FLUI DI SED BED REACTOR The present invention relates to a or
reacting at |east one oxidisable reactant with nol ecul ar oxygen and in
particul ar wWo 04027 on in a fluid bed reactor. Reacti ons PST/GRIPRSAN ar
oxygen with oxidisable reactants in the presence of fluidised beds of
catal yst are known. For exanple, the acetoxylation of ethylene to 5 produce
vinyl acetate by reaction of acetic acid, ethylene and an oxygen-contai ni ng
gas in a fluid bed reactor is known from EP-A- 06724 449 and
EP- A- 0847982. The reaction of oxygen wth ethane toﬂﬂﬂ‘ﬂ@wmm ic acid in
a fluid bed reactor is known from EP-A-0546677. EP-A- 49 di scl oses a

process for manufacturing vinyl acetate in a fluid bed 1% %eact or

conprising feeding ethylene and acetic acid into themmmMMHMMﬂwmeactor
through one or nore inlets, feeding an oxygen-conta o the
fluid bed reactor through at |east one further inlet, c@ogkning the
oxygen-cont ai ni ng gas, ethylene and acetic acid in the fluid bed reactor
while in contact with a fluid bed catalyst material to enable the

et hyl ene, 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 @XIPATION RSINFLUINISED BE) ACEARAN admi xture with
inert gas such as nitrogen or carbon dioxide. Since the oxygen and
hydrocarbons are not mixed until they are both inside the reactor,

catal yst is preseijresshigivehtigyrehiesto apdcesefor téactingt rastors oxidisehdl at el v,

causing the oxyge rtial pressure to.drop. .Th ge of feeding
an oxygen 2@3@%%‘%@@“‘@%‘@8’ ?‘ﬁ nP@é%“t‘%rm f%?‘ﬁag‘??aé‘mbggg%%ﬁe further
inlet in additi Qattont BEmSlkéydrongeenaid oarishble raxctants irethe pesanse ofs t hat i t

W thout o nAgHsKRrehetseiavghars Kokt oG ab s oiriarg ion of sk EIRS GUE “ing
03/0480% Pg%@%{ypﬁ&é tp4bARtibISE 6tk RSB 1Emint Sn BRYgenRPItaining gise f or

reactions uSing ecul ar “oxygen- contai ni ng_gas us f the possibility

of a plune ora ﬂa&@bﬁdergacmr1&5@_&@@@&%?#%%&*9@3%3? 'é'gan be unsafe.

There remai 6§47@8£91§1@ réa‘aﬁmﬁ&o&%&%&%ﬁabwcﬂx&&% RIe86 866 in afiuibbeth 1ol ecul ar
reacted wth at | i

5 oxygen is éast _one oxi di sabl e reactant.
reactor is known from EP-A-0546677.

EP-A-0685449 discloses a process for manufacturing vinyl acetate in a fluid bed
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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.



.1t has now been found that if a nol ecul ar oxygen-contai ning gas having an
oxygen concentration greater than that of air is to be e JUNtW0G | uidised
bed conprising catalyst particles in a reactor, the fluidised bed should
be mai nt ai N¥AY%/P8897t urbul ent regi ne. 10 Thus, accordi ngPEYCEMOSESpect of
the present invention there is provided a process for reacting in a fluid
bed reactor, atBhisEbawetaxibnliss@bippropaiate fairtactibhisusinglnedachar oxygsyrgen in the
presence of a.catalytically active. fluidised b of . soli articles in

B oh " pr obutanas s hektins o bR BtaR T AR HRRIeR S P aRen RN Bl
concent r at bed) wlifcBahiebe ik, that of air is introduced into said fluidised
bed whilst said fluidised bed is maintained in 15 a turbulent regine.

Fl ui di sed beds C&FEeminsg negsl fopapyprover Suidhggd prasess fvhickaoleruldtar i ous

regi MeSs-  b@fgef 1HEReR wiBiSat MWk BAdRAISread@a! | Ui di sation (transporting)
beds, bubbling beds and turbulent beds etc. A turbulent regine for a

f1ui di sed bed oft hagiovybegh fqund thagifiagnoleculap pxyzer-goning gas3gvigiee h | ar ge

di screte bu@;gteﬁéo&enwa%ﬁgrea{eﬁmg?mﬁfﬁla{rxs Riet inRhidisdbed cdntprizipgst antial Iy
uniform Cdusters and strands of particles nove about violently within the

bed maki ngcatelyst partigie s ateadqtere the Jmdised bedrhonld he puinipiesd iz o Arbuerdus and

di sconti nu%ﬁmphases inthe bed. In a turbulent fluidised bed, the upper
surface is considerably nore diffuse than in a bubbling bed because of

gr eat e Of r eebodihus, acdording tp.ong Bspecttofithi prasent inventionghéra is paovided@arocpssl oci ty of

the fluidisgj S. (4. \Y [ Yl ' - an t he
transiti on%‘l\’/rgi(:‘]a(‘):glfil lf/] aﬁﬁ?@é\%ﬂr?%cﬁori ag!le%%iﬁégépggﬂ%ﬂg%g%t@%@%vﬁ%g there is a
t ransi ti on okygemirbthb ptesenge vha ¢ataiyiighlsnactivefuidised badrof faidgiattigles imewhigh | 0 of
transition_vel ocit K) . term.nal velocit Ul) i.s_i.n.th [ e 0.1: 1
to 26 ¢ 1. PpRands i bepeh Sty slchaPRs ¥ sl R At EE AL Dl U
: Ut 30 nubat biait is intoduded iige sOd fluidisdd bed vahlst saild flyMisddéed isimyaintainédia r ange 0. 3
- 1to ?’:‘3 :tl Fotr small solid particles (for exanple, in the range 30 to
150 ni dPond "WPUREEEES the turbulent regime has a transition velocity Uk

whi ch is nuch ghdéitedbetifieomdrisingselidpartivles\nedydeiopyratfeliin various regithefN- 2006 WO
or essur o 1 ARCKERE IR GPOEAE Pee e uahon prageror el Gty e SRS aP G o or
exanpl e fr@ﬁfb(ﬂeﬁt_bbdstst)c.l .1 or from3.5 : lto 0.5: 1. WK : U is greater
P oL e Park Lol e L o e PR e T3 thadh o U e
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 maybeintherange0.1:1 to25: 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)



5 advantage is that |arge bubbles of nol ecul ar oxygen-containi nzg gas are
not formed or present in the bed. Therefore, the potentia§ JU8rddas bubbl es
forming in the bed having a nolecul ar oxygen concentration in an expl osive
region i s rneodug®esnhi ch has i ncreased safety inplicati oR€T/GBIMS415at t he
oxygen injection point, there is reduced tendency for discrete jet or

pl ume for %e%eﬁgggﬁﬁeesmgfofwﬁn%%ﬁt ehs Pleddulidn tlﬁe%u‘ichﬁedﬁﬂn%%ﬁéeﬂl % or 10

adver se consequences In the event of an ignition’is reduce i m nat ed.
Fur t her normtio Uk h@tdccmaswgquexamvbrﬁbm?ent tof 1 Ui of fisau3.6ah tpP-Hddice a nore

honbogeneous teg?eg grﬁfr()f&%%{xdgie&a%%rtﬁar}firﬂ? ?J}ffﬁé transfer and | ow

t endency for roces € present invention is
sui tabl e for t’t‘ﬂceusabbmmyﬁuaﬁnk ﬂuid(bf:dpdokﬂasegoodmmsmmﬂfwceﬂmsateurat ed esters by
reacti car.box i.n _and nol.ec en in the

pr esengg ?dvﬁtﬁaggf”f @‘8%?‘58 bﬁ%ﬁﬁ’t{ o) ec'élﬁr %ﬁ?‘b‘é"“&%‘f’% %ﬁsstare %Ojé (%9 or exanpl e
t he react i présedfin @fdietl C Th@Efdre, mtslpydemwfc&rgdsmbysgefbmmgpnmehwmyd acet at e.

The process of the present invention is also.suita the reaction in
the preseReEcHr °é%€1‘?’é‘i§??’@’8nml°8’fveé‘?ﬁl%f Feguce Bé‘fﬁi’é“l}'&?ﬁ INCEASHol ecul ar

oxygen W t&hfét@ ImpligitibaneALse, 40 tHe b ggen 6ijBotiof PEing fishreis réducdd tendefdydfor (b) with
ethylene to uce acetic acid 20 and (c) m xtures_ of tg‘;t{}g e and et hyl ene

to pr oducedlé‘i!@tﬂeé"fdﬂ?‘ﬂe f%‘ﬁ?‘i‘%‘r"&?*’r“ﬁe i th SRERER IS, SO thgy RO Es of the

presenygi nygefsh sm,seq%e&ug tnataé 8vehiQdf ah Rhitionl 16l Ak A oPElimiRXted Faahdaese, DY
reaction with a nol ecul ar %/gen in the presence of an effective anount of

an active thgmixipgefa @IP@F?“&Q“‘ pd GaR RrAYRES 3 W@rer}’éﬁ@g‘i‘”@ﬂusd?mma@ret o produce

mel ei ¢ anBydfel @Rere ol;hﬁcm@ﬁ&é%n@fowtt@ﬂeme,eﬁ@mtshaymbh@n is suitable for
t he ammoxi dati on of ydrocarbons by reaction with a nolecul ar oxygen and

ammnia in the B\e@wﬁ@é’f&m psgsentdnveataan iy suitahisdorthesarkgryistion ofalkeatsal yst , such
as for exalml:ﬁe I%‘é:gl}ser I c3etsibYPedelion SHaRRIARYIR ack, HPSEEN b Mo ©

acrylonitr y, the fluid bed conprisés solid particles with a
rel ati V&l yokyeemin thepredeoéecof ag@ffedtive amipunt pf anactivecatalysy sucly asiforgxample beds

CoP 1 S! nOus SRkl MR oRRE hfancd BBk e Tange 20 to

300 m crons cle ter hikaa on I's preferably at
| east 20 mi cr orifhe praess qf thefpeesattlipventionl ie als¢ Slﬁtablmfmttmsamu imthet preferably

e 115 A SRR SRS SR Ol 2
nmore of t hethfmeltd pmdurg ethytbap emu@m:etwraptde(h) ith e(hy)enato freduse a@fc %idf t he
partic 58 S Qr%l é’\:) 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.



