WD 03/ 048097 PCT/ GB02/ 05415 OXI DATI ON PROCESS | N FLUI DI SED BED REACTOR The
present invention relates to a process for reacting at | east one oxidisable
react ant wotob/omwbecul ar oxygen and in particul ar to react ipen/GBo2asf15ui d bed
reactor. Reactions of nolecular oxygen with oxidi sable reactants in the
presence of fluidised beds of catal yst are known. For exanple, the

acetoxyl ation of ethylene to 5 produce vinyl acetate by reaction of acetic
acid, ethylene and an oxygen-containing gas in a fluid bed reactor is
known from EP- A- 0672453, EP- A-0685449 and EP- A- 0847982. The reaction of
oxygen with ethane to produce acetic acid in a fluid bed reactor is known
from EP- A-0546677. EP- A-0685449 di scl oses a process for manufacturing vinyl
acetate in a fluid bed 10 reactor conprising feeding ethyl ene and acetic
acid into the fluid bed reactor through one or nore inlets, feeding an
oxygen-containing gas into the fluid bed reactor through at |east one
further inlet, co joining the oxygen-containing gas, ethylene and acetic
acid in the fluid bed reactor while in contact with a fluid bed catal yst
material to enable the ethylene, acetic acid and oxygen to react to
produce vinyl acetate and recovering the 15 vinyl acetate fromthe fluid
bed reactor. According to EP-A-0685449, the oxygen may be added in pure
formor as an adn@XIDAFIGAN PROGESS DNFIIIDASED BED RIEAGTEOR car bon di oxi de.
Since the oxygen and hydrocarbons are not m xed until they are both inside
the reactor, catalyst is present when they neet and reaction proceeds

i medi atel y, FRUSERE: inl BRIPIYERE @A bidcads 1BF Ra&iHpt IQstsbxidibibde  an

advant age of feeding an oxygen 20 containing gas to the reactor through at

| east oneedctant wéth nioléwiarionygeicindiin pattigulahte readiiphéme fluithbedusaetde aci d
reactants is that.it allows, significantl.y. hi.gher |evels of n to be
safely enpl oy&factifns ﬂgﬁ‘t()?eﬁu]r?fa SeRVER BY S%%“gfﬁa&%‘abl? éhe ggseﬁ’lé% ures. WO

03/ 04809 fluREJ/IERAL b P&ANFst aRUBIWInD b eRarhiple) thé h&foxyativatof afylemts at e f or

reactions using nol ecul ar oxygen containing gas because of the possibility
of a Pl uproduee Bimybhestatoby wreti@yPifasetis ardd,icthylane ang @l OX¥ERNCIPIENRING 82ns af e.

There renai %iqu%:rggc\}érﬁa@l% ggé}oﬁﬁg"ééﬂﬁ?’%qﬁ%%%éaﬁ I.EM-Ch mol ecul ar

11
5 oxygen i & LPERY one oxl di’sabl e réact an 't has now been

found t haB47982a ThelreUbROT OxyE@R Bttt o p@doesadety heid ian fluaktyegen
concentration greater than that of air is to be fed into a fluidised bed
conpri si AepCtAras &mwﬁ%rﬁﬂ-ér%%ﬁ-a reactor, the fluidised bed should be

mai ntai ned i n gp_h WeYhRNiscloses a process for manufacturing vinyl acetate in a fluid bed
10 reactor comprising feeding ethylene and acetic acid into the fluid bed reactor through
one or more inlets, feeding an oxygen-containing gas into the fluid bed reactor through
at least one further inlet, co-joining the oxygen-containing gas, ethylene and acetic acid
in the fluid bed reactor while in contact with a fluid bed catalyst material to enable the
ethylene, acetic acid and oxygen to react to produce vinyl acetate and recovering the
15 vinyl acetate from the fluid bed reactor. According to EP-A-0685449, the oxygen may
| be added in pure form or as an admixture with inert gas such as nitrogen or carbon
dioxide. Since the oxygen and hydrocarbons are not mixed until they are both inside the
reactor, catalyst is present when they meet and reaction proceeds immediately, causing
the oxygen partial pressure to drop. Thus, an advantage of feeding an oxygen-
20  containing gas to the reactor through at least one further inlet in addition to the ethylene
and acetic acid reactants is that it allows significantly higher levels of oxygen to be

safely employed without a high inventory of flammable gas mixtures.



regime. 10 Thus, according to one aspect of the present invention there is
provided a process for reacting in a fluid bed reactor, at |east one

oxi di sablworigaetoant with nol ecul ar oxygen in the presenc@®CofGBN2/05415
catalytically active fluidised bed of solid particles in which process a
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parti cl eg ({m)iliﬁe og{%rat ed in various reginmes - for exanple, as spouting
beds, faS8t%M 28 eiWBsefet r ansporting) beds, bubbling beds and turbul ent

peds etc. A LyhGelenhint 8ALAPrL o ifplobtd Ahiatea BRCtAl inSolibfBRichlaf! es ' 5 a

fluidised bed in 20 rge discrete es or vol are generally
absert aoxlygehas tzected sithud dtastimnieaixidisableniedadann Cl usters and strands of

particles nove about  violentl ithin the bed makin for a general |ack of
Gt nct 1 o bOTARERY B5F [08 4t amaeua P e BRUSeES P bed. In a
t ur bul ensxiggﬁ icHh&pbatisifgrehePthdR BRE oBMF {536 Beifsd m@NS NARIRAbYd H&ﬁﬁngh%f use
than in a bubbling bed because of greater freeboard activity. 25

t ur bul en¢atplggfinatidiessna reaateratheviiidieddihed shoult e mhaitdingd mya tpaleul¢nti near gas
vel oci ty)e .ﬁ]/\/é]i ch is greater than the transition velocity (Uk) which is, the
gas vel omgfy ‘at which there is a transition from bubbling to turbul ent

regines. PrefRiugbicyordligg to @hé aspett dfitBdpietdn® mvealiOC ikt ik Pkovidedtagsrotdia!
velocity (U is inthe range 0.1 : 1 to 25 : 1. Typical IO# at a pressure
in the rEngeacting i afuiddred reqoter, ptdeashongoxidipble mcm{/)wahm culfe range 0.1 :

parti ol e genh erahde otk ¢y NG Gl Hiiaried fod of soid pafiles ST Bblent '

t ur bul enprocessgimeletidsr cixygemnsxithihmg gaehading yn Ukyg/dnioohcdnﬁaﬁmcgregtree&lhﬁr t han

the termnnal .vel ocit 2. 03/ Q48097 . PCT/ GB02/ 05415 of the pean

particl ehef 9kripis ‘Bté?fy“ﬁé%‘? %ﬁlmwlsﬁaé@gﬁ’ 8§ Sﬁ‘qcﬁé‘%’lst?‘gp BEpRtANEd By eased,

the 14 at j Qurblient rblinflecr eases, for exanple from3 : 1 to 1 : 1 or from3.5 :
1. Uk *

1to0.5: k T U is greater for smaller particles than for |arger
particles. THauidised bédszomprisimgesnlid partickds bag beropeiatkdsn yenehsregimes Fansf er .

Thus, ong 5 advantage is that_| ubbl| es of . ecul ar, ..0x n- cont ai ni ng
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bubbl es fgbulemidelidictthe bed having a nol ecul ar oxygen concentration in an

expl osive region is reduced which has increased o '
A turbulent regime for a fluidised bed of solid particles is a fluidised bed in

20  which large discrete bubbles or voids are generally absent and the bed is substantially
uniform. Clusters and strands of particles move about violently within the bed making
for a general lack of distinction between continuous and discontinuous phases in the
bed. In a turbulent fluidised bed, the upper surface is considerably more diffuse than in
a bubbling bed because of greater freeboard activity.

25 A turbulent regime has a linear velocity of the fluidising gas (linear gas velocity)
which is greater than the transition velocity (Uy) which is, the gas velocity at which
there is a transition from bubbling to turbulent regimes.

Preferably the ratio of transition velocity (Uy) : terminal velocity (Uy) is in the
range 0.1 : 1 to 25 : 1. Typically, at a pressure in the range 1 to 30 bara, the ratio Uy : U;

30 may bein the range 0.1 : 1 to 25 : 1, preferably in the range 0.3 : 1to 13 : 1. For small

solid particles (for example, in the range 30 to 150 microns diameter), the turbulent

regime has a transition velocity Uy which is much greater than the terminal velocity (Uy)



safety inplications. Also, at the oxygen injection point, there is reduced
tendency for discrete jet or plune formation because of the greater

m xi ng, swotlbm4gmot ential for 10 adverse consequences in tPeTaamRW0SOE an
ignition is reduced or elimnated. Furthernore, the m xing of a turbul ent

fluid bed.can produce a e . honogenequs tenperatuyre ofile. There is
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produce unsaturated esters by reaction of a carboxylic acid, an olefin and

mol ecul ar  18kotdfegredtar forempHersariicesdhamfor drsearartiddesanount  of an acti ve
catal yst, sughl.as. &0« 2%a0R fuid B%&@ﬂ%& %(90'21 el Qfaﬁgfeﬁ i dpnét hyl ene and
e " he’ protess o the pr P

oxygen to produdce’ vinyl aceta 0 esent I nvention is

al so Bui hdihahtagt Brthiatherge abbleoof moletiier oxpiceseont@indig g3 ed i@dbinvel @anount  of
an active catal yst, of nolecul ar oxyagen with (a) ethane to produce
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and (c) m I . . oy | tionally
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oxi dat i osafety impjctionar Alsnsatblye oxx@et igectontpoird, thededs rddacedtepdmay ifor t he
presence ,of an efffctiﬁ)e anount of%faﬁ active.catal yﬁt, such .as for exanple
the reactiPHRICFt AERTUNG FPTHARCR, Recasq ofithe stalsy AYY1RG So3Be RYENIAH §¥ess of t he
prespmt  hawRRicbARqhénced!int @ lkfert OF at NRItRMB @B SnelPhinatBy drRERFRGRS by
reaction with a nol ecul ar oxygen and ammonia in the presence of an

ef f ect i vtheampingtof eftuthnleat flindded gempipduce s more kamdgeneeysdapperatune

i dat | d Lopnitrile. Pref bly,
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30 size di strThapriodsss of tHeSpredeat infvbntion i &gl GabGOP tHeSdaftx§RLibA opalkénes! €s
having a particle dianeter in the range 20 to 300 mcrons, the particle
di anet er tosproducgiuasatugtediesiers by reptioment atmatboxylie acidsamyietin andymelecwar e

pref af ab . i t pcrons. 3
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parti cl etheheactiogofacets aadcethgliengaridooxygen 6y prodmdecvingl actiatef ol | ow ng

i ndependent crjteria : (i) at |east.65 %of th articles have particle
dianeters in ﬂ’F’ePrPS‘??@é’f gt?zpf?%?nhﬁnc‘f?f&%;ls efSP)smrfaé?ifsP%Haerre&ﬂsIO%lefhet he particles
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the particles have a 5 particle dianeter”greater than"I05 m crons.
ethane to produce ethylene and/or acetic acid, (b) with ethylene to produce acetic acid

20  and (c¢) mixtures of ethane and ethylene to produce acetic acid, optionally with ethylene.
The process of the present invention is suitable for the oxidation of
hydrocarbons by reaction with a molecular oxygen in the presence of an effective
amount of an active catalyst, such as for example the reaction of C4’s to produce maleic

anhydride.

