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WD 2004/ 009674 PCT/ JP2003/ 008852 DESCRI PTI ON PROCESS

FOR PRODUCI NG POLYARYLENE SULFIDE 5 [TECHNI CAL FI ELD]
wab@400®3ent i nvention relates to a process f oPCT/JP2003/008852

produci ng a pol yarylene sulfide (hereinafter sonetines

abbreviated as "PAS'), nore particularly to a process

for effectively producing high-quality PAS. 10

[ BACKGROUND ART] PAS ap g eganted KWy pol yphenyl ene

sulfide (hereinafter sonetinmes abbreviated as "PPS")

is an engineering plastic which is excellent in

properties, such as heat resistance, chem ca

r eR ot@pes Here HR 08 8GN, PELNARAL BNEngihLFIDE
el ectrical properties, and size stability. PAS can be
formed into various shaped products, film sheet,

fiber, etc., by ordinary nelt-form ng processes, such

[qqgcqxq\rp@ippm, Film lept]i on nol di ng, and conpression
nol ding, and is therefore 20 widely used in versatile

fiel dshel paldistvia ohved acioincalelanesetectr gniecess for
i ndustries and car industries. Further, powdery PAS

p FBY Bt $A gbei ysellyantlken ti ehdidfe (dh greincofitd ngsoametimes

nmetal s and other materials. A typical process for
a Bhadiie] ge BAS STEYP AN, seor25 ma st epudfarlgadtd ng pmocess

aromati c di halide conpound and an al kaline netal
f coo et iive by pplrard acdang ch sgphvent algiyh PasSan

organi ¢ am de under heating for -1 WD 2004/ 009674
[ PET KR2 BOG/DNEB5R R'Pl yneri zati on ( and condensati on)

(hereinafter o

PAS as represented by polyphenylene sulfide
(hereinafter sometimes abbreviated as "PPS8") is an
engineering plastic which is excellent in properties,
such as heat resistance, chemical resistance, flame
retardancy, mechanical strength, electrical properties,
and size stability. PAS can be formed into various
shaped products, film, sheet, fiber, etc., by ordinary
melt-forming processes, such as extrusion, injection
molding, and compression molding, and is therefore
Widély used in versatile fields, inclusive of electrical
and electronic industries and car industries. Further,
powdery PAS may also be used in the fields of, e.g.,
coatings on metals and other materials.
A typical process for producing PAS may comprise

a step of reacting an aromatic dihalide compound and

an alkaline metal compound in a polar organic solvent

such as an organic amide under heating for
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referred to as a "reaction step” or "polynerization
step”), and steps disposed before and after the
w0 e@eniwmM step. Principal steps disposed aft ePCT/i2003/008852
reaction step 5 may include: a step of cooling the
reaction m xture including the produced PAS to or
bel ow a tenperature at which the reaction m xture
p®ikirkietrs za Mapar ( A A W en deh @ tileen pt (lneplkdmiafter
pressure (hereinafter referred to as a "cooling
r8tEPT ¢ dand a st gp" pt aicsloat i #ge PASofrr dip Ay hherdaaltddn
m xture including PAS (hereinafter referred to as a
S'ﬁ@\,ﬁgi)]i, ngnfd | & t alpiprd 1 piors: dt be'fo.rd machm fasesthe reaction
dehydration step for adjusting -noisture in the system
steppl acedi priipral ctdps dislpyoseidza fony tkactiecancsiep step
that is perfornmed by 15 adding the aromatic dihalide
ncafpbuedu derea speq foLaldyling thies masetiBAS msixture
produced through a conbination of respective steps
inathutlimg the plebvdiatidbrPAepo tde polypverazatimperature
step, the cooling step, the washing-filtration-drying
asterthia@hstée ofe 20 ti ecoveririgi nar eddtidui st antvagpor pressure
materials, and a step of recovering the polar organic
bsdbwent h eRegandi sig htdwei copr g sst ep, (Vapaiese ftardreferred to
Pat ent Application (JP-A) 59-49232 di scl oses a process
akorn pradutimg pdleyat)yleemd swisfticde oharsed hathe gsyRA&mirom
25. after the polynerization is gradually cooled at a
that eo sl odem i k&an 150 i@ ¢ hitdlinfg $e(peirgivra fheironeferred
tenperature down to a tenperature of 240 C or bel ow,
t 0 2a'WDa200wABG06BT 4 - BOTY UPL00B/-C08BER S SHaeb)-
preci pitating the polyner particles and i .
In some cases, a dehydration step for adjusting

moisture in the system is placed prior to the
(polymerization) reaction step that is performed by
adding the aromatic dihalide compound. More |
specifically, in this case, PAS is produced through a
combination of respective steps including the
dehydration step, the polymerization step, the cooling
step, the washing-filtration-drying step, a step of
recovering unreacted starting materials, aﬁd a step of
recovering the polar organic solvent;

Regarding the cooing step, Japanese Laid-Open
Patent Application (JP-A) 59-49232 discloses a process
for producing polyarylene sulfide wherein the syste'm
after the polymerization is gradually cooled at a rate
slower than 50 C /min. from the polymerization

temperature down to a temperature of 240 C or below,
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providing fine polymer crystals having sizes of at
| east 60A . The JP reference however includes various
wa@lemanigri ons regardi ng the gradual cooling tePQBIRA®S8S52
5 and the gradual cooling rate, such as down to 240 C
or below, preferably down to at |east 200 C or bel ow
for the gradual cooling tenperature region, and a rate
t fleaveel yt Ipare SDp CtAming tprefepdply ea med et st dbawr atrhdn
10 C/mn. for the gradual cooling rate. Particularly,
pkvidihg donlk ngo bxampkesytsherls adne vdirsgl ssed sa ofode:
of gradual cooling at a rate of 1 C/mn. from260 C
ldawt 6:@AL50 @ hExdmleelldrand e hodeesfe griadubklides various
cooling at a rate of 0.5 C/mn. from260 C down to
de0dc O 1f Exanmpd e € a rAciaogdi hgl g r a4 desel Exaopjlieg rtegmiperature
15 cooling periods of 110 mn. and 220 mn.
aredpthei galayd Ul ¢heling irag o r & 260 «Csddwwino tis@ €0 C
. JP-A 2001- 89569 di scl oses a process for producing
OoRA® gdarwi,cpes fofr abgly pr wity ttchraotigle as¢h@@0 °C or below
pol yneri zati on process tine by controlling the cooling
fe® thte griiadiuva b candengf tEmRpleBaCymé ntegnoam, and a rate
tenperature range of 245 C or bel ow, based on a
sikpont edtyb atthab O t e/ ok nat i predfe Fobyier partd ot kawanl than
the _anmount of by-products in the resultant polyner
1gar (G éired nar éo rafthex tetapy ehec aoilipng ipasdf -t hdarticularly,
~aromatic polyhalide 25 conpound to the polar organic
igolthentw ank tthg esd Iriyle patbh afte@ Ehed polcyoere daki spode of
reaction. The JP reference descrjbes anly the

h Q,
gredqiveilos a alianguat af rede -®f Vip fod4pdeneizom 260 Cdown

PCT/ JP2Q03/ 008852 _resul t ant by-pré)ducts gener ated as_,
tgadexOwHed ERemple 1) and a ‘'mode of gradual cooling at

a rate of 0.5 C /min. from 260 C down to 100 C
(Example 2). Accordingly, these Examples require
cooling periods of 110 min. and 220 min. respectively
for the cooling from 260 C down to 150 C.

JP-A 2001-89569 discloses a process for
producing PAS particles of high purity through a short
polymerization process time by controlling the cooling
rate within a range of 0.2-1.3 C /min. in a. temperature
range of 245 C or below, based on a knowledge that
the formation of polymer particles and the amount of
by-products in the resultant polymer particles are
affected by the mol ratio of the aromatic polyhalide
compound to the polar organic solvent and the cooling
rate after the polymerization reaction. The JP

reference describes only the reduction in amount of the
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product PAS is heated, as the effect of the gradual
cooling, and does not refer at all to any other
w@empoodsies of PAS. Further, as for the cool i nBCBIP2003/008852
tenperature range, Exanple 1 refers to 245 Cto 218 C
; Exanple 2, 245 Cto 2 12 C; and Exanple 3, 245 C
to 210 C. This neans that if the tenperature range
rofb PR Ctt by2Br €discésbpgeat edatte diradugla s esoki hgmtthe
the upper Iimt cooling rate of 1.3 C/mn., 10 the
pgoatiualt dOBIS ng henaitees a pdhodebfeat béathe2@radual
mn., and the shortening of the polynerization cycle
c pdliodi n tide toolsi mp strepfé¢s adtaybttatany other
satisfactory level. 15 [DI SCLOSURE OF | NVENTION] In
pviogne otie¢ heodbBVeSnentl wnét &f y cussfanceseocodheng
prior art, a principal object of the present
t¢ pvpRtriaiuirs rempgevi Becanppbeeds redre iy daduc2dd C  to
through a relatively short polynerization cycle tine
24t h PaSEZOa paptliecRes 2th0i g at ®i gl 2ndCstablé Bample 3,
densjity as to exhibit good processability in
2th@ndporttat? &® akd. sildriegyem ema sexdertenf the temperature
transportabilify in a hopper or a screw of an
ragedef 3t razlwl diong chCnel s As i ihet e dbjtectg vd dithal
present invention is to 25 apply the above-nentioned )
caPddBs: ab BhPAY RPEdudi ot gt dters radleudrhgl &3 C /min.,
phase- separation_pol ynerization system capabl e of
tBeo8d@ hy 4l e abl BEUITE WeT §Ft apAS: T 4o thpooedy deseyis 20
PCT/ JP2003/ 008852 particles. As a result of our study
min @ dagdive-sB egng of the polymerization cycle

including the cooling step is not yet at a satisfactory

level.

