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CONTI NUOUS  SCOLUTI ON POCLYMERI ZATI ON FI ELD OF I NVENTI ON 5 The i nventi on

rel at es 40N 5){/9199$ses and apparatus for continuous sol uti onpcpalsyivenbgati on.
The invention relates especially to such processes and apparatus using
single site soluble transition nmetal catalysts, in particular those known
as memmmmmcat al ysts. The inventi-an furthernore relates especially to
suc and apparatus that provide for inproved control of hydrogen
| evel , aifydicdsO nMore especially for inproving series reactor operation using
si ngl e sitevsol ubl e PRQGESSESANBtAIPARAIUSFOR GRNIENORIBS OF | NVENTI ON
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back g a uniformpolyner in an environment with substantially
no concemtrati on gradients. WO 94/ 00500 (Pannell, et al.) describes a
sol uti on pdfiERD OFANVENTHEINg nmet al | ocene in a continuous stirred tank

reactor, which may be in a series reactor arrangengnt to. | ety of
br oot 5. " 20 o ARV FEUF s Es S o PTORSeAy A ARSRENf [ Ra OIS Fulffoh
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moiety in conbination wth a transition netal of the Periodic Table of

El ements. Thasitgeaingl sitehsolpllieytransitioat inotal catabistsoin pavtiduiardbeser keqbgs t he

eent s. Therenedd sittalpo Al esabitiotn pmlardbom bkames the
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cool ing of thg-yald $nPipgalfud BRAE pRIVINET SnpréVedtyntrtl 6f Bpdroyerplenalngsd! heat
exchange surfaces cool'éd by a heat exchange-fluid: In the course_of the

pol yHer i zat i wnre especiely|fpr imppvin rtrirsriea¢ifb QReTalion alingsONgs| sits solble he
nononer is consu.{rred a ttlﬁ QP' ymer forned is dissolved in 30 the solvent.
The hi gher £ s b%clé’ﬁ{g?‘é% | gﬁ of the polyner, the higher the viscosity of
the polynerization reaction m xture containing the polyner, solvent, and
;nr eact ed cogr{i%rke(r}j}t{%UﬁrDheOFnR%ﬁ\]eng?\?ses fromthe pol yner |.zat ion reactor to
Continuous solution po]ymeriiation processes generally involve the
15 addition of catalyst to a monomer and solvent mixture. The mixture may be back-
mixed giving a uniform polymer in'--' an environment with substantially no
concentration gradients. WO 94/00500 (Pannell, et al.) describes a solution
polymerization using metallocene in a continuous stirred tank reactor, which may
be in a series reacior arrangement to make a variety of products.
© 20 For the purposes of this patent specification the term “meta’locene” is
herein defined 1o contain one or more cyclopentadienyl moiety in combination
with a transition metal of the Periodic Table of Elements.
The heat of the polymerization reaction can be absorbed by the
polymerization mixture, causing an exotherm. Altematively, or in addition, the
25 heat of reaction can be removed by a cooling system, by external cooling of the
walls of the reactor vessel, or by internally arranged heat exchange surfaces
cooled by a heat exchange fluid.
In the course of the polymerization, typically, a predominant amount (over
50 mol %) of the monomer is consumed and the polymer formed is dissolved-in
30 the solvent. The higher the concentration of the po]yrﬁer, the higher the viscosity
of the polymerization reaction mixture containing the polymer, solvent, and

unreacted components. The mixture passes from the polymerization reactor to a -

.
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pol ymer, solvent and unreacted nononer are separated. In the cot o0
fini shifgysS9kvent and unreacted nonomer are progressi vglyppsamyed from

t he po ymarlzatlon m xture until the polymer can be fornmed into a solid
pell et or bale. The separated solvent and nononmer can be recycled to the 5
pol yneri zation reactor. It is well known fromextensive literature sources
t hat pol ynmer solutions can undergo phase separation at the |ower critical
solution tenperature, with phase separation being encouraged by higher

t enper at Uimeshing dectionop Wigele polymessssaleent anduoteacied mseshanern ae sepasateid.nf | uences
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encouraged to allow the polynmer to forma concentrated phase. Some earlier
ai0ticl es expl alhe tphenorg@nm aff }pimusmcﬁepare‘eomﬂs vﬁnstiy\ moaﬁléemv:an ginatte: " A
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with Supercritical Fluids,", by Mark A MHugh et _al in_Nacronol ecul es

1985, 18,1y 4o6ypscleqted tfwcaweaypfmneg/s n@tm?aﬁén%twaﬁawlaﬁns ke 3¥Pics et c,
by Haj i ys ) 1994 p
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oléfin’ polymerization; solvents such as octane can maintain homogeneous one-

phase conditions at Jower pressures. .
The phenomenon of phase separation can secondly be exploited after the
reaction step to separate volatile solvent and unreacted monomer components on
20 the one hand, and polymér on the other hand. In that case, separation at
temperature well above the lower critical solution temperature is encouraged to
allow the polymer 1o form a concentrated phase. Some earlier articles explain the
general principles of which we are aware are: "A Jow-energy Solvent Separation
Method," by T.G.Gutowski et al, Polymer Engineering; "Solvents”" by C.A. Iram
25 et al. in Joummal of Applied Polymer Science Vol 31, 1879-1899 (1986);
"Separating Polymer Solutions with Supercritical Fluids," by Mark A. McHugh et

al in Macromolecules 1985, 18, 674-680; "Critical dynamics and phase separation
kinetics etc," by Hajime Tanaka in Journal of Chemical Physics 100 (7) 01 April
1994 p 5323-5337; "Short Chain Branching Effect on the Cloud Point Pressures of

30 Ethylene Copolymers etc.,” by S.J.Han et al. in Macromolecules 1998, 31, 2533-
2538.




-3 US 3,726, 843 described a process for nmalting EPDM Liquid phas
separation has al so been exploited to renove solvent fromthe polﬁ%w Z@éi
m xture iti.ng fromthe polynerization reactor in Mtsui - A (US
5, 599, 88@?,&2%%% shows a continuous sol uti on pol yneri zat iﬁ@?@%ﬁ%ﬁvﬁ th a
5 netal |l ocene catalyst. Hydrogen is added in the exanples to avoid higher
mol ecul ar weights at the | ow operatingstenperature. The pressure and
tenperature are raised to permt a subsequent pressure drop, that leads to
the formation of separate |ean and concentrated phases. Catal yst energing
fromthe reactolUS $,72:843 ddscribed EPpb&ci2ed FoA moliésg (ERDN. scliqarl tphade t he

pol ynmeri zati on process may_be conducted at el evated pressures to provide a
wi de range HPapslopnbas alsed been supleited ot rranavgnsolyeninirony the gohenenzed
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andibead to envi EPrSE2MAIA piulel wit dischosd thatdthd 28y zetinapeeesxmen diet ur e.
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While the sing]e site, metallocene catalysts have a high activity; that

activity is often sustained under conditions in which phase separation would occur
at elevated temperatures. Continued polymerization activity during phase
separation may influence polymer characteristics undesirably.

20 - The use of single site catalysts is associated with poor solubility in the
aliphatic hydrocarbon, saturated, non-polar solvents used for homogeneous
solution polymerization. As a result, an aromatic catalyst solvent, such as 1oluene
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 Xolthammer) 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 Jow vapor pressures and vapor phase compression or

condensation followed by pumping for subsequent separation stages. Pumping is



PCT/ USO / 32299 used to convey polynmer fromflash separation stages to a
}‘i nal ddevol a]ti lizing extruder US 3,912,698 uses a beat exchanggrj i\p}? 2085
i qui ecyc streamto permt an increase in reactor ' ile
reduciﬂrd)'%{?ﬁg%g in the context of a nultiple 5 flash to 1 n%ﬂbé%ﬁ% atil es.
The use of single site catalysts is also associated with the generation of
hydrogen through beta-hydride abstragcf{ion. Such hydrogen, when recycled
back to reactor feed, can act as a nodifier to reduce the nol ecul ar wei ght
of the polymer. The anmount of hydrogen established in polynerization may
have to besidasarnedy pdyeer Geed drskkegapdon sigpesnot hdinahrdgedlatilibiggul ar
weight. In solution plants, solvent selection, operating tenperatures, and
purifi cat ie¥#udgfst ens have to be designed for a particular operating w ndow
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remai ns a’ nee or “an 1 nproved continuous Sol ution process and
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with a particular metallocene within a specific operating window. Different types

of polymer may then have to be produced in different plant lay-outs. There is,
therefore, a need for a plant design that can be used more flexibly for different
types of polymers and metallocene catalysts, and which also can be adapted more

20 easily to evolving metallocene catalyst technologies than current designs of
solution polymerization plants.

There is also a need for a plant design that permits more extensive
molecular weight control through control of the hydrogen levels. There is an
special need for such conirol that is compatible with series reactor operation that

25 permits well separated split-operating conditions between the first and second
reactor (one which permits feeding very low levels of hydrogen to one of the two
reactors, while feeding large amounts of hydrogen to the other reactor) .

There remains a need for an improved continuous solution process and

plant which provides one or more of the following benefits: producing polymer
30 economically across a broad range of operating windows including varying
polymerization temperatures; producing a broad spectrum of polymers,

particularly polymers of widely varying average molecular weights, molecular



PCT/ USO01/ 31299 wei ght distributions, and/or conobnoner contents; permtting
t he production of polyners having useful nolecular weights at 1§ §PR 2005

t enperatures (above 150C); acconmpdating a broad range of ;
per f or TeWN@2/34B3uci ng energy consunption, especially in f?ﬁﬁgﬁ%%?)gand
reduci ng environnental discharge; and 5 reducing or avoiding fouling in the
recycle and purification systens while q4sing highly active netall ocene
type catalysts with unreacted nononer and tenperature during separation
processes. It would be particularly useful to provide a process and pl ant
whi ch can  aggust aidsbRi@eessd/l RYgunbmeppbhtenEe ppenittngrihe grédictian gifven
polymer type and ] O catalyst, such that metal] ocene catalyst c @f used
to perform awolamhisghaving psef) melemlar VeRbISR &R, CIRFABTEE (%lt??é]esg@e i me
permtting a broad nge of _opiim.zed p BEB A0 hodichéerent
pol yner type%cqa’ﬁﬂl%‘{i?lﬁgy?t ?.mﬁ r\%é?doglcggélgget%%gﬁefi ci érﬁidg@l%rg ovi d%ya
process and Qlamhp¥bhCospe@ully ih amiditgtmdapéndng rgviatnrsendhl dischyge ndl yst
activities in the sane 1Pi ni shi ng equi pnent, which_can be used

in aJls
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derived (caaﬁkﬁgsge aR%iol pRocessaavenger, etc), , using a sinple renoval

techni que, and wthout using a stri pﬁigng aggigt such as t]er ich woul d
contani nate the rBcyenls bopartisplaglydesefy 18I PrEWER §r BRASEFS EWeP' AP ™ G4/ 00500

and W92/ 14768, M\/ng . : QWivépOIR ek e adf er to
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and fgcilit a&dtﬂgsty REE Biadmsbtalipcene caratyst 24n hotus¢dhteperderm ot pihigh aethaty
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havi ng a con uous stirr tank reactor arrangenent, _$8), to which %
single site baieficid tio ipsodidppl predess tand frdanh vahigh cowidr fagiditate PpsTaiPa gt sue

pol yneri zation. reacgtion mxture, and ] : I nmeans
for conti nuob’sﬁhs‘ébajy%&?%]f‘(“befs iprke SQ’W%%Q%a%%}B?Qaﬁg %ﬁ%@%&ggﬂ *
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monomer components; with minimal contamination and minimal need to

eliminate polar impurities contained in such non-polar recycle, however derived
(catalyst residue; scavenger, eic), , using a simple removal technique, and without
* using a stripping agent such as water which would contaminate the recycle.
20 " For additional background, see also WO 94/00500 and W092/14766.

SUMMARY OF INVENTION
The numbers shown in brackets refer 1o the numbering of items shown in

the drawings and intended for illustration and facilitating understanding and are

25 not intended to limit the disclosure to the jitems illustrated. ' _
The invention relates generally to. a process for continuous solution
polymerization of a feed (2, 4, 58) of olefinically unsaturated monomers in a
hydrocarbon solvent under -pressure, having a continuous stirred tank reactor
arrangement (8), to which a single site catalyst is supplied, to form a polymer
30 containing polymerization reaction mixture, and downstream thereof a separating
means for continuous separation of the solvent (14, 34, 40) and unreacted

monomer from the mixture, which separating means (14, 34, 40) includes at least



an initial liquid phase separator to separate the polynerization m xture
into a lean phase (20) and a concentrated phase (22). The t er ied APRRHBY and
"conce .or "polyner rich" refers to anmount of pol

sol vens{"%kééha i ndi cates that the solvent contains no p%lagﬁrrjgwf)%bfuch | ow
anounts of polynmer so as to not 5 interfere with subsequent recycling. The
catalyst is preferably a bulky lIigandgtransition netal catalyst. The bul ky
ligand contains a nultiplicity of bonded atons, preferably carbon atons,
form ng a group, which may be cyclic with one or nore optional

het er o- at oam 1mna'hhqllndl}dhysd se@ambma;semarmhapbbm‘@atiyp@li@y@bémeratlam enyl
derivative, which

3 l n
|i gands rephase (Behawﬁatcenfteﬁaatear%éﬁgﬁ%—g >f}‘i‘?/tli-(: eari‘?aﬁ‘m hgg%‘iﬂjﬁ@egu%ﬁd i's
assumed, aﬁﬁ&&ﬁfep%c 0 yPERVR drh St o?gﬂo‘?ﬂhérf m%%fg%we\m 'mceaherﬁ@dlémémapa tion

In the course pol'ymeri zation to ovide a honogenous pol yneri zation

ef fect. O fiersdlveganetsitainy nbepdbyrneiedr encte bow dinmatngg] of tpolyiher $a ande mobn

nmet al preferably det chabl e b a cocatal yst or activator, such as a 15
hyoﬁocarby}nt%"ferﬁ FREM HEYERip. It is assumed that detachment of any

such ligand |eags altygke,sc gegmgt uﬁ\gﬁﬂghﬂi Rahtifbn She@) Retalfdt.Chnd he

ol efi n nmononer can e | nse 'ymer chain. The transition
met al  at onbukkyaligamauportdns ¥ mn]t:p‘idlclty rcﬁ‘rim'mied) ratores,gprefdrabljiecafleom aidins, Tabl e
of El errents The transitjp | VB atom 20

ﬁl referably a G’“
In a firstigEpesa Sﬂoui’h?é’hJ v’@ﬁ?( rFyéE ﬁ."tj SEM’EP’PVS ‘%/IBW’\? gﬁ‘géq Y Bunp (3)
raises therpre fd ﬁu ﬁ'ﬁ%l]()gene‘]'lygaé%glclbﬁeﬁﬁdlkﬁﬂsdenﬁtlb@rw]ﬁaﬂcﬁﬁuses

the mxture to fro e react ht ou heati ng arrangenent
(1 16) ubetmom-poe:pslym:clcasdameng mene dullne ligapds meanbetbongded t¢ 4l d phase

separ at or throu t he ct f e. pu ) an e of

further puﬁﬁ‘%ﬂj t?é?%élﬁ‘ h\@ﬂ)ﬁ%ga@ ct5%of %%e%ar?ﬁc rﬁ%&é?@fﬁ?ﬁé reduci ng
neans (18) gcidhghid ﬁfeﬂ}y hé ﬁ%?néiﬁmﬁb:ﬁﬁon iPile coufse@Fipolyrhetmtiohad praviggener al |y
to a pump with a capacity sufficient to E’ressurlze t he whol e of the feed

at a vi scobpmpgeneusapalpmenzatiop affest. Pher figandst may devbpndeg orjceerdinalehg

di ssol ved I ecyl fs PUI\/P
30" The  neald 15 rrigandet Biofpebly dRaBo R s LTS o (E60AEL Wiy o [N
segond heahif@caityyer hilyen-Taeidg gmhpsltagess(lm&)d thst dethadmbentrfeqgyabcing heat
exchanger _designed tQ recover _heat i would ghervm ¢ be | ost when the
| ean phaseligsn Teggs tpihs erestion pf PG?P{%@V%@@ olefin mapomer §ay i 4

cool er (24} ;JRfdGRONHe PbRHRr ChEh. TRETraRBYioR RREAPIbAL @ '6Rup IV, V or
V1 transition metal of the Periodic Table of Elements. The transition metal atom is
preferably a Group IVB atom.

