WD 2011/ 087728PCT/ US2010/ 061099 PROCESSES AND APPARATUS FOR CONTI NUCOUS
SCLUTI ON POLYMERI ZATI ON FI ELD OF I NVENTI ON 5100011The invention relates to
processes and apparatus for continuous solution polynerizati on. BACKGROUND
OF | NVENTI ON WOQ00241%nt i nuous sol uti on pol yneri zati on glddesdessigfdneral |y
i nvolve the addition of catalyst to a nononer and solvent m xture. The

m xture may be back-m xed giving a 10 uniform polyner in an environnent

wi th substantially no concentration gradients. WO 94/00500 (Pannell et al.)

descri bes a sol ution polpRRiEFAS OMD UWPPAR EISFORIEMETINU@USONt | nUous
stirred tank reactor, which may be 1n a serires reactor arrangenent to make
a variety of products. [0003] T@M@Mﬂ&mzati on reaction can be
absorbed by the polynerization 15 m xture, causing an exotherm
Alternatively, or in addition, the heat of reaction can be renoved by a

cool i ng syst SSRELROEINXENTION 0| i ng of the walls of the reactor vessel, by

internal ly arpanged healnvexohangessw haeesesCamd egdpddud Heabn@xenar@edd ui d,
by an external heat exchanger through which the contents of the reactor are

conti nuousl y RODRGEHBd, by an over head condenser which constantly cool s
and condensesBNE@ROROUND IOWINVENTIgN reactor, or 20by a conbi nati on of

t hese neans. | Eig(ill In the course of the polynerization, typicall X _.a
pr edom nant d ht (QS\‘)‘E‘P“O% SQrpifonoBOSY MY KON HRATEFS 8?“e%ﬁd‘i‘?@rlv§)th? addiisefimed
and the pol yrmafalykOto®ehdnsmeti &&i0doved: iktlbe BRI MRAke mbherchbghetixddh@ving a

concentration of the polynmer, the higher the viscosity of the
10 un?fonn polygler }/n an env1ronmentgw1th substant\llally no con%lentratlon gradients. WO

94/00500 (Pannell et al)) describes a solution polymerization using metallocene in a
continuous stirred tank reactor, which may be in a series reactor arrangement to make a
variety of products.
[0003] The heat of the polymerization reaction can be absorbed by the polymerization
15 mixture, causing an exotherm. Alternatively, or in addition, the heat of reaction can be
removed by a cooling system, by external cooling of the walls of the reactor vessel, by
internally arranged heat exchange surfaces cooled by a heat exchange fluid, by an external
heat exchanger through which the contents of the reactor are continuously circulated, by an
overhead condenscr which constantly cools and condenscs vapors rising from the reactor, or
20 by a combination of these means.
[0004] In the course of the polymerization, typically, a predominant amount (over 50 mol
% of the monomer or monomers) is consumed and the polymer formed is dissolved in the
solvent. The higher the concentration of the polymer, the higher the viscosity of the
polymerization reaction mixture containing the polymer, solvent, and unreacted components.
25 The mixture passes from the polymerization reactor to a finishing section in which polymer,
solvent and unreacted monomer arc separated. In the course of finishing, solvent and
unreacted monomer are progressively removed from the polymerization mixture until the
polymer can be formed into a solid pellet or bale. The separated solvent and monomer can be
recycled to the polymerization reactor.
30 10005] It is well known from extensive literature sources that polymer solutions can
undergo phasc scparation at the lower critical solution temperature, with phasc separation
being encouraged by higher temperaturcs and/or by lower pressurcs. Solvents sclection also

influences the conditions where phase separation occurs.
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pol ymeri zation reaction m xture containing the polyner, solvent, and
unreacted conponents. 25 The m xture passes fromthe pol ynerization
reactor to a finishing section in which polyner, solvent and unreacted
mononer are sWPAPHOEAZ I n the course of finishing, solveki/laHd"¥Me8act ed
nononer are progressively renmoved fromthe polynerization mxture until the
pol ymer can be fornmed into a solid pellet or bale. The separated sol vent
and nmononer can be recycled to the polymerization reactor. 30[ 00051t is
vel | known fr@oagxt erngiphenonich&l sptee SRMtReSs fiRAY a POs)RRIkioS Bl e kdREoCaN
under go phase separatlon at the lower critical solution tenperature, wth
phase separaﬂﬁbﬁ’ﬂ@?ﬁﬁ“%h@BﬁPtQHHKWV“HP@WE?“%%ﬂ$E?%¥ﬁ¥é@“ﬁﬁﬂmbfﬂﬁﬁw‘bﬂ%r

pressures. Sohyeylisils h@ehb@N t@hRunldf | angRsuthensond b onkciohere ghase
separation occurs. WO 2011/ 087728PCT/ US201Q/ 061099 [ 0006] The. phenonmenon of
phase separ athobfnseoly s SPmpIAICorRINHERRLY A1P'Y AP AYed 8MBE LRl PHEC the

pol ymersi zat i 08ackR! \Gohents émr@mekafeen@%mran@ém@a PRRAGETRY cxCQR\ESS N B,
especially of the volatile nnnoners Enperature and pressures have to be

sel ected Tor YPYHOPBIS FEIYLHE JeIrlTRoMDMEERIoH: VbV SehShe FBI866 B Hiant ed
phase separ atjjo@RgtRsisdtgldiMascantdins aSohvgnéssurssich as hexane may require an
el evat ed pres§ure in exce%® of 50 bar to avoid tgﬁlﬁﬁ}se condltlons for

ol efi n pol yndP¥%4t i dh sorapidntin golymetratien yesesive the AL TPRES HERGEATRD iis

si ngl e- phase wpRdid aBES that rch@ORT st@r @S Stpatse vHIAMIR 7dolvens aite usRbhdtdd @dnomer
polynerlzatlonpgrocesse t he Qenone on oftghaglF E arat on i s exploited
after t’he redCPPIR"St¥ ?8“%8% r 819%ePRPPNA 9" Be QBFY &Hd P Ea i PEG b Romer
conponent s Oﬁerﬁﬂ%ﬁat@’@&wéfl&ﬂﬁye ﬂlﬁdO\pﬁl cyﬂﬁfezﬂ sontidbh enptheie hadndourigad thatlove dse,
separation at ng L}iature wel | ghe Iomertc it sol ution lesiof

t enper at ur e |p§ YEHES %%8‘“&"8“% OB PR t“' Sf ﬂ{‘ﬁ‘e&B?Fézéﬁf‘P%tP &u°
phase. Sone eafidh f arahivhelags exphaemxgh&ﬂgﬁmeﬂahmpﬁnnﬂma @s Tof. avibwdni we ar e

a1 o pol ymal EpsG Pl e SRRl o Y3530, WY 3 g 0*%6?

230-23(3; " Loweiticr |Sdh£t@h SQ‘rripéﬂamfh TBéﬁaexbﬁt of eEthllaﬁfyl Bﬂ’opﬁlf:neEt (D(_)ﬂo@frk&rs in

Propyl ene Co ner s |n Mul ti.co nent. Sql vent s" hy, ‘ | r ani I
Journal of AGDHGHTRBI) ML TGRS T986 OO oA Shecone
" Separ ati ng Rall.ydtepp. S67ut 80N SSephrhiiin gSerd@tiet rSotuitioa with Su;ﬂs;nﬁchymh&r KoyAVlailde Hugh

phae: separ atT O ERet Fbd" URCbasear 197 ey kot o 61 Rar yF v inona ™

dynam c unlVQhaa%qhyumhaﬁsukormpﬁhwﬁmmuﬁlx@mmeswomuﬂmndmuh chs&oMemﬁm by
Haj i me, Tanaka in S 19 100

| ssue °7, pp. %éiréalgéég?ss {OSH‘E}?’?‘“CM?%GSEEM‘HS?{X‘Hgiméquvs PR I RE “c“‘)kadeTcrrnt
Pressures of JEIdWIoéﬁhcrﬁioachlhvmr(H Amril SADE ol 11686 Imnnd' @mem:ﬁm; thbrt Rthejpane, "
by S.J. 2533- 08]
Us 6, 881, 800%téf”h“cﬁl“&%E{?f tggglod'ééﬂ@%“?ﬁée*émé*r‘}o@éh EAs SRR (S8 et g

cont i nuous s@hmﬁMOmngMymeTby&ﬁﬁﬁmcoﬂ10M@kmmKanb$uu%ngmeime@ﬁ§%°ﬁ%opylene
and ot her ol comn o] tio teactlon ace under
pressure in i6d0§ %% 8%{ ?00 rcﬁ)(%t %ﬁ?éé@é% b81?{)316, Yahd“theén taﬁ%‘“dtlg? Ueht from
t he reactor @mnmaasbomsmlmﬂﬁneahmdwﬁkwﬁmanmmﬂmgyswbk¢mhgwkandMUhEmohémted
in one or t.ex nger.s r n egsyre. d

whi ch causes ?H %FPIugﬂ?[ggmmhégggggggggt%ﬁfﬁp%gQ%d mﬁ%&-r?c% ﬁﬁdé@gand a
po!yner-leanpphas&mnmhcseogha@ebﬂameeﬁ@paﬁamemﬁmm¢¢wmh®mpGHVMEﬁqieahaphase
0ol N0 Purt 11 BN ASSHEIRA HBchS, UEET: A5 SOLY Blhan IN.RALYIRE LG phase
IS subject t t aration an f5 cat ron ages, incruding passage
t hrough a va@uuwmdévmmwmmhmzesﬂwRdﬂWmMﬂm@wﬁhemﬂv@deHnm@wmﬂahhmh@awh@m, t he
polyngy is f i el Lor d} he
R g e e N L
types. [0009PnQWﬂWdeﬂh@cgwﬂgheowmﬂeThmewam@@n@m@wsamaWy@ﬁg)ﬁuh@wamhmgm
activity; th S nder neli i, i I hase
separation mg&1g&ﬁk§%%y%%*%qé%épégg %pg@§ r%gam &ﬁ#$%u@§§%oP?ﬁ§?§ gﬁlon
activity during phase separation may influence polymer characteristics
undesi rably. [0010] Many types of catalyst are known for olefin

pol ynmeri zation, including Ziegler- Natta,2chrom um catalysts and single
site catal ysts such as netall ocenes. [0011] For the purposes of this patent
specification the term"netall ocene” is herein defined to contain one or
nore cycl opentadi enyl noiety in conbination with a transition netal of the
Periodi c Tabl e of El enents.




[ 0012] The use of single site catalysts is associated with poor solubility
in the aliphatic hydrocarbon, saturated, non-polar solvents used for
honbgeneous sol uti on polynmerization. As a result, an aromatic catal yst

sol vent, suchWQ§OF@FU§he may have to be used. This in t HGT/SAHYREMBI i cat e
sol vent separation to prevent toluene build up in the reactor, and lead to
envi ronnmental pollution and added mai nt enance expenditure. [0013]In sone
sol ution processes (see WO 98/02471 Kol thamer) the polynerized m xture is
flashed of f ivuchi® dstagrsationhelcelyyridies s&lméenhtoameﬂsmnefacuo@@s ﬂmn@dsr’ege ar e

converted to a.vapo hase. Eff |en extraction of s requires
| ow vapor pre@%@?’%s%agﬂm%‘tbﬁﬁmﬁh Jor RO mApclirg d&?“&?@ﬂa‘gﬁ’?ﬁmo ¥ biPFowed by
punpi ng for seberquewhilsapamalc v, Hét@AURSe dﬁt&m@tsﬂgw 5 hisedtitie; anvawitp@ ymer
fromflash se ratiqn tages to. a final %ﬁ | atilizing extruder. r[§0014 US
3,912, 698 use¥d HEAICXCAUNGRAItOBT i higuPBesT SERRTSYPUAMEY perlrite
increase in r@apctranrcgap(aﬁmm;cdvyfwﬂ&mza@ucacﬂgtﬁ QuHnigNghabd1 sdpBi@tiér0 Rfa@Xh1RhicR

mul tiple flash to renove vol %’ﬁ E@’t [ 0015] The use of single site catal ysts
is al s0 associoRN g riHFrisHes ugdss&* i on of hydrogen t hrough bet a- hydri de
abstraction. [Bomh hydiggepes oshenlysesy khech hﬁ@h@f‘hq)onw&aronfaelddmgmg&ci as
a nodifier t red ce the m)l ecul ar wei ght of the lé’ The anount of
hydr ogen est abi'FsHENFH CHBFYNEIS LS G CHEYS HuGR Y B YOS r eased or

decr eased dep[emriu ng ron tmeh@urp@bgef thido et | specifivaii@hthe t£@0 2adthibcs@TEs hercin

contin yous so |on Neri zati on processe speci al t hos. rocesses in
NP Cioadingt o IR AR RS e o S e R A
condi ti ons, td‘ﬂ@alfoé&ﬁPbﬁocﬁkﬂDib&cbfhm{n&he it is supplied to the reactor or

reactors reasi he_ano eat, ) e o
e oS oL LA SR DS URKEL O Ry Vo s a e g
reaction whi diydmaanbdae sathaed bed- ;tojar tsheemeaeﬂlfmnhmogbnmms w’latiaﬁqablymeﬁzdmeat i ng.
Cooling of th U|res nt .amouyr ment

equi pnent  an a‘“nre%untefl 0 °m8 d\?\‘}%( ¥ éoa} 5 g&“th dﬁqglueﬁﬁé?dé’ |br? S@%ﬂ”’f%ﬁn

i mpr ovied appa:matcmspla:md %pfv@ﬁieﬁtﬁﬁstlcfnab eoht uoglcﬁc«hémfdee;d in tht QOLWLI andsleddeto

cont i nuous s%%%%hon ppl nq{|28%&%9ngj ocesses, Lwo reactors are used. For
some products, suc §3 % ene- propy BREE SIS WS noner (EPDM pol yners,
t he reactor r#di3be 0@60@¢6dﬂh®13$0%8$ @&bﬂKb@&@24mrbdummsmﬂfmeIﬁ%@ﬂphﬂ
propyl ene- et @{1' t%pcebcﬁ)a% dygﬁlrlg t%gcsl‘t]a %‘E wrereh t%grslob 1q Ing EPeag:'tgg) r1§0:|'4mlrt axles
preferable to have t wo reactor ’n par af} el ere” rensl

for inproved cowaccbno asypdrephrssct ﬁffa:hdnowmmroe of fdlvant,ent, rmudchlotvlvapbr(pfcssurcs

need

20 and vapor phase compression or condensation followed by pumping for subsequent
separation stages. Pumping is used to convey polymer from flash separation stages to a final
devolatilizing extruder.

[0014] US 3,912,698 uses a heat exchanger for a liquid recycle stream to permit an
increase in reactor capacity while reducing fouling in the context of a multiple flash to

25 remove volatiles.

[0015] The use of single site catalysts is also associated with the generation of hydrogen
through beta-hydride abstraction. Such hydrogen, when recycled back to reactor feed, can act
as a modifier to reduce the molecular weight of the polymer. The amount of hydrogen

established in polymerization may have to be increased or decreased depending on the target

(O3}
<

molecular weight.
[0016] In some continuous solution polymerization processes, cspecially thosc processes
in which the polymerization reaction is carried out under adiabatic conditions, the feed is

cooled before it is supplied to the reactor or reactors, thereby increasing the amount of heat
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10such pol yners. 100181l n conti nuous solution polynerization processes, the
reactor effluent is typically subjected to one or nore separation steps in
whi ch sol vent, residual nononer and ot her volatiles such as hydrogen are
stripped fromMX&UA81¥her. Generally, the solvent and ndidfER4PEecycl ed,
W th sonme heavy conponents such as toluene (introduced as catal yst 15

sol vent) and sone light end contam nants such as hydrogen and but ane bei ng
permanent|ly renoved, for exanple, by being sent to a flare. The recycl ed
sol vent str eamerBygcaantaiby @e poBkriANOUMactfn @mbzrmf be s&w;bgh Qﬁlﬁthb hadaﬁ&h 1
wt % which can.foul .the solvent d eal exchangers an t her eq ment
through whi cnipee PubiE SREG e ooRR b aR rEIGUF BuIhe Ge famit of

i mpr oved pIanmvandmpmo&@g&&ﬁtﬁ@fmfadﬂgdagtowmmhﬁm@am;ngh&@eﬂﬁ%ﬁeph&mQ£rSuch
fouling. 20 10019% There r nalns ? need for.an inproved continuous

sol ution proc8¥5'g ﬁﬂﬂ%ﬁﬁm PERSHIBGPYRE srecdor nore of the fol I owi ng
benefi ts: promucung1ﬁ@&yaamuaﬁm@@ﬂm&a&bgmaﬁﬁmsspmmﬁ&gad@n&mgﬂs@%u@ﬁgwaihng
w ndows i ncl udin ryin ol rizatio enper at ur uci ng, a broa
epectrum of  pOIYRETEet e P GPREy SR gieh SoBor ety DV BTG ay b g

nmol ecul ar wei gt s omkeﬂﬁhl sé@tes WebiQhilicr htaititts, bblrtéx@llﬂ§l,e, @ﬁ@l - e&@[éﬁ?etfﬂb[ymurb I
contents; permittin 2 h ct.ion af mers havi ng usefu cul ar
wetghts at " UR ot B LBSYE e R RGP B G PALE. of

cat al yst perrﬂmnam&emsmadutﬁmgmgnﬁmgymaamgﬁnpmn@aumesm&cuﬁbmm;n&hkn@ismlng,
and regduci ng &n V|ronnental di scharge; and reducing or avoiding fouling in

t he recycle and %u¥|?fcat|on systens while using highly active netall ocene
type catalystmﬂmmthIummﬁmﬂmedomnmomﬁmnanﬂnmemﬁeﬁakuhemﬂubﬂﬂ@uﬁemﬁwpkmqn

30processes. 0 or additional back roun Iso 94/ 00500, a

020 19760, w0 Bo s SRk URBEHET G6TSb BRNRRY RSP KVERIPER (SR The
i nvention promkﬂkssadpbamymtgm,Mhequaimnuouﬁ mmmmﬁlo@mmﬂmWnﬁmhmaknwmubf
one or nore nononers. in ent

aspect, the pnilonO{ner are 1ec c:}e s é%ﬁloﬁ dr%éssu on%ntb d)luetne mtr c{uc d ndé Cﬁtégltst

exchaniger downl%rrtbam @f’netli‘get Qminqmntahmnants such as hydrogen and butdnc bemg permanently

removed, for example, by being sent to a flare. The recycled solvent stream may contain a
small amount of polymer, say, less than 0.1 wt%, which can foul the solvent driers, heat
exchangers and other equipment through which the recycled solvent passes. There remains a
nced for improved plant and proccsscs for reducing or mitigating the effects of such fouling.
20 [0019] There remains a nced for an improved continuous solution process and plant
which provides one or more of the following benefits: producing polymer economically
across a broad range of operating windows including varying polymerization temperatures;
producing a broad spectrum of polymers, particularly polymers of widely varying average
molecular weights, molecular weight distributions, and/or comonomer contents; permitting
25 the production of polymers having useful molecular weights at high temperatures (above
150°C); accommodating a broad range of catalyst performance; reducing energy
consumption, especially in finishing, and reducing environmental discharge; and reducing or
avoiding fouling in the recycle and purification systems while using highly active
metallocene type catalysts with unreacted monomer and temperature during separation
30 processes.

[0020] For additional background, sec also WO 94/00500 and WO 92/14766.



5 anot her aspect a feed is cooled by three heat exchangers which are
refrigerated by neans of a common three stage conpressor. |In another
aspect, the plant conprises a primary reactor and a secondary reactor
arranged to of@AtE%TH parallel, in which the ratio of VSITHREGP1PNe
primary reactor to the secondary reactor is in the range of 60:40 to 95:5.
I n anot her aspect, a nethod of defouling a heat exchanger is provided in
which the level of liquid refrigerant in the heat exchanger is tenporarily
| ower ed. DESCRIRMARY OF INE:DRAON NGS [ 0022] Figure 1 shows a schematic

| ay-out of a rocess flow of. a3 known ol efin rization
process; | Oozl%gﬁgur eé“@ﬁ%‘?ﬂsprg‘”ﬁ?cfrr&j’é fordhs $BBRY0YS éqllﬂté’ﬁd’é%ﬁf‘z‘l‘“(?fl of Are

pl ant of Fi gusremdre rﬁ&[oa(a%h& gulkent 3. @h@@d@ﬁhﬁdﬁtdlfe@{ I gn ant %e[d:cbhﬁdqglaﬂig and
cooling layout in nt havin ry an econdar

according to Wﬁ}é’r‘éer?ﬁg“éﬁ%r?é?‘?f‘“%?u“gpr@d l?é*ﬁf’?{% 4§55 5‘]@915&?%”& Ogﬁ’S\REmp' In
schemats cal | yanathtihaspet s fca@)s 0616 LHED Ihcét@ﬁchﬁng&{:)d Vyhuﬂgaré &fﬁﬁgqudﬂtmdaﬁs ofa
refrigerated heat nce h one enbodi nent of the

gcha ers |nacor V\}El
i nvention; and"{'68 géffﬁt FegPispor g angt 6a%°ﬁ‘8 %plg‘&tt‘rBWﬁ‘tl?e& iUt sracepgnd
| ayout of t ubesccbrma@ éa@t&'s&rah@@lt toemmgﬁparMI Qh] vihidh the ratef el @eé Rf the

accordance with the d of the invention. | PTI. ON OF THE
L DSTRAT VE TR ot BsadT reder i B2 et oD RS R by -
descri bed herredthndi@dafopluegu hcfaObxchJﬂ%cC@l’p’tdv[ﬂdfbhtSwﬁmh tici love! poOliguiefofizgtinom of a

feed conpri si o] nor e in mers and a sol vent, the plant
corrprilg)i ng: 59?%63{;?X8€ang%Ilsetﬁlalf’?{ém%é%“heéc o bl end one or nore ol efin nonomers
and a 25 soIMRﬂ’T@ON@WWHMAMNﬂSI vent, to produce a feed for the
reactor, Lor 5%1 SI n 5 ?ﬁﬁt}‘megd to Bfa%an epr%%eﬁ?tﬂémq ({lklégmb
prefer abI y at st pre a t Ieast
100 bar, and mfm@olynmgz&yspxemsﬁor cool i ng the feed prior to entry into the
react or conpr g eat ers rei ast .one of the
heat exchangdr b‘ﬂ"r %o%/%ee%r 8%‘101(4}%16“ b%@%gd Wﬁﬁ%?ofh gf)%ﬁ%rﬁéhgers are
optional |l y cdéi2dd WIFilglurecl)ﬁllowmgch‘e\mbtwlallﬁmﬁkedi.bl@nctﬂg’lﬂﬂ@bﬂdgﬂ@oat i8 uppinyhaofng
cooling water, ast _one the at _exchangers is
refrigerated. p&%&% nal Ibec\éhdatry 'Ie‘ice%Or accordm%%e%é)tnc 8@(1?: dgr}llméf) g(e)\l/{‘ﬁg%ro &am of the
punp is refril¢esht eﬂlgu@pﬁt showabdhymategaltyha feetstage chmqiressmé@anlgeylsg feffgec@otoi Ng

the feed is rr&f‘iéér&% ﬁclaﬁg(changers in accordance with one embodiment of the invention; and

[0026] Figurcs 5a - ¢ also show a schematic view of the layout of tubes in a 4-pass heat
20 exchanger which can be defouled in accordance with the method of the invention.

DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

[0027] In a first aspect of the invention(s) described herein is a plant for the continuous
solution polymerization of a feed comprising one or more olefin monomers and a solvent, the
plant comprising: a reactor, blending means to blend one or more olefin monomers and a

25 solvent e.g., hydrocarbon solvent, to produce a feed for the reactor, a pump for compressing
the feed to a pressure of at least 20 bar, preferably at least 50 bar, preferably at least 75 bar,
optionally at least 100 bar, and a cooling system for cooling the feed prior to entry into the
reactor comprising at least two heat exchangers wherein at least one of the heat exchangers is
downstream of the pump.

30 [0028] The heat exchangers are optionally cooled with cooling water and are connected
to a supply of cooling water. Optionally, at lcast onc of the heat exchangers is refrigerated.
Optionally, at lcast one heat exchanger downstrecam of the pump is refrigerated.  Optionally,

each of the heat exchangers for cooling the feed is refrigerated.
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WO 2011/ 087728PCT/ US2010/ 061099 [ 0029] The sol vent is a conventi onal
hydrocarbon sol vent or a conventional non- hydrocarbon solvent. Preferably,
the solvent is a hydrocarbon solvent. More preferably, the solvent is

i sohexane or MORUHHERhnes. Still nore preferably, the SEHNEANPY09

i sohexane. 10030]1n a second aspect, provided is a continuous solution

pol yneri zation process in 5 which a feed conprising one or nore olefin
nononers and a solvent is pressurized by a punp to a pressure of at | east
20 bar, prefefamdy athel edsint 50 ab@d’nverpifo&%fl%;&lbjcytbaﬁ sbl&aﬁt or75 &))ai}cnt@li)iﬂ iAal |y

at least 100 r and i chan | ocat ed
downst r eam of Pﬁﬁowﬁﬁ%‘) Veﬂ}?ep?fcefdgfybg‘ ﬁ@v I‘Vﬁﬁ'ﬁfofﬂ o7 ?ﬁ"é‘mi' 2\2@?&6 Hﬁ%élﬁer eam
of the at | easiveoneisbieatncex afvad@etancd. iStilnerepbebiyent solidheisig@ekans cool ed
by at | east O@ﬁgﬂe” erat d heat exchan ger down to a tenperature. bel ow

-10C, and is 8ssur 266 % péovbc{%firds &4 b?%sbgiﬁl%“ B?Iy B RAEPTOSGS Har
preferably at Whlelastfccﬂ&ob@h;mg snd hemofcusitfiremoe@alreshd N sdavdnulid fredsurized by a

220, “opt i onalp Profitedoe 1o RhoRb 0Bl 1y ST B 10T 43t B Per to

bei ng pol yrreropzlemhluynatalearseaom Oir dedvis theeamplfl ih he 1Easr bh@medtea‘xbmagg&rabad¢meat
ol yrer zat ol G BOY e PREPART SeaF POV RETET got Soee fogereRendhguien”
(refriger at etbnldadt ceo&mh@ngmrcmca:rrﬂaoah]sm tn daed 1@8)0&:H|b|y|aefc5a_)t onaroém@kdtcdumsﬁ ream
gfspfa(r:]'?spgppt heéfcl ;hgn O|W(l)1n Pmlpgam Eﬁe flﬁﬁgf n(gébtt?l% Blhe%?ﬁh erdt?yggg)ggﬁﬁcgpgam
of the punp. Mm&mtoﬁgeaaslm bapnechebaly @Xchanybir, nssthdom&texr eavtadoih 4 Rethpunp
and the ot her elhggftateg% cxc NASE (osp%xonaﬁ%e r 1§ e Sré[ {) gqo Mgp%th[og%gg] In

t he pl ant and process accor i ToF and secon spect
i nvention thd“lqmuﬁp%?s) At pﬁml@ffrfan loe@ st -36He pfiomalbeihg pdlyexdtld ngercaand

therefore the cau the action of the punp on the
feed, which r?g&g%g&%wlh%u ”%fn "o eﬁ%&?@émhn ‘8, can be count ered by the

refrigerated [ﬂ@ai exc hmvgepldrdwmmm@am dicfr whéupunplutbopolgrariptien of @bfinsi ng
propyl ene as @% ‘?{) Fil% %g«grate& Iﬂgat le ﬁ' %grgg {i'ﬁlgat\é@éhg%(r:saar}e flble? Ll%%»cnhaesd in

arefrigerate Ager W th out res
propyl ene belcbilical. resgheasireanppiths prep.i én dioqulrnt amdlp@@ss havoimgatp rtanfyememnit

wher e the purg ITPCOB? g&?&é‘}g dttt[lg ﬁl%n%fon targ (laea t'tﬁ]c nd'[ Ff‘JaE bs Egn%gr Ig d?v%?*ttrc?na 8? %e :I%l%f’ 26 be

| owest practica tenperature at the reac I'nle
about -38C t AAdv@9@cowds waric nigpat liathandre 1pudwn$t9;alsecf theepfrgednd 30k togwperat ur e

by aboyt 3C. c!(&dﬁgl )oiLgInng 9%?‘9?@59%’%“ t he invention however, the final

heat exchanger 1S OWnst T eam and so can reduce the terrperature
of the feed ¢g¥33h i Mt e phet andactcers abrding wtthd Hiseendtseqopé pateets ef ths anpentdhC,

thereby all O\Mqumﬂsnis 'uE's(flrchﬂ%? ati 1@asl£’94eyf{£§f hddf %Hﬁl&;b@ﬁd't&l&&% tﬁee%ﬁl‘iagjét’ure rise
caused by the action of the pump on the feed, which may be in the region of 3°C or more, can

be countered by the refrigerated heat exchanger downstream of the pump. For example,

25 using propylene as a refrigerant, the lowest temperature which can be reached in a
refrigerated heat exchanger without reducing the pressure of the propylene below
atmospheric pressure is about -41.7°C. In an arrangement where the pump is downstream of

the final refrigerated heat exchanger the lowest practicable feed temperature at the reactor

inlet would therefore be about -38°C to -39°C, assuming that the pump raised the feed

30 temperature by about 3°C. In the plant and apparatus of the invention however, the final heat
cxchanger is downstrcam of the pump, and so can reduce the temperature of the feed going

into the rcactor to a yct lower temperature, say -41°C, thercby allowing an increasc in

polymer production in the reactor.



