:e3eu2r../0"0b262T2JOH  CATALYST AND PROCESS FOR THE OXI DATI ON OF ETHANE
AND/ OR mummmmnm"present invention relates to a catalyst for the

oxi dat i and/or ethylene to acetic acid and to a process for the
production Ggw@setic acid utilising the aforesaid catalyst. Catal ysts and
processes for the production of acetic acid by the oxidation 5 of ethane
and ethylene are known in the art from for exanple, US-A-4, 250, 346;

EP- A- 0407091; DE- A-19620542; and DE- A-19630832. US Patent No. 4, 250, 346
disclo oxi dati ve dehydrogenati on of ethane to ethylene in a gas
phase 7@%{”/{/@@””%/’”& atively high levels of conversion, selectivity and
producti vi enperature | ess than 500C using as catalyst a 10

conposi ti of*™wnpri sing the el enénts nol ybdenum X and Y in the ratio
MoaXbYc wherein Xis C, M, No, Ta, Ti, V and/or W and preferably M, Nb,
V and/or WY is Bi, Ce, Co, Cu, Fe, K, My, Ni, P, Pb, Sb, Si, Sn, Tl and/or
U and preferably 15 Sb, Ce andlor U ais |, bis0O.0to |l.Cand c is 0 to 2,
and preferably 0.05 to 1.0, with the proviso that the total value of c for

Co, N and/or Fe is Less than 0.5. 20 EP- A-0407091 di scl oses a process for
t he production from gaseous ethane and/or ethylene of a product conprising

et hyl ene and/or acetic acid, by contacting the ethane and/or ethylene and a
nmol ecul ar oxygené YT CESSHQR, THEHOXERAIION, DI ETFIANE AND/ORed

mol ybdenum cont ai ni ng et hane oxi dati vegdgnygigpgenati on catal yst conposition
characterised in that 25 nolybdenumin the oxidative dehydrogenation

catal yst conpositi ohh§ Rresedpnysnion wlates togeatalyshforithe radatiomofethaner r heni um
or a conbi nat i g/@fethiynaieitt ataitthcldddsh @proddkss for heSsrb@S@dn ioff abdticAcPH 07091 i s
a catal yst conpt.i Si ng tpe eldgrggé}rltgi A, X and Y in conbination w th oxygen,
the gram at om P& BT FEGY ts A:X: Y being a:b:c, 5 wherein A =
ModReeW, X = Cr, Miatalysts afd professed/foanll prodWwtioand apstifaeidl) the bRidatibn V

and/ or W = B , . 1 . ., 1], .and/ or
U, and pr ef% er a%qe)}hagg,anggthg%? (l‘)]}rfi qﬁo%dwghezyﬁmgl’ QA?%X?%{B 'f,’ %F%%gbrsgb# ’0.05 to
1.0, ¢ = 0 to BP-ApPed@0anD}-4-10620348; andDEad 963188 2pref erably 0.05 to 1.0
with the proviso thgg phhgit N8t £b50,346/8isQbsds tﬁ@éxigﬁiveh&ehy@re%&fiog gris less

than 0.5, 15 d+e+f=a, d 1s elther zero or greater than ze ais greater
than zero, ancethanedosthylcae i agas phasgreagiion atrslatively high leyelsotiopgyersion,

di scl oses a cadebdcyi®ity bl proligctBaly@e b dtpepatiiftabisqharP$002ChRIR AR Reabist 20

et hyl ene tl(rb acetic ﬁCi d cont ai 3%%% t he el ?ﬁd@ts V\g Pc{,w‘ggé X and Y in the
gram at om rat i FERRPSHLOR. CEMPTISIAE PRSEES GIPTYRAERIgy <5 oAl FRO-xdYe (1)
where the synbols X, Y have tMe.Xgdld owi ng signification: X = C, M, Nb, B,
Ta, Ti, Vand/‘% WZS Y = Bi, Ce, Co, Cu, Te, Fe, Li, K Na, Rb, Be, M,
Ca, Sr, Ba, N, “Pb, Sb, Si, Sn, Tl and/or U, the indices a, b, c, d and
a stand for th¥igEaivattdenTaall,dsanst/on We aedprictespy mdite VeandiarsW where a =
L b>0. €0, dy3; 8,5, £9, Guardka My, Nil B, 1%, 56l SOSAI AGkhaRe W), ufld Perdydi9620542
IS a process fﬁ;éhe eiﬁctlve producti’on of atetic acid froma 30 gaseous
char ge of It ha , eeqnq&r e or mxtures thereof in addition to oxygen by
bringi ng the gageagus charge into contact with a catalyst of the fornula
(1)y. Finally, DE-As 832 discloses a catalyst for the selective