[DISCLOSURE OF INVENTION]

In view of the above-mentioned circumstances of
the prior art, a principal object of the present
invention is to provide a process for producing through
a relatively short polymerization cycle time such PAS
particles having a high and stable bulk deﬁsity as to
exhibit good processability in transportation and
storage, and excellent transportability in a hopper or a
screw of an extruder or a molding machine.

A further object of the present invention is to
apply the above-mentioned process to a PAS production
process including a phase-separation polymerization

system capable of producing high-molecular weight PAS
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obj ects, we have discovered that an extrenely limted
tenperature region in the course of cooling after the
wWG2@alogases | zat i on under heating, that is a tenper/a2003008352
regi on of maxi mum systemviscosity tenperature 1 C
sel ectively and essentially determ nes the particle
properties as represented by bul k density of product
palﬁi@qetsi.cl es. Herein, the nmaxi mum systemviscosity 10
tenperature refers to a tenperature at which a
reactA gnasystei { io .0 utrhe tendyentitiin the pdactvicoomentioned
vessel ) assunes a maxi mum vi scosity in the course of
obhecaap) ivhg. hMv e dpseidi eatldy thatisnkronr¢hatlynliamited
reaction vessel after the conpletion of polynerization
tdmpevrel Mg theiphasien seper atdwnspolyferé abtngnafter the
system capabl e of produci ng hi gh-nol ecul ar wei ght
pBASMRAS z d t5i dofi emend eirnhee ADI hgn shatte iandh ittmperature
phase-separated into a thick phase and a dilute
rehéser dhenaxfnihen systemivisaod eityndempeiratuge =1 C,
PAS is solidified from20 the nolten state and is
sedusedvied yoa pdeseniec adiall podedres; mpar e scuhat o article
granul ar solid in a suspended state. During this
psioager tike albamgepiassystedr byi Szudkt vl oomity. odbproduct
specifically, when the dispersion systemincluding
PAN® pulitten IRAS | sHeoot e, 25h andeaxdmringy $hem-viscosity
apparent viscosity of the entire systemgradually
t ¢ ntpeaseisudee red etrfve twi scdgl myp € radnenas eadf WHAS: badgsed
by the cooling, and below a -5 WO 2004/ 009674 )
r PET/tIRR00Sy B083B2 (i ceort dive teopdrem tirn(the rametion

maxi mum systemviscosity tenperature), the apparent
veissooli yssumes a maximum viscosity in the course of

the cooling. More specifically, it is known that in a
reaction vessel after the completion of polymerization
involving the phase-separation polymerization system
capable of producing high—moleculaf weight PAS, PAS
is present in a molten state and is phase-separated
into a thick phase and a dilute phase. Then, if the
system is cooled under stirring, PAS is solidified from
the molten state and is caused to be preseﬁt as a
powdery, particulate or granular solid in a suspended
state. During this stage, the change in system-
viscosity occurs. More specifically, when the |
dispersion system including the molten PAS is cooled
under stirring, the apparent viscosity of the entire
system gradually increases due to the viscosity

increase of PAS caused by the cooling, and below a
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of the entire system becones |ower. The maxi num
systemvi scosity tenperature can be detected by 5
wo@bmenewmrdi on of a stirring torque or a power SBEPUIB2003XN08352
the stirrer under a constant stirring speed. Further, .
according to our study, it has been found that the
cooling speed in the extrenely [imted tenperature
ceediadh afe fohee FBXIEE FlY.2t.6Mt Hiesansist ymtweaperature 4
10 1 C determnes the particle properties as
s feeanentiet o BY t ¥ hee bwble rdenairiey , of hiehey ppedueh tPASscosity
particles (that is, a lower cooling speed within the
ofapge e ire IsPsCehmbiecd anes towesul t Tmeanbaghienum
bul k density of the product PAS particles) and the
s §@ald Mg vipaedsaty 1beheprarat ures cauhsbade déeected by
tenperature regi on does not essentially influence the
opaséieheipropef td estdfrihg tpraduet oPAS pes it esupply to
Accordingly, it beconmes possible to produce PAS
thar tdtdlree rhavhrie gowde pardt ahe spiopéntg espeleide Further,
shortening the entire polynerization 20 cycle through
ashast éhhrg taf dhe entidg,coblhag bieen fbuhlke tdystebhe
is subjected to gradual cooling within the
c alodvi er gresp ie@nk di 1t ether aturree menge lafmtbhednedmperature
systemviscosity tenperature 1.0 C, and in
r e giper at Urteh eanye s iouvsinde e renpes aowid yr dregmpeheture =+
25 systemis subjected to cooling at as large a
lcool i dgtespmddr s pbssipsl etigpreferatp §r bie adept regpresented
cooling neans allowing rapid cooling. -6 WO
b2004y ©09814k ROTHINZ003 D0&852p rTklig ¢ tabdbBdinmrticiee (that
_present invention, there is provided a process for .
ipr lud We hotgalingne et geithin the range of 0.2-1.0 C

/min. tends to result in a higher bulk density of the
product PAS particles) and the cooling speed at
temperatures outside the temperature region does not
essentially influence the particle properties of the
product PAS particles. Accordingly, it becomes
possible to produce PAS particles having good particle
pfoperties while shortening the entire polymerization
cycle through shortening of the entire cool.ing time, if
the .system is subjected to gradual cooling within the
above-mentioned temperature range of the maximum
system-viscosity temperature £1.0 °C, and in
temperature ranges outside the temperature range, the
system is subjected to cooling at as large a cooling
speed as possible, preferably by adopting a cooling

means allowing rapid cooling.
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conprising: reacting an aromatic di halide conmpound
and an al kaline netal conpound in a polar organic 5
W@ eieoe74 or pol ymeri zati on under heating, andPCD@I20081008852
a systemincluding the reaction m xture to recover
particul ate polyarylene sulfide, wherein the system
after the reaction is gradually cooled at an average
cool i M speed cafo Pd2nt® th G1Ce/ piresSalte¢hiwehtibm athere is
10 tenperature range of nmaxi mum system vi scosity

ptrenped atduree p toCe s § IESCRD POIAANCOR PREBERBED lene sulfide,
EMBODI MENTS] Her ei nbel ow, the present invention wll

clenibr deistgi: bed anrier gpeai kiroatd gttt dihespeté tompound
preferred enbodi ments. (Al kaline netal conpound)

alfxdnplresa ldf al he ealnk altiarle craha) o tongiound augedl am otk nic
present invention may include: alkaline netal 20

seuivfd deésfo suplo 1gsmleittikiamcnl fird e rsddé ami sy f iaded coollng a
pot assi um sul fide, rubidiumsulfide, cesium sul fi de,

samtemrxtlmrcelsudﬁﬂgvotlme mere Sipeni asixt utte tabavecover
These al kaline netal sulfides are generally sold in

ptehiet i ot atof pryldratrgdeand srayfbd eysethasesuchthe system
Exanpl es 25 of the hydrates may include: sodium

adteti dbe nuachydmatie @wR$u @iﬂ@)cand esbdi tm sulefvicieage
pent a- hydrate (Na2S 5H20). The al kaline netal sulfide

cop Mo 2090€6006¢4 ©C2/ 1P200%) 068952 i nmays el sot bee lipetn a
as an aqueous m xture. Further, the al kaline netal

ts o piede b calrson Be Priepared TRM BI {9 $ he tanvosgans ity

am de sol vent from) aI kal i ne et al
temperature =£1

[DESCRIPTION OF PREFERRED EMBODIMENTS]

Hereinbelow, the present invention will be
described more specifically with respect to preferred
embodiments.

(Alkaline metal compound)

Examples of the alkaline metal compound used in
the present invention may include: alkaline metal
sulfides, such as lithium sulfide, sodium sulfide,
potassium sulfide, rubidium sulfide, cesium sulfide,
and mixtures of two or more species of the above.
These alkaline metal sulfides are generally sold in the
form of hydrates and may be used as such. Examples
of the hydrates may include: sodium sulfide
nona-hydrate (Naz2S + 9H20) and sodium sulfide
penta-hydrate (Naz2S+*5H20). The alkaline metal sulfide
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hydrosul fi de and al kali ne netal hydroxide. It is also

5 possible to use an al kaline netal hydroxide together
wawvdaohoens7al kal i ne nmetal sulfide so as to have P¢BIP2003/008852

al kal i ne netal hydroxide react with a mnor anount of

al kal i ne netal hydrosul fide or al kaline neta

t hi osul fate possi bly contained in the al kaline netal
ml@ysullfsdleh et heyeddyasennyi ag 106 oeoHVEriti h@rehe Hafther, the

amount conponent into al kaline nmetal sulfide. Anong

allkes Hlrkal et aet @i [Sullei desn atdioulB suptedeaasd sedigitu in

hydrosul fide are particularly preferred in view of the

airhexpgasi ivenefsid 8 5s¥avern t of dent exbivadihre trAetal
dehydration step in the production process of the

hprésentu i fident 4 anl ek ailhaleudae thylditay @ rwat ed eof tlheis also
above-nenti oned hydrate, aqueous nedi um of the aqueous
puixsiubée wat ers e ynpadduckidh bynt deal ehgtd po dielsweedigether
the al kaline netal 20 hydrosulfide and the al kal i ne
whiethal a hy drl &a Hien e ehice t &Ar oL d edis@l & det ootrowad) hehe
aromati c di halide conpound used in the present
ail et ®nmi st ah layehmod k¢ deonpouod Wating tmoin bal ageount of
atons directly bonded to the aromatic ring. 25
a$peclifi € Exabtpl els yafr ¢ helldi dreatd © all halli de corpeuind
may include: o-di hal obenzene, m di hal obenzene,
t hidishal tbeazpoe s db hpl oval Uene e diinal idnaphtlfed Bitee s8etal
WO 2004/ 009674 PCT/ JP2003/ 008852 . )
s wdifidbey- dintear ebenzen@ o dihg etwlaeneerting the minor
di hal onapht hal ene, net hoxy-di hal obenzene, ]
agnpal nbi phenyl o ndithhl iobenzail K adine @i b bds péndle. Among
the alkaline metal sulfides, sodium sulfide and sodium
hydrosulfide are particularly preferred in view of the
inexpensiveness.

