10

15

20

25

30

Case 00125(2) 1 SLURRY PHASE POLYMERI SATI ON PROCESS
The present invention is concerned with olefin
wWEiogMasisisat i on in slurry phase reactors. Sl urPgI/pPag£061369
ol psation of olefins is,well known wherein an
(l%ngﬁﬁﬁ%%noner and optionaIIQ ol efin conononer are

pol ynerised in the presence of a catalyst in a diluent

in which the solid polynmer product is suspended and

transported,, PQ sri sal Lan (- i, \ '

at tenper atFeSH Pty & Hapt A O e e h e

i Nt gradfegeintedd iDabernbdSvigadlatiy pblyHieficatiodn BRirdPhase

catal yst typically used for olefin polymerisation such
reggiot@hr oni um oxi de, Ziegler-Natta or netallocene-type

cat Pol ' ' LS. L:VRi I L [

" oop FEbBbase SNHRsR 8 by ¥ Bk ek Préin onomer
and@PSibRidIBtdlefin CaNPidnSdrag: pdlymeast ih We, pré@hcesBn@itdlyst in a diluent
. faour, vertical sections and at |east two, for exanple
mpdeh e s ibprlymesiefdneis susended apd trapspeBEdmer i sat i on

s typical . g . .

ool gastoh RDSERLY Sl b e REEIATRE ol S0R125°C and at
predsnres unithie mangat1 - | @hisdra PHretcatflyst hedtcab bk any caelystrgpictldy used for

The vol une of each | oop.reactor_of a nultiple reactor
Ol%é}gwwe’awt%ﬁg}gb%ﬁchmﬁ WpPede 1 Afegler- Nl orifgiallaesnodre
cafystdrore typically 50-120 nB. The |oop reactors

enployed in the present invention are of this generic

t y peLolsippisatibn is typicalihears ediowtyin pasipyesatos awhioh apr afcesmtinuous

o S SR AR ¥y e 0L B o
twol fodeRArSlk forlraR)izBMAPNREES) TE&hak ¥ holymBatdlion is typically removed

term nators such_as hydrogen and other reactor '
usggdndirses sxahangwith @ goaking Wediymy preferaplly | watenprjpeetLom@onding at

P R B eP db R e o8B 98 et & muttiple reactor
sypemaan vafytas edtypitall i thetalgeIOLI0tm D indrd 6/psdaltf 59} 120fm°. The
suspendi ng nmedi um where_ the suspending nmediumis the
loag paeiprsanipleyrs it Rresssbiysainmare a1 thiesenste tme: and
will i il . '
adci DPRARy: at e oAbl BTGPl Aexpppt, he
shagninkike eacteacill venpitideutea paﬂtinula&rﬂoﬂﬁmdgaﬁemyﬂfdawibdn diluent(s), (co)
ol efi n_nononer; where the principal dilyent is an .
m?%qr@bicra@@w hRB ISP Y dRgen ang siltesrgagtor additives In
e e e et R U R AR
shary of hariatlateqrodyressanld &6 ( waight menceny fissed at theltatabiweight of the
velogities suffigcient. to maintai,n the [

.pol. .
ST 6 FUFRSACIRG TeAUD) WPy (i ioPGicE PG 1§ Mecphef all the fluid

coflpeReTSRChE Rdlor GRNGEIN E6AbHRha SO J16n MeAGhA%GNd any
gradlents. Slurry is _ ] _ _
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 inert 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
to maintain acceptable cross-sectional concentration and solids loading gradients. Slwry is
withdrawn from the polymerisation reactor containing the polymer together with the

reagents and inert hydrocarbons, all of which mainly comprise inert diluent and unreacted
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wi thdrawn fromthe pol ynmerisation reactor containing
the polyner together with the reagents and inert
whywposmebons, all of which mainly conprise i nRCT/EP2008/061369
Cdilgﬁgizﬁnd unr eact edCase 00125(2) 2 nononer. The
reg ( lurry conprising polymer and diluent, and in
nost cases catal yst, ol efin nonomer and conobnoner can
be discharged intermttently or continuously,

opti onall i ng._concentr.atin evi ¢ such_as
g Gy F SHER LR PO PR BTG e @nd Hamost cases catalys,
olfutibhéiieOindl dot oo mat EM@{%EHM%\EB it BeniRGARIE! é)n%m@ously,

reagents and hydrocarbons need to be separate
Opttlh@albdﬁsymonamdratmg ggecetsukbps bybneyrianes sa@eﬁ*ﬂhylgaasg}t to minimise

I T A T

begepahtel tﬁy)m e Porendenl esovéied Ifdigecaqﬁtgnféeéé@ét?tahh eftilhmental
t he polyner-containing streamafter it has” been

regioph dRAWRDY PErResIse Igachisrmgshis apmknosadn g arfhighest proeesses
d.b
e P R PR a0 RS B ARG 58y R e ater i

haghednswithdrews dtoindthe glojyimdrisetidh teactbr. Ine HEu&R Andl @hreacted monomer
g. A well-known di sadvant age of the

; :
Cagg%vg’eﬁ?%ggsgéga%ﬁ%lgt% pravindrrecyptadibagk e the rgagter, whilst
hE QIR b bBUeAUEE] RN DERELRe W LD the pol yirer

is that” reconpressing them bac |qU|d formafter
t h ey‘\ Waildmbwarﬁlsadpmm@emf theatiolve peeepss fat epardting@ad secycling the

i ui res cons er ab{r . Thus for single reactor
o fonogRES V) Rpdee teaviar BUB R oHUBELR teesompssing
théf‘ﬁ)o&%/ i2Auld YRRT Siek 'fl%y'lﬁh@ﬁéélqu meéeja% ltﬁeoééggratlon prpoess

conponents wthdrawn with the polyner are separat
reqauinep gatsidesaite energy. (1dwp écvr;ﬂn.gl@reactdr m@&ms&l&mﬂ*ﬂw&hhﬁve been

ed. | ust Wi t hout
P 580 80 %5 S0BSE b RhghiREL B pgers vitrawn
withete pelimiey atchicbarbfe 628 Sladi Rnk BPAfeaipRFhtiE afd PREONE such that they
f]lash tank operati nggat a |l ower preéssure, and these

cam pepecpprlenecd wsidnpassaavitipus regemprassibe. Fleopmiaidug pgd
coﬁgé{ﬁéﬁ T%O&é&llﬁl tH{sg)(f&,se%s ar\é"g sé:] ate?c' f | e%eectr)lé gg%bstgnk Pgeratmg ata

rei n ter as a’"ne res
lowdratresomicyaral thasleet tcofpmfet;dnﬁﬁre@edtlﬂ erd¢aRObd 2egclbd. QtheGdvantage

onents, need to he recompressed in order to be
of nE‘ﬁ&%"ﬁs‘@}a‘ChWﬁe%%"{edtfﬁéefé ngéf asie Rehvp meessuiiedlash apiqeess, is

thaP Bﬂ?%%?nﬂ%%oﬁcgﬁﬂn fo?ﬂféqrab&lsk%ﬁ ligﬂidtc%mrpt% I;I}S RLAG8e ¢ gompressed in

reactor pol yherisations, neve ess depen
Ordegjtolvet@cmﬂ@nws on the corrp05|t| on of the slurry

't TR e ehRT® SRSl St TR SER o Ry PesgdRtiahs be suitable n
smgleh@z[ctdﬂ DK mERARGNE ﬁﬁ§né¢%rtﬁ@l@s§de%ﬁdénﬁfoﬁ hdrs g&‘% Sfe &?{gﬂe

the reactor is too high, it not be pos
compessipreaf the slarrgevitidmven front the smstor eysidm end dnmésskuatddoﬂﬁthe

cold B NBRAG T i ERel o Broatn et b SrerR Reraientiaithe Sy
with@eRenmda kie/reidtanls oS Righ AN vils HEtbeaDsWBIeR6 Klash at a temperature and
pressure which would allow both vaporisation of a substantial portion of those components
and also recondensation thereof (using an economically viable coolant such as water)
without compression. In such a case it would still be necessary to recompress the vaporised

components in order to recycle them to the reactor.
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wi t hout conpression. In such a case it would still be
necessary to reconpress the vaporised conponents in
woew@en3aset recycl e themto the reactor. Case 001RSI/RP2088/061369

e ound that it is possible to inprove contro
C?ﬁgﬁi%ﬁﬁisition of the slurry withdrawn fromthe

reactor so as to ensure that the above "nedi um

pressure flash" process can operate w thout the need

for ressi by. addi.ng. a by-product . suppressor

the VERBYS Rt s RGTSPIE fomipt e SnitaLpe shioprtion of e sturry
witiR@RA (oM e PRS0 s RONTRIthSahd MbVEFBIERM prrsiMd ARh” process

pol yethyl ene is produced in slurry in a polynerisation

cap@genatsrwithput Hie aed darmoanpsgssionzpeedding aby-peodsiat siippesssor to the
m?ﬁ&:an activator, and a streamor slurry containing
e polymer is withdrawn fromthe reactor and

t r ansdcerdiegly o aafiikl &pbctitiedinyenRndrbvigesd %cﬂyﬁéﬁﬁi@ﬁ Process in
and tewgerature such that at |east 50nol % of the
whiph pelyetgyleps 1. p5edyaed in slgtip ohe nelysrerissitonyerdenindhe picsange of a

: I, ' L1 hdr -he ] as .
P B0 LA PR OB e
wighdrivea §bmABe bempid¥and ndnsfasdd tpracilgh adaﬂgbpalfqatihfglasﬁ Eressuri and

99. 5nol % . of the vapour withdrawn fromthe ash tan
températE ol it abBeslq OSAGH diR ] & RENPRIVEELFETB e of the
1Rah BRk ' i ' '

S e O AR B oo i

leasy 93molduanort praferdblysat least 38. Dholplané st preerghly duleed 9y5mol%s,
t | east %...anc eferably.the sql ut e anpunt _ of
o B Rt ey et Pkt epaBly S being sBpaared &t o
terd FEEE Bk Eentl s AP CaAthoRPEIARESSSR, WRrdd 265 0duct
ere the b y product suppressor is not present, IS

supjregsor. Avhislereduenstthy amownialf by-prétuctfoound pefuriyofipobdtgtene
' duct i te ip kgl d ..
pri e BBy hEeREARY Ao BRABTIN SHl AR Fe Pl HrolhoaBirad in the

redceorbycin I@smlmﬂuﬁdmlﬁmed @itR an Aenbi¥alPolibiéisaSPPro88E Mhere the by-
suppresses the formation of b vy

is a conpound whic ,
Pfﬁiﬁﬁ%@?@smﬁﬁ Y RreRenhél yaee i Bigeeasiery eact i on, by whi ch

i's - prI .

