WO 03/ 080253 PCT/ GB03/ 01072 SEPARATI ON OF GASES AND SOLI DS USI NG A CYCLONE
This invention relates to a novel design for a cyclone. This invention also
rel ates twoa3psmsess for the separation of a mxture of ga®€TaeERD3/03RI dS
using a cyclone. This invention also relates to a process for gas phase

pol ynmerisation of olefins 5 by neans of a fluidised bed reactor, in which
olefins are directly converted into polyners or copolyners. It is known to
pol ynmeri se one or nore olefins froma gaseous reaction m xture containing
the olefin(s) to be polynerised, in a fluidised bed reactor where pol yner
particles that are being fornmed are kept in the fluidised state. by neans
of the gaseous 10 reaction m xture travelling as an ascendi ng stream The
gas mxture leaving via the top of the fluidised bed reactor is recycled
to the base of the latter by neans of a recycle line and a conpressor.
Whi | e being thus recycled, the gas mxture is in nost cases cooled wth
the aid of a heat exchanger so as to renove the heat produced during the
pol ymeri sation reaction. The polynerisation reaction nay be carried out in
the presence 15 of a catalyst systemconprising a solid catal yst. High
activity catal yst systens capable of producing |large quantities of polyner
inarelatively short tinme and thus making it possible to avoid a step of
renovi ng catal yst residues in the polynmer have already been known for a
nunber of years. It is also mell knomn that the gas nrxture | eaving the top
of a fluidisati 2BPABSFION OINGH { QLIBBUS; A ONE| yst and

polymer in th form Ra Ies turelsoftentreated wth a
cyclone to segrg’ ‘Péeff h"é' léées?c}%H?Yelgesdg?ﬁrglcggfén%he particles may be
recovered fromyidiaveaionaiBodtlatdd@o & pEdcesefor fHRlsefaradt ¢F.a HXnRe ofgsni on VO
03/ 080253 PCT/ GB03/ 01072 device, such as an ejector-conpressor, and then

recycl ed sbladsusing a ¢xslangact or . The gas stream recovered is also recycled to

t he reactor, ual | res £ reSS| on of
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polymers or copolymers.

It is known to polymerise one or more olefins from a gaseous reaction mixture
containing the olefin(s) to be polymerised, in a fluidised bed reactor where polymer
particles that are being formed are kept in the fluidised state. by means of the gaseous

10  reaction mixture travelling as an ascending stream. The gas mixture leaving via the top
of the fluidised bed reactor is recycled to the base of the latter by means of a recycle line
and a corhpressor. While being thus recycled, the gas mixture is in most cases cooled
with the aid of a heat exchanger so as to remove the heat produced during the
polymerisation reaction. The polymerisation reaction may be carried out in the presence

15  of a catalyst system comprising a solid catalyst. High activity catalyst systems capable of
producing large quantities of polymer in a relatively short time and thus making it
possible to avoid a step of removing catalyst residues in the polymer have already been
known for a number of years.

It is also well known that the gas mixture leaving the top of a fluidisation reactor

20  may contain solids such as catalyst and polymer in the form of particles. This gas
mixture is often treated with a cyclone to separate the gas from the particles. The

particles may be recovered from the bottom of the cyclone, for example, using a suction



entrance to the conpressor. It is therefore desirable to reduce this
pressure drop wi thout adversely affecting the overall process. The
pressur e Woap/oss®ss the cyclone forms a significant partcafGrbdeiaer al
pressure drop, and a reduction in this pressure drop would help to reduce

the | oad on. the conpressor. However, it has n preyiously thought that 10
it woul d 458tCHEHBEY] BPEOK LPRIBHCE apﬂ&learre%ygf?ﬁivaaf Bhs et Ty cl one

w thout _sfehiRiafbiedld AL 1l B fdabioRSVaIRfarREBIALIAL L0 the cycl one,

which could lead to wundesiTa particl'e carryover 17 to the cooling and
conpr essa@onypysssiegs. However, Applicants have now found that the pressure
drop can be reduced V\:hilsg still retainin pt abl e cycl one efficiency
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i nvention, there has now bee oun ne that has an 1 nproved bal ance
of pr essengantedp tlendmpirésser. &nctheprfopeletirabde tofreduce onp pressiire depowitheasat | onal
cycl ones. The cyclone of the present invention nmay be used in any process
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provi des proce or t paratio a mxture of “gas an S usi ng
a cycl onéelpioaedica tizebal oty tHe@omphasoraHoiwveperpit @ds bdzalpadideusdy thpugashate dr op
and efficiency propertjies when conpared to conventional cyclones. 25 The
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present iundeitablrparticleisiol €fin td thesophriggdridudnipresssdys@dnpar ti cl es from a
m xture of gas_and solid that has been obtained froma chem cal reactor,
such as, for dkgyce Applicants laveawvwolound tat thepresspygdren emdreapdyeedhe cycl one

of the 3 i: i cat al yst and. pol yrmer
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exanple, it may be desirable 2 WO 03/080253 PCT/ GB03/ 01072 to recycle the
gas and/or sollir@ecosdange weth the prasanh eveieomn there hasrnopsbaep|feundraeiclane a

that has an improved balance of pressure drop and efficiency properties when compared
to conventional cyclones.
The cyclone of the present invention may be used in any process where such a

20  cyclone is suitable, but is preferably used to separate particles of solid from a gas.

Therefore the present invention also provides a process for the separation of a
mixture of gas and solids using a cyclone, wherein said cyclone has an improved
balance of pressure drop and efficiency properties when compared to conventional
cyclones.

25 The cyclone of the present invention is particularly useful where high efficiency
separation is required and/or the pressure drop across the cyclone is desired to be as low
as possible. Preferably the cyclone of the present invention is used for the separation of
solid particles from a mixture of gas and solid that has been obtained from a chemical
reactor, such as, for example, a fluidised bed reactor. Most preferably the cyclone of the

30  present invention may be used to separate catalyst and polymer particles from a mixture
of gas and solids from a gas phase polymerisation fluidised bed reactor.