WD 2011/ 087728PCT/ US20101061099 [0033] I n one enbodi nent, at |east one of
the heat exchangers is cooled with cooling water. Cooling wth ordinary
cooling water is the | east expensive nethod of achieving reactor feed

cool i ng, meanMRF*t&7#ool i ng of the solvent or the nDno?F&TéUsé"r“”%P“’”

conbi nati on of nononer and sol vent, before being cooled to further | ower
tenperatures using refrigerated 5heat exchangers. [0034]1n yet another
enbodi ment, at |east one of the heat exchangers is a fin-fan cool er wherein
the reactor f@esB] mMaaninB@nbbEms] MeBdst Ofic bhie MBNQRENaSgRY isaoRdNithadobiy Of
nmononmer and sol ven exchanges heat with anbient air that i EI(;orced over a

bank or nore B ﬁ?\%l’ﬂlgtvﬂl ‘dmﬁ% ©olipd Rl s hE It PPV UREPET ChAHENS ol i ng
water is scar@&mﬁeﬁheo I in€lintny theSco8nglddticgbivag ot memﬁ&nmei;m@ﬁ@w ﬁf
substantially ineffectivye. [003 n one enhodi the at | east one at
exchanger dovﬁ%‘iof%hﬁﬁ‘éo%d‘feﬂte["ﬁlgﬁﬁ}e 2 copls é(rilgp‘\ﬁﬁg?rﬁegﬁ‘otfﬂinﬂﬁat\‘/\ﬁf é?m%Fefrégefatedl n

t hat emnbodi menhtcxttagdrocati on of the at | east one heat exchanger downstream
of the punp es the feed t cooled to ure appt oachi t hat
of the tooli dUBt or't gt wbFer iRy FHEORE T e s PaEE RGO gst e
for cooling therdiesd r@@tﬂpfeb(ﬁaﬁ:aﬁlhg @e sélednt bigR¢ ﬁhbﬁﬁlndﬂe(&td c@X16 Mamgest snoneMer of
which is downstream of the res ure 0037] Th eat exc
Gownst r sam of i RE PpeUinEr d Wi SEPEMGH HPas STHP - DM rageat L89Gt | the
feed downst rea]moffhishﬁctlmdﬁppspt@ﬁll}e%aﬂiphﬁcn tdotiyg aner capatd & of hopeftatd g at

g:: erSnS;:’J];eS of éng ats)%mgke crggllin% tov%)rb su tant1a¥ly meffb%l;/e or more, preferably 90 bar

[0035] In one embodiment, the at least one heat exchanger downstream of the pump is
cooled with cooling water or air. In that embodiment, the location of the at least one heat
exchanger downstream of the pump enables the feed to be cooled to a temperature
approaching that of the cooling water or air.
15 [0036] In one embodiment, the cooling system for cooling the feed comprises three
refrigerated heat exchangers, one of which is downstream of the high pressure pump.
[0037] The heat exchanger(s) downstream of the pump will be capable of operating at the
pressures of the feed downstream of the pump, for example, they are capable of operating at
pressurcs of 75 bar or morc, optionally 80 bar or more, preferably 90 bar or more, more
20 preferably 95 bar or morc, and in some cases 120 bar or more.
[0038] The at least one refrigerated heat exchanger downstream of the pump is optionally
a tube-in-shell heat exchanger in which the tubes optionally have an outer diameter of % inch
(1.91 cm). The feed will flow though the tubes, which are by virtue of their relatively narrow
diameter, and thick walls, better adapted to handle high pressures than 1 inch (2.54 ¢cm) tubes.

Standard tubes are available with various wall thicknesses for any given tube outer diameter,

25
the choice of wall thickness being commensurate with the pressure that the tube needs to
withstand.
[0039] The pump may be any pump or compressor or combination of pumps and
compressors suitable for compressing the feed to the required pressure. The pump may be a
30 combination of one or more pumps, and where there is more than one pump the references

herein to the pump should be understood to refer to the most downstrcam of the pumps before
the rcactor, unless another meaning is clear from the context. In one embodiment, the pump

is a multi-stage centrifugal pump.



20preferably 95 bar or nore, and in sone cases 120 bar or nore. [0038] The
at least one refrigerated heat exchanger downstream of the punp is
optionally a tube-in-shell heat exchanger in which the tubes optionally

have an out er W&i24H&8EP of 3/4 inch (1.91 cn). The feed vﬁqTfUS?ql@Wl?ﬂ%ough t he
tubes, which are by virtue of their relatively narrow dianeter, and thick
vvaIIs, better adapted to handl e high pressures than 1 inch (2.54 cm tubes.
25 Standard tubes are available with various wall thicknesses for any given
t ube outer di posger, Oﬁrf&ﬁal@hﬂieq&oc@ﬁs Wwah Iadffabﬁne%eﬁsﬁo@edongo@@fma;@smpab@lwth

t he pressure | hat the tu needs to wthstand 0039] T y be any
U o1 - conpr LEUP GRsEoRB AL Poh PGF B s it it cudardlitl Patirener
conpr essi ng tﬂi‘refeifae@f@ﬂ)@rdrhhﬁ)ré’ eﬁﬂJﬂnrs&ﬂ%@f\ls\h&SISUbahorﬁfd)@e punp mayhbe a 30 )
combi nation o e o an ere there is nore . than o u t he
SO 1 PR el A e R SR R R S SR it
downst rseam oftcmb@atnmrmﬂlctfefdoﬁ & tdntperafiR@mtthd rangtife®en BNOLALI°Cp@Riddy inshecl ear
fromthe context one,.e i ment np is mul Li.-stage ntrlfugal
I s L UL S T S LRy G A AR R

adi abati ¢ condabd3uaes fﬁrabrublgzofrbnpr ;wees®. -40t.i anahd yase tWiRr thapheafibsohsngbh & feed
to a pressure

nor.e, optional l 0. b r refe abl 95

bar “or more. ERECRHY 8oy RS BE B e s o R ol G Sk BT

| east one heait su@m&aﬁagerrcﬁigmsd hi@amcidngt b ey punpi-steducescishe 5 tenper ature
of thefeedt er at ur t.he ra of from5 f ny|n
The rallge:of 1P#Bh SOETPE EChe uRTraRol dumiriheiar fatigeCormiPif Sick

-30C, and in 2§0rm>t10MI@$tlﬁme°Cpm&flersabé Yasésrad enst 38T 456t paddGhrdugh tHe@umiise
where the he chan (S ref gera dan swtaberefr be
Used. Gpt i ondPPET 1 AR hrrRgirahe b LA RuDh bl i Arr St apblor S et °
refrigerat ed reai ale'mglacamga@exstebg/smemﬂ it parsmag@pmaw @sdord. qupply to each reactor

ég{ ng}'glllc?t ;?{c}alletgspntprﬁ%pfﬁg mcllurgi(e:sr FORET onenolgtfeonBF re 1%%8te9yhe%t exlcEaaﬂ%ér lg)'cce:l’ted

15 downstream of the respective pump. In one embodiment, the feed supply to one reactor has a

cooling water cooled heat exchanger located upstream of the pump while the feed supply to

the second reactor has a cooling water cooled heat exchanger located downstream of the

pump. In one embodiment, the cooling system for the feed to one reactor has a cooling water

cooled heat exchanger and a refrigerated heat exchanger located downstream of the pump and

20 the cooling system for thc other rcactor has only a cooling water cooled hcat cxchanger
located upstream of the pump, i.e. with no heat exchanger downstream of the pump.

[0044] In one embodiment, the plant comprises a) a primary reactor and a primary feed

line for supplying a primary feed to the primary reactor comprising a first pump for

compressing the primary feed to at least 75 bar, first and second refrigerated heat exchangers

25 arranged upstream of the first pump and downstream of the feed blending means, and a third

refrigerated heat exchanger located downstream of the first pump and upstream of the

primary reactor; and b) a secondary reactor and a secondary feed line for supplying a

secondary feed to a secondary reactor comprising a second pump for compressing the

secondary feed to a pressure of at least 75 bar, a fourth refrigerated heat exchanger located

30 upstream of the second pump and downstream of the feed blending means, and a fifth

refrigerated heat exchanger located downstrcam of the sccond pump and upstrcam of the

sccondary reactor.



2C, optionally at least 3C, and in sonme cases at |east 10C as it passes
through the punp. [0043] En one enbodi ment, the plant has two reactors, a
primary reactor and a secondary reactor arranged to operate in series or in
paral | el . Opt WORAI%§772% he feed supply to each reactor hdETHEYRHBunp and
i ncludes at |east one optionally refrigerated heat exchanger |ocated 15
downstream of the respective punp. In one enbodinent, the feed supply to
one reactor has a cooling water cool ed heat exchanger |ocated upstream of

t he punp whil @od)e fiaadotbetppibyditnent the p&acmq)ns@acdoafmoha“estq,ue@dbﬂ fagingater
cool ed heat exchan |.ocat ed downstream of t e, enbodi nent ,
The. cool tng SySVRRRT BETITHE T CauoT gTbe TegLror S HAL B BTG GAREILBG) o
heat exchangegreand ol ab&ft 126 3ar at ﬁadrchemw@lxu‘yhanger cémmeedesd@msﬁ roe@m ofis t he
punp and 20t he. coolin st em f e ot h tor o in

Pat or Cool o TR B FARGER Aot S PL A SRIopRE b anst g RS heat
exchanger dowaséri@ammphotstuee @uitiRe ce[tﬂ%@bnhdmborrec erdaods ﬂiEﬂi]'Sphtﬁrh@a ﬁktﬁﬂtcam
conprises a) react or ri ma ee n

e eyt eot SulERdT e HERTL EAlR ot doD PR D o i BB ng
the primary fMdegstae: plovidedSdr rﬂﬁlﬂgacl'ddltlfohd'lﬁﬁoﬁﬁﬂlsS&G:hkﬂdeqﬁSfté’ |pg>ema1bedo et
exchangers arranged upstream of the_.first strea f eed
bl endi g, mearEithg o HBE KPR Sty ar s HDHr s RO G A bz oam
of the first fpainfor mannnp@trb@mmnlﬁdﬂ@umpadWrty arpecaaﬁ@adcqmmdtote)ltcatkeeﬁma@ary
react oy, and a eco dar fee géong for su nglaa se ondar

a
secondary r ea(foC BrpFreny ‘ofid mB Qs es Y ngglfl%erﬁlérgc 5Kd%r y
feed to a preppukienaaly &1°Cl ﬁaeidnﬂﬁa foan 39 fooiir’(c lnd sfthdngenlad édst hétata cexldtpanger

| ocated 30 upstre t he sec n d stream of the . fe I ndlng
means, and a fit eﬁ‘%aréger tog%(r?cg{péﬁ t“"g;ﬁ%fﬁghna&esw fera Y d8wWnS Fhé”érqﬁgocg?

second punp ainsh fupist cedeh wzxfh 4 ﬂeﬁqgsmtod theka eychregc to@rtempdﬂ@re of no more than 35°C,

2011/ 087728PCT/[UUS2010/ 061, 045] 1 n_an r enbodi the plant
copr i ses a CORRBRY 1T PSe i’ Pofe P PREESRLSEOLIERG b, Bk g
sol vents and rpeiencyl reacswl {Fhmecwdtfbedrfesﬁhdbmbnddnsrsm:ltmetdﬁmmoolmféma oot clpmessur e

of about 25 ba{h cootmgnpeﬁer as the c‘é@l]antg%&%mﬁeﬁa e & Ol ed H1 Q%]Xﬂ%%? rncg %O%OOI

this mxture to a ower
cont ai ni ng delssildahtaad 1s5th¢robqoambtoehar¢ymm [zrmsmre tmmt@ttlhfeaedom(at Bk y&unp}in)l?@ons.

The stream | SbcuI or mor%pw C e:'inr%tig‘g Jie[u t i a%nm?%mhg%ged edgout%E’C tt{'gteg{pl ul;cym ar e

reactor and a second he secon ary reac
provi ded for thdigef &doi40r©med>°Golibneosc af artanging éiqmpglctcelalpgcopﬁvmlthﬁrpum each

react af i nt 0, %s thd gc%gnfac %083/ F (,so%E ﬁagnh%ilcx c%hé/c%ﬁl&t% 0? II%htV ?yd?%c%%{gr? E)nl?{r}grgg‘s,and a

seconcf feed. e firs reac up to
a pressure addghane dtherent éatvetarwrrybmeMmm plf@@suree@ot/foﬁle bfilghie poistnmphieh ehuld20

bar o _more, w6 A, EDHddyhehLEIRPEAE Wi, [T se of approxi matel y 15C

for exanple rom dis then co6o first with a cooling water
exchanger t o [8046knpér athirdespoft, povidet e atphahfol BC copmapersabitign pdymeizetiathdn 40C

d then f f [ t
an en “”ahf%édgg%%r%ﬁg entregbb%&g réfﬂe&ﬁoﬂ%&‘%@ic %&‘19 ”@8 1 ¢ yﬁr% erature

of no nore than l'y no nore than pre erably no
nmore t2han 20Gaptoi. dientling ewvnytojbignd opher more olefin monomers Wlth a solvent to provide a

feed for the reactor, one or more pumps for pumping the feed to the reactor and for
compressing the feed to the desired polymerization pressure, and a cooling apparatus for
cooling the feed downstream of the blending means and prior to entry into the reactor
comprising: a first heat exchanger, a second heat exchanger and a third heat exchanger, a
30 common three-stage compressor having an outlet which communicates with an accumulator
drum via a condenscr, a first suction port which optionally communicates with a first suction
drum, a second suction port which optionally communicates with a second suction drum, and

a third suction port which optionally communicates with a third suction drum, and conduits

-9.



15 primary reactor. The second feed for the secondary reactor is first
cooled in a heat exchanger with cooling water as the coolant to a
tenperature of no nore than 40C, preferably no nore than 30C, and is then
boosted to t hAO2Y{F ™ e pressure to enter the reactor, ACOVSERYMII%E 120 bar
or nore, which step may result in warmng of the feed by about 5Cto a
tenperature in the range of from40C to 45C. The choice of arranging the
heat exchanger before the punp 20 enables the second feed to contain a

hi gher concenfor atei @ppl@foflrtfibtradtyfeino cler ommneno BRIFS fo hhifalkt ey oehigemige
have a conbi ned, vapor pressur.e abave th ubbl e poi nt ich would b

ot ri meneal congB T sePhe o g AR RES Ao Che e i e By SR pa ooy
aspect, provigetbn dum, ifbasdnt, fooridulth éramniupply @0 sefisgirut rom tpofiyxmaictigapdronr of a
feed conpri si one or nore olefjn mononers and a sol vent,. the pl ant

conpr o1 hg: - deRERsr S EReRRY: bolneipB bieadruks” S SR oPEIR b ther s
W t h a ssol ventfrigerajurfomi tle s@oddtedt dolitangdieo theaebal sucttiheoior FR6E! Juuignsirin,

punpi ng the feed to the reactor and for conpressi the.feed to the desired
ol s zat i dnrrab abf iR Ehe hinin g sERARATTE PR BorE: bifeor Sed
downst r eam ofsutthe dlendiprgeneanse eivd hpditi cachahger @nd cynduitd Gortrbr@rnr @aefri@erant

i sing: fi . t h d t. h .and a third
et exchangdr 48 i TR sReTR e WP SRS ERURIADRG AP Bfh oo whi cn

comuni cat es [W47h ann ac furtilaagcot, pdevidadvis & eonciomdie e kripn gofyicstatisn @irdcoss por t
whi ch %pt i Onaélo!n riSt or nairi%a% ?ésedvc\/i r%hris?‘n f inlé %} m%r%cotleigﬁ)lnmoq%xlille Ay %echcr)er%x %y ?t i on
port whi ch optl naV?% Eohmini Cat'ed Wa R 8" secanasueti's H?U and 3 Third
suction port tishicehthopizh o fiadt lhyat codimumel, cabesd Wedt kxcatder pdi s thatl ihon eeehanger,and
conduits WO 201 87728PCT/ US20101061099 far .the supply .of refrigerant
From the accuf it O M 8 ThaTr Pet TRt teg Rt Py kR 2EPE
return of refcomgenadmte-firgompipressbr, tietrefhigatntexgiiarghks third htdexdhimest banpcdtiaon
port or firs tion.drum L. present. conduits for the supply,of

ot rigerant f eSO Edfn bR LAy oA LBl SRRt Yo hes et

t 0 t hesseconderhesihg tixphlamgefroraid scloerdund ssifgt mpienaret ur n of 5refri gerant
fromthe sec ea e _ ) 0 tlar second suction
drum if pr eggﬂts P angggglﬁﬁ%?itéoéegsr (t)t ce%hg@pp yfgl(l) !?Sgpcrtﬁogfretﬁqgﬁévefl ¥ nl1n¥ﬂ\é%
second suct i ewpborf tler re§acont fiemct itope dirgarcomfrepore®ehits), seoonthdt third diedieat

exchanger a”%xﬁ%ﬂ%ﬂ%ﬁgmﬂ%élfﬁk%ﬁﬂbPﬁmﬁ%Pﬁpggigﬂ&kLgﬁﬂdé£émkﬂﬂ%&mﬁﬁat

exchanger to t sucti on port or ucti um I f pres‘enjih.e
[0047] I n a f owerthrsalsyyedbyndpihel bded thrge stagro nifi eoupussisolputvidsy apodfiierenti andt i on

ronomers and der ERPFRRELT R EREERPHLELAR IR PAMRE S se, . o
second heat ¢3dAangErtiemdy.atht lhied sheatompehangler sumdich rdfigerdne i iothst hegecond
ehd 11 ek EAEIORNRny b, SEEL LGP L CLAMSTI B ESPTED
bei ng at a cooling air it fihé besk driceoigf prcwgdictchaneyer30C, conbining the feed with
a catal yst tﬂ)ﬂ@ﬁpdu@sti(ﬂxaﬁﬁl B of tﬁ@%rst, second and third heat exchangers comprises a
25 plurality of tubes through which the feed passes and which are arranged in a shell for
containing the refrigerant.
[0051] Optionally, the first and second heat exchangers have tubes of outer diameter of 1
inch (25.4 mm). Optionally, the third heat exchanger has tubes of outer diameter of % inch
(19.1 mm). Optionally, the first and second heat exchangers are four-pass kettle heat
30 exchangers. Optionally, the first, second and third heat exchangers are each provided with a
v three-way control valve which allows at lcast a potion of the feed to bypass the respective
heat exchanger. Optionally, the plant also comprises a sccondary reactor and the cooling

apparatus comprises fourth and fifth heat exchangers which are arranged to cool the feed to

- 10 -



15separating the polymer fromthe solvent and residual nononer. [0048] The
pl ant and process of the third and fourth aspects of the invention involves
supply of the refrigerant froma three stage conpressor to first, second
and third heawog&ﬂﬁgﬁﬁkrs whi ch cool a feed for the conticAGHLY 48t i on

pol yneri zation reaction. The inventors have found that using three stages
of conpression provides an efficient and 20effective plant and process
havi ng reduced operating costs whilst avoiding undue conplexity. [0049]
Optional |y, tthe sétdhndeey shage tleoipliesgpiraak Satist p@hprdtigroehduigdsant sipphobdher
heat exchangers.in the apt, far ex l.e, a heat exchanger for .coolin

ol | et 1 sat 1 orelisrpt BGp S sishom SOZRF o, SeopRahuTulararier BF PG istint i
conveyor. [ 0050}«apdri maabhduits éaclaaf of the réfripatint s elposedomaingictidhl padt bie@tond
exchangers co s a.25pluralit bes thr e feed passes

5 f.t h which t
and whi ch-ar S BV RRRA ot eRLF b SR APy RO P AP glE s B
[ 0051] Gpt i ongloktyor séched fuctiet dramgif sesat)h he fifth @xc bahgersank aveduits e sheattuaut er
di t f 1.inch 4 [ | | he.third heat h has,
fubes of out o Hrdiet 2emef 57 TR s o it chtin gt by B RERPS P g

second heat exeha@ngers are four-pass kettle heat 30 exchangers.
nd thi.rd heat exchangers are. e ded

wth a thyee M7 contis ey oBR S ot 4 T UET & BBt R 157 CHS Feed
to bypass t heceespectaitvetohgatssiex chamgar20 bapvpamally at lcabties tpt anitopebisdly the
cor aes 2 PRI RnE ISR AL DS SRR R PR PReOEBILRET e
2011/ 087728PQd ddSpekOnHBE BRB to a pressure of at least 20 bar, optionally at least 75 bar is located
between the second and third heat exchangers.
[0053] Any suitable refrigerant may be used. In a favored embodiment, the cooling
apparatus contains propylene as refrigerant. Optionally, the refrigerant in the accumulator
15 drum is at a pressure in the range of from 10 to 25 barg. Preferably, the first, second and
third suction drums are present. Optionally, the refrigerant in the first suction port or drum, if
present, is at a pressure in the range of from 4 to 8 barg. Optionally, the refrigerant in the
second suction port or drum, if present, is at a pressure of from 1 barg to 4 barg. Optionally,
the refrigerant in the third suction port or drum, if present, is at a pressurc of from 1.1 barg to
20 2 barg. Optionally, the continuous solution polymerization is a continuous adiabatic solution
polymerization.
[0054] In a fifth aspect, provided is a plant for the continuous solution polymerization of
one or more olefin monomers, the plant comprising: a primary reactor and a secondary

reactor arranged to operate in parallel, the ratio of the internal volume of the primary reactor

to the internal volume of the secondary reactor being in the range of from 60:40 to 95:5,

o
i

primary feed supply means for supplying a primary feed comprising one or more olefin
monomers in a solvent, to the primary reactor, and one or more primary catalyst supply
apparatus for supplying a polymerization catalyst to the primary reactor, to form a primary
polymer-containing polymerization reaction mixture therein; secondary feed supply means
30 for supplying a secondary feed comprising one or more olefin monomers in a solvent to the
sccondary reactor, and a sccondary catalyst supply apparatus for supplying a sccondary
polymcrization catalyst to the sccondary reactor, to form a sccondary polymer-containing

polymerization reaction mixture therein; means to combine the primary and secondary

-11-



t he secondary reactor, the cooling apparatus further conprising conduits
for the supply of refrigerant fromthe first suction port or first suction
drum if present, to the fourth heat exchanger and conduits for return of
the refriger aiP 2 ¥HE second suction port or second sudCitR2WA¥WM*i
present, and conduits for the supply of refrigerant fromthe second suction
5 port or second suction drum if present, to the fifth heat exchanger and
conduits for the return of refrigerant fromthe fifth heat exchanger to the
third sucti onpod@iidi-coitaihiny I ghimheizhtdn ebastivn mixtpee sientstredB0S2 Hppiianal bnd, the

plant conprises g secondary. punp faor conpressing the feed to the secondary
Peactor 10 a BrUCEYrEBE WO Es SRR MR OBREEIS MR eAld PEER dnd
optional I'y thgoreli isdREOnEpIIYmEP U ths cdnttid @dlybetiweenrchdidn hottnteh and fifth

heat exchange Optionally, a punp.for conpressing the feed to a pressure
of at |east 28Tk IBACRONEPIe) PRV et proeshiar T SORiBa salitioh sbaperPriton
second sand t hifrotkfineadnoaxsh@anpasisg: shfidndd Any psStiad ablcer rafrinage feam tompmysidge
used. In a favored em}o i ment, the 1ct),ol i nq% a@%ar atattfsj C ntbaifns .Eropﬁl ene as
refrigerant. BHEF BINE 6™ PAWIIEY Pidg8rat * P RRY SEEiindIarer omae 4 MM Ys at
a pressure i molyhertangendfpofyheialion trenclén Bavige, Ripefy@igabl ¥ sedohéury ireastor a
second and third ‘suct_idon druns are presepf%. C%)ti onal Ia\r/ t he ,r?f‘ri_ gerdant in
the first sucPiBHBATY BF PGP CF £ HroLs 81D TLORES A" o el ik ¢ i 1hdYPdnge
of from 4 to Btabar Gerelgptdrangld yecotdaw godfnidrgettaining ipolyhltgz:siec osudti®umixtat, port
or drum if present ,. is.at_a (gress re g}? from.l. barg{ ta 4 bafgt, C@t%o_nally,
the refri ger ant e RePYRIY $ S UEPTBR BorEc s P imPo P praed i s Al S
pressure of fdoemtkah dfaliegprinmr? @R feagrgaryGpictoon@l foym atchmbiaahpdilpuotsnigmingt i on
pol yneri zat i on, IS .a{t.contAitnuousd adli, abat iC oI"ugci Onth@%'%ﬁ%q za}trinorp. m[d9191574] In
a fifth asped?"BrovPadd s> & pPAAT S OF PPRECCORET Musus 861 B''BR conana

pol yneri zat i gwolyaferigition o¢actior mixplrefin whidnhoet®, oft the ippdragd tvoborepsti the pgmagy
primary reactor and,a.secondar actor arranged.to operate in.parallel,
the ratio of "T45& i 'ee%nncé?ﬁVSI?lﬁ%ré#gjfbﬁ%dda feﬁcagrylb rmetglg o] i Og Or{‘g’o'ltgﬁéo %)f!nf’er nal
vol unmeisof t hepserinttamysB3éactoro, bgiongly frort ME3¢ @vgd0of from 60: 40 to 95: 5,
primary feed |y . means for, suppl.ying.a primry feed conmprising one.or
Tor e of ef - foiger 4 e g pEE R B TR EE i BRRIGSH BERREF 105 o
primary cat alhysbegugphgntiappap atsesedcors stipplayising aHpodvgnerlicaatsedin pataldly st
tot h.e pri rm‘ rCan{ %E%Er? Ed m%.l?e e]: Bf’erqa gf R\H crﬁﬁlé %ntp%ll < 4’ ﬁeg/?ngt aa@mop gorgg%lngr{{%%a Zdat | on
reaction m xtur ereln; secondary fee SLPp 'y nean or ‘supplyrng a
secondary feedngowppbsinhgudne & 1Gbiced,al éfs peendoodeths thy raidsoleviemt of et he
secondgry 1 eqgk il inHMick, AR ANTRL Xa (32N AR YRR ¥nBRBRALALNS Loh: THRRIYI NG
a secondary pOdICerEI’IzaStIOI’l ata ys% 0 the Seco tdary reactor, to forma
secondary poltyemirelcodtsaggisng rppbydre changts iopondémeos. i lomomtiaxt, the @reséne mekmionneans

to combine t }B?ovpc{eg 8Ly ﬁﬁ{‘%dsﬁ?hozﬂg?c'&ya reactor arrangement in which one reactor (the primary

reactor) is larger than the other (the secondary reactor). That arrangement has the advantage

that when used as parallel reactors for preparing, say, a 90:10 by weight blend of two
25 different copolymers, the minor component can be prepared in the secondary reactor and the
residence time of the reaction in the secondary reactor may be maintained at a manageable
level. For example, the residence time in the primary reactor may be about 10 minutes and in
the secondary reactor 30 minutes, whereas for equal sized reactors the residence times would
be about 10 and 90 minutes respectively, which would make control of the secondary reactor
30 difficult. Furthermore, the small size of the secondary reactor allows a reduction in the cost
of building the plant, whilst the larger primary rcactor is available for making single

component polymer products.
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WO 2011/ 087728PCT/ US2010/ 061099 pol ymer - cont ai ni ng pol yneri zati on reaction
m xtures downstream of the prinmary and secondary reactors to forn1a

conbi ned pol yneri zati on reaction m xture, and neans (one or nore

i sol ate the pYOMEMTom t he conbi ned pol ynerization red&H{WSHIM ?ﬁre

[ 005511 n a sixth aspect, provided is a process for the continuous sol ution
polynerization 5 of olefin nononmers conprising: supplying to a primary
reactor a primary feed conprising one or nore olefin nononers in a solvent,
and primary c@osdystoptiohglyelie iy o hg valupiioelicyprp@lry RREo€ @Nthaiveluig of the

pol ynmeri zation reaction m xt | yi to a second react or _
secondary feéﬁ“%@ﬂ%ﬂ?%”ﬁd“BhtC6¥%ﬁﬁfgo§ﬂg%pﬂnﬁ%ﬁ@n@??nghy%mg§ﬁ&§ﬁ?%Oéﬂd a
secondary cat@ptjsillst hleﬁ’)ﬁh‘yls tmmne A tide c‘bﬁ@zﬁxﬁﬁl@dd)'/abﬁk&l Sy 6 mmaizaﬂldmgofoleﬁn

pol ymeri zation reacti .niﬁ 10 co IH?%the wrinar¥ and sec

pol yner - cont af' MY poly % fé’ﬁm}“evaé‘l Cﬁo t IFPEES FomiSt e th Yfre H
primary and Sreﬁﬁb’idaowldrﬁﬂﬁttﬁ)j’ S:sfti&th O oA RO AE GolpobiydoR fattNbdy hdrgtion
polynerlzatlon m xture, ﬂ? i .sol athg t he golénerffrgnythe\C%EbLned‘f

pol ymer - cont di CHOAY B AR PRFRBHRAH Y PR FAPRT B o P AL CHRINPSY iy of
the internal otehplognafe rarkge Oﬁfrbmrrylnﬁte:atbt?ﬂrmlhﬂei h@ptiondligr tha kesidohdd incaif tHehe
secondary reactor, is in %ge of from60:40 to 95: gr 150 tionally. from
65:35 to 90: 15"8HY PB?@FH iP“F‘f“é PR A 1SN oG MY OB ] R S8R éynrtef‘%?{é in

pl ants dESIgﬁﬁdmh@nﬂﬁ&hﬁiﬁummbﬂﬁﬂhhMuMEEmckMQMéemﬂmmmgcbﬁﬁ@ﬁﬁn@ﬁ)mhmmhas
been cgnventi o,.use reactor e

parallgl conf gﬁ?%@i%ﬁc?gmﬁﬁﬁéogl %Hﬂ%FmFﬁﬁsﬁﬁﬁ? Pmﬁéghﬁgf§o%ﬂvphg a
maj or conponemﬁmaﬂ@;awnpﬂﬁﬁmcmmEmmehmntmuchmﬁstQﬂﬁﬁaRbﬁmdmglmﬂhﬁ3mbﬁmn
found that the nce ti e sec ndar react or

has to be rel'd nr/ee‘Fap Bmar hay “?8r§hﬂ‘ﬁl@e2““§)ﬂ%&%° “8ac°tworhdrb|%§(? Raili *t‘o mg‘iﬁﬁ?aﬂ‘m
and sl uggi sh 300 Opeemmmdthe polgiangesged from oiediohibors pollymcrcmntanmsgt pol;tnlmlzqairoesent

i nvention prOV|des in i ts a reagct or.. nent in
whi ch one reac?%?”ftWOgH@rLWlﬁ‘?gﬁgfgb?émm¥ﬁ§¥§0§n quﬁ é&% he %O%%

secondary reaadrothin 4Fhasptanslgngenenthand®Ct he advant age that when used as

par allel r eag fnsf %e l[% oq'lihe%h iﬁ%t ofe%h% mven@on megc Qsccti to dms@ Otn?'l cor% 0nent95

different co repar e secondary
react or and mhenmeShmgnmeofﬂwHamﬁnihﬂyrEam@wmmmlmemhetebmommmnwmxeamﬂmr may

be mai ntai ne%be%tm% )}9@&»9% %%Cﬁf&? a slrllhl I%actgrxan}?ed d hhg“%egﬁgmglelpegg 1’]111 turo % the

primary reactor es And In the s reac
m nut es, mheméa®n¢aﬂlwqmamx@hzedﬂreacmmnshnMGKmeswdehaeuﬂnmasnmpmhdmbs

about .10 and t e Livel v ke ral, af t
SOt 10, L STl YL SRR B 08
secondary reddt ororalethglese acquedtasctandm buterich@nois of Gombabpitdihgt’ He 5901 atfit.,

ani Lt e L SRSIPIIBGL | E35195 8 X S PO R0 il Rt
used in series or parallel, preferably in parallel. The polymer blend may, for example, be a
blend as described in EP 1 003 814.

