* PROCESS FOR GAS PHASE COATI NG OF POLYMERI SATI ON CATALYST T 002

i nventi on WRP¥$2¥ {5 a conti nuous process for on line gas ph L 5ng of
pol ynerisation catal yst. The present invention also relates to a continuous
gas phase fluidised bed process for the production of polyolefins having

i npr ove CONTINUCUS FRICESSFOR GASPHASHCOATINGOE POLYMERESATION

pol yet hyl ene, conprising the 5 inteaqugtyse of a coated pol ynerisation
catal yst obtained by the continuous gas phase coating process according to
the present invention. In the fluidised bed polynerisation of olefins, the
polynmerisation is conducted in a fluidised bed reactor wherein a bed of

pol ymer particles is maintained in a fluidised state by neans of an
ascendi ng gas stream conprising the gaseous reaction nononmer. The 10
startup of such a polynerisation generally enploys a bed of polyner
particles simlar to the polynmer which it is desired to manuf [Wele]
the course of polynerisation, fresh polynmer is generated by t MwmﬁmmﬂMWMr
pol ynerisation of the nonomer, and polynmer product is wthdrawn to nain n
the bed at nore or |ess constant volune. An industrially favoured‘%@@&ess
enploys a fluidisation grid to distribute the fluidising gas to 15 the bed,
and to act as a support for the bed when the supply of gas is cut off. The
pol ymer produced is generally withdrawmn fromthe reactor via a discharge
conduit arranged in the |ower portion of the reactor, near the fluidisation
grid. The fl yindi : [ L I riicles,

pol yrer prod3@?bgﬁgwﬁgﬁggﬁgﬁﬂhég?%?i@?g%a#??%?%%£Q§h?émggés ss%aintained in
a fl ui dcsstihgaufipdlynepisation ¢dodystoThé presers ingentionlalbd oelat2dtd & osatinheudgase of t he
reactor of a fluidising gas which conprises recycle gas fromthe top of the
r eact or Phasgdlutised\fedprogesntagshe productipnof pelyelefiistyvipgdmeraved develsefbot t om of

i o sgptsft WG hithe, BsSt G hob BRI Pt dolttbinfe ' & 10 11
pol ysrer imaddudtioDbf HtedtedPolyMmeAttidn TafitystbbtainRa by it lcatititubls ga8 phiier ef ore

‘necessary to provide nmeans to cool the bed to renove the heat of
pol yrmer Coatingaprocesp agersding 4o Hesprasaméénvsoliger i sati on of ol efins, the

preferred nmethod £ ar. r i t he . .heat. of risation.is S lying to
Phe o yer | LA piskE PR plhmbdaapRar ofink b R BB RR it oo B

t enper atflidised ®eR redchdwhdrein deed oFhoRphet PRftickatié RAIntARGEMA illidsedd@si Ng t he
gas through the fluidised bed to conduct away the heat of polynerisation,

r enovi n@ytnrang akarf assending gascvrsanr coanprisingathe ggseous maciies swgemehrbggh an
external  heat exchanger, and recycling it to the. bed. The.tenperature of
Ehe 1§ oo ptare ab A 3D melon BEieraiby Enplbs L s FLaGgPer BRI DA he

flui di sege psigmat whidh ithS AbdiRd t8 ManTBIcheR! IDURink SRS RELSCpolyerktidd)i s et hod
of polynerising al pha olefins, the recycle gas generally conprises the
nmonomer iftesh pelymar isqgenemtes Yyythe ogtatytierpolymdrisatiar ofghe mpinemesrand polymedi | uent

gas such as nitr, n and/ or | ower a)] kanes such as ethape, propane, butane,
gﬁnta?ﬁﬁxﬁé%éﬁéwagﬁﬂWBﬁo§w§5§ﬁgﬁ%b %ﬂnmpﬁam§$69n%gﬁﬁpﬂgwg d S hygioggn.
us ] Qﬂgﬁf : o i di se
t he bed?ncgﬁg}ﬁ? g?anx%?lﬁﬁd;ﬁ]ﬁffs%gh@éo?ﬂgﬁl .%{%Jgé}g,é,? re i%P‘?‘étﬁgg? a‘tgiul}S ‘é’_%%ﬁ‘/b n&orrer S
congsimredhded, Ard fohote faisappdre forrtRabed dheatiR Silpplelﬁiflgﬁs fsequit afed’hby addi ng

make up gas to the recycle gas stream It is well known that the production
rate (i .Polymeioredused it gensrally oyvithdrawvn Siomsthefreagtargiia a dischasgy sedur oduced per

unit vol . reactor space r unit ti L .COMTE[ Cl s..fl.yi di sed bed
Fenct or </ eR i EE R RRRERERE roRfktn TRy e BRIERR FlrdBhisetel v o o
at whi cheoigisescabedsf g@mﬂ{po%%érheleé,wr@ér-pramt patRiQfanfeablystermoval can
be increased for exanple, by increasing the velocity of the recycle gas
and/ or rpadiddesnglhihbed wmaintaned én afluidinedrconditbe by the mhwunmﬁg{ Agwt he heat
capagi ty. of the recycle gas. ver, there is a.limt to the velocity of
£ e P ecyEfh st A 7 reafiSpar 1 BUGTE edsimtintrntie el BobloBa B s 1 i ¢
the bed gaRe %%Wo%ﬁ?ﬁér%hﬁmgﬁe-ﬁ §ed. ThE A% gRfentd® tHeRRHR! of the t e gas
stream |eading to bl ockage of the recycle |ine and damage .
reactor and is passed, preferably through a fluidisation grid, to the fluidised bed.
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to- the recycle gas conpressor or blower. There is also a limt on the
extent to which the recycle gas can be cooled in practice. Py BeE S2002
primarily determ ned by econoni c considerations, and in pr i i

normal |y 3 ¥2%ed by the tenperature of the industrial cggﬁﬁgzﬂg@ér
avai lable on site. Refrigeration can be enployed if desired, but this adds

to 30 the praduction.costsS,. Thus) in camercial. pragti. tshe use of cool ed
recycl e gas ’gge P%lgmgggaglo%gﬁgeqygf}srmﬂwan{cﬁgaﬂlgﬁtan ft I%&eﬁ%ﬁ sation from
the gasecbishel R9fotiaE nRehyIdRIdE Hid A t8rerRb RS thE hedtdT polythedbARAY iRIE Of
limting the 'maxi mum production rates ~ 9 DEC 2pp~ obtainable. The prior
art sudbedised bedpotimerisatiomof biefigs,ftbe picfarredaséthgd fareemewing therlwatbf capacity

of the re[\c cl.e stream such as, EP %9691,. EP 173261, \%)@4(}6.25495, U

a352, 74PIYRISUIAR |5 bIGSHPPINHESS) 1HE B Y MEASAUAR eaf Fghs, thefliUpE 8% s of whi ch

