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PCT/ GB97/ 02931 : NOZZLE FOR ATOM ZI NG A FLUI D
IN A FLU DI SED BED The present invention relates to a nozzle
suitable for use for the injection of liquid into a fluidised bed in
a contlnuou§wgﬁﬁﬁg§s for the gas-phase polynerisation PCT/CBYIOH3PD! ef i ns,
and in particula 0 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 yneri sation of ol efins i-n 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 polyner is 15 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 b e Oyoz2El PO A PONIZAG AFIUIP POA FLUDISED BEDDed when the supply
of gas is cut off. The pol ymer produced is generally w thdrawn from

the reactor via a difhe é&&emeaﬂdmélatesqoanaizu@daﬂmhfoﬂus*effmhamewda@rtlon of

h
2 bed of gr ow i ﬁdp&?ﬁed oS B2 o oSt s tor the anslbleoRlibRgh SonPr ! Seo
f1ui di sed condi t i dwlefys.ma '"dl@ﬁwlﬁut@woaémhlgh aljows, Far improvedccopalof of t he

r Ieaf‘:'t or |ﬁ]Ecti%nforhmﬁh intogiddRsdised bed. The pol ynerisation of-
olefins Is exot [ sary to. -
provi de rreans to CO?F(;FG% %ﬁg‘% hgmolgd?ﬂnér{s?thﬁ a\&] tp E%E&af?[lg oii?ﬁtﬁlﬁon o

1 the gas phase are well known in the art. Such-processes can be con or :

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 generally 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 flow 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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PCT/ GB97/ 02931 In the absence of such cooling the bed woul d

i ncrease in tenperature and the pol ymer particles would eventually
commence to fuse. In the fluidised bed pol ynmeri sation of olefins, a
connDnly-usgﬂ?%ghgﬁd for renoving the heat of pol y maigricoomsi S by
supplying t pol yneri sation reactor a gas, the fluidising 5 gas,
which is at a tenperature |ower than the desired pol ynerisation

t enper at ur e, passi ng the gas through the fluidi sed bed to conduct
away the heat of pol ymeri sation, renoving the gas fromthe reactor

and cooling it RyeaBsAseof such cooli the &l would irceeasedih tengetates ebithbger , and

recycling it to the bed..T b [Rikiied Bed)@s can be
adj usted in thePR B8t WouhF FRAEEH Lofmengs to fire 1 the fRidlisd Bed 3 at tho

n mai’n

desired pol yner ipslymeliﬁﬁpenﬁgﬁﬁlsm@mmwlxm"\?ﬁpﬁ&f"ﬁm"‘ﬂ'&ﬂ FBeatof ng

al pha ol efins, t3fmeAsYich ® Watp@aREloaht polpnerRatichasaddra gamnbaiuidising| ef i n,

optionally t oget her I ' : us chain

CFansfer agedt b s i o'lehpermul 1oAY fie d%%%*‘?@%’;%f%“ﬁ*ésﬁgﬁ?i’if Lo

suppl y t he nonorpassingdhe gas threush the fluidised bed|tg condyet fv¥ EF2t g o i nt ai n

t hfa bed at the (RfymeAshtioReRbAgIthe gadMbor tiesrsactdrand couling itiby passged he

pol ymeri sation rgacti on : ' gas
Gk Sl Nd: Wabnlnlpeh, SRl PS5 ClinB Yt 19 LR, ThE orrpbrature

to the recycle ¢3@ ey own that -t
production rat e ofithegecycleegas pance adjugted in the heat prchangsgto maintain the flyjgiseqy, o

pol ymer pr odigcedheB @t the Aesired pblymerisafion empératurs Jadkis method of polymerisingi n

comerci al gas fl uidised be . Yo} tRhal
restricted by ?Epli‘at"’heznfﬁé% %{fﬁ%@% gé%[ﬂ%vﬁ{)@ﬁs%{eg% %c,an dé)‘???r‘b% fry(s)m t he
reactor. The r attogesherpdty for example, diugstgas o5 382358u5 hRindcanyef asPRfSUehas ) o py
i ncreasing the vgufsged.yTRs, the eecyele yadl servgam supply the namcimer tortbelbasi, tog t he

terperature of {figalSEYELE RS ARNR G RARME Ged 08 chfBianure, Monofi@®aci Ly of

the recycl e gas. 'S, oth veho%é}/ q%f the recycle
gas whi ch cal beconsepdiby thepalEmesisationgpaction fre nomaaRy APaCHt & 399 ™YK &P hed can
25  become unstgigketherreyuiegad stfeamout of the reactor in the gas stream -
leading to 1 G l6340 bwh Bt JHE pHScuidr iR (P6) theApadiind ield BitefnCy C| €

gas conpressor or_bl . s also alimt on the extent to

whi ch the recycl @ weight efpolyaergseduced pes unit "g'“meﬁfl%?ﬁ‘ft?rcs@?‘ce’r‘fff wnif gmf?rlpmari ly
det ermi ned by ecemanércialone fuidaedbddaemiorantihe sfoprmerttioped type is restriotedyr nal | y
deterni ned by,th RS WHiChHRR caf B! fehrioved fr6R el rBALINAITRE raty af eabl € 30
on site. Ref%{q ge&lg I on (‘:fgitrzll, ag egcpf] O%ieﬂd | . desi réd,, bui thigth%ddscl%gast he
product i on remoyg)caq be ingrgased, igr Wl?r@‘&?mﬁ%{‘?%"?c‘?ﬂ GLEYET 500l ed
recycle gas as tagi/erabducing the temperatarsofdhe reeyvingan and/¢rechprging the heat .
pol yneri sation fgaggéei{;}(}?tga%qfclelga@ A66et8 Ghere is a limit 10Qhe/VeRsdity of iheecytleol ef i ns

T e 2 b et A SO HE M vt L o
i ncreasi ng the hbabmeewstetsé or even lift out of the reactor in the gas stream, leading to
2 blockage of the recycle line and damage to the recycle gas compressor or blower.
There is also a limit on the extent to which the recycle gas can be cooled in
practice. This is primarily determined by economic considerations, and in practise
is normally determined by the temperature of the industrial cooling water available
30 onsite. Refrigeration can be employed if desired, but this adds to the production
costs. Thus, in commercial-;iraclice, 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

2
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PCT/ GB97/ 02931 éapacity of the recycle stream for exanple, by
i ntroducing a volatile liquid. GB 1415442 relates to the gas -
phase pol ynmerisation of vinyl chloride in a stirred or fluidised bed

react or, 'th%v(pgg,%ri sation being carried out in the preseooieBe702031 of at
| east ‘one gaseous diluent having a boiling point bel ow that of vinyl
chloride. 5 Exanple 1 of this reference describes the control of the

t enper at ure of pol ynmerisation by the intermttent addition of |iquid
vinyl chloride to fluidised pol yvinyl chloride material. The liquid
vinyl chloride giagg dftiscrebyclontiesh doyexammplelisy introducingadohtiediquidng i n t he

renoval of the heat @étlg{%&ﬁ?&%ﬂ%ﬁ?s (?rh'flsa é’°li’B‘eﬁsa\f\i,ﬁ" L&%@gﬁgg&iggscri bes a

process for pol yneri 1on o ) ereln beﬂs of golyvinyl
chloride parti chtgeedwirflhidisedbefl fleadten thepolymerisation bRIREEH ut in the preelts or are
“kept fl'uidised ppatlids: dretgasdusdiiven hating a deitingpolntrbelowcthatarfivibgl chlorideer  at

the bottom o%mt ggmgﬂggw%rgg%n%@&sggbegﬁ gg‘gp%topfﬁetg n,pag.l‘.‘iro?m)ve heat of

pol yneri sat i at € € 'S Provi by sprayln yi.d ,vi nyl
chlori de polywesisatipmbythe n@e@g@e&ﬂdﬁ@ngﬁwﬂ yiay fBE&%’&tfﬂ"‘{‘?‘F& trays on
whi ch the beds gpigvikf chibtidé fawehsl, The liquid vinyl chloridddvapdatss @@medidtely éstheo a
spray nozzl e of %{Eg n-. I ' : for spraying
liquids into fl8 ﬁegtﬂﬁnso'sﬁ'ief”eﬂg‘?’?gﬁ@%%‘f‘%%F%&Y*h%'ﬁgﬂ'a‘?f| fui,d'is}ﬁd. ed

pol ymeri sation of et HyI363332 describessoprosess g palymerinatan of iyl hlofifi®y  which i s
used flor wheleintids BEpdhRhy! etfvrideaiticles withiomewultipde agedhiidisedibeded, or if
ethylene is to be 20 | | Welld .

vl ocar bon. - Thase 2t B35 e kolilon gl SV HONE Bl o

f1ui di sed bed ptheyhastomsefitharsacter. \Gaeling effagi ofthe beds to remove heat of 5 13938965

di scl oses the flpgiyfefigtioh geheptddheeindsprovidedify sptayingdiquid ainylchloride :
unsat urat ed nononer ' Vi ' Ewhich hebe®lar¢ont r ol of
t he pol yr@ﬁ?@gﬁlﬁ%ﬁﬁgé& é'wnegc%agédr%awem&%‘gﬁmegpféqui ‘c:i m)norrear into the
bed using o8 ofluled. npre spray nozzles situated at a hei ght bet ween 0 and
75% of that of the f IFRi23i5802 relates to a spriyanoizzle of the ndvereturn valwe type, suitable '

US 4390669 r el atgs. t. 0 illies o AQRMLINEL kUdifle Hf hObAlfiisel¥ed Ul Li - st ep

gas phase process g carried out,in sti rrﬁ‘ lbeg rﬁaﬁt LSy -
f1uidi sed bed polymerisatigpobpthylenieally ppigturyied MPROMEs othe ORIG WPEY B pul ar
reactors. |n thifsr quolingethe bedcgmie the onomisttabe polymerised,cor fiff sthyleng ésitp®er i sat i on

zone i s sus %ndga(a#n{}ri@%l. [ RhCEIBRA GuARBhydRocarbon. ThéhrAfdzk isvol atil e’
| i qui d hydr ocar bon, _an

. t he ngl on obt ai ned. f.e .
second pol ymer i Siesqriged Ebw@rwifg?@ E‘é&*‘ﬁ%"c?%&ﬁ'&b%gﬂn \?&1‘%8?% es. In
Exanples 1 to 5, gas GB 0308058 disdesesthe/fluidiset bédspolymapnisationof pthyleweallgy ed
through a ngﬁﬁlaf‘e? Aé]ﬁﬁfegs?é’sﬁ@ﬁﬂﬂ%@l AMGHB] Whepéifhefihal bitrdl offe d
W

Vol ati 16 11 qui d REARRGHIRNS St by Bk g mpppgier nto bR bEFBAY idor The
3 25  more spray nozzles 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 1 to 5, 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

3
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PCT/ GB97/ 02931 o liquid state to the pol ymeri sation vessel where it
is vaporised for utilisation in renovi ng the heat of polynerisation
by its latent heat of evaporation. EP 89691 relates to a

process for d ﬁg&i ng the space tinme yield in cont | RGGEY7AB31
fluidised bevgggé'ocesses for the polynerisation of fluid nononers, 5 t he

process conprising cooling part or all of the unreacted fluids to form.a
t wo phase m xture of gas and entrained |iquid -bel ow the.dew point and
rei nt roduci ng said two phase mixture into the reactor. The

ot ot ol RE s il nefiod i essel wherst wagaiad fof nllsanin 07 (1o
. L. . ' i t
point is in the™maymst %’é’f’ff °€9?§F“W§’°B§¥-‘f_ E?%E%?&%’%?%" e ﬁa?\r/lvt ai ﬁede\ivo
at a level suffici enEPBBGQ_de'e]atesheaPtoqeﬁsdﬂfp#mngihetsﬁ@etwyﬁﬂ%@e fluid
Vapor | sed, and oo e e N o et he o
, . |
phase shoul d°nofiedkREStLAMRSERE SePlRgPaN O ?‘I gﬁhg%*ﬁ?%éetﬁ%‘}“wéﬁ%*?g’#éﬁg}’gb| g o
shoul d not excegphasantxturek gasdingtentrinedignid belawthe dew point and reinipdiSinBhat t he
Taui d phase i n ShaBu HRSE oGk S o, e B e . cesl bed
I qul . as, a el bed
w thin Che o epraiaypistepon BRGHEAC e o SERICkS s canbebatd 0F
form a_ two- phas delbitheldew point ig i theirrawirernanh thatibie gessiorligpidetio brompiipited of
:/\Eju gﬁt :Mplnl béroi gﬁgﬁe i%gﬁ'sy\gbﬁhﬁﬁ%&tgthﬁ&li@gﬁhse of the té phaisélfluid ebxturedmati t | ons
. ase strea £ hat 6 1 -
advant age seen A"Yp ‘gts!'ﬁ’é’"%ﬁ _?ﬁ#'goqn%"sf #ﬁtgrll'hggés {a@@nﬁ:ﬁg} “3‘83‘&1‘ elé_ﬁjl il
unnecessary 20 thdsthedprntity of Bayid inghe gasphassshowd notexepad abauti29 MMy phases
?L: ?{)dﬁg?Léng- . percent, :a.nsdt preferabﬁ@héﬂ@ﬂ&]etxé&?ab@.ﬁ_IDQ/eighppértéanplrwidedeans for
ream. I nt.0 | [

particular, to éf‘%’ééﬁ?t fh(?r"%{g’]ﬁw %f&[}%vﬁ’gphgser']g%%l szfgg“ Eq#g”@?‘?%%*&?n\g?i !sinng a
two phase mibt urliguidfphgsesn susgensionimthegas andde mippas theflyidisedbgd pthin the = op =
gglﬁgrlm E ;Sgg[ ?2)}1 .prra%é%. EP 89691 fuffReOdiéctéréOtharde pbishhistodorint artveli-plese fuodi