+particle dianmeters in the range 20-120 mcrons; (ii) less than 15 % of the
particles have a particle dianeter | ess than 45 mcrons;- g% (?Ubé) | ess
than 5 % of the particles have a 5 particle dianmeter greater yhan 105

m crons. Theobmdsade7l i near gas flow t hrough the fl ui di sedrbo®dBizises referred
to as the superficial velocity) is preferably up to 50 cm's, nore
preferably up tg.,: : : 37 g ene with
oxygen to produ%éélgz’e |€ulgglé%ag}ﬁp S(E)g%gg h%ﬂ%lg;eh&g n%?%%‘?‘gtgtrog%%my up to 30
cm s for thergufdeifollovong milepandgit critena afi)at 1aastiSSh bhfjthe particled Bavacet i ¢ aci d and
oxygen. When..the. proces t sent . i-Avent. lo : h
product i onp%'?wl\eng‘ﬁ&f“ersa{%eeg%‘née%@'l? Egm&-g}gctnﬂgenssg}aggé r@?ﬁggaaﬁ;@gsa%égi c acid

Wi t h nol ecabaticlodiameter less tharf 4 Umdbrdosdand(@id bsothan § % bfthppetdedaveod a

cat al yt'calzlll%z aglive fl io{hse ed of solid particles having a particle

di anet eP i RAPHE SPRRGEESHL BIBHY TP ¥ns and having a particle dianeter size
15 di stri buti onThftotal lidegragak fla® thioaghoths fluifised Bedablsy reférrddaaad the0 m crons and
nore preferably.at = least 100 mcro he fl ui.di.sed be be nmi nt ai ned
o5 Pur baralyorhR ity i Fembibort LT Bt S N P Biee den 1y
of at | easteattidh oFembie A0Er &hplehd WitkloBgeh BgRsducy adetic add ahd@sdthylnd g/ cnB and
by operating at a pressure in the fluid, bed reactor of at |east 4 bara

with a tot and mpss@esierably up foRf) qis & dhe Rrefiction pfyinyd acebateifrerp etyBAs2 to 30 cni's
20 inchgsi Y&ticREERIAYEh.2 - 25 cnl's inclusive. Thus, according to one
aspect of the present “Invention there is provided a process for the
producti on of viVhgn thgprocess of the present invaptiondsussd ferithgpraductignaf Wedt i ¢ aci d

wi th mol ecylife AHERAHR of ethlithdlafiflet SRR MBlebll& RYSISAE Bulibed
catalytically active fluidiSed bed of solid particleS having a particle

di amet er i Feaetaeintbanyesene of @ caplytisallyragtive fidised beth afolig partisles havinee di anet er
size distr :pgt;ﬂuegl}r&;{er ﬂ'lttfxé ﬁﬂg& 278 mﬁﬁ&&%m@mﬁ @%mc@mahﬁ@ssizc 50 microns

and nore p era at least 100 m crons, and I ch process a nol ecul ar

oxygenEBontdisiivistien efat et 30 micrans, Defebly & desstcidtmiarons pndgnergtresferatiypt t hat of
ar 1S | N0AY6 Rficrbdl e Hlfidet p@@g&u@%@gﬁ %ﬂﬁouiemegdggeeﬂa@@gg' s

mai ntained i'n a fent Treg partic
particl e deoliipagtictss having @paticle dénsyy ofed leastd.og/00’ aditatsetidd betidensityift y of at

| east 0.4 5)3y ratir eSSyl & .} | Wi react or of

at | east 4%%%& O\'?an %q aan? %? gﬁérfn{ﬁ%eag% p%%%&f 'ﬁgﬁv% ftli:uﬁérl g%%%&ttire&? Flﬁigg?sed bed of

from 2 tob3@ witmasotaldeargiay Spw threfghrthdflyidiRed bed®f fnoims? tor3dlcos ve. 4 5 JUN

2006 03/.048097 P 0: 4 referably, in such a process for the
(O “s{}'ﬁﬂ}f% lg? 2%50 c%'tl/%%cr 1%

pr oduction at'e, PUPd bed
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 cny/s inclusive.



-conprises catal yst particles which have a particle size distribution in
which (i) at least 65 %of the particles have particle dLagrg[,ﬁ-r@UBi n the
range 20-120 microns, (ii) less than 15 % of the particles have a particle
di anet er ofwé gsesdohan 45 microns and (iii) |less than 5 5pét/gboddsssparticles
have a particle diameter of greater than 105 mcrons. As the |linear gas

flowrate is ingr d, | Watol B wll be
required to regﬁgtggﬁgaﬁss%%}%@?F%ﬁ%gwﬁgg%gﬁoﬁgﬁﬁ%%ﬁ%mﬁ@r‘rﬂ’ e fluidised
bed. Suit afxhprised damlysopatigiet wielr have b psrtigkasiza disfributiothia whickd@ot ieest of vi ny!
acet ate hayg, rticle.density i.n the.range 1 . . . .The densit
of “the: par f 4 o2 papil ne B Rlole UmbOR o B S freg 202wl O3 1% i "
conponent s 15 gcdT tisSpattictdsihavedpaitidledianeiec éfdessithinh @S5 fierohd anddiif) &ds thén cat al yst
during pthe _progess. . n the progess of .the present .invention is used for
the rea tiéR"B&EﬁEﬁI%&%ﬂ%é?’eaB?g@‘&ﬁ’aWefeﬁof%?mgttWﬁ 8PHduce et hyl ene

and/ or acetic agigle lihédt g flowh RREEs iRreasedddstiAcreadily denecdathlysOparticids M xt ur es
of ethane and ethyl ene to produce.acetic, acid,  opti ogahl Y. é‘i vxvt h et hyl ene,
inaflui d“ﬁ'élae'iﬂ@atefié?feﬁhcetwspﬁr‘é%%}ﬂféa'a'fyﬂa?a%!ea%mt & fipidisedbidye £ i di sed
bed of solid pagiiiaslyShe bty GaticRandeha 6t (6 ROBicAEn b vikjl@cdt@dBRe30 to 300
m crons and havi n&yg}ttgart Icle diameter_size distribution of at |east 20

m crons, prRatige densi ¢ eenge 1-5¢p l-ﬁig@ffbng?‘%ﬁiﬁi'ﬁ%?féhﬂaé‘ﬁ‘é‘?sd’&yxbeat | east 100
m crongg t RanbbdbythafhORe m%aahtlamgtiﬁ% EdridoRBils such afadetié Rid Ritbdiicgdi me by

using solid particles having a par | e density of at least 0.6 20 g/cnB
and a set t limte|thgdlyidched of eajalyst duging theyproceys.4 g/ cnB and by operating at a

pressure in th ' ol s | | Iinear
gas flow thr ougﬁ,htg#eﬁbg To%?%iogg%%%gné(ﬁ%fe ﬂéornlolrgna%htf% tgﬁfegcrtrllwgwllnglc%ﬂglﬁve. Thus,
accor di ng tosyssnavith{pethanofo préduce ethylens andiey asetit agid;t(heatyléns tpprodicted a
process for_the . i ' ] pr oduce

et hyl ene aﬁﬁ%?cnﬁ%?«%ggﬁu@sgﬁ h%&ﬁ%ﬁ%%%&éﬂ“??&@%ﬁcg&ég ce_tz_ilhg acid or (c)
m xt ur & ofwithtethyivae,amal fluidtbetl eqactor i the prdssnes desnialyticallydctivgihiidsedl |y wit h

et hyl ene, i fluid.. < i yijically active
fluidised t?g%gfosp il(ggﬁlﬁg%g&?‘?%}pgéwk;h#%gﬂgﬁ %3?#%%?@%@ gnng?}g?éimr? the range
20 to 300 mhavdngapartciediametensjzeadigieibytionlof atdeamn2d micraps zeefdiablyrat lsat 5S6n of at

| east 20 mi.crons refe I . ' 1S . an [ ably at

| east 100 rW‘ErP?)snaé’,d oﬁ?jprf’%?% ﬁ%aéthl%g?%%rggss mgci{rlr‘g ]sgg ﬁFgrng&%r&% F@E:n%?\t ai ni ng
gas havi ng inatuibijgeregthe ganingabiidpartidesdaviap aphdinletdaasity of atdeast 0.6 | nt r oduced

L0 G U B ke TR b RS B, L 0
g/ cnB and ahshtid beldedrast oflatrlsdst 4 bard with alt@sldinedt.gds fidwe tiBowphdhdfuidipdr at i ng at a
5" 5 JWN %%9 gf 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 (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, 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/em’ and a settled bed density of at least 0.4 g/cm® and by operating at a