Water to be removed in the dehydration step in
the production process of the present invention may
include: hydrate water of the above-mentioned hydrate,
aqueous medium of the aqueous mixture, water
by-produced by the reaction between the alkaline metal
hydrosulfide and the alkaline metal hydroxide, etc.
(Aromatic dihalide compound)

The aromatic dihalide compound used in the
present invention is an aromatic compound having two
halogen atoms directly bonded to the aromatic ring.
Specific examples of the aromatic dihalide compound

may include: o-dihalobenzene, m-dihalobenzene,

p-dihalobenzene, dihalotoluene, dihalonaphthalene,
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et her, di hal odi phenyl sul fone, di hal odi phenyl
sul foxi de, 5 and di hal odi phenyl ketone. Herein, the

whadoegers7at ons each refer to an atom of fl uorPeEJP2003/008852

chl orine, bromne or iodine, and the two hal ogen
atons contained in one aromatic dihalide conpound nay
be the sane or different. The aromatic di halide

16 R -cdh Ay ® el zenee prd MR oafo lawbstd f uents, such
as carboxyl group, hydroxy group, nitro group, am no

ddirtoalbo sltﬂﬁgm'e@e,athétgmuﬁn-dhhtameu@ﬁ&s:ﬁebavi ng
pl ural substituent groups, the species of the

dsiths1 6 bugrti e grpupsl itey 1 b® e sizglce aari dr, cdibianatd op hafny 1l
different species. These 15 aromatic di halide

et®npoundsh ey d £sheat yvehyl flomm esedihsilngliypdre hiy1 sulfoxide,
conbi nation of two or nore species in an anount of

ah @ tdhla POdiplise wistlh kespaet. t cHE mmin pfthbeh £hagged atoms
al kal i ne netal sulfide. (Ml ecular weight-adjusting
eageht reBeantbi mgn osito20 ©foflsh omkineg, agehdyiAe, bromine or

nonohal i de conpound (which can be a non-aromatic
ioanpoeindg nid tdesi ted) ltaholge msedoims adihtadmdéd iheone
aromati c di halide conpound so as to forma term nal

agfo mteet jr adluc b IPAS, cegupattentthen25 poéybhred zsd e or
reaction or adjust the nolecular weight of the

dofbduetn PAS. Thte iasralnsa tposdlifil @l tdecoounp@aund can have
pol yhal i de conmpound (which can be a non-aromatic -9 WO
02004% 008671 PCT/ 3PCD634 00885Ls , conpdunas icfatlesixed)group,
having three or nore hal ogen atons, an active _
hydir ogen-goateap nimyt B ogavikphahinden oc@mpoum,and sulfonic
hal ogenated aromatic nitro comﬂound, etc.

acid group. In the case of having plural substituent
groups, the species of the substituent groups may be
single or a combination of different species. These
aromatic dihalide compounds may respectively be used
singly or in combination of two or more species in an
amount of 0.9 to 1.20 mols with respect to 1 mol of the
charged alkaline metal sulfide.

(Molecular weight-adjusting agent, Branching or
Crosslinking agent)

A monohalide compound (which can be a
non-aromatic compound, if desired) can be used in
addition to the aromatic dihalide compound so as to
form a terminal of the product PAS, regulate the
polymerization reaction or adjust the molecular weight

of the product PAS. It is also possible to co-use a

polyhalide compound (which can be a non-aromatic
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so as to forma branched or crosslinked polymer. A5
preferred exanple of the pol yhalide conpound as a

whe@aobtenyg or crosslinking agent nmay be tri hal PQER2608/008852

(Pol ar organic solvent) In the present invention, it
Is preferred to use an organic am de solvent that is
a non-protonic polar 10 organic solvent as a sol vent

dorn 1 bepal yoerd éat rerl) reaeihen tandethe rpreeucd WPABogen
recovery. The organic am de solvent nmay preferably be

aanemvdj ehni & cxtiall ¢y dgdd goh denalkalin gt atidhatic halide
tenperatures. Specific exanples of the organic am de

cSoinMea U idy 'anqi@Jﬂ@geh’éaamddaﬁomammds,ni&w @mpound, etc.
N, N-di met hyl f ormam de, and N, N-di net hyl - acet am de;

sNrd$<yt@yfd$ﬁhid@nbrgcrﬂbthwtﬂisoror:rosslinkedN;_)olymer. A
N-cycl oal kyl pyrrol i done conpounds, such as nmet hyl -

Pt e bapr eHaeteamm pH seblyth2- pyo tphixldrke ¢ befi picahidras a
sonmetines referred to as "NW") and 20

b-aylcdhex gl o2~ pyra okl tinkdn &N, Neaimat kyla ynbdazeliitch hobenzen.
conpounds, such as 1, 3-di al kyl -2-i m dazol i di none;
(Petlreaial kyg arreec coopouamds), such as tetranet hylurea; -

and hexaal kyl phosphoric acid triam de conmpounds, such

as hekamehhy|phesghot i tnaeindt tomanitdd.s Thesfe2bed to use an
organi c am de sol vents may respectively be used singly

oarg & nicombmnatd ono by etvio tdra hore @peoirespranongict peder
organi ¢ am de conpounds, N-alkyl pyrrolidone -10 WO
02@AN0096 DA VRCIL I RZ063/00B86R t dompdimelspolymerization

N- chcl oal kyl pyrrol i done conpunds and '

TN, A th ahkglti éi dhzoln 1o donet cBAPDuUnes oarer pr ef dthedorganic
and NWVP, N-nethyl- E -caprol actam and

amide solvent may preferably be one which is stable
against the alkali at high temperatures. Specific
examples of the organic amide solvent may include:
amide compounds, such as N,N-dimethylformamide, and
N,N-dimethyl-acetamide; N-alkylpyrrolidone compounds
or N-cycloalkylpyrrolidone compounds, such as
N-methyl- ¢ -caprolactam, N-methyl-2-pyrrolidone
(hereinafter sometimes referred to as "NMP") and
N-cylohexyl-2-pyrrolidone; N,N-dialkyl imidazolidinone
compounds, such as 1,3-dialkyl-2-imidazolidinone;
tetraalkylurea compounds, such as tetramethylurea; -
and hexaalkylphosphoric acid triamide compounds,
such as hexamethylphosphoric acid triamide. These
organic amide solvents may respectively be used singly
or in combination of two or more species. Among

these organic amide compounds, N-alkylpyrrolidone

-10-
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1, 3-dial kyl -2-im .dazolidinone are particularly
preferred. 5 The organi c am de solvent used in the

w@elogoersiLat i on  reaction nmay ordinarily be uskCI/RR063008852

amount in the range of 0.1 to 10 kg per nol of the
al kaline nmetal sulfide conmpound. (Phase separation
agent) 10 In the present invention, it is preferred to

c@sfﬁ Po uFH‘é%e NenRh al b I@QFﬁSrrfﬁHhF@I@M'edec é ﬁpp PNRgRsS.and
.e., a hi'ck pol yner phase and a dilute polymer

prasaaaluk pirrﬁ% d 9o BrE hey@t ec bhif pRPh LI 23 QréPerred,
obtain a' h| gh polynerization-degree PAS in a short

ald dreN MEECIN | 1 d BheNanpl &sa pir dlhec phageasepar ati on
agent may i nclude: ™ organic sulfonic acid netal salts,

11 i3t 1 R§1idesim 160261 £d FALRPXYhre €4 ft PEthiak S5 t;Sreferred.
phosphori ¢ acid alkaline netal salts and water, Whi

TH & LBl tYa kNAWN s3] WOh Y NEId gat 1ﬁntﬁledsp6@ynl?é\$1zat1 on
These phase 20 separation agents may be used singly or

ref Cdhnat h§nodi AW 0 B 1 Speciies.adha YAt oh the
t he phase separation agent may vary dependi ng on the

raehiegkcalf Ospecicesl 0 hRigeqf e Puin dBYo PItdi dasikuligie metal
sel ected fromthe range of 0.01 to 10 nols per nol of

stlididrargeth go whkal i ne netal sulfide. The phase
separation agent may be co-present fromthe stage of

(Bhax gEng etpherattiern pgeyneri zation starting naterials

or may be added in -11 WO 2004/ 009674

PCT/ JPR00B/e0(GBB6E2 e 1t hd revamste oaf , pdl ysepirzafé onedotas use a
to provide an anount sufficient to cause the phase
pdepaeatsicgna r a(tReact age uhdbryr hpabimgle two phases, i.e., a
thick polymer phase and a dilute polymer phase, in
order to accelerate the polymerization to obtain a high
polymerization-degree PAS in a short time. Specific
examples of the phase separation agent may include:
organic sulfonic acid metal salts, lithium halides,
organic carboxylic acid metal salts, phosphoric acid
alkaline metal salts and water, which are generally
known as polymerization aids for PAS. These phase
separation agents may be used singly or in‘ combination
of two or more species. The amount of the phase
separation agent may vary depending on the chemical
species thereof but may ordinarily be selected from the
range of 0.01 to 10 mols per mol of the charged
alkaline metal sulfide. The phase separation agent

may be co-present from the stage of charging the other

polymerization starting materials or may be added in
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In the present invention, PAS may be produced by 5

subj ecting an alkaline netal sulfide and an aronatic
waledvaloioges conpound to pol ynmeri zation reacti on PCT&r2003/008852

heating in an organic am de solvent. The step of

reacti on under heating may be divided into a

dehydration step and a pol ynerization step. Mre 10
thre@dueald Yof FbPynieriva tRelyesi aat ke S5tEPide an

m xture conposing an organi c am de sol vent and an
aahlsal hes ukfltiali esid fide 206G € h 81 PINGsWRIRS phSation.

