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WO 2006/056761 PCT/G132005/004454 1 SLURRY PHASE

POLYMERISATION PROCESS The present invention is concerned with

olefin polymerisation in slurry phase loop reactors. 5 Slurry phase

polymerisation of olefins is well known wherein an olefin monomer and
WOHNEHEIRF blefin comonomer are polymerised in the presence df aB2atafss+

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

means of a p LR AR gitatare Lighdd WLIRPR <ArRACIPidGEaRticularly

well known in xample in U.S. Patent
Numbers 3,152,872, 3,242,150 and 4,613,484. Polymerisation is typically

carrigd out at tempatatiires in he dangenaiiRale gl ddafsasawesinghese |
T 1 a € 100
range f?[(%ge tgfara. The catalyst used can be any cz?gyst typically usegﬁ?} ’
reagtefin polymerisation such as chromium oxide, Ziegler-Natta or

g}ft«e’sﬂgﬁ%%g&x%&?ﬁa@mﬁ-oﬁwm@du@amﬁmmmmmngmwﬁwammer
uent, and in most cases catalyst, olefin mo d :
o O HAT U TR EHARERTY, S RIS OB BRTy Sng o SeL 4 dilurt
in ﬁ?m‘eﬂfé?’?mfgfflﬁjf@ §i;]tﬁ1mcaadmchjm)dﬂdmad onsgititeg.legs to minimise
e quantity of fluids withdrayn with the polymer, The | i

co nt%:mélﬁgvﬁfﬁiﬂﬁrlsc%e&%%#é'nrgfg 15 é:?giﬁa%lﬁéésstt ltvf/lo%a)fg rlr %@éﬁ%ﬁ@era the
shuf@ylis aididateseriibbsanchatyipral oy foeansarfipleufonohesitaatal iquid full loop
~sections. The heat of palymerisation | icall g i
S b e L S A S
Nupibeass pat, 872ha, 2481l 50 looiteastd84.The volume of the loop reactor

can but.is typically in q e 1Q0R: FARFS-085°C and at
the [}éraglgg?ﬂ?ﬁﬁete%ﬁ%g%%écé h{éﬁg%negr%%pe. 5§|\b/‘llax$r:1u?n&cfommercigii e

prmatesgﬂmﬂn@wiﬂekoﬁdvéam"ﬁbéﬁé@%m&ﬁ%@w fé‘%]é’s@fBWB' used for
olé%?ner%@%‘?é&%%%ﬁ%@h%&é%‘ﬁﬁaf@ﬂd@Z@ége&h@&ttedrtﬁl@aﬂ&ﬁae—qipe

increa slurry and monomer concentrations in reaction lo

eSS R SBRYETG ROAREE, FIE AR AL VR e o135t
o1iBereasedcirchiation yelacites, achievearipaxampiechyy ghentaactosly,

circulation pump head or multiple circulatjon 30 pumps as illystrated
TR

thé"&dﬁﬁﬁéﬁj OGNS QaiHensmting ik dbeskreactor volume and also to
reduce
The loop reactor is of a continuous tubular construction comprising at least two, for

inimise
o

example four, vertical sections and at least two, for example fbur, 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 vplu.me of the loop reactor can vary but is typically in the range 20 to 120 m?; the loop
reactors of the present invention are of this generic type.

Maximum commercial scale plant capacities have increased steadily over the years.
Growing operating experience over the last few decades has led to operation of
increasingly high slurry and monomer concentrations in reaction loops. The increase in
slurry concentrations has typically been achieved with increased circulation velocities
achieved for example by higher reactor circulation pump head or multiple circulation
pumps as illustrated by EP 432555 and EP 891990. The increase in solids loading is
desirable to increase reactor residence time for a fixed reactor volume and also to reduce

downstream diluent treatment and recycling requirements. The increased velocity and
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downstream diluent treatment and recycling requirements. The increased
velocity and WO 20061056761 PCTIGB2005/004484 2 head requirement
of the loop has however led to increasing pump design sizes and
complexity, and energy consumptions as slurry concentrations increase.
Wablieskas’bboth capital and operating cost implications. HistoRE€AlIRyRH®S/004484
circulation velocity in the reaction l03p has typically been 5 maximised to
ensure maintenance of good thermal, compositional and particle
distribution across the reactor cross-section, particularly the avoidance of

solids settling, stable floyw characteristics, or ex ' ' :
e GBNGRAHLLEE B AT At P B s e and
co%mﬁg@ai&?ffwmmmmi@m@@é@mn is has both
Istribytion cauld lead to jncreased fouling, reduced heat 10 transfer and
ca &?&@&88%?&%%% it i&ﬁ?}‘%’hsd homogeneity. Construction and
co mPgimﬂg dfersvewetiomarbialtplimiBssaastoelpen SRatEriadbe Rsfite
new. igns _see id ar_inimi [ @ Sributi
T o O o Ut
aciosatioramtoROwIS-Setio gt aktET ﬂ%’@’é‘%ﬁ?@@ﬁfi’é@%sﬁ@@&ga ¢ flow
cnfRBHSING A%RANIRISNGS e donpRaRer R plpimmpnomedaptiodaityl
together with an. olefin comonomer in the presence of a polymerisation
mipéHtEppPF LI ETRYRS VP dfti e RUNIRST 5 HABI&My solid particulate olefin
Eg:z;m&%% @@:{?E&L@f@tﬂhg%&mﬁ@ed@mtmbeas increaiedaingihgs muced heat
. One advantage of the present invention.is that the specifi
P ORI BI T4 . T ENEI Gy CRR TR o
co%ﬁisggid%ﬁﬂt@bﬂ@eém@ﬁ%@daaﬁ)rme;edewraiqimmaimmemgjmemm@s
residence time and,avojding unacceptable reactor fquling. The inveni :
o B3I BRI S AT A 9 ML A by e ikt
hPlaRbahigbmelidsiaadirgsewheit.it has previously been considered

necessary to_use what have now. been found to b ' | ‘o
o B T B e e 4 e A o ing

pcf@ﬁwfe:?m@ﬁu& Joly lacizatiarkfiotefinsmeretetaiglal phee thenoiBlamefin
an elongated tubular closed logp reacti ; i i

SRS RS T SR i S et o
oobilpiesthgTodidnemtimaats popsipmelisetertdriealien) whetsia fsrieendfenumber is

mg%%ln;lgcrl aiuoslp.@%rfg%%m the polymerisation medium or diluent.

