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 reactor system where the slurry is circulated in the reactor typically by means
of a pump or agitator. Liquid full Ioop reactors are partlcularly WeII known in the art and are described
for example in U.S. Patent AludBd : PO ) ‘ QLESSPolymerisation is
typically carried out at temperatures in the range 50- 125C and at pressures in the range 1-100 bara.
The catalyst used can Jﬁe any ata ys% ?¥lp|ca use eg rg}lesg g&r%nsfuch hromium oxide,
Ziegler-Natta or metallocene Stﬁy &'catarysts emeroduc omprising po yﬁgr an %uent and in
most cases catawtmeﬁmrﬁmﬁmﬁ@ﬁﬂp&ﬁ%%ﬁﬁr@%n be discharged intermittently or continuously,
optionally using Conceetﬁwmw@%&&hmhmmmkem&ewﬁemm@ﬂegs)mmmm the quantity

of fluids withdrawn Wth th The at | east one Joo% reactor o g;faar@lﬂﬁ g/ aglansystem is of
i 1
a continuous tuburiar %onsﬁ%O (}lon S%m"“r".%“.%rga%ﬁ"é’“% two ore 5?%% our ve sectlons and at

least two, for exaprihictche 1 AshEesaEbRGs THEO Pt @ﬂﬁﬁﬂ%@?@aﬂon is typlcally removed using
indirect exchange with enzaglingisnedipesirpateradia waleknierackets sulsaindiigoatdeast part of the
o e P IENClmE AL ihe, AR OG0 AR SRRl ol BB S fRasir sian can vary

but is typically in The rané)e to 120 actors o 1]g'resent invention are of this generic
type.  Maximufh &B¥HIn é‘ré%’f‘é@aféq@éﬁ?}é&&%ﬁﬁ%ﬁ e parigEehaveliereadadhefshiity over the
years. Growing cpetiipeqetengss aversiriastfevbaecades ns by IS operatioh 4fincreasingly
high slurty and monomey,saneeallons ImIeastion Japs.TRe/ciense Ml cameuniiations has

typically been achieved with increased circulation velocities ‘achieved for example by higher reactor
circulation pump HesEre pibfisReE A ORESR: JtRfselE s e add BY EWE@E%@%%&% $91990. The
increase in solidsieadinyistesiableiainoreaseredstoZirgsiodiate dimethiioecfixggaeactor volume and
also to reduce dgvgrgrrseameqﬂgar&Eﬁﬁmg&m@g@a@rﬁrg@w&wgﬁ%tﬁl $b& increasedvelocity and

head requirement of the loop’has however led to mcreasrnég pump ofesrgn sizes and complexity, and

energy consumpfisie %@W&ﬁ&@ﬁﬁ‘ﬁﬁgﬁqﬁ&@éﬁrgﬁ IR CASTAARE Sherating cost
implications.  Hisionidsllyimelativedythiiy drcutatiorh velyditchasntgpiceditiibe tagsrivaitinained in the

reaction loop in opder gy@g@%@g@%@%@gg@@pal and particle distribution across the
reactor cross- sectron par cularléthe avoidance of soi “ﬁf settlln stable fpa Conr%lmr}&actemrnst cs, or

excessive solids concenfratiofie ‘f“ﬁ‘rlé’%ﬂEieéai’/v%ﬂI"fﬁtﬁ‘é1 Fed Be

& o minimise pressure drop/power
in the polymerisatiomstiocynn comprising at least two, for example four vertlcal sections and at least twe,

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

loading is desirable to increase reactor residence time for a fixed reactor volume and also



Inadequate cross-sectional distribution could lead to increased fouling, reduced heat transfer and
reduced polymer productivity and homogeneity. Construction and commissioning of new commercial
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 comonoiner, in the presence of a polymerisation catalyst in a diluent to produce
a slurry compriéﬂfﬁd%?iSoﬁ’éﬁﬁﬁéﬁ%f%‘?ﬁ’ﬁﬁeﬁwmé?‘gfﬂﬂyﬂf@%ﬁﬂ@ﬁmﬁreﬁetﬁﬁrﬁfépage internal
diameter of at |ealstH08nmdoktd ectptatiemgtif tEtheprbachowéscatdé asingesinglmngirdsigmeidise solids
concentration in {ReeACIAY is-Atdrash 20nvalING 2o RaICRRANLINEI X qetianatly. wheigin the at least

one loop reactor has a volume of at least 10 preferably at least 25m3. Preferably at least 30wt%, most

preferably more’HEH FORRE BERHBIPHEEB b duced in the multiple reactor system is made in at
least one loop reactotlishreiwily ttvée Bivelydyehi menivt di srivetbrhef ppledst Bodsmithmidialthength of the

reactor is at leagl,/QQ HIMEURS o cnFIRESBEY ARIANE b RIRsend pYeRlian-sihalihe specific
energy consumption g].e. the energ ct?nsumrgd %r l}&;ll‘llt wedrgnht oggqlgmerlprodugiada of the loop
reactor is reductWHNSt AT EARRTRG A GhRH HEEH S PRAGERRE e SR ECHVBRITRG GAStceptable reactor
fouling. The invekiateisiéssperciatisssity splidgevosiviionsieidhepiretioadkssithaandueydeate a reactor at
high solids loadipgsiberithassainesh hegpisassisaesaecessary to use what have now been
found to be excessively bigh Joop Srculatin eloelies. ..y, I Inventianclates fo gmethod and
apparatus for continuous pgoi‘yme?lza ion of oletins, reci%rab?y af’pha Mono o elﬂghs, In‘an e?ongated
tubular closed |66psfReaat arivesde oTRecosfia)visycardiprenssiriad deensBuging eshtacted with, a
catalyst in a hydy@earhanidiuent« benheRMNEHS) polensesta tedimarsbieynef sedighparticulate
polymer suspended, 35 BEIEHeal MR At A e er: E¥PIEAI, 1) g SR Amerisation
process of polye%hylene, the slurry in the reactof will Co prise the particufélte polymer, the
hydrocarbon dllthsritedeseédPrseriomertay nestaRjst, chain terminators such as hydrogen and other
reactor additives. In partictdanibe sl iewikeanpriadcdGadb iprefatably 360 weighipercent based on
e sota) weioht SR A0l RAKIGHIAIG PP AN, A, RISiGrABIAD-A0 ey cent based

on the total weight of the Slurry of suspending medium, where the suspending medium is the sum of all

the fluid compoREATHE P HITE! ABLESP ZRRT T e SAHRPRIL tRer Tt &R B eHARFOMSAI Al Bhy additives:
the diluent can heesmdneft diliyentiontiboandiestireatitvest tilpredidnapdutivwemeriigoisbiidefin monomer;

where the principgldiienids. A INaH: QHH@J&&B@_@QJ%H&MQ@@{%%IMxmga_ﬂxn@awemqe%eo, preferably
4-10 weight percent of the slurry. ~ The shiny is pumped argund the Eekztlvqlg smooth path-endless
loop reaction sySterPERAGREVERS RIS TRIEHE ’fﬁ?@ﬁ%@%ﬁ BB 8RS S SUspension in the slurry
and (i) to maintaimenteiaidherssstads ibkastCncdnteiioprderdbioRvolbadiripmpbdidsen It has
now been foundfhat. gk bighosplideioarings.kias srse ianalismysspnaeiatign distributions (as

