; e3ePCP@Ip6BT -1 PROCESSES AND APPARATUS FOR CONTI NUOUS SOLUTI ON
POLYMERI ZATI ON FI ELD OF I NVENTI ON PCT/ USOL/ 32299 5 The invention rel ateg _
to procesggs, gn.g apparatus for continuous solution pol y”e?b%ﬁ‘lrsbf?ﬁ 290l NE

i nvention reI at es especially to such processes and apparatus using singlé€

site sol.dRbe transition netal catalysts, in particular those known as
net al | ocene catalysts. .The invention.furthernore relates especially to

such d apparat us that provide for inproved control of hydrogen
Ieve“m“mmﬂlmm‘ re es eci al Ig for inpr ow{sg series reactor operation using

ingle site sol uble tH GESPBh AN APPARATYS FOR SABKENOINIS OF | NVENTI ON

Cont s, 50t et "o’ mosokb IONPEERVERZAYON %ﬂé"ﬁﬁ@wiﬂﬁﬁ 15!““'5

back m xed giving a uniform polyner in an environment wth

concentration gradi ents. WO 94/00500 (Pannell, et al.

pol yneri zati 8§ iQFgH‘f?éEI&TIQMene in a continuous sti rred tank r&ad?¥

whi ch ;may be e cl4 g Yy roducts.
20 For the pg?gofglgg&odfn %1151%@ eé%gc%?naépl on t? t%8¥%1{d°§r%t a(ﬁto ene" is

her ei n def i nedlyimerigativnailhe (’mlil\&anﬁbn rElates espebafignd addtepikbessed &idyapparatus
conbination with a transition metal of the Periodic Table of Elenents. The

heat of the BEPgsiele sHg spluble fransisan dugtelratalysis ip agrtisplar Hhoss dmpwar 3z at i on
m xture, cau e@lo@éhe%%&ié}@ﬂsmﬂ GEVdARbA Vﬁl’tﬁemgfre'llg% gedic %ﬂegﬂll tiesqp heat of
reaction can be renoved by a cooling system ernalt cool ing of the

wal |'s of theproeestoand/aspasstys that fxpvidatfer mqubvedaafdnaﬁgeﬂhyﬂiagendxw,amﬂe
surfaces cool ed by a, aft exchange fluid. In the course of the

pol yrdr i zat i Biere FWF@ AR I%Prﬁﬁ’%oﬁ?r’%ﬁ?acg’u‘ré’ti’ﬁ{atl%\}@rng%n%ISlt%SO]é‘Plet he
mononer is c%sqp&plln@ﬁplcgtg%tpol ymer formed is dissolved in 30 the solvent.
The higher the concentration of the polyner, the higher the viscosity of

t he pol ynerization reaction m xture containing the polynmer, solvent, and

unreact ed co sses fromthe pol ynerization react or to
a WO 02/ 37%%#@@%%? @ﬁl ng section in which polymer, solvent
and unreacted MONEERAN@US SARAGRLRIymérzatibe FOLESE Yenbrally SiivbRe 8R! vent
and unreacted nononmer are progressively renoved fromthe polynerization

m xt uSe unt i hdditien mw t@am@erﬂeomﬁb@lwmt mrigtuso| The rpleﬂturemaarbetbacle The
separated sol v an. be recy cled. to t ation
reactor. It ms}g?% g?wg% %@Y‘é‘ﬁ%.‘(}e 1 |‘?¥V%’Fﬂ?'§ gvbth E‘ét}/ga?’h d’(?l ymer
sol utions cagontegestidm @faasem§e‘wm 34y0D30@t (Phiveell, Qved].)Cadsctib@l a S@lwtionon
tenperature, w th phase separation being encouraged by higher tenperatures
and/ or by | oRelymsrigatioir ysing melallesang in a|cartinuens slimed tank repskasowhich may

condi tions non of phase
separation Y\gghe? %ﬂ%ﬁea%@g%é?ﬁ e?%tn ?%%H?%%ﬁqu]&eﬁ pﬁ%gygf t he

pol yre®ri zati on soFueme puppses pofi ﬁnﬁsepqueﬂntymcfmammmerrtemnﬁneteldm\em sisons,
especially o il e nmononers, rg&er at ur and pressures have to be
[

L t he vfol at cﬁ :

sel ected for MgEReAFImSH heonta \98‘?11”6‘691;5 slepeHadiendimoigsin PRI nwant ed
phase separ ammmﬂ@iﬂ@ﬁ il JF EROPRIodicSRILYEM Blemibfil. @S hexane may t 5
require an el evated pressure in excess of 50 bar to avoid two-phase

condi tions for ol &h¢nhgadl gfrehe zpalymerizatioh v eaatgors umn bs @hﬂomd b&nthcal nt ai n

honbgeneous gnephase. conditions at |ower, pressyres of phase
separati on cBﬁlyg’gﬁl %mvlngﬁﬁ%mge@ %ﬁqﬂéqﬁmt h‘gﬂ?@g‘d‘f‘? eaﬁgl g’ﬁar ate
vol atjsl e sol Hedtof Ferétibh R BE @EmHRIAMBYES c68THROHBRNS bgrbx?anémo oh@Rd, and
pol ymer on the other hand. In that case, separation at tenperature well
above the | owels @fithe gatcterovesselorer thynpeeraally armrgednbentrexghange susfatasw t he
polymer to f se. Some earller articles explain the
general pri ng‘{; }%Bgﬁr&&ﬁh ﬂgirag aware are: "A | ow energy Sol vent

Separation Met hodIn thbxcoi[rseoaneqmymerﬁrauai, typiedlbyYe prddogineR hindgnat (0wl vent s”
by C.A lranii 25 et al. in Journal of plied Polynmer Science Vol 31,

1879- 1899 ( 158&0l %kahthe ARIOFP A mes% |am1 thsnRolyner fosmsd s dissalved inF| ui ds,
by Mgk A Midugh Gt he b Eh%ﬁigg%eﬁﬁé{ oo ﬂtﬁ@ﬁoly %r ﬂ(‘? ﬂl.?ﬁgrotkle V%&Sﬁ%{cal

dynam cs and phase separation kinetics et anaka 1n urnal of
Cheni cal Physf ¢ke PoDynfetizatidin Agictibn “mikdd qmnﬁiﬁﬁﬁg 5tﬁ87polylﬁhorsblv@h@| ahd
Branching Effect op the C oud._Poi nt Pressures of 30 Ethyl ene Copol yners
etc.," by S. Yuigaf{e¢eomgponents. Bhdredeses fpgythe pplymenZation seactor a0
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PCTI US01/ 32299 US 3, 726, 843 descri bed a process for making EPDM Liquid
phase . separation has al so been exploited to renove solvent fromthe

pol ymer i i.xjure exiting fromthe polynerization react j i

EP- 55294%‘-%& O%é%s, 599, 885), whi ch shows a continuous sol U?IE(T))H@()MzEgﬁP

pol ymeri zation process with a 5 netall ocene catal yst. Hydrogen is added in
t he exanpl es to avoi d higher nol ecul ar,wei ghts at the | ow operating
tenperature. The pressure and tenperature are raised to permt a subsequent
pressure drop, that leads to the formati on of separate |ean and

concent r at edfipishingsectiontinlwhith potpmgi, sglventomd tuneeacted guanonies aresepaaed. t o

EP- 552945- A does not disclose that the polynerization process nma e
conduct ed at ﬂbﬁl&/ﬁ?‘gﬁe ﬁ?e@%‘%f‘%%’ § Wiﬂlo%%d Sac‘yﬁ:déénqngﬁﬁg BF pﬁgﬁrwgvregy and
out puts in thgnSRAErd & pAYHSMARIER BhixtdrEuRBi28d polyntés @8n 88 formed into a
auto-refrigerated reactor in which the solvent is allowed to boil which
favors | ow psaibpelist opbelat i e sepraEAspbuent dek monomes ogfybe recyrlstl a0 theng t he
initi %I el evatled pr e[ssureti n the finishing 15 section. Wiile the single
site, “met al | BEEHEEHN T have a high activity; that activity is often
sust ai ned under candivwdloRsov fiokhi SheldasEtefaBa soticed thad BbEmRE Golutidhs

el evated tenperatures. Continued pol ﬁmeri zation activity duri r]%d)phase

separati on né§n ydergaphase srppiation abthalewerariticel sotigndensperatyre withlmse use of

single site gatalysts.l i.at W i/l 0.t i.phatic
hydr ocar bon, g%aafé tﬁ%’gt%gl,gs %%%ﬁgagfgrb?’gg%éerg&egﬁg%gg&% %Ed/#o%é‘jéﬂ%r gssgtﬁs'ut ion
pol ynmeri zat i 86lveAs sélettmidlio infloeries thetdoaditiahawhiat phadeweparatigliedtuass t ol uene
may have to be used. This in turn_can conplicate sol vent separation to
preveldt tol uene bdbePhgpomenam el phaser separation isclistly o cAvsideatiam, iy the

pol lution an d LSRR di EP- A T avoi d
the use of tg?lgcgﬁ)gl %éﬁlgl rl%l rl19 %ﬁe&é‘z%? gl fsﬂt& %gﬁprpggﬁ%ﬁg?@%@gﬁgmgg
activator, i ponveesiqel esmiciatlgt 60 thes oblutilet mohomaromengratiieonamt poagsiges {see
WO 98/ 02471 golthagmer) tg? ' 1g,olerEyriz d mxture is flashed off in, two
stages, wher BBYF ihBe selrgfeddongiyen polimesetent FImbRtionFNdigs P19 o a
vapor phase. yihhieh hhs MpfiohOBsRt BO!NANn Shfvents! SfHI LRolyR HAPOT
pressures and vapor phase conpression or condensation foll oweq y punpi ng
f or sutbsequemntquiteparckivated Iesagresn eReaspiohfo bar to anGIdaRYo3phz® Borfd@ignsS@L/ 32299
-4 used to co ey cﬁol érr.rer. f_ro(gﬁlash sgsgartation stages .to a final

devol atil i zi RFEBRYYIRERNZATEn3SY Yoty Such @5 actang, can MALH4|R NOMOEPRGOUS PPy d
recycle st reﬁmsk(éoﬂﬁﬁmlgﬁatq&wéﬂ]ﬁéﬁaﬁ:@. in reactor capacity while reducing
fouling in the context of a multiple 5 flash to renove vol atiles. The use
of single site caflhepheromenos| ofphassssnpaeation can serondly reereeitadoaftesfthey dr ogen
t hrough bet a-, I i 0SS ck to
react or feed,lél\(é:gélﬁ gtgP %ggé%%n%ﬁgf%réﬁ%n?égéjggﬁgﬁg noﬂ%é’fé‘%féﬁ‘\‘l‘ﬁé?eg t of the
pol ymey . Thetl@rondithagd, biydpodaneresi aht i ghedhdnd. pah yiher cast isoparaidh have to
be increased 10 or dec%lfaged dependi ng .on the target nol ecul ar wej (ti]ht. n
sol uti on pl afmperaiyre, well abeyethe; lgtyer gHlsah sphoR derpReraliig Bsencgpgged fo
purification t i |G . | wi ndow
For the desi Ag S5y BolDELd s CRELAARA ks SRR Lkl SicRPEhAkh I, . " de
vari ety of pegbkyardrmincipléseofimltieh we dre awsreddre:c SAdowrmergyoSuleatt Separheaul ar

wei ght, etc. 15 Qofi oduction performance for a givep.ty f pol ynmer
may be obt ai Wifah‘%’)t h%g‘;‘{t‘?‘?f 154 ah&ﬁ&@ﬁﬁ%ﬂ%i %Og'egﬁe@’fcgg'g‘ﬁ@fati ng
wi ndoyy. Di ffefent jf WBﬁﬁmanoprPgH&f E%éﬁ%@ieﬁ@é’ﬂ/&l%be191791‘118‘99“{198‘6 5
different plant |ay- ) . ore, a need for a plant design
that can be USemratmgd olyrest Silytidnsrwith Séperaiiical Klpwls,"dfy Metky AeMsHaghl et

nmet al | ocene catalysts, . an ' a \n, e adapted nor.e.20 easil.y to

evol vi ng. et A Povbsaioleifes 985 d k2R i e P Badib B ipd SLAR SRR of ut | on
pol ymeri zat i @iheba83 by MSiRe TanaSA Joumelesk ClmicalP1ARics 466 kPOLt Akl perm ts
nore extensive nol ecul ar wei ght control _through control of the hydrogen

" level s. Ther 8994p &R32%p3%1;aPhere Ehaindiranehing Bdent oaithe QloudPoig SagsseredPe wi t h
series, react erat | 2 1 L [ SRlabt 5 tin
condi 11 ons bgﬁt\llégnr? ?%lpé)?#}f‘%%tae ttca't’ng)yél.,%‘(r[.:‘oi]Tréllése‘r[ \é\gcl:'{ ARERRGES %S @9&? fr)ﬁpzt(asrs)’gli‘ eegi ng

very | ow | evgksg8.of hydrogen to one of the two reactors, while feeding | arge
anounts of hydrogen to the other reactor)




There remains a need for an inproved continuous solution process and °
pl ant whi ch provi des one or nore of the foll ow ng benefits: producing

pol ynmer nom cal ly across a broad range of operating w icl udi ng
g\gp;’o%é#%a glé“trﬂfg%?zgw

varyi ng I"zati on tenperatures; producing a broad sp rum o

pol ymers, particularly polyners of widely varying average nol ecul ar

wei ghts, nol ecul ar WO 02/ 3795 -5 PCTAUSOL/ 32299 wei ght distri butions,
and/ or conmononer contents; permtting the production of polyners having
useful nol ecular weights at high tenperatures (above 150C); accommopdating a
broad range of calsl ys86843 fdeseniredea prechssifny neakéngyFPDMondiquid iphase

ially in finishj d reduci. i tal di - and
otuci o o SepaieoR chaSopsS e rERBTIT B ISRl o Ba RO PO ERGE whi | o
usi ng hi ghl ynigthiev exifiRg bR CBO SpdlyiReriAfbal hdtsr M Mitdwn rrgasied sopneker and

tenperature duri ng separation processes. It would be particularly useful to
provi de a pr 8588883 dviprlashowwh iaceontianousdpalution pelymevizatin pioneksvwith 2opti mi ze

f f i | type. 1 t al yst h t.hat.
et ai Pocene riPode" EAaREL” RLabHE” i gt fn (B kBiniesch Broid ieh n ¢ ha
wi ndow; whi | hobdculafewsith®s tat NMbe PRIV deratthgd thihp@shufaanoahef pREdid &fY

performance wi ndows for different polyner types and catal ysts. It would
al so be benetomilcEture AR rraizedi é0 PePniD e BubseqHeNp Prassurakirel thauledds tathd it at e

i ch can be e P BeriPBE 1o nof Fobieeafd s RS bl iy DT g

of all non- pgdasdtor Bakyiéd. and nononmer conponents; with mninmal contam nation
and minimal need to elimnate polar, inpurities contained in such non-pol ar

recyci®e, however HEr3Sdedd-Acdess| gatidisclasedthat the nplungegation pegcess magihey a

scy ; ) ; g et t
whi eh woul d CondEl A BitFpied Bresbhrel Bbrg Ui WwRTRbDR MAGE B HERES T o1
WO 94/ 00500 antte $A2 /plaht GfrangdsldAREP G52940/BNKESORh Atite-refiigefital hawnin n

b ket fer. th nber | fit . sh inthe d i NQ; d i ntended
for i 11 ust rabhis WRGOPEE! 1 A loMIgo I BicRaY o5 I cPrae e aperRon; kBmded ¢ o
limt the di §3qsul %oéso?ét@ﬁ%%ésﬁ 1bitihy el ik ele@&?d h%\ﬁﬁﬂé iPfe &ﬁisﬁ}ﬁ

or I y aTteed (2,

generally to a process nt 1 nuous- sol uti on po rization o
4, 58 of ol edchipncal |y unsaturated nononers in a hydrocarbon sol vent under

pressure, having cpnti nuous sfirr tank reactor ° arrangenent (8), to
whi ch a single sit '%aflﬁl VB §%es dﬁ%ﬁ%‘@&f‘e Pﬁtag'STsn{’fﬁ'ep?)Il'ﬂ}aﬁlgc%‘ﬂtyeotﬁ?%i ni ng
pol yneri zat i gRivit§as bi@su¥taiddd ide ARG §it Wﬁﬁ@gﬂxﬁﬁ%?iraﬁox?@@@lﬂ%bﬁg nmeans
for continuous separati-on of the solvent ( 14, 34, 40) and unreacted

nmononer frontt eevaiedt tameperathegh Jegrdinped r@lymérimti(m lactivgy, dudig iphaseudes at
raﬂm d phase separator to

