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WO 2006/056763 PCT/GB20051004487 1 SLURRY PHASE
POLYMERISATION PROCESS The present invention is concerned with
olefin polymerisation in slurry or suspension phase loop reactors. Slurry
webaspgobgmerisation of olefins is well known wherein an elefigBoaanag7
5 and optionally olefin comonomer arg 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 a
loop reactor where the slurry is circulated in the reactor typically by
AR PHASE BOL ARY: g ¥icularly well
knowR dnthea ianskase id esssibest fattoaaipledlyikfisaRatantify or
Numpers 3,152,872, 3,242,150 and 4,613,484. Polymerisation is typically
SUSPSHTIRP BIRSE 1RARJEPSIRES in the range 50-125C and at pressures in the
rangeldrOfhbar pofmecdsatitysoimefinsdn welkmpwaraiesely proalpfin seepriper
and @h‘hﬂ%@éﬁ?@%&ﬁ%&%ﬁ hramidmaxiden iRaigicNatRcatalyst in a diluent
métallocene-type catalysts. The product slurry comprising polymer, and
in mﬁ@h@%@lﬁg W&PE%E@%@W@E%@GI%%WB and comonomer

can hg;idisebaneadsiniesmiianhiacdentiolyouslyatioptioatdlypusiatpr where the

congcentrating devices such as, hydrocyclones or settling | AN
SR B AR ARG ST o TR o aat SRR oop
respontrue partithikalycseit rnetoincberatsivbrze desesieddor sermEslanipfd-S. Patent
NdQuE. varticsl spctions,and af leastdwgq for example, four, horizontal
sections. ZO'Th.’e hgat’ of ponrn’qris’ation is typically removed using i gj,r _(:td
exch%?ﬂg@ﬁm?ﬁo@dém%ﬁﬂﬁ%%%E?&WW@H@PW&%%%% s 6](121di§gan at
préslgastpais ehibe fulndanreatioatioen uideaotmey ohtilgsioppiceliytered for
can vary but is.typi aﬂy in the range 2

c tg.12 he log f th

oI LB RS AP HE T e M i oo e
capipstscaPiac el stine roageitisgrriiyousnthdilyenis snbin meshfrigs catalyst,
ol B %gﬂt%féwﬁ ENGeAuelihelastdeu deecadrahadar o epeiatomsRl

increasingly high slurry and monomer concentrations in Fg&cti%l Iog)ps,.the.
onferalEaIHIG RIS EHHEBE HETIGRSHS 45 BYARGISIRGS A TRETEE ofRf 1o mintmise
mmgﬁﬁ%@m&tmmt% fielyevadetor example by higher reactor

circulation pump head or multiple circulation pumps.as il ral Qt%a@'mr

4325@3£?§1E€3§§)f§§8{%ﬁ%&%1&0£5% %%ﬁggﬁ%gggo ggg@gsre%uiremeny %
fohasamgltofinoreasinglencigys codstippticnadalarpmplrioanthsnigastal sections.
Tﬁg%gﬁ%%polymerisation is typically removed using indirect exchange with a cooling

Naltsas

medium, preferably water, in jackets surrounding at least part of the tubular reaction loop.
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 shury 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 increased velocity and head
requirement has led to increasing energy consumption as slurry concentrations increase.
Despite increased operating experience the volume of individual polymerisation reactors

has also needed to be increased to accommodate the desired production capacity.
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Despite increased operating experience the volume of individual
polymerisation reactors has also needed to be increased to
accommodate the desired production capacity. WO 2006/056763
w& ¢l afs26405/004487 2 Construction and commissioning pENRYE2005/004487
commercial plants is very expensiveand therefore new designs seek to
achieve any required scale-up in capacity whilst changing parameters
that present minimum risk to the successful operation of the new unit
Typically reactor loop volume has been increased by adding legs and/or
Colemtiytition endbovmymisstonboEs BrooBuRsdA) R T eamgisspg therefore
nelPGEASE Whilsh malriAining dhe ercior lepmicigray diaeesanagiapoaiameters
24"(600 millimeters) or helow. The jncreasge in ggction IooLp xfoILirCnﬁ b%actor
thypyes SRl BITERGH Lk iR F UrarTRit PREAE T LB e sasitl Abdolute
lo(@ﬂdlmemagmeahfmimmmmdmg@md ldvertbftorexpeipgreactor loops or
even Qsﬁﬁ?ﬁgﬂg Wy Q%{%@% rl]&hé? ?o% SIShR: CRMMSGIBHBRE AR HRATHSimal
increase reactor volume has een seen as giving greater sc Ie-ue risk b
digtmatethbeless O A0 Wl T rER G BEIORt th BTECTRESE MR ERFSHACHARR @A me bY
inQSSACIAIG N LORCEINS-RURN MM RbenaniEy i goathihsbsohite (and even
compositional and arti(F:Ie tgiﬁtr%tion across glr}glr%%c or cross-section
PRSP ER RS E PR L TP RS 12

ence (e.g. ¢ Eilition velocity) and
assobiatedipgaksdientopiicammirdiag spprerstienstionnienspsd merfdefisisme has
cross-sectional distribution. ' Joilinehsia Th
A e L Bl it tth. Tne
inereatitibriskduetbrenasagisted Wb S SRR Faes MG BRSNS ﬂﬁtﬁ%%ﬁ’ﬁ%
ML T Y
_fitfings, su irgulati [ .
B o
polieuteldadue Toepn Inadeqpﬂetarﬁmﬁmﬁmakylﬁsgiw&me@n&l Wiadrietiwereased
fobcfﬂ%l‘gher%ﬁu%% fﬁr’s&%&}{e&%ﬁ«‘ e vsiticahanRppzenial e inasselagd to

g problems. ave found that'this is not the case. In accordance

with Thegstisieantapcieritian trisalis draionsdaad SRR CdmEid Rgnstant internal
aiRRbmerising A8 slefinsapramet aptisnalildegethefiviis prdiefinthe circulation

YGRS DRCHG AT R RS SHHLE, SR o8 S s s A AT ot
redsvertitatsectiihhade broo anexpsitatipe Srprisiigesbidntsarat distectschiptween
fq%%%a%%ﬁﬁg Jhe;dilugatwherein the;Brands uies R alkisasbRRio v eve

he vertical sections of the reactor loop is less than 85% of the
foungrtbiet Hisibaptilatdast 20% of the length of the horizontal sections of

the 1a@Riccordance with the present invention there is provided a process comprising
polymerising an olefin monomer optionally together with an olefin comonomer in the
presence of a polymerisation catalyst in a diluent in a loop reactor which comprises at least
2 horizontal sections and at least 2 vertical sections to produce a slurry comprising solid
particulate olefin polymer and the diluent wherein the Froude number in at least 20% of
the length of the vertical sections of the reactor loop is less than 85% of the Froude number
in at least 20% of the length of the horizontal sections of the loop.

