SLURRY PHASE POLYMERISATION PROCESS  The present invention is concerned with olefin
polymerisation in slurry phase loop reactors, in particular in multiple reactor systems.  Slurry phase
polymerisation of olefins is well known wherein an olefin monomer and optionally olefin comonomer -
are polymerised in the presence of a catalyst in a diluent in which the solid polymer product is
suspended and transported.  This invention is specifically related to polymerisation in at least one
loop reactor of a multiple reacto tem where the slurry is circulated in the reactor typically by means
of a pump or agitator. Liquid fullgg‘ g@MSQSBBM&WMWWWe art and are described
for example in -U.S. Patent Numbers 3,152,872, 3,242,150 and 4,613,484.  Polymerisation is
typically carried out at temperatures in the range 50-125C and at pressures in the range 1-100 ban.
The catalyst used can he any catalyst typically used for olefin polymerisation such as chromium oxide,
Ziegler-Natta or metallobSHESEyBE A0S CPREFBRIaTIE: SnfmpelsmprEsing Fotmepkasdiotient, and in
most cases catalystciotefinrmtinoiaren andlipbmanomestean he discharged intermittently or continuously,

optionaly using concerirgingideyissssehiah BUKERYAoNASAL S YiRAIegs In minimise the quantit
of fluids withdrawn g/lth.th {?o}ky%}ir. The at least one loop reactor of a muftiple reactor system is of
cUSHESHRS

a continuous tubuiar S50 RSNG4 RESPERS B B BrRSROT SR SR TP acilions and at
least two, for examptbifhthe ol patahseptidng. iT heredtdohp aymesigdtion is typically removed using

indirect exchange with agopliRaHHediwB.REefErRRM AR HHAGke!s SHounding at least part of the

tubular loop reactotré'll;lt]lﬁi\iolum§ of the at |east one loop reactor of a multlg?lge reactor system can vary

but is typically in thé TANge 10° 16 120 A3 THE FoBh T RELS FESRARS B SRS SrisHare BFaRfis generic

type, Maximurpféoramrerdaitaion dipid fdHomrpletatscappmitiodnyveNoreas edisteadiy over the

years. Growing opgsasioghexperinsgioveriberlaskitungssades kas lessio gparationsofdncreasingly
high slurry and monom%lconceglc'%%t;gns Lr;la{eactio Ioo%s. The increase in sluré\{) concentrations has

typically been achieved Wih THe e s aa BT TEH e TSk i SRR S Tk ea 3 phal By it reactor

n
circulation pump HE&eER dhiitipassiicifathore plirm padisst hestate beby ER B2 ShbcaicukR 891990, The

increase in solidsdpadingyiscdRsiiabieciod areaseiearigissidanss imslaiRdxeg reactor volume and
also to reduce do%?n&tsrtg Jdiluent treatment and rec?%clllin rg%iremen S. The increased velocity and
0

Cof the 100p Ras Kowever 188 16 1hera SR PP Be &G ASBUE i @ Stexity, and

head requirement

energy consumptRIFE A B TeERameh e disskargediintramiontcorsitatiarmisdperating cost

implications.  Histdaallyielaivelythigh:cisouwatiomeipgitydariypisatinheenmaintained in the

reaction loop in oEggag&g[?%%ﬁggqgmg@l%&o&%%%?itional and particle distribution across the
rfi I '

reactor cross-section, parficularly the avoidance of so ?a%egettling, stable flow characteristics, or
excessive solids concerltiatioliRSaetn e phIeeFaI L FBLipiaRere by cutiom Mo metiprasduraiarop/power

in the polymerisattonstmotion comprising at least two, for example four, vertical sections and at least two,
for example four horizontal sections. The heat of polymerisation is typically removed
using indirect exchange with a cooling medium, preferably water, in jackets surrounding at
least part.of the tubular loop reactor. The volume of the at least one loop reactor of a
multiple reactor system can vary but is typically in the range 10 to 120 m® the loop reactors
of the present invention are of this generic type.
Maximum commercial scale loop reactor plant capacities have increased steadily

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 shurry 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



Inadequate cross-sectional distribution could lead to increased fouling, reduced heat transfer and
reduced polymer productivity and homogeneity. Construction and commissioning of new conimercial
plants is very expensive and therefore new designs seek to avoid or minimise changes to operating
parameters that are seen to increase risk to the successful operation of the new unit.  In accordance
with the present invention there is provided a process comprising polymerising in at least one loop
reactor of a continuous tubular construction of a multiple reactor system an olefin monomer, optionally
together with an olefin comonomer, in the presence of a polymerisation catglyst in a diluent to produce
a slurry comprigiE LeidesRrerm E BTaEY Wﬁ@%ﬁ@%%ﬁﬂ‘@ﬁ%ﬂ‘éreﬁetﬁ‘g%fgége internal
diameter of at |eelstif0ddktdedptabiasmyts bf thep femdtoriseatde Bsnzeemilimeatdssiangzdse solids
concentration in,the.reAckay is.Atdrast 20valmedas BiefeeRlnaanoivinptionally, whersin the at least
one loop reactor has a yolume of at [east 10 preferably at least 25n13. Preferably at least 30wt%, most
preferably moré’at??&ﬁalfg\ﬁ?%?tgfgtﬁ%%lgf%?&? oduced in the multiple reactor system is made in at
least one loop reactoHivheiellythede tivelydygghiriterhbiodieaivetehof trpleelbt Bogentamadialthength of the
reactor is at leagh 400 1HIMSKRS 10 enRARLBEVABIRAE Rhip&iRrasenldpyestionisshaithe specific

energy consumplion (L. the eneroy. sonsumed per yail weighL of polymer, produged) of he loop
reactor IS reduceaowhl S malnfalnlng a given reactor residence time and avo dlng unacceptable reactor

fouling. The invelntstriisiospacsassety slidreocswmepsitidepsir et iohesifargnreiserate a reactor at

high solids loadingsnvherdihes:praiausly Beeseansiirieddecessary to use what have now been
found to be excessivaly gl jo0p SCUIRIONNSIOSII S e NS EIIONUSIRIER figihod and
apparatus for continuds polymerization of olefins, pre erab?y af)p a mono olefihs, in an elongated

tubular closed |6 aadisriscsde ohme bRy cBrthrRsERF AN detntBugig 8htacted with, a
catalyst hi a hydeacarpnidiuepéwTdenmatani(|s ipalyraesiasite fatmasshinyeofdesiidsparticulate
polymer suspended b Bolvmeliaalion madijm.ardlliehlurs BiRIcAlle, D g lpgpgymerisation
process of polye?ﬁyfene, the slurry in the %eacto_ will comprise the particulate polymer, the
hydrocarbon diltherftessstEs PRIEGMET Y estalist, chain terminators such as hydrogen and other
reactor additives. In partictdaiiie it iewildseonpestoR (haib irefadablyB30:at6 cvaigiypercent based on

the total weiaht of fie, iry. qt RaGHIAIE PRlBRs NG A, BiferablAd yraighiparcent based

on the total Weié)h e Slurry of suspending medium, where the suspending medium Is the sum of all

h
the fluid compoFEALE FTFE ASLESH AP RT BRIl tres Rt B IR B QI TORORB AR Bhy additives:
the diluent can besncneit dillyertrontivoamistare ditive tireftdnasdetivwemeriigaisbbfefin monomer;
where the principaldijenids.aninat: dluentdefletinmanomenyilihpinall-campria.dsR0, preferably
4-10 weight perc’:j(e)‘yrlto%ftﬁg ?otsallull;:rgg'th of the reactor is at least 700 millimetres and the solids

concentration in the reactor is at least 20 volume %, preferably 25vol%, optionally wherein

the at least one loop reactor has a volume of at least 10 preferably at least 25m°,

Preferably at least 30wt%, most preferably more than 40wt%, of the polymer produced in

the multiple reactor system is made in at least one loop reactor wherein the average

internal diameter of at least 50% of the total length of the reactor is at least 700

millimetres.

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

the energy consumed per unit weight of polymer produced) of the loop reactor is reduced

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

areactor 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.



The shiny is pumped around the relatively smooth path-endless loop reaction system at fluid velocities
- sufficient (i) to maintain the polymer in suspension in the slurry and (ii) to maintain acceptable
cross-sectional concentration and solids loading gradients. It has now been found that, for high
solids loadings, cross-sectional slurry concentration distributions (as evidenced by fouling, flow
variations and/or heat transfer) can be maintained within acceptable operating limits whilst increasing
the internal diameter of the tubular reactor above that which is conventionally regarded as
operationally reliable for at least one of the reactors of a multiple reactor system. This is contrary to
what the man skilled inTiieiavtrtiouldibelievertethedthel easasinsthe ¢tgtinodwqientidndbprocess
conditions where, g inie ek dlaineih ldkIPoieaslonhin R stk AR RAGIRIMALSS and s typically

about 500 millimetres.  ~ "The solids concentration in the slurry in the at least gne loop reactor is

preferably at leagP%0 VAGHESS iRy Asi0rd o2t PRRIRINTES 2 SHAYNG  Cpreferably at least 30
volume%, wherehydtucmb &b diuétotal hechommenef(shecdiureise volome: sfutiecs ssieprtimgleredium)/(total

volume of the slypl X100, TReiSQiLS SRAERIAIPAMEAINE/ES Weight percentage which is
equivalent to that measured as volume perc nt%%%will vary ac org,intgg to thg p?l%g,ner roduced but
more particularly accorEYﬁbcatﬁyl’HE t&ﬁﬁ@fﬁy d’&ga.“ are Hﬁ%C%SIS’ﬁH% Brofieedis Byt iene and the
diluent is an alkarsestfomekapnpiesistib pratirldte s QPyafenribd b erd aofideseiénoenlration is above 30 in
particular above 4@wgight ‘einyexampledniihe fanae:d 8yak prefarahl: 4634 admeieR! % based on

