| NFERRED WATER ANALYSI SI N POLYPHENYLENE SULFI DE
PRODUCTI ONBACKGROUND QF THE I NVENTION 1. Field O The
wo pvepiseh [ 0001] The present techni que rel at eBCT/US2006/006837
generally to production of polypheny |ene sulfide
(PPS). In particular, the present technique relates to
determ ning water content in a PPS reactor based on
reactor variables. 2. Description O The Rel ated Art
[0002] This section is intended to introduce the
reader to various aspects of art which nmay be rel ated
to various aspects of the present invention that are
descri bed and/ or cl aimed bel ow. This discussion is
bel i eved to be hel pful in providing the reader with
background information to facilitate a better
under st andi ng of the various aspects of the present
i nvention. Accordingly, it should be understood that
these statenments are to be read in this |light, and not
as adm ssions of prior art. [0003] Pol yphenyl ene
sul fide (PPS), also known as poly(arylene) sulfide, is

be neXt b IR YA TR STSAEN SIS N,
POFYPHENYLENE SULFIEPRODUCTION

app In the preparation of
fibers, filnms, coatings, injection nolding conpounds,
and fiber-reinforced conposites, and is well-suited
for demandi ng applications in appliance, autonotive,
and electrical/electronic industries. PPS may be

i ncorporated as a manufacturing conmponent either al one
or in a blend with other materials, such as

el astoneric materials, copolyners,resins, reinforcing
agents, additives, other thernoplastics, and the |ike.
Initially, PPS was




pronoted as a replacenent for thernosetting materials,
but has becone a very suitable nolding material,
wespeodmBiy with the addition of glass and carbONUS2006/006837
fibers, mnerals, fillers, and so forth. In fact, PPS
is one of the ol dest high-performance
injection-nolding plastics in the polyner industry,
with non-filled grades commonly extruded as coati ngs.
[ 0004] PPS polymer, including sem-crystalline PPS, is
an attractive engineering plastic because, in part, it
provi des an excel |l ent conbi nati on of properties. For
exanpl e, PPS provides for resistance to aggressive
chem cal envi BAAKEGROUND|QF ATHOINNYBENTION f or
precision nolding to tight tolerances. Further, PPS is
thermal ly stable, inherently non flammbl e w thout
flame retardant additives, and possesses excell ent

1 dﬁﬁbfg?&%%&h@éﬂﬁﬁ“ing properties. Qther properties

) [ | stability, high nodulus, and creep
resi stance. The beneficial properties of PPS are duye,

(0001} 1 par £he Pigsenhiechniays tolapepPemtly o pdugion afpofipherylfig sultide

structure, which inpart a relatively high degree of
(PPS).nbi prrticwdar, thegéskeit tochnigye relatesio detemainimgavdiertdontenbingaPPS
degradation and chem cal reactivity. [0005] The
reactoffedsed ah rdidloe ontdiablesst ruct ure of PPS is a pol yner
conposed of alternating aromatic (phenylene) rings and
sul fur atons (in a para substitution pattern), as
shown bel ow. The nol ecul ar structure may readily pack
ipQto a.th I able crystalline lattice, giving
2. Pﬁﬁ%ﬁ&@%@%&amne pol ymer with a high
crystalline nelting point of up to about 285 0C and _,
[0002]j gHidis sepidemigdrierded; tp éntraduge thegeadst tarigpe aspepts of pet gvhich may
tends to char during conbustion, maki ng the nmateri al
be reldtetheranblyaspecsref the peascatrinyendion rtheat treatvsctibeBundoe claithérebelow.
material wll typically not dissolve in solvents at

This disBER&IAL YRS @ BYhAPRVIn g80idie thE X6 with Badki3rdtRd iM@Smation
first discovered in the l'ate 19th century, nany

to faciﬁﬂt% DE&ilet uragérjstglgdihé] of the various aspects of the present invention.

Accordingly, it should be understood that these statements are to be read in this light, and not

as admissions of prior art.

[0003] Polyphenylene sulfide (PPS), also known as poly(arylene) sulfide, is a high
performance engineering thermoplastic that may be heated and molded into desired shapes in
a variety of manufacturing, commercial, and consumer applications. PPS may be used in the
preparation of fibers, films, coatings, injection molding compounds, and fiber-reinforced
composites, and is well-suited for demanding applications in appliance, automotive, and
electrical/electronic industries. PPS may be incorporated as a manufacturing component

either alone or in a blend with other materials, such as elastomeric materials, copolymers,



their attenpts over the years to produce PPS for
i ndustrial use, and thus the history of PPS as an

WO paa®9B8Rl material is relatively short. |n 1B6WUS2006/006837
however, Phillips Petrol eum Conpany of Bartlesville,

hona devi se produci g
resins TRIGH TGS %93“35? e horpp BT ?gsdf“&%%’ Pps vas
sul fide, as described below C; + Na S- -f Nqb
promdi@be7 reFlacsmen forshemaseiing sajerials, but hasbepeme %f"@i@( “sultable
pol ymeri zati on) marked the begi nning of
moldih@ thasdrial, @bpestalyavidoiradditiah bf glessoemdafarteRSibets nigezds, fillers, and
Phillips Petrol eum Conpany began conmerci al -scal e

so forf 9H %5k I TP RlonEBBhedMbst RibB-pEifSmase %Qédhoﬁ%@dmg@lasucs in the

aV|ng ‘an effective bal ance of thernal and chem cal

resistances, Y

pOIYm[S’F Br v%l oa@?ff (s)hﬁr?yadn Fﬂ nagﬁg%l d under
the trade name Ryton(r) by Chevron PhlIIips Chem ca
Conmpany LP of The Wodl ands, Texas. [0008] In general,
PPS may be prepared by reacting a dihal ogenated

[0004}r orRRS polgmep duntaling sdmiscryiialiing PBS.is ew atiragidye engineering plastic
pol ymeri zation conditions in the presence of a polar

becauSy, SR par€ iCHIPRANh exdeBer @bbinaligR bf ropertipeURet example, BBS
N et hyl pyrrolidone (NMP), is generally an organic

provi(lfegl Xleﬁréglfﬂtanéé tgnég gfétsﬁ{fﬂaaem 1 BRSNS Rife ﬁ?fgﬁ%d{ﬁ?fm

i on e po ynerlzatlon cul ar

. we nodi f uc
precisi Aplbe ighh e Bds T e s el %PFEW%W?%?’%“
Typical ly, the polynerization reactionm_xture
mmﬁ’pﬁqwﬁb@ﬁ flameerstaedagheriditivparang nonsesees exqglicAt diglectripdnsulating
pol ymer dissolved primarily in the organic phase.
propefeRe Oahdripropitiarintlhde dinjensiphyl stabiliteddglamoduluayvend creep
pol ymeri zed, the reaction m xture may be cooled to

remstirfé% mTH@B@netffEﬁil PﬁipﬁﬁﬁE bZAP$ aR ARdintRrdfPBe kfaBleRRSmical bonds of
pol ymer solid from sol ution. Such coollng of the

its mﬁecdar{%{ljuét%}e, %1%}{1&& a%&%ﬁ%ﬂl hfsglﬂe&grefe%rf St %tabﬁﬁfy, for

example, toward both thermal degradation and chemical reactivity.

G

[0005] The general molecular structure of PPS is a polymer composed of alternating

aromatic (phenylene) rings and sulfur atoms (in a para substitution pattern), as shown below.

Ak

The molecular structure may readily pack into a thermally stable crystalline lattice, giving
PPS that is a semi-crystalline polymer with a high crystalline melting point of up to about 285

°C and higher. Because of its molecular structure, PPS also tends to char during combustion,



reduci ng the pressure of the reaction mxture to flash
t he pol ar organic conpound (e.g., NWP), or by adding
woreooe/0NYBs t 0 t he mi xture to cool (quench) the PECRUSZ086/006837
The choi ce of flashing t he existing NNP or quenchi ng
nor e y depend upon the, de n of &@
makl%ath@ matsrigh mhﬁﬁﬁ%@@l@ﬁ rFfardants At mentio } Fusger, the material will
particul ar grade of PPS. Mbreover, the choi ce nmay
typicadlfy et distdiee jprsobests at tanmeratarss belewabbuit 209 °Che pol ymer
bul k properties, norphology, particle size, and the
i ke. [0009] Another process alternative in the
term nation step is to cool (or quench) the

[0006&.OI yﬁ?oﬁfgﬁ%&’b s s@(ﬁ@o@&cw@x{l fle 1410 19&%@5&%&%@1&%}?’6&5 failed in

er quench ative to an
ically results i tlcle siLze of t.he .
thei a5 pTiel eﬁﬁ@sftgerqr&ue%k’ﬁé L5 Rbia g ene FlsdpaditBry of PPS
roduct fromundesirable solid conponents forned in

an indusisiabmietenial is zelativaly shae dntlA67.dieanszes BbillipsdistiolavanCempany of

e.g., residual salt and sline, typically have a
Bartlerseillal Dklahyms dedisedpamtihot dorgiraducing PR SOthr@mphwhe byniletsisrof para-
quench, however, is that if too nuch water is added,

dmhl&rbﬁen%’l%’& sﬁﬁfsbaﬁh?sﬁﬁ&@ ab A¥RriB&FLdbwet er) may becone
'large for downstream separati on/ handl i ng

eqU| prment , resultl ng in damage or shutdown of the
equi pnent, off-spec production of PPS, contam nation

of(@l{ﬁ‘e@d nd S&i&th Con{er@ f t_g_oﬁ%g

smal |, resultlng in |losses of PPS escaping with the
separated stream of undesirabl e conponents. [0010] To
conplicate matters, the anount of water existing in
the reactor immediately prior to quench varies and is
typi cally unknown. Furthernore, it is the total anount

[0007f wahig %bﬁﬂehﬁﬁloh%@}tr@én?aﬁ&%d?@ie pipeSlimdriatiaiake@fhe beginning

quench wat er added, that aftfects the PPS properties.

of mdﬁ?{r% O%Jnértt:lalhgaﬁd?xt (hfr e tI? n 9% 'P?ﬁlhbé) PAYABGH (B%&%H? Began

CI encil es

commercial-scale production of PPS, and this PPS was soon noted for having an effective
balance of thermal and chemical resistances, nonflammability, and electrical properties.
Today, PPS is manufactured and sold under the trade name Ryton® by Chevron Phillips

Chemical Company LP of The Woodlands, Texas.

[0008] In general, PPS may be prepared by reacting a dihalogenated aromatic compound
with a sulfur source under polymerization conditions in the presence of a polar organic
compound. The polar organic compound, such as N-methyl pyrrolidone (NMP), is generally
an organic solvent that maintains the reactants and PPS polymer in solution during the
polymerization. A molecular weight modifying agent, such as an alkali metal salt, may be

optionally added to the polymerization mixture. Typically, the polymerization reaction



dehydration of the feedstock entering the reactor and
because water may be a product of the PPS

W@ condersati on) pol ynerization in the reactor.P¢D0320D6/006837
CGeneral correlations are known between the total

amount, water in the reactor dyyi.n ench versus the . .
mixtur@ EXBPLPES ATEESYS Baq PrEapis pé%eé,’ wﬁﬁ {hengF%J ]i)]oﬁylpﬁre(%ssoijved primarily in
determ nation of how nuch quench water to_add is )
the organisipheseatGanetadly aaftar thermaignitiupf repeipnris baowsawhimerized e sgaction
exi sting water is typically unknown. In the PPS
mixturd by iRCdodledng tepmitesthe pblyendiizaton adeto dtqr tht PPB palyimyer solid
guesses, based on experience, trial-and-error, "feel"

from sQlfutihH.e Sﬁ&lecfo%iihg o g :i‘)giytiﬁé?&%‘eioﬁﬂﬁy $0 at@nldlish&B fdrexB@ple, by
nuc ts | h ch

wat er exi the reactor” and as to how nu

.quench water,.to add. [.0012 t oul.d b e t
reducif i ey S e GRiR S IhRE R M IRMGE FEalPbFfpoliiee.

to test for the water content may be problematic du%l,
NMP); ¢ byrrsldingrmere NN R o thedBHEe i prol (Wfslﬁéla? nyi¥tuygsy Thgchoice of

difficult to obtain a representative sanple of the
flashingehe txisting N MPusreuehching with noarerpiNB enay depend upon the design of the

partial | y-di spersed aqueous and organi c phases. Al so,

particil&ShififadiinddflaR X Rendi #etha particule g@as biPPS. Mépsaey ehe choice
during sanpling and anal ysis, the polynerization nay

e hdd ' hol
s oSS0 P AT oSN AT, el
. that the PPS polyner may remain substantially
particlgsize.Anddhe like-t he r eact or sol ution even after the

quench liquid is added. In this case, after the guench
liquid is added, the reactor contents may be cool ed
with a reactor coolant systemto precipitate the PPS.
[0009] T tAvtlidr @hdcesyabieniatios it thpeerafinationrsedp ik tagedodl (arsjuemmth) the
added initially, the PPS particles that drop from

polymgﬁkéﬁohgg' ﬁﬂfﬂgnéghtérhs ﬂliéqgﬁcft@nl B0 0 WeleBndlR relRBvd fo@n NMP

esl redsi ze. nerally, there is not a second chance
e

quencé,ioqﬂig. yS %eﬁltél{]slg}g,%q%gg{ﬁ%{]clg Vs %If'J th\/éq;l%; w%chtrﬁgy ﬁ@ﬁﬁé’tg E&)aration of
the PPS product from undesirable solid components formed in the polymerization since the
undesirable components, e.g., residual salt and slime, typically have a relatively small particle
size. A problem with water quench, however, is that if too much water is added, the PPS
particle size (average diameter) may become too large for downstream separation/handling
equipment, resulting in damage or shutdown of the equipment, off-spec production of PPS,
contamination of the PPS, and so forth. Conversely, if too little water is added, the PPS
particle size may be too small, resulting in losses of PPS escaping with the separated stream

of undesirable components.

[0010] To complicate matters, the amount of water existing in the reactor immediately

prior to quench varies and is typically unknown. Furthermore, it is the total amount of water



[0014] In conclusion, the determ nation of the anmount

of water existing in the reactor prior to quench is
w@e@blog1yst i ¢ because, in part, other |iquid coPEDUSIWE)06837

such as NMP, are present. Thus, a conventiona

. vol unetric nmeasurenent, for. example,, such..a h h .
i the TEqROT, L 19 ARA RO EAUP P PR, BFL S0 b PR arepertes
of the m xture and not just the volune of the water.

Water g pxist i the reeetdy pridrsp ahiench begase af ingElimengips ip §ie upstream
determ ne the anmpbunt of water existing in the reactor

dehydriMidOdf the feddsociert@ingCthe keadwand bécatifeewstenmby bea piduact of the
techni que shoul d further determ ne how nuch quench

PPS (c%eg%atfgﬁ%gﬂ?nfgﬁzétﬁ% ih BRGELQE,. M xture to control the

water 1 n the reactor during quench to
give the desired particle size and other properties of
the PPS. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015]
Advant ages of the invention nmay becone apparent upon
[0011]r e aieneyak gparelasions alierkgora baivween terctotal amopptvaiFGn {oisactor
reference to the drawings in which: [0016] Fig. 1 is a
during lberek vieksoatiet gegemtad RAS wiriicig siae, texk egaih ahy detyrsmisaticngyf how
produci ng pol yphenyl ene sulfide (PPS) in accordance
much Mehéh RARr RRRAL PRIMeniticttdgaRé eRamhoune (dhaicanemirali &) b bxisting
. 2 1s a diagranmatical representation of the

g
ol yneri zat | e ' | 1o &9 thelinl icall
e A G40, LERES RS PR g s bt opror el
technj ques; [0018] Fig. 3 | | ock diagram.af an
guesscl BAH Gt SHFEEHSAL AP o e S G AP B s ort
quenchi ng in accordance with one enbodi ment of the
as to howeswhtwaterduidteingbe f@owopndasfo how mueh geselk wateadr add. of
an exenplary nmethod for determ ning the anount of
guench water to add at the conclusion of a PPS
pol ymeri zation in accordance with one enbodi nent of
[0012)! "€ H¥LEERVe ot AW atory or on-line sampling of the reactor mixture to test
for the water content may be problematic due to the harsh reactor conditions. Further, it may
be difficult to obtain a representative sample of the reaction mixture which may comprise
partially-dispersed aqueous and organic phases. Also, testing may be expensive and time-
consuming. Moreover, during sampling and analysis, the polymerization may proceed and

conditions may change, sometimes undesirably.

