TITLE: Method for controlling the polynmer flowin a
pol yneri zati on process The present invention relates
W 0008/02536i i nuous process for the gas-phase PCT/EP2005/001000
pol ymeri zation of nononers, particularly of a-olefns,
in the presence of a polynerization catalyst. In
particular, the present invention relates to a nethod
TITLE: controlling the flowability of polynmer particles
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Since fluidised-bed reactors approximate very closely the ideal behaviour of a "continuous
stirred-tank reactor" (CSTR), it is very difficult to obtain products which are a
homogeneous mixture of different types of polymeric chains. In fact, the composition of
the gaseous mixture that is in contact with the growing polymer particle is essentially the

same for all the residence time of the particle in the reactor. As a consequence, one of the
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clogging of the gas-phase reactor. In fact, a relevant technical feature of this technology is

given by the downward flow of polymer in a densified form along the second polymerization
zone: high values of density of the solid are reached (density of the solid = kg of polymer per
m? of reactor) in this portion of reactor.

The industrial feasibility of this technology, as well as of any gas-phase polymerization
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It would be highly desirable to improve the technical feasibility of any gas-phase

polymerization process in which the reactor is operated with a plug-flow of densified
polymer, with the aim of avoiding the tackiness of the polymer particles and thus the
formation of polymer lumps clashing with a correct and stable working of an industrial

polymerization plant.
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difficult to ensure a good flowability of the polymer particles. As said, the existence of a
gradient of velocity along the cross section of the reactor reveals particularly detrimental to
the correct working of the polymerization process itself.
By means of a massive introduction of liquid in proximity of the reactor walls, the method
of the invention allows to attain the following advantages:

a) the fall by gravity of the liquid percolating onto the reactor walls originates a liquid

layer interposed between the polymer particles and the reactor wall, thus reducing the
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gases, such as propane, and chain transfer agents, such as hydrogen. As a consequence, the

liquid stream fed into the reactor according to the invention can contain, besides the
monomers to be polymerised, also condensable inert compounds used as a polymerization
diluent: the preferred ones are aliphatic hydrocarbons C,-Cs, such as propane, hexane.

Higher is the internal surface of the reactor, higher is the amount of liquid to be introduced
to obtain an uniform flow of liquid film along the reactor wall: in fact, it is preferable to

obtain a substantial, uninterrupted coverage of the internal wall by a liquid film flowing
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In the first polymerization zone, hereinafter indicated as the "riser”, fast fluidisation

conditions are imposed: this means that the velocity of the fluidizing gas is higher than the
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In tl?%%egénc{ E@yﬁ%ﬁ%’t O ong aﬁ%elﬁgétéf ik eZ"aB%c&HEl@ UGB growing

. mnmhr In a ensi orn1 eave
polygadrchastpdesn ﬂop;o&ky\mmrzlahlaod\emﬂ‘wd fand larder thes thdwfcgdvﬂy High

s Bt bR TEL RS 385k o0 LN 5 B2 B e

relePAHt ¥ e%ﬁtthé)gecéﬁ@ §§ Iﬂeﬁz&tﬁﬁl AonE St BRI 208 al poditilve @ain in pressure
Zzone, erelnafter In |Cate as the "riser f ast

can fok Wbttt dlong Gendiidciiomsf Sow, sahes #dbecompsporsible ta seintroduce the

the .vel ocit f .t f i di " "
polyigiFarSpere: et g b SRR R el HREf bl Wl way. a "loop
cuchﬁﬁbn tif s Al Avilieh §91defihde By Difie {thikarick UsfdpRbsigeg betwedhahe two
terms "tr ansport vel ocity" and "fast fluldisation

polmmseﬁomzelemn {l by tlesakear fosseranipgucet dpto ghewsstenit i on

her e for l.e.; .
e 0t FBRPLrorERGT . b ERHERRE o Dpriary, sgyere: the
temPeAfird-istin, thd Baipe frdrﬁl s50t@te Ewmdar(ddhy Ipimfssmatfrcmm 150MP2 to 6 Mpa.
reinafter indicated as the !

MO’f?@V‘ﬁTﬂB tha rdavaicemer |thgy dgpirwal aol\ﬂl\c,ﬂ (ggd%fngelgflr}%a %ﬂerl\%nﬁ @t reactor
occ#}ﬂgg 'Bg the p@%ﬁ&g eRdecld B L}feymo%‘"t gl: lé?s‘ 6’|.f|re:8j %ﬁﬁd Héhsﬁff" of the
e solid; I C

appr oac enS| th
obta:iﬁdccypfﬂymeare the rel evant feature of the second

Dueg‘?ole e ﬁgtghgeggza’gg]g of H t n gﬁég tra].ﬁ’lé)%ﬂ Cgta}s \éﬁt aé P?o(}wg medium

intos 916t coePeSRIB S nRPE %l@aﬁ‘el& %\K/ Qieﬁf frﬁﬁs}f&ecdelﬂﬁm&ﬁ' i¥ '®ibranteed.

e riser without the help of special mechani cal
Thmtemmsratﬂrﬂ of thiegpalyayer 1acreasae@ it dpscendsini thnsqgcend pelymgrization zone,

S0 wg g%stﬁgtp%g?elg glé%‘?(b‘[}}ﬁ% Sﬁléaél%gﬁa %&uﬁa%@ugrﬁ§ aF eflygeﬁgtlon of the

polymél %ﬂﬁ&@@ cloBd & thBeyaAYs nedde sl sTd%rQﬁﬁhaﬂlﬁmnC@&dbd bplﬁISe wall. The
est shed in the downconer are particul arI%/ severe:

tacl{lh@StbeWmna‘tdﬂﬁcénﬂ polymer pastielghgen fead fe ptormatian gtpaliper lumps
anddtgt\mig%ﬁlé?r%%ﬁ ggrg a{[?allgp Sy Sé%%d g)y(l\@@ %Wheﬁy §lid p'ogrrﬁéli‘rgumps with

neg@ﬁvd@@&&mn @@qﬂmleﬁrdaysst he pol yner) exceeds of t he 80%
the val ue of "poured bul k density" of {he obtai ned