The low pressure drop may be important where, for example, it may be desirable



fluidised bed reactor. Alternatively, the separated gas and/or solids
obtained may be required for further processing and a | ow pressure drop
across thwowogosase may be desirable for this purpose. FoPCEGBWloey72hi gher
pressure may favour further processing 5 of the gas stream obtained from

t he cycl gne. reduced pressure drqp across the cyclon therefore give
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(Ug, o i n frans e@jixtut@oofigan thdsudids yfooeeanté, fosh affluidisbddied golyheeritgsure drop is
by increasing the sjize of the inlet (H) to the cyclone system The gas
out| &P i AeActier. Thscyrlone go@Ie onal |y i ncreased by a correspondi ng anount

so that the base. 0 i I 0 . oj nt, of the

i nl et device (isdse"?lfe‘?&é&?ﬁ Wakﬁgevréé(g?}fbgyégg%epﬁg}e:t Fgﬁéﬁqlﬁ\éﬁgégge }nrlletbot h the
inlet size and vgdth (Wi bed a cydoreSalet ¥dpebtshtié Gdivwiy)g t he pressure drop, woul d
normal |y be expected to reduce the overall efficiency of the cyclone. As
shown in-the ex@H8#poBYct phsprhasagirised iy e sanantal pipeidiamgien Dibentcr gdsat it was

possi bl e t hank . Y ycl one design to decrease the pressure drop
whi | st 30 keepﬁwggﬂéggPﬁgﬁ% c3€ﬁone efficiency. Thus, according to the

presapt i-nvent iabarrel WRICE id Bady &M SgiddAchl afPeenied paXs cBfiacterised by an
upper barrel (Lbl) diameter (Db), a barrel length (Lb = Lb1+Lb2), and a barrel
length to diameter ratio (Lb/Db), and
- a solids outlet pipe (O).
The other cyclone characteristics are the inlet solids loading (Li in kg solid per
20  m3 of gas), the inlet gas flow (Q, in m*/s), the inlet gas velocity (Ug,I in m/s) and the
outlet gas velocity (Ug,o in m/sec).

Conventionally one method of reducing the pressure drop is by increasing the
size of the inlet (Hi) to the cyclone system. The gas outlet ingress (P) is conventionally
increased by a corresponding amount so that the base of the outlet pipe is below the

25  lowest point of the inlet device (i.e. P > Hi). However, a proportional increase in both
the inlet size and gas outlet ingress, whilst reducing the pressure drop, would normally
be expected to reduce the overall efficiency of the cyclone.

As shown in the examples, Applicants have now surprisingly found that it was
possible thanks to the claimed cyclone design to decrease the pressure drop whilst

30  keeping excellent cyclone efficiency.
Thus, according to the present invention, there is provided an improved cyclone

design comprising an inlet device having an inlet height (Hi).and an inlet width (Wi), a



design conprising an inlet device having an inlet height (H). and an inlet
wdth (W), a 3 WO 03/080253 PCT/ (B03/ 01072 gas outlet pipe having a pipe
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suchﬁgararret ers in the design of a cyclone is considered wthin the scope

of tAR i HyRdingon thaslipd tebe adérretr heales eepmgnt willnttesbthe pressesdrah may be
any geomgetn c@%long Px?d‘ﬁle!ggsg fet Bér‘etrag{gﬁv\}ilﬁlhﬁ%ct l?l?eyefﬁglel?cfy. any cross-section,
or exanpl e, , oval or ar, ’b

such as, cicrecular rectangu ut is preferably of

rectangul ar crpeilisedid e readileapphteat thaBythén i tog&knd@nan theturt, becharthe! of the
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spirab entventioh ThHeehtiatich cERY didiEsiramebrstif tife deiga @f'h@?cl'bﬁe IRYnadl&ed be
possi ble for the cyclone 25 to have nore than one inlet pipe. In other
enbodi nentithindiescepref ththvavestiinone may be used within a particul ar process.

Oyel ones accorﬁliqulett é)eognba?ry Fa)l{:ceosr(%rnlé t(g Sr\égerlll %n%%ntrir(l)a mg)? b’ gr%g gejo?ne%r?lraises or may be
known in the art. The inlet may be of any cross-section, such as, for exafnple, circular,
oval or rectangular, but is preferably of rectangular cross-section. The inlet may impinge

20  on to the barrel of the cyclone in any known geometry, for example, in a volate
geometry (where the inlet is effectively square on to the barrel), or, preferably, in a
tangential geometry. In another embodiment the cyclone entry port is designed such that
mixture enters into the cyclone in what is known as a spiral entry.

In certain embodiments of this invention it may also be possible for the cyclone

25  to have more than one inlet pipe.

In other embodiments more than one cyclone may be used within a particular
process. Cyclones according to the present invention may be used in series or may be
used in parallel with other cyclones according to the present invention. Alternatively,
cyclones according to the present invention may be used in series or may be used in

30  parallel with any other cyclones. The suitability of such combinations may be
determined by one skilled in the art depending on the separations it is desired to obtain.