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 residence time and avoiding unacceptable reactor
fouling. The invention is especially advantageous wheri it is desired to design and koperate
a plant at high solids loadings when it has previously been considered necessary to use
what have now been found to be excessively high loop circulation velocities.

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

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

monomer(s), catalyst, chain terminators such as hydrogen and other reactor additives In
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30 Typically, in the slurry polymerisation process of polyethylene,
the'slurry in the reactor will comprise the particulate polymer, the
hydrocarbon diluent(s), (co) monomer(s), catalyst, chain terminators such
as hydrogen and other reactor additives In 3 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 suspendi

A, SR GGSBERg TSR e S gt NGRRE Cesed o che
teINpenRants thdhareactyaamne il fotnmprise BteilupntealbfinMdHioneeght
and any additives; the diluent can be an inert_diluent or it can be.a
RO SR S T S D S A e e
sﬁiﬁpantiigametﬁiamd$llltlmq$tthneaﬁldﬁﬂﬁmﬁmidmenmn@ﬂtﬂdalty%mﬂlsen@z@
Qugierably 4aﬁu%9§?§éﬁr£ﬁ{&§&5&f 1ng 1atlseeiaht ofithe RlNaR e §%Jﬁ§¥rt

IS pumped around elatively smooth path-endless loop reaction 1
&lastenonit farbealdenssy s ditisahtod il snban ealiv et Peijhsapiamer; where the

SsREAKIoNdR themsiHery ARE (e maintaibmaesaniable siass seatianal 2-20,
concentration and solids loadin radients, it has now been found that

Ridssyddharsghpesieb Atrisdh aistisitioi dhasidenced by fouling,
flow variptignspndionheati@nsier} eaathe naintathgdtithitlcdSloop reaction

acceptable .qperating limits whilst maintaining the Fronde.number in the
S S G b e B e et 15 he
detweed dixndridinTdisdscaoditacydswivaidive poaneskiigdnntiedrds loading

wo 1Id tts>elieve to be the case in the light of conventional process
dnditiohs where the Froude number is typically above 20, for example
above Bbasypivaliyein fivienfaihgecatu o 2O TR S PGB et wAllsBEbutions (as

QORIDRN %191"11&8 |82 0a Q0 EXEMAIE ARG FARES) 2ehiBlnRiBiarRlRthin

the range 15 to 2, more preferably in the range 10 to 3. The Froude

oAt sonadneadipniesd Pal vstaiing thgileost e Bhsed Ketepstas loop
the SUsRENSIPALRNESRRIRQ IBRCEN GRS PATIGIESHiFacs B Ynlt PUOVideSs

a relative measure of the. mentum transfer process to the pipe wall..
Gl N P SU0Rr o 160 B e PRaipaTe Tght of
suinbeiondipateestrongéitipasticterealk (Fedativentorfbeidiavgtijcatitesdotions, for

GBS e Jun g b e A el Sonstant s o the speciic graviy

of the ddldFiouthenditulestt wildbl isathiimte atairdipl didhdtecXPhnepkpiecific range
%G{X'Eyp%%&%b%?'iﬁ the range 15 to 2, more preferably in the range 10 to 3. The 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. 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 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 ISO 1183 A.

The solids concentration in the slurry in the reactor will typically be above 20
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polymer which is the ratio of the density of the polymer to the density of

the suspending 30 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 ISO 1183 A. The solids
w@aredatration in the slurry in the reactor will typically be aboRET2OBAE/004484

2006/056761 PCT/G112005/004454 4 vol%, preferably about 30 volume

%, for example 20-40 volume %, preferably 25-35 volume% where

volume % is [(total volume of the slurry - volume of the suspending

medium)/(total volume oi the g)u )%xlOO Tg lids cong f@fé?&l 95.35
volpherrsirEd Rty MY periBi &jg?%/ HEII @@ggﬁ?%?hérﬁeasurgd as
volMalbneRercestage Willsvatytaicasitirgs e tierpolymedumenfube dusnending

more particularly accordi toﬁu (gj'l nt used. Where the nolVMISE] as weight
meBPHBQ{ETé’Ba}sV %‘l%betﬁ I%’r?e&a%ﬁrcy Xg |rllj§}rlﬁ Fgﬁé(ri]jsgﬁé%%%, for Ielxam_ le g.
peisabstanmitisisprpisrbithatihensolitscdoncenragareiecatiarevit vslpteording