Theytachnissl feasibility of the above gas-phase “polymerization process can be greatly
improved by adopting the method for controlling the flowability of polymer particles here
claimed. Thus, according to the invention, a liquid stream is continuously fed into the
second polymerization zone at a mass flow rate per unity of reactor surface higher than 30
Kg/h m?, preferably in the range from 50 to 200 Kg/h m?. This amount of liquid stream is
introduced into the downcomer under minimal pressure, so that there is essentially no

liquid spray, but the formation of a thin film of liquid flowing downward on the reactor



Due to this high concentration of polyner, little

anounts of gas act as a cooling nediuminto the
waelomsoewes , where only a relatively | ow heat tPEREP®N5/001000

coefficient is guaranteed. The tenperature of the

pol ynmer increases as it descends in the second

pol yneri zati on zone, so that in the bottom part
wallshefagofedt he situation is parti cularly critical. The

t i n_of th I cl
The% Strean, £o E’y &?’%ﬁéfﬁ?’ rtpg A5k goﬁ%r%onﬁwgﬁﬁiw lthﬁ?oohng and
con&éi@iftidiﬁ@ﬁth@ Qéd&@%’ga@@]t@&ﬁmxs Aoy seRue@l kdid ligaidcsareameal contain,
to the formation of ymer I unps and {he downcornmer

besidem thsempapmets| toybe p g@alS%%f Wecdgiahlcomet sanpingsysed as a
polyriRAit it BPARE biBrRld GRS Arhitpha MR S 55, The

chni ca ove ase

A spigdtannielly ziaifomm dmt@lmﬁm afdiyubkfin eatd ﬂle|rnzmt<nw$mifabq is achieved by
adopting the thod for contr IJ|n eflo bilit f .

plagseg §ppe Wsres of te dosmgomehy h@-&n b e ngPeigts ; fgeording

to d ﬁ?eéfeﬁ?fe'd bd'%h bt AlA®amr 1§qu°2(9 Qﬁédﬁ&'@#%ﬁ&élfyedisﬂrl'&h@d along the

second polymeérization zone at a mass flow rate per
dowmomyr by m@mstocﬁ rmergrfeedieg hingh ghe tnhmhelsof Kajfl Heeding lines being an
i.n the

BT Yl 5, D30 PR 0 B0 KRB T r o e

polFAMNERANRE] dd HHE kedbntll FHIYmEiATEH Z8ne. SR fuRRér fnfi@6®ement is achieved
essentially no liquid spr but the formation of  a
plaqlhg mofd femim’g pioings irdccfrrasmn%nmﬁmaﬁ@n% graspaection: this arrangement

ctor s.is favored...T
mall 5 Q4R e S S By Mo bR B e
The?ethe @ @@%@%Beﬁfﬁ iofentibe Wik Qyel e @Snbddr maiataﬂ%flth reference to the
consequence, said liquid streamcan co 'eﬂ’é‘ besi f.ifil
enclosed figwsnmhich psya Bscroprigered elustigiigg it ofyibe scope of
the?%ﬁf?&[‘ds used as a poI yneri zation dil uent t he

erred ones are aliphatic hydrocarbons C2-C8. A
Flgsllblstaamliagadthaumlrémemnwmhmfbﬂnbu method dfi pai presank ineamtion when

applifdio B PoRE B ORSs UFRFLIERY 7ReaB At PR 1.
Theogdlgﬁérlzaﬁbﬁ%&%lgco'iﬂbrﬁe@ﬁ ghar @Iﬁer‘éﬁpﬂ%@ ip@Ber Jalfles flow upward

Iquid streamis equally distributed al ong
undeh éastl ﬁ\mhzamn cb;xdlmaam gloog throdieection f tlep 4rirers ) andhe downcomer 2,

nunber of said fe | i,nes bei ng, an,int Q
whEFEngie BoFaTch PG e P T BSe: ool e gty (Hons the
dlréEﬁBﬁ’ r&¥) 11Rf alrb® BOITHIEtwd §fdlynistion hBnsLd0BAd 2 are appropriately

| ymerization zone. A further inprovenent is achieved

lntqndb(zlmwtgdhﬁﬂ@sfee’@msrfgal&ﬁ nts in correspondence of the
0SS

Thea ﬁﬁtglyts cewgpen%l% ?grefeﬁglflg aﬁer aEP %g wrréér}ﬁziéﬁé N r ! Arg l'Uoﬂ‘unuously

introBgced O GABER. infd thenideh ad Thé obmimﬂrlﬁtﬂﬁﬁér 1sm(mm1umlsly discharged
will now be described in detail with reference to the
fromyih¢ epgelgr #iadineel3. whi ch has to be consi dered

A gialséolﬂﬁ LRty gorﬁﬁqsiﬂé’ bnd oMb R 1M sChy drBgers &R tRhally an alkane as a

diluent gas is fed to the reactor via one or more lines 7, suitable placed at any point of the

gas recycle line 6 according to the knowledge of those skilled in art.
The growing polymer particles and the gaseous mixture leave the riser 1 and are conveyed to
a solid/gas separation zone 4, from which the polymer particles enter the downcomer 2. A

gaseous mixture is collected in the upper portion of said separation zone 4, before entering the



the invention. Fig. 1 is a diagrammtic representation
of the nethod of the present invention when applied to
W0 b@spedsgdreri zati on process described in EP 782CHBIF208516D1000
EP 1 012 195. The pol ynerization reactor conprises a
riser 1 wherein the polymer particles flow upward
under fast fluidization conditions along the direction
gas rsicyelnding 6r StisRaserys anigtnm sowparpressedipremenns affiee prsnpregsion means

ti oynyar d c V.
s i ST b BB B e B0 1 o8 oM imean o, and
theni¥od 1 BE bardbtih 22006 VialiRNd das thedppompf teetrisey 1 via line 11.
i nt er connect ed b% the sections_ 3 and 5., The cag al is({e .1
The ©ieb GAEAYS ST PRIANSH flownstesamyths capBreyHRR feaRy s dgdpa line 14
to th%rc%t?%é}@éﬂ UK fs '&)519@ W& genﬁie?atﬁl’e REwhichithd ﬁoﬁ&ﬁe& laf& 'optional
. obt ai neg ymer 1 s continuously di scharged
condensabld mert peses hrerpavtuedlyl dondent&]. Adseparstiog sesselxious placed downstream

