SLURRY PHASE POLYMERISATION PROCESS The present invention is concerned with olefin
polymerisation in slurry phase loop reactors. 5Slurry 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 prbduct 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 means of a pump or agitator. Liquid full loop 10reactors are. particularly well known in the
art and are described for example in U.S. Patent Numbers 3.15 42.150 and 4,613,484.
Polymerisation is typically MW&A@MM f Iiéﬁ%féf%%(fgggsand at pressures in the
range 1-100 bara. The catalyst used can be any catalyst typically used for olefin polymerisation such
as chromium oxidﬁ Ziegler-Natta or metallocen tﬁg eatalysts. The prody Y Lomyyising
polymer and dilue I?eé’ﬁ%s?ﬁltrﬁ%‘ﬁnégsnel'g 8%1%5?);%??10 e m%lr?gﬁ ncw}i rand com.onom r'can be discharged
intermittentigastacontinuously, optionally using concentrating devices such as hydrocyclones or settling
legs o minimise (8¢, AUARI. A st arih e aphisen Thedaoay sRsiRfisabaconinuous
tubular construction comprising at least two, for 20example four, vertical sections and at least two, for

example foanhorpieoriiy sédfilo aeITHEARAE DEBIREsrShiToMIPIFRaNyY FarRdbEUsIAG NG ct
exchange with, & gogling, meshiym Lisissably wale il daskeiasipsaending at least part of the tubular

loop reactor. The volume of the loop reactor can vary but is typically. in the range 20to 1 em3. the
loop reactors of thesraRemtinydh BTty fisfar %ﬂ@%ﬂ%&ﬁ?@gﬁ%& AP SRR pIdRt

capacities haweyincEaasrekstpagityrexastheiaiish GraaMre Dpeiatingegiatien tequiefithddast few
decades has led to operation of increasingly.high slurry.and monomet concentrations in geaction
loops.Phe ﬁ?&?&%&é‘fgpﬁﬁwq%{héé%ﬁ%ﬁ%‘%’g a%?fﬁ?cag?y “eé%sg%oﬁ?é%%a %vk%ﬁl?ggrégé?é%)grculation
velocities aghweeds oyl 6XAmhie,by2highendeh6idrdsificulation pump head or multiple circulation 30
pumps as illustrated by EP 432555 an 1990, The i ég{ﬁﬁfg INselidsjeadipg isdegifalle to
increase reactor rg)golgéﬁec%s ?trlr?g %o?@’gﬁégcrge%%to? V(;%lumﬂéﬂgn also to reduc%e@ downstream diluent
treatment apceseoyelinghroqogehd AfsbaneThe rasalpst vetdciandndmy catalyst typically used for

olefin polymerisation such as chromium oxide, Ziegler-Natta or metallocene-type

15  catalysts. The product slurry comprising polymer and diluent, and in most cases catalyst,
olefin monomer and comonomer can be discharged intermittently or continuously,
optionally using concentrating devices such as hydrocyclones or settling legs to minimise
the quantity of fluids withdrawn with the polymer.

The loop reactor is of a continuous tubular construction comprising at least two, for

20" example four, vertical sections and at least two, for example four horizontal sections. The
heat of polymerisation is typically removed using indirect exchange with a cooling
medium, preferably water, in jackets surrounding at least part of the tubular loop reactor.
The volume of the 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.. |

25 Maximum commercial scale plant capacities have increased steadily over the years.
Growing operatiﬁg experience over the last few decades has led to operation of
increasingly high slurry and monomer concentrations in reaction loops. The increase in
shurry concentrations has typically been achieved with increased circulation velocities
achieved for example by higher reactor circulation pump head or multiple circulation

30 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 alsb to reduce

downstream diluent treatment and recycling requirements. The increased velocity and



2 head requirement of the loop has however led to increasing pump design sizes and complexity, and
energy consumptions as slurry concentrations increase. This has both capital and operating cost
implications. Historically the circulation velocity in the reaction loop has typically been 5Smaximised to
ensure maintenance of good thermal, compositiohal and particle distribution across the reactor
cross-section, particularly the avoidance of solids settling, stable flow characteristics, or excessive
solids concentrations at the Pipe wall rather than reduced to minimise pressure drop/power in the
polymerisation_loop. Inadequate cross-segtional distribution could lead fo increased fpuling, reduced
heat 10 traREPE SHYTFRIESH %Iwgfbﬁf At eésnta Hbcrlﬁgsglgﬁéjﬁ’%%‘éﬁ%%tzi%%agr% commissioning
of new commerdialiflanis isaery @xsensitierand there forecaevities gnsssek Thavuis mrtminimise
changes toc%gﬁg?ggg arameters {[hat are.seen to increase risk to the successful operation of the new
unit. In accordance with the éresen]tnllr?ventlon there is provided a process comprising 15 polymerising
in a loop reactor dfistooiaiiy dus drbulatiwoveatittshtha skstiniepp ke rtnpgahiaibpevgether with an
olefin comapomer ity the-pEReRcE- Al ARIVYMAAtieRcatabEb A dilentpRredusS A

comprising solid particulate olefin Polymer and the diluent wherein the average internal diameter of at

least 50% GIHRE [RIqesigiTIEmiEerEancet etlaly oo itmes obtelshdeHing irbkofientration in