LZSZ? at eV\?hggéﬁgfagliﬁgPﬁa %ﬁ#ﬁ%@éﬁ%bﬁﬁs %elgﬁlcéigﬁﬁegi]gsg. (20} and a

concemnt r at ed phas®hé 28¢ of Fiigld sitdTsatalysiaris agdodiatedonite Hobakeldbiliey in B yner
rich" refers tq amount of polymer in the solvent. "Lean" indicates that °

the sol vent @Bk nydrecaseany niatugieds moR-nolay afuenit sused 981 horapecasowss to not
5 interfere Wb SpisReHS R on" Y Elesi8 an aromatic catalyst solvent, such as toluene

may have to be used. This in turn can complicate solvent separation to prevent
toluene build up in the reactor, and lead to environmental pollution and added
25 maintenance expenditure. EP-552945-A tries to avoid the use of toluene by
slurrying the catalyst,comprising alumoxane as activator, in the polymerization
solvent.
In some solution processes (see WO 98/02471 Kolthammer) the
polymerized mixture is flashed off in two stages, whereby the solvent and
30 unreacted monomer are converted to a vapor phase. Efficient extraction of
solvent, etc., requires low vapor pressures and vapor phase compression or

condensation followed by pumping for subsequent separation stages. Pumping is



The catalyst is preferably a bulky ligand transition netal catalyst. The
bul ky I'igand contains a multiplicity of bonded atons, preferably carbon
atons, f j group, which may be cyclic with one or i I
hetero-a?%ﬁ%ﬁg+ﬁg bul ky Iigand may be netal | ocene-type cg?Figgﬁyggggnyl
derivative, which can 1 o be nono- or poly-nuclear. One or nore bul ky

| i gands may be bonded to the transitiom.-nmetal atom The bulky ligand is
assumed, according to prevailing scientific theory, to remain in position
in the course of polynerization to provide a honogenous pol yneri zation

ef fect. O hebsddi tpaperveyenolyachfntedadr sepomtiohnvaged tocr finel devnlasilizingy net al |
preferably detachable by a cocatal yst or activator, such as a 15

hydr ocar byl 8}§mf1§fogen-leavi ng group. It is assuned that detachnment of any

such ligand | eadsUS03,0hz698 astsiadeadéxchaf@R e AdiguidresSydle sedamMy péintihe
ol efin nmononer _can be inserted into _the polyner chain. The transition netal
atomis a G dupcrease \n wactor capagins while sedwsing| fowling indthpeenteyi of amapltiplef
El ements. Thﬁa%l{@%gnﬁl/é)%l tegl atomis preferably a Goup IVB atom 20 In a
first "aspect 0 he Invention a high capacity, |ow viscosity punmp (3)

rai ses the pressulae ake bfigingkesdte( chtalfists TBhlsd @sslciaketa®ith the lpaderativh 6Auses
the m xture to_pass_fromthe reactor t hrough a heati ng arranggg)sent (12,
e

: (8)
16) up to a Bréresen rough hetanhyduds abstrachion. Rych prdreges whea reqygler da
separator (1 g | ofc Of q e of
further purrp?ér?atro?rg%qué e%ﬁmgg%%cﬁgﬁeggoﬁr@ggor zé%)uél%g‘q'?lﬁgt %ﬂgg?gg@%éduci ng
means ( | 8) Thd hmouet of Kykiredenceatablished in lpolymerizatdai ingy haveto beinereasgkener al |y
to a punp with a ca ity sufficient to pressurize the whole of the feed at
a Vi s]c%osi ty Hb@ecé?aﬁgcggﬂf}iwgtoﬂ@%‘P%&W@@CBW Vehbosity increasing dissol ved

pol ymer ol ecul esyy A DhigniBU B IVeHP Esel tian,s:e(gjeféﬁhgg%mg@me 30arfe
heating arrangenent may conprise a first heating stage (1 and” a second
heati ng st agpurifi@}ion Shelerhs hate totbaglesigd) for a partivabr operating wirdoy foe die

exchanger desgigned to recaver heat woul d gt herwi se be. | ost. when the

| ean phase (gﬁﬂqreg Rﬂb"ﬁ“??z\?. 195 HTSESE U&%ﬁ@g?@@@?ﬁmgwgm ‘@’(ﬂleivﬁn_ﬁtyf? al

cool er (24). pdiResLePBe HARIM e JfS@&MARMARBARAS, | AbRcllgAWelht | bky Of
suitable tenperature to finish the heating step. The reactor arrangenent
may b€ singl ©ptiswen prodyetion perfpraianesyfor sy given 8esl of nokpmen way borodtainedanged i n
series, or les referably yn parakllel. 5.4dn this fi.rst aspgct acat al yst
killer ( 10) %i“z’ 4 écc}‘l%ror\r/\%tgtl?cgg?nwg‘lfbm} %%efgic Oéjrfbfaéwaé’ﬂﬁ%?‘f's@?%rﬁnﬁ HB%ase” of
seri es react ef golyhat nissathsn hhad td beplodutet in diffeeisiedladoMyshuteamhefe khe | ast
pol ynmeri zation reactor) and upstream of the heating arrangenent ( 12, 16)
and the |i quihgreforgsa needhdpraa plant design thet sap pe aised mere ﬂé&ﬂbg’ofo}’r@ffﬁf@mi on of
the heated p i i 1 i | phase
(20) ‘boi ng paPEea! pAPEer M RUPLRRIR: ARG, b B b Wbplcd mER, 1
heat dont egr atasily toxebalmopgr metalld¢enanchtalysti teahnadogibe than? dgremndesigisi ohal |y a
drier (32) bgﬁk.to the i.nlet side of the punp (3); the concentrated phase
(22) being sBPE RAYRSIZHPREIANES| sol vent renpval downstreamto obtain a

sol i d pol yner. |nTgegesond, as Resd férhﬁhﬁl%ndé&@ﬁ%}é ) t§ IH&%S@;&eﬁsﬁ'vchiqUid

formto a neans 15 (26) for renoving hydrogen ad 0 or generated during

pol ymer i zat i melecwlar oveightaeantiop ahrovghmsonts@sofatheelyogenr levelnt &berenig am
stripping vapor.w th the |,ean se.in a ntercurrent flow arr ement to
concentrate 1??8‘%8?"0 2 ﬁu?lhc?rﬁ'g’}f@?g&?‘)%‘?f’g@ge_ Wﬁf‘ SPRRI7agtoR ?Qfﬁqﬁl%%&ean
phasexsr ecycl germiti welsepmhtedBpliREpdRAta taRitidR RHREES SRSHANAnd! B8R not
enploying the features of the first aspect. 20 DESCRI PTI ON OF THE DRAW NGS

Fi gure 1 showgctar §usenich pemmiisfeeding very lpwdenelnellydiogey to one € thertwent i on

G agram i 11 oRerary SRR tale binls BBl Ry BB GolldBY o of s i n

the plant and proTh&s re@bisd Aged fortdheinipiv @il t@tinubiOsbletich ?fdﬁ@é‘s rde
details of the |lay-out of a hydrogen stri pﬁ)i ng arrangenment for the plant of
Figure 1 to plesyrhishgreadesers ergmats eciie dellawsng benefnt perducingmedymember s i n

br ac {jﬁt s bel Qé’glnﬁﬂﬁéa'ﬁgr §4r88s hOwbhE SRk S}?\ @fgti'ﬁg d?v%gib%%.eﬁcfuﬁingov ﬁlgidr awi ngs

i ncl uded for ustration and ease O rsta he i nvénti ncl udes
ot her forns pélytieeizdtiml uemperatudes; aperdlubingt e broad esgecirimbrafc plynérs,

particularly polymers of widely varying average molecular weights, molecular




WO 021 3-479, PCT/USOL/ 32299 -s addition to those shown in the draw ngs as
woul d be apparent to per son skilled in the art. ' DETAI LED DESCRI PTI ON OF
GENERAL ASPECTS 5 By raising the pressure by th to
above 75A®§r0!§)3i‘h;er formati on of two-phase conditions is avglcge |/§12§%9he
reactor arrangenent (8) and heating arrangenent (12, 16) under a w de range
of tenperature and pol ynerization condis-i ons. Hence a wi de variety of
net al | ocene catal ysts can be used in the process. Such a w de range of
net al | ocene catal ysts_can be used to nake high |10 and/or | ow average
nol ecul ar weigHghtndisteibntens, @RUEF CoBONAMSe EOHPWHURLTBHINE Jheinredietion Ufe of a
separate pu . . i i I Q. Xt ure
" between the eolia}g?%gq%{r?g%t S@ﬁﬁg&?%ﬁ‘g%‘gﬁge%é’?@f ?)E?n @%&M%g (gl\;/ogj%dg?,@}’such
punps are nuclcsmmedstogt lay Hrbah rahge | af caiabsospérorfraret; pustucing) knerghe
pressure of the punp (3) al so.cascades through the process and 15 cqnbi nes
with the absdi9BBIRRIGHs L t/il%rﬁm%rnaa red reducing enviopegrtak disehasgs; 89dst age
to reduce ov i LT Ll Shi-0g: r . the punp
(3) aﬁanceser% @gkrﬁ%dgagg%%a??g%éyﬁﬁx%&%g Itﬁgyt? e%s‘r?ezgésjgv?lelgﬁl%’%gci ng
means ( 18) Urgtly eetiveahethliecene typectatahystsewrle pareatted n{ondrher aad teoperaairk owi ng
phase separatcid]gig prior.to the pressure reducing neans ( 18). In a preferred
foam of the i 3??%5?“02‘0”9%5‘% essure of the punp (3) additionally
advances one or_baj loaePae ShtduBiARsHl & DRIMACL pHRURSIEAMT hiih ARat i ng
systens or purification devices such as high pregsure ash separation
devi ces or | adjyst tequoeess wasdovs epeptonize perdievianes for ehgvempelymet tyipelandr

ool il o 1 Gt SRR Bef Sy RLSTI BBl sy "
surpl us ki || afithif that QRAAGW;S8hifCdt B $an® GinEPBRAR Nl :Pbﬁ)ﬁ& réuglé%sf optitlzedl the

punp (3). Wth term"direct” is nmeant that the |ean phase does not need to
be fracti onatmsdforminsepyiadews & dilferantepplymelstypes atddeatalysts. eltywald glsadet i ons

to make a wide vari.ety of..polyners a is at.the s time of sinpl
constr ucti on g0 EaRaR R koS R Bl v Bl B BBt ferRlod U ¢
sinpl e 30 solpightathleSONRivitiea Al te Sandy finidhiRg! efuip@iens ywhith®ah YdGRedsn heat

i ntegrating exchanger (12)], which can be e oyed to m nimze discharges

to at kbspher dargaly €losgdesysfein Widlarsubsignial mecystipg ufnell gentpedar| sobyany apRase
Separator (1 = PCT/.USO1 4 f h i qui d
phase separ ai%(rmo © 4)09‘?@8’%46%529‘8’?%(1%[{61@% éﬁ%’?@%@é’?ﬁ‘&?ﬁ%ﬁ&%r ﬁ‘(“léf4§w
arranged dowgintiestenpoldniiniputifesecontsindédim siehapatpoddredcyiia dowevanddrived! i qui d
phase separator (14). Preferably | ow pressure separator (34) operates '
at a pressur dCapyFlEsidRE *%Veag?fowa’eé‘a'%@ plerimok dFchpraseandowithout
fractionating,siiad Qripthi bhGRShM s WS WRA conBtihats arate
conpressor, ar?g&saléréﬂsp{r%s%ure issgeneralimy 2 hﬂacr guage g%%%y?:? In order to
accone®dat e pr odudidredditibng dagkgrowndpsdenlso WiQI24/0650eandf WOOREdH6@r wei ght s,
this pressure in the | ow pressure separator (34) can be raised to a high

| evel , between 3 and 20 bang, to adjust solution viscosity to facilitate

feedi ng of thEUNENERTVIORTSYEPOIHREr solution to the final to devol atizing
stage. Thus the volatile phase renoved froma concentrated phase is

conveyed sinply tofhe funhers sheam gpredgisrrefezdy thesnumbesingrof itemsashged in
downst r eam of | ( [, ification, Jn sone
oot e, ot DB AE B SR Al 0 G el S
pressose in theeintéded teiasethe tidelosutt tautic eldnsalladuiatedds must be condensed and
passed t hrough pur’%%gg means for 15 subsequent further separation steps.
Preferably, the pr HiyepliQrs relatgs gepeyaly teo| & d¥eceshifen comjEgonp sobEeRdi nat e
or interfere j i ngf (o] il it t ] i tion of
‘ the cat al yor LbfeaiRAgh U & tochs, 0 537 of SIcilbly' il Mokkhrffil A0
based sol venthydaghtbonasdlyenti urider @gesaireahddnge s, codtinubudairb® thrikh edactodr

branched, such as thoig 20 ha,Vf ng.from4 to, 10, carbon atons, pre[erably in
the range of atensemenidR).qd0qwhich Sosingls SHte \Fatalysh dgyunnbicd. (i famos peyMErkanes
of a By gher QlonlaGRE pBRREHARIN NELAA mixle. B0 ARisulRY aeHel Lopathinl
nmononers predom nantly conpri sing nonool efins such as ethylene“or propyl ene
or ot her hi gheeanal fohaconkiefiouss sdpavatiog 6f the 4oltventl (14; a34) o40)atuahminretbiied

conmbi nation provides. a m xture whjch can be easi |l separated inside the
ot - phase gt tottn Bebieiey Which sEtBianp Bamsude i 3B ellaBy By ai ng
that the polynerization mxture fromthe reactor (8) is heated to the
tenperature before reaching the separator (14) successively by an upstream
heat integration exchanger (12) and a downstreamtrim heat exchanger (16)
and by providing that 30 the | ean phase (20) fromthe separator ( 14) is
used to supply heat to the upstreamone (12) of said heat exchangers. WO

~s ] SN A~ o




PCT/ US01/ 32299 Worki ng pressures in the process of the invention can be 80

bar or nore, , 90 bar or nore; 95 bar or nore and especially |20 bar or
nore, or Q bar or nore. The upper pressure limt i Lid cal |y
constr ai n@éedgﬁij'%fypi cally can be 200 bar or less, prefer aEF?%%iz%%dr or

| ess, or 120 bar or |less. The pressure should 5 suffice to keep the reactor
solution in a single phase up to the pegi.nt of the pressure reduci ng neans
(18), and to provide the necessary working pressure to convey the fluids
through the plant. The invention in another aspect also relates to a plant
adapt ed to par fitizhlidyid phase separatesiorsepadtedbo pelymstigaiansmixiire defoadeasper at e
within the p r I pgs.i pdi c LQW., Y] SC
" indicated beﬁ%%ﬁ(%ggégééggggéﬁ%ﬁﬂﬁﬁg%&%%pgbggpggr%%étﬁgl2%%#%%3%4h§7feed

tenperat ure Meylymer sicliefesors kd @gmotnit dfepotyratd iakthe sebverith € eandnadiexéLmbt of
nononer conversion desired to reach the polynerization tenperature.
Advant ageousthg foheent saplamstng polymepor sk {owameunts o payimenpn ¢ tanot east

-20C, (15 0C, irﬁ&%r@(avié&gbéegugrstrr% 'ecﬂlr%i rcunmst ances. The pol yneri zati on

tenperature 1's constral ne | ecul ar wei ght desired, allow ng for

the influence of Thy daalysoge preferably. a Ibnlky HgandeSarséioit dletddroatdss Tie
tenperature [n the successive reactors can be raised progressively in
i ncrements db Mgigﬁ'@g(‘?ﬁn@ﬁ@ Hmultrlicgy qfikonded ploms; ?Eﬂfﬂ'éhl%’t exbI2ieMEce i n

4 t . . .
such reactor ?orlmi)lﬁgf'g ‘?‘gﬁ%ﬁ% nmtapglf'ee%g% Wt éﬁé bP Hlé)?fpo G5RE Aty Siofnd

pol yners conpr ene derived unfts 1s at [east 100C,
pr ef erabl y afhe balky ligatdimay bewnetalldcene-typeveyclopdneclidngt devivatiive, wititlecamal s)

200C or nore, The tenperature should not exceed the pol rizafio
decorifos! &1 oRe GG L BHLE i eg dHes i BRAE GBS a IS CHEY e Hoie Yo the an
sustain the pohYHIRH k4l Bm. Chf bRy ﬁéan@/ﬁr@s&n&&eaﬁéf&i%g;tm Bhillfgad 1o a

temperature differential between the inlet tenp of the p rization
reactor and sd¢ientifictthearyoto rémeimif @ositior ithe counse bOpAlgMEizaBipnfte paivivly aat i nus

