WO 2011/ 008955PCT/ US2010/ 042139 PCOLYMERI ZATI ON PROCESS FOR OLEFI N- BASED
POLYMERS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains
t he benefw0 20f1/008835 Provi si onal Application No. 561/226p04a5s2610loed3on Jul y
16, 2009, and fully incorporated herein by reference. BACKGROUND OF THE

ronper at or o LESHSHRTZARRIN HRACESD BRI R R on
separates into a polyner rich 10liquid phase and a solvent-rich phase above

a certain tenperature. This tenperature is a function of solvent type,

pol ymer HREBRENCEIES RELGTENABPLESSTIGNSANy of these variabl es can be

mani pul at 0 a{nhduce l.iqujd-]jquyid se tion.. Thi epar ati on has very
snmal | hee[ﬁgodlaty giéussggp 15?1 248 \?\}atuﬁs }}%%ff)eleles%eogiqé 1I!§/r0¥1(§1r(r)ﬁl§fr[§ ﬁ%C(I[‘?j)lgt?llllféﬂovapori zation
of ansequilvzies, AraWAtIuBf 163 200% AR fillly iGesPBlatddderdaRbyidforn@el ymeri zati ons,
there is a need to increase efficiency and 15reduce costs associated with
sol vent renoval processes. [0003]U. S. Patent 6,881,800 relates to processes
and pl ant@A&Rﬁlﬁ?@NWP‘ﬁi@ﬁ#V‘ﬁ]}ﬁ%ﬂm yneri zation. Such plant and processes
i nclude a pressure source; a polynerization reactor, downstream of said
pressur e [8602]ce; Aspgpyreasivieiohehn dohibit dewiec €ritickd \Bohitioaaltangferaaie dLCST)

pol yneri zation reactor; and a separator, downstream of said pressure

| et - down RESUPBENON BRAESDY A BOUIGRENCORY PREMEE SHURUQN 5B EES 418 PPN AIcht o
proviige RSB pHBe hiti 4 Etﬁvérﬁéﬁh:%ﬂﬂserﬂb&élﬁ‘ée@diﬁ 'té?l%e?ﬁhﬁé.”@[rh'iszt%ﬁftp%tdré’ispi oduce a
singl e-phase liquid reaction mxture in the reactor, and a two-phase

| i qui d- | ifguétobnrag achveriypa, pblyner istieanin eorspgaticat ond, pressuteh Arphsfehese vofiatdes
addi ti onal pressure source between .the reactor .gnd the separator. e al so
s, pat it 07 g el o Pguss SR LR RS (TS yroR Pt B Gy il Booar
the reactqiy 2dbdifed HithaaRspdRlall9cohPateddd eHeNGpe2tdtiH ol ah bEIH eRh@RRnt of
separation.” Since the solution com ng out of the reactor has nore sol vent
per poundobenpdnygemmear¢ialsoluiion pobymaeigabons, Bera ive nsepr iacisase HEaengpngr i or
to ”rlrg Se] %%at ortssgS (r:liia{eidcwal tslo;:{JV in creases t hsge heat duty per pound of

pol ymer . F Sif At ernatt onal “PUDT I CA "ol °Kie>“Wo 2008/ 076589 di scl oses a
process f[0003]o! yUES.iPAateng68RERDMElatts @ pitedes & stahd pthntsforagrinaouSsolution

pol ymeri zati on, Sést em The process 30conprises the followi ng steps: (a)
cont act i RylymeiizgHen.opughgantapd piesesses BICBIE 3 Hessvigspyrce; a polymerization

reactor, downstream of said pressure source; a pressure let-down device, downstream of

said polymerization reactor; and a separator, downstream of said pressure let-down device.

20  The pressure source is disclosed as sufficient to provide pressure to the reaction mixture
during polymerization to produce a single-phase liquid reaction mixture in the reactor, and a
two-phase liquid-liquid reaction mixture in the separator, in the absence of an additional
pressure source between the reactor and the separator. See also U.S. Patent 7,163,989. This
process discloses the use of a heater to heat the reactor outlet stream, prior to inducing

25  liquid-liquid phase separation. Since the solution coming out of the reactor has more
solvent per pound of polymer than that coming out of the separator, heating prior to the
separator significantly increases the heat duty per pound of polymer.
[0004] International Publication No. WO 2008/076589 discloses a process for
polymerizing olefins in a dense fluid, homogeneous polymerization system. The process

30  comprises the following steps: (a) contacting, in one or more reactors, olefin monomers
having three or more carbon atoms present at 30 weight percent, or more, with the
following: 1) one or more catalyst compounds, 2) one or more activators, 3) from 0 to 50

mole percent comonomer, and 4) 0 to 40 weight percent diluent or solvent; (b) forming a



having three or nore carbon atons present at 30 wei ght percent, or nore,
with the follow ng: 1) one or nore catal yst conpounds, 2) one or nore

activat orwp 28)1/d083m O to 50 nol e percent conononer, andPex/U32¢10/04833%ei ght
percent diluent or solvent; (b) formng a W 2011/ 008955PCT/ US2010/ 042139

reactor effluent c ri si.ng.the pol yner - nononer m xture; optional |y
neati ng CREGTyHEE “HBROHER TR BLTTE BPRorhy Marrer el rigerts FBBECt or . and
before, Qol@hé@hondh@ MIKBFSUF @) dFtek RANAE Ehel rBactdrShd Bfore( 6b) afed] th€prlekige t he
pol ynmer - nononer m xture quoﬁb) in a separation vessel; (e) reducing the
pressur e ipfeduped inestapt(ok; (&f dollaettg the pplyimsi-nepnoRer pottyreeaf-(bincmepastion xt ur e
of (b) bel ow,t(r)qe Ioudhooi Nt RresSuLe. Lo hor a _two- phase.m xture

. VCSSCl, €l reducing the,pressure o e redctor effluent com smgt eepohém%r—mon mer
conprising a p( VIET ¥ [ CH pRase and 2 nononer v eh pRase, either Before, or
af ter 5 cahixegt bNd) bR wohk YRR -pai @ressurbitofoher twd-Hage efarsadonpiisigssel . The
pressure in the reactor is from7 to 100 MPa higher than the pressure in

. ! g .
t he separRyBe-Nidsdape angdmepemedigharhass cithsrpeftie. g affsr. sPHngdicsel i s
above th i | ] i : 10
Shove 08 Mo RlmerdEiy B A Sl AR o} EIDPEEHAE Gl a8l K(THSm 7%
nononer - ricOiMphhzter thars thpgraked ifi themnepdreti@ovessey andi thd tepipeseyreamcher ecycl ed

to one or nore reactors. This patent discloses that a reactor pressure
requi red EBARERDN YHE IHptove ipkos 0?élgescrif%%lﬁzawnmaﬁetu&e&ééﬁPolgm%%t is
hi gh 10upP 48y dVitahe SQnRPEM o SYRENCAdd t@ﬁbexﬁ&ﬁé’.@l‘ié &%ﬁbrﬁ&-ﬁ&%ﬂé@é isThi s
hi gh pressure makes tRe reactor operation challenging, and requires the use
of thi ck sapdrhted fibBr dagpbbmserwivhghasee dutecgepd toadneamanan eragioref This patpaty .

[ 0005] U. S,. Patent 6,255,410 discl os rocesses for, produci | yol ef i ns
be pr eos it et IAPRT P uer B BEE bR R R n o PaOr w0 el Pk I
t wo- phaseosxht € MBeh (hP € POPKERS, t6 ARI¢ SferdritRal W1y BMiZA8 o hi2Bfim. (s high
continuously feeding ol efinic nononer and catal yst system of netal |l ocene
and cocatRigspsie;miksy thegraqterengsatipn sbiljangingz prrhregpinesrte ueeddhizh wadledr ovi de a
nDNONRY - P! Id()qg%hqghxrte#rc%;ca Rﬁ aﬁﬁ)en&%nte.ffﬂ:li'&ug y settling a two phase m xture
into & continuous norten Eo yner phRase and’a conti nuous nonomer vapor, the
| atter of[00#8]ch ey Paept 6265UIY disb®satpro®@asds fpagrblyciiepylodletind & pi&pures N

step (b), the mxture is at _a Er‘essure bel ow the cl oud point pressure to
provi de #UPBRHEY belovhcqagaionahbish PrRsfEREPLdifiens ipRusPhate syste@ipdPat ure
above th%rggelsé& Rk Bfe fggo&fﬁg s&?ky Eonvt\ﬁﬂgustlfﬁeﬁﬁ %me?fﬂiczﬁltoh&ﬂelzéldt akes
pl ace at "a tenperature and a pressure, ere e catalyst system

pr oduct i watayysexysemd sf inh@atlovdne @ahd cscatddyaj (be dorainubwilg polyaied zing eseoner &zdv e

the ¢l oud point at that t erature. This patent discloses only njnor
armu%f)s dpP PE%"IlREFean’EnPn%@err'% %F@aﬂw,ﬁe; aanf@&? gpnpapoysty ?qtéllnfg aAna P&B_ St have
the advanh@desnBhudlimE enPOBmdrPRREY AW &3(iAMchs PRGN %ipcﬁ,st%@@dté} gl with
sol ution polynerization processes. 30[0006] U S. Patent 4,444,922 discl oses

a net hod Wwloeh pragcagonally, de pbleystwartholecydleshtody). dhategi(hy thehmixtirennatdy nami ¢

state of the sqolutign to produce a dilute phase and ,a .concentrated phase by
b nodal HECBRTsNY Bl cuibtdReRs e e ah e BT So R e FERERDS MiheReer g
conj ugat g¢th 'h@gbeatmqkmgafatuwﬁwvis% maltin@PoRlt Btk §d1yRiE SHidltBe BHIGmeAPRMAL UT €,
WO 2011/ 008955PCT/ US2010/ 042139 and COTTEI‘I sing the step of rapidly reducing

t he pPesdulres phiceghi thnmestes avd Aprgsswet where phaepsaly s sEiemipesdistiviyy ¢xgedso
cause saif SOLUE | QBelifed R rt\fnce RYid ésaﬁ’rg%bo?e%g @f%%g'p%ln? D¢ thk dé&%éﬁam? 2P fis
having a relatively ﬁOM/po ynmer concentration and a second phase having a
rel ati velpatdnt glclpedsyomey ma@nagpuf@lof edlventhisse@éteator dtaslyosasidrumaloset hods
to induce liquid-liquid 5 phase separation, which all include addi ng heat
t o i nduceot Aave theyad enfaggupiUsiiglamat fegmperatieh R R HYEesiagsasiatehyity solyfien

energy i L Y&tioh BrdR@lsks, Since the entire reactor solution nust be
heat ed. [Héj%;o}%ru. " Patent 4,433,121 discloses a polynerization that is

carri3@d d0606]n aU.S. Patent 4,444,922 discloses a method for processing a polymer solution by
changing the thermodynamic state of the solution to produce a dilute phase and a
concentrated phase by spinodal decomposition. This reference discloses a method for

processing a conjugated diene polymer solution, at an elevated pressure and temperature,



pol ynmeri zati on zone, at a tenperature above the upper cloud point of said
pol ymer sol ution, 10 and under conditions which enabl e the pol yner solution
to be sepaoavadosesso two phases. The pol ynerization i s aCsTaSeaoniBds out
under stiffing conditions, which maintain the two phases under said

phase-separating conditions, in a.di.spersed and_m.xed state, The resulting
ol ymer  Sop PR e ets v on BeBarae s ene o Sl s Sulisentient 1y of

sai d pol yrekhzahifRiedQN6w t808usk $ai8 @BREBH esifdrit By spRodilas@snpkitdnt £NREr at ure
above the upper cloud point. 15Thereafter, the polyner-rich |iquid phase,

as a | owathasealipeing 4 wlativelyewalymgiidoacantatipoiydesecondplpse having apélagecly as an
upper | ayer, ;s recycled. to e I rization zone. There i.s.an. inherent
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and nol egli@apy wei ght. Subsequently, increased variability in the final
product nmay result. [0008]U.S. Patent 5,599, 885 discloses a polyolefin
pol yneri 4800hn t bial. Hasenc dxBB,2A1 distlokes d prdymperdmena ehavis amial oyphati c
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of not | ower than the upper cloud point of the polymer solution, to

separ at e Theepopphgrivatios ol altd @nri¢dow vadéroveinglvadeiopsrwhionmagwain thetiwog a hi gh

concentrati on of, polyqlefin, and an,. er ase rtion, .containi ng.a | ower
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e entir

atime limt 30 on how fast e reactor content can be heated. Such
a nmeans dongewdristdparatadrialg tvatiihgsds @b senmperaure abgye theapperailoud ppimtd- | i qui d

separat i hr h, a;'nucl.eation and growth" chani sm rat her .t han i

b nddal “ebORSh 2 RunPUE R y0e pBDE RLRE USTER PR P PABE U Risa e
4, 319, 021led 5qli® pR:Be fasRnAPPESla el isr&Sledtd B ol yandy EOn Lo Ehesoiswhi on of
the polyner in a solvent, by a hi%h t enper at.ure phase separation, in which

a | ow noliBkasenichyliangrof ApRERENE splufien pelyegrizaioneacsyiintve Hauidmbagol ut i on
and the ' : SO
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phases, niaithed igactar, Vepdstripttaseofrthe bormportehs ilpdthghasdsoni]l havpohpaeem-thean

l'i quid phase, and a.polymer-rich |iqui hase. The pol yner-rich Li qui

phas @8i s ngfﬁ%ﬂ a?r@HOSFtF%h%FH%‘ﬂG%ﬁ%ﬁW%g]&s &“E?Fdl“?‘%‘/ ’ H&F‘%ﬁ%‘il vqriahity i“hﬁ‘iegmﬁﬂase,
and the pebyPemalysedulten recovered fromthe polynmer-rich liquid phase. In

this process, thé |light hydrocarbon solvent is added after the reactor to
i nduce pHA8@8]sephkaitRatemt 5;PAP.885 distlgsas A®lydefin pasmarizadipartbatiipearnéd odtan

reactor splvent and un-reacted co;nononers and.thj.s. added |ight .

yar ocar HBRPROE hat BIBERE LS Se AT RONEH RuBUdi S pRESSten EMearnaving pe
di fficul tabdi’ﬂﬁéfi)&ﬂdlﬁild\y 10dren hhﬁaeréﬁrb@aﬁmmra?dﬁm& soRltRhicohaniidét is close
to that of the light hydrocarbon that is added to induce phase separation.

