WD 01/ 19898 PCT/ US00/ 40865 A PROCESS FOR PRODUCI N CLY( ARYLENE SULFI DE)
Field of wowenssodn This invention relates to the field ORCTWHE/ES6Es f or
produci ng poly(arylene sulfide), hereinafter referred to as P(AS). 5
Background of the Invention The productgyn of P(AS) for a variety of

I ndustrial and commercial uses has be nown for sone tinme. P(AS) is
nol dabl e i nto vari QUBROCESS IFOR PRODUCINGERODWIARVI ENESUWERIDE), parts,

films, and fibers by neans of, for _eixa | e,.. injection nolding and

extrusion nol ding techniques. Thesl-:é—%#ﬁ%ﬁ‘i%%—’h‘? _° ave utility in a 10 variety
of applications where Thadhvenfion ed1888 ©ahe Al oTipRoeSsed FéiRbducy are desired.
For exanple, P( Asgncan be uti]ized as a material for preparing electrical

and el ect r Gplyanyigne sulfide). herewaberiroerpdia 8 P@Seral Iy, P(AS) is prepared by
contacting reactants conprisi ng,alroun83%thedRGedi®hodenat ed aromatic
conpound, at |east one polar ofganic conpound, 5 hereinafter referred to
as POC, at |east one Jikpradustinw ofF (A8 ran varigtysef indestiisd and gergmercial

pol yreri zat i ' i I ' Lof 4 conmpounds
can be addecfg[gsofu%ﬁf)é u%‘ﬁ’?gﬁ s%’r%‘?éﬁgﬂuel aI\QA\%Fggrﬁéld\é@i%& \)%ﬁﬁelﬁsn%g lespr eferred
modi fi er conipcludidg, st aodlimitedoe patse fithug ahd fibers byvraednalof, | fot gxampik,

ef fectiveness. There are several proble associated wi,.th the.synthesis of
i ah 20" ol SRlrFUP BEloRHe B ekl on BT B FRRS ) TR oty b BN o

hi gh. Fi1ost, varietyeof apjpldatibng whey Gedr alif Spmipdl aestance tphspettics areaddsfted. 0 15%
reduced feedstock co rgion, tq.P(AS) prodyct due o the.lpss of |ow

nol ecul ar ﬁﬁmwlﬁgmﬁa%%ﬁﬂézeéﬁﬂa'%tﬂ@i orqrg@nn&eﬁeé:mfgndi n a waste
stream cal | eglectohicirts add/ RitéRbtive pakthl S waste streamoften is disposed in
landfills or other di Z?osal facilities. Secondl t he 25 nodifier conpound

utilized to synthesi z&eReraly.RIASL I PIFPaTRS; ByhEOEACHRS Teariants comPTIERgI2t on| y once

in a pol ynerje£fbhORabEnaRsd srontitic .cdmpAindCaANELLE 8 REr 513EME EMphRE,
subsequent use. This constitutes a great expense in PCAS) production due to

hi gher Feedirduaftenefempdstocas RO @t laastape sulfurmenreg) gnd atieasPaE bis¢ | j zed in .
th . | : | e,

- hexanol - of au RymEERRYEitkont iha B Blecal bOlinf ARlunct DimHARP .
PCC. Oper at i ¢3g be addsdatoirodce hight moelecudar syaight F4AS).egbé mostafitredg as much as
30 to 40 po”zggcﬁﬁQJ co?ﬂ&%cf&oéodﬁxg{ 2R 5he b its R ABbIRY Y ERELLAIRL "9 i gh

equi pnent and operati-onal "cOStS.
There are several problems associated with the synthesis of high

20 molecular weight P(AS) that can cause production expenses to be high. First, in a
quench recovery P(AS) process, there is a 5% to 15% reduced feedstock conversion
to P(AS) product due to the loss of low molecular weight P(AS) and cyclic and
linear P(AS) oligomers in a waste stream called “slime”. Typically, this waste
stream often is disposed in landfills or other disposal facilities. Secondly, the

25 modifier compound utilized to synthesize high molecular weight P(AS) often is used
only once in a polymerization process and is not capfured and recycled for
subsequent use. This constitutes a great expense in P(AS) production due to higher
feedstock and waste disposal costs. Thirdly, the POC utilized in the process can be
recovered, but often at a high cost. For example, n-hexanol often is utilized to

30  extract N-methyl-2-pyrrolidone, 2 common POC. Operating a hexanol extractor
system can require handling as much as 30 to 40 pounds of »n-hexanol per pound of

P(AS) produced causing high equipment and operational costs.



WO 01/19898 PCT/ US00/ 40865 -2 This invention provides a P(AS) process

whi ch recovgs i dogey Mol ecul ar wei ght P(AS) and cyclic andpd5@@/0sss AS)
ol i goners for (uture use. In addition, this invention provides a netho

for recovering the nodifier conpound, which greatly reduces feedstock and
di sposal expenses conpared to current P(ASF 5 processes. This invention

al so provides a nore eftici.ent .neans.io.r ver the.P util,ized in the
process. Finally, as a fr'[lé“ssu Yengfmf’ﬁoé’é&gs Fr@gg}/%rr?ﬁ?ﬁstsgfh’ﬁgh%c%fﬁé?w produced by
this inventi ormblasmh} \gdsiﬁm RYAS) b Eyedie aﬁmﬁheapmm»cﬁitoﬁreﬁrfoﬁﬂiémemhe. PIAS)
processes. Su ry of .the Invention 10 Thjs inventio rqQvj des a process to
produce P(AS) "Sdfilon; T Y SIRD PEAGRS 2 iR @égecavmégg E?Bkﬁef & dat | east
one nodifier mepgwady( lcatfedBRSE afBishish expbiied EOMBRAELIOG cah& IASY| des a
process that efficiently separates high nolecul ar weight P(AS) from | ow
nol ecul ar wei gPRPCcesgeaS)Thiigvenyien jalso preyides gapere cffivignt mSpnso; rgenyer bie PRte

I nvention yet Py L€ SFi S6efnchlisY {ty, high
mol ecul ar wei gﬁ%{{zl% ,%\{S ng?%ég%c?lﬁﬁlﬁs g%%ger%gltéﬁggwaﬁr%a fle?ss’t iﬂg%)&%}l ment of

t he present i nwedudedby this inyentonshasihigher purity dapnabatprodyiced) frpmrcument AR | v,
"consi sting es%g iegl ly of' or 20 "consisting of') the sequential steps of:
1) cooling sai g{s ) reaction mxture conpri sing high nol ecul ar wei ght

pol y(aryl ene sul fide), |ow nol ecuSemmeny afithe prvlentioar vyl ene sul fide), cyclic
and linear,poly(arylene,sulfide) oligonmers, at |east pol ar organic
conpound, LQ | east oneeq’bsdlfl?’?“gi?)‘(?ﬁ%%ﬁﬁcﬂmdgﬁs tﬁlﬂfﬁﬁcem' hal i de
by-product, and water tahs imNentiGihemhat proeidedid proeesend récoved at leditfonesai d hi gh
nol ecul ar wei ght _pol y(aryl ene_sul fide produce a cool ed reaction
mxture; 2) veWP‘ii'ﬁg' é’?ﬁ?@i&%ﬁﬁ%&&?%ﬁem xture to renpve a majority of
the water from said coamednveafiéd S provides! b PrdcessRhtEficerdl &6k high
dehydrated reaction mxture. 30 In accordance with _a second enhodi nent of

this inventi onmolfcyaioweight P(AS) fiop lowemoleenlprvaighiP(AS) amsheychinand Jnear
"(_:onsi stingg esp@(st)ioq;%%elg_f' or "consisting of'):

The invention yet further provides a process that produces high
purity, high molecular weight P(AS) product.

