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00139(2) 1 SLURRY PHASE POLYMERI SATI ON PROCESS The
present invention is concerned with olefin
w@oloymssiksat i on in slurry phase reactors, and PGF/EP2008/061371
0013(%)i cularly with polymerisation in two or nore
reactors arranged in series. Slurry phase
pol yneri sation of olefins is well known wherein an
ol ef i n nononmer and optionally ol efin coniononmer are

pol yner i sedy URIYPIPASE PIEYNE RN PROCE/gI | uent

in which t | y U | U and

transported. Polynerisation is typically carried out

at eratures.in. the range. 50- 1250C and at pressur.es

R S R S P e R
rea€@fs2hiySinoke/ i@ larYy WRB PolyRicriRhiefr ifl tREloY FRié FAtloR arfmEhd in

as chrom um oxi de, Ziegler-Natta or netal | ocene-type
serigat al ysts. Many nultiple reactor systens enploy | oop

rea [S.. Wh Gh. are..of ntin b r.
construapebrbalngPubh P dBARLIE A iR bp apgiin monomer
and &itionaNesletifi @bmsRGh 1046 palythedibed Bahé picvdnce bOh ceBRPING diluent
. four horizontal sections. The heat of polynerisation
in wiyich {hsi soif polmsktedyctisiswipendrdi ddtangh®tednge with a

coo r > o

ur bolfherElalTh RGNS L ARleH oPfetEmpdrik A3K Bicrange 50-125°C and at
predduecsvio thenangd 1-@806 balaoTie caagitasediancbermlytcatal st typaatlgnused for

stemcan. vary but is.typically in tfhe ran 10- 200
016?1% PolYBlesisgAg; igh |a§,clggm11§% OfFiste, #‘yﬁéfeF' fa P%%’&?@P%ene‘type
cat@jRioyed in the present invention are of this generic

type. Typically, in the slurry polynerisation process
of Pahy erhiypple necfonsysgsmsphploytibe sheiorsy whithtabeof eewsttionous

tubmalf lﬁ(gﬁ?rggticimsfo ; I}lesm ;giaa&r ﬁéﬂ%tj | %t, ?cg%:?tlg%ggfourg I&gqtilly}gldsregt%&rs%%g at least
twd, 5rExBRbR BuShsioatl BH608 ahe d0st JTHBRMdrRAES O typically removed
additives In particular the slurry wi'll conprise

usippinggectgrelianga it B@oliog medim, pyeferebht witsadeirckels shgounding at

ol o) G0 b PSPl BEE LR R S BE TRt

systefit €dn Wy Bitttis ofpidalle is termyde TF-260sPancicngpidE i 30¥.20 m®. The
where the suspending nmediumis the sumof all the

loop resctpre einploNehinsthe praseid ipveatipp aredhiggenericdipi-i se t he

O B TS SR RSy R LR
sludy inuga redctorpatltconipkiae the pattipulate polgen tiineiesayboshdvent(s), (co)
moRgERr S S EATIgAcE e BYeroen G her gty Hityes In
pari&i1ghthe PRRSSAL Binpkil€26.74! fréferably 30-70 weight percent (based on the
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
inert diluent the olefin monomer will typically comprise 2-20, preferably 4-10 weight
percent of the shurry.

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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The slurry is punped around the relatively snmooth path
endl ess | oop reaction systemat fluid velocities
waafbolicent to mai ntain the polyner in suspensPGHEPI908/061371
0018b@)sl urry and00139(2) 2 tosnaintain acceptable
cross-sectional concentration and solids |oading
gradients. Slurry is wthdrawn fromthe pol ynerisation
react or containing the polyner together with the
to thAREBMcSetle LRRE Eeé@%gﬁi%ﬁé&%ﬁm Qﬂd soPikis YaliGty #?di&llté’. Slurry is
conprise inert diluent and unreacted nononer.” The
withdrewn dtonsthg rppib’mftmpmrsreagomnymmng dredpadierciogethemndith the

nost cat al I n. nongner and conononer. can
reagf P raaRaT B0 PR ERPRY PG GREPHL: Ty com and Wrcacted
moRdthdrO Mk bYodst $18rr¢ @Gﬁ?ﬂilﬁgl?blﬂ'&eﬂ 8iYd @ififent WA iffost cases catalyst,

hydr ocycl ones or settling legs to mnimse the

olefymenpmgr ¥ domgngsienFamieh dophavgerd hnt@mlttp@ﬂlwmontlnuously,

opt]{gﬁgﬂ}l 1?411% (Eo%%grﬁtﬁagmg%&gg% :l}%%ﬁ ?c?rﬁté)t{crfe g%?g&ﬁl&lg 6%%,? C}g ngrnumlse
the qBaity af:ﬁm@wanafa&vnfw@}mﬁelp@]}@mpo& tion of the product

act ual I%/ olynmerised in_the final reactor: it also
Bﬁ redREOr ROSTTR iAo s fhespBRQEition ahthershury ‘éabdra% from

the ﬁaﬂ%aatmfe ang Jnerhéﬁﬁl HEiofy ﬂrﬁdnﬁ’ E‘np%i?gﬂ%tfﬁle
upstream-r act ors he rea t1on con Ifons requl d I'n

actutahlg pblynadriseacthe final reacibis @ addof depemid dmytht Hesired dmhl product, and
conditio s in u tlream reacgt ors, (%?rtl cularly the

tre et ORI 1) S B GUURT IR O G P s rshegors. The

rea@idnlcBRAiIBYES ﬁgﬁrﬁpﬁ‘l' M EMalQQ&c‘t}d’}ta&'@Ms&' Qﬁ&fte tréﬁﬁgh conditions
reaction conditions. Thus the control the slurry

in upgimaosicaitors, partlhldadyvthefmmttdf eaﬂalysmbrodwnzutgnn apgireahismactors

on g Reed TRAH PRepiil BlsE RSP RLEuR Rl Bk TR e control of
the blsEy@oMibsiNos dthafiecChomhe @ial tRtRRAY 81sb A Hb8esk Sodd¥Gons

relative size of the two reactors. There are many

assqeiied ﬁhéﬁ“ﬁ@l 15 BWUT PERRIGK shaafip detdapgyof m@nglptrﬁsaﬁ(gat i on of
th n he £ WO act
e? e r eac 8% ép%{g‘lﬁ@r ?%lgt POYT TaphEs | 1§eceorr? c?twﬁ 81388§the two

reacﬁ@lbs'ﬂwnemfe niggcioaflicting eelui:embsts ladfe @tncehe ughmmu&aafidhe volume
not only the polymer produced in that reactor,

and ghirggnsiqiis of &W@rrew%s fie pdinle Becion aolymevisginn, t@é@md and
any%ﬁ%é'eg@&ft PlaStors Hied YBY E&c}%ﬁ: gl{dbéh tt@ﬁ‘&nd‘l@{?ﬁan %ﬁl}g p§ e ggonc%uced

guent reactors sho ['ar ger
in that aztor,sHut also tiepolpmentraisfersid rﬂdnathesmemeusi leagoydradeatsors. This

i sadvant age h . this however_ i t the heat
WOUIEEB% f? g‘i‘ﬂsﬂ’tdt SUBPRAURNt SR é%?qsi%f;l Fsasrtthan e upggeam
reactt(ri@ it @d@ﬁﬁlaﬂ% SindiBR b8 @i‘ﬁ{eoﬁéldg\nl"ﬂe%l@a%v&{tggé wlth Hﬁ@ﬂowever is

hat of the upstreamreactors. Accordingly Tt I's no
thatdb&/h@a wmdvat reghizeroputi eflen sproductani congfainthef ﬂleém‘gcxr@Wnstream

reacl S MR ysEiap Lo P e BB a8 APl motcbvious

wha tiRGIpeifmdabit@ratidyTaRa 18t 18RGhe]d TRl Bl Jeeqine) whélfe a%eactor system
catal yst system where the average activit

1s designgd e Pemate dififerentegtnlysé éypes (eg Ziegler-Natta, ¢ omlum and/or
metallocene), 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

1deal size profile. The activity profile of under constant reaction conditions also varies
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varies significantly between reactors under different
operating regines, the ideal ratio of sizes for the
WO 208080646 i n each case is likely to be differePET/EP2008/061371
oomeihng it difficult to selegt an ideal size profile.
The activity profile of under constant reaction
conditions al so varies00139(2) 3 significantly between
Ziegler-Natta, chromum netallocene and/or |ate
sighifieiSiyteBRediBtiadleCRMR, ¥ atonSHSt BIFBloEQWaNE/or WRe RAYEton metal
found'that the nost optinumreactor size ratio is one
catdlyst wyeterhs.t he second reactor is at |east 10vol % | arger

th the first reactor.,Thus in its first. aspect, the ,.

