; e3e)an) L. zZ6 TA<C928 June 2004 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 poly(arylene sulfide) 5 polymers by a continuous process wherein renoval
of cured portions of the polymer is tinmed so as to mnimze or avoid the
presence of uncured polyner. Poly(arylene sulfide) polyners are generally
known in the art and have been found useful due to their high clehinedbiéand
t hermal resistance. Proc RN GQrOPf such poly(aryl ene

sul fide) polynmers have bgg%S%%§§#%§§§K?2§10 the art. In a typica
preparation, at |east QOLY(ARYDENE'SULETRBhAOLYMERSsy| fur source) and a
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batch process in which the cure ti and terrfoeratu eolgqu%rs‘peci fied to

achi eve tingmedsprasdo fiRENIZE S AR 'ggé’ﬁ"egl‘:’f‘?ee% UIGHER Batrch processes are |ess
desirable in a Com"ﬂ%;rlf(ia@lerl%l Qifid iﬂ&‘iﬁnéﬂa%‘e galtranerievn fetid ai endi es of
operation, i.e., require repeated shut-down and start-up of a_process and
process \fRss 8kerftdint ugsful dog to thee high chomijsat awsd thepmabrestsegsc. PEo9s8€5 20 been

di scl osed that the curing process.can aon i put such a
process dJaf therpreparatien alRichp Yé&yil?ﬂel ?”?@dér?o %%gﬁaﬁg%gégggyg’% %d gl? final

prodyet characteri st LR 4tN84st BhO VilfesardRate Geapontl, @ suifoal pol ymer
char gg)t er‘P‘%?ﬁt:slgcf‘uéﬂcgﬁ{)ﬁgggﬁlgs’ence of portions of relatively uncured

pol ymer agume| knds polag ok ganiuicedp@uidyare contactedamer pRIYBEZAMY e to have a
met hod whereby the pol ymer could be 25 cured.in a. ' 1RWAGEES While
m ni m zi repndiwens-e F<HsT HEPOIWS&ISWS‘?Hﬁﬂﬁug%cbﬂ%ﬁ@p{%%ﬁée&oper ator to
achi eve desi.rad, f| roRh@WI6E nsdt8nBefiue farshbssapplibat®nisnf/ gt i on
provi des lao%f)gg%s?g%%;@%u?ﬁgoa pol y(aryl ene sul fi d_ei?rspol mer in which
curing proagesr issoednivalt @dedpriar tonss fon domn et 2iiiFei NP HF REdi ti on of
uncured polyner and renoyal of cuyred polyner.is. coqrd desuahytibat 30
litt! orpraecsasrchavePrEvATyHdeet §°?ﬁ[“§ canip tlx?l 1?%3%8‘2%%% l%cﬁre vessel
during the peri SR atur® hireP§pReiIet - to ladhia € dieddusired dirtash polymeri nvent i on,
pol y(aryl@ﬁéﬁg&uﬁgﬁegg‘)d tglgpyrrerrs are -228 June 2004 cured in a r?l\(%ess
conpr i si ngropéfiicsV iSach datdh oS i tpse desirylecivr PemBIeEeip) plan! $Rrcethiessel |
then intermttently addi.ng uncured pol yner. to i g =Y
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pol ymer fromt c 8Jesded aREHhRINIAH th tHiredghpvab$ tisuplocedsatlt bage
presence’ Og? pgoh%?lsc%%g%%g%ﬁgyﬁ%r is mnimzed or avoided. Th% Eol%éaryl ene
sul fi ) BednydiEglosedatlat the chiisg prcess ¢asnbe sendueted copareRpsy; PR §U5e? hod known

to those of skill _in_the art,. .Po ar.yl ene sul fi i ions are
gener al | ypuicsss e framlaek of p?"llgﬁﬁtyé%élrs}%lg‘é]?g Lrjdggf%y %glétl% %‘gﬂoagéts
5 910, 171 on 8k, thabfiRnB2rotdos b loblereiniptlyner phspaetisys ue
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pol y(aryl I ol ynmers. The above-cited pat Ent f)%!lg‘/l;l c?ﬁ%i ons al so
di scl ose wetHeostesdnoe of ponives iofigelatively Lorured PYlyaRSy| 8ecls s “B5Fyner