25 The process of the present invention is suitable for the ammoxidation of
hydrocarbons by reaction with a molecular oxygen and ammonia in the presence of an
effective amount of an active catalyst, such as for example the ammoxidation of
propene or propane to produce acrylonitrile.

Preferably, the fluid bed comprises solid particles with a relatively broad particle

30  size distribution. Thus, for fluid beds comprising solid particles having a particle
diameter in the range 20 to 300 microns, the particle diameter size distribution is
preferably at least 20 microns, more preferably at least 50 microns and most preferably

at least 100 microns.



The total linear gas flow through the fluidised bed (also referred to as
the superficial velocity) is preferably up to 50 cm's, nore preferably up
to 35 cmwofem4dobhe reacti on of ethane and/ or ethyl ene w PTEGBIGAMIEO
produce acetic acid and/or ethylene and nore pref erably up to 30 cm's for

t he producti o of ehate from cid and oxygen.
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Thus, according to one aspect of the present invention there is provided a
process for the production of vinyl acetate by the reaction of ethylene and acetic acid
with molecular oxygen in a fluid bed reactor in the presence of a catalytically active
fluidised bed of solid particles having a particle diameter in the range 20 to 300 microns
25  and having a particle diameter size distribution of at least 20 microns, preferably at least
50 microns and more preferably at least 100 microns, and in which process a molecular
oxygen-containing gas having an oxygen concentration greater than that of air is
introduced into the fluidised bed, and the fluidised bed is maintained in a turbulent
regime by using solid particles having a particle density of at least 0.6 g/cm’ and a
30 settled bed density of at least 0.4 g/cm® and by operating at a pressure in the fluid bed
reactor of at least 4 bara with a total linear gas flow through the fluidised bed of from 2

to 30 cm/s inclusive, preferably 2 — 25 cm/s inclusive.



55 %of the particles have a particle dianmeter of greater than 105
mcrons. As the linear gas flowrate is increased, so increasingly dense
cat al yst warasioasoes will be required to reduce transport aticarGeR/osasal yst
particles fromthe fluidised bed. Sui tabl y, the catal yst particles useful
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into the fluid bed of catalyst, during the process. Wen the _process of the
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diameter in tHE ﬁ%h@féréas &Y 3816 IHPCRATRS, SacroRSIngIN Gende sy Y Patigleset or

si ze di swlul%tréqme@io ﬁﬁué@@ék;{&@atmn(iff‘égﬁlysp%ﬂl@é@f%% thd ﬂhﬁﬁ’s%ﬁ pe§, M crons

and nore preferably at |east 100 microns | ui di sed bed may be
mai nt ai ned i ﬁuaahlurtb@bamlwstrmgtums tbyﬁxlliﬁrrtge Bmkiudlqmacrftwnwlasethta\hamgaa

particle d | eas AC ttled bed density of at
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from2 tg 35 ¢ i nclusi ve. Thus, according to one aspect of the present

i nvent i onntp g Buid bed pbeatalzst danngﬂb?dgg@esm the reaction of nol ecul ar oxygen
with (a) et ha%éxﬂé@@%@%ﬁ%ﬂﬂ? §e'?1‘?1n is ug f?)?ﬁ'fer é uf: hyl ene to

produce acetic aci ures o ane and et ene 0 produce

aceti c aokxgigenopith () athaye wi prbdwedeleyiydere, andmace‘ticmcdl tlgcéth)&a(ettorpmdncé he

presence of a _cat yt| cally ive flujdised bed of solid partjcles having
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a parti clPECidifPE PHX‘PFFe“ Yo RPLHSRSUGRFIGAPIRRRIY particl e
di amgger \iiz&nh s § zpﬂﬁl'd%d%ac?&r ih @Rrefce @&Ja@ﬂ?tacaﬂ&%@@&@ﬁﬁlﬁls | east 50

m crons and nore preferably at |east 100 m crons, in 30 which process a
mol ecul atbed e spdid-padiviesihavimg agmtlcﬁadlangtaml tbcygme %hné@ﬂtmxatqns and gr eat er

than that of air i ntroduced. jnta th f|UI sed bed, f] ujidi sed
bod & harine Sratsts it EEREC sk Peb pha b S FRGoRs Prefeimt d st g
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| east 0.4 g/cnB and by operati ng at a 5 WO 03/ 048097 PCI/ GB02/ 05415

pressur e 1 A turbelent rgglﬂleﬂé’dlsilbgaﬁ@ﬂl rpaﬁﬁf‘éthavléla@tpaﬂl%d@sw phatleass0A | i near
gas ﬁb ow ch'M %gq s‘ép fed beJi Hérg t§%g apl%gst 06.4 fgfc%ma%d t09 oggraﬁrqé 3ta fn‘%ﬂu?@ {'nve.
the fluid bed reactor of at least 4 bara with a total linear gas flow through the fluidised
bed of from 2 to 35 cm/s, inclusive.
Thus, according to one aspect of the present invention there is provided a
process for the reaction of molecular oxygen with (a) ethane to produce ethylene and/or
25  acetic acid, (b) ethylene to produce acetic acid or (¢) mixtures of ethane and ethylene to
produce acetic acid, optionally with ethylene, in a fluid bed reactor in the presence of a
catalytically active fluidised bed of solid particles having a particle diameter in the
range 20 to 300 microns and having a particle diameter size distribution of at least 20
microns, preferably at least 50 microns and more preferably at least 100 microns, and in
30  which process a molecular oxygen-containing gas having an oxygen concentration
greater than that of air is introduced into the fluidised bed, and the fluidised bed is
maintained in a turbulent regime by using solid particles having a particle density of at

least 0.6 g/cm’ and a settled bed density of at least 0.4 g/cm> and by operating at a

5



Preferably, in such a process for the reaction of ethane and/or ethylene
with nol ecul ar oxygen to produce ethyl ene and/or acetic acid, the
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whi ch is_of, higher .atom i ght .and, ef.erabl y, iLch.is .also, chemcally
equi val efffe! aqlﬁ%ﬁ (fox Fxﬂg}@eﬁ\%ég?gr}g %’rprgfeﬁ‘ﬁ?% es &‘f“f’%{"%/o%sr‘?z‘flé’ﬁms‘%qsect ivity
to the skbgid 4 pirtibleMRindtérsof.less@an SXAMROR, ofeveAldk Yivh 20aREdSI(Hfesh.he
metals, M, V, Nb mai?be densi fied by substitutin WO 03/ 04809

6
PCT/ GB02/ 05415he wigeofdpw hayels afffinggpproyideg an a@vaygagap? redased lopeofitheal of hi gher
at ory£ V\Firga'és ﬁ%ﬁh@?ea&rol' and may thus provide advantages of design of any cyclones to

reduce loss of material from the reactor.

In other processes according to the present invention, it may be possible to
maintain a turbulent regime in the fluid bed by using a fluid bed comprising solid
particles with greater than 15 % of the particles having a particle diameter of less than

25 45 microns, for example 30 to 40 % inclusive and at the same time operating at a lower
pressure, for example at 0.5 to 1 barg, inclusive and a higher fluidising gas velocity.

The density of the solid particles of the fluid bed may be modified by the use of
a densifier during preparation of the particles. Densification of the particles may be
achieved by substitution of one or more metals of the catalyst by at least one metal

30  which is of higher atomic weight and, preferably, which is also chemically equivalent,
that is, has the same or similar activity and/or selectivity to the substituted metal(s). For

example, a catalyst comprising the metals, Mo, V, Nb may be densified by substituting



Sb, Te, La, Ta, W Re, Pb, Bi, Ce, Pr, Gd and Yb. Alternatively, the
density of the solid particles of the fluid bed may be nodified by the use
of a fluiwDIBlgEogaRS, such as ethyl ene. The fluidi sing gasPeayGRIMPIISESe at

| east 5 30 nol % et hyl ene by vol une, for exanple, at |east 30 nol%to 85

ol % et N¥hEBEM oINS N NI ASBR bile Rl RGBS sHlaPRI 4 €1 es, Tor
exanpl e by using a densifier, may enabl'e higher "superfi<ial ‘gas Vel ocities
t o be us8H, Beyd/apTa lWgRerPH, 8v,dle PofGd ndEs. whi |l st mai ntaining the fluid bed

in a turbulent, non-transporting reginme. The process of the present

i nvention all 3\7\5?”1@8?’61%%_6 gea“?sétyioglﬂ?ecfghetplaﬁ’r?lqsﬂtf heflyig Ll?F‘éimaI@_elS’&ﬂ‘ﬁ‘%ﬁ a

ol eCul by YASRE & FRIAIAL 0, S N ThOHY AR LRGN RO a0feadtP (O
0X I ar- oxygeén-

al nost pure nol ecul ar ygen. Suitably, nolecu cont al ni ng gases
for use BAmdYetiylesdnt valumefor evaniphe latibest@Oygelfo wedS mbl%h ethiyfene. anount s of

impurities such as. n and.pi trogen whi.ch each.may be present at a
concentration e*%ﬁ%ﬁ%fﬁ?ﬁg’%{w g%ﬁoﬁlﬁé’amfﬂ?? @6!’%@}1?? YiUSH8S  oxygen in
the nol egedsafier MNP BRELEORIERérRUPE BB gdsSvelditedtb Ye dfed IR BidRPRSeIgbEAL €T
than 21 %to 100 % preferably in the range 50 to 100% for exanple a

concent r ngovhidt mpietaingeg the §uiddgdan egurpulenl, nar-{rapspottitgl igganeconcent rat i on of

at | east 99. 6.9 I . s | it roduci ng the.nol ecul.ar
oxygen- cont ai hfﬁ%]gy"&é% O:fﬁe rg%gltf;‘? Ul e |§sﬂé) S[)}l%rdt%gﬁ%%lugr é‘fi%%'ﬁing a{lﬂgj hazar ds
whi ¢t maped)af @ nidledutar @R PSEnS@hedning ighs Batihp a2k ypeh e6nczh@atiolivfup thor exanpl e,

for safety, the inl etﬂs) for the nol ecul ar oxygen containing gas are
pr ef er abPiM9sbpye @eplequlay oxyeqna g ablyomolagulag gxvgenontainipm gascHon nse tf
greater : t:] . i; 4 gth is
det or i nod g AR AL R bR CHE il SoREh R Abulh & ich 819 0
vel oci t yargbhand niteigen sthathl edclomay e prasentrae d cameniratiet ofesshar @3 %abd

vel ocities sel ﬁﬁt ed, so that the nolecul ar ox Xgglen 25 cont ai ni.ng tggs i's
di sper sedC 4 TERFCPHIANE Of V&SR B0 HRICPHRIGXYBEontAINGEsEas s THiEb e
POsi 16 ON@OtHB @ongk QPefdr A8 110%1t500 %(f)l}éféra}ﬁ@l hih%he 1ale £ 96 R 10084 G0 S @ shock

wave follow ng a™ detonation. The inlets should be positioned so that the

nol ecul aFxamglgeoneentralion efgrepier thato®ys foby velpinegsiidblyectdngerdrationiof aces or

ot her struﬁctgg)g% i, n thE1 reactor such as inlets for other reactants. 30 In
t