the total weight of the slurry. . We have four% t operatio, a polymerisation process in a multiple
reactor system \A%aétr%uzatrltégg%uo ewél ?8%8?3?5 éi%ﬂrln IéarrIPé d"?glometlgrt 50\’/33%%6 'r(r)]llll imetres - ie a
larger diameter récigtorigiint §eshveriormatigussepobmgnpag Sefieiriatdhn T0cihwéekarried out without

any significant prahlemsaRartictatbawithdegard-tefeuling.aidmmpaasianmyatisre thePreferably greater
than 50% of the total length of.the.l reactor, has internal diameter over.7 (;[Hlm E.gexample over
850mm, and prefgfgs?ylg%mééuﬁﬁ%gasﬁﬁ] éégﬁml i_r@é{ir%%@ff Pserb?é?et?lr?eﬁaﬁ\ﬁ(%rta&r_geaterc ?ég)nl 50%, in
particular greatertkrdiroyls6r meapmeapieacriditra e Bl ot A BHYH: 1 tRe ARESBY has an
internal diameterusieARd villisnetrasiiouparityied cveh #bRométjwatie sifprimipanfiladseivween 700 and
800 millimetres. (A pRicHaLRAYANRAACAL IS vanuoR s b hioh.shigy sapcenligtions at
relatively low circuiation velocities and relative y high reactor loop diameters can be used. Accordingly,
the Froude numbessaeiied Hea&tsv is preferably maintained at or below 30, for example in the range 24
to 0.5, more preferably 2 tukrpristityka by dmthiger atgivdp soddihpitth hellmsosiopretetied ranges being
10to 3 or 9 to 2. JAg Froude DUmRGK @ﬂ%&im?qﬁmﬁéémr@ﬁa%&wm%@a{ the.balance between

the suspension and settling tendencies of particles.in a slurry. It,provide?.a relative measure of the

momentum transf&f SioRSaith AR BERI MBS ATHSPALIALCEBAHL 8RS S RETPL BT Palues of the
Froude number indicatét$trongebgarfioladwall (reldgredalfliddingd Fintesactionssime Froude number
(Fr) is defined as y2Ug(a:1dPIWBEIRM BtNG AURERTE, ¥RlBrISh the sy s thetaravitational
constant, a is the specific gravity of the solid in the dtllue t a}[ndhl?1 its the inter glhg)ti eapliameter. The
specific gravity of i S BRF BEI I THICF TR A REEE BT HE G ERER S B OISR 1 the density of
water is based oritestnnétietiddarsitgciof Hhevddipisdieh potypnyentishelbesizrgisdbstantially devolatilised
and immediately griQLionafy EKiBIS IO R tMeRs uret usingrmethad iBRIAS34. systedd. ITags heen found

that reactors can be designed and operated. at specific pressure dr Eoth er unit reactor length and
per mass of polyrﬁ@}uﬁﬁ'ot%oeg?tpt?é%gﬁpes% 88 lflot?lp aeﬂlgggkf;bseisf%eécﬁ E%Cl %gﬁsgg h éHse gé’lﬁna%required,
particularly at highosutiaitebplirgssandditiege wherstthe ditametdismatpiofitheisaepr frerrarstetal loop
pressure drops ofigssdhaiiln RaraRasticpaly Bssthanmlibasxen for polymer production rates of
above 25, even above 4g lones perhour, 1LIS,Hosoible, R SmRIo onc foch foxe & than chin el the
loop preferably on one or more Honsaha sections; theSe can be loca o &% the '€ame hotizontal
section or on diffevdmssédtiehscTherpupmiesrlinpSranbelgnete safiecdiarmter b Ftdesbr smaller
diameter preferablyihthe samediameiesagdheveiainat diameter obiigessrationsfmnpeactor where
the pump or pumps are ted. It is preferable.to employ a §i le pump. and it is aafe%gr%tof the
present inventionEzt’ﬁ‘él ur%g %%8?%’8%%%@@6& rsglbrgl) L}ﬁ%oﬁérsgf}dg%r%npfg)trl%?g%egﬂlé?oﬁss thgn for
conventional processewsage which is equivalent to that measured as volume percentage will vary according



Reactor size is typically over 10m3, usually over 25m3 in particular over 50m3 for example 75-200m3
preferably in the range 100-175m3. Use of higher internal diameter reactors for at least one loop
reactor of a multiple reactor system as set out herein above enables reactors, for example having
volumes of greater than 80 m3, to be built with a reactor length to diameter ratio of less than 500,
preferably less than 400 more preferably less than 250. Reduction in reactor length to diameter ratio
minimises compositional gradients around the reaction loop and enables production rates of greater
than 25 tonnes (per reactor) per hour to be achieved with only a single point of introduction for each

reagent around theiepsiiand prpuitenativelydtisunessitadphavedatiiptiedaletsrntaibe loop reactor
for reactants (e.q. glefins), catalyst, or ather additive Where a reactor system is designed to
operate differen%%(ggf%’f%%gg 2{55 g?ggrfgfﬁgﬁré,ttc er%%?ﬁtrﬁs ah oarnﬁ’lg%ﬁ%ac %}%#%%%%%st system

where the activitpsfpirddiitibnsedide rersrbetionitedarg Affinamthchlanvest feareehs ‘afiefer different
operating regimesxagaestarsofag 20 60lrarxeaciors 5 edigaicalbadeaed ineasde g acsarsmodate the
entire grade rangsguwith maximum flexibility. The existence of such externally imposed reactor
dimensions places COnstraints on the operating window available for each reactor, and thus on the
ability to balance reactof abarAP BIBHQRGTRAIN R gRBIFEEeTPESSTN G ATEBBHer®atitsr. It is generally
preferred that suehsteasions havestlhgesammacame tageniermnalidinmeatef oitas7otosipretes el that the

reactors are conSyIRRIn e AN IMeNSIO0 o 0.2 WL TbRdImENL OLIDGRIgsENt invention

it is preferred that the loop reactor has horizontal and’vertical sections, and the vertical sections
comprise at leastSDob IR BRP R ST e TP s i eserd R foros Bt H5acastal length of the

reactor. Itis alsdipreferred that the density span of the polymer powder particles (defined as the

absolute value of the d@;ﬁ%ﬁ&ﬁg@g&%@lg%m%%p@n@ﬁ ARG depRityRbINGARlymer particles

exiting the reactor with particle size above D90 and the average density of the material with particle

size below D10) [SHRHPED 0 Pk AR BSOS o 5 e 15 e A B R 98038 most
preferably below fi0D23res. ItAqoofelirg|thaa sudiacthimddpe ndemtiadpentoétthenVéntion provides

process for contralling.a sty ABASSAS MO UUNEHSAUPPIAERSHIR HSRISERERRf 8/B0lymerisation
catalyst; characterised. in that the said process ,gonrg@frlses m mtamn;g the denT%%y SFé A of the
polymer powder 58?%18%“6’6?8#@?%}68}%?8?’&% BRGotyse LI IS8t 0.0026, most

preferably below Billg28tes. D values are measured by sieving granulometry and are expressed in tan,

and may be defined as follawsid adwalke dpderiniishokahymeishtofhepastisigsiare collected; DI

) . p . . .
0 - value under Wpellcagv% y{%\?f%i\ll‘\éledgt?énojlqu%igeasrgr? ere a x%l%%gqg xt:eeadc‘tor loop diameters can be used .

Accordingly, the Froude number in the reactor is preferably maintained at or below 30, for
example in the range 24 to 0.5, more preferably 20 to 1, parrticularly in the range 15 to 2,
with the most preferred ranges being 10 to 3 or 9 to 2. The Froude numberisa
dimensionless parameter indicative of the balance between the suspension and settling
tendencies of particles in a slurry. It provides a relative measure of the momentum transfer
process to the pipe wall from particles compared to the fluid. Lower valuss of the Froude
number indicate stronger particle-wall (relative to fluid-wall) interactions. The Froude
number (Fr) is defined as v*/(g(s-1)D) where v is the average velocity of the slurry, g is the
gravitational constant, s is the specific gravity of the solid in the diluent and D is the
internal pipe diameter. The specific gravity of the solid polymer which is the ratio of the
density of the polymer to the density of water is based on the annealed density of the
degaséed polymer after being substantially devolatilised and immediately prior to any

extrusion as measured using method ISO1183A.

i



D50 : value under which 50% by weight of the particles are collected; 090 : value under which 90% by
weight of the particles are collected. 1395 : value under which 95% by weight of the particles are
collected. A preferred embodiment also maintains a particle size distribution such that (D90-
DIO)/D50 is less than 2, preferably less than 1.5, more preferably less than 1.2. It is also preferred that
095 is less than 2000nm, preferably less than 1500gm, more preferably less than 1000prn, most
preferably less than 355nm where D95, D90, D50 and 010 are defined such that 95wt%, 90wt4,
50wt% or IOwt% of the polymer particles have a diameter of less than 095, D90, 050 and D10

respectively. The averageagicteusiz 820 dmRreferllbaiieanjhfantdsp e migsanrs, most
preferably between 150 and 1000 micron A particularly prefer mbodiment has a particle size
distribution such %105#8% 7S ggsr?ﬁcéﬁ%r\ipgétpﬁng 59%3@8@%%& ?é?égptﬁg%uf 0 OéraéeO%, Do,
D50 and D10.  loapripsdrdbd jersheri keppeasiei o miainbripislisdilsl pndeessydbmprising
polymerising in adaap: RastRE0 EnRARtRIoH St astons paiion anmlefinmproneEsaptionally
together with an olefin.comonamer, in the presence of a polymerisation catalyst in q,ilqgnt to produce
a shiny comprisiﬁags%ﬂg%rg?sﬁsc%ﬁaﬁel Ig?_é |ﬁ%§§/ﬁ?§r§r¥ ki él%éﬁﬁé%? W’%r(eyivr? %éegs/ne?%éo e internal
diameter of at eSO bpthd tétarishite srwley e bR bRae eyt thsdeard eheabllids
concentration in thefieacirishatileast i&alumesdcaris haviatoa padiale isideodistsietdtionrsuch that

(DIO-DIOYDSO i3, |osrdbiicions rEULIHINE LIMRRENACD! ASRGEL AL IYSRKATPEANjfles a process

for polymerising olefms in a polymerisation reactor, characterised in that the polymer powder

recovered from tHESiEERPIREETY phhecamg sraritrn aife APisRat dirmatsost it ssiin #800nm and
(D90-D10)/D50 iscless tiare i purdcoording teedonathd lipsetefretile misoginyentiafi¢repesént invention,

it has been foundthatihe laimed canirah . e malnienance chihe.densiapereiqy certain

values, was highly critical for the metallocene catalysts.
is less onerous than for conventional processes.