Advantages of the invention are that the residence time of a given length of reactor

is increased while simultaneously minimising any increase in risk of reactor fouling. The
invention enables design and operation of vertical slurry loop reactors with reduced total

and specific energy consumption.
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Advantages of the invention are that the residence time of a given length

of reactor 30 is increased while simultaneously minimising any increase

in risk of reactor fouling. The invention enables design and operation of
vertical slurry loop reactors with reduced total and specific energy
consumption. 3 This invention relates ® a method and apparatus for
continuous polymerization of olefins, preferably alpha mono olefins in a

vertical .elongated tub loop reacti n(s) | ' :
mdded I s L R B alnl T Aion

whiohdmenpsy foulymelids odomalafnarnycofestal shrtisaiedd B iy reaction
ARPaRdedRG RAMMANSAIIAIRE AT WhGBl-dRALticUIaIIGn o

Invention is related to a process where the Froudc number varies around

IvdRiEvR e ibieide At HBEFRCH HiRfHeTMTeLS ParamEtENRiicatideBficulate

fhas hrlencghetwaemhihp ushension asd setting lendenciesaiet partiddsvention
In a slurry. It provides a r%{?%t' e measure of the moment mltransfer

rELESE 16 UGS WHRTHI bt ot S 0P Lower

values DidIFeckdeudenbamberdimkoatenstse pgemnpaeti chel caaN il dtivbajance
ratl interactons, the. figude,numper s A a2 O Wil o
WhereV'is the vé’locﬁy of the's &rry, gls the gPawtatlonaI constant, s Is the
spacitongravityodfthhersolichand Dristtrepipestiariwteirrheaspseid ey

o %1%8'@ RRYIME Which isiheratig ofthedsnsiyrtibe Relymak e g/@ﬁicle—

density of the suspending medium 15 is based on the annealed densi

wrdl degjatbsetp gblidrisplbrarasesignsubtahiianse asistiiSedsitdined as &ng(s-

m%@h@;@ ly RrRE 1R ROKESIUSIONAF, PRSI Be UsING Metbasdat O slB3Apecific
he Froude number in_at least 20% of the |ength of the vertical sections o

BB AR IS BT T B P O CRPHIR R B SOSbRpymer
thie dangtheahitheo POh acizantalf seeiions el thetodprkhe avéragepaalide medium

number in the loop wi|l preferably be maintained at or.below 20, for ..
RIS e TR 2080 DI 0 N e A Rl
peefenabibednathiel rangdi 46y 8oT ypicallx tindoa shumgapatytetisatianhod

%%%/Qf polyethylene, the slurry in the 25 reactor will comprise the
particulate polymer, the hydrocarbon diluent(s), (co) monomer(s),

catalysﬂ@ki%limﬁnﬁmglﬁéﬁaé%%ﬁfgbﬁ1&&&%9&?]‘1%@&&3 Ffgfivesof the
|9, ABFIGHIAL assHihswill GPMPISS.A0 i ieiR R3O0 Wl fength of the

ger_cent based on the
orizontal sections of the loop

The average Froude number in the loop will preferably be maintained at or
below 20, for example in the range 20 to 1 preferably in the range 15 to 2, more
preferably in the range 10 to 3.

Typically, in the slurry polymerisation process of polyethylene, the slurry in the
reactor will comprise the particulate polymer, the hydrocarbon diluent(s), (co)
monomet(s), catalyst, chain terminators such as hydrogen and other reactor additives. In
particular the slurry will comprise 20-75, preferably 30-70 weight percent based on the
total weight of the slurry of particulate polymer and 80-25, preferably 70-30 weight
percent based on the total weight of the slurry of suspending fluid, where the
suspending medium is the sum of all the fluid components in the reactor and will
comprise the diluent, olefin monomer and any additives; the diluent can be an inert
diluent or it can be a reactive diluent in particular a liquid olefin monomer where the

principal diluent is an inert diluent
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total weight of the slurry of particulate polymer and 80-25, preferably
70-30 weight percent based on the total weight of the slurry of
suspending fluid, where the 30 suspending medium is the sum of all the
wdlrickossmgzonents in the reactor and will comprise the diluentr/glefons/o04487
monomer and any additives; the dilyent can be an inert diluent or it can
be a reactive diluent in particular a liquid olefin monomer where the
principal diluent is an inert diluent WO 2006/056763 PCTIGB2005/004487

4 the olefin monomer will typically comprise 2-20, preferably 4-10 weight
the plfientoobthe veill ixpiohly sempsisodcihiiforibifal Qb H*?’é"?%%%%e

SIUW!I typically be above 20 volume %, preferably about 30 volume %, for
_example 20-40 volume %, preferably.25-35 5 volume % %
is [(?3’(%?%‘?5 OGP L e g‘l‘ﬁﬂ%/éno ?ﬁg%ﬁ%%%;ﬁg‘%gg%%%%ﬁgo
voluekimepedfhaishatiy)bad0eoTineeS6|ifer compt2AidA Hedunarbe RIS HreRhES-3°

cIepnaAs, WEhds S HAIRNIRINAL AR AT Nakv e BeRRpiada

will'vary according to the polymer produced but more particularly .

a0 G 9 R A SLSBE WA 8RS A RBY PRRILTLR (e iied o5 weigh

pereé}lifa%wéﬁt%@ ﬁﬁqﬁbﬁlﬁm ik dS raBaalikenesfoslexanmpledsalgataiibytig &gording
referred that the solids concentration is above 40.wejght 9 e I