In accordance with a first embodiment of the present invention, a
process is provided comprising (or optionally, "consisting essentially of" or

20 "consisting of") the sequential steps of:

1) cooling said P(AS) reaction mixture comprising high molecular
weight poly(arylene sulfide), low molecular weight poly(arylene sulfide), cyclic and
linear poly(arylene sulfide) oligomers, at least one polar organic compound, at least
one modifier compound, an alkali metal halide by-product, and water to a

25  temperature sufficient to solidify said high molecular weight poly(arylene sulfide) to
produce a cooled reaction mixture;

2) venting said cooled reaction mixture to remove a majority of the
water from said cooled reaction mixture to produce a cooled, dehydrated reaction
mixture.

30 In accordance with a second embodiment of this invention, a process
is provided comprising (or optionally, "consisting essentially of* or “consisting of"):

1) contacting said cooled, dehydrated reaction mixture with methanol



é)ll iggggc%,igrll_g sai d cool ed, dehydrated reaction m xture w th nmethanol WO
/40865 -3- to produce a nethanol -richypl 26 2)

separati ng solé%@%r)ret hanol -rich m xture to produce a hi ghP&n}ngebzﬁ?sgr wei ght

poly(aryl ene sul fide) product, a recycle mxture, and optionally, a low -

nol ecul ar wei ght pol y(aryl ene sul fide) stream 5 wherein said recycle

m xture conprises, nethanol ,. said polar organic conpound, and said nodifier

conpound; whdP &refues? ipet _lfﬂﬂ%éﬂ’ﬁft“é?’ wei ght pol y(aryl ene sul fide) stream .

gglrrpz ; sels | ow rrH _egul) a:z)I \_@ep@éiingrs@ilimﬁslmaﬁbeﬂax ?Bltﬁrbd@broﬁﬂcé £yighi ¢ and |inear
y(arylene sul fide) oligoners. n accordance wi.th a third odi nent

of this inverreleplar Aveight pelyCarylene spifide) B"é’du?fo?rﬁcyéf’ Y a‘?fl;?l?tﬁ’ﬂgﬁ’)

consi sting aﬁﬁ‘?ﬁﬁdéﬁuﬁveﬂﬁt pOly(arfeitsdufiide) Gre@fn; ) © 1) contacting said

cool ed, dehydrated reaction nixture with said polar organic conpound to

produce a 3ol ar or gani whersimpmishugcyclemixgirg comarises mediapely said Rejasengarifol ar

organi ¢ conpound-r.i ' . e a 15 solid streamand a liquid

stream mhereﬁohnpg‘él}dgg%ﬁ%%%?lr%gﬁ] |€°%|H§1’ a substantially solid form and

conprises hi gh nol ecul whenein spitk lopahglecnlar|venight paly(drdene swfidey sigeamur or gani ¢

conpound, sai d _nuodifier conmpound..a ' | | by- pr oduct ;
wher ei n sai d TTEHFE lg‘f’fxéog?ﬁﬁ?aé weidh ztipé‘llg{)@%n%ts?g@t&f | gu% aélgir“lrlﬁlgndyzg -
conpri ses subslyaiieat kyifidd)loligbmerai d | ow nol ecul ar wei ght pol y(aryl ene

sulfide) and cyclic apnd |inear | y(.aryl ene. sulfide). ol i | d I
organi ¢ p’cpnpound, and P%%ﬁ°af%ﬁ%°&i‘ﬁﬁb¥(}8'6‘#ﬁ®j’ﬁ&3“‘g?fg’b%?"é%’{tiugﬁ’?é%f‘%?§?o| i 80 o
Fs)'; (r) 3321 Wi n;[ Qt r@gﬁagméé,rﬁgisﬁl Q&L@;ﬂioa?lmt'MEi_eﬁng dsh@halﬂf)b&(o&f’gdn@in@@mﬂ']:i de)

ure; an separatjng, sa t hanol.-ri |. I
sul fide) product mixt a}éovracwmc@o&ﬁmﬁ%ﬁ%mm"\?e&lr%ﬁ*fﬁé%ﬁ (2P3e/| ene
sul fide) prodifl RElicPcompBaNCiotprouct dpdlar WARKRI dorpaikl-fiedCyidneeM xture
conprises nethanol; said polar organic conpound, and said nodif.ier
conpound. 30 In accor ddhceraipting saidfROlAT oRSaBFFSHT TGy mpare t9 RIPAREE BHn, a
process ;s

solid stream and a liquid stream;
wherein said solid stream is in a substantially solid form and
comprises high molecular weight poly(arylene sulfide), said polar organic
compound, said modifier compound, and said alkali metal halide by-product;
wherein said liquid stream is in a substantially liquid form and |
20 comprises substantially all of said low molecular weight poly(arylene sulfide) and '
cyclic and linear poly(arylene sulfide) oligomers, said polar organic compound, and
said modifier compound;
3) contacting said solid stream with methanol to produce a methanol-
rich poly(arylene sulfide) product mixture; and
25 4) separating said methanol-rich poly(arylene sulfide) product
mixture to produce a high molecular weight poly(arylene sulfide) product and a
recycle mixture;
wherein said recycle mixture comprises methanol, said polar organic
compound, and said modifier compound.
30 In accordance with a fourth embodiment of this invention, a process
is provided comprising (or optionally, "consisting essentially of" or "consisting of"):

1) contacting said liquid stream with methano} to produce a



I's provided conprising (or optionally, "consisting essentially of' or
"consi sti deae 1) cOntacting said liquid streamw th FR%est O
produce ang’f)?:cm%ﬂg 01/ 19898 PCTI USOQO 40865 -4 net hanol -r irgﬁ ow nol ecul ar
wei ght poly(arylene sulfide) m xture; 2) separating said nethanol-rich | ow
mol ecul ar wei ght poly(arylene sulfide)-dixture to produce a | ow nol ecul ar

wei ght pol y(aryl.ene sul.fide oduc n rec stream 5 wherein said
recycl e st reaﬁ%é ﬂcgégwﬁ% IFFQ‘E%IWCI%‘BP%P@wrﬁ“ﬁ&EWWnd, and said
modi fi er conpound; and phggpatating adidl nefahsTHcAAb 3ot Wcidht pylytdrylesne

sul fide) product .  conprises said | ow nol ecul ar wej ght, pol tryl ene sul fide)
and cyclic an&‘lﬁﬁ’ﬂé%}gp‘m’pfﬂ Rredics | adAw raelpqulag ayeight Pghﬂ@ﬂg?e %’éé‘%éﬁ’éﬂdiué‘d

Descri ption ofind Heechél¥@Rtdnpn Different enbodi ments of this invention

provi de processes for produci_ng P(AS) and recovering at |east one nodifier
and at |ea8t one POC. TWeereinspidrecyclestream gomprises mefhisneli relat organie hi s

I nvention co | coal J : i mxture to a tenperature
sufficient tggéﬂéﬁcgéd’t%g éﬁilaglﬁgmngﬁecu pgrﬁﬁ%ﬂ/ea?ght P(AS) to 15 solidify to
produce a cool ed react i whererhsgidrew mdeculae weighhpolfardencculisepPpraghct

pol ymeri zation reactiQ the. P(AS) . reaction m xture COonps i .hi_gh
nol ecul ar wei 5?{{’1"&%\%‘3@ 1qv%6gohe8£11§‘5}ypl§f)t Qé?'%ﬂ'?ene ﬁt‘lﬁéf) an@ycg;ﬁlﬁ %gngdfllgleﬁ?near
P(AS) ol i gonepsly(anflenccadfidep oBgdiadrs; at | east one nodifier conpound, an
al kal i rreésl by-product, and water. The P(AJ), r acttion m xture is in 20 a
substantially liquid form at B RSSO kal i netal halide
by-product is present DiffefenpemBbdimbmt of thif@vENtidlpréve®Croodsedift ure is
cooled to a tenperature sufficient to cause th high ggl ecul ar. wei ght
P(AS) to sol i Brodjcing PEAYyapgy Fesevering gt lepstiomp modifirr and at leasi one 800 gIhs" 108 445
describe thisfpg @ﬁéﬁ%?a ARGl dfb LM SinRériol @b@piises 20dlHEY PASHEi0RY

ally,

reference. Gener the reaction mxture is cooled to bel ow about 240C
to solidify tRéxthiedh atemperaturs sufsietito FRussthe; liglhmgleswlar weightP@Sdtabl y, said

reacti on Rkxt }éc#lﬁltiﬂﬁsco‘é)?éﬂu@éjawol@d}e‘%ﬁfb%rrﬁ& g in a range of about 100C to
e 0

about 240C enperature 1s wel ed bel ow 100C, the latent heat is
reduced At the termination of a P(AS) polymerization reaction, the P(AS)

FRIoN of tne inves

reaction mixture comprises high molecular weight P(AS), low molecular weight
P(AS), cyclic and linear P(AS) oligomers, at least one POC, at least one modifier
compound, an alkali metal by-product, and water. The P(AS) reaction mixture is in

20  a substantially liquid form at reaction temperatures. Alkali metal halide by-product
1s present as a precipitate.

