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WO 2006/056756 PCT/GB2005/004476 1 SLURRY PHASE
POLYMERISATION PROCESS The present invention is concerned with
olefin polymerisation in slurry phase loop reactors. 5 Slurry phase
W(p%wbggg@tion of olefins is well known wherein an olefin @%%%%O%&%M
optionally olefin comonomer are pglymerised in the presence of a ca aysfE
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 pSIRRIHHSF RPIVMEREHA TOOBEEROLC IS Darticularly
well known in the art and are described for example in U.S. Patent
Numbers 3,152,872, 3,242,150 and 4,613,484. Polymerisation is typicall
carriEht orrsanténmpRiianisconsamed Aritheobiin polmasiipaiop s HyrEERbRiRdooP
reak@hige 1-100 bara. The catalyst used can be any catalyst typically used for

olefin polymerisation sych,as chromium oxjde, Ziegler-Natta or

B i R R R
andlipeoiaByndlifimeshonsescatalybinaiefit imteqrres bt orvrinlontép edruent
in RRAISEIAARC IS BRANN A SRpMAUEH aRjanally using

concen r_zsi ing devices such as hydrocyclones or settling legs to minimise

the qisisinncationiasrrnterlvrlRied tAOYUBRRRsAIPREISJpORERATPISORY the
slu?@'f JHRMeH ﬁmﬁw'ﬁfeﬁ@ﬂ&%ﬂ%ﬁl h@ﬁﬁ%ﬂﬂ?ﬂﬁ@ &f Aq:a@ﬁl I?Vb@,aﬁﬁtgtaﬂ Bi@mhfﬁl 11 loop

our, vertical sections at leagt tw r exam orizontal.
reagiu AR PAFHEUARS T °?¥Pe?ﬂs§“ﬁ %‘%ﬁlﬁa flgfg’rﬁ%'\%/lc’ér L}%Ilﬂé&?n oy Fatent
Nuexiahaage 2182 Balibg) mmddiahd, 4 eferably water, in jackets surrounding

at leg %%&fu%lﬁéﬁk}%nﬁ@&ﬁ@@s{%rm% valumetihe Jaop 463914 and at

can vary but Is typic e range 20 to 120 m3. the loop reactors of

progratprds i TAvE DY Gherar Thrscaiehatiasghean s muarrirsdoRifmbycaspd for
ol IRAR NIAR SARAGHES NV inRINASE e S aElly- Nues hiamaliscerayiag
operating exp rlegﬁ&e over the |ast fi\]/{vléjeca%%sxh%zslggdto cr)lyl%:(;:'srtatiogs%fa talyst,
caf¥pts IVﬂ%ﬁt R SOPR RS ROy B M h B reaction Toops.
olFharinnseasend cemoyoopmcenbrativobangsitigiecalittdnderonchisiradusiin
op@ogﬁgssﬁn GlaionyRlqities; achioved R SX RIS AINRSE SR RMimise

circulation pump head or multiple circulation 30 pumps as illustrated by
thegmantivr sE s pvithsba g ovithifBeiReFERse in solids loading is

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

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..

Maximum commercial scale plant capacities have increased steadily over the years.
Growing operating experience over the last few decades has led to operation of
inoreasingly 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 increase in solids loading is
desirable to increase reactor residence time for a fixed reactor volume and also fo reduce

downstream diluent treatment and recycling requirements. The increased velocity and
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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 WO 20061056756 PCT/GB2005/004476 2
head re |rement of the loop has however led to increasin design
WRZRYERHF  complexity, and energy consumptions as slurry %(Eﬁé‘é%‘?%ﬂ%“
increase. This has both capital and operating cost implications.
Historically the circulation velocity in the reaction loop has typically been 5
maximised to ensure maintenance of good thermal, compositional and

hemféacf}‘lﬁeﬁiélfdfwﬁiefmﬂﬁw EB?Jég@qud Wﬁhﬁfr&@ﬁig)jimﬁgra&i@rkyzﬂsmnd
avoldance of solias settling,,.stable JlIow chara SUCS, Or exc
COUBIRFRBARESTTERL oﬁ%nﬁl’ﬁ%ﬁﬁﬁeaﬁlvamt%er ﬁ%a{l R Tt fs both

anr uce {0 minimise
caﬂﬁtﬂ%tﬂ@:dfﬁﬁg@ﬂﬁnmghmmmymensatlon loop. Inadequate

crosgiseelanaiAlsiibuieR Fouigph ndnereasaday HagyiadkisPecbeat
ransfer a uced po

ymer productivity and homo

eneity
maE RSt IOtRATUIR EnaiBFARARS SRR S Fhe AL aﬁ?ﬁ‘}@R?FQIOBFgrﬁ%dIE%? distribution
m%@%%@&@@&&ﬂ%&%@ﬂtﬂ%ﬂma@&mﬂwd sulidénierises chabig8ow
to operating parameters that are seen.to increase ris e
Ghﬁfﬁ‘étf’gﬁgﬁo?‘fﬁécﬁ%Wu rﬁ‘ftl é;‘ tCESTa anr%:‘e Wﬁ% e%ﬁﬁ%@gﬁﬁg ﬁ%ﬁer%clg °
mpmmdpd&mpeahep@o@mpnsﬂugp@?rpgmmlngpn a loop reactor of a
Contma&@&%@% SOpslHAliaR LA In-manemes 199&@5‘&1'?01@&@“?&(11%(1 heat