B i e b e i L

polefihepsituoed lisipadyptiyicutearié dtarklnenhis preadknndfosatiemmleapobutase itis

prefiired lon of the AlUEY-PRARR,BOLTBeEIBtin Bk vRITBPiRRsera iy tewge 40-
ronde numbers enables the reactor to be run at %?i h solids loading. A
60Mrﬁ&é%§éiﬁﬁ@ﬁ%¥%ﬁ¥5‘ﬂé§e@ﬁm@nﬁ8’ﬁ}?§ @8&@15 comprising
polt_ymﬁllrasyagll ; ‘bﬁlﬁr'%ﬂ:ﬁ@aﬁtﬁé presefinvennambs; sppartivutditetsjienghase
optionally together.with an olefin camonomer in t
Do e EB b ORI DO ke A by fo b run
m%uagﬁcm?mgm@?empjmmmmm theopyerentdACIRIORIR 2 BEAFR%Tein
e.Froude nurr %.9f theilen h Kiahsegitns,of
CO%H%%C?S?%%;% _|s#eﬁslsé1 tihgéll %ég%?%hée, Frougg%%ni’b&riﬁﬁ%ast 0% ,;Q
optiphlsléragtheomiife HoMEBREATSERABIRS ‘81‘41‘?@?86?5‘%%% SRR bRt
in R&I8LRP %(aﬁﬁﬂﬂﬂﬂb%ﬂtl&lég% giomnetes frastorsihdsizg sobdpasttidatalpjetin

used in slurry polymerisatign. For example, j
POl L USROG it AV R REaA of e

vebRieeni GR0 ahcr7Stoniiimetiess shemptsterfifiie eudanrberin at least 20%
of Y %rr]ltg@ SIS RRIQRHS AL BERIR Bop

The present invention is preferably carried out in larger diameter reactors than are
conventionally used in slurry polymerisation. For example, reactors having average
internal diameters over 500 millimeters, in particular over 600 for example between 600
and 750 millimetres are preferably used. A further advantage of this invention is therefore
that high shurry concentrations at relatively low circulation velocities and/or relatively high
reactor loop diameters can be achieved. A further embodiment of the present invention is a
process comprising polymerising in a Joop reactor an olefin monomer optionally together
with an olefin comonomer in the presence of a polymerisation catalyst in a diluent to
produce a shurry comprising solid particulate olefin polymer and the diluent wherein the
Froude number in at least 20% of the length. of the vertical sections of the reactor loop is

less than 85% of the Froude number in at least 20% of the length of the horizontal sections
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25 that high slurry concentrations at relatively low circulation velocities
and/or relatively high reactor loop diameters can be achieved. A further
embodiment of the present invention is a process comprising

wqmkamsrising in a loop reactor an olefin monomer optionalctogates/omithy
an olefin comonomer in the presencs of a polymerisation catalyst in a
diluent to produce a slurry comprising solid particulate olefin polymer and
the diluent wherein the 30 Froude number in at least 20% of the length of
the vertical sections of the reactor loop is less than 85% of the \ﬁ)gn}g&

of the PRt e BEERERIREIIRIRRGIR S 18 TR HEAPdER i RO

milkeRe056763 PCT/GB2005/004487 5 of the loop and the average

interpal diameter of the,seator i3 1net06 3006 809:750, BIINEIRE eFiter o
average IRtaTnal diameters oﬁhe vertical sections can be the same, |
lesgfeamanreferabls ateater shetcthasyemeniatemahdirastrs efgha hasiramal oS-
TyPkHS fe &iétﬂﬁéﬁlkﬁa%ﬁﬂ?ﬁs vﬁztih u@&eaﬂyméges @ gma;_ﬁl a@@ﬂaefsiwummt?@mo-
average internal diameter, in the range millimetres for example in _ .
TOQRBVAREIE L6 T5788 S RaEHEs A0 R LR i YRR SR vl

ypically have
typhoali/Bregsminterngd tiemelelizimdtre tarige60-600;9), xaenpiepbs6550 0
miffRREUER, T2, ASHAYRUBIRELAAFIELE oPhRRSD AR BOURARIAL cach of
sections ané1 eac‘cf{l of the vertlcal.sectlons can be the same or different.
theTeatinalanstiprnanchertheprreneaidifeserd Thrmaiermaishy uirgein the
sarHOHZRRIALI0hY 8 HiGalSRGHAA ST ErRbAT L EORMNN S i Ay ErethRi ANR Bges.
internal diameter_of the \ﬁr ical se%aions,can be %p to Oél)g’?or %>}<(amllale5_50 in
ThS?gefﬁseH&ﬂm}ﬁ}ﬁftﬁﬁb@oéFe SCHE LGRS iR Al dTAmster of
pathieielieantalssestio timn\fhs tivatagrdritanabitaietel bt edieivootal gegtions.
sub tiall rtical tantiall iZO, ' ich for
e e B b e
subpiantigltcigrisontalopineriivelb aie o8 RICEIRIA PER BRTRAHEFERL Biaful O degrees
prfsRfctivelY-thanel yaesiesiiarm iR ShsH ydarselided ahewR)lisrizontal

pumped around the relatively smooth-path endless loop reaction system

respedtiieelocities sufficient to (i) maintain the polymer in suspension in the
slurryrandlfi}dasatintaixaccepthte Godefidgisduotiohid ponpeharstiod ted
splids loadi ' | tiops 8L readtsr

o e e ara

maheie teppliRerAresSRpRITRem (e r I ARG K FRimpiRnRFeREE o
seQRiRPNIA SRGHIRHIR RatalRralablaikgagtor operations.

1t has been found that vertical sections of reactor loops may be operated with
Froude numbers in the vertical sections of the reactor that are significantly lower than the

minimum required in the horizontal sections to maintain reliable reactor operations.

~ Whilst the momentum transfer process to the pipe wall of particles relative to fluid is

clearly significantly reduced in this case it has been found that acceptable heat transfer and
heat transfer coefficients may still be maintained without affecting plant reliability.

The Froude number in the vertical sections is preferably maintained at between
15% and 85 % of the minimum Froude number used in the horizontal sections. The
Froude number in the vertical sections with upward circulation is preferably maintained at
between 30% and 85% of the minimum Froude number used in the horizontal sections.
Much lower relative Froude numbers are possible in the vertical sections with downward

circulation. The Froude number in the vertical sections with downward circulation is
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Whilst the momentum transfer process to the pipe wall of particles relative
to fluid is 25 clearly significantly reduced in this case it has been found
that acceptable heat transfer and heat transfer coefficients may still be

wo Bsiptaigs without affecting plant reliability. The Froude nyeqhesishih6s4s7
vertical sections is preferably maintajped at between 15% and 85 % of
the minimum Froude number used in the horizontal sections. The Froude
number in the vertical sections with upward circulation is preferably
maintained at 30 between 30% and 85% of the minimum Fronde number .