The P(AS) reaction mixture is cooled to a temperature sufficient to
cause the high molecular weight P(AS) to solidify into granules. U.S. Patents Nos.
4,414,729 and 5,128,445 describe this process, and both patents are herein

25  incorporated by reference. Generally, the reaction mixture is cooled to below about
240°C to solidify the high molecular weight P(AS) into granules. Preferably, said
reaction mixture is cooled to a temperature in a range of about 100°C to about
240°C. If the temperature is lowered below 100°C, the latent heat is reduced
thereby preventing proper removal of water in a venting step described later in this

30 disclosure. Temperatures above 240°C can prevent separation of the high molecular
weight P(AS) from the low molecular weight P(AS) and linear and cyclic P(AS)

oligomers since the high molecular weight P(AS) is in solntion. Most preferably,



t her eby preventing proper renoval of water in a venting step described
later in thi di scl osure. Tenperatures above 240C ca?c,gﬁ]g%% gsSEparation
of the high nol'ecular weight P(AS) fromthe | ow nol ecul ar wei ght P(AS) and
linear and cyclic P(AS) oligomers since the high nol ecul ar wei ght P(AS) i-s
in solution. Most preferably, WO 01/19898 PCT/ US00/ 40865 -5 the P(AS)
reaction mxture is cooled to a tenperature in a range of 125C to 225C for
efficient sehaPh$)omagsionmstuty igivonled éx & ltemperasirg fin a pnas)f 12316 h25Pow

| | - . - .. . -
eact i on m hfdicint &pkARtot B ARk Mg BAS) oy BOURY BrolghY
known i n t heweight.P(BShnampl bscanfind beliPPASS) oligeoteison m xt ures useful in this
i ti th d i to, U . 9 ;
4 038, 261, 4, 036, 260 CAIHEH PR Ss i e AR See ibukdby,

di scl osures afy méthehkmwe inlths &it.n Exanplepof the P(AS)yreaction maintuees 1Sefubinal | y,

P(AS) reaction m xtures useful in this. inv ion are 10, .0re by
contacting aﬂ‘ﬁdPYF@@ﬂ‘éP’édﬁ%fF(ﬂW & ﬁﬁﬁ%tpatﬁgégéﬁgPﬁsﬁH east one
sul fur sour cgo3sre?; al116,945 14, 19234base 4\930810;0RE Yithe dikalobes sfoakith ar

conditions. To produce high nolecul ar weight P(AS), a nodifier conpound
can be used. hersjn incgorated ByreetergRses i er conpound in the production of high

mol ecul ar wei ght P( AS)Geh&auﬂiﬁﬁbf&%&idﬂmk&ées R i MisSinPdiion &% and
5,334,701, both herein incorporated by 15 reference. As used herein, the
term "hi th npreeased by condacting a helogenafegrarematiccepmppund,at least ope ROC; ahisasts al |

P(AS) havi ngor{goguﬁﬁfj&oﬁcey%ldg{ig%ém:@aggﬁ ypB%ﬁzaﬁlﬁﬁ BEREGH BorldiodeS! r abl e

and useabl e I'n an uncure ner a t melt now 1 ndex of a high
mol ecul ar weTgptodR{eABEh mldceles weighhPEF) L2 m@difeo coppandican beysedAsTh® used

herein, the term.,'| ow,.ool ecul ar . wei.ght", o " I WE AS) "
means all P( Wg)owﬁléev?‘ﬂ%}%nﬁ%‘f()éncpm(} m\/\gllgé’k?dél gtlr'%lvé @g%%‘ﬁ‘%g %Lﬁexﬁfﬁ&}fs % Féal |y
undesi r abl e digflosadtin UsS: Patesitsi 391801 70 rand 56334 F0 htteth Bereierindorgoratehby nel t | ow
i ndex of f/é I?w nol ecul ar wei ght P(AS) is greater than about 3,000 g/10
m nut es. 1\l i ndex is determ ned by the nethod of ASTM D 1238- 86,

Procedure B 25 Aut onetsiwsad hareihi the tédoo VhifainelcPulaceeight® or ChighlintolepnlaB16/ 5. 0
modi fied to use a 5 mnute pr t time, wth val yes of fl rate
expressed i nWeight RAS @F%Lau%éggg g?\"mgrm‘ﬂffgé’ W@‘ﬁﬁ‘é %}ﬁ?‘nﬁn}’“gh fo'be

commercially desirable and useable in an uncured state. Generally, the melt flow

index of a high molecular weight P(AS) is less than about 3,000 g/10 minutes. As

20  used herein, the term "low molecular weight" or "low molecular weight P(AS)" -

means all P(AS) having molecular weights low enough to be commercially
undesirable and not useable in an uncured state. Generally, the melt flow index of a
low molecular weight P(AS) is greater than about 3,000 g/10 minutes. Melt flow
index is determined by the method of ASTM D 1238-86, Procedure B -

25  Automatically Time Flow Rate Procedure, condition 316/5.0 modified to use a 5
minute preheat time, with values of flow rate expressed in units of grams per ten
minutes (g/10 min).

Halogenated aromatic compounds suitable for producing reaction

mixtures useful in this invention can be represented by the formula

30 R

X X



Hal ogenat ed aromatic conmpounds suitable for producing reaction mxtures
useful in this invention can be represented by the formula 30 R X 0 X R WO
01/ 19898 P¥POULWA 40865 -6 wherein X is a hal ogen, and RCTSQY4085: ed from
t-he group consisting of hydrogen, halogens, and al kyl, cycloal kyl, aryl,
al kylaryl, and aryl al kyl radi cals havinggfrom about 6 to about 24 carbon
atons. Exenpl ary hal ogenated aromatic conpounds include, but are not
limted to, pwierel Xiohbalpgeme afdRB} selgstali foom tnbhgone nensising oflbydrdgdnenzene,
1-chl or o- 4- br benzene -¢ch o- 4- i odobenzen bronp- 4-1 odo-. benzene,

2 511 chi or ot DIRESTS: 443 ok GRleiSE AR SRl Ptk bR oot

di br onobenzengboul 620 4béut DétchboR attms: Fxenlaghhalbgonamead arstnatic compounds

1- butyl - 4-cycl ohexyl -2, 5- di hr qnobenzene }
1- hexyl - 3- dod e bus agf; 1k |ligitsd doy AsdighlombenzengyRR), p-dibrgmoBagensy 8nzene,