with an olefin comonomer in the presence of a pol merlsatlon catal t in

tragséim red g PSRRI B A BRI TG LomPE HOBTERRRSB
co@aﬂsﬂ'&ﬂigkﬁﬁewmafﬁmmmmﬁ wweabmmemrdahmmasnm%m

the total Jength of th eactor is at least 700 m| I|m
r?caevﬁffia?fo e reaal%% Fis a?ﬂeae&nf Veltime ﬁ’fg%%r%ag %H;{\?/’jh%gg%‘aé‘ skto
tbmecpcﬁelmpmzmmf@ﬂmh%pecmc energy consumption of the
reacipr, &d‘?ﬁ:@ﬂﬁ?ﬁg&% &%@Mﬁﬁ%%‘éﬁ%‘ SRR D BFoRESTUERSD:

reduce hilst malntalnln a given reactor re ence tlme and VO
pﬂém?ﬁé?ﬁé’é% P@&cﬁ?ﬂ“’%ﬁﬂ%@mﬂ’i’é“i‘ﬁ\% Fﬁ&g@%‘&j’gn
oﬁ&@ﬁytt@aﬁ&re@kﬁcad%m anddpenaten ﬂnplgfﬁsai&ﬁ@lﬁ spbdsxiaﬂumgscatazyst

n It has I'EVIOUS een conS|dere S :
e S e
whammﬂm"avetmmguaﬂl dinweteref aplrarmyiof sonthiedangse Fgﬁﬁ@ﬁf@&t@ﬁw at
olRfinaupiaierahly HRh3meBmoleing I AR e War 0 ekshe %

0op reaction
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 when it is desired to design and operate
a plant at high solids loadings when it has previously been considered necessary to use
what have now been found to be excessively high loop circulation velocities.

This invention relates to a method and apparatus for continuous polymerization
of olefins, preferably alpha mono olefins, in an elongated tubular closed loop reaction
zone. The olefin(s) is continuously added to, and contacted with, a catalystin a
hydrocarbon diluent. The monomer(s) polymerise to form a shury 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)
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zone. The olefin(s) is continuously added to, and contacted with, a
catalyst in a hydrocarbon diluent. The monomer(s) polymerise to form a
slurry of solid particulate 30 polymer suspended in the polymerisation

i r diluent. Typically, in the slurry polymerisation process of
ng@é{%%ﬁe, the slurry in the reactor will comprise the partiCE{§R005/004476

polymer, the hydrocarbon diluent(s), (co) WO 2006/056756
PCT/GB2005/004476 3 monomer(s), catalyst, chain terminators such as
hydrogen and other reactor additives In particular the slurry will comprise

S I eRRRY A I NRIaLResaen oA e e ihe olaiahuisishidiithes In

slurry of particulate polymer and 80-25 feg tzg 705%9 welghttbgéar e}gl%e
el B SEo R O RES? tﬁg'gﬁjr%egf‘%@’pe&' thg AFSHRIAT. Whers the
toslspihdsfghmeitmot thetisubtopalythe fuitidsMpaneiatstiy k3@ acight

and will compyis ' lefi itivas.
P o lar
suiipendinganivd inoris thesuwh efalithefvid samnensats &dhe rsariadifnd iviihgomprise
o fiRmengm aonihivpicalySomarise < 1Re dueieradlbé ahGnateigident or it can

percent of the slurry. 10 hejjur[ﬁ iz rr%ged around the rgl%}ia/el%l Filuent is an
befensty s A MRS RSB RT 8IGH © %@ CRPST VBT e LT |enlth{|e)n
intet diRistail: thiefpotymeniersuidbgnsiaiiyreonesker B2 Gumeicrably i ainight

D ag&;gﬁgleslcr s-sectional concentration and solids loading gradients. It

as now been Tound that, for high solids loadings, cross-sectional slurry
concEherduns ismmprbacorad ndelstraly ymesihgattorw detsdaon Learpor
syarat reIcbRiea BubRoRAITR dad ithin BegRijalue o paRlinipifithe slury

‘whilst increasing the internal diameter of the tubular reactar.above that ..
SR A R S
to whekdhaowdrakiteddriibe frthigh kel laditgs baasreseetéeni thetlight
of conventi It the § |amster K ntaetranst:
o e pfaPranstn
camirmetaingbwilisatrpptabicentratiog %@Wﬁ%ﬁaﬁw

dipicaly bR alkeve 2cus Yboreaipieiiy abrWoaleyabiey Yoglodaxample
o RSt 220 A e o e
béhe s i O Hglihef sotidentionob ptoedtencrmebione wheatbigntemel ciamatss of
B élrsnlg QHivRIG! IR NBhMEARKIER, AP VB PRIS SDLRES0Y bhifRReters.

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 slurry — volume of the suspending
medium)/(total volume of the sturry)]x100. The solids concentration measured as weight
percentage which is equivalent to that measured as volume percentage will vary according
to the polymer produced but more particularly according to the diluent used. Where the
polymer produced is polyethylene and the diluent is an alkane, for example isobutane it is
preferred that the solids concentration is above 30 in particular above 40 weight % for
example in the range 40-60 preferably 45%-55 weight % based on the total weight of the
slurry.