1 for example,in the range. 40- 60, RiRfarahl 4R SR waialih kRSPl B the
fo ?téweeﬂ W |]§(?1dtuo°fc3 etéuglrﬁ%?{f talrgaupar icular feature of the present,

polpentionitiad appedtishybénhersihs ditest s o sl Rfe fen FOHER foipbutane it is
pre%ggrug ?h%y iy g&g@&ﬁl@&%iE%QQ%&erﬁ) HeB; hvgifos Qlidsnigiadinge Ange 40-

preferred embodiment of the present invention Is a process comprising

60 pisfimebising o 55 loeizhe delsseh dha wiahoright pf Bt S0URr ethylene,
optigpally together yith,anplgfin, cQMERREIRIR the prestieeodiie slurry phase

polymerisgtlon catalyst in a diluent, particularly isobutane, to rogggﬁd% loading
herein '

polimesisesinmpiiding Ssnadsarrmbercartes JBRATREYS er%‘h&é%%%m

A el 5 FroMesinHEMR oF s dnaiRtainad aiion he opr @ spasticpiaitygindtyeerising in 2

ange 3 to 10 and the solids, congentration in the reactor is in the
loosrms bR N M TIS 2 Tofth 8t FEEHERFDF %}%&é’ﬁ%@ﬁ%@ﬂ%ﬁﬁg% olefin

cofRBIAaN b e lREeAES S CABJIEmesrAadrotdtitylsryes dimstgrardaetoly isobutane,
than are conventionally, used.in slurry. pol risafion without a 0 th

o e T B eeng e

FEXRILER a6 A rshavinDinte bud dian)eteticolrelyS00hnitingstarss, 1 and the solids

particular over 600 for example bet 0 and 750 millimetres can be
conGER TR PSRRI B B UISHES Pt Bt e

ou ave been increased concern. A
further isdvartegeafthisofirentioseis ithensfonghtnbeprtitiefupfithe process can be

oSSBEENAERS S shsion cleaionsloplianodion g o
pdiyesehbitventibous sprogeienp s myiResnGTLisdecs dsreacter
wglli]s%%fri re]:xample, reactors having internal diameters over 500 millimeters, in particular
over 600 for example between 600 and 750 millimetres can be used where historically
there would have been increased concern. A further advantage of this invention is
therefore 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 polymerising in a loop reactor 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 Froude number is maintained at or below 20,
preferably 3-10 and the internal diameter of the reactor is in the range 600-750 millimeters.
It has been found that reactors can be designed and operated at specific pressure

drop both per unit reactor length and per mass of polymer and total pressure drop for the
loop less than that taught as being required, particularly at high solids loadings and/or large
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monomer optionally together with an olefin comonomer in the presence of
a pplymerisation catalyst in a diluent to produce a slurry comprising solid
parjuculate olefin polymer and the diluent wherein the Froude number is
maintained at or below 20, preferably 3-10 and the internal diameter of
WOQREpQA6TE is in the range 600-750 millimeters. 30 It has be&R Fefd (p&t+484
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
Ithed'loop Iesds/ thflin that taught as being required, particularly at high solids
oadings and/ar large WQ 2006/0567 CT/
S S L e
parkiciinaly Josd tibuaripdessahdor pobmesramddngsisiyrrievbabRY®A Tef¥egove 43

above 25, even above,45 to i ' ferabl
o R e TR b o oot
on sactionsor¢fesizonhlredtioatadhescthandmiechisAhiat §@8ﬁ&??8?‘§1&\ section or

ifferent sectionspl D6 AU BLABTRE ¢RD POt SN Linsneieseor 1l
On%%é?%rsgrﬁaﬁlgr c}tl[argeter prgfergbly o??heiame_diameter Lﬁ}%hﬁte%%ﬁa .
€

dieatiatrreteriotry SEEIOIRBIHETEIERT WhBre ™ Bimp BrpuRiEEre” ©
read5Atokd 1R %Eﬁrﬁf@p IR MR QYA SINdie PpRRAbK i epleatismglthemp and

~ present inventi hat requirements for number and power of pum i
it ifes &eer Ol ShnaFFISPCEFEHAB r‘i}éfftﬁﬁ%‘é@é’é@ti%noﬁé)%%]to?rsb}lzlg Fsoﬁ%si()?gl%lm p(s)
is. gggé&@%ﬁ%@fggﬂéﬁ?ﬁﬁ@grﬁ%}%ws%ample 75-150m3 preferably in
ange 100-125m3 The discqvery of an operating wind
Fron%‘éaﬁﬁﬁ%é‘?ésewalﬂ%gya%‘gégﬂelrﬁ%%%e%ésogsequﬂ %r?éﬁgéc e 75-150m’

prg@%t%@?ﬁﬁ@ g)(gl_gé;f[ioggz'gmé enables reactor volumes, for example of

greater than in3 to be built with, a_reactqr length to inte '

ratio Bre1% JeEeHH, g’@;@?ﬁ’f@?@%ﬂl{}?&&’sﬂ%gnw ur%%%%%%r%‘%?%gcceptable

deEW%t-_ﬁﬁ%@z@&hg&éﬁt&aﬁmreﬂeﬂgmbﬁﬁeﬁeﬂdal disineteblesticsanipiindages, for
compositional gradiepts around.the reaction i .

exFAREE o GHEEER TR oo B8 ) St AR BT Dl ELRP o of

le@2thag S00gje dfotablyf lint dblicto forregotfediesatbeand e Redegsan in reactor
Iel';g%?goa@{ggg{l‘gggi%a{%%gg@%a}%ﬁ%hs‘x&qgeLtiam' intRsthR [RRPIEE36Bkon

catalyst, of other additives. The pressure

IOW%ﬁﬁJ!MWWiMItﬁemﬁﬁ&étﬁrt@ammftﬁ@?éa%ﬁf @Ry to be
i
Apatystieelyationpbrsible to have multiple inlets into the loop reactor for reactants (e.g.
olefins), catalyst, or other additives.

