature T. AWrl1 = LWt1 -
a PA 1epresersed ) palgphenyiere/snipie s pramtitablyTxed (38 ihithalso the

equation (2), AWt1 is a weight lgss rat'A%/o btained by the followin
e 19 e PR B B R SRR S g ol
into at@BWer@mapkl Witheraaight fosa saionie weigh (W pdheniaimegibatof practical

100C, when a thermogravimetric analysis is carried out up to the desired

use relaigselarneBR RN ganertsdapedinyg PAS at the time of practical use, or an
amount of the component deposited to a die or mold or the like at mold processing.

Accordingly, it can be said that a PAS of which weight loss ratio in such a temperature
range is small is an excellent PAS of high quality. It is preferable that the
measurement of AWr is carried out with an amount of sample of around an
approximately 10 mg, and it is preferable that a shape of the sample is a fine particle
state of an approximately 2 mm or less.

Where, in general, amount of weight loss when heated of a thermosetiing
resin or a thermoplastic resin is apt to be large as the temperature becomes high, and
it is known that this inclination can also be applied to PAS. In consideration of such
an inclination, the inventors of the present invention analyzed in detail on temperature
dependency of the amount of weight loss when heated of the PAS of the present
invention and the known PAS, and as a result found that, in case where the weight

loss ratio of PAS is determined according fo the above-mentioned thermogravimetric
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rate of 20 C/min in non-oxidizing atmosphere under normal pressure. 10
LWt =(W-Wt1)/Wx 100(%)(1)' The weight loss ratio AWr of the PAS of the
present invention is, as the above-mentioned, based on the sample
weight at the time of 330C of the value of the thermogravimetric analysis,
but by employing the relation of equation (2), the OWr value can be
estimated from the weight loss ratio AWt1 which is based on a sample 15
analysieiepnditianethpes isurg ertioadih dresodowingeayatiaon (3) andi(2idbatween
the wé’vﬁeriﬁ%ls(%srsa{%ﬂgn@{ 9 t8a!jrr‘1edrb ;;hel_following equation (1)" from the
dference of & samplée Welé:he[ t2) at a desired temperature T2 with

respegite:a/symple weght (W)«ihen ardyed at 100C, when a
thermogravimetric analysis is, carried out from 50C up to a desired

terapelizt e T B 00 G ¥t orildik- akd less than 330C at a heating rate

of TARTe¥ xidizj derno, Bt

A S A W
equatpreséfitfmeuethipdibeenteobbaveimerdighe\basetl am dreisathiplaperature T1

. ight at the time of 330C af the value of th h imetri L
with 1SS0 B SRR UGG e PRI eSABN 13) WA Mo geRSEgKmetri
analy$ie Rstmatridie e Weidbt|rss ralip s\ Bidbisdhas b oTaasamielsting

weight in a temperature of 270C or more and less than 330C. Where, in
rate of28e GlMiRNONpPER MY GinesrpRR iatcler GofBakDreasenein the

theArv%rr]%\l/&f’a_tygh Rﬁ}y@%déclgeé% t_h_emZ?OC, since PAS may not melt or,

eveni wability y below, it cannot be said that such a

teMpenattight sogeratioeairerhtw RAS d leenperssutaraagtostitabletfor
practical use, and in view of using as an evaluation standard of PAS

above; MARYORRI phaRFIE i IR BB VS R RIS ARG 0 pRYBg Ylue of the
thermBG ASTHRAFRLHSAAAREC B ATHERBYARY. tHaSBRhIRARAINIEREAY AP NS wr

reason why the weight loss ratio when ™5 heated of the PAS of the present
value ipgaritibasikhititd Svextrenveobidetienatibe/mdgtavinmtie based on a sample
wei hih?rg%‘teristigstwhich saéi {Aesé@g%bove-mentioned equation (1), butitis
INeSiRaraiRs the PAS I presént invention, by exhibiting the effect of
then sRwBQBEUAL(GH IMRUY compeRgntoteihai)oPabsompanebliowing

equatisct]r? \(I\%S)”afl}lom the difference of a sample weight (W12) at a desired temperature
T2 with respect to a sample weight (W) when arrived at 100°C, when a
thermogravimetric analysis is carried out from 50°C up fo a desired temperature T2 of
270°C or more and less than 330°C at a heating rate of 20 "C/min in non-oxidizing
atmosphere under normal pressure.

AW = (W - WE2)/W x 100 (%) ---(1)”

The weight loss ratio /A\Wr of the PAS of the present invention is, as the
above-mentioned, based on the sample weight at the time of 330°C of the value of the
thermogravimetric analysis, but by employing the relation of equation (3), the AWr
value can be estimated from the weight loss ratio AWt2 which is based on a sample
weight in a temperature of 270°C or more and less than 330°C. Where, in case
where the upper limit of the temperature of measurement in the thermogravimetric
analysis is less than 270°C, since PAS may not melt or, even if melted, its flowability

may be low, it cannot be said that such a temperature range of measurement is a
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extremely small weight loss ratio which could not be achieved by the

known PAS. 10 It is preferable that the PAS which has characteristics of

the above-mentioned equation (1), as mentioned later, is produced by

heating a polyarylene sulfide prepolymer containing a cyclic polyarylene

sulfide to thereby convert it to a highly polymerized substance. The

conversion to the highly polymerized substance is explained later, but a
tempepaigrefrangchsyiaine igtie ticieat wir PAGafdewUHbeing 26 an eyaluation

ToTgRi Vet ylene sulfid ) ' :
s gL SR L SR T W SRDMIGEIR R M cmpioved
as thepreiasabdy s Yanydess nse pseferaklet since the above-mentioned OWr
value becomes especially small. In case of this value exceeds the

abbiRNRERRSHE PIRBENGWIQ MG R ihuraxdhe wriptHdqss gatic when
heatel6F8RL IBASIAA BFEYERE MRS SINEALII PeAHELRRHIRINLO

evaporation when heated of the cyclic PAS contained in the PAS. Where,
thermppoagiewtiarchhenieigsiitssehitieaaiislies thatishosatveatonedratrinu(1),

but it %?ﬁi@é%ﬁ%%ﬁ&éjf&%?ﬁ %:’éif g%éh?nEeArFQiithlﬁl %r%%ﬂgn%ﬁ/eg tei-e?fé’rcittof the

€ range or weight average rmolecuia

small weisbhaofitheuapanaisiegreenhgispersivr PFoc i pl matabbonis ainof

PAS to be 25 within the above-mentioned range, and as

extrergin Al oRed ,ff?e‘ifeFﬁHQD\ﬁ(@%ﬁ%tﬂﬁdboéb&?@?ﬂ?&ﬁ%@ﬁﬂb%ﬁ%’@ﬁé?-
It %OaFé*?é?éB@%Hé&\/tﬁ'éq:‘)ﬁ}eg(}o%mﬁ'géeéﬂ%rﬁéﬁefﬁﬁﬁ%e'%mgféﬂsvef-memioned

i
above-mentioned equation (1). However, in case where the range o
equativai@h}, asnagetiorecialEr weighidumb theyrbegd g degrbanfieispetdiicie

prepofySiat EBMBN 08 Ao WA RANTHSE DU I RFAPEH FAAGE e 2 hiohl
polymiigietrBlsiaseaveighideshdien i hRalammy SpReerR asResbNCe is

small. As mentioned above, the PAS of the present invention has an

explaigrseliat, BHhraCRRstfohimhiveiddriiss oh the @is résteafter shbieding to an
it I teristi | |
S U S R D o A M

substhinthar e cotlees chaxfmtairigte5oh the S wibtikeppedsmiilintEhtian sss is
that an amount of generation of lactone type compound and/or aniline
.

prefergBie SRBJURPRMNENMRATESE remadBEhRaP TR S SRR MgHe I
case GPIAROVALR QE8X88'PI8 -above-mentioned range, AW value may increase,

and the reason thereof is not clear at present but it is expected to be due to partial
evaporation when heated of the cyclic PAS contained in the PAS.

Where, in case where the weight loss when heated satisfies the
above-mentioned equation (1) which is characteristic {0 the PAS of the present
invention, it is necessarily not necessary that the range of weight average molecular
weight and the range of degree of dispersion and/or alkali meta! content of PAS to be
within the above-mentioned range, and as above-mentioned, even a PAS containing a
certain amount of cyclic PAS, it is possible to satisfy the thermogravimetric
characteristics of the above-mentioned equation (1). However, in case where the
range of weight average molecuiar weight and the range of degree of dispersion are
within the above-mentioned range, and/or in case where an alkali meta! content of

PAS is within the above-mentioned range, it is preferable since weight loss when

15



ot

10

R-propiolactone, (3-butyrolactone, P-pentanolactone, (3-hexanolactone,
10 (3-heptanolactone, (3-octanolactone, (3-nonalactone, 3-decalactone,
y-butyrolactone, y-valerolactone, y-pentanolactone, y-hexanolactone,
y-heptanolactone, y-octalactone, y-nonalactone, y-decalactone,
6-pentanolactone, 6-hexanolactone, 6-heptanolactone, 6-octanolactone,
6-nonalactone, 6-decalactone, etc., can be exemplified, and, as aniline

heatedyp@ydrapomsdespedlialy Brabthyl aniline, N,N-dimethyl aniline, N-ethy!
15,aniline, .N-methyl -N-eth iline, 4-chloro-aniline, 4-chloro-N-m I
S S R e B SN BT e

charadtehitiothbmpthibat ety anlineviamermtaniinendicota-haneiingd have an
aniline, 3-chloro-N,N-dimethyl aniline, 3-chloro-N-ethyl aniline,

excellgriiibrsagiaiistics- fiakiHye Aambdoss mbaRdelth ¥ alifpiitieteieried constant

tempéﬁﬂﬁ@‘?ﬁl%%&?ated of the lactone type compound and/or 20 aniline
type compound causes a foaming of resin or staining mold at the time of

molduphenessiagetme shroa cteristly ofdrseR/ASotdi eproessshiiigntian is that

also ca%Jses a pollution c%f the environment, iciis d siredio be as small as q
an anjQLihOTRE 2R, At BFGRRAVRTO AP HRY R 3 G LB it et
when 1859RH 10 bR YR @hRAS biefae heplingrs Bstetaphp80RdNTPEXample,

less, more preferably 300 ppm, further preferably 25 100 ppm or less, still

B-propiptaeioneférablysiesimodrfeeenBinalastp ke kxR JPGeRBration of
- ! f
B-hep R T B T B tone,

y-valepolasridhermertassiantehmtiphevetimd bt ameptaragelvemtipochlactone,
the lactone type compound and/or aniline type comp PAS is

und when
V-nonglagione, Vet R ch BE A SRCHEI SBE RRR PG o0E aneBIRRqlRctone,
S-octHHRRMIRS BLANsRdABIRIBeaRNeR 1818 [ragHIRed B IRRPORS I Ss
e

by a gas chromatography and subjected to a quantitative analysis, can

anilinekgpepifisthonads thaifises dirmiaihiH e aiitainh It gimathyb a vfigeedé-ethy!

.. compounds when the PAS gf the present inventjion is heated is small is
aniin NESRPST REER Sl SRR, FUR S REF R AR

4-chigrdfideNpaapetywiernilges inthtopselerstblg aribidectioomeethbdragthe PASthy|

_ of the present invention is a high purity one containing cyclic polyarylene
aniling, LI ReRRIISS A IRTa A RSBV BURR RRIRI gL ABS e aniline,

3-ch|c£?§éfilﬁ§tﬂ§}?%ﬁfﬂﬁ&?%ﬁﬂléfﬁﬁfﬂ@iﬂ%ﬁgﬁw%%}ﬂﬁ%%m‘éﬁil@@%&ﬁ b
exemplified. The generation when heated of the lactone type compound and/or
aniline type compound causes a foaming of resin or staining mold at the time of mold
processing, and since not only worsen molding processability but also causes a
poliution of the environment, it is desired to be as small as possible. The amount of
generation of the lactone type compound with respect to the weight of PAS before
heating is preferably 500 ppm or less, more preferably 300 ppm, further preferably
100 ppm or less, still further preferably 50 ppm or less.  Similarly, the amount of
generation of the aniline type compound is preferably 300 ppm or less, more
preferably 100 ppm, further preferably 50 ppm or less, still further preferably 30 ppm
orless. Where, as an evaluation method of the amount of generation of the lactone
type compound and/or aniline type compound when PAS is heated, a method in which

the gas generated when treated at 320°C for 60 minutes in non-oxidizing atmosphere
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contributes to it. 10 (2) Production method of PAS of the invention
Production method of PAS of the present invention is characterized by
being produced by heating a polyarylene sulfide prepolymer which
contains a cyclic polyarylene sulfide at least 50 wt% or more, and of
which weight average molecular weight is less than 10,000 to thereby
convert it into a high polémer of which weight 15 average molecular

Is fracjiRngt RI2COOPORFRGT YRGBT BRCMEIRGHRRIY PASBIRIRC RS
quantBYRRIEH aﬁwy%m‘e&b& AERAtigned characteristics can easily be

obtained. <Cyclic polyarylene sulfide> The cyclic polyarylene sulfide in
thépteféhnabiegsdudtiothenathodrdfahgePatatalitied hesecoimpentials iwizen the

PAS E{iF RSN &) RHT ATALRS B S EbIRh lch RSTe Bl
estimaieaarafemuai Ghuticd soRaiie S0 oMU raBrPlsaiddeneaidreferable

unit. As the Ar, the units such as represented by the above-mentioned
produgiipmme ool tuerhaig AReRERIG IRE MR GnEighap I BoARBIEQARINING
. ially pr ical " . - '
eyelc B e e Y AT b iy et MR s the
lactonkedypeladiptauRdramda(iShitey peautaipedrid rehelomeateday bmall,
.contained in block or may be any one of them including a mixture thereof.
contriidesifellentative 17 one among them, a cyclic polyphenylene sulfide, a

(2) Gl Phemdans pultidsr sidferamigyclic polyphenylene sulfide

ketone, a cyclic random copolymer containing them, a cyclic block
cBpotipatienmeihivdure isradfihe erasatbimueniior s ebriBetprigeddidoeing
cygli lyarylene sulfide, a cyclic polyphenylene sulfide (hereafter, m
prod A B e R RS P SR T el
polya e Bolnaaer et GO haoylenensudfidamunif asithraiysoastrabiroveiécular

weighitsigﬁeagg%qggl g,r(]}%g‘it%atlhfg{énbly%gr%v-eﬂrt}{t?ﬂtlso a high polymer of which weight
average molecular weight is 10,000 or more, and by this method, the PAS of the
present invention having the above-mentioned characteristics can easily be obtained.
<Cyclic polyarylene sulfide>

The cyclic polyarylene sulfide in the preferable production method of the PAS
of the present invention is a cyclic compound of which main constituting unit is the
repeating unit of formula, -(Ar-S)-, and preferably it is a compound such as of the
following general formula (O} which contains 80 mol% or more of said repeating unit.

As the Ar, the units such as represented by the above-mentioned Formula (A) to

Formula (K} are mentioned, but among them, Formula (A) is especially preferable.