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

without any significant problems particularly from fouling at the reactor walls. For
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25 to the polymer produced but more particularly according to the diluent
used. Where the polymer produced is polyethylene and the diluent is an
alkane, for example isobutane it is preferred that the solids concentration
is above 30 in particular above 40 weight % for example in the range
40-60 preferably 45%-55 weight % basgd on the total weight of the slurry.
30 It is a feature of the present invention that operation of the process

can. be carried out.in larger eter reacto are conventiona

e G B B are ARG 0 o QA B ETor i Ml yer 750
frorxfouing atitRe0.gactoralbetFeed 768 amp i) reddiorstreaviay intexgthivhere
ﬂﬂé’cg}?ctﬁ 1‘§ el GRAIMHIMaLeEs (i RALHG WAL Qe rﬂﬁsﬂpr&reﬁéa%a{ege\a@& than

eferably between 700 and 800 millimetres can be used

ﬁ@{w rr&aﬂméré SRR Rave/ Beedaneraneta womeshan §s 6r8féhfe@ﬁra\?ngth of
greatendhans m%tamqﬂaﬂm&wrgmatéﬁ(thﬁﬂlﬂﬁ@ﬁm,riorre;xampimg@eatérsO

WA Rt o et lanthof Sdbs es6ion s on ctemal SADSIRLANGE of

imeters, In over 750 millimeters ore etween
tmr)larral@@@lmrhﬁrré@érélmtaa@peﬂramwr&wwsmﬁéqmeﬁbb}wg circulation

Uaﬁraiwea&ktatelmlhesbuH“glcearmrtnaapralsaﬁtdrelewelyémye@ reufatiaer embodlment

F{ C|t|es and rel tlvel¥ h reactor Ioosp dla eters can be lfsed A fur
%].‘ fe 1on I CESS COmMprist %merlsl 11’1 a OOp reac OI' an oleﬁn
0 ment 0 res CAVention 1s a SS CO

mnmnm@qmaydegetbetmﬂamm@lfm Egmmemembﬁmeﬂwl@@gémer
uls! (Fn?éh@é%ﬂ 65%@195&@@ ginthe tBreRfEIIEE QE@MMH&@H%@%H@ Wi hte

SRR AP IS A FTORUE RErhEGHIS ATAES At St GBI a0E o™ 20

prefferabhs 3H0 @rahidh¢hetimteinbhdicimetethofr thetoe actoths inrthe HNMEGE0
£08:80Q,Mmillimeters. 15 The Froude number is preferably maintained at
or below 30, for example in the range 20to F(ﬁ)referably in the range 15 to

2, moré ?ﬁgf&lﬁj&? ]ﬂaﬁ ‘ff_f,ﬁ’ &% matptained gt ge beloypapidog example in the
tingension e psefatdinaiethiea ciagtivié of ﬂwmbaéqne&b@lweemmenge 10 to 3. The

FUSRRNRIGNAN 59 O\H&Eﬁsﬁ%ﬂ%‘%@ a"fﬁr%?&@f"‘ TGS 2 PHIY, 5D 0&9 2 the

i)atlve measure € mo me um transfter process to the pipe wa | rom

mme@eéﬁéﬁ@réwgot@ﬁé@wres 2ONaBFIsVAlaSE BB HE TSRS AuphBBIC measure
mdm&ﬂ)ﬁ{éengﬁrtmem@rwaékéreiaﬂy iR Mﬂmﬂlbuﬁﬁﬂefg‘%ﬂ@amﬂo the fluid.

[ e E e G R s e e s
w[all) interactions. The Froude number (Fr) is deﬁned asv /(g(s 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 ISO1183A.

It has been found that reactors can be designed and operated at specific pressure
drop both per unit reactor length and per mass of polymer and total pressure drop for the
loop 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

horizontal section or
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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

wisBsibes-the degassed polymer after being substantially %@ﬁégﬁ% 1476
and immediately prior to any extrusion as measured using metho I
183A. 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

obédiffgreat sirtidnpaflieary at higipsoiitbe ofitha gsrandidareferrelerger or smaller
diamet 18,1 (l '

afpigis slréfeifiﬂﬁ{a%%sggﬂthg Sl elo g HEPaRMPREA! lesidhBn e

ar; particular ar even for polymer production rates of
reapiova'ereche REBP & PEDRO ATISPEIhBiF RIS TP pRipedHBGP and
itRYeiha8 enaPprRiniRedSaPHaf et iRl i FBErRE DAY ent pidxan @l pump(s)
. sections; these can be located on the same 35 horizontal section or WO
1%63@%8%@%%7@%@5%‘7 AFIEE%8n different sections. The pump or

pumReaatvbszefithigricalip dierabte} iopatiseiaosmdfo’ fhamremple 75-200m®
p E%{?é &fetg%%gﬂ&_qiﬁmeter as the internal diameter of the section of
t ere the

e reactor w pump or pumps are located. It is preferable to

empl&lpacfihishesimpashdiamcn Restore s sat e R isein hon sRRD fsfpactors, for
cxeapicments RnysRkepratREWESORDUNBEDuTisdass eackaUsndtamofor

conventignal processe eactor, size is 1ypi 2 j icul
TSR R RN oo UGS Lesh D s Bsiar p MO Fso.
Rethetidrhighesditeienatidiandietertretatio i stseotiposiiions gvedientiyizannd the
r{)%lftéimécﬁoe{n&éﬁmmsﬁaﬂ%ﬁqm@ oF abaisateh mmygmt?emm per hour