prefegeblymthiathirdonbéteetiosys d JNTofheaninirom STRIEHBRIRSSHE

theB%?@&ﬁ?aﬂé@@oﬁ@f“cal sections with downward circulation. The Froude
number in the vertical sections with d circulatio @)

d is Wi ]
D 00BIE AP PETAEES B [BUERSR G EE A PIRE, Tl rgutal sections of
the 1686 RNnaHR%nel thatowdinpreidrablydless timb &0 usest preferetiplzssean 10 and
cligns. In.one bo?ﬁx §|l@%%&Q?ig%gﬂﬂﬁﬂeﬁ]SeFJQ%,eﬁ?M&iIHQﬁ)an 10,

im
the onzon %%%Iii%lng,eo “the oop Is maintained below 30, preferably less
mott pref@abisobelorsierably less than 10 and 5 the Froude number in the

vertigal ??é?ﬁé%a isdpaintainest belaw aficpraterabiidesmtrinid jeastB0% of

preferably below 5, In g preferred embodiment of . the invention oude
e GRLP IEASE b O TBAGHFS: 8 DR e O Bt
mali@t&iﬂ&dltbtdwmarﬂsefﬁroﬁ katidhosdemaimtzinpdsantas ottheast 36% foﬂé_}?éength of
the'i!é’,ﬁgﬁ Qg‘ﬁﬁ% &rg&eﬁgwﬁﬂi%%ﬁg%%mﬁgngth of 10 the vertical

sections of the loop with“upward circulation. In an alternative embodinﬁglnt
e

of thb: rvelickmatie eahioims ot dRyIRtoP Pdev AbA dba diet
veftﬁ%qt%rcml:% bpug ?&{H&%? [6@;& ﬁEQ§%1§§ﬁlﬁﬁi' m&z&&a&i&%bﬁ%@ﬂe‘?ﬁﬁ% greater

than the largest internal cross-sectional area that.covers, at least 20%
RGP G GBS S VB b 4 ks et o the
hofpohediseativiafdhthérivention the Froude number in at least 20% of the

lenofl odngetisageipne Al fhrfaat!ak Rehaindoward i ouialinne
is main alnedgt at less than 85% of the Froude number present.in at least ,
lerpibobiecksisglisastions oéth@afra%fe&ﬁ%‘ﬁﬂ%ﬁ’@%ﬁvﬁﬂﬁf Upbigryts mamtained

a fEcWiations Preferabiyiiehatizepist sactoneaanssiof e tengthhiih20ical
of the reactor length 20 a%d/,org%)ntribute no more than 20% of the

serHGRIGHEBIIAMD. TR HPHEL AR iment the downward flowing section
is sizadfteabisdmiserizontal sections consist of no more than 20% of the reactor length

and/or contribute no more than 20% of the reactor volume.

In a particulat embodiment the downward flowing section is sized to maximise
reactor volume and catalyst productivity, even though the heat transfer coefficient in this
case may not be as high as normally expected. In this case the circulation rate in the
downward flowing vertical sections can even be less than the minimum settling vélocity of
the particles in the reactor. Ina preferred embodiment the Froude number in the
downward flowing vertical sections is maintained at between 1 and 5, preferably between 1
and 3. Although the total reactor length in.this case may be higher than would otherwise
be needed from purely heat transfer considerations, it has been found that this design
methodology leads to a new optimum design point that balances catalyst productivity and
pump power.

As reactor diameter for a fixed reactor volume. increases so the available heat

transfer area decreases. A further advantage of this invention is that it has been found that
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reactor volume and catalyst productivity, even though the heat transfer
coefficient in this case may not be as high as normally expected. In this
case the circulation rate in the "downward flowing vertical sections can

wewaisedr3s than the minimum settling velocity of 25 the pa¢tigtasibsiites7
reactor. In a preferred embodiment the Froude number in the downward
flowing vertical sections is maintained at between 1 and 5, preferably
between | and 3. Although the total reactor length in.this case may be
higher than would otherwise be needed from purely heat transfer

higloplsittaeansastntions wades felarated dn farsdismpeniettionb 5y o™
cildfIRR '&EIHB’%%?E %@ﬁh&@ﬁ&@?ﬂ@@g@%@@ 8b R5® dtilé‘éilﬁa!_t aadsi8coefficient
ump power. As reactqr meter 10r Q 11x clor volume.increases so
(o R . Y P L B ELR A e SRR e oY Gt 20y
redouerdieipisithadit ﬁa@pmmmmmaﬁ@mmsst productivity or space
F’CTe/ B R O0RORIAR L HIGN ST SONEERERIONS £AN REHRIAIBLIM an

ti]:?e 16% ) , Q}
ar iameter reactors at relatively low circulation velocities, as

equinaltalisrrverdieadd Pa9s 96 BB9Ees heat transfer coefficient (all
other{pingsfe BeRaua e ¥Mden aaTRéIdn g fld petntageseoiitisessure

i i / tor design i likely to be heat transfer limited t
A PB ST S AR T OTR 1 TS R S S o b the
locplalyshassituategansieaghieysttemighanlidglisdiastirahetpricfostyhld
. i ; t . i
inPRH gggxgﬁg@mgggp e%gg%%z&%&gy%@1@&9&{%&%&&%&3@@&9%@1 2Bg:,

operat peci both per unit reactor length and per

preferablyilessiyae Odbar wien Hesstre e birdsrine b6 febe YRR thut ARy 4>
toRSeb iRt sas Ul acthalsuahselids doagingsnn tenpromattodd s inveatien

rmits total loop pressure draps of less than 13bar, typically less than 1
re o VAL T B S of BOn A PR B gy forontal

seathaver2h diffencaberetots. Theresnpeotoump s bosdifie somndiogioner larger
orRHUPRLHIAEANALA0R PUEIR. S 190RF SIRARAM A PAE ALY e section

horizontal secti e can be located on the same horizontal section

ofshotreptrsrehecbs HEPTORPBIRD P stk dais peterle esmyianabigle

piifanger 15ofamaligrsianetar prafseihaliirisanestsamalsibasaiEpower of
internal diameter of the section of the reactor where the pump or pumps

al
PURR RIS HEEE RSEORS HRPABT B SRS PRRERE bump and it is a feature of
the pReseirisizertitypitatly reeuibOme mfoiculanbes: Ao hivwexwhpirifhpE)m’
pr§.4§§0§60&%%gg@0f&rlgggventional processes. Reactor size is typically

over 20m3 in particular over 50m3 for example 75.150m3
The ability to operate at low Froude numbers in the vertical sections enables larger

reactor diameters to be considered and enables reactor volumes, for example of greater
than 80 m® to be built with reactor length to average internal diameter ratios of less than
500, preferably less than 300 for example less than 250. Reduction in reactor length to
average internal diameter ratio minimises compositional gradients around the reaction loop
and enables production rates of greater than 25 te/hr for example greater than 40te/hr per
reactor to be achieved with only a single point of reagent introduction around the reaction
loop. Alternatively it is possible to have multiple inlets into the loop reactor for reactants
(e.g. olefins), catalyst, or other additives.