5 are hghighYs ANCRMPRFAIE Towd: theh FletlEifed JdIemaRANEA tinfftASRIpNsRGaRs S have
t I I Pu ar

all contribute o'increase the levels of productivity whic achi evabl e
i n fl uighshbcbugbltyenfuidised bahtopcmdestsasy théhedt of polylredsatioe, @movirg thbj ect i ves
according to the present inventjon. It js kpnown however in the art that a
maj or PHBHTUMtEEaEIRT aRdepqlingih @%ﬂ&gﬁhﬁﬂus@aepmm hesd eyFRaPEY RN

el . : _ ; inth
Peact ortecygibeds € n8ed,* the RyRamRRTER, Kay a0 ghoturfiniutfusi fAle hafC 0 0°
for theexchangerto animiinpid fhedisyd badatathel desidey ipelymetisgtidnytemperatget e react or
fouling,.as usuyally referenced in the literature. The use of catalytic
sy ¥em thisgsethor 9§ Palymerising alaha nlsfing; e recyele gas gencgallycomprisss the

I i i t- t i j 15 thi
Poul  ngrSRbiele SsAh catfbnatARRSURY Sty R 0RENE Tbbnt BRCGEad SRAGE (0, 100 °

i ndust riigroges ahdoMONeE alkifesiBR us bihee, pRopaat, ibutaie, PartaheEkdxaas, iMa/dreact or s
tend to increase, e ? | i ke for industrial ethylene f1ul di sed bed

pol ynergasgeusehaitheansiaragentishal agbyriragen. GFhus dhe/recysle sarsepies ty supply the be

hi eved i i tor...The,i t of .foulj | tes |
i oh s eBomgr RuREes.a8 HhidfPe s Heaclar meaip 3¢ b8ty Bhe SRR Soce and
'f alilsi nGtehipefatlhiRe NibbrHerd @Ensurideby Ak h8RmeRitiohteadidh Ard Ad#hdlly Bchladeey can

obstruct powder fluidisation, circulation, and w thdrawal . en powder
wi t hdr dwasddngwekenp ghetdthd réeystesgaststieam.eact or producti on nust be stopped

and the reactor Vﬁ sel ogengd for cleani gg This is a .Vﬁl’. costly

product i on otiti8gel kpqundhatthe proquction ratg A& the Space time ye d%‘lt%{ms off those
foulin : i i | anations for

| oa ooy BREDBAGmES pitlbed er At U BB tpab ERLALISR) SN0

r esponscdhmetaial gak fuidiset ibsd reacsdrabf theabewd-mentidnedhgge iarsaridiebby thedi cat ed as

bei ng a cause thereof ; operating conditions have al so been consi dered as
t hetthpsmaximyyR raiaet whichdyeptcan heremgued fromdheegactas. Therateof heatsremayal oped

many di Beod| f b isng to reduce
Foul i g hepersediitel ERafIe @ RERAEh STl LU B RS LD P 2l
t hese f raducing thé eangpeeatarecefithel rénycleigab end/crochangiag altd heat expacigdodtheel i mi nat ed
what ever the explanation of their occurrence, e plicants have now

unexpectesyflp gasuRgwenes, therisraolimitig tlﬁf‘@lﬂ@”@fﬂg}éﬂé& gaswhichcap be.

used in commercial practice. Beyond this limit the bed can become unstable or even lift

25  out of the reactor in the gas stream, leading to blockage of the recycle line and damage
to the recycle gas compressor or blower. There is also a limit on the extent to which the
recycle gas can be cooled in practice. This is primarily determined by economic
considerations, and in practise is normally determined by the temperature of the industrial
cooling water available on site. Refrigeration can be employed if desired, but this adds to

30  the production costs. Thus, in commercial practice, the use of cooled recycle gas as the
sole means of removing the heat of polymerisation from the gas fluidised bed

polymerisation of olefins has the disadvantage of limiting the maximum production rates
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WO 00/ 09264 ~ 9 QED Z002 PCT/ GB99/ 02635 encountered in the above-di scl osed
prior art process can be considerably reduced or even elim nated when using
t he process according to the present invention. W have now f o#8dDgc cess
which is easy to inplenent, which could be applied with all types of

pol yneri sation catal ysts, which considerably reduces or even elimnates the
.potential fouling phenonena inside the reactor, and which further brings
many ot [ebtaizadleant ages as will be apparent fromthe present disclosure. The

present inventiaon. provides a new continuo rocess | pwi,ng_an.i nproved on
line gas phars)l:.be_cp(fla?g F‘ﬁﬁugﬁesbsoa} vf%\ﬁpqrsogﬂegﬁodé;fpgp?ge@gn&%? g?aér‘i?mBY or art
documenteapAag GF kel de s, isich 8§ EPGOBOEHS f13281, 0ad akypSkes, 10 EP- 622382
di scl oses a propyl ene/ et hyl ene copol yneri'sation using a coated catal yst

obt ai nedJ$§,362.349, W Svi36I3 08N Or8adrB21 andriW@ 4£28032,ahe oontemts iobmaichs uppor t ed
het er.ogenepus, Zj egl er - ta catal yst conponent, an organo-Al cocatal yst and
an ePect¥o qra%w&poqaﬁ%g&fg&n@at al yst has a pol yner coating: catal yst

wei ght ratio I | Q: ' r.Ln-Si ed coated
catal yst gi ve@ﬁaa%%%g}séggéemﬁr ﬁuﬁeﬁ%‘ﬁgﬁn@@v‘\# ﬁou]fl&?ﬁ%l ﬂr}gé e& gdr{cot her

pr ocess poodudvity whichsars beliievdbleipefiuid bBd pOBdefisdlicicposeseq wideh isrleus ol ef i n
pol ymeri sation process conprising the additjon of a coated catal yst wherein
t he cat &m5&f thepbiectives §aeerding Kuke PrRentinyentionghis knewn hevevesdr thigart at al yst
of |ess Q: - ¥ i - . for
(co) pol ytﬁn%?ﬁqgétg t érr? bi%g;f g%%gé{réépy@gh‘géﬁﬁg}?ﬂédﬁ %ﬁ‘ﬁn{yom g&gpgeé-@gtpﬁgget%e%%support .
The 1pr e-thefouliag @Hersdnprarwhitls cdd eauedt aytthnd irfQhd reactdie treated support is

pl aced in contact with an al kyl al um ni um halide and propyl ene, optionally

m xed with et®sa efithe main problensenepwniaredlin thefluid bed procgssesdoxtbie cat al yst

tai ni.ngy 0.1 to 10 | f Ti. T i
oot doc by PLeplnSleaR 8 ¥ed IR kPSPt B indheBY g Huie 25 Loe
of the sefeRimBRirEde HRMitBFL, ThE Aky 6f SatalIONEMEIm plddenthiPdd HeRkSinBRMAgH ound

that the use of those prior art coated cdtal ysts do€s not allow to overcone
t he pri ragtiyity,capdaciadlycad pobymerisasondstat wps eddhalse abhane. a detimentat impagi og to t he

Coating BF ThRteaeraErn DaRL e el iR s MEBH oo o0l ymer  sat i on

30 cat alji@istria stdlé WAEGEE ptdiudtiSRSapRbies 6f Po1yshefibAWni kRRofsqasd @F Wherein it
Is submtted to polynerisation conditions in the presence of at |east one

mononer iseredset tgtliket fot alustriobethpleneBuigiseddfed potymerisdtion swhersamers than al yst s
have a t,i ield, c rised between.0.5.4 00/09264 to 2 tines the
aver age%ggwgﬁ?{?/‘?%%ﬁygggge@@@r T V@E%Fé’?@ PR 1 ow type reactors
are wel | knowhe jphdabB€ofabliling & ég%%}dﬂl&fatefs 'i@s)’!rﬁﬂfgthesriﬁbe FgRiiatel ﬁ’liéltyrééﬁt or Is

characterised by its limting behaviour with no axial m xing. s usually

20  quite large before coming loose and falling into the fluid bed. Once fallen into the main

fluid bed, they can obstruct powder fluidisation, circulation, and withdrawal. When
powder withdrawal slows or the bed fuses, the reactor production must be stopped and
the reactor vessel opened for cleaning. This is a very costly production outage.
There are a lot of disclosures in prior art of those fouling phenomena as well as
25  many different tentative explanations for its occurrence. Sometimes the type of catalyst
used is said to be responsible for the fouling ; static electricity has also been indicated as
being a cause thereof ; operating conditions have also been considered as the most
important criteria ; in fact, the man in the art has developed many different theories and
proposals for explaining and trying to reduce fouling phenomena. It would be a major
30 improvement in the art if all these fouling phenomena could be either considerably
reduced or eliminated whatever the explanation of their occurrence.

