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ATOM SER NQZZLE The present invention relates to a nozzle
suitable for use for the injection of liquid into gudyikigd} bed in
a conti nuo‘ﬁ?’ﬁf’ﬁ’?@ss for the gas-phase polynerisation of olefins, and
in particular to a nozzle which allows for inproved control of

injection of liquid into said fluidised bed. 5 Processes for the
honmopol ymeri sati on and copol ynerisation of olefins in t he gas phase

are well known in the art. Such processes can be conducted for

exanpl e by introducing the gaseous nononer into a stirred and/or fluidised
bed conprising polyolefin and a catal yst for the pol ynerisation.

In the fluidised bed polynerisation of olefins. the polynerisation is 10
conducted in a fluidised bed reactor wherein a bed of polymer particles is
mai ntained in a fluidised state by neans of an ascendi ng gas stream
conprising the gaseous reaction nmononer. The start-up of such a

pol ymeri sation generally enpl oys a bed of preforned polymer particles
simlar to the polynmer which it is desired to manufacture. During the
course of polynerisation, fresh polynmer is 1 5 generated by the catalytic
pol ynmeri sation of the nonomer, and pol ymer product is wi t hdrawn to
mai ntain the bed at nore or | ess constant volunme. An industrially

favoured process enploys a fluidisation grid to distribute the fluidising
gas to the bed, and to act a8TQMISERPMB#ALEf or the bed when the supply
of gas is cut off.

the reactor via a Jggggf?é?'ﬁg'vﬁ’gg?lﬁ‘{fgﬁ{cﬁ e 31%%@669523{ 8l ?“8%%8{3?’ i o];lr g;n
t he reactor, rigew inthe fluidised bediiniacsongmucats pibless for the gas-phase polymerisation

of olefins, and in particular to a nozzle which allows for improved contral of

injection of liquid into said fluidised bed.

5 Processes for the homopolymerisation and copolymerisation of olefins in
the gas phase are well known in the art. Such processes can be conducted for
example by introducing the gaseous monomer into a stirred and/or fluidised bed
comprising polyolefin and a catalyst for the polymerisation.

In the fluidised bed polymerisation of olefins, the polymerisation is
10 conducted in a fluidised bed reactor wherein a bed of polymer particles is
maintained in a fluidised state by means of an ascending gas stream comprising the
gaseous reaction monomer. The start-up of such a polymerisation generally
employs a bed of preformed polymer particles similar to the polymer which it is
desired to manufacture. During the course of polymerisation, fresh polymer is
15 generated by the catalytic polymerisation of the monomer, and polymer product is
withdrawn to maintain the bed at more or less constant volume. An industrially
favoured process employs a fluidisation grid to distribute the fluidising gas to the
bed, and to act as a support for the bed when the supply of gas is cut off. The
polymer produced is generatly withdrawn from the reactor via a discharge conduit
20  arranged in the lower portion of the reactor, near the fluidisation grid. The
fluidised bed comprises a bed of growing polymer particles. This bed is maintained
in a fluidised condition by the continuous upward fiow from the base of the reactor
of a fluidising gas.
The polymerisation of olefins is an exothermic reaction and it is therefore
25  necessary to provide means to cool the bed to remove the heat of polymerisation.
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fluidised bed conprises a bed of grow ng polyner particles. This bed is
:mai nt ai ned in a fluidised condition by the continuous upward fl ow
fromthe base of the reactor of a fluidising gas. The
pol ynerisation of olefins is an exothermc reaction and it is therefore 25
necessary W®9r1888de neans to cool the bed to renpve the REHEBHF0279%

pol ymeri sati on. WO 97/ 18888

PCT/ GB96/ 02796 In the absence of such cooling the bed would

i ncrease in tenperature and the pol ymer particles would eventually
commence to fuse. In the fluidised bed pol ynmeri sation of olefins, a
commonl y used f Vi f . o[o]| risation is by
supplying to tlﬂgfe%gg?ﬁg?féugﬁ%oﬁgg gg{l}%g :Woglrldglggeaﬁe%tefrpu aéqg?'ﬁd;&% gas,

which is at apolymsepartideewpydeventyady commencedp fiasg. Bothe fipidissdbédn

terrperﬁt UL e, pog:erimiomgleﬁﬁh?_aB&%mbﬂ&@tﬂ@fm&t_ti@d Pdrﬁ&ﬂuv&@d]g@ﬁ&tbﬁ conduct

awayt e heat .. | , .ng _t as r om.t.ne reactor

and cool i ng i 3 y erp’glastfsoggsce%y&g&yﬁg#r g‘g ryg:{r?%aiogrr ?1‘5%”%&3?’ “éeﬁfipﬂé{ﬂﬁ%r, and

recycling Pt tges.twhcihaat a teperayiplomer thap the desiredyfolymesisationytemperatuee, can be

gdj ust Sd i In t hassiathe gmhﬂﬂgle{hetfmidi&? bécaihcn:dnb@czﬁhgy ﬂi%eﬁﬁiilol'o _bed at the
esire pol yner sat.l Qn t enper ure. LS net neri sing

al pha ol efi ns,po ST "’cehc?f)t:'i O& g"&eﬁ?&ﬁ&ﬁ;}e Eegﬁ&?f' %ﬁ@oﬁ%ﬁﬁ%ﬁwi c olefin,

optionally  throughhareetiernalbeatiexcifapgereandrmpexsiingiit kasbe bedjathegempergtaseeous chai n

transfer agentofghecleydfe gas can beidiflis@gMthe HdatSexcliafBert6 Mafitdin BR IR ES O

supply the,nmo tq t b -1 fluidise t and .to maintain
Che bad ot novRELs efidf pieridon apperandd, B &5 Adlfod HenAiaang o

pol yneri sat i orlrhaslafing theresydrgangenepaliyaompeisas themorimeng olafineontjonally gas
to the recycl aogafier#ithe &Pexample, diluent gas or d gastdus\ORdih trkmi@MaAgénd dlichlade
producti on ratgu(lp. . 143066, LLIBAKL & dobl) b BRomer to theHeafg! ON Of

pol ymer producec ﬁer unir't “volane=of reacto pace per uni me) in
commer ci al  gadluidiseithe bed andbly mainfainghebegfat thecdesirasitempesptureo Adenamyere i s
restrictedsby cdRsumddty th@ydlytidnsamirreadtionalchbrngidl replacedds ad@APWRARe iy oM t he
reactor. The rak g &fe ‘_?cegtte treamrem)val can be increased, far exanple, by
i ncreasi ng t h&*e oCi 9’ 5t He recycl e gas ) and/ or, reduci ng the
tenperature of the Itisyell|kaoyn shag Hig/pspdusHam ERt G o the sprsatime yield indefpisci ty of
the recycl e gasweiheor pslymétesduces pér unitVoluniefiréitor 8pA6 pbryuritftinkd)én r ecycl e
gas whi ch can | | | | i L1 e bed can
25 becone u nésgt?n ggﬁigg’(#rag ggﬁﬁgﬁe@t r@%c&?% gf&‘tle%gcr? S?é?%%d f"ﬂ’ et§ %'leektglgl%d g ream

| eadi ng t 40  the maximum rate at which heat can be removed from the reactor. The rate of heat

removal can be increased, for example, by increasing the velocity of the recycle gas
and/or reducing the temperature of the recycle gas and/or changing the heat
capacity of the recycle gas. However, there is a limit to the velocity of the recycle .
gas which can be used in commercial practice. Beyond this limit the bed can

25  become unstable or even lift out of the reactor in the gas stream, leading to
blockage of the recycle line and damage to the recycle gas compressor or blower.
There is also a limit on the extent to which the recycle gas can be cooled in
practice. This is primarily determined by economic considerations, and in practise
ts normally determined by the temperature of the industrial cooling water available

30 onsite. Refrigeration can be employed if desired, but this adds to the production
costs. Thus, in commercial practice, the use of cooled recycle gas as the sole
means of removing the heat of polymerisation from the gas fluidised bed
polymerisation of olefins has the disadvantage of limiting the maximum production
rates obtainable.

35 The prior art suggests a number of methods for increasing the heat removal
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bl ockage of the recycle Iine and damage to the recycle gas conpressor or

> bl ower. There is also alimt on the extent to which the recycle gas
can be cooled in practice. This is primarily determ ned by econom c
considerations, and in practise is normal |y deterrg:oﬁ e

t enper at ur ¥ON1BH8 | ndustrial cooling water available 30 o‘gni&h-}g?
Refrigeration can be enployed if desired, but this adds to the production
costs. Thus, in comercial practice, the use of cooled recycle gas as the
sol e means of renoving the heat of polynerisation fromthe gas
flui di sed bed _ polymerisation of olefins has the disadvantage of
limting the aBXifEFuR Rcléelst@lin, for examplebPr8Richigteifile Rpid.

prior art suggests 2 ngmgr of meLhods for lLacreasi ng Ihle e%t.rem)val
WO 97/ 18888 GB | relates to the gas phase polymerisation of vinyl chioride in a

PCT/ GB96/ 027 9dirred or fluidised basirpenton thepblyniedsation peingcastiedcounin theiprasrmuepl e, by

| Rt VOdUC: ng %ﬂé@geﬁﬁt'dnﬁ editd <|!7huent|hz:wi_n%j a boiling poiﬂﬁeW?ﬂfl@f ‘}(ijlﬁﬁ @ﬁl}@:ﬁdet 3, t hg gaz
phase po risatio . Vi chl ori in a stirred or ui di sed be
react or . ﬁg WPPE‘&H’S@%E‘?&F@“@&? ﬁﬁeé’a"%‘ﬂpff}ﬁt?'ﬂm@s‘gnce of at
| east one gaspuiymeriiationchytthtiatarmiyteat aidition o liguid winyltubloside tofatidisdd vi ny|
chioride. 5 poifoidihibride Mol Tné R AR ChURICEVaBERek BimE el th il L NE

tenperature o . polymerisaty on I n{ er, tent additron of |iquid
vinyl chlori cedesufting e dgmoval o ‘%58?%\?}" YMEIRPM de material . The Iiquid

vinyl chloride evdp®B62%a2idewablsat prbgess for pblgmerisation ofxdnyl elafidd ng in the
renoval qfp t hgh&eifbe® of RIWIRDY dnfodidk Bitticles within a multiple sthi RfdsAFegdescribes a
process for pol yneri i%*lfﬁn.o vi nyl chllfiorl c{re 10 \égeogglg beds of pol yvinyl
chloride par t [S8¢85arGKeERifiidiser By theintoduction oteasgoys W gue monomergact or are
kept fluidi sethebytremef thetreagthuc Coolingodf egetseslsbeds foyiemole beat ¢ nononer  at
the bottom of odifiRerdsR86H Qiherafed PhdrBH isCHro\ﬂééH*byfj&B g iRgd HinyPcHiGigeve heat of

pol yneri sation generated therein is prqvid Sprayj.ng |l 1quid vinyl
Ol ori de . Monqmstiata Fhe greepding ges, pam heps UL e ey  LVPIELHELEN: e t1ays on
whi ch t hdSediuidisal. 1 5 | ui di sed. _ FR 2215802 rel ates to a
spray nozzle of the BIS0LtekitEs 1% spfaynbBRe ofthe hétteBurn valve typk Quitstdé ayi ng
liquids into flui dl.set):l b%ids f{ 0 .ﬁﬁxa(irp#e I n pﬁﬁk;e ﬂgs fd u.dh?)e bed
pol'ymer i sat i off” SHraut sk e fsiser baIS, fos exinnie e uid, which is
used f polyroeshiiongofiethyldnizally wantutated henomero e ligoidbehiphisyved | sed, or
i f ethyl ene i&rtSoil@ the bed, can be the monomer to be polymerised, or if ethylene is to be
20  polymerised, it can be a liquid saturated hydrocarbon. The spray nozzle is
described by reference to the fluidised bed polymerisation of vinyl chioride.
GB 1398965 discloses the fluidised bed polymerisation of ethylenically
unsaturated monomers, especially vinyl chloride, wherein thermat control of the

The

polymerisation is effected by injecting liquid monomer into the bed using one or
25  more spray nozzies situated at a height between 0 and 75% of that of the fluidised
material in the reactor.

