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One advantage of the present invention is that the specific energy consumption (i.e.

the energy consumed per unit weight of poiymer produced) of the loop reactor is reduced
whilst maintaining a given reactor residence tims 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 pxéviously been considered necessary to use

what have now been found to be excessively high loop circulation velocities.
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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 cataiyst
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on the slurry withdrawn from the reactor to assist in conirol of the average particle size and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 mulnmoaal

preferably multimodal polymers. Preferably the process of the invention comprises making
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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 voth of the reactors
may have an mnternal 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 (FIMW)
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mainrained less than 1.0, preferably between 0.6 and 0.8, as this aiso assists in maintaining
the activity balance between the two reactors within the desired range. Generally the solids
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 20wt% and 50wt%,
more preferably between 25wt% and 35wtdo. Under these circumstances it is preferred to
concentrate the solids transferred from the first reactér 1o the second reactor using a

settling zone and/or hydrocyclone to concentrate the solids concentration. A comonomer
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reaction system ‘liquid full’ i.e. there is substantially no gas phase. Typical pressures used

are between 1-100 bare, preferably between 30 to 50 bara. In ethylene polymerization the
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preferred that at |east 50% of the total |length of the
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It has been found that the siurry concentration in the reactor loop can be
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cataly i.n particul ar
tnalkenv alummlums such as triisopropenylaluminium, aluminium mono- and dialkoxides

such as diethylaluminium ethoxide, mono- and dihalogenated alkylaluminiums such as

diethyialuminium chloride, alkylaluminivm mono- and dinydrides such as
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I efel QhRetRARREELEhibR H8bE B8in@ied WithiPACAItIHY operating Timits at
preferably in series. In the case of series reactors,

a ghreactor Giamsies. eyfn Yifuhighsolidylogdines Tigp potiend cigps gyotional sturry

C adoade¥iBdtion d1&ﬁ5hﬁoﬁ & r@ﬂﬁn&isﬁﬂabﬁs tirdctly, dakdtiet Pirarh&erk B be measured
di | uent.. and ofﬁ%ch subsequent reactor is

sUiS BT PEEHRR £ ﬁ‘tmcfgglés? A8%er, in particul ar

et hyl ene and with the slurry arising froma preceding
react Ok~ be series, this mxture conprising the
catal yst, the cocatalyst and a mxture of the

pol ymeishpfobeticelxinpia ohyierewisnglyreated mrtwoteapiow i series. The

S eﬁﬂsﬁf&wm} ﬂau asroﬂﬂxL 'o@@fﬁﬁ ] a\ﬁa a@ﬁ%ﬂaﬂxﬁneth al%HP Bte)‘ o, %ths%hqtb of
reactor _and/or, if ap grlate at | east one of the

f of OB Ry soteaettorrtgva e dRe v mRAtsI0lia Aeme is defined as

C 0GRt} PE pHRURNE Rate | t oitue B sBi0eRRALME Rakibh WadHCE the
catahgst and the cocatalyst exclusively into_a first

r e SUTBTE Thprofretienels < tens mass feed \/\Bﬂ‘}d%‘&‘c‘t“”&ﬁ &oy gxiting
seﬁkﬁﬁyw&ﬁ@uﬁwﬁyner of highest nmelt index and the
owest _nmelt in ex ¢ b roduced in ty
Py e SRS et BAEs oo chinn g venrrge L
Fwﬁbmgammms mai ntained at (i) a Iom1(or zer o)
c o{/]c():lgnné (gté}.t )utnr:] Ehlj ?eagt%aCt @U.él }mass feeds in — PE mass production}/
liquid density