The Applicants have now unexpectedly found that the fouling problems usually
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contrasted to the continuous stirred tank reactor which is characterised by
its conplete 5 mxing limting behaviour. According to the prd!sgarm@c

i nvention flow type reactor designates a reactor i r g%es
such i rri‘?/?ﬁ%’&lﬁggavi our with no axial m xing. Continuous ﬁﬁgggﬁ&ﬁ
reactors are therefore specifically excluded fromthe present invention. In
termof fl| . ] ' . I flow t r rding to
the. pr csiEB I Pid o RaRBlok R ior iFpFbek con B ok REerEAp S eedBE VY P o,

three caimihdteduhes Ubing ekt frocdss bearding to thsresdnt aivenfidr.y of at |east four
continuous stirred tank reactors, nost preferably of at |least five

cont i nuous sWerhagg nparfieurdeprasess whithis qasyitp implemestpwhich geuldibeaccor ding to

the present (irf tion i . I l. re ccarding to the
br e ont 2ot WAREH PRI o lERHEARA b ] oS BRGNS A0S 1P 1O
i dedd | yelfvhihgtbé ihe pot@dtianfdling phendn@dadsledh@r@eorf aid®Bichiirthet BAngwor i zont al

base line conprised between 1 and 7 ; the downward angle (fromthe inlet to .

t he outineny ether stvantages srvilllelappansatsemithe pregentadigplasuie y ef fect an i nproved
catal yst fl o&t hr oughout .t he reactor. 20.Pref era?sl‘é%,a it. has.a subat antially
circul ar croSSGRYESTH TVSAHORN BROYHIes @ N PRFIPUOYs PIOFesy 2I0WiIDg 4B PTOVEL  endi ng

I ongi t ugh e ga% plhg§é)é{-glﬁn$ BdelgﬁEﬁ&'ﬁthaM}’sEh are attached a plurality of

adj acently |ocated paddfes. Said paddl es are such that they cause

essenti al | y Diffeoentkpmior drtdovements dederibed theagoating lofipelymatisagion catatyatsned i n

sai d reactor_an end transversel ithin and to.a short distance from
theﬂI nt er nal Eg‘tﬁg‘gggééhs Seééimoméa%q/éhwe%ceﬁ?ivm@a%{'% UHR8/2 6RatA¢ vi ded into

individ = oo t | .
o ey SRalbat SBEEOT RO WO Mor mAflite ofa conventional supported |

const r ubdtedgtreons Aisghdr-Ims datilyst Bompogend,nah orpurerl icoctalydtangatit i cul ate
matter between said conpartnents. The reactor may al so conprise one or nore

r eact or elgtrarydenasutiheicoatad satglyshizas3o PPYFIRE FeRtHLE: atalysh aveight Fasiocbelawor

recycl e;jnl I he. bottop ti L e. | yst addition
ot et s 10 Pheu dile bl PGl O SRl chl AN EVEPERRRA P 20T
means f findbMBedsQeitHdult g ee@ R btRat byt or catdBsO8)stid?frhng&. DEC 2002

PCT/ GB99/ 02635 The coating process according to the present invention can

be applied tEPa1882{ysiisslogss arnnfinuensselefinpolymeHsatiangprogass pempRsie’ 81§ t o be

conei st Pt Sed SEten Rl h BnSo o b DR AR AARN 07

transit Qi dfRbalingdbata9ht of i ehadyBt conprising an organi c conpound of a
nmetal (i.e. an organonetal lic conpound, for exanple an al kyl al um nium

conpound) . HESR &6V disglosean Lisaler-Noua tips caglyst rleanyglypeasationonh for a

nu r of ars and. are.capabl e of, produci,ng | arge antiti.es of .polyner in
B & PrnndlERE i P o et £ ARcraea® sBRESH T e s PiaeE Ahpgf € Folleah o1
removi ngiatieldy sthe tRaled48spdt 8("){91&638 i SOt A& Fwithl m§m¥1mlmam Malfds amat al yst
systens generally conprise a solid catal yst consisting essentially of 10

t r ansi t poopylestaptonaily mied witheeghgdenaiandéampB € adshaoldfintd fogmra avatedai ni ng
conpl exes. Exanpl.es thereof can be found, i 0709, EP0598094,

e.g. in U
EP00997 Patalystcrontsining sbto Higeof pr %‘Be(P%pQIYé‘be%ﬁ’&Fﬂ"g‘h? Yy suitable for use

wi th Ziegler ' '!,c(ﬂﬁ ' 13873,
W09534380 an%@%@l@?ab@ﬁgﬁfﬂ%ﬁ@#@ es p%'??g??dfﬂ?ggﬁgggﬁénggﬁ’ Wﬁ@g Wit h
met ab | oaesnef thy 9e peeaadd/Sdated catutysta FHokever,ghe AlppHeantsimve ifthad that thP@329368,
EP0206794) EP0420436 and EP0416815. Hi gh-activity catal yst consisting
essent | &F thpseprigr e conted aatalystg doge nehalloagtorescaaa themriamryiomingng

associ at grqcew taIg d{gscgré%gtﬂle%g osvlépport based on a refractory oxide can al so
advant aﬁeous yUbe 884,76 % uch as those described in EP0275675,
EP0453116, W89%, dotBfding #hé brdsentahdantidAStheR) i§ prévidsiea EattiBubigptoedson met al
e. g platinumor palladium catal yst conplexes such as those described in
W96/ 23Fa0gasChinsd gasting of polymerissioneathbyst chasecterisedHp tha phe pelymensaigno/ 02472

may 36' S%ataIyst is introduced in a gas phase plug flow type reactor wherein it is submitted to

polymerisation conditions in the presence of at least one monomer such that at least 95%

by weight of the produced coated catalysts have a coating yield comprised between 0.5
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advant ageously be used. The catal yst can be introduced intog EBI fl ow
+ type reactor under any form 25 e.g. as a slurry or, pref z!! dry
st age. TH&OH{E{H*’&%rs) used during the coated process wll S‘épe’n 9%?)0?1 t he

nat ure of the consequent polynerisation process. According to a preferred
_enbodi I@@Qtﬁnqgsthglgvdﬁmﬁn%méﬁﬂti on, the nononer is chosen anbng one or
nore of the al pha-olefins having from2 to 40 carbon atons, 30 preferably

t hose havi n@lig flow2ypeare8ctoar dre welltkmosyn inbheanp.rlaftemadf fjove pattemne papd/ or
propyl ene andl or butene. According to the present jpventi (in, at | east 95%
by wei @mw ISACIORE qhardtecised By its imitoy tehpwaun withpe axigbmixster/ Esdsnals 35 coat ed

cataly i I I . n e average
coati pooRiraYF I RE Sty GRRREARS D MG dcrisk gk GORBIeld Vot
rat 5o @fixingdintifiag Béhapi@uymeri sati on catal yst to the non-coated

pol ynerisation catal yst. The use of a plug flow type reactor according to

t he present ARPEHing m]tf@rpgeﬁeegmmatonsm& W syneyreadoredesignaies ageagiorr i sat i on

ca SR R R o0 SRR BRI " °
cat al ysbsctdisQre arersleabbaiRchllexalubed from the préseft iveationdi st ri buti on.