Reactor size is typically over 10m®, usually over 25m° in particular over 50m’ for
example 75-200m” preferably in the range 100-175m”>.

Use of higher internal diameter reactors for at least one loop reactor of a multiple
reactor system as set out herein above enables reactors, for example having volumes of
greater than 80 m>, to be built with a reactor length to diameter ratio of less than 500,
preferably leés than 400 more preferably less than 250. Reduction in reactor length to
diameter ratio minimises compositional gradients around the reaction loop and enables
production rates of greater than 25 tonnes (per reactor) per hour to be achieved with only a
single point of introduction for each reagent around the reaction loop. Alternatively itis -
possible to have multiple inlets into the loop reactor for reactants (e.g. olefins), catalyst, or
other additives.

Where a reactor system is designed to operate different catalyst types (eg Ziegler-
Natta, chromium and/or metallocene) or a catalyst system where the activity or production
ratio required varies significantly between reactors under different operating regimes,
reactors of equal volume reactors are typically used in order to accommodate the entire
grade range with maximum flexibility. The existence of such externally imposed reactor
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.



A further benefit of the present invention is to improve the speed and safety associated with start-ups
and grade transitions. When changing grades, the compositions of monomers and hydrogen and the
product properties may be changing continuously, the quantity of absorption of monomers in the
polymer will additionally be altered by the changing product properties (principally density) and gas
composition.  The control of the span according to the present invention enables the speed of start-
ups and transitions to be improved and the production of wide-specification material to be minimised.

It has particularly been found that stable operation of high capacity reactors, particularly large diameter
loop reactors, can be bptifwiteddnpstiivtyt chhtrpitingtthecdensityisgpeirokithe: gevideredttoin or
withdrawn from {RexERREERN and VWitRT RN AR Bl SVSIRI SR AR DSt SRAR.ARBvVAY significantly with

particle size and/o(g ??élitid size distribution. The principal determinants of the average particle size of
the powder are TRAFELUEHERHNE MY TRERRY: Arierthe eRbhatSignethal Beirize distribution of
the powder can be affédtedsbyrefiare factthsdvslydiray téhtypiyandpadticiersiies disfiledtion, of the
catalyst fed to thg iaqies e bRl andiavereascakabsirariving fs/ehusingss Ak the catalyst

support and susceptibility of the powder to fragment under reaction condifions. Solids separating
o%?/?frro%%gf’ées 6’)&1’%3}?@63%%898[%‘ R?é“éiﬁ PP AR R HPRO B ERER LT assist in

devices (such ab nes) ¢
control of the avdrhgapearatiitsizeriigielsirebplariBie03 izddestM Mo bty iolvedx (b3t eoreactor. The

location of the wikreranad eind. tonthe ceprentiinasieyigeand the design and operating conditions of
the concentrating devjce system, preferably the at least one hydrocyclone recycle loop, also enables
the particle size and p‘é\?ﬁ%%llﬁflé %?‘Slﬁ’%{l |c(){¥ Wi .%?ﬁ?ﬁeoégar %e%neo}{égﬁcmﬂfégoces ﬁ‘fglteinative is to
select a specificceaitallias &k REash £en) flierteadiverthectidsifecbprartiete Sizobiseribtition. The
advantage of casalygitsystaisivdichupravidedhe casiseshpast cheisizaistdetion pihatthey can be
used at high protgy ll Ity: ar pr igher the-productivity (as sured in lymer. per g of
catalyst) the Iar%s?rgté]\gﬁ%a%\ﬁﬁua? %%%?aﬁ?éqgss’ g?n%rééé .y‘l%ﬁ)gv t@ggfgéoéﬁ f%f\?é% ?’oyfgﬁ)grmits the use
of catalyst systeni§30atifsj pirderabinagest 4edétst 50009 polyolefin/g of catalyst, and typically at least
10000g polyolefin/g ofcaimkysiranesipeaiorablnakevridhoRpgoalyalelinigioh calalstnay A
pre-polymer of GQnir Ilecfiag)?rﬂg\lﬁ%size distribution made using any catalyst as described above may
also be introduced to the po?ymer'izatio_n reactor. The prepolymerisation may be carried out by any
suitable process, for eRaniplee pefghidrdaichTiva bty ervdctessancaliadrdor in the gas phase using
a batch process, a semi€OMiRELURPIARASHBILR ROIRHNGAHSRIGEESSe CaB6RAVErsion to prepolymer is
generally carried out %QqQg@%&&%%@@&&g&éﬁ%ﬂgh é’rﬁc‘fle% rmggﬁeggggja-olefms in amounts

such that the prepolymer contains between ) n miflimoles of transition metal per gram. The
prepolymer particle si2¥tidgbe CorEnst Byedevrightnfdhe episisesst elitraton separation of fines or
large particles or otheDRf owaiuteiniziquigish 95%bthesgianfltntpertembosdivieataiof the present invention

comprising a multiple r@a&t@ﬁéxgmd%mm%%ﬁﬁb@gﬁﬁ&@@é%@#&%&ﬁ&%&%&ﬁ%&@@p reactor

may have one or more characteristics of the loop reactor as set. out hereinabove. The second or any

subsequent readtoPofthé MRS TEHEPYY Sesiian dy georirer Rbolssehttdroridnh§iieactor for the
polymerisation gfreftefadshioDexdniplatafitidised dretmdhcies. thhawsileim|nspreédable Hiat the second

or any subsequegtfeagiy, b e MHITRlS (SRGIAnSYSIE U S ANPIBLIONR eaciguhighimay or may ot

have one or more characteristic 0op reactors as set out herelnabove. -Or exampe]e, the loop
reactor of the inV&HtiGH HE haliEvaf HhEFrardirtetettht eriesmstvico hitecie AigielFedter than 700
millimetres, whilssihe:theosepond s anysLbsagueRiJODL: aeiey fnayidsave P9 iviesiatsliameter to be

greater than SOQ,mlimeHes:{PT SEAMRAB RIS AR SIS Pesisabbygreater than 700

millimetres. .
A particularly preferred embodiment has a particle size distribution such that D95 is

less than 355pm 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



The multiple reactor system can be used to make monomodal or multimodal, preferably multimodal
polymers. Preferably the process of the invention comprises making multirnodal ethylene polymer, in
particular a bhnodal ethylene polymer, in which a low molecular weight (I, MW) polymer is made in one
reactor, and a high molecular weight (BMW) 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. One or both of
the reactors may have an internal diameter of at least 700rron along at least 50% of its length.  In
one embodiment of the invention, the process in the multiple reactor system comprises making a

multimodal ethylgngpalyme LAY A L8NSIRaRRICHINARRRAKOR g&%ﬂﬁ&ﬁ@@(ﬂféﬁ@x MIS of
0.05 to 50 g/IOmin, said ethylene polymer com#)ri Ing- fororrt]égo to 7 Wt"é;, sed on the total weight
of the ethylene pBRTIEY PEASH?EE Eﬁ?@@?&?@e Pf&fc%‘i‘sﬁg%ﬁﬁ BN Le gggf% K§fm3 and a
melt flow index Mgt 6FGinidlirseie 6, dite Gofincenrchirativom O i @OV [desisédvolnmhdtata weight of the
multimodal ethylggﬁﬂ%qlwg@g}eqﬁzg srerndanelathviemedoctipnseqmeisiag ynits of ethylene and
optionally up to 5raor/c ofﬁﬁtijer%st one otf&er aLphe}E-oll fin_ containin fgom 3 to 12fcarbon atoms, and a
melt flow index MI2 of f&§8 h%nnirdngffﬁ%ﬁ?a PR a grﬁg?ﬂlté)%gfyrﬁéars PR RTitiTho dal ethylene
polymer having @ elemsiiyiteloEanioopckmer 080 Royeadonrsdaaptralsdion thatity nelymer op@dero 20

o/ ﬁolmin, sa:d ethul%a&?_a%m@ﬁec@ae@fiﬁa;ag:pamérﬁmszé’»@i@@igﬁm%c%?&migh@stmm weight of the
ethylene polymer, of a firs e ractio ving a density of less than 950 kg/nr3 and a melt
flow index M12 0%5;()),[5 Pé‘é%?&l%gg%l'g%ﬁsggﬁ%ess Eﬁ%ar%i 0 to 30wt%, based on the total weight of the
multimodal ethylene pchgsedingfta setiontrpiotyestbaleosinfraicticheauesptisineptioitdt bhebbsidene, from 0.1

tﬁ 20 mol‘/)/o of anrglpharelgfiniceniaining fror) Sdedidisarne 8ate Mms@nshanmal-flawdmndex MI2 of less
than 10 g/10min

values, was highly critical for the metallocens catalysts.

A further benefit of the present invention is to improve the speed and safety
associated with start-ups and grade transitions. When changing grades, the compositions of
monomers and hydrogen and the product properties may be changing continuously, the
quantity of absorption of monomers in the polymer will additionally be altered by the
changing product properties (principally density) and gas composition.

