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Anot her cyclic polyarylene sulfide production process
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{0008pcunent 4] Japanese Exami ned Patent Publication
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w1th a8 %lﬁﬁlg)thlolate group at least at one end is reacted with a dihalogenated
aromatic compound to cause polymerization (for instance, see Patent document .
This process, which relates to the modification of a polyarylene 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 polyarylene sulfide.



[ Patent docunent 8] Japanese Unexam ned Patent
Publ i cati on (Kokai) No. Hei 02-140233 (C ai ns)
[ Patent document 9] Japanese Unexam ned Patent
Publ i cati on (Kokai) No. Hei 04-213329 (d ains)
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withy fanglkali ﬁl@ioé gpupbate ps Jeagioone lend, followed by polymerizing this
prepolymer and a dihalogenated aromatic compound. As compared with the invention
in which a linear polyaryleﬁe sulfide, a sulfidizing agent and a dihalogenated aromatic
compound are reacted together, the above-mentioned has many problems including the
necessity of accurate reaction control and difficult operations.

{0009}

There are other disclosed processes in which a polyarylene sulfide used as feed
material is reacted with an alkali metal sulfide. In one of them, a thiolate group is
ntroduced to an end of a polyphenylene sulfide to produce a highly reactive
polyphenylene sulfide (for instance, see Patent document 8) while in others, a
polyarylene sulfide is reacted with an alkali metal sulfide to synthesize a prepolymer
with an alkali thiolate group at least one end, followed by reaction with various
dihalogenated aromatic compounds to produce polyarylene sulfide based copolymers
(for instance, see Patent documents 9 to 12). These processes, however, have purposes
diffei:ent from that of the present invention, and the documents not only describes
nothing about cyclic polyarylene sulfides, i.c., 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 (Kokoku) No. Sho
45-3368 (p. 6 to 8)

[Patent document 5] Japanese Examined Patent Publication (Kokoku) No. Sho



The di scl osure sol ves the aforenenti oned probl ens by
providing the foll owi ng processes. Process 1 In one
aspect, there is provided a process for producing a
CYC|iC pol yaryl ene sul fide conprising the heating of
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[Patent document 10} Japanese Unexamined Patent Publication (Kokai) No. Hei

04-311725 (Claims}

[Patent document 11] Japanese Unexamined Patent Publication (Kokai) No. Hei
05-043689 (Claims)

[Patent document 12] Japanese Unexamined Patent Publication (Kokai) No. Hei
05-98007 (Claims)

[Nonpatent document 1] Bull. Acad. Sci., vol. 39, p. 763-766, 1990
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[Summary]
[Problems to be solved by the disclosure]
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The disclosure aims to solve these aforementioned problems with prior art and
provides a process for producing a cyclic polyarylene sulfide economically, quickly,

simply and efficiently.

[Means of solving the problems]

{0011} 4

The disclosure solves the aforementioned problems by providing the following
processes.

Process 1

In one aspect, there is provided a process for producing a cyclic polyarylene sulfide
comprising the heating of a reaction mixture containing at least

(a} a linear polyarylene sulfide having a weight average molecular weight of 1000 to
1000000,



Process 3 A process for producing a cyclic

pol yaryl ene sulfide as clained in either Process 1 or

2 wherein the amount of the organic pol ar sol vent

used is 50 liters or less per nole of the sulfur

conmponent in the reaction m xture. Process 4 A
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metal s Process
mixture.
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A process for producing a cyclic polyarylene sulfide
as clainmed in any of Processes 1 to 6 wherein a
pol yaryl ene sul fide prepared by allowi ng a
sul fidizing agent to come in contact with a
dihalogenated aromati c conpound in an organi c pol ar
sol v is used as the linear polyarylene sulfide
Procpgs Process 8 A process for producing a cyclic
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Process 9 A process for producing a cyclic

sulfiy SpEPREH dn g reacien FExBIQ; ned in any of Processes 1

to 6 wherein a reaction m xture consisting of at

| east a linear polyarylene sulfide, a sulfidizing
Pragsst , a di hal ogenated aromati ¢ conpound and an
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sulfide and a linear polyarylene sulfide, followed by
renmovi ng the cyclic polyarylene sulfide fromthe
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sul fide as the linear polyarylene sulfide (a).
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the linear polyarylene sulfide (a) is 2,500 or nore.
[Effect of the invention] {0012} The |nvent|on
Proges\fl des a process for producing a cyclic pol yaryl ene

A HJ:efslé ﬂﬁ ﬁg@hﬂ:‘iﬁ%& cgﬁﬁ ;%:ofl%z%?lleh% sullﬁﬁe Ry Xirge%lsmlaafu? a)cf')%‘?gg‘esses 1

or produ yary ene’ su
to 2ehaem tha blhlﬁdlzﬂlg agehty(b) & anpdlyalbnetabhdl fidd. ent | y.

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 sulfidizing agent to come in
contact with a dihalogenated aromatic compound in an organic polar solvent is used as

the linear polyarylene sulfide (a).



[ Best node for carrying out the invention] 100131

Details of the invention are described below. (1)

sul fidi zing agent {0014} Any sulfidizing agent can be
-used for the invention if it can introduce sulfide
Prdeetds i n a di hal ogenated aromatic conpound or act on

aryl ene sul fide bonds to forman aryl ene thiolate,
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used In the formof a hydrate, aqueous

e
fes‘;@& que@;; pelyaryleng avifide as i liaguawlirylene wifade (@).t hi s
case refers to an aqueous solution, a mxture of an
aqueous solution and a solid conmponent, or a mxture
Progfss kat er and a solid conponent. Conmon | ow priced
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whil) Bl GRip GE the PR e 1y OP BER 115, PR oRh per mol of the
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éon isting of an alkali netal hydrosul fide and gh
sulfide (a3 | netal hydroxide. It is also possible to use an

al kali metal sulfide prepared by allow ng an al kal

metal hydrosul fide and an al kali netal hydroxide to
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[Effect of the invention]

{0012}

The invention provides a process for producing a cyclic polyarylene sulfide and more
specifically, it provides a process for producing a cyclic oligo(polyarylene sulfide)
economically, quickly, simply and efficiently.

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

Details of the invention are described below.
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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
alkali 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 aqueous mixture
is 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 suifide. A useful alkali metal sulfide can also be
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preferably in the range of 0.95 to 1.50 moles, preferably 1.00 to 1.25 moles, more
preferably 1.005 to 1.200 moles, per mole of the alkali metal hydrosulfide. If a
hydrogen sulfide 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 is 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 hydrogen sulfide.

{0022}

(2) dihalogenated aromatic compound

The useful dihalogenated aromatic compounds to be used for the production of the
cyclic PASs of the invention include dihalogenated 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 1-methoxy-2,5-dichlorobenzene,

1-methyl-2.5 —dichlorobenzene,_ 1,4-dimethyl-2,5-dichlorobenzene,



RL _.(F) RR2 RIRlL .(QOCH2-K 0...(Q 11 I
Ri 1 ORLRL

Rl R1

R2R2
1,3-dimethyl-2,5-dichlorobenzene, and 3,5-dichlorobenzoic acid. Of these,
dihalogenated aromatic compounds comprising a p-dihalogenated benzene, such as
p-dichlorobenzene, as the primary component are preferable. Particularly preferable
are those in which p-dichlorobenzene accounts for 80 to 100 mol%, more preferably 90
to 100 mol%. It is also possible to use two or more different dihalogenated aromatic
compounds in combination for the production of a cyclic PAS copolymer.
{0023}
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 used for the invention is a linear homopolymer 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.
{0025}
[Chemical formula 1]

10
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the formula, RI and 122 denote a substituent selected
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i 4:’I:E 1
o gal
R2

in the/copolynmer is preferably in the range
: {@928} [ GR

(©) CWr<Ci>F— (@)
R2 R2 R2

R R1 R1 R1

(D)

Oo=W0=0
O=0
S

R2 R2 R2 R2

{0026}

(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, aikoxy group with a carbon number of 1 to
6, and halogen group, and R1 and R2 may be either the same or different from each
other).

10027}

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) to
(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 -(Ar-S)- unit.
{0028}

[Chemical formula 2]

11
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(0029

A linear PAS to be used for the invention may be a random copolymer, block
copolymer or a mixture thereof that contains a repeating unit as given above.

{0030}

Typical materials include polyphenylene sulfides, polyphenylene sulfide sulfones,
polyphenylene sulfide ketones, random copz)lymers there of, block copolymers thereof,
and mixtures thereof. Particularly preferable PASs include polyphenylene sulfides
(hereinafter, occasionally abbreviated PPSs)

{0031}

[Chemical formula 3]

(@

{0032}

that contain, as the polymer’s 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, as well as polyphenylene sulfide sulfones and polyphenylene sulfide 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
1600 Pa-s (300°C, shear velocity 1000/scc), and a preferable range is 0.1 to 500 Pa-s
in view of availability. There are also 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
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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 molecular weights are in the aforementioned range.

- {0034}

There are no specific limitations on the process for producing these linear PASs, and
common ones will be useful. For instance, useful production processes inchide reacting
an aromatic compound or thiophene containing at least one nuclear-substituted halogen
atom with an alkali metal monosulfide in an organic polar solvent at a raised
temperature, and more preferably, allowing a sulfidizing agent to come in contact with
a dihalogenated aromatic compound in an organic polar solvent, as described in the
aforementioned Patent documents 4 to 6. In addition, a wide variety of other materials
such as moldings, molding waste, waste plastics and off-specification 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 formation a cyclic compound and the formation
a linear compound. A process aiming to produce a cyclic PAS will results in the
formation of a significant amount of a linear PAS as by-product in addition to the
target cyclic PAS. In the invention, it is possible to use such a by-product linear PAS as
feed material without problems. It is particularly 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 polyarylene sulfide mixture consisting of a cyclic polyarylene
sulfide and a linear polyarylene sulfide, followed by removing the cyclic polyarylene
sulfide from the mixture. It is more preferable to use a linear polyarylene suifide
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 is 1.25 liters or more per mole of the
sulfur component in the reaction mixture to cause reaction to produce a polyarylene
sulfide mixture consistingr of a cyclic polyarylene- sulfide and a linear polyarylene

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

13



- -0]- ...(0) O- {0029} A linear PAS to be used
for the invention my be a random copol yner, bl ock
copolymer or a mxture thereof that contains a
repeating unit as given above.

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 by-product linear compounds, and the yield is low as compared with

the amount of feed monomers, which is a major problem. In the invention, such
by-product linear PASs can be used as feed material, which is highly valuable because

this can achieve a large reduction of Wasté and a dramatic improvement in the yield as
compared with the amount of feed monomers.

{0036}

There arc no specific limitations on the amount of the linear PAS as long as the
reaction mixture contains a linear PAS at the start of the reaction when the degree of
conversion of the dihalogenated aromatic compound fed in the reaction system is zero.

It is preferable that the amount of the -(Ar-S)- repeating unit, which is the major
constituent unit of the linear PAS, accounts for 0.1 to 20 repeating unit moles, more
preferably 0.25 to 15 repeating unit moles, and still more'preferably 1 to 10 repeating
unit moles, per mole of the sulfur component of the sulfidizing agent. If the amount of
the linear PAS is in the preferable range, it will be possible to produce a cyclic PAS at
a particularly high yield and allow the reaction to proceed quickly.

{0037}

There are no specific limitations on the structure of the linear PAS, which may be in
the form of dry powder, powder-particles, particulates, or pellets, or may contain the
organic polar solvent to be used as the reaction solvent. It also may contain a third
component that has no significant adverse effect on the reaction. Such third
components include, for instance, inorganic fillers, and it is also possible to use a linear
PAS in the form of a resin composition containing an inorganic filler.

{0038}

(4) organic polar solvent

For the production of a cyclic PAS of the invention, an organic polar solvent is used as
the reaction solvent, and particularly, it is preferable to use an organic amide solvent.
Specifically, in view of the stability of the reaction, preferable ones include N-alkyl
pyrrolidones  such as  N-methyl-2-pyrrolidone, | N-ethyl-2-pyrrolidone, and
N-cyclohexyl-2-pyrrolidone; caprolactams such as N-methyl-s-caprolactam, and
g-caprolactam; aprotic organic solvents such as 1,3-dimethyl-2-imidazolidinone,

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

14
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be used.
an increasing amount of the organic polar solvent. 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 achieve a high productivity while
maintaining a lrﬁgh 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 cyclic compound production, the
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
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the fodlbwargyfoanalasipltd 80 endl% ddefdraigekfagblyo® mulyber mefe. t he
OO(ﬁpeating units of the polynmer, each containing one
{ | fur atom For instance, one nolecule of a linear
TheROk - e . o atio ¢
oY POSBKIET Bl e hinBebl MR RE P SROEERE O

for ¢ cyclimop@yaryleen solfideybuigt dwuldcatfenibdy bohs theThrge of 2 to 50,
reaction m re addi ti.onal |y contaiph a.cqnpound
mort GG o5 G Bl G BIRGHEOIAS Relh AdeleaditeAdBer when a
polyBS/lRr igae p?éfﬂof)}n@e? ahhisinb fd GyAicNPAS9E Nonvided tnth @S high
no adverse influence on the essence of the Invention.
polymer,jisisrmyeferabloatosent the ayelikeolymylonasubdatbevedts melting point.

LEur co ent {in sul fur-containi ng.conpouynd that_.
The SIS RBE Rl e fuiient SHERR bR g B Mokttt m
incrdagés, bhé thendfory, iHOR. advifith fRNERS EhaidtiiarA iar@id@ansP 86dahic he
limtations-on the upper |imt to the anount of the
convsrsiihelca prdyarylesp suidde prepelymepingo afighcpadymeandheachioved at

Towd £ PAS, however, the anount shoul d
: °pFé§Eﬁ%@#§’be 50 liters or less, nore preferably 20
{0047}ters or less, and still nore preferably 15 liters
..or lLess, per | e of the sul fur conponent in the )

Said Schics P HieRe S Piatesihman eomRi A Tesle ompRudYith & single
numB&ASH TG R:RBRE dr O nlilfwY 1iOf 'i?bd?yl Bt it

tenperﬁ?U(e unaer gtnosgtggﬁé X s,s,u'fgﬁ'g)’é.\é ee?Rmﬁx%ﬁﬁxmu
numbgrb et fepetityonsf Hdveveormetiren offeyalic yolyacylBAS silfideowdth a

W th an i ncreasji.ng a nt of the, organic polar )
dittefist Jufitber [ FopetiQotisoli i tgn D toRolraie TBHEE Groue fhon gnele
compd@d &Y 4 GnflBuR®Er siNkpetiviohs) 'T%(ljl@,fit Lheettapelb Atk 2 fnixture of

container tends to decrease and the reaction w
cyclie pglypryeng sulfisige witheliffergntafumbicrseof rEpréitiens bevaussfits dvaversion

. [ | ar | vent should preferably be in said
into 2h %@(’ﬁfﬁﬁ’% cAlpe Partid pyckd Slf%w?{ﬁa‘ﬂp?f? ctivity while
{0048ni ntai ning a high selectivity for the cyclic PAS
formati on.. Comon_processes for producing a cyclic
(6) prospysdonprogusing exrliceliardens sullidge anount of sol vents
cl i&4C ound .
The et e e O Bk B IS R A 3 o CREREE a reaction
mixtare\centindiy atAsasc Giyadinear pulfdiylensmidR (PCessidizinglagent, (c) a
.. .cyclic conmpound production, the invention can produce
dihalggengtediazompais compound and (A) g opgnic RodrsP}vgal 1 cawsgiTpaction.
{0048ount of a solvent, i.e., below the upper limt of
the af orenenti oned preferable solvent range. The
For the asdncti@r oft higclicP AR OL the davdnyiok novnpraferstie sehdat abdction

. the reacti roceeds, ve efficiently in the process
mixtigF CpHUS AR BRTOTETIORed HIBPYETSAYS PR nkTRgFAIS of
. . . ¢
e R e PG AR R Rl Pl P o
- the suffidizing agent and the dihal ogenated aromatic
conpound and the reaction_of the sulfidizing agent
and the linear PAS react Wth the di hal ogenat ed
aromati c conmpound very rapidly to act favorably on
the formation of the cyclic conpound. Here the anount



{0041} [Chem cal fornmula 4] The conponent Ar is a
unit as represented by Fornmulae (A) to (L) described
above, and such a unit should preferably be as

represented by Fornulae (A) and (C), nore preferably

. d still f
nrle BOPRAAF h 90phBL ps B hL b Y ity bk,
it refitsfto dend¥piere e BLR doRPIEBA mbumlattamgéraﬁﬁ@ bES20 GBdePibout
to (L) to forma random or bl ock

Foi i nul ae ﬁpi
an é‘gijg‘l‘ r&rﬁsswfe af thitee Bre reidolemanriue deke po ;diegmnjsas the
I o) nyl.ene su I des
tem yfcéhf}% OFI; d &JI[ é‘rﬁg ug% ﬂ{ \Jtl‘(lj:l iR ﬂh Lﬁﬁl 4 corgﬁ%newc?rle Jepeatedly
goqng) Itwpﬂrcbﬁyllt&neeml,ﬂbcﬁ]u@ aiﬁbt:@ﬁleﬁsmg:y& kréaRtib@ AEiRMRe can be heated

ol rs and cyclic bl ock copol yners containing the
abo?’ % Bﬁéy %F?&lnfﬁ%wrﬁ paden ippgberic prsture by, fer ipsigness eﬁ@mmg the

ok B, O ORI E AR D g i o
reaciiob mpwivat mch dyscticon®P8s) { 0044} [Chemical fornula 5]
{0050}

For the production of a cyclic PAS of the invention, it is preferable to carry out the
reaction at a temperature at which the feed linear PAS is molten in the reaction mixture,
In general, the feed linear PAS is likely to be in the solid state around room
temperature and it will be difficult to accelerate the cyclic PAS formation reaction,
which is the object of the invention, when the material is in the solid state. If the
reaction is carried out at a temperature at which the linear PAS is molten, therefore, the
reaction system will become uniform and the reaction speed will increase dramatically,
allowing the reaction to be completed in a short period of time. Such a temperature
cannot be defined uniquely because it changes largely depending on the type and
content of the components in the reaction mixture and the structure and molecular
weight of the linear PAS used as feed material, but it is commonly in the range of 120
to 350°C, preferably 200 to 320°C, more preferably 230 to 300°C, and still more
preferably 240 to 280°C. In this preferable temperature range, it is not only possible
for the reaction to proceed uniformly at a higher reaction speed, but also 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 molecular 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 hour or more, more preferably 0.5 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
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{0045} that contain, as the nmajor constituent unit, a
p- phenyl ene sulfide unit as represented by the
following formula up to 80 nol % or nore, preferably
90 nol % or nore. {0046} There are no specific

e BP0 PR TR e Bt o B8: Bn e
othet hanbplibeizhothereerand Ypebficiuppéd1Bni9BdRe RhctRon tind e %FB&&S of

preferably 2 to 25, and still nore preferably 3t
theagyeniagn grsachiele @ ver ldgh rogpém S@egbwgthweéme theitepitiim may be

: PR . PAS.i 4 int
su SRS SR 001 . YA S8 LGB Rl Sed bty
witlwol3ytayd. ene sul fi de above its nelting point. The

ting point of the cyclic polyarylene sulfide
{0032 ones hi gher as the value of mincreases, and
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the prespakymder which the hieghiopahixmere ic dsatbd Wt hinglve theapreure, it
erature 0047} Said cyclic polyaryl ene

sholld' ] pisTER it P e b Ralims b veg s FolpiSHTSae under
atm8sphleAd bRs IR p?éssﬁr‘é%ﬁ&értvl&ﬁ?l?thgrrea%tigﬁ ixfufe ig eﬁté(&hép%nds

ol yaryl ene sul fides wth different nunbers
on the peed; mitenals apd Wkeiterontamisxinithe seaofiore yittie:, paktian ;elngjeﬁature,
l,fid Wit di.f f erent  nunmber aof etitions ten
cte. 2O cR VTt R BT RS houl Glebera8sR BE 018 Mpa or
moré) inbredp:fdigdl ¢ OB INDEY 0OfobS RAL ihd r§¢fe£BHf 0.4! MlPthr more, in

preferable to use a mxture of cyclic polyarylene
termg ftgapgesprapstire. diof fte ppper limitither presstirer sowldi frGredly be 10 MPa

' Lon. into_ a hi ol yner can, be .
or Iég%?ﬁ)‘i’g fég%@"%%ﬁ%% erss.tIré‘r'tTl,Bse Plg?ed Ee 8@%&[%?11@%,)&3 production
of apryolie A Sfwill be ableab g @yglded RYiMAr Y ItEOBroaticl poig sHhRnt is
jnvention is intended to produce a ciqllc_polyarylene
usedsﬁ‘l feregeamgintielor i the) Prpdpetien olom crsliet A% ietonif dhorPonicnis of the
| ) L |- i , .
SV ol e v o
reacgompoxinc, #nid padjcudanlyosfiative toppdrformsibl vertion Gn @ﬂdﬁiﬁesferable
reaction. ,{0Q r the production of a cyclic PA
pres{iFE FingS P, it g 201 o/ PN R B oY BH<Bh e RPHOA R lor
the sElestivibefof @tsthipht B IHTPASI ThAlN BERALHPRR%E BIRONR WS lear]
above)?%e reflmcagénperaturégbf the reaction mxture >
at pregeabat iainfesphéat dupresbs productimmssiplyelic PARr emsufeed amterials
such'aS ftl?er <§iﬁgloéé)nated aromatic compound are volatile under 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.

