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WO 2009103(1644PCT/EP2008/061369 Case 00125(2) SLURRY PHASE
POLYMERISATION PROCESS The present invention is concerned
with olefin polymerisation in slurry phase reactors. Slurry phase
wapkymessaton of olefins is well known wherein an olefin mogomegs-aiss136s
{%g(ada?y glefln comonomer are polymerised in the presence of a catalyst
Ina t in which the solid polymer product is suspended and
transported. Polymerisation is typically carried out at temperatures in the
range 50-125C and at pressures in the range 1-100 barn, The catalyst
used can be aSLEERAYSFHpIcEYUERHMRIS gfrpeiymersation such
as ch Xi legler-Natta or m taI ocene-type 10catalysts
Polymﬁ%[rgl] a%%%g ?9%%%%%;}%%"#% gﬂﬁln oop%rne %{Bmg Tich 15};210 Yphase
rEsiAuous tubular construction comprising at least two, for example four,

vertlcg o ?J §&n?@é%%ﬁ‘@%f&%@@@ﬂﬁé%ﬁl&{{é%ﬂ fals &%ﬁ?%bmmcr

The heat of polymerisation is typically removed using indirect exchange

RiPPHEB BRI PRt A RP WA ST jacke s sarsurding ey 15easiuent

ipantief tneswmh@m@@ FRARIAN: Khg, ¥eldme, ofeachhlaop reactor of a
multlpi% e reactor system can vary but is typically in the range 10-200 m3

more tyBIEAT 567 S0 RS TRET6HH P AT BB e itk tasfesenes"C and at
pinvention trerefighis-gehete tjpe c&tdi}fﬂfy@&ﬁﬂw lfbfdﬁ%f ShiBlyst typically used for
isation.process of polye Ien f the slur in the
o S e AR S A R e S v,
CEEDYSFO monomer(s) catalyst, chain terminators such as hydrogen and

otherp eﬁ@a@%lyse%kpcmrm ak the &J%%\% &8@%1&2&9@ - elg 3}130113

percent (based on the total weight of the sl of particulate po ymer an

Tl HrsiIRsEreEHP TisiNed BitHe tofRr Welghioftie sl efctions and at Jeast

W%EB@B@I@M?M@QE@ dheisusneRding m%gi'ﬁmﬂﬁsg?ﬁﬁm alh \ﬂ}gmcwed
fluid. c onents in the reactgr and will comprise the diluent, olefin
“W%B@f&?‘a‘?%ﬁ 1S B dfif0E8E e UifiePedsh g Hatshart drlieRterRunding at

leesphe o teactiudadilbentdacpartiti an alig Wﬂzﬁ&flﬁéﬁ%}ﬁmgbf\ﬂhﬁﬁﬁlm& zactor
JRfinel | diluent is and inert dilyent the ole gnomer will t lly,
S R T R har R o g e ey e
lopn ﬁ@p@d@%ﬁdﬁh@w&aﬂy&iwsﬁm@hmaﬁxmﬂdﬁsg@mndeﬁmon system
at fuie yeloeiiee U UIGient 9 MAINIAID (08 POVRISIN SHORADSRUINANE, e

S|UI’I’ and 3 fO maintain” acceptable cross- sectlona con Ion an
Slg%p{dg q%afﬁﬁﬁogﬁgaiér@@pgﬁgrﬁwgmmu ate polymer, the hydrocarbon diluent(s), {co)

moenomer(s), catalyst, chain terminators such as hydrogen and other reactor additives In

particular the sturry will comprise 20-80 weight percent (based on the total weight of the
shurry) of particulate polymer and 80-20 weight percent (based on the total weight of the
slurry) of suspending medium, where the suspending medium is the sum of all the fiuid
components in the reactor and will comprise the diluent, olefin monomer and any
additives; the diluent can be an inert diluent or it can be a reactive dilusnt in particuiar a
liguid olefin monomer; where the principal diluent is an inert diluent the olefin monomer
wiil typically comprise 2-20, preferably 4-10 weight percent of the slurry.

The slurry 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
to maintain acceptable cross-sectional concentration and solids loading gradients. Siurryis
withdrawn from the polymerisation reactor containing the polymer together with the

reagents and inert hydrocarbons, all of which mainly comprise inert diluent and unreacted
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withdrawn from the polymerisation reactor containing the polymer together
with the reagents and inert hydrocarbons, all of which mainly comprise
inert diluent and unreacted WO 2009/030644PCDEP2008/061369 Case
wWaD1Rs(Z)2snonomer. The product slurry comprising polymerpang:giigtisso
%rgg ('J% t)cases catalyst, olefin monomer and comonomer can be
Ischarged-intermittently or continuous%‘y, optionally using concentrating
devices such as hydrocyclones or settling legs to minimise the quantity of
fluids withdrawn with the polymer. The reagents and hydrocarbons need
noshersepacated ftonnine polymearape yeecoveiad fenecanemin Safety catalyst,
a%}%%ﬁ‘&%?”épg{‘&a' Eg(a}1§ons, andgrp n%g{ocesses for achieving this are
oA TG S THBER EhE: LS GRHGraR, toome auressaremg Y
ogEvoidtiising theqolyries: doritainingtsirdamafteldthas beemyithd @Winimise
. isati or. The diluent.and unrcacted monomer can
e oo e e s s o o

bfeetsrtsHHTsR Lot sower polyiviercemd be tamstaireckfon fanthesvironmental
rIREESaGnany AWelnawn disadvaniage af the abgve p r%j:%%ges é;‘%r e5568

0rse‘pg{rating and recycling liquid components withdrawn from the reactor
A R DY AP AL AT TR ORI g mibrapR e ieuithfira iftain afier i
htheydhavehieemvaperiseddn the separationProgess fequires qansiderable. .
<Lheray. Thus for sggg_lg ﬁ%ﬁor operations, alternatives have been

Proposed sueh Asiin Ao G047 351 W erES Hisforrg oA dlirgirg tor. whilst

theawipbpreitsowithdrawansithy thegpdlyther e separated in a flash tank at a
can be recondensed just b

temp?{%@ﬁ%&&ﬂﬁ%ﬁ%&}&%ﬁ@ th %ta oe O RLGCEss d?%ﬁ &eé)(gﬁe}ﬁagl é%@srquzpiing the

_cooling, without recompression. The renainirig
LEBiAGOBBHPIRS Pistess Aerstparatsd init seepnigflash: tank-eperptingat

irariower. pressyIes R6 theseeed foihe recomprassed in order tobe
recycled. The advantage ZOOf?this procéss,g\fx\%lgﬁ l|1137(%r1?aci‘e8"r’Pe:’]'(TJIa o héréifafter

regUIEeS SoUSiiRP Pl SRt 1A roiesls Retmtonlyivsmalieneponionvelbeen

piaaparbed liwd compenenisnagd 1&%{%&%@{9@f&%&@@d&ﬁéﬁ&{t&@%&am
Wrﬁctggdgpseq_. ‘E:S‘WII:"I'S the _bove "medium pressure flash"‘ rocess has
sen found tobe SHIEAHTE 1A Sk ISt SormeEREafphErdsssre such that they
Cah@mﬁtmiéw@témmpm&ﬁnmmsgcgmﬁﬂ@sﬁéﬁwg@(}f&ﬁg&@g%g?rry‘
' e reactor system and depressurised. If the content of
o S SRS B fagoahitn e Qryns o
loWtHratRchom v raacior istotigheitwilhnotibepossible taiflash Abantage

of MRpesaty 8ANd: REESRLEWINER WRHI] Allow, b Eﬁrh‘%‘%é’sréﬁ?é Laigie Brocess, is
substantial Portlon of those components ’
that only 2 small proportion of the vaporised liguid components need to be recompressed in

order to be recondensed.

Wililst the above “medium pressure flash” process has besn found to be suitable in
single reactor polymerisations, if is nevertheless dependent for its success on the
composition of the slurry withdrawn from the reactor system and depressurised. If the
content of unreacted mononzer, hydrogen and other light components in the shwry
withdrawn from the reactor is too high, it will not be possible to flash at a termperature and
pressure which would allow both vaporisation of a substantial portion of those components
and also recondensation thereof (using an cconomically viable coolant such as water)
without compression. In such a case it would still be necessary to recompress the vaporised

conrponents in order to recycle them to the reactor,



and also recondensation thereof (using an economically viable coolant

such as water) 30without compression. In such a case it would still be
necessary to recompress the vaporised components in order to recycle
them to the reactor. 3 We have found that it is possible to improve
control the composition of the slurry withdrawn from the reactor so as to
ensure that the above "medium pres%ure flash" process can operate
withguthie nesd t05Ce R PESHRMNYREAING Y PEO LRI RRAE 88 LQlurry

_tﬁr%e rea({;tor. Summary In an aspect, there is provided a
Wi

R RERNOH proCEEs T HntenBoEthiTe IS R5tUERE IR IGFR S fash”
pro@elyrmeipationraactotin teedpkesenceratnZibglaldiatiasaalysi-ansarssor
. tactiva%or, and a stream or slurry containing the polymer is withdrawn from

0 }%ﬁéegé:a%tor and transferred to a flash tank operating at a pressure and
Sumemperature such that at least 50mol% of the liquid or non-polymer
compapani ol the stisam anterng g lashians oL SR MM 1ore i
from the HTash tank as vapour a 2 ?east%%oi%%, more prgf(eyaeb a
prodeast 98589 2armd mosspieferashpuinl daspaSdButoi¥n dithevptucatalyst
andvgﬁ%'%%ﬁtf,rgﬂﬂ tg%t%%h Iﬁlrélfuﬁ @Bﬁtglﬁnqé Qﬁé&%@ﬂﬁ&e{p&,ﬂ}% n from the

temperature of between 15 and 50C, preferabl and 40C, without
reackimpldsaioisigthEr &R dt Mokometaitebt fesformend CRTCEurvhishebeat at
leastSRAMINEARTHONL & 803 A RpesaAtin the sHary o Aad the.molar Latio Afdhesh

chloromethane added to the reactor to titanium added to the reactor is
tankype stErthEn ot et Des dHshdank 2 NS, dhigerrBmol%, more

prefRbIOdiRAL e PresRNtAIBGASHIBrBraYINe S RAYMOrSAION RIPARSSARour
lymerisation reactor in the