oxi dation of el? Wadg%%%gﬁﬁﬁcﬁne or m xtures thereof as well as oxygen,

cont ai ni ng t hec sl0ctontnd Moferabdy 005dad .0y wiith thdrproyisarthat dld total aalve of d fom

combi nat i on i &y AR FEGs MoERARYYd (1) 2

20 EP-A-0407091 discloses a process for the production from gaseous ethane

and/or ethylene of a product comprising ethylene and/or acetic acid, by contacting
the ethane and/or ethylene and a molecular oxygen-containing gas at elevated
temperature with a calcined molybdenum-containing ethane oxidative
dehydrogenation catalyst composition characterised in that

25  molybdenum in the oxidative dehydrogenation catalyst composition is replaced in



‘wher'e the synbols X, Y have the followi ng signification: X stands for one
or nore of the elenents selected fromthe group G, M1, Nb, Ta, Ti, V and
W Y stands for one or nore of the elenments selected fromthe group 5 B
A, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Ru, Os, K Rb,
Cs, My, Ca, Sr, Ba, Zr, H, N, P, Pb, Shb, Si, Sn, Tl, and U; the indices
a, b, c, dstand for the gran1aton1ratios of the correspondi ng el enents,
where 10 a = 1; b>0; c¢>0 and d 0-2. Also disclosed in DE-A-19630832 is a
process for the _selective produc ion of acetic acid froma gaseous charge

of ethane, et hiMhelsedrdn past Ry gihes rhepdwmor ajcambiation ghrhegiug gabngse ont act i ng
thgI gaseous charge mgdul@clg]@tiaﬂhﬂm,«?ﬁoma i arcatalyst &dn)pnsh E@Ii:;rrleﬁ%% pat ent
publi cation ished after Dri orit of 't esent
Popl | cat i on 1 eRCATsY FRcomtREI0e Rt R, e pudh-plom fafios 8 et 5N by
cat al yti c oxi datinga:bod, et hane. The catal yst used has the for rrul a WaxbY~Za
in which X sta one ,0r l\gnents sel ected fromthe group Pd, Pt,

Ag and/ or A%; %{g{nds foAr ow(?rg‘h\gf’e el enents sel ected fromthe group V
Nb, Cr, M, Fe, Sn, Sb, & Zz&r Mn, Nb, EadiioY amil/or W,end perferably Mnd\NrV nor e
el enents 20 sel ect ed frog}l&/gle“group Li, Na, K Rb Cs Be, Ng Ca Sr Ba,

Sc, Y, La, Ti, Zr, Hf, Pb,

| n,
P, As and/or Te in t he fé’rTmI Ela{;eicobCPsF%rI(eMéer‘éBaRb @b §1,|S§ E?@ﬁl{@r t han
0 and d is a nunber fromah@prferddBiSs! €Qahdot UUS an essential conponent of
the catalyst. US 5750777 (_eqw vaI ent to EP-A-719756) relates to production
of acetic acid by oxi8ation of ethane in the presence of a catalyst in

whi ch the active phase cbn-‘pri fes 2yvantedablyr).06itd 30, um nol ybdenum phosphorus

and oxygen vvh| ch includeg_a t

Ca, My, Zr, H, Nb, Ta, & V\? Q@E prEfe%&’; 8%9«% @%8‘{ aﬁlyﬁé&ﬁﬁﬁ? Ag,
Zn, Cd, TI, s| Ge, Sn, Ad wighthemrovignthatidie totel valirecofacfor e, NiendpeFe ist her e
are no specific exanpl es|g3@upgptai ning silver or iridium US patent US
4,568,790 relates to a process for the | ow tenperature catal ytic

oxydehydr ob%natl on of etAdre™ {5 %t hyl ene in a gas phase using a catal yst
havi ng a cal ci ned conposuﬁggfhepgermgﬁgytéyamzfefmrel na=05to00.9, b=
0.1to 0.4, c =0.001to 001 to 0.1. 35 US patent US
4,596,787 relates to a pr%%rgéerftB'fmﬁ?eraé’rdl ng a supported 3 catalyst for
the | ow t enper at ur e oxydéythegmnabt greatef thah hevoe t o et hyl ene in a gas
phase, incl udi N
VDavbAD-Shele. eraoq 42 aaiiend el b DR ROTRASbRR AL hd: ||
Sc, Na, Be20 Mmyethgigne graceggamd'.contzmmg-ﬂw el¢me1|1§ Mgy Pd, B¢, X@ad Win th@‘grann_a Zn,