the reactor isahieasiz0, volupe:de eQ8NR ashRptngRRf ihepresentin Yemupmis thatteea specific
energy consumption of the reactor (i.e. the energy consumed per unit weight of polymer produced) is
reduced . W@Wﬁiﬂfﬁ?ﬁ‘?ﬁ%%‘ﬁf %“?"e%&&%%ﬁ%ﬁ%é#m?%?ﬁj avoiding unacceptable reactor fouling.
The invention is edpekialiyacdvasagebus) wiretbiition esildddal de sigreasd dpdiate mdilest baahigh

solids 8adings when it has evipus[éé be on idergg;l1 necessary to.us 25 .what have now been
Ier andlre ucéjcs O u}i)r? UCTIVITY a1l omogencily. 1S C}lOIl Al
found 10 be ‘excessively high loop circulation velocities. IS Invention relates to a method and

apparatus fopongotos pﬂmmmmcwl @ﬁ@ﬁﬁéﬁ mmm@mmﬁtbmf@k@fmiﬁem@ongated
tubular closgehloop FaAGtian:7an&. UGS RELiScoRtnMashaaded o, and capReiRdiwit, a

catalyst in a hydrocarbon diluent. The monomer(s) polymerise to form a slurry of solid particulate 30
polymer suspepisasiitherpaianepislifor mMsrium or diluent.  Typically, in the slurry polymerisation

process of polyethieRgs e SlukiyH I BrEeaa RR Wil GO MRBHSE HheRAIAIGUUAIEROBIRR INg
hydrocarbon diluent(s), (co) ) )

15 polymerising 1n a loop reactor of a continuous tubular construction an olefin monomer
optionally together with an olefin comonomer 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 700 millimeters and the solids concentration in the reactor is at least 20 volume %

20 One advantage of the present invention is that the specific energy consumption of
the reactor (i.e. the energy consumed per unit weight of polymer produced) is reduced .
whilst maintaining a given reactor fesidence time and avoiding unacceptable reactor
fouling. The in{/ention is especially advantageous when it is desired to design and operate
a plant at high solids loadings when it has previously been considered necessary to use

25  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) 1s continuously added to, and contacted with, a catalystin a
hydrocarbon diluent. The monomer(s) polymerise to form a shury of solid particulate

30  polymer suspended in the polymerisation medium or diluent.

Typically, in the slurry polymerisation process of polyethylene, the slurry in the
reactor will bomprise the particulate polymer, the hydrocarbon dilnent(s), (co)



3 monomer(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 medium, where the csuspentding 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 the olefm monomer will typically comprise 2-20, preferably 440 weight percent of the

slurry. 10TFRPERIASF (- 3iAPEY ShomiarmBseativnt shivdingsatrud s daatptadttisitsistem at fluid
velocities spifigiemirhéaimayniaindhapalymerip, $HsResoR0NT thesilly perasd tiaa oaaintain
acceptable cross-sectional concentration and solids loadin ients. It ha been found that, for
high solidsﬁ%‘é‘giﬁa‘g?%?fé% gb“ifé?noi RfGH! %ﬁ@gh%%%n%%@%ﬁgﬁe e(ﬁté’lé’\i[ §r\pégglgytfouling, flow
variations gratentisatdransheroldoaridie ofairtsined ofithispacdeptaisdivperatiog timits whilst
increasing the internal diameter t re r Which i rded as
operatl%onaﬂc'f/1 TRliable, ?ﬁ?&%&%@%&ﬁ igﬁ e r%ga%ggﬁ@g@ltr?t eﬁll gr?evzg%%%% \é%er?%%%@%ﬁég %i‘e case in

the light of Sondidwrisnelefirosesemenaniory whditevevethadivend rambecarogie ¢Buaxibplidtsaigreater
than 600 mjjlimeters and;isYRicalishart FORMIlMEaIs Z0dh & salids CoRceRpiORIR therslurry in

the reactor will typically be above 20 vol%, preferably about 30 volume %, for example 20-40.volume
%, preferadfeasiieybinadinmaea SHe WA R it Aarpsithtes meferaply- ol dme ethe
suspending,gesiubiittoialplume of the slurry)jx100. The solids concentration measured as weight

porceage Wi ol o et neesued e ol preionel v sccpin 7o e
system at fluid velocities sufficient (i) to maintain the polymer in suspension in the slurry
and (ii) to maintain acceptable cross-sectional concentration and solids loading gradients.

It has now been found that, for high solids loadings, cross—séctional slurry
concentration distributions (as evidenced by fouling, flow variations and/or heat transfer)

15  can be maintained within acceptable operating limits whilst increasing the internal
diameter of the tubular reactor above that which is conventionally regarded as
operationally reliable. This is contrary to what the man skilled in the art would believe to
be the case in the light of conventional process conditions where the internal diameter of
the reactor is no greater than 600 millimeters and is typically about 500 millimeters.

