[Title of the document] Description [Title of the invention] Process for
Producing Cyclic Polyarylene Sulfide [Technical field] {0001} The
invention relates to a process for producing a cyclic polyarylene sulfide.
More specifically, it relates to a process for producing a cyclic
oligo(polyarylene sulfide) economically, quickly, simply and efficiently.
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oxidation polymerization of, for instance, a diaryl disulfide compound under ultradilute
conditions (for instance, see Patent document 1}. It is expected that this process
produces a cyclic polyaryiene sulfide highly selectively, without significant formation
of linear polyarylene sulfides, making it possible 0 obtam a cyclic polyarviene sulfide
with a high yield. However, this process essentialty requires reaction under ultraditute
conditions, and can produce a very small amount of eyelic polyarylene sulfide per unit
volume of the reaction container used, and therefore, the process is problematic in
view of efficient production of a cyclic polvarylene sulfide. Said process, furthermore,
uses oxidation polymerization and essentially requires mild conditions around room
temperature. Thus, the reaction has to be performed for a lengthy period of time, say,
several tens of hours, and is inferior in terms of productivity. Polyaryiene sulfides
resuliing as by-products from said process are low molecular weight ones containing
disuifide bonds originating in the diaryl disulfide fed as starting material. They have a

molecular weight close to that of the target cyclic polyarvlene sulfide. making it



difficult separate the cyclic polyarylene sulfide from by-product polyarylene
sulfides. Thus, it is very difficult to produce a high-purity cyclic
polyarylene sulfide efficiently. For said process, furthermore, an
expensive oxidation agent such as dichlorodicyanobenzoquinone is as
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sulidigersyiclic palvatylene sulfide, and the cyclic polyarylene sulfide has a
low purity (for instance, see Patent document 2), {0005} To produce a

{0@4tlic polyarylene sulfide at a high yield, a process that has been
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requiring efforts to improve it. {0006} To produce a cyclic polyarylene
{0¢ffide from common feed materials, a process has been disclosed which

Toaflwsd-dichlorrbenreneche. saidikalgoenated aromaliGyrocess that has been
disciosed allows a dihalogen aromatic compound, such as 1,4-bis-(4"-bromophenyl
thio)benzene, to come in contact with a sodium sulfide in N-methy! pyrrolidone at a
reflux temperature(for instance, see Nonpatent document 1}. This process uses 1.25
liters or more of an organic polar solvent for 1 mole of a sulfur component in the
reaction mixture, suggesting that a cyclic polyarylene sulfide will be produced.
However, since linear polyarylene sulfide is not used as feed material, it is necessary to
feed a dihalogen aromatic compound in large amounts. A very special type of
dihalogen aromatic compound is needed. furthermore, and the industrial practicability
of the process is very low, requiring efforts to improve it.
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To produce a cyclic polyarylene sulfide from common feed materials, a process has

been disclosed which allows p-dichlorobenzene, i.e., a dihalogenated aromatic

[l



9 compound, and sodium sulfide, i.e., an alkali metal sulfide, to react in
N-methyl pyrrolidone, i.e., an organic polar solvent, followed by removing
the solvent while heating under reduced pressure and washing the

product. The resulting polyphenylene sulfide is subjected to extraction
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these processes aims to provide polyarylerie sulfides and the documents
thagdrifain nothing concerning the production of cyclic polyarylene sulfides.
sodfese processes, which aim to produce polyarylene sulfides with high

molecular weights, use smaller amounts of organic polar solvents relative
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sulfidizing agent. Furthermore, they describe nothing about the use ofa
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by Using a linear polyarylene sulfide as feed r_na‘fer_lal, a process has been
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alkali thiolaté group at least at one end is reacted with a dihalogenate
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polyarylene sulfide, not only is designed for a purpose different from that
malt et S8ENE iffoBHtBht s RUAIsEae agent used, but aiso describe clearly that a

useful product cannot be obtained if more than one liter of 2 organic polar solvent is
used per mole of the sulfur atoms in the sulfidizing agent. Furthermore, they describe
nothing about the use of a linear polyarylene sulfide as feed material, which is a major
feature of the present invention.

{0008}

To produce an aryiene sulfide based polymer by using a linear polyarviene sulfide as
feed material, a process has been disciosed in which a polyarylene sulfide is reacted
with an alkali metal sulfide to cause depolymerization and the resulting prepolymer
with an alkali thiolate group at least at one end is reacted with a dihalogenated
aromatic compound to cause polymerization {for instance, see Patent document 7).
This process, which relates to the modification of a polyarvlene sulfide, not only is
designed for a purpose different from that of the present invention, but also the

document describes nothing about the production of a cyclic polyarvlene sulfide.



document describes nothing about the production of a cyclic polyarylene
sulfide. 3 Furthermore, since this process aims to produce a high
molecular weight polyarylene sulfide, the document only discloses a
reaction that involves about 1kg or less of an organic polar solvent per
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document 4] Japanese Examined Patent Publication (Kokoku) No. Sho
(fozfglgggtga(rgc;%ﬁétg)t documents 9 to 12). These processes, however, have purposes

different from that of the present invention, and the documents not only describes
nothing about cyelic polvarylene sulfides, i.e., the target of the invention, but also
describes nothing about a reaction that involves 1.25 liters or more of an organic polar
solvent per mole of the sulfur component in the reaction mixture as required to carry

out the present invention.

[Patent document 1} Japanese Patent Registration No. 3200027 (Claims)

[Patent document 2} U.S. Patent No. 5869599 (p. 14)

[Patent document 3} Japanese Unexamined Patent Publication (Kokai) No. Hei
05-163349 (p. 7}

[Patent document 4] Japanese Examined Patent Publication (Kokolku) Ne. Sho
45-3368 (p. 610 §)

[Patent document 5] lJapanese Exanmuned Patent Publication (Kokoku} No. Sho



[Patent document 5] Japanese Examined Patent Publication (Kokoku) No.
Sho 4 52-12240 (p. 10 to 20) [Patent document 6] Japanese Examined
Patent Publication (Kokoku) No. Sho 63-3375 (p. 6-9) [Patent document
__ 7] Japanese Unexamined Patent Publication (Kokai) No. Hei 04-7334
32-@@%%@}- [ﬁh‘i@sﬁ_@hocument 8] Japanese Unexamined Patent Publication
[Pa(gﬂk@'ééﬂﬁreﬂe'd)zféégggeg (Ml Peent dpGUEREY] JaPANESEe No. Sho
Unexamined Patent Publication (Kokai) No. Hei 04-213329 (Claims)
63‘@&'@%@:@0%ment 10] Japanese Unexamined Patent Publication (Kokai)
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Unexamined Patent Publication (Kokai) No. Hei 05-043689 (Claims)
04{%@@6@@)nent 12] Japanese Unexamined Patent Publication (Kokai)
pahife '%%'cﬂééﬁmf .%JQA@%%) (NRapatent degument, 41 Bull, AGRL 36! WO Frei
39, p. 763-766, 1990 [Disclosure of the invention] [Problems to be solved
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03-98007 (Claims)
[Nonpatent document 1] Bull. Acad. Sci., vol. 39, p. 763-766, 1990

[Disclosure of the invention]

[Problems to be solved by the invention]

£0010}

The invention aims to solve these aforementioned problems with prior art and provides
a process for producing a cyclic polyaryiene sulfide economically, guickly, simply and

efficiently.

[Means of solving the problems]

{0011}

The invention solves the aforementioned problems by providing the foliowing
processes. |

Process 1

A process for producing a cyclic polyarylene sulfide comprising the heating of a
reaction mixture containing at least

(a) a linear polyarylene sulfide,

(b) a sulfidizing agent,

(¢} a dihalogenated aromatic compound. and



5 (d) an organic polar solvent, to cause reaction to produce a cyclic
polyarylene sulfide wherein the amount of the organic polar solvent is
1.25 liters or more per mole of the sulfur component in the reaction
mixture. Process 2 A process for producing a cyclic polyarylene sulfide as
(d) eraprsetinRlaceesdiisherein the heating temperature is above the reflux

1o {EMPSEALIS, obthe aaction mixiute Unden AMeRRNGHC DIeSEUG, FIACEFS he

3 A process for producing a cyclic polyarylene sulfide as claimed in either
OTgRFSCRaKI sohZiviteleld thigrarbimief b pedanic helar Sbiventpeenissohe
reatlf)SANJess per mole of the sulfur component in the reaction mixture.

Process 4 A process for producing a cyclic polyarylene sulfide as claimed

in any of Processes 1 to 3 wherein the pressure applied during the
proigating of the reaction mixture is 0.05 MPa or more in terms of gauge

pressure. Process 5 A process for producing a cyclic polyarylene sulfide
A HESCEInTE IR EINGT Proebs sy Yl ue\ihERSihathel elimatbgeRereess 1 wherein

the HAMANGLRRRPRUAG; {ClS dichloraRENEenG. BIACESS RA PRAREStQure under

producing a cyclic polyarylene sulfide as claimed in any of Processes 1 to
atngphersinmiIsuselfidizing agent (b) is an alkali metal sulfide. Process 7 A

process for producing a cyclic polyarylene sulfide as claimed in any of

Processes 1 to 6 wherein a polyarylene sulfide prepared by allowing a
Pr(@@ﬁﬁeﬁzing agent to come in contact with a dihalogenated aromatic

A F8EROHRG.IDARQEOARIC ROV SAVRAL IS.Used A% NS IINGALRRY BIYIRRE 1 or 2

sulfide (a). 6 Process 8 A process for producing a cyclic polyarylene
whetfd@aarepainod theaigieiPpotasobent is% whiltéilna sulfsizngageml the

sulfpdadibalagenated-arameatig.gempound is heated in an organic polar
solvent whose amount is 1.25 liters or more per mole of the sulfur

component of the sulfidizing agent to cause reaction to produce a
prdeelyarylene sulfide

A process for producing a cvclic polyarylene sulfide as claimed in any of Processes |
to 3 wherein the pressure applied during the heating of the reaction mixture is (.03

MPa or more in terms of gauge pressure,

Process 5
A process for producing a cyclic polyarylene sulfide as claimed in any of Processes 1

to 4 wherein the dihalogenated aromatic compound (¢) is dichlorobenzene.

Process 6
A process for producing a cyclic polyarylene sulfide as claimed in any of Processes !

to 5 wherein the sulfidizing agent (b) is an alkali metal suifide.

Process 7

A process for producing a cyclic polyarviene sulfide as claimed in any of Processes 1
to 6 wherein a polyarylene sulfide prepared by allowing a sulfidizing agent to come in
contact with a dihalogenated aromatic compound in an organic polar solvent is used as

the linear polyarviene suifide (a).

6



mixture consisting of a cyclic polyarylene sulfide and a linear polyarylene
sulfide, followed by removing the cyclic polyarylene sulfide from the
mixture and using the resulting linear polyarylene sulfide as the linear
polyarylene sulfide (a). Process 9 A process for producing a cyclic
Progesydrylene sulfide as claimed in any of Processes | to 6 wherein a

A pRACtoRMixfre consisting o aldrashadingar ROVAMIERS SUIASs Brocesses 1

sulfidizing agent, a dihalogenated aromatic compound and an organic .
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heated to cause reaction to produce a polyarylene sulfide mixture
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using the resulting linear polyarylene sulfide as the linear polyarylene

fOHémﬁd@Ea;?@%@%ﬁ@mﬁcﬁ%@@b@mem(ﬁﬁhﬁ%fao@yéh_é polyarglene seifigehe
resBRitlAIREd b RAWELRQgesses hdaRwheie fé%é"é%'ﬁﬁfe%x rage

molecular weight of the linear polyarylene sulfide (a) is 2,500 or more.

[Effect of the invention] {0012} The invention provides a process for
prdQdycing a cyclic polyarylene sulfide and more specifically, it provides a

process for producing a cyclic oligo(polyarylene sulfide) economically,

A riarely Teimisifusit efficidityo [Bastam s ke crr g esuttiayrnvieltisgpses |
to @Q%%}Qﬁ?i@a%mw&@y%ﬁ%g@s&fi9@9@@&'%"‘1';1@'3;%%%@%%%{1@, a

0014} Any sulfidizing agent can be used for the invention if'it can

sulipdioagcesififiddibalagsnates dinalate sateParsnIaiCBGITMUNBObE Zed vt in
whitiylaneswlide bopdsfe fprmanatyiens: fhiolate,and SUCH SUDSIBAGRSHf the

include, for instance, alkali metal sulfides. alkali metal hydrosulfides, and
suliydregEIRtITide st 0asY i Qpatichiyis Jsshacalkafiatstaracifde imerigise 2
ol instanGa slth i shlfiden Seaiy™, SHItide, POIasSIMM RUIEdE JEUBIIUM e oy
sulfide, cesium sulfide, and mixtures of two or
polyarylene sulfide, followed by removing the cyclic polyarvlene suifide from the

mixture and using the resulting linear polyvarviene sulfide as the linear polyaryiene
sulfide {a).

Process 10
A process for producing a cvelic polyarylene sulfide as claimed in any of Processes 1

to 9 wherein the weight average molecular weight of the linear polyaryiene sulfide (a)

18 2,500 or more.

[Effect of the invention]

{0012}

The mvention provides a process for producing a cyclic polvaryviene sulfide and more
specifically, it provides & process for producing a cyclic oligo(polyarylene sulfide)

economically, quickly, simply and efficiently.

{Best mode for carrying out the invention]
{0013}

Dretails of the invention are described below.

-~F



more thereof, of which lithium sulfide and/or sodium sulfide are preferable,
sodium sulfide being particularly preferable. These alkali metal sulfides
may be used. in the form of a hydrate, aqueous mixture, or anhydride. An
agueous mixture in this case refers to an aqueous solution, a mixture of
(1) aplBdiasuegsniution and a solid component. or a mixture of water and a
{Ooslgj'd component. Common low-priced alkali metal sulfide products are
available in the form of a hydrate or agueous mixture, and therefore, the
Anyselotmnglratinhetal suitidé inrshehnydohenisiprsterapiedopigifide bonds in

a afBRGEcAlY Lseiul alkallmetal fydrosilfides, inglude. RIDSEENGE, il en.

_hydrosulfide, sodium hydrosulfide, potassium hydrosulfide, lithium _
thiglptrosisificish rubiiimeshyabsigifitie, e, Hsrbsulide sahulenhalids wetal
hﬁy&g@g&@g_r&@g{,@p&gg Whigh.lithium hydrosulfide and/or sodium

i :

ydrosulfide preferable, sodium hydrosulfide being particularly preferable.
{04607} In addition, it is possible to use an alkali metal sulfide prepared in
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an alkali metal hydroxide. It is also possible to use an alkali metal sulfide
suleisp araasbiral| sty -arv Bikainedaidayerosunisie i apdatikaiiustal two or
moRY4rR¥ide torcome: inganipchivitl eagh oler,mughan alkalkmeta)e. sodium

hydrosulfide and an alkali metal hydroxide may be used in the form of a
sulfgdrheenapabedats piskedior Bheahhlddideeriviithdshyuratecorsan in the
forBfUeQUEYMNUrg s AISTRRRRIR Inoviennof raguired £RsL OB ure in this case

Furthermore. it is also possible to use an alkali metal sulfide prepared in
refeff ifranPaUs Rt SO SRt riBO RIS GHRPPEIEN HEtaRRY droXide; Gbppnent,

or AsdiindavdRxideand, RO EuAD YHOXIdR-ARM B YEoge AMifige LA suifide

useful alkali metal sulfide can also be 8 prepared by allowing an alkali
prodiett Hdroxiablesiiclhadammi ey Re i AA0SHYI TR HRresddecrrerg. the

usdWerRaen.gulfide WieRme.incontactwith,eachgther. Such a hydrogen
sulfide may be in the form of gas, liquid, or aqueous solution. {0019} If

{0DH of the sulfidizing agent is lost during dehydration operations before

spHerstart ofibgreagtian ofadinegynolyarvianeisulfide and ainstance, Jithium
dlhaloo%fnated aromatic compound, the amount of the sulfidizing agent for

hy grestHUEaticR HBAN S Yelhdtn dRY BTSINE tdtafrRsa IR o Lt Hitn Jy degenl Dide,

rulRBSm hvdrosulfide, cestum hvdrosulfide, and mixtures of two or more thereof, of
which lithium hydrosulfide and/or sodium hydrosulfide preferabie, sodium
hydrosulfide being particularly preferable.

{0017}

In addition, it is possible to use an alkali metal sulfide prepared in situ from a reaction
system consisting of an alkali metal hydrosulfide and an alkali metal hydroxide. It is
also possible to use an alkali metal sulfide prepared by allowing an alkali metal
hydrosulfide and an alkali metal hydroxide to come in contact with each other. Such an
aikali metal hydrosulfide and an alkali metal hydroxide may be used in the form of a
hydrate, an aqueous mixture, or an anhydride of which a hydrate or an agueous mixture
1s preferable in view of required cost.

{0018}

Furthermore, it is also possible to use an alkali metal sulfide prepared in situ from a
reaction system consisting of an alkali metal hydroxide, such as lithium hydroxide and

sodium hydroxide, and a hydrogen sulfide. A useful alkali meta! sulfide can also be



{0020} It is possible to use a sulfidizing agent in combination with an

alkali metal hydroxide and/or alkaline earth metal hydroxide. Specifically,

preferable alkali metal hydroxides include, for instance, sodium

hydroxide, potassium hydroxide, lithium hydroxide, rubidium hydroxide,
prepesidrvraitiroxigerealfaninteie Spdtovader mohasﬁéirémﬁwweop@embsedim
h &gﬁl&leaﬁ r&}@lﬁ!&%@el‘%ﬂ )éld%scln%g%l c(f,{ 1fs %a @qurmﬁl ngoaen

strontlum roxi barium ydroxide |um hy roxide 1s*
Sulﬁéﬁtmabablg/Hptbﬂtéf&M@f{wZilzﬁufdanraﬂrkaﬁom‘éalmymosuIflde is used as
,O(ﬁu;ﬁldlzmg agent, it is particularly preferable to use an alkali metal

hydroxide in combination, and its amount in such a case is preferably in
if phe rdribe o 051D a@w ndless @mgréﬁlydrﬂﬁvm@@atmmﬁéﬂm@ﬁée start of

thep{gaf@{ 'Xflaoﬁx?e? d% @%u e”%%&a ﬂ%}é‘%‘é%&t”&eg%?j%ﬁ%o%b‘%@g(‘?und

fa hydrogen sulfide i$ uSe as s dlzmg agent, it'is particula
thep@@mabré tbeusfahizialkalienetal hiyd foxioeiim commrtaaonmmajim@f the total

feeﬁ%%'dﬁhpﬁﬁﬁﬁsagéﬁ%'ﬁS@?tal hydroxide in such a case is preferably in the
range of 2.0 to 3..0 moles, preferably 2.01 to 2.50 moles, more preferably

{06204 to 2.40 moles, per mole of the hydrogen sulfide. {0022} (2)

1t B@Q&?@%%@gmﬁgm&%ﬂ@%mwﬂ%g %ﬂg%@f%ﬂ ggeae%’g?dmme

compounds to be used forthe production ic PASs o

andrveriiiohnnchitierditiall bydratsl- b%rm@ﬁ@élsuprﬁ‘éwsalpiajtéhwr@bﬁmlzbmoxides
1nc%QéCW8¥°R‘§%%Qes5'a;9}8h18f&%%§9&ee n otgs%gﬁ?rﬂ?@ &0 ithium hydr émde

o-dibromobenzene, m- dlbromobenze e, 1-bromo-4 c orobenzene, an
rubidironirdeiksrobrsizanky dmidinaiogeanatedearofriatic compeuscof while

pre@ﬁﬁ@'ﬁgzﬁ?x@ é%?éf?%&i%&&%‘ﬁ%%@%ﬂ%é“% Wstance, calcium hydroxide,

I-methoxy-2,5-dichlorobenzene, 'I-methyl-2,5-dichlorobenzene,
Strqmmmﬂrwzi@emﬂv@rm e 163 th‘ﬁélth?ﬁ@@ bichiorolsenzerte;ulasly
pre%lqgl 5-dichlorobenzoic acid. Of these, dihalogenated aromatic

compounds comprising a p-dihalogenated benzene, such as
{082dichlorobenzene, as the primary component are preferable. Particularly

If @{%ﬁ%@pﬁe@rﬁhﬂmme/hmpadag@La&%a%%%&c‘;%q&&&%%ﬁopw&mme

mol%, more préferably 90 to 100 mol%. It is alSo possible to use two or
to ﬁf@ré@uﬁéﬁénﬂ@ﬁhlbﬁg@ﬁaté@l Hromalidndomponadsinsombinatioafor teee is

proPERAHEUANAL 2EVElGRAAS GOPOIYMET, 1023 ferably 1.00 to 1.25 moles, more
preferably 1.005 to 1.200 moles, per mole of the alkali metal hvdrosulfide. If a
hydrogen suifide is used as sulfidizing agent, it is particularly preferable to use an
alkali metal hydroxide in combination, and the amount of the alkali metal hydroxide in
such a case 1s preferably in the range of 2.0 to 3.0 moles, preferably 2.01 to 2.50 moles
more preferably 2.04 to 2.40 moles, per mole of the hvdrogen sulfide.

{0022

(2) dihalogenated aromatic compound

The useful dihalogenated aromatic compounds to be used for the production of the
cyelic  PASs of the invention include dihaiogenated benzenes such as
p-dichlorobenzene, o-dichlorobenzene, m-dichlorobenzene, p-dibromobenzene,
o-dibromobenzene, m-dibromobenzene, 1-bromo-4-chlorobenzene, and
1-bromo-3-chlorobenzene: and dihalogenated aromatic compounds containing non-
halogen substituent  groups such  as I-methoxy-2.5-dichlorobenzene,

I-methyl-2.5-dichlorobenzene, i,4-dimethyl-2,5-dichiorobenzene,



The amount of the dihalogenated aromatic compound is preferably in the
range of 0.9 to 2.0 moles, more preferably 0.95 to 1.5 moles, still more
preferably 0.98 to 1.2 moles, per mole of the sulfur component of the
sulfidizing agent. {0024} (3) linear polyarylene sulfide A linear PAS to be
1,3ubettforlthe iddimivhdezarinearhdmacpdigasioortaiitear eopblynielr  these,
nsi f ese
R S D s e e R R
p-dédripohenmens. I@aﬂtmurasaepmﬂembwﬁom@a@mﬁt@f(@iﬂ@smbﬁdmble
0 I |
o g e N R R T e 0
to R RRRR RIRISRPGOLI(H) YB) Ovo(F) RORZBZRE RPaRbREiRY at@matic

con&g#?mf& (L Ebst2ith (P Bﬁ BB Orh %dﬁ]?ﬁé %é%%@ 0S'1~11

R2 R2 R2 R2 0026 e formula, and R2 denote a
{O&Udstituent selected from the group of hydrogen, alkyl group with a

Th&%‘iﬁ%h@ e rcﬁiﬁa?ko@e?at@ﬁ@f%%@é’ BO‘{‘HHE;&%‘"{?BI‘H%%HREME% 19n8: 0 0.9

halogen group, and R1 and R2 may be either the sanie or different
to irﬁmlelaemleth@a}f{f@@ﬂy]ﬂ B3 tongdanalss repeatingnipieisbine)Mgjor 1.2 moles,

peCAORIIBSAL Uik S MAterial Ay coniain,a. small amount of branch units
or crosslinking units as represented by FormuTae (M) to

10024}
(3) linear polyarylene sulfide
A linear PAS to be used for the invention is a linear homopolvmer or a linear
copolymer consisting mainly of a repeating unit represented by Formula -(Ar-S)- and
said repeating unit should preferably account for 80 mol% or more. The component Ar
is a unit as represented by Formulae (A} to (L) described below, of which a unit as
represented by Formula (A) is particularly preferable.

10025

[Chemical formula 1]

10



(P) given below. The content of these branch units and crosslinking units
in the copolymer is preferably in the range of O to i mol% per mole of the
-(Ar-S)- unit. {0028} [Chemical formula 2] -(A\ s]-...(M -[A -5]- Sr -[A -S9-
(N -LA-5]-...(P O-[AQJ-...(O) 0-{0029} A linear PAS to be used for
the invention may be a random&‘:bpolymer Rolock copolymequr a mixture

there hat contalnsarepeatl iven above. {0030} Yypical
@" renylene sulfi¢ @ s, ..
ymers there of; D

copolyréers thereof, and mixturés thereof. Rarticularly preferable PASs
includg polyphenylene sulfides (hereinafter, occasionally abl :
PPSs 0031} [Chemical formula 3] S 1{0032} that contain, as

A

po § major. gpnstituen lene sulf(ige unit as

represefited by the following formala 80 mol% or more i:ﬁreferab’fi?-’ 90
mol% g more, as well as polypy qe sulfide sulfones and

polyp nylene sulfide ketones. {10033} There are no specific agoms on
the etwscosﬂy of the various'linear PASS used for the inve ut

com inear PASs have a VISCOSI the range of 0.1 to 1000 Pa

s (30QC./shear ve%aty 1000/ and® rable f’g

4 ( nge is 0.1 to 500
Pa- s j view of availability. Theye are alsojno specific Iimita@ﬁie
molecular weight of these linear PASS, and common PASs eful. - )
These PASs gypically should haye a weighiaverage molecular weight of

000 t@l 000,000, preferably 2,500 © 12 |

(0=~ o . o

R2 R2 R2 R

10026}

(In the formula, R1 and R2 denote a substituent selected from the group of hydrogen,
alkyl group with a carbon number of 1 to 6, alkoxy group with a carbon number of 1 to
6, and halogen group, and R1 and R2 may be either the same or different from ecach
other).

{0027}

As long as this repeating unit is the major constituent unit, the material may contain a
small amount of branch units or crosslinking units as represented by Formulae (M} {o
(P) given below. The content of these branch units and crosslinking units in the
copolymer is preferably in the range of 0 to 1 mol% per mole of the -(Ax-S})- unit.
{0028}

[Chemical formula 2]



500,000, more preferably 5,000 to 100,000. In general, their solubility to
an organic polar solvent weight increases and the required reaction time
decreases advantageously with a decreasing average molecular weight.
But essentially, they can serve without significant problems if their
_Q)Qleculg igh.tgﬂ\ﬁe in the afoLe_fQ ntign%ijm__nge. {0034} There are no
peific limitations on the process for, producing these linear PASs, and
comnnr-ones will be useful. For insténce, useful production processes
include reacting an aromatic c qund-ord iaphen'e”?pntaining at least
— Ope Nucke r-substipf{}ed halogen atom with &n alkali metal monosulfide in
n otganic polar solvent at a raised temperature, and more preferably,
allowifiga sulfidizing agent to come in contact with a dihalogenated
romatic compound in an organic polar solvent, as described in the
— afdremeRtioned Patent documents 4 to 6. In addition, a wide variety of
othe\ aterials such as moldings, molding waste, waste plastics and
off-spé&cification products of PASs produced by these processes may also
be used. {0035} In general, cyclic compound production processes,
. incLuding the present invention, comprise competitive reactions for the
(046¥mation a cyclic compound and the formation a linear compound. A

A PHREESSAAIMINGLI0 RIaduse aeYalieRhvd Wihiesdlts inthenfornaionaf alock
I%};nificant amount of a linear PAS as by-product in addition to the target
cort

UREPHS BAHESAVEIROH AL FOHBLSIBIEERS SR HEhes BY FYEBRE linear
[0(PAP as feed material without problems. It is particularly preferable to use
a linear polyarylene sulfide that is produced by, for instance, heating a

IYRIGRIGPRIG-RbR P eng S PORRRSER e iRt O LRiBoNt S S idigamiéones.

polRplRnsRMe Rt We S RMAURkiSI 2R SS9 MEre Jerie ffdRenstitereof,
component of the sulfidizing agent to cause reaction to produce a

anRyaREnESiRte Mt nRIstiTEt &' oy disbiyarpRe et antides
(heibpanpolyanyianaisuliisie{olloweddy removing the cyclic polyarylene
sulfide from the mixture. It is more preferable to use a linear polyarylene
Gifide resulting from carrying out the invention, i.e., a linear polyarylene
[Cissiidel preglugedby heating a reaction mixture consisting of at least a

linear polyarylene sulfide, a sulfidizing agent, a dihalogenated aromatic

compound and an organic polar solvent in which the amount of the

grganic polar solvent is 1.25 liters or more per mole of the sulfur
eﬁt?ﬁthe reaction mixture to cause reaction to produce a

potyarylene sulfide mixture consisting of a cyclic polyarylene sulfide and a

linear polyarylene sulfide, followed by removing the cyclic polyarylene
{Og,_yifjide from the mixture.

il
[

that contain, as the polymer’s major constituent unit, a p-phenviene sulfide unit as
represented by the following formula up to 80 mol% or more, preferably 90 mol% or
more, as well as polyphenylene sulfide sulfones and polyphenylene suifide ketones.
0033}
There are no specific limitations on the melt viscosity of the various linear PASs used
for the invention, but common linear PASs have a melt viscosity in the range of 0.1 to
1000 Pa-s (300°C, shear velocity 1000/sec), and a preferable range is 0.1 to 500 Pa-s
in view of availability. There are alsc no specific limitations on the molecular weight
of these linear PASs. and common PASs can be useful. These PASs typically should

have a weight average molecular weight of 1,000 to 1,000,000, preferably 2,500 to



13 Conventionally, linear compounds and linear PASs resulting as
by-products from the production of a cyclic compound or a cyclic PAS
have been discarded as useless waste. Therefore, the production of a
cyclic compound will generate large amounts of waste attributed to these

500yOpraderst firdarabbmpotnds, ]é}ﬁ?d)ﬂﬁb mewligﬂ@lwth@icmﬁgiél_‘é}ﬂ Wil_ﬂm thaanic
poim%{%%){vfquﬂt ?ﬁ%&%@%@%&"&ﬁ%‘:& ﬁeﬁ‘?é(ﬁ&%ﬁ {60 41 INSOVERHOM e qusly
such by-product as

iInear PASS can be use eeglmaterla% which Is
withighlyorafelgethaegaseolisleamnaichieiua tasgetimbudlion ofwsesie arithaut
_ i | ment i . ) q
SIgﬁ%&%@@%%%%’}ﬂgﬁ In e yie '@&gﬁ%&%ﬁ% wih e aneuntgf fee

mono ere are no specific limitations on the amount of the
{0ligar PAS as long as the reaction mixture contains a linear PAS at the

Th&@%g fn%" §g&€i‘ﬁgq%§5'n¢ 8nd§‘gr§?o Qéssc Q&Vn?[tci lﬂi&%&%%@ﬁﬂl%ﬁg&&%d and

aromatic compoun In the reaction system Is zero.” Itis preferable that
corfecamotiny ot teausghnl SHorapvaniing wmit Wwhichiit shernegoreconsidagpacting

an 5&%%%&“&1&({;%@ %ﬁh@gﬁ%@éoﬁ%gﬂl JO&@@&[&%@MH@@M&&?Q&Q{QO gen

preferably 0.25 to 15 repeating unit mofes. and still more preferably 1to
aton vepeatinglimit metels perondielef heasulbugasvmpotrensai e at a raised

tenﬁﬂg;bq{?r'@ 906 %ﬁ}%?e?z[ﬂ(}ygﬁtl%iﬂéeal DRREEAR B RIGIEIAPIR 1t with

range, it will be possible to’produce a cyclic PAS af a particularly high
a djfeigemeted owpthethe aetiatoivcuedrgeieklpo{@0STY There reeriped in the

afo?&ﬁ&iﬂ?oﬂ@@tﬁéi@ﬂ? anthgsituctyre af heinear Rag. WhICh WaY RS Wallials

orm of dry powder, powder-particles, particulates, or pellefs, or may
suckorainlthecorgakiltpolasisolvesic W dse wsed asitheeedaction sohdewts RE PASs

pl.ﬂé&g@ytﬁg_gg%%@egggsdm%?%legg%ggaat_ has no significant adverse effect

on the reaction. Such third” components include, for instance, inorganic
{0filizrs, and it is also possible to use a linear PAS in the form of a resin

In GRAAPASItioN;ConIAIRING A NoRgARC fller.{0038). (A AroapicRRlAk SAGRL,.