subjected to dehydration under heating so as to

(Rejaustid he wateyr ceatentlg)in the pol ymerization
system (Dehydration 15 step) After the dehydration

st ep, Ifhehrd X3t e e@bt dimneein tiio i heP dedygrayi BR $ePduced by
and an aromatic di halide conpound are m xed, and the

saltkpd ¢ oengeteah sUkhilde e and tde su0fbd kCadi Hahifl@aromatic
conmpound are heated for polynerization reaction in
dt hea kirdpané o mapicie nsd| tvend o 1 y20 eRelayiney h zakiait isd 8Plinder
(Dehydration step) The dehydration step is effected by
hleestimg an aal ket gae itetain sdik f §dé vien an oMgasi etam def
solvent, desirably under an inert gas atnosphere, to
r diasttiildn otifn @6 rwhteca t ug of atyhéd ¢ eddvi dr dyist eo aThe
al kaline netal sulfide is ordinarily served in the
dedrydofata dpdsate arndam ggokpuse mixtdne anslt & per efMdreer e
contains water in an -12 WO 2004/009674
S PEN ¥P2@03/00$852 r drouilt e | podermidaie abteasisthe p, a mixture
Further, in the case of wusing an alkaline netal
C hyd postl i igd@ aso r ga st fadeid sosnde e mtneard yaequalkaline
mol of an al kal i ne metal
metal sulfide and containing water is subjected to
dehydration under heating so as to adjust the water
content in the polymerization system. (Dehydration
step) After the dehydration step, the mixture obtained
in the dehydration step and an aromatic dihalide
compound are mixed, and the alkaline metal sulfide
and the aromatic dihalide compound are heated for
polymerization reaction in the organic amide solvent.
(Polymerization step)
(Dehydration step)

The dehydration step is effected by heating an
alkaline metal sulfide in an organic amide solvent,
desirably under an inert gas atmosphere, to distill off
water out of the reaction system. The alkaline metal
sulfide is ordinarily served in the form of a hydrate or

an aqueous mixture and therefore contains water in an

-12-
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hydroxi de is added thereto, and the two al kal i ne netal
5 conpounds are reacted in situ in the organic am de

w074 0 be converted into an al kal i ne met abCT/JP2003/008852

sulfide. Water is by-produced in the conversion step.

In the dehydration step, an amobunt of water including

such hydrate water (crystalline water), aqueous
amediwmtand rb& byripaaduced ewad ity | S Befydhatedifotdse tPase of
be reduced to a necessary level. Mire specifically,
utsien dehydrallk aningt epeits lohd daoid w1 pReEahed tiné i § ullfied e

wat er content co-present in the polynerization system
sioiredyceadnida raposy0aB o b oblsnpan kwlimé Hhetal

al kaline netal 15 sulfide. In case where the water

hoaht extid & excedsied! yh ereduced hid tthee defyratkaline metal
step, water may be added prior to the polynerization

cetmp s rad st a iy o detthe irdesinabie wakehb IWAKEY amide

| evel . The charging of the above-nentioned starting 20
soavern &l sonby ke peefrareded ot di nar id Mchnia o eAapraral welfide.
range of roomtenperature to 300 C, preferably a
Wahge o6 boomptempecatdrien tth 200o0@vefhdosiastemy In the
materials may be charged into the reaction vessel in
dehydma trany sdeder sandathe umspedt wieet et oficdlsd g such
be 25 additionally charged in the course of the

hgehyatat ivoateopécayisdra l1As eremtitongdd abpue,oas mgahicm and
am de solvent is used as the solvent for the

baetyue diu or dstwp,t e113 sWO 2094/ 10096 @4 SRCTL § PROOB/DGEBbA ced to
and the solvent nmay preferably be of the sane species

aal ahesergani ke aal de dbbvenspsedfioantle, the dehydration

?ol ymerization step, particul arly.?referably NMP. The
step is ordinarily operated until the water content

co-present in the polymerization system is reduced to
about 0.3 to 5 mols per mol of the alkaline metal
sulfide. In case where the water content is excessively
reduced in the dehydration step, water may be added
prior to the polymerization step so as to provide the
desirable water content level.

The charging of the above-mentioned starting
mat‘evrials may be performed ordinarily in a‘temperature
range of room temperature to 300 C, preferably a
range of room temperature to 200 C. The starting
materials may be charged into the reaction vessel in an
arbitrary order and the respective materials may be
additionally charged in the course of the dehydration
operation. As mentioned above, an organic amide

solvent is used as the solvent for the dehydration step,
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solvent may ordinarily be used in an amount of 0.1 to

5 10 kg per nol of the charged al kaline netal sulfide.
w(ab@4medsydr at i on operati on may be achi eved by PEE#AR2008108852

the conposition of materials charged in an

tenperature range of ordinarily at nost 300 C

preferably 60 Cto 280 C, for a period of ordinarily

a%%d %ﬁ eMdBItEsSn k0?4 yh i St e PSS APt Yo B0t WS d G pecies

ours. The heating nay be perfornmed at a constant

alsCMEE 3 HERn At 4 BIPgEatyoc g evaled shepmiese or
continuously or by a conbination of these. The

plERy a1 00t DPART 8ttieqd, rﬁla;*a@c&qraflolpneﬁr@atewmﬁeln MP. The

conti nuously or by a conbination of these. The

séqm&ﬁethp@rwam%@perﬁts@ his @8 PP AW ER o .1 to
be identical to or diffeerent froma reacti on vessel

1t®sqelgi P elihenoubseauBrt QPhY Y d zal kelifi €Pmépalheulfide.
dehydration step, a portion of the organic am de 20

sol vemth é sd dihsfd Fhadoef fo pegel hieynWnt Ayw @rabhieved by

distillation, and the water nay be separated fromthe

h&ygeime akide salpyertthymsubsequerdrthbsithali®8d in an
Furt her, hydrogen sulfide is discharged together with

t gah pre a1 t it @ragagiec odnode] swhvréhy . athen bysdr Gpeo 25

sul fi de discharged can be recovered for re-utilization

plne fr appyoprd daCe ot BRI Yhghfas abpwpio dnosi bkdmarily 15
aqueous al kaline solution. -14 WD 2004/ 009674
nPOTAR2D 036 0885 ufRgl prer feasbdy st@pnitheates to 10

pol yneri zation step is perfornmed by m xing the

heooupssi t iOh eatieea t cogpmetiyorb of pelrd odehyadd asitoa constant
temperature, at temperatures elevated stepwise or
continuously or by a combination of these. The
dehydration operation may be performed batch-wise,
continuously or by a combination of these. The
dehydration may be operated in an apparatus which
may be identical to or different from a reaction vessel
used in the subsequent polymerization step. In the
dehydration step, a portion of the organic amide
solvent is distilled off together with water by
distillation, and the water may be separated from the
organic amide solvent by subsequent distillation.
Further, hydrogen sulfide is discharged together with
water or the organic amide solvent. The hydrogen
sulfide discharged can be recovered for re-utilization

by an appropriate method, such as absorption with an

aqueous alkaline solution.

-14-



10

15

20

25

step with an aromatic di halide conpound, and heating 5
the resultant m xture. At the tinme of preparing the
WOorRRooHew74 it i s possible to adjust the anpbunt sSPOF/JR2063/008852
organi ¢ am de sol vent and water present together
therewith, and al so possible to add other material s,
such as a poI ymeri zati on aid. The m xing of the 10
(P |et111 dehydration step and the
arofatic ﬁ%ound may be perfornmed in a

te”'peT?lté‘yﬁl @ﬁ%rqtzaocﬁ@ﬁaétéié 1Q0pteor BpPrfc . bg/lmu;lng

pr ef er abl The order "of the mxin

tﬁQat ottaﬂp e%lﬂﬁbxl reﬁﬁtéf %s%p@e%blﬁe dmwena%rrﬁyhsfaléon

be added portion by portion or added all at once.

sh‘slé Reitht Bg ™ ¥bhgadfi ct HG.HB[IjichSeeo%Hfﬁé der @bsgr nEeatlng
uid for recovering the hydrogen sul fide dlscharge

thrb reheu deRyor ahiiqn st €P Mt alhs© digmRe’d Pryedpidyr g the
appropriate order. 20 The polynerization react| on nay

nb@xparrfeor edi 4 n?o@,éﬁ;mertaé L&@éﬁaﬁgetrpé genenhky b0@he
to 350 , preferably 150 to 330 C. The heating for

otﬂgeaﬁeétcalrﬁmddms\/oh%ﬁ&rfaqweaxaatea perd@ilt together
tenper ature, at tenper atures increased st epw se or

t Btd Wwaeus! yn ar aly 2 asedmlienald end d@f otiese. mAeerials,
pol yneri zation reaction time is selected froma range

sefchener al |p’ol]-ﬁnlifbﬁﬂﬂka&10trp a2d houTsh ephefefall y3@he
m nutes to 48 hours. The -15 WD 2004/ 009674

clBGh/plPR2 0034 008852 r ahgand e hand dea tsolvest e psech dnthhe
pol yneri zation step is ordinarily 0.1 to 10 kg,

apreamertaild yd Dh 43ite T dagy p pern dmoh agf bdepeudfourmusddin a
in the polynerization step. The
temperature range of ordinarily 100 to 350 C,
preferably 120 to 350 C. The order of the mixing is
not particularly restricted, and the two components
may be added portion by portion or added all at once.
Further, the mixing of the hydrogen sulfide-absorbing
liquid for recovering the hydrogen sulfide discharged in
the dehydration step may also be performed in an
appropriate order.