£0053}
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here is the pressure in the atnosphere nearly in the
standard state and nore specifically, it refers'to
at nospheric pressure conditions at about a
tenperature of 25C under about an absol ute pressure

1 kPa. The ref.l ux er at ur i s defined. as
In Qingt s SR, poRBo bRl it MEPLERRR e of G dompetG o Rondsan the
molecies bf CREMRERNoFal Afial RBEAbGEH YidhOh NGlatiPeld"dndIf Qumber of
between boiling and condensing. A reaction mxture
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prodegtoini ¢f RAGr dBseaiyt o Gy eiojecafar tvtfeegmeand thdl kyeNE IPASs in
PAS. On the other hand, though there are no specific
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e [ n
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specific limtations on the pressure under which the
reaction mxture is heated, but under the pressure,
it should be possible toZfeat the reaction mxture

above its reflux tenperature under atnospheric
pressure. The pressure under which the reaction



{0053} In general, a cyclic conpound is produced as
a result of the formation of bonds in the nolecul es
of the precursoral l|inear conmpound with a relatively
smal | nunber of repeating units. For the cyclic PAS
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the invention. Thus, a cyclic PAS with a very high
purity can be produced by carrying out the cyclic PAS



organi c polar solvent may contain water. In general,
when a sulfidizing agent is reacted with a.

di hal ogenat ed aromati c conpound, the reaction speed
decreases with an i ncreasi ng water content in the
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It is gife PaRwBRiat furbemeoraddatiatsioapriopriaiel ctage mhne dhfaameunt of the
feed ef.i.n fur onen
M| gkﬁragsaféésl %:r? rér%g % %?@%gﬁor e I{nﬁgm iRaRo] b & Ha™ ?.p]?rgpnate
periogt bongirymdes of elk tféwl céporeant drt, Dlﬁeaf rE“ASJ rsﬁlﬁEﬂlﬁng agent,
ol ar ;solvent after ddlng f eed materials is 1.2

dihalpgepaied Hpmaps copwound)|aad frepHe R sHvRBMsoAdded tOn further
contihd2etht $&bRTHE athdtn® to be added should be determined after considering



100571 The linear PAS, sulfidizing agent and

di hal ogenat ed aromati c conpound may be added at any
appropriate point when the content of the feed
materi al s has decreased, as described above, but such

Ll r e.perf.orrn n DHA . .
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mixgl}gange in the water content of the reaction m xture,
addi ti onal operation may be carried out to adjust the
{000At er content in said preferable range, and it is
|l so desirahle to renoy n appropriate anount of
Thelspa SRS oiftiing fasat PoMChelne PG 3Bt compobaY o8 added
at #YrdppebphidR AR WheR B BlbA! of ﬁlg Rdg 'rﬁdﬁ&ﬂﬂs h% decreased, as
non-wat er conponents are renpved together w honarer™
desgied lboveatbue suils additiow showld prefertablyr emptif@merdi wheir the DHA

conZHh A7 BT o SISERLE) SRR 1, COTROURS v

poirtill &aBNRUndTBL§ibBIc-BolBYa SR e PAR | ed back to the
reaction m xture. {0059) For the production of a

{00%R4cl i c PAS of the invention, a batch type, continuous

5 5,58 kL G ST SRR PR G000

reactibmmasithe] sdditifieal Ppedtici @Y bP t£Ees Susto | ud: Mk & LraBhiknt in
..be performed in a nonoxidizing atnmosphere, and the
said preferabls pangeanbid prrdsodesirplle tRiEmeve B geproptinit opyntafdvater

fronf¥hed Q&L iener rti,gul ar ..
onP 3 P PR S b A6, oL L HELLRH o e cin.
If ngewnEnicompbiidnts arcienmived hagetiee akitl water afhRé eatRF 6s Rénoved

ecific limtat ilﬁg@ﬁon the reaction pressure because

fron {he Tgpetiop VPL S s RcEh ditoacped armeiifoeavepomd 2nd
orgahidEpdiResb ik §haRibe aldded Ak \HRBEeqU %g S(P? E%g&%ﬁ ﬁﬁ%ﬁig}isoﬁay be

tenperature etc., and cannot be uni que
suppliod 6ak t¢ e neagdimpnanixtype.ocess for cyclic pol yaryl ene
{005@%'“ de For the production of a cyclic PAS of the

I"hvention, it is possible to separate and recover the

For @ ProduckfSof h@HLIIPAS @RGhd BReftok! Hibatchagpt, tbRghob®Wpe or
the aforenentioned reaction. In addition a cyclic
othepxayioys; gengrallyaknew notyyaerizetipn | ar resdtiopemicthodheare available.
Con&iﬁﬁﬁ‘é hi%rlatmosphere, the production process should preferably be performed in
a nonoxidizing atmosphere, and the preferable atmospheres include rﬁtrogen, helium,
and argon and other inert gases. In particular, a nitrogen atmosphere is preferable
because of its economic efficiency and handleability. There are no specific limitations
on the reaction pressure because its optimum value depends on the type and amount of
the feed material and solvent used and the reaction temperature eftc., and cannot be
defined uniquely.
{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 polar solvent, the reaction
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m xture resulting fromthe reaction may contain other
conponents such as unreacted sul fidizing agent,

di hal ogenat ed aromati c conpound, water and by- product
salt. {0061} There are no specific limtations on

S B RO B R P SRS el B 508 o
sulfidininy beet, Ails@icnaRt aldidie cPAbbundsaite Ql‘i’&ﬁ’y-%)ﬁicdu&rb%lt.
er

organic pol ar solvent by distillation or o
{008pkrati ons, and all owing the reaction mixture to come

j d ' eat | neede il h _a sol vent
Therpar R SAGic HAlGBoRSR e SR BETHE B B pfhon G suoh a
reaatioh Mmiixhe. 01y aniitabixo bikess WokpFitesarehoRlr@f £E@BI Yr large part, as

issglve t he by-product salts,. to recover the PA% ]
neeaghnih MEERC PRI FOMRTON Ssailition ariothrapertiophand allowing

i | | e i
e SRS RAREID SO DR B e Tl S v

hardly fiissalventht PAS gimpemrpe bat esmemixowith skobigenit: @lag selviest and
above 200C and nore

nd | j.near PASs, preferabl
Pfefgﬁag’rYéjﬁ%fBﬁfﬁ %ﬂﬁ%@r@gﬁd 1y é%gﬁcaﬁrf%e fhe cmpensnt e famtof 2
solid rRtdrb rsak _U\%}c?iccpﬂﬁ OfNthel BndaPepA€aghoAR Thainie pm(:ess
a solid-liquid separation technique to recover a
compysastlicating Het reactingi mirxguratat laesaficioftlyt iigh cympdranRAS, dissolve

the gl Ak, s PRSs P P BB 208 BT oes L e 200°C.
sepaSating @i sdidQBpgdnSntSRbH ithedlut¥e Shipdrich®hl 1RO RFE AT RSfture by

operations, and allowing the liquid to cone in
a sobeigyick seposalipe tephaiqua o Fecoverd sdlutinn tthat xossibty entleashaf the
. d] V, the.PAS conponent., but can,mx with
eyell AL MRho PR 653, Ui BVl STROR By i) o SERL Bk b o
needeyt- pf ateiGirgsdid tplart solva@toven thixe sElABos WP AnREAtidn ot Nfher
formof a solid mxture of the cyclic PAS and the )
operpiions gindpllowing thediuid (g qomedn chntagtarhile beatigias seeded, with a
1 | @ d ' by, heir
solv G TR Bafdly SRYEs LEIRS Yihdorh@BuPOlPb K1 3RE ofdficfpoler

solve laue prefersklyt dissdlvehbe by-pprdadiuelis,sialréc vgethe FatSeehmponent in
Ki it .1npossihle to.i tify rticul ar ones as
the S35 8B a6fid WIBRR P pie S icAES anithd Ricar BN SpBeancath such
chardé¥rBiics SdreRii9HRve Hehads Rk 308k y, %J‘ﬁl@ﬂlsuitﬁfiﬁ@%g%]nds on
i sopropanol , "butanol, and hexanol”; and ketones~”su
the type ofdhe erganic pobrr solysntaisehamkthe binproduce sadis @emeratebumnyiting it

. are;:, of..which wat er, nethan acetoone are
impciiBt24oC el Bt B REs s T eapls, N JF Sty Sesinclude, for
instavé Wadér; alahdlabiubh tay rdIBkn@E QIRNOE Rbpdnel, §8prepAn8D Gkdanol,
Treatnment with such a solvent can serve to reduce the
and beyanelategd detonge suelyahpectonst aeetates et anediybyegtato dud thutyl

I J: | ' f_th i N
s i L0878 oA Mok B SBP Pi Bt
prefePabs in oicpr@CivRildEli® a8 cdordalit dffetmpenent, making it

gossible to recover the PAS conponent in the form of
{0062} i xture the cyclic and linear PASs-by using a

I 0 0. d-]i qui ' i iy

TreafRAF i el AT o o8t PP BT L SF i potar
solvelbend hgipamiet sdlisl inrtae isoliv] mixnter off thg @lyclicc epRliadar PASs. This

and decan&gtion. Such a series of treatnment steps may
treatigent cascs: g Selier g nfsPARS Hodmswitaighpt R $alid cempanent,
makih® iff psbiBR to" i i i

B e s S Sl Pon Al it B8 P Rl ovelic
and lirieat BABs bf usihg acgepkiatly dmdwhisnBddliqiaSeparg@6&Fhnique. Useful

.,Avai ] abl e tLrea nt techni ques. t hat use sol vent as
solidifid: FRaiattoy b THERTIan I ngt HEEdEy e HU2aAe (dsariugal
reaction m xture, while stirring or heating as
necessary. There are no specific limtations on the
tenperature at which the bl vent treatment is
performed, but it is preferably, in the range of 20C
to 220C, nore preferably 50C to 200C. Treatnent in



sol ubility-based separation techni que. The nol ecul ar
wei ght of the |inear PAS should preferably be such
that the linear PAS has little or no solubility in a
sol vent that dissolves the cyclic PAS as descri bed

| at.er. It I ght .average | ecul ar weight is
Sep??%?‘éaﬁ“ﬂﬁ%}v%%no SUcfy p &cties ol tieplny Py By b thested several
timangs Agvded, prEte wall %rvdOo GBRhG re 8RR he RRBERY of thE %Fr%m?(f Eolar

.no specific limtations on the solvent to be Used o
solyaak a8d hamaedush sdts eoptdings mnde|sohdanixPASef s tyalig amd linear

e sol vent can dissolve the cyclic PAS. However, the

sol vent shoul d preferably dissolve the cyclic PAS but

{0063y dly di ssolve the linear PAS in the environnment

m@ere the dissolution step is to be carried out, and
Availpble dreaipeat igchnigugh that ppme spiventsas deseribed gboven tclude mixing

' I i ne S L. e reaction
the 198 a8 the FeardheBbedieSwAlle Sitine oh bl RASHESy  Thrp are
no sp}emﬁ;:] Simititiond otethic éemﬂﬁatuﬂd zﬂ'ﬁﬂzﬁl E}Eﬂiie@opfé@l&%él fifer?fis Berformed,
sl i ght ncreased pressure. In particular,
but 3} bl b StaoT S07br 6 N6 Brore e e 200°C.
Tre S thQk HiRs WHRFeratiE Be&ﬁg@'fﬂ?ljo@n@tﬁné g{%ﬁ%@@%ﬂ@&%&&s can

i.S
in that it can be constructe oﬁf
be remaved onily esd tle trmtioentsean lba peifemnaf attahieatively 1b® pressure. If

waitis pbasiine SRR shotdla vt B ARt Eg véfeaar delonized e,
and /99 HRb P@sfsiblé fo ise, A REGIRRN SqleBudSAutfbrS LGk %ﬁ@%%hi% acid

virtually free of undesired side reactions s
compewrshpishias ifomiandide negis! acirk ipnepiofic BéE, bayporeid: shloroacetic
Preferahle solvents to be used.for contact with the
scid JENEQPHRREH AT ab SOt P colitie gt ol
acid] maloniteacid, Bcdiniz L hihale 6o 2aRORmRAS &dids ah \WBAliSmetal salt

such as pentane, hexane, heptane, octane, )
and alali meetalsplt thsendt ahinorgseieasitecompaiind sesh asmalfuric acid,

h g - LNl »-as_chl oroform. .

PO A0 R0 USRS LIS, ORISR gl on

If thé sdljdimixtute off coelvedriddrear PASsoeQlieny 860, thid i@atment contains the
- based sol vents such as

1 2, 6-dj chl or ot ol ueng; ethgk
solvifit s dor dieHeratmen S RRSF BIEuIP AR (s ARG SopsBpYIo remove the
solv&ither; and pol ar solvents N, N-di net hyl formam de,

N, N-di net hyl acetam de, dinethyl sulfoxide, trimethyl
{0069thosphori c acid, N, N-dinethyl inidazolidinone, and

nmet hyl et hyl ket ane;, of i ch. ene, tol uene, .
In g Fdery Resess (RO S0 SVSH A RyfPeaner i Bk, with the
lineat PAS{HeRliQifRet fRBGonally lreferiell] € Avai :
]nechlorg%enzene,_2,6?%ighforot5%Hgﬁi?ﬁng?hﬁfmg%ﬁE$?mnqu
for separatigmefrtbe gydis, PAS and edinghr BAB éxcludy, ferdhsteidey4 separation

f ' di met hyl, .acet ani de, di I i
e e Bt BB AT T R s
Mor¢ npetadelliydiangn@snt afer AREVEs Yl cHCPARCRAERNIP Kt hardly

referabl e, toluene, xylene, chloroform nethylene

dissodygs shq linsar PAB nadsrdhe eeiditinns avherarbe Hiskolutionof the tyis PAS is
i ' . .There.are no
pet 88 RACRLE) Tk B SLEA0 & HORRS ol FlRs o
needéIo robxtinitle ¢lial RABvad tHeosob @i solable adhoheit Hbrel MR cyclic
sol vent, but t?e operation should preferably be

PAS BEAGETLBIOPFss &1 Hniwrifios by the Frgbish dhab thef linere PR gontained
. . e i | f .
n EOBINTRL: RSl 10 RORHE L 4R) S bbb Bggeres

oxi dation an gra eratdare an
above.i The differdidel iortse sdielsibityt dfehe ondiachd ligedr®ASs idthe solvent is so

ngnoxi di zi sphere as referred to here has a

farge ﬁ?g otbg @S?:l}geﬁ‘&gg ﬁg‘b Cr é?l?aéﬂe‘gfefgm@%qx dyothg @derementioned
preferably 2 vol.%or less, and it is nore preferably
that the atnosphere is virtually free of oxygen.
Specifically, such an atm3phere conprises an inert

gas such as nitrogen, helium and argon, of which

P



the Soxhl et extraction technique. There are no
specific limtations on the anount of the solvent to
be used when causing the PAS m xture to cone in
contact with the solvent, but the bath ratio between

' f..th | d that of. the PAS m xt
sob el bl bl B i neolstlat el i b ppuid
prefeaitilp beastgl thithbie RASaPXS U8 1806 ok R SAhniBHt lln}% 'glélvéﬁ that

_gisil m xed uniformy and the cyclic PAS W
dissohss| the gyelicoPA disideserthed datey dist weight ivsiregst inplectlar weight is

on@EEER00, & ARLSHERbRS B0 Rr SR XRDHRY Ptorely i or

mo. certain limt, its effect will not inprove any
Ooggge, or on the contrary, the use of an excessive
{0 unt of the solvent will likely to cause an

™ : : 7 i Ci s likely ..

FESRI) e HRRALE 1 SHRLF] KL KB sl

anddpeanPASK as dontgias ehd belvemnniaaatissobievie rytle PRASHowever, the
d _repeatedly. The

m xture an e solvent is. perfor ; )
sohGalou BRrit disioivabe sydic TS Pt issoluphedlingar PAS in
the RG0irGMAeSAAdrY hD&liSBoRT HEFY e uPPRaAH! QN

eof éontactiné betméen tﬁe’% Sﬁ%?i#%rgﬁgﬁgq?ﬁéﬁh‘h ¥ more
prefeigbigethat tHeogloint Idoes et dissuluc thd Ebewe NS lae aPAB the reaction
] Xtur nd.the solyent produces a cyclic PA
sysiy o BASTRHE POPEB B ROHETR il wifh ald sotvent under
atmEPhtAt Hregurd 60lal SlidhtpeicrdRAR ?%aﬁaem pafticHeRe Efiﬁllds%ﬁheric
known solid-1iquid separation technique is preferably
Presgyg dist prefeeidee and e reastion i syplemTyeri osd uodén dudhi qorditions is
' . i i nclade, faor. instance
o RO Rl R R R ot B DR R L.
viewl b thiycitiic dBAGboaty bevid akovisy ofl phisire WoMdiiiend Bt require an
soJvent fromthe solution thus separated. If part of
CXPYREYC FYRFIE resstanitcoplaince thisigelerblae ue e wiahehisntrtually
free OF [ResREd§ldeNAions ORERCs Wb oﬁlﬁogﬁﬁoﬁ oéél\&egltoss%ﬂ%ng of PAS
recovery of the solution may be carried out
compepatt Fdiforable witeatcie bdeasedi fol donthctt Wigh alvc PAS fABre under

The sol jd terial resultjng fromthe separation of
reflg ol alriosDBE BBFUES GIF T 0oy By SOREHpRpatd Solvens
suchva!péaihe MmRgard Hclk;bitﬂié[ b&t)ﬁf bP@ahexBAS c%ﬁg&ﬁzﬂle bengﬁrg:, toluene,

cont ai ning the near PAS as nmj or tonponent,

and g¥ylene; dutagpnhgsedusolverdatsvelnt ass gbloraferns o bwemifome nmediylene

d.. t of i ' tiret b d
ctoff 1225 icRoRZing. | Lo el Bl bR SRe and
2,6-dididbiotol RAS; efhet-bascll RRAIsOflich {8 Qldihyl ThBer Y&%ah9ct1r§ﬁ§an, and

e

.. can be obtained as solid naterjal by renbving
diisopeanybnether oaRd heolayolsatvents &Nt@mmhmé formamidel | ¥,NPAGethy!

paduc ve,. Fhi:s. so rempval can be achieved,

?ceéﬂgggingﬁgﬁg@, E9E§%£%in%¥€n ar g@ﬁ@ %%%rf%“%rcﬁgﬁévndhyl

imidprodidinene, and Bythybiotigyl akeBaRr anewitich reARMR, tlRiene, xylene,
For this solvent renoval, heating under

sal vent . : i

chlomgigrgy Srarefermymethyiepe phlads, le-fishlsresthang . b 1 el omethane,
4 €1: [ r.od d

cob BN RAIHSEE S A 08 N BN gt e

N,N-gohethylo fiorpraoddiz; eN, Maslinketbglr adxgainilbo\démethglaBulgeiidal fimethyl

olid material dependi.ng.on the tenperature. Since
phosﬁlg&m: Al ﬁ,l}lr%{rg?t.ﬁgq 1@@&4@@6%{1% rrgﬂ‘g@l, &thyé ketone are more
prefePy afohheBPe x$HhE | _gﬁlofﬂf?ﬁtnﬂr ﬁrg}ﬁ)ﬁvﬁn{eﬁc}?ﬁa& atg{rghfdg’oﬁlran, and

recover the fmaterial toget
methgbthditetae babriggaconpolygmtfsrabbeen t he sol vent is
{OOGéfnnved’ making it possible to obtain the cyclic PAS
a yield. By this solvent renoval step, it is
desirable to renove at |east 50 wt % or nore,
preferably 70 wt % or nore, still nore preferably 90
wt % or nore, and still mofe preferably 95 wt % or
nore, of the solvent. The optinmum heating tenperature
for the solvent renoval depends on the




The cyclic PAS material produced by the operations
descri bed under (1) to (7) can contain inpurities
comi ng fromthe PAS m xture dependi ng on the .
characteristics of the solvent. In many cases, such

AU B R TR e St whl i AT B
alldMeﬂho &:Oﬁﬁclﬁ%nfa@{ weRtthé Relbestl BSOY Qﬁ)eltahsn 'SH(HHﬁ' Yéf@z%bly be
but does not dissolve or hardly dissolves the éyclic

performed g uqr}omchzmg atrpespbere gﬁthg)&%SemmmdmnTcmdl’(}rthﬁﬁvent are
contact th
T n e e B e —

whest ithh tcbytattnisr @ade dA pioassidizhg httaddphdré GY| @ferred to here has a
at nospheric pressure is preferable, and a reaction

