TITLE: Process for feeding a catalyst in a polynerization reactor The
present invention relates to a process for the olefin polynerization, and
nore specifically a process for feeding a catal yst powder in an olefin

pol yneri zation reactor. In particular, the invention relates to a process
for dosing and introducing a powder of a catalytic conponent, preferably a
chrom um based catalyst, into a polynerization reactor by neans of a
nmetering rotary valve of a peculiar design. Chrom um based pol ynmeri zati on
catal ysts, al so denom nated as Phillips catal ysts, have been successfully
used for decades in the production of ethylene (co)polynmers. Phillips
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EP 628 343 relates to a process for introducing a solid into a reactor with
the aid of a feed enclosure connected to the reactor through an injection
pi pe. The solid is introduced into the feed encl osure, wherein nost thereof
settles at rest, and successively a gas is introduced tangentially to the
wal | of said feed enclosure, so as to suspend the solid formng a
suspension of solid entrained by the gas into the injection pipe. The
rotary val ve used to introduce the solid into the feed encl osure conprises
a cavity, which can communicate alternatively with the | owest part of the
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the rotary type and comprises at least one cavity which can communicate alternatively with
the storage enclosure and the intermediate chamber, this cavity having the shape of a
truncated cone with a diameter of its base comprised between 0.5 and 10 times its height.

EP 628 343 relates to a process for introducing a solid into a reactor with the aid of a feed
enclosure connected to the reactor through an injection pipe. The solid is introduced into the
feed enclosure, wherein most thereof settles at rest, and successively a gas is introduced
tangentially to the wall of said feed enclosure, so as to suspend the solid forming a suspension
of solid entrained by the gas into the injection pipe. The rotary valve used to introduce the
solid into the feed enclosure comprises a cavity, which can communicate alternatively with
the lowest part of the solid storage and with the top of the feed enclosure. Said rotary valve
may be also the one described in EP 157584.

The rotary valves disclosed in the above prior art documents comprise a sealing system

having the function of maintaining, during the dosage operation, the catalyst powder in an



the process further conprising the steps of: c¢) feeding a flushing
conpound in one or nore internal conduits arranged in the rotor of said
rotary valve; d) flushing the catal yst powder away from said sealing
means. The process of the present invention can be successfully exploited
for introducing a catal yst powder into a polynerization reactor operated
both in a gaseous and a |iqui d-phase. By neans of the rotary valve herewith
descri bed, a potentially dangerous powder of catalyst, such as a
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However, the process of the invention may be also exploited for the metering of a large

variety of highly active polymerization catalysts, the invention being not limited to the use of
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that is to say nitrogen and C2-Cs al kanes. The flushing conmpound is
preferably selected fromnitrogen, propane, isopentane, hexane,

cycl ohexane. The feeding of the flushing conpound draggi ng away the

catal yst powder allows to nmake use of the rotary valve efficiently for a
long tinme without the need of a periodical disassenbly of the valve itself:
this represents a great advantage with respect to the prior art enbodi nents
for a netering rotary valve, wherein the | eakage of chrom um cat al yst
beyond the sealing neans periodically requires a conplete disassenbly of
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a refractory oxide, such as silica, and activated by a heat treatment. These catalysts consist of

chromium (VI) trioxide, chemically fixed on silica gel. These catalysts are produced under

oxidizing conditions by heating the silica gels that have been doped with chromium(Ill)salts

(precursor or precatalyst). During this heat treatment, the chromium(Ill) oxidizes to

chromium(VI), the chromium(V1) is fixed and the silica gel hydroxyl group is eliminated as

water.

The particular design of the rotary valve according to the invention allows to achieve a

continuous removal of the catalyst powder eventually passing through the sealing means of

the valve. In particular, a flushing inert compound flowing inside the rotary valve picks up the

powder and conveys it to a collection system placed outside the rotary valve. From said

collection system the powder can be easily transferred to a successive treatment step, where

the chromium-based catalyst is made harmless by reducing the Cr(VI) species to non-toxic

chromium species at a lower valence (usually, trivalent or divalent species).

According to present invention, the flushing compound flowing inside the rotary valve may

be any compound, which is inert towards the catalyst powder. It may be fed to the rotary

valve in a gaseous or liquid state. Anyway, the flushing compound is preferably selected in

the group of those inert compounds more commonly used in an olefin polymerization reactor,



Fig 2 is a schematic view of the rotary val ve of present invention, taken
al ong a section perpendicular to the rotor axes. Fig 3 shows a first
enbodi ment of the process of the invention, where a chrom um based cat al yst
is netered and introduced into a gas-phase pol ynerization reactor by neans
of the rotary valve of Figs. 1-2. Fig 4 shows a second enbodi nent of the
process of the invention, where a Ziegler-Natta catal yst powder is netered
and introduced into a gas-phase pol ynerization reactor by neans of the
rotary valve of Figs. 1-2. Fig 1 shows the netering of a chrom um based
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Depending on the type of catalyst, the amount of metered catalyst powder exiting from the
rotary valve may be optionally transferred to a catalyst activation step, before the successive
feeding to the polymerization reactor.
In step b) the metered amount of catalyst powder is continuously transferred to the
polymerization reactor by means of a gaseous or liquid carrier. Said carrier is preferably
nitrogen or gascous propanc when a Phillips catalyst powder is transferred, while it is
preferably propane when a Ziegler-Natta catalyst powder is transferred to the polymerization
reactor.
The present invention will be, thereafter, described in more details with reference to the
enclosed drawings, which are illustrative and non-limitative of the scope of the invention.
Fig 1 is a schematic view of the rotary valve of present invention, taken along a section
parallel to the rotor axes.
Fig 2 is a schematic view of the rotary valve of present invention, taken along a section

perpendicular to the rotor axes.



The rotary val ve al so conprises bearing 8a and 8b interfacing rotor 1 and
stator 2 on one side of the valve, and sealing bearing 9a and 9b
interfacing rotor 1 and stator 2 on the other side of the valve. The rotor
1is further provided with two internal conduits 10a and 10b, which arc
oriented along the direction of the rotor axes and run through the |l ength
of the rotor 1, as shown in Fig 1. Due to the high values of pressure, of
about 25-45 bar, existing in the channels 5, 6 and recesses 7a, 7b when
netering a polyrrerl zation catal yst powder, and al so due to the high degree
of wear dffig 8cthpwigatfieg esbadimagt ofi thngrOACSQ of étquevﬁtltlfmtvmi‘eomdmmmﬁtbﬁbedl and
consequen t | fFatal yst
can overc‘%ms}”t%&e?&ecf% lgt?‘:;drltl%é Ef égrpggslg:tb%l eeﬁgagrqlgﬂ%%dgr Pfﬁ{?ers 1 and 12,
i ndi cat edotary@hgoiFlgS\dcbr ding to the process of the invention, a flushing
inert conp I 1 he e d%t fhe rotor
1, said | i erna §8OS§ Glgteg‘%g%%w%noéqﬁ%éﬂggéss %P&gﬁh%eghn’cr}lmps«%%tl O%B\&P&ﬁ a{(;hanbers
11 and 1Zatahistimeder v nptaed mdtiytragificadheto s@ti—phwge pélygerizationsaggordyns@guence,

t he cat al wd nt |y present in the annular chanbers 11 and 12 is
pi cked upyf?)ﬁerpﬁg gfve%}lﬁ thif]ﬂe fl ushi ng conmpound and flushed away fromthe
annul ar cfigitskrvs thd metadngl¢f.a chiveniimibeded patilyst byfmegns af afrbtastﬂahfg %@m@%nd can
be pl ace e i L0 t he
beari ng. a5 CTSERARIIBEH: & nls GuRE e B Ebon s AMGHRNE froudl 110
conti nuouhe%emrngmmf the fl ushi ng corrpound and its penetration in the
annul ar T al e fir g
conpoundcﬂgn%gar Vjageaévzt)/gn)})%grsoﬁty Er%[rltstrt}'f(? ]ﬁll%%?%g Qﬁ&l nldﬂal(%&ggnt;rugl&{neéﬂgl ong the
i nt er nal atindtighlt shagQ avhivhcbard 0b rotafbrbaromdl itst axed, atstatori hsverondingcesfigiard, 10a and
10b convey

2
conpound Sfaglgs&%%g% ﬁgl%%r?i%[gji ger Eﬁahé% ﬂrﬁ%dﬁaﬁd&]t}%dpﬂregz%% '? Qti Itrt(g?g n. The

beari ngs @dsadsta®b2.are both prOV| ded with a scaling device, so that t he

f1ushing ’Fh%rs?f)gé% pg)ﬁlon ort] %he Qteatl_o? Btcr see(s.i %9\{\9 nnél?l afbpertg ? &0 tlﬁ@hﬁ ¢ channel s