The pressure employed in the loop will be sufficient to maintain the reaction
system ‘liquid full’ i.e. there is substantially no gas phase. Typical pressures used are
between 1-100 bara, preferably between 30 to 50 bara. In ethylene polymerizeﬁion the
ethylene partial pressure will typically be in the range 0.1 to 5 MPa, preferably from 0.2 to
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 temperature is generally below 130C , typically between 50
and 125C, preferably between 75 and 115C. For example in ethylene polymerisation in
isobutane diluent, the pressure employed in the loop is preferably in the range 30-50 bara,

the ethylenie partial pressure is preferably in the range 0.2-2MPa and the polymerisation
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ethylene partial pressure will typically be in the range 0.1 to 5 MPa,
preferably from 0.2 to 25 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

W astienfa7dbrm and (ii) insoluble in the diluent. The polymeriZ&tigaB2005/004484
temperature depends on the hydroc#&bon diluent chosen and the polymer
being produced. In ethylene polymerisation the temperature is generally
below 130C , typically between 50 30 and 125C, preferably between 75

and 115C. For example i lene polymerisatign in .isobutane diluen
terReTatERsISE Q?ﬁﬁ?é‘;géj RN &%&B|¥2‘f?1dth”%“r°§hlgsep§%‘?%‘é>ﬁt%ﬁfé}‘? of
pol?ﬁil@ﬂ%)é_iaﬂﬁ_t RATHapREassuredkipieferablypinthes fithe B:SaMPacatigntie in the

polymerisation 006/056761 PCT/{5GB2005/004484 6 temperature is
rangeilel i igurera! %é#ﬁ-eggg%%é?f’n%é“ yield which is production rate of

polyrae peicesitotdodipg eacherivomtenfapries pobe sscprirEpresepmpositions
invention.is.in the .range Q. ; m3.
A T et

olefomipositipniyrsecomdinirapolefin(preter A5 SOBHYRHE) Kanpreisulmlysuited to the
m&a a%%@g 18? gg%ﬂgn%r %1%5&%9%9&%%5@&@?%%@%@@6%9@&@ typically

number of copolymers. particularly suited to the manufacture of

coethyileri plipmelefiaria propibisc P aRick g arre R dpaf Rtereigiicaifferably

fro%%%' RGP %%?gfﬂt?@& %ﬂg@aﬂgf@m@m@t jsBcarigach 12% by

weight, pre('fera rom 0.5 to 6% by weight, for example approximatel

1% byl hreiiphe TTome & fHNE ARORIS| SRATALH GBI §E AR A1t éﬁ?ﬁﬂ%ﬁﬁ one or
mSHEDLERAHHONS BIE QNG QrcARSE il hiavingle pe Sodneohiaonssrpethe

molecule and no branching nearer the double hond tha? the 4- o§ition
dopisceansidianpies treasiioRtyiRital FropPER RS ﬁé}-‘i,e‘b%rﬁlécf?éf- g, butene-1,
peAERNE; heBROriRRIRdtead nabdurestonshas athylerienantd bieaset loor ethylene

ethylene and hexene- 1. Butene- 1 tene-1 and.h -1 ,
andRekenarly praitet BERmoh e 11%%%?—3%% %188;ag}$freﬁrefgrrr%d comonomers

erisation.
for YRR ikipalyeepiaiked in such reactions include hydrocarbons having

2'to 12, preferably 3 to 8, carbon atoms per molecule, for example linear,
koL RIS R TR A A Aoy AR to 12

prefanehed alkaoedsuiatoas isahutdneylisdpeatang]etthvenellisoortadk amfopane,
o SRS 1 e oS 1S 58 P03y
totlittenissogenesatyifedimitthpispeanto dheychtalystes suahatystyaipentane and
cﬁ:?l e roc%%glerdmi%r%saslﬁqﬂiedcase of ethylene polymerization, the diluent is
generaliy inert with respect to the catalyst, cocatalyst and polymer produced (such as liquid
aliphatic, cycloaliphatic and aromatic hydrocarbons), at a temperature such that at least
50% (preferably at least 70%) of the polymer formed is insoluble therein. Isobutane is
particularly preferred as the diluent for ethylene polymerisation.

The operating conditions can also be such that the monomers (e.g. ethylene,
propylene) act as the diluent‘as is the case in so called bulk polymerisation processes. The
slurry concentration limits in volume percent have been found to be able to be applied
independently of molecular weight of the diluent and whether the diluent is inert or
reactive, liquid or supercritical. Propylene monomer is particularly preferred as the diluent
for propylene polymerisation

Methods of molecular weight regulation are known in the art. When using Ziegler-

Natta, metallocene and tridentate late transition metal type catalysts, hydrogen is
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aliphatic, cycloaliphatic and aromatic hydrocarbons), at a temperature
§uch 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. 25 The operating conditions can also be such
WaRateesitbnomers (e.g. ethylene, propylene) act as the dil P& @BAYIHE4484
case in so called bulk polymerisatiorY processes. The slurry concentration
!ImItS in volume percent have been found to be able to be applied
independently of molecular weight of the diluent and whether the diluent is
inert or reactive, liquid or supercritical, Propyle ' [ ;
rTREAH G oA Oa or O e LA LA o e e A veighe
Whealesingchveigiimeyptation yste, pobiwrehizationtempeaitsis §efstpely used to
Natta, metal d tridentate late transiti tal t I
e &N ansition metal type catalysts,
re%f;%r@ogé’nef’s“%g‘%ﬁoa/osmal PCT/GB20051004484 7 preferaégly ed, a
high&n hyuvmgesiabrésr EhecRtiely > RIbRT49SFRFEIR IR %6@%?&? mna
maihen using.cRromiveiypPssatalysia BAymarzatinn wnapesaienaiisecycle of the
_preferably used to, regulate molecular, weight. In co m§rcial lants, th
diyanti o e RSbIAREF ISR FARGRA FrBHP G M GBR A &S Hidhnersic e
pa%t%@xﬂé!ﬂé%%ﬁrﬁ@?@é@ﬁ%%wtﬁ@ pracaiaifohspras:io ipeemivreSyohetlof dikent
liluent to the polymerization zone, with minimal if any purificatj . .
BB STAGHI PEFREIRE BOED BB AU By bcana g ither ) the
usPEERE dRvantenvseindhe witne tig tyicalllyac dire o byod slpme teothk svppening
in the art for example.it can invglve either. (j).th of di i .
OGPl TObk e TP Aoy B Sl et G et o the
ditheteaf @ priteswzopmidve reithd publmiergangdteer cavl dplg|avithdsivel ports, the
extent from.the diluen i) contj ' i A3INGHet O kh,
lo?ﬁl)%ﬁﬁ?p?é W’th rg%vna‘feporﬁ,{dt%)ee %{::%téig%% f%ﬁ%%%aﬁﬁ%%%%%gre on thetQ ) )
ddouptremntonbef hprifentiiyeaipaceibolaee. davisianeEntgrdawal ports will
t hﬁgﬁﬁﬁé%@%ﬁ&fﬁﬁlﬁ%r Arwcontinumys Wihdeaws) pors skcially 5-10 om.

