WO 01/ 49777 PCT/ USOQO 35494 PULSE CONTI NUOUS CURI NG OF POLY( ARYLENE

SULFI DE) POLYMERS This invention.relates. to.poly(arylene sulfide), (PAS)
polymers. In one aspect this invention relates to a process for the curing
of pol y(¥odirggrsul fide) 5 polynmers by a continuous preegaSoodssLi n
renoval of cured portions of the polymer is tined so as to mnimze or
avoi d the presence of uncured polyner. Poly(arylene sulfide) polyners are .

generally known in the art..an have been found useful due to their high
chem cal and thernal re%‘&S}n&QMWHQé&QWQrOFHe preparation of such

poly(aryl ene sul fide) molyoesvLEREsRgaDEpeivagefgi n 10 the art. In a
typi cal preparation, a east one dr hal oaronmatl C cogound, a sul fur

source, and a pol aFhisinygniien relagsda palyfarslens milfide)e (P lymetisy dari zat i on

el gt ABRAT R i TR @ FRERRE A4 L LAY of Bl Bl O o o0

appl i &at ipolymers byt & eontinabysgrocdss wheteihaieinoeil\of cuteddpaptionsroft the pelyndepr .

formul ati.ng articles., Such curi, 15 processes hav rimarily been

conduct ed® 8%?3‘5 fro2g WdﬂwePﬁa‘éPlggiecme%P%%é'é@Wuvﬂﬂ? f-the cure tine and
temperature are sppglifah@shetsiffde)pSlyRetshiRe gaetdlBkriowdin tROLM A properties.
Such batch processes are |less desirable in a comrercial plant since they

can cr eathavy brep fowndaisefub dugyto theje highj chgmical end thewealiredstancse AreeesseRut - down
and star . R e t hroughput
of the p%@gg@ﬁhﬂ%@ﬁ%ﬁ g I SC O@gﬁﬁ@agﬁ%i%ﬁ%ﬁgfg%gs can be
conduét edhecarht Imaitypidal/preparatian,ighleast ope dihaberomedticaompbmudna sudfur of .
flexibility in_achieving a variety of fina oduct characteristics, and
furthor Pehdad & Bet oBgaR ARlREd R conyalel wbdR pmerfE TS  hoe Cto the
pr esence cohditistis! iGensrally, potymidrs ptpired PAhoEIhS QHJiHBH oflmoleular ageightghl y cur ed

polymer. 1t _would be desirahle to have a t hod whereby, the_pol yner could
be 25 cumadifying aeemhhaveRsem fond de be mgse P@Eﬁ% Fost ?’I@’hﬁ‘i‘ﬁﬂﬁﬁéﬁ&ﬁol'ymr and

provi di ngotefid didatibily (el ifiof REhR! BF frufithp G¥R14e Suchdutihgal pol ymer
product CharacteristicS. This invention provides a process for curing a

pol y (Mr yIpeasesseuhave peimaply Yaenconduciediin theimdisiy iprabateisprogsessdmaiiigted on a

conti nuo . .Iﬁl‘?{'ﬂn‘g @%ﬁ . . ole] renmoval of .
- cured poﬁ/ﬁn@é@e%ﬁ%na ed *S0 hﬁ%?o 9%&0%?#{?%%@%%?&% urgred polymer is
present ipropetties.c Sudh batchusrocasses aveksedesitable irga chmmepdali plahtsince dmayval  of :

product. I n accordance.w th this i.nvention oh%{llzlat[&/olvgnngn sl f—'uge) pol yners,

are WO OFRUGHT LISEHGERSIS P SRGAAON, i.c., Tequire répeare

of a process and process vessel and thus limit the throughput of the process. It has

20 been disclosed that the curing process can be conducted continuously, but such a
process suffers from lack of flexibility in achieving a variety of final product
characteristics, and further provides less desirable final polymer characteristics due
to the presence of portions of relatively uncured polymer as well as highly cured
polymer. It would be desirable to have a method whereby the polymer could be

© 25 cured in a continuous process while minimizing uncured polymer and providing-
'- ﬂekibilitj to the opérator to achieve desired final jiblynier pi'odﬁct characteristics. -
. This invention provides a process for curing a poly(arylene sulfide)
polymer in which curing process is conducted on a continuous basis wherein the
addition of uncured polymer and removal of cured polymer is coordinated such that

30 little or no uncured polymer is preseﬁt in the continuous cure vessel during the

period of removal of product.

In accordance with this invention, poly(arylene sulfide) polymers are



-2 cured in a process conprising achieving and nai ntaining curing
conditions in a cure vessel, then intermttently addi ng uncured polyner to
said cure vessel and intermttently renoving polynmer fromthe cure vesse
wher ei n WOSUETBval of pol ymer fromthe cure vessel isPHaMSBYIEY at
‘intervals such that the presence of_%_uncured polyner is mnimzed or

avoi ded. The poly(aryl ene sulfide) polyner used in this invention can be
prepar ed ciéd @Y phElekbORbniprieing atkictiig aad afaifidhing cufing Béndifiéns i@l dater yl ene

sul fide) polynerizations are generally disclqsed 1n the art. For exanple,
U.S. 3, 33gssalpthen intermittentkyjagdipg amcurae) pofygier o said cpegevessel apd scl ose et hods of

prepari n%taﬂhef{@g»g@ggf%go@met FER) mg%@%@&a wheRifR\emEl419¢ Pat ent

publications a e methods for recovering a useful poly(arylene
sul fi de) pplymeminompthe duxst vessehistpeuformed atadbleevabsesuob dhat dlie prssamoef ng

poly(aryl ene sul.fide) Dol viper ts is disclosed in U S. 4,415, 729.
Thesegpa%%"tred;ﬂ%wgra%si ons g%mg%gg#lgbe the separation of a desired polyner
product from r eacThopolyfanyicnesalfide)pelymengsedédn ithts $nvientiott tdn s and unr eact ed
pol ymeri zati on 15 conponents. The on@r,lene |.fjd po ris