According to a preferred enbodi nent of the present invention, the
ef fi ci dnégrmoof flow ppltergs tompanisppethepiug Bowitypesigaetor aepording tethepresent

substanti al.l y.no goated pol risation alyst exhji.biting a.,coating yield
10%0 Wephaﬁ ‘%@}3’6‘?%3{ ﬁ@%@%&gﬁé 8&8‘% ‘?@%“éﬁy‘éfﬁe? h{“foéﬁslsg',"efl?aq?‘s_ preferred
that t hefRodsSmoHDsreRMAUIRbE ¥t 188 QR cRHtRMS FRFred #nkqBatdlsanbsi exhibiting a
coating yield higher than 180% of the average coating yield. The plug flow
type r qaefemblynaftad laisnfive econtineoys stisredttankreaotoron i s characterised by a
narrow residence tine distribution,of the coated polynerisation catalyst.
Accor di ng tgﬁl%‘ﬁ%\g Drwityps BaCORBEArHBSto e?rﬁée“ﬁﬂ'@'g%ﬁ‘é/m?m%f%ﬁ%g’rﬁ more t han
90% by Mﬁj]g‘]ﬁea&{)rthe coated pol ynerisation catal ysts have a residence tine
conpri se etween 0.7 to 1.8 tinmes the average residence tine. There is

praterabl y sAbsirdingit@tieyprasene iaestibn) dite/piag float typaireaatoaksymiefeeatity bi ti ng a
residence tine | ower than 35% of the average residence tine. Wien using the

coat ed hosizoniakos idealiy slightly inclingd Bt dpvnwad gnaledpmees Witk the korzentabo

Lo s 885 e PR PR T DAL AR ork IR 0P BRBUBLLE S
be resafthé reaRed} Willinatidethf QighGOgralify effect @A SmprdRed ciralystriiw strohighibut Wi | e

not wi shing to be bound to the foll owi ng explanation, the Applicants
bel i evethefeactasne of the reason behind this success comes fromthe narrow

coal.i ng vyi el 5 distributio racteristic exhibjt by t.h e

o s Sati bieteably it bRl SR fsTbtah torialik P ISR o)
i's knowdivdshaftleRenaimkiiysitudiran BdoBgVEiR reAdlortol WhitklheatabRel dpluyditgf in
reactor is conposed of a wide range of particle sizes. Thus, this powder is
r ef er r eef adjacenthhloeated paddies Saidpaddiesiace suchdhati they ¢avse pssentiallym® of t he
reason fg{vt is broad . 30 size distribution gr.e t.(ri1e Sj ze ran&e of the

i ni ti al PACKPATYTPvemenRtiof the particyiatenatisT CRRMINGA IR §HY rafier aPf PEfBce i n

cat al ytﬂr&as@afsag'vsm%@%cb sttt @isthAte RBMithe iriRSrnal SueraBdsidrahRIeRetbs) T esi dence
time for each grow ng polyner particle and the aggl onerati on of pol yner

parasi cl Ebe reattor snay be divided into individually gas-composition-controllable and

polymerisation-temperature-controllable polymerisation compartments, so constructed to
control gas intermixing and movement of the particulate matter between said
compartments.
The reactor may also comprise one or more reactor off-gas outlets along the
30  topward part, one or more vapor recycle inlets along the bottomward portion, one or
more catalyst addition inlets, one or more additives inlets (e.g. quench liquid), and

takeoff means for the resulting coated catalyst.
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0.9 CEC 2002 believed that the narrow coating yield distribution
characteristic exhibited by the coated . polynerisation catghyggc %‘[ﬁordi ng

to the pr‘géq’%%}wventi on greatly influences the particle spégcRbsilsadut i on
of the produced polymer, and hence elimnates the fouling phenonmenon. 5 For

exanpl e, when the coated catalyst is used in a gas phase reactor, the on
. I'ine coati ngThdccatingigodesoOatcoydifg ¢ trimeschtinvérdtionicah bowpplipdde att types
advant ages, whatever the catal yst systemused solid handling only (no
sol vent9T Ralxmerisasjor gatalygisit has proven ko beadvaptageoustygised &prcetalyssssystemsor

copol y {sation.wth hi . al laf | . g tion with

cont rolmz-‘fltrathe %&g%{ ﬁt%actg B%’%gg%ﬁl %ﬁa%’é‘?t#@éé %%a”r%gg??ﬁﬁ n%ﬁ%‘ggood nor phol ogy
cont r ol donisoung of 8 REanSitioR HetdlRhe b a TYE4taigst BmpeiWinERA OFEidEénigoahd FESSUr € .
and a low reaction tenperature, |ow residence tinme (one hour or less) with

a siml | metehiteoin arganametalliqeompennd, for exampitamalBylslupgyiumeompeind). | ar ge scal e
pl ant . ore than 300 Nk er vear, .plug flow type,reactor uivalent to .
5 Lo 5 Tsoeiibu bt was Bake HEcHy SBey Sagro i SHBROBERTYBrATAES dance ¢ e
15 cont i § 1 r,

stati o Gpenpor Bl guERiRs KT bolfier s ALBL Shol ST heRRKE.

pot ent iiapossbde to avvdd alzepeifirémovihg aatabyst resitiedsi feora glenpolymer. cEhesehighur i ng t he
coating process, coated cat ahyst di,sperij on '\n the fluid bed eased which

r educes2Y Spalvst sustamsaensrall pomariset solidetelyst epnsisting gtssptidly dles,

i bid oy I i i o} trol th
oD cirbsbichin 8o i ERes; mb Rl Porplek and Bhloked onthifingYohlereel 10 1 N°
agi t at i Bxanjplesthe@oficawbe fpaddy.gandJ)$4260§6% EROIS68094y EPO099 VM amdod mi Xi ng
with |l ow. entrainenent and better, nprpho] é’ at the %d The_ use of the on
line ga&PPhRsd2.chis pragesss alae ﬁW@t‘lafléirsP'I‘?g’? o peguith Zigelgs satalystshe i niti al

Ki net i ; I . . it K
Rt vt ¢ btk By SR ¢ 0 WSaSI ) HOdRSETERROEI MU WERSISI 1 B e o

avoi d cat al yFhe prodetd i¢ @bpeoiallpseitabde forals©with encvallocestypd satalysts, subh a4 urry
t he possi biIita/ to spray antistatic and catal yst activator in solution a
&5

smodt h e8nthpes deseriberein ERA1293 6§, FRA206AWiBPAH20430cand RO 681 5el t i ndex range