25 [0059] In one embodiment, the primary feed comprises a mixture of ethylene and
propylene and the secondary catalyst is a chiral metallocene catalyst such that in the primary
reactor is formed a co-polymer of ethylene and propylene having crystallinity of from about
2% to about 65% from isotactic polypropylene sequences, a propylene content of from about
75 wt% to 90 wt% and a melting point of 25°C to 105°C, and the secondary feed comprises

30 propylene or a mixture of propylene and one or more monomers selected from a group
consisting of C2 or C4 to Cl0 alpha-olcfins and thc sccondary polymer-containing
polymerization reaction mixturc compriscs a substantially isotactic polypropylence polymer

containing at least about 90 wt% polymerized propylene and a melting point greater than
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[ 0057] Optionally, the ratio of the volume of the primary reactor to the
vol unme of the secondary reactor is in the range of from 65:35 to 90: 10,
optionally from 70:30 to 90:10. Optionally, the plant is suitable for the
cont i nuous adVRFAH%877&ol uti on pol ynmeri zation of ol efin RSAGITEHEV61099
Optionally, the primary and secondary reactors are continuous stirred tank
5 reactors. Optionally, the residence tinme of the primary

pol ymer - cont ai ni ng pol ynerization reaction mxture in the primary reactor
isin the ran@emohom OBuch Olythdr@%entOarBQisdd MURLTistah@kx EXaTP Brodich dvaabiange
of from3 m nut P{fg m nutes. Optionally, the residence tine of the
secondary pol{;‘?fﬁ XXBNCRini ng pol yneri zation reaction mixture in the
seconflary rea[ﬁt)an |SOIttl?b]Elilp@thl’eM@%f@glgﬁqéﬁﬁfb&cﬂ@nm&fcﬂﬁ tHngri&Qr;{ﬂieﬁUﬂér&& polfREr
exanmple, in the range of from5 to m nut es tjio Y,

cont i nuous sd?%‘é‘i%‘?f”ﬁ[ﬁl”ﬂr%r*?cfﬁ HIGY 1RWrhT BESHRE mff%"fﬂt ?éw&ﬁmﬁy from
colndi tions. Qptisapad: |1?’,0pt1&]ﬁll@ﬁbMﬂBBO|tcﬁgﬂimed fromthe ccﬁnbl ned )

pol ymer - cont ng ynerijzation mxture is_ a jmer havi.n Shor e

har dness of ﬂﬂ?%ﬁ Pﬁéﬁveé'é SSR5h' P@H’&F‘} PG H*p CRHTUSY SOtP %Oﬁ%wffr&%a“ct“he
pol ynmer i sol adfeadfeéd eiirlRRg eaelht ek (}Sl@ﬂhyﬁﬁﬁorﬁi@s’lﬁr&l Nbd1genN Ahy PRkt coalphising: a
mxture is a % t]awn a\/cat As eni%ant of om)rethan 60C,
optionally n B A E4BEns Y sPatTal F‘iﬁtcr%lp PRORHY MOS0} BEEWIThE %l ant
of the fifth saspecindaficahie stlmﬁ@tth@mmyhcbﬁcmaﬁch daaly@akeomnacremmnmryam-

ol ymers usi ng _one reactors onI For xa ant o

Fifth Sepect QaR"He Sl s RS PR RARSER a%%né?eﬁa Pi? Penuyiot s
used and t he fobedr ﬁomphet GieSactd m@nbm&@nefthﬁoh&hteml ra@dmmup@metualﬂﬂ rédyeling

tal yst hi al yst h that t
For et a co- 51 JHER BIE ATRYITGRE Fahd Bt BREHA i i LI vy G 1o Sout
0. 85 to abouthef. &Ehhafng@maeitngwh exmm &ﬁqmeﬁﬁa&onmmﬂa@ngm elne, zfminat pRier edfrayf sfom

about 10 vvt%t05 wt % erab
o ommomen ozt GH8! SRines SENPHE nod burks” (BT, iPe Gaves pureys
paral lel, pr eafemgabctlysed I patrealﬂdelhg ad Inﬂ!etpﬁdi yieutlcbfoe ladlqnﬂwfnfga*anteaqmm lvehichbe a

bl end as deSCH;I ?Veng f?ov»s firgt tgl‘(){.lhhs 2. 2651‘ ag'a()}g?gfl 1 Des ARG thenghrf) rﬁetﬂe 10wer arrep r(:')frm ry

feed conprises 2 m xture "of opyl'ene "an e Sedonaar
catalyst is aulmhlth@hlen’em@j Ihomeeniemdaa wlmr sdmdmgdn@tevemmgmfmwclsfabfylgemact or
:‘fo];nogggg ¢ azc/n L’ﬂ? rucggb??tnlp Xblee?lg(l) fFI)‘!:fO gé/rfm 111 theab'ﬂ\{éllzrgaygtl)‘e% lésé/gflecli konelxtgg of
propyl ene coNMoammcrodxafoﬁmmb&ut 75 vvt%to 90 vvt%and a melting point of 25C

to 105’ andd&(nﬁlase r(l)anndca}rl%h ]:Lsee 10vn5)udl iS S het g’?oipc{ fQXh aqlcgtrcxgh m )§tm ap an
propyl’ene an or honomer s sel'ected f fom a Fouls” consi et i ng’ of C2
or C4 to C10 faed tpha}rmhxeftls ncsluimmcbotylmeamamomﬂanq/orpmwn@ﬁnmmblaémhmghlch a feed

polymeri zati WV 1 (;ng %r g%o)r(c:[ ML 1%8 C|16521§$d S&B’%l‘ﬂbg %gir}]f%\ljteﬁle bt%%tdggt g/mer—

pol ypr opyl ene p ai ni ng out nmeri z
propyl ene andoradlrmig pplmglclpmlm regcrtetaheturﬁt fran whit® tﬂcﬂ&bl\/eﬁ%ﬂ’z&ﬁl@ﬂ WSROE0A61099

about 110C. §%h%%t<e§g%br£‘é{vFR' NG5 Ra YRSt D i DGinY BPATRX nfANARRL o REQDUCE S

available fro
25 exchanger to cool it prior to re-use, in which the heat exchanger has an upper horizontally-

arranged array of tubes and a lower horizontally-arranged array of tubes enclosed in a shell
containing liquid refrigerant and the solvent passes first through the upper array of tubes and
then through the lower array of tubes, the method including the steps of passing the solvent
through the upper and lower arrays of tubes of the heat exchanger with a liquid refrigerant in
30 the shell covering both the upper and lower arrays of tubes and, when it is desired to de-foul
the heat cxchanger, lowering the level of liquid refrigerant in the shell to cxposc the upper

array of tubes such that the temperaturc of the solvent in the upper array of tubes increascs.
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[ 0060] Optionally, the ratio of polyner production rate in the primary
reactor to polyner production rate in the secondary reactor is in
the range of from60:40 to 95:5, optionally from 565:35 to 90: 10,

optional ly fr¥RX0/8G2% 0 90: 10. [0061]In a seventh aspe&CT/[BFQ}?/i"d%"él is a

pl ant for the continuous solution polynerization of a feed conprising one
or nore olefin nononers and a sol vent, the plant conprising: a reactor,
feed bl ending nmeans to prepare a feed conprising one or nore olefin

rmnolrrer s in ?[08611]Vﬁl’l’h,plaﬁif@@nﬂ@?ﬁ&;sés(foﬁﬂﬂglad)rymtl@lbtshetidrelﬁﬂ)trﬁﬂrizﬁthﬁ dJfeedinanit a
catalyst to formtherein a pol yner- co react m xt ur

downs%/r eam of° 505‘1‘?3 t 40 é??fdg‘?l,mcgwﬁé‘f ﬁttf’(pé‘%‘ilﬁ}‘ré%iﬁ‘[s] (flffff( O Pﬁ@eﬁ"ﬁf’ée‘ﬁ(ﬁt}‘?‘ﬂ%‘r from
t he unreact edvaner@rgurifdadot el modovant dpp@(ﬂﬁis Kwa(b}d(iﬁdhnﬁs appat atdigeaf @J’Chdngcr

recyclin the sol vent back through, the fe ndi ng nmeans an o]
oartor el ol RENGR Rttt ERS Rt FRTMAE b g b

hori zomt al | y-@tipasngedstdlbasomndf asldomehomiiesyaldf ofttariha@iet al dnyalladnicng a6k

ubes artanged.bol e RBEr ALY, oL e PRer, a0 D, s, 1
refrigerant, IalpdmtsdeIﬂg @hlthldqmmhvlﬁdiﬁtorflh Oschfthd Sfludnln ﬁemghc tdaetoﬂJf[QBQd’ara@d’dr ay
of tubes and th i nl et i

ol ded aie i Paruaadier A pdiRS R s I b fre TR R MepErIL e

into the shelgrostch mhtapqumﬂ-lcmephaweyﬂueueIcomfnurcefar bigell amburtroft pysdreds  may

be | owered to_expose.the er arr f the tubes 0062]In an e h
aspec}tN% prownﬂ“ 811e RO¥et ﬁ‘o@alb? md%f%lé? ??Ba%mﬁl ‘&tca%&%%’éfn@é ?’hcnﬁb gﬁsﬁl f or
the conti nuou&sssblsuttha@memlvymterndzlm uemnuad)fmoemeermfc mavve ottt @fa Vapm)p‘iﬂﬁ@mﬁ,hl n

whi ch a feed fF n?“ Sl no%me im re uerl rac -d nts of polymer. en m ﬁ\el C lte ol
pol yrmeri zed t¢6° FEH I s n"t%u o‘fyBF‘Perl DEE TR e REER Ot ur e
fromwhich t hlélatsmdcvelﬁmolarmdr plemndmathe mmﬂﬁeureaalr @nsmp»arfa;tlmg oftel*plepmait\nemo

bei ng recycled throu r clin par at.us
exchanger to o1 8 ¢ drrdl f|%(b)r %Cycmmpgesgﬁje rclc”?/c whi & didlfuues Vﬁlgatf’pwe“g%hcé’ﬁlé’ o %naesoran

upper Isori zonmbat nye{aedsa“mgenhﬁacrtroayf o r&cyheﬁram@na tHosamier beds can become fouled

ot i gor ant SR RETEUbEn o Blne S ROR PREGsh o S s IR aRe s
and t hen t hr eughhg heyclleomercmaandalye ﬁaéd pribes cpnttyhe“ tiefetrbohtd the kdﬂd:bngrctngﬂn@ﬂt eps

of passing t Nt t he arr f.tubes, of the
heat exchangglr?th%% [aﬁgﬂld p%ce Ele rleﬁtgggﬁ?lgiﬁﬁgb%gmﬁ{he Sh eWYE 3%6\/%6? I eﬁ(ﬁhaﬁ%?rh t he
upper and | oweingris ayat oiththybmmgamdhcatmmngctt hdsmgesu uqmdr tpaydef fl@wontalltge heat
exchanger, | t f 0_expose
t he upger ar ?‘ﬁgl{gg{fglfb ggléd guc [% ra ﬁﬁ “met er a ar etmc)) > ’f%“ég"éio Cvoévn hcl B he
upper array ofrat witeshd mw@aswm omlmﬂ_1d®8)@ﬂ@®ﬂﬁbdl®@2@@@drﬁ)ﬁ)l©®s@m{; 0“@631I n

plants and PRAGEASASuIA ark) G B LHURHS o). VAL B ROLY IRLIFAMORP Sl | NS

the upper array, fouling by traces of polymer present in the recycle solvent will occur
preferentially in the upper array of tubes. When it is desired to defoul the heat exchanger, for
25 example, because of the pressure drop across the heat exchanger rises to a predetermined
level, the supply of refrigerant to the shell is reduced or cut off entirely so that the level of
refrigerant in the shell decreases to expose the upper array of tubes. That upper array of tubes
is then no longer cooled so efficiently by the refrigerant and in consequence the temperature
of the upper array of tubes and the liquid therein rises. That rise in temperature causes the
30 polymer deposited in those tubes to re-dissolve in the recycle solvent thereby defouling the
heat exchanger. Once the fouling has been substantially or entirely eliminated the supply of

the refrigerant into the shell can be returned to its normal level such that the upper array of



sol vent and residual nononer is typically recycled back to the start of the
process through a variety of purification and processing apparatus whi ch

i ncl udes at | 010Reheat exchanger for reducing the tergerature of th
recycle fluid. However, the solvent, which typically 5 Conprl9dsy srral I
amount of residual nononer, also often includes a small amount, for
exanple, less than 0.1 wt%of pol yner. The pol ynmer may be present for a
variety of reasons. In plants having a |iquid phase separator in which the
ef fl uent fronfubheisr@se e snpegsdrintrefgirmtontd wee tfifigeiay hias dsst dxbienger is
polymer-lean phasg is typically recycled back to the start of the process.
That pol yner-| ean phase typically conprises a small anount of pol ymer as
10 nentioned H96tle. Dnﬂfpd Hat smperayhiedirtivh ef gefpigeraiti loveliis tbarhdliedf dut haasi ng
a series of f e h d resi dual. nononer are
drawn off as g}éggl gxre%Qe 52%%? the lﬁhﬁg ‘rﬁg t\f'ﬁ]@&ll ICPLP%CSlb Efﬁ" FESTME FP0% ace
anmount s of poP§pk “erlilt)etrqnﬁglypﬁelﬂrgeleydmce@t@bﬂ l\vsentl the Fvaeratwra o &tho ffecg hiprimg
present in thgcrQeyFhRinslieam ﬁt@?th@%‘tﬁ?@bg Q%IBIQ%I‘Q[.EG 1@&%‘1"{) \%E: aht'\ tfamabcl
recycling apparatus. For exanple e rec I'ng appara T f)

conprise one wme o18ll pijheloges wraylobtsestabo. pur i f | catr on of the recycl e stream

and those drigpsfiedsyg al so
arises in ref ?r gsgrat edéﬂggﬁ &g%hé gegge[%?%ﬁﬁ%dfgﬁghe@gl Bfth&%:g)l[le_lenﬂ% JCYel e
sol vent and tHeousledy hspt Behapgereritlmie fove tie npeesd lqvak @/htChena’yecacttcor rise in the
arrangement . dRpddieeRdrant d%@/gsttgﬁrgciﬁﬁr? oPf uﬁh&tté@%%ﬂt I'Fo?@q & 18 Wi Qt%fpcﬁt(f &S of
the invention, the heat exchanger foul |n K by Usl n8
exchanger avl?eﬁbmah“élf‘pﬁé?m@ﬂffttafy by fardyed 52 Fﬂta]"CyﬂlerdZSOdlar ranige dolyube®uand a
| ower array ohodd@®kiZ@ntbilhyaids " W%&W%%ﬁ?éa@@%%%&y@% t&edelld&l?e%r 1L ay
with the recycle streamof solvent (and optionally resrdual a)
passing fi rst*a'tﬂﬁrlﬁ‘ﬁgﬁthﬁheat%b@}@e’array and into the | ower array As t he
recycl e st reqmmssﬁefh'eit%txcﬁahgé?% gehs M Qﬁ%dbfydfoﬁﬂguritgw g tﬁé tn{az(‘\p%i of

pol ymer present in the reclycl e solvent w occur preferenti
upper Array offaighighouehyhe shqlly thasisdaey liﬂ@deltt@” aglencornid of s ﬂhelatmde@mdmanfgemgh f or

25 exanpl e, hRCause @ thtchreheptreﬁsw ORhACLARS ofhteerd® Al X EN es to
a predeterm ne IeveI§ t he sup ] ngﬂhe fri gerant) toe o‘ﬁ@% qupg%?ee ue?:ied or

cut of f enti rBIPYdigEnitheubesigee W@rb@r h"dfngr“éﬁ*‘twdalﬁ@ﬂtﬁthwms kied of tfeelbales t o

expose the u Qﬁﬁé'fet@d'dre@%bo@tﬁnehy 91@ $eat g@%n%épﬁ%rto@[ﬂa@yhegﬂc exEHRES, h it mt?eﬂeé}g
| onger coolegﬂso efficiently by the re erant and in consequence the

tenperature OflUfifampieg wévrcrl%t@rn%?pttoaﬂéyg caifier] pRBomGry it et lst Hengehd longts @6 theThat

rise iz tenperat fali€if@dUsesclahplc, Rcid@b Méﬁ@ﬁxﬁﬁ%@ﬂstf&g p'a@ - hf%@ Gedt W §n§cp
re-di ssolve in the recycle sol vent t hereby defouling't heat exchanger .

Once the foulnGerrsiBub s eet Bnuprer pyanpf Biies 1) yavel riqwnn%t@éautsrﬁemsmppr y
of the refri gréaioh athd"iﬂhél btaEkGa hehli wa@theR Bot 84 HREGWEQrhy §f MR rh&Y BlcesUCh
that the upper array o 2011/ 087728PCT/ US2010/ 061099 tubes is once nore
subner ged i n"°& Oiwé‘ét“alﬁ'fgﬂaﬂ%fh?Héu@ﬁf“i‘dcl?aélﬁ%%ﬁ”bf the heat exchanger is

restored. [OQ@47Dur TRg ke bERAROMRLLY ckBIMEE | PRoily" B! ST AR hﬁM@Jer igt the

shel | _of the heat exch the level of the refrigerant wll ty |caIIy be
reducég by tﬁ@’r?f‘é’%f‘tﬁléinfagfghn‘ts ‘gé‘s@r BPe SYitout BRdulY eafising dn R

unaccept abl e Attkigetivicly, tttaautteeraspareateur @c@ingtr@ut)@ﬂ nend af bing dififetdr&Ack flch
arrangenent . her ef e poss1 ble for the |evel of refrigerant to

folosTBY F
fall bel ow sEfe>SFafd cgm Ehé“ BifeRe Afrffony L o 2 ihes | Hick ibesiip bsappramitahe

heat exchangar carpSal bietchgheaie botdae dandrftefi@meer Rtdpeatny cdshg &%p\éﬁeﬂtm I@/Qﬁn%h ng
t hrough the pg xcn er w.ll rise above |ts nor mal | evel may
cause a rise " ’H éle %%8%%94 nyeda’Hs’Wﬁ rqératrﬂoar@sethmagh T}B‘EIFLibF‘r 'eatqnen

beds. 3(For exa»rrprhwfmmhg purification beds may r| se in tenperature by around
5C to 30C, @3\%@ | so.causin onrrer fﬂgl g those beds to dissolve
also. In tha OB RTRT BAY | brf‘“lﬁéﬁ‘sa Vﬁa‘i“éf@t b&PHeFdY Be relizime isane
tinme as the rhemttcrrexchanger
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[ 0066] The heat exchanger may be of any suitable configuration. The tubes

rﬁy pﬁSflstrgight t hr ough tﬂetﬁhellt thaf L;thtgeytﬂzysﬁgfer 2;I?Pﬁgenﬂeof
e shell an roug e entire le

shell at the g%ﬁz(gﬁ%gwé‘b However, in a preferred enmbodi meffth “E%‘E“’Pﬂ%”és are

U-t ubes having an entry and an eX|t at the same end of the shell. In a

preferred enbodi nent, the heat exchanger is a four-pass heat exchanger,

that is, the recycle liquid conprising solvent (and optionally residual

MONOMEr ) trav@ﬂ@ﬂaldﬁql@hemheﬂ@nhimﬁ@@h&ﬂsheﬂkMk@dmngimeﬁisﬁQMnﬁwammhei

Y\’?SEI E:Ih\?\,i lhfat 13598?851 agqllilctl 0?11(1818 efHEé? nt tqtjt'ﬂg ehen cﬁr aeéw({h gg V\ﬁ]]m? Fle r?gﬁ?at% %‘gﬂéeei n

one directi onshathdo txhaoff ba‘ekn@gaqu damt vh'cllbvet h‘enqu‘id ofrigersno ist dp@ohabyeeduacd ay

agai n. 10067 The FrsSBSu RS ARAR-LIRsRDL sSob i IliRvE-dR surgin

di anet er of Iapcmmmn@thmﬂy @ptllcmelﬂy (thlcmlmf)h,qufkiopﬁgmamtpﬂnet e slnnlltnlséowaage) of

have an out or B sr e Qb i e (05 SHBSE s BN ERk SIEC TR LERIARGE of

from17 to Zﬂumnh€&%mnmhnﬂﬂb@éhakembese econonlcal |n caphtal |?Zeetnﬁnt

or heat trans ef f er. ol red to i ng

t ubes and aréhgﬁ%re#%ﬁ% ?&%TE%Thgeﬁﬁg%fggfgﬁ%h“ﬁg %gwpgnnmgu?lgﬁfﬁ:C@%ﬁough

the tubes is gprones foo rcadse tlﬁoo&@lwcnfgaacl{ 0068 Theefcqdefleridgpernagans iminythb ecaatyor

2011/ 087 726PCH Heo BT8GRl c8 U B TR L UL R kR P ARSI el e

t he heat excHéﬁb@@M@hEmhmpeneﬁﬁabﬁebwyam@mebedmbmgdkd%uhguanowpﬁﬁum@MK

1 quid ref i Gelant ThilRubReral i R0 f ALLAMDA (DG 419 #éeméﬂ LR o'

the shell to boil Ioned a ove eve 5’ ger ant

is optlonalIywﬁkﬁaeeﬁWmﬁ?h%ﬂPﬁéﬂmewﬁevaW@me06$€ﬁﬁébkeém%enweﬁnmg%nﬁenﬁ

tho I ovel of T\ Gl Far b oot B eer e B AR B Ehbans IR Ve

v
upper 'and theﬂﬁbmérmﬁﬁ@ﬁ#b@ﬁw@&ﬁeemasdmbﬁtbU@edHabeﬁewﬂmheﬂwomenwﬂgmbﬁ
liquid refri Qﬁﬁ@%&ﬁ b%l'awttt})?ers%n?akfl i tﬂe O ALy - an%%ﬂggvkp?rpa Sefi@UneRLedQh de)[he

seventh and ei h aspec e inv tlon e recyc g appar at us
recycling t hehfgblweﬁtdnbe}éwqdmuéergfhl ¢ Heuifl sefisttre nad igwhiglafs sohew fidws firgact or

or 10 react @fSud"Gl YGRS aﬂ]a%] 1®es LRE 1RRRAL RIS LoV QUGHy \M@'tﬁlas 8 il Qe

sol vent passes, 1ncludin e feed blending means and the heat exchangers
for cooling PrYideadhgrvabre fporedntingon pevsntitgethe dawtabrefrimtant Apparcathold syhy

contaiy a hegfa QK%E@MQEVCI}'Bﬂhch@fHQQQntt@%C sﬁ@lﬂmQ %@%%&d@%ﬁw@%c haln #S one
or nore heat exchangers downst r eam of feed bl endi ng nmeans an pstream

of the reactGFeSPreferany t he heat exchanger upstream of the heat
bl endi ng neapg7pps APtidHAAE one or more of the heat exchangers downstream of the feed blending

means is also provided with an upper array of horizontally-arranged tubes and a lower array
of horizontally-arranged tubes arranged below the upper array, both the upper and lower

25 arrays being enclosed in a shell having an inlet and an outlet for a liquid refrigerant and in
which the solvent flows first through the upper array of tubes and then through the lower
array of tubes, the inlet being provided with a valve for reducing or preventing the flow
refrigerant into the shell such that, in use, the level of refrigerant in the shell may be lowered
to expose the upper array of tubes.

30 10072] Optionally, the method of the eighth aspect of the invention is practiced on a heat
cxchanger upstrcam of the feed blending means. Optionally, the method of the cighth aspect
of the invention is practiced on onc or morc of the heat cxchangers downstream of the feed

blending means. Optionally, the solvent is cooled by the heat exchanger to a temperature of
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15 array of horizontally-arranged tubes and a | ower array of

hori zontal | y-arranged tubes arranged bel ow upper array, both the upper
array and the ay being enclosed in a shell haV|n an |nIet and
outlet for a N%qU|%B?é§rlgerant and in which the sol vent §Y G EY

t hrough the upper array tubes and then through the | ower array of tubes,
the inlet being provided wwth a valve for reducing or preventing the flow
of refrigerant into the shell such 20that, in use, the level of the
refrigerant i betvire -$%€l dndrQYC Heridgahe petds ohexipols hetupperapd érweohirrgys bé subes

[ 0071] Opti onal, X of the feed
bl endi ng rmanse}égvca«:{a%g%gulge%fg%eglnt tﬁ'?ls glﬁ' nsgle&ﬂgg&?atl%n spt\ﬁ/n Eédt gxcmmger.

hori zontal | y- HWFﬁngeﬁmewésﬂEﬂdMﬁOf6maﬁwamn@ym0¢fm@nwmnmhabmymﬁsa@ngﬁd:
tubes arrangeq, 0 , t u | ower ..25 arrays
bei ng encl ose% ?(ﬁwnaé{gg ?pliﬁlgé:f F\e%[l& fhc ?Ioe%sure (SQhe n&og)%\cir rg?lnmg reartlon mlé[urc
refrigerant amdimn&mmutthhémsmbmembqﬁHMMsmbwnwbmmhnduQMBthmimpp@nmakmay of
tubes and thep. thgg t r ~ V|ded
with a val ve %1$€e§%%WAgﬁ%rg&ﬁéﬁg%?gﬁm %’ H%ﬁ%%ﬂ%&%bh%rﬁgﬁgﬁwﬁ%hgthe "Shel
such that, i nthegelympivech pwss|sudf thpigthe pefpmeritani l'mutdhlélamhlbe meyclbdad oweyodd t o
expose the upReL & iy 30[ 0072] Optionally, the nmethod of the

ei ght h aspect o% ?ﬁ QXxg m%H %Eﬁg practiced on a heat exchanger upstream of
the feed bl end@PHy nme@mmnal@ptin thvamptpod pﬁ@cnggw@@smﬂ otheicahgition, gbpecymof t he
i nventjon is &aaaqﬂgcp%@yn%azamﬁ I&Cmfma&t issBRARAR ENANIGE %h&tﬁi\g’gﬁtsg gam of

the feed bl endi ng rneans. t1 onal vent Is C

exchanger to %@Pelempelean i}ﬂléd cvhasev«ndzmqrptyawggrpmmwszl@spom@mgg ﬂbemwe@lw 39C
and 20C durlngkhﬁp gLhAds when both the upper and lower arrays of tubes
are covered b Uld refrigerant, that is, during normal operation of the
heat exchang ﬂﬁﬂﬁ007@¥P6Et¢@mﬂkpv@ﬂﬁhéaﬁwaﬁpf@¢HWH@wgémﬁmthasmE@ﬁw@bmihe

i nvention Coqpc[c'to?es)\/}@mo&@ﬁﬁﬁkra%es Bluaowh devise rc%@t&alﬁll? O?EOL{I'S%CI 5488 & D&‘e

pressure of the polyner containing reaction m xture a pressure at
whi ch Bhe m xbr@eospareces P make asipgk yarelpr gr’p@wnéh@getha@awarepmmacﬂoe»an
l'i qui d phase gpdqf w&ﬁa%bs&a%eﬁﬂaﬁa&aﬂ@ml &9&@&%%9& &egytr&@ on ly%an

|'i qui d phase fromthe polyner-rich phase such that the pol |qU|d
phase can be*H@Ey@P@@'%§“%iW%b?@l@@%@¥@ﬁh@¢@nvﬁ@mﬂédW®M$ﬁgméﬁwﬁma@méﬂw

Lg?;ﬂa 93t i onahlalst kR e ABRLIRRELatlREsh U0k B ASRECTor ¥ ol li&s 4 By ﬁ&&h@ﬁof the
ethylenc and butenc having a density of from about 0.85 g/em® to about 0.91 g/em’ from
20 cthylene sequences, and a butene content of from about 10 wt% to 50 wt%.
[0076] It will be appreciated that the aspects of the invention mentioned above may be
practiced separately or one or more aspects of the invention may be practiced together. The

optional and preferred features of each aspect of the invention will also be optional aspects of

the other aspects of the invention.

ro
W

[0077] The polymer produced in the plant and process all aspects of the invention is
typically a polyolefin. Optionally, the polymer contains a total of at least 50 mol% of units
derived from ethylene or propylene out of the total units present in the polymer. Optionally,
the polymer is a polymer having a Shore A hardness of less than 60, optionally, less than 50.
Optionally, the polymer is a polymer having a Vicat A softening point of no more than 60°C,
30 optionally no more than 40°C, optionally no more than 30°C. References herein to the Vicat
softcning point means as measurcd by ASTM D 1525 Loading 1 (10N) and Rate B (120 C/h).