gener al | }’mﬁf"éﬂé’ﬁ’é’&yﬁé}‘}%@m&’?i ' °sg °_66 rférq’%aa‘it'isﬁ;ﬂyef’@’i%?i %"l‘ﬁ/d:%ext ure

conpri si Bglyﬁ{erikaﬁ‘féﬁ& a&?n&hﬂ'ﬁhﬁﬁbmh!tﬁe &9 MPeH BEhmplél 158! 8364.399ir ce, and a
pol ar organi c corg)oun under pol ynerization condi'tions. Dihal oaromatic

conpound®-5u3,219, Fan ark Ui 64y 846 iaH disslpse methods Iof preppeve pelx(aryian) |

p-di bpo < dird I -chboro- 4- ; ,

1 Chidr o8 am e The fOREUAEN furcd ABOUARS wisf U RIoRERRARAE B, |

2, 5- di chrapeeringa/usefid poly(ayleys sulfide) grohyopy Iprévust. d Abotheméitable masthod

i: gufyIS: tgf %%g{%{qgwyiﬁ%gé %@bgﬁ?ﬂ%@ﬁéér&gﬁduas is disclosed in U.S. 4,415,729.

1- hexyl - §hekeqrtent pablicatitng llalestpidb 2 separktion bid @esitedhobyrtiéri ppedueenzene,
1- phenyl - 2- chl oro- 5- bronobenzene, 1-(p-tolyl)-2,5-dibronmbenzene,

1- benzy| frenmsrepciion; maixBEsAORR3ERR Various impurties and unreacted polymerization

1-ochyl - éﬁfpﬁdﬂzﬁfsh‘rh&ya&@a@&{emﬁd%) ?619{_?%215%&9@1@ PRRaRAbyl datkiigs,  and

m xtures of any two or hore thereof. | prefert ed di hal oaronati c conpound
for use Rpohmesizationaiseqtion misture enmaisigodersbore dibdpgromatic compeund) abi | ity
and effe ltﬁﬁrk% L4 &0L.6 . in the
process g%{l [ sﬁﬁgbé%%gﬁﬁ on. I%S%é\%gqglg%&&g%%%ggg%@@?écI osed in

U. S 3,919, 177. Subthabaronmbit eompeirkis whichucands énoyeddnclbde are not [inmted

to thiosulfates, thio s, .t.hi oam des, I ntal sul] fur, thiocarbamates,
et ol a BuiRtenzshe AL IS, o ey b befry 77 |
PCT/ oi$00brpnfbdénzene, 1-chloro-4-iodobenzene, 1-bromo-4-iodobenzene,

2,5-dichlorotoluene. 2,5-dichloro-p-xylene, 1-ethyl-4-isopropyl-2,5-dibromobenzene,

1,2,4,5-tetramethyl-3,6-dichlorobenzene, 1-butyl-4-cyclohexyl-2,5-dibromobenzene,
1-hexyl-3-dodecyl-2,5-dichlorobenzene, 1-octadecyl-2,5-diiodobenzene, 1-phenyl-2-
chloro-5-bromobenzene, 1-(p-tolyl)-2,5-dibromobenzene, 1-benzyl-2,5-

25  dichlorobenzene, 1-octyl-4-(3-methylcyclopentyl)-2,5-dichlorobenzene and the like,
and mixtures of any two or more thereof. The preferred dihaloaromatic compound
for use in this invention is p-dichlorobenzene (DCB) due to availability and
effectiveness.

Any suitable sulfur source can be employed in the process of this

30 invention. Suitable sulfur sources are disclosed in U.S. 3,919,177. Such suitable

sulfur sources include, but are not limited to thiosulfates, thioureas, thioamides,

elemental sulfur, thiocarbamates, metal disuifides and oxysulfides, thiocarbonates,



-3 organi c nmercaptans, organic mnercaptides, organic sulfides, alkali netal
sul fides and bisulfides and hydrogen sulfide. It is presently preferred to
use an alkali netal sulfide as the sulfur source. Alkali netal sulfides

whi ch can we 0wt loyed i ncl ude lithium sul fide, 5 sodi umPEIVYSOS4940t assi um
sul fide, rubidiumsulfide, cesiumsul f3| de, and m xtures thereof.

Preferably, the alkali netal sulflde I's used as a hydrate or as an aqueous

m xture. | an aqueous
sol ution Ef%ﬁe re %a%lgl?ﬁ 0 an a % &%%daﬁ&ﬁ&%r%lgiﬁhg{eﬁtgﬁmﬁﬁdkall nmet al
bi sul fi de bnsulﬁdcp.mdds'dmbmsulﬁde Ittis psasmtlarfmcﬁeseﬂ toouseésm alkedii metakul fi de or a
conbi nati on f‘i lﬂ,(go@ﬁs]ul fide and sodi um hydroxi de as the sul fur
source in ‘H ?nve ie pol ar organi c conpounds useful are solvents

for the dihalo- ar omakalcmtzﬂrpﬂﬂnd&vnaldcimue aui;lf)wd include Hiliwh Gulfide! he
es of such poI ar

productjon_of oI arylene s )

or gani ¢ co?ﬂ%‘l?ﬁ é RN P % 'ﬁg‘ﬁ@ °F§E’P ideqpngl WINLIEH e
Speci fi c epgrBf epretvmgycme amhlafnem SABUE isliRed a&mgmd& drisl M Rueous
hexanet hyl phosphora t et ramet hyl urea, hyl enedi - pyrrolidone,