! SS., C ri.sin . ' SEdRd
conpri sing monor&rat thﬁ'gﬁp_ga?tf)ﬁ%%%%%mﬁé‘g@% ggﬁtgyo%pigﬁéﬁq%mﬁ&[ghe presence
of a catalyst urlieid qﬂda‘cqomléommw%ﬁ“{%eﬁ%ﬁ‘@ée SHEReiRthat thegs it o -
~and a stream CoNnpild &ivastags Yeemintopdratinginithis faghior dye toahgaddedandgnaengssetyol i ng

sai d rea | XI | | f and returning a
gas and |iqufd wen’gﬁggsg of%'lpgrglﬁ%g@g%ﬂgﬁjfﬁmﬁﬁg?ﬁgﬁﬁgﬂgﬂr m ni ng st ablge
operating conditions EfhIBR6! relates to @gipichlabmeans for injFRAYFDE A FFYHIE T IP®ed bul k
ggﬁ : ts Y chang oS infd ﬁfdlikﬂsegﬁb%@ Fattonsed Cin phidular, to a meatistfiér inthalugieg areeytitie

sition o e ui di. ' . ' ' : ibed in COOIl I
capaci ty of the PERPEPSpEATE Rl ARe ol Gk shd EshRl Hhab Bodeseribed in €001 110
exceeding the | eBRB @&l_(mr@h a reduction in the fluidised bulk density or a
paraneter 3% i ndi cawio/23395 dederibsadiuitisel bedpalyraérishtion process comprising

4 ' 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.
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PCT/ GB97/ 02931 ‘ US 5,436,304 relates to a process for
pol ymeri sing al pha-olefin(s) in a gas phase reactor having a
fluidised bed and a fluidising nmediumwherein the fluidising medi um

serves to c%%ﬁ%he cooling capacity of the reactor andpghRigeymreiine bul k
density funct ) is maintained at a value equal to or greater than the

cal cul at ed 5 limt of the bulk density function.
Publ i shed application WD 94/ 28032 which by reference is incorporated
herein, relates to a continuous gas phase fluidised bed process in which

t he product i viﬂgl?’gé% %@gfﬁgeg&p%?ﬂ:és ?Jrﬂ%l?}g%ﬁsi@alﬁﬁcﬁlé%)limgifsecyd e

gas streamto a ) I | faorma, |i.gu d, apd a gas,

separating the |nhase re§¢¢rd\wm&éﬂglé§eds L a_“g aeﬁ. ‘dfsg'éd‘?ﬂ%&“l WE"‘%‘_@EEC_‘M@%“% i qui d

directly to the shédiirberest tbeshtrol the coolingicapacity ofthe reactor andswhiereithy bilk ect ed

into the fluidi S&gsigefﬂn&*l g@qpﬁlaﬁ{aﬁ@gﬁt PaliBq8al 16 67 grésterthhrihe eslculated
now“been nd that by

therein. It has now ( usi.ng a parttcul ar nozzle design in
such a 5 priiseitetthe pufk densgufunglionnpr e ef fectively introduced into the
f1ui di sed bed whi ch Ppyblished afificdtion WO 94/28032neliciciyrrefesincoisdncotrioeatetbol i ng of
the fluidised bed ow ' . E%%Prha b €l \ | | Lt hin the
nozzl e spray zoﬁg(%%@%ﬁ%&deérm%ﬂo,eg |scq%egg%ﬁb5éspui‘g@ﬁhc%on in nozzle
purge gas requi rm@!ﬁ@%@ﬁh@f@ﬁwF%‘&HT‘“’S‘E@?%"ﬁ%’QF recydg gasstream 198y ot  ons.
Thus, accordi ng feMpérafargslficient td fore aliquid asdweges, scparptingtheliqiidifromths gaous gas
f1 i o Sed Deth T @ 38sihe IR TR Wrodh oo dhidt bid) THRMGERma @b oC! ed
from(a) 20 etny ené ? profp%gg % (!i‘ mxhures of et hyl ene and

propyl ene and ( dsuitahhyinggeted into the ?eg 69 Premeatys B Qe AT JqrR 8073 eié'aa%e?h (a),
(b) or (c), in athbtein. di hascholwdgen foand that byyusing a particulsomazzie design ip suehdycl i ng a

gaseous stream Cﬁm?é's% fiip.ﬁ@ cdib bffet08y RitrolidtRd fhde@Rtised bed whicknd/ or
propyl ene through a ilu

I'urdised bed 1 n said.reactof .i.n 1h Lesenc a
pol yreri sation cEesyltsyn impipyad,coptzofovenhe cooling ?f‘hﬁé‘,”d'é‘fdtqegé’g?f'%atgr'?'&gfg L‘{ he
sai d gaseous15 25liquiddisteibation withiis themotzlesprayaue(s)e Forther bedfitigneludsized to a
tenperature at ‘é@dﬁ&io!ngﬂyéﬂle purge gas rdg QRGBSR SighificanEBpsraioniigost | east part
I qul r

of the condense & om't He "gaseous stream and i ntroduci.ng at
| east part of theedugioRbated liquid directly into the fl ui di sed bed
by: - (a) pr essTmissaccordirigao kiequuesent invegtdon therp ispsevidedp costinyoue8asr i sed

liquidto ali qu*lﬁdfs% bdd Jﬂgce'?s 3P e pBlymRAstion of olefin rhénbniél Selddbsidiong(a) he
liquid into the ul di se eij t _r}r ou p an Oﬁ;&]l etan f réJ‘ﬁanQ%dz(Jtd?oneo ~ i
which the Iid8i dethyleng Zﬁ\%@?}' e ﬁ)g’“g Wres 9 Sy iens geuw Ce posi LT oned within
t he out | eforeettiersaiphatolefins miked withya) ©) Potdaina fpidisphbed redtefpYf or ni ng
zone of ]E he outl %ntinug[)%séy rlefycli?gd a %age%dsistrw%cfniﬁ#@ﬁg h?lréist dmd of th@&hﬁ?ﬁg nce of
i di sed bed anandpreeepeiedene SapReed 57 By sei BT B8 rdencedre
5 polymerisation catalyst under reactive conditions, at least part of the said gaseous
25  stream withdrawn from said reactor being cooled to a 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,
30 (b) feeding the pressurised fiquid to a liquid inlet of a nozzle; and
(c) discharging the liquid into the fluidised bed through an outlet of the nozzle
in which the liquid is atomised using a mechanical device positioned within the
outlet and an atomised spray is formed within a spray-forming zone of the outlet.
It was found that it in the absence of a spray-forming zone the liquid cannot
35  penetrate far into the fluidised bed and the subsequent build-up of liquid around the

5
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PCT/ GB97/ 02931 r{ozzl e results in defluidisation of the bed in the
region of the nozzle. It is believed that atomi sation of the liquid
and formation of a spray is inhibited by the presence of the solids

of the fI'uingsgﬂ d at or near the outlet of the nozzle. pERR:BoRé2931-
formng zon 9 el ded fromthe fluidised bed thereby allow ng the

atom sati on 5 process to proceed and the spray to devel op.

The spray-form ng zone of the outlet may be |located within the nozzle, or
may be a zone associated with a nenbe rotruding from or sec%red An
spati al rnoizale Fesnishin defluidisatipe oh@ggq:cbm the region of the nozzle. is believe

spray-form ng zZofs JteHiBitioh @5 the luqhiuehaiﬁﬁmﬂainfbfalspxﬁgxsmxmtedbpe;elprepam 10

t | th t 0S .
Spray-forming. orthe sk FnERAGACIRARNGr flifid B oPRUELORE THblfray
integral part offorhiag seneds shieldnd from the ﬂ“@liﬂd ?ﬂddb¢fehyeallpmt¥%°ﬁ@2%“e or can

be secured irg Spﬁbbe’sktd;ﬁbeéeummaprh to de®elop. nozzle. The wall can
COITpI’I S€, fOf exarrpl el' Sgg{ay?&nn?%&bg P{l‘lgouthé?n} ﬁe?o?ﬁt@d mﬁ'&l tlrienﬁ)zzle or \Nal |

I's tubul ar, the cross- . rect angul ar,
square, 15  t r i mexfed axFone peseeiateth with grmember profruding ff‘!‘l“lem'tsﬂ%?‘ia‘f‘ spatle] can have
uni form or non- relat:onshlpltalth@hdiﬁzlent ernal cross-section throughout its

| ength. For exanpl e, "lthe \%xggr?mnaq zon]c Pomf %éﬁﬁpelc?e%rba&eal&%%{ﬂ'} ti)é( lufdlcf cul ar

cylindrical, elliptic C o-Cco
frustro- pyratf datravelsas thel ﬂtm&t@alpf@étdsla%lheﬁ"ﬁb F‘@’ek’lﬁéélfhe SRREIENNS dal |

bel | - shaped or  zone is prifefablydefiedby aRuaiifvetiehdali bé Bitinteghill part ofvhe hodzlesor
| ncreasing crossg sec(%l L 5 rt]nlthgﬁ zz?eoor caqlbeggcue(a'}n ?;Iatlgl rﬁ%&r@hfa bPenb ! qUI d
In the ca%a(gp{a #1 p=e

spray. can
be pl anar or curnazale. The W@%&H}SP'@P"%%&’E*‘"M%F&‘ be oha lgje-oln the caset aht?‘al shed
pl ate, a trough- ghRResbuftr ahecross-seetiorcah by, -fohaamglepdivtlar, occtangslpr, sqiatyy shaped

plate.. 15 trian uharT#e?(aEd?l[éﬁé{'el PEQIngrgﬁﬂlﬁamalltﬁﬁB@étdnﬁimﬁmrg hd be at

.least 10 mm th in order
~for the spray tou I"Hﬁ”“%lr?@sﬁ'ée%‘@“ ﬂES“gm&'dlifd?J&'blFfrﬁﬂ“m% 99%m t he bed.
The nozzl e may bsecﬁ@swhlbergemhrwytchcmlaﬁdyﬁmﬁicm diiptiedylraldca frustrg-coniodly ude

through the wallg, of, ﬁ)&lﬁ? Eﬁ?ﬁ\téﬂiqs allsgagx gﬁglﬁ%&gﬁﬁgp&%f)ﬂﬁl ﬂﬂﬁﬁaﬁed& in |

associ at ed pi pewbR-shapeds Begferghl 5é?hﬁé‘l‘h as 1 '?%‘“&ﬁfé’sf‘é’:ﬁﬂ?'bw)t ¢ 30
‘The nozzle npy haivetion of gk of theitifudd spray. dn thlenasalthm yheofallcompsses a plate, the

Were the nozzl eglht% 0912 BL gl'axQd?%ﬁ cvaLch 'St &Hﬁ%f: alﬂffi lﬁt%garpﬁglea Iﬂﬁt@ﬁe&m ed

nunber of outl et

t he nozzl e protrpaEs?2 E"ﬁ'l‘%!hﬂ‘ﬂp'idlﬂat&aﬂ 'Teg"”HY's‘P%’é P‘é'&é’{ 8rirally s}&pgq pateed
nunber of outlets is 'l‘.hdspre&@formmg zenelnfitecndet shindd bsatdénsnymings lengthe a

diofsr telr nga ds\rf)\nr ?KI abl;}rc {m&l ﬁw‘?ln gﬁ in SiaEAHr R IhraY td ARBOP A loDR
2 adequately shnel ei f?'om the

The nozzle may be positioned within the fluidised bed or may protrude
through the walls of the reactor so that the outlet of the nozzle is in communication
with the fluidised bed (preferably with the associated pipework located externally
to the reactor).

30 The nozzle may have a single outlet or a plurality of outlets.

Where the nozzle is positioned within the fluidised bed the preferred
number of outlets is 1 to 4, more preferably 2 to 4.

Where the nozzle protrudes through the walls of the reactor the preferred
number of outlets is 1 to 20. it is believed that such nozzles have a different spray

35 profile (a wider spray angle) than nozzles positioned within the fluidised bed and

ere
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PCT/ GB97/ 02931 that this may require nore outlets of smaller
cross-sectional area. The outlet(s) may conprise circular .
hol es, slots, ellipsoids or other suitable configurations.