1- chl or o- 25 phafiydobénBhd TORERE AR omdbetzde] a@mm%-madebéﬂz&fen 1926mo-h-iddol0

di br ono- 2- benzylbenzene

1- oct yI - 4- ( 3- henzend, @ypcdigierstajuene,22.5-dishlore-prlsan Zlesthyl-4isgPronylxd.3r es t her eof .
The preferredgfy ?Arﬁ GHRRANE 1, 85 B Birdrfrer Fr%ﬁpr Og@ﬂofo%ergg?h %lﬁylt@cyc?o\ﬁ@k%% lity,

ease of use, and gh pol ynefi zat uctivity. "At l'east” one
utilized to pdxbdmm@enmeP( h@yl-ﬁﬂiadtcwb%ﬁfdmtﬂom@nzerﬁx tiopladgoyl-Padiiodnc| ude

but are not t cliC.qr hayi ng from
about 1 to abgtgﬂzgli 1cc?11}°58)ni %s ‘]’orglfnxg 2¢u Q%ﬁgogﬁ'gﬁébﬁg%%s g’\rAe sel ected
from t he @6oudibcansdienzyibentent, Boctyld{3nethyicyciopkand)-2 3t dichierpbémaenvpandie,

acet am de, N-rrethlfor m N- ormam de, N, N.d t hyl acet am de,
N- et hyl pr opi OHB’HP r%_ (ﬂ'ﬁrpb%‘ @ﬂiaﬁﬁ?g Yii:am’?a'b‘i/?‘?r?ﬁquﬁgh%b% & &

N- et hyl - 2- pyavaalabmmdem df'\k@’)andﬁrg%}ﬁllﬁhe}ﬁh@dﬂprbﬁmmw - s-caprol act am

N, N - et hyl enedi - 2-pyrro 20 |id hexamet hyl phosphar.a

tetranmethylurea, and ni At 19?%@? RQFe!éfuﬁhm#éo PRIdYER ePcngifaF@Wtﬂﬁe to

avai l abil'ity gRempasepOfs HheRide, MY afttiok aRfited %)lé!y@lﬁ: & acelicf dtpari@BmbRs used to
produce the P(AS)" reaction mxture. Exenplary sul fur sources are selected

fFom the df oupatiessparabeyt 1 & ahont b2 carber afgms 9%@9]%@9 e ExamplaphBO6s anet ut ed
thioureas, cygliigePREmany o cgtﬁwhﬂ gﬁwqﬁﬁeth%(ﬁi HRRALRAIRORS  formamide,

t hi ocar bonat es, trlt I oca a es, rganl c suffur- contal ning conpounds
sel ected fr onﬁmdptmmwhbmamde,m -dimgthylfbfmadeids, NyNeidimgthylacetamide,

N-ethylpropionamide, N,N-dipropylbutyramide, 2-pyrrolidone, N-methyl-2-pyrro-

lidone (NMP), e-caprolactam, N-methyl-e-caprolactam, N,N’-ethylenedi-2-pyrro-
20  lidone, hexamethylphosphoramide, tetramethylurea, and mixtures thereof. The
preferred POC is NMP due to availability and ease of use.

Any suitable source of sulfur can be used to produce the P(AS)
reaction mixture. Exemplary sulfur sources are selected from the group consisting
of thiosulfates, substituted and unsubstituted thioureas, cyclic and acyclic

25 thioamides, thiocarbamates, thiocarbonates, trithiocarbonates, organic sulfur-
containing compounds selected from mercaptans, mercaptides and sulfides, hydrogen
sulfide, phosphorous pentasulfide, carbon disulfides and carbon oxysulfides, and
alkali metal sulfides and bisulfides, and mixtures thereof. It generally is preferred
to use an alkali metal bisulfide as a source of sulfur wherein the alkali metal is

30 selected from the group consisting of sodium, potassium, lithium, rubidium, and
cesium due to availability and ease of use. The preferred alkali metal bisulfide is
sodium bisulfide (NaSH) due to availability and low cost.



sul fi de, phosphorous pentasulfide, carbon disulfides and carbon

oxysul fi dage ofafaghg al kali netal sulfides and bisul fides, % &Hﬁ*
thereof. It generally is preferred to use an alkali I'su de as a
source of sulfur wherein the alkali netal is 30 sel ected fromthe group
consi sting of sodium pot assi um I i t hi un -r ubi di um and cesi um due to
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nmodi fi er conpounds whi ch can be 25 errp oyed to produce the PgAS) reaction
m xture are dJuoreefficient p@lmqeﬁ@atlgp@mnon, is an alkyl radical having from 1 to about

6 carbon atoms or a phenyl radical, and M is lithium or sodium. If desired, the

20  alkali metal carboxylate modifier compound can be employed as a hydrate or as a
solution or dispersion in water. If desired, the alkali metal carboxylate modifier
compound can be produced in-situ by a reaction of the corresponding carboxylic
acid and an alkali metal hydroxide or carbonate.

Suitable alkali metal carboxylate modifier compounds which can be

25 employed to produce the P(AS) reaction mixture are selected from the group
consisting of lithium acetate, sodium acetate, potassium acetate, lithium propionate,
sodium propionate, lithium 2-methylpropionate, rubidium butyrate, lithium valerate,
sodium valerate, cesium hexanoate, lithium heptanoate, lithium 2-methyloctanoate,
potassium dodecanoate, rubidium 4-ethyltetradecanoate, sodium octadecanoate,

30 sodium heneicosanoate, lithium cyclohexanecarboxylate, cesium cyclododecane-
carboxylate, sodium 3-methylcyclopentanecarboxylate, potassium cyclohexylacetate,

potassium benzoate, lithium benzoate, sodium benzoate, potassium m-toluate,

T
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pol yneri zation t ratures can prevent gh nol ecul ar i ght

from forning ﬁﬁgf@yéwééﬁaqﬁgn ixtuge, Efii'é%ff%sﬁee%aon rexeEemnsihegqolsd + he

hi. gh nol ecul arprigit@ RéntingAfkce VERMgt 4l olymieribaHof Gethpdratiiel 8h prePénd e el cyclic

and linear P(AS) oligoners. This venting takes advantage of the | atent
heat of the coBpleerlarayeightd(AR fromw formizg geanmics, whigh jsokaytty thy Pysicahat er and a

o 1O, 21 PRI Sl UL GATRBRS, oS WETR BRI i |55
conpound, as 2R(A®)sudisydid andfisrariR{AShpligtess | Bigis ventingttakesiadvantage philfei cant
DOV g e A BBREOR Gl ST AL oY (|
ener gy i nt ensi patioraofitht helogémted, ar@aatic compound. By venting the water, less water
needs to be handled during recovery of the POC and modifier compound, as
20  discussed later in this disclosure. This is a significant improvement to current
P(AS) processes since removing water in order to recover the POC and modifier
compound in later process steps can be highly energy intensive, and therefore, can
increase production costs of P(AS). The halogenated aromatic compound can be
condensed and recovered for reuse.
25 In a second embodiment of this invention, a process is provided to
produce a high molecular weight P(AS) product and to recover the modifier
compound and the POC. The first step of the second embodiment comprises
contacting the cooled, dehydrated reaction mixture with methanol to produce a
methanol-rich mixture. The use of methanol provides a method to recover the
30  modifier compound and the POC since the modifier compound and the POC
typically are soluble in methanol. Generally, the cooled, dehydrated reaction

mixture is contacted with methanol at a temperature sufficient to remove a majority



I ncrease production costs of P(AS). The hal ogenated aromatic conmpound can
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a 20 recycl e difkotol! shd 88 thefRhIFNAs! il thefoppBiite dteBfidll. ar Wei ght P(AS) stream
The recycle mxture conprises nethanol, POC, and nodifier conpound. The
| ow The second step of this second embodiment comprises separating the

methanol-rich mixture to produce a high molecular weight P(AS) product and a

20  recycle mixture, and optionally, a low molecular weight P(AS) stream. The
recycle mixture comprises methanol, POC, and modifier compound. The low
molecular weight P(AS) stream comprises low molecular weight P(AS), and cyclic
and linear P(AS) oligomers. Separation can be accomplished by any process known
in the art. For example, such processes can include, but are not limited to,

25 centrifugation, filtration, and screening. Typically if screening is used, the recycle
mixture can contain low molecular weight P(AS) and cyclic and linear oligomers,
alkali metal halide by-product, and possibly undissolved modifier compound.