or SRRREVEr SrRYP S B e lOR! RgIIEE eaptF Sigf Bliod RS i which
the Bttohil PE¥ e P&l lyRt DoVEEalglr @ibn LAkt de@or, eact or s

connected in series, in which 20-80w % of a hi gh

ol ‘Big|in its fest ghrect, ipagressat invaRtionsprEides # RrosessfanBiogHcing a
muitﬂho%ﬁI ﬂ)({lﬁ%@ﬁ‘& {noa[t 1@&@%%%&9:}%?{&1%@& ih QW IO} 86 RD0-8gwi% of
wel g pol'ymer 1s nmade in

suspension in a secon
a high acileuldrivdigle (HMW pontet it hadeHiMdigehyiorin a Vit teictor and 20-

t he soJids concentrat i.n the second, LMW react.or,
S0vich ?fﬁelleWa@O&eﬁlél%%ﬁbéﬁ\@W) iy Madainsyspersiondp gisecond
rea{)fgltsiﬁ t0d prabetcE ¥ tHSSHI@ItW L[/:S@ﬁ{er ?\)'G_’i’fgr:c’% etﬁgt) idPbEth@Rioh in the

9

ween 45wt % and 60wt and/ or eratio o
secora] LMV caaotendafered esthienmashef polysier deatetidry thotatdanass of slury, is

t he second reactaor i.s maintained | ess th .0, . .
ot g BT TP B aY 6o G 4 0% and Mo e it W ieahgio of solds
conb&fra¥ieh UBe HrsitrBR 1506 UM i BRGEQdirSac®dr 15 BRBHaid&Yat less than 1.0,

referably at | east 30% and nore preferabléhat | east
pregm}zﬂ

yheteeen 0.6mad 0§ end Sirther whereithide fvplusie ofghe sasond yactor is at
h f th t t i i h I
tea) 3660, bREEIKAT ead J00F G ChgRREERI st SodeliFeal AL T the

volinak UfeGfrsttrtbgtdd r st reactor enabl es the total reactor
vol ume to _be minimsed whilst providing sufficient

f 1 e¥ietiare fopnd shad ageacéorgyste@ria phidpde yelumy edheisacpphreactor is at

REo,/C Vi [ ' ' i [
o 0 BLALRT B PO 8% O it 80 Bkl vohumo o 0
mirdnised whylst protidéngf suffidient drgibdlity it harsiladifferent o pertiighesnditions
than that i.n the second reactor. However it is

andgaHGSE MyPU¥EPTEAsiors o™il e MY oixmarys Bagaincbeg first reactor,
the te%@@gt%ﬁeﬁy (iAthe frdt rﬁ;lb%rtigﬂesﬁaﬁw&m géq\é?tﬂ%ﬁ‘ﬂ%&fiﬁ’ HR%econd

at this tan be achieved in an e I ent an
reactonilowielabit & geaonty dbsirableco dagé agelithely edided peoductien rate in

in the second L reactor relative ta the first. This
the bl tedore TV ver gnd Bret i b petiouidian GGG sug apgpabl
mardeMVY icB@SIn@Ithd RkRkhdBirhO i 106 sédoh@ T M ANRLA&Er RYative to the first,

i ncreasing the solids concentration in the second

Thig sadone either|batinsreasing thhaelunre afltke $dcosd (LIMVEX reacibi selative to the
ﬁrs{, %lté&/ (021{/12{ gltalge%si%é HAHad gtgljlc\élilttrzytioinr}n I?eese%on YeS6 8} roeliatitv% to that in
the first.

Preferably 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 activity in each reactor is
defined as the rate of polyethylene produced in the reactor (kgPE/hr) / [ethylene
concentration in the reactor (mol%) x residence time in the reactor (hours) x feed rate of
catalyst into the reactor (g/hr)], residence time being defined as the mass of the polymer in

the reactor (kg)/the output rate of polymer from the reactor (kg/hr). The average activity in
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activity in the HWWreactor is fromO0.25 and 1.5,
where average activity in each reactor is defined as
waQ bwo3ees of pol yet hyl ene produced in the reacRGF/EP2008/061371
001(;;@?’9 hr) / [ethyl ene concentration in the reactor
(mol % x residence tine in the reactor (hours) x feed
rate of catalyst into the reactor (g/hr)], residence
time being defined as the nass of the polynmer in the
cach BREloPls ((dfﬁ])e& bgeQhe R bolyaing1eRt pRRIYEEN the ﬂa’il:ttop §<gPE/hr) /
reactor (kg/hr). The averageé ac{)lwt i n0013
[ethybenh corceotration i thefdapied (rasl%)hereslém@edﬂn@ml tizemyioe ﬂ@urs} x feed

T LN N AR T -

readtéy, Wihen bﬂa@h@ﬁ% (hléQaﬁcSéf Wefpedchivaties BE flediraleyFicatalisin the two
the reactor (g If no additional catalyst is

reacgierd égicansidersd tg be éhméarr@abftadﬂltwmlewaéfeﬁt #Added frgthe lsecond reactor,
the !h%&# %te%ﬂ:oqgg ge%gﬁd ?e%‘éfoy !ist (!O?lgl,dgllgg td i)? VMe fq e ﬁMt%/ ?f catalyst
I'n the two reac I's consi der ed esa

froaded filsorrattoc plug mesﬂowmteacfdedxtiaﬁalch sae@edaddeadtremly into the
the flowrate into the second reactor, is %ﬁgsiderﬁd to
secoyil repRios dYieBTativ Rl #qtyily 41 eachreaciiranddshe ¢algistedBased pgcatalyst
[ e
resi3h ¥y IpRe S1G00co SR 8 ct TR, ol B4 1YY ot
cdmﬂﬁﬂhﬁbmihm each reactor may be calculated based on
cat reS|dues ip the pol uc
iRt o e Bacaadhe e oi/B BRWRGH B SeHctpr (ce)the
outl‘}Lﬁ g b@b@i‘}n‘fef ﬁﬁ}ﬂ ﬂﬁb $eactth ?kg'/ﬁﬁ | HenG8e whoR ﬁoﬁqﬁﬁflk fb%?cl@é‘ back
he mass the polyner inthe reactor (Kkg)/the oufput
lntOrtac ecagfor, pfor reRple Fbeam 8 delroemiomﬁrls chgldyell downstacagmefthe reactor,
wher lynmer s rec ba nto the.react
the BB ER s HE QS eRGne AR P od AERRL s anBer
recydi®l)r eactor, the output rate of polymer is the net
out put rate éle ol ymer wit hdrawn | ess

O )t rstfarrod {has Guaget oF btthiin dinitis of B sURM Wrrgadion BD(L),

f
o ROl S PSR ) R\ o
209% g&ﬁl&t by /D{TY fnd indstairefembbt at 2046 30°% ai@ter! TagicdllyDXt)ratio of

and nost_preferahly at |east 30%qgreater. Typically
L/D(hidoL4P(% 1 greptepilian 1 mysppesferpbly gregisr dhantt agn naseaséd L/D

pro¥iasd a gmreﬁfe? LaBlcy aﬂé’a‘iﬁ? Bhit VoRMeZwhid it ﬂﬁﬁ? o?eu rlgegea\l/)\[ﬁi Cé)ﬁhng

provides a greater ‘surface area per uni
capaaityt ey the pbiny themoha gracttr depande bi tiy walpecarey avakbidte which

b|||t to cg\?\#ﬂ { act r de ends on Fe surface ar
coo %F?na Zppfigd s @88?? ”ésp?ﬁ* BHYO HEO ?rf’tt ame,
the Pa?é&!r'LMW RALF SRS aQBWEII"'J?/Dt tHen flﬁ%ﬁiaﬂ%ﬁﬂ@fw i80S @H}%’enables
| arger LMW reactor can have a |lower L/D than the

the btﬁé hiausfer-papapidbceiomach Tactor émbbb adanced avhilstalsa manigfising total
reac alpV R‘i‘l ity of each reactor to be bal anced whil st al so
rg?ng total reactor vol une.

Generally it is preferred that the ratio of length to diameter (L/D) of the first HMW
reactor is greater than 500, preferably between 750 and 3000, and most preferably greater
than 800, for example 800-1500. Generally it is preferred that the ratio of length to
diameter (L/D) of the second LMW reactor is greater than 200, preferably 200-1000, and
most preferably 250-750, for example 300-550.
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Generally it is preferred that the ratio of length to

di anmeter (LfD) of the first HWVreactor is greater
W bwn/o5ed; preferably between 750 and 3000, anRCTBR1008/061371
oo1gpeherably greater than 8005 for exanpl e 800-1500.