The cyclone of the present invention may include any other parts that are known



used in parallel wth other cyclones according to the present invention.
Alternatively, cyclones according to the present invention may be used in
seri es orwoag/okrszssed in 30 parallel with any other cycl ecescBo3loen72
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The present invention also relates to the use of the claimed cyclone to separate
catalyst and polymer particles from a mixture of gas and solids exiting a gas phase
20  polymerisation fluidised bed reactor wherein the ratio of the inlet gas flow to the square
of the upper barrel diameter ( Q / Db? ) is higher than 0.5 , preferably higher than 0.7
and lower than 1.5, preferably lower than 1.2
By way of illustration of the polymer powders of interest in the present
invention, the following are mentioned:
25 SBR (a polymer based on butadiene copolymerized with styrene);
ABS (an acrylonitrile-butadiene-styrene polymer);
nitrile (a polymer based on butadiene copolymerized with acrylonitrile),
butyl (a polymer based on isobutylene copolymerized with isoprene);
EPR (an ethylene-propylene polymer);
30 EPDM (a polymer based on ethylene copolymerized with propylene and a diene

such as hexadiene, dicyclopentadiene or ethylidene norbornene);

an ethylene-vinyltrimethoxysilane copolymer, a copolymer of ethylene and of



I nvention, the follow ng are nentioned: 25 SBR (a pol ynmer based on

but adi ene copol ynerized with styrene); ABS (an

acryl oni twoles/sbuesadi ene-styrene polynmer); nitrile (a pol ymer/dmsadi7on

but adi ene copol ynerized with acrylonitrile); butyl (a polynmer based on
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i nvent i ordiengpl i es to the production. of polypropylene or, nore preferably,
to polyethylene, for exanple |inear |ow density polyethylene (LLDPE)
based? for~ exdnplerrbls theapyratignaprlicstto therpjpdiciiopt polyprenylengor, more
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Preferably, the present invention relates to the continuous production of
polyethylene powder in an industrial plant comprising a gas-phase polymerization
reactor of the vertical fluidized-bed reactor type. Preferably, this polymerization is
carried out at an absolute pressure of between 0.5 and 6 MPa and at a temperature of
20  between 60°C and 130°C. For example, in the case of LLDPE production the
polymerization temperature is preferably between 75 and 110°C and in the case of
HDPE it is generally between 80 and 120°C depending on the activity of the catalyst
used and on the desired properties of the polymer.
Preferably, the continuous polymerization is carried out in a vertical fluidized-
25  bed reactor in accordance with what is described in the patents (applications) EP-
0,855,411, FR No. 2,207,145 or FR No. 2,335,526. The process according to the present
invention therefore applies in particular to industrial scale plants, namely, by way of
example, to fluidized-bed polymerization reactors whose annual polymer production is
at least one hundred thousand tonnes, preferably at least two hundred thousand tonnes.
30 In the polymerisation process a stream comprising gaseous species, such as, for
example, monomer and comonomer olefins and optional inert gas like nitrogen, and

entrained fines, such as, for example, catalyst or polymer particles, may be carried over



20 between 60C and 130C. For exanple, in the case of LLDPE production the
pol yneri zation tenperature is preferably between 75 and 110C and in the
case of WDRB08@253s generally between 80 and 120C dependi mgTarBBlog07act i vity
of the catalyst wused and on the desired properties of the polyner.
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or the beaeduping hisrmiessets drep puREa cYalons f She/RNgEING Hlen LY & ROSSIB tBlescr i bed
<bove Do SEKE ke 5 SMorst HSH PG P Sgglvblchth
cost savings in the polymerisation process.
Preferably, this polymerization is carried out in the presence of a catalytic system
20  of the Ziegler-Natta type, which generally consists of a solid catalyst essentially
comprising a compound of a transition metal and a cocatalyst comprising an organic
compound of a metal (for example an organometallic compound, for example an
alkylaluminium compound). Catalytic systems having a high activity of this type in
general comprise a solid catalyst that essentially consists of transition-metal, magnesium
25  and halogen atoms. Ziegler catalysts supported on silica are also appropriate (e.g. US
5075270, EP 0453088, and EP 0595574). In particular, it is also possible to use catalysts
of the metallocene type as well as iron and/or cobalt complex catalysts, for example
those described in W098/27124 or W099/12981, and in U.S. Pat. Nos. 4,530,914,
5,124,418, 4,808,561, 4,897,455, 5,278,264, 5,278,119 and 5,304,614.. 1t is also
30  possible to use catalysts based on chromium oxide supported on a refractory oxide.
The catalysts may be used together with a cocatalyst or activator. For example,

metallocene catalysts are often used in the presence of activators, such as alumoxane. It



reducing this pressure drop using a cyclone of the present invention it is
possible to significantly reduce the |oading on the conpressor in the
recycl e Iwom3/ogn2es ng significant cost savings in the polymPeriGEBiooT?2
process. Preferably, this polynerization is carried out in the presence of

a catalytlc system 20 of the Ziegler-Natta type, h generally consists
of a soI iR %%{z%%io ‘l=§§é‘é‘H%‘P%P‘Ftﬂ)’atoé%ﬁﬁﬁ“f"’é‘?rﬁd’hé%’c%ﬁﬁﬁ)‘f}f?g OBYONLE; PF ansi ti on

nmet al t metal (for
exanl o Sa By A AR e O g G ot i i
corrpound)msp@:ﬁfhmquphmytbmbﬁ mctdivd pigcwrson, ghichdbnige the rxaﬁtralhnsaltoppme in

general conprise a solid catalyst that essentjally COH?I stg
transi u spnpayn M &?@%?mz%s Ay 2ksa e yesel 1Atbnresonce gf Britaplgpgtivaling

S uppo gﬁgﬂal?été b B0 %{ﬁ%f&ﬂ@%ﬂ{xd@?& eg(gm € aH§norﬁQr¥15 3) hlczrﬁlu%S 3088, and

EP 05 n partlc 055| e to use ysts of the
net al | ocmemhyp,ecaal&)mmhj siBHuinF, infamdﬁ@ror(fexb@dehlmmplteoxf @m;ﬁhblset s, for

exanpl e those descri bed in W98/ 27124 or W99/ 1 in U S. Pat

Nos. 4, 539nepAd matylglazuorww 146\’8@801955fucluassfélﬂQ@zdrosaréylasubmruteé G 119 and
5, 304, 61 ts based on chrom um oxi de
supporteé3 ? ?ajélg 8%02@?%&@1@?@%0 at aﬁg}otﬁlsﬁsrgmy be used together with a

cocat al yst or mtcnmgtsogystelﬁomayexlaﬂﬁicalde aeiasthic sgent, dat adapples tise of t en used
in the presence of activators, such as alunpxane. It 7 WD 03/080253
PCT/ (B0 3/doxuiPed in Y-S Pab Ner w3 235 8aich isrally HgORROr e heseis byseferapse.or s whi ch

are neut I’l\‘I"’lon ﬁr';nth%né %mlp%s of 81%{9?29% ggnrtg ?‘l’n%ihd’%salh&ﬂol (tﬂg)l? %IXJl @H}W&Ex“m tetra