In a preferred embodiment of the invention the lodp is designed so that the Froude
number in any vertical section of the loop within 5 pipe diameters, preferably 10, most

preferably 15 pipe diameters upstream of a horizontal section of the loop is maintained at
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20 preferably in the range 100-125m3 The ability to operate at low Fronde
numbers in the vertical sections enables larger reactor diameters to be
considered and -enables reactor volumes, for example of greater than 80

w8 dodefuilt with reactor length to average internal diamedef faliassbaissy
less than 500, preferably less than 300 for example less than 250.
Reduction in reactor length to 25 average internal diameter ratio
minimises compositional gradients around the reaction loop and enables

production rates of greater than 25 te/hr for example greater. than 4Qte/hr ..
s oD AP ) LRSS S SA A ariom
ofighinibesieasiiar: thaomheAlitiiativelylitdsppssibietd hthresamtbphalitions as
. Inlets into the loop reactor for react . s), catalyst, or other
m %ggté%s i %glﬁr% erre %%%%%%%%%leg %%%?\l)ﬁon the loop_is
desigiegsestharthel Sietiddhe lnvb i seibeinidpmaisattitie srapeRSse™
Tt ot loo s e AL WGy e
_ upstream of a horizontal section of the loop is ined a .
L P B e R
toHI0%Mea Ot Fieisde iyumalistimthetetigizontat Saqicasot piraost ieses depsen
en that the fluj P e RO RS 1aSNIPa.
R e e
Theésspmatoreniolaststhensudbhe stiansisliionth afiha P eAEmeaRReH &) dfem
es?eﬂ&ﬂ@{f}‘ikh&%ﬁfeﬂ?%ﬁ&%ﬂ@lémd ﬁﬁ\(& %olii!ﬂﬁml weilatadokenaid (ii) insoluble
_terminators) substantially .in a liqui ase, normally pressures us
insEnqURT. ToD R rPHEITE AR 85 B Ao e SOhgIe, U chosen
aRDiynezadineretdyiede hestinlare sslymdsisaist dfiegamsdbnbstomi30C
O AR preleraRlydrom.4.19 gMBa RgPase Ul Lam e t Bhylene
YPEPE TR Selecte

e temperatur d are such that substantially all of the

ppityeriestiomitusebuisueoldyseh thaprens e fomplazRy iéﬁ%l?ﬁ%&g}iﬁﬁjﬁ&%\)@ the
r%@é%@éqw%ﬁﬁég @ﬁgéﬁgﬂﬁ?&a@%i@ ﬁfﬁdﬂﬂti@rri]h m@&mw;]emgfimnnd the

emperature depends on the hydrocarbon dilyent chosen an glymer
e T P S o e oASE e D S
piypictly hetvepsthieaper 1ARGE hrefecattiy velweedor Sharraore SO hspresent

.example in gthylene .o ISl dvi: jlgmt, the pressure
uéven%]o% 18 Ert%%;a?ge ol &%E@t% 190 disepiigne siiug

mployed in op is preferably in the 15 range 30-50 bara, the

 ethyldie prartas preciing 18 PreiTaiFRREHIRIBOPRP IR A RPOsitions

ARSI ISR IRRPAIBIUIR i81E) thtyangaviRil taCoothsispane timeyishdr of
which iS production rate of polymerger it of loop reagtor volum%fgr&lﬁ?
oﬁ,{%gggcb-pﬂm%or one or a number of copolymers. € process according to

the invention is particularly suited to the manufacture of ethylene and propylene polymers.
Ethylene copolymers typically comprise an alpha-olefin in a variable amount which can
reach 12% by weight, preferably from 0.5 to 6% by weight, for example approximately 1%
by weight.

The alpha monc-olefin monomers generally employed in such reactions are one or
moare 1-olefins having up to § carbon atoms per molecule and no branching nearer the
double bond than the 4-position. Typical examples include ethylene, propylene, butene-1,
pentene-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.
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invention is in the range 0.1-0.4 preferably 0.2-0.35 ton/hour/m3. The
process according to the invention applies to the. preparation of
compositions 20 containing olefin (preferably ethylene) polymers which
weanaaapsise one or a number of olefin homo-polymers apdiogeiesanas?
number of copolymers. The processyaccording to the invention is '
particularly suited to the manufacture of ethylene and propylene polymers.
Ethylene copolymers typically comprise an alpha-olefin in a variable
amount which can reach 12% by wejght, preferably flrom 0.5.10 6% %e
weighipieak ElusripREEpYEkimsH BENRP LR FREEDRL
hydRRAGHRIERR MDA ELSrIeReIS etnhlcatbdrintunh peantbisiar euhaplinear

mare 1-olefins having up to 8 carbon atoms per mol A0FM s such as
alkggaw&ﬁﬁ@s Ré%r%r}eth%%‘étga%’lg g%}ﬁ etr?{alé tnléegt%%eé i%]in)e%é%pica? exa?%f)les

isoniueldsetioytens tpheppidseodane s 2,2 pdineHupreprnddtbieipalinges such

2s BYDOYEES AUGM 25 URMERE srldaianantoraihdens aTdB91bexporierization,

utene-1, pentene-1 and hexene-1 are atlcularlcya%[gferre C m%nona]grsed
B EIRORHT A FOROID DOGB e B PO TR ILIOL AR &
(sully picafusl uBphistRnplicpatitttehddphaationpblefarvoishrskzatigesature such

includ b ing.3 o8 :
USRS e

Ischntine-heptiedady brafeerdasike mepaiipeaseiivpfanehiyspeRpipperisation
tolugie ojsensisReiitods et MRy Rigpane 1 sieloakaries atgldeas

cyclopentane and, cyclghexane or theiy, mixtures. In the case of ethylen od
PrORSIGRELFE 1P PR IGHER RS UHEPLERALIS s Ml tocal
bultogayalystaind priyessspibe stery (snonastiquithdatiphatidroychoatiphaaze
ang ar tic rqcarboes), - . 0.
<R R i s
mddiot rahwhsther thesapgeprisemedivn ihinstissaRtHY kit SFRIFIERY-
Pr&%’bém‘?ﬂéﬁé%ﬂ& is?ﬁllhfcﬂaﬁsqﬂeiﬁﬁ% gﬂ{% @i:pﬁaéhaﬁ@ }Slﬁlp%tlﬁhetbadlyﬁlﬁerisaﬁon.
monomers (eg ethylene, propylene) act as the principal suspendi
mediFhefsRfrepEgela ‘t’ﬁ%ggggtg\r’:#a Ibé'ﬁ%&]lﬁﬁﬁ Iﬁo%?naryeri%%ﬁgﬁeg%m be
depresasaentalh®VakiryshgnErplealibndmitsaiocohmaadreidentatrdete tasiion
found to le & lied i f | hoin a
oA e AL e
lovesastivegdiooigcolas peiakit hens g shremiRoNEmer IS BRI IERgFiZation
reRfefauRd:gshn i eniies RpanxiansipaluneEsation. Methods of