Presar i ZPwitingeolpoleymtsried & ysaperationrant &aptiatg tympergafetiaiol infirs g thhase
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phase portion, containing a high concentration of polyolefin, and an upper phase portion,
containing a lower concentration of the polyolefin. See also EP0552945B1. The liquid-
liquid separation achieved by raising temperature is not efficient, since there is a time limit
30  on how fast the entire reactor content can be heated. Such a means of separation inevitably

leads to at least partial liquid-liquid separation through a * nucleation and growth”

mechanism rather than a spinodal decomposition.



phase in-line blending of polyners. The process includes providing two or
nore reactor trains configured in parallel, a separator for product

bl endi ng woadomwmwsksst - f eed separation. In at | east one ofcrhs2panaiiBel
reactor trains, olefin nononers having three or nore carbon atons, catalyst

syst ens, [,ona n tional scavengers, and optional inert
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a pressure no |ower than 10 MPa bel ow t he cl oud point pressure of the

pol yner i Zaeleonasyeglirhydrmyarbesgs advigd ta SgcolMban, the selotien and aeddnd ef f | uent,
that 1 nclides RolomPagnepuso Rl o PIASS ARLXTR! TROTET o Mol s iy gach
par al | el eactor tralmn e f'eactor et TIUents from edc para %’ "P'eact or
are cenbiTeGre3ngd i2ddassaed fofn alghpidies, aepalyad Ofipor phsealchan theS. Publication
2008/ 0234443. [0011]International Publication No. WO 2008/ 109212 di scl oses
a pr ocesdVdRPRPnPolymerican liquid RharhAnd p RYlyEWHTIGR AR Prtspyihe Relymgtr- a

t enper at . SIS . . ithy; 1) a
cat al ystqiscg\ls}t ﬁ@%ﬁ%ﬁ%ﬁ %g“ egﬁgﬁb@e% e agtgei %Iéitt?)ler: é@lg&n&r %%Ielﬁgrwaﬁ%hra\é\é’tand
nonmnet al |tbe polgmeeisahercienderedfrohehepaaumyt-rith Hauid phadeally gtis pdcennholights, 2)
optional ly one or re conpnoners selected fromethylene and C4 to Cl2

ol efins, %’fh‘l‘fﬂb&éﬁ? Vet 1%6&4%&?2% gﬁde%‘}ordjbﬂli%’ﬁ%g]]l‘%ﬁe§%%@\93_é’r?é‘e!rllgls“r‘h&“6| efin
nmonongr s @il %eﬁﬁmﬁ rab®r RS16SRAhd LA PR R YIRS h &/ hAPMi SHREEMRE 30
wt % or nore, and the propylene is present in the feed at 80 wt % or nore.
The pol ymedigatbioonfop deursceas tearun enparmuslye Taboeparatidd can be difficult,

2011/ 008955PCT/ US2010/ 042139 the soli d-f.|.ui hase transitijon tenperature
of the paTSHRITDATOHNS s Etate R sp Lt Bt Evals PR dE R Dot ow 1 ne
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occurs at a tenperature below the critical tenperature of the

pol yrer i zadiheafingisthefare rduging @hpiessspuyp@ohéd vy tieéfidentt i cal pressure of the
pol yngr! é[@bi(ﬁn SYn%ér%”t‘iOHSal Pu ]hzclaélgﬁ RGNS Q&%/Oéoﬁqll Gt &, I\Il%CesV\%er?qul 079565
di scl'0ses a process to pol ymer ze ol efins, compri sing co%tacﬁlng one or
mor e ol efghasdiartieesléndiavoM®l e e THE piREs iBAndS Hratidiig twilol hode fattat yst
system conpri sing one or nore activators and one or nore nonnetall ocene
met al - cerff@heniigere iparilicl 1 gt edearpdrctblmdig g proJuckitedsarartyetone or
nore COMRQMRLS ondbe ai%giaml fetc@H LE0lo1Hn BBhYAAL 'ha\Tng dfikeb! Rofnfmpr s and
any 10 conononers are present I n the polynerization systemat 40 wt % or
nor e, andtdrhe camhstestehay optipniaheasommeny) peticaa baiveagensrmnd spgoras artt at 80

wt % qQr nore, based upon the weight of all nononerg an 0 onmers present
in ‘_Ef%@ fé_{é]dl‘?nt‘i’ﬁémﬁgl Syﬁ@mS_z%rF PO CE BB ﬁﬁ%ﬁi&tsaﬁ%%a%@m ensition
solid-fl L{bﬂpaﬁﬁﬁ@oﬁt'héE&yEﬂe?i@at‘icﬁ{@z@tre . Wh€a BfestBE O RIWEFRIAZ RS MPA belosf @ and

a pressure no |lower than 10 MPa bel ow the cloud point pressure of the
pol yner i zdeudgrointgessstremf thanpblymeszatinanysiG0@nd/Ras thah 160@ MRy, adfofinai rdagddras e

transition.temeratyre of the pol rjzation system cannot be determ ned,
then  t he parSartoadth s Rhoerireshd TRid Afs BT aBB0ER! Reping*ohase
transiti QardiRIRAE®BE thi®: THERertcy@ffihichts MR kheAbdra] ZQ0RF Q333 Hined, and

[0013] I nternational Publication No. WO 2008/ 109094 di scl oses a nononer
recy@Pe ABsAdkiessh therseparaion Hsade Uis- Phblicabipe RIS WH4pol yners. The
oo PG, &, RGGER Al BUNIES, RooWIoiigh Foddih e BQUPLLEHL (OF One Of
more reactor ‘trains, and a second gr oup of “One or more teactor trains,
and one ol yixrezeSbafarsadodfisisinguidomkactia® propelead, 4t @ tétdpandreEt.65ra teastr@f Gl
and &2 ol efin nononers are polynerjized to form honobgenous fluid phase

pol yner - rdAdREessHieal dr @0 3draVBRnVishicl aGatal 1bs YBle i ARMPERS IRHINeT MYEst one
comon 2 ] h the Gl
cepar at or'S TP AOEERd oR B A e A el OB L] Dhase
and t3fe pompoends ) omlvadlpbase rmod dohwnpmactselecefl fitoneethglehe amd G ta€é2 passed
into the .separ.ator to separate another nmononer-rich phase fro

pol ymer - rqq%ﬂlsbg)efﬁig’.emr‘ﬂéohﬁﬁ ARY L EoRtoRiby sanerser Lhe %Bempmﬂs and

comonomers are present in the polymerization system at 30 wt% or more, and the propylene

a
any

is present in the feed at 80 wt% or more. The polymerization occurs at a temperature above



[ 0014] Addi ti onal polynerization processes or polynmer separation processes
are 30disclosed in U S. Patent Nos. 3,781, 253; 3,553, 156; 3,726, 843;
3, 496, 135yv02pBA08633; 4, 623, 712; 4,319, 021; 4, 946, 940; PC24%268032139
6, 683, 153; 7,629, 397; 7,650,930; U.S. Publication Nos. 2009/0259005;

zoos 05007 0 A SRR O0EELE o EAORASERRAS AORH PRASEIS
2011/ 0089546 khASR QY 4t a2 GanpstidprERLRINY ¢ 1y &adis L1085 s%?brﬁ%]tﬁép\l; CA

1203348; and German Patent Application DE 19905029. [0015] The o
pol ymer i Zwiyraerizatioe eeiesatdasapeisade belowhke elfinabtenplenten oé Sieqrodymsipiagan | y

energy intensive, requiring heat exchanges t ween the .nol rization
reactor and Lhe %sae%%rsg eobregméﬁlﬁecrnglf f(ﬂtplr%a repogl(a;/en%or(Tf r?grtl‘%a(t)lﬁné ndi'ti ons, and/or

addi t i5ong0012]l y nBiterdafiotRPul RAASRNoOW QRA0BI079568 descloSesta pioeehst® devel op new
pol ymeri zati on processes that use solvent separation neans that require
| ess enerRYyPgIize phelingnePIrRAENg GoRFEHBS ANe Y Nefeeielin mapeme haeae dyee 8¢ There

less AP THIVES i , AR AL h
e, reduar g R AR VAR B e AR SRE R of LR R B o 2T

been net rhyretnoemtilotdnewnarg-denteesl, hetaroaSUMyRYcABHydt NyEiNGhidN, 2)0dptiohdlhe
i nvention provides a sol u; iéc))r!ﬁB&Ol nmeri zation pro risin

. SS_CO .
A) pol yneElE S RProRINARORTE dilugntqy solypnfs g@e@k&n O%Wgﬁ‘ﬂd YHat

conprips eolrMoReRAYe Bﬁé@é&%@(h@%g&%&%ﬁén %ﬂﬁkn@at' A09Dio, BY foRC AR AR ot . to
forma polynmer sol ution; ) transferring the polymer solution to a

Li qui d- Lilquing tSepar atoor carbgrt dtount ispidsengatidawt% or moee, badedtupon theamel ghvher ei n

the pressyre of the polyner solution js _ actively reduced in a controlled
manner prigPoRegernindanioiom ey RS il (1 (g GeSbaTIERon pididce at | east
two |i quittmpilagesabove PR OMBLHIId phasp iAs Qtiah Ebndhesdthié & the plyinHiAE6n sPRch,
wherein the concentration 20 of polyner in the polyner-rich phase 1s higher

t han t hatandpg pressuisaloawer than 4 Mirp halewm giectpwhpaint prisure of thalpely@aiigation

separat or; and e Lng:1he sl vent - r.i hase. EF

Do P e e e sar BTG P IR W S A e R e e of &
pol ymer siyhérivatiex Byshint targhot Sdetévhiried/ @parth@pélyerzdtionwctirs aFh gure 2
depicts a solution polynerization process using liquid-liquid separation.
Fi gure 3 ‘PEpgralenhdhayeitke bid Rhpsediangition fimrergaisarsse giso U.S. Publication

2008/0153996.
[0013] International Publication No. WO 2008/109094 discloses a monomer recycle

20  process for fluid phase in-line blending of polymers. The monomer recycle process
includes providing a first group (G1) of one or more reactor trains, and a second group (G2)
of one or more reactor trains, and one or more separators fluidly connected to G1 and G2.
In each of G1 and G2 olefin monomers are polymerized to form homogenous fluid phase
polymer-monomer mixtures, wherein each of the G1 and G2 has at least one common

25 monomer. The reactor effluents from G1 are passed through the G1 separators to separate a
monomer-rich phase from a polymer-enriched phase, and the polymer-enriched phase and
the reactor effluents from G2 are passed into the G2 separator to separate another monomer-
rich phase from a polymer-rich blend. The monomer-enriched phase is recycled.
[0014] Additional polymerization processes or polymer separation processes are

30  disclosed in U.S. Patent Nos. 3,781,253; 3,553,156; 3,726,843; 3,496,135; 4,857,633;
4,623,712; 4,319,021; 4,946,940; 5,264,536; 6,683,153; 7,629,397; 7,650,930; U.S.
Publication Nos. 2009/0259005; 2008/0090974; 2008/0027173; 2008/0033127;
2007/0299161; 2007/0244279; European Patent Nos. EP0149342B1; EP0184935B1;



Figure 4 is a schematic of a Variable-Volune View Cell. In this figure, [1]
is the 30viewcell, [2] is a piston, [3] is a hand punp (to nove piston),
[4] is a wenparmsasse bath, [T] is a tenperature probe, @ow/UsE}10i0$2139
pressure transducer. WD 2011/ 008955PCT/ US2010/ 042139 DETAI LED DESCRI PTI ON

[0018] As di scussed ove, .t he i {.on re| 0 echnigue for renoving
sol vent #ﬂﬁﬁﬁﬁa??WEERBQ“@EPWECﬁﬁéggﬂ%théﬁ%25§§4Edﬁ@#5%?PP#% ' Sol ution
Tenper at U§ghlich&saTDE 199b4osol ution process. The reaction solvent is a

m xture of a heavy hydrocarbon solvent (for 5 exanple, containing a C6 -

C10 hydr d88Hdon dberponmstiratipmdprecdssayldesdiipdd ot de bbovesisfeyenses pedypiedbipl e,
contai ni NQ. A Gerens @ LN AL OCRALDPAN1GO s%réﬁv&‘ée}rthJ DSy s L 4, ggpar ation
can be achiéved By drdﬁbiﬁ@ pressur%, thereby 5 uci ng PRe T O ation of two
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pr ocessedcPUptioeneansy Thgipgp aeed9) deaplop 1owmoheweizatiqharocessenihptse splyerts s

al l ows a s%ﬁ%?ﬁ#xgrgaﬁfstﬁﬂefecil.ﬁltquss%lngg& t(l;' , fa{l)(? A eqﬁ@%reﬁgfﬁﬁ?nﬁgiaﬁ% gegﬁced

t echnol ogy. ition, ere is nee we e coo on
exi sti ng qoetksy Maeieiatlson npedoesisdsate Amdllammved thargy prtasessiereduaead thaapi t al

and operating costs by elimnating_ ancillary equipment and energy intensive
devi ces, rawfcg\lfecaﬂoaaléwf@ﬁew&nw%e hape aaﬁeg@gssl@g?%i@me&‘@]t di scussed
aboveq t hgnbpMehifoRr ovi des a sol ution polynerization process conprising:

A) polynerizing one or nore nononmers in the presence of a solvent that
conpri ses a heavy hydrocarbon solvent and a |ight hydrocarbon solvent, to

forma p | Ut i.0n; B) transferring the polyner solution to a
Liquiq-Lﬂﬁ%Q@ﬁ%§853€?§9ENEEQ¥; wi t hout 20addi ng heat to the solution, and
wher ei n t[)@14]r esTHE trvehtidisroPRky MBslue&H Pl Brikadiod Ghddesd c\brﬁéﬁ‘ﬁﬂfg@d in a

ep

controll ed manner prior to, or within, the Liquid-Liquid arator, to
i nduce at | eash) paynierigingdnpagwse maneypess i therfiresengsheisiesodyest asetnyses r i ch

phas anq%mhe ein.t concen .i f I LNt pol [-rich phase
"o iigner 1Lk o farde P FREIN Ay RincBBohTBLicht o R Gy dobuilal
l'i quid-1iquidBepatidérding tlasbl hé) sonrivavb Adidlie-1s@liy 8Bparitof, Rviffoas addifd020] | n
one enbodinent, in step A the one or nore nononers_ are_ polynerized in the

heat to the solution, and wherein the pressure of the polymer solution is actively reduced in

a controlled manner prior to, or within, the Liquid-Liquid Separator, to induce at least two

liquid phases, a polymer-rich phase and a solvent-rich phase, and wherein the concentration

20  of polymer in the polymer-rich phase is higher than that in the polymer solution transferred
to the liquid-liquid separator; and

C) removing the solvent-rich phase.

BRIEF DESCRIPTION OF THE DRAWINGS
25 [0017] Figure 1 depicts a phase diagram of a polymer solution exhibiting LCST (V
= vapor and L = liquid).
Figure 2 depicts a solution polymerization process using liquid-liquid separation.
Figure 3 is a schematic of a Liquid-Liquid Separator.
Figure 4 is a schematic of a Variable-Volume View Cell. In this figure, [1] is the
30  view cell, [2] is a piston, [3] is a hand pump (to move piston), [4] is a temperature bath, [T]

is a temperature probe, and [P] is a pressure transducer.



presence of a solvent that conprises of a heavy hydrocarbon sol vent and a
| i ght hydrocarbon solvent, to forma single phase pol yner solution. The
pol yrer i 280i2011/G0895pr ef erably a singl e phase pol yneri zat ipom/use@otinae 30
[0021] I n a preferred enbodi nent, the polymer concentration in the polyner

rich pha i adj usting the amount of |ight hydrocarbon
comonenﬁﬁlwﬁmﬂ%ﬁwﬂ I n one enbodi nent, the heavy hydrocarbon
sol vent q@Om8]i SeAsaischfad hbARethBYAN DG ROe SO RENHINS fOF RMEitDsolinear bon
at ons, preferablyfrom7t09carbon atons. WO
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conprise hydr ocar bon nt ai_ni ng less t han 6 carhon .atons
oo cual Briired Cesarc R ARt bR s A RR0 AR Nl o

heavy 5hy dsxasplebesntsainganto ~ @1031yﬁfbch13tﬁh(@6ﬁhlpbﬁ)d’iﬁ) dya 1t py@sedibon éblvent
"hydrocarbon,” as used herein refers to an organic nol ecul e made up of only

car bon ar(éorexwaleo@%alame G2 T 6dnraradve campensienthe ligydd- llﬂ@ﬁtsewﬁr% ar bon
| vent t b
SPoer o B SEFE B 93l RS ARSI BT . C31 Vo

atons, pre er a car bon atons. sol vent
does not pbymriisd amdhpbeocactbiquid phisas. nThﬂgsdiWnerik:h@haﬁ caabbosryalied sck to

although esi dual t | ess t ha based on total 10
wei ght oft ‘F%ﬁ*?rﬁ?grﬁ%c%%ﬁ%i%ly‘gﬁ%ﬁ? and:fepgamﬁswéﬂ JPEE%P ﬁwOfyenﬁoresent. A
" hydrigcarB@Bval. %e%ﬁ%ﬁt&\?ﬁr‘%b&s%ﬁ&@ﬁlév@e&@ ARBRLL pfﬁﬁl R@a‘ﬂ!&ld%ﬂl%aféﬁ tof only
carbon and hydrogen atons. [0024]1n one enbodi nent, the |ight hydrocarbon

sol vent iexissigk éxheclofy.on akditame thepriopawe] ta lswbutharcre(plmgloa@opemsam& or
m Xt ures tﬁlereof and ref abl ropane or .i sobut. 0025] 1 n one

enbodi nerit’, YPRORREES - | P GRAFBIRALST omhif ?1?66 % O5SHY wei ght

percent, e@mnm@fa@mﬂafweq%gprh&taﬁd WRIrgP intdRVeRRViceD AR RMe @etifttmgnei ght of the
pol ynmeri zati on system 26] 1 n one enbodi nent, the heavy hydrocarbon

sol vent |P§1§§é¢r€@t1@1@lplfq69ﬁ$¢h hexane, n- hept ane, n-octane, iso-octane,
N-Nonane, I ﬁﬁecagg’dls%usse Xl%oveeﬁlet %Veeril?lg]% pr S‘f%u}én g?@&e%]zgtionzporlo Qs octane,

Nn- nonane, ecane m Xt ures t n--oct ane.
[0027] | n oRfprginigodi ment, in step A t he soI vent corrpr i ses n-octane and
i sobut ane. [ 0028] I n one enbodinent, in step A the solvent consists
essentially of hp@]@p}gﬁémgr%}e or more monomers in the presence of a solvent that comprises
a heavy hydrocarbon solvent and a light hydrocarbon solvent, to form a polymer solution;
B) transferring the polymer solution to a Liquid-Liquid Separator (LLS), without
20  adding heat to the solution, and wherein the pressure of the polymer solution is actively
reduced in a controlled manner prior to, or within, the Liquid-Liquid Separator, to induce at
least two liquid phases, a polymer-rich phase and a solvent-rich phase, and wherein the
concentration of polymer in the polymer-rich phase is higher than that in the polymer
solution transferred to the liquid-liquid separator; and
25 C) removing the solvent-rich phase.
[0020] In one embodiment, in step A, the one or more monomers are polymerized in the
presence of a solvent that comprises of a heavy hydrocarbon solvent and a light
hydrocarbon solvent, to form a single phase polymer solution. The polymerization is
preferably a single phase polymerization reaction.
30 [0021] In a preferred embodiment, the polymer concentration in the polymer rich phase
is controlled by adjusting the amount of light hydrocarbon component in the solvent.