with"a reactor length to 10 diameter ratio of less than 500, preferably |
todehinyerbwithoraly RevBRk R TR fRERDISHOTHRACHIRARPRE AE1BRIdRY FRacton
1<|Iepd iqmﬁiﬁaﬁ@bﬁi@%mig@ﬁﬁﬂmmmﬁgl@ﬂeﬁﬂiﬁ) ol thactedotienactants
oop.apd enables prodyction rates of greater than 25 tonnes (per reactor)
&% S}’ocﬁfé‘%ﬁﬁ%\fé%emﬁ?'a single point of introduction for each
re ag_e’ﬁhegpmcnsqrﬂmn@amm tisoloapaitil basvElginnbtp mxﬁmd&h agastion
s%%%%ﬁ@q@@%@e?%e@%sﬁ%%ﬁw ﬁgﬁggaéﬂ%e}%ﬁigal flis)ecaiabmbE

er-additives. The pressure emgloyed in the loop will be sufficient to
baiansi kPR bamepErferably 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

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 ethylene partial pressure is preferably in the range 0.2-2MPa and the polymerisation
temperature is in the range 75-115C. The space time yield which is production rate of
polymer per unit of loop reactor volume for the process of the present invention is in the
range 0.1-0.4 preferably 0.2-0.35 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
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system 'liquid full' i.e. there is substantially no gas phase. Typical
pressures used are between 1-100 barn, preferably between 30 to 50
bara. In ethylene polymerization the ethylene partial pressure will typically

wosiRdhgdange 0.1 to 5 MPa, preferably from 0.2 to 20 2 N cl}%
part?cular y from 0.4 to 1.5 MPa. The temperatures selected are gg?:em?ﬁ‘a—t“

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

ole@tﬂtmccﬁmmdtaernﬂyw AeHtgrudcunsigmbnseihid @aﬁicularly suited to the

merls n the te atu IS genera
B%V Ilj"le pre ﬁ %et\kég(g&? éla géyg% OI’ exam 6‘1 cally
compashymdewﬁermmabtwmammh@ﬁp (4 rle%élhﬁé‘@wqhwéﬁmbly
ol PR BYalRiBRlYAR thed ﬁttgfp&%ﬁ%%t ,1¢bﬁyewme partial

pressure is prefera y in the range 0.2-2MPa a eris tlon

oG T BRI PR AL BT SRR o one o

cﬂéqd&teﬁﬁm@tﬁ;@h;pﬁimmmhwmtsqﬂaﬁpleeammdmbrentdunhelmcégs
dO%lo g eﬁiﬁﬁé&l ﬁlFr: X?ntlotrfols lf] the OI%h 91'1%19(1% Qﬁ}fé@eb yrcgpglgng’ﬁmtene-

N/ROUT rocessa of ngt e Invention applies to'the

pepapdsdiisenef commstitiorls and méhirrg sichieysibeapRrddyiente] or cthylene

ma’ﬂtm%rt whigh.can 4@&@9&%&@%&%@ AR e G 1P QREIQBET Efinonomers
PCT1GB20051004476 6 olefin homo-polymers and/or one or a number of

for G BYRAH ETROIYREFSAOarly suited to the manufacture of ethylene
polymgisadathpiepyiepeyed jinech Eibtendeopdiimérscaybiralhaving 2 to 12,

a-olefininayv e %

R SR A DGR AT NEEHEPALERE ki Plopane,
n-umu;ymt@ugm smihewmemo el alkeneniaeh s e RSB
isHERI GRS %ﬁ%ﬁ%&baﬁptﬁ éya@tmane@gm up dpchpaiben atams per

molecule and no branching nearer the double bond than the 4-p |t|(%
ey RO B HITE HRRS e BURSIGRE TRy Ine PRLRAE: et
geha)&ﬁ? endriamithaetenet 1o mdm@meam@ammbmmm@@m liquid
ali Ela enec ozrti Hp g nedlar%gltec{] dl%%‘.tt %dtglﬁ mJe &1 that at least

aﬁ% erre%ltl rs or eth

comonom ene C merlsatlon

5m@mmbbeméemzﬂ%b@tthesmmdmmé a BBl AR &
petiiQikdy Esiaably S4QfaSRIBP BIRIRRS R IRIesdR. for example linear

alkanes such as propane, n-butane, n- I} é and n-heptane

brangh%apg(}‘ﬁgﬁgggﬁ{gﬂcgg @Bﬁéﬁ%hﬁs MONOMETS e. g ethylcnc,

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
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 chl:omium type catalysts, polymerization temperature is preferably used to
regulate molecular weight.