US 4390669 relates to homo- or copolymerisation of olefins by a multi-step
gas phase process which can be carried out in stirred bed reactors, fluidised bed
reactors, stirred fluidised bed reactors or tubular reactors. In this process polymer

30  obtained from a first polymerisation zone is suspended in an intermediate zone in
an easily volatile liquid hydrocarbon, and the suspension so obtained is fed to a
second polymerisation zone where the liquid hydrocarbon evaporates. In
Examples | to S, gas from the second polymerisation zone is conveyed through a
cooler (heat exchanger) wherein some of the liquid hydrocarbon condenses (with

35  comonomer if this is employed). The volatile liquid condensate is partly sent in the
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20 pol ymerised, it can be a |liquid saturated hydrocarbon. The spray
‘nozzle is descri bed by reference to the fluidised bed polynerisation
of vinyl chloride. GB 1398965 di scl oses the fluidised bed

pol ynerisation of ethylenically unsat urat ed nononers eci al

vi nyl chl omwaies/188#8er ei n t hermal control of the pol Yﬁﬁ’ﬁﬁgg‘ﬁ"%ﬁn i s
effected by injecting liquid nononer into the bed using one or nor e
spray nozzles situated at a hei ght between 0 and 75% of that of the
fluidised material in the reactor. US 4390669 rel ates
to honmo- or copolynerisation of olefins by a nmulti-step gas phase

process whi ch Gan . GALE bAGk kbl Sld WHE iBEthd S35 A1 Suiskhall ] sed bed

reactors, stirre oL Btlisatior i " s
process pol y mapmeying thebeatiof pefymerisatian by w%htepbhapﬁeﬁmmmm zone i s suspended

I ndanhl nt er medi at e EPEYE9t Pelates to a praéhs:em icheadifg ﬁfelsb&eki'nfélyl&d fwydrocar bon,
t t
an N suspensuicl)lgxg}slgg%t}{ adseg%gcll ﬁroces(.jses £8r ﬁxe é)olyfnﬁnsa 181(1: %P ﬂngg rrerl sa I on

zone where t h&°F Sear eva to 5,
gas fromthe sbz:mmespemymngsf@phmpazbmalhos‘ thegmpeagted ﬂPWﬁ@QJ(j}ﬂma. two cool er

(heat eXChangQihiseWﬁﬁﬁ@é&'@@ﬁﬁi eafu-atdaehbmaue:dwhuéiaa@ﬁmp&d&aﬂﬁsmﬁ@ (with 35

ggm) n;)He[ hlef t h"d%wo phase m re 1}11‘0 {ﬂ;‘ ?ea\é:%r a‘Hu-! s%eclf &"tjion of ﬁp gsggslagtéesl t?natp art| y

07/ 18888 a primary limitation on the extent to which the recycle gas stream can be cooled

PCT/ GB96/ 0259 ?)elow the dew ptolnt AUk duesr&@h&mm thh&h@él{sﬁﬂiﬁiﬁma%ﬁ@% Miﬁﬁﬁﬁnkd Wﬂter e it
S VapOI’I or atl O enoy, 0 neri satl on
by its | at nt aﬁééﬁv {ﬁ“ﬂi(ifz?bf?rqéfﬁ’ g}?_hqmd.phase of thetwo ‘Eﬂ”%@%@?”?& é'%/ ¥ to a
process for i roreiaed expuspeadedocondition watilytheliqpid ig vaporised, aod firthgnsisteyas
fluidised bed tﬁitQﬁ@étﬁﬁﬁtyfdﬂaqﬁlb% 1}%@|g)(§§lfah§s’kbhﬁﬂ:o?£xc&éfd%uﬂ@6‘@@i§ﬁtts, f5 the
process corrprl S| cte OTorma
Po oh it pii prefirhthdhbutlnofeieo abol® 14 BEER Rsteeat PR cwr poi nt - and
rei ntroduci ng always thas shejveloggy pﬁ@s@wvrpkasg recytle stoeanhie highzoeugh to keep the

speci fi catigon | hxﬂﬂa&%%spsﬁﬁdnaﬁ zﬁetg’ak and to supporPihe TRidised bid ithin @k On t he
extent to whi Chacg 1° AP RufRPaRiRSRTLE A, Opgqss.&g% Fifm a oworptfEL fiflg L e dew

point is in t he eqU|renen ai ned 10
at a | evel sufstreamayithin the reagtor ahibe pp'qm%mpﬁwéwﬁpamely@wtlpaa%saanﬂl ui d
m xture in an liquid undeNédnditioRsiwhich $AIBROBEIRA 00 Mhdel strBarh Hult khat fiRrdikqui d i's

vapor i sed: | ANl A5hePllh Sonsping it ARIAHIR AR bk adfarkl sy o 925

phase shoul d note &EEa
2 burden and cost of separating the gas and liquid phases after cooling.

EP 173261 relates to a particular means for introducing a recycle stream
into fluidised bed reactors and, in particular, to a means for introducing a recycle
stream comprising a two phase mixture of gas and entrained liquid as described in
EP 89691 (supra).

25 WO 94/25495 describes a fluidised bed polymerisation process comprising
passing a gaseous stream comprising monomer through a fluidised bed reactor in
the presence of a catalyst under reactive conditions to produce polymeric product
and a stream comprising unreacted monomer gases, compressing and cooling said
stream, mixing said stream with feed components and returning a gas and liquid

30  phase to said reactor, a method of determining stable operating conditions which
comprises: (a) observing fluidised bulk density changes in the reactor associated
with changes in the composition of the fluidising medium; and (b) increasing the
cooling capacity of the recycle stream by changing the composition without
exceeding the level at which a reduction in the fluidised bulk density or a parameter

35 indicative thereof becomes irreversible.



.percent, and preferably shoul d not exceed about 10 wei ght percent, provided
-al ways that the velocity of the two phase recycle streamis high enough to
keep the 15 | i quid phase in suspension in the gas and to support the
fluidised bed within the reactor. EP 89691 further qﬁgégﬁg? hat it

i s possi bl eWPIHBE 2 t wo- phase fluid streamwi t hin r

the point of injection by separately injecting gas and liquid under
conditions which will produce a two phase stream but that there is

littl e advantage seen in operating in this fashion due to the added and
unnecessary 20 burden and cost of separating the gas and |iquid phases

i Toduci g 8. r ocy /S5 476808 rtes 6 kel b ind e@f*é? Sin

particul ar, td’hﬂsm%éﬁﬁ%f ayingiafluidied Sedhipdp Huidisipg medium Wheﬁ‘t“? !S’bﬁ*ft&rl sing a
two phase m Xtiédium bergeso @ontrad tite cviohmicadpadityi of tierestearcand lveh@reinthe bulk  EP

89691 (supra). e%%t funcnon 8%18 m%ta%gdz«éé%élug 9@5{] io%%r&tefrltfrﬂnq}lfgﬂcupﬁ&

pol yrmeri sat i orapr dos gaseous Stream comprising
nononer thﬁbudﬁm&°$¢ﬁpﬂk§éﬁnbgﬂm ¥hct or |n the presence of a catal yst

under reactive COﬂCPLibhshaﬁaﬁphciti’dﬁdﬂ()@4mb¥zmrhicﬁbm'&'duﬁe1s incorpoafed a stream

COMPri ST N 96) e IONEL RS B SAPRATSINLISLARLIIG B0

stream m Xi ng Sal reamw one ur ni ng a gas and
liquid 30 pnagéuqnwtasfaﬁtaep@aweﬁrrmpepveé?hmpl@sthfemchw Micam 8@ e operating
condi tions \A:hltehperature sufScienD [0 foer a liqBi a0 8 @as/ séi@rating tiki BRI fhom thegansi ty

changes | Nd he Cand % th€sep? ﬁtlf]gld dlrectly to ﬂ:&%%gs'ﬁgl Ji'(?mg G@OS' tion of
g nged *Z*L i CiAmgd

the fluidising ned pacity of
the recycl e styuéably wecaqdaﬂgu l{lﬁ&edcb@%we@nsmf off Ph@ete “nozzles arraggbedi ng t he
| evel at whichheretneduction in the fluidised bulk density or a paranmeter 35
|4nd| cative t C\g 8(7); jﬁﬁgﬁﬂﬁsmdyrbeq%g&gd imoethe fluidised bed by means of nozzles which

PCT/ GB96/ 027961se an atomising gas to assist intke ipjegtign afshe liquicht Ruringscaleypof 88 f or

pol ymeri sity aliquitbno2kies inbkpgctddprablg@sarose whenthé@fe sfigaiddnjettivaiing tike _
f1uidised bed qpq, %sz:seg,w D8erRERT PREEAR dendehtfihhd fhs medi um

serves to control e Cco gg erein the bulk
density functi ‘B‘tﬁ’a’(%“ TALO {iae aPﬁ Péﬁss‘%ie ohthe atasysing sasdedto the pegzlsranthan t he
cal cul at ed the pressure of the fluidised bed) as well as the percentage by weight of atomising

gas and the dimensions of both the atomising chamber and the outlets of the

20 nozzle. It was necessary to increase the amount of atomising gas relative to the
amount of liquid injected into the bed in order that efficient atomisation of the
liquid could be maintained and also to maintain effective dispersion and penetration
of liquid into the fluidised bed i.e. large scale nozzles required significantly
increased amounts of atomising gas. It has now been found that by using a
25  mechanical device within such a nozzle to ‘preatomise’ the liquid the amount of
gas required to atornise the hquid may be considerably reduced.
Thus, according to the present invention there is provided a process for the

introduction of liquid directly into a fluidised bed which comprises:

{a) pressurising the liquid;

30 (b} feeding the pressurised liguid to a liquid inlet of an atomising chamber of a

nozzle,

© preatomising the liquid using a mechanical device positioned within the
liquid inlet; '

(d)  feeding assisting atomising gas to a gas inlet of the atomising chamber;

35 (e} atomising the preatomised liquid in the atomising chamber using the
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5 limt of the bulk density function. Publ i shed application
WD 94/ 28032 which by reference is incorporated herein, relates to a
‘conti nuous gas phase fluidised bed process in which the productivity
of the process is inproved by cooling the recycle gas streamto a

t enper at ur eveserfil3sssi ent to forma liquid and a gas, separ aPCHGB/M3796i qui d
fromthe gas 10 and feeding the separated liquid directly to the
fluidised bed. The |iquid my be suitably injected into the fluidised
bed by neans of one or nore nozzl es arranged t her ei n.

The liquid may be injected into the fluidised bed by neans of nozzl es which
use an atom sing gas.t.o assi.st in the injection of the liquid. During

scal e-up of gas- 1B5SISUPE RIS} ¥ unexpect ed probl ens arose when the
rate of |iqui df)i nj disthapging titecatorhised tiquid ashacsgray o desfbudited\bed thraughant t ai n
limt. This Iimt igqdGRUYINGVE thPROmisIAE cBitber. expansion ratio (the
rati o of the press&r‘e of, the, aLom si q%pgas f.ed t.o é’he.nozzje and t he
pressure of the fl &fafiuthsr gabgdigent of prie preseptipvention there iy progidedai gne  of
atomising 5 contramuaga fiuidisedibed peicessfordthe pelyhersatoraofniéfii maponteanber and

the outlets Ofgafel NRfen A | ST amount of
at om gi ng gas :5%6?‘%? ?r\g/g] (?g&%ﬁéﬁ (ﬂ)fpr &%)ergf. s driary e 8#’?%’?0 tﬁe bed

unt I guid™in ect
in order that e Rf "}a’%ﬂﬁ?‘?aﬁ'?'@ﬁ"%md with (")’R'i’)(ﬁfi@l' wdiggd bedi nt ai ned
and al so to naeatariby cohfirmusly eccgiclmgargasepns stredmpumptisiag atdeast some ofdhe | i qui d
into the fluidi | . : | Lt tly
I ncreased rmgéﬁ‘tim?)? ﬁ cg'?{(.)%%g?'lktgertgg)g.gﬁ?!(ﬂ ﬁﬁgg%%écﬁvﬁgﬁgg&% %E%dtﬁkﬁg'%&%ggﬂsi ng a
25 mechdf ool PAKRASEIQR GRHYTC HER Feactys Sopanans. at Jeagtagh glahe ssid@sstaus i d 1 he
anount of stregya svithduins fewin said weactor being droldditg aitemprsstuisat shithiligedabl y

reduced. condenses out. BpstatirdGR Makti faft drthel dARIASERIRMA fréld BRIdaGdbut here s
provided a process for the. Id directly into a

p |ntrofd ction f.|.I%U
f1ui di sed bed SHFBAE BHFGARGRgat least vaﬂ?aﬁr’eseparaﬁeaygwm UPHy B4R | qui d, 30
(b) f eedi ng fuidsedbedbyri sed liquid to a liquid inlet of an atoni sing

chanber 0Ofj5a8 (a)  pressurising tﬂ@&f}i&,, (c) preatonising the liquid
using a mechan(ggal deyi ctg?gosi Jloned. within, 1d inlet;

t.he . | i
(d)  feeding Bsi e59M¢ the Breswring lwid g §“‘8d§°‘i Hiap progpising,chambgr of gy o
chanber, 35 (e) noatleimi sing the preatonmised liquid in the atom sing
chanber using ¢he preatomising the liquid using a mechanical device positioned within the 9
WO 97/ 18888 liquid inlet:
PCT/ GB96/ 02796 tquid et
20 (d) feeding assisting atomising gas to a gas inlet of the atomising chamber;

(e} atomnising the preatomised liquid in the atomising chamber using the

assisting atomising gas; and
) discharging the atomised liquid as a spray into the fluidised bed through at
least one outlet of the atomising chamber.

