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1.
TWIN FLUID NOZZLE

The present invention relates to a nozzle suitable for use in a method for
the injection of liquid directly into a fluidised bed in a continuous process for the
gas-phase polymerisation of olefins and in particular to a nozzle which allows for
improved control and distribution of liquid into said fluidised bed.

5 Processes for the homopolymerisation and copolymerisation of olefins in
the gas phase are well known in the art. Such processes can be conducted for .
example by introducing the gaseous monomer into a stirred and/or fluidised bed
comprising preformed 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 are
. maintained in a fluidised state by means of an ascending gas stream comprising the
gaseous reaction monomer. Thé 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withdrawn to maintain the bed at more or less constant volume.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polymer produced is generally withdrawn from the reactor via a discharge conduit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 compr'ises a bed of growing polymer particles, polymer product
particles and catalyst particles. This reaction mixture is maintained in a fluidised
condition by the continuous upward flow from the base of the reactor of a

fluidising gas which comprises recycle gas from the top of the reactor together
25  with make-up feed.
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of the recycle gas can be adjusted in the heat exchanger to maintain the fluidised
bed at the desired polymerisation temperature. In this method of polymerising
15 alpha oleﬁhs the recycle gas generally comprises the monomeric olefin, optionally
together with, for example, dlluent gas or a gaseous chain transfer agent such as
hydrogen Thus the recycle gas serves to supply the monomer to the bed, to
fluidise the bed, and to maintain the bed at the desired temperature. Monomers
consumed by the polymensatlon reaction are normally replaced by adding make up
20  gas to the recycle gas stream.
It is well known that the production rate (1 e. the space time y:eld in terms
- of welght of polymer produced per unit volume of reactor space per unit time) in
commercial gas fluidised bed reactors of the afore-mentioned type is restricted by
the maximum rate at which heat can be removed from the reactor. The rate of heat
- 25  removal can be increased for example, by increasing the Velocity of the recycle gas
and/or reducing the temperature of the recycle gas. However, there is a limit to the
“velocity of the recycle gas which can be used in commercial practice. Beyond this
fimit the bed can become unstable or even lift out of the reactor in the gas stream,
leading to blockage of the recycle line and damage to the recycle gas compressor
30 orblower. There is also a limit on the extent to which the recycle gas can be
cooled in practice. Thxs is primarily determined by economic considerations, and in
practise is normally determmed by the temperature of the industrial cooling water
available on site. Refrigeration can be employed if desired, but this adds to the
production costs. Thus, in commercial practice, the use of cooled recycle gﬁs as
35  the sole means of removing the heat of polymerisation from the gas fluidised bed
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FR 2215802 relates to a Spray nozzle of the non-return valve type, suitable

20  for sprayirg liquids into fluidised beds, for example in the gas fluidised bed
polymeérisation of e_thylienically unsaturated mpndmers. The liquid, which is used

for cooling the bed, can be the monomer to be polymerised, or if ethylene is to be
polymerised, it can be a liquid saturated hydrpcarbon. The spray nozzle is
’ described by reference to the fluidised bed polymerisation of vinyl chloride.

25 GB 1398965 discloses the fluidised bed polymerisation of ethylenically
unsaturated monomers, especially vinyl chloride, wherein thermal control of the
polymerisation is effected by injecting liquid monomer into the bed using one or
more spray nozzles situated at a height between 0 and 75% of that of the fluidised
material in the reactor. |

30 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
obtained from a first polymerisatigin zone is suspended in an intermediate zone in
an easily volatile liquid hydrocarbon, and the suspension so obtained is fed to a

35  second polymerisation zone where the liquid hydrocarbon evaporates. In
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of the i nvgmhp mnd@wg mpdg’. The specnﬁcatxon of EP89691 states that a primary

limitation on the extent to which the recycle gas stream can be cooled below the
20  dew point is in the requirement that gas-to-liquid be maintained at a level sufficient
to keep the liquid phaée__ of the two phase fluid mixture in an entrained or
‘suspended condition until the liquid is vaporised, and further states that the .
quantity of liquid in the gas phase should not exceed about 20 weight percent, and
preferably should not exceed about 10 weight percent, provided always that the
25 velocity of the two'phas'e recycle stream is high enough to keep the liquid phase in
suspension in the gas and to support the fluidised bed within the reactor.
EP 89691 further discloses that it is possible to form a two-phase fluid stream
within the reactor at the point of injection by separately ihje;ting gas and liquid
under conditions which will produce a two phase stream, but that there is little
30 advantage seen in operating in this fashion due to the added and unnecessary
burden and cost of separating the gas and liquid phases after cooling.

Published application WO 94/28032, which by reference is incorporated
herein, relates to a continuous gas phase fluidised bed process in which the
productivity of the process is improved by cooling the recycle gas stream to a

35  temperature sufficient to form a liquid and a gas, separating the liquid from the gas



15 t such mxture will have an et hyI benzene content in the approxi mte

range of _ 5 to 50 mass- %--.an ort ho- xyI ene content in_the approximte .
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wi t hout subseq CS ex actr uce specitied xyl ene
i soners and paozzies; each nozzle gampgising:

3 (a) péﬂ@s%&ﬂﬁﬂﬁtf&a%sﬁﬂiseﬁﬂﬂﬁﬂ“ cs feed may contain
nonaronatr c hy, Socar tfons t henes and paraffins, in an
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bat ch-type operati oftomltheeqtmmmt t he danger of attrition 10 | oss of the
val uabl e catal yst and of the sinpler operation, it is preferred to use a
fixed- bed system _In this system a hydrogen-rich gas and the feed

m xture are preheat¥d a"‘bF(X)by sui t abl e heating nmeans to t he desired
reacti on P@merature and’ then passed into an :

wherein y = horizontal penetration (mm) _

area of outlet (mm?)
’ _ a and b are constants such that a = 507.469 and b= 5400.409
25 '
FX)= 1

[1 + exponential (X-16.091/3.4698)] and

30 X= total liquid flow rate through nozzle (kg/hr)  and

total area of outlets on each nozzle (mm2)

(i)  the pressure drop across the mixing chamber is in the range 0.8 to 1.5 bar.