The PE density is measured on dry and degassed powder.
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manuf acturi ng the high nol ecul ar wei ght conponents,
e. g. hydrogen percentages including between 0-0.1 vol
% and at (ii) a very high concentration in the
reactor(s) manufacturing the |ow nolecul ar wei ght
conmponents e.g. hydrogen percentages between 0.5-2.4
vol % 16 The reactors can equally be operated to
produce essentially the sane polyner melt index ir_
ccessive. react 5 Parti cul ar. sensi L% ty to
o BB i 5 i e S G RO e e
Geossange eid \edhreconposi ti onal ; thernal or particul ate
gradi ents) has however been related to production of
- pol yner resins where polynmer of either high or |ow
nol ecairaﬁaﬁmimimbnowasdan'senhas been known to lead to

I G g)gvavgrergauflr%l Illtrc]> tng 91900 umEL))auEst cliectlril‘l laoHIt') Yea"tor 1S af{eﬁted noé anlv
producing™ polymers "o e ar “wei s’ T'es -

kidethd wersure i §e dat drut ztl*vdw ﬂiamrwmahcteomfsmn Théise. It conteriay
hay&:.RaJ édnﬁéblca{ Ao REER nEARE L @R@m&&r@ﬁ ﬁ&v@ enhialed.dal.

| ow pol solids concentrations e react oD

| tvjbﬂ@e tnvsh &rmgst Beplictio hgsagtseaige pEthe ﬂowle@kucraaqes Veciaigdns & the

| &35ty drBRRLAY kaagﬁn%a Wherdh&at&md fa,a&o%q@ gés@%u&ﬂm 2

mel t. i ndex bel ow and abave 50) in % di_anet er
r @&EY“&Y ‘?DFWYWQE’VWWVBTWﬂ? PRSPV | 1%‘%1 RV SCRIR &F BRYVer

t hﬂtcuﬁ@ufelqﬂxgenhem sragI e qdouewasmrsmlve daaud B SbsaTue) over

incr.egsed to above 20 vol % rt| ‘ﬂx above 3

vOPYAC OESLRUPIES AE POTRIFBTL P HEAGR sheya here is

agx\t:ﬁéﬁtﬁgeﬁauhfbldﬁﬁavteﬂm abure slolvent tohalt; oo fos Spdhyedric@tahing

sl urr#dconcenttr%t istributions can be maintained
KB A BO Seg?e'%aﬁlanf) §75F C“HiGh reactor

di anmeters, even with high soli ds | oadi ngs. The act ual

Cross @g&ggt%?@m}ﬂ L.urry concentration distribution is
|

not measura rectly, but other paraneters can be
e bsifmpgatugst gifcleRdoBEl Barcesor EDg 15 sg afksict py & stk

S LAHcENrati EXABLE Absbitte tiltRreh@k kW aBGe EXANREBre «£4%LE B6ints in

was pol ynerised {n two reactors_in series. The first
" EATFGTORR HECLF O GRS SRR T RYSFHieH SO HHETRr
alicagry onelr i@ ¥encafin tehS“rhtﬁrB,gh&'lvaﬁ%.non?(Bﬁﬂm teﬁb&aﬁﬂﬁaﬁtﬁuon is

cont ent. was 28vol1%. Th content j.s
GO 38 sEOBORRES el FP B P o SRt ool

S lvemyr Bigwex £ shavwg shdben u'aesmdndmr)tnv wieszisatido Ioﬂmmpled REure 2 shows
]Plrthgagvl%cnlxnflﬂn leclhvrtgng z%.rh glﬁ% S %0%%%& t}{;m %Xut %efreacto:s,’
slmﬁiqté}nngzwdmmglogmﬂﬁr eact or VoI ume of liquid exiting
+ volunetric PE production rate

