WO 2009/030642PCT/EP2008/061366 1 SLURRY PHASE POLYMERISATION PROCESS The
present in\(ﬁat#ﬂgif?ﬁgﬂ:emed with olefin polymerisation in slurry phase rm%%@%ﬁ}%e
0

particularly with polymerisation in two or more reactors arranged in series. urry phase
polymerisation of olefins is well known wherein an blefin monomer and optionally olefin comonomer
are polymerised in the presence of a catalyst in a diluent in which the solid polymer product is
suspended and transported. Polymerisation is typically carried out at temperatures in the range

50-125C and at 10pressurgs ey pifesk I9afar i satahstpser-gaikbe any catalyst typically
used for olefin polymerisation Such as chromium oxide, Ziegler-Naita or metallocene-type catalysts.

Many multiple reactor systems employ loop reactors, which are of a continuous tubular construction

comprising at leag iy, fof; e AR RWoeHical wRAINBRAPC Fh e AgkidR BN QiR le four

horizontal sections. The heat of polymerisation is typically remdoved using indirect exchange with a
cooling mEeRGIPLsprRFTAIY Restisk wlyaeiib s urrstingieg B leastioaareresetasbarangbiieactor. The
volume of gagh loop reactor of a multiple reactor system can vary but is typically in the range 10-200
m3, more typicall§/150-120 m3. The loop reactors employed in the present invention are of this generic

type. 20TypicallySTHENSBRSEP PO arsAtatof piefitsss BlePdetmyhertsn eraigbie MRBoshgtry in the
reactor will compsaiihe RAIEHALR AN IR pHIGHMILAr A PR FUMERUF SR MRPAMEIREFatalyst,

chain terminators such as hydrogen and other reactor additives In particular thé slurry will comprise
20-75, preferabish3bers iershrper ceptips s BRfrdHE HaRpSSthe slurry) of particulate polymer

and 80-25, preferalh /3@ ¥rig R neicentinased emiReiatel weiehtaldbssiureyohauspending

medium, where the suspending medium is the sum of all the fluid components in the reactor and will

comphse HEsaHTREAn Brefirnasold AbaAdTRsFalalist vesdrandivany ear et dvpisalydirsddebr it can be
a reactive gilganidRRRKiGHAR suliguid lRfinimesemerzubrieNbeMinciRalidisgntisan inert diluent the

olefin monomer will typically comprise 2-20, preferably 4-10 weight 30percent of the slurry. The slurry
is pumpe&éﬁ%ﬁﬁﬂ the relatively smooth path endless loop reaction system at fluid velocities sufficient

to maintain the pRiYAERIPHRERSIONIRIIRUHIFY8NEop reactors, which are of a continuous
tubular construction comprising at least two, for example four, vertical sections and at least

15 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 each loop reactor of a multiple reactor
system can vary but is typically in the range 10-200 m?, more typically 50-120 m’. The
loop reactors employed in the present invention are of this generic type.

20 Typically, in the shury polymerisation process of polyethylene for example, the
shury in the reactor will comprise the particulate polymer, the hydrocarbon diluent(s), (co)
monomer{s), catalyst, chain terminators such as hydrogen and other reactor additives In
particular the slurry will comprise 20-75, preferably 30-70 weight percent (based on the
total weight of the slurry) of particulate polymer and 80-25, preferably 70-30 weight

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

30  percent of the shury.

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 shury and



WO 2009/030642PCT/EP2008/061366 Case 00179(2)2 to maintain acceptable cross-sectional
concentrat'{%a %5% /59(“9!3 loading gradients. Slurry is withdrawn from the pqléﬁﬁﬁp '%f%ctor
t ofw

containing the r.together with the reagents and inert hydrocarbons, a ich mainly comprise
inert dilueﬁaﬁ?l@%rgée&ted monomer. The productQSIurry comprising polymer and diluent, and in most
cases catalyst, 50lefin monomer and comonomer can be discharged intermittently or continuously,
optionally using concentrating devices such as hydrocyclones or settling legs to minimise the quantity

of fluids withgrawn: with the. BRIVPREE. I fRHHIRIG ISARRE RO @5@@9%%&?(%%&3%%%;@2% iggr‘j) g'uucftf y

withdrawn from the final reactor depends on many factors apart from the

10 actuall¥HbRisveR e i efiRicrEatin: TrRagied Wapunas chethel vastrtaptihar prstties, and the
reaction conditans anthLelalMRREAROII NS 2LRIRAYALSIT, RBY.HRST G RACIR G dgagiion

conditions required in the final reactor are also affected by the reaction conditions in upstream

reactors, partenIary khe pggaet dreatansppro el ahadslibgnt.reutio e taecavaiay®. activity
potengial undgr, downsiteam ieaciatheendiliep s LR ta Aental afl SPeslieaamposition

withdraw-n from the final reactor and also the process conditions associated therewith is more
complex tREAIRRE 18RS wrsaiialagstevises suabps ndireymrteeansatibingdnestienaiaioise factors is

the relative,sigg.afiihe MR RAGRIGaMASKER IR nflicting requirements affecting the optimisation
of the volume and dimensions of the two reactors. In a multiple reactor polymerisation, the second and

20 any subsequeRtRAERFSFREEY S aitali ahb (i aomnasiiemet Binplme prilhdav s detted in that
reactor, bt alse:theaeRly e HANSIGHEH, TR G RIEHOMSHE ALK HRAGIP e HRiggpuld imply that

the second and subsequent reactors should be larger than the upstream reactors in order maintain

similtl spaedyPgismaerisgd phthe foglaragiset alsprirpaediesy hystesinad fnmbaradacieseshd reactor is
twice the yluampafithe fisiaresWir have %@M éPpRaiRAVANAge LIRS ALIBRIGMENT IS that
uctio

the heat removal requirement, often a pro n constraint, of the larger downstream reactors is

greater thEEHSR SPIHEtARSFedr s i the MnalsranighreidlpeBbvielibthareetioptonditisnte ratio of
the reactors ghauishbednRartigHisihare aipaster sl RAesignaritrpreLale diffssgnt catalyst

types (eg Ziegler-Natta, chromium and/or metallocene), or a catalyst system where the average

30activity ¥t PHoalRHEH peliBi e aotratia) amdsrdgnmeEran raghion fragiiens (Has thrraate! of

15 the slury composition withdrawn from the final reactor and also the process conditions
associated therewith is more complex than in the case of a singie reactor.

Omne issue which can affect all of the above factors is the relative size of the two
reactors. There are many conflicting requirements affecting the optimisation of the volume
and dimensions of the two reactors. In a multiple reactor polymerisation, the second and

20 any subsequent reactors need to be large enough to handle not only the polymer produced
in that reactor, but also the polymer transferred from the previons reactor or reactors. This
would imply that the second and subsequent reactors should be larger than the upstream
reactors in order maintain similar space time yields. EP 057420A discloses a a two-reactor
system in which the second reactor is twice the volume of the first one. We have found that

25  one disadvantage of this arrangement is that the heat removal requirement, often a
production constraint, of the larger downstream reactors is greater than that of the upstream
reactotr. Accordingly it is not obvious what the optimum size ratio of the reactors should
be. In particular, where a reactor system is designed to operate different catalyst types (eg
Ziegler-Natta, chromivwm and/or metallécene), or a catalyst system where the average

30 activity or production ratio required varies significantly between reactors under different
operating regimes, the ideal ratio of sizes for the reactors in each case is likely to be

different, making it difficult to select an ideal size profile. The activity prefile of under



operating regimes, the ideal ratio of sizes for the reactors in each case is likely to be different, making
it difficult to select an ideal size profile. The activity profile of under 3 constant reaction conditions also
varies significantly between Ziegler-Natta, chromium, metallocene and/or late transition metal catalyst
systems. However we have found that the most optimum reactor size ratio is one in which the
second reactor is at least 10vol% larger than the first reactor, and additionally the ratio 5of length to
diameter of the first reactor is greater than that of the second reactor. Thus in its first aspect, the

present inveploR HEQYAES ARIPLESSIY MRAUGIG A MHYBedRERoeIYIRAR N Atlgaghfwo reactors

connected in series, in which 20-80w0/0 of a high molecular weight (HMW) polymer is made in
suspensiomifiadigirens eacior tzostonsedtleisiyrchstentr weight (LMW) polymer is made in

suspension in a SREERJFEACRL, 4 OYRETRIL tHE FRIP HliheAVRIRRS SiVIMANdRG HYWHieRCtor to the

average activity in the HMW reactor is from 0.25 and 1.5, where average activity in each reactor is

defined astises¢epabragsigethydaaspiototedasehradboob(Kgricing Aftdderenedndenteidon in the
reactog (mBk"@ngtﬁe&JQﬁé}ﬁ%%? {Rherearior (sl ined dale.Phiralalyaliniadne reactor (g/hn),

residence time being defined as the mass of the polymer in the reactor 15 (kg)/the output rate of
polymer from the TEaTid TG PERIRTRETSH IV RIE dehe eeshPTERIsHIE artekiradsds,

preferably géleasyi30d4:and marewpreifiaklaldeasi IR %eges atetitian toesuahmerafthe first reactor,
and the ratio of length to diameter of the first reactor, L/D(1), is greater than that of the second reactor,

L/D(2), andigietBlabnF MNP graneis 5o ¢da PSSR WAL SIdmME-8P e second

reactor is gifigash HSkaipateeiia thewobinanet ibenfic reaciptanables thedsadalmrastor volume to
be minimised whilst proyidir&hsufficient flexibility to handle different gperating conditions and catalysts.