25 In this specification the term ‘preatomise’ means that the liquid is broken
nto droplets. Generally, the preatomised liquid alone does not have dropiets of
sufficient momentum to achieve the desired spray profile, penetration and
dispersion of liquid within the fluidised bed.

The mechanical device may suitably be any mechanical device which

30  imparts a flow pattern to the liquid thereby allowing preatomisation of the liquid to
occur and improving both the spray profile of the liquid as well as controlling the
droplet size. Such mechanical devices are well known for atomising liquids such as
water {for fire suppression) and paints (for coating purposes). Suitable mechanical
devices include swirl devices, baffle plates, impingement devices, fan devices,

35  ultrasonic devices or some other form of mechanical device to preatomise the
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assi sting atom sing gas; and (1) di scharging the atom sed |iquid
as a spray into the fluidised bed through at | east one outl et
of the atom sing chamber. In a further enbodi nent of the
present invention there is provided a 5 continuous gas fluidis ed
process for WRREBYneri sati on of ol efin nononer selé§?§§&?ﬁ%ﬁ?(a)
et hyl ene, (b) propylene, (c) mxtures of ethylene and propyl ene and
(d) one or nore other al pha-olefins mxed with (a), (b) or (c), in a
fluidised bed reactor by continuously recycling a gaseous stream
conprising at |east sone of the et hyl ene and/ or propyl ene through a
fluidised bed imq§ajd reactor in the presence of 10 a polynerisation
cat al yst under reactiyve,conditions, at |east aﬁt.of Qﬁe sq&%ﬂ asequs
stream wi t hdrawn fr oh‘l”?ﬁetfv?"égﬁ‘?‘bers 'W&dﬁéwgg‘&“gﬁ P helitgh &9 &é‘oﬁ*t ®hhi ch
l'i quid comseme swotibaflssepar ati ng at | east part of the condensed

liquid fromthe gase otd I L J : f the
separated i (51ui d di rgg?fs;friﬁa?a%‘;eﬁf‘?:gﬁ?eﬁdgﬁi@g?ggl%ughgg}@ﬁ%n’ E@E’%t)aﬂ
pressuri si ng®t héhaegeRaY P ration ®) ._‘P@é"ﬁij g fer }Sfi’.éé’:‘;‘ﬂﬁ"fi. §’€H“I“qu dto a
liquid inlet of ammigtgchambeginwitactiadised bed, and to reatomise any liyniszdreplets (c)
preatom sing thgvhkdh o'dl%&ede%gn the TRIIGRS ERAmbEL Yo CkampIe! thfd&?ﬁ@om&iéﬁyxﬂﬂf he

liquidinlet; 2 I ng assisting atom sjn as a gas i1 nlet of
the atomising cHiipemal wall °f“(ee5%°m15‘&$6 'ébeﬁg&[?%@sﬁ?'gga‘tqwg‘g(&aﬁ WA in the
at om si ng chanbes a psigagas, fifmeeded, and prevents ingresiof partigiesintintihe nozylefasm tlend

(e) di schapoi pgigise@pad om sed liquid as a spray into the fluidised bed

t hrough at Ieashgﬂone outlet of t e.at(ﬁm'ﬁi ng chanber. 25

In this specificatiofNtABOYH OfgISIPQEed tp alomisedieiquid i the $amIsaOn ¢ i s br oken
into droplets. Ghangrealsl oppsiti¢rablyredatedrospdrel ivaihitble ahoame rapired if therdwee

droplets of no *preatbfni @& bof IRMBGE WO Gihhia ehtetNRe SBRisiRLAIMRDAY
profile, penetration ui di sed

and dispersion of liquid.wthin_ the fl
bed. Tllfbﬂ’ﬁé’é‘?fﬁ?ﬁ of the H&?PE’@VW?" s “gf% 1% a'l?@"sgﬁqugésnani cal
devi ce whi ch530 formedafier the kiquid bay hzan prertontised b ¢he mephanical Heviegby al | owi ng

B; g?} F? 3 ?t ![ ﬁg ﬂtohﬁ@tidni 13kds PidcPin the atomiBAEN Enaftiber iﬂ%ﬂﬁt&? 1094 Bo hipe spray

u.,d as wel'] . as contral |l t he . . droplet size. Such
mechani cal devi {08 Bf é“e\%"}“fc"'L‘?FBWﬁ' fto asgj?‘m‘i{]‘g?‘ﬁge regignigd dg‘ageﬁcaggot sirply
wat er (for firebspjapecedisictinin thafluigisedbed betanse thepaiticlps plithe fluisiised b&Lii t abl e

nmechani cal inhitiEi%k EfatiBCORIRBIdAIbPIbts ARWaBRg atBMishlich. PHRL QRe sprapbngenent
e s, I g0 S5 i ik bE AR o 95 3r o ore A S B LY e
6 bed.
Preferably, the atomising chamber has more than one outlet, preferably 1 to
4 outlets.
The volume of the atomising chamber may be in the range 8.5 10 384 cm’.
25 The outlet(s) may comprise circular holes, rectangular or elliptical slots, or

other suitable configurations. Preferably, where the outlet(s) are slots they are
elfiptical in shape. '

Each of the outlet(s) may have a cross-sectional area in the range from 78.5
to 525.0 mm’.

30 It is important that the outlet(s) of the nozzle are of sufficient size to allow
for the passage of any fines which may be present in the separated liquid stream.

In a modification of the process of the present invention each outlet for the
atomised liquid may have a separate atomising chamber and mechanical device
orientated in-line with the outlet. This configuration has an advantage that there is

35  a significant reduction in the surface area of the atomising chamber which leads to

7
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*PCT/ G3B96/ 02796 l'i qui d. Suitable swirl devices

i nclude swirl vanes having a helical configuration, for exanpl e,
swirl baffles. The assisting atomsing gas is required to
further aiwoatesssati on, to obtain 5 the necessary perP&STIGRPBIT t he
atom sed liquid spray discharged fromthe at om si ng chanber into the
fluidised bed, and to reatom se any liquid droplets whi ch may

coal esce in the atom si ng chanber, for exanple, through collisions with
the internal walls of the atom sing chanber. The assisting atom sing gas

|
Darti ol s i nt & PR BT Sfscante GERE7 ol BlLRLAGE SRR |
amount of gas RBENE &8s reguitnde Hugtiermese. |grester gontrel phthe digwidiseay i on

chanber is Corb%hdﬁmbwd dieptri etimap bPp abtaidedrising sublearnirapémereThicask i f there
was nﬁé ﬁ:ﬂ}aﬂﬁké gx;:h‘%asm%fthc% H&t kg%ltgulgﬁa?ﬁﬁy%ﬁﬁnlodg&' jd enters the

at om si ng cha e present i nvention

the spray 8f eaoam@edy to theiflyidised ke¢mth?%ﬂ%bﬁeﬁme§mstq€él\q nagtisies ofiths been

preat om sed bybet iethaRehinofiie nélles @fd subsequentAefiliisaion of tHedtle@ switl ace in the
at om sation chanb‘%mﬁpproxi mately 10 to 30 nm fromthe nechanical

device. It wastf that the nechanical device cannot sinply be
pl aced directly in Breferablytheiatomised iguit sprayisdntragucesditerily intp tb¢ flvidised | ui di sed

bed I nhivek tabdvethé QPR timitdf tHe teinferhiirelgradib® betwelk GiéRhtering at om sati on.
Thus, L@ 100" idbing fas (i oRE tedahfid [ ¥ackk) o' R Rlhabficd i et DET o7 @

t he I|qU|a ent'er Yy, the
atomi si ng charfemmersis! propessestianthe gas Buidisasibed polymerisaipy ofiolefins are 4
outlets. generaﬂy operi@&uh&l’ ﬂfﬂgtaﬁﬁal@hﬁtlﬁxﬁﬁn Sbddy stbeadvhgitiony be in the

range 8.5 to ?ﬁ et 2 tFl%lfqh agr’rp%st r'«lll ofthf: ﬂu1d1se§b xts m%.%)ntg Sgedn?ﬁ:ecc%%f)r Ise circular

hol es, rect angu‘l’Wev

confi gur at i onssubgtantially ambyfmam@lw@et-ﬁé% mpeta@yy there ngmplly exibtey ar e
el I'i pticalisi n ehp@eture gradient in the regiofraCihe 0bd infifeditély s6cve thePoynt Ibﬁve a
cross-section NS
It is inport aﬁbtr%&?&’ Ef&@%ﬁlﬁ?gﬁ)sﬁé?ﬂ?rﬁ&}%gfgl gh%lrouekg{)%%g) '?’% | Cl ent Si ze to
al | ow fthis regien whereinghe wmpgrature pragienyprstyis theyereerpteafthe i n t he
separ at ed | i qlincbmihg eashgas stream, and the upper fimét ishd isébscaatialyriscalierinbicbepr ocess of

;geafgfz en% O%Wéﬁ:ﬁ&ﬂa&ﬁ ﬁ@%nﬂh&é&ﬂggﬁgﬁs Iéf‘tlﬁ’a fype wh:chaerxrfﬂfﬂysaeﬂné&a%h gngmy have a
P % typlcz%ly 5-20 m high, this temperature gradient normaily exists in a layer of about

15 to 30 cm (6 to 12 inches) above the grid.

A single nozzle may be used or a plurality of nozzles may be arranged
within the fluidised bed.

The number of outlets per nozzle is preferably in the range 1 to 16,

25  preferably 4-8.

A preferred arrangement is to provide a plurality of nozzles substantially
equally spaced in the fluidised bed on a given pitch circle diameter in the region of
the introduction of the liquid. The number of nozzles used is that number which is
required to provide sufficient penetration and dispersion of the atomised fiquid

30  spray at each nozzle to achieve good dispersion of liquid across the bed. A
preferred number of nozzles is | to 8, more preferably 1 to 4, most preferably 4.

Each of the nozzles may, if desired, be supplied with separated liquid by
means of a common conduit suitably arranged within the reactor. This can be
provided, for example, by means of a conduit passing up through the centre of the

35  reactor.



orientated in-line with the outlet. This configuration has an advant age
that there is 35 a significant reduction in the surface area of the
at om sing chanber which |leads to

7 WO 97/ 18888

PCT/ GB96/ 02W§x>7/18888 a reduction in liquid coal escence"THEP I Fur t her
reduci ng the anmount of assisting atom si ng gas required. Furthernore,
greater control of the liquid spray penetration and di spersion nay be
obt ai ned usi ng such an arrangenent. This has t he advant age of

i ncreasing the quantity of liquid that may be introduced 5  continuously
to the fluidised bedrnonaegtarésﬁeém sHrahBéd duoB taf e proRand hbk@aapl t he

bed in the region.o sub equent def sation,of the bed
(wet quenfﬁﬁ’%&¥ ok 1 s ol B q"é‘@f‘%edtsﬂ‘éh 'E‘thh?’%%ra q“?eq%ﬁ’rﬂ spray
is introduced dheaails 9f thmreactohio afﬂumtdit@&dhonmntal diegctiobove the upper linmit
3; Ste gﬁst gmoe;%t ur e g{)&éﬁﬁgaﬁ gﬂ%%ﬁ&ﬁ@ i 1ﬁﬁ&ﬁfcbé‘ﬁto11§e bed &éﬁbﬁs%hﬂﬂn@as (the
Comer ci al %’ 'g‘égeiFrB‘? °§9?8F’bga€°s% ?‘ﬁf‘g]i‘%‘é?g ‘H@gﬁ ?We&?ﬁ'gg °8 ﬁh“o‘*es’ﬁ?def i ns
are genermtd qumqsblcaoreﬁiommbé:edsU’bstmstqfatddycmcgmbmmlfmrmt eady state
condi ti ons. com;kls}%wfﬁﬁdxsealbw9&9Jiseﬁdaaa$§roeéskes%r &bm&h&uﬂtl&?&ko@&ﬂs' S
Ferper at ur c. -t HPENhIRAGHIR.gn 6 GTE-PEfhasaiysls SoRioyet, A0 gp B KAFECH & t ho.
regi on of the bewh icaaigsts.allsyfonkoample, nhep citalystoliaving very light actidiycareon of t he
cool ed gas 1gf I eafpIby¥dOadd hﬂ‘?pﬁ'gduc?aﬁrit&vﬁé désﬁ@ﬂf’ﬁ{eaﬂaféro? lighifhddifdn will be t h' S

reglon wherei n t.he nt. exis e, tenperatu
i nconi ng cool gh IFY‘E ‘%rﬂﬁ?ﬁ‘ﬁ@“ﬁ B‘f‘“"l"l"i‘ﬁyt i '?WP?UB‘:‘B%WW {3?370
i sot hermal bed 4 9, prefetablyfb} tot 419 eubi¢ mewesfdingid pkr qubmanetrefbéd mhterishypee whi ch

enpl oy a fluidigadi esr &{nbéhnogﬂ erglé‘l%tﬁ@étk ¥f the 2&p@9a&hﬁhtyp& h'estﬂogémé&t ure
gradi ent nor nal ? to 12

| y_exists
i nches) above t‘Hﬁ yritgn e, fegnSiih hﬁ'dﬂagﬁ?ﬂ RRemEY i %“ﬁ’ﬁ@s‘bg'eﬁé%% or a
plurality df ndmfb%dcﬁw ey ber fonmxpauple, in the rawgc RiSrio tl Hecubicumetes ofliquéd.

