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over the years. Growing operating experience over the last few decades has led to

operation of increasingly high slurry and monomer concentrations in reaction loops. The
increase in slurry concentrations has typically been achieved with increased circulation
velocities achieved for example by higher reactor circulation pump head or multiple
circulation pumps as illustrated by EP 432555 and EP 891990. The increase in solids

loading is desirable to increase reactor residence time for a fixed reactor volume and also
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whilst maintaining a given reactor residence time and avoiding unacceptable reactor
fouling. The invention is especially advantageous when it is desired to design and operate

a reactor at high solids loadings when it has previously been considered necessary to use

what have now been found to be excessively high loop circulation velocities.
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velocities. This invention relates to a nethod and
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volume%, where volume % is [(total volume of the slurry — volume of the suspending
medium)/(total volume of the slurry)] x100. The solids concentration measured as weight

percentage which is equivalent to that measured as volume percentage will vary according
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nmeasured as wei ght percentage which is equivalent to

that neasured as vol une percentage will vary
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degassed polymer after being substantially devolatilised and immediately prior to any

extrusion as measured using method ISO1183A.
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i mredi ately prior to any extrusion as neasured using
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dimensions places constraints on the operating window available for each reactor, and thus
on the ability to balance reactor activity, product quality, throughput and cooling in each
reactor. It is generally preferred that such reactors have the same average internal diameter,

it is most preferred that the reactors are constructed to the same dimensions.



di mensi ons pl aces constraints on the operating w ndow
avai |l abl e for each reactor, and thus on the ability to
whadoansesT eact or activity, product quality, throI/GBper/001862
and cooling in each reactor. It is generally preferred
that such reactors have the sanme average internal
dianmeter, it is nost preferred that the reactors are
constructed to the sanme dinensions.In a further

enbodn Adithep embatiment o g prasens dventinm if s preferprddhasithedgop reactor
B3 Abriddhet hRPRrE R R6nsNAR HOFdrFANeBhiorR @gmifﬁge o ol 50%

sections, and the vertical sections co se at [ east
Botbsablyett éﬂastkﬁo% more| pe%fgttabla BYleasd 7@00 pf @ieémtdbexggﬂaof thewsttor.

70% of 1sta§8 lpﬁe?%r?eld dlaq nSI %?tfy éanleofr i o{l)ﬁﬁer Igl)fvd%éoaﬁlcfeg eﬁned as

preferre t he an
qha absohﬂtee@meowmermsmhffamcamgbmi betwednithe aferdgedensity of the

n ff ' / t th _
MRl RO B pondi”BAP FreBP 28 R D it B ey densiy
Nﬁthd’nnmﬁﬂzﬂlmﬂﬁ)amck&si&bﬁkﬁv DAY isltow 0.00% pesfagsly Belosi(L003, more

t Wt h Ies beIowDIO)is bel ow
f@fﬁ’gﬁ'%? @b% Toﬁtéﬂr%aaQYE preferably bel ow
0 OOZA@coimfgﬂy, pratier aaepenbsk ﬁéﬁe& o@ﬁ@ 3uveAGsOprdiviae rﬂ%ce?s for

provi des

furthe dnt a ecf of the invention
g 15%%&# tgetiad: LISYIFPFQPeRHA e Rrsguge of a polymerisation
POIYIRhdraGEHQ nﬂh@t&ﬁ@éﬁud ﬁoéebﬁooﬂrp%ﬁ&nﬁﬁn@ﬁl@ the den51ty SPAN of
‘gol ynerisatjon catal X@{%char acterjised in th

aPAYPFREler pastigles b PmPEsisEhy belaw O&Qﬁstpw pgemlbpemw

Gb{@6pﬁb%g$é'fem%a6wﬂﬂ)’dzgd es bel ow 0. 005, preferably
bel ow 0 nore preferably bel ow 0.0026, nost

pr ef 4} wnsp alsenenRnnd bp Zigvine ganuenetay @drm@m@@bdby pm, and may

lgéd% {Hga ,onmetry and are expressed in mm and may
e defined as follows: D5 : value under which 5% by