5



WD 03/ 048097 PCT/ GB02/ 05415 pressure in the fluid bed reactor of at |east 4
bara with a total linear gas flow through the fl uidi sed"b&:djuwfnggom 2to
35 em's, inclusive. Preferably, in such a process for the reaction of

et hane and/ wio oghdsgdene with nol ecul ar oxygen to produce reirfgHo2osa1:and/ or
acetic acid, the fluidised bed conprises 5 particles in which (i) at |east
65 9% of the part i Gl Lyl BYEeRAIIr S 18asth BEELAMS bl hifdsr 4.8 R06 128ghafe M crons,
(ii) less ? han 15 %79&%1 géqueparrtlc e%ss have a patr l 'F é(’?lglaneterug(hc2t Tess t han
45 ni cr ons flaidised bed 9f froos? ta I50/s inglusivet he part i cI es have a particle

di aneter of gre r t articles
used for the ox?lt? ab%mﬁgﬁgg&ésggﬁ eorreaséeﬂoh%%tﬁ%netag&/c’ﬁ%ﬁglﬁ% J(t:l'g et hyl ene
and/ or ac emncdecatar clxygexv@ paeoduee ¢thylene addios adetic adid, th@Buidisedhel cghpnds
preferably 1 d n.foun hat uch rocess
accordlﬁ P8 %% l@%h ?29{15%2%%("5’%“%3 thc eShavepélﬂ" ietda er A ngﬁn acetate can
be readi I y 26dab ﬁﬂcrbltli)s, Q(Déwﬂm aiia%aofmllmtpmﬁm h@m DpAtiEé BlamStEﬁbfdeSSshaappl i cabl e
to the full, _scale e i d beds eratel a turbul regi ne. 15
I the predSTOPRAIRS ST Pohazs i parmdarr acby SaBeit PHELE i gn
pressures (haar0saxaopy. e at | east 4 bara) a turbul ent regime may be

maintained in the fluid bed wt unt r ex | ess than 15
% preferably | guab lyhg’ﬁ cafalyst Pa’ftmkﬁéfl?ea?%é ¢ Prpation °F‘1%{'8 &ngﬁw fetR di anet er
of | esqQt haodhde ethylERNSd/oPice Ry R hav & phifiole defkitilof 125 1.5 pamd) . The use of

| ow | evel s of fines proyides,an advantage of reduced |oss of the 20
particles PFSerRRING: 75 dd 2D/ Bnd may t hus provi de advant ages of design of any
cyclones to regusagbdeR $un@thalBick bipficedsa0eBrdilg 1o tRAFreht inVéhtigh R thePr OCESSES
according to the present invention, it may be possible to naintain a
turbul ent PERuARON of virybacelatsican beteadily saalmhgp hecpysgidatajgbigingd ap e F8sthg sol i d
particles ‘é’c&l@:s%@?ctaﬁé tJtﬂ@Hxlle'éale/%&faus’el%‘éthﬁﬂﬁ& béds %ﬁerl?’t@\ﬂ DRrHhIdAPfeingd. ©

di aneter of |ess m crons, for exanple to 40 % I nCl usive and

at the 1%ame ti rréltbpmewt wgerélpnet hagbgen found dhas by eperﬁttslg abhiglrpressuges (for5 to 1

barg, incl t f th
sol |gd Ipart :é(%%““@ @gasﬁd' Bz*r?)h?gxl% ‘gh%&Eﬁ%ﬂa)ggédmF{ﬂag’%gwthﬁga-ﬂg)g&jopﬁg éegm fi 2r
duri ng pr epmalinountdfor exempiedessitiAnd § %,Defrfsnablwd@ssthanS&ﬁ) of helidrarticles| es may be
achieved b | ty at | east
one netal é]a&v\gg%h&l%d% %; Q§%§%g{f\)§|§ EL&gﬁés&gﬁg%&%ﬁihné\%l chis >
al so chemi cal | yqume\pélce\nlevcls ofifes providesan adhmtmwéreducedilm bftheactivity

and/ or Z%Jel % cYelstfr¥> tRexte ttl'ng %vm%t @Le‘n bscl: eag:? cycl ri%s?oat al yst
Fhiske A, SR

conprising-t ensi I'ng 6
reduce ]oss of matenal 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



-5 JUN 2006 WD 03/048097 PCT/ GB02/ 05415 one or nore of IVb,_ 8 Nb by at

| east one netal of higher atom c weight such as Sri, J 'I'.a@UUBTa W
Re, Pb, Bi, Ce, Pr, Gd and Yb. Alternatively, the den3|t of the solid
particles oWOW¥MSHY7ui d bed nmay be nodified by the use o%’CyGIBPH‘?sﬂﬁssi ng gas,
such as ethylene. The fluidising gas may conprise at least 5 30 nol %

et hyl ene bynaoed midre of Mor Veoraiiyiiyet least one astal 3Thighek Stotnic W& ginshdbasShy| ene.

I ncreasi ng ensi of t | yi olid particles, for exanple by
using a déh&eer’gg’rnl,sa’%}{ee% Efed(hil’lgg;g gﬁmfici al gas velocities to be used
and/ or hi gher | auehativefy, thfeldmaymuhbscthmjﬁnm@onihag]utmcifrﬁayibdnhﬂme'dn a

turbul ent, non-tra ar.tin ne. . The 0 e s. of the present .invention
al | ows for bY e wep B flising i‘,st? haf‘ fipyene. &F‘%ﬁ 153§ gﬁ%ﬂay&“pé‘sﬁ)tl @&l ar
OXygen- g0Nt3ainy19a Gt %Vd)lﬁhﬁe%kdiﬁﬂlﬁl@nat(l&mrihdl%tbﬁﬂ md1%eylege. al nost pure

nol ecul ar oxygen oxygen cont ai ni ng, gases for use in
the present i anﬁf@ﬂﬁﬁ%@F@Hé&f&é%ﬁ bsd solig Rarticiesfgr examBlerRyLSB8 aj npuri ti es
such as ardg&lpr@r}éayunfazsleggner\mp&mﬂagﬁhva@a{nmopéﬁ'ss@md/&th@emmm ration of
l ess than 0.1 % by~ volume. The concentration of O@}%/ gen in the nol ecul ar

1

oxygen- contf@pnvhilst maintginngthe f‘&‘SIbyd 052 fuppulenb nPRHARSPYFIBR SIS han 21 % to 100

% preferably ifyd é}%césaameﬁ@semnm&ﬁ afl®¥s foPtha STt MtrBdicPibE fRY 4 Adilion of
greater than 99.5 vol une, suitably a concentration of at least 99.6 %

by vol Ufe. bm@fmamu XYEPT-POIENTENE S tAEng B eXYBEmeOnBsNEgEon ofdRtiai ni ng gas
into the ‘%ﬁgbsuc o'i’c%glaﬁir}ggénd %ﬁ&ﬂ&%&&uﬁ#&y@&%ﬂ FQJESFB? sdigve LO be

consi dered W eria exarrp safety, the
i nl et (s) f dhepresentinyention meludegrygen gas iwith minoantpmsts oF mlmmelﬁsequelbtw | ocat ed at

a distance fr t t 4] otenti al
flame | engtaFF g'r%hemprg %nﬁ%kféaf}?&ﬁggﬁg érﬁ%gt?]ﬁ&is‘dscg g g%tf‘ﬁgr?gr S{)@%p?gc/%l %}Ps such as
the inlet piopmedThnwinesntramah of ok ygen gathe nellegulat gxygdiheontaiing gasshuithtdy be

Do e Dokl ol A5 2] 70 30054 i) Fnshachoidaon AP e

nmol ecul '@ ainin m xe |nthe regi on of
the inl et eXimaple nlcencentedtion bfigrémer thapsi%ts Brogdolote, uitably h ogreentrativmef r eact or
wal | s, C Eeﬁttﬁ’gﬁfb' Sold shock wave followng a detonation. The inlets
shoul d be d"g ¥ P’H‘ét t he nol ecul ar oxygen-contai ning gas does not
| npi nge dir ect | Thetessforantexiucing tiemirlecutar uz;tgen-emtmmng s inealet or such as

e 1O Sl SRS S bt RS BIOESAS, o 1, BESaRAl, Lyent on,{he
as a gagm angdterald. THu, threkunply fbr@ﬂétypllhe RAELEs) FoR h}&trﬁoledfmte O)Wgem)r e gaseous
reactants nc%}]/tall%(]angl gre]xg Lr%%lfje%crgtly ocate at a dflsltalxjnlcgi Ifr%x%%hcbgagal)ys? gxpport 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.

7



‘W th or preferably at least in part, separately from the nol ecul ar
oxygen-containing gas. 7 - 5 JUN 2fl % WO 03/ 048097 PCT/ GS0R/JU84A% Thi s
gaseous reactant may be introduced as a conmponent of the fluidising gas.
The fl ui diwongosg@s nmay conprise fresh gaseous react ant sPEHEB®05416cycl e
gases. The gaseous reactant introduced into the reactor may be ethyl ene

which nmay Beis 48@GubictinBasy beinfeduded 4sQ dd Qﬁaﬁeomhmhidﬁﬁ%}g@é.meThe gaseous
reactant introduced into the reactor nay be ethane 5 and/or ethyl ene which

may be oxi Hpidisingcasmarsqmpsisy esh L390ys wAGAHMA(EF regyele BesencThe 8%9YS t 0 acetic

aci d. Et hylgangntisiffutdd ikt SheRERER Hfay OF ethhRnPWRSE May bOURKAMiBhcsR¥clae used in
substantially pure formor adm xed with one or nore of nitrogen, nethane,

ethane, cirmseducaviny] asetaignbhagassons Tepctart éntroduaed orto theaeasios may e ebancnor e of
hydr ogeg, %&%u#%&gyﬁgg%g% oRlalsadR ec@em%fw%g aﬁ(v?#a@aioogcfa%ga_s of the

present inventio used 1n substantially pure Tormor adm xed with
one or nor & akticdcid.ogen, net hane, ethyl ene, carbon dioxide and water in

the form of St el Bhe 8Fhe HRLS: S/l WLABE oy bFhHpe gldines of al kanes.