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

manner such that the diluent is not exposed to contamination so as to permit recycle of the
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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

wdeRiRNstygocatalyst and polymer produced (such as liquid RUphalit<vos476
cycloaliphatic and aromatic hydrogarbons), 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 conditions can also be such that the
dilvaonothe rolenprizgtidemenepriiyidnimakifaayrdfioeiomsSepgativgdbein
parif m@;ﬂgﬁ& gﬂ%@&%@%@ PIOGESRhd Besehimy cansensalion imiatn
volume percent have beén found to be ablé to be apﬁjl;led, m&egen en(tsyth
typispRYGTER braPYES RECR e RItR AR ShriATHon AR Gih FaR T M £Eper W the

use/ BEGHYSh sl gsareaipe setitiagl dBtanyie demibnfove visipartieatariythe opening
referred, as the diluent 25 for propyle ol isati
e BT T T o R U ol R o e
dilidatter, (etatituens arududitieitiateab warsieslanstarijple edthijeral ports, the
1oc S 396hish RER R ABMIER.2RIORBHHYERG AN 1IEesS IR BRSAj iGN G the
lower average molecular weight. When using chromium ty %h%z%l%alxlst(s)ﬁs will
domﬁ*}&iﬁ%‘ii%atgﬁ‘fﬁéﬁ%F@qg%gfé%[@ﬁséx&¥&wgafa\% MOTECURT
typlégigiiate sommertiaiplantisnttie paitiedats. notfneblis 4épavetedaiiydr 10 cm
the diluent in a. manner sych that the dil ' et .
TSRO LS s B e S Ty BB it ow cilon
recP CT/IGBRO0SITS4 778 opaliemetdanss Slmeieriraséns vie Hith selidimal if
cort¥Rwificalion: RePAREING;RE tRAGHIRP STl ek S daeenb yWilieirawn
process of the present inventign from the dilyent typically cgn be b E}f%
Fopa i B KSR IPHECkK 1 SR AMTAEPELRB AGEIVE RHBY (1 e (Rp ey s
sheigGastinuslysyesisabsai ihglegs isuti that iafidtiphf gtdrogmivossithgarallel
opening 5.thereof provides a zone re the po i
or fgréeg?h ex%ﬁfﬁ?ragr%ﬁ%e %ﬁ?ﬁgﬁvo?f\évu cgﬁlti}:ﬁu%u%%}r %E%%E\l/%llt d rawg%%i}}ge
signiinglteusmudtipfadithandvapposetionefiesaner o filimehicarpissd.
Zny\ﬂl t%&%@éh%ﬁﬁciﬂd ! %@ﬁ@ E&Qéﬁfﬁﬁ@&%@f i EH@Q%&H@IH’&@ can be
ownstream end of a horizontal section of the logp. Any.continyo .
cPRISERY ABERLAR 6 AHEE RETE S ARG PEIAFTRTBICS TS Fapipgtion of the
pOREDR wﬁﬁﬁi&h@b&é@i%@ﬁﬁ&ﬁi@ﬂmﬁpﬁl Mteﬂxﬁiiquisdﬁme paitslasize of
the:sp%%\! e? ?JXH%%Q%%HB& 15a¢ E%rﬁné%e%%tgp.e AlE %Mﬁé W AE M ution 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 skurry 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 the concentrating device system, preferably the
at least one hydrocyclone recycle loop, also enables the particle size and particle size
distribution within the reactor to be controlled. The average particle size is preferably
between 100 and 1500 microns, most preferably between 250 and 1000 microns.
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recovery requirements. The operation of large diameter reactors with high
solids concentrations in the slurry minimises the quantity of the principal
diluent withdrawn from the polymerisation loop. Use of concentrating
devices on the withdrawn polymer slurry, preferably hydrocylones (single
WO Bse of multiple hydrocycignes in parallel 15 or seiteSfHHEH476
enhances the recovery of diluent in an energy efficient manner since
significant pressure reduction and vaporisation of recovered diluent is
avoided. It has been found that the slurry concentration in the reactor loop

can 9&?&&%&@&%&@#&%@%%&&&%&%@%@&@9&% #8urised, and

partidle size distribution of the powder within the reactorloop. The
orfipprlipieattdsRricale Srtrdialendglo parRR s deh oot kn LSRR /S the
pﬁmgeﬁﬂ%ﬁbi@ﬂM&H&Q particle size distribution of the catalyst

can he affected by, many factors including the particle size distribution,of

tho L BE TR PRI TN o e prn PR YL e
typselstresioiafepretanily sippotreantpssoptiplitputdia rewelbymerization
pri@RN SR UNdELFe AR ORI OnS, SRIdB;S H19 cHRVHTRE (SWaRLRS

hydrocyclones) can be used on the slurry withdrawn from the reactor Iooguy -

copdepsatipmh 3 e rephiz HEGIRG ARSI T 8l SRR A L SRR

of@iﬁfédlﬁtﬁiapaﬁmﬁom@@@mmmebﬁmamﬁmuh sutthcptismefitheid primary
ithdrawal. point for. the concentrating device ,a '

R R or B PRt AT G it 1 Bl recovered

frdeaieqraxtays Basicieseel boysisielp rasseddaabtiecoadary Aask v esprd taspmove
reRBLIE BIER AIStHLLIRR Y RIRE, 12aG OE 1ARE1G8 R RNRYedREAYSIRB Bressure

particle size is preferably 30 between 100 and 1500 microns, mos
this AheAb e TEBHOREH RIHRETD YOS Tl TSR e OB e sgneeded to condense
thPfedd RaDABIRAY 476 oB ThighviteshiawAzsndesyefBrafbalzreahcentrated,
polymer slurry is depressurised, and. optionally heat ' . : oy
oS i e s s B mich i
spefific depsiiyJuribatiorge 1898 ita Sri3Andonndensisnib HEp Y b A% Plmediraadensity)
or@,@&f@@@’f@éﬁg‘f?&éﬁh%? 5 typically condensed, preferably without
recompression and reused in the polymerization Pr%iefs. The pressure of
the phAREBPASSARIHEL A EEI D FBIRAT R AABIETR SR BRm
ca%?ﬁ%aﬁﬂmﬁwﬁgmw@@mﬁwwtﬁﬂmm
a the flash vapaur prior to.any recompressiqn. t
o e L A TR B A 53U o
inbFdtiicomEnoTied shitisiverovideeeitalysts 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.