20 The solids concentration in the slurry in the reactor will typically be above 20
vol%, preferably about 30 volume %, for example 20-40 volume %, preferably 25-35
volume % where volume % is [(total volume of the sturry — volume of the suspending
medium)/(total volume of the slurry)jx100. The solids concentration measured as weight
percentage which is equivalent to that measured as volume percentage will vary according

25 to the polymer produced but more paﬁicularly 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 oﬁ the total weight of the
slurry. o

30 Itis a feature of the present invention that operation of the process can be carri\ed
out in larger diameter reactors than are conventionally used in slurry polymerisation

without any significant problems particularly from fouling at the reactor walls. For



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 on the total weight of the slurry. 30It is a feature of the
present invention that operation of the process can beycarried out in larger diameter reactors than are
conventionally used in slurry polymerisation without any significant problems particularly from fouling

t th t lls..For 4 le, reactors having int iamet 700 millimet |
partcular ovet TED Y SHA O BUBF A501 HICHBVAB BONTEQHURDD ARE 800 TN E it R el

where historidaltyexaerelsvoud $idy etséaatihcrebseeihcdicarnd 86 (sopitbfertes teat lgreatdrthare 50%, in
particular gregier hafmy Qe Jorsrample sweaisehan 8agaehing 10taklenath:ol Sihe fgagiar has an

internal diameter over 700 millimeters, in particular over 750 millimeters, for example between 700 and

800 miIIimete&O%”d&ﬂéﬁlﬁ?‘lﬁﬁ%ﬁrﬁég‘?ﬁtﬁ% B HREHIRI S FtETADHAE Arg R SIFrP oAt ations at
relativelydow tircttationhslaecitiesraniddietative yvhighoteadtibmlees diapeterd aasvbe7dsed. A further

embodiment of theRresertnvenlion s ApsBsaAAMBY NG AolueriBing A loangeastar an olefn

10monomer optionally together with an olefin comonomer in the presence of a polymerisation catalyst

in a diluent to BrOHNE OB RS HRETSIAG §ah Al PR CONsR BRI hBly Rid i 19 Siltidatiherein the

Froude numbeeisciniainiainedast ertialonw 2Qtqareferadiynz;es and thaiaternal eimetesfithereactor is

in the range YQPt-hSeOO etersf. 15The Froude number is gferfr%ggllx maintained a%&ra%eé%\ggéoéfqrrhe

millim ber i
example in-the rang%%ri{;? VS?elf%rrlalgﬁl%oﬁgsrg%%lg 1596 ) ore‘prgfg}a I%/O#}rt {6 range
Froude Atimb&rdsargintersisiizdegsahantetsran icdtivecstanenirildntes hetoraen the suspension and

settling tendepgigmefiparbiglesin & shuryillepreyisesiadkeiadive-meashie; of thedomeantdm transfer

process to the pipe wall from particles compared tg the fluid. 70Lower values of the Froude pumber
indicate stronﬁge 1pna}?f%(én-6\3/\1/a T%?é?gtld\%gu%{f}ﬁloe-r%%‘?nﬁé% H O RSP RIhHEF héi?% efined as

v2/(g(s-1)D) wheferabls mé%&@iag@iv@@mtﬁmh@s@ﬁmegd@théigﬁavhamm Z0ne0t, s is the
specific gravity,fithesqlid in the diluent and D is the internal pipe diameter The specific gravity of the
solid pol}/mer which Iﬁ}ftghg ratio of the density.of the polymer to the density of the 25suspending

I

medium s based on SHTBRTSHP B RO GREBENSOIghRE PaHsY BEifY Sipstaltiaife
devolatilised andgnithediateliprblytaahy exigadidrnas, measpre@drabindgmiethaddS01 1B83AThe

Froude number is 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 process to the pipe wall from particles compared to the fluid.

20 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 the

25 suspending medium 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.

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

30 loop less 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 25, 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

35 horizontal section or



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 30loop less 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 | .3bar, parficularly less than.i bar even for polymer production
rates of above 25, 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
35horizontal section or on different sections. The pump or pumps can be of the same diameter or

larger or sneaREFEram: seeF pREfAREORIBPIREREME THA bR ol il saiec diamrirtiniiseter of tR8 & tion of

the reactor yyhgre-theauamos RUNRSRIgilacateds hisiprafephiadasmplay @sidalemusmp and itis a
feature of the present invention that requirements fgr number and power of pumpés) 5is less.onerous

than for corGaTHONAFH GRRRERY OF PR 'GOASE () RBifF GoF 50 RMEPI hALEIEPBE Bms3 for
example 751#20@mdtpretaralel pisstheirprgioh(.1 ramiBemetdsfophbigher dntesoateiaipetep(@actors as
set out ereir&above ena Iestreacc:otgxr,sh or exam Igsgaving volumes of greater than 80 m3, to be built
with a réactor ?é%a?ﬁrf)o 1 6tAMEEr ratio of legs than %OO, preferably less than 400 more preferably
less than 250. Reeetitn fizesiadimideligitveo Warhiterrtiticlanmvamises tmpositida d5gR4dients around

the reactiorﬁk?%qag%digqu%gﬁ#@g&q@gwates of greater than 75 tonnes (per reactor) per hour to be

achieved with only a single point of introduction for each reagent around the reaction loop..
Alternatively it is pEssipfdighprirsemalbrpnsRstEeaionhes (B preheteinfehrenerables T5etefsofgfms),

catalyst, or oheh RAAIMES vHRERIESSHERMRIRYRTH? thedoeRiMlae.Sullicientigmaintain the

reaction system 'liquid_full' i.e. there is substantially no gas ghase. Typicalhﬁ)éessures used are between