It is pltticuidieRthsiR el X gess aatit icthalal &Y ZeaRRy i TS KR8 R &dPss high, as

the larger seoonddRa6ies §iga omabiag highensrsidense HEMmS: {0 Peempiayes falfiRqpikancblock
ratio. We have found that it is possible to overcome the difficulties of different requirements for heat

removal in'fie P et Fa ByTafLerthiy that tREPE O EI A dRim E08F SHARMR &R fBSctor, LID(L), is

greater thagdhiat ghthe secesiddaacione i -praie(Bbiratdeast 206 Deealett and mest preferably at
least 30% greater. Typically, the ratio of L/D(1) to L/D(2) is greater than 1.5, most preferably greater
than 2. AnTHEBLETTE i BRGRILEE R SRS B LR RIS R EFREREDles a faster

rate gfheatigemavaking the: abiityieaoeha mactardegants andhehswiace-arsaavaitable to which
Cooling A D et 1« S Tanet (5 pretoranty m Teao 3 S e Thors ety ot Tease 08,

greater than the volume of the first reactor, and the ratio of length to diameter of the first

reactor, L/D(1), is greater than that of the second reactor, L/D(2), and preferably at least

20% greater.

20 A reactor system in which the volume of the second reactor is at least 10% greater
than the volume of the first reactor enables the total reactor volume to be minimised whilst
providing sufficient flexibility to handle different operating conditions and catalysts. It is
particularly advantageous in cases where the catalyst activity in the first HMW reactor is
high, as the larger second reactor size enables higher residence times to be employed for a

25 given block ratio. We have found that it is possible to overcome the difficulties of different
requirements for heat removal in the two reactors by ensuring that the ratio of length to
diameter of the first reactor, L/D(1), is greater than that of the second reactor, L/D(2),
preferably at least 20% greater, and most preferably at least 30% greater. Typically, the
ratio of L/D(1) to L/D(2) is greater than 1.5, most preferably greater than 2. An increased

30 L/D provides a greater surface area per unit volume, which enables a faster rate of heat
removal, as the ability to cool a reactor depends on the surface area available to which

cooling can be applied. Thus if the cooling requirements of the two reactors are the same,



WO 2009/030642PCT/EP2008/061366 Case 00179(2)4 the larger LMW reactor can have a lower LID
than the s%?&l;%}ﬁ{*eactor. Thus the invention enables the heat transf?,% Hk% ﬁgg()ach reactor
1 A ‘

0 minimising total reactor volume. Generally it is preferred that the ratio of

to be bala(ﬁ \@/ I Eﬁg 2
length to gﬁﬁg e i ) of the first BMW 5reactor 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 frefarably a0 Eabidios £Xa0p'e1308: 378 Havally SaalPHRTeRLIS PagaRdnternal

volume greater than 10m3, more 10 commonly greater than 25m3 and in particular greater than 50m3.

Typical raiffygstigieersblysihebrrhisrsisafieabily tdoachgrigtor o kodrelgacadivhisiabiach reactor is

defined asfhetateLiralyeibidensiprpduced in the reactor (kgPE/hr) / [ethylene concentration in the
reactor (mol%) x residence time in the reactor (hours) x feed rate of catal;ist into the reactor (g/hr)],

residence time bERG B dticrefemd haishoratie odRpad: th divensiat ithe BrpdMEfe of
polymer fiemiiaseacier tkadwhdl pradaiipnalealalyst madded g, secoRMkRaS g yhen

calculating the ratio of average activities the flow rate of cat%Ia/st in the two reactors’is considered to be

the same HfadaRidRareamne SOy Remserludbisdrelaed, th tevetinefimaieRecond reactor is

consideregiig.fert{iosyer efdhetawiatewhcataly sl femdthadl sioearior20n/us thestievyaie of
additional fresh catalgst added directly into the second reactor. Alternatively, activity in each reactor

may be cARATFREICRRE ¢ o Clakrsreshied4R-f79 polymer produced in each reactor, as is well
known, and the asdiifty in ealgilades dromuihis ifiemsesidencedimeisidelingd®ag,the mass of the

polymer in the reactor (kg)/the 250utput rate of polymer from the regctor (kg/hr).’ln a case where

polyhier iSTEEYERY BT R aRi T SREIC AP B SRirE Absthy Bre cyoreke i saaass i 8feBPdownstream

of the reagwmﬁk@@mmism@ﬁmgm%ﬁé‘net output rate (ie polymer withdrawn less polymer

recycled). Preferably the multimodal polyethylene has a shear ratio_of at least 15, generally
Aveérage activity m each reactor is defined as the rate of polyethylene produced i

the reactor (kgPE/hr) / [ethylene concentration in the reactor (mol%) x residence time in
the reaﬁtor (hours) x feed rate of catalyst into the reactor (g/hr)], residence time being
15 defined as the mass of the polymer in the reactor (kg)/the output rate of polymer from the
reactor {kg/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 is considered to be the sum of the flowrate of catalyst from the first reactor
20 plus the flowrate of additional fresh catalyst added directly into the second reactor.
Alternatively, activity in each reactor may be calculated based on catalyst residues in the
polymer produced in each reactor, as is well known, and the activity ratio calculated from
this,
The residence time is defined as the mass of the polymer in the reactor (kg)/the
25  outputrate of pelymer from the reactor (kg/hr). In a case where polymer is recycled back
mnto the reactor, for example when a hydrocyclone is emploved downstream of the reactor,
the output rate of polymer is the net output rate (ie polymer withdrawn less polymer
recycled).
Preferably the multimodal polyethylene has a shear ratio of at least 15, generally
30  between 15 and 50, and preferably between 21 and 35. By “shear ratio” is the ratio of the
high load melt index HLMI of the polyethylene to the MI; of the polyethylene. The HLMI

and MlIs are measured according to ISO Standard 1133 at a temperature of 190°C using



30 between 15 and 50, and preferably between 21 and 35. By "shear ratio" is the ratio of the high load

melt index{= Mok ihg,polyethylene to the MI5 of the polyethylene. The HLMI apgd Min gre measured
according,to I@?é?%dard 1133 at a temperature of 190C using WO

2009/030642P 008/061366 Case 00179(2)5 loads of 21.6 kg and 5kg respectively. MI2 is
similarly measured but using a load of The HLMI of the multimodal polyethylene exiting the second
reactor is preferably between 1 and 100 g/10min, and more preferably between 1 and 40 g/1 Omin. 5

In one emppsliment hecatalyst erpleved jontne palverisaliondsa kiedlerNaftacatalyst. In this
case, it |Sé)referred that the ratio of LMW to 11N1W polymer is from 40:60 to 60:40. In multiple

reactor p )}fﬁ&isations, the composition of the slurry withdrawn from the final reactor depends on

many factors apgfidiemine CaRRRiianl ligyRipauat ERiasimbsealymedisest 1o Sherdtashreactor: it

also depends on the desired final product, and the reaction conditions and relative proportions of

products RrEFSERIRslAG ea e rrd metsisrieshbitsieseydied (PiBe Fdtreactor are also
affected by the reagtionseRdiRRS M WRBIPATERAT SoP@idicuiaheiiadmpact afeatalmakRproductivity

in upstream reactors on the average activity potential under downstream reaction conditions. It is
generally 5eiesh Ap Bimeashét i) Brieaf dhat e d Ao to diMaYanaismes HhEPBIIHRE from the
final reactgrsy@@eparated in a flash tank at a temperature and pressure such that they can be
recondensed just by cooling, without recompression. The remainri&raeliquid components not removed by

this process are SEPHERLE FPS VPO NIFHESHRRK Bp SPRERRFIICR RITE? phugd WEhdRE ThERR need to be
recompreggegin esalabiadRAas s ethihRaskeiaseehttie 2ORIReessa Whisb jsd@ferred to