IEor‘ the production of a cyclic PAS of the invention, an organic polar .
CO@@FWQ@HQ@W&@?@@%&&FOW%Mf}%h%j_Wﬁéaiﬁﬁﬂww% %&f@ﬁaﬂ@m@im
a 1%@@0%98&&3@'%?o%@ég%hi@%'fﬁ}éﬂﬁcw Yiewof thestabiiteQfiivgs e

reaction, preferable ones include N-alkyl pyrrolidones such as
forraiehgf-2-pignofisenethyi 2 phpesiiddhe, Enbly-product in addition to the

tarDEXCIRLBXM- 2P AANG; CAPIOIRAGIAMSSUER &%k a by-product linear PAS as

-methyl-s-caprolactarn, and s-eaprolactam; aprotic organic solvents
fe@u@ﬁigtgai}gig}mvé@@queméz‘@p@mgﬁ}@’r}y preferable to use a linear polyarylene

sulfide that is produced by, for instance, heating a sulfidizing agent and a
dihalogenated aromatic compound in an organic polar solvent whose amount is 1.25
liters or more per mole of the sulfur component of the sulfidizing agent to cause
reaction to produce a polyarviene sulfide mixture consisting of a cyclic polyarylene
sulfide and a linear polyarylene sulfide, followed by removing the cyclic polyvarylene
sulfide from the mixture. It is more preferable to use a linear polvarylene sulfide
resulting from carrying out the invention, i.e., a linear polyarylene sulfide produced by
heating a reaction mixture consisting of at least a linear polyarylene sulfide, a
sulfidizing agent, a dihalogenated aromatic compound and an organic polar solvent in
which the amount of the organic polar solvent 1s 1.25 liters or more per mole of the
sulfur component in the reaction mixture to cause reaction to produce a polvarylene
sulfide mixture consisting of a cyclic polyarylene sulfide and a hinear polyarylene

sulfide, followed by removing the cyclic polyarylene sulfide from the mixture.



N,N-dimethyl acetamide, N,N-dimethyl formamide, and

hexamethylphosphoric 14 triamide; and mixtures thereof; of which

N-methyl-2-pyrrolidone and 1,3-dimethyl-2-imidazolidinone are

particularly preferable. {0039} For the invention, the amount of the
Cownrgaithopvlakisuiventtpovedisen déntae Pédctionulioigertt hry theduodutonthe
pr()g{l@ti%%cgf:apc'%éibsc%}%?c!ﬁgﬁso?ra e Pﬁﬁeﬁ té}&&eg }i}&‘é&r&’éd MOtEe A0 e

more preferably 2 liters or more, per mole of the sulfur component in the
Theesdetioribnixedectitte Sulfuy donyeomentih Wid esaction migtursasntefefredste

a iR NENGIN IR ARINGA A% e Ul DG JUIT COmPERg A RLING 18R INeAk i,
ﬁ{‘ iIde r?l%r 80{?51 ent.

polyarylene sul and the sulfur component e sulfidizing agen _
the Hare Ltherfnigth enefometes vofitheissalfarasonipobisnt. ofrthiddineeention, such

byugg%%&'ﬁf?&?ﬁiﬁg? dgrdslinedias l?*é@d%&?@r%l Olfen"g %%@@%Qﬂi&%j‘%@?&uge

_ er, each containing one sulfur atom. For instance, oné molecule of
thindinaahisoly pheisyl erbisigfide’ withta polymistizationtapgresenlBohs yield as

corﬁﬁﬁ'}éﬁ‘ﬁ%ﬁ%%eaﬁ%&%{%?%éﬁ &]%QI_JH%%_S, instead of | mole, when carrying

out calculations. The reaction mixture may additionally contain a
{0E8mpound containing a sulfur component as well as a linear polyarylene

Thalide apdsulfidizing Agaenl Ihl bas A0 AWVRSEINIENCHRA e BSSENCeH.

of the invention. It is not necessary to take into account such a sulfur
reaghpiipBiektd reenstiite e domaiding compctmd thabeireaalipthadien thaflrenee of

coRLNG SRGHOM RAHAMET: T NG OVERIRNA FYEINEIRRTE RIS AGN0is zero.

specific limitations on the upper limit to the amount of the organic polar
it soveltablyr thabrdefficientippddietionof a cyohetPAShbwevel thehe major

coRQURL should prefsrably be B0 HIgKS of less. ok preferably, A0 LIS More

less, and still more preferably 15 liters or less, per mole of the sulfur _
pregoripoient in therepaetipa wiktnd e erdintihensgrobrioRhl sélent isspeating

unfERRY e tased on b vely M 0h R SAVEDL AHROM SIS AtHE HRGSY: of

atmospheric pressure. The selectivity of the formation of a cyclic PAS
thej rhnmv%éwﬁndhei mepesing L BfitHe @f@éﬁﬂfe ﬂ@lam%ﬁmﬂmé’% at
a pRANGRy hOVEVENa thes fornaianaling & ; RABRRIuNIt volume of the

reaction container tends to decrease and the reaction will require a longer
{0%¥tiod of time. The amount of the organic polar solvent should preferably

Thbe 1-s3id Lange dn; rdesdesanhigue g high Ripductivin, while mainiaininge i
a high selectivity for the cyclic PAS formation. Common processes for™
thepteyarcihgral wa’ﬁeéd@ﬁpﬁéﬁ@%@ﬁd% Pt tagjebsHdtiongb gentsn the

orgRd would be, 4nableta pradiics a eyelic.campernd:efiiciently W then o third

preferable range for the invention. As compared. with common processes
CoORgEgElic Bempalinelproduiétion! tidverse effect on the reaction. Such third

components include, for instance, inorganic {illers, and it is also possible to use a linear
PAS in the form of a resin composition containing an inorganic filler.

{0038}

(4) .organi_c polar solvent

For the production of a cyclic PAS of the invention, an organic polar solvent 1s used as
the reaction solvent, and particularly, it 1s preferabie to use an organic amide solvent.
Specifically, in view of the stability of the reaction, preferable ones include N-alkyi
pyrrolidones  such  as  N-methyl-2-pyrrolidone,  N-ethyi-2-pyrrolidone,  and
N-cyclohexyl-2-pyrrolidone; caprolactams such as N-methyl-e-caprolactam, and
g-caprolactam: aprotic organic solvents such as 1.3-dimethyl-2-imidazolidinone,

N.N-dimethyl acetamide, N,N-dimethyl formamide, and hexamethviphosphoric

i4



invention can produce a cyclic PAS efficiently using a relatively small
amount of a solvent, i.e., below the upper limit of the aforementioned
preferable solvent range. The 15 reason for this is not clearly known at
present, but the reaction proceeds very efficiently in the process of the
triaippégitionnit is infelress thabehfeaction inheemediatestigdnerated!fdome theand

1318060091 6 dead; sHlidizing suzmggpeefém% PAS, the reaction of

the sulfidizing agent and the dihalogendted aromatic compound and the
{0Gé%ktion of the sulfidizing agent and the linear PAS react with the

rodifalngenated iarematiceompound. ey fapidiv 1o.agt faverably. Al heacrion

formation of the cyclic compound.”Here the amount of the organic polar
solgemyenths tededision mixtaks BAHefineth ddareorammaindeeistahly drgdhiss or

| ) Y . y A -
moPOIahSUNROIRIFQdHRed !‘i’té&eorﬁ&%t}&”p%}’%?%o %}F&%gﬁg@g_ gan oBQxlf"E‘ in the

solvent removed out of the reaction system. ic polyarylene
reagiffienxteycliEnsoiyHiylepepeitideitothe rasedoip nthatirventidatischteyiein is

deSOMIRRYAY LRMPHRING. BIEREAIRIHDE AS LoRGSRRLEH Iﬁgffaggégegéammde and

-(Ar-S)- as the major constituent unit. It is as represente

theysidBrmertpried gehsial Folndinengpeand itvesrefhsatimgruit shoules™ of the
sulRIeterAR-accaEnh o R0 Mol -armare, 199434 IChemical formulad) o me

TAr-S m (Q) { 2i The componént'Ar is a unit as represented by Formulae
TEPERYINE (1) HesEribedabovs; vl Seekriingitsosid weferablfbeingance, one

moq@m%s%@tgqiﬁyafgwé@l@n@%@e mMoie a%%ﬁ‘fvfﬁ@;l&moﬁo&@i?@eo({p‘i(}(} i

and (B), and still more preferably by Formula (A). {0043} Here, the cyclic
assgglyariferte sulfitalgmyteohtdinmepsating st as rapedsentbenbyasaithe out

cal FQRMRE (A 100hhIP £OUMR 1ARJARHRLRIRRK GORAY ML RN3 MG Qhine -

random and block portions. Typical ones inClude cyclic polyphenylene
sul§igifieEyEiespelybiehyiaee saltiae sufonéEdanaccyelitlponipremyidhi has
no SIAKRIANERCYLiGerendam coralyMersald ayRIGRIOCKLORONMERS. ino

containing the former; and mixtures thereof. Particularly preferable cyclic
acqomiiarEiesslMIEs TReRMG Byt PolgpHamineosutides thereiriafiéy has no
infRRERsIRAYAbbieiatel S¥Alic PRRSkhe invention. Furthermore, there are no

specific limitations on the upper fimit to the amount of the organic polar solvent. For
more efficient production of a cvclic PAS, however, the amount should preferably be
50 Titers or less, more preferably 20 liters or less, and still more preferably 15 liters or
less, per mole of the sulfur component in the reaction mixture. Herein the amount of a
solvent is measured based on the volume of the solvent at room temperature under
atmospheric pressure. The selectivity of the formation of a cyclic PAS improves with
an increasing amount of the organic polar soivent. If it is too high, however, the
formation of the cyclic PAS per unit volume of the reaction container tends to decrease
and the reaction will require a longer period of time. The amount of the organic polar
solvent should preferably be in said range in order to aclﬁeve a hugh productivity while
maintaining a high selectivity for the cyclic PAS formation. Common processes for
producing a cyclic compound tend to require a large amount of solvents and would be
unable to produce a cyclic compound efficiently in the preferable range for the
invention. As compared with common processes for cyelic compound production, the
invention can produce a cyclic PAS efficiently using a relatively small amount of a

solvent, 1.e., below the upper limit of the aforementioned preferable solvent range. The

[
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{0044} [Chemical formula 5] 16 lam/.S~ {0045} that contain, as the major
constituent unit, a p-phenylene sulfide unit as represented by the
following formula up to 80 mol% or more, preferably 90 mol% or more.
{0046} There are no specific limitations on the number of repetitions, m,
reaporsaior Fdimita (@) clottive loyetio polyprsderte Sulfides betdtishopfgeeeds very
Viihe. i r , ferahly, 2 nd.still _ .
B o 0 e s
sensrefslyirner dbatatainya oy dic FAS isudodiznedasts atdghhepblyrmeASs the
r t ' lex ide above ifs. ' int. . .
e R R g he
reagtijue of the inctadisesg audthevafolles itivadiiritagecusvithnthinidimeingenated
Sl the conversi rylene.sulfi polymer. ..
T B Mo ioush At ar tongs et B RE i
corppeliepolyerrylneasiifide ahaberialgariy pompristrensinglécompoundivithra is
dei%'féglgs APOGLAREeREHO 3P QN g %ﬁﬂ" (6108 5Y ﬁl't?o%%%%r%e@% §é§£@&§ system
with different numbers of repetitions. However, mixtures of cyclic
mipelyheyterraisaifitteswignaraiffersnernniberrefiedpetiisngitend to have a
{O(I)grw}er melting point than single compound with a single number of
repetitions. Thus, it is preferable to use a mixture of cyclic polyarylene
(5)stitide ok ditieranfidimbers of repetitions because its conversion into
A @Jugh polymer can g gartied oufaiaower temperafirg: {0048k (@hmnound
process for producing cyclic polyarylene sulfide The invention’is mtendgg
compprotiuce aeyetispomirytenecsitiideidly heativgasteadivhS miurge major
cof QRIRIING AU feast{aL 3-Uneat palyarviene.sullide. (0 3 SIIFIZNG, AERS) ang
(c) a dihalogenated aromatic compound and (d) an organic polar solvent
thescpgiisecraeibaui{onagy by tseqprsdatorst s eyaiePAS of the
{O@a\@ntion, it is preferable to heat a reaction mixture consisting of the
aforementioned components above the reflux temperature of the reaction
[Chsmtarefarleatmospheric pressure. Atmospheric pressure as referred to

Ar—S -
Q)

(0077

The component Ar is a unit as represented by Formulae (A) 1o (L) described above,
and such a unit should preferably be as represented by Formulae (A) and (C), more
preferably by Formulae {A) and (B}, and still more preferably bv Formula (A).

{0043}

Here, the cyclic polyarylene sulfide may contain repeating units as represenied by said
Formulae (A) 1o (I} to form a random or block copolymer or a mixture of random and
block portions. Typical ones include cyclic polyphenvlene sulfides, cyelic
polyphenylene sulfide sulfones, and cyclic polyphenylene sulfide ketones; cyclic
random copolymers and cyclic block copolymers containing the former; and mixtures
thereof. Particularly preferable cyvclic polyaryiene sulfides include cyclic
polyphenylene sulfides (hereinafter, occasionally abbreviated cyclic PPSs)

{0044}

[Chemical formuia 5]

1a



I", here is the pressure in the atmosphere nearly in the standard state and
more specifically, it refers to atmospheric pressure conditions at about a
temperature of 25C under about an absolute pressure of 101 kPa. The
reflux temperature here is defined as the temperature of the reaction
mixture in which the liquid components are repeatedly going to and fro

=twWe iling and condensing. A reaction mixture can. be heated

ux temperature under atmospheric pressure by, for instance,
: reaction mixture to react under a pressure above
atmospheric pressure or heating the reaction mixture in a closed

container. {0050} For the production of a cyclic PAS of the invention, it is

{Oopgf%ferable to carry out the reaction at a temperature at which the feed
thatineafPALs ihealRn tddberreaction, mixtplienyvia:gendfiak the:feedtineasited by

PAS is. likely to pe in the solid state around room tem ture and it will
e A LB SRR, PAS OIFAEION Atons TAIEiis the
{0®igect of the invention, when the material is in the solid state. If the

reaction is carr'ei.out at a temperature at which the linear PAS.éii Qltef’n,
TGRS ASfob8, W P i WAL & OO Se rer oot (Q)
forgpead il treadsendramadicatly; iakbwing sheddieantion to be campletedl im 50,

a shor iod of time. Such, a temperature canngt be defined upiquely
oIS e PG BT G O e e aret SETRERE e when &
polsamparenifitctiededcton mxtdeand: thesicuthute ianshmelestlatio a high

weight of the Jinear PAS used as feed matetial, but it is commonly in.the .
ot bt 56 15 B0l A rEHAON B0 1D S50C AU 5 AHEA S0 ot
Th30R&anagEtll mare @raferadilya2dors 2804 hadhiscprefgrable the value of m
. temperature range, it.is.not.only possible for. the reaction 1o proceed
RS Te HQHRr ot SERA b AT BRLIB SVt frgause the
cotiestingCyalist RAScfio mudeoppasingeleadind . igteficientpraductiohiofed at

1the c%/clic PAS. The reaction may be carried out in one step with a fixed
@ ?&%‘bg}’&?&?&f‘ﬁ?' multiple steps with stepwise temperatures or by
{0@rcdreasing the temperature continuously. (0051} The reaction time also
S (perilds ir] ;helstruct#%andtmol?cular\wei ht of the feed Iineard PAD Ginel
A NS BPS RHE S St BF & sCiRdDing B8Rt SianSyanatsg @ smele
nuatematic regmpoundand wiganic pdlaydidventyasivell aslfiieseadtioniifferent

ulSperAlLIe, So 1 capnot e fxed Unlgusly butpreferaby 0.1 houror
more, more‘preferably 0.5 hour or'more. “By carrying out the reaction i

diffbismpreferdate timesrangenit wilbeapdssible tdower melting point than smgle

with a
n

compound with a single number of repetitions. Thus, it 1s preferabie to use a mixture of
cyclic polyarylene sulfides with different numbers of repetitions because 1ts conversion
into a high polymer can be carried out at a lower temperature.

{0048}

(6) process for producing cyclic polyarylene sulfide

The invention is intended to produce a cyclic polyarylene sulfide by heating & reaction
mixture containing at least (a) a hnear polyaryiene sulfide, (b) a sulfidizing agent, (c) a
dihalogenated aromatic compound and (d) an organic polar solvent to cause reaction.
0049}

For the production of a cyclic PAS of the invention, it 1s preferable to heat a reaction
mixture consisting of the aforementioned components above the reflux temperature of

the reaction mixture under atmospheric pressure. Atmospheric pressure as referred to

prrom
-1



sufficiently decrease the amount of unreacted feed material, leading to

high-yield 18 production of the cyclic PAS and easy recovery of the

resulting cyclic PAS. On the other hand, though there are no specific

upper limits to the reaction time, the process of the invention can achieve
herg ey ighsraactione Spyeeephaks trardforetith slppadotbiaay e wufisertsally,
it r&%%_%eﬁ‘é%’yﬁﬂé% \DQUFS BIRAETARMIRIN @ RAWS,And Brore prefarabiou:

within 3 hours. {0052} For the production of a cyclic PAS of the invention,
an tﬁgﬂ@lﬁ?g—: prosspescific lIfhitdtitms 1die m@we@nml“aw@mﬁcrf tiefreettion the
enfBEMRIS Perleda B ader e, pressureyll HBHCLORRANINGIE RoRkicaly

the reaction mixture above its reflux temperature under” atmospheric
goipgetss@ral ﬁrh@p?és@mr@dﬁzgemwhmdhesré%cﬁorﬁmtmur@igtne_vat@@ _be heated
abIRARDYSHAY (e fead malpiials Andhair caoteis i the Ragtion MXIHE, me

reaction temperature, etc., and cannot be defined tniquely, butthe
reapfiessuve Sholidrpreferalstyhpresos dviba br ansra vt prsferablyhoaing the
reaMBa@ f?ﬁﬁ\ﬂ%ﬁmﬁ@lﬂ?@&%&ﬁﬂﬁf&b'y 0.4 MPa or more, in terms of gauge

pressure. For its upper limit, the pressure should preferably be 10 MPa or
100883, more preferably 5 MPa or less. In this preferable pressure range, the
FoPIRAYEHORRIAAYE!IS AATNY beablg ek completedrapidyo IEBS ou the

organic polar solvent’is used in large amounts for the production of a
reaéy@ncépaxsm;@.nawm@fcwhtémb%f%hf@@d Iﬁ‘ﬁéa_ﬁ m@e,rsmﬁaﬁzrﬁyag@m?mm
In g dihalogenated aomaticscompourd @re,lowinitbe, seaction. MbYHE. tom

iS particularly effective to perform the'reaction in said preferable pressure

terpapgerEh aevitiMgd dssleliBirmbrovetricret amstibr cohhsutppaaoratsaction,
whittdigriibe,srlectivinyfanthedargshieycliad A finough, the-reasenias nothe

been known'clearly at present, it is inferred that during the production of a
reag{ielic PR igbie TeRFMBEHETS aé;um%‘\stiwdml% ﬁéﬁ@@lmrﬁﬁﬂi@fmea the
reaCABPOHAGALG Y BIAIIE LIRSS HRe. Re AN ELCONGILRE 4 IptiNR reAdIGR. AR ally,

partly in the gas phase in the reaction iﬁgtem, possibly preventing the
allpyorsebeofadipreaction WM ife rdaetiieTsulsirses iinthe Yus Phiggencrature

catfif ERIAFRY NGRS Oh@ RIESSUELh 3810 IRIRr aRIS- HANGE Ml WORS IO and

depress the volatilization in the feed materials reaction system to allow

coRffalyeHCHISN W BIORKEY BFIERABYCTIE MaiHEI e BreSSUrETR g molecular

weRigTerale esspis range.during,the heaing ot henreasiommixte.dtds 120
also preferable to i%&ez;ssunze the inside of the reaction system with an

10 et gadrasarRatbdy tatdr ddurintouse EAEHON, of bt GtRél dpprdpriste more
prfRE8S, JRrEterably erigy imiheSaHal R FERRIANrHRE JAHIRRIESSUSssible

as referred to here is defined as the relative pressure compared with the
foraﬁ}f*ﬁ'ﬁﬁﬁ‘é‘?% ﬁ@gggﬁ@ivﬂ@p‘gﬁrgly at a higher reaction speed, but alsc possible to

prevent the resulting cyclic PAS from decomposing, leading to efficient production of
the cyclic PAS. The reaction may be carried out in one step with a fixed temperature, in
multiple steps with stepwise temperatures or by increasing the temperature
continuously.

{0051}

The reaction time also depends in the structure and moiecular weight of the feed linear
PAS, and the type and feed amount of the sulfidizing agent, dihalogenated aromatic
compound and organic polar solvent, as well as the reaction temperature. So it cannot
be fixed uniquely but preferably 0.1 howr or more, more preferably .5 hour or more.
By carrying out the reaction in this preferable time range, it will be possible to

sufficiently decrease the amount of unreacted feed material, leading to high-yield

18



calculated by subtracting the atmospheric pressure from the absolute
pressure. {0053} 19 In general, a cyclic compound is produced as a result
of the formation of bonds in the molecules of the precursoral linear
compound with a relatively small number of repeating units. For the cyclic
propucgaf tHelinversiiontdsviall, saky likelyvthate thearsPASwithlifoPAS. On the

othg?m(?h@uf%}f%% Q@rﬁp Hljﬁc .&Pfimiféqg(%fr%c}ggd%%%?ﬂél3Focess of

reaction to form a cyclic PAS with a’number of repeating units of m. For
the gerdnirenten adhisvinfered el thectedinehrmNScrebnts Withegwsion may be

sufiUARING A0RALIQ SRR RlNGAL. SOMRRRLIAWIN.a TRIAIVElX SHAL ’Ea&‘gﬂaé}%}y

of repéating units that can serve as precursor to the cyclic compound,
withaflowed By its conversion into a cyclic compound. If the linear PAS with a
{Odﬁr}nber of repeating units of m and the linear PAS with a number of

repeating units of n undergo intermolecular reaction, this will produce a
Forlihearrivstiovithia auehbat of & hesatingiintts Bietrmarerd)o Thsshinlgettetians on

thePRRANGHIONRER GHRle gempRuRd inaceampanied byfarmationel ajage. i

amount of a linear compound as by-product as a result of intermolecular
shofgacliorPoFgbley slidieahipeurerprad nutBhHE B0 T porightto ahawrdare under

am{DYADRIeGHIAL LERMIoN 0. Rr0GRaE: RIGTEEGAIAN A 116 cAse igfhé%é§%%.&t)éﬁd8

known that linear PASs with a large number of repeating units tend to be
on [dssfersiuphéanasn B EiE poesolvetwWReTEas TR YhhuBisontHanpRsiure.

e1c COMPORRIY: HOCISRSESWIHLAY, W%’?&B?Qs&%?&&%@%{?rﬁ&%f@ RO oH 18a or

formation of the linear PAS i5 to be depressed in order to achieve the _
mogtolifEaan Ye ey clicoPiBe ibiseemnibh tmsesisabledttiodPa or more, in

teriETRSAINE, Instead-af %%@P@B1%&[‘%9@%3%%%%@@%&%%@ be 10 MPa

temperature, even in generally known cyclic PAS production processes.
or oW tHTe dRtFarsLIY 4 MheapPas. witthis Rigkerble citaruieigheds ths peoduction

of g fgaﬁem Rigihes. ipRcUonIempRpIatkie: S 18 Marefregue MY losiRen: is

\S component to be sufficiently dissolved in"the organic polar solvent,
usegintl daFEactiBAvEimperdtar absie el refiokl e Mperature tébisapipas of the

fee@q%t‘ﬁ@m%{?@f@l%ﬁna%‘é@ Qfﬂihmgiggéﬂﬁfe\ﬁ’%Me{%égmﬁm&{ﬁth jow in the

processes. It has been reported that high molecular weight PASs can be
reaghsguBEEEEalhigH sern theliegtbiecasBeiARSt il FRAVECSIIRIaY b Rrgierable
preRfQAUCHRR Of scycligi PASStheipraseRtiRvRRIorS:te-theln sutpriss Aadnding/or

that the object of the invention was met successfully at temperatures
theisére thig refiifietbrhgpbratlie o thé NFREEHoR MfkkRire2s 80 BrRpdmatiiesicarly

at frabwere thanghidonbeprsierable s Predustion pANERHPASS Wik als

high molecular weight, and that cyclic PASs in particular were produced

suqlaﬁwqwigam@ﬁr@@% ?T@&Hﬁfgc@%ﬁ@%@rﬁfﬂétﬂgﬁﬁéﬁ ym@er the heating conditions

for the reaction and partly in the gas phase in the reaction system, possibly preventing
the proceed of their reaction with the reactive substrates in the gas phase, and therefore,
the use of a pressure in said preferable range will work to depress the volatilization in
the feed materials reaction system to allow the reaction to proceed efficiently. To
maintain the pressure in said preferable pressure range during the heating of the
reaction mixture, it is also preferable to pressurize the inside of the reaction system
with an inert gas as described later, during the reaction, or at other appropriate stages.
preferably prior to the start of the reaction. The gauge pressure as referred to here is
defined as the relative pressure compared with the atmospheric pressure which is

calculated by subtracting the atmospheric pressure from the absolute pressure.