40C and allowing the exptherm.to raise.the tenperature 210C,..a hjghly
efficient pr W%@gger}?H@ pp@gmn[zatﬁqﬂ e%‘;r%a@g‘ieh g‘f‘&ﬁé’?ayﬁ]ﬁef é%‘?ﬂtear‘?r\ﬁ@f’“éjﬁ‘fat‘iﬁiol yIers.
For hi gher ng) @€ Waasitive @b, jrefeYdPf detadiaBled) 4 RINEIAL o RtiVADE sidasneed to
be constrained via warner feed and/or | ower ‘reactor tenperatures to avoid

excesldi ve vi Brdrefarhyli or halpgendeaving grovp Ukt iibassumed thes dedckiventadany evddt or

m xi ng perf oy; t.here in - uni I LS. WD 02/ 3-L795

-11 PCT/ Usuﬁlg%rz}’g'ga%ﬂo}?r"eé}g%%og‘?og‘n %8@%%%5%8 ﬁé@f’%}%%%égﬁﬁ%oé’f’mﬁfaf%r type

and nol ecul abe WakgEd intd tie ppdEnai chhid The NdaditorDMmstad htof RANGEoupd VPM yver  and

operating tenperature. chii\é?ﬁ}ta eousli t he nononer partjal pressure should
c

be 30% or ' Mo@NgitoR st wxiodicalabls f HlementsrThedransitios nesahséameit s i n

the pol yreri zakl ohvS ¢a619BSoSPeci al ly 40% or nore, and shoul d
preferably ngt erxcged 80&; 70 %A)'or especially 60% The total parti al

pressre of all compdivgtraspectodihelinventi@ss highacapady, Yowfvitdosity paap @3)
ressure to avoid formation, o 0 bbl es. eneral , higher nononer
Barti ;I pres?dv?eégheal?résswe;a?fgp‘? %%?\‘I‘?@‘{égfm?%aﬁ‘e%ﬁ%&rl ¢ §§geg@§3‘i’%ﬁ on in
the I'iquid PPARScIE AR Rh&br (8}4ﬁmugﬂaIh@at'ir{gsarp({n%@ﬂ@ﬁt(_ll_%})f@uﬁtlaed prgAGRY | ON can

be performed with any SSC (si'ngle sited catalyst). esé denerally contain
a transiti onreduciag weansr d8ppsiream 1 the liguisl Phascowtparaftab(ld) thradghathd east

one ancillar XctioingoanHe E)HI%E) (5?% Hlsthg 9 sde(ralge E)P f&rﬁ'l(ear pumping means between the
25 reactor (8) and the pressure reducing means (18). The term "high capacity, low
viscosity pump" refers generally to a pump with a capacity sufficient to pressurize
the whole of the feed at a viscosity not affected by the presence of viscvosity
increasing dissolved polymer molecules. A suitable pump type is a centrifugal

pump.
30 The heating arrangement may comprise a first heating stage (12) and a
second heating stage (16). The first stage (12) is a heat integrating heat exchanger

designed to recover heat that would otherwise be lost when the lean phase (20)



transition netal during polynerization. Preferably the transition netal is
used in a cationic state and stabilized by a cocatal yst or activator.
Especi al I‘X,Og}rzgg.g)gred are 15 netal |l ocenes of G oup 4 of th?cfﬁfsbf?ﬁiz% tabl e
such as titanium hafniumor zirconiumwhich are used in polynerization in
the d nono-valent cationic state and have one or tw ancillary |igands as
described in nore detail hereafter. The.inportant features of such
catal ysts for coordination polynerization are the |igand capabl e of
abstraction and that |igand into which the ethylene (olefinic) group can 2o
be i nserted. wikeoated al 2 GodreoksnP4De The serondl stage (0 saessany sppiprisls healy be

al unoxane pref.erabl y.. net hyl al unpxagne. havi.ng..an_average degree of
" oligonerizat P%ﬁtyo S 1}%)?7? pgraggeg%ﬁales{f er%e%telag%tﬁp'vapor pressure osnonetry.
Al unoxane may be Madirédcest drRmpermtitdgaySHd bih%lei feyctomor 4 PREA1ILH| afeesmbDr be
used in a slurry but is 25 generally used froma toluene solution. Such
sol uti ons na{We.Aeacters aangeddn seriesy erdpssynrefarabhy mpsradlsl t he al unoxane
concentration is Y, L 0di . : i i Lgure
i ncl uges any tria ;E}fig yr%[ngsh%?n’\%%%tgﬁs g%lg}r)lkjltd}a%gggeeddh Vgﬁ gsréﬁln%%e% t|gllg:;om3r.
The al unoxanerrandeaient(Sp(inake caze af abnytreadtSrsghatanednk thats & killernivladdedexcess,
at a nol ratio of 50 or nore, preferably 100 or npre, and preferably 30

1000 or | essdoypareamf ythe dast gpolyraerzatipn) gacton) ansl ppreapy gEithe dsatng al
The SSC shou yi1he ci; f 0 ,

avai l abl e Sséqasl,%eﬁ{c?ﬁ{sg?it’ %ﬁeaﬁg@ g&“ﬁo‘?@%ﬁ%@?‘ﬁg (lP!i dgodgn@??%eﬁlgtﬁlgrcess
Wi ndow W OpfRhiriz@im efl the AGHIGOlYRA2A%0n sintirauaderpbing eepdritidn) tistich a

way that the polyner .is produced under th rocess condi.tions at an
activitty of Le@np a%et(2§bt>%e@v@sssgih§w$ 2pRpLigh aFAEsEIeps JHHCL Y CRBPER ocene)
preferably agpl lg‘e_%@ Int&Raft0e;Rharpée l(‘ll) %8’&01‘%?4? ceéleﬂﬁ%),ge?{&tcﬁ)tilaﬁélw&ri&er 95

SSC. This specification and exanples exenplify so e options. By
enabl i ng t he(3)fHaek gotthp atlyinsids of shdypuppdd)cthel concetitriifed rpdrase (329 rteingng

w ndows with an i mzed catalyst selection, the SSC and .any ancillary
catal yat  componentLlogdtsaa oliehy terial foitkun s SRR 4 WHIGRUTORAl |y al o
using smal | anmouni$aQécondAERY HeSean! Pieask (20)8E paRBd BEligEE bodnMtPAHRbEAY sal |
amounts and the various cost-effective nethods can then be introduced to
al | owst he nofR@dbmrenioving bydregen adsled do oe gordratdd slntng polyewrigatiane whidhat nent
to renmove polar c am nants before re-use in.the polynerization
reactor(s) TRan e PrnRiik Bamno i sp Bt 2 Suprfe e L OB DR ch 1 s
a non- or weakhotmerddieat B6lwamiagfertéiqo tcofidbntiate- 6O Bk Gioped i theantipdiir as used
herei n includes weakly coardinated ani ons. The coordi nati on shoul d be

suf fi ci ent | yPhasefenkereyah dipmsthenlean phase\peysiee ddisgspesicnpy bebeagkicet in

pol yneri zati 1 i i I]JE’nﬁi'g{ ed nononer

conmponent .) %gegﬁgsngg%%ﬁstrlllgf?ﬂ%%lagﬁkéﬁ&ﬁa%r%&?gupp |ée%gé§hd reacted with the
met al2oocene in any of the manners described in the art. The precursor for

t he non-coordj i i with a 20 netal |l ocene supplied in a
reduced val e&%ggﬁﬂfﬂéT%W y undergo a redox reaction . The
precursor may be afhrO shBivs akchdhatrdal it stg%ﬁ%c&a&%ge thSiBmtide! 1 zed
and/or elimnated in some manner. The precursor cation nay be an annnoni um
salt as in EPad7pog8ssdiniv ERordiT®®the fthvenporecur sor cation may be a

tri phenyl car boni u? der'?v tive., 25 The n -iotordj; nat i ng anhog can,be a

hal ogenat ed, tetra*&f§rs %%%?PP@F&?@B@E“S r8t0g thy SReTeHPR gha Law *based
ani ongs especk@dakator @8 en theplan bfd Pra¥éssfabetRdin o HeGnRmtidpbst i tut ed for

hydrogen atons on_the aryl groups, or on al ké; substituents on those aryl
groups. The eff ecFigree G olhpws othe 4despidsneit the olesitoat yaft ac bygspgste strigbinghe

i nvention 30 e, | f . ' .o derived. fr ionic salt,
* conprising aa%‘rmcggg{regf ?105?[ Eelg %ﬁgkft@ﬁ?gﬁwﬁ?e gﬁ‘lieorr?flgmgo'ﬁ%?@g?r ‘&ﬁéﬁte A can
be represent gehtad; WO 02/3-479 -13 [((MQ Q@ . . .Q] , PCT/USO1 /32299
where Mis one or nore Group 10-14 netalloid or netal, preferably boron or
“al umi num and eac@henpmbgrsin geackets belovtaggin el thhswpaeRgnding deatwis i or

sterig the drawings included for illustration and ease of understanding. The invention

includes other forms of the features indicated by the numbers in brackets in



5 effects rendering [(M)Q Q@ . . .Q'] suitable as a non-coordinating ani on
as that is understood in the art, or a sufficient nunber of Q are such that
[ (M )Q~sz002/34.gg] as a whole is an effective non-coordi ngkirRQoNs¥eakl y
coordi nating anion. Exenplary Q substituents specifically i nclude
fluorinated aryl groups, preferably perfluorinated aryl groups, and include
substituted Q groups having substituengs 1 o additional to the fluorine
substitution, such as fluorinated hydrocarbyl groups. Preferred fluorinated
aryl groups include phenyl, biphenyl, naphthyl and derivatives thereof. The
non- coor di natddiomts hashehpwieinibedramingsmsmintldrhe epareni o perser skaledin s
relative to hgearttransi tion netal conponent, such as at |east 0.25, 15
preferably 0.5,7and especially 0.8 and such as no nore than 4, preferably 2
and especially 1.5. Representative netall ocene conpounds can have the
formula: LA LH L~: is a substituted cycl ogent adi enyl or

MDE 20 where, LA
het er o- cycl o PETAILEERDESEREPTION QOF| GENERAL ANRERSIARPECESi s a nenber of

t he class of anci - ' ' - m

anci | 15y 11 gand SYaanna ae BRERHE b piih (o Boub 33 b MOBERAPLET

bri dged togetwephiser corglitions Gsoanpided &l el Béactornitrangegenti|(8) bl hestirgn
optional neutral, non-oxidizing |ligand having a dative bond to M (i 25
equal s 0 to 8yanggmest 1%y Kuipundesa Bvide ganget olotrmperaire aith PoymeHdatonar e

opt 1 onal Ty bePREad CHE e ARL Ve RSy ERGR A0 Be IR Bl e
di spl aceabl ephyess. sSuchab medearangy af onetdllocper catalyste cen theasedfo makehygher i zabl e

nononer or nacro noner can insert for coordination polynmerization on the
vacantd coor dARMPT dAaavessace MR WEIZHG MRAtGRE reindeT OBHpFRdnproduction

Repr esent at i ¥g,diadlise el BF &N Sepat A8 TP Ho MBod! 1150 PPQUES ot SR eSS S\?\g S

al so include tetrabenzyl zirconium ‘tetra bis(trinethylsiylnmethyl)

02/ 3. 1795 PCpblyBletizatdsip@ixture bétwdendomieastor endtheilifuid phast lsepsirdton camthey | )
vanadi um tetrahe | _hafnium tetrabenzyl. titanju bi. s( hex t hyl

di si | azi do) dﬁﬁ%a?f{; TSshy BpRs, 7 e TPRedy FPF%%{W% thag %‘T m%t"t‘ﬁ?gﬁltyn&g%inﬁ%p

di chloride, @ngl tThe préskaet by ki nyrhpn@l) Mido chARBAG! Hﬁb@h?ﬂieof)ﬂoét%s ad
Addi tional organonetallic transition nmetal conpounds suitable as olefin
pol yn¥r i zat i epmbiaesawjihithe pbseaecof wmpotization: for theainjtial splvewrsepdratingottageny of

cataryt oo b S iR BuRBURRL AR ol AE R VEGRRC T bR Dy <ot

by a non- cooadvanaés thg viscolepdl e amiod intiatur&1 @ theipaesserefreduwirvhkahs!(@®) 1 e to
be displaced by an olefinically to unsaturated nongner such as ethyl ene.
More pref er r 885tem abhg ligwid phasssenarater €4y veiinut aHewingdplasy Isepsatiapat i ves

of a Goup |Y. Lt . VATANS i i See
Exxonhbbi | Vgggﬂ%g@&ﬂ ; g@%ﬁﬁac;ngéﬁgﬁggzoaékﬁ gfghg&enrﬁ%nap ﬁ/hgslﬂgggﬁltg gi ning a
fluorzsnyl |i genpesanct o thy phmp éh)tadditionslly ddvgaced one pnbathesdpdrytedphasagtoe car bon
and silicon %lgnato See onhbhi | W9945040; .f?nd W)q99.45041 and .Ixt;st
preferably t REthep dopmstream fractipuating sysigmsne Birifigation qeyices Shsh a5 hiehay Ky
substituents ipregwr& ﬂaéwse?béﬁﬁbﬁuwéeswwgwﬁﬁ& ﬂa&lps\%&%ﬁﬁ déficdshe al kane
solubility of the netal ocene. See WO0024792 and 0024793. O her possible
met al | ocenes i ncl dde integead killer\ap@agerser8 pepmits tivoenERMIAIGA besmsreased

nonocycl opent adi enyl, .co und .sim.l ar that .t.hat EP416815. Si.m | ar conpounds
are descri be&lg’ﬂm&%ﬁgﬁﬁ‘?r E‘ﬁy Tﬁﬂﬁ%’@.ﬂ Sgﬁlﬁ?lil g’ﬁﬁg 5%@%&5’ é"hfﬁ’i/\fsem_e?végt al yst
in whch a sofghge séphidaies of 3oshraeP 860t Mdembhdii@toltie anléi Gde SF thd Nkage,
such as Me2C(Cp) (3-tBu-5- Me- 2phenoxy) Ti A 2. Nova W200105849 di scl oses

Cp- phosphi ni Brme @ht Vil tesm '‘likert" ds meany ey thet Isan Bhasi-dors @ppneedt tache
_ Suitable met a%t@@%@f/ "E%ypslgrg Bh$E 'u&’%f 3 L 2400k Y/%%été%g c8ﬁqi{i'&%rtb%‘i’a d 4 ndenyl

derivatives strtute on eor ositions on the
wide variety of polymers and is at the same time of simple construction.

Energy consumption per unit polymer produced is low, with simple
30 solvent recovery and energy integration systems [such as heat integrating
exchanger (12)], which can be employed to minimize discharges to atmosphere

and to recover heat from the effluent on the liquid phase separator (14).



fused ruing with noieties which have the effect of increasing the nolecular
wei ght and so indirectly permt polynerization at higher tenperatures such
as 30 desg/[i J<n EP693506 and EP780395. When using the 0f the
inventiongkiﬁ%gz%tal catal yst systemw || generally addit?@ﬁ§#¥§&%5£prise
one or nore organonetallic conpounds as WO 02/ 3795 PCT/ USQOL/ 32299 - 15
scavenger. Such conpounds as used in this application is neant to include
those . conpounds effective for renoving polar inpurities fromthe reaction
environment and for increasing catalyst activity. Inpurities can be

i nadvertent |y int Peferebly the tiquishphase senreatpio( Mds connecsd to calowi pugssure

conmponents, particu I ith.sol vent, 5. monomer and catal yst. feed, and
caversely af Pt Eued prkdd s sy S i BTG Y fork s bpase Hpm

decr easi ng OtheslitRind Bhasiseiraton(1al). Padfedalllyl £loRChieYdurdy sepatdr (G4) Gpdrateyvhen
ionizing anion pre-cursors activate the catalyst system The inpurities, or
catal yst poi dbnBrepsyes sufficignt terallowdpering obhibe ¥pp@mass t© the freetionating ard al

7 oduct | onPBIEER FRER i RanRR  35RRuk Soh PG, LT SR BRLRESs or ool

treat ment or gewrasifyu baepagalor aoré.ebhoidgt®sSacebingiodate piudﬁdﬁ@nfohpol?')ﬁ‘l’&é’l%i s or
preparation of the various conponents, but sonme m nor anpbunts o

or ganonet al | Math@owds sange gt molegular wesglpsydlis prasaurg s theilow DRSSWYS ISGRASPE at | on
process itse cal: h C i 41, he, n LG, & ounds
such as the g§54)é£)éd~be?%§e§r%aﬁgl%ta ?(L:H%gger%{lo%r?ag _O(?E%_@S?J"éﬁ éﬂn%‘oglu @{1715)3, | 57,
5, 241, 025 andisvdith- 191{200ig8L feddirghoD MeOSmRREntratéd poBFdiet SdbRRionaodhe fmal of WO

95/ 07941. EXx lLary conpoupnds jnclude triethyl alum num triethyl borane,
tri-iYobutyl defqlatAng stader | LR Sht Wla%lmailfl%ﬁfﬁ?w@? fromaa conseatiied BBCAS 0but yl
al unoxane. ased | t 1 er
means of 20 Soeral SnhPR IRk el (3 A S N B il b ane
wi t h bor on- béwcldwapressust sapsratori(@4)p fowupdrifafatienic fin soamp puiod arttarabgemsdgs] Wi t h

catal yst co unds.of the inventions.is mnimzed duri ol ynerization
react?/ons to %&SO&YFBEWF%#% %%Off&@ﬁhaﬁ%% PRESTRi ngé(%aorva B>
anount neces gRabtddovolaglel st B8 hdblied Gal YPa¥sdd Wuﬂﬂﬁpih% hsRd b a dual

role) since excess anmounts may act as 25 catal yst polsons. The process and
t he plsant uséebsparenhurfhensaperatign stegssi gned as expl ai ned ' above to pernit

pol ymeri zati on of ] ar i et f..Rol ymer types and | ecul ar_wei ghts.
Ceneral | y speaki ngﬁetf#ggtgb%fr%?csegsaﬁsgs %é\'ol f@garf¥§’ﬁpteW$ﬁggg8§% Icgﬂréhweg
propyl ene as of figerfledrimantcatiiBfit wah 36 ab@ Mbibidthe cotaBGiB @Bt on HOthY FBaE/siay 30
preferably contain from5 to 40 nol % of conononer to varg}ﬁcrystal linity

and f1 exi bi | FYsem.ThErefenblyoths Prepgys pisesalapy orailing salkaned deseghselmenter m
cyclic olefi . e hnel i 2 0 bon

at ons, such ggtlﬂ%@;@%épmﬁésp%%ﬁ %éﬁ%we?ﬁg{aéﬁemd( iggrllc(?lt %sethggege of

t he pml yner havisg fionng tprl&darbanaatomy, mefepabbypyl dreeradgs b 647 cabdrstotns) ene- 1,
hexene-1, octene-1. Amunts of, . di nes such as hexadi ene, vinyl norbornene,
ethyl i dene nBPﬁB‘B}aﬁM’ég%’EWF "Y\‘H’r @ggha&%ﬁé?éthégﬁ}?ﬁw E’é"qr malecrta wedghr onot e
unsat urati OnTﬁ@qJ{OWmdrhﬁ'l_a;' WeTBERA 6f nlRBHREs BreABRieRy dAGIRAlfongRde from

pol ynmeri zed nononer derived units.
olefins such as ethylene or propylene or other higher alpha-olefins having from 4

to 10 carbon atoms. This combination provides a mixture which can be easily
25 separated inside the liquid phase separator.