Ar—S =
...{Q)

Where, in the cyclic polyarylene sulifide, the above-mentioned repeating unit

[Chemical formula 4]

such as Formula (A) to Formula (K) may be contained in random or may be contained

in block or may be any one of them including a mixture thereof. As representative
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There is especially no limit in the repeating number m in the
above-mentioned 10 Formula (0) of the cyclic polyarylene sulfide, it can
be exemplified that 2 to 50 is preferable, 2 to 25 is more preferable and 3
to 20 is further preferable range. As mentioned later, although it is
preferable that the conversion of the polyarylene sulfide prepolymer to the
highly polymerized substance is carried out at a temperature or more at
one awhivh iherayalicysblypojiehesyifide sislidies oycieko/yrhanytenaisaifide

15 becomes large, dissolving.ar. mejting temperature of the cyclic .
Suon SR CIE N bELEAe FrGH T O1GH-ir ARSI Qo Rgaiming
them, Bepsiyandenespdigeorepelyigiiie therbighiraohenagaed supstageedhlly

a lower temperature, it is advantageous to make m in the

preferghisyeyelknBelyadyiange UHifeh & uric prRVRARE YeRrsHERe {ipigafiesmay be
& BIPGICR ARG DAYING rRIRG S LBRERNLBANSE S more
abbregi%n%%a%n%% ’g Eg/gcgié:cpo ;[%aryl gasul id/énsg@’\%ng’ E#ﬁerent l|5épeating °
of p-phambencbatifitez ranituae itd thainyoticgtblianylend, sutfidaidreadng different
repeating nurpper is apt to have a lower dissolving or melting temperature
[Che'?ﬁ(%ﬁ?ﬂﬁ‘%ﬂ%:gfsingle compound having a single repeating number, and it
is preferable to use the mixture of the cyclic polyarylene sulfides having
different 25 repeating number, bgcguse the temperature at which the
mixture is converted to the abovyey éﬁiio SoN: gmy polymerized
substance can be lowered. Productien-method ef PAS of the present

invention is characterized in that the polyarylene sulfide prepolymer
comimndig tepeyitynmyandenersuttige akntBrabobermeintibreshisvisatedtioned
to thereby convert it to a highly polymerized substance, but the

Formuyjg (S REiBS GHRIE pripBIyIRER Relb GIMRER¥EMRLERPI Y & 50 is
preferROEE 9ftdNBQUGHIHROAMENMSHIES RNSOROREFRNBIRIRIM I%f‘?éﬁgolé(. 70as

wt% or more, more preferably 80 wt% or more, further preferably 90% or
mentionae |ater mifaragheit AnprdSarsddedingt tie qapeelisirop tileecpoliarylene sulfide

olyarylene sulfide contained in the polyarylene sulfide prepolymer, there
orepofy HEELEls T 0T BUAEH0E UP BOLoR, o e Aty O Ade e e o
more BEWKRINRHEBES)arcRIiRTRde KiNBge I0igsnow asibasyBighiinkovatn m
the cyclic polyarylene sulfide in the polyarylene sulfide prepolymer

becorpgsdangs i OREGIEn eI BRRSRALIES thney S RAL@ ieRe sulfide may
becorﬁ%ﬁi%ﬂ IS aRLEp 5’1‘3&9[{3/%%|m9%E%Q)I:N@’Ell}i%%@EMWQH%mﬁH@Br@Em?mer to

fthe present invention, by adjusting the
the highly polymerized substance at a lower temperature, it is advantageous to make

m in the above-mentioned range.

Furthermore, the cyclic polyarylene sulfide may be any one of a single
compound having a single repeating number, or a mixture of the cyclic polyarylene
sulfides having different repeating number, but the mixture of the cyclic polyarylene
sulfides having different repeating number is apt {0 have a lower dissolving or melting
temperature than that of the single compound having a single repeating number, and
it is preferable to use the mixture of the cyclic polyarylene sulfides having different
repeating number, because the temperature at which the mixture is converted to the
above-mentioned highly polymerized substance can be lowered.

Production method of PAS of the present invention is characterized in that

the polyarylene sulfide prepolymer containing the cyclic polyarylene sulfide as
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containing ratio of the cyclic polyarylene sulfide in the polyarylene sulfide

prepolymer, the degree of polymerization of PAS obtained can easily be

controlled. And, when the weight ratio of the cyclic polyarylene sulfide in

the polyarylene sulfide prepolymer exceeds the above-mentioned upper

limit, since melting temperature of the 15 polyarylene sulfide prepolymer is

apt to become high, it is preferable to make the weight ratio of the cyclic
abovepoigatidere sifidatadtetpephny ey sdifide @ dighyyreolinterined substance,

W S
the cydiiesiangaiand e mierethd thedeerienmundfigpeny meitZ@ititore, more

especially E)referable that the component other then the cyclic polyarylene

preferglihiclrvite poReiachuatberiBeEisaiy ANStio A B6IPIRiRAbSulfidad,
: | gl e > :
regarg R e R e MG B AR SR By iene

sulfid & prepddyrtier She e éfergpbeiaintasringt SOuh e Bwdtnoore sd, saigreferably 95
., repeating unit. As the Ar, there are units such as 25 expressed by the . _
wie %[J)S%-%@Hﬁ%ﬁé‘&'ﬁaéﬁﬁ%%? R BIEFRRIR @) %But é%%@eﬁ?én?,s ﬁ?&?r‘ﬂ&l‘&ht ratio

of thd@&ﬁ@ﬁ@%?}%l@é@ﬁ(ﬁ@@mﬁhﬁ W@@M@f&@ﬂ&éﬁ%@%@%@%s high,
Contaln, as far as these repeatlng units are the main ConStltutlng Unlt, a

the degra# afferimnefibaticchal PASIhtained dfikingeating ® axsedbansmss!tigh.
the apbove-mentioned Eprmula, (L ormula (N). It is. preferable that,an,.

That K B B P PAS IS dik B EIRISR B Bing the

contaigitigtheticaagenef & tnd poniseyeteresieet ko tH9 pelyssHattslmes fragolymer,
the linear polyarylene sulfide oligomer may be ar]{;;éone of a random

the degissypher ¥ BRiEatspN MBPCRBINGEL AR eddilebe SatiRlgde pdiithgvhen
the wi Et%ﬁ@ép%@rﬁrmﬁrw%ﬁggﬂg h#Bean Eﬁerﬁéﬁéﬁﬁgcﬁ@%m@e prepolymer

polyphenylene sulfide olig r, a 5 polyphenylene e sulfone
exceaylig) tieabaymiysndioyledegpiiderkbtemesligetieg, lrmgadatureaddhaner,

o RS S SRR S ool or e e peniond,

weighabbenyirneauligeohenstesr SQm@TINGHZOTORA/ M BAeTEeNs@BlY At into
mol% or more of p-phenylene sulfide unit as main constituting unit of the
the abguariBEnyaemMEMiepcpecause the temperature at which the polyaryiene

suifide prepolymer is converted to the highly polymerized substance can be lowered.
<Polyarylene sulfide prepolymer >

It is especially preferable that the component other then the cyclic polyarylene
sulfide in the polyaryiene sulfide prepolymer is a linear polyarylene sulfide oligomert.
Here, the linear polyarylene sulfide cligomer is a homooligomer or cooligomer of
which main constituting unit is the repeating unit of Formula -(Ar-S)-, preferably
containing 80 mol% or more of said repeating unit.  As the Ar, there are units such as
expressed by the above-mentioned Formula (A) to Formula (K), but among them,
Formula (A) is especially preferable. The linear polyarylene suifide oligomer can
contain, as far as these repeating units are the main constituting unit, a small amount
of branching unit or cross-linking unit expressed such as by the above-mentioned
Formula (L) o Formula (N}. It is preferable that an amount of copolymerization of

these branching unit or cross-linking unit is in the range of 0 to 1 mol% with respect to
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It is especially preferable that the amount of the linear polyarylene sulfide
contained in the polyarylene sulfide prepolymer is smaller than that of the
cyclic polyarylene sulfide contained in the polyarylene sulfide prepolymer.
That is, it is preferable that weight ratio of the cyclic polyarylene sulfide
and the linear polyarylene 15 sulfide (cyclic polyarylene sulfide/linear

olyarylene sulfide) in the polyarylene sulfide prepolymer is 1 or more,
-(Ar-Sp gjt iorelis Mbek hrefrapledysviRie BUGHRQ IgPEIEFIPRY b9 RMopEE of a

randoff 83%@&1};9@ gﬂyﬁ?ﬁ@ﬁ%ﬁi&%ﬁ%ﬁéﬁ &8%%%%%&&18‘}%% repeating unft

prep er, a polyary average molecular weig
and a H0a0eeaherast can be easily obtained. Accordingly, the greater the

weight ratio value of the 20 cyclic polyarylene sulfide and the linear
pdiVAREHE&MiRR TRRFRSBBIFHNA sam&évrﬁ?saglmﬁ%ﬁe@%fammea

po!yprYn%%i Bhavairgr RQlerdasiysiabl of BuBhAsroRianed e ReBredtigioner, a

ethod of the PAS of the present invention may be, and therefore,

randogithopglyhetediostoaqnsdymeittbetrehasigia rakdin Brgaaqbqstst@riii&e are
me ntigr?el%ﬁ ryljgg %s%(%g%?gr%%?ggﬁiéd%%@ ! C%F%fy&gﬁ'{%%i@ﬁ% §ﬁ§8%de%k %I’a'}

IS necessary nifican ecrease ear n

polypfieepehs sl sifemdarepalimerg 30t itoCeds moreakefiediaBy dtemol% or
production method of the PAS of the present invention, even a ,

more BhRRYRSHESGTITSR BRIy AR A ARPS I b 3 hsopobIass is

menti&iSed; it is easily possible to obtain a PAS of a sufficiently high molecular
weight. 30 The upper limit of the molecular weight of the polyarylene
sulfidegspaoalinerelrabidifat the productied tfahineaxPolytyipresenifide

invention is, in weight lecul ight, less than 10,000, 5.000
contalfE{h 8 {e Pt IHIB 0 P RSV AP 1 ] DR R
polyafiBREhaNtia e spdhindavve e dolPanaioid aUATAgDBpIseHET WEIgis300s

or more is preferable, 400 or more is preferable, 500 or more is 5 further

preferphirctapleveaiabipatio iithe s aivenipRaselidacenibe byassingprrylens
sunc S B e SRR R IR S I, s

prepobfratitals hetainshici2is an imapeigynbde pppferables# isrprefezabliertbss
rthan 50 ppm is more preferable, 30 ppm or less is |0 furt

prefeiaiie.d BEPIESSIL LT TCrHE SHaRatlen Y GGG HBRONGY ene sulfde

prepolymer, a polyarylene sulfide of weight average molecular weight is 10,000 or
more can be easily obtained. Accordingly, the greater the weight ratio value of the
cyclic polyarylene sulfide and the linear polyarylene sulfide in the polyarylene sulfide
prepolymer, the greater the weight average molecular weight of the PAS obtained by
the production method of the PAS of the present invention may be, and therefore,
although there is no upper limit of the weight ratio, in order to obtain a polyarylene
sulfide prepolymer of which said weight ratio exceeds 100, it is necessary to
significantly decrease the content of the linear PAS in the polyarylene sulfide
prepolymer, but it needs a great effort. By the production method of the PAS of the
present invention, even a polyarylene sulfide prepolymer of which weight ratio is 100
or less is used, it is easily possible to obtain a PAS of a sufficiently high molecular
weight.

The upper limit of the molecular weight of the polyarylene sulfide prepolymer
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of the present invention, in case where the method in which the
polyarylene sulfide prepolymer is heated to convert to a highly
polymerized substance is employed, since the alkali metal content of the
obtained PAS, usually, depends on the alkali metal content of the
polyarylene sulfide prepolymer, when the alkali metal content of the 15
olyarylene sulfide prepolymer exceeds the above-mentioned range, the

used fRIKHIPrRERAN SinTerit BEIRE SRAMEIFIRS ThiVEREOBd IhE WA bRYRsagS
moiecﬂéﬁ%&@é%ﬁ?ﬁgﬂff@?ﬁ §8{)Hh'§r%%§qgt ?&%@HB 5@&%,%%&‘%’35 is

e polyaryléné sultfide prepolymer is, for example, the
furthevplagetaldelatad nrththethlivaliandiaddridhibashwamichiisithesegitaecrbge

incineration of the polyarylene sulfide prepolymer by an electric 20 furnace .
molechjau R AN Ve (RIS ANSa B i BIHiaai 200 01 more i

furthe ARRMEAI5Rtioned ash by, for example, an ion chromatography or an
atomic_absorption spectrometry. Where, alkali metal means lithium, .
sothenPADektiemn eabitiinveossiis, charastenzsddy ireingosithigh purity, and

. riodic table, but it is preferable. that the polyarylene .25.sulfid C

15 PR 7 oF I WA R TR SR RAIEb e Gohi lesiusting s leo of

a hightipanigodinasddiggthepolyandeneauieinig pobtaleriathi preseplrity, 100
invention does not substantially contain other halogen than chlorine. _

PPM Qf g itRyRferniie, ﬂﬁé%&%ﬁéﬁ@%!ﬁd’@oﬁ%ﬁfﬁ%ﬁ@w@ RELRRIMET less is
furthef BRUARIRCNGY PRITBEIECS S DRIANRL SRERIREC IOWTRORIIANS the PAS
catalyst components 30 which accelerate the conversion. As such catalyst

of the quegEnients ndic i nicaasa pduere: it onatlaadhipowhitbdpalpelpagderecirfide

adical can he exemplified. As the,ionic .compounds, foy example, sodium .
Prepol TS B A W I PN B b P IR AgD, since
the alkQIMBRH ¢ ARiRRIe BEISHErAENPRYIGRILEBICYRTBIRIS CRMRO WIS metal

capable of generating sulfur radical can be exemplified, more concretely,

contest citopaia Meneyikidedsesrvean vaendhemaficall metebsentevbafithe
polyaﬁ&lgg?agm’?ﬁ?e&r%deﬁ é?@?c@@&éqg@%ﬁg@%rﬁ%“%?% Ejgirmé)gﬁclgﬁulinetai

alogen contained In the polyarylene sulfide
contenpteh thendtaireih RaSonday excethl tihe mrme ohérgialied coatditionsteanadf the

it is preferable that the reaction in which the lyarylene sulfide
PAS G i RIRRALIRLERLPR, b EbSRaR IR G ALHE B8l Kapide
su!ﬁdgﬁ%ﬂ)ﬁﬁ%@%%&%9(51%@%@1@% ebrlkpaeiintHiedRa6taBtal in the ash
which is the residue of incineration of the polyarylene sulfide prepolymer by an electric
furnace or the like, and it can be quantitatively analyzed by analyzing the
above-mentioned ash by, for example, an ion chromatography or an atomic
absorption spectrometry.

Where, alkali metal means lithium, sodium, potassium, rubidium, cesium,
francium of Group |A of the periodic tabie, but it is preferable that the polyarylene
sulfide prepolymer of the present invention does not contain other alkali metal than
sodium. And, the polyarylene sulfide prepolymer of the present invention does not
substantially contain other halogen than chlorine.