wei g5 ofelehedgartichci% by aeghcd] thegmirtsdes aB @llectod| ue

under, t of .th icles

col | é%w; gﬁ‘fﬁgdér “X“ l"[’m’ d‘%eﬁgh\kﬁ?té’g ‘%‘f)c %areméﬁecﬁetd of

t he pabot: |valuesndur whmhlsmidi}mmglﬂ)@ﬂthe pmilclaeearemdmctadhl ch

90% rticl. e col | ected

val B0 R G EDE i o B ppeleR b oL o

col | a5e daludupdes ivhiched Ychybedghiten the phsiolcsie tbAédKkE. a
particle_.size i bution such that D1

e 4 hEfrosd Spbidiiseuglhy mdts heiae sbe fgrpmLper el (so-
Ibmaﬂniohansslth&; 2 |pfreﬂaﬁb1§l|1é3;§) tHah efsembrobréfbably RS thas 1122 H&Ss also

t han 20 rably less than 1500mm nore
pelered %ﬁ 93 léé%ss fhﬁ’& ROG0eoRTefershs lespihes bI09pmy moggyefprghly less

L) e&%stg?éeraﬁ?%ss 8%% @Pgi ]ﬁ%{ Igéﬁ%ﬁ% P(f{)] are defined

t hat 95wt % 50wt % % 0
qoal that9Sed”d Weta Savtet EOwt&if of it lyrhapaiiols hid@0, diddb@er of

I e partic Si z 0_i
RSB0 9B g e LEL SRR i 8BRS vy
ptedearlif bl}d b0 weerond nidsiprefebblMhetween @G and 1000 microns.
A particularly preferred embodiment has a particle size distribution such that D95 is

less than 355um and (D90-D10)/D50 is less than 1.2, where D95, D90, D50 and D10.

A further independent aspect of the invention provides a process comprising
polymerising in a loop reactor of a continuous tubular construction an olefin monomer

optionally together with an olefin comonomer in the presence of a polymerisation catalyst
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partlcle size d1str1but10n, of the catalyst fed to the reactor, the initial and average catalyst

activity, the robustness of the catalyst support and susceptibility of the powder to fragment
under reaction conditions. Solids separating devices (such as hydrocyclones) can be used
on the slurry withdrawn from the reactor to assist in control of the average particle size and
the particle size distribution of the powder in the reactor. The location of the withdrawal

point for the concentrating device and the design and operating conditions of the
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The multiple reactor system can be used to make monomodal or multimodal,

preferably multimodal polymers. Preferably the process of the invention comprises making
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first or second polyethylene fraction referred to above is made.

Although it may be made in more than two reactors, it is most preferred that the
polymer is a bimodal polymer made in two reactors in series. One or both of the reactors
may have an internal diameter of at least 700mm along at least 50% of its length. The first
polymer made in the first reactor may be a low molecular weight (LMW) polymer and the
second polymer made in the second reactor may be a high molecular weight (HMW)
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concentration in the final reactor is at least 35wt%, most preferably between 45wt% and
60wt% and the solids concentration in the HMW reactor is between 20wi% and 50wi%,
more preferably between 25wt% and 35wt%. Under these circumstances it is preferred to
concentrate the solids transferred from the first reactor to the second reactor using a

settling zone and/or hydrocyclone to concentrate the solids concentration. A comonomer
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The pressure employed in the loop, or loops is preferably sufficient to maintain the
reaction system ‘liquid full’ i.e. there is substantially no gas phase. Typical pressures used

are between 1-100 bara, preferably between 30 to 50 bara. In ethylene polymerization the
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(pre er eth ene nmers I ch can” conpri Se one
qrenanenumeeneelf angl agfeingr 1 hmimalp@rey eahos ghlene anshtmigne-1zor ethylene

t t
ur it oe?rle nﬁé})l?ene—l an!i SheRale! 1I a?yhﬁglﬁ%%%%%ﬂe& &)nwﬁgmers
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cyclohexane or their mixtures. In the case of ethylene polymerization, the diluent is

generally inert with respect to the catalyst, cocatalyst and polymer produced (such as liquid

aliphatic, cycloaliphatic and aromatic hydrocarbons), at a temperature such that at least
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doubl e bond than the 4-position. Typical exanples

i ncl ude et hyl ene, propyl ene, butene-1, pentene-1,
wheooenss237 and octene-1, and mixtures such as epdil/GBR@®7/001862

and butene-1 or ethyl ene andhexene-1. Butene-1,

pentene-1 and hexene-1 are particularly preferred

conononers for ethylene copol ynerisation. Typica

di l uents enployed in such reactions include

ISQ%T(@@MMHﬁlléh@NT 0%) c};ﬁf theolkygner {&frﬁlﬁ@ Esahﬁoylbl&kﬂlereﬁ Isctantdneris
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al kangge Spfding Sont R AT ¥so He%ﬁcﬂﬁtﬂatameemomﬁmqeegn ethlefk,
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eyPYIspRRe s dhedilrent s ifhesashm sgoallgdduik l?ﬁlx&l%ﬁ%‘é,on Hrapepyee The

