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SLURRY PHASE POLYMERI SATI ON PROCESS The present
invention is concerned with olefin polynerisation in

W@ mpogoeghase reactors, and nore particul arly RET/RP2008/061366
pol ynmerisation in two or nore reactors arranged in
series. Slurry phase polynerisation of olefins is well
known wherein an ol efin nononer and optionally ol efin
conmonomrer are polynerised in the presence of a

catal yst | S @pdty kst POLYMERRAFON PHOCKIR!
product isTSUSPENT 3 ation

is typically carried out at tenperatures in the range

50-1250C and at .pressures jn.the.range 1-100 bara. The
cat SRS BEGEE BT GO LR § B PP TRy S TP Tece
rea@off bl BeteRfidialy Kith ?H%eﬁ%at%riﬁ WvH B Biorélactors arranged in
Ziegler-Natta or netal [ocene-type catal ysts. Mny
sengll ti pl e reactor systens enpl oy | oop reactors, which

ar eqof nt inuous ..t ubul constr.uction, conpri §i at
[ ead iy RS B St Of gi§fins Gy R Wt B il iggromer
and @ABhallynelefih @bmeNGRAP e bOlyehgsd QRS fleséRe bF RBStalyth@ a diluent
heat of P0| ynmerisation is t écﬁ)i cally renmoved using
1

in whigh theselid pehyang eraguetis suspsedadagdrigasrariedpr ef er abl y
wat .04 . r.oundi o
t i el B EBI MY R0 B mprRRtesil Bhed A1 55°C and a
presfures imtetrapgeel 160 bhar Thy sitapstwasd saare dayteatadyst wpicadly uyed for
.n the range 10-200 nB, nore typically 50-120 nB. The
olefig BRLYFEHEBNSUEh B By em YR okide, %‘Fé@ Neltn Ay st gRenisr PG 1
Cat&ipg@_ generic type. Typically, in the slurry
pol ynmeri sation process of polyethylene for exanpl e,
t heMshymujtiple redo®r spaanoemploly lloapaepetosewhith are of a continuous
rticulate polynmer, the hydrocarbo i luent(s),.(co
tub ﬁ%%lljrk\cg)o’n cg)g%%‘sygta’ttl@ﬁfaq\xyﬁ, Oé!ﬁﬁflﬁaggggr’ gﬁl@ﬁ.gl%ctlo(ns a.)nd at Jeast
twd) YSHQERP1AD 6 KrhRhtal SRELRY. TRE Ubdtior @l yhibrRAid is WiRkallBmoved
slurry will conprise 20-75, preferabl'y 30-70 welght '
usipgeindiweat cxeleoesd Wil a ¢eeling medivwe ipgéferably witer, & jacksty swfounding at

icul at | yrer _and,,80- 25 eferably 70-30 wej ght

o 35 o e BR8P A BE LGB LB et
sys@USEANdButie tipidally Wh eiegak dte] (S2EPRAThae tREHINB0-8520 ME The

sumof all the flurd conponents in the reactor and
loopreaptogpipplozed wribe presen ivenbew pie! thip epraricReE- any

dditi . . _ . . .

cant LS, i F s i AR p D BRI AR ool the
sluoy &f tha remotoo nell comipeisethe pertipnlarchqiaie iHeugmiodasboandiluent(s), (co)

ineri dilagent the ol efin rmﬂonﬁr wll typically .
MORYRPFY <@ DY hapy EFRPAIrSSuEh $HhYEP g argéié%ﬁts%cfr qdgifives In
paréuidrtie slﬁ_{}ﬁ wlleh ﬁbfﬂﬁ’-@?ﬂﬁé&%ﬁﬁ&ﬁ Qveeiélﬁ E)@ltchl\ftetloﬁ(sed on the

snooth path endl ess | oop react!
total weight of the slurry) of particulate polymer and 80-25, preferably 70-30 weight

percent (based on the total weight of the slurry) of suspending medium, where the
suspending medium is the sum of all the fluid components in the reactor and will comprise
the diluent, olefin monomer and any additives; the diluent can be an inert diluent or it can
be a reactive diluent in particular a liquid olefin monomer; where the principal diluent is an
nert diluent the olefin monomer will typically comprise 2-20, preferably 4-10 weight
percent of the slurry.

The slurry is pumped around the relatively smooth path endless loop reaction

system at fluid velocities sufficient to maintain the polymer in suspension in the slurry and
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systemat fluid velocities sufficient to maintain the

pol ynmer in suspension in the slurry andCase 00179(2) 2
WO 009@Bweni N accept abl e cross-secti onal concenPCHEP2908/061366
caérU@l?ng hds loading gradients, Slurry is withdrawn from

t he pol yneri sation reactor containing the polyner

together with the reagents and inert hydrocarbons, all

of which mainly conprise inert diluent and unreacted

%felﬁa{cceﬁﬁﬁe P%d%rgrggt%tlogglgélgﬂ%rgl?a yg)t?d £ d@? ﬁ‘%%rgﬂigrrlts. Slurry is

w1thdrdwnd'rmm ﬁwmolmmslaeozdleacﬂoaccgﬂﬂnmgtth& mlymentolgyther with the

conti uou option I I concentrating.devic
reag iy AARH) Y sCFRP e of WERb O Rg CORREst B e Godpacted
mofisAe IThe Pduct SMuE§ chinpReha BBl yMe: Bnd BBu®! MEBA mosfcases catalyst,

mul ti pl e reactor polymerisations, the conposition of
olefimmogpurer dewmﬂmawn ctir bindis¢hargedrintermisigatip or @mpmnd@ho n

r omth n of
optf@inliijaﬁa % &9 y V}CﬁSP Elaf;:ﬂgg ocycg%% $S&F set%lingég%s {0 mlmmlse
thed&ﬂﬁﬂjﬂsfﬂﬁhdbb.@thdﬁﬁ\hf\ﬁﬁhfﬁdtﬂilylﬁérodmt and the reaction
conditions and rel ative proportions of products in any

upstregliipleasraiorrelynerisatians thegempopidion ob e sheguwithdramp from
f
e 00 RS AR ALy 8500 Bl €5 1L B R

actuatiypotynedrisediradhy $inalreacttie tif alid dependsipsthe desiredelnl product, and
on the average activity potential under downstream
the Feagiien eop iapsl gglativerhprortings fguedusts igrany pastegagy jegotors. The

reactcffbmgﬁﬁﬁlbﬂpr ﬁ%ﬁ‘wﬁlatﬁ@ fhAIQEAk L d | gl@@ hffé&@c? Bﬁ {hqugcti%h%gndatlons

he process ndi tions associ at e erew th I's nor
in uwtnq;alnevcacﬂom pamiculagy tdasiepatt «f caiahgt prodeattigrin u@;teeam reactors

on thE R Fpde ik PR linig g tovuire P oot Fndiitan TRys the dontrol of

the SRR Icofipb&itoh aqmufaenaeﬁélﬁ tRd £i88 tréamg)rfaﬁ@ afaettml%eésts eancﬁﬁons
the vol une and di nensi ons of the two reactors.

assqpifted {heeewidibe mnre p@nplmg thapdn thergase pla Seg]@ﬁdacamd any

su equent cto e en

morOB S WRERER AR BT 86 Aty e TR spERt % two
reacdb:8 OTlidre aﬂ%@hmy&fonﬂ[@lﬁ?fr&iflﬁx@%eﬁfs@@e&ﬁkﬁg DE @YtiRikmtib. BE R Folume

or reactors. This wou that the second and

and ghimpersiprs i theeta@t TSRO h iy m%@lﬁ saager pelyarerishigon, ﬁmeecm and

any é@@%@%@ 6é gﬂ A Sf;g?e 'ﬂrgé ?n@g?é&!é g ndsff? g&e n&n{fl% M%ﬁroduced

in thd eeasmdmﬂ atse aled polymsr travisCered fony ﬂidp’fév@ﬁs ﬁehﬁof d)1f 1@hctors. This
ve found t hat one di sadvant age of th
wouldj manlaé%@é e fegondhand uREeqyERtTeRcioRs apuld aéﬁrg@ﬁhm the upstream

reac@érﬁ SoRePhaBinGh kR4 9@ : rtﬁl{ll%eldngI; 653711!2@Ag(§£cl%ses a a two-reactor

downstreamreactors i reater than that o
systepsh mdaeh the aetonrd reattords tiingthy viotunisofithe fiedtwhe U e\hh@ft found that
size ratio of th]% reactors. shoul d be.

t.he .opti nu
one RAAT AR O A B eh R eg BBt 0 P ATy PO e Ben 2
pro@REbAEEnsHialnk TR laBRY abwﬁﬁtréaﬁpl%ﬁctéﬁgs %ﬁe@&k‘ Bfan MRt R the upstream

chrom um and/ or netal | ocene), or a catralyst system
reacjfifeAecarfieghiié isaipé obvious what the optimum size ratio of the reactors should
be. In particular, where a reactor system is designed to operate different catalyst types (eg
Ziegler-Natta, chromium and/or metalibcene), or a catalyst system where the average
activity or production ratio required varies significantly between reactors under different

operating regimes, the ideal ratio of sizes for the reactors in each case is likely to be

different, making it difficult to select an ideal size profile. The activity profile of under
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activity or production ratio required varies
significantly between reactors under different
wWopwpasiosy regi mes, the ideal ratio of sizes fRCT/EPRI08/061366
Cask®8¢iqps in each case is likely to be different,
making 1t difficult to select an ideal size profl | e.
The activity profile of underCase 00179(2) 3 constant
reaction conditions also varies significantly between
oné‘aﬁ%ﬁﬁi‘oh‘%%ﬁcﬁtm@"élm#@s S{Ef'lh?t:'ah BaR BN fer—ll*@'ttﬁ chromium,
transition netal catalyst syste Howeve have
methkhnu:de tulndor hatestranssmnmmtalmamlysemms size rat i 0 i s one
ich th se on ctor is.at |east 10vo|%|ar
oYl preTede RO Bt e Ms ey oy Sh P 4t P Brwhich
the E&BQ& Reab@r ijs! zﬁq@c{sﬁ IOX%fl%tIQ%elf thh® ¥herfﬁ§t(ijé&ftoﬂ §11(9£tﬁ§ﬁ(ﬁ{aﬂy the ratio
han t hat he second reactor. Thus in'its first
of 1@1@&@@1 dlamhfer pﬂéﬂs dimst remnﬁlgmtqsrthan téietsofahq‘ gacopd tadoiorng

c oméug tuggd %ﬁst iﬁé’grﬁ&\?\h{ngfﬁn . %8 V\ltig/g %?or gr%cf:uﬁﬁlg a multimodal
polyedhyeedd iafat mug{% &4 cHRley @B in b&ichRidaviiich SQSPRNSI0A high
in a first reactor and 20-80wt % of a | ow nol ecul ar

mol\ﬁféulgweighwwwweru g Mgde i SUSPANIOFAR 8ifbH 1Partey ad2OmPwt”o

of 1R Qg A E AR Bl Ry B bR U0 A7, et

whereiachoratib ®f thetiviefhg? actiity it the LMV reactores dgevatipt w:ttwty in the
i.h each rﬁactor i S dgflned as the rate of poI et.h