ypIC ave an internal diameter in the range 2-25. greferably 4-15,

Tigspectalip® HEOreits | 2B T Ml A RANTSHHRIAESSIGE & AR ERARENGL Gy dilvent

reFRIEIQR R D R fé“l‘i‘é’d@!@&éﬁw Sttaept dRGRMEF Fembe R i lids
operation of large diameter reactors with high solids concentrations in the

cosiEPYF AR qﬁ@ﬁﬁdﬁ%%@%ﬂﬁm&f&éﬁ?mé u%nwﬂa rawn

ﬁ@ﬁ:Yﬁ@%@ﬁ?lﬁ‘%igﬁ&? L&ﬁ.otﬁe REebHadingdeyicesan thethwithithalawn polymer
olym i i i

Slﬁwp %@%@S&%urryh;é%%?@?gs%gég%? ?ne %Ssc';% elzeoﬂnl{}l%ga e%?f’c?r(%cyc B'Il}' sl?n parallel

or series), further enhances the recovery of diluent m an energy efficient manner since
significant pressure reduction and vaporisation of recovered‘ diluent is avoided.

It has been found that both the slurry concentration and the Froude number 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 the powder is the residence time in the reactor. The particle size
distribution of the catalyst can be affected by many factors including the particle size
distribution of the catalyst fed to the reactor, the initial and average catalyst activity, the
robustness of the catalyst support and susceptibility of the powder to fragment under
reaction conditions. Solids separating devices (such as hydrocyclones) can be used on the
slurry withdrawn from the reactor loop 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
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20 or series), further enhances the recovery of diluent in an energy

efficient manner since significant pressure reduction and vaporisation of

recovered diluent is avoided. It has been found that both the slurry

concentration and the Froude number in the reactor loop can be
WORMEEW by controlling the average particle size and/or thePparrdiN0s{9s484

distribution of the powder within the $eactor loop. The principal

determinant of the 25 average particle size of the powder is the residence

time in the reactor. The particle size distribution of the catalyst can be

affected by many.factors includin i i IStriuti le loop, also
P B T R e B . oop
enables fingmstiv thezcatal st sigsptre ditdugieptbig e poh kg gontrolled

fragment u ' Hansweal e OneieYe8 SrhSuChréfrabl
Thﬁf/ig%a c oa%ggec%jr%ﬁéo é@%@% the 30%Sﬁgévﬁﬁ1gawn from the refcr:tor Y
betoopntd S ehérl 888istierehtrol of the average particle size and the

partigie size, diswhution Rt thempwsrkinithed gatiaseT $ergdatipprofdingsed, and

withdrawal point for the concentrating device aréi tge des%gnlz.l%eng catm is
opEpEARNRGALE NSO PR SO0B 056 7T BET B8 30651604482 5 e
praRneenatied spvicesisimsapieferably the at least one hydrocyclone

recycle logp, also enables the particle size and.particle si istrihuti

ARG B3P S BT PHeb SR S e et L S e
typieleesmiiefsadgpleffblicratisunesbprefersiblyabbtanserd 25bapel roeration

microns. 5 The withdrawn,.and prefer. | slunyis
Prﬂ‘?ﬁ?ei@?ﬁf%’éeﬁ SENd (%:’)%ﬁgrflgﬂ?/r e§§§d?%%%€%?r%%?§ﬁomgg primary _
cofidsismbasetithersadinaisilphiferaligoatiuafers Raséas et o orfgtialy all

oAUERATSL A mONRE AR eCHE bR AUTRRas i asa gy

pically ¢ , pre ly without recOmpression and reused in the

flghlyeserizeiibhe 162prdorssample HPe2d peBTadypHindPHashsifggecovered
frgnrae{ﬁer 3%%%]{{8%%gg&&ﬁ?gl@f@ﬁ@?ﬁ?%@ﬁ%’\ﬁt&m@ﬁ@Mﬂﬂ@@@l to remove
ng medium

cooll e.g. cooling water) of essentially all of the flasqrv?, our
ceplotltocket FecOPRASSIBH, ) BURIDpRISSERdRF AR JRALy AR Pressure

eSS RR 4Rt i8R PRIS 620 speafaiabcdbriréhranddizdatidsndense
recovered from the primary flash vesse] is preferably Pi‘sse toa
theseemgasy AHERTe ‘I%ar)é}ﬁ]&%ei%’% '%Y%fgﬁf “AtErhatively the

slurryrgay: becBasseskna ik eesekaldas psessureothen fesihewhich exhibit
St RSB BETEHA LR GE PR A RDorg A im densic)
oPIEIEIHRM.970 (high density).

The process according to the invention is relevant to all olefin polymerisation -
catalyst systems, particularly those chosen from the Ziegler-type catalysts, in particular
those derived from titanium, zirconium or vanadium and from thermally activated silica or
inorganic supported chromium oxide catalysts and from metallocene-type catalysts,
metallocene being a cyclopentadienyl derivative of a transition metal, in particular of
titanium or zirconium.

