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SLURRY PHASE POLYMERI SATI ON PROCESS The present
invention is concerned with olefin polynerisation in
slurry phase loop reactors. 5 Slurry

pol ymeri sation of olefinslis well kno mmﬁﬂmwmmmmm|

ol efin nononer and optionally ol ef

pol ynmerised in the presence of a catalyst ngLd++ueﬁf*
in which the solid polynmer product is suspended and

t ranspor t eSLURRYSPHASEPOVDYMERISATIONPROCHSS ated to
pol ymerisation 1n a [ oop reactor where the slurry is
circulated in the reactor typically by means of a punp

or qgl fn%ﬁé?ﬁ mvbht%ﬁ' 19 chtelneli %A oldfh pOFMERESiOR 'h?slurr{) phase loop
particularly well known in the art” and are descri bed

rﬂmﬁﬁsexanple in U S. Patent Nunbers 3,152, 872,

> 4R M g B BT S 4 e

andoptiqpaky elefie somnncmlm areap) EmérisedGn liarmesefrdraeof@aaaadlxssm a diluent

i {BE e P PoBec BRHST R Ao S A o1 cr - vt (o

or mafsahVedGemns- sbycﬁﬁcallg rglatea ltyy §61§megimonm®d Uslp r8haidrrwhere the
conpr.i si ng. pol] yner. an ent, and in nost. cas
sl ueaggp%%atg i Gt et Bl B ee A oRHeD CaaeitHer. Liquid full loop |
redfdtor SR paR-ulal} Welllkhb®A i the @t HQAt Qi Yor e:x@RpIO MUY Patent
usi ng. concentratlg? devi ces such as hydrocycl ones or
#5158 mdd.885.48he quantity of fluids
Wit f o
v PNl DAROLPEE ok MRSt Bl
pretsmas indhe rafe &X80pare. Th);ura,talyﬂ usdédoah bsaay catmlsrsta*yp’lcaﬂv used for

oot Raioph iR SSRGS SR ey NAEH S BE Ry e

cata[ydtsr ok pRdabNgsy dniptiseng &hind A HédtandRh efRf etbycatalyst,
water, in jackets surroundjng at |east part of the

olgfijLpRAMar 3B CPTBERATEY can i dischargrddnisFmitterly exentiauush;
opﬁ@ﬁblﬁ@fsiﬁg@dhcén§aﬁx¥gode‘%?ée!; YudhMs hhErob AlIGHR s 2P sdt@ing 3&5'@ minimise

react ors of he pr eséent I nvention are of

th@ ma@t@ecrfélrmds wijhslsawn Wﬂhm@mrcommr cial scale plant
CAPAGA & IR LPELSAREALBA Lok S LIRYEAL I oot ro, for

experi ence over ecades
ethplelfeni leoqieecaionoanckﬁt 1easﬂmroeﬁmenghpleifmg+hosﬂzumtayseenﬂmhs The

r concentratigns in reacti.on | oo The i ncrease
hefi ot RO SN BRAY TP A e PP AL 0g
m¥Mid, profefBREREteE il fabltedd sRFOuM@nS Gt fehf Part of the tubular loop reactor.
The volume of the loop reactor can vary but is typically in the range 20 to 120 m’. the loop

reactors of the present invention are of this generic type..

Maximum commercial scale 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
sturry 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 to reduce

downstream diluent treatment and recycling requirements. The increased velocity and
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achi eved for exanple by higher reactor circulation
punp head or nultiple circulation 30 punps as
illustrated by EP 432555 and EP 891990. The i ncrease
in solids loading is desirable to increase reactor
residence time for a fixed reactor volune and also to
reduce downstreamdiluent treatnent and recycling
requi renents. The increased velocity and ~IIHHI IH I H
VITE VITT VITTHI~I1~ *coooo2* 2 head requirenent of
headreqiiramnhaithb bwgves hpeever bedita incepsing pupp s sigRSiZghand

sizes an
coB b5, ST RUFton AN, B SOOI T8 o o
cmﬂmﬂm&PQkaﬁmg@o?dﬁmhmnmhscat|ons Hlstorlcally t he

circul ati on vel oc i n the. react

t yprasipmeal bé@w"@“&?ﬁ Prplosly Potgc‘gﬁeght?ogl 188? ﬁ?se Ql’hcaley o "
ma&aRfed trd)ee'hﬁﬁrle maARERAst bf givdlthanel, paimpbsilienal asd parhcik idtstribution

across the reactor cross-sec t
acea¥ba sR T BloSSHITaS, BERIFIhe EYCIHPES pi SR selfing. Stable low

ch&ﬁ&éﬁ&i‘a? e %f{ dssive %hfﬁ)&ﬁﬁ&ﬁhéﬁﬁm‘é at e pigeahapnitieatiareduRtd 1o
eplpevva rat her than reduced to  mnimse
mlpnmsespmauuhrthpp/power inj the Pﬂﬁmpma}dﬁ@iqt)@at i on | oop.
.I naﬁg %%il G groi? sseci?igr%l uce U%{elg&hh %E'tg{hc{; Hédjfoluﬁﬁ’g rbdiced heat

i nc trans
tranefdtinidedoey pa]yn'par @mdub‘mmt\t yndinundgentige r@qmsymctlon and

Constructi and conmi of nem1c
COpPAR TGO B pEREL DU A O T STRSPONE RO N Bt gy desiens
seSie@kavbid it Yithinied clﬁﬂn@bsfﬁo%@ex@hﬂ@ﬁz&ﬁmbt@rsﬁhﬁram baeg to increase risk to
paranmeters that are seen to increase risk to the

the siserssBi aperalidy e ACSMOEhe new unit. In accordance
Wi t Ry b B&RingS §th th@ pRBdnk BRvehilf Berk $s PoOided @ Pracey &ﬁl@ﬁﬁmg

conprising 15 polynerising in a |oop reactor of
palymérisimgoins: loomrgreior obmentigueuswbur congTcHonBR el@én monomer
n al I et h I
oA SSEAP B A SRR e
infy dilemao @r(ﬁlluw ] ylumyrmMpﬂsmg sslal paitigudate plefingotynodrehd the diluent

oROMHTEL S S P ] By NG PR B o s

1eh 8200 Bfillinfetedé anh ERSdolidS Coritbhttadtioh ieths rédeebrtinigt It R0lsolume %

concentration in the reactor. is at |east, 20 volune %

20 (Ree adreningagbthePreshrs pYEenis hafinineeiicieergy spogumption of
th% an%{ofr (G, BA gy RRSHARE peP Gni@fwelgthhgf ﬂ(ﬁﬁﬁ&oﬁro&hoeﬁ) istré&ficed .

energy consunmed”per unit wei ght pol ymer  pr oduced)
whﬂst mednteipthg agivérsteactal mlgﬁmeﬁgnqian@ay eidineaunagesptable reactor

SI d"larrllecﬁvént{(r)% 1sa stjpea\a/lﬁ} Qé%taﬁé‘o%% %h%h %L aeg’u%ﬁ%) 8531gn and operate

a plant 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.