. Which polyethylene is produced in slurry in a po _
Wit SR F0) A EACA s B MBRORRoH. RS B peteen
15 @slaggecyniataing e palydEdswithatawm fress she waaetor antoromethane of

ransferred tq a flash tank operating at a pressure and temperatyre such
e R oS 7 the AT aT S ook cASBary o G S

molentetiiinglite taghdankhanshduydsovithdeawor frontdhe: flashitank aseaeactor is
grea\{g yr gnd at least 98mol%, more preferably at least 98.5mol%, and most
reterably at least 99.5mol%, of the vapour withdrawn from the flash tank
riled Ahsbriptibeing condensed at a temperature of between 15 and 40C
withQui,caRIression, Whsreitha BRRIRHUGHSURRIESROTaihigh reduegsqhe ,
amount of by-product formed per unit of polyethylene produced by at least
polypoorgsaing ﬁf@féﬁablywaﬁg&ﬁ@a?ﬁsuﬁpm%yfﬁr@a@&rfarm@dn YRerisation

reaci8AMIQhOYraideastAD Y. sempaied withsannigdentical e Palymensatian siurry
process where the_by-pro‘dluct suppressor is not present, is used in the

containingthe polyzAIl thE tofhy s rsaGEE R St Trissb ety Hash tank
opefataustiopratann k@l hedpetfierceuthethaduictian: isasviadyo caleulaiad bBY non-

reference to such a production rate, A -by-product suppressor" is a
PO BRI o HRSUL S e ol eh BY B o TG rom th
flaslp olyknerisationreadtions 3y Y8hiollis meantdfmbii yedleas RSanidunhofmost

-product f d per unit,of polyethylene produced, such that the ratio of
P e B o e SR o
being0wmn (sompatedsuitreatiidertisaivgoly Mendatidit whthventhebyrproductvherein
a bﬁ%%@&sﬁpﬁ&%&’rﬁ‘?&préﬁ(ﬁ@%ﬁéyamﬂﬂlﬂf %;O%HIBP el g/Pusnit of

reduces the absolute amount of by-product produced by at least 10%,

polystbripab iy alusast ook teopared wigioab ld dhtiehspeigrmaasatiohbumepduct
forntBE RYHRALIGH SHRRNESSONIS, NELRISSEN D W havgifaund that by
introducing such a compound into the reactor, it is possible to reduce the
proportion of components having a molecular weight below 50 in the
reactor and hence also in the flash tank. As explained above, an excess of
such light components in the slurry which is passed to the flash tank can
make it difficult to recondense the flashed vapour without first
compressing it. Usually the by-product suppressor acts by reducing the
rate of formation in the reactor of one or more WO
2009/030644PCT/EP2008/061369 Case 00125(2)4




products other than polyethylene by at least 10%, preferably at least 20%,
(compared with an identical polymerisation where the by-product
suppressor is not present). Preferably the by-product suppressor also
enhances the polymerisation ac particular, it is preferred that the
by-product suppressor increases the polymerisation activity by at least
10%, preferably at least 20%, comp#red with an identical polymerisation
polpMRSIGADE BYsREQIUH.RURRI835AFJ8 ROLRFERERL: RIaieraiiialile@slsed in the
80mo1%, more preferably 90mol%, most preferably 5mol% of the liquid
ew‘*<:‘%‘)‘mponent of the slurry is withdrawn from the flash tank as a vapour.

Cgﬁ@p@ggingﬁeoﬁﬁk@ﬁﬁ;ry%@k@mﬁt@%@wl@w@&w&ﬁgm lae;!w\ﬂ%gssﬁrggde in
ip's re typically a rocarbon companents containing 3 carbon
kgﬂmﬁéwﬁe X E]‘d?ﬁ?g] L&ﬁgﬁﬁﬁ&%ﬁ»ﬂﬁ%hﬂﬁ%ﬁ%ﬁﬁéﬂ SIRAAC RIS R ate-
andihyidrgaedudt sapprefesieddbaioipdoyd procluct spiopresser kedicien Hicy-
& ncgntratl%n atJeast .one of thet compon n s.in the slurry which has a
proqigi gy Ot PR be: BSTRT Ay S Sasunt
of bmmodemtdbensdl nsslthmtatﬂpa&egarho@/broﬁﬁhedvap@uﬁw\mmd navim dEdm-peduct
nkl i of J:6Q |tho t compression, it
o P T R Mol fpyitn an
idengigm pohenesiraivingvaarolechiabcightsbitowss0 is not perwith)P sdtichids the
by- ﬁhﬁu@&%&m%g%ﬁo bt QOEHEA AL 3 Q) o8 QW%S&E%M&%E%JW at

Pe are respectlvely the temperature (in C) and pressure (MPa g) at

ea‘*tﬂéﬁ/&c@ﬁ&ﬁhh’e% fae vApbliommEhwH o e inalspefameisasndehsedhe
by-R08ue Hiprd Ga 208t themalareenegntrations l&&h%gafr{ar@a&% such a

hydrogen and ethylene respectively It is preferredt at the
comgBHREARIRIBRA 6B BdﬁBﬂiél‘ﬁlﬁx}fh&%“ﬁ?dhfcﬁ‘fa?%?@rﬁ fsomReseiTRoins 2
molthelstuteydntenog tieiflaph I@alfotsmméauedllgaleiurwmatfgum%mp ained

concentratlon in the reactor. Accordingly it is preferred that the
o G R e FOLEOP R BB ARV 1 GRSCEL Wligheh ank
can helw BOdgffinalatsorsatisfiesdhie diasltiah ﬁibﬂu,ﬁhwﬂ&aﬁﬁ firG. Co(APrest) it.
2/CE.) where Chghts, Cr % CElin thls case
s A S e T e S R R B S or
one gimualchydrogen and ethylene respectively in the reactor. More preferably
the concentration of components having a molecular weight below 50
gimol in the reactor is the same as the concentration of components
having a molecular weight below 50 glmol entering the flash tank. 30The
by-product suppressor is preferably something which reduces the
concentration and/or suppresses the formation of one or more compounds
haying a molecular weight below 50 g/mol. An example of a by-product
suppressor is a halogenated hydrocarbon, and
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WO 2009/030644PCT/EP2008/061369 Case 00125(2) more particularly

a chloromethanc of the formula CHxCI4" where x is an integer from 1 to 3.

In an alternative aspect, the present invention provides a polymerisation
waracesssiavhich polyethylene is produced in slurry in a polygaetisakienss: ase
Feadiar ig(g_}e presence of a Ziegler Naé{ta catalyst and an activator, and a

stream or slurry containing the polymer is withdrawn from the reactor and

transferred to a flash tank operating at a pressure and temperature such

that at least 50mol% of the liquid or non-polymer component of the stream

penteringithe flasipdarkhoteatmry dsiwihdiavprbiermthedlagh tank asaipared with
ly at least 98.5rnol%, and most

t least 98mal%, more preferab
G e S inion o6y (e p O NIt FBTR e flash
tank isTeapable bt being ¢ordensedsat aso cnhtureohbetveenitaiand40Gy. in
Without compregsion sywherein . hydrocarbon, preferably a
13chlc_)rometha8ne of t;het formﬁdggﬁ)%%l%_ \%hg?gl?(cfse %Sﬁsiﬁ%gyg?}f%er%%?g%,
AAYELBRaTeHClor Bl aspasts Srthermmrentivithinisipreferied that a
pSUeansenniaining thenolypagrdaisithdr %"ﬁé@tfﬁ%ﬁlﬂe reactor and

trans?rr?d %ﬁa fljsh tank operating at a pressure and temperature suph
that at Te5&t BOMOBEE 'St tHe! Ho BpoIReEr CoinpBRelte oreserseies i e At of
tithédfladhdapkisnwithdrasun-fremwhieiflash tankas fvanaur.Uskally.the
streago‘ its the reagtor as a %Iyﬁr){ of which th non:polyémer component
inin t e?[%w phase. By the fime tHa iR Siere s Rasw chmol ("Crgn.”)
aricwevalty mosydferatiathchtheononpalymer2Gcemponanhisdnites vapalhe

tAhRse. Rehoth.aspectsof the invention, the most preferred
° (:flgloror%:j goépr%ane is ?ﬁo%f&%?%eﬁ%%%mﬁ% %%g oA r%i%@%er%%feeé that the by-
pYWH%E‘éFH@ﬁS@ ﬁ?@?@?ﬁéé%@@é&ﬁmﬁ fh@ﬁu@l @Tféct?oﬁipjot‘m_nm in the shurry
wElpRressingisthinne ismatin, ard,als0.eahancing &%%@Efgﬁﬁtigé‘s{"%%'&%.
Etha&e formation adds to the concentration of light'reagents in the reactor,

and tHerEE & iFHSTE te i stk BaId AR itapmsrevdifisaiv e avoitiaizsh tank

is nepd locariptessithasapaurflashediamthe;f mé%ﬁéé %gg?i&&é?cta%ﬁ_mn in
, but this

Lecondense it. In f ctgh ne.is normally purged ag
T T Bl RS R E B Tane. e i e At PRARs

resu

&/fopieckin fine firstpiadepbnnitsaicedugtion In-thezamount of £thane o g) .
7(Ryaed, apddenge.dreducion. in the, amount of elhylene lost, Ethane
£t/ %gful% CiTy 8t %cg{l%s AT %én‘gﬁ %1

formation can be particularly significant en makin moteeGa e g at
thevergep oRTESe yarsulahirawrifoge thisforksent. it cariaisaibend Cy; and Cp,
ar§lgs) Eﬂ@i@rtﬂ)mg%gﬁt%yfﬂfsﬁ%%?%ﬁ %ﬁ%ﬁ'&%&ggn@%degﬁgﬁpvely,

concentratign can contribute to a reduction in polymerisation activity.

HalogenBIEd e AR GRE SRR O 200D PD3S S RTTYERIG0BI06 260

below 50 g/mol in the slurry entering the flash tank is controlled solely by controlling that

lo
&
o)

concentration in the reactor. Accordingly it is preferred that the concentration in the reactor
of components having a molecular weight below 50 g/mol also satisfies the equation Cygpe
<7 +0.07(40 - Te) + 4.4(P. - 0.8) - 7(Cy2/Car) where Ciightss Cuz, and Cgy 1o this case are
the concentrations of components having 2 molecular weight below 50 g/mol, hydrogen
and ethylene respectively in the reactor. More preferably the concentration of components
having a molecular weight below 50 g/mol in the reactor is the same as the concentration
of components having & molecular weight below 50 g/mol entering the fiash tank.