hereinafter as a "'medium pressure flash” process, is that only a small prog

ti f th ised liquid
combbne ARIRHE ReLYRsTses M hestay feasignigise daRamitamsty derirn v?él' %F%@mgrggé) ?:gfgfm'qu'

control of fierEaaEi DERNGHR RS M I8 AOSS UL IMRASWE A Bts MEdhyBRIRsSH re-llank. precess is able
to be operated without the need for recompression of the liquid vaporised in the first flash tank. 25It is

preferred TRALRRGUHBHRSSRALIEhEL Hip iR TR Ar& s Albpelr Y theRercten AEREEEEST is
maintaine aplassihanddds, paiesabhlpeineam e 6ranth O Asdie MeOiaspisisimn Maisaining the

balance of average activity between the two reactors within the desired range, The soljds

concentratfb s Riags R W ARSI JESFR 8P PaISHRAT SR B PR O A A SERAR B0 G enerally the

solidg conRaiantheResandoEMbiiqdetesisahdaask ABwWden e trefrphliyitaiwears 45wt%
and 60Wt)°fo The solids concentrgtion in the II-H\/IW reactor is usually between 20wt% and 50wt%, more

preferabl %@k\xfé’éwl‘zﬁﬁﬁ%’ di} foilagh tank at a temperature and pressure such that they can

be recondensed just by cocling, without recompression. The remaining liquid components
not removed by this process are separated in a second flash tank operating at a lower
pressure, and these need to be recompressed in order to be recycled. The advantage of this

20 process, which is referred to hereinafier as a “medium pressure flash™ process, is that only
a small proportion of the vaporised liquid components need to be recompressed in order to
be recondensed. We have found that by careful control of the reaction conditions it is
possible to ensure that a “medium pressure flash” process is abls to be operated without the
need for recompression of the liquid vaporised in the first flash tank.

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

30 Generally the solids concentration in the second LMW reactor is at least 35wt%,
most preferably between 45wi% and 60wt%. The solids concentration in the HMW reactor
is usnally between 20wt% and 50wt%, more preferably between 25wi% and 35wt%. In



WO 2009/030642PCT/EP20081061366 Case 00179(2)6 this case it is preferred to concentrate the

solids trangfeysagbfiespsthe first reactor to the second reactor using a settlipg£R8:388(9%ss
hydrocyclergtsae 6@,}9 Qjﬁomer-free diluent stream may be introduced upstream of the hydrocyclone to

reduce the proportigl of cornonomer transferred to the downstream reactor, thus increasing the
density of the 5 polymer produced in the LMW reactor. A further aspect of the invention provides a
process for producing a multimodal polyethylene in at least two reactors connected in series, in which

20-80wt%1gk aigh plertal welght siMW iy RseHenTeged Trisus BaNgieaddings feactor and
20-80wt% of a low molecular We;%f (L1V1W) polymer is made jn suspension_in a second reactor, in

10 which HSECSGIIFELONEIRE ARSH A FOLR BBHGLIMINOrISHABE: defRBPARNE Frrs<i Bt Yolymer divided

by the totghass-ef slelintrdaidlteastBoui%E MOBL RIRfprRIlY eiviess tha\Wikpafid:681It%, and/or the
the ratio of solids concentration in the first reactor to that_in the second reactor.is majntained at less

than 1.0, FPUPERRBI HERIEES. b0 4R S B AR GRS GGHMBIBT ther b dreditineaiieast 100,

prefesablyhalyarstaeiecananrier e prefatblyat least 50% 15greater than the volume of the first
reactor, and the rat%o %f length to diameter of the first reactor, L/D(1), is greater than that of the second

reactor, L/D(2), dh AR A B 695 S PERRICRS LA S TR BHNR AT red that the
ratio of thesyetagenach i easthed MWW teactantodianyatagarasiivil 20 e YY seagkor is from 0.25

and 1.5, where gverage, actiyity. in each reactor js defined as the raje of polyethylene produced in
0o rea ROl AR A B AR 1 A A S A e remctor
(hours) x teredisatenolwatalystipte (herwogient¥hl} missidancepbmacbeaing siebnadasttheimass of the
polymer in the reactoy. (kg)/the output rate of pol m the reactor (kg/hr). It is also preferred that
o L A S TR L B B 50 S v GRS R LTSy petwaen
25wt% andi38ed % Bk Wielhays elndripaisnebdaniSihgithermobdsrefngsinttatinecdn 4batseannd LMW

tne secorth EAGPETAAVE 15 GHF § R SR EP BB Bl S HBL LA PRl
reactors. haagtprafatraedixiersion lebihban v tieafeaslybwariahtgid e.6)ulidihdabBpeyethylene is
e e s e e /st i e LA
mostpreferafiy dmmdidoaitithe ditnliecl Ranpactentaatitie sitiksyHength to diameter of the first
reactor, L/D(1), is greater than that of the second reactor, L/D(2), and preferably at least
20% greater. In this further embodiment it is preferred that 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
20 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/h1)], residence time being
defined as the mass of the polymer in the reactor (kg)/the output rate of polymer from the
reactor (kg/hr). It is also preferred that the solids concentration in the HMW reactor is
between 20wt% and 50wt%, more preferably between 25wt% and 35wt%.
25 We have found that maximising the solids concentration in the second LMW
reactor relative to that in the first HMW reactor is an effective way of increasing the
residence time in the second reactor relative to that in the first, in order to balance the
production rate in the two reactors.
In a preferred version of the invention, a shury containing the multimodal
30  polyethylene is transferred from the second of the two reactors to a flash tank operating at
a pressure and temperature such that at least 50mol%, preferably that at least 80mol%,

more preferably 90mol%, most preferably $5mol% of the liquid component of the shury is



WO 2009/030642PCT/EP2008/061366 Case 00179(2)7 withdrawn from the flash tank as a vapour. In

this embom%z;ogggferred that the c_or_lcentration in_the flgsh tank of cgppeBSiSRIpg 2
molecular yei %I 50, CEgEm, satisfies the equation Crights <7 + 0.07(40 -+ 4.11(P, - 0.8) -
cEnAILH,

7(Q-12/C nd P, are respectively the temperature (in C) and pressure (MPa @) at the
location where the 5 vapour withdrawn from the flash tank is condensed, and CH2 and Ca are the
molar concentrations in the flash tank of hydrogen and ethylene respectively. The invention assists in

achieving {his RyminiEsing Hhe.caneeatalional Gighis s sesondkareter. dtydl e understood

that "first” and "second" reactors refers to the order of polymerisation, regardless of which polymer is

made in VASREFRESERIE 11 Hrer SastalsikRE CERRRRRS BRVEICR impbvaits Waldd alawo RS Hagweight
below 50 indbgesltoLeMaERRTINE tash npkimconyalled by contiolbng, hal.sancaatiation p) the

second reactor. Accor irrlgly it is preferred that the concentration in the second reactor of components

having a rfi&IEeReEG ey HasmReiER LS snermesegUiba Bimdhetpaatiogdgredes(p, - 0.8) -
7(CH2/CE@ywhersdights fohidnata LR 1h %ﬁ@é&%?&t@é%%@@}@é%ﬁ&@?mponents having
e

a molecular weight below 50, hydrogen and ethylene respectively in the second reactor and P, and T,

are as preABERIF AT, Ridlashrisrdr afiyitre goheah el e reRepiisbni raArgEIolecular weight

below 50 padiies 5eaORdVIRRGIAE @_ﬁhﬁﬁﬁiﬁ%@%ﬂ@@cﬁ&@ﬁ@ﬁﬁ@ﬁ@ﬂ@ﬁ OMRROSEISATERG,R Wolecular
weight below 50 entering the flash tank. 20It is generally preferred that the concentration of

componerftEHEIRYATROR Bt HeigAidefsarnl sarskes ipiers dp dtforr dsu ghtolymarisasimo - Te) +
4.4(PO - O:8dardieRefGatwhsrenfelightaafeHr vt eafie: T, are as defined previously and refer either

to the second reactor or the flash tank depending on the R%;ticular embodiment of the invention. It is

preféPably ensurber el R RuSSHARB A CRipoRenis Iims R anvisrady aro e dgatbeidi 50 in the
second regetemsatisties therRauatioank g i rolizdd ) tdro iR @ ket Gl g i Brd by ensuring

the ratio of the average activity, in the second LMW reactor to the average activity in the first 1-3MW
reactor is FFEARDTSE I GACEO RN GE SASIRIIEAE i IrRpRaAIGR e 829RH TAARETESA copolymer

is usually spagedenebiaiiibe RMW DEedushthaln BTeseconiseadiohuhess & hgmopelymer is
usually madeéo 30 obtain the LMW products(%?nd we have found that as a_consequence the ratio of

average athviels dahiicbhfise eaerof St B@%%@@I@&HMH(&@S@@@%@WW% to control the
congantradnR &ftHai¥reanpongbiw:ins theyseca ntbieani@tweight below 50, hydrogen and ethylene

respectively in the second reactor and P, and T, are as previously defined. More preferably
the conceniration of components having a molecular weight below 50 in the second reactor
1s the same as the concentration of components having a molecular weight below 50
entering the flash tank.