50 0 B0 LR R s DN o,
and henoedhe rwdodtidmyis pediychlchtgddyretditcene sich 4 Rodekidn e,

at legast 1Q% prefergply at |east 20% (conpared with
an 'rf"‘d@i%-?fe Pctﬁﬁmﬁwr SIS #icam whichsupgresses digdprmation of by-

prétHBRIGBSAS thd }ﬁ)lﬁﬁ&i%ﬁ@ﬁ %E%i]on, %g?‘é El?ﬂlrﬂea'ilpﬁlap% ]:r&fuggé’t% amount

Suppr essor al so I‘Q uces the 'a ut e anount
of by-pprdoduformed petuneibfipplimthyl@esirodi®ed, soclefhat telryti@bf by-product

o TRy EREsu R BRR et Mot P ataFbh Ronsbd Ml rmyparsimin an
ideneva pbBunishite whteithy 510 Mh&%uﬁﬁ&%&o@i%ﬁ%&&g). B} Rrably the

the reactor, it is possible to reduce the proportion
byprodshipwiesser alavesdiesea thesibsdluteamanat ghby-peidov 5diced by at least
10‘%;'; gﬁeg?%%‘%e‘lg %{a @%&\}S{O%ﬂc%%p%x"e Qi hnar} f?l%ntfiéa g&y%%quéatiogswhere the by-

product suppressor is not present). We have found that by introducing such a compound

into the reactor, it is possible to reduce the proportion of components having a molecular
weight below 50 in the reactor and hence also in the flash tank. As explained above, an
excess of such light components in the slurry which is passed to the flash tank can make it
difficult to recondense the flashed vapour without first compressing it. Usually the by-

product suppressor acts by reducing the rate of formation in the reactor of one or more
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excess of such light conponents in the slurry which is
passed to the flash tank can make it difficult to
w0 eonsiemse the flashed vapour without first PCT/EP2008/061369

jng it. Usually the y product suppressor
C%%?@igiiieducing the rate ofafornation in the reactor

of one or noreCase 00125(2) 4 products other than
pol yet hyl ene by at |east 10% preferably at |east 20%

. geast rabi : |
e P o Bl e ALRHES B e it
antiferticAiymERRRDR Shefe tBb BP-pRRRRNERPresiR iPRIPIBhHat | on

activity. In particular, 1t is preferred that the

by- preigtably S pyrsedust sippsessersds ihangss ithamnlymatisation activity. In
WAE t.,10% .preferably. at |east 20% . ..
P L Al N Bl e S BP0l TRl isaton
actiyitypbpaiiesst $0ppRESaisly ias1caQ0PS, @6@Phred Rigf Mriabiteant

east 80nol % nore preferably 90nol % nost preferably
po SGHOR WEHHE the BrPIPduehRyBRERIoT SY N REES&NUr ry i s

it b ) 0
of |t hcebly fi38ict Bnd 8 3 ork PR A0 SO s R AR E g Smol% of
thegliqueid ol GreghoSth shuney it )nmhd?v&wﬁ'@h Ithd‘lﬁaislhloaﬂs[ B wapour.
conponent s cont.ai ni ng 3. carbon atons or | ess,
TR SR A A Bl MaHod miRlACH i o1 e, 50 g/mol (“Cip)
arPlypRaNe aRAgIBYAH9 gﬁnpéﬁen{sst:toﬁiéﬁ{élg%ﬁ e8pbh HondNg lg’sfé,e igg]tuding

product suppressor reduces centration at
ethyrmeopropene omgtlamenttbarien propensindg lryyiragen ch isyasfeared that the by-

I lar_weight bel ow 5 t. | east | 9% )
e aiPaRoy B s BB c2Btraimalon f epstien eienetpereptidp thg stury
wHietlsds 298608 H10k citb M eYPP 80 by it LAsrsaydIof Eﬂ:@%rﬁlﬂ? at {38 Omo1%.
tank i s capable of being condensed w f hout

conph et krenspre thef ap teasteiSned e afshe vapeucwithdmwmatarothe flash tank

o BB LR LRI G LSS0k RlnSRIRERETLE concenvain
the(sint-P@ntersing ihsfflals ko f e6ppénedts Hakvinghi ok cillartwligB 648w S0
+ 4, 4(P C Q (CHCEwere T and Pc are

T .8) - 7(C .
g’m@lﬁw ) %ewéﬁ%s«athﬁ E94AIGR Erigrsr DEP-QIAD pFQ It @ (NS -

(@@L Wikge rog@f b, - thdrawn.fromt

(fzé%% tanihl%ﬂg%%g%ﬁ%géﬁnéﬁﬁh%ﬁBgﬁgwﬁkgﬂbr angnﬁgggﬁﬁPag)m

thedorrtientwimtd e sapourtwithdidvas fromahk flash tayldfsa@@der@dd and Cy, and Cg
is preferred that the

e PaR R Gt s e A EBUIeEs rarerclively
bel av ?@f@fé&l"-thati the EiR etk onYor %B{n.?&ﬁéﬁg%ﬁ%g d ﬁ%%cﬁﬁ? !éleli,]ght
r ['1TTng that o]

is controlled solely by contro oncentra
belpyy Yorgémebidthe slureoteridg igd fashttarilksis portaledeadlelby commlling that

cortSERMIP Hearit- WEFoTED s BrRaR i erpetain i the roactor

of @AYRINEAS hekiehhnsledular WeiflARw 5T ot atbotbissc: ion Cy
1(C ey Cel) s 2oL LA STkt abo Shiefes e Hhation i

< TcohéH0rakc) 6B @(&hp,afﬁmf%:‘t)hwhelﬁg:i@tsnﬁhﬁ eod Bk inghighise are
h n and et hyl ene ectively.i
t
R i N 1 N S0 SRV BR o
andcathylemeresisectiasty hgthe reat@cMoaé pi@iriily (Redddvemihigh 3@ korhPonents
the reactor is the sane as_the concentration
having a molecular weight below 50 g/mol in the reactor is the same as the concentration
of components having a molecular weight below 50 g/mol entering the flash tank.
The by-product suppressor is preferably something which reduces the concentration
and/or suppresses the formation of one or more compounds having a molecular weight

below 50 g/mol. An example of a by-product suppressor is a halogenated hydrocarbon, and
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of conponents having a nol ecul ar wei ght bel ow 50 g/ nol
entering the flash tank. The by-product suppressor is
Wperw@pesmid y sonmet hi ng whi ch reduces the concenkCEEP29NS/061369

an uppresses the formati.on of one or nore
C%Sg%g%sr@)s havi ng a nol ecul ar e ght bel ow 50 g/nol. An

exanpl e of a by-product suppressor is a hal ogenated

hydrocar bon andCase 00125(2) 5 nore particularly a

of the fo | a CHx -X where x is . a
BRI P grlorpediant B Gty i ke SEpEads o rgeker from 1 to
3.present invention provides a polynerisation process in
whi ch pol yethylene is produced in slurry in a
pol yirenialigmatye aspacit te presentinvontios privedasfa mlginendation process in

Py SRR e BB IEh B BBy Bl esence ot
ZieglacNatta @indlydtad sh @ét'i\fa@ort ghca ftteafmhortsat QRRdiAths gk }%l%llﬂer is
pressure and tenperature such that at |east 50nDI 9

Wltﬂ%ﬁéaw famdthe reaston 2pd Fyeprrediepdirsh tankfoperrsing at @ arassure and
teztﬁﬁéef%ﬁg&ﬁh Mt fal REE SoRNo Ur tﬁé il of Eon""y‘ta&ggl a%];rqf)(;ﬁ%?& of the

tank as a vapour

styparafeatcaby yheaflash easd orgg&lﬂms |V%hd&ﬁ€h frositthpriedtewalbhya 8dpour and at
w thdrawn fromthe fl ash

leillsgﬁil%?kzi&g%g:s%e@ @ﬁﬁé@r{g@a d groshpicgpdly at kepe 98rSmol%,
of PRI VBB \gfffh(ﬁﬁ@n%ngl%‘ ﬁajgﬁ’ %ﬂ(ﬁ@%ﬁ%%g B8 %ﬁ&eﬁ'{ Edan 2 ot

hal ogenat ed hydrocar prefe orone
temperatfuog efiheaw &HXC dgl- 40°®hva‘t}e>ut<cdmpramdm twdgsin f halednadtal

g e aRerer Py & SRRt his A Ot oo RAIS g ntege

frdn € 1Y) i¥ Bdd IhShhbdr.awn from the reactor and
transferred to a flash tank operating at a pressure

and In éafhespecty of thetventer, itds pteéeamd tB@reodthdnf conteéning the polymer

PR RSOOSR P 3 AL ST, 250
texbbdjrahfeysubhl ¢has bt 1@@5’056&01% of iR ﬂoﬁ%ﬁﬂﬁﬁe%nﬁaoﬁbﬁﬂdﬂh@ﬁream

whi ch the non-pol ynmer conponent in in the liquid
enisHAS dhe fgsh ek it mriddiann @@méhﬁﬁl@htt@ﬂ@a%‘eappuamuamme stream

exﬁé’fﬂ@\f@afc r@ﬁ%llﬁn{y (H%hlglll lﬁe%gztg’% 9o 9 %ﬁrnil ﬁlgtrﬁg%aﬁﬁ phase. By

1S 1N t e va phas aspec
thd e thei sdmamtehtarmhstﬂaphi ehk ho@dve Ninestd MRSt thénon-polymer
chl or of ar The use of a hal ogenated

coma?eél&éf‘rlﬂémli‘? T2PORE Bia8fr ed because it has the dual

ef f e¢ehot@f

o hapo asis biTHPRE Bt heth 8 pRord P B ety F foroform,
CH{da s hreaise héa hdng@mtaﬁdtydmadfonlls gxf&ferred&@eﬁuss it Has theedual effect of
bot{krloaCto t?)re ore if not. renoved woul d make it

EPigrond Bfitte Pooaint ok HBu e ymprediongpidvity. Ethane
for)tﬂtﬂ@ﬁlﬁd(fs|t@ﬂﬁkﬁ&nﬁé&fﬁtfoﬁ%fﬁlgﬁﬁ@aéeﬁw‘inLtl‘ib ?9{8{ ah® ther: ore if not

recondense it. In fact ethane is normal [y purge
rerggied readd make upore difficuletdvosd tha neer msworiredsell vamar ﬂﬁshed

frofil tmé Iﬂ%ﬁl tank i1 gr% rtego%d%rrlrs%l'fp &n ?act etiaane 1s normally purged from the
reactor, but this results in an associated loss of ethylene. Reducing the amount of ethane
formed in the first place permits a reduction in the amount of ethane purged, and hence a
reduction in the amount of ethylene lost. Ethane formation can be particularly significant
when making low molecular weight polymers, particularly if hydrogen is present. It can
also be desirable to boost the activity of the catalyst since the high hydrogen concentration

can contribute to a reduction in polymerisation activity. Halogenated hydrocarbons such
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formed in the first place permts a reduction in the
anount of ethane purged, and hence a reduction in the
warwonasoeef et hyl ene | ost. Ethane fornmati on canP@EEP2008/061369
(kggbgkg%barly si gni fi cant mheg maki ng | ow nol ecul ar
| ol ynmers, particularly if hydrogen is present.
It can also be desirable to boost the activity of the
catal yst since the high hydrogen concentration can

os ERPis i By Rirdr 5 S et Behetl By 8 Ty boostand also

mlﬁﬁﬁl%gftl%éﬁrﬁ&&rétﬁﬁro?@{hgupﬂh@!éc%ﬁd@ea@ﬁﬁ'm e benefit, by
boosting activity boos d al so m nimsing the

condégtapwunbel hyﬁplgﬂufgusupmet’rmt aisled aviemially baset on. theramount of

Prod Sor I.S,:US
2k N P DTG ARGl ALY 88
suppredsor eyl ts ieheddidtto t’fﬂﬂeﬁulﬁﬁ lhadedrtatthereaétot i@%r&h‘{erﬁhﬁﬂ@l ¢t
sup ressor added to the reactor to titanium added to

prefprablyehebvensn Q-3 208 bater than 0.1, preferably between
0. 2 12pd. %\r{nbé)(ﬂm% EofthD H‘H/'eﬁ[i?cﬁlt }%fcoﬁlg&nlaﬂgf ok !:(forﬂllgoneﬂﬁ hﬁwmg a

concentration o conponen
mdiedubaw vixiglg/belotw 50 ghnd i1 t}mrshyrmtmngnge flash ﬁ‘ahlaﬁ‘adﬁafdnally
controlled by a paqst-pol ynerisation