2aseqyis OEHPOTONGERTaLinE oF SSi9bke elolses, Drefprablys? a@l\%\mé@wm it is
mok PrHRbly tha 8P o APR 1 VEhAy AT RIRL SpEgtygsuch an

atmospbergseonyfrisps @asivere gaorsdch laométrédeal heleghli 4@l afgon, of which
X Een3|v gﬁess rﬁ%re3|sta t container. It is
nitrogen dsparfieylar pprglezable berapsept egorasmie efficigney and handleabilipy.
{ooémee of undesired side reactions such as
deconp03|t|on and crosslinking of the cyclic PAS. The
Them&‘é ap apéelic binvtendrs dontbe wimerétwne at mdiichnibe PAS| mixinot and the

solvB P AERRE 1 B n SRS AR YR AR Gt e solubiliy of the
cycliy ROV eR selvihiGherc 6 Maih, ancth&%ﬁmg %Hﬂxfh%ﬁ eﬁﬁ%eeﬁigsolunon

gl ycol ; hydrocarbon-based sol vent's such as pent ane,
of th‘?ék’&ﬁféPA% alse sands tobe aaselerattpastiantartiewhemid has a high molecular

, d l. h
- wei Y RERL R pelbfh O edPRREP AT TR RS ongprable
molécsibip teydht k@ico e dl’@r&hﬂebﬁltbél sokBi IR Gron@ e cyclic PAS is so large
et ophenone; and carboxylate based sol vents such as
that aﬁt prag%pg{wgen glewph(ag@i Rear Pﬁ@ﬁtcgm ba cawigtd out susesssfully
evelﬁ? ﬁie%‘ﬁtac{"ﬁi tﬁ% k’ﬁg ]Ty(l ] Enac% glte Q%ﬁkgﬁq% a]ﬁé gt’ a ﬁgﬁ%ﬁl%efrature Tt

butyrate,
1S prefriratile, nﬁlrﬂnanmire, ﬂhhdnmbontmt&ﬁ&hel PAD uﬁlaﬂ@d: an{dehé a6Rbnt is

eth Ie e opyl en col, pentane, hexane
perf i SRber EEP e bR demegeleb Shilhgr feabom lower
than R4 Hﬂberﬁ%er%ﬂﬁ)@ tenﬂﬂ%gatt%'éhﬂdela gﬁerﬁ bisedescrlbed above.

nmet hanol , et hanol”, propanol er

Speqiieqad lanié onh@x é]ﬁteafol’mmrmlnet?d pxcfeataiﬂ;e Solwelhtah emedg ehe temperature

shoul EhERTy P TR FFTIEI S Eeb PR RIRED o os a

{0068k xture of two or nore thereof {0075} There are no
specific limtations on the tenperature at which the
The epfeppm timrparied 4 ﬂ?é@nta@t efohe PAR nishraetd ﬂw Stbivaltslepemdd on

nt r. ol
the RICHE Ppreiitne, b Sl Ra i ok s BB itds grpigafy in
the mﬁgmﬁﬁ Is ﬁiﬂveﬁltsouh&ﬁﬁ @idTﬂ&pbﬁjlﬂcCPm 65 Sipéited to Be dissolved
preferaple second sol vent as described above is used,
Sm@?@ﬁ’@ﬁb"é?‘ﬁ‘iﬁ@@?ﬁﬂﬁ@%r eferably be controlled, for
HMGggstance in the range of 20 to 100C, nore preferably
to 80C. {0076} The optimumtinme period of the
There emtrwcipeaﬁc tlinetatignd o€ tHeAS hahghettt ease APA S alivierd to come in
dep on the solvent tenperature, etc., and cannot
contagh ngle i flvtuidg gencyallyokrown cpmmopteelanigyesi wilk he useful,
mcluﬂﬁ“@??"éq%%*l%‘oﬁ%%ﬁ 3P 3R, Z Rl S TR rbli? g bl
followed foiycieeondripgi uhetsbhltmﬁ;: ohavetigvthet salvent fiver thenBAS mixture

placel G e Rl ave R PAS 'Sl diseprech i slfaigig petonming

n1X|ng the cyclic PASin a solid state with the
second solvent, while stifling as needed; showering
the second sol vent over tBé cyclic PASin a solid
state on a filter to allowthe inpurities to be

di ssol ved in the second solvent; subjecting the



After the contact of the cyclic PAS wth the second
solvent, it is possible to recover the cyclic PAS in
a solid state by a generally known solid-liquid _
separation techni que. Typical solid-liquid separatlon

the tCSSJ% 91! % gu’;t anlg?l;]ilgjcg{e i’ﬁerre ig{]?gr}o%gag%e}ﬁ{: &ﬂlltaﬂonsl qn t’he amount of the
solvep i b w28 wiich |cbusﬁ1@g"ﬂﬂe PAS mixtre 8 6bh& irP &%’c&l@t\ﬁihntﬁg s?1lvent
after the solid-liquid gegaratlon t he cont act of
fa

but e path rﬁ%msbwﬁnnﬁhrenggb thegtolesnt ambishabef thar PA8 dnistite is

B L I T ——

solvEnewily bé ezcsﬂ?eﬁxa@nﬁafmily taﬂ(ml gaﬁcl PAS WHBD&sHy RASo%ed in
with the cyclic PAS content in the range

the g‘%lggﬁpwl.?ieaﬁy ngrgsnerg, @ffégfaﬂélbﬁthmﬁwl%dﬁanm?@s fanthe solvent
to d'ig‘%l% %eeéﬁftﬁ ph¥% 8% ;i /Qx%ed?% RUGH; r‘% Al o w1lg St jgpprove

ferent charatteri stics iy near’
any bnyora, @ omrtbe comrny) Ithmasea;rfdml”easeﬁvh lagiouhtefuié E(blﬂknt wil] likely

| Th | PAS te al duced by
to C\é‘?ssgaz’s%c%ﬁ?mf% 5 Ifﬁ( oh SHGstent 84 A mﬂéntmb@ a@b@wdz even

witlPASmAD |b$ﬁ%ﬁ§ ifOthe %ﬁéﬁtl&? fd@ﬁu@e {19 co‘ﬁ‘[a(:pbg{v%ér? &%@A#T}mxmre

val ues i'n the range of 0, instead o
and vféb Lﬁ@l\rent salp@rtﬁmlftm IraJe(a@ll,y cﬁe Ie:dﬂftoebumdon Hbecauset e its
bl h
mecfifR, Phn i ey R0 etme obiicad Speaed poctatian pF copiating

betwedf @i, PADIBkiandhddlvegact i on proceeds rapidly when
the cyclic PAS is subjected to ring opening

{OO'HBI yneri zation as descri bed later, and the resulting

1 B e RPEA S o O P EEL oyB i
in thietfoins of sflielicdd blaty obﬁxaam‘@gea 0blidRAAPPAY Cbinpond Cd | %éherally

PAS nolecules in this range tend to have distorte
knog, ﬁagc? FaiKi S5gaptioy teshara s meeferabnused tpaneeowlr dbe solution.

Typ@ﬁséo 1)1—1 Wd fk%m%ﬁ[)ﬂ q%%lh@&é HoudtORS Q%stt%c%% g qa‘;t;lo?h(:eentrlfugal

m val comonl y

sepafaupm aﬂd ck:r:mghta‘)m fiyis tadlicatis tmmefew\eredi@sremovﬁ{gythb s@Rent
I.hventi on,

o a
fron} g s eR o srpaitsst B bash oRHorala HAS b Fefhgns in the solid
comfi?ﬂrféhﬂ o8 tﬁé ofRE Bkl eon¥lct Riflithd @61%1& \éﬁgve A ff s Solution

he resulting cyclic PAS material wi
may rhs| edrrigd ot mpeatﬁldlys td snlmV@nhagmwaf |th¢ c&dnc iPAsSt érrheesohd

mate‘ﬁgﬁll'eflggﬁg‘e Al T:liln% d e ! e%&s[ngx’ 1qné§!| 15 gperatmn will

be velaapleSisthi [iheéir rR}AS ﬁfﬁt&iﬁ“) lcbftafithnz Bl GiiGr PAS as major
i nventi onggpgg?lpl ¢ PAS produced by ntﬁ}?e process of ﬁlJ

COmpaRGRly ﬁiﬂbhﬂ@fa\?ﬁﬁrﬁ@gwé dregimneat schtagselvantramesalj asu@eded a part
of itk Y &l et ERUMAEREDAY s BR el e fiping he
cychwlﬂ’AS of e 1ﬁge1m©ht ing operation and al so tends to have
0077} 9"

The cyclic PAS can be obtained as solid material by removing the solvent from the
solution containing 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 Jower 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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retention stability. Such characteristics, inproved
flowability in particular, allow the resin
conposition to show high nelt processability even if
t he heating tenperature for nelting is |ow and

ol S, B S MRS A AR ) B
reg@ 08P @si Eyolio pbgaﬁﬂ&&‘eﬁﬁﬁﬁ ke 1@18%35&95]6 Ptedb Y ShePRGterial

extrusi on nol ngs such as fiber and film The reason
toggther witf theisalye @‘v@%\‘lﬂ@ copmperieatsathanrthe solyent ds hinewed, toyking it

P h t b kn. .
o SRR 0 e b 5 B
to removd at [BABS0 Wt or inbfe, @ycdlrilly STOrwiot UF thorddlstinWeork Beferably

mpl ecul es to have a conpact ‘structure, Ieadlng to
0 PEésoremoRn gRa et Bop PrPierAkly bt €l esmere. vafr thesolvent. The
bR t ' a
oprigh) AR RARRBIRbL e shivelrioba ey fp il ilrisos of
the sofebnalised andh agnriot be dcﬁr&ﬂnm&lutely bedisiingtibh gerformed commonly at
e | e ts ano cules of the patrix res
201§ 16885 vrotaby 08 110" gleispleni Prpyaishong poviemhly be caricd
out G §MtosPlerfcN® 166 TrdsSuRARhich nY.Akd R% ossitle lt(p erform the solvent
conposi tions, but S|gn|f|cant | mpr ovenent PR
remevh pbclowict temiperatam. be achi eved when the content of
{OO%ﬁe cyclic PAS of the invention is in the range of
1 to 50 parts by weight, preferably 0.5 to 20 parts

(8) dweerbﬁhbns iAETEdiND tp@stﬂfe%ﬁézﬁbl y 0.5 to 10 parts by
relative to 100 parts by weight of various

A cyicle iPﬁlé(aTY{@@ golfide This mﬁ@cgdﬂ;m @ emfédlen@s hlghcpmlmp;»omd ¢anrserve

pref%gylg dﬂ; HS & e]él l?:uén P he ]%)zfgﬁ‘) l't’eh‘é]rtﬁ%rnl&ére%spd by

perf@nbng @dddﬁrﬁlappasmrebmeﬁeasgdﬁsmmefeﬁmbl y 0.5 to 300
_ﬁgrts by weight, nore preferably 1 to 200 parts by
{00 ight, still nore preferably 1 to 100 parts by
The VGEIANPAS | I '
© \;\62_“ o%gs rrgist%dsl\ﬁ%l g&gj ntmg eﬁ)élgﬁgg%wﬁgﬁ%%do (ﬁe%‘ (ﬁj) to (7) can
contare divgniita copting diginh thehPAS nntsivind dépendigg onhihg Rharacteristics of

h f*o Pilit Such a.filler be fi Erous
the 58 Vg{\ﬂ\g 1 W@’ caﬁsmgﬁ:lwmwmﬁépqq egioxe g‘é@&vpﬁycbaq a,lgg)wmg the
cyclit hPASJ r@heldRd & bl eSSl C(qu ﬁﬁglﬁitl@§ Switlh t%]e Eeg:ghal folvent that

wal astenite,” and nontnoril as wel
dlSSqliéﬁ,%éhe imReities bmtabbsn@&hﬁdlvm baidyl disssbieh tescyslioPASE i ¢
{007q¥ of which glass fiber is particularly
eferable There are no specific limtations on the
In tht YRRHOH sishien, hasselicl €Y miRufRs HB&Rkd { doh&ﬁ%ﬁﬁl: ith said
serves for reinforcenment of resin. Useful glass “%
seconghtselvienl gndeic pigerspherer presswranee a slightlad irfcrdased gmebsure. In

fib d_.sh
parti GAPRERBIERME i€ RIS o s ioR P &R esuiayen
condltl’dm@ i vastapes 1oted iBcdni Be @ns@sctétef6mi 106l \eerts8d In
or the jnvention may have a surface treated with a

VlewgéfnfélrSallﬁ I desBatle do lﬂﬂplqwﬁlea‘@érﬂf Ierﬁqu ﬁmdatmé that require an
t

e R VLA 9 e 00 T e

Vlrtuiglya&& d¢fi mdesmsdwdmeremmhe suchras blBEtdh}ﬁ@ltiMntahd crosshnkmg of the

g E%aStIC res , such as. -ethylene/vinyl acetate

cyelig %émyf prctiypble sahishisaps ludey Tormsiinces alwhels aad ghgnol- based

solveh@Skith RO8GHIhal81, "BhiH Al Broﬁﬁ@&l Slhbl, 'ppﬁ:ﬁtanf:p tféﬁéljle glycol,
conposi tion may contain one of nore

propydéresgiord outsnelo nms@indmi palyttbglene glytcslt hydroegbni-bastd solvents

achlev desired he resi st ant rovenent, the
such S%tBﬂl é ﬁﬁﬁ ereggg??n&mgagﬁ?n§hdﬁﬂdcydopﬂﬂmm

preferably be O. 01 parts by weight or nore,
particularly preferably 0.02 parts by wei ght or nore,
relative to 100 parts by %%ight of said resin,

whereas it should preferably be 5 parts by wei ght or

| ess, particularly 1 parts by weight or less, in view



Is a mxture of nultiple species with different m
values and with high crystallinity and high nelting
poi nt, the cyclic PAS nay be dissol ved, before being
supplied, in the solvent to be used for the process

ketgfi-bRHT S GO At e g igime RE! Ketone, methyl
isoBtsl i@, PRARABHSP Hcifileu da%dd éé@;&h\éh&& the %ﬁ%kﬂa@ﬁﬁsed

. above its nelting point and then quenchi ng t
soléesitsy sychrast mefpwlea@mte,cﬂyslt adelate gientyh acétod:] ovwpt adiyate, methyl

oo SRS e B funte el f s e Stt%aébrgﬁ‘%%@f which

metiihdli Bthah®ll Bropaholl hRtEBE! pe‘ﬁtaﬁélsr eﬂﬁﬁ%ﬂe' gﬁ‘ 1{/ e glycol,
cyclrc PAS in the premel’ter, omed ?
pengang, hgxees, haptana ogtanel v Ckllha!tiaele t{}@ﬁ&é’l}taneﬂaeetenea lnEﬂm_sd acetate,

andsgtﬁ ! £de%’[é m}){%érgt%l oﬂl%ﬂfz)rﬂ%lt hﬁgnglgﬁao(f)fap(t)lggg&ggre %lycol pentane,
hexbrlms rhep@hasddtaner eﬁdlﬁhex\ad% ClectBy, ARl &hyShatdid 'B@m@rpartlcularly
% r phous, or a thernosetting resin. {0088} Here
pre %iec Aheseisglyeats maycberused sigely we e aixtprof itwe oMo thereof.
p yol efin resin, such as polyethyl ene,
{00
ol ypropyl ene, and syndi otacti c pol ystyrene,
Thep‘otry\nlorspémm hmlmhomm tinr: t@ﬁj)@twmeydt ividedtethe kRi€ltd P&S is caused

resi.n, er re %{gam de resin, pol ﬁ/acet al
to cpmg;in, Co%t% VANGLY S‘s EiFl’ftr 1t ’éé‘eﬁfabffo‘lofé’?ﬁ@ thg fieraperature
at oKBEIONEhd Feﬁ‘uﬂ ten%%lréfﬁrrtenﬁﬁhé‘ sl ﬂnd er e %Sgbs%resslrﬁue If

resin, polyim resin an copo yners
a Pfﬁ@rafhie weal soinghty aordesaribed ndhonatis aned,| the p&rrtpemmhrar should

Q henyl ene, sul fide resjn, pol
proff JA S Ofdfﬂé%ﬁﬂef%?lﬁﬁrl% k30 TR0EE irapreterably 25
to 80®si stance, noldability, flowability and mechani cal

characteristics. Polyester resin is preferable in
007@r ns of the transparency of nol di ngs to be produced.

The'l({ptlﬁ{'%ftt rir)/ td(r)gtz i eveacf ng%ef/ atf%hetﬂ‘@s d TR Solvent

depanidy shahd sdladntoRnpbrae! &E| 8hd 65nnds b¥vRlchtifAsd thuely, but it is
atorenmentioned_increase in flowability. The use of
Wplﬁélwylﬁn@ﬁﬁ%eog&r pijyto pRAoyrsaand Hbe impiities onpba eyeli¢ SAS
Comg%rt?eﬂg %ﬁplteﬁt%?(f d%rs vatgé s legﬁgfsﬁ?ﬁ?:l segor{dqsoslvq%l?sin this time
perigdipr ove, but al so such inprovenent, in turn, wll
{ooéﬁad to a significant reduction of burrs during t he
bsequent injection molding process. {0089} There
The M&hAR BPARN iife bidAct BAS Q9%oRR I GorkaP&yif tleh conrli solvent
anor phous resin as long as it is anorphous an
lﬂclurbIImaMgehe enelic iPASvinevsobifl stasawith ¢l stamice]veht) eihilegtiags; as
S|t|onte 50C r nor e

&
need S PR o S i G QT PSR 8 by o

allow €e iBfpuffBécto tRMssdlvel lin ﬂﬁrs%ccﬂfdesfoﬁfeﬁfp |erbJ§<9 E'jfbrlﬁ PAS in
There are no specific limtations on the u per

a solig; stajentoySesihlasfexirastitbinding fheesecond priventhwid algrvaag the cychc

easASOBBLRY b USRI L3S BhFEREL I ROUF, o SR

with gh@S@ohdl aslstriti 0 llbanmperostid PASfto pRRIRAUSIJEE BleeliSience of
determ ned by differential calorinmetry as foll ows:

the sgeand sohvenh fBrpsreMary i gclinigm eﬁ)@ﬂqrpng sluzryt efnhe reatlin BAS
con B Bl PR S ARS8 B SRR BB e e
the cfcliv FAS withhighhguritesi n down to OC at a cooling rate of

7%OC/mn mai ntain the tenperature for 1 mn, heating
{00784 again at a heating rate of 20C/ m n, neasure the
glass transition tenperature (TgQ) durrng this heating
period. Specifically, such resin may be at |east one
sel ected fromthe group oB%anorphous nylon resin,
pol ycarbonate (PC) resin, polyallylate resin, ABS
resin, poly(nmeth)acrylate resin, and



nol di ng, bl ow nol di ng, press nolding, and spinning to
provi de various fornms of noldings. Such noldings

i nclude injection noldings, extrusion noldings, blow

nol di ngs, film sheet, and fiber. The resulting

AT R et e 3116 DR R Srsapd S01ven ek o bigdo recover the
cydhc A4S ﬂf‘h“soﬁ@rsfal‘ie b§ %nn%%ﬂgi"aqu' ﬁ{bvﬂpgmﬁlélgcvﬂdé gér%?&iﬁm technique.

containers, daily To Itres, every rires an
Tymeadisphd-Jiquidtsepdreton Fehtihessninclade,tfoe imfancs i nttian eentrifugal
resin c osi tion. and | di ngs produced therefrom can
serg@ipL HRTBG g 11 Bube ~UEaietn T curhpohs pBfned aher
the 30Bd-ghid isBEiSatRind HeCRRtdcN ST Bk TcPENd PAS FHBNRE sRIRH Sb R Ymay
into powder and additives are”added as needed to
be esvideshous again sasiemoyo thsoisipuiities. whi ch may be used in the
{ as the aforenentioned resin conposition for
notl di ngs production or recycling. (11) conversion of
(9) chhdtarisBASof thé Oydic A6 tieBvedt®91} The cyclic PAS
roduced according to the invention have good

_prod )
Thecgiehg dey materiak thas predieed semmepbikas mbigh Rusity vaibdthe apclic
%) .4 hrough ri
PAS EQHEN TS 1R ERL XESD 0 B BRUE HreRBl Tk Ui, i fhore
prefeyably 80 RAS pr ashire.efudhy miategial ad diffeRAS chiraces sicef frdh9inear
| nvent i may be used singly or as a mxture with an
PASSBPOfse dvch Seraten o Uretndckab Aightigdusial galue. The cyclic
P L §;
A RIRAIEAIR®S (BRI b Enldihd SUPRARE taf gl pas
molgevdiesaoflsnidnitinemo a8, wikintdferenlt nf hatesah theraate oD tabOSinstead
the cyclic PAS of _the inventiqn and can _be converted
of 3 {ige 1t el BorhEmhyR S0F g desradusdo et i Fipo Rl m is
prefe@blyehehd@nE€ b 4 25 05 Bbrel ReRBabBPL YEOY ! 18AR withd &AF is in this
prepol ynmer, or PAS prepolyner. {0092} R ng opening
ranggeo pylysrerizaiongragiont irecasgs kapgdipAghepathe logclizalPA$ asl swhjected to