Preferably, %5{/ s{,;he outlet(s) are slots they are elliptigshcrinmBppe.
u %s

Were the o are slots, the slots may typically have a wwdth in the
5 range 2.5 to 12 mmand a length in the range 8 to 50 nm The

cross-sectional area of the slots may be in t-he range from 26 to 580
mierr]. Wiere the ouéletg z are CII’CU|ﬂ hol es, the dianeter
of the hol es nmythithismay require moge.oytlets of smaller cross-setionpfares. | o<  sect i onal

area of the ci rcuI ar Phel augleti ynap eomprisefuircular holes, slais) gllipscidsaoriothen suitabln] err ] .
10 %Jsaﬂ'eférﬁlﬁj? vHaRe tﬁé‘BL'ltﬁﬁ(ﬁ)SQre QBtsttﬁE@ aPé)&Kﬂtﬁaﬁﬁ ﬁhaﬁé y be

sufficient si ze to
present in the separ a\k'gﬂ'elﬂ?eq‘lﬁﬂat(@ﬁee%‘?ﬁ the siots thay typ“’g‘?}/ W%?@"qt% tﬁ‘i‘)zzl e has
a plurality of otange2.5te h2 e andy [éngtiintiargagt &to 50 mm. Thel¢rbssesectinmal aseee| s

within the nozzl g QersGedRlfthe HAge Rbinl281 s8BMnPE arranged in a

nunber of rows aroundwg |rclutrgf erenc | of .th Bozzle éLh pref gred nunber
of 15 outlets for WAER theytle s)fret%rcgar%?seﬁ‘ﬁ izmetes, f (he holegmay be

The plurality of themdrgetsgo a6 mnpr'ﬁfemr@slﬂsgcueqa]atday)f texieularcholes maty bh i the

circunference of gilgﬂg)gg,ggq mm’. Where the plurality of outlets
are arranged_in ro [

h |
preferred thd® the ou'l(fil gsgpgomnt g‘&&ﬁ"&ﬂ}'ﬂ@eﬂﬁ“ gﬁrzg]"geed%ﬁﬂ{c‘ee"f ﬁf']z%iz "Yoml gne

anot her. for the passkpeofany finesi whith rdeybeqeresentyin theisepavdted lxpidstseamechani cal
devi ce W_h' ch | WiRere ithe fbzbik AYY ; Pﬂ&&%%f&&l&ﬂﬂeée'nﬁ?'h@ S@' to pronote
atom sation of t evi ces ,are those

whi ch provide a %%Bﬁﬂﬂgff?sa‘y'ﬂﬂ? B‘ﬁ“f’@'*’aﬁ?{ eéample i °‘+‘1§§§Bﬁ¥ FARESA LY m dr opl et
si ze. Known mecheumteabf tavsiacmwd thercirgowferepcaef the opzizigs The preferred ombes ofiat er

(folr fl(rje fsugpr ea&hew%%ed&ﬁrmmtt%s(mfe.ﬁ@zeﬁabgg ttBW poses)bcan be ded. f
empl oyed if desire e en sa n_be.provi de or.
exanpl e, by th %9‘%’&@‘&%@‘&%%‘6?“’?%@& 'ydspgrﬁg F‘r om an

orifice, or usingraumfeenglof the nozzle.neans such .as el ectri caI or nechani‘cal’
_ power. Suitable rrechawneﬁlm Mﬂaﬁl?%ff:ﬁ’ﬂetsarearrang@dHn%ﬁh%uﬁ&‘@ne' i quid include,

f I | bul fl
pat torns i n the PIeG o MSee ARaPHRITL AU af ckoghbly R gE 1 "

liquid as it 2@nepffset ffanpanegnother.fi c; i npi ngenent devi ces, fan devices and
ul trasonic devTk&fiechiniédl H&\Jx& rha stiitadly ufmpmbmlcaWWos hiohi ch is

aving an i o o PupRapaeRtipfin jo el MR EB hromdiSuapBNE A ERAGE | LIF

aliquid jet eneng&sredmeChwa] @Vlcﬂb%éhoév\ldblch pmdpnérmltsv@v profie andja;
gradual | y br eaks rddporiably @nifisridrepiet 28! Kind@n tebhadii¢chidiesipésdyr atémBinglihgidsyst em

of this 25  such as water (for fire suppression) and paints (for coating purposes) can be

employed if desired. The energy for the atomisation can be provided, for example,
by the pressure drop of the liquid emerging from an orifice, or using external
means such as electrical or mechanical power. Suitable mechanical devices for
atomising the liquid include, for example, swirl devices or baffle plates to impart

30 turbulent flow patterns in the liquid to promote disruption and atomisation of the
liquid as it emerges from an orific; impingement devices, fan devices and ultrasonic
devices. A simple form of mechanical device which is capable of generating a spray
comprises a uniform cylindrical tube having an inlet for pressurised liquid and a
plain outlet from which a liquid jet emerges. As the jet moves away from the outlet

35 it gradually breaks up into droplets forming a liquid spray. A simple system of this
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PCT/ GB97/ 02931 tybe can be enployed in the present invention
provi ded t he di mensions of the tube and the pressure of the liquid
are adjusted to provide a satisfactory spray structure. However, wth

this type ofyouéashgrthe liquid jet tends to travel substapiiripefiasiiances
before breaking up into spray droplets, and the spray so-fornmed nay not 5
necessarily have the desired structure. It is therefore preferred in the

pr esent i nvention to augnent the pr.oduction of-the spray by the use
of suppl enmentary means, for exanple, baffles located in the liquid
stream | eadi ng bpe cancbeamplesed irpthe present inverion geovidded thiadiinensionsof theitbeeak up a

liquid jet intoaw heprYsure of the liquid are adilét6d RREVide 4 BHisfBRbFMpla§ sinitinirgduced,
fromthe spray-§{orm N9FORS 9f &he 10, .Out l'eitté dd%rectw‘ i.nto é e fluidised
bed above the upper i1 m_l? GrIRHE SYSE e diat det ténds to g} substantig) di t he
entering fl uidi befprg byepkingtupdnty sprey depplets; andhrihé spaay so-formedrmaayoiodr ) and
thle r enai nfl_es OB?de&Jeril hive tﬁ@mﬁ&ktﬁlcflf?é.oﬁ %&ﬁ&?fo‘é@ﬁrefgﬁ@d #ake %Heéé?ti' |S|ed bed
pol ymerisation @ [ ns are.gene era under .subst anti al | y

i sot her mal , mvexgiogé%?“%"fegf@g@5‘#&%‘?‘%‘*{2& ‘PB«E%'R sﬁPfWBE‘EWe'E?%st all of
the fl uidised bewansgfor gkampig baffles lneatecin therliguidstrean teading ot the putiet, | o

i sot her mal pol yiiwkgingefiehtdevice WhitRbrdileup 4 ifdidet into a spfly’ MBI |y exists a
t enper ature gradient t enperature

| e, r. tegi.on.of the bed.. This
gradi ent arises due It’_’lgpe{%g' tf‘%g'fv}%ﬁéﬁg}dﬁceedrfté%'vgheéspbaéﬁé&ﬂg%z‘}"S f h§i di se the
bed i's nor mkf | youtish|dingcdyinte thefydised bed abavsithe uppenlimit bthe tamperatireir e
prevail i ]pgt_ihn bgradi_emtuww_ deniltike é?lgerﬁ'lﬂfﬂuigi%ﬁig %@ﬂi’ga_&&fﬁ etfreahmul &gﬂ@f@st%r) ]E hteh-
region o e A Vi ove .t.he poin i ngr.oducti,on ‘o e
cool ed gas str eg'ﬁﬁ t?‘nE Eeoi'i_!%"ﬁbtgﬁé)fetae ?esfi ccé)logméel"c'?lr?é?f%sses for ﬂleﬁgés ﬁ‘ﬂ!ﬁ'ﬁe dihe bed The
| ower t enper at uP@ymenationygf alefing aregnesally\gperatedundérsubstantiallytisatheemalt ur e
gradi ent exi st ssteslytshie écnditionat Mo wevef, althvigh ml ) AN eRHuidiad bed fseam aﬂd -
the upper lhgit i i N ed. rature (ie the-
tomper tur el | mafhibf ap g Bl selatilty HoNRHIR polirdit P R BEMNTE. 1he |
type whi ch enpl Bgrmatlpexists 3 fempgrature pradientin the lwer regiomofthe bed Fhised bed hei‘ght
typically of abmsipehfuré gradidntarisésdug to the fact tiarhe eyt gasdisadlicifidiganeral | y
exists in a laygy 19B%\M#E?o}gﬂ % t?lgp&ﬁh)(egméll%eﬂoél the tempe{'aﬂﬁ@??ellaiﬁn%rqxe the .
grid. , _ singl.e nozzle may be used or a'plurafity of nozzles
may be ar r angedthe bulk of thebed,, Under thesg cigsumstanerscthe regipmef;theibedimmedistelyh t he
wal I s of th20r ealmivethe pdiht of introduction ofthp eedler gas Gtreint IMROMEBE is cSolérahdy OVi de a
plurality of nogghas s MieAbii temperarufRGhi dothis P%fb%d.rﬁ@}émh@ the
fluidised bed on a given "@J tch, cir ghse Ianeter. or equally spaced |
around the circlfffiP8 gragient; gxists 13 the tegpperature o€ the dRsoB¥nE ook 998 streams 8eflict i on
of the |i theiugperTimit is theisebstaptialiydizotheemalibee teniperauire (ie thetbaperatbiech i s
required to proyf@epulk of theded) IFdonih raﬁ'?gcgﬁ’é ofthe gwqicﬁ PSE@? n of the
spray at eagg ngza] e, toﬁgchl gve g Qéf 35 I sper s 0 I qu across th
bed. A pref & ref¥ 153108 erids and have afui 1§ed|begé;elgl}t typisally of about 10'to 20 m, this :
8 WO 9hip8iatiBe gradient normally exists in a layer of about 15 to 30 cm (6 to 12 ’
PCT/ GB97/ 02931 inches) above the grid.
A single nozzle may be used or a plurality of nozzles may be arranged
within the fluidised bed or protruding through the walls of the reactor.
30 A preferred arrangement is to provide a plurality of nozzles substantially

equally spaced within the fluidised bed on a given pitch circle diameter or equally

spaced around the circumference of the réactor 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 spray at each nozzle to achieve good

35  dispersion of liquid across the bed. A preferred number of nozzles is 1 to 8, more
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preferably | to 4, nost preferably four for nozzles |located within the bed
or 4to 8 for externally |ocated nozzles. Each of the
nozzles may, if desired, be supplied with pressurised separated

liquid by means of a common conduit suitably arranged within the reactor.

This 5 - Ca@g?@lsgﬁso\’i ded, for exanple, by rreans of a conOpg-ichRigsng up
re

t hrough the of the reactor. Each nozzl e nmay have
a series of outlets arranged in groups circunferentially around the
nozzle with each group of outlets connected separately to a supply of

pressurised liquid. Typically the groups of outlets may be 10 arranged in

a number of rowspfé%&l}lpq tbAemBét éfﬁ&ﬁ&?@ﬁ?o%zﬂ&qo&iﬁl@iﬁﬁn thBBed or 4 to 8
of gf qu e

preferred nunber gs of, ou tsS is two. In a preferred
arrangement t he fpeseraallylocatednoggles ns of outlets arranged in t WO I Ows
with each group bei ngEaok bfthe nézzleswapdf desived; be supplied with prassyrised separatgd d

di scharged from ' £ sUbtIG bk Aiz8d WithiR thet@aciirs alir ge from
the 15  upper glﬁﬂﬁpd%hsw%mwémmfs : b s 1 ' fs is

A Pref er ach. gro of .pu
connect ed separ 2@ b pgvidedfarexagmpls by peans of 8 °‘¥ﬁdB$ 8§5§'{}g Pg'gﬁo‘ﬁh&ﬁ? ‘téflnﬁo t he
nozzl e by neans cffthegepetopri at e pi pework arranged within t he nozzl e.

The supply of pressurﬂaﬁ?ﬂoﬁi%ﬁa‘t@a?&&@oﬁé&ﬁﬁa%ngwtiﬂ fipsTRy be
controlled by the use o

.surtably arranged val ves. .| hi s t he supply
of liquid 20 t oCSHBEFrgt 'f)bﬂfe‘r“déﬁﬂ‘%g‘ﬁ&faﬁ'bg’&%ﬁ%‘ &°?’P?\é%¥der to
control the anpuseparafelyltoausupply of pressutived Higuidii Tymicatly the sroupapf outletsapayibe.  For

exanple, it s p%k&ihﬁ alrdmBer Fbws Ardthdthe Birdimference of tHe nblide. OTHeUP Of
outlets arranged af "t

_ etopO?f the?f]?;ﬁﬂe' This ability to control the
amount of | i qui dPrafesehaymgRed of BUHPS HEUHES W0 s particuiarly i nport ant
during start Ul aqiveferned driangeinant thelnoziiphas twe groups efputipts agpged iny t o
reduce or incr eang, fR wAHHUAEH srodPbeind bffsel fidth Snitiofter. NG thid el e iguided bed
the T ul di sed hedscharget fiom theower S5iyB wil i eFeE Bih he el BRee” ( ©F, O
present inveb$i ovppergroppef er abl y ' arranged such that they protrude -
SUch {hat t hey. prot [ dele iR Bich SR Aol e camia X parely i Sy &1 ranged
substantial Iy hoPﬁeiﬁ'Jﬁ'fegll’qEﬂ%?Sblel 'tS’ﬁ?eLY.“_‘e*“_‘s‘f g"prg&ﬁ“ﬁé%%é“%é‘?%"%@ﬁmﬂgﬁ i quid
can be i ntr oducetheinozale.t The supply abpressitisediawid it eagh group of oty My Reegr ee of
cooling desired pghioied Bipfle uset shifdbly drfaniéd vaivds PRIhis wap thielsepphest ligeid

f dyuct i f h . | j
Canmer i 21148 o BBl b S o R b

@P@ﬁiqﬁidf rom -.:

comercial f e rocesses ) .polyneri‘sati on of
olefins 35  depeingidisshatged figm the apizlen Fonexample; if isgrostiple ta-difest st"’@?’rpl oyed,
and on the kinet kgehe @foup of outlets arranged at the top of the nozzle. This ability to control the 9
WO 98/ 18548 _

amount of liquid discharged from the nozzle is particularly important during start

up of the fluidised bed process. Also the ability to reduce or increase the amount

25  ofliquid entering the fluidised bed allows for greater control and flexibility during
the operation of the fluidised bed. '

The nozzles used in the process of the present invention are preferably
arranged such that they protrude substantially vertically into the fluidised bed, but
may be arranged such that they protrude from the walls of the reactor in a

30 substantially horizontal direction.