Considerable energy can be preserved by providing that the
polymerization mixture from the reactor (8) is heated to the temperature before
reaching the separator (14) successively by an upstream heat integration
exchanger (12) and a downstream trim heat exchanger (16) and by providing that

30 the lean phase (20) from the separator (14) is used to supply heat to the upstream

one (12) of said heat exchangers.



In the case of plastomer, the polymer which may be produced include the
follow ng aspects: Preferably the conononer is an al pha-olefin having from
3 to 15 Lons, nore preferably 4 to 12 carbon ato

pr ef er abl ybgg 7@10 carbon atons. Ethylene can be pol ymer {Tgce ﬁs\?]?%%t | east
two conononers to 1 o forma terpolynmer. Mnoner is generally polyner ized
in a proportion of 70.0 99.99, preferatl-y 70-90 and nore preferably 80-95
or 90-95 nmole % of ethylene with 0.01-30, preferably 3-30 and nost
preferably 5-20 npl e% comononer. For the purposes of this patent

speci fication t heWaskingpressurgeingihe naocsss pg ieiiyenten gals GE1OITS
determ ned r | P r i th
Ut rastyrogld artedfiner 8s b orir ahE ehtliat) ATRLOR AR, drel1aBRET Y 0

t enper at ure ﬂ]foret hThé¢ npperpredtireviraitdie hottritichly cGnsttdn&ddiwtwmwlgodamde was
trichl or obenzene and the_calibration standards included si xteen
pol yst yr enes2¢t %Péé‘?%ad?@ fepabbihiGrparenr dessy oxi0gier or legh gThegpressyrs shorld ecul ar

wei ghty of 50 i fa i1 L : ne

tandard, nELTaR FpTcRlolRhaRln Ba dnele Bhose uto piR Mokt

pI ast onmer s preddciag ehdans {18),sandriv erdviidnthe mecdsearpevbrking ipra3sdre tdednveg tlieo say an
| ess tﬁwg 3}H pr.efer ny | ess than or equal to 2.5. The M of the

poI yrrers of S Q%Mhétﬁ’aé‘Fe generally in the range of 0.01 dg/mn to 200

dg/ m n, preferabl ?Hn? o 50

dg/ m n and nost ptrﬂé g}%ﬂﬁ&{ [Hess t ;agﬂelgggﬁ}r%atﬁg%ﬁ terr%?étﬁ dgl’ll'golr%l es of

25 conponenttha prbc&sheiesanbedtabom avhéch s $lhedrtartgaeramé “chﬂﬁtheopdﬂfmagdecrm

vert on’ cafPRIoRes pekselfl Sees ABR LU THE EEMRBIART o GTR SR Ve

i nvol vi ng t hge Asfavdi HoApthe@Migs. one or nore of the nononers, for exanple
al pha-ol efi n nononers of ethylene, propylene, butene- 1, pentene-1 1,4 30

met hyl pentene- 1, The fesddemperawee mag-vaty, d@j:@o@ngonlhcm'caﬂ@blcquoth@nefmds such
as styrene. noners can inc ude ol ar or bor nene,
Roetyl ene. antRARCRA Ao s Pision adiEa 7 soicn B pobati i BRISHAR ¢ e
case of el aspdv@itsaeolifl9 (BO kaniFatitfdl 18 ht T8t BEmR AFOC SektabRE lak st 1r@O! yner s
of an et hyl ene-a-ol efi n- EODE ( Et hyl ene-al pha-Q efin-Di ene El astoner) of

hi gh W and ngeeaOe(o‘ ar H¥RC on Tertpingtircunsstinesse Enpapmerigationdemperptuge éat er
than 2.0 wei e Y r phous
and have a | St e BCE HAIERer LOERP RS RS Fof By BBk HARE.

enconpasses kydsganedded. ph ¥sefiss £a0WRF ippattsotheelchipepinge ianhasadcesive and
one or nore non-conjugated di me npnoners. The non-cQnjugated di me nononer
can be a st r EPERFS ednchetaised prraressivehaningremepis depending o Hegwirraicktiehavi ng
from6 to 15, &lgﬁll%ﬂﬁatﬂ)tnotﬁﬁm ?&‘a’é l-ﬁxfea&Hfst @J&bﬁn Buﬁ? %Ug@firﬁfén%tﬁﬁles 10
are straight chain acyclic dinmes suc , 4- hexa |ene an 6- oct adi ene;
br ancited chatemmm}miel for pohmess sooprising Pprevionhipdnily, eth)ﬂemadhrs/né ‘units is at

3, 7-di net hyI 6 ie t oct adi ene an ed i.spners of
di hydromyri c&A mﬁg.%@%@maﬁjﬁa& ]g?bn%lcg PYeﬁ‘gag{ qgv%r' P},Olecﬁug’ﬁe‘é’elgﬁrch as
1, 4-cycl ohexaﬁte@ia%) 200°¢ dr mefey CrRACHBERRIE Bfoul ARG dX¥Edd the bBEnﬁththﬁi ic
fused and bridged ring dienes such as 15 tetrahydroi ndene, hyl

t et r ahydr oi nd@@mpoantlop@mmmlmrdh@tenmecaj@ne@t whih(the Qata_ly;mhepmsﬁalz {8 di ne;
al kenyl , al ké&l dene t al kyl i dene norbornenes such as

5- et hyI ene- 2- 86%0 cE{WR]B) 5- propenyl - 2- nor bor nene,

S5-i sopropyl i dene- 2vefalloths @R6thernf a3y Rhe e attem Eér)itu?e Bifpatiab Beween the
5-cycl ohexyl i dene- 2- nor bor nene, 5-vinyl -2-norbornene and nor bor nadi ene. 20

O the di nesnﬂ‘ifdﬁ@ﬁlolf)?h%B@Wnﬁ%Z%ﬂoéﬂwm\@e owties o &om Q230 onumrtoer r ed

dimes are , [ e b
C~-vinyli dene% nor bor nef%éﬁ:?é/Hg)mmg tof% #gne %‘%nﬁ o%{e}%glﬁ(mgﬁge the
di cycl opent attngreeat{ieGB)10°J, fuahg&j}eeffﬁidny pmoeisenhaﬁdesdltetbeproanang lower

5-et hyl i dene- 2 noy bornene (ENB) and 1, 4- Hexadl ene The preferred EOD
‘el astoners nEPICHIRE aMGIZN BRIYRTS9oFon g "gfhtm@@‘é‘th{yl"\éﬁﬁ%ht pebaesy eflts abl y 30

to 85.wei ght Aqﬁzg%\{egﬁg mAPidedR6 BE £bAahed Vid &a&%rgéadgig.] oGk deng:  The

al pha- olefln or “use in the preparation o astorners wth
et hyl ene andtethpeesuas o pavaic r@abd:sywprmpgds&mem the- feattenaplution that would

degrade reactor mixing performance, thereby leading to non-uniform polymers.



pent ene, 1-hexene, 1l-octene and 1-dodecene. The al pha-olefin is generally

i ncorporated into the EODE polyner at 10 to 80 weight % nore preferably at
20 30 to i@t % The non-conjugated di enes are gener j or at ed
into the‘gégg%g?BO.S to 20 to 35 weight % nore preferablsbg¥sgﬂ%g&€5

wei ght % and nost preferably at 2 to 12 weight % I|If desired, nore than
one di ene may be WO 02/ 3.79s -18 PCIT1USUL/ 32299 i ncor por at ed

si mul t aneously, for exanple HD and ENB, with total dime incorporation
within the imts_ specified above. The el astoners nay al so be devoid of a
di me and be a copMopawer egncenisationrispendsiopshe tarsy palysisp &Yperasd notagulave

el astoners o i gh i ni-t Low ash. The copql ymer s
" may be ethyl (évﬁg-hgl E%%%Oeglteﬁ gé%\ieﬁséér)mﬁ@sr y(‘éﬁ@“%f ¢ inQEYIII‘)III/ agg ?Pséfg rein
the term " EPEmpeRauie. aAdwedgeoisly,ohe @hdhohen datid paddswe Bhould! 0f 30% &ot
_ necessarily propylene, which exhibits the properties of an el astonmer. The
al pha- ol ef i n¥108,pt e Wil partial Pressurenel yelatils omnenenss i thes pelymerizaiam
et hyl gne are e ha- ' joy n-limting
xanplios of SASRICESRCHITI05) 6 b st uhld ity hot GELEPAGL QRN LT
1- oct ene andespedalle 66%te. Thd totkd partieadl prexsure of il rconpenaltp btsoudd B llass tgan be

i ncorporated, The EPC el astoners may cqntain 20 up to, 90 wei ght % et hyl ene,
nmore prefer aﬂ)@Q/L}SGFﬂE? r§3°tﬁkP@ﬁim@/é‘é?wggﬂ@?a“é’ﬁ&fﬂ@@?r pukbles: %ﬁnﬁgﬁi o 80

wei ght % et hy ﬂaﬁ?a Irgperr% ri r ] from
propyl ene deyﬁggée}gmt?%llgltnlgf t elg%ﬁflé%saﬁaﬁy/e t gdgo’#%yﬁéﬁggguu@@g&%s a
result of t hseppratiseicthediquidspltase saperapm(Y4x opyl ene sequences in the chain:
In one enbodi ment, a copol r of propyl ene and at |east on ompnoner, the
cormnl_8rrer bei ng et &988%#/?03}?’ gpp‘ﬁ&‘?‘g OQTC?H:bCCBSFF%‘%‘?%W@EBYSﬁgG@SP%t hyl ene
and |inear ogiidraneed THesd Lererfllytlontidn £1:8hdifieh mefal Sfmaugé@.'t&mé of iy eof .
Preferred |inear alpha-olefins include ethylene and C4 t0 Cg al pha-ol efins,
nore pref er aBénjodie Fyablsneand 1atbl¢astnene andildary nlégand ritiat] raputien bpndedeto tor e
preferably e

hyl -b _ Pref hed al pha-al.efins. incl ud
o et hy -1 piteui S i Sl ek Ehg PRTed B R AL bhe. The

25 propyl enecaipR stian@fstabllzedBE o docRbFEEsadtivater.r BEEMIIG QRS ERhre aS t he
terns is defined herein below The pol ypropyl ene copol yner has a

crystil | i ni t jpetpilogangpn afoSraapesoel thet Peripdicitable snuefe apftiteniymt hpfoiwmt ¢r,

ppor 11 m ¢ i o T it ysgl XX Rl leBisbtor Bing 8 bBvalnlia®il Bkl T U
of the polypaaphdvernmearpabyaeilasf ligdinds 2Pdescsibe i motk ddtsimherssfiactTie { or

alternatively syndiQtactic) polypropyl ene sequences in the WO 02/ 3795
PCT/ US01/ 322apartayt feafise ch qdtalysiaderrroostingtion polvapeaization e thyplisandn be
from 65% to 9adhibrabWRictlBh and¥HabjiPardhf WARH i) jmits of
propyl ene content ir:i1 %A‘Edec SP&ncan Bg 70% or 80%eb§h%}gl§%ﬁzé,%gcr%§?%ﬁ%%dnati ve
upper20l i m t sboinsgtamipyl ene content can be 92.5% 90% or 89% by weight. 5

Th 1 - talli I I I il -
noat of Tuston olie A AIBeRES R o weE A A AR ek ey ARy BRIy can
be cal cul at egreférmmmging%efmi@% 138 degrE Bf Bhgdkkrialidieofrom89 J/ g

for 100%crystallinity and a |inear relationship between heat of fusion and
crystal linit$;tosd@ aspdetounrided Ibyc Mapor Npressurep losmoimgiry Phidimexane viohy 18,

Academ c Press 80 esp. Lhapter 8.4.2. Th ol ypro ene, copol yner
of the SPC ppgpé"rlegbﬁoi/pﬁ?&d%asoiﬁ%ﬂ@}eﬁlbﬁg%?ﬂ aﬁflﬁﬁnﬁ r% P‘éﬁqéﬁf’i %ﬁiWyBIucEﬁ I i a
sanplg of thgerealllypiiepYiane edRpk)sshition | SudchNNitiRs eRslaineluie! dnrfigtddeaks or
shoul ders adjacent to the principal peak, and this conbination is
consi dered t Bisdivhahupiguw; ang the glumaxane prsicartrationds gererallynigidicated gganals
mel ting trangit.i i i S C i ltin
- poi nt - he pot b, et hENERclBles w17 BERAM S HIEH HAL 6t sbebfed B O
25C to | 10bC. foft dni sligomes. Thegdumenahes whdn weed lae\B¢atdliydt] isgeférallyr @seteint i ng
poi nt can be

p

molar excess, at a mol ratio of 50 or more, preferably 100 or more, and preferably
30 1000 or less, preferably 500 or less, relative to the transition metal .
The SSC should preferably be selected from among a broad range, of

available SSC's, to suit the type of polymer being made and the process window



30 Cor 35 C, and alternative upper limts of the nelting point can be
105 C or 90C. 20 The wei ght average nol ecul ar wei ght of the pol ypropyl ene
copol yrer from 10,000 to 5, 000,000 g/ nmol, preferab gt O

500, 000 .Wﬁﬁ%m i (MVWM) is preferably above 2. The MAD %’m@?& be

| ess than 40, nore preferably less than 5 and nost preferably |ess than 3.

I n anot her enbodinent, it is preferredzathat the pol ypropyl ene copol yner has
a M. (1+4) @25C | ess than 2s 100, nore preferably less than 75, even nore
preferably | ess than 60, npst preferably |ess than 30. The pol ypropyl ene
copol ymer ~ of agsheiatgd dhesewith myaehjaovaydhatrte aslymer & produged amdercthy pragess zabl e
copol yner hayi hg. L OW,. ptian j Stri ion. T i r cul ar
conposi tion %‘%@? 9 u?iaéna‘élg?ﬁ’fﬁgﬁjb% a%n@ﬁowsggg%@?é%p%gérgg%‘%@k 8?%!;&?‘1
fractionati ometaflogengR|prefoiably’att epit G8l000 Wr\ewih in Sxcss af 108,00l ghpolyaar bon
such as hexane or _heptane. The therpal fractionation prqcedure is_described
bel ow. Typi cB#&SSGpphex sresiitcatiory and examplesyeremphidy serpe op ther entionpy Bysos by

WO 02/.379s - / : i f Y, LS Al . one or
two ad; acent LB EHaEIRIRRT R bRt ah Bk obARAL Sindtins

i mredi at el y pithcedli agimized uctatpdi pdedtioac tthorSSC Bach agf bidBayf eatalystons has
a conposition (mt. %ethylene content) with a ' diffe enage of, no greater

than 20% (r eFURPAAENISHR Plomeed, b pRAR HIUpntiiesy ity eptiqnaly aiso going sarad i ve)
fromthe ave i < h f: ol ymer.
For pur poses&ggﬁ%t%\gf |¢g)ér;‘ggre{%et?g ' d?isl%}a‘glseﬁ%{e}% ﬁ?ﬁsggﬁgl g?lggéﬂg%%ﬁg{ggg I;}dr:reﬁ% IS
consi der ed t warivas ecoat-¢fifientive whethodgooai thennld imistucedotd ialowi theiionrmodars t he

fractionation . test outli ng%uabOé@). Tf‘]le | engt h and di striguti on of
st er é9r eqgul afOLE A9 108 Fecyel AKk SbiqefpdtoJregiment tp Jgmg¥e PtaD SOMamINaats ol yer s
i's consi st engeﬁg}etrg_ugymﬁ@ﬁ%iﬁﬁ&&aﬁ@ﬁ%&bﬁg)@ti stical copolynerization. It is

wel | known that sequence Fength and distri'bution are related to the

copol yneri zat i on Thaukiallocgnermay be alsp\be usesiwiik aaionatalystewhishns 4 sabserant i al | y
randont means gilco ol(¥rretr for. W{HhCh t he Br odugt Pf t he reacti iéé/ ratios is
general |y 2 JFaflysoordiated, anion (the; term, ppncgpordmating qnion A3 used Rergl oy o age
| ength of PPinzRA6e ARy SodidRatet! arlidian ThatcodtdisdHdnt sHouldibt sufffdisain
copolynmers with a simlar conposition. Prior art polynmers with stereobl ock
structur e havealainginyt ¢vieply e evidencepbystbe peqgaess of pabyimarizationite pemit the

"bl ocky" str [es o 0 ant | al L:sLical

di stributi onﬂ]%%lﬂgg rogatgé :ﬁ@lgz}téﬁ?egt ﬁgé&g%dwsm e%oégﬁtt' e %‘% 219 Hégé{d%'ﬁﬁ%faﬁﬁ?e

pol ymer may hey Be sasslied nhd esheteyd vithl the dilloskiecin ang ofi tiesmamereddaytitside
residues in relation to the neighboring propyl ene residues. To produce a
crystalli zab}neth%é‘ﬁol ymer with the required randommess and narrow
conposi tion distrihutd it £d.S e Sk 1 ses i S ed

catal yst; and {2) Tgyvég?%%irxgdé , ﬂ%o%’? {i %gé)lﬁlsﬁa??%wﬁn%é Er)rlarl}gﬁ gﬁ%?e it &
pol yra®r i zat i owtallecarecuppliidcin alrédssd waleycyastsienglte petymwer mapundergo a

environnent far 25 substantially all,of the pol r. chai ns of preferred
pol ypr opyl enée%eéﬁfiﬁ'ﬁs%r .CKCCQE%EP?VI’GSP r‘%‘@ CPH@WBF‘EE%CEFOM ght of

the pol ynmer spéiiraliaQd hor LifihhdRhasMe SEBREAL TRE phdduldde cARSH Rhy BeSEr | bed
herein may be hindered or made ine~cient as an excessive arroun¥ of pol yner
m ght then bammgniinesalibascin ERr27 3| and ERpRaE94. Tlihe preaesos satioyumdnbyg adepends
on sol vent Cﬁf QS En .and, 30 oel ymer conposition as well as nol ecul ar

weight. Ara exarrl%asr ngldgp_v :

25 The non-coordinating anion can be a halogenated, tetra-aryl-substituted

Group 10-14 non-carbon element-based anion, especially those that are have

fluorine groups substituted for hydrogen atoms on the aryl groups, or on alkyl
substituents on those aryl groups.