. t ndi-t i onsg. wher he [ic PAS under goes

ring $1g pAR e OAMid B el R olebrar i g iR Fapected
to hawei ghigh ndldcyPi @alighpr FecleaddnGoPIHALIRS ioE BRI 8% clearly, but it
. . heating a PAS prepol ymer containing the cyclic PAS

1s lﬂgﬁr@ﬂéhﬂgé’ewﬁ ﬁ’gb“é%ﬂ%lc%hﬁ) PA§urelpaesin doemago fendtie have
st Ve R Y i -a_ hj ol r..This, .
dist TN Rk PR, BR Hrkfily’ Moy 21PN AR o, Sering
polyneciestsary to nmelt said PAS prepol yner, and there are

00@@ specific limtations if the tenperature neets this
{ nperature condition. If the heating tenperature is

A C)chﬁWPAStWIﬁ{‘a LibglenR IVEju\%igT f{ﬁ%ﬁﬁml fobta!ﬁfedﬁﬁ‘ﬁl@fo%gzlf %fﬁ%([f cr¥stal

ong heating period e nécessary to produce
‘and pagefder hasaa Wexyhhigb Inedtih@pointi lghtin tiEhpreseamiereation, ¢hatyclic

whi he PAS. prep mef nelts nds on. th
PAS S 3a Y PBAREAG fBEbr e MEPGHY B ctie s Terent m values
ThuPHePHMARE &Rflc tAES epmbhiANWRNhatOh PSR 'xﬂéitil"i’%1 boS@NARls is
be determ ned uniquely, but the nelting point ‘can be
advagtagponstindion aeséancenthatf e beatingatenweratliné fequand it@elt the cyclic
' cal orimetry anal ysis of the PAS prepol yner.
PAsﬁﬁﬁpgg) g%?ing tenperature is too high, undesi red
{00&irde reactions such as crosslinking between PAS
prepol yner nol ecul es, between resulting PAS
(10) msirecagipesitiop comprigias thernslipdiS i itesingendiopol yar yl ene
1l Hi cyl.es; well .as their . .
A gL AR ERTbY Y LS el BRI 85 8L g v
varidtie tresinsosihiaaBsih RoinipesidbR canthiiesd ¢yetic PASIHAS aRAdng tendency
produced. |t .is preferable to avoid the use of a
to shopipigh dtomagilin avhen dweme unpelEsg operationiand alse tends o hakehigh
pl ace significantly. To depress the progress of such
undesired side reactions, heating is perforned
typically at a tenperaturélin the range of 180 to

400C, preferably 200 to 380C, and nore preferably 250
to 360C. If some side reactions are pernitted, on the



{0094} When heating the PAS prepol ynmer for conversion
into a high polyner, various catal yst conponents may
be used to pronote the conversion. Such catal yst
conponents i ncl ude ioni zabl e conpounds and

rer o SR iR et B Srstinsel e By, Gopertcularallow the
resﬂnl dohip@éihﬁﬁ’td %0%%9 Mr@c@&dﬁﬁ t) VB @heSRalin %fmperatuxe for

sul fur, | e sai d radical -generating conpou
meltigg| isd éOW f @ld itsefares ethex omgo uﬂds advatagemrse imtthats highumelt

n heate ecifically conpoun
pmgéég;{b?'ﬁlﬁl #a ?sﬂ?’fliadlee’d 8% Tl af %m?pbsngmcgssﬁﬁi glnto
injeds@fmotdiedy dleRiriSbn RIMBRGNLE alMibér 38 HAMIRE bbsdPH68 Buch
. in the PAS, and the resulting PAS will nost |ikely
impgermenh in eherackristisssachieyagh btiepig the thct RASuath, resif has not

beeﬁq{ﬁﬁe bbﬁa’?qconpo%de %gtﬂgés cat a?fy gfi‘?g%y"g‘ ‘%Sofle its

cyclihetro@t@l allowp dieeniotecwlek [to Have Iak@im‘pabﬂ str@dhieN 1dalink N8 less
ul ti ng PAS product | f. such catal yst conponents
enta&ﬂ@ﬂl%@dmﬂt the moleqlesiof yarmes IF%IH%I ysefl@s e At i alsaritkely that
the WRIRNDAS @5 amnlg}hgtﬁiz%r &% {;15 %:EI{ zﬁtxf AP Eednerve to
M nimze or avoli e use of sué al ys conponen S
reduce the ditgigmeptsramiongPd@eaney afitham¥s rbsiee of wei ght
£00 ss when heated is desired. Thus, when said catal yst
nponents are used to convert a PAS prepolyner into
Thefe fe t S IS
e e o hal AT DU Plogh 38 P L EAS SRARAR fooin
comphgitionsy Ay signifiedns improvtmeitrig dlmct@ﬁﬁlcmaedml ey:hmwedawﬁen the

con g A SRS Db BIRE TP T TR on
prefﬁﬁblfyﬂl &lad 20 JArtH PN vAHighteaTd n@?éipﬁ:&férhﬂl oy & PG E&%r B;bluhélght,
pmor |ess, and sinultaneously, he wei ght of

relawestelipp@@f%@r weigheofvgripheresissal wei ght of sul fur in

{OO&ﬁe reaction systemshould be Iess than 1 wt%
preferably less than 0.5 wt% nore preferably | ess

The tfaemént®ned Yesimbeinpdsitidn fay eopail £ bRy ah@/ﬁﬁ néhfgiRods filler
Wt % %&?95 The, heatlng of the PAS(ﬁﬁﬁ mer for

as neelede pad O3 OREBt & HPyRlp AP he rangs ofd pRAEs JpSmisigight,

t -
Py e L ISy S W, i e BEAC P b e, sa
m0r¢ Ipmfcrabllyohso dﬁOtmetstlwaIerynt selatiea tto 1160 kmrngslg'dwaght of said

t ual does not ede t he conveysion of heated
Varldy/&§es&se b’é\w&seqvlq ‘8) 115 Va ﬁheplaxp%cate mamta:lmng a

highUERSHi RSP SACIS ladflIEreRAGY | RN BHRE ﬁtecl'il&s BJomEiyn Qr gfamculate
deconposition of the resulting cal

Speciifigallpid dhe f prefdraiie aﬂ&iers mnclndsy eglaaso rﬁbar, niiahg m;aﬂaa;temte and
i meth

oA S B S e v
of whithfotine 11hasR hashueR! fic Rt Ahefl :ﬁetnmébecsﬁ& ilﬁffﬂaﬁl@n@&%e

dlﬂEthé! sul fone; ketone based sol vents such
type g dhoyglass fbehip bevssyl if kb comeontyi sryrpl fok e@nf@ecerrmd of resin.

Usefﬂf%lé%ph%? leagenaﬁé H}%L dQ aisoe qxas%z?nl zéeﬁ]lﬂf’eg%eg Iafﬁ pﬁjoppea s%ands of

contihabegiiber lmdenﬁoﬁoﬂibee TS0 Srahorsofaht @.fdi’érﬁéxﬁionﬁ@&"l‘héfserﬁﬁy be

chlorjde, trichlaoroet h%q ene, et hyl ene dichloride,
used i e BYGHATI SHED AWk A ARG Bt FhaNe Useiniar 819 ioesbien remeiave

a surgéc%gﬁ%#téfg% pag E@r[}%}hﬁlfrgogig?/ %Qﬁdzg r??ua?%@ {'ﬁ{ Eﬁce silane-based
coupghg/ agént, prdopiahatedagddycmipling eead) or @ﬂ&:s&hrfawﬁleatment agent.

| ene choI and aromati.c hydrocar bon-based
The ﬁgﬁ% ﬁp %sc%éeiﬁizé’ﬁe r{dquué?ﬁgl oplpptenaesing speh as
al so p033|ble to use inorganic conpounds such as
carbon di oxi de, nitrogen, and water in a
supercritical fluid state32These solvents may be used

singly or as a m xture of two or nore thereof {0096}
Sai d conversion of a heated PAS prepolyner into a



{0099} Here, of the various fibrous substances, the
use of continuous fiber as reinforcenent is
preferable, which allows the PAS to be reinforced to
a high degree. In general, when a conposite materia

tructure conmprising resin and a fi brous substance is
ethylenelimElcetiie COPQIEN 95 THTTPICENE et BrSUEhaS SRO%Y FESTh viet
{ooghe fibrous substance sufficiently because the nolten
resin is highly viscous, often preventing the
To pabynin ﬂlﬁﬁﬁf“%’ﬂlmﬁhﬁﬁ mrsin onpeiionenayateatsimbnaomore phenolic or

oGP AE SR, 355, AR BB, S8BT M

impeXehican Cke @nted0Ofseh AthRs! reflSindeARnt MBuRl dréiiably be 0.01 parts
subst ance such as nolten resin and a solid substance

by wejght agneefnagiolaslyaueismbhid)-02 pats byaweight cgcanoxvxmlag’ve to 100
rar DO B 04 AL ALR BSOS REISallfy s

partpubrBnt paiy byoweighh er legqdn MiedmoD eienNgs Cambbiicdes toHRS Eonefited
4 flu%d suhstance with | ower viscosity tends to achieve
urg e ORHDE PrRGCYH [h Partiewlan duls kighig paplembleTioeuspagenolic and
hoSHHBRAs ¥BRo@ds il CornBERIH Bk 42,0 135; |
pho Rl g i ? o G B ot B8 b Bt Wity an
flovabilitpn t her nopl astic resins such as PAS and is |ikely
OO%% devel op good wetting with a fibrous substance. The
{ S production process of the invention can convert
FurthéhdréSaRl 8281 ¥ORpoditirP i) t&aif OdohBofn . Kbl
prepglyner has_me?oghe fibrous %ubstancggggﬁﬂkng'd§%hng
agendyf $uchi @nt loyganithuganate-baeh osompounds enndil oghminc borage-based
with good. .wetting, between.a. fibroys substapnce and a
comfibilis KRS LY oy IPRTEIT ik BB SieoRis” Bt Eppounds,
thio@theiBa¥ed {EbHHHNAS Sabtbdsedr BGBpSIHIS! 3MEE or@mic  phosphorous
continuous fiber used as reinforcenment is preferaﬁ?e
compaurdlss CFYskd dnuglealisg  Fgeatse surhe 2@ otalpledioting drgamict hbspherus
the rei ement fiber.to be used. for the
comPiut ok 0R cfler EBLALAMEERRRY splRiGhn o mafiatiE i G lfum
stearptegf andibbbuniimgh Udesafdtdiernsoldd trbleldigh hgats r &&hSta8Nehylene
h tensile strength that are connonly used as

. and hi [ m
dlﬁf%l%ﬁ-e ke aad COpgRBR BB meTSpEK sikggmeibgsqdaprrapounds;
lo8 pfdedii®l | e ' iti
colop B Recioh MyBHE SUSPhe bR PhSE, HCoBl bl Skl 32 oo
lubritaigr yltravioket may fprdyventiorangenixgratorfrigbsgentsOfflatrRe®eardants, and
carbon fiber and graphite fiber are post preferable,
foantf 2GS (e CRRRSTBHGERT e Work ENGttelimuhahiber coptent is less
than POk By R A Ehtapd ey G 0Hafts BYteeisin Jraauf '

I'i ght \Ae?ghtgi)rg%uct s Cori%fger gi néél?he cg’r@g{?uérfs%g&lrbl%%&)m
by wgighipi lees. fdlasere to V80 patrsbyt yeight affsadartion fi bers and
{Oogggaphite fibers can be useful, but the nost suitable

I'S high-strength, high-elongation carbon fiber with a
Thert &6 e spedifed) Qinfit-Bond M HE tHiqAN do B QORI kP produce resin

el ongation of 1.6%or nore. If l'ong fiber is used for
COmRQsiting cedipmHig a pyadicl Riiygshdeseripadeghovabiny tianprodustivnean be

. the I 8.l [ . ,he strength.of t
achichbd 13 T be; Bichdind 4 iE BAS: o Bl EHspi e WE ot
fillers uhd ivatiewtddditives bh aealipsioted BRtREl-Rhead P 4bo¢@ iIROMelting

. fiber and graphite fiber may be used as a m xture
poini g sgidoyasiens resinapad cBHHeRAY Pirasgengially knee et mixer such as

s Je 1 ] f t of th ..
i S A0Sy, BRA £ BRE Bl e PP o e
themiin at sodutioni fohowéd by lcafmd»m'lmgd ﬂ:lr?i%lvenﬂ i}wré,eﬁgiewyaﬂid PAls material

orientate terial, rando orientated materi al,
COmIGREB N e PASVEROF B Bt fo Vet i e Inmeid Tpsesla () or if i

requiring a high specific strength and specific

nmodul us, in particular, material conprising

reinforcenent fibers oriefted in a single direction

is the nost suitable, but material conprising

reinforcenent fibers in two perpendicul ar directions



{0102} (12) PAS According to said (11), it is
possi bl e to produce a very industrially useful PAS.
Here, a PAS is defined as a honopol ynmer or a

copol ynmer that conprises the repeating unit

is ag RS PR TeoRsc e T CHGRAL Bkt o Wb hiehy ey silipiy and
high SodMir®f g6iabl e BR1FOPAR Hay B @issdﬂbxﬁiégagg&g’ 'BtSigg (ﬁ;pﬂiegif % the

unit as represented by said Fornu
sohwght thbeausedi for #w pregasesfeHowed by sEoplpmk ahd Alufien and removing

e B30 g RO AB  BHR B SA:E bgisvin

the BREIRI PAS aBBYe &OMhdliifk PombBhd tBRIPYRNcR ARG ENNES Srevent
or_crosslinking units as represented by said Fornulae

crysaliizatigny dyllovwrde by oppehingfthe regeriddr tmeh aménphowndtate; and

s G i nkij [ i.n.th opol.ynmer.is pref bly.in
odi i e BESer 04 Rl PO i B o Bt o,
melting dnly {tRd Ovlic RARAR he @de&tér,tfhﬂ@&h@ﬁb}as@pgﬁﬁg ! Baterial in a

enbodi nent of the invention nay be a random
meli48| yrer, bl ock copol yner or a mi xture thereof that
{goﬁgntains a repeating unit as given above. Typica
terials include polyphenyl ene sulfides,

Thereolry ph epryifeeriémBatiohk de fisy pookthe rqi pbeombiRE with the Sclic
bl ock copol yners

ket pnes, .random copal yners there of, (
PASy st bty b i DRRARASHS TeSHL Pieh Ay bp eiyplating o5 arposihaus.@r a
therARSting¥ebide pol yphenyl ene sul fides (hereinafter
occasionally abbreviated PPSs) that contain, as the

{008%3| yner' s maj or constituent unit, a p-phenyl ene

sulfide up t.o 80 nol % qr . noge,. preferall 0 nol % or
Herd I g apim, e ofoE il | it lets igian st s
polysthy el élypep@bhe, Undt §RdRARSC odsvaesk tﬂﬂﬁ%ﬁtﬁf%hol resin,

preferred enbodi ment of this i'nvention, but |

polypmgkidangbrhloride trasinr aplyestert resin Op@penide resing polymcetal resin,
b 5 0 on re,..still nore preferab .

P Olyql%e?%%%gogrlﬂ%%er ge%%l’ PO ont etg?/reiffgalée ﬁ%ﬁl%ggﬁeiﬁéﬁ%kgfﬂ?‘? fesin,

polyRAGiS: wisinh) palyiseidg litsigued agslymte akdrast, Waidiihapbe 1D9Rely

. or re . has high noldapility during processing, and
or Ith EPHPIRgUOth rIgdRA e Ty prboherwenulids Fosine pgbeide resin, and

poly&Raragh erd Eﬁe!fé}éblé ﬂ‘f'téﬂ%%g hIRGRGL A ngbflc;a?)g%,hﬂ&@ﬁ)ility and

chem cal resistance. ere are no spe
mecHaniviat etarameistes. Polyestppesinl ik pieferable i ainhs W tt@htansparency of

ver.age nol ecul weight, but it is preferably less
mOld?—‘i%irP%?eoB’@fi - Ty ealins et Poadessthe rasn SeWPOLL it will
serveStt | hchi®iee ilfelehal! ¥r | &9sallilabn2 0Rar240+ ti@é1 Aysiv@l as the
mol di ng processability can be mai ntained i1 1t 1S

aforqnﬁngomqh@erease 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 burrs during the subsequent injection molding process.
{0089}

There are no specific limitations on the type of the amorphous resin as long as it is
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
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{0106} The wi dth of nolecul ar weight distribution of
t he PASs produced through preferred enbodi nents of
this invention, i.e., the polydispersity represented
by the ratio of the weight average nol ecul ar meight

tenﬁ)gﬁie &8 %‘f%%lg tgﬁg‘&gu' éss\rl\rgllf &Hr(gée hgg@’;’ ess For the

inventiping ahd )glﬁs Qra@isitiof SempBFa@fre r(ﬁbbﬁior%h%so kesif3S defE'ﬂ‘hﬁled by
ﬁ]%referabl 2.3 or |less, still nore preferably, 2.
teatial grlerimeiry jas pioHlewpr bea rthplamezptous rresin som| 3t)°Ch ep to a

f t f
e Lo BS Ay e W OB b BB awe o
20°@éhih natreaip dieBinperatie [F?ASRi, BodlthSresANBNVINO! 1°CSRE\Boling

roduce npl di ngs havi ng ood mechani ca
ratec(}fé’:%agf TR, @ﬁlin@én ﬂw teHPealbFes d anigabeagiag el agpinont acheatingyrate

I ' r i cont act
o R SRR TR S LOM G R Rl
Spevaficgliy, sacid rfmunbmy lm/eir lege dmel elustedrfroRithd tgréidnodemorphous
ance SEC (si ze excl usion

determ ned b for i
nylhh, 5?%?’09?%%%’57]?0% ng ) ditesiRy eﬁ?lﬁ’ﬁiylﬁ‘%f g8, Ry | resin,
polﬁ(ﬂéﬂfb’&crﬂi%rﬁsﬁr @nd %oﬁfeﬁ@fhf)éc?yllaﬂe m,og)ﬁ %ﬁgsﬁéﬁﬁe qgéutl and

vi scosity the PASs ‘producéd throu
polysthsodilfonn t@lmfw}wh may he esud amugly ouiin mmtgeate:ma\bmh bhkeblf more

therl§; B hE 2o rhohEr iR B Sbutafe 05 remb SBS ety bpgisplary
trandpagePASSBOI aduaRd SdNANUi prr@sﬁ@r §&¥ LRI S 1Oy,  and
t their purity I's

this invention have thé feature
mmaﬂhé&crxlﬁampﬂamebfané dalpethersutfahe RAB arapesferabledrdause they

can DR ok OB SRS B2l b LA i 00 B o
a h1g}rlpftxensplateyxt aaomnué &slsl lts, havantdges® ot 8hRrialkhat h3gh H&%bﬂlty
and still nore preferably 10 ppm or |ess.

can g%chéff‘wél dpring thg| melbprogessing step@e dessribed aavesbuttatse in that the
hlghnﬁil%béx@ﬁ I)Wf;eirf b@%&ﬁtﬁﬁk&' A9 BaVE 9!& r gl %(?urlelotf cycln ¢ PAS

uses, nstance require goo > El'el
molscuisal withahffahmr actvahiestih csaid iHetreulat (09 &l iﬁ&fdralﬂ?t@bd if an

t PAS of, t t | cul ate
smofe P iy Prfhar e v Heh kABRAICTSY sk I N PAS material

comﬁ@ﬁﬁ?iﬂ&%@ﬂe@ wahhhé SR AlValliedh S8 P%ﬁhﬁ[ Qﬂ] gseﬁéag 256 | tiblic

ectric furnace, and sai d anpunt

PASgauclrarche BASynﬁnlaalytzmdwg) baviech bigh nhﬁ}l‘l;lng‘ pmmi ast faflcte, disperse
ti.on net hod.

I C omat the t om c. absor
S“ﬁif‘g%é A “53‘3??5‘2% With g U3 PS5k PRSP, FtRj Re aggregates in
the REf 6f ratlcRRbOY FaRbareRly. LAIBixhiy &/t dyeN <N
i featurer: tﬁat%bwhen hgateec{ the)}/{ suffeér acgtfséllﬁ@%t ith
diffefeat 40 yalpgghin said Somsule §pavildavhe lgwmmﬂhlngrmimt%ﬁescnbed

o S SOEEHLLTO 5 VLIRS B A i
step. \Bﬂare,/thé/\&yoﬁcm Prodlccli®y(the ploliictidhlpiBdess of the invention has the
feature of being a mixture of molecules 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 is to be prepared.