20 In a first aspect of the invention a high capacity, low viscosity pump (3) -
raises the pressure of the feed (2, 4, 58) 10 at least 75 bar and causes the mixture to
pass from the reactor (8) through a heating arrangement (12, 16) up to a pressure
reducing means (18) upstream of the liquid phase separaior (14) through the
action of the pump (3) and in the absence of further 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 1o recover heat that would otherwise be lost when the Jean phase (20)



utility of suitable tenperature to finish the beating step. The reactor
arrangenent may be single reactor or a plurality, prefereably two,

reactors arranged in series, or less preferably in parallel. 5 11 A 305
first aspaxbis7exatal yst killer (10) is added downstream ofcﬂééséﬁéﬁm

arrangenment (8) (in the case of series reactors that neans that the killer
is added downstream of the |ast polynerization reactor) and upstream of
the heating arrangenent (12, 16) and e | i qui d phase separator (14) to
suppress further polynerization of the heated pol ynerizati on m xture

under goi ng separation, the 10, | as e
cool i ng arr algei ?&%f’ﬁﬁ cﬁﬁ{f‘rgﬂpﬁ?’see&célﬁdggt?%a{ﬁ?h]?%;% tlp%gé I%-%c a%éer
(12) and a final of oghMe {edfPerararedo FRlishomahkating dep.er  (32) back to the

inlet side of the punp (3); the concentrated phase (22)_ bejng ?ub&ﬁct ed to
addi tional sol venThe eeasicrl arogpnentompy e e reacior<y 3 glygalitynprelerf

second aspect the | ean phase (20) is,passed 4:0:liqQuhd;fonn to a neans 15
(26) for renXHGC ﬁ?ﬁg’%@f‘ a8 g&gst 8”5558%82%?&936&)8%?]?]@ pol yneri zati on,
whi chs means (26) Iyt 8P Fir§ie&pect TeraGIfRkilan10yis added Séwhgipsangof aqotorwi t h

the |l ean phase in a countercurrent 'flow arrangenent to concentrate the
hydr ogen i n arrengemsot(B) (ipihe ease! seagpveactors Sint mpran dbat heakidler c3fded. Thi s

aspect may b racticed in r 0 VA t fgatures
of "che 111 stomieen 3h hdef BYFRRAZH LB PR R R o e HBOhE
schemati c | ayrHigeneht 1B #6) and abe dighéd tphasehseparatent(i 4N to angpespfatess f | ow
according to the invention. Figure 2 shows a phase diagramill ustratili ng the
oper ati on ofpalymerjgatipmpphithe heateds polymeriaatiqns BEXTUFE pﬂéer PDE: SERARIBP-0C8s s
according t he, | nv, i i : i ; of a
nyar den st e e GF) bl petsPd ot A P ERpRCRILE Which By Qlote e
rangi ng nol eslhrat eegrhting exahiangdr.(1Thendarfinet sodler (P4ackst epthaiaby aadyzern
refer to the corresponding features in 30 the draw ngs Jnclu or

i 11 ustrationGandachde the l{ghlﬁﬁéﬁ§t°5‘n‘g‘ier@’.mﬁ'2@° Rﬁ?/éﬂ?‘f%’ﬂ%ﬁdngﬁ?f&g@%;ﬁ@g f or ms
of the featu I D g i bBtaira 30184 £05 WO
02/ 34795 Pcﬁﬁ%éi%z2999?081}-3}/%6(:}2%1F%@?ﬂﬁoﬁggéﬁg@mﬁﬁan ?he d]rg‘z%’nﬁgs as

woul d be appar ent 11 e spensiorspsdtith¢ tsaniphash@0) iz passed i Ligwdoesore Prpesesor

GENE'?SAL AND Z:2|()J):Z (-)rr rAe%DggggS hydrogen added to or generated during polymerization, which

means (26) comprises 2 means for contacting a 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. This aspect may be practiced in
processes and plants not employing the features of the first aspect.
20 | '
DESCRIPTION OF THE DRAWINGS
Figure 1 shows a schematic Jay-out of a plant according to the invention
and a process flow according to the invention.
Figure 2 shows a phase diagram illustrating the operation of a liquid phase
25 separator used in the plant and process according to the invention.
Figure 3 shows the details of the lay-out of a hydrogen stripping
arrangement for the plant of Figure 1 to provide wide ranging molecular weight
control. .
The numbers in brackets below again refer to the corresponding features in
30 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 By raising the pressure by the punp (3) to above 75 bar, the formation of
two- phase conditions is avoided in the reactor arrangenent (8) Sapk fagati ng
arrangement (12, 16) under a wi de range of tenperature and pol ynerization
condi t VA92/3H8¥Ace a wide variety of netallocene catal ystnggﬂJ%wi}%d in
the process. Such a wide range of netall ocene catal ysts can be used to
make high J]o and/or | ow average nol e’cgl ar wei ght materials under optim zed
production conditions. Use of a sepafate punp to boost the. pressure of
the viscous polynerization m xture between the reactor and the liquid
phase sep : k , UIRS ewgg&lﬁ ; an the
| ow vi scog%ﬁ/ﬁé%g(g{hggﬁsb&%%‘?.ﬂ%ﬁé@p esalsgure g;‘% et pu;(rp%)% %Sglgﬁ%gx%ggcades

t hrough t hhepriocess and 15 conbines with the absence of vaporization for
the initial solvent separating stage to reduce overall punping needs
during finishing. The pressure of the punp (3) advances the viscous

pol yneri zah i Q?ENF nadued upstream of the
liquid pha@%%dgg) W t gu a F’ggm“%g\ngﬁégg?gis}o%%?§on prior to the
pressure reduci By misms thelfipssutenby thy phapr(@jitd ssaweo?S big thenfoembtianof 20 t he
pressure of the punp (3) additignal]ly advances one or both separated phases
to furthetVeiBhisst Feudiiions a jaypided ng %J?fstréﬁﬁéobra”ﬁﬂg?m?@aﬁ)oﬁmﬁg\?ﬁ% such
as high p | ash Lop.: fdevices or .l r : arating
dovi cos. ThEanthint (15, 1PPRARE! hORIAS GRS of BRI Bol R REP L

i ncreased corditiienst Henke rgwider vardety pofl metalliozaid omabstst éan be tused g tlek r ect
recycle, after regoval 25 of any surplus kill|er, of, separated. sglvent and
monomer . t GPXRESS| rbRaeh &Wie arogengl petalloceye cwiwst &inbe ALl make Highnt ¢ hat
theg | ean phans 9496S aPQhed SRMIENaP SveibhR GhateARL S indeth 8pim@iel ?ﬁs@u@ﬁ“oﬂjsed
under a wide variety of conditions t0O nake a w de variety of polyners and
is at the emmitiorisne UJfe sifnpl sepamates tpuoagt itonbodsh ethgypreshiweanght then visspuauni t

pol ynmer produced is | ow  w sinmpl e 30 sol.vent. recqvery and ener

ot Sor at | ROy yezaton St hetnged Beteagion et ¢ iab RSt oo R can
be enpl oyeglydiged [BhéH BEmPs S AMEBASMbR: BbABS RN Be loRdyiseodifCRYGpuRgAt from
the effluent on'the liquid phase separator (14). WD 02/34795 -9 19 APR 2005
PCT/ USOl / 3¢2b9 Phefrsessore of Hbe | nugop d3prase caegsdes ttbroughsthe; progessnait ed to a

| o ressu K At or I - do j i Vves e
coteentr at S BREE SR Ble dbicee EARASACIITHE BRI NGR RFRACRALC
| ow pr essutceredapabatall fiddying peeds éwing findshjnge SEher pressuté iof itlenpurhp (3) | ow

feedi ng of the vapor .phase }o t he .fractionati,ng and .
advances the viscous polymenzation mixture to the pressure reducing means (18)

upstream of the liquid phase separator (14) without allowing phase separation
prior to the pressure reducing means (18). In a preferred form of the inventiomn,
20 the pressure of the pump (3) additionally advances one or both separated phases 1o
further downstream fractionating systems or purification devices such as high
pressure flash separation devices or low pressure flash separating devices.
The integral killer arrangement permits the temperature to be increased
without risking further polymerization so facilitating direct recycle, after removal
25 of any surplus killer, of separated solvent and monomer to the inlet side of the
pump (3). With term "direct" is meant that the lean phase does not need to be
fractionated. The plant can be used under a wide variety of conditions to make a
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).



5 purification system-w thout requiring a separate conpressor, and said
pressure is generally 2 bar guage or nore. In order to acconmm 2005
production of polyners wth a wi de range of nol ecul ar wei g?iﬁj 0 é% 0
pr essur eMhO%¥Hé%y ow pressure separator (34) can be raised ROHSR 1 evel |
between 3 and 20 barg, to adjust solution viscosity to facilitate feeding
of the concentrated polyner solution tg_the final 10 devol atizing stage.
Thus the volatile phase renoved froma concentrated phase is conveyed
sinply to a fractionating tower (36) as a vapor, arranged downstream of

the | ow pressure meRas@y Ahe (i34, pHa8E sepirhior ¢34) RNcorBeiedn® aPlomopresdute
arrangenents where solvents, etc., are drawn off under a | ow pressure in

the vapor phsesaatot 34), exengestdaynsokami whichmeseivesthegrraeprieaicdplasp 498k d

t hrough punpj n ans for 5 S n riher a ]

Pr ef er abl y%%%gqﬁﬁ&rlhﬁ% ST o%(slﬁg.n?geg?rgﬁﬂ}rs%ﬂé\gﬁ}re%ﬁ% e%g}oagés} @gfgﬁ%%%i nat e
or interferehRrasiRaNAAENM to WA¥wSRedifig 0O tHY Vapobiphadente thafrattydratingetd on of
the catal yst System Preferably the process uses a | ow boiling, alkane

based sol verpurificatpen ayri¢thywithout nequiring 2 SERagtesCompResIPTnend $dd PIeSEHF 1or
branched, -such gas .those 20 having.fr 4 , bly in
S B R

t he range oft® n-adm xtdre w kanes

of a hi gher viih 4 Q@S rdiRk OF W éculividithts, thiseprastuye fiethe Jowy pbessatersepeatont
nononer s predom nantly conprising nono- ol efins such as ethy] ene or

propyl ene or(34} basr betiséned dopbaigh avieh b’ﬁ‘é\%ﬁ% 3 ppin2d batg, 19 2dHEhsAVESH NS .

e v d ot . )
s de the AR g deGitag g of all ORechiRapATHe kol kR ABRRE TRE | |
provigdi ng t hiRbolefigingR@agelErnaahe oslatiioghare rémoved freny ® aaicentr{t8d phaschieat ed

to the tenperature hefore Teaching the separator 4) sucgessivel y.by an
upst r eam be£ONVERESGHEPIO 2 EaeiRdHRS t‘(“i‘?)(%ghﬂs %VGB‘\%%?F orwrﬁaé%¥’f

exchanger ( %ﬁ% 1@‘9%9%3% &\bhﬂitaglg@hgggr PritiBgidiLamh PhAe $riof @ dfBpthass

separator ( s used to sup t"to the upstream’ one (12) of said
beat exchangebeae svPeAR, 8.,788 draon DDuiER PRYE préssOF/ iu3be Vspeoghaperike ng

pressures in the progess of the inventi.on can b 0 bar_or re 0 bar
or nore; 95 ea%ﬁadﬁﬁ Yfﬁ?@e%ﬁ’ausé e‘éqr%QFﬁ?dﬁ‘EfF 2yse rt%%“rgzl, p%rpp]g@elﬁe%jﬁof 0gar or
nmor e;5 The URRBEeqRERSRKher ggﬁg}gﬁoh%td@@_t critically constrained but typically
can be 200 bar or |ess, preferably 140 bar or |ess,_ or 120 bar or |ess.

The pressure shouPréf@ablyf thequosess keass BorePPisR selyEnSyhishidoRs Pal OXJIFRE e
phase up to grqgtepf%}@fn % Inetaﬁ'ﬁ“)gﬁﬂ G o%as to inhibit the catalytic action of the catalyst

system. Preferably the process uses a low boiling, alkane based solvent,

optionally mixtures of alkanes, which may be linear or branched, such as those
20 having from 4 to 10 carbon atoms, preferably in the range of 5-7 carbon atoms,

optionally in admixture with other alkanes of a higher or lower molecular weight.