The nunber of opgrlcg&gn{é%opggdz,{lﬁe,h fp,rpg,ilerably inthe range 1 to 16, 25

Blr 5]; glr ?PLyO? Erglozzl es lﬁ}ﬁ@&%}ﬁlﬁt 9 ‘? %ueg t}%rnro%zgmay ge in tﬁe ranggyé) H)G(‘) a

preferably 10 to 80 m'/h (6. 2 to 67.0, preferably 6.2 to 53.6 te/hr).
In the process of the present invention the weight ratio of liquid:total gas
20  which may be introduced into the bed can be, for example, in the range 1:100 to
1:1, preferably in the range 5:100 to 85:100, most preferably in the range 6:100 to
25:100. By total gas is meant the gas which is returned to the reactor to fluidise
the bed together with the assisting atomising gas. The assisting atomising gas may
suitably be an inert gas, for example, nitrogen but is preferably make-up ethylene or
25  recycle gas.
The weight ratio of atomising gas to liquid which may be introduced into
the bed may be in the range 0.5:1 to 5:1, but is preferably approximately 2:1.
The pressure of the assisting atomising gas fed to the gas inlet of the
atomising chamber may be in the range from 2 to 6 bar above the pressure of the
30  fluidised bed.
The pressure of the fluidised bed may be in the range 0.5 to 6 MPa,
preferably 1.72 to 2.74 MPa (17 to 27 barg).
The gas expansion ratio (the ratio of the pressure of the assisting atomising
gas fed to the nozzle and the pressure of the fluidised bed) is preferably in the
35 range ]| 074 to 1.353.



equal ly spaced in the fluidised bed on a given pitch circle dianeter in the

» regi on of the introduction of the liquid. The nunber of nozzles used
"is that nunber which is required to provide sufficient penetration
and di spersion of the atom sed liquid 30 spray at each nozzle to achieve
good di speweioonsssg | i quid across the bed. A pr ef erBCGIIGBRGORASS Of

nozzles is 1 to 8, nore preferably 1 to 4, nost preferably 4.

Each of the nozzles may, if desired, be supplied with separated |iquid by
means of a conmon conduit suitably arranged within the reactor. This can be
provi ded, for exanple, by means of a conduit passing up through the centre
of the 35 reactorrh . " - 8
WO 97/ 18888 ¢ pressure drop of the assisting atomising gas over the atomising

PCT/ GB96/ 02796ehamber and the outlets of the Mzale My bedstherangpl dftorGetiary arr anged such

that they protrudergdfielsaitdrap bbliquid overmrxﬁécsa{xdavaevr&%fiﬁeem&huhaysed bed,
but may be arg ﬁ_g %ﬂfu;ﬁthat they protrude from he wal |l s” of the
reactor in a SHHEP ‘hori zontal direction. The rate at

which 1iqudd can bByinectiogithediduidinto thetfbuidised bdd pengithe pracessrafithe présent on t he

gegr eedof cootdve&.o%ay ERehydt WHidhGs BRdducBth B! 'h&u:ﬁ am9 vedraEl@BMAIAS on the
esire

obt ai nabl e fr&ﬂ??h dg‘m@'gn R Bkgﬁgl‘f‘?‘a?ﬂ%@gﬂm&gﬁe %@@Wﬁ?ﬁﬂ%%@%@ééggs f or

the pol yneri samots)mdon‘onsdqeimtragglomeranordepend inter alia on the activity of
the catal ysts enpl gyeghp o?tﬁﬁ* i thelppSeeld SYahd praseni mventlon toathleve gbad VSt 5 Thus,

for exanp en cata ts haV| ery. v oyed,
and hi gh L&odggf’?’ﬁ'ﬂnf‘ %’@"d’é @H’d 1 H'@qﬂ'écﬁsé’défé ﬁyﬁfﬂrﬂwﬁﬁhﬁf"l on will be
hi gh. Typi cal importet nfachiequg gbadrpepestition auhdisgeysidreare thermamentphend i N t he

range 0.1 to dlrectxon of th@spRl %?ﬁ@&%&z.&h;@d@@ tﬂeeamce sl;"»?&yr §ﬁ!@)f thel qui d per

bi t fb Zi egl
ggt :aryrsrf sr gf OPH‘@gersqzm 87%%%‘\75"”& JpE- sfft'(’é‘a*]’frﬁ"’o%fgneo%geﬁ‘d the Spa %alonl 1(:a ?aﬁgl tion

met al , gnesiaummaientdé"tmzwghnorret allic cocatalyst, the rate of 1 5

'} qtu d agdstlon MBYhdfomhised héﬁﬁ@@’;%ﬁwhicﬁ :st(fiﬁzhﬁrg&gﬁoxﬁ e meéks)%fmbl c netres
0] I qui

t
The throughputam"flpﬁ ‘(’ﬂ*}mg C’P?FS&J‘SHZ‘{%W?& 3 xo%g%:é'srtl ?’E{OSK 5e m10 to 100,
preferably 10 xms*éo»hqeev the hprizamtad moeﬁeemnaﬂuxpp atinea by e gnass flow Se of t o/ hr ).

I'n the procesSgq@ill (kibgramiResat sdcoVD M the MofilaMdiradtion haldnR Pbsslskatishal: t ot al
gas

area (square metres) of the outlet from which the atomised liquid spray emerges,
20  muitiplied by the horizontal component of the velocity {metres per second) of the
atomised liquid spray.

Preferably the horizontal momentum flux of the atomised liquid spray
discharged from the outlet(s) of the atomising chamber is at least 100x103 and
most preferably at least 200x103 Kg s~! m™2 x m s}, Particularly preferred is the

25  use of a horizontal momentum flux in the range 300x103 to 500x103 Kg s~ m-2 x
m s-1. In the case that the atomised liquid spray emerges from the outlet(s) in a
direction other than horizontal, the horizontal component of the velocity of the
atomised liquid spray is calculated from Cosine Q° x actual atomised liquid
velocity, wherein Q° is the angle the atomised liquid spray makes with the

30  horizontal,

The direction of motion of the atomised liquid spray into the bed is
preferably substantially horizontal. In the case that the outlet(s} deliver the
atomised liquid spray in a direction other than horizontal, preferably the direction
of the atormsed liquid spray is at an angle not greater than 45°, most preferably not

35  more than 20° to the horizontal.

10



20 which may be introduced into the bed can be, for exanple, in the range

1: 100 to 1:1, preferably in the range 5: 100 to 85: 100, nopst
preferably in the range 6:100 to 25:100. By total gas is nmeant the
gas which is returned to the reactor to fluidise t he bed toget her

with the assVOPTM¥8%t oni sing gas. The assisting atonising §&I/GRG0Z796
suitably be an inert gas, for exanple. nitrogen but is preferably make-up
et hyl ene or 25 recycl e gas. The wei ght ratio of atom sing
gas to liquid which may be introduced into the bed may be in the
range 0.5:1 to 5:1, but is preferably approximtely 2: 1.

The pressurﬁ of themsghsbbhmcs&lmﬁesﬁm@th'ﬁﬁ@nfm:il@g&d&ﬁ;r%@ﬁlpﬁ&lﬁet of the f
atom sing cha ' . 6,bar, above the pressure o
the 30 fl ui 3?‘?@‘?8%&%*‘?‘““‘?%‘@QQ‘F"J‘fPﬁ%“YS'r“%@é‘&?fgcﬁmtsh@efﬁ BETIMEB] bed
may be in the rPaf©sen. seacyomagyvaiors or moderatre suschab hydrogen2as welPas74 MPa (17 to
27 barg). entrained catalys! BSl/@folymcppirsicles) ratio (the ratio of the pressure
of the assigting atqqisi as o the nqgzzle and the pressure of
the fl uidi sgd bed) ?‘i“e?ﬁcﬁﬁs‘% %%?F?}'Sis%"% ’ﬁggt“‘e 'F‘Z'fﬁ‘b’e“% ‘“8'?“4&"8"*2‘.‘%"53.

VWO 97/ 18888 sufficient make-up monomers to replace those monomers polymerised in the

PCT/ GB96/ 02796 reactor. The pressure drop of the assisting
atom si ng gas over t oI S chanber and the outlets of the

nozzl e may be in thgnfggﬁzbcg@f%ﬁgggéo%'5Pfesenqt')nvent'°“'ss““abl‘?ll#‘gtg? essure drop of
liquid over thémawsirarm efnolyelefingia the gasipbase by thecpalemerisation ofloge brmored. 5 t 0 30
bar. 5 f1oh oldByts ki€ bhe 6f WHih ib bliylest ¢rr1£r6pynéale. Pledreidafha R nk‘?drgg tge_
process of the invention any catal yst ich is iptroduced in
Phe 1 aui d rmy oRIEE propses of s aresen ep it Bofe Ihel are Bexber « ho

li qui d surroundiaws- trvayes smel gyantitiseif alphy olsfinsi hdving more than 8spdbs  and
C(ﬁnsequent agglaesimy RirieRdmple, 9 to 18 carbor& atonds{ cdg%e'ema%ﬁﬁmde%ﬁd.t HRuddfeGEess ?f
the present in | Q0 i spersion and penetration o

the liquid %n \lbﬁ%mflﬂ}l 'ﬁ?%%%mﬁﬁﬁs‘" ae 8?’%%’!%% PRy lene'of °°P|°Bﬁ5‘ﬁ nt in

achi evi ng §8od cH¥lkat papioarensithiene s mare 3 drscalpheeo!efinse Theiprefanced alpha-
direction of t biefiapirepubi-er| penit-sek, hixibidd, Shietyipeat-LaR, &rd-ehd iy Spray

rofile), the . ug)P f I nit cross-sectional area of
F he be d? and t ﬁ%taglgré%?i £ %ple% of H&ﬁgr o%ﬂ%l ttﬁf’tc[.an%e c0pgiymense with the pnimary
ethylene or propylene monomer, or as partial replacement for the C3-Cg alpha-

olefin comonomer are dec-1-ene and ethylidene norbornene.

20 When the process is used for the copolymerisation of ethylene or propylene
with alpha-olefins the ethylene or propylene is present as the major component of
the copolymer, and preferably is present in an amount at least 70% ., more
preferably at least 80% by weight of the total monomers/comonomers.

The process according to the present invention may be used to prepare 2

25  wide variety of polymer products for example finear low density polyethylene
{LLDPE) based on copolymers of ethylene with butene, 4-methylpent-1-ene or
hexene and high density polyethylene (HDPE) which can be for example,
homopolyethylene or copolymers of ethylene with a small portion of higher alpha
olefin comonomer, for example. butene, pent-1-ene, hex-i-ene or 4-methyipent-1-

30 ene.

The liquid which condenses out of the gaseous recycle stream can be a
condensable monomer, e.g. butene, hexene, or octene used as a comonomer for the
production of LLDPE or may be an inert condensable liquid, e.g. butane, pentane,
or hexane.

