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-This invention relates to poly(Arlene sulfide), (PAS) polyners. In one

aspect this invention relates to a process for the preparation of

poly(arl ene sul fide) polyners wherein a portion of the polynerization
reactants are pre-reacted in a two step process prior to being contacted
with remai ni ng pol ynmerization reactants under polynerization c@dute 2Bt | n
one enbodi nent oMRTHGDI T BDECGREASHCICRROSPEENEAS (QEABEAMTANDS conpri si ng an

aqueous al kal i mtﬁmm lﬁéﬁﬁgl ROMPYy are prereact ed
at a first tenpera % £ '.%i?'b ERGD aﬁhs reacted with
a sul fur source at a second tppPE@F THE INWENTIONdI tions sufficient to

remove at |east a portion of the water that is contained in the mxture,
thereafter the thus Behineaticndeltostta pelylArlenmuudlidedRADPokmere 8konsne

di hal oaromati ¢ _conpound under polynerization . | bd ND OF
THE | NVENPFRSGt BYF 8??%393‘ Yl gcﬁ’égceﬁ%{oflﬁemr%e%%gtl%gﬁ@?%*@%n%\;ﬁﬁé in the art
and have BReehndiowidrdis £ bbtiofl UE tHeQpdiiférizatibg beachts #a breardcttdar oo

resi stance. Processes for the preparation of such pol y(arlene sulfide)

pol ymer s stapeprbessa pupsioheingsoniacted avifly remajning polymeyigateon repgtapisiradet on, -~ at

| east one dy}%l oar.omat i(ﬁfézonpound, a sul fur source, and a pol ar organic
conmpound &PERBHERE EPURNTEr pol yneri zation conditions. Often a hydrous
sul fur source is selgeghedmbedinicheof achvanionf péipmesmitiontreacsoumy ce with the
pol ar organi ¢ conpound generates water or |jberates water ow%drati on.

Such WAt ercouwmising atarreans sikall mesak hydraxideand apelat ORAYR CHHPY ¥ Pifei ght

pol ymer, and thus dt, i IOl rb Rrefeted with

pr e- pol ym§ o0 a:dc?nﬁr%ﬁtfé% ?‘é&g to@é?ﬁ*ﬁ%c’ggﬁr ce and pé)l aer gr gémiac conpound.
Such procegEesscukd dt ypenld tsmpaattcteitr edndivdmstsuffadigntid pmavsrap beasttaur es

under pressure in order to maximze the anmount of .water. renpved. This
process hasrinmseldhe wates et W?"PW&P&‘H@?WWFE f“ftﬁreﬁlg Lthﬁd}gy‘ggtﬁflce and

pol ar or g%&&rt@?&’%ﬂ%@%&'ﬁtﬁ’ﬁﬁ%’%?%& @RhMErof M clcBmpaahy Bl pOlymeasatin nust be
repl aced or repaire nore frequently than would be desirable) or the
dehydnari eondieieael nust be nade of expensive materials of construction that

are | ess susceptible to cQrrosi woul. d une 2004 econonically
desirable to have a proceﬁégﬁéﬁéyiﬁqu ﬂﬂ?@b@ﬁf@%re of the sul fur

source and pol ar Or%l')i(i CriGRIREH b Rrifs A€ BYskrall eknsaindhbert e aveed | ess
corrosive. OBJECTS OF THE INVENT?E]\I It is gesi ra%l e to provide a process

for pr epartieayfandaksfibdiestneheiuhigh ¢bymisel andethenmpl wesiganceh Bresessgsifathon of

t he aqueous sul fur .soyrce i§ con ed.in a t I der the

dehydr at i GeR#FatoRf s g‘b@q&ﬁ?‘&ﬁ%&égaﬁﬂ@hﬁ%ﬂuﬁaﬁﬁ%ﬁﬁéﬁf %u% gg%or dance

Wi th bhis drﬁlxaqgﬁ%dagatioapétxé@f orfAdihABafoRAGE 8binpotRITArsulNgGuase, anliepoiar al kal |
n

nmet al hydroxid a polar organi c conpound are pre-reacted at a 10 fir'st

t enper at urosganic ¢mnpouad arecontastedtundar pipmasizationeopditiops cPBEN AMYIOBS sul f ur

source at second .te rat ur.e under I &4 § Gy ve at

| east a pd UEE 1% ﬁ"gg?i&ﬁ&: eﬁg?c(é]iog oggrﬂefé é’lﬂhﬁe)g&lwﬁyt tiel%rr‘iﬂ‘§<]c'§%¢ée},g&tﬁﬁ‘e)reafter
the thus dehyduad ssheritestwiter driibetutésagiteroMiydhativn. |Suek watmeanbhal oar omat i ¢
conmpound under polynerization conditions. DETAILED DES&%E‘[I ON . OF THE

| NVENTI ON dessimrensalyo tie(farmatien of jigh melecpigr yisght pelygreemf dapsdt &P ng to this
i nvent,.on b - ' c . M Sk & krldoidret al

nyclr o3P do AV il FlFbislfe A BASbA e AR b A o o8 T or m a

m xture, tdpgmid ampduRd. Sheh protssesarairplicallysohfuctedarelabvely beghsecond

t enperature under conditions sufficient to renove at Ie%st a‘peﬁr Lon of the
wat er t hattemBeraFRsAMARIPIESTuteHB opder e maxinpize the ameynt of waler removey, Thisy '\

denydr at ed, (ot plGrlobduiles AR mR R xHi-bBl BRIANM LorGOmAgN oipaes

pol ymeri zation co y sulta sulfirr source can be enployed in
t he processmpbutidisyvernacenisiveand el deblylimtion véssel musirheasplaged afirepaiigded i n

US 3,919,177, which is h by, i, t .ref i tabl
Sul 1 8P s GhAe Gisabrides Wil 05 desiANe. BF e o8 “Ep I R 001 €.
thi oam desgyn&lshGhialials Bf ddnsStrudtnGRA RARBE Sisceptitiléto cbrfsionl dewouldbe

oxysul fides, thiocarbonates, organic nercaptans, organic nercaptides,
organic




sul'fides, alkali metal sulfides and bisul fides and hydrogen sul fide. The
al kali nmetal sulfide which can be enployed in the production of poly(arlene
sul fide) polynmers can be used as a hydrate or as an aqueous m xture. Al kal

