SLURRY PHASE POLYMERISATION PROCESS The present invention is concerned with olefin
polymerisation in slurry phase reactors, and more particularly with polymerisation in two or more
reactors arranged in 5series. Slurry phase polymerisation of olefins is well known wherein an
olefin 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 10pressures in the range 1-100 bar& The
catalyst used can be any catal St t |caII used for olef|n oI merlsatlon such as chromium oxide,
Ziegler-Nana or metallocenélijsieteaiiiasn POLYYEETISATION ] sySbms employ loop reactors,
which are of a continuous tubular constructlon comprlsmg at Ieast two for example four, vertical
sections and at least 15two, for example four horizontal sections. The heat of polymerisation is
typically removed G&TR REFEoY X lﬁégf\Xﬁfﬁe bisloiy %ﬁé’&#ﬁﬁ%ﬁ%ﬁ@?&ﬁ@‘%é’ 3¥Fjackets
surroundingatcleastparbofthe tiablaidy oo pelyotensdine: wolumeraheack doops reacigedia multiple
reactor syster .gan vary but is typically in the range 10-200 m3, more typically 50-120 m3. The loop
reactors emp oyed in the present invention are of this generic type. 20Typically, in the slurry
polymerisation protesy ohpsipeltyiensfion eXatmple, itheelingvin tHereactoe with comprise the
particulate palygaer, e lydecarbon dilientis); Gk peneme m;s&%;eﬁéé%'ma%;g@ SRS such as

hydrogen and other reactor additives In particular the slurry will comprise 20-75 preferab 30-70
weight percBht (BEsg sHitheotymanpergheids avepsiuies)eaf Farsearsé polymer and 80-25, preferably

70-30 weight 75perggdhased @ﬂ;ﬁ?@é@&adawgthp&tt&lﬁkiawe@fn%@%dmm§§¢%1w9ﬁre the

suspegﬂmg medium_is the sum of all the fluid components in the reactor and will comprise the diluent,
olefin MbnoPher FAd A 480 e Othere ddn iy B s irrr Paitag rE G Y R 614 vest fire diluent in

particular a dighidpigfirerenomeachiberecthenprincipaldientisandner.divant thesolefin monomer will
typically corpaQarLglgtsz-ZO, preferably 4-10 weight 30percent of the slurry.

Many multiple reactor systems employ loop 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 indivect exchange with a cooling medium, preferably water, in jackels 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 slurry polymerisation process of polyethylene for example, the
slurry 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 shurry will comprise 20-75, preferably 30-70 weight percent (based on the
total weight of the slhury) of particulate polymer and 80-25, preferably 70-30 weight
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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 dilvent can be an inert diluent or it can
be a reactive diluent in particular  liguid olefin monomer; where the principal diluent is an
inert diluent the olefin monomer will typically comprise 2-20, preferably 4-10 weight

30 percent of the slurry,

The shurry 1s pumped around the relatively smooth path endless loop reaction

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



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 2 to maintain acceptable
cross-sectional concentration and solids loading gradients. Slurry is withdrawn from the polymerisation
reactor containing the polymer together with the reagents and inert hydrocarbons, all of which mainly
comprise inert diluent and unreacted monomer. The product slurry comprising polymer and diluent,
and in most cases catalyst, 5olefin monomer and comonomer can be discharged inteimittently or
continuously, optionally using concentrating devices such as hydrocyclones or settling legs to minimise
the quantity ¢¢ fiAUEANEgreERIR Ve thecpodpl epncentigiipn it leoldadtedipalgradidateticHsrths

composition gfithe shnowitadiamniiandhe imabreastanAenends R ey iactors, apart from the

composition of the product 10 actually polymerised in the final reactor: it also depends on the desired
final product, SIS TEALHO AYBREATRATS AP ETRIRIL AP FOBHR ST rabitidesihamay bsesedm

reactors. Thengaction Tosgiinsraauiyed:Hihgiinalreactodaa.alsoadiactpsby.theJaastion
istream reactors, particularl([y tg}eﬁi%pgct of catalyst productivity in upstream reactors on
{ FEath 188

conditiorgs in L{%) ( C
the average Sctivit) BerBHtiAd SGBIH8THRS TSR BHATRBIS 96 SIRBRSHYS! of 15the slurry
composition witheteiynishogre thecfinatingattaranddse Hyarprecessscanditionsiagsecmtedtherewith is

more comple, %}ni e of.a single reactor. . One issue which can affect all of the above
factors is theggleél %%/%Q |zog g??fse\?@%?fgﬁa F%%%%?s?ﬁmarrﬁultiple reactor polymerisation, the second and

any subsequent reé@t@@ﬁi@édﬂt@tbemkgeeeh@i@h,t@memdlmﬁtimn&hhelm}ymmq:nmdy&gm in that
reactor, but alsogf1he BRMELIRIS AR ﬂamstafaﬂf%wésa% SRIIPEFIRLY:AANS 1t 1S logically

desirable to make the second arid subsequent loop reactors larger t However, where a

reactor ¥ stetii¢eBRivaatesd e tad amreresiec atalye dapsads ey Hrderai dieal pradiniuandand/or
metallocene)eroadalyshayRiamnuhere tbe RYerags: activify. efRrodnclioRsatia Lequitedryaries

significantly between reactors under different operating regimes, the ideal 25ratio of sizes for the
reactors in eSGT EERAHIA TEABH Wi FRhEHdRASEP T @f&%@%@%’é@ﬁiﬁ’@ﬁpgﬁ@ﬁ%ﬁ%ﬁhe ratio
of activity in eacpsreaniosasngder onsianty eactigneardiiansalsavaries sioniicantihetueen
Ziegler-Nattadncﬁ%rogprE%am ,Metallocene and/o Ia#e tra?sition metal catalyst s;(/ftem . Finally, the cooling
requirements of the reactors may: e different - 8‘?"8&5%’6’1@?%%‘?8%%06% PREMEERERARES in both
reactorsd ihe dooling B0regqumncmentisiargesbin theffirst reactommivhieseas proasstanadiddaimodal
arrangement, ., iated therewith is more complex than in the case of a single reactor.
One 1ssue which can affect all of the above factors is the relative size of the two
loop reactors. [n a muliiple reactor polymerisation, the second and any subsequent reactors
need to be large enough to handle not only the polymer produced in that reactor, but also
20 the polymer transferred from the previous reactor or reactors. Thus it is logically desirable
to make the second and subsequent loop reactors larger than the first. However, where a
reactor system is designed to operate different catalyst types (eg Ziegler-Natia, chromium
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
25 ratio of sizes for the reactors in each case is likely to be different, making it difficult to
select an ideal size profile. The ratio of activity in each reactor under constant reaction
conditions also varies significantly between Ziegler-Natta, chrominm, metallocene and/or
late transition metal catalyst systems. Finalty, the cooling requirements of the reactors may
be different — for example, when using chromium catalysts in both reactors the cooling
30 requirement is largest in the first reactor, whereas in a standard bimodal arrangement
where the second reactor contains all the polymer made in the first reactor, the cooling

requirement is largest in the second reactor.



where the second reactor contains all the polymer made in the first reactor, the cooling requirement is
largest in the second reactor. We have found that maximum flexibility can be achieved for
systems comprising at least two reactors in series if the two reactors are approximately the same size.
Thus in its first aspect, the present invention provides a process for producing a multimodal
polyethylene in at least two loop reactors connected in series, in which 20- 80wt% of a high molecular
weight (polymer is made in suspension in one reactor and 20-80wt% of a low molecular weight (LMW)
polymer is made in suspension in another reactor, one polymer being made in the presence of the

other in either order¥ ¢ bavgiataiiinbnatisgrmi dbeiGe st man &L IV TSRS tRe dverage

activity in thedzilvi reaatar is bems0r28:a0d llniybere Ayesaaeatlivily dhmragh-reactor is defined
10as the amount of olyethylﬁ%? produced in the reactor (kgPE%/ [ethylene concentration in the

reactor (mol%) x reSEA e it i e LT R b S L R G CPERISES AR PERRRY {g)], residence
time being defiddthadnthe!massabthcaptiynerdndiereeactoctkgihd preekiatjonwalehaipolymer
(kg/hr), and olu .of the, two reactars. diff ess than 10%. 15Generally it is preferred that all
of the velum e S ARG LD Brliych Bach ThBRE St B s than
10%. In sucheadcib8lwisalse bref&médltha_wbighﬁwwmw iSiawr&e?r_n &fmm igeactors, LID,
differs by lesg fhag 1&0{?@?,%}‘}’@}}0f?&‘é’%&h%l&ﬁé%@?&%@@%%fo%s' &V&%%&E more
appropriate for the volume, length and diameter of the reactors employed to vary by more than 10%.
70Usually each of thessbctersfias bl imsrrosiirie gréwteMNaraoni3o hery eeasmemty yreater

than 25m3 apdie pastieyiatgreatesthanSOm3. sTypical 1Anaes ARl RS Apd MmRig, particularly
100-175m3. We have found that by employing reactors of apgioxmately the same size (meaning that

their volime&iftfei BRHRi<H RRAFHOUEICIPIS PSS o ssitatieh Rl os pre aAY RGP
polymerisatioRepeacesses e pleyigdéferenicatalysie and el Whesisationeanditiarsdn order to obtain
multimodal prc;cl%rperrgs%ﬁavin the desired bloc raqtio. Eurtherm e, utflisin .two reactors of the same

size also redliEeS e LELHE S ETHER QoS 1 meq i BT aRaT TS AP BSTRTSRCRSERHE™ BN, that is
to say that therelistsubstantighyyno:gésyian apate-containinfihcads pacecin dhifereacias than
10%.