35 In this specification, the term “condensable” means that the dew point of

il



arrangenment of the nozzle(s). 15 The atom sed liquid spray which
s discharged fromthe outlet(s) of the at om si ng chanber has a

hori zontal nonentum flux of at |east 50x10[err] Kg [err]nferr] X m
s[err] wherein the horizontal nonentumflux is defined as the mass fl ow
rate of woob/igssd d (ki |l ogrammes per second) in the hori zamGHssmect i on
per unit cross-sectional area (square netres) of the outlet from
which the atomi sed liquid spray energes, 20 mul tiplied by the horizontal
conponent of the velocity (netres per second) of the atomsed liquid
Spray. Preferably the horizontal nomentum flux of the

atom sed |i qui

d h f t | h t
Chanber is at PEEReRleRmansitah ePRRRAFE the obiiEab ttenelis hbyethe koo, Zoo
10[err] Kg s[ etenipefagyre pfthesedyeledqopParticul arly preferred is the 25 use of

ﬁ{ hori zont al WDWENH"@:H &aﬁtﬁh&:hﬁe aEta:BtBﬁd ﬁ&l@dﬂ%ﬁldtv% &%@Xm&ﬂ{ﬁé&d ses err]
err] x er se that ray emerges
fromthe outl ef‘\e L’“}‘F" fion'Go ‘“‘Eﬂs&’ B °(¥P Eg‘?ﬁfg‘ﬂaﬁlfﬁ E‘gﬁ Fﬁ.g‘?l‘%

hori zont al T onphtawsed angf totaneid substantinhaccimulatéon of liquid vathorthe bell. | | qui d spray is
cal cul ated from Costheprkess %%Hﬂ!ulaﬂ&@uﬂta%ﬁ%} péipthélising olefins ¥€d Medshde ofVher ei n

go(rair ;Ln!t ZI t e gg&g’“"a?m‘%w "glaf é%’?‘%’fﬁ“‘@? %&%ﬁ%&t%@sgﬁﬁo%d i qui d

spray into theetample for LLDPE produstion thsliymparigutedis siitably yn the range 76 90°CI n t he

case that the Miroemm @e kdmyRFathlags ¢ ptcaily 8021 B3OSR Perding Wndhs Ritidity ¢ bf‘ a
direction th horlzontal preferably the direction t he

atom sed | sgdat_ar) angl e not greater than 45[err] m)st
preferably not 35 TheopadymérisatitOfeastiop may belcarried oiitzip tlsecgresence of a catalyst

10 YWatey 66188 2R gler-Natta type. | consisting of a solid cataiyst essentially
PCT/ GB96/ 02796 sSeo eam vm t hdrawn from

e
t he reactor coﬁ?ﬁ??’ésé'kga compound, af %5@%@’“@’&%’38&% %‘f‘?é’ﬁ’éfy? CORRESBBHET onal |y,
i nert hydr ocar braasic compoundgdeanetaliicth an organometgllin compyad, for exaniplem

activatorsigr amyharuaﬁxﬂurﬁ cSMs&mas mgit&geﬁy caaaﬁysws{en@smve already w&h rai ned
seous

catal yst and/o
streamfed to E(ﬁcpw? ééétn8ﬁgﬁa°é yfa%ﬁ%ﬁ? Nesiio] f@é(’d“cmg large ‘i‘tﬁ‘ﬂ? eél ent make- up
nmononers to repplymer mmsletwnbnmtgnqaewws mb%ilt ippssiblecto avoid a step of

removing catalyst residues from the polymer. These high-activity catalyst systems

generally comprise a solid catalyst consisting essentially of atoms of transition

20  metal, of magnesium and of halogen. It is also possible to use a high-activity
catalyst consisting essentially of a chromium oxide activated by a heat treatment
and associated with a granular support based on a refractory oxide. The process is
also suitable for use with metaliocene catalysts and Ziegler catalysts supported on
sihca.

25 The catalyst may suitably be employed in the form of a prepolymer powder
prepared beforehand during a prepolymerisation stage with the aid of a catalyst as
described above. The prepolymerisation may be carried out by any suitable
process, for example, polymerisation in a liquid hydrocarbon diluent or in the gas
phase using a batch process, a semi-continuous process or a continuous process.

30 Preferably, substantially the whole of the gaseous recycle stream is cooled
and the condensed liquid is separated and substantially the whole of the separated
liquid is introduced directly into the fluidised bed via the nozzle(s) as an atomised
liquid spray.

The gaseous recycle stream is suitably cooled by means of 2 heat exchanger

35 or exchangers to a temperature such that liquid is condensed in the gaseous recycle
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reactor. The process according to the present invention is

'suitable for the manuf acture of polyolefins in the gas phase by the
pol ynmeri sati on of one or nore 10 olefins at |east one of which is
et hyl ene or propylene. Preferred al pha-ol efins for use in the

process of WR97I8&8ent i nvention are those having from 3 t ECHCRAB

atons. However, snmall quantities of al pha olefins having nore than 8 carbon

atons, for exanple, 9 to 18 carbon atons, can be enployed if desired. Thus,

it is possi bl e to produce honopol yners of ethyl ene or propyl ene or

copolynmers of 1 5 et hyl ene or propylene with one or nore C3-(Jerr]

al phal- ol ef i nﬁ. sfﬂlé‘lﬁ‘n.p&ﬁfaﬁfeﬂﬁﬁt extipingers are well kn@lvﬂfir:nﬂfeaﬁre but -1 - eneb .

pent-1-ene, hex-I-e 4- net ent - - . but adi ene.

Exanpl es of hi gher gﬁ%fg?sﬁggst%cpec%a ]eﬁg_@ 0 é}% Plf@ggea\?#gﬁm%némﬁlral mary

et hyl ene or pr apsntisnef satalyskend/ordrolysrer panticles (finegand theaemey beoemoimed. €3-  err |

fzii)pha- %ﬁfeﬂ{‘fﬁ&ﬁmlﬁ&fusﬁéc@clé%eaftd byn?ékﬁus%ﬂﬁicﬁ:ldﬂ.' ;qcba{ag nor ]por ?ﬁnf
en the process i 0 coRo risation of ethyl ene

or propyl end  PropbriqiatheE RiTiclc? mp Fialrloulali GRS EPR BBk Hhaty © 1Y O

as the maj or cenpafierepolifg and separating sheclisiyisl forn the gapdhgfines camitfl desired, be esent

in an amount ateih®ddiced Y6 thEBORlised bed togeth@l Gk YepatatddIRGld sBedm Ma el ght  of
the total nononer t{;@)(;m)noners. The process according to the

present invent "8 be used to prepare a 25 w de variety of polyner
products for exanpl & pideeteravpigfodmsnfthe noarioEs), lityis important to engure @Rhe based on

copo Ihy Ter s of ?ﬁé&ﬁirﬁd&ﬁ?wdehrabwfﬁdi&u c&aﬁﬁée{}waﬂm tfor ;#assagé\@f A fines whicthexene
an g ensi al ver Ny ne C C e exa ,
Rl S RS o MRkl IR o g

honopol yet hyl ene~or *c fene” w't )

al pha ol afqmsing phambsemustiogof suffisipntsize gy lionethe Segsito passimpghe hex- i - ene
or 4-net hyl pentfluidised bédtogehBewith the atomised liquid spR§ ahd théiatkistif afontidiipdenses out
of the gaseous régcycl e stream can be a condensabl e nononer. e.qg.

but ene, hexeneB%r octene used as a conononer for the production of
LLDPE or nd§ be an iThegesepwrrgerciratticam may s compse ipst kirdeocarhons used for or

hexane. 35 the injection &F chialyst, SqaChod dctiddtbBbor nidderatds Mito e ReaClde.abl " neans

that the dew point 7
ben cgog) 05506 " Make-up monomtB, REICKRRHE etyiens to roplace monomers ponsumed, |

material is abdVydhepplymesigatign reaction may be added to the gaseous recycle Stream at any
suitable location.

20 Make-up condensable comonomers, for example, butene, hexene, 4-
methylpent-1-ene and octene, to replace condensable comonomers consumed by
the polymerisation reaction may be introduced as liquids and added to the gaseous
recycle gas stream at any suitable location.

The liquid may be separated from the gaseous recycle stream in a separator.

25 Suitable separators are for example cycione separators, large vessels which
reduce the velocity of the gas stream to effect separation of the condensed liquid
(knock-out drums), demister type gas-liquid separators and liquid scrubbers, for
example, venturi scrubbers. Such separators are well known in the art.

The use of a demister type of gas-liquid separator is particularly

30  advantageous in the process of the present invention.

The use of a cyclone separator in the gaseous recycle stream, prior to the
separator is preferred. This removes the majority of the fines from the gaseous
stream leaving the reactor thereby facilitating the use of a demister separator and
also reducing the possibility of fouling of the separator thereby resulting in a more

35 efficient operation.
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tenperature of the recycle |oop. It is inportant that the
atom sed |iquid should vaporise within the bed under t he

pol ymeri sation conditions being enpl oyed so that the desired cooling effect
is 5 obt ai ned and to avoid substantial accunul ation of uid within the
bed. WO 97/18888 The process is particularly suitable fB‘F"’gB?Wi sing
olefins at a pressure of between 0.5 and 6 MPa and at a tenperature
of between 30[err]C and 130[err]C. For exanpl e for LLDPE production
the tenperature is suitably in the range 75-90[err]C and for HDPE the
tenperature is typically 80-105[err] C depending on the activity of 10 t he

cat ?'hySt used. A further advantdg€ofiRing 'K%inﬁ?ér'tﬂﬁ %éjfialt&ﬁsﬂﬁwhbe carried out
in the presenc e

conS|stPng of B ges Srid dOPCKﬁgﬁhetseBargmr Stfel%q"e”hammé’ ngg %"%S%OUM of a
transition rretlhﬂeb)hdlhemllg"b@éﬁ@&h%@ftmrﬂﬂwms%m organi ¢ conpound ~
of a metal (i.e. amy izﬁaﬁlﬂmhﬁlé ae:ﬁﬁﬁpéﬁﬁ&dtorff&rus@ifﬁﬁpbﬁcésﬁ oltthe

al kyl al um |um conmpoun actl i t st .systens have already been
known f or § 81’"@%5?553%%“3?' 53%‘5‘3’? Veg a&ﬁaﬁg@@% knopg as Buantities
of pol yrf‘é’leerﬁﬁss"a(fcrralxunp!v.etbme DRYMBXDI bis typedf sdpamtornises the possible to
P h ot vi Ly S aessence S dAIES b ke ra?‘“%@‘*@ﬁ‘ e i LN
consi sting essgﬁﬁ?sal’ﬁf %%/"qéf{drorrsﬁ%e%?‘”flpg?’(é "b'tlfgﬁ wﬁéﬁ‘ﬁlma&* nfgbney um and
of hal ogen. | teallsctipha tfpdmsndbITélethquldseseafomeg#blmhq Kquidsto be storedthergby st

consi stingees hamglczéme& oerCcthé amw@,ecafltquamtﬂmmde prardr. NERd type §AL MENt
and associ ate

l.ar sed on a.refrac XI d The
o ocose ts < Cochhrib i Y iR B Loq N Rrartbn o ke Sk ForuBin
Zi egl er cat al ysasstreampported on silica. 25 The catal yst may
suitably be enpl oyeggidirel rheﬁl{e?'ir{&lpforétrﬂfﬁﬂ%w%ﬂnspﬁws'é'arr edm the epar ed

bef orehand durin r nerisa catal yst as
hel o ehand U411, &8 SPRL KIS nealy SRR MhLReL Rl 3 el fcar alvet s
process, fi& escampted liqpid| Wdiermatvaly. @ny firesandyibg kewt imsuspensionisos thas pyaidit or in
the gas foﬂhagsmu@sdperaa)rlbgt&heﬁ &&nngtzm%mdmlswm& process or a

conti nuous pro e amca? %tatmn) bubbh?% d“’ e&gb r¥am gxlil&f%ﬁget fuﬁ“ & the whol e of

t he gaseous r ety Cc00 contensed liquid is
separat ed and mwwch&wlytmgﬁéemﬂ by waqswéa%@ﬁemétlwle liquidis| j quid is
i ntroduced di remtihyodsiytwitide@vi froth dhs turhetiouh@sepiraron o Pafe@ilsy, agdrioh at oni sed

liquid spr a %f thet: h%uxd inth the serp-gggorqga%%ﬂéo g%}/rs&lgtt@ B§ ﬁl@{gs o%aiwtnhab l'y cool ed

by neans o re such that
liquid is condStably. Mﬁ@ﬁé ligeid dvdiculategye Pu,ow the pump to be operate ina

12 continuous manner. A portion of the circulating liquid may be introduced directly
into the fluidised bed via a valve which opens to allow liquid to enter a supply line
to the nozzle(s). Preferably, the valve is operated via a liquid levei controtler

25  which monitors and maintains the level of liquid in the separator between set limits.