(00531
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invention. Furthermore. it was also found that in said preferable
temperature region for the production of a cyclic PAS of the invention, not
only a cyclic PAS was produced at a high yield, but also the by-product
linear PAS had a high molecular weight. Here, the 20 cyclic PAS and the

In diensnal PASWithcarhighundofepuldnaveight areulirgetheditferafipinofdronds in the

mol.,@&ﬁ?e@c%f tlﬁ% %QJQQMXHQ tﬂ§e§9 l\ég&lgﬁﬂ/ﬂ?v% %ﬁhg %ﬂéﬁf@@%ﬁﬂﬁﬁ%ﬁnber of

inear PAS to be separate very ea constitutesone o )
repeaivEntagess bfthbecyptidcPIXS pfddeadtivenprotesswsilthié invémlionhathusingar

PAgy&Jii&l.Pioé§ ?{Y&H é{_eéyn%l%eﬁ’ l'&“f‘e %Qi}?l% Bﬁ?tq uge 9‘1 %%{aé}g&giﬁﬁt%ﬂ?&ecuiar

cyclic PAS production process of the Invention in  combination wit , for
reaptistacéhe oyclic PAS vetdoverynbgerdtionedaseribet fHter. On thisatotemiron,

it i%‘ﬂﬁﬁn&'&eﬂﬁ?{?ﬁl@ gissl %y&%‘%é‘?ééﬁl?s eed L a0 NELRACHOHIB I ey

in the case of generally known cyclic PAS production processes that are

commtmnéﬂim tel iV renareriveibw ﬂfe‘frﬁﬂliélQqu@‘ér_ﬁwréa,Iam\iﬁ thfeprecursor
to {ﬁé‘%%ﬁcdﬁ?&igéﬁ?ﬁ&e%lfl}%eﬁ’)‘ﬁ?rﬂg‘é%h@'é%%f AMILOBNE BJOWound. If the

~ molecular weight because of the lower temperature. Accordingly, the
linggydhis PBhcannobse Yegaratoy easihpfronvtddiinBagaPRS; mnltingmber of

rep@HtiGHILIQOIQAHGE A LYSIG AR NIR.R NIGBUITY: {A0RAL I HRE EVElICar PAS

PASproduction process of the invention, a linear PAS, sulfidizing agent,

wi@iﬁ&@g@ﬁ&@ﬁra@@ﬁﬁaﬁd@ﬁmpﬁ (mnd; @ﬁ*_rd%?@%ﬁib g_ﬁ@l@ﬁak_dm%@féﬂ geyelic
cor{'%%ﬁﬁ@qg%c}fﬁﬁi%%liég ERUSSHSAGHOST IR he LeARHRR: PR CONSIFINMAE s

ese essential comporents. There are no specific limitations on the

bwméﬁ%faﬁeé@ﬁaglftwéé@té@yéﬁmmc@mﬁ@ﬁeﬁ@; W@%@ﬁéé@ﬁ@‘ﬁ IS U TRARE

im]![}o RraleraRle 19deed iStdNg LRulehnRL PR QLING OFGNICROI3) SRIVERE of
0 be used, followed by feeding the other components, in ordér to )

PAgmstirindzoumifoieh aastiBA Frixtihea hargeditioed ehidressagtigts tond to be

lesSQBIRGRSAS, INEARAGHINN TIKIUEE MAY.LORRANAINIR,COMRoRa ﬁﬁlﬁﬁfé@ﬂem

~not considerably impede the reaction or a third component that wi .

incaaseleraitd tie irsaetions THaperahe ho'spetdfiecimitatisn® onahenneétiisdlinear

PAP{GRATARGPL G feRGHOR, RufdlISRIeiRrARIa IR StiL INRLMAYE R common
ensure a uniform reaction system. There are no specific limitations on the

10 pemppatureAIWHRTANSAIE e et FHRate ARIgPSIRER AR IR e e et reflux

renfBedimatenals mayde.supplisd.aroundiroemdenpaaiye. fodowed byn the

carrying out the reaction, or the reaction vesselis adjusted first in the
cofarBmentibped eiiparitureliahga Pestiranieisdi thievebtispdierawedigher
redP¥SiHRRIIAGANE feadmalsiiais and carying Ot ENEAGHAN. 1S al$hcienty

possible to supplying the feed materials one by one into the reaction
disgghtesnit thihfsaathe rodetionlY§Prodsedifgaction temperature above the refiux

temperature tends to be adopted in generally known high molecular weight PAS
production processes. It has been reported that high molecular weight PASs can be
produced at a high yieid in the latter case. After intensive studies on the production of
cyclic PASs, the present inventors te their surprise found that the object of the
invention was met successfully at temperatures above the reflux temperature of the
reaction mixture, i.e., temperatures that were thought to be preferable for the
production of linear PASs with a high molecular weight, and that cyclic PASs in
particular were produced rapidly at a high vield, leading to the completion of the
invention. Furthermore, it was also found that in said preferable temperature region for
the production of & cyclic PAS of the invention, not only a cyclic PAS was produced at

a high vield, but also the by-product linear PAS had a high molecular weight. Here, the

20



{0055} Furthermore, the sulfidizing agent, dihalogenated aromatic
compound, linear PAS and organic polar solvent may contain water. In
general, when a sulfidizing agent is reacted with a dihalogenated
aromatic compound, the reaction speed decreases with an 21 increasing

cyolvaikendehrilintrs Féenot mixglrentldsiecesigry 4t retiiste dhécwaten. for
insGRPLCHAGFHEARY:y! %@&W&ﬁ?&ﬁo%ﬂf%etﬂév&'@l%ﬂg‘%{ﬁé{ She NFLFIAOD, pe

proceeds very rapidly, making it possible to carry out the reaction
sepgtiseesefillyeastvour cbutatstivantrainef thethvated otaeer inlthkerasetionPAS

proTUXHE pIAELE S EDQRAGHIC Hpitatons, angRe water coRIeRLINRSy can be

reaction mixture of the invention, but at'the start of the reaction, l.e., w.hen'
profsesbivesigidegeee ity dikaltderunstheiomatieassmpbuhe invention in

co&'ﬁﬁ{%ﬁf‘@{t119?8é‘§ﬁ9%&,at99@@ﬂ&eﬂﬁ? REALID Hﬁa%lfa‘%i%%t@&éi_}fﬁ&%%{én On

still zero, the "water content is preferably in the range of 0.2 moles or more

theanepDamd| g dptdsanaiBPiroled loras enahd dL eamibler Bielegsighdmgtifure in
the BAE RAreierably Q.8 MRIe5 P PRIE A0 RBIPIGS QL LSRR MM PIANEY at a

sulfur component in the réaction mixture. If the sulfidizing agent, organic

tenmraﬁtgél\k@l@miﬁwogé}me@mmaﬁ@, c@i&ﬁpéﬁmﬁ Iﬁ@éﬁ@@%@%ﬂ@lﬁﬂ%ﬁel the
by-FPORRONGRSIN BAR reaRliqn MR, CoRtaln watekand: thewater GONIRNT Ry

he reaction mixture exceeds the aforementioned range, the water content
tempaa e et dDsiEninay gie rBdbceapdfdie hrastad criHE feaptits dmear

padusigi e easion doadiist e waterconientwilinsald range, which

would lead to rapid, efficient production of a cyclic PAS. 1f the water
{0Q%titent in reaction mixture is below the said preferable range, on the

In Sfberhands ¥ is-piglerable de-addavatanie.Aailst the.wapars contentifathgent,

_aforémentioned. The conversion degree of a DHA is calculated by the”
dibpdneounig e alamvic TRERAHBUNRYT BIedEmaMiHgSDIVERTCaS Beddstdhnisegtion

ved¥1 G 988:,ENIAMAIROraPhYIN RS CASAS{R): CARRRMIEIEANG AMOUAL ]

of dihalogenated aromatic compound is excessive relative to that of the
cogifisRihglAgENETR T HRCS h ETHEIHP A dORVEEIDRIdEgHBRdhpsE fsgential

corAHMAIGS) micRRINRG REA GpoieRhidiedRER (B0S) 1RXEase R Apar

moles)]} x 100% (b) Cases other than aforementioned cases wider (a) .
of BnVksidiinodyreel (94 fro8DHRI(Adlewrd femisrtiHy: DL iRbresyprFes, in
ord2HA NRiER) B 0 18P A00R6 ﬂ&i%lﬁ@%?@&gimﬁa furthermrgy thabalRRents,

appropriate stage when the amount of the ] ) _
the reaction mixture may confain a third component that will not considerably impede

the reaction or a third component that will accelerate the reaction. There are no specific
limitations on the method for carrying out the reaction, but it is preferabie to stir the
mixture to ensure a uniform reaction system. There are no specific limitations on the
temperature at which said feed materials are fed and, for instance, the feed materials
may be suppited around room temperature, followed by carrying out the reaction, or
the reaction vessel 1s adjusted first in the aforementioned temperature range preferable
for the reaction, foliowed by supplying the feed materials and carrying out the reaction.
It is also possible to supplying the feed materials one by one into the reaction system in
which the reaction 1s proceeding.

{0055}

Furthermore, the sulfidizing agent, dihaiogenated aromatic compound, linear PAS and
organic polar solvent may contain water. In general, when a sulfidizing agent is reacted

with a dihalogenated aromatic compound, the reaction speed decreases with an

21
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feed materials has decreased a little after continuing the reaction for an
appropriate period, one or more of the feed components, i.e., linear PAS,
sulfidizing agent, dihalogenated aromatic compound and organic polar
solvent, is added to further continue the reaction. The amount to be
incizdeled stioetldogaetErtinegation congiderirgiR 2abessontentestupre halfyater

001198{?99&131&99. Hexe ?98'9 mixtyre efoes, the.addition, And it Js 5}59%&1;1 very

desired that the content of the organic polar solvent after adding fee

rapidlatenalsis 112BoEbicolmneyperimible wheBUIRSFCERPEnERbIItheccurate
conrtff‘&cglo PheWSHUE %intggg}n Toe Jineas PARSullidizing pgent ﬂﬁgiﬁq limitations

dihalogenated aromatic compound may be added at any appropriate
on Puinveltiepctientontéint sfatieofeatihateribibhanvdedpsaded sashesysiisedhe

rea@PYE: DULSHEN AAAIHRN.ShoNId reteraily berngriormed whendhe RiBound

conversion degree is 50% or more, more _preferabe_?O% or more.
(heweiteition acssitmapointsbratiakdiie RHitiem Proaustion of deydicPigro, the

watQORGkeH: addition. of faedipalaals s expecied:in.6aLS% & 6RHARYE i f&%,d 0.5

water content of the “reaction mixture, additional operation may be carrie
mogstitap raajasnthelvasescontes rdsid preferiblerrihy e, tamg itionmere and §

mofigStahl& fofemaye. ageappropiiale AMBHALAT WateL TAmIhe RAGRN I the

mixture before the addition, during the addition or after the addition. If

sufﬁéiﬂmwe@bmrp@ﬁmiafwém@véﬂlﬁéww%mw&@ér%w%@ﬁ@r PAS
and %%Y%@dﬁ%ﬂ%ﬁ*ﬂ? i%%'?&&%ﬁ%xﬁﬁg idizing-agent, dikalggsnatedontent in

aromatic compound and organic polar solvent may be added as needed,
theopatrai peniplet mateadls iy dereupplierctatiots tHEYeBatsnchiBaDren the

reat Q0R % 9 the Prrdudtienof asydic RAS of the ipyaniien: aRateiyRection

contintous type or other various generally known polymerization or

to pehietiommutheidsanetyaidiie saCoreEmingthe atenbspretdotianid. efficient
prdhRARClgN Procespakoyid prefarably he peH oEmed N ARNABAXIBIZIRG the said

atmosphere, and the preferable atmospheres include nitrogen, helium,
pregeratiegen st otihsr otlegt Garesitii pariidiahle HngdgerAtRospHErdis water
coEBferable hsranse ehis espnomic.afficiency.andhandeanility.There ane

no specific limitations on the reaction pressure because its optimum value

folyepaadgetithe Hserantianiouhe sprindie PRt baHRFSENERESete gas
Ch@%{@%gﬁ%ﬁ@&@m@ggﬁure etc., and cannot be defined uniquely.

{(a) Cases where the amount of dihalogenated aromatic compound 1s excessive relative
to that of the sulfidizing agent in terms of the molar ratio

conversion degree (%)= {[fed DHA (moles) - remaining DHA (moles)] / [fed DHA
(moles) - excess DHA (moles)}} x 100%

(b) Cases other than aforementioned cases under (a)

conversion degree (%)= {{fed DHA (moles) - remaining DHA (moles)] / Ifed DHA
(moles)i} = 100%

£0056}

It is also possible, furthermore, that at an appropriate stage when the amount of the
feed materials has decreased a littie after continuing the reaction for an appropriate
period, one or more of the feed components, i.e., linear PAS, sulfidizing agent.
dihalogenated aromatic compound and organic polar solvent, is added to further

continue the reaction. The amount to be added should be determined after considering

3]
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{0060} (7) recovery process for cyclic polyarylene sulfide For the

production of a cyclic PAS of the invention, it is possible to separate and

recover the cyclic PAS from the reaction mixture resulting from the

aforementioned reaction. In addition a cyclic PAS, linear PAS and organic
the sokiesoivehe, thblreaoionno® mixbgrecpeBolting froim bhtoredktioAditigp. and 1t
is Goniain alheeeampanenisaush o HArsaciert BUIIFENGA0%Re: adding feed

Ihalogenated aromatic compound, water and by-product salt. {0061}

matppiete srd 39 pewifier liminstions Biwlerocebs teutesovemta@ASn the reaction
migQpaponent from such a reaction mixture. An available process comprises

removing a small or large part, as needed, of the organic polar solvent by
{OGfidtillation or other operations, and allowing the reaction mixture to come

Théﬁi‘ﬁ%@%%%s\ﬁéﬂﬂﬁd?ﬁﬁgbu as %&Gﬁ%}%{\géﬁa@ea%&%ﬁ%féo%l@ﬂodﬁ%o WeSdded

the PAS component, can mix with'the organic polar solvent an

at W@f@mmwdﬁéd&élth_‘éﬂwlﬁ?@de@ﬂ@aﬁsaﬁéh%é@%rfﬂ@éepﬂs onsiaed as
dedSHIRIMLBl W'QJH{XH&@@J%&M@i%@éﬁﬁQd@%é@@ﬂﬁc%A@hép%Q%HA

available process comprises heating the reaction mixture at a sufficiently
cothigiyitentiseratuie 18°dissonercthaycheciabinedl” P ASBIqIke farbiPE B VBICh
poi%%ox%ﬁféﬂam@'&f&fﬂﬁr&%'é{u%ﬁ%%?é@%né@%fa“”9 the solid component

rom the soluble component in the reaction mixture by a solid-liquid
{0&¥paration technique to recover a solution that consists at least of the

1f QYIS P HSsneanEAP;a0d QaanicpAAlSOvVaRh JE MOHNG ASMALQE: of the

large part, as needed, of the organic polar solvent from this solution by
reag|EtiHatioH G @dﬁhﬁm@ple@aﬁ@ﬁ@,wwxaln@mr@% evidoiadiy¢dhseTAlEoraEn! In
saitt BUEHSAINGRR NERCEt MR sRANER IIAIRRELAIFRBNES BRBAST water

component, but can mix with the organic polar solvent and preferably
frogisbslventhiebiibaubeardhtonfdéeverdransAs cofipenehtatictieectafmition.
1f AbA-=ald H&%&ﬁéhﬁr&x&!&%%ﬁ@@aﬁae»@%%Etésasseiyqa%@emghémeé

characteristics generally have a relatively high polarity, and their suitability
ii‘oa"em@@a@ripith@iw@oﬁmﬁd&gah%wa%@gﬂ@éﬁ@%éoﬁm% HYIHOEIdcend
or SRS JERLTAIRInMAKING,IT JNROSSIDIR.IdenfifyiRaFigiaE PRSARis may be
preferable. But typical ones include, for instance, water: alcohols such as
suphBeREsk BhbnhslegiopansiiSopropanol, butanol, and hexanol; and
sokssanes such as acetone; acetates such as ethyl acetate and butyl
acetate; of which water, methanol and acetone are preferable, water being

Fop#haquranrtisrersransielin Giel of dairasnitpany Reghorc sfdigheys type or
otH8082%ous generally known polymerization or reaction methods are available.
Concerning the atmosphere, the production process should preferably be performed in
a nonoxidizing atmosphere, and the preferable atmospheres include nitrogen, heliwm,
and argon and other inert gases. In parficular, a nitrogen atmosphere is preferable
because of its economic efficiency and handieability. There are no specific limitations
on the reaction pressure because its optimuwm value depends on the type and amount of
the feed material and solvent used and the reaction temperature etc., and cannot be
defined uniquely.
{0060}

(7) recovery process for cyclic polyarylene sulfide

For the production of a cyelic PAS of the invention, it is possible to separate and
recover the cyclic PAS from the reaction mixture resulting from the aforementioned

reaction. In addition a cyclic PAS, linear PAS and organic polar solvent, the reaction
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Treatment with such a solvent can serve to reduce the contents of the
organic polar solvent and by-product salts in the solid mixture of the cyclic
and linear PASs. This treatment causes the cyclic and linear PASs to
precipitate as a solid component, making it possible to recover the PAS
mixiprpeenng ieefdrent edciionixtune thatgyclitharndiinear RA Ss by simgasted
1g8nselsnown.solidslianid separatin tschniqus. Ysaul. seliskliauid
S separgt%)én téchn%ql’fes%%cluéeﬁ,r%or instaéce,@iltréit%n, ceﬁtr?ﬁ'jgal 24
{Oddparation, and decantation. Such a series of treatment steps may be
nfRPERRH seveRlmasHs DRt IO IILSRIVE A HIINRIIEAESNER .
amount of the organic polar solvent and by-product salts contained in the
reagfidl mixture oitheveyells anddsearPASS. [0063inAvailtable ardlatgrentrt, as
neet(?&ﬂrggtﬁé 5@2&1‘3’5?)@1&%}5%‘?%9 f i'ﬁﬁ?qﬁ%"&}h’%?'b‘ &m%@,gaﬁﬁealiowing
solvent and the reaction mixture, while stirring or heating as necessary.
theThepbcareninbIspECifigiimitativnsconthdadwpsrarrasdahichdhe solverit that

hadfRAHTENLIR ReLTRred, BULILIS BIFTErALINING 1RO9E0FR0GIR 280%nt and

more preferably 50C to 200C. Treatment in these ranges is preferable
prefeehlisetsforindtaicepthéubysphodisctasalistdan e remmmvadréasiteatgm of a

solffeHEAMEDt Gan Redperfomed at a,elaivaly jaw PIERSUES- I WAIEL 1Brocess

used as the solvent; it should preferably be distilled water or deionized
comiiers herliddhasastiosiblatuesel aswesdudlvahi gy iebperaviitiondissolve

theQQANING RALAPANC AFId. CAIINAUNG syerag formie aeld. ARTIGAC o300

propionic acid, butyric acid, chloroacetic acid, dichloroacetic acid, acrylic
seragidinertosidiaciampenzdicragidhsadyiit seipponaliciratie realomicrasidre by
a sStecin|Giacd, RNl agith and, fumavic acidy all alkall masial salh 80g: of e

alkaline earth metal salt thereof; an inorganic acid compound such as
Cy@wfﬁﬁésa@reﬁarp%épmri@ra@me Wbéﬁlmm,a@m%mdaqm&idzl'aﬁtg@inéré-. as
ne@Rid; apdammonism ian;. ke solidmixthiee of evelic aRAANAALTASE other

resulting from this treatment contains the solvent used for the treatment, it
OP%%Qﬁéi@I@dtél@r‘yit%‘fh@ikW@ as preeded ft@m@ﬁ_ﬁowélm éegamm.qm@d} With a
solNGreeavEnHRI %@%%%@%ﬁ@t?%g% Jheseyelic BASIS FeFQVELaS Smic polar

mixture with the linear PAS (hereinafter, occasionally referred as PAS _
soljriRtue) adandble ey thesbToPisepar atitin &F tRecyelibPS angroent i
thIRGAH BASNEUdS {0k Is1aRCs A Separalion, Methedased MLIRE with such

difference in solubility between the cyclic PAS and the linear PAS. More

chageigrisany Lenselishemrat s86I0bsHa eyalictpASdHReniR B hargRnds on
the type of the organic polar solvent used and the by-product salts generated, making it
impossible to identify particular ones as preferable. But typical ones include, for
instance, water; alcohols such as methanol, ethanol, propanol, isopropanol, butanol,
and hexanol; and ketones such as acetone; acetates such as ethyl acetate and butyl
acetate; of which water, methanol and acetone are preferable, water being particularly
preferable, in view of availability and economic efficiency.

10062}

Treatment with such a solvent can serve to reduce the contents of the organic polar
solvent and by-product salts in the solid mixture of the cyclic and linear PASs. This
treatment causes the cyclic and linear PASs to precipitate as a solid component,
making it possibie to recover the PAS component in the form of a mixture the cyclic
and linear PASs by using a generally known solid-liquid separation technique. Useful

solid-liquid separation technigues include, for instance, filtration, centrifugal
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dissolves the linear PAS under the conditions where the dissolution of the

cyclic PAS is performed is allowed to come in contact with the PAS

mixture, while heating as needed, to obtain the cyclic PAS as the

solvent-soluble component. Here, the cyclic PAS production process of
sepevetinnentio ddvastttefeSuale amrmedfrtewmms ef@psaimed binrthhe PASseveral
- mixt t mer | e
R e L A 8 g pola
solPens etid the mollentselsocdatgedhanties cydiic PASIcanbésepatatethd linear
pAE jficiency by the aforementioned 25 solubility-based separation technique.

The molecular weight of the linear PAS should preferably be such that the
{00imglar PAS has little or no solubility in a solvent that dissolves the cyclic
AVE HRASIGREIRGI.y "f}!i?c{b Esﬂ%;‘? g@é IR 9'8%&11%&’& A%% ésuié!ﬂ{ﬁé"lxmng

2,500 or more, prefera or more, an more preferably 10,000

therﬂdreﬂmss}ham@l@memmgmomnlnrﬁtitmmgroheﬂﬁ@g@ﬁ/emq@am u“g@re are
no QelhseRaralion 8h el Anlinear RARK 2100085 tadalNen! i8umcd,

dissolve the cyclic PAS. However, the solvent shoul pre erably dissolve
butie isyetidepebdy but hartipadisdoblE thie | KR AR pieéceailironitferip 200°C.

Tre PeLe: e issqlinn r“st%%el }%»Féeb%@éﬂ%j PUL;AOLLILIS °§] RRIEROMRS can

that the solv_ent 0és no olve the linear PAS at all. In the ‘reaction
be gomternd thsibAS inikeuredsraiio west o porftieéohtace WitreSaldsawessure. It

watiiqet, RIMASROROR AEESPUES Ak %&HQPW INGIGASAAPIESRNG: &@189&&9{%@

atmospheric pressure is preferable, and'a reaction system for use under
andiich eonditionlislodtivantagedtd i thiaicitearpbdiconstriadietfrorarganic acid

col NGRS ICACUONYES3R] MEMPES,! ’br&%’n@ Hug, hisoesialleiforoacedc

avoid the use of pressure conditions that require an expensive pressure ’
acirbsisthloremstainsidl ey Prefardbatruiseaai dohganeithatis virigally feed efalic

acitiNdesyed side r&@%ﬂ@@%aucmﬁﬁa%%cm%ﬁ@%ﬂramcgaﬁslmmgaﬂf RAT salt

components, Preferable solvents to be used for contact with the P

angrajtabacpriBr mefilxakndereatmas e BB eSSl RO IHENHe  SHsMj ﬁsmﬁﬁgw acid,
nbygiocatRon-Pasedisolets: SUetAkREMaRR Eﬁ%?@&c@e&{%‘ﬁnﬁ%}ﬁﬂﬁy ion.

cyclohexane, ¢yclopentane, benzene, toluene, and xylene;

If thaleglichipiaders soivehts authnearchieTofssriBEofmotoNis, isethyteontains the
solGRIANAEq T2 -dlichlaragthanes Ld.drickjoroethange, chlorobenzang. 8t ve the

2,6-dichlorotoluene; ether-based solvents such as diethyl ether,
‘;Olféiﬁéhydrofuran and diisopropyl ether; and polar solvents N,N-dimethyl
Oégqnamlde N,N-dimethyl acetamide, dimethyl sulfoxide, trlmethyl

phosphorlc acid, N,N-dimethyl )
In the recovery process describe above, the cyclic PAS is recover as a mixture with the

linear PAS (hereinafter, occasionallv referred as PAS mixture). Available techniques
for separation of the cyclic PAS and the linear PAS include, for instance, a separation
method based on the difference in solubility between the cyclic PAS and the linear PAS.
More specifically, a solvent that dissolves the cyclic PAS efficiently but hardly
dissolves the linear PAS under the conditions where the dissolution of the cvclic PAS is
performed is allowed to come in contact with the PAS mixture. while heating as
needed, o obtain the cyclic PAS as the solvent-soluble component. Here, the cyclic
PAS production process of the invention has the feature that the linear PAS contained
in the PAS mixture 1s obtained as a polymer with a high molecular weight as described
above. The difference in the solubility of the cyclic and linear PASs in the solvent is so

large that the cyclic PAS can be separated efficiency by the aforementioned

[ ]
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imidazolidinone, and methyl ethyl ketone; of which benzene, toluene,
xylene, chloroform, bromoform, methylene chloride, 1,2-dichloroethane,
1,1,1-trichloroethane, chlorobenzene, 2,6-dichlorotoluene, diethyl ether,
tetrahydrofuran, diisopropyl ether, N,N-dimethyl formamide, N,N-dimethyl
solulpdiynbicied dienethyd s utidxidpictrifhethyd gslbspiveridaciothil nahimiaity khould
Tag]] idinone ethyl ethylketone are more 2rable, toluene, .
pre)%ggﬁg?%%lggo O,F}r?}li??tr%[;e@tﬁg/ e%e@é#o?i %ﬁﬁ%aﬁy&%fﬁ%ﬁ&g%% Sﬁngtfgélvegtrﬁyfhm
dis@tonetbeiog bartisblarydesefidreb 40066 W 2éeThereags moospedificweight is
;;ypk'@aﬂﬁt@,%@%m%&%"@%‘% %Bﬁfg”s‘,%'{‘f%h%&ésa%x 5?e'jar%l‘§%€f% tf%ooo or
come In contact with the solvént, but the operation should preferably be
mop@rformed in a nonoxidizing atmosphere if the PAS component and/or the
ogdvent are likely to suffer oxidation and degradation under the
teMperature and time conditions where the contact is made. A
Thersrroridizinmg afindephieteragrefbereal tomherebhasal Gasbeusmxygen of cyclic
anPIREERUALONAT B YOI AL 1658 AIClaABNGEVO 0 06 1aRS 1Y TGS e

preterably that the é’tmosphere is virtually free of oxygen. Specifically, ‘
solgghshauiatmokphdicdsenviprishe eirelivert\gasus ehdds divolyerihhdiingar PAS in

the2BEAGORAT Which {ﬂé%&%ﬂ%&lg{%&?ﬁb’ %%%f%ﬁl%@&%ﬂ?%&&r it is more

economic efficiency and handleability. {0067} There are no specific

pf@ﬁﬂﬁﬂ@ﬁoﬂ@bthﬁwé@ﬁéﬁmei@m ré@t%@mh@@,&&miﬁﬁ& ainglthén §b¢ym¢tﬁ0n
sy<ask allgwed to come insconiagt with eachother. \n general. the, selubility Qf e,

the cyclic PAS in the solvent increases with an increasing temperature,
atnpRRPiMEieigyeRston cof theligishr PRSaics Rrdsis bénapseisrdted atmospheric

preRggticularly whem it hagsia-high molecular weight Jf the mplegularweight of |

the linear PAS is in the aforementionéd preferable molecular weight
adyamigacore idiffeyahcan hasesoiuditidyiTrom ene it PREds seskafgecttats. In

vichessepaation betyean t[@ea%}ﬂ%ict}%‘%é@%@rﬁééﬁéﬁ@m%@“%{J %quire an

successfully even if the contact of the PAS mixture and the solvent is™
cXppaYEcapaYiEh efsbuYatarsaticislprs fieveloiableihefmerslusat that dontaerlly

freOf SReRASXYR aadiRgslyentds @é‘é&%%ﬂi%d%@mﬂﬁﬂﬁ; of PAS

pressure, the temperature should preferably be lower than the solvent's
copgfeREm PErEIgRicuTdERBEnto dshesRs preseoniaels Witk dhbdy @baisture under

refRREGHIERIMnIl9REQF the &lorementianed Rreferable, salventis uUsed g vents
temperature should typically be in the range of 20 to 150C, preferably 30

sugh APV IO EBK TMhIEPIRTUTCHING pEtlobcshilte COMALTBPthEPAS:E. toluene,
andNiXigangesoluent dRPRIAS QOch as chloroform, bromoform. methylene

chloride, 1.2-dichloroethane, 1,1, 1-trichioroethane, chlorobenzene, and
2,6-dichlorotoluene; ether-based solvents such as diethyl ether, tetrahydrofuran, and
diisopropyl ether; and polar solvenmts NN-dimethyl formamide, N,N-dimethyi
acetamide, dimethyl sulfoxide, trimethyl phosphoric acid, N/N-dimethy!
imidazolidinone, and methy! ethyl ketone; of which benzene, toluene, xylene,
chloroform, bromoform, methylene chloride, 1.2-dichloroethane, 1,1,1-trichioroethane,
chlorobenzene, 2.6-dichiorotoluene, diethyl ether, tetrahydrofuran, diisopropy! ether.
N,N-dimethyl formamide, N.N-dimethyl acetamide, dimethyl sulfoxide, trimethyl
phosphoric acid, N,N-dimethy! imidazolidinone, and methyl ethyl ketone are more
preferable, toluene, xvlene, chloroform, methyieﬁe chioride, tetrahydrofuran, and
methyl ethyl ketone being particularly preferable.