13a, 13b 1n BUccassl vel rou t channel
14. The piockmedfram acatabzbmag@daﬂe suche&vestabfktslmmtoaayatvlatit\h@pmrahkmseexit

channel .be sfe red to eat nent
Spannty e BORRTRYAr ot AENRLES SSHd R, FiGld SERIPR, LAV dohilr Mol oo T
secti on Adiountadii @lnlyss pqmtepmdueaiobvastream dghipmentt ﬁnr Dasi@se afhtelystcﬁcbvatlmnr ot ates

i nsi de the jh using of. the stator 2 and by neans of recesses 7a and 7b
oper at es YHE Heter ricﬁlz%tlr(t’ "¥%hsfer of the catal yst powder. The channel 5
recei ves Ihie endttodimest of Fig.1 the rotor 1 is provided with two recesses 7a and 7b, simmetrically
arranged with respect to the rotor axes. The rotor 1 is subjected, with an established
frequency, to a rotation equal to an angle of 180°, so that recesses 7a and 7b are mutually
located in correspondence of channel 5 or channel 6: as a consequence, when the recess 7a is
filled with the catalyst powder coming from the channel 5, the other recess 7b is emptied, due
to fall of powder by gravity into the channel 6.
The amount of catalyst powder which is metered and transferred in the time unit depends on
the size of the recesses 7a and 7b, and above all, on the rotational frequency of the rotor 1.
The sealing means 3 comprise a double sequence of sealing rings 4 to isolate the external
ambient from the operative conditions existing inside the valve. In Fig. 1 the sealing rings 4a,
4b, 4c are arranged on the left side, while the sealing means 4d, 4e, 4f are arranged on the
right side with respect to recesses 7a and 7b.
Each scaling ring 4a, 4b, 4c, 4d, 4e, 4f is a low friction lubroring filled with PTFE

(polytetrafluoroethylene).



powder from a catal yst storage tank, while the channel 6 delivers the

nmet ered anount of catal yst powder to the downstream equi pnent. As

hi ghlighted by Fig. 2, the internal conduits 10a, 10b are preferably
arranged in the rotor 1 according to a symretrical position with respect to
recesses 7a and 7b. Fig 3 shows an enbodi nent in which a chrom um cat al yst
powder is netered and introduced into a gas-phase pol ynerization reactor by
nmeans of the rotary valve of Figs. 1-2. According to Fig. 3 a solid

catal yst conmponent consisting of a chromum (V) trioxide, chemcally fixed
on sili callgebdtaiyyalive plss covgtrisesddaring Srmah8b wferfating rotrtr drepd vtatoy @ op pnqides ent
invention.and then,transferred a I Nt i | Ui : react or
for the eqtf?lli/elvg ne af)l% Is?r’lr%% ]‘i’ezagrtl% %ana.na%énqggafg'ﬁg%g%tlaﬁggtta Egﬁ%%k%eoﬁl%glslgggﬁt ored in
t he for mthd vewepowder inside a catal yst hopper 21 under an inert atnosphere:
the aver age 1r((;il 2 rln':ft ﬁlrrthOf rtvh(?edpv9i¥ip%0 ﬁfl a[ angds: sf f()gt@né lab,tvalic%?(g 3kn chm

cat al yst nay be St oFed URder an' Mert a m)spﬁere I'n"a form of a érled
powder, saldngttientiieatidny ffheeetof axenandi rquihdhug e Iggtsd tiregofon | tdsshdvoppdig 21 i s

pr ef erablly adj usted at high values, ranging from30 to 45 bar, greater than
the pressure existing in the polynerization reactor, in a range of about
15- 30 barDuesio ths high vhiavoof prasuter afiafoer 2545 bive existingliy she gowdy 5, hewd t he

reactor due. to-pressure gradi ent, wthout i i Iy Nqd . 1@any punp
or conpr ég%egsreb; ’oﬂlﬁ’gW e Feedi an%OIerl%neza%? %aﬁ%;@ gg‘ﬁ‘%‘k@%‘i“h %(l)b\%g@re .l"lé %ce g%%lgi ng to

t he enbodicprentof eleafaffpctitl the spdingenngef (@lrnent wmiatioatadirgtet 1iamdconeivabusl y fed
into the polyner.i zatjon reactor .3 W L. h i t.he.

oper at or & {MARTLE ele? 2 HERRT S bR Sl Pl oBfeop e g Bt
rotary vadndeca@Pthe snrplaacledhbbs|ldwnd Hy inclak@l yskig hopper 21 to receive directly
t he powder delivered by t l.att er d e r ic0d) I of a
vol une of‘&cccg%ag;%ghe 6?/%5&0?%?#2%%@%1’ ?g}:lsehs elé%%%?gw?ﬁlslrﬁ%ﬁi eg?ﬁ%ﬁﬁegg gr of the
val ve 22,coddstsr 10aeahd nOt-iodj. thd -rdtor ak, esaglapaphd omhdgtsmi@missdt iOhgbsemuent i al |y
with the bottompart..of, the talyst hopper 21 . i . ihie f the
transt or PmuBYRR b Gineb Bl RitE pRBRR Bkt RS MO Bl L oA £ (1P
22I corrp][ | sesqEency i extape nende y egénhtsxﬁalpmglt i tigsanoeipadiambed llleag‘pilﬁgs hi glh .
val ue o ressure, as requi e fe nnel s 5,
6 and i n Tited e Eebs 88 A e Yorpdind AR UREH bt ark el MmERETCR o
via line B4ndn2.o the internal conduits of the rotor, and picks up the

chrom um gat.gl yst wd event ual | assing.t hrough e i ings. The
f1 ushi ng ’@’Sﬁ%fﬁtyﬁ‘?&“ §ﬁ?"fd§‘ﬁ.‘§8m%1¢°ff‘%%‘“8§%'§‘?eyp§ Ce’%gl der Splgrslde Eee%ﬁgegiﬁ%l\?%ﬁaéut si de
t he rot argr altahatizel® 2of thaizasssib eleybearinpayed Sty ira filee nBse@bng, tus hidowimpihder

collection tank 26.. The catalyst powder .i.S successi vel 1a line 27
from t he CBITERE ﬁzeS‘Hn% %tﬁtl[%e g%&f Kt 8%%1 qod 1S PP EEI, t§ %nf)l ?ﬁg?ﬁrragﬂé)\% gi' nmake
har M ess Thearlysopawds pivked-uppiaan . flushing compound is removed away from annular

chamber 11 and is entrained along the internal conduits 10a and 10b. The outlet of the internal

conduits 10a and 10b converges into the annular chamber 12, where the flushing inert
compound picks-up the additional catalyst powder, if present therein.

The bearings 9a and 9b are both provided with a sealing device, so that the flushing
compound with the entrained powder is forced to enter the channels 13a, 13b inside the rotor
1 and successively flows through the exit channel 14. The picked-up catalyst powder leaves
the rotary valve via the exit channel 14 and may be transferred to a collection tank, before a
treatment step to make it harmless.

Fig 2 shows the rotary valve of Fig. 1 along a section AA’, which is perpendicular to the rotor
axes. The rotor 1 rotates inside the housing of the stator 2 and by means of recesses 7a and 7b

operates the metering and transfer of the catalyst powder. The channel 5 receives the catalyst



The transfer line 23 connects the rotary valve 22 with a line 28 for
feeding the catal yst powder to the polynerization reactor. A flow of a
gaseous or liquid carrier continuously enters the feeding line 28 via the
control valve 29: accordingly, the catal yst powder is continuously conveyed
to the fluidized bed reactor 30 by the flow of said gaseous or |iquid
carrier. The control valve 29 has the function of adjusting the flow rate
of the catalyst carrier in the feeding line 28. The catalyst carrier is
conveniently sel ected between those inert conmpounds nore comonly used in
an ol ef i mopdtryfien iazcatailyenstpnagesemls, wisilecthe abannelt ¢ dgjrrs dha mERredginaukiapfes.  Wien
using a Chéfm umdb ﬁ} ‘a/tz% gst as tpe pol yneri zation catal yst, the

catal yst CRPPiRVIGHO fieg oY S abl y sel ected fromnitrogen or gaseous
propane. Aieghlighicdiby 1. etk ineart andd6 Warlod ke retiyblereangod ymtee iatatli on
conpri ses a f. 31 .of rovm al tlcles a fluidization
grid 32 4" %‘“%é’ladsé’mg'rc d’ﬁ?:'{l?tb‘ﬁ OHs° %%Pecﬁ%%s Ve (gZI ty reduction zone 33 is
gener al | YFigh showsraaambadithicarie tvbich e ehfparied citdydt pewdkir anmpetercd afd intreductdui di zed
bed 31 of, the react or e catalys er t he reactor 30
via |ine 2§ 283KP aée%W%?”ﬁ%foﬁd?ﬁc%?FE (Hdele! oﬁﬁodgryasv‘f%ﬁn% ZI yst activator,

is fed tQAx(ICbﬁHfge(aCEIQr:S 3050‘1/1[1 &aﬂaly@teco’ﬁbonénm coaststing fof anchodraifunn(YIp ItI}qmiel zation
by neans i t he act.i.vatqr of ably

