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

pol ynerisation of olefins is well known Emmmnﬁ‘zmwll”m
ol efin nononer and optionally olefin co

pol ymerised in the presence of a catalyst-in 8¥%Pluent . __
in which the solid polynmer. product is suspended and

transported.qrRRy Qﬁ@k'mmmﬁmbhm@w ed to

pol yneri sati STurry is

ci rcul ated in the reactor typically by nmeans of a punp

or i 8 slurry phase loop
par t| ei%‘rgﬁent 1nv-%1}tﬂ g ﬁ{) %ﬁllcexjrlg@ th%gzﬁﬂ"xg)% ~ ead éls?: rslurréf é) ase loop
taactoesxanpl e |n U. S. Patent Numbers 3,152,872,

3, 242 613, I\

CArTi gléa.rr&gx yénenéerﬁéotnuorf ggéﬁlﬁn { ‘h’alaﬁﬂo% \lv@edél}{%h%ﬁ th¥nonomer

aid OﬁlfOﬁSM1®1 cqmcmmmer argelymer3ed b)ethapremﬁ eba %tf}lx%t in a diluent

USe cat al.yst olefin

ﬁ?‘?gﬁﬁl B&%&WOQ{%&&%"@F{#%‘@ dOZ{ eyl er-Nat t a
0 r mE‘I'ﬁis i@t ik ¥peifidally adlakd &i Isﬂyxﬂ'ém‘.ammniwdbomﬂeammywhere the
conpr.i sing pal ynmer and dil.uent, and_.in nost cases . .
Sl e o e oo TR e AREP G B AP Liquid il loop
i g foRadro pattib bRy Well kAL i 186 af @Ad B destsibyd for epdmple dh IUYS. Patent
usi ng concentrati :219 devi ces such as hydrocycl ones or

Sbamteryl 12643, 364l b1 38 quantity of fluids

wi t hd 'P@%e%a&ﬁnﬁ?@pfé@lll)y ORfied JRQt {eﬁﬁ_’)@rahﬁé&qh(ﬁ{e xbﬁgdﬁo B5°C and at
conti nuous tubul ar construction conprl si ng at

| eas
tpmsurf:%lln theppngsckrAf? bare.okhe, catabyst A O ARG Pily used fo
tpo?%ﬁ’eqsgt%n SERIPUForh R oxiBO ergg‘Pé}IT@itta%? eletMBSenehise -

nerisation I s typlca Yy renoved USIﬂg
|cata1yssc ﬂhepmldaﬂgblrw qompaisiggdolymyr anddilueni. apd B ppsys catalyst,

%%I rgo ér gr?&r( (2 T n%ﬂ{e[' 9#{}'&' &gﬁhgf,%eh ﬁ?%h@lg 8ggcr)&etiaﬂ§?%srly’

_ m@ﬁomyyxsingtcomcsntytmgahwicys sush ah bydragyglongortsettlizOieggto minimise

the lo r t ent invention are of
?%“aé‘gﬁ'eqfﬂga# %‘%r %ﬂ%fr%?commrm al scal e plant
C apaciTthk sophaattoriiniet %ﬁaﬁlﬁduakeﬂdlldrwommmmem at least two, for
G ow n% oper at i hg eﬁsperl ence oveﬁr the last few d
(o}

rexample 'frov%%’ll sg<tis zgnfi at Jeast tWe. ohfﬂaynq,\? é]loﬂF? aﬁ getgmns The

- TRBQTRoIyRASA NN MypRARy teindveaatihg hdire@rschahfewith @rcealmg

in slurry concentrations has typically bee hj eve
vmdﬁwmm@%@@bkydwwp SUPEAONITPBRYRS T least PALA tgwgulr‘blmp reactor.
¥t QGE FeakfoR E;IrP\Farf' bhtGY byt daly irPHB BanB€ a0l tP120 m’; the loop
p e circulation pumps as il lustrated by EP

%MOEMPEIWBM@QOODWHQWH%@S%@WW sol i ds | oadi ng

s 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 loadmg 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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desirable to increase reactor residence tinme for a

fixed reactor volunme and al so to reduce downstream

di luent treatnment and recycling requirenments. The

i ncreased velocity and ~II~-MO1 01110111 1M 01111111

[11! *coooo2* 2 head requ2renent of the |oop has:

however led to increasing punp design sizes and

conpl exity, and energy consunptions as slurry

concentrations increase. This has both capital and
hemsirequitcieyt obibe loapdias baweenied toiineregsiegpuoyp dasign sizes and
cox(gllplrﬁg%; ?x%lé ggeé‘éﬁ LSS Irur.g%éno& atsgw&%tcleﬁﬁt L9, This has both

'm se ensure mai nt enance of
cafl@Dshd diREatig, cosdmplisatiananal and particle distribution

across the reactor cross-sect arl h

oo BT g G ioaaF BF P, feasah Jqop el bpteaty een
m&xats A fothnbsk infinte fdnce ¥£ £5o8 i tHemE0) doftgpositiossl ahd phrticle slisaibution

the pipe. wall rather than rﬁguced to T%ﬁ#ﬂ ble fl
acypseths [RA6108 CESPBRRIIOR, PastiqWAsy1BF greilrecs o §pR 88‘3‘““& stable ow
chh@gegiat éﬁ e§5<f§§§/e §@1§&s BREhtrkiSis'dt Y pigwaIp Htkkr ieAdediRed to

1’ NnCrease I'ng, reduced heat 10 transfer -and
mingaisecpesyuod §ropfpopienutbe pcz,lbmyneﬁmnﬂem geneity.