The polymer may be derived of monomers predominantly comprising mono-

olefins such as ethylene or propylene or other higher alpha-olefins having from 4

to 10 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.



reduci ng neans (18), and to provide the necessary working pressure to
convey the fluids through the plant. The invention in another TdsfRRciipRl so
rel at esy nt adapted to perform the process descri ,@Qﬁ ichis
sui ted Pé9gggfb€e wi thin the performance 10 envel opes ingica e gePQM/and
with the SSC indicated bel ow. Mre aspects will be apparent fromthe
clains. The feed tenperature may varyidependi ng on the avail abl e exot herm
and extent of mononmer conversion desired to reach the polynerization
tenperature. Advantageously the tenperature is at |east mnus 40C,
suitably, at | eaworm@cpre$sre@®n tmop?rooﬁSMﬁCthﬁ invsatioaicen be 86bas bamses,, The

pol yneri zatg n eraé eis con trai neﬂ q flj’he mol ecul ar A Et desired,
P ) v ng- £ o1 BTRPTe R b8 gy GO 10080 T o8 Ererb bl B oy
process th?mé:%”pﬂ:@h?f)@r 1@ssh'r’1é9h§ﬂflf%e§§t' éfﬁwaﬂ?%hﬂfa?n Blutbtgpircﬁll @dn be

progressively in inc ts depending on the nature of yrrerl zation
t aki ng pl ac¥)0ibarsmdessy pafirably .140dannt kyecrsiy, ba1r loe lggs| Theprez;almmhoﬂﬁ

t emperature r I S _conpri.si.n redo Iene |ved units is
ot B east | SHGRE BB LETGORT SPIBHON i Bwels PEARE Y (6 HHe TOuch! (B PESaYE

vei ght  MRlegichg incdl0 0 ! adtPoGroVide thEABRS A Morkilg &s&@tw%ﬁ ehe

pol ymeri zation deconposi'tion enperature or he te erature at ch t he
cat al yst caﬂwé&ﬂﬂaughﬂh@]mmm yneri zation reactl on. 25 Overall the exot her m
may lead to a tenperature differential en the .i of . t he

pol ymeri zati on rlgg%f%vre 11 ﬁléo%fﬁ"llsé’femo V\% Ales go f’é’]@g@ BPteggBtPSIfO%OC By
feeding at (Ré DHScAS @edéished! dWE RBhith g s HRAENS er%ﬂaté iten Whe peHBAR&Icat Uure to
210C, a highly efficient process may result for rodumg\g Iovver nol ecul ar
weilght pol )tmcl@peFmdlmt@ lowoingdcwith thesiSghindiratedrheley. Mere3Bpeaapalat ur e
rise may neb% 8: g conﬁl ZI ned via warnmer feed and/or |ower reactor
terrperatures CRRE Y F(?n'é &2 vi scosi ty in the reactor solution that

woul d  degrade rEBe e tBinsemnatnre idyovargizpending balle heaRbRoexothéran -audi f or m
pol ymers. WO 02/ 34795 19 APR 2005 PCT/ USOL/ 32299 Mononer concentration
depends on S¥katfHenomey (erversigipdesirrg toreashthe polygmegiRation IEMpIAWES-at ed
conversi onsy r

Advant ageous@wﬂgwégﬂangr}gﬁé@g %%F?%?Qgtr %Egtul?lseﬂdsgﬁ%oufjﬂg@g%%%amn%?ec ’of the
t otial part iGBC, ROES surdd) Gfinweltain ¢iscusostmareentEhei po]ymengmiqumem}mmmrnsS

G or  eapePRNFyIBRRY HATTISTAR M JerpFRcaliEngron e BERSORE AT S notl

be | ess thafdrogen added. In a series reactor process the temperature in the successive

reactors can be raised progressively in increments depending on the nature of the
polymerization taking place in such reactors. Advantageously, the polymerization

20 temperature for polymers comprising predominantly ethylene derived units is at
least 100°C, preferably at least 150°C or even (for Jower molecular weight
materials) 200°C or more. The temperature should not exceed the polymerization
decomposition temperature or the temperature at which the catalyst can sustain the
polymerization reaction. -

25 Overall the exotherm may lead to a temperature differential between the
inlet temp of the polymerization reactor and the outlet of from 50 to 220 or up to
250°C. By feeding at minus 40°C and allowing the exotherm to raise the
temperature to 210°C, a highly efficient process may result for producing lower
molecular weight polymers. For higher molecular weight polymers, the

30 temperature rise may need to be constrained via warmer feed and/or lower reactor
temperatures to avoid excessive viscosity in the reactor solution that would

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



100 % of the reactor pressure to avoid formation of vapor bubbles. In
general, higher nononer partial pressures are preferred to irquﬁmpz 51e

| i quid phase separation in the liquid phase separator (14). 30 I TS

br oadest ‘Y%Pﬁfmﬁ’ge i nvention can be perforned with any SSC)P@rfwaflgngsi t ed
catal yst). These generally contain a transition netal of Goups 3 to 10 of
the Periodic Table; and at |east one _apcillary ligand that remins bonded
to the transition netal during polynerization. Preferably the transition
metal is used in a cationic state and stabilized by a cocatal yst or

activator. Especi Rfdnéniet @bficheatia 8cpkBdEBA @ld @gR0pslyaier ﬁl}ﬁuﬁld‘lm@fecﬁlhﬁ

Periodic table such as titanium hafniumor zirconiumwhich are used in
pol yneri zat i weighty thee assogintes caneersiopat plompancsnedt 0 polvmpmando ApeBHNg wo

il li gand d i bed i detail h fter. .The, ,i t ant
foaturos of CHBRAGE §OTSTERUTNo M AP BoTTerssae oL ke R FF gand
capabl e of ahgtd éfftﬂeofbtﬁgﬂaﬁiﬁlafnrekéxﬁé%@ VolHtPe Wﬂin‘ghnérh@ i thy IpeRendratiés Ni )

group can 20 be inserted; The netallocene can be used with a cocatal yst
whi chs may bereattarspzspesiallyr4e onbloye.randishpald refkeably AeheiegedB0%y EP 46T degr ee

of oligonerizati.o ok T {o as_determn by v el r
osnmomet ry. A‘f%ﬁ?ﬂ?@%ghﬁ%y?g]%ém%eﬁf efsénepf’{)gi‘l 8§%§8¥e t?ﬁﬁ?‘i}gibﬁﬁ?%ntgg?

al ] canes or fis 4 8f teredchl PréskuRUb dvoid forfiRiieh Aflwapus BELBIEONT:R geadraiene
solution. Such solutions may include unreacted trialkyl alum numand the

al unpxane calmghert mamoner i partidnpressures iarglipcelemad 49 impprova| theelquift phase whi ch
figure includes any.trialk | um num whi ¢h has not reacted to form an

ol i gomer. Th%@pﬁﬁaﬁﬁé%ﬂgﬁlﬁiﬂﬁ?fgéapaggto\éwgcﬁt alyst, is generally used in

nol afg excess, at B APbrdadbdtdoh, the ifentith €an be @bt WiBGingrSSO® (Bngland
preferably 30 1000 or |ess, preferabl

y 500 or less, relative to t
transition nitedcatalysik Bugse groarplly pemrd HBmF R pgtabef O‘fl?s(ﬁﬁoalrﬂ)ﬁ@}ﬁﬁ br oad
200, L, A RS et AP bl st gagene e 1
30 associ at eflaisittoremetah diring polynrerizatyort. N2veferstdy plod tyanesitiorsnystad dinesed imader
the process cationic state and stabilized by a cocatalyst or activator. Especially preferred are
15 metallocenes of Group 4 of the Periodic table such as titanjum, hafnium or

zirconium which are used in polymerization in the d° mono-valent cationic state
and have one or two ancillary ligands as described in more detail hereafter. The
important features of such catalysts for coordination polymerization are the ligand
capable of abstraction and that ligand into which the ethylene (olefinic) group can
20 be inserted.
The metallocene can be used with a cocatalyst which may be alumoxane
preferably methylalumoxane having an average degree of oligomerization of from
4 to 30 as determined by vapor pressure osmometry. Alumoxane may be
modified to provide solubility in linear alkanes or be used in a slury but is
25 generally used from a toluene solution. Such solutions may include unreacted
trialky] aluminum and the alumoxane concentration is generally indicated as mol
Al per liter, which figure includes any trialky] aluminum .which has not reacted to
form an oligomer. The alumoxane, when used as cocatalyst, is generally used in
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 pfeferab]y be selected from among a broad range, of

available SSC's, 10 suit the type of polymer being made and the process window



conditions at an activity of at |east 40,000 g polymer per gram SSC (such
as a netallocene), preferably at |east 60,000 or even in exdesaPR1)500, 000
g pol yner er g SSC. This specification and exanpl es exepnl.if of the
optioﬁgp O%S?Ewénabl ing the different polynmers to be pr odug’gﬁ“ijsr?x@?%ggr ent
operating windows wth an optim zed catal yst selection, the SSC and any
ancillary catalyst conponents can bg.used in small quantities, wth
optionally also using snall anobunts of scavengers. The killer can be used
in equally small anmounts and the various cost-effective nmethods can then

be i ntrodageeiated thbicovthtiiauoha-wo! tiat theqohantr isgprbéudedaydeethegndeaubj ect ed
to treatnent to renove polar contam nants before re-use_in the

pol yner i zeaudithonseaice® pelaYity That Hastaf 0.60@ gepehijpep dea BanpaSydachwnt A a
for T e i . :
o coo apReRiPanp IR, Baest R 6P RN BELRSERY 10000 RENE i ons.

The coor djérag BSC. SiTald shebifichtibd ned eRirhples WRedplify sohie @¥ahé optisnsevBdenced by
the pragreess of polynerization, to permt the insertion of the unsaturated
nohomer  cerabling rihe )diffienh palysners dp e Piegueed dn differgnbereizpipe iveadaws r eact ed
with the allo N anners ClLisb LR Tvd NE
precursor%ra{’hésﬁ%ﬁ%ec%o%rg%@éllﬁsgt %Qn%‘g%r gtxleng;g/%;eaglgse ywaﬁ%ﬁ]g& rarcer@#aé ocene

suppl i ed c'tdin_lgoﬂe@)w&@lﬁl beahgdCih sinall equahtitiefr withr gmifonatly alselasipg small edox
reaction . e precursor may be an 1on pair_ of which the precursor cation
i s neut rappueg cfrervsmeersi n hrakidler pan Be meerimpdicllyTiealp paoipsanddati on may

b ' I | - 27 P '
e A o e T e v

ajfral ogengdlecht tbebe pecatiel -midbsibjdctidetd r&xtaient 10 rdhone polardontaneihenent - based
ani on, especially those that are have f|uorine groups substituted for
hydr ogen baferasrepiserindhapglymerigairn regetog()-al kyl substituents on those aryl

groups.. The ef ﬁ%%&%l@e@l&&#ﬁ@éﬁébﬁ'ﬁ%%ﬁ&%@&ﬁ%&ﬁwﬁ%k%ﬁa-% t he

invention are, 1n a prefera odi ment, derived'froman ionic salt,
conpri si ngeakl$- coodinvitatateic® dlne I@ml sopteordinaiamg cmiien casnpbask hewdimre A-

f%gob;asrzggéﬁ]%%g txggaﬁ? :co\é\%aiga%ég 4a7nsi)05ns-. 131"hL( Q@O%Loﬂzaﬁbh' s(ﬁolu]dl %eAE ]g]%(l)l y rPC T

15 weak in any event, as evidenced by the progress of polymerization, to permit the
insertion of the unsaturated monomer component.) The non-coordinating anion
may be supplied and reacted with the metallocene in any of the manners described
in the art.

The precursor for the non-coordinating anion may be used with a

20 metallocene supplied in a reduced valency state. The precursor may undergo a
redox reaction . The precursor may be an ion pair of which the precursor cation is
neutralized and/or eliminated in some manner. The precursor cation may be an
ammonium salt as in EP-277003 and EP-277004. The precursor cation may be a
triphenylcarbonium derivative.

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:



where Mis one or nore Goup 10-14 netalloid or netal, preferabIK oron or
al um num and each Qis a ligand effective for provi d| ng el ectlifo RRc208%

steric 5 effects rendering [(M)QIQ ...Q " 'suitable as a noRyEaAldigmating
ani on aswoOhaB41% understood in the art or a sufficient nunber of Q are

such that [(M)QLQ2 .. 1] as a whole is an effective non- coordlnatlng or
weakl y coordi nating anion Exenpl ary_@.substituents specifically include
fluorinated aryl groups, preferably perfluorlnated aryl groups, and

i ncl ude substituted Q groups having substituents 10 additional to the
fluorine substitution, such as quorl?@ygthdegQarbyl groups. Preferred
fluorinated aryl groups include pheny bi phenyl, naphthyl and derivatives
t hereof . The non-coordi nating anion may be used in approxi mately equi nol ar

anounts relative to the transition t sgr 0. 25,

15 pref er abmpete B igoHe O3 d@@TeafLJF?PPbﬁrg 12n’31’ &% §s ﬂrlleotgp eﬁ?ﬂ%‘ b&ﬁ% br

preferably 2.and _espgac I r {atfhy @rodtinlel eleemenic @ypoens. can
R R0 B aseamsniaity prowng

have the fo where, LA iS a substituted
cycl gpent adigg@is refideab e ;Q,onpe@;]ammbw asarmn-pegrdinating anign 28 b ftied to

M LB is a nenber of the class anci || an f S

J, a het erouati@fmcmddmthea?‘? i @ﬁ%cﬁnb’é‘ﬁa ?flb%f ?‘EChd@K{ W)cégl i gligr;'d may
be coval entI ﬁglgd ggegﬂgcrmghﬁ&yggo@,@i@gpoﬁ%amﬁ&rﬁordmmmgﬁwmup

Lc; is an o Rett ral . non-oxi di zi ng and, havi ng a dative b% d to M

(i 25 equal szy&rﬁrgm@)Q swbstﬁtumtﬁswpﬁahlbrmguﬂﬁ ety "H’éﬂ groupg,pyefers

are independently non ni oni c I st o M
optionally Pﬁfﬁwt?doa@g@ww*@? 8} Td,& %%dl'%gp) uﬁ%“ﬁgﬂlﬂl ﬁslugStP?ga?lds are
di spl.aceabl ¢ fiidha 34'IthéHobriBe tsbaitatios, osuehr 29 flubriseted i lirodarty] groups.

poly] ri zabl'e nmononer or macro- nononmer can mseri3 or. co rd| i,on

pol yner i zat iRrefepredt Hmovinetedt andoguiurst irpudes ohery Pb(eﬁg oY 8R4 et al
conponent. Repr esenﬁ}gtl vg non-nmet al |l ocene transition netal corrpounds usabl e
as SSC s aldEVeH¥eUGE P Et r abenzy] zirconium tetra

bi s(trimethyl siyl 18s Bn)cdolBa@R IATM5 maydbd BedPR 2pPOXirRaTly/ eBEmeEr299

zirconium oxotris(trinethlsj]yl methyl nadlu tetrabenz
tetrabenzyl ahewnts urﬁiatlbfies(%é%ﬁ@?ﬁ?’lond%%ﬁ\/ﬁaﬁ?r%? et H@f {g grll‘it:%mmm

tri Sﬁt rimet ﬁ%}leger% & ?ﬁd?é@tpgmgﬂ l@)‘ $103,8is6éH a§ ndemordthan 4, preferably 2 and

tris{trinet
especially 1.5.