The rate at which liquid can be introduced into the bed depends primarily
on the degree of cooling desired in the bed, and this in turn depends on the desired
rate of production from the bed. The rates of production obtainable from
commercial fluidised bed polymerisation processes for the polymerisation of olefins

35  depend, inter alia on the activity of the catalysts employed, and on the kinetics of

PCT/ GB97/ 02931
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such catal ysts. Thus,. for exanple, when catal ysts having very high activity

are enpl oyed, and high production rates are desired, the rate of
liquid addition will be hi gh. Typical rates of liquid introduction
may be, for exanple, in the range 0.1 to 4.9, preferably 0.3 to 4.9

cubic metreg, d}&mh# guid per cubic netre of bed material pepcrigpy7#9st’- For
conventional Ziegler catalysts of the "superactive" type (i.e. those based

on transition netal magnesi um hal i de and organonetal | ic cocatal yst, the
rate of quuid addition may be, for exanple, i-n the range 0.5 to 1.5
cubic netres of liquid per cubic netre of bed material per hour.

Catal ysts basedgqf (ﬁﬁ[ @l This, Pd?%kid\ﬂél when catalgé?i Rlving V8 Highasetivityadre exanpl e,

tall t Kk
o ocenes e Pl AR Pl TG R © 7o
evol ution accon'pxghyl'l‘uglcalhmemfélqmﬁ ingrasiictinn| mayde, fonexapplecinthe SﬁQS%Oé&h render

the use of the WsO Fe?e?amo§l@@4Droaﬁsaieubmqa.u@armrctmmloabwmdteﬁalmabl e. The

addi tion t he
present invedti® FI“ a# 9{5?‘3’\7?t{?é‘gl Liégler catgjygtgaﬁtgnf %‘Rem%"‘[eh@%%g r 5%‘%3%&0f hot
spot s gener at ed onnrapsition metal wagrssiumhalidecod pragnometglic cQ?ﬁtaUFfetm rdeghl y active

catal yst. If _de% ﬁlﬁg,ddlﬁ&?m eakdf%kam léehh ihe@ﬁigebstbntsrdadumeaafmund

suspensi on or so utlon I.n S)d By the

i S

i nj ection - pefyublq 'Eﬁﬁeoo Fﬂglalgﬂglpp u&l ggtalyﬂgéaﬁio?ﬁe m\/\éﬂg'é'g cat al yst
whi ch is introduweta complekes, for example, mgtallerenesyactivatpdiwith, fqr@mmmé alytal i sed
ﬁot(:ﬂ ' ngt ef f qgt qulﬂ&ﬁaés'ﬁé'kﬁbvﬁﬂb'}ﬁmﬂéﬂe lABsh activities mem&ease&hmhoﬂmy a;/ﬁl d

ot spots and cqn ent aggl oner in the
proc eg s of the S‘F gﬁf‘ '?%Vgﬁtp\’%‘ﬁm{%h ﬁf’ﬁi"@h 5015‘33"53“0" Ja?ays &Qg‘ﬁ é?%gér{ and
penetration of theuseiofithiecproaess afihe present inwentiorepprtiqulesly dpsirable; the addigon
Idrfpor E ant | ][‘ ?C*Ufﬁtfﬁxﬁgo Q?ﬂqlunﬁd%@bé@kla@&r@dﬁde With e phdsent ivetidnvan Providet um and

irection of the s

profile), the 2t ucuﬁlbm}gg o%mr%%.f?kh@u %P ggr{eeredqg tl;en'gac?&‘% (ngt Sducitn®Y

CrOSS-8ectr. area f the
bed, and t hd5spafifresh higily active catplysiké desweql thmtqlmliqelé’gan be introduced a5 3

Preferably, the sWeehsiorPér soliion ﬁftﬁé/h:FLﬁH wmag;s&pna@edame m&maf ayaﬁe mjmid:at t he

:B: Zg;_ adopt s af S a@ thﬁg @f}fdlg d%eh thlsE»Qag s?g/ 151 o ;[ ant al
pl ane of the fl thmdg@qy bsaefit from the lopﬂ@etgﬁgoa% gﬁch °fc!lﬁ/ ‘dafr\“"';QH 1@ e e
appr oxi mat el y 6Q{o251€ jvhich nia§ @vél@ hoZspbisahd pinsaipettfagilbmerafion. bed.

The atoni sed,Jiquid 5 {) ;X@Jrﬁmp E‘l?‘t r3+)és§' ?# thé @%&eﬁﬁnt&'&gﬂ E&f(‘:hg%[j%dda

substanti al Iy horizon del i ver
the atom sed  disper Siqnqmd genghatign 9 rﬁh%"%ldr'éﬁtelfbhhiﬁ@ Red- kastoss WhiIER 36Nt al |
preferably the dinpe&drt@achfeving@ood penetrativh@nd digsbrsioncuré thesymsentunsarglt  an angl e

~not greater thangdpkerfdine PR of! Bfoﬁlfeﬁ"fimlx eBlind WMé Ged (Fr sp@%ﬁﬁ%&&ﬁr ] to the

hori zontal .
WO 98/ 18548 number of nozzles per unit cross-sectional area of the bed, and the spatial

PCT/ GB97/ 029851  arrangement of the nozzles.

Preferably, the walls of the spray-forming zone are chamfered so that the
spray adopts a suitable spray profile. For example, if the walls of the spray-
forming zone diverge at an angle of 60° in the horizontal plane of the fluidised bed
the spray will cover an angle of approximately 60° in the horizontal plane of the

30 bed.

The atomised liquid si)ray is preferably injected into the bed in a
substantially horizontal direction. In the case that the outlets deliver the atomised
liquid spray in a direction other than horizontal, preferably the direction of the
atomised liquid spray is at an angle not greater than 45°, most preferably not more

35  than 20° to the horizontal.
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In the spray zone of the nozzle the liquid |oadings in the bed may be from
16.to 656 nferr] liquid/h/nferr] of the nozzle spray zone and the liquid

addition rate to the fluidised bed may be in the range 50 to 300
telh. Preferably, the nozzle has a liquid flux rate, for the
typical outlgh 9% gs sectional areas ‘described abovecwesb7bsssi! i quid
addition rates etvveen 50 and 300 te/h, in the range 1.5 to 200
nmMerr] liquid/s/merr] outlet cross-sectional area, nore preferably
9.5 to 70 nferr] liquid/s/nmerr] outlet cross-sectional area wherein the
nozzl e liquid flux rate is defined as the volunetric flow rate of

i ?iﬂfl (][T[err%S) perln%faig §prsy£b3.slofthenouletaemim@mamgsnaaze(ueamaymfroﬁTaht he
ou ets rom | 0l 3 D e
pressure drop ovi$I ‘1‘%’2 tﬁge %p?%lzgm?{@%e hqeuid)r‘litdmtoﬁéat? }logr ess

of particles frothetﬂuailsfeﬂbﬂtblmgeblebébpmmﬂasoﬁpé%mﬂb drop is suitably in the
range 0.5 to mﬁrmy the iozgle Rasa IRjuidialuyt rite, fobhe typigboulleberbss- 70 bar

and nost  pr ef g reagqlzcégn F“E%? %eégnbgd gbov ﬁaag? Bor g b 8dittsh B?e% of %eéﬂr.‘)%saﬁh' Bgp dr op

over the nozz the rate of
flow of |iquid tkefigimythetrsnged 280 m 1@““”3/“‘ °“ﬂ°fﬂffé55'r$ﬁ§'§nﬁlla€?&f mefte of liquid

passing v ough i3 a0k B outlet cross Bt ane dineicthendial
outiet(s) o e.na e is. relate 0 r "
8 é‘ﬁ&x Fase s as L}Ig urr-lfétr% fﬁ)%ﬂi{e of?é&@ gﬁ l% é)ell E&ﬁtbﬁross-

nechani cal devic fon 1
accur at e sentignal ateh (@otaf |ﬂm quitlaty fromewhich @éﬁtw liguig ﬁmg@“?fﬂ‘*% he
pressure appljped to tirge igﬂeﬁliilkll‘eﬁdrop over the tt2de aiastttleauffiaient tOfprd‘vle\ﬁh&]hgl‘cssqw d:

S

nmechani cal devi Cdogbaramprecp;pfgr I)'dw*&eéf%'&erqf%‘ﬁ’r bar and most BF the
pressure drop of ridse orFei3abaE alhefftbssare dedp avehihg hezzld alsmprdwtﬂdscavmeaas for 25

merr], such that ﬁkxﬁ%ﬁﬁaﬁéSéﬂowo%llqﬂdthrou%l%the{loﬂke data given in Table |

rel ates the pres$H ¥ i cal
mechani cal dd$i ce whi The Besyflow fatp %ﬁl’ﬁﬁﬁdsl’ésst'ﬁéhrp}‘%hﬁhﬁlm&?haﬁ'ci"a‘]ﬁﬂ flow rate
of 0.4 nferr]/h asitienedvatiiiihe ottlex(s) of thOnezleds related t8he pressure drdpover the - -

\é’\(C:Z)T? %33/53393 1 mechanical device. The following “Equation 1" provides a reasonably accurate
: ' means of determining the effect that a change in the pressure applied to the liquid
has on the rate of flow of liquid:

20 :
mo/m; = '\I[APQ/AP]] . Equation |

where AP, is the pressure drop of the mechanical device at a liquid flow rate m;
and AP, is the pressure drop of the mechanical device at a higher liquid flow rate

25  my, such that my>my.
The data given in Tabie 1 relates the pressure drop and liquid flow rate for

a typical mechanical device which starts to atomise the liquid at a liquid flow rate
of 0.4 m*/h and a pressure drop of 0.5 bar.

30

35

11



Table 1 Pressure drop Liquid flow rate Rati o of

liquid flowrate

at AP2 to liquid flow rate (Liquid

?$nsity = 220_ at 0.5 bar kg/merr])
ur n-up abi . err h

0.5 wh'sidsses 0. 40 248 A e

1.8 1116 4.5 30 3.12

1934 7.75 100 5.70 .3532
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i nt roduced into
devi ce

9@y of each nozz
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8.70 3532

Urrfrrco a

i L urir=

#4834< nhow heen fo
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ext ende
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nechani

lob o Bl G Aosiie oty

5( hdewdéerthé pessuteedrne qmplwa@argcai flevige maifst laﬂr%r%% i node) .

cal devi ce

(0.5

e drop

g}[‘?g; Vggggﬁ!{ ggg‘iﬁ%?daﬁ&n\gitﬁli Gidtion i h&lfm‘é‘sﬂﬂﬂé tb?{avdﬁvatﬁl&y of tuftepiturn-down
0. Oper
of for e fapingrebesrpafonis i PRGE Gpile ArdiBH Blethangiar L

“bei ng extended t devi@5 In order to have a reasonable tum-up/tum—down ability the pressure drop
over the typical mechanical device of Table 1 needs to be in the range 0.5 to 100
bar (over which range the turn-up ability is from 1 to 14.24). However, high
pressure drops are undesirable because of the costs involved in pressurising the
liquid to high pressures, for example, increased pumping costs and the need for

~WD 98/ 18548
PCT/GBQ?/OZQ%%

15

20

25

high pressure liquid lines and safety devices.
For economic reasons it is desirable to minimise the number of nozzies, the

number of mechanical devices in each nozzle as well as the pressure drop over the

mechanical devices whilst maintaining adequate liquid spray profiles and turn-

up/turn-down ability of each nozzle.
It has now been found that the lower operating limit of a typical mechanical
device (0.5 bar pressure drop) can be extended if a small amount of gas is
introduced into the liquid before the liquid passes through the mechanical device
(hereinafter termed operating in an effervescent mode).
Under normal process conditions, the mechanical device of such

effervescent nozzles may be designed to operate at a moderate pressure drop of,

for example, 30 bar with the range of operation (i.e. turn-down) being extended to

12

n- down)
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bel ow 0.5 bar where the nozzle operates in the effervescent node. This

al | ows good control of the anmount of liquid introduced into the
fluidised bed during start- up of the process where it is may be
required to introduce small anpbunts of liquid into the bed i.e. well
bel ow t he c3pghidssisy of the nozzle to atomise the |iquid uneoEse7ost

non- ef f ervescent conditions. Exanpl es of gases which can be
i ntroduced into the liquid when it is desired to operate in .

ef fervescent node are the nononer gases undergoing - pol yneri sati on,

f.or exanple, ethylene or propylene, or inert gases, for exanple, _
n:c]'Erogen or argcvefowl@_s bar_wherehthenﬁ’iﬁéﬁfe?d@és)in gkféﬂ‘er&mﬁncﬁé. Uhismalltﬁ)m_ i R such
ef fervescent nozzles is.ip.,the . .an 5.t0 ) ght,
based on the totggf’g\ﬁ%'?t%f’?%‘? aﬁlggn.té’mq‘f'?&’ﬁﬁguceg_mtm th%glg@fs%ﬁﬁc} ou ﬁ@t'the
nozzl e. up of the pBo¢essiwhere itiswayherequired tointroduce gamall argountepliguido 5 par

above the pressung ths bedi@. well below tHé'caphbiliPof the nozzle to atbiik eedllyuid, undére gas is
i ntroduced into the ressu i quid through snall holes in the

ris I
liquid supply |i7F& WP%"n"S’z@ﬁ%"SSO that small bubbles of gas are forned
in the pressurised | i cEnamples of gasewhich-candpe intepduced intp ghediggidiwhendiiis gas pass
thrO:Jgh tpf t( )desieuattb%bf:ﬁﬂe i@&framga@mlbuearfmenwmsguses whdefgolger t he .
nozzl e outl et (s)_ causes. es to expa | sing the
fragmentation arﬂj’?yé‘?eﬁ?st?gt E’Bﬁxa&plcf ﬁ%’%ﬂf or ﬂf?Paff."g_ B indel G488 Yor e%\hrﬁ%e ngzzl es
used i n the prooukegenforatgonpr esent i nventi on may be provided w th an
enmer gency gag purge tpQeffaBlyoiié alb@it loBgM ueéd ih BechiepreeemihokA6s ik Mahess of -

particles fromthe flujdised bed sh e ] I ops of the
supply of rﬁ?%esdsﬁh is"Z%F‘ |§€H ‘He'gﬁo{’ ﬁssééﬂl%'{)@% Poggl%%ﬂﬁhgé{e%agye?&sh re sel ect ed
from any gas whimsssingtheough the neggle.del et eri ously affect the process.