N- et hy - 2mifireolIf destied, thavedkali mptal selfide pen bq:nrspawrbeq ahpqueous solution
t hyl th
i Capr%%%qgacfléﬁlbf Qﬂ&?lf fal @oﬂﬁéfﬁiyam es, and ﬁlﬁﬁ%!ﬁﬁ yThe pol ar

i m dazol i di‘none ow nol ecul ar we ght p
organi c czqupnmsrsdlupiomsltrisIpyefq:xr@ftemsedodmnl‘dhlﬁdemmcbmbmamm bf sodie scope of

this ipve to e ppl yi(ar sul fide sthat have been
producﬂh E@F"ﬂﬁd Wﬁ)ﬁ&saﬂ? sﬁ’lﬁcﬁﬁ‘éhg nreactlon m xture or
during the pol yneri Zatipehr ofgahicRéaipbiugls uséfl £6bRentdgdrahe dimam-f yi ng or
enhanci ng agents suctﬁn%'rs@gl kal i _nmetal carhoxylates, |ithium halides, or

wat er can BeMALFIAIRG Jhe suIfE spyrge BesdyRdhs pradyction ofpolyiylsnes o kal i

metal car SISmék| EkafiiplesRE sEHPHIICHg axﬁhcéaﬁ&uh&@ﬁla B8 vibdides! he formula
R COOM wher e Rybl zma rai(;n?arsbyls radi cal sel ect'ed fromua I kyl, scycl oal kyl,

aryl, al kintladipg lactmst amkswlfonem dSnepidicrexamples of suchpolan orgapies i n is in the
odi urt? ponbopidhbindheyREniph i ide i lEh PN aﬁﬂxar%‘”x'yl ate chn
be enpl oy qmymhdmehudnahﬂ-bpyxﬁﬂldase NNB), tyrmotidane, dipsqlectampN-i n wat er. The
Bnd of fectftpieiein, sofin NS SR B AT Y rors that are
cured aCCQMIMIﬁ,lYOM&ECIBEWVHW&S and the like. The polar organic
compound presently preferred is NMP.
20 It is within the scope of this invention to employ poly(arylene
sulfide) polymers that have been produced using other components in the
polymerization reaction mixture or during the polymerization. For example,
molecular weight modifying or enhancing agents such as alkali metal carboxylates,
lithium halides, or water can be added or produced during polymerization. Suitable
25  alkali metal carboxylates which can be employed include those having the formula
R’COOM where R’ is a hydrocarbyl radical selected from alkyl, cycloalkyl, ary],
alkylaryl, arylalkyl, and the number of carbon atoms in R’ is in the range of 1 to
about 20, and M is an alkali metal selected from lithium, sodium, potassium,
rubidium and cesium. The alkali metal carboxylate can be employed as a hydrate or
30 as a solution or dispersion in water. The preferred alkali metal carboxylate is
sodium acetate due to availability and effectiveness.

The uncured poly(arylene sulfide) polymers that are cured according



-4 to this invention will generally conprise relatively |ow nol ecul ar

wei ght poly(arylene sul fide) polyners; however, the invention process can
al so be used to cure relatively high nolecular weight polyners. The term
| ow mol eYR W%Ei ght pol y(aryl ene sul fide) polymer is 5 4B5494 neant to
denote a poly(arylene sulfide) polyngf_having a nelt flow value in the
range of greater than 1000 g/ 10 mn. to about 30,000 g/10 m n. when

measur ed eothisridvengion ovilhgEhérillyl dprisCodlativelyolowdkhbleaulad WRight' M hi gh ol ecul ar
wei ght polé&ar@él ene f;ﬂfide) pgl nmer, as used herein, is generally neant
to denot eP g eliide) polymiesa 0‘%%‘139,(%? {nveRtionsprPeqsg 69n alsg bpassgnter havi ng a
nel t fl oveyahdlftiveRsBigh Ritlecali Weight Qlyﬂ(efls(.) m n when in an uncured state.
Essentially linear Bﬁgl y(aryl ene sulfrde), as used herein, is defined as a

pol ynmer havi ng no rietm Iy solesulen waightrpoly (agytenensulfide) lpobmedniinng as to have
subst agt i C t r rties. .For e | e,. the anount
ofpol ynirsin] fndihl &dentll o Ay @AISLIRIARE BT Bavineod el Wk Getor, ' e

pol y(ar yl iarthe idnge of gredte) thao! 1P0€ g7 Wahind o gove 86,900vgl0dnk0tWwHeg sufficient to
cause the resueldt ant dl&gﬁl Wbeyﬁ SE f‘%l.de% to_be outside the essentially

li near dePFHPE Ao “BeiR D 1438, LCopdigon,316/3act ants enpl oyed in the

pol ynmeri zation prathe3emsRigh \Hadlyculir Galight pbly(dr§leRE SEIBHE)SSbE he ol ar
rati o of thg anpunt of _di hal oaromaticghcg y(()ﬁg to arn))ﬁg)tgqf)l?rE ggul fur source

be in the'sedHGENefS SATETHLY gueant toxisnels anssientizlly| lingar pely(aaylens sulfids)al
o ! ! vy aent ot |
orer ord ooty 1A WiREL Ebutvaly BN pllt 3000 T8 ARG RY9RD - 11 1S

preferre at the nolar ratio of 0
di hal oar oneuted statarpBssertiably linearipoly(atytene anlfide) fas aksdtieréin 05 /dbfihed #bout 4/ 1.