{6066}



the solvent, temperature, etc., and cannot be identified uniquely, but it is

typically in the range of 1 min to 50 hours, and the cyclic PAS is expected

to be dissolved sufficiently in the solvent in this period. {0069} There are

no specific limitations on the technique to cause the PAS mixture to come
Thédre contact swithifivelsoNeantnand gbﬂawiysmowninomtmeM§MWtb is
a1 QLS nlodcing. on RaiaRee, g, ad STHna 85 TRedat B RAS v

mixture and solvent, Tollowe %y reCO\ferlng doidtion; s owe Ing the
perﬁmw@ﬁtiowen@ne@dxammtmpybmeﬁ ibn BAiftertoraitow thelbyclic PAS:tY are

likeﬁfcﬁjs ?1(2?: Xg LS gfnatg ﬁ%ﬁ%ﬁ%‘&%@ ttﬁ'ﬁ %9&%@}8'[ )&trt%%téo&ndmons

nlque ere are Nno Spec mitations on the amount the solvent
whtochtheisathwtiers oaaaémgﬁtheomsdmmmr@rtmodm@ mm@:ﬁ@@@@vﬁh ttee has a

e SN B S BTG DD A SIOHL AL Sof AN At

Fhixture is typlca y |nt e range of th ratio
morangefemé Pﬁlﬁumm@telamﬂktm1ssoivgatiwﬂr¢fe0éasmj,gmxéd@mf feodinlysagid an

atn!i*c}? BXF% ;\é,‘él{) SRsHY. és abveddnthe.selveay vﬁ’fﬁff'&'ﬁr@ J0 of which

hera ratio Is a vantageous:for the solvent to dissolve
nitltct’@eny@mxams;llﬁupmﬁeea&de@osaamfmmmmmsféﬁ@opwwﬁélamd]m@xéts
(o more, or on the contrary, the use of an excessive amount of the
"~ solvent will likely to cause an economic disadvantage. A sufficient effect
Thigdikesyntosbecalohievediaveromith exmpeiiibatarario ihthe Gperatisinte and the

sol%%%sﬁé%? e A Mé&HrSﬂ%ﬁl%h@a&%’le%é%&ﬁgﬁ@%?'the

repeate e Soxhlet extractlo ecause of Iits mechanism, can
cydshive mefimw@h‘ees‘am@ eifecrad repouedsopetatoaolusontat i dissolution

of ﬁl‘%t‘ﬁ’&%? BDRAS mipture ang e selent-JOXZ0% 4be &%@&BW%‘?&uim

the PAS mixture and the solvent produces a cyclic PAS solution Tn the
wefghin Bftbolidiguidesiveizbontalminpeas diieblirenr thasfesmpotennd preferable

mc@@éﬁ?&f%’eéﬂ%ﬂo%"'iﬂe'%ﬂ%&%@%ﬁﬁi&%&%ﬂﬂiﬂ“ﬁdﬁz RRferRRl HISEALLO, 1arge

recover the solution. Typical solid-liquid separation technigues include,

thafothinstaawéiofltbativps e drmritisdial asd gareaiory) ahgdebasktation oh @1@9@1;&{1111}’
evEAPERD PRSP YRIGhRY FemeVIngthe soivent;{romking SR S rre. 1t

separated. If part of the cyclic PAS still remains in the solid component

is pretreldtheinbatnesntduiviith tegsivehtthndPreecuerpsT B doRitoRent is
perRARNOF EQ&QP%&&B#%%‘?@%‘?%%@ "RNCE e NGl e %fsﬁk'&ﬁd\s bd NGwer

solid material resul from the separation of the cyclic PAS solution by
thaghigie sebetivr Wil betvapmableraspigh Surssear PR A aedascribed above.

Sp&a%@ﬂgﬁ‘%'{!ﬁéi%?%ﬁf ﬁ%@ﬁéﬂﬂ@feé preferable solvent is used, the temperature
should typically be in the range of 20 to 150°C, preferably 30 to 100°C.

{0068}

The optimum time period of the contact of the PAS mixture and the solvent depends on
the solvent, temperature, etc., and cannot be identified uniquely, but it 1s typically in
the range of 1 min to 50 hours, and the cyclic PAS is expected to be dissolved
sufficiently in the solvent in this period.

{0069}

There are no specific limitations on the technique to cause the PAS mixture to come in
contact with the solvent, and generally known common techniques will be useful,
meluding, for instance, mixing and stirring, as needed, the PAS mixture and solvent,
followed by recovering the solution; showering the solvent over the PAS mixture

placed on a filter to allow the cyclic PAS to be dissolved in the solvent; and performing

[ 3]
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component, and after carrying out treatment such as solvent removal as
needed. a part of it or its entirety can be used effectively again as feed
material of producing the cyclic PAS of the invention. {0071} The cyclic
PAS can be obtained as solid material by removing the solvent from the

the SwivhiohcsonedinmipeheigyeliciPrRSsrod seed b bvatatisies sulvenererdplal the

sol@f R%@ﬁ@é%vﬁﬂeﬁoéaﬁh?}@g‘&% M%ﬁ%%%@%n?émpém%mmqm@golven‘[,

pressure, or by using a membrane to remove the solvent. For this solvent

butrdmdiasl, Heiatihg uineethameighercthsr Joleripradsing il phefdrablaixture is

typREARURGADG MR POlyarYigne sulfide.cane.hs produGed palticianiiyatag me
high' yield. Herg, the cyclic PAS solution produced as described above 28

soheemt eoHthmessil minediandepehanng die thecteniperatifebshasd s disodvig 1o
the 'E‘&R?Jﬂ@'sl&ﬁ@9&@9%@%&%'&%@%@%&9%ﬁu'fﬂgﬁdm{%g%oﬁsi%&%ﬁﬁ aBl&ent

to recover the material together with the solvent-soluble components
10 gisiehvthbiser@ist RdarhBled! siarels # soesiblany.dbtaiictardlde magove

any?RAMeld- BYIDISSRENEEMQVAY StER LIS fegiiRRl 49 IRMOKGALIGAS kely
50 wt% or more, preferably 70 wt% or more, still more preferably 90 w-t%
o eutoRe, eenaETicndbTedpratesably o5 inTmoe fistesdfltbly delberfcapeed even

witBRHET Beating temperapueer hesalvant remavalidenendsom e mixture

characteristics of the solvent used and cannot be defined uniquely. but
anchdhgingplsepérforprdoeometgaiado 161 5DCKIpreferiIRiian tdapoes, of its
medfRAVERLTaMmaA SRaudREeigHablyRe CATIRH. AUl WIHRLAIMOSRBEHE ing

or less pressure, which makes it possible to perform the solvent removal
betyteandheASrapatate 0572 VEsY- other operations including
{Omt-treatment A cyclic polyarylene sulfide thus produced has a

sufficiently high purity and can serve preferably for various uses, but the

If thagapBrife by PAB cambéurs ardrlivcrelisad By dpertormiricadutionsfion

in RRSGHRAMENLEaxHessikadBalow:HOQ B AThg-qy PloshAR Material cenerally
produced by the operations described under %to (%Lcan contain .
Knowyp Uit sk bR Nt R AY e TR GHix S r & 6BF A i h thd eRaradisisaegion.

Ty%f?atlh?oﬁ‘ab(ﬁ%ti& RIPADY HAEREnRURR IMUbLes cansbs cemauad selectivalyeal

allowing the cyclic PAS containing a small amount of impurities with a
SengsEianiY 8 At s SBRBXtHeTiMp Grfies FRAcysEs Mot diBssie bic solvent

frofpudly digsRves the QYRR AS A0 he cyclic PAS still remains in the solid

component, on the other hand, contact with the solvent and recovery of the solution
may be carried out repeatedly to enhance the yield of the cyelic PAS. The solid
material resulting from the separation of the cyclic PAS solution by this operation will
be valuable as high purity linear PAS material containing the linear PAS as major
component, and after carrying out treatment such as solvent removal as needed, a part
of it or its entirety can be used effectively again as feed material of producing the
cyclic PAS of the invention. |

{0071}

The cyclic PAS can be obtained as solid material by removing the solvent from the
solution contaming the cyclic PAS produced above. This solvent removal can be
achieved, for instance, by heating under atmospheric or lower pressure, or by using a
membrane to remove the solvent, For this solvent removal, heating under atmospheric
or lower pressure is preferable because the cyclic polyarylene sulfide cane be produced

efficiently at a high yield. Here, the cyclic PAS solution produced as described above
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In the reaction system, the cyclic PAS mixture is allowed to come in

contact with said second solvent under atmospheric pressure or a slightly

increased pressure. In particular, atmospheric pressure is preferable, and

a reaction system for use under such conditions is advantageous in that it
cancammbencenistrueted 4 sieptovipgicedim éanErsitire Viang o Sels sitlig material is

reoRRIRHARIG K &}é‘ﬁaq}lg?}%géﬁeowfﬁ%%%ﬁ%?%tl‘é’ HAEGUIE Ay the material

expensive pressu sistant container. It is pre erable tQ use a second_ )
togediventihdidsoliitnalyifide ofmndesitedvsite theastivers ssictragyed, making it

posggicfc? %pooo%'il %1@%@&[9 ?’?5['@ %llnag?g&‘a] %‘5& %Q%ﬁé‘éﬁ I&%&fﬁfﬁlﬁb I8 55 desirable

solvents include, for instance, alcohol-and phenol- based solvents such

to memethatwokictanth proparolpisitmtdy, Pentdnodr eteptentlyiyent, preferably
90 R{;%ylﬁn &'XC%cPQﬁﬂoln‘&{@?{fg%&%@ob\ée@%i%”& Qy&%l; of the solvent. The

hydrocarbon-based solvents as’pentane, hexane, heptane, octane,

Op@y@mﬁmme,i‘@m@%ﬁm@ﬁa&nﬁmolz@mefmvahé@m@}\@htéas@mwrisﬁcS of
theASRIONG MY SV keronay, diethyl keiong, H%Sb{mg ISOOHIL KEIONG 1w only at

methylbutyl ketone, and acetophenone; and carboxylate-based solvents

20 sucAS mesfiyhbetdte; Siyactiats] pantrmerthrsoskiyaterity, hnetyid
out?bi%é?@m%@b‘ﬂe@%%ﬁ‘&s RERLYL RUtyFLE ’xﬁ%g'éylilt @%J&S%?et% %@szﬁl}llilyﬂl}e solvent

ormate; of which methanol, ethanol, propano tanol, pentanol,
rengehigléne giycolepropylene glycol, pentane, hexane, heptane, octane,
rg@yelohexane. cyclopentane, acetone, methyl acetate, and ethyl acetate
! preferable, methanol, ethanol, propanol, ethylene glycol, pentane,
() nahemmanptansicdetarepeyiclsiiéranie, acetone, and ethyl acetate being

A Aiticylatly-preterable. These solvents may, e psed SiRel: 95 @S A ueye
of two or more thereof. {0075} There are no specific limitations on the
prefstapbratraaeushiess thaldpelipvp S ishausdd 16 Somielin toRtactwithsad by

peTERAN SANEDEPYUL L I desitable REoIPHNEJemperature at or below

the reflux temperature of the second solvent under atmospheric pressure.
{007 preferable second solvent as described above is used, the

ThiemRErane should; ﬂ@&@@d%%ﬁ@%@%%@rd@@%u@mﬁ@@%ﬂé can

20 to 100C, more preterably 25 "to 80C. {0076} The optimum time perio

ORI AIBDIHASE STOMEIEyEREPAS e this see slstcssiventiddseridsagistihbcs of
theSQIKRRL, IEMRERALILE, it anfdcapnot besidaniified uniguely byt i iRwing the

typically in the fange of 1 min to 50 hours, and the impurities in the cyclic

cyPRSPREONIpBHENDE expeeibdibbaldiisdnedsiFiciantairrthersecehignt that
disSBIVENIP IRIS  BE RENRLs not dissolve or hardly dissolves the cyclic PAS.
{0074}

In the reaction sysiem, the cvelic PAS mixture is allowed to come 1n contact with said
second solvent under atmospheric pressure or a shightly increased pressure. In
particular, atmospheric pressure s preferabie, and a reaction system for use under such
conditions is advantageous in that it can be constructed from low-priced members. In
view of this. it is desirable to avoid the use of pressure conditions that require an
expensive pressure resistant container. It is preferable to use a second solvent that is
virtually free of undesired side reactions such as decomposition and crosslinking of the
cyelic PAS. The preferable solvents include, for instance, alcohol- and phenol- based
solvents such as methanol, ethanol, propanol, butanol, pentanol, ethylene glycol,
propylene giveol, phenol, cresol, and polyethylene glycol; hydrocarbon-based solvents

such as pentane, hexane, heptane, octane, cyclohexane, and cyclopentane;

29



{0077} The methods to allow the cyclic PAS to come in contact with the
second solvent include mixing the cyclic PAS in a solid state with the
second solvent, while stirring as needed; showering the second solvent
over the cyclic PAS in a solid state on a filter to allow the impurities to be
ketgingsbived mltvatsetshdasoiemsubibihgind dpiiioeP Asthy!dkstilit stagshy!
isoﬂ%@%%@%trﬁgﬁmﬂiﬁmg 12'3?0&&0%9 SQ&‘éﬁ%ﬁh&%&"%&ﬁ‘%@% U6 based
PAS in a solution or slufry of the cyclic PAS containing a solvent to come
soliporitach withitHyseeontt sehehnrstaifowehey bychtsRASIo Ipreeipitataethyl
bulyPAEr I BNIRACE B8 SEEARC AAEL 1B, PALIGHIRL 0 ASSRNIENS Ghich

allowing slurry of the cyclic PAS containing a’solvent to come in contact

meipihthesSesohdrseRant.cantendetivlipprodetelihe ejtic PASIItNhigh col,
pmﬂéﬁﬁ@h&%ﬁ@h@&ﬁﬁ ?%EQ&@P@@QI@&%@&X@]B e_ﬁén\é’;'i%%%ﬁ%} acetate,

solvent, it is'possible to recovér the cyclic’PAS in a solid state by a

andyeHBlaRykHOVICSTHG HquigBepakatibAechniquec TydivkisolidvigLidentane,

heh%ﬁfé?r@ﬁ?ﬁlge%éﬂge %#QQHQ‘\Q&J&" é@é&%& eaﬁﬁl”@t%?[‘ ’a%g{gtréf%gﬁ{g I:Pai‘ticuiariy

separation, and decantation. If impurities still remain in the cyclic PAS
pregyediived e sofvensp eRlidiassepanationr 2he auitact of the eyolierPhksreof.
{oyvith the second solvent may be carried out again to remove the

impurities. {0079} (9) characteristics of the cyclic PAS of the invention
ThakeugiicEad qittskaiamuspreritieepr eswissniybirdstberighlisurity witkaused

to IRBEYRIGRRABEANENININEIiRRIE Af: A0 WA LLINOLE ’CBH%ES{ ?lipéy‘igrgp\é’}%hre

or more, and more preferably 80 wt% or more. Such material has
at ¢ifpstentibpapHetciistiee Hom fiheur smass wiaduice by dreenhsos pressure. If

a fechnigne andliasahigh jndustrial valyg,khecyglig, RAS @aRialve should

produced by the process of the invention has the feature that cyclic PAS
PrefssrebuRescOnE At Foloh ins POy awith et 9h Vakee R thenaisge geumbay 25
to @fs¢instead of a single m value in said Formula (Q), can be produced.

Here. the value of m is preferably in the range of 4 to 25, more preferably
{007fg 20. If the value of m is in this range, polymerization reaction

ThP f@ﬁ@ﬁ@ﬂ%ﬁ&@%&hﬁ" JhereyeligiRAS dsisu @%E@%IQS pg Qre RRGnd solvent

polymerization as described later, and the resulting polymer is expected
depernave 415igh! Hidle CERPSRAETE Rt STheaRsh sB o rinis s e6t Waahekndwh it is
tyreasynPUldi-ig daferrad that heeauss,of RAINAILY GHEnEYENC BARe cyclic PAS

molecules in this range tend to have distorted bonds, making ring =~
COPHERIAE FeREUGHCth take platd st/ deifgy i the second solvent in this time

period.

{0077}

The methods to allow the cyclic PAS to come in contact with the second solvent
inchide mixing the cyclic PAS in a solid state with the second solvent, while stirring as
needed; showering the second solvent over the cyelic PAS in a solid state on a filter to
allow the impurities to be dissolved in the second solvent; subjecting the cyclic PAS in
a solid state to Soxhlet extraction using the second solvent; and allowing the cychic
PAS in a solution or slurry of the cyclic PAS containing a solvent to come in contact
with the second solvent to allow the cyclic PAS 1o precipitaie under the existence of
the second solvent. In particular, the techmque of allowing slurry of the cyclic PAS
containing a solvent to come in contact with the second solvent can effectively produce
the cyclic PAS with high purity.

{0078}
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polymerization. {0080} A cyclic PAS with a single m value is commonly
obtained in the form of single crystal and therefore, has a very high
melting point, but in the present invention, the cyclic PAS tends to be
obtained in the form of a mixture of molecules with different m values.

AfiThibs tetessofitig cyclic PXSwiatEHalawifavi eniower nsitibig PoIREOTRIghe
cyc'rﬁn% ﬁ@%%ﬂa'aatgfu%S&ag&%raw he heating lemperatie FeauEeriQue.

1 e cyclic PAS can'be | wered: {0081} (10) resin composition
Tymemhpribihdgighisl opolicaPAS loththis isvantbidd EyclicsPAS prddaiced sprrdugal

sep@@t'g Sy Etﬁ&k&‘(&%&?ﬁfc %ﬂﬂg’segkﬁsr@tﬁg%t%etﬂgi%dﬁrm§ [BRIRS:a after

such aresin composition containing a cyclic PAS has a strong tendency

thetsobiolmhiglscFowabilityhwlientduriti melivls dfsvatih ddsareadeniens may

be Qﬁy}%é@q aﬁ&iﬁﬁ%e%%;;&gtﬁlgigypéi{ggg.‘characteristics, improved flowability

In particular, allow the resin composition to show high melt processability
{0@&AfEn if the heating temperature for melting is low and therefore, they are

(0 \BRYAATIA0GHS MBS MEL Arggespabilly can be maintained

"when the resin composition is processed into injection moldings and '
ThextyalioRASolditeyinb ek ay dibmearid BimoTehps s diefogtieh with the cyclic

PA%“@JH%%%”&@ r%ﬁgéa&ﬁ%rdﬁuﬁ%%hi%%? Bycfgféﬂ?g H@?W/%”&Pﬁé{\/ e more

resin has not been known, but it is inferred that the structural feature of
prefesablicl PR o6, Niggecyulrh siatting laodisiernmdletasiesitbdialiery lincar

PASE IPP&HC%H Lﬁt W %olﬁﬁ%ﬂgtéehmeeﬂ{éqgﬂg MeRLs with.the.malgeules,o fcyciic

various resins used as matrix. It is also likely that the cyclic PAS can act

PAgstpasestidiper Feredabio ths resipes and disontivative dasshe & thite e PAS
m@RRYIEMENS ARoNg @%ﬁﬂ'@ﬁ@%ﬁﬁ%@%g%i R JQQ8%} oTRee ATERNQead

specific limitations on the content of the ct:clic PAS in various resin _
of eosimsitiornelusuinsiguifiEartitipfblesfénbin Rikdrasteridae cais pertue of m is

IS e e e B e o o

rangid PRAbIS Siefepablya0 B foProcsadss By idsigrenréistivectls 1oSplirisgeted to

rinWeIGhtof varins188ins- 40883k e alorementionad e sin,comRestiolyected
may contain a fibrous and/or nonfibrous filler as needed, and its content

to hevppidim malsewangewho. e noeopdas Byswaigrtt been known clearly, but it

is inferred that because of being cyclic, cyclic PAS molecules in this range tend to have

distorted bonds, making ring opening reaction to take place easily during

polymerization.

{0080}

A cvelic PAS with a single m value is commonly obtained in the form of single crystal

and therefore, has a very high melting point, but in the present mvention, the cyclic

PAS tends to be obtained in the form of a mixture of molecules with different m values.

Thus the resulting cyclic PAS material will have a lower melting point. This is

advantageous in, for instance, that the heating temperature required to melt the cyclic

PAS can be lowered.

{0081}

(10) resin composition comprising the cyclic PAS of the invention

A cyclic PAS produced by the process of the invention can be used as a muxture with

various resins, such a resin composition containing a cyclic PAS has a strong tendency

to show high flowability when during melting operation and also tends to have high

(o]
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preferably 0.5 to 300 parts by weight, more preferably | to 200 parts by

weight, still more preferably 1 to 100 parts by weight, relative to 100 parts

by weight of said various resins. This can serve to improve the

mechanical strength while maintaining a high flowability. Such a filler may
retepé fibroaks hjatdulikes poswtieryiior paictizdelloSpédifivatly pavecpretertible the

sillers i . her lastenite. " Glloni
e e BB Sl o
mefibay iss pévticulady hretérabletbTherscareeno speeifledimitationglen thegh melt

ss fiber i sed if jt moenly for reinf t.

P T s e e o e oer and™
injshisppadiStrands @t x¢ontinuowddibes st shdfbsiberd Tibo. ortmaereson tee such
iy A %‘Pti%%grﬂﬂﬁﬁ%mi‘yahpﬁ&é&%ﬁxﬁ%@ AL HEN @ JHBT A%in has not

escribed above used for the invention may have "a surface treated with a_
beegekiepay mc)»iinimuf@mgl abentlortimstardelesiainecbdbedyebapting. ... its
cyd2enh 2RAditanaie- hased foupliog Age0D Qr&’ﬁﬂ?&&“é{%ﬁ&f&a%ﬁmg to less

agent. The glass fiber may be coated or bundled with thermoplastic resin,
entgnglsmsn@rathyhsrennwyiecetarricopoipmenior thiermadsetling absidilslicphat
the3S EROWAIESIN, 0084} Ta maintain heat stapility, the: resinGaMPQSHiQBrve 1o

may contain one or more phenolic or phosphorous compounds as heat
redpssighingragunenEotachieve teshadeneatihesistbm tisiprovement, the
rod@ntent of such a heat resisting agent should preferably be 0.01 parts by
1 -, . .

Wefght or more, particularly preferably 0.02 parts by weight or more, _
Thegtativeto $0T I partsthipigsigerofisaikbrésin, avibredslicsROm diprefaratsyesin
coﬁgoﬁiaeffg Y RIH QRS Ror RAHEHIBIY L RAMS R WEIIHOL GRS D WIRY the

of the gas components to be generated during the molding process. In |
cogartiilErs gsiivighiy preterantenbarsts phérolicane! Phosphbrawss by weight,
prefOIAOUNES G RL“G#QQ&%HH%IH&%J?&%E?&%%D@% heaystahility, andon:,

flowability. {0085} Furthermore, said resin°’composition main contain
relgorape Rl PasibloseiotipligoEgeatissuch as organic titanate-based
{O@gg\;ﬂpounds and organic borane-based compounds; plasticizers such as
_ polyalkylene oxide oligomer-based compounds, thioether-based
Thegrypeustsoeatcesassinpompounte; saatoiyanieshespdoaeniibrous filier
as GRARAURAS: frysiatarclealing AgensaHGh AR Be kARl RIS by weight,
phosphorus compounds, and polyether ether ketone; metal soap such as
prefsatin(C atiaRApalithitim™ steaiaie) S rid ARIANUMIS e dYarar tbtgveight, still

m&%lﬁﬁ%%%gg’e@t%Sl}'@@ ﬁ%r%thiﬁle%ight, relative to 100 parts by weight of said

various resins. This can serve to improve the mechanical strength while maintaining a

high flowability. Such a filler may be fibrous, plate-like, powdery, or particulate.
Specifically, the preferable fillers include glass fiber, talc, walastenite. and
montmorillonite, as well as layer-like silicate-based materials such as synthetic myca,
of which glass fiber is particularly preferable. There are no specific imitations on the
type of the g¢lass fiber to be used if it commonly serves for reinforcement of resin.
Useful glass fiber materials include, for instance, milled fiber and chopped strands of
continuous fiber and short fiber. Two or more of the aforementioned fillers may be
used in combination. Such a filler as described above used for the invention may have
a surface treated with & generally known coupling agent (for instance, silane-based
coupling agent, and titanate-based coupling agent} or other surface treatment agent.

The glass fiber may be coated or bundled with thermoplastic resin, such as

o)
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diamine/stearate/sebaeic acid condensation polymers and silicone-based
compounds; color protection agents such as hypophosphite; and other
common additives such as lubricants, ultraviolet ray prevention agents,
coloring agents, flame retardants, and foaming agents. These
ethdenspoantiscainid convdrieffettvaiposhbmghsiiiconentisTess wan 20
{Ootggﬁ_ts by weight, preferably 10 parts by weight or less, more preferably 1
paFt by weight or less, relative to 100 parts by weight of said resin. {0086}
To Thersiaré s Spaiditic hnitatiorns onapiéieachaiyoentelb@us et mpprodgeelic or

phﬁ%l@m‘i{%”b%ﬂ%@%ﬂﬁsc%tﬁ@@ 0.8 GYElIc,BAP ag despubeciabovenyt Ihalian,

. duction can be achieved by, for instance, blending a cyclic PAS and
imprarousrediscalspy witkuobehefiflsesi sng vadoushadlitvelsmdlnduded] parts

by gs»r%k wes ?yo%eﬁam&ﬁgingp?a%}%m%ﬂ?ﬁl g WW&QB?@J%@Q%%{R%@@JGO

cyclic PAS with a generally known melt mixer stich as uniaxial or twin

partchavveighl eéraBrIvs Ry Yhixess knduded, rant ridkingerolbagis i ethemicss.
paﬁfkﬁli@ﬁ%'%&l '&W%igﬂtfﬁm%%tbﬁeé%\f%k l?h%”éo}ﬁﬁﬁﬁe?%&'is Ela)éb‘g_enerated

material comprises one cyclic PAS species that has a fixed m value in

dursagatimomelaNEproess i appiiculer.of rruliphdyspedrestiiitto differ@itiplic and
pho@uGS ANALWBghicrysialiniy,and Righmelting Rointfhe ﬁé’ﬁ”&ﬁﬁ%ﬁeand

may be dissolved, before being supplied, in the solvent to be used for
floyrbeéss, followed by supplying the solution and removing the solvent
{O(Qy}ing the melt-kneading step. Other available processes include

dissolving the cyclic PAS above its melting point and then quenching the
Fughtmisnctospré venn gysetiiationdolcnead by suppiVidy the inkbestial Gaumang

agdmorphous staje. and adinstinghe PreRelithie aa’ﬁ_&”&%%&h&@ apoNE B sed
melting point of the cyclic PAS. melting only the cyclic PAS in the

co fer Mefboier by etipptyimg e insisriariifa phdeseitbagedbsgmpounds,
thidIRER & MO SPRSHiGlMItatens, an the.type ah e resin G-he comBingdorous

. 3

with the cyclic PAS, and it may be a thermoplastic resin, which may be
corgprstafiine Y BoRYRALNSr AZIRErmisdetafg FsinkiobBaoIgaRE typRemhorus

cofpRIALING {2 3ins dellag e far-RaanE e PAXBISHi 8SiR. SHa 88id wax, lithium
polyethylene, polypropylene, and syndiotactic polystyrene, polyvinyl
stegfi@sholaekin2 lBIpYRy i lEAEEhl oFddre STAC e SREEPESINS ol dthidihylene

diarR8{B/RAVRCRIALIESIRL; PRbRREIVBRCRHELE reRIR, PRlatsE thebmpounds:

ketone resin, polyether ketone resin, polyketone resin, polyimide resin
co]gﬁd}%%}yﬁ]gg%%ﬁggﬁg Wl’ﬁdﬁ(?ﬁh?lsﬁ@ﬁ$@éi“§iﬁ@1§/r common additives such as

lubricants, ultraviolet ray prevention agents, coloring agents, flame retardants, and
foaming agents. These compounds tend to work effectively when their content is less
than 20 parts by weight, preferably 10 parts by weight or less, more preferably | part
by weight or less, relative to 100 parts by weight of said resin.