71 "oy arGRB R ThaTh 8o ts ey Peli Wabihs bt PoaToyh B GeREEr
reduct i onnzatien 3@ then trimfestd nd thireilaed Imeo laethycbted Hednwct% ferothe epalshrsol i d
separ at or zy% such as a cyclone, to renove away the finest particles from
t he gasedl? E(Z,@t?f‘e stream The gas streamleaving the top of the separator
36 is cormleysedd vatzaydt icoi@pddiéntt i staredomﬁree‘bsmbf 3owda indidere catelyst hemper 2kchanger

39. Th I freedi I ,
opt i ongl r@g%gaﬂé?e aWy%?Z‘%rﬁtheegw §8§Dalme(:eﬂ fa?‘e I ng%%)ay Qr{tfff %15 L tgtzlfq%eeinﬁert
pol ymer i zah.i Tie cgas.‘.sesmaguetst(mat mider axgmrtowtmpspt)q:rane a ﬂorm @é@edrtwﬂ mw\tdduct i on of

et hyl ene cppol conononers are preferably 1-butene and/or
1- hexene.® E‘g lglg?gé?etﬁdrb #"Yhe heat exchanger 39, the gaseous streamis

cool ed arrthetphgsurd @dhd lﬁ)ppdsrel b@;ﬁrbfentbkyfadﬁxkted i tnghduamesj ripgohgrfeacitoo 430at, hr ough

the distribution grid 32. .In this rdI i nuously
i nt & e TG R el e rd e tof ARG g o a3 SR
produced gpais\orEtvor thediaasfhasfgee cdtalgimpbivderl iotethe pactor dfe tolpeesbireigaidiced bed 31

via line 41 and i s edt a solid/ asse rat n order torem)ve
nmost of t% Oﬁalé‘mfr??é’)r’l“tt%eused EEHATRY Y 8 t%e feegm%nlh% ufitge AL back

to the resyeke |ine 37 via line 43, whllethe degassed polyrrer |s sent via

(not iﬁow%cor*ﬁ?%dtﬁv%s”eﬁm o Panpipore o Sz SRR S "

corrponentmtoaherrpﬂﬁﬁ@daﬂam BRSO OtflltﬁdﬁEaﬂyﬁistfM th@plee opratofs tpemseintcontastent i on
bef ore the f 3 to an ol W pol ymeri zation reactor. The catal yst
component Vb fﬁf) “Sacamsam tetrachl ori de conpound supported on a
nmagnesi unTighbofy teve Thisaceabaloysthe patlyitHopger &1 ao séivedireetlyt the pbwdan of a

powder i nsi.de e catal st hopper 51 .under. an. i n

catal yst {Hey" %t‘“ﬁi It‘lioé’e‘fa thPGFOdic FFCERE piuf g\‘meg g?at%\gsp Vé‘fert‘t}tér ee from
l'i qui d. Ttlwa ks yrodah iidedhd fotqal dakevired mmdetmberamamgst 2h£rppepab5310ft 0
receive directly .the po r deliyered b r an S peri odic
del i very Wr‘a“n%?@ﬁﬂ‘??%ﬁ@d@ﬂb e&a@&t %ri/ ‘{)H yﬁt Omﬁe radett er Ilrlﬁ?tte 53. As
shown i n gamwstfomemth Fig. 1 a flushing inert conpound is continuousl y

fed via line 54 tqQ the internal, uits of e rotar pi cks
up the caf Evetbeﬂmwe%%m%tw g‘tﬁ PECMYHY &%O@éﬁtsy ané “Hérta%“%?e nfd
val ve. Thgalidgusiah Bapable rcmtaéépﬁlg @iphnaiudiof grebdnee, ateqhiestby phmtteding Spet’d‘mem
conveyed out si de [he ro vaI ve 52 and |€1 then transferre l.ine 55 to

the powdei thethprnelsio f spdkhetcestaseat 1oansTushing Ge cRBPARH fcop Utoﬁgy St ary

val ve 52 wih tifke 24 intoh8e Rferdad Eoﬁd@i@ﬁdfﬂﬂs foltR, malpaky i thp Qkivdiurt Qat:ﬂysﬁ: pbwaderst
activation vessel 59. A flow of a | asegu§1 F(%&gl [ g'rl?l d carrl Chgnt | Fuousl y
enters |igrensalinagsingtaroughthe sealipg ries: 38 fushingqrmgyny entlfh—ff eét 158t powder
i's continhuel ¥ tEAnUaYRE ouRidt R Bfaky vakkd 22N si¢e&sietly aéhvbyedtvielitd Woake sai d
gaseous or liquid carrier. Said gaseous or liquid carrier is conveniently
sel ect ed between those inert conmpounds nmore commonly used in an olefin

pol ymeri zati on process, such as nitroéen or C2-C8 al kanes. Wen netering a

Ziegler-Natta catal yst powder the carrier of feeding line 57 is preferably
| i qui d propane.



An organo-al um num conpound, preferably tri-ethyl-alum num as the catalyst
activator is fed via line 60 to the activation vessel 59. Optionally, an

el ectron donor conpound rmay be fed to the activation vessel 59 via |line 61.
Once activated, the catalyst particles are hence withdrawn fromthe vessel
59 and fed via line 62 to a fluidized bed reactor 63. The fluidized bed
reactor 63 is provided with a special loop R for the continuous
recirculation of the solid particles inside the reactor: this reactor is
described in detail in the Applicant's International Application

PCT/ EP20 0683 Ectiod ek b UTIeH Zaedtlysb pelvdee icducdessbdlycmagerivieBnea2 T framdiezed bed
64 of pol r, a fluidization grid 65 and velocity reduction zone 66. The
vel ocity %geﬁﬁ?ﬁ? fa&{ﬁ zg dne 98"6111?%“%8%’% éﬁsﬁ”fl%‘fdaﬁoﬁ’&afkgig@ﬁess gl?ea?%é‘f%‘?‘mc ared to
the di amajpediesof the fluidized bed portion of the reactor. The pol yner bed
is kept ip a fluidization state by an u rdly flow.of gas fed through the
f1 ui di zat Triregssrding Eﬂn&g%hﬁfot%éalﬁ%vglﬁ%aapl&e?ﬁ (g‘?{%ﬁﬁd‘“ﬁﬁ * ¢ aja?'é?%or“fdepl'he gas

| eavi ng 'gb&het MDyr@é‘rizﬁth)fh ¢t ACA o w ﬁcdwgatsmfn oZ iped Gﬁ‘ri&m()ﬁﬁmmsl%r ﬁﬁzt,ersbhasi des Itlhe
unr eact e noJrer al so inert copndensa ses uch .as. al kanes, as we
as inert fﬁ%“—%@%d&?&ﬁﬁ%cﬂggg‘éﬂms%é HOHE 1ﬂ§¥’%§%§?{%‘ly§r¥’8wf1?rn’§sc P Ube -

park ti cl escoitdyedtongel ﬂ:ﬂbdiie‘%ﬂ@ecgﬁictaﬂ’ﬁ) b}eme}ﬂad/ <Lﬂkaidi’@s®a§b5ﬁdpiidlﬂ cadgallhs or 67.
Make- up nmononers, ec r weight regulators, and_option i.nert.gases are
fed into “t"ﬁ‘é‘r’][g‘ﬁ‘zver c%ltge %1“ o1, gaq]‘i‘sﬁ Miepfore ke § giercgga%bgﬁa 1%rol%pﬂr“%ssor 68.
The r ecyclkealigalhem8XThy @tilyst CoNEiesHechidyly celopedissaten Bidhse ard compbads by t he
heat exchanger 69. Paasi ng .t hrough the heat exchanger 69ﬂd¢£5 aseous
stream i sTUEGPBHORA uH Fbin qlefingroldnesisgtion PERCess SIER $5JRTIRER Fih At SRS

t ransf er re@denviisthgl d dheondi@mtitasddiatabet 4sanms pflyrhdiatidnuiatiiyae thebmtlyseaoioof bel ow

t he gas (Lzl}i.stri.bu%}j o&ygrid 75. The fluidized bed reactor 63 is provided with
a cont i nuB<S prdefrabh GIF%%%‘F%nlngeﬁl&erS?uS%"pﬁ%eans of a circulation |oop,

i ndi cat edriwi fluidizedfved esacer R Hoe MRREGIche goliheridklian inpakésanfhgdizd &8 31 ofa r egi on

above the pol yner bed 64. The | er en f vertical,  p.pe 71 j.,s.connected
Fo i he 1 abUREdobERT gerhiens: TwHPRE gar poaf aempolet TeuRidtrdh o 1He

rﬁci rcul a\td&ﬁy ke@ﬁkﬂioRzoﬁEm.idg@gfaﬂbef inéqegsga Fi_@lm%g tvagpaeted the dbingted of o cial _
shape in suc - at its do rd inclination towards e vertj cal pipe
71 fost er'd¥ 1@%&%&%‘?@%@'%% eﬁ?}mg&owﬁ%ﬂ eﬁég?)feﬁ%orﬁ dué"t é’gr avity.
The i nl etwkife 43iaf@niduln bifyloaipeiRDhy/tht ogay@dctivatod i€ Rdtid el rpatir B0 ofa linkt h
respect tothefluid}lﬁtion grid rol, , valve 72