(pent af | urophenyl®) tT1s uor

pr ecur sorketon®] lehyas) 3R, 'Eaﬁhﬂ]en@rui éthér dasatpahh@ceemarmﬂmeg rehoxhatedl | ocene
catal ysts may al so be used in the presence of suitable activating 5

cocat al ymn@u@mﬂ palysther qompﬁw@ asopisbureds The atistakigagen mayrhsridded at
phosphoni u nlf(l),lr%}al ory !'Qst e}q ium, sulfonium, or ferroceni um
salts of 83%5? & 68c8 iR Sé’anl ons, and Lewis acids, such as

Cl1- 3G shydr ocaringlcataliRs bystest ey @s0 itluded }ﬁﬂmﬂﬁkﬂd@x anehcpigief biuthé likat ed
tri(aryl)boron conpounds. The catal yst system may al so i nclude an

anti st at %e@g@hststs rﬁ@rb@mdps suchtaasthe fsmn a’éwmpb e&n U S. Pat. No.
5, 283, 278, whi ncor.por a

i d |
oy 218 M e cyBlont of e prSORRRT RSN Wi b MRl S e i o ¢

ester,  examples:

Examples

20 A series of cyclones replicating scale-down versions of a commercial gas phase
polyethylene plant cyclone were built (1/1 5% scale based on barrel diameter; 1/225"
scale based on gas flow). The cyclones were placed into a fluidised bed gas test rig
capable of running at identical conditions as an industrial gas phase fluid bed process.
Each cyclone in the following examples were tested at the following range of test

25  conditions in order to determine it’s collection efficiency (Eo) and pressure drop (AP)

curve versus gas flow rate (Q):

Pressure 350 psig (24 bar, g)

Temperature 158 °F (70°C)

Solids loading 0.004 to 0.8 kg solid per m3 gas
30 Gas inlet velocity 5-20 m/sec

Gas outlet velocity  5- 10 m/sec

In the following examples, the test results are expressed as a function of the inlet



ket one, al dehyde, acid, am ne, and ether conpounds. Tertiary am nes,

et hoxyl ated am nes, and pol yether conpounds are preferred. The antistatic
agent maywbe3asidssl at any stage in the formation of the eatraiBhiEystem
15 The catal yst system may al so i nclude a pol yolefin wax or tackifier or
the like. The catalysts may be used as such or in the formof a
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gas flow). The cyclones were placed into a fluidised bed gas test rig
capabl e dfamﬁlhﬁrfﬁtﬁg(lé)t@bhentl cal condi t| ons as an | ndustrl al gas phase fluid
bed process. achulc Ctbog A chhe Jtﬁ oW ‘3? exa e S, 8. EStL etdcat t he
fol |l ow ng rangeo e 3658?1 et g?’ def "% dre Frlrli?l €74 ol | ecti on
efficiency (Eo) and pressure drop (AP) curve versus gas flow rate (Q:
Pressure 350 psig (24 bar, g) Tenperature 158 F (70C) Solids |oading 0.004

to 0.8 kg solipd per m sec Gas outl et
velocity 5 - 10 pisec In the f oW exanples, the test results are
expressed as a function of thg iplet 8 WO 03/080253 PCT/(GB03/ 01072 solids
| oadi ng (L|- 7o Kg solid per/ gas), irnlet gas velocity (Ug,i.... ms),
outlet gase velogity (Ug, o ec) outl et tube penetration (P), cyclone
inlet heigl@ @gi J—cyclone Al et width (W), cyclane inlet aspect ratio
(H /W), barel i anet er D), barrel Iengthto dianetef ratio (Lb/Db). 5
To simul at& the fines | iing to the cyclones in a nnefr to be nearly
i dentical 310@5 W/ —— M-Prepoly

0 : - Cr-Prepoly

0 100 200 300 400 500
Particle Size, microns '

to the commercial plant, prepolymer fines made from a Ziegler M catalyst and from a Cr
catalyst were used. The particle size distributions of the Ziegler M and Cr were:
The mean particle size of the Ziegler M was 145um and the mean particle size of
the “Cr” fines was 130pm. The % fines less than 44 pm was 11% for the “M” fines and
10 14% for the “Cr” fines. Further, the prepolymer powder had the following properties:
Melt Index (IF2) = 1.60
AlTi=1.40
Activity = 25.1 g/gmole/hr
Bulk Density (MVA) = 320 kg/m3
15 These particle size distributions are typical of fines carry over from a
commercial gas phase reactor bulb and collected by the cyclone in a commercial gas
phase plant.
Example 1 - Standard Gas Phase Cyclone — No Vortex Stabilizer

Normal Aspect Ratio, Full Penetration, Short Barrel (Hi/Wi=2.5, P/Hi=1.25, Lb/Db=4.0)
20  Cyclone 14 - Figure 2 -
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VIO 03/ 080258 R@éa@@%&&&?@tenﬁeﬁﬁﬁé AR AINCIBRLASod Syl t at 1115
scal e and having i1dentical” geonetry design to a comrercial cyclone in a gas
phase pol yet h)deema'sepﬂmﬁveﬁ»quﬂmsutehhbp slightls cycl one had the feature of not
bei ng equi pge wth a vorte st |zct=,=?§1 The bel ow series of run
denonst rat et tipgtPressurg drogf g & psecyclopeipeexanplopRerard Mithency
measurement i g é/\gibbgq/%) eﬁ&arf%430 Qpreased operating tenperature has no
effect on colledtion e f|C|ency

10 4. The cyclone collection efﬁmency at of a standard gas phase cyclone (Ug,i =20

m/sec) without a vortex stabilizer equals 99.834 % +/- 0.012%.