The process of present invention e operated at a
t enper at ur eubsthbtidllyguorelfoin omadbied ®/ithmpne bemeitslof nitd@ert, methdfe, €thafdthe process nmay

suitably be erat.ed at a.pressur f 10 to 3000 kPa gau 0.1 to 30

bar ). b oF B puidteryrasd (BRI s 5P oo SR HAB UG 1 G ded be
may compri akemRbahlystes. [Eairahe oded sn the drooess obtha pteyent dvetiohintyl Heywsediinact i ve
particles. The catal yst nmay be any.suitable fluidisable ca st. The

Dot al yst - SRRl P T A PR S of Mo ot pisit BRins SSIetS o ¢ <

i ncl ude pok@bsn Gibkil€ad vadtatin tha formi dfisanh @k oid dranoré of lBdiogen, sld,cal ti t ani a,
zirconia an& m xtures thereof. Preferably, the support is silica. A

typi cal cafXFyrser alksdsition useful in this invention, may have the

foll owing part TRd SogesZs¥ thH fitdehtitenioh maPitdbly 8e fbrateditQNEmetratlewt % 20 to
44 mcrons 0-60 wt% 44 to 88 mcrons 10-80 wt% 88 to 106 mcrons 0-80 wt %
>106 milBr ofiemplofdo SRWLC, prsfesabtn14f; te ABMKC. olhs pFpasss may suitably be operated at

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 0to020 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.

8



"Persons skilled in the art will recognise that support particles sizes of
44, 88, 106 and 300 mcrons are arbitrary nmeasures in tira§ JUNe300gr e based
on standard size ranges such as may be neasured by an autonated | aser

devi ce suchvag3 /M8l crotrac X100. 8 5 JUN 2006 WO 03/ 04808¢T/F84%3852/ 05415
Preferably, the fluidised bed has a particle density of at |east 0.6 g/cnB.
Catal yst for tmefe\;ébwmetﬂlh Qﬁheabedﬂhfybamﬁmﬁﬁgmyt IBﬁVGGQ/cdéHSElﬁaM(sjt} n the
range 1.1 cnB st for the oxidation ane ;and/ or

ol ene. s B {SERop R G101 AHRR TSR e R dping it B gp0ea 245 13 855" g,

pr ef er abl y CaalyktTer thebgaativh of ethnetaad/dr aﬁylg(mﬁamﬁu,by ﬁbje)é, dehd ibthe| ui di sed
bed has a settl|led bed deps east 0.4 t Ie catal ysts for

use in the™speséhio %B/éﬁt’lpé"rfgr?ﬁéf I“héi%raﬂﬁ? ek Y%Wgz 2583(4’??6)( :gﬁ‘ﬁgh end

car boxykat 'ﬂﬁl@ls&ﬁﬁe%'h‘ﬁﬁ&ttleﬂ&dﬂ%sﬁ?bfﬁ%a&ﬁm?/cfnér use in the production of
vinyl acetate by the acetoxylation of ethylene may conprise a Goup VIII

netal, a cat al ysiitable gpralyats foxmee laﬁhedasﬁsp@na\rena@n mibdi)?’ﬂ%loéar The cat al yst

may be Pr eRARS R Yonaay §rU6)E bf ciBldod, such as that described in
EP- A—067245l§lrn The oér ouc y{r)ati‘lmaf:al S,I s preferably palladium The Goup VIII

metal may be présamstusnlt@?lq:fonwm thaprodnctivh of viswt aoetatethyyrth@acstpx Ygtionei ght |

preferably %gf,ﬁé}{ ‘?,F n9e 2o ?{vmgm, abc@gggm}gﬁegﬁs 8*{‘8%}0 gﬁ&amo- of

catal yst. cent Fatl on my be wel ght .
Sui t abl'@ ppomstesr The mlxsdmagbﬁz prepar&sl wyoampy shitabisomeéthed, swchres mauqleegxbteﬂner eof. A

bt rom 0. T ESAGT2A3- dheSrp VIFRANH SerhBlRapfit dgie Vi 0 o amoun
CO- pr onot ems:tal may bielpres@nbinm donceGiratiop OIEreaﬂeamamaﬁ%dB' wmgltt,r;acfglablwon netal s,
T TPl eaRF D S0L O BEscl \PHRCBPNSLAr R0l SREMEHM DarT um

pot assi um Sl gm and I xt ur es t her eof
whi ch are poesdrition may healeﬁgli asrilowlgdwmglta‘smble@somérs mclude gold,an acetate

[ t. f d | t t
g R Bt e L T g I e R
0.1to 150/ontay bepiegdnt incin afevluad of filom (anoel Opxw weight iy theffindshedlcatabysh% by  wei ght .

Wen a liq cetlc acid fe | S ferred. concentration of co-
pr onot er sgf'“ctaq &CORIOMBICEIRY] %?%Pb‘}#& Q'Faf’@efr 3‘“156108“*5‘&?3 ere the acid
i's 25 i ntr eeufRelselditetl HOnVEP tolip &hﬁﬁ&ngtdfea&ﬁmﬁf Bafng poResium, issdipmhef er abl y
present in a concentratlon up to,11 wt% atal yst conposition suitable

for the selABEINGSs: FMPRY; lgpfh mél"ﬁ&ﬂ’@“‘&ﬁﬂ?‘f?f’ vhigNArREsePgR et i c acid i s
descri ped iffnisk&r Ataly@6RAU s, elghd Laate 841t STHefprofbrr&ikaRd fe PSasinn 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, Wy.Age.Irg. Xe. Yr 1))
wherein X is the elements Nb and V;

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

9



-incorporated by reference. This describes a catalyst conposition conprising
in 30 conbination with oxygen the el ements: - Moa. W. Agc. | ©'c® XN Y008 | )
wherein X is the elements Nb and V; Y is one or nore elenents selected from
the group cwaesesdItg of : 9 5 JUN 2006 WO 03/ 048097 PCT/ GEBEBOBIIS Cr, M,
Ta, Ti, B, Al, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Cu, Au, Fe, Ru, GCs, K,
Rb, Cs, My, Cagr,§h, TETi, BJAL G, In, R, ZnPCdfBi, CEITo, Bh, CiAu, 4, RulDs,Re and Pd; a,
b, c, d, e and | represent the g Eo§n§atgj Qs _of épg el enents such t hat
O<a<l , OSb&ﬁ’,Cén]éﬂga%ﬁ’;Baszeﬁchbl%za@’g.’1," Bd&dd Retd Pe<- f <2, Anot her

catal yst CcROWPOS & bRF reptedeAPInE glaflf atdrh €atidX bFidE eRMeAS s@hA@pe to ethylene
and/ or acetic acid and/or for the oxidation of ethylene to acetic acid is

described in EP<azd, 02bs306wd, arthe=dontents of which are hereby
i ncor pog at ed Qy< eiﬁ)rgg?,e. This describes a catalyst comnposition
conprising in colbi ati'oh with oxygen the el enents nol ybdenum vanadi um
ni obi um and gaj deknr; e absence of pal | adium according to the enpirical
formula : MoaWAucVdNbcYf (1) wherein Y is one or nore el enments sel ected
fromthe grouf €6R3isting of: C, My, Ta, 15 Ti, B, A, Ga, In, Pt, Zn,

Cd, Bi, Ce, OCo, Iy domp8hiticaSnitdBte folthe okidatidR of hand¥H eth Sr, Ba, Zr,
Hf, Ni, P, Pb, 5 eéH“%n,m‘nl'lﬁ,Slga lU Ee, T((a), and ﬁa;. oaZ ?)n cf g?n% and f
represent wiéorgeetinagidant/enfor the osidatiancolethylpnn tosacetindsidi ip described @ BB :  05b< 1
anda+bio 1; ALQ3me< vl Bt 3R hereB Fitprboit by WthreRd; THRGeAARANt i on wil |
now beT(l)I I f}slt%#g(?ééd trgeycgrgtg?tgr%gﬁgle ?% fﬁjﬁor’fp’g%%ﬂ;ygxarﬁ%%es angl © Figures 1 to
4 in whi chaFatgysteoiposipnesmptising in combioahon witk oxygemppalements f or neasuring

o PR HBBE N ol B b SIS e
in the fl ubslpibieal farmuldreMé WAoo, Y¢ @
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, Tl, 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;
O0<e<l;and
0<sf <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
256  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

10



-density, Figure 3 represents in graph formthe effect of fluidising gas
velocity on the fluid bed bulk density and Figure 4 represdul<208n graph
formthe effect of ethylene on the fluid bed density. 30 Apparatus - X-ray
Equi pnent Aweoapi897of experinents were performed to studyPCTHBRAMII sation
characteristics of a fluid bed using the apparatus shown schematically in
Figure 1. The.flui.d . bed S, 10 < N 2 VWO 03/ 5 ) 2/ 05415
f1 ui di sed vivdisedyd med%\%a\é\?nﬁfr%%egbreaﬂﬁcgt:gg? egg"?t & gbeeglg@g% ﬂgl%éagﬁ {'Po enabl e
the fl ui di schiuaGeristic Bfthabtdwoibeisiudiedf RefearingeaFigareleths tapphratds cdreplrissdra ng t o