The preferred _fange for the horizontal penetration of liquid is 350 to 1500
35 mm. - '

-



i someri zation zone containing a fixed bed of catalyst. The conversion zone -
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t her ebetween to ensure that the 15 desired isonerization tenperature is
mai nt ai ned at the entrance to each zone. The '~ reactants may be
contacted with the catal yst bed in either upward-, downward-, or
~radial-fl ow fashion, and the reactants émmy be in the |iquid phase, a m xed
| i qui d- vapor phase, or a vapor phase when contacted with the

catal yst. ' The al kyl aromatic feed mixture, preferably a
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100 at m)spheres preferably 1ess than 5065 kPa (50  at m)spheres)
Suf fici eBt cat al yEhe transdusaTSNaCRe sed (o BOniebe pressyrs fugtyponsdn the

provi de a | irpiMing ch@ubdrwliipgids d@bmshition(ofdtdising porforpmpee durig t he
hydr ocar bon fee n m xture of fromO0.1 to 30 hr[err], and preferably

0.5to 10 hr"[p The hydrocarbon feed . . mxture optlmally S

reacted in adnmi x{Thegrefetrad psedsusg dropeecress ithemixing vhambieris avitably in the mol e
ratio of O. %ﬂ%}etpoaI@%tba,’ZS 1 or nore. Other inert dil uents such as

mtrogen argo apd light h droca bons ma ent
4 The pressuregsap g%rpﬁs féle mmﬂnse )‘Wg‘e a@s r=r an

| soneriz efl of pdisgietdrs mau‘;m% the size ofthefnilkmg teha:ﬁfclfertme gwmﬁ@famopihlelt he

i soneri zatiqQn i S. no ritica C

reactor eff I’\?é‘ﬁf QW“T'\S“’B% %o %’e%eé{iﬁyaﬁ"s? e S“Mﬁeré fhe Preéﬁn{ Shrop”: !

hydr ocar bon mayriyeoshanges! upensoale-uplets tof alwaystepsure itsh withinthe téquired famgecondensed
liquid 5 pr Odﬂf‘ettoia'i‘E@n& floly r@fetthﬂﬂx%é% é&.zfe%gx‘éﬁe l—dngbfsoé‘%jé@cfooheavy

byproducts and obtain rize n sone I nstances,

cert ai npr.odt@hr prstseablyinghe range 2009 1/,30000 Keéhr. may be recovered from
the isomerized prTxtuRizziencssdrdifig t(yfhefpmeﬁﬂ 1mhb@auoﬂd”®r ﬂidlﬂ'uglet size | from
i sonmerizatio r r S selective

recover the ‘ﬁéﬁé h‘%g{o lle & ?@%gfhlsé@kg Sg/ﬁgsréafgv'g?ﬂ £899%n or yby

sel ective acwootrpl andmamo“bc}istalbumﬁh’bplehsxw The nozele bas thedumberi ve adsor pti on
I's preferr e%v&ihﬁgé fha/shodtld! the fiqitt Wap P Bl thE RoRizifl £ vWill Plevent the
20  ingress of particles from the fluidised bed thus reducing the risk of blockage of the
nozzles. '
A particular advantage of the nozzle aecordmg to the present invention is
that during scale up the ratios of both outlet area and flow rate may be suitably
adjusted in order to maintain the horizontal penetration within the defined range
25  thereby allowing for optimum performance. ' |
The relationship between the area of the outlets and the flow rate through'
the nozzle as well as maintaining the required pressure drop is important in
achieving the optimum penetratiop and dispersion of liquid.
The pressure drop in each hozz]e measured between the supply of the
30  pressurised liquid or atomlsmg gas and the outlets of the nozzle (ie ﬂmdlsed bed) is
typically in the range from 2 to 7 bar preferably 3t05 bar
By use of the nozzles accordmg to the present invention liquid may be
introduced into the fluidised bed in the range 0.3 to 4.9 cubxc metres of liquid per
cubic metre of bed matenal per hour or even higher.
35 ' The liquid mjected via the nozzles may suitable be selected from



t6 US-A-3201491. Inprovenents and alternatives within the preferred

adsor ption recovery process are described in US-A-3626020, US-A-
3696107, WO86/2078939599, | US-A- 4184943, US- A- 4381419PEHGBOR03807 402832,
In a separation/isonerization process conbination relating to the

processi ng of 15 an et hyl benzene/ xyl ene m xture, a fresh
Clerr]-aromatic feed is conbined with is rized : product conpri sing
Clerr] aromatics and naphthenes fromthe isonerization reaction zone

and fed to a para-xyl ene separation zone; the para-xyl ene-depl eted stream

conprisin U sis fedto
t hgp i SOfTE?I zaf?%ﬂ“ﬁ%ﬁ?g Bﬁ%%r?g%m g&@ﬁé‘&\/\ﬁﬁ#%}%ﬁ%&:d?fé’ g@%ﬁn&ét ic isonmers
are i someri zegexptme;nhexaneqtnl ibriumlevels to obtain the 20  isomerized
breferanly are 1 oce e e B o1 ol 1o
par a- xy| e%e oi“t"°d“°°‘J intq %ﬂ“&@@ﬁﬁ@?@&%ﬁ%‘%?ﬂlﬂ'gm £33 OUEREr ati on,
?;{ ef e]r abl y§ by nid?fﬁbﬁﬁlafl aTheliquidvelocity of the atofised liguididxitinigeedclooutldrds fresh

- err]-aromat 0 i nation,
prior to para’¥R! ?agxgbglgggrrﬁﬂe?ﬁxe%glggrtygf't%ato%ﬁlﬁéﬁgs15@px?allmtéx F'g% si eves
used in the pnoéamutZrhMtEa@hJetsaf\hquﬂmdmexsthereforenqi-umfmmlmm nophosphat e
mol ecul ar s e%@ﬁlgﬂﬁﬁ&{ éﬂ?@éjat't littets ﬂ)ﬂ‘ﬁgﬁiﬁjdro etp&ﬁll be moving at a greater

si |i coal um nopho ate ar Sl eves are |sc osed as m croporous
crystalline V°l°°'t3’t han th "c%?ﬁ!“lﬁl‘ﬁﬁgﬁﬁphosphat es, having a three-dinensional

m cropor ot framewdrhe v &ibg%w 6f the atom:smg)gaﬁe[tﬁe liquid Sdpplied td esthchoZzle) er r]

t et rahedr al unj e ential enpirical chem cal 30
conposi tion o*? é‘ﬁh%‘aﬂ'\‘gﬁ ? §§7|%s i s:

5 _ The atomising gas is suivably Siake-up pﬂhy[eapr ]P[err])err] _
wherein "R repr es‘m{cﬁ oﬂﬂet'x er%%‘fgg?ese a?oﬁnﬁrﬂ?é élh‘[u'ﬂﬁ'ex%ﬂ@é“éftﬁé R&&A In the

intracrystalli n nts present per
mol e of ‘{“@?ﬁl&lp@ quidbpry g3s) éi*@ﬂlmfng%l@l&fapwsamrth%m 0. 02
to 0.3; "15, bpd lﬁsiﬂstaiﬁallly%hﬁétﬁﬁltbut nay be ui ﬂﬁﬁ&ﬁioh\&lier,thinhﬁ)ﬂiﬁhﬁl tranct i ons

cai d mol o T r acPEIs Ot pRes AR e tesR Jor eafedfhan 202 The kiRl
points A, B, cqngbnahip E on the ternary di agr amwhich is FIG 1 of
US- A- 4440871, Each#igz1é isuttatiy kqlipfed With 244 of BLHRS addPthe mbmber &F aNd
z outlets in each nozzle is in the range 1 to 40 and preferably in the range 3 to 16.
20  The preferred number of outletsis 4.
- The outlets on the nozzle are arranged circumferentially and preferably
equidistant from one another around the nozzle. In the preferred arrangement of 4
outlets these are arranged such that each outlet provides a gas/liquid spray having
’ an angle in the horizontal plane in the range 20 to 80° but most preferably of 60°.
25 The outlets are preferably of slot configuration but other configurations
may also be used. '

The slots may typically have dimensions for example of 10 x 50 mm or 13 x
40 mm. The slots typically have an area in the range 300 - 600 mm”>.
A preferred nozzle arrangement having 4 outlets is shown in the
30  accompanying Figure which shows a nozzle (1) having a supply of atomizing gas
from conduit (2), asupply of pressurized hqmd from conduit (3) and a mixing
chamber (4). Two of the outlets are shown as (5) and (6) in the lower drawing.
The liquid and atomising gas enter the chamber (4) through inlets from the separate
supply of gas (2) and pressurised liquid (3). These conduits are located one within
35  the other such that the atomising gas passes through the central conduit (2) located



Mol e Fraction 10 Poi nt X ' Ty

z A 0.01 0.52

A WO 96120780 | 0 94 0 or nglgﬁsmsom 2
0.98 0.01 0.01 D 0. 39
0. 60 0.01 15 E ' ' 0.01 0. 60
0. 39 The silicoal um nophosphat es of US-A- 4440871 are general |y '
referred to therein as "SAPO' as a class, or as "SAPO n" wherein

"n" is an integer denoting a particular SAPO such as SAPO 11,

SAPO- 31, SARihihGhéebatebOdlduit [3) which eanpiesihelliquidpr eferred 20 - species
oharacter: sti o xTPaSPRBRIS ek odud GH TR HErRREARREREAAR! "% %) cast the
d- spaci ngs appro:nmatq!.wGO"fsoch thabthiediquid is dispersed across a substantial cross- -
6 section of the bed (approximately 240°/360°). Vertical deﬂectuoxﬁ?ﬂ@e fiquid
5  spray is approximately 15° (7.5°in each direction). .
_ The horizontal and vemcal spray profiles as shown i m the accompanymg -
Figure resultin a comcal zone of atomised liquid dispersion into the bed. Such
conical spray patterns aid the lmproved penetratnon and dispersion of hquld into the
bed thereby achieving xmproved effects of cooling of the bed by the liquid.
10 Nozzles suitable for use in the present invention may also be defined in
terms of the amount of liquid d:scharged through the outlets arranged therein.
Thus according to another aspect of the present mvent:on there is provided:
a method for injecting a liquid dlrectly into a ﬂuldxsed bed compnsmg the use of a
nozzle or nozzles each nozzle comprising:
15 (a) atleastoneinletfora preséurised liquid,
(b)  atleast one inlet for an atomizing gas,
(©)  amixing chamber to mix said liquid and gas, and
(d) at least one outlet through which said gas-liquid mixture is discharged from
. said mixing chamber directly into the fluidised bed characterised in that
20 (i) the rate (R) of liquid discharged from each outlet is in the range 0.009 to
" 0.130 m3/hr /mm? wherein R is determined from the equation:

= volume liquid passing thfgugh. gch outlet (m3/hr),  and
| | area of each outlet (mm2).
25 (i)  the pressure drop across the mixing chamber is in the range 0.8 to 1.5 bar.
A preferred rate of discharge of liquid is when R is in the range 0.013 to
0.03 m3/hr/mm2, :
The volume of liquid passing through each outlet is suitably in the range 5.0
to 20m3/hr, preferably 6.0 to 15 m3/hr | |
30 Nozzles according to the present invention are most su1table foruseina
contmuous process for the manufacture of polyolefins in the gas phase by the
polymerisation of one or more olefins at leas_t one of which is ethylene or
propylene. Preferred alpha-olefins for use in the process of the present invention
are those having from 3 to 8 carbon atoms. However, small quantmes of alpha
35  olefins having more than 8 carbon atoms, for example 9 to 18 carbon atoms, can be



Rel ative = | 20 | - d

I ntensity 9.4 - 9.65 . - 9.41 - 9.17

m 5 W09612078120 3 - 20.6 4 37 - 4. 31 PCT/GB9SI03007

m 21.0 - 21.3 4.23 - 4.17 : VS
21,1 - 22.35 4.02 - 3.99 ' ' m 22.5 -
22.9 (doubl et) 3.95 - 3.92° m 23.15 - 23.35
3.84 - 3.81 . s, 10 9 Am)dlfled SAPG- 11 is
specrfrcally used in the present invention and it . general ly
known as "SM 3." The: conposition and pro ertles of S 3 are s cified

in the teachi ﬁ@ﬁlO&F ifdestredo [rhus it is gesstble °‘F0‘-’ral um na.