[
cop it A BON RO ICOR T BBRE PO SCIE GBA PG e B reactor
an@ﬂfé fi&e tefnlkaa?@ cO RIS ersR theX ﬁuﬁgeﬂ ARS8k D@ks %lact:eiqtéefore

further polynerisation takes p ace efore enterin
enfefing Fhet Zask tankh theedby coonsuing atgns oﬁ‘élewbnmheemsnhqmmgm ns)lecular

hayi ' b 50 Dl ., Th
weg bR e S et S0 b Portvme e suse s Bk the
coRRAGRISH K dofipoRbnts ANRAEE Mclcdpy | B oI bERMESHIL Aol wmamurry
bel ow 50 g/nmol in the slurry wh mnimzing t

whilst mprimizing the effepizin the ﬁd@ﬂdlrom pmp@rt@s Tiy eesrd@scﬁtmmc,e
contro

t
terfure SRR O GBe Sttt A o e R R i e
coﬁen&ﬁ&ﬁ@ﬂlﬁfﬁé@ﬁﬁ’@bﬁeﬂmwhﬂﬁ aRyidird B’l@cl@lg@ 6KRMENLin the post-
fouling in the post égerlsatlon zone. |In order to

polyBrigtion z0ae Eyeideel@ a4 V%@edﬁqlbiﬂdﬁ?ﬁ‘iﬁie@éppbﬁlmsﬁlqns it is
pre%%r?{aﬁﬁénﬁﬁ thil @ﬁlbb@lp#ﬁ't &e??@@?fcgﬁ{}}e Jrite gl&l%% ﬁ%%ogf me

urry 1n nmerisation z tween
polyherisaact 2ne haskeeh ﬁlefﬂeaﬁb]r etnﬂrtke flsshabnit Bastea2Qc@EOMTS,

ARG S A G L
resffend®rides 5@ 1945 £ 5 At6s SR Yo%/éd Th ) ﬁ&lgﬁ%hé’% 3L tgﬂ? be

zone may be provided Int eform tated tan
prayeiedvie the form of amsgltq@ubifaek,rlmdvavh:ant is most$r¢fmed1‘é1af misindhe form

an_expan r tr fer |nebtvveent cond :
of e B el T e R S Fropriprcer el Gtedh fa which
pra¥idéGesédn@ally ludeTov Raier’ tl%mcbﬂ‘ﬂﬁié%s §ﬁﬂrécf {aflk 'hﬁ@’ kfelabtlf& conditions.
reaction conditions. The volune of the expanded

Thevelverear thovipaadedotiampfer pertins pEtheltiansfei Bng Bﬁﬂmaﬂlyyoetween by
PSR AT A PGPSt ECNGED By 60,

preferably between 100 and 1000, more preferably between 250 and 600. It is also
preferred that the internal diameter is between 200 and 1000mm, most preferably between
500 and 750mm. The residence time is preferably installed upstream of a hydrocyclone,
the slurry pressure let-down valve and the in-line slurry heater.

In an alternative embodiment of the in\.rention, the concentration of components

having a molecular weight below 50 g/mol in the slurry entering the flash tank is



10

15

20

25

30

preferably between 100 and 1000, nore preferably

bet ween 250 and 600. It is also preferred that the
\V¢mMBMﬂEWIdianeter is between 200 and 1000mm PEBEP2008/061369
cRL8h |y between 500 and 750mm The residence tine

I'S pre rably installed upstream of a hydrocycl one,

the slurry pressure | et-down valve and the in-line

stryheMer In an alternative enbodi nent of the

nven entr i on qf co onent s havj
ey *RREF‘EF&@ Cﬁlﬁﬁﬁﬂﬂw KTl e Sh it ppsses
thioligh ﬂiedﬁthsﬂeﬂﬁﬁe bét@@éﬁth@%a%ﬁir%hd ?heai%httélﬂkn Qﬂd/bfr lay adéustmg the

controlled either by introducing addi t i onal
soligky Gonepriratipy of (hegburtyt asihpasees thipugh gandttmsﬁsr hmrsfréa aflditienal

. fl d/
B8 05 RGARS A R B 16} s o
cop@sm&ﬁs thth awgdlesdardvdigiansioss 50 (O1g,) THaa tad dif tiehaty withdrawn
uid which may be introduced is usually inert
o s aw%reérabém Cigoeehtinkie 25ro 086 o%@ﬁ&m v in the slurry
its¥yE, t”fheeCh Ry o?‘%l&’é 1t‘ﬂﬁ'f&9?c§u1@?§ ;ﬂ‘\éfe?a%? 091!?15 TN égt}tbr?f%;ably

the slu ravvn om t'he reactor, pre
Omeol Gnghe salide‘aeilcdntramon of tR& sIofYmedy ttd‘cely@te}dgjmshﬁg e dlry
of .the_ additi onal

th its
thfPP@h? b%fégﬁml‘ P%?é?fblf% tg&r %E%ﬁnﬁen%l? $olidhrath gireamds apisgd to the
flalNBhRand R s8REd-Rin QOGS [btréﬂtcﬂéarbl Jﬂﬁ'e%lﬁﬁ £ pﬁne or back

adj usted by passing the slurry t ocyc ohe
to theeeactat- in the transfer |ine: the SO|IdS rlch stream

< REg e utodmr S RO e SR vl bt aracty medigpent of the
slubgdbavig thb eedcRGhdle it pAREIbRIAG VR reEh ad a{EﬁWt? itPhhe trgh%tor by

. Invent | on invol vi ng post -reactor treatnen
mcé%%ﬁ ¢ exgenfptiondhyreietl spactmmlessurch apebxlens es wdi as by addmg a

t
o BRI R SRR bl o
abnligt o aaeldb‘yscc&dphemraoﬂhe fgeiduaporseeP i e SRE fM3h ednkmay

add {) enhance activity, w.thout conprom sing
the ?Fv PN the m@%wr Baefrieg cithes iq thy diagh tank and/or the

reaEt%P Q &1§@1gséd"abtot0§ it | 13 #g?gfér?éai&h felle Qt%rlceftgamgll oq%ﬁmponents

of the invention, Fin her
hastingni rodetiir welght roehm iﬁ smsﬁd;l the epueidn @hgy e 7 +10.07840 - T,) +

4. 4% %ﬁe n—%l(ﬁ‘lll{gjﬁs rﬁvrél%g? 1“% ?%ﬁg%@nﬂtcrag%;l%fged previously and

refeadiml&fﬂoeﬁe fela@t £EHAE IR {2k 3B chdingon't
T S feloP GG TR ok 8 chame og b patiedly apddimbint of he
InvgRiEprTC are as defined preV| ously and refer either to
nk .dependi n

th ¢
pas Giche ﬁié%c'i? %Yaﬁge’e%@a%\?éﬁ? Feat rrsta%ngﬁlmodai
polvétﬁjdeﬁer mlnﬁ @hhdahﬁatﬂ@@ﬂé@hﬁet'l@ngeﬂéﬁ@@ BeBwdeher st a‘%ﬁ%oﬁnd s

a mul ti noda geth yl ene haV|ng a Shear ratio of
prefegghly bqtefee@éh éF%l by B ésheaeratiod isthd 18, Ofah@hxghécm}rmbllt jndex

HLR/E \Tﬂ?{]&ﬁﬁ?’ @Qﬁje ﬁ')sthe ﬁfgé o?!ﬂg%olye%tyiene 'fhe It-IEE/[Ira%El Il\?ls are
measured according to ISO Standard 1133 at a temperature of 190°C using loads of 21.6
kg and Skg respectively. MI, is similarly measured but using a load of 2.16kg.

The HLMI of the multimodal polyethylene exiting the reactor is preferably between
1 and 100 g/10min, and more preferably between 1 and 40 g/10min.

Typically the multimodal polyethylene is made in at least two reactors in series,

one of which is the reactor to which the by-product suppressor is added. Although it may



10

15

20

25

30

HLM of the polyethylene to the M5 of the
pol yet hyl ene. The HLM and M5 are neasured accordi ng
W@ 200088068t andard 1133 at a tenperature of 190°ECTEP2948/061369

21.6 kg and 5kg respectively. M is sinmilarly
Cﬁéagﬁ?g@ but using a | oad of§2 16kg. The HLM of the

mul ti nodal pol yet hyl ene exiting the reactor is
preferably between 1 and 100 g/ 10m n, and nore

Rr erab bet ween and 40
oo By BV A ufs AR R L SR Sotetyinc i
a Y9841 PoBynhdt nSR¥eiif Swo ERBtody inWBH &) with thdBy- E)ﬁﬁl%@upb&ssor being
whi ch the by-product suppressor is added. Although

added logitherygadion Poveviethisgives net explude tmawsmmny ‘éatumcslom% of a

uikdplSp Pty BEFLAEHER AT LRSebSLERIB BRI LA RE
povtitiitityt dfepobymrisatioic takBigniceBF tddk Tgstackted, f0@ eRhhpielin a
However this does not exclude the possibility

Pf%mg‘fﬁﬂtl%a%l OGPy dPe Arst Rrhmep S1adat hedistzeadiegaay be a low

I t
AL LRSI ASHIPAR thb bedtnd BofRE nDOk e ol sBftror
maytbe afhigls mOﬂee:atalr (we;lglﬁ GHMBX ppqlymet, lor sicpivesal Ywetid @abédiment, 30-
made i n .the rst act or

t f _
ToR5 50 s BT s B B ol b Lo er
maA8 GOMNE fRQIr¥ARsr, BRR)-B0wiNEn® %%‘&efe?ﬁﬁ? BO-40RY R aahlgh

hi gh nol ecul ar wei ght (HMA pol yner, of vice versa.

maodprailas iseghit (HNW) a@lynmowmachmu tlumseeoxm ehetonAlhy nddt pfmr%d range

or lpRo Y sBRLP AL o it M ROLYIEL L R A,

mcﬁ&um@w&gm’f (mwmdnﬁigmﬂélaéulmﬁgﬁt”ml\ﬁ% R ¥f%Rked B be
made in the second reactor. The nost preferred range

relafvert@ms@gl it thy éWNCémeﬂ_Wd@Wyrrmplgcmlsr weighbihangtedIMW

ﬁﬁ‘l&éﬁﬂér{g‘fise %J]u rgﬁt%'vl\}e%e ﬁi{»ﬁ%\ﬁfg%ﬁe i@l@%‘&él&h ﬁrbawt% maéje in each

rmmmkatlve ternms, in that t he LNM/ponner has a | ower

cul ar, wei ght than the HWV poI yner; there is no
a prelerrd e&@s@@‘m?ré e IFBVI W Belywer igimaslovnsespensign inethe first

realg'@g &nd ﬁﬁei@ﬁﬁf gﬁg@ggfsinﬁddg dlg 519%(})9&5‘?&{ Slqh§ E%%ﬁ!li ?egat@{or il 51[% QDresence

MW pol ymer i sion In reac

of tha dirst ipelyioMyy the rativerofieschnpudeménprefesibénisiion 307048 and 70-30wt%
e of .the first polyner,

ond in th
resBRa Pt B U RGP LS S IRATP SRR 930 0wt b
andpf@is3Mid éarﬁ@l&rz@@ﬁe meédfmﬁﬁm‘wlmw N9tk erh%m the by-

apply to this enbodi nent only. In this
prodie spprressor sraddediahe Msond LM Wi sagorfltes alsd ptdfatablyremsingd that

uppressor i s added to n act or

e G OB B e o GG B bt et P i G P LMY
reaGtbr m@ﬁ&nﬁe%@udﬂﬁwm, o TRloaEAA@L TY/RI Ahtp, el oW %@”%{@E‘) by

the second LMW reactor satisfies the equation
ensyripg @rp(rgj@p of the pveragg gtigity igthe-seqm@HdyYIBEractoy to 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 or high density polymer 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. The average activity in each

reactor is defined as the rate of polyethylene produced in the reactor (kgPE/hr) / [ethylene
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ensuring the ratio of the average activity in the
second LMW reactor to the average activity in the
WO 20030306BAN react or is from0.25 and 1.5. Aver aB@I/EP2008/061369
act ki is typically higher_ in the first reactor
(kfﬁhgﬁgﬁ%?copolyner IS usuallg made to obtain the HW
product) than in the second reactor (where a
honnpolyner or high density polyner is usually nmade to
ave. found that

coRSEelLLE FRERE SR ot Rt mait tho s (BBt wached rate of

cafali@t meatik Qéaﬁ:tdﬁg/hl")? 1880 Gaditibedl load]yai 1 Qﬁﬂed tBQﬁ@séc@ﬂ& Bctor,
in order to control the concentration of |ight

wheg r%]@ﬁ@ﬁtlg theratipef aesagschctivisios e, ﬂoth@tfaﬁvfe?ra@@Ft #cthiewwo yeactors