Figure 1, t apparat us conpri.sed a 20mm al um ni um ves /), a gas
fegd systen&?@)‘P “W'@E%chpeé@’ 4878 fesd Sy &BI'?ﬁ‘é regyeds ags s?f%%rﬁ?l)hg%ga beg (1)
01;1 fl u;]d:Ms]anﬁse% tl&m_ta'gf_éd RaEd (1§ bﬁﬁuishmosoﬂieqbammeasuﬂba’;erdidmﬂdistdhﬂtat;;taté ((2%) |
t hr oug ic ui di si ng. hitrqogen gas was sed fromt S e an
oyolod SLtmugh bhih At dhiss St bed oG 658 SH ORI of g o
plate (2). s&h}%y@?mé flifdsed WRN RGO E@rdnPa disiBitof kridploke D). Ahe Vet waas
circulation punp (3), heater (4) and gas netering / measuring system (not

shown) in ecopnastediie # Besifiveidisglagernenb gas cppdationpump(Appratrsd )@y 8fer e posi ti oned
al ong the V@ggﬁ%ﬂﬁ@aﬁ.‘@g sfstanP ol HowRinka (HEGRsEY c16ded 36dpE SResdre 10 the bed to

be derived erential pressure across portions of the fluid bed.
A secti on tappingsdS)tvepe pdsitioned deni; the yessed wal toalgwethe bk density optlistsetit sol i d

parti cl ﬁﬁr gtgg ﬁ&{ tﬁ ge dbrfled #gﬁﬁﬁé difféi@nﬁiﬂ P%su%&&ﬁﬁ@is%tﬁ%id‘béd@ﬁ whi ch

passed vessel to 1mage 1 ntensifier , canera (11) and i mage
processi ng wedtiinptthetop(df2e. bed $6)Suptpived extlopesip lpreyerttsalidpasticlas sseapingwer e used
in the expe iment]s and were prepared as follows : a) Preparation of

Cat al yst Su f)&?sfeThe support used for the catal yst preparation was prepared

by spr ay- dr xh Kerag gumn(18) prowidaf x-tdgs which plasseithGhginthe sbss€ldoaage)intensifieca so]
1060 and Degussa ssa 20 Chemi.cal Co Aerosil (r) silica. In the
dried suppo&ﬁ)ﬁCMD@%E%“%W@%FS%%WMH? e sol and 20% of the silica
cane franthe Aeupfdried vibyPact@tetdtallisis ditranised mIpdexpedments end wae ci ned in air

at 640C for 4 hours. This nmethod of support preparation is described in
EP- A- 0672458 cparefkas Sollowse| o sj ze distribution of the support which was used

for the catgl p&paratdn oPCRRFESUDASH | S as fol | ows:

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,O

11



+30 Particle size% >300 m crons2 88-300 m crons30 44-88 m crons38 <44

m crons30 b) Preparation of Catalyst A Silica support (544 Ko 2psepared as
her ei nbef ore descri bed was inpregnated wi th a solution of Na2PdCl4. xH20
(cont ai ni ngwb o@aspal | adi um) and AuCl4. xH20 11 5 JUN 2006 péRdbat/es48097

PCT/ GB02/ 05415 (containing 400g gold) in distilled water by the incipient

wet ness. The resul tin ] Xt ur wa 1 xed thoroughly - Left .to nd for 1
hour and dllz?oé‘ff“ﬁ% ORSgﬁ‘H}‘ Séﬁlf:%ra%{ﬁ?a@%gl RS P RRESS; A f’ﬁ%‘telég rgﬁ{t)tﬁfy to a 5%
sol uti on ofwasyfitedZhodcughly, letits stahd fod 1 hareind deedoviehgghti xt ure al | owed to stand

overni ght with gccasional stirring. Thereafter the mxture was filtered

and washed wi t h1B° RPEEDated BRLEr) TRAHRI Fi R sapfith RSB e

over ni ght . d-ﬂﬁﬁedmit?{z iugll tt&@&gﬁ:ﬂﬁﬂm&i&b stdnd\biehigt vaguecdsnalatittingon of

pot assi um acet at e .8 kg i nci pi ent wetness. The.resulti m xture was

i xed t Ror obgIsrEer “}eé‘i“f‘“‘l'%g"%stéﬁﬁr& 2 Wé‘%}l‘ed%@ At ‘?Oé)cl‘ %télieﬁl"ﬁ?ﬁ? IP%O The

resul ting cafi@b¥sthentRi¥RGV&RZHL. 6Wt % pal | adi um 0. 6wt % gol d and 5wt %

pot assiumon silica based on I CP analysis. Several batches of catalyst were

made accordi ng ¥he mpfesal ys frapregnstrdct AN fgReous sojetionaf apsumaestaitnen scr eened
to generat 6{2@&%(# ihGpieatafettlss tTHeFult B SnifQreS R Wx tdkhd Ry, Jeft hRtafBLE 1 Sam
| e 1Sanpl e 2Sa e '3%arrpl_e 4 <45 m crons10%45%20% 5% 45- 111

m cr ons80% Mm@ Aicd-avemightcr ons1098%498% c) Preparation of Catal yst B
Prior t.g use silkd J 0 ' | was

cl assi f@ed to %gf}se E&%g&ﬁ)gpg ur?fgrﬁlo?é b@??ﬁgﬂggbg é%gm%lglggﬁ/g to |l ess
than 15 % pblesiwn bi sificabaggrbert ICP analysis.

Several batches of catalyst were made according to this method and combined.

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,PdCls.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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(1124 kg) was inpregnated with a solution of Na2PdCl 4. xHZO (cont ai ni ng

11. 4kg palladium and AuCl 4.xH2O (containing 4.56 g gol d¥§ guulizsgsi | | ed
wat er by the incipient wetness technique. The resulting m xture was m xed
t hor oughl y wod3/osp®ad in a ri bbon blender with a nmean walPCTIGBOpeMER ur e of
120C. During the drying, a dry air purge was 25 passed through the bl ender

over the agitategt wilhidral (ﬁllter éaRH)IWﬁ bldh@eWith Yohid aiBfddud pBtassid@! | owi ng
drying the material was_cooled to | ess than 35C. The inpregnated salts were

reduced t o 2FRIAe(00ke) raibbombleadsnrid Gereafter dried unden agitatandn iafroduging stirred
aqueous  solsidhd Qo B stV GcRé&oF ﬁre(b?@:@@r th 'giv'é%?neaﬁ_’w%] o pRIng of ockcazi ne) .

Thereafter, the material was then 11[1) nped to a Nutsche pressure filter and
filtered uﬁ(ﬂéFVQ*NeﬂWe wap eenfoved with a dreinpusgesbroughs the dlepderi Beyingy t h about

1000 i i

001 04508 Bl WES B %‘"ﬁ‘“ﬂ‘é#@‘#??ﬁ“{‘?ﬁ%%}e‘? ter &% 20T P0G it
solid anhydmghs Potragsllydiedmaenal oag Banskged toa uid bebdnter bpenidéat aand

t hereafter tr he steam

j acket of { 1A1§qern%9§£re%95%(?‘¢d tgp?rng%ﬁ “%a @91%4 er &r%?%d%? Q&gré The
evol ved rrorfbwlrrge:ataastmaermred with a dry ar r pur ge t hrough t he bI ender .

Drying 5 was st ni_st e was in the
range 20 to 25 ﬁ%esu]t\/\écaﬁsys nsc {r}'la“el Rﬁépe/r‘gg? 2ahtransferred
to a fhoi d“h%cbothsmmn bapeﬂromtl@ﬂaaalysam ar r |nI et tenperature of 150 Cto
renove the renaj . DI. S v ee | owi ng..catal yst material .
The resulting ¢ e%@h‘ﬁ?ﬁ‘&&“@ Sl?‘{ﬂ?tf’hagwﬁfrfs %“%"fs%gol d and 2.11
10 wt % pot assi um based on | CP analysis. The particle size distribution of
the finished materi gl _\#/@s .as follows: Jo;. Particle size%>110 m crons23
45-110 m crons68 <4 ; 9 c¢) Fluidi“8ation Experinents (i) Effect of
Fines on Fluid Bed DBangmiyromnd Effect @B Fluidising Gas Velocity 20 on the
Fluid Bed Bul k Density. 90 k f catalyst A prepared as hereinbefore

0
descrided was | oaded® Htodmf‘l‘r‘g al uni ni % vessel and fluidised with nitrogen
at 8 barg and 150- 15445 mi¥@hs @ range of g

c¢) Fluidisation Experiments
i) Effect of Fines on Fluid Bed Density and Effect of Fluidising Gas Veloci

20  on the Fluid Bed Bulk Density.

90 kg of catalys't 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 = 17cn/s  Velocity =21lcmy/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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-gas velocities. Steady state experinents were run (wth the cycl ones
returning any catalyst which reaches the top of the vessels yigy g catal yst
bed). Differential pressure 25 readi ngs were taken from whi cPll average bed
densiti es Wignseadosul ated. The results are shown in TablgrlceBdsdt otted in
graph formin Figures 2 and 3. TABLE 2 VARI ATI ON OF BED DENSITY a WTH

TY i sVel =17cnl sVel =
S1cnTs 10%, ye[%s?v E %%%g% ?g“‘w R e S e i on
“4&nhsity o7t

b375303239 2L T r%;conzn[{})@g\fg}\ég %?0%8?/£"Weﬂ’§ity

PCT/ GB02/ 05r4
measur enent Slde in the fII’St 1.0mof the fluid bed (nmeasured fromthe
grid plate upwards). b Fines (defined as <45 micron material) content of

t he cat al ystdas 'Ihé)ﬁéiﬂcﬁityiirﬂ'lfﬁbléfhald 1}&1@&@2&}.1153-@1@13\4@6%#1%?? %]%ﬂbbﬁ 2 and ig
Figures 2 a 3.Js the r|C|a as velo t he uj di sing gas an
|sgdef| ned gﬂﬁ%mSBWﬂaé{) fingd as/82§ ?Wf?t&f qﬁééﬂ‘ﬁﬁl BUkCresssSeston &rea  (cnp)
Duri ng theS(em xperiments, the x-ray inmages showed that the bed was being
mai nt ai ned Oin a turbul ent reginme. Thus, the experinments show that there

is a range nn@;s'é‘aswpﬁ@me%#mmaashr@aafﬁalaorwe\%hf’&heae wehbgirgmaintaiicde can be
mai nt ai yged. in %@lﬁl’gﬁlédt Réhirh® ’ﬁiug%@e)%enﬁlgﬁ@ sRRONE thdiSis3&sh fgg%?é drdtingS @ function

of the ampbunt of fines in 'uid bed at three dif ren superficial
vel oci ti es. cornhéomaméermnattwévleatsrem cag bpmpihtagfied] gas vel ocity is

i ncreased, the %‘@nﬂfg’ﬁﬁg}he@%@ér%@é theHed Qenshf ﬁmﬁgag%g,gtﬂe%nﬁu@%f icial gas

vel oci ty as the anount fines I ncreases so t nsi ty ecreases.
There is a fgmainghe Buidbed o thrpdifegnigepesficipl welocitise Fieglatarshpiviieas acthbeit ent ( >20