15 Generally it is preferred that all of the volume, length and diameter of the reactors
employed each independently differ by less than 10%. In such a case it 15 also preferred
that the ratio of length to diameter of the two reactors, L/D, differs by less than 10% as
well, However in certain embodiments of the invention, it is more appropriate for the
volume, length and diameter of the reactors employed fo vary by more than 10%.

20 Usually each of the reactors has an internal volume greater than 10m°, more
commonly greater than 25m” and in particular greater than 50m?. Typical ranges are 75-
200m” and more particularly 100-175m’.

We have found that by employing reactors of approximately the same size
(meaning that their volumes differ by less than 10%), if is possible to operate a relatively

25 wide range of polymerisation processes employing different catalysts and polymerisation
conditions in order to obtain muliimodal polymers having the desirsd block ratio.
Furthermore, utilising two reactors of the same size also reduces the costs of construction.

It 1s preferred that both reactors are “liquid full”, that is to say that there is
substantially no gas- or vapour-containing headspace in the reactor,

30 Typical pressures employed in the loop reactor are between 0.1-10 MPa g,

preferably between 3 to 5 MPa g.



30Typical pressures employed in the loop reactor are between 0.1-10 MPa 2, preferably between 3 to
51IVIPag. 4 Preferably the multimodal polyethylene has a shear ratio of at least 15, generally
between 15 and 50, and preferably between 21 and 35. By "shear ratio” is meant the ratio of the high
load melt index FILM' of the polyethylene to the MI5of the polyethylene. The HLMI and MI5 are
measured according to ISO Standard 1133 at a temperature of 190C 5using loads of 21.6 kg and 5kg
respectively. MI2 is similarly measured but using a load of 2.16kg. The I-LLMI of the multimodal
polyethylene exiting the second reactor is preferably between 1 and 100 g/lOmin, and more preferably

between 1 and 40 gifaTEbLT He protayyiadeditihy!oahesinvberiontis elicohstfor.sasmathyall olefin
10polymerisafion £atelysiSysiams, Rartenallyibaseichpsen Homibe Ziggathpg.calalysts, chromium

catalysts or metalloccne catalysts. Preferred Ziegler-type catalysts are those derived from titanium,

zirconium or YaREdEN 3R HERda B he ChERR Brdenrdmibn ) ol e a diRByERotBanic

supported chrunuan@xidecaiabistzc@netpratertedynaialiaernertyps satalystaatecgycloncntadienyl
derivatives of a trainsgio e(%l, in articular, of titanjum or zirconium. The catalyst e?ployed for
GRS . igh

the polyrierisstith mayoogL BGHAT-RIETSRERAILY i this WECET Y TEFrEFERBH R H3 1256 Tof LMW to
HMW polymer.isigom 40:60 to 60:40. It is also preferred that the space time yield (defined as

production of polymey in.kg/ cubic.metre of reactor) is at least 150 kg/m3/h, preferably at least
200 kg/m3/h, most %?gég?glﬁi;%% fgg%{r%%% O/}%éﬁ}ﬁ%rpe e’f?mi%ﬁzﬁgr% 50 clgrﬁ%ar‘ft%!fip er%:\}”gr%on, the
HMW polyméeiyenadeaiid $08géiison mdhediesndemnsioy haavive Lid/40akyifiedis made in suspension

in the second reactr, et aseriae: o MM Rk G SRlRIE Miny hig,used. Preferably the

amounts of each polymer are 30-70vvi% and 70-30wt% respectively. The following requirements apply

to 25thisemBOgRErEEAR Ca IS SERBoYPAEHU T Brefe didan domehatis ot iiisiieter of the

first 1-11VI1WHeacatah dAR(ks i aieaterthandhaief therseeonctLMVM feactar,ddLi2)n More preferably
UD(]) is at least 20%, /realer than L/D(2), and most preferably at [east 30% ilFgereater. T};picaﬁlél){), the ratio

of L/D(1) to LBZ5ISTgrRataR R £ S THHBSP o YRfarABR; Brelsternamn 2 uahsierss atr (e pitvides a
greater surfageiased peubiti3oahinepphiel isimpiovwdesagiealencoalirg&apacity, as the ability
to cool a rea%g{aiiocmentype catalysts are cyclopentadienyl derivatives of 2 transition metal, in

15 particular of titanium or zirconium.

The catalyst employed for the polymerisation may be g Ziegler-Natia catalyst. In
this case, it is preferred that the ratio of LMW to HMW polymer is from 40:60 to 60:40. It
is also preferred that the space time yield (defined as production of polymer in ke/h per
cubic metre of reactor} is at least 150 kg/m’/h, preferably at least 200 kg/m’/h, most

20 preferably at least 250 keg/m’/h.

In one embodiment of the invention, the HMW polymer is made in suspension in
the first reactor and the LMW polymer is made in suspension in the second reactor in the
presence of the HMW polymer. Any catalyst may be used. Preferably the amounts of each
polymer are 30-70wt% and 70-30wt% respectively. The following requirements apply to

25  this embodiment only. In this embodiment, it is preferred that the ratio of length to
diameter of the first HMW reactor, L/D(1), is greater than that of the second LMW reactor,
L/D(2). More preferably 1/DX(1) is at least 20% greater than L/D{2), and most preferably at
least 30% greater. Typically, the ratio of L/D(1) to L/D(2) is greater than 1.5, most
preferably greater than 2. An increased L/D provides a greater surface area per unit

30 volume, which in twin provides a greater cooling capacity, as the ability to cool a reactor

depends on the surface area available to which cooling can be applied. Generally it is



depends on the surface area available to which cooling can be applied. Generally it is 5 preferred that
the ratio of length to diameter (LID) of the first reactor is greater than 500, preferably between 750 and
3000, and most preferably greater than 800. In multiple reactor polymerisations, the composition of the
slurry withdrawn from the final reactor depends on l?any 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, partictitartyl thet ipaciboffdatatiisbpliaduetivilylin cfxat dasmreeacioiSspritiatavesage activity

otential undgl. AOWPERTLICALIION SBAIIRNS, LIS denstali Ladepiratg hat the majority of the
liquid compohents with e

rawn with the polymer from inal reactor are Separated in a flash tank at a
temperature and pré&ssuwigBactatietthbynesinabene doncensedtjus b bihcebliimgyitthewtrécompression.

The remainngdihis eAmRoRaIanA IRMPYRIRY DI BICSRe AlfRERRIRL N RogePnd flash tank

operating at a lower pressure, and these need to be recompressed in order to be recycled. The

advantage offifialispplyeeaseduRibl isndfereartd e iranedsan drdasiiahind ssadadtastt process, is

that only a smllexepertigmeitheNapasesig Qt%@@%ﬁ%ﬁ%t@%@%@ﬁ@ﬁ%ﬁ%Qé%ﬁ.e@lil@ order to
be recondensed. We haye found that by careful control of the reaction conditions in this MW-LMW

nat oy ; )
embodiment GFTHE IR HPRVERGEH it <h5dEbTEAS B AL PERRARa Ry hiRT prdiurealéPsprocess is
able to be operatedewiiheddishe nedciiarn yetomprassivsel e 200igtidvaparseehin thr dirst flash tank.
This embodimem&of the Qreseg}t invenggfﬁuis Farticular%/%ap licable when the P,o%meqiation catalyst is

a Ziegler-Nafta Catal S e IR P HNE ST O P o ER ARy ASF e pPSEsid 4F RSAEHH kg
polyeth{lenefgwatdb/ttztghefembhigeé dtelithan dimkgrpoly ethiiienefgyadtahesto moast firafetably greater
e i eRel. cataliel LD ASRANTICIalen Sl D SRS SR MEAlRcas coye,
most preferably a bis- tetrah droindenyl (TI-11) compound, t eove?a(ffpro ucﬁwyoﬁ%e process in

this case is preferapiprseibst BriqyPotgetriyhentrecenteisasioprdler ablyipie aterddarrBianpolyethylene/2
catalyst, mOW%ﬁeﬁaéﬂvbgﬁﬁ&tsféé@Qa}é@&%y@mﬂ%&%&%&lﬁ&%&%ﬂﬁggpsﬁiﬁ%ipn catalystis a

mono-Cp metallocene catalyst, most preferably (t-butylamido) (tetramethyl- 30cyclopentadienyl)
dimethy! silaREE PR RSEo3 pRh R B e OB SVt &l Prsa R reitscor ek precdsariaanialchise is
preferably atdersts} kBipolyetheneiheanbsér Rieferaliim pressure flash” process, is that only
a small proportion of the vaporised liguid components need to be recompressed in order to
be recondensed. We have found that by careful control of the reaction conditions in this
HMW-LMW embodiment of the present invention it is possible to ensure that a “medium
pressure flash™ process 1s able to be operated without the need for recompression of the
20 liquid vaporised in the first flash tank.
This embodiment of the present invention is particularly applicable when the
polymerisation catalyst is a Zicgler-Natia catalyst, especially if the overall productivity of
the process is at least 10 kg polyethylene/g catalyst, preferably greater than 15 kg
polyethylene/g catalyst, most preferably greater than 20 kg polyethylene/g catalyst. If the
25 polymerisation catalyst is 2 bis-Cp metallocene catalyst, most preferably a bis-
tetrahydroindenyl (THI) compound, the overal! produciivity 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. If the polymerisation
catalyst is a mono-Cp metallocene catalyst, most preferably (t-butylamido) (tetramethyl-
36 m’- 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