The by-product suppressor is preferably something which reduces the concentration
and/or suppresses the formation of one or more compounds having a molecular weight

below 50 g/mol. An example of a by-product suppressor is a halogenated hydrocarhorn, and



Case 00125(2)6 as chloroform can therefore provide a double benefit, by
boostin.g activity boost and also minimising the concentration of Clights in
the second reactor. The amount of by-product suppressor added is
vsualyobased on the amount of  Ziegler-Natta catalyst, angd s prsferably,
égs%tbgpfs}t?e molar ratio of the by-product 5suppressor added to the
FEACIOF t6 fitanium added to the reactor is greater than 0.1, preferably
between 0.2 and I. In one embodiment of the invention, the concentration
of components having a molecular weight below 50 glmol in the slurry
;ﬁmﬂm@dta@ﬂbaabﬂm&sﬁmgﬂt&ﬂ%m@&m@%ﬁéﬂﬂﬁ%%E‘MH%%%@ég’]@om 1 to
jfreatment, in which the conditions between the reactor 10and the flas
tank are controlled to ensure that further polymerisation takes place
beforeenteding: thedlashdartc theebihconssng SRMeBi il isation process in

having a molecular weight below 50 g/rnol. The object of the
ﬁ%@%ﬁiﬁ@ o i ’ éqedt%%?%%%aﬁwaﬁswm%msaﬁ%*ﬁvgc of 2

i £ _ risation stage is o redu
> BR/Mg a e utarTrsightbelow 501G snakin dhelsitiiyonbilstoniRmEinger s
vheeiiectkon.the finalpr erties esidence time, ]
15temperature Yar%&sﬁﬁr%%g%%%%%%grﬁ%ﬁeﬁ tbgggﬁz}%% %&%%%ﬂ%ﬁéﬂd
YRR ST HHE tRE e drraliBm o usd Ses domrigonents whilstaveidingent of the
sbteckage-nrfoidinginihe M&z@pi%ﬁﬂ&%&@%&ﬂ%%%ﬁ?ﬁ? Ach ¥&ur and at
IS

th uired degree of polymerisation, it is preferred that in
lﬁéﬁﬁéggﬁ?éaghﬂ?? Pé%ﬁarélﬁ{é‘éﬂﬁ}ﬁ%%?%ﬁ@@%ﬁﬁ PRShrstparrérisatisn. 5mol%,

10 oftmeybmiweeiththevedeior andibediash @@&a@@gﬁéﬁg 8917%1@;&%%
20pref t least 5 minutes and more preferably between 10 and 30
e A G eg et e e

hpssepdyranSatioly zchemaytheprovidethinthedenmiof amagitatestankse

sheweyer ikisgmoastprefered that it is in the form of an expanded diameter
transfer line between the second reactor and the flash tank, which provide

esseMHAMIARGHOW ththar thtipr doistimabusétimed tankeliketiresetione polymer
15 isGoHCHHONS fd5 e Molume,of g%s@g@@gegfgig[ﬂ er portion of the transfer
line is tggica!ly between Im and 35m3, prefera %%&%\%ae{ﬁ%%ﬁdj ik and

RSP GTARTGH (53 e e thateteas- prévaranly heonssn D0

e @0F; tnofespreferably:batween 28Q:RNLE0Q1t is alsg prefeneg that the ..,
0 and 1000mm, most preferably between

aff@é%@?‘%ﬁjl me?st%rsi.ﬁ ?\(? to %-gl?c . ol 1] (bt Hei
500 an Somnm. The resideAca fifve RO profreBRPIHSE I lBd LipStHead Bhage. By
hhjarodyconen3otive shurfiapressiiredet-downsvalveantothadnding slyny
20 coR8RMeMt is in the vapour phase.
In both aspects of the invention, the most preferred chiloromethane is chloroform,
CHCL. The use of a halogenated hydrocarbon is preferred because it has the dual effect of
both suppressing ethane formation and also erhiancing polymerisation activity. BEthane

formation adds to the concentration of li ght reagents in the reactor, and therefore if not

P
in

removed would malce it more difficult to avoid the need to compress the vapour flashed
from the flash tank in order to recondense it. In fact ethane is normally purged from the
reactor, but this results in an associated loss of ethylene. Reducing the amount of ethane
formed in the first place permits a reduction in the amount of ethane purged, and hence a
reduction in the amount of ethylene lost. Bthane formation can be particularly significant
3¢ when making low molecular weight polymers, particularly if hydrogen is present. It can
also be desirable to boost the activity of the catalyst since the high hydrogen concentration

can contribute to a reduction in polymerisation activity, Halogenated hvdrocarbons such
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In an alternative embodiment of the invention, the concentration of
components having a molecular weight below 50 g/mol in the slurry
entering the flash tank is WO 2009/030644PCT/EP2008/061369 Case
waP1b2)ésadditionally controlled either by introducing additigraliendigle 360
dntootgaﬁ {g ry as it passes through the transfer line between _the reactor
Andt e?l ih tank, ancUor by adjustin'é; the solids concentration of the
slurry as it passes through said transfer line. The additional liquid which
may be introduced is usually inert diluent having a lower concentration of

abcampaneniswith-amnoleculas waight belew e (thens) thanithalefine. also
slurry withdrawn from the reactor, %Erﬁld %referqfl%:g( a Clights level that is
Hﬁ%l-rg}é 350 lfh%)%fﬁﬁ%a el it SRS TSIt &G uh, of the additional

liquidispreferably lésgrmiam mpiossmosidereferaldy Omaid/ an Theaselids rc]n-f

of i f e e adjusted b ssing the Irrdt?hru
gRpat ettt p e e S
syREEEE teelee ofggkasnkiandetheselide mafistreat is moyetetagither

ppsHeameinthe trangfer line or back to the reactor. The above
embadiments of the invention involving post-reactor treatment of the slurry

leaviriy THE FEREBRATARS RHEYSTBIEN0 I CRESSEITRBOHG AR REaRs IO
mbjethtreasioh: thessonoentatipniberen ehreagiantisiauchasethdens as,

well adding a 15by-product suppressor. which may additionally | ] _
R P EHUR, PO RO BHTARD B B R e B desectr
aiof ieflighidntaporiseddn dheofinst fladhutankn 4n @l enbedimenisobthe before

ir tj erring.either to the flash tank ancUor the eact((r)rﬂas
e R e SN ATy BASHEE (hAL AR BT gy oo
WEiEH peHen S Ieaving B ardtissu i ieight-belpmebasatisfies: theegdatioths
o 5ifod FUIRTANRAAAP, xR LGERICBL MBS (B0 524 GBY

P and T, are as de-fined previously and refer-either to the'reactor or the
wWhiEH iR GEshariG oMb iratiraferhboanTiisnt dithesilantiome,
temperature and slurry velocity ave controlled to achieve the reduction required in the
concentration of these components whilst avoiding blockage or fouling in the post-
polymerisation zone. In order to achieve the required degree of polymerisation, it is
preferred that in this embodiment the residence time of the shurry in the post-
polymerisation zone between the reactor and the flash tank is at least 20 seconds,
preferably at least 5 minutes and more preferably between 10 and 30 minutes. Tymcally
residence times of 15-25 minutes are emploved. The post-polymerisation zone may be
provided in the form of an agitated tank; however it is most preferred that it is in the form
of an expanded diameter transfer line between the second reactor and the flash tank, which
provide essentially plug flow rather than “continnous stirred tank-like” reaction conditions.
The velume of the expanded diameter portion of the transfer Tine is typicaily between im’
and 35m’, preferably between 5 and 25m”, Its preferred length fo internal diamster is
preferably between 100 and 1000, more pz‘eferab}y between 250 and 600. It is aiso
preferred that the internal diameter is between 200 and 1000mm, mest preferably between
500 and 750mm. The residence time is preferably installed upstream of 2 hvdrocyclone,
the slurry pressure let-down valve and the in-line siurry heater.

In an alternative embodiment of the invention, the concentration of components

having a molecular weight below 50 g/mot in the slurry entering the flash tank is
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It is preferred that the polyethylene made in the reactor is a multimodal

polyethylene having a shear ratio of at least 15, generally between 15 and

50, and 25preferably between 21 and 35. By "shear ratio" is the ratio of
wthedigidead melt index HLM1 of the polyethylene to the MIg&f Hi8a0s/061360
d%gyggwjfﬁa The HLMI and MI5 are measured according to ISO

Standard 1133 at a temperature of 190C using loads of 21.6 kg and 5kg

respectively. MI2 is similarly measured but using a load of 2.16kg. The

HLMI of the multimodal polyethylene exiting the reactor is preferably

amm@mmmem@fmmpmm@ﬁ@iﬁ@f@rﬁ@%ﬁﬁi&\/@ﬁ@i&ﬁﬂé&%agses
GAOinin. *T cally the myltimodal polyethylene is made hi at least two

rea&t%%eiﬁagg%gsk?lgnee of W lﬁ:} S l’"’é%d?fb‘“r%s\jﬁlltﬁﬁh sy radtisting the
salifforassobisian déthedinopghiitmmrays MWGigh said transfer line. The additional
112009030644PC TIER008/061369 Gase 00125(2)8 be made in more
tahan two rea%orsl, it ?s most preferlyeqé??f?é{%? %ﬂ%&ﬁf%%g“ﬁ%ﬁ%%ﬁ%@ﬁg% of

CTBIHEEE BN RTEHE Trighs relastdfs (iseridsawith tigHeys produdthdrawn

ABHPPEESSELDRING RO L0 SENST Teagtar: foweyey tigdoes not pxelude |
‘tthﬁ %gssﬁﬁblllty ghiat up to 101% of a thl‘l’d polymer may be made between )
"ihe two rdet8rd it AISE dEE LG derteAttE BpodubilebTpolgrerisatibly
Otakitig Tlese drostodie:first seastenaforexannle indayspalymensalion,
CE] ign. 1%% fgst %%Iiyme _me?lde in tgee}girzt. reactor may be a low

motecular we'gflffr? BT el AR THE S 86 5 56 ATe Fraia dsiRaged to the
flagbcenk mehitoratidy rerashigh ivotesulat weight(HoMWV), B)WREHOTNICE: hack
1oMgEsa,dn,pne embodiment, 30- 70wt% and more preferably 40-60wt% of a

low molecular weight (LMW) polymer 10made in the first reactor, and

70-30WiAPare R RS igretts ab W e0-40iines wfavhigpmeolecutar iweightit of the
siHMA Relmesisdpaded acton, The. eferred range
of %g.tios of the |itv1vvﬁg§§qu_ w%ﬁ%?ﬁéﬁ%%ﬁ5‘%5%%#5}1%%@&?4&%%}5 he
TRETRISE B CRRSECAT WETGRE of RGTYadUriH Afoteaular welightb(lading 2
byapesitendeghtasbewalativeniesausy i dhatihed-MMW:Relymerbas. %%%isﬁng the

lecular weight than.the HIVIW 15polymer; there is no limit on
AR L I R S5P et s BEHaeh fa.