duct. Anoth itabl t f j bd
D RSuCt maaunies 1 ok gAMb SRR SR bt &b
al | d?:gcr 'cul}]%dtinea SEiBahakd I%Ct_%g vohilesidieclzipg uycmed pobehtanfirpyayidect | on

m xtufes containing various inpurities and unreact EdgFOI y ritzatticon 15
conponent glexibilétynolthié apsratendo sdtityaidysined| b polyseg drecust PHABFERABd by

contacting a polynerj.zation.reaction mn Ol d 1,8 1dreamifidne
di hal oaromati c corrpé'tm%i,m"ﬁmé?ﬂ P{?rmgc&f%eé,%%ggipa po% a:'p %(r(ggni ¢ conpound
under pol )g)rofg&}, ahi Rk eehd Ef&&%ss Bidoaleasd otk mntionpourds whirein B8n be
enpl oyed i'ncl ude p-di chl orobenzene ( DCB) i by onohert zene uch that

p_
p- di i odobexaiioa, of inchiedrmplyimer Wﬁk@%eeregpe gs £opiandied, such

| -b -4-i odob . .2.5-di chl T |
1 ot hgb- 4 1107 BRyEwed TREPIR BLORn S e Confmtnlchlt Gestalieiniigane

1,2,4,5-t . 7 ir6dlc@r obenzene,
1-buty|-4ﬁ%§%?§ﬁgé??%%?§ﬁhibronpbenzene, ) i 1fid ers are

| - hexyl - 3- dodecy! - 2, 15 atcerdaneeowith this dnveptign, polx(Aylene sulfide) polymers &re

| - phenyl -2 chl or o- 5- br onrobenzene, 1-(p-tolyl)-2,5-di bronobenzene,

1-benzyl -2,5 25 di chl orobenzene,

1-octyl -4-(3-nethyl cycl opentyl) -2, 5-di chl orobenzene and the |ike, and

m xtures of any two or nore thereof. The preferred dihal oaromati c conpound
for use in this invention is p-dichlorobenzene (DCB) due to availability
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sulfide as the sul fur source. Al kali netal sulfides which can be enpl oyed

include lithiumsulfide, 5 sodiumsulfide, potassiumsulfide, rubidium

sul fide, cesiumsulfide, and m xtures thereof. Preferably, the alkali netal

sulfide is used as a hydrate or as an aqueous m xture. |If desired, the ,

al kali metal sulfide can be prepared as an aqueous solution by the reaction

“of an alkali netal hydroxide with an_ag kali netal bisulfide in aqueous

solution. It is preferred to use sodiumsulfide or a conbinati &% Jofe 86 um

10 bi sul f,Ag i@ndpsReiswbniptitipxaditevisy dibrgititiningsauringecinditidnissn ianauent i on.

The pol ar organic conpounds useful are solvents for the di hal o aromatic

conpoundwessel] théreindennfitientioadding paaged robyRisT 19 SatdcFure Yese y(aryl ene

sul fide) .pol yners. Exanpl ' : gl ude am des,
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comoundimilﬁﬁér%hﬁwﬁmmmhopaﬁm sleintetedls sut typt thegaresaietof et hyl enedi

pyrrolidone, N-nethyl-2-pyrrolidone (NMP), pyrrolidone, caprolactam N

et hyl 6apnukerct polymen Banigteized| oN2YefdRdt hyl acet ani de,

1,3-dinmethyl-2inmd | idi I i 28] e and the
gglﬁel B&g@aﬁﬂ%ﬂe %ﬂg’g@gﬁﬁ?ﬁgﬁﬁs&ﬁn fhis RRLNEIH E8Sb

| i ke. The polar or oun preferred is NWP. 20 It is

Wi thin tgﬁ—c QPBy @hy nitBod RN@H kOThoke ofBpillon thelayl Rojt(enersudulfidid) pol yners
t hat hav een produced using other conponents in thﬁ‘a kygvari %Zél on

react i on polwhenzations ar gangrallycdigrdspian itheaitodor ExATR ﬁ"p) e ntiledul ar

wei ght ifyi n i i - Lat es,
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Sui t 3l e aFER) kalymdre! dhecdbbexiiédapasntpibiinatiens deo displosy ewtliadsiforde t hose

having the fornu'la R COOM where R _i's a _hydrocarhyl,radi cal. l ected from
al kyl , cyetavatirgla ussfi}pohypridns spifide) pof ‘F{ylrf,"gﬁﬁd %‘ﬂ%ﬂﬁh%@ﬁ% e'ttbg&bon
atons in