6 greater than 6 kg polyethylene/g catalyst, most preferably greater than 15 kg polyethylcne/g catalyst.
In order to achieve the above ratio of average activities, is preferred that the ratio of ethylene
concentration (in mol%, based on the total liquids in the reactor.) in the second 5 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. In this HMW-LMW
embodiment it is preferred that the actual concentration of 10ethylene in the second reactor is less
than 8mol%, hasedibm: thedetdltuidsdiy thateactorstiimbevdyipreadetitanenisige a satisfactory level of
productivity, itoi§ aé}scri eﬁ%? eCrE{Faﬁi gflat the ethylene concentration is greater than 1.5mol%, preferably
greater than Dhiolos, Concentration of hydrogen in the second reactor is preferably less than
5mol%, more prefetaliyéess spkinBricieho Thebatid afdiyelr egiéritiosethipleraseisasrBreriisly00.5
molimol. 151, g, ﬂ%@‘é&k&%ﬁ@!ﬁ%}@@ﬁ}%% AhLDE NYEOHAR: 1meiaga{mﬂgrgaet5?.?;]mmtgé@0§zﬁthe first

reactor between 60 and 80C, preferably less than 75C, can assist in balancing the activities between

the reacfors &gienéorBspatifirelcHonag apactidss P iiably fbfairee A e BRI SHSHIRYS

concentration,ip.the difgt reacterdahahithéhnSecenst 183G0LIS, MainiaRad AtIass thaarlils preferably
between 0.6 and 0.8, as this also assists in 20maintaining the balance of average activity between the

two reactors Wi ﬁ‘ﬁf@%%i‘?@&ll’ﬁh&&w COneSBHARAT HHABHVRR AN S BORiRTaRY BT invention,
the solids cosgentisiantizdhedinal LMW reactor is at least 35wt%, most preferably between 45wt%

and 60wt% and the sqlid tration.in the HMW reactor.is between 20wt% and. 2550wt%, more
preferably betweenlﬂ %?ﬁ%%%ﬁ@ﬁgggﬁdg go‘ﬁ%%ﬁf?%t%ﬁ%ﬁﬁ%%@% 8%)%}?%%? relative to
the total iveightdéthensharpcindhisdase ikis frefémedtoeont entitt éothil swlidsitrdrsferréd. from the

o P pasend IS G AR SRUING KOG PRIAIINELSRIRING (ARAmPRAMAET oc diuen

stream may be introduced upstream o rocyclone to reduce the proportion of comonomer
transferred toiidc30donvastretm regicwer thus increlsimgedeblersiytortng pewitrer pfoduced in the

LMW concentration of hydrogen in the second reactor is preferably less than 5mol%, more

preferably less than 3mol%. The ratic of hydrogen to ethylene is preferably 6-0.5 mol/mol.
15 In the HMW-LMW cmbodiment of the invention, maintaining the temperature of
the first reactor between 60 and 80°C, preferably less than 75°C, can assist in balancing the
activities between the reactors and the respective cooling capacities. It is also preferred
that the ratio of solids concentration in the first reactor to that in the second reactor 1s
maintained at less than 1.0, preferably between 0.6 and 0.8, as this also assists in
20  maintaining the balance of average activity between the two reactors within the desired
range.
Generally in the HMW-LMW embodiment of the mvention, the solids
conceniration in the final LMW reactor 1s at least 35wt%, most preferably between 45wt%

and 60wt% and the solids concentration in the HMW reaclor 15 between 20wt% and

[
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50wt%, more preferably between 25wt% and 35wt%. The solids concentration 1s the
weight of polymer relative to the total weight of the slurry. In this case 1t is preferred to
concentrate the solids transferred from the first reactor to the second reactor using a
settling zone and/or hydrocyclone. A comonomer-free diluent stream may be introduced

upstream of the hydrocyclone to reduce the proportion of comonomer fransferred to the

Lad
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downstream reactor, thus increasing the density of the polymer produced mn the LMW

reactor.



reactor. 7 In a preferred version of this HMW-LMW embodiment of the invention, a stream or
slurry containing the multimodal polyethylene is transferred from the second of the two reactors to a
flash tank operating at a pressure P and temperature such that at least 50mol%, preferably that at
least 80mol%, more preferably 90mo1%, most preferably 595mol% of the non-polymer or liquid
component of the stream or slurry is withdrawn from the flash tank as a vapour. In this embodiment it
is preferred that the concentration in the stream or slurry entering the flash tank of components having
a molecular weight below 50 g/mol, Clights (mol%), satisfies the equation: Clighis < 7 + 0.07(40 -+
4.4(P, - 0.8) - 7(CHIH By lwinet e cTsiand Phiaid Yo paetiVehntheitempefabaien:Ghanepressure (MPa
g) at 10the logafian Wete:Hig vaRauiidrawD o g taslilank Incondensed, apg.Clpand CEA
are the molar concéntrations’in the flash tank o t?1ydrogen and ethylene respectively. Re Invention
assists in acHiaierg this i nemg it s ettt rndiaipe iithewbdbaditéestor. It will be

understood thakistpetingaanc easiosmEnlEn R ATk obRRIySIRAIOR: aggrdless of which

polymer is made in which reactor. 15Preferably the concentration of components having a molecular

weight blow SHTH IS SF ORI M ROt taksEeBhEiIBEDY Eothsammgiteet

concentratiorhin‘th segand: reactar LAcao einghi-ids preferead that.thenconseairaiion in the second

reactor of component havi‘r%%; a mgle 6{% w@ﬁig t below 50 also satisfies the equation Clights C?
0.07(40 - + £ATPP 208 PACTAHCE WRTETightS ERS Hnt B FthleLie srertrhelow 50
20concentragions of ganipotiéhtsahsfitagha enoktioutal weight-belowB0, hydragen.angsthylene
respectively intheseco nd P, and T, are as previqusly.defined. More pref abgl the
concentratiorzra of boér%)gbﬁgét%sa%f %‘enﬁ%sl%%cﬁjlger%v%e}%%t e{)"l(\)}vm;:ﬁ3 ht eagggé%séul%e@%ﬁis};ﬁte same as
the contentritidacstieniipriadhrsy irnring ithtetectizn Weidhtbelon S edtesidg theFlasmtadk. 25It is

generally pf%i%@%@%%@éw&%%ﬁpﬁ&&ﬁ&&mmﬂ%?@g@ﬂ %4 @%ﬁ%@%&pecﬁvely. The

inventfion assists in achieving this by minmimising the concentration of Ciigns 1 the second
reactor. It will be understood that “first” and “second” reactors refers to the order of
polymerisation, regardless of which polymer is made in which reactor.

15 Preferably the concentration of components having 2 molecular weight below 50 in
the stream or slurry entering the flash tank is controlled by controlling that concentration in
the second reactor. Accordingly it is preferred that the concentration in the second reactor
of components having a molecular weight below 50 also satisfies the equation Cygnes < 7 +
0.07(40 - Tj + 4.4(P; - 0.8) - 7{Cyso/Cr) where Ciigns, Criz, and Cp, in this case are the

20 comcentrations of components having a molecular weight below 30, hydrogen and ethylene
respectively in the second reactor and P¢ and T, are as previously defined. More preferably
the concentration of components having a melecular weight below 50 in the second reactor
is the same as the concentration of components having 2 molecular weight below 50
entering the flash tank.

25 [t1s generally preferred that the concentration of components having a molecular
weight below 50 satisfies the equation Clignts < 6.5 -+ 0.07(40 - T,) + 4.4(P, - 0.8) -
T{Cux2/Cpy) where Ciignts, Ciz, Cre, Pe and T, are as defined previousty and refer either to the
second reactor or the flash tank depending on the particular embodiment of the invention.