Heat ransfer 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 wansfer coefficient can be measured over a very long neriod
(many months), and an absence of any reduction indicates that there is no build-up of
fouling material over this time. Figurs 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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Volume of liquid exiting the reactor = [ Sum of mass
feeds in - PE mass production]! liquid density The PE
density is nmeasured on dry and degassed powder. 17
The density of liquid is cal cul ated based on any

sui tabl e nodel (using conposition, tenperature and
pressure). Circul ation Hunp Hower requirenment The
power requirenent of the circulation punp inside the

| oop reactor is affected not only by the pressure of

tdhe rEhaWs Q in@bSG Ry the slurry concentration

gradi ent . |s particularly sensitive to
Gonceplral lﬁﬁl@? %n%s&%ﬁnngﬁﬁﬂé‘m%{f otbtin rﬁ&ogaqﬁgﬂdas%ean
.elbom1|n t oop reactor ere ere Is nost likely
tognipwousdehuleg oob secief ofiatralinleRactony . cRiATely 0 eniiea it AR
'Jeffnfesmo&@m Iut Ye ?Insénb@oxa lpurv&%npa%bmmm%méﬁh@rp@oauce a
there is little foulin d good circul ation
ST CP BRSSO HE Pyl RORER ARG Y ES the averags internal
QS Riet Qflat 1daki Ao theBiEME gth (TR coffinup@iEular RIGH re@tthf i€ Btleast
ngﬁU|renent of the punp (plotted as a rel ative val ue
HWEr than absolute) over a period of one hour for
t he polynerlsatlon of Exanple 1. The variation shown
et e oo LA P, EXBORELLOL Bl By
| miileasdpneacton stat lepdt 20 eohum° %omsgglbbfgaka%hb ‘oflundie nxisur r y
I§%£Prt£gﬁ3 ﬁ&&gr tenperature The tenperature at
df'f oints In the reactor during is also
af fected by the slurry concentration gradient.

Apsol & dif{eieNeehih N WRASIHLE tvet-SRRLA B&Exﬁet@ﬂof at least 50%
different points in a reactor can be due_t

dpf theiolhteagh PHLSSATFHOHE PYHEOPORTFRE™Y Féf It 6%9&11% Srefeply
Oofdersdmay. I dentify "real” differences in tenperature,
the variation during a tenperature transition is
measured. In an inhonogeneous slurry the trend of such
t enpermbdgseactdréing ot ang pecedionglothim, wetreyein de¢agpn then 20% hweisrably
such a.tragsi i .sati

Feraey SR Pal Pk ML ARl FlRltp R ec AR
t damsiet atdewst70Bmob. i S const ant t hroughout the react or,

i ndi ctating good honobgeneity. Heat transfer

coefficient at the reactor wall A S|gn|f|cant ef f ect
ofS. f ouPtogrgs apkording exdaim s, WBergin grpaiRtiBan 1% Feferdltereater than

t reg s el 13R8 et CdrefcoAEh AR Subulald ®of RBGE s MWahilemalldi@neter at
heat transfer coeff|C|ent can be neasured over a very

Ldergt Termorrelerti Ay A At WYY, and an absence of any

reducti on |nd|cates that there is no build-up of

fouling materi over this time. ur.e hows the . ...
h éat t ?@ﬁ?f ggeor BJEft? I PRI rlan%( %n {n Frou&, nu\{:\nﬁ)vr is preferably

maintained in at least ons reactor of the muliiple reactor system at or below 30, preferably

between 1 and 20 and more preferably between 2 and 135.

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 baz, and the polymer
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over a period of 250 days, fromwhich it can be seen
that there is no long termreduction in the
coefficient. is { |I. Statements of invention 1.
Process which conprises polynerising an ol efin nononer
in at | east one continuous tubular |oop reactor of a
multiple reactor system optionally together with an
ol efin connnoner in the presence of a polynerisation
i.n_a to produce_a_ . slurry conprisin
SO H PO RSB o P BN ey G TR 1 RBRaF
hdie average internal dianeter of at | east SOWbof t he
total length of the continuous tubular |oop reactor is
at least 700mm 2. Process according to claiml,
ther direressiaecosdind id gntpreeme clink. gietcm at lyest 8owmidd. prebably more
{nlilp vab; {)ﬂ%)to{aﬁ?o foﬁuc%ﬁ nlx el Q réégl!oy e{nlq adn m said
preferably at ast 5 vol une% s re era
PEEBYOUS b I09PE9RCto.  Process accordlng to cIa|n11
wherein the average internal dianmeter of at |east 50%
of the total |ength of the continuous tubular | oop
P eactigpeersoerdingig &8y PIBEFHRE Clre e the depsity) spapaf %SW