208 L et B 18R A iy bl anust s o

iu odium p rubi dium and cesium The al kal i
met al  carfipsybatest pavlicagoenall dyseribashasdppritianedfor d@dred podymen prodest or
di spersion in water. The preferred al kali netal carboxyl atF I S. sgdrilum
acet at e dipeniroachipni MEEITES YNARNEYATIOUS | IFPHBYES a8, BReActsd PEDFRTIAEUPY | ene

verlts brfaRerey sy FBF R B EHERAREF BoRg s pefbrell R

i nve onprise r ow nol ecul ar wei ght
pol y(aryl £ps1yfietibatitd) raaohomeiistirehapnguesning shieastmnerdihgoapmatiscompaingl so be

used to cure relatively high nolecular wejght polyners.. The term | ow
nol ecul ara swfusisEuiss W‘gﬁﬂogﬁ‘ié’r%%“f F?FE?O‘H{d @?ffﬁf qoi%gexbzeaggpaclopéﬁﬁ%%m to
denote a poly(aryl epg | £1 I i @ldlofdOiic@kue in the
range of greater thgghai‘%é%‘hgﬁﬁmnﬁmfﬁgﬁg?“§8 0 00%/ locm' n: when

measur ed RARAIdthBGzERe ASTBY,B-tidd@nolzmeid, ipedii@ibbeazenthé-chiarmdhi gh nol ecul ar

wei ght pol y(aryl ene sul fide). palyner, as used.hgrein, is generally nmeant to
denot28 arbreswbpnzest, ychﬁoﬁ%érloﬁ@?e?%%}cyIlg?{gmgﬁﬁfqd%i’?%c’pol yner having a nelt

flow val lu%,lﬁﬁortopoqge%boyg q}aﬁ&ogéj.}ﬂegté,)rumw4h@o pYIOZ, 8L EBrosickbRzene,

Essenti a gar pol y(&ryl ene , as used herein, is defined as a
pol ynmer hayidngshanistiana-dichiorobenzineg 1sbutyl-4-syolohexdf2, brdshrenioRenzg8et o have

o pol yhal ERiTaedecs b EHOTBRREF P KR BIEr Ik o iR ons d e P
Cause 1 he TR e e de the essenti al |y
| i neays deficRlotdten)ene, 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 disulfides and oxysulfides, thiocarbonates,




Generally, the ratio of reactants enployed in the polynerization process
can vary widely. It is preferred that the nolar ratio of the anount of

di hal oaromati ¢ conpound to amount of sul fur source be in the range of about
0.8/1 20 to about 2I1. If an alkali netal carboxylate is enployed as a

nol ecul ar wei ght nodifying agent, it is preferred that the nolar ratio of
al kali nmetal carboxylate to di hal oarogatic conpound be within the range of
about 0.0511 to about 4/1. The anount of polar organi c conpoundichptdged
can var yorgficgerciigtanso byganici maichptidesy erganicviuifddesaniieli rivctelf srifiddsyandhowever ,
during polynerization 25 the nol ar rati? of 1he_ anount 8@‘ ﬁol ar. organic
conpoundbiselfideeand; Aydrogsn sufids,r Itsis presently preferred (¢ ugyan gikalymetgl, 10/ 1. The
conpone_rll_%éﬁ éaé %gu%pgél&ge_m xture can be contacted with each other in any
order. ermtermnation of polynerization, as used herein, is defined
as 30 that point aplvdii mbtabsuléifiés whichi caa et @pploged alobmdet bthafrh eulfida, r enoval

of the conditions necessary for pol. _mer;’régéi on to ef hgcti vel ﬁgconti nue, for
exanpl e, sasjurB syt ﬁ@m‘fsﬁé’_lrsélcf’&‘ie}’%b‘ pmy e, aepigpm sulfide.cands METeS o yner
f rom ¢ hey ROl AbHR BndThikhl Wfetall difide RABed RS 1B/0PAe BHSE dhegliBbind that use