1$ .&(le ?l% sérﬂreelatda[%dltl ?glgcrgE}ytﬁslge a/rd (g q?{l;r: é?]clé%gg%z}é or, Nfe flow

rat@ G)ﬂtél E(ééec&l&ﬁlaeﬂis rcahsiodred tb Bdthe E@ﬁ(bﬁ‘ e idWabd oPeatalyst from the
residence tinme in the reactor (hours) x feed rate of

ﬁr%ta?aaqt%lu% the Hopric Pé@&%qnae §e¥ir9zfalyst pddes digstly igashe second
rede Pfé%at’xﬁelf%gﬁ% aS; re%@t%pﬂﬁ e %?l‘cﬁfa{ed\%}gﬁon catalyst residues
cal cu t e f10

ating ther 0 averag Fvities
in thetpelyofer paddicyd in eaahtrdm&tdrm is eallkao®nj sdahasitbléryeatid ealculated
ﬁ:be the sane. If additional catalyst is added to the
%d reactor, the flowrate into the second reactor

i's qag %S%E@Qtiﬁqg 1@@@&1@;@ a8 WP Riss P ﬁiufsd % tl‘PJ reactor %kg)/the

catalyst fromthe first reactor p ow at e
ougpditirats ofrlytherefsim dlat mhgtst (kg dn dicasectlheye poﬂlymet Iverecycled back

cond .reactor. rn actividt
intg R OL R e R R o a%ere%épﬁ?i/@wsggwa&é {he reactor,
the dutpi@atp of YoHmeP isaHY aahutfut 8A6 e F)S@‘Pﬂéi’ Rmtfﬁf’avh?‘le!‘@ﬁdlymer
known, and the activity ratio calculated fromth

recypigd )reS| dence tine is defined as the mass of the

R A R S L S L R
catalysly piefetablg GeatdrtiRart [Rkd @616¢RYIend/@EateNBRIcR YoRRalAy greater than

yd o e |s enpl oyed downstream of the reactor,
zoh‘ﬁ@oiyﬁﬁﬁiﬁl gty pol yrrer is the net output rate (ie

POl Y& deMol A £55e RRb 36%{'1 erh eCeYc%lvﬁije)s it zs[aq%f %rr%g %ﬁlaigxe ratio

t he overall productivity rocess i1s
of ktgylpn)d: getchytiaioa/(in wal?a) inshe sqpowd maabl 1 W@agaties filshaactdbis 5 or

st o B TR e BBy ot the eoghadae rgc? that in the first
read®PiseV & lﬁﬁemﬁp&‘éﬁa Frfekd1PD sy %s@%o&%éﬁéfaﬁa e{hl}{lefi

preferred fhat the ratio of ethylene conce
comagm%tmnﬁamm@ds@@m acitt wtio tmlmﬂaaienisrard: tamﬁed ®ilgether,

reagt Pre r abl i 0. of ethylene

con tr?ﬁlfsr%%vg rpMW 15@(53%?8& ﬁ{aﬁu ﬁ"(et?ﬁfua}i fPcRration of
ethi/lens in the 8€dodll réastod 1§Iesé m&@ SmBIY. B &R 1ebRIeAR] dhstren OF

| ess. Most preferably both ethyl ene concentration

satisietopy lewel @@@@Vﬁm jtvs algo Pl‘&fqr@drtéamﬁlﬁr gh@ets canventration is
gle%tr%fe zﬂ;ﬂr e% [/O g@%{%ﬁe{bl% g{ea{er lthag ?gwgﬁ‘{? m? ngcggtga‘?tlon oilhydrogen in the

second reactor is preferably less than 5Smol%, more preferably less than 3mol%. The ratio
of hydrogen to ethylene is preferably 0-0.5 mol/mol.

Usually each of the reactors has an internal volume greater than 10m’, more
commonly greater than 25m® and in particular greater than 50m’. Typical ranges are 75-
200m’ and more particularly 100-175m’. In one version of the HMW-LMW embodiment

of the invention the volumes of each of the reactors employed differ by less than 10%, and
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ethylene in the second reactor is |ess than 8nmol %
However in order to ensure a satisfactory |evel of

Wpemwdodwsidity, it is also preferred that the eRCH/ERI8/061369

C4&PB6esption is greater thapy.5mol % preferably

greatﬁ(;tr( )?han 2mol % The concgdntratl on of hydrogen in
the second reactor is preferably | ess than 5npol % nore
preferably | ess than 3nol % The ratio of hydrogen to

: [ I -0,5 . [l . ual |y each of
i SRR ERE s POERE ARG RndunlobariBern it B oty cach
indaperdendsadifift: \bydesahar 10%.ao 2 préfeabtl inthipatisiciWfake embodiment,
th‘?gT%rs;gater t han 50n8, Typical ranges are 75- 200n8 and

gopsdiare e sameydimeRrions7sns. In one version of the
coch ot nF R SIETM G erbit b B Rl A et B B W phe
reagbtCdeEer 00LAB(2 by 10 moreitbarplebii) et grifatredtd badindehie activities
A S 5L Sy S o) e
of PeSrir&f RRdtYr bdhwbd 60 MRF §°eNpRkeritl§ nd _'%_E%gf fﬁ%ﬁ?ﬁ‘é@% ﬁ]ﬁi’/v

reactors have the same di nensions.
prefppestiihaithe rafo efiselilncamctntmtioniim thetfastaaswonth éha i te second

rs . differ in vol yne re an vol % it o
redo RS Byt Qoo B @ Bh T oL OBt e thtiso asiss i
mdi g8y the Billdndd & AESPEBEIWIS HeBPdenB FRPRELHIsSSitIAY the desired
mai ntai ning the tenperature of the first reactor

Tfafigst ween 60 and 8Q0C, preferably no higher than 75°C.

It i . f rati-o of solid .
con g% n téllragy f%ﬁl%i}ﬁhﬁ_ghgﬁ?éméﬁggﬁoof ?laeomyﬁg{oni, ﬁ]etsﬁ]éds
coseauaibmiaahd HnalilMWedcattar Redlaatt I508%, daNpréfcPably between 45wi%

referab befween 0.6 and 0.8, as this also assists
and 6h ARheroRBes SrBCgsREdn e MDY smgelonis heymeqp Bhrtioand
it i j r | |

S0h O RO S P S R DR B
weeghh oEpelymer wiativa t¢ the tbiahwkighM the slator Ini thisathsd ‘ﬁ@ésl.fgefehrred to

35wt % nDst. ef er ab bet ween 45wt % and 60w % and t he
coRtgrelt (UGN R o e AP BB DF Soegnbeasiggsing o
set@detzdn@ne/ SOWdHecyiRhe. A &hehdklcY. fke Hﬁﬁ&ﬁl st%%ﬁ% ?{qoa?% introduced

35wt % The solidsS concentration is the wel
upssespiradithe kydaodyetonedo rddact thealropeetiorhof awindnboees bangfyrred 0 the

' it.s.preferred.to.congentrate the solids
dob B Faly phS iR B o Rukar B RobrisiaraBisshin the LMW
reat@®@fAct or using a settling zone and/or hydrocycl one. A

conmpnoner -free diluent stream may be introduced
ups By armtiamingflc pidersrd retio 9é avasageastividy pivbethylepoctricentration

18 f. elgﬁ\i g\la do tream.react.qr ,
s EATRL, LAAERE A IR, SRS REDASRISL v
high beeiaNMpaceait©yicldBYddfhied babridagtider folaharih &Re/M St ufit $blume of
aver age activit )f and et hyl ene concentration

reactor) and activities whilst still observing the Cygnis requirements of the invention in the
flash tank. The average space time yield in all reactors combined may be maintained at
greater than 100 kg/m*/h, more preferably greater than 150kg/m>/h, and most preferably
greater than 200kg/m’/h.

However, where a plant has been designed to operate a single catalyst or product
type, the volume and dimensions of each reactor may be optimised individually for the

principal grades to be produced, and thus the two reactors may be of different volumes and

dimensions. These different dimensions can be utilised in order to obtain the desired
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rati o between the two reactors in the HW/LMN
enbodi nent, it is possible to achieve high overall
WG pwee3usi4re yi el ds (defined as producti on of pRCERERI008/6651369

Kk unit volune of reactor) and activities whil st
Ca&%ﬁﬁg%serw ng the C ght. Clelqui rements of the

invention in the flash tank. The average space tine
yi el d in all reactors conbi ned may be maintai ned at

ba%g‘e 3:5(13%%%% g‘éti"dpyrhl;e%’ g%’{i@? g}’n‘ggqeay 0@%@%@(}%%@ SR BE mven{] ion, thus
prQ@ik g ioPEdteh fre MR Y bary Wite: Seatibh BathmbBRSs. Ma8Nindaatad a6hicve the

to operate a single catalyst or E@?duct type, the
desigrdupio aﬁ@feaamﬁbvmbetwﬁereﬁw Hirstd HOL WD an@yec@ed mfm rgagjors, in

. t d
ol b B 5. BSOS ASY BRI RuBERT DL En)
resd0ud niytRINS hepsce tihe sieldidtfigsdentpretudtos bOpslyseninig/h per unit
utilised in order to obtaip the desiredCase 00125

volumegfredrier) sreatey dhaigle OAftg{m\/h,tlymﬁar%@@hlyt gHeaterihan 260kg/m3/h, and
mc%s?gl&?eg%lﬂg fba?e‘f‘f%d%@ﬁg/ /ﬁ h[t ¥shc1?sol B}ﬂ%% H?rpth1§ {Hﬁé F]hat the ratio of

greater mto var er reacti o
sppartaneyielddn tHenfiist (HIVIOY )ienctbﬂoahﬂ‘lseeum (I Wasaate@ds gedaien than

L by BB Bt ol B b o i Blso g B B3 o)
reddMM4LIY PiRee thRfs ﬁchﬁloi‘@t‘i’l@i@%%nprefe@ﬁ’o(lff b? | neg '3'%%, and more

reactor may have a space tine yiel
prqu@blh’cippmll‘oateb’oﬁl@‘ﬁ@ﬁ), Q>ﬁ1hkg¢1hrrp®rf ﬂmetond)ﬂlmfé\f)%actor In this case

rea reater 150,.kg/ nB3 e preferah
i i R p e LB B R i eiE L) PR B s Faspter then
500 r]:ﬁ@fe?a%@"lﬂétﬁ@éﬁ"ﬁd dnd 33)0@' éﬁl Iﬂéﬁfiﬁéféﬁgly' %eét&* tﬁa&@@@ add1t10nally
that the ratio of space tine yield in"the first

or pligyaatiielyt thematio oEEGM AT theNingt rﬁ@amt@ /D of Yreemeand nehfanr is greater

tha}l 3, il esg %Be%rglglg %Qté/r tﬂ f‘t ﬁmrtpés n Mﬂﬁé&éﬁ%ﬁ% gyerage space

tmeqhell‘mn b @dactoss dftﬁn‘tb’iﬁétﬁnfati 88 nR@Mainpd &f geabl Hab @50REM’/h, more
30-70% and nore preferably approximately 40-60% of

pffthFékacﬂT‘Eﬁﬁ%“ than 200ke4B doriad pravpprefesally greatdr thanni 09k g/ag éh.