1-100 Hhra, Praverasiyie ofdessiten ) sorimrahieir tie 408 mew2iesnahl Sipirial pressure
will typicallyrashiptifieiraregerd: letph M tiaheeferatyniiommed tomPoliliiNal Madepariieiadyhom 0.4
to 1.5 MFa. The temperatures selected are such that substantially all of the polymer produced is
cssentialy (LA HONHACK, AR 0 AT TR, SEHb g cha Ot e T ORI the
diluent. Thetpbbymeiirationtieonbe atird dppendSinmdtw-tiya foc atbb nred taatirohod eeanaktive polymer
being produced. In gethylene.polymerisation the temperature is generally below, 13 ically
between 58%%%?1%%3%%‘&1 f%géﬁfﬁ%ﬁfﬁg%g%é %rllﬁﬁ ﬁ%ﬁ%%r&g?(glrﬁg e ?nreeatﬁgfe%g r"p?t(@)iyﬁq/?ér%%!risation in
isobutdfie dikiemlahespreaisiis, emelosreadiditives.loop is preferably in the range 30-50 bara, the

ethylene partial pregauie S RESIRIABNE N ANGS ARGAP e MR AR 1DSRANVREHSIIR on
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
ethylene partial pressure will typically be in the range 0.1 to 5 MPa, preferably from 0.2 to
20 2 MPa, more particularly from 0.4 to 1.5 MPa. The temperatures selected are such that
substantially all of the polymer produced is essentially (i) in a non-tacky and non-
agglomerative solid particular form and (ii) insoluble in the diluent. The polymerization
temperature depends on the hydrocarbon diluent chosen and the polymer being produced.
In ethylene polymerisation the temperaiture is generally below 130C |, typically between 50
25  and 125C, preferably between 75 and 115C. For example in ethylene polymerisation in
isobutane diluent, the préssure 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
temperaturé 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
30  range 0.1-0.4 preferably 0.2-0.35 ton/hour/m?.
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



temperature is in the range 75-1150. 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 30range 0.1-0.4 preferably
0.2-0.35 ton/hour/m3.  The process according to the invention applies to the preparation of
compositions containing olefm (preferably ethylere) polymers which can comprise one or a number of
6 olefin horno-polymers and/or one or a number of copolymers. It is particularly suited to the
manufacture of ethylene polymers and propylene polymers. Ethylene copolymers typically comprise an
alpha-olefin in a variable amount which can reach 12% by weight, preferably front0.5 to 6% by weight,

for exampleckgiproximvabely hetstand/eightcldre alphbemdiromibfimamsotdsnensi gemedyathtedipltped in
such reacti -0olefi [ t | . ranching
mearer the L B B B O ene 1.
pentene-1, ﬁ@w@ﬁéelifaﬁtﬂ}@ct%?@nll}lﬁwﬁﬁhi@l@@%&W%&WI@?@%&@/@M&W@&%W@QM& and

hexene-1. B&l&gp@ﬂtog@gw%égﬁgmﬁggmﬂe%mgyu%rgge{,l;gglgpmonomers 10for ethylene
copolymerisation. ' Typical diluents_ employed in such_reactions include hydrocarbons having 2 to 12,

preferaBly 3 to 8, CHthBRLASMEGEISHB RIS BRI SRRy S UhSCR iU BHARE Oh-butane,
n-hexane angbi-hentdne havbeatshed alibaesisuehasmsthnlanadsoneatohigiseactahe and

2,2,-dimethyjpropane,.or cycloalkanes such as cyclopentane and 15cyclohexane or.their mixtures. In
the case of TR SRS JHPe IR IR SRRaTNg R oA BB e MERR o
cocatalyst apehpotyinbexmodiliced (suehecas Hodiniatphabolcys kihldratand bdtanerhatiethytitecarbons),

h 9 I I 70%: is_insolubl
o2 erpergg g lioet S Dol oo 100 0. ok Lok

pre iluent for ethyléne polymerisation. e operating
conditibhs cén efisdepe sushyinatidéiononomers (e.u, ethylene, propylene) act as the diluent as is the

case in so called bk polymerisation RIacessas RS AhHTYRANECAYALSR RIS IR 1olume percent

have been found to be able to be applied independently of molecular weight of the diluent and whether
the diluent i®TREFEY Aol hguiatere mserRAe Rl HPS S reRBl tssH RIKIESS MRS I Bréferred as
the diluent 72ianREORVIRRERAYMEISAAR, or branched alkanes such as isobutane, isopentane,

isooctane and 2,2,~dimethylpropane, or cycloalkanes such as cyclopentane and

- 15 cyclohexane or their mixtures. In the case of ethylene polymerization, the diluent is
generally inert with respect to the catalyst, cocatalyst and polymer produced (suclr; as liquid
aliphatic, cycloaliphatic and aromatic hydrocarbons), at a temperature such that at least
50% (preferably at least 70%) of the polymer formed is insoluble therein. Isobutane is
particularly preferred as the diluent for ethylene polymerisation.

20 The operating condifions 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
shurry concentration limits in volume percent have béen 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

25  for propylene polymerisation

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 chfomium type catalysts, polymerization temperature is preferably used to
30  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



Methods of molecular weight regulation are known in the art. When using ZieglerNatta, 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 chromium type catalysts,
polymerization temperature is preferably used to 30regulate 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 fr@ﬁﬁlﬁ@éTaiF@émyméﬁw@éh@é%wiﬁhvmﬁbg%ﬁwﬂﬂ%ﬂ?@%rﬁ?ﬂaémﬁ@ it can involve
either (i) the,ie AhAISCORHBURRYRIAICR BB HIDE:IRGST Bchrdba the diawofisiuriy-agiess the opening 5
thereof provides a zone where the polymer particles can settle to some extent from the djluent or (ii)
continuous FRIGHEY Gtk &N aRY RERSHIEER MRS SRIIPRAT PSR e e stioH §P \;&liﬁich can be
anywhere ofisthef iegpigiattarsbitik firefelallyead pretnhio thaldonwfsirearnendstha hemiontal section