the %ﬂ‘p ] SI}? 3‘ hgggfg\?q& ésgg&gg%wgﬁpg%ggg Sgdrpge&l is,sepd yia line 17 to
the fe@@% Rhe d. '@1 @8 %oﬁfarﬁqﬁcehilﬁl@ 8Btathed ekl @B kondthatid s@:ﬁ is passed to

point of the gas recycle line 6 according to t
line & A defoeclipebedid tortbs dowtdormerd. This anmunﬂqfélqngbwqualboqht}tﬁbmed into
artlcles nd t he g?seous

the dawneomer. 2, elisans 8 g ﬁegalag 1n§% p1 ace% glorn S@lr ’l‘iJEIght of the

dovﬁq&&ﬁbml &6 tReN8ar® | AR Ridtdrics] 86 Bnicebblalie ad @ummﬁelly uniform
gaseous m xture is coll ect ed in the upper portion

dlstmbutm of lswishfili pote the interpal weker af bsdernagmen dders feeding pomts
le
con FEGHEAG P REpnftRe MR S 05 S SRR SRS lation

oft @ Bn S il suifecefdftisd domeoner.cool ed by the
ing nmean 9, and then fed to the conpection zon

The\m%thpql qéthegnygniion dox ¢ratiedingdhe Sowahility pEpelymey, pgr’tqcfeﬁ @pplied to
the é&lﬁg@ﬁ%ﬁnﬂ&r c&@%@ fbea tu? ??ﬁv W?t&%}eﬁﬁw s€A Mk Bumber of

ressi onm neans , Ine 14 to
olefiro pdbBmses vdlﬂxoutl\llnmmrlmg in she cbiggihg of she dnpecener 8. Fxamples of
whi cg_lt he omer and optional condensabl e inert
polygners thag can tf“ﬁ‘F‘iﬁrecondensed A separating vessel 16

- is pbraedd Oﬁm%’cﬁ afast FEé"ﬂSﬂﬁg rrethfive HBBsiG@PRIgAEEthan 0.940)
gaseous m Xture, ‘enriched in hydrogen, is send via

including etlylére hdmeopoda;umrb andl iethelede oaqoltyherscwrth roaolpﬁns having 3 to 12
I iquid obtained fromthe condensation step is passed
q9MRE 18 before to be fed to the downcomer 2. This

- anmgige ng&lyliﬂhg}éhgs 581084 H@ﬂsﬁty EER hﬁbﬁ% reBti9e td@iﬁi‘smes lower than

downco neans of nofe feeding lines 19 pl aced
0.94(0)cangl of) seﬂyeloghtlenﬂ‘ityt el dttvmkxwr@llenﬂtYa(VLBBEsamé WLDEEs having

| stance, SO a t t ant.i.al |

relagwg fl?rilsﬂ)t&ﬁ%lBWe t?lap %c??rgdf ﬁf?ﬁ C{)ﬂ%St ég ; ﬁlgleré ¢apo Cymers with
oneQr 1€ cdAVREOTR ing MY £2 &ﬁ@@ﬁ £OmBOI nts can be arranged

in Correspondence of a same cross section to favor an
- uni dlastomelicterpdbyrhénsof ethylene and propylene with minor proportions of diene
or elastomeric copolymers of ethylene and propylene with a content of units derived from
ethylene of between about 30 and 70% by weight;
isotactic polypropylene and crystalline copolymers of propylene and ethylene and/or other
a-olefins having a content of units derived from propylene of more than 85% by weight;

isotactic copolymers of propylene and a-olefins, such as 1-butene, with an a-olefin content

of up to 30% by weight;



of the liquid on the internal surface of the
downconer. The nethod of the invention for controlling
wo b@shdaaembi | ity of polymer particles applied POI/EP®05/001000
pol yneri zation process described in Fig. 1 allows the
preparation of a |large nunber of olefin polyners
W thout incurring in the clogging of the downconer 2.
- Exdmpeelstegistagh pyoRseney ﬁ%lt‘/rr@aSng %baa%aﬁét &y n@du%&t@.? polymerisation of

ol BRSO TR AMAOR B 420 b i o

eth§2e1m;)pol ynmers and et hyl ene copolyners with a-ol ef ns
aving. 3 to 12 carbaon atons; |inear polyethyl ene f
sl R R oRE Pt ar YIRS T Y ene andlor
1 i MEdn/709 It ;
ot 2Bl P S g e Sy A oY el o Phopytene;
poljrhnb&}iertefmd dihed 201ydoena rolebes. 880) consi sting of ethyl ene
cqpolynmers with one or nore a-olefins haying 3 to 12 .
Thecations gasP R ;PO&%%‘M PrOCEEBBIO samred it 1t fyimassgngsof o highly
actiPf eﬁxiy@&?,_ste&ﬁ &F (A2 PRI NRAI I 'n%ﬁl&@n@%ﬁae or ,
el ast onrer'i ¢ copol yners of ethyl ene an ropyl ene with
A ZieglendNatin cftalyshi systente comapuises rtben catalliystse ngta@ﬁdﬂm e reaction of a

out d 70% i.ght . i.sotacti. | .
R PR Sl 49510 o R BRDNE BB R g o)
witiRadb@enath&illic Bop&indE ghaipi 109, ¢ 18Tt RerdlicUiblesof element.

derived from propyl ene of nore than 85% by wei ght;

t; .

In pastisulast the tiepgidenymetek campqsing gon baselegierd amengeqrrounds e Ti, V, Zr,
as: i i - i . 3009 .
cs. 5 ERAG SpbtD s R BT RLaPid a8 B
betwemU@ahd & yaothemaaldnsabor ditanitim;pX dphiblepen ambiR i athycdesadion group

haVS;go h;&ggg ,a%og}sgg{qqylggg;r&gf mgfgelggagl’gﬁ%m%ge\ﬁ%h%é titanium
f . h d .. at: .
congnfbgﬁlés}f/ @rvglgo at PEARY bD el“1§l'{éﬁo§ﬁﬁ7g§/1?{; Syl d40 rtlté:}]{cu'ﬁﬁr 1eitr§hahdes or

ntai ni ng nore y wei ght of uni
halshenaleettblfteo niPrpfeapy | peeific piitayiomt adnpoendanateoTitldy, TiCl, Ti(OBu)s,