Consf rd%&lgatg BroBGk i AT HHh gh QE ufdfl zﬂf‘%’ iR OIS fdufthg, reduced heat

pl a rSTVEery expensive an erefore new desi gns _
m&fekaﬁdae&mddaogrmeﬂpmdmﬁ'ﬂt}t}hddgm&genemyp e@(alstrwglon and

araneters that are ncrease.ris

coBiRicuatRd, o UBr e S Prpisde YRR R ol i designs
se¥it fothvbilieorRhiRERRE chatgesHol operating perairetdps thui £t Seed tp iroomSSTisk to

conprising 15 polynerising in a |loop reactor an
ﬂmﬁ¥$¢$ﬁﬂﬁn@ﬂ%@ﬂ@5®F6WHWPV together with an. olefin

| n ] g rddrfde RJI& tﬁé gﬁ:@&ﬁ ﬁw@ﬁu@h ﬁ@*dlg%fdv@&fd'a%o@e@g @Un&ﬁdsmo

uent to uceasurry rsing solid
p@pnérising iatadoop BEfaptmr poblefie monaurer heu«m Iy sqeethrhwith ap ofefia

i
B B RN R PRy Pt sy
ceiidyi solié partigulatosisfimpdlimer ofd the Gilbdme whemm e Ffgude number is -
t he energy. consumed per unit weight of polyner
Pgﬂﬁgéﬁ é éﬁhced whi'l st maintaining a given .
r eachpy advaiiageae ﬁle réRniafetnaYR ikhACthe Bﬁd@ﬁﬁﬁn&i@veonsumpuon of
reactor fouling. he inventjon_ i s espec

thedeaaror Sigf Sipsengr@noansumed RSB Sveighs of BelvEiT B‘ﬁ’&“?fﬂ)s’rs &pdmoed
wgleR | A RindY glger? Qb5 reksAale ke W&d&mbﬁﬁc%ﬁéﬂl@ﬂéﬁewr

en consl der necessary to use what have now been
fd‘udmgl dTheoinkentircis ssievially anagtagbouspiinrit isl dgsiredrio design and operate

| ociti.es Thi s ntion relat t
T e
whke20& ablbeah Pduad 10 BO efesivenshigh lod@cituiatigaveldcitiesoul ar
cl osed | oop reaction zotﬁ
This invention relates to a method and apparatus for continuous polymerization of
olefins, preferably alpha mono olefins, in an elongated tubular closed loop reaction zone.
The olefin(s) is continuously added to, and contacted with, a catalyst in a hydrocarbon
diluent. The monomer(s) polyinerise 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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The olefin(s) is continuously added to, and contacted
wWith, a catalyst in a hydrocarbon diluent. The
nononer (s) polynerise to forma slurry of solid
particul ate polyner suspended in the pol ynerisation
medi um or diluent. 30 Typically, in the slurry

pol yneri sati on process of polyethylene, the slurry in
the, reactor will conprise theggartlculate pol ymer,

tPREIHAT thscav iy Wil comarise 20y 75, (reelerablm 3o mesght pergent based on the
t
FBRPh b he\ i SRR R pIUED B8 RUSE B PPl

react or addi t
@srasAt Base@on 1B tofa E‘&@habf the SDHTWﬁws}gﬂmdlrgenwm whaedhe

Sy L 5 At B AL i

tma’fpdseaﬁletdnlaemtobhﬁn\lmr@hter ahd hﬂﬂ}ea@dltwd’s}/th@fdllﬁékﬁréﬁﬂ gt B inert
er.e [ [ [ sum of all

. endi ng_mediumis th
SR B R stesod TRER e akls Tkl i memomer; Shere he
qmmipipasdihiehasdunlmlﬁnﬂl,ludmk ttei e fifDfRABIMe AR ] @th‘:all)t comprlste 2-20,
uent or i

the dil t be an i nert
3551l 0 eFary eetiEmL AL Re ol e Q4 shmy. | qui
ol ef i MHIRNRAEL ’puYiﬁ)%H ardule théjlrela?ﬁ/b%md%ltllx gﬁﬂtefliilﬁssqgop reaction

inert diluent the ol efin nonomer W
ébi#ﬁmaé duizl Vabocﬁl?ﬁr%lff&rlqﬁltﬁy(lbf H@mtmﬂghmlwmpcmrﬂusmﬁnsmhen the

naém‘ﬁf(LZ AL ?f‘ntefxﬁ]g c%bf%fey Er%s-g {;ﬁ&ﬁl’i %{ centr&bo&pan solids loading

arlver Yy SN0
m&aﬁuﬁsn 10 systemat fluid veIOC|t|es sufficient to

antt (it B e L B0 D sobqnagen isrtiions as

cofteatddrat foaling I’iﬂ)v&@éridﬂl%ni @aﬂ@ﬂgeat a8 BirSbe hhinB@Sed within
now been found that cross-sectional_slurry

AGHPEAN T SRS eIl VBt eriRtamiRg tf@ff@%&@hw if g reagtpr loop
TR Y@rﬁrﬁﬁia%ﬂsbéiﬂ/gérpf alefd, tﬁés@gﬁeff%%l G 3 and 10. This is

mai ntai ned wi thin 15 acceptabl e oper tlng
waniray tershat i mangskilipd m.tlmm*ewnuldﬁ@hevmtotmehcr gesc um)the light of

ORI Aes R G5 2r DRLIRSINS B RSy B o 2. o
telempirrabeke B0 eyipmadl}tlh\ehcarammmm believe to be t he
T N R -

@Oaaplpeefammnaae rdngpil6 & 2 Ymore préRrabdNBEhS Bmee 10 293 . TR Froude
oyde., nupber mnll be mai ntaj ned at or bel ow 20, for

I i & imepdonlgssparamesen igdigativeqidhe brlgnerbetwiensthp gispension
Jatrid ts@ctlgmg t@gﬁfeﬁci@ﬁ ef ﬁirﬁ@lleé/lrf z{]slﬁ{@ Tt BRALAS R L Btise lcrlx-ggs%tre of the
Froude “number s a di mensionless paraneter In i ve
arom¢nsub taasicepiosessde the hipe wall yﬁmﬂtspamdean@inpze‘t:d td the fluid. Lower

BRAEDELE QPR Dl s b B iy
tilerapiiques. Wat Frdude mupibet (Fe) is slefinedhay € gtsd)Dehére Wi i6l the average
k/%il(\)%{ty 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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A prebprpd s ofimeng of the FesERtdy nHER 1513 RIS FQRPIISINg po

