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present invention relates to a nozzle for the injection of liquid and to
its usewdarestdie i ntroduction of condensed liquid into aPEELARIHO1G08r t he
gas- phase (co-) polynerization of ethylene and/or propylene in a fluidized
bed. It is known to polynerize one or nore nononers in a gas phase at a
pressure 5 greater than atnospheric pressure in a fluidized-bed reactor in
whi ch polymer particles being formed are maintained in the fluidized state
by neans of a reaction gas m xture containing the nononmer or nononers to
be polynerized and flow ng in an ascending stream The polyner thus

manuf actured, in powler form is generally withdrawmm from the reactor so
as to maintain the bed at a nore or | ess constant volune. A preferred 10

i ndustrial -scale process uses a fluidization grid which delivers the
reaction gas mxture through the bed and which serves as a support for the
bed should the ascending gas flow be cut off. The reaction gas m xture

| eaving via the top of the fluidized-bed reactor is recycled into the base
of the latter, beneath the fluidization grid via an external circulation
pi pe equi pped with a conpressor. 15 The pol ynerization of the nononers is
an exothermc reaction. It is therefore necessary to provide a neans
suitable for cooling the bed so as to extract the heat of polynerization
therefrom The preferred nethod for the pol nerlzatlon of et hyl ene and/ or
propyl ene in a fl ui dLZQUIBNOZA ¥ A il gas nlxture
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stream. The polymer thus manufactured, in powder form, is generally withdrawn from
the reactor so as to maintain the bed at a more or less constant volume. A preferred

10 industrial-scale process uses a fluidization grid which delivers the reaction gas mixture
through the bed and which serves as a support for the bed should the ascending gas flow
be cut off. The reaction gas mixture leaving via the top of the fluidized-bed reactor is
recycled into the base of the latter, beneath the fluidization grid via an external
circulation pipe equipped with a compressor.

15 The polymerization of the monomers is an exothermic reaction. It is therefore
necessary to provide a means suitable for cooling the bed so as to extract the heat of
polymerization therefrom. The preferred method for the polymerization of ethylene
and/or propylene in a fluidized bed consists in cooling the reaction gas mixture below
the polymerization temperature, thereby making it possible, when this fluidization gas

20  passes through the bed, to compensate for the excess heat generated by the
polymerization. Thus, during its return, the reaction gas mixture is generally cooled with

the aid of at least one heat exchanger placed in the external circulation pipe so as to



time (kg/h/nmB8). In the commercial fluidized-bed reactors of the
abovenentioned type, it is known that the production output depends
direct| yw@MA1/68283 rat e of extraction of the heat generat edPGHGBHOIPRact or.
This extraction rate can be increased, for exanple by increasing 10 the

velocity of the f]ujdizatjion gas angd/or. by reducing the tenperature of the
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fluidizatio I?ﬁ\%ﬂzeﬁgh tE% ARG atRAL 80ireARRlel cation WO 94/ 28032 describes a
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using one Of; ¥R RN prAGZ| fibupik dBpdtal hirE&inPln MOLE of SxPIAYh IPthe Webh an
external non-return val Ve. e use of such a “nechanical “neans i'n a nozzle
for injectipgesattd muheresetoy. Tifit extrdedsn the calr bavbaeksedf fobekatgplelbyihdretbinig
reliability, this being due to igue of the joints with the noving
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pol ymeri zati on reactor. These nozzles are provided wth a purge gas which,
shoul d t he PHlyBsHizaipngrogesy i whisk thejeerdiqgasstreamds egsiled tog tpmperaitre lovhem

from bei ng r . b The drawhack with this
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20 French Patent 2,215,802 describes a process using one or more spray nozzles,
the orifice of which is provided with an external non-return valve. The use of such a
mechanical means in a nozzle for injecting a liquid very often has the drawback of being
limited in reliability, this being due to fatigue of the joints with the moving part(s), to
the possibility of the moving part(s) becoming blocked and to possible leaks through the
25  gaps between the moving part(s) and the actual structure of the nozzle.
Patent Applications WO 96/20780 and EP 0,876,202 describe nozzles for the
injection of liquid into a gas-phase polymerization reactor. These nozzles are provided
with a purge gas which, should the injection of liquid be interrupted, is able to prevent
them from being blocked by powder from the fluidized bed. The drawback with this
30  technique is that it causes entrainment or partial atomization of the liquid, particularly

during the transient phases when starting or stopping the liquid injection.

The nozzles for injecting a liquid which are described in the prior art,



5 (1) bl ockage of the orifices for expelling the liquid wth solid
particles, (ii) contam nation of the internal parts of the nozzle with
solid pay@oube8383 with Iliquid and/or with gas, (iii) entrRGETaBe016¢2

atom zation of the liquid by a purge gas. The aboverrenti oned probl ems nay
ari se, especi aJ {ﬂ% in the case of the use of 10 nozzl es described in
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bed, and nore particularly for the transient, stopping an start I ng phases
but al so t higeghouThishebecduseatdurarg ﬁhﬁsdttwlsshumchbwdy&faté pleasks, ghd bllowjirect i on.
The above nentioned problems may arise as follows: 15 (i) the bl ockage of
the orifi ce?rqbé‘?m%&’ﬁgﬁl?%g the liquid with solid particles, and this is
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together and to the no (rm) thecnta natron o nterhal parts of
the nozzle with o) caﬂltqmanatlcm (ﬁshe wit¢rhal dartgof dleatmdilenmgmhm}mrtm;awahe
chem cal reactions v(\{tgl n the nozzle, resulting in 20 blockages; (iii) the
entrai nment or at'd BHid¥E%ne liquid by a purge gas may result in