SRR§ cQﬁceﬁ&aﬁ%h Slfits 919{76‘1%5 b&&dnt Rive bEJE}?foQﬁd ’&B%table% be applied
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¢

swleperdenilyrof apdecplor yeight ¢tlealivent apd W@Pth@réhff dlawmdls inert or

a
Sk oENELORLL A TR et sl
fagsepykdepolymetisadiopol ymer formed is insol ubl e therein.
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or r earddnuercibl flakite] tierpagtieplateqiolytnet & sepd?ﬁted) ftbmrtke diluent in a

mononer i ular r erred as e diluent. for
BB S&ﬂb"iﬁgﬁ%&fiﬂﬂi’?ﬁf‘f’ ¢ RATEEBRHER B QPoHl Bcle of e
raagstt & the Bol?ﬁ‘l@ni@ﬁl@ﬂ\@oﬂe%ﬂhﬁmﬁﬁdl if M eorificikion Fdpaglirg the
Natta, netall ocene and trldentaﬁ | at e tran5|t|oE‘3

r?éf“&PlaWﬁleY“@éP@ﬂyqu&y TR RIPGERA ¢ e«iprs%ﬂ@fr igyepbed gt dilpent

8 chysd 19)%2 TSRS G EGY hit fdi@xhdipla itl caniivoBy eftl&b@ €) the
nnlecular When usi ng chron1un1type cataltﬁ
1'[069/ € opening

6¢ 9%?092%11@%"%%%%}6@8 gh Bretheflgm) of slygy ge

HRIH PR idRh %Sﬂél Wherd\@ik 9Blymed PhrEIETBRA %tﬁé toltbmB eftenttfa the
particul ate polyner is separated fromthe diluent in

rdlerss ot 1) epntinbats prpductvithaspival; da psingle pppakiple withdrawal ports, the
qg&hﬁlm)%gllﬁlbp&n% adywhde %fhﬂ&o{; LR b 1§’f)re¥‘éﬂe?ol§j hdjatentio the

ymerization zone W mnimal if

plominftiegmtand of a Betizental seqtion ¢fdhqlaen. iAay|capienuons vﬁhclrawal ports will
pc%@gagl&%QVep%l %@ﬁiaﬁ) GOMERP 1nq{1%1tal?€ey§ﬁ§ ??erférall)lg) vyt és%@cﬁlfyoﬂl 0 cm

["'uen y can known in
tFiés iavdntibo peraxta ﬂmgeescate polymeiisnyioh veacierstth e opdryted Wish lpsediluent
of discontinuous I e
SRS TUE R B AR B L
Zon&nivhteme irt ﬁhe slpnbryxnmmlqaathelquarelscy cféthe pmtcmaé dilwentwithlrawn from

tﬁe p(ﬁymens E?)n loop Use of concentrating devices on the withdrawn polymer slurry,

preferably hydrocyclones (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.

It has been found that the slurry concentration in the reactor loop can be
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di luent or (ii) continuous product wthdrawal via a

single or multiple withdrawal ports, the |ocation of
wabkioch3ean be anywhere on the | oop reactor butPCEGB2007/001862

preferably adjacent to the downstream end of a

hori zontal section of the | oop. Any continuous

W t hdrawal ports wll typically have an internal

di aneter in the range 2-25, preferably 4-15,

eppasedby yorfrollihgdm aFaiage partide !;iiz@andrmrthﬂ Has‘.lcllaaﬂl@eilsinlamen of the

glg)%vﬁ%ﬁ '\{/’llﬂ‘ﬁlgc Ig\%@a}c ? O%ta Sil:l}e é%]iglﬁ]?gl do {%ﬁrgmgtg OF ﬁﬁle avera%ef palrtlcle size of

dheypoeider istisaesidese vk in the gacisn! Thiipaftmmtdlsﬂlﬁblmbﬁ of ﬂ’ne powder