The polymer may be an cthylene elastomer product as defined herein.
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10 contai ning pol ynmerization reaction mxture is separated into a
polynmer-rich liquid phase and a pol yner-1lean |Iiquid phase and the

pol yrer -1 ean Ilqyld hase is recycled through the recycllqﬂ§ Pﬁgratus
[0075] The pl al? BHE3HPbcesses of all aspects of the i nveftiGA WY Pnvol ve
nore than one reactor. Were the plant does include nore than one reactor,
it is, of course, possible to use 15 only one of the reactors to nmake a
single reactor grade and | eave the other reactor or reactors unused. In one
enbodi nment apmh’v&]abl‘éztmwnnalﬁlampe@&sduoﬁs” il inmanerndan cepat@pdrs produsidxib hy

only a single r eactor s US rlses a mxture of.ethylene
and” but eneant FR8 "y by S R A et S Ay SRR aRY ek Do SUgRhap fn

t he reactor |ahﬂmmmﬁmn&u@m>p@®ymhﬂmﬁbn®6hgkemﬂnmmdﬁbhhﬁ@ﬂuh&V|ng a den5|ty
of from about 0.85..g/c n120 thylen uences, and
a but ene content 29 from W?eniﬁorgﬁ"?fﬁglqgﬁ T@B’g Cf)mﬁﬁ* ?E@WV"% b5
apprecisat ed thatahhaﬁaﬁ@@@hamo&u&mefiernrmow%nantloned above may be

racti ced separ at J o] nor e e
Bractlced togethe Thérggtag#gp(ﬁﬁﬁntré?la?t%)Wéﬁfﬁ$n%u%?e mﬁ%ygpﬁg%?rof

t he |nventlonhmnu@wa%gmdbeﬂopmbbnafdasmeefkmmﬂuththﬁensa&p@mESumﬁmﬂhe

i nventi on. %0077LThe pol ymer produced in the plant and process al

aspects of th |nvent|on is typically a polyolefin. Optionally, the polyner
contains a total @h)atmtéasﬁM£munmh&&ofmUthﬁ)d@%amb@mhcomﬁ@mhgganatmm

propy! fne out lSOft‘Vt aﬁlﬁ let(ﬁt 0] er ﬁlgify;o Cbﬁa 6963 grax?ngé/r cu rl(f‘ R %n@ the

polymer is a pSYyner haV|n ness ess onaIIy,
| ess than 50.[00% i orddténals mlbieas;mﬁymdants snchplpwbwgamdshahwm@va b&ﬁn@aﬂedAn the

sof t eni ng po'rgctovgr ARk SQ n%ox%lch }?’e anDnthl lll St ™ f"‘ius 4!921 ' be
PR LR Ge s ORs Pl el kT e

optionally no nor erences herein ica ni ng poi nt
means as neasnn%@%@MMﬁSTWkBﬂmﬁm5EMaammﬁgomw(10N) and Rate B (120 C/ h). The

o111 057726l B0 BB T AT e GtEG Bel RS St otk e
randon@copolymﬂwgdékmduowdwwnﬁaﬂwbh@ambmvmﬂﬂahndwaneﬁmeaﬁmamﬁdanﬁdkmmng (a)
et hyl ene and cggdggtya!ng'ﬂgs & stﬁﬁﬁ OMOWabgPte?t% 65€/b9ror§ ‘is%!:t?é‘&ol%ﬂé% @3@?&%9% )Or

(c) ethylene and octene,
et hyl ene conm@nwko¢0@ﬁﬂmeé§bm35'MW@@)%&wﬁyh@henmbmgennnafm@@ﬂ@@@&ﬂﬁTB@

Swt % and Optlbﬁ”@%&/ b)cy- b%gb%d%gﬂﬁcﬁl@}n p(?épaged%o% 4 &ogﬁen\éﬁo%a nA&ture of propylene and

onc or morc monomers sclected from the group consisting of C2 or C4 to C10 alpha-olcfing

20 which is a substantially isotactic polypropylenc polymer containing at Icast 90 wt%
polymerized propylene and having a melting point of greater than 110°C. Optionally, the
polymer is an EPDM or a thermoplastic elastomer.

[0081] Various aspects of the invention will now be described in more detail in the
context of the a continuous solution polymerization plant having a liquid phase separator as

25 the first separation stage downstream of the reactor. Tt should be understood, however, that
the invention is also applicable to plants and processes having no liquid phase separator.
[0082] The means to supply a feed of one or more olefin monomers in a solvent may be
any suitable apparatus but will typically include a conduit for the supply of cach of the
monomers to a common feed conduit, a conduit for the supply of recycled solvent (often also

30 containing some residual monomer), a conduit for the supply of fresh solvent and a pump or
pumps for pumping the feed to the reactor or reactors, and for pressurizing the feed to the

desired pressure.
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(it) for (b), ethylene content of at |east 50 wt% and n-butene content of
greater than 10 wt% and with a polyner density of |ess than 0.905 grans per

cubic centine ); or (itii) for (c), ethylene content of at
| east 50 wt%gj%a20 %gg; content of greater than 1015 wt REATUWPH'R pol ymer

density of |ess than 0.905 granms per cubic centineter (g/cnB). [0079]

Mat eri al s such as anti-oxidants and processing ai ds which have been added
in the recovery and finishing steps and which remain in the final product
after finishiH@S@haleh@ammnsmagmeﬂtpamtfbﬁ mhauﬁthﬁ@ﬂ&>EgathﬁBm<anduct.

[ 0080] Q)t : Onaink é/n’tloﬁ H\%é ’B? g}g rcact%r ur @u all rlg%ef tw%nggcltgrls Tmén% . ¢ senfi;sh 8r

conponent 15 prepare a mx He ah propy g
presence of aomkinaliylin ImalhillII"atcbrﬁectolartsabtymall}acn@nhras)uastmrey&malrdattm.ty of from

bout 2 to 65 t ne cont ent of

1? rglrjn 75 w? % t Eﬁ)%g tﬁ% alg I%E Cbxﬁ%l tlé)ﬁéfC ollg(r)\[t% %n% g%,rc‘ém e o‘?yeﬁcg?f Yo 408 and

b) a second cl@nipdmemsapﬁ eﬁélpé@dftodmraqbpnc@mwbleﬁe e@amlac M xebamcey Safar pr &pydrene

and one or %Efo césqu tlﬁlg tI) tﬁ%nart %a rr%yc?cncl S stl n Ior cxa Or C4 to
et ns

C10 al pha- oI a substan SO Té po Yy pr opy
pol ymer cont aqenintﬁgzalamunhm@S talssm the %ﬁs@tewf&hq wédntpp dp’ydemned davell (loatwnakj]y ahe

mel ting poi nt of,araalehe c{yglgg ﬁ:lsgggg m%‘iﬂe @y lsgpar#tpsﬂxggs )ﬁp;eéxtdrngleac{1 apﬁag a

t her nopl asti c el astomer. rious a pect S 0 e rnven now be
descri bed i n mowe fdetging thopresvec eberck Leshoforolmer @ thortriimddus], sathubd ohvent

pol ynmey,i zati apgpLay Hneﬁagéﬂ?% @1?1“11 IdwRhasE &e%@rﬁﬁﬁ! a ogf?&epeptfe eraﬁa‘&z the

separation stage downstrea e reactor. It s e unde
however, thatmeremei pyaredrons b @ibaed ppihi bealsdleent epgteamt of thmdurpm oc dss ds

having no i qyidi.ehasg ca%%%@éaot{) thd x@%ﬁ%h -g%?sugﬁya@ sibBe @ a%]\‘melp lYer a@(%gmg tl}co ne

or nore olefin nononers in a solvent sul appa rat us wil |
typi cal |y i ndleedéor gerasrieldiaphrpgm pumps Suphd srondmassc Pptidnatihethersmelranusipt is aa

common feed GERAARILL pufhpC CHEYEs f\Qﬂen P& e SHARD Yefor! %gc)ﬁq?&(?or% gl\e@fagd (ahten

al so 30 containing sorre resi dual nononer), a cond pl'y of
fresh 1Sol ventserifric Bumpufepraginggberssd foohat p@nﬁm toght fequifadentessue.t Hes M&)awtl@hdsor

reactors, an%alfn‘aﬁlarpﬁﬁﬁ!ﬂéek ZiRe tBnQ%thnyﬁg s&p%lz&h% tqg?)'ld'h?g HN&ER %%bﬁlre because

cthylene dissolves readily in hydrocarbon solvents such as isohexane and n-hexane and
therefore this method avoids the necessity for a separate pump or pumps or compressors to
pump the cthylene up to the required pressure. The cthylene may be mixed into the solvent

20 stream by any suitable mecans. For example, the cthylene may be sparged into a conduit
carrying the solvent. The sparging may be via a single sparge outlet or is preferably via two
or more sparge outlets. The sparge outlets should be placed far enough upstream of the
pump, for example at least 5, preferably at least 10 meters upstream of the pump in order that
the ethylene is fully dissolved before reaching the pump suction.

25 [0085] By optionally raising the pressure, for example, to above 20 bar, or optionally to
above 75 or 80 bar when more of the lighter monomers are used the formation of two-phase
conditions is avoided in the reactor or reactors under a wide range of temperature and
polymerization conditions. Hence a wide variety of catalysts can be used in the process.
Such a wide range of catalysts can be used to make high and/or low average molecular

30 weight materials under optimized production conditions. In one embodiment, use of a
scparatc pump to boost the pressure of the viscous polymerization mixture between the
rcactor and the liquid phasc separator can be avoided, [such pumps arc much morc costly

than the low viscosity feed pump]. The pressure of the pump also cascades through the
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WO 2011/ 087728PCT/ US2010/ 061099 [ 00831The reactor arrangenent in the first,
second and fifth to eighth aspects of the invention nmay be single reactor
or a plurality, ferably two, reactors arranged in series, or optionally
in parallel. éﬁgﬁhﬁgﬁ%ior is optionally a continuous stiT PB4 eact or

[ 0084] The pl ant conprises one or nore punps upstream of the reactor or
reactors to 5 raise the pressure of the feed to the required level, for
exanple, to above 75 bar or 80 bar. Optionally, the feed supply line to the
or to each regoteyandrombideswigh unpendcof vexermpbe forshegeintlrsovagabpapuing sther
raising the PHLGIRYL gve(%%ﬂ %&nghz%m \égnaur}n% f{nt]s?lnlée Lh ?egsulree & tlhe &grgt Iagv%%éels ¥ie t he
sol vent contains recycled rest dual no onerb an gepara?e p np%, for exanpl e
di aphr agm punpsouf priymaizstiongniktue: fprigsgensee ofdueiag mehrsepktraamndnier liqual gHag
required level., with. | ven 10 d_mon r in nbi ned downstream
of the pups sl GibIE BBUNE Hhosc HpREATRAP TR BEDE EOINBEal TR Wi
t he solwvent upsferearodf thhenysomm, o prdvatc bhtbe ponb hditbnhibedivemns be ardioged t o
the required pr, X iLngl e .her. . i.dj eed faor

separ ate di apraney et Rulki R RREPS R IFCARG EEE 48l <
centrifugal pughppre@ure Geshseparviivenddvives er dove praspure dlasht epsiatimadéviceeactnom i s
provi ded wt ) I m f 1Si f r tor to

t he requiredn%%@?é%féﬁggﬁgégg%gggégﬁhﬁgghﬁgggF%%Fgfﬁg &%ﬁ?%gggwﬁﬁgﬁgrﬁhe

et hyl ene suppichieerdtby vipreizgloant the solatilcd owWlapr tegs ur by Yboauses. et hyl ene

di ssol yes reggidey | @r&%Q%19,Cﬂa%§%t Eﬂkr"i?%d%d %H&&n?an LEAREXANE ARG s R pRNe
and therefore this nethod avoi ds the necessity for a separate punp or punps
or conpressorasse of panys tcheoret thy ewensuphat ¢het hdler deuidded dpwestrsam eof Thaelast
ethyl ene may B mxed, | BRrf N&F0hNGNthe @RIRE KARMIOYIRRYupSittahd S

For exanple,xgﬁé éthyrené_ﬁé Qﬁégébg?ggdégﬁéo(a@cghgﬁ??l?%&%&ﬁﬁgggﬁgﬁ@

sol vent. The aspagegichigendenylidied phase scpaiareg lte suppeesy Eirben padymagization ofrted beagdd| y
via two or nRAAIR nfHbk Shforeo G SRAGAENO Wb FilSc SRR G r
enough upstpggﬁaof t%e punp, ?%%?exgﬁp e at Fga f‘%,lpré'grgg@%ﬁaﬁgwg%st 10
met er slSupst r @aparsns. tWachurmy ¢ompoisd @r haahantegrifénge eAvpinsere aid af fifdl yeodies soidved
before reachipgodalif » RHERaSH KL thORet Sk BPRR BN p:ARE pARALLYeh kS 1bB™e &

pressure, foPBexgn%fe, tg'abéve 56 bar, o _o”tioha?ﬁ%rfopaﬁbvel%S ?mﬁo bar
when nore of t #islitionghplvent ieserypedosyngireamus ebfain heolidrodirdron of two- phase

condi tions igo@9pi dadc Lilifdi&s rtk%a&ﬁag&t Qficr EAGE WSt P Ao Y %%reﬁ&@?@th&it

tenperature and pol ynerization conditions. Hence a W de variety o
cat al ysts cariiskse dadgr ipplympdzapen se dasilitaine Hligotnioesla: afigrercabva atfzny stglusan be

used tg nmake ghicghrandel gog%taa\ﬁarn?&ﬁmmoéo%ykcga supp® WEIghh Rte% kAl $r wder

optim zed production conditions. In one enbodi nent’, use of a separate punp
to boost thePpiBssWite g {dsclyiiscrast el adpdnzeliapoaensiakly foes et asério thiee
reactor and hegidnh@yi d phase separator can be avoi ded, [such punps are much
nore costly than the | ow viscosity feed punp]. The pressure of the punp

al so cascade$0®BRk ougAME HEOWMEO HETAVOBETRE BETINUBPOBES 08189 9va o6 e satelpd

conbi nes wi t ijtheH@Rsenar iNen¥ARAYE Babtd QR hQFanbNBsol Aistak 8batSIQ KARE and it is
separating stage to reduce overall punping needs during finishing. The
pressufe of PHEViLifpredersahe egopyef \ﬁgyéﬁﬁémpf@vlw%ét%ﬁmﬁwtveiyélet & thee
pressure redysidhg RN SWHRSHERAD! Qhsdah@ whil Sidedi-DNas &tiSRRA-RhOhedih ROBE

al l ow ng phase separation prior to the pressure reduci ng neans. 5

na
preferred foffHingocthirithpsanicles solven éhapseyiieioprenayal ofunphanali fior sraamiss
advances oneRIdraft hods 8RACaHEH alRassScdi@ sfevs.t Ny meaMas LslopadRafly agdcianabi ng
systens or purification devices such as high pressure flash separation
devi ces or | 8\ 9PEEE GPErNE SAYEEHATISR MUVl st romthe ragprs dp gapmgent of
enbodizirent , EB@rEoilS nd® Jrinthath PRASELERP HoRLJr 0Ma@dnd SOl @biroshtiQhalt/NBom

polynmer is a?hieved by _vaporization of the volatiles in flash tanks or by
ot her neans. 10t 30 mols of mcthanol per combined mols of catalyst and scavenger. When methanol is

uscd the drying bed may contain both the 3A molccular sicve to remove water and methanol,



10[ 0086] Preferably, a catalyst killer is added downstream of the reactor or
reactors (in the case of series reactors that neans that the killer is
added downstream of the |ast polynerization reactor). Optionally, the

cat al yst killggngmgga%d upstream of a heating arrangenéﬁ?"gﬁﬂwé”WPquid
phase separator to suppress further polynerization of the heated

pol ynmeri zati on m xture under goi ng separation, the |ean phase bei ng passed

t hrough a cooling 15 apparatus, which nay conprise a heat integrating
exchanger andard/drithakAcwolearlyr snd ©pcmovahiethagldridenrn blokna echhe CRORA0 si de
of the punp; the. po ri.ch ph bei. subjected to additional solvent

r enoval domns%gggﬁgﬁ%ﬂﬁ%Fﬁﬁﬁxggégﬁﬁg"ﬁgﬁgwggghT0087]The addition of the
cat al yst kil | ®¥88%per nintame tehibodimpoqpe whtra meetttaoolbie ubadcaseasedysivkilleoube plagknag
further polynerjzation. so. facilitating dir.e recycle, after renoyxal ., of any
sur pl us ki||g$Th§%§§§ %%5?%%8§8P933?mdﬁ p%%ﬁ%@@?g%%n”%%%:g@%”sﬁ%hlvlﬁ%gns
on the 3nlet gitidellgfcontaespuipst sttt vomerisimg' di 44 atdlcdubr peantand hatecotie sthgan
phase general ( -1 0_he. f i e 2 kno -

ont i naous. pol*yaaRE CPRRor B8k R ARl ARhrOE The Ll BRI g
However, the fimvtatopgainaye 4foummbctlmatcvieenhamvobd sthsocoaeingngaGD alupatal Jist
Killer and itgqf : ' ] e Ut A9 eam foul i ng
caused by res?l(bjal'fln%?)ao‘IQ31!1 n%‘?e!?%eb%gg%sg vglncglgf?lesggl% gbOV/éﬂOé%&\rlrméﬁ) %geﬁg t(f gavﬁsaed,

it will be destatalshracitoiontbdoiptien af driginrgygedicd mtilpst phigomdr i ngp, Bedwo floer t he
recycl gd sol vg i i f I t. F , the
dryi ng beds n%g%%%ﬁ?%?%§aaﬂﬁ%§§%§§ﬁ 5?&§$g§g{mg%%ﬁﬁegﬁgg%ﬂ“ﬁg&%%%?gﬁgI]y

i nj ected int detrecpobyersiconfial of mynipobepner i zation mi xture effluent from
the reactors hiyn amRYRl Mbuetfl hiaTNEy hOudkpudh 3o hwiTEL NADRLbRCH, GRADI ned
nol s of catalyst and scavenger, optlpna¥ Y, rom 10 1o 30 nmot's of met hanol
per conbi ned afdhosregicleciptvahtybtougn thegttiansan gewardsrespusprap e dlow grovidesch thes
drying bed may.ceal glBrlghh s MRIAEULAY Bl GXEn I hEEBYE Yayer and

met hanol , VI)%011/087728PC%§9@5015?%510993é%d§orltLeeiA n% ég%%ar.sieve to
renovelSmet ha891l andrewaldy.waveigs couphpten BROROMogener wetdaekdalb lav. et gmple
renmoval of OtSBIQEntQ@CB%riﬁﬁd &@%@Q%gratﬁo%??tladq@[sﬁ?&eas%m% He eXMQ%ﬂ TRidanol
is used as a catalyst killer, the plant nmay contain a Tecycle solvent drier
syst em conpr ic8h bQCrerieycd épaimamiae disphargep eopmosphere fipd wiredgser hed fenm the wElueyt
contains a figh e IRLAGREQRMGI NG @ 4A nol ecul ar sieve and a second stage
conpri sing CD0200 al um na éavailable from BASF). The segond.bed'oPtionaIIy
contains a filf&%I st d§e iedrtiarihivhge sScramiard redaiogim Wpepes dndhiske sivdlevhage
cont aijfi Ng ClqaliWIkOR is FpEsc@Rd @hnHbAGN bdicHR S AAG i8S $hY BqliPpiLst @i n ol efi ns
t han CD0200, but is believed to have a greater capacity ?or absor ption of
certain oxygdt®Bkd Cemferifstthpbigembase serugier it wenewed dr ireflash opeldsiangsd

al ternated WghRn@@snbadichel-Agv&MAL Oy BndrRicHr pHhD fibhe iehfd HraR! ¥phhiowhi | e

t he ot her , ,
Preferably a the flash tank operates at a pressure sufficient to allow feeding of the vapor

phase to the fractionating and purification system without requiring a separate compressor,
25 and said pressure is generally 2 bar gauge or more. In order to accommodate production of
polymers with a wide range of molecular weights, this pressure in the flash tank can be raised
to a high level, for example, between 3 and 10 barg, to adjust solution viscosity to facilitate
feeding of the concentrated polymer solution to the final devolatizing stage. Thus the volatile
phase removed from a concentrated phase is optionally conveyed simply to a fractionating
30 tower as a vapor, arranged downstream of the flash tank, for purification. In some prior art
arrangements where solvents, ctc., arc drawn off under a low pressurc in the vapor phasc, the
extracted volatiles must be condensed and passed through pumping means for subsequent

further separation steps.



bed is regenerated using a flow of hot nitrogen. [00901The fl ow t hrough the
driers may be upwards or downwards. Preferably, the flow of the recycle

sol vent through the driers is upwards because upward fl ow provi des a

even flow di S%IOZBU{ %O and i nproves the efficiency with Wf@ﬁ‘"?’ﬂ‘é"”é’ntr re
bed is used. 15 [00911 Preferably, energy consunption per unit polyner
produced is low, with sinple solvent recovery and energy integration
systens [such as heat integrating exchanger], which can be enployed to

m nim ze di sclhé&v4ges ﬂnoorat mﬂ&pfm&meﬂ&nt&ad @hd‘beOD\p%ed’lG‘aﬂlqﬁld donnt he aehédnnebt on
the liquid phase separ at or 0092 1The arator”" refers
to an gppar gt usern® v% 2 enzildcéeildnglor & e?i‘éeéj (@fﬁl § 5?}?‘86“2‘1 gwﬁéﬁ) B tst
condi ti ons i nmwnb chr u)ntampgraa‘steﬁpmgrtvepdrmltﬂ |thuﬂerdn grhaseesl a [00Qatuimefferabl y
the liquid phase Separ at or i nnect ed t ank ed

downst ?eam P iCh rcggté)rc\(}%‘:s?mtr%c &160 C?r Her -“r1 Ha%%rgs befforI ?‘i’i‘gﬁi)ring%r Sehasse
separ ator. Preéetcably a the fl ash tank operates at a pressure sufficient to

2ystom w t hotdBtsdq el AR GenBIRRR b afipr RPN B Sl 8Bl
generally 2 barthsgﬂutgetamr amiotrhe de‘mhatmrzderﬂtosc ammmmdaprealpr mdughtt |ngatheﬂ‘ and

Fglnirné;ﬁ \tI)Met Pg?cée\éﬁs %e[o rg‘?ie Lquﬁfstnrlt w%quharg the\lveﬁlc mFméd B I‘Eﬁleple Sse%l- Jean gas%arlgalf | ?zh
adj ust sol ut ithn lwrurdcplsxsct yscrtamtdiracq lgiveat ecofneeldd reglvofit tohe:lcccstrc}mnt r g piad yrrer

solutign to t l tizi t enmpved
from agconcenc'tarﬁ%eﬁl%aggpﬁggl\é% @M S%rte I ohﬁ] ?%%ctgg 5’@%1 b%fl\{ﬁf%ﬁt%boé‘%fl Iéurrfrrcéthc’élt i ng
30 tower as dowapotake autﬂalngedwtﬂloh\nstrs @arwﬁém bhe ca‘tilas kolv@mnland figavy monomer
pur I f I Cat I on. uémas%? (53 (H‘rEh\f'g WQ] ]Il Cd%rb QQ?O”E%}C%C V@}%e g)r(]t Sl’g%l%e()tm%rb Su?la

drawn of f undér a owpressurernth iles
must be condexted caddBhawsed tehmgowsgh qberrnlnnng’pmhﬁs ifcbrdes ab®edpnemt arfapgadher

separat | on shepsa0.20MH OBATRARCT) LSRORPLARI99.J 00941 O, cTpodl ront

the | ean phase iIs a neans forremovi ng
added o or g‘éﬂéﬂéﬁéﬁ» Qﬁdmiwagorpnﬁyyzmpn@ated@mhqwnﬂtﬁt hﬁzlarhsstb@npnuts@etwcrreans

for contacting, n@alscgerti@{g,ih{gge YiPRL re‘r{iﬁeaﬁxﬂnft APl "/egpva%tc]ﬁﬁ%o &nfa“[ociﬁéj{&w%{ %Jcrréb nt

flow arr angene to concentrate rogen In"the vapor ase noval
fromthe | earqul@\hlag éh,dsm@grym leg. reduced in size as compared to plants not comprising the partrdl

condenser.
[0096] The liquid is typically fed to the tower above the top plate.

20 [0097] The partial condenser is optionally a co-current condenser fed with water as the
coolant. The co-current arrangement ensures the water cannot boil during unusual situations
such as plant start up.

[0098] The vapor stream from the top of the solvent purification tower is optionally
cooled and compressed to form a mixed vapor and liquid stream which is separated into

25 liquid and vapor with the liquid being fed to the bottom of the light end tower and the vapor
being fed to the top of the light end tower. Introducing those streams as side streams in a 5
bed tower would give more efficient separation, but introduction at the top and bottom allows
a less expensive 3 bed tower to be used.

[0099] Downstream of the liquid phase separator, the polymer-rich phase enters a flash

30 tank operating at a pressure such that solvent and residual monomer vaporizes to leave a
concentrated polymer phasc. The concentrated polymer phase may, for example, comprisc
from 70 wt% to 95 wt% of polymer with the rest being volatiles such as solvent and residual

monomers. The vapor is separated as an overhead stream from the flash tank and the

_23 .



[ 0095] Sol vent - cont ai ni ng vapor streans are generated by several parts of
the plant such as the flash tank and the devolatilizer. Those streans are
typically bro t her and condensed to give liquid solvent which is

t hen conbi ned%%hm?ﬂgg pol ynmer -1 ean phase fromthe Ii quilEFTf)[F?é%lg/O"slgﬁgar at or
to give a conbi ned solvent recycle stream During the 10 condensation of
the vapor streans, they are typically passed through a solvent purification
tower to take out toluene, which enters the systemas a catal yst solvent,
and heavy nonemesmigied polasciogkenepion yENBIetech thabotiom eint flas tank ¢ipol ehere
storage. Wher ¢ neavio ANATRIS iRYe B 95 SO0 AENB. AL BNk aRELAG Jised. {he
pl ant optiona Ipy i'ncl Udes a condenser arrange i mmedi at e‘lly upstream of the
tower to part 08100 cBrddms erefdnedlyweqporissta pam suFoss @g@nplrey for Wbthdbeing tBO Wt %
of the vapor £..§0 ggg ed. to:liqui de Liquid is then sent. t he
tower to sepa%@%/%l?tﬁg [{2’ Iugr}gldbﬁnfo héer%aﬁgﬁ%?knéh@gm&f{ﬂgo# rl\g/aﬁck)%rm]i“ts 0?\0t “ sent
to the % ower, davhletileloy al | owi ng the tower to be reduced in size as conpared

to plants not ri-gi.n h ti ond r. .| : Jigui d i
typically fed P8 P he Fonas  SBrs bRl FaFle LETRRET it Bl rdivace
condenser is myhtiamphkdcys axpoedior# eavtum orfdenserg iedichite hxwat ecw asrficharea,
cool ant. The - , )t i le~during
unusual sit uat?"lgrg S agﬁﬁﬁlggggfggc{@r&é?%?? H%%&%S&é%%ﬁ%“%%%&% dé%edaf% fromthe
top of the soll0HREt plheilfvct af vontitotericilly ropduab srvdny arbobeenah droonpn diss ed
to forpa m | Qui: - Lch i W . iquid
and vag)]or W ?ﬁg%e\éggﬁ %ﬁlﬂger ellgl’lr%éf(H gé&&f{é‘ ]g@toﬁggt%%?tog%égl é}{tﬁlﬁake‘g iobﬁlgléynggt%%f\}er
and the vapor30beingrafeably dess Hen £opvtvf andt there [praférable trds thondp witontThedercl nig

t hose streans,agSid S bl .y L8 | cient
separ ati on, but ie%tlr glg?%{y?%ﬁﬁg%&tlaﬁeﬁtdg‘g%é%%&h%%%t%é@b gF% Fega}sb? Iéé(gfgﬁesi ve
3 bed tower tedES wEedreffrag9o) meveribenr £, anchoreipeplitreblpheameredleqndr avdh., t he
pol ymer-rich ph#RsE ek efSafe fnl BSPacudl db@KiI0RSE ?}efeﬁlﬂ)l}aﬁo ﬁoﬁrtﬁ&swoq%rﬁﬁg,h
that solvent and residual nononer vaporizes to |eave ‘a concentrated polyner
phase. 5The covdenbly ap awro ey fepngha e i)y nd moreghamifl mmbgo e iteepefatwenis7 0
W% to 95 W %QnaRPtydiBFan M dihohBoPERI278& NG vol atiles such as solvent and
resi dual nmononers.” The vapor is separated as an overhead streamfromthe
flash tank arB0H0fk Pederelnt hamedcsolsgnemophelgiesalyapt sdich ylops nelolopelétador n
the bottom ofiykige il @shuah@PK TWaPTHWOS Gunithc RBIIES i REQHAF RO QML &Yt O a
conduit and eventually flows to a vacuum devol atilizer. [00100]" Thée pl ant
preferably cdhipgPrdeshappman weich lak beilgearkinankrstdorolvint reptamllsgnichecs of
concenpr at ed .p@h¥MRhicP AP 8c TihQRbE HendhbAS et AMKosB ML RHIRL G0 11D chiBod BEmb,N! et

of the devolatilizer. _ . ) )
preferably in the range of 5-7 carbon atoms, optionally in admixture with other alkanes of a

higher or lower molecular weight. The solvent is preferably a hexane.
[00105] Some known continuous olefin polymerization processes utilize n-hexane as

solvent. However, n-hexane is associated with health concerns and therefore it is preferred to

S
W

use isohexane as a solvent. Isohexane has a slightly unfavorably heat capacity relative to n-
hexane and therefore it is necessary to use 1 or 2% more isohexane as compared to n-hexane
to remove an equivalent amount of heat of reaction.

[00106] The polymer may be derived of monomers predominantly comprising mono-
olefins such as ethylene or propylene or other higher alpha-olefins having from 4 to 10
30 carbon atoms.