partial or conpl %{lze lgzﬁﬂxrn‘alﬁa&r'a%?n Eu&r{ﬁthél: gg,ggg bggsdugg %e{%e nozzl e, thus

limting its actl cool 1 ng t consequence is
that the contact Theebovenenviensl problegasnarudist hapediglyi id thecdsaof ¢ragd of thesuch
a way th t the active particles 25 which are in the |iquid phase could
react with t‘lﬁéﬂiﬁ.éf‘@%“ dn thapriqr artfar Inffgducipg & serdensqdyliqved Hyo p AvaCtor feind
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15 (1) the blockage of the orifices for expelling the liquid with solid particles, and
this is all the more prejudicial when these particles are reactive and can stick
together and to the nozzle;

(11) the contamination of the internal parts of the nozzle with solid particles, with
liquid and/or gas may generate chemical reactions within the nozzle, resulting in

20 blockages;

(iii) the entrainment or atomization of the liquid by a purge gas may result in
partial or complete vaporization of the liquid inside the nozzle, thus limiting its
action of cooling the fluidized bed. Another consequence is that the contact area
between the gas and the liquid is increased in such a way that the active particles

25 which are in the liquid phase could react with the purge gas (the latter not
necessarily being inert) and could coarsen until reaching the sedimentation or
blockage limit of the nozzle.

An apparatus consisting of a nozzle for injecting a liquid under pressure has now
been found which makes it possible:

30 (1) to prevent any backflow of solid, liquid or gas, from the medium into which

the liquid is injected, towards the inside of the nozzle,

(2) to prevent the entrainment or atomization of the injected liquid by a purge



Thus, the present invention is a nozzle for the injection of a |iquid under
pressure, conprising a vertical feed pipe surnounted by a holl ow head, the
| i quid 86828 pressure bei ng conduct ed between the out fCHaB/BP02% he
vertical feed pipe and an inner tube, the upper part of the nozzle
conprising at |east one lateral orifice for expelling the |liquid under
pressure, char 8% erized in that the upper end of the inner tube of the

vertical feed p(})eog{gﬁ{tgeqnge}{regaﬂm}ght above the lateral orifice(s),
t hereby making it possible, ~when stopping the injection of the liquid

under pressure, thus,mlnermdmelra/egfa@umdlﬂzzl]:(iomhesrscmmn\ufaltqln&iund@er t ube of
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prevent any backflow of solids, |iquids and/or gases,
whi ch the | bubgi ﬂiempne'rpartmfebfsmzelq ®nprjseg a deast owdatds] biifice fisiedpeltifig thee
lLimtin t he device of the inventign is shown
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under pressure fromthe base of the said pipe ovvard part of

t he nozzl e. wherf®©ppingyhe mjtetlbmeﬂthpllmald’llaﬁieapl@ydulrdf]ddilrﬁl&ldUGﬁh@.Q& under
Hereaftg(g the term 'outer 1" of th grtlcal feed pipe will refer to
the pipt i PESTUe Xiethotnner e ohthsry ﬁ&fcag%e B1pe| whwheemréﬁew euere&elrm whi ch

the vertcatne gt pIrPer ihe nofMd ALCEh heldhE KB J%?&Cfgg tﬁ’J igg sai d

pipe will refer to e outer tu eoft I's sane
present i nvendler@mssm tm belew theibageralneiftbe(s) bed, outtle onh/aﬂ handf tot;heven25ny/ertl cal

feed pipe le.to introduce a gas under pressure fromthe base
of the sai a(ﬁ@@ E‘QP’cdé apghge gassErifom ﬁbﬁ.rgeqlwsénqogvkpeleﬂ@rlwcyunder

cyl i ndri cal Re@glrsm gfe@{ea' Bwatllstlle iSRRGt b outer wall of the vertlcal

feed pipe. Accordin present 1 nvention, the vertical feed pipe of
the noztfe is SlArmmulmh&dlgba)kamphcﬂﬂthddﬂé&bf tH’d‘Hrﬁeﬁt&ﬁﬁﬂs@lﬁbWﬁsdh@nﬁah@all in
extensi on of_  the upper part of the 30 outer wall of the vertical feed pi pe
of the nozzF&ureprl @dsacti on may be roughly conical or henispherical,
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which is used to conduct the liquid under pressure from the base of the said pipe
towards the upper part of the nozzle. Preferably, the feed pipe has a cylindrical shape.

20 Hereafter, the term “outer wall” of the vertical feed pipe will refer to the pipe
itself without its internal parts. In the preferred case in which the vertical feed pipe is
cylindrical, the term “outer wall” of the said pipe will refer to the outer tube of this same
pipe.

According to the present invention, an inner tube inside the outer wall of the

25  vertical feed pipe makes it possible to introduce a gas under pressure from the base of
the said tube towards its upper part. This tube is preferably cylindrical and concentric
with respect to the outer wall of the vertical feed pipe.

According to the present invention, the vertical feed pipe of the nozzle is
surmounted by a hollow head. This section is in the extension of the upper part of the

30 outer wall of the vertical feed pipe of the nozzle. This section may be roughly conical or
hemispherical, preferably roughly conical.