evidenced by fouling, flow variations and/or heat transfer) can be maiptained within acceptable
operating limits \Kfﬁf%f‘g’tl?'c%\{ﬁg?ﬁ%oﬂﬁté’ﬁé}sﬁBfeg?éﬁgt Of %‘Hlffa?%r{e]hae&%? abc Igréf‘ﬁcae which is
conventionally régardéidiascaper ariterally reHafiatfinesohsdetionectst tiecreadhorystee multiple reactor
system. This is geRiraniievhalrthe-mesoskilagindigcartwems-baliave iods: the case in the light of

conventional proc&s conditions where the internal diameter of the reactor is no greater than 600

millimetres and & t/PICAly about 500 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 solids concentration in the slurry in the at least one loop reactor is preferably at least 20 volume
%, more preferably at least 25 volume%, and most preferably at least 30 volume%, where volume % is
[(total volume of the slurry - volume of the suspending medium)/(total volume of the slurry)] x100, The
solids concentration measured as weight percentage which is equivalent to that measured as volume
percentage will vary according to the polymer produced but more particularly according to the diluent
used. Where the polymer produced is polyethylene and the diluent is an alkane, for example
isobutane, it is preferred that the solids concentration is above 30 in particular above 40 weight % for
example in the range 40h60npraferatsintasmre 38l ght sppbrsedasaréTeranriaiizstithe slurry. We
have found that gpefatieleifaHAMRALSAHL RIS IRIBBAWERIBUIBRARESKBIeRINbBETE at least one
of reactors has ap integnal,diameler of over fOgmylimelies. . e 3 lagger diameter reactor thanis
conventionally usetfin sffurry p% ymerisation = can be Earried out withoit an)ySAgnlflcant problems,
particularly with retgsaerferrolilirgtatthentezneHanlymeris teforatlyyraeraliERr50%sf the total

length of the loopsBacianhas@n inteaaigiamaten anfbeniifamexample over 850mm, and preferably
between 700 and 800 millimetres. It is, preferred that greater than 50%.,in parti . ter than 70%,
for example greater th?ﬁ%%%ﬁ)ybﬁﬁ%%%ﬁy Igﬁf&?we%%a%e eactor ﬁ%%g’aent@rlﬁ%?%% %%ré%gg%ver 700
millimetres, in paitfetiar BvemmsiseHitinairsb o ERamibrpEaretmBysHe 400 A particular
advantage of thisreiemiiQ), iaidigihighistetnmanncent atiodsoatd elativaby lewt@irddidtion krelocities and

relatively high reagiatJaoRiameters AN usorl. Adcaisingy e sk ey i dhe reactor s

preferably maintained at or below 30, for example in the range 24 to more preferably 20 to 1,
parrticularly in th&dteehistdhe sl HePpriseiqt Rk 7h '%%B{ﬁﬁfifdxg% PSR, The Froude
number is a dimenrsieitiesspaiaimedern weandaofltng batepeadbetwednnheisusiiension and settling

tendencies of pafigles n A:SIH0x. it RIS & Rative JIRRRIIR: Of the OBSRIUMIEARSIRE Process to

the pipe wall from particles compared to the fluid, |_ower values of the Frqude number, indicate

stronger particle-Haf e RR T FRRONTAN AT 2RO ThelEra e U MART R TE BHSRY as
v2/(g(s-1)D) whebe visttiesaileratm yetooity efitelsiiefiyrgrshe whavitdt oniatipeldtes is 48 the
specific gravity of the solidiindhe gilueniareRis teipterma Ribe slisretes, lbe sregific 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%’f%ﬁ%a%‘é% polymer after being substantially devolatilised and immediately prior

to any extrusion as medaddysippmpsthadun8 e 18aively smpphgisbendotrioothesesbectors can be
designed and opegygigdlatisRedficBRssrra e b ethnan uRibisasiomengtasandpes mass of polymer
and total pressure drop for the loop less, than that taught as heipg reguir articular high solids
loadings and Iarg‘én%e%%%?n&%tmmgtecr%? Sb% ?ﬁ({%ﬁ%foﬁnp%e??nnﬁ%%%%gg%usﬁsggiaém rg%é}%‘?%éss than 1.3

bar, particularly less thdhhasiareiren fermgdshpmier ebaalidiolaadings srosmerrdion! dWeh above 45 tonnes
per hour. It is posgibleria:esmpleyvrear Ereredthai bpepupElswiha labpspieierably onstine or more
horizontal sectlon%&ltggg%](%:g%gde“;%g]tggcg@a{)@eeoﬁ%ntﬁg@n ORIl SeelNor f0;diffgrent sections. The

pump or pumps can be of the same diameter or farger or smaller diameter preferably of the same
diameter as the irfierrArGERFIIEE fsackEahoTs SRiTE e fORVFEPBARETRIFFA 8P pumps are located. It
is preferable to empiayoaSingE-plang arlehit imackratueecniilbe predosit nuaotiystthalhegeirements for

number and powey gf BUMRES) IS 1053, 008Hoks, ARG EARANINIYRIBEESS B, RGRCIOr Size is
typically over 10m %gﬁa(fly over %é‘m £?n parﬁt}cular ovoer 50m3 for e€>:<ample 75;50 m3 preferably in the
range 100- 175m3;_onventiona1 process conditions where the internal diameter of the reactor is no greater

than 600 millimetres and is typically about 500 millimetres.

The solids concentration in the sturry in the at least one loop reactor is preferably
at least 20 volume %, more preferably at least 25 volume%, and most preferably at least 30
volume%, where volume % is [(total volume of the sturry — volume of the suspending
medium)/(total volume of the slurry)] x100. The solids concentration measured as weight

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



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 ni3, 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 tones (per reactor) per hour to be
achieved with only a single point of introduction for each reagent around the reaction loop.
Alternatively it is possible to have multiple inlets into the loop reactor for reactants (e.g. olefins),
catalyst, or othertathdipoigsier priffivexkbat mactprysteindsdesigetid diparated difienethcatalyst types

(eg Zieg|e_rNattapGMéPH&@Q@é@b@fﬁﬁ%ﬁ@@@& ik @ilﬁ@ﬁ@h{%ﬁ §M§§%ﬂ%&é’€'ﬁ&ﬁ;ﬁ@%&%&%{ #{sproduction
ratio required varie S|gn|f|cantlsz/81bﬁtween reactars under different }%pﬁlgratln regimes, reactors of equal

volume reactors BRI Bk GSRH T SPIETE St E ot R FEBI AR Pt ey e 44t maximum
flexibility. The existantenfisuchgextetiatyimpbdsdortavioeidithbasibos thédows wogstedihts on the
operating windowaygilable for each reactor, and thus on the ability to balance reactor activity, product

quality, throughput andgo Iingfin eda)tﬁh reaC%)or. I is% neral%(%%ferred that sllécg reactors have the
I ere

same average interna ameter, it is S8F %‘re efréd T BT BRERGEEAD the same

dimensions.  dystenfurtises % fabt airn eftcattiiehpy s dneiral dimierion 45 gyes félPaeilivaaiiée 108D reactor

has horizontal ang:ueidicateeeliens. batidbenverfiGalisectionscempoisaaisaast-20lbpieiesably at least
00% more preferallyatiaast Lt ALISIIAL RN LG (RIS 1o i piRqpiclaed that the
density span of the polymer Swder pal%c es%g ined as the al%%o[gute valUg of the cfensity difference in
gicm3 between tR&liverage density of the polymer particles exiting the reactor with particle size above
D90 and the average deRsitynsf e wraterial wishiRediel ¢ a7 dIahe o &3 kO)cisirtow it€a5, preferably

below 0.003, morg,prsferall below 0,092, Mast BSIGIEG below Q083 bespilialy, a urher

independent aspect 6? the Invention provides process f controlling a slurr pha})se (co-)
polymerisation protiastes tHesiresardetivf arensty rrriSation eatianat, 079t ¥ that the said
process comprisesampingainngiesdendit-SRANitiie thotymer hawa artqastidiesecbelowr0.005,

preferably below 2,005, mare. RelefabiLALIOW:8 U978, MOSLPLRIGHAbIARIOW Q0P D values are

measured by sieving granulometry and are expressed in gm, and may be defined as follows: D5 :
value under whicA'598%%FSweight of the particles are collected; 1)10 : value under which 10% by weight
of the particles are collectedich}oCdwealiage wfi tér imbitlobB%ad pigresiintyafotivenpaiitiotes are collected;

relatively low circulation velocities and relatively high reactor 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 numberis a
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
proceés to the pipe wall from particles compared to the fluid. Lower values 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
degassed polymer after being substantially devolatilised and immediately prior to any

extrusion as measured using method ISO1183A.