RunN° P,bar,g T,°C Likgm3 £ % AP, mbar
la 24 38 056 99.825 399
Ib 24 38 055 99.842 398
2 24 75 .056 99.839 351
RunN° P,bar,g Li, kg/m3 & % AP, mbar
1a, 1b 24 0.055 99.8335% 398.56
5a, 5b 24 0.111 99.9390% 328.81
3 12 0.083 99.934% 174.37
4 1 0.058 99.930% 94.66

For this cyclone it was found that the pressure drop curve was dependent mainly

15  oninlet gas velocity and relatively independent of solids loading as shown:

Cyclone 1A - Pressure Drop vs Ug,i
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decreases the overall pressure drop slightly 3. The pressure drop of a

st andard gas phase cyclone, for exanple operated with Ug,i = 20 nis,
equal s 4080rbas02530 4. The cycl one coll ection efficiency aCTafBoaost7andar d
gas phase cyclone (Ug,i = 20 n1$ec) Wi thout a vortex stabilizer equals

99.834 % +/- 0.012% Run N P, bar, T, CLi, kg/nB8 E, % AP, nbar Ila 24 38
. 056 99. 825 3§9ﬁhPlﬁe¥l4Jg3%m008£}1twh8f412€ gpdonexojlactivm effisignooinggesesHith Run N

Cu 5% %ot a0 B 65 T gt P P PR G208 o33, *

94. 66 Fonoddugs a€yslldlogdihdgs eesshdP0Ndglhi®t the pressure drop curve was
dependent nainly 15 on inlet gas velocity and relatively independent of
solids | oadi ng as shovvn Cycl one 1A- Pressure Drop vs ,i 500 aoo * 0.1

kg/m8 fl1 0 CL 0. Q clgne Inlet Gas Velocity
rn/sec 10 WO 03/ 0&0253 c%&'ﬁ"@?&ﬁﬁ!%?ﬁe%%?'?ﬂ V§ Qgt'i ng denonstrated that
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| oadi ngs great er t|lgap 09995 kgtnB—but—mwas—indepesident—qf golid | oadi ngs at
solid I oadi ngs | es$ Ehawed, _l‘ﬁl-@}‘%??’ vclone 1A- Cycldne |[Efficiency vs Ug, i
0 >0.9995 - _ - |2 TF {3, 990m #05 b3 kgl nE? y

g 0998 leIlllll?lllxlxlllllll

0.0 50  10.0 15.0 20.0 25.0
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5 Typically a gas phase plant operates with cyclone inlet loadings between 0.005
and 0.5 kg solid per m3 gas. The cyclone efficiency at constant gas inlet velocity (Ug,i
= 20 m/sec) increases with solids loading as shown in the next chart. Efficiency 1s

asymptotic above 0.1 kg/m3.

Efficiency vs Li

)

£ 1.005

: . .

‘s 0995 {| ¢ Ugii = 20 m/sec el

2 099

‘2 0.985 (/

§ o098 A

° 0.001 0.010 0.100 1.000

Solids Loading, kg/m?3 of gas

A series of runs was made comparing the cyclone performance with Cr fines and
10  Ziegler M fines. The below table of results illustrates that the cyclone collection
efficiency for Cr is higher than for Ziegler M fines, especially considering that the Cr

material has more fines (14% vs 11% less than 44um).

15

11



v v ~ 0.05 kg/n8 E 0.9985 " wO0 0.998 0.0 5.0 10.0 15.0 20.0 25.0
Cyclone Inlet Gas Velocity rn/sec 5 Typically a gas phase plant operates

wi th cyclwoesiosd2es | oadi ngs between 0.005 and 0.5 kg sol irdTB03nB7gas. The
cyclone efficiency at constant gas inlet velocity (Ug,i = 20 nfsec)
increases with solids |loading as shown in the next chart. Efficiency is
asynpt ot i c_m.ns@@ﬁmﬂlﬁgmm E1 1lAci encylA(s Li |1A 005 1 |dAD.995 |(Ug,i = 20
m sec O. EE t" 985—d—6-98 P70 IHUJ. [PIo—o: JSQO 16661 Sot+ds—Loadi ng,
kg/ 8 of das “A'series of runs|wis rrade conparling the cyclone performance
with C fijrmesvdend 10 Zi egl er | Kieglen®s| CiThe belzmagldra/bl e (ﬁr resul ts
I | | ustr at gs—that—t+he—cyetonre—colleectd etHreieney—for +s—H{ gher t han
for Ziegl e;"“l@fif"ignes especi al ;'Oonnm die?“( ng | 58"t he O HJﬂﬁterl al has nore
fines (14%nwket iz@l%.{ﬁgg,,t,h,@n 44m 53 15 [T30. M0 0371880253 PCHHGB03/ 01072
Cycl one Cg A 1A Test N la, lb 10 53 11 Powdef Ziegler M
Cr Zi egl er| Qntiet VelogitxyUgg, méw | &%OH gh| Hi-gh | 967 10.30

Solids Load, Li, kg/m3 gas | 0.055 0.046 0.108 0.103

Pressure Drop, mbar 398.56 401.05 373.65 411.02

Collection Efficiency, % 99.8335 | 99.968 99.9374 99.988

However the trends for the pressure drop and the cyclone efficiency versus the

gas throughput rate and solids loading are the same for both Cr and M fines. Therefore

the rest of the examples are shown only for M operation.

To summarize the results of cyclone 1A in this example, the cyclone collection

efficiency of a standard gas phase cyclone (Ug,i = 20 m/sec) without a vortex stabilizer

varies from 99.936 % +/-.01% (low solids loadings) to 99.96%+/-.01% (high solids

loading) with an average of 99.585% +/- 0.007%. These experiments also teach that

cyclone efficiency is fairly constant above 0.1 kg solid per m3 gas.

10

efficiency in Cr is higher than M but the trends are the same.