[0013]  Lastly, it should be explained that the PPS polymer may remain substantially
dissolved in the reactor solution even after the quench liquid is added. In this case, after the
quench liquid is added, the reactor contents may be cooled with a reactor coolant system to
precipitate the PPS. If the right amount or type of quench liquid is not added initially, the

PPS particles that drop from solution during the controlled cooling may not be the desired



[0020] Fig. 5is a plot of the cal cul ated val ue for
the nole fraction increase of water in the reactor

WO 006031985 e anount of quench water added, in aPCDUSBENE@@6837
wi th one enbodi nent of the present techniques; and

. 00 Fig. 6 is a plot of t e average dianmeter of the
size. Obpseslatereis ok Seeonfcfing? it B it PHATGER relsob 1
agitation speed in revol uti ons per mnute (RPM and a
particlefsiza®f therPBS¥ palyi@enol e fracti on of water in the reactor
during quench, in accordance with one enbodi nent of
the present techni ques. DETAI LED DESCRI PTI ON OF
SPECI FI C EMBODI MENTS [ 0022] One or nore specific
[0014] en‘flﬁ A &, @ﬁe aé%@mﬁﬁaﬁfo%f tﬁerafﬁéﬁdt BPwiiel bExiBEnLi@SRs idaeer

l'ow. In an effort to provi de a conci se descrlptlon

prior to. qﬁﬁx?cglﬁ%moirb nbaglc egauggslgolta a Jher Fa?%&%o?ﬁp%o% é{iﬁtayﬁll\/lﬂ% are

shoul d be appreciated . that in the_ devel nent of an

presents dbys, a@%\aqnﬁpa%w@ﬁw’fa? mgAsurgEentnfos i ek A7 thgPush the use
design project, nunerous inplenmentation-specific

of reactdeleveliindisativms givbetheawlmootihamixtare dnd ngéjust theaobime of the
speci fic goals, such as conpliance with systemrel ated

water, aMdrdiy 8inB&s Sherefons, €6k Lreaati i todstermitieGlie arayunt af yafer existing
one | rrpl enentation to another. Mreover, it should be

in the r%agﬂ{r o aﬁcﬂxeh%r%U&ero@vnﬁ oY eSQz[E?lBE gflé %’cﬁmﬁhggﬁoupﬁfurther

consum neverthel ess

a routine undertakipg fab tion

determi Wikt Rt Wik Lo ﬂ}%ﬁ efiioy "R %%Rﬂtfﬁb%fﬁ%tal amount
benefit of this disclosure.[0023] In order to

of watet icihp reastos dpries evansh o aive the desires paele size o) PH{\%PTOPF’F@@S of
di scl osure is broken into a nunber of sections.

the PPSSection | introduces the PPS process and techni ques
for determ ning the anount of , quench water. Section
Il discusses conponents and conditions of

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Advantages of the invention may become apparent upon reading the following

detailed description and upon reference to the drawings in which:

[0016] Fig. 1 is a block flow diagram depicting an exemplary system for producing

polyphenylene sulfide (PPS) in accordance with one embodiment of the present techniques;

[0017] Fig. 2 is a diagrammatical representation of the polymerization reactor depicted in

Fig. 1 in accordance with one embodiment of the present techniques;

[0018] Fig. 3 is a block diagram of an exemplary method for PPS polymerization and

subsequent quenching in accordance with one embodiment of the present techniques;



exenpl ary PPS pol ynerization m xtures. Section |11
di scusses equi pnent and net hods enpl oyed in the
wex@apbmsy production of PPS, as well as, appl PCRUSING006837
and end-uses of the PPS polyner. Finally, Section IV
di scusses techniques for the determ nation of the
anount of quench water to add to the PPS
pol ymeri zation reactor to give the desired PPS
[0019] parfiig. ¢ ie adlack didgram of podxeseplary method for deteygining the amount of
established early in the devel opnent of the PPS water
quench 4R éhadd M elessonthisiontolie PPSt milyasmratibn of acsatdancd with bee
PPS pol yneri zation reactor during the water quench is
3 control of the polyner particle size,
embom%%ﬁ%%@éﬁe%éﬁ{egﬁlgﬁ | hes generation, and other
properties of the PPS polynmer. It is generally known
for the various grades and types of PPS, the
rel ati onshi p between_the anmount (i.e., pounds, .
[0020] galHigrkis aglotos thesrlquiatebyplupfor iy @Ple\ﬁéacgim mereaggof water in the
reactor during quench versus the PPS particle size
reactor {érses the amenstgd qdermirevater dddedyiin roresdancawithenk embiodimeng pf the
t he anmbunt of water (and concentration of water) in
present td¥@niy@by/ARA | zation reactor inmediately prior to quench
is typically unknown to the operator. In response, the
present techni que can cal cul ate the approxi mate water
content in the polymnerization reactor prior to quench,
and_.can, provi de the correct amuni_ of quench .wat.er to
[0021] 5 dFiEch SRR aH drcA erago i SAIcIRRS Pt omet A Tririope & o
size (expressed as an average or_ nedian particle, size
functiomofractoragitstion speediinraviobiions per maingted BPyR)and agfunction of the
di scussed bel ow, the technique utilizes informtion
mole frahiutof Wager i@ e rredctdruding Guehdhbin acoordvhde)widf ondembodiment of
pol ynmeri zation m xture to cal cul ate the concentration
t‘é@?rﬁ xisting in the reactor prior to quench. The
thepreéc%g}cu a{llileg'n may be based on reactor system vari abl es,
e.g reactor tenperature and pressure, andaccounts
for variations, for exanple, in the effectiveness of

t he upstream dehydration process
ETAILED DESCRIPTION %F SPECIFIC EMBODIMENTS

10022] One or more specific embodiments of the present invention will be described
below. In an effort to provide a concise description of these embodiments, not all features of
an actual implementation are described in the specification. It should be appreciated that in
the development of any such actual implementation, as in any engineering or design project,
numerous implementation-specific decisions must be made to achieve the developers’
specific goals, such as compliance with system-related and business-related constraints,
which may vary from one implementation to another. Moreover, it should be appreciated that
such a development effort might be complex and time consuming, but would nevertheless be
a routine undertaking of design, fabrication, and manufacture for those of ordinary skill

having the benefit of this disclosure.



and in the anmount of water produced during the
pol yneri zati on. [0025] In one enbodinent, the liquid
wWorRoob09®33i n the reactor 14 is assunmed to be anpcTi®st006/006837

binary m xture of water and NWMP, and the vapor phase
is _assuned saturated, i.e.,. the |iquid and, vapor )

[0023] HhJasedes e fasdEgRr@rseatipn ?fﬁh%aww%?qhamueW% isplquug s broken
assunptions, and with reactor pressure and reactor

into a ntumbpesfsediasaSectinmitistrodmetthe PP S pracesagndischrigakstior
cal cul ate the concentration of water (x A) in the

determihB@he amarhmtdf[qaéndﬁméﬁ ‘Sectlie ] Riseuied fotAporRBisdBd wbeditions of
Pis the total pressure in the reactor (a neasured

| :
exempl%\?felisifss) u‘?oelgfﬁglﬁ%oﬁ) Qm%uﬂ{?.e I%}%\:/Etﬁ)rpllﬂ &Q@.{M%ﬁefpn}éﬁpﬁ{d mgtrl}ods

wat er an , respectivel and XA and

XB.are the liqui | e ctio of ter and N
employpQispibE ergrapyty Mot at BB tarBhes. emaphie o o messof the
vapor pressures may be cal cul ated using a suitable
PPS polyassr Fprally sBaciiondV giscayses ogniques fapthgidgterminatiomof i amount of
Wi th reactor tenperature as an input. Finally, because
quenchtviaterrto xildi teethe PPEyolymedizhiioraregctot tvegiex threetssiraiPR Sl particldkize.
may be substituted for x B, and thus x A the nole
fraction of water, may be solved. Wth the nole
fraction of water determ ned, the anpunt of water

L ffxtirs lilc ni n the reactor may then be cal cul ated based
o’ﬁ—{lé-e—&—qw d volume in the reactor. The anmount of
[00241] o aaeHBRISHER HBUNG (o SN EoPh G D P S HaIgRg) prgoess that
PPS particle size. [0026] The technique is a striking
the total appuvterferateran gre RBfepalymetizating reactayrdussg theawatergushch ise
important to the control of the polymer particle size, bulk density, and fines generation, and
other properties of the PPS polymer. It is generally known for the various grades and types of
PPS, the relationship between the amount (i.e., pounds, gallons, or concentration) of total
water in the reactor during quench versus the PPS particle size (i.e., average diameter in
microns). A problem is that the amount of water (and concentration of water) in the
polymerization reactor immediately prior to quench is typically unknown to the operator. In
response, the present technique can calculate the approximate water content in the
polymerization reactor prior to quench, and can provide the correct amount of quench water
to add to the reactor to yield the desired PPS particle size (expressed as an average or median
particle size, a particles size distribution, and so on). As discussed below, the technique
utilizes information about the vapor liquid equilibrium (VLE) of the polymerization mixture

to calculate the concentration of water existing in the reactor prior to quench. The calculation

may be based on reactor system variables, e.g., reactor temperature and pressure, and



amount of quench water based on human operating
experi ence, and avoi ds the drawbacksassociated with
wal2ooeop19akasur enent of the existing water concROL/USLI0EM6S37
in the reactor. The result is inproved and nore
effective control of the average di aneter or particle
accoundy foe vgriatioparfor elampde, i thei eﬁepﬁlmwsmf)th%mpsppgnid%hydféﬁon process
pol ynmeri zation reactor. The technique generally avoi ds
and in {ieang@nesiwatenprotiuceddizsing el polyanaddatiparti cl es of PPS
and thus facilitates separation of the prinme PPS
product fromthe reject material, such as salt and
slinme, which tend to have a smaller particle size.

Furt her, the.imreved control .of particl.e.si .
100251 b e it O R REEPLARG nPleB@lchintiafs Risbe 154 &y iceal
) damage downstream separati on equi pnent and that ,ma ..
binary maztyre of wateiandAME s arrbthe (VAPRY PRAY 15 A Setufshi Endidiguid
costs. In sum the techni que provides for inproved PPS
and vaporqehasss agpiassimgd to exineguilibEsml. 0¥ ih these estunwtionnand ivith reactor
reduced operating and mai ntenance costs, and so forth.

pressufeland ?@cﬁ?@éxﬁ?&éﬂu@asﬁﬁpﬁ@,' RHOARTIM @ apuk Libdlito (CBRMatethe
Components of the PPS Pol ynerizati on Reaction M xture

concen[tlgggxg be Whter Eprfgélﬁrﬁ{esrewr REnpEoduced generally by

contacti ng pol'yneri zation conditions at |east
one di hal oaromati ¢ conpound, a sulfur source, and a
pol ar organic conpound. 1. PPS Pol yneri zation
Reactants [0028] Two primary reactants are the

di hal oaromati c conmpound arkforls Iaw f ur source. a.

Di hal oaromati ¢ Conpound as a PPS Reactant [0029] Sone
of the dihal oaromati c cdOaPourds- Bixch nay be enpl oyed
may be represented by the fornul a:where each X may be
selected fromchlorine, brom ne, and iodine, and each
R may be

where P is the total pressure in the reactor (a measured value), P°5 and P°g are the pure-
component vapor pressures of water and NMP, respectively, and x o and x g are the liquid
mole fractions of water and NMP, respectively. As discussed below, the pure-component
vapor pressures may be calculated using a suitable vapor pressure equation, such as Antoine’s
equation, with reactor temperature as an input. Finally, because the mixture is assumed
binary, the expression (1- x ») may be substituted for x 5, and thus x 4, the mole fraction of
water, may be solved. With the mole fraction of water determined, the amount of water
existing in the reactor may then be calculated based on the liquid volume in the reactor. The
amount of quench water may then be determined based on the desired total amount of water

that gives the desire PPS particle size.

[0026]  The technique is a striking improvement over the trial-and-error estimation of the

amount of quench water based on human operating experience, and avoids the drawbacks
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sel ected from hydrogen and hydrocarbyl in which the
hydr ocar byl can be an al kyl, cycloal kyl, or aryl

WO ao2d93Dr conbi nati on t hereof such as al kar yPCT/US2006/006837
aral kyl, or the like, the total nunber of carbon atons

. in each nol ecul e bei within the range of .6..t o about
associals wiieE pfre et oh e Foiihe whBE SRS Pn 8 ChreBiE e
_the di hal paromatic compound, it is common in the art
result istimpeawsH 69d proag piigchive sortrl o1 the averaze dismesu op paticle size (or

conmpound. Exanpl es of p-di hal obenzenes that nmay be
particle size distninitiodpofPRE mhthe polyerzieateon(1IEEB)1S Fiditechnipieeenanidy
p- di i odobenzene, 1- chl oro-4-bronmobenzene,

avoids tlg_e cElRAt R uAAREPE SRE] darti1QoTPPS fdakeraeiitatesdeparation of

i chl orotol uene. 2,5-dichl oro-p-xyl ene,

the pri%eéﬁ%ﬁ%?ﬁ%if@%?@?gi&ﬁ%%ﬁgaé SPLRNAL N7 SR slinde, FitiferYend to have a

robehzene,
smaller é&lglg Y. Iiz: 4F§1¥tg\%erg %ﬁ%{gk@é&%h@g1oorﬁaé1ptﬁTezselQeel’owlefshtg)e( )éleﬁe?r’étion of
1-oct adecyl -2, 5-di i dobenzene, 1-phenyl -2-ch| oro-5-
undesirghly tnsgreparaeles that may dengge dovisirgimn senmivncgriwment and that may
| - benzyl - 2, 5-di chl orobenzene, |-octyl-4-(3-
result imiatfeyded\dohafigrtanl incZedsed naitaianee &tz dneumathd tédhaique
i ke, and m xtures of any two or nore thereof. A

provideb Yo iftovdll ﬁ’?b%cﬁi@é}hé}itﬁqg&fé@&‘ BPSMNsEY Bubdl i entime, r%%uced

pol ymeri zation of PPS is pdichl orobenzene (DCB) due

.its avalilability and effectiveness.h. A Sul fur Source
Operatl%ang%%te%lg&cg#’ afgﬁgé(f ul fur sources which may be

enpl oyed in the PPS pol ymerization process incl ude,
for exanple, thiosulfates, thioureas, thioam des,
el emental sul fur, thiocarbamates, netal disulfides and

1L Brlymérizaties of PolivpbemylemaSalfide (PBSNi ¢ ner capt ans,

organi c nmercaptides, organic sulfides, alkali netal

AVl 11 despenehiObsile PRSERoly ¢ it SRR sbelibh Afixnapd t he
like. It is commpn in the art to use an al kali netal

00271 U SO Bl e g
conditi{rﬁgi; g%%’lt_rgng lc'ihfaioqa?dmguecséo%lnﬁo%%,fai s%‘fﬁlr ?o%gcer:jaﬁ(é g%)(e)lsér organic
compound.
1. PPS Polymerization Reactants
[0028] Two primary reactants are the dihaloaromatic compound and the sulfur source.
a. Dihaloaromatic Compound as a PPS Reactant

[0029] Some of the dihaloaromatic compounds which may be employed may be

represented by the formula:
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Generally, the alkali netal sulfide may be used as a
hydrate or as an aqueous m xture. For an aqueous
wOoRob9®3s as di scussed bel ow, the al kali net al peTriUF20d€006837

can be prepared by the reaction of an alkali netal
hydroxide with an al kali netal bisulfide in aqueous
solution. A common al kali netal sulfide used as the
sul fur source in PPS polynerization is sodium sul fide
(Na2S), which may be prepared bygconbining sodi um
hydrosul fide (NaSH) and u ydr oxi de (NaOH) in an

¢ gration. 2. Pol ar

% &gSoI vents) [0031]

Or gani ¢ Conpounds (Igﬁ
Useful pol ar organic-“to producti on of
the PPS polyners are ty )se that are sol vents
for the dihal oaromatic co~ﬂ:uﬂ“* nd the sul fur
source, and thus those tfat keepgthe di hal oaromatic
conpounds and sul fur source in solution during the

pol yneri zation. In general, exanples of such polar
organi ¢ conpounds i ncl ude anides, i ncl udi ng | act ans,
and sul fones. In particular, the polar organic

wer GEBEUR R TR D B BR85S 050  may e

N- et hyl - 2- pyrrolidone, pyrrol |done caprol acta
selected\fr@ﬁhl%{d@m@mg@y@mpa@m 1poylgph;the|hyﬁ;acarbyl can be an alkyl cycloalkyl,

di met hyl acet am de, 1, 3-di nethyl -2-i m dazol i di none, |ow
or aryl radliead ot armbi!ﬁiltgimtthﬁebiyﬂnh deslkaghdrilkg, bi the likdHbe ‘pxhdl awmber of
organi ¢ conpound typically used is

carbon Iéltdﬁ% R¥heZmBIChR be R RAHINIR) radge S YR abERITRIO NFWAL1S the halogen
Inc udlng Addi ti onal Reactants) [0032] O her

nt
s SRS B TP LR e
nol ecul ar, melght nDdlfyl r enhan
emPIOYa@émako@%qaeSa%s thy dibeloaihsmatic commpung rasepley Sl gobenzenes
hal i des, or water can be added or produced durin
that maydieyrsed inchtdegrdiciibobbizene (IaCBa,a:r-dxbm@heasenmpwdhoc%dynme 1-
enpl oyed i ncl ude those having the
chloro-4-bromobenzene, 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-dibromo-benzene, 1-hexyl-3-
dodecyl-2,5-dichlorobenzene, 1-octadecyl-2,5-diidobenzene, 1-phenyl-2-chloro-5-
bromobenzene, 1-(p-tolyl)-2,5-dibromobenzene, 1-benzyl-2,5-dichlorobenzene, 1-octyl-4-(3-
methylcyclopentyl)-2,5-dichloro- benzene, and the like, and mixtures of any two or more

thereof. A typical dihaloaromatic compound employed in the polymerization of PPS is p-

dichlorobenzene (DCB) due to its availability and effectiveness.
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formula R CO2M where R is a hydrocarbyl radica

sel ected from al kyl, cycloal kyl, aryl, alkylaryl,
waeybabioyds , and t he nunber of carbon atons i n RCT/US2006/006837

the range of 1 to about 20, and Mis an al kali netal

selected fromlithium sodium tassi um rubi di um and
cesi um Thé& al kéi*ﬁ"lr{‘é’t*g‘{”’%ﬁ”o‘bfg%ﬁ i be enpl oyed

as a hydrate or as a solution or dispersion in water.,
[0030] A cSuifiwisbyrcessehichinkay tie emptleyeddai polzmerizatiga ppgeess include,
process is sodium acetate (NaOAC) due to its

for exafiph, tiadsulfatey, thivdrek  thvhnidss pdemedtAOBB ir, Ahidtdrbanated, yetal
reactants, such as conononers, nay be included as

s FHEI EOTRRRIRL Ak Bl A s oo, orgni
hal.ogen at o such. as. tri.chl orob ene.. £0of, e I .