i



1)90 : value under which 90% by weight of the particles are collected. D95 : value under which 95% by
weight of the particles are collected. A prefelled embodiment also maintains a particle size
distribution such that (1)901)10)11)50 is less than 2, preferably less than 15, more preferably less than
12. It'is also prefetied, that 1)95 is less than 2000gra, preferably less than 1500pm, more preferably
less than 1000pm, most preferably less than 355um where 1)95, 1)90, 1)50 and DI O are defined such
that 95wf%, 90wt%, 50wt% or |Owt% of the polymer particles have a diameter of less than D95, D90,
1)50 and 1)10 respectively. The average particle size 1)50 is preferably between 100 and 1500
microns, most preferablyibetsve douibdainchdtOOCamisr demgned a1l pastided atlypprdierreduembodiment

has a particle sizg:gisteiop:suehihat 49548 JRssthos: 355R0 ARLRIARHREYisless than 1.2,
where 1)95, D90, 1)50 and 12%%&1} ,ﬁ fuﬁ;ther independent aspect of the invention prqvides a process

comprising polym&ifs % KOP O EBR AT tsk & e R 5587 BPEIR$Ronomer
optionally togethesagtithdameiefin Tasionavier tierttits preerrerchapblymefisstibmdaldast in a diluent

to produce a slurpy.GemprsiRg aalid pariculaleelghirpalResAnt daediven: wharaip.the average
internal diameter of at lea t50‘¥o.of the, total length of the reaﬁitor is at least 65 miIIimfeteﬁrs, the solids

oL GrLCPRPHETR B2 BRRBTEER Such that

concentration in A TERSIGPTE 5 HLoRHIPIe 1o FRY 055, 04 RYGH 6
(D90-D10)/D50 e thiawp, horizwuigl searigns thrde puriidatatesacthostne hevieptiolsestiprides a process

for polymerising Qlefits ith ARl erisaion Basiep: chars ctatisathihdhat thenelyner povder
recovered from the reactor ha ticle size distribution such that D95 is less than.1500m and
(50-1)10)050 1 T ST e R S e e e
invention, it has Be¥{9otRer i PHER PiHER CERirsEedelt iharsfanite farerl SrasBdRpEry &an below

certain values, wasshighlyeriicad fessthe imetalocenecgatalysts for nAnfbuthed peneftr phitlgspresent
invention is to impg%\ég Otgeef\o%g%eag %ngiggg%l%iég&g%e?? with start-ups and grade transitions. When
f and hy

changing grades, the compositions of monome drogen and the product progegties may be

changing continuously, R§&- 9 sty BPEH%%%W%‘?M%MF%%%@@WW@F ifF dHektiGRhally be
altered by the charging:prezhetrepetis{pinaipalpdenszity) and gas composition.

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.



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 affectdd hYFFHSRh§AMERenH diine tre Bysatiomia ipantiereditet distdmrtsatont the catalyst
fed to the reactdrstherinitial anidvarvieshgeticatalystiactivityathe dobustigssoiithescatedyst support and
suscepibilty of he-pawgidndeaaraeal iRAReaction seadiigas.solldsssharaingdevices (such as

hydrocyclones) can be used on the s urriy withdrawn from the reactor to assist in control of the average

particle size and the pHri@E RS TEriTepowate prlrareadT. e lecdsiredrthe
withdrawal pointifertkeutontenttitingedsyidifandctha desitivanenapeiatingecanditions:ef the

concentrating dg¥igRedaetUlsPRb.NERIARSLANE NIREXIRNGIATNEIRINR alsg enables the

particle size and particle sjize distribution within thé reactor to be controlled. alternative is to

select a specificCAARAERHH HEEH TR RTIRT 3 1gNs brieHARedstrabis Lok Wb mBh. The
advantage of capai{stigySdomsOibRthmeshnddethigydeded.piticle size distribution is that they can be

used at high productivity: generallyshenigheriePioskctity (AsmegsuiestingRaymer per g of
catalyst) the Iar%er th .indivi'dual g?o!g/ e$ gz%rticles formed. Thus the present invention permits the use
of catalyst systeMa Raving Pradd |§/|t{/yc5 ARG 8T Sl AT SRR I B IR IBCally at least
10000g polyolefhstglst.caratytsriseibotthreterstifypeboveaB006sgrpolylefiiig disHrdysiN of A
pre-polymer of caatiolednawicie siaeisistibytooInadeMsing R Kt asdessibagabove may
also be introducg?&%t% &%@%ﬁﬂé‘i’&r@%&?r- The prepolymerisation may be carried out by any
suitable process, for éxamrﬂe, polymeérisation in a liquid hydrocarbon diluent or in the gas phase using
a batch process, a serRivebwtiarsonwspred by sioviee ey prderssrTisecdomversivhmeyprepolymer is
generally carried,oudiydringing ¢he catalyst into contact with one or more alpha-olefins in amounts
such that the prepoly containg between 0.002.and 10 millimoles of fransjtion metal per gram. The
prepolymer particle sir?%esrm‘gyuﬁémcoeﬁwtgl%él 6’)%%?}%6,0%&'5%5% osr?éec??ﬂerﬁtt? ation separation of fines or
large particles or otheMHowHuRekisiguikeh 10% ihvesigbbeldhotbretidenrgdieiested;of the present invention
comprising a multiple BRCtQsIEY Siek WilsKelOReRdhef eRGRIRIS alerpdaastor, the loop reactor

may have one or morgugharagielislies, aldngoIaq (easionas sel ot herelnaboye. The second or any
subsequent reactor of the mu tlpTe reactor sys"’[e m§y Be another foop reacfor' or any reactor for the

polymerisation of olefif®Sforadsefevaiithithse by seders bty Prrbvrsver crlleciebferable that the second
or any subsequent reagtpfe&_immmﬁﬁ{erme&ﬁtﬁmmﬁfsﬁ}p&t&ﬂlﬁﬁ%ﬂ@ﬁﬁu&&ﬂﬁﬁﬂh\&bﬁbmay or may not
have one or morg ehiriealisniol KiedonR raciale e a8 AIRNbAKS, Eanexample. the loop

reactor of the invention may have an internal diameter of at least 50% of its length greater than 700

millimetres, whil Stk Eedidhe srsdbap BYerusricradp reatmy Wy raveonnmtsiliefameter to be
greater than 500xmillivvelresHokeramry eater 15ambR0-millivpatirs psefaiabivgreatemnthan 700

millimetres. such that 95wt%, 90wt%, 50wt% or 10wt% of the polymer particles have a diameter of
less than D95, D90, D50 and D10 respectively. The average particle size D50 is preferably
between 100 and 1500 microns, most preferably between 150 and 1000 microns.
A particularly preferred embodiment has a particle size distribution such that D95 is
less than 355um and (D90-D10)/D50 is less than 1.2, where D95, D90, D50 and D10.
A further independent aspect of the invention provides a process comprising
polymerising in a loop reactor of a continuous tubular construction an olefin monomer

optionally together with an olefin comonomer in the presence of a polymerisation catalyst