(at | owyethyl.ene pressure. and | ow.t ratur.e) wW.th ethyl flow rate
Cont r ol PIERRCYGE sRBRaT st eesPMiq BB Aot Sl bR R B S T el

pol ynertrydtielt AdthskOciaes WitSEeraflaf QfpdaHased oE rdfA@RE bxide ast flko capaci ty)
8 hn~Et~U ~u Sw~ :: i " | CJ DEC 2~ 00/ 09264 PCT/ GB99/ 02635 a

r educt | evantageduslhicles usadat.gstuchageossrigsaibed il EPQRSAVS,HP4S31 1per tonne
easi er ﬁ{@ébzﬁdggns bet ween Zi egler and netall ocenes catalysts to inprove
the pla ility and facilitate the access to large scale efficient
andyg ~ flexifl g1spliible t@u&e‘la@l‘?arﬁ%ﬁ?&rﬂrﬂ&alﬂig?ﬁﬁﬁﬁuxﬁ%?9ﬁl¢dd'ilﬁn,téﬂtatlﬁ?_ present
invention is ideall'y 1 ncorporated upstream of conventional industrial gas
phase pobmpexéssath amtiprsedessibed keW20/23016. BP Cheni cal s gas phase

pol yet hyl ene process erein the, coat cat al.ys I of the gas phase
reactor is nﬁ“g@?ﬁsﬁﬁ &l%ﬂh%&@agcw?&eén%%iag?‘l%“%%éﬁ!ﬂ%%%@‘ﬁ%m ly an

il lustragd n atus for gas phase 10 pol ynerisation of ol efins)
accordi %%vat%ghgtgélé@%})gggﬁ{' i nvention. The apparatus includes a fluidised bed

reactor fitt diewohtalystciole intrddacddaac thephug fRiwitypa rédctordinglat argrfogn,i d, and
consisting of a cylinder wiwth a vertical side wall gild a di sengagenent
chatber e&baye Sufy afapreferghly.inadry §4888nt ry chanber for a reaction gas

mxture, i tugh o daro LOs idd watdaaR oA b LA bR EANGT ¢ f or

the reactionga , comnect ng op o e reacto o the entry

chamber tHedonkdiRiehepslymetistiof prbedssir € and including a conpressor and at
| east one exchanger. The |eft side of the figure shows an illustration of

the plug fl ovwoceniingto aprefesied erlgodiment gfdhe pres¢nt inventéen, skrimonomer is
chosen among one or more of the alpha-olefins having from 2 to 40 carbon atoms,
30  preferably those having from 2 to 8 carbon atoms, more preferably ethylene and/or
propylene and/or butene.

According to the present invention, at least 95% by weight of the produced
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fromwhich the coated catalyst exits and enters the pol ynmerd sation reactor.
The process according to the present invention is particul y E "’2 abl e for
the 20 maM@PY%6% e of polymers in a continuous gas fl uidi sed Bed Brocess.
[l'lustrative of the polyners which can be produced in accordance with the
i nvent | o Gy bifve ARy TRl QeI bERRoHi0l LS AR BGLeraREDOM (POI yTer
of etylene copolynerised W pr opyl ene "and a di eéne such as h&Xxadi ene,

di cycl mﬂhg?ieﬁnm@mo@ﬁﬁg’ﬁbﬁ@a@smnaﬁhe@e&ﬁneﬁyItme weighthatiooigrous

enbodi ment of this invention, the coated pol ymerisation catalyst is used
for thecogtaskpalymerination cpfelygiotogthe nen-cprted pplypieyisatinpriatatist. Thefuse ofigl ene

w th ey Bt URe P gy ERGo S Fsrh T sR e M R R 4 (o 6
cargon &ttﬁgpolymﬁ@twn,ca%wé gulgb@é’d td ihe 2ostingAprbbéss @kief the Softdig regctBPr € than 8

carbon atons, for exanple : to 40 carbon atons (e.g. a conjugated

di ene) ,in@aenbrolymerissd dorm { indfact, thecprodingd coatefl pofymesisation qatalystoatace
copolyners of.e | ene and/ ar pr | ene.and/ or but ene wi.th,one or nore

o oa” drammstesised Phe Baad pBhe DR dmBiuot Abr B milenbacne. “hent - 1- ene,
hex-1 Q@mbdimeREE kPR MPIRMATE Gile Bt &hﬂ@gﬁgfw STERIINNS RRAL - 1 - ene,
oct-1-ene and but adiene. Exanples of higher ol efi'ns that can be

copol yrthat thert issulstankiellypno caatgd polypiedsetionwdfatyst pxhilptihea eoatingoseld, or as

partial repl acement for the C4-CS nononer, are dec-1-ene and et hylidene
nonBor dewsr thea20rripfiheayeragp ceating aeld ¢ sigulatlydhis prefered that theee ist " t he present
i nventi o) | . C A fi in the gas
phase bs;!/l B?ﬁé@:‘@;@l %/&r‘lrllta% 1203 I %rﬁssa(t)lbﬂg% '%@Ftre%}b\ﬁ/\ﬁﬂ] %&J%ﬁtﬁé_y feéﬁde%gir‘leg/tléﬁ hex- 1- ene
and/ or Y80 biiesviagt comting Yitkdyl ene or propyl ene or butene-1 is present as
t he maj or conponent of the nonomers, and preferably is present in an anount
of at |east Tboplugdlow pipereacsen accardingtadhe pressnsfinyention istchpracterised by

or of or bR AaIG R il SURLRIREEF e BRARY Phipheh oz BBE ARbot N, OF ) <
li ngar 4 prefeteatbéhbdodimbmediiié prierdtlihtdiion, asie dhanome B it of fHe dated ene

with but-1-ene, 4-nethylpent-1-ene or hex-1-ene and gi gh density

pol yet hyolgmerigatiorEptalyistsdiave arresiderice timgxcampirised bggwieomB. 730 di8 impgthene with a
smal | portion af higher . al pha olefin, r_.exanpl e ut-1-en pent - 1- ene,
o 1 CRYBTHR reB st ding el s preeoD s BLEEE cpueg BpbRETTan) “ou t abl o
for pol yRyitexiBitiies] teSRieAde tife ARG NS 594 88 Bl ez PAIdMRENIMeS and 6 Ni Pa
and at a tenperature of between 30C and 130C. For exanple for LLDPE
product i on t Néhenawingrthe nomed polyuieriadsion catalytstseobtainefbacedrddoathe pfesentHDPE t he
tenperature.is typically 80-105C dependi ng on the activity.of the catalyst
20 2N e d SRR HS0nSerulive PRI o REases g AREcaaB v eririvoeth AHef or r 2
enbodi ther: [ AaY (B i as