d 65, as sh .in Fig. . 1. A co

i s i nst al 1% 535 Hrag:0ighingg lygretization %FI’cePIE%ﬂ%a%WIQS ?"iahf’%rth%?ﬁ“ﬁ’%tf’f ‘#tdmf" Hé f1 ow
rate of pebyreibldiiseRArgedndhom the reactor 63 into the discharge conduit
73. Segnental ball valves or ecce éri c r.ot aﬁr% ,t‘%/ge vgl .ers S(cgandbe @sed as
the cont r B §ragops styesm IWéngd?h%é‘??a?fSt e yelogiy TgsHon eong e s FnPATedi W ®8nt i nuous
and the oReRIcNEhe0ss B4 FastONd s&ard! 368 slcB dsSa eydlous] BtemOveaswiyothk dpstconst ant
the level of solid inside the fluidized bed reactor, 63. éﬂﬁe gool lt/)mr?;%

parti cl esPites dioatiha peons S §Hcahd haBaciaryd-axBadin PP 958 SR M P nuous| y

recycl ed iQodvBgduRPEle 37801aQBmBfesdoN 88 ERAGEDH of HeRNixBIghnp & I3OUTR: fetieleclinecul at i on
loop R A "thrust gas" is generaljgiy f?tﬁ via line 74 at ”]Sz inlet of the
1]
r

circul at i ¥nis eBprrd vath ¢ lnards for Jaadtinge Ftyenoh QPEARE GoRORELy (PYEREEH £} &i ni ng

the sol i dnPElldrGleBsht flgORGr,lAE tik Ih&HpE h&TatiOgsE, sibhas angedr pregaie 75
adjusts the flow rate of "thrust gas" entering the cifrc I%tion Iocg(f R Said
%ré@éfl &%t

thrust ga et adusiongbeindeip grelynreihs soRpRPREs §LPTs YR t he
react or af.hé&epOi Nt downstream the conpressor 68, or alternatively,

downstream t he heat exchanger : )
Passing through the heat exchanger 39, the gaseous stream is cooled and then fed to the

bottom of the fluidized bed reactor 30 through the distribution grid 32. In this way the
upwardly flowing gas continuously maintains the bed of polymer particles in fluidization
conditions.

The produced polymer is discharged from the lower part of the fluidized bed 31 via line 41

and is passed to a solid/gas separator 42, in order to remove most of the gas from the

9



The operative pressure in the fluidized bed reactor 63 is naintained at
conventional val ues generally conprised between 10 and 30 bar, the

t enperature being conprised between 50 and 130C. It is a second object of
the present invention an apparatus for introducing a catalyst powder into a
pol ymeri zation reactor, the apparatus conprising: a tank or a hopper for
the storage of said catalyst powder; a netering rotary valve conprising: a
stator, a rotor, sealing neans arranged between said stator and said rotor,
and flushing neans for the feeding of a flushing conmpound inside the rotor
of said wdicugged podymsd sPherppamsxtirois fed hackyo thg recynleties 8t viativa A, wfiledat al yst

powder to,sai | yoeri zat.i on. r.eact or . h i i . .ushi ng
means of (%e %SSE%&{% g?%ller @Saﬁex\}tew%g%{d'i Q ghet WO n;é?letaglreﬁ\gflamglghfﬁ?? Sss’ltiagy?%r?&lui%b

arranged dnd extheion@tadsholvngl ong in its axial direction. The internal conduits

10a and 196, L& SOMMAE ALl 27 AMAINNE AP GORIORER by AGnd 2,
situated T proxXimty of "t"he seallﬁb rings 4. e seal I ng nmeans conprise
a sequencd# thé rdtawvhive 6L iof prdsed rimventgsbefart Iteedfevditdtopol gl pelfinomratiet hyl ene
(PTFE). The_ pr.pces nd_appar at us. for..f eedin t t he
i nvent i onf< ec?%ﬁ?(ggm&%mgcp"V§%%V¥%%xggﬁggﬁg%§§§&§§%9?9 §%¥8{% a
gaseous phasesiubulilotide. may be successfully applied to the |iquid-phase
process f.gr the.olefin polynerization C . | j.zation.
T thrs o Al PR R SR PO MR e SO b RBoBR YT, (O
| i qui d compouhamosphére Thic sathlys miay thowared $n 4 foem ot diigdgtowdavelbstantptipfres abl y
sel ected égoghﬁéopane, i sopent ane, cycl ohexane. For instance, in the
sol ution pé?y r'i zation of propylene the flushing conpound is preferably
cycl ohexdfte, rotahi edive 52 isgdabed delbwehp odtaipse hbprat Sdre dickivedirectlyHee povadeef i ns
whi ch can, be ri.zed have rmdl —Qyﬁ, j or a
hydrocarﬁ%ﬁv?ggkﬁgﬁzk%@?%g‘?¢f%§éh r%%la gns.cﬁggﬁggggxgﬁm%%géﬁgﬁgtthat can
be obt ai nmolvdarte:the transfer lnicgh - desioivhyn pwhgativn witk iegs 1 @HDFESS et corgpquad at i ve
densi ties. higher t .0..940) . i.ncl udi t.hyl-en I : hyl ene
copolyner%c%??wnggggg??H%e%a@f%ﬁm H?g% Ingéﬁgggmgggﬁgg5ZQBa§m§§ﬂ;ﬁé

catalyst powder eventually overcoming the sealing rings of the valve. The flushing compound

entraining the catalyst powder is then conveyed outside the rotary valve 52 and is then
transferred via line 55 to the powder collection tank 56.

The transfer line 53 connects the rotary.valve 52 with a line 57 for feeding the catalyst powder
to a catalyst activation vessel 59. A flow of a gascous or liquid carrier continuously enters line
57 via the control valve 58: accordingly, the catalyst powder is continuously conveyed to the
activation vessel 59 by the flow of said gaseous or liquid carrier. Said gaseous or liquid carrier
is conveniently selected between those inert compounds more commonly used in an olefin
polymerization process, such as nitrogen or C,-Cg alkanes. When metering a Ziegler-Natta
catalyst powder the carrier of feeding line 57 is preferably liquid propane.

An organo-alyminum compound, preferably tri-ethyl-aluminum, as the catalyst activator is
fed via line 60 to the activation vessel 59. Optionally, an electron donor compound may be
fed to the activation vessel 59 via line 61. Once activated, the catalyst particles are hence
withdrawn from the vessel 59 and fed via line 62 to a fluidized bed reactor 63.

The fluidized bed reactor 63 is provided with a special loop R for the continuous recirculation
of the solid particles inside the reactor: this reactor is described in detail in the Applicant’s
International Application PCT/EP2006/068935.

The fluidized bed reactor 63 comprises a fluidized bed 64 of polymer, a fluidization grid 65

and a velocity reduction zone 66. The velocity reduction zone 66 is generally of increased
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| i near pol yet hyl enes of |ow density (LLDPEs having relative densities |ower
than 0.940) and of very low density and ultra | ow density (VLDPEs and
ULDPEs having relative densities |ower than 0.920 down to 0.880) consisting
of ethyl ene copolyners with one or nore a-olefins having 3 to 12 carbon

at ons; el astoneric terpolyncrs of ethyl ene and propyl ene with m nor
proportions of diene or elastoneric copolyners of ethylene and propyl ene
with a content of units derived from ethyl ene of between about 30 and 70%
by wei ght; i sotactic pol ypropylene and crystalline copol ynmers of

pr opyl enediamieremm;adtredr&) thadiaocteovhide flaidgkd bedporticvefinte scactontldapolgfoeuni t s
derived fragm y re than 85%.b

copol yrrerbsego @Bflg py uecﬁzeag%lhs 1 %% o War(ﬁ (gﬁ%ﬁ 5asqh& %r(}uéh the ﬂ%Pd% %d gﬂd ol efin
content ofs m@edﬂtm&ﬁtbxylpm:oghfthe reactor i rrpact -resi stant pr opyl ene poI ymer s
obt ai ned seguent Q ene .an

propyl ene%g? %ﬁaw er? og(%tv %rocﬁry reéucporltzongé(g}% %(99°°wé" lbeht o3 GSH}% f%ﬁged

atactic pocbry)prempylls@n&rtecnnﬁeasablrepgwﬂssswlnpmhlyms sasoﬁellpasopgﬂ e«rrecoaddlsdﬂehyl ene
and/ or other cc:- 0 n mr O(V b h ni.ts derived
from pr op%?l P&he He Im%eﬁeﬁ%:egt ngftfgpygﬂer Clesueél eds nBt eV\%Sr o%'féeéné’ Ve ttﬁee

i nventi orgas/mislr $p28at01f 6PMdkb-rup3110maiI1ais,ymd)lsqulas wicighbkeguistopp end opmndrihcat S are

i norgani c_co especi es, suc Al 203, MO,
7020 Booa SR S BB 1 AL s S R e An Bt 86eest” v er o s