The multiple reactor system can be used to make monomodal or multirnodal, preferably multimodal
polymers. Preferably the process of the invention comprises making a multimodal ethylene polymer,
in particular a bimodal ethylene polymer, in which a low molecular weight (LMW) 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 700mm along at least 50% of its length.
In one embodiment of the invention, the process in the multiple reactor system comprises making a

multimodal ethylgn@dﬂgb)ﬁm@bf@auiﬁag aﬂ@rts:itypgﬁgxgtwmméﬁtkgﬂm prigheeaeltihioftiagex va, of
0.051t0 50 ¢/ 1°m\kz?ie§e%‘ﬁdm%tr£‘x>é'f%“§i %LXQJL%( &%@f&%%&%a ¢ soM AP0 N, RASRELAP e total weight
- of the ethylene polymer, of a iret polyet ‘y?ene ractl.on?havmg a density of at least 950 kg/in' and a
melt flow index Meest & Gmidliaeiets dhe Gkin casentatigpgpibra s 8o @depid e dGPhE Bl weight of the
multimodal ethyl@ag:paelyamerccia sectnddpaiyathvignefaotiibiodsipsising units of ethylene and

optionally up to 5mol% f?gtﬁf jeastone %ﬁ@@@&-gﬁﬁ@&gﬂ&@ﬂg&{ﬁgg&grggejsgf&arbon atoms, and a

melt flow index h412 of less than 10 g/lOmin, ~ An alternative polymer iS a multhnodal ethylene
polymer having 2 BiRERS HetlFERNSDBCAAEP S RgFE Rt ATEIEHOR HAGE3e RATZRSF BOL'E8 20 g/10min,
said ethylene polyaweered iyt singeactof ieun J\:tiole Sivet Hstiitased orliletded waightaf the ethylene

polymer, of a firsy 9&} tm&‘?ﬂgoffﬁ?(% f3aving g.density of less than 950 kg/m3 and a melt flow index
1V112 of at least 10 g/10 min, and ~ from 70 to 30wt%, based on the total weight of the multi/nodal

ethylene polymer, of a $&t3ARDEIFRMACPEFEaER e SIHECRRS RS E BRATD. 1 to 20 mol%
of an alpha-olefirfamdtainine dromed dankdl Caebthn rasinsaan dishs édhiionspadesiov t@r ailess than 10
gilomin. values, was highly critical for the metallocene 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.

1t 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 fo fragment
under reaction conditions. Solids separating devices (such as hydrocyclones) can be used
on the slurry withdrawn from the reactor to assist in control of the average particle size and
the particle size distribution of the powder in the reactor. The location of the withdrawal

point for the concentrating device and the design and operating conditions of the



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 (L1V1W) 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 (LMNV)
polymer is madeSinepirfifsg dsaitosy s, Pe-R0hothandarsb ragirederablymeGedMie186pofilaohigh molecular
weégﬂt/l (VE\%/ MV\{) p@ham@mé‘e w(;i ﬁi&é@;ﬂ%ﬁﬁ%r@@qg&iﬁdi}i%m&ﬁ@{ﬁé?%éggﬁw%%%@%ﬂesv of tlhe HMW
an polymers is 45-55wt% to.55-45wrA. . In an alternative embodiment, the polymer is
made in the first reactoﬁl\?na%gﬂf%aé1 TRAP Bé?ffrtnaes ?ﬁlﬁg}é’ %%%%W?&%%%@Wé?@?&ﬁ?ﬂﬁeﬁ% same ratios as
mentioned abovéesse Fetislvirigcrdisuibeiantsegsphprstifceripbdintent ohish protiis base the first
(HMW) reactor piefesablyiiasespaeitimeyieldhdeined asprodustiopatnelypaliakail per unit
volume of reactoQ Leater tté%gﬁl 0 (léglmr%g/%r%ariploreo reglgrabl re?&erttf;t@nl 150t /m3/h, and most
preferably greater than 250kg,/maih: It IS a6 preferred inhis case: Fkt 555 space time yield in
the first (BMW) r&8¥gtiSptbraienss aoris asrmnede Bets i nyreatdnthiziion peroits hraferelsiyiagrsater than
1.2, most preferaiphegraatenghastdcBvitiis asizoaehieven y Sasaning the firstdyMMseactor with
a volume that is @&5585%&@%%%% HQE% t&ab%tg)g%%%%& gé)é\zo%()@d;ggo ogpegggggggy y%\tt)proxmately

40-60%, of the volumeé of the seCon reactor. erthe a circumstances; preferably the

ratio of length to diameteF PPy BetAECHrSioledaticl siesisrirmieonmadmsng prereralis setween 500
and 3000, most iretebabiipereainr dhabeibodioe: iatinegblyhtathe fisstteeartor to L/D of the second
reactor Is a'temaﬁ%ﬁﬂ&ﬁ@ﬁ&%&%@%@ﬁ&@&%ﬁﬂ%ﬁgnspsl?faﬂfe_eﬁ}t‘%%éé]%5} %xgﬁnr?eé),ﬂo%elg%%?olx greater

than 2. In the H LMW embodiment of the“invention, in the case w € reactors differ in

volume by no mdPe fifaif Bydrosarrop AlvaTrER 1B thassh pBatR etk patrs A teireactors and the
respective coolingpaapacitieschys myaindatningripectes (dratowesof dh eofiish sBagiok batvwyasn 60C and 80C,

preferably no hiohexdhaR #ptiikis, s pisleses itk hndain of selldasansenratigndnhe frst
reactor to that in thﬁ\’%%e#: nd re%ﬁé%ls majntained less than 1.0, prefera Ig between 0.6 and 0.8, as

this also assists i (RS AL GO Baba s LR AEH AT sk eb FeRtAtRmAal @8ired range.
Generally the solisucdicantrationeipthiefindermactorcmatiled by 3bwith, bstyplaferably between
45wt% and 60wtgRandihepanlids conseirationinthesINL asardsHagiugen 20wt% and 50wt%,

more preferably betwe%nﬁgSWtO/ and 35wl%. Urtmde 1tlhese circumstances it is preferred to concentrate
the solids transferred from the Tirst feactor g?on}?lness? B R R A IS P TR BB R § T8I &ndl/or
hydrocyclone to &eadtse siptaa tHeisiliere od Heatqreéiio i, adocp nsartontbe Iferardittremtasthermatis most
preferably introdueed s pBiteasm akthe MYdsesyslase.iaminmize:heorapnemed tansferred to the
downstream rea%tu%rs,ethglﬁ @a%i)@(i, [ g tf{l tidleer}.g,ai&})é [ragteglgal ajln %MW eactor. Thte solids concentration is
based on the weight ofymer in the totar weig ¢ of the é’i’u?’ryeo?nﬁar?lrcﬁ?gtreeaﬁo%?ﬁérrl.y When the
FIMW polymer istgfdenieetiamehreaitiansdiviain. derpemnmiew Poifissébrdaetoiit Boreferied that the
ratio of the averagewiematidiomeieoad thed-dvivdueasiatiodhasveragerntesnakdiameter of the
LMA'AT reactor i . erally less than 1, preferably less than. 1 2, most preferably
less than 1.4. In %ﬁ%ﬁggﬁﬁgﬁ%%%éﬁ}%?e%g& %1;?{%%%@ ‘go%/grSF ﬁ%re tgféﬁglcesr%rt%ﬁeo%?ﬁe LMIAT
reactor is at leastPOOH SHIRB &S RBCAG T aigEamideniP dnapTetsion ke iavPpice BEIOMSIRSS 700
millimetres, prefeiradylléamtanGilmsilimetrs. lengt) dherithed MnLpolyeses, istaredisard in a reactor
upstream of the (¥ polpenteatianibinplsletRddhatibe alg sbils Auatage ptsrnal diameter of