This invention relates to a method and apparatus for continuous polymerization
of olefins, preferably alpha mono olefins, in an elongated tubular closed loop reaction
zone. The olefin(s) is continuously added to, and contacted with, a catalyst in a
hydrocarbon diluent. The monomer(s) polymerise to form a shurry of solid particulate
polymer suspended in the polymerisation medium or diluent.

Typically, in the slurry polymerisation process of polyethylene, the slurry in the

reactor will éomprise the particulate polymer, the hydrocarbon diluent(s), (co)
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fouling. The invention is especially advantageous when
it is desired to design and operate a plant at high
solids | oadings when it has previously been considered
necessary to use 25 what have now been found to be
excessively high loop cirdulation velocities. This
invention relates to a nethod and apparatus for
continuous polymerization of olefins, preferably

al pha nono ol efins, in an el ongated tubul ar cl osed

moh@xﬁ ésl) LAcyso rbhaﬁﬁé\@nnﬂfbﬁ satieds {dsgenand othiet reactos hdditives In
adde ‘and._contacted with

Pafﬁy‘dilrdé%ﬁl%ﬁ vl copptise PHd Drﬁfﬁ%ﬁ%b( Sé bg’f%’é Prggntibgsqd g fhe
totd v%l%ﬁ bYi@klueS! didpRRakliie Bb@hﬁr 36 BODY NBefsata eodsed;veum

'ymerisation nediumor diluent, Typically,
pencem baded on ghepiota) ivesighs af mﬁlwﬁ@@p@ﬂwﬁmw e thet he

oI SAEL GO 1 P sl atompis

thefﬂihleﬂﬁ‘dﬂéﬁt) moaatnat gmlan}'caldéltwe$ drendilvgnioran bglﬁehn@%dﬂuent or it can

ydr ogen. and. ot her ditive r
be AREReBT A P i G Ry o s Whgre G it dient isan.
indhEAiRE: tRESIEERA InddRERE wilDtyphally E@hﬁisd@ﬂ@hﬁefefablyl‘i%lo weight
slurry of particulate polynmer and 80-25 , preferably
perrgni3f WG YRE  percent based on the total weight of the

sl ur | RGuBEL HRGvehedheodii fath-chdisRE66 R@ction
nedﬂ%%f@éyt s%%iof al | theIfIU|d coﬁponents in thﬁ)@Islurrv

systemat Huid amhi)cmels suffigiept (ikte maipfainghe pelyfucr B WEPSRSIRBAR

an@?ﬁi) rﬂYalrﬁgﬁlaEé %le &Ja& &E%é&ﬁﬂ&o&@ﬂtrﬁﬁn%d khiRIstiosling /@Alients.

reacti ve ent I n partlcular a
I i qut mhsmbwfbean mmdrtmt fommghesohdﬂdOpimgﬁcp@af# -segtipngd shuriys

|ner | uent, the.o n. el wi ||
coBErm Guinion o et SRSt B TORRE Gt Uik RIEG ek ansten
cadod ifa¥ntaidél WBInSdcbptablé spdaatmgeﬂm@sr mnuﬂ mmsmg Itz iinteetal
snDothtﬁath endl ess | oop, reacgti.on at f d

digmpteeqfithesibylar Feagtop h@oveuﬂ}at PGk ﬁ?%‘fe ‘P Y SOy
oﬁéﬁ’ﬁﬁﬁ? "b?f]aﬂlé] THICis oAy to FAst {beiman! RilfBIiA R At would beheve to

e cross-sectional concentration and solids
bd thadasngp the digheoft conventionakpraesss ernsitions whgrethainterpgydiameter of
SO|IdS l.o t. i
the by E’ﬁ {5,100, grgater 3‘.91 @&%m?llhg%%rs(saglgl 1§e %&!all aU(SL[t)QSO(T) gld 1|n}]eéers
f 1 ovlwasoliad canosnteatidhdn teehirrytin dinsfeectpr wﬂBtypunH}bbe above 20

mai nt ai ned vmt cept abl e oper. n Ilru )
volbk Peeemiy 2bete BN B st 20l Preflihby 2555
vOIERE VOWhAL PB Rt GAtis t@lhrolhﬁn@@ﬂme Bl na}ongmer efiyhe cespermiing

operationally reliable. This is co trary to what

t .
megivmyiiotal velumg afee dyryNielP0d The Felipeonesnirpion ‘HSaSb‘é{ag‘s weight
p rﬁex{txg% v!zﬂla'ljﬂts quvﬁlg '?ﬁ%t AAburtd ACESTEmE BRELAth@NFiIINIEY ecording

e Imterna

I ane
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 40-60 preferably 45%-55 weight % based oh the total weight of the
slurry. o |

It is a feature of ﬂm present invention that operation of the process can be carried
out in larger diameter reactors than are conventionally used in slurry polymerisation

without any significant problems particularly from fouling at the reactor walls. For
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the reactor is no greater than 600 mllinmeters and is
typically about 500 mllineters. 20 The solids
concentration in the slurry in the reactor wll
typically be above 20 vol % preferably about 30
volume % for exanple 20-40 vglunme % preferably 25-35
vol ume % where volunme %is [(total volune of the
slurry - volune of the suspending mediumn/(total
@mlnberqaﬁtorweavsmgmaﬁql wiapeetersraes G0 wdlimeisce it paticwar over 750
fﬂﬁ&%%{ do6% ?er:flﬂ@ bEGREAFS0 WhE 86 | h‘?’lll%ﬂ%y @elne&t %steg where
asure percentage w 'l vary according
mgom@llvﬁberp omnnhdsha\p@rhsdlm vetedsed consem. pias preéfut%ﬂrthgfc greater than
™ l;ﬁ[@ I
ROE ﬁg ufap %eggeé %Ayu@%@e fgﬁﬁ%ga gfeﬁﬁé Elt%nl8§9a(¥nf{¥§% f(otal length of
ﬁ@feaetf@ah?ﬂ an unse@baltdamet@t ovies 709 matlieratersl in pattictitae owwl 7585
rﬁﬂ’ﬂﬁ@t@fsr %r eQngﬁ: b%?\gé/e% G | 4| mrrﬁl'llﬁﬁ%t@% GL@F 1&10 c}vantage of
in the range era
ths %l\seneow iGptefoxs blz@é étghashlrrsh éortcsmamme Aie an@clvtlhw Srculation
\%lldé'it'iéé andPelhfivdl$ hﬁ’hfrgeﬁ:ttdi rlgoﬁﬁlah{b?er?&ﬁlsﬁemse&i %?&Hﬂe‘? @mbodlment
hat operation of the process can. be carrie
qfalnfg@rﬁsmt HIFSDEPN S PEAss Comarisiag @Obm@mgummdwea@erdan olefin
thEh & Ip¥o Rl YIBE Sk it9 owfhf&%nemér & tHQFlfeEéiﬁ’:@'bf a

pr obl ens partlcularlé.fronm oul |ngv?t the reactor
Hﬁébrm%rlsa%@ catalyghigrplibientta pEpdics asByTnepmmisingriglid particulate