In this embodiment of the invention (“HMW-LMW?™), it is preferably ensured that

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

satisfies the equation Cygns < 7+ (0.07(40 - T.) + 4.4(P. - 0.8) - 7{Cy2/C.) by ensuring the

ratio of the average activity in the second LMW reactor to the average activity in the first



weight below 50 satisfies the equation Cloth <6.5 + 0.07(40 --E 4.4(P, - 0.8) - 7(CF2/CF.,) where
Clights, Cii2, C21, P, 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. In this embodiment of the
invention ("HMW-LMW"), it is preferably ensured thgt 30 the concentration of components having a
molecular weight below 50 in the second reactor satisfies the equation Ciights <7 4" 0.07(40 - Te) +
4.4(P, - 0.8) - 7(Cin/CD) by ensuring the ratio of the average activity in the second LMW reactor to the
average activity in the first 8 HMW reactor is from 0.25 and 1.5. Average activity is typically higher in
the first reactdd{Whieseter Eofolyas isndsudl i rerade toiobaintipectiivitichrodutity firaireadiee second
reactor (wheyg, g.homgpolymen is.usialnmede o aRaindRed- MV RIgdsyand e ave found that as

a consequence the ratio of average activities between the reactors has to be 5controlled within these

ranges in ord&PISTCOItFER i EHEbATIH S ORIy Al eblaRtdinivES srshgetrdor s THEaverage
activity in eaghurRiasiRRis: definaf @xihe Al mebethienaRioducechin thedaastardkgBE/Mr) /

[ethylene concentration in the reactor (mol%) x residence time in the reactor (hours) x feed rate of
catalyst fhto ﬂ%@%@%%ﬂf&%?ﬁ?ﬁ? FS SR BTER (ataf/Stis e FaBErRy tHarseClbrd readRhihEn
calculating theaatiodDetaverdge actvides ihifiovedaiecatcatalystivdhe twedeagtors is considered to

be the same. If additional catalyst is,added to th ond reactor, the flow rate into the second reactor
o consicored 5 B CP AP A f e ST A 0 o B PPl GBER DLk Bha Roirte o
additional freshotalatyetiddued idiecthéintadhe Seoond feattere Alterabtivelyg tetivitytin each reactor

may be calcylgied hasedofisalaliabiasliends ibepolinerdopioduesd nenchiencian as is well

known, and the activity ratio calculated from t ~ The residence time Is defined as the mass of the
polymekin thef rraaest (Kgyitis BatParrede of pripjimeinfioniwiee sedetois (kykiderrd sodws@svhere polymer

is recycled bagkdnio, @G Ac 0k« [k exaTRRA YhERaIMIEAEY AR 8 e MRlAYRARlowpsHeam of the

reactor, the output rate of 1%olymer is the net qutput rate (ie polymer withdrawn less polﬁgéer
20recycled). "S2StE IS GRARETRA P the (Bretii 8l hadlPBras oiagt hetitipdha Bsyrseoeahisdhtration ratio

between the fvorteactostindhe FMVVLANY aabodirantitésirossinle te.achiave-high.euerall space
time yields (defined.as production of %olymer in ka/li %er unit volume of reactor) and activities whilst

still observingtha &l FERUTFETHENIS OF THE P BARES P ThefiE Y S s AR oY Rdrage space time
yield in &l repetdrsedambicieckmay, he maisitdinednatgiepiar thern 100 kgknBidd fmargiRreferably

greater than 150kv%%'§4@$i§grgc&g§£ srgfe?{nae%l%sgtﬁ%azglee{sy}}%%%%k%@r%the reactor (kg)/the
output rate of polymer from the reactor (kg/hr). In a case where polymer is recycled back
into the reactor, for example when a hydrocyclone is employed downstream of the reactor,
the output rate of polymer is the net output rate (ie polymer withdrawn less polymer
20 recycled).

By maintaining the preferred ratio of average activity and ethylene concentration
ratio between the two reactors in the HMW-LMW embodiment, it is possible to achicve
high overall space time yiekis (definad as production of polymer in kg/h per unit volume of

reactor) and activities whilst still observing the Cyins requirements of the invention in the

I~
LA

flash tank. The average space time yield in all reactors combined may be maintained at
greater than 100 kg/m’/h, more preferably greater than 150kg/m*/h, and most preferably
greater than 200kg/m’/h.

Alternatively, the LMW polymer 1s made in suspension in the first reactor and the
HMW polymer is made in suspension in the second reactor in the presence of the LMW
30 polymer. The following requirements apply to this embodiment only.
In this embodiment, it is preferred that the ratio of length to diameter of the first

HMW reactor, L/D(1), is greater than that of the second LMW reactor, L/D(2).



Alternatively, the LMW polymer is made in suspension in the first reactor and the FriVIW polymer is
made in suspension in the second reactor in the presence of the LMW 30polymer. The following
requirements apply to this embodiment only. In this embodiment, it is preferred that the ratio of
length to diameter of the first 1-1MW reactor, LID(I)gis greater than that of the second LMW reactor,
L/D(2). 9 This embodiment of the present inverition is particularly applicable when the
polymerisation catalyst is a Ziegler-Natta catalyst, especially if the overall productivity of the process is
at least 10 kg polyethylene/g catalyst, preferably greater than 15 kg polyethylene/g catalyst, most

prefelrlably greatelr tinaR &ﬁwiﬁmyegllﬁyﬂer;_ﬁégeﬁatﬂ:]mﬁdﬁ ﬁﬁ@ﬁ;?ahyﬂgr@@ﬁ@ﬁbl}%éaiﬁﬁtm a bis-Cp
metallocene ¢ tg St, most prefera V.a S-_ ral 1f0]] en . . (_)mpo the ratio o average
i e B e Pl BB R L oo
1.5 and 0.25§fanmm5dveté¢lapré@|M@Mty@lﬁ&kwq@gwaéssmmmgegmmmw ktleast 3 kg
polyethylened caiahvst- Riafeiobi-plagierlhan %#é&t&‘%%‘%'ﬁ?f@y%%ﬁ?l¥§%/£%%§1§’§t‘?ﬁﬁ‘ﬁ%@'y greater

than 1015 kg polye hylene/g catalyst. It the polymerisation catalyst is a mono-Cp metallocene catalyst,
most preferaBNyTRBLBHEREE) (tetidisth-mslabepaatald byt st sifhetitanium -n4-1.3
-pentadiene itheratioipiane g ANy IR 3860 0¢ HMWLILALIR) 1A AYeLRERaE MY in the first

LMW reactor is preferably between 1.5 and 0.25, and the overall productivity of the process in this
case is prefefdhifat BEELE E@tﬁéﬁ%é‘ﬂﬁﬁ}%ﬂ@}d“%%raﬁ%ﬂ%ﬁ SRRl graastharr ik PoRisthylenelg
catalyst, moshpoetesaipsgreates hamd sréepaly athylenakpeatalpst. at ledgt Oneerdnaahienedhe above
ratio of avera tGIaCttiVi?/ it jbﬁ(rreferret th%t the @tit of ethylen concentragonkﬂn mol%r) In the second
reactor to that T ihe Hr e FeRcar 15 B 1es5E RROLT BraTar uie Heth BRI BIRALENE &SI ¥ hatio and
ratio of dverdgecaotiytyiR0regjpiveinieritd Gie patisfiedsttgetives] RBreferablyths ratiolbicetlaylene
concentration in,the second reacto hat in the first reactorsis 3 or less,. and, more preferably 2 or
less. In tﬁ?éaﬁ\s/l%\%wfé%a@goéﬁggﬁﬁ |§dB$Z}%%F§n %ﬁ%{ff?hécgﬁ%fﬁﬁnéao%?é }ré %%t%& ethylene in the
second reactinistesstham 8nb erbasec ahdheitosdbliquigtsainiths teantorHOWEVENirearder to
ensure a satj[sfactor Ievel.,pf .%r%%%crtlv %%&1%& Is r.??%rgaé%r_ %hagll_l r};lgl%. The

0 Zverage aulivi i X’I{%/I“? aé%(:)oz* rﬁ{% r5 .
ethylene concentration is preferably Betiveen 2 and Srmor (e CSRcertration o hydrogen in the

second reactoeisippefarabiyticstitltamGse o m erecpraferaiyliessithsr’ 3Epoldethylene/g
15 catalyst, preferably greater than 6 kg polvethylene/g catalyst, most preferably greater than
15 kg polyethylene/g catalyst.

In order to achieve the above ratio of average activity, it is preferred that the ratio
of ethylene concentration (in mol%;) in the second reactor to that in the first reactor is 5 or
less, Most praferably both ethylene concentration ratio and ratio of average activity

20 requirements are satisfied together. Preferably the ratio of ethylene concentration in the
second reactor to that in the first reactor is 3 or less, and more preferably 2 or less.

In this LMW-HMW embodiment it is preferred that the actual concentration of
ethylene in the second reactor is less than 8moi%, based on the total liquids in the reactor.
However ip order to ensure a satisfactory level of productivity, it is also preferred that it is

25 greater than 2mol%. The ethylene concentration is preferably between 2 and 5 mol%. The
concentration of hydrogen in the second reactor 1s preferably less than 5mol%, more
preferably less than 3mol%.