mOI%g%Iglnrléveeric%Qlt pr??a%ltjsl? i%%gr&%lﬁgt%%gl%gﬁsagtesggtgg %r%rg%g Qiluentin a
manner such that the dituent 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 using 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 (ii) continuous product withdrawal. via a single or multiple withdrawal ports, the
location of which can be anywhere on the loop reactor but is preferably adjacent to the
downstream end of a horizontal section of the loop. Any con‘cingous withdrawal ports will

typically have an internal diameter in the range 2-25., preferably 4-15, especially 5-10 cm
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described in detail. 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

wdﬁﬁ%gﬁ;&mium type catalysts, polymerization 20 temperafiig isia005/004487
preferably used to regulate molecul eight. 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.

Sepasatifigdhesniatingiterdqeslgmibe probdesn eshgmeprocpsdsithe
hyi&%%%é’?ﬁﬁ@i@ B ftamdhediligntid iy picaly beibyadieroetreds), further

nown in the art for example it can involye either (i) the use of cant oressure
enhgrses mTRSQYSFERE QI Lett MR SRt AHIRATH SPER PR acrosdthe
redGBRRiRgd tharestmiayisasvane ditere thevpilydner particles can settle to
some.extent from jluent or {ii) continuaus.product withdrawak Kig@ble
sing%ehg %ﬁ iple v v&%ﬁ%&%l%%?&%%ég ggatlongéf which can be anywhere .

Frooddheribepirctetovastst it ppatrdislg piispieedhbyc ene SB0g s PR REHIF LGS 120

m?oq(a{%f?ME %ﬁ@ﬁ‘iﬁlﬂ%ﬁ&ﬁ%tﬁ@ﬂ SRINeMS Wikheiasabppreheiitincipal
ypica

cally have an internal diameter In the range 2-25., nreferably 4-15,
SerepBERY Ehe NSRBIt S PO E B0 R AT i o8 spetor
ThePRaRISatngiseittasmost the aitigkavan pohffetedbymapydhstatsiyncluding the

hydrocylon ingle or in t e Ifiple hy longes 10paralsh
S R A e

actividiyyibe sibostatgnifhacprdystrarperaionssatibays E thopogyder to fragment

undEcVered dianbis aveidedamti-basdeficiR YRt nNathetbdtoabsyan be used
concentration and the minimum acceptab roude tnumb%roknoylg re‘%%%i
on s Bt EAB HESREERG TRECAE I SBRHRIRPEZ2 AN .
pafRiticlessizg distbutikrsat ietnbuiter ofithiptiveleefcthy towerT Rbe location of
principal determinant of the avera i ' : IS dh8ndit
B e e e iy v

of teechecattentiod Syvinaaystamiarsfexabliike tideret GarHIEresy Sl oR& SRS HOOP:
aQfdhs ekl shisaiqheraaier e oitataigdiayomge catrlysbractety,

the robustness of the catalyst supporéearlg sguscegtltw&y o& E@%(Po%ger{s t?nost
contEeiiadnt LR ARFRES RBH L HARIG R CEoHS SEp5Ating devices (Such as
préfERIOIonas) T50hd USEEimdsrdhe slurry withdrawn from the reactor loop

10 Turther 253N CONOLEL DG Aerade. A8 e i and e BAiiRs sl g

distri%% igﬁ%?%vénpgl\}rva T %r _§'r§a§or. '_I'%%’ ocl%tion of 15 the %vithd[awal
opfioiriohehtedanier it intmeueicadatac pianrskigashNEsele i E¥Rdttions
preferably heated after depressurisation.

The diluent and any monomer vapors 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 (eg 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 example10-20, 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 shury may be passed to a flash vessel of lower pressure

than in the the above mentioned primary vessel such that recompression needed to

condense the recovered diluent. Use of a high pressure flash vessel is preferred.
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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 patrticle size is
wprefegabiespetween 100 and 1500 microns, most preferablyeiuesiadm sy
and 1000 microns. 20 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 vapors recovered in

TheerpreaAsTading &t Bremoncm Reomddie s dsrerssinh hithsrpibit specific
deiREYMPIRS $0RANEOEHSEIID (RSvRINERS)| ZR0TINtoARIAPERsGEuEN R Nsity) or
S e primary.flash vessel is preferably controlled to enable
0%&% eﬁ?ﬁo&g\%}ﬁéﬁg‘g g@dily available cooling medium (eg cooling water) of
essefialiyoatiso htherfisty dpoureniirt dsaplpveatdoridl ebdiomolypiexigtion
caBHG BYSRSH H}tg@ﬂimgm@'y Hash YesaehWilt hefgpe ot a¥e g Rrd i ar
ara.

préferably 15-17 he solids recovered from the “ma%ﬁ ﬁas

thoedamiehiEpe AN HEs SU9B S QE SAEAH M Feds Shepmalin govatsd silica or
integidiabivsistiebcbiaiinativelye baraltyambftdie peastiockir-ayflashtalgssel

of lower pressure than in the the, above mentioned.primary vesselt
e A e ooy O o R R SR e
titighopressiteentiash vessel is preferred. WO 2006/056763

PCTAGRLANRPR488 ATk IFEi BEREESPACAIMAIRAAOHRR IRYRANAN LAPpRSIng o

used to produce resins which exhibit sg;cifiq density in the range, 0.890 to

CSSOTICHEIS) TR BH0 (N W oG} B BEERged 81670

mépighidensiy )y Fhszpratessarbeidinintothadavaniionisxelayattite edmpound
efin polymerisation 5 catalyst systems, particularly those chosen

oflfE B Bt S R P el DA G B o

infe pretan o nsgnasivun ddmpourkonef (he trinstéen sitrsal epninergdnic

SUPPRAKHRREAIR SfdFcalaly s ARg fruanaealanens MaRCalalusiSxkane

metallocene being a cyclopentadienyl derivative of a transition meta(lj in .
ol RN EPSiegRI A GPSaTbsAidRs. cXoRR- IRialrgtSepHpREgFP -0 00,044-Al
(Migglerdypge chtalysis)are the compounds comprising a transition metal

g S 18 S A B 0 A S Rer Ay s cxample incluce
atlgdstaone poitin nEtHehesasifromerstabaHiBa oY Enané & Barmpsenstum and
at 108131098 cal eBYe @@Jﬂtg%’@d%@éined 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, the values from 30 to 50% by weight being
preferred,

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.