According to the present invention, the upper part of the nozzle comprises at



| east one lateral orifice for expelling the liquid under pressure. In the
case in which there is nore than one |lateral orifice, tg, P gr ouped
t oget heW@PY$#$3 around the nozzle at the same level or ?ﬁggggxg‘ﬁlevels.
The nunber of levels may vary from1l to 4, preferably from1l to 2
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vel oci t y5 angrcubifei@hte/of the neell€sdase befeqoidistiir. Bivanentad of hecrardrfficceps) , a
spray volune per wunit of volunme flow. The lateral orifice(s) may have a
hol e or a slevel mgy e egtwpeny] andhd) peeferaphpbelyygeies apd ?-h@“@)(qrfth??é%@erﬁay be
circular, an.gellipsoi,d sh 0 1 erably,
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el lipsoid shppedad dkehadle dI1thd ii%ﬁd fays) betshlettnessyzf. BRdakQlaling thehgessugt h
between 2.5 and 15 12 nm and the area between 26 and 580 m®. The di aneter

of a circul diopefitid liquidragrossethe ograkb@iios, datPassibimiogalfulaiea Hawd ineetiden 19. 6

and 491 ot is tant for. t teral i fi. to ficientl
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conponents making it 20 possible to atom ze the |iquid under pressure as it
| eaves t he ¥hé shapeiof iheawificats) day beicbedar, ian eptpseidtshagspiricd any ethexwyigle18548.
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Preferably, the lateral orifice(s) is 25 |located on the vertical feed pipe.

Accor di hf t 32 iine apd deenta batweant 26oamd 8enmp e daardeterf ofishardutmerificeipey b t he
feed pipe energes a hei ght, above .t he eral orifices. The index for
Lhe vari ousOFBFER 3 40 25 Faib Ra egpra beseerpl s ARt FRBmmE: f& Tmpodant Refny 't ne
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t he distancg§%g¥agg%0?%%8%%g§?kgh% éf theOY%ﬁergﬁabe of fﬁg 306feéd pi pe
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be not edyt habsdile tSaBnaNRe hG8LRer 28Rure as it leaves the said orifices, as described
in Patent Application WO 98/18548.

According to the present invention, the lateral orifice(s) of the nozzle is located
in its upper part. It may be located on the vertical feed pipe or else on the hollow head
which sits on top of the upper part of the latter. Preferably, the lateral orifice(s) is

25  located on the vertical feed pipe.

According to the present invention, the upper end of the inner tube of the feed
pipe emerges at a height above the lateral orifices. The index for the various levels of
lateral orifices on the feed pipe is defined by the letter “1”, starting with 1 for the lower
level. In addition, Di defines the distance between the upper end of the inner tube of the

30 feed pipe and the upper part of the lateral orifices of level i. In the same way, Do defines
the distance between the upper end of the inner tube of the feed pipe and the lower part

of the lateral orifices of the lower level. It may be noted that Di is always greater than



5 WO 01/68233 PCT/ GB01/ 01002 Do and that, in the case in which there is
only a single level of lateral orifices, the difference between DI and Do
i s equaW@ 01/648333 hei ght of the said orifices. The di stancdT/GRoIgME2Do may
be determ ned according to the pressure fluctuati ons between the gas under
pressure and the liquid under pressure. These distances Di and Do may be
greater 5 tRHaand gutdathesass wywhich there i aly g pagledoc! pfilaterpleorifides.dhent i al
pressure bef: i aut d.i i t. P ff e
Dot veon ¢ he EEApd PavE8RDERRY bOTs ot fink hefiil o s88 ofifiss b SBLIRES ana of
the |iqui dDumsEDo piagdgWetrmited asedrdingrte sissreSsuleiltguaias Yee@en et dag
vertical feed pipe or at any point upstreamof the said pipe. |f the
pressures ofndeppregase aphthefigpideundegpressuse-d ees distaneasdd and R} mpk pe greater
hei ght s,c it ressure of the liquid colum
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mai ntaining the differential pressure DP between the gas and the |iquid at
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t he purge gas...Th ressur f..the liquid to be injected. then vary of
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pressure beinyaaiintupetréas ofhd shidipd. Glthe pr@Yuredss tBS sRCIrAtFdhMi§lld ard evel of
l'iquid under pressure in the nozzle. By varying this differential
pressurl) | measyrgsion dlififgrentthgightia itge nedsesane teedubbfict theypriessucmelethe pgeidsur e i n
the 20 nozzl e so.,as to start or. stop.the.injection of liquig. If, the nozzle
has severalcqlél\]}glbgg%e‘ren ﬂfeg?g?’%ﬁelgﬁﬁsf eé’sc,allfgjt}]es&eb?ﬂ%?‘ﬁ?% ff&’g’irs@'dt he nunber
of lateral @iffefdné8iprosaet.for injecting the |iquid under pressure, in this
way making it possible to adapt the injection velocity through the |ateral
orifices, the pehstimatdved ferfn ofitbe jrvestion mayeorsait an magudidingshe digfecantisl de of

the nozzle and th fore the sprayi vol ume oduced by the.said.liquid.
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the liquid nust be maintained belowa limt Pi which corresponds to a

| evel of | idensayndepunse deendmgion itsHéowmoatel e above the upper part of the
may, be cakculate function

| ateral orifices ,on leyel i, This.Jimit. Pi as. a.
o 30 1"t he doHSRD R Wrvalusd O Fifr e iaheisroug: ReSeiihe gas and th Tighid may

be associated with a level of liquid under pressure in the nozzle. By varying this

differential pressure, it is possible to change the level of liquid under pressure in the

20 nozzle so as to start or stop the injection of liquid. If the nozzle has several levels of
lateral orifices, it is possible to vary the number of lateral orifices used for injecting the
liquid under pressure, in this way making it possible to adapt the injection velocity
through the lateral orifices, the penetration of the jets of the said liquid to the outside of
the nozzle and therefore the spraying volume produced by the said liquid.