In all embodiments of the invention, and referring either to the flash tank and/or the
reactor as discussed above, it is generally preferred that the concentration of COMPpOTIENES
having a molecular weight below 50 satisfies the squation Cigms <7 + 0.07(40 - Ty +
4.4(P; 0.8} - H{Cu/Cri) where Crignss, Crpp, Cr, P anél T, are as defined previousty and
refer either to the reactor or the flash tank depending on the particular embodiment of the
inveniion.

It is preferred that the polyethylene made in the reactor is a multimodal
polyethylene having a shear ratio of at least 15, generally 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 polyethviene to the Mils of the polyethylene. The HLMI and MIs are
measured according to 13O Standard 1133 at a temnperature of 190°C using loads of 21.6
kg and Skg respsctively. Ml is similarly measured but using a load of 2.16kg.

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

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

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



10

30

reactor, in a preferred embodiment, the HIVIW polymer made in
suspension in the first reactor and the LMW polymer is made in

suspension in the second reactor in the presence of the first polymer, the
watiossabeach polymer preferably being 30-70wt% and 70-3QwA&e2008/061369
2Qrespes ively. The following requirements apply to this embodiment only.

In this embodiment of the invention ("I-IMW-LMW?7), it is preferred that

the byproduct suppressor is added to the second UMW reactor. It is also

preferably ensured that the concentration of components having a
boletulanwei @mb@lg\gaaﬂgmthesaﬁsa@ﬂe&&ﬂ%\ﬁ ;@mﬁg r%%%ﬁﬂ(@)&gﬁ%lyethﬁgnc is

' int, <7.%0.07(40 - Te) 4- 4.4(P, - - 7(Cn2/CE() by )

&%%Eﬁgﬁﬁpr% the %%ﬁ%%ﬁﬁ%"é@‘éﬁ%ﬁe% ity TH S e
afecaperiiRye wetivity ivtmy irStHMW reactdnik: flen Q25 andikSAVarage; of 2
SRRtV IsLYPI igher.in the fi where a copolymer.is usually

e DAt e EIICW aclct e e ot Ao RS a
DRSBTS T REP SR el e ERr R os ladbalfisrredeco Gbtaiartdelivi/yv"
pREagdiets andvedave. found:that as.a.ensequensehe fatio of ayerage.

m%(ftiv(ijies SO%e% een the reactors has to be controlled within these ranges

‘rder {5 EBhtrdrthe RUATEAGATHF SFIH ROMpRITEnS in thesseushesactor

in or
m&edm@rhiﬁhmmh&@leﬂmﬁwmm | r%aeip{/ﬁﬁs)ri%@[ﬂeh@%a&%é%&{mm, 30-
+ialy e produced in the reactor (kgPE/hr) / [ethylene WO _
O e oot At BOLS8(3)8 Conteritibrriise s
mpgactolerisiosyac esidente imeintereactartholy soxiped  ate of ot
mealalystd r | additional catalyst is.added to the _
Vnsec_ond ég;%}g)kﬁlﬁ?ﬁ%%%%gﬁ%&%% Iﬁla%g o ngegl r%é@%f@%ﬁ&é“ﬁ% Erf%ﬁ ed range
of s PERAIVALIN 806 f8 WenoiorsisiedAsiAensd tobeltherariie: tfrms “low
nagdiignakeatalystisvadded:t ) bR flow. Srate into the
" ?.cond reacto @Amideretﬁlg}gfﬁ?ggﬂgn&%g fldwrba%geg?%g%ég? fom
fef e firsPRSatt aﬁﬂ% e Novniteso fatifigsirardestrtakiehhddoddirgety

pdhtodhensecong tbatton. hitevasiivelys REtVItY:IN SACH HEACINMAY DE: in each
r&:&%g,ulealted based on catalyst residues polymer produced in each reactor,
as is well known, and the activity ratio calculated fro 10The residence time

s defineduécthe! vrabsdithe, folyiMérindhenedetandke)/B6bension in the Frst
reactor and the LMW polymer is made in suspension in the second reactor in the presence
of the first polymer, the ratios of each polymer preferably being 30-70wt% and 70-30wt%
respectively. The following requirements apply to this embodiment only.

In this embodiment of the invention CHMW-LIVIW?™), it is preferred that the by-
product suppressor is added to the second LMW reactor. It is also preferably ensured that
the concentration of components having a molecular wei ght below 50 in the second LMW
reactor satisfies the equation Chignis < 7+ 0.07(40 - T,) + 4.4(P, ~0.8) - HCy/Cpd) by
ensuring the ratio of the average activity in the second LMW reactor to the average activity
in the first HMW reactor is from 0.25 and 1.5. Average activity is typically higher in the
first reactor (where a copolymer is usually made to obtain the HMW product) than in the
second reactor (where 2 homopolymer or high density polymer is usually made to obtain
the LMW product), and we have found that as a consequence the ratio of average activities
between the reactors has to be controlled within these ranges in order to control the
concentration of light components in the second reactor. The average activity in each

reactor 1s defined as the rate of polyethylene produced in the reactor (kgPE/Mr) / lethylene
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output rate of polymer from the reactor (kg/hr). In a case where pqumer IS

recycled back into the reactor, for example when a hydrocyclonells

employed downstream of the reactor, the output rate of polymer is the net
wartpeteadei{ie polymer withdrawn less polymer recycled). 15Rreterablysthiese
cQue WI uctivity of the process is agleast 10 kg polyethylene/g

catalyst, preferably greater than 15 kg“polyethylene/g catalyst, most

preferably greater than 20 kg polyetbylene/g catalyst. In order to _

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

cethylenbconcntration (inaﬂ@j%)dﬂd&&:éﬁm [RAEIRkR that: ihl%ef@rﬁﬁte of

r 20 ess. Pref abI e ratio of ethylene concentration in the
Cé%?ﬁ%}n ltr%g}:gtg?ﬁtco Th % firs reac otr! 3 r&ggﬂ&{}%é@ﬁ? (ST
whs opladstingase par@@erémm@mmwm@@ﬁnmwmmmm m@mamm

YT @d'%ﬁ?{gﬁﬁ%%g‘ggtﬁ‘ arg;5afisfied.joget rll%'&ied to I@]él’ilscgl Igl eac or \fﬁe fiow

embodiment it is preferred that the actual concentration o eth ene i

{"gﬁ%ﬁd%%ﬂl%%ftﬁa?ﬁ%@%m%\ﬂwm6%@?1@@%’8135@{@&&1}’% from the
fizhsatistaclaryievrleR 0dyely Bhail iS4l %%ﬂﬁ%i%ﬁ@%t%mg ﬁmﬂ%ﬁc%ﬁd

conc %iratlon is greater than1.5mol%, preferably greater than 2mol%. T
e

e ettt atEn St %%Pa&aﬁ%%ﬁ%1§@%§8h@%&8t%ﬁ4¢§15r@4&%®%§§1wmdues

iSinoleymone piefeidblylesssiban dinelei ThevatioRf Aydregan 0o calculated
s&fhylene is preferably 0-0.5 mol/mol. Usually each of the reactors has an
rlnternal volume greater than 10m3, more 30 commonly greater than
25m%ﬁwwm@mﬁng@amtmmsgmm@awmagesmmeﬁ%zgam&e
S’fﬂé‘f"‘fl version of the HMW-LMW
mg?ngtt)%%rrﬁef%? Iiof the |§1]\3]qur}1%on @é?\% es of {édasc‘iﬁ%F thé ém}:%lrssmcycm back

mé?ﬁb‘foﬁé‘&“‘éaf?@r Wq@gig i 20%sirarid WO s employed downstream of the reactor,
fha@@gf@a@w%@iyﬁf2@@&9&@@%@&%@%@@%&&&%&% dihatal

olume, length and diameter of the réactors employed eac _
fa“r?&tgﬁg ndently differ by less than 10%. Most preferably in this version of

the ePnibdivhents m%magﬁ@aadaﬁwe 7€M JHMeNSIORE 1 o kg JAYSHIMENE o

W .emb d ention, in the case where the réactors
oS Py el &rg%%ﬂ i ﬂ%lgivﬁf 061716 FrateTrad s B iisgeater than

20degipitigethyiene/s ca‘taivsi

In order to achieve the above ratio of average activities, it is preferred that the ratio
of ethyiene concentration (in mol%) ir the second reactor to *hat in the first reactor is 5 or
less. Preferably the ratio of ethyiene concentration in the second reacior to that in the first
reactor 1s 3 or less, and more preferably 2.5 or less. Most preferably both ethylene
concentration ratio and average activity ratio requirements are satisfied to gether,

In this HMW-LMW embodiment it is preferred that the actual concentration of
etiiylens in the second reactor is less than 8mol%. However in order to ensure 2
satisfactory level of productivity, it is also preferred that the ethylene concentration is
greater thanl 5mol%, preferably greater than 2mol%. The concentration of T hydrogen in the
secord reactor is preferably less than 5mol%, more preferably less than 3mol%. The ratio
of hydrogen to ethylene is preferably 0-0.5 mol/mol.