Generally it is preferred that the ratio of length to

di anmeter (LfD) of the second LMNreactor is greater

t han 200, preferably 200-1000, and nost preferably

250420y ch&H oK FRLRr3RR-A Rl 3 ik oPeds YRl V()n??aﬁ'ﬂ)re

of the reactors has an internal volune greater than
conropgy graates thaordfom] andgn pattionlar grateptus S8md. Typical ranges are 75-

arti.cul ar .re t.er 50n8. Typical ranges are 75-

200%})@%%%8 'éﬁf}grlpbga}g%l y 100-175n8. Mai ntaining the

r at Maintdining thehatic N esltisicahdepftatich inhie fitst $dactor @6 tHAt intthe second
that in the second reactor at |ess than 1.0,

reagipTe dpss Hhap lb%tme%wb@ etwaen ©6 gnd i8splsa gesisiy W majntaining the
balﬂ-ﬁh OF & Q%zé?é chbft‘ ﬁﬁmﬁ%a%%ﬂ&@ AR Y 'd%éiﬁéﬁgr%? e solids

tor €Sl T ed rang
concateanh nsame avcrage w&ghawiqj’oagﬁem]aghé toothe nnhlywm ght of the slurry.
reI t|v e total weight of the slurr Generally
fhahe aﬁgsﬁpp%qmraﬂom H thp SR RE Igietyeen
soﬁ%&@ﬁ%&%ﬂ@%w&%%%%ﬁa@pw%b HIRACRN B AR 1o
35wt % In this case it is preferred to conce ate the
cons@ltiattstht Balliﬁsftmnsédeﬂ fiom thedirftirestorrte det secodoretdter using a

set PO R R R d  PUB o PG HEN F ue produced

upstrBdrh 06 iHe @S dHRSEILRAD REudBe PIPbRARNUI B hOMELHME Rrfdf0 the
proportion of "comononmer transferred to the downstream

downsteam reactanubus increesis g s demeltjd@ﬁwtbﬁ polyofer prusluperd iprthe LMW
roduced in the LMNreactor. Preferably the nultinodal
po’i yet hyl ene has a shear ratio of at |east 15,

g e flﬁ’é&kdb}?y ﬂ@tﬁmeﬁma@ FgkiDflencditd aRhedrehddbHat haisies rgeaerany
"shear ratio” is the ratio of the hig

betW%ﬁildl 5n%1dt50> w&rb&reﬁmhly OetwcgR 2pang 38 MY esheantglie’his ﬂM stlefof the
ieh RS PIEEY PR o e B 0217 B BB o v

and MG msbsuged adslingg o3 OB thglasd d] Bkag artaapaatuire/ef ¥0°Musing
s simlarly measured but using a |oad of 2.16kg. The
loadgqfy21 grkaiﬁlé Frgireshepyal Yd\élzyéﬁlﬁylaélﬁéne@ﬁwﬁ AT Vi led g
2.161gactor is preferably between 1 and 100 g/10m n, and
nore preferably between 1 and 40 g/1 QOrin. In one
e nmilduti MMt of He mualtialogdst padygih dyredexfitang thheecond reactor is preferably

ol ymerisati is a Ziegle a cat t.his
venfigt{ 5 Wi Bakepfu fofeleia baredt et el Brimaw
pO'IWEﬁE chiBodinm fHe: afh1$sPefPioded for the polymerisation is a Ziegler-Natta
catalyst. In this case, it is preferred that the ratio of LMW to HMW polymer is from 40:60
to 60:40.

In multiple reactor polymerisations, the composition of the slurry withdrawn from

rea

the final reactor depends on many factors apart from the composition of the product
actually polymerised in the final reactor: it also depends on the desired final product, and
the reaction conditions and relative proportions of products in any upstream reactors. The
reaction conditions required in the final reactor are also affected by the reaction conditions
in upstream reactors, particularly the impact of catalyst productivity in upstream reactors

on the average activity potential under downstream reaction conditions. It is generally
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Pn multiple reactor polynerisations, the conposition
of the slurry withdrawn fromthe final reactor depends
W@enopasng4d act ors apart from the conposition of PETBP2008/061371
ooRoegduct actually polynerisedg in the final reactor: it
depends on the desired final product, and the
reaction conditions and rel ative proportions of
products in any upstreamreactors. The reaction
! witlethe 'pdBmer from the
e G R T2 poim
ﬁnﬁlewairasc sqpamltadaulaeﬂdsz tanfreit & tqraietratofe andtpagsyete such that they can

ve BLOSHRA hit Bl PEL R SRR Saf e e RARARRia componcnts
notcr%g{zéd BNis Prbcdss afteRBiralel YO 30 Xlabh €8R opéatisy ﬁmaalbwer
he majority of the I1quid conponents withdrawn with

press‘mee poil ylwée nmddmbpﬁecommaqse& Batleto be secyeisdr haeafiviaptage of this
profgﬁsgivt&gftg l%re hgag}%%{ gt[e}"crise gdl&ﬂl eedlife ﬂsaléﬁ’hgltogéés is that only

ense JUS y co I'ng, Wth
a stelt PPIYoesE dlﬂ”the ?@rﬁsaimdpﬁﬂ BEmpbEEntcheed Mpbaeptsipressed in order to

be facaednee VRO IR b)gg;%@ggoar obeEiasatsin coRages t s
poﬁgﬁgtot Qishi t]?ﬁ?.ﬁ%dﬁﬁﬁ ?ijesélﬂ'e %‘% E(%spf‘s db?ec%@e%%eraﬂaemthout the

vant age o i's process KPS referred
nedaie&bereroa}fnpmssmﬁ oﬁthert&;mdwapprleathurtbe fitsaflhsh tpnloc es s,

conbohBitasiaios SHEE MBS AR BeE %ﬂ%@mﬁl
?@ﬁ'@féﬁ@ RS e d TS tHeQUahdldTatke tl%b I‘éaét&fs% 2 GRBH fadk oPbrating at

he“reaction conditions It is possible to ensure that
a paesgure didi tnnmemersacm that dileast Heoekdo,insefatably that aideast 80mol%,

mqr w?@glggyg % p[r%tgrag}yr &S{Inqlfe/c%f;;gﬁr Eﬁﬁld ch%onéIR Bf the slurry is

wilhaeher fr&d tH@ﬂﬁhQBxﬂ@ﬁs 4 Vol 1@ tHid SfbodmShit fybreferred that the
contai ning the nmultinodal polyethylene is transferred
cofigeniraticnenshe Bash tonk efromnppeniaharing 8 malecalarvaghibgia 50, Cigns,

AL TR, L T TS PRS0, S gl T

araqfeﬁfeeﬁ@éﬂ/ yheQ@hp b Uur&Us iIC) phe bwsabb yVMPa) hotheflodatien where the
I qui.d conmponent of the sl urry IS W thdra frorﬂ el
vapoua svithdgama Biemdhe Apditaninls condepsedsnd e ARd g argthe molar

co&’eﬁ{rgﬁd’ﬁqn hﬁaﬁash @&é&%@g%ﬁﬁﬁﬁ@&hyﬁ?&g E&%{Jédt@@ ’TH@ i‘hv@fltlon

nents havin ar wei g ow 5
assl§t§1n a&:ﬁielvﬁfg ths U.yhmnﬂqlsatgi therc@vghitaion of Grgr@ i) V}(eznacond'ﬂ@;ctor It
é 19 ,( Ll f)-{” AR T‘f: E%r S£pol isation
Wl}l@%‘@ wrsipedl hat st AR SO TP RIRTam tBP8 hiPEPelypgrisation,
re%dl@% Qﬁﬁéf?@&lco@f‘ls%ﬁe% WAEheR W thdrawn fromthe

ndensed, and CH and C are the nol ar
con é’earfenahty thesoiaentritéorf ¢ faemponeris bivikg @ H@é@ﬁlfﬁ megight below 50 in

ene.re The . n entlo
thea%“%%gmﬁﬁng ﬁf’ gfast} ¥arﬁlkﬁ§ ﬁ?lgforlllad %H son Bcﬂg ﬁ’lragf ncﬁn %’uon in the
se@ﬁg%&tdr AB&)@ g@ﬁfjisﬁﬁ‘éﬁh@& that theWohétenbatiom theths s@ad reactor of
"first second" reactors refers to the order

comﬂsomﬁg/hﬁefnngamomular aisightibeley Mralshyadinligadhy aatatips Gyggs 7+

0. dﬂﬂy\h Jf(ahr 4, g&’c LY. 8) - 7(Cyo/Crr) where Crigs, Chz, and Cg in this case are the
concentrations of components having a molecular weight below 50, hydrogen and ethylene
respectively in the second reactor and P. and T, are as previously defined. More preferably

the concentration of components having a molecular weight below 50 in the second reactor
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Preferably the concentration of conmponents having a

nmol ecul ar wei ght below 50 in the slurry entering the
W0 bwgksmsank is controlled by controlling that PCT/EP2008/061371
oolgomsentration in the second7reactor. Accordingly it is

preferred that the concentration in the second reactor

of conponents having a nol ecul ar wei ght bel ow 50 al so

satisfies the equation C,ghts <7 + 0.07(40 - Tc) +
is tife AMRGs thd dhcentrfiohidf %ﬁo%ﬁ%v&g%ﬁ&l%eul%ezgﬁﬂﬁ%l&%0

in this case are the concentrations of conponents
entayingithyyflashisilecul ar wei ght bel ow 50, hydrogen and

et ng r

*k¥ eé!:glg{agﬁ @?e%ﬂaééqe tt‘hg c&&%nﬁ’%gr eoq’ézroe éb‘é}{ﬁ em‘lgg 3 ular

we1ghﬂ1ie&rw samtiyﬂiegfheceqﬂmmm@sts haw 00g7(a0 rLeedy. H&rc WeBPN(Cra/Cry)
bel ow 50 in the second reactor00139(2) 7 is the sane

whegg CGive (eontentedndi lorirots debmpd REiQskyApd Agfencithsr é‘bth%?cond
el @y PR ARAE LA N8l Ml e fvenin
c onpsneeafesabirastisngdahatdhecancentratioh gitompbmentsSthving a molecular