25 val ues of the Froude nunber indicate stronger
particle-wall (relative to fluid-wall) interactions.
The Froude nunber (Fr) is defined as v2/(g(s-1)D)
where v is the average velocity of the slurry, gis
the gravitational constant4 s is the specific gravity
of the solid in the diluent and Dis the interna
pi pe di ameter. The specific gravity of the solid
pol ymer which is the ratio of the density of the

volpg Ipyeferablyabbhie 30 eolnirte\’o oor eXempie2(p4h dolume36, prettrably 2535

as n the anpeal ed .densit f .the degasse ol s
voRiEgh whBe NG at LGP PLARat ST - Soan g thE Sishiding
mediIRkchieloYunX dfthe SlQrra))y 100X Thel SIS c@sceRasIH Behsuidng weight

nmet hod | SO 1183 A. The solids concentration in_ the .
perspripgsy whish israupaleat oy thaf measwid ng uelpgae percgpigge Wilhvaygy according
to ﬁl@:p%impér Sf et Yur g@y Ea{é@um;- HcFE%rc%i iﬁh%e BHaTR Li€ea2QrHdR the

volurie % prefera 5-35 Vvol une% where volune %is
polygten prdduges] is pelyethyiene ard the diluentjayn alangs for lgwample isobutane it is

pre?%%tpd:@?ﬂ; tgg sol{§s gbﬁ{%\é{éﬁ&t ifhb MR 40T i%fst 0}\(;\/8 ?(Iﬁge%%ﬂl'ﬂeyi}l]tﬁ%]rggge 40-

s conce I on neasure
60pere foeatl pgE0ovilSi edightso deged\oal thattotdl oveighaof theaburyed as

vol yne percentage w vary .accor.di. 5 to.the polyner.
o oIS 8P G aF e LR SR b B Sy i o S Bnase
polimdsaionts g6ty FY@E @uinbers epslos e reptofitadtuh it high solids loading.
pol yet hyl ene and the diluent is an al kane, far eﬁ

anpl. )
yrrglgnsemg ma

LD m i %o EXARkRe! With BEolefin
10%3%%%?&%%?1118?% %?ab a;‘/&:45% 5 f:\/r\lé(gﬁr%}{on%’b?sélgdeonl t he0 ©

coponameraitighpressnce bba polymexisatipn catglyst ipadiluent) partiewanyisebutane,

of the present invent . .on .
o B SPpUE B Ehablin s RBR AR 1 skBliion e
Frolde medet rmiigtahed atior wlovh R pasiviady ih dedinge 3 toAl0 and the solids

preferred enmbodi nent of the present invention is a

|

CopraLgen FSaEORE PAIARSS ST Y ° VAP | 0op reactor an

ol efii R IRAREEatule b BIRY predeut Akerfio Yhae Bferafibt bPMaIptdtess can be
together with an olefin cononomer in _the presence of

cagriqelony irelerasa diopistes agagtoysthan Arecopyaniierally yssd in durar | y
pdlvﬁﬂ%ﬁﬁg}’ﬁmgﬁ eag%r g@%g’ﬁ:;& n&%ﬁiéﬁly P&Q&H&:lys 508 Ralihdat thei reactor

particulate ~and the dil'uent wherein the
wdls. Foroudmpha reaetors laving inteniah didmgtersgaveh 80@wilkimeters, in particular
artleularlv in th . ) ' N )
oBERRL Y Rl oPl PR SOGREEr D Mg e b Be BV 8 pipricaly
thytelveobd havietbebis inarehstdt doacerh.e At furtherafivdntegefekie ivention is

i nyention that operation of the process n be ..
MherRR B gt IO PG P L e DG GLEUAAAR Vejogities andior
refERMO M d10RA b obS BmeferStdneYachibPddy B} thét dnbbdiva i@ the

any. significant problens particularly fromfouling at

preseat ygrtion is 2 rasess comprising SehimsTising i a deaprisadienanjefin
B3 GUE O, B Oy L
patamtridasion sgalysthie pailhegtio piodatd a/siurry 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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there woul d have been increased concern. A further
advantage of this invention is therefore that high
slurry concentrations at relatively low circul ation
velocities and/or relatively high reactor lqop
di anmeters can be achi eved. 5A further enbodi nent of the
25 present invention is a process conprising
polynmerising in a |oop reactor an olefin nononer
optionally together with an ol efin conmononer in the
reddtof SRACERINTTHS invehisesdraat ioul 1668 d@Jeysafe dre?saoﬂiéds wWiesmt 1. 3,
produce a slurry conprising solid particulate olefin
papsighiprie lessithian d fhaT evanfenpolimes mpAudtive rEesalaboNe Abeven ghove 45
todHRs Phrdbied i8hoRib1OR) élﬁ‘ft)}g,@one A BbLHRR dneFrukdd iRMEE bBE preferably
I nternal dianeter of the reactor is in the range .
on@0e o7 orerhiorizpntak sections3 dhdse camlbe loeased pothedamp prizontal section or

' on[gl? egeténg :sécti%gsp (;lkpﬁ%g)gl?xfﬂ annql %?gﬂ £ gf tﬁg gg}:gala%%{%ghgfaggg? or smaller

reactor I eng
dismese pedferpblyyafelie stk diahetkr grtbs suerealdiiapeténrf thheectiboofthe
| ess . th t hat taught as bei,ng .required, particul a
resefor NHgHY B PHRAR of BHAPH 1 St i Bregrragtetp BRploy a Sudic plmp and
it #ia F6HRIrE bSthe Pidsend inV&@ioh @iht BRfufefnsnts Gad un bR B OB EES BF fump(s)
_drops of less than 1.3bar,. particularly |less than
is. loa onstRu tagrfopeAnyRBYCTS BIGEREIon rates of above 25,
eVvemRa00VEzhe t%@efl‘ﬂf%epﬂfmm%rdcm&r SvASYH’ B eedafiple 75-150m’
enpl oy one or re"than one punp in the | oop
preferblyrimieyrangenl WE25m®™ nore hori zontal sections ;. these
can | . (o] ' iy
ai 1 105 PSP Bes MR ARAbal RO BuaSfhiar afibiel acctBuable
desigtibasdh fordirger reactbadigmetenito badefimed.  Thiaerdbéss reactor volumes, for
referably of t sa i.ameter as the [nternal .. .
AR lot e L SSES F BDUR VEHe repag PP BT imsgRsato of
leQthANDSpréfeatl P &l ffan 400 norSpiefe@dty &3k thah 256 MREA L8N in reactor
single punp and it is a feature of the present i
lengtly Enipieanal disgreter aai maHBFes copposiinmpberadignls pronad thefreaction
i r 1) j I
loBl B b led Brpgh i ARE 0Pl il b for o REkaBB pephon tobe
acpived with anlycnaingls poidt dntredustiph éor 28etl Bapdit agpuad theabdcyion loop.
A e BB AV B B P e Bn B0 RRR A o
oleffuss), gatabas es ofher additigsr reactor di ameters to be
defiped. This enabl.es reactor. vol s, for. ex | e of
r caREPTISAR SBPIHEAR H5dOBLT L BS JuEReiaht t Felniein e fgRaon
sys@ml ‘Nh@H Fal’ i, 8i¥ed RisubsddtiallPho 32 PSS TY1AEhl pRBsures used are
preferably | ess than 400 nore preferably |ess than
bepgeen IREM ears. pmelereblybatwenn 301te Agbara: dnieHiyions aplygicsiagion the