sl SO S e BE B Pl BG4 T Pmon i
than two hal ogen substitutions may be enpl oyed as

the art tosuse e atkelijmetel sybfideras the BYaF souspemdRdymay gichidegipm sulfide,

hi gh nol ecul ar wei ght pol y(aryl ene sul fide) polyners.
sodium dulfide, potassium isolfidegrubidiur sulfide, cesibmasul fide; Ahdmitiares grexeof.
(TCB) as the polyhal o-substituted conpound when

Genera8YPhe¥Rdl nl @8 34ifideUhdy i8S use@ a9 BPAARY0r RS af BPLOUS hiAEred For an

reactant, for exanple, where the sul fur source

aqueoug E@lﬁ&%eg l%?( Q%F%n%?{é%ﬁgh;%lggiﬁh ggé;tg'lusufiﬁecan lbte 8?%%%%yi the reaction

I oxi such as So

hydr oxi de (NaQOH), may typicall utilized.. .

of an QiR SR aaakice o ket et o iRy e Gelytony 4qgmmon
reaction mxture prior to termnation of the

alkali pethlsmfidezuseil on thesulfadsuecetin BBE pobinesrizetion issodimgriulde (Na2S),
m xture. Such a reduction in basicity may |ower the

which ﬂﬁ? BB fprephred Hycavuetiniglg BediyiEty diospliide (NaSH) andt dodivdPly droxide
polymer. B. Conditions of the PPS Pol ynerization

(NaOHPERGH hkolh ¥1tHiéh folloRRl b9 defyReaant s

2. Polar Organic Compounds (Including Organic Solvents)
[0031] Useful polar organic compounds in the production of the PPS polymers are
typically those that are solvents for the dihaloaromatic compounds and the sulfur source, and
thus those that keep the dihaloaromatic compounds and sulfur source in solution during the
polymerization. In general, examples of such polar organic compounds include amides,
including lactams, and sulfones. In particular, the polar organic compounds may include
hexamethylphosphoramide, tetramethylurea, N,N'-ethylenedipyrrolidone, N-methyl-2-
pyrrolidone, pyrrolidone, caprolactam, N-ethylcaprolactam, sulfolane, N,N'-
dimethylacetamide, 1,3-dimethyl-2-imidazolidinone, low molecular weight polyamides, and

the like. The polar organic compound typically used is N-methyl-2-pyrrolidone (NMP).
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[0035] Cenerally, the ratio of reactants enployed in
the pol ynerization process may vary w dely. However,

wo b@otystal nolar ratio of di hal oaronatic conpOUTs200€©006837
sul fur source is generally in the range of about 0.8

to abqut 2, and_nore co ly. from0.95 to 1.3, The
amount- of  QIRSHCAER LS «é&gﬁmwilfemmd
optionally enployed as a reactant may be that anount

[0032] t 0 Gt eorepankats aeayi heesmpleypdda tsf pdly merd#ating reastigh wixturpeand/or
desired polyner nelt flow. Generally, about 0.0004 to

during the@lymdrzatiad. Fualexhdable; sohuial weitit Aodifeihg ©r enignolngthgents
per nol e of dihal oaromati c conpound may be enpl oyed.

such aslalkaAMmahKAloxYBER! liGRR RINAR! & Wate MR bAUEEAS Roduced during
nol ecul ar wei ght nodi tying agent, the nole ratio of

al kal i t.al rboxyl.ate to.di hal oargmatj.c ounds .
polymefigfift, ARHE el SRR phior R SpARR frofaEBRE Biving the
about 4, nore conmonly fromabout 0.1 to 2. 2. tio

formulg, R'GE3AN} avhere i ds Ay drocarby hadisal selgeteddrm alky b ggdpalirearyl,
anount of polar organi c conpound enpl oyed may al so

alkylarylasanylafigrlj ang threurpbéryoferiboa bionms iR is ia the tege ahy & about 20, and
However, the nolar ratio of polar organic conpound to

M is anf dMalSwbthlidelde@ddr fecn llishitnp bedihrh Ypothdsitint) rihi@iuhfaeEcedfum. The
about 1 to 10. If a base, such as sodi um hydroxide, is

it RIS, MR | A0, FEHTA Pl o g
t o .about 4 nole r | e gf fur sourge.3. Reaction
A comipgirer il B R s i Girdrpripest fesoptisd pobpie (VeGAC)
m xture can be contacted with each other in any order.
due to ioamailaffilityramd\eéfieetivengs. ch may be introduced with the
reactants, may be renoved prior to pol ynerization
such as in a dehydration process, especially if a
significant amount of water (e.g., nore than 0.3 noles
[0033] P€ rAH&lﬁ@nél’lfy, fdbthis, RRHGS %mb&n‘i’éﬁﬁﬁeﬁl be NBILBAY & well.hSuch
comonomers typically include polyhaloaromatic compounds having more than two halogen
atoms, such as trichlorobenzene. For example, polyhalo-substituted aromatic compounds
having more than two halogen substitutions may be employed as reactants in order to prepare
branched, relatively high molecular weight poly(arylene sulfide) polymers. It is common in

the art to use 1,2,4-trichlorobenzene (TCB) as the polyhalo-substituted compound when

employed.

[0034] Further, a base may be employed as a reactant, for example, where the sulfur
source employed is an alkali metal bisulfide. If a base is used, alkali metal hydroxides, such
as sodium hydroxide (NaOH), may typically be utilized. Additionally, an acidic solution may

be added to the reaction mixture prior to termination of the polymerization to reduce the
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tenperature at which the polynerization is conducted
is generally within the range of about 170 0C (347 OF)

WO eooalooness 450 0C (617 OF), nore comonly from BODUS2088606837
OC to about 350 OC. Further, the reaction tinme nay

..V del in.part, .on the reac
basicity @ i FappunEE. Py %%WSP%WCPW 2o RIERR A e SBpunt of ash
about 10 m nutes to 3 days, nore commonly from about 1
causingipglymergmppeties lstw%pdmrcal ly, the reactor pressure
need be only sufficient to maintain the polynerization
reaction mxture substantially in the liquid phase.
Such pressure will generally be in the range of about

B. POURBRIBBhs §ﬁ%@ 'PPS PoIpmeALRn(RsicBdn Mixalput 400
psi g, nore cormonly about 150 psig to about 250 psig.

C. Ternrna ol ynmeri zati on Reaction and
Recovery o?lﬁﬁeféﬁggﬁggS8] The pol ynerization may be
term nated . to be over ePPSfro t he
100351 ¢ cBEgA S it FeHecl Sgact rrrnalyorﬁilw & Py BirTiagin prgcess may vary
(renoving heat) to a tenperature below that at which
widely. sHpweait thatyniesl yiedariratia elodihelapemaic sempeundda sulf@sooy.is
The pol ynerization reaction m xture may be cool ed, for
generallyxianid angdyf dHoashB ngatidue 2paldakorragamanlye Gooldsit B3.9The
NVP). Alternatively, the reaction m xture may be

amount©?PbBRaRYsuBH AR bREnat R UG g@ﬁnc‘? Mptﬁgﬁll? eng%d R9A Mactant may be
or gani ¢ conpound or by addi ng water reaction

ot HEDSALGR TR B FLIERD e ot o
reaction mxture with poI nmerization inhibiting
Generally, %@%00% to QyBunelep el Ralahale SWRrtitie arowaE FRmPRMdger mole

_ the polynerization does not inply that conplete
of dihalpasmotatio compouremaobs emsployed.i Bran cthaponaaltcerlivaglate is employed as
occurred. Mreover, term nation of the polynerization

a moledutar R@ighTRRI fy i d Bﬁlt' thetrh@lt ratd dfltdNenheal JaBdxlyZad ton of
the reactants can t ake pl ace. Generally, for economc

d1haloafo%?a?ﬁ% Bﬁﬁdyarﬂﬂl Bé’éb\ﬂ%&'i‘r‘} Wik HR:I 8 ol Srlglgt\b%ygo A58t Apﬁnore

en po yneri za

common yb:ts (grra} raﬁ;o&' lyto 2.

2. Ratio of Solvent and Base to the Sulfur Source
[0036] The amount of polar organic compound employed may also vary during the
polymerization over a wide range. However, the molar ratio of polar organic compound to
the sulfur source is typically within the range of about 1 to 10. If a base, such as sodium
hydroxide, is contacted with the polymerization reaction mixture, the molar ratio is generally

in the range of about 0.5 to about 4 moles per mole of sulfur source.
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conpl eted, that is, when the increase in polynmer
nmol ecul ar wei ght which would result from further
w@oedogoerdBzati on is not significant. [0039] ForPCEBUS2006/§06837
of the polymer, the cooling and term nation of the
reaction brings the PPS polymer solids out of
sol ut en, kaacHomfyndians be separated fromthe
reaction m xture by conventional procedures. Such
[0037] pr otkalcomagorients| af deg, refationeniatpt eqn bd ¢antaatddomitloéachivgher in any
pol ymer followed by washing with water, or dilution of
order. SBficlof @t waBr, Whidhihgy ¥ irﬂﬂroﬂ@ée@rwﬁlﬁh'e %@%nbs\/ n‘fa&'bte réthb @A prior

and wat er washi ng of the polyner. In general,

to poly&%h%%n smyaggg g{dg{fﬁ%cﬁfogl r&%és§, I%gp allﬁﬁpa mgflff%gﬁtsémo%t of
separ atl nd SO for The recovered PPS

water (3. Jaqie P HOIS FEREP equé@@“g"s% oo PrEsERhpMereov e thsps
may be cured through cross |inking and/or chain

temperaturecsi sytaeh thy pobamdrizgtien istcengustestia gereralbowishiaibeiranggof about
OC in the presence of free oxygen-containing gas.

170 °CABENR td hisdut 456 &C (6 17r°0% shors kbimghonBufbmabomea3¥Cde about 350
crosslinking accel erants, and/or crosslinking

°C. FuttAtY Blelr@ition We gy | ’V&g %ﬂflg adeg)gn 1ﬂ% Qn Epgﬁ JPRe re%@ﬁ@n

cur éd PPS pol ynmer gen her mal st abl ity
ar.e

f

temperfif, 8RG8 ERSTE Miploiie EaR SCoR Lo PHGu Bt s ’feac@amonly
objects and fibers. Additionally, the PPS polymer

from alamtt il hepeioabeet $bewae dynically. \%ﬁr@w@r RIEERUES nﬁéé B @9%\1 ient to

polynmers, fiber reinforcenents, fillers, pignents,
maintamutbé palyimegizatireriesstioamixone shﬁastantiallly/mstha li'quiidmas, Swehpressure
stabilizers, carbon black, netal deactivators,

will gehétblly B the raﬁig@%tf lnBd O pundPper Qg8 irichlpla et @5iz) to@ott 400
rel ease agents, pignments, titanium dioxide, clay,

psig, n‘{glﬁ'{(gomx%ﬁﬂ?eﬁugﬁh %o%%%lggg&e%oé, trrg;:/klbgl ?g?mgngrt he

nol ded into a variety of conponents or products for a
di verse range of applications andi ndustries. Such

conponents and products may be further processed,
ds s entfesminativngfetie Pelymerization Reaction and Recovery of the PPS

[0038] The polymerization may be terminated to begin recovery of the PPS from the
reaction mixture by cooling the reaction mixture (removing heat) to a temperature below that
at which substantial polymerization takes place (about 235 °C). The polymerization reaction
mixture may be cooled, for example, by flashing the polar organic compound (e.g., NMP).
Alternatively, the reaction mixture may be cooled by quenching, such as by adding more
polar organic compound or by adding water to the reaction mixture. The reaction may also be
terminated in a variety of other ways, such as by contacting the reaction mixture with a
polymerization inhibiting compound. It should be clarified that termination of the
polymerization does not imply that complete reaction of the polymerization components has

occurred. Moreover, termination of the polymerization is not meant to imply that no further
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prior to receipt by an end-user. It should be
clarified that the PPS polyner, in both flash and

W@ e@aopF ocesses, IS generally in solution prPOT/US®06/006837
term nation of the polynerization in the reactor. In

the flash process, the reactor | ytion may be charged..
polymeyigifigh of ey BAGEEE fin S RAFH D Rers T e Y aipori! Ritdion
| eaving the PPS paolyner, as well as salt and ot her .
(and PP pebyaner spnoxeryd msyrherinisiatet gl timerwhey pohanerizalinn fysybgautially
that facilitates precipitation of the PPS. In the
completgdighaths, priwoaks incheaveingroly héren$1BS pobsi gletrwinely wiosldaresuli fnom
sol ution even after quench NVP or quench water is
further geiph@etidafioh Rendt@akifdant. Theref ore, the reactor solution
may be further cooled at a controlled rate via a
cool ant system for exanple, to cause the PPS to cone
out of solution. However, it is the amount of quench

wat er added at effects the particle size . .
[0039] (56 15Vt B RmEpe ol ek igymingfion,of th sgagtion brings the
content in the reaction mxture results in |arger PPS
PPS polyser salids vupefsolyionawhing masothen heseperated Bemrihigregetéon mixture

during the controlled cooling. D. Exanples of PPS
by convefioHaepioéédures) Such précetiurex iichide, fof eRBHIOhIyarsn afxhe polymer
[0041] A PPS polynmer may be prepared by m xi ng 32.40

(TLn: . . a:1500 ' - . ;
vty s e br 1SS 4l RNy A

. solution _cgntaipjn 0% by wei ght . sodi um hydi | £
ftatiof R R NGBS oL ebimathy Yo Bieth toE PPD B L B oty o
solution, 11.34 kg (25 | bs) of sodium acetate (NaQAc)
the “flagl\ieqess, by empleying p Sepppationggent, Iy mechanical separation, and so forth.
N- et hyl - 2- pyrrol i done (NWP) may be added to a stirred
(400 rpm reactor, which may then be purged with
nitrogen. This m xture may then be heated to about 172

[0040] C The recovered PPS polymer may be further processed. For example, the PPS may

bé cured through cross linking and/or chain extension by heating at temperatures above about
480 °C in the presence of free oxygen-containing gas. Agents that affect crosslinking, such as
peroxides, crosslinking accelerants, and/or crosslinking inhibitors, may be incorporated into
the PPS. Such cured PPS polymer generally has high thermal stability and good chemical
resistance, and are useful, for example, in the production of coatings, films, molded objects
and fibers. Additionally, the PPS polymer may ultimately be blended with various additives,
such as polymers, fiber reinforcements, fillers, pigments, nucleating agents, antioxidants, UV
stabilizers, heat stabilizers, carbon black, metal deactivators, lubricants, plasticizers,
corrosion inhibitors, mold release agents, pigments, titanium dioxide, clay, mica, processing
aids, adhesives, tackifiers, and the like. Ultimately, the PPS polymer may be formed or ‘

molded into a variety of components or products for a diverse range of applications and
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(342 F) and dehydrated to renove water while the
tenperature is increased to about 2 11 C (41 1 F).
wab@a/09®3s 27 kg (139.49 I bs.) of p-dichlorobene€n®s2006/006837
(DCB) in 22.7 L (6 gals.) of N\MP may be charged to the
. .reactor. T ] X1 .
industigs” 3R epmplfentd U GAER PdS po AREEER 8 AE0 Hinchbedritupld ctc
. reaction mxture may then be flashed at about 282 C
prior to recgipt by an gn4-Bfbve the NMP and sol idify the PPS
polymer. The dry, salt-filled polyner may be tw ce
washed with 454.25 L (120 gal) of deionized water at
anbi ent tenperature, then filtered, then washed with

[ORoBd b clafified tila) thefPPdehdiinee th bah dastbdndliénéh £id0EssEs), is
for 30 mnutes. The solution may be filtered to

, i et . £ _
generallg(?ﬁ M ﬁo@gﬁ’&rﬁg H%%ﬂt%n%@tgﬁ%#ﬁgééz%ubﬁ 0%1% ﬁa%;ﬁ SI@ the flash

econd Exanpl e of PPS Poly ation !
process B RB5Iy SRR ORI Bt GPUEGH o P B CP g Bs T Todesndd oft

. percent sodium h?/dr oxi de. (NaCH) aqueous solution wth
leaving gw RPY prlymer. as ol ae s handreheramdesigle somprassu il ppgy & is the
(NaSH) aqueous sol ution may be prepared, and then
flash pracbdethatfaciiit2&s prbaipivdtionofithePBE elnathe q@ddebaciceps wdeeyer, the
and 27.5 gal of N-nethyl-2- pyrrolidone (NWP) to a

PPS pol§hief k¢ réARA i SiThtidE&ehQffter JiQCH ML 6F qudR¥h RRitdr Aiided to the
purged with nitrogen, and the reaction m xture heated

t v ' e | .

reactor. P I0R e o P PR ity p 36 ERG el Via o
DCB) and 6 gals of NW be charged to the reactor

coolant yygerts B GreenlanS ERISR P RS L e O AB S0 HGR CHOR STt & the

held at tenperature for about 35 m nutes, then was
amount|oé goerghivertd pddahaiefTaetd the paticleGizei disitiegionidhe RBh In

finally heated to 540 OF. [0043] The reaction m xture
general [ hdr Meferltentesnbvlsrehétion mbaure eestiltoin lafyep BBR partivdet r ol

precipitating from the reaction mixture during the controlled cooling.