of the termtermn e polynerization doés not inply that conplete
r eact i onpftuienelfizkiyat thez alkald matdasul fidmncanobgpprepated dsas) apeans swdutiont  shoul d
al so be noted that, as used herein, the termterm natian af the

pol yrer | batheorsaptaon e analkali megalihydroxide, yithapn alial !‘i‘é‘?‘alp'?)‘w Fi'Zati on of the
react ant Lgeﬁﬂs LaliGo! RGE })réet?&i‘?d’ fid odiljbxﬁ SuRfRNAM EomBRAAABS of BAdiMkAr Y| ene

sul fide) yner recovery 1s typically begun at a tine when pol ynerization
i s supst pitifike! md codipkehgitoxitibat the sulfilresoureriedbs inverponymer nol ecul ar

wei ght which would_result fromfurther pol rization_.is. naot, significant
enough to warrant tHE Pﬂﬁ‘ﬂi%&%ﬁfa@"ﬁ%‘?%ﬂ“’zéﬁ@n“ﬁ%? fox thhy °the reaction

tenper at fi ¢, At o J’ﬁP‘;&ﬁh‘tﬁl“&ﬂF% i &k OlsedSin e pRIARALE Gf GBR(¥dheOVEr a

wi de range, gener e wthin the range of about I 70C (347F) to
about 32561 FHymenr dhargibtsyofaobtpoROEgine sbupoudodcluinantidesct i on ti ne

can vary_ w del dependjng.in rt .an the reactiaon t erature, but
gener al ?lwcwdlullgyk’ét"%fstﬁ? S‘ﬁﬁ%‘e?'g Q@Clg? eéBIBB[eS § Olth’@g%f%mé%out 72 hours,
pref eg ably, g&mal ! tsiﬂclﬁ'@é’ﬁex%ﬁleﬂg%sﬁl&%i&; 1B AGRM! & Shethytbnbai-suf fi ci ent

to 15 main the pol ar organi c compound and t he di hal oaromatic conpound
subst ant pgirblyddre, NamethyH2Hpgrphdere. (NME) pmirydlalopt.crapraladtiing - pol ymer

prepared according to [S | nt.i o an be recqvere any net hod | rnown
to t hosee@VICSPWIIEW_ %‘L%'alneai lﬂ\{f» h‘i}mﬁr}i‘yﬁam&nf’gf(ﬁﬁwﬂy@ﬁﬁi s invention, the
pol y(ar yhﬁﬂazamiﬁdrg,eiowmo\r&ﬁm v@éi%nt%lﬁﬁnih@s,'a%ﬁﬁﬁ@%el MenerpiigCHHganic wei ght

of the polymers and thus achieve desired final product polyner
char act ecompowrsl presomtly prefegegnodSR | nvol ves heating the pol yner either
bel ow or above its_nelt.i ng&;})oi nt f Beri.o of timne sléjfi fi ent to achieve

_ d
the #sired 25 nmechlivadt f‘offé’PFi"gréhlgf‘ YHRIOB 4P FIRIOY, PRy o0y o
poly(ar ykﬁﬁﬁeﬁﬁélgirngﬁ)mﬂ%}owe%n bERLEM usGE Viktir@nipontilsSnigyent i on can have

mel ting tenperatures ranging fromaround roomtenperature to above 400C
Accor di ngblymetrizetianurdactiprpmidessort dnpey tht pobymeneatiany Foyexampld de range, it

e el SRRt At bRt phes R s i SmLE Lo hake, CUre the

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, aryl,
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, potassiuin,
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




30 about 1SO to about 275C. The pressure at which the curing process is

conducted will range fromslightly bel ow at nbspheric pressure up to about
30 psig. The curing process can take place in the presence of oxygen or an
oxi di zi ng agent, can -6 28 June 2004 be conducted under an inert gas such

as nitrogen, or can be treated in a conbination process where a portion of
the curing process is conducted in the,presence of oxygen and the remai nder
of the process is carried out under an inert gas. The anmount of28Jume 2004
required fogcur a;?w,‘ dpM& M1RERAIcY HiMGuldiv&ghdi ti ons of

t enper at u£°e@splpggétu%%e%a¥gﬁ%%p ere Ender V\,‘hi%_the curing prg]gtgess IS

conduct edpapchrilent swlfidt) pelymenshestceer, e inyentiorn procpss| samaise bausadi |