The polymerization reaction may be pérformed in
a temperature range of generally 100 to 350 C,
preferably 150 to 330 C. The heating for the reaction
may be performed at a constant temperature, at
temperatures increased stepwise or continuously, or by
a combination of these. The polymerization reaction

time is selected from a range of generally 10 minutes

to 72 hours, preferably 30 minutes to 48 hours. The
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amount of the solvent can be changed during the 5
pol yneri zation within the above-nentioned range. In
WO b@4p0%w3ent i nvention, it is preferred to adopCT/&2003/008852
phase- separation pol ymerization node capabl e of
providing a relatively high-nol ecul ar wei ght PAS
wherei n a phase separ ati on agent is added to the 10

0 C%?%ge” ZAl; I(ﬁ?ossegitge g?l or% {I?Ey td ’Sﬁmfélof%t‘ﬁon step

e po yneri zZat 1 on.

1SW§>t tﬁ 1{1%*}6}51 %eﬁa{tf]}}'f’ﬁ ?%e ;US éfefé FI®r§8d 0 USgg | per

e COoS I NéSss O rermval rom

mohleofp%:hége#élgﬁg d@eah?nci’?zﬁ Oé z%!“ﬁ%ﬁn step The

separ at I NCr easl ng vvat er

2 00, B8 Y t'kpetggtlv%%%’r@éhzﬁé oé‘h%yﬁ o ames

at an rary t omthe Start tot

pgﬁngmgglt){%q'&ﬂhqrﬁ APe 2R b RBPE A tioned range

meri zation rocess i1 nvolving a water content

| ncr §3se én%%'ées&th?HR/%en\Aﬁfoﬂm YPerd Zat k9B, & adopt a

has béen rocess erei’n the reaction is

p RAUSEIS L PEQEEE ﬂ‘ol eﬁ?é%%@n Oxfnd\@(ee'bdﬁa%ﬂe of
3SR

P &fount per nmol of the al kaline

tvalldl n%féd?STEgFQ’SQyC‘EL%%ShQBICqu POrt @ &% el poos

e aronati c e’co und, 25 then water i s added

Wshoelaﬁ%){l al rp?ﬁé@% %é’\ﬁb‘%fatq(?ﬁﬁeﬁt%&flt 2s 5a A 0tk B e

per e al kal 1 ne netal fide and the

pB?g’l?ﬁE%tiE%@u'osn eég‘é%%%ﬁ bq 240 46bd9@ G orimE fMOm the
/009674 PCT/ JP2003/ 008852 - conti nhue the reaction

c 6 1RRPOBTE: Al 80t t Bubhiccatld ANp 1640 B) HB3t¥ 75plyandrization.
the process is particularly preferably used in the
ABRT ety hRVENtdOParation agent, it is preferred to use
water in view of the cost, easiness of removal from the
polymer, etc. In the case of causing phase separation
by increasing the amount of water co-present in the
polymerization system, water may be added at an
arbitrary time from the start to the end of the
polymerization. As an example of polymerization
process involving a water content increased in the
course of polymerization, there has been kﬁown a
process wherein the re‘action is caused to proceed in
the presence of water in an amount of 0.5 to 2.4 mols
per mol of the alkaline metal sulfide up to a conversion
of 50 to 98 mol% of the aromatic dihalide compound,
then water is added so as to provide a water content of
2.5 to 7.0 mols per mol of the alkaline metal sulfide

and the temperature is elevated to 245 to 290 C to
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(Cooling) 5 Then, the reaction system(i.e., the
content in the polynerization reaction vessel) is

w@omhmeeetnder stirring. The cooling may be efPEDir03/008852

according to a so-called indirect heat-transfer
schene of causing heat-exchange wth a heat nedi um
via a heat transfer surface and 10 using cooling

c B8 %%%fzr??gggg%%ézﬁﬁ%lesesipdgt%'t' B@phstation

contacting t hase of the ‘reaction m xture,

(Lp sty nes g s figkis | (g0 drstesapasy

si de- j ac an r di sposed to

e OpS PHRS§ ¢ EsERF 1% ¥ £AGLILAN. vessel ,
p%%EEEQ%%% -ggﬂignggr acc npa%ied a}tﬁ céﬁdensation by
(@§i gﬂlg)g., a reflux condenser. These cooling nmeans

may be used singly or in conbination, as desired.

Howevgh,e 'tutpg% been: di $50¥§rad BY (¥Set hath e 2003 88HA! in the

cool i ng sho be effected Selectively in a range of

p YRS IFONI IR ¥ el tNEn MRIdRIEN ) SKStEMbYEACAPhider stirring.
tenperature in the course of cooling for the purpose

T®e | TQHIYhRY thhey P epetitescedl dbgo rmiqggcﬁopé\sso—_called
‘particles. Accordingly, it is preferred to 25 realize

1128 iR Oe e 890kIrAG SPERUsath PRSS bf cc b s {RBPBIAA Hl€xchange
regi ons outside the above-nenti oned range, thereby

wShor e B tt B et A €00! 4 NQ eld tT8.r oM d fek/ s\ face and
2004/ 009674 PCT/ JP2003/ 008852 therefore the entire

uRAhy$eE baat hah wyd A st,i g1 Ar a sachimyhogiangacsds sel
production efficiency. For this purpose, it is
spaef-eraet foc &fdecto et biciierng cloel ingubiyd phase of the
reactioﬁ mixture, heat-transfer tubes disposed in the
liquid phase, a side-wall jacket and heat-transfer
tubes disposed to contact the gaseous phase in the
reaction vessel, and a heat-exchanger accompanied
with condensation by using, e€.g., a reflux condenser.
These cooling means may be used singly or in
combination, as desired.

However, it has been discovered by us that
gradual cooling should be effected selecﬁvélyin.a
range of extreme proximity to the maximum
system-viscosity temperature in the course of cooling
for the purpose of improving the properties of the
product PAS particles. Accordingly, it is preferred to
realize as large a cooling speed as possible in
temperature regions outside the above-mentioned range,

thereby shortening the entire cooling time, and
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adopti ng, anong the above-nentioned cooling neans, a 5
rapid cooling neans of a better cooling efficiency,

WO 2@4/009624 r ef | ux condenser di sposed at an uppePCPaArA03f08852
the reaction vessel (in a sense of including a
cooling coil exposed to the gaseous phase in. the
reacti on vessel) for condensing condensabl e

tHeH Stlilgcg h?lérhﬂﬁ %@aéfe% phase pod
m xi ng the con ense |d Wi t he pol ynerizati on

a bifid ¢ p aaeglem'&f I%ahrdnggnl@fm?eh% ancod L H S
preferre i nprove the condensation at-transfer

p%ﬁ%%'s%nCYtofsw?F'f% g condenser Qynr&r@mneoqhmg by

t a’portio non- condensabl e gaseous

aa @Pﬁ LS frﬁ%'ﬂght?h%a%el%%e RA2S8t A6 nidie ée%qurl%rﬁleans

ondenser®(as di sclosed in Japanese Paten

é‘gﬁld %bpfh%o%e%%§4é}" aTB%ttreermE/@blPﬁ%l%qflclency i.e.,
n {

condensabl e gaseous conponents from tthe gaseous

aPPaseuRRY: Pf d&f h el d iYp 0 & - azoaaur@pﬁpu}saqft btethe

system After the polynerlzatlon reactio t he system

rédctGeH efeals As (Lar aes%&g%l o191 BREAEd AR PO8SEBbRing coil
down to prOX|n1ty of the maxi num systemviscosity

ek SEQt Woe t Hdepa@easiial Iph 6@el ath sghectbvwalidA Vhassel)

tenperature region of the maxi num systemviscosity

féferr@@wdelheslrl gCcorPA€ i H&MH 160 £h 983 Pndls ddcluding
i ncreased coollng speed down to a tenperature at -18

W0 2P0k 009674 FETbIRR0PB/098852 d wWhi ichi 1t BetheactdéArlensed
m xture exhibits a vapor pressure below the

1 iaf wodpheirtite phesgtUleym_T&ﬁmxianml1qy151tdenjbhlas§estltryder
tenperature can be easily detected as
stirring. In this instance, it is preferred to improve
the condensation heat-transfer efficiency of the reflux
condenser by removing at least a portion of
non-condensable gaseous components from the gaseous
phase at the top of the reflux condenser (as disclosed
in Japanese Patent Application 2001-296545). The
removal of the non-condensable gaseous components
from the gaseous phase may be effected by, e.g.,
purging out of the system. ‘