Collection

Invention Examples 2 to 4: Large Barrel Diameter Gas Phase Cyclone

In the next series of examples, the geometry of a large barrel diameter gas phase

cyclone was modified in order to optimise its cyclone efficiency. As in the previous

examples, each cyclone was tested at constant pressure (24 brag), temperature (70°C)

15

the geometry of cyclones designated as N° 3, 3A and 3B.

It is taught in the litterature that to increase cyclone efficiency at constant

over a range of solids loadings (0.004 to 0.8 kg solid/m3 gas). The table summarizes

volumetric gas flow, it is necessary to decrease cyclone diameter. Contrary to what is

taught in the prior art, it was found that the highest efficiency could only be obtained by

20

increasing the barrel diameter of the cyclone.

12
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mM m) mm) | A Standard 57 23 2.5 458 114 4.0 71 1.25 82 Cyclone 3 High
Aspect 152 30.5 5.0 610 152 4.0 71 0.47 81 Ratio 3A Full 78 30.5 2.5 610
152 4.0 890b308@33 Penetration, Low Aspect Ratio 3B El ong@atrs&sBi8/08025 2. 4
762 152 5.0 80 1.0 81 Barrel, Full Penetration, Low Aspect Ratio 5 10
15 13 WO 03/080253 PCT/ GB03/ 01072 Experinental Results for Large Barrel

Di anet er Experimratal\RSolts for Iange Bdgrél Digmete® Cyekmes)y Db2, Li Effi ci ency
Pressure Loading (ms) (ms) Flow, (AnB/sec/nR2) (kg/nB) (%9 drop (AnB/hr)
(mbar) 1A Lowla, 19.5 10.0 92.4 1.97 0.0555 99.834 398.6 |Ib 3 3 " Hi gh 5a

0049 00, 16p a0 7 | ] O SRS L8 G B Ba 0q 010 T4 53 e
' " " |'Loading ?m/s) (m/'s) Flow, | (Am3/sec/m2) | (kg/m3) '(‘% 0 4. r%p °
(Am3/hr) (mbar)
1A | Low la, |19.5 |10.0 92.4 1.97 0.0555 [99.834 | 398.6
b |3 3 '
“ |High |5a |18.8 |9.67 88.8 1.07 0.108 [99.937 |3737
2
3 |Low |22 |549 |9.98 91.8 1.10 0.049 |96.162 | 80.7
“ |High [23 |5.59 | 101 93.6 1.13 0.104 |96910 | 74.23
6
3A | Low |34 |107 |9.97 93 1.12 0.047 | 99.935 132.0
3
“ |High |35 |109 |10.1 92.4 1.11 0.104 | 99962 | 1320
2 5
3B |Low |40 |107 |9.97 918 1.10 0.047 |99.935 [1345
3
“ |High |41 |109 |10.1 93 1.12 0.104 [99.965 | 1283
2 5

Invention Example 2: Large Barrel Diameter Cyclone

5  Large Aspect Ratio, Short Penetration, Short Barrel (Hi/Wi=5.0, P/Hi=0.47, Lb/Db=4.0)

Cyclone n°3 - Figure 2 -

In this example, the barrel diameter was increased 33% compared with a
standard cyclone. Designated cyclone N°3, this cyclone was constructed with aspect
ratio (Hi/Wi=5) twice as large as cyclone N°1A (Hi/Wi=2.5), in effect increasing the

10 inlet area by 3.5 times, so as to reduce the gas inlet velocity to 1/3.5 = 28% of its
original value, keeping all other aspects of the cyclone geometry to a standard
polyethylene gas phase cyclone. See table.

As expected, the pressure drop decreased to 20% of a standard cyclone.

However, cyclone N°3 has the disadvantage that the cyclone efficiency decreased from

14



3A Low 34 10.7 9.97 93 1.12 0.047 99.935 132.0 3 " High 35 10.9 10.1 92.4
1.11 0.104 99.962 132.0 2 5 3B Low 40 10.7 9.97 91.8 1.10 0.047 99.935
134.5 3 wohiBgko24d 10.9 10.1 93 1.12 0.104 99.965 128.3 2Ci/dBwANi720N
Exanpl e 2: Large Barrel Dianmeter Cyclone 5 Large Aspect Ratio, Short
Penetration, Short Barrel (H/W=5.0, P/H =0.47, Lb/Db=4.0) Cyclone n'3 -
Figure 2 991834‘%’¢tb§6e1>6&%|:ﬂtéowsﬁéistiaadim (00 ke sadid peas13; gas) wulsfeen 3393 ¢ onpar ed

wth a n 0 ne at e | one t hi Ione was

constr uct§ g)%a{)ﬂ) &ég‘@o}ﬂ l}cgﬁ‘i’aéi%(ﬂ—{o/%&éﬁ‘dtwgga LA gﬁ’déx CAUSFIFSIRIE NLA

(H /W =2 539 velb&ltya 4066 10w fcﬁﬁ:’v@ﬁqet&@lré(ps BlaGibn 8ffRfenBy. 3.5 tinmes, so as to
reduce tﬁe gas i'nlet velocity to 58/0 of its original vaI ue,

keepi ng ahyendiondix 8t-d. eBIaere¢ z'immr olwpery to a standard

Goct casedorguaooat Lru PRt sy dhire gl SPREYRL srolRahas i he ©

di sadvani@grnthaB4t-hgemya one efficiency decreased from 14 WO 03/080253
PCT/ GB03/ 01072 99.834%to 96.162% at | ow solids |oading (0.05 kg solid per
n8 gas) and f Coiono N334 veasttwile syehaqfaphian agHo dereass ltﬁ@&aqasgecc@at@,kg sol i d

per n8 g%ﬁ)W1 Hyrﬁ S,Lt(;)s% E%gfe#?gelg%akb{g ifdinle 9%%@1%3%&] IXrgg\@ﬁlah?t?e slt29 ald achi eve

the desired separa nventi on arr el

Di amet er csaylslh@n@s éqie@ﬁw A&QﬂegsuﬁairbpwaEwdhcd?aewyethé Bdckdn/1. sfmﬁtl/ﬁ&rlfsel
(H/W=2.5 P/H =10, Lb/Db=4.0) Cyclone n 3A -figure 3 Cyclone N3A was

bui | 40i n osiginal valperine AVGmbatodd2mebask its inl et aspect rat | o, H /W, from
5 to 2.5, eff %f: o\ﬁgl Yﬁc%%lél 2\%&85 3?#% a?ﬁow SO ‘;ids%o 8(11 l ar é)ar %@ngtabgef act or

standard cycl pressure

1/1. 8A2 anéb@.%i%'a& ﬁlgh sohds loading (0.1 kg solid per m3 gas). Thls is contrary to prior
art since it was though that a large cyclone diameter would have an adverse effect on the
collection efficiency.