etﬁﬁ&ﬁeopamaﬁ] .&)F@g%gé gﬁg ?ﬁg%lﬁribg %ﬂhe gc{xjr%t@' RS m}’@?fe'i%?y from 0.2 to

react’1 on es pro ion rates ar eat er
2 MPanmafs pacivuizsiy(fen Orbtadt HMPapdhe houperatoreb eelecerhare weh that

i th.onl i ngl int of | . i f
R0 PRV BEARE Bl OV Fr e
agpluisdrithve sblid Panieulat fdrintind (iiyiheleble i theidil@ert 0The peigtiefization

for reagtants Q. ) ,
temperature epenés on( Sme%ydrocarbon 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 bafa,
the ethylene partial pressure is preferably in the range 0.2-2MPa and the polymerisation
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20 ol efins), catalyst, or .other additives. The

pressure enployed in the loop will be sufficient to.

mai ntain the reaction system liquid full' i.e. there

is substantially no gas phase. Typical pressures used

are between 1-100 bara, peeferably between 30 to 50

bara. In ethylene polynerization the ethylene parti al

pressure will typically be in the range 0.1 to 5 Mra,

preferably fromO0.2 to 25 2 MPa, nore particularly
terhpe@ifutd i4 i Mre tarfpe VR 15T HEDet sqmpetlmt iedd whizhds production rate of

uch that substanti all of the ner_produced
pofyiieg s PGP fergor ot i pRprey R A0 Bferent PEtER s in the
a8, Pﬁacfﬁ‘éﬂei‘&l}fs@iﬂ(ibﬂ&ﬁ&b&%ar form and (ii) insoluble
in the | uent. The polynerjzation ggeratur
depSRgPTEST 4E0THIED %@W‘@Pm@fﬂs t% FPaz3itpryf gompositions

|
T PO R NABIEATRC o e o

ol¢ft weenpSFTEE aadior 0REE, 2 e posich BPRPLYReRAE if PALicapgly suited to the
il SRR frb B ShaM AR B BONIRES SRR cpflolmers oypically
colfprigé & slpABbIefintn & hambdmgnoﬂﬂ vifchxanagachtlRgo et Wyightpreferably
artj al essure is prefera |0 ther 0.2-2MPa
ﬁcgﬂg %tﬂé/pg F§%&?’<3WPLE app; %%‘8 /eb? e?%%tt he range
75 ﬁh@@lph-ﬁhﬁorﬁapﬁéﬁn tlofBm ¥tis @leferally &hpﬂo?e&fn@idl@ tdactibnisakeone or
pol.ymer per unit of |oop reactor vol ume for the

mprﬁdc@lgﬁnﬂfavmﬂélpdp S<arhon; awmﬁfr@w lpculg gpdinpbran earer the

- ddibik tQ:ax ﬂﬂfn%@ﬁ%gélﬁo@ él%?f&aﬁeghn{ﬂéy iBQHdd é'fﬁyleneTBﬁ)lﬁ[eﬂé Ssifiene-1,

accordi ng to the inv 1 oNn app ies to the preparatlon
pemtencdnbwmﬂ@mé oc@ne-brandimixhyeniuch pnethpleas ardipsitgne-1 or ethylene

angghl?a%l enf) BRl%né/ rirEﬂ’ei e‘ﬁ’g lcagd ;I?%Fﬁé) TREe epsa?n Hﬁf nﬁ%}'r@% ?@ﬁf)nomers

YAer's or on
foﬁethgle)measmlvﬂlénsaaozpartl cularly suited to t he

" manuf act of et ner an ropyl ene . e 1m
pol ;mlgﬁ EP %%rﬂé%x |S§ﬁae ; ilf%ﬁyg{y?&ﬁfm%‘éa% p2toll,
@fe@m k&R darthd a@orﬂ@;ﬁdr&ml&mﬂﬁxamleqme@ladmmamhbg Yropane,

|ght, preferably from 0.5 to 6%b wei ght,  for
n-évx@ﬁf)lreh%ﬁ@p? & Briersa, Pobragchsd ljanes spgh arﬁhléo gﬁﬁalsopenme

1oTRA0; 19 detdnd ﬁ@ﬁ@”ﬁfn&t&ﬁ%ﬁgﬁ{é ¥r &/TRa04AEs duh §§’9}h:10pe§1tane and

reactions are one or 2ol éfins having up t
cxc&rrkbsmemrchhmr qnemnnal loghd easanficthplene pelpmierieativaathe dilugns is

b t h .
gﬁnﬁg}lﬂa C}gerg%ylr%s%gc pﬁmg F():Sa/ gﬁ tcb%%%lg%é&iﬁa&glgﬁ?ﬁﬁg&?(such as liquid
alﬁrﬁﬂgﬁ%&v&lomwﬁ h@ﬁeﬂ:,aﬁ@hdirﬂiaaﬂr)]cms}z&t 3 iﬁnipe&&metshgh thatat least

e an exene:- 1.. Butene- .
S¥apiirasty dhigahdFion et o 2P RS e S g i G elgobutane i

p&ABRRAY BleSerrelis Y diRkeibeaByeAPRblymeRiatiohl on. Typical -
dlluents enpl oyed .in such react]ons include

hy dr Sbappsniingfpnditignocangispbe sugh thpgthg propomersfeg; ethylene,
pﬁﬁggﬁg A gm- RfGerRd K3 Gise [P0 GHAIBUR polydRifsattinRBE3ses. The

slurry concentra’uon 11m1ts 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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n- but ane, n-hexane and n-heptane, or branched al kanes
such as isobutane, isopentane, toluene, isooctane and
2, 2, -di net hyl propane, or cycl oal kanes such as
cycl opentane and 20 cycl ohexane or their m xtures. In
the case of ethylene polynerization, the -diluent is
generally inert with respect to the catal yst,
" cocatal yst and pol yner produced (such as |iquid
al i phatic, cycloaliphatic and aromati c hydrocar bons), ,
préfierablyt wetherldgher Aydrogdn prbstireateshléag in a b ¢rafcanatdujar weight.