Furthermore, when the polyarylene sulfide prepolymer is heated {fo convert to
a highly polymerized substance, it is possible to use various catalyst components

which accelerate the conversion. As such catalyst components, an ionic compound
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100 ppm or less, preferably 50 ppm or less, more preferably 30 ppm or
less further preferably 10 ppm or less and further, the weight of disulfide
with respect to the whole sulfur weight in the reaction system is less than
1 wt%, preferably less than 0.5 wt%, more preferably less than 0.3 wt%
and further preferably less than 0.1 wt%, and by 15 that, it becomes easy
to obtain the PAS of the present invention. Where, in case where various

ora cemaw@@ﬁnﬁjﬁ@mé@@eafgé’agm@di@@éw élﬂ’rﬁ?@rfmifbd}su&lwttm@ﬂic

comp?un he PAééaanq the 2 &%%”Sé’n (ﬁ%ngga% contam é%éli}‘ f EF% Can be
ar‘tlcular Wiier &1 Jonic compoun contalnlng an a

exempiifiet meidlasonpparmids bapdis tieeataltihgoafioal it r@mmpﬂéwe
metal component 20 contained therein may remain in the PAS obtained.

compaynfiscapahie SHIYaRAEHENS S SAtIR 4 RRIAYEMPERHUB ERAgEETetely,
compSaRYRSNhg R RS BIRNHGASS Wieighliiasy WhaB e & S ENEAREHS, case,

apt to mcrease Accordingly, in case where a PAS of a higher purity is
itis pr@éereéﬂaih@/@he Bliksliohetsichontsght s Kinberf bkatedistasmad the kind of
e catal st com onent is as

d dth
nalog S ST BB A S SeES R A TEhR 1o ASEa g i the

aboveahyaiRtiened RM¥aBieNe kg RN B thdoeaxaamie Whch the
following methods are mentioned. (1) A method of obtaining a

DOlyafﬁéﬁy@rﬁ\éﬁé%@llfﬁi@b’r@séIgﬁﬁ@%@%’éﬁhﬁg@ﬂﬁ%ﬁﬁb'@%tﬁﬁiﬁg%P@&Bi%f is
cameB‘%%}ﬁ?ﬂ#OF?%Bﬁ A ARG AQARGHISL R 5&“5‘9&5‘(‘@8&?% ﬁﬁ@@%&f@ﬁ‘ gstem is

olar solvent 30 to polymerize a polyarylene sulfide resin, and a mixtur

100 ppcmtammsg poréaralely BAD 2R msﬂssepmmméfw&mmémgver(mmgher
a PAS com nent other than th e-mentioned granular
profergls AP TIATSE A0 6&%%%\%@ o TR 1o e whole

sulfur RAYGRY |ﬁP§’|§‘f‘EQﬁ!8H th R GEELCRaRY W“f@rﬁrél@ltﬁb@rlgss than 0.5 wt%,

halogenated alkali metal salt is prepared, and the polyarylene sulfide

more pligtarabip lesatthiasdherd % sogdistbeapretombdydasmthandid Slﬁl%ecﬁéd by
i ERHICon @ faetedal iRl eebiadoa TS ERo ML

ure contalnlng atleas ena E‘d aromati C

wherscommwdatatwiftﬁhnmagm ardusrdotgeniaiaoiat soveahienp@ymserniy taken
polyarylene sulfide resin, and the orgamc;olar solvent is removed by a

into they5RS niem SeeftlpinsshiAaysRARER e Falavsteempangnt.  In
particgg%éwgﬂ BRheRedlide Esitina LA cesn e Al e Rletal

component is used as the catalyst component, most of the metal component
contained therein may remain in the PAS obtained. And, as to the polyaryiene
sulfide obtained by using the various catalyst component , the above-mentioned
weight loss when the PAS is heated is apt to increase. Accordingly, in case where a
PAS of a higher purity is desired and/or a PAS of which weight loss when heated is
small is desired, it is desired that the use the catalyst component is as small as
possible or, preferably, no catalyst is used.

As method for obtaining the above-mentioned polyarylene suifide prepolymer,
for example, the foliowing methods are mentioned. (1) A method of obtaining a
polyarylene sulfide prepolymer by heating a mixture containing at least a
polyhalogenated aromatic compound, a sulfidizing agent and an organic polar solvent

to polymerize a polyarylene sulfide resin, and a mixture containing a granular PAS
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prepared, and obtain a polyarylene sulfide resin containing a polyarylene
sulfide prepolymer by purifying the mixture by a known method, and this
is extracted by a solvent which does not substantially dissolve the
polyarylene sulfide resin but dissolve the polyarylene sulfide prepolymer.
15 <Conversion of polyarylene sulfide prepolymer to highly polymerized
substance> It is preferable that the above-mentioned PAS of the present

resin sepEiableibyfiodoest bigventepssunia WARH ma aolémepmpaagnt, other than

olyarylene sulfide prepo r is heated to be converted to a highly . ..
the abSoa%—n‘Yenho g raﬁu?gr P&%e ras) v?dt'nt%\ ﬁrperoé)ggcﬁ%g%ye%m % é)r%%n}/enzatson

n
merized Substance. It is pretserab e tha re’ls a

(referiednpesatpeshairwbich dhEied oligdrastioorfhpalyssideseidorsullideer and
repolymer is dissolved or melted and there is especially no problem if it is

haiogguehe _ @Wé@tﬁ@@&ﬂéiﬁéﬁpmrﬁm theannly Q@Hﬂf@aﬁﬁ#@% fhdem@an
contamgd ‘fll'éf‘g l%'%%p;érg’cgﬁ' %gtgxe < 8@%‘6‘%9& tt'ﬂ?sﬁ@'%ﬁfé\j&’vﬁ%osfﬂf%ﬁurification.

prepolymer, it may nee ng time to obtain PAS: ere, since the
ter{®) dxaneth ot whihitod mp lyaiyéeyie nsusfidieder ppeypiyenatisgohezgtiog a mixture

corta R R ASF SR B TR GH LB A S
organi@ 96%%&@%@,t@aMzrr@%r&qadwﬁr@@@@%@%m%ﬁ@wmgmc polar

melting temperature by analyzing the polyarylene sulfide prepolymer by a

solvenfiffeFentiayedannmignewn medhad BBarsis e theheabtmssizatinnigida
. hi lyaryl Jlfid , :
i DS, MU S AR BAT AR s

prepacgdhehdebintesiraihesidaceadlides ssichcant2Birepeepetiad/lana sulfide
cross-linking reaction or a decompasition reaction may occur, a

d
prepolympl Y rRYIAY BoRemiXIHER Bra kY ens BreeaRAdNIS Sp?gfé?ﬁﬁg Ry @
solveRVRicich BIBRGGIUR 8lanhiaR, SHESHRIgRY '%ﬁ?@r’i@%‘?}iﬁﬂé RESHbut dissolve

significantly. As the heating temperature, 180 00C can be
the pelyamsifiegLiite ipreposfarably 200 to 5 380C and more preferably 250 to
360C. The time of the abve-mentianed heating cannot be decide on
<Congeien B ANE Ve ATk E R e, R e Sbatarees
polyarylgrsfediidetnarepel ynevasadriisieasrudisinirgmewanttiolétion is
cyclic polyarylene sulfide, m or molecular weight, or heating temperature,

produggd by giimeliefimiBieh det-rRRYS <BanueretRe WeeenRctHIBrgprepolymer
is hea{BH8 IRD ARG HEREH A EIYAY HSIRF ERRSEIRE ASitepreferable that the

heating temperature is a temperature at which the above-mentioned polyarylene
sulfide prepolymer is dissolved or melted and there is especially no problem if it is
such a temperature condition. When the heating temperature is iower than the
dissolving or meiting temperature of the polyarylene sulfide prepolymer, it may need a
iong time to obtain PAS. Where, since the temperature at which the polyarylene
sulfide prepolymer dissolves or meits varies by the composition or molecular weight of
the polyarylene sulfide prepolymer or the environment when heated, it cannot be
shown in one meaning, but for example, it is possible to know the dissclving or melting
temperature by analyzing the polyarylene sulfide prepolymer by a differential scanning
calorimeter. However, when the temperature is too high, between polyarylene
sulfide prepolymers, between PASs produced by the heating, and between PAS and

polyarylene sulfide prepolymer, or the like, undesirable side-reactions such as
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heating time, 0.05 to 100 hours can be exemplified and 0.1 to 20 hours is
preferable and 0.1 to 10 hours is more preferable. If it is less than 0.05
hours, conversion of the polyarylene sulfide prepolymer to PAS may
become insufficient and if it exceeds 100 hours, not only possibility of
appearing bad influences on characteristics of the 15 obtained PAS due to
the undesirable side reactions may increase but also an economical
represtisdcddytagerossyliaisy Restonversidetynheasitigiofehetjssiyasyeresur, and
sulfide prepolymer to a hi ol rized substance is, usually, carried.
charag{iTRNR AhE CB G B AE Rt S50415 Bt e 10 2void a
tempdHRseacH ahsehvamthAmte sabieniidbiscaetioprastally eRimipstgs fathe
it does not spoil conversion by heating of the polyarylene sulfide

heatingdgmperaticea Hghy ABR Aaea eysmRtdest ipsdusiamiaisrablsdtdt to
° 1 H H h d L. -l. k
380 %?ET@%E%&’?‘@QJ&%W?&%%@”C as decomposition or cross-linking

or example, nitrogen containing polar solvents such as
N-iethiytn2- py ttadi dboe edimeetiyh <o ineatidecandioh bib viexietahtigene standard
. sulfoxidesulfone-based solvents such as dimethyl 25 sulfoxide or dimethyl
since g KBt A PGB VRS B2 BRI PLLR POV B auae

prepdiitay! ketangien %%eéeﬂkhqﬁ%gea%ﬁﬁtbﬁﬁ% Ve oIS SiEneiy! m or

ether, dipropyl ether, tetrahydrofuran, halogen-based solvents such as
molegHrrvieight. Piciedbng iemusiaturehideodiby e paitiabe doyiaiermine so that
the agc:;:%/rgpiwrwoe& Iehsd t%téa %?rl%?ﬁegqgggeoe{ci@r%oﬁ U RG %lcccg)ur}oif cbssibie. As the

phenol-based solvents such as 30 methanol, éthanol, propanot, butanol,

heatimgtitaaol ethyieneivank proppleesgiysiic@Anbentlopeshbars is preferable
po:géet%ene glycol, aromatic E}/drocarbon-based solvents such as _
and Opb o dibheiriaeprymaeralle.ardf hisngssddan hOmbRyKRiConversion of the

polyaFAERL Y HRISYS RS AP AN BAGXIRE, NEAGAROR RS SRR ‘ﬂei?%()j?t?eeds 100

solvent in a supercritical fluid condition. These solvents can be use
hourssinglyooiapas siility @ béepdads @ batmeilGeTiteabovehateatioisdits of the

.con jon by heating of the polyarylene sulfide prepolymer to a highl
obtai R AT AP AR SN TGS, SO RN bt QR ae ARV GALTR &
econdYAiCH) WhEH antaEdintagy Rekenerization reaction apparatuses used, and it

mag also be carried out in a mold in which a molded article is produced,
an

hecarmyereianiey bapinhohipaahiaminaeciide prepolyna to a highly
poiyrﬁé’r‘??édé%beéig el WiEh A OAr Al SR AR SDSEE B0, DU is

extruder or melt/mixing machine, and
possible to carry out in the presence of solvent.  As the solvent, i is not especially

limited as far as it does not spoil conversion by heating of the polyarylene sulfide
prepolymer to a highly polymerized substance or it substantially does not cause
undesirable side reactions such as decomposition or cross-linking of PAS, and for
example, nitrogen containing polar solvents such as N-methyl-2-pyrrolidone, dimethyl
formamide or dimethy! acetamide, sulfoxide - sulfone-based solvents such as dimethyl
sulfoxide or dimethyl sulfone, ketone-based solvents such as acetone, methyl ethyl
ketone, diethyl ketone or acetophenone, ether-based solvents such as dimethyl ether,
dipropy! ether, tetrahydrofuran, halogen-based solvents such as chioroform,
methylene chloride, trichloroethylene, dichloroethylene, dichloroethane,
tetrachloroethane or chlorobenzene, alcohol-phenol-based solvents such as

methanol, ethanol, propanol, butanol, pentanol, ethylene glycol, propylene glycol,
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known method such as of a batch system or of a continuous system can
be employed. Regarding the atmosphere when the polyarylene sulfide
prepolymer is converted to a highly polymerized substance, it is preferable
to carry out in a non-oxidizing atmosphere and it is also preferable to
carry out under a reduced 15 pressure condition. And, in case where it is
carried out under a reduced pressure condition, it is preferable that the

phencé,t@r@g@h@repmfstﬁ&wé@_@qcmy%tmmmémrﬁ@arttombﬁﬁe@_g@wﬁms such as
1:)6.:mzez?1\tén ?3 Uheréa gp d }QSQ !E{E.f%%e%g%ﬁc{ﬁg& .C e(}-\REe ?ﬁgf%a%%%ﬂ%@o%}‘ld@%ch as
UNae3irabie Side réactions Such as cross-linking feactron or decomposition

carboregictiodeh elvegarpolyantanssuiideseie pelwoleshtiataeapdtéisal fluid
_produced by the 20 heating, and between PAS and polyarylene sulfide
conditipBpolfhfTe SRV Ry TN BEpptedsingvRERS thEREH Rl #{gds or more.

AMASANG S CABS DAL NG AYEISB NN FRIBHALCSE the 3D AR M ififide

contacts with the polyarylene sulfide prepolymer is 5 vol% or’less,
prepoymierablg Rigblyomoltossyifadisbstafwathanhatamnephettendiiciourse, carried
substantially. does not contain lo>r<P)(§en that is, ap inert éasa?tmos here
e

out ing Way I WHICH A8 QLHINREK R YT S S A h P S T ARERA SRS fe i 1
may SOl asRerRMYin eCRMIM andcpraiRese e amcling, fHneRM, and it can be

~ atmosphere is preferable. And, "under a reduced pressure condition”
carrieshgghwithauhenpsitie bnidesacofrspsidn AMIGRRR #iah eaeipped with a

et B e R B B e P AR
known Asethedosveh36slohd, ﬁhﬁ:k%&sﬁemmeoémdw@mmpliﬁ@and;@@ﬁé@mloyed.