15 Pressure drop was 1/3 of the pressure drop of a standard gas phase cyclone when
compared at identical volumetric or mass flow rate throughput to the cyclone. See table
for the numerical results
Invention Example 4 - Large Barrel Diameter Cyclone

Low Aspect Ratio, Full Penetration, Long Barrel (H/Wi=2.5, P/Hi=1.0, Lb/Db=5.0)
20  Cyclone n° 3B - figure 4 —

It is reported in the art that increasing the barrel length can increase a cyclone’s
efficiency by allowing more cyclones in the cyclone barrel. The large barrel diameter
cyclone’s barrel was elongated by 25%. Designated cyclone 3B, this cyclone had the

~ same geometry as the cyclone in the previous example but increasing the barrel length to
25  diameter ratio, (Lb/Hb) from 4 .0 to 5.0. Cyclone outlet tube penetration was identical
(P/Hi = 1.0).

Cyclone efficiency was 99.935% at low solids loading (0.05 kg solid per m3 gas)
and 99.965% at high solids loading (0.1 kg solid per m3 gas). This is contrary to prior
art since it was though that elongating the cyclone barrel would have a beneficial effect

30  on the collection efficiency. Pressure drop was 1/3 of the pressure drop of a standard
gas phase cyclone when compared at identical volumetric or mass flow rate throughput

to the cyclone. See table for the numerical results
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10 original value (from 400 nbar to 132 nbar). Cyclone efficiency was
99.935% at | ow solids |oading (0.05 kg solid per n8 gas) and 99.962% at

hi gh sol iwe oBosdsng (0.1 kg solid per nB gas). This i S cCOmCTABO3WOO7Pri Or
art since it was though that a | arge cyclone dianeter woul d have an adverse
effect on the collection efficiency. 15 Pressure drop was 1/3 of the
pressure drop lnfomlsiandermegas b saossycitariarddyeioneopaatngat idénticdent i cal

volunetric qr mass flow rate throughput to the cyclong, See table for the
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when conpared at identical volunetric or mass flow rate throughput to the
cycl one. cgeleng’spfficiensy. t he nunerical results 15 WD 03/ 080253 PCT/ GB03/ 01072
I n concl usion, ! ting at
dent i cal_gas 41 0 PEEEOIGhedspRoRtE R et REIRE ARG, AT

appr oxi mpresyre 80P Cuirtle Was8epenéeia Ml on J8H @ik velvits and dativeldi ng, 35% at
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ef fi ci endydepyndest Pgsoé!éé&?émgsﬂﬁé W¥ increasing the barrel diameter 5 by
33% conpared with a standard cycl one whil e keeping identical aspect ratio

Cyclone N° 3A
Pressure Drop vs Ug,i

2
+ 0.1 kg/m3
2 0.05 kg/m3 /
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o
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n
o
o
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-
o
o

Total Cyclone
Pressure Drop

o

5.0 10.0 15.0

o
<]

Cyclone Inlet Gas Velocity m/sec

15
This cyclone’s collection efficiency is so high that it does not vary much with
gas inlet velocity, essentially flat between 8 and 15 m/sec. Efficiency is higher at high

solid loadings; however, even at low solids loading it is a very efficient cyclone.
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(H /W=2.5), sinmultaneously decreasing the gas inlet velocity from20 nfsec
to 11.5 msec. This is novel since the optinum design for mnimzation of
pressur e woap/osnds maxi m sati on of cyclone efficiency is eomcmsyide the
established art. O assical nethods taught in the prior art to increase the
cyclone efficiency (changing the outlet tube 10 penetration, and el ongating
the cyclone barrel |ength) had no significant effect on the cyclone's
efficiency. As with other cyclonecgggpeiN-ss. Cyclone 3A has the
characteristic thatjits pressur ﬁgggQ %%ﬁ¥ .was dependent mainly on inlet
gas velocity and rejati J ndépende Kt 'Sol i ds | oadi ng as shown:
Cyclone N 3A Pressug §§ é 00 CL_6 o m20D 190 OO0 0.0 5.0

<
n
5

10.0 15.0 Cyclone I@Iﬁeﬂ es@as:Vé’Ud@(fﬁ%/ m sec—15 ¢Thi-s 1"\'"I ohe's collection
efficiency is so high gm&sm-f ad@BEKgMBt—vary—uch—wi-th gas inlet velocity,
essentially flat befgwehdR4and 15 msec Efficmency is| hi gher at high

solid | oadi ngs; howé-?/er,9 J n at iowgollds I dlng |i% a very efficient
cycl one. 16 WD 03/ 080253 P PaB03/ 01972 q/cl e f{iciency vs Ug, i
0 0.9998 v 0.9997 NV d 0.9996 O.C}zclhrgz/lmeGaSEelMQG/séc 0. 05 kg/nB w 0.9994

Typically a gas phase plant operates with cyclone inlet loadings between 0.005
and 0.5 kg solid per m3 gas. Cyclone 3A’s efficiency at constant gas inlet velocity (Ug,i
= 11 m/sec) increases with solids loading as shown in the next chart, asymptotic above

5 0.1 kg/m3. However, unlike the efficiency of the other cyclones investigated, notably
cyclones 1A and 2B, this cyclone has the advantage of being an extremely efficient
cyclone even at low cyclone inlet solids loadings. These findings are contrary to the

prior art since a large barrel cyclone was not thought to be so efficient.