Weisl?tt fv'&?(? the sgc t@'eq%%rgé&%}l %%uéx%heggf %ﬂ-"' J @é@-‘(_) If%,) +
4.4@% -508)3- 7@CQ§CQ?I§§}' aa44R ﬁi\é‘tﬁﬁﬂ&bﬁ’th@@%rﬁg hivab i ele s%ébnd LMW

e second reactor or | ash tank dependi ng on
reaqieiytp |t1@m¢wa$mbwutmrthe ﬁtst HMW reaeint isdrom P25iand 1.5. Average

sl sORERYL TGS T 3l el e URET ERORURE Bey iy e t obtan
the Hmwoﬂ@ﬂpm@ﬁ lrmte isédon@ Sedche (RELRL Y @ g@ﬁarss fisuélly made to

0.07(40 - Tc 4.4(P 0 - 0. 7( ?;\
obtaip gmwp uﬁax ang vosf hwéomﬁeaia@é agenpafuence the tatie of average
acti 165 %9 F%ﬁ%’%gg{ :t)cg{; Ihés? tr%%og%glg gﬁﬁttfgesekﬁln 691 &%er to control

the memét;omcﬁltghpmcﬁﬁ;bdn)tnﬂan@ ﬁ&rseédndtrh:&:tcﬁﬂ rst r eact or
(where a copolyner is usually nmade tq obtain the HW
&mwﬂt%@ﬂ thepiefrared aeimel emge aftiyiaaydethylene concentration

ratug‘g gﬂg%vo ééaclt@fﬁq s%aogﬁ td g B @1 LGtk MW time )ﬂelds

ave foun at as conseduence
(deﬁnﬂdl as pocﬁduatzmn afjeolmobtt mkg/leperbmﬂt\mhmldz bl“ﬂeac&an)tand activdties whilst

e. CQ olled within these ranges or de 0
St i 1o, o OBRETAET BhE R DU ok ek T e space

tim® GeRNE al1984HAS colBBinda hmyade%aﬁtatda@ aP %1%51%? il 1084k Ph, more
aver age activi t an rgiy| ene concentfration rati o

preibabhegnatph@an ﬁéOlr%md‘hoat mpst prefeppblysirpater than a@%k ohm h.
ot i yRERkdn SRR b Sl b G ahe PP uiRe Bl U -

Zleg'lﬁlt-N‘dﬂti bﬁﬂyﬂ%#@&mﬁﬁ ifithe ORAN MobGcthhs c@ﬂ]ﬂ%"ﬁl‘écess is at least 10 kg
requirenents of the invention in the flash tank. The

polypiisdengts eawelyd. prefasably arcater thag| 15 keapdyeshdenedgrpatalyet, meyt

0
B3 A 5520 B AL i 00 DA RO
bis- le eficdlédekiye @aﬂﬂgﬁt?ﬂhottﬁﬁﬂfe%@@ﬁlmtaﬂhydﬁhh&n&hm{m kOmMpbighd, the
rticularly applicabl e when the 1ymsrisation

ove ipxpductivity ofthe process in this case is preferab y at least 3 kg polyethylene/g
catalyst, preferably greater than 6 kg polyethylene/g catalyst, most preferably greater than
15 kg polyethylene/g catalyst. If the polymerisation catalyst is a mono-Cp metallocene
catalyst, most preferably (t-butylamido) (tetramethyl-n’- cyclopentadienyl) dimethyl

silanetitanium-n*-1.3-pentadiene, the overall productivity of the process in this case is
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Ziegler-Natta catal yst, especially if the overall
productivity of the process is at |east 10 kg

wealogesdeyd ene/ g catal yst, preferably greater tPERHERDOSG1371

Ooggbqggt hyl ene/ g catal yst, nost preferably greater than

pol yet hyl ene/ g catalyst. If the pol ynerisation
catalyst is a bis-Cr netall ocene catal yst, nost
preferably a bis-tetrahydroindenyl (THI) conpound, the

per‘éga?Jg% Altl JsP?#&ﬁaegs I‘XI f t h )55%3}%%%?&% v %rtezrl}elts thﬁgé?(g p%lyethylene/ o4

camlﬂ en@dn mef@ﬁlelgtgedsatérhm 5 lkgpmétmteﬂwg emalygt.cat al yst,
nost_ preferably g{reater t han 15 kg pol yet hyl ene/ g

cat alrlmer tg FCht“H’@ b%ﬁ*gm@rrafs%@ﬁaaﬁra@ataaﬂlv ¢s, iigs areﬁwé thegf the ratio
o RS ERSSoL L s LT el AU A
remtdnam Stor iani Rrafierdblly the 3atjreoft atldyl@recont frerative irdthe second reactor to

Vlt of .th rocess in th se 1s0Q0139
iR G5 el et e, A0 RO PP B 6 o5 MG prerdably both
cti18]EIoAB,N a8l b € Bt R anli 29 BraBe 1vﬁ)tg|r¥t% Mhﬁ&ﬁéﬁf ?ﬁéfﬁatd together.

nmost preferably greater han kg pol yet ene
Thesatlaylgnst concentuatide in the liqohiiie valculated ab améesrcafteﬂwlm d1v1ded by
alt f\%ﬁl % ivities it is preferred that the ratio of
m%eﬁy edid ﬁ%‘gﬂ?l}eﬁsron inthe liquid (in nol% in the
secapf preREtOhat thetabfial édhctditutibh b$ bthyRAS 10helsSecddEactor is less

| ess. Preferably the ratio of ethylene concentration
thamSmplds.d&essrver We%fé?fdp epgire petisfactmidevid pEprodueiivityy it issalso

Bk Vg AOAERCAESL Ak B B8, bRy srace
2nanies. dhe cam:tentsratiqn aifa‘tyk:lﬂ) gee @uthreemﬂ%am& i§ picfahbi@dess than

et her. hyl ene ¢ ntratlonlnthell uid is
51?&@9% Ve G1O%¢ Bepter %blﬁ%%éélw&fﬁ%(ﬁ% b5 At of hydepesy teihgsng s preferably
0-8lslmdiigmi d components. It is preferred that the actual
concentration of ethylene in the second reactor is
| esdlt iSIﬂﬂfeﬁ’nthcP/mammﬂertemper@uudﬁemf the fiest seacwr &etween 60 and 80°C,

Pl Bt an T e 1t i el b okbatinets il i Gpuen e reactors

antiBdiredpdo Ot SoolMgRhSAcHdsy greater than 2nol % The
concentration 01 hydrogen in the second reactor is

pr ef &4EBYSS 1p Blanee a‘fﬁr@gﬁﬁc@wltmﬁy bereddes; atfsrablyge thela W

re%!_@. &Lﬁ%ﬁﬁ%@%ﬂ%ﬁ{lgﬁ}é =SQEs AT %&e‘%ﬂ %ﬂeﬁ,‘aﬂ ?ab'l (ﬁt’l’ég fL%\ﬁ’beeXctor.

Addtipeiligtonakernbtivey fliithe tcataBacinay al@ebm&dledﬁta kB8R feactor in
referably | ess than 750C, as_this can assist in

OTHicH) '8 FeRFR) Yy eRpgeingiYinaR e WA PP B ENEWSLMAY comfiguration it
1 t 1 -
s gﬁe‘fé}ﬁ‘&i tb\éema%’é ﬁé%%f%ﬁ@l@&v g\) d@?nc%ﬁiﬂﬂh' y%as&EaH{me

verage activity may tot
HM&¥é couigur&guat tan gbyle;ailgd)acat/oiﬂemrhma&smcsmrba;ushbtoaﬂxﬂaamse the

coBF UBHER PUEPJor i e Ga e LY Ftgtos) SsitAEatde dpystream

debhRinReeRY rb@ARRntd N

In all embodiments of the invention, one benefit of the invention is that

optimisation of reactor average activity balance, space time yields and cooling
requirements, whilst at the same time minimising the Cygns concentration in the flash tank
s0 as to avoid the need to recompress, leads to improved efficiency. This invention can
enable monomer efficiencies of less than 1.0135, generally less than 1.01 and preferably less

then 1.006 to be achieved even when employing a space time yield of at least 100kg/m’/h,
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order to control the average activity bal ance. Wen

operating HWV¥ LMN configuration it is preferred to
W whMimsie use of an activity enhancer in the MVAAEP2008/061371
OOIEg Zt or and in LMMHMWV configuration it can generally

e avoi ded, however can be used to m nimse the
concentration of nononers required in the HWVreactor.
Thi s reduces the downstream degassi ng energy
' t 3

e R T e
By feendroer edieiemge iqnichntithy whightmde of sﬁnahsae tH cvenoyibeded sonsumed to

and cooling requirenments, whilst at the sane tine
POlYPEfiEP4cRE t he Q ghts concentration in the flash tank