pr ef er abl ’Sheexdyrclbrgas anxpae is hpreicd dy wempreesor 48, and cROH1 tpinthe peat txabagar |y from
30 to 70 %n’b cuI I refer ed su gel s
and al urnosiie Eﬁ? o4 ethe hegf?e a1 g a6r9 %ﬂﬁg%sgougfs nelsfcgglgn%fn 0@ rg%ﬁfs%)aggis in
whi ch a yheradetmhcbmtm«hrﬂ@@mnsfam@r \nzglurrer BhioGh¢ bot@m @fitbé Endbed béd wast@, t o 0. 5;

t hese ar h ic or silicon dioxide. Such products are

comrer ci aefoyvutg(\l’/gﬁstéar%rﬁ)e gndaésxarrpl e as Silica Gel 332 sold by Grace. Doping
of the caTlalﬂuﬁlzedlbqumattomi I ptdveieamtmh\aeconmmpmtlm@tmwcm afgolyheohy um
ggﬁ;g{;ﬁg;‘x takfe ) ci1{g)|:u &on loop, i dgcsagea utth ran ;bePce I%Iﬁg%r%ne]t:]tg r%ctﬁg fuidi zat\clf)%l @&1'65%

chrom un(d\iieglomxhodetheqzhhymmbﬁmwal ts such as chrom un{l | I) nitrate and

chrom uml 1] .conmpaun u as,. chr ]

acetyl ace hon %er S 8“1038%? eexéég&glgﬁffft% tger %‘é Z%trlorlrl \r}r) #3% 3‘% tzérroévﬁrrst al i
conpoundsendfis @lnn@mdmmks uedirca stidni lsop( Ryl alpeitiutick gnl/é5) hals rpmﬁarubif h b()mcarbr gani c

cnrom e STUE g, Lo AP AT TSk O SRR TERSHRAR Y, Uoeo

sol vent, antry bof the pbiymai pomadecinpabmgpe 7ledme\vio pgvith&hs tilet eﬁplpammsqmdfmbiy ng the
00 C.

LG R e T A R T et U Ao

conpound. A control valve 72 is installed in proximity of the vertical pipe 71 for adjusting the flow rate
of polymer discharged from the reactor 63 into the discharge conduit 73. Segmental ball
valves or eccentric rotary type valves can be used as the control valve 72. The discharge of
polymer is carried out in continuous and the opening of said control valve 72 is adjusted so as.
to keep constant the level of solid inside the fluidized bed reactor 63. The polymer particles
not discharged through the discharge conduit 73 are continuously recycled to the upper region
of the reactor running through the circulation loop R.
A “thrust gas” is generally fed via line 74 at the inlet of the circulation loop R, said thrust gas
being the gaseous carrier entraining the solid particles along the circulation loop R. The
control valve 75 adjusts the flow rate of “thrust gas" entering the circulation loop R. Said

thrust gas can advantageously be taken from the gas recycle line of the reactor at a point

downstream the compressor 68, or alternatively, downstream the heat exchanger 69.
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In addition to the chrom ferous active conponent, other doping substances
can be applied to the support system Exanples of suitable such doping
subst ances are conpounds of boron, fluorine, alumnum silicon, phosphorus
and titanium These dopi ng substances are preferably applied to the support
together with the chrom um conpounds but can alternatively be applied to
the support in a separate step before or after the application of chrom um
Exanpl es of solvents suitable for use when doping the support are water,

al cohol s, ketones, ethers, esters and hydrocarbons, nethanol being

parti cul aértleyopsmdiiteartsure Tin medhmrﬁ&dtheatréaom 63 i heindiopd ageopgdntivnad values

generally fr 0.1 .tqg.200 from rams m
conpound %&?rag'} Ctogllpnbeg b%‘fevtbﬁ{ d%@ t%npr?&a%‘h%?e‘?ﬁ TP rbgtr}lveﬁrﬁ]%(g%ﬂr%ounds to
t he suppor3v°@uring appli catl on |s generally from0.001:1 to 200 1
prefer ab horn Accor he process
Dt e 1 bt vebpt Prrat boReectn By 88 Srdinb dp P uflERe s i oty Brount s
;)1;1 MyO a{lﬁlrb(arpo&nm@aimoikeactbmaletappaemprcemgmmyst and subsequen{ Ihy activating
is mxture in conv re i nproves e
el ectrostatic fﬁ“gﬁﬁ?‘ﬁ PR 18 ‘fatll‘? ﬁgfa%ea?fé?‘gﬂta‘y%?"vg&. vation, the dry
pre- cat al-yst IaSnemﬂng sl valive t@npEaingt astesr, bebmemlld@@xeamdrraﬁge@ Get@eetf or
exanple, in a.f. in an px 9 her ont ai ni ng
oxyoen. " Cool | M4 HreF EFER phRRs hifbinedn Ry B it FloE o CRERAL LSRR 2 1,
order to prevéanideddsonpdfised valle;,oxygen. It is aI so possi bI e to carry out
this calcmatlonlnthe resence of fluarine c unds suc ni um
hexaf | uorosi | FRRFE, MEPS W cFPOREAS 2 FS©Est AN ?"@ﬁﬁqq o P Stof ?dreqdmvm th
fl uori ne at onpoly@adiaiioratceasr. of t he pre-stage prefer abI y takes place in a

vapor-ph £ flui Accor di refe 1ol he
meur o o ey gy g R B ot Homersd S5 §RRGTBES 10 "Ss0c
Wi th fl uiet 26 a:m‘ngédnartlembtoby ara;ugmutsnﬁran digasior. ﬁ}heimemdilctyndmm t(blwd)lg)b Whl chis
subsequent | ace ] xture is.heated t

desi r ed eaﬁ‘?jynt ‘é‘WBr@ WA ?ré\ém?htéé ﬁl?rﬁ?f Eg’il erﬁ(QF?Ima ’tsht%ateds P utre for a
peri od Ofbe:ﬂi’n@hﬁngsito 20 hours and preferably from5 to 15 hours, after which
the fl ow S svvlt hed hack to inert and t m_xt i s..cool ed.
When ¢ e Tk SRt il oS cRueRoes 8% R v difLoRufors o a
Zi egl er - Nattarafiadradtydéneg@gE)nent , further information about this type of

catal yst ]%S[}rc?c@ssl a%dfagprz;[rzpu?sr fotq %e\égirr}g a catalyst powder of the invention is not limited to a

polymerization process carried out in a gaseous phase, but it may be successfully applied to
the liquid-phase process for the olefin polymerization, such as a solution polymerization. In
this case, the flushing compound flowing inside the rotary valve is a liquid compound, which
is inert towards the catalyst powder, preferably selected from propane, isopentane,
cyclohexane. For instance, in the solution polymeﬁzation of propylene the flushing compound
is preferably cyclohexane, which is used as the polymerization diluent.

The o-olefins which can be polymerized have formula CH,=CHR, where R is hydrogen or a
hydrocarbon radical having 1-12 carbon atoms. Examples of polymers that can be obtained are:
- high-density polyethylenes (HDPEs having relative densities higher than 0.940)
including ethylene homopolymers and ethylene copolymers with a-olefins having 3 to 12
carbon atoms;

- linear polyethylenes of low density (LLDPEs having relative densities lower than
0.940) and of very low density and ultra low density (VLDPEs and ULDPEs having relative
densities lower than 0.920 down to 0.880) consisting of ethylene copolymers with one or

more O-olefins having 3 to 12 carbon atoms;
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A Ziegler-Natta catal yst system conprises the catal ysts obtai ned by the
reaction of a transition netal conpound of groups 4 to 10 of the Periodic
Tabl e of Elenents (new notation) with an organonetal lic conpound of group
1, 2, or 13 of the Periodic Table of elenent. In particular, the transition
metal compound can be sel ected anong conpounds of Ti, V, Zr, C, and HE
Preferred conpounds are those of fornmula Ti (OR)"Xy, in which nis conprised
between 0 and y; y is the valence of titanium X is halogen and Ris a

hydr ocar bon group having 1-10 carbon atons or a COR group. Anmong them
particul arly prgb@éicachpdiediof &by B0 PRAYIBESY aMindgp@portieasit deneor

Ti - hal ogen bond such as titanjumtetrahalides or hal ogenal cohol at es.

