WO 2009/630646PCT/EP2008/061371 00139(2) SLURRY PHASE POLYMERISATION PROCESS
The present invention is concerned with olefin polymerisation in slurry phase  reactors, and more
particularly WHE?(%]'M gﬂ%sation in two or more reactors arranged in 5serigs. poallkiys Phase
polymerisation of glefins is well known wherein an_olefin monomer and optionally olefin comonomer
are polymerqgé%lgfﬁ)the presence of a catalyst in a éliluent 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 bara. The catalyst used can be any catalyst typically
used for olefin polymerisatign SRrainapEASIHTIGI UNOER BagienNats0mbistallocene-type catalysts.
Many multiplé reactor systems employ loop reactors, which are .of a continuous tubular construction
comprising at least two, for example four, vertical sections and at least 15two, for example four
horizontal sectionShEheckantofqpalynieisatione:iwyihi ok poipuedsasimgirdirer pexehange with a
cooling mediu referably water, in.jackets surrounding.at.le r reactor. The
volume of eléec%%% %gdﬁu}%;gﬁo@r% allcrf%u EI?'p é%e%@%nrj silssafecr)n %natﬁﬁ\?ag}ypﬁj%%g%)g%g%%%gg {?ange 10-200
m3, mode tygigedly 50-120 m3. The loop reactors employed in the present invention are of this generic
- type. 20Typically, m%g SuEyRaMmessation Hacrss AtRasiMane e RrRIh gy in the
reactor will comprise the particulate polymer, the hydrocarbon diluent(s), (co) monomer(s), catalyst,
chain termiriatbpatisnei ueleiie FOGMAREr 6th P FERBTEF AHUTSERTSaRich Rt A Riticomprise

20-75, preferably30nEQuvRight pescaRk(pares oathe oiakweightat the slurry) of particulate polymer
ba
t

and 80-25, preferably 70-30 weight 25 percent (based on the total weight of t try) of suspending
medium, where th& SY&ISERHIAG FhE@GRICHR G REAfeE é%ﬁ}%éﬂjegﬁtgﬁ?f#egfé‘%t%r and will

comprigg therelientioliefinmsenomenand Hrycadtitves;ithe dituest cardtetapidalgytdiddnt or it can be
a reactive dyent M DANIEIRn NG SRl menome 7 irale RiaCALdent e an

catalysts.

Many multiple reactor systems employ loop reactors, which are of a continuous
tubular construction comprising at ieast 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 i 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 sturry polymerisation process of polyethylene for example, the
stutry in the reactor will comprise the particulate polymer, the hydrocarbon diluent(s), (co}
moenomer(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 shurry) of pérticula‘ia polymer and 80-25, preferably 70-30 weight

25 percent (based on the total weight of the slurry) of suspending medium, where the
suspending medium 1s the sum of all the fluid compenents in the reactor and will comprise
the diluent, olefin monomer and any additives; the dituent can be an inert diluent or it can
be a reactive diluent in particular a liguid olefin mbnomer; where the principal diluent is an
inert diluent the olefin monomer will typicaily comprise 2-20, preferably 4-10 weight

36 percent of the shury.

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

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



inert diluent the olefin monomer will typically comprise 2-20, preferably 4-10 weight 30percent of the
slurry. The slurry is pumped around the relatively smooth path endless loop reaction system at fluid
velocities sufficient to maintain the polymer in suspension in the slurry and. WO
2009/030648PC11EB%I88/061371 00139(2)2 to maintain acceptable cross-SEcHORAl Eoncentiation
and solids I%%ﬁ?@)gradients. Slurry is withdrawn ffom the polymerisation reactor containing the
polymer together with the reagents and inert hydrocarbons, all of which mainly comprise inert diluent
and unre.acted monomer. The product slurry comprising polymer and diluent, and in most cases
catalyst, Sojgfin, manomesangkcoReuams.camba disrhaige dinte ISRty RIERNTIGKHEYSlY, optionally

using concentrating devices such as hydrocyclones or settling legs to minimise the quantity of fluids
withdrawn With a7 pégrdhe ?Oiﬁﬁlﬁféﬁ‘ﬁ@%ﬁ@fﬁﬁm@aﬁw%@?ﬁé"&%‘ﬁfﬁ&i‘@?&ﬁ%f the slurry
withdrawn frairetheafinahiaasionoependsioormany fasiors Apat fcom:theieem pasitionsefdhe product 10
actually polymerised jn the fipal reactor: it also depends on.the desired final product, and the reaction
conditions ARERPEISVEISRISOHTB AL BT SFBIRE T NGPER L AR R BROrE THE FRRSBNFEBhditions
required in theifinabteaetondreralsooatte ctaxbbylitheargad iinradnditions tunpsicesin reactors,
particularly f1e impact sbcaalvatroduciily InscamJsaciors o0, lhe axsrage agtily potentia
under downgireanm Teactron CORditions. ThUS the control o Lothe s urry composition Withdrawn from
the final redbtoprantitalsoihidpribdsaraonditibngessuriated therewith is more complex than in the

case of a single reagiatsyi RRISHIEIAEh s AUeshAlgLe rhos e IR BN felative size of

the two reactors. There are many conflicting requirements affecting the optimisation of the volume and

dimensionstt fHsltifertesiepradiha N el TERRYT ol icatppsitios sbBsiuNat20 any
subsegyentreatiPr RRRGIIOINE RaR:ANeAah-1a hapdie.aot-anlyibeRpimer RiRAused R that reactor,

but also the polymer transferred from_ the previous reactor or reactors, This would impI% that the

second and UBFeE R G HRS A SHE VG S YT IS PRedUpiSHR ARY MSERSHS TRe6ider misintain similar

space time pigitien Iheidisachaniageinvith g howeyer-sitiatitbediant nemealoresiremagat, often a

roduction constraint, of the larger dpownstream o
P I Upstrean reactors, pgmcu?a\é\{y ?he mpact of catalyst productivity in upstream reactors

on the average activity potential under downstream reaction conditions. Thus the control of

—
tn

the siurry composition withdrawn from the final reactor and also the process conditions
associated therewith 1s more compiex than in the case of a single reactor,

One 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 o be large enough to handle not only the polymer produced
in that reactor, but also the polymer transferred from the previous 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. The disadvantage with this howsver is
that the heat removal requirement, often a production constraint, of the larger downstream

25  reactors would be greater than that of the upstream reactors. Accordingly it is not obvious
what the optimum size ratio of the reactors should be. In particular, where a reactor system

15 designed o operate different catalyst types (eg Ziegler-Natta, 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 ratio of
30 sizes for the reactors in each case is likely to be different, making it difficult to select an

deal size profile. The activity profile of under constant reaction conditions also varies



25reactors would be greater than that of the upstream reactors. 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, chromium and/or metallocene), or a catalyst system
where the average activity or.production ratio requifed varies significantly between reactors under
different operating regimes, the ideal ratio of 30sizes 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 constant reaction
conditions also varies significantly between Ziegler-Natta, chromium, metallocene and/or late
transition melakiGatalypbensten EisGlaNIAAR Yaromikmymeealiveshave douriea rangieomestaptimum
reactor size ratio is one in which-the second reactor is at least 10vol% larger than the first reactor.
Thus in an T tithere is provided a process for producing a multimodal polyethylene inat
least two re%ni}%ﬁiggfwected in series, in which 20-80wt% of a high molecular weightpolymer is made
in suspensi reactor and 20- 80wt% of a low molecular weight (L/vIW) pqél%%geér is made in

suspension in a sedowereagtdrave ot dusfoe o thePtIVVIR SBRFRRFAR T e “Boncentration

inthe second LWL egelg gl Romass abaaimardivided:y the otal mass of sy, i at

least 35wt%, 5 preferably between 45wt% and 60wt%, and/or the the ratio of solids concentration
in the first reactor tBHirainimtthetedoond reaciopisvidedtainesisde1esedive® 2.0, preferably between 0.6

and 0.8, and f“{é@ﬁdﬁt}%ﬁgﬁﬁgﬁ%@&%%%%%@%% (RAGIONAS pf derist, 10hiohe?6rBbw AtdBast 30%
rably at'least 5