25 In order to inject the liquid under pressure via the lateral orifices ranging from
levels 1 to i, the differential pressure between the gas and the liquid must be maintained
below a limit Pi which corresponds to a level of liquid under pressure in the nozzle
above the upper part of the lateral orifices on level i. This limit Pi may be calculated as a
function of:

30 1) the density R of the liquid under pressure,

it) the distance Di and

111) the desired minimum height Hi between the upper part of the lateral orifices



ii) the distance DI and iii) the desired m ni nrum height H between the
upper part of the lateral orifices 6 W 01/68233 PCT/ GO /01002 in the
| evel | vemdli/es23x he | evel of liquid under pressure in the BMIZGB@/01002a t he

following formula: Pi = R*g*(D - Hi) In order to stop the injection of
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the desired m nimum hei g between the | ower part of the orifices and
the 10 | evBstwgen thegas anch?baéwuhir@ggt dngiptainggd ahe‘zezer Hmit Bo;which cpERSRSRing

formul a:5 Po oaleliﬁ@of(l  prefSulPEne hBRAL BLiGw! i [Ov 0ot 1&1 Rfa1t he
KF B bPaC &1

i nj ection o aliq ressure may consist In at er al
orifice(s) oﬂﬁctdsemub@mepaﬁvtel dfhlstlhtelt%rrhmbé cafl@ﬂateqbasasﬁﬁfcubﬂef nozzl e, at a
di stance E bel ow_the holl ow head, and_in, physically defining the surface of
15 the liquid unﬁé‘?e ?ﬁ*’é%ﬁr‘gth%mﬂ%@oﬂé’ﬂﬂ% by a cylindrical float holl owed

out along its It I ¢, the said float sliding along the inner
tube of the vert 9ll W’ﬁgﬁ"gﬁﬁ, inside the outer wall of the vertical feed

pi pe, floating ofii)thedsired atsinaim héighl Hobethesnderlowpr £860f e afidickanidiie a

t hi ckness of less than E. In order to facilitate the novenent of the
float, the |atte}evwsfthqwai/@d§ﬁp@ﬁ%1@¢ Hathe apagtptas ths| fodleving fosayla Rar t he

i nternal di arrete R* ,t Q) cylindrical outer wall, a dianeter of the hole
slightly greater 't n the external diameter of the inner tube of the

vertical feed pi pemot dldbosate f@al eMrezistibethe ahje@ivh dffadiqusd instied Pressurt akeg
pl ace and ensures good sealing between the |liquid under pressure and the
gas under pr:@rzsssmrbplmea thenaterah joadie¢(shinghe pprer P of theurseieqal fred pinerad the

R N o T e M T e
i nt er nals di mtq@m @det PRs6iitt iM@ieineale @yh(@?hx}[fﬂﬁieda{/ gﬁtihgglsw]ggggﬂ e@?ngg@g o an -
:E E: ]? )(;T ?{)cmali@glﬁggpgélgxxsoihetsgfd fllc?ar: (glrldlglg gl%ng the inner tube of the vertical t%ec? pfpe, ’
inside the outer wall of the vertical feed pipe, floating on the surface of the liquid under
pressure and having a thickness of less than E. In order to facilitate the movement of the
float, the latter must have an external diameter slightly less than the internal diameter of
20  the cylindrical outer wall, a diameter of the hole slightly greater than the external
diameter of the inner tube of the vertical feed pipe, with a clearance which allows the
sliding to take place and énsures good sealing between the liquid under pressure and the
gas under pressure when the injection of the liquid under pressure is stopped and
restarted.
25 The external diameter of the float, Dfe, and the diameter of the hole in the same
float, Dfi, may be calculated, from the internal diameter of the cylindrical outer wall of
the nozzle, Dei, and the external diameter of the inner tube of the vertical feed pipe, Dte,
in the following manner:
(1) Dfe = Dei - x, x ranging from 0.1 to 5 mm, preferably from 0.5 to 1 mm, and
30 (i1) Dfi = Dte + y, y ranging from 0.1 to 5 mm, preferably from 0.5 to 1 mm.

According to the present invention, the nozzle for the injection of a liquid under

pressure may be used for injecting any liquid under pressure, whose viscosity, at the



(i) W =Dei - x, xranging fromO0.1 to 5 mm preferably fromO0.5 to 1 mm

and 30 (ii) Dfi =Dte +y, yranging from0.1 to 5 nm preferably fromO0.5
to 1 nmWOAU68B3i ng to the present invention, the nozzle FGY/GBHDIPY ecti on

of a liquid under pressure may be used for injecting any liquid under

ressure, whose viscosity, at the 7 01/.68233 PCT/.GBOL/ 01002
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liquid under pressure may be wused In any nmedium conprising at |east one
phase whi ch used/inkey swddiwn, dompuisthgat leagbareqissawhichimaytbeadolidykquitier | i quid to

be injected into the sajd, nediu 5, According.to rrocess clainmed in the
present i nveAtBHn ngchéyﬂvétt{fg]wq H’gl?f‘ a5 émiosig‘hgaé@“?eg}unﬂ'he i ntroduction

of condegsed 'iq%eéo}dm%%ﬁaa ﬂrbéleisgEl%ﬁﬂé(pQQh%Eféséé{f%Je%ﬁBx?,QHe heAd Qésmi{&i sisa