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

of the invention the volumes of each of the reactors emnployed differ by less than 10%, and
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between the reactors and the respective cooling capacities by maintaining
the temperature of the first reactor between 60 and 80(}, preferably no
higher than 75C. It is also preferred that the ratio of solids concentration in
wbedistygactor to that in the second reactor is maintained;oqgmﬁmﬁ(,g
ly between 0.6 and 0.8, g, this also assists in 10maintaining
%%ggjﬁgggboyg average activity betweqe%\ the two reactors within _the .
desired range. Generally in the HMW-LMW embodiment of the invention,
the solids concentration in the final LMW reactor is at least 35wt%, most

éﬁp@#@%%@@w@ém&m%m1am%ard@hﬁmm&dsmammfwam@ch

. i % 550wit%, mare preferably between

S aroh o Dot T s B kNG iRt 1 Boyhgpoodmen
Brekshivetoiie thtarmaigiastnessiurry, In this case it is preferred to
conceriitate the sebidstransteriad fim thefirstieasto riﬁotﬁ@%a%%ﬁ%ﬂge the

reactor, Using a settling zone and/or hydrocyclone. A comonomer-free
‘%T&”éﬁ?ﬁ%éé?n"ﬁl&%%ﬂﬂﬂé&ﬂj‘éélﬂrm iaihisPTRETyHio pitonethy activities
bﬂadmﬂlﬁbeﬁﬂtﬂﬂ@&iﬂﬂ%@f@gﬁe@we@ﬁtﬁ%ﬁwfﬁ@é@}B%ﬁ@ﬁgﬁi@?é{gﬁé& erature
reactor, thus increasing the sity of the polymer pro uced in the L
Diz%cf%?? mag@grﬁ%fﬁ%i%léna fglgegp e%ﬁ%ahr%t%’ Sterethge Rctivity sndse
retiyiehedheenirationiidtiodretvesivthe tiwofeaetansindieHMML h:il%é%\!d
. i itJs passible to achieve ., high overall space time yields .
ST R St OBl e TR
mapveHERgithswams glifshReraiyithe Cittre fuirementsiofstheinventioniind
4@ flash tank. The average space time yield in all reactors combined may
be m§intained,at‘greater than 100 kg/m3/h, more preferably greater than

150kgTMEAY, BribHOSY prereFasR idaet mikoookeims /e solids

conceniration in the final LMW reactor is at Jeast 35wt%, most preferably between 45wt%
and 60wt% and the solids concentration in the HMW reactor is between 20wt% and
50wt%, more preferably between 25wi% and 35wt%,. The solids concentration is the
weight of polymer relative to the total weight of the slurry, In this case it is preferred to
concentrate the solids fransferred from the first reactor to the secend reactor using &
seftiing zone and/or hydrocycione. A comonomer-free diluent stream may be introduced
upstream of the hydrocyclone to reduce the proportion of comonomer transferred to the
downstream reactor, thus increasing the density of the polymer produced in the LMW
reactor.

By maintaining the preferred ratio of average activity and ethyvlene concentration
ratio between the two reactors in the HMW-LMW embodimeny, it is possible to achieve
high overall space time vields (defined as production of polymer in kg/h per unit volume of
reactor} and activitizs whilst still observing the Cyens requirements of the invention in the
flash tank. The average space time yield in all reactors combined may be maintained at
greater than 100 kefm’/h, more preferably greater than 150ke/m™>/h, and most preferably
greater than 200kg/m’/h.

However, where a plant has been designed to operate a single catalyst or product
type, the volume and dimensions of each reactor may be optimised individually for the
principal grades to be produced, and thus the two reactors may be of different volumes and

dimensions. These different dimensions can be utilised in order to obtain the degired
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However, where a plant has been designed to operate a single catalyst or

product 30type, the volume and dimensions of each reactor may be

optimised individually for the principal grades to be produced, and thus the
woyaoreastoss may be of different volumes and dimensions. Thesa, gitfershtsco

Cdimgggé%@can be utilised in order to, btain the desired WO
560 4PCT/EP2008/061369 Case 00125(2)11 balance of average

activity between the two reactors in accordance with the invention, thus

providing greater freedom to vary other reaction parameters. Thus in order
bdeachig\wdhedesited @tioeh averageactivity-hetwaendhe fitsttH MM on, thus

and dscla{gorwedté!;%élé/élcgorg ctors it an 'gltetrnativga embodiment of the ‘
PENVIALE RV aspect of the ihvention: tHe st BEIRR) rE4EIoraimss RAgaigre the
dspeedertime ekt Agefiribu abgpraductiofief GolyHenid ke/li-pellanivyelumes, in

/ re preferably greater tha ‘

i S i broTer ot aree e SR el )
TS3FEE RS 1 thik ALR Tt titdiraaolofspave diridoyi efthin threfirsk gAMWW it

saastarrtedbesecond (hMWITeaRIoN IS Qrealar: ADOSLRY >
v greater than lﬁgﬁ?ls ma%/ be a%ﬁ%gv}éd bﬁiﬁ%%%ﬁ%&%?%&% /h, and

REARTG It 258l R hat B4 Mhork thalRconwicpre ferdbnchrniisethe ratio of
s130:10%6,a1d mare fpreferably;approximaleh: 40:-60%@f thevelumeHfdhe,

, Secon Qé GV\%)} reagt?r.iilg th{ssc%se itis rgferred that the ratio of length to
‘diametér (%f) bftfa firsteactor 1€ JIEAtE FHLRBO6Y preteribh etire & W)
re780ranid:3000andhaiostipreferably: §reaterdhar, B00: adeitionaly.0knd more

a [ fhe. ratio.af 4D of-the first reactor to LID second . .
i el IR S A e A G S
it Féﬁ&fﬁf'@éﬁﬁ@w@ﬁ@ﬁ?m@ma@ dispace (infe)yiélidriiall reagiotorsareater than
seombinesabe-manained &, Qf%s%%?&&?@t#‘gégifépm%oé%@ sdditionally

preferably greater than 200kg/m3/h, and most preferably greater than

oS ERYINT3IN. he rieerh AN & EMwWCsIePis e sanectipser is greater
theeacior@Btotae-IVMY:palmer D themacenddeagiatndhis gass.dLis: space
tiiﬁeneﬁglg eferred that the dt:y-pr}_oqluct suppressor Qis gd@edﬂto Ehe fj’rst )
AW Pt O P R SRS i SRS 1551518 thie: dhaB g dideniiofiymore
prifiethis egnboctithen 2 0fitaerinizentiom (5t MVIEHBINE ) teistpne feral’ /i
ensu t@g}ﬁ -ation of components having a molecular weight
belov%qé%() in't %%g@%% refg(t%grms%tllss m%%ﬁlér%]&ug .%‘E?%ﬁﬁrﬁ%dé&l?&%?%ﬁ@m’f
in thg sggend ge@ytor7 (DHZLCED.bYie gsuwindythe: 25matitafthy rageactivity dessor
; : : r IVItY iF irst LMW reactor. is ..
R e M AR R R ot A
OT¥dte of polyethylene produced in the reactor (kgPE/hr) / [ethylene
concerntmtipbiii thefesoter iRl X Fesidencetime, in the reactor (NOULS)
T feed rate of catalyst into the reactor fgihr)]‘. If no additional catalyst is _
AT I 8588#@’?8%{8?&}%%% TERICTHAGERE" REBv30 ordbe Aegend reactor
saf@ﬁhsitﬂ&seth?ﬁlmﬁéiglof?cawm the ;V\ﬁo&ﬁggct@@ ijqugggggqﬁ Efcli)@@ing the
S .If additional. catalys ed to the second reactor; the flow ]
R o B e R e B A elor
rezgitalydtdromstte(itdt idactorplesitigit@each reactor is defined as the rate of

po%%@ﬁ@&%ﬁﬁ&yﬁ %%Q%‘?Zé@cﬁj(ﬁg?&hr) / {ethylene concentration in the reactor

{mol%) x residence time in the reactor (hours) x feed rate of catalyst into the reactor

{g/hr)]. If no additional catalyst is added to the second reactor, when calculating the ratic
of average activities the flow rate of catalyst in the two reactors is considered to be the
same. If additional catalyst is added to the second reactor, the flow rate into the second

reactor is considered to be the sum of the flowrate of catalyst from the first reactor plus the
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Case 00125(2)12 additional fresh catalyst added directly into the second

reactor. Alternatively, activity in each reactor may he calculated based on

catalyst residues in the polymer produced in each reactor, as is V\(ell '
vikmoswmvpamdsthe activity ratio calculated from this. '[Ee)/risidgp@%,ﬁ?}%@%g 369

i he mass of the polymer in the reactor (kg)/the. 5output rate o

Cglg%yﬁn?g%%r@m the reactor (kg/hr). Ins clg;e 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
frateaieopelymenwithdiawnies e poly diesciaciated): Faisembadimentafiively,

- A jon i ' I licable when the 10polymerisation
e R D ARG Wi oty o

PYREBPO ck §8515 TERIEAS R O Kip P Slyethy evishy catatiystpreferatilyegreaterhis,
than t@é@@@éﬁ@mﬂﬁ@g@%@é@w@%%Ea%f&%%yg{?%?{h@%ﬁﬁ%\fga e

polyethylene/g catalyst. In order to achieve ove ratio o g
OUBIIRE PP praTEH Beth R Y an 6k s Eihyidratorbersrationeinsmos)inback
iffsctiseeend ¢actan ity batimne il FRAGIORISRAE Jed 83 rMOSIn of the reactor,

referably both ethylene concentration ratio and ratio of average act_|V|ty‘
AR 10 SATandi BUNEP: PIETERBNPHE AP BR e bimer
reggpiedntration in the second reactor to that in the first reactor is 3 or_Ie_ss,
and ably Z2qrless, .. Inthis LMW-HMW embodiment it is
prefe?r%{g ?%{g}g?égl%%taﬁhg ncentration %Jc’fnelﬁﬁ’ﬁé‘ﬁ%u A tHEPSSEBNY FefbhGs
PISEEAIREHBBIohy Howeliegin-dlder toepsursspac20satisfactotyleyebdictivity of

# VIV il : it js.greater than 2mol%. The h@_lene
o o ot Ao ol e A e T B bt

PHYRFoGRIY R e Bt iEsthis preferdbiy: RS shaiyBindios/morelyst
preferablidessag3mel¥ove ratio of average aclivity, it is preferred that the ratio
of ethylene concentration {in mol%) in the second reactor to that in the first Teactor ic 5 or
less. Most preferably both ethylene concentration ratio and ratio of average activity
requirements are satisfied together. Preferably the ratio of ethylene conceniration in the
second reactor o 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 8mol%. However in order to ensure &
satisfactary level of productivity, it is also preferred that it is greater than 2mol%. The
ethylene concentration is preforably between 2 and 5 mol%. The concentration of
hydrogen in the second reactor is preferably less than 5mol%, more preferably iess than
Imoi%.