0
t he pr oc 85§ k/ébﬁfrvg &t invention the at |east one oxidisable reactant

may be i ntrogHeg@ahdHopirtthdudihg tid meldcllftogg e c@RaindRWa0intb it d t hrough
one or nore_inlets. One or nore gaseous reactants may be introduced into

the fl ui drisisedbed shaddrasagnisathe hazsrdsovkick mayihaveto begonsidpredpdtitsuckepar at el y
fromgt hﬁlafg?faﬁgll‘h@sr, f&)@kgﬁgfe?ﬂ)?tsﬁjew, 1% igﬁas) fof the molecular oxygen-

containing gas are preferably located at a distance from the catalyst support means of

greater than any potential flame length. The potential flame length is determined by

factors such as the inlet pipe diameter and inlet gas velocity. The inlets should be

positioned and inlet pressures and velocities selected, so that the molecular oxygen-

25  containing gas is dispersed and mixed in the region of the inlet. The inlets should be
positioned not too close to the reactor walls, in case there is a shock wave following a
detonation. The inlets should be positioned so that the molecular oxygen-containing gas
does not impinge directly on surfaces or other structures in the reactor such as inlets for
other reactants.

30 In the process of the present invention the at least one oxidisable reactant may be
introduced into the fluidised bed as a gas and/or liquid through one or more inlets.

One or more gaseous reactants may be introduced into the fluidised bed together

with or preferably at least in part, separately from, the molecular oxygen-containing gas.
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WO 03/ 048097 PCT/ GB02/ 05415 This gaseous reactant nmay be introduced as a
conponent of the fluidising gas. The fluidising gas may conprise fresh
gaseous rwaapamtos7 and/ or recycl e gases. The gaseous reactramGemisaduced
into the reactor may be ethyl ene which may be used with acetic acid to
roduce i eTeld into t reactor may
Be et hang'hgyéd %gﬁ%ﬁﬁt%‘qﬁggaﬁ&gﬁéengaﬁa%&@ Iﬁksefggrggggc%%aél y fo et hyl ene
and/ or atﬂetdmnggasdna)ncbmpmeirmh igaseans ﬂ:actEaﬁtbylhdmﬁreU&ﬂél ghdes! Mie pasec@ss of the
present i nventl on bstantially pure formor adm xed with

one or nbFElaHt mrtﬁof]?‘i?ﬂéﬁto th%&@ﬁ%tﬁ%maégﬁsmlemc‘ﬁvmaﬂ%sﬁwl&w%@@é in the
f orm of &sﬁ%ﬁhwwﬁﬂeacetratmﬁ@%meowr@m&ﬁ@mro%/csahn%@th@'r&%&gﬁnﬁr beaétﬁﬁ{%es

Et hane used in the process of the present 1nvention ma

subst®@nt and/byethylene wbichnaay tedndidiest] nespdetiveip tcoethyrbneamf/onncbno gmdn ,andret hane,

et hyl ene, ?r bcna di oxi de and water in the formof steam or one or nore of
hydrogen al kenes or al kanes. The process of the present invention

may suitably E@xﬂ&ﬁr@&@ﬂltﬁépﬁ)céﬁmﬂﬁ@éﬂé&@n inventidihy 00uied iR00 C, preferably
140 to 400 C. The process nay suitably be operated at a pressure of 10 to

3000 kPasghstrpdiallppuretfornsor astapigyd Wﬁh@neuoamoye throg%t)@tmae@ama@e (0.2. to

25 barg) | Se cat al rticl es d optionally
catal yti gagﬁpﬁdquﬁdggﬁnlﬁ\%t%ar %1{931?4 g oA lhY yrs 0 (5%8' r°§ﬁ9 ‘tabl e
f | ui th sablken&airalkests. Ellige @@ddahylsd proZéks B heliReRnSUPENIONERa LR Wl $i -

Sui tabl e catal yst supports jinclude porous silica, alum na, silical/alumna,
titania, S&stangially purg rfp%p oL aqayed yna Q8¢ BT WOt elsnirpgsnekthape.athydenst y, t he

SUPPOT U o lichflle did WitdrGf theBhAbY Stbarfi OTBRS b B dtSS{tech I S 1 vent fon,

may have the W ng particle size distri on : ® nicrons

0- 30 wt Yalk2lestay allkhined. crons 0-60 Wt % 44 to 88 mcrons 10-80 wt% 88 to 106
m crons 0-80 % >106 crons 0-40 wt % gg?o mcroncg 0-5 wt % Per sons
skilled in thePEPIOcHs 9t theRraif E’éfeli‘tr-%{‘cméwﬁ Y benerateat adepperagie 44, gs,

gtognlj ?épg ﬁglﬁgle Gﬁr tg):ls‘g%&Caﬁx%féﬁﬂ?y HEREYA0TPRS U ieSprblest BRY shitfbly BE 6pQaR§Y: On
a pressure of 10 to 3000 kPa gauge (0.1 to 30 barg), preferably 20 to 2500 Pa gauge (0.2
to 25 barg).
The fluidised bed may comprise catalyst particles and optionally catalytically
inactive particles. The catalyst may be any suitable fluidisable catalyst. The catalyst
20  may be a supported catalyst. Suitable catalyst supports include porous silica, alumina,
silica/alumina, titania, silica/titania, zirconia and mixtures thereof. Preferably, the
support is silica.

A typical catalyst composition useful in this invention, may have the following

particle size distribution :-

25 0to 20 microns 0-30 wt%
20 to 44 microns 0-60 wt%
44 to 88 microns 10-80 wt%
88t0 106  microns 0-80 wt%
>106 microns 0-40 wt%
30 >300 microns 0-5 wt%

Persons skilled in the art will recognise that support particles sizes of 44, 88, 106
and 300 microns are arbitrary measures in that they are based on standard size ranges

such as may be measured by an automated laser device such as a Microtrac X100.
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such as may be neasured by an autonmated | aser device such as a Mcrotrac
X100. 8 WO 03/048097 PCT/ GB02/ 05415 Preferably, the fluidised bed has a
particl e wongioggponf at |least 0.6 g/cnB. Catalyst for thepPpraRoevsan of

vinyl acetate may have a density in the range 1.1 to 1.5 g/an Cat al yst

for the oxi dapj : I | I \se sity in
the range 1 stratafly. EEIRNAAR FRRMRIENTH S sl TX JAVE QUGS
g/ cnB.  Stirttladyprpdudtion of viﬂyhiacﬁta;tem@éﬂvélaﬂe@sl@eﬁ tHe&dnéEﬁld@ﬂlSl g‘/c;mbf at | east

0.4 g/c uitable ¢ taly se in the present i nventi.on include
oxi dat i gﬁata 4 ilieda%l nafff&ﬁ@ﬁ o1 hylee uiteblyyatyshave adepsiixgiths yj t abl e

for use tmgthesRE @%Exh@)gr%ra% \}rmlth@%g?%pl BY 1 785 gc%w@ﬁh%l Of}e Of

et hyl ene may conprise a a cata pronot ef’ and an
opt i dnal ﬂuldased(bethmseeuled Héldeleoat)ad»f)mﬂeamdw glenpr epar ed by any suitable
met hod, such hat described.in EP- A-0672453. p VITI netal is
pref erabl y pa??lé I ALY TEise i Q?prese%f“éﬁntlﬂﬁy’%@epﬂx Bin a

concentraﬁhh@,a]da{lo,gﬁﬁﬁgagbogylmfbn%a&%sgy wei ght, preferabl y greater than 0.5%
by wei ght based upon total ight of catalyst. The netal concentration may

be as hi gh asAIB®Y wa%for usintthopredpetismetfainy| persata by tapiagtoxyBtionpper

cer|umo r rred pr ronot er
o B B2 kPRSP BT Blogiclesgitim sl G P ¢ he

f i nl B(Dledpm&ioaéry Sthe caaliist ﬁh&/‘be @ﬁbpﬁfedmtaﬁ&%uﬂtd!ﬂé theehot QiR ab thatH&afbdd |

| ant hani de_or transition for exanple sel ected fromthe gr oup

consi st i HgEA- QQWémThBQFPWHE)H’F%éﬁMﬁfef@@dpﬂ}%ﬁlunﬁ%ﬁfégﬁwﬂnt| nony,
| ant hanugcanth, ;}‘Hétp'ﬂés%ﬁt R Otralibl 6PerLiE RER B by Dol AE rictelably Shed

catal yst as sa : an acetate sa e pre e potassium
or sodi glrwacétaatOé%'ﬁb!@vmgimbammpen tatsl W@ﬁtejfabﬂayysprﬁseanual n the cat al yst

conposition in a concentratiofn, 0.1 1to 15 ht of c talyst nor e
pr ef er abFSPRCeRYPIANM, %@%}th %/\g?}) IW Welghtrsugtaple d%?‘BOt&%e‘f‘F]ﬂ:‘d%lS g feed is
usedis t heogpeglcefitugdr %Qe%tm@fbmom BlefGRd RERBRE B godd I TtheipoHBret et DY
wei ght, especially 2.5 to 5.5% Were the acid is 25 introduced i1n the

vapour phagéephaserion pn@m@uetroféeqm Ollstopf)%ﬂafwbllgbt iprtes Bmishédncatalystoncent r at i on
0P L0, 115 O SR SRR R S MG M L T
cont ent segimplBsdléctéd Romane Qx\bup lcOESNR gbﬁb&ﬁnﬂﬂm befigh St essivhllisdidmscri bes a
catal yst conposition conprising in 30 conbinati on wth oxygen t he el enents:
manganese, antimony, lanthanum and mixtures thereof, which are present in the
20 finished catalyst as salts, e.g. an acetate salt. The preferred salts are potassium or
sodium acetate. The co-promoter is preferably present in the catalyst composition in a
concentration of 0.1 to 15% by weight of catalyst, more preferably, from 1 to 5% by
weight. When a liquid acetic acid feed is used, the preferred concentration of co-
promoter salt is up to 6% by weight, especially 2.5 to 5.5%. Where the acid is
25  introduced in the vapour phase the co-promoter salt is preferably present in a
concentration up to 11 wt%.
A catalyst composition suitable for the selective oxidation of ethane and/or
ethylene to acetic acid is described in EP-A-1069945, the contents of which are hereby
incorporated by reference. This describes a catalyst composition comprising in
30  combination with oxygen the elements:-
Mo, Wp.Ag.Irg. Xe. Yy )
wherein X is the elements Nb and V;