{0090}

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

molding, blow melding, press molding, and spinning to provide various forms of
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where AW denotes the weight loss rate (%9 of a
speci nen heated in a nonoxi di zi ng at nosphere under
at nospheric pressure from50C up to an appropriate
tenperature above 330C at a heating rate of 20C min,

. denqt he - wei ght asured when the
mo s PP e Bk B ol Rt dnRes, blow
moldixigh | ¥ilnhh 6hd@ASendp HidetICEEE td3titiug vapioa ehd18Ries can be used to

enpodi nents of this invention tend to have good
mMauHaGHre @FIP Yt Predugip sachyas aitgmebilg parmyelegtricinggdgagronic parts,

: %: I , e _preferably
consFTon apipEE Valipls R, B ooftiodReS BT B ona
sangary eavdeec yEurthermores tienaferenientisndd fsinl e&Bp@ason and moldings

%fngr tign during nol ding_and | ess deposits on the
progiyqe | PErCHRm 7k BuFsogledx £ PUdnGHcho Pl nigsir commpesiféons and
moRR! | i i | | -

e AR AL el dBeism bR D o et FRY Afbves e
added arencgied/tokmenane RASE benyposiliofyWwhixhon®y 1 isB#6in Wei dage as the

t he PAS roduced. t hrough. preferyed enbodi nents of
aforg Wiegt“?nﬁ@ é‘%ﬂ BIRRSEIog; fglf %P@E‘fgs’rpf HORLOTFEREIIARY y known
(11)RAA%erkibn bLEYERc PASRIAIGLh BolyMet ght di stribution and

I mpurities content. It is inferred that as a result

{008¥} t his, they can have a very high purity, |eading to
jderabl e decrease .in,the value of A 0112}, .
e S BR0 3 PRRuGod STRRTRE bt B iy, onbvacichstcs o
desdribed ab@rANdeRO).| mdaaalsyst as bR & plddhcd hSlymer through
-, analysis should be in a nonoxidizing at nospheré under
g RRFBBhRAYBeEeBuAS salll psREY T Zthe FyelicBaShemoduded by the
t . Lon. | he gas.phase.
oxelfy PAS ket O B YRERMERIERTRE LS Tyl 5 W ubRSitn an
appippedte mablyt & othdr. dingrontiets 9f aa0ehpoidr® ofifee tiehahé ¥yclic PAS is
vi [ t.ua i.e., filled with an Inert

I 1Ly free of oxygen, i |
addegl, & 15 preferaldy ke arlgh2 ROmponisat sughas adicar Rvh andip granghed PAS.
Mat@H] i€ W | hi i |
AURRD U 104 Brlhind BRACR 85 B Bl i R oMo it
a highnpdpher iby priposess easaslesceibed riedow ois hisreinifert Rderred to as

ressure .in the atno re nearly in the standard
poly%ygqngsgliﬁge%quﬁ@beé,cr FEAPTFROYIEL ref ers to at nospheric
{009essure conditions at about a tenperature of 25C
. under about an absolute pressure of 101.3 kPa. In a
Ringenssingineyyrearizesonet e sydler PAhean beesred otiamBiSheconditions

. fQr i nce, oxidatjon_duri neasur nt,
wheiith? Blctic PR RIEBEE G BOGRL mf e St b b iccular
weighneA pypaed ipetbrhleysectss @ompBéediHegtinf a '?Agsprelﬁ(ﬁ%ﬂ!nief‘ l@oﬂt&aning

ca

prQvi de measurenents that can serve for practi use

the Gyrlig RAS macparedy thoneyclie 24 eredwtiosfpragsss of the invention to be
i i k:S,, i r Wi 1 e .

con/EHEL PROK BB s N Sy RE L TR o v

as ndoesspyr tmele s@bPAS R3PEyaler, ant elire pe Kt ctic 1ZQRALGNS if the

Preferably,.the tenperatyre is held at 50C for 1 mn,
temPFWFS\HE&E@ISH@BP?YHBH%FOI&IWHS% hegling tsmpontyreislopsy than

e _ i : lysi . ot ur
e g SERDONRLIS S AL T IS PRSI By
prodwiven IASSwithua highs npddoyrn emsillein dhs ukbfpelatias et agich g PAS

t.0 @racgjic | uses and al so when soIi%@P Ss are nel.ted
prepafih Bl (PGS BB SaMERSHES. anfmolieiigh g sot MeaPAS
prepdlPmSH &k &epz_rn@frbhl%@{'lt REh¥AiE érﬁn@aﬁlﬁ@ttw @etéﬁ&h%ﬂgﬁ%%\%y, but

relations with the rate of gas release from
the 1pelting pedetdcamde hestiamtasnbassl depbsi instaoee, tdiffereniidli s@nning

and die.duri i ng. ,Thus ASs with a weight |oss
calort i S b e BAS ol et 15 heafibe deriosgiiitios 196 Pieh

superior in quality. The neasurenent of AW is

preferably performed with_a speci nen of about 10 ny

in the formof fine partié@es of about 2 mm or | ess.

{0113} (13) characteristics of PAS The PASs produced

t hrough preferred enbodi nents of this invention have




extruder, extruding the PAS through a filmdie, and
cooling the material on a cooling drumto provide
film and biaxially stretching the resulting film
with a roller-type |ongitudinal draw ng apparatus and

: dr awi t |l ter t
andbah DM SR BoR, P, SRR pettrm o Saandlyns piesales,
betdrtdre@bilOns PAS 85666 HdsY 6F HetwbBPPANR ﬂ&l&@ﬂegtﬁﬁgﬂﬁ#’}?%nr{é]@ﬂﬁde

al so be used. {0115} To nanufacture PAS fi
prepiEmmngelepited as wall vh thsirglecpmpdsitime il rhd gkt plaot, leading

IS i 0 ener al |y, k [ t] spi.nnj.n ]
10 deliprdddN S e ansBEAGG ortg PR . M BRI i the
usead af leegeraRiretvhade AR vAdIREd 8llletréaciod taR¥ ipBloe Qgnificantly. To
bi axi al extruder where it is kneaded, and then

depEsRs PG PERETESS o6 Segh wndseiraphaide fepetiong, heatingnistpetformed typically at

j h d. of e tru
o RARES BSAI) 88 1 RNECA Rl ARG SHLH SRR pa mor
prefewblyi 2, tosiG0eCCHisome siddrehetiiins 3ied périditedOoR@ke other hand, the
t echni ueg,.hgmever, may al so be used.%%£116 The
tempatallre g B e AR 96 200 S-S ScPieivBtNy AP 29FC vt case,
it isladV O ' i
YRRSOL R P SNSRI 0 poBinct SR LRLE R Qar Bieh can
be completil ifiialyery, intai shariiparivdsf tkee. and cal ci um car bonat e,
{OOQﬁ-Other addi tives such as anti oxi dant, thermnal
Stlabi l i zer, ultraviol et absorber, and col oring agent.
The Tafired it (0RYAIPRedling AepeMdl Bn iRSEdAgenk BEMY @gﬁﬂ: PAS in the PAS
pol yam de, pol ysul f one, pol yphenyl ene et her,

prepebimesdisyn ivalue, mplstylat Weightinkonksr vpobysahtuartefistinsharalscannot

hvl ene, t erepht hal at nd .pol ybutyl ene . .
be (gtgllrl%(g Mgﬁgft% t’s 8 y%r?%ﬁbi% ?_aﬂg‘ﬁ? S8 ?teﬁ?éd’ undes1r?1ble side
reacfiosywith beaddpaakariyifi@tioely ok §okdible ABRANGARS il t%%i&ﬂly in

roup (such as epoxy group, carboxy

a functional
the gpgrpf 0-82kn b@éﬁh@% ryelstably @ do 2Athpdrsi ard womuprpferably 0.1 to
fd I ther.-ester. .
10 }@ﬁt\s}s/ tqlgﬁeprA@ B%??%{I%Le S’ﬁgm eb’eetﬁ)glg%(rgercrie sreu’ﬂicwnt?y into a PAS if the
heatipg| tiraeriid dess nhabe ).0payacehatas Hnid epederts MO0 ehout) bV only the
‘k%ﬁéﬁ uses of . PAS {C% PASs produced t hrough preterreg
un BiStEntegctytnse Wis hrvR apdssrd iralvet omrthe whegeietistics of the
resuliA@PASHIRE hi8S 1GSill chide] dGhdific @s{h&a{f&g&% AR 1Y,
nechani cal characteristics and electrfc
{009%har acteristics, and their uses include, for
i nst.anc nsor, LED | anp, connector, socket, .
whep B0 e PRSREPobang Tou i erioroaia 2 BebeoRmeBapen ealys
compebieh® Pha KeaARE Id SoneaShe cORMrGAh. REE Kﬁﬁystvdoﬁflpéga{ts include
various end plates, transfatuter, plug, "prin ase

1onizghlgt eompoyndsy ands pdigab eenemtingopmapvandh ddh Homesbls wapounds

: tor . neri.c head ba . powe dyl e .

nct JBLRE 5 ARSI S5 B8P Py 8RSl RS oL, gl gpg s of

sulfug halsik @id ARicArgdietifihg hohfBind At REs) thindRh&N B8mpounds that
conputer-rel ated and other electric/electronic parts,

genepicy sl lyraprdicalsc where rhepials specifigalisirqompoundm comtaining disulfide

r r Lis, ve _oven par.
bondg i Ralyt EmBGRAR P ILE sy L EA N R REE Fill e sqmeponty
takerc dmythe tPAB,sand dhgiresulting #BS &8 kmostotikay @mei/ thé d@@ulyst
equi nt parts, _lighting parts, refrigerator parts,
com%?ﬂ?ﬂ@-gﬁdp igHaE 1hap tenizalle sqmppend peptrigingywlkali metal and/or
otheh&&f onBR bs cqtﬁg%}eﬁ 14?@@%&’9 8# e %Jt?iﬂ% m lcﬁechtt{ {1 be likely
appliance parts ; fice”conputer related parts,

to remgire phdwereseting dth parddsct. flicachichielyset@hmohep@rdrs ,used, the
mptor p

copj rel ated. parts, washi jig, nt arts,
resuliﬂ?%ﬁ?é#?n¢§%év£f$t%fafgeatw SRS if B eisd. [l preferable to

m croscope, binocul ar, canera, clock, other optical

devi ces, precision nmachine related parts, water

faucet val ve, conbination3faucet, punp parts, pipe

joint, water flow rate control valve, relief valve,

hot water tenperature sensor, water flow rate sensor



{0118} Said PAS filns have good nechanica
characteristics, electric characteristics, and heat
resi stance, and can serve effectively for various

uses including dielectric film(for film capacitor
Jate, insylation

) in . it i it base
o B B R e s Rl s e A AR PR PAS andor a
PAS tiigtilo@taleiht fdsk MiheAMeate®istiesRER AR fWhdR salddakyst components
Monofil anments and short fibers of said PASs can serve

are gpgdcietqopegria PAS nrepalpuer intoes highcpfoudnengthp apeuninefcthe natalyst
' A b ilter n .

ol 6 80 ouf OO X Y81 el et

including she PA® gropolyencs pAE chtblyad dompRkMWY iRYhe! fdabibn system should

anpl es. These exanpl es are given only for show ng
be @mggh?f 1%%%815%4& 30 apra of kesy, vapTe prrderablyt 3rupationtiess, and still

I L ' [ ANenL 21} < .
o BB 1o S e O (R B g
the tftal pedighatrof Iselfier isuthd fedﬂﬁolﬁ&?dteﬁﬁﬂb&ldﬂbfl&@s 'Flﬁdl flivetes, prebferably

I isd ined in terns of polystyrene by
ess O EPRTEL b ek R Do g oy o e oGty e
thart e wgd,ze exclusion chromat ography (SEC) nethods. The

GPC neasurenent conditions are |listed bel ow
{0095}

The heating of the PAS prepolymer for conversion into a high polymer is commonly
performed without using a solvent, but may be performed under. the existence of a
solvent. There are no specific limitations on the type of solvent to be used if it virtually
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, dimethyl formamide, and dimethyl acetamide; sulfoxide- or
sulfone-based solvents such as dimethy! sulfoxide and dimethyl sulfone; ketone-based
solvents such as acetone, methyl ethyl ketone, diethyl ketone, and acetophenone;
cther-based solvents such as dimethyl ether, dipropyl ether, and tetrahydrofuran;
halogen-based solvents such as chloroform, methylene chloride, trichloroethylene,
cthylene dichioride, dichloroethane, tetrachloroethane, and chlorobenzene; alcoholic or
phenolic solvents such as methanol, ethanol, propanol, butanol, pentanol, ethylene
glycol, propylene glycol, phenol, cresol, and polyethylene glycol; and aromatic
hydrocarbon-based solvents such as benzene, toluene, and xylene. It is also possible to
use inorganic compounds such as carbon dioxide, nitrogen, and water in a supercritical
fTuid 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.
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Equi pnrent : SSC- 7100 manuf actured by Senshu
Scientific Co., Ltd. Columm: GPC3506 nmanufactured by

Senshu Scientific Co., Ltd. El uant _
1- chl oronapht hal ene Detector : differenti al

0 §£ractorreter Col um tenperature : 210C
{ Ogr -thernostat bath tenperature 250C Punp thernostat

Coland a0, 3050 3, LTS el i
polymery s preferpllyt caried uoin ¢ OLREXidizing almesphere, and it is also
prei@pib)/eoﬂ)eﬂ%l r%ﬁl?ceaullar{esi,sgree cf:o%rdlrg%)tnis.oﬂ thé tcgrxxrq=,~11?sa1§ﬁ'I Eseggﬁ}rmzd under
reduced pressure, it is preferable to create first a nonoxidizing atmosphere in the
reaction system, followed by reducing the pressure. This is likely to work to depress
undesired side reactions such as crosslinking between PAS prepolymer molecules,
between resulting PAS molecules, or between PAS molecules and PAS prepolymer
molecules, as well as their decomposition. A nonoxidizing atmosphere as referred to
here has a concentration of gaseous oxygen in contact with the PAS component of 5
vol.% or less, preferably 2 vol.% or less, and it is more preferably that the atmosphere
is virtually free of oxygen. Specifically, such an atmosphere comprises an inert gas
such as nitrogen, helium, and argon, of which nitrogen is particularly preferable
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, it is preferably 0.1 kPa or more, and more preferably
0.2 kPa or more. Undesired side reactions such as crosslinking will be likely to take
place if the pressure reduction is larger than the preferable upper limit whereas
depending on the reaction temperature, low molecular weight molecules of the cyclic
polyarylene sulfide will be likely to evaporate if it is less than the lower limit.

{0098}

Said conversion of a PAS prepolymer into a 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 carrying out the conversion of a PAS prepolymer into a high polymer
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 to 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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The formation rate of a cyclic polyphenyl ene sulfide
conpound is determned fromqualitative and
quantitative analysis by frPLc. The HPLC neasurenent
conditions are listed bel ow. Equipnent : LC 10Avp

WIIE/Sé :ﬁ‘?@gw r}gpa!ftgr%g]%?_@g%qtsge ?f%)q‘él:% g:l%rg o aglllf%glegt?)l/ %ggau:se the
moRGPLSH iQUEHAF (RY lge§ﬁfrf %Xé’%g?ﬁg Elg)dp fHn é]tg&é%nﬁ‘p gomposite

{Ref erence exanp
mathdvmldme@dupMerDf&fxpactbd nﬁdlan%BcMs(ﬁehmﬁs PWitthg as feferred

S [ fidjzi agent was allowed to cone
to TERE RTE: e il Gudianit BrBR ihe ‘R subfron such

as TAGlteRAr 3R hisd £ 9b1RT s&@ﬂaﬂ@eﬂstucﬁ Qs Qﬁg%gg gox‘g}p(l)ﬁﬂ?lef"é LE5tact where
First, 116.9g (1.00 nole) of a aquéous

gOOéd)hYGIF@inCCmﬁltsmdlwmytdmsil betwcben tUS filgl EibsBhcerah@she solid
0Q nol es

subne i PG PRSP T (e SaSGroG bonel Gomiofedeflegy @ Muid
subﬁﬂdﬂe Whhele ®tatiScosA tenlis Rachievi ‘B@n&%ﬁf%@ﬂh WaibeSus Wb Rance.

in a stainless steel autoclave with a stirrer.
TheTHéﬂ prgpalymet job rih@ i lngertélan uitma waeltimstatel had aovisedsdy that is

240 wa
con AL IR B T B g ey
to d2ahép gklitdiSWet&hg@ﬁﬂhﬁ fibup kESHICE THY PES §Hﬂﬁbﬂdﬂ‘[§l’ocess of the
ni.trogen. During this operation, 212g was distilled

invegipn GRn; fRIVERadeT BAST PRBRlEBE Ao Ankigh aoquern@ﬂ@s thef PAS
pre Ié)i/lgfdg vg | {hh dﬁbcﬁ(yﬁafs ixl?s%etnce %3%&%&1?%8@ a@ ﬁ[ip(ésﬂe material

stru¢tumu Muithrrgde rmetﬂﬂggaemreemheﬁbmd sibbignef ablVPR gl polymer
of wat nd NVP in the reaction

(p"l%% Eﬁ?‘ﬁﬁ@e 2‘."“’3&6 FRefug 638 * respectively. {0125}
{0100}

As said fibrous substance, a continuous fiber used as reinforcement is preferable as

described above. There are no specific limitations on the type of reinforcement fiber to
be used for the invention, the reinforcement fibers that are used preferably include
fibers with high heat resistance and high tensile strength that are commonly used as
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 modulus 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 is
high-strength, high-elongation carbon fiber with a tensile strength of 450 Kgf/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 easily 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 to 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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After the distillation, the reaction contai ner was
cool ed to about 160C, 148.5g (1.01 nol es) of

p- di chl orobenzene (p-DCB) and 99.1g (1.00 nole) of
NVP wer e added, and the reaction contai ner was seal ed

F in a nit, og%gggas atnosphere, Wiile stirring at )
OTA5BY HRITIE AR sReailisairergth andenecdis medvlupin parfode, material

: f 0C.at -a.rate. of.
confP RS B SRS AEHRCIRh S0 Qo o
mati@Cedroprising) rﬂffhgbr&mm_ Cf:]l&m lizy ,tWBGQBrp&dQQdavaﬁi@efc)ioﬁsc (woven

ter was.poured_ into the reaction systemwhile
FabriGh s 215 Tttaplg for e Rt pEoree 28 Hieir i heslabiiyy.
{o1gpoling it from250C to 220C at a rate of 0.4C/ mn
Then it was quenched to about roomtenperature.
Furthgngy, Thé couvdreionsofnerRAS akapolymer iated adhiphitpedynsért may be
was.then stirred

00g, of ,NVP to produce. sl ufry, i.C
Per‘?’f‘“@’sc‘ﬂnﬁ%ﬁ ihg Sxistesge rﬁefnf‘ Rligy J&%’gﬂbgﬂ?rﬁ %I@quﬁg fom, dnstance,
nonfibisizs Yeldshr asibrauP QabBaN asd i emsreahigehind | L8R 4sOcalcium
recover solid material. To the resulting solid

carbpgptestitaniumAodls, afd alMRingas added and stirred at 85C

g r about 30 mn, filtering it in the sane way as
above to recover solid material. Subsequently, the

(12)dpes ation of stirring in 800g of warm water, washing,
and filtering was repeated 5 tines to produce

Acegrding tospidi(1)s 115 gospihle 1 ppduceis wrininguetrinkyl useful RS, dere, a

PAS ' t r reduced pressure .

iy e 209 oot b ¥ e oot 1RGPS GBS TG Sni

repréaaley hys thef formals qlAird)mat eidied codtitient, cAdCRE cva®nt of said
carried out tion spectra obtained by infrared

repegine: Upts's gprefe ?r_ 20%qeh BiERt ThEFPROZIGHAAT is a unit as
e SR8 L SOATRAL PO il SO i

~ material was |inear yphen

is pagiiaalyeprefotabaul ar wei ght was 38, 600. The

{Ougglyphenylene sul fide prepared here is hereinafter
referred as linear PPS-1. {0128} {Reference exanple

As 181 A9thishep@iasRhR igthéanajbietituentSiif i RheHa1388 ontain a
and a di hal ogenated aromati c conpound in an organic
smalh gmepnisef] Yaneh whids er srestlinkingsunits25 tepresengedoby vaid Fquemlae

o) RS Bl ol B e SRRTARRS o o bns e o R s
prefarabig irsthie Rgngefof @ t6 1 ahéles fATMAA S e LiAreR) uffAS, fol | oned

(ﬁ% renoving the cyclic PAS to obtain a |inear PAS
0108 th a smaller nolecul ar wei ght than in the case of

| -Ei sl 4 0.120
A SRR SHATI i LA B af et o
copolyyakrpblokk icdpolyi2r D0g (ikthdthorebe shat Gbnéhéhsvh YeRaROUSIt as