ConRAEFELR AHE RERS A Sop e il NG S B SHoRG
conveStE BSLHRERYINENAEALIOR BIILREEL T AgieRfasiel RSN It

is less than the preferable lower limit, depending on reaction temperature,
non-ogdizingcinasneaiatayiicipalparpraiershifde saitdinstiundre s reduced
olyarylene sulfi repQ : i t] i arr
oess D EBITRR R0 AT SR e IS RIS e

condifiolymesizedfsuiisiatiost tnslatrnoepisteada thaiactich natenalistere: toened to
fibrous material is a fine fiber-like material and it preferably is an

a nonpxigtizing SBERRNEFR AN NG IRy BRIE Sreire SO IRRRYERRDMATON. By
that, (R5Es|FB ARSI EHORASIMPERRA: & FRIING FES hEHEERLSEYRIHER ition
comprising PAS and a
reaction between polyarylene sulfide prepolymers, between PASs produced by the
heating, and between PAS and polyarylene sulfide prepolymer, etc., may be
suppressed. Where, the non-oxidizing atmosphere means that the oxygen
concentration in gas phase which contacts with the polyarylene sulfide prepolymer is
5 vol% or less, preferably 2 vol% or less, further preferably, an atmosphere which
substantially does not contain oxygen, that is, an inert gas atmosphere such as of
nitrogen, helium or argon, and among them, from the view point of, especially,
economy and easiness of handling, nitrogen atmosphere is preferable. And, "under
a reduced pressure condition” means that the inside of the reaction system is lower
than the atmospheric pressure, and as the upper limit, 50 kPa or less is preferable, 20

kPa or less is more preferable and 10 kPa or less is further preferable .  As the lower

limit, 0.1 kPa or more can be exemplified and 0.2 kPa or more is more preferable. in
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fibrous material by the conversion of polyarylene sulfide prepolymer to a
highly polymerized substance in the presence of fibrous material. Such
structural may be excellent, compared to a case of PAS only, for
example, in mechanical characteristics, since it is reinforced by the
fibrous material. 15 Here, among various fibrous materials, it is preferable
to use a reinforcing fiber comprising a long fiber, and by that, it becomes
case \woeivlbapreghly ecietbicing chodrias excgedértievpels bsmpmstdimit,
material structure comprising a resin and a_fibrous material is prepare
unde g R ey o el L L A SR he otrer
hand, ilifersitmalesiakNdih the pasisyaniy eseimandspendarmaorepetive 20
material may not be produced, or expected mechanical properties may not
tempesatiEgnipite 819 R ahwalehity e acbvardens -8 ylidg eeatangd in the

intain [ terial such as a melted resin and a
rona eI R e

Ibrous "compound such that air or other gas is not
capiurepdssiviecio tharfjuidinibteabibaadriboticokd baswertos, eipigarylene

e B B RS S SRR R g oo

materRlyardeaerss fidroperlwnar Rf dhmBrasenticyentieniis ¥R/ ilPMeferably is an
compared to that of ordinary thermoplastic resins, for example, that of

arbitrapiyselecietingaiaving Adioely dravensimelyaiolat RECauIR) fbene Itis

poss SO SIS TELENARRSHNS MeRa BiGolon Shig rereriens
fibrouformaitegial ggdthevettime faddwed mdhwaprbeesyienideutiide oRorareiaody ighly
and the fibrous material, it is gﬁssible to obtain a compasite material

POYMEFZER IPRIARER thé FPERRNEReT IR SO RIGHR) poRHirErE¢Ftural may be
excellBHRSIBRGS BPMREYIGRe HIPAS Hes- 2 gerb el '?’Heé’ﬁamgﬁﬁé‘ﬁ‘%%cte ristics,

_ above, a reinforcing fiber comprising a long fiber is preferable 5 as the
since floolgniarathbariberfdreusondivgifiber used in the present invention is

not, especially limited, but, as a reinforcing fiber preferably used, hea .
S g Bue P s R RRETE R R Ui Péfforeing

fiber qerongiages leigfamingilbasy arat nitehtioned shas el pdehighligaiginforcing the
reinforcing fibers, glass fiber, carbon fiber, graphite fiber, aramid fiber,

PAS. sl sieearldy/iBRR SRMReS Hb S REH SOHIBES SPEwEtRgREESE and a
fibro%@%%%p%g%fi%@cgﬁgém%%i‘é’&%ﬂ%@fﬁél@Q‘H%@Pm%lted,
wetting of the fibrous material with the resin may worsen, and a uniform composite
material may not be produced, or expected mechanical properties may not be
exhibited. Here, the wetting means that there is a good and maintained contact
between a fluid material such as a meited resin and a solid base such as a fibrous
compound such that air or other gas is not captured between the fluid material and the
solid base. Here, as the viscosity of the fluid material decreases, wetting with the
fibrous material may become better. Because the viscosity when melted of the
polyarylene sulfide prepolymer of the present invention is very low compared to that of
ordinary thermoplastic resins, for example, that of PAS, its wetting with the fibrous
material may be good. According to the production method of PAS of the present

invention, since the polyarylene sulfide prepolymer is converted to a highly

polymerized substance after forming a good wetting between the polyarylene sulfide
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specific modulus and contributes greatly to weight reduction can be
exemplified as the best materials. Regarding the carbon fiber or graphite
fiber, although it is possible to use all kinds of carbon fiber or graphite
fiber depending on its use, a high strength and high elongation carbon
fiber of a tensile strength 450Kgf/mm2 and tensile elongation 15 1.6% or

more is most suitable. In case where a long fiber state reinforcing fiber is
prepolysesr, ang grefbbapustmaiaiialeidgeessibla & AR A BDPsHE praterial

I ‘b h cient i : S ngth
sl AT SR e R et
{polyanpletdyufidepfuntheategosinfastting fibers. And, the reinforcing fiber is

not limited in its shape and 20 arrangement, for example, it is possible t
LSRR DRRIRBENEn ) AT SIS R GRS, SHAPE ST 1 Preferable

as thd TvSheRedeWaVeRd AR GShanerh S Bk 4 ha e th £\ PRbsEhPRIVSHIRN f8Mot

applications in which a high specific strength and a high specific modulus
especiabyrbopiiedd baih asantpnfertinpibphpisiteoabingapdrdaas resistant and high
. unjdirectionally paralleled is most suitable, but a cloth-shaped ven
s R iR B K e b e e e R e

mentiPresent Fayenionp U dRasaeieinfdscurpfipessinitadwiitee, carbon fiber, graphite
above-mentioned conversion of polyarylene sulfide prepolymer to a highly

fiber, Beagnitkfilen siisom fashiledien sl absraRs fotmiller e ergentioned.
Amoni§1En{ B &XRMAIG PR IRASHIEAIBER BHTR B SURPTH Yo dBiGeMEnih and

er, i.e., calcium carbonate, titanium oxide, alumina, etc., can be
specifexeroplifiesiafd (SnCharesteristdy of RAGHfbduichentan Therigpifiguas the

resent invention is excellent in heat resistance, chemical resistapce .
vest R ee otaROE SR TS SO 6 HEEHAI A Bro LAGReTI L possiole o
use alPRIHEYIBf CCPPRAHBRIQCERYSMEONBEP Aspnalpguia ivsaighl distgRusiRsmisth and
narrow and 5 metal content is significantly low, and moLdlng

high glepeasisabaribencipaniia ensiticrenad mgﬁfémm @h@@a@?}%ﬁwgation
1.6% %"r.%%‘ée@ﬁlé | Sﬁ'fe.a“ﬁntﬁ‘éé%f%ﬁerg% N Ké?@%{gr}g}ﬁ@ﬂﬁﬁgﬁber is

Injection press molding or blow molding, but also by extrusion mo
used, dais becfeokidd tirxd tiseibagtinie Bxdnusiomoadinig anislesgeabf dength, it

sheet, a film, a fiber or a pipe. 10 As production methods of PAS film in
becomigs fesikip lggﬁé@!ﬁ{glﬁ,@@mtim}%ﬁﬁ%orcmg fiber strength in composite

materials. And, the carbon fiber or graphite fiber may be used by mixing with other
reinforcing fibers. And, the reinforcing fiber is not limited in its shape and
arrangement, for example, it is possible to use even in unidirectional, random
directional, sheet-shaped, mat-shaped, woven fabric-shaped or braid-shaped. And,
in particular, for applications in which a high specific strength and a high specific
modulus are required, an arrangement in which reinforcing fibers are unidirectionally
paralleled is most suitable, but a cloth-shaped (woven fabric) arrangement of which
handling is easy is also suitable for the present invention.

Furthermore, it is also possible that the above-mentioned conversion of
polyarylene sulfide prepolymer to a highly polymerized substance is carried out in the
presence of filler.  As the fillers, for example, non-fibrous glass, non-fibrous carbon or
inorganic filler, i.e., caicium carbonate, titanium oxide, alumina, etc., can be

exemplified.
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is used, known melt film forming methods can be employed, for example,
a method in which, after melting the PAS in a single screw or twin screw
extruder, it is extruded from a film die and cooled on a cooling drum to
prepare a film, or, a biaxial stretching method in which thus obtained film
is biaxially stretched by a roller type longitudinal 15 stretching machine
and a transverse stretching machine which is called as tenter, etc., can

(3) Gwedsisticiobbtdhaf Hie otesdigscially limited thereto. As production
meshods of BAS TheL 0 Wich 16 RAS ALIE BIESEIIIPUERIEN I seflca
nOWh it SpiAing Methods can be employed. or example

resistanet)dkhine whigktaihe:PASthipp wbishids: ramdmmehahmnpx@piemme in
feeding to a single screw or 20 twin screw extruder, subsequently jt is

particidah RRARRERT 4 pRMGBIONAL AR MMl sevianNeidhl st ia AR S Ansrow and
metal Rn ARSI ALINS &G e ErBYHBLLB ity SHRieRsHigad

subjected to™a heat sét, etc., can be employed, but it iS not especially
charahterteﬁ%emt@lmmttefmmmfm aferexpreveht Exesitton. raag terefore,

R T A

1zer

extrusiod YnaR§aP IR iﬁ@lﬁfame@t@nopagé@eaﬁﬂﬂ@cmmbr@ﬁlmﬁ@ astizgles such as
polyamide, apolysulfone polyphenylene ether, polycarbonate, a

a shegb|adiliar 3{iGHEr B guRRster represented by polyethylene terephthalate

or RQ g%ﬁﬁ@%tﬁ{?ﬁm%@?ﬁﬁlﬁﬂhm%‘?bﬂ%@r §§edﬁh§%resent invention

polytetrafluoroethylene, an ole ased copolymer having functional

is usegrdumsucimal fid éqmwmgrmq@hodsknmylt:@mpp@Wbﬁmybtxmniesaemethod in
roup, Iefln pbased elastom

, id
Which S RD LS R 6o DOl R i oSG e LG s ctruded
from ARIES dfeRAYASSSR @R HBKIRCAR UWGW@I%)&S‘Q WBRASEEtching

the invention 5 Since the characteristics of the PAS of the present

methadventbichsteuscleiaineditilisdiroedysiriahatdnharielgr type longitudinal
stretcﬁhar%:}aecnsucs aadaetr Cték?&l %hgtrr%%%r énte Hg \Hﬁ%?l :9 rgE%H‘%erenter eic.,

e|egtr|c electronic parts such as repres y a sensor, a

can b@%@ﬁtﬁﬁn@@@@h&h@ resishol, @s;:@amwﬁam;&swnel‘eta coil bobbin, a
condenser, a variable condenser case, a Ilg plck , an oscilator,

vafiSRreskitie e thRtssOLRARSRFREM 'ﬁfb&h% phm ik EaRNtdvention
is usdiNEhoRRREKDIAMHE ARIABRsZan be employed, but for example, a method in

which, the PAS chip, which is raw material, is mixed while feeding 1o a single screw or
twin screw extruder, subseqguently it is extruded from a spinneret via a polymer flow
line changer, filtering layer, etc. equipped with at the end of the extruder, cooled,
stretched and subjected to a heat set, etc., can be employed, but it is not especially
limited thereto.

Furthermore, the PAS of the present invention may be used alone, or, as
desired, inorganic fillers such as glass fiber, carbon fiber, titanium oxide, calcium
carbonate, an antioxidant, a heat stabilizer, a UV absorber, a colorant, etc., can be
added, and resins such as a polyamide, a polysulfone, polyphenylene ether,
polycarbonate, a polyether sulfone, a polyester represented by polyethylene
terephthalate or polybutylene terephthalate, polyethylene, polypropylene,

polytetrafluoroethylene, an olefin-based copolymer having functional group such as
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headphone, a micro-motor, a magnetic head base, a power module, a
semiconductor, a liquid crystal, an FDD carriage, an FDD chassis, a
motor brush holder, a parabolic antenna and computer related parts;
home and office electric product parts such as represented by VTR parts,
TV parts, an iron, a hair dryer, rice cooker parts, microwave 15 oven parts,
audio -imaging device parts including audio parts, an audio-laser disk

epoxy(geaigmakhoxyarpaet aiskrzodlieaoidas wskrMpninamsidoantsydride group,
refrigerator parts,, air conditi rts, t iter part :

2 poy e e e B R SRR BSEeY Hmis,

elastopfets aelephatigs ehaigel papislytanstianite pelgtienidurtarcbpycorapbineded.
related parts, cleaning devices, motor parts, a lighter and a type 20 writer:

4) Gricd |ﬁ§r9fﬁ§ﬁt“é\‘ﬁf‘ﬂ%‘bision instrument-related parts including a
MIGFASEARE. (AR s BBHPSHR RMEIWRE D Waleh TRIAIEERAE S xceallent in

including a faucet comer, a water mixing valve, pump parts, a pipe joint, a
moldingatepgessaitiiito metvahiealchaliatiealsticn diod wiselrigahpeasagteristics, as its

ensor, a wate antity sensor and a water meter housing:; automaobile
uses, JGhATETAlRe S SRR VAL SHRLE T Sh s broh DL B NSiegor D
lamp, I8TE0RAbAGr 2 RENet, eprnaster, anday egulater svisiicatiosneiebase

for light dimmer and exhaust gas valve, various pipes of

condeqigfbh¥asEMS RN SE/SEasR, ANAN RifdkeMcRIRSSSIRE VAR g kerminal
A e coali oint iy

e BB B0, 0 S0 00 SR Bonc. o

headsemser aanioibtenyber aureagessiorhaadtrotte pagiteresemsduje aGerattonductor,

s A R e S
antenf834NY cBrRBREr holsRgb4AdiatlenBURE SfMIQIEkIAD drdRRe harts such as

turbine vein, wiper motor-related parts, a distributor, a starter switch, a

represeatied kiayT 8 pashdlviesstsr aairanissivrl; dryRndise cREMRIMrIEZIgIgFoWave
oven géll\'fsenéjt'jt' 05 Fr%agr?%rs@%\té%]egaoﬁaﬁ& c?&éliﬁ) fgg Hfg Iﬁ%?g saﬁl%ﬁﬁ?gﬂ%g@%?sk

€’ a connector orn termindf, an insulation plate o

(tradegtenitical pamipaatsitrk eotigitat eide dadiyk sickain atiampanddlectbigarktonparts,
housing, a brake piston, a solenoid bobbin, an engine oil filter, a fuel tank,

air CoRR IiRfE R QERGLEISE BRESPEENUBFARIPSTSRNE RALE; APRCGIREreated
parts YHAAUS ARPUSALORD GRP REAXEPRILE e bR QERAR AN RaSsimile relater

excellent mechanical characteristics, electrical 10 characteristlps, heat
paris resisyameshirel rciated pavdel [Weeaigugaeesunhias pastscaitighter and a type

writer: optical instrument and precision instrument-related parts including a
microscope, binocular, a camera and a watch; water-related parts including a faucet
comer, a water mixing valve, pump parts, a pipe joint, a water guantity control valve, a
relief valve, a hot water temperature sensor, a water gquantity sensor and a water
meter housing; automobile - vehicle-related parts such as various valves including a
valve alternator terminal, an alternator connector, an IC regulator, a potentiometer
base for light dimmer and exhaust gas valve, various pipes of fuel/exhaust/inspiration
systerns, an air intake nozzle snorkel, an intake manifold, a fuel pump, an engine
cooling water joint, a carburetor main body, a carburetor spacer, an exhaust gas
sensor, a cooling water sensor, an oil temperature sensor, a throttle position sensor, a

crank shaft position sensor, an air flow meter, a brake pad abrasion sensor, a
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film uses of a film condenser or a chip condenser, a circuit board, an

insulating substrate use, a motor insulation film use, a transformer

insulation film use or a releasing film use. In case of monofilament or

short fiber of PAS, it can preferably be used for 15 various uses such as a

dryer canvas for paper making, a net conveyer, a bag filter or an

insulating paper. [Examples] Hereafter, the present invention is explained
therncosieretelye\uiiaie tenetite ter exavapie il fiesecardrekeaipdfoatieating, mobrush

restrictive. 20 <Measurement of moIecuIar weight> Molecular weight of

ho“?ﬁ@p‘@?@r‘ﬁéﬁ@é‘?f fR/EHRT PYIHHIBRE @if%@‘ﬁ‘@ﬁdﬁfﬂe%’eﬁgﬂor related
partsJSISERIRALY SetRermeatian Q‘é%ﬂ%ﬁo%%?hﬁ (ARMamRICh é? Fakitifli®dion, a

size exclusion chromatography (SEC), as polystyrene equivalent.
windmeageebatemaiadiivai obaP®asr shoeisinitne bsivdimgsoR®f fuel-related

Instrument: Senshu SC|entf q&gﬁssc 7 Column: Senshu Lentlfl%‘9 for

e‘GCtﬁod“ngd’é’*‘ﬁu?eo‘I”&%% 0 H?ﬁeﬁb%’né%fg?m& YRR
electneeiaete CRostEpohoitr tRmpe ERibng 3H0keB0RERrihesMatsrt a lamp housing, a

temperature: 250C 30 Pump thermostat temperature: 50C Detector

b"ak?eﬁiﬂé’r’ét@réo@l@@ ﬁ%@@ﬁté‘”l%%%%ﬂﬁﬁé’cﬁof#%ﬁmke% igfitjsie-dsoyice case,
a sp@éc@@ﬂé’o?tgﬁ?i Q%tért%'%?bé fizo\fﬁé arid Qaéﬁ? ﬁo?\'%a@éﬂ%gfé!@é'phﬂed

metal content> Quantitative analysis o content containe
in tHa pabanfl&¥e ﬁlnﬁldérmraje:heqﬁelyammmBmaﬁefwemwymMaECtncal

car e B AR A8 ) SRR R R e
film Eg@s'r&ﬁ'Bﬁmﬂﬁ'%r‘?&éh\é/é\scﬁ'%@Wﬁ%@ﬁd@%@f‘%ﬂi?gﬂ%ﬁ@,@ﬂﬁéU%Tlng
substrate use, a motor insulation film use, a fransformer insulation film use or a
releasing film use.