the BMW reactor to the average internal diameter of the HMW reactor Is between and 1.4,
generally betweet? OBERTEORfFample fralshiBe A ailons aasd e feahlyepare e 40at the reactors
have the same awsilageréaternal 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 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 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 50rnol% of the liquid component of the slurry is
withdrawn from the flash tank as a vapour. Preferably the abo rocess enables at Jeast 98mol%,
more preferabl§y ‘6%‘.%%?6??3/&“%%‘8%? B?}{é?}é% F&Bfi/?@@gﬂ% i f%?‘ﬁ?ee @éﬁ%ﬁ?ﬁvﬁ%%fﬁlv% ?%Fni?ﬁe flash tank to
be condensed witheucurishteEBION. nelgrsists padfcir odettrasion kadst ISGmeieunbreigibferably 90mol%,
most preferablyBampdsnmat tbeligiid componani:ohtha shiay tsimdtharawnitrenide fash tank as a
vapour.  The pressure emplayed in the.loop, or loops.is preferably sufficient to maintain the reaction
system 'liquid fﬁ f ?.e(gf." g(r%yfrsggg %ﬁﬁ%ﬁ/ﬂﬁ%gs&egep %:%%i‘%%ﬁ%gﬁl ﬁréééotg}é)f tggé%%%s between 1-100
bara, preferabljasetwésersd dorBgaefat ersFifanealor ai&esaion ¢hié emaflene partial pressure will
typically be in the range:R. dedaiMbacpieieraalioham febds ViRammesR pattiauwaitirom 0.4 to 1.5
MPa. The temperatures selected are such that substantially. all of th lymer pre d%gis essentially
@M ina non-taci%%mgﬁéeﬁgﬁ-%rggﬁﬂe%%lﬂgé g%ﬁ(f rfc? rﬁmgrr%ér/m gnanﬁ%'?ﬁ%o{yurbfle%n't egl uent. The
polymerization taffpeskity Hepenls BN hHehitsddao frdiRiBh RS ERcaFRIPPIS B8lymer being
produced. In ethylengrpglymerisatizniizedentpetatire:ighy entealiybatops FaeCotygically between 50
and 125C, prefgial REeRN.6% AR bt 6f SAMAIR Al MeNSARMMeHRRNRR Brisobutanc
diluent, the pregs%}%e }él)renplo?/eﬁ)zlln thle oop isltgreferably in tﬁ%ﬁ’}ange 30-50 ban, the e%hylene partial
pressure is pre%?%ﬁﬂﬂh%%é%doz-mvma and the polymerisation temperature is in the range
75415C. The space tiime yietd 3hich, inprodutt ondiatei gitpd menliendnittbf kzepagactor volume for
the process of (i preSANLINVERIAD 43R e fangs Dbl drBiisieratly O3 ipndhauirp3. Where

there are two or more loops, thé reaction conditions ma)é be the same or different %gbdifferent loops.
The process actigidfitef B3XRETh ARG F S FINERREHE B a Sul 4581 Bt EominBIRIRL 6 aining olefin
(preferably ethyiteiae Mipbfieer $revhilly/éamicomprise one or a number of olefin homo-polymers andior

one of a numlber of C%g¥%@elbwtiggﬁﬂ@uﬁ%@m m@ﬁ‘% QE&IBW%B@«é?ﬁWmefS and
propylene polymers. Ethylene,copolymers typically comprise an a-olefin.in a varjable amount
which can reacﬁoff%F Biﬁ\ké)@h?n&ae?glégs&%%gﬁx ! Ztgrpé) b B v&é%%‘fn Tcs)?leé}élﬂfﬁg I%ﬁf{Jy|5Tr18rximately 1%
by weight.  Thematpirzimono-olefin monomers generally employed in such reactions are one or more
1-olefins having up tosg GadRvaamsReE Rolecuis A NehmRaEhiRGRBBRaETIE dawble bond than the
4-position. Typical e les inclyde. ethylene, p lene enerl, pentene-1,.hex -gfand
octene-1, and nglc?(ll ﬁgﬁas{%%c acag%%ﬁﬁ%aéc{aeﬁﬁ 8@%’%—%&&95 h}{ élﬁlea%&;%ezgfz%“e’- c.% %\rfiegne-l, pentene-1
and hexene-1 artlpsiriiealdirpyafsired comonorners for ethylene copolymerisation.  Typical
diluents employed in swehweacinnsnekidedydroarhons faninguRinda cpratasahlyeto 8, carbon
atoms per moleguie, LSRR Isar alkanessush SRR BANe GRS ANd N heptane,
or branched alléanés $uch’as 156 utane, |sopeﬁtan§, Isooctang and 15 imethylpropane, or

cycloalkanes sudphaslefielensirivinseliontd o dib FreReme srsrar himett Aoy indeh&ibarid st Bffylene

polymerization, the/dgment is generally inert with respect to the catalyst, cocatalyst and polymer

produced (such as liayig RiR"8l eiRal RRLS: A HOMRIF I REALPRNGhA! AgrRerature such
first or second polyethylene fraction referred to above is made.

Although it may be made in more than two reactors, it is most preferred that the
polymer is a bimodal polymer made in two reactors in series. One or both of the reactors
may have an internal diameter of at least 700mm along at least 50% of its length. The first
polymer made in the first reactor may be a low molecular weight (LMW) polymer and the
second polymer made in the second reactor may be a high molecular weight (HMW)



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 shiny 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, metdoeerde ensdmivdrnas e trabisiid manepsd fygdycitaety; ¢firdeygen is preferably

UEed, a higher hMGféfﬂﬁEMﬁS@Wl&Hﬁeh@d%% _ﬁV%’fﬁ}Q@aEﬁFﬂ%ﬁﬂ?—W@@%n%&@l usi?g "
chromium type cat S, .o rization.temperature. i used to requlate molecular weight.
In commercial p%% es%% eég'g%%t%’a%gapg 5 h%@ﬁ%“éé&ﬁﬁ%@@ﬁ% Sdifuéh a’fgean ﬁ%ﬁeﬁgﬁuch that the
diluent is not expsEs BepRAmaisHyeasitss rhthe ERJRawt FAEN abmMS T péNiferization
zone with minimgls§.aypurification. Separating the particulate polymer produced by the process of
the present intention f&%@ntﬂ% dg ent t oici%@ﬁtc% an gnclastpn% equ(%ﬁgrhirnt ]t:QeC ar, far example it
can involve either (i) the use of discontinuous vertical settl g fegs Such that the flow o slurry across

the opening therd®HPrNRIES S 7B e fete His PoRiriarbaitifle s Tadionrs 1eabered éReeht from the
dilgent or (ii) cortiruoils-+gehiirartibdsaal Mi&?'ﬁ aﬂ\gtﬁnﬁdhmulpipkﬁ vdthdsavalipasvive location of
which can be ar%@é@&ﬁ?re?&a%l? 190P JSRCSIQLDYLIS (%%%ﬁ%@%&@cﬂi@&oq{;&ﬁoﬁﬁégm@é%ﬁnd of a