The separated liquid is suitably introduced into the fluidised bed via

nozzle(s) arranged above the upper limit of the temperature gradient between the
entering fluidising gas and the remainder of the bed. The nozzle(s) may be at a
plurality of points within this region of the fluidised bed and may be at different

30  heights within this region. The nozzle(s) are arranged such that the local
concentration of liquid does not adversely affect the fluidisation of the bed or the
quality of the product, and to enable the liquid to disperse rapidly from each point
and vaporise in the bed to remove the heat of polymerisation from the exothermic
reaction. In this way the amount of liquid introduced for cooling purposes may

35  much more closely approach the maximum loading that can be tolerated without
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WO 97/ 1 8888

“PCT/ GB96/ 02796 stream Suitable heat exchangers are well known in
the art. The gaseous recycle stream |l eaving the top of the
reactor can entrain a guantity of catalyst and/or palyner rticles
(fines) andwOl#i¥8%may be renoved, if desired, from ?ﬁ%’(ﬂ‘z@&%ﬂé
recycle stream by neans of a cyclone. A small 5 proportion of these
particles may renmain entrained in the gaseous recycle stream and
after cooling and separating the liquid fromthe gas, the fines can, if
desired, be reintroduced into the fluidised bed together with the

separ at ed | i qLﬁi&uﬁ;ﬁgﬂﬁé’ﬂﬂih@aﬁdﬂ%h_amctgristi_@@gtzth@‘@ and hence offers the In order to
avoi d fouling of 'g_the nozz%.eésgé\mlt kg ‘I ngorttant %o .ensure that the 10
mechani cal devRPETHEY 'O AFRIPY] Wfencet leXeis RUS2EY RIPPERY%r passage of any
fines which riEhp liguidmangbdrsireds be inerodugsdrinto ke fhiidjsaddbed viamarzle(s)

Furt her nor e, , tﬁtf%itBHéd &Q{iﬁérexftrhaghé Rthin thabed@?%ﬁ'té!:ﬁni&ﬁ@é’ﬂﬂ%cﬂﬂ&é_t be of

sufficient size to allow,the fines ta pass iLntq,the fluyjdised bed
Coget her wi& h PIREC VR SRAERl §VF1 cqMORORERSPTRRTAaP, S antfied merering of auid g
gas. 15 into the Thidiserhbesios the mozald(e) providesmsefaladditional comtpol ioge theer t

hydr ocar bons U@%ﬁ?erfafb'i—e profile of thbedRh& Gh tHeRafithAaheliqufd contdRThomBRom&t | vat or s
or noderators in for

9 t he eact?r. . Make- up. Mpnoner s
exanpl e, et hyl ¥q¥ Fso”SF%'E)F%{Eré’ BT SHFPIORaRE jRgegPoration intg} ?F@"B’B’le&rreri sation
reacti on may be addecdrdest¢ pain eseaximum benebt of the canding af thansgparated hiquilii t abl e

l'ocation. @ itis essential thdVReSi02ReGPRE PARNEreSRTWHSARAS terhRbar@xanpl e,
but ene, hexene

4- .. nmethyl pent.- -epe, and octene, taq replace
condensabl e c%ﬂ8mtscb‘?1é'h?%ag'ﬁﬁhhelbed wgﬁgﬁﬁsoﬁugﬁmag%ﬁagﬁdlﬂg‘act i on may be
i ntroduced as femgeratise oftdie gekdeus recycletsyega iraving the reactorr ecycl e gas stream at
any suitabl e | ocatiThe nozzle(s) may, for exampleSoel dpfitdixfindi@y 28.206 8Raprafefyf r om t he

gaseous recycl %-Zééﬁ%E]%\"e;tgggﬁgi?%@ts?ﬁﬁgr 25 Suitabl e separators

are for exanple . e vessel s which reduce the
vel ocity dfd t he gasingractiggnthetempéranie yegkwaﬁnmthe Heidisebbagonajefirstds | i qui d

(knock-out  dr Ugidrmir BuBhE polyiOBaticiousinglibr exanGie tidrRbsoupitd 1dch@l iflor
scrubbers, for are wel |

ex e, veniuri ubbers. Such, separator
known in the aytthewals 0&%) reattor. %%“%%&E)Fgée e pggnepd f‘ﬁ/’%‘é‘"ﬁ "IN i qui d
separator is plauid enggramty tigoegiomethe bedops ohichithe tetuongsi gas siseanpliast he pr esent
i nvention. substantially reacfldd@hé/fethpefatide 651Gk BGOSR R strearh 'Bei!?_%e gaseous

recycle st%dearr&,m?{rh%fr?%thp%ﬁctm separator is preferred. is renmoves the
majority of the fines Tromthe gaseous stream | eavi ng the reactor

thereby facilitati ngistmeorsant toensyredbatithe tlemperatyze withip therflpidised bed i) so
reduci ng the pesiaialied bf ¥1e08l wikihl i BgoWwthe fiReriRRAMFrRLre dTheEIydiemUl ting in a
more 35 effiglenlOPREREL ON-
The gas from the separator is recycled to the bed, normally into the bottom
25  ofthe reactor. Ifa fluidisation grid is employed, such recycle is normally to the
region below the grid, and the grid facilitates uniform distribution of the gas to
fluidise the bed. The use of a fluidisation grid is preferred.
The process of the present invention is operated with a gas velocity in the
fluidised bed which must be greater than or equal to that required to achieve a
30  bubbling bed. The minimum gas velocity is generally 6-12 cm/sec but the process
of the present invention is preferably carried out using a gas velocity in the range
30 to 100, most preferably 50 to 70 cm/sec.
If desired, liquid or liquid-soluble additives, for example, activators,
cocatalysts and the like, can be introduced into the bed via the nozzle(s) together
35  with the separated liquid stream.
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- PCT/ G3B96/ 02796 A further advantage of using a dem ster
type of separator is that the pressure drop within the separator can
be lower than in other types of separators t her eby enhanci ng the

ef fi ci encyy@®by/ishsg overal | process. A parti eOt/eBbeme23i t abl e
dem ster separator for use in the process of the 5 present invention is
a comercially avail able vertical gas separator known as a "Peer| ess”
(for exanple, type DPV P8X). This type of separator uses the

coal escence of liquid droplets on a baffle arrangerrent to separate the
liquid from id reservolr rovided.in the
bottom of the sepaﬁ'&ﬁﬁ%ﬁ"cﬁ'a‘ thé} P‘%C%%Pf]‘g‘ PrESFRt Jrveptipe "f @f’%f’ RMEkE; qui d
reservoir enalsthyiene hemp+ Qfmoaowmebemskmmh!lmr&byxml& tpreplacetheg cont r ol
over the di schitiyiipe @bnsiined Buriﬂg ifle f:él?xﬁbﬁdaﬂorﬁ %%ahwamaz&uu%ryt:mu@éd

separator is ver ef fi ¢l ar a n onden ed I | qui d
fromthe ég ?rgg as &ream%nor to s rqnﬁ g‘é g'tt&" a’ﬁ EF %’i
ot her sui t &bl delowaths fluidisptidnesridrif sueh dscemployer) liquid reservoir of t he

separator to coll eqmeaeparzrtmmum fifbabl fi§ HeRIBERE tolaBdiBRal ESoing 36 par at ed
Foul ng of & ndebE ST kaoRjschniEs)Felons pant Bt pduped 54 e Hidiied T g 2vor d
separ at or the ngzzis(shaAn edvantage wfithiscparticulan bipectnf the messatdngergibn sam t hr ough

thte i qtu d Or that, by cooﬁ@memu&mwbr&m&sauc%w&ihh@uidisealbeh Q¥ weeans of an
externa

op conti nuous awn fr
ret ur ned § twgz%g(ﬁgla&%pdenﬁ g\*é’?‘ﬁ‘ﬁf'fr Péepﬁgf 8%“%\”51“ gﬁf‘oqtﬁgecﬁ“d@? din the
separator is dignidistreese 9aue¢p@mhmseuorb§pf¢man@d9¢tm ianhe bed willbe Sui t abl y,
sufficient |iqeistedS circulated to allow the punp to be operated in a

conti nuous manner. ortion of the circula be introduced
directly | sl om e e R gion SRk bt RSN 1o ol | ow
liquid to ent eccerdingppthe présemt invention the gas phaselyidised (beil pobmeﬂmiabisy t he
val ve is apger Eﬁai‘féd\b!y%hﬁﬁingﬁwHéd'vﬂtlﬁiartﬁﬂﬁid’ﬁ&l)brﬁé’r péRicles, Wil efenBiGMingr s and
mai nt ai ns the k wthmu ra the separator between set |limts.

The separat ed é RS s i ntroduced into the fluidised bed via
nozzl e(s) arranged %@Rﬁ’é‘gttﬁéeup er] amodimsnt efithe pregpbinyentios tharalsi ent

bet ween t he prov.demﬁmlemgiufbhmdugd f88the afectibl of IRid B MGEedHedishia bed.
The nozzl e(s) plurality of points within this region of
the fluidised "be at different 30 hei ghts within this region.
The nozzl @0s) (a)re @@M@&Met hat the | ocal concentration of
|IC]UI d does nqQb) ad\aequae{l,meaﬁofgﬁcatoﬁﬁmgfdhuh&rsat| on of the bed or the

guality of the(c)oroddufﬂ;;lrs ml&'?gthte%t(?rﬁ'i?i%‘éhatmm%r ahgu! d to disperse rapidly from

each poi nt

e co rtlsm
gP

(d) at least one atomised liquid outlet from the chamber,
characterised in that within the liquid inlet there is provided a mechanical device to
25  preatomise the liquid.
The atomising chamber, the outlet from the atomising chamber, and the
mechanical device may have the features described above.
A benefit of the nozzle according to the present invention is that the
amount of atomising gas required to operate the nozzles is significantly reduced
30  compared with conventional gas-liquid atomising nozzles.
Nozzles according to the present invention will be further illustrated with
reference to Figures | to 3.
In Figure | the nozzle comprises a housing (1) comprising an upper region
or cone (2) and a lower region or body (3). The cone is provided with a number of
35  outlets (4) arranged on its circumference and an atomising chamber (5) arranged
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and vaporise in the bed to renove the heat of polynerisation fromthe

<exot herm c reaction. In this way the anount of |iquid introduced for
cool i ng purposes may 35 much nore cl osely approach the nmaxi num | oadi ng
that can be tolerated w thout

14 WOWDISEES 188388 PCY/GB96/02796

PCT/ GB96/ 02796 di sturbing the fluidisation characteristics of the
bed and hence offers the opportunity to achi eve enhanced | evel s of
reactor productivity. The liquid can, if desired, be

I ntroduced into the fluidised bed via nozzl e(s) positioned at

di fferent hei gihefeinM THe bbd{ (3 dTek noZde b Rovidainmitica centrally foasted cdnduie (6)5