general ly range from about 1 hour. éto bout 200 hours. According to the

i nvent i oncwe geladkely highmolerylagrvelg ‘ﬁﬁmﬁ@r is renoved fromthe cure vessel
at a time when the Hags WekMESIyWirighe stiifider polgmeessel s
mnimzed. The ti ne%q?ltr%qe)é‘y/g@bet menhtﬂ?gggti on of }ljgcured pol ynmer and
renovad Oferdefflypmeanintoafenptel y pely(dralenaguifidel polymer daviasta wrelt oy veye
material wll also depend upon the fenperature, ssure.. at npsphere, and
desired phoperapgsobreaiss thqnanoopyééﬁggz i gbq 38%@?)«3&"/ m&mfjbw?}glé a tim
interval in fio aOr B9 2ARNELESLLS 338Ut | S hours when treating
a | ow nol glgutlg‘?d \%/%‘"‘P’g‘ﬁ%’gﬁ%| y(aryl ene sul fi (ie) polymer. The time 15 interval
can be selected to Hheabon high mokoular st ght gody(Rivdgnenpilida) nolywen. @ht  pol yrer

and a preferred range i s _about 10 m nutes to _.ahout 10 IS, t he
i nvent i onugsdl hegeipolft SRGHY REAT! Y dﬁp@gé\gscsgﬂngag Lf%lﬁ"ér ?%gé\@?ﬁé}?ﬁgageri od
requi Egd L9 ﬁlgﬁin%*hemﬁﬂrfrb»x\/%ﬁl%|leﬁﬂﬁaﬁ GBI E 00010 REh WA Beiween bat ches
whi ch' per POdS “eac an range from3 hours to 8 hours, dependent upon vessel

size. 20 Tharelisiang Pssenesly haeur ipoly(antimetsatfide), 2owsrdherenals dofiyeeas vessel s
whi ch can be run at  the ropriate tenperatwes essyr.es d Vi ng
necessar y 2 fPORIRG dEVing n‘bgg%@ﬁg’ﬁi% Sl’fﬁltl &%%@a%‘n“%}@‘?r ég%%’?‘ 8? Eogh%% this

| nvent | Ongutfspﬁlﬁﬁ B0 EtR2Ebn it §sa5»ﬁﬁ+ PfopEiads Bt dampipaht emoncont i nuous

operation. s presently preferred to conduct the curing process of this
i nvent i on pbhalogmniatiolimgsrisy founddnt the Kilzdoaremetiopsed i the peherelsiéd to feed

t he uncured polymer to the cure vessel equi. t._1lnt pr e- heat

and mdf er selfide} %‘élbi‘qcﬁtz@“irh%m%ﬁsew?}'ﬁéél@f ny ﬁufoﬁrébée%qu‘% ga"lé Itgqu%%gglgtur e vessel

condi ti °”§ob§ﬁgﬁ%isﬁlfﬁé) P BS bartdeathe ReSHLiBILE lindeadilition)i ng exanpl es are
n-or

provi ded er to further illustrate the invention, but are not intended
to be limting of t(enscdiye thehmtioaf. re@darExempinyed inthe palymsnzaiphg

exanpl es, the polymer 1270 trusi.on t report.ed r 10

i nut es ( GFOFOSTTAH) varyey! elﬁe%ﬁﬁﬁé@%{/&?ﬁﬁer@?ﬁ&ﬁmﬁ °§§’Fﬁ‘%5%‘3}?28 June
2004 1238@9?&59%&1%@&&& o3 amdiR BTsuffine Sout&e He il theRAage bff AYoltE8/1270
extrusion rate had a 2.096 +/- 0.005 nmdianeter and a 31.75 +/- 0.05 mm

| engt b0 Pad yomrt 21kl f & elkaliahefebcarboxylatetis ewployed@si molegalag Wi ni ned by

t he met hod of . ASTM D 1238 ndj ti 31 gl N L u asuring

the Mol 1o masifstheses b sgpiarred thaffhe Hnolef b g Akhl vl tbod e BEAOULT 1O

ength. PoliREoR&I0caboNM BOWIRLEHENkHESof hBoW0.01 a6 aBAUOA/E nut s ver e
y

det erm ne e met hod of. ASTM D1238, condition 316/1.270. The.orifice
used for neasuring tHe dea@teftpolar aaniecempaund emphysd cgn @5 PRSI anet er

da3l.75 0.05 mlength T | at,| ' t |
The. pol ymie selipvaegn 410 WEoaPey PAStHT Joner s daebphaRerPafor o