conti nuous process for e gas-phase polynerization o an I N nononer
chosen fromapaye istubad fenéhe ifitoddystiop pf emelenged)liqmidnintd aifleidizedrtedf , and one of
nore ot her al pha-olefins, in conbination with (a), (b) or (c), in a

f1ui di zed- bé’BPyﬂf”lzé%‘tr’c IGRCtox. 3#‘“%P&HW%’“@géo%ﬁd‘gé*heﬁaé-@ﬁ?%erﬂ?%&ﬂg?fyzaflee%| ed
t hrough the f | wicdi h&hnt r et l.y iLzat st
under react iabg‘}ﬂgfgx'n ?xﬁr@ﬁgh b%ﬁe@%é@c@%ﬁag@& g’g&le’s&g(%o ggfrggleg&t%ﬁ

t enper at ur e oat ofitnocdothtrealphagelefing amdembiastiort Wwah $8i (b) oo (weimseftuidizgdHbdd | s
separated fromthe gas phase and |s introduced directly into the fluidized
bed usi A§ ofeactesy fopoihucids 29 ,aS?j@sC@mlBl&alslé.'YH %?edlthmvﬁ thfoliyidized hed e

| aced at a i i Sl di . I | n
g eries or i %S'gfr?éal feal I{E)l%g&é%{r%%géttlél‘g%a%%grel\%?gle‘;s&éﬂgﬂoggq%ef Ir%g?ég%(?g%rl% g%énul ar
mani f ol ds. Theodlehbwtaaempemafuee atwvlyick drgliqusé sorfdenses the Said condenkbedbliquib ése

nozzl es may, for exg}n]t*iﬂl e, pass through the flujdization grid so that the
orifices |i&cngpted fiorming anihaspand isilprodged ducctyiaodha Bpidized bedasingpee part

of the fluidj B anple, for a commercial reactor having a
f1ui di zed bg)lcri%\;ﬁﬁqf Eg%lﬁé?eﬁﬁﬁg?ﬁ%’&gﬁg from10 to 20 mabove the grid, the

orificegsof the rvezlogdeaimay bephtatatangpeit eths diuidiged skdaimd hal twfed hei ght
ranging from3 to 7 in above the said grid. The device consisting of a
nozzl e for tSERArAtE]YebYSCHAS Off inparallgliiby comeratiopt devigesesuch gs stpgghfesapnyay i n
the inventi Quni many advant ages. One of the advantages resides in the
fact that anynbac flow of solid, liquid or

The reactor preferably comprises four or six nozzles. These nozzles may, for

example, pass through the fluidization grid so that the orifices lie well within the

20  fluidized bed, preferably in the lower part of the fluidized bed. By way of example, for a
commercial reactor having a fluidized bed with a height ranging from 10 to 20 m above
the grid, the orifices of the nozzles are located above the said grid and below a height
ranging from 3 to 7 m above the said grid.

The device consisting of a nozzle for the injection of a liquid under pressure, as

25  described in the invention, has many advantages.

One of the advantages resides in the fact that any backflow of solid, liquid or
gas, from the medium into which the liquid under pressure is injected, towards the
inside of the nozzle is prevented. Thus, the risk of a blockage in the lateral orifices or
inside the nozzle is reduced. Likewise the risk of contaminating the liquid under

30  pressure with solids, liquids or gases is also singularly reduced.
The use of the nozzle for the introduction of condensed liquid into a reactor for

the gas-phase (co)polymerization of ethylene and/or propylene in a fluidized bed also



gas, fromthe nediuminto which the |iquid under pressure is injected,
towards the inside of the nozzle is prevented. Thus, the risk of a

bl ockagav@ n1/68333 | ateral orifices or inside the nozzle i PGIHEBHEN02 | kewi se
the risk of contam nating the liquid under 30 pressure with solids, |iquids
or gases is,also sinqularly reduced. The use of the nozzle for the

i ntroducti ohasorfla%yo?fg'gﬂgg%f'l iquid into a reactor for the gas-phase

(co) pol yneri zat i @eQf 1R divhRREesaN tHeUbsdice BY bfthnthéntdr hldshidhdsoiiggd al so 8
WO 01/ 68233 PCT/ GB01/ 01002 has nmany advantages. One of the advantages is

t he absence cofdeasadrlajudrbntheqas andaripzessironT e vaphazatpord¢hseehdensgdilgubl; t he

d . Th i zat | f ot d liquid, ..which tak
D ace out st dEiakis o SRR bE Rb AR sutkeb fpoF PR Primizedhb Continti ot f he
5 fluidiged ﬂhﬂﬁlzed%ap@éﬁgar\ea Witheh feBIERq e whith 1Mtk Ga tRBER yifor thet ENdency

for the condensed liquid to be entrained or atom zed by a"gas under

pressure, thendensal lofuidtoritecantrainedone@mizdiebsagat wpdsr pmshutd) ¢hecealehemthct

liquid is reduced,, This mak it possihle to red .the ri.sk af the active
part] ¢l es | REUNEED b ant TapoatrRat fng i ochEihd gt g ddrosThluour o
(the |atter npte NRGRRIAN %tib@?%cle@%ih)e cbRAenSQPN GRA QL NP Wi thgad it for
10 sedi nentation or bl ockage of the nozzle. One advantage is that it also