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-
2001 and more particutarly 100-175m”. In one version of the LMW-EIMW embodiment
of the invention the volume of the reactors emploved each independently differ by lese
than 10%, and it is preferred that al! of the volume, length and diameter of the reactors
employed each independently differ by less than 10%. Most preferably in this version of
the embodiment, the reactors have the same dimensions. Thus in the LMW-EMW
embodiment of the invention, in the case where the reactors differ in volume by no more

than 10vol%, it is preferred to balance the activities between the reactors and the respective
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Usually each of the reactors has an internal volume greater than 10m3,
more 25commonly greater than 25m3 and in particular greater than 50m.
Typical ranges are 75- 200m3 mid more particularly 100-175m3. In one
wesionmkine LMW-HMW embodiment of the invention the valyme:efdhe: see
dea%ersemployed each independently. differ by less than 10%, and it is
preferred that all of the volume, length and diameter of the reactors
employed each independently differ by less than 10%. Most preferably in
this version of 30 the embodiment, the reactors have the same
Cefritsinns HThs imibiei LIV M enivedifiieafio thednvestiosrnihed
168%€ ﬁ@%ﬁﬁﬂ%@@%@@(ﬂéﬁg il %yg_l umg ngnﬁpra%%gdt&%p t%cr? E“/ﬁ%ld%ﬂﬁ ¢ tsgﬁi

preferred to balance the activities between the reactors and the reSpective
SRR PB09T0B062 APE THER? (08061 360sGasd 00LR5(2)18iceolig! between 0.8

as@paciiesin painiaieing shedenparaiire of égﬁs&% [eAGtoneNesN IO . o
and 110C, preferably between 80 and |00C. It is also preferred‘that the
S LDt EEREFhtFaIER TR firtrant e Ats Patansthe second reactor

is maitdaimatyah betueen 018 @Mdnbadpreferaiah: beiwern iR anghik O, as
dhis als m%slsi%tasa'nﬁmggnj[ainig%ti;]g alance of a_vgra%e activity between

the two reactors within the desired Tange GEREFEIgHN HETFRF-FIkinR <
3 Bribodirmentiof thedeverition; the selids concenteatin:inceachereastakisats e
jleast % £ veen 45wty and 55wt.%. The solids =~
B o O O i B T s et
tﬂ%&?%@ﬁ@%@wsms prefémsdancconcentrdtedhecsolids aisierectroiment
stV 8BGO 10N SRERNGH ERREIRRUSIDE A SeUING 2005, AN o

h%droq@one, A hydrogen-free diluent stréeam may be introd
P REEATS THE Y drSRIBIRE H 1 seftseer thie pRspsopaefsstdhijafegeny fractionate
thtrdfistacneshio-tae dowiRsteam MeRoior rdhisMestpEeielred 10, Hash Oivimize the

hfcr]?{)ctLorln@th?gIer gélye&t tcr]ansferred to the second (1-1MW) reactor
Hydrocycione 1n order S RKIRTR #& Ry drogen transferred to the

dowristrears redetera hitiowe ver,wheresa plaichas beepidesignadidroduot
~Pperate.asin t or product type, the volume an% dimensions of
ygach reactor %%ly e %{%ﬁ’%ﬁgé %ﬁdf\% u%%lllrf}? \r{)ﬁw%pﬁ%%? é?%\}d%gé%f%ﬁm
PriverrlcEa wrid Bsusaecefoirddbtor&may bewobdiffereht volifiesandlumes and

difienansionsekhase.differsnt dimensions canbe dtlised ingrder;to obtain

the desired balance of average activity between the two reactors in
balanes i CEr Rt tHa RIS A HE ORI g Grattar fredtghe foveanpn, thus
prothiensepetionfRammetersnThusirorder ta,.achieMe Mes in order to achieve the

desired ratio of gverage activity between the first {LMW} and second (M W) reactors, in

an elternative embodiment of the LMW-HMW aspect of the invention, the first (LMW)

reactor may have a space time yield (defined as production of polvmer in kg/h per unit
volume of reactor) greater than 150 kg/tx’/h, more preferably greater than EOOkg/mz‘/h, and
most preferably greater than 250kg/m’/h. In this case the ratio of space time vield in the
first (LMW) reactor to the second (HMW) reactor may be greater than 1.2, for example
greater than 1.5. This may be achieved by designing the first (LMW) reactor with a volume
that is no more than 90%, preferably between 30-70%, and more preferably approximately
40-60%, of the volume of the second (HMW) reactor. In this case i is praferred that the
ratio of length to diameter (L/D) of the first reactor is greater than 400, preferably between
460 and 800; additionally or altematively, the ratio of L/D of the first reacior to L/D of the

second reactor is greater than 1.5, most preferably greater than 2.
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desired ratio of average activity between the first (LMW) and second
(HMW) reactors, in an alternative embodiment of the LMIN-HIVIW aspect
of the invention, the first (LMW) reactor may have a space time yield

wdefineds@sproduction of polymer in Icgin per unit volume ofgeaetdus/ne: 349

(95[5%%@{25‘@5‘ 150 kg/m3/h, more prefergbly greater than 200kg/m3/11, and
95most preferably greater than 250kg/M3/h. In this case the ratio of space
time yield in the first (LMW) reactor to the second (HWAT) reactor may be
greater than 1.2, for example greater than 1 5 This may be achieved by
desigriythe firsg (owivente aendy with asyetimedhatisinoaterd thaim@8don,

dieterablyhepwesp 0 0% and H&%%ﬁ%@&y O?ﬁ%r%%(z@%z%l Yo activity

40-60%, of the volume of the second (H eactor. in this case it is
OpETeTr P TR AR SiSrab o PR RIS LIDY Sitherfir Sbreattomising
dgreatar handonidreferablyhetwean 4Q0.2ach 800, adaitionally Ol 1eads o
.alterr%né%&gthe ratéo of L/D of the first reactor to L/D of the second
IFRRRYSE [ Urehtdr thal PR e Hereip R gren@ciisrosionrbess than 1.015,
220319/030644PTCOER2 003061368 Case 0042k(R) 1 hievdhe falloning

omments apply. to all aspects an bodiments of the inyention. One
F e S e el e i TN
Imivnﬁfﬂﬁaw _@éﬁﬁsmiﬂme’ﬁéidsaahch&ﬁoiiﬂ_@yéquﬂmwﬂéi%hﬂgt’ at ihent the
wRATE e MANKRING (DR Gkigiis sanaRaaten lndhs Jash jank so as to
avoid the needto recompress Ieat?s to |mpr3v3 of clency. This

inventioh el aphblahisnerrardidisroiisohié Saetreanidr 015 qehrllyin other

wiess, tar: 1 Qkandpreferalheless 1hen 100610, be aehieved eyen when
emplaying a space time yield of at least 100kg1m3/h, more preferably at
least TSBKGMTS/RPMOSISAReTE ISP ALt 45t %%wﬁ%%ﬁﬁpéﬁéﬁhéa@ﬁwm of

tiyireanenaer ibiciabhyisis meantthe weight talioffi&ihyiensutr construction
comaonorner consu dto POI mer produced. 10it is preferred in all

Caspects of the invantion TAAEthe TEactoP & TRTTRPRAR # GREFYforgs oxample
fhererisosu statitally e bes-odpvapouiseentaining hscispaest iksthe ndirect
SEACION it s ARNE[EN-E6 fereactor utilised for the polymerisations to
?whicﬁ aﬂias%eg%gﬁi? rtpﬁ% féﬁﬁjt%fn 13%@%#%5&?% ee%sl S%E)Or%{gé 6r?“tw e of
thy BHiH devsTIIBar tenstustol conprising at leesttwtp foreexamplgem can

viBEuVRItcA S8Ctons andat deasiwa; IQB%%@'%&KEJ% Jﬂﬁﬂg‘ﬂ& b reactar

sections, Th.e heat of polymerisation is typically removed using indirect
B AR GE WATE R CISRRG FhEdRIM I prateretly ater, ihrjabrérsistmenridinglionid
fudit least part of the tubular loop reactor. The volume of one loop reactor in

a mu(JJ,IipEIe rgacg%{wsegsten] can vary hut is typically in the rangze

10-206 07137 T e Frefarradl Hiarthe R e ShAbh AR ERS Lttt T the
prpfeseht invertichtisAddpaeactors, and further that the loop reactors are

liquid-20fWll ... Typigal pressures e[mtrl)lo (?d in the loop reactor are »

g 1o 1

bet_w‘eeng({)J.l-lo MPa g, pre e}?alg‘fg%leotwﬂ%n]%gtg E'RAPF TR Prourrgsitions
CORERBYRITY (G SnvEiDR ap plié sapoimpre Pakation cgmbositionypically
comprise one or more alpha-olefins in a variable amount which can reach 12% by weight,
preferably from 0.5 to 6% by weight, for example approximately 1% by weight,

The alpha mono-olefin monomers generally employed in such reactions are one or
more }-olefims having up to 8 carbon atoms per molecule and no branching nearer the
double bond than the 4-position, Typical examples include ethylene, propvlene, butene-1,
pentene-1, hexene-1 and octene-1, and mixtures such as ethyiene and butene-1 or sthviene

and hexene-1. Butene-1, pentene-1 and hexene-1 are particularly preferred comonomers

for ethylene copolymerisation.
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containing ethylene homopolyrners and copolymers. Ethylene copolym(_ars
typically 95comprise one or more alpha-olefins in a variable amount which

can reach 12% by weight, preferably from 0.5 to 6% by weight, for
vaxampteapproximately 1% by weight. The alpha mono-olefig&mwgmmw
cgeneraig@employed in such reactionssare one or more 1-olefins having up

to 8 carbon atoms per molecule and no branching nearer the double bond

than the 4-position, Typical examples include ethylene; propylene,

butane-l, 30 pentene-1, hexene-1 and octenc-1, and mixtures such as

ethyleREMHIBGERST of Brieriamdresereel iBueheitylsentesie daving 2

d&ﬁlﬁtﬁ@ﬁ@f&@t@r atenpanticylary.preferredicomenamers gi'@x{mﬁ@ comprising
[i Lymerlsag n, WO 2009/030644PCT/EP2008/061369 Case

25(9)15" %a&‘i{é‘f@mm&mﬁtﬂ&ﬁﬁ@ rVERHGH BeR oIS A from 40 1o

Gﬁd'glﬁtbg/mm;mb@ﬂmygeﬁ density. of me @t@ rhag 940:kgm3andhalethylens
from 35 to 60 wi% of a first .