Pr ef er r ect8S[o8EN¢ jcepalyrieth of) ﬁﬁ%%%&%ﬂ@v PR Wit Consepicpl Uiy %&% S‘Pm

Ti ( OBu) Clgdhyleht 6ORuy 28 2boul B i3y I lweight,ef erred organonetal i c conpounds are
t he organo- Al _conmpounds and in ggrt{'_cul ar. Al -all c§l co?r’]r‘ﬁ?ﬁul&dgs. T&e al kyl - Al
conpound s prereiRAXPrriras ANk R ifsheopely Mg 10 ProRyIgRg oS SONEs such as
for examujiger bldiind ¥ivalUdoRtdhd of tufiikd c&ﬁ@d%(inﬁ%nﬂﬁléﬂd@’fmbfci théd- 8304 byl wdighty num
tri-n-hexylalumnum tri-n-oetylalumnum It is also possible to use

al kyl al um numiss@rticieopolyaetsyaf arapeient mdngralcfiae sudrasal-Rypengt Wi 4w @rolefin

sesqui chl gri of 5.2C1 and Al 2Et 3C13 optionally in mxture with
said tri a(?)[%? %Zf’ﬁlfr%’ﬁc‘ﬁ& ounds. Particularly suitable high yield ZN

catal yst s ar e imprelsessisthisr pionyletfe reivearsi abtricehptyu servertial (gabererisdiosnofragnesi um
hal i de ' ' : I : r @aeRes {if ¢ leZAt bpn of

pr opyl e\rqgjrgdl}léﬁ? ga Eg?&gtlhgga&od}%g %ﬁ iwg{ha?drlré%% ‘l%%t er naltlb g(l) ggt/ (%/g% wc? gg?o Pp
conpoundsetiylgdy; can be added in the catal yst preparation: such conmpounds are
general ly sel ] e leenB@F t 1 cul ar,
t he use of co%rr%%t%gpd)yp @I@%?ﬁ%%@%ﬁ?gﬁgggfp%ﬁ?ﬁal a@gﬁ% %enzoat es and
succi nat eghdr g--qifiak eontading Mgretthear 70V ariprwosightrefunits derfved &osrelty@e by using, in

addi tion t tron- Iy bt | i G ext er nal
ol cct ron- WBHCHE ¢S H R BBP B PERL of fe WUFER R DARRR! codlu e P o
to the polujtabby support onterielaeteonorgditie senmundss pspbcidlyemrous roxgiss ol a8 SH0be

sel ected n S 1.hes, ] nitriles, alkoxysilancs and
et hers. T%ré@?’éﬁ/ggr%ggrf’ gboﬁ?ra%ggﬁ?)gﬁ@ g&%%iﬁ@g%%ﬁ%g used al one or in nixture
Wi t h eaclThetsaport Patefiady plofeyabiyhexhibd acpmbuisize bawsm| leatdeiOampmgrighiaghat i ¢
ethers, ester nd.al ko ilanes. Preferr e 2= | i phatic
et hers an§ I]ilnﬁ)pgor ﬁocﬂ?laﬁglﬁgles(:lel?aéh Cél[aﬁﬁr rg%ﬁé :szf}bo% aﬁga\r}s?lhcgz %G_Q%nggr bon
atons, sudimadicttetgelhypoifaditly drse ETHE) forminle x3a0kaAlPs.cinewhicl] aegtngs Jompe t he

al kyl esters of C1-C20 ali,phati rb LC i . 0. I Cl Cl1-C8
Adibedt il Bt R U B B L e T S

met hyl f ofissidd Spctepdosikdisoargicammercinly hydimblet it exarpplopy SticetGat 832 sold by

i - propyl aérre%teat e, n-butylacetate, i-butylacetatc. The preferred

al koxysi | & are of fornmula ROIRI, 2Si (OR3)0, where a and b are integer
from O t dD&ingcof the amaliysitsapit #itlothelactios Sngrodent lventginimg (chrelpun prefedbly Rl |, R2,
and R3, are alkyl., cycloal kyl .or, aryl radicals wt ns.
Parti cul Zt?lfeﬁ pbar%fﬁé)rn} é&(’@ﬁ P g‘hén &9y eoﬁ}: X%ﬁ%‘%ﬁﬂ%‘g‘“%“ﬁs’ lfo%%ﬁﬁeg‘&%ﬁgxngl?a’é% is 1 c
is 2, at $umasit ciremimin RlongochdR2 aies ch@hiot@d) faxale behanoined saltskyskich as

cycloal I cyl ar |. grou vvith@%fOC rbon,atons a ' ﬁ‘ﬁg al kyl
group, inéﬁboé?'f’ @wglﬁrgﬁ?ﬁ“ﬁc OMERA aecgtat(agf Compler Cﬁﬁg%@?%‘gﬁf |k ?l?rglgﬁ%%o ounds
are net hydcetyta peybrde oX fsiataabvayl, o phenythvdlynagomonesillicasvenpounds o

hyd tadreey brdehrahia dad ar phenstivdl oxesill ds of

met hyl -t - but y| di net hoxysi | ane, dicycl apentyl di.et hoxysi 2 reover, are
al so pr efc&“f%lamt FCTs | 4] 8n%%MSﬂﬁ%?yﬁﬁuﬁﬂl}ﬁgghgeioggaﬁx ¢ hﬁgﬁ% é\é%?’ei S a
branched wui(kegh)cadomamgDp akEY) nigatoispraerebl§ esels net hyl . Exanpl es of such
preferred._silicon.conpoynds are cycl ohexyltrinethoxysi.| .

t but yl t ri bt WERYE M ﬁ%gmgﬁgoﬁdﬁé%ﬂ PRHEEN ﬁﬁg?q%gtn%@te ﬁ’emfglg g\e/\ﬁlt’nglﬂéfarrpl es
wi [l furtdesmiuhl destpoadde réche/ingr ¢is golverit rwve rehlicimmgwiht loatalyst] 4tra teinperafutesofScope.
EXAVPLES from 400° to 1100°C. The support material can for this purpose be suspended in a solvent or

in a solution of the chromium compound.
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EXAMPLE! Preparation of a supported Chrom um catal yst The support used was
a granul ar Si 02 support having a surface area (BET) of 320 n2/g and a pore
volunme of 1.75 rift. Such a support is available commercially from for
exanpl e, Grace under the trade name Syl opol 332. The above granul ar Si 02
support was contacted with a solution of C (NG3)39H20 in net hanol, and
after 1 hour the solvent was renoved by distillation under reduced
pressure. The resulting internedi ate product contained 0.2%w of chrom um
Said i nternedi ate product was calcined in a vapor-phase fluidized bed. The
m xt ur e asdditiésto tAd clrbhif@@R el et BmBOEnE ottdet doplrgliubhitanadsi vai bt Bgyliedfo by pure
ni trogen, which was subseglgently repl aced. by air, whereupon tgﬁgn‘i xture was

y
heat ed urif'§ PUPPRé SRS Hot BHpRe 1ol epiBe SHHHECe A HORIES L REE™ The

m xture mﬁkggmnﬁﬂuﬂ,gﬁcﬁggh&mraﬁag{aﬁu@yer a period of 10 hours, after
whi ch the gas was switched back to nitrogen and the m'xhrgrt@?cool ed. A
t

catal yst Psidaringonbueses ye ppaThle penlicd, &8 fos guppordasrther 3¢ YR s of 85

pm was obioaiphefs bieheslicntidMbd HdNG tiRfsusttdh ¥ Sdpafa@witphbefbheorigtahd ng and
feeding of the obtained chrom um catal yst powder is carried out by nmeans of

t he enbodiPRESHIOBHERIPMIHAFi g. 3. The chromiumcatalyst is stored in a hopper

21, as a ahpReW ivenks@Ritabi foft ufdl RiRes Woing theXap R artI RARYE, aRold 14, @Qass,
at nosphere. As described in connection with Fi gt 1, the two recesses 7a

and 7b, | ®kest &ders g hydropashons gpgihang! bofngrmaricylaly #iltable-e capabl e of

comuni catfie@ncef@BAbE Ak lypidd dofitbh & RAdrkigMérh 0 heppe; pRirandiwhtiho he i nl et
of transfer line 23, so that rot ar¥ val ve 22 receives the catal yst powder

comi ng f r@APhYFHEMmIY copRpuahas At 8t NS i odi ¢ metering and transfer of a
vol unme -of ricabdd ¥ tveiR@MFehromium compounds to the support during application is generally

from 0.001:1 to 200:1, preferably from 0.005:1 to 100:1.

According to an embodiment of the process of the invention, the chromium catalyst is

prepared by adding small amounts of MgQO and/or ZnO to the inactive precatalyst and
subsequently activating this mixture in conventional manner. This measure improves the
electrostatic properties of the catalyst.

For activation, the dry pre-catalyst is calcined at temperatures between 400° and 1100°C C,
for example, in a fluidized bed reactor in an oxidizing atmosphere contéining oXygen.

Cooling preferably takes place under an inert gas atmosphere in order to prevent adsorption of
oxygen. It is also possible to carry out this calcination in the presence of fluorine compounds,
such as ammonium hexafluorosilicate, by which means the catalyst surface is modified with
fluorine atoms.

Calcination of the pre-stage preferably takes place in a vapor-phase fluidized bed. According
to one preferred embodiment, the mixture is first heated to from 200° to 400°C, preferably
from 250° to 350°C, with fluidization thereof by pure inert gas (preferably nitrogen), which is
subsequently replaced by air, whereupon the mixture is heated to the desired end temperature.
The mixture is kept at the end temperature for a period of from 2 to 20 hours and preferably
from 5 to 15 hours, after which the flow of gas is switched back to inert gas, and the mixture
is cooled.

When the catalyst powder used in the process of the invention consists of a Ziegler-Natta

catalyst component, further information about this type of catalyst system is further given.
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Each rotation of 180 of the rotor 1 of valve 22 allows to have the netering
and transfer of 25 grans of the above indicated catal yst powder.