) | ydi en bher The . above gas-phase pol ynerisation
Tl(ﬁﬁaﬁgg?Ma@z,ﬁ@%@out in the presence of a highly
Preﬁ%ﬂ‘é{?gaﬁ@ﬁ‘@{aﬂﬁtcoﬁib%h@dy £E tﬂehﬁl\%ﬁoe&l' &mpodhdPardlin particular Al-alkyl

met al ['ocene type. "A Ziegler-Natta catal yst system _
congmupds. S8 alkpl-shtampeuns ishprafenetdy Phoseneameng theohiadfyl aluminum

transi tion netal, compound of gr.oups 4 to, 10 .oft . .
compafid SO Re G eraans s CistEiRtBRntne e Ty Bfiminum, - trin-
butPlaBANAHRL atili-Be:604dRauURgh, Ofri-groetRallmiAim Ot 183 alfo pbsible to use

eri odi c Tabl e of elenent.
alkylaluminum halides, alkylaluminum hydrides or alkylaluminum sesquichlorides such as

st

AlEt,Cl and AlEt;Cl; optionally in mixture with said trialkyl aluminum compounds.
Particularly suitable high yield ZN catalysts are those wherein the titanium compound is
supported on magnesium halide in active form which is preferably MgCl, in active form. As
internal electron donor compounds can be selected arhong esters, ethers, amines, and
ketones. In particular, the use of compounds belonging to 1,3-diethers, phthalates,
benzoates and succinates is preferred.

Further improvements can be obtained by using, in addition to ;che electron-donor present in
the solid component, an electron-donor (external) added to the aluminium élkyl co-catalyst

component or to the polymerization reactor. These external electron donor can be the same as,

10



In particular, the transition netal conpound can be
sel ected anong conpounds of Ti, V, Zr3 C, and Hf.
woe@beyexl conpounds are those of fornula Ti(QRYTEP2005/001000
in which nis conprised between 0 and y; y is the
val ence of titanium X is halogen and Ris a
drocar bon group having_1-10 carbon atons or a

or <§¥ fergpt fr%ﬁbe infesppl éenorr Breferphly theserrsr sederted Som %&’Wﬂ?ﬂes of

O t
e i B AL LB i 0
the mmm@) is 4 Ry and omdﬂkyé,rcefclhamyB or FiyCratlicals with 1-18 carbon

oSS0 it o G i S bR 0T 3, g s 2 ot s
oneg)?z@%@@g ik ctdy fpcﬁﬁ‘ofaﬁiléllle@ra]l@l @cl@éﬁky@ Qr@ﬁ?]s WhHE 3-10 carbon

conpound is preferably ‘chosén anbn
atorhs aral R/is adl 0o lkyl gronpdn paigicslatmethyl. fﬂ“@mmel@anﬁwh preferred silicon

con{;{oimc#gﬁallrg : gqrngﬁ}nmlf{ﬂﬂﬂ%e%yllﬁ %Xﬁ}iage unnqjhﬂewldlmethoxysﬂane methyl-t-

butfldimethd§§ikng] defdipehtyldimethotsHanep Disitdlet, dr@albis preferred the silicon
al kyl al dm num hal i des, al kyl al um num hydr| des or

congjop@dsan orhichuans Hee &3, Bﬁ ;s&brg@eg alkml ercyalopicylgrowpand R? is methyl.
Et3

Exag ‘j‘m%géi rgfegjeh y E; 1Q?r[n &inx %9&\@3 L%FZ %#raol?]&&ﬂhﬁﬂhf»éysﬂane t-

butﬂﬁixﬁéih@iyyﬁatrﬁ add ehekhlagmethbrgitire. t he titani um conpound

i's supported_on magnesi um halide, | tive form wh
The abqye etited ta)y ke, ith aéértrovéOfaohl.gg miyrrl?rr@rlﬂaractwﬂy, also good
morgylthﬁﬁkfc%pgﬂx&gﬁfes‘f Aerky Qrtﬁﬁla?l | QLB BRRGsE S ﬁfeS%as-phase
ers, nes, an et one rticular, the use o

pol}&ﬁammindwm&m@hagwbmdn 3- d| et hers pht haI at es,
and_ succi nates is

Alsp st perenbagct SHABY SHeds ey wsef@gpﬁ@e piof¥ssdi g Bifsepbinvention

c%lngﬁ' gon-donor present in the solid conponent, an
andttF%’ n-donor (external) added to the al um ni um al kyl
at lexst @ trauadityert metahp@npmmdmontammgret lpast ynen ibgadi on

react These extern tron an b e me
ot G0 Mo TAIE @h e PP BRI ' Bt gl B s EpdchE ke
optfolﬁg]yygﬁgrggﬁb.gﬁ;neiguﬁlrc@mp@{lﬁ@xysr | anes of formula Ra 1Rb

Si (OR3)c, where a and b _are integer fromO to 2

A mnfermd edass of wetal compgurth gontaming Bt (epsh-oay I dopd’ qﬂ@ mqieﬂocene

ar e or aryl radicals with
corﬁpofggsgerl%%n%tto%g% 1E’ar |CI§P@'l é preferred are the
CP?D&UQQQ conpounds {Ip which ais 1, bis 1, cis 2, at

ast one of Rl1 and R2 is sel ect ed from branched
whegeiay| , cycl oal kyl or aryl groups with 3-10 carbon

t i I
M L A B PPy A s o
Periifd& Tatl ot thy Elendeaisy brdfenain bikis snrbcammn, titanium or hafnium;

the su Qletlrllerltg etqlrllﬁxl)c/)SI lcfa &erentnlgrgrrr]lyel:acf'r %lhe¥I grlenr}elgrpo%)r(lyo%icl ﬁé‘%a ligands

selected from the group consisting of hydrogen, halogen, RS, OR®, OCOR®, SRS, NR®, and