20 It is generally preferred that the concentration of components having a molecular
weight below 50 satisfies the equation Clgus < 7 + 0.07(40 - T) + 4.4(P. — 0.8) - 7(Cu/Cry)
where Ciights, Ciz, Cre, Pe and T, are as defined previously and refer either to the second
reactor or the flash tank depending on the particular embodiment of the invention.

It is preferably ensured that the concentration of components having a molecular

25 weight below 50 in the second reactor satisfies the equation Crigws < 7 + 0.07(40 - Tp) +
4 4P, — 0.8) - 7{C2/Cpy) by ensuring the ratio of the average activity in the second LMW
reactor 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 2 homopolymer is usually made to

30 obtain the LMW product), and we have found that as a consequence the ratio of average
activities between the reactors has to be controlied within these ranges in order to control

the concentration of light components in the second reactor.



WO 2009/030642PCT/EP2008/061366 Case 00179(2)8 By maintaining the preferred ratio of average
activity an%l%gb%ﬁ&%%%centration ratio between the two reactors, it is poﬁqyﬁ;%@g[@jﬁyﬁhigh overall
fl r)an

space time%(le \5 ( eﬁ{]ed as production of polymer_in kg/h per unit volume of reacto activities
whilst still ob&&t ]g7 %)Clights requirements of theSinvention in the flash tank. The average space

fh

5time yield in all reactors combined may be maintained at greater than 100 kg/rn3/h, more preferably
greater than 150kg/m3/h, and most preferably greater than 200kg/m3/h. This invention is

particularly applicaiiehendie RAlyRetisalion:calalslisa fealerNata, crlalvsl, espegialy if the

overall productivity of the process is at least 10 kg polyethylene/g catalyst; preferably greater than 15

kg polyethyi&ifehyideran die foseadrerér inppiblade tvbirPolkghigeahplesns/tuanaigiss If the
polymerisaficatplysisiadisap %ﬁﬁé?%@@ﬁ%@%ﬂﬁ%ﬁ‘iﬂ%fﬁ@ﬁ%ﬁ Qis-Rtraydrgingenyl (THI)

compound, the overall productivity of the process’in this case Is preferably at least] kg polyethylene/g
catalyst, préﬂﬂé}awayﬁéat@etﬁmﬁwggwj@mfﬁbm@ﬁaﬂm,Immfb@réaabﬂgmﬁm@naps kg
polyetieylenela, catalyst. |f 1he-RobEpsisAUPM SUYRL IS AN R meialossne theatalyst, most
preferably (t-bufylamido) (tetramethy1-1]13- cyclopentadienyl) dimethyl s
silanetitani@ksiar s esextadiend SHetvdhanistoaomtviecsrthespreies derin 3Rtk easdls preferably at

least 3 kg polyethylane/o, cataly S Ria el Srantes i and Ko RRRLHERRIS SRIANE] Most preferably

greater than 15 kg polyethylene/g catali/;t. n order to achieve the above ratio of average activities, it is

preferred tHat g vat 6 BihjResedbnddhe s hnrmdwelivih ph Reimspassnts sblesndlsgtor to that
in the first :ﬁ&%ﬁé@é L@ﬁ@;?gﬂeﬁféﬁmghg;éa{@ ﬂi‘a%“i‘)f'ﬁ@%&%ﬁ%@fﬁ?@@éﬁi% s&gend reactor to
irs

that in the first reactor is 3 or less, and more preferably 2.5 or Ieéss. Most preferably both ethylene

concertratiBieianb X wHcalaige dehaRohEb reasiermtivstatb tharoivatosuine caftsstihgiene
concentratigr infhecbsuiddsccalsiated @ pralaant athvlars Aiided fy 2ormaies.of alhlskithe

components. It is preferred that the actual concentration of ethylene in the second reactor is less than

8mol%. HoWkTal prefuei v epkineriossssiadhisy ieods sreirsehivivityest skaswhrdhirag/that the
ethylene C%@ﬁ?&'ﬁ?ﬁﬁ&féﬁa@fﬁ@%@ﬁﬁ?%ﬂ-éﬁg’?@}yﬁfﬁiﬂéﬁ@g’ SIRAIS! thed &@E‘r"é&l}[ l%ﬁeg&?ﬁ@aﬂraﬂon of
e yle

hydrogen in the second reactor is %Ceferably ss than 30 5mol%, more preferably less than 3mol%.
3

The ratio of Ry 8gHIFIYEiRRAYAL Brefdraty omesisAb R htal vst is a mono-Cp metallocene

15 catalyst, most preferably (t-butylamido) (tetmmethyl-ni cyclopentadienyl} dimethyl
silanetitanium-n*-1.3-pentadiene, the overall productivity of the process in this case is
preferably at least 3 kg polyethylene/g catalyst, preferably greater than 6 kg polyethylene/g
catalyst, most preferably greater than 15 kg polyethylene/g catalyst.

In order to achieve the above ratio of average activities, it is preferred that the ratio

20 of ethylene concentration in the liquid (in mol%) in the second reactor to that in the first
reactor is 5 or less, Preferably the ratio of ethylene concentration in the second reactor to
that in the first reactor is 3 or less, and more preferably 2.5 or less. Most preferably both
ethylene concentration ratio and average activity ratio requirements are satisfied together.
The ethylene concentration in the liquid is calculated as moles of ethylene divided by

25  moles of all liquid components.

It is preferred that the actual concentration of ethylene in the second reactor is less
than 8mol%. However in order to ensure a satisfactory level of productivity, it is also
preferred that the ethylene concentration is greater than 1.5mol%, preferably greater than
2mol%. The concentration of hydrogen in the second reactor is preferably less than

30 5moi%, more preferably less than 3mol%. The ratio of hydrogen to ethylene is preferably
0-0.5 mol/mol.



WO 2009/030642PCT/EP2008/061366 Case 00179(2)9 It is preferred to maintain the temperature

of the first {pgGiaL Rshrgen 60 and 80C, preferably less than 75C, as this %%ﬁ;ﬁgﬁ;&éﬁﬁq%ncing the
activities hetween é%(@reactors and the respective cooling capacities. Additives to enhance average

activity mgﬁ’ﬁeﬂ% } preferably to the LMW Sreattor. Equally by-product suppressors may be
added, preferably to the LMW reactor. Additionally or alternatively, further catalyst may also be added
to the second reactor in order to control the average activity balance. When operating HMW-LMW

configuration it iSnESigred 4o @VAIHHNG,URE REALACHIDE BRNAREELID DG JINEY d5agIPEHRd In

LMWHMW configuration it can generally be avoided, however can be used to minimise the 10
concentrabiSAcERRTOReMiBE F’é&%{é@jﬁﬁ&ﬁ@l}m e delepcmsisheaitasehbavrastheariverassing
energy reguiygroe ective'@d’&ﬂiﬁg‘%qu‘e@?s 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 mikiiiaTss inerbpess eonesnadivlyimevd fasHdnkaSebhstedls b e need to
reconpress, deRAS R yRd RIlIGERGEJRSIRVRNoMEAN cARRIE NANAEEL Alficiapgies of less than

1.015, generally less than™1.01 and preferably less then 1.006 to be achieved even when employing a

space timé&Sfatipwht s adiermsiain I ihaoratpistarmvlae asddubieimasacontbtastetdrably at least
200kg/m3Mis GREPHIRAGIY B2 Baonemey sfficienowisapantineaign: fale Qfaibylens it

comonomer consumed to 20 polymer produced. In the case where the catalyst used for the

polymerisitidisraksekioreroid feglesehan adivipsentaggsidrethed INBY Feansreaadtivit MNrancer and
by-produciiguansesaignistibied ddhedM Ieasieladn ReBRIc i3 daleaenaiad Hydragarbon, and

more particularly a chloromethane of the formula C1HI1C14." where X is an mte@ger from Ito 3. 25 The
most @reféﬂ@&%ﬁ&h?éﬂﬂ&ﬁ@%@ﬂ%%fﬁﬁ%ﬁéﬁé@@%ﬁ@%ﬁfeL}Fhléf?%}@@e‘ihﬁt eMyeRArbon added

is based orihaRmaLOldedanbialia catalyst, and is preferably such that the molar ratio of the
halogenated hydrocarbon added to the reactor to titanium added to the reactor is greater than 0.1,

preferably betwe@rd snzhpfimeamnis efdbomy milehamsbensid e s sstisar it tharly desirable when
used in copRGiRNHNEAAY S eYRIE MRS VHARIRH REthLRRRNGERIQEHY Iy SR suppresses the

ethane formation, such as Ziegler-Natta catalysts. It is also useful in a reactor producing low molecular
weight pofAYETeEIREE-iPHI S AR BE AAIsdimeraitisHEREAhe fupactviFatRt ot prdssiagicanine
formegions & Hiang vV ROOUO 30 AR IR PRIBS06E3R/ e d efficiency. This invention can

enable moncmer efficiencies of less than 1.015, generally less than 1.01 and preferably less
then 1.006 to be achieved even when employing a space time vield of at least IOOkg/m3/h,
more preferably at least 150kg/m’/h, most preferably at least 200kg/m*/h in each reactor.
By “monomer efficiency” is meant the weight ratio of ethylene + comonomer consumed to

20 polymer produced.