Represehtative metallocene compounds can have the formula:
1*LP LS MDE

20 where, L? is a substituted cyclopentadienyl or hetero-cyclopentadienyl ancillary-
ligand n-bonded 1o M; LB is a member of the class of ancillary ligands defined for
L,, or is J, a hetero-atom ancillary ligand o-bonded to M; the L” and L® ligands
may be covalently bridged together through a Group 14 element linking group;
LS, is an optional neutral, non-oxidizing ligand having a dative bond to M G
25 equals 0 to 3); M is a Group 4 or 5 transition metal; and, D and E are
independently mono-anionic Jabile ligands, each having a c-bond to M, optionally
bridged to each other or L? or LB 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 zirconjum, tetra bis(trimethylsiylmethyl)



dichloride. 5 Additional organonetallic transition netal conpounds suitable
as olefin polynerization catal ysts | n accordance wth the inveppppgm ! !
be any 9§ }E?ﬁ’ Goup 3-10 that ca.:. be converted by |igapd;gpgifgction
into a cata ytically active cation and stabilized in that active

el ectronic state by a non-coordinating or weakly coordi nating anion
sufficiently lLabile to be displaced bysan olefmcally 10 unsaturated
nmononer such as ethylene. More preferred are netal]ocenes which are

bi scycl opent adi enyl derivatives of a Goup IV transition netal, preferably
zi r coni um mircdratumi, urr\oxsafés(ﬁmaﬂnikﬂbﬁiﬁeth)xmggwﬁghun Thésmabmyylad\lmﬁmiagzeousl y

be d t fI I t I d
connect od I eBeSRAGHETER LB BEHARET| GOl BoR BN EIEHERTD AR P e4045040:
and W’J99459§11n%9m Shid¥i&he'@&hridd)e anP ﬁls@ﬂmeﬁlymmhaw utethaad/ or the

bridge cont substituents, Suitably —al kyl'sily] substl tuents to
assi st in dichlaideane solubility of the netall ocene See W0024792 and

W0024793. O h bl tall | ude .t h /589 2.20 Do
EPa55044 Uses o ATUNBER) OIBHOUEIALR FoRsRAIL RGeS HouPE UG 26 OEBAL6815.
Simlar co Hﬁqﬁaﬁbﬁaﬁ% ggtg @ﬁqc&d}dmoam%le iEPete84efl be%&sn SOMyse

W)9703992 ws a cat I'n which single Cp species and a phenol are
| i nked by Gré&ymB-18 tHak nka@e cosvm'hadeby ]wgaﬂm)x(a&tanuﬁGal‘ﬂbthﬂigmmw Ti C12.
Nova W200105849 |sc ﬁi ghostghl ni m ne, cat al ésts such ..25.a

EERdP Gal P

(Cp) ((t Bu) ¥B1Q elfSTeRico Satfe Ynaa>P°Be°°8?‘§P?‘mﬁr &hy!
derivati Ve@e%guw&ﬁﬂﬁ% g O SHricABU VLY 48 BNEISHLER bp GnSuibBhici ed at

on eor nore poSitions on"the fused rliing with noieties which have
ef fiect of umammd:monbmem@caaledwlemm ght and so indirectly permt

| i zati hi gher t h i bed EP693506 and
EP750305. Ve ALPRGIERET L Py eghes Wi A RSO I o] AP Ryt
system wi | bfa 9}-}8@15 ! tyaraghebin o ﬁ:@t@ﬁ éfefé% birSéhiRRfr QbfiiBme Sed BRAGINbEN | i C

conmpounds as WAD 02/ 34795 - 15 APR 005 PCT/ USCQt / 32299 scavenger. Such
conmpounds $8098ERHn Thiss mmlaﬂwtagyﬁuply b SlgTivatyves rfi?lnlﬁi’émgh%)é@m%’hpounds
ef fective i e t n t and
For 1 nor eatbiy E0F 4 §2eRkhaleH iq b oon il P a (AL cAboEMA PAEER

i ntis§ oducedatom. See EmonMob:l WO9945040; and WO994504] and Most preferably the
Cp ring is unsubstituted and/or the bridge contains alkyl substituents, suitably
alkylsilyl substituents to assist in the alkane solubility of the metallocene. See
W00024792 and WQ0024793.0Other possible metallocenes include those in
WO001/58912

20 Dow EP418044 uses a monocyclopentadieny]l compound similar that that
EP416815. Similar compounds are described in ExxonMobil EP-420436.
Sumitomo WQ9703992 shows a catalyst in which a single Cp species. and a
phenol are linked by a C or Si linkage, such as Me2C(Cp)(3-1Bu-5-Me-2-
phenoxy)TiCl2. Nova W0200105849 discloses Cp-phosphinimine catalysts, such

25 as (Cp)((tBu)3P=N-)TiCl2.

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



wi th any of the polynerization reaction conponents, particularly with
solvent, 5 nononmer and catal yst feed, and adversely affect catp§wsR 2005
activity and stability. It can result in decreasing or evgﬁ/ggb@'zg%ti on of
catal yti W@3#?iy, particularly when ionizing anion pre-c activate
the catal yst system The inpurities, or catalyst poisons include water,
oxygen, polar organic conpounds, netal,inpurities, etc. Preferably steps
are taken to-renove these poi sons before introduction of such into 70 the
reaction vessel, for exanple by chem cal treatnent or careful separation
techni ques %E%%g@f. St A RBAS YO LBEBIrS18E appiRABERIS MBadfio ftfudeathbseus
conponents, ut “some m nor” anounts of organonetallic conpound will still
nor mal |y be cosgduninefitwivedbyrenrdviag polar prpwéties from dhe reaqhigh @IMOPIERese
compounds wi ||, be organonetal lic cappoynds .such_asg t. -

or ganonet al 13pd 126%@6?’?@%% S?tgb.s‘s?c%‘ﬁggn %’Péflﬁ%% C%ge ]_Qﬁ%yﬁ%g&}géﬁlgﬁ)g bed

WO A 91/ 098G5, W 450 0Reri o Rt il E8mpdnehts haitiaflarfOuat Slod,

Exenpl ary conpounds i ncl'ude triethyl alum num triethyl borane, .
tri-issobut ylmomdmer andnaatdlyst-feed) eng ladue¢raelyraffget aatalyyl agtiyith @%dstabilifig It

i sobutyl al unbxane. . unmoxane al sa.may .be used. i.n X Ly W th
ot her nmeans %P T?%’?‘a’@t‘élﬁ%‘?ﬁ‘ﬁﬁ orgvep %“HE%QWP&?[JC ﬁ%%]ﬁgigﬁ%e’%{&lﬂgp\%éns
tri-isobuty];salum -Airbdts hemvie hrseshlyaclkteal Orie. impositiadonatalyist such
conpounds tdo@]ezwgséelg&?mﬁﬁhwgg{}gl yst corrpoun%i's%gf the i nvﬂgnti ons.is
m ni i zed dysdisugs pintlpde vater; osygens golarovrganic ¢ompovadbUREtal BRPWETSSYEICt o
enhance actiyvi (Land wit hat anoun C . L i the
cat al yst corﬁf&ffﬁ@gyisgpﬁwga\%?a@'] “ét’l‘e&}bﬁ%g %is?ﬁ%ée%ﬁ%gggg%\@hﬁ? Euﬁja?w;ct
25 caf al yst BQi3085on TBRePr ¢ asemplél tyhehahival tieamaeni rort terefal cepastion e
desi gned as explained above to pérmt polynerization of .a wide varjiety of
pol ymer t ypdsclamguesoifier of duringhegtynshesiseierrspargtiap ehibe 1 PReCUBPIAfEISs are
derived fro i t her_ethyl ene..o ' -y t 50
ol % compaHBrtRe TEI AL ey TBBRRENE @i AT PANonpRl ©eRaT % o
conononer t anVRE polRmwsization plotyssdmelf. f 1 exi bility. The cormononers may be

al pha-ol efins (under, which termcyclic.., olefins st@h as styrene,are,

i ncl uded) havi ng TVBisAlY thsseeormReRAT Wil o oTeaiRietellic CopRBRIS B § 1B

02/ 34795 PCTéH%%%ﬁ oink GBS Ryh9REndd B LS. paratsos,153185N08, 3025 endi St i ng
predom nantly of p ived i

ropylene derived units) butene-1, hexgg -1, Oﬁ@efe'l'
Amount s of dWERsOBANOR8ESWhax2D35R0, WON-9HS btk sad dhat ﬁw%@ 1.
nor bor nene (.ENB),, nor bormadi ene bey. d test rati on
and/ or the fﬁ?‘??é?]fa@’n CEFPPBR e?ncﬁogeng il SRR Sfled§ RERAE! 63 Sty
aluminum, tri-n-octyl aluminum, methylalumoxane, and isobutyl alumoxane.

as

Alumoxane also may be used in scavenging amounts with other means of
20 activation, e.g., methylaiumoxane and tri-isobutyl-aluminoxane with boron-based

activators. The amount of such compounds to be used with catalyst compounds of

the inventions 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



5 thensel ves made from pol yneri zed nononer derived units. In the case of

pl astoner, the polynmer which may be produced include the fol Il @whRRgl00s
aspect s ef erably the conononer is an al pha-ol efin havi Sed 0 15
car bon%‘?g‘{%{’gﬁore preferably 4 to 12 carbon atons and rmlg(tg”brg%?%?bly 4 to
10 carbon atons. Ethylene can be polynerized wwth at | east two conononers
to 10 forma terpolynmer. Mnoner is generally polynerized in a proportion
of 70.0- 99.99, preferably 70-90 and nore preferably 80-95 or 90-95 nole %
of ethylene wth 0.01-30, preferably 3-30 and nost preferably 5-20 nol e%

conononer .ethfene (e tHerRBS asF e bbiyﬁaeﬁaé&ﬂistiﬁgeﬁieﬁbﬁﬁidn@lz bheropliesul ar
wei ght distribution of a polyner can. be determned with a ters GCel

Per meat i orfletiye®nibioy)r dptenesl, cherieppdd odtene-Ul t rAmouypisogél dgneo|syshsasand a

refractive i ngex d tor, The tatin enper of it he i.nstrunent was
ot ar 1aechOEHe ‘ThF Ribortt, CRTSRNE MhEIRGE TENGS, Horbdifadifigé ot
cal i brati gRay barlandéad i0nslodflifd usianiaftn BAA/WS Ihe RRRSHGh of Péifdet BRInthénown

mol ecul ar wei ght, ranging froma nol ecular weight of 500 to a nolecular
weiSght of tBemselves ingde franupelypstiged mpnemer derévedardts. Nl BS 1475. 10. The 20

nol ecul ar wei g I stribptjon of rhe plasto s preoduced in.thig i,nvention
are terned "na @\?l‘caf%S?ﬂ%% s péwﬁyrwfr Wﬁﬁhl%g‘égfﬁéﬂgﬁegﬁ?gfla? Wiy 1ess
than or eqyBbwirlgaspebts: HrefeMblPihd EfinARnYdF8E 8n AlpHabSlefil HadingORom! Fio
generally in the range of 0.0j]aaé)sig{gmn to 200 dg/mn, preferably’ 0.1

|2 h:1

dg/ mi n t o 1Boearbiep sioms, menre Ny Itp 18. @rbamaisgnsdapidninestpréfaralsly 4otoef er abl y

| ess than ;30 1. | at ed. densiti.es, of., 25.component. A of the

vent 1 on Ere bbb RSB o8 RIS ER Rimt 1EATPRR Hindnglerd 85 ) o

g/10n8, rmrfenﬁraefeepthw.O_.1\88nc_sr@ex0is9gengfa¢lm palgmen¥enin @preportios ofspeei al |y

concerned with cgégq%}ﬁnerl zation reactions |nvol VIOQS?Q H\qﬁﬁgﬁo%mrl zation of
®

one or noPe-Gh ¥ dReilsand more prefersbly 8-gher ethydgne
t hyl , , = _ - 1. _h -
oot one P BYIESE, prBth 63,0 pRE B Biclerdesd $90 TN PERbERE, ror DHOTC <

can i ncl udee polarseyiofythis phtentespecifieationeine maleeilad enpht alidribhitehyia
nononers. WO 02/ 34795 -17 .1 cﬁBAPtg 20&5 P /U?Ol/ 32299 | n the caie of
el ast omer POIYRY 581y herdeigiminedayithe? pValene &aeli Aemeabon Shpemategradbos an

etigyl eneguitipel MwRFDEIHEIPMeNS- ad1ahas @naf b RefPh@RR ifdeRSEQEREY. Ofmehi gh

AEl,,, and greater than 0.3 weight % diene content, preferably greater
than 2.0 WPEWHngYsHiperadure odttheinstrument wes ssiratrld Sriaytheeelitargyedlyent was

trichlorobenzene, and the calibration standards included sixteen polystyrenes of
precisely known molecular weight, ranging from a molecular weight of 500 to a
molecular weight of 5.2 million, and a polyethylene standard, NBS 1475. 10. The
20 molecular weight distribution of the plastomers produced in this invention are’
termed “narrow" that is to say an My/M;, less than 3, preferably less than or equal
10 2.5. The MI of the polymers of the invention are generally in the range of 0.01
dg/min to 200 dg/min, preferably 0.1 dg/min to 100 dg/min, more preferably 0.2
to 50 dg/min and most preferably less than 10 dg/min. Contemplated densities of
25 component A of the invention are in the range of 0.85 to 0.93 g/em’®, preferably
0.87 t0 0.92 g/cm®, more preferably 0.88 to 0.91 g/cm3 .
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, norbomene, acetylene

and aldehyde monomers.



5 anor phous and have a | ow or zero heat of fusion. As used herein the term
"EODE" enconpasses el astoneric polynmers conprised of ethylene, &8 MRAYBfi n,
and one or nore non-conjugated di ene nononers. The non-conj; ﬂ%@zsgdene
nmononer W&V2A7¥H strai ght chain, branched chain or cyclic h@lg ¥Hon di ene
having from6 to 15 carbon atons. Exanpl es of suitabl e non-conjugated

di enes 10 are straight chain acyclic d17enes such as 1, 4- hexadi ene and

1, 6-oct adi ene; branched chain acyclic ‘di enes such as

5- et hyl - 1, 4- hexadi ene; 3, 7-di net hy] -1, 6- oct adi ene;

3, 7-dinmethy] -1, 7- ' . | T fnid g mprddues® indrde

di hydr ooci nene; Sl‘ffi%;?géa??ﬁa%%‘%o%%ﬁ?tg% e e]srsuch asgll%%cycl-ohequi ene;
and 1 ,5- cygpenesesadifenen astiylend-iolefimFQIDE cy@Ethdedarsipla-dnefimliereed ring
di enes such_as 15 tetrahydroi ngene, t hyl . tetrahydr.oi ndene

di cyc] opent :ﬁi?%@ﬂé?ﬂtﬁfé}ﬂ&gé\ﬂﬂ agd gr %at?”%a“ t{L?)t"&e-lél%Sé’d‘?’g’f‘Fe?O%F&te Rygferably

al kyl'idene, cyclo ifern 04, SNESHSMCh Pifese pdIRhby| 8139 Be Nar nene
(MNTB) ; 5- pr%%ag%ry@%qrblbdrjg%r?%ﬂgnéf)%% sopropyl i de_ne-E?Z- 9_ ety

nor bgnene, 5-afbrph@isopahheny la) o2 ooy heateof Fusigrs| obexyid berein heéeTBbneNe,

5-vinyl -2-norbornene and norhornadi.ene, 20 O the dienes.typicall sed to
prepare EPDVEORKe epeqmnpassesaflp§omeRe é}oh@}aersoqogﬂggseglog,e ,]in/q:(??aﬂp%ggl’ (HD) ,
5-ethylidene.2- no E - HieRY 1h S8 Bers2- TR hepkenfgbdétTd:

5- et hyl ene-a?-a %I%r ég%%ﬁ}o%%ﬁgagﬁdﬁ§?¥c1§cl op%rﬁt adi ene (I%SD) . 'Ijh]ge
especi al | y phefchérechndbenresvaigiet Chatd, hylehceedect2aimor myaka &y drRibonadigne

1, 4- hexadi HD). The preferred EOD el . £ ai. 90 25
wei gt 56 et ARG OHh 80 §F GFORRIGmS0 PUPBICE] SHECH: SORy UREAsd Hk?
prefgrably .36 4fidll ekionic/iet Sehanaualhes alpharddiakl tnd ul Sakimiémy use

e

in the preparation of astoners with ethyl ene and di enes_ar e@gr ef erably
propyl ene, Dratuitedvbainlacyobadiemes sucthex smeethyl- béthexadiang 317-450ebEh60- The

al pha-ol efin is.generall i.ncorpor.ated_i.n o] , o 80
heroht 56 g 8t 56eaeReS 2t Rl rs i SRk nRend 2040
di enes are gERGARbLMendIGHERORAE elcydlicaiédes subDBE 1 Atcy@ldhexadiale; tand 35, 5wei ght
% nore preferably at I to 15 weight % an st . .pref r_abldé at Zﬁéo 12
-wei ght % | feyghadodecndions: and Rati-aing Qilcaﬁlécgw B4 PregapRIEFHENSHEYER A84795