Cd, Hog, A' Tl atoﬁupﬁosf‘ﬁzccﬁém&ﬁnblh% Qxy)ééna =0.5t00.9, b=0.1to
0.4, c 0 001 t 0.001 to 0 11\/?ﬁ s 8;001 to 1.0 for X equal to
at Ieast one el errent and a =0 for X =0VOp ins a ne for a

catal yst for thaesehesmbids Hxlvdave ¢ followingaimifctions et hyl ene to acetic
acid and a process for the selegtiv uct ion of etic 10 acid enpl oying
the catal yst. W have fo%ﬁd th&t%dgaﬁl&géﬁ%n%&ggﬁl@gﬁgpenpl oyi ng silver
and/or iri2iumas an ess¥mi aBi,dypon€ns Te die, EnKS Na, RheBayddg C=iSr,dBa,

sel ective oxidation cat aNy P%”gb ;062 5§ 2f8B} pyi ng sanme. Accordingly, the
present invention provides d catal yst ‘conposition for the selective

oxi dation of ethedndicesrdbo?, deﬁtnﬁyelséﬁi@ fopthgesam atog ragiogRs B coneoRpBSi t i on

\cNﬁrmrl se; in fﬁl@ﬁieﬁ@tWHé}e\éﬁo h bagywciw@osk@ﬁreﬁaé Moa, Ws@?iﬁcl'o'éf& ﬁ{te C\i/ff(l)
erein Xis an is one or nore el enents, sel ected from

t he group conspgr‘gh@nggg‘érls amﬁoceq%for %e selgctiyg progyctionpf aggtic afHHSr 2 Bi, Ce,

Co, Rh, Cu30 AU gask6us dﬁarge(af,et}&ﬁe Péxh}Rhe deenixivies thereofSh, adBaion s oxﬂen Wl P,

Pb, Sb, Si, t he gram

atomratios of b‘i‘%h%&@r?@ﬁfioéls §hﬂfﬁé {“%%FO%%:;%& Eb%ﬂ)l&gﬁgleig "< (¢ + d)
< 0.1; 0<e52 and Pmal@IBR-A- w&mw%d&cbad:sreamamiysmfdmmuselertuvﬁoxrdatlan ()f )

| ud
\Dg) e 0. Mo it ot i Vel Fﬁwﬁﬁ%@iimgﬁ& Y i
[ Mo+W a+b. | r d. M@, Pe, ¥ and Y-ty arem rafmsganbrc}d-mo@mﬁuw ¥gewf suitable
catal ysts dpving the formula (1) includgo,Pd, XYy (0




+ (1) "Moo, 3~. Ago. oi . Reo. zs. Vo. z6. Nbo. o~. Sbo. 03. Cao. oz. ~Y' which renornalised
on the basis of Mo is the sane as Mdl . o00. Reo. 69. Vo ~2. Nbo

as. . Sbo. os. Cao. 0s. Ago.oas4Y ; 5 (ii) Mo 3~.1ro, 0i.Reo. 2s. Vo a6. Nbo

0~. Sbo. 03. Cao. oa. ~Y~ which renormalised on the basis of Mo is the sanme as
Mb~, 00. Reo 69. Vo, ~Z. Nbo, 25.. Sbo. oa. Cao 03.1ro oaa~Y ; (iii) Mol

00. Vo. 2s. Nbo. ~2 . Ago oiaGY ; ~d (iv) Ml . oo. Vo. as. Nbo. ~z

. Ago. ooooas. | ro. ooooo~s~Y. wherein y' and y are nunbers which satisfy the
val encies of the el enents i e 10 c osition_for oxygen. An advantage of
cat al yst conmpo¥eie E%S%{’élafﬂi‘ i atVBtI%erfgﬂgWE%‘ﬁmﬁ?ﬂ?é’ﬁii on is that they can
be nore active and sel eci standsforCsneve midrd of thcltbsitendsblextedefidiy ign@otip acetic
acid. Preferably, silver C?gg/ o i,fi CPLV] i(i»p,r esent in an effective anmount
such that 15 ¢ + d is at L Nools 1o 8P4 ™ah 1y ¢ and d are such t hat
(c+d) <_ 0.05. Silver i s Ynuarelsddif aetdrneore bitheieldngkininseldetaelf feoraltheygronmr e
silver is pgesent than i di . % 1.PRef and d
are such th%t c is at Iegég l’thgA’??’an’s% @éﬁ’%’%ﬁ@l%ﬁ%%&%’%ﬁ gui s at