LG LN MO R T

qmaméﬂ b linigalday hﬁ‘e%‘ge@ﬁtalyhl&cﬁmtyhﬂk yBusipedsiMele calalyktsipport
ferablﬁ hx%%ocyclone (single or in the, cas §]HL
F‘isﬁ?l’él Plgy BY YR L W&?‘H}dfﬂé‘lea%’r"n senqitians. Selifs sppapating

RO S Rhtab By drBGRIMEY cBf bflisbdi®Nthe sRirrg RvifiaRkaMrom the reactor loop
ef ficient manner since significant pressure reduction

dndhairseisia ol of the avasespaick Sz the @ariy e distitution of
hasSpRRRPin\ RUREcthN ahe ToBSioloe e Wlﬁlﬁﬁ%ﬂﬁcﬁﬁtfbﬂﬁe b(ﬁlcErﬁﬁttmg device
reactor |oop can beoptim sed by controlling the
#né theglesigmand eueeatigg z@d&m% o the pracerdvating fevicgisygem, preferably the
dahi%taé't oﬁéjﬁﬂzd?&iy@%né heyd als eﬁﬂil@é thdGarfi@2GsInd! Pche size

e principa et erm nan erage particle size
ofisttipwsiop suidiar the raetheto Foesold@&i@é The preerage ptam@lerse?&e@ preferably
Hagy b @del 5Bb 8 oBhS ok b %Ewleaﬁzﬂpaeﬂ%o AbrOR,

tors |nc e partlc e size

distri Wilﬁre thn ﬁoal rbdm:@r ofitha Inyétlplef edctorﬁystbue is elwop tactot, e

Io\?r/lllt Ll cfgli)rfélfé 2SR Sygc nge%%r rfg)tolg%ge% élﬁ%r%r%’qe%){}%uh?éau Eﬁ%ﬁ%mally

IdﬁWEld: lprmntofmmgiuemm 1uwdxepnmae§aﬂztshornsseb ﬁlﬂhleistr@mms pBdtrablyg heated
6&@ %at ng evi ces (such as hydrocycl ones) can be used
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i the reoeiisrad; dientnUes of apighmesyure fladtvessehisareferade st r eam
is pr %@ EPUSL:_% a@&:)%lﬁ%toacflé ﬁl(/erﬁii%ﬁ E:Er?ﬁé‘l[sb& eﬂé&ﬂxce ;relg:ﬁ'ls which exhibit
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mpecnﬁcr tjrelﬁtsamrtha/esgeewoato 830 kgfing At ylensiimt O3 P40 kg/m (medium
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The process according to the invention is relevant to all olefin polymerisation

catalyst systems, particularly those chosen from the Ziegler-type catalysts, in particular
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process. The pressure of the primary flash vessel is
preferably controlled to enabl e condensation with a

wo e@ditbsgsavai | abl e cooling nedium (e. g. cool i NBCTHEBI0Y/001862
of essentially all of the flash vapour prior to any
reconpression typically such pressure in said primry
flash vessel will be 4-25 for exanple 10-20,
preferably 15-17 bara. The solids recovered fromthe
fhios¢radrived Fragititsmdwa sdircosiuproe f/maéinhyanﬂdmﬁelﬁemlla activated silica or

secondar vesse| to Len vol ati | es.
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to 970 kgl rocess accordi
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e
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ex ko loastraisitidh agita r:hdsylp fromataipy ﬁﬂS, IHBeVmad éidBpmagndsum and

c rs a tran rom gr oups 111B,
St\?%ega? éé%? IFWZ S B9 %8168 Ose Cma" nqgnsn upm and a
halOgﬁﬁmﬂ@&aBO%ﬂnangﬁbfﬁ@mﬁmﬁﬂ@ﬁ&gﬂﬂhmb@ﬁnmuhﬁKMmMHna
onpound of the transition nmetal and a hal ogenat ed
d6Mptrund. The hal ogen can optionally form an integral
part @bm dvao G ESdisht @Ql‘m@éﬁ,cbré)&rabfy ﬁdme 30 toi08h by weight

net al conmpound. ocene- t

ot al FORKRE 2% %(F‘@B Wﬂ@m b s léil ﬁﬁ’ﬁ@{/b?y By
| oni SiFlReh AYRNM0%RBy @é‘%ﬁféfﬁ&ﬂnniﬁﬁ[ g@dAMNpliem 0.5t e;a tweight,
Appllcatlon EP- 500