The anou 0 L G.compound enpl oyed. ¢ vary during the

pol ymor | apinB o KR E BERIET SR e Ebiaidide g

pol yner i zsabstantiallp notefifectran the poByired pRipeitiRe. FoPERIMpE, tAS bdbut/gfani ¢ conpound
to the ran%&aj)f sul fur source is in.the range of 1/1 to 10/1. The
conponentRONBRIOAIENANE mpyty Igynd in, the dibalogromatn used inthapely(amalene ot her in any
or der1s Thelfidey polymerization ipfite whil YEEBd &FibiOMR to BaudSRd QERGHN, 1S defined
as 30 that point at which an_affirmative step is taken to effect a renoval

h
of the cdedi(aylse sm_ﬁ@@éﬁsb&rﬂmsli‘%?rthﬁﬁﬁwlﬁlemeﬁwfnﬁmﬁf ectively continue,
for example by beglchithilg dd'fario RTENERK AlnbfiR iR e AALMLEARHRYI | 9°)

polymer from the polynerization mXxture %S00/ 35494
| process can vary widely. It is preferred that the molar ratio of the amount of

dihaloaromatic compound to amount of sulfur source be in the range of about 0.8/1
20 to about 2/1. If an alkali metal carboxylate is employed as a molecular weight
modifying agent, it is preferred that the molar ratio of alkali metal carboxylate to
dihaloaromatic compound be within the range of about 0.05/1 to about 4/1.
The amount of polar organic compound employed can vary during
the polymerization over a wide range. Preferably, however, during polymerization
25  the molar ratio of the amount of polar organic compound to the range of sulfur
source is in the range of 1/1 to 10/1.
The components of the reaction mixture can be contacted with each
other in any order.
The term termination of polymerization, as used herein, is defined as
30  that point at which an affirmative step is taken to effect a removal of the conditions
necessary for polymerization to effectively continue, for example, by beginning the

recovery of the poly(arylene sulfide) polymer from the polymerization mixture. It



-5 nust be noted that use of the termterm nation of the polynerization
does not inply that conplete reaction of the polynerization reaction
conponents has occurred. It should also be noted that, as used herein, the"
t er m t er mweediiderrr of the pol ynmerization is not nmeant to POPUSNBS4 no
further polynerization of the reactants can take place. 5 Generally, for
econom c reasons, poly(arylene sulfidg) polyner recovery is typically

begun at ' ' ' 1S ' . I at is,

ha i nor oduhs BE pUBETA L B e A v il e BhbRerfabATREF el e

pol ymer i z ahataompitensactioni afrithd papmerization giactian ewmmpaments hheocidied.i dnal

| i zat | i me. Althqugh t ti o1 at t .which.th
Dol yror i 5 2bPt a1 B poled itk ool Berea s B <Pt oF Seco gatiaen | y 1
Wil be Wik abtmbdne td B tialk nalfater pdlRicri¢alibn fof thoreabiantt ca? bike pfidd F) |

preferably about 200C to ,about 290C. . The reaction tinme can vary w dely,
dependidng Generlly+ fop foqnamis Easons, %t%é‘h‘b?éf’ Avifide) polymer tgesverals yPiGRM  pe

Wit hin th%eggngﬁ]%?gh@mp _%eﬁmfahqsss&betaﬁémgtcoﬁﬁﬂae&grtﬁat is, Rh&{ereak ¥ about 1

hour to abo The.ggres_sure shoul d be sufficient to 15 maintain the
pol ar or ganipolyownpwilaculan weighhwhigh rvedulshreswit fiom futhpropelymerization ssmdtal |y in
the liquid. ol V(. eng: fi . prepared according to
this invéﬁ%h%ﬁgfcee{%;n e%r%%%é%dﬂglﬁgﬁfoﬁé%ﬁgghiﬁmﬁ to those of ordinary
skill in the art. Afthdughchelreactidnotemperatureratewhickyithe pdliypmertdatiémisy| ene
sulfide) polyners are cured.to increase. the nol ecul.ar, weight, qf the

ool yrDL e R RTE 5 4TS e eEna i Sl e LD s ndnotbont ot i c.
The -curi ng_7m®g5$)itawe¢meaas+reemmg, pleferils}y Wbt 200t&y atiat 090°01 - above its
melting point for a period of tinme sufficient to achieve the desired 25
mechani calTheiresstion fims can vapavidely, depending i part on-the nsaqtiop dpppesiires ul f i de)

pol yrer s _ i Galcatly 3AAMediifin 1 o BYRN Alufilto BYE ARldk1g t enper atur es
ro alr oun

rangi ng f roomtenperature to above 400C. Accordingly, the
curing pr poefersblytaboytcl baunte abowh 8\hents. clherpresswiecshbonldbgesufficientitd | general |y

be fr about. . I i"? 85? 8 g t he pol yner at
terrpe:i?t u?%agﬁt?l#q?%éa?ran %H%Fg@g)qggg%}? %ﬁé%‘gﬁﬁé %F‘SThe pressure at
whi ch t he sohstantigilypinathe Siquid phesenducted will range fromslightly bel ow

at nospheric pressurg up.t bout i g. The urin ocess can take
place in the presen@egqu@?@%ﬁu@g;ﬁa& TPEPHES A% ',‘éji"aﬁ?s\/\o 01/ 49777
PCT/ USO0/ 3@4fitlon can be recovered by any method known to those of ordinary skill in the

art.
20 According to this invention, the poly(arylene sulfide) polymers are

cured to increase the molecular weight of the polymers and thus achieve desired
final product polymer characteristics.
The curing process involves heating the polymer either below or
above its melting point for a period of time sufficient to achieve the desired
25  mechanical properties of the polymer product. The poly(ai'y]ene sulfide) polymers
treated according to this invention can have melting temperatures ranging from
around room temperature to above 400°C. Accordingly, the curing process
temperature can vary over a wide range, it will generally be from about 100 to
about 350°C. It is preferred to cure the polymer at temperatures in the range of
30 about 150 to about 275°C. The pressure at which the curing process is conducted
will range from slightly below atmospheric pressure up to about 30 psig. The

curing process can take place in the presence of oxygen or an oxidizing agent, can