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

integral part of the magnesium compound or of the transition metal compound.
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The process according to the invention can be used to produce resins
which exhibit specific density in the range 0.890 to 0.930 (low density),
0.930 to 0.940 (medium density) 20 or 0.940 to 0.970 (high density). The
process according to the invention is relevant to all olefin polymerisation

WQHPSE Hyistems, particularly those chosen from the ZieglerB§GB&-BagaNK!s4

in particular those derived from titarfum, zirconium or vanadium and from

thermally activated silica or inorganic supported chromium oxide catalysts

and from metallocene-type catalysts, 25 metallocene being a

cyclopentadienyl derivative of a transition metal, in particular of, titani

or ZiNGTHRRERFS IR REIRYERAFBIE BEALERERS) 36 8&3@% St o moxane
or B9RPRIHAER Copaprisini: scritedsiio axmetat choBernlr drpphieadios B, SAPEHA4-Al

VB or VIB of the erli dic table, magnesium and a halogen obtained by
(MG AT Rag Rl tompound with a compound 30 of the transition
ZicahtatardadipitgeratericoefoueddA Feadidiote patrvbpranp s ipckide at

integral part.of t ' r Qfth it esium and at
o R D e teraoemn e
lexshizty dEogey. B adatedidtetiesbicineder by aiscoaPai¥oxane or by an

ionising agent aguasetiRechior SXAMRIE riBRARARNIEGAHON 5 to 20% by
EP-500,944-Al (Mitsui Toatsu Chemicals). Ziegler-type catalysts are most

weigdferred. Among these, particular examples include at 5 least one

transitign 706k eROBeRVERR: GraiRssEA,1th3 viiks i arkD W, vidgnesigin being
and at least one halogen. Good results are obtained with those

Préfﬁﬁﬁ?ﬁising: from 10 to 30% by weight of transition metal, preferably from
15 tofobByroesighty: Weigh26fte §0dsynweighif pfioatolen | B balweight,
from 30 to 50% eight being. 10 preferred, fro t0 20% By, Weidht opy
of mABTBLTE SL/B FOIATE 15 SO0 Heheh bt DS ooy et
weigliibAluiniemeradbnesatistirofie RS au 686 iy fetghthemecdarineed for their
enerally consists of elements arising fr. raductsiusedtar 1h8ihe halogen
m%?éﬁ?f%@éu?‘é‘?ﬁs&éﬁaég%%%%%ﬁf’ ﬁ%réggge%?g%%bgggen. The ransition metal -
arapeefambigldgeiutbSadecplefmably titanium and chlorine. Polymerisations,

partiqularly Ziegler cUANSRRARAP9S. ALe HRIGRLY SALICHOHIIRANG carried out in the
presence of a cocatalyst. It is possible to use any cocatalyst known in the art, especially
compounds comprising at least one aluminium-carbon chemical bond, such as optionally
halogenated organoaluminium compounds, which can comprise oxygen or an element
from group I of the periodic table, and aluminoxanes. Particular examples would be
organoaluminium compounds, of trialkylaluminiums such as triethylaluminium,
trialkenylaluminiums such as triisopropenylaluminium, aluminium mono- and dialkoxides
such as diethylaluminium ethoxide, mono- and dihalogenated alkylaluminiums such as
diethylaluminium chloride, alkylaluminium mono- and dihydrides such as
dibutylaluminium hydride and organoaluminium compounds comprising lithium such as
LiAl(Cz Hs)s. Organoaluminium compounds, especially those which are not halogenated,
are well suited. Triethylaluminium and triisobutylalumiﬁium are especially advantageous.

The chiromium-based catalyst is preferred to comprise a supported chromium oxide

catalyst having a titania-containing suppoﬁ, for example a composite silica and titania
support. A particularly preferred chromium-based catalyst may comprise from 0.5 to 5wt
% chromium, preferably around 1 wt % chromium, such as 0.9 wt % chromium based on

the weight of the chromium-containing catalyst. The support comprises at least 2 wit %
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presence of a cocatalyst. It is possible to use any cocatalyst known in the
art, especially compounds comprising at least one aluminium-carbon
chemical bond, such as optionally halogenated organoaluminium
compounds, which can comprise oxygen or an element 20 from group | of
WQRAKBARGEIC table, and aluminoxanes. Particular examples WéUig-B&005/004484
organoaluminium compounds, of triafkyl.aluminiums such as
triethylaluminium, trialkenylaluminiums such as triisopropenylaluminium,
aluminium mono- and dialkoxides such as diethylaluminium ethoxide,

_ mono- and djhalogen kylalumini it Ryladamamumyt o
tltalﬂﬂﬁ?id%r,egﬁfﬁgfuar%ﬁ?g nt? ?ﬂ?ﬂ%lf é)rjwé glhyd’rig%ggsﬁgﬁ%? 5

ftsfiauylBhsediniuthenyeighie el HeorhrandaRpRmImRIBE FRRAHS BE PR G n-Dased
Ca{IWISLJ[ranU_ﬁhV%sa %&%@sﬂ%@e QEARORIHTINIE FOMBGPS/ spefialbly from
fode Which are ot alogenated, are well suited. Triethylalumini lin?rnd 3
40fritecHGtyteupinie pnh Feve kpBeiBR P SAY AP EIGRGH DR & ‘?uer%a-% L2
cchptalyst is preferred to comprise a supported chromium oxide catalyst
having a titania-containing support, for example a cgmposite sjlica: ot
el R e e e
stGPRRHSE HOP:0aBet0abtWht inabropatutuep e raitiyaticofeth Dara 95e preferably