horizontal section of the loop.”Any continuous withdrawal ports will typically have an.internal diameter
in the range 2-25°retefarAgr B bed? K CrinprneTricrabliorepier e laPkesdhiand
polymerisation remstorstémiiie pperatash witkiom’ dilUentieqovere déq diressents: Theatpefation of large
diameter reactorg with gk 6olASCRRCRATAHABR G D ESWEbAMINIMIS SR Auaniiyehthe principal

diluent withdrawn from the polymerisation loop. Use of concentrating devices on the ,vvitlgdrawn
polymer slurry, gPaTe PXBRFRSHFTRRN SHad (gt o iefo el Wﬁﬁﬁip@ﬁw&%ﬁgﬁ‘é@s in parallel or
series), further emhdmpesthberfoo@N Wi dhoentitharvdmeedieciictentmntinn8p%incefsighificant
pressure reductighand sapevisation @t reaerered ditientds,anoided Jthasmhernfannddhat the slurry

concentration in the reactor loop can be optimised by controlling the average particle size and/or the
particle size distf i Gf E%e%%ﬁf&%? gﬁ?ﬁlgncﬁ%n?g%nc ot %%fﬁfagilgéﬁqﬁnmnhcolﬁa &lgﬁéit?n%%nﬁt%%f the average
particle size of tHe/Poofdier fistiveastsiteestetithenipSthaveautbrathdparse] 208 red GiPioneidn of the
powder can be affestestyynenydactusrincudinereparicle e distidemoidracatalyst fed to the
reactor, the initial and average.catalyst,activity, the robust of the catalyst support an

susceptibility of tﬁ%%&@(%ﬁ%%@&%ﬁ?%%o e ?éig’é’t%% ecgf)egg?tlgrér? oli %ns%%’él?g%ﬁ)ge%%}%es (such as
hydrocyclones) caprisetiised on the slurry withdrawn from the reactor loop to further assist in control of
the average particle sizg @asetiv -paVEle Sz aistrdp itavefite pandesd Hae eagtetorthe location of
the withdrawial paift 19! {b.cOBFep RN deviee Riliedasianand apsralng.sRdligas of the
concentrating device system, p?'e?era%]iyt e at least one hydrocyclone recycle Io%p, also enables the
particle size andpaaEIensi e arepapiitroR AinBirrRptie do B Rsadeeshismea e AW 85 particle size
is preferably betwaetrbetvestst HOnmoran srafeadipie iegadythiesree M tA56land- 16120 teicrons.

Where the final reacian oF (b 0uliRle (880 1R YA IR ARVEARLLINE Wilhrwn, and preferably

concentrated, polymer slurry is degressurlsed, and optionally heated, prior to introduction into a
primary flash vedSsntaipgl e Snis Hrardrably et %ﬂé‘?‘doi%r%ss@lf’r RSt I PENETBAt and any
monomer vapourie eaiveliedhittd betpeun dry tashavesselthiretliy disaty vopd chsed]predendidly without
recompression and, rensad:in, e AAYIRKFAINRLPEES:, RERIESSMS aidhePrimanyflash vessel is

preferably controlled to enable condensation with a readily available cooling medium (e.g. cooling

water) of essentiafy&Bf e HHeh I B PR PR R SBRiprERB R ATeAR G fesssure in said
primary flash vesseteyikeetly2btiorce Xamipledds 201'préfatalihest SikcitwiraceT g sqotiisgétovered from
the primary flash yesselis prefaiabhsnassecia.Armesendansiasl vessal ia demeye fesidual -volatiles.

Alternatively the slurry may be passed to a flash vessel of lower pressure than in the above mentioned
primary vessel s&HHCFE B Lo Ho PRl SO B TS S H R UK A BB o it TEe 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/ra3
(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, metallocene 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 RIB, 1YR, VB or V1B
of the periodic table, magnesium and a halogen obtained by mixing a magnesium compound with a

compound of thd eraHERR HiTPREEF Jragt ATREeHunitedr e HpGEAR of s Brdesgariaateoptionally fouji an
integral part of thernmagnkekimncempaursiatafiiic:tiarsitiomneiabgampaudiichizingetallocene-type

catalysts may bestalgceags,Aciiaiedy %Qs&gd@ Almesane eohkan Roiig agent as descrbed,
p [ S).

for example, in Patent Application EP-500,944-Al (Mitsui Toatsu hemical legler-type catalysts
are most preferrBYRFENtFRidevPgitielibs SxarRpREFEH RO LP&ast one transition metal chosen
from groups 11Th, rvBW&: &nrdiVINR pohagneésimnantial teastonsthalogehe Gavdprasmiis are obtained

with those compyiging: from k9.t 30%6.by.weight af transition matakRreferabivifon 4318 20% by
weight, from 20 to 60% by weight of hal(}%?g;rx]é Ereferab y from 30 to 50% by weight from 0.5 to 20% by
0

weight of magne SR A BRI RbHrYST TGOS Rt fos Béﬁ%‘?&ﬁ%ﬁimminium,
generally front Otkatol 59y bieightittre! Balartergertmlbpsdbasists of dlienvafitsratisingifrom the
products used fQfREIES 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 polymer 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 3.

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%s,
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 aluminoxanes. Particular examples would be arganoaluminium compounds, of
trialkylaluminiums such as triethylaluminium, trialkenylaluminiums such as triisopropenylaluminium,
aluminium monomﬂﬁdleliﬁﬂfﬁxiﬂﬁtﬁrbl&hlﬂ@;ﬂ&@ﬁﬁl%@hﬂﬁﬁkﬂﬁ@bﬁmwwmmrw fedhadagenated

alkylaluminiums as dlet u ol Iky Iu nium mon d|h s such as
dlbutylalumlnlumgf'%{g%%lgin Orgr?é‘ g uﬁ?ﬁﬂm g?‘n/%ou*r? sr%n r{cwrétr%??lg fum suclg%%?LlAl(CZHSM

Organoalurainiufesidual et DA ﬂi@@@%hﬁ@ﬁsﬁﬁ@ﬁbmﬁ}&g@ﬁﬁ%@@’ HERRI suited.
Tnethyla]ummmm@ﬁdﬁmﬁtﬂ)mwaimmwmm&ﬁsmm@éwﬂﬂmmgmme pﬁhexéxﬁmmmum pa}sed
catalyst is preferigin campiseseuppRricEIMI Gride alplieb b g a-liBiareantaining

support for example a composite silica and titania support. A particularly prefelled ¢ hromlum based

catalyst may coripFEEIHs RO BESHIGR 95 SRRt Syaerds helrsdnd ?W%ﬁr@?ﬁﬁ?ﬂ *Quch as 0.9

wt % chromium hadeaser) thefadigtiteof dbhre7chadrhlifa-cBntatainpicatatydtnd hesuppatibcomprises at

least 2 wt % titanuigpy prefetehRrAYNde %ﬁowd%mmbﬁ m%@agr}eﬁ%@éwn QBN B, Wt % titanium
e

based on the weight of the chromium contalnln catalyst chr ase cata t may have a

specific surface A& BEHORIBBONS TS PR Pre st A5 Resny- %18 @énéﬁlci Rlolume porosity
of greater than th@mwmwb@¢mmi%ﬂﬁa§he Slgﬂmalmp@émé@}mmmw%ts are typically