t | east, 709 formed is inso
b i, Bt et S D AR eyt B b B L, psed to
,Egﬂhggmﬂe&ﬁww@ﬁﬂwlene pol ymeri sation. 25 The operating
condi tions can_al s be such that the nnnoner;§£e. .
¢ ﬁguent ma

et hyréepmmerqizlglants figpagiqulaig pelymegis ssemtted o
51?1%? such 182 tEAdiluesk b H(l)tl% Qgeﬁr{@ b hﬁﬂoﬁ) Ecpgsec% 1t E&%xe of the
urry concentration tS In vo ercen
dlb@ewoﬁlmmmwnnguommr@ WIth lbemapbifuaem pmﬁ@ép@n amatyl

J[u?e&ytyglsrm {nceﬁfbytﬂ{bgp sg %? h‘reaﬂ}gseﬁﬂﬁ%h%on%ﬁl the dlluent

uen
tygm@le;r cani Hellgrainy nﬁnﬂmdydnewa mttrwarefor |esampie fitioan | iavdiye elther (i) the

wfBoF gRbrT Ut val traliee e pevtuBhn B ARk Sy agises e gpening

thélVeSf #:aemes b PoreRehedd the pY¥yaier Fbﬁttféﬂ:s £hR it to sk leRtent from the
| ocene and tridentate [ate transition netal

ty
d@’&?‘a‘l’%@? ontipyesggetict withdrayakbyiapamale ergugtiplg wbgr?é?val ports, the
lolaé‘tﬁ)r Qﬁ%ﬁmﬁf &by raﬁ}w(fl?ef‘va b tHeGobH rﬁcﬂopw@glﬁ%éﬂﬁ adjacent to the

ecul ar wei ght en using chromu
dmmn%@wwwsdObwhym@nwkamhomOf@mﬁ@naﬂuw@omsnpneﬁ@habw¢mmﬂsvdu

tygfcgﬁjf Be%e regtlé a{c%am te? %%9 a.nwg '29';? préf@:ra%&t S ,?els}gématllﬁ 5-10 cm.

I CU separ
Thﬁs Ilmenﬁon pbrﬁut5 lap@aseele mm{mrtshﬁ(bn feb.&toﬂ;l tb be Bperhted Rath low diluent

osed.to con n1natjon to permt recycle of
reCAYET PEAUTERERS, 509 pRET A5 AT SRRSO TP
cdrfceﬁfwﬁoﬁym thé Siatry 8inimPeRE WAdAb mhe m{c&pa@ uh@e,tne withdrawn

V% produced by the process of present
ﬁ'pw %P@lbmema@ﬁnﬂm &isp Q‘émncewﬁm-aiewewhﬂlbéwwxaaﬁypolymer

S GBS G UL LR L i
ot @g'ss)sﬁumﬂl:n drdiandeh élefrbamenffofsiihuemyn AvEDI Y el‘fﬁewnpmannag since
eg

I R AL R

cont it haobsenFomddiubtit bott thel slRve| covtehtuation & e Bfoukdd! hhmbéxﬁn the
wi t hdrawal ports, the Iocatlon of which can be

r3RPRISSP Sap e PRIELSHLYY (anelie thetvearagepericls s ayndfor the particle
siadliREBtod Of thb ﬁowgé?\%iﬁﬁﬁ 8RN LA 186p. AHB ?ﬁh&fﬁltd@{ermmant of the

section of the op. Any continuous w thdrawal ports
avygrage partigls Heg 4>fythmwdeaws tharesideate tingwetheredctors Rbe partigle size

diirfbation BF t%fe %ﬁﬁg%tycaﬁ be gffecﬁg'cp #r Yactors 910 ingtt eg}k@le size

I nvent1 on Scale polyneri satl ors
dismHqum pﬁ’uhak:etdlvw fedh td ’ahwr&iilctom,ethe 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 paﬁicle 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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recover requirenments. The operation of |arge dianeter

reactors with high solids concentrations in the

slurry mnimses the quantity of the principal diluent

wi thdrawn fromthe pol ynerisation | oop. Use of

concentrating devices on tlge wthdrawn pol yner

slurry, preferably hydrocylones (single or in the case

of multiple hydrocyclones in parallel 20 or series),

further enhances the recovery of diluent in an energy
theeddnb&itithg Goviee ystnf Geeferablgrihd dtdedst oy lesisonyelone thegtle top, also

and vaporj sation of recovered dlluen%aké_avoide ot lled
enghies theBarticls e and dertisl e dembpann Withip fRSHTRraL 10 bR confpHed:

T}ferﬁ@eﬁé@ﬂ%ﬁcg@ WEREE pleferiti@ bethREFE | B addOB0GMBroRs, most preferably

opt 1 nise controlling the average particle size
betwrsn @00 e 1Y miesprs. si ze di stribution of the powder

Wit hi . L he

t e B B AE Sh By Hgnfid HoR A AR R SuppRisutied, and
optiesdliydreteds pre to Mnttduectimdntocy prinTire flash vésstle The seeam is

q%%% ib%%io epaegg% c%j%gyst can be affected by nmany
prg e AR CPRE S i cl e size distribution of

t he Tatdiuystantiedy nonoher vaantiocovetddan ithd prirairy dlash vessel are

‘average catalys tivjty, the robustness of th N
BRI SO eSO SSORTYTOY 256 MRt Dol vpgization
prh&a¢ IMERY pre QAR of the BtoaTI4RR VEkskll 19 PreferDellyicafirlRAAs afdblky

devi ces (such as hydrocycl ones) can be used on the 30
cafenspijonyivith 8 readilyfav ailable roolpaBrdium (e coolime vater pf essentially all-

, oftqﬁg‘hgsth Jap% gﬂf({r% frek %%é?{)nﬁ%%}ca?ﬁéﬁé%ssufé 1A Qai@ Pfimary

e part sl ze distri powder in the
flashavessel willTheed-Ro chat exampdé 16-R@, prefietablir Eivd? banai The obids repevered

concentrati devi ce and the desjgn and. operatin
A BB Thh §eSspH PRGSTORIARPTY 155 srevnardy Byt to emove
reBidefieioaiies. Ahernativdie astshenemiy ol gyl wrefldsh eystiofloog pressure
al so. enables the .particle siie and particle

S I sj ze
thap & the BBRYCIRCRINRT RIRE Yeasel Surh thal TeROMIBERSIOn) qe%fi?.ﬁ to gopglense

' th%\sf&ro@gﬂéd RALLACl& St azlﬁgﬂf1 ﬁre@{)ulﬁé BdsaResePRIpASRReA 00 and

00 mcrons, nost preferably between 250 and 1000 | .
ni cr Sisproses¥laecoriing de thanveaien gpandearabiqpreduredptinpsaviich exhibit