[00107] Considerable cnergy can be preserved by providing that the polymerization
mixturc from the rcactor is heated to the tempcrature before rcaching the separator

successively by an upstream heat integration exchanger and a downstream trim heat

-4 -



[ 00101] The term 'vacuum devol atilizer' refers to a device in which the
concentrated pol yner phase is exposed to a vacuum whil st being agitated to
expose new surface area, thereby causing further residual solvent and
mononer to evaPol At and be drawn off.  [00102] The |eVé&"GFPVBIELi | es
(typically residual solvent and nononer), present in the concentrated

pol ymer phase i medi ately downstream of the flash tank is optionally |ess
than 30 wt% preferably less than 25 wt% and nore preferably |l ess than 15
wt % The Ieved:xckm‘ngwalnaﬂ)ylpwidhrg thitghglohry phewse fronreldh epahtyr dowristb segity bdat tche
devol atili zer o, han 0.5 wt % preferably no nore than
0.25 wt % andthﬁtlsﬁ?@eﬁn %?Hedtexcgdn €’than 0.1 w % [ 00103] The pressure in
t he vacuum deld6108t i IWzmngpsespxr@fleﬂalpto,ceﬂof i lirevettharab 07 g, mpregfodrald y no

h 55 f b
gg{ ?o;aﬁlny in e%r garrrl%é?ng)ac fr om ig'g?f% d%d %Dpégguy%aéﬁf (enlg éfoere;at]%%taﬂor

process uses raomoﬁhpobmr psedurcelimbit whiot hntdraés cometraigmidrud iypatiy om bcrﬂoerbfaeme in
a meani ngf ul y £Qd.nhikit th Lyti t t
Systom b of drarroReRY EP sl ol B ERASK e 3R RRu Lo DGR BTl
optional | y mxtctureslupdn al kamgls, phedsi wphtonthy pbiet bfi the aresone badaacgledanbs achtoas
t hose having nge of 5-7
carbon at oms,J r{;)\gétf@ t@%aﬁgfégy l%r?ﬁnp %E?@%O%%ﬁ &Sytp‘lku gta hi gher or

| ower nol ecul [89108ki ght fcﬂih@:nmtwemay|vsrymce¢r@ﬁlabinyhcaamém@coﬂ{00ﬁ)16@:5]08@%

k t L | h

sol vent’ Honearr8n LA RaLY TR AR 1o RE REERERBAH: ol Balle SRR Bt or e
it is pref er rtbdfeedteuperafusolexamgheashaa 49T \ophenally sohmheartbarhz(¥Caorgionalytdoy

unf avor ably h&gn%r &%PW }ﬁ%?ﬁ Y$hel RaD 208X ﬁ&ﬁ hwetﬁﬂaﬂ% Eofffort $0°C 1o

necessary to use 1 or I sohexane as coO are xane to renove
an eqU|vaIent“ﬁﬁbuﬁhcoﬂymeﬁﬁﬂwfﬁméﬁﬁﬁv®n’a@ﬂ@m@éﬂnTﬁerﬁé@&h@ﬂwmmydbeed
derived of I, g v | ene
o pr opyl ene pe o ra P R S P P Ja S 1 Ep e

at ons. 15[ 00107} tf@pn@'ﬁ@éfﬁaw@rse%erbgydlwémlqgeesmfétgermerdmbrys @ﬁm&dmﬁ eigtht hattiret he
pol yneri zat i Qp 4d %me%,zaﬁmdk ng ia%@% QJch' SacRRat advdrioh i Gider ore
reachi ng the separa successr vel an upstrean{h |nte ration
exchanger andempeghig & meb(metsrqomhﬁé@g pre@w«mmm@qﬂm wsR 0 8/1061 H9C,
exchanger a”%m@%ﬂﬂ%%M&Q{ﬁ@(EB@£@£h@r%@éﬂmﬂ&%ﬁ@“%ﬁﬁﬂh&9%ﬂ§69@%ﬂ59&nﬁ spijused
to supply heat to the upstreamone of said heat exchangers. [00108] Working
pressures |nt@%@“ﬁﬂ@d@§§do$ﬁt%@WﬁnﬁénP@wmméawﬂbécqgﬁﬁaﬁmbﬁmW%$%w©8@'B@r or
more, ,90 bar tQhpeMRrEat v@rg?cht%ﬁg ca@ﬂysﬁparngu%gth%%QSfﬁfcﬂi’altMn *2Qiogar or more, or
even 140 bar or 5 nore. upper pressure 'imt 1s not critically
constrai ned lﬁ‘lﬂllwypp(’!a‘]allyh%ézf?ﬂb’émm ksad topp terepgsatury diffossngpl Yetwao thainler
l'ess, or 120b&f ofhe pazl%miih@n RIE8S Mderhs DR df %'difnféocfé 19 &R LBE ! eRRt O
solution in a si ng Ieép ase u t he point of pressure reduci ng neans,
and to provi @&t by éféi§§a%*ymwr49 Agnprbing éhet"doﬁ‘é‘ﬁv@y‘dt*ﬁéhef‘Ieﬁlp%rétuteﬁpough
the plant. [00F09] nikhe FReG: HEPREMA] K@t FRYroUAiNg IHEBENEAG: Qidhhgoifvad | abl e

exot herm and _ext ent
25 For higher molecular weight polymers, the temperature rise may need to be constrained via

increased and warmer feed and/or lower reactor temperatures to avoid excessive viscosity in
the reactor solution that would degrade reactor mixing performance, thereby leading to
non-uniform polymers.

[00111]  Alternatively, in some embodiments the feed temperature can be above 0°C, for

(9%}
=

example, at ambient temperature e.g., around 30°C or even higher. In those embodiments,
the heat cxchangers for cooling the feed can be fod with cooling water, rather than being
refrigerated, thereby reducing cost. The higher temperature of the solvent recycle may also

avoid problems caused by fouling with polymer. However an increase in the feed

-25.



10 of monomer conversion desired to reach the polynerization tenperature.
Advant ageously the feed tenperature is no higher than 40C, optionally no
hi gher than 20C, optionally no higher than O0C, optionally no higher than
-20C and optl?fﬂeﬂ"l 8"# the range of from-20C to -40C. f?f”é’“ﬁ%ﬂl@/ P zat i on
tenperature is constrained by the nol ecul ar weight desired, allow ng for
the influence of any hydrogen added. In a series reactor process the
tenperature 15 in the successive reactors can be raised progressively in
[ ncL enent s depepditng voh réshie imatier@soin thhanpot yiheryaatada it alkiresa?top;l fiac;am’ n
such reactors nt.age merization tenperature for polyners
conpri si ng pr%ﬁ%ggﬁéﬁcﬁ e ?ﬁ&?gﬁén gﬂﬁée Ufits is at least 100C,
preferably atNOHast]ﬂ&ﬁﬁkomommmmn@ﬁakphﬂmem.ﬂelmq&iaobmeﬁghﬁ aﬁtmbkaﬂ&)
200C or nore. lkh? h 1a r eonschrolu d P%on()exe(:ret%d mer: eratln er ture.
deconposi ti on te&ip bboc Or “LHEY2ot Enparatir € & yvx?hl élﬁ e DP can
sustai i the p&hymn@mzﬂ&nbmameamﬂumnml@@Qm&O@oﬂwécdDM>mhmmexﬁnMEmnmmaydjead
ﬁgagt f)rengﬁéat ‘%ésgmg'{ ygiause nt Irrﬁolgrﬁ%rg%\/\qpc enz%%trgéc O%B%fea%_l i 4(2};'89’%‘5&3' %Iga“ on
feedi ng at mshagd g@f’éramdncalekmai ﬁ@%l?ﬂé/o emspmhy 0. r'Eicsetal retial emreachfwrlle to
210G, a hi ghlc% eftIcl o uld ﬁl’ ?Ce S 0, o ﬁ‘cle }eacftcg”r rgsburglfl dVQ)gd lfo(% t1onnqlveaccl>'lrl ar
wei ght polyners 35 ecdl ar Wei ners, ature
ri se may needaubldchelncgms’ah; alghadnmoalcr pmléaxwlremdc \mmfmld t @teplroamdxbdmuidomer
reactof, tenpepat §oviscosity in the reactor solution
t hat mould d Sghgégggéglﬁﬂgf ”£ %§w§$¥ornance thereby leading to

non- uni f or m de0kiAer dn it§ El@éldbit]fonﬁd tderlmtliumeddy be pﬂf%mmawelnmychuwmfﬂ sitdhe fdreed
tenperature ¢ga ie g.,
around 30C or e% aﬁiﬁg%{& ]\%F Cztg#t on? Sﬁggg}%’éme@ e h%teie];%&p Eggég{ ‘gbe?or
cooling the fTélew gagrallyecdnedn mramltmchetﬁgaf\ﬁaow 3 11oalt0mfr‘t‘h€t H@mdbetht} and at

refrigerated, a&% %Héiglrg‘i’igﬁd%t(f&?}mb bgﬁged% %etbn&ﬁ@ﬁ)ﬁ%éf &{{rﬁ‘lﬁgﬁlﬁr{g&zﬁﬂhvem

recycle may al S0 avol ens cause oulin WeVver an
i ncrease in tPhderhidpdhe trawpen atetut és wicll Iin rie:stmntc titcrte anﬁé@blb@dé)yl cncqchfelyatrmu nt
of polynmer ngde .| f, an hye, L JrERACPQIodlE for
an adi abatic g‘fVSé’gs Ehﬁ e[cggg%%ﬁ%r%gndgéner g%%cée/bn(?r%@?lgn e%’gn‘ﬁs‘) (gngl"é1 he target

pol ymer type et Bh ar zigeingim whichearg gsadcinanodanasigriivar igi thnd ofonprsporer t o
pol ymer and AP Ectb&a@eganh%peegn@fow“% an lﬁaay%g@r[ag 99&9&%& in thél€ daglmgé}@drﬁepame' a'
pressure shou 30% or nore B partial pressure of volatil
conponent s i mpdranifestyigeei suelt ¢8<%ymefatmrcgﬂaners p@ﬁmmﬂat}om%h@rhgﬁlrﬂr@pabm
shoul d,pref er, ﬁk@xaéfuoﬁl%d ﬁéﬂ?g%g%u%gh %lpt%F Oy IERRECHAL) 0%5 ‘gaocé?l bd Merfcgt @l parti al

0

pressure of all conmponents ess than 10 reactor pressure
to avoi d for h¢idén dhe gelplost ibubibiredy alhvﬂ*thelrk@FléltfaH%‘ilC@h’@?tahﬁ%wér Tharbulkal
pressures ar g,pefahlEd Iﬁﬁuglmg%‘f%oﬁd%@ a ohﬁubx‘éfeila@[%h&%nsa%r arh@} 4 Probfre
l'iquid phase Separator . I'n 1ts broadest form the invention can be
performed wi tHicAnyaysed wbp embaanaloys*@owp@moné&%ﬂm@wma Zﬁhédquéﬁy Ihgand aag deal yst
or a SSC (si palfo&ht- %e %ﬂtl@rle}ﬁﬁﬁlznyl BE@Jdﬁ{}@-WhYOh c@n §§gmh§ dt'?)ge/ nufRES ne or
generally contain a transition netal Groups the Periodic

Tabl e25and ammorelyky digendsrivdy bapgnded g@m@e flﬁbtttloﬂefﬁﬁﬂln‘éo%onﬁ*@db‘t@ figgnd is
transition melighedUtin@nP@ ¥r®LilifAld@Rfic tlgeglyplicﬁfe%{a@rplny Jshentih ansidirRnyenet al
is used in a cationic state and stabilized by a cocat a?yst or activator.
Especi al | y pPey@gizatonic Piatdgl ¢ despsgowst patypijgatirnoptiache (i lggnds mapibeé such
as titani um pLHRENIHBoSdingicl GO N FuMdticR make pusaebl rae{:a@tlamew 2ok ARyt et he d
nono-val ent cationic state and have one or two ancillary ligands as

descri bed i na§iyriar dethais|e hydiosabyley halygra-lpavingraretm [ Batiymed ot ddidpent of

catal ygts fop,CQOK q% atléd@ntoptﬁé YR [oh 224 icQtdi@hEont e al VNG CRPARARRE: can

20abstraction and t gand i nto which the ethylene &ol ef i ni cg group
be i nsert ed. be nserted mto thc polymur chain. The transition metal dtom is a Group 4, 5 or transltlon
metal of the Periodic Table of Elements. The transition metal atom is preferably a Group 4

atom.



[00114] The catalyst is preferably a bulky ligand transition netal

catal yst. The bulky ligand contains a nultiplicity of bonded atons,
preferably carbon atonms, formng a group, which may be cyclic with one or
more opti onal WREPHPY S oms. The bul ky |igand may be met ACTBEEHE0GY8e

cycl opent adi enyl derivative, which can be nono- or poly-nuclear. One or 95
nore bul ky |igands may be bonded to the transition netal atom The bul ky

| igand i s assunmed, according to prevailing scientific theory, to remain in
posi tion in tjoeliGpuridetalticeqzodayiiBisi @atiecQned @vitpraostcatelya Mﬁfﬂ)gﬁjﬂ@;ﬂ&lumoxane

pol ymeri zation effect her ands bond or rd|

P amer 11 on nelEo BTy LB ey ROt P YSTBr SR SEHR Souch
as a hydrocar&yﬁmmbdhﬁb@@ﬁ@e%ﬁﬁ%hﬂ@ngﬁoumwn®@né6mﬁ55m0mﬂmhb@kwdeuamhﬂ@nt of
30 any such Ilgand eads to tge chatH9n of a oorg%natlop Slt? ghich
the ol efin moROMEY 2CARSHE OF HEEr T &d Mty Pr?@“%%} R RUHHE “[“P%m i on
met al &t om i Ssofuti@isOmpy 4nclileOunréctcd aﬁﬁk;tll acmnmmhadndahc tah&noRa’fcl oadhicentrhadl & of

El ements. The transition, netal i S ef.era

2011/ 087728Per Mook o8 156% Ter WBFETELE QiR iRl M iy
with a Cocatahyﬁmm%hmﬂhoﬁﬁmeﬁﬁﬂ@bMﬁDXﬁﬁ@hﬁﬁ&&&[&b&ymBQEMMkaMUﬂDKQﬁﬂHh@VIng
an average de e of oli t|on from4 t deternl ed. by, vapor
o eosur & os mOEL Py SO Titrane Ty Beo gt Sy Pler SoRum Fe gl

| i near al kanelS)O@br ba, Iusfexzibliyrsoaonslburrrcgaubub thcstragﬁm(ﬁrrad:thly used froma tol uene
sol utign n ted tria al um the
S umoxiine conlettPh ot s et brafo Of sRLFEGS bl Shiohy et e M
figure incl udss sanyuit thicaypeyl palaenbainmmatic mmmmmwmmammtm thae‘mtlam

ol I gorer. Thesuc auway tﬁi@ﬁ Qolfrr'?cr?ssggr(gdu%ed GAsah& S coln 1|tigr?s L& lactXn USF g leag%
mol ar excess, OF nore, [ﬁ) erabpl'y and

preferably 101@)@0@g pblgsisr pqngeﬁe?%bﬂegch&@@ nmtallb@:ss), pm@taatyi M@axtéommoﬁewemml tion
nmet al . 10[00116 T shq ref er e se| road
range, of aval ?e]é P?%@@% g pFPmel %r gtrﬁmagé/ endb tgg d er;r& %grpé%grbato
process w ndqwdasaiamda"feedlt oheuteng wihdaws \mhc&n @tmgedtchatystt hécqnml ymréiSG eend

pr oduced und > DI SS .C L LYt

pol ymer per gr ﬁ?@g%’%%ﬁ%%ngﬂg&ﬁggﬁﬁféé%ﬁgfgﬁﬁﬂ%]e%?b%nﬁgwhﬁg ?é) 9%00 or
even in exce$SMbhanM§GOGm@mpphyﬁﬁmlpéﬂ'@mdnnsstnlByMQnamMHHQOWhedmiﬂkerent
pol ymers to be lo&%oﬂr qnctﬂ&dd'cll g@e i B& IR %0”810\0& AU XY'rnI L1308 1o be
optim zed cata yst se ec |on the's g’any anci I'l'ary cat yst ‘conponents
can be used ireryslpdhlahd quizentddt ioesc;atmmrtt Ho ophdenpedliryceatagananssi brgors rmadube amgunt s

of scayenger | n be used in equally small amounts and the
varlogé cost%b ggg?%S%hﬁé?ﬁﬁds can then be introduced to allow the

non- pol ar sollWHAT] t & betallweycihadbarish bubjeéotitbd woatelys athndns atnont @mprklypol ar
cont am nant s s n 0 (9N, react QLS A
net al | ocene ﬁgﬁ&@é%%fggybgﬂhsg% mn&hgghﬁ%gg%%@§gt &ﬁ?@ﬁ %é a%ﬁg%?Q%%E%e akly
coor di nat ed apdrdinatedrireonse e tavohination sldiufitei snificeniloweakas ausegnther eidgnced

| ncl udes Wea'swh&w s 03F 5 ARLORSN, PR A RAkLR SAOYhdibRe Hbhddrent |y
weak in any event s evi egced_ y the progress of polynerization,

perm t25t he |ﬁ@@wvm@n1b¢nmh@muhyanm@@@E@%ﬁwn@mémdmzaf@@Wﬂ@ﬁéhQHWW%@mnem

non- coordlnaghﬂgfﬂﬂhgﬂwpqupgxﬁygglhed and reacted with the netallocene in
any of the mariners described in the art. [00118] The precursor for the

non- coor di naltMgBlanibh mescﬁefovﬁ’édlowcpwd@amt aliquopen &c swdpvited matallgceneduced
val ency Stal Gy, FheiPs COHESOrHBY (HRICHEON Bk 60 By FAGE ANudalNRaRIoRCUROT

may be an ion pair of IC t he pI’ECUI'SOI’ catiron’is neutrali zed and/ o
el i m nat ed i precursor may be an ion pair of which the precursor cation is neutralized and/or ehmmated m

30 some manner. The precursor cation may be an ammonium salt as in EP 0277003 and EP

0277004. The precursor cation may be a triphenylcarbonium derivative,



30sonme manner. The precursor cation may be an ammpniumsalt as in EP
0277003 and EP 0277004. The precursor cation may be a triphenyl carboni um
derivative. WD 2011/087728PCT/ US2010/ 061099 [00119] The non-coordi nati ng
ani on can be YO7AI'08EHat ed, tetra-aryl-substituted G oud TS MY UEI- car bon
el enent - based ani on, especially those that are have fluorine groups
substituted for hydrogen atons on the aryl groups, or on al kyl substituents
on those aryl groups. [00120] The effective Goup 10-14 el enent cocatal yst
conpl exes of [OAELY nVERtooRro@diestingnnian bpriefadrabigbratednbiodayenbstitded Gwoad 106+ om
A L omiC Sall Ly SRTREL LA 8 G oRn Al Nal 6 OB A0 o R DL B AR e
conpl ex, where A-" Can be& represen ed 5s" 3[ R/}%H wher'e 1°8P"one™ o1 “hor e
G oup 10- 14 nfet eydrepicd atoms methalaryl proefsesradnl ajkyboibeituamts oaltunt myhgrognd each Qi s
a ligand effegcti f.Qr providin l.ectronic or steric effects renderin
foaforce T0HF i S8 B ARl Bl el b GieF b R L e ARL
under stsood i nprtfheblarcmbodimest, arfvkd Gomrin inierbet, cohprQirare4-saugtingth &roup 10-14
[((1\4' )1 Q2 . .. . | .as a, whole is an effective non-coordinating or weakly
coordi nati ng %ﬁ?cggfﬁd‘%&%??ﬁfpgﬁ‘yw%r%ﬁb%@?’f CPREE B fi cal Iy i ncl ude
fluorinated aryl groups, preferably per®hoavi naped aryl groups, and include
substituted Q groups having substituents additional to the fluorijne
substituti on,W%Mp%ng IR ﬁaquadoﬂfrdrr%ila@w Fm&ﬁ@a%%f.ably beoppefgriwg. nd

f Ihuor [ Pat [egoaaami Qggh QU@eﬁldieﬂBdtils}gjlbr@;k’t_ﬁ/Mﬂg cl&viphie ay&terimafabtté tlderatpd (BN, @At : ves

t her eof . 1 The non-coordinating anion may he used | n approxi mately
equi mol‘ar armér]’;lt SUipRIP 4 i A0rgOTE At AR 15 B et arsethPohent’; Ostichtigsntag

| east 0.25, piuaibher & ¥reQGud, thanMesusci ad,l s @ whoRN ais bERti aSnodobRiRtAN@N 4,

a
preferably 2 andl especlall v S, J 001221, FERL.SRALALLYS R .05ES: ary
groups, preferably perfluorinated aryl groups, and include substituted Q groups having
substituents additional to the fluorine substitution, such as fluorinated hydrocarbyl groups.
15 Preferred fluorinated aryl groups include phenyl, biphenyl, naphthy! and derivatives thereof.
[00121] The non-coordinating anion may be used in approximately equimolar amounts
relative to the transition metal component, such as at least 0.25, preferably 0.5, and especially
0.8 and such as no more than 4, preferably 2 and especially 1.5.
[00122] Representative metallocene compounds can have the formula:
20 L*L” LY MDE
where, L* is a substituted cyclopentadienyl or hetero-cyclopentadienyl ancillary ligand n-
bonded to M; L® is a member of the class of ancillary ligands defined for L, or is I, a hetero-
atom ancillary ligand o-bonded to M; the L* and L" ligands may be covalently bridged
together through a Group 14 element linking group; L'; is an optional neutral, non-oxidizing
25 ligand having a dative bond to M (i equals 0 to 3); M is a Group 4 or 5 transition metal; and,
D and E are independently mono-anionic labile ligands, each having a o-bond to M,
optionally bridged to each other or L* or L®. The mono-anionic ligands are displaceable by a
suitable activator to permit insertion of a polymerizable monomer or macro-monomer can
insert for coordination polymerization on the vacant coordination site of the transition metal
30 componcent.
[00123] Rcpresentative non-metallocene transition mctal compounds usable as SSC's also
include tetrabenzyl zirconium, tetra bis(trimethylsiylmethyl) zirconium,

oxotris(trimethlsilylmethyl)  vanadium, tetrabenzyl hafnium, tetrabenzyl titanium,

228 -



L L LCwhhere, LAis a substituted cycl opentadi enyl or

het ero- cycl opent adi enyl ancillary ligand it-bonded to M LB is a nenber of
the class of ancillary ligands defined for LA or is J, a heteroatom
ancillary Ii g&'ﬁ’cf"bﬂ“yﬂégnded to M the LA and LB Iigands )" B5&¢8&ent!y
bri dged together through a G oup 14 elenent |inking group; Lci is an
optional neutral, non-oxidizing 25 ligand having a dative bond to M (i
equals 0 to 3); Mis a Goup 4 or 5 transition netal; and, D and E are

i ndependent | ybis(bmmﬂh'ylodﬁ;itazikia)binheﬂqyll tigainds frisgaabthplasly ngetay (& hiobiamddititorMde,

optionally bri e The nono-anionic |igands are
di spl aceabl e %égg hggqnmgﬁyﬁ\fgfﬁﬂm i ﬁffé*m insertion of a polynerizable
nononer or namnmmonmmtronelamrgansmtalhé otrarsiofi dimp@at iaamppmidynaﬁtidlzlat kOl t he
vacant coordi ni%l on_Si

the transit.on
1001231 Repr esBmsrvyE S e arBEaRE itos TS ialiar 20 ShUE WR bl as
SSC s a so  that can be converted by ligand abstraction into a catalytically active cation and stabilized in
|ncludetetrab 2|rc ni.u trals(tr
oot 1 9( 11 met o P S B BT Rk Rear e 80 bty
titanium - 2aablleMQﬁQIﬂdC%WQr&FP&iﬁﬁddSQOﬂﬂu&&ﬂ&&&oﬂb&(ab}ea@wmzﬂdnyI
di si | azi do) di |tan|u tris
di chl ori de, %b'? rl sl\%l PP ﬁ%f g ylasr? f“y{a locteﬁ ‘3%%15?& (ﬁ( Cl%}mn%%h%")r}yl envahﬁjloff]
Addi ti onal or@anpdetabitipic nterad nscieiably meblahmamrmﬁmnnisfos taxa’nai:bd e1:, aisclef inn
polyrrE|zat| alys rd i.nvent | ny, .of
Phose & oup S e5PEnLe IR Mud SERARDGT, ML AT A%, SPUERbL Sl il «
cat al yti cal | yyeopanedicogt ligand amchesttd by lai smgle macrbd)mamd siﬁtdnv.aotal én:telxmmple, st at e

by a non- COOQ@M&%& 59)41’?(%' é’m%@%%@é{ g&qor%ﬁ e%}dbﬁg r%%tl' ns @sl’?]tute% to
be di spl aced |n|calry unsat uf uch’a P
1001251 More dpd/ef éllerbeldgfzacceltamstadiiyll odstimsntsatsiichlyaalley 1blys sgbeﬁlt@qmntbamm ny Ithe

derivatives Qﬁkaﬁ‘e@l&#\ﬂ 4. 1L ansidd.on metal, preferably zirconiumor hafnium
for exanpl e, di sc %e’dt in '
15 [00126] Dow in EP 0418044 discloses a monocyclopentadienyl compound similar that of

EP 0416815. Similar compounds are described in ExxonMobil EP 0420436. Sumitomo in
WO 97/03992 shows a catalyst in which a single Cp species and a phenol are linked by a C or
Si linkage, such as Me,C(Cp)(3-tBu-5-Me-2-phenoxy)TiCl,. Nova in WO 2001/05849
discloscs Cp-phosphinimine catalysts, such as (Cp)((tBu)3P=N-)TiCl,.

20 [00127]  Other suitable metallocencs may be bisfluorenyl derivatives or unbridged indenyl
derivatives which may be substituted at one or more positions on the fused ring with moieties
which have the effect of increasing the molecular weight and so indirectly permit
polymerization at higher temperatures such as described in EP 0693506 and EP 0780395.
[00128] When using the catalysts described above, the total catalyst system will generally

o
i

additionally comprise one or more organometallic compounds as scavenger. Such
compounds as used in this application is meant to include those compounds effective for
removing polar impurities from the reaction environment and for increasing catalyst activity.
Impurities can be inadvertently introduced with any of the polymerization reaction
components, particularly with solvent, monomer and catalyst feed, and adversely affect
30 catalyst activity and stability. It can result in decreasing or even elimination of catalytic
activity, particularly when ionizing anion pre-cursors activate the catalyst system. The
impuritics, or catalyst poisons include watcr, oxygen, polar organic compounds, metal

impurities, etc. Preferably steps are taken to remove these poisons before introduction of
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to W9941294. These may advant ageously be derivatives containing a
fluorenyl ligand and a cyclopentadi enyl |igand connected by a single car bon
and silicon atom for exanple, as disclosed in WD 99/45040; and

99/ 45041. Mor ¥O3PEf 8 Hbly the Cp ring is unsubstituted dﬁHﬁEW”Wﬂ%mﬁrldge
contains al kyl substituents, suitably alkylsilyl substituents to assist in
the al kane solubility of the net al | ocene. 15[ 00126] Dow in EP 0418044

di scl oses a nonocycl opent adi enyt conpound simlar that of EP 0416815.

Sim | ar conpoundsniartee destiin Beskli for Exxop i thellR20 420486 . or StardfiilosEParkiibonNO

97/ 03992 sho a. cat ich a.single speci es and a o] are
ned by o QR ey R gputhe K uSis i P SPEE v R S BBE I, s
Nova in WO 200hbH O848t df sighases:lCaropposidhiinistiil namakt Bd yssd 8, ths ptdym@Hzation
(Cp) ((tBu)3P=N-)Ti le% [00127] Ot her suitable netall ocenes may be

bi sfl uor enyl W&FTVE T ves or unbridged i ndenyl derivatives which may be
subst i tsut ed amume dli’ypmllt}ethm$bmp@més wihl lich)egaﬁd)tﬁ(&dlw i:d’llgjo‘mhdbhudf‘l‘nisehd @suphi ch

have t he effe t of cr.easin r S erm t
pol yneri zati o Or%anﬂme AGF S0l 3% (gﬁgggs%?%é? %%\?%g géf“?ﬁ %Fﬁg(%g \géGApand
EP 0780395. ﬁ@ﬂBE@iVﬁ@n&ﬂﬁﬂﬂ@2ihﬁidmtafW@DgﬁdEQQKIEﬁdmﬁh@wﬁnmbmmshmﬂak

cat al yst SySt e V}A alun%ener rle Zﬁorc?h%dl él nbafllt lly a?um I Setrlonnoe r[mrie )
organonetalllc c%npoun s as sc%ve ger R Comiotds™as  UsE A PHPE"
appl i cation |mmmmamhmmm:wmdhumeythomevmanﬁdmnd@nehﬁemmWwﬁ:mmm1nemmugng

PO ar fmPur ! L85l LATLLLRLARGELO0.BRN £ MR A0E L ol knCERRPAAGGRLA V!
activity. url?les can be T nadve hﬁ¥y it Toduced W ? i
polynerlzatlomﬂwBHQWhaﬁi@anpwnenﬂbgapmmﬂnﬁUhahhymmmmh»sobwemm witbrerigst and
gg}[’]a:_ g:fjl Ieleg: E@und?‘%\ﬁ%& glflr‘qoecﬁ}fmrﬁ%ﬁaaif o O%lcosnts tan I VI ;[u%:{t egfgﬁwsett(?g{hlarllctey' 't
partlcularIyawmmw(mwhuﬁnhgaamumnwp%@ncmrs@w@nacﬁﬂmaaeWmhemmandkyﬁﬁm@ysten1
The inmpuriti > t, i 1S .4N¢ L iC
compounds, - sy O iR ok anR SR LS BRI AR ca RN B 3NTL
these190|sonSWMQfenedbnmwddMEmhdnm@traﬂﬁ)maﬂmi@8@ﬂ@8ﬁ[ﬁ%@@2@$@h@6@@@96 such
into the reag ﬁn vessel, for exanple by chem cal treatnent or careful
separation tecﬁ iques after or during the synthesis or preparation of the
vari ous conpd$Habls, Tbmpms®ﬂemh%ﬂ@hnhm@®ht@eQwuws@@ﬁbﬂetaw$bmﬂdmmpbwmimmII
still normall i I [ 10

Typically t hgégg coob;%jgulﬁcf%n i Vﬂgée‘yagl? ; ﬁﬁ?rlé?lgll M %%ggﬁng’:l)etﬁﬁlg‘ls&es%é 8&%%}11(\4

G oup- 13 orbgahmaﬁtcmdlymrswnﬁ@md droof citis &hyl8B o1 Bivpyl® &, tRrdoripst amekc

WO- A- 91/ 0988 4 L b0 149794 %,
Exenpl ary coﬁngﬁgﬁgfég OT¥¥2t]8%Calu ﬁ%?gpilezﬁ %n%%$§gé?[%ﬁ 7o of
tri-isobut yI canmmn@um vy cryptadlstity | ang| flepribaltim Ti"étqmommmmméoe dple-dlfobut v
al umoxane. A URDXARE @ra%yaﬁyolﬁg,eﬁﬁ%b A SRAVERIAG) b gﬂpﬁ{% M Lfhopt her
means of actlvatlon e. unoxane and tri-isobu um noxane
with boron- ba®as. set avehyers, (mrﬂ@ cayeoniribe mlmmqqn%mg@md@l@mwlyb@f et t h
catal yst COMBGHRGSink§ MR Z8CkALT PO HIRALZA R LEACKHAARIO A
amount effective to enhance activity anount necessary f
activati on ofobpacnsatthyisee ewhpowadsNBL nodetnadipnea cigu alay pplinsjudsd WO@mess
amunts My aehndiof ahaby ik MANSONSF (Al GLAMELHRCAEHIRE ok F0Rerizcdd
which is preferably introduced neat, rather than in solution, to reduce
cost and | npPeleN&eatod unitp0130] The process and the plant used in the
process are dpgignesh a3 &xp! @'Ingqm@pom@ pbwewnléh HQWBEEHo&&Ea ARu1Re @i de

variety of poI lym&*r types and nol ecul ar wei'g
tfollowing aspects Preferably the comonomer 1s cm dlphd oleﬁn hdvmg from 3 to 15 carbon