Metallocene-type catalysts may be metallocenes activated by eithér an alumoxane
or by an ionising agent as described, for example, in Patent Application EP-500,944-A1
(Mitsui Toatsu Chemicals).



10

15

20

25

30

10 from the primary flash vessel is preferably passed to a secondary flash
vessel to remove residual volattles. Alternatively the slurry may be
passed to a flash vessel of lower pressure than in the above mentioned

wHhasYsygssel such that recompression is needed to condgASERINL 104476
recovered diluent. Use of a high pressure flash vessel is preferred. The

process according to the invention can be used to produce resins which
exhibit 15 specific density in the range 0.890 to 0.930 (low density), 0.930

to 0.940 (medium density) or 0.940 to 0.970 (high density). The process
accofitiglgiynrechiviRticns snastavafrietaf BRI IRRSR RS HIS s gpigRnclude

at RYSISMSHRReH JANQRR S PSANFE0R IS ZvBleviy eicaB ) Sigmiesium and
articular those derived from titanium,, zicconium or vanadium and from

at {epshPRg)ALRER R ST SRS 35 F@;‘é?%c PPOTted chromiim oxide
catalysis pnch B0 byctaligicesfartypiticambystgrefreabliofenelbdng0se by

cgﬁéopentadienyl derivative of a transition metal, in particular of titanium
wel : e :
or zirconium. Non-limiting examples of Zlegler-tgtge catalysts are the

comFommaR etk By Ak oh brieaemarsf TrBYE oY B ol Y Breie,
VB oot 3f 2006 Bieitanles ﬁ@?ﬁﬁﬂ@&iﬂﬁﬁl@gﬁoﬁ; ?ad@ge% Otaitightby
mixing a magnesli compou WITD @ COmpou [ on me
e E DRIt B ARG FRE A e G ARG, Gors o adit
integial pdshed Hoeandigresiists of egoents aisoig o dhsiofueiersed for their
m& -}‘aB%Q,dslucM %L%L%SHO%@&Q@QJX FyBay PR MeIGHAeRas anivBEeshREen

either an‘alumoxane 30 or by an ionising agent as described, for
areRepfemblyripatam Mepteatish EP-500,944-Al (Mitsui Toatsu Chemicals).
WO 20884006766 Rt AR2Q0G6N44 461 Pekicpte| g siatily starise out in the
most preferred. Am these, particular examples.include at least one.
PR PRSI b RO BB 1B TOR VB ARG e el
coafsbuatiicashminraaitiyest. (Bosdmisits-cababthingde\bithdhsh as optionally
omprising: from 19:9, 302 | tion,metalypielerahlivionh:
b %g%ﬁ%%m@v%g&ﬁﬁ?ﬂ@rﬁ g%Wg)d%rgg}f %%%\%z%%%bof halogen, preferably
froro gram okt B iR blescR GlEeinonIns PR o sTaglse Sapid be
orRMAYHRR d8riH0aday, WeiSillcylaluminiums such as triethylaluminium,

trialkenylaluminiums such as triisopropenylaluminium, aluminium mono- and dialkoxides

such as diethylaluminium ethoxide, mono- and dihalogenated alkylaluminiums such as
diethylaluminium chloride, alkylaluminiom mono- and dihydrides such as
dibutylaluminium hydride and organoaluminium compounds comprising lithium such as
LiAl(C; Hs)q. Organoaluminium compounds, especially those which are not halogenated,
are well suited. Triethylaluminium and triisobutylaluminium are especially advantageous.
The chromium-based catalyst is preferred to comprise a supported chromium oxide
catalyst having a titania-containing support, for example a composite silica and titania
support. A particularly preferred chromium-based catalyst may comprise from 0.5to Swt
% chromium, preferably around 1 wt % chromium, such as 0.9 wt % chromium based on
the weight of the chromium-containing catalyst: The support comprises at least 2 wt %
titanium, preferably around 2 to 3 wt % titanium, more preferably around 2.3 wt %
titanium based on the weight of the chromitim containing catalyst. The chromium-based
catalyst may have a specific surface area of from 200 to 700 m.sup.2 /g, preferably from
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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 10 manufacture, such as carbon, hydrogen and
oxygen. The transition metal and the halogen are preferablg titanium and
W%ﬁ?{ ﬂ@?ﬁolymerisaﬂon, particulaply Ziegler catalysed oneks gfé“ﬁ?ﬂ?é@ﬂ’j‘/%
carried out in the presence of a cocatalyst. It is possible to use any
cocatalyst Imown in the art, especially compounds comprising at least
one aluminium-carbon chemical bond, such as optionally 15 halogenated

400r@30atLRI YR aampeRtispvbith 6Agreastilite Dyygandieable onedrto 3
rom group | of the periodic table, and aluminoxanes. Particular examples
C“fould be organoaluminium compounds, of trialkylaluminiums such as )
triettSililamiriorted thetkenyaktaiystanrs Sodtaby stlioprsiorrpanitalfgiyation
st%: Uy '%%08&@9&&9@5%&1%&%&?& adisthvadialpigs-athoxidRrably
ono- and dlhaloﬁﬁenated alkylaluminiums such as 20 diethylaluminium

repgAbfiae HRYRRINIERT riorBor IR ALY Ll b g taluminium
hydritie: aagt6f gaspaall BiRissd 1eanape it caisinytithiodals fetessmple