The control of the span according to the present invention enables the speed of
start- ups and transitions to be improved and the production of wide-specification material
to be minimised.

It has particularly been found that stable operation of high capacity reactors,
particularly large diameter loop reactors, can be optimised by strictly controlling the
density span of the powder within or withdrawn from the reactor. -

With many catalyst systems the density span can vary significantly with particle
size and/or particle size distribution. The principal determinants of the average particle
size of the powder are the residence time in the reactor and the catalyst yield. The particle
size distribution of the powder can be affected by many factors including the type, and
particle size distribution, 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 .(suoh 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



The loop reactor utilised in the present invention is the reactor in which either the 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 700min along at least 50% of its
length, The first polymer made in the first reactor may be a low molecular weight (1.MW) polymer and
the second polymer made in the second reactor may be a high molecular weight (BMW) polymer. In
one embodiment, 30-70wt% and more preferably 40-60wt% of a low molecular weight (LMW) polymer

is made in the firstneaettnganraidlsanidprantinae prieralhGRAons b Righynglecular weight
(EMVV) polymet s, ed Jo. 1%, seCand IRAEI0N.J e meskPielen ad range plyatios gldpe BMW and

LMW polymers is 45-55wt% to 55-45wt in"an alternative embodiment, the Eil polymer is made
in the first reactor and tHeAHRIABR RSP iR ePedBp sefales ctbichresdesnpundtreiveiie ratios as
mentioned aboveletieetﬂqﬂmtﬂgizeqmmmﬁa@myahﬁgmisfeawﬁdimaeﬁq@mMchibﬂﬁga@e the first
(W) reactor pigleratiiie &.saaaslinag Mgl dlsTast.asadyal R aLaolme .,

cg/h per unit
volume of reactor) %reater than 100 kg,/m3/h, more”preferably greatet than m ;ﬁ%emid most
preferably greatef RS SEAHIEIK (B FOS3rUeh i fsPrLanT BT O4 saitivab e laatrs B2 space time yield in
the first (BMW) résittaabritigrsegertitidsNiheiednio ths jyeentefibaivl ptnone preferabytgyaater than

1.2, mOst preferaBlaiaaeh 520k VIR AR VG A AR AR5 @Y gactor with a

volume that is no more than 90%, preférably betwe y approximately

i

70%, and more pref
40-60%, of the vOflIHv8 %‘ﬁ'ﬁ%ﬁ’é@éﬁ&%ﬁ%ﬁ‘?@é’é‘f@?a@ﬁﬂ%’r"ﬁpg%%ﬁ‘ﬁm&ﬁ&@g? Hreferably the
ratio of length to diameter¢tibyoéthéchrstalEdgtatics gizalistithaio:B3madausirte: prgfetslpty dsetween 500

and 3000, most piglerRbibarealss Miane/RRodds: il obl R o 06, fiLst #gagtor to L/D of the second
reactor is alternative% or additionall)%gl%%%referred to be greater than 1.5, most Preferably greater

than 2.  In theHl R SPHB B PR SHE SF A S BN TE R RRE o8 d8 WHBHRI RS BasEBS Wiffer in
volume by no mares thuid hpdindarippfesreer io thalen pbethosautivivrishiyeterssn thsireactors and the

respective cooling,sapaeitinsdess Bralbtaine.ihr tesaperaiieidh& fishssacpk Betwagn 60C and 80C,
preferably no higher. tgg& 751% It.is at{lseoc pr fﬁ%‘?d th%}c%he tf;atio of solid onqe{%ration In the first

b a-ple

reactor to that in the Secont TEaetor 1S mal'r%alné)cf feds tWaan.?)?rprr% Sra y BEIR AT E SR 0.8, as
this also assists ifthdiFtEmre thange a0 ibabafce s atllondeced rsitiemmhiel desired range.

Generally the soligsrconeentatianiniaefinaloreacterdmaiieast 3wt HrmstRigferbly between
45wt% and 60wt‘gﬂlglngogp% oliggncog%%gtor fion in rH?:? HM\ﬁ{eﬁ%%% '%%cggitvylgsen 20wt% and 50wt%,

a aral .
more preferably between 25wt% and 35Wido. URder these circUumsatances it s preferred to concentrate

the solids transferred frofi et reacrie frnes séSsitererdeuiongarastingg PuHBland/or
hydrocyclone to caneeritaia thesolidscedrieenicadio ik 23060 RAOINBE Iiaereibie MSteands most

preferably introduceg, dRelEam AL RUJIBEYEIaNS QNS IS COTRNOMEE Kangferred to the

downstream reactor, thus maximizing the density potential in LMW reactor. The solidd concentration is
based on the wefJREGHPHRATER iof the THHPIRETRIRIH Ho SR Y R IRICOMREBHEIVAERY  When the
H MW polymer is muqduﬁemérpalmdkatimpstma’hmmoﬂmﬂhmw [ﬁmiyltmr-wamdi inﬁefefJ’&d that the
ratio of the average,inemakdiamelalnl hesMiltaaniatip e Avaragnitsnaldiameter of the LMW

reactor is between 0.8 and 1.4, generally less than'1, preferably less than 1.2, most preferably less

lly p .2
than 1.4. In tins CORTGTIRRIRATR Whish Ray R eSS EBREAEHER SF 1MW reactor is
at least 700narn,wehiereassthevareragdonteFvabdianigtér bhtheddii\We thattamittassyHalemillimetres,
preferably less than AAQAIMeY Sicast 3R IR AEVAMBANMSHiSRIRLMEEd AR IGRGIOr upStream of

the HMW polymer reactor it is greferred that the ratio of the average internal diameter of the BMW
reactor to the avaFSYE t8Fh & SESHRETEP Y TS K PSR IS B HFEN'D & BRerer Yaherally
between 0.8 and D2miostirefareaiyiie treen o @idniliindtris preferbdethattiiendaetors have the
same average intgfinal.diameter, it is most preferred that both reactors are constructed to the same
dimensions.

The multiple reactor system can be used to make monomodal or multimodal,

preferably multimodal polymers. Preferably the process of the invention comprises making



Referring generally to the present invention, in the case where the multiple reactor system comprises
two loop reactors, it is preferred that the Fronde number in at least one loop reactor is no more than
30, and the ratio of the Fronde number in that reactor to the Fronde number in the other loop reactor is
in the range 0.1 to 10 preferably 9.2t0 5.  In a further embodiment of the invention, a slurry
containing polymer is withdrawn from the second reactor and transferred to a flash tank operating at a
pressure P and temperature such that at least 50mol% of the liquid component of the slurry is
withdrawn from the flash tank as a vapour. Preferably the above process enables at least 98mol%,
more preferablyr985medshetindsterelionat iy 88 Hmalthiobthiedapewrpaighdrawnifiem ihe flash tank to
be condensed without:qmpieaste a-alsasRiale edh el SAsh M lEfomEtpagferably 90mol%s,

most preferably 1%, of the liguid component of the slurry is withdrawn from the Tlash tank as a
vapour. The %8&%%}%%&] T e&ﬁ%ﬁo&ﬁé’?&%@%ﬁmﬁi‘&éﬁ}iefoofﬁﬁiﬁ‘ﬁﬁin the reaction
system 'liquid fulie isecomsereimeLisiramialhimbguspivasé (EypitaDpresbafiesi tisedaareshaiyween 1-100
barn, preferably.brivaeR34 . BsRatIRLNYIRGE DOl MaLZREeN Qﬁs@ggg{}gne partial pressure will
typically be in the ran)gﬁemcl)élgf1 O5 Mgﬁ,ﬁrﬁferablg fro& 0.2t0 2 V\grlza, rp,oieﬁarticularly from0.4to 1.5
MPa. The temperatures sefected ara such that cubstarmans it StHE BBIS F B F3HEEed is essentially
(i) in a non-tacksPENEsAORaKEg 6 melimodkehivl s mriutear forinandeifiinswhibigdn theldiment. The

polymerization tempekatece depenvs orutbebydwoamor.cilueptabgssmanddiasplymer being

produced. In ethylene.pgl risatign the temperature is.generally helow 130C, cally between 50
and 125C, preferabl %%%v%?&?%%ﬁdﬁ isfé&n grt'oéééévrﬁl @?r?%f@éfl neélep%cl%??ﬁi%ﬁigg%)éﬁﬁn isobutane
diluent, the pre$Sbretlanbpetrmimidomdpersiprafardms RRAke/rrmgd 3osi0ivaradendbthflene partial
pressure is prefarabdyimghe wangad.2-2MPa and the polymerisation temperature is in the range

75-115C. The space time y(i)ecl)d%@l% ﬂ)%s@ﬁ%%{ﬁy%@a{%}%%%a Qgtlymrﬁt%lg% gg% fgl%)ﬁ?gfgctor volume for

the process of the present invention Is in the range 0.1 refera oun’m3. Where

there are two oPPACFETLRRLY $He FEs dGHoBSHEmGHRE Al pEethdcas snd eptinmrbern in @Efent loops.
The process acobatliewgt tméhehimwipiisesiefippbesitinghitopr e panatarof enmyasitionsicistaining olefin