SR TEhs ) M 1990559016 060 ue A, O S ensiy)
oN@Q&eio.O.ﬂﬂe(hig_krmﬁitj')s pr ef erably heated after
el SRl e B, s BN PR g pocn

cAAPHENSeds, faredudirBbhysenhbit Font 86 PHEI1ESEHE batalfsts, e pareicular

in the palynerization 10 process. The pressu[e of tge”
these ferrpd FI0Es Hiapawa ATCPRUTR o8 VR4 I anchiem heraglly getivated silica or
iﬁ?%ﬂc%u?@&%rﬁﬁ‘& Al WeibbcAalh&asHd Yol VRl thIRRER:-690 Eé.tﬁl?sts,
medi um (e. g. cooling water)  of essentially all’” of the-
nfelaliobengdpingra gyclapentadienylyderiestivapf e srensition mppsil.dmparyicular of
such pressure in said primary flash vessel will be
ﬁ%@g@ggﬁggmg§gﬁp|e 10- 20, preferably 15-17 bara. The

sol | Men/liaicivg eedples 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 compoupd
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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fromthe primary flash vessel is preferably passed to
a secondary flash vessel to renove 15 residua

vol atiles. Alternatively the slurry may be passed to a
flash vessel of |ower pressure than in the above
mentioned primary vessel suwch that reconpression
needed to condense the recovered diluent. Use of a

hi gh pressure flash vessel is preferred. The process
according to the invention can be used to produce

res |I\)T'eiall’&3é1&bggé§ bathiybts nSAyasi rhétalictensi dctivited by atﬁeaa@ elumoxane
0.890 to

| ow_densi t 0.930 to 0.,94Q
or i AB njoe SESTS A5 B EIe A PP A9 BR gD Das-AT
FQ?ﬁ;%uQ?QQﬁgﬂgg to the invention is relevant to al

n polynmerisation catalyst systenms, particularly
ZlbgiﬂSt@P@MEﬂlS frconogt mezfﬁ'reelg}émm@ylme qurtg:{uygtegamplns include at

rtlcm
B A DTS LM Y S
lea'lsn omegaﬁ'nqen ﬂqmtmetldtk ard) obmmadmmuthtse camahgwgs and from

Cy c BT BARADY GaF PLEPOs G mEleL Reir ey o1kt I 20% By

wlght | cul ar of titanium.or zirconium Non- I|n1t|ng
exa |l es of Ziegler-type catalysts are the co
qus 2 D% by yrightiop Ralpeems fiecBse fropy %QﬁOgSrO? BY Weight being
&fh@ VB, VB or VIB of the periodic table, nagnesium
pIreie
a- hal ogen obtained by m xing a magnesi um conmpound
wi t hiren 66rtp 80YobBoreight ofmeagnesingi njuelly remal taaHiyo By weight,
ol 90818 1690RON iy (1 RBALG9SAGAN, A8 083 56Xl
an ‘integral part © e nesi ound” or
tr an&e balatvergeherhlle oonxiatnef. eleﬁnenlt&e&tm;iﬂcf(‘fcmn ¢he pmpéucts used for their

il BT SUS  ath B

tﬁﬁh&@%ﬁ@kmﬁﬁﬁélcatlon EP- 500, 944-A1 (M tsui
Toatsu em cal s)._ Ziegler- type cat al ysts are_nost
pr ef Rolymerisafigasn gatticaledy Z@%l%ruce@ yapd enesnase bepically|cagisd gt in the
I ;
gREE Ot ERGaLETEl TR e oBD OORMIE RIB SIS ol fociol
c@opuindesupring a lcﬂst enerrdeminiurh-cathos &emmnﬁrbosdrﬂglch ﬁsr epionally

hHPETRAES Ofasng i g E pieB e BB by G ipment
frofn dradpoigsMmbe ﬁé’iﬁ)d‘lcﬂiaBMaﬂd O BOxAres Hﬁ%dearWngbles b@u]dgae
OB AP LB BN UmS Py sty GRS By
umﬁgltallﬁflmﬂhﬁ Lk %l%f@%@lhhﬁﬂl@@ Quﬁuﬁﬁm%@rﬂy and dialkoxides
such as dxethvlalumlmum 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)4. 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 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 comprises at least 2 wt %
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t he bal ance generally consists of elenents arising
fromthe products used for their nmanufacture, such as
carbon, hydrogen and oxygen. The transition netal and
the halogen 15 are preferably titanium and chlori ne.
Pol yneri sations, particulard0y Ziegler catal ysed ones,
are typically carried out in the presence of a
cocatalyst. It is possible to use any cocatal yst known
in the art, especially conpounds conprising at |east
tit@ien Arefetablyuarowal b whitesimboreds prsfscdblnsroopd 2 gl Yoy

hal ogenat ed, or ga | um.ni um cQ ounds . -
sl SR g CRRAP AL SR et
caﬁf%frsi B8 Ravedpeeifid etk dria@fiRnes00 Bawo Inﬂt;llpal /e peaferhiely from
uld be arganoal um ni um con‘gounds / ferably fr ,)t 3 '
40D 10 5H0H<EP S AREOISTE HORTTY °F SHeRLFF Qaaﬁ%%glm? erably from 2 to

ccgn al kenyl al um ni ums such as triisopropenylal um ni um
um ni um nono- and di al koxi des such as

di etSildasunpdrtediehyoa AB,caHEStasA HP1RHY sgﬁlfﬁf%@@ﬁdp@@l activation
steé):lléééi:a# MIQ{réfgﬂsac%V&tbnaé%lpgﬂ ﬁf;é’ | e Wi i &ﬁﬁegz{sthﬁepreferably

unt ni um nono- dri des suc
raﬁgebtﬂﬂoyi 50(L101 850 degrivy. dY. | ideregefecabiaéifeb 76 degrre. éonpounds

l.i thium such as
aﬁfﬂ%&?maﬁ. B o%kﬁqmméns"&s‘cm fpyimogal for example
b@b@alnﬁﬂvﬁdsogﬁél afu@ttimodal 1y canibé mdde in a smOIe reactor or in
Triethyl al umi niumand triisobutylal umi ni um are

malSpledPaeTy. AR EAtIGYSEE CaPOTERID AR TS &RPPISESip Spnnected n

sehis &r if fpﬁfa‘il@ld ThOra@BPIobp e’ A3dRYrt@ded b RIHWEA B hde
cat al ySt havi ng‘ga titani a-contai ni ng Support for