Y is one or more elements selected from the group consisting of :

9



Mba. Wh. Agc.Ird. Xe.Yf (I) wherein Xis the elenments Nb and V; Y is one or
nore el enments selected fromthe group consisting of : 9 WD 03/048097

PCT/ GB02/WbB43B4802r, Mh, Ta, Ti, B, A, Ga, In, Pt, Zn, CdpPCBIGBO@®541€0, Rh,
Cu, Au, Fe, Ru, GCs, K, Rb, GCs, My, Ca, Sr, Ba, Zr, H, N, P, Pb, Sh, Si,
Sn, Ti, U, O L, . Nng-,.t rati os of
t he el enent ;F@Téagﬁ]?hglf%é@a@%’mgbéb%%gla@rﬁgoeﬁ ‘G“zﬂﬁtﬁ{t@) éE%wl O<e<2;
and O0<-RiZXs, MyCac8r, Bat At, Hft N¢,dPbsth,iSoySrs 0l i@ Rearfdd?d;t he oxi dati on of

et hane to, et hyl en and/ or acetic acid and/or for the oxidation of ethylene
to acet iacba&i%eiaggéé?é?ﬁeﬁbtae gf?"Eﬁpmlrﬁt‘%ﬁ%ﬁ%@@ﬁ“ewsﬁﬁ%“ g’éhtents of which are

her eby i ncorgpenat £doly, Laf epgnce, p, Thi.s describes a catal yst conposition

conprising in conBination wth oxygen the el ements nol ybdenum vanadi um

ni obisum and @ol(@+idp<tth absence of pall adium according to the enpirical
formula : MbaWAucVdNbeYf (1) wherein Y is one or nore elenents sel ected
fromthe grdupecotigindting of: Cr, My, Ta, 15 Ti, B, A, Ga, In, Pt, Zn,
Cd, Bi, Ce, Fggg,f ?’1 lr, Cu, Ag, Fe, Ru, Gs, K, Rb, Cs, My, Ca, Sr, Ba, Zr,
Hf, Ni, P, T § ~ S, Sn, Ti, U Re, Te, and La; a, b, ¢, d, e and f

represent theagyRdeP atadtt Eathp&stidH sulthifle SQHE BLAaSHESF dhak to ethgﬁﬁé' 1; O<b<l
anda+b=1; 10"5 < ¢ <--" 0.02; 20 O<d<2; O<e< 1:and O<f <<-2. The

i nvent i ofmdidriacetisawidbend/ ot fgstheariutatipy of ethpleastoeacetdc ahé isf deis¢rdwidrig EBxanpl es

and i gur t Q.4 in whigh, Fi qur.e represent.s in.sche ic form

2ppd %o P36 Ju Rt Y E pich e LB BR A o B TR 5P Ui g ea
react or ebyatéiyﬁt&ymbﬁﬁgbmmmﬁﬁgﬂgﬁn&nﬂﬁﬁﬁﬁ&ﬂtlﬁoiy&!eﬂﬂ@%ﬁ@ﬁiﬂ the effect of
the level of fines in_ the fluid bed on the fluid bed  density, Figure 3

r epr eserffelybdenyin yanadiym, ripkiuay andgoldin the absgneg efpafjadinperceending toihe he

fluid begnoﬁmw ﬂ%ﬂﬁLtManﬂAﬁi\gdeer‘l reptbesents in graph formthe effect of
et hyl ene on T ¢ ¢

wherein Y is one or more elements selected from the group consisting of : Cr, Mn, Ta,
15 Ti, B, Al, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Fe, Ru, Os, K, Rb, Cs, Mg, Ca,
Sr, Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, T, U, Re, Te, and La;
a, b, ¢, d, e and frepresent the gram atom ratios of the elements such that :
0<a<l;0<b<landa+b=1;
10° <c <0.02;
20 0<d<2;
0<e<1;and
0<f<2.
The invention will now be illustrated by reference to the following examples and
Figures 1 to 4 in which Figure 1 represents in schematic form apparatus for measuring
25  the fluidisation characteristics of a fluid bed reactor by X-ray imaging, Figure 2
represents in graph form the effect of the level of fines in the fluid bed on the fluid bed
density, Figure 3 represents in graph form the effect of fluidising gas velocity on the
fluid bed bulk density and Figure 4 represents in graph form the effect of ethylene on
the fluid bed density.
30  Apparatus — X-ray Equipment

A series of experiments were performed to study the fluidisation characteristics

of a fluid bed using the apparatus shown schematically in Figure 1. The fluid bed was
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the fluid bed density. 30 Apparatus - X-ray Equi pment A series of
experinents were perforned to study the fluidisation characteristics of a
fluid bedwosBnggophe apparatus shown schematically in Fi guP€TiGBOZN8HE] ui d
bed was 10 WO 03/048097 PCT/ GB02/05415 fluidised with inert gas

(ni trogeﬁ_r,at her than reactan ases to enable the fl ui d:jﬁ-@'i on
char act edluidised with ingg gawhitresene rathey dhangeadigy gages teyenablethg fluadisation, o

apparatu - | -2l WEeOL UMV I hﬁﬁg stem (8)
and r ecy%}lgggg{slé@?gt't%n?e St?w'ls ela\'/g{s%ée}wg})onﬁglﬁ%eld%é ?@gra?%scoo Ffj?{di sabl e
solid par2dmhe® slupponmedssenh (B, alpat feeduisem @) ahéresy¢l2)gas hystany (Omiheh

Lyt o, Dl BN SRRAF S BRSS R TRt St bR o ()
The vEssed) thRsgh GRRMERI8FineGiRoRASIab WiE palis&Plr8maR® Phs 288 (HiandeFtle@n PUND
(3), heater (4) and gas ne€tering / measuring system (not shown) in a
Peael VLl oL o Lo bk denai v bt Sricer ot 0 LR bed to be Ser ved
vesse t.he . . : .

{Fom t he camner B PlinF il Sl Rt rlyn sREDaR) ohtet (80 Ba° A° Secton
at the t oget@ing!/hfed@thd ShteaPRHobbttoeh) Gy § bRIASIsEPcIRERVIOB. PRIshie particles
escaping the vessel. An X-ray gun 132 provi ded x-rays which passed

t hrough tanpings{&evere positipags alorethsivesser wall tooallowethabulk density ahgliceneiye
i ' t 15 t i nyl d
A R R e R S

Cat al yst s&itjppak the theosthp bed (6)usaidea cytlbiesaapadvieht solidasticids cocupivis prepar ed
by spray-drying a mxture of Nalco (Nal co em cal Conpany) silica sol
1060 andtll!?e\geﬁ a (Degussa 20 Chem cal Conpany) Aerosil(r) silica. In the

dried su t % iJ ] 200 silica
cane from éra%\ ro@i%} P}O?Edgas’éﬁfraggﬁmégﬁﬁgﬁrr 82 glr%g)]sess\%]g)el %%9&2& “in air
at 640C f(00), danheal(9) andirmagegirbadsiag equipperitt(1Py eparation is described in

EP- A-0672453. The particle size ?Ii stribution of the support which was used
for tRe cat al y¥prorted vinyd gsstaieicatalysts wae psnd ighe exparipiepts@ndiweEe o5 >300

m crons %repared as follows :

a) Preparation of Catalyst Support

The support used for the catalyst preparation was prepared by spray-drying a
mixture of Nalco (Nalco Chemical Company) silica sol 1060 and Degussa (Degussa
20  Chemical Company) Aerosil® silica. In the dried support, 80% of the silica came from
the sol and 20% of the silica came from the Aerosil. The spray-dried microspheres were
calcined in air at 640°C for 4 hours. This method of support preparation is described in
EP-A-0672453.
The particle size distribution of the support which was used for the catalyst

25  preparation is as follows:

Particle size %
>300 microns 2
88-300 microns 30
44-88 microns - 38
30 <44 microns © 30

b) Preparation of Catalyst A
Silica support (54.4 kg) prepared as hereinbefore described was impregnated

with a solution of Na,PdCl;.xH,O (containing 1kg palladium) and AuCls.xH,0
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88-300 mcrons 30 44-88 microns 38 30 <44 mcrons 30 b) Preparation of
Catal yst A Silica support (54.4 kg) prepared as herei nbefore descri bed was
i mpr egnatwo o3migob7 a sol uti on of Na2PdCl4. xH20O ( cont ai ni ng pCirgsRmalosadi um
and AuCl4. xH20 11 WO 03/048097 PCT/ GB02/ 05415 (containing 400g gold) in

distille ter t he .j.ncj.pi ness. JThe resulti m xt.ure. was m xed
t hor oug hf“g?\,rl\{?alng?‘% 9({%‘% %Oﬁ‘é)ri‘& ‘fr‘sgﬂl‘%gk‘f?\geﬁbygﬁ%ma}p &Y W(S’?fbers%i gﬁ? r'esﬁﬁhgg P&gnat ed
mat eri al wagsigdidBeros LRI Kfttte sand ForSihouk b dRéd syedniari.ne in distilled
water, and the m xture allowed to stand over night W th occasional stirring.