(preferably ethylepehmoymerswhie.aan.comprise one or a number of olefin homo-polymers and/or
one or a number of copolymers. It is particularly suited to the manufacture of ethylene polymers and

propylene polymers. Eth T@ﬁ@%"@éﬁwg’ig Emp L Aisriere 2pbamsh essia W AREISR amount
which can reacl§028% B§0keighandrefeckiilywriotas0vEtof 6% toy tugigintifoniexaiyiphe pppreximately 1%
by weight.  Thenghphgmono-olefin monomers generally employed in such reactions are one or more
1-olefins having up toﬁ8 C r@gryq\togpsb er moégquICe and no granchi?g nearer the double bond than the
4-position. Typical exAMPrEs tnclide SRS BIER| TSR SLtEmErY ISR RebRSH: H&ie-1 and
octene-1, and nmdistedesadrctivelinyiane dansitsufiess thapP8tgarcahehaikBoeitdBMENE- |, pentene-1
and hexene-1 ageiparticulasynpreferred comonomers for ethylene copolymerisation.  Typical
diluents employed in such c{ s include hydrocarbons havin i.to ]El , preferably 3 to 8, carbon
atoms per molecule, %P%)Zigerg’p govﬁkn/é’%agﬁ gﬂg‘s? %013?: Wt qbtr?)%g g,u B éﬁ%ﬂ%@&%ﬂ‘%ﬂd n-heptane,
or branched allcdieéscsnt ol isdpraanetiiscpentiaine, isivoriathelensd R, Odinedthylpfopéme, or
cycloalkanes sugfhasexclapgntanerantoyclobasanaaniheil mixiures inthesasass athylene
polymerization, ihe, j uent is generally inert with respect to the catalyst, cocatalyst and polymer
produced (such asgllquﬁl'aliphatic, cycloaliphatic and aromatic hydrocarbons), at a temperature such
that at least The loop reactor utilised in the present invention is the reactor in which either the

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 (FHIMW)



50% (preferably at least 70%) of the polymer formed is insoluble therein. Isobutane is particularly
preferred as the diluent for ethylene polymerisation.  The operating conditions can also be such that
the monomers (e.g. ethylene, propylene) 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, liquid or supercritical. Propylene monomer is particularly preferred as the diluent for
propylene polymerisation = Methods of molecular weight regulation are known in the art. When using
ZieglerNatta, mefaligrane.and dHflemiate: atn 6ansitianBalpldMpR GaRbB.drRgen is preferably

used, a higher hydrogen pressu ulting in a lower average molecular weight. When using
chromium type ca %%/géﬁ%r, %%%@m Eigfﬁf)‘é F&?SFéﬁSlﬁf&fgfaaﬁfﬁfu%‘b79o3ﬁé’&mgf@ Mdfecular weight.

In commercial plarsfisrabie attvtiat pbighmerlisdapasats EROW) tdydilnénthientanmersuch that the
diluent is not expesas:ia1ROtABIBANRN S9:3% 10! BHitegysie Al therdilenhie: the Neiymerization
zone with minim:ill Latsqny\xwrification. Separating the particulate polymer produced by the process of
the present inventidn from the diluent typically can be by any method known in the art for example it
can involve either (i) th& aseélisruisconapribusnidht CAVSE niihere dsmendetint gt iitseréanpofdlurry across

the opening theref IVoVigeg ez aNtBoNvbRER 10801 yToRfPRHCIRS:SAD Setadasemeexten from the
diluent or (i) CO”E‘H“%‘fl%%?d}écﬁ‘r’%&@%{saé’gaﬂﬁé% o é‘&n%%n'{‘éjé'&g?'% '%‘%ZS%"%}?' A location of
y adjacent 1o the

. v}
which can be anywhere on theloop reactor but Is prefera ownstream’end of a

horizontal sectiofF&fteharfdpb AR edhths b Neithdieined povedvation plasixreaieka neerrial diameter
in the range 2-25;qniefesablyctr] breespesiallyobg R tmnldhisisiemip praesmin | esue/scaleand

polymerisation r ). ) W llugn Jecavery r 'r%n}ieg aT 16 aper tion of large
diameter reactor%slq @%ﬁﬁ%#ﬁ%%%%{%ﬁ%ﬁ%%&n%‘]ge gl%?ry? |?I(§% |§&§ t%e%aﬁtfglp oﬁhe principal
diluent withdrawriFemiie i TasiEst SAoB hreerter &t e sreentr SMY devrtesibi eHe WRRdrawn
polymer slurry, pnﬁerata&rhtyl@rgeg&eiﬂhasl(%_jm@& gre'f‘eribE msezﬂf_lmulﬂ'plﬁlﬂydw@y@lﬂm@p parallel or
series), further ephanges IHa.LaraveArRA AlleRtitAn BRRISHATIGIE BlMaNSInse Aighificant

pressure reduction and vaporisation of recovered diluent is avoided. It has been found that the slurry

concentration in HEHEACHSY 1663 EHRBEP BT ABPEY Bt G thecatierifasatitieseioadand/or the
particle size distr{biMidnreddtioe Foded Grewitvie dhenrstotes, imeferabhetiprimtipd idettrmidianttef the average

partcle size of the RWAEE imibeasIdepeadmaB s RasoR-TpRACle sizainibyian of the

powder can be affected by many factors. includin ticle size distribution of the catalyst fed to the
Fonctor, the intiaPRIEFSVAPRO A A R SR PGSR Eaiy S Sh 55 anc
susceptibility of thesgienicidictoafradyrentdifidesiiesietiornicoentitibnsr@istitesbfanmingrdeeites (such as
hydrocyclones) cardag sed.on the slurry withdrawn from the reactor loop to further assist in control of
the average particle si n rticle size.distribytion of the powder in the reactor, The location of
the withdrawal point fozrle]%heegég&mnegm cé%%gng%{fﬁlem@@g%‘h%rt\% S%Séz?glgﬁ%rﬁ %85%?&?8%5 of the
concentrating dediégrsysammahereranly thia dPtedsisendenyd o bplderseherpbiditobpwatsdhenables the
particle size and pactsiesiz@AiSHIHHORYRHY B HacIfeAs afatarIsnGOnl llash e avarage particle size

is preferably between and 1500 mi s, most.preferably. between. 250.and 1000 microns.
Where the final ré%%{‘g%%?‘{'ﬁgﬂén ||§F§ @’é%é;&r fgs%/rsi:bel nlosﬁlag%{)%arré%tghlt lseaﬁﬁﬁaﬁ:igvnvﬁrtg#d preferably
concentrated, pofafefiepiiTgiids qesrasstivsiantha Sesuptrividnytiatte sprud tsasitfo8uction into a
primary flash vesseinihivedsieanans. pypleadiy hemiad afandlep|estsisodionists inhendient and any
monomer vapours,qeayeresin. e Aimary fiash.vesselaie Aicallsandansed prefergbly without
recompression and reused in the po he pressure of the prln‘ﬁ/ary ifash vessel is

din merization process.
preferably controfFeBreHsbia %ﬁﬁéﬁ%‘ﬁ@ﬁ%ﬁi’?f’ét%‘)@ #Os RiBfer ¥ heity eRR AR (). cooling

wgter) of essenti&kbyvak_l afdbe fakk atajaaufaﬁtiﬂEﬂmamemf%mwmeaﬂy&u@mssure in said
primary flash vesgel Wil e, dr2hL LS AMRle 030 RrafaabilcloAT harR. e salids tagovered from

the primary flash vessel is preferably passed to a secondary flash vessel to runtove residual volatiles.
Alternatively the SRIGSPRER s plifsdeasisred Som s test BRiner hraserné rsititsiig2above mentioned
primary vessel suehithatsecamprésgsiotyisone ededdatandenskdhereenvasad ditasishodse of a high
pressure flash vessel is preferred.  The process according to the invention can be used to produce
resins which exhibit specific density in the range 890 to 930 kg/m3 (low density); 930 to 940 kg/m3
(medium density) or 940 to 970 kg/m3 (high density).
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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 those derived from titanium,

zirconium or vanadium and from thermally activated silica or inorganic supported chromium oxide
catalysts and from metallocene-type catalysts, rnetallocene being a cyclopentadienyl derivative of a

~ transition metal, in particular of titanium or zirconium.  Non-limiting examples of Ziegler-type

catalysts are the compounds comprising a transition metal chosen from groups IILB, NB, VB or VIB of

the periodic table, magnesium and a halogen obtained by mixing a magnesium compound with a

~ compound of thesaasitenrsatakand:dbalpgsnaiedeamparac thadalegereaseptionally form an

integral part of the, magnesiu, sompound or af e iansiton mefal.cqmpound ., Metallocene-type

catalysts may be metallocenes activate i)y elther an alumoxane orrby an |on|smggagent as described,
for example, in PIRISHY pPpiitch b hNEB sapwdhagolidseencreetion Cthasmbanshe weighegfer-type catalysts
are most preferrediymeongdhesey gantictins axanyplestnabiseoaileast one transition metal chosen
from groups MB, I'VE, I—H% nesium.and at least one hala results are obtained
with those comprising: r_(gérrri?t %% to 303%1l 2’3‘%5&@8 ?%éﬁgﬁ%#%u 21%%?8%%%%0 15 to 20% by
weight, from 20 t5%6EU4t B AEERT BRhEREER opsrarans? frirmacissoe )TN ersHr &5 to 20% by
weight of magnesieiaveageiathefiddetioel A%hdMVe ighiolrree Brieto010byeightltfleduminium,

generally from 0.5 10,506 k. weight aihie: balange gepRAcaISiStE of SlsMEHR.AtsIng from the
products used for their ]
preferred that at least 50% of the total length of the LMW reactor is at least 700mm,

whereas the average internal diameter of the HMW reactor is less 700 millimetres,
preferably less than 600 millimetres.

When the LMW polymert is produced in a reactor upstream of the HMW polymer
reactor it is preferred that the ratio of the average internal diameter of the HMW reactor to
the average internal diameter of the HMW reactor is between 0.6 and 1.4, generally
between 0.8 and 1.2, most preferably between 0.9 and 1.1, It is preferred that the reactors
have the same average internal diameter, it is most preferred that both reactors are
constructed to the same dimensions.

Referring generally to the present invention, in the case where the multiple reactor
system comprises two loop reactors, it is preferred that the Froude number in at least one
loop reactor is no more than 30, and the ratio of the Froude number in that reactor to the
Froude number in the other loop reactor is in the range 0.1 to 10 preferably 0.2 to .