fowBE LRSS (@30 AitRtbldhud ramu@crf%eﬂhsng dﬁjfe?énﬂé m‘M’&ﬁP Sirkeen
eaterthan 70% _preferapl reatert n 85% of the

taéiffm?reélﬁ’&f T olipe PHENT BRTF UG t“EPBEﬁCE&’F VIS BfUrle SET BPYe
IIIBS 21 thé iﬁeﬁ@ﬂ&dnsﬂvmf &{éﬁﬁﬁd’naaﬁdﬂh aasdie si43Qarny 15],0) EI‘bSIGQSS)O\,
SPEPILAR EhEL B et BT RO R b o g
Mhe:ncmmanmnme the Biginaters|updgy whish d 0% rnh 2096 anwplalleqssn@hveh
g&@%@&ﬁhmﬂﬁeuhg t 750mm preferably at | east 850mMm

. ocess accor |ng to any preceding claim wherein
the Froude nunber is pref rably mmintained in at

ligast pRngs &@@%9{0 o pie@&ilﬂnﬂlén& Rbt@reﬁxﬁﬁ%&ﬁcl&i%i BRiRtord?
bel ow 30, preferably t ween nor e

ﬁ?@é@&b?aﬁ%@ﬂmmﬂt @%LW @VDS;O is bﬁsdeaéss D’&@*‘é%’?‘d‘Fﬁ%éﬂa? &>

ahte &Eﬁfé@ﬂrl 1089 t1eh an N w8 ma b D30had bob @k Y @SSkt Eundé-Adict
& e reactor J.s |less than 1.3 bar,

s S ae DL RS R oL PR FOFOIERS1S

production rate is greater than 25 tonnes per hour,

pfl?f e%%gr!: a&(r)r%m % ar}yl%?e%ecﬂgc c gurrrxe vs;’rhEQ D9b 1sl‘fess than 2000um,

preferably less than 1500um, more preferably less than 1000um, most preferably less than

355um in which D93 is the diameter under which 95% by weight of the particles are

collected.

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 mads in either order and the second polymer being made in the presence of

the first.

13, Process according 1o claim 12, wherein either:
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S. Process according to any preceding claim wherein
at least 30w % preferably nore than 40w/ % of the
total polynmer produced in the nultiple reactor system
is made in said continuous tubular |oop reactor. 9.
Process according to any preceding claim wherein the
density span of the polynmer powder particles (defined
as the absol ute val ue of the density di fference in

gi cm e _ave e

part | o?al ﬁ&: Vieno éaogylengrg}tlag E ens%r% greate fga 9?8 ll\ Izreana a on\l/eét
B mm Nhefaos na‘@g/ Ierrs Bali@efhfleltehnelvmt @mpabmw th

parti el - er

bel OW%JBSO% éé % rmr gﬂe (]1? e? 1!3%]1 Qf@lgﬁ’t\’gr g: 891316566[%&}@&6 o@p h%
prafegiyibt fradsieh bayvity, aomsw of 4 1eamﬂoe ke/Di endearaelTboy Bk Mip el
dwmgtg ﬁl% whi ch 10% and 90% by wei ght
respectlvely F the particles are collected. 10.