[0022] In one embodiment, the heavy hydrocarbon solvent comprises at least one

hydrocarbon containing from 6 to 10 carbon atoms, preferably from 7 to 9 carbon atoms.



| sobutane. [0029] I n one enbodinment, in step A the solvent consists of
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[0024] In one embodiment, the light hydrocarbon solvent is selected from ethane,
propane, isobutane, or isopentane, or mixtures thereof, and preferably propane or isobutane.
[0025] In one embodiment, the amount of light hydrocarbon solvent is from 5 to 40
weight percent, and preferably 20 to 35 weight percent, based on the weight of the
polymerization system.

[0026] In one embodiment, the heavy hydrocarbon solvent is selected from n-hexane, n-
heptane, n-octane, iso-octane, n-nonane, n-decane, or mixtures thereof, preferably n-octane,

iso-octane, n-nonane, n-decane, or mixtures thereof, and more preferably n-octane.

[0027] In one embodiment, in step A, the solvent comprises n-octane and isobutane.
[0028] In one embodiment, in step A, the solvent consists essentially of n-octane and
isobutane.

[0029] In one embodiment, in step A, the solvent consists of n-octane and isobutane.
[0030] In one embodiment, in step A, the solvent comprises n-octane and propane.
[0031] In one embodiment, in step A, the solvent consists essentially of n-octane and
propane.

[0032] In one embodiment, in step A, the solvent consists of n-octane and propane.

[0033] In one embodiment, both the heavy solvent and the light hydrocarbon solvent are
mixed prior to the reactor.

[0034] In a preferred embodiment, there is no special unit operation (like distillation), in
the polymerization process, to separate heavy and light hydrocarbon components of the

solvent from each other.

ation),
to separate the solvent fron1the nononer s

In



[0039] I n one enbodi ment, the pressure in each reactor of step Ais from40
Bar (4 MPa) to 180 Bar (18 MPa), preferably from60 Bar (6 MPa) to 150 Bar
(15 MPa) .wo3p00wedssn one enbodi nent, the pressure in eaehTrisacou216d step A
is from 110 Bar (11 MPa) to 150 Bar (15 MPa), preferably from 110 Bar (11

MPa) to ar (13 a) . 041]1 1l n one enbodj nent, the | i zati.on
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I n step APO3H pr bseptefdrredssmbsdineit, gk ataetor ihthe r&Rtavebgfigurpésicienh, based on
t he wei ght_. %f .the polynerization system 30[0047]1n one enbodi nent, the

sol vent, 3{pbafieisaglori s present in an anount greater than 60 wei ght percent,

basedgon [pps1Wei ghénimBdatmPR! HEBrdsgat BBy elesPor sRB48]s1RsqRG Abedi ment ,
the solvent, in step A is present in an anount greater than 70 wei ght
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2011/ 008%?a5rfCT/ US2010/ 042139
[0039] In one embodiment, the pressure in each reactor of step A is from 40 Bar (4
MPa) to 180 Bar (18 MPa), preferably from 60 Bar (6 MPa) to 150 Bar (15 MPa).

15 [0040] In one embodiment, the pressure in each reactor of step A is from 110 Bar (11
MPa) to 150 Bar (15 MPa), preferably from 110 Bar (11 MPa) to 130 Bar (13 MPa).
[0041] In one embodiment, the polymerization temperature of step A is greater than
150°C, preferably greater than 155°C, more preferably greater than 160°C, and even more
preferably greater than 170°C.

20  [0042] In one embodiment, the polymerization temperature of step A is from 170°C to
220°C, preferably from 180°C to 210°C, more preferably from 190°C to 200°C.

[0043] In one embodiment, the polymerization temperature of step A is from 170°C to
220°C, preferably from 180°C to 220°C, more preferably from 190°C to 220°C.
[0044] In one embodiment, the polymerization temperature of step A is from 170°C to

25  200°C, preferably from 180°C to 200°C, more preferably from 190°C to 200°C.

[0045] In one embodiment, the solvent, in step A, is present in an amount greater than
40 weight percent, based on the weight of the polymerization system.
[0040] In one embodiment, the solvent, in step A, is present in an amount greater than
50 weight percent, based on the weight of the polymerization system.

30  [0047] In one embodiment, the solvent, in step A, is present in an amount greater than
60 weight percent, based on the weight of the polymerization system.

[0048] In one embodiment, the solvent, in step A, is present in an amount greater than

70 weight percent, based on the weight of the polymerization system.



[0049] I n one enbodi nent, the solvent, in step A 1is present in an anount
greater than 80 wei ght percent, based on the weight of the polynerization
system [WOR0jlmswre enbodi nent, the solvent, in step APCrAISpriesenIBoi n an
anount greater than, or equal to, 85 weight percent, based on the wei ght of

t he poly l&ation system 5[ 0051]1n one enbodi ment,. the solvent, in step
a i ooy B Bl it R SO0 Pa G R e ARt S GG bt
based on gohgeipki @hdenBbatdagonifé WeRiht 8t @B1yexsiz8n {ydRaZ] | n one embodi ment,
the solvent, 'n step A 1is present in an anount from80 to 90 wei ght

per cent , [B0]er abl gnefanghpdgBentothg golwentgin stgred cie mreseids éd ameuntgrcatel G, of

the polynerizati syst.em 10[ 0053] I.n one dinent.. the |ight hydrocarbon
sotvont | agap R SN GRsehbat B MARLPORAE PBBlergild ol Ver cont
pr ef esabl[gosriom Bboreeritiodiveérdhthe ReIveRNIn, stéAl, RPr@eftriffag habuit dreasn Bt o 40
wei ght percent, based on the weight of the polynerization system [0054]1n
one enbod%rr?ﬁh%l,to’tglﬁ)ew%éléf\ﬂ?rqwtiPé@gr%‘dhe weiahept the pplystegigation systepr esent in an

anount fr 0Ot i O e b/ i
percent,[gﬁ%ﬁnnrglﬁgﬂ%@%?@%gﬁl%ﬁsg%ﬁyggﬁ%ﬁi%wag%éﬁghggﬂggﬁgéﬁﬁggggs8% t he
wei ght ofwdifie pecdeyityprdfzablydrons $S teH0 weRBbpdrtent Oreed o tdiwreglit,of thee | i ght

hydr ocarbon solvent, in step A is present in an amount from25 to 60
wei ght pelPbBREIZaiPR sty v from 30 to 50 wei ght percent, and nore

pr ef gpabl [ﬁﬂgjflom BPore® iRt @ hihe BighCIBrocalBed 1R, il Gepl Sire Qb fh

sol vent. [0056] 1 n one enbodi nent, 't he heavy hydrocarbon solvent, in step A,
i s presemmaunt GpnmZW arhduntiglitrpermedQ ptaderabl yweing RS tpéT weight ppraftemdbhgref r om 50

to 70 wei rcent,. a nor referably fromb55 to 65 weight. percent,
based on EREED! Gt 910 flaegur pBien bisu sy e Shanebopamer Al b5FPent
conpri segoH3AM 26 b Sbodeh&t! the BESSHydrdtafionrsaRlett, 20stP A4R peedhin aper cent
of the Iight hydrocarbon solvent, and from80 to 50 wei ght percent,

pr ef er ablanaot fremeld tadiOgrrigartent puterbly fimavy thyireisht pircE.oINdenere based
25 OriSt he gf"ejrrgb}'\yefr%[%q%OFfB 8@ gﬁfeq%ﬂt %Elté:ergtm%sglgforén e?w?igiétv (ﬁr{fle @&%&I}t plgatﬂ)%as\éé/tem.

hydrocarﬁgn solve eav rocar bon sol vent
conpr i seq0053]y dr dcaidxdibadlirhéntSthe llighoh Rlréariadnodtean®n stpp &f &r@bleyit ih @r nore
carbon atons, nore preferably 8 or nore carbon atons.gkOOSQ]ln one

embodi nerfimounkEo Ry gtpersht gEfeably fempP teed Waighy PRI6tMr BIriNTe with 8

or more GALBORALOES BUSTRESR p¥rc@nObaddB bR (%A% BER FRIBolvdRr € Preferably 10

or nore carbon at ons.
[0056] In one embodiment, the heavy hydrocarbon solvent, in step A, is present in an

20  amount from 40 to 75 weight percent, preferably from 50 to 70 weight percent, and more
preferably from 55 to 65 weight percent, based on the weight of the solvent.
[0057] In one embodiment, the solvent comprises from 20 to 50 weight percent,
preferably 20 to 40 weight percent of the light hydrocarbon solvent, and from 80 to 50
weight percent, preferably 80 to 60 weight percent of the heavy hydrocarbon solvent, based

25  on the sum weight of the light hydrocarbon solvent and the heavy hydrocarbon solvent.
[0058] In one embodiment, the heavy hydrocarbon solvent comprises a hydrocarbon
with 6 or more carbon atoms, preferably 7 or more carbon atoms, more preferably 8 or more
carbon atoms.
[0059] In one embodiment, the heavy hydrocarbon solvent comprises a hydrocarbon

30  with 8 or more carbon atoms, preferably 9 or more carbon atoms, more preferably 10 or

more carbon atoms.

10



WO 2011/ 008955PCT/ US2010/ 042139 [0060] I n one enbodi nent, the |ight

hydr ocar bon sol vent conprises a hydrocarbon with 5 or | ess carbon atons,
pr ef er ablwo4oowook®sss carbon atons, nore preferably 3 or peeas2canbnry at ons.
[ 0061] I n one enbodi nent, the Iight hydrocarbon sol vent conprises a C3

hydr ocar 5 and the he dro ol vent conprises ocar bon
W th 6 onOflee o et A BRCRRGSe G Fhiea® GRBRS T Snetahs Bk
prefer ablsyoﬁe@rcaf&tlet&ﬁt lp@é‘felet)@rm@r 1EQQEAh it ORE nIFD PEHfEEBAY 3 drhéssich@Bh

hydr ocar bon sol vent conprises a C3 hydrocarbon, and the heavy hydrocar bon

solvent G@Wp$|ses a hydrocarbon with 8 or nDre carbon atons, preferably 9

nor e gﬁ h_lone’ CFr?n[?DrdemQ fh%rhggé dl tocafbo so[veBP ?o\r/\g[gr?se%a%%yd oca%b0063] I n

0O
one enbo S8R AeL A oR 2htf € "hi’ghes Bblllng

conponie ntanafthet Hitevp asapchipoi oslagheBmpeikasertydandrionayiti ¢besiordirbim@oms,
conponent in |ight hydrocarbon solvent is at |east 4, preferably at |east

5, nore mrefﬁebbw gr Bprq gaghan %omaﬁaoré\péqfe%lrye‘ﬂ %ré?r@rcaﬂtoy My east 7.
[0064] I n 1@ enbadi BBk, d%tggrﬁt &Qﬁ%h@ﬁ r@caﬂt S%N% s\é@%sttﬁfar&hgmﬁ

boi li ng conmponent o eavy rocarbon so vent and hi ol ling
conponentanidnhd lwavl hgitochpdii edaci @nm@nheselrltydr@:aﬂionl vaigsd ol 2b€e Caphicﬁif aoabl y at
| east 150C, %@Ie preferably at | east 170C a even %% referably at

| east 200%CTeEBlY 9 RYMBE G %ﬂéﬂﬂbén%rstpéerﬁtahlé«dl iThYe A& 0117819 97 (boiling

poi ntygi S [ bb@S:Et enpes it éfﬁl%d@theﬂmihg r@hﬂf&@nc‘é@ﬁ@ﬁrb@ﬁ ﬁﬁﬁﬁ&eoe't@eé?lc’cﬁ@hlg@lgst%@ﬁmg
atnosphere (1.013 Bar)). Typically, the stirred f k ebul I'i onret er

(t enper ataengonérg s tizthenhphydrocarbepugdiveno antizt)ﬁ(h)ghesthmlettg ¢camnpomastin éighoi | i ng
oint. Als ilin Qi n n be typically found |n books of

Pren st ryainsney s eR s AtRen " nebed RSB, e Sel Ty o CRR el
PrOpertIQﬁ&p%@%@&&kﬁﬁ@&@t7[0065]|n one enbodi ment, the nlnlnun1b0|llng

poi nt of the highest boiler in the heavy hydr ocar bon solvent is
great er tlAG6A11050 osrambadapent. e demparatpivahiffezocs bateen the dfgheghoylingsgr eat er

t han 1%50 n{p%gg}q]olf e%” \é\éﬁg(ﬁﬁcangon 30l eql(t9 ah %fl&e nstrrbg llnigeSS Eﬁénﬂnz%&gﬂp

hi ghest bo rocar bon so

pr ef er abligdleamoh haNeﬂx&@@; lefigon @590, pie@ablyyat l@ss1 I0h@nmdeiefefHOO] bt One
enbodlnent t he maxi mum boi l i ng P0|nt of the highest boilijng SOConponent in

the i ght!7RydrBd£VERAosopigtstbly at leas 200anBaitins Ppinky @p b idpteraiicdupiag 0C,
mor e pref&mﬁ'mteg% m%ﬁo% is RQEEpSAhYEMWIRBRIN SafoGPssRE iDL Qtdred by

GC- M5 techni que (
one atmosphere (1.013 Bar)). Typically, the stirred flask ebulliometer (temperatures less

20  than, or equal to, 200°C) is used to measure boiling point. Also, boiling points can be
typically found in CRC Handbooks of Chemistry and Physics, and the DIPPR (Design
Institute for Physical Properties) 801 Database.

[0065] In one embodiment, the minimum boiling point of the highest boiler in the heavy
hydrocarbon solvent is greater than 105°C, preferable greater than 120°C, more preferably

25  greater than 150°C.

[0066] In one embodiment, the maximum boiling point of the highest boiler in the
heavy hydrocarbon solvent is less than 200°C, preferable less than 180°C, more preferably
less than 160°C.

[0067] In one embodiment, the maximum boiling point of the highest boiling

30  component in the light hydrocarbon solvent is less than 35°C, preferably less than 0°C,
more preferably less than -40°C.