D. Examples of PPS Polymerization
1. First Example of PPS Polymerization

[0041] A PPS polymer may be prepared by mixing 32.40 kg (71.42 1bs) of a 50% by
weight sodium hydroxide (NaOH) aqueous solution with 39.34 kg (86.74 1bs) of a solution
containing 60% by weight sodium hydrosulfide (NaSH) and 0.4% by weight sodium sulfide
(NazS). This solution, 11.34 kg (25 1bs) of sodium acetate (NaOAc) powder, and 104.1 L
(27.5 gal) of N-methyl-2-pyrrolidone (NMP) may be added to a stirred (400 rpm) reactor,
which may then be purged with nitrogen. This mixture may then be heated to about 172° C
(342° F) and dehydrated to remove water while the temperature is increased to about 211° C

(411° F). Then, 63.27 kg (139.49 1bs.) of p-dichlorobenzene (DCB) in 22.7 L (6 gals.) of
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valve into a vessel maintained at a pressure about 1

pounds per square inch (psi) above atnospheric
w@e@s®eme; thereby resulting in the vapori zat i pOT/UE2006/006837

nost of the NMP and solidification of the PPS pol ymer.

o B AT B B LA

enperature, then filtered, then washed wi th about 80
and hel@ Bl tempersiire FrAbaULa? bpurs ohharsaFtion mixtaregeaycthembe flashed at

hydr oxi de at 350 OF for 30 mnutes. The sol ution may
about 282fe@ (H40°fH)Itd esnsalettbe Ndfdmet solidey BRI P Bpolyimer. dTexdnypsadt-filled
of PPS Pol yneri zation [0044] This exanple al so

polymefI88¢ b l@@&e%@h&eﬂﬁn ak4. 95 eqawtgal Bf &’éloxﬁzé:c’f’v%‘atepét)éﬂﬂﬁent
according to known methods. his typical PPS

temper'ﬂl{trg PAL Ig'ﬁ'lt?al htlthglg ga%ed r eazr]?%lf? gﬂggfjdet}%&gedg\gﬁml éttlg’r7° C

dr [ el l ets of, 98. 6% urity
350° Fdesy) iatco 160 goIBaRbIE b ST dar V%rrapp%xzaata&?ﬁo %6 ke (59
95.49 g aqueous sodi um bisulfide (NaSH) (58.707% NaSH
Ibs) of BBS.wei ght) (1.00 g-nol), and 198.26 g of n-nethyl -
pyrrolidone (NWP) (2.00 g-nol). The reactor may be
degassed with 5 pressure rel ease cycles of 50 psig
nitrogen and 5 cycles of 200 psig nitrogen. The

react or ange&Hu B ppbm gb&r&@abﬁd slowly to
1OOC wher eupon the de ydrat| outlet may be opened

e e, of 32 L tiat
r0042) T AR s BBt e rab\;ﬁmPagaﬁa%a?ﬁ%Pﬁ Olyhnef inixture
enper at ure, of about 204C. Then_ the dehydration outl et
of 72.6 s\ pTRe oy eighigpeassat sodaum byerogsuiie&h@@w BEwEEs golptipmyvith 8668 1bs
g-nol) dissolved in 1.00 g-nol NWP charged to the

of a 60 meight percagisndiua Iytlaosylfidey(NalH rquebue s@dhommay pe pregered, and
was rinsed may be an additional 1 g-nol of NVP which

then adf@ywith 99 1ReofaddReh dcetatd\@d0Ras tpotvdes, AR@27 S a6t SN HBthyl-2-
t hen be degassed again In the same manner as descrlbed

pyrrohcfblﬂﬁgﬁMP) it ratsla?rEd (40'6%&? AGERE. TRY rdabPBP m@t? bH ‘ﬁ’?etn%rééai with

ri‘zati

nitrogen, and the reaction mixture heated to remove water while the temperature increases to
about 410 °F. Then 135.9 lbs of p-dichlorobenzene (DCB) and 6 gals of NMP may be
charged to the reactor. The mixture may then be heated to about 460 °F and held at
temperature for about 35 minutes, then was heated to 510 °F and held for 90 minutes, and

then finally heated to 540 °F.

[0043] The reaction mixture may then be removed from the reactor through a control
valve into a vessel maintained at a pressure about 1 pounds per square inch (psi) above
atmospheric pressure, thereby resulting in the vaporization of most of the NMP and
solidification of the PPS polymer. The dry, salt-filled polymer may then be twice washed

with 120 gal of deionized water at ambient temperature, then filtered, then washed with about
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conditions (235C) for 2 hours, then the tenperature

i ncreased to 2600C for 2 hours to produce PPS. [0045]
wa@\ooblog196dNcl usi on of the polynerization, the PERUSINNG/006837

may be cooled to roomtenperature and the m xture of

P W& ct d Y .

80 gal & Sdol&nggg %er%ﬁ;ﬁtamw cgg dlg / )H'gﬁ/a%%ov\g Sfﬂre%() aiqutes. The
six Linmes at 90C and filtered on a coarse filter

Sdu““b%ﬁ%ﬂwpéeﬁé BRedp reqpyepsPEPoduct which may be left to
dry under a hood for 8-10 hours. ThePPS product nay
then be placed in a vacuum oven and dried at 1000C for
24 hours to yield 101.23 g of dried PPS pol yner
produst . TERirESERELRPS Polydierkafien of this PPS
product is 72.71 g/10 mn. 1ll. Production of

[0044] PO'W@&M&@QS§H§;J&1§@S he Eé)e&ﬁg)?ﬁ;araﬂéﬁ %@P@%l%ﬁe lﬁ@cor(ding

drawi ngs, and referring rniti gure 1,

f1 ow di | ar enyl ene .su

to knowysBh B4 B T B o PSP efpur B Z%ﬁr%w %%&gtaéaefg a oneliter
reference nuneral 10 is depicted. A The Use of

stirred sfggnlessasies! Kpgptoroda-py ErAm A hydippide a0 b pelleisief%E% purity
in | aboratory and pilot scale facilities, the PPS

(1.01 g-menh NafdH)Lanil 46 sy dowhie didtilhadywiter @Q@2f g-miol)e 6548 g aqueous sodium
accommodate both flash termnation (e.g., fl ash NVP)

bisulfida (IMaSHES! WOU%NhSH%y%lé}ﬁ% @-00 ol)oandfvmaezé YR8 1+2-
in general, commercialscale P producti on aC|I|t|es
pyrrohd%?@ g{' Pé/fr?g ﬁf -Ig& ; gﬂgldeagg%ﬂﬁﬁg RQ ﬁgga%edfa\!tvﬁlg E p %Elﬂle %}Ee{sg rclycles

royi de fo i pment and,_capit al csts asvve
of 50 Pi% SRS gﬁ% oDl S o Ber B Fistior Rl Eomeragiay then be
uench Blants may require nore equi pnent, but may give
heated éﬂwlef tQ dPe4, iwherspipon thedshadiation evilet nreytheeopsnestansk nitspganf flow
nor e
at the rate of 32 mL/min. initiated. The dehydration may continue while heating to a final

temperature of about 204°C. Then the dehydration outlet may be closed and 148.49 g p-
dichlorobenzene (DCB) (1.0 g-mol) dissolved in 1.00 g-mol NMP charged to the reactor
using a charge cylinder. The charge cylinder was rinsed may be an additional 1 g-mol of
NMP which may also be added to the reactor. (The reactor may then be degassed again in the
same manner as described above). Further, the reactor may then be heated to polymerization
conditions (235°C) for 2 hours, then the temperature increased to 260°C for 2 hours to

produce PPS.

[0045] At the conclusion of the polymerization, the reactor may be cooled to room
temperature and the mixture of PPS polymer and NMP may be extracted using isopropanol.
The reactor product may be washed with water six times at 90°C and filtered on a coarse filter

paper to recover the PPS product which may be left to dry under a hood for 8-10 hours. The
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di verse properties of the PPS polyner. [0048] For a
guench operation, the present techni ques determ ne the
wapwan919e3 wat er 12 for quenching the reacti onPCTIUS1066/006837

pol yneri zation reactor 14 to give the desired average

article sjize angd other propertjes .of ol rized.

P profic s B bt BB mA v baiog8 il et BRI L8 S1ela

term nates the polynerization, and general ]y, causes .
101.23 g pidiedd Bstpglrmer RRFRH- T8e eyprcted errusipR &bt 9%%11% PPY peduct is

organi ¢ phase to desirably precipitate and fall out of
72.71 gdBImini on. Agai n, additional cooling may be inpl enent ed

(e.g., via a reactor coolant system to

facilitateprecipitation of the PPS polyner. The PPS

pol ynmer product 16 may then be separated fromthe

Il P#Mctiﬁﬁﬂpﬁﬁ_‘f?gﬁén%lé#é %ffd@ﬁg 14. [0049] An
- s to instead quench the

pol.yneri zation by adding.an. organi.c..solvent,. sych
(0046} 1. FBYE gy e theidimmes aueycipame priaig to Bigtesl. ablociding
. may be beneficial, for example, where too nmuch water
dlagrame)ﬁv agtexemplaphpolypheaytsne sulfige (1S)mepngiashuingstom arpeplly a
wat er - quench woul d gi ve excessive particle size of the
designaed dgirpietcate ngmeRBI 0 Sulebictnl. excessi ve particle size may
cause downstream handl i ng problens, for exanple. Thus,
NVMP 18 may be added instead of water 12 to quench the
reaction and to reduce the particle size of the PPS.

It shf%gg%%gﬁgﬁhg%nkzﬁk- he present techni ques may be

enpl oyed erm e anount of water existing in

5S

the reacgtor 14 prior _to, nch, and fhus et her an
[0047] pypin aﬂ&%ﬁml@a%@m Wiaaﬂlgﬂgeﬁatqméwﬂe«ﬁot@sﬂp ﬂE‘i‘Fén&’eé)PS

| ess typical conbination quench enpl oyi ng both water
manufagi@ringsysiinP1Q glay betcosfigured teedcsombedatotbeth fldshttermihation (e.g.,

factors may influence the decision of whether to water
flash No[@e BschqushcINMmina€i6 le. g || BBH0 br wae)hélovadves im gérieyat, ¢dnrhercial-

cool the reaction, not by quenching, but through
scale PPY A88hddn facilities are typically designed toward one of flash termination or
quench termination. A flash termination design may provide for lower equipment and capital
costs, as well as for more straightforward operation. In contrast, quench plants may require

more equipment, but may give more versatility in operation and in the production of more

diverse properties of the PPS polymer.

[0048] For a quench operation, the present techniques determine the amount of water 12
for quenching the reaction in the polymerization reactor 14 to give the desired average
particle size and other properties of the polymerized PPS. The water-quench cools the
reaction and thus terminates the polymerization, and generally causes the PPS polymer which
is typically dissolved in the organic phase to desirably precipitate and fall out of solution.

Again, additional cooling may be implemented (e.g., via a reactor coolant system) to facilitate
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of the organic solvent (e.g., NWP) that may exist in

the reactor 14. Such flashing may be acconplished, for
wex@apd®3s by reduci ng the pressure of the reacPOr/ui2bp6/006837

or by discharging the contents of the reactor 14 to a

e B b B o g WS A o

flash term nation may be significantly different than

the otherteeswonerds bythagcagweddh termnati on. Neverthel ess, it
may be beneficial to enploy the present techniques to
determ ne the anount of water existing in the reactor
14 prior to flashing the NMP in the reactor 14 to

[0049] &d] A'ﬁ 'élt&ﬂ@tn?eoce ‘1‘ \’{rdtéit‘«ileﬁf:h fshcg 11§s|té%1§ rl]ueﬁé?ﬁth@ Y RIBzAt Rk

|na y, regar ESS O whet her he reaction m xture is

addmg 4 Pf:ﬁaﬁh A sgi]‘{eﬁg s% - %&’F rroP é\(}al}egﬁl\fi]k?)a@ £ th% ?eacbor 14, This

added .after termnation h the PP for he PP

may be|bepedacdals Ha eﬁ@aeleowﬁém ?00@3?%3%%1%5 in ?%ﬁ%ri 4 prior o Juench
di scharged fromthe reactor 14 nmay al so be washed with

and a whateer watdowesnsh waulbgive wetessivevparticls sizgif thel prgcipiatingtPPS. Such
affect the particle size of the PPS. B. Polynerization

an exces§06 BartibR SRRk dRStRRNY HagdIigostublethspfor tRenple. Thus,

condensation pol ymerization of a sulfur source, such

NMP 1§§n ik égﬁ\e& ﬂls&e'ag of (V%@g% ﬁl]léMCfl ﬁle@egdtf?)ﬁl(aﬂé "t(?fégg&d:’the particle

sucn as para- or obenzene

. rea 14. r. _pol

size of iR o &P hRE el e st dE B ihey s cERaIEy g dglgrmine
added to the reaction m xture. The pol yrrerl zation is

the ameyunt of wiatey exigdnaiarthe teaninr 14 prier torpuepdy, prbihus stethsr an NMP
reactor 14 may be equi pped with a jacket and/or

quenchiintgpropdiate (el wighet o insplemitchlessatypioal coubiatiod quendh employing
cool i ng nmedium such as oil, ethylene glycol,

both Wﬁéppyblﬁi"ﬁ M Y90t sheidelso &nﬂ)t&i {hef otﬁﬁ%ctbfs%ﬁ;%f #@fluence the
luids. Finally, agitation of the reaction mxture,

decision OF Wrdfhet [ we%grhquenc Seve qnbfactor st irrer or

[0050] Another alternative is to cool the reaction, not by quenching, but through flashing
of the organic solvent (e.g., NMP) that may exist in the reactor 14. Such flashing may be
accomplished, for example, by reducing the pressure of the reactor 14, or by discharging the
contents of the reactor 14 to a lower pressure, and the like. As indicated, relevant equipment
in PPS manufacturing systems 10 employing flash termination may be significantly different
than those employing quench termination. Nevertheless, it may be beneficial to employ the
present techniques to determine the amount of water existing in the reactor 14 prior to

flashing the NMP in the reactor 14 to adjust the conditions of the flash, for example.
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agitator, may advance the polynerization by inproving
contact of the reactants, inproving heat transfer,
walk@pes®Bhg t he aqueous and organi c phases, anBCEHUS2006/006837
forth. [0053] The sodium sulfide 20 may be supplied in
t he,. f or m of ueou odi um hydrosyl fi.de (NaSH),2
0051 5 o sty ol R iPedcbe Pl S5Hure R Bl AatenFe 1 P-
feedst ocks or pre-reactants nay be dehydrated_in the
quenchedy ae N HisTlashed 40 trganstecthe gplyaiiizatiqne Waiss 1Rprey1adso bepdded after
feed dehydration vessel or reactor 30 before
terminapyod torreashzbe PBA betkethe PPadeaveTtie reatpeldat Addtianallyhihe B#PS 16
t he dehydration is conducted generally ranges from

dischargdd@ktim #HGe%ort D} ABPLIso BYVabied Willewhte SHUWEvaM thbse water washes
generally range fromslightly above atnospheric up to

typicauﬁg(gkilbt ﬁﬁe&?ﬁ{egmﬁicle; %%’Q,ﬂﬁg !'Ppg.eand Recovery [0054] As

one rmnation my acconpl i shed by all ow ng

the tenperature of the polynerization mxture to fall
bel ow t hat at whi ch substantial polynerization occurs,
typically below 235 0C. After termnation of the
Bol yriBelymstic@ffor eacti on the PPS pol yners nmay be
recovered by conventional techniques, i.e.,

[0052] f i |Avmatntimmed VRIEhinag be prodatedrycthy eondensaidnyolyimarizhtion ofa
Followi ng the typically batch polynerization in the

sulfur s6 188 s8¢h dfsodftn SIS 8SES) 24 (eth BREhA1Garbhtié EARpRINICARN as
ei ther be flashed or quenched to obtain the desired

. 4 ' t
para-i Bz e ) L RO RED MR RARlon el 1, RO BEREIGh
.. through flashjng the post-reactio i Xxture to an
mOdlﬁe??%%‘%ﬁé Pf*cswa’flég §9$@n@méﬁtaem%fa%?®e?ﬁ% thedpastiopynigurg. n the
NVP is renmoved. Quench-type polynmer nmay be forned
polymetization ghgasoiliyrexotheanicead thusithep oy medzasipnadatitorg 4 may be

addi tional NVWP 18 and all owi ng the polymer to
equippedWigli #jakkat@nadbr sii@hhl @bhngIt&ER, whilchyayalsiodupgligdivith atdoling

and allowi ng the polyner to crystallize as relatively
mediund, 8&@8s oil, ethylene glycol, propylene glycol, water, and other heat transfer fluids.
Finally, agitation of the reaction mixture, such as through the use of a reactor stirrer or

agitator, may advance the polymerization by improving contact of the reactants, improving

heat transfer, dispersing the aqueous and organic phases, and so forth.