7 and Ni ONupgfsaal bdiy id ferbdsel T Solt defly GBLLRG, LIRS, of B AR 5. entering

the transport regine, it occupl es e aval space in the
vessel . 15Refsuperficigl gagveroaiiyy as tis: amdvmsofghmwmtms betlic Hethdansiyy desreaseb.uncti on of

the superfi ’ﬁle?el is a sharp reduction in bed density at the higher fines content ( >20 %) and high
gas velocity (> 21 cm?/s) indicating that the bed is entering the transport regime, where
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 (ii) 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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+20 gas velocity for the different anount of fines in the fluid bed. The
data show that as the superficial gas velocity is increasedJUlh#ltbed
density decreases. There is a reduction in bed density as the fines
content inoweases¢7particularly at high gas velocity (> PCT/GBBY®S¥5S This
indicates that the level of fines should be kept at no greater than 15 %to
mai ntai N asechRP@BRRnEufB dthiRAS Witk 10000 PEIOYARbgehad NEARIHeat AReat the hi gher
gas velocity. 25 (ii) Effect of FEthylene on the Fluid Bed Density 5.1 kg of
cat al yst BEHeERsPlaHensaRed aqiheibl andalinresswe range of bAY2PHEo a 2.1 netre
tall vessel W'F@et@rﬁﬁé@:@éﬁhgﬁis%h&wdtH@D&ﬁdcns‘}gaEQ‘%uﬁc‘HQn%thé%eﬁﬁ%ﬁ?a a cone

shaped expansion section was fitted followed by a straight sided freeboard
section wi 8% vglocy frrthe diffesant GuidiringsasesT fbe Juia ghows addghereddsisesityi t h a

di fferentialy: Rt ni 148 . I : s of
hei ght .eé]Thgés%l lﬁg(gg’g%ér?"{lﬁgl n %ﬁ/gﬁgﬁgﬁﬁ J(lfoﬁgja{eg&?eiﬁg\ﬁg%%%ls’gﬁacg% L{Gﬁe vessel
and t he mawbenfitrogenas used as the fldisingegas. i(Thna date alse indisatgs thadhigheri al  pressure

transmtte [ . ' | i di |6 al cul at ed.
Tao.exper MRS B e REEARR) bachlevid hin Hiod o ne BWE AR BT, C0 P 20
f1ui di si ngwhid still nghd WrbsleaUngia@0B i3AB1iee/doN8 R indA@TeORA®/i0 e biiragerc ond
experinment ,used e | ene . w vol % nitrogen as fluidising gas. The
experi ment gé{% oélcég?ﬂngsacIglﬁlﬁlp?stgig%épags(fﬁgfg'a pressure range of 7.2 to 9.2
barg. Ref erri ngFurthefréxgetintents wdrtparfarmedvn ihtastigatakhel effedt bfbedsiemsitionct i on of
the superficigal.. gas velocity for the different fluidizing gases. The data
shows a hi Bﬁéﬁl%‘? °'H‘5ﬁ£aftf95ticg' 5 achi eved when ethylene is used as a
fluidising gas conpared to the bed density achieved when nitrogen is used
as the fl u't'si g gas.. The data also indicates that higher superficial gas
vel oci ti es=n : sing ethylene as the fluidising gas
whilst_still in tge turbulent reginme. It is bediev dft] at the increased

noi se iR the ni PHEYEHCONEINE Lirsvlen yore Prsppred and test P’PWhe bed
transporting. 10 Further experinments were perforned to investigate the
effect of Rpdred@agdddf Sesportt he fluidisation characteristics. Effect of Bed
density on_flurdisation. 15 Catalysts containing a densifier were prepared
and t est ed Examplg|l (Gemaparalivelor epar at i on of Support Exanple 1 (Conparati ve)
The support was Wﬁ’a | \ y o Chem cal
20 Conpany) o 1 i 15%”3%%3%3&% 'S“&‘?é‘ﬁé%*’ﬁé?% @g?&g@ﬁﬂg&g)

FEQ r ) Comppnyd silica sol 1060 and Degussa (Degussa Chemical Company) Aerosil® silica.

T2
U V C

Aer os
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 Example2
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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In the dried support, 80%of the silica came fromthe sol and 20% of the

silica came fromthe Aerosil. The spray-dried m crospheres jygrggecal ci ned

inair at 640C for 4 hours. This nethod of support preparation Is

descri bed i wolB04800672453. 25 Exanpl e 2 The support was PCFEGBOBEIES i n

Exanpl e 1 except that 90% of the silica cane fromthe sol and 10% came

from the AdufwiesizeExanpl & Bxafivldhe SUpPEkam@s2Pr epargtxasplen Exanpl e 2

except that g(pe.Aerosil s replaced by tin oxide. The particle size

di stributi 6ne Bir™Ee sup\g@rts are as f& ows: 15 5 5 YUN 2006 WO

03/ 048097PE8/36BaiaeR415 Bauticl e size%igianpl e 1% Exanpl e 2% Exanpl e 3 >350

m crons0. 80. 30 88-350 m crons27.415.112.5 40-88 m crons33.831.531.5 <40

nmi crons38. P8 mgors ) PRéfarati on of Gafal yst 30. Oy 35 ni cr ospher oi dal

suppor t swasqh pRés@nat ed wgloh a sol ution3qf  Na2PdCl 4.94H20 (1. 84g, 28. 9% Pd)

and HAuCl 4. xH20O (0.44, 49.0% Au) in distilled 10 water (20.0cnB) by

i nci pient wetness. The resulting m xture was m xed thoroughly, left to

stand for %)hou-a0d.iBRiydri ed overnight. The inpregnated material was

allowed to %o erature, and then was added to a solution of

hydr azi ne (3. Og3®0z of musassphyrridal suppott was mrpregnatei Math aispluti@@eOcnB di stil | ed

wat er, and 1 r I hght, oW c Lopal 15

tirring. Peaclotht/ @ st R ed T HAIEEOI0 AT g0t RuBR SRR o s0c e

distil @d wmteel(Z0.0ciﬁﬁ)daysiottipidntvmneLShe?hedcsiuhhigmﬂmmrd\gﬁsmixaafnhomugléy, il was

i npregnate i a ion,of potassium (1.64g) by incipient

vverr}t)negs. Tﬂ%w?%gfﬂ .°#3H‘§%P‘>H<*§%§’géd\li°}é’§‘%%ﬁh§ed thoroughly, left to stand for 1

hour and dri edThaietpregghited maeridlheasaldveddys toad o fosmtpmperdtuieashdaheret al | oadi ng
0, 0, 0 I

Of  1.149% Py Qa6 41306 o RuB R RSRESP VL A5R0H Suan S SRSl St Of Bxarml e

80.0cm® distilled water, and the mixture allowed to stand overnight 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
of 1.63% 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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*0.53% Au and 4. 54% pot assi um acetate. The catal yst of Exanple 3 had a netal
| oading of 1.63% Pd, 0.54% Au and 4. 49% pot assi um acet ate§ U7 Sri . 25
c) Production of Vinyl Acetate The catal ysts were tested in a bench scale
fluid bed r ®aca3musond t h a maxi num catal yst capacity of 40maTBGBROS41RAaChH
experinment 30cnB of catal yst-plus-diluent was |oaded into the reactor.

Typical |y 29 of To8teabtsShrestie wiS SehtrollB@ at JW# arfdl AlIUBBS letBRSIoShEHomOf Silica
| oaded with gold and potassium acetate. The reactor was equi pped with two

30 feed inl'BtEacteWie bibiraced abd wamtngd ahind- KO g@Pregrfo BAY®E ed t he react or
through a | Qp&dnsatioR bffiquid'fedy dr'pRIGEL OThYrel@S W fo ll?%ﬂiﬁhtﬁiﬁ&l agcond inl et
which was |ocated 2.5 inches above the first. 16 5 JUN 2006 WO 03/ 048097
PCT/ GB02/ 03&amperathes of 1@ Cpr essure was controlled at 8 barg and all |ines
| eadi ng g o and f9 CHRE L% ' Lnped at
150-160C in or dg;h oe?)drggs/a(rgﬁ? co‘#\égdﬁgﬁ‘?f%%%?‘ﬁﬁ%‘ﬁ?@gﬁg@ﬁgr oducts. The
react or wasMndsal 4820 gas papmatainapidequippad with ippiTDiarsl RFIP de®etoisc @Bygén, The
gaseous re e oF:1 n-line usi,n Hewl et t Packard

Vodel 5390 xlenpIofe Bha dfon RN kel depd 110 BoR SR EB kR, et or .
Oxygen, nipgaralgewith H%h Chbowaxa?2(iM oa 8100 Choxioseb WeAW md3a%8P2@00en a 13x nol e

sieve colu al lel .w.tb 10% Car, n,,80/ 100, Chr,ompsor.h WAW and
5554 epog00 DIBTRmEoRPAN, & rqﬁ%/&\%? “@ﬁﬁ%ﬁ%ﬁt VIVLiceRIG A AEEECAER v ny |
acet at €l tanchndodtet argardd by-frodancvert keparacsdgmra J& W DR1700megdoragliagpar at ed on

a 7&W DB 1701 nmegabore .capil | ar olum and quantified wwth the FID. Data
was anal ysecc?}mglg %@8@5’%8‘3@@9F)a{asvﬁséﬁ%&“ﬁgé”ca.a CE?&WEF&&"‘EI ed Bul k
Density Catspreaddheddctivity Selectivity of Support g/cnBgVA kg-cat/hr Exanpl e

1 run 10.66142091.8 Exanple 1 run 20.66127093.1 Exanpl e 20.80128090. 6
Exanple 3 run-10.94127089. 4 Exanple 3 run 20.94120092. 8

Example Settled Bulk Density ~ Catalyst Activity Selectivity
of Support g/cm3 gV A/kg-cat/hr
Example lrunl  0.66 1420 91.8
Example lrun2 0.66 1270 93.1
Example 2 0.80 1280 90.6
Example3run1l 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.