SO [AShd hsB \Weth ﬂ‘i@%a‘[ﬁ@@ﬁlste@ féﬁﬁé’?@&ﬁéﬁsaﬂoﬁqgﬁ:tlhﬁ is a Ziegler-

i nproved efficiency. "This inventi On can enabl e nononer
Nattf datadystritisasefofred §msa single aLh@lle@n}@chrraaﬂ by-predist supgressor is

r ef er abl Ie .th be,ac ed
wsed ot ST RS R bR it flofenRles abiregirodR HrEgEire
partiddfde B/ PENBroRRLRAE oF 1R foBARla DR TR aWhdredtis k@ afbger from 1 to 3.
150kg/ n8/ h, nost preferably at |east 200kg/ n8/h in

Theaaesi prafercechehlomynethann imahoreforig CEKJy Thegmepnahef haiegenated
hyd%aaﬂ)lgtn adaéd b%g%leér{%l ﬁl%unt o%végﬁ Ettt C@a@ﬁg{{g%ﬁlsl? paesfeerably such

yner pro e case

thatftbds mtolmz rmzl yfithé halagéraredrigdedcatoniagdded bithgteattor dafitafium added
cataly it is preferred that asmgle activit

to ﬂm%ﬁefeﬁs ga%erﬁy%Q dayeterablppetwsenp-2jagd s ddejuge ?%@hﬂéwated
hydfcﬁf’aﬁ}oﬁ @ ?yée.gragﬁel \é‘he!ﬁf’%lsg @&cﬂﬁﬁ‘&?ﬁq Br‘t’s%t s

nor e par I CU or OITEt ane
whe@bit Goth ohahasexctivitysaraisuppteege thef atioame Yotnmiidn, Siloh as@dgler-Natta

r, chl oy omret hane | chl orofo . The |
catdisf e o Ha?faglgﬁafpéﬁowa Srmalsaar 18 ehalomgrsince it has

the E(ﬂﬁblﬁg@b‘ﬂ%ct ek e@da%g ciNﬂﬁt zﬁld b?ﬂe&’sﬁﬁg etﬁﬁ‘x‘fle fo?matzon Ethane
preferably such tha the nmol ar " rati o of

formhationgdda teetiie hgukreotratidyoot leght Ecdgcnjs trhthe rmtﬂr,d:hf:ItSby making it more
dded to th ter th
it AP U s o G G s e R0 Bhe BBy e v

requiARCRE Hventisn. PRthhhfabahtion a@&verpahic%lameﬁgmg@ﬁt then making
conjunction with catal yst systens where it both

lowenolagidarsveieht nalymersmirsanbpheis Spdrogereisgresante Woemmeking low
molﬁ(l:{ﬁﬁ \9 pgwg%rggr it d 081‘?& 1%' %3t %15 il\%\e#)g'rﬁﬁhgr? Héc's%fagie tQ lggos’t the

a reac ucl ng OW m) ecu nmer si

activity bfthe bkteh)@m‘iii)ctd‘tﬁd agd Sl cﬂﬁly@tﬁhhdﬂﬁeb higth &hﬁjﬂﬂo‘gbﬂi Yor@@fltration
suppr.essi ng ethane formation. Ethane_formation adds to

both ¢atiEliHe End Fedprisnn @fPOﬂmtsav%@-mtg slagsaated hydrgparbons such
as chideSBRY cﬂ?ﬁfef@ofetpémﬁgs adaJJb%e%QPng v !taﬁh%fa;agglﬁ)??ooslt( also

concentration of ts |
minbeising thdf]eoﬂcemezitldn&rﬁ@hgh@mmﬁ stdvadireaceort i on. Et hane

\rm{rat i,on can a& gart‘lﬁg ﬁéqryu nl'y{n%ﬁ?a&%qn&qe%]loggga% .
Whlaﬁ/ Qra%%ﬁnﬁﬁlsﬁﬁlﬁﬁ%onsﬁ’&@iﬁn 'E&Iﬁbﬂﬁn}; QWeast two, for example four,
vertical sections and at least two, for example four horizontal sections. The heat of
polymerisation is typically removed using indirect exchange with a cooling medium,
preferably water, in jackets surrounding at least part of the tubular loop reactor. The
volume of one loop reactor in a multiple reactor system can vary but is typically in the
range 10-200m”. It is preferred that the polymerisation reactor utilised in the present

invention is a loop reactor.
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nol ecul ar wei ght polynmer in the second reactor it is

al so particularly desirable to boost the activity of
W bwo3ead yst since the age of the catal yst anRCT/AR2008/061371
0018b@h hydrogen concentrati onjypoth contribute to a

reduction in polymerisation activity. Hal ogenated

hydr ocar bons such as chl orof orm can therefore provides

a doubl e benefit, by boosting activity boost al so

m .

reabiFirl PRl GENGEA ks BoRiackirar e e 08 PORPEE
prefeoibyyneetiveat BonSMBa @ | oop reactor, which is a

cont,i nuous tubul.ar construction,co i sin | east
no iing

1§ .
t wo' PRIPCSSR ATRSFAnE B e iveptipn gplicy RESPAFAHOR O FLReSItions
contalfing EQK18% ABRbLBol AL fHArcbzOiats. E&@‘lé‘n@'&ép@lﬁﬁrﬁ?ﬁfcal@i

polynmerisation is typically renoved using indirec ]
compish anger woraelphacelefinnig anadiableanmust whighlogn weackd 2% by weight,

' [ - f. | N
e SRR B S o R
I eaHeQIplRYi8 bR IRAA nYdHoyhddd ifenefalll \eRipt@ledin bicht lBgctioaR 82 one or

10-200m8. It is preferred that the pol grreri sation
moredapletins having wrie § ¢arboreatpme parmolepvle gad ap brasching gegrer the

’ (RLiti ! y&d. ] _
dosh AT RTIRGRY L8, THRLS Bk FHLES IRARNSEp) ol oo
pentzatviehexedetland oviéacd, anddmixities esh aaedolaicngd batehbd or ethyiene
i.nventjon applies to the preparation of 61gonposi tjons

and hgxeng: i RyteBt-hy PR ot BEXFRET raPtie gy Pradpreed comonomers
for EhPEhEBGTRRQIMIBAS typically conprise one or nore

al pha-ol'efns i n a vari abl e amount which can reach 12%
by nengkmbogineheobibe ynventon, 0hdpalpmeismypalystighiene fsin having a

exanpl e appr oxi hat el % ight. Th | pha . ..
denip R PR SATEY B Yud b B NEediiin ) 8 TR BBt and comprising
frorh 8344 bORIVAIR MBS N ethRER: FalodofhidhaMb18&L1MPwEi@hBand from 40 to

carbon atons per nol ecul e and no branchi ng nearer the

65 Wi&n bf @ sesond pelyathylene frucipersoflowrmolPgdicutighix thefirsispolyethylene
l.ncl ude .et hyl.ene,. pr ene, buytene-1 ntene:1 3
fac B AP AN R R MR e LSRRI TG s v
and aR ML efRsslthed 1 @Y Tivhi@ehdangl sdeen@ pelydthyRut @Raetidn comprising a
entene-1 and hexene-1 are particularly preferred

higlbGePsHB REbSYIsne Bevipe e ensioiIay leerti SSAtebn . prafeishly at least 965
. pE erdentt i praferg
kT OEAIRIY, oPbreh P HMOD ) Rhin A RODSIBE AR, Rosin. |

94 vipipairBilaontk fan tHdlMbpembiohs tmeath teuchd thodddeQiidrocagbv@s having 2
of a first palyethylene

to 1¢ PR gitg 19%%3%@68g%{%éﬁ%?ﬁmfomamnl%HF% afignessuch as
o b RSB e ol L sl e
isopentane isdootand end 2 2ydipethylirbydrener dyaloalkgnes aiehas tyclofentane and
cycl%gex%%g 01k g{egsmixtures. In the case of ethylene polymerization, the diluent is
generally inert with respect to the catalyst, cocatalyst and polymer produced (such as liquid
aliphatic, cycloaliphatic and aromatic hydrocarbons), at a temperature such that at least
50% (preferably at least 70%}) of the polymer formed is insoluble therein. Isobutane is
particularly preferred as the diluent.

The operating conditions can also be such that the monomers act as the diluent as is
the case in so called bulk polymerisation processes. The slurry concentration limits in

volume percent have been found to be able to be applied independently of molecular
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and an HLM of less than 1 g/1 Omin, and the second

pol yet hyl ene fraction conprising a high density
wealogesdeyd ene having a density of at | east 960PKERB®NS/061371
opiBbgherably at |east 965 kg/pB, and an M2 of greater

than 100 g/ 10m n, and the polyethylene resin. Typica

dlluents for the suspensions in each reactor include

hydrocarbons having 2 to 12, preferably 3 to 8, carbon
A e e B A G
Proayllcnmmsnsmcms asrticsbbytpacferred sxahe dilaene fori Isqmsdenmmlymd’isation

2, ind SRR bt R OS S HRE R S b P dihen ysing Ziegter-

Nat@ﬁ%tﬂfoc&ié’%ﬁ@ﬁ@erﬁﬁle Y8 trhdsidrORetal ﬂ/ﬁe dith48R! hydPogen is
eneral | y inert wwth respect to thé catalyst,

Bioflse hl@h@lr M%mmrwur@m@@ém(&m@ﬁo‘agr a\iecﬂﬂednolecular weight.
hat | tic.and. £OC
WhS? RS Y Sl B B PR B  RRY bt o
regh]@@&ﬁolz&lﬁ@r\@élgﬁthe pol ymer formed is insoluble therein.
| sobutane is particularly preferred as the dil uent.