Preferred purge gasesuRbily,!thepianafothe)as Srom 1 to 5 basnbieveghe pgssure of the
pol ymeri sati on, ;ogd exanpl e, ethylene or propylene, or inert gases, for
exanpl e, ni trogerﬂuor' ar gon. . _.The gaseous_recycle stream ,
wi t hdrawn fribm t he r Prefewblycthbagns is insroduced into the peessyrised rrughsigther s, and
optional ly, inerfoléajiflftieaiqtid@tsply linead thegafls scthatsnid) bublie ofighy g fommed eact i on
oS o o Tl S 1Y i8R har RPN AE g pes SRR Bl
cat al yst ~and/ or pol'ynmer partrcles. e récfcfe seous -
stream fed to theutlelaiafshe nogapthe pressuie drompyer thegiozzle outlet(s) gapses thent  nake- up
monomers to.replsbble fospantharby mcieasingthe frauminiation frel atomisationrofthet or . 35
The process %COWE‘QQ to the present invention is suitable for the

g _

13 548 ] . . .
PCT/ GB97/ 02931 The nozzles used in the process of the present invention may be provided

with an emergency gas purge to prevent blockage of the nozzle by the ingress of
particles from the fluidised bed should there be an interruption of the supply of
pressurised liquid to the nozzle. Purge gases are selected from any gas which does

25  not deleteriously affect the process. Preferred purge gases are the monomer gases
undergoing polymerisation, for example, ethylene or propylene, or inert gases, for
example, nitrogen or argon.

The gaseous recycle stream withdrawn from the reactor comprises
unreacted gaseous monomers, and optionally, inert hydrocarbons, inert gases such

30  as nitrogen, reaction activators or moderators such as hydrogen, as well as
entrained catalyst and/or polymer particles.

The recycled gaseous stream fed to the reactor additionally comprises
sufficient make-up monomers to replace those monomers polymerised in the
reactor.

35 The process according to the present invention is suitable for the
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manuf acture of polyolefins in the gas phase by the pol ynerisation of one or

nor e olefins at | east one of which is ethylene or propyl ene.
Preferred al pha-ol efins for use in the process of the present
i nvention are those having from3 to 8 carbon atons. However, smal

quantities Ova @L@g ol efins having nore than 8 carbon 5 Pﬁf,@ﬁ;,mgﬁ)r
exanple 9 to ? on atons, can be enployed if desired. Thus, It is

possi bl e to produce honopol yners of ethyl ene or propyl ene or copol yners of
et hyl ene or propylene with one or nore CJerr]-CJerr]-al pha-ol efins. The
preferred al pha- ol efins are but-1-ene, pent-1-ene, hex-1-ene,

4- et hyl pent - 1- eﬂ%luf&ﬁlre &f SINDIEHNS in the gas phbeddt it Wdlyntefisdtidn ©F ofd offm@aer

ol efins that can ef? cogol meré. seq}.vvlhé therﬁ,rl ggréy 9&9 &l x_l &5 OF

propyl ene nononeflefingat §St\éﬁg§d‘¥?‘° Bt {?B?y%r °ﬁm£§q§%r3t-s e]rar? al pha-

ol ef i n conononer useirthd@rocessaf thepresent inyentiefeare gdre 3 to s carbon

W‘fﬂ L _hehpr Oclesﬁafbﬁ .Uﬁsdﬁc?,rsﬂan?uﬁﬁiﬂa éﬁﬁﬁihh%&ﬁhsflﬁviﬂgnﬁirmhhﬁaeatﬁbn pr ﬁpyl ene

W i gher al pha-olefins et.hyl ene_or pro £ he nmj or

conponent of 2 he?C®P P&?@W?Qgrfa 18 SRR ‘fagg%@@gﬁd%f%{sﬁ&%g’ﬁ% IEat | east

70% 15 nore possiblertaproguce homepolymesefsihyires ernropylene pecapslyamers of :

_rmnorr}[e_r s/ Com)ngn&hﬁe:ae q[r propylene with ond H€méYe C3C$ alpRa-6lefilisN Thé Prefenrd alpb@egt t

i nvention may be use repare ,a W, C | ety Of .} product s

for exanple Ii nealFfs"Fde @gﬁ?fl%)’fegt@lﬁ?& &% 4q§etxﬁ£enf[{'5péﬁﬁ%héé{e on

copol yners of et bythdiens. Fxamplosofdigher alefinsithay cprobn copolymatised with the primaggx ene

ﬁnd hi Igh ?ﬁn?g,t yeﬂgﬂgyeegrfblv&ﬁ%e de%%ﬁ%rhwl dsG nﬁﬁ{é&b&rﬁeﬁf folemmlt-gg alBﬁl}- o
onopol yet hyl ene copol ynmers of .e . portion of higher

al pha ol eﬂ%ﬁ“ E%ﬁ?ﬂ?ﬁ%?’? %#'%&é‘??ﬁﬁq‘i",“ﬁ%“ﬁt 8?}03,§f[ggée’nt -1-ene, hex-1-ene

or 4-met hyl pent - 1- When the peocess is used for the copolymnspapq@,pﬂetmwr PERMiERs es out

gftthe gﬁSGOUS r%Hﬁig?eﬁﬂﬁfﬁﬂi%fﬁ@&e%y&neorpropylmﬁﬂﬁﬁfeﬁbés&hmaiaﬂer,Ie. g. f
utene, hexene, or_ octene, used as a_c . ion o

LLDPE or nay be SHPPGEptof dis eEafier an ﬁ%?%?r g pilbet iy ftBuny ISL 604, 01 OF

or hexane. 15  more preferably at leasti89%peweight of the dotal mepomesyspmopeMefdnsabl "

nmeans that the dew poTHé proéess according tghe)seseminventommay bé wed aoprpparsa ng t he

condensabl e material i.s . e recycle
Toop. 30 - ol ety 37 Bk IR S} cxample e RERBERAY by Abpe? 1 CVEl
vaporise within (HeDPEkbasgsduycopolymers of pibylges witkbytens; +-methylpselr }-e% R bei ng
enpl oyed so that nbkefie gieBHigiedensioopolyeihyRing EDPE)Bwhich can beditatexampld, and to avoi d
substanti al 2§c_unul Ay L:t?%”o&n’(&r&@e%%elﬂg“ﬂﬁqsm Il portion of higher alpl'®
process is p tlgﬁing?‘ﬂ'/ AT or polymeri sing ofefins at %‘ rgslsure of
bet ween 0.5 and ®Glefipgomprpmer. far examples tE'?eeP%‘F"tF@F\b@éﬂ'eBBPE?'I"] 3@9?3" -
130[err]C. For 3he. exanple for LLDPE production the tenperature is

izi tably in '{/\?)e 9{3?23?1@‘? ﬁ(ﬁ% @Iﬁircil Condenses out of the gaseous recycle stream can be a

PCT/ GB97/ 02931  condensable ragigmep c-B-byiens. fiexeps opartgre sed pia qamanemes for the
80- 105[ er r ] C23epgustiuogornst LD Eaait hayi tieyanddert condensable liquid, e.g. butane, pentane,

or hexane.

In this specification, the term “condensable” means that the dew point of
the gaseous composition comprising the condensable material is above the lowest
temperature of the recycle loop.

30 It is important that the atomised liquid should vaporise within the bed under
the polymerisation conditions being employed so that the desired cooling effect is
obtained and to avoid substantial accumulation of liquid within the bed.

The process is particularly suitable for polymerising olefins at a pressure of
between 0.5 and 6 MPa and at a temperature of between 30°C and 130°C. For

35 example for LLDPE production the temperature is suitably in the range 75-90°C
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t he catal yst used. . . The pol ynerisation reaction nmay be carried

out in the presence of a catalyst systemof the Ziegler-Natta type,
consisting of a solid catal yst essentially 5 conprising a conmpound of a
transition nmetal and of a cocatal yst conprising an or gani ¢ conpound

of a nmetal ({ Gsngaly OF ganonet allic conpound, for exanple apcr/gBo7/02931
al kyl al um ni um’conpound). High-activity catal yst systens have already been
known for a nunber of years and are capabl e of producing |arge quantities
of polymer in a relatively short tine, and thus nake it .possible to
avoid a step of 10 renoving catalyst residues fromthe polynmer. These
hi gh-activity C%ﬁ'f?ﬁﬁm?ﬁ?ﬂﬁ@ﬁperature is §/pieaiyHol o500 MRpendig dn ¥ dctlvigadral yst
consi sting essen&ll a I}é/ of atons of transition netal, of magnesi um and
of halogen. It idesa¥tYssipie to use a high-activity cat al yst
consi sting essenti al I'Shegpblymedsationreactiomxnaycbezatried autdd theypresencsnf atcatawstnent
and associ ated w t@m%f%ﬁlgglén}xawngﬁ EorRRGRELIARoR ERflyseedsainigipxi de. The

e W

process is 15 SO, Sulta or. use th a(Tst(fllg,ocenel cat al }l[.‘ﬁt s and.

Zi egl er cat al¥ st ©ngsHg 2 coypeynd of a transitign meta) and of a cocatalyst CompRfg L, 5| y st
nmay suitably be egmtioywopound bfemetal @e.cin oagqnomgalliympqmdafer examplean prepared
bef orehand duri ng. G iR oMpobad)! High-sditBFcatdystsystits bk dheady Head al yst as
descri bed above. e prepolynmegi sation nagbﬁe car |.edlout b%.ané sui tabl e
20 process, fof® § gum 5P€/¥F§‘r’sia§ fresAPY ‘!fpfq‘%ﬁ'f’%l ARFAHBRIERBh i | uent
or in the gas  polymerpia saatively shpritiatapé thus peksit possibledaiaveid astep@bus process

or a continupyls RLAGHE atalyst residues from the polyhhe?! TRésk highlabiVify tatalikd %/stblbﬁ ‘whol e
of the gaseous recycl e stieami,s cC liquidis

&?I ed . . a%q‘ tge congensq
separated and suBRSEERfly pamprise @ felid gataist epnsising esseptaly e gfoms o WEnsHOBui d i s
i ntroduced di r eciktyl, ofinegriesiemfahd pfialogen bl ds alsospossible toouse ladfghyactivityan at oni sed

25 liquid sprayeaalyst consisting essential/ 6T adARMu okiBE ¥ciivated by 8 A8At hRathieht abl y
cool ed by neans exc ang%rs erature

of, @ heat, exchanger r .to.ate
such that i qui da’lds“si"(‘fﬁ&"éin“é@b“ %rﬁ'qﬁ?{e‘“wgeb@ﬁ% qneacrﬁgilcé oxide. TE? PreE S
Sui t abl e heal$ exalsmsvitebls faruee with metaliosene tatalystscund Ziegler catalysts supported onThe  ~~
gaseous recycl e gfigaeam | eaving the top of the reactor can entrain a ..30

gquantity of catalyst .and/o ol yner rtigles.(fines nd_ t he be .
removed, if de ercélff‘?ys?'?%%wtﬁtgyS%g'gé)i%e?r’ié‘f?? re':'? %f%rpgﬁpn%l@eg g@%% of a
cycl one. A snal | prepared befpichgndiduringa pfepelymnerisatinn stagevéth thegid oEaeatalysas r ai ned

: nt hg ?as e0US T g&uiifihed abbveS AMRe prepolyme?ﬁgo@ﬁhﬁbe Eadd v by saitébde ating the
iqui rom !

e gas, the fines_can, .i h.l € . L nt ced into
Eha 1 ui o Set beloBisgBremifs ROiFferisaiorti HASH pydiGearpon, diner S INAORICCS
nozzl e(s): phase using a batch process, a semi-continuous process or a COntinuousgrocess. VO
I%SC{I' } (8_5%3% 02931 Preferably, substantially the whole of the gaseous recycle stream is cooled | - (s
. H H M e S ]
TS 1 mpor tant P s eepnee i ebeniried ald Ay MEWhR of i Meder

within the out! eliquid istintsodyceds dicepbnintocthe fyidisedbed yiaghe wrgzle(s) as anragpmises sage of
any fines whhsh p&idBgapresent in the separated Iiquid stream

The gaseous recycle stream is suitably cooled by means of a heat exchanger
or exchangers to a temperature such that liquid is condensed in the gaseous recycle -
stream. Suitable heat exchangers are well known in the art.