HIMY] scraichis ormids Fsabs oV INER GPRRER SFUIF Y 8 sphwstor o defed as the

e R B o P s Pk (TR [, (O Rroln the
readtére(nrod ¢ k oesidapch tijre, in rtlweakémc((hotmsm fimedi mtg odf eﬁual}e‘dmasthe
s _of, the. n t h eact
resqich @ Tl 50GH ik BYE ARHTAdaR Aot TR NS POIAEE GHEF Eiapor
(kg)/ine o‘d@a'uﬂfﬁ@e @ff dlﬁﬁeﬁﬁ&rﬁ@ﬁ’e fe8@6t Qip/HrP aﬁa wheASt thleQ/élume of the
preferably | east 30% and nore preferably at | east
sec@@i%@crt@ras e? letnstslﬁ‘%t, pecferablyrat lagst 3(% afid motre premahiy at laari S0%

ratio t anet of. t flr cto
srod it oftme SIS Bt SorClcR e dbe P ' Setght 8 B S e fis
readtdrDLUID(1),d8 Qreﬂfeﬂ}fahabit)bf e deCfil reZ006, WB@Y &Md p{’ef%fa@'éf RAleast
system i n which the volune of the second reactor is at
20% &k£8%r.10% great er than the volune of the first reactor
en I o
Vmafl?é%étotr Qgst%ﬁﬁﬁbvhﬁ ?@ﬁ% ?é}lﬁtﬁ% fcllfexu %8? e H%t@f %131? gqst 10% greater
thardiht fvehmet ofape ﬁait reagtot enatilés the sotd rehot@tvalysd &. bd mlmmzsed whilst

rticylarl yant ageous in cases where the catal yst
profidegt gfquﬁ%ﬁ ity i handipfifiessat eperpangogritiogs apgeatalysts. It is

I
parﬁc%ﬁﬂ?ad%@;‘ggg%uﬁ ﬁg&k@g férd %@éb@ﬁk@t %F oc%hlr% thé Bt reactor is

e enpl oyed or a glve ati o.
high, @si tiek letgat sdcond scapios sizb bmbila hogher conientdiemds fof becarhploesi for a

siveriisigrEO o et g TR acts PRSI oG N rpg fes SFdifferent
reqiltclBRtseior Bat t&iBoédl irSthe r’tﬁ@?éa@fors B%E?(slu}mg kitat HeBati6 bf fhBM to

t hat of the second reactor,
diameter of the first reactor, L/D(1), is greater than that of the second reactor, L/D(2),

preferably at least 20% greater, and most preferably at least 30% greater. Typically, the
ratio of L/D(1) to L/D(2) is greater than 1.5, most preferably greater than 2. An increased
L/D provides a greater surface area per unit volume, which enables a faster rate of heat
removal, as the ability to cool a reactor depends on the surface area available to which

cooling can be applied. Thus if the cooling requirements of the two reactors are the same,
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preferably at |east 20% greater, and nost preferably
at least 30%greater. Typically, the ratio of LfD(I)
WQ 22000862 is greater than 1.5, nost preferabl BCHERAWDKO61366
Castlpdmdlz) An increased LfD provides a greater surface
area per unit volune, which enables a faster rate of
heat renoval, as the ability to cool a reactor depends
on the surface area available to which cooling can be
the SRR TRAW LR4S: bafn B8 2990b VD thes e BIMBL Snel Ireglﬁmt ‘I“Bus the
reactors are the sanme, Case 001/9(2) 4 the larger
invensignteoeblesithe haatdransfenvmabilitof dagh redotor sorbe bdandﬂMNhllst also
reactor Thut?) i nvention enables the heat transfer

mm&%ﬁ% P"’H/eaf) r@%@ﬂl ®eactor to be bal anced whilst also

M NGénesdIRGt {sQraferre@afat Be riid SMngtisen8faglectet (LID) of the first HMW
preferred that the ratio of | ength to dianeter (L/D)

reagipr 16 jgecater than Y0 wictaely betwsey 7o ard 3400aandoost preferably greater

tharp é(ﬁj{ ?&aep(%%xgpee%@g%’bfog ?%Qréef(}gl?%?f(%& 13\"8 g 6}?%%}&1%& [eng h%lto

dlmnaepﬁem of the stdvdld MW foattopisQiredt@BAN2a0Q pﬁﬂf@ﬁslyeaoo 1000, and
L/ [t)‘) of the second LMWreactor is greater than 200,
Mo et

By 20 058656, g suampls$ORDSH- pref erabl y 250- 750, for
eX&lﬁ'&%ﬂaﬁ %Q(% orafle regg'tlé?g 111335 QTgi;]%chHﬁe A P ﬁﬂ)re
i nternal vol une greater e conmon
congna@dy greateh dran25n8 aad dn pmlpmm greateathag 56t érypﬁdmam@esr&e 75-

Typi cal ran es r 200nB and nore particularly
2005%(9‘“8 3}53@@8?% ty in each reactor is
defA%@Qgeaa%tﬁ/ E'}?u‘f &loR rQJct&qé A& LSRR r@{e%q*p‘aﬁfétﬁa&ntegb%duced in
In th

react or [ et hyl ene concent r at
the reggiot G@P@‘m %e‘fhodw@sqonemtl@tlbn irethe meactoe (mei6) vres{deocs Bine in

the oaeBEEED % et B B MG e UGAED. 7t me being
defined ¥®e niabs bie 'b@l(aﬁﬁe@ fin {l'JéGMcftJiG(kgb‘ﬂth@ Hﬁtpﬁﬂlta@e &f cﬂ’ﬁhé!ﬁ%m the

fromthe reactor di ti onal cata yst iIs
reaCé@dléa/hf)oIﬁwdéé@@ﬂbcat@mﬂmddemﬂmmmlraaqtmgwmhtecalculatmg

the fa?ito'oﬁ a9{ V\gé/ fé’t{}% s %et ﬂ(y\!v trétg %f ¢ Qa g&l 1? Yhe' atofrﬁ%cft%rgﬁ%coﬁéﬁered to

ors 1s consl

be thelshintd. Mwidltﬁmhﬁ&atﬂystlz§a(ﬁiéd@@itHeQ;e&d”iﬂ 826N thel fRAE £aP€ into the
the fl ow rate into the second reactor is considered to

seoqqg rearbord Renstdergetoredlip ame obthedlaraptpof crlpbi fror the fies reactor
plud tﬁ@ﬁg%datgbf@cf&%aﬁ h@%@atteﬁgﬁfad 1fejcﬁg ‘rﬁ{to% e&@ox‘f’cﬁt ve?ﬁs t

I rect into cond reac T&rha
Alteacativelyt yctmtyeacehlc}nea«xbnmayrhg cideulatatt tbuieﬂtoeid:abaw destdnes in the
[ ' uced.in

catal esi dues in the r.o
PolymeE o ,Ce {0 §ech fgefoTiavg eﬂ%awh%d&g% PEANEYY tatie P%}culated from
thiscal cul ated fromthis. The residence tinme is defined as
the mass of the polynmer in the reactor (kg)/the output
r atTéleaiGSi@ﬁﬂcy tere i doimeadive themessort tifdqplimnpr inlthe eeacts €kg)/the

output Fté oP NEY from the géécto? ﬂcga%flin a case where polymer is recycled back
into the reactor, for example when a hydrocyclone is employed downstream of the reactor,
the output rate of polymer is the net output rate (ie polymer withdrawn less polymer
recycled).