{0086

There are no specific limitations on the technigue to be used to produce resin
compositions containing a cyclic PAS as described above, but their production can be
achieved by, for instance, blending a cyclic PAS and various resins along with other
fillers and various additives as needed, followed by melt-kneading above the melting
point of said various resins and cychic PAS with a generally known melt mixer such as
uniaxial or twin screw extruder, Banbury mixer, kneader, and mixing roll; or mixing
them in a solution followed by removing the solvent. Here, if the cyclic PAS material

comprises one cyclic PAS species that has a fixed m value in said Formula (Q) or if it

oo
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or in combination. In particular, polyphenylene sulfide resin, polyamide
resin, and polyester resin are preferable in terms of heat resistance,
moldability, flowability and mechanical characteristics. Polyester resin is
preferable in terms of the transparency of moldings to be produced. If
is aonyistatine movitipbeupedieswitib AaEkravmponont, dbaviNitiéngd watNiaviey and
higi{}}%‘?t‘(&%&h%f fYY i%@fi}s’f% ‘EH%T geseyistia ap WellasdhSe supplied, in the

aforementioned increase in flowability. The use of polyphenylene sulfide
solvesirtad¢hiseresin &mmmnt_ﬁ_@lbzlwfbébtiéum&mé@ébléibétm@dmving
the SUREASSARS abnILe oAty and Grlal Y KL UTRIRE AL ASQoiving

such improveément, in turn. wifl lead to a significant reduction of burrs
theduwihg fheSsubsequentinjectiawimoliagisrocasscHOO8YE THE/E Eréhorevent
crySRAEM ‘Am%tfgﬂéeE?“é{?es%éggﬁv‘?ﬁ&hﬁxéﬁl%@é}%s HESI %ABHQ\&%SM??@ and

“amorphous and melt moldabl€, but in view of heat resistance, their glass

adipeingitibn nm@tm@i@mmam@@oﬂlm@relimwb?fe@ér&mww?@ GKAS.
meiﬁﬂé%r_r?_%"tﬁ%ocr?cIPJ%IE?HM}Y@&@QHHQIE%%%H'b?‘%ﬁp‘? BRI BRG A in 2

more. There are no specific limitations on the upper limit, but in view of
mekhghiability etc., but their glass transition 34 temperature is preferably
(o¥RQC or less, more preferably 280C or less. For the invention, the glass
"“transition temperature of amorphous resin is determined by differential
Theslerimetspesitollowstiseaotheiaierphols resintfrdmc3otinplerh the cyclic

palCTIREIANLE AbQYE NG SXRACIRA;AIASH; iANSIIGN teMpaTAIUEE ALDRIING, or

rate of 20C/min, maintain the temperature for | min, cool the resin down
thetgrogiéing wsbling rate of 20C/min, maintain the temperature for | min,
(0 ting it again at a heating rate of 20C/min, measure the glass transition
temperature (Tg) during this heating period. Specifically, such resin may
Hepe dymoash shessdisctetfiom Hdvgfouof d@fisrphonsl fRiRsHrasmy. such as

poi@Q{lMG?eﬁp@;‘ﬁtS% &f&%p’aﬂehﬁuﬁli(%@&%iﬂoﬁﬁ%éﬁ@jnlpolyvinyl alcoho! resin,

poly(meth)acrylate resin, and poly(meth)acrylaté copolymier, polysulfone
pokagii lsac peyetiler sufon ePRER IS ieHIm B3P barased Bifgly elivpcetal resin,

pocpmbiRatienwithoner mare. therepl O these AMAPhAYSHESMSone resin,

polycarbonate (PC) resin, ASS resin (particularly transparent ABS resin),
polybRfallg|atalRe §ily BBIgENEtH) 40 RABYSEIA aRY Ol (Hsth jaaryatased singly
or GPRQIBEE:ARD ROlyehErsHIfARE Fesin AR RefeqableRecSENEY 68R, and

have very high transparency. If amorphous resin is used as matrix resin,
PobRsiasEcsm A ighIIEHS pRreATanbHSAbIR YEaNTIs maVHINAGe dUE bt gy
mfhiRatigh lewaniity. s8R Le-Achipved,AYtng the, Melt PIeGESHALBIRMES of

described above, but also in that the high transparency can be L
moMastaiactE R dusgbyiierEsatling Festire oBegcic hagesin component, it will

serve to achieve improvement of crystallization characteristics as well as the
aforementioned increase in flowability. The use of polyphenylene sulfide resin as the
resin component is also particularly preferable because in this case, not only the
flowability and crystallinity will improve, but also such improvement, in turn, will lead
to a significant reduction of buwrs during the subsequent injection molding process.
{0089

There are no specific limitations on the type of the amorphous resin as long as 1t 1s
amorphous and melt moldable, but in view of heat resistance, their glass transition
temperature is preferably 50°C or more, more preferably 60°C or more, still more
preferably 70°C or more, and still more preferably 80°C or more. There are no specific

limitations on the upper limit, but in view of moldability etc., but their glass transition

34



molecules with different m values in said Formula (Q) is preferably used if
an amorphous resin composition with high transparency is desired. If
cyclic PAS material comprising molecules with the same m value in said
Formula (Q) is used as said cyclic PAS, such cyclic PAS material tend to

temiasasvaichighineétiak) p GiRE 4A o falk 6. dispisrsereSuffidierthp eher less. For the
imgﬁﬁgﬂsnﬁf'ﬂed%ﬁayxﬂmmamhQ&ﬁﬁ&%ﬁrmsig%ggmm Rggregatra.inither by

__resin or reducing the transparency. A mixture of cyclic PAS molecules with
difigiffevehtasl ararieyiras afel Potm der{ QY svilnkavd aols i misiiin g 3ot s to a

ter3eRRHRedAROVE,WRIGH will SETVE effScivEly t@ﬁf%@%ﬂ?ethﬁ q{é&%{ggﬁm of

uring the melt-kneading step. Here, the cyclic PAS produced by t .
20piodiuctioAnsrocEEstontRARvetioh ES te! featirerofoeinty & rhidureetling
ratdpleGeto S With differanh MAes 9L 4P PR INHEAM LT Latingle ¥ AlUSnD rate

said Formula (Q), and its use is particularly advantageous when an .
of rorphiousTesire ébﬁ@esati@mwmw@nmmgﬁa@ﬁw@t@ epheparegreriod.
spdAPM AL COMRRS AN frama mﬁtr%l@%ﬂ %@t@%cgﬁ)ﬁﬁ‘gf amorphous

produced as described above can be molded by a commonly known .
nylggchnifiies sbelyes hastton(foldingsextrusidralibiging 4w mdkfing resin,

polRlERTARIding. %g%]?mﬂ@,iBglmémﬁ%?yva@'oy@agm&pfﬁ%@a@ésmg&sm, and

uch moldings include injection moldings, extrusion moldings, blow
poliyrohgsglontmesReathighdibere Phedrasgiting VaseuPMuigngsBpnper more

theHSRAER (MADUIAGIIIR YEFIQUS PFRAYUGIS UEh As qUIRMORIRNALS: SIeQarty

and electronic par S, construction members, various containers, daily
raggRRditie B Severyity suAHESIaRd sanftarynaticresiEsitHen oS the and

pol@fﬁf@ﬂﬂ‘ﬁ&tg@%%@%h@rrﬁgw&9@?&@@%@9@@9§siﬁr%uﬁ%@em§f@g%ﬁéﬂhey

be recycled. For instance, said resin compositions and” moldings
catphaue e thislefraRTnareRsEhE eI SFId oWk ramaEddR e sthpaise of

a h?%iﬁ?%%%8&%9?%%%%@5%ﬁ{%sﬁa%{&%%ﬁ&oﬂmvﬂﬂﬁhim%t% Hsadiability
e

same as the aforementioned resin composition for moldings
capbsdubifoiTbrveapcllitgnelayresrvErsiBfo cy e PASRREhIGA gofymdnat the
higiD@hk TR eycle,PESHRIRLGed! @@%ﬁ%ngzr@@?ﬁ@{eﬁ%&tﬁ?éf%ﬂ@%ic PAS

characteristics as described above under (9), and can serve as .
mapepishymheprodttem pokFhePtstighr Mg opehing otz AtRse, Ksan
amdAR RIS P@M@%ﬁnﬁ%@iﬁ%ﬁ'%ﬁﬁﬁgﬁ@%ﬁ%&%ﬁ%ﬁ@@ d6yedg. PASJOPRss Bhiterial

the invention may be used singly or as'a mixture with an appropriate

compiéing BTOthBlce oHBoRe AR COHpEaH BENIRAR tHe EFeiiesPAg yciic

paddded, tisiRreietahly he.a RASCHMRONERtS el ds plineandAS 1andisperse
branched PAS.

sufficiently when meli-kneaded with amorphous resin. possibly forming aggregates in
the resin or reducing the transparency. A mixture of cyclic PAS molecules with
different m values in said Formula (Q) will have a lower melting point as described
above, which will serve effectively to improve the uniformity during the melt-kneading
step. Here, the cvclic PAS produced by the production process of the invention has the
feature of being a mixture of moiecujes with different m values of 4 to 50, instead of a
single value, in said Formula (Q), and its use is particularly advantageous when an
amorphous resin composition with high transparency ts to be prepared.

{0090}

A resin composition from a matrix resin and a cyclic PAS produced as described above
can be moided by a commonly known techniques such as injection molding, extrusion

molding, blow molding, press molding, and spinning to provide various forms of
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Material that at least contains the cyclic PAS of the invention and can be
converted into a high polymer by a process as described below is
hereinafter referred to as polyarylene sulfide prepolymer, or PAS
prepolymer. {0092} Ring opening polymerization of the cyclic PAS can be
mobHngded dutlurmeldingscanditidnsinyehdes theobyiclis.PASIusidergoeklgg biow
moRARAING i 0L PANMELAYT @ PGl ARIe QAL WGIRRL AV BER e ysed to
- preférable process comprises heating a PAS prepolymer containing the
magyEliUPA S preparedl byt tedy elioPAB prddl inetion Protessst tHecinveintionts.
cor QG GO WEHESINMO.ASIIN RRIVIDE!- LIS PSAIPNAGIPSANIE SNAHIG es and
preferably be as high as necessary to nielt said PAS prepolymer, and
sanffiste aitelee dpetiketimiationsifttecntmpatagie mearHiiotemderatldangs
pro‘é%@gd“‘?ﬂergfpaﬁl heating: tmperagu r?_o'% '%Séé@?@a%@ e.melt ’&grﬁgﬁﬁ&fn@ Gind

AS prepolymer, a long heating perio necessary to produce a

moRINg st aURigh throtdtulariweigpted ecsraperalitice BewWIRCHRte RAGvVes are
adc%]rc? RO M%d%??eﬂ%%@%iﬂr&&%g%%ﬁ %lﬁghaﬁlx%n?)@ %ggéiairnvﬁ%gﬁ}x%f as the

the PAS prepolymer and the environment for heating and cannot be
afogaterriimed thiguelybatiead maltilnssintchisihenastirradibased on, for

(NSRS ATeaiR sLaNRIDG; SRQIIARYY analysis of the PAS

prepolymer. If the heating temperature is too high, 36 undesired side
{0@8&kctions such as crosslinking between PAS prepolymer molecules,

ThP %%%nﬁ§§umgu%éis e{@&JﬁﬁHzlfsto %P%%@ﬁﬂd?ﬁ%{}golé%%' eélgﬁgteri_st_ics as

polyarylene sulfide prepolymer molecules, as well as their decomposition,
despAiPRRetYtoetEREspIdbe 2lsaein getvedstfiaraiore I ehe etk etepistioer dhrough

rind S RATLIRAIGEH, A5 preteabledo Aoifahanyse ofe fOMPBIANE by the

where such undesired side reactions take place significantly. To depress
cydhe Progresses stichbendesibonside ) ductiond, Hegtinglisperformede with an

ap;%’é’é?i%@é’ hASEIPSIHUES LI 1RNGE. AT LB0R A0 e PIEIRTARI% IR 11 S is

C, and more preferably 250 to 360C. If some side reactions are
adqdnserifitteBredrr thly GiherHensoronRiFh _ﬁjéﬂéﬁﬁré hiWIbBAﬁ e faRadfegsns.
MR A0 RGLSLRABLA 28R I 420G Ionth 'éﬁﬁé?ndéﬂ%&?&ﬁ@ﬁ%%&%@ﬁinm

conversion into a polymer with a high molecular weigh can be complete
2 gl vl Shork peifsesef imec{onost THeredtirsdaimseforgiiaed to as
poREAlPgdaRaNAS: Qb ibE contant ofthe.Ridlic PAS in the PAS prepolymer,

its in value, molecular weight and other various characteristics, and
{0¢%hnot be defined uniquely, but should preferable be adjusted so that

Rrisishundesiapic.side; Jeactions wil e depressed: AR CHECINEY % conditions
possible. The heating time is typically in
where the cyclic PAS undergoes ring opening to form a polymer with a high molecuiar

weight. A typical preferable process comprises heating a PAS prepolymer containing
the cyclic PAS prepared by the cyelic PAS production process of the invention to be
converted into a high polymer. This heating temperature should preferably be as high
as necessary to melt said PAS prepolvmer, and there are no specific limitations if the
temperature meets this temperature condition. If the heating temperature 1s lower than
the melting point of the PAS prepolymer, a long heating period will be necessary to
produce a PAS with a high molecular weight. The temperature at which the PAS
prepolvmer melts depends on the composition and molecular weight of the PAS
prepolymer and the environment for heating and cannot be determined uniquely, but
the melting point can be estimated based on, for instance, differential scanning

calorimetry analysis of the PAS prepolymer. If the heating temperature is too high,
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the range of 0.05 to 100 hours, preferably 0.1 to 20 hours, and more

preferably 0.1 to 10 hours. The PAS prepolymer will not be converted

sufficiently into a PAS if the heating time is less than 0.05 hour, whereas

if it exceeds 100 hours, not only the undesirable side reactions will have
undgsedirsdeertastionstisactharaetesidtideng taewrssuRing Preedbvmatsoitieniles,
berfRUFG LEANEMISAIY diseduantageaus.aiieck {004} 0/heR f@g%?gse%{%esulﬁde

PAS prepolymer for conversion into a high polymer, variou

prepehipsnaTis hiy-15e bisdchoiproirsenhestonvendlbiikguch edtatyeee, leading
to SACRLAGIHSANALLE, InizablE COMPAUNES And [adieal:agnRIANND , 4void the

compounds. Such ionizable compounds include, for instance, sodium
usesafts &naninsium sdisatiephendtsaticati deaedssilts siksuttaes wititefsaitly. To

degdical9eperating SQEHR&%@Q%a@%lﬁg?ei&’ﬁ&‘i&%ﬁ#ﬁﬁng%}?&k&%%maﬂy at

generate sulfur radicals when heated, specifically compounds containing

& [enBDiferhondEe IFeralyst édtnporfiitis-arerabeablsuehtatai®°C. and more
prefSINQ nepte il e P%&ﬁ@'@éd@%&[&ﬁ%ﬁ@%@?@ﬂ&%&h exesuling b hgﬁd, the

will most likely contain the catalyst components. In particular, if an

engaiZRbieEBNSduNBedERERINNg Alkal Hetalraatsb pthel ERA°C. In this case,
it iCAMAANGRR. &8, 6AIRYSnAJANgR RN LHING-TREtRl GOMPANGIIR Wilk P& iKEIY a0

to remain in the resulting PAS product. If such catalyst components are
be grBglaiee restiftffidrraBaemesitd sdfiarsa larger weight loss when it is
{Omted. It is preferable to 37 J minimize or avoid the use of such catalyst
components if a higher purity PAS and/or a PAS free of weight loss when
Theeuiged Gasifed sTR dsatipeAcpsifit atalpsceniapopets caelUBAS fo the PAS

prepAMBE: 3PAS DIRPAIWREE IS HiohRAMPELL . amotaf thescatalahno

components to be added should be adjusted so that the content of the
be sieiatic strielciitingane predeprlsdiynaeisirg cardiat o podrsing)limn side
realiRASIFIORSYSIRIShAVIdP&: 100 RRPLQLiIsS rRrefRARlY 2R PR YMically in

less, more ﬁ)ﬁreferabl 30 ppm or less, and still more preferably 10 ppm or

theygaage pb Gin drddouars.the bt of dedifide velagvé remmeresarbly 0.1 to
10 WBlght of,sutius iprthe keaction syrrem shovld-Re lessitham L Wikbs PAS if the

preferably less than 0.5 wt%, more preferably less than 0.3 wt%, and still

hegtipeetprererdety 868 than botwmhconost iTreskedingbfinarpAst only the
und¥epaimenfor-cenyeesiominia.a high fRlymer.is GoMmonty. Reriermed of the

without using a solvent, but may be performed under the existence of a
resubIpE A PR ey e dhivnemiisl oA 696 gpe sPssIvERt o be used
{odbif virtually
When heating the PAS prepolymer for conversion into a high polymer, various catalyst
components may be used to promote the conversion. Such catalyst components include
lonizable compounds and radical-generating compounds. Such ionizable compounds
include, for instance, sodium salts and lithium salts thiophenol. alkali metal salts of
sulfur, while said radical-generating compounds include, for instance, compounds that
generate sulfur radicals when heated, specifically compounds containing disulfide
bonds. If catalyst components are used, such catalyst components will be commonly
taken in the PAS, and the resulting PAS will most likely contain the catalyst
components. In particular, if an ionizable compound containing alkali metal and/or
other metal components as catalyst, a large part of the metal components will be likely
to remain 1n the resulting PAS product. If such catalyst components are used, the

resuiting PAS tends to suffer a larger weight loss when it is heated. It is preferable to

iy
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does not impede the conversion of a heated PAS prepolymer into a high
polymer or cause undesirable side reaction such as crosslinking or
decomposition of the resulting PAS. Typical ones include, for instance,
nitrogen-containing polar solvents such as N-methyl-2-pyrrolidone,
mirdimethyl dopmdaidies andaimesiyy sicetamidensulfoxidehao P yilfodSeardar a
PASHNENS \%Q}% dimethy} sitaxdg.and dimethyl gulfone: m%'gﬁﬁﬁgnems

solvents such as acetone, methyl ethyl ketone, diethyl ketone, an
are aetoishedToine; adifiér papety vt enesashich aolimrestit atnerndiprohg catalyst

corfREnANG, U ANYAROMMEAY BRlogenRASe A SONENES SUED &S GRIOTIAM e als,
methylene chloride, trichloroethylene, ethylene dichloride,

inchidipribetRafentenelatiorcathanel ¢ Ghisrodisnzanée argsholicspslem should

be P&?BQH’P&‘%%@, fsucR RS Methenel-athapal Hrenasg) ’3@%&0|r@@s@;[?tﬂglstill

ethylene glycol, propyléne glycol, phenol, cresol, and polyéthylene glycol;

mogngrefgrlid hyriroeatben ﬂé@s@@ghﬁr@ﬁ@wéﬁ? aecharizdriasubliderielabing to
the)%lﬁp%elitgiﬁ %HS&HQFI%{P{E%%&&%%W&F&@HJ GIEMPQY @95% ﬁ%ﬁb laﬁrp/%,rl QQHerab}y

dioxide, nitrogen, and water in a supercritical fluid state. These solvents
lesyriipib6. fised simylieoratphixtere e orifioranhafdbingooosigay less
thafQnyersion of a heated PAS prepolymer into a high polymer may be

performed, needless to say, in common polymerization equipment, but
{0186 may be performed in a mold designed for moldings production,

ThEHEHGRE SPalcneading SIHIPMBRL QFARYLLHES QAHIBMERN AR Amonty

heating'mechanism, Furthermore, a batch type, continuous’ type or other
Perderegd| Ny IKHOW N Préce ssesRiap e Thdlo fre BR800 Pndshibe mitees of a
solAUMOSRRET & SRICLEONYRIRIAN Al A NEAIRE HASRERPANME R RGN virtually

polymer is preferably carried out in a nonoxidizing atmosphere, and it is

doefgipt jrapsrighiecte USETRe I 8 b predst rB co aIMORS NI tHE C SrivEfsig yger or
caRERUBed g  rrRdUGed REESSHIELISRERICIRARIE SRR AISE Bhe resulting

nonoxidizing atmosphere in the reaction system, followed by reducing the
PASreExpifa] PRRS i$kedy 10 WO 68 ehe JREEL UnEREHEENG d [easpbisatsaigh as

N-AREKssiRkng ReVeERRAD RIGRaNermoleckies,) RetweahsesHilRge- or
PAS molecules, or between PAS molecules and PAS prepoilymer

sulfpefebated sakyonss s s cdeeimb oo sARE nbReiIn § EiRTss prekrecdapsed
solkefguedde herphgs.a paneenttalionof Gasequs OXygemN comtactwitnone;

the PAS component of 5 vol.% or less, preferably 2 vol.% or less, and it is

etheighasprerolapistiacthasatfisspmere thsividiiinp flestbtioxggerictrabydrofuran:
halspacifically «sueh analmosphers sRIIses A dRETEBIRS dBUGH @3 orosthylene,
nitrogen, helium, and argon, of which nitrogen is particularly preferable

ethylene dichloride, dichloroethane, tetrachioroethane, and chlorobenzene; alcoholic or
phenolic solvents such as methanol, ethanol, propanol, butanol, pentanol, ethylene
glyvcol, propylene glyvcol, phenol, cresol, and polyethylene glycol; and aromatic
hydrocarbon-based solvents such as benzene, toluene, and xylene. It 1s also possible to
use inorganic compounds such as carbon dioxide, nitrogen, and water in a supercritical
fluid state. These solvents may be used singly or as a mixture of two or more thereof.
{0096}

Said conversion of a heated PAS prepolymer into a high polymer may be performed,
needless to say, in common polymerization equipment, but also may be performed in a
mold designed for moldings production, extruder, melt-kneading equipment, or any
other equipment that has a heating mechanism, Furthermore, a batch type, continuous

type or other generally known processes may be adopted.



because of economic efficiency and handleability. Reduced pressure
refers to a pressure lower than atmospheric pressure in the reaction
system. For its upper limit, it is preferably 50 kPa or less, more preferably
20 kPa or less, and still more preferably 10 kPa or less. For its lower limit,
{0GPi& preferably 0.1 kPa or more, and more preferably 0.2 kPa or more.

cohmach B s et saanlrsal bebshinine el

polglepentingrdnridyreaction tewhperaturenioudimolecatarowdigist modedulées also
cyclic...pal e ide will.be likely if it .
P R PR S Col e R SRR e e
redgotymer sanchel perfonfreblmder dteatcdexistencewidifibgoatssbbtands. the
o fihro ce s, defingd as.a 1o, flameniows substance
e e e B O BRI, THETCTINS B RARE s
ungpaitefiasidtruststeosoriptising A Hng ddirous Bobstanpel vanrbmolecules,

beGRIY E&HBHH%%@/ Sarndngow thecanvarsion.ofa BAS e @%%"g%%@ﬁgmer

a high polymer under the existence of a fibrous substance. Since
moderdenr @dswelinfordedr withomeofibrous sobrtandeinztemsstidiawas, feferred to

hele%gec’og%'i%a@&?%@Ql&?&o%atg%g%ﬂsﬂcéo% L SOMBALRD M 0 USSR ?:f 5

s

the PAS alone. {0099} Here, of the various fibrous substances, theé use o

volhntinlstisniberabbrainiriemeritsisupéféranios whithablio W thee RAB tohere
is PERAEINORECiOANGN ASRGRINRIRLMIARGRAMPAAE AR Hlor: cas

structure comprising resin and a fibrous substance is produced, it 39 wil

sudde %ﬁfﬁéunmetr.h@&wn @@%étgﬁlé fiiroukidu bsifam@l sisﬁm@mwzﬁbmm@’?@rable
bedREMONRRJESIN IS @@&%Xf%&?’ﬁ%ﬂ&ﬁﬁﬁ?ﬂtﬁlﬁi%@dp'&9‘3%}8”;8?@5 0 a

uniform composite material and development of expected mechanical
preshgiatesistiban Wewiip aicrefessatd 1o Hierehsdatifedeas ther existaedioft. it

is SRPLEANIGLBEERI G AT SUBRANcR sUER 183 MOKIITERN AR Rrably

solid substance such as a fibrous compound, i.e., a contact where goo

10 pifpsie apsoAaitichs aies maihtﬁiﬁeﬁﬁa@»@éaeﬁ-ﬁwéw }@@b%tam@larmﬁéerably
0.250bd Subsfanes, iR yidually.nrevent,aiconolhergas fiom Reing captuted; wie

Here, a fluid substance with lower viscosity tends to achieve better
Plagrettinghwith s fibro i stibetaicdarTtie RS thre polaridt of thrcinvidhifioylipreas

defemelienstate basiaisrasitythat iéw%%gﬁ!&bweh%em@&EQ@;\B@%@ eyelic

common thermoplastic resins such as PAS and is likely to develop good
polyattilsgsniahadiidurs disdrdace appap AS prdeticion holesey ditile
{O' ntion can convert the PAS prepolymer into a high polymer after the

PA
Said conversion of a PAS prepolymer into a2 high polymer can be performed under the

coexistence of a fibrous substance. Here, a fibrous substance is defined as a thin,
filamentous substance and preferably has a long, thin structure like natural fiber, A
composite material structure comprising a PAS and a fibrous substance can be easily
produced by carrving out the conversion of a PAS prepolymer into a high polvmer
under the existence of a fibrous substance. Since such a structure is reinforced with the
fibrous substance, it tends to have, for instance, better mechanical characteristics as
compared with the use of the PAS alone.

{0099}

Here, of the various fibrous substances, the use of continuous fiber as reinforcement is
preferable, which allows the PAS 1o be reinforced to a high degree. In general, when a

composite material structure comprising resin and a fibrous substance is produced, it
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prepolymer has wet the fibrous substance sufficiently. Thus, a composite

material structure with good wetting between a fibrous substance and a

high polymer (polyarylene sulfide) can be produced easily. {0100} As

said fibrous substance, a continuous fiber used as reinforcement is
wilprefedtiblertisfadederitrsith abows: Therhapenoubseoitic intitelkods deahese the

moﬁlaﬁggihelgffﬁ@ﬁm@@égg 1 (0. PEMSE T%Dgss' vgpuen, the reiniarcementice

Fibers that aré used preferably include ith high heat resistance

magndihigH msi@stc@h@mmm @@mﬁm@m d@'dca@'iﬁigﬂq-ﬁérﬁmmam@eﬂed
1o EEIRTRraementfiber, Equinsianee Syl relpfarcemantiibesinclyds alasscn

fiber, carbon Fiber, graphite fiber, aramid fiber, silicon carbide fiber,
 as migkatneesiban dant b rondibee Octhese ftamorrdiberaid jraphientiséivhere

o HMRRPTEIGIARIA DGEAUSE INGY NAVRRBACHIC FHENARANLSPE IR solid

modulus high and can contribute to manufacturing lightweight products.
subGieneeriting el batyerefibetirand graphitestibem \aiicusappesiofdaibon fud

sutf el AN ArARte JIBSES fARPR USRIU MG MARLVIRRISSous substance.

high-strength, high-elongation carbon fiber with a tensile strength of 450
Th gtAmpranel yareenslietislofiyatibarofit . 6%sTstisiorEalt |bag fbsisiaidedhar is

cof SUNRIGE TN M&%ﬁ%ﬂ%&ﬁ?ﬁ%&?ﬁl&%ﬁ%&i@%ﬁnysﬁ% ILnEIsISHA DiSiery

range, the strength of the reinforcement fiber can be easily maintained
to deffikieraneih wieissrmpbsitdimareriabssasg cabsdifbpicdnel graprite fitelr the
invIidbRedaed A mixtuiwithotherfeinforcement fingis et are no pas
limitations on the shape and arrangement of the reinforcéement fibersto
prefpelysed, Bd wWebyhmaybpeusseiiise formcaintbr idstince composite material
sirdqidirectianally, erigaiated gpateral. yandmly atispiated Materiah theivmer
mat, woven fabric, or braid. 40 For uses requiring a high specific strengtg
(P Speeifid imedtauddamisaricdiafstyaterial comprising reinforcement
{Ofi@@rs oriented in a single direction is the most suitable, but material
comprising reinforcement fibers in two perpendicular directions (woven
Asfapidcyibrevalsebstnablerfeprhiauaverition Berhasa SnipsipRRgh 18 preferable as

dediandieaility- 18101} Futheimoresaid sRnversion of arRARpreRolmete: o

into a high polymer may be performed under the existence of a filler.
be yseduldnIEre IO SEACECCRBREEBHS GlassihoHRErotRf @apboanciude

fibeRdaihes norganiciars sueh as.calCiNm: cAtIeRRAIGUIRDIAKIAR: B0 as
alumina. {0102} (12) PAS ,
high-performance reinforcement fiber. For instance, such reinforcement fibers include

glass fiber, carbon fiber, graphite fiber, aramid fiber, silicon carbide fiber, alumina fiber,
and boron fiber. Of these, carbon fiber and graphite fiber are most preferable because
they have specific strength and specific modules high and can contribute to
manufacturing lightweight products. Concerning the carbon fiber and graphite fiber,
various types of carbon fibers and graphite fibers can be useful, but the most suitable 15
high-strength. high-elongation carbon fiber with a tensile strength of 450 Kef/mm® and
a tensile elongation of 1.6% or more. If long fiber is used for reinforcement. its length
is preferably Sem or more. If the length is in this range, the strength of the
reinforcement fiber can be casily maintained sufficiently in the composite material.
Said carbon fiber and graphite fiber may be used as a mixture with other reinforcement
fibers. There are no limitations on the shape and arrangement of the reinforcement
fibers t0 be used, and they may be used in the form of, for instance. unidirectionally

orientated material, randomly orientated material, sheet, mat, woven fabric, or braid.
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According to said (11), it is possible to produce a very industrially useful
PAS. Here, a PAS is defined as a homopolymer or a copolymer that
comprises the repeating unit represented by the formula -(Ar-S)- as major
constituent, and the content of said repeating unit is preferably 80 mol%
Foropsaoies] Utieeco M A it irangHitans' vepridsemedi by saigaroe atamgmylal

coxﬁ%r@s)n@ér%@&ﬁ&r}éﬂi@ ASHSRIESARiES DY MR (oI SRAKIEHNA Mitable, but

preferable. {0103} As long as this repeating unit is the major constituent
maignigl terRatenal FaBy EerRen allbaialiantoanpersraeHainfy etions {(woven

FabGROSRIN NG L AR FERIGS IR 0N SId RO MUAR: M)t FRE

content of these branch units and crosslinking units’in the copolymer is
{O18teferably in the range of 0 to 1 mol% per mole of the -(Ar-S)- unit. {0104}

Fu@?xﬁ%x@[‘)&‘?&e&w&%ﬂ %Preif?ﬁ??'?l ﬁ&?ﬁﬂ@qmcpfathﬁcjﬂvﬁ&%@ﬁbm%y be

e a random copolymer, block copolymer or a mixture thereof that

perégmgihsiadepdhtingunas given Bbeve Urgpitalifrateatsudislutps instance,
nola¥phenylgne sylfides, Pahmhenugne sufide sulfones pRlyRReNyens cium

sulfide ketones, random copolymers there of, block copolymers thereof,
carhpppRiktiA g therebt. Pdleinity preferable PASs include polyphenylene
{Omﬂﬁjides (hereinafter, occasionally abbreviated PPSs) that contain, as the

polymer's major constituent unit, a p-phenylene sulfide up to 80 mol% or
(12hBde preferably 90 mol% or more. {0105} There are no specific

Aclipiigtiopsan the melgasveighiafithe PASS RIadyYsesl tNaUIR&. Here, a

preferred embodiment of this invention, but it is preferably in the range of

PAR119 JO0BO MBI HIGIE PreTePatly: 2800005 r Hibre BRI TR I8 FERsAaty Lnit

re&%%@@%@%@f@?ﬁﬂﬁégmf@! age %Q‘SPL{!@M%BQH@; Eﬁﬁ&w%&mﬁehtsm
average molecular weight of 10,000 or more has high moldability during.

reSAGEESSTRL, EnBrRBIEbY S Brotice dof dRPTEhe Al te SETRRPRANG gods @ unit as
ret BRIRCIEHSUER! IPGIMAING Mechanicalsiigrgth Lﬁﬁfjag}%aﬂégéﬁté@?&%t?@ﬁﬁu}a (A)

_ There are no specific limitations on the upper limit of their weight average
15 PAGIEEIIAY WeigRDIsut it is preferably less than 1,000,000, more preferably
{01@5 than 500,000. still more preferably less than 200,000, and high

molding processability can be maintained if it is this range. {0106} The
AS\{ieHh B PHO IEAGRHIR STEH L HISE BRI P tHE PR S8 b rSYURSEETHYOTigh contain &

smBlEfgRtRet of branch units or crosslinking umits as represented by said Formulae
(M) to (O). The content of these branch units and crosslinking units in the copolymer is
preferably in the range of 0 to 1 mol% per mole of the -(Ar-5}- unit.