30 atoms, more preferably 4 to 12 carbon atoms and more preferably 4 to 10 carbon atoms.
Ethylenc can be polymerized with at lcast two comonomers to form a terpolymer. Monomer
is generally polymcrized in a proportion of 70.0-99.99, preferably 70-90 and morc preferably
80-95 or 90-95 mol % of ethylene with 0.01-30, preferably 3-30 and more preferably 5-20
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speaki ng the polyners are derived fromeither ethylene or propylene as the
dom nant (nore 20 than 50 nol % conponent. Polyners may preferably
contain from5 to 40 nol % of conononer to vary crystallinity and
flexibility. Ve2'U@kGHbomers may be al pha-ol efins (under RAHTCGRVWEHINOCyclic
ol efins such as styrene are included) having from2 to 20 carbon atons,
such as ethylene (in the case of the polyner consisting predom nantly of
propyl ene derived units) 1-butene 1-hexene, 1l-octene. Ampunts of dienes
SUCB as tdt_exadineln%, cophdyher. 250rﬂﬁh:é Q?Ff?ﬁtﬁ,of&hﬁﬁatedﬁﬂ%oﬂﬂi@itmrm@%oﬂéig\l/@ welgltl]t

nor bor nadi ene,. efc., y pe inclu to uns rati on and/or t e
fornati on of @SHQ&PHBEaﬂB BET 40t €V3§££ﬁﬁgnﬂgﬁ 6%## Hrgpph
derived unit sequpp@31h U &dtsdsvﬁ)gelas &oRhnP laa® OB Ective hﬁiepaietétmf Wit Ghpet®yy be
produced incl ude the f omnng gects gteferab y the conDF ngr is an

al pha- ol ef i n RRTHYH BN BUHEE s 55 BolS GoNtBivg SOl ¢2pirerieranaatd 12
car bon saat ons w@achlivRtien puehek abttmtdfts&tecnmt;@@tdnemm@tﬁsly kﬁb\hb{ hﬁ[&@ul@x&ﬂm@ﬁ

pol ynmerized with at |east t noners to forma ter ris

Dot al |5 pol YHrd i rottshBo SOra gh 05 90t 0068 oh CRRaPbrgbyhe 286 tang

gog 8 pr Sf er aWOchﬁgteﬁést@ﬁda&DN% ok, %12151183%&%%%2%@6%&2 %litﬁbtg%g%gtgheﬁﬂelﬁfogfc@b| y
and nore no

comononer | FOFO e BUPpUSBLoR ke TRel SATBRI DY it Ot P dhd BE I

wei ght di st E:Ih [bugtthamror duato@. ymrMD@mh&)p) ?ﬁtrebmaedmmh ArcagcMELIBT 6 tKeedange

Per meat i on Chr to ed a- st 5 colu

refract’i ve i néggﬁl &3?’%? mo‘a%ﬁ)ﬁﬁg f)eép? ]fIY ﬂgj ré%go Jé &g’@l%fm?ﬁgrep%ty?ﬂﬁ@%o was

set at 145C, dghﬁn@hdhtnbﬂ&gar&ﬂhb&ﬁ feks MﬂSl(Idgl/rﬁilﬁl oonbaplzed ésnstindof the Ililh'tﬁomers of

calibration stan rds [ teen fsprecis k

nol ecul ar wei’§ 6h‘tn er'ﬁ'ﬁ%e’ Eé 8$ q%ﬁtgg & é’é lng)f Fsgfg}g%‘odn%r%p‘?%ﬁ%’tye@%r

wei ght of 5. D.qid/dm’on, and a polyethylene standard NBS 1475 10. The

nol ecul ar wei ri but on of hi s |nvent

ore tor med  ra0R3f TP ST 5% 45 "SrBR e Rl Rt et ahRese

t han ars equalmxtotwuig Em p‘Bl}meMmtmh dfhﬁe pmlnwmbs tt@fmtdb&ersn\fc&netmmpleaﬂ;&mgﬁfﬁr ally
In the range mono (c)rs yk}nglpro yj; ¢, l utene, 4 g téne ll’gfmeelta ntcne g />En A O 100
dg/ m n, mnemeem g Bd mnadWmepr Iyr §*fan

dg/ m n. Cont e)mpheaﬂeldcedeami ctybmsoldtnstsﬁra apk@shan@thsr rndinomee, cmmnbhée pcaafrgmyuf
0.85 to 0.93 refera 0.92 g/cnB, nore preferably 0.88 to
0.91 g/cn8B. (%%%ggTbgﬂawi%g ?3ﬁé%§ﬁyc§mgg%b%lally concerned with
copolynerizaﬂNUﬁﬂre@mUh®nsﬁ:bBcmmwmkmtng:uhBMQOHWHHrumatbonnmhwahemﬂmhnnre
of the,nmono & .2l rs ene,
1- but ene 1”§%§?l%mcrs oﬁdn C rPéact'nlg;]: (Hﬁ. In- Bbeﬁiie(gthy ¢ rIeha OIOEn %wn abtochf(nglgene
and cyclic oweﬁmnswsuwhmﬁsmsty@gh@@&ﬁhhégﬁﬁmndmnmﬁiwdﬂdwncbmd@npnﬁhmbw|nyI,
di enes, norb t vl a ! the case of

el ast oners, %ﬁ%{égg]ﬁé‘%% W /emglhe &qw@tlbdﬁlgyopcﬂyc %é)l{ﬁﬁ% Gt %YZ%%T% Pe fm msarV s%f an
et hyl ene- a- ollef ionzmat(@ttuylbene%ath@tham@netﬂm rierfi éEiéDEI am)mmc)s @aﬁstdtmegxh

wei ght avera l.e ' | eater than ont ent
preferably g?glg{ggllrb ‘fcoltltlfl ﬁseﬁi\l\ﬂg%\%ﬁ% ((]%We‘rlt@qg)(l) ’e(’rji'1 5? %e(gemgre ottt C{mu gtng (Feno

| ar gel’? anor phloescrandhhavecoajugepd dieng mpoormegtn bf dfsﬁtr@gmsmhalmslvrmé@ﬂ ctinetnmrn t he
t erm " ECDE" el;ast QEL I r 1 sed. t Ly, 1
a-olefin, an ﬂ%gg@%?aﬁ%gb&gﬁhﬁco Nﬁﬁggé m@l%ﬁgﬂqggﬂinﬁgggggfnfﬁgﬁﬁfngp

non- conj ugat eehjetiated eiorenwereiraigdnhdieacyclst disieguchal di%extﬂi@n ehed.Selsridinnor
cycti e hydroganhen Alie0e NavlAa LEPT Ol £P4GRERRR 2! PR FX IR B icL

sui tabl e noné%;%ugﬁte é‘;jghnes 3re s;hral t gtcligllg acyc Ienes such’as

1, 4- hexadi en ethyl6. bedtaiginervad bixah dévegtrc hai Y'vahﬁmedménébwtmwhwas

S5- et hyl 1, 4519@5@9& gy cltc‘?tilcyneg Hﬁ‘ﬁht’l c}clc@tc%ﬂﬁc@lgl g, clododecadiene; and

£0%:5-¢ ti-
3, 7-dimet hyl- 177- oct adi ene and m xed 1 somers gl hyar onyricene nd
di hydr ooci neﬁ@g ahcychc fused and bridged ring dlCHuS buch as tutrahydromdcnc mcthyl

tetrahydroindenc, dicyclopentadicnc; bicyclo-1,5-(2,2,1)-hepta-2,5-diene; alkenyl, alkylidenc,

cycloalkylidene norbornenes such as S5-methylene-2-norbornene (MNB); 5-propenyl-2-
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30 single ring alicyclic dienes such as 1, 4-cycl ohexadi ene; and

1, 5-cycl ododecadi ene; and nmulti-ring alicyclic fused and bridged ring

di enes such as tetrahydroi ndene, nethyl tetrahydroindene,

di cycl opent adWé’r%é‘,”"ﬁ%"ycl 0-1,5-(2,2,1)-hepta-2, 5-di ene; P&FH@H&}W“"‘“”
aLkyl i dene, cycl oal kyl i dene nor bor nenes such as 5- met hyl ene- 2- nor bonene
(M\B); 5-propenyl-2- WO 2011/087728PCT/ US2010/ 061099

nor bor nene, 5-i sopr opyl i dene- 2- nor bor nene, 5- (4- cycl opent enyl) - 2- nor bor nene, 5

- cycl ohexyl i glehgnede,nOr DEBROSylidOneVI- ﬁmﬂoraenlaor beyneprepadichyhor-hovaainene. 5-
pare

[00134] O the die i cal l sed P the particularly
preferred di e‘Wé@L Egeni% OFJf’é’%é? Ay ogie%et“}’i\‘)lnf’%éd‘?lenorbonene (ENB) ,
5-vi nyti dene- 86 rsay bomfntﬁ@elcn& t{gﬁ{&la)z,uséikmtrewﬂeml\& tHeQabRuREN prefdvidBXicnand

di cycl opent adi ¢cn The es jall eferr ie
ol P eonassnd vt (L) SRR e L aRhdnehe i) TReker spvemeron
el astoner s maywNBNS-aicthy RBe-2M (Portipnche (A0 B aichyldn@dicheDe Ppr) efras adpkyalBO wt %

L oh- of of fn ReuERSt diRese p R SE AR WRas b S TS S PLINRERR alPEy e

et hyl ene and g@ifeR@SE@D &laphRER maddl dpntaihR20pw Py em) wits Brtiyleme mole pefretaelyeao
1- hexene, 1-oct nesész;n decene. ener

i ncorporated ¥ 89/5(%-%%5&%,“%?%&%3% b t8 fgbva\/\)t SOV ﬂﬁ %Uf’}@roé%'i“y at

20 wt% to 65 swtt%c iﬁnelsmmtmqmmgaabedf dldetﬂmmamel g&yﬂa’rcadnldydwnamfcpmﬁtdeb& into

t he EODE at 20 wto/to % .nore pr O/t
wos ol aor rapies LRGSR st i N jeets PRELERREE. Thpegathedic B
di ene may be gemﬂrypmmapcedecsinmlﬂhé Emmlmerfaom iBexatives,Hibrapt fd=iuB; atvmot h

t ot al dlenelng raji n th mts s ified b
el ast omers may & gg “3 3 g@vB?'HCOd‘fugﬁtegdlgﬂe“ aécn‘ﬁng%ﬁy nEopBYy ??%‘?0 t(l)‘% gg\/\és thrtgﬁorrer
types. Such oapoloy20erid, wels \bte@,eﬂmespmmbs;y afl ki’gh M wt%,lanm/rrmwm'eﬁfaﬂolymttzy

and | ow ash. Tecpol y eeal

of high M As ekl i et %‘P“ & & %‘ﬁ Qs fud a°c‘8C°?°‘"%% “‘Fﬂ ?ye(rﬁ%“ and
an al phia- ol efekmmpla&D ané(%%amh kogal dR@e mmpg«hme)yuhxvmhe hmﬁxkpehlhbd;dliohe
properties of | gst oner.. The al pha-ol efi.n swtabl for

preparation J?ﬁgfﬁsﬂ%ﬁe@e}ass{ovrﬁefs et Ry b 3’nedeé{ré:1 %fr aefd &1 ap’ &Pt??ymer Of o

al pha- ol efi nsnonbmbmtspexaﬁhmdpohymbnsmatylbnglmmnqsloéhlgbﬁvlws tumhcraattgjhmyohr&if lows are

propyl ene, 1-Dbut entene, 1- hexene, octene and. 1-do ene. If
eorY ear o o R ara Ry 5 e krea it T e SBrs HRR S Bhe glsé{%eldorrers
may contain 2@ e wmt-epe0 n%n@aﬁ&@my%ﬁof Oy 1EncZRR e aehableyin 3Rt W e dh8ly8
wt % et hyl ene, and nore preferabl 5 wm%to 80 wt% et hyl ene. [00136] Iyn t he

ease Of pol ymEY ea%rwwﬁxb&béﬁ@mvﬁa?ﬁww W“Wﬁy?%ﬁpfﬁéﬂ?%d%ﬁweﬁgf Uhe

pol ymers havey the [fraidb@mn& E@&&Méreswa@ @h;ﬂ&%ubﬂe prefe'&JBS/ &S e NEhaQfefins.
i sotactic poIHpropy ene sequences in the ch 00137] In one

enbodi nent , %ﬁmeylﬁ%wlmﬁfﬂ%ﬁﬁﬁm}mﬁeuférf&hétolqﬁéa% p@ﬁ@%ﬁﬁﬁ Rrer ;PepipRs. -

hexene, l-octene and 1-dodecene. If desired, more than one alpha-olefin may be

incorporated. The EPC clastomers may contain 20 wt% up to 90 wt% cthylene, morc
25 preferably 30 wt% to 85 wt% cthylene, and more preferably 35 wt% to 80 wt% cthylene.

[00136] In the case of polymers derived predominantly from propylene derived units, the

polymers have the following features as a result of the presence of isotactic polypropylenc

scquences in the chain.

[00137}] In one embodiment, a copolymer of propylene and at least one comonomer, the
30 comonomer being ethylene or an alpha-olefin. Comonomers include ethylene and linear or

branched C, to C,; alpha-olefins, or combinations thereof. Preferred linear alpha-olefins

include ethylene and C, to C, alpha-olefins, more preferably ethylene, I-butene, 1-hexene,
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30conmononer being ethyl ene or an al pha-ol efin. Conononers include ethyl ene
and |inear or branched C4 to C 10 al pha-olefins, or conbinations thereof.
Preferred linear ha-ol efins include ethylene and C4 to Cs al pha-ol efi ns,
nore prefer abW)?zg’[ 178he, 1-butene, 1-hexene, WO peT0s201061099
2011/ 087728PCT/ US2010/ 061099 and 1-octene, even nore preferably ethyl ene or
1-butene. Preferred branched al pha-ol efins include 4-nethyl-I|-pentene,
3-nmethyl -1 -pentene, and 3,5 ,5-trinethyl-1-hexene. The propyl ene copol yner
i s preferabl yad I @amemvemmqumeﬂ‘eraba&tm\@etoen fouicse. dfcfenred bhected niphebRins
00138] The pol,ypro eco acr stal Ijni f from2%ta 65%
Wenin this S8 ORMGRIE-GRR oot afp@hd S, o Fttp i BEg”  Phc
crystallini typmMnbeo;ﬁ%rmrr 14{@&Emrdalpdlaﬂdbxercﬂ;aﬂymee agpipaerm ik Befinsd bérein below.

crystallinit b st i f. .t he
ol yor opy! endl 5By HEPo e AR s b dovaelney FEIh P Ayl B
syndi otsact i c)rapgl y@r:@pyllheutge dteguercegct hinithef copol g can Thve 54naunt%0find
propyl ene can t?renatﬁj ulgperffm}ltgﬁ%crébtﬁfnly\ﬂcangV‘giﬁ 4$(6t hi, yr ange, alternative

lower limts or 80 wt% and
alternative uppe9] | |Thet@ymmpuycquhcemelymomlemtcop@mmbels%nﬁem%l iQ0acuit Yor or
89 wt % [0014 The se rystalline ropyl.e ecessarily
has a non- zerg]eﬁgté‘fe ofsynfdffg‘}%a P (H{Peoqyle?lf é&)uﬁ%‘ge\éuratgf OCI){;X?YaI I |?‘||a{“ Qurﬁ'lﬂfle
crystallinityproepienbeacht Gumatsedt’s tohd thie. NEatin offis fange,ofternasicnigwer jpnies eff r ed

val ue f 189 ‘]é;gr]leng oﬁltgn % & rb\és}oal }‘9 0 | (oY \%Eyd a‘?d a g%e dxzjlrp?ait anSh% Bropéll'lene

betvveen heat ‘0 Usioon . anc sta |n|t

Macr onol ecul aqoniﬁht)cgmbcsﬁﬁ Sr@t%,%wt%cacﬁérwt% Pr ess (1980) esp. Chapter 8 4.2.
[00141] The o] 0 ref rably h Lhgl e bro ng
fransition. EII%MBL p%e%g% c(%%%?h%g%{y{)ﬁ ge o %meflieﬁgss§r1%o?s a fion-z %gq Iirea fl oW

secondary rrelftlrlcprg dpfewzkhe orasgihblg ICdmaBmardj abeecrwgtétllmnwrpen pe parimlq:bai frqye die, heatnd

this conbi natolf %lldn u&@? lng?e[rr%&] V&l&@gat %rJ/gar%r %(ﬁ/g Slbtalhmty and a linear relationship

15 between heat of fusion and crystallinity; see, B. Wunderlich, Macromolecular Physics, vol. 3,
Academic Press (1980), esp. Chapter 8.4.2.
[00141] The polypropylene copolymer preferably has a single broad melting transition.

Typically, a sample of the polypropylene copolymer will show secondary melting peaks or

shoulders adjacent to the principal peak, and this combination is considered togcther as single
20 melting point, i.c., a single broad melting transition. The highest of these peaks is considered
the melting point. The polypropylene copolymer preferably has a melting point of from 25°C
to 110°C. Within this range, alternative lower limits of the melting point can be 30°C or
35°C, and alternative upper limits of the melting point can be 105°C or 90°C.
[00142] The weight average molecular weight of the polypropylene copolymer can be
from 10,000 to 5,000,000 g/mol, preferably 80,000 to 500,000. The MWD is preferably
above 2. The MWD may be less than 40, more preferably less than 5 and more preferably

o
N

less than 3. In another embodiment, it is preferred that the polypropylene copolymer has a
ML (1+4)@125°C less than 100, more preferably less than 75, even more preferably less than
60, more preferably less than 30.

30 [00143] The polypropylene copolymer preferably is a random, crystallizable copolymer
having a narrow compositional distribution. The intcrmolecular composition distribution of
the polymer is determined by thermal fractionation in a solvent. A typical solvent is a

saturated hydrocarbon such as hexane or heptane. The thermal fractionation- procedure is
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20 nmelting point, i.e., a single broad nelting transition. The hi ghest of

t hese peaks is considered the nelting point. The pol ypropyl ene copol yner
preferably has a nelting point of from25Cto 110C. Wthin this range,

al ternative tYRP1'%¥H%s of the melting point can be 30¢QfUS3BEI MR
alternative upper limts of the nelting point can be 105C or 90C. [00142]
The wei ght average nol ecul ar wei ght of the pol ypropyl ene copol yner can be
from 10,000 to 5, 000,000 g/ nol, preferably 80,000 to 500,000. The MAD is

pr ef gr ably ab@?allﬁcé lbél'lhle Wldﬁﬁy dpprok@mse|st hﬁﬂft%O;%dYgfo& peeferatd yk 6:>f‘53het hgn
5 and nore prefera ess than L n_anot her. embodi referre
Chat the. pol yEt ORI EE st Rbr s PP . M Pt pRUR BB 1o o
preferably | eﬁSmmlaﬁiﬁtelzlfmcc%ﬁ@oﬂ@é@e@ﬁ@frﬁhﬁﬂﬂl )Eaklesfsth&sbaﬂactﬁﬁa, haovoy @npbafier abl y

crystal 11 zabi & CoHBITRer AU W' 3 AOFPOR CofoGEHT GHEl JF SCNeR FEhmorhe

i nt ermol ecul agrefe@bPosi fricotr marstlo%mﬂlatma) ﬁrf)mt the amzhg,émeﬂ% ktyded esioned iy
thermal fracti atlpnln sol vg L}i/’pw@ solvtent is a atuc;r }C‘){

hydr ocar bon sUOR B “Hex8he’ B hept éBH‘é’Ob HE PRePTET fPaRYor ‘N’8 PEPSE¥dur e
is WO 2011/ &8)1381218801;/ 84020404 @6 haAO a dasesvbeadndosikiond dlyfivGiad lify it meets the
appr oxi mat el vy, referably 85 wt % of the polyner is isolated
as one or tmfraﬁa?tv’e%% tt‘“gOg%lf‘ffgalbg"efract| ons, with the bal ance of the pol ymer
in i medi at ellyﬂnnece[ducrigngﬂr asdidseddisngof sraednb@m& pr C@eqbhﬁﬁenfﬁrﬁ&ﬁddons
has a conposi toi n f’c‘%o/ et hcxl ene cont elglt%) nh bft];ﬁfaﬁnce 0 %{ eat er
than 20% (r el BPVEY “3hd 5 Pt eff 8ROy r% gr &at han ™4 1%&Cf"\/e)
fromthe avercagnﬁymm%immyﬂt esnxeelbbmnhat@feqdem lmgtkymrdoq)yhanen (aﬁ:pxela;eﬂeﬁ theFor
pur poses of the esent .cl 0s , the pr o (of0) r b

consi dered t ¢°RY memamo” Y aC% W B I%OAS? ‘t“e% M trh E T but %l‘s%rﬁtpaﬂ?)!glt%mﬂe@te%mtahe
fractionati orvopcémexcfmt\klmdetﬂe @mdme of ﬂl@@d@dﬂ\]xty'lfhlteashegﬁgbdauﬁhdr @Bhsstin icutabtom of

st er eor egul arbtegeogﬁgk&n% sequences rred 10 p ey@l yners

0
i s consistent wi uécﬁtl af“lerdgr an om s?a?qlu Tear ¢spory %troﬁza S|818![r2‘18}yl t is
wel |  kinown thatdom®qplﬁm6s bvelngtsﬂmﬂancbnwostwn Hurtor mnnpcayreers @/Ilthtsted:oblmkt d@cture
copol yneri zatj on, e tlvitygatios, erein [erm sbs ntially
randont maanshaae %8' %ﬁ)umn of Pﬁ r SSHAT R CtOHS]H[anE ﬁ'l E‘ 6 bltoﬁlg reﬂécct T A %a{ll 0s is
generally 2 @andbmsslbsthrmatiy)mtrsa&tl dlstrltbutsmer eobI ock structures, the aver age
copol yrers. wilth sl ongy (S iBEd Sy BBl e R IOLLEt Iy 1 B bRRER .
structure havg GQlINME, ivhihi mtoefthd:lﬂlﬁ@quesmesumlnswtsltoem nqultbhrimghleewlcnc
PLocky St ughtesLt BET £ 080 B AR e U ADL ALY SRS Ll
the pol ynmer meypbéiodedigribitived ithis @b&@lwmﬂ uwm(ldm Ismgatseed tcmelyet hydi e(?.nea
residues in &}1%&&!‘ ({)n(?m{l(pﬁ 36 GRAT G RV RRGeacdl Whithla &QSSOnJ Q shprduce
a crystallizable copolyner with the redquired randommess and narro
conposi tion aplymeiitation Cﬁmvmﬂnﬂents fole sibstabtialyt ol ugethe (lyraersthglseos |pt€éfdled
catal yst; and continuous flow, stirred tank
pol yreri zat i g"@ﬁ)“‘éc%ﬁgfc%%ﬁﬁgm |l ows only a single polynerization
envi r éhnent 1 4&ubEredmter afopylerd-¢thydénctcheolyodry me desghldng UST6,q36 8t Br r ed
pol ypr opyl engyG@Rol XIBL Sy b Qn?hr”ﬁ%ﬁ{f PLARY LERE 5 MYk S er s
are descri beg0 i sri:ﬂUS g§63gl %Qg ¢ %OEEL)M e%g%nee?g?{ogugggk 4 nt%O(FOQ‘EQqXIHE
mol ecul ar webbgse %@fdratlwemp*bﬁ: yaetos dpssribgsiohcradpymay |qunderp¢1913ea<éeelpafﬁarpntmﬁ apn t he
manner descr LRedRELHA: B0 thAHEHES b0l BHS LnRTifd Mgh 185 T FARESSI Ve
amount of polymer m ght rried over in the |ean phase. THe preci se
boundary depéeiidaryrilcaeiidy eptsolgenpompesiton wddbopoioy wempessip osivtdlion ra@lewenl as

mol ecyj, ar weight. A rapid pressure let-down, generally greater than 20 bar/second, preferably 30
bar/second or more, morc preferably 40 bar/sccond or more, cven more preferably 50
bar/sccond or morc, assists in inducing disengagement of the two phascs. This rapid pressurc

decrease preferably starts from a pressure above the binodal boundary or LSCT and stops at a
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30 weight. A rapid pressure |let-down, generally greater than 20 bar/second,
preferably 30 bar/second or nore, nore preferably 40 bar/second or nore,
even nore preferably 50 bar/second or nore, assists in inducing

di sengagenent WO20H{§&7"#8w0 phases. This rapid pressure decPrCéf%émgP"é?s‘ér ably
starts froma pressure above the binodal boundary or LSCT and stops at a
WO 2011/ 087728PCT/ US2010/ 061099 pressure bel ow t he spi nodal boundary. The
preferred phase separation is by spinodal deconposition and is called
pressur e i ndugeduphasey ﬁ%p@}f@ﬂhmlsbu(x&ﬂ&%) TheApBfarrtd @hist: Gdpilatioh ais erys gfa@sdat or

shoul d provide a suffici sidence tine to perm't ttl enent of the
Toan and conchrs o SERee s ey ahase B e fe @l ARbrn i Shaisy
Mol ecul ar wei @b&rdtsmbﬁlelprm DRFfRXRE ebidade tifked ghmeand sadeneht dTyRl Rgemd

| evel s, whic su nt ar control of nolecul ar wei ght by
control of t h%’“i?B%%‘&W%F ﬂlﬁqe‘ff‘éﬁﬁ%?ffaﬁ?%%‘“%01491 The | ean phase may be
passed si 3 LII e [1[1} ¢ Lol LT wm@nsOrfn@r mragmse\émgsdaytdxroogebbrﬁddetdhﬁd@)g@ﬁ levels,
enerated durin ner|zat|on ri ses a means
Jofor cont acrt g BAH B At GRS s TERAosh et Rnean b S R BUHES LT ent

fl ow arrangerrerﬁperitmreconcentrate t he hydr ogen in the vapor phase for renoval

fromthe | ea e . recyc 00150 str ng va r ef er abl

consi sts of A0HPRE T BiBiner st B KL RE Wh aR BB DG e Bsrestay be
an inert gas asldmilftoa)s gmctamdgtanng frdﬂ@mmm Wﬁy:hlm'b@ﬂlsufHErualoshglcprpbﬂ‘IQs versal to
remove hydr ogen % F% recover ed. Sﬁ yent, stream

pol ynel’i zati off °°1 Ctiugeadb TIRANR AP it g <R BB éb?/&%tn e’(f,f’(li"ol If@w aé%an%lelﬁl%vx}o
hydr ogen conteemndentrg¢ mﬁ:eyc&bgcy ik epob piepfor rekveal Stomi thlealgplwaqs)@byoﬂmy be
selected to e ent conpaon
Substant i ai |y 0U8Th: d¥HPERRE SR AR e Th AP e deria B TGy SRS bt

pol yneri zati d”mcemﬂpalhgsamr mbBeb¢ @ciosregablich as nmtogm Mhamuamqenweﬂydesaym;@mg and
pref erably be auapl,abl & 13t.0l,oR, £0oUa, sURBLY.PLESSULe LOL dnfaaduction
into the stripprng VaosdyURes YBET B SRR G & Caa 4 RORS

conpr essi on. f§dd0IBt]strbping xeplbaadvmgboussf las pé@w aydhygapq@huemabxte&retb@ plants

| ay-out s ""“ernﬁ b ea’fﬁeogtﬁ e yiot %\n?%e sef%ct&??or At ren Irenvo Shd G A4, WASES..L e
upstream reactor 1S oe unae rogen con itirons to prOV|de

a hi gher nol ealud:rarcommm@hts be acbstaonalamdievmtdemfecdmycdnmganthatsdraot&b@@brmm & the

d I h
o ST SEELRLLS DR R T AL L (25 g o

pol yreri zat i amalfable atmglnge)dg}aslpplglptqgmq for mtroductmn mto the stripping VCSbLl w1thout the

20 aid of scparatc additional compression.
[00151] This embodiment is especially applicable to plant lay-outs where reactors are
arranged to operate in series and where the upstream reactor is operated under no or low
hydrogen conditions to provide a higher molecular weight fraction and where hydrogen is
added to a downstream reactor to provide a lower molecular weight fraction.

25 [00152] With reference to Figure 1 a plant for continuous solution polymerization is
arranged as follows:
Polymerization and Initial Separation of Polymer and Solvent
[00153] A feed for polymerization is passed through conduit (2) by a centrifugal pump (3).
The feed contains: A) isohexanc as solvent, B) monomer, generally the predominant

30 monomer is cthylene or propylene, and optionally C) comonomer which may be any
copolymerizable alpha-olcfin, and optionally D) a diecne or other polyene or cyclic
copolymerizable material. The feed is passed through a chiller or cooler (6) in which the feed

is optionally chilled to a low temperature for subsequent adiabatic polymerization in the two
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Pol ynmeri zation and Initial Separation of Polynmer and Sol vent [00153] A feed
for polynerization is passed through conduit (2) by a centrifugal punp (3).
The feed contains: A) isohexane as solvent, B) nononer, enerall¥ t he
predoni nant W8 B is ethyl ene or propyl ene, and oa%F6ﬁ§PW93%§
conmononer whi ch may be any copol yneri zabl ¢ al pha-ol efin, and optionally D)
a diene or other polycnc or cyclic copolynerizabte material. The feed is
passed through a chiller or cooler (6) in which the feed is optionally
chilled to a dootinubenypiercdtank eattors Esuilidequentataidh abrat bcpapoley farsirgdicitproniyn t he

two WD 2011/ 087728PCT/ US2010/.06109 ontinuous, stirred tank reactors 8
i oh o o omeE ARl SRR YRR P ARIN P RS LR AL SEREI B0

is depicted iqldéd guiraed/d)? toAetioy bitbreaaind STeA adal@gengencatininybt fomayfbealkyl
prem xed a.nd '?dncljigdmasﬁchS' sqggs/o t%FTlBrglingr%%r rri-npo% Ealhrerl?%hofs%d clSi "%‘4 SRENIEr
generally in e formof an al yl'"a UM hum stidh®as ' ©i%so diyl al'umnum or

tri-n-octyl ahumipactry p@sanddatic f&td hdtio theirerctol grethbthidydt agagy. of poi sons in
the feed and e feactagr on the catalyst. actiyvi . 001541 To ,conpl ement
the ot ecur arlVfiSbne ot e, S0 TmEE B Bhdr b b Lo BB SR S By

t enperature, polureogenn rmpcheradgédganongrie addedboode aordaibtreacrd throogigbondandui t s
(not shomn).(%q%%§§ The pol yner-contai ning pol ynerization m xture, which
energes from fie Tedctors 10 8 through a conduit 11, is first treated with
a catal yst KkilD0IEf| Wt eolyorr-@nafrersgivlynonettivanoktyrcadbieldcra¢rgdOranmtha rawotoscul ar
solutign in i vent. inate t Ly ' ' reaction
1001567 The Gy ar it T it doEETMIR Lorkdi By TRl R AP P AEILN,
done usi ng anrddgl ¢tatdon & molgcdaredolutive g5 sbhaxhreotpdplenivei ietmindie thef fdlemtzatpasses
and whi ch ha§mﬁgmtnjection point 15 for the killer. Alternatively, a
static mxer may be used to nmix the killer into the polynerization

ef fl uent. Thd9#01&¢loi dbe nhengebthefkdier aro Hgi nodtnaarizatiod cdtvcagingabodorsealnglbat
does require  an. ince W r Uk € 4o N LEAGLEE S Hab. e .force
R e e L R T A R RS AT (e
as parit of aferetie kiHt¢regrdteinagvedy; rangemenkeramay b2ushé de evixbipe kilba| pivethe] ean

phase emer gi BQLYHG%‘Q&QTQ efRB" ﬂh@tyeﬁ{(])idg(?hei &e@fdriaﬂ%g?t&?ﬁlﬁ%n%g%&aée%rbu%ﬁoesand

provi des an ini Increase in the tenperature e polyner-contal ni ng
pol ymer i zat i e¢fureae ingreassfif thgerassura int thereagiord i prdgrito foxce @fgmrﬁémugéiwiger
16, heated by,;si.eam hot oil or other high tenperature fluid, further
increases the tenperature to a |level suitable for |iquid phase separation.
The sol ution|9HEN paskeas cxchinsagh? & dremgefossnpayiatiieehcng injipeqtiag grrangement and

20 heated by a polymer-lcan phase emerging from an upper layer 20 in a liquid phase scparator
14, and provides an initial increase in the temperature of the polymer-containing
polymerization reactor effluent in the conduit 11. A trim heat exchanger 16, heated by steam,
hot oil or other high temperature fluid, further increases the temperature to a level suitable for
liquid phase separation. The solution then passes through a let down valve 18 where a

25 pressure drop is created which causes the separation of the polymer-containing
polymerization reactor effluent and settlement into the polymer-lean phase 20 and a polymer-
rich phase 22 below it.