It is preferred to balance the activities between the reactors and the respective
cooling capacities by maintaining the temperature of the first reactor between 70 and

30 110°C, preferably between 80 and 100°C. It is also preferred that the ratio of solids

concentration 1 the first reactor to that in the second reactor is maintained at between (.8



It is preferred to balance the activities between the reactors and the respective cooling capacities by
maintaining the temperature of the first reactor between 70 and 30110C, preferably between SO and
100C. It is also preferred that the ratio of solids concentration in the first reactor to that in the second
reactor is maintained at between 0.8 10 and 1.2, alt ferably between 0.9 and 1.0, as this also assists
in maintaining the balance of average activity between the two reactors within the desired range.
Generally in the LMW-HMW embodiment of the invention, the solids concentration in each reactor is at
least 35wt%, most preferably between 45wt% and 555wt%. The solids concentration is the weight of
polymer relative t2thectotabiydight-of the sldrry, o this gasasiiissprafeimesd th cancentate the solids

transferred from the first.re cor to H‘e second reactor, u&;n% a.sedttlin zone and/or hydrocyclone. A
ge achivity between the. two reactors witlun fhe I

hydrogen-fre%vceil uent stream may be’introduced upstream of the h?/ %’cyclone to reduce the
proportion of hydro§enaraiste thed fd MeddWnsttesiimeeacfaheltrigemost, refetiéd to flash or

actionate 10the liuensaasieustlp (0 neosd/dAMIN [easigr ulioRuglong i qider to minimize

the hydrogen transferred to the downstream reactor. na prefe rea version of this embodiment of
the inverttion CrWIRMANIYs sossenrmtion dihy vostaipling trechialaivedatipolyainytéshs if thensferred
from the seceng:of theiwnadeastarsfaadiash Rek-QReRng &l fRLessU S5l IHReiatyre such

that at least 1550mol%, preferably that at |least 80mol%, more preferablﬁ 90mol%, most preferably

95mo1% of tifehibiFBN FIAT o WRiGRACSHIBSHEHE SRH Sdany dPRfurfyhEdingsar &imdFssithe flash
tank as a vapausntig prefenphlyeaswed thod the soncepbiatiomintiesshi prapierngthe flash tank of

components lbyad\{on natrrgz?slret%gg E&yvtgieg gxapr?gggvarg()re {:rtrc]g It is most preferred to flash or fractionate
10 the diluent transferred to the second (HMW) reactor hydrocyclone in order to minimize the
hydrogen transferred to the downstream reactor.

In & preferred version of this embodiment of the invention (“LMW-HMW™), a
stream or slmTy containing the multimodal polyethylene is transfeired from the second of
the two reactors to a flash tank operating at a pressure P and temperature such that at least

15 50mol%, preferably that at least 80mol%, more preferably 90mel%, most preferably
95mol% of the non-polymer or liquid component of the stream or sturry is withdrawn from
the {Tash tank as a vapour. It is preferably ensured that the concentration in the shury
entering the flash tank of components having a molecular weight below 50 g/mol, Crigas
(mol%), satisfies the equation: Cygns < 7 + 0.07(40 - To) + 4.4(P. — 0.8) - 7(Cy2/Cry) where

20 T, and P, are respectively the temperature (in °C) and pressure (MPa g) at the location
where the vapour withdrawn from the flash tank is condensed, and Cyy and Cg, are the
molar concentrations in the flash tank of hydrogen and ethylene respectively, by ensuring
the ratio of average activity in the sccond HMW reactor to average activity in the first
LMW reactor is from 1.5 to 0,25, The average activity in each reactor is as defined above.

25 For both of the above embodiments of the invention (HMW-LMW and LMW-
HMW), additives to enhance average activity may be added, preferably to the LMW
reactor. Equally by-product suppressors may be added, preferably to the LMW reactor.
Additionally or alternatively, further catalyst may alse be added to the second reactor in
order to control the average activity balance. When operating HMW-LMW configuration it

30 1spreferred to avoid the use of an activity enhancer in the HMW reactor and in LMW-

HMW configuration it can generally be avoided, however can be used to minimise the



(mol%), satisfies the equation: Gijon, < 7 + 0.07(40 -4.4(Pc - 0.8) - 7(C142/CEt) where 20T, and P, arc
respectively the temperature (in C) and pressure (MPa g) at the location where the vapour withdrawn
from the flash tank is condensed, and CH2 and CEt are the molar concentrations in the flash tank of
hydrogen and ethylene respectively, by ensuring thg, ratio of average activity in the second HMW
reactor to average activity in the first LMW reactor is from 1.5 to 0.25. The average activity in each
reactor is as defined above. 75For both of the above embodiments of the invention (HIVIW-LMW and
LMW- HMW), additives to enhance average activity may be added, preferably to the LMW reactor.
Equally by-prodemtisdippressommey tegadded fpréfdfsiblyacchellbid Wheasthie Additioaatly or
alternatively,dfégﬁgqﬁggﬁgl%? Y-850 e added to the second reactor in order to control the average
activity balancé. When opérating HMW-LMW configuration it 30is preferred to avoid the use of an

activity enhancer inl#al BENIOesREt ok Hivd Reninv-oanbaredrfighedtiventianis §eherally be avoided,
however canBg:siseckipdripigiise g o1 haansantationpf manprRiss e ied;in the HMW reactor.

This reduces the downstream del%?ssmg energy requirements. In all embodiments of the
invention, oS BEFEHRIGH (Bl EhAL o Pr e HA O PHIITE A8 A6 T ere FOPERETaERN AR sl ke, space
time yields andscaolingidmeusane rdsoniist, atihesamedimemininising fneis4asaregntration in
the flash tank so as to avoid the.need tq.recompr leads tg improved efficiency. This invention can
enable monoerrﬁa:egrlee?ﬁ%?é)ﬁlcﬁre% f ﬁ%%%%ﬁ#f?o%g géjérgﬁﬁ}q’@gg%%t%i'%8”&8?8#‘38%”4%55then
1.006 to be aioticvedbevdn whenemployingaespdoeitimesyett afayiedst H00kglMBle/mdte preferably

atleast 150kg i3, mas! BIaleieblyal lesst 200KIMBILL I eachacion A0 By tmonomer efficiency”

is meant the weight ratio ylene ="comdnomer consu to polynyer produce ““Ify the case
where tHe catalysrusswrtefinepolymarisatits reaghiontis alZibyleriattarcatalyst, dtisiprefewred that a
single activity g apg, by-product suppressor is used in the LW reactor. "An example is a
halogenated hydrocarbon, and more 15particularly a chloromethane of the formula CH"C14, where x is

an integer from 1 to™3 Baf@shddicE de rea v vrehiernibnadbesrdionTeacioa isz Firglamount of

halogenatedhygregarpanaddestisbesadamte aRmauntohZieolen Nalta eatalysh,angis preferably
such that the molar gat%tbe halogenated hydrocarbon added to the reactor to titanium added to the
R o' il

reactor is gréaterin WHETHERIT 5.2 es ey sr i aSyERated

15 particularly a chloromethane of the formula CH,Cly., where x is an integer from 1 to 3.
The most preferred chloromethane is chioroform, CHCl;. The amount of halogenated
hydrocarbon added is based on the amount of Ziegler-Natta catalyst, and is preferably such
that the molar ratio of the halogenated hydrocarbon added to the reactor to titanium added
to the reactor is greater than 0.1, preferably between 0.2 and 1. The use of a halogenated

20 hydrocarbon is particularly desirable when used in conjunction with catalyst systems
where it both enhances activity and suppresses the ethane formation, such as Ziegler-Natta
catalysts. It 1s also useful in a reactor producing low molecular weight polymer since it has
the combined effect of enhancing activity and suppressing ethane formation. Ethane
formation adds to the concentration of light reagents in the reactor, thereby making it mare

25 difficult to maintain the concentration of Ciignis In the feed to the flash tank below the level
requried by the invention. Ethane formation can be particularly significant when making
low molecular weight polymers, particularly if hydrogen is present. When making low
molecular weight polymer in the second reactor it is also particularly desirable to boost the
activify of the catalyst since the age of the catalyst and the high hydrogen concentration

30 both contribute to a reduction in polymerisation activity, Halogenated hydrocarbons such
as chloroform can therefore provides a double benefit, by boosting activity boost also

minimising the concentration of Cygysin the second reactor.