of the I%op. Any c ntinu&)us Withdranwal orts i/vill t}/(g%ll}/ Qave g&in ernal diart%%%ei{c;%t@g range 2-25.,

preferably 4 ?Oespﬁggfaﬁys/%?f&ec% TOTARARvVEton pér?nifsatfafrgeesé}a (e)%(e)lfl%nerlsatlon reactors to be

operated withliowt dil (@heoatoveny peeficemighdsa Whie Opersitgh of lrdindiamdared aers.with high
solcs concamuEaiens (e ST TINMISES NG EHRRINOL I GRRL e MhdsAYD from the

polymerisation loop. Use of concentrating devices on the withdrawn polymer slurry, preferably

|
hycirocylondeyaiFitans ens o desizenta srasienidisciramnpayisqsianers wihdeed)peitndilennances

the recoveryof dilentJp anseaiavdeifidentman el RincessigRificapkniess e serustnn ead
vaporisation of recovered diluent is avoided. It has been found that the slurry conc ntr%tion in the

reactor foop ‘dHR IBEBHARRSEREY RIS(GRIR G RESHISALGR FRariRTe iDs SRTRIFINE B IgHTE

distribution efdb:Bowgaraithin MEntaaiariaops Ibhe Pictal detesrinantiopthwiderage particle size
of 20the powder is the resiclc%neccreH time in the reactor. Th%ﬁrﬁli%cle size d{s ributiton % Qaew%atalyst can be
affected by FPRSEFERISRS RAHTNY Th B PARIERS S5 THaii SR Re RSl St te A5 e Feactor, the

initial and aviesagicpdyystratiiitydiye robesthessaftthingatalystssupperratidsuscppiyoility of the
powder to fragment under, reaction conditions. Solids,separat g deyi Qcyglones) can
be used on %%rglt‘nqﬁc/ \?\ﬁ%eﬁ%’ra%% rcg%n% Se@?%%o%c%%%é%%gfa%? er zfggé?ér?%%%?é%? the average
particlé Size @rsdrib®, farticiecszandisttitsusopvefy of diluent in an energy efficient manner since

significant pressure reduction and vaporisation of recovered diluent is avoided.
It has been found that the shury concentration in the reactor loop can be
optimised by controlling the average particle size and/or the particle size distribution of the
powder within the reactor loop. The principal determinant of the average particle size of
20  the powder is the residence time in the reactor. The particle size distribution of the catalyst
can be affected by many factors including the parti’clé size distribution of the catalyst fed to
the reactor, the initial and average catalyst activity, the robustness of the catalyst support
and susceptibility of the powder to fragment under reaction conditions. Solids separating
devices (such as hydrocyclones) can be used on the slurry withdrawn from the reactor loop
25  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 hydrocycloné recycle loop, also enables the particle size and particle size
distribution within the reactor to be controlled. The average particle size is preferably

30  between 100 and 1500 microns, most preferably between 250 and 1000 microns.



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 preférably 30 between 100 and 1500 microns, most
preferably between 250 and 1000 microns. 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 the priimawittidstwe ssdlrardenpbicalipeontripdah prefeshisty witlroueseotreprassion and
reused in thg, pANMEAZAHAN Y OCRSS HAG RIGS LY imanwiash vasselispreferably controlled

to enable condensation with'a readily available cooling medium (e.g. cooling water) of essentially all of
the flash vapetipihbr isaaf Ak ctapieseiéitigically such pressure in said primary flash vessel will be

4-25 for example 10r3QiiReaiasabli} 1dAdaas vherselils rapuerad Hiramheprimaniash vessel is

preferably pass%g to a secondary flash vessel to remove residual volatiles. Alterpatively the slurry may

be passed tH/B L BIERTSr RN BB th A5F AT S EHEShEU R RMAYPES8EPS uch that
recompressinodssnegtegrtecondénsephniscavsredQiliznirdiisabdf achigblieteasunetflash vessel is

preferred. he process according, to,the invention can be used ta produce resins which exhibit
speciic dETR RS TG0 00 15 0 (e S0 1S B e e SP o1 0 940
Lo 0.970 (h@gﬁthi@ﬂshiyyapouTmeiprmas weoording iwtigpivelintochipmesievant twidipolafmy _
polymerisatiapcaiabst et s Psticklaibidesh chRseRdioTLlhe pledlerbme gataligln particular

those derived from titanium, zirconium or vanadium and from thermally activated silica or 20 inorganic

supportBd chiomiberreRay dagiyssselia mefrrabtarseehin g preerdalydlashiasip de Aemding a
cyclopentadjegyhaeriativg. of Retiansitioniy gtain Hewaed tHanidon QEAECRRIERNer privalimiting
examples of Ziegler-type catalysts are the compounds comprising a transition metal chosen from
groups |uB,%}%emﬁ@mtmeﬁm&ytasﬁﬁlrﬁ‘éﬂh%@%ﬁ?%ﬁar%ﬁgrag%lﬁeaﬂﬁéiwe&oﬁgieﬁﬁ%ng a
magnesium gempovad idiuencampedachifitpec-tansiam ekl angdadhalagenated compound The -
halogen can optionally form an integral part of the magnesium compound or of. the transition metal