Pr oc e$ymatdcie BeNvite besed amije iois teighty thelmanlimodal fiaiear polyme:

P&t d deboh @ n@l&@tﬁyl%e%ﬁaﬁdoﬁ%%hﬁﬁu@f unitd &f%tﬂ?)&hb’ mropm{aﬂ\l 52 te Smol%
is such that )/D50|slesst refer O}é

| ekt lepfi gpp ofhas alvhi*rﬁ%ﬂ%ﬂ PREPEERT S [PddSsa H%?Pfi gnd ggelt il
WHaeVDED 1es Bk ﬁngum@ oare the di aneters under which
10% 50% and re vel

par(; i ¢S gl 8‘%8 P’%’i:etpé’ “‘fias aéglg‘?%é%tw%%g g{%a dtb%o Fgm,, anda
P BRE Gk ﬁlgieac lvm dSﬂO v eo gllﬂmxla%d eﬁnvlleassomhamoﬁﬁiﬁ)ﬁétm

pr ef erabl o han.1500 1 b S
o00ureTe B Er A s g o L PR AP SR
I polyétayichc Mcmrhamngiedenm of &asgﬁm@%@}kz@e iaghe molt ﬁp\h @dex M, of

pa es I lected. 1 Process according to any
ah%sg I@IF&' nCdowhl ch conprises nalting a multinodal

ot hyI efmn B ToyaPmiY% tesodteinits teial veriglie theomplimodht pHene PRWARFS

P QJIf ¥ @35}:\(1' p%lxjgﬁiqgn“' BacRRCconpRARE @Hits oPdtRliche N0, 8] BGHIR IO an
H VI VI T) polyner is nade in another re

tHP(lP aﬁkﬁ%ﬁ%@éﬂ%lfﬁ@ fra HerHoAn BPPREPd PR oY gt o Lok than
seogndmpol ynmer being nmade in the presence of the
first. 13. Process according to claim 12, wherein
either: 20 the nultinodal ethylene polyner has a
density greater than 940 kgim and a nelt flow i ndex
1v15 of 0.05 to 50 g/10mn, said ethyl ene pol yner
conprising from30 to 70m % based on the total weight
of the ethylene polynmer, of a first polyethylene
fraction having a density of at |east 950 kgim and a
melt flowindex 1v 12 of at |least 10 g/10 mn, and
from70 to 30OMm % based on the total weight of the
mul ti nodal et hyl ene pol yner,
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of a second pol yethyl ene fraction, conprising units of
et hyl ene and optionally up to 5nol % of at | east one
ot her al pha-olefin containing from3 to 12 carbon
atons, and a nelt flow index M2 of less than 10
g/ 10m n; or the nultinodal ethylene polyner has a
density between 900 and 930 kgim and a nelt flow
ChABMSM 2 of 0.1 to 20 g/lomn, said ethylene polynmner
conprising: from30 to 70wt/ % based on the total
wei ght of the ethylene polymer, of a first -
ol ye a_density of less than
D50 Rore and e R R BBy PR teShel § Supuae woula
cg)mlmcmmm An alednfon@omed obor3Qm %’0 cthRse8h @R old?B cfpﬂ{o%hmer in the
ht of the nultinodal ethy|ene polyner,
?Tdo‘rfo?(ﬁ@fl?f%a@% CFANFHR Fhdideanpta snorigcamslmsv obmprising solid
0 % of . ar, ha:- ol efl n
ﬁﬁ'tﬁaﬁllﬁ Slefih QWrIQer;m&Ql %@ml@ wher erein %‘fﬁ%‘ infernal diamegey of a:

cont ai ni ng rém car bon
leasg 880 oMt 2nectbtall @Qgthtdfahm red€@og/id Okt 620 MG, il soffids

(1S nerl si glnaloop reactor of a
ARt PSP AT, S0l malrerine aoniviusic
dptibonad duyhtk@g@foektemwmbo Al glh» comononer in the
presence of a polvnerisation catalyst in a diluent to

produce a slurry conprising solid. particulate olefin
in the average internal

ol he dil uent ere
R T T R A A U—
ket lobp teac@dt isl £ skt RO Ik 19, nﬁ‘é?‘errafbl\ at l@?si%’lvl ﬁx%nn Jo.gpost

cocntratlonlnthe reactor is at least 15 V0

RIRGT R At RSkl Queleee. si ze  distribution such that
(D90-D10)/ D50 is | ess than 2. 2. Process according to
claim1, wherein the solids concentration in the