After the polymerization reaction, the system is
cooled at as large a cooling speed as possible down to
proximity of the maximum system-viscosity
temperature, then gradually cooled selectively in the
temperature region of the maximum system-viscosity

temperature =1 C, and then cooled again at an

increased cooling speed down to a temperature at
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a tenperature giving a maxi num of power or current 5
supplied to the stirrer or a reading of a torque neter
w@rdoaobwess t o the stirring shaft. The above- meneCDmEd03/008852
operation cycle is an ideal one based on our .
di scovery for obtaining product PAS particles having
good particle properties as 10 represented by a high
witt] &ndensd tye £ Rnoygh A Shprd @y Ci%’“élgawg!peo?spressure
possi bl'e. I'n an actual polynerization ~reactiton
st 0 5sbhih d5id i to i r 1 I
D s P e e st oy o e Ao LA
8550 - v1%%06 dii ! gGtual; £oo} i
Sgper at i on,Cchlot gil_ggp)rl_g e?)reg%to ef fcea_(c:lgf {geg%e%!éﬁ%%ag)?tecwd as
atﬁéi'ngfeqfaﬁﬂr%bl Gl Qoh}’ﬁﬂﬁﬁﬁhogfr?‘%‘:&/'&n cﬁlyséﬁﬁnrent
for bt al ni ng stenT paraneters inclusive of the
hIVEY $%Stere VA BGASEE Yo | EAPRE A £
St n%er ature cycle for re%l i Zi ngatd#;ﬁgepgc?i \Egrgqlégugljeter

a€eald g d R oPkexe ”éiﬁ’rlzﬂqgoshréefﬂa)(i mim _
systemviscosity temperature, thereby setting a

real iTal &150Q/d NG d APELAU &1 6 PV 81 HRdRly 18N tPn ideal
effect the control operation inclusive of t%e start,

o SileOlb 8BE EXshaRder 0fl i 5B Py NIrMBdNS il ot Beroduct PAS
i ncrease or decrease of cool1ng nmedi um supply rate, 25

paaaqicdieny H Qvtihes coObidp 4 eRPEI &t Y@ $¥ Sk Be BOAE -
More specifically, in the process of ‘the present

répress ¢ ane d eysusthem hsbariadudbhns iagplEdratu @R as short a
average -19 WO 2004/ 009674 PCT/ JP2003/ 008852 ~cooling

copdéd ofcPclet asl gb £shbile. sarecdhvaldtiwBlapolymerization
tenperature range of nmaxi mum systemvi scosity

r¢anpdoai Wsestk €, hdwewouy 9e 08 1iep 68d i ofotittnore a

thermal inertia including the heat capacity of the
reaction vessel. Accordingly, in an actual cooling
operation, it is preferred to effect a preliminary test
for an objective polymerization reaction system for
obtaining system parameters inclusive of the maximum
system-viscosity temperature and a temperature cycle
for realizing the selective gradual cooling in proximity
to the maximum system-viscosity temperatl'lre, thereby
setting a realizable cooling temperature cycle model,
and to effect the control operation inclusive of the
start, stop and.exchange of the cooling means, and the
increase or decrease of cooling medium supply rate,
according to the cooling temperature cycle model.
More specifically, in the process of the present

invention, the system is gradually cooled at an average
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system In view of the thermal inertia of the system

5 however, it is practically inpossible to satisfy the
w@bavmessent i oned condition and al so real i ze a PODIR20¢B/008852

speed exceeding 1.0 C/mn. over the whole regions

out si de the range of the maxi mum system vi scosity

tenperature 1 Cincluding the vicinity of the range:

ey ﬁ%gfgps 1 gf hﬁ gondi 4 gfagé e{rh'i% S@éf@a@}&sﬁyt Pg a

reacti y cool'e n-average coo

tégﬁn'g)era%tgr% b9 % %f'ﬁlﬁxfrﬁllfﬁf' nf%)fe'rﬂ @1sc031ty

ure rang max| num syst erm vi scosi

tESRY AL MG e 14G (‘?f it1e pECE N, é@V%rﬁ‘t ga’EeéBﬁlh%atof the

the*system 15 is cool ed at a coo I ng spee

s)/seg@ﬂle cophi ewc'Qﬁgq) %XPﬁ%qlrﬂ‘%tlllﬂiﬂ{lrﬁno system,

erably at [ east furt pre era

HS wletAsE 30i € /prﬁe{‘ctléﬁlf elmt H@%rl%tllgecd'eé]é?%fy the

out si de a range maxi mu em Vi scosi t

AP oPer %‘érr?tl?b Led er@h%flatql&h oénhsd dey @Q ?erem%% O%] cooling

maxl mum systemvi scosity tenperature

@asexoéeéaqkﬁ% i nor og PQnHﬂe pakl q’.'l'Fe xﬂrkp@ﬁétféémns
the  product PAS particles w thout incurring a'

oﬁPPﬂ@@t i fle IMCH8aS® Oft HdemGoh i m CY¥GIald AR vidcbSity
al so preferred to keep an average 25 codling speed in

tehe pleangeudle 021t €C1.ih S hidiih gOvRe &Ficli®Rsf & Eitthe range:
range of the maxi mum systemviscosity tenperature

AcOokdid Ajfdeﬂﬁ@' tvnaigigdualf cedld gy s2emOafter the
2004/ 0096 PCT/ JP2003/ 008852 speed of bel ow 0. 2C

reddtidA tHegsaldghadyt emperadune ardngeeird P& oxoMlliv g

to the nmaxi me systemw scosity tenperature incurs an

sip¥e dasddO0c@oltindl 1O neC i/mtike. selectively in a temperature
range of maximum system-viscosity temperature

+1 C" of the present invention means that the system .
is cooled at a cooling speed (not an average cooling
speed) exceeding 1.0 C /min., preferably at least 2.0 C
/min., further preferably at least 3.0 C /min., in the
temperature regions outside a range of maximum
system-viscosity temperature =3 C, preferably outside
a range of maximum system-viscosity temperature +

2 C. For the purpose of stably improving the particle
properties of the product PAS particles without
incurring a substantial increase of the cooling
cycletime, it is also preferred to keep an average
cooling speed in the range of 0.2 to 1.0 C /min. over a
temperature range of the maximum system-viscosity

temperature 2.0 C. Incidentally, a gradual cooling
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tenperature range which cannot be ignored and is thus

5 not preferable. (Post-treatnent) The slurry
w@otalwrfnig t he product PAS particles obtai neplCT/iroesyiosss2

t he above-nenti oned cooling step may be post-treated

in an ordinary manner. For exanple, 10 the cool ed

product slurry nmay be subjected to filtration as it

i 80ePda B Pl Ao el i LB LB € o EtE comperature
ParEbul By W PR s it AR PRk, S LB wisepsity
BB SR A e AT B La RS Y SEuERLe " the
EHERAREUTY 2 RD 10 A pRbLRe AR 86 4 EY g thus

[ i ble to treat the product PAS with an
naécfll oﬁé??g?%gﬁs% t, such as ammoni um chl ori de.
(fi’%rsotd-uccile

r)y The product PAS obtained through the
process o%eh?ggltaresent i nvention may be formed into

brodutiie | ShETrapRIRATH B EHE L it MOl articles
. | : . i ! i

rtaald ar-otemgl e Nsbvenssis omaslodillpraieo may

bfééjg@ﬁﬁtt— lﬂ]reazt]e R094 QDO§7A RS/ HR2AP3L POBBEY, I e)égmple ,

npl es] Hereinbel ow, the present 1nvention w

th desssibad Jms 8 $eck fii @k ¥n hasasle o umxpIRLE & filtration

as it is or after dilution with water, etc., and the

"recovered PAS particles may be subjected to a

repetition of washing with water and filtratio‘n,
followed by drying, to obtain a product PAS. After the
above-mentioned filtration or sieving, PAS can be
washed with an organic solvent such as an organic
amide solvent identical to the polymerization solvent, a
ketone or an alcohol, or high-temperature water. It is
also possible to treat the product PAS with an acid or a
salt, such as ammonium chloride. |

(Product polymer)

The product PAS obtained through the process of
the present invention may be formed into various
injection-molded products, and extrusion products,
such as sheets, films, fibers and pipes, by itself or
together with various inorganic fillers, fibrous fillers

or various synthetic resins mixed therewith.

-21-



10

15

20

25

Conparative Exanples. It should be understood however

that the present invention is not restricted to such
wex@apbwss | ncidental ly, physical properties PEBHIr2038852

herein are based on val ues neasured 10 according' to
the follow ng nethods. (1) Polynmer nelt viscosity was
nmeasured at 310 C and a shearing speed of 1200 /sec.
(2) Each product after the polynerization reaction was
subj ected to sieving through a screen having an 15
openi ng di anmeter of 150,u nm(100 nesh) to recover a
partlculate pol ynmer thereon. The yield of the

artlc at pol ymer was cal cul ated as a wei ght
:% thereof with respect to a weight

(the etlcm

20 SQAFGIR SUPEIAS preQenp HEr & t°”922?§323?? o et
d%%?cirelﬁ%%%f £ap r%ﬂ%é’%%%ﬂ{% B Bl dnds BebERlfe gt
CRPf ”%.twfs%eﬁaiﬁ@ﬁ%i? gt gﬂﬁiﬁﬁ‘ AR5
b3 ffiavnaa pec%‘?ébb‘f;?géy%ﬁ%%’%i%mbéareStrfwted to
?%easuggioaﬁg &r azné n\égm%‘?gdgatoﬂsﬁ7%£%i%%pﬁ£8%wes

a fosae dD%fegn ) d'qwg%%ﬁ 8 o8 £ 6 Cn BRI £ bOf

oclave Pol'ymeri zati on and

a Gy §9nere REH L OféTﬂ%Mnfg‘ methods.

(1) Polymer melt viscosity was measured at 310 C and
a shearing speed of 1200 /sec.

(2) Each product after the polymerization reaction was
subjected to sieving through a screen having an
opening diameter of 150 m(100 mesh) to recover a
particulate polymer thereon. The Sfield of the
particulate polymer was calculated as a weight
percentage thereof with respect to a weight
(theoretical) of PAS calculated on an assumption that.
sodium sulfide present in an autoclave (reaction
vessel) after the dehydration step was fully converted
into PAS.