pound, Mt § pAT I

compound. M BCERE e catalys eﬁ%v&téo%g?gl BCRITES B et 1885y ditRer @h“AtiAToxane
30or bysan ientsifig dgeityds thesaribed, 80 exardialawiataity A pplitateot. #10- 60 Ododid-Adrditits ui
Toatsu Che%‘@‘iﬁ@o to 0.970 (high density). |
The process according to the invention is relevant to all olefin polymerisation
catalyst systems, particularly those chosen from the Ziegler-type éatalysts, in particular
those derived from titanium, zirconium or vanadium and from thermally activated silica or
20  inorganic supported chromium oxide catalysts and from metallocene-type catalysfs,
metallocene being a cyclopentadienyl derivative of a transition metal, in particular of
titanium or zirconium.
‘ Non-limiting exampies of Ziegler-type catalysts are the compounds comprising a
transition metal chosen from groups IIIB, IVB, VB or VIB of the periodic table,
25  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 magnesiuin compound or of the transition metal
compound.
Metallocene-type catalysts may be metallocenes activated by eithér an alumoxane
30  orby 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 I1IB, FVB, VB and V1113, 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 5weight, from 20 t0%0% 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 L0manufacture, such as carbon, hgdgolgﬁn and

oxygen. The transiELATAIREICHHITRE HaIBRShDIREPBPar I SitArAenReRHER i SR es Mclude
Polymerisatigngspaiiticriadiy ocdiegtel catabysesanasupsd IFITUR, varad VIBinthmpeseane of a

cocatalyst. It is possible to use any. cocatalyst known in the art, especially compounds comprising at
least one alﬁﬁi? fufhe (ﬁ?%h(éa%%é?%%ﬁox,rg% o o

Jeias ogﬁona?f?t% aFogen%ited organoaluminium
compounds, whichfcan thmpse xygighon Anaaletmerniehnrgedupbinfitm périoddble, and

alumin an%éiPh%rticular examples would be organoaluminium compounds, of trialkylaluminiums such
as triet yIaIumlﬁlLfrn, trialkenyialuminiums such as triisopropenyialuminium, aluminium mono- and

dialloxides such adigietR) el Gmieisbkriciaieess. AN G9enates AkAENHH A ns such as
20diethylaluminiung.ghloride, gﬂ%l%{éﬂ%f@ﬁ%@{&lgmgﬂg%ﬁyg%ﬂ@%x{%ﬂgﬁﬂnium hydride

and organoaiuminium compounds comprising lithium such as LIAI(C2 H55) . Qrganoaiurninium

m 4.0
compounds, especE thbte Ay Jre Ft HaAbgeRLtEY 5P Lomt S FRety P SRt m and
triisobutylaluminiurn arRiesnesialyag alage sl dhee uasigm-dhasee matalystisedrafetned to

comprise a supported chromium oxide 25catalyst having a titania-cantaining support,.for example.,,a
compddite sTicH ?‘F&uﬁ?aﬁ'ﬁggﬁspﬁ%ﬁf’% B%#l%%ﬁgrw Pé%g?gdqgﬁ%arﬁisﬁ?ﬁfb%lgea %a?a%%? %{(ﬁ?%omprise
from 0.5 to Swterehutaniinmjpnedadatiiosreund 1 wt % chromium, such as 0.9 wt % chromium based
on the weight of the chromium-containin talyst. Th 0 r 5.4 eash e titanium,
preferably around g) ?Cloygl Wts%l?lltlgh?&rrﬁ c ﬁ%%% ?gg?g?ggﬁ/ﬁaggé&n%lg%%%BOtHanium based on the
weight of theosiseonsiafie copatdhisig It it algstibihito stseomiienchiadied kavsmdnitearaverecilicific surface

area of fromc%%?p&%x?&%%ﬁﬂgrgg/ Bt Eﬁ%,{e({ﬁ@ MJ&%um—;arbon chemical bqnd, such as optionally

15 halogenated organoaluminium compounds, which can comprise oxygen or an element
from group I of the periodic table, and aluminoxanes. Particular examples would be
organoaluminium compounds, of trialkylaluminiums such as triethylaluminium,
trialkenylaluminiums such as triisopropenylaluminium, aluminium mono- and dialkoxides
such as diethylaluminium ethoxide, mono- and dihalogenated alkylaluminiums such as

20  diethylaluminium chioride, alkylaluminium mono- and dihydrides such as
dibutylaluminium hydride and organoaluminium compounds comprising lithium such as
LiAl(C; Hs)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

25  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 %

30  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



400 to 550 rn.sup.2 /g and a volume porosity of greater than 2 cc/g preferably from 2 to 3 cc/g. Silica
supported chromium catalysts are typically subjected to an initial activation step in air at an elevated
activation temperature. The activation temperature preferably 5ranges from 500 to 850.degree. C.,
more preferably 600 to 750.degree. C. The reactdr loop can be used to make monomodal or
multimodal, for example bimodal, polymers. The multi-modal polymers can be made in a single reactor
or in multiple reactors. The reactor system can comprise one or more loop reactors connected in
series or in parallel. The reactor loop may also be preceded or followed by a 10polymerisation reactor

that is not #fbis ASAILEIR-2 (1§ BRE 8 FSETEI SRS B AL GRS Har et/ PHITHRSEHINT i Qbplied with

catalyst angg}ée cocatalyst in addition to the diluent and monomer, and each subsequent reactor is
supplied with, at least, monomer, in particular ethylene and yyith the slurry arising from a preceding
reactor of the seri@SItAISHARIHE %%ﬁ%ﬁg?nifﬁ? 5 ?ﬁﬁ/@?‘ﬁ?ﬁ%ﬁ’&@&ﬁ%@ﬁ& ﬂ%{'ﬁfﬁﬁ?’@%& the
polymers pedehiced i atampetsedido ceaatomat the senes Thdsaptionally poasitie octpily a second
reactor_and/or, if ropriate .at least ong of the following reacto ith fres?:catalyst and/or
cocataﬁ/st. HG eé\%ﬁé)ﬁt%%%@rbagfﬁ%ein@fbrcirll?(r:eeqlflleeeég{ggfy@%atﬁd Me\'l&gggft’a yst exclusively into a first
reactor. In the cas€hwheretahéoptasarcbenpridde melsawonoo edakbonyivticeriis, foreepampier of 20.