In case of monofilament or short fiber of PAS, it can preferably be used for

various uses such as a dryer canvas for paper making, a net conveyer, a bag filter or

an insulating paper.
[Examples]
Hereafter, the present invention is explained concretely with reference to

examples. These are exemplificative and not restrictive.
<Measurement of molecular weight>

Molecular weight of the polyarylene sulfide and polyarylene sulfide
prepolymer were determined by gel permeation chromatography (GPC), which is a
kind of size exclusion chromatography (SEC), as polystyrene equivalent.
Measurement conditions of GPC are shown in the followings.

Instrument: Senshu Scientific Co. SSC-7100

Column: Senshu Scientific Co. GPC3506

Elute: 1-chlioronaphthalene

Detector: differential refractive index detector

Column temperature: 210°C

Pre-thermostat temperature:; 250°C
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diluted to a constant volume by diluted nitric acid. (c) The obtained
constant volume liquid was subjected to ICP gravimetric analysis
(Instrument; 4500 of Agilent) and ICP emission spectroscopy (Instrument;
Optima 4300DV of PerkinElmer). 15 <Quantitative analysis of halogen
content> Quantitative analysis of the amount of halogen contained in the
polyarylene sulfide and polyarylene sulfide prepolymer was carried out by
th& fenpviegiestaldy sassaieadBivned in a flask filled with oxygen. (b)

'I_'i}ﬁet%gr%rtg)erdt%aﬂsg i\é\{%%?legsg%e by a solution to prepare an absorbed
liquid. (c ogen toncentration was quantitatively analyzed by

anilygingta:pad afL_therabsorbed liquid by ion chromatography
(Instrument; DX320 of Dionex Co.). <Measurement of weight loss ratio of

PAR&HER M@%&ﬁ@%@h%%)g#Aﬁ@%@%ﬁ&%%ﬁﬁﬂ@%% wt%)
<Quam%%§§§wr§mgy%%gﬁw{pogravimetric analyzer in the

following conditions. Wherein, as the 25 sample, fine particles of 2 mm or
les3uaatéaibeda haysisnehthd GlkZ ofRiakioBlaTdroooiaved du fing polyarylene

., atmasphere: under nitrogen flow Sample weight used: roximately.10
SUcE R DR R LS (2P AT e P Bro SRR D g ey
S0@)farshipiawias Bkép) Dembaratises avsgatsatbiE0quEe: RIQEIBIM to be
temperature 50C up to 400C. The heating rate at this time was 20 C/min.

incinetdedvbiyAbIslckEEUINA$EWas calculated by using the above-mentioned
thﬁ *ﬂ’?e(mcfﬁ?é?a%t ; 8@3%‘]’ BtLgeQ{%WQS'B?r Wﬁ%@r’éﬁj@&ﬁ’ﬁﬁ% R rd%hen

sample weig eating’'step Where, In the
dilutefolowiogeian ples eevisighitliess idgtio atid00C in heating step with

T SLTAL Pk ARG LA R SUPBES R e g meti
analy¥eGRLALARNE WBB0BINEGHERE) @%&W‘ﬁ%@fﬁé&@‘@ﬁ@ﬁé@%&fgttﬂﬁrument;

~340C in heating step with respect 10 to the sample weight at 100C was
Optimexpessday at Pavkdablnaen they were shown as

<Quantitative analysis of halogen content>
Quantitative analysis of the amount of halogen contained in the polyarylene
sulfide and polyarylene sulfide prepolymer was carried out by the foilowing way.
(a) Sample was burned in a flask filled with oxygen.
(b) The burned gas was absorbed by a solution to prepare an absorbed liquid.
(c) Halogen concentration was quantitatively analyzed by analyzing a part of
the absorbed liquid by ion chromatography (Instrument; DX320 of Dionex Co.).
<Measurement of weight loss ratio of PAS when heated>
The weight loss ratio of polyarylene sulfide when heated was measured by
using a thermogravimetric analyzer in the following conditions. Wherein, as the
sample, fine particles of 2 mm or less were used.
Instrument: TGA7 of Perkin Elmer Co.
Measuring atmosphere: under nitrogen flow
Sample weight used: approximately 10 mg
Measuring conditions:

(a) Maintained at a program temperature of 50°C for 1 minute.
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references. <Analysis of generated gas component of PAS when heated>

The quantitative analysis of the generated component when PAS is

heated was carried out in the following way. Where, fine particles of 2 mm

or less were 15 used as the sample. (a) Collection of gas generated when
heated Approximately 10 mg of PAS was heated under nitrogen flow (50
ml/min) at 320C for 60minutes, and gas component generated was
calbctedpgaiuae vanphisgcitdrhdbe retogsing tempeataitvetfd dop zp400°C.

%gAnal Sis aseous co nt.Gas component collected in the

The h Q%-?%&ﬁghgai\%% W%%r%[%oﬁreme%sed by raising temperature from
ropREtrBReAbES (at30S INdwals wesdixtesing adiegttieleBsing mentioned
instrument TDU (of Supelco Co.). The heat released component was

equaligBtidndteimté R speuRe @At IHeRts B\ RSha! 2 BB LomniaaRaei s
~ itati lysis of y-butyrolact d
sam B SN ence xample 1] <Prepaation
1 Wpelwaﬂytlm fsﬂilc[id@grepmtyp‘lgs? a waigﬁtlitmsalakimlatlaaﬂjtﬁplpé@miﬂg step
R B L e TN e TR
ratio RSAPTHHES RG NP With 44626116 Mol apagi Magatade 1062 G/as

(21.0 mol) and delonized water 10.5 kg were fed, gradually heated up to
expresgeiicadmaeWIdband aprsighiiassyaincird4thiicindeemtig sistegeMiingspect
to the'SAM leﬁ)/& Isi,\u[rgt af@ﬂﬁt&rra\évafér%és%égagnQAW@BSQ%NLW q/'}l%tnu%e%@wn as

out via a distillation 5 column, reaction container Wwas cooled 10 160C.
referevidagre, during this liquid removing operation, 0.02 mol hydrogen sulfide

er 1 mol sulfur component fed was_ diffused outside of the reaction

<Analisis hIRRSTAIA G RITRRIBREL S BAS 1008 MERERA NIMP 9,00 kg
(OFQ Rl MR AddeHy 8RGINA LRI LN RIRFIMBR SEAISH PRESE heated

nitrogen gas. While being 10 stirred at 240 rpm, it was heated up to 270C
was aaristdeuf 06he/ Milnwing waintavifers, fine particles of 2 mm or less were
used as the sampie.
(a) Collection of gas generated when heated
Approximately 10 mg of PAS was heated under nitrogen flow (50 mi/min) at
320°C for 60minutes, and gas component generated was collected by an air sampling
and heat releasing tube, Carbotrap 400.
(b) Analysis of gaseous component
Gas component collected in the above-mentioned tube was heat released by
raising temperature from room temperature to 280°C in 5 minutes by using a heat
releasing instrument TDU (of Supelco Co.}. The heat released component was
fractioned into respective components by using a gas chromatography to thereby
carry out a quantitative analysis of y-butyrolactone and 4-chloro-N-methyl aniline in
the gas.
[Reference example 1]
<Preparation 1 of polyarylene suifide prepolymer>
To a 70 {iter autoclave equipped with a stirrer, 47.5% sodium hydrosulfide 8.27
kg (70.0 mol}, 96% sodium hydroxide 2.96 kg (71.0 mol), N-methyl-2-pyrrolidone
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this temperature for 140 minutes. While press feeding water 1.26 kg (70
mol) in 15 minutes, cooled to 250C at a rate of 1.3 C/min. After that, it
was cooled to 220C at a rate of 0.4 C/min and rapidly cooled to around
room temperature, and obtained Slurry (A). This Slurry (A) was diluted
with 26.3 kg NMP to obtain Slurry (B). 15 Slurry (B) 1000g heated to 80C
was filtered by a sieve (80 mesh, opening 0.175 mm) to obtain a raw PPS

(hereatiginraay Blualylieyetep o Maiel A80sg SIHGyN(D) wedepuaittate 1.72 kg
t t d ifs insj d with njt d aft

O e e

appro}ieadeshpy 40 ey apbesiarRitdOCHeUL bavle KB4RisgMariguauteimbienal

obtained solid 20 substance. To this solid substance, after deionized

Pressyaishatiqn ARt ShsLArSNSITrAERY) yese dititechartyia@gisibation

coiumﬁtaeﬁ}g jgggﬁé’:?g gg@ﬁ%&l W35 {85R%Y TN (?('%J{\?ﬁé‘fér ydﬁﬁgﬁg?ﬁ%?&lgd

ter of its opening was pm.Tot
remowiitite padedicche 0l 2et ol digire0 g wafideiged amndodtmtfdratafofotue8Gkbwas
vty gég o

, inutes to obtain a slyrry again, and after it was suction filtered in the
dﬂ“%%ﬁ%%??@&ﬁ?ﬁ%ﬂ%ﬂ%%%& for 5 hours to obtain a polyphenylene
suklisler QianerErdenasRERBIatRG from M%QWWQEb%e@Kt@ﬂeo mol) were

sulfide oligomer and was extracted with chloroform 120g for 3 hours by a

addedsaunet 1T re@eliaropeaiaseen yarsurgbUneRs cilerarr@rromWtele being
stineCRIZBAS RS LNRAOI 2P0 a5 adizd 30 2R i n g 30l e at

mperature 10 0 a mixed liquidina’s S IS

this testpahatinepfead!istomaibes ol P whilssSéatipgprenipithieanas(Blietoh in 15
filtered by a glass filter of which opening was 10 to 16 pm, an

dth
minutgsspRIEd IRt Bk Fhasaiadiuhy déenisy 70ttRs B #0838 Béfgﬁijéo 220°C at

a rate WRIELWHEH éMﬁiQQb@‘Y@Qﬁe@9@5%%3"?@95]%%%%%@?@?%W9%b%ed

900, Na content 5 was 4 ppm, chlorine content was wt% and alkali
Slurryridial dthisr SlarmNAanddaitged withe? thauk g NbAiRdonerta et orap B limit

oMLY SE5oT PR BSEALIR B AT UL LA AL Bt gpering
0.175WhiE ROVISEINANGVWRPR Se)idinoh Al SnatysiEpbingspakiahaeageasycs Surry

this white powder by using a differential scanning calorimeter 10 (heating
(C) weagerAt CitmhTOlena8 eRAEIARRRSHE WS Brias spRiseRb M Ab Agvegn. and

after t?@&ing under reduced pressure at 100 to 160°C for 1.5 hours, it was treated by a
vacuum drier at 160°C for 1 hour. NMP content was 3% in the obtained solid
substance.
To this solid substance, after deionized water 900g (1.2 times amount of
Slurry (C)) was added and a slurry was made again by stirring at 70°C for 30 minutes.
This slurry was suction filtered by a glass filter of its opening was 1010 16 um. To the
obtained white cake, deionized water 900g was added and stirred at 70°C for 30
minutes to obtain a slurry again, and after it was suction filtered in the same way,
vacuum dried at 70°C for 5 hours to obtain a polyphenylene sulfide oligomer.
4g was separated from the obtained polyphenylene sulfide oligomer and was
extracted with chloroform 120g for 3 hours by a soxiet. To a solid obfained by
distilling out the chloroform from the obtained exiract, chloroform 20g was added

again and it was dissolved at room temperature 1o obtain a mixed liquid in a siurry
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to 260C and the peak temperature was approximately 215C. Furthermore,
from a mass spectrum analysis of a component fractioned by a high
speed liquid chromatography, and further, from a molecular weight
information by MALDI-TOF-MS, it was found that this white powder is a
mixture consisting of cyclic 15 polyphenylene sulfides of which number of
repeating unit 4 to 11 and linear polyphenylene sulfides of which number
stateof répisasrajanilifsi2ciopkt], iatol metbagidl 25i0gofiiiie stictinggyptipitglenegas

sulfide and the linear polyphenylene sulfide was roximately 9:1. B )
SUCH G TETR T B RE 1 E GR HHISE QRFE o Lottt byafd the bbtained
whit@@é@%%'%%nﬁh&'ﬂ%i@hf QPPW@W@}‘IQ&M‘%@&HQiH@WWﬂe“e

20 sulfide by approximately 10%, and it was a polyphenylene sulfide

prefépiohé evpiagcdan be\ pesterib oédsorpitedrmismeas306f Mrecontent
present invention. Where, a result o .measurement. th
was 4 R S RSNl WAL TR SIGE el R and halogen

other fhahlertpapbtvelengcaactisiaviighloavesage malesdtamaldight tvasHae. powder
[Reference example 2] 25 <Preparation 1 of polyphenylene sulfide b

was pebrRiRYRAPELHINSJHP 78 ﬁ@%ﬁi’@@%‘%ﬁﬁiﬂb%'Bﬁﬁdﬁ%&ﬁﬁdrg’swpic
analySISIGr NS deNMEL APROX BRI Caprdlighy VRS RS HANd

washed at 85C for 30 minutes, and filtered by a sieve (80 mesh, opening
charaotensticagf iis opitatioowdantiigh tiegobdiffierestiitl ssabsiagcaledmeter

diluted with Q.5 liter.deionized water,.and after stirring at 70C for 30 30
(heat B Bl SRR B R IO SRt TSR R Araround 200
to 260EDeRgdR Haar tedhprtataleTHs aprihashaely sulsance was hot-air

dried at 130C to obtain a dried polymer. Absorption spectrum by infrared

spEERBSERIECAfRYSR BRsR BIRGIHED e angwe fractioned by a

& @
high s%%%?fﬂﬂ%%ﬁﬁﬁr%%’%?%%‘ﬁﬁﬂﬁﬂ%Pfgﬁj\g}é{%jét%ﬁﬁﬁﬂe@hg jnformation by

erence example 1- ference exam reparation
MALHephdviiicib evas|fickenalytbahtieationié ieowaelogya MoxtbesrasnBiRBiesfreyclic

pons Rl T SRS R AT v
polypkRPIeRR ARFAEIN WRCARUMBER OpEIaseatIRg\VeR hrecoPiamad SAlidgh ratio
substance was diluted with 0.5 liter deionized water, and after stirring at

of themclfepetyphenylene sulfide and the linear polyphenylene sulfide was
approximately 9:1. By this, it was found that the obtained white powder contained
cyclic polyphenylene sulfide by approximately 90 wi% and linear polyphenyiene
sulfide by approximately 10%, and it was a polyphenylene sulfide prepolymer which
can be preferably used for producing the PAS of the present invention. Where, as a
result of GPC measurement, the polyphenylene sulfide prepolymer was completely
soluble in 1-chloronaphthalene and its weight average molecular weight was 900.
[Reference example 2]
<Preparation 1 of polyphenylene sulfide by conventional technology>