and more préte a 0% greater than the volume of the first reactor. In an.aspect, there is
provided a padizésmfd@%éﬁ'&’@ﬁﬁ@tmgdﬁ/ﬁﬁ%m?ﬁ%%%ﬁﬁﬁg& gngc%)Qgﬁted in
series, in whigh 20-80w1% afa-bigh smalesutavweighlythiv M ailymesisiareinsespehsion in a first
reactor and 20-80wt% of a low molecular weight (LMW, o%ri%er iosﬁﬁéa%e é@nﬁﬁ%ﬂ%ﬁ%i% in a second
reactor in théﬁ@?@éﬁé@dﬂﬁ%@nﬁm rPQ\}I BT the- Solits concentration in the second LMW

reactor, defingd,as thevwnass:ef Felyme aeidedsoy e iotaminsded sl thnytoiglaursast SBWHAS most

preferably between 45wt% and 60wt% Jor the the, rati li tionsin dhefiegt reactor to
that in the seddprFtrexEtdh E‘ﬁﬁ%?g?ﬁaé&yﬁa{f]qes% ggr‘l”%} %%e%gﬁb@%%%%%g§6%g 0.8; the volume of
the second regsiandstaidensisl 80 rpseferablyantrdast3esdanetnoierprateinpheblawdBesddh greater

than the volume, of the first reactor; atio, of VT 1MW 1eagtarte the average
activity in thePFIRIAP T BB P ?&%%?n%g’aaﬁg %’é %%{%ﬁéﬁ@ gé#\%/i%ﬁiﬁisach reactorris defined as

the rate of palysthpkenerpfaduies inathd Hemtd npgREferApiin) leas SBVCEIRAARGHIRe reactor
(mol%) x residjlrjce ti tBi%rtst%g Jeactor (hours) x feed rate of catalyst into the reactor (g/hr)], residence

time being defiEaas the Mass g?%e polymer in the reactor (kg)/the output rate of

In an aspect, there is provided a process for producing a multimodal polyethylene in at 1easttwo _
reactors connected in_ series, in which 20-80wt% of a high molecular weight (HMW) polymer i“si‘uade in
suspension in a first reactor and 20-80wt% of a low molecular weight (LMW) polymer is
made in suspension in a second reactor in the presence of the HMW polymer, wherem:
the solids concentration in the second LMW reactor, defined as the mass of polymer divided
by the total mass of shurry, is at least 35wt%, most preferably betweern 45wt and 60wi%,

and/or the the ratio of solids concentration in the first reactor to that m the second reactor 18
maintained at less than 1.0, preferably between 0.6 and 0.8; '

the volume of the second reactor is at least 10%, preferably at least 30% and more preferably

at least 50% greatef than the volume of the first reactor;

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 act:ivity in each reactor is defined as the rate of
polyethylene produced in the reactor (kgPE/hr) / [ethylene concentration in the reactor

(mol%) x residence time in the reactor (hours) x feed rate of catalyst into the reactor (g/hr)],

residence time being defined as the mass of the polymer in the reactor (kg)/the output rate of

polymer from the reactor (kg/hr); and



polymer from the reactor (kg/hr); and 3a wherein the ratio of ethylene concentration in the liquid phase
(in mol%) in the second reactor to that in the first reactor is 5 or less, the concentration of ethylene in
the second reactor is less than 8mol%, and the avérage 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.
DETAILED DESCRE%PTI N thVYe have foung thatar actﬁr Stﬁg in \g\ﬂwich the voILAme of the
second reactor IS at1E FH o SRR SATHICD BRSSP IR R TS PR ARebr bR P otal reactor
volume to besminirmised wlthistiprtoviting isdfficiesst flextbilityioatiandfeetifienrem dpecating conditions and
catalysts. '“rQQ%ﬂ?ﬁ&@%%&ﬂéﬁ*ﬁ%l%&gﬁeﬂM}%Q @é%eﬂ%%e@@ﬁﬁgﬂ?g{o%%{% fhe catalyst

activity in the first reactor is usually much higherf than that | econd reactor. However it is
generally dexiamre o pdyaca vaiayRam ol st frodLicesoratemvimn tn et tbas. 1'0Pe have found
that this cangberdghieved in an efficient and controllable manner by increasing the residence time in
the second LMW reactor relative to the first. This is done either by increasing the volume of the second
(LMW) reactoetalptivg toridiediistsgRad/or by increasing the solids concentration in the second reactor
relative to that inthe first. Preferably the ratio of the average activity in the LMW reactor to the
average activity inheM\WieRelor s diom 02820 Fhohers Ayarageiadiivity ingach reactor is

defined as the rate of polyethylene produced’in the reactor (IcgPE/hr) / [ethylene concentration in the

reactor (molBFx FesigEAEe Tancths HodnranetsheAth syaeciecennhles drctmahrsanion Yabumiotde (g/h)j,

residence tigimbeieg delisesandhe Mass of he:RAIMPRY RIBR Ractor: (oh/he OuBstiate of polymer
from the reacto%%k?%/{h{;._The average activity in . WO 2009/030646PCT/E 2008'706137-1 00139(2)4
each reactof18 SRHHES 48 PROTATEGRRRR RV Eh & prodtiReachame Yemats inde Emtrogettylene

concentratiaheivathiy neasier{ MOl Yt esidencedimalindher aaster (haurs) xferddaigof catalyst into
the reactor (gnu)]. It no additional catalyst is added, to the second reactor, when calculating the ratio of
average ac(%\g/?ﬁ%%'rﬁa‘ﬁ%frﬁtﬁ g%‘ﬁ?ﬁg&ﬁfﬁg f\ﬂ/dg%'?éaa’iﬁlﬂg"@%%@éiﬁﬁuﬁg%@%e. If
additional cétalyst is=tttedte theskeardie dcioathe:flonisase inte: thisesond reastenisisonsidered to
be the sum of the fgﬂowrate o cag%lyésstigom ttri}%ﬁrs% reactor Bl flowrate of additjonal fresh catalyst

f
fe, ot 2 SEEORS 1 AR SR PR ditated based

added direcﬁﬁﬁ% R Secontr reactor. Aflernative Yy, ac
on catalyst i@sidadsin tiibep oly mer=proguibe dainmac thastonma i) kacwn=tntidhe tetivity ratio

10calculated from iis+, m&@%%%ﬂ%@&ﬁdg %%E%xe

ined. as the mass of the polymer in the reactor
(kg)/the output rate of polymer the reactor /#r%&lﬁna%%:%gceu\)/v g?é%%@%aenr\'('i‘é?roe%gfé%d back into

the reactor, fsri&Xample when a hydrocyclone is employed downstream of the reactor, the output rate

of polymer is the netauipu {ﬁé%a@%.BP{MQW%QQ‘;%W&J%%Wrréﬁgﬂlglﬁg)avemge
| activity in the HMW reactor 1s from 0.25 and 1.5, where average activity in each reactor is
defined as the rate of polyethylene produced in the reactor (kgPE/hr) / [ethylens |
conceniration in the reactor {mol%) x residence time in the reactor (hours) x feed rate of
catalyst inio the reacfor (g/hr)], residence time being defined as the mass of the polymer in

the reactor (kg)/the output rate of polymer from the reactor {kg/br). The average activity in



i It is preferred that the ratio of length to diameter of the first I-IMW reactor, L/D(1), is greater than that

of the second LMW reactor, L/D(2). More preferably L/D(1) is at least 20% greater than L/D(2), and
most pr'eferqgg/'z% %%ﬁé gO% greater. Typically, the ratio of L/D(1) to LfD(%&jﬁﬁ;ﬁ%ﬁ‘% {E]%ﬂ 1.5, most

preferably %atg,} han 2. An increased L/D 20provides a greater surface area per unit volume, which
in turn provi ds 4 Yreater cooling capacity, as the ébility 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, the larger LMW reactor can have a lower L/D than the smaller BMW reactor. This enables the

heat transfescrpaliiolach asiortolIgbaknaetwhitsiatsm RniRising tetal/ghreactor volume.
Generally it is preferred that the rag%ozlengtp tq%ameter (LID) of the first I-LMW reactor is greater
o %560, S

r
than 500, prEYeY4BI BRETIEH 756 55‘?5‘?&%%%’39%%&%?%%?? é‘ﬁﬁ‘,%%igi? mple
800-1500. Grnefakyaiiis iptefaereddhat e YaliDnofdédigtn iodiame tendED)pahthesedond LMW

reactor is greater than 200, preferably 200-1000, and 30mo ferably 250-750, for example