{01043

A PAS produced through a preferable embodiment of the invention may be a random
copolymer, block copolymer or a mixture thereof that contains a repeating unit as
given above. Typical materials include polyphenylene sulfides, polyphenylene sulfide
sulfones, polyphenylene sulfide ketones, random copolymers there of, block
copolymers thereof, and mixtures thereof. Particularly preferable PASs mclude
polyphenylene sulfides (hereinafter, occasionally abbreviated PPSs) that contain, as the
polymer’s major constituent unit, a p-phenylene sulfide up to 80 mol% or more,
preferably 90 mol% or more.

{0105}

There are no specific limitations on the molecular weight of the PASs produced

through a preferred embodiment of this invention, but it is preferably in the range of
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embodiments of this invention, i.e., the polydispersity represented by the
ratio of the weight average molecular weight and the average molecular
weight (weight average molecular weight / average molecular weight), is
typically 4.0 or less, preferably 2.5 or less, more preferably 2.3 or less,.
10,8601 enoveTpreferalmgordbby 6@ atmstientoré mreferabiieblp by.(B¥sormnore,

in %\%ﬁ?ﬁ%’éf ARANIARS '%P&@'%EH a %1% 185R:P08 L BIIDAM A& oht of

in the content of low mélecular weight components, and PASs in this

10.p8fge mﬂrsémﬁehtglpn@dtf@érﬂﬁdldhm@mﬁ@s@n@daﬁfbﬁhﬂﬁmm produced from
theﬁp%?ﬂ:tﬁ;'ﬁg% g%la %E@@%@ﬁlgﬁﬂﬁ@tﬁ@ﬁﬁﬂﬁglhﬁﬁq@a&% chemical

decreased material elution during contact with the solvent. Here, the

resigieigiht averageemoleradiolieigietians pruthbamavelayi Qﬁ&e@uwg/hé@rﬂrage
mofRHIRE e g{m&%bpe ;E‘Péﬂ%?ﬁ[ﬂm@sssﬁ% ($188EH6HSION GHEIIARITARM

using a differential refract meter. {0107} There are no specific limifations

S0 thetetnuisqusisrahly Pas§prodlice8thrpadheprafdtiad ermbosdipidittscan

ve RhtRis; NveRtion, tmtrghggneral their melt viscosity is preferably in the
range of 5 to 10,000 Pa s (300C, shear velocity 1,000/sec). {0108} The

{0I9ASs produced through preferred embodiments of this invention have the

Thée@rw{ﬁ Jhatdheiipuiyis-nighsniham thatel saneplionabi Az natesiRerred

and that the content of alkali metal impurities tends to be 100 ppm or
empssBERE Akl mevapsentert ishpreférasiesotp gapTesssteh Ry rsraatio of the

RIRISRRAMBRRLAE 1653 glﬁ”ﬂlét@h@%&ﬂé’fﬁ{é‘ﬂébﬁl&o&&%ﬂJ&%ht'fa%age

alkall mefal content is 100 ppm or less, thé material will be likely to have

moffgi ety invasess, ferissianveighbt regitedocdietedess risiratidn 2.5 or
lesShRIgetesisticsp Hese; the 1@&561'%@1&6&%9@%%@&%%%% gf tRedNYEAteR iSnore

calculated 42 from, for instance, the amount of alkali metal contained in
preé@ﬁhbrﬁaﬁmﬁgeaﬁém @éﬁc@ﬁiﬁ@ﬂ@ﬁﬂ&ﬂ &npé‘llé(é%ﬁ@@m?ﬁacéf 4rfticsalieps. most

of HUAURL ¢3% B?tﬂ@%ﬂ%é%%fﬁ%ua%}’gdﬂﬁ%g%%% JHNSIARCER I in this

chromatography or the atomic absorption me {0109} In addition, the

ranpp S8lhEsicdel Hrslgh présned Wdﬁﬁ%t@lwhh%qﬂv@wéﬁt%m with
deé‘@&'g%&'k%é%%&ﬂ%ﬁtd’ﬁhﬁg heated ey sviiara cansiderahly 1egseighkact

loss as_ compared the conventional PAS material. Specifically, the weight
Wity dtetdscid- bEcreptBs emtdelby tE &SI BS§ ESrgialt pnd number average

mdﬁ%ﬁﬁ%eﬂ@/\%ﬁ(@%&%@e@) by, for instance, SEC (size exclusion
chromatography) using a differential refract meter.

{0107}

There are no specific hmitations on the melt viscosity the PASs produced through
preferred embodiments of this invention, but in general, their melt viscosity is
preferably in the range of 5 to 10,000 Pa-s (300°C, shear velocity 1,000/sec).

{0108}

The PASs produced through preferred embodiments of this invention have the feature
that their purity is higher than that of conventional PAS material and that the content of
alkali metal impurities tends to be 100 ppm or less. The alkali metal content is
preferably 50 ppm less than, more preferably 30 ppm or less, and still more preferably
10 ppm or less. If the alkali metal content is 100 ppm or less, the material will be likely
to have high reliability in uses. for instance, that require good electric msulation

characteristics, Here, the alkall metal content i a PAS of the invention is calculated



{0110} where AWr denotes the weight loss rate (%) of a specimen heated

in a nonoxidizing atmosphere under atmospheric pressure from 50C up to

an appropriate temperature above 330C at a heating rate of 20C/min, and

W1 and W2 denote the weight measured when the temperature reaches
frorQ0C aimgt@36C thesprctivelyn{elidd} MhalPaStaprodiucedsthroughining after
caldihgie e %JRQOC#”%‘B”E? %éﬁ'&'%dﬂ%’a%%?%&e@ﬁiéo Y6y 900d 19416&{&8}&{5&&'&%
with-a very sma]I AWr o? .18% or less, pre erag y 0.15% or less, an
anajipieg preiiératily .18 mistess:, Tive RASH:tEraphyV pinthaidtramigeahavadon
me,{ﬁ&gency, for instance, to suffer less gas generation during molding and

ess deposits on the orifice and. die during extrusion molding or on the
{019dld during extrusion molding, leading to improved productivity. To the

d the | e g

e the P o T A S
havinvibptisatare differehefrdwntbd gheteralfjcknownnPiiSslitytéerisvefight loss as
corﬁg%ﬁuiﬁ% Welghhdisiiby @“ﬁ&&éﬁl%ﬁ%@ﬁ%ﬁﬂ#ﬁ,&'{he't\kﬁeigﬁ%f{ 64 NALASA be

result of this, they can have a very high purity, feading toa considerable
repesersaberinhhéolatume ®uwld0112} The value of AWTr van be

determined by a common thermogravimetric analysis technique, but this

analysis should be in a nonoxidizing atmosphere under atmospheric
AWsreddute. WhondXidiZing atiidsghere id such that the oxygen
{Oﬁ%centration in the gas phase in contact with the specimen is 5 vol.% or

less, preferably 2 vol.% or less, and more preferably virtually free of
wheseygéYy, lenofiffethwitreihinest gais Stiohras nitesienn 48dediuma angoxidizing
anRGRR-E0A B RRHIGYIAL A.NHAdER almipshereis gkl prefsrable Inuiewt e

of the economic efficiency and handleability. Atmospheric pressure as

abrefesrdt to Hefe hppthie prassire’ i tHaiatnfosp i te AiafyAndgiestahg angight
meSLAEARHMaE SRGRIGALY It SRIETB o AlMPSRAGHC RIgSSIIG conditions at

about a temperature of 25C under about an absolute pressure of 101.3
{0KP4. In a measuring atmosphere other than these, the PAS will suffer, for

ThiNglegce, gxifaton dudng,measurement; A he AIMOSRNSIBNIlRE ¥ Nave
different from the one practically used for molding of PASSs, failing to

gopstolitiacivieiingraiie atsaatieah S&vvefor isfacatitsysarefaelPASSY For less,
andNBoREASHIEMENT. 0f o AWV thermogravimetric a0alYsisis performed Witiency.

the temperature raised from 50C up to an appropriate temperature above
forgme@rae ahesting rete ¢R2OENsHPrefergslynolding and less deposits on the

orifice and die during extrusion molding or on the mold during extrusion molding,
leading to improved productivity. To the knowledge of the inventors, generally known
PASs have a AWr above 0.18%, while the PASs produced through preferred
embodiments of this invention are different from the generally known PASs m terms of
molecular weight distribution and impurities content. It 18 inferred that as a result of
this, they can have a very high purity, leading to a considerable decrease in the value of
AWy,

{01123

The value of AWr van be determined by a common thermogravimetric analysis
technmique, but this analysis should be in a nonoxidizing atmosphere under atmospheric
pressure. A nonoxidizing atmosphere is such that the oxygen concentration in the gas
phase in contact with the specimen is 5 vol.% or less, preferabiy 2 vol.% or less, and

more preferably virtually free of oxygen, 1.e., filled with an inert gas such as nitrogen,



the temperature is held at 50C for 1 min, followed by heating at a heating
rate of 20C/min for the thermogravimetric analysis. This temperature
range represents the temperatures frequently used when PASs such as
polyphenyiene sulfide are applied to practical uses and also when solid
helRAS srareravalteddindpartided intodesirsdshspese 1§ heohisightflosbieate yrew
uch.a practi ervice t ture. reqion hayve relations with._the rate of
o e B e B S R B G e
15 tbrificesamd dieldusimgprpbldingearhus) F?Assimdﬂngiamm'@ssrcaipdﬁmm it
ref&st%n’é?ﬁg%gﬁg‘iran Sl cboe ﬁﬁgﬁ{sd g{j DR ek é?aﬂﬂ’glg}l'igné under about
measurement of AWr Is prefera ]Iy performed with a specimen of about
an BPseigtinithesiomofifiie’ pelticles omeboung mmaopless. (01 3ha(lBjese, the
?A%"@gﬁ‘cﬁ?{féﬁ"%&p{ SR S TARS F%{%‘?HC%%‘EL%%QM%I% "84 atmosphere will
embodimerits of this invention have |g% eat resistance, c emical
be resjstaficefifasttidanceayatéctily propertionadhmetRaficdhiprepertios;ide
megg%é&éﬁg“%%@%ﬁ’h%é’r{/%n%th?g%\li%a:? Aoy oecuarweght distibution. ¢
with a considerably low metal content as compared with the conventiona
AVRAB s sviastiitcthey yraves pvdoyrhighwitblding gmpesssabititycaisimell 58°C
ica r istigs s I, charactepstics, servi
e e e
themeiginmbivgt ial de tbresiitisidn: noldimgltdloprodite Sheldts, filmd)diiers rate of
i ! trusi Idings. {0114} T, ture PAS fi ,
e T it s B MR 25 M the
terimprsAtion, fganerilly keedwihtechARusstoaprodupediniefromimeéttsicarpiiéed to
; Su Iques.i for ting;the
P o Bl e i T A T SR e,
TheowtightthesmeiteHaberha coatifg! deumetolpravidediing gind biaxiatations with
tilesyﬁécﬁf”%h?e{@a%%"m%"me"‘fidﬁ'saﬂé%ﬂ%rﬁéf&? al%“%@”%%acl&réw osjts on the
apparatus and. a transverse drawing apparatus called tenter to perform
origgetehihglin tﬁ@:ilm%glm@éﬁm.aﬁéﬂttﬁar%\/%?s@fﬂhe@ti@ﬁglreép@cﬁv@lyén such a
rerfBOROR-gtheLteghniaves may alsa e ised  ORolr]o manyiactue PAR: i
fiber from the PASs produced through prefefred embodiments of this ‘
prafavebiiopergermaliy knowre pheRing spiavind techidhescean Bdinsarrfdes of
ahdIstange o AAS chips used as feed material are supplied to a uniaxial or

biaxial extruder where it
10113}

(13) characteristics of PAS

The PASs produced through preferred embodiments of this invention have high heat
resistance, chemical resistance, fire retardance, eleciric properties and mechanical
properties, and in particular, they tend to have a narrow molecular weight distribution
with a considerably low metal content as compared with the conventional PASs. As a
result, they have a very high molding processability as well as very good mechanical
characteristics and electric characteristics, serving not only for injection molding,
injection compression molding, and blow molding, but also for extrusion molding to
provide sheets, films, fibers, pipes, and other extrusion moldings. |
10114}

To manufacture PAS film from the PASs produced through preferred embodiments of
this invention, generally known technigues to produce film from melts can be used,

and such techniques include, for instance, melting the PAS in a uniaxial or biaxial
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is kneaded, and then extruded through a polymer flow line switchover
apparatus installed at the end of the extruder, filtration layer and spinning
orifice, followed by cooling, stretching, and beat-setting. Other
techniques, however, may also be used. {0116} The PASs produced

extrhfgughiprefesrty Smbobimeitg ofmidimvestioming/the BeEaiadingly epqHng

drufi? %b%?t@(jf&% amfesedwithinQraanic.lllers sHENA% FasS HR8MCARAype

fiber, titanium oxide, and calcium carbonate, or other additives such as
longididlattaviisr mpparbilizes altiandiatandsibes anaeceTinglsgeisnter to

perfdiBY SRITAY Remixeshiwiinresing iRelvding Rafvamide. ROSHIERE though
polyphenylene ether, polycarbonate, polyethersulfone, polyester (stch as

othgbigethifepeniebepirtaEateand polybutylene terephthalate), polyethylene,

{Olqglypropylene, polytetrafluoroethylene, olefin-based copolymer with a
functional group (such as epoxy group, carboxyl group, carboxylate

To graniyagiver dithydinge Grou é’;; g&%élém@%@@&%@&ﬁ%fﬁ%f@ﬁéﬁ@%@éﬁ of

i Elasiamer. 59194)’@5?%n%@pﬁakﬁ%%glﬁﬁiﬂo%%mfgﬁémgﬁ bRQlyacetalidfdnce,
PAgol imide. {0117} "(14) uses of PAS The PASs produced through

FeHEmMBOMBISTOTIATS RPBHEBAThaVE V&b eS Rigeal extruder where it
is chalaciensticdpcludingmaldingpreesssapilithomeshanicalchover apparatus

~ characteristics and electric characteristics, and their uses include, for
insialedntiethsetisb e D Iaiere Shnedosr | asekatd ragitbig ety gat@lowed by

cosiptcl,-cRiREbRIN 1EARACHRN: \BiRAbIe SRARAGION FRSR - ORHGal RIGKRsed.
vibrator, various end plates, transformer, plug, print base plate, tuner,

{0}5¥f§aker, microphone, headphone, small motor, magnetic head base,

ThPOWESs Medileq semicendieioniauighenistahE BP eariags R Dehassissed

_ motor brush holder, parabolic antenna, computer-related and other
sing|s@FidneteEtivmE garts, ddertapih rocseaRicpaiE s pycparisttonithghy carbon

fibIefHARCAQKR! RAHSLIRISFAWANSANEN HaHBed 208U RAES as antioxidant,
audio/laser disk (registered trademark), compact disc, digital video disk,

thegmpdr SRIBRAd B YIS hRE PsTes NG MY BarfLTerigratBlspdpgy &f mixed

witPRAUHRNAIIRAHS, REMHHE!, PRISs ek P &Qﬁ?ﬁﬁ@ﬁﬁ@ﬁ%&e@ﬁﬁﬁf polycarbonate,
household/office electric appliance parts ; office computer related parts,

rokurdirHEoPaIaR5aIE, faidintie POREEY RIS, EBpiYalatedparidybutylene
terVyRERNGI0. Haptempaits, Iigbrﬁﬁgé}ﬁppéﬂé[teb&yﬂ&ma@méw@@é@do%ﬂs@ased

microscope, binocular, camera, clock, other optical devices, precision
COPREERATASVHBIABE P RS WHEP fAUTR AV SRECCEIABIEADIPTAL 8P YPu AfpPoxYlate

arR¥isnRIREHoINawatetflowystigcrnbplvalygsiehsl vrinehot wateklastomer,
temperature sensor, water flow rate .
polyether amide elastomer, polyamide-imide, polvacetal, and polyimide.

{0117}

(14) uses of PAS

The PASs produced through preferred embodiments of this invention have various
good characteristics, including molding processability, mechanical characteristics and
electric characteristics, and their uses include, for instance, sensor, LED lamp,
connector, socket, resistor, relay case, switch, coil bobbin, capacitor, variable capacitor
case, optical pickup, vibrator, various end plates, transformer, plug, print base piate,
tuner, speaker, microphone, headphone, small motor, magnetic head base, power
module, semiconductor, Hiquid crystal, FDD carriage, FDD chassis, motor brush holder,
parabolic anienna, computer-related and other electric/electronic parts, video tape

recorder parts, TV parts, iron, hair drier, rice cooker parts, microwave oven parts,
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sensor, water meter housing, water supply system parts, valve alternator

terminal, alternator connector, IC regulator, potentiometer base, exhaust

gas valve, other various valves, fuel/lexhaust/suction-related various

pipes, air intake nozzle snorkel, intake manifold, fuel pump, engine
sougdofisgswatdiojbint; darburegditerpdairndmoykoarourptot Bpactigiekhadst disk.

OOl SQr.Qil te ra r, thrott jti .

o B oot b
parteigpevaiccontitioned Ptherspostat tsastichdaershalid/ fitie colvrbivatygjance

pa&é‘qi%ﬁfcg%ﬁ{&@ L%éc;éﬂ%?i' %ﬁs‘f"?&%&aﬂ&‘}@Pré%@”?%ﬁé{ﬁi@%ﬁﬁ%@%ﬁ@&r arts,

motor relation parts, istributor " starter switc , Starter re ay, transmissio
copraalntess winddwngagherotozzie sal reloenditioner sp atkdiswitdhisasdated
Rlaig; fuel islation electromagnete valve ol fuse; caonector, harm hi
pa te?r%ﬁllr?gﬁ’, e?gc’[r%)ga?qulltpment partg' %’sul‘g%oﬁ%%te, step-m tor rojt&,m achine
reldggnpeteketaiemipussiiectvrs.lamp thousmnglacike ipistormatlenald bubbinyater

ﬂ_oﬁpgﬁl@?_c@ﬁtme{}afyél lapks igpition,sa wma-ewnqgi&&%hmaw&&eﬁgwTate

cable liner, other automobile/vehicle parts, and other various uses. {0118}
serSaid PAS filishAvesgabdirasehamichl ehsicanteasticsadfectligmator terminal,

A SRAACIESICS,: af&@&é%@?@ﬁﬁ%n%@g a0.serye aifetivaly fog Yaroys, us

uses including dielegt‘?ic film (for film capacitor and chip capacitor), circuit
valjaselprtextinstiiation baskisrhteamutopipsulationntike, rerdfosmakel, intake

mafigsatian film,and mald relaase fm. Qo) Maneflamants apd shaffurcior

panes

fibers of said PASs can serve éffectively for various uses including paper
spagricHileatitie £EarPas) hetsornge eFchatyfittar, andignapderiorr pegsepr. throttle

posframpies] (Qla0knlhsnyeolia s llugtrated mote SREGITCAYDEION ¥ sor,

_ using examples. These 46 examples are given only for showing typical _
ait epABBEinTIehts BintheEgiabessotitrshdedtd] pracoanyl lifstetiorasigiptheotor s
priOyEBiien. {0R1h smalecHlar weight measurementThe MASGHI G sributor

weight of polyarylene sulfides and polyarylene sulfide prepolymers is ‘
stagleteriiitde MnterTslof poigRIyreHebyas parnseativandRiomedigiaphyzle. air

coz(glﬁ&)ervg%gé? SQReofthe %Fﬁe?’%ﬁ'éﬁ@_f&t‘%@ﬁoé'ﬂ&&? L SEGe coil, fuse
methods. The GPC measurement conditions are listed below.

connector, horn terminal, electrical equipment parts’ insulation plate, step-motor rotor,
lamp socket, lamp reflector, lamp housing, brake piston, solenoid bobbin, engine oil
filter, fuel tank, 1gnition equipment case, vehicle speed sensor, cable liner, other
automobile/vehicle parts, and other various uses.

{0118}

Said PAS films have good mechanical characteristics, electric characteristics, and heat
resistance, and can serve effectively for various uses including dielectric film (for film
capacitor and chip capacitor), circuit base plate, insulation base plate, motor insulation
film, transformer insulation film, and mold release film.

{0119}

Monofilaments and short fibers of said PASs can serve effectively for various uses

including paper machine drier canvas, net conveyer, bag filter, and insulation paper.

[Examples]
£0120%

The invention is illustrated more specifically below by using examples. These
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Equipment : SSC-7100 manufactured by Senshu Scientific Co., Ltd.
Column: GPC3506 manufactured by Senshu Scientific Co., Ltd. Eluant : |
-chloronaphthalene Detector : differential refractometer Column
temperature : 210C Pre-thermostat bath temperature : 250C Pump
exdtiginsostagibathremperstorenSQEichietadtod teampesatltecy 210 GoFlowwnde to

pia;cé'Qr{mT{m G 1}?Se(g:iint’heenili}ryfeggi(())n rate : 300 L (slurry: about 0.2 wt% {0122}
< cycylic polyp eny1ene suffide formation rate measurement> The

{#dPhation rate of a cyclic polyphenylene sulfide compound is determined

< @QH%%QQM%%QH%&@We analysis by HPLC. The HPLC

measuremefit conditions are listed below. Equipment : LC-I OAvp Series

ThenalfaciuredightSHimetzy Corpoléidon a@blpalyrrVightysfiRPe I EPmers is

T e
onproddutioirofeadingan RAS basetaphpSF. n8esifically, &EGlfidizngrement

codfBRLNAS ﬁé'z%}ﬁ’ﬁgl Jo,come in contact with a dihalogenated aromatic
compound in an organic polar solvent to produce a linear PAS. First,

Eqmm@St(lS@@fﬁUPé)m&@%tm%.b:q@@nﬁiﬁlﬁﬂiﬁmﬁi@)ﬁsndiudq hydrosulfide,
ol 4 ORI AL SO ey 199,35 2.00 moes) of 47
es

Nanethyl-2-pyrrolidone (NMPY), 8.2g (0.10 mo of sodium acetate, and
Elusog bthisneasphidntped water were put in a stainless steel autoclave with

De@&&rg&@%@g&ﬁ Jéﬁ%@%}ﬁ‘é@g column was installed on the autoclave, and

stirring at 240 rpm was started, followed by gradual heating for about 3
Cohgursteipnor#88C uhdér atmospheric pressure while supplying nitrogen.

pr2B0Ng this operation..2129 wagddistilled out of the fractionating column.

And, 0.012 moles of hydrogen sulfide was lost. Gas chromatography
Puandiheimosendatistimpershoweddttat it was a liquid mixture 209g of

Detector temperature ;: 210°C

Flow rate : 1.0mL/min

Specimen injection rate @ 300 pL (sturry: about 0.2 wt% }

{0122}

< ¢yclic polyphenylene sulfide formation rate measurement >

The formation rate of a cyclic polyphenylene sulfide compound is determined from
qualifative and quantitative analysis by HPLC. The HPLC measurement conditions are
listed below.

Equipment : LC-10Avp Series manufactured by Shimadzo Corporation

Column : Mightysil RP-18 GP150-4.6 {5 um)

Detector : photodiode array detector (UV =270 nm)

10123}

{Reference example 1}

{0124}

The following example shows production of a linear PAS based on prior art
Specifically, a sulfidizing agent was allowed to come in contact with a dihalogenated
aromatic compound in an organic polar solvent to produce a linear PAS,

First, 116.9¢ (1.00 mole) of a 48 wt% agueous solution of sodium hydrosulfide, 43.8¢g

(1.05  moles) of 96% sodium  hydroxide, 198.3g¢ (2.00 moles} of
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water and 3.5g of NMP, and that the amount of water and NMP in the
reaction system was 2.3g and 194.8g, respectively. {0125} After the
distillation, the reaction container was cooled to about 160C, 148.5¢g (1.01
moles) of p-dichlorobenzene (p-DCB) and 99.1 g (1.00 mole) of NMP
N-mhe ladtaercdideneh ENeHGtich goaifiemwgs)sebledlinma agtgenagds! S0g of

iondtmasphera, Mihile stiring gt AQQrRM.Jt was Qﬁ@&%@%ﬁf% &97@.“1%11, a
to 200C, and further heated from 200C to 270C at a rate of 0.6C/min,
fraqeoaied: lsp prainveningttledeadlionupooc fod sioringiat SHbgeauentiarted,

fon%@&&%ggmm OfWRtes mp@q{&%%@ {8%@@@%&%’1@%@@ pressurc

cooling'itfor 15 min down to 250C, followed by cooling it from 250C t
whio 0! 5 pateN§T QAT / MiviEh Rt aessajivenchbdtonabodistdtis out of the

fradBMRGIAUIE {0126 A The %_%r}@”%&% € feken gyt and diyipd with 3909 of 5

NMP to produce slurry. which was then stirred at 85C for about 30 min,

chrfmwéwﬁwm@m@wé‘ Slardstildaghiensd tvesh stainidseisteeivilter 269¢ of
walSCa¥en Selidrmaigrial Tatha.Leshling selidmalgnabntPog «f NYE WaS stem

added and stirred at 85C for about 30 min, filtering it in the same way as
wag o\t rEtbYer iseliectHiaigrial. Subsequently, the operation of stirring in
{0@(_))(39 of warm water, washing, and filtering was repeated 5 times to

produce particulate solid material. This was dried in hot air at 60C, and

Afigiehal ded StizoGarnttiat cerdipresstreal st wbe EdW 9od 4t-ey(1.01
mo%gj LG Eﬁb%&kn@@lm%S’moﬂ %@@@Hﬁ‘h él? g Rigeuced W@Rd, and

carried out. Absorption spectra obtained by infrared spectroscopy
thea PR (SaRiiDRTENY S TIRISE ODATHHEsE UgeY HiynShlitrgd W hile stirring at

s06:pERaration) shawed 1batthe materialwasdinear Peivpbenyignesulfigsaec 1

Its weight average molecular weight was 38,600. The polyphenylene
27%1%@%?@9&%8-ﬁ&éﬂi@h@&ﬁ@ﬁeﬂé@fé@@%ﬁ%f@ﬁgﬁg{d@ﬁp@r 140
mitRE{HEREeEXAMRE 2lon e &sasmle Qivenbelow. & sl dzIng-288R  system

and a dihalogenated aromatic compound in an organic polar solvent
whiypseeliroureis 1. 28indayer moreloes ﬁ%]@"é?dtgé soffiredimisormentofC t©
228he sulfidizing @aeniane MRAed # CaUSR REAGHORIR RERRAIE i

mixture consisting of a cyclic PAS and a linear PAS, followed by removing
{01he! cyclic PAS to obtain a linear PAS with a smaller molecular weight

Thth@miPiReRa88REn out and diluted with 300g of NMP to produce slurry, which
was then stirred at 85°C for about 30 min, followed by filtering the slurry through a 80
mesh stainless steel filter to recover solid material. To the resulting solid material, 400g
of NMP was added and stirred at §85°C for about 30 min, filtering it in the same way a3
above to recover solid material. Subsequently, the operation of stirring in 800g of
warm water, washing, and filtering was repeated 5 times to produce particulate solid
material. This was dried in hot air at 60°C, and then dried at 120°C under reduced
pressure to produce about 90g of dry solid material.

101274

Analysis of the solid material thus produced was carried out. Absorption spectra
obtained by infrared spectroscopy analysis (equipment: FTIR-8100A manufactured by
Shimadzu Corporation) showed that the material was linear polyphenylene sulfide. Its
weight average molecular weight was 38,600. The polyphenylene sulfide prepared here
1s heretnafter referred as linear PPS-1.

10128}
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Reference example 1. {0129} First, 14.03g (0.120 moles) of 48 wt%
aqueous solution of sodium hydrosulfide, 12.50g (0.144 moles) of 48 wt%
agueous solution prepared from 96% sodium hydroxide, 615.0g (6.20
moles) of NMP, and p-DCB was put in a stainless steel autoclave with a
{RefirmmceAftengufitiently filling the reaction container with nitrogen, it was

In %ﬁ‘é"eﬁ i ”'”%B%” a8 AospReHS; 0130, WIMIE SUIHNG AP Drdbnatic

was Fieated for outl hour to ralset témperature from room
comgnpet ature cog200Q 0kt thib sthgettreapressure i heirsactiowegrtainele of

the §1~°fu9c% rgln%n JPTMSf JRude PIespure Tﬁte@ 3%"85\559?9%8%‘;9 ab{%% re a

min {0 raise the temperatarefrom 200 tthis stage, the
PApresstre mtlmstmgcuﬁa cotitaiRas wat zii@&:M Pa i tetmeat gaugmoving the

cydEPAY G, AlIREMA H%g%? '15‘./%'1%{1‘? TRE %‘ie%ﬁ?? \»58{0%%}3% e case of

Y Material was recover ile quenc |ng t container 10 abolt room
Refemperatanepf01.31} The material obtained was analyzed by gas
pomatography and high speed liquid chromatography, and results
showed that the p-DCB monomer consumption rate was 93%. and the
Firgiyclié. #RS(fordationlsateowds 1859/ mqusumingithamthe swuifismoohydormfide,
t| t e et % (o] cle.PP
R ot B R e

hydr®00y of! foveeichbngetisaterNadl tieh filefdd through arglassafitiess steel
auifd Q\%Weé%%?r%p%ﬁéﬁ i ;%)&Hdlﬁlﬁhgtgxf ?&&Fﬁoﬁ&gn %&%r '%?H}ﬁ&l”@ it

on the filter was dlsperse t 300 ion-exchanged water, stlrr€
wagsFOa! fisr SO migceifeweniosyhapeating the same filtering operation as
ve three times to prepare white solid material. This was vacuum-dried
overnight at 80C to provide dry solid material. {0133} 49 The resulting
Whybtigtimane méléwa@mtiﬁnwgsﬁh@atghﬁm ahiniblehand isubyeeted torgoxhlete from

roo%“[é&%%%%&fe @O%StHE'%Qagé"%‘Bf% s%?esﬂl"tﬁgtr’é&éﬁ%%’&ﬁ@%é?‘%as_

molecular weight components from the solid material. {0134} After the
0. BQM@m@p@raf anvgRePEwitrmdierialraiarahvizigdrianebiiie s paper thimibicthe

temperature from 200°C to 270°C. At this stage, the pressure in the reaction container
was .05 MPa in terms of gauge pressure. After maintaining the temperature at 270°C
for 1 hour, the material was recovered while quenching the container to about room
temperature.