subjected to an ”35@1'11 Bf%tﬂﬁ’a"bﬁ&ﬁa %@%ﬂ%@@f%@%&%@% &m%%rl fienagdivation
temperature preferabl rﬁ g ‘%’6 ef&g&’ 8 é) &% 58t 0 ug)oge %%fr%r&b rg SC %O?Z?ncc),c Ti']le reactor system
t e

can comprise on&0f" f§ connec series or in para prefera%li’y inseries. In
the case of serieseretiotorsd didirs masdet dreshebreosdifisseis subifitisdiiviehscatalyst and the cocatalyst in
addition to the diluent @?ﬁﬁ?&&%@@@&eﬁﬁ% %@Mﬁﬁﬂﬁ@ﬁé@a@ﬁ%}%ﬁmﬁ%@wﬂgoaﬁ&w monomer,
in particular ethylen%\ and %}t ?Iurr a(gh frorln apre e%mglrc%%ctor of the seneg [his mixture
comprising the cafml Jat e cocat: ?/rsat 3 m&f’ & o the p poly mers roduce& Ina precedlng reactor
of the series, It |sﬂéﬂ§@d¥@aﬂ>ymb§§¢b7@1%é/@lﬂﬂ9l9f 8 HERbT Qlrenelorard bis FREisHEpbriEEdde least one of

the following rea(%Hé'ﬁdﬂlhEEbf‘[@&Bf%ﬁiﬂléﬁﬂ@Dﬁfﬁfs@ﬁﬂ@taﬂ&né@mmﬁ itisipiefepablada introduce the
catalyst and the cat%ysﬁt eé(cl g%gg %%U%%EQ mouﬁpmtgga%ereggﬁie/a%t\;%(pgﬁ@actors in
est n

series, the polym ex a e polymer of lowest melt index can be produced in two

adjacent or non- éﬂf‘&‘é‘ﬂi’ fé&%ﬁb?s“?r?‘i’h@ys@ﬁé@ ﬁ?ﬁ’?ﬁﬁ@ﬁ TRmeAERe 4 P98 (or zero)
concentration in the rearios(phaneristaifiningrilieis ginendie culployeéight doregedments, @gerhydrogen

percentages inclugipg betwean 0:0.1vgl%aRd Ak venuhigh sopseatation R he.seactor(s)

manufacturing the low molecular weight co Iponents e.g. hydrogen percentages b%tween 0.5-2.4 vol
%. double bond than the 4-posmon ypical examples 1nclu e 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 IcDaltons or greater than 150 IcDaltons. These concerns have particularly been
confirmed to be accentuated at low polymer solids concentrations in the reactor loop. When producing
polymers of moleeul grrsieidinisd&sst than) bbtkbatnns dirgeedtandtislricbedindsdotmelisndex below 0.1

and above 50) igiﬁ(&gﬂ%&g&@@ﬁg@ﬂ&@g& @éﬁgﬁg@gﬁm been discovered that fouling is
Vv

decreased when solids [oadings are increased to above 20 vol%, particularly above 30 vol%,

EXAMPLES  As preVigGBRFERsaghes rahalsodraitighe Bemansivenfivs & %ross-sectional
slurry concentratiopydést)ibeticnisciindaeaniaihtaimednvithiticidedptablmapatiatingp tewits Abhigh reactor

5 ot messurab e B S e homogenei
_ ctly, but other parameters_can be measured as ap indication of the homogeneit
of the slurry. EXERIBTETLY ot Gicwiay %fgﬁ?&‘ée,néfﬁf}lgﬁﬁiﬂa%ep %?ﬂ&ﬁé‘é%t it two reactorqs, in ’

series. The first remtior; haddoveipereitdadGidyiend matereriapadiietmrabmybvahogiuens its length of
730mm. The soligs ;onieht Wasefiza8yel%. The volumetric solid content is defined as (Volumetric PE

production rate / VqurPge f glurtr}{l%i(}in we(;:' ?%ctqg)dowgere: Volumetri roqllljc 'onlgg_te =
(Ethylene mass feed - ﬁ’%ﬂ he mass"%f%w e J%‘[ln reacrtlorrﬁ 1aleor‘%vsnltlylr/lntc]ﬁ?IB I%/E%% me 1sﬁ%rry exiting the
reactor = Volumeafdiepsidlogihagnd widentrseriermnsidmretehtyegsaipbisin 8YSFaRsil exiting the reactor =
[Sum of mass fegglglasPEdnass ediyetiopl Jieddiddensitys 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 in a
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 purification. 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 slurry across the opening
thereof provides a zone where the polymer particles can settle to some extent from the
diluent or (i) 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
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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. Figureontistiesd bsacphatodinschvervemge pariieit siecuidémidnpeftitie souniistiplotte dfdis: a relative

value rather than,ahee!WieyRUR BuReFRETAnE oKk fas RS RANP SRR QR shled, The
variation shown _t&%re g d%rea%er than would be exhpected f%r; £f£‘iﬂe solvent, but is low for

polymer-containii B0, ThdicatiiG i Ttda BF 8%yt clSrirR e B RRE o 8actor
temperature Theaehysdigteddamdiffcrsirpomuding thepetdeoiaivighigiatsdf difeetdssbipdie slurry

concentration gragieakiAbselutedifiersnsas nmaasad RS ot dlifferentnalpts:in a reactor

can be due to dlfferencest{giﬁcﬁl,]l|bfr%t%%rgv%etrq§ hermocog{gles, S0 in ord&ar to éc(i)?&gl "real" differences

) Ig|nd Susce o) a%m?nt under reaction conditions Baratm%
n temperature, the variation rnng tempera ure transition 1S measuréd. In-an in mogeneous sIurry

the trend of suchd@ifidpaetins hehenisligensanbeapyd migheslorstviisauaary asmorfierrhe

polymerisation ofdisamphesk: mgurex? ghmvsdhat dixemplent thegampasatureriwmsition trend is
constant throughgut t actor, indictatin d ogeneity.. Heat transfer coefficient at the reactor
wall A significantglzl g glqéfdé%?g&?gaagé 3_%%%%%%&)%3%%@%%? leralla{tft ?f%es?g?cgg%?hglgeqﬁp across the
reactor wall. TheRé&ttisrisrerdspnmeidgcentitisas nele sraereaing Jarya s peGEEHEHRF months),
and an absence of lenydediydicsyihaicaissitiasihdse dsabedibd dattirofsfes dinigpmaderiglover this time.

Figure 3 shows the hsairansler coRTIGien! (oL miaalerl.Qver A Reried oL2a%days,fom which it can

be seen that there is no long-term reduction in the coefficient.
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 in the 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. typically 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 §90 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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MCSLLP CLAIMS 1. A process comprising polymerising in a loop reactor of a continuous tubular
construction an olefin monomer optionally together with an olefin comonotner in the presence of a
polymerisation catalyst in a diluent to produce a slurry comprising solid. particulate olefin polymer and
the diluent wherein the average internal diameter of at least 50% of the total length of the reactor is at
least 650 millimeters, the solids concentration in the reactor is at least 15 volume % and having a
particle size distribution such that (D90-D10)/D50 is less than 1,5, wherein D95 for the polymer
10powder particles is less than 1000 ,um in which D95 is the diameter under which 95% by weight of
the particles areticabeetadd 201R rvoess adcordingotorataitionh audersiththeadpldsveedcéntration in the

continuous tubulat, loon (EACILISALIBAR SOMAUME R 4nd ot REARESEAGERIAIRGE, Claim 1, wherein

the average internal diameter of at least 50% of the total length of the continuous tubular loop reactor
is at least 700 nifilecpipbeiag %%%?B?ﬁﬁ'%ﬂh‘?ﬁ?’ia%ﬁ8?&?536?@%9{&?1%1?“77&?“’8}&%0& total length of

the 20continuoustivioaiar ihopnigactor has an internal diameter at least 700 mm.