A AN s Sompound Sapsciall hgRe bioh &'

(¢
nated, are well sul uminium an

uliigbineadmianiliirmagier SHOTIaH) CRIVRFESFOGS TRPRE KB RSASHTE SeBRected in
sefiBlalya! .areferidia-pamiisg-A sienn indchsarpiupliowsenya catalyst

having & titania-containing support, for example .a composite silica and
PORYEMASEIONAEAEIR that i BRA QRTEIFERF- chromium-based catalyst may

compigie: tamdd Sdebrauteisoniivnepeeietdtihe asdian il SuppBedvidmaatalyst

h as 0.9 wt % chromjum based on_ ihe weight o :

o A L S TR g AL, el o sy oactors
supsliviliwithpre flerab iy cmomat i prdicvanetatinerans srshhere ey Apdus fom 2
précadifip Al AR Res et OB G iRk e QRN GRSt and a

catalyst. The chromlum-based. catalyst ' may have a specific_ surface area

msfERFe of SR5P by TSES RIS 1/ PERESING HRRPUPE 2D e85 6 Fa% oPtionaly
pd3EIGBARPE/AQ4<bi 2&&?@1}&/&5&‘@2&@%@, aﬁﬂﬁmmﬁgﬁjﬁ)ﬁm

reater.than 2 cc efe § t ol chromium
Ieg(ét&ll'ﬁ/ gﬁ’res%x ca(%f ana/or %/%0 thpy% 910%%39 g IS.%%B%BBPJ Ttg .

Sts"are typically subjected to°ari initial activation” step in air at an
ingletmtethaetvaibmdibpereriatist Phelubucktiotrte sk rargiel preferably 5,

ranges #0Ws2APhiR.3R0 HRG 8Sinfrisd D G RELHAEARICRAE 190 5RBs IR B6lykmer of

highest melt index and the polymer of lowest melt index can be produced in two adjacent
or non-adjacent reactors in the series. Hydrogen is maintained at (i) a low (or zero)
concentration in the reactor(s) manufacturing the high molecular weight components, e.g.
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.
percentages between 0.5-2.4 vol %. The reactors can equally be operated to produce
essentially the same polymer melt index in successive reactors.

Particular sensitivity to operating in large diameter reactors (and associated
cross-sectional compositional, thermal or particulate gradients) has however been related
to production of polymer resins where polymer of either high or low molecular weight
resins has been known to lead to increased fouling concerns. Particularly when producing
polymers of molecular weights less than 50 kDaltons or greater than 150 kDaltons. These
concerns have particularly been confirmed to be accentuated at low polymer solids
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The. reactor 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

Wﬁ)g&) Qbshore loop reactors connected in series or in parall C'TI'}&%{&%%

r
op may also be preceded or follgyved by a 10 polymerisation reactor t%‘r;{t6
is not a loop reactor. In the case of series reactors, a first reactor of the
series is supplied with catalyst and the cocatalyst in addition to the diluent
and monomer, and each subsequent reactor is supplied with, at least,
conenaatiensiinphstieadarr étopleMhanpradircthe pilynyeasisfimgdlenwlay weights less
eRISSPANRIGRCIY AP, R0068 i3l APHiLe SOMPELAING 81Ye:6RANR $0Fin aree
cocatalyst and a”15 mixture of the polymers produced in a precedin

diegagtereartpis Ednebowssaptianimyelydesn disaxssyhsislouting }%%\g%“t@f*%d
wabeliendd RRRKRY ianaklfastoaB.ok e Jelbaywagidaanpas it Bires!s.

catalyst and/or,cocatalyst. However, it is preferahle to ntroduce the ction
TS e R L e ERETOE R R ) FABP o Alg sonsot
havheyet ihesldnioniph et atslead at beased vt wetioss wikepuinythringstnal
dﬁg‘%ﬁ?ﬁ{ DGl doddexranditha @9@@8? ! 9&%%@% 184X 6f B meters

pro In two adjacent or non-adjacent reactors in the series.
Hydrogen is maintained at (i) a low (or zero) concentration in the
ERgasiRN (s) manufacturing the high molecular weight components, e.g.

hydrqQgen percentages includi etween 0-0.1 vol % and at {ii) a ver

g LT APEEIS IR P8R LRSI R e B o 765
millighitesambanehis iy, ddeiy el I/ forcs vthylendistonpolyme:ised wiokexene-
1}%@%%%%%%% RAually; RS ARSIRIEE 49 PLAPHCR.BSRRUR NIIRESA Ssing 2

elt index in successive reactors. Particular sensitivity to
Copemimganvide Eﬁ%‘ﬁéﬁ@r%@?@%‘%%@ét@ﬁ-g&&&%\ﬂéﬁﬁ%m a
d&ﬁ&i@p@%@d o n@hﬂ%.eimaégehﬂﬂ;y@émah ﬁrm}iamm@g Eﬁﬂ?ﬁﬁbﬁf% ietas@idained
to production of polymer resins where mer of either high or low,