chromium, such .9 wt % chromiunm.b ' fcthe
rog R SO Bt P BT g e o wo

2006105686 hIGRA 5081 B kR Ortitavsimor Prasteraliipadelfarzrgmple

Wt % titanium, more preferably aro LRI basedentheor i
blwgféﬁ%q[f%efcsriromﬁl??nu{cgon %%ﬁ?r%oﬁéﬁﬁiﬁ%%ﬁ%rg%?g%m-b%ﬂd catacl))l;s‘:ft1 _
moaylb e tarspddificesgtia sy ienacen FERPPDO 8CTOURIEURCP Fyactors connected in

se?%%fgf%?' a%?faf 4§g 10,560 1¥,5UR3 43 ?r%@@d@&?op%ﬂw&f@f@atef

an 2 cc/g preferably from 2 to 3 5 cc/g. Silica supported chromium
pdgtatysatiaraeppieathetisget o e BRtitial activation step in air at an

elevafed activationleropelaiie o e seiiationdevpesaivrappitelatity catalyst

ranges from 500 to 850.degree. C., more preferably 6%? to. 75 .de%ree%. C. tor is
anrhiba et Isbip edfiBenSdaT S AREILRSVBEF GPHEATHBIR FOF™ "ot

s@ﬁ%@%t&%ﬁ@ﬂ&@ﬁioﬁ@ﬂﬂ@ﬁﬁ%pmmwﬁ@m| el ynidrtheahihe aradeg from a
in"a single reactor or in multiple reactors. The.rea tocra%Xlsts(%n%h%ago talyst and a
PIESARRBE AR G 6 TS p P BT L o B e Bt in para‘fl%ﬁ.y
mIhBHesaiY jeomvRypaidaded pregadedinnfetmned biha spotgmErisapdienally
reactor that is not a loop reactor. In the.case of.series reactars, afitstiowin
peeseleHPB L& e LITAR R ARy ep Pt & 1an cHe ot Tolloving
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 more than two reactors in series, the polymer
of highest melt index and the polymer of lowest melt index can be produccd.in two
adjacent or non-adjacent reactors in the series. Hydrogen is maintained at (i) a low (or
zero) concentration in the reactor(s) manufacturing the high molecular weight components,
e.g. hydrogen percentages including between 0-0.1 vol % and at (ii) a very high
concentration in the reactor(s) manufacturing the low molecular weight components e.g.
hydrogen percentages between 0.5-2.4 vol %. The reactors can equally be operated to
produce essentially the same polymer melt index in successive reactors.
Particular sensitivity to operating at reduced Froude numbers (and associated cross-

sectional compositional, thermal or particulate gradients) has however been related to

production of polymer resins where polymer of either high or low molecular weight resins
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15 and the cocatalyst in addition to the diluent and monomer, and each
subsequent reactor is supplied with, at least, monomer, in particular
ethylene and with the slurry arising from a preceding reactor of the series,
this mixture comprising the catalyst, the cocatalyst and a mixture of the
WOopdRshETE produced in a preceding reactor of the series. It iPEBtiBRAINy/004484
possible to supply a second reactorldnd/or, if appropriate, at least one of
the following 20 reactors with fresh catalyst and/or cocatalyst. However, it
is preferable to introduce the catalyst and the cocatalyst exclusively into a

first tor. In th h he. plant [ thap tw
R D T LR BES At kB phel S IOt e

polfialirinsiax slacube pregeddsintha SadiBebnhopngrewdjdoont pddasttons. These

the series. Hydrogen is maintained at (i) a_low. r rati
co S P T D oL s
coeegntiwitnugeniperesritadesrindigingroduvise polpmeryofos aentar (weights less

e Y Y SRNGSOUANP R U1 15 CELSh BIERIACHIING o BRSSOl Large
weight components e.g. hydrogen percentages between 0.5-2.4 vol %.
diafiteéerasattns dthas @awmmwtbewc%mﬁéémmk% inflgareased

wHRRANAE ms&ﬂg@% B SHGREI S BHRACHDSo B0, RRriCHR PERSHVLY $01%.

operating at reduced Fronde numbers (and associated cross- sectional

compBSitisatioRaHRENOY BaSERE § RYFefoPRa LB IS HRE F FRIRRLY

E%ﬁf@@uction of polymer resins where polymer of either high or low
molecular weight resins WO 2006/056761 PCT/GB2005/004484 1%] haf711
beedTkibRiAREAEEF oI R HEEIFBENETNS Bttt f%‘ﬁl 7o
miRfdueingh PRNAERRafsaaiacilas Meightsciestcian @ dddjtansegréhtbexene-1
than 150 kDaltons, These concernj ﬁ%e gartic arI%/ beegifger%grarﬂ qll &)n a
at pEemacErita b foRPIAHIETSE s NSRBI N the' At Toop.©
ZiWWhenpradiieinssprl yheisof eisulire Brightsuésdibritan b kdattamssdbelow
greater than 200 kDa (or.melt index helow 0.1 an ave.50) indarge o
A LR T BRSPSl ol oo B B H 3 e
Ths @ecrgasashinvhenpsatiolpdoadings aeiad izatectorahovd R@voigthe pump motor

articularly abo 1% ., The.invention wil é) Uusprated; By« d heat
oo e T S o iiht B Y ROSURES isten ond bes
traasipr tedatifioi eanesan revireg by imieticaingiamdeet sk flonilindapetaanhtyater
teﬁok%%‘@%é'c s of él%g’re%@f' REpuARe PQymRrsegb Wity heusnesl 0.6%
at a temperatore o and a pressure of 30 bara in isobutane as diluent
andnid-Wsfilg wspectively, indicating that there was no detectable fouling of the reactor as
evidenced by a build up of polymer on the walls of the reactor, and that flow was stable

and well distributed as evidenced by the stable pump power readings.

Table 1
Date Day 1 21:00:00 | Day 6 09:00:00 B5.5days -
amps 32.18 32 -0.6%
solids, wt% 445 44.5 0 .