The effective Group 10-14 element cocatalyst complexes of the invention

30 are, in a preferable embodiment, derived from an ionic salt, comprising a 4-

coordinate Group 10-14 element anionic complex, where A~ can be represented

as:



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, “mMﬁ%Q%@3795 PCT/ USOL/ 32299 -21 assists in indu?k?ﬂng§§@gagenent
of the two phaseS . This rapid pressure decrease preferably starts froma
pressure above the binodal boundary or LSCT and stops at a pressure bel ow
t he spi nodal boundary. The preferred ph3ase separation is by spinodal
deconposition and is called pressure induced phase 5 separation (PIPS).
Al'so the liquid phase separator should provide a sufficient residence tine
to pernmit the settlenent of the |ean[@Qi€ancddisated phase at the | ower
end of the separator. In the second aspect of the invention, nolecular

" weight control is exercised through control of hydrogen | evels, which may

be suppl emeny@e MPislokt 6°MkOGrolp T0l18CKERTI0NESIRetY preRR4HIP boftln bhe
pol ymeri zation tenperature. In the second aspect the |lean phase is passed

in liquid foakmmiaus, aedesch @ isr @digandgiiegidveo fnpradifeng elsctionigemesteried
duri | i zat | ic, i f o tactj
Stri pai ho vaEmrginaing NI acerl FREbEG A BoPRaRining A R3S A oment 1o
concentrate (hdrdtyed RO@B aithot HsuffisRALUIuNMAR SE Qlarefsath HRAFRXIQ,Q,0 m.Q,F]e | ean
e

phase recycle. The stri ppi n& vapor preferably consists of a volati
mononer suchasg stheld éhan( eBsctiveheronreemidingting ioncweady acoordingpigngnipessel

(26) to renoye hydrogen,.fromthe recavered.sglvent stream for e, as the
pol yrer i zat | herEEn’ Loostiee dhechfel haius fuctilin el B Hp ndREofE
hydr ogen Congéhﬂhoriﬂdt&f afydlprdtpaarMnelude subgituted ITE gfdupk MRVIRG sMBRGent®y be
selected to be nore volatile than other nmononmer or sol vent conponents, be

substiént i al | gdditensl do ghe derinprispbstitations sbchh pe fnerinated  hydeocarbyl 1ggoups.

pol yneri zat i I 4 e_Irec b [ I co y m and
preferably bg&gé\%gél(fa%fb%ﬁ%ttegh?gﬁ gl\ré)ohgh#nglgsgl blt‘]eg‘r‘/ gs?ﬁ#hgﬁﬁbrl\{e}%hﬁﬁ;d%% i on
into the strdapatigeyhssef. (26) w thout the aid of separate additional 25
conpression. This gspect of the invention is especially applicable to plant
| ay outs where re_g £ drog-cepdingting  anian 11823 e r Ysed linna%%lgéated)ﬁ_d:q%ﬁ@?lér the
upstream r eagf,ghnk SrePa?i%E%eﬂle“'ﬁﬁﬁﬁti&P dﬂét I Qéﬁ‘fnﬁéﬁgén%g%bhc%d%t legélsobg, provi de
a higher nol ecular welght fraction an ere hydrogen 1s added to a

downstsr eam r peefdralsly 305,tamdpespedially 8.8 amdesuchrab @ouhere then ghprefferatsly i20ind WO
0213. 1795 -22 Eﬁé&ﬁ&% Wth reference to Figure 1 the plant is arranged as
fol lows: 5 PEPFCIRER!ZATI ON AND | NI TI AL SEPARATI ON OF POLYMER AND SOLVENT
PCT/ USOL/ 32299 A RepdsdditivethetiRickRaédipbunds aSRRE thdfopraR: conduit (2) by a
centrifugal punp (3). The feed cont ai ng @)Chexane as solvent, B) nononer,
general ly the L™ L" L* MDE

20 where, L* is a substituted cyclopentadienyl or hetero-cyclopentadienyl ancillary
ligand w-bonded to M; L? is a member of the class of ancillary ligands defined for
La, or is J, a hetero-atom ancillary ligand o-bonded to M; the LA and LB ligands
may be covalently bridged together through a Group 14 element linking group;
LS is an optional neutral, non-oxidizing ligand having a dative bond to M (i
25 equals O 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
30 site of the transition metal component.
Representative non-metallocene transition metal compounds usable as

SSC's also include tetrabenzyl zirconium, tetra bis(trimethylsiylmethyl)



predom nant nononer is ethylene or propylene, and C) conobnomer which may be
1 o any copol yneri zabl e al pha-olefin, and D) a dinme or other pol yene or
cyclic c | i.zabl e material. The feed is passed throu i r or
cool er (g?%i(%wv\ﬁ:bch the feed is optionally chilled to a Ig\?thR]esﬁrgjezlrzgfure for
subsequent adi abatic polynerization in the two continuous stirred tank
reactors (8) which are operated in serises (for sinplicity, only one reactor
is depicted in Figure 1 ). Activator and 15 netal | ocene catal yst may be
prem xed and added at (5) and/or ﬁ?) to one or both reactors ;8%“1 A
scavenger, g@éieanauhy |gxotrisétrimgatilsildmethylal kignadinni nigiralengyl adatmivmi sobut yl

alum numor f{rizn-octyl .alum I S.next..ad .at. (4). to m.nimze. the
Mmpact ot _pol SBREAH Winitin B0k En0E HuRa8 R Bl bRl GBS oy
To conpl enentilflhenétyBc wichiumeididilorédent aad  Bristitinttally15i)ylmeth ) ol thatllgini he 20
. polynerization tenperature, hydrogen may be added to one or both reactors
t hr ough condd%“'f@"@ﬁot shown). The sol ution, containing polynmer, which
enmerges fromthe r, b ' éﬁh ' j theated with
a cat §I yst killer fﬁgrﬁ{eo?%lfgfﬁé%/(ﬂv}g% gfrd adﬁfebg'nlgw a%ff E’ %l}lndgssrl%%ﬂ{elgtﬁf é)rlquiol ution
i n hexane sobvlgnierikatidnecatalysts dn tabeordimcpokiytirelié piention wilhdeiang. of thbsat
exchanger ( 12) is _arranged as part of a heat integrati n? larranger,nent and
3

heated by a (&P $iddhatesp bgicagverted hyatigand pbstractipn intp 2oyatalyticglly jagliyed phase

separator (14);.,Q ! : | Qlbdoabol . i t ture. of the
pol ymer sol utéianc?rlll ?ﬂgdlt% Lagﬂgzggéaﬁitﬁaﬂ( %ﬁt%\}e hle%t?@{rhgf\%ag H«,}xéﬁgorrllger {ﬁ%%ﬁ%, &

oper ati ng bywesklpgostdiastinghatiowishffisiently Habilehtagbe desplaeedbyraa élefmidallyf ur t her
30 increases the tegperature vel suitable for |iquid phase

o a.l
separ%tion. FRWMWBEGMHeMER SHFhpsS8Reenthr ough a | et down valve (i 8) where a
pressure drop is MdP@p%éﬁJ@z?e %&lfd@%s%@ﬁ??m@%%c%lﬁﬁ%ﬁﬁ%ﬂ%ﬁ a&ivgyses the

separation of the polyner solution and settl enent ean phase (20)
and a pol ynepf a Geéouphégrensitteh) mbtal, preferablyl zircoaivimpohafisinm. See BxtanMdtat no

condur (11 AR, Fheseat aitanaieBlily eractyRlERa onianing & Fowedt ho
pol yner cont ﬁEﬁE%laﬁlléﬁHg\gdgEio%Bnth&ieMQi@hﬂQ‘énﬁé/ctéd18¥Fhrﬁﬁél!érc%rlfdhoe[ﬁdt §Bcamp (3).

TREATMENT OF The | ean phase (2%, after being cool ed by the heat
exchaidger { 12pm. e dixzoaMobili WEE45049; end VeQ994h0dhaendblyloat preferably thievi ce

(24), passedAthrough a surge it (26)..adapted.f or, stri,ppj ng out. e
hod bgnas e Chife 8RB Aor B bRREN GO HBRl e Yiitably
det er i ne t helkgRIERisatUeats 1of assiBNaiTte #ARsheC UTBBIAIESLS tHe ibBRllIS@hYESée Thi s
cool ed | ean phase (43) is _combined with fresh feed of sal vent and nononer

(30) to proviWa0924d9deand SHOLBAHEAQther passibiadmetaipncenss jaeluds theseoigh a
drier (32) wWhigh/5851ves to renove any unreacted water used as the catal yst
killer or present In the fresh feed supplied or any inpurity in the
recycdoed sol vent bodv EBASHEA wes avinddnobglepeptadiengt comipmund usirgdart thatktha?6) i s

means o ot niahsas Smif Bomhgatante AesrbedninrRibbb, (RHB8IE oy

phase issui nguhigiot WOLRBLET shédy al SatFSSRIwhihoy SRt EpNGLiks Gd)a tO @
liquid distributor arrangenent ( 100) |ocated I nside the vessel (26) in an

over head spaphenoh ae linkedr bypar C pvheViebfikagtheuth gai Me2ACEM(3ptBuei-Mmdsi st s of

i St ri but or - EpRBDEE. Nett Bhathi sl aiiehs ChaBbimhitnbe g fich oa
phaseyscol | echs(@p)(HH©3P=N-)TiCI2.

Other suitable metallocenes may be bisfluorenyl derivatives or unbridged

indenyl derivatives which may be substituted at on eor more positions on the
fused ruing with moieties which have the effect of increasing the molecular
weight and so indirectly permit polymerization at higher temperatures such as
30 described in EP693506 and EP780395.
When using the catalysts of the invention, the total catalyst system will

generally additionally comprise one or more organometallic compounds as



25 |l ower part of the vessel {26). Part of the ethylene to be added to the
feed conduit (2) is supplied as stripping vapor through line (25). The
strippin r.o..S supplied to a vapor sparger arrangenen doocat ed
i nsi de t%%ﬁﬁggégr {26) subnerged in the |ean phase collec%g l%ﬁ&%ﬁg | ower
part of the vessel. The vapor sparger consists of multiple disks of

m croporous nedia (103) arranged on a130 plurality of rings, arranged
concentrically. Vapor bubbles rise fromthe vapor sparger arrangenent (
104) through the liquid to the surface into the overhead space. The vapor

in the over hecavengsac Sushscompaiads ahussdgn this aaplication ameqns to finghydeehose WO
02/ 34795 - 24 PCT/ USOLA3229 ' . The. liquid in th
- Vover part i SOTRAIESHRASEdR BRI ppeask #58 Pe o lagphye " 1T

descri bed beh@ivforliAcichsingy eaaBhkt fdifity Kipunities Cuti berhadvettentdf intdodudadqui d

_ feed (27) and the stripping vapor (25) occurs. At the stage where the

bubbl es of sWithFsvnef thepralymetzation rpacsion rommenents,uparticylydy sihysadyrati n t he

vapor .is dis j 6., L iQUd j Equld JLg:.kaken up by
! ho. biibb es. TABHEEr s Bt Suf AR BRER okl otk RE D,
et hyl ene whi cdn result iedesteasiag be dvénceliptihativer dfzatalyaiv astieiy,rpactjonlaely. whenf i r st
equi l i brium stage can so be approximated. In the vessel (26) vapor space,
the rising vINANSIUPHEICHTRAFAITIR RRIRYSHIVSIRE- athsrimnutities, or gatalyptet s

i ssuing from,t; 1 0 eEdi’ﬁiS’o Wy can be
appr oxi mat eg}.) 6#@2”@3%%?%7%%%%)&@%]P%lgghrg?gﬁzdw t llglggtrhttgr %:ri(-)ﬂé;ﬂtrg{l‘eﬁ,g&% | ar ge
proporti on oPreférablysthpe grertaksnrtd aemevk thesetpgosohns tefioce intrbduntion @f sudhdoigh

nozzl es 102. Substanti all equi l j brium st ages of separatjion can. be
ont Oed 1o tesaGhan vrisel, 106 CObPPlech AhuBiAr SeAdt Grehl SR { he

hydrogen pregephighds ;ff{é? Lﬁﬁﬁh%)ﬂ@%?nt%ési§6ﬁpﬁéﬁar5€6‘@8ﬁﬂﬁe hAribiN GnffdMentde
strippi ng vapor gupp |e8 I's ethyléene, which is a volatile nononer
i ndi genous t but foenepmowe amouhts of wsganpmetalticzesnpadd twitl rséill ropealiyt begsedost s and

raw material .c nsu&)’%i.on. The va on fromconduit (108) is routed to the
reflux drum (‘S%fPB eé\%é?"%"f%%??e Partly it is processed to recover

val uabl e cormonemr?picm;i tHebdedmhpoun@é Jll be offanerBlafic odfdeull hear and
propyl ene, by fracfionating tower (36) and 1ts overhead vapo

!
conpriéssi on/ Eweuhe hd Arganamsiadlicepermpeunds ©f V- Sn gatentsol 9, Eoh dud4l .(2839ndt 0 t he

Thet st oy siiagia (el TG AR O, YRR Rt eipggi o
al ternative Esehplarypabihpoindshiachdanriphab alungay] eriéthylbborfahgstieidobutyla si ngl e

stage flash vessel without the addition qof strippin \_é/ﬁ@qgor. This, however,
onl'y perm tsalumHpiB thydedye AlupERyRa metipdalymoxans, sandy dobutrk abanefang. of

recycling thelgan. o hﬂ§c§ dh%n ib%.suée}iqiﬁi gca%%@éiﬁgd‘r’géﬁm'tg vARELEher | RLAESAM €

evapor ati on processes. si ngl e react in series reactor
ar r armenment s actbiatign,neg. ahedydahem oxdnal and ttg-isobsitydabumiaoyane gvighrberoh s asedd

hydrogen may be produced by bet a-hydri de, abstracti opn, even when no dr ogen
2 nect oo ettt Fampdn Of wb hiHpguReIa pe WG EB Fatlyshebognds of ¥ I ©F

PCT/ US01/ 3228 jnventions is minimized during polymerization reactions to that amount

effective to enhance activity (and with that amount necessary for activation of the
catalyst compounds if used in a dual role) since excess amounts may act as
25 catalyst poisons.

The process and the plant used in the process are designed as explained
above to permit polymerization of a wide variety of polymer types and molecular
weights. Generally speaking the polymers are derived from either ethylene or
propylene as the dominant (more than 50 mol %) component. Polymers may

30 preferably contain from 5 to 40 mol % of comonomer to vary crystallinity and
flexibility. The comonomers may be alpha-olefins (under which term cyclic

olefins such as styrene are included) having from 2 to 20 carbon atoms, such as



vary with netall ocene selected. Its nol ecul ar wei ght reducing effect may be
accommodat ed by appropriate selection of the reactor operating tenperatur

e. A sub l.al,camount of this hydrogen may remain unrea j
react or Z\&?Irbg)é#%stream( 11 ). Reducing the anount of hygéﬁ@g%ﬁ%%%scl ed in

this streamin the 5 manner descri bed above may be i s advantageous to
permt adjustnent of the nol ecul ar weight i ndependent of the polynerization
operating tenperature by renoval of the generated hydrogen or by addition
of hydrogen from an external source, generally in the feed conduit (2). In
series react ethylsper(at ithm cass dédbe idobundrecaisisting rpreddminantly tof prepdene t o

hydr ogen can ;be exploited adyantageously to,w den the | ecul ar i ght
b hor waofeifye Puly: BireRE SRR S adehe SPakitF P (B s eb bt i on
beyond what weldiéne! Hieknsokenbostiyhliche ddiBoines (BNBP! hérllofnadiehe eupst r eam
reactor can have a hydrogen content bel ow that which woul d prevail if

hydr ogen gengastbedndydasktoprometei wsataration @ad/ o ther formatinadofi langds dranshesc| e.

ddi ti.onal . he d
orovi doa hy HeBRE e Rt AbRIE et AR o n R e B T vt ogen v om -

beta hydride el i nimgkicase veplastber, @@pdlyindr Whehragy b¢ prodatéeiiciude thenoval
of the hydrogen thus provides a facility which enabl es the range of binodal

e
conposi ti ons?qﬂomweptﬁ: Serfprablyrtha cpwenomer i ah glnbg-dlefirplaving framship | t