nole ratio at gro ene or& lﬁHérE%f@tlﬂfené bﬁpmpirleﬁowithlaméﬁphm@ﬂ ﬂf)he@ 80 or

f |
atto it he Bles 6T Risteydain-cletng axs byt Skt kb kRO T 7o ©
0.96 to 1; anmeﬂwipdnt-de-an&, octl-ems arsl butddienea Exemples pﬁhlgberrdleﬁm thl‘tlcah bes
greater thy o?olymenéeP vmlf‘th@ ‘it etﬁ?@nesép ]S?oPﬁEﬁef @5@&4\& Blhfs has a

conposltron in oxr es .on an rous basi s
of : replacement for the C3-Cg monomer arg,dec- ]qg{n% ]le n g}epf derr]:
qSi 2 ‘Whe 'Whéh thE?pnr&sm%em for dtle de@@@h\eﬁﬁﬁloﬂ rc@%ﬂiyl‘ené efptopyieng agent

present in the r syst resents the noles
0 R pr osen v aPhastiehfiap Kiyiene of robsin SAreEn, st PE R CHRBRGL 05 (o 2

nol es of "R' he copolymerf amal preferably is phesentdin un hmeuntfat least 70% of thertotl 96 to 1.1 -
and pref ejgbl %nc?-r %%.go 1, and q has a value of from0.1 to 4 and

'preferably 0. The ' 424 patent is incorporated herein by reference
for its t ecdkdisiRTgeesHmaY be ssptiorpreparp 2 aide varieprofaelymar ppedudtsiorof t he

pr gf e(rjr Edf SM Zxample hnee[,r low densxf?]ﬁ)lﬁﬂ\ﬁeﬁ%' (EILDPB) ?ﬁﬁﬂ&iﬁ' dbpbl?nﬁ?ﬁ ofthyi&ie W th
a binder for canveni en a
proportion of ‘gr}l@“ 4@5@%%{;3%‘5 hgxeng %M@% Lﬁerm qg@?é’) with
the SM 3 pr ef ewhith gancenfor exanmple, fhonmopbiyethylefé orrespolyrers ofdsthylenmwuh it e. -f -
The bind h

€ DI nd€hgS %r?g/p%ﬁl&oé gheri %%Fgfh"f% Iw%gégz?@i%c}m%]\é' t‘i‘ &Erﬁ% gﬁé()&a 0

to 500 osl er ¥ ry to
the conditi on#'ﬂﬁ*ﬂlmﬁlteﬁet he

7 The liquid which is injected via the nozzles is separated from the recycle
| stream and can be a condensable monomer e.g. butene, hexene, octene used as a
comonomer for the production of LLDPE or may be an inert condensable liquid,
20  e.g. butane, pentane; hexane.

_ -The process is particularly suntable for polymerising olefins at a pressure of
between 0.5 and 6 MPaand at a temperature of between 30°C and 130°C. For
example for LLDPE production the temperature is suitably in the range 80-90°C

, . and for HDPE the temperature is typically 85-1050C depending on the activity of
- 25  thecatalystused.

The polymensatlon reaction may be carried out in the presence of a catalyst
system of the Ziegler-Natta type, cons_n_stmg of a solid catalyst essentially
comprising a compound of a transition metal and of a cocatalyst comprising an
erganic compound of a metal (i.e. an organometallic compound, for example an

30 alkylaluminium com'p'o'und). High-ac_:tiVity catalyst systems have already been
known for 2 number ‘of years and are capable of producing large quantities of
polymer in a relatively short time, and thus make it possible to avoid a step of
removing catalyst residues from the polymer. These high-activity catalyst systems
generally comprise a solid catalyst consisting essentially of atoms of transition

35  metal, of magnesium and of halogen. It is also possible to use a high-aetivity



hydr ocar bon conversion process. By the term"uniformin conposition,” it ,-ié .
meant weegne7get N2t the support is unlayered, has no conggy @E}om -gradients
t

of the species inherent to ~ its conposition, and is conpletely .
honbgeneous in conposition. Thus, if the support is a mxture of
two or nore refractory materials, the relative anounts of these 5
materials will be constant and uniform@hroughout the entire support., It
i s intended to include within the scope of the present invention
carrier materials which have traditionally been utilized in

hydr ocar boncataigsteoasistingcessentigiht of schromam oXid¢ actdateddyar heat treatment i nor gani ¢ .-
Ot des s honuFasgbdiibd ity i subit Bl on G/ VeRHBry G P fiBcesBnCS! 2

thoria, borra, |ca

al um na- bor also pampulcdy suiable for uswv@hmtalleme Cakab'ﬁtsc?@ﬂ Zisgler catﬂbfstﬁel ain,
bauxi t e; (33 bhb& on Qilxcﬁ' Sﬁ&ﬁn&ﬁiloceﬁé Latalg: §ts G WélPkhown in the litepdt@téForNd

which & mngéﬁn psefipiased MHEP Jo5EP8, ﬁgﬁz{@ﬂﬂ b AR B 420036 5 e Cay,
di at ;) gﬁcle(r)] g s ear The catalyst may Suitablg be employed meihad‘dmmofkpmpelygwhpowdérg - I( ﬁ)
or synt het B@@@F@ﬁ% i » pedblierichlohSage with ghe sifiotd Bratfs 451 '), 9
Commi ssi on describesl aboye kﬂ‘hemﬁpabmeay«anqmmm@gmd outrby any suiteble f or m whi ch

h b
oAl [orr exﬁ#&]gﬁefbr%dﬁ]pla}?ﬁrm q er rﬁqﬂd ﬁﬁir&s(;drfr g{é;jl& lg{gﬁé%t Fura]r qI |erk(r'-3]