QJ

PR%, wherein R® is a hydrocarbon radical containing from 1 to 40 carbon atoms;
preferably, the substituents X are selected from the group consisting of -Cl, -Br, -Me, -Et, -n-
Bu, -sec-Bu, -Ph, -Bz, -CH,SiMe;, -OEt, -OPr, -OBu, -OBz and -NMe;

p is an integer equal to the oxidation state of the metal M minus 2;

nis 0 or 1; when n is 0 the bridge L is not present;
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di cycl opent yl di met hoxysi | ane. Moreover, are al so
preferred the silicon conpounds in which ais 0, cis
W@ 200RB939465 a branched al kyl or cycl oal kyl gr oupP@rEPHRE5/001000
is nmethyl. Exanples of such preferred silicon
conmpounds are cycl ohexyl tri net hoxysil ane,
tbutyl trimet hoxysil ane and thexyltrlnethoxy5|lane The
L ispodizalentt byiireerbany sioiety rewaing Q81 tli h 4P Casbas gims, optionally
o]’ r 0 0
conBH TR} S Al hfking Fp 3R A6 RLBROR TolsaRlF it grouw (2R
Z bdileCySE dnd thehR7 gampyleass tpot ghlfferanz ﬁ'onmach pieedeingfhydiveen or a
i nventio Al so, net Il ocen ed catal yst systens can
hydygsaihen g ??Pﬂ@a‘é’l‘% %@lotf’ W@%P@%‘Em’ i nvention and
mork gﬁ eaBAPL 1S %e eétbd lfﬁ)@?@l&@)ﬁﬁgk?ﬁﬁ’hﬁ' QiPhN’E‘:t FMeGIRRINGH,, (CH,),,
ntal nrng at east one bohd; at | easf an al unbxane
(CHgx onC@dipnund able to form an al kyl netal | ocene cati on;

and tional l no-al u 'nu conpound.
cp Groniraiirabintlf 0GBl GBI oD sontepsgd o one or
more @@osaui@ém Rtk s06a08, ﬁ@m@tbﬂdﬁ aRehdiogingg to the
[ ow ng formula (f) wherein Mis a transitign netal

A hb@tmrﬁgmgmmry oGP 4T it5isGrNRG -On . meigty Aviegran & 1s a hydrocarbon
Qu di ¢ Tabl e of the El enents;
radlﬁ?ﬁ {Dr péto 4(}%:%@?%%&5 itani um or hafnium the
Aluﬁiéﬁﬁiels hsgﬂrﬁsf‘cofﬁpoﬂéhﬂ 8) are@omyidetéd thdrdintarf bantiedoh cpdlie@ompounds
are nonoani oni C Si | i gands sel ected fromthe group
contgwRg @th:asbor@fgrwwfg’@%me hal ogen, R6, OR6, OCOR6, SR6,
U NR6 2 and PR6 2, wherein R6 is a hydrocarbon radi cal
\containifg from1l to 40 carbon atons; preferably, the
Tituents X are selected fromthe group consisting
U’ of G 3 UBr -Nb, -Et -n- Bu, -sec-Bu, -Ph, -Bz,
) NMVe2; p is an
thrﬁfléllfeﬁub@kfﬂf’éﬂts thosafq’?é’rélﬁeﬂ%ﬂtﬂ %ﬁ%zngaég%‘f ‘the netal M

Inpﬂ}tﬁﬁﬁr%lﬁﬂgﬁ%%%%o Mhen nis Che bridge L is not

resent ent hydrocarbon noiety cont ai ni ng
fromltgo 40 carhken atons, optionally containing up to
N5 silicbn tO{TB /bridging Cp and A, preferably L is a
ﬁw@r_eﬁffd 0 R7 2)n; Z being C, Si, and the R7
U groups, equal toImr di fferent from each other, being
hydrogen or a
can be used in the case of linear compounds, wherein n' is 0 or an integer of from 1 to 40 and

where the U substituents, same or different, are hydrogen atoms, halogen atoms, Ci-Cao-alkyl,
C3-Cyo-cyclalkyl, Cg-Cop-aryl, Cs-Cyo-alkylaryl or C-Cyp-arylalkyl radicals, optionally
containing silicon or germanium atoms, with the proviso that at least one U is different from

halogen, and j ranges from 0 to 1, being also a non-integer number; or alumoxanes of the

formula:
U
(A—0)n?

can be used in the case of cyclic compounds, wherein n? is an integer from 2 to 40 and the U

substituents are defined as above.
The following examples will further illustrate the present invention without limiting its scope.
EXAMPLES
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hydr ocar bon radi cal containing from1 to 40 carbon

atons; nore preferably L is selected from Si (CH3) 2,
w®Rm@hA9s488 Phive, Si Me(Si Me3), CH2, (CH2)2, Cp iBCHEP2005/001000

substituted or unsubstituted cycl opentadi enyl group,

optionally condensed to one or nore substituted or

unsubstituted, saturated, unsaturated or aromatic
__lﬁﬁﬁgsbﬁwLﬁéﬁLﬁﬂmlgﬁﬁb nEanlng of Cp or it is a NR7,

e R :

Theghp kT Eabled of 5oy Y LAC AR e Bactng section
whe2é t}@aa}ﬁomataljts) c&gpor(ahtssarﬂ pfeﬁﬂxddoalp&ﬂolym&'alzatld]r soidrednd a gas-

or cyclic compounds .containing at_|east one.gro
phaﬁwlw@@atl%w%?w%@? QUIPR £ F9a61OR 9% Bwpgé‘ﬁ?f@% fihgd 1

A de} %érq(lﬁﬂlt cat ﬂfsfe? B¢ ﬁqe%%enﬂaﬁoﬂ éﬁtﬁl'y%' téhprising:

noxanes o ormul’a:” can be used in the case of
a ti’dahmﬁasolxdocmmbm dempuiert @ieparetl wish theaproegdurmdesgabedin EP 728 769,

from1l.to d where the U substituents, sane or
Ek%ﬁ@?é:@ﬁ? g=hydrogen atons, hal ogen at ons,

triefﬁ?la%nﬁifﬁk’?ﬂ)ﬁﬁ} as §8odatyser yl , C7- C20-al kyl aryl or

C2o-arylal kyl radical’s, optlonally cont ai ni ng
dlcysaldmeutydﬂlmet@éyfﬁthnﬁ aspacsiamal dinos. t he provi so that at

Ther IP8 @? dAl?"flgs ggl \&1&1 eaﬁ%gfgv n&t{baf gﬁ%xtem djon&aig gfes

on |n eger nunber;