prevent s acpressurs @he thtigantt rccessamnly being ih¢rt)i fdr ewdsebag upftoshe himadbr ng i n t he
| at er al 8rifiq§es or. in th noz%Ie itslelf. Anot her advantage is that it
prevent 40t hée ’é’ﬁﬁtﬁf‘%o‘?‘r‘?l?fiiﬂgﬁo Hempgzlfeact or from contaminating the inside

of the nozzles, m@%%{wge"i’@hﬁ*ﬂit%%';ﬁexfe%%lﬁ&ivé Eblfciﬁ;ﬁﬁﬁél@@éft%hﬂidiﬂe‘ﬁdﬂeﬁe

still-active fine solid particles of the condense iquid and could create
bl ockages (ipsat reectimgah thdiateratoeifmbs arinftherszleMeelfanot her advantage, in the

case of a nozzle provided with several |evels of o_rifice%, IS tRat t he
nunber of orifi céNoWsF advantage isWat if Brovapte dhe repdiveinygivge Bl RctE figiyed by

varying t he_fﬁx;&téﬁﬁ{aa‘ggg itll?ét in%ﬁ@ﬁ?ﬂx{éz?%&{‘@&ﬂe&mh@nﬂﬁﬁ@o&i&?es%ﬂ% E&%ginﬂej \ﬁﬁﬁ ion

20 liquid. 0SSl or a giv ow rate of condense

| i quid, 150 ceendtilledctivBéine soljdepdrticlas vithe cotdensdd liduid hiad endd createfblakagest he
penetration of the jets of the said liquid to the outside of the nozzle
and t her ef oMBSte38! ¥fghalateral FHICG®re. This is particularly advantageous for

1L, 1, Ay, e A SR B e 1
orifices, is that the number of orifices which are used to inject the liquid can be
changed by varying the differential pressure between the purge gas and the injection

20  liquid. This makes it possible, for a given flow rate of condensed liquid, to control the
injection velocity at the lateral orifices, the penetration of the jets of the said liquid to
the outside of the nozzle and therefore the spraying volume. This is particularly
advantageous for maintaining the fluidization.

The use of the device consisting of the nozzle for the injection of a liquid under

25  pressure, applied to polymerization in a fluidized bed, offers a considerable technical
and economical advantage because it allows effective control of the polymerization
reaction both from the thermal standpoint and from the standpoint of the polymerization
conditions.

The general conditions for the polymerization are, for example, those described

30  in Example 1 of Patent WO 99/00430, except, for the use of the nozzle according to the

present invention.

The appended Figures 1 and 2 represent a non-limiting example of the device of



25 pressure, applied to polynerization in a fluidized bed, offers a

consi derabl e technical and econom cal advantage because it all ows

ef f ecti WEOOYA828H| of the polynerization reaction both frFl/&Re1IQ9Y nal
standpoi nt and fromthe standpoint of the polynerizati on conditions. The

30 Exanpl o T er ARFIRE ) BRGETERGEGh Budifecd s FRBTRaRe Wi HERD RESSI

accor di ng t ooftlateral pmﬁ%nhgum/)aﬂtmrtheﬁmeﬁmwm dtogpéaes 1 and 2 represent
a non-limting eégggle of .the device of 9 WD 01/68233 PCT/ GO /01002 the
i nvention. Figur EhORRA diiBeY thezang Iéﬂfizh’ ‘VIHF}éé‘PTPBl’rI}SeﬁgV@érqai @ddome (l%i ng

two levels Qfmbaled & a H61'1 W Gx?eﬁ 5' FHE ﬁ j.!?%}ﬁv&{%%}g‘res(gi% t%d @%}!"F?r{; al

stopped. Figures 1 and ow t same

feed pi pé ( lthe ostar wam (14)eﬂ ﬂm/vmicmlféemvplbead aﬁaihe ﬂﬂi@ thbe(8)) deé"i%Er pAressur e

(3) is condu ted etween 5 the outer 4) of the vertical feed pipe
(1) and t he PHARFZ!S CATRPIESSS twqmehﬁﬁééﬁteralawﬁ@ﬁ (@r?@drﬁb)zfpr expebiing ths diguidao

| evel s of | 7 the | d d
br essur o (3?‘“%% ek o5 ool drfthe bEr EXPRUOF R e 4ites ecd pi pe
(1) energesnairga alneuhgightabmehd laerdi atrigiced (7()rthéﬂeB)eﬁlaf(1?n§,1t pdSIbRDWHRRKI Ng it

possi bl e, when _stoppi.ng the |n1] ection of the liquid (3) under pressure, to
i ntroduce a YRPMEHEMIgHOsN the haud §) upder prRsuren Hreintrodins o i uoflertiressure

verti calygf qu) PiaRie &Rr tu%‘é‘| r3>f %%Q%rtﬁéa?? rII)ODO‘ﬁV(géggv;he‘fﬁﬁg‘{q%%‘!eqranz(gl)%m%ggflﬁepar t

of the nozzle In or he one

| i qui d underin pieagHer parb@lf mWnbi]zﬂe irﬁérﬁélabn &d driedREd (t@)m@ér th& RvEOYS bf {hgvel
and, on the other hand, to prevent any backflow of solids, |iquids and/or

gases, from liqved st nressune Belowrihe fatarpleorificgsi(@ of shej Injvecieed  antpoathethene

nsi de of t he | ater al or| |ce of the
:Jppiar | evel mgpgq?g)k&eméa%yb%f‘%]eo‘ﬁﬁ?e?ng hcﬂlé ?nd{%ga'fférfir?@é a’dfg'b“fﬁe (1) of
the nozzl e athieh thesiqanrie uge&@dl Quivarae teahtiowo@asotAs - The surface of the
liquid (9) is physically efined in the nozzle by a cylindrical float (10)