Thellsearagreiabplagidie pamsiaternokynae ineeparaied fromithe dident in a
ma; 1 aF?lgEgﬁge&ﬁﬁé difPent ﬁqﬁoq 'elcéjc)%@(ﬁ toaébn'tﬁmhﬁ?on]%}% S’t{) g?r?r;f}t recycle of the

pol yrerisati on processes.
dilveontoehd paliyimerizdtion Zoae withunihima i parycenifichdore $eparating i
to be aple to be pplled i nde endentl of
partighlate pp Y Hhepgrcghit oig iihe pieseryGRHen fApe the diluent

fé@l b&r betllﬂﬁagﬁ" Ihé’tﬁ@& <§w111 REGE aR ol s caﬂ 111%‘1@ efther (i) the

supercrlt Prop ene nononer is particu
use pf diseontadionsvdrtieal dettlingrie gs‘ smnh frap thel flave obsim;rmcnossaﬂlb opening

theigREDRY oS T YIBHR JreAygTich et Gin shile 3P Forbe pom o the

dilehd &1 a&ﬁmhaﬁseplb&@da %{Hd%wmtaad s.lﬁ%{e ®r ﬁﬁhﬂha aﬁtﬁdrawai ports, the
drogen is preferably used

Y
Iocqjmésag" whéch o betansyhens oa tholeep rw@révgélsmefe baadj acent to the

N, Usi n chrom at al
dOWl’lS )g/ann‘é rell’lézlg all}écr}]n%on eS(FCat oll}rogr?}eslxg 038%/& IOB é)g dll‘ %e dlameter

read’t@;@ e Iﬁgﬂﬂ@d)lﬁiéld:bﬁéenmh@tm in tlhd’lsl@@j?fﬂﬁﬁlﬁhéﬁs thd guitinSity éhBe
particul ate polyner is separated fromthe diluent in a

pringinsheuen witherasim froms thy pelBnerisation dope ed gongentrating devices
on ttﬁg %ﬁg}ag\&t }%/oggmérosl@:?%ﬁp?efeﬁ'bm ﬁyd%&%cﬁ'leﬁﬁ% %1% BF mdtﬁlle UERLf multiple

Zzone
hydpasytlohesini pamllesanpmat)g figthehentpacdsitheitcaberp GF ﬁﬂiﬁn’c in an energy

Eroduced by the . ocess of %{1 present invention from
fIpIAR TBHIIGERACE SR mfwrisaweﬁ %90%1961 FRPORg9eRAwRCqvRred diluent

is a%]&ec?'ﬂcréé%f ﬁ%ﬁ@m&nﬁﬁtl ehﬂﬁpéo\ﬁ@e an%%ﬁr% %rﬁgt?oﬁﬁgmple

di scontinuous vertical settling legs s
thrdugb\addmos blifresh @oegede dihenp ppstraam afitbe bypdropyadaniede s farther
arti an settle to s

medfg B8 R B F e ROE DR Of I T HEF e G sk SR dee
conﬁ]rgﬁﬁbﬁﬂ@hoﬁbﬁe@d@kﬁgﬁ&eﬁ ko TRalrkdddhif piskidrRRIanROr t s,
Where the final reactor of the multiple reactor system is a loop reactor, the
withdrawn, and preferably concentrated, polymer slurry is depressurised, and optionally
heated, prior to introduction into a primary flash vessel. The stream is preferably heated
after depressurisation. As a consequence of the invention, the diluent and any monomer

vapours recovered in the primary flash vessel can be condensed without recompression.

They are typically then recycled to the polymerization process. Typically the pressure in
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| ocati on of which can be anywhere on the | oop reactor

but is preferably adjacent to the downstream end of a
whanopaset@l section of the | oop. The operati onPGF/EP2N$ 1371
oo18b@yeter reactors with highysolids concentrations in

the slurry mnimses the quantity of the principa

di luent withdrawn fromthe polynerisation | oop. Use of

concentrating devices on the w thdrawn pol yner slurry,

of sj [ :

e P Y Bary R BSALTIZD S, 1o W% 30 Plds pecovered
from titearoes ytileh vesseleae yswolly padsae it a savonderyp fleslgyessel to remove

efficjent manner since significant pressure reduction
mmﬁﬁﬂv9k§gFisation of recovered diluent is avoided.

| ncriRasbads hatRrdifR &LME ifeh@dh RireRASithy al® eﬁﬁﬁgﬁa%&mﬁm
conponents, for exanple through addition of fresh or

catal yst fstems phrigientarly diase chegen dfom e Ziggleslyye Fgakysissingarticular

t:h neans..Qf enhancing the. operating, Wi ndow of .t he,.
thogeeled R n Gin SPRBRER RE VD FEE ko P g o iardd Sica o
inor¥aiio BRpoiie P B nSEadd etdliids aRUiratint s tyipk agflysts,

tank. Where the final reactor of the multiple reactor
metaljeqerebeing g cyelgpentedienyd dertvative gf ¢ Hapipn mawd in particular of
titmgﬁ&fogrzﬁpgﬁu&pncent rated, polyner slurry is
epressurised, and optionally heated, prior to
I ntNedlicttirgnexantptesaofZi¢gi@rtypd tashsty eeshé conpeunslt ceaprising a

i S. preferabl eated a r_depressurisation.. As
tra“é‘é‘ﬁgéhfiﬁéﬁg%s%ffp‘%&quﬁmi ]Ba?RU%ér Pﬁ& Hlepgﬁadléﬁa’le»
maRAGHEINARMYER SR aHixkidk 4 B8 sima&n#ﬁﬁwﬁ 8&hpound

can be condensed w thout reconpreéession. ey are
of the/iparselonymethlemdracajegdesated compenrpioTerbalbgat ¢anroppivnadgsform an

R BT R TR TN ok S

solNigansRaeN Rt yM b Be RlctdMBEdhel hadietasS&theR b€ alumoxane
usual |y passed to a secondary flash vessel to renove

or by agiienising eetmes Hessribath donaxenplss imER §00344g: \itsuidoatsu
inﬂ g tionis relevant to all olefin polynerisation
Ched¢ai) .
catal'yst systens, particularly those chosen fromthe
Zi etjtgier-tyyppeateBb@laysindst gréfeirad. tAfoh Dthedd) paeictRf bx@gbles include
fromtitanium zirconiumor vanadi umand from

at lqapfeangdtansitign mefal chescaifione arogps [IHrlyah VB by 1aagnesium and
' [ Wi : d t e-type
ot 1 BRI G RS Frudiia LT Bl RS0
derfronal § we3@h by weightsiftiaositioetoelal, prefepdi froml Brio@0% by
gditaniumor zirconium Non-limting exanpl es of
Welghlegl er-type catal ysts are the conpounds conprising a

tr h by r
VB ) RO e B e paEB, ik 50 .16 iBhe Bl
obtfinmed th20% Ixy wgight oftigagskium, cembiyuion Witd h0% by weight,

conpound .of .the transition. netal an hal Qgenated .

OBt Sl R BB A e sraeT Sy Frahap 335594 B weight,
the balance generally consists of elements arising from the products used for their
manufacture, such as carbon, hydrogen and oxygen. The transition metal and the halogen

are preferably titanium and chlorine. Most preferred catalysts have the following

composition:

Transition metal from 8 to 20 % by weight
Magnesium content from 3 to 15 % by weight
Chlorine content from 40 to 70 % by weight
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integral part of the magnesi um conpound or of the

transition netal conpound. Metall ocene-type catal ysts
woreopoosoomet al | ocenes activated by either an al RETRR2988/061371
00185(¢2By an ionising agent as gescribed, for exanple, in

EP 500944A (M tsui Toatsu Chem cal s). Ziegler-type

catal ysts are nost preferred. Anong these, particular

exanpl es include at | east one transition netal chosen

I O ghiaR Bolibhiess!dffh s Wk #dight B, magnesi um and at

| east one hal ogen. (Good results are obtained with

t hddsiduehprghsic cgotehtr losn théh 40%3DLEighivei ght  of

RO Beme By ioRlEn g i A S Ay s G ER, SRyt in the
preseflcd &F 35&)%%1@/)/5’!‘@!' ilg 'ﬁb?ﬁlﬂ@ mﬁs{‘%“y 8(())3&3@@31{_1‘1\'5@59{11 theldrt, especially

magnesi um usually from1 t % by weight, fromO0.1
conpoun@sopyprisdigofiteast ong alumimiumcadon ehethicgl Yandpsighss pptionally