[0053] The sodium sulfide 20 may be supplied in the form of aqueous sodium
hydrosulfide (NaSH) 26 and aqueous sodium hydroxide (NaOH) 28. These aqueous
feedstocks or pre-reactants may be dehydrated in the presence of an organic solvent, such as
NMP 18, in a feed dehydration vessel or reactor 30 before polymerization takes place. The
temperature at which the dehydration is conducted generally ranges from about 100 °C to
about 240 °C. The pressure will generally range from slightly above atmospheric up to about

- 30 psig.
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granul es. Subsequent to particle formation, the
majority of the NMP and/or water nmay be renoved from
WO b@oqewsth-t ype pol ymer through the use of a BEEKE2006/006837
screen, for exanple The quenched pol yner may be
aﬁdl ti ona] I y QZ? wi t hNMP 18 and/or water 12. The
udegrizftion and Kec@ies processes may be recycl ed
after being purified via distillation. D. PPS Polyne
[0054] ancADwertianed sirmingtes Bian §e powsallishgd by aliawing s t@@ﬁ@rature of
renoval , the PPS polyner is generally washed to renove
the polymaiz(dtialh miixre totfale belowcthatdit mpidhisabstadtal polynrepidatioresccurs,
(if present), by-product sodiumchloride (salt), and

typically®elcheed 5 VP fdNEriRhi SRS tHBYolD ReWRSRIn reRHBdhd WP polymers
organlc acid or |norgan|c (e.g-, calciumsource)

may berga(i,OVﬁr\F/i thﬁgV%AulP lqgcamg% fl;el es Fﬁt%t{ ygm}éa #%rf%gf pé(f%"efﬁ and so
washi.ng and .dr of the PPS pol ymer y take p

forth. Felopipg |Wll\4fz@?qlwp lymgiizagpn 1mthe.r?ﬁcg§n§1&c?5afélé¢dlsse [ the PPS in
equi pnent in the imedi ate area of the reactor 14, in

the readlovwas teitberrherflashed draqvethehed/te abtainghs JetiredypoBmmerdypt argroperties
forth.[0056] As used herein, PPS conprises at |east 70

of the PP ®l9fmergtdd@ener alds-t3e p@@r@er"/‘mqms RaApR{ mag G Férnidd through
units represented by the structural fornula: and may

ﬂashlng ﬁgﬁiggtzlﬁ?&g nlRixBde TP attloSph ﬁtcpgésrs#u‘@g) dHAbL Rhere the ma orlty of

by “one or nDre 0 omnng struct

ornulas 05 The r|ed PPS
the NP SipSdo DU 16 o T e dRisd niguebRp U fggesstion
further processed wi th special washes, bl ending
mixture by adsing additions] NoAR 8 and aliewiag ghequodymer t@lcacsvaalh@ aspsgall
exanpl e, the polynmer may be cured through cross
granuldsj eriiyregidangdiaier haidnallextienthie polymer bheedystldiza s relatively larger
t enper at ures above about 480 OC in the presence of

granulécs r gﬁb RQUUER RS ?éfﬂ:l@l'e ToRSatBRSthe M GRY OF theAIRIM shdidRatater may be
ect crosslinking, such as perOX|des

I AR I L . g

quencheg polymer may be additionally washed with NMP 18 and/or water 12. The NMP

used in the various processes may be recycled after being purified via distillation.

D. PPS Polymer and Downstream Processing
[0055]  After bulk solvent removal, the PPS polymer is generally washed to remove
residual impurities including the reaction modifier (if present), by-product sodium chloride
(salt), and residual NMP. The polymer may be water-washed with organic acid or inorganic
(e.g., calcium source) additives, depending on the specific requirements. Further, the purified
polymer is typically dried. The washing and drying of the PPS polymer may take place in the
polymerization reactor 14, in associated equipment in the immediate area of the reactor 14, in

downstream resin handling/curing systems 31, and so forth.
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PPS pol ynmer generally has high thermal stability and
good chem cal resistance, and are useful, for exanple,

WO ooblog19pF oducti on of coatings, filns, nol ded BPUJ/EE1086/006837
and fibers. Further, as referenced in either block 3 1

or 32, d ei r on-site.or S rate facilidy es,
100561 { A BTt S LB BebA AT ) WOFa o SRl O or

such as polyners, fiber reinforcenents, glass and
more ofewameinbe represpntad b the stricturd fermpa:gment s, nucl eati ng

agents, antioxidants, UV stabilizers, heat

stabilizers, carbon black, netal deactivators,

| ubricants, plasticizers, corrosion inhibitors, nold
seqagents, titanium dioxide, clay, mca,
fssi ggai ds, adhesives, tackifiers, and the |ike.
: he PPS may be may be heated and nol ded into
desi red shapes and conposites in a variety of

processes, equi pnent, and operations, as referenced in
and maly|cogipris@up 030 mekerflof recarring uditsisepregspied by ane @r Bipre Abbe

of ordinary skill in the art, the PPS pol yner nay be
ﬁﬂk“mﬁgbﬁ@gmgﬂﬁﬁmmh@ﬁt, compoundi ng, injection nolding,

bl ow nol di ng, precision nolding, filmblow ng,

extrusion, and so forth. Further, additives, such as

t hose nenti oned above, nay be bl ended or conpounded

wi th the PPS pol yner. The output of such techniques

i gcl §de, for exanple, polyner internediates or

conpes ¥~imncl udi ng the PPS pol ymer, and manufact ured
pr oduCés=¢onp ts or pieces formed fromthe PPS
polyner,‘amgzgggem. These manuf actured conponents nay
be sold or dxered directly to a user. On the other
hand, the conponents may be further processed or
assenbled in end products, for exanple, in the

indugﬁ?%gﬂ, suner, autonotive, and
el egfri Cald-gf ecty.anri c i ndustries, as referenced in
blggkmgz. MaRy..di versified applications and uses may

be:gi:§?1r0n1a- advant ageous properties of PPS, and
e iy il ;

[0057] The dried PPS polymer, whether produced on a pilot scale or commercial scale,
may be further processed with special Washes, blending, curing, and so forth, as referenced in
block 31. For example, the polymer may be cured through cross linking and/or chain
extension by heating at temperatures above about 480 °C in the presence of free oxygen-

containing gas. Moreover, agents that affect crosslinking, such as peroxides, crosslinking
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t hus an assortnent of conponents or products having
PPS pol yner may be manufactured or assenbled in the
walkdobes®B: processes and operations represent eRlChYS2006/006837
bl ocks 32 and 33.E. Applications and End- Uses of PPS
I c 0
acceleraﬁ@h%r{ﬁ(;ern é)sglﬁﬁl%:lgé‘lﬁgfrﬂgﬁmrg %‘%%%oﬁﬁ@a{eﬁﬁﬁtgltﬁ%gﬁ# é&ch dured
el ec bl apket, t her npst a
PPS Polm%f rallw:haﬁ Lme?m@ﬁnpblgw agrgogd c@ﬁfl}?é reﬁlﬁﬁagea and are
curling iron insulators, steamiron valves, toaster
useful, foug Jin theqirbdustidn y‘écoeém{gs, s, molded hbjscisand&bers. Further,
punps, di shwasher punps, non-stick cookware coati ngs,

as refereRBell i edtherblvek BV 6137, Whd bl @8-sitk Or Bed¥Pardtef fadilities, the PPS
Exenpl ary business appliance products of PPS include

polyme%%nﬁ@gleﬂm YRS ad GAREL EuGER tp% Cynflé"}%( ff%? mlﬁﬁrégﬁéﬂﬁ ; glass

cientific i nst’rurren onponent s

and carbgp ehofrﬁré%gla,efal e}xg E)?é);}v glte]%tl . ! g,? agl 1t0?sg G Ons@g%%behzers

sings, bul b housi ngs, socket bases, and bal | ast

heat S’fab}’é%ﬁs& rathoa blackometal deactivaions lhticans plastigizersrmoriogien inhibitors,
brake systens include anti-|ock brake (ABS) notor

mold releanepgasst téaniemetioxiie, clayakdés, priBSshrepdids, pilstsomrs, tackifiers, and
booster pistons, and val ve bodi es. Autonotive cool ant

the like.Syst em appl i cati ons of PPS pol yner include heater core
tanks, thernostat housings, water punp inpellers,
ext ensi on tubes, val ve conponents, water inlet/outlet
connections. Further, autonotive electrical syst em

co ts incor g PPS .include, .f exa
(0058 ' {B¢ ﬁgga?ayc%@ﬁﬁ%ﬁ%ate aged i désired Shapes it cmmies in
conponents, notor brush cards, and sensors. Fuel
a varietysgfqireenssaspeduipmensnandi apetatides, B edferencad is binsk32, Fouetample, as
punp conponents, throttle bodi es/ deactivator, fuel
will be dppreeistaletiosy 6f orfiimaty skill inghe andhé BER pbl’}jn@éi‘ﬁ@fy be subjected to

bobbi ns, to nane a few Also, powertrain/transm ssion
heat, coﬁﬁmﬁlﬁe&ﬁfﬂﬁ&dfﬂg BloRARo I, precision molding, film-blowing,
extrusion, and so forth. Further, additives, such as those mentioned above, may be blended or
compounded with the PPS polymer. The output of such techniques may include, for example,
polymer intermediates or composites including the PPS polymer, and manufactured product
components or pieces formed from the PPS polymer, and so on. These manufactured
components may be sold or delivered directly to a user. On the other hand, the components
may be further processed or assembled in end products, for example, in the industrial,
consumer, automotive, and electrical/electronic industries, as referenced in block 33. Many
diversified applications and uses may benefit from the advantageous properties of PPS, and

thus an assortment of components or products having PPS polymer may be manufactured or

assembled in the different processes and operations represented by blocks 32 and 33.
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i nclude | ock-up collars, servo pistons and covers,
engi ne gasket carriers, seal housings, shift

we@206/091098Ks, stators, and transm ssion pi st onspPCT/08B80§/006837
El ectrical and electronic applications of PPS cut

ross, a,wde r |aI commercial, and
%dusf‘ipf’gﬁ’”t’lﬁ’%g”g%ﬁﬂo&f% 1. 252"% by anpl e,
applications in conputer systens,instrunentation and
[0059] ¢ ok mide mpge ehappligaeaarodusiiTconponens incarmgraingdiP'S nalyraer
speci fic exanpl es of conponents incorporating PPS
includej foc kexaieple) dedtric bahke dinrmottarssiry e harddds, biio diyer grills, coffee
el ectrical relays/switches (e.g., relay contact

warmerd8 &8 Sc)urln‘i% fréd irfsuf&fcﬁ@ KRENBHSTAMES, toRfE: fifthed, SITIRS AL E

hou3|ngs or electrical conponents, electronlcs
. r a u hou5|n

switchel aﬁ&tﬁ% Qsh%ﬁ%&nps %%%ﬁégléeg 8}?%E§ n%ﬁ 1ak VYaé? cQatt gﬁétagd
hard di sk ive conpo ent nane a fem1 [0062] PPS

MICTOWgYS 0 Y50 tPWEfg’ﬁ?ofoa‘Pé‘be 3 I%‘Q}%?mpiw %Bwn%@ﬁahwwr s of PPS
products in commerci al and i ndustrial applications.

includepaintes papgs|goardsiecopian gearvidfax iMaghine headanahdAnedical/scientific
Condi ti oning (HVYAC) applications of PPS include

instrumeatgohgnaeits. "Hblisedo Rl anlll autdntsive %@hﬁﬁ%proﬁﬁ@t@ aedtvicl2e af PPS
exchanger headers, fuel oil punps, hot water

C 0)
oo AR 05, AP SO Sy, gy

compore %gstrlal appl i cations of PPS incl ude centrlfuga
p IbB i npel l ers, chem cal punp vanes, corrosion
resi stant coating, and filter bags for flue gas in
coal burning plants. F. PPS Pol ynerization Reactor
[0063] Figure 2 illustrates a diagrammtica
[0060] r e FtRssanpliadtions inhutemotxebpkasystanod inciedé aati-icek brdeqABS)
area 34 including the polynerization reactor 14 of
motor (‘Eh‘%@fl@l@- R Porakak ABSIFAIRS 1R, bO6st&rgIRYAL) nd valve bodles
n

esirabl e solids 38 fromthe reactor mxture 40 t
AutomHvERobft system applications of PPS polymer include heater core tanks, thermostat
housings, water pump impellers, extension tubes, valve components, water inlet/outlet
connections. Further, automotive electrical system components incorporating PPS include,
for example, alternator components, switches, connectors, ignition components, motor brush
cards, and sensors. Fuel system applications include fuel flow sensors, fuel pump
components, throttle bodies/deactivator, fuel line connectors, fuel rails, and fuel injector
bobbins, to name a few. Also, powertrain/transmission components formed from PPS may

include lock-up collars, servo pistons and covers, engine gasket carriers, seal housings, shift

cams/forks, stators, and transmission pistons.

[0061] Electrical and electronic applications of PPS cut across a wide range of residential,

commercial, and industrial uses, and include, for example, applications in computer systems,
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PPS pol ymer product 16. The liquid | evel of the
m xture 40 in the reactor 14 is designated by
WO edoeere® nuneral 42. In the mxture 40, the PEpPUS1086006837

| arger particles represent the PPS pol ynmer product 16.
. I n_contrast he depicted snpll particles represent,
instramgpigfi&H i Fostrol AERE pSW B Py e B, ando o Morespreifi

t he_ pol ynmerization, however, the PPS polymer 16 is
examples,off mopertp inserppeiingPRSiaclude elesfrical sonneasoragerminal blocks,

(primarily in the organic phase) and is generally not
electricplreby pswithed (gt idlayt domtavt kises)eciddhit tseakeo heakid30ad high

Normal |y, the polynerization is exotheromc, and thus

temperdtBRHoutifgs fob BRYIREl RRonBRY, dEtloaRY bﬁ&@giﬂgr(efgn ®apacitor
illustrated enbodi nent, a reactor jacke 4 renoves

s (RGPS AT LS el SR Lol W

. enpl oyed to renpve heat fromthe reactor mxture 40. A
dnvec?fg&?r@%’j?’@fna&?cﬁ “Wg medi uns, such as oil and other heat
transfer fluids, nmay be supplied to the reactor jacket
44 and to the internal cooling coils. In this exanple,

the cooling mediumis oil, with the oil supply (0S)

[0062] desPRE@beUe hicofptaediCevaHenesBlonfifone@B 8nd PR ABEh il @IntkhBrcial
(OR) designated by reference nuneral 48. An agitator

and indﬁgriﬂp%prﬁlzactfbnp.eFWa &g Hegtiﬂ%tﬁ\j’elgtifatﬁhﬁ, el?ﬁ%i{ goﬁaﬁifoﬁ%lg ‘o

as we as, to pronote conta € reactants an

el p.keep t eact.or m xture i acludi ng the PPS
v AG)oRigHE R i ¥ B26P bafbiesith ilfert o st diespaagh hoa
a drive 54, a shaft 56, an_inpeller 58, and the Iike.
exchanges dieaders, Apcd pilpompsyhal vater sirgplgiomeaapgnents poversvest
single or a doubl e nmechanical seal. A variety of
comporggis) tieomoHd composdrits, med o onnOilgu erdmpad ofrmdulteial applications of
i npl enented. [0065] The water 12 that may be used for

PPS indhu® ¢ehirTega @Gn@ﬁﬂ@éll&b‘,%&fn%ﬁ?urﬁﬁ GhnAScoMENNEsisthst coating,
shown introduced at the top of the reactor 14. The

and filt O,e{gg?bzﬂﬂg%gg%n &%F‘t?urﬁﬁlgitﬂin%té\wp 18, DCB 22, and Na2S

rated as r'oduced on the top head of
t he reactor

F, PPS Polymerization Reactor
[0063] Figure 2 illustrates a diagrammatical representation of an exemplary
polymerization reactor area 34 including the polymerization reactor 14 of Figure 1 and a
shaker screen 36 for removing undesirable solids 38 from the reactor mixture 40 to give the
PPS polymer product 16. The liquid level of the mixture 40 in the reactor 14 is designated by
reference numeral 42. In the mixture 40, the depicted larger particles represent the PPS
polymer product 16. In contrast, the depicted small particles represent undesirable solids 38,
such as salt and slime. During the polymerization, however, the PPS polymer 16 is typically
dissolved in the reactor mixture 40 (primarily in the organic phase) and is generally not

precipitated until the mixture 40 is cooled.
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14. However, the feed entry points may be configured
on any suitable part of the reactor 14. Moreover, flow
weowiepeat , such as control val ves and i nt er nabCTIES100€806837