300,550, W08 BEoRH 08 6 S D01 SO YL i SRrBY Mt tebitors his an

internaﬁvol_umetgt@atm@reﬁ(lm@: m@sem@riﬂn@ﬂiljpgaéawdjfh@a aﬁi@tBtaﬁi@iwga_xdiwl@mrg reater than

50m3. Typical EANOR3AR,h: BAAMA and Mo ARLANAK 0P E Mpltialn e g gatio of solids
ess tha erably

concentration in the first reactor to that in the second reactor at n 1.0, pre etween 0.6

and 0.8, alsBaam$hst&uirt Frredivmpiin SnBayarined sidiverldecsvinypadidiiirstyditedietors within the

desired rangg.fhgeaelids cancaniaiondsihepuipgecweight et Ralymardelative fa.thetotal weight of
the slurry. Generally the solids concentration in the HMW reactor is between 20wt% and 50wt%,

more preferiBifseiRé&P LD AT SBWIETH TS ERZE 1t RPrERSTBdA FiTEREERtFAIE the solids
transfered B:oeithe: firstnr@agtor to the second reactor using a settling zone and/or hydrocyclone. A

proportion of omHTTERaHIEN a8 16 HE A5uH-aH T AEAEHoR LN EAIE I Bensiy of the

polymer proslupectire ierblyiiér&actoie 1sRiefdtalily) the anaitmbaal jpalysthene/tias imdhear ratio of

atleast 15, el Il'lé(actor} for example when 2 hydrocyclone is emploved downstream of the reactor,
the output rate of polymer is the net output rate (ie polymer withdrawn less polymer

15 recycled).

1t is preferred that the ratio of length to diameter of the ﬁré‘i HMW reactor, L/D{1},
is greater than that of the second LMW reactor, 1./D(2}. More preferably L/D(1) is at least
20% greater than L/D(2), and most preferably at least 30% greater. Typically, the ratio of
LD(1) to L/D(2) is greater than 1.5, most preferably greater than 2. An increased L/D

20 provides a greater surface area per unit volume, which in turn provides a graater cocling
capacity, as the ability to cool a reactor depends on the surface area available to which
cooling can be apphied. Thus if the cocling requirements of the two reactors are the same,
the larger LMW reactor can have a lower L/D than the smaller HVM'W reactor. This enables
fhe heat fransfer capability of each reactor to be balanced whilst also minimising total

25 reactor volume.

Generally it 1s preferred that the ratio of fen gth to diameter {L/D) of the first HMW
reactor is greater than 500, preferably between 750 and 3000, and most preferably greater
than 800, for example 800-1500. Generally it is preferred that the ratio of length to
diameter (L/D) of the second LMW rsactor is greater than 200, preferably 200-1000, and

30  most preferably 250-750, for example 300-550. '



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 MI5 of the polyethylene. The HLMI and MI5 are measured
according to ISQ Standard 1133 at a temperature of 190C using loads of, %23”% 0%9 5kg respectively.

MI2 is simila‘l‘ﬁf Aeasured but using a load of 202.16kg. The HLMI of{) mul |mod§1 polyethylene

exiting the B3R reactor is preferably between 1°and 100 g/10min, and more preferably between 1
and 40 g/10min. In one embodiment the catalyst employed for the polymerisation is a Ziegler-Natta
catalyst. In this case, it is preferred that the ratio of LMW to HMW polymer is from 40:60 95to 60:40. ha

multiple reactor palynayisadopsibe-campasitionebihe sluyihdsawainumthadival reactor
depends on many factors apart from, the, composition of the product a%g,ag)n/ polymeriagd in the final
L n }? o

reactor: it aRSHREH ISR (18 el e AHAIRGFORIET, SFEIHE T o IOHS AT relative

proportions Tfoprbehictsdr payitipsiieatEdetdrs. The 30reaction conditions required in the final

reactor are also affecied by e teetion Sondiions n upstreameaciors, papiculagy Ihe ipact of
catalyst productivity‘in Upstream reactors on the average activity potential under downstréam reaction
conditicns. tisigeadeatiyhan 0026090808 H6PET EB2008/06437 2-69%E38 (RRidesirakldthat the majority

ofthe liquidgpmponenis indionpuin e ROlMe, g ol iRaslor ale.sonataied n a flash

tank at a temperature and pressure such that they can be recon just By cooling, without

recompressteRcTTRBtEmaihY iaarRv b ohaeke et siirevedis s Wrste o8 Brsi&parated in a

second flash tank @9@5@&&5}%@1&%@6&@5@%&9&%@@@@%@&% IQ%&@&PW‘%%@' in order to be
recycled. The advantage of this process, which is referred to hereinafter as a "medium pressure flash"

process, is THAEhRP & SHEFBRB SRTEREIARENATG -8 iy did es 56 Aeh B FEEEH be recornpressed
in ordepto heiesentensedilVe-favedeunddhat Byseaspfidk corieal-abtiiedeastionmeanditions it is

PossIble 0 e 8 e S e R IoSeRs IS Ae, 19,02 Opsrated withads the
upstream of the hydrocyclone to reduce the proportion of comenomer transferred to the
downstream reactor, thus increasing the density of the polymer produced in the LMW
reactor, ' |

15 Preferably the multimodal polyethylens has a shear ratio of at least 15, generally
between 15 and 50, and preferably between 21 and 35. By “shear ratio™ 1s the ratio of the
high load meit index HLMI of the polysthylene to the Mis of the polyethylene. The HLMI
and Mls are measured according to ISO Standard 1133 at a temperature of 190°C using
loads of 21.6 kg and Skg respectively. My 1s similarly measured but using a load of

20 2.16ke

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/10min.

In one embodiment the catalyst employed for the polymerisation is a Ziegler-Natta
catalyst. In this case, it is preferred that the ratio of LMW to HMW polymer is from 40:60

25 o 60:40.

In multiple reactor polymerisations, the composition of the shury withdrawn from
the final reactor depends on many factors apart from the composition of the product
actually polymerised in the final reactor: it also depends on the desired final product, and
the reaction conditions and relative propartions of products in any upstream reactors. The

30 reaction conditions required in the final reactor are also affected by the reaction conditions
in upstream reactors, particularly the impact of catalyst productivity in upsiream reactors

on the average activity potential under downsiream reaction conditions. It is generally



10need for recompression of the liquid vaporised in the first flash tank. In a preferred version of the
invention, a slurry containing the multimodal polyethylene is transferred from the second of the two

reactors to a flash tank operating at a pressure and temperature such th%:?[ﬁ% e g@%%, preferably
that at Ieast‘garﬁ%}l%?%%ﬁfe preferably 90mol%, mgst preferably 95mo1% of t eéﬁlql%d component of

the slurry is"¥iAtAtirawn from the flash tank as a Vapour. In this embodiment it is preferred that the
concentration in the flash tank of components having a molecular weight below 50, Cligh,,, satisfies
the equation Clights <7 + 0.07(40 -+ 4.4(P, -0.8) - 7(CH2/Cat) where T, and Pe are respectively the

temperature;(in £ Aid RrESSYEEAMIPR ) At dhedosalian wherexihe winus vithdeadredrtim the flash

tank is condensed, and CH2 and CEA are the molar 20concentrations in the flalsktl E%nk of hydrogen

and ethylenBridgpreieyaly STREAAdah A Sl Iat SR LOERTRE TRTE B AR ISR The coneentration of
Ciights in thg.5ecapd FeaGes% i wit e Untieistoas thatifiat Bincrisedong lipatrspederssto the order
of polymerisation, regardless of which polymer is made in which.r ar. Prefer e concentration
of compone?ﬁ?éWﬁ\ﬂﬁﬁdé’mﬁefﬂﬁ?s%‘gﬁgﬁg%év%& in %%@é&?ﬁ%gﬁﬁé%i %Igdé&rj]gt]ank‘ is controlled
by controlling-¢hatcondahsatiendncthe sevopdseddtoordwdoraingtlydteid Bhsferraatasarhiels
concentration in the second reactor of saving. leculasveighthelow HQ.also satisfies
the equatioF Cligh* £ grhds. ‘7%2668%929% 4.4 P%g%s@ﬂcﬁl%%) where gliallts, CH2, and5$Cat in this
case are the:contiantptitins of bervausniseidinE FETRPRTSTEE HRTWR RIFEERIRIESE HY FE5el and

ethylene 30%%%%‘88&?81%’5&! e 1S8condreasionand Ry s areasdaraviossiidefinads More preferably

the concentration of components having a molecular weight below 50 in the seco&wd.geaqt&r \We
2009 /030645@@vy@g@@gﬁ)@§gq‘l‘medium pressure flash” process 1s able 1o be operated Wi hout the