-6 be conducted under an inert gas such as nitrogen, or can be treated in a
.combi nation process where a portion of the.curing process is conducted in
t he presence of oxygen and the renmi nder of the process is carried out
under arwORE4%7Tgas. The anmount of time required to cur PEHESYPEMMers wil |
vary based 5 upon the conditions of6tenperature pressure, atnosphere
under which the curing process is conducted and desired final

char act eB%g&ﬂoﬁx&eﬁh&é}%Hﬂagﬁrsmﬂ% nitfokbn, &9 20E a8 Helted D FRoMbAALGPOUL 1 hour
t o about ours. According to th i nvention process, a portion of the
pol yner pmccamappmpﬁ&mgm is gonductadrin thipresenchof arount  of

uncur ed pol t I time 10 interval
bet ween Wégéggéd meoljr%h%*n td%%tﬁt?légmcg%%? cmjn%d gh ?{éﬂn%?/a meﬁh Ye porion of

pol ymer havi ng a nThe amennd b tite rec[unedctwcmé thewpelymets will varplbaseddepend upon

the te era ure res t nospher e, and, desi r,ed erties of the final
pr odust . pqn 1he cofifions ot dermpegaliee PEpsyir O RAPAFS HdF VEGE B SHWELT about 15
m nut es becéﬁ@(ib'i:onhﬁct@@ﬁﬁcﬁ desiYe@ Finhll @ﬁfdcfeﬁs@csldmwpél?ﬁui dht wal ght

pol y(arylene sulfide) lymer. The tine 15 interval can be selected to be

short er  generpllyrrangs ﬁi@fnd’bﬁ‘iltg]hh%ﬂ%éb‘l"&rzoﬁépgﬂﬁt Agsprdingoto the dnvantionof er r ed
range is Po*e%ét é%%%@h%%élﬁ%@%&&dmme &ﬁﬁv&éelta'?% ihdWRE | on pul se
contl nuo S cu’rl g process ows one to avold e peri O requi red to
char ge t tie amoust vBwatedpolymerwithin ¢her aue pessslite mitnstizede THeatiobies whi ch

peri rom hour.s 8 ndent upon vessel

Si ze?8 20? 'S‘f“rﬁgjc ﬁ?’ aﬁg‘?%@é@%’ %a‘ﬁ’cgreedé’(?mtag rﬁdv@gﬂggﬁﬁo&ﬁg OQC| osed vessel s
whi ch Capolb?ef havisg algthnﬁﬂpmamtafanéxﬁaﬂpﬁfaﬁmmﬂl alpé ﬁe;&ude@gmﬂﬁ havi Eg
necessar eatures for t rding to this

i nventi 0¥Fm Ff’éurE’Lﬂ?réss“’iFe?g'Q 1?‘%""%5 3’? tg"gﬁ%{ ?ff ? ¥ ont i nuous

oper at i Ofrefdried!t ubé &% inderval B &Eqaﬁg%%ﬂa@o@tqmﬁiutéshs abouiti I3thduksocess of
this invention in a continuous stirred tank 25 reactor. It is preferred to

f eed t hewher tretingpoloymelecwan weightupady(pevdene Isul@le)emlmn@ n'fhe imeended to

Pr oo 182 i Tah B oiBed fPH. LibkG: When Gllifhe HOBE mdiQudf ORTgrd 0 2| OW | e
cure vesse con ons to remaln as cons 0SSl Ie. he foll ow ng
exanpl espelymepamd/a greferred rengécis aboutfllrinetesitd ks rlatheultsheUsé of/ éhet | on, but
are not intended to bn | imting of thg %ge the&ftg1 30 XAEHE In the
fol | owi nJVERIARHUISE cOpfipuoNs CUMRE PIPSSsy alloys & P B Oos g1 ans
per 10 nikudgethe (cgfelibssa and retove cfkdgiolinie bebiyeeh batches whidh @eridsTM D VWO

01/ 49777 PCT/ USOQ 3549
each can range from % hours to 8 hours, dependent upon vessel size.

20 The curing process can be conducted in conventional closed vessels
which can be run at the appropriate temperatures, pressures and having necessary
features for proper mixing of the polymer. According to this invention, the cure
vessel is selected so as to be capable of continuous operation. It is presently.
preferred to conduct the curing process of this invention in a continuous stirred tank

25 reactor. It is preferred to feed the uncured polymer to the cure vessel by equipment
intended to pre-heat and meter the feed into the cure vessel in order to allow the
cure vessel conditions to remain as constant as possible.

The following examples are provided in order to further illustrate the
invention, but are not intended to be limiting of the scope thereof.

30 EXAMPLES

In the following examples, the polymer 1270 extrusion rates, reported
as grams per 10 minutes (g/10 min), were determined by the method of ASTM D



-7 1238, Condition 316/0.345. The orifice used for neasuring the 1270
extrusion rate had a 2.096 +/- 0.005 nmmdianeter and a 31.75 +/- 0.05 nm

l ength. Polynmer nelt flow values, in units of g110 nin, were determ ned by’
t he met howood1/498TM D 1238, Condition 316/5. The orifi cePOB&800f38494neasuri ng
the melt flow had a 2.096 5 +/- 0.005_mm di anmeter and a 8.000 +/- 0.025 mm

| ength. Polyner 1270 extrusion rate values, in units of 3/10 mnutes were -

ueea for et PRI 105 ARt it e Slabicdnd 810 ofitlon BIE, G,

and a 31. Had a@.05% +m0l065 grirh diafieterraad at31VE -H0L05t mmolength] Polynes nltesent i n

the polyner sanpl es were nmeasured usi.ng.a guartz cr | . crobal ance

(QCM) . Thitlow bes; FRABHES & Balip‘?}}“r Yy SRR ‘fye‘ﬂﬁﬂeél}qda?%%f%ﬁ‘a mol ten PPS
sanpl e, cabbgatdnagion 6152 TheSorifite sMP iR meabi@itigtifle Ml hia QUWPBt z crystal,
and conpari ngpt he anpunt of condensed nmaterial b chan&%s i n the frequency

of t hoSvi Y0Pyt gemater and o W Q8% men Imethn Poiwmer LAT0MEHSios pl aced
| n 1 he DOl Rhbe dn AR oIt/ P amiohes it MeRATindd BFmdRAMEE o ARTMS vas covered
e vibrati