FeAl [err]d e
conpounté hE ﬁgsmébﬁ?hm%?sg«@ emmevmess or a continuons PEACESS. havi ng a
val ence of 2; an®hé presemiiiention Gilbn®k befirther dlustrited Withirefefencd®s the of

t hese group The preferred refractory inorganic oxide for
use in the g:r:é)g%ﬁf‘ym%géﬁf'?lﬁi - al.um na. Suitable alumina materials
are the cry lesie al unmi nas known as the gamm, eta-, and

thet a- al um na, Wig GieWUTTRe lafd ecﬁfaﬁﬁﬁéslﬁﬂnﬂéﬁd%?&@d P e rfo‘iﬂH'tﬁéatoﬁxzed

particu referred | ch has been characterized
in US-A 4% gafgbcalﬂﬂ Egb%"apmsed mn a%t?g@ﬁ%f %—product froma Ziegler

hi gher al cohol S)Amtdx@emmemsla(g wasthesefate sised foadst 2he introdictiodi i of giqeid bty o

US- A- 289285 | e

her ei nafter §5e+: ﬁﬁn%IQ'% gp + 't't 'ﬁ?eh#hgﬁaﬁg%? r%@mr% &Jﬁ?tegi *‘é
presently ammpaiﬂdean alumlmum vqssﬁhnthevmhsﬁt tvirfuidinearle protpuded imader t he
trademark " gahvwatd anHctn&'i RBm 8 §5Pof the vessel (@'}Qmeﬁar@f@ 'Bf tiedfyzzlelsee t r ademar k

whi ch, 201 e AEPRRBIE Y AR PR I Bl o yi ol d 30
a high puri ﬂxqmgaiydibcﬁbumaﬁmthe spray pattern and dispersion of the atomised hquld into ’
8 . the vessel was monitored usmg commercxally available X-ray imaging apparatus
comprising an X-ray source, an image intensifier and a CCD (charge coupled
device) video camera the output of which was contmuously recorded on a video
25 tape recorder.
" The atomising liquid was sprayed onto the walls of the vessel to coalesce
 the fiquid which drained into a vertical reservoir pot located beneath the nozzle in
the bottom of the vessel. The liquid used to test the nozzle parameters was 4-
methyl-l-pentene and contamed approxlmately 1-2% by weight of polyethylene
30 fines <355 microns to simulate those present ina recycle liquid stream in order to
assess the hkehhood of nozzle blockage
In order that hqmd could be contmuously fed to the nozzles a closed liquid
ioop arrangement was maintained, recycling the hquld viaa reservoir pot/bypass
circuit. The liquid was metered via a calibrated rotameter (S.G. of 0.67, reading 3-
35 36 m3/h liquid) and control valves to the nozzle from the pump bypass circuit.



An alternative preferred binder is a formof anorphous silica. The

preferred anor phous silica is a synthetic, white, armrgg‘(’)us silica -
(si'li corV@P8RIT8) powder which is classed as wet - BEHEBIHO30BL, 41 at ed
silica. This type of silica is produced by a chemi cal reaction in a

water solution, fromwhich it is precipitated as uftra-fine, spherical 5
particles. It is preferred that the BET surface area of the silicais in
the range from - : 120 t0..160 nierr]/g. Alowcontent of sulfate salts
is desired, preferably |ess t han 0. 3 : is especially
preferred th !

the pH of a 2¢P &éﬁgﬁ%ﬁﬁ% ‘%ér%g%'%hﬁﬂg%&ﬁﬁ‘%gﬁbdhﬁrdabNﬁ{ogfh ? 5 above).
A preferred swagused o alonusedbe liqyid and wiap metered tosthg no: wa@amzratetthe

wel | - known 10rotameta>sromae BRISHHAP hlinlr Bahkd 1ochiBy GLisRR il Xuag olll, the

non-zeolitic r S| eit or after_addi
metal lic conp ﬁ{'ﬁ?f’és WFFO‘Q“"&‘??B"E‘"&SUFS? E‘ prophtain;spfficient How agent
to form a&onupmﬂmubhnwld hi ck paste having the correct noisture

tent , ' bl
Chteority to vt hopansidRlpdaf b b bt bt h@akchnillrioh Jamsy °°' ©
det erm ned frwmnamwlyumomtromdmdrmwd esmg:lamktpreﬂsurraransdum @xyh,
wWith a noi st%@%%&lwﬁ&di}ﬂiﬁ;@odf% %é&oéﬁamn(l S referred-

The dough then I's extr ierced wt es and
t he sﬂ&ﬁﬂ‘@i“l‘?feg g&a&ru atial pressy mt%dw#R? nﬁrb@r&raese,. n

Sc??r dana® wi tﬂWmm .01 bar%),I All Isysm? p(rje%sﬁrbe\tv)veretrecdkdww at udfa of |
i fferent ext gu gg g&&hﬁ%possi e, Including, but not limte

to, cylinders bell and symmetrical and asymetri.cal 20
pol yl obates. It isThe wmltﬂwnpattem&s\&@peemdqdrdlsﬁlwvendemrmataﬁort he
extrudates ”ahhbgé‘quentanalysxsfu”her shaped to any desired form such as
spheres, by any neans A f vored

al ternative shape 6Palﬁ’ﬂ§° ﬁ’ﬁﬁ%‘? tl éhwedaﬂ@br#éreewa%wﬂemeu%trgp in flow
nmanuf act rged pattérh eangirgl frden @ sliglai dribble@f liggitihod pai?émfafﬁr@égu}ar flobt i et hod

i nvol ves t.he m.xture a e and
gel I i ng agent o tﬁﬂ%ﬁﬁ%%gﬁ ﬁ'%g'es gas. ﬁﬁiﬁgolgpﬁgoa ! st%\%?@ﬁ ldf‘éﬁi??ee?at ures.
The droplets mdlqah& theximpowance of mairitaining ¢hatietjuipest spray profile and préssurehey set

and form hydr E%'to%ﬂﬂﬁéﬂ?em&ﬁuﬁfﬁiﬁf orPives Stgled ONt | nUousl y wi t hdr awn
fromthe oil bath and typically subjected to specific aging treatments in

oil and an anmoni acal solution to further inprove their physical
character2®tics. The resulting aged and gelled particles are then
washed and dried at a relatively low tenperature of 30 50-200[err] C and -

subjected to a cal’ci nati on procedure at a tenperature-of 450-700[err]C for "
9