L di g e B e B o et e

f rom (agomtinaplhiegss, phakd pelympsitation, (c) m xtures of ethylene and propyl ene,
(d) butene and 'l(ﬁe) one or nore other alpha-olefins mxed with (a), (b), (c)
and (d) in aWhilginet sdshingtp bebeunddtoghe &)ﬁowmm&wtmwy theApRlicARRY a gaseous

stream ri,sing at.least so .the olefindhr h the fluidised bed in
ai a0 r eSORp Wi O B recBRond sl St AT MR Ve tib R er

reaps i vaisaibutiohichitatefiNTPEiftd bythe codtéPpbIgineAsatioh cataRePdOrddd toTer i sati on
catal yst characterised in that the coated pol ynerisation catalyst is

obt ai nethetgresamginyemtiomuous gas phase coating process according to the
present invention. 30 .Th | icants have unexpectedl y obt.ained naj or

| npr ovenent 39}6’37 CXHPPGs 1},&%??’}#&%@%“?%&[&“}"8%%Pg’dfrhlg actgﬂé)ﬁeﬁit 1%nal  gas
phase fLyldictiadetes BebiipBtdSetd Qﬂi_e%&feeo?%artlzdlélsizt%. R, hidpSwiidrliyistrations
of an apparatus and process according to the present |la

referred to as having a broad particle size distribution. Some of the reasons for this broad

30  size distribution are the size range of the initial catalyst particles charged to the reactor,
the difference in catalytic activity of each catalyst particles, the difference in residence

time for each growing polymer particle and the agglomeration of polymer particles. It is

7



WD 00/09264 t 9 DEC 2002 PCT/ GB99/ 02635 invention. The present invention is
therefore not limted to these particul ar enbodi ments: The 88 BEGS¥00Z s fed
froma F301 vessel to a "mni-ecluseur” (1) and then introduced into the
bottom of the horizontal plug flow reactor, with a nitrogen flow. The flow
rate of catalyst introduced into the reactor is controlled by the

-m ni - ecl d5 d -checked.w t,h t he, wei . of F301 | .
el BP0 et Uh e e Ot Eag veseo
M Xi g Gl h&isatiBh Ea@%ﬁﬁ%ﬁoﬂﬁngcﬁftﬁé pekerdt MhRotieH gh?tttlg .h \Ferfc@@ﬁ{egfa:@dw to

allow the Teactor to work properly. Inj ections o t hyl ene, optional
conmonomnsize distdbutgmmofthel produced)polymes laed heameeelminates tHedfolnbing om of t he
reactor ; there are preferably at |least three different injections points
al ong t RBCPYEEY to al | ow good di spersion of reactants within the reactor.

Threg 1low | rif’d'r%ﬁg:‘tﬁé&, bR We! Rafl8BLM0R JsBE g‘ﬂ&%&tﬁ}%ggo'a%r%e%ﬁ'li‘ﬁ%s to

have equal flowr s at each 1 njection polnt. reactant occurs

bef or e iatihgid 4 plagdloty type rédcoowhasithe followmglpeherat ddvaintages,onltever tied t hanks
to a regulation control system Optional cononomer is 15 preferably either
but ene d# ision injection points are kept to add other

2U Y
pr oduct : ol L V,: able to
Pecd o 553 Rapsliitdy B SoRAR A Pl SiRetich, BOIIRACHE oMo
cat al ystorabopblyfehbkitimatiah hiphthalpka defins (T8)esedth de4BEoa ivdtiscandrofled | ows:
Length = 1.88 m20 Dianeter = 0.42 mL/D = 4.5. Preferably, the nornal

operidt i ridnetissdna indtia patticlegveashrating gnd geodimorphodogyt apniroborsprg enpdrobet ween 20
d 100C f Ly bet 4 d 60C., Pref bly, th |

oper at | T RBHERREhE ARM myTe BB PB4 o BaShiniembBra b B} 25

conpr i S adsiagicseRie dor Motk 108 with Sndl RhEHAVS MRSk HREN ht 36 Hin b -

Preferably, the normal operating conditions during coating are a residence
ti me conps) wdeedelangaescaleplantratmose than 308 ddksperryoer phugflewdypereaetbmeen 40

and 80 m nutes. Preferabl.y. the ngrnmal operatin ondifions. during coating
are o f|GRUVEE B0 0 GRPYOLTRE Lk e R OISV 7 PEOLCLT SRS BPE or abl v,
the 130r n@ntBPRItA hoRBgFRRIEtAINDartit]é B&t JTIRE InAth Rh&oA skfidleldddiottyaltd
conprised between 2 and 100 g of coated catal yst per g of catalyst, nore
pr ef er akinjectien inemolyerisatiog Peaptariredurad adthaatertia additiona) behefitavfitlyst . 11 0

DEC 2002 0109264 PCT/ (B99/ 02635 Control of S ase.i s done t he
cont 1ol SRR PPEGTHER RS B doMyR e T8R! CRRESEREA o
pressur emid bagBeR WG Al dsi HAY sp e withVeROSRIvE QMY RicRas RiktAIRRBAEY tO the

flare (after the gas outlet). Control of “tenperature is carried out by
cont r ol | pasgibilite td addwa smald fraftiomafithe a¢tiiatondo bettgrabn80lChe kinktigaprodile ( 90- 1000)

e AR5a A PREER oA FOLDATOR Yt SB ORGP O OB PP Ab o

rent rai negdwidkveldcfty ttggiv@%ob@ ndikigig Wit Bw ditRiRBidnf e BetRdmidrphSlogRhe
ecovered into the reactor thanks to a nitrogen flow which di sengages these
parti cl ethe endriiheruse of theem lirer gas ipagesoatitg dheataly stdufthaellosisavi our of t he
reactor -I Sto%ci&g'r tth:B{mgglt ﬁhgt?cdprgﬁlettgeallg&etﬁé gzl.tag'gtstio%ri]sperse before reaching
its peak activity, thus homogenising kinetic profile
25 o the coating in gas phase to avoid catalyst modification and morphology evolution
observed in slurry
¢ the possibility to spray antistatic and catalyst activator in solution
¢ a smooth control of the initial reaction within the targeted melt index range (at low
ethylene pressure and low temperature) with ethylene flow rate control and
30 comonomer control
o the potential to increase the final polymer yield and to decrease the residence time

(higher reactor capacity)

8
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of :the agitator. The agitator is placed inside the reactor &8 DEENIRBt S

- preferably of about 5 to 12 paddle elenents. As indicated | I , one
paddl e eI%’ﬁ’é’ﬂ’l"”@ﬁnsi sts of 4 paddl es separated by an angl eﬁﬁ’gbg&}%gﬂ xed

on the agitator shaft. The agitator is driven by a notor and can run at
di ffergnt . The syst IR0 [ f.erably inclined
" downwar d @gﬁ%ﬁﬁ pg{u]e f%xﬁﬁﬁWe‘gs?g{@‘?d;&gJﬁ%lrgé@gégﬁgSt(%é'? c\sl{gxg nland7]j in

order teo eakiePiamkpshsefPbtnt ZiBgiaHnAShetallodenes daAgstor . Successi ve paddl es on
the agitator shaft are shifted by an angle 0, preferably conprised between