To the raw PPS resin 100g obtained in Reference example 1, NMP
approximately 0.25 liter was added and washed at 85°C for 30 minutes, and filtered by
a sieve (80 mesh, opening 0.175 mm). An operation in which the obtained solid

substance was diluted with 0.5 liter deionized water, and after stirring at 70°C for 30

minutes, filtered by 80 mesh sieve to collect the solid substance was repeated 5 times
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minutes, filtered by 80 mesh sieve to collect the solid substance was
repeated 3 times in total. Next, the obtained solid substance was diluted
with 0.5 liter deionized water to make it a slurry, and acetic acid 0.24g
was added thereto to make the slurry acidic and stirred at 70C for 30
minutes and filtered by 80 mesh sieve. The obtained solid 15 substance

was diluted again with 0.5 liter deionized water, and after stirring at 70C
in totator Bousiobiteisedasiisls filtelatchvaE meshisidied BUSOitainabtailida dried

substance was hot-air dried at 130C to obtain a dried polymer, :
Polym A PO R bR R S BP A TSnuHs rara et eined
polyméP d@r&ed lieth antosleretciperthy b iarsiire esrdiumss b ds B y@rRdbtained
) 60g (0.25 mol), 96% sodium hydroxide 0.52g (0.0125 mol), NMP 2.56 kg
0 Ref@'grg;% ep1-dichlorobenzene 37.7g (0.255 mol) were fed and the

Ref &?ﬁc%i n qgi@ r was sealed under nitrogen. While being stirred at 240
[Refe rpm, ;%téé_??]tgwas?heated up to 200C in an 25 approximately 2 hours,

<Prepheatied GpofpaBadatdaatesnifide Gynaim eerdtioraantaictetbiigitvs

te rature for. 10 hours. After that, it was cpoled to around rgo

oTb a8, Po8 i A0S 157 RSERID P B dIME
appro¥itatekoriepniged NotRid s tRE SHES @ e85 AR KRS dhMVAfered by

_filtered by a glass filter of which average pore size was 10 to 16 pm. The
a steveyBinaesto RPEBIMEdhé AbwaIs Hisgeiserbna Bordéai svie theebtaikghralid
fter stirgi 0 min filtered in th . .
subst g e R R e S Sl e A bl s o0

minutasdiliephdibp &kmanh siteedtiredledt A€ $alidGnhisiaese iltetedpadined 3 times

) same way, The obtained solid component was again dispersed in, .

n tom&eidﬂ%d"ﬁ%@@@'RS%B’%&‘&%‘H@@F&?é{‘t’%él‘f&ﬁ%d‘f‘%@t@é‘?ﬁt@%ﬂﬁﬁ?ﬁé”ater

to maReNS WRHnT BR QLA GE W BIoUGUMRIEYSR SIS HHiRLRY H¥AGUH acidic
drier for a night at 70C to thereby "obtain dried cake 7.4g. 5g was

and stapdrate@ifofotiBisrolsatae diod difersicebyn@ivas exsmved withe obtained solid

s SRR T A B Ay i oo o
30 mikbRe Wasshdded iand aligroDmurdidiwas THodashitieksd dviia glaradilier was
hot—ai?fd\r(\ilgécgto S%r!ig owc?gtéli(r): 1:';)cifLr(isezEgir?)ct)(E)ymer.

[Reference example 4]

<Preparation 2 of polyphenylene sulfide mixture>

To a 5 liter autoclave equipped with a stirrer, sodium sulfide 9-hydrate 60g
(0.25 mol), 96% sodium hydroxide 0.52g (0.0125 mol), NMP 2.56 kg {25.9 mol) and
p-dichlorobenzene 37.7g (0.255 mol) were fed and the reaction container was sealed
under nitrogen.

While being stirred at 240 rpm, after it was heated up 10 200°C in an
approximately 2 hours, heated up to 220°C at a rate of 1.0 "C/min, and maintained at
this temperature for 10 hours. After that, it was cooled to around room temperature,
and obtained Slurry (D). This Slurry (D) 1 kg was diluted with 4 kg deionized water,
and after stirred at 70°C for 30 minutes, it was filtered by a glass filter of which

average pore size was 10 {0 16 um. The obtained solid component was dispersed in

deionized water 1 kg and after stirring at 70°C for 30 minutes, filtered in the same way.
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thereby obtain a white cake. This was vacuum dried at 70C for 3 hours to
obtain a white powder. From an absorption spectrum by an infrared
spectroscopic analysis of this white powder, it was found that the white
powder was polyphenylene sulfide. From a result of a high speed liquid
chromatography analysis of the obtained 15 white powder, it was found
that this white powder was a mixture consisting of cyclic polyphenylene

Subsanylfiaeharitdiselid mymﬂm'rgriémasuifkjmraﬁd m\ﬂé@ﬁmﬂmm&ﬁc acid
sl A B TN P S L ERHED BT A I 13RS Sea or The
obtaifB§RRNAYSRDNE WG aldperabipn WRiR QVKIeF iSIQy and after

polyphenylene sulfide mixture 20 containing cyclic polyphenylene sulfide

stiredglafpiexpn e otasfiasmhisinpsmrenirne Hisidetaped
approximately, 60%. re.as.are R - , |
ot BNl oA AT AR bl

obtairlxRuplekk) 24d he polyarylene sulfide prepolymer obtained in Reference
example 1, 100 mg was put into a glass ampoule, inside of the ampoule

e N APPSR AR RSB 0047 SELARe with
’[etrahgfgiﬂ?f_‘&t‘f"a‘??c VUG R BPRIGYIIR WS Ay SteEhio ¢ ABfLAfenRRARGifiRY out

minutes, the ampoule was taken out and cooled to room temperature.

from tindrakidispdariracdf thEodbtsrehtahigktisobhakestione ddSRe 2 asisted/and after
. Reference example 2, and it was faund that the product was PPS.

st e L DU e et e A T WA TR G2 4 o

thereBy 0btais R WkisY ks> P T Ineasiy vaanin desk HepeCod PABours to obtain a

_ prepolymer and a peak based on the produced polymer (PPS) could be
white ReHfRied BFRM AhaRSAmRIidmeaRKEHIBDY 200RlSe FRpaOprepitanalys's of

this wifite F@\)gégegr,?ih?f/%;s"\‘Slﬂm ayaegm)eemsgamﬁwag Yohirenpianed iiR.

was and the degree of dispersion was 1.94. And; as a ‘result of an
eleffnemtaryesmai ydis diighespbtadnierliorotioom Alagamientwaly dipphttendbtained

__other alkali metal than that t detected. In addition. other h |
whiteRH ok P 2L R ARG 0YAE R RUG c URSHIE AT e vl

polyplﬁ’ggy}@% @Um@@%@ ']_F?\‘éa‘?rﬁggﬁh‘éhﬂéﬁ@?@ﬂd @,Wﬁd’@ﬁf@i@?ﬁ%t-id)orbf_cyciic
poiypta)@ézgaéLsWul?%oeogﬁg{ Enoég?gblyégevx;%znoe( Ql!ﬁd%c\falsaangp%\i\i/ggt%ﬂf % 1 5
(cyclic PPS weight/linear PPS weight = 0.67). And from the result of these analyses,
it was found that the obtained white powder is a polyphenylene sulfide mixture
containing cyclic polyphenylene sulfide by approximately 40 wt% and linear
polyphenylene sulfide by approximately 60%. Where, as a resulf of a GPC
measurement, a weight average molecular weight of the polyphenylene sulfide
mixture was 1500.

[Example 1]

The polyarylene sulfide prepolymer obtained in Reference example 1, 100
mg was put into a glass ampoule, inside of the ampoule was replaced with nitrogen.
The ampoule was placed in an electric furnace of which temperature was adjusted to
300°C, and after heated for 60 minutes, the ampoule was taken out and cooled to

room temperature. Infrared spectrum of the obtained slightly brackish product

agreed with Reference example 2, and it was found that the product was PPS.
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A result of measurement of molecular weight of the PPS separated from

the above-mentioned obtained product is shown below. To approximately

50 mg of the above-mentioned obtained product, approximately 5¢g of

1-chloronaphthalene was added, and after stirred at 250C for 10 minutes,

cooled to room temperature to obtain 15 a slurry. This slurry was filtered

by using a filter paper (5C) of average opening 1 pm and obtained a cake
Wherepmaipmaccmgmmpiaﬂbmﬁmeomm hcddinglommmh’atﬂnammxmtelyxs a

his cake, a dispersion li Uld ned by an ultrasonic

fes“‘téfégﬁﬁ ‘ﬂﬁéw e?sf%ﬁ’f‘#% d%&fﬁ@& BPaSIRR AP prcRRgsd on

the prodkRRPPENMRS ggmf%de%tblﬁwﬁﬁlf%@gﬁa MGIA870lAHARRIKUBEIRY of

20g was added, 20 and after obtaining a dispersion liquid by ultrasonic :
converiand th@&:f@@@%@@@t@oﬁﬁ&wag aé%rw@mbﬁm@lﬁge ailaneleameight of
the olfERERSULY MENaAGh of appromalel 398 Thus ebiainedgakeynq o
ntaihing methanol was vacaum-di ours aresulto

resuit@ﬁ@@mmﬁt@maﬁm&ﬁbe}ﬂb’i@lObdawbtﬂepﬁ@btﬂ!dhwaaﬁiﬂ@ﬂadm%‘ﬁw and

epolymer confirmed in GPC measurement of the above-mentioned

0thereﬂ&abm&a&tbaruiaabw@é@et drtesiag thdprdritepoRihsrgpeandian chiorine
was n&PEsRRLeal PAS W%WM%PE%?%W&@%@%%WGM%@Q)tbtamed

changing the heating temperature Iin the electric furfiace to 340C. The
produshairest ipeatidt Vs rshigistly). Bradkish lored dididnfrafed/spebfitnrdytded o

th,Reference exa s found that the product was PPS.
Wrszé\@l@nt é%ao% tégﬂ%ég@?&e ﬁ‘l%g?l -chloronaphthalene at 210C, a
smalkampwiteéiebhletemprieal wen iyt ba PRt ob S Bied from the

measurement of soluble component, a degree of conversion of the

abovw&aﬂmﬁ@d@hﬁwgﬁﬁa@r@@w BWERINR RRERYYe rfolaRRraxineadly Stdinag of the
abové’% ﬁ%b‘f&%@@ yS| ggﬁﬂ?% %3@%?'?%8 Aaohth RS was

a res elementary product a content was
added pipich aﬂt@eﬁm@ﬁa@ﬂﬁﬁ&tﬁmhaﬂ hiatigas crmﬁlddt&ntednmmhmla&ﬁure to obtain

halo n chlorin Was ot detected, As a res f measurement of
a slufin i HIIC 1t SR UG ARER 1Rk SR IE/ARSing 1 ym
and db@fiea: érbéﬁé"H@Ht%@%é%bmﬁ%héﬁé’ﬁ%zo@(%r 8 droform of

Wr340(%) = 0.084. 10 Furthermore, as a result of carrying out an analysis
approyigeteiabély gadhis cake, a duspersmn liquid was obtained by an ultrasonic

cleaner. This fiuid dispersion is filtered as described previously to produce cake
containing chioroform.  To this cake, after methano! of approximately 20g was added,
and after obtaining a dispersion liquid by ulirasonic cleaner, filtration was performed
as described previously, and the cake was rinsed by methano! of approximately 20g.
Thus obtained cake containing methanol was vacuum dried at 70°C for 3 hours. As
a result of a GPC measurement of the obtained white solid, the peak based on PAS
prepolymer confirmed in GPC measurement of the above-mentioned product was
disappeared, and only the peak of polymer appeared.
[Example 2]

PAS was synthesized in the same way as Example 1 except changing the
heating temperature in the electric furnace to 340°C. The obtained product was
slightly brackish one. Its infrared spectrum agreed with Reference example 2, and it

was found that the product was PPS. When this product was dissolved in
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component of the PPS obtained here when heated, a lactone type
compound and an aniline type compound were detectable limit or less.
[Example 3] The polyarylene sulfide prepolymer obtained in Reference
example 1, 100 15 mg was put in a glass ampoule and after its inside
was replaced with nitrogen, reduced to approximately 0.2 kPa by using a
vacuum pump. The ampoule was placed in an electric furnace adjusted to
1-chicgoonaphthalafierdt H Geatethill adanintedSnetild i armmmn@ﬂma% fofund.
the am a rOX|mate O kPa, the ampoule was taken out and
As & O R STos AP IR S S SRR D efrsion ot e

prepoﬁpﬁmqeqnpwaﬁaf@geelfodlarw&m heatings fuchiainadigrdichwadined PPS
slightly brownish resin. An infrared spectrum of this product agreed with

was SRatarepRe 8daape of diParwias wasdihat thfodad pseltrb glementary
ana!yé’%h&r ?nés b régé%ﬁ%}‘%%&? R eS| ﬁh"&ﬁ@%ﬂ@%@?tﬁéwi than

C’measurement, it was found that a degree of
that wesnvetsleteofdtie %rmemhwmeidgaﬁﬁﬁamamkﬂ%ea\melght detragel. Asa

resU GFREARMHEEY 87 e NOIaNL PSS fRP GLTE RBfo L S en heated.
AWr, Qpiaimegdaradudl, Nadieskentwags4mes and mtber@wﬂsm?%} thanoddaind A

was not detected. And other halogen than chlorine was not detected. As a
Wr34@¢%uieoP B@4Asurement of the weight loss ratio of the obtained product

30,A o) j %) =
WSSO o8 Aei T A S R st
comptoenthe szoP@Mebtiined hevd ueharabeatkie dzolicio teeypansemaywast and an
Example 1, and it was confirmed that PPS can be isolated as well as
a”"'”%ﬁﬁ?ﬁp@@@p@TEQéﬁ%ﬁdﬂt%@Qm@ﬁﬁr%s as Example 3 were
Exan‘?ﬁi@'@‘f’ out except changing the heating time in the electric furnace to 120
minutés, and obtained a slightly brownish resinous product. An infrared
spetrernayaridene suide regamdaibiamss éxa@ﬁﬂeeacanﬂ(amme 1,100

N e R T

reduced to approximately 0.2 kPa by using a vacuum pump. The ampoule was
placed in an electric furnace adjusted to 300°C, and after it was heated for 60 minutes
while maintaining inside of the ampoule approximately 0.2 kPa, the ampoule was
taken out and cooled to room temperature. Where, a small amount of diffusion
component was found during the heating.