Non-limiting examples of Ziegler-type catalysts are the compounds comprising a
transition metal chosen from groups IIIB, 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, IVB, 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 friethylaluminium,
trialkenylaluminiums such as triisopropenylaluminium, aluminium mono- and dialkoxides
such as diethylaluminium ethoxide, mono- and dihalogenated alkylaluminiums such as

diethylaluminium chloride, alkylaluminium mono- and dihydrides such as
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5. Process according to claim 4, wherein greater than 70% of the total length of the continuous tubular
loop reactor has an internal diameter at least 750 mm. 256.Process according to claim 1, wherein the
loop reactor is part of a multiple reactor system and the Froude number is maintained in at least one
reactor of the multiple reactor system at or below 30. 7.Process according to claim 1, wherein the total
pressure drop in the loop of the 30reactor is less than 1.3 bar and the polymer production rate is
greater than 25 tonnes per hour. MCSLLP 8. Process according to claim 1, wherein the loop reactor
Is part of a multiple reactor system, and at least 30 wt% of the total polymer produced in the multiple
reactor system igimagdsiimiahich boatitmdstpiotanicoipmeactorutis comprising lithiwm such as

LiAl(CyHs)s. Organoaluminium compounds, especially those which are not halogenated,
are well suited. Triethylaluminium and triisobutylaluminium are especially advantageous.

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 ce/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 more loop reactors connected in seties or
in parallel preferably in series.

Tn the case of series reactors, a first reactor of the series is supplied with catalyst
and the cocatalyst in addition to the diluent and monomer, and each subsequent reactor is
supplied with, at least, monomer, in particular ethylene and with the slurry 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. Itis 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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9. Process according to claim 1, wherein the density span of the polymer powder particles (defined as
the absolute value of the density difference in g/cm3 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) is below 0.005, in 10 which DIO and D90 are the diameters under which 10%
and 90% by weight respectively of the particles are collected. 10. 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 15D90 are the diameters under which 10%, 50% and 90% by weight
respectively of tHéhpeeaitiescarcoulizdiedretiediy predsaeeordify the staipraymrieriedniBises making
a multimodal ethyleng.Rehynes:in which a low molecular weight (11,MW) polymer is made in one

reactor, and a 20high molecular wej I'% UMW% olymer is.made in another, reactor, the polymers being
made in either order arr%ﬂiﬁg %resggsnlég’ﬁ) I;?rr? & tgfﬁé rr?%1r efﬁ‘i??eerﬁeraé?s‘)erﬁ aen%? ?ﬁoél?fﬁgt. 12. Process

according to claigictssertraediepaiphgitionsd thartirheriaraenie sadiorpies hay dpiraidater than 940

kg/m3 and a 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 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 shurry
concentration 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 27-28vol%. 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 liquid exiting the reactor = [Sum of mass feeds in — PE mass production}/
liquid density
The PE density is measured on dry and degassed powder.
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25melt flow index MIS5 of 0.05 to 50 g/I Omin, 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
at least 950 kg/m3 and a melt flow index MI2 of at least 10 g/10 min, and from 70 to 30 wt %, based on
the total weight of the multiinedal ethylene 30polymer, of a second polyethylene fraction comprising
units of ethylene and optionally MCSLLP up to 5 mol % of at least one other alpha-olefin containing
from 3 to 12 carbon atoms, and a melt flow index M12 of less than 10 g/10 min; or the multimodal
ethylene polymer has a density between 900 and 930 kg/m3 and a melt flow index MI2 of 0.1 to 20
9/10 mm, said efthglémssipotyiieri¢orrairiditgt Bsddom B0 tuit7tlavidds] eesegommpritiatal weight of the
ethylene polym e@a{&%taggl?/ ggyllg)ne fraction having a density of less than 950 kg/m3 and a melt

1

flow index MI2 of at least 10 g/10 min, and from 70 to 30 wt %, based on the total weight of the
multimodal ethylene

Circulation pump powsr 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 sturry 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 fora 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 sturry 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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polymer, of a second polyethylene fraction comprising units of ethylene, from 0.1 to 20 10mot % of an
alpha-olefin containing from 3 to 12 carbon atoms, and a melt flow index N412 &fcjgﬁ;ghan 10 g/10
min. 13.Process according to claim 1, wherein the solids concentration in the coritinuous tubular loop
reactor is at least 25 volume %. 15 14. Process according to claim 1, wherein the solids concentration
the continuous tubular loop reactor is at least 30 volume %. 15. Process according to claim 1, wherein
the average internal diameter of at least 2050% of the total length of the continuous tubular loop
reactor is at ledst24dBm. 16. Process according to claim 6, wherein the Froude number is
maintained in at least one reactor of the multiple reactor system between 1 and 20.

1. A process comprising polymerising in a loop reactor of a continuous tubular
construction an olefin monomer optionally together with an olefin comonomer in the

5 presence of a polymerisation catalyst in a diluent to produce a slurry comprising solid
particulate olefin polymer and the diluent wherein the average internal diameter of at
least 50% of the total length of the reactor is at least 650 millimeters, the solids
concentration in the reactor is at least 15 volume % and having a particle size
distribution such that (D90-D10)/D50 is less than 1.5, wherein D95 for the polymer

10 powder particles is less than 1000 g m in which D95 is the diameter under which 95%

by weight of the particles are collected.

2. Process according to claim 1, wherein the solids concentration in the continuous
tubular loop reactor is at least 20 volume %.

15
3. Process according to claim 1, wherein the average internal diameter of at least

50% of the total length of the continuous tubular loop reactor is at least 700 mm.

4, Process according to claim 1, wherein greater than 70% of the total length of the

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

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

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

25 6. Process according to claim 1, wherein the loop reactor is part of a multiple
reactor system and the Froude number is maintained in at least one reactor of the

multiple reactor system at or below 30.

7. Process according to claim 1, wherein the total pressure drop in the loop of the
30 reactor is less than 1.3 bar and the polymer production rate is greater than 25 tonnes per

hour.
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2517,Process according to claim 7, 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 hougc gl Lp

10

15

20

25

30

8. Process according to claim 1, wherein the loop reactor is part of a multiple
reactor system, and at least 30 wt% of the total polymer produced in the multiple reactor

system is made in said continuous tubular loop reactor.

9. Process according to claim 1, wherein the 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) is below 0.005, in
which D10 and D90 are the diameters under which 10% and 90% by weight

respectively of the particles are collected.

10.  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

particles are collected.

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

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

12.  Process according to claim 11, wherein either:

the multimodal ethylene polymer has a density greater than 940 kg/m® and a
melt flow index MIs of 0.05 to 50 g/10min, 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 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
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MCSLLP

up to 5 mol % of at least one other alpha-olefin containing from 3 to 12 carbon atoms,
and a melt flow index M1, of less than 10 g/10 min; or

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/m3 and a melt flow index M1,
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.

13. Process according to claim 1, wherein the solids concentration in the continuous

tubular loop reactor is at least 25 volume %.

14. Process according to claim 1, wherein the solids concentration in the continuous

tubular loop reactor is at least 30 volume %.

15. Process according to claim 1, wherein the average internal diameter of at Jeast

50% of the total length of the continuous tubular loop reactor is at least 750 mm.

16. Process according to claim 6, wherein the Froude number is maintained in at

least one reactor of the multiple reactor system between 1 and 20.
17.  Process according to claim 7, 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.
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