17



+ 15 The data show that catalysts with higher densities can be nade by addi ng
inert oxides during support preparation, and such catal ysts have_ﬁi‘\rlﬁ}de%'g
intrinsic activity to catalysts nmade without a densifier. Thus, i f
the fluidisation experinments, it can be concluded that increasing the
density of the fluid bed solid particles, for exanple by using a
densifier, may enable higher superficial gas velocities to be used and/or
hi gher 20 levels of fines whilst nmaintaining the fluid bed in a turbul ent,
non-transporting regine. 17 - 5 JI1M26 Clains : 5 1. A process for
reacting in a fluid bed reactor, at |east one oxidisable reactant with
mol ecul ar @%Mgﬁn in the presence of a catalytically active fluidised bed
conpri si ng d particles having a particle dianeter in the range of 20
to 300 Sricrons in which process a nol ecul ar oxygen-containi ng gas having

trati eat t h that of 10 air i.§.introd d.int id
F1ui di sed Bed VHPFSD ITAPEFFE iR B LUEPAIas o HlFRY AR OIS e b By

regi ne. 2. nRLRE B8R PocRGA MdpragntOofd adtalydcaelaidflbidned BePLbBPhsiheHIEe has
the ratio of tran5|%|on velocity (WUk) : termnal velocity (Ut) in the

range 0.1 particles hagng apart@le dapeist Bxthe sngeofLh ¢ 3¢ micapns in vdHclpPighess@i n t he

b ocess. aclbra i R Pl itaPhod EERba R AL B € ses

sol i d 1@ar hir¢d BErol@ded ko ShideffuidiseDbedi Withist 62i@ MRidigedrbed ¢s Mhintdiged ialad owi ng
i ndependent criteria : (i) at least 65 %of the particles have particle
di anet ers twibglpet regifige 20- 120 nicrons; (ii) less than 15 % of the

particl es hav ti i r 4 ] : (1ki) 20 | ess
Phan 5 o of the s desPebto ML uh S hOARudey R RS s N 15
m crons. Strafsiér0casdtyqCipr @imihal eeledity (Qhenake tahge PN edadi2dg Icl ai ms wher ei n
the concentration of oxygen in the no|ecul ar oxygen-containing.gas is in
the range 30 4 Broce8RACEYrdiNedOGAM lgor 2Awl%?r8@et %P%E’grdg‘i‘ﬁi}ert BZHSTIBHEORES t he
pr ecedjfg J Lh the at |least one 25 oxidisable reactant is
introdt%edgéﬁ?%EPQQQ%ﬁhidised bed as a gas and/or liquid through one or
more inletd. Aprokesyacesingtoctaii ing damc? whenet thh duelisedtbed camptisasplidne
oxi di sabl e rea

O s ks ok Sl QLS S e LU Scd b 23R g and 1
claim 7 whes &f Rad B8 0¥t HleSaRlFesRRE partiklel@ameters in the range 20-120 microns; (ii)
less than 15 % of the particles have a particle diameter less than 45 microns; and (iii)
20 less than 5 % of the particles have a particle diameter greater than 105 microns.
5. 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
volume.
6. A process according to any one of the preceding claims wherein the at least one
25  oxidisable reactant is introduced into the fluidised bed as a gas and/or liquid through
one or more inlets.
7. A process according to claim 6 wherein the at least one oxidisable reactant is
introduced into the fluidised bed as a gas and is a component of the fluidising gas.
8. A process according to claim 6 or claim 7 wherein the oxidisable reactant is
30 ethylene.
9. A process according to any one of the preceding claims wherein the fluidised bed

has a particle density of at least 0.6 g/cm”.
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30 ethylene. 9. A process according to any one of the preceding clains
wherein the fluidised bed has a particle density of at |east 0:65gUHn#N6 18
- 5 JUN 2006 10. A process according to any one of the preceding clains
wherein the fluidised bed has a settled bed density of at |east 0.4 g/cnB.
11. A procegs r I; ' e

fiui di Sed 500 Aiidieht Mok eeifens iieleAERSt i A MBSk
amuoxi dat i has aasadtle:blﬁddaieylklmoﬁmlﬁsmécg&ﬂﬁes 12. A process according to

claim 1l wherein the fluidised bed is catalytically t|v
oxi dation &f- h{dFOREsT HEALIRG O Ay OnEQ t%nrweﬁmgé@ a}l‘} f?%élse&g% ocess
accordi ng {Qeaed) idﬁllfr%ct‘f%%? &ﬂ%ﬁ&?&aﬂ%ﬁréﬂ%oklaaﬁd@ﬂ%aﬁﬁ fapgnet hane is

reacted with ecu ar oxygen to produce ethyl ene and/ or acetl c acid. 10
14. A rﬁocpmesxe&or ding to claim 12 wherein the hydrocarbon is ethyl ene and
the ethylepe js reacted with | ecul.ar .o duce, ac c acid. 15.
A brocess Seodh BrovEascaniies eamAd et e S BB AERL AR SafeSi

et hane anﬁlee&xﬁaﬂteﬁ%fﬁ%owsoﬁgastﬂéwldnamﬂﬁﬁaﬁle%ma% 6,@ efiol ecul ar oxygen to
produce acetic acid and optionally ethylene. 15 1 process according to
claim 11 whar éumocdseactdondlag teclaipetl wbersat @bﬁvdmambyn mthane ahdithe athane

car boxyl ati on tﬁ Itl rod ce u %at g/(s)terel reaction of a

car boxyllclsrg?ﬁ%dwé %cfuaﬁ |Pé% 8F 8%)17 i ﬁ\afyﬁlfit)cess accordi ng
to claign 164 Waesreédls hmrcﬁhgmmmslmvhyﬂeﬁﬂme hiythecedol ethylensdgiddhe i s acetic
acid and the unsaturated ester i s vinyl acetate. 20 18. A process according
to any onec@yleap i reactad wigh p@lm@r@wm@m@ p&‘?dqcééﬁtlccﬂ‘iéi oxi di sabl e react ant
is selected:fr t oxygen
cont ai ni ng. at Tt B8R ing BFiRn B WRBSLPRE pEbigruRF, LB RIGFRHARE . 1Y
reacted whhdethflen®xybe nﬁlmuw @deu'wedamm m@l@qiad oRYlEnitd prdd@b@hcétlb acidr gas
flow through the fluidised bed is upto 50 cms. 25 19. A process

accor di ng #ef epfipngleedylestai ms 1 to 11 and clains 16 to 17 wherein the

oxi di spbl e e A en
cont alflél)ng gag&%gggga@cr&dlﬁ%wd&?%gl et y]%gﬁ%leg]ﬁl éaegebtelhr(;se %%Hgg i aartégéé Ogd wth
t he oxygentieaariroaglaten vf alktnesac ptogiiee amsdiurdied ex¢raby Ir¢avtion o@asarbbxyhct hr ough

the fluidise S u 30 cnm's. 20. A process for the production of
vinyl acet 4¢'& Wq?ﬁi?eal?‘@é‘(??q%]ﬁ‘ tY&&thyl ene and acetic

17. A process according to claim 16 wherein the alkene is ethylene, the carboxylic acid

is acetic acid and the unsaturated ester is vinyl acetate.

20 18. A process according to any one of claims 1 to 15 wherein the 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.

25 19. A process according to any one of claims 1 to 11 and claims 16 to 17 wherein the
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 cm/s.