30 and 700 ifpoveube plasi refialpifitydind facilitatertbe stz todarpe seglaefiiciedt iyd a di st ance
correspor},geiéu%q to the length of one paddle elenent plus a clearance of a few
m | 1§ et MEXI0GPaAS50 preferably between 1 and S nm The paddl es are

straight, r i : : : i ur f ace.
Thegc?ear anggﬁfﬁée}{%\%ég?“?%gs g%:?gﬁ@"g‘ﬁﬁ %S%&rlgg%ttl%?%ﬁg%gly niaat'ltc&[sp&r?%t%%e is of a
f ew ni Idpstredm @$ commehtomd efdusaial yasptavepslyhersmioss provess\idere. ¢ ttRgBPar ound t he

react or_desi g{n shoul d be nade of stainless steel., 25 The coated catal yst is
wi t hdr dvitemicals gas phsse pelyethylepe process wharein|the eqatedscatalysh feedingegfitheigasabout 30

to 50% ve.opens sequentially. Nitrogen is sent into the

Wi t hdrﬁhgge %eggtg}(éﬁngdep e%%%?‘gggugéﬁ?%g. Different nozzles are ideally
install ed onFigheshofadisramhfaticaly ahQMustratieh of ahégratatus PF ghepmae at ur e
measur ement or control,” for gas phase analysis, for pressure control and

f 0oA030 redymerisation of olsfin(d acensding tethemresensiyentiin. nozzl es are ideal |y

i deg, to all t d i nl t] et h i nert
byar oca s freRranbiniutfa BLRETbed oflof SRAH B & Ehpd 4eds Fubiiifiee vt er
and m cfifdidzion gridd akM BofsiN@ D Wy P Ydtda VErilBIAANGAE aki | | agent. This

allows a reactor purification and a protection against reaction run-away.
For safdisangagemsent shambkerfabove therseidiaylinder an entpyr echamberdfor e seactiopghe t he out | et

dorpr e SBiUre R g hevaridy ard dngrtpmel f o EORuoR ik reRufon 88 c ount er
CUBCN k) Gl Bl U8 R b S B1oRT 1IRNEE e ALy Y B gk degasser.

The coated catalyst st sent to a vessel for storage and then
t o t he meawreand indheligg & sombesssdriaad pt BastronedxplangerbThe eft dide off thehar ge

continugusly the coated catalyst directly into.the 'b,n pol.ynmeri sation
bl

. m
r eact orfigurs showsanblaatrationeotihe plug floaureastor wderp) the sptabyat igdnigcted agrht | y

hi gh 4 . t j J tor. 10 Th
acvant et SeEuesoh b R AP RO R AR e que are

hereafter di Yhelprrdss cofliing & B hrepartiihedntion ipiriduysly siitatlerGaevent i onal
prepolynmerised Me/Ti Zier~ler- Natta catal ~; Replacenent of traditional

sl #Or y pereyactyreee! nedymersde sicgntinypus genlduigised bresprgeessd t h | ower i xed costs

and no |V recovery. Decrease of the pre r.yhehd. S20 to
a0 7 T B KBR300 e SeRUntRE M sl 5 20t
t hr oughe EhBPRqBbIVAREr LE 8ty Rhe WRG)FOpYIEhe), FPDMYpoBiries @Petylemer | sation with

additional potenfial benéfits in terns of m)éﬂphol ogy and product quality.
On | i necepmiymerised fwitthpropglene and-adiehy suchaasdiesadigneedioygjopantasignelorsequenci ng

di ~cu|tit§s.‘¥vith a}bgééer overall reproducibility and better reliability of
downst r BN TRELCHOTEYer ati on. Full integration of 20 the coating operation

is?f)zfrsaé ge Confn Ak @dvanPYeY TBEMBAdIMER SRS inRAtisY, TheMBatdd polferidatieh medi at e
catalyst is used for the preparation of polyolefins, preferably copolymers of ethylene
and/or propylene and/or butene. Preferred alpha-olefins used in combination with
ethylene and/or propylene and/or butene are those having from 4 to 8 carbon atoms.
However, small quantities of alpha olefins having more than 8 carbon atoms, for example
30 9 to 40 carbon atoms (e.g. a conjugated diene), can be employed if desired. Thus it is
possible to produce copolymers of ethylene and/or propylene and/or butene with one or

more C4-C8 alpha-olefins. The preferred alpha-olefins are but-l-ene, pent-l-ene, hex-1-

9



Chronmi um cat al yst Sane bénefits as for above Ziegler-Natta plus bet tDEr
plant reliability with the continuous operation. Easier tran&BtBEnd00grom

Ziegler t ,um and vice versa. 25 Product quality inpg F,E(E@s
Oopolyrrer‘la's?a ?ogir?“to deliver process productivity and pr oduc§¥§%a9 Ity

I nprovenent for specific copolyner grades (film wre and cable).

.Convent eq)almetiylperit-ieshe Sodid/ehb arld buth8ighe EXihplas 6Pfigher BJefins that ks Be Pr Obl enms
with catal yst dispersion, static, start up, inpurities, allow for a higher

i ni tial ceralymerisgd withihg REmagyzathylenst angdias|pdopsiencampnarnesy orSpsaRastiati me Yiel d to

b h 30 wit hgut [ | ti | . Ilitate t It
Lo ot nethiasrRedlbr BHLo4 HE MiihsE? sier e Lol Ry B paBBishbc Cqur ity
opt i M saktRBing1s a prefeftePbibs@MenVADNLORE 6 tHBrainP iR BR FonffedfefdBRP/ 02635

Coating necessary for netallocene catalyst in order to optinmise Wth a

ful Iy reapplgs tothe snamfeurgof palyolefies indheagasgthase byatheeopolyingtisationtdfal cat al yst
activity for | e scal e pl ant hi space, t.ine yield and | ow resi dence
Cme - v i BPuteRs S Bt o efTpE BTy iPER 8 bl o Lo avol d static

pr bl SRyhy RAESH i _@oee%amwéx%&rﬁ% Rt By S8thhetent HEthe GRIrBrids, Phase
(mor phol ogy degradation problens). It allows for kinetics profile tuning

wi t h sl aweprefecably stpresentindaantonet ofdtliessn@@spmotrdprefeyaidy af lgatt 8084 oPr ovi des

opti mum f| exi bility between netall ocenes and ot her catal yst systens 14 WO
00/ 0926%edtPial MENOMGSHOMORIMOISPCT/ GB99/ 02635 1. Conti nuous process for gas

phage coat i thQEr&Q'&FﬂRBM LhQfe gxaefsédélfalenﬁ&ﬂs}%%{db el Yo H}%TareHm
polynerisation catalyst 1s-introduced in a gas phase€ plug W type reactor
wher ei nwide vasieBUSIPdIymer frodueed forexamsie lindar (oR diehdiglyethyldie (D ce of at
| east one nononer such that at |east 95% by weight of the produced coated
cat al ysbasel gpeopolymesnef etfiylapearith bwnipenes dunesbylperinl -enson kexol -enerard t he

aver age | | e S acc ' | Qi rein the. .plug
1 ow tyBERAshl oot (D PR EE P el g Bh e b s s I of 't he
precedi agmall ?bﬂﬁanvm{i lef alpheolefit ol Eautply, bRitr1eée! Péntd1SerROhéxz 0xenalor OF

sligshtly inclined with a downward angle formed wth the 10 horizontal base
| i nES cofipnétBdperdelgr®en 1 and 7. 4. Process according to any of the

D1cee 10 o ST 8 A HBPLBRNR b PR Bl R PO om ooty
non- pol ¥pmR&irs 88b&tWeéh 0.5 and 6 MPa and at a temperature of between 30°C and 130°C.
For example for LLDPE production the temperature is suitably in the range 75-90°C and
for HDPE the temperature is typically 80-105°C depending on the activity of the catalyst
20  used and the polymer properties desired
Thus, according to a preferred embodiment, the present invention also relates to
a continuous gas fluidised bed process for the polymerisation of olefin monomer selected
from (a) ethylene, (b) propylene, (c) mixtures of ethylene and propylene, (d) butene and
(e) one or more other alpha-olefins mixed with (a), (b), (c) and (d) in a fluidised bed
25  reactor by continuously recycling a gaseous stream comprising at least some of the olefin
through the fluidised bed in said reactor in the presence of a coated polymerisation
catalyst under reactive conditions, comprising the introduction of a coated
polymerisation catalyst characterised in that the coated polymerisation catalyst is
obtained by the continuous gas phase coating process according to the present inveﬁtion.
30 The Applicants have unexpectedly obtained major improvements by applying the
present invention to the conventional gas phase fluidised bed polymerisation process.