highest melf index and thebolymenoflawesh malindex.can he.praduceshin lweariagant or

non-adjacent reactors In the series. Hydrogen'is maintained at (i) a low (or zero) concentration in the
reactor(s) raHtRie aRApig e g FPATHIE SR EAB ISOBBIF O ARA B, TBE IRh sRpsirpereBntaledincluding
between 0-Qedi M0l %manch AL (i BeMRABIIR GORESIRIIRNRBEtEaCIaNGI saaRuUfacturing the low

molecular weight components ei hydrogen percentages between 0.5-2.4 vol %. The reactors can
equalilPoe GELYRRIIFHH Prothster dRaRah-REREARBolymer melt index in successive reactors.
Particular sensitivity theQesasingriedasgercligméier reattors (Andepissaciaigslictosiiseatitnsl
compositional, thermal or particylate gradients) has however been related roduction of.polymer
resins wherd§d rﬁ@?%?{é’%] r#é’g\l%l? fg\?\}l ﬁf(g) egﬁgrn \(/%Iex}aﬁ?lgﬁr f&%é{% ﬁé‘&g%uﬁ#oﬁ%c{grllegad to
increased fauliplicdowitkyas]dasitinatanye e paricdicing pelynedsvafintidedutar avieightidess than 50

KDanons or grealer than 50 kRalions. Hese sanceishaxs partiuiady Resnaonfimeg o be

accentuate at low polymers t éonc.entratlons. I op. When producing polymers of
moleclfar waights leSthernyBteiDamshisest gre ateeaiing Koot Do seriek ibidexPéally 1 and above

50) in large diameterIeaciors lhasnesyerusprising.pasr disravesad shatdesiipaisdecreased
when solids loadings are increased to above 20 vol%, particularly above 30 vol%.
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 where the plant comprises at least two reactors in series, the polymer of
20  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 ﬁnaintained at (i) a low (or zero)
concentration in the reactor(s) manufacturing the high molecular weight components, €.g.
ﬁydrogen 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 '
25  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-s‘ectional compositional, thermal or particulate gradients) has however been related
to production of polymer resins where polymer of either high or low molecular weight

30  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



5The present invention further comprises 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 Example 10In an elongated closed loop
tubular reactor having an internal diameter of 76%1millimetres and a volumetric capacity of 167.5 ms,
ethylene is copolymerised with hexenel at a temperature of 93C and a pressure of 41 ban in
isobumne as diluent and using a Chromium catalyst to produce a copolymer having a MIS of .85 g/10
Minutes and a density of 938 kg/ms.. An essentially constant solids loading of about 56wt% is

maintained Torerrarpépivvintireiracatdays. Tecreprodidire pleliorepuhp plendragagbisiseed by the
power transgees @RI RITBP AL GoRBeh RYsiem:ananeatiransierocoeficieBlasmeaasyged by

monitoring coolant water flow and coolant water temperattire change compared to reactor temperature

remain stablBlABESRTFFISIPE SAt AN AT THERGE NS Bilrsr Sissonetet tadfartiveils deareatidy that there

is no detectapledaulidg RhthadeactpicasRvidensaet by aol0hyileipiafipahsnesorde.walls of the
reactor, and that flow is.stable and well distributed as evidenced by the stable pymp power readings
Bl Ty PRBR

MCSLLP 12 CIafREeTt AV ERER ThEPRRTE Pty NEHSAY IR U A ETEHRLS 8 EStE W9Bular
constructionfaviatefinleasiribmeizopticratiytogethe it D armiedinatimoneiresjirith eterplesence of a

polymerisation catalyst in.a dilugnt [ a slurry.comprisin lid iculate olefin polymer and
the diluent, w aégrlg%ﬁlt ea'lnlteearsr]%z:lél8 fa%ﬁ%%g(ﬁ?a?}e?gggf g&% rggt%%r gfgtﬁféaﬁg h%ﬁ@énrlg{a%gor is at least
700 millimeters and the solids concentration in the reactor is at least 20 volume % and wherein the

process takeg.placin a reactor system that comprises more than one loop reactor connected in

series or in parallel. 10 2, A process as claimed in claim 1 wherein the solids concentration ‘the
reactorli€ in the ran%)eagglgggggpgrﬁ@s?@oop tubular reactor having an internal diameter of 765

millimetres and a volumetric capacity of 167.5 m’, ethylene is copolymerised with hexene-
1 at a temperature of 93°C and a pressure of 41 bara in isobutane as diluent and using a
Chromium catalyst to produce a copolymer having a MI5 of .85 g/10 Minutes and a '
density of 938 kg/m> An essentially constant solids loading of about 56wt% is maintained
15  for aperiod of several days. The reactor circulation pump power as measured by the power
transducer on the pump motor control éystem and heat transfer coefficient as measured by
monitoring coolant water flow and coolant water temperature change compared to reactor
temperature remain stable, resulting in essentially no change in either parameter
respectively, indicating that there is no detectable fouling of the reactor as evidenced by a
20 build up of polymer on the walls of the reactor, and that flow is stable and well distributed