The gaseous recycle stream leaving the top of the reactor can entrain a

30  quantity of catalyst and/or polymer particles (fines) and these may be removed, if
desired, from the gaseous recycle stream by means of a cyclone. A small
proportion of these particles may remain entrained in the gaseous recycle stream
and after cooling and separating the liquid from the gas, the fines can, if desired, be
reintroduced into the fluidised bed togethér with the separated liquid stream via the

35 nozzle(s).
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Furthernore, the outlet(s). fromthe nozzle(s) nust be of sufficient size to
allowthe 5 fines to pass into the fluidised bed together with the

| iquid spray. The gaseous recycle stream may al so conpri se

i nert hydrocarbons used for the injection of catalyst, reaction
activators Qﬁ,ﬂﬂﬂ?@ators into the reactor. ~ OHRGBINOIIBNONET S,
for exanple, ethylene to replace nononers consuned by the _
pol ymeri sation reaction may be added to the gaseous recycle stream at any
10 sui tabl e | ocati on. Make-up condensabl e conmononers, for
exanpl e, butene, hexene, 4- met hyl pent- | -ene and octene, to

repl ace condensabl e &wonleotoemveidfouling wEthelnpzzle(s), it is impartapbtoyensyre that then

reaction may be &&LM&P&&%@%@E% HivAhirPthE oRfES hak Quitiint SRAGAETO allow
recycl e gas stream at ang@gd__lgta e location. The liquid nmay

K . 15 ..
be separated frdffRas®eg e§ whigh may ?P’é?ﬁ?‘f‘%h%?egwﬁ‘? liguig stream.
Sui t abl e separ atruithemiose, ftier outletis)iftom thg abzxets) nestreatf sufiicientaizg ¢o sllovstbe s whi ch
reduce the vel oG ] : gtk ON Of the condensed
l'iquid 3 (Clgiﬁ'tggcl‘i??%aagt lng’rtgériggl,a{sgdem S@%&E?Eg%eggmp isg:tg?'d sg‘ﬁ_lar ators and
liquid scrubbers, forlhe gaseous rghyclestream gay ply °'§|g'fsﬁB’8E dro sé’é"ﬁ’%‘étors
are wel | known ithe injeeticit 6f cataB, reaction activatdis er mederatbrsantd ¢hei redator. t ype of
gas-liquid separator Mﬁceﬂﬁ:ﬁ%rﬁ*ﬂe?s{ Fot exa:w,le, et ﬂﬂe]?{&;réﬂﬁ‘&qﬁonbﬁieﬁs%nd%m&ess of

the present inventijon. oo . e cycl ong separator in the
recycl e gaseous byithepelymesisation regptiop may ead‘#’gé‘b g 8250 S’Fg’cgrsgf‘g? P This
renoves the 1o osultible lotatidne fines from the gaseous stream | eavi-ng

the reactor thereby fl\g:?l{)e!-qp_t&%égn?ab?%rﬁbﬁsm%.iﬁréﬁmpﬁgﬁfte&?ﬁaﬁﬁm and 25

al so reduci ng the paqgs It oul | of the separator resultjng in a
nore efficient metﬁylpenéﬂe‘?“ﬁta'l}‘/%?ﬁtene' to replice con msab_% CBH‘P‘[’%‘?'S ‘é‘lﬂ?‘ém?dalﬁ'g of

usi ng a deni st ertht pigmerfisatiepaactionmaybe intaduced @s liquids and pdded s the gdseops wi t hi n
enhanct ng ¢ he. of .@?e%éw%“f“*‘?%ﬂy alkae Reid D20 01 Soroeters  theredy
particul arl y'3Sui tabl e _ﬁiﬂi‘@t‘@ﬁ’%éﬁ?ﬂaﬁ‘{ﬁg‘?g}egﬁ?@% ﬁqufgtrﬁ?'ﬂ&%§§ep6rﬁtof he
present invention is Suitaldlensepacaitars b fanexiinplo cyclonersepacaibrsdarge vessels which  known
Goes the - Cictihe LGy S AFRACwerkillE e sipitiion itheedntiBed lake DI & OF
separate-the |i q(CS‘Pac‘??LBﬁ‘F“’“S)- ‘Iemi?ﬂ'éy@fé??'ﬂ&’igéﬁpﬁré‘pqr? ﬂ@ﬁ'&“\dég'@%‘ﬁ’ s

_ provided in the dampenventurtsveibbepaSathaepsraprs agowell knowndethear- of the | i qui d.

Ige l'iquid r%erg voi I ARARL 8Fa 8dhSsthi G 6F daSlipfd Sdperafi is faricalavly -

8( 18548 i entio
PCT/ GBO7/ 02931 2avantageous in e prarsss OE R g™ BV Phe di scharge, of the Iiquid
fromthe separator. THieusephecysione separaterdptheaecyele Basequsrsiream.farior kxthe and

gi ves 100 % sepagahiaff idirefeBdl T rnloves thslmhjbAiy of BR fines from Gsgasdoueam

' _ desired, a fi lstE'eealtn lerg%lsng’ thg Il:eagttOIh t?lgreg;rj *’a&:iﬁglil?g & 45t arIl%Xlispe? sg})ralr'a%}%ﬁi in the

25  also reducing the possibility of fouling of the separator resulting in a more efficient
operation.

A further advantage of using a demister type of separator is that the
pressure drop within the separator can be lower than in other types of separators
thereby enhancing the efficiency of the overall process.

30 A particularly suitable demister separator for use in the process of the
present invention is a commercially available vertical gas separator known as a
"Peerless” (for example, type DPV P8X). This type of separator uses the
coalescence of liquid droplets on a baffle arrangement to separate the liquid from
the gas. A large liquid reservoir is provided in the bottom of the separator for

35  collection of the liquid. The liquid reservoir enables the liquid to be stored thereby
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5 liquid reservoir of the separator to collect any remaining fines

present in the separated liquid. Alternatively, any fines nay be kept
i n suspensi on and thus avoid fouling of the separator by, for
exanple, stirring the liquid in the separator (mechani cal agitation),
bubbl i ng a oRe9guEagst ream t hrough the - liquid or cont pEEeRsTioYes1
circulating the liquid by neans of an external loop i.e. liquid is 10
continuously withdrawn fromand returned to the separator. Preferably, a
portion of the liquid in the separator is continuously circul ated by
neans of a punp. Suitably, sufficient liquid is circulated to allow

the punp to be ppeidiigadnirol over the dischaggelof thediqaidTronndie separadei! [Thistygefoft he

circulating |iqy I, da.s Y . ' | sed bed
U 2h val v i Syt Ay WL Bive o sepbration of cdrdbled itid i Ble?OC, 12
nozzl e(s). Pref &MY the valve is operated via a liquid | evel controller
whi Clh moni tors and nHidesired)wfilich mebls \of btherd sulthlileineans miy e al‘iﬁﬁngdﬁﬂig be:jween
set limts. . . lquid. J. ' A oduced into
the fluidised bugisreservor °m§8e§°§ﬁg‘§'§§’ ggielfgﬁ'gé‘g“%'ﬁ'ﬁﬁﬁ%ﬁ%%“ﬁfﬁ’g| init of the
tenperature gradtrarteddiguige stefnatively, any fines may g kept in suspensiag ansktbusavaidt he

remai nder of t heoulifglof thé separarorlbe(foy exsibpleDftirdig the Bguid indhé/sephiatoar Of poi nts

within this regi . L Ui dl t di fferent
hei ghts wi t hin F’ﬁ%ﬂ‘%g’%ﬁm’ﬁ?h@“’ﬁ@%) g#%@gtr’éeap’g??‘?°é%§§%?q§h'@h°‘; hat the I ocal
concentration ofotindensly grewatingghe iqnidbemeans of anexterngh foop|ig; liguigks i on of t he
bed or the 10 cominabistywitidraviefrgm astlicturneding theGepdibl. ePrefafablyl gportlod O

di sperse rapi dl : ' . . | ' to renove
t he heat of pol Xﬁ%‘%?@%{??&ﬂe Férb é‘rr%%’rﬁse°°é‘§<“6‘f‘1r‘}g¥ \ré?%%éds& 'J?%g%{;fao&'%'n this way
the amount of | PHitAbY- sufticien digwid isdculatsd 1o fllowihe pyarte bemperatedinamych nor e
cl osel y appr oac bortineousandnnermA pardomof théeitcutating ligid mbebeineodused dicddtly

di sturbing the Ml | Lot | : ] fers the
opROI £ UNi Ly 10 L"éﬁf“‘é&‘%ﬁ";ﬁﬁ“%%ﬁf ?@3%?*“%@52%1“3%“@38%—E‘ﬁ%%‘ﬁfyﬂ?@ i
The I'i quid dan, 19 the gezzle(Qy Praferably,the valvedsioperated vipa ligyid jeyelcontroller vi a |
nozzl es 30 | ocshicl nanitoksfahdmeintainseheavet ofliquid in thelsepdosdr betaredn set lindishni que

can facilitate ' : r rﬁﬁ?ﬁf : rafion.
Controlled neterin §?J$F%§t?§‘:fﬁ'fs Sgi|tnt om{r e ﬁ%ggggﬁ%@lﬁ the nozzles
provi des usef ul “%&F"t panged above thy g '

upgelmit pigthe temperatuse gradignt hewesp 8 | e of

t he bed and, i nentbringfhadisinghges abdthelremaindér ofthe hédh sTheoweaie(s)angy beata  provi des
useful conthel gNed: (WA reBioR bPAE RhidREY bedlaRd jHaS MAPE AMET . 35

In order to gai 9. hlte};m%i rrunﬂ.behmésf i.? o%_ t he lc i ng o¥ tgehl% gepa)a{lr a‘t;a?d l'iquid
17 VO g@%l‘fgg{gf% ts within this region. The nozzlegs)are airanged such that the lo .

PCT/ GB97/ 02931 concentration of liquidsdass setradversely affect tha duidBatiinaifihe ted er thieove t he

regi on where thigalityeoMRE frotice, and Bleahl KBid B4 i | rt of
fhe bod whi oh. hamibfoTEE pot ally 10 enaifcdfe Wil ispiiSe rebic frdnl edei ol

gaseous recycl e YARaRTE RIE; ﬁ‘lbyci W@“?%g'gthtﬁa?.%f polymerisation "°"?Ehbfl’[ﬁ’§°‘ﬁffﬂ? e(s) may
for exanpl e2be sgapicnkiInthiswgy (he adOnt ofifiqyid mfredured for sBelingPpurposés nay above t he
f1 ui di sation gr ipfich more closely approach the maximum loading that can be tolerated without
disturbing the fluidisation characteristics of the bed and hence offers the
opportunity to achieve enhanced levels of reactor productivity.
The liquid can, if desired, be introduced into the fluidised bed via nozzles
30 located at different heights within the bed. Such a technique can facilitate
improved contro! over comonomer incorporation. Controlled metering of liquid
into the fluidised bed via the nozzles provides useful additional control over the
temperature profile of the bed and, in the case that the liquid contains comonomer,
provides useful control over the comonomer incorporation into the copolymer.
35 In order to gain the maximum benefit of the cooling of the separated liquid
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In practice, the tenperature profile within the fluidised bed may first be
determ ned during pol ynerisation using, for exanple, thernocouples |ocated
in or on the walls of the reactor. The nozzle(s) is/are then arranged
to ensure that the liquid enters into the region of the bed at which
the returnequ@gdnssds’ €am has 10  substantially reached thgdiasgepmsir e of

t he gaseous recycl e stream bei ng w t hdrawn fromthe reactor.

It is inmportant to ensure that the tenperature within the fluidised bed is
mai ntai ned at a |l evel which is below the sintering tenperature of the

pol yol efin constituting the bed. 15 The gas fromthe
separat or is reGyskséhtiaPthitthe heAle(s) areiBbierthé fkbﬁntvhﬁrehﬁi&&éﬁiperature of the

T BRI i AT o Nt 1

di stribution of temperaurs qf&legaseous chxnl%ﬁt%m qeuing e reagt@. use of a
fluidisation grid i STﬂé fb2le(s) thay for example be approximistelp 20206 SmOprefeedlyB08s ent

i nvention is op%%m %fh@ﬂﬁpﬁ?@onﬁ dOCI ty in the 20 flui di sed bed which

nmust be great er THAN Or° Bgua qcflw red to achieve a bubbl i ng
bed. The m ni num gas Iwenaen,qett}ze@mgmm ile withimthe fpidised bagmayfirstheocess

OL the present ldatéﬂﬂihbd)ﬂuﬁng paryafeagaabh Msifig ForieRainsél thdimbEtiphs SRstel @l @Ci ty in
t he range

If desired, Ii qdmgh Y’alﬂs ‘%thecf ac% " é% 'éage {hg? g'ga nz ?T"p?"gureé%att e Vators, 25
cocat al ysts and liawé eptepsdntodhgregion |°ﬁthe&a¢mte?dnqmb@remeedﬂe stygam Base nozzl e(s)
t oget her 10 \SubsPantiblBy re&ihad the @émperaliie @f the gaseous recycle streaf béiig case t hat

t he process of th r fionis enpl oyed to nake et hyl ene
hono- or copolyne{j’dp“ﬁ'sifﬁtﬂew%%1ene for exanple, to replace the

ethyl ene consumed dudtisEIROR@ntIeePsHse thatthe WPGT#B‘F wathia thefhidised bed isy

i ntroduced 30  mditginédat asapawmt:mi bglas: thé simarngtempératuee dfithe galyafinoduct i on
into the bed (f%nsqm{}rlgl bel ow the fluidisation grid if such is
enpl oyed) . e separated liquid stream may be subjected to
addi ti onal ddol i ng (dhggasirom the sgparaiar is gcysiesde she Red. rsenlly iginthe boftamy o
bei ng i ntroduceddfiliwreactdre If 4 luidisRiod ghid ik ediployed, such reéyRl inaarAlalty ®)the An

advant age of th'é%&ﬁc;g:%‘sple UridI AL o8] faaan&tept.ﬁ&?ﬂtd,gft X8h bPthe s 3. L1t

by coollng the | via the
18 - The use of a fluidisation grid is preferred ' :
PCT/ GB97/.02 93 1 The protesaoif elePpresest ﬁMeht&ﬁdEﬂﬁéjatéd)WIth: akgad yebdcitg in the epol yner

whi ch may beyaCont i ted &htﬂﬂ Frus pe greatds B br 4P Tl defidbia Fo RBaUETET 1 S2t1 0N

before i ntroduction I nt
Bef ore commenci riybRiig b r—@tT @tm%sﬁfvelopwaew"méelzcﬂ'ﬂqué’ubﬂ'se&?sss 5

accordi ng to thefpthegsesent invention is preferhldy cpasedadun ssing & pasdieloeily inable range

Dol ymer  part1 ol 690400 Tt ﬁ“"*“" 0 QUL | I e | ow thr ough t he bed.
poLYy P f{ desnre llqmd or Fquup 9oluble addmves, fog example, activators, g

25  cocatalysts and the like, can be introduced into the bed via the nozzle(s) together
with the separated liquid. '

In the case that the process of the present invention is employed to make
ethylene homo- or copolymers, make-up ethylene, for example, to replace the
ethylene consumed during the polymerisation, may be advantageously introduced

30 into the separated gas stream prior to its reintroduction into the bed (for example
below the fluidisation grid if such is employed).