20. A process for the production of vinyl acetate by the reaction of ethylene and acetic

30  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 and having a particle diameter size distribution of at least 20 microns, and in

which process a molecular oxygen-containing gas having an oxygen concentration
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30 acid with nol ecul ar oxygen in a fluid bed reactor in the presence of a
catalytically active fluidised bed of solid particles having a pa§tjul 206
dianeter in the range 20 to 300 mcrons and having a particle dianmeter
size distribution of at |least 20 mcrons, and in which process a nol ecul ar

oxygen- Congféia{%?r fhn 3Rt o?%ﬂﬁé‘ﬂxt@ﬂy%ﬁ%rih&ﬁ@@fsg& bed iagg éﬁ@%ﬁé&%@fﬁg great er

t han t hat alr 1s i1 ntroduce nto the I sed ui di sed
bed is maimimainedlin situsbulent bedimetbynsmigrselid partisien awiog b papiid dakies ohatvi ng a

ticle d it f.at | 0 / d tt{ed bed d it f at
P b2 Bt ol S e b Seri T ek Sk Gy Bt e or of
at |east 4 hande W B mRid Qéc?t]eaézt!itncﬁia"c 163854 Mrgwl%gtagnnéﬁ%a§ﬂ54vqm%hgﬁ%ebed of

from2 to 50 cnls inclusive. . process according to claim?20 erein
the tot@al Fluidésed bgdof firamm2ttt 80 agls inblesivel ui di sed bed is from2 to 25 cni's

i nclusive. ,22., A process,.accordi ng.to claim or claim 21 wherein the
sol i d part PEi BTRER Ao [ Urit suBrEy R g Heary P el Be o) cne. 10
23. A procasglised %8 N MEm2o@Bendstchlsivel ai n8 20 to 22 wherein the solid
particles conprise a Goup VIII nmetal, a catalyst pronoter and an optional

co- pr onot e?2. 24 prgceps arserdkingiocdaini 2yondain 4 whaginthe sdidparidechagp Vi | |
netal is pall.adium.and the ¢ | renoter is selected fromgold,
copper, ceP‘i“'&ﬁﬁa‘ﬁaﬁ 2k ?Eﬁlg?ﬁg%%ﬁg/ ." A process for the reaction of

nol ecl{@r 02Xy @a&itoddst Acdbdding td@yore@f RlaHsI2@ tE2WwhereR thd Solalgr@Eleacet i C
acid, (b) ethylene to produce acetic aci dtoram(ic) m xtures of ethane and
§ apFan o

et hyl ene t eorpplbwLcerape illcmgel. @ catgpist Bioad ptional eerrometen f | ui d bed
reactor in,sfh ) . Of >atsal it | cal i i di . f, solid
parti ol es P RSRESSERGRR L YA AR Y GRER B bt BB 2
having a pazttﬁliystlpﬁoﬂb&ﬂ'ﬁtseltec&idzfﬁ)nﬁi'gslﬁ[ d':dppbi,@Eriurﬁfanditngktﬁeestthéi@oﬂﬁ crons, and
in which process a nol ecul ar oxygen-contai ni ng gas ving 20 an oxygen
concent r at égn @PE%?F%%’JOf ﬁ’&ﬁ%‘ﬂﬁfl ogfnoéqcpﬂn;r EXYSeN HELA 8thang © Rraduce cthyised
bed, a i-di i j ' A ' usi ng
ol | d"oar t Py QcIRGRag b ey lehc KPhiSlenRec Ridtol ) BN, BTN 0%
settl| ed bedthglensid grodficeadcetieadd, dptidnglycwidh athgtlenbyin afhidibéedugactor i the essur e

e L e react ot B HiBheh BT Dl B0 10w
secor 8110 UgnEla g ol ec il i B e na sk mutgre
wher ei n t hef atdéasti2Qpanierons, ed ar whish processomolsctlanoxygenisoitsining £as hawing nat i on
with By E))pyegeg lcglrlrceerr]l%reslt:ion 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.
25 26. A process according to claim 25 wherein the solid particles have a particle density
of 1.25t0 3.5 g/em’.
27. A process according to claim 25 or claim 26 wherein the solid particles are of a
composition comprising in combination with oxygen the elements:-
Mo, Wp.Age.Jrg. Xe. Yt
30  wherein X is the elements Nb and V;
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, Cu, Ay, Fe, Ry, Os, K,
Rb, Cs, Mg, Ca, Sr, Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl, U, Re and Pd;
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“Mpa. Wb.Agc.Ird. Xe. Y f 30 wherein X is the elements No and V; Y.is one or
nore el enments selected fromthe group consisting of : C, M, Ta, ﬁ' iJUN 006
A, G, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Cu, Au, Fe, Ru, CB K, Rb, Cs My,

Ca, Sr, Ba, Zr, H, N, P, Pb, Sb, Si, Sn, Ti, U, Re and Pd 20 ' 5 JUN

1006 a, b, .6, cdd @Wgﬁr{gﬁﬁ}?g&fw}greﬁfo?@f%e%"érﬁéﬁté aﬁ:h%ﬁgt he el ements

such that 02ax” 1 <e< 2;and 5
O< f< 2. 28. Aopfaocesso a®col damp hetckajm 25 or claim 26 wherein the solid
particles are of a osition conprising in conbination with oxygen the
el enents: nol yBcFe(ndnd) ngﬂladl um niobium and gold in the absence of

pal | adi um accobdl ng to the enpirical fornmula : MaWAuOVdNbeYf 10 wherein
Y is one or ér s selected fromthe group consisting of : Cr, M,
Ta, Tig B, AgGagpln, Pt, Zn, Cd, Bi, Ce, Co, R, Ir, Cu, Ag, Fe, Ru, Os,
K, Ro, GC, Wy, G, Sr, Ba, Zr, H, N, P, Pb, Sb, Si, Sn, Tl, U Re, Te,
and La; a, 2B, A proceseacocifig toeq:bauﬁsmmr dldien mwmmmm palid msticles arhefel enent s
such that : O<a< 1;0<_b<1 and +b 1, %’r 10"5 < ¢:5 0.02; 0<d<_2;

O<e<_1; andCOIEiil%OSrm‘&l 1 OmMpEINgn GO é%aé‘(’%c‘,"e @yRep ths clEmEnGe of claims 20 to 24

or clainms A Y HRIeASn REGiuth, hfbiud nd g&l’dqh ?rﬁsdabgéﬁe %E' pRARdiHn BASIrdigk EStHRas a

particle diameter size distribution | east m crons. 30. A process
accor di ng Bmparwl fonmulaf: Mbavmcymwfm or clai m; 25 to 29 wherein the

fluidi t I ti h

i ot 11 B i SReTeR Tnpan o Pty iosict o K Sopn ARl A CE WiarTe: o

di ameters ith g g, GanmeP?in@@ Qﬁcm @6% Ir, Gul Ag! BS R, RNK 1R 209 MS @,
particles have a’ partlc e diamefer of |éss than 45 mnicrons and (Tii) |ess

t han 5 %oSrtBanpaHﬁ,M,Ilésf’bhﬁb,eslaslpéﬂtUcReTEh amﬁbLer of greater than 105

m crons. a, b, ¢, d, e and f represent the gram atom ratios of the elements such that :

0<a<l;0<b<landa+b=1;
15 10 < ¢ <0.02;
0<d<2;
0<e<l1;and
0<f <2,
29. A process according to any one of claims 20 to 24 or claims 25 to 28 wherein the
20 fluidised bed of solid particles has a particle diameter size distribution of at least 50
microns.
30. A process according to any one of claims 20 to 24 or claims 25 to 29 wherein the
fluidised bed comprises catalyst particles which have a particle size distribution in
which (i) at least 65 % of the particles have particle diameters in the range 20-120
25  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.
31. A process according to any one of the preceding claims wherein the solid particles
comprise a support.
30 32. A process according to claim 31 wherein the support is selected from silica,

alumina, silica/alumina, titania, silica/titania, zirconia and mixtures thereof.
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*31. A process according to any one of the preceding clains wherein the '
solid particles conprise a support. 30 32. A process according ¢ QURi 2pg31
wherein the support is selected fromsilica, alumna, silicalalumna,
titania, silicaltitania, zirconia and m xtures thereof. 21 5 JUN 2006 33. A
process acgordj L i L particle
density of g?‘heA ggﬁE% a%gér/rtd?% 8%5?’ éﬂﬁg@@??ﬁe&%@ég?k@hg@g%ﬁfﬁbggﬁigfefi er during
t he prepar dénsity of ce dolid ppaicldsd$ awdifizd. byAhgpueadasieasifior dliring the prepatatios 3
wherein the &)gnsifi er is used during preparation of 5 the support. 35. A
process acEbMEiMAHIYS cl ai m 34 wherein the densifier is an inert oxide. 36.
A process QQ.C%}%E&S E&o?éiﬁg%aéin’{‘@ﬂ\%féiﬂ 1h€ deR8fir i%ééﬁeddrﬁg,tp'réba%ioﬁ%f 37. A
process according to clainm 33 wherein the particle density is nodified by
substi tti ¢ soppat. | east one netal of the solid particles by at |east one

met al havi a, 10 hi gher, atonjc ight.. 38. A process according to claim
37 wher of n30he BOSPRATOTE © GHUR TR A SsTeT SORARFLAEEY equi val ent o
the at |easp ONgroRERSckoMigdo RRIMIS @%reiﬁﬂwiae@%ﬁid@gwﬁ dkigg, to claim 37

wherein the solid particles conprise at |east one o Mo, V and Nb, and the

particl e daAsiA prosesstageondingttp clagm 33swhenelh thesphrtigle dersityiis modifigddy 15 | east
one of M, Nb. by .at, | east on Sn,..Te,. la, Ta, W Re, Ph, Bi, Ce, Pr,
G and  vbbrghieRleaticad 35k o of e id Airish by lepsions Pl BB ner ef n
the pat@i chighdemsmid/weilght. he solid particles is nodified by the use of a

fl ui di sing gas. 41. A process according to claim40 wherein the fluidising
gas conpri 88s Aprgesmecording tg plaim 3 vhezeis thecat deagt ong ubstitptingngtel isher ei n t he

concent oL Ay PLIN 08 sl ity < 7 eaet 30 ol by
et hyl ene i g9atA ba@sds acoérding thocladmBF witdrim tik2solid particles comprise at least one of
Mo, V and Nb, and the particle density of the particles is modified by substituting at
15  least one of Mo, V, Nb by at least one of Sn, Te, La, Ta, W, Re, Pb, Bi, Ce, Pr, Gd and
Yb.
40. A process according to any one of claims 1 to 32 wherein the particle density of the
solid particles is modified by the use of a fluidising gas.
41. A process according to claim 40 wherein the fluidising gas comprises ethylene.
20 42. A process according to claim 41 wherein the concentration of ethylene in the
fluidising gas is at least 30 mol% by volume.

43. A process according to claim 42 wherein the concentration of ethylene is at least
30 mol% to 85 mol%.
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