Si mul t aneously, during said rotation of the rotor, 100 granms of nitrogen as
t he flushing conpound of present invention, are fed via line 24 to the
internal conduits 10a, 10b of the rotor 1. As explained in connection with
Fig. 1, said flushing conpound picks up the chrom um catal yst powder, which
eventual | y passes through the sealing rings of the rotary valve. Said flow
of nitrogen, thus enriched of catalyst powder, is transferred outside the
rotary v aA\ﬁeg%?-N\éﬁ@cdmﬁesﬁémt cembll'bes mewepstmaueatbym r%z&ﬁ&fn 6, trabsig@essi vel y,
the catal yst powder is conve to a treat f E Z? t o make harnl ess
t he chr onfgth EwPyund o€ gfoues 4 th%O %féﬁ%l?‘i?@fhc hréP]% Pég SRR Ster ?PW‘SP)V‘@I # and

fzgl | :Aﬂg ﬁ&%oxl%’talﬂé daoundfafgmxﬁ €0e8S|3 6bthf bewRicalpegr dlénigt 23 and enters |ine
|1 C IS

| ine of the catalyst to the ti
react or . IAI’é’é’é‘H‘i‘fdthF F@W‘@’F mgfat qogewd carbs lectaiar%f’nééea?‘geﬁy@ r\fz" Corr n an
anount  of ;n}iGfF Mehed@Binpsndd H6thbReMtddulh TREOR K], Vihavhicdhe icamipitdd bemewe 29,
whi ch has the function of swtabl?% adjusting.the flow rate ﬁf nltrogen to

feedi ng |19 Al 8.1 fhe valerse o Flpnivy; bﬁ%&%ﬁ% ig # ByfEorarben gwouR PYEE 10 t he

ni trogen &lyw Af@Rds at OOR d8sup! RehoRSTRERAL pficutedtl &@[Eedwd@muﬁlmomb@nﬁé ui di zed
bed reactor 30. Gas-phase pol yneri zati on The %@P zed b aee?ﬁtor 30 of

Fig. 3 ishayiigchttlepstars yf-brigecr thend) suhapsatiiepiHmotets at N ates.

pol ymer i zgbfeR8l §RARE tidhidholPodnlis GreWHER, BCR! EROBH)E n{omgc@an(om)zch,
Tri-hexyl-al um num as the catalyst activator, is fed to reactor 30 via

line 34. TBWYLdction gas mxture is conposed of (% vol.): 56% et hyl ene,

0. 23% 1- heenR&s oréa%bﬂ@%ﬁ@%omﬁ(%ngg% 'ﬂietcfr%ﬂSJM c&hﬁmﬁd@ﬁi@lﬁﬁ@aﬁ&hﬁk’%ﬁne is
di scharged fromthe |ower part of the ang}d' zed bed react r via line 41

and i s paEwandy Thesalkylehlyspmpoupd isprsforably chasery eppaps (i f “ﬁﬁ%"tm of the

gases fr ofnlphendd s&hha @R mmalumndegmeammwm 1i- eummem@em vi a
line 44 to the downst ream equi pnent, such asﬁlgt eanin

ext r usi ontr-IrhEYiREIHm, énwafﬂa}umlavmelté%é& pessiglerts Ut glk?ﬁl?](r? ﬁﬂ\%&%t i on

nmakes posiliemifml BRAHIA SerallcMiahdieh LQREIHrHEQ dcPab WIEKLCEZaid ARE#ERCt Or
with a high I evel of securlt%for the plant operators, due to the presence

of the fl| skl keRsEeENEhs1dHaHy! ?1W§T“B’€ GP‘P?BO‘inﬁi ernal conduits of the rotary
val ve.  EXAMBlE 2 RLRRRLALNOG s  ARAIuiati deniivmRohyslilykene

Eléla__(?rga ussulplr)]o%ted or?rlﬂlggengselun?ﬁalfdgsvhfcﬁrlrsnpqgfgl%glyll\/?g((l:l?r ried out ina fluidized bed
If a stereospecific polymerization of propylene or higher alpha-olefins is aimed, internal
electron donor compounds (ID) can be added in the catalyst preparation: such compounds are
generally selected from 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 the electron-donor present in the
‘solid component, an external electron-donor (ED) added to the aluminium alkyl co-catalyst
component or to the polymerization reactor. These external electron donors can be selected
among esters, ketones, amines, amides, nitriles, alkoxysilanes and ethers. The electron donor
compounds (ED) can be used alone or in mixture with each other. Preferably the ED
compound is selected among aliphatic ethers, esters and alkoxysilanes. Preferred ethers are
the C,-Cy aliphatic ethers and in particular the cyclic ethers preferably having 3-5 carbon
atoms, such as tetrahydrofurane (THF), dioxane.
Preferred esters are the alkyl esters of C;-Cy aliphatic carboxylic acids and in particular C,-Cs
~alkyl esters of aliphatic mono carboxylic acids such as ethylacetate, methyl formiate,

ethylformiate, methylacetate, propylacetate, i-propylacetate, n-butylacetate, i-butylacetate.
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A Ziegler-Natta catalyst is used as the polynerization catal yst, conprising
a titaniumsolid catal yst conponent prepared with the procedure described
in WD 04/106388, Exanple 1, according to which ethylacetate is used as an

i nternal donor conpound. The netering and feeding of the above catal yst
powder is carried out by neans of the enbodi ment shown in Fig. 4. The

catal yst powder is stored in hopper 51 as a dry powder conposed of
particles having a nmean di aneter by nass of 45 pm and kept under a propane
at nosphere at a pressure of 35 bar. As described in connection with Fig. 1,
the two IEReESeRd {Ro:dkithhdre IfdGRURR, RYSI(OR), Micrt at@l b dre ﬁiegélfffbm/@.’[o\/z\e are

capabl e of communicatjn entially w he tto hopper 51 and with
the inl et®§en ppegeidiony | rog%@ﬁ%y Su Sargbr{gy is Mp \g Y BOSY gt lfdkor A
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and after 1 hour the solvent was removed by distillation under reduced pressure.

The resulting intermediate product contained 0.2% wt of chromium. Said intermediate
product was calcined in a vapor-phase fluidized bed. The mixture was first of all heated to
300° C with fluidization thereof by pure nitrogen, which was subsequently replaced by air,
whereupon the mixture was heated until the desired end temperature of 700°C had been
reached. The mixture was kept at the end temperature over a period of 10 hours, after which
the gas was switched back to nitrogen and the mixture cooled.

A catalyst powder composed of particles having a mean diameter by mass of 85 um was
obtained.

Metering and feeding of catalyst powder

The metering and feeding of the obtained chromium catalyst powder is carried out by means of
the embodiment shown in Fig. 3.
The chromium catalyst is stored in a hopper 21, as a dry powder, kept at a pressure of 35 bar

under a nitrogen atmosphere.

16



After |leaving the activation vessel 59, the activated catal yst powder is

I ntroduced into the fluidized bed reactor (reference 63 in Fig. 4) for the
copol ynmeri zation of ethylene with 1- butene in the presence of propane as a
pol ymeri zation diluent. Hydrogen is used as the nol ecul ar wei ght regul ator.
The ct hyl ene/ 1-butene polynerization is carried out at a tenperature of 80C
and a pressure of 2.5 MPa. The conposition of the gaseous reaction m xture
is: 35% nol of ethylene, 16% nol of 1-butene,, 7% nol of hydrogen and 42%
nol of propane. The obtai ned LLDPE copol ymer shows a density of 0.920
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compound picks up the chromium catalyst powder, which eventually passes through the sealing

rings of the rotary valve. Said flow of nitrogen, thus enriched of catalyst powder, is transferred

outside the rotary valve 22 via line 25 to the powder collection tank 26. Successively, the catalyst

powder is conveyed to a treatment step aimed to make harmless the chromium (VI) species.

The catalyst metered by rotary valve 22 and falling down by gravity from recess 7b flows along

line 23 and enters line 28, which is the feeding line of the catalyst to the polymerization reactor.

A second flow of nitrogen, acting as a catalyst carricr, in an amount of 100 Kg/h enters the

feeding line 28 via the control valve 29, which has the function of suitably adjusting the flow rate

of nitrogen to feeding line 28. Accordingly, said pncumatic transport involved by the nitrogen

flow feeds the desired amount of catalyst powder to the fluidized bed reactor 30.

Gas-phase polymerization

The fluidized bed reactor 30 of Fig. 3 is used to carry out the preparation of polyethylene. The
polymerization temperature is 112°C with a pressure of 21 bar.

Tri-hexyl-aluminum, as the catalyst activator, is fed to reactor 30 via line 34.

The reaction gas mixture is composed of (% vol): 56% ethylene, 0.23% 1-hexene, 2% hexane,
41,77% nitrogen.

The produced polyethylene is discharged from the lower part of the fluidized bed reactor 30 via
line 41 and is passed to a solid/gas separator 42, in order to remove most of the gases from the
discharged polymer. The degassed polymer is then sent via line 44 to the downstream
equipment, such as steaming, drying and extrusion.