Polymerizations, particularly Ziegler catalysed ones, are typically carried out in the
presenée 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
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integral part of the magnesium compound or of the transition metal
compound. 15 Metallocene-type catalysts may be metallocenes activated
by either an alumoxane or by an ionizing agent as described, for

w&%3teRsdl Patent Application BP-500,944-Al (Mitsui Togigy &R5IMN/aS87
Ziegler-type catalysts are most prefelried. Among these, particular
examples include at least one transition metal chosen from groups BIB,
IVB, VB and VIB, magnesium and 20 at least one halogen. Good results
are obtained with those comprising: from 10 to 30% by weight of

fraraguition ofiiapeviedic iile frodhal BrBIROTEH P RN OIS 886y
oriEighhathaloasaniigaalies MomRtis e ey weigbihRingipraigrred,

Trom 0.5 to 20% by weight, of magnesjum, usually from 1 to 103/%1?&/ olkoxides
trigfl el BB SUE G BB R R B AT AR EER ARy 1515 HE D
sublfabyiveyghimihiehathogkligeneral ypoofibidtg oftéd ndbplshambingniy sheins

.products.used for their , X ﬁﬁl?ﬂﬂi and
dlgéy%%%@ﬁgfﬁ%ﬁgham ta é\%r%ﬂt{i‘%%%%gqé%f aré prg%)é(rggglgy%ﬁtanium and
dibhmhh@immﬁmﬁimpmmw%g%}%%%%ﬁ%ge\’r*é‘i&iﬁi ‘é‘ﬁias
Lﬁﬂfﬂ?@ll%%tg'ﬁg%a@%lhmt %ﬁftﬁcﬁé?@%%y@ly|ﬂé589®ﬁﬁ@%;@nmtaﬁagenated,

cocatalyst known in the art, especija mpounds comprising a
Srp L A e AP B BEFr SO R e Py s Alpecovs.

orgarialchrinitnm-basap ostalyst ivpiciierad tormprisisoxyyenviechebataniapoxide
caﬂﬁs@%&%%@aﬁ%}[ . gé) 9@19%”1@7 8%&5% ShayRdifdheaneratiia

able, and aluminoxanes. Particular examples would be organgaluminiu
supneTph Rers cothankg faTcR iFnmiusasad Rl aRBhRRTse from 0.5 t0 5wt
o AR BRRI GRS SHEtY aS 5 RrepaRy|aluh i 0, vl rihiuminnohased on

and dialkgxides such as dieth IaIu%'ni%l ethoxi(%%,crglngnlgls-eangle st 2 Wt %
AT e S0 R TS SO 8 s, e SHOT SO Shfondes

minium cnlori

tisaiidyia|\preifsibiyraonnd artd Bikyidesisusnas: pﬁt_ﬁmyldmwmmﬁydﬁ%{re
ﬁf_‘a'%d S %@8%%@&%1 YR RRURAS FOmBE ﬂiﬁ%l&‘d%y%%’ﬁé%h&é?ﬂ(@g-based
1) .Organoaluminium compounds, especially those which are not
citalprjaretbene apeEicswRee FRanR EEmRRim 7R dTEyh (R RERAR from
4868 L5NEGIHY Ahvaniademuse bho sty emitidabad Xaialystisrpsbf¢roadtco 3
comprise a supported chromium oxide 10 catalyst having a
c’t’i’t%nia—containing support, for example a composite silica and titania
supp@ilioh paticteddirpreienredatyats rmicnpbatycebitaipdttman/iadindyation

s é}? i 91'rSa %nseyg%ated activation temperature. The activation temperature preferably

ranges from 500 to 850.degree. C., more preferably 600 to 750.degree. C.

The reactor loop is preferably used to make multi-modal polymers. The multi-
modal polymers being made in a single reactor or in multiple reactors. The reactor loop
can comprise one or more loop reactors connected in series or in parallel. The reactor loop
may also be preceded or followed by a polymerisation reactor that is not a loop reactor,

In the case of series reactors, the first reactor of the series is supplied with the
catalyst and the cocatalyst, and each subsequent reactor is supplied with, at least, ethylene
and with the slurry arising from the preceding reactor of the series, this mixture comprising
the catalyst, the cocatalyst and a mixture of the polymers produced in the preceding
reactors of the series. Tt is optionally possible to supply the second reactor and/or, if

appropriate, at least one of the following reactors with fresh catalyst and/or cocatalyst.
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% chromium, preferably around | 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 %
widasigiesgyore preferably around 2.3 wt % 15 titanium basgg-/660s/004457
weight of the chromium containing catglyst. The chromium-based catalyst
may have a specific surface area of from 200 to 700 m.sup.2 /g,
preferably from 400 to 550 m.sup.2 /g and a volume porosity of greater
than 2 cc/g preferably from 2 to 3 Cc/g. Silica supported chromium

Hemengs & i mroffprbinysingiedteniths safatmsiand s osatabr L resiixmlningg the

feje¥ated activation temperature. The activation temperature preferably

ranges from 500 to 850.degree. C., more refer to 750.degr. :

e e e e
ofm@emdahpwymdﬁb@mmmdélmssmglemé@sw rpmmmem two
a8FREIPLT nbHGIRREH EéQ&BrsCB%%}P&S B g%ﬁrﬁ%%ﬁﬁgﬁléﬁaa@@jﬁ low (or

connected In series or | cr?ara lel. The reactor Ioop 25 may also b

Z95R) GOSN ENEA P Al REH BN %H’t‘ﬁ?ﬂﬂf‘ﬂ&b‘ﬂ‘?éﬁ%’%‘?ﬂ‘m
elf) ﬁ@&@g&g@f@@t@egemmagmv&&eﬁ (eagtesioft hedsa (e mupm@d with

the catalyst nd the cqocatalys h.subsequent reactor is sup
c%ﬁmﬁat X hryc/ é:ﬁoer é%ax‘ﬁ% sﬁiér%rylsar|5|ng’c Fro?m the%grecerap
hMmWM¢MW@tmm4§fa@mmr&n epadtore e pspuatls beeamygd to
AR Gt OB e RAITEES &m&v%&mfgeo%@ﬁegmé@rgeactors of

the series. |t is optionall possmle to supply the second reactor and/or., if

apprapFEanEeRRE SN ONFEM IR F e drasioetar aoss-sectional

cangherisasiatblysla WH 200146 GrABRE) s BaRehd 0044846 rdRtibtugreduction
re erablet mtro uce th taI st.and the cqcatalyst exclusively int