10  need for recompression of the liquid vaporised in the first fiash tank.
In & preferred version of the invention, a siarry containing the multimodal
polyethylene is transferred from the sscond of the two reactors o 2 flash tank operating at
a pressure and temperature such that at least 5 Omol%, preferably that at least 80mol%,
more preferably 90mol%, most preferably 95mol% of the fiquid component of the shury is
15 withdrawn from the flash tank 2s a vapour. In this embodiment it is preferred that the
" concentration in the flash tank of components having a molecular weight below 50, Crighis:
satisfies the equation Cigns <7 + 0.07(40 - To) + 4.4(P, — 0.8) - H{Cup/Cry) where T and P,
are respectively the temperature (in ) and pressure (MPa g) at the location where the
vapour withdrawn from the flash tank is condensed, and Cys and Cg, are the molar
20 concentrations in the flash tank of hydrogen and ethylene respectively. The invention
assists in achieving this by minimising the concentration of Ciigns In the second reactor. It
will be understood that “first” and “second” reactors refers o the order of polymerisation,
regardless of which polymer is made in which reactor.
Preferably the concentration of components having a molecular weight below 50 in
25 | the slurry entering the flash tank is confrolled 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 Ciygne <7 T
0.07{40 - To) + 4.4(P. — 0.8) - T{Ca/Cry) where Ciigis, Cr, and Cgrin this case are the
concentrations of componernts having & molecular weight below 50, hydrogen and ethvlene
30  respectively in the second reactor and Pe and T, are as previousty defined. More preferably

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



00139(2)7 is the same as the concentration of components having a molecular weight below 50
entering the flash tank. It is generally preferred that the concentration of components having a
molecular wejght w 50 satisfies the equation Ciights < 7 + 0.07(40 -+ ﬁ P -0.8) - 7(0n2/CE.O
5where Cliq&t% gﬁé%’&%t, Pcand T, are as defingd previously and referléklt /gp%g t@lgezéond reactor
or the flash %? e}pending on the particular embodiment of the invention. It is preferably ensured
that the concentration of components having a molecular weight below 50 in the second reactor
satisfies the equation Clights <7 + 0.07(40 - + 4.4(P, - 0.8) - 7(CH2/C=t) by ensuring the ratio of the
average actyiy inthessaeonshidiibarepainntathe averagemelbiilardighfitsd BMMW 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 thEFE o@‘lfg?t)t in in the second reactor (where a homopolymer is usually made to
obtain the LMW piodust)eedig wefbavkifatiid that astaiconsboueneeth i of mvkrade activities
between the reactors has,to be.controlled within th r in.order, tg-gontral. 1 ncentration
of light c:om‘f%1 %%%?%“{i%} é%%gﬁﬁé {Elé%%&%%l\%ly@ﬁ%fnﬁ%g%%?&gr}weéd%gﬁa ggge)&er gﬁéqg%fivity and

ethylen& conberitfatian ratichetivess Taeramo feBmesrarivisysbsuibiecto athteve tigpeenrstall space time
yields (defineg. as preduetion ohnelyinen kol er-HRkyalpmsetLeagiar) and.agdivities whilst still

observing the Ciights requirements of the invention in the flash tank. The average space 20 time yield

in all reactors comiAeUcHREP BenRri Attt e f eReERTRA P L CORGIFSAD TR PoI8F AR greater than
15hokg/rr:"'3/hvr%ﬂt@&%%@ﬁ%r?@k’e@d&ﬁ&&%ﬁ&f&ﬂ@a@@@%@/tﬁli-’éﬁuation-r@&ﬁwfﬁnﬁi@.m@fipirﬁgma”y applicf:aﬁle
when the polymerisatjon catalyst is a Ziegler-Natta catalyst, especially, if the overa tivity of the

process is At HBeT DOkG Botum B e7g CHG S e, A eTkect IR Tk BERatyhelo watalyet,
most 25preiesablygrpaterthan 20y polyethylamslivcatalysis|itwe ppfymensatioreaatalyst is a bis-Cp
metallocene catalyst, most preferably a bis-tetrahydraindenyl (THI) compound, the qverall productivity
of the proceascs*‘:1 n hllss,E Igghgﬁfﬁgz’fserrg% yela%ir 55% cg%z%oﬁg/ee%hxﬂé%%%ésta fsatﬂ%% ésrea I?/%ar]épater than 6
kg polyethylenéllytataiydicintst préferaiohndreattr theheibakppolydiyte reigrediatysic fothe

B eIl el S AN CRINAIAoc6 06 abie MO A SIFEbN i abdapIce)

(tetramethyl-n3- cyclopentadienyl) dimeth _ _
activities between the reactors has to be controlled within these ranges in order to control

15 the concentration of light components in the second reactor,

By maintaining the preferred ratio of average activity and ethylene concentration
ratic betwesn the two reactors, it is possible to achieve high overall space time yields
(defined as production of polymer in kg/h per unit volume of reactor) and activities whilst
still observing the Cygns requitements of the invention in the flash tank. The average space

20 time yield in all reactors combined may be maintained at greater than 100 kg/m>/h, more
preferably greater than 150ke/m>/h, and most preferably greater than 200kg/m’/h.

This invention is particularly applicable when the pelymerisation catalystis 2
Ziegler-Natta catalyst, especially if the overall productivity of the process is at least 10 kg
polvethylene/g catalyst, preferably greater than 15 kg polyethylene/g catalyst, most

25  preferably greater than 20 kg polyethylene/g catalyst. If the polymerisation catalyst is a
bis-Cp metallocens catalyst, most preferably a bis-tefrahvdroindenyl (THI) compound, 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 polyethyiene/g catalyst. If the polymerisation catalyst is 2 mono-Cp metaliocens

30 catalyst, most preferably (t-butylamido) (tetramethyl-n’- cyclopentadienyl) dimethyl

silanetitanium-1"-1.3-pentadiene, the ovarall productivity of the process in this case is



silanetitanium-14-1.3-pentadiene, the overall productivity of the process in this case is WO N
2009/030646PCT/EP2008/061371 00139(2)8 preferably at least 3 kg polyethylene/g catalyst,

preferably greater than 6 kg polyethylene/g catalyst, most preferably greater. th olyethylene/g
catalyst. N ST ¥chieve the above ratio of average activities, it isqu%ftéﬁgﬁﬁég{ﬁe ratio of

ethylene corfé8a#t&tion in the liquid (in mol%) in the®second reactor to that in the first Sreactor 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 i s.ar iSfi t ﬁm;ﬁg lonip iquid. is.calculated
as moles of éﬁ%ﬁﬂe&ﬁ[ep Egﬁﬁil?b}??ﬂ%f}e%s% é?%%{%%ﬁtd&ggt ] pone%@sf%%%t??gt%%foggé’é Qﬁéﬁ%ie& aE?:%CLJaI
concentratioAREH Eth yheAeriRTERed SeEEAlTEBaLOP IKdpstytarBaBI2kigwever in order to ensure a
satisfactory level ofypragucivity: dt, lsilsp Rreferedrihnlibe sihvigaeicanceninationisigreafer than

1.5mol%, preferably greater than 2mol%. The concentration of hydrogen in the second reactor is
preferably leS5 HFBNTBIE ST IR BRI LEs IR B EI0seHE AR GRYerOgeRed thylene is
preferably 156:0:& malinnks. Prefeisivaiereademaainian dhe-tempriaire.oktiadirsiseagior between

60 and 80C, referf bly less than 75C, as this can assist i 'P?Ia%ncirllg t\t}&gctivit%es%a;%v en the
reactors and'the PeSBELVESEBINg CalatifiEs AAGRVAE 18 Amatic S et BSEHORY P4y be added,
preferably todtihglédd\A:2@readter réquallybyraroductisyppiessansemayheaduefcpteteiably to the
LMW reactor.Additionally or alternatively, further catalyst may also be added to the .second reactor in
; d
order to cont?cl)jletﬁe1 Bz]a\ﬁ/%eraalécg% i%/%?/nﬁg?aa%élegﬁ%séﬁ%cgg&?g& nagS ﬁﬁ?@@ﬁ%ggnfﬁ%?a??gn it is preferred
to avoid the usgasfcarlabgvidcempaness.in the HMW reactor and in LMWHMW configuration it can

generally be avoided;Nowever 6aR Be 1368 Lo DINIMISE Westirylene in the second reactor is less

than 8mo!%. However in order to ensure a satisfactory level of productivity, it is also

preferred that the ethylene concentration is greater than 1.5mol%, preferebly greater than

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

Smol%, more preferably less than 3mol%. The ratio of hydrogen to ethylens is preferably
15 0-0.5 mol/mol.