hol | owed3out al odg this gxarmlg,u the Hiteral orificies (7)tfhesiiper febelatre kichwd mythelupper t he
verti cal 1 eds e Vo Fost Fekg s §RF e BBl pLEelsfod REeRpee a0foy nidiCRavi ng
1L chress s YO SIS SRS, M ST S
di f f er ent i al(1Prhadlouied opealoreits tongitedisalamis, the said float sliding along the inner tube
(5) of the vertical feed pipe, inside the outer wall (4) of the vertical feed pipe, floating
20 on the surface of the liquid (9) and having a thickness less than E.
Figure 1 shows a nozzle which injects liquid under pressure via the lateral
orifices (6) and (7) on both orifice levels. The differential pressure between the gas and
the liquid must be maintained below a limit P2 which corresponds to a level of liquid
under pressure in the nozzle above the upper part of the lateral orifices (7) on the upper
25 level of the said orifices (index 2). This limit P2 may be calculated as a function of :
1) the density R of the liquid under pressure,
11) the distance D2 and
1i1) the desired minimum height H2 between the upper part of the orifices of the
upper level (index 2) and the level of liquid under pressure in the nozzle,by the
30 following formula: P2 = R*g* (D2 - H2).
Figure 2 shows a nozzle when stopped, that is to say when the liquid is not being

injected. The differential pressure between the gas and the liquid must be maintained

10



the liquid nmust be maintained belowa limt P2 which corresponds to a |evel
of liquid wunder pressure in the nozzle above the upper part of the |ateral
orificedvQuyessdd t he upper 25 level of the said orifices (RGdeROIZI002Thj s
limt P2 may be calculated as a function of : i) the density R of the

i quid under, id he des:r d m ni
“height H2 be'P \%ﬁ%ﬁﬁﬁ)o ‘k]h)chtcgﬁes?%ﬁ? ﬁaglegél ? EEgesd 1{o {%rgssuﬁ%lﬁ’eﬁ P%%/Zéff (| ndex
2) and the lbelost t}mﬂO\kId:rcmncbfumdhterﬂrcﬁﬁ'&Hﬁ €)ioff tieewaprzEIeTh 1iniePo 3thy be
fol |l ow ng forrug R g* (DQ - H2). Figure 2 shows a nozzle when
st opped, th&f'P t%%“§d?“%ﬁ@ﬁ’the liquidis not being injected. The

differenti al gﬂﬁi ﬁlgg e liquid nust be maintained 10
WO 01/ 68233 Pﬁﬁfgg]dﬁﬁtgd%gﬁ&gﬁgﬁl %}P “whi ch corresponds to a | evel
of |iqui d under iPtiesdistagcei Do bl nozzl e below the |lower part of the |ateral

orifices (6) of the lower level. This limt Po may be <calculated as a
function of: i) linde é%@ﬂt@lnmw hergélt Hocmf"ﬂeeﬂﬁhl%}o“m%@gféle orgfices I,thlhhe

di stance Do and ) i t Ho . betwe part
of the orifices 16#’& IE\FJ‘EP%\%%}E eve ngﬂ]g%ed S0 e 1924 rayg}ﬁfé Oﬁ?ﬂn&sure
in the nozzle, Wymihe Hoot Repk(H + Hop.nul a: Po = R*g*(Do + Ho). 10 15 20
25 30 11 WO 01/68233 PCT/@GBA /01002 dains: 1. Nozzle for the injection
of a liquid under pressure, conprising a vertical feed pipe surnmounted by
a hol | ow,head, the liquid under pressure being conducted between the outer
wal | of The vertical feed pipe and an inner tube, the upper part of the
nozzle conprising at |least one lateral orifice for expelling the liquid
under pressure,

15

20

25

30
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5 characterized in that the upper end of the inner tube of the vertical
feed pipe energes at a height above the lateral orifice(s), thereby making
it possivixbel/edasien stopping the injection of the |iquid HEBPIA&RBUre, to
i ntroduce a gas under pressure via the inner tube of the vertical feed

pi pe, which generates an overpressure in the upper part of the nozzle in
order, on the one hand, to lower the |evel of the |liquid under pressure
bel ow 10 the lateral orifice(s) and, on the other hand, to prevent any
backfl ow of solids, liquids and/or gases, fromthe nmediuminto which the

| i quid under pressure is injected, towards the inside of the nozzle. 2.
Devi ce according to the preceding claim characterized in that the nozzle
conprises a vertical feed pipe which has a cylindrical shape and inside

whi ch the inner 15 tube, which nmakes it possible to introduce a gas under
pressure, is cylindrical and concentric with respect to the outer wall of
the vertical feed pipe. 3. Device according to the preceding claim
characterized in that the hollow head is roughly conical. 4. Device
according to any one of the preceding clains, characterized in that the 20
upper part of the nozzle conprises lateral orifices grouped together on 1
to 4 levels, preferably on |l to 2 levels. 5. Device according to the
preceding claim characterized in that the lateral orifices 12 WO 01/68233
PCT/ GBO /01002 are placed around the circunference of the nozzle so as to
be equi di stant™nd in that the nunber of lateral orifices per level is
between 1 and 8, Nyz8feabAtheYnje8iNES™ lﬁtﬁd‘ﬁ‘n&r p@ess@@,vdoﬁﬁ)rﬁﬁ&%r@r@&al FQgt he
preceding claim characterizZed in that the lateral orifices are holes of
circul ar shape, surheuntedbet bpllow hed, die igridebdee presSurabeing Sondnctds betweavi ce
according to O aim aracte{&égd.in hat the lateral orifices conprise

mechani cal é@ﬁﬂﬁﬂ@%ggo RiVAGICR B AP an Yingt BibeABe PRRST PR QF Htheugele
pressure, agonPEsmElaPRYstidhe PALENGr AR} Salin tM@igs%%%éégngéurePevi ce
I characteri ze

according to any one of the preceding clains, In that the
| at eral 6ri fcharastedza inobattecupper eibofithp eémepaubt of fhetviegticabfeed pide chesegkspit pe of