paymerpiatomreaoapthet is @okd loopacastd- titani a 30 support. A
part r t:
CorpL Sk S B FRLE. £ BRI ERERCAR ST catalyst
arglrthel osbathlyst u%ddhronm) ttmdlktantrmxdmncmomewtand/cﬁmdhrsuhsaqmnt reactor is
ht of. e.chr.o n
supiie] yab, e Epitare P e e peghtp Uy psing from o
pretddatll dRdtoPsBhe el hig hikidee coritistngwhe Batkllyétathie umatﬂpmnd a
preferably around 2.3 Wt % tjtanlumgsed |
mipgwgief thsrpalyraers RFOSHFSGHR AaRESSAS AEREA O, atLFsgf"‘e"THéls optionally
p&HHbRo g@@g%%e’cona aRloy 8ha/BRYf i@y@pﬁtes RIGAst bk StHhE 861Rwing

area o m 200 to 700 m sup , preferably from
reaaarstmﬂsﬁashma@mst and/er congtalysty Hlowméerptﬁ isagferablst togniaaduse the

a&%ﬁ% 8%‘%1@1 c/ C%ﬁ glﬁ:;t e&@l%l%(/elltyy azﬁrgtore?ctoﬁ cc/g. Silica

um ca s are typically subjected :
t 0 am thecisearhecthe phti mmI)rB%emordﬂtham rwcateaanrsah seridsethe polymer

A RO i 5 BB AP
aBhRhEsARIYadpfient! Bactd i@ sefes. ?’dIB@@l Is Q@diﬁt@ﬁle&i ep[) £RW (or

be used to make nononodal or nultinodal, for exa

 zero) gsingenteation fothy ﬁ%ﬂ.c@r(smn%ﬁ%@mm&lglwp%@?rsw nﬁt fpanponents,

e ToRirb nheticRBb S ihORGRE bebech B-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 equalIy be operated o
produce essentially the same polymer melt index in successive reactors.

Particular sensitivity to operating at reduced Froude numbers (and assoc1ated 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

1S
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mul tiple reactors. The reactor system can conprise one
"or nore | oop reactors connected in series or in
parallel. The reactor |oop may al so be preceded or
followed by a polynerisation reactor that is not a
| oop reactor. In the case afft series reactors, a first
reactor of the series is supplied with catalyst 15
and the cocatalyst in addition to the diluent and
nononer, and each subsequent reactor is supplied
hagibeén kugwil tedead, to mnm@irfoulmc patceins U IPalrtlcelaﬂy Ivéher prodgicing

-ptﬁ%tégrs o?gmfelc ag]x/elagn{cs%{:ﬁ% an' U Taltdnk §F ed 86 gb ]?%ns These

Series, ure conprising ’E’Tﬁe ca aI ys
canoeras hdnaegiartmuthrbz besn xdnfirmed o baa:cpnﬂ:gmda &’Sloﬂ'rpmdym:ﬁdohms

cFOBLTBOE TanEATPy oo « BIGR TS He D oF Hojepuar whights les

tha BO QDAkGsr gatdr BRED00 RDaC)(or'h{bfPt 1B@é>d R 0.1214 728864 5T)$n large
with fresh catal yst and/or cocatal yst. However, it

1S
digmeterreasire it B P BET EBTEELY basnAlispeveredhthat fpuling is decreased
wharafiab Yoaling¥ &le liﬁéré’&lad/ to dboPe 80 VbRE D aﬁﬁﬁ%l?rabo{/éhd 161%.

case where- F he p ant COﬁprSGS nDre reactors
i n sEhq isyentiohaviP oyrherillusidateld byrreferenee ta the dolbywing dxanhre.

E99!§E%F of lowest nelt index can be produced in two

t or non- adjacent reactors. in the series.
Hy dr Incparelorgatedichised hoepl tlﬂjlﬂdrlréacmrlhavmg an idfermd dxa)neter of 711

oSG 8 G A B 0 B8 s D

: a@&éﬁ@ﬂhﬁ@@&f 837C| dudia pEeshet 0 80 bEraQn Isob@hndasaiifiet andiusing a

a very concentration in the reactor(s
Zwamrﬁ\@étﬁ e%tab(@t to pEodugie peRodERerathedEpyin Neshgsoyasmajn@aingd below
10¥SQRRBd BELiS ﬁmsawﬁﬁ a%;ewsﬁ!y &méfaﬁt s%h\ipl dene DRSbout 44.5 wit%
reactors can equal |y be operated 3 é
Theweeior alrdujatlone)ua@rp@“poawmeasum@l hty thcn ahep tiansdsineramsthé pemp motor
30 P r sen erat.i

v {
o B B o0 28R G gl e 2o RRRlel Syt and bea
trsmfetr!coaﬁicxeﬁomﬁsasmedrbglmombﬁhgabolﬁm viaadrtflodwhr ®olant water

r adi ent has however been related tq rQducti on of
tHRYGE PSR FOTRHER B BT ghEmPoraur CHeRn PR YR /- 0.6%
atftPHe O AtesPRIGEY, ek thd: théld wRABelBABR fsﬁu{oecﬁdhé Ractor as

‘increased fouling concerns. Particularly whe
eYieauee Prg bu{é@ 1y REPAYBET oRothe Malla of teirepstas, m@ébattﬂpaﬁws@stable
concerns

D R S PElech RO bl b 0 LB, Sled ot

| ow pol ynmer solids concentrations in the reactor

| oop. When produci ng.poly i nol ecul ar wei ghts

| ess 5 than 50 kDal t ons o??%ﬁ% er than 200 kDa (or

melt index below 0.1 and above 50) in |large dianeter
reacfors it has]nNoOwWever surjprisingry bgemnm dif scovered

t hat [Ja@UT TG TS | GRg i CAE6W00 (VIR 6568.0006 || 0adl 5iggayal ¢
I ncraped to abpve 20 vabY%g] parti cul aglly above -88%

vol %solibeavttenventi on w I T 4a8w be iTTustslated by 0
reference to the foll ow ng exanpl e. '