)
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a period of 1 to 20 hours. This treatnent effects conversion of the

hydr ogfio depotdoc corresponding alum na matriX. pepepesoss? A

pl ati num group netal, including one or nore of platinum palladi um

r hodi um r ut heni um osmum and iridium is a preferred conponent
of the present catalyst. The 5 preferred platinumgroup netal is -
plati num The plati num group netal confonent may exist wthin the
final catalyst conposite as a conpound such as an oxide, sulfide,

hal i de, oxysulfide, etc., or as an elenental netal or in conmbination with

one or nore ot her ingredi entEABLE he catal yst conposite. It is

bel i eved that the best resul ts are - obtained when substantially all
the platinp w DOTTE siolv[e1sie gmAY =] The
pl ati num gf BARAMETER orrponent gener aI ly cWr o EXAMPLE, |t

2 mass- % o Nmm,ﬁas,mt al yst conpositel calculated on an el enentalf basis.

The pl ati L gpou tal conponent may be incorporated into the cat al yst
conposite &h?@ qﬁﬁﬁl e manner. One ne{hod of'Pprepar ng th& cat al yst

- invol ves theSlot Angle (deg)i | i zation of a wajer-sol6dbl e, deconpo@bl e cnpound

of a platih to 15 . inpregnate calc ned ve/ bi pder
conposite. %‘Per% @ﬁf'gp a platinum grogyip methr? coqrrggund Ry be
added at theSlet khength (m®hpositing the sieye confdnent ahd bi nffer.

Yet anot herN{ﬁﬁb&ngﬁiﬂlﬁ]%{sectl ng a suitable netag distrfbutiomg |s by

conposi tin conponent With t bi ndey pri
co- ext r udi ﬁlg‘ql’ﬁem?f R%"ﬁﬁo‘t hder . rrg%exes of pl aﬁ hum gr gup
met al s whi pGasinjet Diamaetet (mm)l accordi ng to the a@dHve 20 okl ot her fknown

met hods i ”Fmﬁﬁgeﬁﬁrﬂw&}?{nhﬁ*@nﬁi chl ¢ropal lgadi ¢ "ac} d, anggni um
nat €;

chl oropl at I ni |d pl ati num ttichl or de plati num
tetrachl or Mﬂhﬂﬂ_@l pl ati num gli chl or ocar bonly!l "di chl ori de
' Eet ram ?e gL RuidRae Mier i de, N adi ﬁ: ni t&odlmlnogl af i num 9 odi U{T1 t
etranitro al I adi um chl ofi de adi u nitdate,
pal | adi um J(11‘11“ asoé%ﬁ#gﬁgpal | adi um (11 hydrlggéade tE tran‘ﬁoﬁgpal | #di um
(11). 25 Ges/LipuidRatice¥dMasse | i ke. It i withiln the gcope of

t he presen Nb#@fkésgﬁ';&hat t he catal yst iorfpom te may cont aifn ot her

- nmetal conppTen to nodify the eff¢ct of the plafi num group
metal conppMexing ChemberrdR. dar nodi fiers may inBAurdk9% henf um ¥, ger fani um

| ead, L,qmat}gb'q,a,-nl ckel, indium gal liumyje@gnc, uyani umg dyspr¢si um
thallium pngd gtur es 30 thereof Cat z}l yti Cfblly effective 5am)unt of
such net al b8l at-o4d . . :
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0. ' into the catalyst by any means known in the art to effect
a honogeneous or stratified di stribution. The '
catal yst WOAENIBl e of the present invention may contain a PEl/GBes3007
conponent. The hal ogen conponent may be either fluorine, chlorine, bromne
or .5 i odi ne or m'xtures thereof, with chlorine being preferred. The

hal ogen conpomETY * generally present in a con’% g AMEEEN

the inorg The opti onal hal oggn Cc0 |
pr ef er abl qm (m}“ ﬂﬂmﬂm hr oughout the catal yst and may . nprise
t L

fromnore #o 5 Wt . % cal cul ated_on an el ement al basis, of the
final catal yst. The hal ogen conﬁ8nent may be |ncorporated in the
catal yst conposite in any 10 sui tabl e manner, either during the
preparation of the inorganic-oxide support or before, whil e or
after other catalytic conponents are incorporated. : The
catal yst conposite is dried at a tenperature of from 100[err] to 320[err]C
for a period of from2 to 24 or nore hours and, usual l'y, cal ci ned
at a tenperature of from 400[err] to 650[err]C in an air atnosphere
for a period of fromO0.1 to 10 hours until the 15 metallic conmpounds
present are converted substantially to the oxide form |f desired,
t he optional hal ogen conponent may be adjusted by including a hal ogen or

hal ogen- cont ai ni ng conpound in the air atnosphere.

The resultant cal cined conposite optimally. is subjected to a substantially
wat er - . free reduction step to insure a uniformand finely divided
di spersi on of Qlaimsopti onal 20 nmetal | i c conmponents. The reduction

Chventon’ Sutkst anch oeppaot Bieclife RigSH Hieetntq s aEded Bl Sorpprinng e g
vol . ppm H er rl]SQ)prnetZéﬁr@tnqzzles, easlevozzie ¢dmeprisinguici ng agent in this step.