M t sui .Toat su Che
Zi egl W@e %,eélf’féiliy gensistgof elﬁﬁlgtﬁs ﬁlﬁ%?% o1g g A{\%ﬁ& usgd for their

ttﬂﬁﬁ?dctup@ EddhGd b@bo )E@H!ﬂa b&Sanll f&ﬁ&g&@l%mh&ﬁ&ﬁ mefABand the halogen
transition nmetal choSen fromgroups I11B, TVB, VB and

virepreferbhictifpripnand chleriteeast one hal ogen. Good results
are o l% ﬁgatf%é ?altubﬁ’ﬁﬁy Siapief éa?dlﬁsGd oflefsoa[fb &PidaBy 3Vt in the

wei ght tranS| on nmetal, preferably fron115 to 20%
byesmqegﬁ # codatabyst. Z0is possEiotoiuse awi cgpatalyf knetmigehe art, especially

ﬁlfpgﬁ&i@ lcgmfnrls%@ 2 Qb Qo AN u&laf3h chemical bond, such as optionally

halogenated organoaluminium compounds, which can comprise oxygen or an element

from group I of the periodic table, and aluminoxanes. Particular examples would be
organoaluminium compounds, of trialkylaluminiums such as triethylaluminium,
trialkenylaluminiums such as triisopropenylaluminium, aluminium mono- and dialkoxides
such as diethylaluminium ethoxide, mono- and dihalogenated alkylaluminiums such as

diethylaluminium chloride, alkylaluminium mono- and dihydrides such as
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fromO0.5 to 20% by wei ght of magnesium wusually from1

to 10% by weight, from0.1 to 10% by wei ght of
w@baeoritsg2em generally from 0.5 to 5% by wei ght PCT/682007/001862

bal ance generally consists of elenents arising from

t he products used for their manufacture, such as

carbon, hydrogen and oxygen. The transition netal and

t he hal ogen are preferably titanium and chlori ne.
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manufacturing the high molecular weight components, e.g. hydrogen percentages including
between 0-0.1 vol % and at (ii) a very high concentration in the reactor(s) manufacturing

the low molecular weight components e.g. hydrogen percentages between 0.5-2.4 vol %.
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In the case of series reactors, a first reactor of the

series is supplied with catalyst and the cocatal yst in
w@edwrnssasr t o the dil uent and nononmer, and eachPCT/GB2007/001862

subsequent reactor is supplied with, at |east,

nmononer, in particular ethylene and with the slurry
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stated, .one of the advantages of the invention is that

chVoduneliic PY giedpction ite 9V851H1?é>ﬁ slogy pufng s reactonk MHFIE can
beolﬁﬁsa% BENR6Mib o 2AERAR RS REEL thbfl%ﬂe hlbm flow @diting

hi gh reactor dianeters, even wth hi solid
| 'gaddonyflensityé PEEt ual cross- secti onal sI urry
0‘95‘191%9 Bf“ abirf &1%%5&15 kol 2 Q’oﬂﬁnen&{hqgﬁ%%ﬁhgm VorfhduREbt Y

but ot her paraneters can nmeasur
production rate

Volume of liquid exiting the reactor = [Sum of mass feeds in — PE mass production}/
liquid density
The PE density is measured on dry and degassed powder.
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as an indication of the honogeneity of the slurry.
EXAMPLE 1 In the follow ng Exanple, ethylene was
w@ologes2ssed in two reactors in series. The fiPGI/GB2007/001862
reactor had a volune of 96n8 and an internal dianeter
al ong over 98% of its length of 730mm The solids
content was 27-28vol % The volunmetric solid content is
defined as (Volunetric PE production rate / Vol ume of
Sihe dengite of Hquid) 1stch1féu1a‘eé based pn anyhaitable Mobelrfeding coniplasition,
grod %%;on rate = (Ethylene nmass feed - Ethyl ene nmass
PEPAB Ut or )/ density of PE] Vol une of slurry
exiting the reactor = Volunme of liquid exiting +
vol unmegric PE productlon rate Vol une of liquid exiting
the r 0 1 eds in - PE nass