PCTI 501 1 32299 5 o BER P ahad ki daaess! diclRipehiaipbe bovand EBB,

wi t b ot al AY I PRCor porat 1on Wi thin the 'imts Specified above. The
el ast oners n@y2, #)-bepthe, Wéiené;calldnyd, alkelidenendydealky InprleqrnesestSN6h afonomer

R P N RO H e L
norbornene,5-(4-cyclopentenyl)-2-norbormene, 5-cyclohexylidene-2-norbomene,
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-norbomene (VNB), 5-methylene-2- norbormene (MNB), and dicyclopentadiene
(DCPD). The especially preferred dienes are 5-ethylidene-2-norbomene (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 10 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 10 35 weight %; more preferably at 1 to 15 weight %, and most

preferably at 2 1o 12 weight %. If desired, more than one diene may be



copolynmers (EPC) of high M As used herein the term"EPC' neans

copol yner of ethylene and an al pha-ol efin, not necessarily probgﬁ‘gRJUUEiMi ch
exhibits the properties of an el astoner. The al pha-ol efins_suitable for use
in the WP BH78%i on of el astoners with ethyl ene are prefer BpFAYSERI2EY

al pha-olefns. 10 Illustrative non-limting exanples of such a-olefins are
propyl ene, | -butene, | - pentene, I-_l'ﬁ xene, 1l-octene and 1-dodecene. |f
desired, nore than one al pha-olefin nay be incorporated. The EPC el ast oners
may contain 20 up to 90 weight %ethylene, nore preferably 30 to 85 wei ght

% et hyl ene, iy ofméé_si%ﬁéﬁ&ﬁlﬁir# fr %Qalﬁgle\f\@hghhnc%ﬁ | 6p& 141 - dibsk the
nantly f

case of polynefs derived predo om propyl ene derived wunits, the
pol ymer s haweorpheetionl withinnbe firdtsispesifiad aboveesul t of the presence of

i sotactic polypr | ene sequences jn:the . chain: In e enbodi nent, a

copol yrmer of pr oﬁg éﬁémé‘?ﬁﬁséi‘iayl éﬁ%i’egﬁ}é‘”dc&%ﬁ’&?ﬁ@r’g eC & e %ei ng
ethyl ene ormahaLohgpsal ef kg B S 90 ble el 8t Nyt afign apg, | joliear or
br anched C4mto @Ohgff)gha-ol% i ns, ‘or (S:o a|:§7nati or?s thereof. gtrlefefred | i near
al phsa- ol ef i argstalhicbtyd eareit hyweash.andhe4 copolPBiersalmping-te efthylsne-aiphe-gafef er abl y
et hyl ene, | -butene, 1-hexene, and 1-octene, even_ nore preferably ethylene

or 1- but enecopppyanrersr &P Gr ahdrsl MwphaAbIused nereine theg dermy -~ Fhy mepdhHent ene,
3-nmet hyl -1 - pent ene, an 5,5-trimethyl -1 -hex ene. The 25 pr | ene

Copol yher SOPPHEDGHeF bylens &pd ) SptbesieBin ol RSAETIY B oPh e SRS

def i ned hergmihifieleWrogdtied of ¥R'PRIERE TROTpYERYefiRSsiAtaBle/ for @t iMiley Of
from2%to 65% Wthin this range of crystallinity, alternative |ower
limts of qwysaration rofi glastomere wWiho ethyleneq aranpreigreblyn&biGe alppeoldfing ts of

crystallini can be 50%. .45% or 40%,. 30, Th rystallinit f.the
ol Thr opy ! AMbsEaRs Sorprging c Sapl é <igh By B piepSicpb, 7 bl 1-
al ternati V?rem@mpdmém&,i C)-ofrehy PaPYI-86@ecepelUENE e8esifed] Niode AnAPRmO05 WO

02/ 34795 PCT/ USA /32299 19 copol yner. The anount of propylene in the SPC
can be fromiBEeledingney by n¢gsperated. \WhERG ¢Hagomsrgaay £ontim 30 Wpeto| Wner

limts of |ne ng_ | 0%, 04 9 [T} and
alternati vg&ﬁ }é{er}(}l?tﬁ%é&o#nolﬁgcﬁagﬁéaryg%c(gﬁe%“Zeg%ﬁtbéo gg]%%qé’ \é%‘:% H)tc?Ft 89% by
wei ght. 5 Tirefesasly 36ty S0aldiphe’opthylpeopy| ene copol yner necessarily has a
non-zero heat of fusion, due to the .nmeasurable c tallinity. The
cryftallinity calf B¢ &% %ﬂpa]tywr? g&?‘h"‘?‘ﬁ@r‘ﬁg’ﬂlnﬁ’?tw r%ri’,roEPQ¥’FFg£ﬁrlb‘?def erred
val ue of 18&itd/ thd PblyHM3¥0have the following features as a result of the presence of
isotactic polypropy]ene 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-l-hexene. The
25 propylene copolymer of the SPC is preferably a random copolymer, as the term 1s
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 -crystallim'ty can be 50%, 45% or 40%.
30 The crystallinity of the polypropylene copolymer of the SPC is derived

from isotactic (or alteratively syndiotactic) po]yproj)y]ene sequences in the

\



crystallinity and a linear relationship between heat of fusion and
crystallinity; see, B. Wnderlich, "Macronol ecul ar Physics," vol  APR 2005

Academ c Press (1980), esp. 10 Chapter 8.4.2. The polypro | yner
of the SPO W&y ably has a single broad nelting transiti%&%ﬂ?@gﬂy, a

sanpl e of the pol ypropyl ene copolyner will show secondary nelting peaks or
shoul ders adj acent to the principal peak, and this conbination is

consi dered together as single nelti ng'gé(;"l nt, i.e., a single broad 15
melting transition. The highest of these peaks is considered the nelting

poi nt . Theé,%?)%e?};yt @gn]%gﬂpbyg}?l’py%@fiﬁﬁﬁ@b?@% B TRdrh 1639 ROI9BY, By from

25C to 110 I S range, ernative lower limts of the nelting
poi nt can beweightC WitldhGhisarmbge) alearnatvievieweppianitd ofiprepydénet pentent|inithg poi nt
can be 105C gor 90C. 20 The wei ght avera | ecul ar_wei.ght of the
pol ypr opyl en& QGﬁBIR‘Pn%(?%C%YnSO%’egX W@O?’g‘g@ﬂ?@a@'ﬁd@?ﬁbﬁﬂ#nﬁf ProRyePer abl y
80,000 to S%BQ%QC Bhes My g gﬁ%’89My%eitgﬁt.preferab| y above 2. The MAD

6 Tes Z? . e

(M,,/M) my. s than more Tpreferably less than 5 and nost
prefesably | ess tHanséni-trysatintehsalypoppdnersopqlyiner neeespardly dras @diauhzero t he

pol ypr opyl ene copol yner .has a M. (1+4 25C less th 25 100, .nore
preferably |heat of ﬁlo%,duév@nt%,’r@aﬁ'}réb Er%’f’tﬁl‘ﬁ?’&s ?[E]Sncrgf){aﬂ% podn be

preferably | c%lattgk??roi%hér REatPeY HRIAPULEN S HORAIATPANOLIIRE W ESETU0%

invention preferably 1s a random crystall’izable copolyner having a narrow
conposi t i onadryslalinity kutizlinear Félationshipr batweeruheat of dugios iand erysthllinity; Bes i on of

the polyner is_determned by 30 therppl .fractiqnatian i.n SO t. A
typi cal sol v%ﬂpg"r‘?eﬂ%at f%OIHQ‘g%gEY%% Vglugh ‘é\%a%ﬁgﬂ%ﬁge%%gg@t e, The
t her pgl frac@ﬁ&g&lgp‘@. procedure is described below. Typically,

approxi mately 75% by wei ght and nore preferably 85% b%/ 1 9 APR 2005 NVO

02/ 34795 PCT/ USOLTB2 2etyprogylers gerolpmer pf theoSYkrepreferablyohas a gingle Bivador t wo

adj acent, soluple fractio - Wit h '

i medi at el y BF ’83&%3‘%’8?“- 2@?&%@&? %é&gﬁlgtg’? Ilt}geﬁécﬁy;? Jggg 819: Q’[J ﬁ se(ar;‘@ggltl?\gns has
a conposi ti ofechidary Yo elting! ks cendhealdersvadjacent tdi fieeprémupalopeakip and ebiser
than 20% (rel ative) and nore preferably no greater than.5 10%1'?%5 ebat l,ve)
fromthe avesomalingamykt copsdarsd dprethes AScHREISImENB LRI Phricyyt sele B8p8I yrer .

cons et e T3 E B e B Bt e
fracti onati ofih¢ @stypoogiylemeedopdigmer preferably has a melting point of from 25°C to
©110°C. Within this rangé; 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
(M,/M,,) is preferably above 2. The MWD (My/Mp) 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 I ength and distribution of stereoregular propyl ene sequencei ir[]R @g
preferred pol ypropyl ene copolymers is consistent with substanti BIAy r2 dom

statistical olynerization. It is well known that sequ and
di strf%’&tq%@ﬁggfe related to the copol ynerization reacti vﬁ’t%f’%?ééﬁ}lagég As used

herein, the term"substantially random neans a copol yner for which the
product of the reactivity ratios iso,generally.2 or less. In contrast, in
st ereobl ock structures, the 15 average |ength of PP sequences is greater
than that of substantially random copolyners with a simlar conposition.

Prior art weoghtnef hievpdliimst B iecleledCds orid 611606l REjddame selubiestradtivms] afthof PP
sequences consjstent wth these "blocky" structures rather than a random

subst ant i #9 palemse j ot the apolminet in pumpesiatelyhpreceding i ari sycceedinp Fragtignsequence

di stributi o) e_pel vier y.be 20.det enni ged C-13 7R....whi ch
Hocat ot FABeel e et Y 5 FoupRivife O M erRbienfisdplthly Soobd ene
resi dues. differpfi @10 @okréedt¥sihah !ZDW@eﬁtﬁr@E@hd’ mwrewréf{ariﬂéry: nol gt £fdn

randommess and narrow conposition distribution, it is desirable to use:
(13 a si ndP% Geladiyey from tha averape wophh Ynethylene csatent oh thenoyprapybme stirred

envi ronmeblPr e SRnsREe of s uteftol PRIl BRI RGEXPBEMAR o

pol ypr opyisrensidemidy i@ thve A5 "genewdl canpebital Wiskiblitien gl #cukes e ght  of
the polyners is too low, |iquid phase separation in the manner descri bed
her ei n majragBomatinhetesipusline @ej nefficient as an excessive anount of

pol yrer 1 ot . CHEN BSR4 SHlkGEol T YRR ERTPIRSSI NS RIGEES 8o bOUNdary

depends on sol ven nposi t1Ton - an Y ion ™" as

nmed ecul ar pyefegbd . pdlybadpylbngr eglyBelseis doYistent enigh adubgiagtiapt anddtan 20
bar/second, preferab 30 bar/second or_nopre, nore preferably 40
bar / secongt@gsti¢aly &op Tigghon. pr & df aBiell dpownr Madkc 8FR1EHFE nsPEth \ARQD

02/ 34795 &AAPRiGRAR refied %@l&gﬁg@%@gﬁbﬁ&&&iw aii6s s taf pgageent of

the two phases . rapi res crease pre |y starts froma
pressur e Hisoteamt Psubbiantalhl randomtangansra ¢BClymentbr sticgls tl padpetestSthee bel ow
t he spi nodal ,.boundary. The ef err.ed ase, separati i,S by spi nodal
oconpos: TSSHVANGePY et 2 S ife: Rouashia st restat)s sdicrots, BF ps)
Aiso the hienapd Ehgﬂﬁoﬁqnarseci&hcéshwlg%a%owﬁeuﬁtSdﬁéum@ﬁhny readsignce tine
to permt the settlenment of the [ean and concentrated phase at the | ower
end of th€OR@yEIEEs OVith |an Sipmidar seomepnsitiosp e AKiasf art Holymersnitbnstexeoblocki| ar

wei ght Co%&g?é ﬁ}a(\);‘éxf rd%u%ﬁﬂio%h of %1 5881%%84 c%LsiE't)ég{ ik ﬂllczeége'lb%cléym ch may

be suppl enen
structures rather than a random, substantially statistical distribution.

The reactivity ratios and sequence distribution of the polymer may be
20 determined by C-13 NMR, which Jocates the ethylene residues in relation to the
neighboring propylene residues. To produce a crystallizable copolymer with the
required randomness and narrow composition distribution, it is desirable to use:
(1) a single-sited catalyst; and (2) a well-mixed, continuous flow, stirred tank
polymerization reactor which allows only a single polymerization environment for

25 substantially all of the polymer chains of preferred polypropylene copolymers.
As general guidance when the molecular weight of the polymers is 100
Jow, 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. compbsition 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,



10 control of nol ecul ar weight by control of the polynerization
temperature. In the second aspect the |lean phase is passed in | §q®Rd00Bor m
to a nmeans for_renmoving hydrogen added to or generated dufd.Ddc p

pol ymer i W& 92647%hi ch means conprises a means for cont actbiirtnlgg%{ms3 2r)lgppi ng
vapor with the | ean phase in a countercurrent flow arrangenent to
concentrate the hydrogen in the vapour,;phase 15 for renoval fromthe |ean
phase recycle. The stripping vapor preferably consists of a volatile
nmononmer such as ethylene (25). The means may include a stripping vessel

(26) to renpyestyidr B@EBing dReAdapenescof ehedwaobhaat st Thamdpad pussues t he
pol yneri zati on feed éqzr)' The stripping vapor advant agleousl has §ﬂtow
hydr ogen coflewntse pedirablibiarisirme Brestramsaye tieb@oprlnbrmdaagol-Stly be
selected to_be nore vqlatile t el : RS SO e Rl fEPIP QSR s, be
substanti al F@‘?&&P& 8¥3f plé%%\%ﬂ&?%ﬁégt#é?@?e Jg?@f e?lrh\c%ug;etfo t hgﬂ

pol yner i zat kqraaaky By Sspilfial deuBp@ich and tibeallbd Pressemoieiuged pysseem and
preferably be availabl e at high enough supply pressure for,  introduction
i Nt 05t he st sénapiting (RIS  Abe)theilignislphasseserpitest shoplh PEAde AHPYRE 25

compr essi on, i 5 3epet S04} 97 1116388 cBbbornARed fipablapoieo pl ant

t_of . '
| ay- outs whET€rre orospg e{ Q’?r%ﬁ}gée perate 1 n series and where the

upstream r eagér@hdi ¢f theSépakadr, under no or | ow hydrogen conditions to
provi de a higher nolecul’ar weight fraction and wh

eéﬁ hydr.agen i s .added to
a downst ream r eadnothe 3ecand genset ¢ thel deentinsy deqleatlan et coaflitn. . 1 9

APR 2005 NI YO 02/ 9 W ' el &RatyOtoFi gur e
I the pl ant SFECRF Aihebotinek o Jesrep vt oD, B T IR Gy o
SEPARATI ON  ebnir§ilofYER edlRr GElgHEDT céntfdd ed ticpolpmksingidnztatiperatire. passed
through conduit (2) by a centrifugal pu . The. feed contai ns hexane
as sol vent , Im)thensg ,asléeéﬁé?edll]%}‘ ﬁ?ﬂie 15;%&%% th’tqq'f{)ﬁ roi%néc?ﬂﬁlf ne or
pi, pylene, i gﬁﬂB ddedhioCdt 4263 H0riad hohaneizHien] Hdidhemeans

al pha- ol efi ﬁéﬂg\rﬁé a di enedeor ot hée]gri%gol. ye_ne1 g?p cycl ilc copol yneri zabl e
materi al . Thembeses asmeanssfof tdntadigh @ stinpingvaper ol the fe@n phigse vpixch t he

2 1, 9% LORBHL £hl 1Skl S GRS A8 (boiionb Sglodhale
operated i MoSRRiREI foff theiléarl fhakd decy€l®l y one reactor is depicted in Figure
L. Activator ar']dThe stripping vapor preferably consists of a volatile monomer such as
ethylene (25). The means may include a stripping vessel (26) to remove hydrogen
from the recovered solvent stream for use as the polymerization feed (2). The
stripping vapor advantageously bas a low hydrogen content, preferably below 5
20 mppm. The stripping vapor may be selected to be more volatile than other
| monomer or solvent components, be substantially devoid of contaminants that are
deleterious to the polymerization catalysts, be récoverable in the plant recovery
system, and preferably be available at high enough supply pressure for
introduction into the stripping vessel (26) without the aid of separate additional

25 compression.