5 Thereafter Theimpregated Ratsripl visesddad dawineshd spintienaf hyduone ii sti | | ed
vater. TheqsPhhdy %@xﬁeﬁﬁﬂgﬂé'aﬁgw%’?oré%ﬂ'}}ve Tgaﬁéag& ﬁé 'aﬁhn%ﬂ@ﬁrri regnat ed

wi th an agueous sdlution of potassium acetate” (2. gc) y incipient

wet ness. Theeafteshd initgrerwastfilteeedvas! waskedwithdrod@hl Wistilled tvated. $hand 1 hour
and dried overnight. 10 The resulting catal yst conprised 1.6w % pal | adi um
0. 6wt % g&lH WecthemAgd Qe um on silica based on | CP anal ysis. Sever al

bat ches of ca W@ ' LS abined.  The
catal yst was :rﬁjé)r%ﬁ{seg\rﬁgsevﬁse ogrgagﬁgvﬁlg{lgg g(é)de%glil%]léozu@@z%t%?%npbuti o@ns as shown
i n Tabl e(2.8 kg)ty indipidat HeSeap| BhelreSdimpd mixduiBavgs|neix8d Sempighly) lefktbStandcr ons
10% 15% 20% 25% .4%-%111. icrons 80% 77% 76% 72% >111 mcrons 10% 8% 4% 3%
c) Prepa Pb?{ld'&“e VSW%RL B Prior to use silica support prepared as

her ejmbef ore ggsedsitRg cH@BsEéAgSidel @ bwit, patddiugf ocEvithgolanmesivigl particles
of <45 microns to less than 15 % The silica support 1124 kg) was

i npr egnapetdssyim lenailise basedom 16 aMabPdC14. xH20 (contai ning 11.4kg pal | adi um

and AuCl4. xHz cant ai ni n . I in distille t.he, i nci pi ent
wet ness technga‘t(féa%fﬁ%esf &s ualﬁ}l?sgé& rrﬁ‘g I)%f3 %}r aecc\%éngnoxdeu& rﬁﬁ’é@%ﬁ%ﬁ%ﬂbﬁe ‘dried in
a ri bbon The catalyst was then screened to generate specific size distributions as shown in Table

1.

15 TABLE 1
Sample 1 Sample 2 Sample 3 | Sample 4
<45 microns 10% 15% 20% 25%
45-111 microns 80% 77% 76% 72%
>111 microns 10% 8% 4% 3%

c) Preparation of Catalyst B

Prior to use silica support prepared as hereinbefore described was classified to
20  reduce the amount of particles of <45 microns to less than 15 %. The silica support
(1124 kg) was impregnated with a solution of Na,PdCl; xH,O (containing 11.4kg
palladium) and AuCls.xH,O (containing 4.56 g gold) in distilled water by the incipient
wetness technique. The resulting mixture was mixed thoroughly and dried in a ribbon
blender with a mean wall temperature of 120°C. During the drying, a dry air purge was
25  passed through the blender over the agitated material to remove the evolved moisture.
Following drying the material was cooled to less than 35°C. The impregnated salts were
reduced to metallic state by addition of the solid material to a stirred aqueous solution of
hydrazine (2200 litres, 5 % by weight hydrazine). Thereafter, the material was then
pumped to a Nutsche pressure filter and filtered under nitrogen. The filter cake was

30  washed 3 times with about 1000 litres of demineralised water in each wash.
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bl ender wwth a nean wall tenperature of 120C. During the drying, a dry air
purge was 25 passed through the bl ender over the agitated naterial to
renove thwoesohsoed noi sture. Followi ng drying the materi @acTwem2oeased to
| ess than 35C. The inpregnated salts were reduced to netallic state by

addition of t ' hl ' : | ution. hydr azi ne
(2200 litres, ITEB &%t}ygtﬁg‘%@tl Heﬁé%gﬁﬁg%haﬁﬂﬁglrtggﬁfdg@y? ﬁ’élgﬁ?gﬁgsrlﬁél was t hen
punped t ecatatdigilsiad)én prdbsublenddrland theaewdtef Utiédueldr ugickeioniytinegdtingThe filter

cake was 30 .washed 3 tipes with about 1000 litres of dem neralised water
in each é&ﬁ%}ﬂ.lntféh%/@mla@%@é%%&@%saWﬂnw tgeperite of 40 i | ter

cake) waghbbesdatmBlstuie 924 teth ARONAROHS Q%@gg{ %%ﬁQE@Eﬁn&QQ ?ggil)nﬁi na

ri bbon bl ender and thereafter dried under y intro g steam

i nt 0 & hewss stlappgdachent theomoidtercisbrtedesf thomgteviel waminahe walgk 20eop&fabure of 120

C. Th | i st . i fh d i th h th
bi ender . "GN nipebuie BT el gt Ho@uiele? Spereg Shet er ol s
in the rangdettCmp&atide 46 130 °O'Birehbve the@eRAningdhdi¥tufl irﬁ%i%lﬁ gbal was

i

transferred to a fluid bed drier operated at an air et tenperature of
150 C t oflpwinpatalysé mataral-ni ng noi sture and give a free flowing catal yst

material. The | £ . i.se 3 W% pal | adi u .37 % gold
and 2 11 10 WoreubhEERhE R SR Gyt R 2121 2

di st 10 butvit@podssiufie bisetion N€H analysisi al was as follows: Particle size %>110
mcrons 23 15 45-110 microns 68 <45 mcrons 9 <c¢) Fluidisation

Experi ments (ilhe patighesizgdistiibiong the finighedagatpdlsyasyas Sodpes f ect  of
Fluidising Gas Velocity 20 on the Fluid Bed Bulk Density. 90 kg of

catal yst A prepared as herei nbefore described was | oaded into the

al um ni um vessel aRadttitlesizti sed with ni 84 ogen at 8 barg and 150-157C over a
range of gas velocifies. Steady state_experinents were run (Wwth the

cycl ones returni ng><i:l’tr®m1°6?ﬂsal yst whi chzfeaches the top of the vessel to the
cat ajyst bed). Difhenenhdigbndr essure 2ggreadi ngs were taken from which
average bed densities were calculated. The results are shown in Table 2
and plotted in graph fieroms n Fi gures 2%and 3.

c¢) Fluidisation Experiments
(1) Effect of Fines on Fluid Bed Density and Effect of Fluidising Gas Velocity
20  on the Fluid Bed Bulk Density.

90 kg of catalyst A prepared as hereinbefore described was loaded into the
aluminium vessel and fluidised with nitrogen at 8 barg and 150-157°C over a range of
gas velocities. Steady state experiments were run (with the cyclones returning any
catalyst which reaches the top of the vessel to the catalyst bed). Differential pressure

25  readings were taken from which average bed densities were calculated. The results are

shown in Table 2 and plotted in graph form in Figures 2 and 3.

TABLE 2 VARIATION OF BED DENSITY * WITH FINES CONTENT AND

VELOCITY
30
Velocity = 13cm/s  Velocity =17cm/s  Velocity = 21cm/s
10% <45micron”® 459 424 395
15% <45 micron® 409 432 409
20% <45 micron” 375 303 239
25% <45micron® 332 294 245
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TABLE 2 VARI ATI ON OF BED DENSITY a WTH FI NES CONTENT AND VELOCITY 30
Vel ocity = 13cnis Velocity = |17cnmis Velocity = 2lcnis 10% <45m cron b 459
424 395 IWwW@osAtsont cronb 409 432 409 20% <45 m cronb 375 303/Q88/0545%
<45m cronb 332 294 245 13 WD 03/048097 PCT/ GB02/ 05415 a Bed densi ty (in

kg/nB) is Yo S | r 1. On
of the flltéggie?)& Qeoeg?‘%\[l% @&??{}E} fFFFg déf;?[fe e§s ”&g&}té ahE?%ehse et i ned
as <45 nm,cC s Ioadeg1 to the
reactor. *ﬂ‘?&r@ n(‘}élatsy ‘rsomi’%rBPem?e’é CP‘ﬁte?—tl F]@sca?alésﬁoas opded; jpdo the
superfic %f"Foif;as velocity of the fluidising gas and is defined as gas flow
rate ?crrB/s) [ fluid bed cross-section area (cnR) During these
experinents tained 10
i npa t ur bul entfngééf’@ H‘PI}:%%%? ig&;lﬁg%ﬁe?%etdﬂé '9‘1;"5 ﬁ‘%quﬁﬁf&f}%&gg@s&a?r ange of
oper at i nthe fhadiding iganand i definethiscdas dlotwuntecers) £ gt ed caiRs-betivhiardaai ned.
Referrin t§ Figure 2, this shows the bed density as a function of the
amount of*™Pines in the fluid bed at three different superficial

vel oci ti ?ﬁlnnglﬂ’f‘esgéi FrinlRaw, Eht@:@(t -1 g@s sh§H/Q(?cha't fePed 983 b\éﬁlf%élhﬂéldeﬁ .

i ncreased e bed density decr ase at any given supertici al
vel ot@t yin atirbientacmumt Tofis, fthm@s)erlmcnesahew tiead theneisbedngeoSofgeyatoigcr eases.

There is _a sharp reduction bed density at. the higher fines content ( >20
% and hl‘é‘?ﬁ“ﬂﬁém{}%rl‘glyftﬁ?“( Ttrc?ﬁ’é?es‘jan%d??fﬁttafW that the bed is entering

the transport ReR@fifE MAGES, tHid sHMEURE BSI dnkity Aex AMRIbREE Be SRABGH dfN the
vessel. Referring to Figure 3, this shows the bed density as a function of
the supefinpginghe fipid bgd st thegetifferent siperfisial aelotisicsnThadasashovothat antde i n t he
fluid be t.h rficial g |OCIt
i ncr ease%pegﬁgalﬁg 9%}3'3? lts m%é%srgéadslgged %ngl}édecgease %E& 3ﬂy|g“>énbed density

as the fsﬁmﬁ@ﬂ@aﬁnﬂotlf}@me&&%nombfﬁﬁdshﬂdrbaseﬁﬁo ihb@hdgal&ltv/elea@aéey (> 21
cnB/s). ThIS i ndi cat es . that the |l evel of fines should be kept at no

great er HRSH 195SwyR dueticn 1gibgd density at the higher fines content ( >20 %) and high

gas velocity (> 21 cm /s) indicating that the bed is entering the transport regime, where

gas

it occupies all the available space in the vessel.
‘ Referring to Figure 3, this shows the bed density as a function of the superficial
20  gas velocity for the different amount of fines in the fluid bed. The data show that as the
superficial gas velocity is increased, the bed density decreases. There is a reduction in
bed density as the fines content increases, particularly at high gas velocity (> 21 cm’/s).
This indicates that the level of fines should be kept at no greater than 15 % to maintain a
reasonable bed density and prevent transportation at the higher gas velocity.