It is preferred to maintain the temperature of the first reactor between 60 and §0°C,
preferably less than 75°C, as tius can assist in balancing the activities between the reactors
and the respective cooling capacities.

Additives to enhance average activity may be added, preferably to the LMW

20 reactor. Equally by-product suppressors may be added, preferably to the LMW reactor.
Additionaﬁy 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
1s preferred to avoid the use of an activity enhancer in the HMW reactor and in LMW-

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

[
“n

concentration of monomers required in the HMW reactor. This reduces the downstream
degassing energy reguirements,

In all embodiments of the invention, one benefit of the invention is that
optimisation of reactor average activity balance, space time yields and cooling
requirements, whilst at the same time minimising the Cigs concentration in the flash tank
30 so as to avoid the need to recompress, leads to improved efficiency. This invention can
enable monomer 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 100kg/m’/h,



25concentration of monomers required in the HMW reactor. This reduces the downstream degassing
energy requirements. In all embodiments of the invention, one benefit of the invention is that
optimisation of reactor average activity balance, space time yields and cqgling.requirements, whilst at
the same tiMe&’ rﬁ}l?ﬁ/ﬁﬁ%‘?ﬁ% the Cligins concentration in the flash tank 303((5jp gg}%} g’\%}iﬁ%}e} need to
recompres§%iedi® to improved efficiency. This invention can enable monomer 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 yield of at least 100kg/m3/11, WO 2009/030646PCT/EP2008/061371 00139(2) more

preferably af least 150ke/m3lh. mast preferably atdaastic00kgN3HID £aEN {8aGIL.BY, monomer

efficiency" is meant the weight ratio of ethylene + comoriomer consumed to polymer produced. In the
case whereBth ey S56tEner THe petyhies Y atRsh FERiop 13 807 i GREPOBNBFH L RRERR [t is preferred
that a singlg agtivity-gaRarcer and by-product suppressor is used in the LMW reactor. An example is a
halogenated hydrocarbon, and mare particula%ﬁachloromethane of the formula CH,C14, where x is

an integer from Ité"S AR eERETS bR FASEh SRS HS e RERHIS OB T 2E R E 4 S RE Bmount of
halogepatetiiiciasadanisdeaeris based gipibecdmounieh Ziegierhatiadeatalysteand is preferably
such 10that the molar ratio of the halogenated hydrocarbon.added tg the reactor to titanium added to
the reactor?gegr a&éerir% 6%?%%5&%%%&%%%?#92%%& (1%%8 Cuagéogf %nﬂaé?géeenated hydrocarbon is
particularly glesinad bt whislorosedhime e dtionwvi PEGAlaly stlsyste nsswvinreeithothl énllances activity
and suppresses, e lhans ‘AU, SHER BRdRclS! Malta. cHlAlNIS.If ralogusgl In a reactor
producing low mo eCUTar weight polymer since it has I5the combined eftect of enhancing activity and
suppressindrativanddontdaibs. Basama the amount of Ziegler-Natta catalyst, and 1s preferably such

10 that the molar ratio of the halogenated hydrocarbon added to the reactor to titanivm added
to the reactor is greater than (.1, preferably between 0.2 and 1. The use of a halogenated
hydrocarbon is particularly desirable when used in conjunction with catalyst systems
where it both enhances aciivity and suppresses the ethane formation, such as Ziegler-Natta
catalysts, It 15 also useful in a reactor producing low molecular weight polymer since it has

15  the combined effect of enhancing activity and suppressing ethane formation. Ethane
formation adds to the coneeniration of Ii ght reagents in the reactor, thereby making it more
difficuli to mainiain the concentration c:.f Ciignis 1t 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

20 molecular weight polymer in the second reacior it is also particularly desirable to boost the
activity of the catalyst since the age of the catalyst and the bigh hydrogen coneentration
both contribute to a reduction in polymerisation activity. Halogenafed hydrocarbons such
as chloroform can therefore provides a double benefit, by boosting activity boost also
minimising the concentration of Cygmg in the second reactor.

25 A preferred type of reactor utilised for such polymerisations is a loop reactor,
which is a continuous tubular construction comprising at least two, for example four,
vertical sections and at least two, for example four horizontal sections. The hesat 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

30  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.



formation adds to the concentration of light reagents in the reactor, thereby making it more difficult to
maintain the concern,ation of Clishis in the feed to the flash tank below the level requried by the

invention, Ethane formation can be particularly significant when making low Fnolecu{ljar weight
polymers, p&fﬁgﬂ‘gf?ﬁeﬁ"ﬁydrogen is present. When making low 20mo|ecd13?&/%%&%f 86737/}71& in the

second reattdfHid also particularly desirable to bBdost the activity of the catalyst since the age of the
catalyst and the high hydrogen concentration both contribute to a reduction in polymerisation activity.
Halogenated hydrocarbons such as chloroform can therefore provides a double benefit, by boosting

activity boost alsoypinimising the coprRREaliRR HEIeR N Des6eand. 18RARE,2>A preferred type of

reactor utilised for such polymerizations is a loop reactor, which is a continuous tubular construction
comprising RiefeabbRe Rtk Bnptelrolr, vertical sections and at least two, for example four horizontal

sections. The heatpf pobsnesizsatiandsdyRicabniRmeyeskysingpdiraci axchanae-witiuacooling
medium, preferably water, in_jackets surrounding at least Eart of the tubular loop reactor. The

30volume SPBHEMES SRS FATIRRLTRSTE FRAEBP ST AN e BALTREH BRI the range

10-200m3. ivisppreferest thatdhipholjisfmisationdssletanutiisedith the: presertinventidghts a loop
o reactoP WS BLUMSEA UL D RIPAS Rhefor sy BILMER TSR B ~Chhe proces according
to the invention appitestothepreperatiormoheorapositlbnengoniaiingrethyderieronopslymers and
e IR DR SRR e S BB gele ameun
by weight. double bond than the 4-position. Typical examples include ethylene, propylene, butene-1,
10 pentene-1, hexene-1 and octene-1, and mixtures such as ethylene and butene-1 or ethylene
and hexene-1. Butene-1, pentene-1 and hexene-1 are particularly preferred comonomers
for ethylene copolymerisation. -
In one embodiment of the invention, the polymer is a polyethyiene resin heving & |
density of greater‘than 940 kg/m’ .and an HLMI of from 1 to 100 g/1 Omin, and comprising
15 from 35 to 60 wt% of a first polyethylene fraction of high molecular weight and from 40 to
65 wi% of a second polyethylene fraction of low molecular weight, the first polyethylene
fraction comprising a linear low density polysthylene having a density of up o 935 kg/m’
and an HLMI of less than 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
20 ke/m®, and an Ml of greater than 100 g/10min, and the polyethylene resin.
Typical diluents for the suspensions in each reactor inciude hydrocarbons having 2
to 12, prefersbly 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,
1sopeniane, iscoctane and 2,2-dimesthylpropane, or cycloalkanes such as cyclopentane and
25 cyclohexane or thelr mixtures. In the case of ethylene polymerization, the diluent ig
generally inert with respect to the catalyst, cocatalyst and polymer produced (such as liquid
aiiphatic, cycloaliphatic and aromatic hydrocarbons), at 2 temperature such that at least
50% (preferably at lsast 70%) of the polymer formed is insoluble therein. Isobutane is
particularly preferred as the diluent.
30 The operating conditions can also be such that the monomers act as the diluent as is
the case in so called bulk polymerisation processes. The slurry concentration limits in

volume percent have been found to be able to be applied independently of molecular