In the case where the catalyst used for the polymerisation reaction is a Ziegler-
Natta catalyst, it is preferred that a single activity enhancer and by-product suppressor is
used m the LMW reactor. An example is a halogenated hydrocarbon, and more
particularly a chloromethane of the formula CH,Cls.. where % is an integer from 1 to 3.

25  The most preferred chioromethane is chioroform, CHCly. The amount of halogenated
hydrocarbon added is based on the amount of Ziegler-Natta catalyst, and is preferably such
that the molar ratio of the halogenated hydrocarbon added fo the reactor to titanium added
to the reactor 1s greater than 0.1, preferably between 0.2 and 1. The use of a halogenated
hydrocarbon is particularly desirable when used in conjunction with catalyst systems

30 where it both enhances activity and suppresses the sthane formation, such as Ziegler-Natta
catalysts. It is also useful in a reactor producing low molecular weight polymer since it has

the combined effect of enhancing activity and suppressing ethane formation. Ethane



Case 00179(2)10 formation adds to the concentration of light reagents in the reactor, thereby making it

more diﬁi%%tgﬁmﬁ}im&jg the concentration of Ciights in the feed to the ﬂa‘}’,f,ﬂ?fﬁh%%\%f‘gg level

requried by the invention. Ethane formation can be particularly significant making low molecular
weight poéﬁ%@lﬁgﬁﬁe\,ularly if hydrogen is preseﬁf? When making low 5molecular weight polymer in
the second reactor it is also particularly desirable to boost the activity of the catalyst since the age of
the catalyst and the high hydrogen concentration both contribute to a reduction in polymerisation

actviy. Helogenaled dyirarathans sueh s anlarolaumean Werelis pipuidss adaybledgacrt. by

boosting activity boost also minimising the contentra s in the second reactor. 10A
preferred tiffecolt teavtontatiligericoncsotitipolyhErisatinfeeifad do phredatbrianhledioy dhedatriuous
tubular co ' ISl t . : i ' %[‘]9 two, for
example f%f?trﬁ ﬁg%z r%%ﬁ%ggg T e%é?ﬁ%%%r%%%%%é%%%ﬁ%éﬁgﬁgﬁ%{r&n%gge us?lgﬂlé Indirect

exchangelwithnaleoulingmetl polypreferedstyowati 1 jdekees suprotriding/aeteaskparlor the tubular
loop rgacwoima;t%yqu}gﬁyggé%@e%m (easiar AR Stk YA ARV ADLBUL ypically I

the range 10-200ma3. It that the polymerisation re rutl e present invention is a

loop reactaftivity Piphsa¢ pedesinaseipiaped ’r_hethéi%‘fﬁﬁ_%@%&t_@rlégé bgﬁn@n Q?J}@Qfmm_ng, preferably
between 3,50, MBS %43 e RIAEST R %Hﬂa&%ﬁ‘&tﬂ‘i%‘ﬁ%@ﬂ%%5%&%9&?095?%@5\9&?}_Of

compositions containing ethylene homopolymers and copo -thylene copolymers typically
comprise &hebbrpiona sishihorfmsirraderiabbinberrihnorbeat gty tvPBgsielRfht, preferably

from 0.5 t&ﬁ%@{gég%goﬁ%%gﬁ%lgp@ﬁgm%%% Ry weight. The alpha mono-olefin monomers

generally employed in such reactions are one or 25 more 1-olefins having up to 8 carbon atoms per

moldéule and no/braattiiag hosref iercgsublespbinr sueh pabymersitions Fypleapasastfsles include
ethylene, pAORYIENE, QNG AL REALIEXE EshBRSAF IR NEdy AR MPELIRS RUEH,2S ethylene and

butene-1 or ethylene and hexene-1. Butene-1, pentene-1 and hexene-1 are pa icularly preferred
comonomees el eepiiEerdpblyasttiatibn e3ampbnBenivoarntntetinesinvention, ahe polymer is a

polyethylepg resiniaving @g%%&ﬁ%&ﬁ@&@@i%‘iﬁ@%‘d%@t 902,304a4 ELOALAEL hankd-to 100 g/10min,

and comprising from 35 to 60 wt% of a first polyethylene fraction of high molecular weight and from 40
to WO 2089fozbbnyricr mpeaigseararading at least part of the tubular loop reactor. The

15 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.

Typical pressures employed in the loop reactor are between 0.1-10 MPa g,
preferably between 3 to 5 MPa g.

20 The process according to the invention applies to the preparation of compositions
containing ethylene homopolymers and copolymers. Ethylene copolymers typically
comprise one or more alpha-olefins in a variable amount which can reach 12% by weight,
preferably from 0.5 to 6% by weight, for example approximately 1% by weight.

The alpha mono-clefin monomers generally employed in such reactions are one or

25  more l-olefing having up 1o 8 carbon atoms per molecule and no branching 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. Buiene-1, pentene-1 and hexene-1 are particularly preferred comonomers
for ethylene copolymerisation.

30 In one embodiment of the invention, the polymer is a polyethylene resin having a
density of greater than 940 kg/m’ and an HLMI of from 1 to 100 g/10min, and comprising
from 35 to 60 wt% of a first polyethylene fraction of high molecular weight and from 40 to



Case 00179(2)11 65 wt% of a second polyethylene fraction of low molecular weight, the first

polyethylepefkagligguepmprising a linear low density polyethylene having 3 8easiy.ehkie 935 kg/m3
and an HLMI oédﬁj gqan 1 g/10min, and the secqnd polyethylene fraction comprising a high density
T L

polyethyle density of at least 960 kg/m3, preferably at least 965 5kg/m3, and an MI2 of
greater than 100 g/10min, and the polyethylene resin. Typical diluents for the suspensions in each
reactor include hydrocarbons having 2 to 12, preferably 3 to 8, carbon atoms per molecule, for

example ljiearalkpRes.sHEhES RIRRaNeHRhUAN oW ARBRa AR heRiR G s PhdRAGNE: alkanes

such as isobutane, isopentane, isooctane and 2,2-dimethylpropane, or cycloalkanes such as

cyclopent&ﬁ@@ﬁd’%ﬁ?&i@ﬁé&?@’bﬁﬁé‘@ﬁ%@ﬂ%ﬁ%l?@é&%ﬂ@f%W@%%&Wﬁ?&%ﬁ}%he diluent
is generally ingriwiiresRestitadheLaialus @ ot abmlansh RAHPRK PR (MG A liguid

aliphatic, cycloaliphatic and aromatic hydrocarbons), at a te%eratgre such that at least 50%

(preferablyial fsasity psdyshuensdigries frpvetinof i deash @ Rdreiny 1 oupiaahly g prattdMarly preferred
as the dilyent,’13]he.ones 3ling:cR0dHiNT 03 @sebenush ialiae menamaers act as the diluent as is

the case in so called bulk polymerisation processes. The slurry concentration limits in volume percent

have been foundliisal sblec L Lt RS RRRERTEIHR) FateReNAG BRe e BREhRIERE and whether

the diluenigis MNprtRFIBECIYVS sliduidRr SURAISEliCRlcRIRPYIRNS MONO Meispariciiasly freferred as
the diluent for propylene polymerisation 20Methods of molecular weight regulation are known in the

art. WherPi@hgezIEg AR ArACTRRE AL RRSRIARe vRi Srata s krnssifurh A s e atalysts,
hydrogeniigpegfatatihe saafe artigheiRveipgsropiassireviastliingensadnwet pispese v alerular

weight. When using chromjum type catalysts, polymerization temperature is preferably used to

reguidte rFSTRITSFREOLRED BIKEYRIMO i s s IpRsRaliane peRtterths SEHSRAIEd from the
diluent in @ﬁ@ﬂ[@fn’%&@ﬁﬁhﬁ%&@@c@ﬂ@% &@g&@&@&@%@ &%ﬁ@@ﬂ%ﬁ%&ﬁ%@ﬂ {QueB4E iﬁdjﬁﬁyde of the

diluent to the polymerization zone with minimal if an)%?purification. Separating the particulate polymer

produced WP HEG ELRATBRE BrdERTRNE RHSTPEAERe AL ik ETERHESIR SLah Batsy 54 method
known in Bus/arigeexampiRiCamm) \\ive eikiané hes@usemeldiseantnup usomitigalsettling legs

such that the flow of slurry across the opening thereof provides a zone where the polymer particles

can settlePFSBHE S RIEFRTRSATHRE GHREAE-or (i) continuous product withdrawal via a single or multiple
withgsawal portsTipsiati0RaIABH6A2 B HEPZOQROGES 66 Gase Ry %R Zhe 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
weight of the diluent and whether the diluent is inert or reactive, liquid or supercritical.
Propylens monomer is particularly preferred as the diluent for propylene polymerisation

20 Methods of molecular weight regulation are known in the art, When using Ziegler-
Natta, metallocene and tridentate late transition metal type catalysts, hydrogen is
preferably used, a higher hydrogen pressure resulting in a lower average molecular weight.
When using chromium type catalysts, polymerization temperature is preferably used to
regulate molecular weight.