30 -netal sulfides useful in this invention include lithiumsulfide, sodium

sul fide, potassiumsulfide, rubidiumsulfide, cesiumsulfide) and m xtures
thereof. The -3 22 June 2004 aqueous -sol ution of the-alkali netal sulfide
can be prepared according to this invention by the reaction of 2adued BG4

met al hydroxide with an .al [ ‘ ' i ' SR ddi@p. It is
general ly eﬁ?‘@“g?% ?Sgg?}g éé(g%\%:ﬁ Jﬁﬁtog%slsﬁ %gébyrtﬂ‘ga@c%onﬂat i or??gl# so@?um

bi sul fi de saiide antipotar bigaiiexbapoasd tote: ddhlydratedsoutdie renddrébleps epasatei on of
poly(arlene sulfide) polynmers due to cost and effectiveness. In this
invention which pre-reacts NS Y aE--h _ de and pol ar organic
conpound, it is prefielled hife o@ﬂe%lﬁf?ééss ﬂf’t])?v%{)agh§§|;)51}@|ﬁ'_leﬁ§ shif@epul fur
source. The pol ar organic conpounds useful In'the present invention are

sol venss helynidién dihbvdl thedety@tationad mipoandsussudfur keurseisfeondwted ioa tived in t he
10 production of poly(arlene suylfjde). polyners. Exanples of such polar
organi c co¥PEIRESS toendradhedshydration g F?‘/Fﬁs FHET s, and sul fones. Specific
exanpl es of such pol ar org@i'mggmgqq{é eV ERgIhRxanet hyl phosphor am de,
tetramethylurea, N, N -ethyl I pyrroli done; met hyl - 2- pyaol i done (NWP),
pyrrolidone, caprol datesordddcewhish thisgnedraiongmlymenfation aeactants comprising

N, N -di net hyl acetagide, 1,3-dinethyl-2 1 S imdazolidinone, |ow nplecular
Wel ght - PO ARGASS AIREgh DR oRug FHeh PRI TTeR SHPEo WOl BE BB EL e [y
prefegsed g (MyFeradifiero HHh QURixAire AALE A IBHIE S TeBAEd With andIftdoarceait gani C

conpound are pre-reacted (dehydrated) under conditions sufficient to renove
at | east acqoodtéroperature trulenaemtitipns sufficientdeltimoysrat dfast arortipm af B&r onat i ¢

conpound and commencenent. of the 20 pol I zat | found that
t he cpr_roé‘f“@Féﬁ]é?éés ‘Eﬂm?ﬁ%{%t&? H}%mf%t eée&é:geﬁ%ﬁg\ge‘g&gglﬁkg_ van ggﬂousl y and
sur pri si nghytaed 4omus RAstoheRBhAIO4BINatC bbﬁﬁmmﬂammeﬁmmwmdiﬁbm
process. First, the aqueous al kali neta droxide is ont acted with the

Py A

pol ar organi ¢ conpounBETAIRED PESCRENHSN Of INVENON xture is
contacted with the kal i .25 met i.sulfide c [ erature
and sE%j ected to corm tplob’r%r??ﬁfs ﬁ:d!e R? grirjsé)r aégda _ eag%&atg%g{“_tr%ngﬁ? i f not
all, of tBgpYRREMY fe@étaktd c6MPHSAL af Aqhdiis Alkaliun@aliytitoxideeardenmilan ng
conponents” of the reaction mxture.- In another enbodi nent of the invention,
the react otganjsrasenpound £t 3 fest MPErAUFRSO PR Y ANE g dbenTaagimiedhe BIgUf ¢
conpound is.subjected to a hi (AT 10118 PRLt ic3Rsosehf | Ci ent
to renmove A3 @FP?%%C i %eﬁggé]wge{né)re?prl c}'?ﬁ?%&ggﬂftaggtsﬁg the M xture with
the al kal jca8®f portibh s01Hei viger thhEis aontained imtheahixture théredfjetcontacking thecont act ed

with the polar organic -4 22 June 2004 conpound for % ti,me sufficient to
al | ow29 eadnisghysirated anixtyse wisinso ast anedibplogramatic FIPPIMAINAEL, 5 kali et al

am noal kanoate .Ln.an %@HE s solution. The reaction product of the alkali
net al hydPS@F’cfgz%ﬁ%%oo ar %%'rgani c conpound is far less corrosive and
further has the advapiyagiaisié shfimngusel cablbe einpidyied ipdicypmesesyef thisn react i on

m xture. In an especially_ preferred enpod] f LS .inventd o sodi um
hydr oxi de In¥satiegreSH{ablosuliar soureeRaTe d&FnESPi@\E‘ng&BﬂZ?’MmCE“ hedéby

N- net hyl - 4- ami PGElehcd. SMAB)sui mﬁg%ﬁﬁreymdﬁe,miae&nétnﬁnﬂ&mt step
cont acti ngmtg ogésigapjpgce cgcr:le('varys\l/lvll%l;ellgijﬂf'1 ut it generally between about 50
and absut tR6GEates} thicurgaspthivansides, elepreptad pulfurt tvgrarhamates, metad disylfidgst above
that necessary tg cause the reactants to remain in 10 sol.&letigrgm?i:nce t he
cor rosi vi 834 efyspHides,JhiocrbAnatas SN MRFPRtANS OF gANRSTCAPY R E P lire. 1t i s

nmost pref gy b Beaf Rt DYsufrides RE bR s laid b anggned about 75 to about
125 C. Aftegigt e react'”fglo‘s'h1 bf Fﬁe al kal mt-gﬁoﬁydr oxi de and_pal ar _organic

conpound has taken {haalkalitthetal suifpder whichean be employgd tithe predusien ff

tenperature sufficient. tq effect.dehydration of hR&Gred RR4ES at e,
t he m'xtuP%l?'?"FL’“?ﬁ'él%aFk%q?}'mﬁcﬁﬁpﬁlus %Slﬂ#xdﬁ%tgf’ﬁgfgqis&t%%e enployed is an
aqueoys S pletdlsuides Gefuliih 168 nveaties #Rtdelithiunt sulfide; sedibmdwifideon and t he
dehydration can be effectively conducted to renpve that water_added with

t he” sul f upotesainmg subfideywibidium|sulfideacesivm pulfide and mixtiestheresti JR€ can be
conducted after each addition of an aqueous reactant. The dehydration can
be conducted according to any nethod known to