( L/ §lteﬂ{aﬁ@ﬁl§lr ?Lg ;_,SI\?W %(Slgl’?elr i@ltn]la%e :?Ifé g egggli J%a&Q%%@%H@hi}iw polymer
in theet@md bb@ctcbetlmﬂgm c%ﬁ,&t Ergd:n&@ﬂﬁ prﬁﬂﬁmthstt t‘]:fla b?{p@dﬁ(ﬁht Suppressor
s F4EF 15 e 5T bR ot Thectofeibe dragEnT dppis ikl sgbAgment

onkgactor is greater than 1. 5 nost preferably greater
than 2. In this reactor configuration, the average
spadethis mbq;ilmmlt dfiheiniventmadi’ de Hed isprg fdpebly ensured that

the cog?eé'&rgﬁ g?oggﬁ eat ﬁ’]él%ltg‘%gld‘ﬂ F?‘H 5\%&&%%59 in the second reactor
satﬁsﬁé§ &ﬂé%ﬁhé/uo@r@%s&f 7t Ro7300hy/ B4R, A, Sﬂmy\t@ﬁ% }Sﬁﬁ/{}vﬁﬁing the

LMWV pol yner is rradelntheflrst reactor and tr
ratmf;aﬁ@rﬂ% BetVifE 18 éltm@lorrdeféMVdrreactmr te hyeragragndivity in the first LMW

reagﬁg gsrdt? (% f{o%i f 51%% % ECQIS(HP(){H glq'g%qttﬁ)l‘su Eér?esds aosrthei: fc’ate of

TSt eacC

polvethyiehe priduSediphy reta@tot [KePEarhokiRsie cOAtdhtration in the reactor

(mol%) x residence time in the reactor (hours) x feed rate of catalyst into the reactor
(g/hr)]. If no additional catalyst is added to the second reactor, when calculating the ratio
of average activities the flow rate of catalyst in the two reactors is considered to be the
same. If additional catalyst is added to the second reactor, the flow rate into the second

reactor 1s considered to be the sum of the flowrate of catalyst from the first reactor plus the
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In this enbodi nent of the invention ("LMMHMVN), it is

preferably ensured that the concentration of
weavpostemt s havi ng a nol ecul ar wei ght bel ow 50PCTHEP1988/061369

eactor satisfies the,equation Cpgh < 7 +

C%gg%@ Te) + 4. 4(PC. 0. 8)127(Chipl CEt) By ensuring

the ratio of average activity in the second HW

reactor to average activity in the first LMNreactor
fopBate oS Rt Fent ety RS G B5 AE b st @aBBE Mtemativery,
acfvindiueach teactongay ®actionlated P& catalyR tdrydi@B én the polymer

concentration in the reactor (nol % _ x residence time
prodyicethidl qagh Eqastor,3sdt el knoyvaaad by ectiyfty agficagalaratpdfrgm this.

t he : r; j b '
addad ro et St boriich of il of o ik Rl ehlor (ke
outpat rate of pedyracafjemaled reuctbr @/Hrhdn b caw wiatre polfyneaisakygled back

.in the t reactors is considered to be the sane. I|f
int o EpPm fore AT Y ok Bieyoloe inemalayet dovasepaof the reactor

I j : i i
the VRpic AU of BOBmPIONE A6 AR Ate (£ BEHAerAUfONR REL iyl
reqyelgd).or plus theCase 00125(2) 12 flow ate of
addi,t i onal fresh .catal yst. added .di rect into e
2 oo h PRaabER bR ARl PG bRttty P Rkoh{ESwhen the
polyaRekalonByalRe icayd|caiegta ARG, epcel1dVEt ol &Sil @Isekfcﬁwﬁvity of

in the polyner %oduced in each reactor, as is we
thadresass isabdeashll g polyethylene(g catalyal, oraferally greaten thani &3 kg

poly Byl e S0 e OB ol Bk o o DA P S BV ish IR srighet
f r ofin bider foeadiene thekabohé Yatiol dT afera 8S LM 1@ it ined thas the ratio

recycled back into the reactor, tor exanple when a i
of F@bjféa% gICEHEA R EHprbpbe teikterd Bamtosto thatinlbabisbreactor is 5 or
: . e
kPR Ao, Sy L MR B 00 Sl bR LAy
requuirbmenteertd satffigchte ggthers Brefferhbly elnd facin off sthyent icondeatrhiyon in the

P L TS L o oo
Pr ogytd MAEW-FRNTW @ﬁl})@&iﬁ%ﬁ?ﬁ iéic ﬁ‘eﬁh’leh B33 thelfbultd ﬁ%nncelitéatz(ogn of

pol yet hyl ene/ g catal yst, preferably greater t
ethyleing at thy lseqvad geastaras less thamB8sio]%r Ebweedrliy oglee &t arsutehan

2 ol yet hylenelg catal yst.. | rder to achi eve
sotiliBy P Pl B8 Bned Boeiths i iRut e e
ethiylR@e E@ideBtr@fontik PYdfERBIyIRAGRALY Ad PRk T oW erdifatibh 6 £

second reactor to that in the first reactor is 5 or
hydregen inhe secpnéfaaeigbisprofstablieles tham EmeBhcimate paeferably less than
3mrof‘%i o and ratio of average activity requirenents are

satisfied together. Preferably the ratio of ethylene

conUeidllyadatlobf ihe rédteors Beoftintedng tvolurteOorbdtat thif 10ME more
first reactor is 3 or less, and nore preferably 2 or

comgaly Fraier Dy FIMFRBATiRER reater hapr ey Tpictlianges e 75-
20661 47 m&%ﬁ)‘%ﬁ%[aﬁ‘{)ﬂ}%}—_ﬁfm? t ﬂﬁ’dn%%r:%& 5 Re $RPRIEM W AR timent
I's I'ess than 8mol % wever 1 n order to ensure a
of thatinshaat theywohevedf the raroduahpleytdeachtindeperdently differ by less
d.that it 2ol % _The

thag r1 SIASEHE it 1s preferred tf'lf?[ aﬂro?%gee\;ohtmngength ang diameter of the reactors
employed each independently differ by less than 10%. Most preferably in this version of
the embodiment, the reactors have the same dimensions. Thus in the LMW-HMW
embodiment of the invention, in the case where the reactors differ in volume by no more

than 10vol%, it is preferred to balance the activities between the reactors and the respective
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et hyl ene concentration is preferably between 2 and 5
nol % The concentration of hydrogen in the second
WO 2wenano44 s preferably | ess than 5nol % nore pPEF/EP2ADS/§61369
cajsgéélztsng")” 3nol % Usual |y eacjy of the reactors has an
Internal” vol ume greater than 10n3, nore conmonly
greater than 25n8 and in particular greater than 50n8.
Typical ranges are 75- 200m and nore particularly

co%lgr%' ?]aégépcz?s @h ?an\ﬁ?l %ﬁeot'gmgglia% o%‘wf'_'é\(k/\éa%%}oo an ?lte@caﬁld

ven e VO reactors enp

1107C epefocibht Ibeywelerf $andopO0PES $t it hRO pﬂe@@rﬁre(ﬂhdt thé ratﬁ) of solids
preferred that all of the volume, |ength and di aneter

copeniNEOT BAbE BF THRIOF &/t @éb%sqf:ﬁa%ff‘@ﬁ*aé Hemgingitedet befyveen 0.8
an!é E%ZS ;d)ltetPéle}QJ Msto RLET 6 RBhiY ah,g abiieS m\éﬁﬁﬁ\ta‘?ﬂngfthetﬂ%?ance of

I ment e reactors 'have the sane di nensi o
avthgrsaattvity hetv i hiMWoarrhaidisvetitin Gfe dekieed muganti on, in

the ase. wher.e t i ffer.in volunme by
Ry T Do Srbadnpud o mifulide el
coﬁ&htryﬂlaﬂ BSaBeEABRN it Foab CTRHOY, %nc%f‘fi cldigoly %éﬂ%@h uw@;%%ﬁd
00125(2) 13 cooling capaC|t|es by mai ntaining t

55wéﬁthfasqhdé coficentyetidn is ghe W@ahtt erpot»elamelatn?@toethdtoleﬂmht of the

sPREhTBREae PRl RO ehREE o alb Raiitorlifin i At rector

to fheaedd rtatdMaing fﬂsetthﬁg S@EOMd/Ir & g@ﬁo@?clbﬁe @h@ﬂ@g@l@-‘ﬁméﬁﬂuent
between 0.8 and 1. pref erably between 9 and

strepgn {3y deantesiuged u@%t@ammfrﬂm o picloge theedbes @mcpéonmon of

PR RS UFR IR R, SOB R D P fpcsone

thet dilmehinyanfded to tlhﬂe&ﬁidl EBVIvO resndritgtiiceRclone ﬁﬁﬁ’der to minimize the
reactor i.s at |east 35wt % nost preferably between

hydrsgen i afsderessip dhe SEEMP detBncentration i s the
wei %Rve@gr Q%yéﬂ@ﬁlaﬁtq{@%béﬁedés%n%aﬁ)ga QL: g a sl #962 attaqg%ttop‘ﬁroduct

slurry Is case It IS
typehtae s'oimmartdrchmsﬁsaomsemf ebcinmatﬂoemfay bs bpnmmetl andividuslhyefor the

Pnﬁge}ﬁ Vieg € B{Oﬁg}fﬁl}% é%c}ﬁwt b It&%pé%:?ﬂers g{]ag//@gﬂf ﬁlﬁ@elg%t volumes and

dirhéHsIoREUDRLe BIFRLSR amlﬁfsﬁnts%mhuéiﬁ%\ée h@&%& ® mﬁﬁ G5 ddifed
proportion of hydrogen transferred to the downstream

alﬂwcqf@rverag@ a¢t§f1fryﬂ:§twmléh@mcewactomfm astordanct matht the revestion, thus

prqh)i‘ﬁ %é‘ll OI,I]n gcf ALy eﬁlgt Fﬁaﬁ ?(?H %amﬁtsrsh%&qger to achleve the
desﬁﬂ’eﬁ fﬂ@.‘fcﬁ(ﬁﬂ aﬁz@r@@ at e tyuRsdn 188 fvdt BIMVPY and-@ Wb%fctors in

pl ant has been des&&ﬂed to operate a si ngI e cataly

an élrtermtaf&mquy}a@lt of e W&h@ﬁp@ﬂ@é ilest mmgntm é?&cﬂrst (LMW)

rea%@?%ga rhaU@X slga%e %ﬂié Oﬂ%l‘a?geﬁ u & 890 é(yr% %I?P 1¥rﬁeé'r 1tnv§§/h per unit

vohuemaifme&tar}agrebt&r tinds0 kgﬁne’m vt yrefsrally retitdfBngd D00kg/m’/h, and
Thes ﬁa%tlffer ent di_nmensiqns can be utilised in order to

moéfﬁ%fa heregies thea 4By Bindle 18 fhig Gase Mpratie of spacy tims vieldnn the
ﬁrs{t Waﬁ&&c{ocﬁé sdcBn@EENARREE MLD bL BE At YISRAL 2 Yor ex ample

greater than 1.5. This may be achieved by designing the first (LMW) reactor with a volume
that is no more than 90%, preferably between 30-70%, and more preferably approximately
40-60%, of the volume of the second (HMW) reactor. In this case it is preferred that the
ratio of length to diameter (L/D) of the first reactor is greater than 400, preferably between
400 and 800; additionally or alternatively, the ratio of L/D of the first reactor to L/D of the

second reactor is greater than 1.5, most preferably greater than 2.
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providing greater freedomto vary other reaction
paraneters. Thus in order to achieve the desired ratio
W@L0090s0ee activity between the first (LMAN aPcl/BR290$I0H1369
cdsEWW-4egactors, in an alterngfive enmbodi ment of the
LNMVFi 2gspect of the |nvent?%n the first (LMN
reactor may have a space tine yleld (defined as
production of polymer in kg/h per unit volune of
r eaGar
or oot SO BB B ALl ARt A RARFLALBELY fpvention
Omdﬁme%l?@g/ﬁltrﬁf the mvdnl:l{m; isctasteht hlalmahﬂrcm mﬂremetagﬁectlvny
ield in the f reactor to the second ( HMWN
bajaageSBRCCHHYe el Qggm sauiements, shilghat g mgtime ginimising
thé b dorRentiflion uqﬁi/e ]‘.l?ﬁhft‘zﬁ'hk' SR b Moidasi 4Rl Wre%&ﬁﬁfe'sér Rhds to
reactor wwth a volume that 1s no nore
mmrts&é E&Eﬁlwcbetm@envemom% enabde mnmpxreé‘ﬁapa@bwof less than 1.015,