(3) Bulk density of a polymer was measured by using a
bulk specific gravity meter (made by Tokyo Kuramochi
Kagaku Kiki Seisakusho K.K.) according to JIS-K6721.
(4) A maximum system-viscosity temperature was

detected based on a maximum value of consumed power
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apparatus including a 20 liter-autoclave (reaction
vessel ), and a cylindrical condenser having an inner

waele@awewrs of 40 nm and a hei ght of 250 mm and ROI/JP2003/008852

vertically installed at the top of the autoclave. The
aut ocl ave was further equi pped with an electric heater
capabl e of heat conduction fromthe side wall surface,

nfe k0 PRIE ‘fét%‘?gléﬁlﬁpﬁioio‘é‘éﬁ%%%geef°r<s"?<?5*?£t'd“-grhter“e de by
Ycoolgggés&,r Vﬁ?eeﬂylﬁpﬁdé g‘fl g@%f@gmestlgrer motor for

thG a téhperat ir e upper “gaséous phase.

CIfI 1y, 6,000 g of NMP and 3500g of sodi um
tM%i %%ggpeln ‘gghydrate containing 45.9 wt.% of sodium

~sulfide (Na2S) were charged in the reaction 20 vessel,
and after aerati on wth nitrogen gas, the system was

g{a#jﬁ_]@#h ated to 200 C under stirring, thereby

%’ i ng iff 14499 of water and 1015g of NWP. In

h .

vapor eIV e g it FRD Wi WRIE BN (B me by an
\I@géra ﬁgelﬁ%qg%cﬂfiﬁgn%ls tteef éﬁecod@f]{géaifgrééﬁ%on

re ced to e vapori zed
SF4RRonEd o IR Bl Aok il ceat o APRSy anFhner
d‘iﬁ%ﬁ%‘t&orﬂﬁ'mon&n@dﬁlﬂd@{ %h 0f g&f if &At %’@0’\'@3%1"\@%(1
cooled to 180 C 004g of % di chl orobenzene

vERPEBE NHCBH Na? Breld 042 ( by Mo\ o £ 3039 QIté\'B/E’avJeMg The

of water "(total water content/ 5 Na2S=1.50( by nol
adxth 898 vef WAGHERU i1 ¥r9&% uﬁ?ﬁ%sd %Qtﬂ’foé/hdglécq(hc heater

nol % of NaOH with respect
capable of heat conduction from the side wall surface,
a thermometer and a pressure gauge for detecting the
inner temperature and pressure, and a stirrer. The
condenser was equipped with a thermometer for
measuring a temperature of the upper gaseous phase.
More specificall'y, 6,000 g of NMP and 3500g of
sodium sulfide penta-hydrate containing 45.9 wt.% of
sodium sulfide (Na2S) were charged in the reaction
vessel, and after aeration with nitrogen gas, the system
was gradually heated to 200 C under stirring, thereby
distilling off 1449g of water and 1015g of NMP. In
this instance, 0.43 mol of H2S was discharged by
vaporization. Accordingly, the effective amount of
Naz2S in the reaction vessel after the dehydration step

was reduced to 20.14 mols. The vaporized H2S

corresponded to 2.10 mol.% of the charged Na,S.
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effective Na2S in the vessel were further charged to
the vessel. Incidentally, the vessel already

w@ewkaiwed 0.86 nol of NaOH produced by the PCT/JP2003/008852
vapori zation of H2S. 10 The system was heated at 220 C
to cause reaction for 4.5 hours under operation of
the stirrer at 250 rpm then 472g of water as the

%?Z?vﬁi&%éﬁéﬁ%:m%gcfﬁéég' é‘a”sg ﬁ@rs”é’ rﬁa{‘;‘l&iﬁta"fuﬁécit P4 mols of
%{%S’E%%%’s l“ﬁéyﬁqfiaiﬁt i e o8P O P !
t.er co etion o t
D s S ER B+ 2 e DAL 'Héléaf%e/ Nezd i iehedny, monl,
shofasapt § “iﬁ?%téfh‘gwf‘mg HEafnids EShenY)
eSS 8 B ENIChE % S PP AR BRI 8 oo s
tGoPg RSt PolfO JadiL f""'% RO AL B Etn e
PEFFLEEs N %naﬁrizs{ea” eS%"s"eeuc%aég BISHELC i eBR to the
ag;e o 251 GALY 0gb e PReT Skt B HBRuS i 086
m e"f’Qiﬁ%Pﬁ.”%#Q%?%%“ 0 SRET A MEiE 00 b ohas.
to tigghé dsﬁ"sgguﬂ} EMe e&uétobf gt °@ teymeLgiyLe

of 2 vess coo i ng wat er was

ereaer? f@rtEeSC %ejlrggéﬁglp?y rrztcgﬁ(eriapﬁ&?ob'fnghe stirrer at
250 rpm, then 472¢g of water as the phase separation
agent (giving a mol ratio of total water/ NazS=2.8 in
the vessel) was injected under pressure, and the
system was heated to 260 C for 5.0 hours of reaction
to complete the polymerization.

After completion of the polymerization, the system
was cooled in a manner described below. (Incidentally,
the apparatus used in this Example was of a relatively
small size, so that the cooling speed was controlled by
controlling the operation conditions of the
above-mentioned heater and condenser in combination
with air-fan cooling from outside the polymerization
vessel. In a larger-scale apparatus, however, the
air-fan cooling ( and heater) will be replaced by
indirect heat exchange by a side-wall jacket or an

intra-vessel cooling coil supplied with a thermal
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to the condenser and the air supply rate to the outer

wal | of the polynerization vessel were controlled and
w@200dab9se4 at the top of the condenser was openkdl/aR0030008852

required for purging non-condensabl e gas out of the

pol yneri zation vessel, thereby effecting the cooling

according to a tenperature profile shown in Table 1.

RS AL MR, o Tl ol 5 o
2o SRS T % HETA e

o Rl B F R 4 1 e
SBIIY § E OASRE
P IE AL bRy 10 0% e e
t{)ﬁ% t%ngL\é g%‘jratgggresrhaenré‘é{?{é?e EH%' '“F‘Qtﬁﬁle%q;gg)ly rate

of ~ maXi num SysSt ém vi SCoSi t

%)e%er cyfl%leln%%r \éff{d@g{fhlco?{lr#;% gp{ﬂg@% 'tB the outer

enper ure regions outs ture ran

A R A N TS AN b é‘sf@d and a
vEISEAL el DS SACHHAN o bt d di2 bakerh putn o

reacti on vesse I nNg-dryin us- obtalne

SRR T e P ia Ao gy gt o
pld s &f i Y80 A9 vRYs §60i N E@RBy effecting the cooling
according to a temperature profile shown in Table 1.

In the course of cooling, at a time of 7.5 minutes from
the start of the cooling, a maximum of stirring power
(162W) was detected at a temperature of 229.7 C
(inside the vessel) to confirm the maximum system
viscosity, and the temperature reached 228.7 C after 2
minutes thereafter. Table 1 shows temperatures
corresponding to the maximum system-viscosity
temperature +5 C, +3 C,+2 C, +1 €, £0 C (maximum
system-viscosity temperature), -1 C,-2 C,-3 C, and
-5 C, time after the start of cooling at the respective
temperatures, an average cooling speed in the
temperature range of maximum system-viscosity
temperatufc +1 C , and average cooling speeds in
temperature regions outside the temperature range.

A time period from the start of the cooling to
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tenperature water. The resultant slurry was subjected
to washing with acetic acid aqueous sol uti on added
wo bneew7and filtration, foll owed further by fPRCF/JIR200888852
of 10 washing with water and sieving to recover a
solid wet resin. The wet resin was dried at 105 C for
13 hours in atray drier. As aresult, the dried

1535 B i it ol o GF STty bR G dabte s uhh & aagtion
LRAT L Bh) Rakitar Byt &% A1 FRB Crtother Bt bhown i
(P nre EAAnd Pond Gonpar at i ve Examies. deseri bed

oashi BT R L&) per Teh sk T e ST Roaiee suibiected
td e o P AR L B DAP A R v e 9 Rapgi o e
rd S SR RORS 1 §le BobG pe BB ¢ R pihd i AY TOSH -
t O YRR ATHON R8RS (AL AR T S LA A subicoted
£ R ATTh U BOPR"E et P ARAPEB 5 280100 addea
¥ ichid iegxg dg_fgg{glﬁ%%éﬁos%mmngéﬁgﬁ%% é‘Pdg%oﬁ%'S@% times of

density wds  obt ai ne a‘yrel
BN ECheq 1108 BRI SLECL i R ALV T8 ORLE wev

r £OL HTET IZRE Qfle t COOLE RY vAAY WASRING Ar Y Wer§6r 13 hours
in a tray drier. As a result, the dried resin (PPS) was
recovered at 1922¢g (yield: 88%), and exhibited a melt
viscosity of 194 Pa.s and a bulk density of 0.37g/cm3.
The temperature profile data and the bulk density
data of the product are shown in Tables 1 and 2
appearing hereinafter together with those of Examples

and Comparative Examples described below;

(Example 2)

Polymerization, cooling and washing-drying were
performed in the same manner as in Example 1. except
for changing the cooling temperature profile as shown
in Table 1 by changing the conditions for water supply
to the condenser and air supply to the outer wall of the
polymerization vessel after the polymerization and

cutting-off of the side-wall heater at a temperature
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performed in the same manner as in Exanple 1 except
10 for changing the cooling tenperature profile as
W@ bawnoderd Tabl e 2 by changi ng the conditi ons fPRPCT/IR0E008852
supply to the condenser and air supply to the outer
wal | of the polynerization vessel after the
pol yneri zati on and cutting-off of the side-wall

SR, Bhely RO P 0l Chut oy ortC TRG tpoha Liculate
PRENGRA R Uiac At el TSIy, KT Z2RER Y apdia puik
ARIPRIYy 81707 MR T ol B RS PRI Tk iha bige 7%

eS8 Sl OE P LTI P PTTHR S 150 ©

Wtéygf?@ftrﬁlindpg tenperature reached 233.3 C. At this
pol n airr suppr to the outer wall of the

pol yneri zation vessel 25 was started to accelerate
the cooling. The tinme period fromthe start of the