25 (11) Effect of Ethylene on the Fluid Bed Density

5.1 kg of catalyst B prepared as hereinbefore described was loaded into a 2.1

metre tall vessel with a diameter of 3.5 inches. At the top of the vessel a cone shaped

expansion section was fitted followed by a straight sided freeboard section with a

diameter of 6 inches. The vessel was equipped with a differential pressure transmitter
30 covering the lower 1.38 metres of height. Thus based on the known volume of the lower

section of the vessel and the mass of catalyst in that section from the differential

pressure transmitter reading the density of the fluidised bed could be calculated. Two

experiments were carried out. The first experiment used nitrogen as fluidising gas. The
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reasonabl e bed density and prevent transportation at the higher gas
velocity. 25 (ii) Effect of Ethylene on the Fluid Bed Density 5.1 kg of

cat al yst Bopsemmped as herei nbefore descri bed was | oaded ipatTaGcm2@5415Met re
tall vessel with a dianmeter of 3.5 inches. At the top of the vessel a cone
shaped Wola? j ol . ) LAt rded freeboard
section \?\%B ﬁalgkl gl aﬁgfggg?%(t)ﬁ GGi%IE}%]gGSi. ﬁ@kél%@rgg?n %a@ﬁ‘ggfﬁé&é?% th a

di f f er enex@rinpmessere earttied nshittlSd?C 30 ataveressng rhilee dfohto 4.2 d8rgret res of

hei ght. Th ased on .t he known,vol of . the | ower .sectjion of .the vessel
an:zlgt he mag: gFfeEré’fgatPftégurF ’ aﬁh\éévégg‘??ﬁ? dengiy ‘E%%F?@b?é‘h? ?‘é‘?erﬁ?j?]es\s{ufz
transmi t bey vel&agiBotht RETGan Sivioizak g%_% The ik SRS D2 dighetb & Rfsig@lscul at ed.

Two experinments were carried out. The first experinent used nitrogen as
f 1 ui dt si Aghigued Whehethylenpds 03,04 80DTdiFaT LEROMBELS the bobdansix peievednt used

ethylene with. 10 -.20 vol % ni ty.0gen_as.fl.ui disi.n as. The _experinments
were car ?V;ﬁng HREeR IS u’fgg?,s tgﬁ uc{mgg ﬁ?seigﬁflgtatakﬂd%(ﬂfﬁesﬁhﬁt g 2 par g.

Ref er ri ngupepfidralgids @clbeitibdingy 56 0vME etdaevRRachsHRH 1M A the UAGIALDERsOf t he
superficial as velocity for the different fluidizing gases. The data

shows a Whypeiillde theduibgienyragine Ihistheligwed thatdhe weiepsasivisedn thesritragena
fluidisi CRP i achi eved when nitrogen is used
as the fP%la ?(z\feng'g%{sl& ceaugg(fg}%%%gg&?@ ?t?:l%ﬁ'es t hat hi gher superficial gas
vel od ti es mayuhleeragperiznans whepetdimel etihydsepste ds dfftet Hf hoddieasingorgas

whi | st sti Iﬁg,i_n the turbulent reginme. It is believed that the increased

noi se i nteHBIdis tosGhpractgdstitsapove 19.5 cnisec is due to the bed
transporting. 10 Further experinments were perforned to investigate the
effect of bed density on the fluidisation characteristics. Effect of Bed
densi ty BffeétafiBtidslsndityron fifdiGatical. yst s cont ai ni ng a densifier were prepared
and tested as follows. a) Preparation of Support Exanple 1 (Conparative)
The Hpport waatapisepehnthiiya d@istervert p@parediand tesRdak fdiRva0 (Nal co Chenmi cal
20 Conpany) silica sol 1060 and Degussa ?Degussa Chem cal Conpany)

Aerosil(r) silica. In the dried support, 80%of the silica cane fromthe
sol and 20%eppratinn okbupnert cane fromthe Aerosil. The spray-dried

m cr osph r | ci.ned in air at 640C for 4 hours. This method of
support Exaimple @oliipatalif cribed in EP-A-0672453. 25 Exanple 2
The support was prepared by spray-drying a mixture of Nalco (Nalco Chemical
20  Company) silica sol 1060 and Degussa (Degussa Chemical Company) Aerosil® silica.
In the dried support, 80% of the silica came from the sol and 20% of the silica came

from the Aerosil. The spray-dried microspheres were calcined in air at 640°C for 4

hours. This method of support preparation is described in EP-A-0672453.

25 Example 2
The support was prepared as in Example 1 except that 90% of the silica came

from the sol and 10% came from the Aerosil.

Example 3

30 The support was prepared as in Example 2 except that the Aerosil was replaced
by tin oxide.

The particle size distributions of the supports are as follows:
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The support was prepared as in Exanple 1 except that 90% of the silica cane
fromthe sol and 10% cane fromthe Aerosil. Exanple 3 30 The support was

pr epar ed WO mBn4da9BNPl € 2 except that the Aerosil was repl CeEaBRY5L15N

oxi de. The particle size distributions of the supports are as follows: 15

VO 03/ 04809t RS GB02/ 0645, @@qti cle 8jge, Y Esanpl e le 2 %
Exanmple 3 >135(_) M crons O, m 88- 350_%‘&1‘%25 27.4%%?‘@@%55 40- 88

m crons 335@midoms 31.5 68.8<40 microns 3830 53.1 56.0 B) Preparation of
Cat al yst . .of mcro eroi dal supp was i npregn d with a solution
of mzpé%%ﬁ%@&“i 1.8434,’0228. 9% Pd) - uC14.xH20(g.£'§4, 49.0% Au) in

di still edoB8 metons (20.8zgB) by incipieng wetness. Thgjkesulting m xture
was m xed thoroughly, left to stand for 1 hour and then dried overnight.

The i%mpr edPatieansrat eri ab8fas al | owed t 83.d00l to room fefiperature, and then
was added to a solution of hydrazine (3.0g of a 55% aqueous sol uti on of
N2H4) in 80.0cnB distilled water, and the m xture allowed to stand

over ni ght) Wrégariogas Candyst 15 stirring. Thereafter the mxture was filtered
and washed with 4x250cn8 distilled water. The solid was then dried

over ni ght. Thé0-RaPErgpsnRsEidalsirRpaY sdmpregnated witheslatianefut i on of

pot assi u 4 {6k BbE t . uld 4 1. . s m xed
t hor oughﬁ?gﬁq%'@%(gylé%%gk'?ﬁ ?q) %@u}?&é@ﬁéﬁg@i(g'ga’o%/éé?@ﬁ)%ﬁlétd%}ﬁ e catal yst
of EX&nphatet (205@kna) b imipibwtavktngs.oThd re$ O Pehix Biredds MikednhoroBgBddedot assi um
acet ate.tTQe tgilgst %f Ex(i?n% e 2 . had a netal |oading of 1.65% Pd, 0.53%
Au and 4: %‘g@f i andahen OVPHUS¥at al yst of Exanple 3 had a netal
l'oadi ng of 17163¥hkdgndbdhiteAt Wchwa 18 Ekﬂﬁ%gﬁdoﬂ{%ﬂga%e t%aﬁﬁfé;n ang-tﬁgl% Sri. 25

|

c) Production of Vinyl Acetate The catalysts were t ench scal e
fluid beWap addedde awplunomofbydrazing (30 ofl 3% eqpaus solutadn e B) ifFor each

expert ne%Og’nolc Hi%tﬂ?érd v%e?t%r? laXc? { -eprlnl)J( u-rgI Iaflcl)J\%]dt to'Scand overni ght with occasional
15  stirring. Thereafter the mixture was filtered and washed with 4x250cm’ distilled water.

The solid was then dried overnight.

The material was impregnated with an aqueous solution of potassium (1.64g) by
incipient wetness. The resulting mixture was mixed thoroughly, left to stand for 1 hour
and dried overnight.

20 The catalyst of Example 1 had a metal loading of 1.49% Pd, 0.44% Au and
3.64% potassium acetate. The catalyst of Example 2 had a metal loading of 1.65% Pd,
0.53% Au and 4.54% potassium acetate. The catalyst of Example 3 had a metal loading
0f1.63% Pd, 0.54% Au and 4.49% potassium acetate, 0.47% Sn.

25 c¢) Production of Vinyl Acetate

The catalysts were tested in a bench scale fluid bed reactor with a maximum
catalyst capacity of 40cm®. For each experiment 30cm® of catalyst-plus-diluent was
loaded into the reactor. Typically 2g of catalyst was used. The inert diluent consisted
of silica loaded with gold and potassium acetate. The reactor was equipped with two

30  feed inlets. Ethylene, acetic acid, and oxygen all entered the reactor through a lower
inlet and nitrogen only was fed through the second inlet which was located 2.5 inches

above the first.
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| oaded into the reactor. Typically 2g of catal yst was used. The inert

di luent consisted of silica |oaded with gold and potassium acetate. The
react or e oaqusopped with two 30 feed inlets. Ethylene, aeeriGBoaosds and
oxygen all entered the reactor through a lower inlet and nitrogen only was
fed through t ' ' t the first.
16 WO 03/ 04803‘?6E%%@%Eb%%”&?i”f‘é’@b@%ﬁ??é??% a%?é'?s‘ﬁ‘re E&\%gg’%é‘én Pred ar 8
bar g and the readtomesre heaidianed 4rol mauitfingint i 5e-16@'drihardero prdveat traced and

mai nt ai ned at 150- 160C.in order vent condensation of |jiquid feeds or
o otuct s SondfastiBnet SRR or RStk ion 3 Ao R A BRGS0t

150- 160CtermpelitredFy80U8oicact or ef fluent was anal ysed on-line using a

Hewl ett Packard Model 5890 gas chromat ograph equi pped with both TCD and

FI D det ect or s Theggsgeus reacipr efdlgent wastanglysercomahink esimpoHedilakPabbander e

a0/ 100 ML RP IS4, SRt il e o g oA Bt

quant i f i aropeh, mﬁm]emcamoﬂnhom@wéﬁeeepdme@@ﬁhllgx agd1€lsiéPe ad1GmAt her organic
by-products were separated on a J&W DB 1701 negabore capill ar coI um and

quant i fi aralipkwith HM Klarhowax 20Mes 8aHA0Fdeemososd ¥V AWsanshd e §P

spreadsh ctivity of
Support 3? hn%@f’@ﬁigrbfﬁ%ﬁ‘qﬁga %%?lk%%eﬁ%?dg&%%&%% @‘ya%%anp e 1l run 2
0. 661@27@n®3thér o@mﬂby@r&hﬁtsaﬁeré%}ﬁ:aﬁ&i&laﬁ&m7el megatlor® cYslldz 70 89. 4
Example 3 run 2 e500 9@3% 15 _The data_show that catalysts wth higher
densi ti eSOER %‘QQH%}H ity i Aatg waganagised Yiard Gyistosy Xcehr epar at i on,
and suchggalfhygts have simlar intrinsic activity to catalysts made

wi thout a densifier. Thus, in view of the fluidisation experinents, it can
be concl uded t hat |ncrea5|ng t he den5|ty of the fluid bed solid partlcles

j/glrogi(?l ¥ v TRer i%q’i"éirty 20 G2 Ity | ﬁ st ﬁwlal g?ZI ni ng
the fluid bed in a tur(gtglugp(tm ghati- transgwf(g@%egl me. 17
Example lrunl  0.66 1420 91.8
Example lrun2  0.66 1270 93.1
Example 2 0.80 1280 90.6
Example3runl 0.94 1270 89.4
Example3run2 0.94 1200 92.8
15 The data show that catalysts with higher densities can be made by adding inert

oxides during support preparation, and such catalysts have similar intrinsic activity to
catalysts made without a densifier. Thus, in view of the fluidisation experiments, it can
be concluded that increasing the density of the fluid bed solid particles, for example by
using a densifier, may enable higher superficial gas velocities to be used and/or higher