[0068] Solvent analysis can be performed by GC-MS technique (for example, a

commercially available petroleum column, temperature up to about 280°C). Only the
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commerci ally avail abl e petrol eum col um, tenperature up to about 280C).
Only the WD 2011/ 008955PCT/ US2010/ 042139 conponents with a mass fraction
of one wewghbiipesesent or nore are considered in the analPg3its201p0089%9 The
sol vent may conprise a conbi nati on of two or nore enbodi nents as descri bed

herein. 5[0070]In one enbad t he zatlon in ste

oper at e CHPLREMEHHER T ARl gy e TORRH b i e A Dne or

nDre nonopersisare fed into each reactor, used in the polynerization in step
A, in the resence of greater than 40 melght ercent solvent, based on the

wei ght of[OB(rﬂd nmohbereelyent maycogyiripe ArombmafgnIRWarrgnercembodinmatitas t he one

or nore ra%s%r}r?éd%eare fed into each reactor, used in the polynerization in

step A in e prre%nence of greater than 80 wei ght percent solvent, based on

the wsi glf00T0] t hen sR@RBRId(B¢ntathd psBnweRhtior, DASP Anlscr;}ﬁra@é&)mdhmnu&dle one
or nore nononers are fed into each reactor, used in t he pol yneri zati on
in step ACEIPR: t he presence of greater than 85 weight percent solvent,

based on JE)M wei ﬁmneoémﬁd?ﬁngﬁ%”&@%hgé) mOA SRNER bre e AAS LA QRG0S e{?ﬁh”‘?“t

t he one re nononmers, iIn st are present 1n an anount Iess
equal t o,théPolymieghtiopen septA, 11h)fh§:gﬁlesancd dif@rmelghhnm weieht patgmBolvz@t | on

system [90IEl LB She RO L L U, o1 more rononers, T step A are
the wei ghipoed] t he, Gl HAEIdiRekt @R oRY St Bidle MIRTBI AreRE iR BRI BRALY, uldiEnone
or nore nononers, in st ep A are present in an anount |ess than, or equal
to, 30 vve!hgmlyplenwmn in bape*d i thetfresene gftgreasér thiveSpokighepdraett |solwemyst em
based on the weight of the monomer(s) and solvent.
[0073] In one embodiment, the one or more monomers are fed into each reactor, used in
the polymerization in step A, in the presence of greater than 85 weight percent solvent,
15  based on the weight of the monomer(s) and solvent.
[0074] In one embodiment, the one or more monomers, in step A, are present in an
amount less than, or equal to, 40 weight percent, based on the weight of the polymerization
system.
[0075] In one embodiment, the one or more monomers, in step A, are present in an
20  amount less than, or equal to, 35 weight percent, based on the weight of the polymerization
system.
[0076] In one embodiment, the one or more monomers, in step A, are present in an
amount less than, or equal to, 30 weight percent, based on the weight of the polymerization
system.
25  [0077] In one embodiment, the one or more monomers, in step A, are present in an
amount less than, or equal to, 25 weight percent, based on the weight of the polymerization
system.
[0078] In one embodiment, the one or more monomers, in step A, are present in an
amount less than, or equal to, 20 weight percent, based on the weight of the polymerization
30  system.
[0079] In one embodiment, the one or more monomers, in step A, are present in an
amount less than, or equal to, 15 weight percent, based on the weight of the polymerization

system.
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25 [0077] I n one enbodi nent, the one or nore nononers, in step A are
present in an amount |ess than, or equal to, 25 weight percent, based on

t he wei ghwoabitdessspol yreri zati on system [0078]1n one erbodiSo®nig2ithe one
or nore nononers, in step A are present in an anount | ess than, or
equal to, wei ght percent, based on the weight .of the polynerization
30syst emIOf79] MronsHm Bt R Ene PREOBHROBI TS 8 SHBHbHET WEam S obn A ar e
present idmctint REPHAA, dre§sallthan wakh@Ruaht, basedldn thelwaibht BEthe §BlymdpRa®sh on

t he wei ght of the polynerization system WO 2011/ 008955PCT/ US2010/ 042139

[ 0080] I n sgflemenbodi nent, the one or nore nononers, in step A are present

in an a | ess_ t han r equal to, 10 weight percent, hased on the weight
of the polUs: i 20 B et B shpr Ao BoR et hefP A HEPEi I ior o
MONONBI S, ankdunSirem W todBndifIRSRUent, Baskd on tAEWEIdht b B8P nied zAbnWss@ht
percent, based on the wei ght of the polynerization system [0082]1In one
enbodi nerff083lhe Bhencrmbadiaenfpthe PBE 81 MoFe WPRYMAS. 1 SEP - dERPHESGN b anpunt

from 10 tagb%gf ﬁﬁhglfbt to%r&ﬁgﬁ%ﬁ%ﬁﬁﬁa&ﬁ Jnltfe W Qte‘faf nﬁ%% 8@3&5&9‘%‘%@9&@} hon

system | one enbo t, e one or r step A are
present i[A083] ambusore dnitardirhéntt the 2be vemght mpesmantin sttasediropretdne invei ght  of
the pol ynerization system. 10 [0084] 1 n one enbodi nent, the one or nore
mononer s ,arriuwngfrsﬁ IR ©greviiphdPsont: HLS&H OB 2Rt Brine BOW DAt Y€ per cent ,

bas GQOOHI%W@]WH PEnedfmidiEmPR! HERhE AR MEYGhED in [sRY3E ]k p R0 Rpdi nent ,
in step B, the polynmer concentration in the polyner sSolution entering the

Li qui d- Liagunugt Sepallab @0 weaglitrpemebt, base8@nwhké whighpel the polynivaigattbnovystelne wei ght
of e POYET, 01 4 Slioch L08R e SRR o iR YRRyl 1R "
entering the Liquid-Liquid Separator is from 5 to 30 weight percent, based on the weight of
the polymer solution.
15 [0086] In one embodiment, in step B, the polymer concentration in the polymer solution
entering the Liquid-Liquid Separator is from 10 to 15 weight percent, based on the weight
of the polymer solution.
[0087] In one embodiment, in step B, the polymer concentration in the polymer in the
polymer-rich phase exiting the Liquid-Liquid Separator is from 20 to 50 weight percent, and
20  preferably from 30 to 40 weight percent, based on the weight of the polymer-rich phase.
[0088] In one embodiment, no heat is added between each reactor and the Liquid-Liquid
Separator.
[0089] In a preferred embodiment, the process does not contain a heating device, such
as a heat exchanger between step A and step B.
25  [0090] In one embodiment, no heat is added to the polymer solution in step A and step
B, by means of a heat exchanger.
[0091] In one embodiment, no heat is added to the polymer solution in step A and step
B, by means of a higher temperature stream (higher energy).

[0092] In a preferred embodiment, step B is not repeated.

30 [0093] In one embodiment, in Step B, the pressure is reduced to a pressure in the range
from 80 Bar (8 MPa) to 10 Bar (1 MPa), preferably from 70 Bar (7 MPa) to 30 Bar (3
MPa).
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entering the Liquid-Liquid Separator is from10 to 15 wei ght percent, based
on the weight of the polyner solution. [0087]1n one enbodinent, in step B,

t he pol yrwo 200mos9ssr ati on in the polynmer in the pol yner pCirais2@oasa3sexi ti ng
the Liquid-Liquid Separator is from20 to 50 wei ght percent, and 20

pr ef er abl om 30 to 40 wei ght. percent, based on the I ght, of the

pol yrmer - r[méf{]phagrb?ne.[ %émmﬁgoﬁégékﬂﬁgitM‘ﬁymﬁ%n phase \é\sel};f’gpfgdo Bet ween each
reactor ap@péhfird-inttié simsk @t 1 PP 507G, phi&tER8IY flord 180€f @r13ee enbodi nent
the process does not contain a heating devi ce, such as a heat exchanger

bet ween dP@IPIA ahvonstaspba@imes| o Polyieraish phatsos heaied to migmiperture & thdded to
the pol yner_sol utbo@n hih.st e and step B, by.mgans of a heat exchanger.
00971 Taes R Q8P Rl € B e B i v R B Sher oorution n step A
and stsep [B09d]ly nhase @hbodlifégh@rstdpeBie pblyher sdliie@of ik ghigrewenigugy) .

[0092] In a preferred enbodinent, step B is not repeated. 30[0093]1n one
enbodi merhasgsn Step B, the pressure is reduced to a pressure in the range

f 80 8 : : to 30
N s ey e R S A e S
af ter st epsiBp @ bethpidwneve piocdssphase is heated to a tenperature in the

f 0C 250QC, f bly f 180C to 230C. [0095] I
reﬁtr;ggi mre(r)[Hb he O‘I‘? E@%&‘ﬁ?ﬁ%ﬁ%%%&%@%ﬁe@a@@g&g?@hsp‘édﬁgltﬂ einno'?ﬁe range
from$80 ﬁo@yrgé%ioﬁﬁélﬁﬁod 3! tG,%rtvlzl%nlr,'tHé’Lflmkd-Hi&uﬂi SERRH&L Qh a further

embodiment, no phase separation agent is added to the polymerization solution after the

Liquid-Liquid Separator.
[0099] Some examples of phase separation agents include H2, N2, CO, CO2, and CH4.
[00100] In one embodiment, the polymer-rich phase is heated downstream from the
15  Liquid-Liquid Separator. In a further embodiment, the polymer-rich phase is heated to a
temperature in the range from 180°C to 250°C, preferably from 180°C to 230°C.
[00101] In one embodiment, the process further comprises reducing the pressure of the
polymer-rich phase down stream from the LLS, to form a solution containing greater than
40 weight percent polymer, preferably greater than 50 weight percent, based on the total
20  weight of the solution. In a further embodiment, the polymer-rich phase is heated during
the reduction of pressure.
[00102] In one embodiment, the at least two liquid phases formed in step B are not
heated.
[00103] In one embodiment, the polymerization process does not comprise heating the at
25  least two liquid phases.
[00104] In one embodiment, the polymer-rich phase does not contain more than 5 weight
percent entrained “solvent-rich phase,” based on sum weight of these two phases.
[00105] In one embodiment, in step B, the pressure in the Liquid-Liquid Separator is less
than, or equal to, 800 psi, preferably less than, or equal to, 700 psi, and more preferably less
30  than, or equal to, 600 psi.
[00106] In one embodiment, in step B, the pressure in the Liquid-Liquid Separator is
from 400 psi to 800 psi, preferably 450 psi to 700 psi, and more preferably from 500 psi to
600 psi.
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5[ 0096] I n one enbodinment, in step B, the polyner solution fornms only two

i qui d phases. [0097]In a preferred enbodi nent, no |ight hydrocarbon

sol vent iwOaddewsyse the step B or step C of the inventiyeTarsewiess2139 0098] 1 n
a preferred enbodi ment, no phase separation agent is added to the

10pol I j | uti . pri t it hi . the Li i, d- Li idsS t .
P 1 ur RGPV D s OB b koSt b tighitEL i epaiptatah ByeaeP e O
pol yner i zfd, @Regfll 8, i1 90PCR b @Erablf Sy rddtdiithslr, bl a%lzaqi too@ A kL mofe%}%%}

exanpl es of phase separation agénts include N2, CO CQ2, an .
[ 00100] Igicaserdhamioodiumbin. 170%e pol ymer-rich phase is heated downstream from

the 15Li gy} iqui d Separator..|n further enmhodi,nent...the . mer-rich
nese r s sy, I SheRRRRRE: inlder’s HE e SRS WV ot B MEoL i 0 |

f rom $80Grdre 1860Go 120@,pldfetablyore®°€ ih 2 Ceiid mbRerefeabBSHomUIEE o conpri ses
reducing the pressure of the polyner-rich phase down streamfromthe LLS,
to form 2%dFution contai ning greater than 40 wei ght percent pol yner,

pref er ablio Rt B o AR ELORL G SaRha. RRREL Sbie dLatal, 20" wel ght of

the solution.In a further enb nent, phase i s heated
during t He0rHJucin ar afbqiimssuthe Lifi810@]id Sepamer kadxodipn@E it gredthiethat, dreast
two liquid Ehases formed in step B are not heated. [ 00103] In one
enbodi merfdURel beAPREr i zati on process does not conprise heating the at

251 eagt 1190111 AU Lo RNESERIMEROARA Hiqlif 198 SERRKLPRI 2 capRGHPAL MRS | £h.
phase does not contain nore than 5 wei ght percent entralnéd "sol vent-rich
phase, " basadooH)Osgatomei ght of these two phases. [00105] In one enbodi nent,

caual +o 0BHET ool e A T R ept o et s e
pref er ablequhiass1(®@taneas. or equal to, 600 psi. [00106] In one enbodiment, in
step B, the pressure in the Liquid-Liquid Separator is from400 psi to 800
psi, pr ef[@?h&] y heonermmbadimeamothg diiquidhdquie Sepjspter basabtapa¢ipyogre®onthpaiort o 600
psi . 15V\D e%lggﬂ]t{)pﬁﬁ&iﬁg% O{ISl.JSZOlO/ 042139
[00114] In one embodiment, the Liquid-Liquid Separator has a capacity greater than, or
equal to, 50,000 gallons.
[00115] In one embodiment, the Liquid-Liquid Separator has a capacity from 10 to
50,000 gallons.
20 [00116] In one embodiment, the Liquid-Liquid Separator has a capacity from 100 to
25,000 gallons.
[00117] In one embodiment, the Liquid-Liquid Separator has a residence time less than,
or equal to 40 minutes, preferably less than, or equal to 30 minutes, more preferably less
than, or equal to 20 minutes. The residence time is the average amount of time a fluid
25  (typically two phases) spends in the LLS. This time is calculated as the ratio of the
"volume of the LLS vessel" / "volumetric flow rate of the fluid to the LLS inlet."
[00118] In one embodiment, the Liquid-Liquid Separator has a resident time less than, or
equal to 15 minutes, preferably less than, or equal to 10 minutes, more preferably less than,
or equal to 5 minutes.
30 [00119] In one embodiment, the Liquid-Liquid Separator has a resident time from 5 to 30
minutes, preferably from 5 to 25 minutes, more preferably from 5 to 20 minutes.

[00120] In a preferred embodiment, no mechanical mixing takes place in the Liquid-

Liquid Separator.
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[00107] In one enbodi nent, the tenperature in the Liquid-Liquid Separator
is greater than, or equal to, 150C, preferably greater than, or equal to,
160C, andawoona/ps®ter ably greater than, or equal to, 17@CI/us2¢i00118) | n one
enbodi ment, in step B, the tenperature in the Liquid-Liquid Separator is 5
from 150 20 r ef erabl 60C t.o 210 and nore eferably from 165C
to 205c. PBES) M ey Brte B L AHe SedRiofh GeR B PaRG: St e is
a vessel .1iduPaHEEs, hid preeer TP odld NBMU.phhhe. A i@ phdsd Uhda S&RAY 3tQker lias, a
capacity greater than, or equal to, 10 gallons. 10[00111] In one

embodi mermr equd do.10.2 gicd-nrepiguably Separ thanroregsaldo.dhparsitas dgieesmingd t han, or
equal to,rLQQEQ%Lhons. [00112] In one enbodi nent, the Liquid-Liquid
Separatoﬁgﬁas a ca%acity greater than, or equal to, 1000 gall ons.

[00113] I[00om2e emhedidmniiquidiSepakfoi day tsttprikeeqoattiahMionbAswa oL MPACi ty
greater than, or 15equal_ to, 10,000 gallons. [00114] In one enbodi nent, the
Li qui d- Lisghodinmgganrsdcseribpddicseivapacity greater than, or equal to, 50, 000

gal | ons. 5] 0 i L gui d- LA g .

Gapaci 1y DB, SheitoERRa, (ERbtyvlsy Epdif e A CormaRB bl Ao B

Li qui d- Li[G012d] Se pasrat ambddaser, tha pabinieyizhti@nink@d A ds 2batEOpolgaletipation. [ 00117]
In one e jjent, the Liquid-Liqujd Separator has a residence tine |ess
than, or Tﬁ@ﬂéﬁrfe t iﬁ%f‘rﬁwﬂr@%@t %P%P fraﬁauzefﬂqrb%fsﬁ%/gﬁ?ewtéawm% 30 minutes,
nor e 1pr effi A\ Mrd@font han, or equal to 20 minutes. The residence tinme is
the average arount of tinme a fluid 25(typically two phases) spends in the
LLS. Thi 4001268 i & ored aonbbcatireentathe phiynrezizitiorodf stdpeA 'doed norsowmprishe LLS vessel "

/[ "volu ric HAOM/rate of the fluid to the LLS inlet.” [00118] In one
enbodi mert" Y RE Y qui d- Li qui d Separator has a resident tinme |ess than, or

equal t o [#b127] NULESne dMRIdanak] dach @5 midiRAtiorPfea@@itBInot onkEctadl B4 BSat NOr e
preferably less than, or equal to 5 mnutes. 30 [00119] In one enbodi nent,

t he Li quicchanges. d Separator has a resident tinme from5 to 30 m nutes,
pr ef glé? bll [ﬁOLi ;nefne%; ﬁré:gérree%g ;[o?fmefnqptlillg pgnlé/gi{%:%rzgtpol 1S ];1{) o i%micgﬂ?? %eﬂngsne. S-

[001 nmen ani ca nl&lng S place’in the
Li qui d- Li[qol29] Se posrad édibodiknt Othd /HpOBSRD SHCHOMEAA 3040 4 D0Bndr Q1R AE] fiokh ane
enbodi ment, the Liquid-Liquid Separator, in st , contains at |east two

i qui d priddeenc-baed pelamsr et VOPv\lénff-ba%ﬁfidwbm?éeinPa gerrheaamhmﬁﬁl&gb thas a
dore) 1 G WP o, S G L BB g e
Li qui d- LietiuileheSep ar tt ocachays eonthan 3@ waigho ptiicad! preferdfly tesothan 20pvedght
errbo%ioms n})J[e?ce%{'s, bgs%?icornit ee gveltjg { g% f%'ed to the reactor, if only one reactor is used, or based on
the weight of the feed to each reactor, if more than one reactor is used. In a further
embodiment, the ethylene-based polymer is an ethylene/alpha-olefin interpolymer. Ina
further embodiment, the alpha-olefin is a C3-C8, preferably a C4-C8 alpha-olefin. In a
further embodiment, the interpolymer contains less than 30 weight percent of the alpha-
25  olefin, based on the weight of the interpolymer.
[00130] In one embodiment, the ethylene-based polymer is an EPDM.
[00131] In one embodiment, the polymer solution from step A comprises from 5 to 30
weight percent of the polymer, based on the weight of the polymer solution.
[00132] In one embodiment, the polymer solution from step A comprises from 6 to 20
30  weight percent of the polymer, based on the weight of the polymer solution.