Preferably the multimodal polyethylene has a shear ratio of at least 15, generally
between 15 and 50, and preferably between 21 and 35. By “shear ratio” is the ratio of the
high load melt index HLMI of the polyethylene to the MI;s of the polyethylene. The HLMI
and MI; are measured according to ISO Standard 1133 at a temperature of 190°C using
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into the reactor, for exanple when a hydrocyclone is

enpl oyed downstream of the reactor, the output rate of
Weologaso4l s t he net output rate (i e polynmer w REHER208/061366
Casb©8574p9) yner recycled). Prekerably the nulti nodal

pol yet'hyl ene has a shear ratio of at |east 15,

general ly betvveen 15 and 50, and preferably between 2

1 and 35. By "shear ratio" is the ratio of the high

loadsﬁ)g‘ié o'@i/gte %ﬂﬁ;ﬁgﬁ’egﬂl\s%\é&%mﬂqiﬂ ﬁﬁ“ﬁ])éﬁy gir/égﬁlﬁg% Egtrtgslﬂfg Moa@br
2.16kgcording to 1 SO Standard 1133 at a terrperature of

- e Ea VAR ARl oty e ylo S ndling e e §1eg preterably
betd@Ad £fd D0o1BKEnin e HibM proferdbdebdivbéd MRSERLO g/10min.
pol hyl ene exiting the second reactor is preferabl

1%@@ éﬁ-N&tta

betloan embadishenbthegatabyst pmplaner fstle prlanetissbioy iHeieg
cataéﬁ,gqg tl'ﬁg) %@ Qwefeﬁég ?rl%t? |ﬂg ;ﬁ?iﬁg 'ﬁpﬁgfwattgﬁh&?} e?&l@{e{ is from 40:60

to 60stal yst In this case, is preferred that the ratio
of LMNto HWN pol r |sfrom40 60 to 60:40. In
nul B inplEple é%?ét%mé@wéti?@athe&ﬁ@powﬂ@n ebihs BN withdgpwn from
ra
the F réicl dbpihds W1, oL A8 b0 Bl LG, Fop fERRRNGED
actuaﬁy palyimeried ynrthe fisgldeadtort tealdoi chpbndseaadh@)desmetl fmh]sproduct and

depends qn. t he ‘?Eﬁﬁl red final produ and the reaction

the peaiqn GgEIoRR 4n e\Péoq%%r G peRLctsiin BRYHRRLEEM Hfaciy The

readt'lﬁﬁtcfaﬁtﬁﬁbﬁseﬁﬁﬁl%@m 1 8nd1985tdr Qe QAN HQNSy RGBS cbfliitions
final reactor are also affected by the reaction

in upﬁmam lieasisrs| partipgtud e the impacttodcatal yeprodeativityliy up$iream reactors

on (B tkacRou R BB s e bl T b e Ras ety

desit £AS thapthe @%@mpldmsa hdl.ﬁd tSmpaRatsalinar i8S widthe pdldler from the
the majority of the liquid conmponents withdrawn with

final rpacteppipreeparpted i & Hlaslf fapkpt 4 wawermiura pad Besssira seah thef they can

be r%%o%ﬁgnstea r\%(te B& 8ok ngl%ﬁlgﬁt gssﬁ)c;ne TR 't&neﬁ%%% lfa{ll% components

can econ nse cooli ng,

not FeRedRP be sk procedd e Eempdted imga deb@uﬁ ﬂas@ﬂﬂﬂ@tﬁ}%ﬂitﬁlgl’mh lower
renmoved by this process are separated in _a seco

presppigs taf-'ﬁ@ 166 Fubs regompregsaddnerdep fplsigercled ﬁlawtaﬁ@%age of this
pro&gée Gl ﬂ%féﬁ'@ﬁ M&éﬁgﬁeﬂ a9 a\(:zrlgszunitt grer %.lfré AgHE p@gcesg- h€that only

vantage o process, erred-t
a SIﬂ[Eéhﬁ'meﬁbE of the vaptinmdlhqmqocroamems hbaﬂb bepemmessed $n order to

t hat. only rtion_of t vaporised |iguid,
be rRgaEHEft eﬁ?@&@fquaﬁﬁ%f Py cerii aueRl 9t dheeasion Qsmsglons it1s
posﬁ@l@@@ densetar Yembaum J-o4ned Alpt pﬁ%es‘é% gh1kko G@B‘}gérﬁ’ﬂed Wcithout the

the reaction conditions it is possible to ensure
need forreatimpressioasd uheliquid yaporsed oeths first flablh tanko be

oPg{ %tp?gfervt\ﬂﬁe& ‘Hl%y %hetrerllt?o of solids concentration in the first reactor to that in the

—

second reactor is maintained at less than 1.0, preferably between 0.6 and 0.8, as this also
assists in maintaining the balance of average activity between the two reactors within the
desired range. The solids concentration is the average weight of polymer relative to the
total weight of the slurry.

Generally the solids concentration in the second LMW reactor is at least 35wt%,
most preferably between 45wt% and 60wt%. The solids concentration in the HMW reactor
is usually between 20wt% and 50wt%, more preferably between 25wt% and 35wt%. In
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need for reconpression of the liquid vaporised in the

first flash tank. It is preferred that the ratio of
waalopdweedncentration in the first reactor to REEEPINS/061366
Casclt@1fRepnd reactor is maintgned at less than 1.0,

preferably between 0.6 and 0.8, as this also assists

in mai ntaining the bal ance of average activity between

the two reactors within the desired range. The solids

thls(b‘a&?l% ﬁtﬂr@iteh@@ td §0ﬁc@ﬁtr§%¥ ﬁ{e%gﬁdé’\ﬁérg%e@fﬁcﬁﬁ’ kﬁé‘ﬁgt reactor to the
relative to the total weight of the slurry. Generally

secorifereaddl wenCosrtdme zansé &ml/mrrhycitwysien@ nd. domMdthiomacfiee dilgent

t. 35w % | 45wt % and
stregoE S, Do Qe B LB DF BT TSI R ol i BpaFiop of
combhdlel ¥aREEYEER (ROWWARRIMIOWMIA (I 'irﬁ:rél{sﬁlfgiﬁ@@érﬁéity of the

bet ween 25wt % and 35wt % | nCase 00179(2) this case

polymer pyogiced ét thed-N &V mﬁf@ént rate the solids transferred
fr om furla‘ler a e%{ of tgx% (1)1}\; Rt t%f? %‘rtghc 2% é?o%%\ssr ]ﬁglt gr 1?1_& # lng.lé? imodal

settling 201

polyahtﬂl aidinst rea@trtw&yad@@s b@ﬂiﬂe@ﬁ:d G ceriepsiaraden 20-30WE of a high
rocycl one to reduce the proportion of_ conononer

mol@?l&ﬁrs‘r/@lghfe@ﬂ\w nodyraeiim Bde Hnuspasiosrn afipigeidienand S0P wio

L
whiph deesidf amcpntadioni in thessentd LI edactoo) definby bethe nnems afpolymer

le eacto connected_in _series
aivise? B ied ot TSt GG T Ee PRt S yHeost mﬁerablér“]vﬂﬁ?enﬂéwt% and
60wWBH 8nd/Br E SIREATH QR sblﬁs%oﬁ&énﬁ%ﬁ&?ﬁ‘ﬁh@ Fird ?9&0&91§@‘}M 8L second

a Iow nol ecul ar wei ght (LMA polymer is nmade in
reacgmsp mamtmnecﬂ at lasssthaw h@, prefecatdy betimeemAitcimdith® asd thedsolume of

e SR 0 LB Ty B 8l S e s

grez&bﬂfthﬁﬁl thelvdlite J)ﬁﬁ@ tirsd oclor, MRsthe RiSfoF '1 }Ytotlﬁﬁlﬁ@t%f‘of the first
45wt % and 60wt % and/ or the the ratio solid

reacieyn EEMH),48 Eeater thanrbatfof thesepergloeerion, bfli)(i?a,t andmr@ﬂqaabiy at least

nt a ned a .
2095 BREF S Kt BRI R Blens R G e gpempgaotiviy
in ﬂsseEMrvd rmaﬁtt@fhel SeRige laaasty iR 0% Hprwredcady! iy frotn ¢.2884kd 1.5,
30% and nore preferably at | east 50% greater than the
whee pYRFRSEHCHY R I1F gacharegeiyds dofined 9g thefaterafpobyetifylensmgedced in

the %%gt%i‘ ) o { tllé)hgnef donSdntf2886 1Pfhe E%?frs%l)(?rfog% x ILERNEL time in

second reactor,
the prmetoe (tmlotsy x_aﬂaed pasti A0Sy i tierreadter (ightiry), fegidehay time being

e ment i referred tha rati o of
e FbRayR st P i o St R e S kB pstpph@tfam»g@er from the
reac@&t(kgj'h})y Ttifalkd gréTMgd" #achoLol s cfaﬁé%’i’ih’gmgénﬁgg mﬁf freactor is

wheré average activity in each reactor is
bet\wﬁa 200t % amﬁ SoitYe tioye pw&rphlp tetvesedn 26wt end 8avt%r

A e T N S T
readt%(?{nrgiagg? tr”?gthéﬁ M he firtt AMWarcARAGE ah effBétielay SEaEERMNCENe
residence time in the second reactor relative to that in the first, in order to balance the
production rate in the two reactors.

In a preferred version of the invention, a slurry containing the multimodal
polyethylene is transferred from the second of the two reactors to a flash tank operating at

a pressure and temperature such that at least 50mol%, preferably that at least 80mol%,

more preferably 90mol%, most preferably 95mol% of the liquid component of the slurry is
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defined as the mass of the polynmer in the reactor
(kg)/the output rate of polyner fromthe reactor
W@ kosdp42 [t is also preferred that the sol i dSPCT/EP2008/061366
ation in the HWVregctor is between 20wt % and
Cas%g\%%&)rmre preferably bet V\gen 25Wm % and 35wt % W
have found that maxim sing the solids concentration in
the second LMWV reactor relative to that in the first

wit %%ﬁ{ b ﬂa§h Mk EB%&%&U‘@I&W eﬁfboﬂﬁﬁé gl%féntb?i s at the
Iresi e S

ence tinme int cond Teactor relative tot
concéenttahen fii thstflash tankod esmpanchs! lanog azhelepmlaﬂwengh‘olmlm\aﬁé Ciightss

st g g PR Carery BORE) Mok B w07 aifCe) where Te and P

are %%bé(c%”tvgbjfl tﬁ@emp%rétﬁ&rrﬁr @eredprésrsem (M2, 9es moeitloh%&me

reactors to a operatlng at "a pressure and
vapoermelndrwn éroguthlq ftalalatanhtls tandsnsed Oandl O apd éfaeatrarﬁhqnnbhat

t t f ool % . :
congefn&a s@%ﬁ“ﬁg‘ggﬂiﬁ t@)nﬂg?%}ﬁfg eg@s&ﬁg gﬁlé/ ngﬁé)ﬁfnv y. (g invention
assits i AchidvSk@ees BPhARin n%th\éﬂcbﬁwhﬁrmﬂ 500 L. e tﬁé &ebnd RRktor. It

as a vapour. In this enbodinent it is preferred t hat

willheemderstasstthaif Yisw~ and fsseorid aedstararaders o tempdmefpglymerisation,
ht tisf
oA e M el g e, G ahto 2t sl s