L!e.'a 2 ¥




20 't hose of ordinary skill in the art. Suitable nethods are disclosed in US
4,368,321 and U. S. 4,371,671, both of which are hereby incorporated by
reference. The tenperature at which the dehydration is conducted w |
generally range from about 100 to about 240C, the pressure will typically
range fromslightly above atnospheric pressure up to 308 kPa (30 psig). 25
Cenerally, the remaining conponents of the reaction m xture can be
contacted with each other in any order-3 D hal oaromati c conpound? Juhe 2604 an
be enpl oyed in the process of this invention can be represented by the

formila  gBed’ sdiitRnRee NRAI RietRslIfiYe tén tegirepiratiadconiing focchBrinvgtion
consisting of chlorine, brom ne, and.iodine, and each Ris selected from

t he group tydhsreacheyobin aliali mgtah hudraxidy avibcaralkall mefalpiselfide pragipaisocar by |
can be an al kyl, .cycl oal kyl [ I i I f such as
ol karyl - apiaby; 105 ReRaty pieileaih e folles SUgEE o PERBRAATL! BRLGRT 210

mol ecul e hghutgdevridioantnh BydaRER 26 thesul far sduptein 2He préjarkiort bpdipladgen at ons

can be in aﬁy gosmlon in the dihal oaromatic _conmpound, it is 1prefg_\(ered to
enpl oy 5p- ditHided behymeredneds corfcandichigribupeitalh BUSBVERIARGYIIER BHfp1eaLs

sui tabl e psdi:hal n ] el b ar o) kak

p- di br ombae]f]azllenﬁ%tgpﬁx%:&pg% g%@ﬁé%ﬂﬁ{g&yg gﬁﬁg%ﬁﬂﬁg%%benzeng anl? o hIl oro-410
i Odogenﬁleﬂﬁetallbimllﬁﬂaaﬂ&ﬂe@dﬁhﬂmh | eite, 2, 5-d: chl orgtgl ueng.

2,5-dichl oro-p-xylene, | ethyl-4-isopro - 2,.5-di bronpbenzene

T 5 8 Bt et r anet byl - BlelanEeTO GG LSy FIOBESROT BERT B25. di br ormo-
benzene, 1 I =2 B di furk d in th

oct adecyl Js Qﬂgﬁ%if?gﬁg@ﬁﬁ%&r{%@aﬁ? ﬁ]@@y‘?‘a EZ) ch gr@‘g-lg- t()nrlrgfrtl)lts)%ng]etng,

1- ( p- 10l ylpredhictich bf polytelene melfidd) jodymers - 2x&mplies bf ichipelarz erganic

1-octyl-4-(3-nethyl cycl opentyl )-2,5 .15 di chl or.0- benzene.and the |ike, and
m xt u?/es d’&’"’é’ﬁb‘mﬁeﬂ“%ﬂe ﬁ%ﬂ%S¥WéP§BE_13%S’§PQF‘Q?%& é?%é?%ﬁ’f%’ﬂgﬁ oéJ conmpound
for use inythi st S'Pé?{?iucgﬂlpbﬁnd%‘iﬂjzlﬁbé REHQBRIBANSsHHORBidd UetrhB emyRikdaabi | 1ty

and effectiveness. is Wthin the scope of this invention to englmoy ot her
- conponent &N,Niethlytenpdipymelidonst Nenethpla-pymetidens (NME) opyreniidone, qapgelactam,

pol ynmeri zati gn, For exa 2 | ecul ar wei ght I fying or enhancing
agent s Suﬁ]@&’g’h&m%ﬁmﬂﬁﬁi@&?ﬁ@ﬁrg%&l’acﬁtﬂﬁ?ﬁm%{%‘gg? or water can be
added 161 REAEYERSNEHS, 1RE oAb & Mtipahambids! atdl te HikkaThe paiupbroade boxyl at es
whi ch ‘can be enpl oyed include those having the fornmula R COOM where R is a
hydr ocar bydompaund ateseralyquefeded ioNMAl- kyl , cycl oal kyl, aryt, al kylaryl,
aryl al kyl, and the er, of carbon i | Sl lto
Sbout 25 20 and W 1 LRENOETIAT FaRRL T A sbedd pel fhepif cLARGE I

pot assi UMpré by Beiachied) m@ercbnditidds SdiGidicaetdirerivveldtdeamt k pbitiommif die
carboxyl ate can be enpl oyed as _a _hydrate or as . a solution or dispersion in
wat er . ThM%ﬁmr&Tﬁ@Gdrgtlkmpf theelihalodsematiscampound @%W%&?”é?t&'ﬂue to

avai | gﬁl i t?/ and gffecti veness. Poly(arlene sulfide) polynerizations are
gener &1 y FGPETEERE™ i n the art. For exanple, U.S. 3,354, 129) which is

her eby i ncor por at ed 1b}iay tdes fomathatdhScorBosiieness 6T theamiktiteSo bé deglrdat all

di scl ose net hods of preparing _poly(arl ene, sulfide). | ymers. .The

above- ci t ¢dn payavagepuiy pedsurpRENgy b refused B“F@Fz%% ePRFTRSHR B ng a

usef ul PO'%?SFJVP%}S 9! e Rl USRI IR S hyaARTIE Cotibba Wit (IBpéled of
recovering po (arfene suf i de) polyner proa(ucts is disclosed in U S.

4, 415, 729 orgdnictormsoundrae b firdgtGemperatups teendbie mjxtuxsfie centaeied Witddbe ghalent

blications all cribe the separation of, a,desi,red .VIer . t firom
D 58 by Bas L tono o G i FlSB S Bl eRGas
pol ymer i Z%hBﬂe %Q%?anﬁ%nf. ﬁ%t RR! of(R¢ WRREPSoH th cofthctitp thoBiixRFeRAed by the
o) e el

i nvention net can er high or |ow nol ecul ar weight polyner. Wen

deiscri :oi nghd fm;]afmihgmnpd&tml @hf m;mn mltvEIU'l Tenveanather eﬂﬂﬂd@ﬂ‘?mtqgéf;et ter mdl owt
mol ecul ar _wei ol y(arl ene su 0 r.is..gener ant to denote
a pol y(ar I'%YF@%QE*I F&é}gt“b‘bl’fﬂﬁ’ﬂ?t ?f&b‘? %ﬂinﬁéﬁnglﬁg\%fag#ﬁr € range of
greater thap,h009;hbfdcilifio a b esipeRu@ W d&/ cbiditibfis suffieienmeasmoeda

according to ASTM D I238, Condition 316/5. ) , )
30  portion of the water prior to contacting the mixture with the alkali metal bisulfide.