In a further embodiment of the invention, a slurry containing polymer is withdrawn
from the second reactor and transferred to a flash tank operating at a pressure P and
temperature such that at least 50mol% of the liquid component of the slurry is withdrawn
from the flash tank as a vapour. Preferably the above process enables at least 98mol%,
more preferably 98.5mol%, most preferably 98.5mol%, of the vapour withdrawn from the
flash tank to be condensed without compression. It is also preferred that at least 80mol%,
more preferably 90mol%, most preferably 95mol%, of the liquid component of the slurry
is withdrawn from the flash tank as a vapour.

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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manufacture, such as carbon, hydrogen and oxygen. The transition metal and the halogen are
preferably titanium and chlorine,  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 chemical bond, such as optionally
halogenated organoaluminium compounds, which can comprise oxygen or an element from group | of
the periodic table, and Eduminoxanes. Particular examples would be organoalummium compounds, of
trialkylaluminiums such as tiethylaiuminium, trialkenylaluminiums such as triisopropenylaluminiurn,
aluminium mono: ialkoxi ' lalumini thQxi - and dih nated
alkylaluminiums estg}g%g %gﬁqﬁﬁfgﬁb%ﬁﬁéﬁmﬁg Il%%r?i%?uong %%p%}rﬁ%%iﬁjﬁ ?é(?eqsg such as
dibutylalmniniuntR{EriEeaRa ?aléﬁﬁaﬁa%ﬂﬁuﬁwlé&ﬁ%fo&me@mfﬁ%?ﬁ@elm%ﬁﬂrﬁwh He LiAI(C2115)4.
Organoaluminiusuiseampdyntisfesppdiaty: thoseaihichsaigaothalegenated; arénaell suited.

Thethylaluminiung, aad driisabuivialminihie. A1, BRE Hal ANARIAGROHS v FhE GhamUM-based
catalyst is preferred to C(E)ﬁn#é%%a iléa gﬁg@ﬁported chromium oxide catalyst having a titania-containing
[

| !
support, for exarffpiB°g¥ Wﬁﬂﬁ?ﬁ%@ﬂﬁﬁﬁpﬁsﬁ“ﬁ&ﬂ%ﬁI%\‘HW‘&@W@@@HFB?ﬂium-based
catalyst may conipeisgdropvQibetizBion %6 thnrpmiur isgefendbhebrouddr e, whiklthbotmeantosuch as 0.9

% chromium gseshan feeighiel e stiais R eling catel eI hashRRATeAMDrises at
least 2 wt % titanium, preferably around 2 to 3 wt % titanium, more preferably around 2.3 wt % titanium
Sh P | :

based on the wel O A S ETRIRG L APARTS PO AEPLR BT R PR EREE chiak 6ér?hay have a
specific surface dresttytdrop2@DprosTO0 mtderprefar dislyefgsri. 200MHs 580w R ymendsaioolume porosity

of greater than 2;6e/g:prefesabmdieayL7013 ©e/dhe spailiadsipnenad chramiiaatalysts are typically
subjected to an initial activation fslte In ajr at g@m elgv%ed activa%i?{\ temperature. The %(Etivation
temperature prefétabi Pﬁrn‘é%%cfro?npgﬁﬁc 0 850T° More praferably 606* S BEE™ S B eactor system
can comprise onegefhbfedooyicreblstoas Gohivabed/m s8fete dhdr prriietrefelety fheseries.  In
the case of seriegjaagtessadiistrgas al-ehthasaieskis i Wppded: Ysihscatalyst and the cocatalyst in
addition to the diluent and monomer, and eagh.subseauent reagior s supplied with, at Jeast, monomer,
in particular ethylene and with the sﬁurry%\nsmgq‘rom a p})r%ce Ing rBAGtor Of the Series, this mixture
comprising the caealgisingisdespdareliyab Kt satkaplersrindishIsan P prictRISed 118 Sré€Eding reactor
of the series. It ispaEtiaBAY RBSStR QA GUPPlY: a BecondIesipna o iifapRIdaNaitatdeast one of
the following reagiorswiil fteshcaaat andiar coslaal- HOWRYSL i BieisraRie g iniroduce the

catalyst and the coqaatla\lyst exclusively into a first rec e case of at least two reactors in
series, the polym&PigtiighertsAat ?1’%’@99 lefi ¥ VBERMR SPBTIEWRE MBS 4 4 BESToduced in two
adjacent or non-agjfesily feactossdtiheysesigs, fdycrogen daspnoaintetiethabjveidow (or zero)
concentration in the reaglor(s) MaRyiaekIIRg AR Ngth eIECHIALWE L SPIIRERRMIS o8 hydrogen

percentages including between 0-0.1 vol % and at (i1) a very high concentration in the reactor(s)
manufacturing thB¥5w RIeFS AERESB IR SEHRIBALTRE BTy eHsgeA ??el?f?@ﬁ}fé{’&é?%%ttg}%en 0.5-2.4 vol

%. double bond than the 4-position. Typical examples include ethylene, propylene, butene-1,

pentene-1, hexene-1 and octene-1, and mixtures such as ethylene and butene-1 or ethylene
and hexene-1. Butene-1, pentene-1 and hexene-1 are particularly preferred comonomers
for ethylene copolymerisation.

Typical diluents employed in such reactions include hydrocarbons having 2 to 12,
preferably 3 to 8, carbon atoms per molecule, for example linear alkanes such as propane,
n-butane, n-hexane and n-heptane, or branched alkanes such as isobutane, isopentane,
isooctane and 2,2,-dimethylpropane, or cycloalkanes such as cyclopentane and
cyclohexane or their mixtures. In the case of ethylene polymerization, the diluent is
generally inert with respect to the catalyst, cocatalyst and polymer produced (such as liquid

aliphatic, cycloaliphatic and aromatic hydrocarbons), at a temperature such that at least
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The reactors can equally be operated to produce essentially the same polymer melt index in
successive reactors.  Particular sensitivity to operating in large diameter reactors (and associated
cross-sectional compositional, thermal or particulate gradients) has however been related to
production of polymer resins where polymer of either high or low molecular weight resins has been

- known to lead to increased fouling concerns. Particularly when producing polymers of molecular
weights less than 50 kDaltons or greater than 150 knaltons. These concerns have particularly been
confirmed to be accentuated at low polymer solids concentrations in the reactor loop. When producing

B Al RS89, 50 K plons oL AEAEE IO 2R04R3 A1 melndex bolow 0.1

and above 50) in eter reactor It has ever surprisingly been discovered that fouling is

decreased whenpémfd‘éa%’a@ﬁf@%egraé‘ fhefdlyer dots thlsve W/@tﬂé{rtlcularly above 30 vol%
EXAMPLES  As previgusiystatednaiieniciheladvanicgns: didhedorent(en. istiflabeross-sectional

sluny concentation disiraulions, A, b AANed i aecaR e RRIRNEH s ahbigh reactor

diameters, even Igh solids loadings. The actual cross-sectional slurr concentratlon distribution

is not measurabl@Wé@Hﬁeﬁﬁ“GﬂW%Yﬂ@fé%%aﬁb@Yﬁém%@ BneiatedaRrsEthe homogeneity
of the slurry. EXAdddpkirehtly offmibiecidiowdiagt Bkamiilesethyl evretivathpdilpaneisseettinrtwo reactors in

serfes. The frst iggeior hadaralune eLasAnd ansinalciasiale) Alaii Q4ho8GAl IS longth o

730nun The solids confent was 27-28v01%, The volumetric solid content is defined as (Volumetric PE
production rate / FORFREEE SLHRYERRNY the reactor), where: Volumetric PE production rate =
(Ethylene mass feed - Eittiieghefimaksilovwegitinepebadioond demsitin dicrE. Voileneinf Slegigy-exiting the

reactor = Volumeggfligrid gdtind.favalumat s EEriashslion satedalumerf-figmie exiting the reactor =

[Sum of mass fe %(rjesférr;bljlfa Eserg %Slig% oﬂu&%‘é’g 'plcle ls'lllgqus%?m}/g in a lower average molecular weight.
When using chromium type catalysts, polymerization temperature is preferably used to
regulate molecular weight.

In commercial plants, the particulate polymer is separated from the diluent ina
manner such that the diluent is not exposed to contamination so as to permit recycle of the
diluent to the polymerization zone with minimal if any puriﬁcatioh. Separating the
particulate polymer produced by the process of the present invention from the diluent
typically can be by any method known in the art for example it can involve either (i) the
use of discontinuous vertical settling legs such that the flow of shury across the opening
thereof provides a zone where the polymer particles can settle to some extent from the
diluent or (ii) continuous product withdrawal. via a single or multiple withdrawal ports, the
location of which can be anywhere on the loop reactor but is preferably adjacent to the
downstream end of a horizontal section of the loop. Any continuous withdrawal ports will
typically have an internal diameter in the range 2-25, preferably 4-15, especially 5-10 cm
This invention permits large scale polymerisation reactors to be operated with low diluent
recovery requirements. The operation of large diameter reactors with high solids
concentrations in the slurry minimises the quantity of the principal diluent withdrawn from
the polymerisation 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