ThePABVB X MBSt &mpdhents Qkdrpiedonteasd el SGSJGﬁir 10 nihetes &S@p&ﬁ:ontactmg
cyclic conmpounds, wherein n2 is an integer from2 to

vessg). and the U substituents are defined as above. The
Thd %{cl; tiva on ?eﬁwf}?sﬂp \Mrté lttlhg ;ﬁxfe?@&rgg{é%éétﬁhr §éc?1o§1h€vh@fee§%15ylene is
polpmbﬁimnh balki. @he pmmﬂdne deesl afiklehqekidanoe thae amradjlzsted so as to obtain
carried out in contlnuous in a Ia t co r|3|ng £ solid catalvst
the glegiseshprapelymgrisdtan HRldswReleEms Rk 8\ RTERAEYRE: BfTyg Of sold catalys
ngﬁgg gnents are pren1xed a prepol ynerization section,
a gasphase pol ymeri zation section carried out in a
Afteetet mep(ﬂjfmbhzattoylpdled%aiyfstbedsonﬁnmmug]wrmtrmducﬁzd via line 12 into the
Zleler-Natta cat al I.S_used sth p neri.zat |
gasgliasy JROLyMerisaHPR STeaReH ot Shto“fnar\?u 2 |el ?h%(aﬁe)?%tf) ' Cotprises - two
1S RER2ARAL Héselpa@r'i lidirichieshap&aReHE® 10@siht B8 éh,i darfrfler 1.8 m)
pog&' 769, 2Exa 1%% w*lnes 46 ?o 53; trlg?hylalurnlnlum
and( thEAlpyvnesmer %d@gﬁiﬂ?sn,, digingtee I dpt@htlmemomwﬁ@(% fheasgetions 3 and
5 @s an external donor. The nolar ratio AI/Ti is 68,
whil e the weight ratio TEAL/external donor is 4.

Example 1
Polypropylene is prepared by polymerizing propylene in the presence of hydrogen as a
molecular weight regulator and propane as an inert diluent. In both the riser 1 and

downcomer 2 the following operative conditions are satisfied:

- Temperature (°C) 80
- Pressure (barg) 28
- Propylene (%omol) 90
- Propane (%mol) 9
- Hydrogen (%mol) 1

About 1000 ton/h of a gaseous stream containing propylene, propane and hydrogen flow

upwards along the riser 1, where fast fluidization conditions are established: the
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The above catal yst conponents are precontacted at 150C
for 10 mnutes in a precontacting vessel. The

waeisheesl catalyst is fed to the prepol ymeri zeaT/BP2005/001000
section where propylene is polynerized in bulk. The
propyl ene feed and the residence tine are adjusted so
as to obtain the desi red prePoI ynmerization yields, in

poly;r@qrmtl@f takesqflagsriepaing m@ ypg@y egje prrtigles; Whigh iy W{veyed through the
sect 0 rga%r}ﬁ aﬁ EIISS rzmli hAF ls%@fer g %@rﬁ?ﬁm&ﬁ; ?e&ﬁﬁ%{ed from the

OUS UCE Vi a
gas%l& ahas &h@QioMiEémSIan Qhly @BG&tOﬁO gtwolanofi gasFaguerdtrapped with the

The, react or corrprl ses pol yneri z t| on zones havin
deseendipgfloy PE RPLYEIA e thet M@é% Zythe ‘Prﬁhi‘ g3% Stgam In an Smount of
aboﬁf%&ﬁﬁm%o? {ged%ﬂlergéf \megner 2 (height 20 m

nt er conn

ected by the sections 3 and
Thesdenfkyaofirolid (KBaifypotyomsrl pen en’i of rpacéqragcetpiby by dh@/ n@lb’mzt)nlgﬂde the

propylene in t ence of h
covfisPiER S FoEr e InHer P SR 2L 0 PO g Ry appvard in &
"deRRfdU" G AlbREthe Hodmer SIONO RARIFendert BE/ek @hIRWONGbout 420 Kg/m®. At
operative conditions are satisfied: - Tenmperature (0C)

the 8@me tiPeethe powredoaig ferxgy -of ﬁa@@lgt&l@ppbp@lg&m@pyleg@ particles is measured

SRSy D A P LB AR 0 0 oo

highetGha 080l drans tpmaed Sulkl dsityt" ther podgiropylenshymaticlésafiéw downward
fluidization conditions are established:

lntqiii@é@\b’w@rﬁcgﬁdlnﬁﬁo tdgesified] eowditioBs-ni ng pol ypr opyl ene
Th%) olof o%sth %és%ﬁt ﬁ'lrvg%fﬁ)%':l?ég[%/%?? ﬁ#ﬁl{eﬁutghe ﬁﬁxt%hac:‘ %8&? wAbfli of the

sep ara IYon zone S zone e polyner 1S
groWﬁ@t lbquniapﬁmat}edddwammdr e Agfactimdofetht erecyclehstiredmyvire em@mount of

Onl
abogbgg é(ﬂ{ﬁl ﬁlgoﬁja}s%%?@]tc 1?1%% E?, %fgflggaa?]th?]&e Mﬁpedhg ctopldetnser 15 at the
ope%i{ﬁ{gecfoﬁﬁlﬁon%ﬂ@?gﬁ&% ; he drn an amount of about 950

'S conveye recycle line 6. The density
6 taafh oftd licphid $tepaonf comtdiying propeyiene@nd fpropaae sy witkcdrayn émnbghe bottom

I nsi de t neasure
ot 56| Y54 PS5 15 FOHRSRIRE i  TSBRHHSE o i i
19, doMmuatish fifksa o washihdcacht afritial dieage bhebsl@vnaralctig thB@eight of
‘measur ement gives a val ue of about 420 Kg/nB. At

the downcomer.

Taking into account that the internal surface of the downcomer 2 is of about 69 m?, said
liquid stream is continuously fed into the polymerization reactor at a mass flow rate per
unity of reactor surface of about 87 Kg/h m?

As a result, the feeding of the above liquid stream allows a continuous discharge of
polypropylene from the reactor, preventing any formation of polymer lumps into the
downcomer 2: about 20 ton/h of polypropylene are conﬁnuously discharged from the

downcomer 2 via line 13.

Example 2
A propylene/ethylene copolymer is prepared by copolymerizing propylene and ethylene in
the presence of hydrogen as a molecular weight regulator and propane as an inert diluent.