20hydrocarbon is particularly desirable when used in conjunction with catalyst systems where it both
enhances activity and suppresses the ethane formation, such as Ziegler-Natta catalysts. It is also
useful in a reactor producing low molecular weight polymer since it has the combined effect of
enhancing activity and suppressing ethane formatign. Ethane formation adds to the concentration of
light reagents in the reactor, thereby making it more 25difficult to maintain the concentration of Cha),,,
in the feed to the flash tank below the level requried by the invention. Ethane formation can be
particularly significant when making low molecular weight polymers, particularly if hydrogen is present.
When making low ribtauatasweighdipalimer invindseaprickyéattopitisualsompditivufaditidesirable to
poost the actii ghibe fatalysalips AtATR LARE FalAY NG IhE BN TggRm encentration
30both contribute to a reduction in polymerisation activity. Halogenat ydrocarbons such as
chloroform céfftABrefsieBravidedraiogbis Hensmtable bawsnny tictian ot ldkobmimaisiting the
concentratiopefctlidy ioth® Sa6QY B§aR: ¥ér exarhPR %ﬁﬁﬁﬁgﬁp[%ng/t@é@ﬁtinvemion applies to

the preparation of compositions containing ethylene homopolymers and copolymers. Ethylene
copolymers typically EtRBIALEBAS GBI SIHHE ST S BRI R SHAHTERT HORICH TaRcr@ach 12% by
weight, preferaly feosiQ. bda:60rby weightnfaoexgrmnie RpRIOXHD atelyh%hiky waighthdThe alpha
mono-olefin Mo ers generally emplo in such reactions are one or more 1-olefins having up to 8
carbon atomgg)blgferrg%@c%f‘g ghecfy 3 %Bﬁ%ﬁdﬁ%’dcﬁgg’f@?ﬁe@ Hifdb%% RN WE A GEiBR: Typical
examples ingludenethylierns)sptopylenenbitend-thiycrienet ahakeneae add ocient o, cangdamixtures

such as ethylene and butene-1 of ept and hexenc:1. Butene-| pentene-1 and hexene-1 are
e 10for et A

) %laen%— ar)fu gxchie~ 1 dre particuidrly prf: corrgmamers
particularly preterred comonomer$10for ethylene copolyrnertisation. n one embodiment of the

inventidf, thé&pelyuciscappipetiagisne resin having a density of greater than 940 kg/m3 and an HLMI
of from Ito 100 g/1Gmin.apAsamBrising.rameaade R yikmel & irshRalvsHaylens fiacsiap of high

molecular weight and from 40 to 65 wt% of a second Eol ethylene fraction of low molecﬁ'liar weight, the
first polyethyfERE" S &6 LB BHETHA Hvd e ke RSP BdIye tHASH EORHDIng hraamsigss up to 935
kg/m3 and apddl Ml eidessthan.liaflminnend e sreanchpalyetviane fagtion semprising a high

density polyethylene having a density of at least 960 kg/m3, preferably at least 965 kg/m3, and an MI2
of greater thgtg%gé G/ RN ARSI SRS HORS T LSihmplrshial distahd Yo PiRePe &Bns in each

reactorlificludechydrasaphieng havieg ROGidRipreferabiye3ddaRicasrnaipors:pes meleeme, for
example "nea%rdaﬁ"n( %.Isgﬁgs%§han 1 g/10min, and the second polyethylene fraction comprising a
high density polyethylene having a density of at least 960 kg/m®, preferably at least 965
kg/m®, and an MI; of greater than 100 g/10min, and the polyethylene resin.
Typical diluents for the suspensions in each reactor include hydrocarbons having 2
20 to 12, preferably 3 to 8, carbon atoms per molecule, for example linear alkanes such as
propane, n-butane, n-hexane and n-heptane, or branched alkanes such as isobutane,
isopentane, isooctane and 2,2-dimethylpropane, or cycloalkanes such as cyclopentans and
cyclohexane or their mixtures. In the case of ethylene polymerization, the diluent is
generally inert with respect to the catalyst, cocatalyst and polymer produced (such as liquid
25  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
30 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 reaciive, liquid or supercritical,

Propylene monomer is particularly preferred as the diluent for propylene polymerisation



propane, n-butane, n-hexane and n-heptane, or branched alkanes such as isobutane, isopentane,
isooctane and 2,2-dimethylpropane, or cycloalka_nes such as cyclopentane and cyclohexane or their
mixtures. In the case of ethylene polymerization, the diluent is generally inert with respect to the
catalyst, cocatalyst and polymer produced (such asdiquid 25 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 slutfytbefceriatrsAl fnia shi sexdilivrspelkserthavbeseenfoemesteebasdite to be
applied indepgndenth afnlesy IRIduRia01 1 %QMH@H{@@%@@M@@%&W&inert or reactive,
e

liquid or supercritical. Propylene monomer is particularly preferred as the diluent for propylene
polymerisati8F erab LAt A< S0 ORIV ST F S GRS bR RHAVIHCHEh B Al AR 8FF i8ing

ZieglerNattaymetalioseaeanthiideataie ki, thansition metakiypecatalysierbyerogean i preferably

used, a pigher h}/dr?rgein pressure resulting in a lower average molecular weight. When using
chromium tyﬁeé‘gucgji% yg & p{%liy‘/’vrﬁ‘i ization temperature is preferably used to 5Sregulate molecular weight.

In commercial plants ctienpactdylatep diypetisiseparated:-fromptredi Gent inealinanniersuch that the
diuent is not exposed iacontaminalion o9 ssio pemittecyels;of e dilentlg ine polymerization
[ Pngt f i p?o%ce(f b

zone with minimal'if any purification. Separatfng the particulate polymer y the process of
the present ithesitidm thope trecditaeat 20ty picdlipsandbél byyanyificetiod [Repevatinetthe art for example it

can involve eiRes )41 Sl iscTAHBL Eat SRR IRgR R g sury across

the opening thereof provides a zone where the polymer particles can settle to some extent from the
diluent 8t (i) BIRHAUEAISIE B aRY WRHGRRR Rl gidB eHmpet wath el §B1es (thi&focation of

which can bearywhess:endheJoereasindubispetarably adiasenuiptheds gam end of a
horizontal section of the loop. The operation of large diameter reactors with high solids concentrations

in the slurry MTFRRTREY SRS AGaRtRAGT HReMhERFAPAERT GRAAFARVA fORT IEROlARei€ation loop. Use
of concentrafihgaeri¢escont e wd thadmonpolyanes Sy rysipreforably el raeylones (singlener in the

case of mulgle ycPCYEINISR B DRIk oL REioRl VIR USRI respvery o luentin an

15 downstream end of a horizontal section of the loop. The operation of large diameter
reactors with high solids concentirations in the shirry minimises the quantity of the
principal diluent withdrawn from the polymerisation loop. Use of concentrating devices
on the withdrawn polymer slurry, preferably hydrocylones (single or in the case of multple
hydrocyclones in parallel or series), further enhances the recovery of diluent in an energy

20 efficient manner since significant pressure reduction and vaporisation of recovered diluent
is avoided. Increasing the concentration of easily condensable components, for example
through addition of fresh or recycle diluent, upstream of the hydrocyclone is a further
means of enhancing the operating window of the final reactor and reducing the
concentration of monomer depressurised to the medium pressure flash tank.

25 Where the final reactor of the multiple reactor system is a loop reactor, the
withdrawn, and preferably concentrated, polymer shurry 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.

30 They are typically then recycled to the polymerization process. Typically the pressurs in
the primary flash vessel is 0.5-2.5 MPa g, preferably 0.5-1.5 MPa g. The solids recovered



20efficient manner since significant pressure reduction and vaporisation of recovered diluent is
avoided. Increasing the concentration of easily condensable components, for example through
addition of fresh or recycle diluent, upstream of the hydrocyclone is a further means of enhancing the
operating window of the final reactor and reducing the concentration of monomer depressurised to the
medium pressure flash tank. 25Where 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 conseduendkegf therinfesitivesstherdiveriapdmdyaasaomérydpouresedduessdin the primary
flash vessel can he.copgdensed without recompression. 30They are typically then recycled to the
polymerization process. Typically the pressure in the primary flash vessel is 0.5-2.5 MPa g, preferably
0.5-1.5 MPa g. Thé€$&lfdsTretnlnsrad 1nd hopreine smuvy fAieesmes pseleaied detiedh/ipsssed to a
secondary flaghevessehipfemove residual volatiles. Ziegler, metallocene and chromium catalysts
are most preferred for use in the present invention. 5Non-limiting examples of Ziegler-type catalysts
are the RompoundS BB EHEE S TFRISIf6 A Aot BHoH PR G B FARACEPSS RPBIPUBTH 4/1B of the
periodic tablesntitignesiuicaadahalogenRtas) et byVBixNg @ aragagsiimcampound with a
compound %tgectsgg%sia% na%g{t)aggré a ha%l%genated com%und. The haloggen can optionally form an
integral part 8ttha AgheS A Es A p ot o SR E # A NEE HIB G BBHB S A 36%%%%‘8 ene-type
catalysts may the metafiioreres activateddopzithesrapoatuhibxaha cpeby anphisiily dgentas described,
for example jn &t 5008444 (MilsuiToalsu Shiemicals). The shigmim-based,catalyst is preferred to
comprise a supporte chromiunt oxide catalyst having a titania-containing support, for example a
compokite silica afdehBerarESsnppoelyAparicelarstplefearce dotivesedibimeithean: ehtalgsemay comprise
from 0-'5 10 3l an ionising agent as described, for example, in EP 500944 A (Mitsui Toatsu
Chemicals).
The chromnmm-based catalyst is preferred to comprise a supported chromium oxide
catalyst having a titania-containing support, for example a composite silica and titania
15 support. A particularly preferred chromium-based catalyst may comprise from 0.5 to 5 wt
%o chromium, preferably around 1 wt % chromium, such as 0.9 wt % chromium based on
the weight of the chromium-containing catalyst. The support comprises at least 2 wt %
titaniumn, 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
20 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 co/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 alkyi chains comprise up to 20 carbon atoms. Triethylboron is
25 particularly preferred.
Ziegler-type catalysts are most preferred. Among these, particular examples include
at least one transition metal chosen from groups IIiB, IVB, VB and VIB, magnesium and
at least one halogen. Good resulis are obtained with those comprising:
from 10 to 30% by weight of transition metal, preferably from 15 to 20% by
30 weight,
from 20 to 60% by weight of halogen, preferably from 30 to 50% by weight