25 In commercial plants, the particulate polymer is separated from the diluentin 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

30 use of discontinuous vertical settling legs such that the flow of slurry across the opening
thereof provides a zone where the polymer particles can settie to some extent from the

diluent or (ii) continuous product withdrawal via a single or multiple withdrawal ports, the



location of which can be anywhere on the loop reactor but is preferably adjacent to the downstream

end of a he{igonialsegtion of the loop. The operation of large diameter regstqigilis highsgolids
concentra&g£§q81 lurry minimises the quantit;ié)f the principal diluent withdrawn from the

polymerisation loop. Use of concentrating devices 5on the withdrawn polymer slurry, preferably
hydrocylones (single or in the case of multiple hydrocyclones in parallel or series), further enhances
the recovery of diluent in an energy efficient manner since significant pressure reduction and

vaporisatipr@fdeeoveirt cilibatisyanitesh iheleasingdie soncentiriig phgastyt eomgensable
components, for exam fl%e gw ugh ad%ition.of fresh qr recycle diluent, upstream.of the hydrocyclone is
2 further F5HIBERE BEBARAAGTAPE- BT RGISR ANE FREFHEAbI SRR B g the
concentragiantefsramdimner dadssiiseddorid e mediumprassuic:fash dankity ofMiaere the final
reactor of the mugi lé)e react@rsgzste IS %l:?oo reactor,.thwith rawn, and preferably concentrated,
polymer sRIFRY G BN TERETTESE 4R Bk 55)%%@% Ry ihti6 6 EEOH G HBARATGflash vessel.
Silont ang, 3, mOnOMEr Va0t 1oooveret i the ooy Tach vescel Gan b6 condenges witout
iluent and any monomer vapours recovered | ,
rccomoreCUURR BYFAR RIS e T GG ARG YL £ 205 e pressure
in the prireéfiyidashaerssiig OsieRiHdiR pesanefesabiyiéh 2l MBasgtidhefsetidsdiediried from the
primary flash vessel.are usual{ Lpassed to a se nd;ilr flash vessel to removefOreSiduzl volatiles.
The proceS< SSRGS THE MY AoR I ESi A s R eI Ba 5 SRS R AP B Serms,
pgrticglarl&ﬂhogiezd@ﬁexmdgcfcfasllhﬁZ@ﬁBW%@@ﬁW&E&M&M&@%ig&H&E@m titaniL_Jcrin,
zircqnium or vanadium and from thermally agtivated, silica or inorgani¢ sypported chromium oxide
cataots TR h AT e 0 Ehry B S e GE e AT BB RS ey dervative of a
transition toatahtintpari€usnofiiadsprasendirbioitin medManginiing Axdmalgs of Ziegler-type
catalysts are the.compaunds compyising. a transition metal chosen from groups MB, 1VB, VB or V1B of
the periodic tabl6‘3&,&%‘1‘%%1@9%%‘%ﬁ?r'?f:f 5%31(5 {Srh%?g%%%‘%%ﬁ%g&%‘ffﬂ%ﬁﬂiésrﬁg%?%e‘éffﬁ?ﬁ%o ound with a
compoundy3ddrithe sransititrbigted e iaabalpgenaiadtorepsdesketheibalpgahganeptionally form

e R P A A R DA R D
metafoceats defivastenibyieithas analveqoxanedditiyiaveinivsing agtnimsteseyibashdorexample, in
Cp SO AT IS o RSHTYEE SHAR SR ptct Amons e
magnesiuiihensratipastigibehatmyeidGo denesiylisesiratahi pinedsaitT thastly dra prisinge in
the primary flash vessel is 0.5-2.5 MPa g, preferably 0.5-1.5 MPa g. The solids recovered
from the primary flash vessel are usually passed to a secondary flash vessel to remove
20 residual volatiles. “
The process according to the invention is relevant to all olefin polymerisation
catalyst systems, particularly those chosen from the Ziegler-type catalysts, in particular
those derived from titanium, zirconium or vanadium and from thermally activated silica or
inorganic supported chromium oxide catalysts and from metallocene-type catalysts,
25  metallocene being a cyclopentadienyl derivative of a transition metal, in particular of
titanium or zirconium,
Non-limiting examples of Ziegler-type catalysts are the compounds comprising a
transition metal chosen from groups IIIB, IVB, VB or VIB of the periodic table,
magnssium and a halogen obtained by mixing a magnesium compound with a compound
30 of the transition metal and a halogenated compound. The halogen can optionally form an

integral part of the magnesium compound or of the fransition metal compound.



from 10 to 30% by weight of transition metal, preferably from 15 to 20% by weight, from 20 to 60% by

weight of k@@g@&/g&f&rably from 30 to 50% by weight 10fr9m 0.5to ZQW&,QX)ﬁﬂg[,‘g]@i{lg&ggnesium,
usually frq %@ﬁﬁy weight, from 0.1 to Jleq% by weight of aluminium, generally from 0.5 to
, I

5% by wel i nce generally consists of el[éments 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 15composition: Transition

metal from 8 to 21913@@6’0%9%%%f&%%%ﬁ%ﬁé@a%ﬁ\?{&w%iﬁm&@Qfﬂi&?oﬁ%em from 40
to 70 % by weight Aluminum content less than 5 % b We%’t 20Residual organic content less than 40

% by weidhtPy APSRFa% S8ERRS %%%ﬁﬁ&ﬁaf@z?é@@%atm e BAtAAMitsBIcEmIR/arried out in the
presence gﬁ@ngggggalyst. 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

organoaluminiunf ESAHEIRISIKIEh S Aes RS ET ek /RS BsEIRR I FSAT RIS FF Ut the

periodic taplRaanshatidningxanesRACcH &oaxarapisTweuls Re\oraanpeiENinsRsRmPnds, of
trialkylaluminiums such as triethylaluminium, trialkenylaluminiums such as triisopropenylaluminium,

aluminiunfrGboBHBAEMb- PSS Serais &ra bR Rad it P et fRBESH8no- and dihalogenated
alkylaluminiums sdeh Bstelieghy Uil ChigdaR Pikal WRRHRN TeAe- 8@ diwdsides such as 30

dibutylaluminitun hydride and organoaluminium compounds comprising lithium such as LIA1(C2H5)4.
Organoaldffitiitim compounds, especially those which are not halogenated, are well suited.

Triethylaluminiurt-ancd Ui DL WHISBY AFg0sREs ik Ay FHRUEPRSS OBy weight
2009/030642PCT/EP2008/061366 Case 00179(2)14 .
10 from 0.5 to 20% by weight of magnésium, usually from 1 to 10% by weight,
from 0.1 to 10% by weight of aluminium, generaily from 0.5 to 5% by 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

15 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
Aluminum content less than 5 % by weight
20 Residual organic content less than 40 % by weight
Polymerisations, particularly Ziegler catalysed ones, are typically 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 alununium-carbon chemical bond, such as optionally
halogenated organcaluminium compounds, which can comprise oxygen or an element
25  from group I of the pericdic table, and aluminoxanes. Particular examples would be
organoaluminium compounds, of trialkylaluminiums such as triethylaluminium,
trialkenylaluminiums such as triisopropenylaluminiuni, aluminium mono- and dialkoxides
such as diethylaluminium ethoxide, mono- and dihalogenated alkylaluminiums such as
diethylaluminium chloride, alkylaluminium mono- and dihydrides such as
30 dibutylaluminium hydride and organcaluminium compounds comprising lithium such as
LiAYCyHs)s. Organoaluminium compounds, especially those which are not halogenated,

are well suited. Triethylaluminium and triisobutylaluminiom are especially advantageous.