The use of a rotary valve according to the present invention makes possible to feed a Cr catalyst
powder to a polymerization reactor with a high level of security for the plant operators, due to the

presence of the flushing compound flowing inside the internal conduits of the rotary valve.
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c) feeding a flushing conpound in one or nore internal conduits arranged in
the rotor of said rotary valve; d) flushing the catalyst powder away from
said sealing neans. 2.The process according to claim 1, wherein said

catal yst powder is flushed away from said sealing neans to a collection
system pl aced outside the rotary valve. 3.The process according to claim1,
wherein said one or nore internal conduits arranged in said rotor are in
comuni cation with chanbers situated in proximty of said sealing neans.

4. The process according to claim1, wherein said catal yst powder is a

Philli ps paimbpygty based on a chroniun1oxide supported on a refractory
oxi de. 5.The process according.to claiml, wherein t al owder is

a Zi egl erthRgtepyatogohp fjrcpr l@Wrﬁiﬁ‘fs}tﬁéPﬂﬁfﬂ%{le@? f%PEMSEIb%tlr@’gell’i‘g 6%3 ﬁﬁ 80“{0(5‘% und
supporteqsg@ﬁﬁomﬁggg&hg&u%hhg&mde 6. The process according to claiml,
wherein said catal yst powder conprises at. |east two
A Ziegler-Natta catalyst is used as the polymerization catalyst, comprising a titanium solid
catalyst component prepared with the procedure described in WO 04/106388, Example 1,
according to which ethylacetate is used as an internal donor compound.
The metering and feeding of the above catalyst powder is carried out by means of the
embodiment shown in Fig. 4. The catalyst powder is stored in hopper 51 as a dry powder
composed of particles having a mean diameter by mass of 45 um and kept under a propane
atmosphere at a pressure of 35 bar. |
As described in connection with Fig. 1, the two recesses 7a and 7b, located inside the rotor 1 of
the valve, are capable of communicating sequentially with the bottom of hopper 51 and with the
inlet of transfer line 53, so that rotary valve 52 receives the catalyst powder coming from hopper
51 and operates a periodic metering and transfer of a volume of catalyst powder.
Each rotation of 180° of the rotor 1 of valve 52 causes the metering and transfer of 15 grams of
the above indicated catalyst powder. Simultaneously, during said rotation of the rotor, 200 grams
of propane as the flushing compound of present invention, are fed via line 54 to the internal
conduits 10a, 10b of the rotor 1. Said flushing compound picks up the catalyst powder, which
eventually passes thorough the sealing rings of the rotary valve. Said flow of propane, thus
enriched of catalyst powder, is transferred outside the rotary valve 52 via line 55 to the powder
collection tank 56.
The catalyst metered by rotary valve 52 and falling down by gravity from recess 7b flows along
line 53 and enters line 57, which is the feeding line of the catalyst powder to catalyst activation
vessel 59.
A sccond flow of propane, acting as a catalyst carrier, in an amount of 10 Kg/h continuously
enters the feeding line 57 via the control valve 58, which has the function of suitably adjusting
the flow rate of propane in the feeding line 57. Accordingly, said pneumatic trahsport involved
by the propane flow introduces the desired amount of catalyst powder into the catalyst activation
vessel 59.
A mixture of triisobutylaluminum (TIBAL) and diethyl aluminum chloride (DEAC) in a
weight ratio of 7:1 is used as the catalyst activator: said mixture is fed via line 60 to the

activation vesssel 59. Moreover, tetrahydrofuran as an external donor is fed to the activation
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di fferent catal yst conmponents, the first conponent being a polynerization
cat al yst based on a nonocycl opent adi enyl conplex of a netal of groups 4-6
of the Periodic Table, the second conponent being a pol ynerization catal yst
based on iron conponent having a tridentate |igand. 7. The process accordi ng
to claim1, wherein steps c¢c) and d) are operated in a continuous way. 8. The
process according to claim1l, wherein the flushing conpound of step c) is
sel ected fromnitrogen, propane, isopentane, hexane, cycl ohexane. 9. The
process according to claiml, wherein in step b) said netered anount of

cat al yst \Rwdes viaSiide’ @NSTHRIALEE: taalfht Cahpdnksth aRtChcrcaithddt & pRphefarae t he
feeding to said pg&gnerlzatlon reactor. 10. The process according to claim

|, wher eitpmpiatee e ?f@H@TW@W%%ed anount of catalyst powder is continuously

transfer r@@ertl&vﬁ'l@'tﬁie &@ilvmsﬁwe;s@t 59) fihd &Qi@zlt&f ARy dTDEN8erQf irfroB@BEQMS tiy | i qui d
carrier. 11. The process accord glto claim 10, wherein said carrier is
g

sel ect ed fuidizedtice rengion (tgfeernps 6})&h {pfor piy copplamerzgEon of cthyieneoutit i ng a
catal yst pendes wehieseRcdPot YidBinkZAtd flyh&aeHAYN dilfft. #FRRESL WSuse@APthsi NY:

molecular weight regulator.

The ethylene/1-butene polymerization is carried out at a temperature of 80°C and a pressure
of 2.5 MPa. The composition of the gaseous reaction mixture is: 35% mol of ethylene, 16%
mol of 1-butene, 7% mol of hydrogen and 42% mol of propane.

The obtained LLDPE copolymer shows a density of 0.920 g/eny’, a melt index MIE of 0.94
g/10min. The average diameter of the polymer particles is of about 990 pm

The use of a rotary valve according to the present invention makes possible to feed in continuous
a Ziegler-Natta catalyst powder to a polymerization reactor with a high level of security for the
plant operators, due to the presence of the flushing compound flowing inside the internal

conduits of the rotary valve.
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a tank or a hopper for the storage of said catalyst powder; a
nmetering rotary valve conprising a stator, a rotor, sealing means arranged
between said stator and said rotor, and flushing neans for the feeding of a
fl ushing conpound inside the rotor of said valve; transfer nmeans for
conveying a netered anount of catalyst powder to said polynerization
reactor. 13. The apparatus according to claim12, wherein said flushing
nmeans conprise one or nore internal conduits arranged in said rotor along
inits axial direction. 14. The apparatus according to clains 12-13,
wherei n sgj gdiMge or nore internal conduits are in communication with
chanbers situated in proximty of said sealing neans. 15. The apparatus
accordingl-t o éYmipIrsIor infipriciag A CHpstPBY & NP & BAVECTHBY A FAYAICHBPEGpr i ses one
or nore recesgps f Qeterifl 1B ChthINY pBREer BRIREA 2 kdiry GalvatotsirispR\wherkor, a
rotor and sealing means arranged between said stator and said rotor;
b) transferring a metered amount of catalyst powder from said rotary valve to a
polymerization reactor;
the process further comprising the steps of:
c) feeding a flushing compound in one or more internal conduits arranged in the
rotor of said rotary valve;
d) flushing the catalyst powder away from said sealing means.
2. The process according to claim 1, wherein said catalyst powder is flushed away from
said sealing means to a collection system placed outside the rotary valve.
3. The process according to claim 1, wherein said one or more internal conduits arranged
in said rotor are in communication with chambers situated in proximity of said sealing
means.
4. The process according to claim 1, wherein said catalyst powder is a Phillips catalyst
based on a chromium oxide supported on a refractory oxide.
5. The process according to claim 1, wherein said catalyst powder is a Ziegler-Natta
catalyst comprising a titanium tetrachloride compound supported on a magnesium
chloride. |
6. The process according to claim 1, wherein said catalyst powder comprises at least two
different catalyst components, the first component being a polymerization catalyst
based on a monocyclopentadienyl complex of a metal of groups 4-6 of the Periodic
Table, the sccond component being a polymerization catalyst based on iron

component having a tridentate ligand.

7. The process according to claim 1, wherein steps c) and d) are operated in a continuous
way.
8. The process according to claim 1, wherein the flushing compound of step c) is selected

from nitrogen, propane, isopentane, hexane, cyclohexane.
9. The process according to claim 1, wherein in step b) said metered amount of catalyst
powder is transferred to a catalyst activation step before the feeding to said

polymerization reactor.
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10.

11.

12.

13.

14.

15.

The process according to claim 1, wherein in step b) the metered amount of catalyst
powder is continuously transferred to said polymerization reactor by means of a
gaseous or liquid carrier.

The process according to claim 10, wherein said carrier is selected from nitrogen and
propane.

An apparatus for introducing a catalyst powder into a polymerization reactor, the
apparatus comprising:

- atank or a hopper for the storage of said catalyst powder;

- a metering rotary valve comprising a stator, a rotor, sealing means arranged
between said stator and said rotor, and flushing means for the feeding of a flushing
compound inside the rotor of said valve;

- transfer means for conveying a metered amount of catalyst powder to said
polymerization reactor.

The apparatus according to claim 12, wherein said flushing means comprise one or
more internal conduits arranged in said rotor along in its axial direction.

The apparatus according to claims 12-13, wherein said one or more internal conduits
are in communication with chambers situated in proximity of said sealing means.

The apparatus according to claim 12, wherein the rotor of said rotary valve comprises

one or more recesses for collecting and metering the catalyst powder.
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