/10 d
e O H et R RGISCLILP g Bk 6H0 R B niopof e
a@‘éé@ﬁﬂb’alyéﬂh%m?ﬁ&dﬁl@mmf mmmamgﬁgm Jdheffiuston comprising a
RNEI RS AN omp oA A RN S PRleIRnS e

adens of up to 935 kg/ HLMI of 183s tha !
Kg&Rof %twféﬁ eatFa chign O8rapisiy it H@G’chb }@@I&/e?mylene

haV'”@}@ﬂﬁQﬁlﬁé&fg %J%E&@Qﬂﬁg@% orgfecably. %éﬁﬁ%tlgfg?og&/@% ﬂ@‘gnv 2
MI2 of greater than 100 ,2110min, and the polyethylene resin. Typical

g"‘3o| SRTEHEP e O FERSB AT S RIS e R BeaTBBRBA aVirgEs

PPt ziﬁum&t&raﬁl%ﬁet@rﬁ CREDORAPS REMIesIes IO @(@mﬂl@m
Ilne r alkanes such a rg@gnge n-butane, n- h%iqxane and n-heptane, or

Ingrjangﬁe’c}S0ﬁ<aar“ﬁﬁeﬁs,ms}t’:}c RSB R o eTisE! ﬁ%éﬂéﬁ%b‘%ﬁ?ﬂcm?enml‘“ and
¢i22hdirmetiyliopametios cyicltalkanes stgh-as wyclapentans antiluent is

o g t In.the case of eth Iene merlz tion, the
&%éﬁlg&:% é@l@%ﬁ%&éﬁgﬂl n%grlité Vl\t/tl{?quraetés] S CHCRAlYL aiy C%%Eé%{a?ys é?uch as hquid
iRt Vst REEH  Su6 hras b w@gcaim;mammahmmmmmam

stwqresarbans), 1@5@1@%})@%&9 (e SHGH &Bﬁh@é least 3070 (preferably at, . i

least 70%) aof the p mer formed is insoluble therein. Isobutane is
paﬁ%ﬂ%&ﬁhﬁ?ﬁ?@?&ﬁé 15 diH&Yiluent. The operating conditions can also be
suchThabireaQRAMEHACEASABS WHIMRALAS 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
weight of the diluent and whether the diluent is inert or reactive, ligunid or supercritical.
Propylene meonomer is particularly preferred as the diluent for propylene polymerisation

Methods of molecular weight regulation are known in the art. When using Zisgler-
Natta, metallocene and tridentate late transition meta] type catalysts, hydrogen is
preferably used, a higher hydrogen pressure resulting in a Jower average molecular weight,
When using chromium type catalysts, polymerization temperature is preferably psed 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 ceniamination so as to permit recyele of the
diluent to the polymerization zone with minimal if any purification. Separating the
particulate polymer produced by the process of the present invention from the diluent

typically can be by any method kmown in the art for example it can involve either {1} the
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the case in so called bulk polymerisation. processes. The slurry
concentration limits in 20volume percent have been found to be able to be
applied independently of molecular weight of the diluent and whether the
vdiluantisgert or reactive, liquid or supercritical. Propylene nporaimpeiisic: s6o
(pasticutagty)preferred as the diluent fogpropylene polymerisation
Methods of molecular weight regulation are known in the art. When using
ZieglerNatta, metallocene and tridentate late transition metal type
catalysts, hydrogen is 75preferably used, a higher hydrogen pressure
uF@é}é%ﬁﬁef‘ﬁ%’Wé’%{i’éré@@%i@%ﬁ%F%%ﬁ??\ﬂfh‘éﬁi@iﬁ@’cﬂ@@ﬁﬁiﬂm%éﬂg
deatalysisiinelynernzation wmperativre isreferablusedstoregulaterom the
i olecular,weight. In commercjal plants, the particulate polymer is
LA frOMH R BT ST EAERE et I8e AR ot Ekpd s, the
learitamninstioh sm as tapeimi secyeleof e 30dikent todhe:polyAierzation.
with minimal if any purificatio arating the particylate pglymer
O B RS PR m e ten Ry
regivisevip s redthot kevowationthe it forexampledtchr ok eftter (i)
p%jnﬁip\é{@zl%ggl%&ﬁ%%ﬁﬂ /’eﬁg f&%&%ﬁ@g gﬁ%?e@%l&sc(ggg@ Hz8 fdevi.ces

iscontinuous verticalsuch that the flow ofacross the opening thereo
OB BYHELEIE RO WRETS IS BT fREb hahtitTee i sEite oos omiesaent ! multple
hjean fhediuentandbr centinuauspreduciwithdrawalvia & SiNGIG A an encrey

%ult;gle‘with‘_drawal,po,r;s, the location of which can be anywhere on the
*OBFTRRIBF IS DRIESFBHPETACE ATt te BybiimstiesRmfdretoyered diluent
ishorizedtah seetion dktheteap-Theopasnticoratiarge dameteriearioismple

spiiypihsalids goncentiatigns ip e slutty miniises the ganiy of the
principal dilient withdrawn from tha pormarsatiorn fHepoTEEpf 16 & metner
meerceitratingrdeiiceseor ithewiithdran i p Glyahen stormydoreferabiyhe
Judiacvanes(sinale o i case ORI IAIGYElgugs In parallel or

series), further enhances the recovery of diluent'in an energy

iere the final reactor of the multiple reactor system is a loop reactor, the

withdrawn, and preferably concentrated, polymer slurry is depressurised, and optionaily
heated, prior to introduction into a primary flash vessel. The stream is preferably heated
after depressurisation. As a consequence of the invention, the diluent and any monomer
vapours recovered in the primary flash vessel can be condensed without recompression.
They are typically then recyeled to the polymetization process. Typically the pressure in
the primary flash vessel is 0.5-2.5 MPa g, preferably 0.5-1.5 MPa . The solids recoverad
from the primary flash vessel are usually passed to a secondary flash vessel to remove
restdual volatiles.

The process according to the invention is relevant to all olefin polymerisation
catalyst systems, particularly those chosen from the Ziegler-type catalysts, in particular
those derived from titanium, zirconitum or varadium and from thermally activated silica or
morganic supported chromium oxide catalysts and from metallocene-type catalysts,
metatlocene being a cyclopentadieny! derivative of a transition metal, in particular of
titanivm or zirconium,

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

magnesium and a halogen obtained by mixing a magnesium compound with a compound
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10efficient 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
wdiluentpipsiream of the hydrocyclone is a further means of erhaneing thesso
Capepatipg yyindow of the final reactor and reducing the concentration of

monomer depressurised to the medium pressure flash tank. 15Where the

final reactor of the multiple reactor system is a loop reactor, the

referably concentrated, polymer slurry is depressurised,

withdrawn, and
Gfad?& ORI REhfEd, PHOP IS HIHOSRIBRBIMI N PRIvEHY Trastiticsslér. frtre an
isteainas pfeferablnheated-afien.depressisation As.asonsesisnce of

the invention, the diluent. and any monomer vapours recovered in the

prima TS SCHBT SAMGE CHAHBE WO DR PSR DT agrotase
oidre dypivatiypthenmecybieditedhépelymerzation progess. Typicaityihe
CREGSSHES in the primary flash vessel is 0.5-2.5 MPa g, preferably 0.5-1.5

1vlPa d. The solids recovered from the primary flash vessel are usually

passé i seechtaryflastiviss sut forrdmovene sidualpeolatiles e Theples include

¢ : Lol 1Qn. | : } ymerisation .
et o Bl o (e Doy Gpanesivm i
At IS yafsh P BatiCRet TRodls aérRiseiTre T ititdhnsmeairedpiten or vahadiuln

and frem thesmaly seivated sica Qrdnsraanic supperted chromiym oxide
catalysts and from metallocene-type catalysts, metallocene being a

Weld . . . .. . . N .
cyclopentadienyl derivative of a transition metal, in particular of titanium or

zircohim?2 BANBIlinvitingsaxampleg-af ﬁiiﬂ@i@lﬁﬁﬁ%ﬁ@i@%@%@}l%igﬂ
com risin atl n§jtion metal chosen from groups 1118 |VB,
v o R R A A TRl Lt e
mixirféPa madnésitrhcompauricinittmaico mpermnty MQ 0.5 to 5% by weight,
:20NR0SUSAAREUERZOVORAOR Case WIRYUDIT o SlloR meta
and a haTogenated compound. The halogen can oBhonaﬁSy orm an
M YTAT S th e rSsitREcE GOt o r bk thenyaisitioriaetalhe halogen

ar€PFOREWN titanium and chiorine. Most preferred catalysts have the following

composiion:

Transition metal from 8 to 20 % by weight

Magnesinm content from 3 to 13 % by weight

Chlorine content from 46 to 70 % by weight

Aluminum content less than 5 % by weight

Residual organic content less than 40 % by weight

Polymerisations, particularly Ziegler catalysed ones, are typically carried out in the
presence of a cocatalyst. It is possible to use any cocatalyst known in the art, especially
compounds comprising at least one aluminium-carbon chemica! bond, such as opticnally
halogenated organcaluminium compounds, which can comprise oxygen or an element
from group I of the periodic table, and aluminoxanes, Particular examples would be
organoalumininm compounds, of trialkylaluminiums such as tri ethylahuninivm,
trialkenylalumininins such as triisopropenylabiminium, alumininm mono- and dislkoxides
such as diethylaluminium ethoxide, mono- and dihalogenared atkvialuminioms such as
diethylalnminium chloride, alkvialuminium mono- and dihvdrides such ag

dibutylaluminium hydride and organoaluminium compounds comprising lithium such as
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Metallocene-type catalysts may be rnetallocenes activated by either an

alunioxane or by art ionising agent as described, for example, in EP

500944A (Mitsui Toatsu Chemicals). Ziegler-type catalysts are most
warefewedisAmong these, particular examples include at leaskere:pr008/061369
Crsnitias(metal chosen from groups IigE, fYB. VB and VIE, magnesium

and at least one halogen. Good results are obtained with those

comprising: from 10 to 30% by weight of transition metal, preferably from

15 0% by 10weight, from 20 to 60% by weigh.t of halogen, preferably
Lff‘b%é&fé% %’@%ﬂﬂ%}%@wr@ﬁﬁi@sﬁ@fﬁ%w Widight b groaimiogenated,
anesuellyfrem k0% byiweigahd trisHam Bikd0 . A006RYWRIGM O dvantageous,

alumi?%l%rg eneral frgm 0.5 to 5% pr weight, the balance generally )

consisfe GFe %ﬁ%ﬁtsa%?ls?ﬁﬁ‘lﬁ%ﬁ? HEBSAlR OHeR 6t Ted chromium oxide
cABrahafariuré;suchasataronpbydrdgen angioxygenothesdtansitionania

[ I preferably titanjium and chlorine. Most reé rred
o b T et ot BB 20 %
YRR NE BreBioTAr e Rt drit froralBom 1 18 9enbly sedight ot Chlorive: based on

tHeoniant UPH@@%Q&%QM%%%@&@Q%@”H{E & B%P&[ﬁ%i%%@%ﬁe%%tbym %

.weight Residual organic content less than 40 ?./0 by we gh
BB ERESOHE R AL Pich BiankiaySeaanas ey gpieally-2arritd
iianiin hesresence Ok coaaialishitis RRSsIIgI0 U8 ANy, COTAIANSE based

Lérl?;s n ian t}pe art, espgciagl% 9500mp9§$ds comprising,at least one .
Catuminium-carbon chetiitaf Borar S as Spiordiynsioysratkly from 400 w
5 Brgdfaldminimeompaunsprahichican comprise: eXyges,0p anelerent

. riodic table, and aluminoxanes. Particular examples
o B o e
CORRBERAR b i kerfyiaiom Prieimscsuch @gdnidopso penylaltiviln s

eriafaiBium Mongzand gigjlf%@ﬁé J5HEN a5 disthylaluminium ethoxi .
rﬂim_ono- and dihalggenate all yIaIu%inlumsﬁ\sgu%h ?sgﬂ%on MR, 0SB srom i
particularly preferred.

I{ the catalyst employed is 2 metaliocene catalyst, it preferably comprises a bis-
tetrahydroindenyl (THI} compound. Preferably the catalyst system comprises (a) a
metallocene catalyst component comprising a bis-tetrahydroindenyl compound of the
general formula (IndHg)R"MQ» in which each IndH, is the same or differsnt and is
tetraliydroindenyl or substituted tetrahydroindenyl, R" is a bridge which comprises a (;-Cy
alkylene radical, a diatkyl germanium or silicon or siloxane, or an alkyi phosphine or
amine radical, which bridge s 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 big-tetrahydroindenyl compound
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 bridgs. Bach
substituent group may be independently chosen from those of formula XR., in which X is
chosen from group IVB, oxygen and nitrogen and each R is the same or different and
chosen from hydrogen or hydrocarbyl of from 1 to 20 carbon atoms and v+1 is the valence
of X. X is preferably C. If the cyclopentadieny] ring is substituted, its substituent gToups
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 ag hydrogen or CH;. Morc
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diethylaluminium chloride, alkylaluminium mona- and dihydrides such as -
dibutylaluminiurn hydride and organoaluminium compounds comprising
lithium such as WO 2009/030644PCT/EP2008/061369 Case 00125(2)18
wd Ai¢@GaLk4%5)4. Organoalucompounds, especially those whighraremiiossse
Casdagepsqed, are well suited. Triethylaluniinium and triisobutylaluminium
are especially advantageous. The chromiwn-based catalyst is
preferred to comprise a supported chromium oxide catalyst having a
titania-containing support, for example a composite silica and Mania
PR RO A B AT G Rty ST B OR SR P BRSSO My Com U ted.
Erfmmﬂﬁh‘ﬁ@ wbﬁxﬁgr@m%mmﬁﬂﬁﬁfﬁfﬁb %‘1@}@%@ drar,] Wik dechiomiumissiehasty an
9 wt % chromium based on the weight of the chromium-containing . |
R e b A e A oh A o SR Ziroosia
hafroundh2ttes8 wit, Yditanitiohoreqoreferalilyarounth? S 86 diginittmand may
' ' tainj atalyst. The :
et LDt R e U o oo
hygropoms Ajc préferabioml koD i Botrindiy anbeadyvbl e fdrosityfahbly
hAreaterthan.R.a0kq preferabynirom 2 10:3,08/9: L hiom 'Hﬁhﬁ?%qs%%yﬁﬁ arly
may be used in conjunction with activators such organometallic
PESHRO GRS A HRIER SPBPEBREN. Preferred are organoboron
comgitiedsusuehsas: tiatkyihorans i which thaialkadjehaing, campisaMp 8 on
4 29;catbon atams. Trieth ‘Iiborqt)n is 15@ar.ti,gularrl : <E)'referred. If the catalyst
mployéd‘is ametaliocens Catayst? ﬁ?ef@?aﬁ{ﬁ CBpEEER pig proteranly
ratetraipdr it eny (TE 1h comptuniclyPtefesatslythe catalyst system

' ) , e /st.component com ris'ril a .. o
S e A T el ond
thincpAsich saeth it sdrratondifferart aneris Z0tetréhygirointenidros

su??ﬁ@gt&ﬁﬁg ieteabydigindenyl, Barﬂﬁzﬂé%ré which com %?ﬁﬁﬁy%h%?ﬁ from a

kylene radical, a dialkyl germanium or silicon or siloxane, Or an a
PRHESBhTARCEY SimibreSPEfe MRS ge s B ba erisdyer thesussirlisand a
mMuiseso Gioulyaaetplenvanadivim-and:@achcR,is Mydrecatbyt Raving k19

0ZS(S]Lb artb%ﬂ atoms or leo en; %gﬂ gh) cocatalyst which activates the
PCEATAR &t EBMPohEREE AEH s st ihy B P B TREY 25HajPhewing
regtibstitatedrisithetsimenday Qcdifferentiysframrone another at one or
more



positions in the cyclopentalienyl ring, the cyclohexenyl ring and the

ethylene bridge. Each substitucnt group may be independently chosen

from those of formula },12", in which Xis chosen from group IVB, oxygen

and nitrogen and each R is the same or different and chosen from

hydrogen or hydrocarbyl of from | to.20 carbon atoms and v+1 is the

valence 300f X. Xis preferably C. If the cyclopentadienyl ring is

substituted, its substituent groups must not be so bulky as to affect
Cigdgdddination of the olefin monomer to the metal M. Substituents on the

cyclopentadienyl ring preferably have R as hydrogen or C1-13. More WO

2009/030644PCT/EP2008/061369 Case 00125(2)19 preferably, at least
1. onelangrmostipreferably both cyclopentatisayt ringsaiungubstituted. In

[ r ferr iment, both indenyls are unsubstituted. R" i

Pl A ey s B b b e 2 ShALb ALt g
stega ] MTsYpiefevably Hirooriomer kafrithdreortitamiuthe mosbpreferabbferred to &
lashi ‘ . I , rogarbyl or. .
T amooaton A e 20 Carbon Seomarars PN ek i
or 1BIPEEARSY ROHERIWE AN b aRsAaBIRBYIn Al orakytatkyiyBaeht@liswn
fropreferablyhalogen. &thylene Pistd® Hulstelr %ﬂ%@fﬁf&éﬁmg%l"%&&'&@%ﬁ%‘ﬂ%z%ﬁ
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of the series. It is optionally possible to supply a second reactor and
appropriate, at least one of the following reactors with fresh catalyst

3. andéarecatabyalf iEStTe RO RO A MRerein the molar ratio of the

chloromethane added to the reacior to titanium added to the reactor is between 0.2 and 1.

4. Process according to any preceding claim, wherein the concentration in the stream
entering the flash tank of components having a molecular weight below 50 g/mol, Chigus
{mol%), satisties the equation Cigys < 7 -+ 0.07(40 - T,) + 4.4(P, — 0.8} - T{Cha/Cry) where
Te 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 Cy» and Cg, are the

molar concentrations in the flash tank of hydrogen and ethviene respectively.

5. Process according to claim 4. wherein the concentration in the reactor of
components having a molecular weight below 50 also satisfies the equation Cygne < 7 +
0.07¢40 - To) + 4.4(P, — 0.8) - H{(Cep/Cry) where Ciighis: Crpa, and Cy in this case are the
concentrations of components having a molecular weight below 56, hvdrogen and

ethylene respectively in the reactor.



1. Polymerisation process in which polyethylene is produced in slurry in a
polymerisation reactor in the presence of a Ziegler Natta catalyst and an
activator, and a stream or slurry containing the polymer is withdrawn from
the reactor and transferred to a flash tank operating at a pressure and
temperature such that at least 50mol% of the liquid or non-polymer
component of the stream entering th%]ﬂash tank or slurry is withdrawn
from the flash tank as a vapour and at least 98mo01%, more preferably at
least 98.5mol%, and most preferably at least 99.5mol%, of the vapour
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and more preferably 2.5 or less.

12. Process according to any one of claims 9 to 11, wherein the concentration of
ethvlene in the second reactor is less than 8mol%, preferably between 1.5mol% and

8moi%.



second LMW reactor to the average activity in the first UMW reactor is
from 0.25 and 1.5, where average activity in each reactor is defined as the
rate of polyethylene produced in the reactor (kgPE/hr) / [ethylene
concentration in the reactor (mol%) x residence time in the reactor (hours)
x feed rate of catalyst into the reactor (g/hr)]. 11. Process according to
claim 9 or 10, wherein the ratio of etliylene concentration in mol%) in the
second reactor to that in the first reactor is 5 or less, preferably 3 or less,
and more preferably 2.5 or less. Process according to any one of
13 clair?%getso 11, wherein the concentration of ethylene in the second
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