G BB DR SRBSh b YGRSy o ctmen
fror@fotipA I i Eperfidid table, ﬁﬂf@@ﬁinoﬁm.qgﬁﬁc@ﬂ%x@iﬁggﬁ RvouldBe

transition nmetal and the hal ogen are preferably

orgarjop MR RIRAINGS|of &ialky slumppiams spdvasdae iy deBingEg.e

‘ ity 5 S it _ ‘
oy S ETRESL B0 TR AR s
suchved dibthyEhirainiure ethoridentofd-citd 4thall aped fiealylaluminiums such as

. wei ght 00139(2)..13_Al um num content. | ess . than 5 % by

dic _Elmlmrr&? prafe. glkyeahieingsh mone- fkShydrides sochvasy

. . I * T - -

R A L R e S SR
LiAd@hHEal 9ggnodlumirsupessipbinalst espasiellnthpse ebmhalysot Halngamated,

o bR PR B S RSh RN LR BBty SRaapeous.

hal1ge@8 3keduRl BRABEdER & tHET ARG RtkSoataMpt %ﬂlp%@d in the process
conpri se oxygen or an el enent from group | of the

is a gasglodVatacabilyst, thaweightiritioo{ AW, toBAVEW palyarer ésciom] 49560 to
| d.b 1 um nj ds, .of . .
o041 tif g mRiriAr disk! RERELE TP REERS pL e e per unit volume

of rédctcr) @i Ydadd 150 Pleld¥Bb]§ UCRa@S 00 thoS PRETORBIYt 3adn230. UM
al um ni um nono- and di al koxi des such as

di ekheyahsonuvirmbase eetabit igerefpiseblo camprige harmsiedchipmium oxide
cataﬁst ¥+\g+% Q}i%%orﬁéiﬁﬁggﬁgggdéﬁ %%Arx?}algm 44 o%@tle Qﬁi'cg find titania

m ni um nNono- S SucC
support. A particularly preferred chromium-based catalyst may comprise from 0.5 to 5 wt

% chromium, preferably around 1 wt % chromium, such as 0.9 wit % chromium based on
the weight of the chromium-containing catalyst. The support comprises at least 2 wt %
titanium, preferably around 2 to 3 wt % titanium, more preferably around 2.3 wt %
titanium based on the weight of the chromium containing catalyst. The chromium-based
catalyst may have a specific surface area of from 200 to 700 m*/g, preferably from 400 to
550 m*/g and a volume porosity of greater than 2 cc/g preferably from 2 to 3 cc/g.
Chromium-based catalysts may be used in conjunction with activators such organometallic
compounds of aluminium or of boron. Preferred are organoboron compounds such as
trialkylborons in which the alkyl chains comprise up to 20 carbon atoms. Triethylboron is

particularly preferred.
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di butyl al um ni um hydri de and or ganoal um ni um conpounds
conprising lithiumsuch as Li Al (C Hs)4.
WwW@e@akgmkam ni um conpounds, especi ally those WGTRP20%061371
00189{) hal ogenat ed, are well syjted. Triethylal um nium
and triisobutylalum nium are especially advant ageous.
In one particul ar enbodi nent of the invention, the
catal yst enployed in the process is a Ziegler-Natta

Catl‘? knesdatal O);slﬁgmggiygﬁﬁs Jﬁ%ﬁaﬁ Qne LAMY; plt yl e? 63215;: b®s a bis-

from40:6 and t e spac I ned
tetrﬁszdmm@hmgt {'130) odmpohndretrefernbkgihh cptelysUsystenvcximpnises)(a) a
actor) jis at |least 150, f.erab st 200,
meyf g pplsFBipoS i cobRpssg Dis ok B 5agBgUd of the

gen6ral Ansla (ﬁﬁif&?ﬁi"ﬁi@ﬁﬁ Wwidcle PR ITh &g, i8 t%%dr@ﬂffé‘r@ﬁ%ﬂ 4gn
oxi de catal yst having a titania-containing sugport

tetrﬁtyndrceudanmyl e wbstinisddetraiydioindenylaRd ig 4 baddeavkigh pomprisea a Ci-Cy

acfiespidel s il B Rim G SO R SF AT Sl prfRthine or
amiaé eddnal, IWHico s deORbuBin e sy @subktifuted, MOCH Gosip IV Reses:
on the wei ght of the chrom um containing catalyst. The

vanadipmcind caghidris Bredrogarbylduyingd te20gationanet legea; aK () 2
cooBf g LA AL ST IR B! AN o B o

ma}cbmil.ﬁ)isﬂnﬁuwg in dicedayt wayldrali fitvenity fiombasedottat af orstor Meore
ve. a specilflc surface grea of from 200 to 700 nP

P‘”‘&"@? &y hp eyclopemdny! FaeSBoCYRosxean e s it P%%élﬂge Each
subﬁftué’rft %ﬁ}u%rmﬁmnaeﬁ/d&ltgf fﬁfo?&frﬁﬂ?&lﬁ ﬂfl(gfg @f%oﬁrﬁﬂ:;’Xﬁc k@which X is

Chr om"unt based catal yst e used in conjunction
chogant frora gtdupdivVas, suxsgmmndngmgﬂmnd lebdhcR ¢otimp samd sr different and

al um ni or of re or anobo
oot st i@t it oyl fibtt LR eFogt] SAMEARA BTk i the valence
of 3 hH'lQﬁrefé?MSﬂCSQf% 1&%@@4@&@%%@g%snﬁﬁé@ﬁtaxmﬁmﬁt groups
is particularly preferred. 00139 t he catal yst

muss #pt l@g@daullsv a6 toefiart @@@éatmatoélﬂgﬁsqleﬁm mqnpmﬁetoatbb ynetal M.

b t et rahydr oi nd TH ound
Sub%t? net? g actyﬁ o% tta% engl rm%}) o rr%’rel gﬁ? gep or CHs. More
prefBRiba), hﬂl@aﬂ ®né aﬁcaimosﬁ pré&[ﬁwﬁ'@cb’ch c?&iﬁ@éﬂtﬁIWI @ings are unsubstituted.

bi s- tetrahydr0| nden conmpound of the general fornula

In a(gamg)r Prafemed epb t, dgEnindenylyare ynsubstigigde RO is preferably an
I
ethy?éer{ g a{@g h%h:} ﬁli)srtf?v.&[?@gly ﬂ{sﬁg 1?1%8% TV{}%{%%QCO nl‘[% &)fégfgrgbl zirconium,

hafi@jmGr 4italikey) raos pmfdrab@l zircanaim| Bach @&rtha Stairnlcfmlodhfferent and may
ilico oxa r. an al kyl phosphine or amn
be ity Hvy?%ﬁzfl{ PoliyerarticalhiEe I 2 ERIDOR A9RS St lgeaq Suitable
c
hyndhl%yﬁ; #1040 Va’l]SH ailk@ﬁlz\éiﬂﬂg@éi{%on g\%lda néﬁ @a% | ogg%e;ferably

hydrocar byl having 1 to
halcgaol Eth)yime b6 H, statrahydrohl-auienyIaZHsomtmﬂ dictiladidesis a particularly

ach bi s-t etrahydroi ndenyl conmpound nay be
prefgﬁg‘gﬁﬁsg %nqel% y or differently from one

an@ih&! suppor®IHRE MRS Eatalysts are typically subjected to an initial activation
step in air at an elevated activation temperature. The activation temperature preferably
ranges from 500 to 850°C, more preferably 600 to 750°C.
In the process of the invention, the first reactor of the series is supplied with
catalyst and the cocatalyst in addition to the diluent and monomer, and each subsequent
reactor 1s supplied with, at least, monomer, in particular ethylene and with the shurry

arising from a preceding reactor of the series, this mixture comprising the catalyst, the



positions in the cycl opentadi enyl ring, the

cycl ohexenyl ring and the ethyl ene bridge. Each
WQ uwsvsaswent group may be i ndependent!|y chosenPGT/BPA008/061371
oo18b@ge of formula XRVin whicps X is chosen from group

| VB, oxygen and nitrogen and each Ris the sane or

di fferent and chosen from hydrogen or hydrocarbyl of

froml to 20 carbon atons and v+1 is the val ence of X
coctalydt RIS BLARbFhe PdiythB8 pPotalOPRN AL rehdtBPof Be series. Itis

substituted, its substituent groups nust not be so
optionilkypassibiegtoaiipplyta scomrddicarier and/cof if epproptiaé. at leasharesf the