40-.60% h th d
e Pl 1 Pagian o101 i il i 008 e SR v
eniAdyifg B6pdce rﬂlﬁwwam dilaﬁIEﬁﬁtQK)Ok%Jﬁ% Rlord pefdratl$ bt e&AGE0Eg/m’/h,
i's greater than 400, ,preferably bet ween 400 and 800;

meogi groferabiyiaf {pagi209k g/r freinicadh sﬂacrph &) ‘anonpnestr effiqiensy” ismeant the

t eact or greater
weiglighd & Akad 0 cbinbShen AT BRREP Seh RS aeE 0 55 2)
14 Thi pretbiredMong]l £pe3E6f the dpithilod thadtlle ragpedt Sli@nd full”: in other
enbodi nents of .the invention. One _general benefit of
WQrHe theng Srivb ARt Al yeagast prevappet-¢ANSERING Aeaispreeda s reactor.
aver iy
ool !—'?Elgefc?{é%luﬁ% ér{rt;e I%t%st Iasle(z ?cﬂqg 1%(#11 eMéa? ?? tr%ae@ﬂlch all aspects of
thevinwemicsi ang apieatiedht oopoament waichdna casnttdmeusf tubshar tatskruction
so .as to avoid fhe need to recoqpress | eads to

cOppHFIRG Shleatte; 1o E3AMAlR T YRFEFA! Seiions A %Hmsét%rfwmpie
for%f Hdrﬁbﬁtﬁpéeﬁﬁo&f The ﬁéatto@g@glﬁxeggaﬁlong§ﬂf?fcﬁLg¥ Usfi¥indirect
01 and preferably | . I eve
exeh/aeage whidsra eophg piedyna psefacblt water, yi pbkbt@ﬁuratunﬂﬁgsai least part of
100kg/ m 3/ h, no r.ef er bI at | east. 15 nB/ h, nost
o R [P yicsdh e Po15tEi00 P 19Ph 1ot B i LS draciapghister can
varmﬁ%@blcﬁﬁff irtihe REEe 10S200RANT id }Blﬁféﬁ%ﬁgllfﬁt tﬁeaﬁdl?m@ﬁsatlon reactor
et hyl ene + conononer consuned t%ﬁgﬁlﬁ. produced. It
utilisedrindhepregsnt inyeation isdpercieactors, anvefut vrethaﬁ the laopaeactére are liquid
eactor is "liquid full": in other words, there is
Substantially no gas- or vapour- containing headspace
| n tiheicabpetres oo iddn tiedioby pRcRE afedRtl&n W1i1DINPAg,
for the polynerisations to which all aspects of the
Pffffﬁliﬁblﬂheé\ﬁe%r%toép}ﬂ?a(gam e is a loop reactor, which is a
cont r : ..
t Wo;*hg Bosted é&p}ﬁ fe 382 U dOboRERIhe E‘Q’En‘%{“a% 8fdmpositions

rexa vertical “section
coimm,ing ﬂhyleu@lmph@dlpners faad bfz;mijnabrs sEthtleaa sopoliraeiRegiicaify

co B KA om eTR Mpte Ui AHTET SBOORSTEEY gotagh T35y weight,
I
prefa@tssﬂff»mﬁwsr@tmwgv ht f%ﬁéﬁang Epéﬁgm %I%Tg%r?ﬁft/t Iggfg

reactor. The vol ume of one react or |
r eadthorlpby snanordafin xmmymbmtgengaﬂy pmpBilyey in suchreactianga@e one or
mcg%g _A%()?%}l‘ls'halvfnglu% tB rE%ecfar roﬁlea ont’lsh gér 1'1!:10 €c é) LIYJTE f)rsz’igct:hlgg nearer the

double bond than the 4-position. Typical examples include ethylene, propylene, butene-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.
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utilised in the present invention is |oop reactors,

and further that the | oop reactors are liquid full.
Waaenosle4pr essures enpl oyed in the | oop react oPCEHER2008/061369
Cabeboes)0. 1-10 MPa g, prefergbly between 3 to 5 MPa g.

The process according to the invention applies to the

preparati on of conpositions containing ethyl ene

honopol ymers and copol yners. Et hyl ene copol yners

t ypirg 8hd ¥mBEITREhSE tROBVRALIJIDHR RIRAG-19h §blydMS1dnB résin having a
vari abl e anount which can reach 12% by wei ght,

depyityfodigzastsy thanot00kesmi andsan BEMimif dtom 1 fot 0kg/afpie and comprising

RS RV e R POLE Ao 5 BLRF A 07t By om 40 0

6501t Yol £sctoml gdlietByleay fragidub e Srdleulne iveddif e Biedt polyethylene
mol ecul e_and no branchi ng nearer the double bond than

fragtien ooimRsising dhnear|qyy dansitypahisiivdeneheyinde densip @i, to 935 kg/m’
anf? Bﬁmleg%ﬁpﬁgégngﬁ%p W s]ecoxgle%ﬁ?&ﬁy’]ieli@ﬂac% %ﬁ:@ﬁgﬁgmg a

and m xtures suc ene an ene- or e
highninbiexpaigethylBot bnend a dpsity efiet ltasa0d0 keienprelerabile at least 965

ticul arl f f t hyl )
B AL preLeherggemnerecs o erpifEnt "
t he ThpvenditRfis e @QéﬁéﬂﬁBné n eﬁc}pl%laé’tgtg%h@@ glxgx%giﬁﬂggﬂmaving 2

having a density of greater than 940
to b2, pieferablly 1 tv & @Orbghla@msper andeatsyor exhmglef limzar BBanes s6€h as

wt % of first polyethylene fraction of high nol|ecul ar
preans R g, PRI B B o p T e e o ke Bt g P
isobEgid, @doethnd SN IDldRG B rdMRhE Hr cyéBSkhdesShch as cyclopentane and
pol yet hyl ene fraction conprising a |inear |ow dénsity

cygehsxenngl Eaie miaresg la theenass ofjethyflengpalymedsticy/ the didneht is

: ]l ess 1.9/l gm nd. t he second o
e oy P Bt 6t Bt Pl el PpBRERRoed Guch es tiuia
alipioitiy edyieldatipeatitaind Atoraatiten@idortdhs 2 bt 4 RapbradGe ske 1B at least
at | east 965 k and_an M2 of qgreater
!

preferably g/ nB . :
50Ya{Rreiarabl vt sk 10%0)nfdhe prlymer frsmpg issneolylds thereimylsolariane is
i [ in each reactor include
palﬁl')?gl?ggg%éﬁéd %sqﬁe aﬁa@%m' ons 1n

ons havi ng to 12, preferably 3 to 8, carbon

at offbe pperatind emditens o alex aepheh thatnkamoabianest suth disent as is
- hexane and n- heptane, or branched

ropane, - t.ane, n cu .
theﬁ%ﬂ&%ﬁég cgﬂ%cﬁﬁ‘la PPLERSEISAHRN PIPeSERen L AR EIWTY soRRenEACTRIgILs in
voldé PkIERE MW ReOP BRRd tObe SHEkPRL KA1RS i m@@n(ﬁﬁtlg of Plr%ﬂetcﬁlear

cyclopent ane and cycl ohexane or elrr xture
wetght ef e ddtientlapd evhetiey therdilnattiiomerttdvecadiiveidismid & supercritical.
enerally inert wth respect tqQ the catal yst o
PetRSE Hopbmel At rafRaat s el Taepiopyfengpolymerisation
al | MEmdds of BlcaRlr dH: k&euditidn AFORIICInME LR CRTHBR DShe Ziegler-
at a tenperature such that at |east 50% (preferably at

Najtpgaetalipege atd ridentpts! gtesransitempgtal syperestal wstd, bydrhgereisn.
prek‘&%%ﬁ&f’ aihf‘g}%?[q%r&rg lgjénaﬁrleysuperr%gu"al{ilrlge 911 £ ﬁm;ep gvg*géeuﬁgfebuiar weight.
When using chromium type catalysts, polymerization temperature is preferably used to
regulate molecular weight.

In commercial plants, the particulate polymer is separated from the diluent in a
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
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The operating conditions can al so be such that the

nmononers act as the diluent as is the case in so
wa@ a00besboll k pol yneri sati on processes. The sl uPCHEP2008/061369
Ccas®0gERtNHation limts in vol uge percent have been found

to be able to be applied i ndependently of nol ecul ar

wei ght of the diluent and whether the diluent is inert

or reactive, liquid or supercritical. Propyl ene
us@@f‘(ﬁ%‘htlhlsfolﬁafehic‘é}'&e@ﬂlﬁg 1 %ﬁ&f t‘hﬁtdthé@lotwhﬁ’ SMW@%SS‘C‘[H’J opening

propyl ene pol yneri sati on t hods of nol ecul ar wei ght
thereqfpraitidiese zome vikisoziie ipalymims particles \Wae setils forgpnii exgéng from the

o bR S B SRR s ab LB B ors.
lodatigh 8f whitHcas B8 afy st el bE tHealSol Fdabler bilt igplcfablyadRkado the
nmol ecul ar wei ght. When using chrom um type catal ysts,
dopastyasst skt adiprizentsbsestion ef the lgnpeThe amrgth;s@ﬁiatg@ diameter
t
e L R S

prifeipaletilustickithdratvn fioen thelpagmiterisatiditloopx Pes Sﬂcdn@entratmg dev1ces

conta nation so as to permt recycle of the dil| uent

ongthe gc]irﬁ‘ap & S p%nglwhyﬂr()ﬁy]ﬁp?pa@mg%e %my the case of multiple
I

hy%?%*’%%f%“%%l%?%g?e%@%%s S Rl B e Rfent i g ey

effidnnt mdnnarmmewgmﬁct any preasurbeedbyticorand mapdriitikn o‘ﬁ/recomred diluent

for e | e it can_.involve, either t he

is %’idfg( é’)crefémg ORISR Of RRfYY SONdEe %Foélé‘%“tqn fSnipr example
thrb@ESadRiiech 6ffl?éshtoP Roclyb 1@\H1lﬁéntsﬁ15éﬁ(aé/rn /¢ E&%ﬁ(&&%f&% N Dfrther

t hereof provides a zone where the polynmgr particles
me@ahm?s@ﬂltameng theprmtiog tandow obilre finel rdidtomsand r@dm(mg the

con roduct wi thdr single tiple
oot im s CepudoPEE s it oSk

anym@e"r@ tl@ﬁﬂa'ﬂ feab @O Bf MRaEIIAHlcREHctdr SyRERTi €5 8Iphreactor, the

.adj acent to the downstream end of a horizontal section

witgrave andpisferaly coprentitiedpOrmetalyey idsnessarisedantd optionally

I t

he#&ﬁ E)}nllag &Hnﬁﬁéﬁ%ﬁg%@?%ﬁﬁ% ﬂ%}g \rzélsgecll ?)glF ag%m Ys n;%referably heated

aftenl depetisewisafioro st hevnpafuenes ofxas inventic@Qhe diBRnoind any monomer
concentrating, devices_on the w thdrawn pol yner slurry,
VARSUEY PN S WP BEIPRBhEASh(vepsehfan bsrcondenspd Weliawt ispompression.

Th@}'h |pligalyalER Féégl:l@@ ﬁ?‘th'{; ?}8 %éﬁzhﬁ(ﬁn cé@ r 'T?gl)c ally HelP&kure in

ances t'he recover uent |
theaj’rﬁna'ry élath mesaclas 0.§+:h& B gyipiréfexzahyt 0. ﬁ){lefsmma% Tedueelidsaacovered

an orl recoyered dil uent i ded
Frofthop ERBIoR, e, i IR Dot gt eSS fo remove
resgglgpﬂngngé for exanpl e through add|t| on of fresh or
recycl e diluent, upstream of the hydrocyclone is a
f ur thepravessrescatlingth altrﬂ:iimwglt’tomés oppestant forgl oAbl petyoierisdtion

final Leact o edu 0 tration.of
caghy RGeS o i BTy 8 Pis P bRl el el P s dp pariculr
thos@ adiveWRire titddeunh | AARbniteeet vbadlimtne FoM iﬂeﬁhﬁll}V SARARA silica or
systemis a_ |l oop Teactor, the w thdrawn, and

mopgastermpPiekdnemim axide caighisipmed fomumeipllpeene-type catalysts,
mega%ESﬁsééfﬂgsaegfclo%ggtaﬁ%h&f)&?fvjﬁve of a transition metal, in particular of

fitanium or zirconium.