13



The PE density is measured on dry and degassed powder. The density of liquid is calculated based
on any suitable model (using composition, temperature and pressure). Circulation pump power
requirement The power requirement of the circulation pump inside the loop reactor is affected not only
by the pressure of the flow, but also by the slurry concentration gradient. It is particularly sensitive to
concentration gradients because it is located at an elbow in the loop reactor, where there is most likely
to be segregation of the flow, which causes variations in the density of the slurry being pumped.
Where there is little fouling and good circulation, a relatively constant power demand over time is

observed. Flgureo;tﬁﬁgyazo%m@ﬁrwﬁv@ﬁge%@@é £&9M£pﬂ{atp%m BRI AR relative

value rather than absolute) over a period of one hour for the polymerisation of Example 1. The

variation shown HEPE'TE GrAmEHTARREGR De expetbrt dosrshef v s mardalsiora
polymer-containitige shwdygy inticatsntyiteidit o ﬁxemeaslegré‘gapmncm‘ thae dliiby ieoctlisipgvdeactor

temperature Thejgmpgratidie, At &E&mmﬁgttﬁ@g%ef&glfé%iglﬂu&u%lﬁef%ﬁm%s%m@ slimy

concentration ar Fglent Absoluyte, aga%ﬂs{ences in measured temperature at |fferentf\§)0|nts In a reactor

can be due to diffSréMSES i RE ISR T B iRR i ﬁf&&%ﬁﬁ'l’e@e LPTRTBTOF thei QAR SHR9H differences
in temperature, thadsusicitbiliyeh§rapenperatosntransitioreistimreasdiddosinSwtidn bgpmogeneous slurry

the trend of such 4%9@(@@!@3%%%3&@%%%@8@%&%M@%}@rﬁh@ﬂﬁﬁmﬁ{mé&%xfﬁfo{he

polymerisation of Exa e 1. F| u nows that in EXfl B e tem eratu e tr nsmolp trend is
]ﬁlﬁg{l ass1s §' C aver%gf,] 8&1’th e 8176 eé%a{tl 1ze
constant throughou &resctor, n ating goo mogenel FKeTEe CHSHEBRCAL the reactor

wall A significanthsrfsgidst %mfﬁgaeﬂoa Té‘a&é?ﬂgnepﬁHﬁﬁg@%ﬁéﬁ@@ﬁtﬁr&%?@m@@ﬁi@@@ﬁ%ross the

reactor wall, The hgatd@egienegificitpi-camimoeaswad-anaia YendangeRe iaddmayemonths),
and an absence o{lané{ggedﬁl |on| dlcatest tth eis fbtﬁ'ld %Opf foulin g rgt«?rlal over this time.

1
Figure 3 shows the heat trans %c coe iciént for xaasr(r)lf) €1 over a pe?l?)léaoi’El dcays “rom which it can

be seen that ther8 & HEIRIGHERHT EeRGEH T bR eprirebekitie average particle size is preferably
between 100 and 1500 microns, most preferably between 250 and 1000 microns.

‘Where the final reactor of the multiple reactor system is a loop reactor, the
withdrawn, and preferably concentrated, polymer slurry is depressurised, and optionally
heated, prior to introduction into a primary flash vessel. The stream is preferably heated
after depressurisation.

The diluent and any monomer vapours recovered in the primary flash vessel are
typically condensed, preferably without recompression and reused inthe polymerization
process. The pressure of the primary flash vessel is preferably controlled to enable
condensation with a readily available cooling medium (e.g. cooling water) of essentially all
of the flash vapour prior to any recompression. typicélly such pressure in said primary
flash vessel will be 4-25 for example 10-20, preferably 15-17 bara. The solids recovered
from the primary flash vessel is preferably passed to a secondary flash vessel to remove
residual volatiles. Alternatively the slurry may be passed to a flash vessel of lower pressure
than in the above mentioned primary vessel such that recompression is needed to condense
the recovered diluent. Use of a high pressure flash vessel is preferred.

The process according to the invention can be used to produce resins which exhibit
specific density in the range 890 to 930 kg/m® (low density), 930 to 940 kg/m® (medium
density) or 940 to 970 kg/m’ (high density).

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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MCSILP CLAIMS 1. A process for controlling a slurry phase (co-) polymerisation process in a reactor
in the presence of a polymerisation catalyst, which process comprises maintaining the 5density SPAN
of the polymer powder particles (defined as the absolute value of the density difference in glee
between the average density of the polymer particles exiting the reactor with particle size above D90
and the average density of the material with particle size below DIG) below 0.005, D95 for the polymer
powder particles being less than 1000 microns and the particle size distribution of the polymer
particles being such 10that (D90-D10)/D50 is less than 1.5. 2. Process according to claim 1, wherein

tre particle size distuian sbiha mabimerRatiGies ool RO RRdeardgn 12, I

which DIG, D50 and D90 are the diameters under which 10%, 50% and 9 y weight respectively of
the 15particles afPHESMESEE OrE s PEEBEETLRHEF ARG cRtiion wtelemotPsctbsitnan 355 ,u in, in

which D95 is thembanhetas bside s whichabHday! deeighivelotharpasticlemait nglleniae: &04.Process
according to claim1.in which an olefin monomer is polymerised in at

Non-limiting examples of Ziegler-type catalysts are the compounds comprising a
transition metal chosen from groups IlIB, IVB, VB or VIB of the periodic table,
magnesium and a halogen obtained by mixing a magnesium compound with a compound
of the transition metal and a halogenated compound. The halogen can optionally form an
integral part of the magnesium compound or of the transition metal compound.

Metallocene-type catalysts may be metallocenes activated by either an alumoxane
or by an ionising agent as described, for example, in Patent Application EP-500,944-A1
(Mitsui Toatsu Chemicals).

Ziegler-type catalysts are most preferred. Among these, particular examples include
at least one transition metal chosen from groups IIIB, TVB, VB and VIB, 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 to 20% by
weight,

from 20 to 60% by weight of halogen, preferably from 30 to 50% by weight

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

from 0.1 to 10% by weight of aluminium, generally from 0.5 to 5% by weight,

the balance generally consists of elements arising from the products used for their
manufacture, such as carbon, hydrogen and oxygen. The transition metal and the halogen
are preferably titanium and chlorine.

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 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 dihydn'des such as



least one continuous tubular loop reactor of a multiple reactor system in the presence of a
polymerisation catalyst in a diluent to produce a slurry comprising solid particulate olefin polymer and
diluent, wherein the average internal diameter of at least 50% of the total length of the continuous
tubular loop reactor is at least 700 mm. 25 5. Process according to claim 4, wherein the solids
concentration in the continuous tubular loop reactor is at least 20 volume %. 6. Process according to
claim 4, wherein the average internal diameter of at least 3050% of the total length of the continuous
tubular loop reactor is at least 750 mm, CS L L P 7. Process according to claim 4, wherein greater

tha.n 70% of theé@m@mﬁﬁ%tﬁ%&@@m SHRHIREIRORHBBEHRY Z!?ﬁﬁfﬁéld@tﬁm@x diamater at least
700 mill. 8. Process according to claim 4, wherein greater, tha 70% the tot gﬂg qr the

continuous tubuléﬁ%&%&%&@%ﬁ%ﬁ?ﬁ% e O%Bhtlﬁwreél 8¢S ¢cording to

claim 4, wherein MGmmwmmmmmmmmeam@ﬁm@mm@ﬁeactor system

at or below 30. The chromium-based catalyst is preferred to comprise a supported chromium oxide

catalyst having a titania-containing support, for example a composite silica and titania
support. A particularly preferred chromium-based catalyst may comprise from 0.5 to 5 wt
% chromium, preferably around 1 wt % chromium, such as 0.9 wt % chromium based on
the weight of the chromium-containing catalyst. The support comprises at least 2 wt %
titanium, preferably around 2 to 3 wt % titanium, more preferably around 2.3 wt %
titanium based on the weight of the chromium containing catalyst. The chromium-based
catalyst may have a specific surface area of from 200 to 700 m */g, preferably from 400 to
550 m*/g and a volume porosity of greater than 2 co/g preferably from 2 to 3 cc/g.

Silica supported chromium catalysts are typically subjected to an initial activation
step in air at an elevated activation temperature. The activation temperature preferably
ranges from 500 to 850°C, more preferably 600 to 750°C.

The reactor system can comprise one or mote loop reactors connected in seties or
in paralle] preferably in series.

In the case of series reactors, a first reactor of the series is supplied with catalyst
and the cocatalyst in addition to the diluent and mono‘mer, and each subsequent reactor is
supplied with, at least, monomer, in particular ethylene and with the shurry arising from a
preceding reactor of the series, this mixture comprising the catalyst, the cocatalyst and a
mixture of the polymers produced in a preceding reactor of the series, It is optionally
possible to supply a second reactor and/or, if appropriate, at least one of the following
reactors with fresh catalyst and/or cocatalyst. However, it is preferable to introduce the
catalyst and the cocatalyst exclusively into a first reactor.

In the case of at least two reactors in series, the polymer of highest melt index and
the polymer of lowest melt index can be produced in two adjacent or non-adjacent reactors
in the series. Hydrogen is maintained at (i) a low (or zero) concentration in the reactor(s)
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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1010.Process according to claim 4, wherein the total pressure drop in the loop of the reactor is less
than 1.3 bar and the polymer production rate is greater than 25 tonnes per hour. 11. Process
according to claim 4, wherein at least 30 wt % of the total polymer 15produced in the multiple reactor
system is made in said continuous tubular loop reactor. 12. Process according to claim 1, which
comprises making a multimodal ethylene polymer in which a low molecular weight (I, MW) polymer is
made in one reactor, and a high molecular weight (HMW) polymer is made in another reactor, the
polymers being TOmade in either order and the second polymer being made in the presence of the

first. 13. Processagcarding ia,daimyies WHeIQIHGibS:. essmlgg%m SHhdaneRpiyner has a
density greater than 940 kg/m3 and a melt flow index MI5 of 0.05 to 50 g/10 min, said ethylene

polymer comprisififZ*8% g6 o 70 wt %, based on the total weight of the ethylene polymer, of a
first polyethylene fractioPattawiliagsensiénistic opatimast dbgekiimIcardcomen dlasourdekMI2 of at least 10

g/10 min, and  fom.Z0:9.30who Y Pased-anithetetrlweightef i e.amtimedslathylene polymer,

of a second polyethylene fraction comprising units of ethylene and.optionally up to 5 mol % or at least

one other alpha-of AP ESHEH R HBIR BY8° 1 B BN AToM & Ueh G & R BRIGHEL TS of less than 10

g/10 min; or resins has been known to lead to increased fonling concerns. Particularly when producing
polymers of molecular weights less than 50 kDaltons or greater than 150 kDaltons. These
concerns have particularly been confirmed to be accentuated at low polymer solids
concentrations in the reactor loop. When producing polymers of molecular weights less
than 50 kDaltons or greater than 200 kDa (or melt index below 0.1 and above 50) in large
diameter reactors it has however surprisingly been discovered that fouling is decreased

when solids loadings are increased to above 20 vol%, particularly above 30 vol%.