Systenm. v egat ol Esaf o, e brlrdboe 12 BE BorfiTR AR SRR BTN K1

hydri de el i mi@aidbon aing. Nethyleae bai bé polyynekiged hathpit éesntw edmdnoaiedgen i n t he
pol ymeri zatign m xture. 25 TREATMENT OF POLYMER RI CH PHASE The concentrat ed
pol yn@r ri chiqimad &rpalypss s Mpnogies 1§ gepeplysBolymedagshmaa gropegion ofd}-e-

evapor at ed 599.‘99,’5refé%1ﬁ@%d?ﬁ§relﬁ?glgfa§h§ﬁo-t)BQﬁ‘@otﬁ EBfee%‘i%‘&ﬁ%%eat ed

pol ymer sol ution ‘ener ging ase separator (
evapor at ed swlithehid 1-addreferabiywe 3-3prmdemos ppefemsbly 3-26 odédscondmomef.3Byr 30 i n a

vapor phase to the purifjcation tower (36) operating by distillation to
separate a Ifl’tjhlfurp‘i’%&t"if JRIS gratqn, SPeR! ?ﬁté}‘n\%F d{‘)ﬁﬁf?‘é‘ﬁ%ro\%%ﬁ"t 3‘&7’?&’“&%@5& ed
et hyl ene and,grARY | QACLOMEkRRIRAC wWihnd Wiferie@Yl Perrh&Fion VehAndisyrsgmponent s
such as hexahe and an WO 02/ 3795 -26 PCT/ USOL/ 32299 tol uene used to

di ssolsve cat adiyippedowithcYitsasstynogelndl cohimarsc et a diefractivgpadeo detesioer sThen t he
ot her hand. Use of foluene c be reduced under. approprjate cjrcunmstances
by & sui t abl EDGaE ersAre £ ey Bt aditman & ARl 5l ok sShERLREY 2t T on
condi ti ons st{dhlorsbdnR€nes A6€ $hd Balfhiddry Sthnde@ds incRided &R&NAHIIYRyleRedof NCr ease
the solubility of the catal yst conponents to reach a point where so little

tol uene i s ppEsisely nesn melegdpnyvaicht, gpeging fronpa maieculas Wright offS00He & ol uene
ired : ted
are require mo?ecgﬁ%g%gpg §.§%nﬁ>o%”\£§a/ ? Phgrgth?}’engwn%ﬁ{‘gg?{ﬁﬁ%eﬁié at e

polymer to a vacuum i 'rzing ex r-or m xer ere again a
vaporzophase hmlcbular dveaght difttibiithon pfithd plastohers prdockeihie thisihdehtien appunped to

a purification tower (50). A heavy fractjon of toluyene ysed as catalyst
sol vent and Eﬁ“ﬁ‘ﬁgsw s&“%ttlﬁ)‘/? @Ye;%&r lﬁﬂ?‘@ﬁe”» Pﬁlilﬂ‘?blélg?ﬁﬁﬁm?e?r @At ene- 1
comnoer ar &, 5 5o aYEhghitiie bBlyoRL hi e ) g5 oct ene
can be recyched t hr oug oﬁﬂ’e?’ 5% ter n‘g}%%‘leg%ﬁ%rg nctg%%]oggelx?ylsuch as
ENB and oct edg/minmdy 200 dgéehip, prefeidblg0dr dginiin ts épd dgensmoreaprefevady 612s ( 55,
56), which facjlitates rapid oduct transitigns between different product
famlies (e. 8’ 545%%’%)11\/?’&‘5. Hipoét?fgfeéag’?%#éf th i4€2m§1-@ ‘ﬁ?mﬁtﬁaléfqdﬁ[?n%‘(‘}%?ﬂa|
recovgry of thfpdint Abbfetht HiRAGSE dreCRNABE QRIeSof (185 o 03B DM, tprefbrablyner
enhances the flexibili ty, of this process to produyce a w de
0.87 t0 0.92 g/cm’, more preferably 0.88 to 0.91 g/cm”.
The invention can be especially concerned with copolymerization
reactions involving the polymerization of one or more of the monomers, for
example alpha-olefin monomers of ethylene, propylene, butene- 1, pentene-1 1,4-
30 methylpentene- 1, hexene- 1, octene- 1, decene- 1 and cyclic olefins such as

styrene. Other monomers can include polar vinyl, dienes, norbornene, acetylene

and aldehyde monomers.



variety of dissimlar products. 20 The polyner nelt enmerging from (40) can
t hen be peIIetized I n an underwater pelletizer, fed with water chilled at

(42), ?’j’éé%ﬁswn dried at (44) to formpellets sui taEb?/UfSQf/sﬁﬁﬂgi n]g or

bal i ng at CLYMERI ZATI ON OF DI FFERI NG POLYMERS 25 T
the plant can be best described with reference . to the Table 1 on the

foll ow ng page. This takes as exanpl esypol yneri zati on processes to nake a
| ow nol ecul ar wei ght pl astoner (as descri bed general ly above); a higher

mol ecul ar wei ght el astomer (as descri bed above) and a hi gh propyl ene
content et hyl ene bophsl gaserof rddsyareers.zibe rodymderswhichedanbeeodged inchmle
02/ 3.179s PCTI USO 1/322 9 -27
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greater than 2.0 weight % diene content. These polymers may be largely

5 amorphous and have a low or zero heat of fusion. As used herein the term
“EODE” encompasses elastomeric polymers comprised of ethylene, an a-olefin,
and one or more non-conjugated diene monomers. The non-conjugated diene
monomer can be a straight chain, branched chain or cyclic hydrocarbon diene
having from 6 to 15 carbon atoms. Examples of suitable non-conjugated dienes

10 are straight chain acyclic dienes such as 1,4-hexadiene and 1,6-octadiene;
branched chain acyclic dienes such as 5-methyl-1,4-hexadiene; 3,7-dimethyl-1,6-
octadiene; 3,7-dimethyl-1,7-octadiene and mixed isomers of dihydromyricene and
dihydroocinene; single ring alicyclic dienes such as 1,4-cyclohexadiene; and 1 ,5-
cyclododecadiene; and multi-ring alicyclic fused and bridged ring dienes such as

15 tetrahydroindene, methyl tetrahydroindene, dicyclopentadiene; bicyclo-1 5
(2,2,1)-hepta-2,5-diene; alkenyl, alkylidene, cycloalkylidene norbornenes such as
5-methylene-2-norbornene (MNB); 5-propenyl-2-norbornene, 5-isopropylidene-2-
norbornene,5-(4-cyclopentenyl)-2-norbornene, 5-cyclohexylidene-2-norbornene,
5-vinyl-2-norbornene and norbornadiene.

20 Of the dienes typically used to prepare EPDMs, the particularly preferred
dienes are , 1,4-hexadiene (HD), 5-ethylidene-2- norbornene (ENB), 5-vinylidene-
2-norbornene (VNB), 5-methylene-2- norbornene (MNB), and dicyclopentadiene
(DCPD). The especially preferred dienes are 5-ethylidene-2-norbornene (ENB)
and 1,4-hexadiene (HD). The preferred EOD elastomers may contain 20 up to 90

25 weight % ethylene, more preferably 30 to 85 weight % ethylene, most preferably
35 to 80 weight % ethylene. The alpha-olefin suitable for use in the preparation of
elastomers with ethylene and dienes are preferably propylene, 1 -butene, 1-
pentene, 1-hexene, 1-octene and 1-dodecene. The alpha-olefin is generally
incorporated into the EODE polymer at 10 to 80 weight %, more preferably at 20

30 to 65 weight %. The non-conjugated dienes are generally incorporated into the
EODE at 0.5 to 20 to 35 weight %; more preferably at 1 to 15 weight %, and most

preferably at 2 to 12 weight %. If desired, more than one diene may be

e operation o

N
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incorporated simultaneously, for example HD and ENB, with total diene
incorporation within the limits specified above.

The elastomers may also be devoid of a diene and be a copolymer of two

monomer types. Such copolymers may be elastomers of high My, low

5 crystallinity, and low ash. The copolymers may be ethylene-alpha-olefin

copolymers (EPC) of high M,,. As used herein the term “EPC” means a

copolymer of ethylene and an alpha-olefin, not necessarily propylene, which
exhibits the properties of an elastomer. The alpha-olefins suitable for use in the
preparation of elastomers with ethylene are preferably Cs;-C,o alpha-olefins.

10 Illustrative non-limiting examples of such a-olefins are propylene, 1 -butene, 1-
pentene, l-hexene, 1-octene and 1-dodecene. If desired, more than one
alpha-olefin may be incorporated. The EPC elastomers may contain 20 up to 90
weight % ethylene, more preferably 30 to 85 weight % ethylene, and most
preferably 35 to 80 weight % ethylene.

15 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 polypropylene sequences in the chain:

In one embodiment, a copolymer of propylene and at least one
comonomer, the comonomer being ethylene or an alpha-olefin. Comonomers

20 include ethylene and linear or branched C4 to C3( alpha-olefins, or combinations
thereof.  Preferred linear alpha-olefins include ethylene and C4 to Cg

alpha-olefins, more preferably ethylene, 1-butene, 1-hexene, and 1-octene, even
more preferably ethylene or 1-butene. Preferred branched alpha-olefins include
4-methyl-1-pentene, 3-methyl-1-pentene, and 3,5,5-trimethyl-1-hexene. The
25 propylene copolymer of the SPC is preferably a random copolymer, as the term is
defined herein below.
The polypropylene copolymer has a crystallinity of from 2% to 65%.
Within this range of crystallinity, alternative lower limits of crystallinity can be
5% or 10%, and alternative upper limits of crystallinity can be 50%, 45% or 40%.
30 The crystallinity of the polypropylene copolymer of the SPC is derived

from isotactic (or alternatively syndiotactic) polypropylene sequences in the
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tenperature is reduced by the chiller (6) to OC. Al um num al kyl is added as
scavenger in anounts appropriate to thg.poi son content of the feed.
Alternatively the process of W9722635 (Turner et al.) incorporated herein
for US purposes. The Eressure Is raised by the 5 centrifu%al punp to 120
bar. The feedomdyrper. sTheamangiedspropylenain thedSR{p caw bsdrayadShmia P W essur e

of the tuo soPe” R B0 e FOSHARART R Trob iR GRlEhT T,

reactors 8 i Bpa@n@unbes 70% 61 80%%Ebyt MRigheSindeslteptiveRippEaliil dfeirpeylaidir e
which in turn is related to the desired nol ecul ar wei ght. The heat of

pol yneri zat i 6entews cenbe 835&s e of 8Apdyavaight- t o 150 to 200C to form a

Pl astqer wi LNOUL b et QMRS ale ABURI BRI 128 o A N

outl et” of the secong serres rea p I concen ron1sin the

range of fr oheatSof2Risitdn, %ue Toethg emessatableo Beistalltiity. MThe beryasllidies cahbisd in WO
99/ 45041 i ncorpaorated herein faor, US purposes. 15 Water s then Squl I ed at
10 to kill tRdcyatedfiam the hept of dagen.omings ereforraghralug REARP e ©BA0PHuUe in

the presence of B MiNGifat fldRhshif BorRRh beS JFR0Q5REnd A3GafhayAled

t enper at ur e.
B. Wunderlich, "Macromolecular Physics," vol. 3, Academic Press (1980), esp.

10 Chapter 8.4.2.

The polypropylene copolymer of the SPC 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 together as single melting point, i.e., a single broad

15 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.

20 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
(My/My) is preferably above 2. The MWD (M,,/M,) may be less than 40, more

preferably less than 5 and most preferably less than 3. In another embodiment, it

is preferred that the polypropylene copolymer has a ML (1+4)@125°C less than

25 100, more preferably less than 75, even more preferably less than 60, most
preferably less than 30.

The polypropylene copolymer of the present invention preferably is a

random, crystallizable copolymer having a narrow compositional distribution.

The intermolecular composition distribution of the polymer is determined by

30 thermal fractionation in a solvent. A typical solvent is a saturated hydrocarbon

such as hexane or heptane. The thermal fractionation procedure is described

below. Typically, approximately 75% by weight and more preferably 85% by



The heat exchanger (12) raises the tenperature initially and then the
further heat exchanger (16) causes a further tenperature rise to 220C. A
rapid 2o drop results as the polynerization m xt t hr ough
t he Iet-d@&ﬁﬁégﬁge ( 18) into the liquid phase separator,pgfgﬁeﬁﬁgﬁbressure
dropping quickly from 100 Bar to 40 bar. The pressure differential between
that at the outlet of the punp (3) andot-he outlet of the let down valve 18
is solely responsible for causing the feed and the polynerization m xture
to flow through the reactor (8) and the 25 conduit ( 1lb%d%ncludin t he

heat exchang®eight of the polumer Bajolated @s dae & ltwo gdjacerfu selupleltastionp ayitlt i on by

passi ng throuygh riti] (.50l Wt | u T dary is
expl ai ned wi ﬂ% Paée}?Aec(r%\éﬁ:teh%t%OlﬁgﬂuPé 1@&(&@1{8‘[@2@%&?@? ég&nr %‘g:ﬁéééd%% grggt?cg}g. 100 or
120 bar in tHechoof yifievel Zattiods liwsastiositiont (v, (96 eghylese abawnt)reiteid i ng

upstream of the pressure |etdown device at a |evel as 30 shown by line A
The t enper at GHErense o4 ing: sieFeidtham 40 ¢r (relaiive) qind gnere mpigeablhn Ae gty thae

bracket sho t 3 Q! 0 i
Cempenat ur o, TP Rar ) MR BR e Wiai R iyaie ot of WS RIGHRbYEI | «
As the WO 6&jodytRér. -Foturfdsdy &iSBk/pasi2aidiscogues, dheipelypopsitenp pegblamenss t he

| et down valve from|00 bar to 40 bar, the pol ynerjization m xture passes
froma homogsnEetssschde gi%mgmwo&@ﬁlppﬁeowgﬁ@ﬁtr plioR. cihl i prels o

tenperature ﬁ%&ﬂﬂﬁﬁ%ﬁﬁé@f&ﬁﬁnéﬂ%&eto a two-phase (L-L) region. (i.e. for a
e

gi ven tenperature, pressure starts at a pressure above the 5 highest of
t he pressure-t enp&hatlengthcand elistribytions efit stergorepdat ppepylend tseqehcesoimt i on

t enperat ure T), the LCST, and the vapor pressure, and the pressure

A Lor o he. | ePEGRTA OB PEIRSIEGE SO At Cs NI bRt ypoprantally Fandom
pressur e- t enpafaicil LopblyiierizARineS et i Swdil ki aR! sbpiReayARdagbove the
pressure-tenperature curve representing the vapor pressure) The pressure
drop i s su~cdistitbujion ast relasechtooibd copoliymerizationrreadtivity geties. nAsusedpldrginer and
to forni a disconti,nuous..sol vent/ pononer phase. The pressure,dro Cross
the region bOtiass B EREADCERden; fsaty § Batlier (ot arich AiF RoMS R oundar y
nust be espegdaslivily fa8ibk ds béhetdIFUL Or RIRSS n TEMRAsALih QRerboblSdN SiRfAIres, the

deconposition, which | eads to rapid phase separation and settling. 15 Level
X i s Bbove anAvrger losgts of JUUsemencasaiskemgatgn o Hras sofusubstpatialy wiridom t he

m xture enter - L-L..1regi in i it t , d .t two phase
i qui . The Brsates Sich PR bolfbffioh,, PP B pot @8 il figbiiode

suf fi ci ent | ysthndgire Skavehatdistabmipobf IPP bejuetds donsis@at twith sigparaloeky'( 14) an
upper lean phase is fornmed with less than 0.1 20 w % of polynmer and a
| ower pol ynepiriGhergs pmizes dhagy 4 rodem; ybstantipllyogatisticed distgbutionhe concent rati on

i's approximtely ta tri 1001 i i \ fed to
t he separator ( 13?quﬁt%?yf%{r1§h§?& E%@g tdgfnsooéﬁ {}éﬁ%&l%ﬁom Ul?eﬁ t he
| ow poessur edstemmained by (-33 NMRdwhivh lerdtesitheretlfyl€e, repidigsrar retation e thenoved

fromthe plant. containing |less. than 1 wt.% preferahly with 0.3, % or
| cas, even oBciRbREgaPRRER (odugs. 1 Tgerodush Asrusligaed cobelvni Wil R er . 11
the use of _tF&uﬂé@@éndo&r@%%@ﬁﬂ%ﬁfv@@oﬁﬁh&ﬁtiérhﬁisfrﬂiﬁtibﬂ, ifablussidhbBolad: -
el astonmer, it can be seen that although the polynerization tenperature is

| ower than f6F) pisglessited, cagalyists hed K1 § rweell-mibied e pontinuons flomerstiimed tindom t he
reactor is lower (its viscosity, W,ll be simlar to t.hat for.plast rs),
e same sepaPamebra ispaRtutn Hows iy %eiSholRatiafion RibaRSdih
whi chpsi s sonpy¥santihyel of thefpoBeidr RBaih$ 6f freftwee oBipsytne)copblynbss. _
pol ymeri zation process at |ower tenperatur es?. Wth two reactors in series,
t he di scl osure of Ap@eneral goigiance when the molecular weight of the polymers is too

low, liquid phase separation in the manner described herein may be hindered or

made inefficient as an excessive amount of polymer might then be carried over in

the lean phase. The precise boundary depends on solvent composition and

30 polymer composition as well as molecular weight. A rapid pressure let-down,
generally greater than 20 bar/second, preferably 30 bar/second or more, more

preferably 40 bar/second or more, even more preferably 50 bar/second or more,



WO 02/ 3.t795 PCT/US01/ 32299 -30 (Harrington et al.) may be used, which
docunent is incorporated herein for purposes of US |aw. Generally speaking,
in a seri ut it is preferable that the first react at

t enper at u@sdzggp\gf\een 0 to 110C and the second reactor ' ogggglggfs{ﬁ%%tsv\een 40
to 140C. Preferably the first reactor operates at 5 tenperatures between 10
to 90C and the second reactor operatespibetween 50 to | 20C. Most preferably,
the first reactor operates at tenperatures between 20 to 70C and t he second
reactor operates between 60 to 110C. Wth appropriate control of process
condi ti ons aas$ispoiin dnducang (disengagement of shoftwohphases derThis ramid ripressdee can

al so be obtai,ned wher e reactor only Is,use r. t reactors.are. 1o used

 nder the safleres der Bl af el o Ptk OB heplindd 4o RRERY of KT

Table 1 mar kgl 'sfpsdanm esuRl BElywere SHnddNthoaA@RY Y Mhe "prRE® phas

_ tenperature is lowered to allow the | ess reactive propyl ene nononer to form
a suf fici ent $eparitigh igo?ve spinedal \deicempositione apéne called pregsure dndncgé digsebed i n
WO 00/.01745, .G ul Ly i i Y. re f