(QCM sthiﬂl§ hEH kY 8F MedaMBRaT diZd1er M@hit idognpBané o ahesrahpe wf aulfol t en PP5
sanpl €, coll ecti ng the vapors on a water cooled, vibrating quartz crystal,
and conparsbmge tifien theoange of 1dovediéed naterial by changes in the frequency

of the vibrating crystal. A wej sanpl B whRsadd aced in
the bottom of a heat ?‘g%%enk?ogﬁg‘f’ég% ‘gﬁgg}‘“ﬁgg’ﬁg?&“ﬁ’g#& S'was cover ed

with a |igueonhahpiongert he vibrating crystal. As the vapors condensed on the
crystal, the resonance frequency of the crystal decreased.in ﬁ%ﬁﬁ%ti onto
t he amount deposit edTheTesm tomninasomn pE PPYPHFIZAEOT, AS(USLEECTF™. 45 & onl ess

rel atiye nunber progpartional to.the c i.n hal in a
10 mi Rlte aégoqﬁ%ﬂuﬁ%ﬁg}%%ﬂ%pp&%&%ﬁ% ‘lion%tff%:cgg e tﬁa?‘p {’Egﬁfcéﬁl ﬁ%arrpl e
had a |0ché%?'fopf)o%éfﬁhﬁéﬂ ke sffadtivehecdraisine forpaample, dyttegimninetheanpl es
wi t h hi gher val ues. The unanneal ed and_ann alggoq tensile streng’ggs of

each sanplreconercofitheaoly(aadenssifide)Rplygeniom YRERZRHOB P hglul us

and flexural strengths of each sanple were determ ned by the nethod of ASTM
D790. The unnotched izod and notched izod inpact strengths of each sanple
were determ ned by the




25 procedure of ASTM D256. EXAVMPLE | All curing processes were conducted in
a rectangul ar trough with an approximately 5.875 inch radius

hem -cylindrical bottom having dinmensions as follows: 35.5 inches |ong,

1 1.75 inches wide, and 8.5 inches deep to the beginning 30 of the

hem -cylindrical bottom giving a total depth of 14.375 inches. The

pol y(phenyl ene sul fide) polyners useg in this exanple and invention Exanple
Il was an acid washed, high nol ecul ar wei ght polymer prepared 28 Jgne2804une
2004 aciAbBGotdd thiCus@RIMAg terti £EhRSE6N iof théSpSlyRkizdiion asst @taipbl e from
Philli ps Petrol eum Conpany under the designation PR26. The uncwed pol yner
used i ntRursmplde re¢action afithd polgmiridatipnirzZgioaxeampyinsatsrhasocetrgB. B g/ 10

mn., a val ue of 7.14, and bul k, densi of ..20. b/cu. ft. . the
ol ror. stian A e Ated 5 aciee BaPh, € SR Lbplac bR oF R pilimdzatiafl "5 |
mn., a;M ¥ehiigo Gfnp8y 4t A6 Gurthdd Wolralestibl oFfth@ Zeabtanky/ cds. thke plaoe. Run |- 1,
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cured POLSYE fts melting point for a period of time sufficient to achieve the desired

25  mechanical properties of the polymer product. The poly(arylene 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




properties from Exanple 1 and Exanple Il is shown in Table | hereinbel ow
The 10 polyners cured by the invention nethod have conparable 1270
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(g/10 min.) QM 28 June 2004

Val uel - 1Bgé ¢ &ﬁﬁx@:eﬁ%@n%&#as?&%%% 9%55&52&1)5%%& 1&P%cﬁ%ﬁ§ilo%5 72. OH
- 2Pul se360-4002717. 93. 41 | - 3Pul’'se350- 4005918. 83. 3 EXAMPLE HI 25 The pol yners

pr oduced pmcEssamlpﬂreg portien of thevgrmgusredess ds f:mdmtadnpcthmisesmnecdif were then

| ded int I t est h t Co d
or epar ed DY FARIPG 9h e BrorestR P O g G Ebbor and

addi tives in a plastrhe aRRfint Erhﬁmfel&@&9&@@%@@%@9&%&&6@%&% sRtgcted from
Gfilament fiberglass, in this exanple OC497EE supplied by Omens-Com ng; 30