The aqueous alkali metal hydroxide is contacted with the polar organic




The term hi gh nol ecul ar wei ght poly(arlene sulfide) polyner, as used 20
herein, is generally neant to denote an essentially linear poly(arlene

sul fide) polynmer having a nelt flow value | ess than about 1000 g/ 10 mn
when in an uncured state. Essentially linear poly(arlene sulfide), as used
herein, is defined as a polyner having no branching or such a small anount
of branching as to have substantially no effect on the polyner properties.
For exanpl e, the anount of polyhaloargqgtic impurity found 25 i22 Juhe2004

di hal oaromatic used in the poly(arlene 'sul fide) polynerization process

woul d not be sufficient tqg.cause the resultant .nol rl fide) to be
out si de t ﬁgmé’gglé‘%hréll fge f‘f iSpt tagilf“ﬁrirﬁcglﬁﬁ' . ?&ﬁn@roa‘%éﬁon? %g aﬁ% %0 of

react ant s erpdioned ah Alkaian@sl anRedIEa{oh@1n Rh @Gessus GaltivAl Thikeheliyn |t is
preferred that the nolar ratio of the anpunt of dihal oargmatic 30 conpound

t o amount psddustipf the alkslimaetaldwdroxidapndneiny orgamiepsupoundds fardess spBosive/ 1. | f
an al kal i al. car I i S I I i.fying
2gent . 1t 4G narnek BbOBE0ioncSrSEMeBLRRILR e PR N el fonRAMEh iR Y, 07,

met al  sar By kgetiall9 peifbatdanriines: FOp nvadiite sodiubi Rydrbeide ang - of about
0.05/1 to about 411. The anount of_ polar organic conpound enployed can vary
during t hengseylyZvyrolidons aregpastedtofpie N-mste-4mminghuippaate ﬁ%&%@ér, during

pol ymeri zation the i f_t: 0 Ak ¢ LS und to
t he anount of sul fu?ﬁl ggérpggrﬁfluge :?trylw lﬁlﬁgthgﬁﬁﬁepo%onﬁk %o fgﬁ% engt?grm
comenc eneyiticl9f hiit iczepotayirbetwiah about &9 and ebo@06F @. itSis geffernebitozmntityad  poi nt
at which the polynerization reaction mxture is first subjected to

pol yrer i z AFTRATRREHRL IS G4 2RaMerNRNgFRssay 19 FAUSE tRETSHSFIMA TR Bh. The term
term pgti 99111&9 GhcPRlCTROEH Y bPihe sgﬁﬁyﬁﬁf& £ ih ifctel6d inneftpaankdal poi nt
at which an a li“lrmattlve step’is taken to eftect a renoval of the conditions
necessary if mostpoefgred icahplop atenpdritert inwed sangeaf abowe 75 foabak 48pie, by

begi nning the recovery of the.poly(ar,]ene sulfide), pol r fromthe
polgyrreri gati on i xt @‘%’f ﬂP?”ﬁﬁ??‘_%ﬁ%@UmFWﬂ’y‘if%h&%nﬁ ﬁggf 88 ™MCr i nat i on
of the pobymBbifidsQUkenGisce Bl téniirdtuie18linGRATRILS & sbRA@ tbAPer@furd N 15

pol ymeri zati on reaction conponents has occurred. It should also be noted
that, as ssfdienttoesffect déterdtatiomof,@rité fiathendehylratt dhewiixtnes: I deiadkeli s not

meant _.fo inply.t o .further polynerization of the reactant an. take

o1 ace !> ComerelbispiFdesfitit i b rep Pail b 23S fulbiratelest YT odesh ik
recovery ksthe\iehfdthtioh RROME daflydratioh ¥8n BE effediVelr@nddatd @rehfovedigt antial |y
conpleted, that 1s, the increase in polyner nolecular weight which 20 woul d

resul t fr oatdraddddoviththoaubiur scardens wall. nbltersatiyely, isepastte cdebydnations ar r ant t he
addi ti onal pol rization tine. t hough the reaction tenperature at which
the pol ynb??%rﬁ{'g%ﬂ %ﬁgrﬁ%ﬁcﬁf}g’tugﬂoflﬁ%a egf}s'lbe\?‘é 3 wide range, generally it
will .be wthin thethaagRyditiciattbe téftuctedbébordi B0y madiRkikdddib) ,
preferably about 200C to about 290C. The 25 reaction tine can vary w dely,

depend? ngthose pherdingry skil in theart Svitekliematkadsase disglosyldnditPP8AT rRibe Wit hin
the range 1 1 %%B hour to
about 8 h})‘ﬁér'sﬁéﬁﬁéglpfg%@s%ﬁéh%gfi%%gghscu P%?%ﬁ{{ 0 n‘gelr n <'§yit n Elléhg%l ar

or gani ¢ cenpbidh thedyifaton iswhaadtedhwili geneauliyaungt Sorhabaut 08l tb wbéut t he
liquid phase. The po?’y(ar_l ene sul fide) paolynmer prepared according to this

i nvent i on24® Gdke a@smwvé%waayr%yﬁmﬂtgéﬂmbm g PEEssEedPnar y
skill in . - foll owi ng exanples are provided in order to further
illustrat {Qﬁ}%@ﬂ;@%@{gyﬂ June 2004 invention, but are not intended to be
i mt2hg of the scomenédadyahé rentakfivPbdiBponentshef thotdactiemmianqahds, t he

pol ymer extrusion, rates, reported as grans per 10 mnutes (g/10 mn), were
det er mi nefP3ctedwithsachRfherin BBy RIASF- 1238, Condition 316/ 0.345. The orifice
used for neasuring ' : gmm di aneter and a
31.75 +/- 0.05 mm | yr?gﬁlﬁﬁh%glﬁéy%?ﬁ&n%ﬁ flg%a\g/glg%%spfé}?gqﬁﬁjits of g/10 mn,
wer e det eprocesaf ithis irventien temcbeatpraShikddbyliR8orm@dadi ti on 316/ 5. The orifice
used for neasuring the nelt flow had a 2.096 +/- 0.005 rnm di aneter and a
8.000 +/- 0.025 mmlength. 10 The rel ative amounts of volatiles present in
t he pol yner sanples were nmeasured using a quartz crystal m crobal ance
(M. This test involved vaporizing volatile materials froma nolten PPS
sanple, collecting the vapors on a water cool ed, vibrating quartz crystal,
and ranking the amount of condensed nmaterial by changes in the frequency of
the vibrating crystal. A weighed sanple of the PPS pol yner was