SILRBSIOMmer AYBthe ziggeﬁp\me'raﬁkﬁer ﬁouﬂ@nﬁﬁﬁér 1§H1|Sgﬁai9éc’§?%[ og%glow 20,

for exanpl e over 850, preferabl y bet ween

nieferabiet 1 8and Ahe WEern dipmgien @f thpyrescioF isdalthyrangre?@-800

Wouhetehiave been i ncreased concern. It is preferred

t hat eater than 50% in particular greater than .
70% FherFrendmpimebeyrietesirahiappigBnedpt el B el for exrgame in the

@ho20 €l pRAGANY iNaR ratbel IBOMNordl| Br%&@s@(z n%%frax?&olo to 3. The
n1TI| neters, In partlcd1ar over |neters

Fé?’é‘?ﬁ)@‘é“‘kf‘étl%\ééﬁn%@néqﬁapgemew Illlldl%tVé 0§ ths belanee b@IIW&ﬁn the

s@gp@i‘@ffoﬂ%ﬁd QtttliddHeRddnd}e BE hARicles id Q@lﬁlf-‘rf} Of: Srdvititls ateBhve measure
slurry concentrations at relatlvel | ow circul ation

fdhoEiomeating Hansien ppssse o thaipgs Valhbewrpartisdes cmnseaddpghe fluid.
CAverlalues eftheFrbudd Mibed MRAEHIEBRng ePFarﬁE’l@ 638G ve to fluid-

invention is_a process conﬁ%%3|n nerising In a

Vebpnicestent- Tag Fopudeinympgr msw oAl YD} Bietehieis the

anefahe a610@ ltebF ﬂleGsQImn QMBthel RRatiBRIORLIRDBNER, O tRe specific gravity of
lyst in a diluent to prod ucg

atjon ca
st 1‘@ Eﬁﬁﬂl@xt AR S thy iperial eineaiametsy B Weﬁﬁlc)&’ﬁwt‘ of the
saiid pohienddiihients b efieiof te@enkit Hﬂﬁle%m?err té the density of the
mai nt.ai ned..at or bel ow 20, r ef er abl and the

uskng medidmes Srsedontthpannegiedsiensity Qf)r/ﬁh% %aﬁssﬁ gelymer after
bel BBCantidlly daVBlAiliSed and immediately prior to any extrusion as measured

using method ISO1183A.

It has been found that reactors can be designed and operated at specific pressure
drop both per unit reactor length and per mass of polymer and total pressure drop for the
loop Iess than that taught as being required, particularly at high solids loadings and large
reactor diameters. This invention permits total loop pressure drops of less than 1.3bar,
particularly less than 1 bar even for polymer production rates of above 23, even above
45 tonnes per hour It is possible to employ one or more than one pump in the loop
preferably on one or more horizontal sections; these can be located on the same

horizontal section or
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15 The Froude nunber is preferably maintained at or
bel ow 30, for exanple in the range 20 to 1 preferably
in the range 15 to 2, nore preferably in the range 10
to 3. The Froude nunber is a dinmensionless paraneter

i ndi cative of the bal ance etween the . suspension and
settling tendencies of particles in a slurry. It
provides a relative neasure of the nmonentum transfer
process to the pipe wall fromparticles conpared to

on §#Rrdnlt Yécion? Ghb QWA oY Pl S§c@1fbetdehé:§aﬁiéQﬁarHét€p&ﬂarger or smaller

indi cate stronger particle-wall (relative to fluid

diampgier praferably o8 mecﬁqgle dipmetqrag et diamefs of the sgeian Rl dhe
rea@\% %% e FhSpink r S 10e el s ?’@fa@f%eto\éﬁf ‘ééfntﬁg ¢ pump and

urry, I's e gravitationa const ant
it 1$zpﬁ?@tlfl‘¢ of the @rﬂsm}t infentiohthatrelitigerhents foe ndmbfmmi mmdr «D:f pugnp(s)
t he internal ter The specific gravity of the
is lesglonaroﬁth mgopc rﬁmna HP9E%¥3ti o of the density of the

pol Remtortshzetil eypﬁﬁns bter 20fn’ tih paribulatisyee 50knf forrer akinpln 75 200m>

d.on the ed density of the degassed pol ymer
pregefrf. yin rﬁ‘&’é@@é@éﬁtl ally devol atilised and

I e 8t BibMerRhteRial di@metRY re@¥tofUsi s8R hel@RASIY 8 nabls iré@tors, for
met hod | SO 1183A. It has been3 found that reactors can

exageple bayigs o@lummrs of geater R0 myp e be built prthasrgagior lgagh to

et
BB IER) k89910, I PR L1 8 50
Retitidiontia mgihtor lwgﬂletb Kigameea;[uaticeminmmes pqmubt&lﬁcylahgrahpg:h around the

rea.cﬁ% S | of) 6%% Stp%]cﬁlc{ Zr es gg%%:)%aees gbaPe %;%%;% (%91; r?ac%or) per hour

o bé‘liﬁjmebea b&ﬂl,donl)p@mhgle bk bﬁllfnhﬁ&ﬁctiohm chelp ﬁeragéhgafbuﬁld fthe reaction
po r uction S 0 ve 25, evep above

logpq, %EE@%@YC hi s pe¥pib]edo %"s‘PB’l“é’ s iglesyipiodye ea TR eactants

(e%f@ém eca&WEPokBtHePEddxtﬁ%Q preferably on one or nore
ori zontal 'sections; these can be | ocated on the sane

35 Hbeipraspurg r:mpbxypqi Byihe foopwillibefsuffisient tpemaintainsthe Teastion

B850 YT 630 LESnhIf SO0E AT Bl LS e
bemn |1n1®rbwl pchferaklly detvakln Bheo S@baroimn ﬂhvlbh@polymemzwon the

<t 5% Rt Pl S, BB B o FEReE B p sy B Spfidedm 02 o

2 MPg; aﬁwe pafﬁb@lﬁll) Cﬂ‘bni batio | SQUP s eThHempbRtured weRetedandsuch that
power of punp(s is | ess onerous than for

sum@ﬂy 2B Qafhepo §é°§ucqz€elaefssml§ly2® 1 & nEPrireky|ang ngrer

agglgﬁﬁrdtﬂe REKd pdriibdir 1BME h@gg‘%%ﬁfbl%@ﬁ@&ﬁleﬁg P Bymerization
preferably in the range Use of hi gher

temprratreadepdndsrmmtthe hydsecarbonsdilentsehosemand e polymerbkeing produced.
Ing@@%ng i)ofy%?egsﬁ[o% thé f%{nperature is generally below 130C , typically between 50
and 125C, preferably between 75 and 115C. For example in ethylene polymerisation in

isobutane diluent, the pressure employed in the loop is preferably in the range 30-50 bara,
the ethylene partial pressure is preferably in the range 0.2-2MPa and the polymerisation
temperature is in the range 75-115C. The space time yield which is production rate of
polymer per unit of loop reactor volume for the process of the present invention is in the
range 0.1-0.4 preferably 0.2-0.35 tOIl/hOllI‘/IIP .