Tont iRrocus accbnhmg arcliioop wieseinthe herdde thRASH d%ﬂlo\(ﬂoﬁﬂ DBleast
é refe ]Er@ east 25 volunme% nost prefe
A Pe%lgtl‘)‘ PB CO@““‘PP&&%@BW&@@I@r@pwgIStadolaaIsLa]()ﬁmﬁr

m@@fa%hnattlkh@t PUREAIS I R RS A 2 NBLEN 8?%8’@: | east  50%

of the total length of the continuous far | oop
reactor |s at least 700nm preferably at !east 750mMm

pr eferably at st 850mm_ 4. Process
accor 5 FEOHYE aé%é’d?‘i‘?g“%ﬂ drig. Whsesiereatr Sando%, Ip&nerabh

gtef¥er thmewxo@bmé al Rat@lork ot al
1?5‘?["@?3 cont i nuoutg t ubul a(l)r }Pﬁg%ﬁ?lggg{tgpnﬁafoogﬁ“a”mr ?lg

@meyr ghispd/08mm. east 700nm 5. Process according
to claim4. wherein greater than 70% preferably
greater than _
3. Process according to claim 4, wherein greater than 70%, preferably greater than

20/ ~F
85% of the total length of the continuous tubuiar loop reactor has an internal diameter a:

least 750mir, preferably at least §50mm.

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 polvmer
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85% of the total length of the continuous tubular |oop
reactor has an internal dianeter at |east 750mMm
preferably at |east 850mm 6. Process according to any
preceding claim wherein the Froude nunber is

preferably maintained in at |east one reactor of the
multiple reactor systemat or below 30, preferably
wedweeion rdie angte@6r tha2 omeep pef lealpirsfe bt wereateR thand 5 1émnes per
7. Process according to any preceding claim wherein
Wﬁ% total pressure drop in the |oop of the reactor is
less than 1.3 bar, preferably less than 1 bar, and the

ol yner { productlon rate is greater than 25 t onnes
2ger hiongeess sﬁ@ﬁ@nam gnygpreesdang elaiam wiBreipahlssstPéOwt dhpigferably

K ceding ¢ erein .

Hpre e G R a0 ) PP Ol Og e s mace
m@m@kmnﬁhmnﬁnumMQdMQﬁdaunlthe mul ti ple reactor system

is made in said continuous tubular |oop reactor. 9.
Process according to any preceding claim wherein the

ensi b t c [
Gt ne shR At e p ke BRI RO M SRl S SR

polemBr hetvdee eartictes ( @afmeagethiaea’tsolme \mﬁuetdfehep@émﬁe difference in
gprchles xiting the reactor with particle size
6B BETYSE HirchVERES 45 96 PRl IgT R UglpeckiaRe Hiegpacigrivith

gﬁ{ itk Gl ze a%b\LeD@@!uQWnD QYo ﬁergﬁjs Q- ngggréa‘ R;af SMQL)élZ“ elow

. nore preferably bel ow O.
Dﬂ @fl@rbabIWyO ped, oveierabig2giow 0.00Ri mhreDfefezaidy EEGW&I@AO%hmosL

i ght . .
ng ec?%@@ﬁqgg‘"the %ﬁ%?ﬁﬁﬁ%gﬂgre T8 ‘1%@%%8m1f@£rWhmnlo%

Bfm@%\ aaa;«ﬂft%spscttv@lvad’fm@b@ﬁmba@ @ligéga. wherein the
partlcle size distribution of the polyner particles’
is such that (D90-D10)/D50 is |ess than 2, preferably

i an? Db eiinsdP RBoPleFe g Bl b e s cpouion

0% poBM R RErRAYE bytcheh g hID90&Z$1m)@/E1:~|0\lQIe¥s @fn bDBreferably less than
Eartlcles are coll ected Pr ocess accordlng to any