0 Eﬁreferaf)(lﬁhld%ﬁ‘ﬂlﬁrambﬁco—ﬁ@oﬂﬁﬁks Revia em@s@ﬂxﬁtwei t)below 50 in
he tenperature (ﬁl n © and pressure % at t

the FIB%PP@ﬁn&ﬁEr Rashrgnlis ﬁ@larrollﬁritbmwarmﬂmg s Pweemr@rw in the
secdr¥adiSr. 968&% rt 1%5@1?{3?% hen %%EF&LI%HBH% fiRls C?nd reactor of

concentrations in rogen an
congbhgitehavings peﬂd:au%elmghfheiomrﬁﬁeaﬂto m‘msﬁsﬁhsfe&ualﬁmn Ciighes <7 +

Oo%gghﬁél n%“ Ill;l S%g{o H?/glaé ltght ;,%Bt r 5&11}8&5%%3 the

con&é?lﬁtatloﬁé 31 ompdféhts ARERDS mo‘i&:ﬂ?&tr %}ﬁ %Eﬁ(ﬂJSSd o) Ehj'(‘a%eﬁ) 5ﬂieéthylene

pol ynerisation, regardless of mer s
respentnwﬁy utihe eeeondreacRr ehé Pam’a@/Tct dre aspmemslyaieﬁaed deIore preferably

e SORRRDR BRIl PSS bl B Ul BTy H580a rescior
is tHeQRine @Js tien@ntdiatatioR BE EdthpcHeh@ 'Flabﬁtgtahﬁoh%éﬂé’rn\ﬂa@ﬁﬁ%l&ﬁ 50
Accordr;rﬂ%I y it is preferred that the concentration in

enter g theBashdanteact or of conponents having a nol ecul ar

el BS80S LSl Stp s MEE Ll AR P iSidoutr

welghtlb@m“SSO Samisfiadihhe @Eﬁaﬁdﬁ CfS< T a0 RU@- U’Dei- 4.4(P.~0.8) - 7(CH2/CEt)
concent rations of conponents_ having a nol ecul ar weig

Wheiet- e S 612 Gecffegd I < aFrpsetehpedpie viouslyad refer sithen tq ‘Ili'é LEond

R AR UL ULl ARBIRA N ovenion
corpis rpea'femblyeansmg:daham’aeemnbaﬂramn afitorhpdrents3fving dielecular

wei i BRI & HE0sRGC ST GBI NdLHOtatovt: S0 GACEP g *
4.4(1?@-6 Obe a?tCJ;ﬁfE‘) by ensuring the ratio of the average activity in the second LMW
reactor fo the average activity in the first HMW reactor is from 0.25 and 1.5. Average
activity is typically higher in the first reactor (where a copolymer is usually made to obtain
the HMW product) than in the second reactor (where a homopolymer is usually made to
obtain the LMW product), and we have found that as a consequence the ratio of average
activities between the reactors has to be controlled within these ranges in order to control

the concentration of light components in the second reactor.
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It is generally preferred that the concentration of
conponents having a nol ecul ar wei ght bel ow 50
W@ 21000%06¢% t he equation Cpghis < 7 + 0.07(40 -PAOEP2008/061366
Cém@OPﬂgQ 0.8) - 7(C H2/CEt) where Cnghts, CH, CEt, Pc
and Tc are as defined previously and refer ei ther to
the second reactor or the flash tank depending on the
particul ar enbodlnent of the invention. It is

ggﬁ;%y;gﬁirgai‘ ef‘etﬁ%P é%:tllhear m%@%ﬁtﬁ%éﬂﬂd%@ylme COHcentratzon

rasebetmaten Eimdbvorrea;mrs sf ispesdilie t@qcn}m\iedmg}ﬁwegddt spase fime yields

(OERRFiaprosgfion Repdvers éggwgr\ﬁnftyf%&m SRR BN whils

stil @S & ngltRe Chg%s gﬁﬁé}g@n‘@ﬁf’ 1h 'ntn}énhan 1@ flafis tankMife average space
reactor 1s from Aver age acti vi t | S

tlrng:mebhmm}d rhigytre comnhing# aibospineisd ot sxeoleethan 400 kg/m’/h, more

oot BRLY Btk el d e o R B O RO

usuartiy investeod i@ p@ﬂ@kalaﬂytabﬁldaMé/\pmctﬁ@ bolynRASatIMRE ARVt is a
found that as a consequence the ratio oPﬂ aver age

Ziggles- Viette ejalyels oopesialing theenardl srodugiviy of éhebmm:frs@us adeast 10 kg

e T

preﬁmblpgreﬁhsﬂlaﬁ)aﬂt K@@Bbyeﬁly&nel@dattﬂﬁlt Nif eig gorangrisation f:a&ﬁliyst isa
gplo of avera e act|V|%yE$nd et hyl ene concentratio
b1§ 5

rRCtBACRRE PR, TRE T bf%bwﬁ@tra@dwm @Hlycompound, the
ovaf Cfﬁ'}ff@udﬁ'vﬁ? 09ﬂ1%rﬁ$éesssﬂatﬁ§g%]&§ g}’éf@ijagl? ngagﬂnjg %Pﬁ§ethylene/ g

production of polyner iIn rouni
catadyst,troefprabhdgraates than b dg pohictistlerstd ¢aitalpdj)saostlp|r@eltabb/ greater than

ht s ui,renent s e inv ntlon n.the flash
1R eh s FaIgRNC b s o gL e Egpetaliocene
iR&d pPea - e
R D R R L L
mlamittalpumﬁwhblpymgdlem ehic dveaail ﬁ:@ﬁkgimy:b’ﬂnhe ﬁbc&s in th}s case is

T P R —

e process
Ca%zﬁg?ﬁ @éggﬁfé%%@%eagégq{ifg{ hSyPéeﬁay gthglgtl{#;g{a%gr ef erably

gr ednerdarhaachisekle mﬂvyeatiwd)ﬁmetage eetidtiys it is p‘[ﬂd:rred that the ratio

oS B opaR PR b D P E: SR Eeflof & Felie s

rem@ﬂb B lesE TG EfRIbEf @ a&tid/ofaeﬂbylénet &incaliedbR ingRWY¥ond reactor to
(TH) compound, the overall productivity of the

thagrip grestirsi reagtpy is 3cadess; @dw@ﬁ@rﬁmaplyﬁ 5 peless. Mot greferably both
et@%ﬁ/ 0 Xc%l@l%@ 191‘3%%: %F%%%l‘agg 5& ?ta%?? %Bﬁ%g rt% é e%au%'hedgtogether

Thk&tlk}germﬁomeémwlsm &1 Qe tighial iy ﬁiiculhfed tal ﬁldl)@ ofdfyil&rtdidted by
catal yst i.s a nono-Cp netall ocene catal yst, npst
melegp lhB‘ﬂ‘ildG?mBQﬂeyFsam do) (tetranethyl- h5-

Cy cl IP&%HE@QE@ fat ?he%%ﬁgf mﬁcerﬁHtl%H%tfgﬁl?%H 0 the s?cc)tnrc]l ereactor 1s less

- 1. 3- pentadlene overa productivity o
than troels. Howdver m @rd&etmeasme eftetdindtyrydeve efpitodBetiedty, it is also

prgtgfrgim%l engl}ygenceactognlz traﬁo xrsegfrgartgr tkgn 9%1%% o,r pge?e?%ly gre%ter than

2mol%. The concentration of hydrogen in the second reactor is preferably less than

5mol%, more preferably less than 3mol%. The ratio of hydrogen to ethylene is preferably
(-0.5 mol/mol.
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catal yst, nost preferably greater than 15 kg

pol yet hyl ene/ g catalyst. In order to achi eve the above
WO 2000030082 aver age activities, it is preferred RCHEP20NE061366

[ et hyl ene concentratgion in the liquid (in

Cas%@lbggg(?j; t he second reactorbto that in the first

reactor is 5 or less. Preferably the ratio of ethylene

concentration in the second reactor to that in the

fir L.S: B I . o

| o2l fERAle ity i ERRera BRCOARE Al IR Bablect o0 ol s0°C,
prefeadbilwleanitiaaV 1@ ge thae tanvaskigt indtaiadcingqhid acivitivs between the reactors

satisfied toqet her. The ethyl ene concentration in the
and|t€?qWBe°F1§ee%q W8I%3P¥dlSs nol es of et hyl ene divided by

DI £&difbesdb lenhdrdl bfe:GURANRP by beladtis, REEEGRIAE thdBIW

£
the actual concentration of” et P{yl ene | % the Second
reagtem Eqwallyi yy-predsctishppreSiord 96y boadsiedy prieferdr vl &r the & MWsigagor.

satisfactory Level of fivity, it s, al |
AdgigPl e AR RS BhE Bk alin Y aciiioned iBng actor n
ordéM8Qortrdl il %erég;e%fcﬁﬁi@ﬁbédaﬁ{e?ﬁﬂl%ﬁ ob&afinZ ¥RV configuration it

concentration o qu/drogen in the second reactor is
an

is ppafertasrtatavgidtbe yse sShpitysuhanees iptheft@YAH rsactos sad ithBMW-

v gtk Ehradr Dl PrafSRel holeld G Beuprdly Tpfitethe

cont@itiatien bf mbRomergpeqated it tRfHMVE rédactos! ThiRasihes HrtdveeRtream

60, and 8Q0C, preferably I ess than 750C, as this can
degassiignergy IBRHERRSINY t he activities between the

r e r . o .

hdap T oRRnbfcof @S RRERLYE e Biid oPARIEV LG ity
optiprigtien alf keactoo atrdregd Mihite balance, sfzaa ainteyyibds pndcboding

SUppr essor.s be added, preferably to the LMN
req iRty MORSA i WH%PIIHB%‘%%QW ietsyPOnf AR m the flash tank
s0 283 MNoN§ theFR¥d & %@?lﬁgrﬁg deds tPintisveeaaed %ﬁggﬁi? %ﬁgﬁtiom can

order to contro average activity ba
enablp arcaoingy effiviknici\of tass thgurldiliSpgenietaliydessrtkdrel .Dbdnd preferably less

ayoid the use of an activity enhancer in the. H
e L9 5 el MR P Asptie e B st 1pke/m A,
morR@réfvabHad ledbOVENE M TR A pHIS LIy At Haft Zﬂ)ﬁ%n{:" NEin each reactor.
concentration of nmononers required in the HWreactor.
By ‘mprompes gliéeiencyn és meaidhe weighidetie of pthylean éregonomer consumed to

' ts. In all enbodinents of the invention, one
po}%g%gjlfrﬁ of" the invention is that optim sation of

r edatipy cagy @hagahacithvbinsed &lraResolySpasEi ohireR tivh & £Biegler-
and cooling requirenents, whilst at the sanme tine .
Natig; catahysbiihig Preferred gyt & sipglgeentibngahancdr angd hg-produshsypprassor is
.t I
use? R BSLABVIERIS, LB CRRRe 1 K OGRS 90rob 4R0E 8 prore
partedfularlyi serhdoremetifant of thetfbuaum]d CB1E],..0€hae &lib yn Iagr fioanl to 3.