The alpha mono-olefir-monomers generally employed in such reactions are one or more 1-olefins
having up to 8 carbon atoms per molecule and no branching nearer the double bond than the

4-position. 'I;ggicalg%gmples include ethylene, propylene, butene-1, 10 pp@*%kg-(%g}a%pe-l and

octene-l, an mixtures such as ethylene and butene-1 or ethylene and hexene-1. Butene-1, pentene-1

and hexené)-(i%?ézbarticularly preferred comono ers for ethylene copolymerisation. In one
embodiment of the invention, the polymer is a polyethylene resin having a density of greater than 940
kg/m3 and an HLMI of from 1 to 100 WIOmin, and comprising 15from 35 to 60 wt% of a first

polyethyleng dragtigniafduighmalesulasveightiond f5om:40:teahivw Y@l acseepadimulyethylene fraction
of low molecular weight, the first palyethylene fraﬁtion co prisifpg a linear low.density polyethylene

having a derSRy/SRUBIBOTE RFE AR AR HERAF SF IS SHISR: LY AORITOE R ARSI polyethylene
fraction comprisingsaghigh densisyupel yeilatenguhaingra densitynahatte a8hob ke gpreferably at
least 965 20kg/m3, and an M12 aof greater,than 100 g/10min, and the polyethylene resin. Typical
diluents for %@ﬂ%&%‘%ﬁ%‘ﬁ%&lﬁ et%lg 1%%13%? ?ﬁaa%g%fﬁi‘/‘agr%{?ﬁéﬁsgﬁ%ﬁr?‘ %?gefis preferably 3 to 8,
carbon atorps:fresivaleeilehighee karipletinsanatkaselisg oh aiopro pegreghrbeiesiér ebigkhne and

n-heptane, %hl:érnanche%l%ll%?prﬁ @%%gtg%é%ggg%gﬁﬁ%ﬁ% %réﬁﬂ?%%?f&%il Ldimethylpropane,

URGETE
or cycloalkanes suchras cyclopentane a cyclohexane or their mixtures. In the case of ethylene
polymerizatiogh e difigeripisigesiérally inert with respect to the catalyst, cocatalyst and polymer

produced (such asliguid.aliphatic,cyapaliphaticapdianmatichysitacashong) datatamperature such

that at least 50% (preferably at least 70%) of the polymer formed is insoluble therein. Isgbutane is

particularly BrevasreeradiaiahaifiBeE 30THSBIRSFSHAG CEAIRGRS SIS 0P B LU & CtHE monomers

act as the dijugat:as dsthawase:inise salledibulspelymesisationfprpeessesatdigsitery concentration
limits in volume percent have been found to be ableft%be a e%Iied indeg noc}g%l‘yd%fugﬁ?lecular WO
L o

2009/0306 APV EPRITBBATIFLHEOIBH (25T 4o0ss o1 the present mvertio

typically can be by any method known in the art for examples it can involve either (i) the
use of discontinuous vertical settling legs such that the flow of slurry across the opening
thereof provides a zone where the polymer particies can settle to some extent from the

15  diluent or (i) continueus 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 & horizontal section of the loop. The operation of large diamster
reactors with high solids concentrations in the slurry minimises the quantity of the
principal diluent withdrawn from the polymerisation loop. Use of concentrating devices

20  on 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 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

25  means of enhancing the operating window of the final reactor and reducing the
conceniration of monomer depressurised to the medium pressure flagh tank.

‘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

30  after depressurisation. As a conseguence of the invention, the diluent and any monomer
vapours recovered in the primary flash vessel can be condensed without recompression.

They are typically then recycled to the polymerization process. Typically the pressure in



weight of the diluent and whether the diluent is inert or reactive, liquid or supercritical. Propylene
monomer is particularly preferred as the diluent for propylene polymerisation Methods of molecular

weight regulat(j)on are known in the art. When using ZieglerNatta, metallog,%l}gEgﬂg'gt[aig]%g}ate late

transition mgfaﬁwggsgg%glysts, hydrogen is 5preferably used, a higher hydrogen pressure resulting in a

lower averz&?é%ﬂ Leular weight. When using chromium type catalysts, polymerization temperature is
preferably used to regulate molecular weight. In commercial plants, the particulate polymer is
separated from the diluent in a manner such that the diluent is not exposed to contamination so as to

permit recygle githe, 1fidilueniiqhs polymesizaior.zone ovth swrmal ifany purificationy Separating
the particulate polymer produced by the process of the present invention from the diluent typically can
be by any mHEtRAFIRGHR iHAT e S ETOHERSHITR REEEA NTSRAOBERE 5 NEE IS ntinuous vertical
settling legs=sutRithsttine flow of slurry across the opening thereof provides a zone where the polymer

particles can settle_.to some extent.from the.15diluent or.(ii) continuous product withdrawal via a single
O muliplo witcre 18RS e OISR CHTAH B M ar SR R Ry but i
preferably adiagentvacthe gowndindathaendiokenhorinahtdisetionefthel joepinihetopration of large
d!ameter.reﬁ%ts%rée]}’uv{%‘d 90 %?ﬁi%ﬁﬁ%‘&&”ﬁ%%@%ﬁé@ rﬁ'Hﬁ@’ff”&z'ﬁ‘%‘é?é%%ﬁh%cqgg{%%t%ﬁéat% principal
diluent withdrawn from the polymerisation loop. Use of concentrating devites 20on the withdrawn

polymer slurryrgareeraplythy droeyione SXEingabisth theé itesarstaltipteliyateeyitnes in parallel or
series), further. enhaneps e Jeegyam atAiNeRtRR0 snerdysiiicient mannensingesignificant

pressure reduction and vaporisation of recovered diluent is avoided. Increasing the concentration of
easily condBRE#BCE8HT9BNEAts, for example through addition of fresh or recycle diluent, upstream of

the hygdyocyclone g furthes 2emeassatashansipg dhe pperating wingewet thesfinaleactor and
reducing the concentration of mgnomer depressurised to the medium pressure flash tank. Where

the final redEiBP BB HATRIE T ERR o7 VRIS d Toop rahd bt IHETHIFREN P nd preferably
concentratedapeline asiul iy lis-de pressiddsednantoptiagaiyine adathopraviahntregipetian into a
primary ﬂas(t}' %%St?‘gzlisi ’QS I%gt%?ar?:ésa %‘?I}eg{%%%!t\écp g&%%%und. The halogen can optionally form an
integral part of the magnesium compound or of the transition metal compound.
15 Metallocene-type catalysts may be metallocenes activated by either an alumoxane
or by an lonising agent as described, for sxample, in EP 500844A (Mitsui Toatsu
Chemicals),
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
20 at least one halogen. Good results are obfained with those comprising:
from 10 to 30% by weight of transition metal, preferably from 15 to 20% by
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,
25 from 0.1 to 10% by weight of alumunium, generally 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 chlonne. Most preferred catalysts have the following

composition:

30 Transition metal from & to 20 % by weight
Magnesium content from 3 to 15 % by weight
Chlorine content from 40 to 70 % by weight



30 after depressurisation. As a consequence of the invention, the diluent and any monomer vapours
recovered in the primary flash vessel can be condensed without recompression. They are typically
then recycled to the polymerization process. Typically the pressure in W

200010306450 B 51061 371 00139(2)12 the primary flash vessel is 0 5-2-b MB& g, preferably
0.5-1.5 MP&%43%#e solids recovered from the prirry flash vessel are usually passed to a secondary
flash vessel to remove residual volatiles. The process according to the invention is relevant to all olefin
polymerisation 5catalyst systems, particularly those chosen from the Ziegler-type catalysts, in

particular those dariyed fram.titaRins #Eaovm, Wanadium and from thermally activated silica or
inorganic supported chromium oxide catalysts and from metallocene-type catalysts, metallocene being

a cyclopentadieny iR GVEABIC L HERE te HAdl i Puiesdir of titanium or zirconium. 20Non-limiting

examples of Zieglesiiypeisatahisissarauthe compaunds compisingeahansitioarnatakchasen from

groups IlIB, IVB, VB or VIB of the periodig table, magnesium and a halogen obtained by mixing a
magnesiunPESHpbEhY %ﬁﬂ%@%ﬁﬁ%ﬁ)ﬂ?ﬁ%ﬁ%ﬁoe”tsr%ﬁgft%)ﬁ %ﬁgﬂg}?&% ﬁaﬂ ARt Mpound. The

haloges catoaptinnailydosranintégralopartiofhihamaghesi dremaai pouidsocoithetisasition metal
compound., 15Metallocene-type catalysts may be metallocenes activated by either an alimioxane or by
o onising S B B S R P e
Ziegler-typdrontatysislarbimastioditspisd. shengiimsec dtuteldrcsamples witlldde at least one

transition metal chasen:fram, arouRss! 1B <178 MB AN VIE  MAgnERkim Al 20a) least one halogen.