from 0.5 to 20% by weight of magnesium, usually from 1 to 10% by weight,



% chromium, preferably around 1 wt % chromium, such as 0.9 wt % 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 20catalysgmay have a specific surface area of from 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. Chromium-based catalysts may be used in conjunction with activators such
organomctallic compounds of aluminium or of boron. Preferred are organoboron compounds such as

triallcylborons in whiemthé Bk erainsebhigriderap e 2erearonismhs. wridgtiborshts 25particularly

preferred. 1, ZigQlgrdvRg-catalysis ate mashareened, AReRR Wsss.Patigularexamples include at
least one transition metal chosen from groups IlIB, IVB, VB and VE13, magnesium and at least one

halogen. GoBde&GhE S R draFERoR HiRE B PBTIgHY  The e tomusiab i digHted? $Fansition

metal, preferably-brembio1iaR080 v Iweightiap-2e1ede0% Rysweighheofhialegean, preferably from
30 to 50% by Wepz%ht,from 0.5 to 20% by weight of magnesium, usually from 1 to 10% by weight, 15

from 0.1°to 1095 ’\Wé‘?ght of aluminium, generally from 0.5 to 5% by weight, the balance generally

consists of elements_arising fr tp dugts u.ged for. their manufacture, such as carbon, hydrogen
3 K “ﬁf_ el o .
and oxygen. The trtafﬁ%}ﬁ%!n n%%gl a]f%ﬁ':he ha o/éeg g%%referably titanium and chlorine. Most preferred

catalysts have the fdligwisigrecmpesitiom Tranditiohyrrezsihfrom 8 to 20 % by weight Magnesium
content from 3 to 1@%ngvgg;gggt%lﬁrm(gq@n%rg}fgg%ﬂp to 70 % by weight Aluminum content less

than 5 % by weight 10Residual organic content less than 40 A by weight Polymerisations,
particularly Ziegler SHtEISEH sHeatdrestfisically exrfigd@But in the presence of a cocatalyst. It is

possiblegto use anyreaRRtalysidmoOvR i Ina aMagapesialy.eimpounds comprising at least one

aluminium-carbon %@?yryﬁgglsag%?g: géjzgigua}';r}?fpztiigglgp%atalysed 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 aluminium-carbon chemical bond, such as optionally
halogenated organoaluminium compounds, which can comprise oxygen or an element

15 from group I of the penodic table, and aluminoxanes. Particular examples would be
organoaluminium compounds, of trialkylalummniums such as triethylaluminium,
trialkenylaluminiums such as triisopropenylaluminium, aluminium mono- and diatkoxides
such as diethylaluminium ethoxide, mono- and dihalogenated alkyialuminiums such as
diethylaluminium chloride, alkylaluminium mono- and dihydnides such as

20 dibutylaluminium hydride and organoaluminium compounds comprising lithium such as
LiAKCaHs)4. Organoaluminium compounds, especially those which are not halogenated,
are well suited. Triethylaluminium and triisobutylaluminium are especially advantageous.

[f the catalyst employed is a metaliocene catalyst, it preferably comprises a bis-

tetrahydroindenyl (THI) compound. Preferably the catalyst system comprises (a) a

25  metallocene catalyst component compnsing a bis-tetrahydroindeny! compound of the
general formula (IndHa),R"MQ; in which each indHy is the same or different and is
tetrahiydroindenyl or substituted tetrahydroindenyl, R" is a bridge which comprises a C,-Cs4
alkylene radical, a dialky! germanium or silicon or siloxane, or an alkyl phosphine or
amine radical, which bridge is substituted or unsubstituted, M is a Group IV metal or

30 vanadium and each Q is hvdrocarbyl having 1 to 20 carbon atoms or halogen; and (b} a
cocatalyst which activates the catalyst component. Each bis-tetrahydroindenyl compound

may be substituted in the same way or differently from one another at one or more



halogenated organoaluminium compounds, which can comprise oxygen or an element 15from group |
of the periodic table, and aluminoxanes. Particular examples would be organoaluminium compounds,
of trialkylaluminiums such as triethylaluminium, trialkenylaluminiurns such as triisopropenylaluminium,
aluminium mono- and dialkoxides such as diethylalgminium ethoxide, mono- and dihalogenated
alkylaluminiums such as diethylaluminium chloride, alkylaluminium mono- and dihydrides such as 20
dibutylahuninium hydride and organoaluminimn compounds comprising lithium such as LIAI(C2H5)4.
Organoaluminium compounds, especially those which are not halogenated, are well suited.
Triethylalumirigifiveni tsetsieyritdimiin e clespadoin ey dntgubilis cthylefahaderaliasiemployed

is a metallocgfg: satalyshdb RISferahlisempHsee R Riselasiondsml ki), spmpeynd;Preferably
the catalyst system comprises Sa) a 25mctallocenc catalyst component comprising a

his-tetrahydrdiftfEny? PoPti&GereraiTosrAaY fah 111 I ot eath IndH4 is the
same or differetandisiairabydeeneaoyhorBobstitktet eirahyaiciraaydad Rt isadusidgenshich
comprisgs a Cl-C4 alkylene radical,.a dialkyl germanium or silicon. or sjloxane, or an alkyl phosphine or
amine ra?dicé%\g/‘Vh%H rfﬁféa%?‘f’égbsk’ﬁt%ﬁfeﬁy%}%ﬁgﬁ&%gﬁy o i\ﬁ‘c’l'ébét]&lrlg p‘iﬁ?‘ﬁﬁﬁ%ﬁ%{ §fﬁ%§’r§adium and
each Q is hydracasbykhawnngi40t@ 8farbonrdiomisrosfibtogefin andi¢b)latcokbatatyst Mhich activates
the catalyst nent. Each bis-tetr rgindenyl nd ubsti [ same way or
differently fr(?%gzs)%%eggso?ﬁeﬁrl%%%ﬁ(é)g?%%g%ﬁfg% s?%r%%ﬁ%g g;%/g %ﬁ)ﬁﬁg}lﬁﬁ%% cyclohexenyl

ring and die M?fé’ﬁbﬁtﬁﬁéﬁ@éﬁ mﬁéﬁ}bﬁimﬁﬁf@mﬁnw@b@ﬁﬁ@ﬁﬂn@éﬂﬂy @h@@éﬁbmﬁose of
formula XR, 1in,whigh X%is,Chesen: i em-9rue:t R exvaen and nikaaen andeach Res e same or

different and chosen from hydrogen or hydrocarbyl of from Ito 20 carbon atoms and v-+-1 is the
valencé bof %hyé%emaﬁéf%‘ﬁﬁ)@.ﬁffwt B e HtishyEhg RequpatiMBPrREKGbSBITSHERoups must

not be so bullgmasieafieeherardinatien.abipeirislinmonomer tatbheimetal MeSubsiituens on the
cyclopentadienzl ring preferably have R as{f%dr n or CH3. More preferably, at least one and most

oge
preferably bofe EBIaTERE AYFIRTEE AR gﬁﬁﬁ’@dﬁ’? 8%%@&%5?&%%@@er%%ﬂ?ﬁent, both
indenyls arenydsstashiieckiiieis-prefirapiyiany Qdithidenedridpaiwhictuis sustituteshbr unsubstituted.

came or JTEHSR A T e B e LB Uf Ry DEATHANS FRCIGE HRUIRGE 20 SIS Hidme or a
halogeis Suitedstered bis-tetrahydroindeny] compound.

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

20 catalyst and the cocatalyst in additicn to the diluent and monomer, and each subsequent
teactor is snpplied 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. Itis
optionally possible to supply a second reactor and/or, if appropriate, at least one of the

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

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



hydrocarbyls include aryl, alkyl, alkenyl, alkylaryl or aryl alkyl. Each Q is preferably halogen. Ethylene
bis(4,5,6,7-tetrahydro- 1-indenyl) zirconium dichloride is a particularly 15preferred
bis-tetrahydroindenyl compound. Silica supported chromium catalysts are typically subjected to an
initial activation step in air at an elevated activation femperature. The activation temperature preferably
ranges from 500 to 850C, more preferably 600 to 750C. In the process of the invention, the first
reactor of the series is supplied with 20catalyst 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 slurrbAIME§ from a preceding reactor of the series, this mixture comprising the catalyst, the

cocatalyst and a mi mer, | [ qQr of the series. It is optionally
possible to sfpply apg%%%%??é?:%gd%%ﬂggg%g‘?&%ﬁaﬁga{}sﬂa {O?I’l%%ﬁ‘%ﬁé%é? él’v%)nrﬁsg reactors with

fresh catalystANYROpEHCERNysin Mdga -3 prefe tublemoimtrod ueistid BMRY solimdethe cocatalyst
exclusively in{af ishikgasinn ik & GlAIMSo! BIPSESEIREPEPYYGING A Mmultimedal RelvstAylene in at

least two_loop reactors connected in series, in which 20-80wt% of a high molecular weight (HMW)

polymer fs mAMETS<PUIfsIBIHPE RISt AP AIPST8CRY A BPY BrinsBRigIatifeight (LMW)

polymer is mpdssittsuspRNsigR i disecond:eamiem ane- RS hoRgmadr iy thereresewce of the
other in either order LMW reactor to the average activity

vherein the ratio of the e activity in the | _
in the HMW rrgg%%rf?ﬁf?reo%’e PEE KRG Y 80 \%ﬁg’\gg@%‘?ﬁ%@rfc f@ﬁ§/9§%§8ﬂ leadiBPTR BERE as the rate
of polyethylendiprodocechiretheréadtdnfdgR Bihrt [efhyleat dencpnidatiohindtdeseantor (Mol%) x
residence timg. I r10(h feed rate of catalyst into the reactor (g/hr)], residence time
being defin(:c?i ggﬁttﬁé%nﬁa%&s&oﬁ é"gg fr%éﬁﬁ t [eﬁ?ég%%rr %?{ﬁg"gﬁ?ﬁ‘ﬁ{l rcgtteB%? %o%)ﬁlié?ﬁ%‘h the reactor
(kg/hr), Bhd thewsluniess stithel gethnshstbrshditfacioy lebs)thesid@s. time being defined as the

mass of the polymer in the reactor (kg)/the output rate of polymer from the reactor (kg/hr),
and the volumes of the two reactors differ by less than 10%.
2. Process according to claim 1, wherein the ratio of length to diameter of the first
HMW reactor, L/D(1), is greater than that of the second LMW reactor, L/D(2), and