The obtained product was a slightly brownish resin.  An infrared spectrum of
this product agreed with Reference exampie 2, and it was found that the product was
PPS. Where, the product was completely soiuble in 1-chloronaphthalene at 210°C.
As a result of GPC measurement, it was found that a degree of conversion of the
prepolymer to PPS was 20%, a weight average molecular weight of the obtained PPS
was 38,300 and a degree of dispersion was 1.47. And, as a result of elementary
analysis of the obtained product, Na content was 4 ppm and other alkali metat than
that was not detected. And other halogen than chlorine was not detected. Asa
result of measurement of the weight loss ratio of the obtained product when heated,

AW, was 0.106%.  In addition, AWr300(%) = 0.082, AWr320{%) = 0.096 and A
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measurement, it was found that a degree of conversion of the prepolymer
to PPS was 56%, weight average molecular weight of the obtained PPS
was 63,800, and degree of dispersion was 1.70. And, as a result of
elementary analysis of the obtained product, Na content was 4 ppm and
other alkali metal than that was not detected. In 15 addition, other halogen
than chlorine was not detected. As a result of measurement of the weight
Wr34Q6%3 rafie!dBthe obtained product when heated, LWr, was 0.031 %. In

Sq(?ﬁ?ﬂféa\%ﬁ%q(E{P_ﬁ_;fpo%?hgggg{?e%%@nﬁgn%%?ggﬁmgé Ome: out in the

xample e same operations were ca out as Example 3
sameewesphsiBryingdhe 20 HeatingtafiperattteatP&Ectan foenaotate B48'@ell as
and obtained a slightly brownish resinous product. An infrared spectrum

Exangpigil product agrees with Reference example 2, and it was found that
[ExaripR B duct was PPS. Where, the product was completely soluble in
-chloronaphthalene at 210C. As a result of GPC measurement, it was
fouietsaraalegeseisisoasy drsineiBensispodiirt IPPSASPaBmg, the

neatn SIS RS BRSO EMALIS 9t o e e EER UES 47800 Bflien

egree of dispersion was , s a result of elementary

resincie pebdRiBed P hfear&Rpie 0GB proanct eitreralkalihnRstd thace
that was not detected. In addition, other halogen than chlorine was not

exampirdereid Ay raueinmehaPEATIAlor e Sight I PadB L PEREUCt Was
compl%\% %%M@Oﬁﬂwnﬂﬂdﬁ%?ﬁ@a%\{véé%@%?-%%"/a- resfidifiespe

00(%) = 0.025, LWr320(%) = 0.034 and A 39 Wr340(%) = 0.049.
meas{Examapleiblabdamdéraiar dtgrsashamiplteibmwet theapriepbbunexte fiPS was

56°%, YBR[ B AISHo B 0s PG AT HEd Spoy i feares

of dispRisRIRIkES agrees uHd, Befgrenca farpiAtahi avpsdamedhnitihesd

product was PPS. Where, the product was completely soluble in
produgtchiarepnightiarsmé aprmacd atharaldiat snefpdhanciiatremenetiokiested. In

ool RPA e oL SRR e e o EES RS ¥ fromen
of the lecigior éesofrdizpefstum obdsi2e03p rbadichsvagadutatédleméitamaafab&ise.  In
additigttz,t h.?xV\!rSOO(%) =0.014, AWr320(%) = 0.025 and AWr340(%) = 0.040.
[Example 5]

The same operations were carried out as Example 3 except changing the
heating temperature in electric furnace to 340°C, and obtained a slightly brownish
resinous product. An infrared spectrum of this product agrees with Reference
example 2, and it was found that the product was PPS. Where, the product was
completely soluble in 1-chloronaphthalene at 210°C.  As a result of GPC
measurement, it was found that a degree of conversion of the prepolymer to PPS was
86%, a weight average molecular weight of the obtained PPS was 72,800 and a
degree of dispersion was 1.88. And, as a result of elementary analysis of the
obtained product, Na content was 3 ppm and other alkali metal than that was not
detected. |n addition, other halogen than chlorine was not detected. As a result of

measurement of the weight loss ratio of the obtained product when heated, AW,

was 0.042%. In addition, AWTr300(%) = 0.025, AWr320(%) = 0.034 and A
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obtained product, Na content was 3 ppm and other alkali metal than that

was not detected. In addition, other halogen than chlorine was not

detected. As a result of measurement of the weight loss ratio of the

obtained product when heated, LWr, was 0.037%. In addition, LWr300(%)

=0.022, AWr320(%) = 0.031 and 0 15 Wr340(%) = 0.042. Furthermore,

as to the PPS obtained here, as a result of carrying out an analysis of gas
Wr34Gmpoldift8.generated when heated, a lactone type compound and an
{Exanﬁaﬂ”il%‘f) type compound were detectable limit or less. [Comparative

le 1] 20 As a result of GPC measurement of the PPS obtained in

Referenegnexapalatisnt s faunsidnaideeiihtiadeiaexeaieenanging the
weight of the obtained PPS was 59,600 and degree of dispersion was

heating PGB 6IRCER FERSRAAISAD ARENIFS, AUl Ghigined asIaml Bpmwnish
resingi3 ?6'?1 ‘E"k%}]ﬁﬁff‘alr‘é@'% dakyRs o?%geé%h%t 'Q%?e%@%i‘t‘h ﬁ@?érenge

gent rine was not detected. AS a result 0f measurement 2
examp:ﬂte Eyagdtrlmsagédmrmf that dhtapred P vaehER BeatdthabdVihevpsod 2296s

dditjo LWrSOO % AWr3 10 and OWr340(%) =
Cmp‘@"?ﬁhs {Rdford g"&? Z@Eﬁ%ﬁéﬂﬁjﬁh Ré?ef"‘er?éé’%i\gré‘giéz, as a
meastPSHERT GRID SRnkAR ANRISE & TecBRSSRBRAHIEALISRBHIRNN RSP PS was
heated, with respect to the weight of PPS before heating, y-butyrolactone

93%, ewf@m AYRI AZEHORERM IABEIg Bnqﬁnm@mmﬂ@awmm@wemm
deg re[e 'V|§ A Q%g] Aﬁ\r?dr eég lé esult%fn Siamdsa féﬁgll hs‘?s of

ame eference exam ere was no meanin erence

obtanrfe@lrpﬁdmﬁahww@mmls Apah aadgtsitalibileveentiryratrely siasNat
content was 170 ppm and other alkali metal than that was 5 not detected

detecipdhddiGIbHREr AIGHER PRENRRRISE RHR S BiaseRat aleated reditradesult of
measm@ﬁ%ﬁ?m%&%%Wﬂ%‘?é%séﬁﬂ%%&%@?M@P WhlReTL BRI i,

LWr, was 0.259%. In addition, LWr300(%) = 0.223, OWr320(%) = 0.247
was 0cidlr wrda@dditior. 2ZWVRiakenTote0 22, totNErBFR ‘obaihédd fnand A

ample 2, as a result of 10 carrying out an analysis of gas
Wr34®0; ﬁe@‘%( nerated when heated, with respect to

Furthermore, as to the PPS obtained here, as a result of carrying out an
analysis of gas components generated when heated, a lactone type compound and
an aniline type compound were detectable limit or less.

[Comparative example 1]

As a result of GPC measurement of the PPS obtained in Reference example
2, it was found that a weight average molecular weight of the obtained PPS was
59,600 and degree of dispersion was 3.78. And as a result of elementary analysis,
Na content was 1,040 ppm and other alkali metal than that was not detected. In
addition, other halogen than chlorine was not detected. As a result of measurement
of the weight loss ratio of the obtained PPS when heated, AWr, was 0.229%. In
addition, AWr300(%) = 0.179, AWr320(%) = 0.210 and AWr340(%) = 0.244.

Furthermore, as to the PPS obtained in Reference example 2, as a result of
carrying out an analysis of the gas component generated when heated, with respect
to the weight of PPS before heating, y-butyrolactone 618 ppm and 4-chloro-N-methyl

aniline 416 ppm were detected.
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the weight of PPS before heating, y-butyrolactone 1,350 ppm and
4-chloro-N-methyl aniline 382 ppm were detected. As obvious from
comparison of the PAS of the present invention exemplified in Examples
1 to 6 and the PAS prepared by the known methods of Comparative 15
examples 1 and 2, it was found that, in the PAS of the present invention,
the molecular weight distribution is very narrow, and the alkali metal
[Commanatitre exeenplsn2ill. And, itis found that, in the PAS of the present

CortpGuN BT e AR o SEORPA e Cran e
3, the ROV AcaieaHinaf e sia Ré eerasdingiie birariplustionmethsd resul

of PAS disclosed in Patent reference 6, i.e., a method in which a cyclic

of elemgnéary anabsisitjeraenteimpebtbiormaathetiggadfihmgtal than that was
not dete E&F”%‘%&a@%{o%“ Giher hASGAT AN BR xm%%ﬂm&%g%%a As a result
explained. The samé operations as Example 1 were carried out excep
of measilisghénaglass wisighn g estidlonh @ bbpovedeP RS Wineh tieated, A Wr, was
polyarylene sulfide prepolymer obtained in Reference example 1 and /s
0.259 &y didhaddtianiophenBPag s oricteatal)dcdinfoiit < fhixedMp40(%) =
0.27gweight ratio of 1 : 0.012. The obtained product was a blackish brittle
block. An infrared spectrum of the product agreed with Reference
exampiemeitd s wateititSickianegrodbefwas PSkanvines: the a result of

.product was completely soluble in 30 1-chloronaphthalene, at, 210C. Asa
camy o A N Gl e PO Pl ORLPY WAt T ediet to
the waihHteopEpslywakiréioHRBnyas-B0irclaveiobt REempamalet lahiviigitabthyl
the obtained PPS was 34,500 and a degree of dispersion was 1.74. And,

aniling 382 8piM WEERASSAEARH analysis of the obtained product, Na content was

2,020 a8 er%c?ﬁﬁrE@ﬁ%ﬁ%?@ %‘%ﬁj\%oé,rgg%ﬁ% Ht%‘bc:/g; inplified

other halogen than 5 ¢ ne was not detect und that,
in Exdmples madlbdrid thadPrs pomia cahipothed s esadnathadim gidpemipgrative

olymerizafion catalyst in a ring-openi pc? merization of cyclic
xam BN AR < iAS, BRI A BT S Al HE BHE T HEB e molecur
weigh?BiainsdNASs Je9maaralivefxanerisdli Hdtareomsas Mt rlsyrnasis Ahd, it is
PAS according to the production method of PAS
found that, in the PAS of the present invention, the amount of lactone type compound
and/or aniline type compound generated when heated is very small.
[Comparative example 3]

Here, a result of synthesis of PAS according to the production method of PAS
disclosed in Patent reference 6, i.e., a method in which a cyclic arylene sulfide
oligomer is subjected to a heating ring-opening polymerization by an ionic
ring-opening polymerization catalyst, is explained.

The same operations as Example 1 were carried out except putting in a glass
ampoule 100 mg of a powder, in which the polyarylene sulfide prepolymer obtained in
Reference exampie 1 and sodium sait of thiophenol as an ionic catalyst compound
were mixed in a weight ratio of 1: 0.012. The obtained product was a blackish brittle
block. An infrared spectrum of the product agreed with Reference example 2, and it

was found that the product was PPS. Where, the product was completely soluble in

1-chloronaphthalene at 210°C. As a result of GPC measurement, it was found that a
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disclosed in Patent reference 8, i.e., a production method of PAS in which

a cyclic aromatic thioether oligomer is subjected to a ring-opening

polymerization under presence of a polymerization initiator which

generates a sulfur radical, is explained. The same operations as Example

1 were carried out except putting in a glass 15 ampoule 100 mg of a

powder, in which the polyarylene sulfide prepolymer obtained in
degreRefciener sivanghidie arapolgm@tipbiBSwastiidzo18 Mo Pl dvaragedratecular

weigh g B B i G Bt R A e A
as a radtit Retdeenertarampléy Aisasidiie whkioedgtbdutie hacchutwbe &PE050 ppm

As a result of measuregment, weight loss ratio 20 oféh,e obtained PP

and o{RCAKBLEE IR LE 06 GRIRin, (WASHOER) OLiebalogen than

chioriteNi33HphaiRded and AWr340(%) = 0.313. It was found that, by the
known method in which a radical catalyst compound is used as

ring\upefong @ dhahdiz thp knenaysesiendiopeish@pdyriscerapevod & used
as a rif clic §o@§$§n%gplgic§dna% é%zhsttl%sg F?ﬁ[iqc? f th?nObt%iin%jea'zo‘ %c\;\ﬁhgp cyclic
ga?g 5 Cre)éses. omparative exampie er%,pa yesu{t O% Y

polyamjtedecnliA 2 asgerdirgdarher cokeie ritstandly: entioye dn tedusingined PAS.
method of weight loss ratio of PAS when heated, is explained. A PAS was
[Comprirtike8xaBtYRIHg to the method of Patent reference 11, in the following

WaYerR0 2Ly R ahiaiagdn RsARenes RIATRIAHe BRI BRI PAS

a sieve 42 (80mesh, opening 0.175 mm), NMP 18.4 kg was added to the
disclosbthindthtiidreferaposdht iandssinatlaties enkihad ofiA8sinantifitereyclic

arom e o i SHB G G R SCELIR B AR e s
presekgdsionpagmaieatrnriafiatstinmessd i SB0uminyrsichliaresdlained.

the same sieve as the above-mentioned, was repeated 3 times in total.
Subie §aeIf P RESRIAPE AR Ersa P Ryl avareAalifahesi-REGERj Ridiing in a glass

ampogo‘?'jgotr% Sf%bb%%%%P?H%j%ﬁﬁgﬁgéb?glt%ﬁg W3 EuBIGRy Yithed in

id substance "was caollecte € same sieve as’the
Referahoyexaentientdndr (Peiditiobisbe nalidutingie selid adstrneaalystlmompound
the obtained solid supstance was diluted with 10 40 kg deionized water

were QPOHB AWRIRG LRI of 40 Hinuth 88 RRIRIAGS) RFRALGhWas a brackish britle

block. An infrared spectrum of the product agreed with Reference example 2, and it
was found that the product was PPS. As a result of measurement, weight ioss ratio
of the obtained PPS when heated, AW, was 0.282%. In addition, AWr300(%) =
0.204, AWr320(%) = 0.252 and AWr340(%) = 0.313.

It was found that, by the known method in which a radical catalyst compound
is used as ring-opening polymerization catalyst at ring-opening polymerization of a
cyclic polyarylene sulfide, a weight ioss ratio of the obtained PAS when heated
increases.
[Comparative example 5]

Here, a result of producing PAS according to the conventionally employed
reducing method of weight loss ratio of PAS when heated, is explained. A PAS was
produced, according to the method of Patent reference 11, in the following way.