In"one particular embodiment of the invention, the catalyst employed in the process is a Ziegler-Natta

catalyst, thg yvelght satig of LMW to HMW polymer is from 40:60 to 60:40, gpgl the3RAR¢Ssime yield
(defined 3@@@%—1 ';%tof polymer in kg/h per unit}v lume of reactor) is at least 150, preferably at least

200, most |51r§'ferab least 250. 5The chromium-based catalyst is preferred to comprise a supported

chromium oxide catalyst having a titania-containing support, for example a composite silica and titania
support. A particularly preferred chromium-based catalyst may comprise from 0.5 to 5 wt % chromium,

preferably arount, by P4r6biQM kM o811EEnas Ok 4 68RO TRk PR SEErasl dhedvie gt Rbibe
chromium-containing catalyst. The support comprises at least 2 wt % 10 tit_anium,%;eferably around 2

to 3 wt % fRAKFHETHOrE bratebahha bt R 8- MaVit TR AR adirase 15&r ‘¥ Thromium

containingeaA@lyst theesiyomiyvibRsedBaialyshrayciare anesificiswiacper@aafdrane 200 to 700
m2/g, preferably from 400 to 550 m2/g and a volume porosity of greater than 2 cc/g preferably from 2

to 3 cc/g. CRFARNEMSALEH LR NIRRT IrastidR0: BHSHeIRSR v 21d6skdrY'such organometallic

15 compounds of ghiBiThR btk Rleieirarrase reanphiesa sGppapRUntisceHsasdalkylborons
in which the T}I%I chains comprise up tp 20 carbon atoms. Triethylboron isb{)articula,rl preferred. If

the cataly @ BRTIBY S s 4 AR TORER LR ARRE b YctEPamIP rhpIost L stk tighiihdeny! (TED
Compoun%ﬁfg&ﬁ@%ﬁiﬁfl@ﬂwﬂ@f@yﬁmamf iﬁa&(ﬁémﬂ%m«ﬁﬁ}l&@q&esd earamsm.sqmmﬁe?]t )
comprising, a bis-tetrahydroindenyl compound of the general formula (IndH4)2R"MQ2 in, which eac
i 1 o AR PR RY A GB R h SRR Tt SHOFORBASHORE s m mrdge
which contyiseisat GI-Ea dliyieineragicahia ity geThanippoarcsicaisar Silexameworan alkyl
phosphine. or amine radical, which, hridge is substituted or unsupstityted, M is, g Group IV metal or 25
vanigiumné%ué’é’c?ir e@%&é’&‘é{%@ﬁﬁ%ﬁﬁgﬁ 1 HPS0 e Efggiﬁal#yﬁﬁ%ﬁ’éir%’ N () a cocatalyst
which actiyatdstheacadalyshearapdnenthk sbivhitre talnytreipdenyy aoThothidRiam bassdbstituted in
the same way or diffefently from.one apother at qne or more itigns in the cyclopentadienyl ring, the
cyclohexecm Fﬁtgn?a%'dkﬁvee &f‘@ﬁglrﬁec 8%%%3. gg%ﬁ?s%ﬁgﬁﬁgﬁf’ g?r@(zﬁl &Fﬁgeﬁ?gébgﬁ%%%@hosen from
those of foaMud/XRida wilighopisdhgbogemfeoh-group/ MR fosyglemans Nitaganeand each R is the

same or different and chosen from hydrogen or hydrocarbyl of Eom,lto 20 carbon atoms and v+1 is
the valence BRI E‘T‘%&e tB‘?/SEf‘ﬂ’fg[/%éeg%‘?éB}ér‘iy%}ﬁﬁyPﬁnﬁlf AR B G roups
WO 1300940 8642RCIT ER 20080 6L 236G (2 as crOOfAMP)IHonpasbb ofde:smpoilid asulsh affect
coordination of the olefin manpmer metal M. Substituents on the cyclopentadienyl ring
oreforably TR P RE RJATAAER S AR TIBHE GRORGTIATP AP BUSCENE 2T oLk BIOAIEIR Both
cyclopentpalignylbringsakgreisubstituted. In a particularly preferred embodiment, both indenyls are

unsubstituted. R} is preferably an 5ethylene braijL e which js substituted or unsubstituted. The metal M
T R R S SRR ST oBTTA BT Uime o diferen

is preferably zirconium, hatnium*or

and may betrahlydesoniaoyl] ((THiydrenpobady Paefesibiaingd=P0:carkom atonpsiessadladogen. Suitable

hydrgcarhyls include ary! a;}k |, alkenyl, allcylaryl or.aryl alleyl. Eac s referagl logen. Ethylene

e 6, e SR S B A X T e e S e Y e

bis-tetrahyemembényhdarfipdtag R "MQ; in which each IndH, is the same or different and is
tetrahydroindenyl or substituted tetrahydroindenyl, R" is a bridge which comprises a C;-Cy

alkylene radical, a dialkyl germanium or silicon or siloxane, or an alky! phosphine or
amine radical, which bridge is substituted or unsubstituted, M is a Group IV metal or

25 vanadium and sach Q is hydrocarbyl having 1 to 20 carbon atoms or halogen; and (b) a
cocatalyst which activates the catalyst component. Each bis-tetrahydroindenyl compound
may be substituted in the same way or differently from one another af one or more
positions in the cyclopentadienyl ring, the cyclohexeny! ring and the ethylene bridge. Each
substituent group may be independently chosen from those of formula XR,, in which X is

30 chosen from group IVB, oxygen and nitrogen and each R is the same or different and
chosen from hydrogen or hydrocarbyl of from 1 to 20 carbon atoms and v+1 is the valence

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



Silica supported chromium catalysts are typically subjected to an initial activation step in air at an

elevated aghMatigsdginperature. The activation temperature preferably raqggﬁ]{@%g@& 36,850C, more
preferably 004&5@8@. In the process of the invention, the first reactor of the series is supplied with
a

15catalys 1 talyst in addition to the dilient and monomer, and each subsequent reactor is
supplied with, at least, monomer, in particular ethylene and with the slurry arising from a preceding
reactor of the series, this mixture comprising the catalyst, the cocatalyst and a mixture of the polymers

pdeUC?d s B&%@B%ﬁﬁé}%@ &&Eﬁ&t%&%&nﬁtl%&@ﬁﬁ@&%ﬂﬂ%'&ﬁ@r% RRbLRREeQNd reactor
and/or, if appropriate, at least one of the 20following reactors with fresh catalyst and/or cocatalyst.

However, FiSpresaiapiths fskmairdienghingsrafrpis et admenan-Fio Yot reactor.
WO 2009/93R6448 T (ER2ORSAA1366 (3R A1 49211161 MMRnl1 RIQESSS It iasueing a

multimodal polyethylene in at least two reactors connected in series, in which 20-80wt% of a high

molecular@ Rt AL RN )EsTFR: s hediashisbetis pulsaids fenrebrastdsth ndsrdowhds 8t a low

molegularapgight §:M¥¥)WRamMe s MAdeTiDraysaBRseR I EheecaarNERGRIfBEISIRdRa Ao of the
average activity in the LMW reactor tq the average activity in the BMW reactor is from 0.25 and 15,

where aveFHGERAR AN ERCR SRR rely AHeoRiuh Fash Qg sty istrIt aadm®e reactor
]gkggE/hr)H?[amy%@@@ﬁgn%ﬁmyaim&?dﬂﬁm%im@g%m ?@mﬁﬁezﬂ%& ié?ﬁf}ﬁ!%ée@x!%%ﬁ%ﬁl@“oiﬂs) X
eed rate of cata yst INto reactor r)], residence time bein efined as the mass of the polymer in
the reactdP (KGR Pgﬁt@r@ﬁ]ﬁ ﬁ&%@?}]‘ﬁ'ﬁi i‘ﬂ@’@é’&ﬁfr%ﬁ%ﬁ?}a%g’bﬁﬁ%r@mﬁme of the
second regatglets altleashd B4 slorahlytatiieast et Andirnen:pleierabhiatdeasittimareater than

the valume of the first reactor, %I:l'g the ratio of length to diameter of the first reactor, L/D(1), is greater
thanl(ﬁhat bF §@@6?TEF%¥%§H I5015 S R9Y Yreferably at least 20% greater.

Silica supported chromium catalysts 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

15 catalyst and the cocatalyst in addition to the diluent and monomer, and each subsequent
reactor is supplied with, at least, monomer, in particular ethylene and with the slurry
arising from a preceding reactor of the series, this mixture comprising the catalyst, the
cocatalyst and a mixture of the polymers produced in a preceding reactor of the series. It is
optionally possible to supply a second reactor and/or, if appropriate, at least one of the

20 following reactors with fresh catalyst and/or cocatalyst. However, it is preferable to

introduce the catalyst and the cocatalyst exclusively into a first reactor.