| east 0.05, more pref er aPsyKaRbsCaMg, das Br,Bap Zr, il Ny By hby Sb.cSij §n,@, apdeat er
than 0.5. Yet nore preferably, a is such that 0.05 <_ a <_ 0.5. Still 20
nore preferably, a.s sgch hatdeﬁ%' le‘ﬁ<_ a < 0.5 Preferably,. f is at |east
10- 6. Pr ef er abil indicgsaa, BaC. ¢t staniddfor the grarg atom satios of the coFrasRondiseelenpents sych
that 10'6 <_fwhere0.2. Preferably, Y is at |east one elenment selected from
the group nsisting of Cu,. Pd. Pt e, _ a b., 25 Prefer .1s at

| east O. 1.f re preferabFY,l’é’gpspé{anlﬁeda_sBéo.ggog}sglfoé?%‘ﬁl@?'%?%y%gi eat er
than 0.9. The esataksssor thersplestive produatiay of ecqticepalr feoin laygaseops oharghef net hods

convent i onal 'y @il Q%Srggfe?& nﬁf&ﬁra@&lﬁ‘e@?&fﬁﬁ 59@ti§1f6 foﬁ%{@lﬁ{ B %ontﬁtglsntg%ﬁé y the

catal yst may be prépa roma solution o cofrpou and/ or

conpl exes and/ B#seaws dergsovitkia caplydpithoformyle (Bet al s. The sol ution is
preferably an aqueopfemysdipdtant paslicatiohl WO Qﬁﬁﬂﬁﬁfobﬂsliﬂ{eéfiﬁér the piérity

r ef er abl rom 2 8, at a t.enperature of from to 100C. Cenerally, a
P o 2207 13,6 o Bhs6 Al dseshs FRPHEAIARIOlaioE i APEC S A5 SateshiB preprang ety
suffici gnt quamiﬂbyestaty_tigmidagbmpﬁahmmud ﬂdﬁoata@sdh&pems;hecfﬁm?wmm(; e 3ﬁ
conpounds so as top. Vi a desire ram.at om.rati o t he nts in the
St e yor cBmumieR e SR ohe S . ARTEIREROREE whdR PP L Repar ed by
renovi ng t he satd/enAufY standhior ohxoumere cltmensasatoied fromythdgroop Vg iNtbe €rhy
heating to a t K : i i } oxygen,

FIPFE S8, 0, 24, Uil B2 Han bl B o kel

for a period o nmnute’tc Y, alr or oxygen is
slowl y fl o ngseleptechisomdhegrpup LivgYe, fe Rbs 4. Berddpder SePBaScstipbb e,

Sui L _agl e s SDDQH:f,SR&, TS, F‘@?Rﬁ,i kB aAl, @latturra]il TR ,sfi,zc'aefE %Eni;ms %ﬁd/@_nir@'m t]g;é rdrﬁ@_[ht o
carbide and m xtures o nor e reqf . Further details a suitable
met hod for prepa ’ibrf@g%f’a@é\f(%“gfsf’l%gﬁﬂ%ﬁ%ﬁﬁﬁnﬂgﬁs BOUPBEHIOm ) 0Ly “exanpl e,
EP- A- O 16643 8Tuddstehhie thnataaleyhtiastepnipeners ed thercatahgst.f orm of a fixed or a
fluidised bed. In apgt | t [ ' ' a
process for the pro uc%g%%agfgg? ﬁ%to&ﬁ? é%@Z%@}aregagélggghg%c@érg%%&gﬁﬁpri sing
ethane and2or acithpy enisatipn ofethansdedhe prosepce ebacatdiistan which theactiyssbess