In both the riser 1 and downcomer 2 the following operative conditions are satisfied:
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the sane tine, the poured bul k density of the obtained
pol ypropyl ene particles is neasured according to ASTM
wD1i®9569865 gi ving a val ue of 450 Kg/ nBl. Thus, PET/RER00FIEN1000
density of solid higher than 80% of the "poured bul k
density”, the pol ypropyl ene particles flow downward
into the downer 2 according to "densified" conditions.
- Temiperafree 160 of the presef invention is here applied to

_plhsure good fl owabili of the grow ng polymer into
Pr?sﬁléreé%avr\@orrer 2. A fractil%n of the recycle stream in

_Pr@{;yls’h.m@r{ilﬁlolpf 3bOUtd10 tg8y¥ h, is passed to line 14 and
artially condensed in the condenser 15 at the
- t&é@ﬁe{%fﬂ@)conditi ons of 245C and 29 bar. 6 ton/h of a

_prbi i s eam cont ai ni ng gpr opyl ene and propane are
rvéagggg)a fromthe bottgr% of the vessel 16 and

- Hyelosgeni(uoud) y fed to theldownconer 2 by means of four
sai d feedi,

. : 9, ; ;
TN b S0 SRS e e S i
ﬂovi %xﬁ?ﬁ“@?ﬁ? Elée g@&‘ NI ThORIyAERAtn tdkad pldee ﬂoﬁhﬁ@?@dﬁicles of a

_ ownconer 27 s of about 69 m, sal
propyilepsiethydeneezopolysie.onbich aeueinyeyasdthrongh theysection 3 to the separation

sonBch Y8 7 et LBE Pl o BT grtst Ao ARG g ah¥ enters the
dovREmELBAnROaut 5O orAb O gaslakietitppdd wam Rl desvmding flow of polymer

~continuous discharge of polypropylene fromthe
in theedewmnomepResehet gas WRgML ARAIoBR Hffabgsl %fﬁ@eﬁonﬁdﬁﬁgnveyed to the

i nte the downconer 2: about 20 ton/h of pol ypropyl ene
rec}z’ac_ eel%&eo 't i nuously di scharged fromthe downconer 2 via
Thd ddﬁgit}aaf.d soEmE(K@ cﬁl pdlingr ey esfakadttdrydcenpied bychy pelynies) inside the

prepared by copol yneri zi ng, pr opyl and ethylene in
dovnsemgr S isapeasuisel Shig HYRIRE %@%811%93{57%7 wei ght

AR ' i 3] 0 i

Th{li? (glg%@ﬁtﬁlg g%%%g\% comer t%@orfygﬁ E)Svm@ndg ggdpi)]ée?rna't ?3}%’ béind (8 density
of eiddhighanbam8eYs af itlsf 'muired Falkpdensityls ¢he p@yprppylene particles flow

o S B B e SRR AT ), .2 S e

A BRAYE o AR0ERIM Br&fin, an 3ASARMEL St AANDE A6/R) Bigagsed to line 14 and
propyl ene, ethyl ene, propane and hydrogen

partially condensed in the condenser 15, at the operating conditions of 40°C and 27 bar.

8 ton/h of a liquid stream containing propylene, propane and traces of ethylene are

withdrawn from the bottom of the vessel 15 and continuously fed to the downcomer 2 by

means of four feeding lines 19, said feeding lines 19 being placed at a mutual distance of

about 5 m along the height of the downcomer.

Taking into account that the internal surface of the downcomer 2 is of about 69 m?, said

liquid stream is continuously fed into the polymerization reactor at a mass flow rate per

unity of reactor surface of about 116 Kg/h m?.

As a result, the feeding of the above liquid stream allows a continuous discharge of polymer

from the reactor, preventing any formation of polymer lumps into the downcomer 2: about 20

ton/h of propylene/ethylene copolymer are continuously discharged from the downcomer 2

via line 13.

Comparative Example A
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fl ow upwards along the riser 1. The pol ynerisation

takes place formng particles of a propyl ene/ et hyl ene
weowslysres , whi ch are conveyed through the secPCDRPR0%/@1000

the separation zone 4. Fromthis zone 4 the polyner is

nostly separated fromthe gas and enters the downconer

2: only about 50 ton/h of gas are entrapped with the .
Thechodreertiatign of ovenyteng ovaprepeatad acherdingectbesrme opergting, ggnditions

s S, O AL GRS OB 0
con@SIsYNEY: aP& boisBq@incs, @ddiquid weamps el toythe Hewnainyerer. )

i nsi de the downcomer_ 2 is asured givin val ue of .. .
Aftegp timeafp2 ko, thﬂ«,@sﬁ@ggeegf BRIVRrogglsas lfr)p%b?het ysactor via line 13 is

. | 0 g | 4 [

iY@ AGE g RBHES of folPhet R B0 tpe IRlSear Zae Bitymer tumps

hindbeisd feghilar flber glopofymeppdriéies jpar thealosgicoinen? didhioveanst a complete
into the downer 2 in "densified" conditions. A

cloggingQfithyea¢ !0t he recycle stream in an amount of about

Conﬁﬂan‘?ﬂ%ﬁ}xa' [ppssed to line 14 and partially condensed
[ t%e condenser 15, at the operating conditions of

The4R0Bnenizhtidf of propydeneomdsirepdates adcquding tot the sAme eietaiing gepditions

ot Rl i B RARG B b 7 oL B bEHElg s, of a2
ton/ROTY pARSQUE] Nnd €4l ah@ pahRiligaunaeised i? diy comraserdls, fabtife operating

feeding lines 19, said feeding lines 19 being placed
congditions pii# 274l andi 2 kaice of about 5 mal ong the height of

t he downec [ L: ' c . j
o RENGR B SO B R OB e ot
of thé Gedisel ¥ arRiamchatiamatly fedtosthy dbatcomer? by eneans of four feeding lines
pol ynerization reactor at a mass.flow rate per unit .
19, Ghid essneoimes | Drbsig Ripcedba s GRARe b AL on ARt the height of
thetdg%{xéoqﬁéj[jf‘g of the above liquid streamallows a
conti nuous

di scharge of polymer fromthe reactor, , .
Takiig itgo becugmathat tier medrndrsuchegof theetovngamsr 2ris of eheut 69 m”, said

downconer 2.  abou ton/h of propyl ene/ et hyl ene .
o SOFgar CAPUTRBRY ot et dt A s [ e per uaity of
surﬁ@%!"@ﬁé’d&’f 125 @hni>ne 13. Conparative Exanple AThe

pol ymeri zation of propylene was repeated according to .
Aftehe tieeref 3pdraars, rihe quﬁarm ofi pobiprapylang| feom theyqaptor yia line 13 is