The separated liquid stream may be subjected to additional cooling (e.g.
using refrigeration tcchniques) before being introduced into the fluidised bed via
the nozzle(s). An advantage of this particular aspect of the present invention is

35 that, by cooling the liquid before introduction into the fluidised bed via the
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According to a further enbodi nent of the present invention there is

provi ded a process for the injection of liquid into a fluidised bed which
conprises: 10 (a) pressurising the liquid; (b) feeding the
pressurised liquid to a liquid inlet of a nozzle; and (c) discharging
the Iiquid igovshsssf!uidised bed through an outlet of thepppesl 1 I n
which the liquid is atom sed using a nmechani cal device positioned Wthin

t he outl et and an atom sed spray is formed within a spray-formng
zone of the outlet. 15 According to yet a further enbodi nent of
the present invention there is provi ded a nozzle suitable for use for

the injection ofnokile(s), dny ®hdendy f&u&tﬁiyﬁ%gp Sty@ai which ma ber&lﬁﬁ%n%dgﬂﬂpri \?vih'ng:h
(2) 2, or o=t ol o B oo e s P b 3R <" ©

a mechani cal deviceé 1S provl
liquid and the I™d$ed outlet is provided with a spray-form ng zone.

tTEe :ciq;Ji d outlet, nmfdtﬂb@ﬂﬂne&ﬁigltﬁ@mﬁﬂﬂhch&?oﬁﬁlhﬂ)byfﬁé 5t thép %9&1:@ W?K have
e feat ur o SEL Rl P8 e e e s P RS B R et
Figures 1 to 3, stanigdby charging the bed with particulatgipglymer garticles; ldhensinitiatingzz| e 1
whi chdl S pr0\é| dﬁﬂegastﬁav\zmwugmﬂemea our outlets 2 arranged equal | yI

t
P esour  sed |1 qui .| SCTalEIRE Rrber HraSoriSSH of G bReof venton fee Shown) v ch
i's in communi catArevidesianroeesyfon thednipstion of Bauidiintoomiiidisedbed which eoinpriss:r egi on 3
of the 30 lrmozz(h)q)rudmﬁmgthemﬁ@es via the outlets 2 and spray-formng.

frg(r:]ﬁain?clalnt ge'\[/ Ih?bi feeding 11 f?l?gressuns?dhllquld t aei'guld mlfet o‘?% nozszlep:rug)dv ::?ggr \é\n t2h a
represents a noA9)discharging fhediayid iptorthe fividisadhed throghantoutietof theamoedzle ~in

whi ch the | ower igwhish thediqaidrigmgmited hifiged médhanicdl H@vwﬂ%ﬂﬁiﬁoﬁgd%%n fReessuri sed
liquid is provi qﬁﬁet aﬂdmﬁmﬂ%&é&a&’ is%?njhﬂ %vnt%masg[agqé'{?égg ng o ﬁﬁ é)ug%% 9. Each

group of 35 outlets I's a separ essuri sed
liquid via | Bhes 10 éﬁaordmg to yet a further embodlment of the present invention there 1s 19
WO 98/ 18548 provided a nozzle suitable for use for the injection of liquid into a fluidised bed said

PCT/ GB97/ 02931 1. The supply of liquid to each group of out..l ets
is controlled b)?o\z/mfcomspnf'f&and 13. Each outlet is provided with a
mechani cal devi & aPressvrissd igwdinletandi ng zone 5. Figure 3
represents an ef(b)eriqaiiomnlet nozzl e. The nozzle 1 is pI’OVI ded vmth

outlets 2. BbeSWGVhﬁﬁ‘Q mekiiticdl devicP fsﬁ:‘ﬂ:d@éa vhifhird t'ﬂg {ﬂﬁtf ﬁut?ef RYat mlae @get ( not

shown) 5 ‘f q-;(f méunl cati oca nduit 4.
Gas is provided ‘B'Hd and the ligwd opflet)§ proyided \Y%EIEH'?Y'EPA!“'&EGO'Fasses into the
pressurised |iquid vThe bpadhouttes, reshanical devxcEaﬁdltheupx’aﬁ-form&g%ﬁé/mﬁlﬁﬁhvw th a

mechani cal devi Qﬁef@a@r&gd@mﬁwdaago@)rm ng zone 5.
pol ymerisation pr oce&%éﬁccor g&]ﬁ@t present invention wll be further

illustrated with ref %seact:(a' ] gfesent invention will be further illustrated with
25  reference to Figures | to 3, and 5 to 9.

Figure 1 represents a nozzle 1 which is provided with t};pically four outlets
2 arranged equally spaced around the circumference of the head region 3 of the
nozzle. Pressurised liquid is provided to the nozzle by an inlet (not shown) which
is in communication with a centrally located conduit 4 to the head region 3 of the
30  nozzle where it passes via the outlets 2 and spray-forming zones 5 into the fluidised
bed. Each outlet is provided with a mechanical device 6 to atomise the liquid.
Figure 2 represents a nozzle | provided with two groups of outlets 2 and 7
in which the lower group is arranged offset from the upper group. Pressurised
liquid is provided to the nozzle via line 8 and controlled by pump 9. Each group of
35 outlets is provided with a separate supply of the pressurised liquid via lines 10 and

18



10 Figure 4.illustrates a gas-phase fluidi sed bed reactor
consisting essentially - of a reactor body 16 which is generally an
upright cylinder having a fluidisation grid 17 located in its base.
The reactor body conprises a fluidised bed 18 and a vel ocity
reduction zow@ed/fesyhi ch is generally of i.ncreased cross-segdjehorpsyipar ed
to the fluidised bed. 15 The gaseous reaction m xture |eaving the
top of the fluidised bed reactor constitutes recycle gaseous stream
and is passed via line 20 to a cyclone 21 for the - separation of the
majority of the fines. Renoved fines may suitably be returned to t he
flui di sed bed. THe Thesypplyofdigsid daieach groxpmof batiets is gortivlled evabves 1DasdESs to a
first he algaf GRS rovided YAfh AmEAERE FSMLe Pl #Ap G SR IERE s Changer

24 is present to 20 conpreSS|on a recycle
gaseous stream has pgbgé’ represemst’r?r%tﬁﬁ'ﬁscf‘ﬂém Fhesnogzle 3 3 PfOVlded with
The heat exchangetletsl. Qmshma@drqsxdomwobdechtortwgmmmytah irilet Uikt shevaip Or

downst r eam ofs t RehichGETN BmPfhication thh a central lo ted@o&cﬁfxt £ Ogié 199rfo@ﬂgd P,

conpression to a tenperatur ondensat
resul tant gas-| ?Eﬁﬂ Vicqpduit 'g' ”BQQE%&S ‘f“(? ”P%%'e%slé‘bs&f" QH‘HF' vVIappgRiagsel 5t he -
liquid is removdich outlet is provided withEmeedharical devideréant laapragifiariivigazont S. recycl ed

via line 26 to the b%ﬁ%éﬁ%mfoﬂ%rocess ahcoJrﬁﬁgg{d)trhe E;F\ésennh%ergﬁ)ﬁ *@g?ﬁx?tﬁ via

the fluidisatio rid eg. E nsur | € bed is
mai ntai ned in a JPREd ?&B YRRAEL? Biguresh The separ ated |iquid
fromthe segd8rator 2Figus bﬂsstmttswgas—bhaseﬂﬂﬂis&d(heﬁ Ineactor consistifpessitialhc wher e

the liquidis i fb?ﬁ%i%?éody%%&élﬁs g&ﬁ?&u%n 5@!1%&?‘?%%@ ﬂﬁﬁ%{y' 9

to the present in I on necessar | ocated in
line 27. g"gqgtmaﬁﬁf'hﬁ}?f é’b‘lflbﬁgﬁé °“éﬂ’!éesf*ef3“4'i?dt% astt or via
line 29 into theeloeihaneductidn zone 19 Whlqus geretally efincréfsed cross-section cotipard Ct

pol ymer particl Q@tﬁgqmldig@dgw tably renoved fromthe reactor via

20

98/
PCT/ GB97/ ozdg\o o3 8aspQuLeagtion mixture leaving the ‘°Pﬂ‘fé"%\ﬂlf*%l#§éwémacf§ﬁom in -
Figure 4 is par tcpmtmsll‘ycyslmga@bu:astlfeom and is passedivia line 20 toat ayoloné 21 fog thexi st i ng -

gas phase pol yneepas@;oheﬂtheaﬁydrw &tﬁéﬁﬁw hEMb@d%ﬁ@s R8P suitabl tably be n#xﬂﬁ&%ﬁes 5.

Figures 5, 6, 7 a LS. N0zzl es res ereo
accor dance ‘he%]‘?‘ﬁsefi ﬁ’gé J’ o BNt ftBeﬁ’“Hea"\)'l“ﬁéeea‘Wl&P? pasges g a first -
char act eri st i cs heat exchanger 2 aﬂd a mngucagows Hosecond heat exichmnigerc24ds pressmtta on. of a‘

nozzl e 40 i 1ot heenddvanke ieht dﬂQ:nm ressiorPafies tifdfredycle @RdHhd stn@im Rhs Gistegul ar .

Cross-section f [is uid. A spray- formng zone 42 is
cont ai ned generar?lgéheiﬁﬁﬁJ P s%l.%:;lqndl’l cal housing 43. The end 44 10 of the

conduit is machi ned ¥he lmabwh@sar greepichapgass eanjbe apigsH eithenepstseamwoed end- on,
downstream of the compressor 23.

After cooling and compression to a temperature such that a condensate is
25  formed, the resultant gas-liquid mixture is passed to the separator 25 where the
liquid is removed.

The gas leaving the separator is recycled via line 26 to the bottom of the
reactor 16. The gas is passed via the fluidisation grid 17 to the bed thereby
ensuring that the bed is maintained in a fluidised condition.

30 The separated liquid from the separator 25 is passed via line 27 to the
reactor 16 where the liquid is introduced into the reactor 16 via a nozzle according
to the present invention. If necessary a pump 28 may be suitably located in fine 27.

Catalyst or prepolymer are fed to the reactor via line 29 into the separated

liquid stream.