[00133] In one embodiment, the polymer solution from Step A comprises from § to 15

weight percent, based on the weight of the polymer solution.
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[00123] In one enbodi nent, the polynerization in step Ais a continuous
pol yneri zation. [00124] In one enbodi nent, the polynerization in step Ais
a batch pabynardogasi on. [ 00125] In one enbodi nent, the poryusesionatizon of
step A does not corrpri se a 10 fluorohydrocarbon. [00126] I n one enbodi nent,

th | t A d t b 01 |

one brbodPsEd " Bl it RurodE pek s SOEBPn Fnke Amatieaion O haa
exchangerwe1 RfRERBI the palyRiceiRtddesh @aRRdinTBNthe pol@nd?QbMeBAI zation is not
an ionic %drrerl zation. f,00129] I n one enbodi nent, the pol ynmer sol ution

conpri ses[OQl | yﬁs@rm\seélltle@peldnﬁn@atﬁ@rpre@qﬁyn@momagé@a pnyinetionoef tgo or

propyl ene- gr?:‘sf:e%oﬁ ts as qescrlbefi hef tnB rGIE(?_lreer)EQr%d ng{f]: ryé)}éngéar%zﬁp 01¥ rocesssrn an

et hyl ene- aséd' po yrrer BCent T4t i on of

et hyl eéne dogtpris@a tb@binaast 0ﬂ’pdl§mb1€:§a$10h lcpcBituite t@blor pﬁ:rsﬁﬁ‘ﬂtsolvlaﬁtetfypé aid y | ess
than 20 wei ght 20percent, based on the weight of feed to the reactor, if
only one Xt émoqoglea@bﬂmw(%a@é@r gthef ﬁ@bmn@ﬁt‘s dsperibgd heEY t o each

react or, Basﬁgr ehf n%b%lﬂlgrﬁctth rcf‘ ﬁ,e;ﬁgl%g% ctivd e’&‘]bfsfbrré Q?Bft@rgp‘%?ﬁgﬁ]ﬁﬂ the

et hyl ene- ymer 1s an et I'n i'nter
further echoidn mamﬁnsfetrhad talt}mﬂaqmldelhqmdl &parafd% GBangplicefeatbabiinyens, tEélezG:ﬁiyst

al pha-ol efin. her enb0|ment te | yner . contains | ess than
30 wei ght'® B%%‘Eéﬂf’ #ertth%P%W%éso BliQs) léiﬂiaﬂs CIE Lg?r %’uﬂi—%@ﬁwa&m ﬁ[@

i nt erpol YymRlembb@RH3P]in kidp @Neneiprdt- H@l’i‘bhas% h@re@ﬁlﬂé’d @Qﬁe? $8AriPRIANR tebS an
EPDM [00131] In one enbodl nment, the polymer solution fromstep A conprises

from5 toA30 wei ght percent of t he pol yner, based on the weight of the
pol yner Q jon 01@& nmbodi ment he solution from step
A conpr i J00E Ottt i s BRI B s T PRt e B en e
wei ght ofstggggop&gvys[mquggjnlgt ion. [00133] In one enbodi ment, the pol yner
solution fromStep A conprises from8 to 15 wei ght per cent based on the
wei ght of[091r€e8] polrymer@mduwnnthe sviw@ommé&ﬁw@msbmaymmg@wv?oo 134] In
one ?bOde'x en 1,1 ? f pol ymer solution fromStep A conprises from10 to 12
wei ght percen he pol ymer, based on the wei ght of the pol yner sol ution.
[ 00135] 40013Wen1n oree dpebodiraéntZét ipedtepy fae@sIScomgyiseONRstEAn@the@gdbiniaticn of
two or
phase to a first stage devolatizer, located downstream from the Liquid-Liquid Separator. In
a further embodiment, the first stage devolatizer operates at a pressure greater than 5 Bar
(0.5 MPa).
20 [00140] In one embodiment, the process does not comprise transferring recycle monomer
to a compressor, which is used to pressurize vaporized monomer into fluid, for transfer to
the reactor.
[00141] In one embodiment, the process further comprises heating (for example, using a
heat exchanger) the polymer-rich phase downstream from the Liquid-Liquid Separator.
25  This heating element may be located upstream from a devolatizer, which is located
downstream from the Liquid-Liquid Separator. In a further embodiment, the polymer-rich
phase is heated prior to, or within, the devolatizer.
[00142] As discussed above, it has been discovered that the inventive process allows a
lowering of the total plant heat input compared to conventional technology, because heat is
30  added only to the polymer-rich phase downstream of the Liquid-Liquid Separator (LLS). In

addition, the cooling load required to cool the solvent-rich phase downstream from the LLS

is also lower, because no heat is added prior to the LLS.
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nore enbodi nents as descri bed herein. For exanple, the polynerization
process may 5conprise a conbination of polynerization tenperature, reactor
pressur e,weabuangdssype and anount, nonomer(s) anount (s) pCaruscaw/oatiber

enbodi ments described herein. [00136] In one enbodi nent, the catalyst is
deacti vat fo .or after, the pol.yner. solution is transferred to the

1 aut o LI01T sep i¥epVd fosss iR uMEBU kT Cari bt rar B S Beact | vat ed
after thelpghMBRrof tMllo@ihg: 3) tHeanst ekp@dive Qedchifts binfldly froltcdticthoSRP sihad o .

I n 10one enbodinent, in step C, the solvent-rich phasé i's returned to the
pol yner i zatadewwaed resetepcam by wed.39]a reeychhmorerberdionnessot Aed $od ediegdns r enoved
fromthe polyner .in o or t es. of ;deval ati|ljzatiQns. . 00138]

| one. ergaen e bp B Chot BPa R ARE Moty gl et £ ety pige g hel
devolSextdxulsingsr) s aidas she d30hLEALatlon @i @iNadi hEdte entboaindndaRs Bedtur t her
conprises transferring the Polynﬁr-rich phase to a first stage devol ati zer,

| ocat ed dSRRAEERIAACTEDH handle miltiple- Rhasksi sincsdlyid itap phase howndagy. ARy
nbodi : i g : th
S oar (o b B UR, BT, PR BT LARERULR P Bl 1o

I'n one enbodi nent, rocess
conpri se pghasnsA pumpmgayreey ¢ mcrepseopressute) sechabaphebso exchahgaropesmtinoséd t o
pressurize vaporized nmononer into fluid, for transfer to the reactor.
[ 00141] Isﬁlgg‘?l aéﬁ@?ﬁﬁ??%ﬂ?‘}sthe process further conprises heating (for

exambe, 96144 aANRAforSNGBARIGED: s M D USRI 1id el tcp&%ﬁf%téjﬁ&\é"ﬁghtr eam from the
Li qui d-Liquid Separator. 25 This heating el enent may be | ocated upstream

from a déwdianibvesolvent fodm itk heagahpdrodohers saleat Hecarse bheh dandpgiretykcledui d

Separator,. In a further di.nent, the pol r-rich phase is heated prior
Cor or witpsther e S b S SerTRoish e Re i Bt b BEB9Ee = pre Rl
di scover ednirbithe bb§nieR ¥&itehiv i FERSBigald- DimidSdparesr dra sebarhfiend Réml pl ant
heat i nput conpared to conventional technol ogy, because heat is 30 added

only to tihdrgserbppreelventcdonetivigior edihiae jeadiy afjutterbtomngniabn 2 ¢Qsfagt Separ at or

(LLS),< In dition, ot cool | | cad r ired to |t ol vent - rich
bhaseSdons Bt aliST LR REaReLB0 AR PRabafe Bor e SRANERNHEAE or 1 or
to the Lltke reaWibr B HIFEOBIHORECT £143201H01 oz 39h [d0@erdt]levidieof thy edthé ve process
can significantly save capital and operating costs by elimnation of the

f ol | owi ngemPpomgEs).nBy lditigre Hisispwe tepscligris-ldapidarPagtdi sat be Bipgfar diffsrente an
adi abat i ﬁg&t : ; aseleTe) conpressor, and 3) a
hydrogen-cpsoltirl ppf?%lbl&ggy(ﬁ%ggﬁﬁgg%agﬁn%édlggp%gé(z[g to %FE):% pol ynmer rich phase (for
exanpl e, [0814%) aFbeaiuthaxohanggnroceses ahatraditidrtab aplevaihab istpazat thersobfent,he

solvent. In one enbodi nent, the heat exchanger is .desjgn_ tq.handle nultiple
phased siAEWNRqr@ng coRoIMy LR apgLIRFL S9! UtIAR f&dafaflﬂéfﬁlo f I‘ha‘é% ScepriytRp i n

Pr essUr ,4etb bber @i 2 RAUabl Attt tre BHIANOREIpadifaPAnRASE. A

punp may used to increase pressure, such at' t he heat "exchangér operation

i s si ngl alepblabzatioonogbero ks volatile materials in a polymer solution are flashed into a vapor
phase. After reaction, multiple stages of devolatilization are typically required, each
subsequent stage operating at a lower pressure than the prior stage. The final stage is

25  typically operated at a deep vacuum to achieve the desired low level of residual volatile
organic compounds left in the polymer. Operating at a deep vacuum (5 to 30 mbar) is both
energy and capital intensive, relative to the amount of vapor that must be handled. The
prior stages of devolatilization reduce the amount of volatile material that must be processed
by the vacuum equipment, such as blowers, compressors and vacuum pumps, allowing the

30  design of such equipment to be at a reasonable size. Another technique used to reduce the
size of the vacuum equipment is to cool and condense a majority of the vapor, at these deep

vacuum pressures, prior to the subsequent pressure increasing devices.
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10[ 00144] Al so, for m xed sol vent systens, there is no need to separate the
| i ght hydrocarbon solvent fromthe heavy hydrocarbon sol vent, because both
can be r ewpebadoswget her to the reactor feed(s). It haspPoeas2diosenser ed,
that instead of using a pre heater to control the polyner concentration of
t he Liquigd-1jquid. Separ ator . ex reans, the light h drocar on sol vent
concentr ADPESTCine ERREEe oy Shlod HeRP e iR spOborag rofizRpton. fide !
15concentfiaddn@mt@fimpid lah tRY oG Ras dpefitiof X 8IFRifsanPGIRRANEs ¢ 1kt Pr opyl ene
(conmononer)) in the reactor for different product grades (polymers with

di f f er entménopedrs, sp¢h @Srféhﬁamﬁeordmmﬂmd@ ot dasilyeletidenssn anct lhes @m@:tltcylpie

LI qui d-Li %lﬂl d e%le?l‘cl:’u%tn?{ &y 1ous?oq:e];sot() rgl foIfe Rent . pol ers am 11 h?S

( pol ymersp contar ni ng differen m)nomarslf1 T@BT&? or so Uti on pol ymer
process e&oh{panérrtad@ ptmaﬂltlaalgmap@@ie bwhskparfatestideafsleloletilizatidl capboner and
conononer froma polyner solution is devolatiljization. In this scenario,

t he devo SPgEa 4t@rpriwélcelanr?ssw tg dtloysansicmeNm qfrtW%Shélanrﬁmpaﬂweqleg

Separ at or, PP%hé(I{I?ras s?- thby Z ARG the chl’Oéi{teT%Q?uB’glﬂ@eﬂﬁ LGed b g&ieﬁ %1' ” a
pol ynmer so Gtion "ar e ed into a vapor phase er react

st ages ofdeelpzvmiuatn k)rcz\adddcthatahcesdlqut q:saridtyod eﬂamle ed, vatada ogab&esqhentt thstt 1ag e

operatin t aI pres a ri sta efi eis
25t ypi caﬁ}@ hieardoialig ﬁwﬁfﬁr@m& AY wa%ﬁfhec i I%W‘%E\?el of
resi dgal ﬁ’g%'tﬁ)téasﬁy chrﬂﬁﬂéecatQ%Pl%mfﬁg’efrﬁtldnrleﬁlﬁgra&%M%E is, Regah i pgiRE @

S
deep vacuum (5 to 30 nbar) is both energy and capital iInfensive, relative
to the armmptratmteswa@ure fphatl mmtstlalbef bemtiiehn fohesqwit deqat\azgewn@bndltlons

or ocessed hy t hed Rt loRRbHE el i GuB e bbSinst SRR TR S acuum

punps, alilghwirRglvbMeadhe oS BRs@fe, ShimMh RGP ERGENt {(r BRardble tn-b&ASONABI € si ze.
Anot her techni que used to reduce the size of the vacuum equipnment is to

cool and ‘eeviHeAxdera Wit jbedess pifisient eachigydirg 2 decptaesendedhe Vehtyolvepredlsur es,

prior th easin deV|
D01 2/ d0a gt LS s, SYE3% BB B FRELEMfEY B Runeventsandiid Sonomer
and conpneRI pedoR@ict bOthe dodviatilizihy MAaE Hriakingmpact the hedde add a third

devol atilization gperation. Significant quantities of |ight npnomers, such
as et hyl etigeaf deyalpilizatien. Heingamisedsql yenéémreﬁrélebassﬁ&nuthe NyeRtigsrhess.i cal to
pull ad rs. These
| i ght Sng?rrlggﬁglgétjtg g@p&e} erlgntl ‘ﬁg‘é}’“%‘ggrﬁﬁ%?‘é&‘?gggﬁwef%‘%&gﬁ?f %g?w;?age of
devol atl Immairmamamh]mglbeol&pﬁb&iﬂmihaiffmtm fcst sttagi lepmegaubhfentahatllh ow easy

r enov. 5he vast ority of tH,e,se "8% ents wel?I as renove
much 2 f tCI‘?E di5rR/e Hbderfrep YR franAtiont 258 ¢ Mﬂ ?ta%F %Fé@ tiliz0gum

provi ded & hah grhgicacl vent is not too volatile. A volatile organic solvent
that is Iight 'enough to pronote liquid-liquid equilibrium (for exanple, C5
or smal | dP§147 alrs«onetetmdaomhergmfthednmivwr@@mdmwh@ntirseas@vmllﬂrcan the

refrigeration te erat ur der .t res require
peci o HeEpirdr Shop bttt of fove FUrAuE Vi e A EroRE Al ot 11 one (¢ ha
is, 5to &Qolﬁﬁﬁia)ﬂon@la@@Writ&ﬁatraq%kéw@'lesf%QhMﬁﬂf edpﬁli to, B0 Hahe pol ymer will
be less for a gtt er solvent, at the sane pressure, than a heavi er sol vent

(for 2éxar{ﬁ1)b48]n ‘le@)bOdﬂlﬁ@ltv@étﬁalh‘ﬁ@yéffémﬁ‘&ﬁﬂlﬁlonb@lelp@]sﬁn@ﬂm P ent in
hi
28n:ﬂg\r1;2%ee ﬂﬁﬁpatl\éﬁ%té'é?@n tlgilsatflilgg(flj nﬂg) 1rﬁgtlt tﬁ@hr {/olétﬁ%%gﬂx?gtagé;i%: ¥ra edcan

| ead to poapessspeifiont MmenceBaf, ptdﬁ@raﬂl@\fﬁdnﬁmltb llelBrag Bysfuedier éaﬁlbcmgmag, albout t he
need to add a third stage of devolatilization, a m xed_ sol vent
appr oach, SCHRISledsvaltiliFAtion S(AGR 1S RSTHES ¥ 2 RIFISBIRTRE tﬁgpémhaf sPreferabhefrpmglly er
conponent;, ?’P%& acted C2 to C5 nononers and co-nononers and |ight solvent)
to flash o inthe first stage leaving a solvent that is