.. differenc hat .t he.recycl S. st [ o f
iRl e S OF G S D Aol 2 68 poffmer lumps
hinfdraHé Coghld SRV bE pbl9shet Partibies enuvieod@ImcdmeARt il tcacdusere complete
of 24 hours, the discharge of polypropylene fromthe
clogging ofothe yéagtori ne 13 is interrupted due the formation

of polynmer lunps into the downconer 2 : the polymer

| unps
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hi nder the regular flow of polyner particles into the
downconer 2 till to cause a conplete clogging of the

w0 e@snewes Conpar ati ve Exanpl e B The pol yneri zap¢DRPH5/001000

propyl ene was repeated according to the sane operating
conditions of Exanple 1, with the difference that a
| ower anobunt of the recycle gas stream of about 2

CLABYBh, is passed to line 14 and partially condensed in

1.

t\h rati Be :
BBl e B M Ll 0
deapfidd femalidider 0 palymetisatisnt fedetapyrin fwitich bhe obahdromafomers are

the vessel 16 and iis continuously fed to the downconger .
zapphase RAymRsTized it the FEHERGS ol merizagian saipbist iﬂi"FggenS“Y of solid

I [ I I, di 0
L e e
algec bpoired balk ddrsity o theapolgmef, dbe mxithod beidgvahemeterized in that a

] s s SR A ald YRR RATh BeE BT PRI e per
Qhits Bf fac®r SlrfARMithel thad 6K gme. After a tine of 36

hours, the discharge of polypropylene fromthe reactor
iha rhéthed agording o elaim s ahethile saifdiquist sieganpis fef at a flow rate per

pol r Lunmps .i nt.o .t he downg [ ~R¢ ol ymer | unps
Ilﬁnl'%gf retaﬁtg??lér&ﬁeép e rgg\geoi\#)@%%%%rao pﬁﬁﬁf{n& es into the
dpeneenBd a%cdrtlid% {o0arf20lS Elaing: 047 vitiegeit | saiglip@d Gftrebinels obtained
reactor. CLAIMS I. A nmethod for controlling the

fftomvthfﬁi qondsnsatiopef 3/ past ofphe fieeh wenomersitnge @olimesizedin a
nsifije [ nS] I ' 1 Qn: a '
RBHLALGOR DL P AL ABAIRRE B! s rom e
icBolifeandl @sdeassatioh ofithp atoyorgaz atréamn. cat al yst, the

density of solid (Kg of polymer pey..n8 of tor, .
e L P B ol S Hin hides e

"RAgds 3! Be dRfisthidsed Of)sbh indh& gk, bRIREd fr
R e e Bl o ey ed from
fafighativt iy drdvarkpol YiyeCd. zat i on reactor at a mass flow

rate per unity of reactor. syrface higher t.han.30.Kg/. .

by 8RS forpR A G SIPR ] b STETaN HeEeeq PG L] steam i
| do@atlyA atitRAea hidnh @k Alac@r blyahedndteT M6k feBdihY 1@ks, the number of
react’or surface in the range from50 to 200

/'h ne,
3aidTieeding tlines beingandinteger equahgr bighet iand).2xHR ,V%Wﬂi@ Flejsrthe height

SPGB oncensac on

The method according to claim 1, wherein said one or more monomers are o-olefins of
formula CH,=CHR, where R is hydrogen or a hydrocarbon radical having 1-12 carbon
atoms.

The method according to any of claims 1-7, wherein said a-olefins are gas-phase
polymerized in a first and in a second interconnected polymerization zones, where the
growing polymer particles flow through the first of said polymerization zones under fast
fluidization conditions, leave said first polymerization zone and enter the second of said
polymerization zones through which they flow downward in a densified form, leave said

second polymerization zone and are reintroduced into said first polymerization zone, thus

establishing a circulation of polymer between said two polymerization zones.

9. The method according to any of claims 1-8, wherein said liquid stream is continuously
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4. The nmethod according to any of clains 1-2, wherein
said liquid streamcones fromthe cooling and
waeorndemaet i on of the recycle gas stream 5. TheCTEP190#001000
according to claim4, wherein said |iquid stream
cont ai ns, besides the nononers to be polynerised, also
condensable i nert conmpounds, selected fromaliphatic
Faddintsosaidbsnsendpolgmerigationiyeneret hod accordlng to any of

10 %gmm%hcidl' accgf@lf%t% a3 tolf* gla[neffgbn QIfeﬁ‘ ‘}eédb@"bfjsaﬁf ﬁcﬁ?ﬁnstréam is

"I'STequa C5uY €d - al on e reac neans

BRuatlyf ﬁaﬂbﬁ@duldﬁ@thet}mghm ld)lﬁ‘lseld wetohpdyfreedativg rdneesy means of

e 38, UL Bl e SRS o i
il{}d‘?l m}t{ h\@hér@ @Pfsocﬁe hglgh CnrREd 4 nREG O SHiiRg p&l?nfék @édﬂnmde said

ein said one o re nmononers are a-ol éfns
tenond pal yGri2 =@l zadeer e R i s hydrogen or a hydrocarbon
radi cal having 1-12 carbon atons. 8. The net hod
according to any of clainms 1-7, wherein said a-olefins
are gas-phase polynerized in a first and in a second
i nt erconnected pol yneri zati on zones, where the grow ng
pol ymer particles flow through the first of said
pol yneri zation zones under fast fluidization
conditions, |leave said first polynerization zone and
enter the second of said polynerization zones through
whi ch they flow dowmmward in a densified form |eave
sai d second pol ynerization zone and are reintroduced
into said first polynerization zone, thus establishing
a circulation of polyner between said two
pol yneri zation zones. 9. The nmethod according to any
of clains 1-8, wherein said liquid streamis
conti nuousl yfed into said second pol yneri zati on zone.
10. The method according to any of clainms 8-9, wherein
the feeding of said liquid streamis equally
di stributed al ong the height of said second
pol yneri zati on zone by neans of nore feeding |ines,
t he nunber of said feeding |lines being an integer
equal or higher than 0.2xH, where His the height
(expressed in neters) of the polyner bed inside said
second pol yneri zation zone.
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