[00158] Referring back to Figure 1, the lean phase 20, after being cooled by the heat
exchanger 12, aforementioned, is cooled further by a cooling device 24, passed through a

30 surge tank 26 adapted for stripping out the hydrogen and then submitted to in-line chemical
analysis at 43 to dcterminc the concentration of monomer and comonomer in the solvent.
This cooled Ican phase 43 is combined with fresh feed of solvent and monomer 30 to provide

the desired concentrations and then passed through a dryer 32 which serves to remove any
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95 pressure drop is created which causes the separation of the

pol ymer - cont ai ni ng pol yneri zation reactor effluent and settlenent into the
pol yrer -1 ean @ ase 2702 and a polyner-rich phase 22 bel owP t/U 10/0610

[ 001581Ref er rYAG"BATR® 0 Figure 1 the | ean phase 20, af /&M BENY E0l ed by
t he heat exchanger 12, aforenentioned, is cooled further by a cooling

devi ce 24, passed through a 30 surge tank 26 adapted for stripping out the
hydrogen and then submitted to in-line chem cal analysis at 43 to determine
t he concentr atnlr@nted)frnemamﬂrmed anitle conpsidaiir o pretdne irshk Vesit feed huplicbot @y | ean
phase 43 is conbined eed of solvent nomer 30 to provide
the desired cglﬁunht“%%l?m Csledz}r?gle?tﬁel%moms%%adwhrougxlln)gdmngryer 32 which serves
tﬁ rem)vle any[l(()()ll\GiQ] 20t /s08¢ T2BPGTA bﬁﬁ@&c?lrﬂﬁ%@?ﬁl gmseeidﬁedigrbm foantobpiug edt as

the catalyst killer, or r n.the fres 0 rity
in the recycl 8481 Ve ﬁ%ndgﬁ}g?\n&?ﬁd SRR RO %elb 51?( "Fal rf‘?e%1 - { 0@1%531? ]
surge tsank 2 ﬁsmxmgafronatmg ecblérdtihpas§odtimaghve®s diit 276t09111qtuaibh®rltﬁtmr astlmguppntng

out hydrogen neans_ o th a

igure 2. Tt SRR RnEl FWEEAR 0% Pullen BPL0R SRSl PR b SIMRe
conduit 27 tahaantl»uthmodslds of ri ﬂmforatedampamgmhetnt W®0Ch0ﬂc@c’d)tzem ihp diotdemt hEhc
vessel 26 in erhead SPp. u o]

di stributor ccgsrtlrébu TsPof a e PC%? l(l)e{rbgltd gvénw%)%ggﬁge %)J%F%éra {7\%&{1 ;‘EH%C Cbﬁ&ggﬂton t he
bottom The dbstrmabof te vsspcr:lezﬁs Pahef ﬂheatlhylpmg ée d@mﬁ\mﬂld fGef sordleit Lhesupplssie]

26. Legn phaseg C r r

et hyl eﬁe to be 5;33’8 Ig ‘;a o ﬁl Egeﬁg\ggndﬁ?et §%&{H§é gﬁ)o}"? ﬁEllﬁtoag%ééor% a?

vapor through ﬂangwmeQGS()él'lIh@tesltmm@pﬂm gewfalr%rwbmerg@mml the tban phase volpwicd 9p &mger

ar r angenent i . I e se
collected i n‘?r?éerp Ig\?\’/{l:,r%g ‘)gsggl g‘?%ﬂﬁ"’%@i@ﬁf‘?‘%‘?‘@%{gﬁﬁ’% (g%wér%fg?g%dgﬁ%?ﬁg%of

mul tiple di ské3ofrarged p@pmi@@isty wedigz. 30Bget ¢fa1|qgt§1m036n X apdrihubblps yseofom thegs,

1 angorent | SORT PERt KRB Cb LR SellgR ) FOTHEARPE GRANRRL T e
The 15 vaporvapar it He owé¢d|deade$~pme@d itlroyghordiitt 398 é@rg"hrt@eﬁdﬂm?ntwge%ebed
further treatgpt gx ift :%eﬂwprelkd% 10& !ma&g* goﬂd'illtt%h@ fArqyee{meg% wil|She
passed through con |t or ‘freatment as w be descrl bel ow.

[ 001601 I n t Kescubgkwlow26 a countercurrent flow of the Iiqui d feed 27 and
vapor 1156 { R e et O B R AR il PRL ) AR Ay RbY
in the |iquid>aneithydt dgetiageryvhckrethp ibybitles @f)s/bnlllfwvé@nwﬂﬁf by thieagibtisdiaes!, thaence
the liguidig glcﬂcgm e 9&&?1&9@&%& m3fﬂc0hdu§d glawtyehg&h 1Q>fh&1‘ic{ﬁYd ke Shugan be
subj ected to pol ynerization when recycled Irst equilibriumstage can so
be appr oxi mateebles) flengrethy Bgigeé fsspee theh capgai 810 ﬁﬁérl?hcé Pﬁgthvla%wh@mné@t s
mor e hydr ogen,fifam (&AL 40d QB&P'r@ct}éle&iSSW Mgt reéamlv;rhel Q%Z'&ﬁ &P2es0
that a second eqU| i br| um st age can 25 appr oxi mat ed he “vapor i ssuing
t hrough condaprrogosted Hugheeseldoigre spafﬁgtbe BYBHHPPT O 2¢ m@ﬁélywa%fm the
contained in a{onﬁzeld'cg&ﬂlgs L%ﬁ;{)ﬁu&eﬁe h&%ghoﬂ@@maeﬁ s3Q%d cqHPShANLhA! da¥ R

equi l i brium stages of separation can be achieved in a single flash vessel.
Over 80% soHBRPHBECHYERS GO isig trovadt Gopdst 10§ dhus 9goipingt s eppEion gé e
present in tRe4bEARRBASEINGRNIRR! MEIRVEIhbILN LAY Substantially 2 equilibrium

stages of separation can be achieved in a single flash vessel. Over 80%, sometimes over
90%, and sometimes over 97%, of the hydrogen present in the lean phase can be removed in
this way.

30 [00161] The stripping vapor supplicd is ethylene, which is a volatile monomer indigenous
to the process. Its usc minimizes additional operating costs and raw material consumption.
Alternately nitrogen or other incrt gascs may be used advantageously in stripping hydrogen

from the recycle solvent entering the solvent accumulator. However, such gases increase the
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30[ 001611 The stripping vapor supplied is ethylene, which is a volatile
nmononmer i ndi genous to the process. Its use mnimzes additional operating
costs and raw material consunption. Alternately nitrogen or other inert
gases may be WOSHAEVEt ageously in stripping hydrogen fRAHSEHROGIEEYC| e
solvent entering the solvent accunul ator. However, such gases increase the
WO 2011/ 087728PCT/ US2010/ 061099 | oad on the |ight ends conpressor and nmay
result in higher total purge rates including that of the nononmers fromthe

pl ant. [00162paditiethy @girends @Mpeowd bid mS3PBsilSin hQubsal Quridi@tel alkludg @aupr 39
of tower 36. Partly it _is processed to recover val uabl e conponents,

principal l'y VOf ZPPrsEB s uch as ethyl ene 5 and propyl ene, by
fractionati ngiovmeer B8R vaps fiohScoader 1BagiouRR @Y the UTRK GESE NGCEVESES PLign:

system for recyclin Jhrogghqcpnduit 43 to.the inlet side of the drier 32.
The part mai nf YOETHBIP STRYT it UyeiP PR SRy Gite O ldR MoaemeEh 84B P s HESF be
flared.s 100163 phopyREs byrekesiagth alwkesmaid Weovetcddvappatdmméssibieodde@atighase
reoyele Lo be LLashed e haBLe, R ANE LA LSS SPh W AnOHL e 20 L on
and detracts domprmihdieydagpehidangbitetycbhdgsdbhenkgaafipbase in its |iquid
Feact or and. MO Bal | Gx PRSE R UFF ARG ML g ReVAF 'GOBRG Laf S pere
systens varyisiglemufits ebschyidicage adigone s@ippidy 0edr. Dynih@bachy @hiydRrmits
abst r al%t hon, hen\llu%g hydrogen removal and detracts from the benefit of recycling the lean phase in its
liquid state without energy intensive evaporation processes.
[00164] In single reactor and in series reactor arrangements using metallocene catalysts
systems varying amounts of hydrogen may be produced by beta-hydride abstraction, even
when no hydrogen is injected into the reactor. The amount may vary with metallocene
15 selected.  Its molecular weight reducing effect may be accommodated by appropriate
selection of the reactor operating temperature. A substantial amount of this hydrogen may
remain unreacted in the reactor effluent stream 11. Reducing the amount of hydrogen
recycled in this stream in the manner described above may be is advantageous to permit
adjustment of the molecular weight independent of the polymerization opcrating temperaturc
20 by removal of the gencrated hydrogen or by addition of hydrogen from an external source,
generally in the feed conduit 2.
[00165] In series reactor operation as described herein, the ability to remove hydrogen can
be exploited advantageously to widen the molecular weight split between the reactors and to
broaden the molecular weight distribution beyond what would otherwise be possible. The

feed supplied to the upstream reactor can have a hydrogen content below that which would

S
(9]

prevail if hydrogen generated by beta hydride elimination remained in the recycle.
Additional extraneous hydrogen can be added to the downstream reactor to provide a
hydrogen content above that which would remain if hydrogen from beta hydride elimination
were to remain in the recycle.

30 [00166] Effective removal of the hydrogen thus provides a facility which enables the range
of bimodal compositions produced in scrics reactor lay outs to be incrcased. It also permits

the sclection of a broader range of metallocenc catalyst systems regardless of their tendency
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when no hydrogen is injected into the reactor. The anmobunt may vary with
netal l ocene 15 selected. Its nol ecul ar wei ght reducing effect nay be
accommodat ed P\y aﬁpro riate selection of the reactor operating tenperature.
A substanti al YABUAE’8F this hydrogen may remain unreact®d/USH1ePE%eact or
effl uent stream 11. Reducing the anount of hydrogen recycled in this stream
in the manner descri bed above may be i s advantageous to permt adjustnent
of the nol ecul ar wei ght i ndependent of the pol ynerization operating

t enperat ure by gremvaj/drﬁ)genttﬂneu@emert@ﬁeﬁb hidhnagenr okirbyhsacdy td me pekenby dr ogen
from an extern sour, enerally in the feed conduit 2. [00165] In series
react or operalﬂ Eﬂ%e?igl @8?%’5&“% EHY: the ability to renmove hydrogen can
be expl oi t ed @owant ageeuslhe mgheV\bldﬂﬂﬂfobdﬂetrmlse\ﬁu{ arfoneia@hle ipht trebetusgan the
reactors and to broalgen th}e ?pfh Eef stributjon beyond vvha%t woul d
ot herwi se be PEYSIHI EHhE thf?@ && 1§ﬁf) ?néd O Y He WiH SPeRTh YedEt 8Hcan
have a Shydl’Og&)ntaﬁﬁﬁlhﬂhhmbﬁitQWyplbﬁ[y 15ky ﬂth\mUkvd’/opE(&Ncaﬂnicsllisshtyﬁf QQ@tvs, and
generated by beta hydri e recycle. Additional

(fl X [ neg int A

Ot rancous. hyrogar €k e M v oL T GRURGE redni Bat oot Hopprgs o

hydr ogen contlgmineadndwemttirass sbdrdkonweuhd diensding suth hybitatjer afnﬂ,@msbaltfdene
hydride elim nation wer he recycle. 30[001 Effecti

renoval of thdélg}l%ﬁl% %lﬁte ?bhglée‘ %PB\?H’B%QE nhf‘éi%‘ekf %X/ngt O%ﬁag’g}'”é?t’t‘ht@ b&%ge of
bi nodal corrpwi:ctmsmlasc amodﬁucﬁdnd 10 asesicBSn treatk ogentsayicrobit decteasiletht morcedsed.

It als permts ctlon f.a, broa of ,nmetall ocen

syst errlg) regar‘ﬁl%ss of° ém?r Pafsainty re(‘f\% Olrf gg‘?‘%’z%ﬁl%éﬂ%ﬁﬁ b%gélst 0
gener at e hydrmgene, tbhraod) ghollaﬁmsa athlyahrdegiable Imomefsamuy) tor@enttaleein thesien®id dolwiehty t o
the presence Ievgggxr i e altngg ?Ivrgn‘er(;nér%%rl tg{l][ S0 1n{r%du§£do mg' %jrge?c?rﬁ“ee%f the

hi gher ol efi N0 1eeq "8 feans,

nonomer s becausasotheyt heneasealhqoh@eth ehkuras atnmtetntlcvcHOM\my caisel d)hbbfh@no frem
streanms ofte smal unts t yvpi cal | Iesst

somet i mes | egg tl}cﬁ%dr?%i?w? &% BN h“ AR RRn ae{‘Peaﬁ e élthe ucf °\qu% on?gyl 49 t
sat ur atted hydicoear b@nmerﬁlu«dﬁnsxasofmemaxtmearfotfo@rrndnu{oamt,s @pdug amebinmms sstot her

I somers and (| ?\l is htcrpéacto§ ?f(f\’lﬁen"%gl-' c'rﬂt %‘rgdb? n%heﬁ»r}géu%{ hcfa rac{ %Feﬂr)]lﬁcf W ‘()Jo;l%q\er

nono- ol efi ns ofil han a romca
activity. Sudlmt Qpe@pestem&vm tled ik b‘é@n nfigumrd Ft)odladtbseasasomanms tdvamsggoens to

agents, t her %F?ﬂ) tgﬁgu?@c%lr %}(ﬁaes du[ICIaI‘dtC )] ?\ang mm nga ttélh%asgg r%m t'h%lr:a ein

the reactor. I on, mpur’ S8 Such ane,
di -ol efins, and mn@eédaviablﬂe qhébn%? sThms@yl woncentliskadeyi docrtdfwlgrtb@whmcssml vent

to 'e‘éﬁ' S thafo G % a!sbe Wid B8 n&crc%mn% t}%sgbc%ﬁg?‘?ﬁgchﬁ% of o'%‘éldr Qéc{ i ‘ﬂced

into the reactor cause hey I'n ressur
to | evel s thatunndgwnstesseofubivhessstoo formin the reactor feed purrp. Th| s

phenonenon Wea@ﬁ‘%%o?ﬁ%z&%‘%h@éuch speci es may al so

[00168] The concentrated polymer-rich phase is passed to a low-pressure separator 34
where evaporated solvent and monomer are separated from the more concentrated polymer
25 solution emerging from the liquid phase separator 14.
[00169] The evaporated solvent and monomer phase is passed through conduit 35 in a
vapor phase to the purification tower 36 operating by distillation to separate a light fraction of
the highly volatile solvent and unreacted ethylene and propylene on the one hand and heavier
less volatile components such as hexane and any toluene used to dissolve catalyst or activator
30 and unreacted diene type comonomers on the other hand. Use of toluene can be reduced
under appropriate circumstances by a suitable sclection of catalyst components and catalyst

preparation conditions such as increases in catalyst solution tcmperature to increasc the
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15 decrease the overall density of the m xture of polyner, solvents,

resi dual nononers etc., which is the reactor effluent thereby causing the

product heater 16 to be fouled with polymer that has separated fromthe

bul k of the m™AUH&¥7Ebr all these reasons, it is advantdéta¥doPg%trip

t hese undesirabl e species at a faster rate by purging nore of the gases

fromthe light ends streamleaving the chiller 39. This can be acconplished

by decreasing the conpressor 20 discharge pressure and/or by increasing

t he oper at i ngsolrpepéthecealof ci@neaolesacangoit asdie ey iR downst peamt tat e

conpr essor. Treatt(rent of. Pol rrer{-l?’ h _Phase . [00168] The concentrated

pol yrer - ri ch PRAE Pjoseyied Cd%(lfl%”éo tgwog'rﬁ‘écs"sfﬁ‘fegu%eéipar ator 34 where

evapor at ed sol00EN] and:caDmONEBS abevese par Bt ach favemmnidie comt@ratdngdythdrab ed

pol ynmer 25solution energing fromthe.liquid phase separator 14 00169] The

evapor at ed sol V&Rt dR¥ed" lﬂgr% u ‘nﬁ%gmie’sﬂg’a‘gg%%l R 8u‘§ﬁ°rc‘3‘ﬁﬁu'ibtdr§%‘ P% f‘é’]

vapor phase tmrifingiopuednficreat ar@inthérop@ipcd Go aperidititiog tbyer dOStA Ihbadyi fartiéOof

separate a light fraction of the highly volatile solvent. a react ed

ot byl ene and SPgsyiarl Sndisah M i i Re R e SRl B a5k o ent s

such as hexang lartnanymdmhdese ratseted by this psoficadorc@ival $05 t THRENIC b atah©tan 30
he ot her hand., Us ol uene can

and unreacted_dien e, co s onth \ k f

e reduced. unsarSassIbaRE SPERaRT Rl fn heSy By Sontly teh & 0uP end iR

cat al yst conpbaentts sand ic atpatayxstorgrepatclath,on, wiatdiatiianrs rguchodst iramcitioms es
in catal yst soluti erature.to in t o .
01570872 epct e dTE SLREHE" Ehfib iy 3 %@h%%tpﬁgﬁﬁe‘bpo%%%gﬂk 2plig e ach
a poi nt wher evswudl ir¢colay bbHihuenkeabls upraesdninbhaternoThie pgrabaiiey fartbaeabarkar t he
removal of thﬁe ﬁe(?(liblill%n%f ysercl)‘c%%l‘fci) rr%g'ceLo“ch'e?VOa]riefA‘oggé{i Hl“lrrpli?od%gt‘conveys the by
now even nore concentrated po yn]ér 1523 Vacutimaevarating ﬁ'g extruder or
m xer 40, whdf¥7apaiThe golyapomephaseging fidmadh cof fheh de peEBetﬁext iirf iar;:ahdmmter f
condensed an 0. ] purjfd cation tower, 50, av ract.i 0
Lol uene. used Psidi2l RATRACLR: Bupl 4 SRl SR eRBin ) RIS Sl

( ENB) ¢éonmonorferbaggind erdwtiege 46onononer are recovered by this purification

heavy comononerer suah dS ERE hna s RFEREN R iR B P B R e AL Or e
st orage vessens cBbodiB@)t, WwhivalerS mei pist Sr@gh rapisl tprosuctrigeramndicti cusngd0
ti 1] onabl i R BB aaN G st aLle At Fdng B R L S YR B
capabi i ty f ovhidhdpede fitnaa casicnshie td & dwimbfrpintwhichfvapdy go pritee RBptivoalhyr ottuge a
from 45, can’ thenrsg pait Eln Bl aMERSL: dncharei A e Ry POLIRD ok B Der
chilled at 42utanagidedorandansptirer ¥ icerarainensitotthe flave.nTipedddigios ofnitrb gl ey 16f or
baggi ng or balipg ot in%@pendently or concurrently with the elevation of the temperature or by
decreasing the operation of the light ends compressor downstream of equipment 39 of Figure
l.
25 [00173] Figure 3 shows one embodiment of an arrangement in accordance with the first,
second, third and fourth aspects of the invention. Figure 3 shows part of a polymerization
plant having a primary reactor 101 and a secondary reactor 102 arranged to operate in
parallel. Each reactor is a continuous stirred tank reactor provided with a vertical stirrer shaft
driven by an overhead motor. Figure 3 also shows the feed blending means for each reactor.
30 Hydrogen from a pipeline is supplied through lines 103 and 104, scavenger in the form of
TNOA is supplicd from a storage tank (not shown) through lincs 105 and 106 and fresh
cthylenc is supplicd from a low pressure pipeline (not shown) through conduits 107 and 108.

Isohexane which is a mixture of recycled isohexane and make up isohexane and which also
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[ 00172] The vapor fromthe devolatiliser is treated to recover and recycle
the solvent. In one enbodiment, the vapors may pass through a wash tower, a
refrigerated heat exchanger and t hen t hrough a series of conpressors and
punps. The fi NQ*PIRB s a liquid ring pump which feeds RGTdEFHEHdensat e
to a drum from which vapors go to flare. Optionally, nitrogen 20 is
sparged into the liquid condensate discharged fromthe liquid ring punp to
hel p carry butane and propane and other C4 contanminents to the flare. The
addi tion of néomraogermmawn{memaa"rrééueﬁl aujzledend@ﬂendantohoyorar ad BN oF 13n)bylyna/vi th

[i'ant onds. ol sRUgr At b orngy U oien oo iy o JPL e 6 pap T gur e

3 shows one esnidahic merindaf 1(E)rbyaﬂierdangfemmgernmthaﬁﬁmrodaIpaeorwzbd ﬁdﬁch&oﬁghﬁﬂﬁch

second, thlrd pan of .the in entlon ur e rt of a
T omar i vati ohe R D RRIR Fophr bkl rEm: koo it Cudud IR S Pl or
102 arrsanged 106 a@nﬁ)d&(ﬂ&hﬁply mctxpabalnldexbdroﬁmch theealetrdin doadwdt HONG 'fonuel;f&dsﬁmdhr ed
tank reactor f;Prow de %tﬁ“ tha verti cal n over head

tirr
motor. Fi gure 93 argy RS eRef b 13 ﬂﬂgﬁﬁ?g%‘ﬁ an??fr“% 8‘?1“‘%(%3&”8’11’ 330
Hydrogen frornthiad jpiapedhangeri 194 suippli ied theh;mmeghlehcttmelsHlOS and 104, scavenger

in the form ssupledfr a storage, tank, (no thr
li nes 105 angﬁ(fgg@ nd fsrlremshr SRyl & ﬁmen% % ﬁ‘H’Bﬁ?d &‘“fuiggrﬁoaéullt \?\@W?
pi pel i ne (notpa&h@mmuglhmndnghllcﬂonzdmmhslanl@;zrgandﬁtl(]&wnls@@heofamecmﬁbrmhpargcra

m xt ur l.e SO ne an up, i soh i,ch al sq V

2011/ 0 7728Pé%(“fﬁ“§28¢l ?48‘23{%@ ! 8%% i E‘g DR A gfnacui’aq an e}gﬁgﬁ)ﬁgl}’q}é%l%l ene
t oget her wi t hmakpigi 0seadndagdictd nsscahdqy oqmyioen& aﬁdat]sed:nnﬂﬁnefeeelmaeyes thrbughugh
the lines 10 Eth ne.s I plles e | ene to.
conduit 109 %y&%aegtsex% %’r)s{:lcgrc %“érr”%?% pgnh Pégrn#go a 5’éChfa%%e' E %eg‘ir%%er{“ﬁr ough
whi ch the et lydsemmdbubbtiesi@2nt o the fl ow of isohexane being carried through

conduit 109. ui n uppl. t|va and h to,the
sol vent in céﬁggﬁt fo@lxglrégg%d%l A %h 31%%?7‘}1?09 ) SuipP ISt Ehﬁrp oils) Cgorﬂ ??s OYliat
exchanger 1llin0 d&tobichilkent: exchangetdbldd centor nﬁ ug:aheqomn‘pe Qc]:&;datyhembrheat

exchanger 40§W0ngqﬂell%oP%ﬁ%er% 15@@50%%&9%(8{? aé'c Iea 015 1{)]1 amdsi(ﬁ| lar

manner et hyl ene 1 s supplied roug condul t e solven passin
t hrough conddiérm mib@nwnalt«amsg mllylacrusprarrgeqtulcbrthetremDBmmsrtyrream o1 msmegeettﬁayl ene

sparger t g_ng 'r;y ?eaétglﬁl(%gglt%(?h% ﬂn%hﬁl candw be %\%‘QWI) ?&c%bf %e%rygp % tXe dauo of

activat or rogen, a secon r .secon
react or 102. 7Q‘ﬁ&t I@é@bwctaﬁyomrfoméesmmwm@ﬁlsf mmnohcrhelaan @mclhangé(v%nS,

centri,fugal C . hea a e

secondgrg react ornl&lngﬁﬂfl&{) 7%? (E Ecége] cat agygtedingpfg Ptn{Ol/\r/a

suppl i ed to tdvendary raetyr 0daen be plbmrut hlra)plgh?bb Swhitnthe 1458len tmlctsan Iegch ca

m xture of cal.alys eqeaﬁasn%'?a&srs bR 4 ahd?e éqgaltala& m%?e?faggaum{@e% pf 102

through line 119. wérrerlza Ion reactions l'ace wthin reactors 101
and 102 to femengesiyaerelcomngienbagjmee) shpreqaptzatcarobﬁ fikhasrte spdrife freserics, fri mar y

react or 101 tSinlo@ 96bn [RAM:S EPPRAACL RACKEL, F0Galit Mahdy HIHGLAR! o UrTes

of thetvvoreactors being 1nt rati o of 70: at way a copo
bl end 2tonpr i disiigutipnfiy regriredorpeeia mtmiyrbealesivisuinetof20809plit and dt other times, an

80:20 split between the first and second reactors. Polymer containing polymerization effluent

leaves the primary reactor 101 through conduit 120 and polymer containing polymerization

effluent leaves second reactor 102 via conduit 121. Conduits 120 and 121 meect at mixing

Jjunction 122 and the combined effluent flows through conduit 123 into which methanol from
30 tank 124 is injected as a catalyst killer.

[00176] Each of the first, sccond, third, fourth and fifth heat exchangers 111, 112, 114, 115

and 117 arc tube-in-shell heat exchangers having a four pass arrangement comprising two

arrays of U-tubes mounted horizontally in the shell. The shells are supplied with propylene
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20 made in the primary reactor and a second conponent in an anmount of 30%
made in the secondary reactor 102 can be prepared in a process in which the
resi dence tin§§ ig}gggh of the primary and secondary reactors are
appr oxi mat el y €qudl" 4Ad therefore both can be kept at a THASGUEBIE evel .