an epdxysupanthe donditions Oémmr@uqawmslgtyainmlabmﬁ 01p§1¢=1t whmhtth@x;ysng ane

avai lable_from.Unio dro cite, exanpl e
DT 4A s SFRBd" By etLa Gsited R chicacEt BE BsckdiEinet huttReflone. T nthi s
exanpl e 38Q.eRily mﬁ%@%ohpaﬁ)@%@q@mbb@pbd@yhdﬁ p&eslrd%@tosg{a ifle&RiohY

pol yet hyl ene in this exanple TR- 161 supplied by Phillips Chem cal Conpany.

This dry prioessd, mgrttolmeof thelpplymered rémoveed Fomnibh cudvdss¢llat @) time when

Davi s- Sta dard, xtr er. at te ature settings.of 620 620F.
Ext r udat € @Hﬁﬁgga Hﬂ‘é(ﬁhfi Rirs & n‘g%ei ﬁg‘? HB€an 5 Arburg
ECO 305 iiRteediigeived ﬁeradaﬁﬂoﬁg)fnﬁ@ﬁﬁqtﬁo@ﬁn&nﬁme&&vfaheﬁ theSpdridiegr i n the
art. Al sanples were annealed for two hours at 392F. before testing:

Mechani capolpmepbavings nuairguiesresyrit vd dingetied gnaASTal \plﬂbaie@dﬁwdnﬁ% tand 790.
RGN W RN M TR
prepar ed freffied 19Qsy BBfme interval in the range of about 15 minutes to about 15 hours

when treating a low molecular weight poly(arylene sulfide) polymer. The time

15 interval can be selected to be shorter when treating a high molecular weight
polymer and a preferred range is about 10 minutes to about 10 hours. Use of the
invention pulse continuous curing process allows one to avoid the period required to
charge the cure vessel and remove cured polymer between batches which periods
each can range from 3 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 1s 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
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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
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EXAMPLE 11
This example describes the effect of employing the invention method
15  of curing the polymer according to a pulsed continuous process.

For Run II-1, the polymer was charged to the cure vessel over a
period of about 5 hours, and 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 JI-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. Cunng was
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A comparison of the curing processes and resulting cured polymer
properties from Example 1 and Example II is shown in Table I hereinbelow. The
10  polymers cured by the invention method have comparable 1270 extrusion rates to
those cured according to known batch curing processes; however, use of the
invention method of pulsed continuous curing allows the operator to achieve higher

throughputs and maximize 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 3.4
I-2 Batch 300-355 7.5 25.8 5.8

20 II-1 Pulse 425 18 5.7 2.0
11-2 Pulse 360-400 27 17.9 3.4
II-3 Pulse 350-400 59 18.8 33

EXAMPLE III
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-glycidoxypropyitrimethoxysilane 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
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and by the invention pulse continuous curing process. The pulse continuous curing
process allows the operator to maximize production by avoiding the initial charging

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

TABLE II

Cmpd. from Notch Unnotch Ten Ten Flex Flex

Polymer Izod Izod Mod Break Mod Str QCM

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

O-2(inv.) 1.39 12.8 2280 | 27.5 2020 41.4 1.42

I-1 1.38 13.8 2250 (274 2040 40.4 1.20

I1-3(mv.) 1.38 13.3 2340 | 284 2030 395 1.97

I-2 1.35 11.3 2400 | 24.8 2030 38.8 2.39
25 R-4XT 1.50 13.6 2500 127.8 2100 40.4 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.
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temperature in the range of 100 to 350°C.
3. A process according to any preceding claim, wherein said curing conditions
comprise a pressure in the range of 69 to 310 kPa (10 to 45 psia).
4. A process according to any preceding claim, wherein said curing is conducted
in an oxygen containing atmosphere.
5. A process according to any preceding claim, wherein said curing is conducted
in an inert atmosphere.
6. A process according to any preceding claim, wherein said curing js conducted
for a period in an oxygen containing atmosplere, followed by curing under an inert gas.
7. A process according to any preceding claim, wherein the cure vessel is a
continuous stirred tank reactor.

8. A process according to any preceding claim, wherein the portion of 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.