15 placed in the bottomof a heated (325 C) stainless steel beaker that
was covered with a lid containing the vibrating crystal. As the vapors
condensed on the crystal, the resonance frequency of the crystal decreased
in-proportion to the anount deposited. Test values are reported in terns of
a di nensi onl ess rel ative nunber proportional to the change in frequency of
the crystal in a 10 mnute test tinme. Lower reported values 20 indicate
that the test sanple had a |lower |evel-%of volatiles at the test2?tlenp28@t ure
than the sanples with higher QCM val ues. Analysis of polynmers for unreacted
di chl or obenzene in the crude reaRtion m ®ure was perforned by gas

chromat ography (GC) of DCB/ NMP m Xt ures/usi ng an HP 5890 gas chronmat ogr aph
controll ed by an HP 3365 Series ||)€redtati on 25 (DOS Series). The curler
gas used was helium Standard solf#tions\were used to determ ne response
factors. Injections of sol utxens
mcroliter syringe, typically usiRg a 0/05-0.4 mcroliter injection. The
cohunn used with the gas chromat og
colum (DB Wax?, purchased from J& antific (Cat. No. 12S-7032). The
tenperature programfor 30 DCB/ NRP anal yBis first enployed a hold at 120C
for 2 mnutes, then_ tenperature was canped at 31§C/.n‘i ute.up tp. 190C and

hel d t her evhegp eachsy ipgeirieddrony ficgroup epnsisting pc Bﬂae’g’ﬁ%fpy?i gmﬁo “was

appr oxi mat gl.y, ' ' ' 8LebY1 i whichei ght
et cont  p- AeaP R ds BHOALE Rom TERORS P E T i A0GR d Y aaety

pdi chl or obtia hedrecirhylNWR be Th elk@l cgtlazikigl dr arglddical oronpunitwothereefucks was a

m xture that was 1. i ght.. per cent p-di.chl ar openzene .in. NMP _and ose
Composi t1 Gtk Falhih ox Beyiks: BF s SRR o crapoh S6PGD S10 Torevis HPfed wi ¢
i sopr ann%iitﬁiﬁ ¥ S48Ee b6 {Albbuvd4. Mivhilk b ihesdeh QtbEOOmEY ihalhl PBsitian € -

Experi mental sanples of a crude PP5 reaction m xture fromthe reactor were
bl ended wi thia dilamatomaticGofnpound ntois preferred tosprrderapraiihalebenzengs iap fiep| ender .
Filtration,of the sanple vi.elded a clear |iquid containing isopropanol, NV
and unr eac‘!‘ﬁﬂoﬂpmaﬁﬁ%gﬁ%ﬁzene. 10 Metal s anal ysis was performed by

inductively coupl ed PiAHIBY JTRERLIO L HiKADHA RS InchiiRUPERhIVréldneeRci d di gest s
of the ash remaining frompyrolysis of sanples of the polyners. The netals

concent r at(DER), prddbrompbenzens, priijpdebenzees, 1 rahlorpghbioppbpnzengalshlerg-415 Thi s

exanpl Pol. yneri zat i on n k-1 SCEI naral. rahkiony of a
pol yp-herT Bt | Py dopgineberfrpe i b bRl S ShiciR e g AL,

met hods. |dmfili-BoprwpyIchb-dRREmpbapaniall |204)5-téttansethyles, f-dichilorebénzerd 1st ai nl ess
steel reactor were added 40.97 grans sodi um hydroxi de qgl\ladég ellets of
98. 6 % purhuryl-4-gycloheyylbf-diromp- bengens 1 dregyiidupiesyéiior tichio e, i*z. 22

-mol ), 95 .4 ' i ' V(v Hb
%eimgh% ) ( 1%&%5%%?9#@9%’3%.9%5%@@5%5“@?'%#%?5%@% ld%’(%‘ﬁ%% ( 3. 00

g- mol ) . ThEbrogbeienaSbae YRS Salichibroberzens, dsattylet-(Bhetsdcyclapentyl)ed, 5446 kPa
(50 psig) nitrogen and 5 cycles of 1479 kPa &'{200 Si %g_‘ nigr en.fThg

react di® arfichiener @Wﬂ@%%%ﬁ?’éﬂ’%%%& ROTIBETECI R r@%p‘?fﬁ &
dehydrati ofy, H&Lﬁ%ﬁ%@@ﬁx@ﬁ& 3G Bil [rRERL i UiklotdbenteiegDUB) e &5

m Jm n. was begun. ation was continued while heating to a final
t enper at urayattdbibfyant efoetivenesthen t he dehydration outlet was cl osed and

1.48. 49 di chl b ; 1. -.nol ). di | ved.,i 1.00 g-.mml NWP
chargedgtg !tﬁe (r)regcﬁgée"in@ﬁg%?%ﬁ&&?‘g‘%ﬂdgﬁ?ﬁaﬁsg%ﬁ %c%l:lﬁr}é;gm@ﬂ]?%gglr was e
rinsed w tf. fotyAdALIoA RIctdn GiRIurOér AMRg W plyiRfizalon0 Faddrampe, t he

reactor. The reéactor was degassed again in 30 the sanme manner as descri bed

abov e .20Thaneleadarorcightanedifinghernbanding sgentsreuch analkalh mets] ¢arbiogylstes235C) f or

2 hours, then the, tenperature was, increased to.260C for 2 hrg. . .~.lo 22 June
2004 to prlﬁg‘ﬁgbh‘g’lg%?’ggf” #%ﬁa%gﬁﬁqsqﬁgi%ﬁm ! c%%%@?ﬁ%??%%ﬁ%ﬁogh,%uﬁbelér eact or
vas cool edyfh Ak EIRRAAIAIEh 8dibd é’iﬂplﬂ{?ﬂiﬂélﬁd@ﬁm@?ﬁaﬁﬁéﬂ@fomﬂﬂ NVP was
extracted using isopropanol. The PPS in NWP/isopropanol was:anal yzed by gas

chr omat ogrRIERPM ovhsin R is a aydroserbripadivalselested fonm plkali cysloglkyl @dn” washed