Thelrhc())s% p%?grré%rc%flcgg%%!t amla ?ssc%loroform, CHCls. The amount of halogenated
hydrocarbon added is based on the amount of Ziegler-Natta catalyst, and is preferably such
that the molar ratio of the halogenated hydrocarbon added to the reactor to titanium added
to the reactor 1s greater than 0.1, preferably between 0.2 and 1. The use of a halogenated
hydrocarbon 1s particularly desirable when used in conjunction with catalyst systems
where it both enhances activity and suppresses the ethane formation, such as Ziegler-Natta
catalysts. It is also useful in a reactor producing low molecular weight polymer since it has

the combined effect of enhancing activity and suppressing ethane formation. Ethane
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then 1.006 to be achi eved even when enpl oying a space

time yield of at | east 100kg/ nB/h, nore preferably at
WO 2903050kg/ B/ h, nost preferably at | east 20BKYEPBO$061366
Cage@ogeﬁﬁb%reactor. By "mononeggefficiency” is neant the

wei ght” ratio of ethylene + conononer consuned to

pol ynmer produced. In the case where the catal yst used

for the polynerisation reaction is a Ziegler- Natta
forf 8% o 8 e BEHALE Al Maleolts Bl AT ERE Uiy gt more
diffieaétcd araintdin thxeorpktrationafiCal,Qdeteatied toyhly Hashrtbdnbelawdhe level

reaghei B EPEoH E NS BT ST LRSS 2y SHAu bk o hen maling
low%glfe&{lﬁle\gei%m ﬁzﬁﬂ&%ﬂ%ﬁcdléﬂfﬁ'hg&%%&{ {BéarQéfH. Whiflaking low

anount of hal'‘ogenated hydrocarbon~added i s based on
molehw araweight padfmei ieghesschiad teactonitas lse partimdarly desirable to boost the

) f bl h that th I t f. th .
actifly pER dpBlShgBroaren A LageabEbEHEe Pighipfroses concentration
both béRAbMETAE el clich 1$:1R@4aB6n h&ivatye MatdgehMad hdrbearbons such

referably between 0.2 and 1. The use of a hal ogenat ed

as dhlpgelonm cho thereforrareyided adouplefessicfih by donsiing agtidy peost also

minf AR ey S Gy RIS e T or mat i on,

SUCA paderfé®@he bf Mattorutided!fyiSdugh pblyniesis@l i@ i4/8 Rioglredcfor,

a reactor producing | ow nol ecul ar wei ght polynmer since
which igmeontinaousdHblpepnsiradion compasma st leay tyet foy exgmplgdour,

' t j .
verfUPREEST A SUOR0R, SrBhBlk ot RADRLAP FlBle Miehadbe
polymeridagon sagpionlly teherved ysing kidingcl dxchmrge vetlf 4 tealinke rhadium,
intain the concentration_ of Cugh in the feed to

PregaF?é’TX VaSH 1B AGKeS SPEorndng 3tdeast PEFE%#J?‘F Q%ﬂ’uaﬂv??qpef eactor. The

. . . . v _
oL OO0 Rt T BAcP ke BRI viuf Shek tipically in the
rangrald-2@Qrh’a It iy prefferngdothaigthe polymprisatmntreacirariilised imiye posent

i ght polyner in the second reactor it is

. mg.l ecul Fr wei
VM98 'HArPPCERAT y desirabl e to boost the activity of
t heT\gadaabisiursd SRFloYARInARE 100D rEdeorGad Bétwebn 8N 0i®a g,
hi gh hydrogen concentrati on both contribute to a
prefeesdlichdtoren htpdMiteg.i sation activity. Hal ogenated
hydy,.0c such as.chl orof orm,ca her ef ore_pr.ovi des,.
o SRR el B g SRS REE T i Bt Pal g B ions
confiifih g ety REe hbRopOINERA MdicopslyRlersCBGylhei cBpbIBresagpieally
reactor. A preferred type of reactor utilised for such .
compsisy ARe PsmEpTeFiRha-elefing By arighletasrouniyhich cag repch 12% by weight,

. | oS . Y

) U LS AR VLR GTRTRUN R LS

t Wil hefabiphaenampblefif aronoherd gempiadlly eagidyedns suchheadtiat afone or
risation is tygi cally renmoved using_indjrect

o R O b HBLPE O 5Pl 81 DY §raRsbisg ner the
doubRH6RH ShahUhE Q4RGHBA. Ppiddt @RAmPIRS fncRide bit1dbLBY1ehd Btene-1,
pentene-1, hexene-1 and octene-1, and mixtures such as ethylene and butene-1 or ethylene
and hexene-1. Butene-1, pentene-1 and hexene-1 are particularly preferred comonomers
for ethylene copolymerisation.

In one embodiment of the invention, the polymer is a polyethylene resin having a
density of greater than 940 kg/m® and an HLMI of from 1 to 100 g/10min, and comprising

from 35 to 60 wt% of a first polyethylene fraction of high molecular weight and from 40 to
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vol ume of one |loop reactor in a nmultiple reactor
system can vary but is typically in the range
wWao0ss®2 It is preferred that the pol ymeri saRCTRP2008/061366
Casb®8PjoRs) utilised in the pregent invention is a |oop
reactor. Typical pressures enployed in the |oop
reactor are between 0.1-10 MPa g, preferably between 3
to 5 MPa g. The process according to the invention
65 GOROF E5esold bty ERE FALU AT AL RIS, BT 1 hytene
fractiop obiypEsiag b Yipeardbivylensityprdl gshydee: lawvingor density of up to 935 kg/m’

al -olefins in a variabl e amount which can reach 12%
ama iy MG loss e d o o Se5ont bab by ene Rgion sagpoiise a
higlPdGRRY ?ce)%?ﬁ@%b Mabiak ¥ dbAeiRYo(4e1di 960 KafnBlpRIBrably at least 965

npno- o mononers generally enployed i'h such
kg/mgaod ao ML af greatve then 100 12él Omin] adithe pdlaethpignepesio 8

car.hon s r ol ecul e and no_branching .nearer. the .

coUbPieD Ak e ur 1 o e G A Btbond Baving 2
to 12Nsrkfeeb1 8 Y B eeborPitORY beNBolebUt EBLexdampl PBAR ABxbes such as

hexene-1 and octene-1, and m xtures such as ethyl ene
propang, ivbriene nthexane ard-arpianm @r herehrd-ajkangg sudhes isobutane,
: - n ene- r
o PR SRR B, AP S lornne
cyciibase @e teirahixtiies. | e tdsonf ethiRnp pblyiREizitsorg the diluent is

pol yet hyl ene resin _having a density of_ greater than

gengyaly Kisrtnv 8h EssRecA fp theigptabist cretslystiapd polympr pradufed Eeh as liquid
. i i 0 . 0, i

ot b AbNBPhEC Mo Rytb A AINSP of b itpdAEhOK ARG e

5090 (tafe(ad)y dtled70%Yo bihe @obato fotned|iy eisbiybkrthefina tdobotane is
of | ow npl ecul ar i ght, the first pol yethyl ene

Pa“FW&EBﬂH eEB&ﬁfF i@ﬁie ‘linear |ow density pol yethyl ene
haviag,RrA80 ShhditiGhs 4R iR ta3ack HalBiedchonibr bs 8fe diluent as is
l ess than 1°g/1 Omn, and the second pol yet hyl ene

the €3sadn sooerlled pphi milymgemsatioy hragessss. (fhe pbirpetomgergragioh dniirsgn

a density of. at least .960. kg/nB ref er abl t Jeast
volGug Fona S Rt ol Bf apr R B Rlos oty
weiglR@ TR JRlehyRNOhdBE the diTMRL kahertlbl readtive, figid o Supercritical.
suspensions in each reactor include h¥drocarbons o
Propidiigonorney 13 partigylefls peiieryedasithe diluaps iy proptleneepobgnerisation
mol e | . -
- BFks of R APy BRI S RAEEn R S SPATRER Bz cgter
Natggletafs cénsaipd tadeditaté BoPeMsitivn, métslogpé eaalyswthydrogen is
2,2-dinegg%lﬁropane, or cycl oal kanes such as .
prefetablyoisefs gy deqeen SHss iR ey HINEHB 2 AOWELAVEFags maqlecudas aveight.
_ . Cone t . i
WHEEE G Sl R A B Ak Plion Bp el e prbfrably used o
regudaie atcdeopdtr veeightpol yner produced (such as liquid
al i_phatic, .cycl oaljphat.ic and aromati c hydrocarbons), .
at C?’@ﬁﬁé‘fléﬁﬁ?lgséh PR iltegf)lmé{{ sepaxatééi éomt e 1li]u ntina

manner such that the diluent is not exposed to contamination so as to permit recycle of the

diluent to the polymerization zone with minimal if any purification. Separating the
particulate polymer produced by the process of the present invention from the diluent
typically can be by any method known in the art for example it can involve either (i) the
use of discontinuous vertical settling legs such that the flow of slurry across the opening
thereof provides a zone where the polymer particles can settle to some extent from the

diluent or (i1} continuous product withdrawal via a single or multiple withdrawal ports, the
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50% (preferably at |least 70% of the polyner fornmed is

i nsol ubl e therein. Isobutane is particularly preferred
w@goovhzoedd | uent. The operating conditions can BCBEBP1988/061366
Cast00l79(bpt the nononers act gs the diluent as is the

case in so called bulk polynerisation processes. The

slurry concentration limts in volune percent have

been found to be able to be applied i ndependently of
locdfﬁh%?'%}h%h Maihhy@heleled 4l 108 Qéac%@um%ﬁ‘é}@fabtm acent to the

luent is inert or reactive, liquid or supercrltlca
domrstype,m enéohwhomsmtal §eq@@nt01f thel iamt yheroptratipe df kege digmeter
il uent,.for opyl ene.. ri.sation Methods of.