This aspect of the invention is especially applicable to plant lay-
outs where reactors are arranged 10 operate in series and where the upstream
reactor is operated under no or low hydrogen conditions to provide a higher

molecular weight fraction and where hydrogen is added to a downstream reactor

30 to provide a lower molecular weight fraction..



15 netal | ocene catal yst nmay be prem xed and added at (5) and/or (7) to one
or both reactors (8). A scavenger, generally in the form of ari GAPRYIND

al um nugHHskheds tri- isobutyl alum numor tri-n-octyl al Hg‘rﬂ}kgﬁ/hﬁg ext
added at (4) to mnimze the inpact of poisons in the feed and in'the

reactor on the catalyst activity. To conpl enent the nol ecul ar wei ght
control provided by controlling the _2Q polynerization tenperature,
hydrogen nay be added to one or both reactors through conduits (not
shown). The sol ution, containing polynmer, which energes fromthe reactors
(8) throubKAMBbAduit (11), is first treated with a catalyst killer,
preferably water, added at (10) in a nolecular solution in hexane sol vent
to term nate the 25 polynerization reaction. A heat exchanger (12) is

arranged awipdelerthccols elitpgg%?@;g(%g%r@éaggg@m and heated by a |ean

phase energi ng from an upper I'n-a Iiqui'd phase separator (14),
and provides an initial increase in the tenperature of the pol yner

solution in the Jul trim heat exchanger (16), operating by
usi5r1g st eam hoFB&%%#ﬁipNAhﬁgb ture fluid, further 30 increases
Lhe 5 emper at ur eshpARABIAL P ORIEROAND G3LypatRse separation. The

ve

sol ution then passes through a et down va where a pressure drop is
W O 02/ 34795 23Alfegd APRpalydierizRIid 1SPads82 Dugh edhédit () b acesntefughihe
separation_of the |y solution and settlenenf into the |ean phase (20)
and a pol yIEFP r(g):hqﬁﬁégg E‘?“Z?mﬁéo)ob\?’fatn.e 3ssoleentoBy menemero gersrally Bt no
ener gy Consdadmthad fdnbef BUhy18SE &0 . BYRYI | Ot i the
condui t (ﬁ{)é bet ween fheer eact}(r)r S (1381 grilgﬁ%’ﬂ%da%)oésog%%%n?%r‘p%ﬁ%’?%s&t he
polyner comyarepaiymenkatle alpliasolpfinpend dd) bydiche @r ethstipelfenenor theicpunp

3). TREAT OF.LEAN P 1 ph 20 ft. bei led by th
honi exchemamtrptle mslenat, 1€ feF8 T RASeE il o chilen F cogien (Gom i ng
devi ce (24yhichabe etdtibopiainly @xM&PIo 4 F6V t&dBdra @mx%bfs%ueﬁ{ 5&@9&(@% Ogt

0

t he hydrogen and then submtted to in-line <chemcal analysis a

det er mi ne RANEDEBERIEAN ngthe 0 sPniimitwetimed dank ieastst) Whichirse opexagadt . Thi s
(30) to provrde s it 0 RGP i REted ATie e BoAH i BGn &
driser (32)muiallotermeratadpst mey berpreeniasy anddaed ed(S)ahalor Fpeb 8fe of bethcat al yst
KITTer or RISSRTs)! A fcliVerges 2inlsahy 55 Lo of i SR A1ibiiizn such as o5
isobutyl aluminum or tri-n-octyl aluminum is next added at (4) to minimize the
impact of poisons in the feed and in the reactor on the catalyst activity.
To complement the molecular weight control provided by controlling the
20 polymerization temperature, hydrogen ‘may be added to one or both reactors
through conduits (not shown).
The solution, containing pblymer, which emerges from the reactors (8)
through a conduit (11), is first treated with a catalyst killer, preferably water,
added at (10) in a molecular solution in hexane solvent to terminate the
25 polymerization reaction. A heat exchanger (12) is amranged as part of a heat
integrating arrangement and heated by a lean phase emerging from an upper layer
(20) in a liquid phase separator (14), and provides an initial increase in the
temperature of the polymer solution in the conduit (11). A trim heat exchanger
(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



recycl ed sol vent and nononer as will be explained. The surge tank (26) is
arranged in the forma vessel (26) suitable for stripping out hgdPRIGE by
means of ethylene as a stripping vapor as is shown in 20 ﬁ:,gmgg”ﬁ gol N€
| ean pha®® 128415ng fromthe cooler (24) is passed through a“con Vid (27) to
a liquid distributor arrangenent (100) |ocated inside the vessel (26) in an
overhead space in an upper part thereof,. The Iliquid distributor consists of
a performated pipe distributor with holes (102) on the bottom The

di stributor sprays the |ean phase downward inside the vessel (26). Lean

phase col | egtesidatwhii® ARsbOMRIscpRbtionbf URSpYRSSS| sl aiheéilaherthisto
ethylene to % added to tshe fesggﬂc‘onduit FZ%] is supplied as stripping

vapor t hr oudjie leamphds25P0) Fhie palyinppiielyphaspd22) kelowdppl i ed to a vapor

sparger arrangenent (104) located inside the vessel. (2 S .ged: J n the
| ean phase col | g‘j‘t éﬁjgﬁ“ﬁo g 1ohRIF tbﬁtr PO St C\%%“éléllng %@pvlgg'g&&@p?r ger
consi sts of ,palifd BlifredhikheRlase B BORRIAHS1TP BebudckOB: sanciangeyl and tiee SO

plurality of T ngs,” arranged concentrically,” Vapor bubbles rise fromthe
vapos  spar gegarabr Grd estint pelpnd) cantainingtsohition ik gronslied byrbe BIgsfEE 80Tt o t he
overhead space. Thae)gvapor in the overhead space is passed through conduit
(108) for f B PERP $3)9 APR 2005 WD 02/ 34795 PCT/ USOL/ 32299 24 treatment as
described below. The liquid in the |lower part is passed through conduit
(110) for treatnent as will be described below. In the vessel (26) a
countercurrent fITREATMENTIORLEAN BHASE27) and the stripping vapor (25)

occurs. At the stgge,wherge th ubbl es .0 L PRI I rough
the 11 qui d, the oy eRoPRRc RO aRe: orBe Padbp i AL exkBReer (12
hydr@gen in dkfienmehGoned, iscdodeERnter Bya tbalitpbblies (24)epased freoighquitige ssui ng
t hrough conduit 110 is enriched by ethyl ene V\,hlq%g]@?n b% subdsect efi to
pol ymeri zat itank (U eadaptasy for estripping jout thea Bydrogsn | Bafieklp Phne
approxinmated, In the vesse - SPALE, S NGf V4 &Xkh@ct s
more hydr ogéReFFS ?fnr%}sé oalrtri (zllgg%oxglfg%%ﬁngtg% élgggﬁléfa:‘tlr%gmg{hlg&ﬁ{%zl es (102)
so that a seegaihos@uiihithe solvest dhjds caolet dearn ppamx4Batie dombimedwiipo frefls sui ng
t hrough conduit 108 thus contains | arge., proppriion of th r _
cont ai ned i rfeghef Fqllﬁ%ﬂtﬁdﬁi‘?me‘aal}? Pf’dr?gt}’fl §Ui€§9nce§§f8§?%%dgﬁ&]y 2
equi |4 bri Umﬁ%&@%cﬁfghséfﬁggﬁgﬁ'%v]:ﬁélrﬂsé%@eﬁﬁh}e%\/&fi iy Bmebogl evaidrasbd avessel .
S 9

Over 90% nmet 1 nmes over of the hydrogen present in {he Ieangﬁgase
ne,

15 can be rdhowetlysh kihérsompiesentria e fresbi fegdvapphed B ATYeHPPEIE LR
e 1 2 YOLELL] AU ol GEURYR LAphIRGPr ocesS. 115 use i zes

The surge tank (26) is arranged in the form a vessel (26) suitable for

stripping out hydrogen by means of ethylene as a stripping vapor as 1s shown in

20 Figure 3. The lean phase issuing from the cooler (24) is passed through a conduit

(27) to a liquid distributor arrangement (100) located inside the vessel (26) in an

overhead space in an upper part thereof. The liquid distributor consists of a

performated pipe distributor with holes (102) on the bottom. The distributor

sprays the lean phase downward inside the vesse] (26). Lean phase collects in the

25 lower 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 stripping vapor is

supplied to a vapor sparger arrangement (104) located inside the vessel (26)

submcréed 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 phurality 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



mat eri al consunption. The vapor fromconduit (108) is routed to the reflux
drum (39) of tower 20 (30). Partly it is processed to recover] §aPRidlhe

conponents, principally volatile nononers such as ethyl r.opyl ene,
by fra®™Q %é‘ﬁ%g tower (36) and its overhead vapor SR S5

conpr essi on/ condensati on system for recycling through conduit (43) to the
inlet side of the drier (32). The pa_rﬁ_mai nly conprising hydrogen and any
ot her non-condensabl es nay be flared at (112). 25 A less preferred
alternative is for part of the | ean phase recycle to be flashed in a

si ngl e st agenhkashs \Rs&MedVbEIBRUL TR G gardid RN 1ekerShdrk Qﬂiﬂgse‘daﬂﬁbu%h'rhi s,
however, only permts |limted hydrogen renoval and detracts fromthe
benefit ofcondenytlfyr tieatmepins phhde descrited belaywi d st ate wi t hout ener gy

: . : e e . .
oactor - arr angeloie VeEh s SrimdenE et EPd §LE 6080 R 2R AR Hount s
of hydrog%?%sﬁ gt%ggf gé?%ean@mpﬁieas@edme th@BettIacss Qﬂgpi%gagwhﬁgb no

hydr ogen is o the reactor. The anount may 1 R 2005 WAD
02/534795 -thfoudBTiHeSOiquid3 2he etlrgleye viint thenwaradr| iscdiseolved éutibd. liquid amd ecul ar

wei ght reducj ng effect. A acco a appyopriate selectign of the
react or oH@P‘%‘P%?Pg‘.nt‘gﬁéa‘é}qg]%/‘ﬁ?%enﬁpﬁg’g&%’&igﬂémgﬁg%? BS’F’%PH?“%I%%P n nay
remai n unreaghRd i id BeaRACEP eiRNAfMich 84 B8aMubikdled {BepdighiegizbHidh anount
of hydrogen recycled in this stréamin the 5 manner described above may be

i s advant agben sedyslqsie rArifirstaejuikhmumt stege cdreso bl apprixamatedi dinthe vdssgkndent
of the pol rization opgrating tenperature b renoval of .t he gener at ed
hydr ogen o(&gEQ’aRBHiSP?%Qﬁ? WEBB%pFWé%?%FOégt@Fﬁ cn tr%]r e e ?d(;ll ly in
thg feed caopgieid is@éﬁhg 6 98¢ h6E21ELATRY Ko IR a2decOid aguiliBSam ek barwd n, the

ability to renove 10 hydrogén can be exploited advantageously to widen the
nol ecul ar appirepimaied.i t Thoyveppieissaimg Haawghocendiny 108 thupLestainha Hse%ecul ar

wei ght distributio | L\ i Rl T eed
cuppl i ed tBopio G PEXSBecleaatiad il B HELH AR BRcR B Fo AP
whi ch woul Sutaitially 3 eqiilitriagenagsndrsepadiiby cabbt achipded ttea elrighe flath on

remai ned in the recycle. Additional extraneqous hydrogen 15 can be added to
t he downstY%®8sh péfﬁbgg%v PO 6%“69%3@?@'3’@%3' BHESSBWéh??FéPP ch

wold d remslp i rellVlea g8 it HRP beta hydride elinination were to remain in
the recyele. The stripping vapor supplied is ethylene, which is a volatile monomer
indigenous to the process. Its use minimizes additional operating costs and raw
material consumption.
The vapor from conduit (108) is routed 1o the reflux drum (39) Qf lower

20 (36). Partly it is processed 1o recover valuable components, principally volatile
monomers such as ethylene and propylene, by fractionating tower (36) and its
overhead vapor compression/condensation system for recycling through conduit
(43) 1o the inlet side of the drier (32). The part mainly comprising hydrogen and
any other non-condensables may be flared at (112).

25 A less preferred alternative is for part of the Jean 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 Jean 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 injecled into the reactor. The amount may



Ef fective renoval of the hydrogen thus provides a facility which ‘K%E@?S
the range of binobdal conpositions produced in series reactor Ia1y9' to
be 20 increased. It also pernmts the selection of a broad

nmet al | oceexHred yst systens regardl ess of their tendency f;{iT@gﬁgﬁ%l%
hydrogen through beta hydride elimnation or their sensitivity to

t he. presence of hydrogen in the polynerjzation mxture. 25 TREATMENT OF
POLYMER RI CH PHASE The concentrat ed pélz mer rich phase is passed to a

| ow pressure separator (34) where evaporated sol vent and nononer are

separat od {10 LI, THEEN.GON°EN AL ok BRINTRL Selahl SR ooyt e

liquid phasé’ag)épara 0 evaporated solvent and nononer phase is
passed t hr oughogaidatdd 6B appropdaiensedecriapar! thh asactQroopenating tarnezateom® t oner

(36) operating by distillatjon to separate a light fractio i ghly
vol atile solwgﬁ@nﬁﬂ@fﬂﬁ?ﬁﬁttw }Q@Fﬁﬂegﬁ%ayawab? a@ﬁgmgﬁe f%g%&)r?e gﬂd and

heavi er | ess_vol atiq\e caleledy W OsWend4d be - 26 1
9 APR 2005 PEFAYUS 1/)35%859@3%5??%‘@&&?@%3?@{ vg (e:at al yst or activator
and unr eact adaglieeNdestbel abovenmyebs ivrdvirsagsobe rto pamit adjustarent of Ub&e can

be reduced under appropriate cjircu ances b sui tahl e sel ect.i f
cat al yst conpol@éhlﬂgaﬁﬂghba’tdép%m [S)I?Sbﬁl’ Y%#@gﬂﬁi?}?eﬁ glgsfféweegésﬂlggbcf eases

in catal yst sal utj e Wi Tt Sort BELSRbEEN Iiohy a®lexichial
cat al yst corﬁ?gﬁ’gﬁ{ §f'p%e g%ggﬂggﬁ]gg%o%fé\%gﬁeﬁ?% Fitt I}Z& Fol ugne is present
that no sepajoat®, peoaelsid O fediecanduii(@). of the toluene are required. A

gear punp (38) conveys the by now even re.concent.rat.ed r re &
vacuum devol ati | i ¥ $§PeX e OBFTaHP A5 %ﬁ?ge%ﬁeén’agh% ﬁgﬁaﬁ%gorf }“gh%se is

10 digun of fyf 6o DNt e Abiried RAARRIELANGD Wheeh merpolkcbiaraveight frlisat | on
tower (50). e%\vy racti gn of toluene used as_catal yst_.sql vent, and.di ene
such as et hiydtesen rthe beaoterdi adeto( Emaﬁem@mwl%rwgégbﬁﬁﬁibﬁwo%ﬁﬁﬁ are

recovered by this purificatjon t r~509) . :

recycl ed t hrWH@‘hWBBI?’I ‘@%’ewlgﬁ%‘? PRYY &F 'ngﬁff ge)eedﬁgg@f/%n@%g%g?%}ﬁg%%h%ggﬂ ENB
and octene, FR 4 BREEEMN Behtdit teicw aht Whidepanidipeestof agéroges getaaigdby 56),
which facilitates raprd product transitions bg&gﬁ.e.n ql fferent el ooq,léct
famlies (e.beta BRPORNEEMINatONIERISHEP dhe TeRRelF A ddiiopal tigpeols Lsetial

LEESHELY P PRsA et oo s
which would remain if hydrogen from beta hydride elimination were to remain in
the recycle.