The process according to the invention applies to the preparation of compositions

containing olefin (preferably ethylene) polymers which can comprise one or a number of
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exanpl e having vol unes of greater than 80 n8, to be
built with a reactor length to 10 dianeter ratio of

| ess than 500, preferably I ess than 400 nore
preferably | ess than 250. Reduction in reactor |ength
to diameter ratio mnimnmsés conpositional gradients
around the reaction |oop and enabl es production rates
of greater than 25 tonnes (per reactor) per hour to
be achieved with only a single point of introduction

oleif ho @B PRIy nRRISM o R G nubi®er &%‘6&@)19&61‘5’. Q4P particularly suited to the
Alternatively it is possible to have multiple inlets

mappfegiuieins ethylepe pelyemess adpropdenetnohtmers. isthylengcopolymers typically
[ [ [.yst., . i ti.V T re.r .
colpfSfill Alpha Se 3 var @b I Laracn P pDL AR Feferabiy
frofrh@> tee@6 by oveiglsyfor example gopraximately 1%0. by weightre i s
substantially n as phase. Typical ,pressures used are
Dot NBoHPHE TeRp-RRER Doesiees ek SRR I i Teastfis ff ne or
mdré) 1-@lefiyis BAéngap Y@ tarbat htois plremoletily bedigo panthiad nearer the
ressur ill typically Qe in the ran .1to VP
o€ P sEAm o ot Bics: T ibios) Grampiprinc i Etming; Rrgp s, tene-1,
pehtt®0), Befenkq shddcdpa-1, TRemi:QRRE sith Uk @thykek @64 BeteAd-€ or ethylene
such that substantially all of the pol yner produced

ang BexgaesbnBptgne-}. pentenenl and, sexenerd laye pasticHanly preferred comonomers
ggglﬁﬁg ' -solid particular formand (ii) insoluble

fo in t1 e gﬁ%ﬁgg@%ge pol ynmeri zation tenperature
dep&ppisal dilutiite elmptived ar Hiwh racliens ntcludmoiseitoarizbns heving 2 to 12,

| ymer_bei duced. | hy | i sati -
ol byt b P g rmpieptl St s B gy propane.

n-Bigineseheate 2ind AMBPthAS Gr binelicdralithys Hiehwe éydbifiand idpentane,

. 115C. Fqr_.exanple in ethyl ene pol ynerisatjon in
lsqog%w&n@aaﬁmg_ﬁw&mw& oS dina TG R A op
cybiohdXafd GtAGL HikilrdsN én fiRRER oF i fnd ?B@me&&@o@mydiﬁ@& is
partial pressure is preferably’in the range 0. 2- 2MPa L
generallyt inert pithyamerttathoeptaly sragestaly sfraadjpolymer preducedgach as liquid

2E. 11 . . . ch | . ‘
R R
5084 (rofersblpfat lehs 100@s the palyeertivomed is insolubheth8@in: fsobeane is
0.1-0.4 preferabl y..0. 2-.0. 35, ton/ hour/ n8. The process
egtchlpply Preiies ae KR sHO IR PP R s e oy cnr ot | on
of qbeppGhiingOdthditions can slkabe ick tha tHenhed@iable/g. ethylene,

et hyl ene) pol yners which can conprise one or a nunber
propyIeie LR (S HRER0 Iy WE PSR 1 GHICH RBIGHOI Y STisbe) Pigpesces. The

shiEBRRhYHRESon ithith $n PAfdnk prcat ity Shich§BudPtol3@ble to be applied
manuf acture of ethyl ene pol yners and fﬁro yl ene

ingrpendenttsof melegulenweighpof uent gnsh whathsr the difgent isénegipr
Ly AL R A BRI
foepapyltre ppraisatiat el y |1 % by wei ght.

Methods of molecular weight regulation are known in the art. When using Ziegler-
Natta, metallocene and tridentate late transition metal type catalysts, hydrogen is
preferably used, a higher hydrogen pressure resulting in a lower average molecular weight.
When using chr‘omium type catalysts, polymerization temperature is preferably used to
regulate molecular weight. _

In commercial plants, the particulate polymer is separated from the diluentin a

manner such that the diluent is not exposed to contamination so as to permit recycle of the
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5 The al pha nono-ol efin nononers general ly enpl oyed in
such reactions are one or nore l-olefins having up to
8 carbon atons per nol ecul e and no branchi ng nearer
the double bond than the 4-position. Typical exanples
i ncl ude et hyl ene, propylene, butene-1, pentene-1,
hexene-1 and octene-1, and m xtures such as ethyl ene
and butene-1 or ethylene and hexene-1. Butene-1,
pentene-1 and hexene-1 are particularly preferred
dlhwhﬂmhﬂpdﬂmeﬁfhtfomzoﬂdi wyth emieincad mfcdnyrpenﬁsatqno rpepargimacthe

di | .uent ed. in_such re ons cl ude .
e spHE DL DB BTy BE PEocess Of ths Btk B G forg the diluent
typiAllP eih B BMEnyNAELER kG B thE Bt feXexBRPR it taaavolad Kares) the
such as_propane, ~n-butane, n- hexane and n-heptane, or .
usanficRREnaPK st cal seidneses b thah e fors el paoss the opening

thet P ﬁfo@zﬂfé@ a@PIge $hére tiﬁjé gﬁlw 5&&@@% sOtle 3 SdrReb KA om the

SucC as cycl opent ane an cycl ohexane or their
dﬂmmtpu@esonuwouheroéa@wﬁfdraéwymnémsmofﬁeﬂnﬁlatm@ﬁrawaheoﬂs the

locgg?lhﬁ?fg\glalch CAIrDG gn er 1¥: 0 [}ﬁé L 0 ré&tgrﬁggﬁgﬁ'ﬁg%bwj acent to the

Whejteaah endloif p hatlzmtalcsyctiomalf ithehlabp. o&ramnanmmtwldldrawal ports will

car bon t a.temperature,such.t
tyrgé&, Feroribty S udERera0Re Bror Py A FRERel $a0em
Thid i RintiBh PerdifN@igd scdié plyinaeatiof reaefdid fot dbetayed with low dlluent
preferred as the diluent for efhyl ene pol ynerisatiaon.

recpyery RAUGISBIEI] G° CBFiaNeR BraTee AT SHRiors Jeth Hghtolidhe
cog&?uﬁﬁﬁﬁ i fie QLUIRI iRREs the Fﬁﬁ&ﬁg%' l@ggl): gﬁilﬁilpﬁlsdlhﬁﬁt withdrawn

ent as 1s the case in so ¢C ] .
frqpothe pelyinzsaisatiom lppwcasgefsconwansg deviises oorbewithdrawp polymer

sh%llamg%gerabqb i{yr!ir%gﬁgxgeﬁs ?{e or a/%e %?s%g)lg }cxrﬁﬁﬁ&ethg%{%g %8%‘% i Barallel

or dd:ﬂld.sl)i Hilirtteen enhslhessde retcbeert_;l ioff difumint irsani enerdy efficientanamiensince

uid or rcriti Pro ne nonomer i.s .
S A ORI O egB AP g BEEtop R o TP TRRE agiger avoided.
Pr oyhR HRePRuMA Bl SRlhaRy dMichaasion in the keetdrdsopiah Hat

regul ation are known in the art. \Wen using Ziegler-
opkizites by perElling Brravarege prtiglersizared/onihg PaFtici§ieg GRTibution of the