pur pos? es of paaltgreln i‘\I|;)§r)ac e e&ggg@?%ghﬁsge%ﬁ&?’%&t%‘gul?u%ré?ifd? hae&&%cwg{

pol ynmeri zat i fRideftPEMBIY pervid theesktthdhone of thSleam end OSaceMthatb@ phixe HpriRcess

w ndows have been illustrated using prior art disclosures which suggest

met al | ocene kwyesend ghthgsgpargier-sui t abl e operating w ndow for a given polyner

type, to the exte i bld she -ent cificati e used
to assist in SUChﬂI{ Itflgﬁercgﬁ %%ng&?téfsﬁ%u?%‘ggggﬁeg@%lcﬁfé?ﬁ ﬁ%gﬁﬁggﬂ?@eg&g pat ent
speci fi cati oescerécibell tadugir ositetd dfHeydsegearlavélgnwhicH mec e lsapplesieptaryi fa cati on
conditions in a continuoyus plang with a_recycle permtting full

expl ot at i onCRHiral ﬁénml%a@eﬁveb%ﬁs Bicontiql OF ther POy g erization SMRFI#WES| | ocene

catal yst sys i I Qve Rt 4 i S e Then ion
provi des a pFrg% °%ﬁg‘?%?§%§%?%gﬁé ss%ﬁeﬁlg?@g?]%neﬁ?atlol %?éér?gygg% al yst
systens di sctemsmiing hydmigen ntded: tar gregerptgdrdusng polynghizataing Whiche meagct i vity,
under a wi de range of pol %IEEH zation copditions and. w lglh cons,i der.abl e
energy and i ARPBRYEM “ge&(} s CORARAING: &, SHIPPHIE VAPOL oWith dhe dedd PIRSE B ife pl ant
and process bdiksbned Ao W shgeedt 0Udntdrate 1S hFBRBER in M@VAhdur phase

pol ymeri zati on and subsequent pol yner separation across a broad range of

t enpeldat ur esfargempedldrope theteansphase wcyiedéy varyi ng average nol ecular WO
02/3.t79 -31 PCT#ES 132299 wei#hf%s ﬁ,nd cormnﬁrrer ntents wth.catalyst
optim zed for ope ¥iSGHPPATE VRV P fa5 S%Iési’séﬁlo 6‘(0&%%%#%?‘{??’&. S‘;b?hp?socess

pl ant accor difhgleh® (23)e Theveiahs fayiiscledradtippial veiser26) iodenoe Ry@dE&ITer S,

el astoners, and Pr edom nant propyl ene content copol yners by changi ng only
t he substit uBamsthefreeonerodeslvens sigqmtfor asapy e pHlpmprigtionsiceb i t Tths. The
pl ant has a I igeration
Bnd T o pr castr g BT AornRebudl naf A bR thlhy. Freft SRR SN SN0 ot
of vapori zat mppm. s Thegstrippitgt vapse payabe stleted abybe inoré ololailel thanl gy | ean

phases in the separator 14), and the heat, jn . the |ean phase is 10
efficiently HOBEMELOS ?%Yeé"ég%&li’%nfseL?ﬁé?%fﬂ??léflbﬁeY%‘é ogmrg}ﬁeremtaﬁ?% A xt ur e
entering the tHel, L3k a@n w%PdBWﬁ{t urged to
at nosphere. %ﬁgﬁgéggpg at elgla1 }r]ggt éiraﬁlgﬁsca%})éoﬁtgs ngg% romthe hlggl\)?va%?ee@tﬁﬁe

separ at or ( 3dystaan abd preficrablynhe eavaileblal labvhigh serbiugle csupplyr i fressatel dor wi t hout
i ntervening condensation_jn a fractio i\ng. tower and at the s tjme
assisting t hB&ngBé\}I‘% "ﬁ‘héhef StHEPIng Y efﬁ?P%r léllﬂu:{/\gl?‘ﬁ a‘ﬁi@ﬁﬁ??%raﬁeng@né&t rusi on
i nto dshe ext gpidpresdi@n.m ni m ze punping requirenments. V ariation in the
pressure of the |ow pressure separator (34) may be used to control

vi scosity of the pol ynBhissaspeetraf the saventon ag espepielly @pplicableztorplamtdpy- t her eby

ext endi ng the_range of |ymers_that, can be processed t,0 those with ver
o ol Scut S G XeaBES R b2 o ARerhE) BLOFES Sl ek Y Foisteth 1
wei ght di str dabior 8 dpratdie ufddraid1ofl 16k MEirddea duditR@e o SProviaeianBigher

arrangenent which can be sinply integrated and requires no additional

" extraneous mnitokscular yveightifipstiany apd whercoky dsegandp gddedblounewntrepmdigattery | ean
phase,,l i qui d . j J in. are fully incorporated by

r ef e?gnce foFO éfﬂ)ﬂndg%‘i}%ﬁ?xf‘%ﬁ%eﬁ{xlﬁ%g@ﬁ{ﬁé%o@h such incorporation is permtted
and to the extent they are not inconsistent with this specification. All
docunents to shich priority is claimed are fully incorporated by reference
for all jurisdictions in which such incorporation is permtted. Although
dependent cl ai ns have single dependencies in accordance with U S. practice,
each of the features in any of the dependent



30 clainms can be conbined wth each of the features of one or nore of the
ot her dependent cl ai ns dependent upon the sane independent claimor clains.
VO 021 3- 1¢Q2733%sCLAI M5 PCT/ USOL/ 32299 1. A process for copijRdpsesol ution
pol ynmeri zation of a feed of olefinically unsaturated nononmer In a

hydr ocar bon sol vent under pressure, having a 5 continuous stirred tank
reactor arrangenent to which a single.gite catalyst is supplied, to forma
pol ymer contai ni ng polynerization reaction m xture, and downstream t her eof
separating nmeans for continuous separation of the solvent and unreacted
monomer fromEXHEMBLEL ure, which separating neans includes at |east an
initial liquid phase separator to separate the 1 o polynerization m xture
into a | ean phase and a concentrated phase wherein A) a high capacity, |ow
viscosity punyith aif&esice tbFigires she slamflis bfigndeg @d féliovat | east 75 bar and

_ causes the mxture to pass fromthe reactor arrangenent through a heating
stage up to a pressure reduci ng neans upstream of the |liquid phase

separ at or throughﬁi?%&g&m%ﬁmw and in the absence of further
punpi ng neans bet ween e Teactor arrangénent and the pressure reducing

means; and B) a CSERARATION OFPOSYRERANIDSOIMENIN of react or
arrangenent and upstream of the |iquid phase separator, to suppress further

20 pol ymeri zati on# feedHer palymeszgiongs nagsedribraugh coBduihedibyat cemrifgrt ur e

under goi ng s i Oy, ot j e and
optionally a?)gf?lhi@b'bggﬁ f?%d %ﬁgﬁflgﬁfﬁgl e&g?at@%g’ %h%ﬁggﬁg %8‘%%2 ?lﬁ%t ed
phase bei ng grdioaritad ntonoadslisteitlyhale & propyiines arib@pdontmomet whintnrhay bbt ai n a
solid polyner. 25 %1 Cont i nlréipjé slgtl uti ongsol yeri zattjhon process acgordi ng
to cl ¥im1 i ANWMAOBNYIeradhlp adRharrieln i BY o dicdg etV Other PREROAE €HiElGL ed
bar - guage. at S B R e Qo Bl o
t he concent r athich tBe dequhiasetiomlly dhiltedttd anawi tagpemature firenbseqnértt iadmbatin

wi thout fi.u ther nmeans. of conmpression.. W) 02/3795 RCT/.USOL/ 32299, -33 3.
Cont i nuous s BPUEHAHYL %&‘Fit‘i’atc_f"btff‘“ﬁ%é%'%%d ok arattons (DI RR EeAbeEr m 2 in
whi ch the soly §é}ies'(?qrasiﬂlﬁl‘l\ﬁii%@bhl'yrtﬂle%é’@&eisQl%ﬁi%ﬂedsiﬁ'w@% lﬁ.n‘ikciibﬁop%d’ mer 1n
the pol ynerization m xture contains at |east” 50 nol % ethylene or '

propylsene demiatatocemd casalysttmajf be prentivedadndnasidedat 6 )mndoe (7). toong or dwtht i nuous

sol ution pol ynerizaji gn_process _accor di Q. a receding.clains in
whi oh ¢ ne- por e 08, AOseARSEET rehreall i 8 b B Sl Ap BB eIl e < o
t he tenper at iobufyd aliisiRamadd ®itn-oétyl HlentRpanahett fided assd)ueltinliizexshanger s
and the | ean phase fromthe separator is used 1 o to supply heat to the
upst r eam one iBpaci of golsens indheteathad @ the regsint P theuratalyst agtivaly. pol yneri zat i on
process accordi ngqto t i | ai ] i . hase is
passed in liquid {[té)rcm oelgg%gﬁg{b ?%%@ﬂ%@r%hﬁldé%é%aggd}ggﬁ?%ﬁgﬁh@
generzt ed dumpbhgnetizatiol yerapératatd, diydrogeh ahayrbensddedntor oxsesr dothe agastoror
contacting a stré{:&éﬁg. v? or. with the | ean phase in a countercurrent flow
arrangenent OB Hsfnot ¢ ydrogen in the vapour phase for renoval
fromthe | ean phagger @efng cotinfh gblgh@ptwﬂjeﬁ ARLLAL Y e Q%TtdrE'L{t@)Js

sol ution polynerization process ofg eed of olefihically unsaturated
monomer i n atirpdgloeacdndnit b1 antfirsingeatedowith saicatalywh kidler, ppraferablyo wasdns a
continuous stirred t .reactor arra nent to which a single.site catalyst
mmy be suppt #Eed 8t (3P B anghefit SABERR ing bR vl SucteorRinRls s,

m xtuge, and pdRimsizhar&ctigr A hehtetchaniged (12N % ARatged @R pat bNd HEaans for
conti nuous separation of the solvent and unreacted nononmer fromthe

m xture, w udiegrefing aranggmenbans! heated hyesslean phasgemesging fiom ap vppey layer phase

separator to par at.e the,pol rizapiQon_nm xture i .a.concentrated phase
and a ) an i AERE 8" ok RS YRR 14ir ol KiNifes' B S BREER VR L s
arranged for témberhtnfe bNtheRfobfihet hfontiAahé essivito(1ay. Wehih hést dxdharpeel a
heat i ng arran?ement i S provided, to thereby cause the m xture to pass from
t he (16), operating by using steam, hot oil or other high temperature fluid, further
30 increases the temperature to a level suitable for liquid phase separation. The

solution then passes through a let down valve (18) where a pressure drop is



WO 02/ 3. 1795 PCT/ USO01/ 32299 -34 reactor arrangenent through the heating

ai Tangenent up to a pressure reduci ng neans upstream of the |liquid phase
separ ator“@% 47930 addi tional punping nmeans being provide he
reactor an tkg%r essure reduci ng neans; and 5 B) neans a?g?gfrsge?g%% for
introducing a catalyst killer downstream of reactor arrangenent and
upstream of the |iquid phase separatorit.-o prevent further polynerization in
the separator of the heated pol ynerization m xture undergoi ng separation,
and neans are provided for Gaoling the | ean phase; and an optional |0
drier, for reretedlwlth causas yhet sepptatipn 9f thss pelymenagluien and seiffertentonttonvey a

dried recycl ed st ream k to the inlet,si f.the punp 7. A process for
cont i nuous sgrfeulF aﬁ%@ﬁﬁé%ﬁﬂ rgf:ﬁghqsgggz)o loowgtfi nically 15 unsaturated
nononer in a hydr qcir hegoredl Ye ibteUthde ho PErRESUEGhsuh@ POmP BORYhiFdOLs

stirred tank reactor arrangenment, to which a single site catalyst is
suppl i ed, toPfayida & PEsFuredRcreasatinithe eRpdys| () hbbetyvgen dhe reaetersi Ghapd faur e, and

downst.ream t ' far ] ' e

ol vertt and SeeEaer APALEE pRGnEFBlnle SRR ERATAL bASBL SRBE
includes at keasimpa)initial liquid phase separator to separate the _
polyneri zation m xture into a | ean phase and a concentrated phase, wherein
A) a punp nmintains a pressure of at least 75 bar in the polynerization
reactor which is syuhst { s in the 25 |iquid phase
separator, and the ten@gFﬁudr)E%q%gﬁﬁgli zation reactor arrangenent is
mai nt ai ned | ower fTharlear phhse G afier beiag ¢ovlddh by sthpaticat ieRghamgangl2nd a
heati ng arrangenent.  is_ provid pstream of the separati nmeans to

opti offal Iy hekremeiongdds Feple F By #6001 theé%g%%?cggﬁwﬁi%%%
separating SeieoRs adid 1R siribfAE ot EARMOETAAP iR dBRAEPY ALhRD, the
m xture passes through the |ower Critical” solfution phase WO 02/ 3~79~
PCT/ USO1/ 3229kemisal bualpsiaral 8¢aoddetssniot thhecémmentraionpof yneraneat awh
tenperature; and B) a catalyst kil.ler is added d stream of, r.eactqr
arrangenent &GO ffrrléléﬁ? S?I\I’F‘HeKh?‘ﬁﬁp‘&leiﬂ%@epe}?éﬁgwtl&co_ ‘@ﬂﬁﬂﬁ’e_ﬁrgs urt her
5 polyneri Za?éeﬁ%f'sﬁlv%ﬁ@aﬁl%@ﬁ&héﬂ(ﬁ@f tol %@yﬂ@&ﬁ@deﬁ@ﬂ%ﬂﬁé&nﬁﬁﬁé@%ﬁ‘tﬁéﬂ” e
under goi ng separation, the |ean phase ‘being passed through a cool er and
opti offal | y apesscéihrpagika doer () ivhieh sesvesctogbmprie apy ppreactpd waten sised asat ed

h bei bj . ddi t i | | doy ) bt ai
B oot - por'y Rk RESAGhR:, REBHSLR0R 18 GresBh o ST, b SR AT o7 g o

claim?7 in wadcgblell bslventGut havbake as ailbbaéxplaiagd] a | ow pressure separator,
receiving the concentrated phase fromthe |Iiquid phase separator operate at
a pressure of 15 &he|suesttapk ddphis amranged dpdhe fomr semsel 260 sHb)e dore

vol ati | e phasg; RIFOR : r. 2G5 LoRat (g t ower
for purifi ca’?tﬁlgh. 9. &ﬁ{oﬁ%%ﬂ?n%%ﬁ&??@ﬁ?%g%%Erkﬁtﬁ@éﬁé’gﬁp%ragggegs aci:r{(;rdi ng
to cl® m 7 oFigue B. The ddantphesesissuieniromstha coaler (2d) isi pagsed|thimngh basedhis ol vent

and the poly in.2o0.the polynerizatio . xture contaj ns at ast 50 mol %
cthyl ene’or prBg9 rdreiddRrRie FanETuent (D AR dbndrmar <25 Bt . 10.
Conti nuous  sglahbRNsRRE YiHesH Gppdr HREESTS THE CIRG R NEstiButdh YoistCoRidT® 7 to

9 in which the polynerization mxture fromthe reactor arrangenent is 25
heat ed t o t hpertfempésdapipeediftobute pritlathiles ([102) he the pattamor The ciwslitore| y by

exchangers and the |ean,.phase from.th epar r.is used to.supply heat to
the pst r cam e O 10 REPRCda v dnni D€ VRSB nfeticstiest gRlfegfn e

pol ynsri zat i QivédRARVTIhAEHIAREY Pt Sttie efhyldne 6 Be RiREIEE i thofeel dbAduit’ t 0 10
in which the | ean phase is passed in liquid formto a nmeans for renoving

hydr ogen addé€d isosuppligd mersitipring vieperythsepginting A38). o hewsttippingrevaner donpri ses
_a means for gl?ﬁ};[ll%att.bng v%por sparger arrangement (104) located inside the vessel (26)
submerged in the lean phase collected in the lower part of the vessel. The vapor
sparger consists of multiple disks of microporous media (103) arranged on a
30 plurality of rings, arranged concentrically. Vapor bubbles rise from the vapor
sparger arrangement (104) through the liquid to the surface into the overhead
space. The vapor in the overhead space is passed through conduit (108) for further