Effective removal of the hydrogen thus provides a facility which enables

the range of bimodal compositions produced in series reactor lay outs to be

20 increased. It also permits the selection of a broader range of metallocene catalyst
systems regardless of their tendency to generate hydrogen through beta hydride

elimination or their sensitivity 1o the presence of bydrogen in the polymerization

mixture.

25 TREATMENT OF POLYMER RICH PHASE
The concentrated polymer rich phase i.s passed to a Jow-pressure separator
(34) where evaporated solvent and monomer are separated from the more
concentrated polymer solution emerging from the liquid phase separator (14).
The evaporated solvent and monomer phase is passed through conduit (35)
30 in a vapor phase to the purification tower (36) operating by distillation to separate
a light fraction of the highly volatile solvent and unreacted ethylene and propylene

on the one hand and heavier less volatile components such as hexane and any



variety of dissimlar products. 20 The polyner, nelt energing from (40) can
then be pelletized in an underwater pelletizer, fed with watég &iilllied at

(42), W nd spun dried at (44) to formpellets sui _}a@#! ggi ng
or bal Wgé{f‘? POLYMERI ZATI ON OF DI FFERI NG POLYMERS 25 ﬁgslg{)ér ation of

the plant can be best described with reference to the Table | on the

foll owi ng page. This takes as exanpl.eg.pol yneri zati on processes to nmake a
| ow nol ecul ar wei ght pl astonmer (as described generally above); a higher
nol ecul ar wei ght el astonmer (as described above) and a hi gh propyl ene

cont ent etthjdeptieusaipaby rixsolyel y:amiyszedr aa:tidemrhb@dumbemed 8ngé 9ypaPR 2005

NVO 02/ 34795 PCTTUSO01/ 322 9 - 27 00 .. 0 0Co0
a0 V oU v OOPapogeys Ql_fl_lNNO @ndf seooﬁoluene can be Jeguclz\lgo under approgrxa

circumstances by a suitable selection of catalyst components and catalyst
preparation conditions such as increases in catalyst solution temperature to
5 increase the solubility of the catalyst components to reach a point where so little
toluene is present that no separate process for the removal of the toluene are
required.

A gear pump (38) conveys the by now even more concentrated polymer to
a vacuum devolatilizing extruder or mixer (40), where again a vapor phase is
10 drawn off for purification, condensed and then pumped to a purification tower
(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 ﬂekibi]ity 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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To make plastomer in Figure 1, the feed temperature is reduced by the
challer (6) 10 0°C. Aluminum alkyl is added as scavenger in amounts appropriate
to the poison content of the feed. Alternatively the process of W09722635
(Turner et al.) incorporated herein for US purposes. The pressure is raised by the
centrifugal pump to 120 bar. The feed comprising largely solvent and up to 50 bar
partial pressure of ethylene and butene or hexene or octene comonomer then
enters the first of the two series reactors (8). Catalyst and activator is added to the
reactors 8 in amounts to create the desired polymerization temperature which in
turn is related to the desired molecular weight. The heat of polymerization
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.

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
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
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 Jetdown device at a level as
shown by line A. The temperature is maintained and/or raised to a range marked
by the bracket shown at B 1o 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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1, the feed tenperature is reduced by the chiller (6) to OC {8IAPRIBlIM

al kyl is added as scavenger in anounts appropriate to theppoisonsgontent
of the fw&2/34M%ernatively the process of W9722635 (Turner et al.)

i ncorporated herein for US purposes. The pressure is raised by the 5
centrifugal punp to 120 bar. The feed cgnprising largely solvent and up to
50 bar partial pressure of ethylene and butene or hexene or octene
conononer then enters the first of the two series reactors (gb Ca]%lyst
and activat O{eniq?eré’tqf@(iis fgoipee acremctherlst@wimnvalne s 08 Bitelt t#& H¥sired

pol ynmeri zation ‘tenperature which in_turn is relate dasbt@fthe
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further tenperature rise to 220C A rapid.20 pr I Q SithieSc@se t he
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| i qui d phase separat.or.. Wi s ssarndrog is sifficdentyr fast tae®igar to
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(3) apgl the omnalio@bs blentimbowdquiymer aud toafopy a@FAWIPR), YFHROYOL}
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sol UtTo

critical n-tenperattre (LCST) boundary is expl.ai i f.enence
to Figure 2. sdpatativerby stinodelidekemppited AR R I%ﬁgﬁ’i‘gg‘?#t o &

pol yneri zation reactor(s) at the pressure also prevailing upstream of the
pressure | et d&%iHi®evi ce at a | evel as 30 shown by line A The te r]ature
i's maijptai ned and/ qrevkRixsRthbove anbiieg phasr kemday merednY SRR SHEWICEY B to

bet ween 150 and 200 or 220C. At the prevailing,.hLe thg re
i s dropped al ovigeh the midfteig ¢erE 4 é’v’eﬁ“ - N %ﬁmc&sﬁﬁﬁé%ga PR 2005

phase liquid. The pressure at Jevel X at the exit of the separator is sufficiently hig

so that no vapor is formed.
Inside the separator (14) an upper lean phase is formed with less than 0.1

20 wt % of polymer and a lower polymer rich phase with 30 to 40 wt % of polymer.

The conceniration 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 wi % or less, even
25 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 Jower
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

30 process and plant can be used to give an output which is somewhat lower

(reflecting the reduced efficiency of the polymerization Pprocess at lower -

temperatures). With two reactors in series, the disclosure of WO 99/45047
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m xture fed to the separator (14). After further renoval of solvent and
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i ncl.udi ng pmp}éene téntedtecopslynd "tvhleeraltl&ntem;&raﬂow BOﬁwareddo\Mllb’w tlhbezmow in
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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 inveniion 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 1o yield polymers of widely varying average molecular
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is incorporated herein for purposes of US |aw. GCenerally speaking, in a

series lay out it is preferable that the first reactor op b
t enper at WY/} een 0 to 110C and the second reactor ope}reg?@gﬁb@%l&,ﬁeen 40

to 140C. Preferably the first reactor operates at 5 tenperatures between 10
to 90C and the second reactor operatesshbetween 50 to 120C. Most
preferably, the first reactor operates at tenperatures between 20 to 70C
and the second reactor operates between 60 to ] 10C. Wth appropriate

control of REQSASHnE RBHIdnoRRS caients aliglo BathB¥EbSthizep donbperetiaf att loiwsoor der
of magnitude can al so' be obtai ned where one reactor only_is, used ot two

reactors ar bighl @perssioguiedaicratives s ade PPGee Sa8 oiePIding 40" theeIWEHIPT I be

id about th in_Tabl.e_ | d"p i nant
copol yner * REIE T E Rt A P e T ovgr SHE dpfop b rEse Aopite
propyl ene rrgaﬁfzﬁf cOPDIYRERS By a_%@{/%i & ke Ritgtitvenisefuhareastiog miixtuihand

general conditions ‘described in 00/ 01745, which are fully incorporated
her eisn 15 byhe pfoeessrroaditomspur poses of US patent. practice, can be used. In

the runs, the p merization .t atu i en, .2 VWi | e
the process w ndo 3 I’?jﬂ)é%aéeﬁ ]Pﬁrgﬁ{lggt %Oglsérg%%ggp&?%%aﬁe g)ét?gglogggcrdes

whi ch suggestfipetaldnocaE &ehesduriethgantly t berping abdre beepatatlyg redngedow f or
a given polyner type, to the extent that prior publi sh%d pe?tent .élo

speci i cati distharaongs ad hest afswipsrizationsisarayired it senpsadmthe; Rol¥mer fich #Re ke pt
in mnd that ,thes at | fi j i vi.d ion
and recycl engmmrp eralgf Plg%%’? gﬁq%%r'f %Hggsrﬁﬁﬂ %dgg;r?t ?%él}ofl?sﬂlﬁlt {;}aﬁ?%\%ﬁ%%a
recyel e per rgfitiengy tsdd 1o iBxiehsi thaténpperafurd biethp rpotjuedrizntipa milkivre eteag hi gh
activity nmetal |l ocene catal systens at which the invention_ i

t . t
oper at ed. THke seras#or 6Hpr isfﬁlﬁé‘%]"%l’tpﬂnén’i‘m?@?n% 500k BN iteﬁtrﬂé?ggféhe
gi ven met al '"lﬁfee R%?aﬁéd YtterNSI&R er@a%?dxﬁaﬁéwp?@s'fsﬁre% Braté @8] c@ObYMEr S

at high netallocene activity, under a w de rangé o pol ymeri zation
condi ti ons anatiohailed comdiosensabirect gneifiggticm witheukbnervening HpnAgasatignifatit ages

SRR T S PR
sepafsat i on ge Pser/1bERadixtire georelextraiipg maloUhe extradst ol idirpmbizenmmspiog
W dely var ylrggui?:rgéx?tge Vrra?ilaggg linatrheNp\r/gsgrzelc?fllﬂ?]g ?o@%%eslzs)uc;g slé%a%%o?;z(g?) 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 10 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 clairs.
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whi ch can be simghudesi att degsat &d iaihl r Bauidr #haseo SeRIFHPT dRalSRAE CaPous

materials or the evaporation of . |ar L6 _ se
liquid. Al doch¥EH ‘%W%’H“’ﬂgreelplﬁ)aaa]r%gn ¥ ﬁ%sfg;/m ?ﬁ%&?ﬁ?’ﬁﬁgﬁﬁ%ﬁ@f’gﬁ?ﬁme f or

all' 25 jurisdictigps i ahypn edpasivgNowndssosiny uinprraisss prer piessuzel ok t o t he
extent they are not inconsistent V\,ithr?tagis s%etgifi.qation. AICTJ d ]éments to
shich priority is claini#6d tagelepsh 13,03 A6 85 1B8Y "B et ePER I Por al |

jurisdictions in which x%g&Br aj,gﬁég,@gﬁqyoq hisShaghi stdgedup Ab ahpregdurelependent
clains have single dependencies " in accordance with U S. practice, each of
the features in any of tedecidemessaenpsigant Phihediquithphase SERBFIREPEM each of

the features of one or re..of th r : ggpﬁqﬁhgwg t upon
t he sane i ndependent cIg‘l%rﬁcg)]?né’lgﬁél?eeng&ngzanfgﬁ%%qg%%g CLAI' M5 1. pér]ocess

for continuous sol uti onmpehy reetvaeat iten redciar fapedgofiers| efd rthe apiegsure
unsaturated nononer in a hydrocarbon solvent under pressure, having a
continuous stirred tank'SduEREHRERF A genent to which a single site catalyst

B) a catalyst killer is added downstream of reactor arrangement
and upstream of the Jiquid phase separétor 1o suppress further
polymerization in the separator of the heated polymerization
mi>;1ure 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 10 additionel

solvent removal downstream to obtain a solid polymer.

2. Continuous solution polymerization process according to claim 1 in which
a low pressure separator receiving the concentrated phase from the liguid
phase separator operates at a pressure of at Jeast 2 bar gauge at a level
sufficient 10 convey the volatile phase removed from the concentrated
phase 10 a fractionating tower for purification without further means of

compression.



is supplied, to forma polyner containing polynerization reaction m xture,
and downstream t hereof separating neans for continuous separati 0{1%%? Qﬁhﬁ
sol vent and unreacted nononer fromthe m xtide, which separating Bu
includes at least an initial |iquid phase separator to separate the

pol ynmeri zation mxture into a | ean phase and a concentrated phase wherein
A) a high capacity, |ow viscosity punp raises the pressure of the feed to
at |east 75 bar and causes the m xture to pass fromthe reactor

arrangenent through a heating stage up to a pressure . reduci,n ns
upstream df. t heCbnguichs phhsion SehaneriBHor RFSGHPCCOIENGI 381?1“ dfoqtclll%%purrp and
in the absence gof. further pugpin ) Pft afd aggenent
and the pressur mrgéﬁgi 1S aeﬁégsagﬁd&gioogl%céé\?g?%g?%ﬁdﬁ@g} i s added

downst ream of r ggIGhRk iRiHeANIBABRLatioARSixUPS Loeaims of leasie Ol gLivee hrante
separator to suppress further polynerization in the separator of the

heat ed pol yneri .@apiwmlenmd)‘%tlmcbumﬁdé}‘QS?WQOQEB’QP%’F‘F&RWS{G‘& | ean phase being
passed through a cooler and optionally a drier back to the inlet side of
t he punp; the concentrated phase being subjected to additional solvent
renoval dognst r exmiheowhiofitonapdgnkdzpiohypresess 2ccoGhing thaBim lsel ©eFbn

pol yneri zation process _according.to, claiml in i ch I e
separat or recei ¢i WgWhK %rﬂé‘gﬁ]ﬂ‘ LR RS s bS%%eTCF?tquiAﬁ%%%ngeggqiepar at or

operates at a Pheaet s {08 1ShpdrBRRd 5 RBEraOBNEE IR scpataetretuccassivelcbent to
convey the volatile phase renoved fromthe concentrated phase to a

fracti onating t ewehankers gndrthé i@atghese oMbeseHUFORBUSAR A0 SURPY PEFPr essi on.

33 19 APR 2005 3, Conti nuous ,solution I rization process according to
claim!| or clainpe ?PﬁtWaWh‘?’}f‘l"Pifsﬁ’ liée(?f %cﬁ%jgerga | ow boi |l i ng al kane based
solvent and the polynmer in the polynerization mxture contains at |east 50

mol % et hyl ene or propylene derived units out of the.total S
present. 435. Cont¢¢ﬂ}@@§u%cﬁol}motﬂnPﬁb'Wﬁ’é?ﬁl%‘thrﬁ‘f?sf)r%E%’? ]%380#%?%8 claiml

or claim 2in Viéﬂ%&'&ai&oé‘glgﬂ{t?%]xmﬂié}?%@&am pHiabE €5 bEREA GHiquihEtion 10 2

arrangenent is eate e tenperature for separation in the, separator
successi vel y by meashafogerrsnamuhet hbydreaen phédes f lonPk h@eé‘@ﬁ‘éfiat%’r’mﬁs used

to supply heat t]?oly}ngrefzal{ O%E "SR Opn%m%f Sc%'n%rﬂ@éata EXEDRNEK' Sontacting 2
stripping vapor with the lean phase in a countercurrent flow arrangement
1o concentrate the hydrogen in the vapour phase for removal from the lean

phase recycle.