realirs ) e G i R B T B BT T i
priné§iangiluene ¢/t rawhof 41 ,thdmﬁhb@é“aﬁﬁﬁ? 1pd Useicteiahatimt ®vices

transition netal type catalysts hydrogen is

on the efddemmpalyaer sluryingeferab hittiderperionse é@@gle er ingbe Fase pg multiple
hydh&yo ohgélﬁtpﬁ.ga\él%gglgsgpg%t ﬁﬁfﬁlela%nh\ﬁ%& I?Itl ét?% dp aﬁ‘&m inan energy

m um po ynerlza 6 nperature
effipeafradral yinctsdgnificar @geshat eeditiec shdvapoBbgltn. ofrécovered diluent
. CQ rcial plants, the particulate polynEr i's
18 agca%%’s dgepsineghe P@f@eairiltwﬂf cAHLYCORgFIEP e SQBIRONGY, forfxample
thro‘agfl H&cﬂﬁoﬁ of f# h t g géj(HH%nP Q?Wthg H}fcﬁrgmﬁ?(’orfeqs a further

recyc uént to the pol ynmerization
means g emhanbunglﬂm as;rdratixfg veinyiop wif iHfe forml reantor Sepeedatinpghd he

artlcul 0 r prod b he roce of the
ol o PR RR PP re- SR e Ss tiast 2k be by
anw&%WﬁKz{l QMtdrrbftﬂliEemﬁﬁlblef Rhct&*3RhEIs! atlog'@féabtﬂi/ Ghye

either (i) the use of discontinuous vertical settling
withdsgen.sad m)rftfh!ablyt deacértaiedopolyimer slyrrsacy «Z@sestsmesedpmﬁ apgionally

healell o RIS B P Sh vimel ol ARreRar biefgisly heated
aftef 0rbRUNLES 0R! A8 Y 6bnsohkdndE 8Pk iiVdetian, 3hé Bll@en® hndaHyt Bh&iner
w t hdrawal ports, théCase 00179(2) 12 I ocation of

vapQuF &ssorerad ethgmymesy daghvessrl ca@b@ccrrélamadrwﬁmut fresompression.

J
i SRR 0B ASE O IR OIS BALEN S By g o
the piiiaant fdsh vessel BI0s5-VSIVPh g gtefopdbil@e. 5P 0EPY § alllie@bHdd f&:covered
the slurry minimses the quantity of the pr|n0|pa
frony Fh%ﬁ?arwﬂ@ﬁlweaﬂm 3¢ wihally ea%ﬂ gprﬁs%cha@qrb Hlashovgssel tg eenagve
Iemggpggﬁhe?tlng devi ces on the wi thdrawn polyner slurry,
preferably hydrocylones (single or in the case of
mu I”Ehemr@cehg/mhconyng tonibe invengar ilrélevanotto sieoicin polyinarishibon

th f di | nt j.n_an ener ) ;
Cafaﬁfs 618 ?ﬁpﬁ@ﬁﬁéﬁg\éﬂ% & %%eaﬁﬁ#l}e@ar?ee%? @ga%%@aﬂetmwular

thosREr VAPREMIALLIOR, SlcdnBERYETSAIRI éiﬁf‘fromsthé‘}’rﬁﬂ? %%vated silica or
I ncreasing the concentration of easil y condensabl

Inorgap sunperted clﬂn@mlmampieecataﬁyam@d feahdimdtdhocetie-fype shtakysts
n1of

merf e Feifie s 0 bperttRRe A ik O RS A 6 S et

titarfiiA @k zireRGh@r and reducing the

Non-limiting examples of Ziegler-type catalysts are the compounds comprising a
transition metal chosen from groups IIIB, IVB, VB or VIB of the periodic table,
magnesium and a halogen obtained by mixing a magnesium compound with a compound
of the transition metal and a halogenated compound. The halogen can optionally form an

integral part of the magnesium compound or of the transition metal compound.
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concentration of nononer depressurised to the nmedi um

pressure flash tank. Wiere the final reactor of the
wordovopled2 r eact or systemis a | oop reactor, theCT/EP2008/061366
CasWiob{reygywn, and preferably cpncentrated, polyner slurry

I's depressurised, and optionally heated, prior to

introduction into a primary flash vessel. The stream

is preferably heated after depressurisation. As a

co Qﬁ@l‘a}l@&‘ﬁ@—tﬁ;e daBydiiaphi ?rfétalfﬁgé‘neg bRt RPEHRPYn alumoxane

nonomer vapours recovered in t primary flash vessel
or byan ipEising ager sedesstibed dor exanphy ireEBiS60944PheMlitsui d oatsu
Cht A i@ally then recycled to the polynerization process.

e@g? ally the pressure in the primary flash vessel is

0. 5Zi§g15r—§'ﬁ@ cBtalyRisek&mabl pre@med JARoM tesh, pAfRuRe bk Mples include

recovered fromthe primary flash vessel are usually .

at lggatsanedrangitian setd) sbiasop frana Sreupe 5ER| M Vi aed, ¥ 1B anpgiigaium and
V, (0 T S r.di t l.ovention is

o S8, SRR SRAEALTE LR BT,

Sy st@ig 0 t¢ a0%i Uk eighiyofttiaasidon ket préfeably hiem 15 to 20% by
Ziegler-type catalysts, in particular those derived
weightom titani um zirconi um or vanadi um and from

th [ il r..| ' 6 :
o nEgH20Y B6% Bl G el ot BALAARLA DUBBIN B weigh
c atfedy $t5sto 2084 by ohn ef negmegiva, apedlypesrh ddo éAYd by weight,
der'vabi ve %1; &transi%i on.netal, i rticul

© T Orh 6135 B ot ABRi EetedR s Doeto s BY weight,

the BA18HeQIentMAG cGRIA ¥Bd18mALE afififs GBAPAY Pﬁﬁlu@t@ RREd Rr ki
transition netal chosen fromgroups HIB, 1VB, VB or

manufRtwE, wkk apestbouihydragh end eeypeesThairansdioa rhetklogdrihe halogen

are BRRATN ol Phafof BT lalfr ERAVAE il Ratoarne

confpRbiEERNd. The hal ogen can optionally forman integral
part of the magnesi um conpound or of the transition

et Bl GONPAURI FCRSEI R Y A cidk Met al | ocene-type

catal ysts nay be netall océnes activated by either an
al Uviegresimnpeonitgnt dlom dm &3 Hobyagelght as descri bed, for
ex le, in EP.500944 tsui. Toatsu Chem cal s).

Zi eqierng splent §en y%ioéloé oY e ef erred. Anong

t hesaminah thshidessekaPYESy wWeghtide at | east one
transition netal chosen from groups HEB, |1VB, VB and

VI BResifughergpiprcentantdess thas40 Yy Weigbigen. Good resul ts

ar [ 1.1 b -conprising. from 10 30% .

e SR AR e bR 2 ERalabBP uos AR ey iy in e
preseyica/&fl agdvicatalysn M i2 Poisiblé aseyanyebeitdlyafknbah 0@ €, art, especially

preferably from30 to 50% by wei ght ) .
compounds comprising at least one alurminiim-carbon chemical bond, such as optionally
halogenated organoaluminium compounds, which can comprise oxygen or an element
from group I of the periedic table, and aluminoxanes. Particular examples would be
organoaluminium compounds, of trialkylaluminiums such as triethylaluminium,
trialkenylaluminiums such as triisopropenylaluminium, aluminium mono- and dialkoxides
such as diethylaluminium ethoxide, mono- and dihalogenated alkylaluminiums such as
diethylaluminium chloride, alkylaluminium mono- and dihydrides such as
dibutylaluminium hydride and organoaluminium compounds comprising lithium such as

LiAl(C,Hs)s. Organoaluminium compounds, especially those which are not halogenated,

are well suited. Triethylaluminium and triisobutylaluminium are especially advantageous.
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fromO0.5 to 20% by wei ght of magnesium wusually from1
to 10% by weight, from0.1 to 10% by wei ght of
W@Rwaoslicddm generally fromO0.5 to 5% by wei ght PCT/RR2008/061366
Casbaberg®) general ly consists pf elenments arising from
t he products used for their manufacture, such as
carbon, hydrogen and oxygen. The transition netal and
t he hal ogen are preferably titanium and chlorine. Mst
pr af, @hé pekticalaAtMBEERAVES thO BivER drO MG t-FRIBRSIdye@ M the process
Transition nmetal from8 to 20 % by wei ght Magnési um
is a dinglesriVatfarcatal Bt.ttbe W8igls tafiowd LYRY CATMMW pelyorsnissheom M0t to