. solutian prepared fr 96% sodi um hydr oxi de, 615. 0g
givery 8005 TgTE g B Al POLYIORY e eS Rolgplaent ulfide
sulfofb£€ho PRGN E Wl ReBhds! ' Bhdod tcﬁﬁol?ﬁ'lgs' Gh&O! Fif block

filling the reaction contaliner -with nitrogen, it’was
copolymairedhé¢mofa mid moigbmey dseradinizptiadaly {0df3@ple PASs include
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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While stirring at 400rpm it was heated for about 1
hour to raise the tenperature fromroomtenperature
to 200C. At this stage, the pressure in the reaction
contai ner was 0.35 MPa in terns of gauge pressure.

en it was heated, f bout 30 min to raise the
10, rPﬁé’i‘%{?’dF‘érefPF%Iﬁﬁagb’og? o 7pfeEe. shidl e preferafly 18,609 or more,

in \ﬁﬁgﬁ%%lfﬁgé MolclBlaF SRk I KARkRL %fgh’(\@vc‘eré%glegxﬁ?%glﬂmi Reight of

terns of gauge pressure. After naintailni
10,§08mgemere thae high RJldebiligr diringourogestihg, amdtreldales wasluced from

o SR SIS0 SR Lo S, o
resi@ffey TRGe Bie MHASe6ifHcA IRk ADHS BA YheabePiish (ffﬁgé?g VJB%P hitrage

chromat ogr aphy, and results showed t hat
molggsseiclio Ruiuityt referably destatbard 3900 8000 mive wyteribdy RRS than

f [ r s, .18..5% i ng .t hat e sul fur, ..
00,080 it Bl Rl 3 g PP ilEimoleie Bt can
be nemwied 4t is wiioramgeycl i ¢ PPS. {0132} A 500g portion of

the resulting material was diluted with about 1,500g

{0105 i on- exchanged water, and then filtered through a

) ' i . e re of 10.t0 16
The i8S of inbleEbiaif el M AGHBAARE PSS Briued® prdpedy prggered
embdilispatssefdthisinadntioh, BO0MHe glolydipesins heprgRdtedadyethe ratio of the
.Stirred at 70C for .30 ﬂ foll owed by repeating the
weight guerpq ofseRigr wé&hétawg] the avespasvolepviar weight éweight average
mol i i u
BRSPS SR f TSIV SIS 5 o
less,{ mog3preferaifle X oulledsngtib ohird mefkmblyal2. Wes lgsst and séll more

e 2 B 4 D TR LSBT g e o

of the@l MeMw D tHeIIRMAt bNRwW RVARheFEoR coMEhRhts COPEAG hShi
fromt hv(g solei d material. {0134} &ft%dﬁﬁl% he 1:(g’xt racti onsthls

rangg yaHaterento pleduesomotilings: baviieg gewhuicohangral whathetefistics ewith
thi : dried overnight .at 70C under, .
decrRR b ARGy WBe hdBlna R0 sk Bl oG furipg ppptac
withstht i sdlvent. ¢dral thel Weighs atdtiiee floRdulad vaigt YBldSaurARG average
absorption spectra of infrared spect ros%gé)é/ anal ysis
moleghlgieticighatcant biadetgrmingdaby.psery jngaere ndEG ulsizedexclusion
chroMfoBr:RAnVel wei ght of 6,300. The
0poI %oa%emsg%éa sﬁﬁel%ggl ‘gﬁé‘gg‘?‘!ﬁ here is hereinafter
{0107¢ferred to as linear PPS-2. {0135} {Reference
exarrgle 33. e .

There "are no specific limitations 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 insulation

characteristics. Here, the alkali metal content in a PAS of the invention is calculated
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After renoving the solvent fromthe extract resulting

fromthe chloroformextraction operation in Reference

exanpl e 2, about 5g of chloroformwas added to

prepare slurry, which was drop to about 300g of

met.hanol while stirring., The resulting deposits were
fm‘P’et@‘brvBP C%y&‘Fian“}ué‘f iﬁgnf:lk%lhdn%lcmm &y ask remeining after
caldniR® Yh f ki Welcls LR

DD R PP B RS N o R RO cor SRRy by
anakyping sefrl esh pywlier inwascea icorchoumbgraphyr o1 ikgatohen ybefgion
metBy fide units. Furthernore, mass spectrum anal ysis

t%% ui pnrent: M 1200H manufactured by Htachi, Ltd.) of
{016@ponent s separated by high speed |iquid

chr omat gg)r aphy, along with nol ecul ar wei ght :
In addision thed'iSs ppydusd. tiroupdrprikfSrred kobedimensst oft this inkxritien also

' nm xture c i sti mai nl.y of cyclic,

hav SR Bend? Botcviin PRag B Lot Moy waient toss as
compaxpé aht REnibhtibeal HAS nhferial. ifidany, hBew¥BhiORs tends to be

fraction of the cyclic polyphenyl ene sul frde was
repressBige bydhe followsmyFormalaglyl d of the white powder was

20. 8% assum ng that the sul fur conmponent existing in

the reaction systemduring reaction was converted
AWrco (il et/ Whtol 0he).PPBesgonppnent . {0137} {Exanple 1}

0“@ 6. 49g portion of the |inear PPS-1 (containing
{ 30601 mol e sul fur conmponent) obtained in Reference

| 711 4 0 | f T
N ks BRI A PNSRUER P, v
aUanth@@@ﬂSe}]ﬂhm}pheﬁatsts&sﬁ(ﬁg X%Cﬁﬁgﬁfmh@g)%pﬁiaﬁh &fﬂi?@rature

Wt % aqueous sol uti.on prepar rom 96% pur i
abord At by AT 5 S G RPenBs1 WA 61 0g desiodha dveight

meadiidEwhe Ak &fm rﬁ&%@eéc@e@ﬂ(ﬁ)zﬁrl\%l)dghmc qgs%gct{\@.lyzl ol e)

of N-nethyl-2-pyrrolidone ( , and 0.894qg ‘(0. 00608

{0114bl e) of p-dichl orobenzene (p-DCB) were put in a
[ t.eel tgclave wit.h a stirrer. The total
The TS8R fiple EhEnt Frlotefincbt Mihinetien k@gro have

goodRiGrattezislcsSwigh b Fefyahi-0sATNV: ofl €. 1885 006 gl?eféf%@ 0. 898 or less,
t he ampunt of the solvent was about 9.07L pei nole of

and e reeferably & b3pen dase-sThePASsavithea AWrdn sail xange daved Ota8ancy,
. ' he r i ' [ ni t,rogen
o ARS8 8D SOEHLD SANLH A P LLGHET o o
orifiqer ggis dikeduring exmmisiveahaldinizosr b e mbldduing &arsi@OMo]ding,
1 d.ten(‘{)er ature tqQ 200C while stirri n? at, 400rpm It was
eadipg, < Hopebprogvdtty abpibe koowlase p th ingengorp@engelly kpewn
PASSHAGE a t A [ |@n :
USGE  0: BOgFEL D AR S UBLE R s
emblponts of this inwenticarad: differentjfremcthe derstoally krowalRASs ih @@ of

molel P B Bt St b RPUERE AN b L G Egabel 15 yimselt of
this, G0y QARG ARY high Pirilye Rubiing 18 BUEGd-fiat dééﬁgdsg 718 vatue of

nmonomer consunption rate was 58.1% and t ormat 1 on
AWrLrate of the cyclic PAS relative to the feed nononer
{011%{3- DCB) was about 251% It was al so shown that the

clic PAS formation rate was 23.1% assuning that the
The salbé W SPAPOSEBE deferblied’ BRCA icOMmBNX IHHBoHBANREEN analysis
conpletely converted into a cyclic PAS.
technique, 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, preferably 2 vol.% or less, and

more preferably virtually free of oxygen, i.c., filled with an inert gas such as nitrogen,
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{0140} Thus, it is found that the cyclic PAS

production process of the invention serves to

conplete the cyclic PAS fornmation reaction in a short

period of tinme and produce a cyclic PASin a |arger

quantity than.the fed nononmer. This suggests that .
helighry iid prkom, dnd i PRiRar 2 PBQEFTL daRlErs BmEy grafsrable in view
of 5/ 6donbmRASEihey ghd RAAIERGH Admodphe}ic pld
. dnvention QErvgg to prgﬁucé}?heoégb?g g%%:%?%ﬁuﬁggﬁhme
is thef pressiesnioythe pddospherf Exaniypinathe staAdd SRae pat tioenspetifichidy, it

s N R T S

told . il '
m SRS o of R s 0 S 8

PASowilmyfer, ofqd inglagoa pxidntion slogngicajurghent, SCBthaeireogphtre will

j ' S eel autocla W th a iLrrer.. The .
be vef} el BSs SheBracfiing S s Sieiitng of B gfeting i prowide
meakiramaiits PR{t-chn avelel fof prdeticg ulsé iofleheVRASH. RRGHe MaSureRB& of

the anount of the solvent was about 9.04L per nol e of

AW fRergpryimehaeiit 5 Rerormed withdhe smperatwgraised Gou30°C

o4 S0, S 8. 1, P,

the fermgssiture is ihl’:ldVﬁSS(]GI@aﬁt)e_dl fhor, folpovdd By ﬂl@ézftglgf it%éiziﬂiﬂ@ rate of
200C t

20°G/GHE i M E e BB el o, RBlr BRI TOEe Fpresems th

temﬁ'@étﬁ%§‘ el Bl whERPASS Ql%{ﬁgafjg)?gﬁpﬁﬁﬁegéjﬁﬂﬁ%ege AB¥kd 1o

t o about "room tenperat ure. € nateri
practiésd aisereahdnalso avbeh pekdi PAYs gassmehedamt ogidedhintoadsired glmpes.

liquid chromatography, and results showed that .
The ?Aﬁi@ﬁ L9Segt i SR TR Y 165 PReEA s e S0 Boye whiopwith
the fa® BBEAORIdA Eroff tHehPAS )Héiﬂ%cusgd\%nﬂ &leBdrh¥ e t(ﬁsc{?ggs[i]lfse(ﬁ'ﬂthe

nmononer. (p-DCB) was about I194% It was al so

orifigeh gnd tdie i mopg. f BhusatBASs withea \wagght7 lB8%6rass inisugh a
at _t sul fur ) nent i.n.the re ion mxture .
temr e s e RRER Betifh b Bl Poaepey i

prefebablg petfornmel Wikiadpedialen fiab@ 10hag st fdid i0fdind GRAcles of
is different fromthat used in Exanple 1, the cyclic

aboubAQUR F Jg8%-i on reaction is completed in a short period

{0”95 time and a cyclic PAS is produced in a |arger
quantity than the fed nonomer. This suggests that

(13) plaargcteristichef P48l | i near PPS is converted into the

lic PAS during the reacgtion, indicating, that the
The P%s%mdaﬁedsgﬂr Rrspeﬁrﬁe&ﬁ@@dwré{%gﬁgﬂ%um@% hayerfig heat
resis@héd, CdneRtoal rEQURNRY (firk NetafRLEBT 100iE rifes> chg Eﬁécﬁam’cal
|l ower than in Exanple 1 where sodium rosultide,

propeuties land en parpicelhe rtadyl tend o hawvdi azhampvageidenlar sveiphe 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.

{0114}

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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{0145} {Exanple 3} Described below are results of the
production of a cyclic PAS at different feed ratios
bet ween the |inear PAS and the nononer. 101461 Except
for the use of 5.18g of the linear PPS-1 (sul fur

Qg of 48 wt % aqueous

0,,0480, nol e) , 4 | .
extFh, e G ﬂ@g’é‘f%iﬁﬂ%ﬁo@f flicg and sesding thapatesiglipn pgeoling
Ry : 2): : - 04
o 6758, 842yl ey 108 AR WhEL ot
longig il rdiravyilng Wpﬂmmﬂwﬂhgmé ggﬂﬂ‘f@gﬁéﬂ;gmnﬁyﬂipamwl 5 i ecef[j)legﬁgfger to
0, 0150, nol.e ter 0. . .mole)), and 1.
perbofngBiehiieR e MRl P clarey dirglians fespeeively, hough
othdPtediRl@eslmWRals6 BE Lhk@d out to produce a cyclic PAS

{0147} The material obtained was anal yzed by gas
{015 omat ography and hi gh speed |iquid chronmatography,

to FRLATREES B B AS O nBicRO R PR P r G rpRies of
this BAGnrien, plehotelly RndviiemeRRd sﬁig{aﬁg&&mm@@n MAgse @DVt tinstance,

130% It was al so shown t the cyclic PAS formation

PAS ehies Wwiad 2p edgpaigdalmrngpphed ta heniskint errbisdalpommder Where it

: e [ 1 be o) etely canyerted

18 k%giﬁga’a%g%/ 35 C@ﬁﬁ@éﬁ?&%}% aAsglér%léar poor ﬁl&l% 385{1{%8‘@3‘ apparatus

installed uit thenendvad gkl exttruders fithdtivh @ahewiahl s@iﬂﬁmﬂﬁr SHIRG, fllowed by
L on- exchangegl water, and then filtered t rouagh a

coolifje, stzetghing, apd patseling s denigehnigiss: havecver, may alse begised.

formgicrometers. The material remaining on the filter was
di'spersed i n about 150g of ion-exchanged water,

The gtASsr pddeted AOUEb rpré@rrad kmbbdincnweds s ivpaddn Ryt heused

. sanme. filtering operation _as above.three tines tQ

sing} PGB, omTAB T ST oLEaniG TR Sucheds Al dfiep parbon

fiberQ igdniird ehei Rt ' Y, i ' {oxi
{0149} The r 3%8 f‘;??ﬁ’g"ﬁ??b‘g%?’?“& %@%eé@gf%ﬁg&}gh? aptioxidant,

thermal] staliiligrapeliravinlatiabsorberdanmlibpleteg dgens. Booyhiled may be mixed

: ' f bout 5 .h ' hl or of orm
wits SRl ot RuORHE s PR RE ot
polyatherstilf&@, qfolaRteor @heH rﬁk\/\%%yaﬁﬁ@& e PBAE Carkd Vll%h'b%’ylheltylene

whi ch was dropped into about 500g of nethanol
terepbihalate)n gpolyetlyleas u pelyREpPalepe s inoby eitafliorastidenee dolbfin-based

[ ikl V. ' f 5.hours t
copolirier 5l §hcBfa @t IRt Rl (Bbai ZBUR plrBgpiane
groupﬁﬁmréc’aalddzdﬁﬂe [ 111310 pﬂgohﬁﬂbﬂ@d?:elﬁ@%dh p}i)l}?@fhef féistf%r gﬁhtbﬁler,

er.,.was a conpound, conpri sing phenyl ene sul fide
POlY?%ﬁ?ft%@ld&%@ftﬂ@pr&%@l b detyatsinlaped palyisnide.
ﬁnlqﬁnponents separated by high speed liquid
c

romat ogr aphy, along with nol ecul ar wei ght
(14) peaofiPAfent s by MALDI - TOF- MS, showed that the white

The BRNS Shodiipd dole el iib bR BTy s Husiian bive various
good' @ReR{ckRcsy Mclwlifd I 1difg faf%c@é’&gbﬂilﬁégnetcﬂ%}tiéf’iﬁ ggg}t\%ggﬁsﬁcs and

fraction 'of_ the cyclic polyphenylene s
electyigy gtharagpeuistics, 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 plate,
tuner, speaker, microphone, headphone, small motor, magnetic head base, power
module, semiconductor, liquid crystal, FDD carriage, FDD chassis, motor brush holder,
parabolic antenna, 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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{0150} Thus, it is found that the cyclic PAS
production process of the invention serves to
conplete the cyclic PAS fornmation reaction in a short
period of time and produce a cyclic PASin a |arger
antlt an the fed no ven if the feed ratio

so AT Hsk e g”&%m ﬁ@WB?Ct disce Highgbyideo disk,

otk rated oo o

parisj fypewrieABartsn WOréprcaes;anpmso oﬂmr hmbhcﬂmfbﬂ&& eﬁﬁmﬁic appliance
agent and a

t hout u I fidizin
par e bSOty Hahpin SRR sed 7555, Beaode e pors,
copikdlatd &%, dhsHiejik] ﬂ@fbf pﬁ‘?ss‘héh&ﬁ %e%té}oﬂ&nﬁgrgn%e rglated
0. 0600 nDIe) prepared in ferenée ‘exanple 1
partéﬁmmommeeﬂampulwamm cics:édotiasr did] detiens) piecmrmi Ipanhme

I tacl.ave.with a stirrer,
relalel) el Bl FRR-LeiFr, RARRHDH et wlind bl otipe i vater
flow edtalcoamiSluvivey frelidfevavd, fist vaRrPeRSahairs 9fists Mt@ﬂﬂbaerate

linear PPS-1 was 0.0600 nole, and the amount of
Sensop| Walst Mgk haveing, YoU@Lsupaly sstem @Rrts, herbery maator termmal
a,ltefﬁgfrqa leﬁrﬁgtfcj 'IE é‘.gatrof %%Eenﬁgmnfgf IBae ¢xh u%t%g%xal gh various
valvsmbﬁmﬂéﬁﬂuﬂt@udtm-ﬁm mirﬁﬁlecbip@ afe InfakeXaiRlce subrkd), intake

ver the cyclic PPS. However, what was recover ed
maﬁ}ﬁ@‘o dHF Py &flglee F08ling VRkH deinh caERFeteich fmaim bedy, ccaburetor

spacey, Ctaudt dg% ée?gdsz b Wi {diSor ACLARAY DALY ¥hrotile

proceede
position sensor, crank shaft position sensor, air flow meter, brake pad abrasion sensor,

air conditioner’s thermostat base, heater’s air flow control valve, radiator motor’s
brush holder, water pump impeller, turbine vane, wiper motor relation parts, distributor
starter switch, starter relay, transmission wire harness, window washer nozzle, air
conditioner’s panel switch base plate, fuel relation electromagnetic valve coil, fuse
connector, horn terminal, electrical equipment parts’ inéulation plate, step-motor rotor,
lamp socket, lamp reflector, lamp housing, brake piston, solenoid bobbin, engine oil
filter, fuel tank, ignition 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]
{01201}

The invention is illustrated more specifically below by using examples. These
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As clearly seen fromthe conparison between
Conparative exanple 1 and Exanples 1 to 3, the cyclic
PAS is hardly obtained if a sulfidizing agent and

di hal ogenat ed aromati ¢ conpound are not used as feed

erial.s aratlv | e 2} Descri bed
exaffpleg s Ron ety 7 SO B B oL SRged t
pladerahyliiybﬁubﬂlﬁﬁﬂheﬁﬁ%nu&[‘ orgam c pol ar sol vent and an
or ani c polar solvent as feed materials and w thout

ng a di hal ogenat ed aromati c conpound. {0156}

<m§iggglg}wgg ?aggfegge g not used as feed materi al, EI'RZ

same proce n Exanple 3 was carried out.