Slurry (B) obtained in Reference examplie 1, 41 kg was filtered by a sieve
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sieve as the above-mentioned, was repeated 2 times in total. Thus

obtained solid substance was hot-air dried at 130C to obtain an

approximately 4 kg of PPS in a' particle state. The obtained PPS in

particle state was molten and mixed by TEX30 model 15 twin screw

extruder produced by The Japan Steel Works, Ltd., at a cylinder

temperature of 320C and screw rotations of 200 rpm. Where, hopper
(80measdrtiope gt OobrBomamdhivtid i &Hakopsasonddetetedar @biainadregich to
compgrﬁ%\é?%tn%nsﬁlr?%%néﬁ‘gé%%%? '%8 dm %uur g tg 5 ﬂﬁ%’% a?n%sdﬁg@g% é%e\(/%nés the

portion was reduced to a pressure of approximately a to remove

abovevaiatilfoeemponenipetasisariarexdiiedeich @ € dinhs @rezzie Was/Giodleddybtained
water and cut into a gut state and then pelletized by using a strand cultter.

solid sphsiahemuasdiidtarasitiisd ke deipgived vaser, Ashalisurtsriearaidg C for

30 mife’ "RRARHGIDEAL PaelahliRsgdafa %%%%%ﬂ%éb%@@%&@%@ed 3 times
PPS pellet, AWr, was 0.187%. And, LWr300(%) = 0.139, A Wr320(%) =

in total. 1 BubsdanBu0ofetdpritd99ates 40 kgudtral etdonentacetatalydlg vie?s added
the, obtained grodyct, Na content 0 C t 0

ot Rl BRI S SRR e o RS R SR Ference

was cBaegen Hamenifging hasavldstardass thwaptunmémioiethe RASperation

obtained by the conventionally employed method of reducing weight loss

for colign§ing pASlidishsiaaralirceinshriteBhirinedSoidie Briagae wes diluted with
40 kg 'QEFIH2E {E'Féﬁ%ﬁé?’ i %&%@cﬁf@ﬁ@e‘ﬁ%%ggﬂgrsa%wﬁe same

synthesis o S according to the production meth disclosed In
sieve Nothpatbolefaeiionédd|. aas rmptatdd i vinnes heqaly pliEmyleistsinkidesolid

mixture obtained by Reference example 4 was used, is explajned S
SUbSR S AP O A AL ) BB AP RIS i A B g 1 2
pamc;équg@r_ obtain_ec_i in Refere_nce example 4, i.e., thg polyphenylene sulfide

mixture containing approximately 40 wt% of cyclic polyphenylene sulfide

wakheseitaimrddditBniscpartdiecs tates was aarlgnrtde bikes baninkafemodel
win P AEeR sy E amrieoes fe >
tempaempietslp Zoichiginscrew rotations of 200 rpm.  Where, hopper portion, vent
portion and screw shaft portion were sealed with nitrogen to prevent an air
entrainment. And, during the melting and mixing, the vent portion was reduced to a
pressure of approximately 10 kPa to remove volatile components. A strand extruded
from a nozzle was cooled by water and cut into a gut state and then pelletized by
using a strand cutter. The obtained pellet was dried for a night at 130°C.
As a result of carrying out a measurement of weight loss ratio when heated of
thus obtained PPS pellet, AWr, was 0.187%. And, AWr300(%) = 0.139, 4
Wr320(%) = 0.173 and AWr340(%) = 0.199. As a result of elementary analysis of
the obtained product, Na content was 120 ppm, Ca content was 550 ppm, and other
alkali metal than sodium was not detected. In addition, other haiogen than chlorine
was not detected.
[t was found that, in the PAS obtained by the conventionally employed method
of reducing weight loss ratio of PAS when heated, compared to the PAS of the present

invention, AWris large.
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1-chloronaphthalene at 210C, but the solution was colored brown. As a
result of GPC measurement, the degree of conversion of the raw material
to the polymer was 83%, the weight average molecular weight of the
obtained PPS was 3,200, the degree of dispersion was 2.13, and a PAS
having a sufficiently high molecular weight could 15 not be obtained.
[Comparative example 71 Here, a result of synthesis of PAS according to
[Complacapnariastiompladihod of PAS disclosed in Non-patent reference 1, i.e.,

hesis of PAS h | | ulfi ixt btained hy t
R 61 RSt Eh U I 4 e oI SiP IO A R eet PAS
disclot¥HRs RS aestitier feampehal of GPMeRIaHVR fX¥ACRRISOL ity SHBIIRSR sulfide

PAS was synthesized in the same way as Example 2 except using the

mixtuigrpiabiiodey BISIEIRIEM ISR WRaMPRS 4is expiamed. mixture

coptain] imatel Wi9 i (o] (0)4] %, Of ...
o e TR e S RS e R e e

powdpadidtjntehineRefarenctsareans pct une Ottitlkeuigdhehgldrstanilfitly agseect
with Reference example 2, and it was found that the product was PPS.

contaifjig aPREHRRIGY dRYBAFERYHSHGNRRT WERR RIIPR AR HESH:
219fe ARLIRBSPIIRRWASCEIBFEEKMANAAS RJERUILRR ffSred spectrum of

measurement, the degree of conversion of the raw material to the polymer
the pradydGYTsiantialiyeaigined with Kafelecvaiexnaghico? tendtitamedRrpg that the

o JERARRLARA (S hmR et A a3 v

Icient h mo eight col I‘:L?(ample 7]

1-chidriefaphthexananie 2n0rbicuatRASoNabpradiscesidrem B PRy arnieng result of
sulfide 5 prepolymer under{)resence of a fibrous material, is explained. At

GPC mgrsk it dha draiee sfiranirsin ahihaéayimatpiskimiiepoymer was
) : . ! |
83%, MEweh ﬁ%ﬁgﬁﬁcmgm%%ﬂrmﬂﬁ@a%gg Pl Wﬁ?ﬁg%the degree

approximately 0. e polyarylene su prepolymer obtaine

of dispafimneasLahdplant wddAJacadng aisciimicnéielofh dialmetdarofeight couid
approximately 2 cm. This is sandwiched with 10 aluminum foils and heat

hot b%E’eBsEQ'H% ded by using a press molding machine at 360C for

[Comparative example 7]

Here, a result of synthesis of PAS according to the production method of PAS
disclosed in Non-patent reference 1, i.e., synthesis of PAS from the polyphenylene
sulfide mixture obtained by the method of Reference exampie 4, was carried out
except changing the temperature condition from that of Comparative example 6, is
explained.

PAS was synthesized in the same way as Example 2 except using the white
powder obtained in Reference example 4, i.e., a PPS mixture containing
approximately 40 wt% of cyclic PPS and approximately 60% of linear PPS.

The obtained product was a brackish brittle block, and partially foamed. An
infrared spectrum of the product substantially agreed with Reference examplie 2, and
it was found that the product was PPS. Where, the product was partially insoluble in
1-chioronaphthalene at 210°C, and the solution was colored brown. As a result of
GPC measurement, the degree of conversion of the raw material to the polymer was

97%, the weight average molecular weight of the obtained PPS was 4,500, degree of
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30 minutes and at a pressure of 50 kg 1cm2, and then cooled to around
room temperature. When the aluminum foils were removed, it was found
to be in a state that the resin impregnated to all over the glass cloth. The
resin was taken out from the 15 obtained composite of the glass cloth and
the resin, and subjected to a GPC measurement, and it was found that
the degree of conversion of the polyarylene sulfide prepolymer to the
dispesadynveasna 2 9380 dthaPAd disvave @ ge ety dnigreightacakaré8cgitk andld not
the degree of dispersion was 2.27. According to the present invention, it
be Obwg?f%und that PAS can be produced under a presence of fibrous material
[Exanfdld #]20 uniform composite material can be easily obtained.
[Comparative example 81 At center portion of a glass cloth (width 50 mm

x lehigtie approsamalelyiTovhiah 2 Phckies produeedfagheaniauenglguifide
prepoé/;(a A eae F%gg rc:%é%%“%'ﬁsoéﬁet%@a% d%bé'i}gggﬁ\ Reference

mple 2'was placed in Circular s a’'diameter of 25 approximately 2
cnatidisteapaaindvathedagitchitninidg Sisandxhieagpitesso roxildetely 70 mm
the same way as Example 7, and then cooled to around room

x thickgess Fhd RRMRISHRPRIRRIMAIC R Qe rSHEMGRE 1P RICHMRIS Y 0.59 of
the p&mﬁq@%mww@g@ﬁﬁ%ﬁam%,iﬁwemr% aragnaed e sfded in

portions. It was found that, in case where PPS was used, a uniform
circulaostptest avithmdterookappterianatalidhorbe Boivkstsiandwis Eitiithf

.Doc nt OPE OF CLA Claim 1] A polyarylene sulfide . .
alumi e e B T G I L e T S Ay e8! G0 C for
30 miaLBeEn@rd Aveiabsinssoibeheatet satisfishedoliedawngeadatiom

AWr = (W1 - W2)/W1 x 100 < 0.18(%) (Where, LWr is a weight loss ratio

tempgoatiRd it is a value determined from a sample weight (W2) when arrived

at 330C WIHLISRRACH IR SRR WEIARL AN 1} wahep ariveAt H09Gate that the

when a thermogravimetric analysis Is carried out up to a 10 predetermine

resin tepeEyabnicd froml 5@t thalfiEssroindne afbdeasingrasctak@ @infiomrthe
obtainneo é%ﬁdg%ig?eaéﬂggpagges %?(%ﬁrannocg rﬂ% Pergisns,ué% subjected to a GPC
measurement, and it was found that the degree of conversion of the polyarylene
sulfide prepolymer to the polymer was 93%, the weight average molecular weight was
63,100 and the degree of dispersion was 2.27. According to the present invention, it
was found that PAS can be produced under a presence of fibrous material and a
uniform composite material can be easily obtained.
[Comparative example 8]

At center portion of a glass cloth (width 50 mm x length approximately 70 mm
x thickness 0.2 mm, weight approximately 1.0g, twill weave), approximately 0.5g PPS
obtained in Reference example 2 was placed in circular state of a diameter of
approximately 2 cm.  This was sandwiched with aluminum foils and heat press
molded in the same way as Example 7, and then cooled to around room temperature.

When the aluminum foils were removed, the resin was present only around

the center portion, and had not impregnated to edge portions. it was found that, in
case where PPS was used, a uniform composite with a fibrous material could not be

obtained.
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[Claim 2] A polyarylene sulfide according to Claim 1 characterized in that
a degree of dispersion expressed by weight average molecular
weight/number average molecular weight is 2.5 or less. 15 [Claim 3] A
polyarylene sulfide according to any one of Claim 1 or 2 characterized in
that an alkali metal content is 100 ppm or less. [Claim 4] A polyarylene
sulfide according to any one of Claims 1 to 3 characterized in that an
alkali metal content is less than 50 ppm. [Claim 5] A polyarylene sulfide

. ording to an ims 4 20 characterized in that the alkali
[Title QQ%@%B@aééﬁgﬁgﬂ[ﬁiﬁ 6] A polyarylene sulfide according to
anCImof IClaimslaignehaifris R dnaidusHRp@N talyHHaes/BRint

contain a halogen other than chlorine. [Claim 7] A polyarylene sulfide

averagedorlprptaramgighisf G1afRP1 e rdonsizeidasshubandratrdippisfly the

co d in generated gas component when 25 heated is 500 ppm or
foiiothézé)\ﬁwé}}ggpect to the polyarylene sulfide weight. [Claim 8] A polyarylene

sulfidereequvding¥a yanyt onedlf Elaingg% 1o 6 characterized in that an
aniline type compound ing%enerated,gas compaonent when heated is 300

pptiVBrTEss WK 18RRI HIRSTIRHRN leneaadkis ReBhe Raigrmaped from a
sampROERIRTASY iR ASHAIIAGIZ 80N Tdd0dk s asirired iy )

that a'lactone'type compound in generated gas component when heated
whenigrsgedietpliii ¢, lehewathespagray posito e ysitfigecarsigttoahdpdn a

il d. | when h i g
oreco e AR S SRS AR a8 oo
in norPENAielian seibgshetoalyasylapmssliideshaecterized in thata 5

polyarylene sulfide prepolymer which contains a cyclic polyarylene sulfide

at| 8l wt@@&'&fﬁﬁf‘@ﬁﬁnﬁ‘gﬂﬁ%%@i@ﬁttﬁ\@é@b Beatieivagn Wat a

| i - j I |
seorelf 31 MBIy DEAp DRSSO A RO VDG FRMER: average
molequiadwetightmethbdofgaslyarylene sulfide according to Claim 10 10

e e S B e
charaefsHERlbNg aeaEeuiaf metal content is 100 ppm or less.

[Claim 4] A polyarylene sulfide according to any one of Claims 1t0 3
characterized in that an alkali metal content is less than 50 ppm.

[Claim 5] A polyarylene sulfide according to any one of Claims 3 or4
characterized in that the alkali metal is substantially sodium.

[Claim 6] A polyarylene sulfide according to any one of Claims 1t0 5
characterized in that it substantially does not contain a halogen other than chlorine.

[Claim 7] A polyarylene sulfide according to any one of Claims 1t0 8
characterized in that a lactone type compound in generated gas component when
heated is 500 ppm or less with respect to the polyarylene sulfide weight.

[Claim 8] A polyarylene sulfide according to any one of Claims 110 6
characterized in that an aniline type compound in generated gas component when
heated is 300 ppm or less with respect o the polyarylene sulfide weight.

[Claim 9] A polyarylene sulfide according to any one of 1 to 6. characterized

in that a lactone type compound in generated gas component when heated is 500
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alkali metal in the reaction system to 100 ppm or less and a weight of
disulfide with respect to total sulfur weight in the reaction system to less
than 1 wt%. [Claim 12] A production method of polyarylene sulfide
according to any one 15 of Claims 10 or 11 characterized in that the
heating is carried out in non-oxidizing atmosphere. [Claim 13] A
production method of polyarylene sulfide according to any one of Claims

ppm di0des] witihasapiertzedbiolyhatitre kedfithg Wedgitieahady unsisitiser eghieedmpound
pressure condition. 20 [Claim 14] A production method of polyarylene

in gengliflRd S RANPRIGAY WhE" beeiams 2890 PePhisrIdRdGRRRSE Pdhe

poiyaﬁﬁéﬁ@%ﬁﬁ?é@@é}ﬁt. at a temperature at which the polyarylene sulfide
prepolymer melts. [Claim 151 A production method of polyarylene sulfide

actolalimgie] anfy presl ustictainediaitof poblapdererizelide ¢hawierized in that a
lyarylene, sulfide to be obtained is.any 25 one of Claims 1 to 9.. [Claj

poly R BRGSO AE S A N e Sy e Deast 50
wt% &¢laiere 18+e dbvahieragisikiae @ viaihgs itis ealiachosigin e ceeekisienoeoD is

a fibrous material. [Claim 17] A production method of polyarylene sulfide
heategdeobgingyerigiia s HehRatyderigbyicth daisbtisMsuagRdnmiariday weight is
10 OOr(?i oK 'Fbg fiber of a long fiber. 47 [Claim 18] A production method of

Y

olyarylene sulfide according to any one of Claims 10 to 17 characterized
in {ltditisidarriag mduciider medxxterfqeobfdifjdendGsulfide according to Claim 10

characterized in that the reaction in which the polyarylene sulfide prepolymer is
heated to be converted to the high polymer is carried out by controlling an amount of
alkali metal in the reaction system to 100 ppm or less and a weight of disulfide with
respect to total sulfur weight in the reaction system to less than 1 wt%.

[Claim 12] A production method of polyarylene sulfide according to any one
of Claims 10 or 11 characterized in that the heating is carried out in non-oxidizing
atmosphere.

[Claim 13] A production method of polyaryiene sulfide according to any one
of Claims 10 to 12 characterized in that the heating is carried out under a reduced
pressure condition.

[Claim 14] A production method of polyarylene sulfide according to any one
of Claims 10 fo 13 characterized in that the heating is carried out at a temperature at
which the polyarylene sulfide prepolymer melts.

[Claim 15] A production method of polyarylene sulfide according to any one
of Claims 10 to 14 characterized in that the polyarylene sulfide to be obtained is any
one of Claims 1to 9.

[Claim 18] A production method of polyarylene sulfide according to any one
of Claims 10 to 15 characterized in that it is carried out under coexistence of a fibrous
material.

[Claim 17] A production method of polyarylene sulfide according to Claim 16

characterized in that the fibrous material is a reinforcing fiber of a long fiber.
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[Claim 18] A production method of polyarylene sulfide according to any one

of Claims 10 to 17 characterized in that it is carried out under coexistence of filler.
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