0 \czyqlzl? 1yM nutes. -27 WD 2004/ 009674
8?%&%%6%%}%%85%% %a result, particul ate PPS
exhi bpt,i CO f P
densiltalé?lggn Ig{%g tcl\r{rjﬁﬁ V\ggbgé?‘ ]asxgda?vgssr?g?% Q’?’l%b’é}g were
p EN& uhle densi £ i eOfs 4 e PP fle P p?ﬁt gﬂﬁ g 10 except
S|n1lar to those of Exanples 1 an ore
fbs Hﬁcb?ﬁ%tl‘ﬁ%j fhat corAdups €081 4 @ancvl?fet %@ﬂtl'er%s shown

course of cooling did not result in furth

iﬂéggraoaﬁére@tby R Pakid oh 8 @h@%dh@%t%ﬂ@efafowéer supply
to the condenser and air supply to the outer wall of the
polymerization vessel after the polymerization and
cutting-off of the side-wall heater at a temperature
inside the vessel of 260 C. More specifically, after
cutting off the power supply to the heater, the system
was cooled by standing without water supply to the
condenser or air supply to the outer wall of the
polymerization. At a point of 77 minutes after the
start of the cooling by standing, a maximum
system-viscosity temperature of 234.3 C was
confirmed, and at 3.6 minutes thereafter, the
temperature reached 233.3 C. At this point, air
supply to the outer wall of the polymerization vessel
was started to accelerate the cooling. The time period

from the start of the cooling to 150 C was 150

minutes.
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10 (Conparative Exanple 2) Pol ynerization, cooling and
washi ng-drying were perforned in the sanme manner as

w0 poolEesspd e 1 except  for changi ng the cool i ngPCT/JP2003/008852

tenperature profile as shown in Table 2 by changi ng
the conditions for water supply 15 to the condenser
and air supply to the outer wall of the

00 YRG! S, VPSP TR0 20 e
RS IS a0 BN BT B Y 20 cmo
B SRS LT VR, g TR T System vt scost Ly

ot PEROITES S i8R (R PO RS AR s s
S N N ST R LTI
DB o 0 Ba3R A R S s B e
cfhyd Fri TR g AUEPLE UL Ty (GPERRRH e [AFovomont

. SY :Vi1SCQSi 1 &R I e oling tine
1?ré%%\$1§t gﬁééfe coolegl %Pttgl‘%‘g]grgdv\ggqus@e g)t'han inb5
Exanple 1 and 2, the bul k density of the product PAS

particles was substantially |owered to O 28g/.cn8

(SERE A Al g speet o 17 ST
tempepghiynh e rkzG iR, CoBNiNasS LXaesshvd Inbkd'@8ying were
performed in the same manner as in Example 1 except
for changing the cooling temperature profile as shown
in Table 2 by changing the conditions for water supply
to the condenser and air supply to the outer wall of the
polymerization vessel after the polymerization and
cutting-off of the side-wall heater at a temperature
inside the vessel of 260 C. Cutting off of water
supply to the condenser for achieving a lower cooling
speed in proximity to the maximum system-viscosity
temperature (performed in the preceding Example) was
not performed. As a result, particulate PPS exhibiting
a melt viscosity of 145 Pa.s and a bulk density of
0.28g/cm3 was obtained at a yield of 90%. The time
period from the start of the cooling to 150 C was 59
minutes.

Thus, in spite of the fact that a uniform cooling
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10 (Conparative Exanple 3) Pol ynerization, cooling and
washi ng-drying were perforned in the sanme manner as

w0 poolEesspd e 1 except  for changi ng the cool i ngPCT/JP2003/008852

tenperature profile as shown 15 in Table 2 by changi ng
the conditions for water supply to the condenser and
air supply to the outer wall of the polynerization

WHESE VT RediBiHi wARemite e Shist o kg Perature
B AL ASEP 2 SH LA, CEL Pt R AR o
LR b BalS AL LT A o R SR cime
EEAG YR G B gh r RSN Ry 1R oF SvBS i adofhan in
SRR, IR SO AT APSRFog RS pas
AR B8 Pl s o BRISISTRENRREE 1 .28p) e
FRERME 1 besoiees e CORLAIS,REEH GO HOK PLORER. in e
(B 4 D, SRS TR . gL i

I j i trabl e~f qr. r anspost at 0 . etc.
R A PR LR b R I B B A9 E15 targe.
densities in the above Exanples and Conparative

Exanpl es are inclusively shown in the follow ng Tabl es
(Comparative Example 3)

Polymerization, cooling and washing-drying were
performed in the same manner as in Example 1 except
for changing the cooling temperature profile as shown
in Table 2 by changing the conditions for water supply
to the condenser and air supply to the outer wall of the
polymerization vessel after the polymerization and
cutting-off of the side-wall heater at a temperature
inside the vessel of 260 C. Cutting-off of water
supply to the condenser for achieving a lower cooling
speed in proximity to the maximum system-viscosity
temperature was not performed. As a result,
particulate PPS exhibiting a melt viscosity of 145 Pa.s
and a bulk density of 0.24g/cm3 was obtained at a
yvield of 90%. The time period from the start of the
cooling to 150 C was 29 minutes.

The product PAS particles exhibited a further

-29.
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lé'vgéFegl Bu@ @ P’elligigif ¢ Df204_g/lcrl1\'|13cop1l*\le(s:durlf'1éa‘%)ly Talecause
the cooling speed in proximity to the maximum
System-viscosity temperature was further higher than
in Comparative Example 2, so that the particles were

5 understood to have lost particle properties suitable for
transportation, storage, etc.

The outlines of cooling and the product bulk

densities in the above Examples and Comparative
Examples are inclusively shown in the following Tables

10 1 and 2.
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As described above, according to the present
invention, there is provided a process for producing
through a relatively short polymerization cycle time
such PAS particles having a high and stable bulk
density as to exhibit good processability in
transportation and storage, and excellent
transportability in a hopper or screw of an extruder or

a molding machine.
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producing through a relatively short polynerization

cycle tinme 5 such PAS particles having a high and

stable bulk density as to exhibit good processability

in transportation and stor gj excel | ent
transportablllty in a hoppé?gg§1@: ew of an extruder
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according to erein’in

alfeati RG, e ar@Q%%%ost?g%r fzgﬁ(}f‘%?% #801%5d %gf%dnigav%rage

reaction systemat a Ire roma

C%Qﬂqugtgﬁé'éeécb'foﬁéot%s TOfEMRAin. selectively in a

temperature range of maximum system-viscosity

temperature =1 C.

2. A process according to Claim 1, wherein in the
reaction under heating, a phase separation agent is
added to a reaction system at a desired time from a
start to an end of the reaction so as to form a
liquid-liquid phase separation state including a thick
phase and a dilute phase of product polymer, and then

the cooling is started.

3. A process according to Claim 2, wherein the phase

separation agent is water.

4. A process according to Claim 3, wherein the alkaline
metal compound is an alkaline metal sulfide and the
phase separation agent is water;

the reaction under heating includes a preceding
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l'iquid-liquid phase separation state including a thick
phase and a dil ute phase of product polyner, and then

W0 b@4oawlii ng is started. 20 3. A process accorPCTaPAas/008852
Claim 2, wherein the phase separation agent is water.
4. A process according to Caim3, wherein the
al kaline 25 netal conpound is an aIkaIine net al
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pr 0ceéss according

Br elc%g ngc\lcll \Mﬁié%'aq sttfﬁfdeeacltﬂ o{hgngeahgtlc?ﬁl 's§igstem

orne reaction vessel éequi pped a

am{’ Wt ht ar%geih%xsy@@@ﬁgstea ést@npgewmke%q* s to

neans e cool rocess according to

2@'@' %S’to‘“"l,eéﬁ't'?nqh‘é' eaet *}%ae@%hng,a@a l east a

portion of non-condensabl e gaseous
after the reaction, the cooling is started.

5. A process according to any preceding claim, wherein
the reaction and the cooling are performed in a
reaction vessel equipped at its top with a reflux

condenser as a principal cooling means for the cooling.

6. A process according to Claim 5, wherein during the
cooling, at least a portion of non-condensable gaseous
component is removed from a top gaseous phase in the
reflux condenser to enhance a cooling capacity of the

reflux condenser.

7. A process according to any preceding claim, wherein
the system is cooled at a cooling speed exceeding
1.0 C /min. outside a temperature range of maximum

system-viscosity temperature £3 C.

-35-



10

15

20 conmponent is renoved froma top gaseous phase in
the reflux condenser to enhance a cooling capacity of

wo ba4/00%f4 ux condenser. 7. A process accor di ngPCDJIR20§3/008852
preceding claim wherein 25 the systemis cooled at a
cool i ng speed exceeding 1.0 C/mn. outside a
tenperature range of maxi num systemviscosity

teg;per ature 3 C -35 (X\o 20 4/ ﬁ$74 PCT/ JP2003/ 008852
A%F8Eeessss a EGTHT hy™ ym v%erW|}hefﬁéns}§l%n$YStem

1%3%?% STt %n%%?%ila?%sgi‘%g% Boak hamst 2.0 € min.,
oHeef .ng?f"sﬁa% %?”gecé?%%rﬁapog% ot eRi R syst em
SPRL Y fh i R R e e e

systemvi scosity tenperature 2 C 10 10. A process
accordi ng to aim9, wherein the system is cool ed at
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10. A process according to Claim 9, wherein the system
is cooled at a cooling speed of at least 2.0 °C /min.
outside the temperature range of maximum

system-viscosity temperature =2 C.

11. A process according to any preceding claim,
wherein the system is cooled at an average cooling
speed of 0.2 to 1.0 C in the temperature range of

maximum system-viscosity temperature =2 C.
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