PP, G2l o At o B AL s o
therpbedenlisthe wesidghee timwiretheuedcty. dhe particlnsizpsistdbutionys the catalyst

aBg’g ég‘g %Hlﬂg%]}a aggg)er ag\.ﬁlgne t}lg p%(gl?rl:rer g I%.L%ﬁﬂ%'\fﬁ%g\ ofthe cr%talvst fed to

th@ Bdattos; lﬂﬂleaihﬁiap Q{hd/mage&a&ﬁﬂaﬁ(ﬂltvﬁﬁ, the mhsumhessduf ItlwemtaNsn s@pport
nmanner .such that t Iuent not .exposed t

and SH{CEPHTHBY; o sRp rffb ?:%P?Htt‘m L gctian gndiens  Splidy eparating

delvRed ?ﬁckp&l BaRSd E%ﬁbs@ Rak 88 85 dnlth - RithtifawdYom the reactor loop
purification. eparatlng t he

to further 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 concentrating device system, preferably the
at least one hydrocyclone recycle loop, also enables the particle size and particle size
distribution within the reactor to be controlled. The average particle size is preferably

between 100 and 1500 microns, most preferably between 250 and 1000 microns.
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particul ate pol yner produced by the process of the

present invention fromthe diluent typically can be

by any nethod known in the art for exanple it can

invol ve either (i) the wuse of discontinuous vertica

settling | egs such that ti¥e flow of slurry across the

openi ng 5 thereof provides a zone where the pol yner

particles can settle to sone extent fromthe dil uent

or (ii) continuous product withdrawal. via a single or

mul Thbh@hWalvRdsV Rk feRMIy Soncétfated, BEiginePEluRl iV¥pEdss@®Rd, and

be anywhere on the |oop reactor but is preferably
optiefjaly ismteci, ®richte indedysiipn EBOR SFENaEF flaphysssel oRaegtream is

[ : conti nuous withdrawal ports

pre\?\n&ﬂgl&%te?}gé %%%}Fdfbﬁg@gsé?% nternal dianmeter in the range

2- 2Fhe dpwest enchiolyymdndiier vepge cécabérgd Br the pumamnoflaghi vessel are
ty}iicga\ﬁg/gctol (%eglﬁgcf rgxrégf%ﬁa llﬁ%fri \%u drfé?%rglﬁr{gggicifne%gli/r%?s%a %ptl{e%%?}tn%rﬁatlon
pracesiuiThe pesste of tie popetrafladiveste! iaprgierati yactmtreltled ®aatables

cometﬂpq“%igggthts%ggﬁém{;ﬁ?@g g«%gl?r;glég%ﬂi}uh 2?.%%%03{%" {Yr@#) of essentially all
of Metflaah aMpbur hfioolahf rdt8mpiREibs Al piehlly ReR préskifte Af said primary
concentratlng%deV|ces on the wthdrawn

. i h ol ymer .
Slagly Wrspe) wilk e et alor Bl S0 ERSTasT gl e The 1ohies Eeggpered
T j ral,| , '
ot} AT 30988, oy A ELEED oo
residifai woletiles. el remsativelyribesiugy graivfbiepassed pr @8sidrvessed diiowep pressure
and vaporisati.on .Qf. rec ed di;l_pent | V.Oj I
8 oORRY BRRAOR TR PR b el 1B b condense
the RaGiendd dibeft. Ulaa obﬁhlghtph'e(fjﬁ}sﬁe dlali'ywm iy grefeired. t he -
average particle. size and/or the particle size . C
di St | ﬁeaﬁqacsw%mgeto _ﬂpfolm@}ﬂow%?%u fldo ProgBepiesing gphuch extubit
spddific Qéds[’cﬁ irPAk r&lfk @rg%18 01930 {10 @nE! RIS RAT 04 {rfediind Yensity)
of . 20 the powder is the residence tinme in the :
or0f4Btto .97 eigh density). e si ze distribution of the :
cat [ f : LE o Wafol
e L R R PR s L
catabyae $y6temst paticulatly tlosackbsay fomghe Zmpkt-yygee camtysts, tnyparticular
t he, r.obust ness .of t.he catal yst ..suppor.t nd. ... . e
thasg etV BomHn g G ehevaied S g from Bemuplly activated sitica or
inbxfg&ﬁt: 5@130&6?1 Fhrloinin ; ng .oxﬁglchﬁ@sgemalﬁ@ﬁd lﬁletlallﬁk&hé-ﬁﬂiehc((jaﬁalﬁdﬁs,
as_hydrocycl ones) can be used on the slurry wthdra
m%t@%%e%ee%aeyﬁ?pqn@?&nibdqrwaﬂxﬁ icFnsion SHelal Rt AT of
Hiiuk e 2BV&i@ge particle size and the particle size
distribution of the Epmder in the reactor. The .
| oc a¥orohméingtxamples fl Zpgker-tynsi aatalystsrare the compewRdsiRMPAGIng a
2 | e ' [ 11 t he
tra‘iilgl\ﬁoﬁ %}etzﬁ Qﬂogen gro%? §'1|og§sy Ig.p% rInQ@ p?jﬁ 6:{\2%":()%{1?%%& ) c %Ble.

conce rati ng evi te e east
magresinpcmd aytalages obrimed bg nhivimg,a migwsienabinpsutdievith a compound
rticle size and rticle size di.stribution wthi
oftfiiisiraeaine Blirertrf wiome: Drdeliien soh priighelly form an
infeloe® phr® oPthe hfigaflivin c8RpbRIMG T tHPangifidn A m crons,

nost greferably bet ween 250 and 1000 nicrons.
compound. .

Metallocene-type catalysis 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). |
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8 The withdrawn, and preferably concentrated, polyner
slurry is depressurised, and optionally heated, prior
to introduction into a prinmary flash vessel. The
streamis preferably heated after depressurisation.
The diluent and any nonong® vapors recovered in the
primary flash vessel are 5 typically condensed,
preferably w thout reconpression and reused in the
pol ymeri zation process. The pressure of the primary
f | agheckaagsd catSysdd @t eicabpyfetpdt Adlohg thebq panivllae examples include
condensation with a readily av%gb ooI| nedlum

at {eéSt@ne Efé’bﬁlti‘c??gm&‘ié}c ‘é‘rofefbfm‘@g BHRSi %I emfigl%%’r\‘m and

at MBRGHE hRbEA, JoBd 2M1tk %%%%ﬁe%ﬁmn &Jnﬁﬁ‘l w_, such
pressure In said primary | ash vessel W | be 4-25

f or T hptos3PObp oveight of @mmqn meal prefaptly fromel Sl A0s by
ng}ﬁovered 10 fromthe primary flash vessel is

preTerany passed to a secondary flash vessel to

r emidnom 20 ©st0361by weighaof hasgenfptegaratdy ifroel 30 tolf9% by mieight

S 19 ik h vessel r .pr e .
C DR S0 i h raee e gt O BB oMo IEHE T et
I eC grod 03 36 00%itsr \magldﬁcf ahi@niiing @BsRallyt REm TRV, &6 weight,
di luent. Use of pre sure f| ash vessel s