. 10,70 % wei | um num cont ept .|l ess. tthan 5 %.b
60:41f b it Rpddeiind T e e By RADE ERb o Ry 8 ke Volume
of riRitdiNs aPWayteS0| siafdral)$ at Ravt ROO ULt byefdiaBl £1cased . ysed

ones, are typically carried out in the presence of a

cockehyegpiui-based cpfalys| ip peefered o€ ompyise » suparipd chiortygm oxide
catayr%é B%lgn 5 Litanfe R %%Hé%q}g g glﬁlg%@édnﬁﬂ&gﬁe Qﬁicﬁ gz?c?{iﬁal)}ia

nium carpoon~c suchr as optiona

suppat. dgpartitdalrl p popderesl drdmivybasedpamlydismanwbbaprigaffom 0.5 to 5 wt
[ n el enent, from graou of the

onpri se gxygen or I h
% clpibe, Brei b ,ar%wéaa%m cHeRtaE SUabepst Lk & R based on
the WeighHo fife Qﬁﬁﬁﬁ&ﬁl&m%ﬁggﬁgl | é?ﬁgf’%ﬂpg;t_comprises at least 2 wt %

trial kyl al unm uns su um nium
titarfininapricéematila hronnd 2uos weilb hitasuhy mpsquefopdiy droahdi A3 nitbin

..al unm ni um pono- .and .di al koxi des such as .
tiar R AR e B TR OO e otk 3y loatjum:based
cataB}skifla@hbvd D6 cSSERcAsrcs bERBMI 0UST00 WL BlePEhBIS from 400 to
al kyl al um ni um nono- and di hydri des such as
550 am iy avelmingiparasky @f grketen Hundr agégiprafanshlyifiom 2 empotelgds

[0 Si it hium such ,as Li.Al (C 2 4.. )
Cruf A%l ol Y BEGRASR caidon I disators hch grggpgmertaltic
compotndialfeysnatues or f torvwe|Hrefettbd 8@ orddoBbidv!cahipdiifdsisich as
and triisobutylal uminium are especi al l

. . y _ .
malkyiparona gevhichdhaelkplehnge zpmpriss ¥ a0 graban aomay Triethylboron is

f the invention, the catal yst enployed in
1t Preired! , .
P e ocetrg@l s a Ziegler-Natta catal yst, the weight

r atlf me@ﬁtaL}Ps’s/\émplolij/\'{smlhgtaﬁdéce%ls citgl@vﬂﬂ, ﬁ(ﬁrﬁgrabl}/ (ﬁﬁﬂ}#?ﬁs a bis-
n ; . . .
e R ARenVH TR OB FEelbioh it GHAPELRBSR Camprises (o) o
met%{lﬁﬁ%ﬁe d2fystRbRiShaR lcﬁmg?%igg g%ﬁs—t%gglilydmﬁhelﬂ‘i @In?lggﬁﬂdy oftthe

east 2507 The chromu catalyst 1spreferred to
gengranformele (ldslpREMdn ctidmeasnlndt de theatale s diffiawmitragd as

ey bR R st Rty brahpgtes a Ci-C:
alkydHe QR AT} PARRG SerhPn¥idh ofRYcGLoI N oRShel 6OMA Ak fHRsphiMd or

amine radical, which bridge is substituted or unsubstituted, M is a Group IV metal or

vanadium and each Q is hydrocarbyl having 1 to 20 carbon atoms or halogen; and (b) a
cocatalyst which activates the catalyst component. Each bis-tetrahydroindenyl compound
may be substituted in the same way or differently from one another at one or more
positions in the cyclopentadienyl ring, the cyclohexenyl ring and the ethylene bridge. Each
substituent group may be independently chosen from those of formula XR, in which X is
chosen from group IVB, oxygen and nitrogen and each R is the same or different and
chosen from hydrogen or hydrocarbyl of from 1 to 20 carbon atoms and v+1 is the valence

of X. X is preferably C. If the cyclopentadienyl ring is substituted, its substituent groups
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20

% chrom um preferably around 1wt % chrom um such as
0.9 wt % chrom um based on the wei ght of the
W@ p0d/s0ew3 cont ai ni ng cat al yst. The support conpCT/BR20$061366
Cask@@Bto@ W % titanium prefgrably around 2 to 3 wt %
titanium nore preferably around 2.3 wt % titani um
based on the weight of the chrom um contai ning
catal yst. The chrom um based catal yst may have a
must B@ﬂbéc doSoudiy :ftsél‘éeaﬂ%ﬁt%oﬁmzftfoﬁ@f %%15@11 K’ngﬁ'e?{oghe metal M.
preferably from 400 to 550 m a volunme porosity
Subsfitugnte an dre Ctyhmeﬂtadl@ngl rmgefreﬁem%ﬂ)yha‘wedmszhstd@ogmm@{s More

relGb R s EhO 308 Fas BB FB ol Syt Enud b A G Alhostitued,

In a@iaﬂiﬂu{ﬁr@rpr@ﬂenea eﬁ@b@lﬁmn?rbaﬂﬁm@@lﬁre ufiben@BR RN is IlJreferably an
npounds such as trial kyl borons in which the alk

ethsdm biiglge grieh is subgsituted opunsabyibricdt wenctal Mds nwfmglw girconium,
haﬁhﬁm%?'i zin‘fM% bt g?éf?lfas[)f z%dcom ﬁa%hif‘ sarhé( §Jm§8§pé1ﬁ¥1%ﬁt 4R may
a net ehe
be ﬂiﬂtﬁaf@hﬁﬂhﬁrﬁﬁ&h@ly I(aiﬂdhl)ha&mmonm da;r})flii en‘oﬁfsablamalldgen Suitable
cat al yst system conprj se a net ocene cat.a
hydgasaihy lscmel it }irfgaﬂlaenaf@ liyiftr &sllﬁae Fpeh @dﬁﬁ@éﬂ@bly
f
haic%felé }_&ﬁ}yg&l{éﬁ%ﬁg g r?gf g@;&lag?(c%?e??ﬁeﬁg% ﬁ%ﬂl&n%]fﬁ&i&qg B particularly
preﬁeetd ‘aisydrzmyddnenﬂ/dnybcorspd:umﬁl tuted tetrahydroi ndenyl, R

PR FBAATR o RS g Pl
stepﬂh iéM' at RNERPAED SctfatiBAtdigh et AGHeCRhe acthGdhn Qﬁiﬁéﬂﬁuﬂe%referably
substituted or unsubstituted, Mis a Goup IV netal or

rangﬁaﬁ@mmﬁ@r&ioé@crno@prsfem}vw@&amwomaw ng 1 to 20

RO 810 o e Bl GEPT LR b B E St
catabysb aridetht aboutil 9t el edditios &NHRE UferiByd ARNEHMBS tahd Yi@hubsequent
the sane way or differently from one anot her at one or

reackri syppiipd Wéthsaq Ipast, Heonoyiedr.op @atticglas athylane ggd withghe slurry

arlsﬁxég:léc?ﬁ] ?é %‘ mE 'r&tgtoq %g tli) 25%{1%% éﬁé.’s ﬁ“@)ﬁu%rdogrgh r@ﬂﬁ? catalyst the

cocdthlgsiendfa 1f116mn‘bl bﬁthXWﬂ}ﬂn&m peddueed in aq:htéxﬁﬁi’ngf egdigrfabiPseries. It is
en and nitrogen and each Ris the sane or

1 VB, ox

OPtlaPar”rYéwé%gleéﬂ aulaﬂbéé?POfnfié?ﬁcFﬁraP%@éﬁf BPIORIEALS @A FasH ongpof the

[ v

foll(gd}llﬁglr%arc{e s 9 %sﬁe&aggp@/@g %%1 %ttg ?Vgﬁcilr[ &h@@%&rme

intraxinbs thetaatadybt and thesobatlystapiisiyelyipeCafnt RAAEH ( 2) 15
must not be so bulky as to affect coordination of the
ol efin nmononer to the nmetal M Substituents on the
cycl opent adi enyl ring preferably have R as hydrogen or
CH3. More preferably, at |east one and nost preferably
bot h cycl opentadi enyl rings are unsubstituted. In a
particularly preferred enbodi nent, both indenyls are
unsubstituted. R' is preferably an ethyl ene bridge
which is substituted or unsubstituted. The netal Mis
preferably zirconi um

;...j
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haf niumor titanium nost preferably zirconium Each Q
is the sane or different and may be a hydrocarbyl or
whyweosmeboxy radi cal having 1-20 carbon at onsPGF/ER2008/061366
CasBabOBR Sui t abl e hydrocarbyd s i nclude aryl, alkyl,
al kenyl’, al kylaryl or aryl alkyl. Each Qis preferably
hal ogen. Ethyl ene bis(4,5,6,7-tetrahydro- 1-indenyl)
zirconiumdichloride is a particularly preferred
CLRBi®st et r ahydr oi ndenyl conpound. Silica supported
—chrom um catal ysts are typ| cally subjected to an
. I ml:troge!t Ct Irgcﬁ}chn I%Iilﬁﬁ‘n é)lgttatﬁ%le Qmeelt%/a%{ t%&go eactors commected
activatt on terrpe ture: a | on terrper

in spriedf @ralbikly 20-8096% dﬂaﬂﬂgﬁﬁ@l&:@laﬁﬁz@@ﬁt (HINOAIVE) }ﬂﬂﬁﬁ@f 1@ kmhade in
600 to 7500C. In the process of the inventio
suspenpion 1f @ HEgt spackyr apg @0-SOPtdotiadoyupplpsuddy wiight (E»M\M) pglymer is

ma(%gﬁ g?ibr%?&g% g{ 2k3tShd FAcRH A td-QR therakif 6f B2y ? Q(&}?vxty i the

each subseduent reactor 1S supp
LM rdaetas tg thewnenee actwntyprathelféM]Vélreaetdnyd feore (a2fdand 1.5, WIhEe

slurry.arising from reactor, of the ser.i.es,
aveiagt el Rin et e ine e thafaf §ERo g cnd aisasdn the
reac%ﬂk?l’l@]‘hi‘)t/t[&ﬁy%e EQ&eﬁﬁétYdﬁ%%h@eQ&HﬁﬁQol%} ﬁeﬁﬁ&&%@irﬁ@m the

reactor of the series. It is optionally possible to

reaoff,mibm}rs}ax Sesdoatg of eatelysl intoritle mactow {2/bop rrcqmnac émedreing defined
of, the. f I | 0

oo QPR R e n B G A R RO e phliE o e goacor

(ke/h®), hiit wRelRaht Reluert dltysiecamnbrebftor BOE Bhad N09L, referably at least
excl usi vel into a first reactor.Case 00179( f