This provides evidence of heat transfer coefficient stability and pump power

stability at low Froude numbers.



10

15

20

25

30

Ziegler-Natta catalyst to produce a copolymer The Fronde Number was

maintained below 10 for a period of six days, with a essentially constant

solids loading of about 44.5 wt%. 15 The reactor circulation pump power MCSLLP

as measured by the amp transducer on the pump motor control system
WO(gew/ T8 1) and readings of voltage at the motor control sYSfrBatg/004484

heat transfer coefficient as measuréd by monitoring coolant water flow

and coolant water temperature change compared to reactor temperature

remained stable to within +/- 0.6% and +/- 0.6% respectively, indicating

that there was no detectable fouling of the reactor as 20 evidenced by a
Clymy up of polymer on the walls of the reactor, and that flow was stable

and well distributed as evidenced by the stable pump power readings.

Tablg 1 Date Da 7 %‘Pﬁ’g ;0Q:00,8prEa¥Sr AP B2 183 ed Ptonally
1 solid%, %ﬂ%eséffg%ﬁé%%o%g his %%?/%ggg evié%nce orf heat transfer .&W Tuent
togeibéficiint statifty vl umetiowhe Dsessig oA SR ERSEF IR R Est in @ diluen

LGl SIM}(Y?_ 3&99{85&7 6hiE G B2RANONA A8 heér &aithe dilvdnt wherein the
rocess comptising polymerlzeg?gpln a loop reactor an olefin monomer
Fropdionahperogassirieintda# eldmrrodonomer in the presence of a

» Polymerization. cajalystdnAiine ntvAdR iRraguee adslttysermpitsingrsaid2 to 15.
particulate olefin polymer and the diluent vﬂi%;ein e Fr%nde Qumg% is3 t0 10
3. maintaPiogest 8F BeiFRFeD JainmStreei g SMBACHERS £ ivhereirtthe

4. Froude pugehesdsintha 1angg 8noctiheprécpinneshassoidinent ihaalid

wherein the Froude number js in the r%?}%f‘\,tﬁ\lo. 4, ﬁbps)éqlp

cogeTHEHITR B REH BT SRR A FRF Y <ol oL ased o e

toARGEpatomOfiteyslurry in the loop reactor is in the range 40-60%

weight based on the total weight of the slurry. 5, A process as elaimed iration
5.any ch&'GrEriATE B Whit ﬁnﬁw%ys]cg | sScf(gtr?cger‘;ﬁqfﬁtatrl‘él?\1 0 tioe slurry in
othe laapyeacternisrthetoangm 25 3aigcbvaiiiiey Bolpeocess as

A B O P RIe e YDSIEIN 116 AQORFERTHRY 196 reactor
Shas a% mf’é‘ﬁ?gﬁai% e gcr{a%)g %%P%%%%%nﬁeters. 4 dop
has an internal diameter of over 500 millimeters. 4
7. A process as claimed in claim 6 wherein the internal diameter is in the range 600 to
750 millimeters.
8. A process as claimed in any one of the preceding claims wherein total pressure
drop in the loop rector is less than 1.3 bar.
9. A process as claimed in any one of the preceding claims wherein the reactor size is
greater than 50 m’.
10. A process as claimed in claim 9 wherein the reactor size is in the range 75-150m’.
11. A process as claimed in any one of the preceding claims wherein the reactor length
to internal diameter ratio is less than 400.
12. A process as claimed in claim 11 wherein the ratio is less than 250. |
13. A process as claimed in any one of the preceding claims wherein the space time
yield is in the range 0.2-0.35 ton/hour/m’.
14. A process as claimed in any one of the preceding claims wherein the olefin is
ethylene.

15. A process as claimed in claim 14 wherein the comonomer is at least one of butene-

1, pentene-1, or hexane-1.
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7. A process as claimed in claim 6 wherein the internal diameter is in the

range 600 to 750 millimeters. 8. A process as claimed in any one of the

preceding claims wherein total pressure drop in the loop rector is less MCSLLP

than 1.3 bar. 20 9. A process as claimed in any one of the preceding

claims wherein the reactor size is greater than 50 m3. 10. A process as

claimed in claim 9 wherein the reactqr,size is in the range 75-150m3. 11.

A process as claimed in any one of the preceding claims wherein the

reactor length to internal diameter ratio is less than 400. 25 12. A process

as claimed in claim 11 wherein the ratio is less than 250. 13. A process as
16.claimegtdneanysarieinfdfiénpregeaing Ciaims wieiels Hi-saiacadimeiyieid
isolil tShe range 0.2-0.35 ton/hour/m3. 14. A process as claimed in any one

0 tzﬁle'preceding claims wherein the olefin is ethylene. 30 15. A process
17.as claipnemin alaizithédinersintieofrnonemes i alirashane olBuleNsropylene.
18.1, pgnt%nc%-slg or axan%-.l.aMCSLLP ,%3 16. A%(proc SS a%%almed in any

one ot eraims T4 GHES WA Offe difhe mE rsorinB GlaHas THeaeh dheparggulate
polgmimsdriithdnyvanfahdhimsakctoria whergintie tlgfiads propylene. 18. A

proc claimed in any one of the preceding claims wherein the i
19, A ORIRIES RO EITa HACAF SR ol e FEdotF IR BiRFIBGe catalyst i
chofgsHionZ £gleA propesstaly sigimetkim ansupperetittiepreoedng ddaigifysts and

meﬁé’fl‘&f&l@ t (é%t%lg%it%. chosen for Ziegler - type catalysts, inorganic
supporte romium oxide catalysts and metallocene - type catalysts. 20.

20.A prdgeesasaslalaietihinmppec fitkegrreceding claims wieeeinghaedepReactor is
onelGPEIRY dp A28, 9 FLUAL DSIGIQ0R feagiors connected i series.