with a lid contarning t ng crystal. t he vapors condensed on
t he cryst d1238 wondition 326/ 270.r dheaenbige usedtfhemeaspsing thedX70extrusion rater oporti on

to the a n posi din terns of a

di mensi On{fféggt%,(%%étplﬁ\?é?%ﬁ%ﬁet&é%ﬁgﬁl%ﬁﬁpwﬁﬁg lange in frequency of
the crystal in a 10The reldtive taeunts bf relatiles prsent dp dhiet prlymeal samples wre at e t hat
the test sanple had a |ower level of 20 volatiles at.the test tenperature
than iRe SaprELuRTS A SR Y Serrzrisae (. 165 18R ol sbemira oo
tensile stpRilAseRls 63fa SR PPIRifple dICEHHGNRE vacrobila Rehtdro ASTM D638.
The fl exural nodulus and flexural strengths of each sanple were determ ned

by the netchelad,ofibratingausrts Grystaband sapanngthe jamoyniefcondensed matepighiby npact
strengt hs -1 y &4k ASTM D256.
EXAMPLE | cﬁﬁgg%%ﬁhﬁﬁéﬁgggg glse qﬁ‘é‘?@:éﬁ%ﬁﬁt%ﬁ%@ sr eglt% angusfegfr;'ét rough with
an appr oyblyatee was plagétbini the hottemliofig heatad (3PP Chstaintead stesd theaker thativi ng

R R e R A R

depth of ik dysall thelresonantedregoéngy plfi @reydresial deciebsedén propostivarts thesed in this
exampl e and i nyenton Xarple [ Y5, 31, 35kd RSl pkecyl o el
number proportional to the change in frequency of the crystal in a 10 minute test
time. Lower reported values indicate that the test sample had a lower level of
20 volatiles at the test temperature than the samples with higher QCM values.
The unannealed and annealed tensile strengths of each sample were
determined according to ASTM D638. The flexural modulus and flexural strengths
of each sample were determined by the method of ASTM D790. The unnotched
izod and notched izod impact strengths of each sample were determined by the
25 procedure of ASTM D256.
EXAMPLE 1
All curing processes were conducted in a rectangular trough with an
approximately 5.875 inch radius hemi-cylindrical bottom, having dimensions as
follows: 35.5 inches long, 11.75 inches wide, and 8.5 inches deep to the beginning
30 of the hemi-cylindrical bottom, giving a total depth of 14.375 inches.
The poly(phenylene sulfide) polymers used in this example and

invention Example II was an acid washed, high molecular weight polymer prepared

THT O



WO 01149777 PCT/ US00/ 35494 -8 according to the nethod disclosed in US
3,919, 177 and avail able from Phillips Petrol eum Conpany under the

desi gnati on PR26. The uncured pol yner used in Runs |-1 - 11-2 had
a 1270 eXPOY3h rate of 38.4 g/ 10 nin., a QCM val ue OFC;.EfQP/Q?r%d a bul k
density of 20.3 Ib/cu. ft.; the polyger used in Runs 1-2 and 11-3 5 had a
1270 extrusion rate of 36.2 g/10 mn., a QCMvalue of 9.48 and a bulk
density aéco?ding td the anethidd. discdoseim US-3,919, 1& gl avaidablevfioncBhillipsd to t he cure
vessel , S .cur at tepperatures,.r | ng..from 350- 370F for, .approxi mately
15 hour s Fekmieim femoehy BT PP BRAE T phe St pelimer w875 1 e

pol yner wass Ehaligeshd B-2 KA £127 okBasi6h ratdes 38.4IF10 nith., h QUMnNaluédr es rangi ng
from 300- 355F for approxi matel(%/3 7.5 hours, then wa renmgved fraomthe cure

. S,
vessel . PKANALEnd 3 brikidengitypfA0 thirve £k Pelmerpisddn Ryps driptnd Mg t he
i nventi Oﬁk&ﬁt%@'exé‘éi&fm&tﬁﬂm £/16 niaR! YTEEMAHRY S 9198 b 8 va sed cont i nuous
process. For nll-1, the polynmer was arged to the cure vessel over a
peri od ofdendityaf 23.1nHbierdt. and t he tenperature of the cure vessel and
contents was raisgd 40 a.specified set., noint..Upon r hi n set point,
a nmeasured anount g?r ﬁ%?’é’d@BSP%@F “\%ggh%?sd; atP garef‘Fegm?’t‘ﬁaesgc\/uééshgel, and
i mredi at et yenfpetdnned ragginp dron350-3T0Rfaeappsximaehy 1 hbourstthat wascur ed pol yner
was char%ed tgéqhe cure vessel. This discharge, feeding schedul e was
r epeat ed TpOEL frqm, fhe Qurs ¥essily i | ¢ he 1270 extrusion rate of the discharged
pol ymgr reached a péeRily1-¥atht Polynfe Kb haBel todihe ChrRS elsedf wandurai mat el y
four l'iters of polyner was accog“gl%l shed using a _calibrated container.
Si nce t het tempgrastesyapging fronh 300-325F ey anpsoximatelsy 7.4 hputss henwgds 25 not

pr e- heat tm e Gesdfjop of around 50F occurred each time the uncured
pol ymer \%%Sm\?eg toﬂ{ehe cu?sgé'vessel; the tenperature increased to the set

point within 10 m nutes each tiEXAMBIE IIi ntroducti on of the uncured

pol ymer. The interyals between. repov of. th ol yner re set at 1.5
hours, and a vesse?fgiﬁgﬁ?fgﬁg\tﬁg?cgb&% eeﬁlﬁ‘éts r“éi’?%’sﬁ é‘ed?’%ev'\ﬁf’g.me%h(’éiaset poi nt
t enpasat Wf euirg the dolyuiet avedsditg to\a puldedtontidfovsiprodegs.was conduct ed over a
period of about 18 hoIgrs RE'P 1q]}-2 Was g{%{-f rmed in a ner identical to
Run 11-1 except thg?r u H-1o dhespolymer vas chargsd, o dhe;cire Yewe! Ot | ater drifted
to about RREEof sBYut 5BoM@Sand the temperature of the cure vessel and contents was

raised to a specified set point. Upon reaching the set point, a measured amount of

cured polymer was discharged from the vessel, and immediately following the

20  discharge, an equal amount of uncured polymer was charged to the cure vessel.
This discharge, feeding schedule was repeated at set intervals until the 1270
extrusion rate of the discharged polymer reached a steady value. Feeding and
discharge of approximately four liters of polymer was accomplished using a
calibrated container. Since the uncured polymer that was fed to the cure vessel was