The high molecular weight P(AS) product can be contacted with
water to produce a water-washed high molecular weight P(AS) product and an alkali

30  metal halide by-product stream. The alkali metal halide by-product stream
comprises water, methanol, and alkali metal halide by-product. The water-washed

high molecular weight P(AS) product and alkali metal halide by-product then are

™ oo



nol ecul ar wei ght P(AS) stream conprises | ow nol ecul ar weight P(AS), and
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separate the recycle m xture. actionation colum Is
utilized at suflfs Biskspparation zone can comprise any means known in the art to separate the

recycle mixture. Preferably, a fractionation column is utilized at sufficient

20  temperatures and pressures to allow methanol to be recovered in one stream and the
recycle feedstock mixture to be recovered in a different stream. Both the methanol
and recycle feedstock mixture can be reused.

Removal of substantially all of the methanol from the recycle mixture

can cause the modifier compound to precipitate. For example, since sodium acetate

25  is not appreciably soluble in NMP, sodium acetate can precipitate when the
methanol is removed. Preferably, said separation is conducted in the presence of
water in order for the modifier compound to form a solution with water and POC,
5o that the solution can be more easily handled. Sufficient water should be added to
adequately form the solution. Generally, about 2 to about 10 moles of water per

30 mole of modifier compound are added to adequately form the solution. Preferably,
about 3 to about 8 moles of water per mole of modifier compound are added, and

most preferably, 4 moles to 6 moles of water per.
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POC- rich ni R{HRETatRdn pegnge of about 39@%@@%&% s f?fﬁf'é‘zu@g§9q athis
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20 contacting the cooled, dehydrated reaction mixture with POC, the greater the
amount of low molecular weight P(AS) and linear and cyclic oligomers that can be
removed from the cooled, dehydrated reaction mixture.
Preferably, sufficient POC should be added to produce a POC-rich
mixture that adequately dissolves the low molecular weight P(AS) and linear and
25 cyclic oligomers. This allows removal of substantially all of the low molecular
weight P(AS) and cyclic and linear oligomers, thus producing a higher purity high
molecular weight P(AS) product. Preferably, about 2 to about 7 moles of POC per
mole of P(AS) sho_uld be added for adequate removal. Most preferably, 3 to 6
moles of POC per mole of P(AS) is used.
30 Generally, the cooled, dehydrated reaction mixture is contacted with
POC at a temperature sufficient to dissolve substantially all of the low molecular

weight P(AS) and cyclic and linear oligomers. The reaction mixture can be



contacting be conducted in a pressure vessel. The higher the tenperature of
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nodi fi er corrpoau%h%tg‘é]ﬁg§ gqu 14g;jfloﬁﬁ)rne afgrﬁ%fﬁg%gagggl p())rﬁlol Lg‘%’?‘f@ﬁg’ %‘ldgh nol ecul ar
wei ght P(AS) isabstantiallys alb of thetlow|rholeaplaavedight P{AS)and Idyelid amgllimkasP(ASIM i s i n

bstantjal | y. |iquid.f d ' C j fi d, and
Substant 1 o1y Lepegf- e RGBT BEaSie PR REOES BT and |1 near
P(AS) 15 oligoners. TheTheweparakion should betahplettd &S) tenfpefafuré Bignifaotanthel fine

solids. The separation should be conpleted at. a tenperature simlar to the
tgmperature at whiéi) the POC wans;p contacted with the cg}))leci, dehydrated react?on

mixture. If the POC-rich mixture is cooled, the low molecular weight P(AS) and
cyclic and linear oligomers can precipitate on the high molecular weight P(AS),

20  thereby decreasing the efficiency of removal. The separation can be accomplished
by any process known in the art. For example, screening can be used.

The third step of the third embodiment of this invention comprises
contacting the solid stream with methanol to produce a methanol-rich P(AS) product
mixture. The methano! is utilized to remove the POC and modifier compound from

25  the high molecular weight P(AS). The same conditions as used in contacting the
cooled, dehydrated reaction mixture with methanol can be used.

The fourth step of the third embodiment comprises separating the
methanol-rich P(AS) product mixture to produce a high molecular weight P(AS)
product and a recycle mixture. The recycle mixture comprises methanol, POC, and

30 modifier compound. The separation can be accomplished by any process known by
those of ordinary skill in the art. For example, such processes can include, but are

not limited to, centrifugation, filtration, and screening systems.



tenperature at which the POC was contacted with the cool ed, dehydrated
reaction vibhuyizisg® |f the POC-rich mxture is cool ed, thki/@é%ﬂ&k?w' ar

wei ght P(AS) and cyclic and linear oligoners can precipitate on the high
nol ecul ar wei ght P(AS), 20 thereby decreasing the efficiency of renoval.
The separation can be acconplished by aﬁ'y‘ process known in the art. For
exanpl e, screening can thir enbod ment of
this invention conpri séﬂg &% ? g&lre éafl be%c%ﬁrggdls regﬁstw a&lm hanol to
produce a rret:heldmethmohaxﬁ(mS)ecwlecﬁudstocmmeeTha' Iﬂ'mtrsqiakamnlzomeshastl lized to
remove the PQC and no |dfhser ccpg_gtgl&n rom 25 the high nol ecul ar wei ght
P(AS). The salfe® BEHHEY SHE1HE %Nt acting the cool ed, dehydrat ed
reaction mxture with mﬁhﬂgphomamelmAsTb@dﬁamme&mm the third
enbodi ment COfTEI‘I SB separ.at i ng t met hanol -ri ch P(AS) product m xture to
produce a i gt discpsseglan gus W%%‘fe product and a recycle mixture. The
recycle m xt ur e conpri w?etfﬁe{fotiﬁﬂ%bocﬁx%ht GHikks RiehRst, fa'p%ceSsoigB%'iHid td he
separation can be acconplished any process known by those of ordinary
skill in the rgeaver mgthaolosediuam a apd BOESE@s theakiquihstragme, Theufirsesier  not
limted to, i [ 01/19898
PCTI USCar 40805 1 PAE R OTmel conigily\bniality BETGER ohtert KRt aiRhandPlon
separation zmiedqceammlndth&hmblea\ﬂﬁ weightpolyarylen¢ sulfide) guikturd. xThe e, The
first se at [ osure.
Sai d hi Eﬁfmlggglglcéx?(ﬂﬁoeﬂ t %?ﬁ%oﬂ%?%ﬂ&ﬁtg? L%ﬁﬂét%gﬂﬁéﬁpd? g@a&aﬁ gt':'uglpr evi ously

di scussed in this di scll‘hssccend btep ;‘mfouﬂhfembodlmemmmrmmepmmgmasi i nventi on,

a process is ided to I et at from
The oo orRih P1Seess PrepaBoig¥Riow mipteRr msif hotReRie Mo LRl
contacting trpiodme]ulldwﬁmdiaﬁmr\might p&lp(’awlaie wmdeppmdumandtarfadybhrs&barﬁl ch | ow
nol ecul ar wei _ght | ene .sul fi de) ure.. The 10 ,sa | tions as
used in cont fﬁ%’ lensé' ICPHIPET‘?SM%PIP ﬁ°ﬁ'b?‘?$§ﬂ6l°°‘€ﬁ?lmﬁea’@§é‘!?% ®Yhe second
step in fgurtdampoiadi m%wc:ﬁa@ém&aﬁe@ﬁ@ar B S f) p%&@bn@h@é‘s%ﬁ

met hanol -rich | ow nol ecul ar wei ght poly(ary ene? i de mxtureto

produce a Io#ﬂﬁ“@ém%htﬂély@wle?fb’f de) endpvclic gnd figesy Pplvdviete sHfifed recycl e-

stream The Jlig6merdse The rsaﬁmaﬁré&ﬁ bé 8scoipliiRg (B%',anP?f&Ess%Gﬁﬁ i teqpound, and
nodi fier 15 conpound. The | ow nol ecul ar "wei | ene sul fide)
product conpriios€Xampley such processes can include, but are not hrm ed to centnfugatlon and

filtration.