This provides evidence of heat transfer coefficient stability and pump power

stability at low Froude numbers.
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Exanple 1 10 In an el ongated cl osed | oop tubul ar

reactor having an internal dianeter of 711

mllinmetres and a volunetric capacity of 62 nB,

et hyl ene was copol ynerised with hexene-1 at a

tenperature of 85C and a pressure of 30 bara in

i sobutane as diluent and using a Ziegler-Natta

catal yst to produce a copdRyner The Froude Nunber was

mai nt ai ned below 10 for a period of six days, with a

essentially constant solids |oading of about 44.5 wt %

15 The reactor circul ati on punp power as neasured by

r. er on the punp notor control system

Sun%@%g@%ﬁg%éﬁ%%ﬂgﬁd readi ngs of voltage at the notor

control system and heat transfer coefficient as _
1. nmedsproeesstsymprising polymesrizing inntlogicastor ipolelindapoBeaeRtionally

ol TS A 5, DDA ORI B8 o e

to pgdduceﬂa ﬂ?gﬁirly e?meldﬁiingebl%ifd pfarl]rﬁdile@tdldfgl ndltallzzlt Ehweirtb_ de A ghgherem the
t ect.abl e f.oul i of  t.he .react or as evi denced by a

Fro |9“51%blsd?m8%f[§f:¢%|t OBRel?WgBWaI | s of the reactor, and

2. thag pidcew MekiBball Gainahé/hegld the iFsdudemire@dr &Sn the range 2 to 15.

3. Dt Prosgss 8o SEDEA Bekn B NGIEI0 b asids HHRIT I 92 11 10
4. 32 5 BrR¥%s Bldised it dht-oF i preceling eI dis SRk QM kikaSlids

evi dence of heat transfer coefficient stability and
congrnwptipn wethe skirbn|the Mpop reactonishn dharange hdnéP % waight based on the
tota?&/?lt EIBALS sIok: the invention 1. A process conprising
pol'ymerizing Tn a | oop reactor an ol efin nmononer
5. optA prigkssyas claimed hreanywinehnf alrimn &td B wheraim Greesolidsnconbentration

resence, of a polynerization st jn a diluent 5
ot LSRR8 Iop R P e gl 5 L3h Pa vplhrcul at o
6. Ol e proche A Rfimadth ddyeor@idf e Bresddaiotiliint Riereht BB @D reactor
nunber i(?s3 mai nt ine%H@t ,?,r bel ow 20. 2. A process as
has ap izeegl digmeien phover wAR Pilimeis: Froude nunber is in the
7. T ang8rceelCasbhimed in Hlaith @SR the GhidtAPiatR ek idihAheZrange 600 to
wheréein the Froude nunber is in the rage 3 to 10. 4.
750mplimetess as claimed in any one of the preceding

ol ai or o : . .

8. o1 o Pt s 2 bfSorlih SODE S ok pressur

dropi b flodpasedr Briedsithan 1.8tbat. wei ght of the slurry. 5. A
process as cl ai rgggnin any .one of clains 1

9. whet Brosessfs céaaﬂn] %rgfn%r&ﬂf et}?rsﬁsdmg claims wktle(%éin%he Teactor 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.



of the slurry in the |l oop reactor is in the range
25-35% by volune. 6. A process as clained in any one
of the preceding clans wherein the | oop reactor 15
has an internal dianmeter of over 500 mllineters. 7. A
process as clainmed in claim6 wherein the interna
dianeter is in the range 600 to 750 mllinmeters. 8. A
process as clainmed in any I3ne of the precedi ng cl ai ns
wherein total pressure drop in the loop rector is
Iess than 1.3 bar 20 9. A process as clainmed in any
of t he ng..cl ai & t | .Ze
B Goek o eiricn s hrant pbRe R} s Al £
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process as clainmed in claim wherein the ratio is
polymees & Wibdraws from the rpaciprin @ sentiuoys BshHigR i n any one of
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maB&Qﬁ@&ﬂ’lﬁmﬁ@a}Ctbe in a continuous fashion. 19. A
process as clained in any one of the precedi ng clains
wherein the catalyst is chosen for Ziegler - type
catal ysts, inorganic supported chrom um oxi de
catal ysts and netall ocene - type catalysts. 20. A
process as clained in any one of the preceding clains
wherein the | oop reactor is 10 one of two or nore
| oop reactors connected in series. 21. A |l oop reactor
of a continuous tubular construction conprising at
| east two



hori zontal sections and at |east two vertical sections
for carrying out a process as clainmed in any one of
claims 1 to 20 14 dains: 1. Aloop reactor of a
conti nuous tubul ar construction conprising at |east
two horizontal sections and at |east two vertica
sections wherein the reactor jyas a volume of 75-150
n8 with a reactor length to internal dianeter ratio of
| ess than 500. 2. A loop reactor as clained in claim1l
wherein the reactor has a volune over 80 n8. 3. A
| oop reactor as clainmed in claim1l wherein the reactor
length to internal dianeter ratio is |ess than 400.
4. A loop reactor as clainmed in claim1 wherein the
reactor length to internal dianeter ratio is |ess
Claigsh 250. 5. A | oop reactor of a continuous tubul ar
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3. of tAhl@Oprr@e@maﬁglaunad msclmhei eiherdim thel rompor IEQAE tOMtdrial diameter

a single or nultiple withdrawal ports. 8.
rat{R % e%gtﬁlxg or as claimed in claim7 wherein any

4. CONtAl Ioup eactirtab draaned inkQ4ihS 1 Riékein A2 rlea(l:&c?rrlg'ﬁ%‘tal neg&-ﬁﬁ 'diameter

In the range 2-25 cm 9. A loop reactor
rat’@ll‘ét 15§ th Pein any continuous vvlthdravval ports have
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"reactor system conprising

hom:icmltahselctldns and atesst ofo veﬂnaalr@ctlorﬁe whHekein thd @8&bPhas a volume of
ﬁgétqm gs ¢l ai |n claim10 wherein the one or nore
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6. POl WBEH 3AkIR s ERRREPLH A1 5 LRl thd 1J1t81%81 bi88%E2% in the range
between 600 and 750 millimeters.

7. A loop reactor as claimed in any one of the preceding claims wherein the loop
reactor is fitted with a single or multiple withdrawal ports.

- 8. A lodp reactor as claimed in claim 7 wherein any continuous withdrawal ports have
an internal diameter in the range 2-25 cm. |

9. A loop reactor as claimed in claim 8 wherein any continuous withdrawal ports have

an internal diameter in the range 5-10 cm.

10. A reactor system comprising one or more loop reactors as claimed in any one of
claims 1-6.
11. A reactor system as claim in claim 10 wherein the one or more loop reactors is

preceded or followed by a polymerisation reactor that is not a loop reactor.