Therl’ﬁbleﬁul@ wéi@ht&bﬂ"iﬁ(ﬂyérzléﬁé tsl'ﬂﬁdé@ﬁﬁi pAVar¥Rie SNALY ?é%)oﬂbfners is
gh speed l'iqui d chromat ography, and results sh
deteflﬁale fhisayef pc&ywﬂsmf by aelticencatian éhxmt@@h%(@?@;w]mgh is

t t
one d15hg D8 WML, SRRRNGRLRY (S I RE" KPR I iiSppent
con@!ﬂﬁnsaelrshstéd)hﬂdwf rom the high speed liquid
ra hy anal yS| s that the main conmponent of

Eq“l%”bn?éé% il Q\H’é‘nﬁ%f’ seddyycyenehyppeientifiedo. drd) ysi s dat a
cmﬁﬁ@@dcﬁ@aﬁn&nne[cﬁeg@eys shi8ieifid 052f L 1 OMET

As clearly seen fromthe conparison between

Elu@bnbahlatqnaphthadamal e 2 and Exanpl es 1 to 3, the cyclic
PAS i hard obtained if a di hal ogenated aronatic
Dete(?g)ﬁpg '@i%’gf‘c 1opely as feed material. {0158}

Column temperature : 210°C

Pre-thermostat bath temperature : 250°C

Pump thermostat bath temperature : 50°C

Detector temperature : 210°C

Flow rate : 1.0m1/min

Specimen injection rate : 300 pL (slurry: about 0.2 wi% )

{0122}

< cyclic poiyphenylene sulfide formation rate measurement >

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

Equipment : LC-10Avp Series manufactured by Shimadzu Corporation

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

Detector : photodiode array detector (UV = 270 nm)

{0123} '

{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, 116.9g (1.00 mole) of a 48 wt% aqueous solution of sodium hydrosulfide, 43.8g
(1.05 moles) of 96% sodium hydroxide, 198.3g (2.00 moles) of
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{Exanpl e 4} Described here are results of the
production of a cyclic PAS using different |inear
PASs as feed material. {0159} Except that 6.48g
(0.0600 nole) of the linear PPS-2 produced in

‘ the li PAS, th
N PR BRE AR, b Bl e saieaceit. w150 of
ionfkEIee] afyGldre fof%n of Q4i6RYs sTHE IBlSF @km@%ﬁ&%?q‘hen, a

was anal yzed by gas chromatography and hi gh spee
fraqtiopgiing ce toipsapad on thedutockue.taad stioingdt 24atpm hes started,

- consunpt i rate 66. 49 nd the
foll B By PRHCH oSl RY BB AP arC ot FEophe T maore
whil REFEYing PnioEIn. "BEriad abk Jptddfionl 12198Swad EstBRAWUL of the
that the cyclic PAS formation rate was 21.6% assum ng
fracgignatingy gokigine yAndo fh®iPermoles efhdiydeger i orfige xwas dostadGas

e ] [ 2l i.c. PAS,; {0161
808 SOV MO FRDVREN A N B ol i G oo o
wateredoe 8, 5 aaltiNMED pied thatthe auidift GawEeDindCeRIIY i@ thSreattion system

le 3 to recover the cyclic PPS. As a result,
wasE- PP S8Ry whi t e powder of the cyclic PPS
{o1¥&s obtained. {0162} It is found that, when using the
cyclic PAS production process of the invention, in
Aftarte dintiBationg the r@actioinf dodiatien gvaa gooled amdbaut 160°C, 148.5g (1.01

mol§y PF arfHiitoBening (P CRy 58858 1 o et Sradb e hdfed. and
the @dactiVe cOhthindf wARNRARANH #hithdden Stikfdidlbginack. a\g’ﬁﬂ% esﬁfrﬁag at

heated to cause reaction to prepare a PAS m xtu
400xpen 4t was hegtedtionahopt BY oiPas tad) 8, iidatheiPSted fodrh GORRL to

' L. PAS t t t the,li
270 e EFREF 6 Gin Y oGty o iEE Pieaddione Sali 88 140
minf Sulpeqiatm 365 cX00 easléd) UT AEr GUS pberefPARf BEMBARA system

.and produce the cyclic PASOi n_a larger quantity than
Whlle?rr@()ﬁ%m lgsmin dewnde 2oREE efollawed %alm}mg Bk fapl 56T to

220°C at a rate of 0.4°C/min. Then it was quenched to about room temperature.
{0126}
The contents were taken out and diluted with 500g 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 as
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.

{0127}

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
is hereinafter referred as linear PPS-1.

{0128}
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Descri bed here are results of the production of a
cyclic PAS using a smaller anobunt of feed materials
than in Exanple |I. {0164} A 3.25g portion of the
i near PPS-1 (containing 0.0301 nole sul fur f
anent tained in Reference exanple 1, 0.351g o
{Rei%e eo%"%‘&fi‘&gﬁs sol ution of sodi um hydrosul f.i de

In {{ROGiPIO YHAS Befdvd ey GukBand AeBPA3AN MPlifhiondBk& aromatic
0.183g (0.0102 nole)), 0.313g of 48 wt % aqueous

compgpgd ingn eEpapeldr solvmt 989samouny isbas literhycnaexcipgemole of

the SERAHTONGE Bl A8 o Or BARRDTR B EEEn & R Ske o
PAS\mivettuleydongistiyy 604 ceIRePANMR a 1mest PAL 5300w BP3Boving the

no| e% of p-dichl orobenzene (p-DCB) were put in a
cyclig B (e eltaipra ineas PAScwisly @ swetler molseylar weightTthen irothalcase of

ul fur conmponents comng fromthe |inear
Ref@gRPallbledt 1 hydrosul fi de was 0.0331 nol e, and

{012%He anount of the solvent was about 18.2L per nole of

. the sul fur conpopents in the reactigon m xture. {0165}
F“S';’e\Plt“ 8s@af%0 ﬁ{gg% et FEn 2GS ALRISAEHOR 1wl sodiup dydiesullide,
12.50S(0AUAD HRNLY %fa&% roem éﬁ%ﬁr%ﬂﬂﬁ&l PRDELqaE RS BRO! L& iium

pressure, 1t was heate or about 1 ur from foom
hydiosidpe 641.0g 620 RORE) whiINMP,sarid pilIOB alasd 08 M skdinle&S steel

furth heat ou 5 hour up to 270C. It was
autolgc ph GG g eufigiendy Aledb rataeroiuen riticriioa. i
was béalla Winit QM daS HRSIphdtt € {0166} The materi al

obt ai ned was anal yzed by gas chromat ography and hi gh
{013eed |iquid chromatography, and results showed that

1.he p- ti .55.8% and th
While el SRR Eivef RN BirioB0s Ehim ot rmgeipisciom
roontresgERItue o ROBY C WA S (b Qube, I8 Ypesdire VR TededQioh MW Riner was

that the cyclic PAS formation rate was 28. 8% assum ng

0-35¢¥MEa it remsoff gavee pprpoRecHieniihwanbeatebior abont 30xwinrte réiswithe
o BERRSRARLASE 1 ZBEEC B, ML R S Ul e
was IL.06 MBs ackehys ofgauga prasgurt heftbmbinaliniageientapahukd g 270°C
for If ﬁ‘oeucri, ngtn?gtgr%ls\ﬁas{ rchl:gvse}re VE\ii(]nglng[llleenC%:l}ng the container to about room
temperature.

{0131}
The material obtained was analyzed by gas chromatography and high speed liquid
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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Descri bed here are results of carrying out operations

for the production of a cyclic PAS using |arger

anmounts of feed materials than in Exanple 1. {0169} A

13.0g portion of the Iinear PPS-1 (containing O. 120
ined in Reference exanp

Thifésﬁmiga&ﬁ %nﬁfg’oggta 4833 PapsOE SetiiRcied © Soxle

extf%ﬂglfﬁﬁlla\lg!t)xgr% lg&gg’ géﬁ gﬂlg%@ﬁﬂn%% g(?vé}rt @@?%%((vg t?elﬁ)gv molecular

weightsompessns fronl theisolid petepalr ed from 96% purity sodi um
{Ollg)i?rom de (sodi um hydroxi de 0.582g (0.0146 nol e),
er 0 657g (0.0365 nole)), 5729 (5.77 nole) of NWP,

Aftanthe bxif@ioh GpBk#idn "Bk 8dliPhaRriBCRmMife BiJ{he' f'ﬁ’te‘f11 te? paper thimble
stainl ess steel autoclave with a stlrrer al

was dpathtovemighy| #tuy 0 ébmp@fnewdgcesiomeasgme to mroﬂm:el atwenr6.98g of

S- i i de,was
i8R ST et HhRE SRS B 0 o e orilfored
spestutistopy mmmmeemd ithut ith@asrldal @BlyPhetlyléng sulffdd tRth a weight
After sealing.the reaction container in a nitrogen

average mplselda atcighit ofy 850D+ dhp arodynicnylensl snlfide nprepaved ihere is
' for about 1 hour fromroom
herﬁfeﬁn%z%f?mde&t \3@%8% whi'le stirring at 400rpm It was
{01B%y t her heated for about 0.5 hour up to 270C. It was
i nt ai ned]6 &1270C for 1 hour and then quenched down
{Re?%etg:ﬁgé?mp 3 tenperature {0171} The materi al _
ARGDERLIERE HESHIFOR 1 ¥ BB re SRR HAD RPN 0B dction
speed | quid chromat ography, esults s
opeatien i RefBrenronexranple 8rahompig oﬁclﬂtabﬁ)rmsa:ﬁ@de%o pmphré hlerry
c,PAS.rel ative tag the feed

‘fﬁ%g{"’ggnt%r'ro?’qs ?ﬂ%ﬁ% sl Shls Siingalhefesttan deppots were
recovBRt ByhHIYich, ﬁl&é&uhﬁxtdmrdl an7geat frWagodie- t&%@cﬁﬁem of

that the sulfur conponent in the reaction mxture
whitsepavden vphsetnsiop. speefveerf idirarast speatresgopy enabpds Sl{cﬁ’ﬂe?th}lat this

white powder was a compound comprising phenylene sulfide units. Furthermore, mass

spectrum analysis (equipment: 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 to 12 and that the weight fraction of the cyclic polyphenylene
sulfide was about 90%. |

{0136}

The yield of the white powder was 20.8% assuming that the sulfur component existing
in the reaction system during reaction was converted completely info the PPS
component.

{0137}

{Example 1}

A 6.49g portion of the linear PPS-1 (containing 0.0601 mole sulfur component)
obtained in Reference example 1, 0.711g of 48 wit% aqueous solution of sodium
hydrosulfide (sodium 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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Thus, it is found that a cyclic PAS can be produced
with high yield even if |arge anounts of feed
materials are used. {0173} {Exanple 7} Described here
are results of the production of a cyclic PAS using

.Gl t f, f terials . th [ I
hydi G oA RictpRide S 2B DTS it Sk Rz 8T mole)
| : .
L 0k o6 N R ol (IMDTALET0 S (VG0 sl of
p-digBlogobspreng (p-d¥ABbwerst put dib pastaieldssi secRefioriene withxastpta. The

, 8 Wt % Ssol uti . dj .
touef et et et RS CHBuE o TheSlipER BT pand. sodium
hydrssuEkde Wt 0660 Aflk, (#d ABd AmdRheds) the Zob et Qs 4B JB7L per

aqueous sol ution prepared from 96% purity sodi um
molgwd thsspliiar Qosenenents Hyde ssdcien mixtog. (0. 0297 nol e)
{Ol\_’i\?j er 1.33g (0.0739 nole)), 617g (6.22 nole) of NWP,

and 3.53g (0.0240 nole) of p-DCB were put in a
Aftatsailiigahs raictel conthined iveninbgdn gB dhhbiéphere. at Them t@hgdrature

anmount of sul fur conponents com n? fromthe |inear
undgsisempsplistic PSR YyHs Jsurd ferebrasT bounfiomgpen tamperaties to
‘ . r f. t980
200 Biink 2 420HE 1 S RrROHLarch REpARD TR 10 e
At thist gages ebd pregsurben rtbactdcton cpsttrai way 0i6nNVPanint teogenf gauge

as atnosphere r t eratur nder at npspheric
preies Bt RO Hoddlbh Fon- ABE A 1OHbaRerEh el aPBB P about
rooth @At € to 200C while stirring at 400rpm It was

further heated for about 0.5 hour up to 270C. It was
{O13Hi ntai ned at 270C for 1 hour and then quenched down

t baut, .r.oom tenperature. {0176} The materi al I
The BoE AR WS DIRRLHT at DPledagnoang bidhepmepd i
chrosp@aphlyJaidreg il PERERE TBRANYKe paNTB Bsidnics shamffiohak was

t he p-DCB nmononer consunption rate was 86.6% and the
>8. 1/ apd thedirmation refe afftee eiptr iPASpARtiVeodhe Jesdimonoimer (2 8B)

0 ) %, hit S hown t h

s TRBATE 1 GBS0y MBS BRI
assulrtieg shat fthe salfap oo@pénent ih ke reREibh QhixAiry tHadebdaa dedpgétely

conpl et el cofpvsert ed into a cyclic PAS.
converted mto a c?r/chc AS.
{0140}
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.
{0141}
{Example 2}
A 6.52¢g portion of the linear PPS-1 (containing 0.0604 mole sulfur component)
obtained in Reference example 1, 0.279g (0.00608 mole) of anhydrous lithium sulfide,
0.0421¢ (0.00176 mole) of lithium hydroxide, 616g (6.22 mole) of NMP, and 0.894g
(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
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{0177} Then, a 200g portion of the resulting reaction
product was taken, and subjected to the same
procedure as in Exanple 3 to recover the cyclic PPS.
As a result, 1.08g of 86%purity white powder of the

e bi.al . .78} Thus, it is found
thet'gthgitr cgmgglgn%?ﬁéAS g%%%bquél%duced with high yield

{014%en if large amounts of feed materials are used and

t hat,. t cycl.ic PAS can be produced efficiently in
AfgrsFlinedhe fREQR epmiiag in b rOBORH AUBPSDhE A Gorgt fepperaturc
undBy AehdSiherit QlebHre] EXARME RS For DS aS | ﬁSﬁ{* 1%%%%091{1 Gem rature to

results of the production of a cyclic carried ou
200¢fs mhge stitring at 40Qgpm. Kvowfarsheo hedted fbr mhda 0L Bhaur upan 270°C. Tt

l.e 6. 0. 79 portion of the |inear
Wasgxﬁ%ﬁ“&%oﬂ {%%ﬁéf%ﬁéﬂﬁ“ﬁ%ﬂ@ P rqhenchspdamtp about room
tempdvhtaiened in Reference exanple 1, 5.61g of 48 W%

aqueous sol ution of sodi um hydrosul fide (sodi um
{Olﬁﬁdrosulfide 2.69g (0.0480 nole), water 2.92g (0.162

. 4 0 | uti d ..
S
chrozhatkQgaph®, HB0ksited howenah the? pFICB ([fbnbinkr 'E@ﬁs%)ﬁpﬁ%)ﬁ’ 128 was

6.21 | f NWP, d 7. 06 0.0480 nole) o
29.55 it rctphasion tis o ta3 ik A8 relesed todhe Bof avamonict (p-BCE)

et Y40, T f gpents com o

s U8 B Sk LRI MO S RORBRGR R oI Do

assuGuiRy tha |ty selfit toapamaumk thd rédetios Ghixfié hadsheah Vsinpletely
lLle of the sulfur conponents in the

conyBus R RIS, {0181}

{0144}

Thus, it is found that though the sulfidizing agent is different from that used in
Example 1, the cyclic PAS formation reaction is completed in a short period of time
and a cyclic PAS is produced 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.
However, the formation rate is slightly lower than in Example 1 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), 1.40g
of 48 wt% aqueous solution of sodium hydrosulfide (sodium hydrosulfide 0.673g
(0.0120 mole), water 0.730g (0.0406 mole)), 1.30g of 48 wt% agueous solution
prepared from 96%-purity sodium hydroxide (sodium hydroxide 0.600g (0.0150 mole),
water 0.677g (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}
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After sealing the reaction container in a nitrogen
gas atnosphere at room tenperature under atnospheric
pressure, it was heated for about 1 hour fromroom
tenperature to 200C while stirring at- 400rpm It was

f fo b 0.5 hour up to 270C. It .
e BAEREY oBRLE o GlaallgR byiisd, MR S e isdcradmauid
chrdnatagrapty, aabrestiespigrvaldung thO b3IEB mbRniRBhdMption rate was
81 gbt ai ned_was anal yzed by gas chronag&gr aphy and hi gh

pedd the Brmaticiathelithey e xahs PASaslative tohe &@hmmera erDCB)
t [ { 87..2% and t o
wast IBuR1HER PR o AR TR 0 el STorlp o e
assumgngrigat the-sDER) compoadnouh (hS.réfftioh tmiMafe dlad Obeh QMmpletely
that .the c clﬂc PAS formation rate was 11.2% assum ng
con eﬁtﬁfmftﬂécg‘z}f"f d¥S-conponent in the reaction nixture had
{01men conpl etely converted into a cyclic PAS. {0183}
Then, a 200g portion of the resulting reaction
A 2(equaiom ofdbe teaiding naatetia waj diltted with dbbet &g ion-exchanged

[ h [ PPS.
wath SEF RS e, s BT s it MG PressiscarEmTopt Ahio 16
micofetdre FRSMWRS P Birddined- onl ﬁﬂzsﬂi}er-r\béksdisbﬁhrlségdﬁil{l ?l'é’cﬁ% 150g of

. that a cyclic PAS can be produced with
ton-gxghangefl Watery stimad wnnt4)°0f fof S@dmimmt felowed barepesied thadame

. 2 cyclic PAS can be produced.efficiently in.
ftefilf bl ol YE bt PR E IR o PR 19 el ofpis ves
vacupfedtitlt ovelddii o} S¢ExRmbaddtiryREa g here are

results of the production of a cyclic PAS carried out

{0149g; ng still larger amounts of feed materials than in

€49 anl . ortd.on of the [linear PPS-
The RIS ol Wikl s 88 POR UBH p8ieanbfogh o sulierid o
SoxiRetf extrecioa foxabmites Hour uing chlordfBrmvbdeALR ON SeS Rnbvir the
of sodi.um r&édro ul fide (sodium hydrosul fide 4.71

solvers fogm Bierfoitrast; abrittere of ablepofarmonas adsled)ty ,pr@awglugv, which

was WoHp@fI RO Yoot gb@énio@ %&ﬁzﬁﬁggﬁﬁe QR O%he Pé’é{liutn% (feBgé.iférr\;vere

hydr oxi de (sodi um hydr oxi

recovered by filtration, and vacuum-dried at 70°C for 5 hours to produce 0.65g 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 cyclic
polyphenylene sulfide was about 92%.

{0150}

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, even if the feed ratio between
the linear PAS and the monomer is changed.

{0151}

{Comparative example 1}

Described here are results of carrying out the operation using only the linear PAS and
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3.70g (0.0924 nole), water 4.17g (0.232 nole)), 6159
(6.21 nole) of NWP, and 12.3g (0.0840 nole) of p-DCB
were put in a stainless steel autoclave with a
stirrer. The total anount of sul fur conponents com ng

RPS- 1 _.an d osul fj.de. was
an orbl hOfR I8 ks K hofidls 399 oS Suthid g ent and o
dihdlogedbtep @fonimic @ ofipotmie SU|fo conponents in the
reaction m xture. {0187} After sealing the reaction

{0lédntainer in a nitrogen gas atnDsphere at roomh ;
{e
PR Bl € o B SRR POy REP 8 o0 e paged i

Refgtnderdxappkt] AR061581(6.01 nvAs d‘leMP Verd W@t Q6 fde@ maAROA and put
to 270C. It was maintained at 270C for 1

in %%}P{é%ﬁqﬁeﬁg [eteclive ed SHBwh ﬂieosaéfkf‘o‘meffr‘t@@rﬁs in Example 1 was
carrfe@'m@ r’lq{el{[)ﬁl amBh S SRS %eng?-% S pee nc?a{ BPS-1

anal yzed by gas chronatograp
was @kﬂ@ﬁmaﬁg raag the, ananadt o Bthe Isblseﬂhmmﬁoﬁth@tOH e mivlO6Bhe sulfur
nomer cons%mgl ion rate was 82.3% and the formati on
el

compg?eénsdflﬂ?eﬁga XS el ative to the feed nononer

{01433- DCB) was about 26.2% It was al so shown that the
clic PAS formation rate was 5.23% assuning that the

A 295@ fn@rthz!oni)@hasrresuaungt metarabovdsoteken, xnd subjededaenhe same

ted t 0189} Th
proc RS ELASRRR'ER el P8 oS AEAet P Peere
was toﬁlye:[bouﬁﬂ 018 Pjvatiegsbvider %&ﬁaﬁﬁiﬁethl? r(:?&i:‘cdl"?@ lﬁélchﬁhg that the
nple 3 to recover the cyclic P As a resul

‘Eam@”9@§“5¥m83@@@@kﬁty white powder of the cyclic PPS
{0 %gz obt ai ned. {0190} Thus, it is found that a cyclic
S can be produced with hlgh yield even if |arge
As clmriya e fodm tleeebnipiriesn bit®eerdChbmphatvd Sl € akd Ekhifiples 1

S ca roduced slightly less efficiently in
0 3¢ SRrbrdic A8 by by Raingh if Resyhdiepmentand dibdosated

ronlic L 90 40 REBAEL) BRI S0 W 1, e product
{0158pndi ti ons of the invention. {0191} {Exanple 10}
{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 Example 3
was carried out. The material obtained from the reaction was analyzed by high speed
liquid chromatography, and results 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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Except that heating the feed materials from 200C to
only 250C, maintain the tenperature at 250C for 1
hour, followed by quenching down to about room
tenperature to provide a reaction product, the sane

useg_rﬁggegg%ﬁ?srg?s in Exanple 8 was carried out. 10192}

, obt ai ned was anal yzed by gas
{016By omat ogr aphy and hi gh speed |iquid chromatography,
and results showed that the p-DCB nonomer consunption
Was 87.4% and the formation rate of the cyclic

{
T R L

as féqlrmmeiisin rate was 10. 8% assumi ng that the sul fur
g nponent in the reaction m xture had been conpletely
{01 verted into a cyclic PAS. 01931 Then, a 600g

re t | td . [ I Gt s _taken
B AR B0 B M ROLAGP P BO G R SRGeie 2
wast fod ras othw éinedrRA S yibk isemPPThcedéreaasr i@SEitainpl@ 18@aPEarried out to
6% purlt%ﬁﬁhi te powder of the cyclic PPS was
ProdiiSe &icxelts rthernmore, after the extraction operation
{016@r this cyclic PPS recovery, the solid material
remaining in the filter paper thinble was dried
Theowatenilgpiitaintd 7O analyeed bedias elirgmasgupley tod pighdyeed liquid
about 20g of off-whit oljd rial. It was .
"hf"gt?g?%@??*%g g %‘@3 tﬁﬂ&lﬂ%\sg@ﬁ%ﬁtm@wr%éeammm rate was
66.404) faha HRAfoSRACIT RECTINe SRALE PRISSBROVRANE Rl m&%@%vi(ﬁ)cm

linear PPS. (01941 It i's found that as conpare
was RanipPi8., Ittwas dye shaviPAst dancydicpPAY fierethtinh rhieghas 21.6%

i ven if.the reacti.on te rature is l.owered and :
ossofflly B G shlrub bR yEY° RRBRC b Rye B Conietly
convebieaimed ci-sIRURAS.t he cyclic PPS production efficiency

is slightly lower in terns of the yield per unit

{Ol%}oun_t of the reaction product. {0195} (Exanple 11}

TSP B R e P R e
procedur&ErapExanifle dso rewttemthe eydlixl PPS. 0O65esult, 0.67g of 90%-purity

white powder of the cyclic PPS was obtained.