or 61157 balanos FRRPr RS SR A BE g T PRIl seifpr thei

mﬁﬁf&éﬁﬁ@' shéh B Qe h{rcﬁ%g%adéf%x@ger? Ak @a.ﬁsmc;nlsméﬁﬁgdcf th€ halogen
density in the rg&ge 0.890 to 930 (Il ow density),

argpgfpahlp tipnowpagdedenan densi ty)  or O 940 to 0.970

h t
(0 St e OSSR PERLeh O 0 HRAPEFRIO
preyesteeot, copatalystc Itllapd)s,slblehtms.fsv eingoscmataiysohndvhﬂn the art, espec1ally

coP e PR 2 Pt e R e B 85 bimany
halldpRhated bigadsHliiies c6mbb@s OWhidk cAn dhhide 6x§g¢ﬁrwrahe[émem

chrom um oxi de catal ysts -and from netal] ocene-type
from Erupdiof the ReEiodicI RlE A BBRRIgORIES CrBiseler sxAreRigy would be
rgﬁ{dal{ﬁ{ﬁu*{lﬁl Impdubia0B8 Hiu%nalﬁr“nhﬁhms bdthRe Héﬂ?ﬂélﬁ#nnﬂﬁm
itaniumor zirconium Non-limti ng exarrp es O
mzlkewlehumgapms sudhadsyisgprapenyl Hemigium.calrmdiwn mymos andgdialkoxides

o B B B <D LT8Rl P e B

dlethyhlunﬁmmctm)mim glkglaboginasn mmm{z{mcdumdnﬂest duch as

.CO nd. o e transit t al d hal
o BB a2 ey, Bt i A PSS AR BAASE MR ghch as

L@ﬁ({dqlmf) Uaeanagxgﬂﬁﬁuﬂfeo@@mﬁ&m dspRbial¥ tHobewhicBRsd Adt@Rlogenated,
nmet a oun
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 c;)mprises 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.sup.2 /g, preferably from
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Met al | ocene-type catal ysts may be netal | ocenes
activated by either an al unoxane 30 or by an ionising
agent as described, for exanple, in Patent Application
EP-500, 944-A1 (Mtsui Toatsu Chemicals). 9
Ziegler-type catalysts ar¥ nost preferred. Among
these, particul ar exanples include at |east one
transition netal chosen fromgroups 111B, 1VB, VB and
VI B, magnesium and at |east one hal ogen. Good results

40000650 It atipridg anidtahvoliros poresipef eatey: than 2 ee/q profesatdp dromy 2 to 3

c/vvel ght of transition netal, preferably from15 to 20%
®By 5 weight, from20 to 60% by wei ght of hal ogen,

pr e$gicablppofte @ ehrdiwe cﬁt@%tbyirameplgmy sdbyemmdao 5n irgtig} @Qtivation
by wei ght _ of neS| um us

st Bt 20 VB O 5T FBEYF e B P LBPoe (APRTAR Preferably
rangssnﬁ&ﬂlaby td gméére'% 10 2t yerabIgH00 to Vitﬁdéfg&?éeaace
enerally consists of elements arising from

pr odbe resctgs kegpcar be Resd io IekpEmaPmet o m‘%%ﬂé%sfor example

bm?(ﬁfap %‘8 vl RS RN %?Q%ers-r GF He'rd¥Rlih b QfhglBkattorditdn
e ogen are pre? titani um and ChFOfI ne.

muRiply :&cﬂossatﬂm neaqarsy steml can bymzn@gme 1or garalops é@pctmesonnected m

ar e [ri
serbeé (loaflggv ?ﬁ}e r%actorelg Sl?ﬁllta% 5{;0 %Q Iéecg&ne?‘cbggélgot dyt%ta k nown
polymehbﬁm@rrt:a,ct@ﬂhﬁas ﬁd)tl ayloop:rmptonnds conprising at | east

one_al um ni um carbon chepi cal bon such.as ogfhd ona aYalyst

15 HalhsgaseATear et GaTieR AchicafPEOnpb s, 1s SHRP

. an§ BERYL 281y SIH A8 Hiti8h tPihe Al18SR AR mohOfE:) bRlghch sﬂEsetpliﬁt reactor is

periodi c'table, and al um noxanes, Particul ar exaar}E)
sumimddmﬁe at loRsyaP@RITLAT 1M AR Bl SBleas andpith the shurry arising Pfrom

pr%ce l%&l(‘?(% %?h{y S4B, B riftfireldo] I&h@ﬁl’ AT AN, dt' "the cocatalyst and a

ken Um ni us such as trii sopropeny al um ni um
mﬁhmerbﬁthﬁ polynwns praducediinb pueediog reagtor pf s series. It is optionally

PSRy PRI b Gen oL et . FeaPrep M, A1che SRR A fowine

re@idiy athUiresh |cht€ly@ﬁﬁiﬂ7’ora:bchtﬂv§tyﬁbwdm 1Slsqdnefamble to
di butyl al um ni um hydri

m’é’%‘éﬁg?“ﬂgﬁ %@al}'ﬁt% %Cg%ﬁygggc Ef’l)& ?%gglﬁé:;rnﬁf react COI’rpoundS

o QEIEQEJ H3L QinbiD (EOPRAUISHrisES R Eds BiwoyreAdIOS 6n Ydties h;héip@ymer of
not hal ogenated, are well suited. Triethylal unmnium

higit melt inslsts s Hie noly ORIyt Bl dRder|cR barpaHEcdJB GYg adjacent

oer}g -a ﬁcglg]r rc%?ﬂﬁﬁ@ne g%%eﬁ§%og& i hﬁﬁiﬁl@&jatt(g LIBIRG} 280 P

S"catal yst having a

cdncérattian @rotht a¢actan(y) suppieiring the higtempleculanweightresipogents, €.g.

ST
hvdroée%%e%ggtatges mcr:]lu%ng 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 %. 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 kDaltons. These

concerns have particularly been confirmed to be accentuated at low polymer solids
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support. A particularly preferred chrom um based

catal yst may conprise fromO0.5 to 5 w % chrom um
preferably around 1 w % chromium such as 0.9 wt %
chrom um based on the weight of the
chrom um cont ai ni ng catal yst. The support conprises at
least 2 wt % titanium preferably around 2 to 3 wt %
titanium nore preferably around 2.3 wt % 30 titani um
based on the weight of the chrom um containing

co@aénaﬂaﬁsﬁs in theereB6:08bH NMWihas pfbdubiab @bl@&ﬂer%ﬁl@é‘lﬂaﬁvel ghts less
peCEPIC surface area of _from 200 to 700 m

alfny or gEsater than 269 <Pa @sele}h%% belgwy0 ésﬁad ab%gfi%@ large
dlﬁlﬁ/ét@rsfeﬁé‘toﬁflt ﬁs%‘w@@erts{}@?isgmﬁpt‘egn ms%f)@err@lpﬂl){t LB B dbGeded

g. Silica supported chrom um catal ysts are
whensiokids lopdinghire em@@ascdatoabovmm velfs, perticularly @hovesileyplton
' ti
ey B0 LGB BB LSIRED Ui Py cin
haveng8# Qbadte@hwonﬁl $ecmmsemp raefeext@bs}'eytuﬁﬂ) Sectionsihereiaghemternal