(e.g., nozzles, sprayers, spargers, dip tubes), and so

forth, may be enpl oyed. For exanple, it may be

beneficial to enploy an internal dip tube to introduce

organi ¢ conpounds to the reactor 14. ﬁ5;10066] To neasure
[0064] pr oNesmall thegimlEserization is exojhepdmicnand thnemeans fonrdarmyirg heat

to those of ordinary skill in the art may be provided.
may bd1@fuiee® MRl tEe ilRistrREPENBEdifment b e j&lket Hheoass Reat from the

t hernocoupl e or resistance tenperature detector (RTD),

i | T f mafbaRod

reactorERH1aR, (- SHloR sHREHOY CIAiRg oY AR Rle MAGE hPRodbe
i ndi cati o be, acconpl i.shed, for exanple. wth.a

employeg Ia FEI AR L BEBI BEIeREor A e AVETEY of SOHlipE aglidtpg, such as

) addition or in |ieu of agauge, a tenperature .

oil andtatherdient transfeg Suislscmay be sunplied Hplhe aeagias jaokeirhandde thgijpternal
transmt a tenperature signal to a processor or

cooling edits; dh tisiy sxampléZhe santing asediurd iisoit,iviitl thd odenpplyl(OS) designated
system (DCS) or a programable |ogic controller (PLO),

by refefiRE Quiddeal U8 NRRIAL Hil fotiidl (OR) WRYighRed BREIE¥N@ MBREI1AMBOMAN
and/ or used as an input in a variety of control

... fWRctions., For lp€1: [ oL

agitator 3Bl i o ISP Sl 1Bt GARRR VHIEH, i Mt gontactof
the flow rate and/or tenperat f .the c i.ng ediu

the reagignig and i@ help keem @ &7actor ghigiurg 0 gaéﬁdwﬁéherlg‘%)ﬂs Oljuaevce{ﬁ‘e
44 and/or cooling coils to control the reactor .

agitator 6fpeayatompeise TheotorsiPpedaive 54, 4 shaftchgt roimpellpr a8.godBhe like. The
used in the determ nation of the anmpbunt of water in

agitatok B8 niaaiEmpldy arehlj uch Bea sifplerdr adfoubléenadhamadleealt A\ variety of
add to the reactor 14, and so on. [0067] Further, a

. I £re] &RBLaA Be 85p18mehi@@hr agm or Bour don
agltatogagz&grtmyeﬂbe |gasrtaaﬁ?serg%gn tﬁﬁ% reactor 34 to neasure
pressure. A |l ocal gauge nmay couple to the el enent 64

to indicate the measured pressure. In addition or in

lieu of a gauge, a pressure transmtter .
[0065] The water 12 that may be used for quenching and other functions, such as

washing, is shown introduced at the top of the reactor 14. The various feeds, such as the
NMP 18, DCB 22, and Na,S 20, are illustrated as introduced on the top head of the reactor
14. However, the feed entry points may be configured on any suitable part of the reactor 14.
Moreover, flow equipment, such as control valves and internal devices (e.g., nozzles,
sprayers, spargers, dip tubes), and so forth, may be employed. For example, it may be

beneficial to employ an internal dip tube to introduce organic compounds to the reactor 14.

[0066] To measure process variables, a variety of instrumentation known to those of
ordinary skill in the art may be provided. For example, a temperature element 60, such as a

thermocouple or resistance temperature detector (RTD), may be inserted directly into the
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coupled to the pressure elenent 64 nmay transmt a
pressure signal to the control system 62. Thus, as
wowdaok/ovwaper at ure i ndi cation, the indication oPCT/E8NE006837
14 pressure may be read locally or renDter by an
operator, used to determ ne the qgo [ i.n the
reactorrléa?étllaip athermopvellfisopetinheisacion \A?ﬁ%?erit?“? ication may be
guenching, and used in a variety of control functions
accomplished, fer emntplg witysloeshgatge ¢a@pid]to Mudiemperatire glemenet0. In
reactor level 42 may be neasure by a |l evel elenent 66,

addltloﬁ ‘é? th Bsu dihegdtioh f Llefpbiafire RuRSSHE OBl o HRERPOAIUEclement
he il ust rat ed enbodi ment . Q her exenpl ary | evel

T
G5 S b R Sl TR 4

i ndicated |l evel may be used in the detern1nat|on of
temperatuee valoumay be reqdttyran; aperates apd/ge bend as4n Inpws imAwagty §F control
guench water to add to the reactor 14, and as i nput
functioh®.r Fuiedxiatiple, @9 distwdsedbelposths tenmerathre indiobtian msy be vsed in the
, for exanple. [0069] A variety of other
control (ﬂﬁﬁé HE%RMhR ehaRr ?e'f‘&be?é?ﬁ‘ﬂé 0@ ki dHBMnd &e@i’ﬂ% g&@ dheat Ghidger fluid)

on the reactor 14. For exanpl e, | ow rate of

ne h C

througf g% R FliR e T 4 %ooh%? ol fééifrgfﬁ? F%tgwé‘?en%bé e

nmet er di sposed ¢on the t .and/.or  ou t conduits
tempergiyge mdmﬂpw@yeﬂsochw%@ tﬁ% é?tamlﬁa@orb%‘tl f%ela PROWHS V@Fer in the

controlled (automatically or manual ly) via the contr ol
reactorshdsanelnin @i @amakins of gypgprch prateateaddiovhe taantor ddrandiso®s. The

desired flow rate may be set to a substantially

constant mass or volunetric flow rate, or may be

varied to control tenperature of the cooling nmedium
[0067]r et lfl;‘(lp[heAi'S?. gf&i%%ée ]"%Et A{T}%ﬁcrhaés aﬁtra%ﬂ%r B% ﬁrtuﬂeflmay be

examnp ring o
2, . NWVP

1nstalled or? t grfealcﬁorfﬁetg %1@ surg pressure Ajloéal gaugelmay coup?e t%qhe ealement 64

to indicate the measured pressure. In addition or in lieu of a gauge, a pressure transmitter
coupled to the pressure element 64 may transmit a pressure signal to the control system 62.
Thus, as with temperature indication, the indication of reactor 14 pressure may be read locally
or remotely by an operator, used to determine the amount of water in the reactor 14, the
desired amount of water 12 for quenching, and used in a variety of control functions via the

control system 62.

[0068] Additionally, the reactor level 42 may be measure by a level element 66, such as
the differential pressure meter represented in the illustrated embodiment. Other exemplary
level elements 60 may include a variety of sensors, such as capacitance or inductance probes

inserted into the reactor. As with reactor 14 pressure and temperature, local or remote level
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DCB 22 feeds) are also typically neasured and
controll ed. Such flow neasurenent nay be acconpli shed,
wo ecvocex@spl e, with a flow totalizer (includi ngPCT/US2006/006837
mechani cal control), or with a nass flow neter or flow
. .. orifice (e.g., using differential pressure). Mreover
indicagoumay Beemalyedy T mﬁwtesze‘@ég@a b Sechid %&?tﬁmﬂlﬁétlon of the
reactor level 44, and so on. The reactor 14 feeds may
amounp ef welet incthe exictond4d thy amounterfuenop, watest toradtl ite therreactor 14, and as
manual |y, and wi th manual valves or automatic control
input fealatRws cfnﬁfolg&fﬂ}jmd:sevia kQcohirol sys@B16T, @b examplelt r ol
system 62 and ot her processor-based systens may
control a range of operations in the PPS manufacturing
system 10, such as those operations represented in

both Fi gure and 2. . W1l be reciated by those

10069157 o et §F ot orflioapd oo IERiAY P Rt Aia fnd om
may be configured with the appropriate hardware and

the reagior L ha Fer gample, thedey rate of enaling appdiym thygueh thgiregctoryagket 42
control system 62 may be configured with

and/orlvailgway & sehiwed eitha ffaw orifitd erahisy flosatictee dspoedenttbe inlet
of reactor 14 pressure, tenperature, and level, to

and/ordHOI@hHG®. | TheGRlvw H&bLcdolife a¥aMRAL nRf b@@ﬁl‘l‘«bgéﬂ‘oﬂ d@trolled
reactor 14, and to automatically calcul ate the desired

. Q C ter e o] J .
Cautonf3FEAST, ort AR YR et B B s op R iR guraons
h 2 h 14 vi [ I I
The TR Gt RSBty RO e, o
software | ogic and code, as well as on equipnent, such
may begariagip cohtreldémperatucoeitthé ceolingmsediumeeivet 4oand/eitthe te@perature
PPS Production Method [0072] Referring to Figure 3, a
of the Rdaowk 14lifageampdd. an exenpl ary PPS production nethod 68
is depicted. Initially, feedstocks with significant
wat er may be dehydrated in a vessel or a reactor
(block 70). Then, the reactants and other conponents,

(00707 UC buBRert B QIR S BOLAASIE 14 feeds (c.g. water 12, NMP 18, NaS 20, and
DCB 22 feeds) are also typically measured and controlled. Such flow measurement may be
accomplished, for example, with a flow totalizer (including mechanical control), or with a
mass flow meter or flow orifice (e.g., using differential pressure). Moreover, the flow
indication may be based on change in the reactor level 44, and so on. The reactor 14 feeds
may be controlled locally or remotely, automatic or manually, and with manual valves or

automatic control valves, for example.

[0071] In general, a control system 62 and other processor-based systems may control a
range of operations in the PPS manufacturing system 10, such as those operations represented
in both Figures 1 and 2. As will be appreciated by those of ordinary skill in the art, the

control system 62 may be configured with the appropriate hardware and software (e.g., code).
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may be contacted in a polynerization reactor (bl ock
72). After polynerization of the reactants to produce

WO b@ePPS3i n the reactor 14 (see Figure 1), it PERUB®06/006837
desired to term nate the pol ynerization (block 74). At

this point, the a nt .of .quench wat.er faqr.term nati
Purther, i g SRy Rular B POty B O h BHE TR Sik Hoverglb e to

di scussed, 'the PPS properties are inpacted by the
automatieally re%m@aﬂwmenmtgﬁath Hrrreysuese tempperaies Mg velatoer

pl us quench water), and thus it is desirable to
automatiedl br qal quinté¢ the aamonundf vedtenvatibe reastos 14, mgd itmatthmatiesdiytcalculate

prior to quench to determ ne the anount of quench

the desi@ &holr oRgfencl Ritdrabatihe ReMkdl sObte®@I BAPAILORBREUEET
the total anmount of water in the reactor during the

facilitat% %gﬂv\%& t%? %czdrfﬁ?rﬁgte%lgﬁc% ‘{%@tre% hf koethg kga%tcjrﬁ 495 ﬁ%@tﬂeycontrol

nount “of quench water 1s erm ned,
then the water be added and. t he. reactjon quenched
schemep (oD gkl SHeh SRTBImBE RO PR GO HHRIE 1At G S50 e
~of the reactor contents, such as by lowering the
equipmenirpeshas ortrdfvalvies conduitsnipstraaicutaiiom cthe react or
j acket and/or coils, may be inplenented after the

guench water is added to facilitate bringing the PPS
pol ymer out of solution.[0073] It should al so be noted

ihat 1P pRHorPiTew@ler existing in the reactor prior
to gquench nmay be adequate to give relatively | arge PPS

particles. us, »N | nst ead oOf e t

100721 Geckifrfo Fibtl; 7 ohoiorh BERE ol BhBlany FBY eRfjuifiGfimethod o8

) _anmpunt _water in_the reactor prior tqQ quench, using tﬁqe{

is depigipch slatally eferdntene sVithgnitieant Welsy My bedlshyaraisd gt a ErsRkc 2
wat er, but instead indicate that aNVP quench is

reactor ifleloelf 7Q). alhensthe reaotants aad witee compensats, swhraaltheorgamic solvent,
shoul d be enphasi zed that the order of the different

may bea®hiaeRRd iRk pbyehchizbicehaor (FRIcRTD).68 fideilginedization foif gier e

3 may vary. |V. Determ nation of the Anpbunt of Quench
reactantédth Produce the PPS in the reactor 14 (see Figure 1), it may be desired to terminate
the polymerization (block 74). At this point, the amount of quench water for terminating the
polymerization may be determined (block 76). As discussed, the PPS properties are impacted
by the total amount of water in the reactor (existing water plus quench water), and thus it is
desirable to determine the amount of water existing in the reactor prior to quench to
determine the amount of quench water to add. The relationship or correlation between the
total amount of water in the reactor during the quench versus the PPS particle size is generally
known. After the amount of quench water is determined, then the water may be added and
the reaction quenched (block 78). It should be noted that additional cooling of the reactor
contents, such as by lowering the temperature of the cooling medium in the reactor jacket

and/or coils, may be implemented after the quench water is added to facilitate bringing the

PPS polymer out of solution.
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[0074] In general, the determ nation of the anount of
guench water nmay utilize the vapor liquid equilibrium
W@ YoEp9vBs t he pol ynerization m xture. A speci f PCT/US2006/006837
relationship that may be enployed is Dalton's Law of
ours) Do b ES 88 b BBl oot O b B by oo
[ nd| vi dual - conponent, partial pressures: Dalton's Law
quench oy b e aaletod ki vely parge PPRpattictose Thug M, asiopd pwater,
total pressure and p* is the partial pressures of the
may be usai toiquieath the ngaotient In. otley woeds e @lculated frmortawgertin the
context, the partial pressures of the individual

reactor SI96H0 '@1@815031 (188 the peseRl tecilies Sh&y dall for b @ddhﬁ@ﬁ bpquehéh
m xture at the reactor tenperat ure sumto equa th

I [
water, tﬁl?ﬁ’l%telgg }]ﬁscﬁ%agé ﬂ’% Sg@hﬁ gueéf“ﬁ ﬁ?ﬁ égtﬁﬁ?\ﬁlwa{tg} q%ench Finally,
ncen ratlo 14 nm xture pr .
it shoul§ 38 Gemhagtissa Byt e rdE g i él?feawt Ayt b dHetio methog s
. mxture to be ideal, or conversely, may take into
depictedinckignte voay vaal behavi or of the mixture, depending
on the desired accuracy and/orthe conditions of the
m xture. As will be appreciated by those of ordinary
skill in the art, exenplary corrections for non-ideal

IV. b%t@mlﬂiudm&im@m&ﬁlmgmcwwu@?r Wal s constants,
acti vl Tents 1 n ard phase pure

co onent he vap and i d _phases
[0074] gﬁﬂ%&hﬁ}eg%ﬁe&ng}a igp B I SpiBREks Aifel W%%wa%cf%fﬁe the vapor
tion, the corrpr essi bi | i ty fact or (equat on
liquid egw&b@ym (Y ) 96 thegrolymerjgation prfuEy. j & SPesitis Wbaﬂm@ that may be
Content in the Polynerization Reactor 1. The Use
employed Rddalton’ sLaaof Partifioresstices, whieh voles that dlot ot preksurévea
[0076] In one enbodi nent, the cal cul ati on assunes t hat

mixture/i€ 8§l @ thdisMinifehd mdBiduatlé@hponent partial pressures:

Dalton’s Law of Partial Pressures

P=p*A+p*B+p*c+..

where P it the total pressure and p is the partial pressures of the individual components. For
example, in the present context, the partial pressures of the individual components (e.g.,
water, NMP, etc.) in the reactor 14 mixture at the reactor temperature sum to equal the reactor
total pressure. Aé discussed below, this relationship may be used to calculate the water

concentration in the reactor 14 mixture prior to quench.