35 Product polymer particles may be suitably removed from the reactor via
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has an elljiptical appearance. The conbination of the liquid pressure and

t he geonetry of the end 44 provide the nechani cal device for
generating a spray. The housi ng 43 shields the spray-form ng zone
allowing the spray to devel op before it energes substantially

hori zont al | ywé duiesgh outlet 45 into the fluidised bed (notpchizper

Figure 6 shows a vertical cross-section of a nozzle 46 in the plane of t he
axis of a conduit 47 of circular cross-section for pressurised liquid and a
spray- form ng zone 48 which is shielded fromthe fluidised bed (not
shown) by a hori zontal Iy di sposed plate 49. The end 50 of the conduit
I's machi ned to mroyn.de a 20 fan-type exit which, when viewed end-on, has

an elliptical appear tion. t he u essure and
the geonetry of the g'ﬂ%a%‘ﬂ‘gﬁ?‘?ﬂf smlﬂwmﬁs"ﬁ@& ﬁrrlH%'ébelﬁngﬂ“E"e L
generating a spirefjefittingeexisting gaspbassipolymésisatineresgtompsing finidised bed zone 48
all owi ng the Sp?ﬁd&;ﬁs@s devel op before it enmerges substantially horizontally
t hrough out| gt

h I be ure .7 shows a
vertical cro3s-secti g%u 3 gr?é% (gsgﬁ's’tfﬁes["r%z]ﬁ' 3’?1@”81“‘*‘{??@"9 accordangg; < of g
conduit 53 of ciwiththepregenbinyention having & varietyrof shanactesisticsl i qui d and a spray-
fogm ngI zone 54 whi Canuﬁssihb%den’EﬂQFﬁsE-Q&nMwﬂo‘?‘lﬁ@mﬁf’thé%f;h%éﬂﬁém)rhby an
i ntegra o) n coni ca ernal. cr.oss-sSection e
nozzlge i's provi a’éggwg‘h it47h kclﬂ’ﬂgff’més' ‘Enefrﬂ]{géssf’ﬂseaé‘ﬂ'é’ PEY: bul ent 1 ow
in the Iiquid fermingaeae 42 issanigined Benerally Sithin agylindyical bawsingetds Tre ead 44
cox tri ;:t | 0r10f57 obﬁie\bﬁﬁdiutd@ﬁhd&ﬂnﬂed% @?ﬁe%[ﬁ[rﬂbﬁ;{né &4t WKich, SPBEviewed endgtﬂmf f ;I'he
conbi nation o e e. Cons e baffle
system 56 provi tc‘l%‘f éﬂﬂ)‘ﬁ %]3%3‘?"4 dei c@b%trmgf lée lﬁ'f'fbrf’desé“?ﬂf“g& The housi ng
55 shi el dseqm@rygfrﬂagﬁnﬂdﬂmrweztbme@mmaa devigerfgr génerating ayprayo Thevel op
‘before it emerg@susing 43 sh&lﬂ@Sﬁe%ﬁEdy&thn@ﬁB’nb%ﬂﬁWlﬂé the sﬁlﬁ? W&H%I@H‘bétﬁk ip8 into
the fluidised b@ﬂer §?substant all¥ Honzoﬁéaﬂﬂh?ou%h%u&é’t\ﬁi&xlntc\)/ e fluid sed%eé) ? 3; section of

a nozzle 59 |n t
21 showr548

PCT/ GB97/ 02931 Figure Gashbt/s @ erticdl @fodstbdeti®DofQf no2kie 88 inthe Era@esmrﬁ@clt ijo 3 for .
pressurised liq ne i s _shielde
H&lgoﬁgg er clrc Iar crosL %c%%rﬁ. m@é‘dt gﬂl "8 23B%Yed pl at e

fromthe fluidi tlﬁ%/
62 and a curved “Bﬂ Wﬁtcbgwsme' f"ﬁmtth%ﬂ%@iezilbéd (not Shown)ky\aert ical jet
of liquid (not hbrizenalledispased platect® Theemdsd of the@bnduitisimathiRd taprbvide a

I mpi nges °n26hefa(ﬁ%sf r?:ﬁﬁ%e@ﬁe&t@éﬁbéﬁ gﬁ%g ﬁ‘ibh&g%ﬁpgirgéﬁ%y 'l%f the |i qU| d.

The spray |s rsgci/for ovmngthe spray
to devel op °°'B@P%H°§ °éﬂﬁ'f‘g’é%55‘§ﬁ t&ﬂﬁoanqtry ofy theiepd AP aravideithe o t he
flui di sed bed. mechanical device fdriggnarating ashaws The M&éﬂD@ﬁibldsﬂﬁSﬁaﬁ-ﬁﬁ'hﬁdgn of a

nozzle 65 int hﬁo&' 4%%09 fnglt p£ y to d Aﬁaeﬁ;re ﬁe&gﬂgél’%ﬁ:stgrﬁla Hy hot & ol

cross-section f essurl sﬁ% Zone 67 which
is shielded fro "P QuEls 3 iatodhe; 6?5’31"‘ shown) by a hor| zontal |y
di sposed pl @8fe 68 anFigar 7 shvwga sértited crasfbectint effaioasle IDinathe plage sfakezl €. A

axis of a conduit 53 of circular cross-section for pressurised liquid and a spray-
forming zone 54 which is shielded from the fluidised bed (not shown) by an integral
housing 55 having a conical internal cross-section. The nozzle is provided with a
baffle system 56 to generate turbulent flow in the liquid. The generation of liquid

30 spray commences at a constriction 57 between conduit 53 and spray-forming zone
54. The combination of the liquid pressure, the constriction 57 and the baffle
system 56 provide the mechanical device for generating a spray. The housing 55
shields the spray-forming zone 54 allowing the spray to develop before it emerges
substantially horizontally through outlet 58 into the fluidised bed.

35 Figure 8 shows a vertical cross-section of a nozzle 59 in the plane of the

21



vertical jet of liquid (not shown) energes fromthe end 69 of conduit 66
and | npi nges partly on the helical extension 70 nad partly on the

pl at e t her eby generating a spray of the liquid. The spray is shiel ded
by the spray-form ng zone 15 67 allowing the spray to devel op before it
ener ges subs{yyg) y horizontally around the helica hqn 70
Pnto the. fhoraends ) | 20 25 30 op PRt

22 WD 98/ 18548

PCT/ GB97/ 02931

axis of a conduit 60 of circular cross-section for pressurised liquid and a spray-
forming zone 61 which is shielded from the fluidised bed (not shown) by a
horizontally disposed plate 62 and a curved member 64 integral with the nozzle..
A vertical jet of liquid (not shown) emerges from the end 63 of conduit 60 and
5  impinges on the curved surface 64 thereby generating a spray of the liquid. The
spray is shielded by the spray-forming zone 61 allowing the spray to develop
before it emerges substantially horizontally into the fluidised bed.
Figure 9 shows a vertical cross-section of a nozzle 65 in the plane of the
axis of a conduit 66 of circular cross-section for pressurised fiquid and a spray-
10  forming zone 67 which is shielded from the fluidised bed (not shown) by a
horizontally disposed plate 68 and an integral helical extension 70 of the nozzle. A
vertical jet of liquid {not shown) emerges from the end 69 of conduit 66 and
impinges partly on the helical extension 70 nad partly on the plate thereby
generating a spray of the liquid. The spray is shielded by the spray-forming zone
15 67 allowing the spray to develop before it emerges substantially horizontally
around the helical cxtension 70 into the fluidised bed.
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C ai ns: 1. A cont.i nuous gas fluidised bed process for the

pol yneri sation of olefin nmononmer selected from (a) ethylene, (b)
propyl ene, (c) mxtures of ethylene and propyl ene and (d) one or nore
ot her al pha-olefins mxed with (a), (b) or (c), in a fluidised bed
reactor by jig4pusl y recycling a gaseous stream conpri peiygnsiinzesi

| east sone of ‘the ethylene and/or propylene through a fluidised bed in said
react or in the presence of a polynerisation catal yst under reactive
condi ti-ens,—at_l east part of the said gaseous -stream wi t hdrawn from
said reactor beinﬁ cooled to a tenperature at which [iquid condenses

out , sepﬂlmum"ﬂ ”llmﬁ part of the condensed liquid fromthe
gaseous ucing at |east part of the separated |iquid

directly into the" I 8i df sed bed by: (a) pressurising the liquid;
(b) feeding the pressurised liquid to a liquid inlet of a nozzle; and
(c) discharging the liquid into the fluidised bed through an outlet of the

nozzl e in which the liquid is atom sed using a nechani cal device
positioned within the outl et and an atom sed spray is formed within a
spray-form ng zone of the outlet. 2. A process as clained in daim
1 wherein the spray-form ng zone of the outlet is located wthin the
nozzl e. 3. A process as clained in Caim1l wherein the
-spray-formng zone is defined by a wall which is an integral part of

t he nozzl e, or @hish protrudes fromthe nozzle, or which is secured

in spatial relafi On%kﬁtihﬁ’otfsﬁﬁs MAdigddDed process forthe polylerRatsiesFolefin Cl ai med in
Claim3 wherein the wa 5 A

conpri se tyhe or a .. pl at.e .
process as cl ai FeRPMeR seé;@edd%n tf?eﬁ‘ﬂéﬂ‘b &é%ﬂﬂ?&e-é?)a'l‘%'?ﬁ?gfg‘rﬁ“‘% %“éi nozzl e
i's positioned vpropylenetahe(d)lone oi mext dvked alphatolefins mixedowith @ht(bherdc). ma 6,

A process as clgj ' h QBB & gaskolk Rtedin Fisih@att he out| et
53 V\ofglé 185622@%.&)6:‘9}1@0& udu3l ry 8@ Qi gasko cobpFisih@a

PCT/ GB97/ 02931 least sorie of the ethylengapg/or,propyjene through 4 flyidigeq bed jn said reactor 7
A process as cliaitieegtesencesafin polymetisatioh catplyst vadsr rrgctieponditiopseptdeast pasle
fluidised bed rgagd Qfd dasedus Sirdadalithirkvin fomsild datioy bélhg eudtedl 169 . 8.
A process as cl tae;nggrgtulrenatawwch ﬂ]ﬁidogonéemges%rue %gp%}artllgg 9 |§AsFEar¥”4§ﬁf.§ in the nozzle

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 inlet of a nozzle; and

(c) discharging the liquid into the fluidised bed through an outlet of the nozzle

in which the liquid is atomised using a mechanical device positioned within the

outlet and an atomised spray is formed within a spray-forming zone of the outlet.

2. A process as claimed in Claim 1 wherein the spray-forming zone of the

outlet is located within the nozzle.

3. A process as claimed in Claim 1 wherein the spray-forming zone is defined

by a wall which is an integral part of the nozzle, or which protrudes from the

nozzle, or which is secured in spatial relationship to the nozzle..

4. A process as claimed in.Claim 3 wherein the wall comprises a tube or a

plate.

5. A process as claimed in any one of the preceding Claims wherein the nozzle

is positioned within the fluidised bed and has 2 to 4 outlets.

6. A process as claimed in any one of the preceding Claims wherein the outlet



—_—

has a series of outlets ar'r"énged"Wgroups circunferentially around the

gatzlﬂet?'s. are ar ?angedA”!'”ﬂﬁﬂm,ﬂﬂmm gf ! povc\;lsa;pqoﬁn\(ljm%gi gi ';Eﬁn?re(r)gﬁ(s:eof)f

t he nozzl e. 10. Acpl"bCéSS sa s claimed in d’aim8 or 9 wherein each
group of ouiycdsfisdss connected separately to a suppl ypcpfee@sur i sed
l'iquid. 11 A process as clained in any one of the preceding d ains
wherein the atom sed liquid spray is injected into the bed in a
substantially horizontal direction. 12 A process as clained in any
one of the preceding Cains wherein the nozzle has a liquid flux rate
in the range 9.i3alsRt K&Vinp dnleflipticl Shapker r] outlet cross-sectional ar ea

wherein the noz,;le Ie&auid flux. rgte is de;é}ned a t&e. Vol unettﬁ‘ic flow rate
of i qui d’( nf & PIOFES® 2HEPMEAIT 2,008 81 WE piep amsherginthe |y
13. A pr oces sfluidised be meagtopis paenjdednwthof plurality of sezzles.ng Cl ai s wherein a
smal | amogint  of phdsssia$ clhiftfel W&Hg%lg bf¥he piedQiing Qbindd weleRl e h&iBle! | QUi d
passes through lche ias of %gsnham cngi evi ce. &)g Adgti‘oces as clai nmed
in O ai m13 whetSReRaset AR Ara8Eed A grqups Firpumisentiaflyaroppdethe nozzle. = 71
percent by wei ght, bhapesgessas clhimed in Glainm® whereindhe graspsafdutlétsjarcdrrargedi ng
through the nozglaGumber of rowParotnd¥he eiciinfé@ence bfindRezzd) any one of the
precedi ng cl ai Wh%eln t he ataJ'X%tl"i 9 wherei ?agg actiyated transition
netal based metal | oddRECEEASSPUTCC M Llaim 805 9 wherin,eaga 8P PHPULEdS | nj ect i on
of 1iquid into conhécteddicparatelyde a wpphhofoespurisedlinuid. (a) pressurising the
Ilqui d; . (). fQ@ggﬁ&sfﬁbaaiﬁeﬂﬁfﬁfylﬁﬁédfﬂhgﬁfébéﬁiﬂggtﬁﬁiﬂs:“ﬂiégeﬁt'hgl gt dOI ha .
nozzl e; an c).. di schar.gi n ] iquid into ui di e roug
A eutienor ¢ romSL i nkieiino ietta f 4 BbSaaliy borkb Satieity &
mechani cal devi Be pdsPprocess asiclaimed imanytoae of the pregedingeClaimsvhareirthonozzled spr ay
i's formed withifksa ligie Mix 4 i theraA@N . 500 7OMETqUREA/BE outlet cross-seérional A N0Zz1 e
suitable for “Sa‘?eiv%er%i%én qc}iluqn of }éiqgéfd |ntt§ a fluidised bed said
- nozzle conprising; (8% %r%gg’ﬁ‘fa R efiopd s e volpmetic fpy rate of ) 5
liquid outlet liquid (m's) pavjusit cepssraeetiondl argh (mBvice is provided within the -
liquid outlet to3atdparessAeclaimed onlahfishcthf #itthrédeding Clhithswhetéih 8lsmhip provi ded.

W th a spray-f OfBuPof il s introduced into the liquid before the liquid passes through the
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mechanical device. :

14. A process as claimed in Claim 13 wherein the amount of gas is in the range 0.5 -
to 10 percent by weight, based on the total weight of gas and liquid passing
through the nozzle.

15. A process as claimed in any one of the preceding claims wherein the catalyst is
an activated transition metal based metallocene catalyst.

16. A process for the injection of liquid into a fluidised bed which comprises:

(a) pressurising the liquid;

(b) feeding the pressurised liquid to a liquid inlet of a nozzle; and

(c) discharging the liquid into the fluidised bed through an outlet of the nozzle

in which the liquid is atomised using a mechanical device positioned within the

outlet and an atomised spray is formed within a spray-forming zone of the outlet.

17. A nozzle suitable for use for the injection of liquid into a fluidised bed said

nozzle comprising:

(a) a pressurised liquid inlet; and

(b) a liquid outlet

in which a mechanical device is provided within the liquid outlet to atomise the

liquid and the liquid outlet is provided with a spray-forming zone.
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