Lhe 02zl o i S T SR SLAobSPE: b Bt "o by
oA et g sl e su o gt o
tube of the vertical feed pipe, which generates an overpressure in the upper part of the
nozzle in order, on the one hand, to lower the level of the liquid under pressure below
10 the lateral orifice(s) and, on the other hand, to prevent any backflow of solids, liquids
and/or gases, from the medium into which the liquid under pressure is injected, towards
the inside of the nozzle.
2. Device according to the preceding claim, characterized in that the nozzle
comprises a vertical feed pipe which has a cylindrical shape and inside which the inner
15 tube, which makes it possible to introduce a gas under pressure, is cylindrical and
concentric with respect to the outer wall of the vertical feed pipe.
3. Device according to the preceding claim, characterized in that the hollow head is
roughly conical.
4. Device according to any one of the preceding claims, characterized in that the
20 upper part of the nozzle comprises lateral orifices grouped together on 1 to 4 levels,

preferably on 1 to 2 levels.

5. Device according to the preceding claim, characterized in that the lateral orifices

12



I nside the outer wall of the vertical feed pipe, floating on the surface of
the liquid under pressure and having a thickness of |less than E. 15 9.
Devi ce awoorei2sny to the preceding claim characterized i rP@maBolydieo2ext er nal
di aneter of the float, Dfe, and the dianeter of the hole in the sarre fl oat,
Dfri, are calculated fromthe |ntern ét d|a ter of the cylindrical ter
wal | of theai§@saced arquad thegierumfprenes pldhp ap2 78 i erbe AU ARG 1 (habde

the vertica De| -
cxrangi ngUFER G offhes doP 1D bol NG FBRAREDLY BRntdeh LR R
Die + vy, y 6angi D@vi‘ceamcﬁdlﬁgt@tlﬁz pregedimped@mabharadterdaadQn that chellateral ofifices
Cont i nuous process for the gas-phase polynerization of an ol efin nononer

chosen f r onfediplestod girewar Sh(“B? the gigynetss of Whagh ig bpiweenpand R&rwBf | and one or
nore ot hegr ~al ph

fluidi ze% b(7ad reggtgfcgrgfa&?)?)(rhlng/n&@Eg?ﬂn tc&%ga% éahgg%atlﬂgé)%%e%]|0%1%l)cc)ass+d?nﬁsgycl ed
t hr ough t henfebhinildat edmpetbntsmhlkiag nr;e)sgbleeo afondize phelliguit uret prsswecgtaal yst

under reactive conditions, the rewycl ed§,§43 phase is cooled to a
t enper at ur e é‘lcnhﬁﬁqut%/”rﬂpéfﬁi‘ttpnc RULHE8M8. t he said condensed liquid is

separated f om Zg&em%g%&{mg Wox& Sof it p&&ﬁg@ﬁs@%m%@%&lh%% i di zed

bed, charac con ense into the bed

using one onatémr@nmzaie%caae&mrtde ngpe‘.rcpaﬁra)yﬂmm:m&m&ﬂ pﬁ;ibeofpheﬁ@zﬂmgwl ai ns.
11. Process accordi n%o the preceding claim characterized in that the

pol yner 1@ at disianee Edwelrw therhollowdipad, and 16 theg shel segface)of the liquid under pressure in
the nozzle is physically defined by a cylindrical float hollowed out along its

longitudinal axis, the said float sliding along the inner tube of the vertical feed pipe,
inside the outer wall of the vertical feed pipe, floating on the surface of the liquid under
pressure and having a thickness of less than E.

15 9. Device according to the preceding claim, characterized in that the external
diameter of the float, Dfe, and the diameter of the hole in the same float, Dfi, are
calculated from the internal diameter of the cylindrical outer wall of the nozzle, Dei, and
the external diameter of the inner tube of the vertical feed pipe, Dte, in the following
manner:

20 (1) Dfe = Dei - x, x ranging from 0.1 to 5 mm, preferably from 0.5 to 1 mm, and

(i1) Dfi = Dte + y, y ranging from 0.1 to 5 mm, preferably from 0.5 to I mm.
10. Continuous process for the gas-phase polymerization of an olefin monomer
chosen from (a) ethylene, (b) propylene, (c) a mixture thereof, and one or more other
alpha-olefins in combination with (a), (b) or (c), in a fluidized-bed reactor, for which the

25  gas phase is continuously recycled through the fluidized bed in the presence of a
polymerization catalyst under reactive conditions, the recycled gas phase is cooled to a
temperature at which the liquid condenses, the said condensed liquid is separated from
the gas phase and is introduced directly into the fluidized bed, characterized in that the
condensed liquid is injected into the bed using one or more nozzles according to any one

30  of the preceding claims.

11. Process according to the preceding claim, characterized in that the

polymerization reactor comprises 4 or 6 nozzles.
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