20  levels of fines whilst maintaining the fluid bed in a turbulent, non-transporting regime.
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WO 03/ 048097 PCT/ GB02/05415 5 Cains : 1. A process for reacting in a
fluid bed reactor, at |east one oxidisable reactant with nolecul ar oxygen
in the preoenoddof a catal ytically active fluidised bed offCIalBod/opasti cl es
i n which process a nol ecul ar oxygen-contai ning gas having an oxygen
concentration 10 greater than that of air is introduced into said fluidised
bed whilst said fluidised bed is nmaintained in a turbulent regine. 2. A
process according to claim1l wherein the turbulent reginme has the ratio of
transition -velocity (Uk) : termnal velocity (Us) in the range 0.1 : 1 to
25 : 1. 3. A process according to claim1 or claim2 wherein the solid
particles have a particle 15 dianmeter in the range 20 to 300 mcrons. 4. A
process according to claim3 wherein the particle dianeter size

di st r% buQlaimsi:s at |east 20 microns. 5. A process according to claim1 or
claim2 wherein the fluidised bed conprises solid particles having sizes
according to one or nore of the follow ng i ndependent criteria : 20 (i) at

| east 651% afprb&igs Rﬁrrédcﬁhgi;n RaviRl RArtitdreatdeANBAES S dishblk Péactaan@fn 20- 120
mcrons; (ii) less than 15 % of the particles have a particle dianeter |ess

t han 45 modgclas oxyged iy the preseneeef 3 eradlyticadky grtivehBuigised ped ebsotidpertiglgsar ti cl e
di aneter . [ n ] ) . QGess accqording to any one of the
pr ecedi nblp\%ﬁfgbﬁﬁoc\%\%%%%%ggﬁ}eg%&cgégécﬁ trag@fg%%%gymgxa%%ﬁg?nn nﬁ%ntﬁatt)l 8cul ar
OoXygEl- C gt tHaf Ghal @$ airr $s infrotliedriatngeidFhidisedlitd% kst 28d Yildigsd.bed is A pr ocess
according to any one of the preceding clainms wherein the at | east one

oxi di sabM@iHaaed B turbilent 7688 @Gced i nto the flui di sed bed as a gas and/ or

liquid thro . - 0l 2. : i . claim?7
wherein the: BcrSas AHERE I hfre b6 S oei B AL IS 8 L D (e
fl ui di setraimtibrasleriydbandmmabyadonydbgnt tlafrahgec0 4 |: ditd2§i:Ag gas. 9. A

process accprding to ¢laim7.or clai.m@8 ereln the oxidisable reactant is
D by ones- 78 PEFO S UBTS o ST TOR A hores A e BREAHES o any
one pf t hRMRESSEHlcRonde B BB ohsitRng the fluidised bed has a particle
density of at least 0.6 g/cnB 11. A process according to any one of the

pr ecedi n§- oA arassssvieerrding to lekaim| duwviireiadhepatticle diameter size distribution is at

least 20 microns.
5. A process according to claim 1 or claim 2 wherein the fluidised bed comprises solid
particles having sizes according to one or more of the following independent criteria :

20 (i) at least 65 % of the particles have particle diameters in the range 20-120 microns; (ii)
less than 15 % of the particles have a particle diameter less than 45 microns; and (ii1)
less than 5 % of the particles have a particle diameter greater than 105 microns.
6. A process according to any one of the preceding claims wherein the concentration
of oxygen in the molecular oxygen-containing gas is in the range 50 to 100% by

25  volume.
7. A process according to any one of the preceding claims wherein the at least one
oxidisable reactant is introduced into the fluidised bed as a gas and/or liquid through
one or more inlets.
8. A process according to claim 7 wherein the at least one oxidisable reactant is

30 introduced into the fluidised bed as a gas and is a component of the fluidising gas.
9. A process according to claim 7 or claim 8 wherein the oxidisable reactant is

ethylene.
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has a settled bed density of at least 0.4 g/cnB8 5 12. A process according
to any one of the preceding clains wherein the fluidised bed is

cat al yti cablogossob? ve for any one of oxidation, anmoxi dati ®CTAR2/05415
carboxyl ation processes. 13. A process according to claim12 wherein the

fl ui di segpb ' 41 | : -n%n;gm | L Of: rocar bons
by react ?%neﬁvxf f{oﬁes‘é%f:@g%fm%ﬁ@%%aﬁ&éﬁ%p%%%ﬂé gl.gl 0 1%49.8912}1%?@%2%3 IT)\égcordi ng
to cl ai mhaoa phacleidensityeffit lehddiOseg/céd is catal ytically active for the

oxi dation, of ,hydrocarbaons by reactign with nol ecul ar oxygen .15. rocess
accor di nglt oAPIAeRs AF4OTHHE QiaRY ORE Oﬁa'@rpé‘?ﬁi B‘Sr‘?ha\‘%‘S@?ﬁ%’éYl’ﬁr@“ Hgd @"Fﬁane is
react ed whd Dseifpldaselld@hsiQ e ka0 PERAMICE ethyl ene and/or acetic acid. 16. A
process according to claim14 wherein the hydrocarbon is ethylene and the

15 ethyl éhe Agprowacaceordig to amyloae of the posogdmg claamp mhdrete thectbtidisedilpddd. 17, A
process accg):p?i nﬁ té.clr{aimm red'p t he hydrqcarbgn i.s a Fixture of
ethane AndYHOITRAGVAAQ PR S rdauPy, ammetdaian; 47 Atiosdliia? oxygen to
produce peRbises.acid and optionally ethylene. 18. A process according to

claim 12 wherein the fluidised bed is catalytically active for 20 the

car boxy| d8i dhprresslareniding o clgimaddoderms dreufudies easkia eatabyicalbarativedorof a

car boxyl i ] i L . rQ .accordi ng
to cl ai m't }%Sa n&ﬁ%ﬁngtﬁﬂtogé%ﬁo aérﬁggsl lé?l&% ﬁty(}ng\&leﬂ?ﬁé%gn%:aér%%&@l al%((:i a%%ﬁ%llgi s acetic
aci di@nd 14heA prsedsucairditiges tiaimilg whersih tircilidis®l bedds cAtaptiogipssctiae€¢ar di ng to
any one of claims 1 to 12 and clains 14 to 17 wherein the 25 at |east one
oxi di sabfh exédation pf hydocabnsihydeastion vath malssylanpie/egh et hane and et hyl ene,

the ol §6Ualo Q%Y A&Brds A oA LD %&ﬁhftﬁ@ﬁ%ﬂ%&rﬂ&gistelﬁ%ngtanhﬁ?eséthé?l@e of

et hane and ethylene are reacted wt e oxygen to produce acetic acid and
t he t ot alks reactehwithy amldcubwok ygemitgiprodube ethlylenel psdar dvetic bsidup to 50 cmis 21. A
process cqrding to any one .of. cl ai ns 0,12 and. clains 1 0 19 wherein
Phe' 30 ok oare et mdaint L ufyiehe hitracaen et adgh® M
ol ersll AEthQKKE W YeS&RE RItA nBe @B ok§gend¥ paihcaBettichgiget hyl ene and acetic acid
are reacted with the oxygen to g{{aoduce vinyl acetate and the total |inear

gas fl owl?hAqugtess asofding Wi daith bbwhersinthe hpdrgcarben is.2 mixtuw® of gheus 097
PCT1 028088y GRS Lt BRI Al oY RERRREE, 1 L5
reactor wid bfteonaNgsdiiese.of a catal ytically
18. A process according to claim 12 wherein the fluidised bed is catalytically active for
20  the carboxylation of alkenes to produce unsaturated esters by reaction of a carboxylic
acid, an olefin and molecular oxygén.
19. A process according to claim 18 wherein the alkene is ethylene, the carboxylic acid
is acetic acid and the unsaturated ester is vinyl acetate.
20. A process according to any one of claims 1 to 12 and claims 14 to 17 wherein the
25  at least one oxidisable reactant is selected from at least one of ethane and ethylene, the
molecular-oxygen containing gas is oxygen and the at least one of ethane and ethylene
are reacted with the oxygen to produce acetic acid and the total linear gas flow through
the fluidised bed is up to 50 cm/s
21. A process according to any one of claims 1 to 12 and claims 18 to 19 wherein the
30  oxidisable reactants are ethylene and acetic acid, the molecular-oxygen containing gas is
oxygen and the ethylene and acetic acid are reacted with the oxygen to produce vinyl

acetate and the total linear gas flow through the fluidised bed is up to 30 cmy/s.
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active fluidised bed of solid particles having a particle dianeter in the
range 20 to 300 mcrons and having a particle dianmeter size distribution
of at | eawD 02@48wvTrons, and in 5 which process a nol ecul &CT/GB02/05415

oxygen-contai ning gas having an oxygen concentration greater than that of

air is i Qﬁ r OQ "ﬂ)?oc%ss Ol}J ﬁ;gh{}@%cé?dh&? @1%91 ?c%ga’te g}mﬁme drggctlo %'f lg, hzr?eh egﬁéj ac

mai nt ai ned usi ng avi ng eZ‘Cpartl cle
density @éld&hth rh@laﬁilaxfbx@'ggi hmsﬂaiﬂmear&etotrhxedxet;ﬁekedmﬂatgataljzmaﬂlyl east 0.4
g/ cnB and by operating at (iaa%{gressure inthe fluid bed reactor of at |east