{0131}

The matertal obtamed was analyzed by gas chromatography and high speed lLiguid
chromatography, and results showed that the p-DCB monomer consumption rate was
93%., and the cyclic PPS formation rate was 18.5% assuming that the sulfur component
in the reaction mixture had been completely converted into a cyclic PPS.

(0132}

A 500g portion of the resulting material was diluted with about 1,500g of
ion-exchanged water, and then filtered through a glass filter with an average aperture
of 10 to 16 micrometers. The material remaining on the filter was dispersed in about
300g of ion-exchanged water, stirred at 70°C for 30 min, followed by repeating the
same filtering operation as above three times to prepare white solid material. This was
vacuum-dried overnight at 80°C to provide dry solid material.

(0133}
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was dried overnight at 70C under reduced pressure to produce about
6.98g of off-white solid material. It was subjected to analysis, and
absorption spectra of infrared spectroscopy analysis showed that it was a
linear polyphenylene sulfide with a weight average molecular weight of
Thesrgndtimheqholyprieriglenes quifide prdjsansad treteiisb lhevedraferciefeirctbtdilet
i PPS-2-{ } f fter Vi
e L e e
weiRferanpenearipe heatobdtiBeiotathloroform was added to prepare
{Ozsslgu';ry, which was drop to about 300g of methanol while stirring. The

resulting deposits were recovered by filtration, and vacuum-dried at 70C
AftpgriBenauractiopropiisbon.19g of vl hiteigswaanaiisprption Svettpanst thimble

wadHALgd &5&?&%&8@9&%%@@'@#?"r@éﬂi%@&h&tééliérewﬁt%ﬁ%‘ﬁ’&era\‘)"&ﬁ %.98¢ of

compound comprising phenylene sulfide units. Furthermore, mass

off-spiittrent hnalypsial (Equiprieneciad 2 CoR! YRsn afdctbsetdbynHitaetd, eftanfrefed
spe‘éﬁ%}!;BBB@ nissepasaLed dyigh é&ﬁ%%ﬂ%?&%%ﬁ{&%%@mﬁd@'%‘r%/“{st}ei ght

molecular weight measurements by MAL F-MS, showed that the

aveyisite PolwadRTs waisikturé coRSising malnmhencyolic pofishensierss here is

herSHifige. meleciies with, a pppwer of repeating units of 4 to 12 and that the
weight fraction of the cyclic polyphenylene sulfide was about 90%. {0136}

{01Pf¢ yield of the white powder was 20.8% assuming that the sulfur

{Rg@%gggl%ﬁ@tﬁg in the reaction system during reaction was converted
completely into the PPS component. {0137} {Example 1} A 6.49g portion
Aflet tisenimesr PP Selvesotainify G0601 mulisdliipeotpohkrefosbtairedtion

opdnRsference examale 1,10 7113 af 48 With Agusaus soliRn of ﬁ%%&@smy,
hydrosulfide (sodium hydrosulfide O.%4lg (0.00608 mole), water 0.370g

whighopas dimp &) o 6ud efd gniianad rdslissslition prejsardianfrposits were
recaPERWINESRAINM A0 vAraxids {sediumyhydigxide,0,2999 (D448 194 of
mole), water 0.337g (0.0187 mole)), 615g (6.21 mole) of _
whNerRetFg2-phFesHEORSINVIP P Lahe U8 AR (000608 Asleyisfshowed that this
whitRNAE RENZE BEHBARICRI WIS ISt IR & slainless: Slegl AU PEAE M @nass
stirrer. The total amount of sulfur components coming from the linear
speppeY apdsadivpauipment: M-1200H manufactured by Hitachi, Ltd.) of
components separated by high speed liquid chromatography, along with molecular
weight measurements by MALDI-TOF-MS, showed that the white powder is a mixture
consisting mainly of cyclic polyphenylene sulfide molecules with a number of

repeating units of 4 1o 12 and that the weight fraction of the cychic polyphenyiene

sulfide was about 90%.

{0136}

The vield of the white powder was 20.8% assuming that the suifur component existing
in the reaction system during reaction was converted éompletely into the PPS
component.

{0137}

{Example 1}

A 6.49¢ portion of the linear PPS-1 (containing 0.0601 mole sulfur component)
obtained in Reference example 1, 0.711g of 48 wt% aqueous solution of sodium
hydrosulfide (sodivm hydrosulfide 0.341g (0.00608 mole), water 0.370g (0.0205

mole)), 0.649g of 48 wt% aqueous solution prepared from 96%-purity sodium
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hydrosulfide was 0.0662 mole, and the amount of the solvent was about
9.07L per mole of the sulfur components in the reaction mixture. {0138}
After sealing the reaction container in a nitrogen gas atmosphere at room
temperature under atmospheric pressure, it was heated for about 1 hour
hydrexndroGeritem derdturaleot 200 WHIE 4timindeat 4803 Hwd8.fldAemole)),

61% Ated for,alout Q5 %ﬂgf E‘;’n%?%c@;lg@gtﬁ% o”%% 6%5@0%‘ ey of

action system was |n terms o pressure. '[ was
p-dinhieteisedeat 2708 131 Meoupeind thetriglenchied d@wﬂ&@eawnhtarsi@mr. The

totsz %%@‘Hﬂgf %‘lﬁ%} CBB gﬁ%{,ﬁgﬁ#&%@ %go%a%h%n‘ﬂ d sodium

chromatography and hig speed iqui chromatograp y, an resu ts
hvmwﬁdetmaﬁb@p@mmom@ﬁ consurh ptiofheatel veas V&8 Hauritihe per

mofURRHONIBIE. SRR XAl RS JRlatie g9 e feed monomer (p-DCB)

was about 251%. 1t was o shown t e cyclic PAS formation rate
{0Ww8% 23.1% assuming that the sulfur component in the reaction mixture

Aﬁ!&?gegﬁgg' &%Wéﬁ'@ﬁ%@{ 089%\{55}3& lc{]mt% %&9' ‘%%0 %%é%} a?%&n tté Perature

found that the cyclic PAS production pr ce nvention serves
ungaraphe e cpetis PAS forrp dkoreddactidnun b lshoriiserioenof tempemthre to

20@@%‘:‘1%%&%’8@%%@9@ dﬁr%'% Gurniity than 1ae fed MeRAmEL- Ehx'§ 270°C.

suggests that part of linear PPS is converted into the cyc c PAS
At dborngagre ibaanisasnditating tertitie siNemtivaserfesiity produtesthé gauge

re%é’&l!ac RASWID aRefliglensys (01414 ﬂ&z@m%ﬁ@eﬁg&eoam b B6out

linear PPS-1 (containing 0.0604 mole sulfur component) obtained in
rooRefardrtswRample 1, 0.279g (0.00608 mole) of anhydrous lithium sulfide,
;0]03@4219 (0.00176 mole) of lithium hydroxide, 6169 (6.22 mole) of NMP,

and 0. 894g (0.00608 mole) of p-DCB were put in a stainless steel
Thaunsetaiee Withiaestivves. Fady aotabarmounhoiiosunhycandpbizdnpeed liquid

ckn%%ﬁi@& ﬁm g}l% IV%%@D e %@%{'t@é’ Iﬁgg'qgo\ﬁ@%& QQQW%n%gE was

the amount of the solvent was about 9.04L per mole of 51 the sulfur

58ééfmp®é‘m§th@oﬂea@mﬁ thiatielc fofumiznerisabsingtherpeatonr-DCB)
waSOIAIRers 2 MUQLEN 9aS AHIMOSRRCNE. alYOAMHCTRGIAHIG: rate was 23.1%

assuming that the sulfur component in the reaction mixture had been completely
converted into a cyclic PAS.

10140}

Thus, it is found that the cyclic PAS production process of the invention serves to
complete the cyclic PAS formation reaction in a short period of time and produce a
cyclic PAS in a larger quantity than the fed monomer. This suggests that part of the fed
linear PPS is converted into the cyclic PAS during the reaction, indicating that the
invention serves to produce the cyclic PAS with high efficiency.

{01411

{Example 2}

A 6.52g portion of the linear PPS-1 (containing 0.0604 mole sulfur component)
obtained in Reference example 1, .279g (.00608 mole) of anhydrous lithium sulfide,
0.0421g (0.00176 mole) of lithium hydroxide, 616g (6.22 mole) of NMP, and 0.894¢
(0.00608 mole) of p-DCB were put in a stainless steel autoclave with a stirrer. The
total amount of the sulfur components coming from the linear PPS-1 and lithium

sulfide was 0.0665 mole, and the amount of the solvent was about 9.04L per mole of

b1



under atmospheric pressure, it was heated for about 1 hour from room
temperature to 200C while stirring at 400rpm. It was further heated for
about 0.5 hour up to 270C. It was maintained at 270C for 1 hour and then
guenched down to about room temperature. {0143} The material
the obtainednvasaatalyZbd tspame chirgimatography and high speed liquid
fmqypmatography, and results showed that the p-DCB monomer
consumption rate was 29.5%, and the formation rate of the cyclic PAS
Aﬁfélaw@&)tmenfé@@pmgrpmmeﬁ:r(pzD@Byog@as&ab@mmsﬁ%emmmlémperature

anc?J}Oa"é{Ho%'é g‘%@'&r? ASJURANOR FAIG YIRS | (8% ﬁ%%?%l#ﬂxgté@?ééﬁ‘?me to

sulfur component in the reaction mixture had been completely converted

200Rtovahayatimyesy it Thussifustouhethdtonahght thé bolfidiziegdgénat It
walS 9!55‘?1[&‘%@0&‘ thalused,in Bxampled.dhe cy ‘Eéﬁ‘fcﬁé%s daumation reaction ,

is completed in a short period of time and a cyclic PAS is produced in a
temapgenguantity than the fed monomer. This suggests that part of the fed
ofingar PPS is converted into the cyclic PAS during the reaction, indicating
that the invention serves to produce the cyclic PAS with high efficiency.
Theisweye, tidaforhation aeal s &lighthidovier miangirEbvamplaigviyered liquid

chx%%%d@{?rgﬁ&'?&%ﬁé’ @lﬁﬂx’édad?e{ﬁﬁéa}?'Béﬁ'ﬂﬁ&&@&%gg&ﬁmﬁn‘ﬁ%%ﬁ rate was

0145F {Example 3} Described below are results of the production of a

29@)/94@115,&18 sraerenietead tatioxclbeRidais e fine dhPiaglanentmer (p-DCB)
waRAM 01461, FXCRRL Iprihe Mzt Q:é'w&@c o ARe fineakbE Sxl GUYUT go;

component 0.0480 mole), 1.40g of 48 wt% aqueous solution of sodium

assHyEResUmEdhes ol lkyaredfid e br3tra@ion 20irvle) haktbeam. 73ogpletely

cotPePAA6male)). 1. 30g;0f 48 wt% aqueous solution prepared from
96%-purity sodium hydroxide (sodium hydroxide 0.600g (0.0150 mole),

{0lgdter 0.677g (0.0376 mole)), and 1.768 (0.012 mole) of p-DCB, the same
Th?@‘f?qyrﬁnﬁﬁj I EXR0RS | Was oot QU0 PrRAUEGE ALY G HE AR used in

47} 52 The material 6btained was analyzed by gas chromatography
ExagmalpighBpeadliglin® derarmategicashyr dp ¢ eatiredHaiethtiiaperiod of time

an®@ DG HMPRONRELCANSHMRUCR AR ity than the fed monomer. This suggests
that part of the fed linear PPS 1s converted into the cyclic PAS during the reaction,
indicating that the invention serves o produce the cyclic PAS with high efficiency.
However, the formation rate is slightly lower than in Example I where sodium
hydrosulfide, which is a preferable sulfidizing agent, is used.

{0145}

{Example 3}

Described below are results of the production of a cyclic PAS at different feed ratios
between the linear PAS and the monomer.

{0146}

Except for the use of 5.18g of the linear PPS-1 (sulfur component 0.0480 mole), 1.40¢
of 48 wt% aqueous solution of sodium hvdrosulfide (sodium hydrosulfide 0.673¢
(0.0120 mole), water 0.730g (0.0406 mole)}, 1.30g of 48 wt% aqueous solution
prepared from 96%-purity sodium hydroxide (sodium hydroxide 0.600g (0.0150 mole),
water 0.677¢ (0.0376 mole)}, and 1.76g {0.012 mole) of p-DCB, the same procedure as
in Example 1 was carried out to produce a cyclic PAS.

{0147}



81.8%, and the formation rate of the cyclic PAS relative to the feed

monomer (p-DCB) was about 130%. It was also shown that the cyclic

PAS formation rate was 25.9% assuring that the sulfur component in the

reaction mixture had been completely converted into a cyclic PAS. {0148}
Theammagg ghortirnef thasemultimgdhziesidl wasmittngthith aidobigospred liquid

chr&ﬂé?@%&gﬂ%gea%dwggﬁfts%%%ntﬂgp{ﬁg éhsﬁ%i_‘lﬁ %1%?1‘?‘5 f&&%rs éla‘h%ﬂ rat Was

average apeérture of 10 to 16 micromet e material remaining on't

81 filterandshdisparseanimasbholities0glof Hoh-lehangethwited, rsnn@u@t(vd@B)
walOlmQdmigpdoligwed by Jergating he same . filteping operaton ?a‘%eag%ﬁ’% 9%

three times to prepare white solid material. ThIS was vacuum-dried
assovengighaati80edaproviceod ey s dlidim atesidl o{0 14 8juFhbad duktingeimpletely

ﬁ%%@lﬂ@réaé%/ﬁ@i%yn a filter paper thimble and subjected to Soxhlet

extraction for'about 5 hours using chloroform as solvent. After removing
{01h&; solvent from the extract, about 5g of chloroforms was added to

A RIGPRLGEINTY whichs s drepped ntg; Ahou 26 908&%@735‘9 WM& hanged

stirfing. The resulting deposits were recovered by filtration, and
walpcauintbrred krroChoustheeis Fouuctio S5goraghitpwaer 10 to 16

mI&QEf%EQ}éO”rﬁQ%H%%"%@%‘?Qﬁ@%ﬁ’i”&?&?ﬂ%’e@%s&ﬁs%@%ﬂﬁ%&m51 50g of

white powder was a compound comprising phenylene sulfide units.

1onFxeherasoravaivasstisise caurt dnaiysis bieem potsried duparacstty Wighsame
ﬁitéﬂﬁﬁdobgwﬁo%hﬁg%%&@aﬂ@é tﬁ&?&gtw"%éﬁ%%ﬁ{ WRIGAt MEASHeMENS a5

MALDI-TOF-MS, showed that the te powder is a mixture consisting
Va%wﬁwr@@c@i@lﬁbwwﬂéﬁ@rmeﬂmﬂée@l@giamh a number of
{Ofggeatlng units of 4 to 12 and that the weight fraction of the cyclic

polyphenylene sulfide was about 92%. {0150} Thus, it is found that the
Theyisie! PAS Grodelefiongiroeb seeef ke inve it @éﬁ\?ést@ﬁbiﬂrﬂﬂétél@ﬁéaed to

Soﬁﬂ@ﬂ%gtﬁd%if&ﬁn?&“%{ﬁ@%gﬁrmlﬂz %ﬁ%ﬁi%%i%%%@%%@ RAGUES Ryving the

cyclic PAS in a larger quantity than the fed monomer, even if the feed ratio
solpaijvEem the fisartPASHNEthe @h&m@fﬁ@m%ﬁaﬁé@a 1gorspyre shurry, which

waﬁQQHb?@Haﬂl\{S YRRl o PEsehibeg @%H% %@ﬁ%ﬁuﬁ%g CATYHORPLINE were
operation using only the linear PAS and

recovered by filtration. and vacuum-dried at 70°C for 5 hours to produce (.65g of
white powder. Absorption spectra of infrared spectroscopy analysis showed that this
white powder was a compound comprising phenylene sulfide units. Furthermore, mass
spectrum analysis of components separated by high speed liquid chromatography,
along with molecular weight measurements by MALDI-TOF-MS, showed that the
white powder is a mixture consisting mainly of cyclic polyphenylene sulfide molecules
with a number of repeating units of 4 to 12 and that the weight fraction of the cyche
polyphenvlene sulfide was about 92%.

£0150}

Thus, it is found that the cyclic PAS production process of the mvention serves to
complete the cyclic PAS formation reaction i a short period of time and produce a
cyclic PAS in a larger quantity than the fed monomer, even if the feed ratio between
the lingar PAS and the monomer is changed.

{0151}

{Comparative example 1}

Described here are results of carrying out the operation: using only the liear PAS and
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an organic polar solvent as feed materials and without using a sulfidizing
agent and a dihalogenated aromatic compound. {0152} Except that only
6.48g of the linear PPS-1 (sulfur component 0.0600 mole) prepared in
Reference example 1 and 61.5g (6.21 mole) of NMP were used as feed

an pagtakapelad puveln assiedlovysiel| antovideaiitng stivdidinegageat and a

dih%%@%ﬂ?éﬁ%?oﬁﬁ)é% Oan\gas carried out. The total amount of the sulfur
co

ponents corning from the linear PPS-1 was 0.0600 mole, and the
{0lambunt of the solvent was about | O.OL per mole of the sulfur

ExEPNRANGHS duieeactian. misiys. ﬁé?&x%%&%%%?@?@@éb%&%i&%gﬂ@@ in
ample

material was taken, and subjected to the same™ procedure as in :
ReRmeneecovertded ayelie PR 8- Bowelaroivistivse easedaretbodasisnigl and put

in 20448 afWhite, Dowda! &%ﬁﬁ"f‘@i‘met%?%%}&?eﬁﬁ& 9 ﬁ%iﬁQQnﬁB?e‘ Nas

reaction had hardly proceeded. {0154} As clearly seen from the
carggfpaison beiskearw Combhratviexermplentih d@Examples thed 3eshEPS-1

waSYS00ARIS BRidly-oliaingd fasulfidizing agent andAinRlogenaledh. sulsur

aromatic compound are not used as feed materials. {0155} {Comparative
coraRangple RjtUesedberd mérisre results of carrying out the operation using
{Oloﬂ%’ the linear PAS, an organic polar solvent and an organic polar solvent

as feed materials and without using a dihalogenated aromatic compound.

A %’@ﬂ%PCEtﬁ@émﬁHé?pfﬁﬁlléﬂ.ﬁaﬁlﬁ@[fiﬁég‘élaés%@an@ér@?mﬁﬁeﬂle same
prddiAcedyLes asipLrample.d. was f2red; 0 Ppd he maaral abtained oW e q

the reaction was analyzed by high speed liquid chromatography, and

wapeilfsabhoived it thédy dlieRiasHimatich ReeXols 13879 deimainkpt the

rea@?ﬁ‘;tntﬂgd%%‘?dﬁc ponents in the reaction mixture had been completely
converted into the cyclic PAS. It was also found from the high speed liquid

{0kHromatography analysis that the main component of the product was not

As%ﬁ)ﬁ?ﬂ%@&%ro?ﬂq{%é %ﬁkﬁ%&@%@t&%@ﬂ’%ﬁ%%@@@@ﬂﬁ?@ﬁ‘téf‘f@%ﬁamples 1

linear'oligomer. {0157} As clearly seen from the comparison between
o Gohsarative dxampleizrdhd examgsied 1at0 B HalegchigsPngnd Raigeenated
arcRigingshibadibalogenated aromaticeampound is not
{0155}
{Comparative example 2}
Described here are results of carrying out the operation using only the linear PAS, an
organic polar solvent and an organic polar solvent as feed materials and without using
a dihalogenated aromatic compound.
{0156}
Except that p-DCB was not used as feed material, the same procedures as in Exampie 3
was carried out. The material obtained from the reaction was analyzed by high speed
iiquid chromatography, and resuits showed that the cyclic PAS formation rate was
3.07% assuming that the sulfur components in the reaction mixture had been
completely converted into the cyclic PAS. It was also found from the high speed liquid
chromatography analysis that the main component of the product was not a cyclic PPS.
Mass analysis data showed that the component was a linear oligomer.
{0157}
As clearly seen from the comparison between Comparative example 2 and Examples 1

to 3, the cyclic PAS is hardly obtained if a dihalogenated aromatic compound is not
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54 used as feed material. {0158} {Example 4} Described here are results
of the production of a cyclic PAS using different linear PASs as feed
material. {0159} Except that 6.48g (0.0600 mole) of the linear PPS-2
produced in Reference example 2 was fed as the linear PAS, the same
usegrasclagdraaisrial Example 1 was carried out to produce a cyclic PAS.
{01{‘929??0} The material obtained was analyzed by gas chromatography and
high speed liquid chromatography, and results showed that the p-DCB
{Exammdiidr consumption rate was 66.4%, and the formation rate of the

DeSIRICAR 5‘?&%‘5&1@9&%‘%@9 JRONAME L (R DG B WaS APRHEAS Hin i BES s

also shown that the cyclic PAS formation rate was 21.6% assuming that
as fensl sugridomponent in the reaction mixture had been completely
{Olc@averted into a cyclic PAS. {0161} Then, a 200g portion of the resulting

material was taken, and subjected to the same procedure as in Example

Ex@p tedvébate-eoelicmis oAl kesalt PE67gres GO9S puiRgioiie powedr 2
waffiheLyslic ERa Was opfaingd. ﬁﬁ@g&u}g i%_JOLHnE&%WV heRLsingihe oyt 1o

cyclic PAS production process of the invention, in the case where a
progiyfilizivgiigdit and a dihalogenated aromatic compound in an organic
{ORRJ r solvent whose amount is 1.25 liters or more per mole of the sulfur

component of the sulfidizing agent are heated to cause reaction to

Thereyitach PRSextvre eoHSisthEYoses cJerepRg aity aliddiel ageed liquid
chriglawed: By remevingiiheeiele PASHe sapaiRie sunile IneRhBAR: I8 was

use of the resulting linear PAS also serves to perform quick reaction for
66 dyeliend AIS: formation Wi rodue s Syl RS ntBC APed FEfURRiRY thrai-b)
walgr50Pn8mer ysedas ses mataiial ARLE3tErRMple R Raseibad.Rere o,

are results of the production of a cyclic PAS using a smaller amount of
assiEBHEn Shatidks th ERapAprat in the reaction mixture had been completely

converted into a cyclic PAS.

{0161}

Then, a 200g portion of the resulting material was taken, and subjected to the same
procedure as in Example 3 to recover the cyclic PPS. As a resuit, 0.67g of 90%-purity
white powder of the cyclic PPS was obtained.

{0162}

It 1s found that, when using the eyclic PAS production process of the invention, in the
case where a sulfidizing agent and a dihalogenated aromatic compound in an organic
polar solvent whose amount is 1.25 liters or more per mole of the sulfur component of
the sulfidizing agent are heated to cause reaction to prepare 2 PAS mixture consisting
of a cyclic PAS and a linear PAS, followed by removing the cyclic PAS to separate out
the iinear PAS, the use of the resulting linear PAS also serves to perform quick reaction
for cyclic PAS formation and produce the cyclic PAS in a larger quantity than the
monomer used as feed material.

{0163}

{Example 5}

Described here are results of the production of a cyclic PAS using a smaller amount of

feed materiais than in Exampie 1.

0164}

o
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{0164} 55 A 3.25g portion of the linear PPS-1 (containing 0.0301 mole
sulfur component) obtained in Reference example 1, 0.351g of 48 wt%
agueous solution of sodium hydrosulfide (sodium hydrosulfide 0.168g
(0.00300 mole), water 0.183g (0.0102 mole)), 0.313g of 48 wt% aqueous

A s@Raigropteparedifrohmesyd:Bhrity (sodisimnEy droiid e risdeli shlay choxierment)

obtAdf 9(RORIEQ Mot} yiater 6,4699 G%%S%\ﬁ(%‘%@l%o&lg%&ﬁﬁé?%Aium

of N-methyl-2-pyrrolidone (NKMP), ard 0.453g (0.00308 mole) o
hycm;sidlﬁldﬁo@@d'zeﬁnekcﬁimeﬁi@vefbl@@gid%@éﬁﬂe@&beh@tﬁb&a@mﬂw102
moﬁlgfeb.ér i“% tgfalamount of Slfr 98@@&939‘%&%@'%&0@6@%@&@ sodium

PPS-1 and sodium hydrosulfide was 0.0331 mole, and the amount’of the

hydsoNidnt(valaboutIe. 2t fer a0l $11AE Bulfar: corpahbstls i #1938 mole)).
614236100 mixtyre: {0165} Ay sealing NaseRStian LoNIAINer I AOKTAARD) of

gas atmosphere at room temperature under atmospheric pressure, it was

p-diddeeebforzano (e-DRtr framraotn terpeleit fctd 200G whitetlstirihg et The
totﬁog_méﬂn{t wesfuip e{gﬁ]&%ﬁ&]@r &98&&0 BNBUIIP {32/ OFpdl (WASH sodium

maintained at 270C for 2 hours and then quenched down to about room

hydermpéicrunes (0168] Matcniarériaf seatEdolaRCarrlEredNgy gasut 18.2L per
mofOERRRIOGEAPhY-ARchiah sheerldiad hrematography, and results

showed that the p-DCB monomer consumption rate was 55.8%, and the
{0¥6Prhation rate of the cyclic PAS relative to the feed monomer (p-DCB)

ARMRSARAUERON-dE VA BIRR SHOWR AL LY IS RARIOIMANAN fdi erature

was 28.8% assuming-that the sulfur compconent in the reaction mixture
undfgch eepumlEaiyrcohverdgdie RTyeePAR 0TS IOR ftmpthae 10

2080€ Wialt QfiiRe £YCieRAR sanlaingearad-BY desreasinalie (ptgl27o°c. 1t

amounts of the Teed materials. {0168} éExample 6} Described here are
wape S8 BREArrYing /Ut opEratidisifer ahe pheduetdirbit 9B MASPREIngom
t,3nll%rﬁggtrufrxéjnounts of feed materials than in Example 1. {0169} A 13.0g

portion of the linear PPS-1 (containing 0.120 mole sulfur component)

{0 diftained

The material obtained was analyzed by gas chromatography and high speed liquid
chromatography, and results showed that the p-DCB monomer consumption rate was
55.8%, and the formation rate of the cvelic PAS relative to the feed monomer (p-DCB)
was about 309%. It was also shown that the cychic PAS formation rate was 28.8%
assuming that the sulfur component in the reaction mixture had been compietely
converted into a cychic PAS.

{0167}

It is found that the vieid of the cyclic PAS can be increased by decreasing the mitial
amounts of the feed materials.

{0168}

{Example 6}

Described here are results of carrying out operations for the production of a cyclic PAS
using larger amounts of feed materials than in Example 1.

{0169}

A 13.0g portion of the linear PPS-1 (containing 0.120 mole sulfur component) obtained
in Reference exampie 1, 1.43g of 48 wt% aqueous solution of sodium hydrosulfide

(sodium hydrosulfide 0.687g (0.0122 mole), water 0.713g (0.0396 mole)}, 1.26¢ of 48

bE



in Reference example 1, 1.43g of 48 wt% aqueous solution of sodium
hydrosulfide (sodium hydrosulfide 0.687g (0.0122 mole), water 0.713g
(0.0396 mole)), 1.26g of 48 56 wt% aqueous solution prepared from
96%-purity sodium hydroxide (sodium hydroxide 0.582g (0.0146 mole),
Wity ameovs 570088t dipns 0BT melblof NPy idadsaditgy hydroxide

058018} me'S)o‘i’é)P"%é?t@é@@%&.‘&%ﬁ%@??ﬁggl}g%??%%"%%a and

stifrer. The total’amoun r components co rom the linear

1789 91aAdrsoelvinp ydPosuifideas 6laBRemctes bndaHe amating ofittre. The
total® lgﬁghﬁ\faﬁiagﬁ%ﬁ '%g'}!ngp(ﬁ{emg l%()_ﬁ{i £ ﬁ%!ltl"('rﬁ‘l%mlﬁ)ﬁ&? nﬁ’g‘—fh%nd sodium

reaction mixture. {0170} "After sealing the reaction container in a nitrogen

hydyasudiisiosphdré Bt Rodm sefberanrenupdéc sthospherapresdurel. ipsagole

of MEABAIUARAUEA LALLM FogM temperature to 200C while stirring at
400rpm. It was further heated for about 0.5 hour up to 270C. It was

{0@intained at 270C for 1 hour and then quenched down to about room

Afmgzﬁf% ONTHNY I&ﬁajﬁ@}qﬂaa‘ Bgﬁ&ﬂdg\é'?%%%tg %er(gﬁﬁ temperature

chromatography and high speed liquid "chromatography, and results
undhoieasther thepspTB invhbhratebisurhption hete Was: 5oRvscandrevere 1o

20(59@%'1?%{%@%%8&%? F o= RIAINEAIDS fseth meRomen (PGB ooc 1

was about 132%. It was also shown that the cyclic PAS formation rate
wafyagarpainsd assumiing that thelsuifupednipohentirclise réastonompbeste room
tenfl@lgen completely converted into a cyclic PAS. {0172} Thus, itis

found that a cyclic PAS can he produced with high yield even if large
{0hfhounts of feed materials are used. {0173} {Example 7} Described here

Th&RARSUIS Bt Production aleieydic Féﬁl%ﬁategr B AN AHSOL e edyia
materials than in Example I'and using the linear PPS-2 produced in

chiRigd pesdei e dirh pre Ut a shpiacrb delinea pPX Pnratat Blc{OPIA)mR Q1 4gte Was
59.Q%Eiﬁﬁﬂ%%z%%fﬁ%gf%%%ﬂ@9@99%@31%({@@@%5&9{9{&"&%@{1@3{){28)

obtained in Reference example 2, 2.81g of 48 wt% aqueous solution of

waggdiih IRydrosufide pwditheiny diabitder T B5540. doanaoleptwates 12.1%
ass%nﬂﬁ% (glgﬁ%rﬁﬁiﬁ»’componem n the reaction mixture had been completely
converted into a cyclic PAS,

{0172}

Thus, it 15 found that a cyclic PAS can be produced with high vield even if large
amounts of feed materials are used.