W th water_.six 1i t C fl %ﬁr | F1R8 tt 0
recover t@%’ﬁ&mmﬁ%ﬁﬁ%?qﬁe ﬁ%m ryﬁolgggﬁxlstg IHH hder a o%d. The
f ol | owisng Zaynd Mhie alPBfkall nedaletler@d fipnalithilch, sodivng, potassioue mibidtindanded at
100C for 24 hours to yield 101.23 g of dried PPS pol yner product. The

extrusion rate of the PPS product was neasured as descri bed above and 10
found to be 72.71 g/ 10 mn. Exanple Il




Thi s exanpl e describes the effect of enploying the invention nethod of

pre-contacting the sodi um hydroxi de and NMP and dehydrating prior to adding
t he sodi um bi sul fide. For polynerization Run Il1-1, the reactor was charged
with 40.97 15 grans sodi um hydroxi de (NaOH) pellets of 98.6 % purity (1.01

g-nol NaOH), 79.43 g double distilled water (4.41 g-nol) and 198.26 g of

" N-net hyl -2-pyrrolidone (NWP) (2.00 g-nol). The reactor was degassed with 5
pressure rel ease cycles of 446 kPa (5Qgsig) nitrogen and 5 cy@R2danefods79
kPa (200 psig) nitrogen. After the reactor had been degassed wi th nitrogen,

the cont er&%ﬁﬁgﬂ&%ﬁﬂ%ﬁﬁe&&a}w&é@ Bar16d Emptbytd 12 a 6 RERE bARIY Sotkfbd G 2

period of ereafter, the dehydration outléet was opened and

dehydr at i aifspesssonciarwaterd Thetpredhirbd alkals mesadicadboxilate ie spdinmtagetetetdyedadout 204
C. Then, the dehydration.outlet was closed and the reactor contents cool ed
to roomtéﬁ%‘éag’él %r"“@ e&%ﬁ‘tf"(?ﬁ?sﬁg this first dehydration, 95.49 g‘aqueous

sodi um bi sul fide (N afiaf s¥fde}d DY AR 290 dnefally- DR 1GeaR thewrts added
to the reactor which was 25 degassed agai n as described above, except that
377 kPa (40r psimgpledd.SnB1366489, whish ietiaretiyninedrporageicorefessnsentght . The next

day the pressure was .rele and,.t he react pr was. _heat tp 10 after
whi ch the 3&&%}}3&1&?‘@“%&@3{%9%@ désp? HEA© olfévé%{a&ugﬁglgf(ag@p? ﬁgpgﬂeat ed to
about 204Gtk B AR e Qitkd BhteNBSublk A5RM alsbRéctibnRthods Bregovibngal DCB
(148.49 g) and 1.00 g-nmol N were added to the dehydrated m xture and the

30 react onsefubpdip@atione suifiggpobmardrediicy AnethginuilgblgmetipbofreeMednSwas t hen

h d 2 d d .f et ] d d
opencd. - APtea ncE) oSl tiRuciSlidsquneati S FORL bl BARHE 7

removed. TROniIERed b9 défeien?@ STHEsY pateid publicapiseaisdribetthesephiatiebed and
washed with distilled water 6 tinmes at a tenperature of_ 90C, . then filtered

to recovedesireddojyTeer RIPERL SOm IRpEAEHP RELIES ONLYRINgdyagoRy INEGtigh &R an
extrusion rate of i s obtained after drying. Run I1l-2
(38218- 98)unre %te‘gg?%eegé%tgcgnl%ﬁ%%é procedure described for Run I1I-1,
except that the anpue poly(aidnesulididepolymet prepited by thdhinvepdionasethabeanxi mat el y
2.22 g-nol instead of 4.41 g-nol apd that 9@?_‘3D QL. NaSH vias added in the
second chhe§ehardighher lowaplspulany ymgh, G‘EF‘%CB BT BOYMEMm Exanpl e 1
and Exanp i i %J}Hﬂ | Rolbetihfwhich€s i @RElOMIfidey

pol y%?s hf?gltlfgé) ?/mgvﬁé&?rﬁl\;}gﬁtafl’o%enet V\Igg’lrﬁgve conp r%l%@gxtrusi@ rates
to that ppodureit depeletiowneaneiohlzdste aymipfadene subiddg) pblymer bayingdmddfidy t he

i nvention nethod exhibit far | ower |evels of t al 0 nm nati on,

especi al | yaWﬂm‘hﬁéﬁf&c‘{f&r@i‘t@ﬁ’t‘W‘{%g]WW' tﬁﬁgg%%ga’gﬁ -3 nat eri al s

of CO”SUH&%},&Q?Q&OH{S%&%%QHPB1‘2§§§G$ndit'f$}?31675".er | evel s of nmetals found 15
po pT odu

in the fina ymer ct are an indication of less corrosivity in the
react or. Exanpl e |f Théwenskigh moderalar PrRIgS polyaniénesulficle) palymet, b usedand |- 2

was carried out in the manper. descri bed . anple. 1 L] - further
deno ngq r aPEeh & SHGRY | Etf’fd&_é‘?tecﬁ“ ﬂﬁ?"’é’-“ﬁ@% F‘ﬁﬁ%ﬂ@'@rkge %&F* poﬁg@ag

hydr oxi dehmiﬁgam A Fh1ue 168 izt OGP0/ POmii wWhEn irtarddlbund stdie sul fur
source. Polynerization Run 111-3 was perforned in the manner set forth in

Exanpl e | Essenpaltylinkar polytailtine swlfide). epngedrhierain, is dpfinedias g nobaogt hagingods of
5ggyg$ ' ![ ﬁglt) Ibzc')arﬁc}n}-lg Br Sucha érﬁa‘ip‘ar%@ﬁn o?ﬁ?a%@n%g%g % ﬁ%ﬁéﬁrﬁg]lvﬁog%l:teonl . The
the polymer properties. For example, the amount of polyhaloaromatic impurity found
25  in the dihaloaromatic used in the poly(arlene sulfide) polymerization process would
not be sufficient to cause the resultant poly(arlene sulfide) to be outside the essentially
linear definition).
Generally, the ratio of reactants employed in the polymerization process
can vary widely. It is preferred that the molar ratio of the amount of dihaloaromatic
30 compound to amount of sulfur source be in the range of about 0.8/1 to about 2/1. If an

alkali metal carboxylate is employed as a molecular weight modifying agent, it is