30 [00149] Typically, the solvent is removed or separated from the polymer, leaving a

residual level in the polymer that is acceptable, with regard to industrial practices, which are

set by safety, environmental, FDA, and product quality requirements.
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20 condensabl e under deep vacuum conditions, and thus nmaking a two stage
devol atilizing systempractical. [00147] In one enbodi nent of the inventive
process, wbeosaloswsat is renoved fromthe pol yner in onepom/usamodtages of
devol atilizations. In a further enbodi nent, each devolatilization stage is

oper at ed pressur ess ..t han ual to, .30 Bar. 25 0148] In one
ohbodi medPo15tE" B3R afe b diaciaFisd ok S nbbyhisrottso Ao e 11 4t on
stages. |Hydfochiboht elelRENAMHIIR He solvRBt Jonipokitda\ipif@hhd dubadduenty thRGRkios
operated at a pressure from1l to 15 Bar, preferably from6 to 10 Bar. In a

further eletoigratmgtthe ligiaddigosihrgpataven parfarimaned, drat sasalyelrpe thpgradua dsamera

pressure Jnrd?ngr?bl}iﬁi—g’ 0 rgl?qulé i ruq*{tle Ezia‘nbhl\éngnrlgrmn%lo ot (%nozn% ”v%%rrr s%(l) 19 0149] .
Typi cal |y, "the so vepn]; i's T émoved: or separaat ed rrom the pol'yrer, |eaving a

resi dgal dompheritRolvBet ipabadBithd palimeszaieasplvaiy. e, with regard to industrial
practices, which are set by safety, environnental, FDA, and product quality
requi r emdRO1] W o emizsgnes SET NS DOPOLSE 39e DTLO Plags VHAE NS THBah

di . ; . ' -hel
o e ean O iRl S L NARL o Gl B2 S0 Ll P g R o
det eri or atxtmadert he i quid-1iquid separation performance, that results from

the grad | S0 and inert bui]d-up fromthe inpurities in nmononer and
commoner ,U[%#éi 2 T8F Hef HRBHHE HEh?aVéf&ln%lﬁ{R haglror PesslieR %Wﬁﬁlﬁﬁr‘i"_{lgﬁ’fon
sol vapt . JrQRdRddid liguRNBa & ReMaABN behal 1R i ﬂl\éﬁL@&lﬁiMlei@ﬁie%%ﬁz?raééﬁe‘ih@ cehixdl e

stage vacuum systemthat is not coupled with a nulti-stage vacuum system
and i s ndtatoeuphedjui fohthe ciengsss ant tHeisebenorpnegositiod elue tq pEABR|trafifidonse of a

m xture Qqf .heavy..and.l.i ght. hydrocarbon sol vents | o t he cantrol 10of the
e B s a e A SRR P ERs o1 P R e SRl at o

Thi s C0ntﬁr@ducﬁseﬁl%rQ@&%t@dfﬂé&bnféféﬁitibﬂ@f Qfé%ﬂ}_@ﬁqur[bh_tﬂhﬁsesﬂtﬁ@ﬂfquﬁpmﬁi tion
due to product transitions, build-up of inpurities in the nononers /

co- nononereparagy can he magtizingbat thydesyred eptrstingleseluct s and/ or reactants. The
conpQsgi ti the .pol yner-rich ph in the LiguidzLi qui epar [_.can be
i s e n AT BRHTEDESL T o RGBS S5 M RS ess
may conprdssiescibed Abiciiatiod Bx &thpleVhe @olyriieatoindidte Alay campaes & comBidati@t ei n.
For exanpl e, the polynerization process may conprise a conbi nation of

pol yner i 24tPPbnargaet BIpeeture d5R4te PIpTSEEs telkent dyjle A amoyse M MEHdUNt |

mnomr(%ﬁg@%%%ﬁ@iﬁ ot AR o RS ngmggd Rgot,s described herein.

DEFI NI Tl ny nunerical range recited herein, includes all
val ues f rlDRFINIEIONSer val ue and t he upper value, in increments of one unit,

provi ded there is a separati.on of .at |east t uni ts_bet ween any | ower
e uetandbf hi BREATSTEE RS Tecited RTR-dncIRges ] yibies oL e favier ‘Al Bless
par amet erge REES vGRE, iRin@EMEKts Bf SRENY provitfeld (Rt thdr@is £6BHRLEN of RTRRI AT €
(©, pressure, etc., is from20 to 108, it is intended that all i ndividual

val ues, sudth basvee@anplowep 2alug Bed eny highe wlils. rAsnigescamplss if il sk@ed thatda), 55 to
70, 75 to 100, etc., are .expressly enunerated_.in thi eci ficagl.on. For
ranges. coRPSThPHETGET PG RTT BopElE SRR SN BP: BRI RS Tr act i onal
nunbers greabR! etk NANFr@NL0 (6 190, it it idtendedIhat@IGndividaReyalidst such a¢ oM 1dered to
be 0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges containing single

di gi 25nurierand sel sangearsuetens Fbtoghd, 51 tq @).59 to dAQ et are pxpresppi gagmeyated in

consi der %Histsﬁecl?ﬁca%'oflli ngl%ﬁgesago%ta%ﬂhg vgﬁi&“@hﬁﬁ af)ef lem%ln j)r?e, or containing
fractional numbers greater than one (e.g., 1.1, 1.5, etc.), one unit is considered to be 0.0001,
0.001, 0.01 or 0.1, as appropriate. For ranges containing single digit numbers less than ten
(e.g., 1 to 5), one unit is typically considered to be 0.1. These are only examples of what is

30  specifically intended, and all possible combinations of numerical values between the lowest

value and the highest value enumerated, are to be considered to be expressly stated in this
application. Numerical ranges have been recited, as discussed herein, in reference to

temperature, pressure, and other properties.
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30specifically intended, and all possible conbi nations of nunerical val ues
bet ween the | owest val ue and the hi ghest val ue enunerated, are to be

consi der esot2o11ibeseszpr essly stated in this application. Romarsc@alo4rianges
have been recited, as discussed herein, in reference to tenperature,
pressure, and Qther propert,es. 2011/ 008955PCT/.US2010/ 042139 The
Perm “pol yrrer . hedeimy SelhREy ofiiscd GRS A & BBrYHSFF CORBRBB AP BPLB4r ed by
pol ymer i zjohmdpAIROom¥h ek hherdff tdRnedTR dffe@nCiypé eTRNereP Brm iy @&neri ¢
term pol yner thus enbraces the term honmopol yner (énployed to refer to

pol yner s thveqrabraersithoiero dognopakyntey prnplpysdonadsier o, pdyiders pecparadrframoalypol yner
as defin%%eQe%gknankpr.)gE@ﬁwgg%ghRGn&ereogy@EGmaha%igﬁgg herein, refers to
pol ymers pre aredn%ynyﬁé po ynerizé%?o of “5T 1"6ast t\Wo “di f f er ent types of
nmonomgrs. The Thenem CintegfdTymat, einaky hekin, Rifsrsith pblyars mopetybeiths (enpl oyed
to refer to polynmers prepared fromtwo different types of nononers), and
pol ymer s Rof¥pRitzaton pothleast bve difisrenikyras o @peemersyHies2eaerigiSHHARELOIYE t er m

"ol efin- " i r . i ns
at 10 1 et RSBl BRGNS forbr e bl o e SRl RS 7
pol ymer i z¢dnaloafeiry), {rdqrol yranpleparedtfioph eroee than pwo diffeesre Xypeaf moapinesnal |y,
one or nore additional c¢oponagners. The term "ethyl ene-based pol yner,"
as used herei ﬁﬁiertm?%léﬁ%ﬂg“ﬁ@o R R AECERE i FETaO ¢ %lgmeaglﬁhﬁ%mewyt

wei ghl pq&&?@haﬁ&ity R 1t %E‘rc_@ﬁtbb!zls@&‘@n (M&th%? tﬁé‘gol Ef) 'fbblﬁrferi@@cﬁ ¥1%8h X forand,

optionally, one or  nore additional cononoiers. 15The term "propyl ene-based
pol yner , "examples ettiyleae er propyleh@r snd, opaornpdlyyererortnat addiibedl gematomeast a

majority weig perce ol yneri zed pr,opyl ene (based on the wejght of
ol yrrer ) "and., Tt aryIBSe-HiEd g5 ihse ARl et S Eongdairaet i Confipee
term " pol ¥ 1@6e 4 &foriBRERhi p@Serk $EYNRELET BthyleRe (Hb&L dDihe WRiHMBE PElyARFE
phases under consideration, refers to the phase containing the greater

h der consid fé he ph h
concent r @ndopptivhalbs loperer mogsadeigtianabegraenamers.t s wei ght fraction, based on

the tqtal weight .of th I r-rich phase, . The term,"solyent-rich
phas e1 ‘3 as use erltel}r%i i f3p ﬁ%nér{gesﬁfl Pglr%( eg’ t% \gvlolsec()1 rherrret%lrl’er e%ﬁsats? e’ O&Wﬁ%rtﬁgt

consi der ajoh@ins at &fastSmhpritheeighasecao pblahiiingl plopylgnedassd aothe erighabt on of
solvent as neasured by its weight fraction, based on total weight of the
sol vent - rRo%NGhagd, optivaak e R ohBQls AdNHTSLERPRIIPIEST vent , " as used herein,

reflers 103 Mofitieas Hiol it oiRREeIPRG iR Pah VTRKAZAL B FRkEbYAH

hydr ocar bon, contai ni ng” at ast one rocarbon containing six or nore
car bon atumads: cohyideméibh yefehetaviye plyde oc@ninom the preatrt sortau@ationnd poiimdroasl i ng

poi nt._hi gher than 95C. The heayy hydrocarhbon sol vent does nqt conprise a
hydr @Qar HB‘??SBFGH?’éﬁlﬁiVFFgg}F EStieh ﬁsegi%tﬁar% Y ,thealPoﬁlYfBﬁfg‘Hg?%‘?iS%lual

amounts (typi calel ¥ €vennABh HRAAC RRGRJ RASIAUinQFRIation &) twiedrFhdre %Basié@avy
hydr ocar bon sol vent) of such 30 hydrocarbons rmay be present. A

" hydr ocarunder; consideratient thigreforthe plizse sontainng the greaiec conslericatica afadbenmsof only
o2 Do, A R O GO TR RL SR e RIS T TS0,
bond not | ocatef teit hda®y Al MBLarbak KAPerdl @B hised herein, refers to a non-reactive (with
25  respect to polymerization catalyst) hydrocarbon, containing at least one hydrocarbon
containing six or more carbon atoms. Typically, heavy hydrocarbon solvents have a normal
boiling point higher than 95°C. The heavy hydrocarbon solvent does not comprise a
hydrocarbon containing less than six carbon atoms, although residual amounts (typically
less than 10000 ppm, based on total weight of heavy hydrocarbon solvent) of such
30  hydrocarbons may be present. A “hydrocarbon,” as used herein refers to an organic
molecule made up of only carbon and hydrogen atoms. Examples are alkanes like n-octane,
n-nonane, iso-octane, and alkenes like internal isomers of octene (those with double bond

not located on a terminal carbon atom).

21



WO 2011/ 008955PCT/ US2010/ 042139 The term "l ight hydrocarbon solvent," as
used herein, refers to a non-reactive (Wth respect to polynerization

cat al yst )wbydriawsesbon, contai ning at | east one hydrocar lpom/useomainidng five
or | ess carbon atons. Typically, light hydrocarbon sol vents have a nornal

boi ling point Jower than 40C. The light, hydrocar.bon.so] vent does not
Dommr 2e o B R R n PSR RS o B el Rt ugh
resi dual agpebintbpolstnvd?izaadd é’atﬂll?é‘t?h%&i@éhrﬂ&ﬂ@@ntﬂﬁﬁﬂg hasRboMyldedcatbonei ght  of
| i ght hydrocar bon 'sol vent) of such hydrocarbons nmay be present. A

" hydr ocardeorining§ve seldsseareamatems.e T gpicdlya b gotrhydiicarbop|seyante haegienepnabf onl y
carbon and.hydrogen atons l.es..inel ude et hane,, propane, ... sobutene, and
The 11 ke, oTE a0 LA a0 IR i et PR oL BB Rl 0
t her nedy nadidzathps tconthiniddimotehoutivabdrbén atbs pAlshsugatesii@andunes(t@ficaly
material are essenti all g uni form Exanples of physical properties include

t

densi ty, Ipsidan HI00P @pmabisedon tetabweigbhefdight Bydipeisben tphvent) of suchy
e Y ! _ ana’ . Y whi ch
or e ot i ChdaftoR® ol be B ARP L AR lont MY BEPRL B Gel{hald BERED IT ©

her ei n, rmedlecide mdaupefode cadbed ahd hydibgersapas aExkanplef irchwale@thamerpeopangui d

phases. The separ t'op results fromthe specific action, for exanple, a
reduct i ot>¢ te&Fe@glf ©/X%-aken to induce two or nore |liquid phases. The term

" pol yiger sol utA gRase, &SusHE BeteRCFEEM to [s&f REDN 0P sp2E (£ ARRhE BaMiSSRlet}) on of
20 polynmer in one or nore solvents (typically much | ower “in nolecul ar
wei ght t Hhreupldut weigh dlbpliysical propotregefiremasrighas essefitialy umforing lixdmgteaoe)

phase. The sol.ution.canprises the pol and sol yent, ~and al so
Conpri se HNb SRR S BREFS I Y dpeiy Ot Earedion Dshemigal FTBoRT T2 at i on
reaction. The A g {ﬁld'-'lfcﬁlhd/ﬁﬁbtse 1s @&qn&lﬁﬁﬁidﬁ&ff%ﬂ ,seﬁa@it@[@ufﬂq;hase% Wasdae aof f or
exanpl e, a 25 hydrocarbon or a m xture of two or nore hydrocarbons

(excl udi naisetblforrer and cononomer)) that dissol ves a species of interest,

|1 ke 3 monomeryang) oty RO SEIMTPES| P ALl RigsS, o The term

"m xed sol vent, ™ as us erein, er a mxture’o WO or nore

sol vent s delize usxpfop iR, separfiioit off ®0afr nion® 1iqhidrphiageshte egarNASEsultSGrbpethieer m
"single solvent,"” as used herein, refers to one solvent (for exanple, one
hydr ocar bBggific action, foriggamplens redyetinn Bpresrgnidken indiretwaor guseliggei n,
refers toug.Rol ynerization process in which the forned polymer is dissolved
in the polynerization solvent. WD 2011/ 008955PCT/ US2010/ 042139 The
term "phase seéfmrtam Opolagendolltions’ asased harial refers ef e complege dindadd taomod,

whi ¢ when added to an existin ol.ynmer . sol ution, h the effect of
| o:/vezpng Rohengrdpepe @fr‘inf”fecs)ég;l&e@gl <8>m?@h‘§m§?\3?ﬂ%énqlﬁ S)Weéghtélfwdﬁ Rﬂ%}lfnﬁ%l ymer

wei ght f rt@%lirrpﬁ]homogeneous (most often in liquid state) phase. The solution comprises the
polymer and solvent, and may also comprise unreacted monomers and other residuals of the
polymerization reaction.
The term “‘solvent,” as used herein, refers to a substance (for example, a
25  hydrocarbon or a mixture of two or more hydrocarbons (excluding monomer and
comonomer)) that dissolves a species of interest, like a monomer and/or polymer, resulting
in a liquid phase.
The term “mixed solvent,” as used herein, refers to a mixture of two or more
solvents (for example, a mixture of two or more hydrocarbons).
30 The term “single solvent,” as used herein, refers to one solvent (for example, one
hydrocarbon).
The term “‘solution polymerization,” as used herein, refers to a polymerization

process in which the formed polymer is dissolved in the polymerization solvent.
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Lower Critical Solution Tenperature (LCST), as used herein, is defined as
the 5 tenperature, above which, a solution of fixed conposition, at a fixed
pressure,weeparms®ss into two |iquid phases, and, bel ow hirast@npezias ur e,

the sol ution exists as a single liquid phase. The term
"pol ymeri zat i " as used herein fers t a mxture co si ng
mononer 5, - sol VAhAPIEsE SRYBESD ARG v MR RS 5 WO g MEATY on

reacti on wigeidddd ey Qiniin ? demle@a}as five:rieet afrrecvbﬁﬁg tHRMLoWs t@ﬁncal
corresponds to the total to the reactor. The term "adi abatic

react or, "SchgfiqpskEsinpesgtaie{ LGS et s gitven aolwe@twmghv\ﬁa@wnhas no active heat

r enoval mChaq‘ower@glcgf)S(ﬁﬁtgolnvfe g}gFar]%ltu%d¢6§'[S nars use erel%ml defined as thel_he term
pr essure reducl ng neans, asS us ere efers evi Ce, such as a

15contr oltempird@ure, labate VﬁhlchWSsdhﬁdimC‘dflfD(@d icBmpoEESH a€a ﬁ&ecaple@smtré Reigisest r eam
of liquid or a fixed batch of |iquid. The phrase "actlvel¥ reduced in
a cont r ol in@dWraiEt Phasess andy @alowétﬁlel tAMPprafuss.$he Wl‘atipnef‘é@ﬁ%?ﬁ a gpelpligeidt he use
of a con%Lg val ve, to reduce pressure to a deS|red | evel and at a desired
rate. e term"single phase polyner solution,"” as used herein, refers to
the conplete dl“}&steﬂnmt‘pcﬂymerﬁza}mohymem;”ms 1%z I&rremnreé:rsmj a/mmme(cbmﬁs'mgl y much

| ower in nolecul ar mel )..fo form honmogeneous t often
in 1iqui dNeIARRY; Sawag hraag é‘%‘n&b Lemdergo Rﬂiyrs?ﬂzagm FFé‘FU‘PIh“Ii 5

pol yner - ripphbp Pilaésc%ndm%ﬁs @gﬁf{ﬁ@ﬂli&tlon systerﬁ%t)ﬁés%oh@s fohiRe Wel1 90 hrgct i on of
t he polyner based on the t wei ght of the solution 25containing the

pol ynmer (rpmitgmer-rich phase). The phrase ‘concentration of polymer in the
solvent-rich ase,".a ed hereln ers tp t ht fraction of the
ol yror - based BcimSREUHEF ek ot CHEEur el B ERPRHEAGS hErymor
(sol vent -HehClRmpRAISBIchadR® dn@iF acE VOBt hiGiBbn hREhAkm, as defined herein,
refers to apdywm|ZM|on30temmrMUrebaowthecrnncm temmrMUreof

t he pol yrer i zakhedprmreryi wre(rﬁéwm@mew ‘tarensed Rergine reders sop devieq sych aronomer
and Clgrmn% rol( Sa% e[ Hl%.t %éﬁuétlso)n 18r re%é) rgt ﬁ ] xgﬁtfnuz)ug Stre% of%cﬁé& ergs 1X€ (€\0| on
Bel ow |ca dirum

pressure Ye"Eri pressure ot nerl z
2011/ 008 %edRCHidEr010/ 042139 The term’ crltlcal tenperature," as used
herein, refers to the tenperature of the polynerization nedlu%; above

Fe

whi ch, the polisetiasst reivehegiveeddne sonsrlledrpames o paysst derein defet t888 of any
pressure £hah %ﬁch %shtﬁe L& 80 2 &nkibl gﬁl/e RS Rt ﬁressu?éto%&qlrgffe%ﬁrhndra‘?Eler s to

the pressure o
desired rate.