20 The recycle mixture can be separated in the first separation zone as
discussed previously in this disclosure.

The low molecular weight poly(arylene sulfide) product can be
contacted with water to produce a water-washed low molecular weight poly(arylenc
sulfide) product and an alkali metal halide by-product stream. The alkali metal

25  halide by-product stream can be treated in the second separation zone as discussed
previously in this disclosure.
EXAMPLES
Example 1
The following example shows that methanol can be separated from
30 NMP by fractionation.
75 grams of methanol and 75 grams of NMP (Fisher Purified Grade)

were added to a 250 milliliter round bottom flask containing boiling chips. The



nmol ecul ar melght poly(arylene sulfide) and cyclic and |inear poly(arylene
sul fide) gﬁ LS. The separation can be acconpli shed 3%3%%% Qress
known in t e ar For exanpl e, such processes can inclu ? are not
limted to centrifugation and filtration. 20 The recycle m xture can be
separated in the first separation zone aé -di scussed previously in this
di scl osure.

ow npl ecul ar wei Ien qu| rod can be
contacted wit El% %Sraqaﬁh% 18 Guiese \Wé’t‘ fe &é ﬁ“\g gﬁ% }L’j]s‘ﬁlt
pol y(aryl enc gseuolihdiBotiopt AakCisingCheafinginsadld. madcmhahmtete@mmi@ﬂ

stream The al kali netal 25 halide by-product streamcan be treated in the

second separ acPgmnAsaied slowly é‘t“-‘u@%@mab?"@\‘# oy YeRor;siarted ite, flgwtbroyghy Ae

EXAVPLES — Exanphdender S0€intdh rQvEStoCHadRE Gn D0EHEad! IREd SRLBAMDhe AGW of€
separated from 30 NWP by fractionation. 75 grams of nethanol and 75 grans
of NWP (Fi §hewapaslowed ant td dgmpepatuns of derefiactionating Boltumin inprepsedrwittound bot t om
fl ask containi | 1/1301?@ BSEII Ill‘ﬂﬂf | ask
was attached tﬁ(%%gp\i}gdélbg%fﬁgc@e dggy Tact élkon %gaco tHﬁ;&?}ég?ggl/}igfappl’l ed to
t he round bot ttlenfléw ag ﬂlelmrmrhgachhd[mdwtirqragl reamnéde Thath ¢he/eacuum denctcdt ed

fractionating colu ated slo ntern refI | started
to flow thr ouéﬁct g&]&‘g ﬁ&o\,i,{?%fo rogmrtgxgg?retgfe ta{geaﬁlpﬁ ‘gggn%éad

l'i quid streamﬂaaihﬁaiiheﬂwazfrmﬁtevlapor sl ovved until the terrperature of the
fractionating colum i reased th her heatin round .bottom
flask. UpdR reaching t a'EH:ﬂnF ﬁge q‘mﬂﬁm{w 9 h mt?‘i‘ea“o‘(}%‘ﬁhead

liquid st I eamThesUiRHons AN satple Mamme@ﬁiﬁeg Rthe fduad oot 1l wesd urm was
cooled to roomtenperature. Heating of the round bottom flash was th

t er ni nat ed. 1@#%?@&8@%%@9%&5&?@%eéaalwea Qf thedractians me&cee@ Set 8%%21 . n
smal | vials. ofBgsRight aPEh'eQﬂérh@ﬂﬂhéh@ amrec&lfectkd Wi cheftRAR AHdUs3mtyye round

bottom flask were anal yzed usi ng romato raphy. Anal yses of the
fractions i ndw@e&hwa@ RMP.9énglysis of, ysameﬁegﬁt thef rqmdemdbeemeébo!tmma& st ream
col | ect ed y4as ¥, by weight was NVP. Analysis of the
sanpl e of thevﬁg {)r?gtqﬁ%&round bottom f | ask

Thus, methanol can be removed efficiently from NMP.
Example 2
This example shows separation of a recycle mixture to produce
methanol and a recycle feedstock mixture.

20 A recycle mixture containing 78.03 wt. % NMP, 15.90 wt.%
methanol, and 6.07 wt.% sodium acetate was fed to a laboratory continuous
distillation kettle at a continuous rate of 504.20 cm*/hr. A small quantity of NMP
was initially added to the kettle. The kettle was heated until the recycle mixture
reached reflux at which point the kettle temperature was approximately 210°C, and

25  the temperature throughout the column was about 66-208°C. A methanol stream
was recovered through an overhead splitter and routed to an overhead condenser,
and then to an overhead receiver. The overhead splitter was set to collect for 0.2
minutes and to discharge to the overhead receiver for S seconds. The recycle
feedstock mixture was pumped from the kettle at a rate of 87.40 cm’/hr. After

30 approximately one hour, samples were collected of the methanol stream and the
recycle feedstock mixture in the bottom of the kettle.

The recycle feedstock mixture and methanol stream were analyzed by



15 was found to be 100% NWP. Thus, nethanol can be renoved efficiently from
NIVP. Exarwéﬁll%s‘ghi s exanpl e shows separation of a recycle m xture to
produce ne YRS and a recycl e feedstock m xture. 20 A?W’é"sﬁ"’? xture
containing 78.03 wt. % NWP, 15.90 wt.% nethanol, and 6.07 w. % sodi um
acetate was fed to a | aboratory continudds distillation kettle at a

continuous rate of 504.20 cnB/hr. A small quantity of NMP was initially
added to the Segfhomatogrphy.o dhe gecyle fasdsipckgmixsire contpiped 2230 W %N MPyr e

reached 1 ef! Wodi el dii ¢ NOwkRldrlofck STRFSANMT PhdBRERABYTEL €l Y
210C, and 25 the tenperature throughout the colum was about 66-208C. A

nmet hanol st r €anieingd 99 d8é oxt mathenpl.dlefhwhle NYE; pach 18 (3ti% pther eampoundst ed to an
over head condenser, apd.: Bﬁgm i iNar: rgead
splitter was set to copﬁggga#éoérxg : ‘ﬁﬁ?%{@%ﬁﬁ%@iﬁ%ﬁd?@g aflgea%tt%the

over head secebdism FeetateSacewndatdd in fiik dottan wf the diftdlatien batle amdk¢amen.was punped
fromthe kettle at a rate of 87.40 cnB8l hr.. After .30 appr.oximately one hour,
sanpl es were coll ect edﬂ(‘ﬂ'fS e ﬁé?ag}éeﬁggatﬁeﬂ@ﬁ?ﬁ %ﬁ(yetrﬁgg ee@%?'ggf%oé’astock

m xture in tsedibmticotateadndiNMdPkett| e. The recycl e feedstock m xture and

met hanol stream were anal yzed by WO Q1/ 19898 PCT/ US0O0/ 40865 - 15 gas
chromat ography. The recycl e feedstoc e contained 99.50 wt. % NWP,
0.29 wt. % nethanol, anthid.e2dmplt ddmoristrafed) tiat ¥ARP O BISaddddi®y ARIchapol stream
contai ned 99.73 wt % mft hanol , 0.08 wt . % NWP, and 0.19 wt. % ot her conpounds.
During th€ exppraetelp prevep dhesewnuipton afssodinm acsiatecinithnbationt ok e 5 sodi um
acet at e accungifihesh keiid he bottom of the distillation kettle and col um.