C. The.react used to nmake no dal. or
i wsn gt 13 oBPRHIRde s RERaFEoRHBrS frdrt TP imSer
mul ti-nodal polyners can be nade in a single reactor
or in multiple reactors. The reactor system can

ise one or nore |oop reactors connected in

Ser i @SnQiorghted @fc@éd Bb mmﬁa.r E@a@ﬁ)tr Bhvih @ AR irff@a)disRetbitor 765
preceded or followed % %ynerlsatlon reactor
mylgetressanda vaum ety car@al@t @ﬁ 1 67L:nm reshydensds ofpodanérised with hexene-

1 Eteatat%ﬁlggrtau.]r@ of b3opt agd%ﬁ)eésg%rgg ﬁ S'ia i r§o%1§tan? .'i»xszcﬁﬁght z{ﬁ% usmg a
Chinohlllmntcaml}dt tmqmmiuee a cep‘cﬂvmadiavmg}sleﬂm e85 pdddvintutds sind a

SEREPLED Bt frsooaT T I SRR G PR o bds Pipiptained

for a@etiéd ofofevElPd4E! r’ﬂﬁfreaddilc&cﬁﬂaﬁ&lﬂ p@mp POWEL B inkGhstrb® by the power
catal yst, the cocatalyst -and a 15 m xture of the

RIS tf&m@ator prirop pstesy prrhhas Hapsser coefficieat as measured by
mefHhdriR coblant %at@f)f]?@gﬁth bdblar? %%ér%tﬁ {'rgmﬁelm e & aﬁéﬁqg reactor
react or an appropri ate, east one o e :

tefpetabwk reynain etabltemesﬂtmg in efsseeghll*cm clhange uamﬂhéopa:ameter

V. e oduce th
ref R A AL Rlcal i B e bl By LRI E RO ol B B R 5 FggtBa by o
bllﬂmal}i' clfrpobhmertdn&h&'aslds cyﬂmsrleacttbf; aﬁ'ﬂ ant lﬂswrmﬁtm?le gndiivell distributed
ea t eacfors in serie the polynmer o 20
EgFﬂ%%&? hﬁé&“@ﬁ@“?ﬁ?a§§€§ner of |owest nelt
|ndex can be produced in tw adjacent or non-adjacent
reactors in the series. Hydrogen is maintained at (i)
a low (or zero) concentration in the reactor(s)
manuf acturi ng the high nol ecul ar wei ght conponents,
e. g.

E
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hydr ogen percentages i ncludi ng between 0-0.1 vol % and
at (ii) a very high concentration 1in the reactor(s)
manuf acturing the | ow nol ecul ar wei ght conmponents e.g.
hydr ogen 25 percentages between 0.5-2.4 vol % The
reactors can equally be operated to produce
essentially the sane polyner nelt index in successive
reactors. Particular sensit?ivity to operating in |arge
di aneter reactors (and associ ated cross-sectiona
Stgempwis of I6ARYSPRer nal or particul ate gradients) has
however been related to production of polyner resins
where pol yner of either high or | ow nol ecul ar wei ght
30 resins has been known to lead to increased fouling
concerns. Particularly when producing polyners of
1.n0| ef plaeessweingirising mdgmerfising 5 kiicacosofeontiuens wbular

t han 150 k t ons. These
coBBaPOR AP C1HR P Ro eaast PR Sp IR bl i e
pr&sbnﬁ@mmpﬂlmbhmm catalylseinraedibtent to lpowipee A/¥emy pongphirmgaylid

peiexdA P rolaneTAg teiTient ek E R iptelAl st By 35 s0% of

QE&MQ&{QQ& of the'réz[@@t is 6 lafse Ve miliaeteny sdithie dodids dumaentetion in the

surpri S‘ F§§\6 scovered that fouling is decreased
regienis ahle IS ‘Eﬁ“ﬁg{% are increased to above 20 vol %

2.par t A Gbcdsd a5 cikaened i3 01auB 1t Mheleid HR sPlidSehdentraid@ bt reactor is in
furthéer conprises a | oop reactor- of a continuous
the gge 2P-BOIYHEECE on  having at |east 2 horizontal

3.S€Ct A OfSeedek Ahinledas Eltﬁ)er‘éﬁﬁﬂzl 16t lclaS8 QtvHRRsin WA editemal difigeter of at
internal dianmeter of at |east 50% of .the total |ength

leagt SP%eofithmtotal dength gt the geastor wopvery?] PHERERS. Exanpl e 10
4l n ag ﬁ&g&&t Afintddqs eRi q%e&ém tleafiternRPEhbtet GGk REStAN% of the

i nt er na aneter of 765 mllinetres and a volunetric
totad pength of th¢ repetpr is W@f7@Qﬂl}Jﬂ@?@r§ -s copol ynerised wth

shex R S5rocks H 4SwiRkein Be L@t@ﬂlaﬁdx%a@xséfr @ 1eat 849 of the

bara i'n |so%sut ane as I Tuent and using a Chrom um
tctaiﬂaig;&swfthc)rqaptqu&evea7@Q)pdhwmf5 having a M5 of .85

s scralths 5 Qa8 i 4807 Bhe e i pebadt s sl e Frode
nﬁmbertmmanﬁmﬂédbdowe%perl od of several days. The

t |.al
e L e o
ilhtha rarige afl O Rab O3 fefoh/boiwgm?. as measured by nonitoring
| t t f d { t
S handdoRbBEPE BT § SR RREe PO ARt eapRT ioh BV B uasEs hapirgnta

sécliod Aridnd 1daBt P e&titli sattions Mhertinthg éntérnalelidnieser of at lame 504 of the

-

respectlv ly, |nd|c tin there is no detectable
- Fhetran et 100 B et by a
9. A loop reactor as claimed in claim 8 wherein the internal diameter of at least 50%

of the total length of the reactor is over 750 millimeters. _

10. A loop reactor as claimed in claim 8 wherein the internal diameter of at least 70%
of the total length of the reactor is at least 700 millimeters.

11. A loop reactor as claimed in claim 8 wherein the internal diameter of at least 85%
of the total length of the reactor is at least 700 millimeters.

12.- A loop reactor as claimed in claims 8 to 11 wherein the ratio of reactor length to
internal diameter is less than 500.