. q ¢ ‘ : . ¢
Bt oM " Bhenibiea GTRBANR ARG 051l af Buect DA AWl 00 2

addi ti onal conthedtnepgenduiti(@®). The conduitdiheqemynicatesvith theatgmisingcha@berand, in
the case that (ﬂ)%ykﬁ%iy%rﬁaﬁ@éd?&ﬂ%ﬁin@@@.nmwcal devices (9) anéiatiangadsstish control

over the c noner i ncofRokation into,th I - I n order
to gain the na%?c%ﬁf'ﬂ%@?‘i F iinde el_1 ugdo' F&P&ﬁg(?%ttﬁgﬁézgﬁé’? é"to agps Qaﬁ?dd 10 it

i s essential t hesistingatomising gag is)supplied shernduit KB. Thglawer rpgionoriiody (Ierfper at ur e
gradi ent exi st ghe rozRe isicOnAdfed DR cbn@htidrdaEmbad totieGhpghpsf srefaiisa tigald! v

reached the re rature of.the gaseoqus & e stream lLeaving the
Leactor. | C and assi S hRAE Sof ridln 02 SR f’mé%é#ﬁheeﬁ%éa%%%&ﬁeﬁm ly
20-200 cm pr efBraadpfer mixing withghe gssistnsaionising iges in|ths Apmising ghamper 45) 15
In practicep t R iqeRNedisdhdfgRd Boff thk GoxMd ilo'thd Mhadikddtiedia afl addRfikellB)rali r st be
determ ned duri ng EDQ%FE(H zation using, for exanple, thernocouples |ocated
in or o 4t W& @ of the reactor. The nozzle(s) is/are then
arranged to ensure Figufe 2 fustrates an alterpayive @rrargeaest ofignozzle accoptingte the t he bed
at which the ][gtesmeﬁbeﬂ&ﬁ:. Ih HRSEFrdhgement the centPAlRIdaaidicahduit (spached theh
tenperature o 0 t | omthe
reactor °5‘n§‘"f%§§% \9?%&%%%&1 g gnat"{bt%gggﬁgﬁg ‘gtat%%aatmﬁ%eted%ﬁ“gfg@'ur e wthin
the fluidi%2d Beagsurised liquid is supplind to the gozde by eatyally lvmméwm@%b & t he
? ihnt eri n}g teerisatihg Rofhsirig@s mdumleieﬁé .ﬂzpplietd to codngY). tnfeilnﬁidftih? b?ﬂ. bott

e gas from r r . o the bottom
25 of the re geta(%’r . Saéfi?’ Srg.ﬁef +‘§°.*‘8‘.%§§t% F‘g‘%’ @??ﬁb“?gggﬁ’%%ﬁ“g@ée%@“{s%éh recycle is
normal |y to the Figure 3 illustrates a further arrangement of a nozzlé according to the

present invention. In this arrangement pressurised liquid in supplied to each of the
20  outlets (4) of the nozzle by a conduit (11). The liquid is preatomised by a

mechanical device (9) located within conduit (11} in close proximity to the outiet

(4). Each outlet has a separate atomising chamber (12) of sufficient size to allow a

spray of atomised liquid to be formed therein. Assisting atomising gas is supplied

to each atomising chamber by a conduit (13). A spray of atomised liquid is
25  discharged from each of the outlets (4).
The process of the present invention will now be described by reference to
the following example.

Example )
During scale-up of a gas-liquid nozzle (in the absence of preatomisation of
30  the liquid with a mechanical device) a linear design procedure was employed such

that the gas expansion ratio was maintained at 1.25 (pressure of gas supplied to the

gas inlet to the atomising chamber was 25 barg and the pressure of the fluidised

bed was 20 barg; a gas expansion ratio of 25:20 = 1.25:1) using 5% by weight of

atomising gas. This procedure was adequate for scaling-up nozzles with a liquid
35  injection rate of 0.48 m'/h (the original scale tested) to a liquid injection rate of
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region below the grid, and the grid facilitates uniformdistribution of the

gas to fluidise the bed. The use of a fluidisation grid is
preferred. The process of the present invention is operated
with a gas velocity in the flui di sed bed which nust be greater than
or equal towblaisssequired to achieve a 30 bubbl i ng bed. PUNGHI/PE7TBEIM gas
velocity is generally 6-12 cm sec but the process of the present
invention is preferably carried out using a gas velocity in the range

30 to 100, nost preferably 50 to 70 cm sec. | f desired,

liquid or Iiquid-soluble additives, for exanple, activators,

cocat al ysts angl. {he [ ol ¢ 0zzl e(s
Loget her 35 e Hh{é'g'geer Ig%gt%g‘ “By’l TR o ilher Al RO el Bfied” (s)
15 V\éysg,ﬂpq using;the hnear scale-up procedure wouid not adequately atomise the

PCT/ GB96/ 0279Bquid. For example, a nozzle having b#iquid dfectibataté b£27pmbs edaldadot t he
pr esent i nvenphgi ccsgah%fd‘ SR 6PURAL of siomiSh £ e AP KR By OOPO! YT S,

make- up et hyl ehe or exa to replace ene consuned
during t he® polngrrasedamounts of aopisng @am%@msfpytmw%wmme into the
separ at ed gasefféctieelyn [ additionOit wasndcessadyrto dis@tthOratio oF thetdhessi3eddiogdior exanpl e

5 bel ow t he The
separ at ed |i atfeg Bfﬁe%ﬂ{létgﬂo&ghgatbﬁusg{g@hﬂl ?1 gg{a?gl}gqﬁeg%%lpe 8%‘8? ?tr?ausf §

using refri geskmlxsﬁ T*é{?hWFqEPé%‘)‘PHéﬂﬂ‘é’f%’éﬁthg i ntroduced into the fI ui di sed
bed via t he Theatheuns bf gldtediired firagrzelt hivinga fiquid infddlion ragsgfect of the

Present SO ki 0 o f 8B SROM AP el Bl och | o

into the nozz ndenc r catal yst or
prepol yner whi iTable fay be contained in the I | qU| d streamto cause
pol ymeri sati on bef tirveasifindabatGtdleap bhihe nbiweslkecbr%g ko the present invefbaced.

Bef or e, COMENGIOG 18 AL EHSLLANe Meud Bl iy Ry t3BeQllelSo BETRSS

according to the p ent 1 nvention
pol yneri sat i offtio® 1h%°f°$ss@aﬁnébprwféh%?l§i rom ¢hepgemigig shasaher slthat e
pol ymer ptbti eblame ofittd stdimising chdnibaf with increasing hiileghoubhpiy Thuspthgh t he bed.

According 10 %glad abiikiflg to ANRARLITRenttin HiGw RTRE Rheat BARN RBcddlR" € 1S

with respect to the internal dimensions of the nozzle.

TABLE {
20
Liquid injection rate Atomising gas (% by wt.)
(m*/h)
ne mechanical device mechanical device
30 7 2 (measured)
80 12-15 2-3 {(computer simulation)
25
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provi ded a nozzle suitable for use for the injection of liquid into a

<fluidised bed said nozzl e conprising: 20 (a) an atom sing
chanber, (b) aliquidinlet to the atom sing chamber, (c) a
gas inlet to the atom sing chanber, and (d) at le om sed
i quid out WRIVISH t he chanber, characterised in thg?h\(/;\nagﬁ‘ln?\;ﬁt he
liquid inlet there is provided a nechanical device to 25 preat om se the

| i quid. The atom sing chanber, the outlet fromthe atom sing
chanber, and the mechani cal device may have the features descri bed
above. A benefit of the nozzle according to the present
invention is that the anount of atom sing gas required to operate

the nozzles is significantly reduced 30 conpared--wit-h.conventi onal

gas-liquid atom sing nozzl es. ccording to the
present invention will be further illustrat emmgmljwﬂni‘”:[mer ence to
Figures 1 to 3. In Figure 1 the nae tMEs a housing
(1) conprising an upper region or cone (2) and a 1owWer region or
body (3). The cone is provided with a nunber of 35 outlets (4) arranged
on its circunference and an atom sing chanber (5) arranged

16 WD 97/ 18888

PCT/ GB96/ 02796 therein. The body (3) of the nozzle is provided
with a centrally | ocated conduit (6) opening into the atom sing
chanmber (5) and an outer conduit (7) |ocated around t he i nner conduit
(6). The condulaiiy) comruni cates with the atom sing chanber (5) by

suitably arranged opgRbagstor fhe inthbnbich sfdlquidire@BSno)fluidised ded ahgRd Wi t hin
5 each openi ggmprises: Pressurised liquid is supplied to the nozzle by
conduit (7) an assi St tomsing gas is supplied to conduit (6).
The | ower regi gaH orp%_sé‘f/mf%ghcgﬁ?ﬂ . the nozzle is connected by
conventional mns fesdingtheprgspprisedliqyid tossliquidialet pf apptemising champberobasi st i ng

atom sing g®s. The hogleé d i s preatom sed by the nechanical devices

chanber (5) 10 ¢ nerepiotits e PR Biag S mRRMSR P RBuioted PRpBYEN. "
flui di sed bed as anl@idifesed spray
(d) feeding assisting atomising gas to a gas inlet of the atomising chamber;
(e)  atomising the preatomised liquid in the atomising chamber using the
10 assisting atomising gas: and
) discharging the atomised liquid as a spray into the fluidised bed through at
least one outlet of the atomising chamber.
2. A continuous gas fluidised bed process for the polymerisation of olefin
monomer selected from (a) ethylene, (b} propylene. {c) mixtures of ethylene and
16 propylene and (d) one or more other alpha-olefins mixed with (a), (b) or (c), ina
fluidised bed reactor by continuously recycling a gaseous stream comprising at
least some of the ethylene and/or propylene through a fluidised bed in said reactor
In the presence of a polymerisation catalyst under reactive conditions, at least part
of the said gaseous stream withdrawn from said reactor being cooled to a
20  temperature at which liquid condenses out, separating at least part of the
condensed liquid from the gaseous stream and introducing at least part of the
separated liquid directly into the fluidised bed by:
(a) pressurising the liquid;
(b) feeding the pressurised liquid to a liquid infet of an atomising chamber of a
25 nozzle;
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via the outlets (4). Figure 2 illustrates an alternative
arrangenment of a nozzle according to the present invention. In this
arrangenent the centrally located conduit (6) comuni cates with the
m xi ng chamber (5) by a suitably ar+ranged.opening (10). 15 Pressuri sed
liquid is swmbinsdsg o the nozzle by centrally | ocated condBCT/GB8§/02a%6d
assisting atom sing gas is suppli eﬂ!@ m conduit (7). The liquid
S preat om sed by the mechan nurranged wi thin the

openi ng (10). Figure 3 i Iustr"at és & further arrangenent of a
nozzl e according to t he present invention. In this arrangenent

ﬁggi IS g r Ib ; eg lc 1)2 WE séﬂ{?iljtgexﬂf u? ﬁ:ﬁ&%&) &e&!ﬁﬁ?oﬁ%evxg@%&shﬁ%éd Hithin Qe e

ul o reatom s nmechani cal
devi ce (9) Iocated A ltonduit (11) in close proxinity to the outl et

(4). Each outl e(d)hasfuadmgpsrsahgatamcsmggamg) ciariklerof thekormising ehdmberent si ze
to allow a e)SPr ASS|st|ng
ﬁﬁxmﬁ%nﬁ%?eﬁt%quéea ‘Rﬂnh@ {&&Q&MW n%lbé}%gyg

at om si ng gas | sup om si ng a condui t
(13). A spr of at ORSSHHBE MPEISING 225 38 i scharged from each of the

outlets (4). () discharging/the a@iiwa Siguidfas & BRapineshis fuidReEbéd Bbughki NOw be

descri bed by referen 0L xarrpl e. Exanpl e
During scal e- up of a&gsm?lrouﬂet(?f{hgg E?‘V'Hapﬁe absence of preatom sation of

30 the liquid W|thAePfﬁ%“éhW@wgtaélﬂ‘%sebmazl“lmthﬂﬁw&ﬁ%@ thee Iwas
enpl oyed such to4outiit the gas expansion ratio was maintained at 1.25

(pressure ofggag suppl rg&sggccgnﬁngttﬁan¥?&a(§' 'ﬂ‘hsef td Pint %J\atrhgmo chamber

was 25 barg and the pressure rg, a gas
expansi on rat i oCkAmbeshaxp volumen the rapgg %ét%%‘b}f“v\el ght of at oni si ng
gas. This procedure Wasoeseaidtidingtorany omd ¢fitihiripl RO ialvetiichithe Rodld hagui d 35

njection rate gforDudf ol el il kBt bSH APkoRRE Fak PR G Lbpdbfhed |1 OUT

Injection rate o . . . . . . .
WO 97/ 18888 atomising chamber and mechanical device orientated in-line with the outlet.

PCT/ GB96/ 02I/®6 6. A prode3srheeprdjnghto ahlpum/aficjaihal ges insdathethe eezhaaizahavi ng a
e o 1 BbAE s Qe Fom WiSoup consfi A SLAA. b4t fib@ear scal e-up

procedure woul d, nat adeq K ﬁtqm se exanpl e, a
nozzl e having a‘T?‘ﬁ%ﬁ"&F“F gaket fag Aeyicg andgp u '?‘sﬂ’f‘%i"?"j‘qeh woul d not
7. A process according to any one of claims 1 to 6 in which the outlets
comprise circular holes, rectangular slots or elliptical slots.
20 8. A process according to any one of the preceding claims in which each of

the outlet(s) has a cross-sectional area in the range from 78.5 to 525.0 mm®.