Pet9E PIGIEIRAY 1SS et er i mschu 1319. &8 aflﬁé??o’zé@@m?rﬁlamet““ under
Wh?fhelro@plssool £RBodohBY w@@{%g%e BV, { ﬁgfggxgx alece

han.1000um nost prefera umin
D95 is the dianeter under mhlch 9596by wei ght of the
|l es are collected. cess according to an

i by :
Bl cce TG CraT AP AIARER PESHEAE SBET ARGTRG 1000 IiFe ihd0lur,
?{eﬁf%@@qu‘g%%@@o&rﬁ ot e}h’ ?er%lﬂgl%g ac lﬂ)%u gstfpr%fhrabn less
b 8s8Luarin Weiidbo{ 1YW diaReherMRter x$h181i399/o'b{4 \@agﬁmﬁm particles

are collected.

12. Process according to any preceding claim, which comprises making a
multimodal ethylene polymer in which a low molecuiar weight (LMW) polymer is
made in one reactor, and a high molecular weight (HMW) polvmer is mads in another
reactor, the polymers being made in either order and the second polymer being made in

the presence of the first.
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reactor, the polyners being nmade in either order and
t he second pol yner being made in the presence of the
first. 23 1 .~ 13. Process according to claim12,
wherein either: the nultinodal ethylene polyner has a
density greater than 940 kg/m' and a nelt flow index
M; of 0.05 to 50 g/I0Omn, said ethylene polyner
conprising from30 to 70NAt % based on the total
g ) e eth of a first

Bl yerrgre St GRS B alhelty of at 1 east 950
kg/ nBtha feh @ 68| tetifli QW Jondgxr v a

and from70 to 36i 7vt ‘V[gésk?)aaseggt oﬁ%%[h‘gﬁ?%g;@hglhg%a
ol @‘m ingiex Wile A1 051 trodasl' | @mbny ke ethypok poisimer @f)marlsmo-

seco chrl.Qon. col g Mn - .

ot hqugoﬁlg 9g % d%g}gllt" 23%3{({ &S {h CEorta? gﬁz@# 8 tg e§1tvie|ng gg)[\rrghé)f a first

potyeeiylalfhatoh BiviAg @@em\mm 142609903/ dsd @ﬁ{epmw index MI-
and a nelt flow index M2 of lTess than 10

(gﬁibﬁﬁﬁo—éﬂhpﬁbaﬁﬁltlnDdaI et hyl ene pol yner has a

densi a melt flow

indegh%%$§¥ qgﬁ%P&}?%QOégkgggﬁ efmﬁmnld%SﬁV r

}mimm"l x| aﬁs}noﬁdmaﬁvﬂ.ne ﬁ@dl/l’ctr%orb;ﬁﬁe@d' @iitstofethly¥haland optionally
f th et hyl ene yne of a first

‘ﬁ’&P é‘}oﬁ&"éﬁb Pt b g1 ﬁEE{??F g %ﬁ@wﬁ from § & &2 gashen atoms,

2aQ Kaf 1w Wx%mrtlﬂgslt@éﬂ 1(931/&3?5 or Of at least 10
g/10 mn, and from?70 to 30w % ased on the tota

wei ghtee mﬂltnmatr@mhvlvno@alvrrmr b @ densirolbgmeren 906 aAd 930 kg/m” and
SEco d._po y f I.on conpri Si ng its of
R Pan ARy e T S8 o BH et e coptavising:

cont gtd BQ] td OB YaSedlen fhartQ@l"wafg‘H{T@f tn By BnfBbindet, Q)L a first

index M1 of less than 10 g/ 10m
polyethylene fraction having a density of less than 030 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 fiow index M1, of less

‘than 10 g/10min.
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