The reduci ng (a) at |eagp(g}{e,ﬁ|gpf°§ ?8 eg%ahyst at conditions, including a

tenperature of from [‘[err and for a perlod of from
0.5 to 10 houf®) efdt Qﬂ?'f"&‘ ane '@Eﬁggﬁatl ally all of the 25 G oup

VI rnetal 5cor(p))neMmmgtdlﬁnﬁatﬁlmkcsaﬁtlﬁbm aanga§CHiiﬁ cases the resulting

o asur i di ng D 7RI orR URBPhhGBhiFh 50 B HRAT Rt tisShapke it e
cat al yst conposi t e saidomixingthamberOdifectipinte the fluidised bedchéractetisdddnitisted on an
el emental Dbasi@®.  the horizontal penetration of liquid into the fluidised bed at each outlet is in

the range 250 to 2500 mm wherem the horizontal penetratlon is determined
10 from the equatnon

y= a+bF(X)

wherein y = horizontal penetration (mm)
15 area of outlet (mm?2)

a and b are constants such that a = 507.469 and b= 5400.409

F(X)= 1
20

[1 + exponential (X-16.091/3.4698)] and

X = total liquid flow rate thfough nozzle (kg/hr)  and

total area of outlets on each nozzle (mm?2). |
25 (i)  the pressure drop across the mixing chamber is in the range 0.8 to 1.5 bar.
. \
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EXAMPLES . Sanpl es of SM 3 nodified silicoal um nophosphate.
wer e MWGees20280 f or testing as | sonmeri zati on catPOTyGRI8/08007t he

process of_the invention. The SM 3 was prepared according to the
t eachi ngs of US-A-4943424 and had char act ealmys gﬂEnggssggEgped inthe 5

S,4|2,4ng|t 5R1t Hmmnmllullm IllLfsa'[rEee;sn\c/)lfén?Po il %P@ﬁﬁ@b Epar ed in

accor dance w th° tHe f'eadhi ngs of US-A-4440871 and as descrl bed
her eunder .. Mol ar proportlons of 50 noles, water to 1.8 noles. of

or t hophosphor i cAargthpd according toplaigsl whersingh ?—D@?@N}’leﬂﬂ%ﬁén&m‘ol ned, and

1.0 nol es f‘%@jmongmadded to the 10 solution as Versal 250 vmth
stirring g he, m x e. a,.t.he dde as Hi in a
nol ar pr op:{th i o‘ﬁ’m‘tﬁ‘lf{ %ccﬂa%w %@sglq\@c‘f’ FSS\%‘I“&P i4inghe oy ani ne
added range 1.01od.35rtmpor ti on of 1.8 nol es. The conposi tion of the

: reactl n Xt
%2 NE%

_8(Pr réﬁ‘&éﬁ%ﬁ’ r‘f‘&i‘)(grar"]quﬁ dirsetly ﬂ‘f‘b{’ g{r‘irdfm@ Bej somprising the o0 14

u

seed amum$r@at®2439fne@ée5% nazale coppasisEivas added and the reaction

m xture Waiglheaiﬁéhs%ﬁ@'ﬁi&kfdfatﬁesjsﬁﬁéeﬁrlfqhﬁ and held at that tenperature for
g

12 hours. reaction product was recovered by
centrifugal on,at\/‘%&sﬁgﬁe I R8atomizing 235, o in air at 100[err]C.
Certain of(c) he & ynidting chatnbied vembssaidliquidand ghsydridh al um na as

doscr e 4510 %ctOh BREGAE ol G1ilR B bn ORALiE idafeis ibgld i g™ 1 10
ot Quetér bifousd) whidh Saifl bacHauich gharfed #6

renpve the t he bound
catal yst s arrpl espid rnn@ng chamber digeetly inte tlmﬂwﬁmd MMCHM inghat he

[I_RVe”;' Ont @iyas Oﬂ'\‘é%tﬁ’(RS ggléqiﬁd dﬁéli’&i'éé&'flr']orré ﬁ?ch outlet is Ei‘gﬁgn elroé(t)%gdto' e series
e advan age Vv | | |
of 0 A0 ra wherein s dateminey ?rgvg'im'éa HoBaded in the |

m croreactor in a quantity 25 _ of 250 mg. Meta-xyl ene was fedtothe
react i n a hydroggn _at 2 YR 0 _
Conve(ris','il on of the rrgt a- E;RQ f g’i ‘F’ﬁ rgﬁ io of

para-xyl ene to ortho-xylene in pmo&emletm.) est results showed the
foll owing G9r the pressure drop across the mixing chamber is.in the range 0.8 to 1.5 bar.

5. A method according to claim 4 wherein the rate of discharge of liquid is in
the range 0.013 to 0.03 m3/h1'/mm2 _ _
20 6. A method according to claim 4 wherein the volume of llqmd passmg
through each outlet is in the range 5 to 20m3/hr. _
7. A method according to any of the preceeding claims wherein the outlets are
of a slot configuration. |
8. A method according to claim 7 wherein each outlet has an area in the range
25  300-600 mm2, | |
9. A nozzle suitable for the injection of liquid directly into a fluidised bed
comprising: :
(a) at least one inlet for a pressurised liquid,
(b) at least one inlet for an atomising gas,
30 (c) amixing chamber to mix said liquid and gas, and
(d)  at least one outlet, arranged circumferentially around said nozzle, through
which said gas-liquid mixture is discharged from said mixing chamber directly into
the fluidised bed characterised in that each outlet is of a slot configuration having
an area in the range 300 to 600 mm2. _
35 10. A nozzle according to claim 9 wherein the number of outlets is 4.
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12° the SM 3 silicoal umi nophosphate in conparison to the

contr ol gé‘é’%sd“’t of the i nvention:

500[err] C - PCT/GB95/03007 SM 3

400[ err]

Contr ol SM 3 Control 5 Conversion, % 39. 14

3. 27 47. 44 9.2 P-x/ 0-x, nole-% 1.24

0.73 1.06 1.6 - 1/ The SM 3 showed a substanti al
advant age over the control catalyst in FTE'[ a- "Xyl ene conversion. at

both tenperatures. SM3 al so showed control of the para-
xyl ene/ ort ho-xyl ene ratio near equilibriumratios, while ratios of the

xylene isonmers 10 . varied sharply at the | ow conversion provided by the
control catalyst. Exanmple 1L . The SM 3

si |l i coal um nophosphat e was corrpogrf'e'a wi th al*uspa and tetram ne .
platinic chloride at alternglive platinumlevels Tsyaid in fornulating the
opti mum catal yst of Yhe invention. The conpgosites conprised 60
mass- % SM 3 and 40 mass-% 15 “ al um na. Tetram de platinic chloride was

i ncorporated into the conpositys to effect _ pl ati num contents of
0.28 and 0.14 mass-% respectivgly, on an el emefital basis, and t he
catal ysts were cal ghnhed and reduced. The catg| ysts were
eval uat ed usi ng a/;ho pl ant floW reactor prpcessing a

equilibrium errq-aroma™Nc feed hyving the follow n ion in
mass-% 20 ) \et hyl henzene

net a- xyl ene 58% ™\, ho- xyl en

25% Thi g9 feed ‘was cont act a& s
hrlerr], anda? @
RN

\

FIGURE -



SR CHERT

.
.