9. A process according to any one of the preceding claims in which a plurality
of nozzles are arranged within the fluidised bed.
10 A process according to any one of claims 2 to 9 in which the atomised
25  liquid spray is introduced directly into the fluidised bed above the upper limit of the
temperature gradient between the gaseous stream fed to the reactor and the
remainder of the bed.
1. A process according to any one of claims 2 to 10 in which the assisting
atomising gas is selected from the group consisting of an inert gas. make-up
30  ethylene and recycle gas.
12. A process according to any one of claims 2 to 11 in which liquid is
introduced into the fluidised bed at a rate in the range 0.} t0 4.9 cubic metres of
liquid per cubic metre of bed material per hour.
13. A process according to any one of claims 2 to |2 in which the throughput
35  ofliquid through the nozzle is in the range 10 to 100 m'/h.
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operate successfully with 5% by weight of atom sing gas. It was found that
5. increased anounts of atom sing gas were required for the nozzle to

oper at e effectively. In addition, it was necessary to alter the ratio
of the cross-sectional area of_ the outlets fromthe atom satlon
chanber and tweswwissare of the atomi sing ““chanber ThusPCTREMRRS:

was not pro rata. The(ﬁnmﬂ ,' uired for a nozzle
having a liquid injection rate of 1 W’"mumg 80 nferr]/h in the
presence and absence of a mechanical ‘devicé i% given in Tabl e 1.
It was found that scal e-up of the nozzles according to the present

i nvention {rBdeifhocbiingd Qn)'{ offe ofaALE 10D AN théleEBKo have (o
be applied to al area of the

S-se aI
outlets fromt hé%h‘l‘b‘*ﬁ%‘tlﬁgs ’('PH'S%@? "ﬁ?lﬂ‘ettbﬁg'sl‘gq‘ f}nié)% lthe atonisi ng
chanmber with i ndﬁeasArmomzzdcerdﬁﬂgrtomgynpnﬁtofcﬁmsz ta Hein which theyweightogtio

according to thegpg tohﬁ}f&%%%zcﬁlﬂirﬁﬁ&(i&edm&@m’eib@@ﬁﬁnﬁt@@i@e@ﬁi:pfoocedure
with respect _to t e I nternal di mensions of the nozzle

TABLE | 20 9 5k quid injection rate At om si ng gas (% by
w.) (i eni6] / hA process according to any one of claims 2 to 15 in whichythe pressueanofc al
(;ew ce mechag %thxn%%\’é 8ing gas fed to the gas inlet of tgg atomising chamber is in the

nmeasur
12- 15 faﬂgz frgm 2 @Poxs the pressups9f the ﬁmg's%bed WD 97/ 18888

PCT/ GB96/ 02796 17. A process according to any one of claims 2 to 16 in which the pressure

10  drop of liquid over the mechanical device of the nozzle is in the range 0.5 to 30 bar
and the pressure drop of the assisting atomising gas over the atomising chamber
and the outlet(s) of the nozzle is in the range 1 to 6 bar.
18. A process according to any one of claims 2 to 17 in which the atomised
liquid spray discharged from the outlets of the atomising chamber has a horizontal

15  momentum flux of at least 50x10® Kg s-} m~2 x m s-1 wherein the horizontal
momentum flux is defined as the mass flow rate of liquid (kilogrammes per second)
in the horizontal direction per unit cross<sectional area (square metres) of the
outlet from which the atomised liquid spray emerges, multiplied by the horizontal
component of the velocity (metres per second} of the atomised liquid spray.

20 19. A process according to any one of claims 2 to 18 in which the atomised
liquid spray is directed substantially horizontally into the bed.
20. A nozzle suitable for use for the injection of liquid into a fluidised bed said
nozzle comprising;
{a) an atomising chamber;

25 (b) a liquid inlet to the atomising chamber:
{c) a gas inlet to the atomising chamber; and
{d) at least one atomised liquid outlet from the chamber,
characterised in that within the liquid inlet there is provided a mechanical device to
preatomise the liquid.

30 21 A nozzle according to claim 20 in which the atomising chamber has a
volume in the range 8.5 to 384 cm’.
22. A nozzle according to claim 20 in which the nozzle has more than one
outlet and each outlet for the atomised liquid has a separate atomising chamber and
mechanical device orientated in-line with the outlet.

35 23. A nozzle according 1o any one of claims 20 to 22 in which the mechanical
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d ai ns 1 A process for the introduction of liquid directly into

a-fl uidised bed whi ch conpri ses: (a) pressurising the

| i quid, (b) feeding the pressurised liquid to a liquid inlet of an
atom sing chanber of a 5 nozzl e; (c) preatorri sing the
l'i quid usi nrg\g &ni cal device positioned within the" Cf T9 l'iquid
i nlet; (d) f eedi ng assi sting a gas inlet of the

at oni si ng chamber; (e) at omlmﬂmmulﬂ”ﬁﬁi m sed liquid in the

at om si ng chanber using the ¢ assistimg+atom sing gas, and

(f) di schargi ng the atom sed liquid as a spray into the fluidised bed
t2-hroug2 2f)nt| nqﬁgﬁ‘:e‘%%el:ctegl di sthgggoe %ns’s 'nggf% ?ﬂ?‘ﬂt gpﬁi’:&n c;::g? ie(r)h of

ol efin Et’?eéa“r 1oe @ arereltrgdoeneipw(;a) pr Opyl ene, (c)

m xtures of et rﬁﬂene‘\mﬁﬂejaoaordmgn@pml:ﬁﬁ%f@lﬂﬁhs%)to%‘?n%1(: e ot her

al pha- ol ef i ns roXPHsedifchia Wgtshed react or
by conti nuoPsI Ys }rhgcyc i ni fgalegsag%})augﬁlgfﬁég QB‘?ﬂfﬂis}mhg at | east sone
of the ethylené and’b BESSATLRE te #ycwg of elaifrs 20d6 24 ¢h b&dhb&bb%ﬂlﬁe react or

in the pr esencé’“ﬁﬁ(sahm ms&mdabﬂeﬁﬁ\&ﬁéﬁéﬁéeﬁl&ggg 5&‘3%‘2%' ve gonditions,

| east part of the said gaseous stream w t hdrawn JMsai d react or
bei ng cooled to a 20 tenperature at which |iquid condenses out,
separating at |east part of the condensed |iquid fromthe gaseous
stream and introducing at |east part of the Separated |iquid
directly io the fluidised bed by: (a) pressurising the |iquid;

(b) feeding the pressurised liquid to a liquid inlet of an atom sing
chanmber of a 25 nozzl e,
19
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WO 97/ 18888 PCT/ GB96/ 02796 (c) preatom sing the liquid using a
mechani cal device positioned within the liquid inlet;

(d) feeding assisting atonm sing gas to a gas inlet of the atom sing
chanber; (e) atom sing the preatomsed liquid in h@ﬁn@&ﬂﬁh?'ng
chanber usiWwg 97/He888 5 assi sting atom sing gas; (f)
di scharging the atom sed liquid as a spray into the fluidised bed through
at | east one outlet of the atom sing chanber. 3. A
process according to clainms | or 2 iﬂ]@hich the atom sing chanber has 1

to 4 outlets. 10 4. A process according to any one of clainms 1 to 3 in
whi ch the atom sing chanber has a volune in the range 8.5 to 384
cnjerr]. 5. A process according to any one of clainms | to 3 in
whi ch the nozzl e has nore than one outlet and each outlet for the
atom sed liquid has a separate atom si ng chanber and nmechani ca
device orientated in-line with the outlet. 1 5 6. A process according
to any one of clainms 1 to 5 in which the nechani cal device is
selected fromthe group consistin (| device, baffle plate,

i npi ngenent device, fan deviceAnd an ultrasd®gi c device. 7. A
process according to any one/f clains | to 6 I h the outlets

conprise circular holes, reftangular slots or ptical slots. 20 8.

A process according to anyfone of the prece inms in which each of

the outlet(s) has a crossfsectional area the raNge from78.5 to 525.0

mierr]. 9. A {rocess according to any o of the preceding
clainms in which a pluralijty of nozzles are afjranged within the
fluidi sed bed. -0 A process according to e of clains 2 to 9
in which the atornlszlh liquid spray is introduged directly into the
fluidi sed bed above e {Ypper limt of the t?ﬁquature gr adi ent

bet ween the gaseous stredmfed to the reactor and the remai nder of

t he bed. 11. A dNocess according to any p of clainms 2 to 10 in

whi ch the assisting =

tomsing gas is sele
consisting of an inert g4s

I fromthe group
nd recycl e gas.

12. A process accordi ng y one of clains éEer1which liquidis
4‘"“-1
J‘3
ot —
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introduced into the fluidised bed at a rate in the range 0. 1 to 4.9 cubic

netres of | iquid per cubic nmetre of bed nmaterial per hour.

13. A process according to any one of clains 2 to 12 in which the

t hr oughput BQWJTﬂ&m&iquid t hrough the nozzle is in the range 10 to 100
merr]/h. PEY/GB96/62796¢ \\D
97/ 18888

PCT/ GB96/ 02796 14. A process according to any one of clainms 2
to 13 in which the weight ratio ZoFliquid:total gas introduced into
the bed is in the range 1:100 to 1:1. 15. A process according to
any one of clains 2 to 14 in which the weight ratio of assisting
atom sing gas to liquid introduced into the bed is in the range 0.5:1 to 5
5:1. 16. A process according to any one of clains 2 to 15 in which
the pressure of the assisting atom sing gas fed to the gas inlet of
the atom sing chanber is in the range from2 to 6 bar above the
pressure of the fluidised bed. 17. A process according to any one

drop of liquid over the.

0.3 to 30 bar and the
e atom si ng chanber

0 6 bar. 18. A
ich the atom sed

s of the atoNi sing chanber has a
east 50x 10[ery] Kg [err] n2 x m

of claims 2 to 16 in which the pr
mechani cal device of the nozzl
pressure drop of the assisti
and the outlet(s) of the no
process according to any o of clains
| i quid spray discharged frpmthe outl
horizontal 1 5 moment umff | ux of at
s[err] wherein the horizgntal monentum flux ip defined as the mass
flowrate of liquid anmes per second) L hori zont a
direction per unit cross. $ectional area (square netrgs) of the out | et
fromwhich the atom sed | yquid spray energes, nmultipjied by the horizontal
conponent of the velocityN netres per second) of thgl atom sed |iquid spray.
20 19. A process accojiNng to any one of clai to 18 in which the

at om sed liquid sprhy §s directed substanti horizontally into the
bed. 20. A nozzl efsdi t atr-®=f or use <=t ijnjection of liquid into

a fluidised bed said no;a\s conpri si ng: (a) an atom sing
chanber; C 10

s in the ran

-

71— |} ! 9
s
ot ||
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25 (b) aliquidinlet to the atom sing chanber: (c) a gas inlet

t'o the atom sing chanber and (d) at | east one atom sed liquid
outlet fromthe chanber, characterised in that within the liquid
inlet there is provided a nmechanical device to pr eat Qnj i quid.
30 21. Awﬂagli?”ésaccor ding to claim20 in which the at o%&ﬁ%&bgﬁagnber
has a volume in the range 8.5 to 384 cnferr]. 22. A nozzl e
according to claim?20 in which the no jéﬁ has nore than one out | et
and each outlet for the atom sed quu§ as a separate atom sing chanber

and mechani cal device orientated in-line with the outlet. 35 23.
A nozzle according to any one of clains 20 to 22 in which the nechani cal
21 WD 97/ 18888

PCT/ GB96/ 02796 device is selected fromthe group consisting
of a swirl device, baffle plate, i npi ngenent devi ce, fan device
and an ul trasoni c devi ce. 24. A nozzl e according to any one of
claims 20 to 23 in which the outlets conprise circular holes,
rectangul ar slots or elliptical slots. 5 25. A nozzl e according to
any one of clainms 20 to 24 in which each of the outlet(s) has a
cross-sectional area in the range from78.5 to 525.0 nmferr]. 10
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(54 Title: ATOMISER NOZZLE
(87) Abstract

The invention relates to continuous gas fluidised bed
polymerisation of olcfins, especially ethylene, propylene,
or mixtures of these with other alpha-olefins, wherein the
monomer-containing recycle gas employed to fluidise the bed
is cooled to condense vut at least some liquid hydrocarbon,
The condensed liquid, which can be a menomer or an inert
liquid, is separated from the recycle gas and fed directly to
the fluidised bed, through a gas-induced atomiser nozzle (1),
to produce cooling by latent heat of evaporation, The nozzle
(1) is provided with a mechanical device (9) within the liquid
inlet to the atomising chamber (5). The mechanical device
(9) preatomises the liquid so that the nozzle (1) requires
reduced amounts of gas compared with conventional gas-
induced atomiser nozzles (1).
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