Good results‘are obtained with those comprising: from 10 to 30% by weight of transition metal,
preferably fro#as s \Pewgusys such as trisopropenylaluminiuwm, aluminium mono- and dialkoxides

10 such as diethylaluminiwm ethoxide, mono- and dihalogenated allcylalwmininms such as
diethylaluminium chloride, alkylaluminium mono- and dihydrides such as
dibutylaluminivm hydrnde and organoaluminium compounds comprising lithivm such as
LiAl(CyHs)a. Organcaluminium compounds, especially those which are not halogenated,
are well suited. Triethylaluminium and tritsobutylaluminium are especially advantageous.

i5 In one particular embodiment of the invention, the catalyst employed in the process
is a Ziegler-Natta catalyst, the weight ratio of LMW to HMW poiymer is from 40:60 to
60:40, and the space time yield (defined as production of polymer in kg/h per unit volume

“ofreactor) is at least 150, preferably at least 200, most preferably at least 250,
The chromium-based catalyst is preferred to comprise a supported chromium oxide

20 catalyst having a titania-containing support, for example 2 composite siiic:é and fitama
support. A particularly preferred chromium-based catalyst may comprise from 0.5 to 5wt
% clromiurm, 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 %

25  titanium based on the weight of the chromium centaining catalyst. The chromium-based
catalyst may have a specific surface area of from 200 to 700 m%/g, preferably from 400 to
550 m*/g and & volume porosity of greater than 2 co/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

30  trialkylborons in which the alkyl chaing comprise up to 20 carbon atoms. Triethylboron is

particularly preferred.



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 Ito 10% by weight, 25from 0.1 to 10% by weight of aluminium,

generally fr q‘%%g%ﬁby weight, the balance generally consists of elegheﬂﬁ,ﬁ{@m;ggm the
products used for their manufacture, such as cartﬁn, hydrogen and oxygen. The transition metal and

the halogeﬁ}%]r% ;()% ferably titanium and chlorine. Most preferred catalysts have the following
composition: 30Transition metal from 8 to 20 % by weight Magnesium content from 3 to 15 % by
weight Chlorine content from 40 to 70 % by weight WO 2009/030646PCTIEP2008/061371

0013;9(2)13 A:um'uma @&ﬁtﬁﬁtekggﬁylglalamsa %emﬂ&%@iiﬁiﬁa%@ﬁqli%@ﬁ@@ﬁ@ eomtenrkiessithan 40 % by
weight Polymerisations, icularly Ziegler catalysed ones, are typically carried out in the
presence ofeg%?éﬂéﬁ?ﬂiﬁg SEBIEPE Use” %{/1% %ﬁ%ﬁ?‘fﬁ’ﬁ%ﬁﬁﬁ? t‘?‘?é“gﬁ?e&fﬁ &ially compounds
comprising tigiasi-nn el sinpcai oonghesic al iordrSiydhoasi aptianalhshedagehated
organoaluminiul[‘[l’ll %omgpuggéf_%v}/}?iq& arltlncogg&rigéaio &gnisog}%n%%nge%%g%% grqu | of the periodic
table, and altuminoxanes. Partié(iar mples would be of’ganoaflumlnlrum compoungs, of
triaka!éIumuﬁdmérswhra’éQﬁ@hﬁﬁ@ﬁiﬁ%yﬁﬁdm&mmgmhdsmm%y@uminium,
aluminium e, e kaides Lasuenas letivialimisi. clhaxdeyaRgs AR linalogenated

alkylaluminiums such as diethylaluminium chloride, allcylahuninium mono-'and dihydrides such as
dibutylalum#ming Tegiifedevaird Sriteadatihsiiua coHpebitaedhbifsirarimdineeidhoss LIAI(02H5)4.

Organoalurgipiyin COMPELNG. ie shacialiy Hmsawhich arenothalogesatach are wellsuited.
Triethylaluminium and triisobutylaluminium are especiall advantg%geous. 15In one particular
by

embodimerfoSHHESIHVBITH GRS i RS S FIoRI T e PSR ¥yl AcR P e iy st, the
weight gatiopef LY MbiaTdV pelymerisfrani4RieateB8ithend the spasedtimeryield (defined as

producton of galymet n kel per Rt valume o 1e26ion) s 2 Ic2st 150: BSTeIa o epgt 200, most

substituent group may be independently chosen from those of formula XR, in which X is
chosen from group IVB, oxygen and nitrogen and each R is the same or different and
chosen from hydrogen or hydrocarby! of from 1 to 20 carben atoms and v+1 1s the valence

15 of X. Xispreferably C. Ifthe cyclopentadienyl ring is substituted, its substituent groups
must not be so bulky as to affect coordination of the olefin monomer to the metal M.
Substituents on the cyclopentadienyl ring preferably have R as hydrogen or CH;. More
preferably, at least one and most preferably both cyclopentadienyl rings are unsubstituted.
In a particularly preferred embodiment, both indenyls are unsubstituted. R" is preferably an

20 ethylene bridge which is substituted or unsubstituted. The metal M is preferably zirconium,
hafnium or titaniwm, most preferably zirconium. Each Q 1s the same or different and may
be & hydrocarbyl or hydrocarboxy radical having 1-20 carbon atoms or 2 halogen. Suitable
hydrocarbyls inciude aryl, alikyl, alkenyl, alkylaryl or aryl alkkyl. Each Q is preferably
halogen. Ethylene bis(4,5,6,7-tetrahydro- 1-indenyl) zirconium dichloride is a particularly

»25  preferred bis-tetrahydroindenyl compound.

Silica supported chromium catalysts are typically subjected to an mitial 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

30 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 shorry

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



The chromium-based catalyst is preferred to comprise a supported chromium oxide 20catalyst having
a titania-containing support, for example a composite silica and Mania support. A particularly preferred
chromium-bgsed,satalyst may comprise from 0.5 to 5 wt % chromium, prefesalhyarasash 1 wt %
chromium, 34¢ 0.9 wt % chromium based on 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 % 25 titanium based on the weight of the chromium containing catalyst. The
chromium-based catalyst may have a specific surface area of from 200 to 700 m2/g, preferably from
400 to 550 m2#phntaad/emmepardditypoligreaterthar?ice/grpreferabiyciromt ZhitosSies/dr is
Chromium- t edi njunct ith-acti S allic

com poundsggﬁ g%ﬁﬁrﬁtl!ﬁg n%t%ermo%%‘g) %ﬁ%lgrg%gr%%%% %%ﬁb%o%#%%%ﬁ%qr%g@g gﬁfggésmrialkylborons
in which thef@iRich atasiesmpfisecsiperia2Giomboncantaty st itawpitsor orisigiséatibleaely preferred. WO
2009/030646FCiHAE BRAASNBLZ/A0I3AAILM e 1ulliTRE, SRRl sL.employed is a metallocene catalyst, it
preferably comprises a bistétrahydroindenyi (Till) compound. Preferably the catalyst system comprises
(a) a metallocene catalyst component comprising a bis-tetrahydroindenyl compound of the general
formula (IndH4)2R"MQ2 in which each Ind1-14 is the same or different and is 5tetrahydroindenyl or
substituted tetrahydroindenyl, R" is a bridge which comprises a Ci-C4 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 vanadium and each Q is hydrocarbyl having 1 to 20 carbon
atoms or halogen; and (b) a cocatalyst which activates the catalyst component. Each
bis-tetrahydroindenyl compound 10 may be substituted in the same way or differently from one
another at one or more positions in the cyclopentadienyl ring, the cyclohexenyl ring and the ethylene
bridge. Each substituent group may be independently chosen from those of formula X.R, in which X is
chosen from group FIB, 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 150f X. Xis preferably C.
If the cyclopentadienyl ring is substituted, its subsidtuent groups