[0075] The calculation may assume the reaction mixture to be ideal, or conversely, may

take into account non-ideal behavior of the mixture, depending on the desired accuracy and/or

33



bi nary m xture of water and the polar organic conpound
(e.g., NWMP). Further, in this exanple, the cal culation
wasmaoe®3t hat vapor and |iquid phases are in PCT/US2006/006837

equi librium and thus the individual -conponent parti al
ressures egual the .jndividual -conpponent (or o

the coBF08 SL G SRR od5ul B riivEiiRied SYRREBRR prlify skin the ar,
Dalton's Law of Partial Pressures may be reduced to

exemplREheArtectonsiar negrisiont bebayigninpludg theise pB Vieg dah Bfaglsponsfants,
the total pressure (e.g., reactor pressure), PA and PB

activitypeaeffidientpinr the tiqnidgrbest, puepomppneas Sugaeities én the,vapdr andtiguid
and NWP respectively), and x Aand x B are the nole

phases Viaglldq@aSorRlof khage, OB GRARENABbR BN SquatidBl BE caRfrediihility
in the liquid phase. And because x B may be expressed

- ' i system the nole fraction of
factor@g?aélpfl)&@a%&%gﬁgé 1\1/'ed: Mol e Fraction of Water

Sol ved[ 0077] Thus, the nole fraction of water may be
cal cul ated based on the total (reactor) pressure P,
and the pure-conponent vapor pressures of P A (water)
ahd P Galeunlpmign of the HEater Consant indhe Pobmerizatien Reanter
Therefore, the two basic inputs are reactor pressure
and rdact orTHediisearfdRaoutt)s Kdvw whSdvefob shdb\MokeBriceidn of Water
val ues. The pure-conponent vapor pressures may be

[0076] det BY dHe@tbodfhé, thb @alb @186 PasshBBPBRAlHE R IRk nde is an ideal
sui tabl e vapor pressure equation, such as Antoine's

. ' : i ' . i P BL(T#C). ...
iy SIS VL, R ABOR g ) AT

oi ne coefficients and vary fro ) .
exampf?:‘,ntthe cglculatlon assumes that vapor anc{ P{quld p[aréses are in equilibrium, and thus the

individual-component partial pressures equal the individual-component (or pure-component)
vapor pressures. Accordingly, the Dalton’s Law of Partial Pressures may be reduced to
Raoult’s Law:

Raoult’s Law

P=P°%xaA+P°%Bxp

where P is the total pressure (e.g., reactor pressure), P°5 and P°g are the pure component
vapor pressures (e.g., of water and NMP respectively), and x o and x g are the mole fractions
of the two components (e.g., water and NMP) in the liquid phase. And because x g may be

expressed as 1- x A in a binary system, the mole fraction of water, x 4, may be solved:

Mole Fraction of Water Solved

XA™ (P - POB)/(POA - POB)
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substance to substance. The Antoine coefficients
(constants) tabulated for water, for exanple, are A

w0 28668035 B = 1668 21, and C = 228.0 for systePCT/US2006/006837
tenperatures, T, in the range of 60 to 150 OC and for

100771 byt 2ol dfiich of FaPhhRg oF e el oot e IR reacton

vol atl | e substances (wi th vapor pressures over
pressukedt, epd thegurgtompenentyapor ReespiieseoidomivaEntand 45s .(NMP) at the
pressures (i.e., for both water and NWP) cal cul at ed
systemwréaotor empntatire.e Therefpua tthotwoalvagicdnputs arefreantdrn pressofe andeeactor
reactor tenperature T. For the cal culation of quench

tempetdBir€ whitihfe b8MAheRHRASMIRS. THY phéRioGdohdnt %p&quwhﬁg %y be
based on the reactor tenperature |nned|ate y prior

deterrn%%%ﬁi tﬁ?%@%tgf eﬁrféjlg%t&%laﬁ 15199' (glf‘atlon such as

L,a
enconpasse presen?atec ni q gbr va
pressur es and for the anmount or concentratlon of water

Antoine s qIHatiPPS react or may be enpl oyed at any point in

process tine, i.e., before polynerization, during

pol ynmeri zati on, innediaﬁ@ﬂ¥n$$ﬁbuﬂtm.quench, during

quench, imedi ately after quench, |ong after quench,

during washi ng of the IRB ot yneB/(Tagyl so forth. Such

cal cul ations nmay take into account additiona

vari abl es, such as the presence of precipitated solids,

the presence of other quuid conponents t he exi stence

£.non-ideal condit,i orth 0079
where 8, i{B85 ¥ Bres§Rana BTE anf au Ralofls emigenfing vy Sog
for determnij ng t he pure_conponent vapor pressures.
substaigsrto gylgiamce, ThaApfoine wspidentatconstpnis) bated fororarm Ery
skill in the art, the O ausius-C apeyron equation, In
examplR, are- DFRVEYIORT, B =(166\8mr andC =228l {efog apst@o tehmmstussdl’,Gn the
is a mterial constant, nmay be used to cal culate the

range PRE0E0ABUPCHRA forkAPOr prRERSEUPE $n Bim PRLAR tOWPTRO AnVihEéquation is
and is a function of the reactor tenperature T, and

accura%egg gmr}?ﬁ@%%?tvtt%ﬁﬁ{ohﬁ?oﬁétﬁg sx%‘s’i’a%@es HiSyapbi gé%hf'eseo%la 0 Q).

eat vapori z t|on
determ ned at the

[0078] Further, the pure component vapor pressures (i.e., for both water and NMP)
calculated with the Antoine’s equation are only a function of the reactor temperature T. For
the calculation of quench water, the vapor pressures may typically be calculated based on the
reactor temperature immediately prior to quench. However, the calculation methodologies
encompassed by the present techniques for vapor pressures and for the amount or
concentration of water in the PPS reactor may be employed at any point in process time, i.e.,
before polymerization, during polymerization, immediately prior to quench, during quench,
immediately after quench, long after quench, during washing of the PPS polymer, and so

forth. Such calculations may take into account additional variables, such as the presence of
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tenperature of interest, or if enpirical data is
avai |l abl e, the d ausius-C apeyron equati on nay provide

wo evoe@osaphi cal solution (as is apparent by tPEeT/USI08&@006837
forn1of the equation plotted on a Iogarithnic axis).

urces of p -C nent v ressure.dat a
precipiRie B b Ripsdies Ot bfeh FBA AE R b Sl bR EI a3 B Fa
Al CHE Design Institute for Physical Properties
conditiops, pRR}O f Wﬁése types of databases may provide val ues
of the pure-conponent vapor pressures for NWP and
water at the reactor tenperature of interest (i.e.,
i medi ately prior to quench). In conclusion, it should

[0079]be rRhas 8 Gilleh abitdbRBquaBsRaHSy PRMtiIRR Yér ddte?('ﬁﬁimhg’ the pure
deternine t he pur e- conponent vapor pressures

R T EATE R
e R e BB o

of water during the quench. The data nay be converted

C is a motesigbonstadh manythearsetbisi qabsulate theypowre earpanent vaphepressures of both
cal cul ation, which may enpl oy (1) concentrations,

NMP @dgwatemh@isfartaﬁéticmmf thexsctbr Retpetiture dt and the Ihe(ltZt)f vapsiszation
e.g. kilograns pounds, etc., or (3) volune, e.g.

AHyzp. g’ﬁu!lso RShislebh@lodvis glﬂgec?'?ge ﬁc%t Bf){}%d%rlzétﬁbnsrﬁ 5 bd ﬁ‘&ermmed at the

present te nlque rm nes the anount of ‘quench

| p ulfi
temperfBirg nE TGS it FuBREHNA CORTAELE T ?@P%Pse élﬂpf%mg gguation may
ot her pr opert ies of PPS in the reactar
provide dorsd grenkicalysolugion fasNe APRASIIS DY dhg b@ﬁaafqrﬁgoﬁth%maﬂ? plgfted on a
Quench Water [0081] Figure 4 depicts a nethod 76 that
logarithoni¢ asp)o rtbert souttes okpuits-cofpbngu vepd paecsdurahliataiinclude databases,
deternmi nes the anount of quench water (or other

such a§ UAfabfes ?éﬂéﬁﬁé‘d By the NICHE PedgRIRahNIR: PAMitD PréRaedsqDIPPR).
such as the polynerization reactor 14 depicted in

These 't:}'f'p%LJ 08 ddtabdsBs ﬁlgﬂr Brov1de values of the pure-component vapor pressures for NMP

and water at the reactor temperature of interest (i.e., immediately prior to quench). In
conclusion, it should be emphasized that many methods may be utilized to determine the

pure-component vapor pressures.

2. Subtraction to Give the Amount of Quench Water
[0080] With the fraction of water calculated, the quench water amount may then be
determined by subtracting the amount of existing water from the desired total amount of
water during the quench. The data may be converted to accommodate the desired form or
units of the calculation, which may employ (1) concentrations, e.g., mole fraction, mass
fraction, etc., or (2) mass, e.g., kilograms, pounds, etc., or (3) volume, e.g., gallons, liters,

etc., and so forth. In sum, the present technique determines the amount of quench water to
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exanpl e, the reactor 14 mxture is assuned to be an
i deal binary m xture of water and NMP with saturated

wWo ape09198Fi tially, the tenperature of the reacPOr/ui2b06/806837

nmeasured (bl ock 76A) and used to cal cul ate (bl ock 76B)

add to NR)SYE%é?’r ele%% rrﬁﬁ@%? IZ%)tpgv?}pmelrgzgg§% ?e%lg%%(r) g&p%c\ﬁg% ff)ar{iglb‘)siz% r}.gd other
ressure cal cul ati on nay be perforrred with Ant0| ne's
ProPe”E‘élP&P%ﬁnth%ea@?%ﬁﬂeéonﬁaﬂmﬁ onal ly, the pressure of
the reactor 14 may be neasured (block 76C). Based on
this neasured pressure of the reactor 14, and on the
cal cul at ed pure-conponent vapor pressures, the water

fB.act iDMerhod fo Catgimig th Wirkbuiyf Baehdlh Maat ed (bl ock
76D) using Raoult's Law, for exanple, as discussed

abo ;
w1520 L LA T AL Wttt Yl o i
congentratiop in ractions or ercent see
cetermfseg degohains aisich RalEt 3o eSi ARG L e
in the reactor 14 (see Figures 1 and 2) .is

polymegizgtiemisaptarsych arthe ppkynierigaHPargGiey W%ﬁﬁl%?fi indfigure 1. In this

pol yneri zation, or where water concentration is a nore
exampleptheireagtarl 1 4meixsure & dshamned toebezins déal bnagmmirttreaft weddr@nd NMP
(e.g., where historical data is based on

with sa‘ﬁﬁﬁfé@ %wt 18Iy {the teitifR Rk WRtHR reslRbET4Ms aﬂaamed (BiUckbRSA) and
ased directly on the concentration (e.g.,

s R SN B8

_ ncentrat on of water in the react .
(Pe) ig BirvErieia 108 %«}-Ffaﬁgwawa@%mﬂa%wr%Féculgwé%gwrgqﬁmed with

percent or mass fraction of water (based on the
Antoingsrfsjuatien; forf exatrpie. ahdditivRyly, thelpuessursiof Hestrerci¢ibldsway b

the total liquid volune in the reactor 14), mass of

measutd@d{(Block P Baysd bh ¢hit pleadurdd Prosstire/off thepsact@n d4,tand on the
densities of water and NW), and so forth. [0083] In

calcul Jré-eglnP%xFEglé &/9{5702 g&bﬁk’ %hé \R}atElhﬁ &RAGH e B oOBuid may be

measur e e abso ut e anount of water

caloutsft sk IR Wig MaoBRHIER), rbnhifle] EPEAGIss GGVt o Y

[0082] In certain applications, it may be beneficial to evaluate the water in the reactor as a
concentration in terms of fractions or percents (see Figures 5 and 6). For example, where
the fluid level in the reactor 14 (see Figures 1 and 2) is substantially the same from
polymerizatién to polymerization, or where water concentration is a more meaningful
measure than the absolute amount of water (e.g., where historical data is based on
concentration), the quench water determination may be based directly on the concentration
(e.g., mole fraction) of water existing in the reactor, as referenced by block 76E. It should be
noted that the concentration of water in the reactor 14 may be converted to various

representations, such as weight percent or mass fraction of water (based on the densities of
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water fraction by the total liquid (block 76G . The

total amount of fluid in the reactor may be directly
wore@siswad; for exanple, by a |level elenment or PCT/US2006/006837

i ndi cator, such as a sight glass or differentia

r e neter |nd| at.ion .readi
water Greb AP ciptes af vkt e bon Batr el paE EaaH if FE TRt Pymass
of the reactor 14. The anount of quench water to add
of watebased autthe toted liquid taheme,mad sk dansisiesaf wetes anst NYEDi angl so forth.
the anmount of water existing in the reactor fromthe
total anmount of water desired for term nating the
reaction (to give desired PPS particle size), as

[0083] f &1 SAG h, e t%'tag ‘hgullﬁih theﬁ%a(gblslﬁh'y% 6@ Fheawé‘d {8 76F) and the

anount O V\Bt er I'red be based on known

absolu% ear.régun %ﬁ Eleetd:/g\% Q s\é\?/art;?%ﬁimﬁsq in Eﬁgf‘% o L %Efatﬁ W 1|nf.11t1ply1ng the
as dlscussed It should also be clarlfled t hat
water Fagtiogrby the g)[ﬁ@ ligyic (blapk 1667 md Be trtalmgnaynt of Beidda the reactor may be

vari ables to perform ng the various calculations to
directly mysiswrad,| fyr @ddiphey biyladevpl elententvart ipdichior,tsheh asasighirgldss or
may be performed manually or automatically, or a

differén@iDirBatiicqctbN §ifiGhe 1Ml RARbMi¢h feBdl} Shvefted to a volume indication
nmeasur ement s, performance of cal cul ations, and contr ol

based ?{% tﬁetge %? ﬁler@yct%el fgﬁ%%dﬁéggfj ueb%w@ﬁ:? FPL R thﬁ béctor 14

syste aving t

may o gt %mes‘r bR eIt rheuton Wi exanys Sy RS fightthe

art, a varlety of processors, sensors,
total ameynt afiveteradesiser fov saryenating sheyenesiongto givn desited PPSenssiicle size),
etc., such as those previously discussed, may be

as ref@ﬂ’@b@bﬁ Bldch 76hnA§ disciidaed, tiee fotall sambunmtadf| iv@ma deir¢dmaPBSbased on
production and the present techni ques. Mreover, it

knows QI HioRE HENRERHak? ‘an& pag pﬁﬂféleoéigﬁ(% Ofavbhge Qiafrfeﬁarr €icrons).

actions of the nmethod 76 depicted in Figure 4
vary.C. Calcul ated Mdl e Fraction |ncrease versus the
Amount of Wat er Added [0085] Figure 5is a

representative plot 80 of the cal cul ated increase, 82
[0084Lf Fanadlys psdipqusped, it should also be clarified that all actions, ranging from the

measuring of process variables to performing the various calculations to physically adding the
quench water to the reactor 14, may be performed manually or automatically, or a
combination thereof. Automatic reading of measurements, performance of calculations, and
control of the process may be accomplished, for example, via the control system 62 (e.g.,
DCS or PLC) having the appropriate software code, hardware, and equipment. As will be
appreciated by those of ordinary skill in the art, a variety of processors, sensors,
instrumentation, valve arrangements, control schemes, etc., such as those previously
discussed, may be employed to control the various functions of the PPS production and the
present techniques. Moreover, it should be emphasized that the order of the different actions

of the method 76 depicted in Figure 4 may vary.
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of water in the reaction m xture versus the actua

anount 84 of quench water added to the reaction
WorRoob09135 Usi ng the reactor tenperature and prEBCHUSB)G6/006837

and Raoult's Law, as discussed above, the nole

h
T BT A el VT
085, PSS TBo B53ed BB S cion

clustering of the data, as well as the realized |inear

of watgrdn she reansien mlb@wmﬁlstthqi sctiplomsnwb 84 of quenclywatehedded to the
actual anmount 84 of water added supports the use of

reactioh meixure SEsihg teabmitGrutemperbturé MtbPpressotabhdRaUIPs Lew, as discussed
expected theoretically with the formof the Raoult's

t .
above, glzér/\ftng%{g%dl%g 8tﬁf&gtﬁi’\4n tH.e ?ﬁ{hctog g)j"ll)r R c?ﬁ %?g’%ﬂé? GudRfiSs calculated.

tipns.of t Iotte data, .Six poin}s.
The dlff%rg{l(geszon nttﬁesﬁ BT Oﬁ% ﬁgv%(fnﬂ PO NG tﬁeelgﬁﬁ%ﬁﬁenégﬂﬁge mole
. ected cal cul ated_val ue of a I‘OXI matel y no increase
fraction ngater ‘i%lééf‘é‘é‘)or it Theclisicape p h@ﬁlétar @Saw?(@whmrsalwdalmear
For one gallon of quench water added to the reaction
relationshit bateeent this ipotase 8288wk thw @twmhhmuhzSdb{iwatsraddel supports the
the nole fraction of water of approximtely 0.07.

use of fhpirdyent tectinidued. PalihddR felMionshipas eAsteRd thedrdtltally 43Gtth@form of
m xture, seven points 90 correspond to an increase in

f
the Ra&ﬁ?s L%%h{éagg%ﬁlg :‘(#{m ea[nqifdl';} %gﬂga%y %‘fé e:‘@he Slhalrt:) &%& S?ﬁleo% V).
cal cul ated nole fraction increase 82 with the anount
84 of quench water added is depicted by a straight
line 92. D. PPS Particle Size versus the Mle Fraction
[0086] of Pafertheiraprrgertaidonsiof Hoo@otteddajy six Wints BGsomraspesd & no
representation of a plot 94 of the average particle
quenchswater alidadiitplingddh éxpedted coloslardvalis of BEproRinetdly a6 ih@ehse (zero
97 of water (total water) in the reaction mxture

increas8f fnhe WaRr HHBB e MEL RiixtiRS P}?)? ©he BAfRChr qLBEHRMtE £d8d to the

si ze 96 val ues are neasured

reaction mixture, two points 88 show a calculated increase in the mole fraction of water of
approximately 0.07. Further, at two gallons of water added to the reaction mixture, seven
points 90 correspond to an increase in the reaction mixture of about 0.12 mole fraction of
water. The approximate linear relationship of the calculated mole fraction increase 82 with

the amount 84 of quench water added is depicted by a straight line 92.