to.the netal. ubstituents o he cl opent adi.e

fol i e it e ganvet S onparBatal B Vel T pirsie o

intrpihek eliedylystahd kigasdcataet ethsiRS! inky £k adkirbot h
cycl opentadi enyl rings are unsubstituted. hi 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 zirconium hafniumor titanium nost
preferably zirconium Each Qis the sane or different
and may be a hydrocarbyl or hydrocarboxy radical
havi ng 1-20 carbon atons or a hal ogen. Suitable
hydr ocar byl s include aryl, alkyl, alkenyl, alkylaryl
or aryl alkyl. Each Qis preferably hal ogen. Ethyl ene
bi s(4,5,6,7-tetrahydro- 1-indenyl) zirconium
dichloride is a particularly preferred
bi s-tetrahydr oi ndenyl conpound. Silica supported
chromium catal ysts are typically subjected to an
initial activation step in air at an el evated
activation tenperature. The activation tenperature
preferably ranges from 500 to 8500C, nore preferably
600 to 7500C. In 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
nmononer, and each subsequent reactor is supplied wth,
at | east, nononer, in particular ethylene and with the
slurry arising froma preceding reactor of the series,
this m xture conprising the catalyst, the00139(2) 15
cocatal yst and a m xture of the polyners produced in a
precedi ng reactor of the series. It is optionally
possi ble to supply a second reactor and/or, if
appropriate, at |east one of the follow ng reactors
with fresh catal yst and/or cocatal yst. However, it is
preferable to introduce the catal yst and the
cocat al yst exclusively into a first reactor.00139(2)
16 CLAIMS 1. Process for producing a multinodal
pol yethylene in at |east two reactors connected in
series, in which 20-80wm % of a high nol ecul ar wei ght
(HWN polymer is nmade in suspension in a first reactor
and 20-80wt % of a | ow nol ecul ar wei ght (LMA pol yner
i's
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made in suspension in a second reactor in the presence
of the HWAN pol yner, wherein the solids concentration
wo povkgwesecond LMV reactor, defined as the nmasBCHEP2008/061371
001?9Q¥mer di vi ded by the tot ai6 mass of slurry, is at
t 35wt % nost preferably between 45wt % and 60w %
and/or the the ratio of solids concentration in the
first reactor to that in the second reactor is
CL@.'@{"’" ned at less than 1.0, preferably between 0.6
.8, and further wherein the volune of the second
re tor i.s at least 1 % efer t 30%.a

L rorGoRs @ ARpIsF R & raLetoRbse grearte T HAFRT W ot grgomnested
in selflest fiewhich 9b- Sr()%ﬁ%t §¥'a- high mOIREGRS FeAHE &Eﬂ'wppdlgxnﬁm\;ﬂiﬁd%,m

erelnthe solids concentration in firs )
suspensionan aifisstiyeaciarand 20v0v6t rnf aJowtmgleprdarev ¢ ekif (BMVAR]) polymer is

SRR BRI RAERS AT e

solilfl€orlchtdtRaGH Be deBorid TEMAV edaa82, @finkd bd theinfask bﬁpdﬂMﬂ/er divided
reactor is fromO0.25 and 1.5, wher e average acti vi

by the tetaldnass oflsw, isst iRast 3raaeamoshirefesabdy betwsen ¢ vy |a@<i11 a0wt%,
and%rr?igeut%? gat[ol %ftns%ﬁd§ G ard F%ﬁ{e‘ﬁr t ea({tgxté&dlagnl?the sef:ond reactor is

concen e reac X residence
mainthinddet tekadiaarn .q, Ip@aszebly)behe@a@k 0.aed 0B, ael fatthatwhertia the

the reactor (g/hr) residence tine bei ng defiped as
V°1‘l‘fﬁ%°ﬁ@§§e“c9ﬁldtfﬁ9é’t%dﬁ st il % a@f%r@a&@bka%tgaﬁ %rr#;mamxﬁaﬁerably
at léaéfﬁ)"/%’f R YIRS thé Q&M%tﬁéﬁﬁ RhctbK9/ hr) . 4. Process

accord |ng to any precedin aim wherein the average
2.'s paRIecetss mscoyahag d:b ¢ldmf ﬂmueram the sxduis tcnmntrﬁuqminythe first (MW

reaqigy i PRETel S Y b ap O A OG0 R BT S BoRyd 3591%.

3. O e@bEdss E&Iﬁ}i‘dlﬁg%%ﬁ@ﬁ e 2 20 HeBRItBe Peftﬁfcﬁ’rﬂ?@é\bérﬁe%ﬁ%ﬁy in the
t han 200kg/ nB/ 5. Process accord ing to an%/ pr ecedi ng

LMgy eﬁamor\tm e @l eragh ectivatyan yhet Hv lreagend 19 fromHeZ paist b8 swhae
Zi Nat .t t al
avefiema S Blin R Refit b hert 118 555 8ol i Rahodl¥d R e
readtbe(kdPEdef 1 (@ ?1@3 cofieditatidron tbd raaeby (FB1%4)k tegidbnde@fme in the
unit volune o reactor%ﬂﬁl s at least 150, preferably at

reaqtera@pulzbe feadgate of calpbistinlo thareactoadg/hpb gesigencpiistedising defined

o FERHTS by Y PO BBl Rl By

(kg@]r)eater than 500, preferably between 750 and 3000, and

nost prefer greater fthan 800, for exanple
4. 800Rresws amggg 1 anyprecedppe,laigs whersn dieryerage spape time yield

(de%{ ?z}r #) l %f ﬁl' oﬁ% UrdyoRufé of RRELH ih Q1 reactors

LMNTreactor 1s great
conttiaa i2 gmatep nlmheln@ﬂdgpmmq;rm@wy gmekerien maleg/mr'*/abm;d more

pret%ra%ly greater 81an 3681{”3' &/h 300-550.

5. Process according to any preceding claim, wherein the catalyst employed in the
process is a Ziegler-Natta catalyst, the weight ratio of LMW to HMW polymer is from
40:60 to 60:40, and the space time yield (defined as production of polymer in kg/h per unit
volume of reactor) is at least 150, preferably at least 200, most preferably at least 250.

6. Process according to any preceding claim, wherein the ratio of length to diameter
(L/D) of the first HMW reactor is greater than 500, preferably between 750 and 3000, and
most preferably greater than 800, for example 800-1500.
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8. Process according to any preceding claim wherein
the ratio of length to dianeter of the first HWV
WO zwenanede LfD(1), is greater than that of the BEDBPRIS/061371
oolbMreactor, LfD(1), and prejerably at |east 20%
greater. 9 . Process according to claim8, wherein the
ratio of LZD(l) to L/D(2) is greater than 1.5,
preferably greater than 2. 10. Process according to

N : : I ¢ _ ‘
7 s S S R DS RS Sy O ERS dametr
(L/Beobhihd secwad LOLW @attbals grentdriikanf 1005 prefeatsilyy @00+1908, amd most

ess, eferably 3 or |ess, and nore preferably 2.5 or
pre%eé%gy Zg .75%%%@%@%%%%9’8%9 to any preceding claim
8. Whepghissth lr&iﬁ@@@ﬂﬁ)r Frlet Qi élaﬂ,%e?éﬁ? thetafif6f %ﬁ%ﬂgﬁgiameter of

reactor is lesS thdn 8nol% preferably between

the figst AW wstot, HaB( Biis| Seatdr2harPtheicefdke sccond EMY reactam/D(2),
precedi ng ,cl ai wherein the tenperature of the first

and@é%%f%’b%&ﬁﬁ#%ﬁ?ﬁ? between 60 and 800C, and is

9. prepReaRlaycdr@ing té bBiain §dwherethdhe FHBGFIIDAGES LADNY i Geater than

any preceding claim wherein a sl urry containing the
L5 marpterabhiateatsothpaizhyl ene is transferred fromthe second

10.07 8o o RENT kb e ot . IR Rk S2efleds

conpéefaBba bl thetligatd gitasé @asiol B iDih¥oscddd ecqet@fte g linythe first reactor
. 90nol % post gr eferably 95nol % of the |iquid conponent
is Sqr lgspepreferably 3 o5 legs. rad makp prefambly R 9nlessh tank as a

11.VaPSilkess :fliélcortﬁﬁg ‘rf](??lﬁ/ ﬁ%gé%ﬁl%agin{ Quelbdth ?ﬁeﬁ%&ﬂnﬁﬁgé Bt LfGlene in

concentrati on € SecCo redctor o onen
the hevohd geaatomid lessuthan Sweighirefeedbdyb&Geal $.6nmiloi anifiiless thdneBmol%.

equation Qghts < 7 + 0.07(40 - Tc) .+ 4.4(P C O. -
12.7(dpeysees g FOOREREnS S oG (RPRRLIE able s
read@b€is i ntG RS BB WAk 0 A8d 96°C A %gﬁ@feﬁibﬁ‘ﬂéh@@laﬂ 75°C.

nol ecul ar wei ght bel ow 50, "hydrogen and et hyl ene
13.r eshrectsis wedoyding ta ey ecwimy ¢laas tvdiereile slusryt domtaining the

o LA LB06H RGBS e ST St 0 D e
opeY ARt a prdside anmichiperatiiReutl shattldiRKs080180 8RB, that at Jeast
80mol%, more preferably 90mol%, most preferably 95mol% of the liquid component of
the slurry is withdrawn from the flash tank as a vapour.

14.  Process according to claim 13, wherein the concentration in the second reactor of
components having a molecular weight below 50 also satisfies the equation Ciigns <7 +
0.07(40 - T;) + 4.4(P. — 0.8) - 7(Cy2/Cgy), where Ciigyts, Chz, and Cg, in this case are the
concentrations of components having a molecular weight below 50, hydrogen and ethylene
respectively In the second reactor, T, is the condensation temperature (°C) of said vapour,
and P, is the pressure (MPa g) at the location where the vapour withdrawn from the flash

tank is condensed.