15 preferably L/D{(1} is at least 20% greater than L/D{2).
3. Process according to claim 1, wherein the ratio of length to diameter of the first
HMW reactor, L/D(1), is substantially equal to the ratio of length to diameter of the second
LMW reactor, L/D{2).
4. Process according to any preceding claim, wherein a high molecular weight

20 (HMW) polymer 1s made in suspension in the f{irst reactor and a low molecular weight
(LMW) polymer is made in suspension in the sccond reactor in the presence of the first
polvmer.
5. Pracess for producing a muitimodal polyethylene in at least two loop reactors
connected in series, in which 20-80wt% of a high molecular weight (HMW) polymer is

25 made in suspension in 2 first reactor and 20-80wt% of a low molecular weight (LMW)
polymer is subsequently made in suspension in a second reactor in the presence of the
HMW polymer, wherein the volumes of the twa reactors differ by less than 10%, and the
ratio of length to diameter of the first HMW reactor, 1/D(1), is substantially equal to the
ratio of length to diamster of the second LMW reactor, L/D(2).

30 6. Process according to claim 4, wherein the catalyst emploved to produce the

multimodal polyethylene is a chromium catalyst.



2. Process according to claim 1, wherein the ratio of length to diameter of the first Eriviw reactor,
L/D(1), is greater than that of the second LMW reactor, L/D(2), and 15preferably LD(1) is at least 20%
greater than L/D(2). 3. Process according to claim 1, wherein the ratio of length to diameter of the first
HMW reactor, L/D(1), is substantially equal to the ragio of length to diameter of the second LMW
reactor, L/D(2). 4. Process according to any preceding claim, wherein a high molecular weight (HMW)
polymer is made in suspension in the first reactor and a low molecular weight (LMW) polymer is made
in suspension in the second reactor in the presence of the first polymer. 5. Process for producing a

multimodal pblyeth{fefesireorsaes tnenipeprlatetdriocorimestatths saabst morisicad 20:1BOwt% of a high

molecular weight (VW) palymghis Aaadgdnstsnension invaviinst measiqland.2-8Qwi% of a low
molecular weight QLMW%p I%mer is subsequenltgl%qmade in suspension in a second reactor in the
| )

presence of fePfiNA oY SRR RIS (AFER S R R RSB RO RS TER By RS tHan 10%, and

the ratio of lenpth iediamneaiaie) tbarfiestHNV¥ seatiop-L 148y is BubStantaiyn BeUabte the ratio of
length t()sdiamelger o}f thtel _se({cggﬁlkLMW reactor, L/D(2). 306.Process according to claim 4, wherein the
catalyst emp%eygaa?oy ﬁroa%sce e%nul{lhmodal polyethylene is a chromium catalyst. 7. Process
according tofany offttairssatcdn Gngivereypthe:datablsire mphdyiel dre thigipnodess is @weZibgler-Natta
catalyst, the &gﬁf;} ratio.of LMW.to. HIM I ris from 40:60.t0 60:40,. t ace time yield
(defined as pro ucﬁig{r?:io %roﬂsy%%éteiﬁnk%fh\%%?%n}% 'I:Lrﬁcett{'r})g3 é?vgergc%%%g%rgt é‘?’gscill%%i%]/?n%%rpreferably

at least 200 koyahStHueNEY rSiskefe pabhprdaastizseiqmntncier Rrdcasssancorditig MW preceding
claim, in Whiﬁblgﬁebigﬁemm?ﬁyl@ws!%%ﬂéﬁé\é@]984@{%3%amgﬁmmﬁéigéécr&@%%@%the low

molecular weight (LMW) polymer is subséquently made in suspension in the second reactor in the

presenc® of tha IMPRIEBIERRPrWherels the Tas Y SRy istie BSHEEHBIEH Y HdI98)f%the second

reactor to 10shat inghedisidensis is amorpessdReianabhn Jalleas sind marenkelesally 2.5 or less.
9. Process afcordig% to a%y_ receding claim, in which,the high molecular weight%éeHMW polymer is

made in the firof FeARROF R YRR ISW G EERh AR RTGRE (RRY Bt & SIS SRTER Y PhaRE in
suspension i3 thessgoany reatior ndhapoasance efdhe HAMY polyemetswerdimEignoncentration of
ethylene in ”581%%%2%- re?c%%tt%réigolr?ge%‘ttg 131180 ce):y}){gﬂene in the second reactor 1s less than 8mol%,
15 preferably between [.5mol% and less than 8mol%, based on the total liguids in the reactor.
10.  Process according to any preceding claim, in which the high molecular weight
(HMW) polymer is made in the first reactor and the low molecular weight (LMW) polymer
is subsequently made in suspension in the second reactor in the presence of the HMW
polymer, wherein the temperature of the first reactor is maintained between 60 and 80°C,
20  and is preferably less than 75°C.
11.  Process according to any preceding claim, in which the high molecular weight
(HMW) polymer is made in the first reactor and the low molecular weight (LMW) polymer
1s subsequently made in suspension in the second reactor in the presence of the HMW
polymer, wherein the ratic of solids concentration in the first reactor to that in the second
25 reactor 1s maintained at less than 1.0, preferably between 0.6 and 0.8.
12, 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
operating at a pressure P and femperature such that at least 50mol%, preferably that at least
§0mol%, more preferably 90mol%, most preferably 95mol% of the liquid component of
30 the slarry is withdrawn from the flash tank as a vapour.

13. Process according to claim 12, wherein the concentration in the second reactor of

components having a molecular weight below 50 satisfies the equation Cygies <7 + 0.07(40



15preferably between 1.5mol% and less than 8mol%, based on the total liquids in the reactor. 10.
Process according to any preceding claim, in which the high molecular weight (HMW) polymer is made
in the first reactor and the low molecular weight (LMVV) polymer is subsequently made in suspension
in the second reactor in the presence of the HMVV pplymer, wherein the temperature of the first
reactor is maintained between 60 and 80C, 70and is preferably less than 75C. 11. Process according
to any preceding claim, in which the high molecular weight (HMW) polymer is made in the first reactor
and the low molecular weight (LMW) polymer is subsequently made in suspension in the second

reactor in the predehtd of the) FilkwfetynidiciRereinCte 7adi6 ofisslidsasicehiration in the first
reactor to thabin-the.Se60R¢ LEaNat smaianed ahless land.0 Arelcrbiubeivesnth6 and 0.8.

12. Process according to any preceding claim, wherein a slurry containing the multimodal polyethylene
is transferred FOTR HLYSBEBAAEP T WiePTehetd et 6oH FRISH G Bpeiatrg do - pradstreoprand
temperature stch thataplteastSQRI%, Rratekativihahatleast SRmolie nare prateraaiyH0mol%s,
most prejera@%(%mog{g/o of the liquid component of 30the slun-y is withdrawn from the flash tank as a
vapour. 3. rocléggnaé“gg‘?aing to claim 12, wherein the concentration in the second reactor of
components havingPecmasiecutad weightbelen-30 sealishe s tee:pophatierrGrighs Kaud Gu@7(40 -+ 4.4(P,
-0.8) - 7(CH2/CE,), re C : H2, and CEL in this case are the ¢concentrations of components
having a mo%%ular%g%ﬁﬂggﬁ%ﬁgoh&?gr 3598% gﬁd& 'eatmilgr%gr%%pg)}eec |&gﬁ%%%ﬁ1 cggeg(i)%ﬁﬁ Irle"::allsctor, T,is
the condensatishitedriseratrecdBy drsaitivhibehrameiP, dstahspressiaboviRagilattthe location where
the vapour withdrawn from the flash )tank is condensed. 14. Process according to any preceding
claim, wherein the reactors are liquid full. 15. Process according to any preceding claim, wherein the
multimodal polyethylene is produced using a Ziegler-type catalyst, chromium catalyst or metallocene
catalyst.