Thi s exanpl e teaches that nethanol can be renoved efficiently from sodium
acetate and NVP. Exanplke samnproceduegsps diselesed i Exampls 2t were utiizedrexeeph be
added 1o a I Gf/febfite Ao tbhiafic 1485 WROPLRUER, Y2160 ARITMMUIR,R) Sodium.
acetate in the bottom oF1 t he gl stillation kettle. The samé procedures as
di scl osed i n sfinmpicetate, onsk &8 (wti% wated dhe kgstle tampsrature Wak epproxamately cont ai ned

14.60 Wt 4% rrqbbl_a}ggﬂc’ ahd &Qe%a%ﬂl}\él\@rouéh&?ﬂgco?{?mn was approximately 68-

102°C. The overhead splitter was set to collect for 0.3 minutes and to discharge to

the overhead receiver for 5 seconds.
Samples of the methanol stream and the recycled feedstock stream i
were collected after 8.66 hours of distillation and analyzed by gas chromatography.
20  The recycle feedstock mixture contained 97.53 wt.% NMP, 0.00 wt.% methanol,
1.63 wt.% water, and 0.16 wt.% of other compounds. The methanol stream
contained 97.36 wt% methanol, 0.03 wt.% NMP, 2.60 wt. % water, and 0.02 wt.%
other compounds. Negligible precipitation of sodium acetate was observed in the L
bottom of the distillation kettle. Ion chromatograph was used to determine the I |
25 amount of sodium acetate in the recycle feedstock mixture. 0.69 % by weight - ,
sodium acetate was found. E
This experiment illustrates that the addition of water to the recycle
mixture substantially prevents the accumulation of sodium acetate in the bottom of
the distillation kettle. An exact mass balance was not achieved in this experiment
30 for the sodium acetate since the distillation was not continued for a long enough
duration.

While this invention has been described in detail for the purpose of



sodi um acetate, and 8.8 w.% water. The kettle tenperature was

appr oxi mat el ol/pegd$0- 198C, and the tenperature throughoutPEQﬁ]&ﬁ%ﬁgn was
approxi mately 68- 102C. The overhead splitter was set to COl S r 0.3
mnutes and to discharge to the overhead receiver for 5 seconds. Sanpl es
of the nethanol stream and the recycled fHedstock stream were collected

after 8.66 hou of. distillation.an nal yzed b as, chromat ogr aphy. 20
The recycl e feg Sfasep | 'SXTOLStngerb%ﬂtt%gﬁg@l@;ﬁ??%%“&}%md@.tG(WWEf.a%) met hanol ,
1. 63 wt . % wat ethangeschnf middifidatidnsobitiah QY spat HAQ YOS thekbsy, et hanol  stream
contai ned 97.36 wt % nethanol, 0.03 w.%NWP, 2.60 wt. % water, and 0.02
wt. % other conpounds. Negligible precipitation of sodium acetate was
observed in the bottomof the distillation kettle. lon chronatograph was
used to determ ne the 25 anmount of sodium acetate in the recycle feedstock
m xture. 0.69 % by weight sodium acetate was found. This experinent
illustrates that the addition of water to the recycle mxture
substantially prevents the accumul ati on of sodium acetate in the bottom of
the distillation kettle. An exact mass bal ance was not achieved in this
experinment 30 for the sodium acetate since the distillation was not
continued for a long enough duration. Wiile this invention has been
described in detail for the purpose of ,pie: W 01/19898 PCTI USOO 40865 -
16 illustration, it is not intended to be limted thereby but is intended
to cover all changes and nodifications within the spirit and scope
thereof. WD 01/19898 PCTI USOO' 40865 - 17 CLAIMS 1. A process to recover
at | east one polar organic conmpound and at | east one nodifier conpound
froma P(AS) reaction mxture, said process conprising the sequenti al
steps of 5 1) cooling said P(AS) reaction m xture conprising high nol ecul ar
wei ght pol y(aryl ene sulfide), |ow nolecular weight poly(arylene sulfide),
cyclic and |inear poly(arylene sulfide) oligonmers, at |east one polar
organi ¢ conpound, at | east



one nodifier conpound, an alkali netal halide by-product, and water to a

t enper at Uryp gisokdsCi ent to solidify said high nolecul ar WedGidookggky (aryl ene
sulfide) to 10 produce a cooled reaction m xture; 2) venting said cool ed
reaction mxture to renove a ngjority of the water from said cool ed
reaction mxture to produce a cool ed, déﬁydrat ed reaction mxture. 2. A
process according to claiml1, furthes,C ising: 15 1) contacting said
cool ed, dehydrated reaction m xture 'd\;'.ml‘rﬁ—rrwmianol to produce a

met hanol - ri cH. ni xt ur e; Azproasg)mrmtovagatsleasdomaﬁdlarmgarﬂo odmpound wicattieaspr oduce

hi gh I I | fid dyct d, I
i Xt ure; ol Fegiie PRI §ERD Bashireeat S arese compalBe i

organic 20 ceqmetdldtepsdfl said m)dlfler conpound. 3 A process according to
claim2, wherein a | ow ol ecul ar, wei 9 pol y(aryl ene ,sul fi de) stream al so
is obtaindd in step 2), 1) fReme sH9sBAS) rashionomedwe spmprising igh paleculer v ene

sul fide) strerfent pER(drplese mﬂuesrqb&%@aulwe@gm pQQIMlé{eyéum) cyHiid 4dde) and

cyclic and Ilnea on aryl ene sul fide) oligomers. . A process
according to I@sz ?ﬁtﬂﬁde)cﬁksgwsﬂ ﬂ@eagre‘pmrmﬂarmggw eempoprd, @t keash xt ur e

in a first S%H@Irﬂ:hi @gm B&i hafae! ﬁ:I?rSId L edst ock

m xture; wherein safI%gcre yC cIIsjt ocI< m >9<th et aI?(I:IéI%Ise?sJaI?d pol ar

organi c  compaupegatenscuffivient tm@illﬂlf!esaléb@m&umw@ghtAobf@ﬂmsummjl ng to
claim4, IWner%dchsg golgf%g&ﬁ)tnilpllgﬁﬁgi d recycle mxture in said first
Separation zone 1s carri ut  I'n he presence of water. 6. A process
according to cI al m 2, 2uvelting seidnpoled ireagticomi>aart ito gerdve almhjbhﬂyldflthd 11
VILE VI T "'V\OO/1898PCT/U hi gh

mol ecul ar wei'( g etr g BI ya("I-co Ién’éea%q.?I'f”I"é (A dHer a0 SI%Q’V\%II%&IICB r%afg ce a

wat er - washeahﬂm@h nol ecul ar wei ght poly(aryl ene sulfide) product and an

al kali met al 2 hal i de bx-p%c%gsug&o Inrg nIalml further comprising;

15 1) contacting said cooled, dehydrated reaction mixture with methanol
to produce a methanol-rich mixture;

2) separating said methanol-rich mixture to produce a high
molecular weight poly(arylene sulfide) product and, a recycle mixture;
wherein said recycle mixture comprises methanol, said polar organic

20  compound, and said modifier compound.

3. A process according to claim 2, wherein a low molecular weight
poly(arylene sulfide) stream also is obtained in step 2), wherein said low molecular
weight poly(arylene sulfide) stream comprises low molecular weight poly(arylene
sulfide) and cyclic and linear poly(arylene sulfide) oligomers.

25 4. A process according to claim 2, further comprising separating said
recycle mixture in a first separation zone to yield methanol and a recycle feedstock
mixture;

wherein said recycle feedstock mixture comprises said polar organic
compound and said modifier compound.

30 5. A process according to claim 4, wherein said separating said recycle
mixture in said first separation zone is carried out in the presence of water.