25 not pre-heated, a temperature drop of around 50°F occurred each time the uncured
polymer was fed to the cure vessel; the temperature increased to the set point within
10 minutes each time after introduction of the uncured polymer. The intervals
between removal of the polymer were set at 1.5 hours, and a vessel temperature was
measured every 0.5 hrs. The set point temperature of the cure vessel was 425°F.

30 Curing was conducted over a period of about 18 hours.

Run II-2 was performed in a manner identical to Run II-1 except that

the cure vessel set point was 390°F, but later drifted to about 360°F. Curing was



WO 01/ 49777 PCT/ US00/ 35494 -9 conducted over a period of about 27 hours.
Run 11-3 was perforned in a manner identical to Run 11-2 except that the
pol ymer used canme fromthe sane product |ot as that used for Exanple I, Run
1- 2 and t hatwdgpssbpnperature set point drifted between 350 moTdUsé®@8E494 due
partly, it 5 is believed, to the fact that the size of the discharge and
feed was varied from interval to interfal over the course of the curi ng

process. The curi.n rocess S i nued for a period of 59 hours. A
conpari son of°PCH %ﬁ?rwwg\gggg%’gﬁ&'ﬂuﬁsmulti ng cured pol yner properties
from Exanple 1 and Exagtil B-3Was gerfohadin \mhakdr §ddntibl t6 IRUAC-QVéxceph ghat 10
polynmers cured by the invention nethod have, conparabl e 1270 extrusion rates

to those cuthe®o MW%&W%R?W‘@&W&@“&‘H&@S@&@,XWHMVB\FP use of
the iinventi op, ngh Eﬁ@ {1 teld S0 PbinD ARSI Bt b3 ARSI dRPPERYOE O
achi eve higher throughputs and nmaxim ze polynmer production. Table I 15
Ext rusi on5 Risrbeliened, ©uthe fact that thetsize@fithe dischangeand eed (was varied fromr s) (g/ 10

in.) Val -1 50- - t - ac2D. 8 5.8
2011 -1 pul sBTaL 8 it WephS b i fhe ftng bigga) il Al Biitedsac®, |, 2
350- 400 59 1&nBinded3for BN B 59 hds.The pol yners produced in Exanples | and
I dtof d ich. th | ded i nt I '
or der o test mechani daPORBIGRE Pl Heciribp ARG HLe R SPAEOMRCE unb! e

bl endi ng m xbidp&heOfroRIXaRPWIE bnd Bkagsle T QhowRth Talsle T hvRmbeldwa Theast i C

bag. The fiberglass and additives were selected from G filanment
fibergl ad®, polymers sured hythe inventipnapethog bavesomparablecl?d'0 cxpmsiopyratesdp an
epoxysi l.ane, ' &%g@ W afth WEHAO ¥H0REQEY hbwevEr! (2 6f $hd ane

avai |l abl e fr%‘?n nl%&rsla%ar |dt§ ]%g TC-alOO; a Eydr Ofk\({ﬂ cite, in this exanple
DHT- 4A suppl ineentiobymethamiref @ikssdicontinupnsiciwing)allows ag gnersior totdchiekehigher, in

this exanpl eﬂéo%%hﬁxtg Exlui Jhaximize polymer production.

Table I

15 Extrusion

' Run Cure Cure Cure Rate QCM
No. Type Tem (F) Time (hrs) | (g/10 min.) Value
I-1 Batch 350-370 11 20.5 34
I-2 Batch 300-355 7.5 25.8 5.8

20 II-1 Pulse 425 18 5.7 2.0
-2 Pulse 360-400 27 17.9 3.4
-3 Pulse 350-400 59 18.8 3.3

EXAMPLE Il
25 The polymers produced in Examples I and II were used to form

compounds which were then molded into samples in order to test mechanical
properties. Compounds were prepared by tumble blending mixtures of PPS powder,
glass fiber and additives in a plastic bag. The fiberglass and additives were selected
from G-filament fiberglass, in this example OC497EE supplied by Owens-Corning;

30 an epoxysilane, in this example gamma-glycidoxypropyltrimethoxysilane available
from Union Carbide as TC-100; a hydrotalcite, in this example DHT-4A supplied
by Kiowa Chemical Industry; a polyetheretherketone, in this example 380 P

an



WO 01/ 49777 PCT/ US00135494 -10 supplied by ICl; and a high. density
polyethylene, in this exanple TR-161 supplied by Phillips Chem' cal

Conmpany._This dry blend was then nelt mxed in a 1.5- |n¥;? s;M(L: D),
Davi s- St WAGYAN™ singl e screw extruder at tenperature se |ngs of 620 -

620F. Extrudate was chopped and thenowl ded into test specinens using an 5
‘Arburg ECO 305 injection nolder using procedures known to those skilled in
the art supjlied baiQl;emdwechigh densityipelyethylent.vin this example 130261 sipplied e t esti ng.