must not be so bulky as to affect coordination of the olefin monomer to the metal M. Substituents on
the cyclopentadienyl ring preferably have R as hydrogen or CH3. More preferably, at least one and
most prefeé ghzl\gigth cyclopentadienyl rings are unsubstituted. In a particularly preferred embodiment,
both indeny%are-u' nsubstituted. R" is preferably an 20ethylene bridge which is substituted or
unsubstituted. The metal M is preferably zirconium, hafnium or titanium, most preferably zirconium.
Each Q is the safrecomsdifferefueing anaitipeodahgebsyispedn AYISASEETD 6387 sl ksaiReiomhit 1-20 carbon

atoms or ahalogenRyitabiehydrcariys.nctude sevnaliiratenylalkyiaryber aryl alkyl. Each Q is

preferably halogen. Ethylene bis(4,5,6, /-tetrahydro- 1-indenyl) zirconium dichloride is a particularly
25preferreﬂ‘?ﬁ%‘lféiﬂ’dﬁﬁo%‘ihﬁ@?f?ia&‘}r%?)“gﬁ\”{f%g e UPPSHYEr SrsHiith QA ARIEREEE typically
subjected ignaniinitigpastivaiionsstepdireaitoaianeleyaied acthsatidesiparalwierdfae activation

temperature preferably ranges from 500 t %C more preferably 600 to 750C. In the process of the
invention. IO SRS e Sl es e SRR oy Bmd S o o the
diluent andnmoniotabmaandfshuehy sislas égsiehivrBacsipuipphtobatiteent feesh, ambeiowtts, in particular

ethylene apgh with the Sisy aiRg amhaRigcedingreaciorRftha-sarigs, dis\mixiug gomprising the
catalyst, the WO 2009/030646PCT/EP21108/061371 00139(2)15 cocatalyst and a mixture of the

polymers pitfaiides # k9rdeadifigrrateabivdiemmeedtiegnt ffoptionally possible to supply a second

reactor angietoihapRRIOpH el teash:aneat afda dJol| prangareaei ssvat fepgheatgystand/or

cocatalyst.%l l?ﬁlsv/f %é, é!r Is, rrg}‘gr{%?é% 581 gérgﬂﬂg% }Q?e%%t&-l}’St and the cocatalyst exclusively into a first
reactor. 1
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
polyethyiene produced in the reactor (kgPE/hr) / {ethylene concentration in the reactor
{mol%) x residence time in the reactor (hours) x feed rate of catalyst into the reactor (g/hr)],
residence time being defined as the mass of the polymer in the reactor (kg)/the output rate of
polymer from the reactor (kg/hr); and

wherein the ratio of ethylene concentration in the liquid phase (in mol%) in the second
reactor to that in the first reactor is 5 or less, the concentration of ethylene in the second
reactor is less than 8mol%, and 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.

2. Process according to claim 1, wherein the solids concentration in the first HMW

reactor 18 between 20wt% and 50wt%, more preferably between 25wt% and 35wt%.

3. Process according to any preceding claim, wherein the average space tume yield
{defined as production of polymer in kg/h per unit volume of reactor) in all reactors

combined is greater than 200kg/m’/h.

4, 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 6(1:40, 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.

5. Process according to any preceding claim, wherein the ratio of length to diameter
(L/D) of the first HMW reactor is greater than 500, preferably between 750 and 3000, and
most preferably greater than 800, for example 800-1500.



1. Process for producing a multimodal 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 made in suspension in a second reactor in
;hef_przserme of ﬁ‘l%déé}ﬂwﬁl@fdiﬁ@&_F@%@Hﬂéﬁ@%ﬁ%ﬁgﬁﬁé@&?&?é@%%m&m Qé?ﬁ%/eké&’lw reactfor, "

efined as mass of polymer divided by the tofal mass of slur t least 35wt%, most preferably
petween 4SS LI SOMOL RSP Bt P STie COEER A R PGt eactor to that i the
second reactfrablmintaimnetbattespithz09-5.8). preferably between 0.6 and 0 8; the volume of the
second reactor is at least 10%, preferably at least 30% and more preferably at least 50% greater than -
the volume of the first reactor; the ratio of the average activity in the LMW reactor to the average
activity in the HMWaesaesseisindin a1peregsdingslsinerdienve g siioftiengthae Hirewétbpis defined as
the rate ofpolysthwene-pragueedin thereastalaRENN./ dethdengweqpsantration jnthe reactor
(mol%) x residence time in the reactor (Tmurs) x feed rate of catalyst into the reactor (g/hr)], residence
time beingPBEARAE 3510 5886 e polymer in the reactor (kg)/the output rate of polymer from the
reactor (kg/hr); and wherein the ratio of ethylene concentration in the liquid phase (in mol%) in the
second regctor tg that in the first reactords 5 or less, the c nirati thylene in the second
Teactor s s thE N B S e e B S mer in kg
per unit vakrfsablvreeetorlisnall reactors combined is greater than 100 kg/m3/11. 2. Process
according to claim 1, wherein the solids concentration in the first HMW reactor is between 20wt% and
50wt%, more preferably between 25wt% and 35wt%. 3. Process accordinlg to any preceding claim,
wherein thé avera§&%PATETINE {aRY QIEFHERE S8 BRotEHdh B U e kR PErURtUSIume of
reactor) inialihereiar pieambhinac is) grerteedbanrQfkainiihin helBcasstact@ dingstoaady preceding
claim, Wher(%/i&rtﬂ)(r cﬁa(llﬁtsgmployed in the process is a Ziegler-Natta catalyst, the weight ratio of
LMW to HM po ym'er |sfro'm 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. ;3. Proggss.asciding {0 AP REcERFIBRGlaimWheiRiberaip,atiengiiie fiameter (L/D)
of the first HMW reactor is greater than 500, preferably between 750 and 3000, and most preferably
greater thdfrgetrdraxaripheBinsi bomo e probaedBebbrding to any preceding claim, wherein
the ratio of length to diameter (LID) of the second LMW reactor is greater than 200, preferably
200-1000, and most preferably 250-750, for. example 300-550. 7. Process ording to, any preceding
i, whel i (S SR ol AP SRR T0 (B HBEEE han that o
the secondsiMinaisatistctD (1) aash805Cafardblyrafdehbt Re9thgndafér. 8. Process according to claim 7,
wherein the ratio of L/D(1) to L/D(2) is greater than 1.5, preferably greater than 2. 9. Process
according to any preceding claim, wherein the ratio of ethylene concentration in the liquid phase (in
mol%) in thé: sec&’ﬂ%é‘éﬁ@ﬁ%‘%ﬁaﬁﬁf fEchrdRg SKdTb T B ?e%%ﬁﬂ‘*&’é‘féﬂéﬁﬁ}@%‘@f’f@és. 10.
Process agegféling:ie anypirerding:saimeyne &imhihe cencait alioneh ethylgretmghe second reactor
is between 1.5mol%da}tnd Ies% than gﬁ%otl%?;'i 11t. Sgroqg/ss agcogg{()n ;{ot ny ngce%i qnclaim, wherein the
temperatuf& BT e HrsTESCHST IS Maintahed between 60 and Yahd S preterabiy fes than 75C.
12. Procegsdecebidignd ‘any pitgreitimagle 2imoe Whdrthinl aysid ngngentaiiih thtrsumuoltimodal polyethylene
is transferred from the secord af the &gvg‘;a%gﬁ{prs to a flash tank operating at a pressure and
temperature such that at least 50mol%, preferably that at least 80mol%, more preferably 90mol%,
most preferably 95mol% of the liquid component of the slurry is withdrawn from the flash tank as a
vapour.