6. A process according to claim 2, further comprising contacting the

DT



wherein said alkali netal halide by-product stream conprises water, 5

nmet hanol , I d alkali netal halide by-product. 7. A cor di ng
to claim Gwafdoyﬁgdﬁgr conprising separating said alKkali n&:cg'?l?sﬁ%@gse

by- product streamin a second separation zone to produce nethanol and a
brine stream wherein said brine stream-a®nprises water and said al kali
metal halide by-product. 10 8. A process according to claim11, further

conpri si ng: 1pighgRelgenlarseigtdinelyéupicnsi sulfids)yapducewith svater toprognse 4 /wWateh t h

said polar Omama%%gm%ugqrpgggg{ ;S%‘?;‘rtﬁﬁle%e B&'ﬁﬁ@ﬁg@lrﬁf‘c SPIRAN Al | Ch

m xture; 2) separati sal organi c conp m xture to produce
a solid strealidehy-profudusireanst ream 15 wherein said solid streamis in a
substantially solid for n oL S i i . aryl ene
sulfide), said polar or@é%f"@ sal(cao %’u’ﬁ%,gl %&?g b%#?@&e&%%%ﬁ%ﬁ%&g%é{n ’said

al kal i met &l hedthatel, layd gaiddikeli mewdh duldderbysprodudti qui d streamis in a
substantially_liquid formand conprises.substagntially.all of said |ow

ol ecul ar el dnt ool y( AyIBHES SEPREd il o 0 ek sop AR said

pol y(aryl ene adafiingd] Halil@ By BfoductSakdin AP h décond Gépatatios 26O ieduged sai d
nodi fier conpound; 3) contacting said solid streamw th nethanol to produce
a met hanol - rimathagsl bringstreay whereip sgiddyinetstragng compprises wate pnd gid r at i ng
sai d met hanol Kaf ind¥Ql nafid¢ Yy-pRAugU! fide) product 25 mixture to produce a
hi gh nol ecul ar wei ght pol y(aryl ene sul fide) product and a recycle m xture;
wherein sdfd Becycle mi Atnipeestanspidingets cigimhla Austher semprising:-ar  or gani ¢

conpound, and said nodi {y %Bntﬁ&[ﬁg%gﬂdcool%d, %h?ﬁﬁféﬁ?&cﬁ&?ﬂﬁ h3GiltPsafd & M 8,
g sai recyc

further conprising separatin e"mxture in a first separation
zone to yi el dpofar orgavic congound teqyeduse gotis orgakic @mppind-ughemixpirer ei n sai d

modl 1ot compound. 11111 e BrftRle oo RN mERER R REeRCRo5 ¢
PCT/ US00/ 408650lid dtgeam and a liquid stream;

15 wherein said solid stream is in a substantially solid form and

comprises high molecular weight poly(arylene sulfide), said polar organic
compound, said modifier compound, and said alkali metal halide by-product;
wherein said liquid stream is in a substantially liquid form and
comprises substantially all of said low molecular weight poly(arylene sulfide) and
20  cyclic and linear poly(arylene sulfide) oligomers, said polar organic compound, and
said modifier compound;
3) contacting said solid stream with methanol to produce a methanol-
rich poly(arylene sulfide) product mixture; and
4) separating said methanol-rich poly(arylene sulfide) product
25  mixture to produce a high molecular weight poly(arylene sulfide) product and a
recycle mixture; wherein said recycle mixture comprises methanol, said polar
organic compound, and said modifier compound.
9. A process according to claim 8, further comprising separating said
recycle mixture in a first separation zone to yield methanol and a recycle feedstock
30  mixture;
wherein said recycle feedstock mixture comprises said polar organic

compound and said modifier compound.

A



10. A process according to claim9, wherein said separating said recycle

m xture i wyGaisdgdsi r st separation zone is carried out in ddRaispipsance of
water. 11. A process according to claim8, further conprising contacting
the high nol ecul ar wei ght poly(aryl ene sul fide) product with ' water to
produce a water- 5 washed hi gh nol ecul al wei ght poly(aryl ene sul fide)
product and al kal i | - - 4 .St I. I ei,n | d al kal i
metal hali de?tg'y- producﬁéot%%sgggﬂl&’(gégﬁ%}éﬁégg{ gh%%?lﬁg%ggﬁﬁ%ﬁg S%llﬁéec gjied al kal i .
met al hal i dentistugerindaid tfirst k@paradioprzonesanied @utinnie presaicaofiwater. f urt her

conprising separating said 10 al.kali .netal | i de hy-product streamin a
second separ gfl on zond* PEPPSHEE"E ﬁ%flwghg‘lfuaﬁﬁlcgmﬂflglﬂgcgqq?cg‘ﬁﬁ]%’%erei n
13 A pr ogess accerdl b I Bl o B e e T g,
: i si ng: contactin
said | Pqugd g’?&é‘iﬁi&?ﬁ‘?‘%eﬁ?&{mt PP@(@L’IIB‘EFU%‘@"&) gﬁ’ét‘ﬂé‘ﬁgl“‘?r‘ﬁ‘é}\ Ry nol eculgar
wei ght pol y(ﬁglmggpq,rgdﬂufg@%; m xture; 2) separating said nmethanol-rich | ow
nol ecul ar wei ght poly(arylene sulfi deg m xture to produce a | ow nol ecul ar

wei ght pol y(aryl ene suithereiresaid plsalkimetal halifebyrnsedust dregmy eomprisssovaieter ei n sai d
recycle stregmeiiPidd Qﬁdﬂ&ﬁiﬂﬂ&ﬁ'haﬁﬂ@b&iym‘&ﬁ&?m c conpound, and said

modi fi er conpound;” and wherein said [ ow nol ecul ar wei ght pol y(aryl ene

sul fide) prolict compybmess gedordingte chaimetly furtheneomgprisingsepirating seid sul fi de)
and cycl g aﬁﬂ?ﬂ h@ﬁﬁéﬂidﬁ%&ﬁ&{u‘é{ SRSmSH e el s%ah?x% bite togp"}o&u‘be A process
according to claim 13, Tu er conprising separating sal recycl e stream
in a first smphaadianhabonesteamyi el d net hanol and a recycl e feedstock

m xture; wherein said_recycle,feedstock m xture. conprises . said l.ar

organi ¢ compound and wglgf ??6%?’ ?ee?%reggrfﬁglﬁﬂac.s vﬁaéerfggﬂ}f%g%‘c@g@l lga@g%r ding to
claim 14, whey-picdugai d separating said recycle streamin said first .
separation zgne is carried out in the nresence of water. 16. A process
accor di ng toP£I ai m 10 PROFFSHAFOrURn 9 ggﬂ’gg’clnﬁwfeéff’?‘ﬂﬂs‘%i d

~1111INC8 1T ETTTLE 111 Y ~dohéacting said liquid stream with methanol to produce a

methanol-rich low molecular weight poly(arylene sulfide) mixture;

2) separating said methanol-rich low molecular weight poly(arylene
sulfide) mixture to produce a low molecular weight poly(arylene sulfide) product
and a recycle stream,;

20 wherein said recycle stream comprises methanol, polar organic
compound, and said modifier compound; and

wherein said low molecular weight poly(arylene sulfide) product
comprises said low molecular weight poly(arylene sulfide) and cyclic and linear
poly(arylene sulfide) oligomers.

25  14. A process according to claim 13, further comprising separating said
recycle stream in a first separation zone to yield methanol and a recycle feedstock
mixiure; |

wherein said recycle feedstock mixture comprises said polar organic
compound and said modifier compound.

30 15. A process according to claim 14, wherein said separating said recycle
stream in said first separation zone is carried out in the presence of water.

16. A process according to claim 10, further comprising contacting said
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pol y(aryl ene sul fide) product and an al kali netal halide by-product
stream wherein said alkali netal halide_by-product stream conprises water,
5 nmethanol, and said alkali netal hali d'ez‘by- product. 17. A process
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halide by-product stream,

wherein said alkali metal halide by-product stream comprises water,
5  methanol, and said alkali metal halide by-product.
17. A process according to claim 16, further comprising separating said
alkali metal halide by-product stream in a second separation zone to produce
methanol and a brine stream;
wherein said brine stream comprises water and alkali metal halide by-

10 product.
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