Iq'h@ doed r@@]denieh@dﬂﬂ% dﬁ@ﬂﬁh& H}ﬁnﬁge a6 [I%ptré’acto‘i 1%&@& 6t only
dry and degassed %’ density _of liqu

@a tearassei ob §5dtpvo h“té?fﬁ? bgahet %‘BTYeCOHWEP“%@PfH@ﬁ i ‘particularly

GOERRS S EMRentl BHP SR BEMS Be AN ik R281¢d 8)an éﬁbd’vﬁh&'tﬁé logﬁreactor,
ower rGQU|renent The power rGQU|renent of

o’vhemﬁ@rp OROgH hmiy fonki sggregdiion o g flowawhish C@‘!?%‘faiﬂé‘@?l’é dn the
SQ']QIISI y'?)lf Mle*%)ﬁ r %ﬁlﬁéﬁ g%ﬁ%fr e thbe 15 llitﬁgvfouhﬂé dQ}fcdlaﬂﬁm a

conce tra |on gr ent. I cul arl
selatively aomstang p@mt@mamépwrﬁmgnadbsem@ aliskovsta nltst of power

Ia§& @lsr? t f&]&@eﬁn %Itt Qﬂé’eb‘ggg &Z%&a Igg 2 feg Ia 951\1? }lggt\%? ﬁiw& I'zlﬁ{%)ﬁlte) over

caqmseé ofianeihati fonéle ipolytriessatiemef Example l e ghriptioy shwinigre is

SR e U OB kb Wb B 20 8oy
tslufigy, inﬂw@tﬁl@haﬂédﬂe dring yegreghtisin ofthe siupy stocodringower and
current requirenment of the punp (plotted as a relative
val ue rather than absol ute) over a period of one hour

for tmean@hmﬁﬁﬁﬁﬁﬁiion of Exanple 1. The variation

own here is eat er, he ex

gt PR D) PO B Ao Ph R sty
Sohidehitation'piddei: | AGolufadiffbreides @ r@d’asﬁt@d ﬁ:ﬁ@éﬁtgﬁé atatiff@ént points in
the slurr ring., Re ctoro%ﬁle nper at ure. The

OoCC
Lt EF P in Cotr 108 of fhe ieEap Bl S0 dR o

li8erfifp Geadlt fiRetcRtestY tehlpRrablre) ey acidieaiiing b it@pegitaed heition is
Absol ute differences in neasured tenperature

at
dngaped An ap Bhamegengous shusty dhgrend of s%:g tepRergtpre transitions would

an . R RRCEShoWA skl a' t%ﬁhbl@ﬂ)r &e JolieneriBfonRE XRNAS 1. Bfurk D shows
er to identify "real” dlfferences in tenperature,

tthaé in/Branaple b thedermpeseiuis traasiie tEandriecanstapidhiopghput the reactor,

indictating good homogeneity.

Heat transfer coefficient at the reactor wall
A significant effect of fouling of a reactor is a change in the heat transfer coefficient across
the reactor wall. The heat transfer coefficient can be measured over a very long period
(many months), and an absence of any reduction indicates that there is no build-up of
fouling material over this time. Figure 3 shows the heat transfer coefficient for Example 1
over a period of 250 days, from which it can be seen that there is no long-term reduction in

the coefficient.
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measured. In an inhonogeneous slurry the trend of such
tenperature transitions would vary. Figure 2 shows

W@ /138267 ansi ti on for the pol ynerisati on of BExerpB2001/001862
Figure 2 shows that in Exanple 1 the tenperature
transition trend is constant throughout the reactor,
i ndi ctati ng good honobgeneity. Heat transfer
coefficient at the reactor wall A significant effect
WGLADIS i ng of a reactor is a change in the heat
transfer coefficient across the reactor wall. The heat
transfer coefficient can be neasured over a very |l ong
fer i otrdces Wmﬂ‘mﬂﬂm’)ses m%eamngbme]nﬁmmﬁommyn pddastoneon

i ndji. cat es
AR Spyaropt et of Mg eadtat BBln, Sitbbiopether withan
toléfsofionea&f inl thd @r@ﬁenﬁ@dif a@@@ﬂi{ﬁn@atﬁ)n@m]ysﬁn peitian toqfroduce a
2 0 days,. fromwhich i S’ see ﬁ}{e here.is
P OB HF PG SUERBIFAISE U1 RODEIT P GHETCEAPRES (e Sversge interal