20 The term “single phase polymer solution,” as used herein, refers to the complete
dissolution of polymer in one or more solvents (typically much lower in molecular weight
than polymer) to form a homogeneous (most often in liquid state) phase.

The phrase “concentration of polymer in the polymer-rich phase,” as used herein,
refers to the weight fraction of the polymer, based on the total weight of the solution

25  containing the polymer (polymer-rich phase).

The phrase “concentration of polymer in the solvent-rich phase,” as used herein,
refers to the weight fraction of the polymer, based on the total weight of the solution
containing the polymer (solvent-rich phase).

The term *“‘subcritical region,” as defined herein, refers to a polymerization

30 temperature below the critical temperature of the polymerization medium (defined as the
mixture of solvent(s), monomer and comonomer(s) [no catalyst(s) or cocatalyst(s)]), and a

polymerization pressure below the critical pressure of the polymerization medium.
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5 polynerization nmedi um above which, the polynerization medi um does not
phase separate, regardl ess of any tenperature change. Define cloud point
pressure wWe 2heogesessur e, bel ow whi ch, the pol yner sol utrconsedioasfisxed
conposition at a fixed tenperature, separates into two |liquid phases. Above
this pressure, the polyner solution is single.liqujd phase. 1QCI oud poi nt
omerature | SHETE cbr L Tipe by as B ety Brereiibs wRiRafusht Ot he

pol ymer spliyhérAatioh ndfunk @80 GONRRE! thé ?Glyﬁferi@atfdnﬁﬁéhi%%%yﬁ&phﬁ@%bﬁa@?_ into
two |iquid phases. Below this tenperature, the polyner solution is a single
| i qui d phagadlesspfaadiprésswre chingecl oud point tenperature may al so be a
ceiling tenperature, .bel ow which, twa,phases_ £€xi.s and ab whi ch, one
phase axi sts. StREt ;R e o g RABRE T BN Gl ARG ana”Chei

deri vat i usymdrezation niediu@i dbeve whiek chel gelyhieai zgiomsaediemafoeanyt phast debael
conponent, step or procedure, whether or not the same is specifically
di scl osedcgArflesRftanysemparpare dapge-" consi sting essentially of " excludes from

the scope of ahy e .'Iﬂ%r%s(gﬁlietiéa{hie PosQil¥, Bh06 r“thmgg%%?ﬁoﬁgmﬁ[?ﬁ & term

procedure, excepting thHose ‘that are not essential td 0
"consi st ifigdebthpadeaxc hud@sedanmpeatpanepirates ineptvar ligurid paakes.e Ahote this
specifically deli neflt ed or listed. TEST METHODS Determ nation of the weight

fraction REFSSPHSH Pedr YR sqRutighis 4 AglE IGRIdNAH| vent in a phase. [00155] The

anmounp of pol yBLd poil RRIpEERIre iNth (Ghpeitufdl BBYY ((BREMIY @Ei‘nﬂe%atgﬁ? hinned
25from t he wei ght of the solution. The solvent Is then evaporated

conpl et elpplyragrdotution @f i éiked obypesitiorsatwadixgt gk ssithesepeiatph intoftwddiguidol yner i s
t he amount of po r initially. present, .and the.weight. of the solvent is
deter m natieieoBedbr Parifie BEPTRERT il grinet Aitia PheteLtr SRR « ne
wei ght  ofthé Bisud® pbmbtRmMpeft@8Ini el A BUNES1iRY tefPes@iit, BMEy RBIHTBYo piiREs can

cal cul ate the wei ght fpractlon of each. Care should be taken to mnim ze the

evapor at i#t.ond3boyeovihish] @ewhase exestyht fracti ons fromthe polyner. This can
be acgonplish ev. rating .th l.vent .at. | {. erat ur nder vacuum
Cl% eﬂletwrms %8815?%1]}1? A flalgli(glg% . avl tan8\lt\flene (E%VaaV?S ag«%%(gte

(such™as in a roto-vapor or erm nation o

boundar i dstefd@Npekaudé thednche praK @lditioRiTROBIPbha@N M e p@FOFRIRN Whehanohe
conpl etely avoi ded by mnaki ngi up a solution of known WO . ,
2011/ 008955 BETANSIDITF B2 BIiselgtado In cPRfFSL dhfteiRe rroRB IR S pRytiERE ot ] oud

poi nt . i ' rofibX Lt froma
singl e %ggﬁuge%ﬁg%igh?%og ég%%fe%&%@srggﬁgﬁtaﬁgpﬂ%i&%{l@%&:ﬁgg@ (r%?t enperature
or pressuymegedore, batehting thesaghpear ancessaftiat toeopeiability e Thl emgesofivigimgaiféar t o

cloudy, due to the difference in the refractjve indices of the two phases.
Thi s%esteXF@d%"W WAtCAER 6P anprﬂié‘?délFerﬁ‘?‘iiSHEfl{}‘é%%y f@ﬁﬁ?ﬁteda%ﬁfﬁds of the

second |iquid phase. Thus, it can be

TEST METHODS
Determination of the weight fraction of polymer and weight fraction of solvent in a phase.
[00155] The amount of polymer and solvent in a given binary solution is determined
25  from the weight of the solution. The solvent is then evaporated completely, and the dried
polymer is weighed. The weight of dry polymer is the amount of polymer initially present,
and the weight of the solvent is determined from the difference between the weight of the
solution and the weight of the polymer. From the amounts of solvent and polymer, one can
calculate the weight fraction of each. Care should be taken to minimize the evaporation of
30  low molecular weight fractions from the polymer. This can be accomplished by
evaporating the solvent at low temperatures under vacuum (such as in a roto-vaporator).
[00156] For determination of phase boundaries (temperature and pressure),

compositional measurements can be completely avoided by making up a solution of known
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taken as the neasurenent of incipient phase separation, or in other words,
t he phase boundary. [00157] For a vapor-liquid equilibrium (VLE)

measur enewo,20sle9sieadspace above the |iquid solution regmiusgowo4aB ow
vapor formation. The headspace should be such that the 10amount of sol vent

vaporized is small, so as to.mnimze the nge in.liquid co sition. The
! ehper ar doargriphetngyferEhet Sl g o, SUAGES pdion ARG B he
total pregaipositioh chdhgbhfoMAPOglP BaERIPAGE: toIwHBRSW Sithsed Bithed by ARAAAENH t O
stir the liquid phase solution below the headspace to ensure thernodynanic
equi | i britemperaGrEXRERISNENTAROth0DE BBcArange Ptk anipioe etpaged loomdicagtoam of an
exarpl & Sl uti on. B IBEIZAL | O & 200N 4 d, BF A& o 2ny Jworheagt era L 1, 21,
each wit RHO°hedat “renoval mechani sm  are used i the poFymanzahon. A
contrgl wifevgvd iB]detesmifigdvé9smarestune of getetoliquid phadl Thhd, Gldad bSepar at or
(LLS) [4] is for separating the polyner-rich and solvent-rich |iquid
phases. Adanigs thag megsyrancaé 9bingtrignt ?ﬁ%se [SeRarptions gF inr s HEs. kst R by

vapor i zatﬂogﬁdar? heat exchanger [6] is also shown. A second stage

devol atilizer {7] is used for additional solvent renoval by operating near
vacuum ( OB 7baFr € capdrliqoldsequilibrisnpiVidesseas orhiegt) same beadapse abownt tens

e o St oy s TG IS e LA "
pur i flipcatin@mnbesdivkdl vafdriz68H4 AMPsEal tbMinirfizE GRENGAR ih ﬁﬂuﬁfé&)‘ﬂﬁﬂ)@ﬁiron[ 15],

and a cooling exchanger [16]. The solvent-rich phase exiting the LLS can be
filtered Thertengéramrd of thesyqied s adpustashovke golpdrealupamtlitedngde tdtfl préssurcas al yst

is d ti.vat ed t f th S, th I h it th

LEs can HE CepBEReE§h ¢ PRI o Dembptay o S s bodd eReeSBeBip bt | 1
agent ('s) .thd Redd@dck itd ats@rcbmhotshadiRaguileauhpn, the catal yst kill agent(s)
and the reactor outlet streamcan be mxed in a static 30 mxer [19]. The

final polyner product, after subject to solvent renoval (under vacuum, can
be pellsl etﬁg% h\ﬁﬁNQA‘i pell etization system[20]. [00159] The pol ynerization
is carried out 1none or nore adi abatic reactors. The nunber of reactors
depends q00138 pol yAeiditdbypsroadid fld@sdii@amradlag edhdpleweivgibh pdiysierizixidn ion. The
WO 2011/ 008955PCT/ US2010/ 042139 reactor pressure is typically from 40 Bar
(4 MPa) tshowsen Bigurg 2.5Twpagactors Bl 2bgathhith pahstt ragovd mpreharigneate s¢d/ini cal | y

from 140G;¢ 8%1%31]91% (bRe A ERtol PRvE gig?{seﬂéedifé e 1A tR)fgu?xt ggﬁg&fk df ocar bon

sol vent and I'ght hydrocar bon vent . anples o eavy

hydr ocar Szpasairehs s[4i] mcfou skparnting plicapre ymeroch ankesolvendeckahquidaphdseshe | i ke.
Examples 5 of sujtable |ight hydrocarbon sql vents inclyde ethane, apane
and POobusree AprBtNz St CoemBLarsonc R ABRe TtiRBe A hoat Peanges 1ekibm 5
vei ght peficaibwh0 AQcHE) @ite RELEENTer [PRR 89 Por WA BRI Qb1VERGRBLMBEr | zat i on
system [00160] Once the polymerization is conpleted, the polyner “sol ution

i s transfaeragidgneartvaeuurh -PAmbanhwngitiess uFkis iprocesreconfiguiagon eldacertaine i nduce
a liquid-liquid separatiqn, thus.10 form ng.a,Po r-rich phase and a

2ol vent -resThudEh Befiee Bl andrtyfen BrisE ol 1Rl v o

sol vent - rfoBRnPMas v 11102 bh@p A, wﬁécpaegblazgﬁttpﬁr@i&:a@dh l%ﬂlﬁi@f@de&lgﬂj\{ﬁﬁ y
device. The solvent-rich phase is cooled [16], filtered [17], and recycled

a
back 260 tlhédl, péesdiaopling exghangsy [H1, ardypawiipg vrehapstnhel -Thesrlshaseh paspassed
through aexlﬂﬁl%tthg fﬁg L9BE fiﬁtglled%gué}pg ﬁlt&e ﬁ7j & remove polymer particles. If the

catalyst is deactivated upstream from the LLS, the solvent-rich phase exiting the LLS can be

subject to purification bed [18] to remove the catalyst kill agent(s). To facilitate catalyst

deactivation, the catalyst kill agent(s) and the reactor outlet stream can be mixed in a static
30  mixer [19]. The final polymer product, after subject to solvent removal (under vacuum),

can be pelletized using a pelletization system [20].

[00159] The polymerization is carried out in one or more adiabatic reactors. The number

of reactors depends on the polymer type and desired molecular weight distribution. The
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15 the first devolatilizer [5]. A catalyst-kill [K] is added to the

pol ynmer-rich phase before this phase enters the first devolatilizer. The
pressure wWo 2bh®ogessst devol atilizer is reduced to form acpalSgemen4=69 ut i on
cont ai ni ng rmre t han 50 wei ght percent polyner, based on the weight of the
concentrate nmer.-rich For. final v rermval fromthe
concent 1 dFBIPIBrURErs FrSREEE10 PRECTBEhOd AR Lt BIRAEe TRSRERHG « ne 1 r ot
devol at i zgerdin térﬁpérﬁtﬁf&sifs gipi@dyttRon 1 $@caBd 90|V OITaL irdRfioh {dlvedi®d £mitthe
pressure is reduced to form polyyrrer wi th residual amounts (ppm |l evels) of

sol vent . ofadieanyt chocaglm sedventiand helighs bydiwcabonbalvente Eximples atiantably,
conbi ned w t h splvent f flrst dvolatlzer and the ¢ oIv i's
t hen pur |hfe| Ve"ﬁh}(c%%‘]aﬂf%n Srogvr?g}/sem %e B?lo%tﬁ?: & ehe%(f::a "3 y(sa[thR‘ﬁlllE ?Snen

recycled diaskati®ligieydaaibon s{)llzelﬁﬁldic@fde%}han&hﬁomle)aﬁ&ﬁsoBﬁtaﬁe S"Eﬂilcztml at
further material handling system such_as_a pelletizer [20]. [00163] This

process d@é@ocwpnﬁ@kﬁreiltr@naem%%%léfwah%ﬁ@rghéa?rﬁ%é%@ VRIS PETCRANPIEB ANt he
first devgl, t'o%%eeéoﬂmgﬂiy g gnsecond devol atizer [7]. A so, the
rum FJS_ %? i

operating pressur can be kept sufficiently high, in order to
mai nt ai n [@0HGH) oBncy thelpdlygeaheon iskampBded, tvd pdiyméresolig®nas transfemylabehe

nononer S Her e, ryj el refers to 0 amount of fresh
mononer ﬁ&%&ﬁ ifge PEFSHE %P'ﬂgg? r%iya?fﬁﬁoem %e@é%“éci legﬁ‘épaﬁt&nd%ans t hat
99% qf ”‘f@rrﬁﬂhg%fboﬁlrﬂéf' V\%lﬁ?@ﬁﬁléé&l\téﬁ@n@ﬁ’ WAger ’T%@?b?%el?rrﬁﬁ sseoul d be
converted to poly 2011/ 008955PCT/ US2010/ 042 [ 00 4] The

f ol | owi ngeparatod fnmythbeolazdntetdclndtawwithtnhbe &P arsagi gravigt @@nienharved gta8jty and
eactor FbSeape Soidtana g S anogt B el Ol Pe i R R e o ger

[ 6], Ioca[thgd,@pgpstream of the first LLS [4], to further concentrate

pol ymer rich stream 5[00166] The heat exchan er L can be elimnated
bef ore f|[9§161<]ev$h%1p©12'@€r-[151]1 ph{sewawredmhéougata eytsﬁtxc anger dand Hica fpd tce

bef or 18 t QEC tlrs d{, Ll%itlh}grl prAOc%9 %lt kvﬁ)g%ﬁls ?d&e 5 \élglalihle c}{ Igijﬁas% })gf%re t%usan

adsor ption rmve e pr

| ocat ed dmasesdni@ameffironddvbrutifizdrt ehe [piedlure amdletfﬁitareeolhhﬁzerres:mdh@d tstergam i s
returned to the reactor [1 and/or 2]. One of the benefits of this new
desi gn i S RAMPCR P08 LERREING Botethm ABMeteh opFePobenentased Ay theveightsf 4 .