as evidenced by the stable pump power readings



3. A process as claimed in claim 1 wherein the internal diameter of at least 50% of 15the total length of
the reactor is over 750 millimeters. 4. A process as claimed in claim 1 wherein the internal diameter of
at least 70% of the total length of the reactor is over 700 millimeters. 205.A pMéc8ds’as claimed in
claim 4 wherein the internal diameter of at least 85% of the total length of the reactor is over 700
millimeters. 6. A process as claimed in claim 1 whereirl 2nhe Froude number is maintained below 30. 25
7. A process as claimed in claim 1 for the production of multimodal polymers. 8A process as claimed in
claim 1 compris%la"{SFeast two reactors in series. 309.A process as claimed in claim Sin which
hydrogen is maintained at between 0- 0.1 vol % in at least one reactor in the series to manufacture
high molecular weight components and at between 0.5-2.4 vol % in at least one reactor in the series to
MCSLLP 13 mahufactdy@FR6hss GRIPNETHIE RUMPOHERLSN 0. IR Pt sersaray eRiitiawis Bl wherein a

polymer of molegularweightlessfin 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 internal diameter of at least 50%
of the total length of the reactor is at least 700 millimeters and the solids concentration
in the reactor is at least 20 volume % and wherein the process takes place in a reactor
system that comprises more than one loop reactor connected in series or in parallel.
10

2. A process as claimed in claim 1 wherein the solids concentration in the reactor is

in the range 25-35 volume %.

3. A process as claimed in claim 1 wherein the internal diameter of at least 50% of

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

4, A process as claimed in claim 1 wherein the internal diameter of at least 70% of

the total length of the reactor is over 700 millimeters.

20 5. A process as claimed in claim 4 wherein the internal diameter of at least 85% of

the total length of the reactor is over 700 millimeters.

6. A process as claimed in claim 1 wherein the Froude number is maintained below
30.
25
7. A process as claimed in claim 1 for the production of multimodal polymers.
8. A process as claimed in claim 1 comprising at least two reactors in series.
30 9. A process as claimed in claim 8 in which hydrogen is maintained at between 0-

0.1 vol % in at least one reactor in the series to manufacture high molecular weight

components and at between 0.5-2.4 vol % in at least one reactor in the series to



than 50 kDaltons is produced. 5 11. A process as claimed in claim | wherein a polymer of molecular
weight grea c than 200 kDaltons is produced. 12. A process as claimed in claim 9 wherein a polymer
of molecular weight less 10than 50 kDaltons is produced. 13. A process as claif&d ik Blaim 9 wherein
a polymer of molecular weight ureaier than 200 kDaltons is produced. 1514.A process as claimed in
claim 1 wherein the catalyst is a Ziegler catalyst. 15. Algrocess as claimed in claim | wherein the
catalyst is a metallocene catalyst. 16. A process as claimed in claim | wherein the catalyst is an
inorganic suppdﬁ@éﬂﬁ@é}ﬁ%}ﬁmm@%m\éﬁéﬂalgbthmpmm 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 750 millimeters and wherein the
loop reactor is 28part of B'AS&ELGE SRRt thatlabmprdsscindrealyarconé tsdperdaictori gonnected in
series. 18. A logpfeacioyaas@aimpeshin&laim 17 wherein the internal diameter of at least 70% of the
total length of the reactor is over 750 millimeters. 3019.A loop reactor as claimed in claim 17 wherein
the internaPdiameter of at least 85% of the total length of the reactor is over 750 millimeters. MCSLLP

14 11. A process as claimed in claim 1 wherein a polymer of molecular weight greater

than 200 kDaltons is produced.

12, A process as claimed in claim 9 wherein a polymer of molecular weight less

10 than 50 kDaltons is produced.

13. A process as claimed in claim 9 wherein a polymer of molecular weight greater

than 200 kDaltons is produced.

15 14 Aprocess as claimed in claim 1 wherein the catalyst is a Ziegler catalyst.
15. Anprocess as claimed in claim 1 wherein the catalyst is a metallocene catalyst.
16. A process as claimed in claim 1 wherein the catalyst is an inorganic supported

20 chromium oxide catalyst.

17. 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 750 millimeters and wherein the loop reactor is

25 part of a reactor system that comprises more than one loop reactor connected in series.

18.  Aloop reactor as claimed in claim 17 wherein the internal diameter of at least

70% of the total length of the reactor is over 750 millimeters.

30 19, Aloop reactor as claimed in claim 17 wherein the internal diameter of at least

85% of the total length of the reactor is over 750 millimeters.



20.A loop reactor as claimed in claim 17 wherein the ratio of reactor length to internal diameter is less
than 500. 521.A loop reactor as claimed in claim 20 wherein the ratio of reactor length to internal
diameter is less than 250. A loop reactor as claimed in claim 17 wherein thdlfedletdr size is over 20 in
1023,A loop reactor as claimed in claim 22 wherein the reactor size ishe range 100-175 ms.

14
20. A loop reactor as claimed in claim 17 wherein the ratio of reactor length to
internal diameter is less than 500.
5 21 A loop reactor as claimed in claim 20 wherein the ratio of reactor length to
internal diameter is less than 250.
22. A loop reactor as claimed in claim 17 wherein the reactor size is over 20 m°.
10 23. A loop reactor as claimed in claim 22 wherein the reactor size is in the range

100-175 m”.