~ 25 invention nethod of pre-contacting the alkali netal hydroxide with the
pol ar organi c conpound at relatively | ower tenperatures, then adding the
sul fur source and conducting a dehydration results in greatly decreased
corrosi veness of the dehydration m xture, as evidenced by the much | ower

| evel s of metal contam nation in the resultant polyner, conpared with
control Runs 1-1 and I11-3, with essentially the sane extrusion 30 rates.
10 -12 22 June 2004 Table IEx. Run No.-No. of dehy- dranon St ep<Rsope 2p@hol
exttactables wt/, DCBYield of PPS (g)Extrusion Rate (g/1Omn.)to mn. QCVNa
(ppm O  ( RRHred {Hapthehholar'ratio of alkali metal carboxylate to dihaloaromatic compound
(ppm1-11L17301.01. 2372. 710. 284%9,1084?24 L1l 1-121.070102. 0862. 640. 2784436. 83
9. 38. 9l | - Ppriththergneaaqbeph0-57448 AR ESs 29 11 11- 120. 8930101 . 4637. S40. 3S1
37911.24S.614. 8111 - : lerdpddyetisadlviaty diring the
10.9820100.4886.040%@%ﬁ%@%ﬁ%g%%§§§$§§aﬁ?ﬁ@ﬂgﬁﬁg iny%ntion ?;s bgen

descri bed gohynsteizatibn boer atwaee pargeo Pecfafablyl, howevestdusing polymeizaien heant to be
limted thereby) but is intended to cover all. reasonabl.e | fl l.ons

Wi t hi nSt héndlaigatio of eggpount of li%‘afz%fgﬁ%}ﬁ80%6‘2{“1&%‘1‘\@9&““%&%@%3%58?‘%%Separ i ng
pol yphenyl.ene St fk g€1AQbMERr) conprising: reacting an aqueous al kali netal
hydroxide wth a polar organic conpound within a netal vessel conprising
one or nore of iron,Tieteoncommencemint REthepotymdrization as wsef deretieliper at ur e

range not hi.gher than.200C.t orth a sol ution. ' B oduct of
S e R e S T e R A i

sol ution %g&éﬂ&@ﬁoﬁ&oﬂﬁﬁ&{s A&t itOMiedte phIgmeEitaioni STheasmy eeimfnation t he
solution; "adding a sul fur source to the solution to forma_m xture;

dehydnat i nd pphymemizatiar, es asedzhereinyie dafinpdeasdhas peayt at Which fo@ VEREP at

| east a parfion of the water s r - %’Q{j}g lé'{"“ nd addi ng one or
more pol yder At ?fﬁecpgé%?%‘fﬁlgkal&)c lq&lylggsn{‘g&g 'eagpb nehg?tﬁgﬂ oaronati ¢
conpound, ef@ctivedy fntinué, ot BEERplPp B WWeRiTiniiey the fecovergtiof iteryoly(erlérgr swifide)

pol yphenyl ene sul fide polymers, wherein the corrosiveness. of at |east one

of the solpebyms feomethermolymsaaation mexiurfe FEws| begatedibat wseqfghetegn
2. A nmethqd accordi |al | [ i halbsmedr oxi de
PO g SQ%P%%nﬂoyfgg%é@&@eﬁkmopdo\é@ﬁfit(%h@lys@lhpco?ﬁﬁ‘i@t'e redhibA

15 polymerization reaction components has occurred. It should also be noted that, as used

herein, the term termination of the polymerization is not meant to imply that no further
polymerization of the reactants can take place. Generally, for £CONOMIC 1easons,
poly{ariene suifide) polymer recovery is typically begun at a time when polymerization
is substantially completed, that is, the increase in polymer molecular weight which

20  would result from further polymerization is not significant enough to warrant the
additional polymerization time.

Although the reaction temperature at which the polymerization is
conducted can vary over a wide range, generally it will be within the range of about
170°C (347°F) to about 325°C (617°F), preferably about 200°C to about 290°C. The

25  reaction time can vary widely, depending in part on the reaction temperature, but
generally will be within the range of about 10 minutes to about 72 hours, preferably
about 1 hour to about 8 hours. The pressure should be sufficient to maintain the polar
organic compound and the dihaloaromatic compound substantially in the liquid phase.

The poly(arlene sulfide) polymer prepared according to this invention

30 can be recovered by any method known to those of ordinary skill in the art.

The following examples are provided in order to further illustrate the



3. A nethod according to any preceding clai mwherein said polar organic
conpound conprises N-nethyl-2-pyrrolidone. 4. A nethod according to any
precedi ng clai mwherein said sul fur source conprises an al kali netal
bisulfide is preferably sodiumbisulfide. S. A method according to any
preceding claimwherein said first tenperature range is 50 to 200C. 6. A

- nmethod according to claim5) wherein the range is 75 to 125C. 7. ~ A nethod

according to any preceding claim wher ei8r t he reaction product he3864

N- net hyl - 4- am nobut anoate. 8. , . A method according to any preceding

cl ai m wherisventidehlyutraag nmtgmteh@drtobe limiting ofiths seqpel thersot han 240C.
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reaction mixture was performed by gas chromatography (GC) of DCB/NMP mixtures

using an HP 5890 gas chromatograph controlled by an HP 3365 Series Il ChemStation

25 (DOS Series). The carrier gas used was helium. Standard solutions were used to
determine response factors. Injections of solutidns to be analyzed were made using a
0.5 microliter syringe, typically using a 0.05-0.4 microliter injection. The column used
with the gas chromatograph was 2 30 meter 0.53 mm capillary column (DB Wax),
purchased from J&W Scientific (Cat. No. 125-7032). The temperature program for

30 DCB/NMP analysis first employed a hold at 120°C for 2 minutes, then temperature
was ramped at 30°C/minute up to 190°C and held there for 1.30 minutes. Total
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10% U& () - dmhborol@mamb@lNMBl K6 GIDstamdird nsedHaf cargparison purposes was a

mixture that was 1.5 weight percent p-dichlorobenzene in NMP and whose |

5  compositions was known accurately. The standard solutions were diluted with
isopropanol 1n order to fall within the desired concentration range. Experimental
samples of a crude PPS reaction mixture from the reactor were blended with about a
10-fold amount of isopropanol in a Waring blender. Fiitration of the sample yielded a
clear liquid containing isopropanol, NMP and unreacted p-dichlorobenzene.

10 Metals analysis was performed by inductively coupled plasma/mass
spectroscopy on aqeuous nitric acid digests of the ash remaining from pyrolysis of
samples of the polymers. The metals concentrations are reported in parts per million
(ppm).