20 build up of polynmer on the walls of the reactor,
and that flowis stable and well distrihuted as

evi denced by the stable punp power readings 12
Statements of the invention 1. A process conprising
polymerising in a |l oop reactor of continuous tubul ar
construction an ol efin nongonmer optionally together
with an olefin conononer in the 5 presence of a

pol ynerisation catalyst in a diluent to produce a
slurry conprising solid particul ate ol efi npol yner and

i | uent, wher.ei n i.nt.ernal .di,anet er. of at | St
13,500 fdpob Faktof B Sftnheg i 2 MR R TREC FerRierdhlengi{ R fnternal
dlaiil&rm]lebsmw(s and the solids concentrat| on in the

reactor is at ast 20 vol une, ¢ o cess . as

14 aflgp TRt 4 FRTIGHTB A0 AU Rerlinh 240 12 GCEin hafegh: sire s

ovdrPemPeactor is in .10 the range 25-35 volume % 3. A

process as clained in either, claim1 or claim?2

15 e PP FHECE At STAY iBiclaBc i VISFeLE he rPasinE sizs dmindhe TR 100-

173@mtal length of the reactor is over 750 mllineters.
4. A process as claimed in claim1 wherein the
internal dianmeter of at least 70% of the total |ength
of the reactor is over 700 mllineters. 15 5. A
process as clained in claim4 wherein the interna
di aneter of at |east 85%of the total, |length of the
reactor is oyer 700 mllinmeters. 6. A process as
claimed in any one of the preceding clains wherein the
Froude nunber is nmaintained below 30. 7. A process as
claimed in any of the preceding clains wherein the
space tine yieldis 20 in the range of 0.2 to 0.3 5
ton/hour/nB. 8. A |loop reactor of a continuous tubular
construction having at |least 2 horizontal sections
and at least 2 vertical sections wherein the interna
di aneter of at |east 50%of the total length of the
reactor is at least 700 mllineters. 9. A |oop reactor
as clainmed in claim8 wherein the internal dianmeter of
at | east 50% 25 of the total length of the reactor is
over 750 mllineters. 10. A loop reactor as clainmed in
claim8 wherein the internal dianeter of at |east 70%
of the total length of the reactor is at |east 700
mllinmeters.



11. A loop reactor as clainmed in claim8 wherein the
internal dianeter of at |east 85% of the total |ength
of the reactor is at least 700 mllineters. 30 12. A
| oop reactor as clained in clains 8 to 11 wherein the
ratio of reactor length to |qternal di aneter is |ess
than 500. 13 13. A loop reactor as clained in claim
12 wherein the ratio of reactor length to interna
di aneter is |less than 250. 14. A | oop reactor as
claimed in any one of clains 8 to 13 wherein the
Claimact or size is over 20n3. 5 15. A | oop reactor as
aimed in claim,l4 wherej e [ t he
e S SR S B R T
coRPh¥NBt Ar5b18An infbrdnled OPtis1RML tofethér witinin Bléfit Soindhother | 1n the

construction an ol efin nononer optionally together
PIEAERqs 043 POIERGTIHAE SBHBIYEY Injarifysat ogreducs dsgFy gpmprising solid

paﬂ%hﬁf@gléﬁ’ n%&l?fﬂle? ah@l S(falueﬁlt Fhdled L{ﬁmntér?alpc{l%%foiaat least 50% of

urry cO si ng so partICU ate efin pol yner
themthl ﬂdmgtlrbﬂthemctm@rm least H@O rmlthareﬂm‘s agt dm@t)hds @fncqttratlon in

| east 500 to the r
thq 2agpr Bgbloprt A0l R 2 and PR B et el fRE heif abopor
sy5tB8 thR26MmPFisdsSméde thadsie 13@p YE e cOfrrBrdd v 8drRk Br trharallel.
process takes place in reactor systemt hat

2. éomrpﬁss esclmn mrﬁéaqnbhé/hmuptheéabéwcwfﬁﬁ!@etl@@eurﬁactor is in the

aﬁ? parallel. 2. A process as clained in
I'n the solids concentration in the

EA@@@I:@% aé Slairﬂed mesitheasigen 2%r 3531M@J winzeitothSintehngdrddaeaer of at
laimed in either claim]l or aim?2 wherein the

1eash5@e46rsé|ﬂle‘oqobnlr&r@‘r‘h @ﬁthatreacwéa%w%d@@ illim&Eesot al | engt h
4 N pIIOF gi%{rﬁéd 111 clﬁ}ﬁg{ wielife! 1ht'@?r{a?ﬁ§une€er A aPleRG§8%; of the

as‘ ¢ wherein the I nternal di aneter of
total ldngmsdfﬂ@fhaabrtsrm/erﬂm alillinengsh of the reactor is

5.4\ D6 Cied R GrAsf IR E MG e sas  d5h g o Thg e
e e Pk e e. of the pr 'JJ‘ZBFLS
6.0 piokessweb elaghed irhanyFensuddhanprebeding elaims wherein the Froude number is
maintained below 30.
7. A process as claimed in any of the preceding claims wherein the space time yield is in
the range of 0.2 to 0.35 ton/hour/m’.
8. A loop reactor of a continuous tubular construction having at least 2 horizontal
sections and at least 2 vertical sections wherein the internal diameter of at least 50% of
the total length of the reactor is at least 700 millimeters and wherein the loop reactor is
part of a reactor system that comprises more than one loop reactors connected in series or
in parallel.
9. A loop reactor as claimed in claim 8 wherein the internal diameter of at least 50% of

the total length of the reactor is over 750 millimeters.



mai nt ai ned bel ow 30. 7. A process as clainmed in any of

the preceding clains wherein the space tine yield is

in the range of 0.2 to 0.35 ton/hour/nB. 8. A |loop
reactor of a continuous tubular construction having at

| east 2 horizontal sections and at |east 2 vertica
sections wherein the internallXianeter of at |east 50%

of the total length of the reactor is. at |east 700
mllinmeters and wherein the |oop reactor is part of a
reactor systemthat conprises nore than one | oop

10r & dodporesctooar@aitred in nlage Biveiwerein the mtqyeal alidnedter of at Jeast 70% of

| oop, react as clained in.clai.m8 wherein the
the tmag }'eﬁ‘gﬁl %f&éﬁ&a&or bsfaqg?asﬁ @Qs?ﬂgwggf' the total |ength
119K 188}£reh&B8F A aiknRedaN @laind SO0 HErkini tHBIn@drhal didmetdiOof o daBi85 % of
reactor as clained in claim8 wherein the interna

thediotarength effthateacwast at7gws 0 milheeiest.al | ength of the
12f gef&%porrealct%r gﬁt clLi(la‘r?e tin7c919 o lté) gﬁh%e?n thle:l‘%ticﬁ)i} B9 or llength to
Feact'or as clalmed 1 n clarm erein the interna
intgimah@ineieted s lats them$500.85% of the total |ength of the
reactor is at least. 700 mllinmeters. 12 Alo .
13, Baeerreasior & e In P AL CranS AR 1t tdptgal
didhett£26d0hadnekgt h to internal diameter is less than
500. 13. Aloop reactor as clainmed in claim12 wherein
14t Adoomtdactoohs clebuddan ahg gt hf tleimng tr Haivherdinghereactor size is over
20Iegss than 250. 14. A loop reactor as clainmed in any
Bhe of clainms 8 to 13 wherein the reactor size is over

152@N8ep ddactof\ad S1aRNEERAGTAM [ASwhdrainBel rdabtot biaé 19 id4he range 100-

ymgreln the reactor size is in the range 100- 3 175m
175m”.