EXAMPLES

As previously stated, one of the advantages of the invention is that cross-sectional
slurry concentration distributions can be maintained within acceptable operating limits at
high reactor diameters, even with high solids loadings. The actual cross-sectional slutry
conceniration distribution is not measurable directly, but other parameters can be measured

as an indication of the homogeneity of the slurry.

EXAMPLE 1

In the following Example, ethylene was polymerised in two reactors in series. The
first reactor had a volume of 96m® and an internal diameter along over 98% of its length of
730mm. The solids content was 27-28vo1%. The volumetric solid content is defined as
(Volumetric PE production rate / Volume of slurry exiting the reactor), where:
Volumetric PE production rate = (Ethylene mass feed - Ethylene mass flow exiting
reactor)/ density of PE]
Volume of slurry exiting the reactor = Volume of liquid exiting + volumetric PE
production rate
Volume of Hiquid exiting the reactor = [Sum of mass feeds in — PE mass production]/
liquid density
The PE density is measured on dry and degassed powder.

17



MCSILP the muluniodal ethylene polymer has a density between 900 and 930 kg/m' and a melt
lbw index 1\412 of 0.1 to 20 g/10 min, said ethylene polymer comprising:.  from 30 to 70 wt %,
based on the total weight of the ethylene polymer, of a first polyethylene fraction having a density of
less than 950 kg/m3 and a melt flow index MI2 5of at least 10 g/10 mm, and from 70 to 30 wt % ,
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 MI2 of less than 10 g/10 min. 10 14. Process according to claim 4,

whereat the densiy, SN of e RUMERRINASE BAtiCIEs BTARATA PElaW@AR3. 15, Process

according to claim 4, wherein the density SPAN of the polymer powder 15particles is maintained below
0,0026. temperature and pressure).

Circulation pump power requirement

The power requirement of the circulation pump inside the loop reactor is affected not only
by the pressure of the flow, but also by the slurry concentration gradient. It is particularly
sensitive to concentration gradients because it is located at an elbow in the loop reactor,
where there is most likely to be segregation of the flow, which causes variations in the
density of the slurry being pumped. Where there is little fouling and good circulation, a
relatively constant power demand over time is observed. Figure 1 shows a plot of power
and current requirement of the pump (plotted as a relative value rather than absolute) over
a period of one hour for the polymerisation of Example 1. The variation shown here is
greater than would be expected for a pure solvent, but is low for a polymer-containing

slurry, indicating that little or no segregation of the slurry is occuring.

Reactor temperature

The temperature at different points in the reactor during is also affected by the slurry
concentration gradient. Absolute differences in measured temperature at different points in
a reactor can be due to differences in calibration of the thermocouples, so in order to
identify “real” differences in temperature, the variation during a temperature transition is
measured. In an inhomogeneous slurry the trend of such temperature transitions would
vary. Figure 2 shows such a transition for the polymerisation of Example 1. Figure 2 shows
that in Example 1 the temperature transition trend is constant throughout 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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16. Process according to claim 4, wherein the density SPAN of the polymer powder particles is
maintained below 0.0023. 2017,Process according to claim 4, in which an olefin mgngmer is
polymerised together with an olefin eomonomer. 18.Process according to claim 5, wherein the solids
concentration in the continuous tubular loop reactor is at least 25 volume %. 25 19. Process according
to claim 5, wherein the solids concentration in the continuous tubular loop reactor is at least 30 volume
%. 20. Process according to claim 6, wherein the average internal diameter of at least 3050% of the
total length of thd.adMiBuous tubular loop reactor is at least 850 ram.

1. A process for controlling a slurry phase (co-) polymerisation process in a reactor
in the presence of a polymerisation catalyst, which process comprises maintaining the

5  density SPAN of the polymer powder particles (defined as the absolute value of the
density difference in g/em’® between the average density of the polymer particles exiting
the reactor with particle size above D90 and the average density of the material with
particle size below D10) below 0.005, D95 for the polymer powder particles being less
than 1000 microns and the particle size distribution of the polymer particles being such

10 that (D90-D10)/D50 is less than 1.5.

2. Process according to claim 1, wherein the particle size distribution of the
polymer particles is such that (D90-D10)/D50 is less than 1.2, in which D10, D50 and
D90 are the diameters under which 10%, 50% and 90% by weight respectively of the

15 particles are collected.

3. Process according to claim 1, wherein D95 is less than 355 4 m, in which D95

is the diameter under which 95% by weight of the particles are collected.

20 4. Process according to claim 1, in which an olefin monomer is polymerised in at
least one continuous tubular loop reactor of a multiple reactor system in the presence of
a polymerisation catalyst in a diluent to produce a slurry comprising solid particulate
olefin polymer and diluent, wherein the average internal diameter of at least 50% of the
total length of the continuous tubular loop reactor is at least 700 mm.

25
5. Process according to claim 4, wherein the solids concentration in the continuous

tubular loop reactor is at least 20 volume %.

6. Process according to claim 4, wherein the average internal diameter of at least

30 50% of the total length of the continuous tubular loop reactor is at least 750 mm.
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MCSLLP 21. Process according to claim 6, wherein greater than 85% of the total length of the
continuous tubular loop reactor has an internal diameter at least 700 mm. 22. Prddéss-atcording to
claim 8, wherein greater than 85% of the total length of the 5continuous tubular loop reactor has an
internal diameter at least 850 mm. 23. Process according to claim 9, wherein the Froude number is
maintained in at least one reactor of the multiple reactor system at between | and 20. 1024.Process
according to claim 9, wherein the Fronde number is maintained between 2 and 15. 25Process
according to cldim 10 Pwhessinctirediotatpréssure dhopin gieateophaf tHEo of tbadtdrlisfesh tHahel bar,

and the polymet produclion-(ale 5 areala. oD A5 IR0NEP ARLIRDAH AP ipffaS according to claim
11, wherein more than 40 wt % of the total polymer

8. Process according to claim 4, wherein greater than 70% of the total length of the

5 continuous tubular loop reactor has an internal diameter at least 750 mm.

9. Process according to claim 4, wherein the Froude number is maintained in at

least one reactor of the multiple reactor system at or below 30.

10 10.  Process according to claim 4, wherein the total pressure drop in the loop of the
reactor is less than 1.3 bar and the polymer production rate is greater than 25 tonnes per

hour.

11.  Process according to claim 4, wherein at least 30 wt % of the total polymer

15 produced in the multiple reactor system is made in said continuous tubular loop reactor.

12. Process according to claim 1, which comprises making a multimodal ethylene
polymer in which a low molecular weight (LM W) polymer is made in one reactor, and a
high molecular weight (HMW) polymer is made in another reactor, the polymers being

20  made in either order and the second polymer being made in the presence of the first.

13.  Process according to claim 12, wherein either:
the multimodal ethylene polymer has a density greater than 940 kg/m® and a
melt flow index Mls of 0.05 to 50 g/10 min, said ethylene polymer comprising-

25 from 30 to 70 wt %, based on the total weight of the ethylene polymer, of a first
polyethylene fraction having a density of at least 950 kg/m® and a melt flow index MI,
of at least 10 g/10 min, and

from 70 to 30 wt %, based on the total weight of the multimodal ethylene
polymer, of a second polyethylene fraction comprising units of ethylene and optionally

30 upto 5 mol % of at least one other alpha-olefin containing from 3 to 12 carbon atoms,

and a melt flow index MI; of less than 10 g/10 min; or
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produced in the multiple reactor system is made in said continuous tubular loop reactor.

10

15

20

25

30

MCSLLP

the multimodal ethylene polymer has a density between 900 and 930 kg/m® and
a melt flow index MI, of 0.1 to 20 g/10 min, said ethylene polymer comprising:

from 30 to 70 wt %, 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 30 wt %, 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/10 min.

14. Process according to claim 4, wherein the density SPAN of the polymer powder

particles is maintained below 0.003.

15.  Process according to claim 4, wherein the density SPAN of the polymer powder

particles is maintained below 0.0026.

16. Process according to claim 4, wherein the density SPAN of the polymer powder

particles is maintained below 0.0023.

17. Process according to claim 4, in which an olefin monomer is polymerised

together with an olefin comonomer.

18. Process according to claim 5, wherein the solids concentration in the continuous

tubular loop reactor is at least 25 volume %.

19. Process according to claim 5, wherein the solids concentration in the continuous

tubular loop reactor is at least 30 volume %.

20.  Process according to claim 6, wherein the average internal diameter of at least

50% of the total length of the continuous tubular loop reactor is at least 850 mm.
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21. Process according to claim 6, wherein greater than 85% of the total length of the

continuous tubular loop reactor has an internal diameter at least 700 mm.

22.  Process according to claim 8, wherein greater than 85% of the total length of the

continuous tubular loop reactor has an internal diameter at least 850 mm.

23. Process according to claim 9, wherein the Froude number is maintained in at

least one reactor of the multiple reactor system at between 1 and 20.

24. Process according to claim 9, wherein the Froude number is maintained between
2 and 15.
25.  Process according to claim 10, wherein the total pressure drop in the loop of the

reactor is less than 1 bar, and the polymer production rate is greater than 45 tonnes per

hour.

26. Process according to claim 11, wherein more than 40 wt % of the total polymer

produced in the multiple reactor system is made in said continuous tubular loop reactor.
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