E’ﬁé?ﬂ&&%f W40 500 3P tHe 36181 1RV SRR Sonfiguoal tduRE i0dp MBLABIAt least
in at | east one continuous tubular |oop reactor of a
M90RMp| e react or system optionally together with an
olefln conDnoner in the presence of a polynerisation
cat al ina djluent to produce a slurry conprisin
ol i d wpfm ageArding toyplaim Iy wheteinae SO&ﬁEi"%"P%‘FPn ;e ¢Qutiuous,
thn \{f(%ﬂ'gfctérri% AnoRt 2 ATRE B preferdbly dt &R8i253QHenRs, iRt
tota of the continuous tubular loop reactor is
arreferablytat m@mvomme% ocess according to claim1,
wherein the solids concentration in the contlnuous,
tubul ar | oop reactor is at |east 20 volunme %
p’ir ef ePaizess aatortling o clais L oihersisdthe avszaze prtemal didsnsferpf at least 50%
upe% n

R eligh 4B e bh IR R AEI P pregepgty o
déast B8t al | ength of the continuous tubul ar | oop
reactor is at |east 750mm preferably at | east 850mm
4. Process according to any preceding claim wherein
ot.eat @rodehaaecor@ify t@amsf meabing clgingatherein gtaateﬁﬁ% oF%,tpmeferably

CERECINRI T TR XL .

adigastel 40 Gatta700mai. m 4, wherein greater than 70%
preferably greater than 85% of the total |ength of the
conti nuous tubul ar |oop reactor has an internal

d§ anetpegcedd ackSr@filg td SRR, wHefiegredktythad 7096’,@3&618.519@’(‘5&66 than

E&r% gét?lﬁ ?ﬂ%qige;n%hg %ﬁl?xegqogg%/‘tmgé ‘?u%&lgr ogp %elac?tlorrr}]las\gg ?r[tema?l dlameter at

least 750mm, preferably at least 850mm.

6. Process according to any preceding claim, wherein the Froude number is preferably
maintained in at least one reactor of the multiple reactor system at or below 30, preferably

between 1 and 20 and more preferably between 2 and 15.

7. Process according to any preceding claim, wherein the total pressure drop in the

loop of the reactor is less than 1.3 bar, preferably less than 1 bar, and the polymer
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mai ntained in at | east one reactor of the nultiple
reactor systemat or bel ow 30, preferably between 1
w@pah728826md nore preferably between 2 and 15. FCT/GB2007/001862
Process according to any preceding claim wherein the
total pressure drop in the |loop of the reactor is |ess
than 1.3 bar, preferably |less than lbar, and the
pol ynmer production rate is greater than 25 tonnes per
podugtioprat &y gudsiter tpn@dtemes peahourSpreforablysgrpater thando, tognes per
Frocess according to any preceding claim wherein at
SHst 30wt % preferably more than 40wt % of the total
pol ymer produced in the nmultiple reactor systemis

de jn said continuous tubular |pop reactqr. .9.

r oceBOCHE AFPHIRGIOAEY ]&rﬁfledﬁ}geciaélai R erglflgfa%“t\%w‘gtr/gipﬁef?rﬁ%ly more
R 0% TaRe t0fal Homaokodiesd ip Gwdrultiplatdacol ssteprie inadeth said
as the absolute value of the density difference in
§PEransRUiE dePR RSty er age density of the pol ymer
particles exiting the reactor with particle size above
D90 and the average density of the materjal, with
Bar t i Brogess pocerdieg GwnrPiefeding dhimeWhereindts, deppins i pf e polymer
g@\lv@éﬁ’ ngrtfégg (deFREEasRAEIHRE13RVY1uP BF @Y/ dbhsfP dfiferd@Stn g/om’ between

referably below 0.0023, in which D O and D90 are the
dheaivenage dengitsielthewnlmer Pavicles gxigngthe yeagier yith particle size above
E?g RE& {He\é%rx%eocfengi%f %rﬁ'lét&lia@ with !'pgrti%f%l skz% %El%qr- D ﬂ(ﬁ is below 0.005,

cess according'to any precedi n% claim wheréin the

peaferildy beloweD08i woteipmberhlals belpwiOHD2p.ongstrarefgsaily pdpw§.0023, in
$ 1,aT399%; | Sk -
AR i 3B b D Ml it 190k o098 B3 el dypectively
Off (Be pEFdleanct cOB&tedlr e t he di aneters under which 10%