6. A plant for operaling a contipuous solution polymerization process of o
feed of olefinically unsaturaied monomer in a hydrocarbon solvent under
pressure, which plant contains a continuous stirred tank reactor
arrangement to which a single site catalyst may be supplied 10 fomm a
polymer conteining polymerization reaction mixture, and downstream of
the reactor arrangement separating nieans for continuous separation of the
solvent and unreacted monomer from the mixture, which separating means
includes at Jeast an initia] liquid phase separator 1o separate the
polymerization mixture into a concentrated phase and a lean phase,
wherein

A) a high capacity, low viscosity pump is arranged for raising the
pressure of the feed 10 at least 75 bar and a heating arrangement

is provided, 1o thereby cause the miXture to pass from the



5. Continuous sol ution pol ynerization process according to any ofl 3 ABR 200
preceding clainms in which. the | ean phase is passed in liquid formto a
means for renoving hydrogen added to or gen& ated during polynerization,
whi ch neans conprises a neans for contacting a stripping vapor with the

| ean phase in a countercurrent flow arrangenent to concentrate the

hydr ogen in the vapour phase for renoval fromthe | ean phase recycle. 6. A
pl ant for operating a continuous solution polynerization process of a feed
of olefinically unsaturated nononer in a hydrocarbon sol vent  under

pressure; which plant cmﬂtﬂ@il'rﬁlgraag@@mtti‘h{%‘ﬂg ‘é‘f icf‘ref‘@lg PAARESPERL "B 10 8

arrangenment to which a single site GalakyskdRy oPHheIHRM pede sepdraom a

pol ymer cont ai ni ng pol y%ersl Zal5 R Beact | B(g% m xture, and downstream of the
reactor arrangenent separgthagddeeans phopingomtinsulsing popued bebreesfhg he
sol vent and unreacted nononer fromthe m'éture whi ch,separati ng neans

i ncl udes at |east an i nFeacHIr apd Hhe RIePHESE %‘éﬁ%\?‘ﬁ%ﬁ” apg separate the

pol yneri zation m xgyre {nLa. 2.GA0G80 fRIAFHRERRS @by Marophsseam wher ein
A) a high capacity,”low viscosity punp is arranged for raigi naet he

pressure of the feed toofitreheastariabairaentanad anpsgarpngl dhe abgifephese| s
provi ded, to thereby cause the m xture.to pass_fr. h Qe 34
reactor arrangenent thr SERBALHE W@é{?’?ln@ngfﬂrgﬁﬁg)ﬁg%nohpﬁt%’%as’%ggra%gsﬁre
reducing , | eans UpStrea'ﬁbé)Bcatt@@Pbliyﬁi&iﬂaxithﬁﬁﬁxt&ﬁepﬁjﬁdﬁgﬂing(séléb)ral-im? aaddi t i onal

punpi ng nmeans bei ng provi ded between the reactor ang t he gr essure educi ng
means: and B) neans ar e meaoeiateprovisied ifon ¢asding thylean eapsh: ¢a¢ aRioppere
downstream of reactor arra i : lab @Y iaf-aRfERS8
separator to prevent fur‘{’ﬁ@;}ggﬁbﬁfe&?%?ﬁgr}@ﬁﬂgﬁéemidgggﬁgt or ofﬁa}?he heat ed
pol ynmeri zation nixture upgesgaidizdsepprled isoramargk trethasnist sidsreviged for
cooling the | ean phase; and an optional drier, for renoval of catalyst
killing residuesmay be d&%Wdhged to convey a dried recycled streamback to
the inlet side of the punp 7. A process for continuous solution
polynmerization of a feed of olefinically unsaturated gorpar 1in 3

hydr ocar bor¥. sol v&rprocsssdor perdimyovsesolvias pejymerizanon of 2 feed of olefinically

unsaturated monomer in a hydrocarbon solvent under pressure, having a

continuous stirred tank reactor arrangement, 10 which a single site catalyst

is supplied, 10 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 Jeast an initial liquid phase separator to separate. the

polymerization mixture into a lean phase and a concentrated phase,
wherein

A) a pump maintains a pressure of at least 75 bar in the

polymerization reactor and the temperature in polymerization

reactor arrangement is maintained lower thap or the same as

that in the separating means and a heating arrangement is

provided upstream of the separating means 10 optionally heat

the reaction mixture 10 raise the temperature in the separating

means so that, upon a pressure drop in the separating means,

the mixture passes through the lower critical solution phase

boundary regardless of the initial polymerization temperature;

and




continuous stirred tank reactor arrangenent, to which a single site
catalyst is supplied, to forma. polymer containing polymerizatilchAPR 2005
reaction m xture, and downstream t her eof sé%arating means for continuous
separation of the solvent and unreaci ed nononer fromthe m xture, which
separating nmeans includes at least an initial |iquid phase separator to
separate, the polynerization mxture into a |ean phase and a concentrated
phase, wherein A) a punp nmaintains a pressure of at |east 75 bar in the

pol ynmeri zation reactor and the tenperature,in pol i ] or
arrangenent is mai B ai né&a'iaimérkﬂ Hhatr Bé&jefih%o‘%%fﬁ%aésnﬁrrteé‘g{)} ?ﬁa?g{?g&gl}epar ating
means and a heating arrg&ggﬁg%ﬂ §f tHereulid §Mlasensdptefdn 10fsuppess pdreat | ng

e

means to optionally heat the reaction mxture to raise th? tepperature in
the separating neans spolyherizatigrom ahesenssaipe ofi it bested MO BFWARPP ng

means, the m xture passes throygh the | ower crjthgcal ; e
boundary regardl ess of f’Hé‘“?%i“PH%IgOB’& Wm?ﬁlf tﬁﬂb%']efdg‘n%%a%ﬁug gér;%g% 19
APR 2005 B) a catal yst lﬂ&;b{@{aicgoleﬂmogmmlyraemrcﬁack eatieanleasidargenent
and upstream of the liquid phase separator to suppress further

pol ynmeri zation in the sépapwopr of the heated pol ynerization mxture

under goi ng separation, th ean ase heir seqk:.: Q a remelgr and
optionally a drilg? PRELPU eri Wga‘ql‘emggfﬁs?‘%&g?&)q?hagdéf)lfj&n%;[ Jtdﬁje}ncgncent rat ed
phase bei ng subjRsimdci® 18d8iaid o86ld sslywent renoval downstreamto obtain a
solid polyner. 8. Continuous solution polynerization process according to

claim7 in which the Iiquid phase separator and a | ow pressure separator

receiving the C@&gﬁﬁ{o{lgg&q%&%géﬁﬂeﬁ'ﬁmﬁ@r@ rdcb@Uicdoraiigse SARaY af ahidhper at e

at a pressure of east r ‘gauge, at a level sufficient, to convey the
vol atil e phase iheniiysd fhasensepaaworedns rlave @TESRAS eSeparatPrf Fesekvingn e ng

| ower for purification., 9 nti nUouUs .sol ut i I |ZAatd G RFOGESS
according to cl a?orﬂc?“%?‘e%pﬁ?nggﬁ %e gg%)’sflees%{}ar?%rﬁ g&/v ‘ﬁo‘"{ !f}i Sng al kane
based sol vent ang fche Paay Rigé,Nat 4 hevepaluffidentzat torveyi e wodatdorpbasans at
| east 50 nol % et hyl ene or .

removed from the concentrated phase to a fractionating tower for

purification.

9. Continuous solution polymerization process according to claim 7 or 8 in
which the solvent is a low boiling alkane based solvent and the polymer in
the polymerization mixture contains at Jeast 50 mol % ethylene or

propylene derived units out of the tolal monomers present.

10.  Continuous solution polymerization process according to claim 7 or 8 in
which the polymerization mixiwre from the reactor arrangement is heated
10 the temperature for separation in the separator successively by
exchangers and the Jean phase from the separator is used 1o supply heat 10

the upstream one of said heat exchangers

11.  Continuous solution polymerization process according 10 any of the
preceding claims 7 1o 10 in which the lean phase is passed in liguid form
10 a means for removing hydrogen added to or generated during
polymerization, which means comprises a means for contacting a siipping

vapor with the lean phase in a countercurrent flow arrangement to



propyl ene derived units out of the total nononers present. 10. iggous
sol ution pol ynerization process according to claim7 or 8 in ich the

pol ymeri zation m xture fromthe reactor arr3hgenent is heated to the
tenperature for separation in the separator successively by exchangers and
the | ean phase fromthe separator is used to supply heat to the upstream
one of said heat exchangers 11. Continuous sol ution polynerization process
according to any of the preceding clainms 7 to 10 in. which the | ean phase

is passed in liquid form to a nmeans_for renpvin hlydro%i? adﬂgd to or
gener at ed dur i ngonqeoirgieetbi 2ediegen IM?l@h’aP@}id@aé"o?gﬁﬁr emoyal TRBL IR i)
contacting a stri]gspi % vapor with the | ean phase in a countercurrent flow
arrangenent to PV&FA %05 36 concentrate the hydrogen in the vapour phase

for renoval fromthe | ean phase recycle. 12. A process plant suitable for
continuous circulation of a solution

i pol yneri zat.i on reaction_m xture, said
pl ant conpi?.si nds Brpcessppians yseitadirr 10§, © ‘méﬂo%lci}ﬁé"pﬁ“fat iognaré l(‘:]%gé]lrjl,

downst ream of - sai gl BILESSUE € RAHF Ghixuufd, sBaRIAR SunBribiak- down devi ce,
downst r eam of s&rd pol'ymeri zatiron reactor, said |et-down device capabl e of

reduci ng the pregsure méssukdisouresgcti on ni xture at a selected tenperature

pressure-tenperature curve to,a pressure bel ow t he, spi undary
pressure tenperat ur € PRIYFENIZRUR IF%‘E‘B”EPWBW‘?% s%pr%gﬁggé%g% and d)

separ at or, down%?f ea ?)ﬁ'es%%jcd]ep—la@@ﬁUﬂﬁiiée?tdod@\éﬁediﬁvdfcﬁid whayeknizaiand
pressure source rs sufficient to provide pressure tQ ,saig reacti on m xture
during operation of smadoprssielt-dopandevies cappbld Rigedudpadhe PEFEYE 9% quid |
reaction mxture in said reactor Earlle b dutd- it ra@RCt i on

m xture in said separ® 6?acilﬁnt’ﬂ]émqgg}sgﬁcclgeﬂgq aﬂ aédie?dir}onal pr e}%sure sour ce
between sai d reactor apde &aig weparatimow! She Fhmogelodwwdpiyarrressprec] ai m 12

wherein said plant is capable of production, of,.nlastonar el asi oners, or
predomi nant propyl eneleBRtAwE %‘fﬁé?é’fabvagﬁgﬂtﬁrﬁﬁmé) 5"‘1 he substituents

of the reaction 155' Xt ug Fe of, REWRGPERS 8f s @ Ptk Ots-doAn dévieocess for
conti nuous sol uti‘on polynerization of a feed of olefinically

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.

13. The process plant of claim 12 wherein said plant is capable of production
of plastomers, elasiomers, or predominant propylene conient copolymers

by changing only the substituents of the reaction mixture and the process

conditions.

14, A process for continuous solution polymerization of a feed of olefinically
unsaturated monomer in a hydrocarbon sclvemt under pressure, having a
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 1o scparaic the



unsaturated nononer in a hydrocarbon sol vent under pressure, haviré ﬁZUﬂS
continuous stirred tank reactor arrangement, to which a single sitteh

catalyst is supplied, to forma polyner coAfai ni ng pol ynerization reaction
m xture, and downstream thereof separating neans for continuous separation
of the solvent and unreacted nononer fromthe m xture, which separating

nmeans 1includes at least an initial |iquid phase separator to separate the
19 APR 2005 37 polynerization mxture into a | ean phase for passing through

a recycle back to the reactor arrangenent and a_con
wherein the | eaPOlyRgr&UPE ’Bﬁ’é‘éfédnf%gqf’ﬁh%asfeor mqagmagﬁr}té%%gﬁgof&?grgmw ng

hydr ogen added by, §6 (RGRRAG! ShruhleRCurdcl dTREiEALd pise hhatibadsy
conpri ses a neans contacting a stripping vapor w %h t he lg‘?‘% phase in
a countercurr entphfalsenw paasadaing emishfornotogomeant PRI S RE Ry o8GR A Yhe

vapour phase for ’:ﬁeélr‘gyﬂ%ije?‘g‘%?ﬁmf’%ﬁg%sef‘ OIP%E& B%%Xf’t&npx]l&:s AnPaAS &3S

according to O &l pp| ng vapor conpfises ethylene fo.r

use in subsequenionPRhNPRN dtARHING VapdOwith the deasshase 0b dongietan@phllawls or
Claim 16 wherein a pair of reactors are arranged in series anrd hy, rogen is
added to the dowsmEEmEDt@RANEEPRE Ui Biftieaenn| BHXPPHE RREE P w‘é‘

fraction. IT A p t d sol ution pol ynerization of afeed of
olefinical]y un#é J}r]%?eraa(bﬁtg)gnoljr%eywlén a hydrocarbon sol vent under pressure,

having a continuous stirred tank reactor arrangenent, with inlets for feed

Dol ymar i satiton r SAPFen TERATGT GIPIbnILE e R S onfioRtesl 1 9
for continuous s@pdeat fgnusefn E\ktee@mnvpdsﬂgrrr&mﬂmwn eacted nononer fromthe

m xture, which separating neans includes at least an initial liquid phase
separator to separate the polynerization mxture into a | ean phase for

passing thraugh g Jrocus uEehRE 1 €1ith 1916; CRABIGRIRERRYRIRT eandsare
concentr at phas a conduit elng provi ded for aSS|ng t he | ean phase ed

inliquid form tmw@rmpiﬂrwg aadrlatgestents #dsied tenhe | dgrERBgEACIQttRed to

or generated durin O%uggl {! 1%8‘1%&199: LERaSidA PPI Ng arrangement  conpri ses
a neans for contgctln Vapor with the Iean phase in a

count ercurrent flow arrangenent to concentrate the hydrogen in the vapour
phase for r e,}TDva %ngrhgom%%gu le%?on o¥)%gﬂzation of a feed of olefinically

unsaturatcd monomer in a hydrocarbon solvent under pressure, having a
continuous stirred tank reactor arrangement, with inlets for feed and for 2
single sited catalyst components, to form a polymer containing
polymerization reaction mixture, and downsurearn thereof separating
means for continuous separation of the solvent and unreacted monomer
from the mixture, which separating means includes at Jeast an initial liquid
phase separator 10 separate the polymerization mixture into a lean phase
for passing through a recycle back to 1o the reactor arrangement and a
concentrated phase, a conduit being provided for passing the lean phase ed
in liquid form to a stripping arrangement for removing hydrogen added 1o
or generaied during polymerization, which stripping amangement
comprises a means for contacting a stripping vapor with the lean phase in 2
countercurrent flow arrangement 10 concentrate the hydrogen in the vapour

phase for removal from the lean phase recycle.