I n one enbodi nent, the reactors can be switched to operate in series, for
exanpl e when naking EPDM grades or when a specific tailored nDIecuIar

wei ght 25 distribution is required, wherein it nay be desirable to get a
20: 80 split aﬂd6ﬁ@m@mhennakmesﬁ%anmﬁemaﬁrsptHmwmehmmﬁn:ﬁhdﬁﬁihaﬁeﬁﬁd@second
reactors. Pol a Ly fqu n Ie ves,

reactor 101 t%ﬂggﬁﬁgg%ﬁdﬁfggfgg' thw %%%ﬁxggﬁ aﬁnéhg ponC Ei£§ngﬁ

ef fl uent !eevebﬂ@edoﬂﬁﬂpbmgﬂdﬂ4mﬂﬂﬁﬁhammmmﬁult7ﬁ@ﬂcd&%ndumtﬁqma@samuaﬁﬂl
T o o PRGABEELSD AR08, LU soRlOSH SLLL ST, L3154 gD, condui
[ 00176]Each o0tHie fThasmthcsmwmd; ing thiraqugdh cérmoluit t109 bascbefd cfototcdh)ealm: exchanrger s
pass art angeraai R s A o £ upRn Do SRyl BRSSO ey T
the shell. The dgheﬂehstoaﬁleomquﬁhdneummahh wpteopgseen eThe\Wdry of the monomer btreams
2011/ 087728P I fron1a t ssor
(not shown i %yg%%wée%gg[% 3 ﬁé‘g e g)%?:lhn ng ehrc hﬁrfgen thou dC Oﬁ Fl 8x¢ eé\ingeer
112 and thirdmhea@wewéﬁaﬁg@ﬁoﬁﬂ@wMQWQWﬂ6ﬂﬁcﬁhqﬂﬁtManyhm&beﬁlwhdseaSbﬁmlrd
exchanger 114,3nq: fililL B FHE0BNGRTod LB ol I APUNS 1AM Al caRIDS it
116 respectively an ere ore sul jec to higher pressures, have 14 Phch
(19.05 mm) t ulbéswhlch caipP TRl itTioat nrsghie xdn@0elmr enil ngatt domguggkio opalits tin 209
has been COO' %ﬁ%&g ﬁyﬁ£§ Fﬁﬁﬁoﬁ%CF@Hﬂﬁﬁt&QQ%,&g?ﬁﬂ&m%% ﬁam%mggﬁ%ture
of apprOX|nate % assea rough an array of é

met hanol and<@hyﬂMHmeﬂHmﬁ@$eﬁbe@h@t@ﬁ%ﬂym@ismhemn@heﬁEprHﬂreans through
condui ts 107 [gj\gsl 05y, 1 103
ol ses the t AasEy ERGph R RRLEL ARG Ruch DAAM PR L QR bl
exchanger 112 teopirafurchy appregimaloy ﬂ@’qlz@r@hdogéledmd“thhle@t exsRotzan g antiltBatc ool s
¢ further tQouchfou T8{READAN £OI & S1PUMeALE WIbGH GOTRIBSPES wnfent © 2
pressure of 120 bar and at conpression results’in a ure'rise of
the feed up F@mm$®€WhTWwﬂd0hmn@mewehdﬁ@ém'L@@Sﬂed@eegﬂmh@fﬂenpemémuﬁ@ddOWh
to approxi matehy 356Gk GERL &k iﬁ%@d&%t‘ﬁé& B&wRL Y t

[00178] The seconéary feed pa§§§hg t hr oug nﬁhu?& f?%gxﬁéth %%%%n ary
reactor 102 IES" 018ty inlenpe seputaey @Iﬂﬂafpb(??oxifh%taé@lv of 8l hyss texaamgeos andhie
fourthoheat exehanass I%gcﬁ cafﬁdc &heted fiRUs & hndABLn SRENARGE cali fAsgd to
-17C. Passagg t hr ough p ‘ 5 1\/\7h'|50 corrpcrg?séses tﬁt(rraoa& &lofﬁc gﬂﬁps A3

appr oxi mat el ynd b %‘811?1% th%ﬁee@@awﬁenqeéhfpeq* hy thpee rytmps ebosierawssed adyorflered gain
somewhat . Fi bidkidi8abro@XGNANAEse IbhnbRAMCRS: Eﬁ@aﬁg@ﬁpﬁﬁ%ﬂrﬁ7ocfoufdh? £gtgndary
feed to -35C prior to entry into the secondary reactor . ayout of
the heat excFaHges tarraue obthe fegds ivetufughertdean dp dhgenvedsicglrindaihpobesell thene of
a heat exchapg@ﬂegg%n%5%§Qﬁb rodifGeUPE 113 and 116 enabl es the
tenperature ri se caused ose punps to be reversed. In order to gain
addi tidnal pHY4Wt i Tistsp, 4 thﬁb(s éhedavams thr whemaiis dermplctha rjBgesatipe 4y4ere usctizocoul d
if desired r@ﬁ%@ﬂhéOﬁuﬁ@ﬁﬂ%&ﬁ%ﬂﬂ%mQ&cﬁﬂgmgﬁﬁ@@p%ﬁ@wﬁw&%ﬂﬁﬁmgﬁ%@ﬂ&% thg
practical lim¢t nﬁosed the propylené refrigerant of approximately -42C.
[00179] Fi gufedrigsragh syt ﬁ‘emﬂ’réﬁ%éutcomﬁm§dﬁé‘?rﬁfta% e g feompessyorflpf gdichtison
system used a@vemprahme&them\éaﬁ QHSTHe%JIJyQ:% alrgghrheadmRXEBRARIB N fofyitge Pl ant
with refrigerant propy ene. The refrigérant system conprises a comion three
stage centri Migdl VEonPPRESor 15 0CORKTEHT SomFsyen thsy PRy letcedd rd eraverorf 151,

The peoOpy| engykadhit@enantkPeO BRIOSE bieirik&l 2 MnorRKQ RhENLo @R sb M:o?{%h a
propane. The, conpressor_ conpresses the propylene to a pressure

apprOX|natelVmi?@5W@§dSQHHNWHE“ﬁ%@é@ﬂ???&ﬁw%weﬁ9N@H@CPW@W§bﬁF6W¥%h“@H€Iet

152 through @oﬁsﬂ@ﬁc BY%LNABIRGIdIRRIG CNinloSaccQRLISEr BYimCoAl iThg h‘@[@i’%ﬁfm[ﬁfﬁqc"m' ch
condenses the h pressure propylene entirely to liquid which flows into

accunul at or ‘ifff‘t%‘ﬁaﬁits’ﬁ sunttigd [oguhe 2§ BpIHos iR e P%lwnit g%w%%ﬁthecif Sxdypgst il &Y f hom t he
accunul ator to a solvent recycle heat exchanger 155 in the
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WD 2011/ 087728PCT/ US2010/ 061099 sol vent recycle systemand to first heat
exchanger 111 in the feed line to the primary reactor 101 and optionally to
ot her heat exchaggers in the plant, for exanple, for coollqgggelletizer
cool i ng wat er ¥ ¢Parity, all those heat exchangers df&'QESMiPed by a
single synbol in Figure 4). Propyl ene gas vaporized in the heat exchangers
111, 155 is returned to the first 5 suction drum 156 in which propyl ene
vapor is separated from propylene liquid. The propyl ene vapor flows as an
over head streahmhmt@mkheﬁéhaedméhnﬂ&nmx@mmkr1a7mab:ﬁaimmpeM&Qumanp&aﬂQQC.
1001801 Li qui g, pr wn fromthe bott qrion rum 156
and is suppllg) ggé“maﬁloomm'e%ex?”%§gﬁﬁﬁw Hggﬁlr dmpkrgﬁ H@ﬂﬁ&%ﬁa’the
second and fomohh;hﬁat(F@OﬂﬁxghﬂngekSmakhamngssatheu@mmdh@aﬁu@x@hmﬂgens 112
and 115 inne .at el strean1of the r nd
secondary feed %ﬂ%éy ﬁB PYFI RS v 9Re §ggg¥%3}@“ha§%F%}ij mﬁ&g %2%%&ﬁ%
clarity onlyemaemheam.E%bhangehIsmnhmb\msmshomnnmmiEmgup@pﬂmxwamndiZﬁd
propyl ene from t hose heat exchangers, retur second suction
drum 158 fr orﬁf%mﬁ’enﬁ ‘oY oﬁyTVbearllbeanvoaV%%Fada tfe“é“‘t”ﬁ" e h%tﬁ‘r*"e“”é#’”%éépata PR nt o
second sucti af-426€t 159 of the is conpressor 150 L|qU|d propylene i's
drawn fromt suction drum.158 I|e t hird and
fifth heat egg%g erémlﬁﬁnmiﬁyaw Ia%ng?gl oce(l)tO omms rg%hgo gﬁ%pé{

and 116 and upmﬂmeanaoﬁnmhefpwmnam@mﬁeannmrpMMLnamﬂmﬂmzqumespmtﬁnmhuym Cnce
again, those ] n Fiqure 4
for cl arl ty. %}F é?\hél{a%/;tn%{r&%q{e?tue%%\@n?e?%%tz aﬂgggs %ﬁaétd%geic aneder? cs’ft&i%f p%17 to
the third sudtliS @mﬁ tl|6umnhi®ﬁmd11f0mﬂ sepmmdahyeficedsite thic pricirvand swbnﬁatymemdorsumqeon
port 161 of r t .0 re 150
conpr esses thgﬂgﬁgii g%ééggﬁgFQE%?%@§&§§#ﬁgl %?s?gH% |ong?%¥m @8?%mm

m xes that cdmpr tiesekbay apbangaist thtups oy bedeitsy@pwerond uefinndus elés rfcbns wadidhon
port 1159 for 1 lLan, e t of.. er i i ction
port 157. Th “@@%@%ﬁ%ﬁlggﬁgr c%%é%qﬁegﬁgfpfeﬁg’&u)%%g%% U@P MIﬂgiéfﬁg t he
conpr éssor thﬁ@ﬂ@hODuﬂleLMQEZWq»@EﬁEO@@@&E@EIg@ﬂesmﬁafbmi@ndshmmﬁﬁamdls
schematic for @ f f tub e r for
T R L L L
view from abwepg hldwmldgllé ahdrpstorn af therpases eee@tmoirﬂltcmdd@@ hremetnskyl v@wte
recycl e heat , g6l 123, i€

verti cal sect on t rou%hgt%{aﬁ1 %‘ééccgﬁﬁﬂpyafﬁ%ﬁ gﬂ%£€§% g%éfﬁ%Q%Pﬁés an
inl et and oufreylcenerpebBtrEnitona thest kdabcxshanghis| 14, 130 t@ﬁntthlmﬁsumwbdmﬂiwé()

bot t om of th o}ﬁe\tvltldrce 1t99'&1}a'w%gnt])5£§9d QI?C% 1‘?‘?01& rf%?tof 3&5& s‘&f ISQEJ‘L tgrﬁgcqg]tﬁr of
propyl ene from accumul ator drum1 of onpr essor ) i

kettl e 155b Reesit 81 oGempiesses6Y fogrryses enevlwweporreeteunmithqq"u@tcﬁumomsltﬂ

suct i on- dr um,gBficofiCOR BF5REs3 3 RIIOBLI2BREATL US0L0LA
[00182]InS|de th% kgtt | e ?tﬁgn %?%W'aﬁ %} érra oé 8(ﬁ%é(§é%§% ?or
clarity only %ﬁemmﬁaftﬁednﬁsmgwwwth el gru@rewgehs fi ekﬁtecﬁ@rs PeTE & t Hee combmcd
inlet/outl et v%fsta'té)ﬂes%ét%d gétc:l@gn @efgg%av]:nlf}@hefcldhxlprelbs%pgxtr&fgfouh%t gskettle

portlon 155b. Underneath e upper array of U-tubes ower array
[00181] Figures Sd to 5S¢ show in schematic form the layout of a four pass U-tube kettle

heat exchanger for use with the seventh and eighth aspects of the invention. Figure 5ais a
view from above showing a horizontal cross-section through the solvent recycle heat
exchanger 155, Figure 5b is a view from the side showing a vertical section through the heat
exchanger. The heat exchanger 155 has an inlet and outlet end 155a and a kettle or shell
30 portion 155b. The bottom of the kettle portion [55b has an inlet 155¢ for refrigerant
propylence from accumulator drum 154 of compressor 150 and the top of the kettle 155b has

an outlet 155d for propylenc vapor returning to first suction drum 156 of compressor 150.
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of U-tubes 203 simlarly extends fromthe inlet/outlet portion 155a al ong
al nost the full 5length of the kettle portion 155b (only one upper tube 202
and one |lower U tube 203 is shown in Figure 5b). [00183]In use, recycle

sol vent f1 ows™OrPHIEH™ nl et 207 into the inlet/outlet pd?ﬂﬂ@ﬁ‘%@ggwand down
one | eg 202c of the upper array of U-tubes 202 and back to the inlet/outlet
portion via the other | eg 202d of the U-tubes 202. The recycle solvent then
fl ows down one leg of 10 the |ower array of U tubes 203 and back al ong the
other leg to mhﬂnﬂnlmmﬂ@mbkaﬂep@ﬂmiﬁﬁbhE&@mthey@KmmﬁﬁsE@&@@hﬁnﬁpbﬂﬁﬂﬁethen

| eaves the i t/outlet rt| hr gu utlet 21 o,0g0 to d ream
iroere amd bodiited 8 sDRGE PR RS fh B Ie e Phat b P el Pt B!
portion 155a lesgtis epiae atedpdrtiam 15he Uaatrhdath fhoupped brrdSENI-bpear02en thwak atrg, 201,
shown in nore il .ih Fi.gure Sc Ci.rcul ar late 201 o

heat exchange‘?fdﬁ?'gt%ﬁ? 5@/?8‘8‘611%# teﬁteril%féot”iqf gl/ Piiet Py ?ﬂoggls% ag?rfgaém&t e f‘t&@

202 whisch pr oegt obeﬂaimdkmoatoe DB (arig onhugder mesk L0A ahd opd &tveer 20bat203 wbe
outlets 202b. ,Fi gur é@I so shows inlets 203a and outlets 203b to the

| ower array o°1h "uibed® 203a. 1001861The inlet/outlet portion 155a of the
heat exchangdp0ms3p, Iofusamieogtic pblatme fI2Q1 tlfrargttrﬁnlzmn?einmahé inldt/sutptt pyitidedshy a

vertical dividi baffle |ch se e inle af.rom
upper tube out’ fira i livied 2%& cﬂf WwelPPy aer ?Drom It%%&ﬁ?‘ﬁlﬁ Gt et s
203b. The endichamtier lcg202d sfothpUavbd (2 vahhrcaydiromlmnmai flivad ddven aﬂacg/\blﬁ ch
upper R' vi desth ]%W%It ésrfacg)/o%% 8 ZQS au(PEucg ) ornrgg% (RTG(SBJ_ e infe outle{ }r,]% “[

outlets 203b 0 arra nuse o
exchanger 155Flﬂu@0@l6cécécyqip :tohe:ntrteaykeh\es d1enmlan/dutlétqmmoad)$@d thnges oht%e ltz to2

(optionally c;tgg(g‘%“ )L %gdrggrr k%u[ge feQ&Pﬂ qIEhS n%)chack to the feed bl endi ng

apparatus, the recyc princ exane, enters the heat
exchanger 1550111l8|4budrhe |1m¢t@utl@@@rtloffhéﬁa lseqyimlt@ fsoh thertttlepbeios 1a5b by an end

guadr ant - sha sha pper half of vertical baffle 205,
%?a?el 2%12%5,[ 1%51'0@1 t‘?ulﬁ}’&%\ﬂf?sé’

hori zont al wal | 208 of the heat exchanger and
the end wal | [PU3Sof Qlﬂqeldmwtpl«e«@ﬁlan@m hedt ogeiahgr isroidgl witte ink@1 202k he the

recycle sol V%g{»} T aﬁ%}/&s%gl@%g8?%9189?1;0&%{1%%%&&&?0ng %Qngch lg{u%%% %thggf | et S

202a to the u an s'carrie The u in
the shell of twﬂr@uﬁ@aﬂ)@x(Elrmmgﬁgrdlsorsmvunnhag 20Bepand gtiflats %0312@211\16 It hezt}sofﬂ}Zb
enpty into seglgg dycul ar chanmber 210 defined by vertical baffle 205, the
cylindrical 2368 of the heat exchanger, plate 201 and end wall 213. The
recycl e sol Vé@ﬂ;lSﬂea\Tég inddyantie por2di0 1 55a of the heat cxchanger 155, of which plate 201 forms

20 one wall, is provided by a vertical dividing bafflc 205 which scparates upper tubce inlets 202a
from upper tube outlets 202b and lower tube inlets 203a from lower tube outlets 203b. The
end chamber is also provided with a horizontal baffle 206 which upper divides inlets 202a of
the upper array of U-tubes 202 from lower outlets 203b of the lower array of tubes 203.
[00187] In use of the heat exchanger 155 located in the recycle circuit for recycling solvent

25 (optionally containing some residual monomer) back to the feed blending apparatus, the
recycle solvent, principally isohexane, enters the heat exchanger 155 through inlet 207. That
recycle solvent enters a quadrant-shaped chamber defined by the upper half of vertical baffle
205, horizontal baffle 206, the cylindrical wall 208 of the heat exchanger and the end wall
213 of the heat exchanger, together with plate 201. The recycle solvent leaves that quadrant-

30 shaped chamber 209 through the inlets 202a to the upper U-tubes 202 and is carried along the
upper U-tubes 202 in the shell of the heat exchanger, retuning via outlets 202b. Outlets 202b
cmpty into semi-circular chamber 210 defined by vertical baffle 205, the cylindrical wall 208

of the heat exchanger, plate 201 and end wall 213. The recycle solvent leaves chamber 210
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WO 2011/ 087728PCT/ US2010/ 061099 via inlets 203a to the |lower array of
U-tubes 203 and returns via outlets 203b i nto quadrant-shaped chanber 211.
[ 00188] The re%ycle sol vent exits that chanmber 211 via outlet 212 to
downst r eam eqY OBt "#hcl udi ng drying beds for further JET{FPUEYPIHY before
returning to the feed bl endi ng 5apparatus. [00189] Over prol onged use of
t he heat exchanger 155, the upper array of U tubes becones fouled with

pol ymer deposited fromthe recycle solvent. The fouling is worst in the
upper array ofia tHétubss twhen@vdrheay off Windks 203odnd nguef Feoutitts 26Ivengrqaadrast .
VWen it is de%jr%d qud?IPU| t he heat exchanger the supply of propylene to
the kettle or”%%%CPrﬁﬁF on 155b is 10 reduced or cut off such that the

propyl ene i nsfi0dE88] heltHeetetyode palrdnt caxitd 30D ¢hambdrad 11y viaobdtst @wnayto t @whne@dser t he
upper array of tubes 202 exposed _At. that i nt tEF recycle solvent flow ng
t hr ough upperﬂ%wPangﬁu1ﬁ%§§m§g§h@%épﬁ§r?3a§ﬁ?%“ﬁ “ﬁﬁ&m¥géﬁﬁ§§%ﬁggg“®ﬁb

pol ymers f oul iapgartth@t upper array of tubes 202. Once the pol yner has been
re-di ssol ved r | ene suppl the shell is trestored therepy covering
t he upper ar r@@ﬁ‘BP &E‘%resmgwe@ﬁlé% Oﬁgl?ee%ﬁtteﬁce}?a%cﬁi 185’131& gpyi &Ry ngyur'fu & ant .
[00190] The niepinmsrvll@eith pilyqrepydseniefrdnnthe heyKetdllat 1BRoilmgdetennhmed by
t he maxi nrum al | owabl e erature for the streamof recyc sol.vent . ny
variactons ar@rgolar B LHRSH AL bl (SRR B e EE Wt & ke
pass exchangetcfonhticnigaarxkchsngay thofsugtly af ghipylkeaubestharkdttia drohet pativay S8 is
strai ght tubes 001911 t her heat exchangers.in e_plant may be
def oul@d in tlhdé”%“g(#ec“&%%?“%g'gaigri]prwg"“&bnr“ %ﬁ‘ﬁg‘ﬁg@|p”“‘é’ﬂdg§1<%a{?‘ﬁ%5'bogs?%waa’sed
i nt er changeabib yeahe thei upperPotay méntilza2Dd ax@hedDi Af trepdintRb yarpels s¢l06it IBH e
operation of | ant. of Fi gur and the plant of the inventioen,.ar
illustrated vfnﬁ l{aﬁghrpué)? %rdg%égﬁtugeb'?g%]}eegl%q%‘r’fdt %’ nglrf gl\?\fotrll‘bes f)haeé)é).ymleéﬁjlug"giﬁ%takes
as exanpl es pobyrmry pAtubo2029%mpe degphesr has eak es-difsbived tHequopyidne cudpyr to

wei ght pl ast [1,.11 AS rik ?o, a,hi gher nol ecul ar

wei nt 6l ast ooy 3E-GERATMREN SRATLAML RTINS, of R 0R ol SR AL

et hyl elhe coporopykne poiggnmer.i zed, as descri bed above.

[00190] The minimum level of propylenc in the kettle 155b is determined by the
maximum allowable temperature for the stream of recycle solvent. Many variations are
possible. For example, the heat exchanger could be a two pass exchanger having an array of
straight tubcs and a lower array of straight tubcs.

20 [00191]  The other hcat exchangers in the plant may be defouled in the same way.
[00192]  The words “shell” and “kettle” are used interchangeably herein.
Polymerization of Different Polymers
[00193] The operation of the plant of Figure 1 and the plant of the invention are illustrated

with reference to Table 1 on the following page. Table 1 takes as examples polymerization

o
w

processes to make: (1) a low molecular weight plastomer, as described generally above, (2) a
higher molecular weight elastomer, as described above, and (3) a high propylene content

cthylene copolymer polymerized, as described above.
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WO 2011/ 087728PCT/ US2010/ 061099 [ 00194] To nmke plastoner in Figure 1, the

feed temperature is reduced by the chiller

6 to 0OC. Al um num al kyl is added

as scavenger in anmounts appropriate to the poison content of the feed.
Al ternativel yYOH8IEFGEess of WO 97/22635 (Turner et al.)PCTRQOYPEure is

rai sed by the centrifugal
sol vent and up to 50 bar
oct ene commnoner

hexenc or

8. Catalyst and acti
t he desired pol yneri

desired nol ecul ar wej
tenperature to 150C E)%ZOOCt
H2 may be |48
t he pol yner concentr
general conditions
supplied at 10 to ki
m ght ot herw se cogt
and el evage
the tenperature it
further tenperatur®
pol yneri zati on mxzu
phase separator, V\gt
The pressure diffe;be
outlet of the let #o
feed and the pol yner
conduit 11 incl udihg

(al t hough

nononer,

separ at or

pol yner and a | oweg
The concentration g<
pol ymeri zation iy
of solvent and norgn
40, polyner can b
preferably with O.
vol atil es,
with the rowin Téb
the pol ymerizatiorg t
concentration ene

, <
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WO 2011/ 087728PCT/ US2010/ 061099 | ower tenperatures). Wth two reactors in
series, the disclosure of WD 99/45047 (Harrington et al.) may be used.
Generally speaki n in a series lay out it is preferable that the first
reactor oper aYVé?sZ“’gf‘mF@‘erer atures between 0C to 110C and KH&SZREMY*r eact or
operates between 40C to 140C. Preferably the first reactor operates at
tenperatures between 10C 5 to 90C and the second reactor operates between
50C to 120C. More preferably, the first reactor operates at tenperatures
bet ween 20C t@0i*aC ammlhq»lesamﬂm Higact,ahe opeeapastuldl waeaadﬂsgz)@etdhi k106

Wth t dit d I
erperatur e of CtHarachShh PG ridgnenn ey’ b BBk Mhet et

reactor only thsfeudedit@nativulp tHegaateros Wab 67/2086 (Turtke kt 4l heTsepress@t Qotis&l by

"Br edom nant Bf OBYITGHETRBRE AT PEonbr R TGRS L ERb AP D e Prliler o

to all ow the ﬂr%m roéarhplbmeanﬁrbmmy& enie:x i@ roetend mrﬂicmbmlathsm&fmr@tterﬂrj;twfhliogh
nol ecul ar wei g/ V\D 00/ 01745 can, be

n | 1 | ons
O B A T i Pt ey e R e e g
70C. 15[ 0020Ghe Akdxrcdi(polymen:tasom Itdnﬂ!dralﬂﬁdf @ihivhain @ufuls | rylatet c® tizodaired mbiecular

reference for_ all r i t|0n5|n which s i nc i [ S.permtted
and to the exY@Ht JTﬁe%}eaéljrogp PRSP e pen{pﬁraﬁlﬁﬁio @Be@ﬁ%o@a‘rp?oo A
docunent s t o pMsiocter p»nth(mtlthquatr(ﬁ leldevignre chloweshf i gy nammmdp)orAattedoiujpt roéfﬂer ence
for all juyris i.on RSuch 1 neo orati.on

dependent H)cl alg(f(r)(éEi ﬁ%leg reamo\r,\hhe %’@’ merﬁcér%fg?téagg? il 135}%:60? (s e rom H}VV%{’ pr a&tl ce,
each of the fﬁlﬁ@@tt@%c@ﬂditwﬂymzﬁ)b@ﬁ dedeebaliap &l et sl ai m; can be conbined with

each of the f @lt‘)g]r engcn 10{11@ sup lrrgi::a?l(?)go klllpoel n%grjillzw% pend%lrll;fangn aela%ndv?tp%ndent

upon the sa epen
1. A plant fwlgmtmhamm: |cn1umms i1 dteumlmmcepoﬂ sungving atmakyst, @ﬁremtml opnamer,.eandl ef i n

nononers, the, ngtg{lgemﬁgxgml si ng: a primary reactor and a secondary
reactor arrange erate in parallel, the ratio of the internal volune

of the pr i5nar1901|9é]acffdw heay ekéhengentl @ raisds tkmiemmaramfe nhells ecbhdarhe fueks thoat
being in the k@l (§ &@f@t@hcﬁ c‘.n‘%»%a%?é t$Se to 220°C. g\lr&?lld ﬁpe':s‘%refcﬁ’glr}jrelsﬁlﬂ%s th%r
ol efIrn nononers i n a

supplying a prine y conpr|s g one or noreé
solvent to thvelyplenmplynwemmmes thredgh the let-dewprilmalfyinpahaligsd plsuppipyrator,

apparatus for,;§yppl¥iig d?OpInn%FlEudH? Y AEOh @k, 99 b&atﬁk ¥1%Esu¥e°d1§f$}§m8[ e’t@ée%

reactor, to form prinma cont al ni ng I zatl1 on reac
m xt ur e t her d¢iapat the outlet of thc pump 3 and the outlct of thc lct down valve 18 is solely rcsponblblc

20 for causing the feed and the polymerization mixture to flow through the reactor 8 and the
conduit 11 including the heat exchangers 12 and 16.
[00197] Inside the separator 14 an upper lean phase is formed with less than 0.1 wt% of
polymer and a lower polymer rich phase with 30 wt% to 40 wt% of polymer. The
concentration is approximately double to triple that of the polymerization mixture fed to the
25 separator 14. After further removal of solvent and monomer in the low-pressure separator 34
and the extruder 40, polymer can be removed from the plant containing less than 1 wt%,
preferably with 0.3 wt% or less, even more preferably < 0.1 wt% of volatiles, including
water.
[00198]  If the use of the plant is now compared with the row in Table 1 marked elastomer,
30 1t can be seen that although the polymerization temperature is lower than for plastomer, and
the polymer concentration emerging from the reactor is lower (its viscosity will be similar to
that for plastomers), the same scparation process and plant can be used to give an output

which is somewhat lower (reflecting the reduced efficiency of the polymerization process at
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a secondary feed line for supplying a secondary feed conprising one or nore
ol efin nononers in a solvent to the secondary reactor, and a secondary
catal yst supply apparatus for supplying a secondary polynerlzatlon cat al yst
to the secondﬁpyoﬂgﬁﬁﬁbr to forma secondary pol yner - cAGTASHIHep1099

pol yneri zation reaction m xture therein; a junction for conbining the
primary and secondary polyner-containing pol yneri zation reaction m xtures
downstream of the primary and secondary reactors to forma conbi ned

pol ?/rrer i zati lolﬂwér&a?lbdrﬁﬁlre{]ﬂ Wlﬂl:;tgfo r@gtdrs in series, diic diRRSire oﬂwos%;p@rom @ariton

i sol ating po r fr n1t e conbi ne yneri zation reacti

OB pl it astteT b ol GO e B § Mo 4ot Gr OHETYBT dib 151 e
primary react@ictdr Q)p%h%s WOhdJﬁﬁ%ldﬂfrest bewsac@adar yior€aad Ofic b&ordrdatier bpﬁﬂgﬁ, of
from65:35 to 90: 10 E@k’%fﬁas claimed in claiml in the

primary feed EHHSHI Qe%toal“mt%ﬁf@l {F EAeor W&Ia&rs&wl"‘@ﬁ‘ét”é%’e%%“ Crrar y

catalyst is ao @bwcr ald thetabloeene patab yatvccsltﬂ:)hc td1820°CN Mdie pfardbay, yho f@&ct or
is forned a co

[ ene, and I QRY, e c tallinity of
T om about 2 TSGR B Sbe T Sobaur el g e ht i st iraue Sigtdes
propyl ene corteenkn @b°d fOODIK)%(bOth?@phMou% contR0 oﬂ\lbro%baﬁtﬁhd&mHEhﬁd pdsopaewts of
25C to 105C, and the con feed, c opyl ene or a m xture, of
oropy | ene - AGRSEriiR gt GRS OWBHEN HOREFS Cear BRTEINFT GinregF B “CEHLRSt i ng
of C2 or C4 UQoG&Bmahphaaieﬁmﬂﬁcamd;th&&emﬁmﬂary pol ymer - cont ai ni ng
pol yneri zat i ction mxture co es a t an ] sotactic
pol ypr opy enﬁﬂ%%’?ﬁ P SYRt %ﬁnqic g4 ‘ftt 517 Sﬁ?gdom (L/o b%4°§ﬁ’@rn Qré?aylene
propyl ene andoﬂuﬁﬁbeﬁ@mﬁOHBRigéﬁﬁﬁﬁmnﬁh&ﬁoabemh)Mkﬁcmel%br&muﬁapﬁmﬁh&nt as
clainmed in claim

first reactoﬂnTgnﬁ ?3?%@ ‘?ﬁ ?Wﬁ%%{$%?%mpoc¥%§ E@r%d%%kégg %?tegkgﬁ}@ﬁe
range of frorwORHI1T745 GO bél&sed In the run§.thefpoyinanizgtioa Sengleadture daried betwatbm2&C i n
whi ch said ngg@§mjur suppl yi ng conprises at |east one punp.
15 [00200] All documents cited herein are fully incorporated by reference for all jurisdictions
in which such incorporation is permitted and to the extent they are not inconsistent with this
specification.  All documents to which priority are claimed are fully incorporated by
reference for all jurisdictions in which such incorporation is permitted. Although dependent
claims have singlc dependencics in accordance with U.S. practice, cach of the featurcs in any
20  of the dependent claims can be combined with each of the features of onc or more of the

other dependent claims dependent upon the same independent claim or claims.
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CLAIMS

What is claimed is:

1. A plant for the continuous solution polymerization of one or more olefin
monomers, the plant comprising:

a primary reactor and a secondary reactor arranged to operate in parallel, the ratio
of the internal volume of the primary reactor to the internal volume of the secondary
reactor being in the range of from 60:40 to 95:5;

a primary feed line for supplying a primary feed comprising one or more olefin
monomers in a solvent to the primary reactor, and

a primary catalyst supply apparatus for supplying a first polymerization catalyst to
the primary reactor, to form a primary polymer-containing polymerization reaction
mixture therein;

a secondary feed line for supplying a secondary feed comprising one or more
olefin monomers in a solvent to the secondary reactor, and a secondary catalyst supply
apparatus for supplying a secondary polymerization catalyst to the secondary reactor, to
form a secondary polymer-containing polymerization reaction mixture therein;

a junction for combining the primary and secondary polymer-containing
polymerization reaction mixtures downstream of the primary and secondary reactors to
form a combined polymerization reaction mixture; and

at least one separator for isolating polymer from the combined polymerization

reaction mixture.

2. A plant as claimed in claim 1 in which the ratio of the volume of the
primary reactor to the volume of the secondary reactor is in the range of from 65:35 to

90:10.

3. A plant as claimed in claim 1 in which the primary feed comprises a
mixture of ethylene and propylene and the primary catalyst is a chiral metallocene
catalyst such that in the primary reactor is formed a co-polymer of ethylene and propylene
having crystallinity of from about 2 to about 65% from isotactic polypropylene
sequences, a propylene content of from about 75 wt.% to 90 wt.% and a melting point of
25°C to 105°C, and the secondary feed comprises propylene or a mixture of propylene
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and one or more monomers selected from a group consisting of C2 or C4 to CI10
alphaolefins and the secondary polymer-containing polymerization reaction mixture
comprises a substantially isotactic polypropylene polymer containing at least about 90

wt.% polymerized propylene and a melting point greater than about 110°C.

4. A plant as claimed in claim 1 in which the ratio of polymer production
rate in the first reactor to polymer production rate in the second reactor is in the range of

from 95:5 to 60:40.

5. A plant, as claimed in claim 1, in which said means for supplying

comprises at least one pump.
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