Non-limiting examples of Ziegler-type catalysts are the compounds comprising a
transition metal chosen from groups I1IB, IVB, VB or VIB of the periodic table,

magnesium and a halogen obtained by mixing a magnesium compound with a compound
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heated, prior to introduction into a primary flash

vessel. The streamis preferably heated after
waelppedset | sati on. As a consequence of the i nvRCE/ERI908/061369
Cabd@01dis{zyent and any nononer pgapours recovered in the

primary flash vessel can be condensed w t hout

reconpression. They are typically then recycled to the

pol ynmeri zation process. Typically the pressure in the
of HeltAREYioh hit®d) a8 8 98logkSatéli RndpoandPehethald¥eicth 8Ptiohally form an
. 0.5-1.5 MPa g. The solids recovered fromthe primry
integrakpariefdbemagnesiug gemnpgungans o thet toangition saste aoynpbliad h

ves emove resjdual, vol atiles, The process

co b et SRR GriBlst Bt PehiieBbua Vs B B sjpmorane
or pphiy oisigpideanacddsaditedl fos eeABHE, infFEr 00U Ar(MitshiTo&Ssu

chosen fromthe Ziegler-type catalysts, in particular
Chemggls)-derived from titanium zirconi umor vanadi um and

fro I ' ! | i

e T L L
at leadt ahy stussitioranatal cesae fibei groum TR M'PBeWBahdeVB, magnesium and

derivative of ,a transition netal, .in particular of

at legst QR BRlPeF- Sopd sritisArenghiamsdih fyse cuRpIEas: of
i i ' f
SR 10 Ry St B R CATBRU RIS 20y

transition nmeta
welghB of the periodic table, magnesium and a hal ogen

obt ai ned, by 1 xi ng. esi um conpound W t h .
conpBareaspi %y SHRGE R ReFertiaror ShiaPapy iy
hal geenms esho@rmyova gt ofeadnadiggensusiy reRt 1 /NEdok ¥y fisht,
an integral part of the nmagnesi um conpound or of “the

t r affem Q- bip h@'ﬁzéﬂly @ gl bk Igeoerelie froygl S tab %l bysveight,

| vat ed. ei t.her an_ al upupxane
tne R o Al BAERE T SR E B B o e o 05
mabifabRE) 4ok 4sMatltimn] hydegahndRR & Thy traddigeh Rlktal MiREthe halogen
catal ysts are nost preferred. Anong these, particular
aregyefpsbestitprigmang cdilormeablosigieterred aatpbysisrhare thel foldersisen
cothp&MdgE oups 11 EB, 1VB 5VB and VIB, nmagnesium and at
east one hal ogen. Good results are obtained wth

tho omri si:ng.. tErog 10, to 30% by wei ght of
traﬁgP%ﬁgﬁnﬁiIgﬁ¥n§ﬁ%?%r§%ﬁvwﬁﬁﬁk115 to 20% by wei ght,
f r oMagesion GO ey 3081 506 bhalepggn, preferably from

30 to 50% by weight fromO0.5 to 20% by wei ght of
maghBYTIF ORIy 4P toRP Yo byoweim® by wei ght, from 0.1

to % ' y LU generally from0.5 to
5% %m%?@h@?&gklgg{)%ﬁﬁc%@ %&1’% l'y consists of
el eRends] argasicrognfenohess then po Ot tweighsed for their

manyfacture, such.as carbon, hydraogen and oxygen. The
t aﬁ%‘waﬁflﬁgﬁ,gaﬂ%@r{%eﬁgg Qfé%ﬁsedgones, are typ1c)a/t y carried out in the

presence of a cocatalyst. It is possible to use any cocatalyst known in the art, especially
compounds comprising at least one aluminium-carbon chemical bond, such as optionally
halogenated organoaluminium compounds, which can comprise oxygen or an element
from group I of the periodic 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
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are preferably titaniumand chlorine. Mst preferred

catal ysts have the foll ow ng conposition: Transition
worzaao3desdom 8 to 20 % by wei ght Magnesi um cont BECK/EP20081961369
CaSe 0®12582)% by wei ght Chl orinegcontent from40 to 70 %

by wei ght Al um num content |ess than 5 % by wei ght

Resi dual organic content |less than 40 % by wei ght

Pol yneri sations, particularly Ziegler catal ysed ones,

Lial(e,Hyp l@rghﬂqalmmune dorﬁ%ﬁurﬂd@ dsp&idIyERERCEHIOh ad not halogenated,
cocatal y IS possible to use any cocatal yst known

arq yelf ﬁétear Tnetbs%&%mmlumya@otﬂw@m@immm grafgpenialleadyantageous.
oné Tﬂé Eglltogjgﬂlw %@5&) z{fal%ﬁ% m@e!é'roelaqg go%éﬂ&{l]%ﬁ%ﬁgﬁéd 919'8%1 W oxide

hal og or ganoal u
catalysiiavireg otitagiarcontaidng ai@nﬁnforfekmﬁp]gramﬁlpbszﬂé silitteand titania

ot & e %%iwaf G i B o B Rgal %?rhgyuc':o%ipr?s)é 63 105wt
% ElrbRtk | b fepd b::'ﬁ H&Bind YGh %éhfoﬂlﬁﬁlhéﬂcﬁlag [y W chromium based on

trial kenyl al niuns such as triisopropenyl al um nium
thea el ghtrifiing dunmaur&mdnﬁalmg(tmtalyiEsT}mmﬂppas comprises at least 2 wt %

AT B TR AR HBDHGF A0 ORPH R B OR s vt %

titahitkay b@fleﬂr@nﬁh@%@ﬂ@fth@@ﬂroﬁh@ﬂﬂ%hﬁﬁﬁn%%’&ﬂyﬁ?ffhe chromium-based
di but yl al um ni um hydri de and or ganoal um %I um conpounds

Catéb(ﬁ’ﬁpmﬁishﬂ@ 4 spepiilig sndueerrremdsam 600 205?(29 m1/g, preferably from 400 to

unm.ni oun espec al
s} pla o R SRRE RL#ENEL 4 8 SRR RRRCLE S e
Chifgrhigirhldsad vatalysis At {sed iseiiinctiah Wﬂhructiﬁétafs%uch organometalllc
especi al I% advant ageous. The chrom unt based cata

comnpoyds P& AUEHNIIE! @ I%P@f@mﬁ pwn@bﬂr@m@mp@mc%éuch as
ma‘i@lﬁ'&}ﬂﬁé mh/@i\ﬁbﬂga azilléyltcﬁﬁ!ng LR)' 320 HRR r{lg Glf&lethylboron 18

'e a co tan a suppo
pannaultrrlyptdeﬂrgd pr ef erred chr om um based cat al yst may
se from0.5to 5w %chrom um_ preferably
ar o be S5(p15% ol Svic i reslloosae GRtalySic it BCAHAMCarPBstbis-
t tx‘éﬁ drBf h
o Ry 2 PRy PR )
mepﬁllef:@waiatayysacmup@leﬁt tan@ismg SbisitetaatiydraindenyEcompound of the

et CrRHVERE: nieishcash NGl g py of ifrent an i

tu@Hj’chHi B 38 SehsEiaitad ﬁé&hh hBave 1@ 2ReGdbL Ghsr
© ar ea (I)lf f)Pom 250 to mg,&%?e elr abl y%from 48%%86”(31 “Ca

alkgsoe rarlicgl, @rﬁhaléiybgﬂlmﬁmupmr@shqoy onilopanat @rantaligh pRosphing or

b m 2. 1t /
sl g6 s o e i Sl Ba S AT ER S G T e o
vamﬂgmnmaah IQ & }@ﬁfﬂi&@ﬂi‘yﬁﬁa@xﬁg akdi?0 Birbon o for REILGEN; and (b) a
Preferred are organoboron conpounds such as

coqatalysf RdhccHHaes tewaiabist eamepcarRly Eagthbisteirabadisindsaylgpmpound
ma&%e g@os‘fiﬁft?@ﬂx tﬁé Ok WH/ 'o? &1'?%&'&%%/%1111 3ne 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. Xis preferably C. If the cyclopentadienyl ring is substituted, its substituent groups
must not be so bulky as to affect coordination of the olefin monomer to the metal M.

Substituents on the cyclopentadienyl ring preferably have R as hydrogen or CHs. More
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particularly preferred. If the catalyst enployed is a

net al |l ocene catalyst, it preferably conprises a
wWhrepeswahydr oi ndenyl (THI) conpound. Pref er abPGI/EPRS08/061369
Casa0@l2$el) system conprises (&P a netall ocene catal yst

conmponent conprising a bis-tetrahydroi ndenyl conpound

of the general formula (I ndH4)2R'MX® in which each dH4

is the sane or different and is tetrahydroi ndenyl or

prefeablyl st oheindhysippéfoseyoth @cléﬁnﬁxdt&h?ﬁﬂﬁgsvﬂib Ghsubstituted.
conprises a G -C4 alkylene radical, a dialk

In g prveshiatnpmesed prabedients PiGiagraylscEe amﬁuhqstmed R"is preferably an

et RSB BF L ACLIB A L T 8 ety oo
hafnanadi titmama reest bra@ra’siytmdomamr tBakch Kede ithegsainet o d2fferent and may

be gityg @J%é’?glﬁy%% l ({;(gftera ‘ﬁ](élgz aq;_%{ag o ant aat(l)1¥1§ tor gﬂal% gen. Suitable

hyoe S
RS bR B DAY AT SRS o R P B Rpiefercbly
halmgme Pibglene brséh,5.0,7 hafaln.)yi:dm peadengd)i Amghiun dighlotileis a particularly
cl phexenyl .ri nd the thylene bri dge. Each

méﬁﬁﬁé@ Hgﬁ% Hﬁ% mpay ? dependent |y chosen from

th OS@hc@fsuf)l%rf@d' ArofRvhT Ay ddark tificAon8kcfel @08 A activation

| VB, oxygen and nitrogen and each Ris the sane or
stegliin pig peant elayried trdiyetior ieoperauieotiwractivatinpdepstebye prsferably

2 t he val ence of X

ra%eggopr e etf)%gﬁaé %qorF%%%%b@%O&Bé%?dl enyl ring is

In Si¢gBddekslb Bille itviehtion] isd filsti@Attog o OMB SeriBsSé suilied &ithQatalyst and
bul ky as to affect coordination of the ol efin nonomer

the Qs’cmb't%h@taéfiltm f@ﬁt?s‘iﬂ“ﬁ@e?md@‘émm%em’@f@ﬂbM?W&Wﬁﬁm is

ef er.abl
su@é%g g‘?% Eﬁggsg rﬁé oIOTCE i ]f%'?ttl(!;l% AL el %ﬁ%&lg % thg/?ﬁl?rgaa‘?ﬁmg from a
praeedihg raabtoy olf dichseriys; tlapeanttach myﬂnsrngrtbs cailgst, the cocatalyst and a

unsub hltuted In a particul y preferred enmbodi nment,
miﬁ%lf%ofls theeAymersRradygs %%Pr@&a 1@& reqfetorlo therserigs. ol fs,ondignally
P S PRI, R T A gy b Hoffing
reactolramtb yesimoatal yptramfiér abdajalyitadiost remtotEach Q is the

same or different and may be a hydrocarbyl or

hydr ocar boxy radi cal having 1-20 carbon atons or a

hal ogen. Suitabl e hydrocarbyls include aryl, alKkyl,

al kenyl , al kylaryl or aryl alkyl. Each Qis preferably

hal ogen. Ethyl ene bis(4,5,6,7-tetrahydro-I|-indenyl)

zirconiumdichloride is a particularly preferred bis

t et rahydr oi ndenyl conpound. Silica supported chrom um

catalysts are typically subjected to an initia

activation step in air at an el evated activation

tenperature. The activation tenperature preferably

ranges from 500 to 850°C, nore preferably 600 to

75Q0C. hi the process of the invention, the first

reactor of the series is supplied with catal yst and

the cocatalyst in addition to the diluent and nononer,

and each subsequent reactor is
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supplied wth, at |east, nonomer, in particular

ethylene and with the slurry arising froma preceding
WO 2wenao4bf the series, this m xture conpri si NBCT/AR2008/061369
Casealaby@y, the cocatal yst andpa m xture of the polyners

produced in a preceding reactor of the series. It is

optionally possible to supply a second reactor and/or,

if appropriate, at |east one of the foll ow ng reactors
cpMIMe fresh catal yst and/or cocatal yst a first