Fig. 2 and 3 are illustrations of an apparatus and process according to the present

10

1



5. "Process according to aﬁy of the preceding clains wherein lggtam’gg ally

' no coat edz@v@?%\%m' sation catalyst exhibits a coating yig l%b\%?lﬁ_,'ghan

20% of th e coating yield. 6. Process according to any o
precedi ng clains wherein substantially no coated pol yneri sation catal yst

.exhi bi t.ﬁvam@aarwﬂreyénehﬂrem:&hﬁrthér%@e A80mRéd iJ‘l%e@V;ﬁ'iﬁcﬁﬂaerhﬂiddﬂﬂem’d eld. 20
7. Continuous gas fluidised bed process for the polynerisation of olefin

monomer sel eEheehtalyssnis fed fram h)FI3@he')=ssgbt)o Y mimHédnssur 61)) anilthewr es of et hyl ene

and pro tene re ot her. a- ol m xed
with (aﬁ?’m? ")d “été?)‘h% %F‘Q'H)"??}P? f&%en&?v%séﬁ’ RSP Y1 t%%é“ %&‘r &899/ 02635
fluidi St?div'?@c@ o'f@ﬁﬁl E’crmﬁ}?é!dlﬁéﬂtiﬁta‘fﬁ’é’?éa)ﬁtdr%é’&r{tfdmd %y%ﬁﬂ#%cl%&é&%ﬁ&eﬂom” si ng
at | east some of efin through the fluidised bed in said reactor in

t he Spr aaﬂrmessedheak&cbamledmeméxgmmfthaf‘ﬁ@hvesselal yst under reacti ve condi ti ons,

. conprising the introduction of a,c¢qQa po yrrerlsa ion cataly
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Preferably, the normal operating conditions during coating are a fluidisation velocity
comprised between 3 and 10 cm/s.
30 Preferably, the normal operating conditions during coating are a coating yield
comprised between 2 and 100 g of coated catalyst per g of catalyst, more preferably

between 4 and 20 g of coated catalyst per g of catalyst.
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5 30°C) and vapour (90-100°C) in the double envelope of the reactor. If needed, a heat
exchanger can also be used.

A filter with cartridges can be installed in order to avoid entrained particles going
to the flare. The entrained particles are recovered into the reactor thanks to a nitrogen
flow which disengages these particles from the filter cartridges.

10 The plug flow behaviour of the reactor is primarily obtained by the special design
of the agitator. The agitator is placed inside the reactor and consists preferably of about
5 to 12 paddle elements. As indicated in Figure 3, one paddle element consists of 4
paddles separated by an angle of 90° and fixed on the agitator shaft.

The agitator is driven by a motor and can run at different speeds. The system

15  reactor-agitator is preferably inclined downward (from inlet to outlet) by a small angle
(between 1 and 7°) in order to allow good product progress in the reactor. Successive
paddles on the agitator shaft are shifted by an angle 8°, preferably comprised between 30
and 70°. Two successive paddles on the shaft are separated by a distance corresponding
to the length of one paddle element plus a clearance of a few millimetres, more

20  preferably between 1 and 5 mm.

The paddles are straight, rectangular and perpendicular to the reactor internal
surface. The clearance between the paddles and the reactor internal surface is of a few
millimetres, more preferably between 1 and 5 mm.,

Main items around the reactor design should be made of stainless steel.

25  The coated catalyst is withdrawn at the end of the reactor. The level is ideally kept at
about 30 to 50% and the valve opens sequentially. Nitrogen is sent into the withdrawal
nozzle to prevent blocking.

Different nozzles are ideally installed on the reactor such as for level control, for
temperature measurement or control, for gas phase analysis, for pressure control and for

30  water and/or oxygen measurements.

Several nozzles are ideally provided to allow extra product inlets and outlets such

as inert hydrocarbons like, e.g. pentane, purification agents, antistatics, water and micro-
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maintained at a shghtly higher pressure (2 to 4 bar) than the polymerisation reactor.
10 The advantages associated with the use of the on line coating technique are
hereafter discussed for different particular catalyst system :

Conventional prepolymerised Mg/Ti Ziegler- Natta catalysts :
Replacement of traditional slurry prepolymer batch design by a cheaper design

with lower fixed costs and no solvent recovery. Decrease of the prepolymer yield (from
15 20to 50 g/ mM down to 5 to 10 g/ mM of titanium). Enable suppression of fines
through the coating reactor recycling loop. Allow copolymerisation with additional
potential benefits in terms of morphology and product quality. On line control of the
coated catalyst avoids prepolymer batch sequencing difficulties with a better overall
reproducibility and better reliability of downstream reactor operation. Full integration of
20  the coating operation into the continuous polymerisation reaction system with no
intermediate storage.
Chromium catalyst :
Same benefits as for above Ziegler-Natta plus better plant reliability with the
continuous operation. Easier transitions from Ziegler to Chromium and vice versa.
25  Product quality improved ESCR. Copolymerisation to deliver process productivity and
product quality improvement for specific copolymer grades (film, wire and cable).

Conventional supported Si02/Mg/Ti Ziegler-Natta catalysts) :

Less problems with catalyst dispersion, static, start up, impurities, allow for a
higher initial activity, a higher catalyst yield and a higher Space Time Yield to be reached
30  without facing agglomeration problems. Facilitate transitions to other catalyst systems.

Lower cocatalyst ratio with product quality optimisation.
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Claims

1. Continuous process for gas phase coating of polymerisation catalyst characterised
in that the polymerisation catalyst is introduced in a gas phase plug flow type reactor
wherein it is submitted to polymerisation conditions in the presence of at least one

monomer such that at least 95% by weight of the produced coated catalysts have a

5  coating yield comprised between 0.5 to 2 times the average coating yield.

2. Process according to claim 1 wherein the plug flow type reactor is a tubular
reactor.
3. Process according to any of the preceding claims wherein the plug flow type

reactor is horizontal or slightly inclined with a downward angle formed with the
10 horizontal base line comprised between 1 and 7°.
4. Process according to any of the preceding claims wherein substantially none of
the polymerisation catalyst subjected to the coating process exits the coating reactor in a
non-polymerised form.
5. Process according to any of the preceding claims wherein substantially no coated
15  polymerisation catalyst exhibits a coating yield lower than 20% of the average coating
yield.
6. Process according to any of the preceding claims wherein substantially no coated
polymerisation catalyst exhibits a coating yield higher than 180% of the average coating
yield.
20 7. Continuous gas fluidised bed process for the polymerisation of olefin monomer
selected from (a) ethylene, (b) propylene, (c) mixtures of ethylene and propylene, (d)

butene and (e) one or more other alpha-olefins mixed with (a), (b), (c) and (d) in a

15
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