R ARSE P&fgﬁﬁ% s%ég ﬁeggt%re%ﬁckga AP R Tharéaged Fc()iulf?ﬁtghe power
transimeen sn Bar ouip ol eonprd dysivn qudlpers tsansierotectiatentcg measured by
SERAAN S ARLBLAUERISH IR AR IARloNG:d Beske hAGctor

particularly been confirmed to be accentuated at low polymer solids WO

tEPTREThEG TereR SRRt sl R iy sssentialy M PRARES AR FHRREREERYFoop.
e B Shisng RolR elero iy ne legstasyiedhimiesstibambotdaalinaced by a

pIiRier fhan 200 KDE. QLmek index bglow 94, a5, 3PRVe. B Ad P distributed

as evidenced by the stable pump power readings
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diameter reactors it has however surprisingly been discovered that fouling

is decreased when solids loadings are increased to above 20 vol%,

particularly above 30 vol%. 5 The present invention further comprises a

loop reactor of a continuous tubular construction having at least 2 MCSLLP
horizontal sections and at least 2 verticﬂ sections wherein the internal

diameter of at least 50% of the total length of the reactor is at least 700
millimeters Example 10 In an elongated closed loop tubular reactor

having an internal diameter of 765 millimetres and a volumetric capacity

of 167.5 m3, ethylene is copolymerised with hexene- | at a temperature of

$3C and ﬁr(pcr@s%%ﬁﬁgs %%?@1%@895%%@&%%&%& %'Pgdﬁ?mgoﬁso tubular

Chromium catalyst to produce a copolymer having a M15 of .85 g/l .
fATReet g duR O ERSTAP BIIDSBIRYMAALIA M ebentially Borisfameeligymer in the
Ipading: Qfrabniit REMEeJs Maintained dR.far & pesiad of several HaySsifPolid

reactor circulation pump power as measured by the power transducer on
mEisule Motiarmdrner aydidn HhgHede isbefididinegishebaursgt 50%

By v enitpring ReAaRt ARk oy RAG 600!ANkWRIRFLMPEIRINIS RRARE on in
compared to reactor temperature remain stable, resulting in essentially no

Birdingeon sithésaparametenfedratiiey rd At that tersa@ehbelow 30.
detectable fouling of the reactor as evidenced by a 20 buildup of polymer
on the walls of the reactor, and that flow is stable and well distributed as

évidenCelr BiFiRAStIB UM HBWerRsatin g kb qapcaiteliais: the ractor is

pracesmeenEsinglRalymerising in a loop reactor of continuous tubular
construction an olefin monomer optionally together with an olefin

comonomer in the 5 presence of a polymerisation catalyst in a diluent to

produce prebesyLunptising selid: priticulate plafin pabi@aranththeal diameter
diluent whﬁ(r);in the internal djameter of at least 50% of the total length of
iS

tétrisastolie 8f RSP Pol AGMELRF oA S HIREE SREdRtARSIFTR the

reactor is at least 20 volume % and the Fronde number is maintained

elow 30. 10 2. A process as claimed in claim 1 wherein the solids .
goncerﬁraffb‘ﬁ’ﬁﬁ %81?838%1”@?%%@%%@ > SEIBNEY5 9 oA PrisegsZ0% of
i ebadedgin eithier @lairorliobclain@ mingieirthe internal diameter of at

least 50% of the total length of the reactor is over 750 millimeters.
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 any of the preceding claims wherein the space time

yield is in the range of 0.2 to 0.35 ton/hour/m’.

7. A loop reactor of a continuous tubular construction having at least 2 horizontal
sections and at least 2 vertical sections wherein the internal diameter of at least 50% of
the total length of the reactor is at least 700 millimeters and the ratio of reactor length to

internal diameter is less than 500.

8. A loop reactor as claimed in claim 7 wherein the internal diameter of at least

50% of the total length of the reactor is over 750 millimeters.
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15 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. 5. A

process as claimed in claim 4 wherein the internal diameter of at least

85% of 20 the total length of the reactor is over 700 millimeters. 6. A MCsLLP
process as claimed in any of the preceq'glg claims wherein the space time

yield is in the range of 0.2 to 0.35 ton/hour/n3. 25 7. A loop reactor of a

gontinugys JWRHIaR FNSHETEnAIRD-A IRAShAreaniAlu ATIIORS AR

at least 2 vertical sections wherein the internal diameter of at least 50% of
& totahietyth longite rblstordeien ivalske7od AMilmBraeteend the ratio of
reactor length to internal diameter is less than 500. 30 8. A loop reactor
as claimed in claim 7 wherein the internal diameter of at least 50% of the
i6tal leAgivroftaeipe aelpimed &t FsomTiiherrsthmose diBngte psepleast
§2aC10rAs Caimarkin Slain Lavhersin tssiniealidiameter of at least

70% of the total length of the reactor is at least 700 millimeters. 10. A loop
reactor as claimed in claim 7 wherein the internal diameter of at least 5
8p% ofthgdotahlenath afthederelRmisralieash 100 Milimetersoltifh aeR
reactor as claimed in claim 7 wherein the ratio of reactor length to internal
diernatalisgoriss iggps 35 18012, A loop reactor as claimed in any one of
claims 7 to 1.1 wherein the reactor size is over 20m3. 13. A loop reactor

as claimed in claim 12 wherein the reactor size is in the range o
190-17874e9p reactor as claimed in any one of claims 7 to 11 wherein the reactor size is

over 20m’.

13. A loop reactor as claimed in claim 12 wherein the reactor size is in the range

100-175m>.