The. pr op v FEBRY ChieR ARl T M e N e T R R RET B o087, S,

conposi t i2an gabyl mwls-mmdafd Ringhedcred Md@ﬂﬁ@t@ﬂx‘peﬁaﬁﬂéﬁeﬁx despgmat i on R-4XT
prepared froma p mer produced in the manner described in Exanple I.
The resul62€’ Far@‘%‘%‘é Wﬁeqhawqdrﬁndm wokded Totg tesh APSENEAIE AT ab | ¢ 11, the
mechagi C%bafg?tgﬁ 80§ $njtion GRTRE RiNeSrb Qiurel REowR @@%e%klﬂé@ﬂ%sd from the
pol yners cur y conventional batcCh processes the i nvention pul se
cont i nuoag. cAll smgplgsrwwsﬁ@neﬂwebpm@éomm B?ﬂj’b‘ube%mﬁemlg p¥lechemisalal | ows t he

operator to x| m e n | al 15 and
final redSWP5M erelreégmm':r eacr% lc\:ﬁyrtg% BC%%OA“WQ B¢ h&E%pr@& from Not ch
Unnot ch Tefe I@ﬁpdfécbto d:bmmnaoiaypmﬂuwlmdmgmmdc&ammowmdkﬂw OCM Run
ftib/in ]l Ksi Ksi Ksi VYa 31 13.2 2310 25.4
2000 40. &R ﬂpmp‘?@ o ﬁem;’atw ugiler, the 8#’%‘5%%510?# ékéJ Jﬁidl fom 349013”11“1 1.38 13.8
2250 187, $rdfél #0nd rhndl deganbamzxam o3 The 18nd348 ddwh AP i39. 5 1. 97

1-2 1.35°11.3 2400 24.8 2030 38. 25 R-4XT 1.50 13.6 2500 27.8 2100
40. 4 1. ssl‘abwm Astcan beseapcint Table %a@e @@éharﬂ@é@rqpsétfs iaFe eRIRerablg &Y t he

pur pose but is

i nt ended to CA cmagﬁ%é}?%gg%ln%lgPgﬁ%e?@%da%fgﬁgeﬁ%l ﬁ&l% g&ggsg%e t her eof .

WO 01/ 491&1& b?(’m'd iummamm contimuo@ ¢urivg process\ Fhe pulss cémsinuous ¢unypga

poly(aryl %]c%sssmowsqgg 0 erat rn%rm%nln?z% production by avoiding the initial charging

Da

15 and final removal periods for each batch to be cured.

TABLE 11

Cmpd. from Notch Umnotch Ten Ten Flex Flex

Polymer Izod Izod Mod  Break Mod Str QCM

Run filb/in  ftlb/in Ksi Ksi Ksi Ksi Value
20 |I-1(inv.) 1.31 13.2 2310 254 | 2000 40.6 1.31

II-2(inv.) 1.39 12.8 2280 275 2020 41.4 1.42

I-1 1.38 13.8 2250 1274 2040 40.4 1.20

II-3(inv.) 1.38 13.3 2340 |284 2030 39.5 1.97

I-2 1.35 11.3 2400 |24.8 2030 38.8 2.39
25 | R4XT 1.50 13.6 2500 |27.8 2100 404 1.85

While this invention has been described in detail for the purpose of
illustration, it is not meant to be limited thereby, but is intended to cover all

reasonable modifications within the scope thereof.



conprises: (a) achieving and maintaining in a steady state cure vessel
curing 5 conditions sufficient to cause a poly(arylene sulfide) polyner to
undergo a decrease in extrusion rates while intermttently adding to said
cure vessWOWM4BYt i on of wuncured pol yner and renovi ng aPE&USIMRf pol yner
wherein said renoval of said portio_nnoj polymer is performed at
intermttent intervals such that said portion of polyner that is renoved
contains a m ni mum anount of uncuged pPphwger. 10 2. A process according to
claim1, wherein said curing conditions conprise a tenperature in the
range of about 100 HoPraerssforampiag apolyfarylege stlfdedmobymaenwhichy claim 1,

wher ei n Sacioﬁxggigésl ng conditions conprise a pressure in the range of about
69 to about kPa (about 10 to about 45 psia). 15 4. A process according
to any one of cl ai méa)lachievivigeandi maiptainingcinrd stepdy state curd vessebicuringan oxygen

cont ai ni ng _at.iosphere. 5. A process accor.di 0 a one of clains 1-3,
wher ei % s %@lgﬁ?ﬁoﬁlﬂgﬁ‘i‘@ §% 8%% &8 E’iﬁﬁﬁ% s‘ﬂﬂé‘ﬁ&’i@?ﬁs % HB{’J%,@ 8 .dceﬂeiﬂgo cess
accor di ng ih extaRiorOfates hile linterimittdnt, adahiI16ishid atedveasil iabriién 020 conduct ed
for a period in an oxygen conptaining a%gnsphere, fol| owed by curing under

an i nert- gegured polxmgt gRcEemoNIng S RATHEN PhPRleTowherein stidserppval of saigherein t he
cure VoS Saliohy bk i pANImEd o i ARl k&R flon s RRRGSy 00T i no

to any one of clainms 1-3, wherein the portion o r s renoved

after an ipolyarey shat igyemeored egniaingd minimubamennt of wacuredipalymer.er  uncur ed

pol Y i added {06 GHEGaERSE!claim 1, ekl bt b borkick 1111

comprise a temperature in the range of about 100 to about 350°C.

.

3. A process according to claim 1, wherein.said curing conditions
comprise a pressure in the range of about 69 to about 310 kPa (about 10 to about
45 psia).
15 4. A process according to any one of claims 1-3, wherein said curing is
conducted in an oxygen containing atmosphere.
5. A process according to any one of claims 1-3, wherein said curing is
conducted in an inert atmosphere.
6. A process according to any one of claims 1-3, wherein said curing is
20 conducted for a period in an oxygen containing atmosphere, followed by curing
under an inert gas.
7. A process according to any one of claims 1-3, wherein the cure
vessel is a continuous stirred tank reactor.
8. A process according to any one of claims 1-3, wherein the portion of
25  polymer is removed after an interval in the range of 0.1 hours to 15 hours after

uncured polymer is added to the cure vessel.