D. PPS Particle Size versus the Mole Fraction of Water During Quench
[0087] Figure 6 illustrates a representation of a plot 94 of the average particle size
diameter 96 in microns versus the mole fraction 97 of water (total water) in the reaction
mixture after the quench water has been added. The particle size 96 values are measured.

The mole fraction 97 (total water) values are calculated based on the approach above of using

39



The nole fraction 97 (total water) values are
cal cul at ed based on the approach above of

waigia@Rasul t' s | aw and the reactor tenperatur eP@nUsS2006/006837
pressure. Three sets of data, represented by circles

98, triangles 100, and squares 1Q2, are ofted base
Raoultosﬁawwpé iepeier @ﬁweWaﬁ?%Weé%%% %ﬂ@rseﬁfﬁj dﬁ@awaeﬁen’feg by
agi tator of 350 revolutions per mnute (rpq?, 400 rpm
circles Q8 dtriaggles pog, and spraeesi W) gre plaBddpserhan threeskitferent rotation speeds
depicted as circles 98 and based on a 350 rpm
of the RgetbPidiarorsPes0 revblutioas ped rainatk @Fhy; 400 aorh) adstSofrpmat er
of about 0.18 and 0.34, the nmeasured PPS particle
1ﬁqmc§%ﬁﬁ$ (average di aneters) are about 550 m crons and
about 1600 m crons, respectively. The second set of
data are depicted as triangles 100 and based on a 400
rpmagitation speed. The third set of data (two
poi nts), depicted as squares 102 and based on an
[0088]ai the iy setpeericted augitrles P andihgspdorppdd (pm agifalion speed. At
96 of about 1500 microns at a nole fraction 97 of
calculateat moledtactivnudf Wat2rof aboutthés amt @8hrthe atcapmed PR particle sizes
rel ati onship between particle size 96 versus the nole

(averagd diginbRis) Are dUdGT SHB@RrdMstddd AbSEIERINO miblodp Gespectivler The second
nol e fractions 97, and becom ng asynptotic at higher

set of {ggé gre;cfl'eﬁtgfédoa@ ?rignéiesll@O ohd %Eﬁe%'hqﬁts%d Igpe%?ag@ﬁ ﬁ)eg{i.eTflé third set

e curv the single curve sentin

particle size 96 as a functiaon of nole fractio 7 0f

of datd v oG drprcied wondten hGand Vost o Seiliog she ot sl
steep slope at |ower nole fractions 97 of water, and

show & PR pérttigletsise %t oflabgitdi5 Ofwrierons alct mekesirapion 7 whweter of about
[0089] It has been observed that the relationship

0.21. hednsdaRrmaatiog ke iaiensiip bttheen phiticleaiedonatws thaxhele fraction
fraction values inproves at |ower agitation speeds. In

97 incRhORWitPL HSepet SBBe fABWELhoR fraibaAs 07 288 B8EARhhY asymptotic at
realized at "agitation speeds bel ow about 500 fpm

. Finally.,. it oul,d be not at these data set -
nigher peIE Foloy o7, 10y L NG doie olf bR R Bl R e corve
by. a human
represer%‘/cing particle size 96 as a function of mole fraction 97 of water would increase

somewhat linearly at a relatively steep slope at lower mole fractions 97 of water, and then

flatten at higher mole fractions 97 of water.

[0089] It has been observed that the relationship between particle size and the calculated
water mole fraction values improvest at Jower agitation speeds. In other words, less scatter of
data is generally realized at agitation speeds below about 500 rpm. Finally, it should be noted
that these data sets and other similar types of data may be utilized manually by a human
operator or engineer, or automatically in a control scheme, for example, to decide how and

what aspects of the present techniques to employ.
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operator or engineer, or automatically in a contro
schene, for exanple, to decide how and what aspects of
wo b@eposw3ent techni ques to enpl oy. [ 0090] Wi | eP¢®S2006/006837

i nvention may be susceptible to various nodifications

and_alternative forng, specific enpodi s .have been .
[0090]sh0\>ﬁ1“t5¢k9\/39’68?10%5?& P EUSCRPYtR IOYRRRE, ag%%ﬁlweﬂwa andgliemative

described in detail herein. However, it should be '
forms, sperdfie erobedimieats havie beamsbawhn by wWay afsxampledn theddrawinge and will be

limted to the particular forns disclosed. Rather, the
describadve détaid hetesn. t Howowe/ it shduldbstutdeesadddothat the fivienddrei tndt

and alternatives falling within the spirit and scope
intend 1o BUPIIHOParfiSulBefohfedis b sdd R | MURGnARPRAL G er al

claims. CLAIMS What 1s clainmed 1s: 1. A nethod for

.=Rr.oducin ol nyl ene sul.fide,(PPS I [ . .

modi R e PPt e inrotith i spB A Stcpscpf s imvention

polymeri ze reactants in a reaction mxture in a vesse
as defiped %’/b%f?’ﬂ@"’%la%@?defi Gl3fAe vessel ; neasuring a
pressure and a tenperature in the vessel; and
determ ning an anount of a quench fluid to add to the
reaction m xture, wherein the amount of quench fluid
is correlative to at |east one of the pressure and the
tenperature. 2. The nethod as recited in claiml,
wherein the act of conducting a PPS process conprises
the acts of: adding reactants conprising a sul fur
source and a di hal oaromati c conpound to the vessel
and addi ng a pol ar organic conpound to the vessel. 3.
The nethod as recited in claim?2, wherein the sul fur
source conprises sodium sul fide
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(Na2S), the di hal oaromati c conpound conpri ses
p- di chl orobenzene (DCB), and the polar organic
W@ 0vp00m98s conpri ses N-net hyl - 2- pyrrol i done ( NMR)T/US2006/006837
The nmethod as recited in claim1, wherein the act of
determ ni ng the anmount of Zuench fluid conprises the
act of calculating a fr ' f water in the reaction
m xture based on a vapor liquid equilibrium (VLE) of
What is elimehist i on m xture. 5. The nethod as recited in

claim4, wherein the quench fluid conprises water.6.
The nmethod as recited in claim1, conprising the act
of neasuring a quuid | evel in the vessel, wherein the

1. aeve odgtfor &%ﬁﬂ? E% ]pﬂeﬂ 1 ur%%{l fﬁfe?f’i’g lgmglh %o#gﬂﬂhg the acts of:

uri‘ng
sulfide (P conpri si ng the acsof

c%égfémgﬁgl’@e@ef%ﬁ% {Q P?lbfméﬂﬁ‘?ﬂe?ﬁé‘i‘tﬁ Ihp re‘&ﬁtl%@&taw ip g vessel to
form PPS polyner in solution in a mxture in the

form BPS| potsemérdntheoressedact or; and det ermi ni ng an anount of
guench water to add to the m xture in the

PakasIERE 2 pidsQite RS tedipegatlieth did vegsel;andn anount  of
water in the mxture in the polynerization reactor

Pidi@midif gﬁ‘@lﬁ%ﬁn‘c dFa cl-ﬂé l{'ﬁﬁ F%i a@dstort Ctdabbod Rli)&#ll% Whdrein the

conpri SI e act o at1 ng t e anount of Wwater

in.the xture r or to, quench sed on a t rature
amou REVERGR IS 1 BoB et PSR AR GHio Biscape Gt el
method as recited in claim?7, wherein determning the
anount of quench water conprises: neasuring an
operating tenperature and an operating pressure of the
2.  pbhemrethbd a feoited in claim 1, wherein the act of conducting a PPS process

comprises the acts of:
adding reactants comprising a sulfur source and a dihaloaromatic compound to the
vessel; and

adding a polar organic compound to the vessel.

3. The method as recited in claim 2, wherein the sulfur source comprises sodium sulfide
(Na;S), the dihaloaromatic compound comprises p-dichlorobenzene (DCB), and the polar

organic compound comprises N-methyl-2-pyrrolidone (NMP).

4, The method as recited in claim 1, wherein the act of determining the amount of
quench fluid comprises the act of calculating a fraction of water in the reaction mixture based

on a vapor liquid equilibrium (VLE) of the reaction mixture.

5. The method as recited in claim 4, wherein the quench fluid comprises water.
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reactor; cal cul ati ng pure-conponent vapor pressures of

an organic solvent and water in the mxture in the
w@oedogoeBzat i on reactor at the operating tenpePer/usm®p6/006837

calculating a water fraction of the m xture

rrel ve to the pneasured,operatin ressure
6. deRe B aeRaip SlelB L rapghs (6 et oirban £1idlia 8% in the
pur e- conponent vapor pressures, wherein the nixture is
vessel, sdwraie thetamayat ef dienel ﬁuﬁn ig cerrelatisre to ke it vel sol vent
and water; andwherein the anount of quench water to
add to the mxture in the polynerization reactor is
correlative to the water fraction. 10. The nethod as
7. J. 3 ﬁieﬁi%q df %a?xh?abﬁh g p%@'ﬁﬁéﬂﬁéﬁ&sulﬂ& (@Ps*ﬁp&ifmeﬂeaﬁlpﬁmﬂg the acts
a |l evel he m xturé’in the polynerization reactor;
of: cal cul atl ng the anmount of water in the m xture
) correlative to the | evel of the m xture and to the
wat er fraction; d1 wherej n det erm_ni ng%éhe amount . of
GaBAEngREaiAntE Shapolymerigationggactqyiio Lorp YRR PRIGST Hisoltition in a
cal cul ated amount of water in the mxture froma
mixturel gsthe gdlynetrizhticomsastor; eid wat er in the m xture. 11. The
method as recited in claim 10, conprising the act of

Aetepminify AEMO@S iof gGerichtvalterataudto tht mirfuey inithe pblgmerization
m xture to change an average particle size of the PPS

reactor@'oﬁ%i g;'vé & eﬁpaxfl&ﬁlgb? %féf iPthe 'nﬁx{u?éamrfhé( Pé‘lgﬁrerl%ﬁlonpéfctor prior to

as recited 1n claim?7, conpris t he act
add| ng the determ ned anmount quench water to the
quenchyi vt yre in the pol ymerization reactor to generate a
speci fied average particle size of the PPS pol yner
precipitated fromsolution in the m xture.

8. The method as recited in claim 7, comprising the act of calculating the amount of
water in the mixture prior to quench based on a temperature and a pressure of the

polymerization reactor.

9. The method as recited in claim 7, wherein determining the amount of quench water
comprises:

measuring an operating temperature and an operating pressure of the polymerization
reactor;

calculating pure-component vapor pressures of an organic solvent and water in the
mixture in the polymerization reactor at the operating temperature;

calculating a water fraction of the mixture correlative to the measured operating
f)ressure of the polymerization reactor and to the calculated pure-component vapor pressures,

wherein the mixture is assumed to be a binary mixture of the organic solvent and water; and

43



13. The nmethod as recited in claim7, wherein the act
of contacting reactants conprises the act of

we@ebagshg a sul fur compound and a di hal oar onBCT/TS2006/006837
compound in an organic solvent. 14. A nethod of

nuf.act uri ng, a,. PPS risi of
Er*ﬂme&afh s Bt ol Pl aaf BT e i o B s ation
ynmer in the reactor; measuring pressure and
feaCtOTtlSe%@l?étV@rf@ﬂ%?fW@tWéfr?Célaét or; determining an anount of
guench water to add to the reactor correlative to the
pressure or the tenperature, or a conbination thereof;
and quenching a polynerization of the PPS polyner in

10. e ﬂ&ﬁ@dﬁre&%dﬁﬂ@lﬁkﬁgb&nﬁwﬁﬂ%ﬂw\%&% to the reactor.
15. The rrethod as recited in claim14, wherein

dd to the
r ea%’?yfﬂl‘g@li ase on {ére\?%b}%ﬁ)%% hg%lrﬁ rium ( VLE)
act or. The pethod as r C|ted| ca'm14,
\R/E]élﬂgPﬂg AP R RV e cogts i Fyitedgvel of the Tikture
onprises the act of cal culating an anount of water in
andtothhe)vat@d“mcaonmndor to quench based on variabl es

conprising the pressure in the reactor and the

tvehiepeh determining the emoeaaifguenchAvatdihenipeisbothe ast sfaabtrading the
in claim 14, wherein a total anount of water in the

calculafefaaa?ﬁ&ﬁn Qflfvhtrég irftHe ﬁﬁﬂutéfrérﬁ ln@feSited Bt aRBhbt FFviatdig ereOf
he yner. . A systemfor producing

mlxmrgol yphe_nyl ene sul f| de (PPS) polyner, conprising: a PPS
ol yneri zation reactor; a quench water inlet disposed
on the PPS polymerization reactor and in comruni cation
with a water source;

11.  The method as recited in claim 10, comprising the act of altering the desired total
amount of water in the mixture to change an average particle size of the PPS precipitated

from solution in the mixture.

12.  The method as recited in claim 7, comprising the act of adding the determined amount
quench water to the mixture in the polymerization reactor to generate a specified average

particle size of the PPS polymer precipitated from solution in the mixture.

13.  The method as recited in claim 7, wherein the act of contacting reactants comprises
the act of contacting a sulfur compound and a dihaloaromatic compound in an organic

solvent.

14. A method of manufacturing a PPS polymer, comprising the acts of:

contacting reactants in a reactor to form the PPS polymer in the reactor;
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a pressure sensor in communication with the PPS

pol yneri zati on reactor and configured to neasure an
wop@cadiony) pressure of the reactor; a tenperatPCBUS2006/006837

sensor in comunication with the PPS pol yneri zation

reactor and configured to neasure an operating

t TOPASHIIBE DFCESUE$ W%%W“HSW%FF%&N on reactor; anda

processor configured to determ ne an anount of quench

vdetemitiag e amountef qupachawatatotaddpe thetreactoraedtelatize to the

operating pressure. 19. The systemas recited in claim

pressufefor tHRAPerhtird Lot Q@aEsiBATonitherésMingur ed to .
automatically receive neasured val ues of the operating

p .
NAFSRbE o B pARERALY Beink EPREDRTNE R B rhdbfor IV adding th guench
uench water to add to the PPS pol ynerization reactor
Water%ég%ffaﬁtﬁr't he measured val ues. 20. The system as
recited in claim 18, wherein the processor is
configured to automatically facilitate control of an
addi tion of guench water to the pol ynerization
15. r&acmethod 2s fecitddin dyist Mnveeraiedeteining anl aahonnt 8f quench water to
conprising a control valve di sposed on a water conduit
add to SURh&EEr 1 DaddCorCiHeAHob 11Mak QEuiliBliGh, (VMFSRL tHe rkiigorcont 1 ol
valve is configured to'receive a signal fromthe
processor to control an addition of quench water to
the PPS pol ynerization reactor. 22. A process for
manuf act uri ng,a, product caonpr.i sing PPS pol yner, .t he
16, pfwetiog grcited %019%5%&%65?1%1 defstuiping: ATBRIRL O lekigh prater
at | east a portion of whith conprises PPS polyner,
compnisieetheiant ofraldaRsingainyamsunbel wajeindbrseetobprier tawprad based on
conprising the acts of: contacting reactants in a
variable8 @6in@fisih® tHeoproisuheinRRSrepetby dRl the Renipeeatteda gy reactor.

17. The method as recited in claim 14, wherein a total amount of water in the reactor

during quench is related to a particle size of the PPS polymer.

18. A system for producing polyphenylene sulfide (PPS) polymer, comprising:

a PPS polymerization reactor;

a quench water inlet disposed on the PPS polymerization reactor and in
communication with a water source;

a pressure sensor in communication with the PPS polymerization reactor and
configured to measure an operating pressure of the reactor;

a temperature sensor in communication with the PPS polymerization reactor and

configured to measure an operating temperature of the PPS polymerization reactor; and
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nmeasuri ng pressure and tenperature of the reactor;
determ ning an anount of quench water to add to the

WO e@eem3torrel ative to the pressure and the PCT/US2006/006837
tenperature, or a conbination thereof; andquenching a
pol ymeri zation of the PPS polynmer in the reactor b
aRlpriogRsseTOngawEd fo driewning an ppeUROd dpesich water based on the

operating temperature and the operating pressure.

19.  The system as recited in claim 18, wherein the processor is configured to
automatically receive measured values of the operating pressure and operating temperature of
the PPS polymerization reactor, and to calculate an amount of quench water to add to the PPS

polymerization reactor based on the measured values.

20.  The system as recited in claim 18, wherein the processor is configured to

automatically facilitate control of an addition of quench water to the polymerization reactor,

21.  The system as recited in claim 18, comprising a control valve disposed on a water
conduit coupled to the quench water inlet, wherein the control valve is configured to receive a
signal from the processor to control an addition of quench water to the PPS polymerization

reactor.

22. A process for manufacturing a product comprising PPS polymer, the process
comprising the act of:
manufacturing a product at least a portion of which comprises PPS polymer, wherein
the PPS polymer being produced by a method comprising the acts of:
contacting reactants in a reactor to form the PPS polymer in the reactor;
measuring pressure and temperature of the reactor;
determining an amount of quench water to add to the reactor correlative to the

pressure and the temperature, or a combination thereof} and
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quenching a polymerization of the PPS polymer in the reactor by adding the

quench water to the reactor.
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