ffrﬁ? %ﬁ%&l&%& fA%Re é%?/v ere h?an?com%rlsug%ymor ﬁtlh ’?v%%asgem

krosict oy e eenesc;aw@i foljime contdmigh dertinulathoehen rrodaqgbespabmets of

nOWERLTRH %a@%&a{w%@%&mm@e& BALSY B Naadiachtns have

reactors In the series Hédrogen is majntained at (i) a low (or zero)

pepsicelankr bem sAnfiEmed SerRiRL I IR RAR RS S PHOREOmSP RS in the
166NBPRBSN Wheh ProdEhiag e Ipeias bagekdaniidisghielvee ehal-S0 1k Dalns or

and a C ntr eactor(s) manufa urln the
%%eﬁq%%")ﬁ%%&ﬁ] coqnqlﬁlgﬁ)én g?, e. gI8 {hy r%gogn é@rce% e% etwéé%actors %
Iﬁs&@v@wobﬂ@ﬁmm@ewréim@qmw fg_@lomsacﬂeqr@gsgé Wm,ﬁgélds loadings
LS5entially the, s RAMNELMEINdIeN i Suceassive reactors.




10

15

20

25

30

Particular sensitivity to increasing reactor diameters (and associated
cross-sectional compositional, thermal or particulate gradients) has
however been to related to production of polymer resins where polymer of
either high or low molecular weight resins has been known to lead to MCSLLP
increased fouling concerns. Particularlyiwhen producing polymers of 15
molecular weights less than 50 kDaltons or greater than 150 kDa. These
cogigerns 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 kbaltons or greater than 200

kDa (oArpeit:hseIemmpﬁnmgﬁoameﬁbbmﬁ@)dﬁﬂargmmmmmmmgemer with
has h wever su[rﬁrisin beeQ dISCPVE‘ d thaltZ 1;(’})u|ln Sgllgegaqgevr\{thena loo
%oﬂ]:i% 104 W\%%O ‘are increased to al.?ov% % paratX ularly above 8ot 0P
vel®mr NEHG S ldoRpdide Clailerst 2. }Armmuelssemmprwdgtﬂedrytﬁbvmmgammmons to
olefin monomer optionally together. w Iefln 15emon

e e P B D A B B g e
Emﬁelsemheﬂemst Ror20ohta @edhmgm aﬁdiabfl@asa?svemoaloiehamw loop is

slur risin lid art plef the diluen
i B2 P S S R AR Ol

s&ttm&ﬁﬂthéomactor loop is less than 85% of the Froude number in at
least 20% of the length of the horizontal sections of the loop. 10 2. A

process claimed in claim 1 wherein the average Froude number in the
bop reaptoréssmbintaihatcitior betbewe20(IB. v pracdssads clainhed im the loop

%gb@g% dgl Qtygﬁ\é?rggg\g%ude number in the loop 15 reactor is

maintaine e range 10 to 3. 4. A process as claimed in claim 1
wherein the Froude number in the vertical sections of the loop reactor

W'th Upyy B‘FQC%E@ Hgaé QHrféd'ﬂ?%ﬂm%H%%’i"Yﬁ@ Qv%%@@?rﬁ%%"n‘?ﬂ‘n%@r in the loop

minimum Fronde number used in the horizontal sections. 20 5. A process
selelnedainteland M isarsigethe Frdnde number in the vertical sections
of the loop reactor with downward circulation is maintained at between 15

to 70% of the minimum Froude number used in the horizontal sections.
4. A process as claimed in claim 1 wherein the Froude number in the vertical

sections of the loop reactor with upward circulation is maintained at between 30 and

85% of the minimum Froude number used in the horizontal sections.

5. A process as claimed in claim 1 wherein the Froude number in the vertical
sections of the loop reactor with downward circulation is maintained at between 15 to

70% of the minimum Froude number used in the horizontal sections.

6. A process as claimed in claim 1 wherein the Froude number in the horizontal

sections is maintained below 30.

7. A process as claimed in claim 1 wherein the Froude number in the vertical

sections is maintained below 20.

8. A process as claimed in claim 1 wherein the horizontal sections of the loop

reactor consist of no more than 20% of the total reactor length.
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25 6. A process as claimed in claim 1 wherein the Fronde number in the

horizontal sections is maintained below 30. 7. A process as claimed in MCSLLP

claim 1 wherein the Froude number in the vertical sections is maintained
below 20. 30 8. A process as claimed in claim 1 wherein the horizontal
sections of the loop reactor consist of o more than 20% of the total
reactor length. MCSLLP 15 9. A process as claimed in claim 1 wherein
ghe total jpereprassuE@mpshiiessviibamlia bawl 10bPppracessiaps by less
claimed in claim 1 wherein the reactor size is over 50 m". 5 11. A process
hacfain?@t in claim 1 wherein the average internal diameter of the loop
reactor is over 300 millimeters. 12. A process as claimed in claim | 1
wherein the average inte naI |am te of the, 10 lo reactor |s | hes
tnge éd@f?fie’?%és%?ﬂ % proeéglsns as'c acl(t:nlés in daim (\S)v’ﬁlereln
the ratio of the reactor Iength to the average internal diameter of the loop
actor is less than 51 reactor of a cont
et ot g A e Mot e PR MM ot he
NneficaksackionendtEreiilihesiaternal cross sectional area of at least 20%
of the vertical sections is at least 5% greater than the largest internal
cross sectional area that covers at least 20% of the horizontal sections,
Weherein mecmaagleimmirtramianﬂdtevmmheth@ﬁmnm io¢otichdimnatenef the
ange 5C gr 7501% rﬂgllrrglete%gq a,gé %ng{%%e internal diameter of the
VeRical‘s&ctions is iR the range meters. 15. A process as
claimed in claim 13 wherein the ratio of the reactor length to the average

il%t,emazkdlzri(gggstse Elso I:ltet}ren!a PR r?ﬁ%qr\i\ﬁl@gﬁlﬁ%r}g&%%e reactor length to the

average internal diameter of the loop reactor is less than 500.

14. A loop reactor of a continuous tubular construction comprising at least two
horizontal sections and at least two vertical sections wherein the internal cross sectional
area of at least 20% of the vertical sections is at least 5% greater than the largest internal
cross sectional area that covers at least 20% of the horizontal sections, wherein the
average internal diameter of the horizontal sections is in the range 500-700 millimeters
and the average internal diameter of the vertical sections is in the range 600-900

millimeters.

15. A process as claimed in claim 13 wherein the ratio of the reactor length to the

average internal diameter of the loop reactor is less than 250.