{0162}

It is found that, when using the cyclic 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 a PAS mixture consisting

of a cyclic PAS and a linear PAS, followed by removing the cyclic PAS to separate out

the linear 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

monotmer used as feed material.

{0163}

{Example 5}

Described here are results of the production of a cyclic PAS using a smaller amount of

feed materials than in Example 1.

{0164}

55



A 19.49g portion of the linear PPS (containing 0.180
~nol e sul fur conponent) obtained in Exanple 10, 5. 26g
of 48 wt % aqueous sol ution of sodi um hydrosul fide
(sodi um hydrosul fide 2.53g (0.0450 nole), water 2 74g

l e . 88 4 % a sol uti on
I N R AT ———
obtdigel @XiRGEeréhcd XGcaniplDI68 3304 &, 4B acdieatd sélftidd bt sodium

nolug_) , 5779 (5.82 nol eg of NMP, and 6. 62g (0. 0450
hydggs 9(1)60680 ydeosallidet0.1682a(B80500| mek).stwaeh 0.183g (0.0102
t e M bh stirrer. The total unt .qf sul fur .
moR Bk o v Plshf i o Pised G Bl Sodium
hydhysiiteo@uliifundley dis:€ide a5 4 e@ome;hb@b,sna&@so.%%@.mﬁ smole)),
and the anoynt of the solvent was about 2. per
615&63@1 drolghet Nomethyl-gwipelidonesNMP). ad (4B 00308 mole) of
-dit ). ter . ' t initial .
PSR cng (R L PESBAILR b B e T
totak aumoinetd of utulfull heynipnents adontbg afre dthaaBnen aPPT-edady sodium

a hr o raphy an i gh speed liquid
by B0 Lry. Pl oSt FB0SHGIGA SARERt Hes Bbaee8.2L per
molEBNPRBAIAGRISHHIRL MOt hetE WGP mbdurt % and the formation

rate of the cyclic PAS relative to the feed nononer
{01¢33- DCB) was about 64.5% It was al so shown that the
AS formatian rate.was 12.9% assuni ng that the

.Aﬂ§§0|jctg (i an g
LOTHTE BOTFAETRNEONFNSIHR 2 THERGS 7S HmQSThere i Joqsa demperature
und &QRbIheHY Ffé@ﬁif@,rﬁ s h&dted Brrep6ht Ch&ifiSrorh @ ﬁ:%%ﬁe\,?\g%ue to

a 200g portion of the resulting reaction pro
200%Gawhike styring siH)Gspmeld was further beated for ebmd Orsehas ubro 270°C. It

Le 3 t h | j,c_PPS. It
o IR 2080, WIES LG RoehD AgRETE Bt rom
tempe@gu@ebt ai ned. {0199} From Exanple 11, it is found

at a high-purity cyclic PAS can be produced with
{01 }gh yield even if a reaction m xture consisting of a

[ I.dl1zL g [.hal nated. aromaf i.c .

the 881 B u7h0, 980 apo ST B G i

chromategeaphgantdi esultsoshoives diae tiee PAE Brinidnoh@r eoudiplion 9atd was
ol .owed by renoving the

clic PAS and a |inear F f
5588 & e @i Bectsslic PRRGSFA VioRrbeied mgwogiet (D)
gm)tn%l | : )
s ??)%g 03}@?6]' Cc}rarﬁ%% g‘%&ve ex airlggjf glesiﬁilﬁe%[:sf F({)Aggﬁﬁ% 3 ge)téi\r’%a)s'g &
assumgnguthes tf swdimgompamentc éntiea tedtiore avkivon hail Xeen ecoirplaely

hi.gher concenftration range than preferred in the
Cmm?ﬁggﬁ@?%ﬁﬁ%égééﬁficalIy, t he anount of the organic
{016ppl ar solvent fed was less than 1.25 liters per nole

. of the sulfur conmponents in the reaction mxture.
Itis {q}@g tthat the yield of the cyclic PAS can be increased by decreasing the initial

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 example 1, 1.43g of 48 wi% aqueous solution of sodium hydrosulfide
(sodium hydrosulfide 0.687g (0.0122 mole), water 0.713g (0.0396 mole)), 1.26g of 48
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A 43.2g portion of the linear PPS-1 (containing 0.400
nol e sul fur conponent) obtained in Reference exanple

1, 11.7g of 48 wt % aqueous sol ution of sodium

hydr osul fi de (sodi um hydrosul fide 5.61g (0.100 nol e),

0 (0,338 I 10.49.0f 48 W% eous .
woBaEoudstiiba e Fomkvadth S tlngituids R I droxide
0.582300@i.0146 hysle pxige @6 (385 188 )05 Blg, (S :

0,301 nol e));?, 4969 %15%0%)0 nol e) )g? NI\%P(,S\%gfoﬁ.O[?%%/IP’ and
17%&)(0@@1 M@ of 5D EB D piatris astainkess steckavioaltveswitlsa stirer. The
Ul Qe | irrer, T t al, apount sul fur ..
tOta%:lorrpongnot?sé'lﬂclzfcl)lpri %ﬂ# S}riﬁgt%oén 1P§ n%‘g {'-1)5 -lﬁeaﬁn%pé'édfﬂﬂins‘)dmm
hydivgdifids wak 0062 wasle CarfiGhérameunt @i thel JobveaffRadibddk 42DE per mole
¢ sol yent was about 0.97L per nole of the sulfur
0 ENRROTERS g1 Ehergackion gHXRHSt ur e. {0202} After
{Olme}al ing the reaction container in a nitrogen gas
at'nosphere at room tenperature under atnospheric
Aftqyrsesdingrtbe rdattimmsorh@iatred of mitrogdhouss almbsplierefat @60m @@Rperature

dte erature to 200C whil e §ti rri nlg at 400rpm It was
undr el Brestire of b daeiohTor ahgt | b0 7ben tpppesre to
200NN Bt 4IRS, Tt Was :E.lmg %%ag{kﬁf& b6 BUSAGH ;%‘19 t§99C. 1

to about roomtenperature { The materia
was oppuigiend whs70Hal fpr eld hoyr gad thhe aendgdaddwn andabiviug hroom
temﬁeﬁaecﬁr% l'iquid chromat ography, and results showed that
€ p-DCB nononer consunption rate was 75.5% and the
{01figrmation rate of the cyclic PAS relative to the feed
nononer gp-DCB was about 13.6% It was al so shown

1 )
The ppaferial pbtaiged wes pagyrast hatees shromatogrephy2ard bighsspeed higuid

I C i n t reaction m xture had
Chmhie%g&r%r %%‘ﬁ’p%@t% ytscsglwgaﬁ féag tf|len o a ST ﬁg@m{p&%@m was
59.2%husd thetfoimationund dfhias cyalic PARirela®ASoaBs fdeanstindnie (p-DCB)
ogt ai ﬂ’ég and a polynmer (linear PPS) accounts for a
was gaoNt 133y dt gastaler Shaven Biabtheceyclie fqraation gfe was 12.1%
- [ i . r
assuffll UF A SRS SRR LV Sedbioh it B8 been complerely
convittedings 2 cydlicd®. i cability] {0205 } The invention
{0172;50“ des a process to produce a cyclic polyaryl ene
| fide economcally, sinply, quickly and

Thusgfif isCioRnd lihat L¢GdlcCPROI AR §O8uceH! i i ieiq s{bn if large

I ndustrial val ue because it serves as nateria or
amoyip el iethmaterinismeansedol yaryl ene sulfide with a high
{Olﬁ?gr ee of polynerization.

{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 104g portion of the linear PPS-2 (containing 0.0960 mole sulfur component)
obtained in Reference example 2, 2.81g of 48 wit% aqueous solution of sodium
hydrosulfide (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 hydroxide
(sodium hydroxide 1.19g (0.0297 mole), water 1.33g (0.0739 mole)), 617g (6.22 mole)
of NMP, and 3.53g (0.0240 mole) of p-DCB were put in a stainless steel autoclave with
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[Title of the document] Claims [Claiml] A process
for producing a cyclic polyarylene sulfide conprising
the heating of a reaction m xture containing at | east
(a) a linear polyarylene sulfide having a wei ght

r I r ~wejght of 1000 to 1Q00000,. (b
o S TP LR SRl or Sl ool g @ P iache P8 1 and
sodommpodroghl fidngas (.d20 abler@anhe aRoh@of 90 ¥3Hnt Wa® abRHSEL02L
reactjon to produce a cyclic_polyarylene sulfide
per gl e

& SYEI spmpPRALTIE agfonIBERe.i ng units in a
HH?EEnLSaI §truc}ure or 2 to 50 wherein the anmount of
ganic polar solvent is 1.25 liters or nore per

Afterolealingf tht herction toitainompeneinbgémgdshembgaeiel 8 Rodth XeHp@ature
i Rl S HF B SHPATAEPONA! BP8 RPTE rapBHETReTEES (o
2007 Hni1B Gti RIREAGIHRC It was FORNE HLEd F T S0 SERE B DFoec. 1t

of the reaction xture under atnospheri € pressuré.
was[ Glagitaim®] at 270°C for 1 hour and then quenched down to about room
temperature.
{0176}
The material obtained was analyzed by gas chromatography and high speed liquid
chromatography, and results showed that the p-DCB monomer consumption rate was
86.6%, and the formation rate of the cyclic PAS relative to the feed monomer (p-DCB)
was about 98%. It was also shown that the cyclic PAS formation rate was 19.7%
assuming that the sulfur component in the reaction mixture had been completely
converted into a cyclic PAS.
{0177} _
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, 1.08g of
86%-purity white powder of the cyclic PPS was obtained.
{0178}
Thus, it is found that a cyclic PAS can be produced with high yield 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.
{0180}
A 20.7g portion of the linear PPS-1 (containing 0.192 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 2.92g (0.162 mole)), 5.22g of 48
wt% aqueous solution prepared from 96%-purity sodium hydroxide (sodium hydroxide

2.40g (0.0601 mole), water 2.71g (0.151 mole)), 615g (6.21 mole) of NMP, and 7.06¢g
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A process for producing a cyclic polyarylene sulfide
as clained in either laim1l or 2 wherein the anount
of the organic polar solvent used is 50 liters or

| ess per nole of the sulfur conponent in the reaction

i d C
OB DT O B RN RS SEALAENS] U L g o
am@mvof s mmommmmgm ifteoll b PPS—Haﬁﬂ Jogikd REdrBdulfide

ctigogn mxture is 0,05 MPa or nore in terns of
wast 5, . cod hecampney af Hespl e og bt PO gaco e nE e sulfu
Con@éﬁgﬁtgﬂp@gy@wé S(térw fide as clained in any of

al ms erel n the di hal ogenated aronatic
{018bypound (c) |s dlchlorobenzene [ aim®6] A process
for .producin clic yaryl ene sulflde as cl ai ned
Aﬁ?rr?e%\lﬁgg fgf‘ Ay EOaReY 1 A BEPET SETSTALETCH #9001 tegpgreture

undélkﬁtm!o§p}ﬁﬁc Prdstlk, We@ |he§tHJi ff('ndébou£ ph@iuﬁrgt%} rébrﬁrtgx?xg&ﬁturde to

for producing a cyclic polyarylene su e as
2007Gy whilg sefringlab#GRsp. ftovas ﬁmbarélﬁateéfqyabgaar@d Bz upub LVORE. Tt

wasCERRER, Y L G R gt Kb ko ApSaa. Ripidrroom
tempdr@@ry. ¢ pol ar solvent is used as 64

{0182}

The material obtained was analyzed by gas chromatography and high speed liquid
chromatography, and results showed that the p-DCB monomer consumption rate was
87.2%, and the formation 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 was 11.2%
assuming that the sulfur component in the reaction mixture had been completely
converted into a cyclic PAS.

{0183}

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 cyclic PPS was obtained.

{0184}

Thus, it is found that a cyclic PAS can be produced w1th high yield 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 hydrosulfide
(sodium hydrosulfide 4.71g (0.0840 mole), water 5.11g (0.284 mole)), 8.02g of 48

wt% aqueous solution prepared from 96%-purity sodium hydroxide (sodium hydroxide
q prep
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the linear polyarylene sulfide (a). [Claim8] A

process for producing a cyclic polyarylene sulfide as
claimed in any of Clains 1 to 6 wherein a sulfidizing
agent and a di hal ogenated aromati ¢ conpound i s heated

' j I salyent 0 nt .i.s
ST R0 R 7N ST P 123
(0.03he nild)fof - CBYvEe @t intaOst4AMSEstéR AGlobRRe WALRI BHE A1 total
ryl.ene sulfide m xture consisting of a cyclic
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amcg%’éllf 93&3}% FEMPANgTitHeoraing from ih@éam%BP&dr%nldaoélumlJlfljdromﬂﬁde
f e ' e ' ol yarulene s e
"% Gr?‘!cl)imﬂlt e alff}nax eugrﬁg&gll? i%grﬂ{uésslon 6} 8{ h’(éis eos"% ﬁt%hgpef Wiea?% g‘_e sulfur
compohgias il theeeastiid indkeur@s the |inear polyarylene sul fide
). [Caim9] A process for producing a cyclic
{Olé@l yarylene sulfide as clained in any of Clains 1 to

i . ' t onsi st f | east
A A0 rSSABR HESgSE a ig ee
undefi dimbspheriatpectsae Oitratas hestednfioubduah doanfranh gash Gerppdratire to

I t.in whi t he ampunt of the organic pol ar o
20030 phiR e 3 58 pin B o0 Pestpbiorabing ot hmapdeRTie. It
wasCRARGIRIAL at D7HRE foPaACHAP ARl X{hh eqﬂeﬁf}%.ﬂaag\gn L8 SF SGoom,

reaction to produce a polyarylene sulfide mxture 4
tempesaibtest i ng of a cyclic pol yaryl ene sul fide and a

01é§ near polyarylene sulfide, followed by renoving the
{ C)}C| ic polyarylene sulfide fromthe m xture and usi ng

The tri@eri SaBtdihlD wab REAKzRObY Y | BRA30rhpCaRt hichSpeed liquid
i near pol yaryl ene sulfide (a). ]50 ai'm'10] A"process
chromgfoggpbyaidigsetscshomed thas| thepyIP @A aneneinfer denssiptionirae dvas

b i el .he wei ght, avera
I T AR S N S e
was @bguti 26. 26500wey ale®kBown that the cyclic PAS formation rate was 5.23%
assuming that the sulfur component in the reaction mixture had been completely
converted into a cyclic PAS.

{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}

Thﬁs, it is found that a cyclic PAS can be produced with high yield even if large
amounts of feed materials, but also that the cyclic PAS can be produced slightly less
efficiently in terms 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
temperature 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 8 was

carried out.
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{0192}

The material obtained was analyzed by gas chromatography and high speed liquid
chromatography, and results showed that the p-DCB monomer consumption rate was
87.4%, and the formation rate of the cyclic PAS relative to the feed monomer (p-DCB)
was about 52.5%. It was also shown that the cyclic PAS formation rate was 10.8%
assuming that the sulfur component in the reaction mixture had been completely
converted into a cyclic PAS.

{0193}

Then, a 600g portion of the resulting reaction product was taken, and subjected to the
same procedure as in Examplé 3 to recover the cyclic PPS. As a result, 2.8g of
96%-purity white powder of the cyclic PPS was obtained. Furthermore, after the
extraction operation for this cyclic PPS recovery, the solid material remaining in the
filter paper thimble was dried overnight at 70°C under reduced pressure to produce
about 20g of off-white solid material. It was subjected to analysis, and absorption
spectra of infrared spectroscopy analysis showed that it was a linear PPS.

{0194}

It is found that as compared with Example 8, the cyclic PAS can be produced at high
yield 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 yield 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 2.54g (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 stirrer. The total
amount of sulfur components coming from the lineaf PPS and sodium hydrosulfide
used as feed materials was 0.225 mole, and the amount of the solvent was about 2.50L

per mole of the sulfur components in the reaction mixture.

61



{0197}

After preparing the initial mixture, the same operation as in Example 10 was carried
out. The material obtained was analyzed by gas chromatography and high speed liquid
chromatography, and results showed that the p-DCB monomer consumption rate was
81.1%, and the formation rate of the cyclic PAS relative to the feed monomer (p-DCB)
was about 64.5%. It was also shown that the cyclic PAS formation rate was 12.9%
assuming that the sulfur component in the reaction mixture had been completely
converted info a cyclic PAS. |

{0198}

Then, a 200g portion of the resulting regction product was taken, and subjected to the
same procedure as in Example 3 to recover the cyclic PPS. As a result, 1.02g of
97%-purity white powder of the cyclic PPS was obtained.

{0199}

From Example 11, it is found that a high-purity cyclic PAS can be produced with high
yield even if a reaction mixture consisting of a linear PAS, sulfidizing agent,
dihalogenated aromatic compound, and organic polar solvent is heated to cause
reaction to prepare a PAS mixture containing a cyclic PAS and a linear PAS, followed
by removing the cyclic PAS to separate out the linear PAS, which 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.

{0201}

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 wi%
aqueous solution prepared from 96%-purity sodium hydroxide (sodium hydroxide
4.800g (0.120 mole), water 5.42g (0.301 mole)), 496g (5.00 mole) of NMP, and 14.7¢
(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 0.97L per mole of the sulfur
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components in the reaction mixture,

£0202}

After sealing the reaction container in a nitrogen gas atmosphere at room temperature
under atmospheric pressure, it was heated for about 1 hour from room temperature to
200°C while stirring at 400rpm. It was further heated for about 0.5 hour up to 270°C. It
was maintained at 270°C for 1 hour and then quenched down to about room
temperature. |

{0203}

The material obtained was analyzed by gas chromatography and high speed liquid
chromatography, and results showed that the p-DCB monomer consumption rate was
75.5%, and the formation rate of the cyclic PAS relative to the feed monomer (p-DCB)
was about 13.6%. It was also shown that the cyclic PAS formation rate was 2.72%
assuming that the sulfur component in the reaction mixture had been completely
converted into a cyclic PAS.

{0204}

Thus, it is found that a cyclic PAS can hardly be obtained and a polymer (linear PPS)
accounts for a very large part of the product if the reaction mixture of the feed

materials is in a higher concentration range preferred for the invention.

[Industrial applicability]

£0205}

The invention provides a process to produce a cyclic polyarylene 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 1]

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

(a) a linear polyarylene sulfide having a weight average molecular weight of 1000 to
1000000,

(b) a sulfidizing agent,

(c) a dihalogenated aromatic compound, and

(d) an organic polar solvent,

to cause reaction to produce a cyclic polyarylene sulfide having a repetition number of
~ repeating units in a chemical structure of 2 to 50 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 forr producing a cyclic polyarylene sulfide as claimed in Claim 1 wherein the
heating temperature is above the reflux temperature of the reaction mixture under
atmospheric pressure.

[Claim 3]

A process for producing a cyclic polyarylene sulfide as claimed in either Claim 1 or 2
wherein the amount of the organic polar solvent used is 50 liters or less per mole of the
sulfur component in the reaction mixture.

[Claim 4]

A process for prodocing 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 5]

A process for producing a cyclic polyarylene sulfide as claimed in any of Claims 1 to 4
wherein the dihalogenated aromatic compound (c) is dichlorobenzene.

[Claim 6]

A process for producing a cyclic polyarylene sulfide as claimed in any of Claims 1 t0 5
wherein the sulfidizing agent (b) is an alkali metal sulfide.

fClaim 7]

A process for producing a cyclic polyarylene sulfide as claimed in any of Claims 1to 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 compouﬁd is heated im 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 polyarylene suifide
mixture consisting of a cyclic polyaryiene 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 suliide (a).

[Claim 9]

A process for producing a cyclic polyarylene sulfide as claimed in any of Claims 1 to 6
wherein a reaction mixture copsisting 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 is 1.25 liters or more per mole of the
sulfur componen{ in the reaction mixture is heated fo cause reaction to produce a
polyarylene suifide 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).

[Claim 10}

A process for producing a cyclic polyaryiene sulfide as claimed in any of Claims 1 to 9
wherein the weight average molecular weight of the linear polyarylene sulfide (a) is

2.500 or more.