Example [

15 This example (Polymerization Run I-1) describes the general
preparation of a poly(p-phenylene sulfide) polymer, (PPS), according to generally
known methods. In this typical PPS preparation, to a one-liter stirred stainless steel
reactor were added 40.97 grams sodium hydroxide (NaOH) pellets of 98.6 % purity
(1.01 g-mol NaOH) and 40.0 g double distilled water (2.22 g-mol), 95.49 g aqueous

20 sodium bisulfide (NaSH) (58.707 % NaSH by weight) (1.00 g-mol}, and 198.26 g of
N-methyl-2-pyrrolidone (NMP) (2.00 g-mol). The reactor was degassed with 5
pressure release cycles of 446 kPa (50 psig) nitrogen and 5 cycles of 1479 kPa (200
psig) nitrogen. The reactor and contents were then heated slowly to 100°C,
whereupon the dehydration outiet was opened and nitrogen flow at the rate of 32

25 ml/min. was begun. The dehydration was continued while heating to a final
temperature of about 204°C. Then the dehydration outlet was closed and 148.49 g p-
dichlorobenzene (DCB) (1.0 g-mol) dissoived in 1.00 g-mol NMP was charged to the
reactor using a charge cylinder. The charge cylinder was rinsed with an additional 1 g-
mol of NMP which was also added to the reactor. The reactor was degassed again in

30  the same manner as described above. The reactor was then heated to polymerization

conditions (235°C) for 2 hours, then the temperature was increased to 260°C for 2 hrs
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10938 () - P10va& () - Thedd&ip fisoprappuie) was analyzed by gas chromatography to

5  obtain a wit% DCB. The reactor product was then washed with water six times at
90°C and filtered on a coarse filter paper to recover the PPS product which was left to
dry overnight under a hood. The following day, the PPS product was placed in a
vacuum oven and dried at 100°C for 24 hours to yield 101.23 g of dried PPS polymer

product. The extrusion rate of the PPS product was measured as described above and

10 found to be 72.71 g/10 min.

Example II
This example describes the effect of employing the invention method of

pre-contacting the sodium hydroxide and NMP and dehydrating prior to adding the
sodium bisulfide. For polymerization Run II-1, the reactor was charged with 40.97
15  grams sodium hydroxide (NaOH) pellets of 98.6 % purity (1.01 g-mol NaOH), 79.43 g
double distilled water (4.41 g-mol) and 198.26 g of N-methyl-2-pyrrolidone (NMP)
(2.00 g-mol). The reactof was degassed with 5 pressure release cycles of 446 kPa (50
psig) nitrogen and 5 cycles of 1479 kPa (200 psig) nitrogen. After the reactor had been
. degassed with nitrogen, the contents were heated to 100°C and held at that temperature
20 foraperiod of 1 hour. Thereafter, the dehydration outlet was opened and dehydration
was carried out while increasing the temperature to about 204°C. Then, the
dehydration outlet was closed and the reactor contents cooled to room temperature.
Following this first dehydration, 95.49 g aqueous sodium bisulfide
(NaSH) (58.707 % NaSH by weight) (1.00 gzmol) was added to the reactor which was
25  degassed again as described above, except that 377 kPa (40 psig) of nitrogen was left

in the reactor overnight. The next day the pressure was released and the reactor was

heated to 105°C after which the dehydration outlet was opened. The reactor was
further heated to about 204°C and then the cutlet was closed. Thereafter, 1.01 g-mol
of DCB (148.49 g) and 1.00 g-mol NMP were added to the dehydrated mixture and the
30 reactor was heated to 235°C and held for one hour. The reactor was then heated to
265°C and held for two hours. Then, the reactor was cooled and opened. A sample of
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&0 ys OpHI0MLE () Ru1|1 AfIJQ %3%(?18-988 2ava\,!s ca:'gr:xlig% out using the procedure described for
Run II-1, except that the amount of water added in the first charge was approximately
2.22 g-mol instead of 4.41 g-mol and that 95.30 g of NaSH was added in the second
charge to the reactor.
A comparison of the products from Example 1 and Example II, Runs 1
10 and 2 is shown in Table I hereinbelow. The polymers produced by the invention
method have comparable extrusion rates to that produced by known methods;
however, the polymers produced by the invention method exhibit far lower levels of
metals contamination, especially with respect to Chromium, Iron, and Nickel which
are materials of construction of the reaction vessel. The lower levels of metals found
15  in the final polymer product are an indication of less corrosivity in the reactor.
Example 111
Two additional PPS polymerization Runs III-1 and [II-2 was carried out
in the manner described in Example II, Run II-2 to further demonstrate the invention
effect of pre-contacting the alkali metal hydroxide with the polar organic compound
20  prior to adding the sulfur source.
Polymerization Run HI-3 was performed in the manner set forth in
Example I to provide an additional comparison employing known methods of
polymerization.
The runs from this example are summarized in Table L. The use of the
25  invention method of pre-contacting the alkali metal hydroxide with the polar organic
compound at relatively lower temperatures, then adding the sulfur source and
conducting a dehydration results in greatly decreased corrosiveness of the dehydration
mixture, as evidenced by the much lower levels of metal contamination in the resultant

polymer, compared with control Runs I-1 and ITI-3, with essentially the same extrusion

30  rates.
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10 m-3 -1 0.9520 100.48 56.04 | 0.328 | 375 132 558 | 524

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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| adding one or more polymerization reactants, comprising at least one
dihaloaromatic compound, to the mixture under polymerization conditions to form
polyphenylene sulfide polymers, wherein the corrosiveness of at least one of the solution

and the nuxture to the mctal vessel is reduceti

2. A method accordmg to claim 1, wherem sa:d alkah metal hydroxxde
comprises sodium hydrox:d&

3 A method according to any preceding claim wherein said polar organic
compound comprises N-methyl-2-pyrrolidone.

4. A method according to any preceding claim wherein said sulfur source
comprises an alkali metal bisulfide is preferably sodium bisulfide.

5. A method according to any preceding claim wherein said first temperature
range is 50 to 200°C.

6. A method according to claim 5, wherein the range is 75 to 125°C.

7. A method according to any preceding claim wherein the reaction product

compnscs N-methyl-4-aminobutanoate.
8. . Amethod according to any preceding claim wherein dehydratmg the

mixture occurs at less than 240°C.