4 bara wh¢ weélw%ﬁe&ibeﬁméah cles meweirgﬁlet%nqter i the EngedOiRe0®f from 2
to 30 ¢ aﬁo’:‘m i:n the total
| i near gg]zc owt g c‘}eﬁ ul |%lszg O%fgt Fe'a to %&i@ﬁ@ |anl usi ve.
24. A pr m’cmhsprmsm mot@ulaooEY@nmoﬁﬂumng gdzsahaw@&amm%em porideetrst@ini d particl es
have a parti Iedni.t .i he .ran 1. to 1.5 g/lcnB .15 A process
accor di ngﬁf‘@rﬁ'ﬁ? lzrfﬁ@? egzntpgheztiuléﬁgf@% af’ﬁ%éhegfgl &’de%g‘?dtlﬁcl es

conpr i senﬁnﬁlﬁmn\él thibulleh %glmeb%&@gmﬁd ;%881@& ﬁﬁw\% i RRInGRAS at
co-promoter. 26. A process "according to claim 5 e| n the oup VI1I

metal i slepstld. Ggicmhanha setHed b@hﬁﬂ@lsyz of griensb0érg/im’ arel acereatingatre gol d,

ol ecul apresy SRR AT el e ot R i Rt Bnes? s S aFBren e I

aci d10(bhuﬁiﬁdaulbemtﬁ@npwdwemascaﬁ@luﬁv@m d or (c) mxtures of ethane and

et hyl ene _to produce acetic acid Etlonally with ethylene, in a fluid bed
k: ¢

reactor P& OHEOCesy acserfieg torclaimedd Sreindhe tojaldinepngas oW drengh thed of sol i d
particleg, ﬂl?s\éh'ﬂ?d?scfpcﬁﬁtz'tfilzgcngéﬁlgﬁglﬁr% in the range 20 to 300 m crons and
Icle [

havi ng a part aneter size ribution of at |east 20 m crons, and
i n whi ch24r okeseess avobreling tarclamy2Peor-otaimt23i whetginghs sdiapantcl@Shas aoxygen
concentrati.on great.er than hat of aiy is introduced into the fluidised
bed, andpal?‘ﬁ]@dgll%ﬁydpékéedraﬁé‘a léollrg%.”&l ned in a turbulent reginme by using

sol i {5 papsi & dﬁ§ce’§@é[dc8ﬂhﬁ% to%;tdnﬁlo?cﬁﬁﬁksif% 2f wilrein&is bolfk &argélssrm and a

settled bed density of 4 g/cnB y operating at a pressure
i n the ftonphidsedcrospMIbrmetal, atcatlalalatsmromotm{raadmbptlmaﬂ od:—atommtmear gas flow

t hr ough e, fluidised . be r,am.2 to 35 cm ncl usi .30 2 A process
hecor o ngor PR ARFedp Eloim R &Vt et kratR pAiFR B Bienos 1y
of 1.25 tRalgstPreh6ieBisd8lecd HoRe 8SId, @Hpa déiin hAd ﬁhﬂhf&%ﬂer@df claim28
wherein the solid particles are of a conposition conprising in conbination

wi t h oxydén A heocedsdprthe seaction WompBtalagogzer@ithaap ethas:tvFroduce ethylene

20  and/or acetic acid, (b) ethylene to produce acetic acid or (c) mixtures of ethane and
ethylene to produce acetic acid, optionally with ethylene, in a fluid bed reactor in the
presence of a catalytically active fluidised bed of solid particles having a particle
diameter in the range 20 to 300 microns and having a particle diameter size distribution
of at least 20 microns, and in which process a molecular oxygen-containing gas having

25  an oxygen concentration greater than that of air is introduced into the fluidised bed, and
the fluidised bed is maintained in a turbulent regime by using solid particles having a
particle density of at least 0.6 g/cm’ and a settled bed density of at least 0.4 g/cm’ and
by operating at a pressure in the fluid bed reactor of at least 4 bara with a total linear gas
flow through the fluidised bed of from 2 to 35 cm/s, inclusive.

30 28. A process according to claim 27 wherein the solid particles have a particle density
of 1.25 to 3.5 g/em®
29. A process according to claim 27 or claim 28 wherein the solid particles are of a

composition comprising in combination with oxygen the elements:-
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Mba. Wh. Agc.Ird. Xe. Yf wherein X is the elenents Nb and V; Y is one or nore
el ements selected fromthe group consisting of : C, M, Ta, Ti, B, A, G,
In, Pt, ZwpoGa4s0B7, Ce, Co, Rh, Cu, Au, Fe, Ru, Os, K, 5PRl/GER/s54Ng, Ca,
Sr, Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Ti, U Re and Pd; a, b, ¢, d, e and
f repres h tomratios of the elenents such that O<a< 1, 0< b<l
and g+b:waébb'g€9ﬁdiﬁ% f<_ 0.1; O<e_<<2; and 10 O<_ f_<2. 30. A process
accor di nght@ircKas tie 2FnomtciNbiand X3 wherein the solid particles are of a

conposition conprising in c i pation with oxygen the el enents: nol ybdenum
vanadi umW‘ﬁiOB%P @rfﬂ?‘ﬁﬂ}tﬁsqqgf?‘?@("ﬁﬁg%ﬂ@@p8?”%&“@&5?um according to the
enpirical forpia Ta Yo AUGHINDRYZn 180! 0o, R, T NS, L, 0PI gl ements

sel ected fromthe gfoup consisting of: Cr. M, Ta, 1i, B A’, G In, Pt,
Zn, Cuo, Bb, CeaVig,Qn, SRBa, Zr, HLINI, APD, Bb, SiRbn, TdsU, Rg ambPdCs, My, Ca, Sr, Ba,
Zr, H, N, P, Pb,Sb, S,.Sri, Ti, U.Re..Te, and La;: a, b, ¢, d, e and f
repr esenf® ht}’r‘fed’ger%’%fi?gﬁ?epgme(%a%#%ém&s8%?&“’%@%‘:“%5‘?“: O<a<_ 1; 05b<1
anda+b=1; 200L0/91< ¢£p Ot Oid Ps%h<=%; O<e_l;and O<_f < 2. 31. A process
according to any one of clainms 22 to 26 or clains 27 to 30 wherein the 25
fluidised be<gt+ah)I<i@1particles has a particle diameter size distribution
of at least 50 mcrons. 32. A process according to any one of clains 22 to
26 or clains02%$& @ wherein the fluidised bed conpri ses catal yst

partqu es vvh'?r{hrg@ve a particle size distribution in which (i) at |east 65
% of the particles have particle dianeters in the range 20-120 30 m crons,

(i) | essot haprddesdacebrdintetoRdiii T @S 1aVAS whdaintth€stiddiai@bLire 8F al €SS than
45 mcrons and (iii) less than 5 % of the particles have a particle

di anet er CORPRfItERN @MPIHE In tombiatipy Hith oxygen the elements:-
molybdenum, vanadium, niobium and gold in the absence of palladium according to the

empirical formula : Mo, WpAu.V¢Nb:Y¢
15 wherein Y is one or more elements selected from the group consisting of : Cr, Mn, Ta,
Ti, B, Al, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Fe, Ru, Os, K, Rb, Cs, Mg, Ca,
Sr, Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl, U, Re, Te, and La;
a, b, c, d, e and frepresent the gram atom ratios of the elements such that :
0<a<1;0<b<1 and‘a+b= 1;
20 10° < ¢ <0.02;
0<d<2;
0<e<1;and
0<f <2
31. A process according to any one of claims 22 to 26 or claims 27 to 30 wherein the
25  fluidised bed of solid particles has a particle diameter size distribution of at least 50
microns.
32. A process according to any one of claims 22 to 26 or claims 27 to 31 wherein the
fluidised bed comprises catalyst particles which have a particle size distribution in
which (1) at least 65 % of the particles have particle diameters in the range 20-120
30  microns, (ii) less than 15 % of the particles have a particle diameter of less than 45
microns and (iii) less than 5 % of the particles have a particle diameter of greater than

105 microns.
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WO 03/ 048097 PCT/ GB02/ 05415 33. A process according to any one of the
preceding clainms wherein the solid particles conprise a support. 34. A
process awoas@isug7to claim 33 wherein the support is sel e@cacEnomisi|ica,
alumna, silica/alumna, titania, silica/titania, zirconia and m xtures

t her eof 5435 : ' i Al
ereof 33 Agf%cpgsodgé‘(ﬁalr%q{%‘aﬁﬂbﬂ@oftﬂe gf&‘,c(gﬂ cBfmd ﬁex@fnetﬁgggllﬂ‘t??ag'ldagé;s the use

wherein the particle density of the soli articles 1's no
of a densompese dsuppord. t he preparation of the particles. 36. A process

according,to, cl aim35 whereip.t ensifier is used during preparation of
t he suppgflt .ARﬁ’c%sf.“%’r\ém%ctg§g’“5g26%?ﬁ%ﬁ ﬂ_leosuBP‘H'f }ﬁsi?%CWHEfWé‘g ﬁ‘ﬁ)‘%e densifier
i's an i nafimifXisdRe/alud@ina Aithi 9 CRIFH/1AGHR AHchtia bRd HlidduPs3ifertbyer i n the inert
oxide is tin oxide. 39. A process according to claim 35 wherein the

par t i @l e 3dersprogessqicensdingite anpyne efithe precedingplavhs wherecimabe pamiclenet al of t he
solid particles..b | east .on t.al havin hi.gher. atom c wej.ght. 15
40. A prg%%sgtg °§&hc%sé’ giﬁ Rﬁgltczesé %1:%%%@6%%%%%3#??%’8“%59@5@& %Breg?fﬁé‘?‘?tuti ng

met al i sofeReaitikdds| y equivalent to the at |east one substituted netal. 41.
A process according to claim39 wherein the solid particles conprise at

| east onéOof PrRgsss Qeeqpdingly claiy33 whershy the densifisis pseg dyfing pecppatipn of es | s
nodi fi ed{ﬁysu%g}gtituti ng at |east one of Mo, V, Nb by at |east one of Sri,
Te, La, Ta, e, Pb, Bi, Ce, Pr, Gd and 20 Yb. 42. A process according
to ah ode@ of polceismecdrding t34lanhS6evherdih ¢heptentifiel 8 ademst énidef the solid

particleg_is nodified Qy the use_of a fluidising gas. 43. A process
accor di nggtdA‘BT(’&Fsrﬁa&%or rt%iclﬁmPﬁg vhetginy hei ipgrt @é‘ge&)tﬁb%‘é‘és ethyl ene. 44. A

process _@99%gio@gss_taec&hﬁilgr{béﬁimgr»@defeiﬁh{% ANGEALAY i ORo@ineqbYY! €ne in the
25 fluidising gas is at [feast 30 nol % by vol une. 457 A process according to

cl ai m 44 svlistitusion of hidleast noe metad of the sofid partiles by ai Isasdont emstl ha@0g ol % t o 85
mol % 22 higher atomic weight. |
15 40. A process according to claim 39 wherein the at least one substituting metal is
chemically equivalent to the at least one substituted metal.
41. A process according to claim 39 wherein the solid particles comprise at least one of
Mo, V and Nb, and the particle density of the particles is modified by substituting at
least one of Mo, V, Nb by at least one of Sn, Te, La, Ta, W, Re, Pb, Bi, Ce, Pr, Gd and
20  Yb.
42. A process according to any one of claims 1 to 34 wherein the particle density of the
solid particles is modified by the use of a fluidising gas.
43. A process according to claim 42 wherein the fluidising gas comprises ethylene.
44. A process according to claim 43 wherein the concentration of ethylene in the
25  fluidising gas is at least 30 mol% by volume.
45. A process according to claim 44 wherein the concentration of ethylene is at least

30 mol% to 85 mol%.
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