50% and 90% by wei ght respectively of the particles

are collected. 11. Process according to any preceding
abai nmProsksaeiondib®® ang pleesding daim, 30O®inrthg pautidé eiradistyibution of

| ess.than 1500 r | ess nel

e ararisr g PelBepeh TELRR Ko fie . RpE R aan 15

dh@epletsiatinidey thivhi.2,Hn 9A%hiy oyBb@inid IO drb éhephiametars egder which

r )|l ected. 12. Process accor di to a recedi ng

0% St oFs e BRI g 2 R CrBa A eeBiy| ane

pol ynmer in which a | ow nol ecul ar wei ght (LMA pol yner

is made in one reactor, and a high nplecul ar wei

(Y Prrspspriesordiag ipers PresetiitinEs Woeer 1 183?%%%8 g@‘ﬁPé%
drably less th

A R o S

Bs6mmdi wiyich ®9SlisthendibRistenhateeivhich 96 Yody: weight wtithe pabiglgh are

g{qﬂggee e polymer has a density greater than 940 kg/ n8

It flowindex M of 0.05 to 50 g/10m n, said
et hyl ene pol ymer conpri si ngfrom

12.  Process according to any preceding claim, which comprises making a multimodal
ethylene polymer in which a low molecular weight (LMW) polymer is made in one

reactor, and a high molecular weight (HMW) polymer is made in another reactor, the
polymers being made in either order and the second polymer being made in the presence of

the first.

13.  Process according to claim 12, wherein either:
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30 to 70m % based on the total weight of the ethylene

pol ynmer, of a first polyethylene fraction having a
waelengilsesnf at | east 950 kg/ nB and a nelt fl owdTa8M07/201862

of at least 10 g/10 mn, and from70 to 30w % based

on the total weight of the nultinodal ethylene

pol yner, of a second pol yethyl ene fraction conpri sing

units of ethylene and optionally up to 5nol % of a

| east thewultiniedal efhivisne polyeet es e slansity igreatpr then ﬁfl@kg/@lt’ ayd a melt
: [ .85s t han

TR T 03 o M, L BRI Bppne oo
densi tfipmt 8wt (08sedro tB30tak whight clrtiee edhyriesletpotyinesyy of a first
i.nde 2.0f.0.1 to 20 g/ 10m n [ t hyl :
SRR RPR R R R aGe b ol S h TR R R v, of
e iegitl 0 @f 10trhia, aidhy| ene pol ynmer, of a first

pol yet.hyl ene fraction having,a densit f. 1 ess .t han

2oL YL DSBE D A PR SETS hlBR3pbEromes
f l@(l?]déhﬂl polgétilylEeoffacon tampRRinds Ynitharad lae ahd eptionbidy up to Smol%
wei ght of the | ti nodal et hyl ene pql r, . of a sec

SRRy e et el cl<BR EuABIEdeRL: i Sran oy Pl ow
fih@RO NI, bf fe8s B6h 10L/Y00fn; &0 al pha-ol efin containing from
3 to 12 carbon _atons, and a nelt fl [
| ess {dﬁgﬁulﬁ@oga/l ¢thpriepe polymer hagrg densIty gg)clwlegndgo)%) alx\l/ld %3(? {(g/m3 and a
melt flow index MI, of 0.1 to 20 g/10min, said ethylene polymer comprising:
from 30 to 70wt%, based on the total weight of the ethylene polymer, of a first
polyethylene fraction having a density of less than 950 kg/m® and a melt flow index MI, of
at least 10 g/10 min, and
from 70 to 30wt%, based on the total weight of the multimodal ethylene polymer,

of a second polyethylene fraction comprising units of ethylene, from 0.1 to 20 mol% of an

alpha-olefin containing from 3 to 12 carbon atoms, and a melt flow index MI, of less than

10 g/10min.
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