30%cp mgreipre @é}égtslws@ﬁm@rg@ﬂj@r thep ﬁleﬁmmqmgp ﬁrst reactor and the

raticg gi; I%élgétﬂ% ﬁﬁg\lﬁlté} (ﬁ%t&é @%ﬁe@%ﬂgﬁ Léﬁﬁ.ﬁ rg‘?’ea? 'ﬁupq%gtbgts\ogtﬂ%?econd

read{ MDY ayitirefeibivedd deast2(Wegpansl on in a first react or
and. 20- 80wt % of a | ow nol ecul ar wei ght (LMAN po
2. i s hragres perosding éndrigh L Hhaeg desinind Féw@mraﬁwert%@ ?FOP%LMW

reactrtnﬂie bRl AR lﬁgs%roéi‘%%lﬁ% g 1&%&#& l&ﬁal%é’s 0‘? %1%[ g.agéeast

average acti vi reactor
35wdigl mbsﬁprefdnaiﬂp baweemgéwt% and Eﬁixyt% rand &c Inherthaa:ztti:or ofisslids

def i ped. ra e of et hyl roduced.in
confeGizalG i g BRATILG (F eh ) R 6oCe0R R 5t ORI Red Hdess than 1.0,
pref@@gglwméé}p@%@aﬁorge& dence tine in the reactor (hours)
ed rate of catalyst into the reactor (g/hr)],

3.r eéird@m; toriprodichg awyultiedddabpolzsthylaee ineas deast twtoheactors connected

i RS 2B 0 3 SO PR P

susfel§iof A€ 9 Aiekt F@REIr Ahd 26-88tvidsAatlok A6lcdtl Fvesi gl (LNVBH) polymer is
| east 30% and nore_ preferably at |east 50% greater

madeia fusPRSiYb N meecend Faselor,iin shidhdhe selids capepnttAdon it the sesond
LMJWf%g{téar td%ﬁgéc?%%? Enag; ?%&ﬁgré%{) dr?l dF(z g {t}gertbtabr%é‘%f sh!uri'%I 1s at least
BSW%efrmmqhbﬁeraﬂy b&agtn 2001°% beBE@Kt%, and/or the the ratio of solids
concentration in the first reactor to that in the second reactor is maintained at less than 1.0,
preferably between 0.6 and 0.8, and the volume of the second reactor is at least 10%,
preferably at least 30% and more preferably at least 50% greater than the volume of the
first reactor, and the ratio of length to diameter of the first reactor, L/D(1), is greater than
that of the second reactor, L/D(2), and preferably at least 20% greater.

4. Process according to claim 3, wherein the ratio of the average activity in the LMW

reactor to the average activity in the HMW reactor is from 0.25 and 1.5, where average
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2. Process according to claim1, wherein the solids
concentration in the second LMNreactor, defined as
W bwossws2 of pol ynmer divided by the total nassPGFEP2008/061366
Caselogr1y(2)i s at |east 35wt % ppst preferably between
45wt % and 60wt % and/or the the ratio of solids
concentration in the first reactor to that in the
second reactor is maintained at less than 1.0,

actﬂ?ftﬁ 1PERR YRR T VGG Thed a8 tlﬁ:'}gteQ)f %oly%th yRhASRSRicE®@In the reactor
produci ng a mul ti nodal pol "'ené in"at | east two

(kePBAck/dethylson nenteattation lgeﬂw @sq:tor ﬁnQM)cheadels:@mm fthgreactor

(roly 5 S o RéeatVR 0 s ESeelon O R ine o o s the
mad¥if ﬂfd’écﬂﬁnmhqm readtiMk e Bleydisut irste Hﬁﬁ@lyhiér SUENAB SR (kg/hr),

in second reactor, 1n which the solids concentration
5.0n Rlﬁ@esg aeerding famerresesing elain, idereis therseligmeancetiration in the

ATl B2 0L o A o

35vatxd/ or the the ratio of SO|IdS concentration in the
first reactor, to that in. the second . reactor_is

6. i FPSGShacrosting Exankt wswdin&ﬁlalm afheredn By raiae H3) & D) is
th d t t
gre;f}&qhgn 85 f‘%ﬂ"rm?ﬁye%f 4 e second reactor is a

east 10% prefe ‘east 30% and nore preferably
7. at NMreast H08tdgzcatny ptdreding bkaimm/hﬂmindhe tahie of ila‘rgth to diameter

i Ehe Fiss BRI ey oy et S et ikt ecar!spiaBe 3000, and
most PEFRALFBREHA thar- 80X 2r exdaRPIFRI IR0l y at | east 20%

greater. 4. Process according to claim3, wherein the
8. r athrocast agdeeding & ag@ra@ﬂdmg dlgimi, avhieredn theatieafleogthtto diameter

V|t int HWV r.eact.or. .i I 0. 25
G B RGPV badd s Bureli st 5o g py 1R, o s
preRa® zﬁﬁwsmrfoﬂescaﬂ@idMSaﬁ the rate of polyethylene
produced in the reactor (kgPE/ hr) / [ethylene

9. corfeenst ardonting ip aveprresdonsorlaipriihggeix theayran eeace time yield

(deélﬂedtalgg %ﬁ&? 5§ é&l%@?%ie%(%ﬁeﬁ'glgﬁﬁoﬁle {)%fl: %B&éé fMma 1 géa%tors
conibiveedringseatet tHand Opdleynih, prefeidbty greaet hen qs(gag/ma aidtadie
poI ymer fromthe reactor (kg/hr). 5. Process

Prefrﬁ@ébfgﬁ r hgn dA0kegsmededi ng clai m wherein the solids

co r ¢
0 SO St Wi gk UL il Syl e
pro@ﬁmls% ZiéglePNat e sHalystc thedi aighttratiaof/L Ve ce HMY odlwinen is from
reater tha

(. / .
r6%'p R fas'tyé%rtﬁ%? el (1B 25 phodsi e SEp st i g e i
vomr@e @ﬂiéa@&? Goali Ia&t CARIDR BB Ridhst TR, FRRkI ﬁef%ﬁ*aﬂlf ROELS: ©90.

di aneter (L/D) of the first HWVreaétor is greater
11. ¢ héﬂﬁoms)acqgr@n@toammrmdmmhalﬂﬁ ®hareth 3000 afethylest

congern‘tara{a of 191 the % %t %ase {1 in mo%’p 5)in tgg Second re? alct%r %9 81_3% 15notgé first reactor
1s 5 or less, preferably 3 or less, and more preferably 2.5 or less.

12. Process according to any preceding claim, wherein the concentration of ethylene in
the second reactor is less than 8mol%, preferably between 1.5mol% and less than 8mol%.
13. Process according to any preceding claim, wherein the temperature of the first
reactor is maintained between 60 and 80°C, and is preferably less than 75°C.

14.  Process according to any preceding claim, wherein a slurry containing the

multimodal polyethylene is transferred from the second of the two reactors to a flash tank



10

8. Process according to any preceding claim wherein
the ratio of length to dianeter (L/D) of the second
WO MN08meL or i s greater than 200, preferably 2DOFLE0$/061366
preferably 250-7504¢fo0r exanple 300-550. 9.
cm%?@%gggjaccording to any pré%eding claim wherein the
average space tine yield (defined as production of
polyner in kg/h per unit volune of reactor) in al

opeﬁ L SR 0% %Fe;%gur iaﬁ Qﬁl%%&%{(th%ﬁ%ﬂﬁ%@ g%xjggf /{)T,&/r&erably that at least

era rea

80rs1ef, eicd bzef@alagmmoﬂ%amomk@fam/ Pamdlfs ofhe tigsis component of
accor.di n% to any égsgll claim wherein the catal yst
the glwplyd§ B ﬁﬁ"*t%%orﬁrt%% ( % 2%V er - Natt a cat al yst,

15.th e%%@élsg QEC&%&?% Ofairk W%Herﬁ%@éﬂdé%aﬂo% ih 'Hﬁar@eéf&uﬁ@actor of

he space’ tinme yield (defined
com)pmdnltsﬂnaung tafquiettqlamavelghit Hetpvh 5@) elso aatlscfiewmemqga’fmn Clignts <7 +

BT e g B e 80
corRBMrAtioRE Qﬂéd?ﬂpdﬂeﬁﬂs'Havﬂﬁ@%rﬁtblectﬂﬁﬁvél%ﬁtl&lﬁ 5@tHkRRe and ethylene

concentration in the liquid phase (in nol% in the
respestivelg in Smeeomdreactiiail. isrthe pendensation peaparging SChobyaid vapour,
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taniedidensehe concentrati on of ethylene in the second
reactor is less than 8nol % preferably between 1.5nol %
and | ess than 8nmol % 13. Process according to any
preceding claim wherein the tenperature of the first
reactor is maintained between 60 and 800C, and is
preferably |l ess than 75°C. 14. Process according to
any preceding claim wherein a slurry containing the
mul ti nodal pol yethylene is transferred fromthe second
of the two reactors to a flash tankCase 00179(2) 18
operating at a pressure and tenperature such that at
| east 50nol % preferably that at | east 80nol % nore
preferably 90nol % nost preferably 95nol % of the
l'iquid conponent of the slurry is withdrawmn fromthe
flash tank as a vapour. 15. Process according to claim
14, wherein the concentration in the second reactor of
conponents having a nol ecul ar wei ght bel ow 50 al so
satisfies the equation Clghts <7 + 0.07(40 - Tc) +
4.4(PC 0.8) - 7(CH2/CEt)>where Chgh,s, CH2 and CEt in
this case are the concentrations of conponents having
a nol ecul ar wei ght bel ow 50, hydrogen and et hyl ene
respectively in the second reactor, Tc is the
condensation tenperature (0C) of said vapour, and Pc
is the pressure (MPa g) at the |ocation where the
vapour withdrawn fromthe flash tank is condensed.