Cyclone N° 3A
Efficiency vs Solids Loading (Li)

-
p:

2 v
& > 0.9998
"Z', (3}
> 5 0.9996 .
= £ 0.9994

E 3 —
g W 0.9992 !o Ug.i= 11 m/sec
©  0.999 L% n

0.010 0.100 1.000

Solids Loading, kg/m? of gas

10
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> 0.9993 0.0 5.0 10.0 15.0 Cyclone Inlet Gas Velocity msec Typically a
gas phase plant operates with cyclone inlet |oadings between 0.005 and 0.5
kg solid wero3n802gas. Cyclone 3A's efficiency at constant @as/GBieiornel ocity
(Ug,i = 11 msec) increases with solids |oading as shown in the next
chart, asynptotic above 5 0.1 kg/ nB8. However, unlike the efficiency of the
ot her cyclones investigated, notably cyclones 1 A and 2B, this cycl one has
t he advantage of being an extrenely efficient cyclone even at | ow cycl one
inlet solids | oadings. These findings are contrary to the prior art since
a large barrel cyclone was not thought to be so efficient. Cyclone N 3A
Efficiency vs Solids Loading (Li) m1 - 0 0.9998 v %0.9996 = . 0.9994 La
w0 9992. Ug,i =11 msec 0 0.999 0.010 0.100 1.000 Solids Loading,
kg/m of gas 10 17 WD 03/080253 PCT/ GB03/01072 ddainms: 1. Cycl one design
conprising an inlet device having an inlet height (H) and an inlet wdth
(W), a gas outlet pipe having a pipe dianeter (D) and a pipe penetration
(P), a barrel having an upper barrel dianeter (Db) and a barrel length
(Lb), said barrel conprising a cylindrical volume on top of a conical
volune, a solids outlet pipe (0), an 5 inlet gas velocity (Ug,i) and an
inlet gas flow (Q, characterised in that the ratio of the inlet gas flow
to the square of the upper barrel dianeter ( Q/ Db2) is higher than 0.5

Claims:

1. Cyclone design comprising an inlet device having an inlet height (Hi) and an
inlet width (W1), a gas outlet pipe having a pipe diameter (Di) and a pipe penetration
(P), a barrel having an upper barrel diameter (Db) and a barrel length (Lb), said barrel
comprising a cylindrical volume on top of a conical volume, a solids outlet pipe (O), an

5 inlet gas velocity (Ug,i) and an inlet gas flow (Q), characterised in that the ratio of the

inlet gas flow to the square of the upper barrel diameter ( Q / Db* ) is higher than 0.5 |
preferably higher than 0.7 , and lower than 1.5 , preferably lower than 1.2 (m/s) and in
that the barrel length to diameter ratio (Lb/Db) is higher than 3, preferably higher than
3.5, and lower than 6, preferably lower than 4.5.

10 2. Cyclone according to claim 1 wherein the inlet gas velocity is higher than 6 m/s.
3. Cyclone according to any of the preceding claims wherein the cyclone inlet
height (Hi) and the a gas outlet pipe penetration (P) are such that the ratio P/Hi is higher
than 0.62 and lower than 1.25.

4. Cyclone according to any of the preceding claims characterised in that it does not

15  comprise any vortex stabiliser.

5. Process for the separation of a mixture of gas and solids by using the cyclone of
any of the preceding claims wherein the ratio of the inlet gas flow to the square of the
upper barrel diameter ( Q / Db?) is higher than 0.5 , preferably higher than 0.7 , and
lower than 1.5 , preferably lower than 1.2.

20 6. Use of the cyclone of any of the preceding claims to separate catalyst and
polymer particles from a mixture of gas and solids exiting a gas phase polymerisation

fluidised bed reactor wherein the ratio of the inlet gas flow to the square of the upper

18



preferably higher than 0.7 , and lower than 1.5 , preferably lower than 1.2
(ms) and in that the barrel length to dianeter ratio (Lb/Db) is higher
than 3, pwefeemsd2sy hi gher than 3.5, and | ower than 6, pretcarchByidiower
than 4.5. 10 2. Cyclone according to claim| wherein the inlet gas velocity
is higher than 6 ms. 3, Cyclone according to any of the preceding clains

wher ei n thheelodiaheter( Q ADEE ) isteghgntthanty.§ ,preferably hagheathao @k T ef apd joaver
penetration (P) are such that t tio PPH is higher than 0.62 and | ower
t han 1. 2531?3“4.'?@8%6?@}'_g?é"%ﬂlfi“ﬁgff%[s ny of the preceding clainms

charact erji sed s aEch?&in% to de@se Q@Ie_reix%ﬁw%‘ﬁé’?l’ids@ BoBMerA dntuid@Phbdd ser. 5.

Process for the separation of a mxture of gas and solids by using the

cycl one ofactanyompfatechat aprabsddierpgesstmiofbetmteen 8iSrandiéeMPat i o of the inlet gas
fl ow go the square of the upper barrel dianmeter ( Q/ Db2) is higher than
0.5 ,”preferably higher than 0.7 , and Ilower than 1.5 , preferably | ower
than 1.2. 20 6. Use of the cyclone of any of the preceding clains to
separate catalyst and polyner particles froma mxture of gas and solids
exiting a gas phase polynerisation fluidised bed reactor wherein the ratio
of the inlet gas flowto the square of the upper 18 WO 03/080253

PCT/ G(B03/ 01072 barrel diameter ( Q/ Db2) is higher than 0.5 , preferably
hi gher than 0.7 , and lower than 1.5 , preferably lower than 1.2 (ms). 7.
Use according to claim6 wherein the gas phase polynerisation fluidised bed
reactldr is operated at an absolute pressure of between 0.5 and 6 MPa. 5 10
15 20 25 30 19
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