h;'/}d'r o—gen/ hydr rati o of 4. Reactor tenperatur

AR

effect a 25 ‘ : sion level. Conversion i tas—the
di sappear ance pt M&m m‘mm “et hyl benzene. (err]-arforatic | q '
primarily to be and # olsueme, with sma |l er .a ntéfbﬂﬂuﬁi%%éﬁs
gases bei n% produced. Results.were as follows: : '

13 laims: Cat al yst mass- % Pt . 0.2B 0.14
Tenperature, [err]C. 386 - © 380

Et hyl benzene conversion, % . 28 ., , 24,5, -. '
Clerr]-arorat i cd Ihod, for injecting a lquJ..d digectly inte@nmpie 111
Cat al yst Sc“frmii%ﬁ.l_ %@aeeamﬁﬁimggt@sé agsd f 1d l&%iﬁlé-?hensiiféé @ich

pl ati num ocation, on the performance of the catalyst. Catalyst A
was prepar 8@%L e FERFHF NG Il by coextruding SM 3 |

si i coal ummapheaphpégsangnal YHlea 8 % GO s Pbsed al L quid) h

tetramne platinic chloride, caim ni ng and red,uc,lrg to effect a catal yst
cont ai ni ng ®)2s afp leas;mgge%tp &k a@eﬂ%ﬂw% v@&Sprepared by first-
conposi tingcgl urd N 2lgt eh&mPePeto mix said aidquid chaofided fol | owed by
coextruding wth SﬁS, cal cini ng and reduc}gn .tqheffegt . 31 cat al yst
havi ng ¢ he (Shire & creA $€ CORBOSFEIEN HArQuh Watchy said gas-liquid e
catal ysts were eviattiet@disgsdigchapgedtfdmrgaid m«um?t ohaRbeEesbr&et 1 e
sanme non-equilibrium er)r__.i-ar omaéll [ éee{gj as t_|_n Exa%p e H) This feed was
contacted 15  *RkQHtA80 pidisedBgq Fhagacte ket iB hPekrr) and a
hgdrogegl hy(cir)?]g:acrttmnr?‘bée(mgtbﬁ Diquid_disilkrgl;é?eaﬁm éaohesatlee i@sin
adjusted to e t a favor conver n4devel . . nyversion is
expressed as thgﬁlﬁ sﬁ%@%r@nb@gp@' (ga@é)d? @Fﬁ%‘%e‘ﬁ?%ﬁg}na di& err]-
aromatic | oss i dgtexrmineéyd foometiieneqwaiciémw! uene. Results were as foll ows:
Cat al yst: A B

R = yolume liquid passing through each outlet (m3/hr) and .

area of each outlet (mm2).

(ii) the pressure drop across the mixing chamber is in the
range 0.8 to 1.5 bar. '

2. A method according to claim 1 wherein the rate of
discharge of liquid is in the range 0.013 to 0.03m*/hr/mm?.

3. A method according__to claim 1 wherein the volume of
liquid passing through each outlet is in the range 5 to
20m3/hr. '

4, A method according to claim 1 wherein the pressure drop
across the mixing chamber is in the range 1.0 to 1.25 bar.

5. A method according'to any of the preceding claims
wherein the outlets are of a slot configuration.

6. A method according to claim 5 wherein each outlet has an
area in the range 300 - 600mm?. |
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26 Tenperature, [err]C EI&Q’ACE‘#IENTSIW

Et hyl benzene conversion, % : 28 27.5
etE

Cl err] - ar orrati€s !osc % ' . 2.8 _
1. A process for i€odENI& i gn
vyl benzene

14  h
of a non-equ llm ,Hwture of . xyl enes and
conprising c d mxture in the pregence of hydrogen

in an isonerlzatlon zone with a cat al yst ggnposite 5 OAPfi-si-Rg—an
effective anmount of an SM3 crystalline silicoal um nophosphate

mol ecul ar sieve at Clerr] isonerization conditions effective to obtain an
i soneri zed : product conprising a hi gher proportion of p-xylene than

in the feed,m xt e ,pr.ocess of aim,1 erein the
catal ytic conpos 89&5hﬁ‘§ﬂ&§able fox |#E§ _éi%QHHR#il%ﬂu irectly
pl ati num gr anpomat &1 vdaisetited cdhprising: 3. The process of Caim1l or
2 wherein t catal 0 Sis fur her. ri ses, an _
i nor gani c- oglg()je %‘? %% C%O%%I s""ltrﬁL RO r?apgr?&s’é’irlq = he ]rfl'm xture
t her eof . (b) at-least4oﬂﬁmandm¢béba efn @tambzingheyasi,n the effective
amount of a(phatLnyPying chamber to mix said liquid gas, and
(d) at least one outlet, arranged circumferentially around
said nozzle, through which said gas-liquid mixture is
discharged from said mixing chamber directly into the
fluidised bed characterised in that each outlet is of a slot

configuration having an area in the range 300 to 600mm’.

8. A nozzle according to claim 7 wherein the number of
outlets is 4.
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el enent al basis. 5. The process of any one of ‘.'a'n‘»\-x l1to 4
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| (54) Titte: TWIN FLUID Nozms\/
(57) Abstract

. Amethod fori mjectmg a liquid directly i into a fluidised bed comprises
the use of a twin fluid nozzle in which a gas is used to atomise the liquid.
The configuration of the nozzle (1) permits an unproved dispersion of -
liquid into the bed. The nozzle (1) may smtably be used in a continuous
process for the polymerisation of olefins in a fluidised bed reactor.
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