WO 02/ 3796 PCT/U S01 /32299 -36 stripping vapor with the | ean phase in a
countercurrent flow arrangenent to concentrate the hydrogen in the vapour
phase forypgeRYRLk fromthe | ean phase recycle. 5 12. A prpepg8oipi3t

sui tabl e ‘?]or continuous circulation of a solution polynerization reaction
m xture, said plant conprising: a) a pressure source, b) a polynerization
reactor, downstream of said pressure smurce, c) a pressure |et-down device,
downst ream of said pol ynerization to reactor, and d) a separator,
downstream of said pressure | et-down device, wherein said pressure source

i s suffici entreatmept ayidgscribeédslove The Sanid inethet losver raxd: isr passhdr faegudper at i on
of said procgss, Rl ?{l@ f{)Ptrgartrﬁgﬁ{Cag vﬁll%ie@i%%c?fb@@ﬁél%vs) iquid reaction mxture in
sai d react or “GNd a{ wo-phase l'irqurd-Tiquid reaction m xture in said

separator in the pbgenegsdf(26)a addhteicanaht fowssuhe IBpW eRdb@Vwead tigai d
reactor and said separator. 13. The process plant of claiml2 wherein said
pressure | et SHBPIMSYERYIEI DescHEse i¢ Ehe stage wharg dhe kubbles of strippHigtaper Hiext ur e at

a sel gcted t LA fiqdifl O Me RS %eEh%b%%rtiE'ediés%Y%H o it]'Eei fighiaSlgut 1 on
t enperat ure pressuret e%pe?ature curve to a pressure bel ow the spi nodal
boundary pr ekgdivger iatheliqiid istaken yebypthedubbles Hincathe lapdd istfinpdrbsghcond. 25
14. The process plant.of clajm12 qr 13 wherein sai.d plant js capabl e of
producti on of°siuEst r%f{rlcg?dag]l/(ﬁ@ﬁ%‘?e Whichy canobs ﬁ‘giﬂ?"t?fl %?Pbﬁﬁr’@ﬂﬂ"ent

copol yners bynchanging. &M%t Eﬁ'ﬁliﬁﬁﬁxﬁtétﬁ%e{%mssooﬂe apﬁmm?a%d. R o ¥Laee and

the process conditrons. 30 15" A proces r continuous solution

pol ymeri zat i 36) ofaper Sgeed, tife niing ivapamkxtyactinperel hatedemdronnihe atondzed
hydrocar bon gol vent under pressure, ving a continuoys stirred tank
reactidr ar r afPEHFEHIESUIES s r-’QZ%lF%@R)g) 9 ﬁ@t 85?%9"5‘?5‘1‘1‘1}1%’@3%"7% / USO t

/32299 -37 i gysubiRlat@d. The JapbMiduliyl WiBiehC et 00 1R YoPRAhS 3l faffy
reaction mxture, . and downstream t'hereot separating neans for continuous
separ at i on opropheionaif\kenhydaegencontaéedad timhgne intfoduced theugh nazzles, 103hi ch

separating ns includes..at. least an initial |liguid.phase separgator to
separ at e thgggb%tﬂgﬁ%%eﬂg{lﬁ%wﬁ%ﬁro SPPRTEMIGR $a% ?J‘g‘é‘g'ggf‘%ta Sﬂﬁ%ﬁ t hr ough
a recycl e bagkstooer 9096, sofRfiffes oM BMGEHRAE h?d}6§éh preage maled phhase,
wherein the | ean phase is passed in liquid formto a nmeans for renoving

hydr d§en addean heoremovedindhistveay- duri ng pol ymeri zati on, whi ch means conpri ses

Countorcurrent 11 SO ARG wRE PEPNERRE afhe ' WHishiSh BOERR, ieodhudt Spour

phase for refmy@hofiy wmhthtodesaMtphqsRiningses |additibBal dpepdt tsafofaivng to
Claim 13 wherein the stripping vapor conprises ethylene for use in
subsequent pBl{EHal OMEMBHON. 15 17, A process according to aim13 or Claim

14 wherein o Pal T TR vhRAUHGH ol BURAAORHIOSRE hoRuRBRINY ASGbe added

to the downstreamreactor to produ ower rowel raction. 20
18. Aopl ant (3®). dardy ituepsocssdedtto aecovet yaleable abmponeanits, priheipdllyvolatile

ol efinicaily unsaturated nonmer in a hydrocarbon sal vent u r _RQr.essure,
having a conti°HRIES %‘PF raﬁg'@’ﬁ%ﬂ?km‘rfﬂawaﬁn&r Y% AEtienafing ipwer &%S@P lfs_or. f eed
and for a si g@liReadll {438r CaplcYsibn/CNRANRL SysteR fRHRRLRLM¥BEL coftfud ni ng
pol ynmeri zation reaction mxture, and downsfream thereof separating 25 neans
for conti nuo(f) sewrialet side of therdrier ¢BR)e nfheapaat mainksaconaprisimg bydsogen and
any other non-condensables may be flared at (112).
25 A less preferred alternative is for part of the lean phase recycle to be
flashed in a single stage flash vessel without the addition of stripping vapor. This,
however, only permits limited hydrogen removal and detracts from the benefit of
recycling the lean phase in its liquid state without energy intensive evaporation
processes.
30 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




fromthe m xture, which separating neans includes at least an initial
liquid phase separator to separate the polymerization mxture into a |ean
phase fory, élﬂg through a recycle back to to the reactopcfjkdgesent and
a concentrate phase, a conduit being provided for passing the | ean phase
ed 3o inliquid formto a stripping arrangenent for renovi ng hydrogen added
to or generated during polynerization;2swhich stripping arrangenent
conprises a neans for contacting a stripping vapor with the | ean phase in a
WD 02/ 3-4795 PCT/ U S01 /32299 -38 countercurrent flow arrangenent to
concentrate Vg W]lhrlag@ﬂmieﬁet%@ctﬁépéﬁrmBl%iE]éI sight aiedyeing feiffg‘%ﬁ % Beean
phase recycl .
PR A A A ANSROREOgated) by, gopropriate selectign qf fhe reastor pergting femperatyie. Aro A as
As. A. ANs. As. Asbstatialfarddundlofl tifis Agdrdgén mXg hémain unreacted in the reactor effluent
~ [E2*ytoid_Y]c’a] ca] ca%l%;a] ca] ca] c™a] cal.ca] c”ha] ca] cha]c t]lca] ca] cal cal] ca] ca]
ca] ca] ca] ca] &&gaaTA] DajRedpeing ths cajouay eTayjwegrassycled in this stream 1n the

| gb
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(50). A heavy fraction of toluene used as catalyst solvent and diene such as

ethylene norbornadiene (ENB) comonomer or octene-1 comonomer are recovered
by this purification tower (50). The ENB or octene can be recycled thirough outlet
(54). Alternative heavy comonomers, such as ENB and octene, may thereby be

15 stored in separate storage vessels (55, 56), which facilitates rapid product
transitions between different product families (e.g. EP(D)M and EO plastomers,
while still enabling eventual recovery of the valuable unreacted comonomers.
This capability further enhances the flexibility of this process to produce a wide
variety of dissimilar products.

20 The polymer melt emerging from (40) can then be pelletized in an
underwater pelletizer, fed with water chilled at (42), washed and spun dried at

(44) to form pellets suitable for bagging or baling at (46).

POLYMERIZATION OF DIFFERING POLYMERS
25 The operation of the plant can be best described with reference to the
Table 1 on the following page. This takes as examples polymerization processes
to make a low molecular weight plastomer (as described generally above); a
higher molecular weight elastomer (as described above) and a high propylene
content ethylene copolymer polymerized as described above.

30
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Let-Down Valve
220°C; 40 bar;

Downstream

Polymer
Solution

polymer

8-12 wt %
polymer

7-8 wt %
polymer

Upstream Let-
Down Valve

wt % polymer

220°C; 100 bar; |220°C; 40 bar;

8-12 wt %
polymer

7-8 wt %
polymer

Inside Reactor |[Solution

or 120 bar; 15- (100 bar; 15-22 {15-22 wt %

22 wt %

150-200°C; 100|220°C; 40 or
polymer

100°C; 100 or
120 bar; 8-12
wt % polymer

50 or 60°C; 120{200°C; 100 bar; [200°C; 40 bar;

bar; 7-8 wt %
polymer

TABLE 1-- Process Conditions of the Plant/Process of the Invention in

Feed Into Reactor |Polymerization |Polymer

monomer partial

15°C; 120 bar
pressure.

total; 50 bar

monomer partial

15°C; 120 bar
pressure.

total; 50 bar

15°C; 120 bar
monomer partial

Plastomer |0 or down to -

Elastomer |0 or downto -

Predomina |0 or down to -
nt

Propylene |total; 50 bar
Content

Copolymer |pressure.
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turn is related to the desired molecular weight. The heat of polymerization
10 increases the temperature to 150 to 200°C to form a plastomer without the use of
hydrogen (although H, may be used). At the outlet of the second series reactor,
the polymer concentration is in the range of from 15-22 wt %. The general
conditions may be as described in WO 99/45041 incorporated herein for US
purposes.
15 Water is then supplied at 10 to kill the polymerization reaction which
might otherwise continue in the presence of surviving catalyst, unreacted
-monomer, and elevated temperature.
The heat exchanger (12) raises the temperature initially and then the
further heat exchanger (16) causes a further temperature rise to 220°C. A rapid
20 pressure drop results as the polymerization mixture passes through the let-down
valve (18) into the liquid phase separator, with the pressure dropping quickly from
100 Bar to 40 bar. The pressure differential between that at the outlet of the pump
(3) and the outlet of the let down valve 18 is solely responsible for causing the
feed and the polymerization mixture to flow through the reactor (8) and the
25 conduit (11) including the heat exchangers (12) and (16).
The details of liquid phase separation by passing through a lower critical
solution temperature (LCST) boundary is explained with reference to Figure 2.
Polymerization takes place at 100 or 120 bar in the polymerization reactor(s) at
the pressure also prevailing upstream of the pressure letdown device at a level as
30 shown by line A. The temperature is maintained and/or raised to a range marked
by the bracket shown at B to between 150 and 200 or 220°C. At the prevailing

temperature, the pressure is dropped along the arrow to a level marked X. As the
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glgenlmygpt(u)e s B gbe( })regsure-temperature curve
representing the spinodal boundary and above the pressure-temperature curve
representing the vapor pressure) The pressure drop is sufficiently fast to avoid
formation of a continuous polymer and to form a discontinuous solvent/monomer
phase. The pressure drop across the region bounded by the LCST (binodal)
boundary and the spinodal boundary must be especially rapid to induce phase
separation by spinodal decomposition, which leads to rapid phase separation and
settling.

Level X is above another phase boundary marked Vapor pressure below
which the mixture enters a V-L-L region in which it is part vapor, and part two
phase liquid. The pressure at level X at the exit of the separator is sufficiently high
so that no vapor is formed.

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 to 40 wt % of polymer.
The concentration is approximately double to triple that of the polymerization
mixture fed to the 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.

If the use of the plant is now compared with the row in Table 1 marked
elastomer, it 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 separation
process and plant can be used to give an output which is somewhat lower
(reflecting the reduced efficiency of the polymerization process at lower

temperatures). With two reactors in series, the disclosure of WO 99/45047
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first reactor operates at temperatures between 0 to 110°C and the second reactor
operates between 40 to 140°C. Preferably the first reactor operates at

5 temperatures between 10 to 90°C and the second reactor operates between 50 to
120°C. Most preferably, the first reactor operates at temperatures between 20 to
70°C and the second reactor operates between 60 to 110°C. With appropriate
control of process conditions and poison levels temperature of this order of
magnitude can also be obtained where one reactor only is used or two reactors are

10 used under the same process conditions.

The same can be said about the row in Table 1 marked "Predominant
propylene content copolymer " where the temperature is lowered to allow the less
reactive propylene monomer to form a sufficiently high molecular weight. The
general conditions described in WO 00/01745, which are fully incorporated herein

15 by reference for purposes of US patent practice, can be used. In the runs, the
polymerization temperature varied between 28 and 70°C.

While the process windows have been illustrated using prior art
disclosures which suggest metallocene selection and the suitable operating
window for a given polymer type, to the extent that prior published patent

20 specifications are used to assist in such illustration, it should be kept in mind that
these patent specifications did not provide the separation and recycle and
purification conditions in a continuous plant with a recycle permitting full
exploitation of the product capabilities of high activity metallocene catalyst
systems at which the invention is best operated. The invention provides a plant

25 and process which uses the given metallocene catalyst systems disclosed to make
the target polymers at high metallocene activity, under a wide range of

polymerization conditions and with considerable energy and investment savings.

Advantages
30 It can be seen that the plant and process illustrated above in a non-limiting
manner, permit polymerization and subsequent polymer separation across a broad

range of temperatures to yield polymers of widely varying average molecular
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content copolymers by changing only the substituents of the reaction mixture and

5 the process conditions.

The plant has a low energy consumption because the extent of feed
refrigeration and re-pressurizing by pumping can be greatly reduced.
Furthermore, no heat of vaporization is required to separate the polymer rich and
polymer lean phases in the separator (14), and the heat in the lean phase is

10 efficiently used to increase the temperature of the polymerization mixture entering
the separator (14). Little solvent and monomer has to be purged to atmosphere.
The evaporated materials recovered from the low pressure separator (34) can be
fractionated to allow its direct purification without intervening condensation in a
fractionating tower and at the same time assisting the flow of the final

15 polymer/solvent mixture before extrusion into the extruder to minimize pumping
requirements. Variation in the pressure of the low-pressure separator (34) may be
used to control viscosity of the polymer/solvent mixture into the devolatizer (40),
thereby extending the range of polymers that can be processed to those with very
high molecular weight.

20 Widely varying molecular weights and molecular weight distribution can
be obtained using the hydrogen stripping arrangement which can be simply
integrated and requires no additional extraneous materials or the evaporation of
large volumes of recycled lean phase liquid.

All documents cited herein are fully incorporated by reference for all

25 jurisdictions in which such incorporation is permitted and to the extent they are
not inconsistent with this specification. All documents to shich priority is claimed
are fully incorporated by reference for all jurisdictions in which such
incorporation is permitted. Although dependent claims have single dependencies
in accordance with U.S. practice, each of the features in any of the dependent

30 claims can be combined with each of the features of one or more of the other

dependent claims dependent upon the same independent claim or claims.
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10%&' () - 10%&' (A hrodesdfd ¢ontinud@dodition-polptd®zaipa bf a feed of olefinically

unsaturated monomer in a hydrocarbon solvent under pressure, having a
5 continuous stirred tank reactor arrangement to which a single site catalyst
is supplied, to form a polymer containing polymerization reaction mixture,
and downstream thereof separating means for continuous separation of the
solvent and unreacted monomer from the mixture, which separating means
includes at least an initial liquid phase separator to separate the
10 polymerization mixture into a lean phase and a concentrated phase wherein
A) a high capacity, low viscosity pump raises the pressure of the
feed to at least 75 bar and causes the mixture to pass from the
reactor arrangement through a heating stage up to a pressure
reducing means upstream of the liquid phase separator through
15 the action of the pump and in the absence of further pumping
means between the reactor arrangement and the pressure
reducing means; and
B) a catalyst killer is added downstream of reactor arrangementand
upstream of the liquid phase separator to suppress further
20 polymerization in the separator of the heated polymerization
mixture undergoing separation, the lean phase being passed
through a cooler and optionally a drier back to the inlet side of
the pump; the concentrated phase being subjected to additional

solvent removal downstream to obtain a solid polymer.

25
2. Continuous solution polymerization process according to claim 1 in which
a low pressure separator receiving the concentrated phase from the liquid
phase separator operates at a pressure of at least 2 bar guage at a level
sufficient to convey the volatile phase removed from the concentrated
30 phase to a fractionating tower for purification without further means of

compression.
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polymer containing polymerization reaction mixture, and downstream of

25 the reactor arrangement separating means for continuous separation of the
solvent and unreacted monomer from the mixture, which separating means
includes at least an initial liquid phase separator to separate the
polymerization mixture into a concentrated phase and a lean phase,
wherein

30 A) a high capacity, low viscosity pump is arranged for raising the

pressure of the feed to at least 75 bar and a heating arrangement

is provided, to thereby cause the mixture to pass from the
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stripping vapor with the lean phase in a countercurrent flow arrangement

to concentrate the hydrogen in the vapour phase for removal from the lean

phase recycle.

A process plant suitable for continuous circulation of a solution

polymerization reaction mixture, said plant comprising:

a) a pressure source,

b) a polymerization reactor, downstream of said pressure source,

c) a pressure let-down device, downstream of said polymerization
reactor, and

d) a separator, downstream of said pressure let-down device,

wherein said pressure source is sufficient to provide pressure to
said reaction mixture during operation of said process plant to
produce a single-phase liquid reaction mixture in said reactor and a
two-phase liquid-liquid reaction mixture in said separator in the
absence of an additional pressure source between said reactor and

said separator.

The process plant of claim 12 wherein said pressure let-down device
reduces the pressure of the reaction mixture at a selected temperature from
a pressure above the lower critical solution temperature pressure-
temperature curve to a pressure below the spinodal boundary pressure

temperature curve at a rate of at least 20 bar/second.

The process plant of claim 12 or 13 wherein said plant is capable of

production of plastomers, elastomers, or predominant propylene content

copolymers by changing only the substituents of the reaction mixture and

the process conditions.

A process for continuous solution polymerization of a feed of olefinically
unsaturated monomer in a hydrocarbon solvent under pressure, having a

continuous stirred tank reactor arrangement, to which a single site catalyst
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added to or generated during polymerization, which means comprises a
means for contacting a stripping vapor with the lean phase in a
10 countercurrent flow arrangement to concentrate the hydrogen in the vapour

phase for removal from the lean phase recycle.

16. A process accoring to Claim 13 wherein the stripping vapor comprises
ethylene for use in subsequent polymerization.
15
17. A process according to Claim 13 or Claim 14 wherein a pair of reactors are
arranged in series and hydrogen is added to the downstream reactor to

produce a lower molecular weight fraction.

20 18. A plant for continuous solution polymerization of a feed of olefinically
unsaturated monomer in a hydrocarbon solvent under pressure, having a
continuous stirred tank reactor arrangement, with inlets for feed and for a
single sited catalyst components, to form a polymer containing
polymerization reaction mixture, and downstream thereof separating
25 means for continuous separation of the solvent and unreacted monomer
from the mixture, which separating means includes at least an initial liquid
phase separator to separate the polymerization mixture into a lean phase
for passing through a recycle back to to the reactor arrangement and a
concentrated phase, a conduit being provided for passing the lean phase ed
30 in liquid form to a stripping arrangement for removing hydrogen added to
or generated during polymerization, which stripping arrangement

comprises a means for contacting a stripping vapor with the lean phase in a
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