2. Process according to claim 1, wherein the solids concentration in the second LMW reactor, defined

as the ma 85&9'3%?-(5;}‘1“’““ by the total mass of slurry, is at least 35Wt§1&%§5%ﬁ§?59@y between
Lo |

45wt% an 9 or the the ratio of solids concentration in the first reactor to that in the second
reactor is Mam é gg%t less than 1.0, 20preferably’between 0.6 and 0.8, 3. Process for producing a
multimodal polyethylene in at least two reactors connected in series, in which 20-80w-t% of a high
molecular weight (1-111v1W) polymer is made in suspension in a first reactor and 20-80w-t% of a low
moleculargyeigRiéLMW) polymer is made in suspension in a second reactor, in which the solids
concentrafion 1n the second 25LMW reactor, defined as the mass of polymer divided by the total mass

of slurry, i, at leagh 3284 Ranidire e Al RsRYES ik a e R QMR SRE IO Eali Of solids

concentration in the first reactor to that in the second reactor is maintained at less than 1.0, preferably

between OT6geH0TB ik He-SB b ighs Bl feavdehs GEMEE noymgrissradiinat least 30%
and rgore pEaierablyiaklees etk gHeatel. MiRndh e Molwmenefiibe A0 rireadiewapeihgratio of length

to diameter of the first reactor, L/D(1), is greater than that of the second reactor, L/D(2), and preferably
at least 209%84GrBLIRFP RSO PER § 5686 o PREFAID et pibe aver earetisieriy@ectivity in the

LMW reaqteyp Ry esane aciviy RdbryHMAE BRokiadionGdmantk ke Whewmanerage WO
2009/030642PCT/EP2008/061366 Case 00179(2)17 activity in_each reactor is defined as the rate of

polyethylSNETpESAGHE I TITa TR Seactos PEIRFT ARty Retrod il erilisingg madiecrddaithie(molos) x

residencertifpeiNitherRarIqe(hpere) csfeastkaienahaatalysiintetbereaciaidaiboiiresidance time
beinﬁ defined as the mass of the palymer in the reactor (kg)/the output rate of polymer from the reactor
er%%ﬂ

(kg/B. STBrELEHed & fiRd il ralvstint tisirma thdSHierce e hengsisinge first
HMW reagtanis-hasan2itacng evwddsonaie mefsiahly helwessn dawtnanthsrutler 6. Process

according to any preceding claim, wherein the ratio UD(1) to L/D(2) Is greater than 1,5, preferably

greater thEr#3h 2FEEER L SRR A0S SSreRd Ry SRSt it tnBrRAHE Y 18RS o diameter

30% and more preferably at least 50% greater than the volume of the first reactor, and the
ratio of length to diameter of the first reactor, L/D(1), is greater than that of the second
15 reactor, L/D{2), and preferably at least 20% greater.

) Process according to claim 1, wherein the solids concentration in the second LMW
reactor, defined as the mass of polymer divided by the fotal mass of slurty, is at least
35wt%, most preferably between 45wt% and 60wt%, and/or the the ratio of solids
concentration 1n the first reactor to that in the second reactor is maintained at less than 1.0,

20  preferably between 0.6 and 0.8,
3. Process for producing a muitimodal polyethylene in at least two reactors connected
in series, in which 20-80wt% of a high molecular weight (HMW) polymer is made in
suspension In a first reactor and 20-80wt% of a low molecular weight (LMW) polymer is
magde in suspension in a second reactor, 1n which the solids concentration in the second

25 LMW reactor, defined as the mass of polymer divided by the total mass of slurry, is at least
35wi%, most preferably between 45wt% and 60wt%, and/or the the ratio of solids
concenfration m the first reactor to that in the second reactor is maintained at less than 1.0,
preferably between 0.6 and 0.8, and the volume of the second reactor is at least 10%,
preferably at least 30% and more preferably at least 50% greater than the volume of the

30 first reactor, and the ratio of length to diameter of the first reactor, L/D(1), is greater than
that of the second reactor, L/D(2), and preferably at least 20% greater.
4. Process according to claim 3, wherein the ratio of the average activity in the LMW

reactor to the average activity in the HMW reactor is from 0.25 and 1.5, where average



(LID) of the first FIMW reactor is greater than 500, preferably between 750 and 3000, and most

preferably @igatgs ag 800, for example 800-1500. S.Process according tpanyrRhasaeing claim,
wherein t r%%(}(gg@gth to diameter  (LID) of}/tge second LMW reactor is greater than 200,
) ,

preferably nd most 15preferably 250-750, for example 300-550, 9.Process according to
any preceding claim, wherein the average space time yield (defined as production of polymer in kg/h
per unit volume of reactor) in all reactors combined is greater than 100 kg/m3/h, preferably greater

than 150kg/mdihiapstmeiRbrafatahhegraatry Hian2Avanihs BRMEIDREESS agresding to any

preceding claim, wherein the catalyst employed in the process is a Ziegler-Natta catalyst, the weight

ratio of LMSEHE RN/ RAY 1S8R AOBF FORIRTUIE 685 (S BEPE Grah e i denr aiias iaithedassiel as
productiontelpg ymekifatott AgilyRitvel weeRtieagiar) jis-atileast 1hR: Bealeradtyat east 200, most

preferably at Iea1§t 250. 11. Process according to any preceding_claim, wherein the ratio of ethylene

25concentfAEbRATIH RO BIRR Phbsd BT RIdI) e RBMRBTS R SERSNE (HapifeHsastst K&d®r is 5 or
less, prefegably Parclesscesdingrs piefpraklyiRsT Ringssheldn e cosdPesainationanyyeceding

betweon TStAPATLAEHRS VAL S e RPIBE LD HEL ORI oy BYECEAY A, wherein he
temperatwgwafihe first 30reactor is maintai_ned betwe_en 60 and 80C,.a_nd IS prefergbly less than 75C.
L e S e S ST Dy pvetine
2009/030gAHRL HaPLOOS/Eeidid Saser(hiy9(2)18 operating at a pressure and temperature such
that gt least 50mg|%, preferably that at least 80mol%, more preferably. 90mol%, most preferably
95mB6 of the AR EBriSBHOH I LRIFS ERR B RO (HS TR iR 1 SUBEIEr L5, Process
according(loRledfitileAfiwhEleW theaon teptsald thiun theds peabrhbeabiowetn 750 and 3000, and
most preferably greater than 800, for example 800-1500.
8. Process according to any preceding clatm, wherein the ratio of length to diameter
(L/D) of the second LMW reactor is greater than 200, preferably 200-1000, and most
15 preferably 250-750, for example 300-550.
9. Process according to any preceding claim, wherein the average space time yield
(defined as production of polymer in kg/h per unit volume of reactor) in all reactors
combined is greater than 100 kg/m*/h, preferably greater than 150kg/m®/h, and more
preferably greater than 200kg/m’/h.
20 10.  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.
11.  Process according to any preceding claim, wherein the ratio of ethylene
25  concentration in the liquid phase (in mol%) in the second reactor to that in the first reactor
is 5 or less, preferably 3 or less, and more preferably 2.5 or less.
12, Process according to any preceding claim, wherein the concentration of ethylene in
the second reactor is iess than 8mol%, preferably between 1.5mol% and less than 3mol%.
13.  Process according to any preceding claim, wherein the temperature of the first
30 reactor is maintained between 60 and 80°C, and is preferably less than 75°C.
14, Process according to any preceding claim, wherein a slurry containing the

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



5components having a molecular weight below 50 also satisfies the equation Clight, <7 + 0.07(40 -
Tel + 4.4(Rgo %fi/0306@142/CEO, where Clots, CH2, and CEL in this casepgfgtbaeonegpirations of
components havin olecular weight below 50, hydrogen and ethylene respectively in the second
reactor, T&a&eﬁ%g%%égnsation temperature (C) of'said vapour, and Pc is the pressure (MPa g) at the
location where the vapour withdrawn from the flash 10tank is condensed.

operating at a pressure and temperature such that at least 50moi%, preferably that at least
R0mol%, more preferably 90mol%, most preferably 95mol% of the liquid component of
the slurry is withdrawn from the flash tank as a vapour.
15, Process according to claim 14, wherein the concentration in the second reactor of

5  components having 2 molecular weight below 50 also satisfies the equation Cighns < 7 +
0.07(40 - To) + 4.4(P; ~ 0.8) - 7(Cua/Cry), where Ciignis, Crp, and Cp 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

10 tank is condensed.