{0173

{Example 7}

Described here are results of the production of a cyclic PAS using larger amounts of
feed materials than in Example 1 and using the linear PPS-2 produced in Reference
example 2 as the feed linear PAS material.

{0174}

A 10.4g portion of the linear PPS-2 (containing 0.0960 mole sulfur component)
obtained in Reference example 2, 2.81g of 48 wi% aqueous solution of sodium
hyvdrosulfide (sodium hydrosulfide 1.35g (0.0240 mole), water 1.46g (0.0811 mole)),
2.57g of 48 wt% aqueous solution prepared from 96%-purity sodium hvdroxide
(sodium hydroxide 1.19g (0.0297 mole), water 1.33g (0.0739 mole)), 617g (6.22 mole)

of NMP, and 3.53¢ (0.0240 mole) of p-DCB were put in a stainless steel autoclave with

Ry }
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2.57g of 48 wt% aqueous solution prepared from 96%-purity sodium

hydroxide (sodium hydroxide 1.19g (0.0297 mole), water 1.33g (0.0739

mole)), 6179 (6.22 mole) of NMP, and 3.53g (0.0240 mole) of p-DCB

were put in a stainless steel autoclave with 5 a stirrer. The total amount of
a sgukur Domptients eontinguliom ehepireatP eeringnidomothie Mitepd o8 bfidend

sodfYdy Qy&??%ﬁ?&%’ ghddnepmorntohthe salvent ‘S’fﬁaé‘%ﬂ}egk%&s %’[%uWS’.'@QL

of the sulfur components in the reaction mixture. {0175} After sealing the
perrpabtiohtboAtdinerdmamitisg enthascathasphsterat room temperature
{{)1"}{3‘?” atmospheric pressure, it was heated for about 1 hour from room

temperature to 200C while stirring at 400rpm. It was further heated for
Aftgbee 0.5 thoueagiicn 270@INkr Was PHaSEIINEY atR7QBeforat toum snptreiire

un&?%ﬂﬁﬁg%gﬂw Brg%%pé) yt WM@%‘?@%E%HE% P %g% Ifll:—éﬁ F@gﬁ?@ﬁg}&e ature to

obtained was analyzed by gas chromatography an speed

20%%%&&)@?&9@?%@?@@4 &s\mﬁv@amm@o@smﬁw@ to 270°C. It
waSORSHMRLON rateyas %rfs%(’h%ﬂg %})ﬁiqut' ﬁgﬂ%@f&G%ﬁyﬁl'caBﬁ room

relative to the feed monomer (p-DCB) was about 98%. It was also shown
tenpeiathiee cyclic PAS formation rate was 19.7% assuming that the sulfur
;nggpponent in the reaction mixture had been completely converted into a

cyclic PAS. {0177} Then, a 200g portion of the resulting reaction product
Thevawie@nobiathed bjestesay zhé Basss mlvestirerastis BExarhise speed liquid

ch‘B%‘fQ&ﬁ%f@Iﬂ%’?MﬁBcrgﬁlﬁs 'g?tﬁ)@vég%igt @m%ﬂﬂ_g%%%&&i@%%ﬁ%%ﬁ%?&t@fwas
the cyclic PPS was obtained. {0178} Thus, it is found that a cyclic PAS

86.6%n wdphsdosmatigirFihiyis¢wisnh hrgetambuie fotfendnmarsrad CB)
walrSHaedand thaftbecyclic.BASipanke Aragdueedefficiently, inderms of o,

the yield per unit amount of the reaction product. {0179} {Example 8}
asspagiibe Hbre WdFesonwotidhie Probicien shaylicP g caavie¢gupletely

corsingstilly Ig%fig@}@g.nts of feed materials than in Example 6. {0180} A
20.7g portionof the linear PPS-1 (containing 0.192 mole sulfur

{0kbponent) obtained

Then, a 200g portion of the resulting reaction product was taken, and subjected to the
same procedure as in HExample 3 fo recover the cyclic PPS. As a result, 1.08g of
86%-purity white powder of the cyclic PPS was obtained.

f0178}

Thus, it 1s found that a cyclic PAS can be produced with high vield even if large
amounts of feed materials are used and that the cyclic PAS can be produced efficiently
in terms of the yield per unit amount of the reaction product.

£0179}

{Example 8}

Described here are results of the production of a cyclic PAS carried out using still
larger amounts of feed materials than in Example 6.

{01807

A 20.7g portion of the linear PPS-1 (containing .192 mole sulfur component) obtained
in Reference example 1, 5.61g of 48 wt% aqueous solution of sodium hydrosulfide
(sodium hydrosulfide 2.69g (0.0480 mole), water 2.92¢ (0.162 mole)}, 5.22g of 48
wi% aqueous solution prepared from 96%-purity sodium hydroxide (sodium hydroxide

2.40¢ (0.0601 mole), water 2.71¢ (0.151 mole)), 615g (6.21 mole) of NMP, and 7.06g

H8



in Reference example 1, 5.61g of 48 wt% aqueous solution of sodium

hydrosulfide (sodium hydrosulfide 2.69g (0.0480 mole), water 2.92g

(0.162 mole)), 5.22g of 48 wt% aqueous solution prepared from

96%-purity sodium hydroxide (sodium hydroxide 2.40g (0.0601 mole),
(0.048templ7n gl (-5 Brivsks) pu6 15 ¢ (BuRlessiedlofivPyandi7 ©6greg The total

amégr{?%%meé% 69691% WaIS %Hhﬂﬁéaﬂmsasﬁ‘%‘?i %HEPQ&%YﬁrYlvi{pd?osulﬁde

stirrer. The total amount of suffur components coming from the linear

waPPRSt mahel sodithn #pdroswifide whet 2amadteradd thepamvolst of thesulfur
con?;g’(gYEH{sVﬁ?ﬁq@h’Qé&%a?%)RS{emo|e of the sulfur components in the

reaction mixture, {0181} After sealing the reaction container in a nitrogen
{01§d$ atmosphere at room temperature under atmospheric pressure, it was

Aﬁ%e;?é%‘?nfé’ bRbQUE d RourtiemLraom e (é)?{ E‘}%’s’ B0 G While, SN b rre

00rpm.’It was further heated for about'0.5"hour up to 270C. It was
underaiitzifeibae 2TOCUWSE 1t HodhgagdHen g chbduddipmtscaboifrpersiure to

2008 REMRIEG49182h kbR MaleralARiained 43S analZed ME8S 1o 270°C. kit

chromatography and high speed liquid chromatography, and results
wasHoaiatiiet thie HIOEB Wioromei censuhpriofead ofasiBT2%, apritheoom
tenfBéFQ&E‘Q.n rate of the cyclic PAS relative to the feed monomer (p-DCB)

was about 55.8%. It was also shown that the cyclic PAS formation rate
{0335 11.2% assuming that the sulfur component in the reaction mixture

Thd3GLREEN GRMRIEIEN. CORYEU&H Q2 GG RASAAHS3hdThER: 82009iquid

portion of the resulting reaction product was taken, and subjected to the

chregie prodedanrd aesIHE s Biab tecovet thansyelisP PISNEIBEsfite Was
3730128071 86%: Rty WhitsMAwden of the cyelin PRSWas aniaines-19184t By

Thus, it is found that a cyclic PAS can be produced with high yield even if
wafgfgauiamotintsioffeed mraterini Hig (iedunl tRABtRRrBBIRNPAS san he-270

assRFRRuCad etliciently, n trms glithe vild prbupitAmouNtohthe eactiDfirely

product. {0185} {Example 9} Described here are results of the production
conyferied/Ele PABBadied out using still larger amounts of feed materials
sofhan in Example 8.

Then, a 200g portion of the resulting reaction product was taken, and subjected to the
same procedure as in Example 3 to recover the cyclic PPS. As a result, 1.12g of
86%-purity white powder of the cyelic PPS was obtained.

{0184}

Thus, it 1s found that a cyclic PAS can be produced with high vield even if large
amounts of feed materials are used and that the cyclic PAS can be produced efficiently
in terms of the yield per unit amount of the reaction product.

{0185}

{Example 9}

Described here are results of the production of a cyclic PAS carried out using still
larger amounts of feed materials than in Example 8.

{0186}

A 36.3g portion of the linear PPS-1 (containing 0.336 mole sulfur component) obtained
in Reference example 1, 9.82g of 48 wt% aqueous solution of sodium hvdrosulfide
{sodium hydrosulfide 4.71¢g (0.0840 mole), water 5.11g {0.284 mole)), 8.02g of 48

wt% agueous solution prepared from 96%-purity sodium hydroxide (sodium hydroxide
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{0186} A 36.3g portion of the linear PPS-1 (containing 0.336 mole sulfur
component) obtained in Reference example 1, 9.82g of 48 wt% aqueous
solution of sodium hydrosulfide (sodium hydrosulfide 4.718 (0.0840
mole), water 5.1I(, (0.284 mole)), 8.02g of 48 wt% aqueous solution

3 TadbAI fromiF 863 Py TS koK fed@iimmy o deVED B 0g 3¢
(0. 694%%61% LA L T0(9:23270180): 6159,(6:24 MOlR) PENMP 130 1z

(020840 mole) of p-DCB were put in a stainless steel autoclave with

amausm r@é rswlﬁué Q@mm@mm aewirgiftine dhagorentE orhin! frofiimenlideesuliide
wafE 21 SR ydrosyiiide. %%Qt%@é’é‘éu@ﬁ‘%ﬂep@m%fg&f e suifur

solvent was about 1.43L per mole of the sulfur components in the
corp@antivl misawireaqOagR)ixafter sealing the reaction container in a nitrogen
{0 atmosphere at room temperature under atmospheric pressure, it was
heated for about 1 hour from room temperature to 200C while stirring at
Aﬂ&omhwthﬁagamga\emiéai@e@ BreaigigEeIsAEe GHUPSIIP PO rPoiysgnperature

@E%’e %’ ngufl%r 1 hownagdihen Qééﬁﬂcﬁﬁguﬂ%’l% E%QQ%M&Q%re to
temper

The material obtained was analyzed

20%%3@@9%&@%@ dpeed fidther ktatsminoaraphy, Dalmré@lmsﬂo"(? It
waShQWedhat the p,peB MOQOVH%C%%U[H&'O@@%@@%&%% a0 om

formation rate of the cyclic PAS relative to the feed monomer (p-DCB)
iempgRiaBdut 26.2%. It was also shown that the cyclic PAS formation rate
f014gs 5.23% assuming that the sulfur component in the reaction mixture

had been completely converted into a cyclic PAS. {0189} Then, a 200
Thearaériaf ﬂ’féaﬁég@nfw@ rssdtien proderet Wasrtakesr2ahy @@%Jé&boﬁwqﬁgmd

chIAMO HLERAYRR 25:(N:EXARRAIE BilP IRCOMSE WS YRIGR RS MBS Whe was
091go é% -purity white powder of the cyclic PPS was obtained. }0190}

82 ?Ffwné ibedaraater wiseficPATiakhe jslsttiedd Wetherigmyperasven i B)
waldi@guamesnisiphieed materals. (ot #lsQ gk tha CyehimBiiva ¢4 Reis 5.23%

produced slightly less efficiently in terms of purity as well as the yield per
assyAtEnibahtsT i fEactivRopestuBt BS deRsHAFe AWt thB84sr Gty ompletely

COM%@qgtg@%gggq)p@ferable feed material conditions of the invention.
{0189}

Then, a 200g portion of the resulting reaction product was taken, and subjected to the
same procedure as in Example 3 to recover the cyclic PPS. As a result, 0.91g of
83%-purity white powder of the cyclic PPS was obtained.

{0190}

 Thus, it is found that a cyclic PAS can be produced with high vield even if large
amounts of feed materials, but also that the cyclic PAS can be produced slightly less
efficiently in ferms of purity as well as the yield per unit amount of the reaction
product as compared with the products obtained under the preferable feed material
conditions of the invention.

{0191}

{Example 10}

Except that heating the feed materials from 200°C to only 250°C, maintain the
temperatare at 250°C for 1 hour, followed by quenching down to about room
temperature to provide a reaction product, the same procedures as in Example § was

carried out,
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}0191} {Example 10} Except that heating the feed materials from 200C to
only 250C, maintain the temperature at 250C for 1 hour, followed by
guenching down to about room temperature to provide a reaction product,
the same procedures as in Example 8 was carried out. 60 {0192} The
{O1fdkerial obtained was analyzed by gas chromatography and high speed

ThdiGHIGE SN omAtaQraphy -aRd Jeswis showed that he R DEB MANAMRH liquid

consumption rate was 87.4%, and the formation rate of the cyclic PAS
chreatativg aphthefead rehomarehlDC By Wi dbotpBsrEyLqnias ERp rate was

57 300WRhat fhecvelic RASTRIMAtiap e wasit0 &%a3sHRIs-hat e CR)

sulfur component in the reaction mixture had been completely converted

waintbarcyelic PAS Wo18isp Tk abg0 o poitioh Bt thérestitng #sattien 0.8%
assREQAUCIAS kG K. AN SRIGSIE GRS S5aME EASRALIEAS tREXBMBIR By

to recover the cyclic PPS. As a result, 2.8g of 96%-purity white powder of
conrriegddnorrsaiagdbtained. Furthermore, after the extraction operation
{Olf% }this cyclic PPS recovery, the solid material remaining in the filter paper

thimble was dried overnight at 70C under reduced pressure to produce

TheaupPoyror eenwehitbestsht Hitarratir WA it jetet t6tanar S8 afeC Lo the

sarfBPSARIGR SREGHarabinfiared sPecliReraRy [Ralxsisisiowed thakif was @ of
linear PPS. {0194} It is found that as compared with Example 8, the éyC“C

S6PagrEnBEBroawesy af filgh cyrdia &len Taheheaaaen fertramtise iter the
extlQUESEd Andihata- Gyelic RS pith vephighnpuriy cande abtainedng in the

though the cyclic PPS production efficienoc is slightly lower in terms of
filtgsepgRer R RIAIMEh GSE o T cto AU Fo dEIEE (DS P PXEife TR 1 oduce

abRIESHY, ibgd _E‘ﬁf%}%'@ "s%%'tﬁagte&@ﬁ.pfp%@ti%gfc%&y@i%aﬁ%igaaﬂ@da%rpﬁon
using the linear PPS produced in Example 10 as feed. material. {0196} A

spepgy gl posRoPEsE Moy PPRYEs SRR BRL BOVRGId BEHUT COmponent)
foPhtained in Example 10, 5.26g of 48 wt% acqueous solution of sodium

t hydrosulfide (sodium _ ) )
It isfound that as compared with Example 8, the cyclic PAS can be produced at high

vield even if the reaction temperature is lowered and that a cyclic PPS with very high
purity can be obtained though the cyclic PPS production efficiency is slightly lower in
terms of the vield per unit amount of the reaction product.

{0195}

{Example 11}

Described here are results of the production of a cyclic PAS carried out using the linear
PPS produced in Example 10 as feed material.

{0196}

A 19.4g portion of the linear PPS (containing 0.180 mole sulfur component) obtained
in Example 10, 5.26g of 48 wt% aqueous solution of sodium hydrosulfide (sodium
hydrosulfide 2.53g (0.0450 mole), water 2.74g (0.152 mole)), 4.88g of 48 wt%
aqueous solution prepared from 96%-purity sodium hydroxide (sodium hydroxide
2.25g (0.0563 mole), water 2.54¢g (0.141 mole)), 577g (5.82 mole) of NMP, and 6.62¢g
{0.0450 mole) of p-DCB were put in a stainless steel autoclave with a stitrer. The total
amount of sulfur components coming from the linear PPS and sodium hydrosulfide
used as feed materials was 0.223 mole, and the amount of the soivent was about 2:50L

per mole of the sulfur components in the reaction mixture,
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hydrosulfide 2.53g (0.0450 mole), water 2.74g (0.152 mole)), 4.88g of 48
wt% aqueous solution prepared from 96%-purity sodium hydroxide
(sodium hydroxide 2.25g (0.0563 mole), water 2.54g (0.141 mole)), 5779
(5.82 mole) of NMP, and 6.62g (0.0450 mole) of p-DCB were put in a
{01&ainless steel autoclave with a stirrer. The total amount of sulfur

AREPTRANSIIS COMIRG from: the lﬂﬂé’%ﬁxﬁg RRdisRAium Rydrasuiite (W ried

as feed materials was 0.225 mole, and the amount of the solvent was

outaBbatmEetalydrsinsié whRieaHed boraporlziv s dedioaetid iiaihapred Gguid
chr‘g%'gtz}glﬁ gr RigRasing he, Nt R e. HeS ABR.ARe aIRNABN rate was

Example 10 was carried out. The material obtained was analyzed by gas

81.¢hrorndtthyrEphyrai TigIv s Beedy HhaiBA errdahztoigr dphizca iacRauRs (p -DCB)
waSnaweddhat the RyRCEMONAMEHERNRLBRIAN A %ﬁ%aﬁ%rﬂ?/&ea&% dhe 9o,

formation rate of the cyclic PAS relative to the feed monomer (p-DC
assiyaggbdat acsgplitrnwessnaieaeshoirihh JeasE ¢y aRENPAS fokhnBeRsh satapletety

Coﬁ@@ﬁ&@&@ %awgg that the sulfur component in the reaction mixture
had been completely converted into a cyclic PAS, {0198} Then, a 200g

{08ttion of the resulting reaction product was taken, and subjected to the

T hé@ra%é@é?&%% % INEXMAIE FIREBEWBHIRE CYCHABR S J@é@ﬁ 10 the
1.02g of "97%-purity white powder of the cyclic PPS was obtained. {0199}

SarE OPROESGTpRS 11, itNanidlng that ecpigh %@nﬁy%lycm%ﬂsxxéwﬂ%ult L. 0’>g of
97@0 duced with-Righe Yigld evenif apeagction mixture consisting of a linear

S, sulfidizing agent, dlha1ogenated aromatic compound, and organic
fobb%r solvent is heated to cause reaction to prepare a PAS mixture

Fr &ﬁrﬁmﬁgeai eyglic RAR@Nd3 ip E@ LERAS fRllQweds QMW?Y&'&Q&@&M{«&"}% oh

PAS to separate out the linear PAS, which is then used as feed material

vigld_ eiffd liHedr PASI(R) TOPO0 LOBHRYAIVE BxHRTEle B DestifuinEepgent.
ditAIEJESHIS QiSRG %Sﬁﬁﬁﬁﬁﬁat%gdr%%'ﬁ'& eIV BRIG Reated to cause

concentration range than preferred in the invention. Specifically, the

reagHIBUTS FR0REC BriARiEbEIIE SOWBHERSIA Fas e & thaRd DERE S per inlbraved
by QEHS SIULCAMRONERTEIRthe e dal AR MAd @A020% ch is then used as feed

material, i.e., the linear PAS (a).

{0200}

{Comparative example 3}

Described here are results of using a concentrated reaction mixture in a higher
concentration range than preferred in the invention. Specifically, the amount of the
organic polar solvent fed was less than 1.25 liters per mole of the sulfur components in
the reaction mixture.

10201}

A 43 2g portion of the linear PPS-1 (containing (.400 mole sulfur component) obtained
in Reference example 1, 11.7g of 48 wt% aqueous solution of sodium hydrosulfide
(sodium hydrosulfide 5.61g (0.100 mole), water 6.08g (0.338 mole)}, 10.4g of 48 wit%
aqueous solution prepared from 96%-purity sodium hvdroxide (sodium hydroxide
4.800¢g (0.120 mole), water 5.42g (0.301 mole)), 496g (5.00 mole) of NMP, and 14.7g
(0.100 mole) of p-DCB were put in a stainless steel autoclave with a stirrer. The total
amount of sulfur components coming from the linear PPS-1 and sodium hydrosulfide

was 0.50 mole, and the amount of the solvent was about 0.971. per mole of the sulfur
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A 43.2g portion of the linear PPS-1 (containing 0.400 mole sulfur
component) obtained in Reference example 1, 11.7g of 48 wt% aqueous
solution of sodium hydrosulfide (sodium hydrosulfide 5.61g (0.100 mole),
water 6.08g (0.338 mole)), 10.4g of 48 wt% aqueous solution prepared
conypmeReYRprityasvdiumikipdeoxide (sodium hydroxide 4.800g (0.120
oFnele), water 5.42¢g (0.301 mole)), 496g (5.00 mole) of NMP, and 14.7g
X (O.iOO mole) of p-DCB were put in a stainless steel autoclave with a
AfistirresliMhéhtoted caprownmtonsuifuecotrshics domimgdront tieetineayperature
undZP St ABA RN yelrosullde s QSR eey And iR, AMaHAL ARG ure 1o

solvent was about 0.971, per mole of the sultur 62 components in t

20teacroie rixture at {HH0RMATer sebliNy teaeddionluontdinéein amierdgei-. It
wadARAMARRNGHE o Jempgrature, Infst AlMoRpRere RIeSRUrg, tWaSom

heated for about 1 hour from room temperature to 200C while stirring at
eny@eepie- It was further heated for about 0.5 hour up to 270C. It was
{Omg'ntained at 270C for 1 hour and then quenched down to about room

temperature. {0203} The material obtained was analyzed by gas

Thehrsisaed graisyeandasi ghadpest biguas chromategeaphyaahdigsuipsed liquid
cm%%@&’ég%g&&?}. HSRRGE BeIeLLaRsYMBEN [RIG Was czésﬁ%pﬁ&g € was

formation rate of the cyclic PAS relative to the feed monomer (p-DCB)

75 \Was apbiiesrevionweis aldbshioiin Hist tatadyelie Madrsrmatiomeate-DCB)

wal/8Bfn/ 2¥5ASIUNING, RRtINGSUITE CAMPARIRNPHKING IRAGHORMIXIUES 729,
had been completely converted into a cyclic PAS. {0204} Thus, it is

assinY that atles/ ciid P Sosap it b e braitleerand atpo lase DigRe gpmpletely

Cofvlgrﬁgd%oy%%l{gmgery large part of the product if the reaction mixture
of the feed materials is in a higher concentration range preferred for the

{03f¢ention. [Industrial applicability] {0205} The invention provides a
ThRECRES SRR RHCE ZayCto, RAlyRTYIeRE Sulfide: GranMIc by S Alear PPS)

quickly and efficiently. Cyclic polyarylene sulfide has high industrial value
acqeepatidaritisaiiiesiagmaterial fokpriademgih tire spasoyarperarsuidie feed

maMHR Righ, ﬂ%@f&%@ﬁ&%‘ﬂf%ﬂ%ﬂg@ pgsgferred for the invention.

fIndustrial applicability]

{06205}

The invention provides a process to produce a cyelic polyarvlene sulfide economically,
simply, quickly and efficiently. Cyclic polyarylene sulfide has high industrial value
because it serves as material for producing a linear polyarylene sulfide with a high

degree of polymerization.
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[Title of the document] Claims [Claim I] A process for producing a cyclic
polyarylene sulfide comprising the heating of a reaction mixture
containing at least (a) a linear polyarylene sulfide, (b) a sulfidizing agent,
(c) a dihalogenated aromatic compound, and (d) an organic polar solvent,
[ Titls catlsedeacion télafoduce a cyclic polyarylene sulfide wherein the
amount of the organic polar solvent is 1.25 liters or more per mole of the
sulfur component in the reaction mixture. [Claim 2] A process for
[Clprsdiicing a cyclic polyarylene sulfide as claimed in Claim | wherein the

. . : - ope
A éﬁ??%%g e e%@%ﬂgg,'% ahoye f&%@ﬁﬁiﬁ%ﬁm JE&%g%% 'ﬁgmms of 4

| r atmospheric press ess Tor producin
reagiyeliqpsiyeryleneisulfidelegsclaimed in either Claim | or 2 wherein the

(a) Q@B&H}tﬂl%ﬁr%@{lﬁiﬂglar solvent used is 50 liters or less per mole of
"~ th ur con '

e sulfur component in the reaction mixture. [Claim 4] A process for
(b) prodiidiatna eg@iic polyarylene sulfide as claimed in any of Claims 1 to 3

(©) W'&ﬂ(&i%%%t@&%&ﬁ%ﬁ%%%&i%@e heating of the reaction mixture is
0.05 N t uge

i
MPa or more in terms’of gauge pressure. [Claim 5] A process for
(d) prodigeimyg aodyictiel polisarylene sulfide as claimed in any of Claims 1 to 4

o YAISESL e Hihalgagnated Aramall LoMmRRUNA £GL IS HISHIOTRRENZENR: of the

[Claim 6] A process for producing a ctyclic polyarylene sulfide as claimed
organEn)BRCIaliestl isol 5 WiiereiprtiveosulfiiZing cage My ylsias atkatinmetal the
reasiifide; {&laim 7] A process for producing a cyclic polyarylene sulfide as

claimed in any of Claims | to 6 wherein a polyarylene sulfide prepared by
[Clailswing a sulfidizing agent to come in contact with a dihalogenated

A ﬁB%@@%rcﬁm%géQ%Q Wﬁ%@@ﬁm\ﬁ%@sia%&qﬁ @%m 1 wherein the

heating temperature is above the reflux temperature of the reaction mixture under
atmospheric pressure,

[Claim 3]

A process for producing a cvelic polyarylene sulfide as claimed in either Claim 1 or 2
wherein the amount of the organic polar solvent used 1s 50 liters or less per mole of the
sulfur component in the reaction mixture.

IClaim 4]

A process for producing a cyclic polyarylene sulfide as claimed in any of Claims 1 to 3
wherein the pressure applied during the heating of the reaction mixture is 0.05 MPa or
more in terms of gauge pressure.

[Claim 3]

A process for producing a cyclic polyarylene sulfide as claimed in any of Claims 1 to 4
wherein the dihalogenated aromatic compound (¢) is dichlorobenzene.

[Clain 6]

A process for producing a cyclic polyarylene sulfide as claimed in any of Claims 1 to 3
wherein the sulfidizing agent (b) is an alkali metal sulfide.

[Claim 7]

A process for producing a cyclic polyarylene sulfide as claimed in any of Claims 1 t0 6
wherein a polyarylene sulfide prepared by allowing a sulfidizing agent to come in

contact with a dihalogenated aromatic compound in an organic polar solvent is used as
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the linear polyarylene sulfide (a). [Claim 8] A process for producing a
cyclic polyarylene sulfide as claimed in any of Claims 1 to 6 wherein a
sulfidizing agent and a dihalogenated aromatic compound is heated in an
organic polar solvent whose amount is 125 liters or more per mole of the
the Skt nedvapdarhEigee sulfidizing agent to cause reaction to produce a
[Clmﬁy@rylene sulfide mixture consisting of a cyclic polyarylene sulfide and a
linear polyarylene sulfide, followed by removing the cyclic polyarylene
A psptfseifropiofiecingeurEcinaUEmyiene steBdriAy dineadsyanfidanifidgo ¢

whasite et palyaiyleneRullids (@ Lekaim SLARie {QrRrRIHEINgiSn an

cyclic polyarylene sulfide as claimed in any of Claims 1 to 6 wherein a
OTSABHC R BRI COTRSISTIfENOERL [Sabtd (IHEET poIVEIAkR soffgefathe sulfur

corfifilizng aaealfuhalagenaled ATl EAMPANA NG A9, HIARIC sulfde

_polar solvent in which the amount of the organic polar solvent is 1.25
MINHEEs SITiBDeF mslecht thelvatgresimpsiettdnahBpen oobrmilsagraukide.

follBeRIed{o-caUsE [eARioN IR MKAJMSS.a e RRIYRTYI8RG, SUlide MEKWERG using the
ot

consisting of a cyclic polyarylene sulfide and a linear polyarylene sulfide,
resygipvBRCRY relyvisaetReide e teljastepel suIfigas i ¢hé2 mixture and
Cigﬁ}pg]the resulting linear polyarylene sulfide as the linear polyarylene

sulfide (a). [Claim 10] A process for producing a cyclic polyarylene sulfide
A PAQCERSiIMOE inCERIN B RCHE P LY IshR st it By efhdteasiaro 6

wh¥yeight, ofthe linear.petyarylengisuliide {a) das2 2QhemRIabene sulfide, a
sutfidizing agent, a dihaiogenated aromatic compound and an organic polar solvent in
which the amount of the organic polar solvent is 1.25 liters or more per mole of the
sulfur component in the reaction mixture is heated to cause reaction to produce a
polvarylene sulfide mixture consisting of a cyclic polyaryviene sulfide and a linear
polvarylene sulfide, followed by removing the cyclic polyarylene sulfide from the
mixture and using the resulting linear polyarylene sulfide as the linear polyarylene
sulfide (a}.

[Claim 10]

A process for producing a cyclic polyarylene sulfide as claimed in any of Claims 1 t0 9
wherein the weight average molecular weight of the linear polyarylene sulfide (a) is

2.500 or more.