~—reactor.Case 00125(2) 20 CLAIMS 1. Pol ynerisation

. pr oB@y@erlﬁﬁfWﬁlpé‘PPeﬁ‘leﬁ?P@Wéthb’bnﬁrsdﬁe wgdimslypyarR g i n

is [

poiﬂ&%?‘*éﬁt ST Al of Lkl RAfS NG BB AMS and o
str@huasrrsyurc)octtmazﬂmgghd peymetl e thdrsvnirbindhareacioe and triwesferred to a

reactor and transferreqd to a fl ash tank oper
fla S&r é%%eneéatgwt@@ﬁiﬁéwgtaagé CIRFEHIECTHED Hiat pldgest o @I@ﬁ»@% of B Tiauid
e P ase, A SRTRANACTad b G AES R ithdran
fromitbe flhskstanlt ank vageunanbpdeast Aoldt, rhara prefodblyl 2%16353093651‘1101%,
r ef er

and G SRt E SRBI b PO B T At tecf S is

captaaralsftbém%%sﬁ&&n@ecp& DBIPOra6ROIEREREeALS and ﬁ]"@eb?&tfétﬁ yqfs and
bet ween I5 and 500C, preferably 15 and 400C, W thou

40%€eo vaihegtsqomprew wharem bby-pr@@umupswmsﬁb@h redphéscthe amount of

oy BEETRyhaFe TR oBlyefhy 8 Brefked RbTTCR 0 BdpBirpty e
absblige @h6@lt 6t By pRRILAL fo@ined Yr BiEOehdtr bly O TBast 1096, fnpared with an
reactor by at |east 10% conpared with an |dent| cal

idepina) nelymskisstion napesed yheiribs By-PHCUBhAIPPISERE IS Ry FitseRls trused in
thelrSaclt Present, is used in the reactor. 2. Process
according to claim1, wherein the by-product
2. supproessarcardiigeeslaihd, ohaeanthe ayiposiuchsippeess@aetwes dfe
at | east gne of the éogpwonents in the slurry which h

congenfration in e rgRatyR! abashpus et Bip compongs m5hp SW@I&%S‘% a
moftoutaP ikl 06l G STRAL £ ealf 39, o1 AP 1ERL 189S ARSI an

product suppressor i's not Ppresent
1deata®bpx1hcm§ W}mrezttﬁlbmﬁroduct zuppnbasozas mot presdmy.- pr oduct

SUpRressor | nat.ed rbon referably a
3. ot BGRBERSRITGA EIRG gR u HBE BY U] SIGp ot 2
hal%@@@ hyﬁfo@ﬁ‘i‘béntﬁef%rab?ﬁg cHBRImdMh ST ak! ﬁbrrﬁmacﬂ‘}@ 1AL Mvhere x is
ol yneri sati'on process in which pol yet yT ene

an jngeepr ﬁ@lmde’f@ 3, and mest yrefenabdy pldbspfemi, $HCbn reactor in

the reseneof a tta cat al
% ol TOAEEE ool OEE PR e i Qs iy m o
polPRkNEHEon réactir il tHeaptbschéOoR 4 NiggleEMatOEatalfst ahﬂ@ﬁ%ﬁ:ﬁf'z&@id and a
to a flash tank operating at a pressure and
streagyRIShET s aas thapalymer s sgthdrasgnsen,the reapier padyiiprsfered to a

ﬂas{ﬁqgkﬁp(gire}(;{s[ﬁlgr I gg?&&%t%ﬁtg Eerﬁvé%e?atﬁlte s‘ﬁ&ﬂh%%t%és@ 90&1'39% ok ﬁl%qlquld

S W
or non-polymer component of the stream entering the flash tank or slurry is withdrawn

from the flash tank as a vapour and at least 98mol%, more preferably at least 98.5mol1%,
and most preferably at least 99.5mol%, of the vapour withdrawn from the flash tank is
capable of being condensed at a temperature of between 15 and 50°C, preferably 15 and
40°C, without compression, wherein a halogenated hydrocarbon, preferably a

chloromethane of the formula CH,Cls.« where X is an integer from 1 to 3, is present in the

shurry.
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fromthe flash tank as a vapour and at |east 98nol %

nore preferably at | east 98.5nol % and nost preferably
W@zoobeswe4 99. 5nol % of the vapour w t hdrawn frRCA/EPRS08/061369
Cadd @abs@ank is capable of beimg condensed at a

tenperature of between 15 and 500C, preferably 15 and

400C, wi thout conpression, wherein a hal ogenated

hydr ocarbon, preferably a chloromethane of the fornula
5. Cl‘D(Frol;éss)écM{r@ t¥ ah$ pReding EBBA, V@8 b st@ad cohining the polymer

present in the slurry. Case 00125 2 2 15 Process

is vaighdaRven ﬁrgmt the zengtos ﬁé‘g Eansigrred tai DPEIaing af @ grgssure and

tengl%ghta%'r an g%{‘%&%%o % gﬂms 5'352 pgigﬁlrfefétrcﬁxﬁgggﬁ%t g?ﬁ%tsggam
entan@ma lﬂ@st&t‘adkﬁsewnbdlraﬁmrfﬁ)@tlﬁl”ﬂdsh ainkak alvapsir. 50nol % of

t he_non- pol yger conponent, of the streamentering the
- £ 1 aBIPCESERRCQIEIng; P BRY BitReH RS Methevhgreifhe malar é%imaofthe by-

pro&ﬁ(gr e#:g{e@or 5¢ ﬁﬁqgﬁﬁgﬁﬁgﬁﬁfﬁ@ﬁﬁ 9%@6@‘[0 E’ﬁe&%@&bpﬁ Gt added to

the no t product suppressor
themeactralmglemar xin fyld podferblyrbeteetad. 2 and he reactor to

titani um added to the reactor.is reater t han
b P LGS gy P ahte iy R e igh g thetreom

enté‘ﬂ'ﬁ/g 1BE eGSHiaAE of bethPdneiea9ing 4 SlcEARCHBIhatdion 50%/15818 Clights
streamentering the flash tank of conponents havin

(moti)etatisags the patiobéligw S0+ GIUFEA) - T) rohé@. er&ﬁ)%ﬂcmlcgt) where

T %1%}%35]: ! Iee %)%%elygﬁa | On l)lr’egﬂmt ?Ié aﬁ%plgﬁs&w%@&éF g) al) the location

whéxesmxeﬁapouﬁwh&ﬂmntfmm SHieAfld¢h €anld 18 c&Jensad all €5SAHdeC K, MRahe
at the location where the vapour w t hdrawn from the

mo %agweﬂ%iﬁms dn gherftpsh sands of aprdrogen anthetlylengyrespedtizelyol ar
3. Conﬁﬁ%eégs%uo%ﬁlgtta cfalh'ﬁ v gxﬁéﬁg t&p %o&fen!}xt% 0%%‘ %ﬁg@ of

ene respe I‘OCGSS accor arm 7
cormlsmreeus hatihg aoﬁasﬁeanmr\aﬁgmbeumw E0elsb eAdiieE t}@feqampoﬁgm; §7+

0. O%@ 4?;(?;_?]5%; 7(7€P¥B%€ﬁt)o’$l‘(ee!qgwrr£s§) (?lezfr@?(%t@ln? {h;sg?asé Qr% the
conzé%{o%f nlgﬂa?fﬂ%% it Reul A1 1§lﬁtbe!lcﬂvv Bgfolﬁ/dﬁjfﬁ%ﬁ afld Ethylene

t he concentrations of conponents
mmmehgﬁylméwoﬁmﬁ@r hydrogen and et hyl ene respectively in
5. reactor. 9. Pr}[%]LIH %CCﬁrdin%rto clain17_0ﬁ %, .
vm 9P RS PRPTNR LR AR B CHeHNE ORGP IR0, the S}y entering
thefﬂaamnk ankyabgy @ﬁ@%@ ,mEESMb&{E%ts@&Q1@OJEBQE€ﬂE§w@%Kt How 50
a nol ecular MEIght bel ow 50 I's the sane as

ist rrsiiae "me’@’fatmd’ff@gém%teﬂwlmméwdm@ommmm:g a molecular
wei ﬁtbetigW%Oilb h%%%%%}ghga%%ht bel ow 50 in the second

eac cording to any preceding claim

10.wheP®késs atcdréiagtio 80y PlcbodiNDE18ink veHepdin bt héaﬁ@f@iﬁlo(}%, esd
%rref er abI 95nol % of the |1 quid conponent of the
pre

ply §0mg /wﬂ?ﬁiméﬁmab}y&ﬁmqi" Cfflﬂa%hquléﬁkma@n@toé@@@}my is

withdrawn from the flash tank as a vapour.

11.  Process according to any preceding claim, wherein the polyethylene is a bimodal
polymer made in two reactors in series, and the by-product suppressor is added to at least
one of the reactors,

12.  Process according to claim 11, wherein a high molecular weight (HMW) polymer
1s made in suspension in the first reactor and a low molecular weight (LMW) polymer is

made in suspension in the second reactor in the presence of the first polymer.
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11. Process according to any preceding claim wherein
t he pol yethylene is a binodal polynmer nade in two
WO 208080644 i n series, and the by-product suppreRGDEP1088/061369
Casdi@d5@p at | east one of the2reactors. 12. Process
according to claim 11, wherein a high nol ecul ar wei ght
(HMN polyner is made in suspension in the first
reactor and a | ow nol ecul ar wei ght (LMWN polymer is
13.madBrocesssiusqdingi tovlaim 12hehsenahéd ratioattioy a\iei’agtemethty in the
presence of the first polynmer.Case 00125(2) 22
Secwile%‘%’ reactria |ﬂi‘f‘ga‘iebag€|aﬁ'§1YHY112 theHist BIMW 1sactpLis .f@nbf) 25 and 1.5,
[
whESavENE BRaGh oM el b AR, LAY ARk g ica in
theaergtct (bgPhhor/ éethybnag&mcaxrﬁratmtly theresaoh(mad#g txcremdmce time in

defin as the rate_.of | ene pr.oduced in the
the reaaie PO R RGP E PE Fast Ry AR E0 on i 0t he
14." @apioREss (I rtingto tRSH 8% 31 WhBeinthd RfioloF %%P%HCQ:BQ%%)HIOH (in
x feed rate of catal yst into the reactor
mO%bmébs segond reficiey ta tatinghefitspreactot &, 5 mssepmftrh@yﬁmn less, and
l. e ncentration (in nol% in the second
mofprEle A5 ds

¥ n the first reactor is 5 or |ess,

15.pr ePkadRla¥cctdiiy th @8 on@OLIARIsE 26 @4 oK B&EN tBe SorRbnik R85 of
15. Process accordi ng to any one of clains 12 to 14,
(3

ethiflses W the serend seackidy lasy Ban 8m0194)wpf@rﬁéﬂy hetwisen & Sewh'd and

Smgp/actor is less than 8nol % preferably between 1.5nol %
nd 8nol % 16. Process according to any preceding

16. C| aPiorcesshec@tingttd enppleyedihy tlaing wiseréinnhd pilp@bdkne is a

o] Pl b i ke s,
whir @‘sﬁc%{' fa‘i’loeﬁs {hBeath &Jl\’%nléﬁ%g 15'% thelt Fﬁi #ﬂ}i\M o%gg?ﬁethﬂeﬂe to the

pol yethyl ene to th ene
MI:me thg polyeathytead, taxtle beidg npasuwed Sﬁo&mg}d}aﬁSﬁ) QthGhrdtl 138 at a

mper uercrag%%(%COf 190 C