This elimp 1{% ¥4 Pt st gl ofiRE further reaction in the LLS, which can
af fect the ?Iétﬁﬂddg ﬁ"ymer1 opert| es. Conputer Simulated Process [00168]

A conput e[ﬂOl;‘iZ}uI Bo1 fuml e«ﬁlvérﬁteerpo{fglrfmm Mtdoownnhtedrpowmuhqmagr, dale EPDM i n-

15 si blend (A nd a.se talline PDM tu bl en
per fS I lrJnacFOH%ﬁi"r‘ﬁ(j‘ e)ﬂg’%éff@ W%@%Bﬁ*b%%&“ﬂ%%ﬁ 1%“'(‘ I Elaée?orfgrﬂ(exéﬁ’—:ﬁf [71.
Technol ogygre QHQ Fl\ékgﬁl?e KAEPL8 %o ﬁﬂﬁﬁﬁ%jrﬁeﬂ@*ﬂ@f&sﬁi‘ﬁhﬁmﬁ&ﬁ@ Mb%ﬁe%]@%fpor ated) .

A corrputer SI mul at1 on of each in-situ ble was per ormed in a solution
pol yner i zatveon Preoobsst coningiont tthg scqmdclomlamumwscoslﬂensséctonmmov@ in

SHEEC RN T S R
percent igodRsest (BNCAtNst Kl 208 it reOfclddRIR tSthe 8B qIMRAIYBNLS - The polymer
25  is sent to a further material handling system, such as a pelletizer [20].
[00163] This process does not require a recycle monomer compressor downstream from
the first devolatizer [S] and/or the second devolatizer [7]. Also, the operating pressure of
drum [11] can be kept sufficiently high, in order to maintain a monomer yield greater than
99%, with the use of a recycle monomer compressor. Here, monomer yield refers to the
30  amount of fresh monomer converted to polymer; for example, a 99% ethylene yield means
that 99% of the fresh ethylene added to the polymerization process would be converted to

polymer.
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Table 1: Sinmulated Stream of Second Reactor Qutlet EPDM A EPDM B Et hyl ene
1.5w%1.5 wt% Propylene 12 w% 4 W% ENB 0.5 W% 0.5 wt % Propane 25 wt %
33 wt % | SUBARENSY8 W % 48 wt % EPDM 13 wt % PCT/US2010/042139

10

15

20

25

[00164] The following steps may be added between the separation step in the LLS, and
the recycling step of the solvent, from the solvent-rich phase, back to the reactor.

[00165] A second LLS can be added downstream of a heat exchanger [6], located
downstream of the first LLS [4], to further concentrate polymer rich stream.

[00166] The heat exchanger [6] can be eliminated before first devolatizer [5].

[00167] The catalyst kill can take place before the LLS [4]. This proposal would also
require the addition of an adsorption bed [18] to remove the products of the catalyst kill, and
located downstream from the filter [17], and before the recycled stream is returned to the
reactor [1 and/or 2]. One of the benefits of this new design is that the reaction is terminated
prior to entering the LLS [4]. This eliminates any potential for further reaction in the LLS,

which can affect the finished polymer properties.

Computer Simulated Process

[00168] A computer simulation of the polymerization of an amorphous grade EPDM in-
situ blend (A) and a semi-crystalline EPDM in-situ blend (B) was performed using ASPEN
PLUS computer software (available from ASPEN Technology) and VLXE computer
software (available from VLXE Incorporated). A computer simulation of each in-situ blend
was performed in a solution polymerization process containing two continuous stirred
reactors in series, as shown above. The concentrations of the stream exiting the second
reactor for each in-situ blend are shown below in Table 1. Each weight percent is based on

the sum weight of these stream components.

Table 1: Simulated Stream of Second Reactor Outlet

EPDM A EPDM B

Ethylene 1.5 wt% 1.5 wt%
Propylene 12 wt% 4 wt%

ENB 0.5 wt% 0.5 wt%
Propane 25 wt% 33 wt%
ISOPAR-E* 48 wt% 48 wt%
EPDM 13 wt% 13 wt%

*Available from ExxonMobil

[00169] Each reactor exit stream is introduced to a Liquid-Liquid Separator (LLS) after
dropping drop the pressure, upstream of the LLS, from 120 bars to 60 bars. For each
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13 wt % *Avail able from ExxonMobi|l 25 [00169] Each reactor exit streamis
introduced to a Liquid-Liquid Separator (LLS) after dropping drop the
pressur e,wopstwmsessof the LLS, from 120 bars to 60 barsPCEars2@anini130O
2011/ 008955PCT/ US2010/ 042139 polynerization t he pol yner concentration in

the polyner rich e that exits the determned. to be a . 37
B L i S e T S D LG N G g S

di scover etdriatedth 88 Bb&iR lew%qgﬁépe}cbmub@beh ol Whtos RREgH bPtheleRfiHgtsEredhi O t WO
different inlet conditions could be achieved by adjusting the propane

amount |nV£t8Hbsopé%réd6rat theeqiconsistanh iquig-ligued seppratiomrasultt from t@9 differoptanist pl us
R N TN A R St R S

the LLS were R ivel pOSSi G Comtrol the

liquig-| Itﬁﬂtdﬂal&tﬁﬁﬁhﬁd&ﬂ @(ﬂépdﬁbfpitﬁr}ﬂdiﬁylﬁﬁDMt% bads othe%h s ksuMmgvdifia dfevel of
propane (light hydrocarbon solvent) in the feed to the first reactor. 10

Det er ni ndb§ SFeast Campapgnisbinthe bluésvgqy? keptgplativedppnchapgret: akhys it ripsghle to
Conposi t 'é&ﬂuéﬂﬂ% ﬁgléﬁdﬁicﬁlﬁseggfa%n HP&%#&E&?EB Bﬁhﬁs &29&}@ fn%q é ﬂw@i i gh

pressure, Visua or exanple, see gure t owski et
al ., "A lovpdnnelight hSdtoeabbn Selpeaitain the fddditd dat, firsﬁehqtmer Engl neeri ng and

Sci ence, 1983. 23(4), pp. 230-237. The internal volune of the cell is
approximately 50 m., and a piston [2] is located in a bottom hole of the

cel | 1015leét§rn9h§ﬁ&[bf¢@9m?ﬁoﬂ%9ﬂ?e@sﬁr@ Wﬁ&?e%@rdn%%%lﬁ ohpsein the cell,
and thus, can be uséd to adj ust the pressure by conpressing the fluid in

the cel | .[0M1A)}st éml(dmmlnymasmmsms syercammdpeted viah heghaulesauret enpa call Urle®rup t o

200C and pres ure o 500 psia ([103.5 Ba .3 0017 A known
Arount. of BEP e NEDe dodea A6 CUPPOFI ahg s LAY By S9VESRELESh at 20t ne
top of thee®ed} Poﬂgmerﬂn le8ling\@fl $diéite] NBabd@d pparsh-2ie mafeﬁiamsom

|l owered into a silicone oil bath [4], equilibrated at anbient tenperature.

The at mosp ks eelhvip eppraxinpgely 8P Imlnvaad apatemile ds lesatadgina bettanuhelp ofpie callk novvn
Know anol PRE S iRss Ga dahege el e ot Mgl 1970 hEY,
The anounidfusothe pirepan ®y coipadising adflyaliy thercell '[Ahdy@tehh@o@&hdr ,mlxture) can be
evaluated at temperatures up to 200°C and pressures up to 1500 psia (103.5 Bar, 10.35
MPa).
[00171] A known amount of polymer was added to cell through the stirrer connection at

20  the top of the cell. The stirrer was then installed, and the apparatus was lowered into a
silicone oil bath [4], equilibrated at ambient temperature. The atmosphere within the cell
was evacuated using a vacuum pump. A known amount of octane was added to the cell
using a weighted syringe. Next, a known amount of propane was added to the cell using a
RUSKA syringe pump. The amounts of propane, octane, and polymer within the cell,

25 initially were calculated, such that the total volume in the cell, at ambient temperature, was
about “0.5 to 1 mL” less than the total volume (as a liquid) of the cell with the piston at its
lowest position. For example, the polymer content can range from 10-15 weight percent,
the propane content can range from 25-30 weight percent, and the octane content comprises
the balance of the mixture within the cell. The oil bath was heated to the desired

30 temperature, and the mixture in the cell was stirred.

[00172] Initially, the mixture had two liquid phases, a clear solvent-rich phase and a

whitish polymer-rich phase. Once the system reached the desired temperature, the pressure
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25initially were cal cul ated, such that the total volune in the cell, at

anbi ent tenperature, was about "0.5 to 1 nlL" less than the total volune (as
a |iquidwofwotimesessl | with the piston at its | owest posipcirars20iBos2iexanpl e,

t he pol yner content can range from 10-15 wei ght percent, the propane

content can range f.rom 25-30 wei ght rce dt oct an ont .ent
compri sedntreFuiba B ed B B aRrt fithe b bl e 0 05 B s
heat ed t qebiifie HB6MOEEL3RS @RPBNALI e, and the mixture in the cell was
stirred. [00172] Inrtially, the mxture had two |iquid phases, a clear

sol vent - ri08H 3 hadhe horogenghins mixturp ovap deld-at @ Prespiig gboveadie Emiteugygiessyre

reached the.desired tenperature, ..the pressure . - .

2011/ 008dSSEER VST OT Ot B8R KB D S e B8 TS BPHE B st on
at thg bahé apaeftud Res gewly, dedrdakdd. TR dohichtsrof thregparnd Waeobenaaudssillngl e
liquid. [00173] The honogeneous m xture was hel d at a pressure above the
"mi ni num3pe dsstlped-aeintipiceire RECTIRG dben (heraixgie &t hegell beramaydendyr Pheervadhut es
with no i1 : i r d.
The. cont et fplcefs BEEREH ol o Icae ARG @ Hik P Y EREEERECT

pr essur e in@aeoedethdwhecotdipoint xicasu@ementtwe reghted3et ames.cOacdthe ctlvgdgrowad by
an i nstantaneous c in color fromclear-whitish to Plac. . .The system

ange |3
pressur e RIBSUICTASESLEinedrinr 1 HeCHicdeIPHaitt BraBpPefine Mo rRafeafed 3-5
ti meso ONRGedNg (CHRYLPRIIE] REGRME, WRASHEBLRAPLIL Brek Qlre edfRGhE Gyas
tenperature, the tenperature of the oil bath was 10 increased to the next
desi red trepgaeddbueash addidiondldembgaairgoi nt pressure neasurenent was repeated

f h i tional t ture. [00174], The abpve. d ted,
novever . 1D n; dhs P RRcen i SO PRRS g MIRE SR G PaPRe e ©
pressur e,degihided1SudRintpr&s skl $dvas ﬁaagﬂ&ssaéam%%oﬂsz'@-ﬁﬂ Opm Beew efeoud

poi nt pressure. The pressure was reduced rapidly (about 10 Esi/sec). The
15honoge rié@gkpoiryi prgfiserep Has @resenra tyas sieduged eaptcdn &gyt 100nest/sere. dhoudy, and
wi t hi;n aho five m.n cl.ear |i qui ) bser,ved . ve .an
e i T R s w R N
consi der ahinatedet @tdr lighid fraispivac ebiengdesavgirespaqudiplasdet ai | is for the
purpose of illustration, and i.s not to be construed as a limtation on the

i nvent i o087 Mes Althpazh the ipveationhasdhien describsdrg congigerable detail in the
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conpri si ng: A) po yner|2|n% Bhe or nore mononers in the presence
of a sol wsntlinikaionanx insestideashiesaribeti ydthedalidoing stliment and a | i ght

hydr ocar bon solvent, to forma pol yner sol ution; B) transferring the
pol ymer solution to a Liquid-Liquid Separator, w thout adding heat to the
sol ution, and wherein the pressure of the polyner solution is actively
reduced in a controlled nmanner prior to, or within, the Liquid-Liquid
Separator, to induce at least two |liquid phases, a polynmer-rich phase and a
solvent-rich phase, and wherein the concentration 10 of polyner in the
polynmer-rich phase is higher than that in the polynmer solution transferred
to the Liquid-Liquid Separator; and C) renoving the solvent-rich
phase.
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2. The process of Caiml, wherein in step A the one or nore nononers are
15 polynerized in the presence of a solvent that conprises of a heavy

hydr ocar bwo 28nlose9ss and a | i ght hydrocarbon sol vent, toPCoruse@osiz1g e phase
pol ymer solution. 3. The process of any of the previous clains, wherein the

pol ymer ¢ [ﬁﬁ\qgrati on in the pol ymer rich phase is controlled by
adj usti ngé][{:| nmount of |ight hydrocarbon conponent in 20the solvent. 4. The

process of any of the previous clains, wherein the polynerization of step A
t akes place i nASOHBRBIPOIYRGHATIGUPTREFSSODEIEBed from the group consi sting

of one of the A)‘)H@lg{'eﬁg@g(@} ollj_ﬁ‘g)ré £RG6RErs n?[l%ﬂr@s)en{o_e"& Va?srol\féﬁ[ ﬁlaflcgcﬂ’ﬁeéir%%§

configured in Se process o aim ereint

react 6r iaheahehydacdrbon sdndnt gud atipghrhydesarboatsobent, & fora agedyrmargohy®hem 6.
The process of Cdaim5 or Caim6, wherein each.reactor in the reagtor
conf i gurat i on Bofran T8 Ry B L1080 @ L ‘1“;53 Seewaopmitioyt sidinge

previ ous yeh@bhRe sOMMIEL WREeR RS gférsﬁlré Bf ﬁ@%ﬁlfn‘?&%ﬁ'ﬁoﬁ’fs a%ﬁ%@ly@edu%ecﬁ fieS
than 18 MPa. WO 2011/008955PCT/ US2010/ 042139 ° 8. The process of any of the

previ ous adoairi¢d mherezipniot tve opwebimuthe liiquiddghuid Saparator.itg ifdugerntlié®tbae (11
MPa) to 150.pbar 15 MPa). 9 he pr.ocess of. any of th r.evi ous cl ai.ns,
wher ei 1 CRGIDBIREAPIRms ik ek Bt e gor ek Bisi 1 YGeBds e e koe:
10. Te RfPeREsereh thRmolyhertit® fHagYis Bikthet tHah MBat iR PRl yIndrRBIuSIBh ViBAdferlrdl St ep
A is present in an anount greater than 80 wei ght percent, based on the

wei ght oftothrelignidylgpidAgpreiorsysk em  11. The process of any of the

previ ous cl ai s, er. el B.I:s r epeat ed. 12. The process of
any of the prre@ 56\3@0%[?%% ﬁé,&%gﬁerrléehlp%ﬁg% | i ght hydrocarbon sol vent is added

to the process in steps B and C. 13. The process of any of the previous
clainms, wherein in Step B, the Bress,ure is reduced to a pressure in the
range frcm 80 B&rpr?@sw%?fatra 13 wheygin letqvlj%&)the One or more monomers are

15  polymerized in the presence of a solvent that comprises of a heavy hydrocarbon solvent and

a light hydrocarbon solvent, to form a single phase polymer solution.

3. The process of any of the previous claims, wherein the polymer concentration in the
polymer rich phase is controlled by adjusting the amount of light hydrocarbon component in

20  the solvent.

4. The process of any of the previous claims, wherein the polymerization of step A
takes place in a reactor configuration selected from the group consisting of one of the
following: (a) one reactor, and (b) two or more reactors configured in series.

25
5. The process of Claim 5, wherein the each reactor in the reactor configuration does

not contain a cooling system.

6. The process of Claim 5 or Claim 6, wherein each reactor in the reactor configuration

30 is an adiabatic reactor.

7. The process of any of the previous claims, wherein the pressure in each reactor of

step A is less than 18 MPa.
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14. The process of any of the previous clains, wherein the polyner forned

in step Ais 20 selected froman ethyl ene-based polyner or a

propyl enewbasadopsty mer

an et hyl ene-based pol yner.

10
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8. The process of any of the previous claims, wherein the pressure in each reactor is

from 110 bar (11 MPa) to 150 bar 15 MPa).

9. The process of any of the previous claims, wherein the polymerization temperature

of step A is greater than 150°C.

10. The process of any of the previous claims, wherein the solvent in step A is present in

an amount greater than 80 weight percent, based on the weight of the polymerization

system.
11. The process of any of the previous claims, wherein step B is not repeated.
12. The process of any of the previous claims, wherein no light hydrocarbon solvent is

added to the process in steps B and C.

13. The process of any of the previous claims, wherein in Step B, the pressure is reduced

to a pressure in the range from 80 bar (8 MPa) to 10 bar (1 MPa).

14. The process of any of the previous claims, wherein the polymer formed in step A is

selected from an ethylene-based polymer or a propylene-based polymer.

15. The process of Claim 24, wherein the polymer is an ethylene-based polymer.
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15. The process of C aim 24, wheceius2dailo@43069 ynmer
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