m xture with acqhbeedlakadi A8 RiaRN hdlybdesul thobhd?h tcﬁ&géxﬁ&ﬁﬁ:ﬁat ure in

t he presence o? a 15 cata ﬁ-St conposition as herelnbefore”described. The

np
feed gas conpr inshilest Hapast Heny Be flawing glemepise e iih Oy GtMaer. BEhe and/ or
e]g hyl tene may bwa,mw,im,s%@%gnﬁ,i@&alm, llgN@, P{dqona_, Ag,t %@Lr@dqu,smﬁb,tsmexsp\rm .moL e
of nitrogen, ng, car.bon di oxi an er In e.formof steam ic
mmy be. of esent SPrPinGeahd didamcartis. oo BR Pk egre e SRSUEHAERAS) e 20
per cent or3®@necattainingsileér dryrddiagen, car bon nonoxi de, C3/ C4 al kenes and
al kenes, whi ch may ty ! than 5
ol uns percent.. TheCNaTn a6k Pl TR A ahost £ aRIBLppeRgs | 270 2
ri cher or poor eatalytic oxydebydragenasion efethérsrtozihylentan a gasiplpise using g eatalyst
sui tabl e gas . > : i L ) pabl e #i tyent,
for exanple n??%ég%%?él%le%té&?géﬁ%fwgalbﬁ gl °%§%}C\M|IEQ£%|§?? g%’it)o (g% dajme
and/ or et hyl en@4aad GHH tadh%and &7 0P} def-lcont ai ni ng gas, water (steam
because this can i MpSGstent IS £89ETI7 tiates th @ paeRbd for pfd -incgbeuﬁoﬁwt ed
tenperature may suitably be in the range from 200 to 500C, preferably from
200 to 400C. 30 The pressure nay suitably be atnospheric or
super at nrospheric, for exanple in the rangd from1 to 50 bar, preferably
from1l to 30 bar. The catal yst conposition is preferably cal ci ned before
use in the process of the invention. Calcination may suitably be achieved
by heating at a tenperature suitably in the range from 250 to 500C in the
presence of an oxygen-containing 35 gas, for exanple air. 6 Qper ati ng
conditions and other information applicable to the performance of the

- r o o o o o, o o o I~ O™~ 2



'In a preferred enbodi ment, the oxidation catalyst of the present invention
5 may be used in an integrated process for the production of acetic acid
and/or vinyl acetate such as that described, for exanple, in International
pat ent publicati on WO 98/ 05620, the contents of which are incorporated
herein by reference. Thus, according to this enbodinent, there is provided
an integrated process for the production of acetic acid and/or vinyl
acetate which conprises the steps 10 (a) contacting in a first reaction
zone a gaseous feedstock conprising ethylene and/ or .ethane and optionally
Sreamwth a msPEOOT I s e mEae A GDefReR of Shati ipihh s | L
active for the phaselatclwiingéatalysty havieg & oalained cempeditioracahtainingt hane to acetic
acid and et hyl i d dl 0 ISty P t
stream conpri sﬁ\ﬁga‘é@é’%&éc. ,rg\{/}/a e?ﬁglﬁlllcl]é)et t)ﬁagtnée}{el(gqgegfot O@ﬁésLlﬂ ﬁ?’gg%t ed

et hyl ene and/ oBaMg&apbodise &d Zot Hi 6l Cart, 61 Noki Lg, 2, €4, Eighdhell, car bon

monoxi de, carbgsp, AisoE] 48, BNIMCInd W 4 2980 RIS £ )1 UMY, 001 td0.2, gecond
reaction zone in the 0presence or ce of onal” et hyl ene and/ or
a

abse addi t i
acetic acid at 0@t %l prste F@P0dstod Of?(r%‘l“a]g‘élsaéiﬁ.?%t%e&g%’&mﬂl‘? gafl for
conprising at Iyxaet acetic acid and ethylene and optionally 20 al so one or
nore of water, etha carbon nongxi de ar bon, di gxi.de and/.or pitrogen with
a nol ecul ar oxygen-zzllgiﬁfealiemamj agl}fggiﬁ?{q%ﬁwg%rglhgéeq%cftwgo&jffagmgfeth@qgve f or
the producti on anfl/ovithylenateictie atid apd aguaessifos dwossitcivo productid efaioetic

conpri si ng {4 nyJ.. . oot AGEL d e . 25
Preferably 1phe *ﬁ_"h‘f"g‘g@g’%@% t%%gdl Sé' g\geql%aﬁfgcg\gn%[tﬁ%q?xgﬁﬁwgﬁgﬂg l}étﬁ.sehg%{éﬁgg)
sepa[1 at Id ng t hte spwcrcbfx)ndtogrt?dlgmmsfanme.gﬂel;po@gonw o@,{lfnflﬁl tl@gnegthqrmsglegnve )
over head azeotr, ibh 2athly S arfdPFREe loVinekhmacet ate and water and a base
fraction corrprioglmr%%1 gcetkyﬁa&ﬁé}} %ﬁ:&ﬂgé’yfisﬁﬁg&(i ),qrgecog&iﬂng acei}j c acid
fromthe base fraction ség&f i LAC BHCEIL (IVENTION PIRYIGEH A iC GPIMRAOSIHOM ng
the azeotrope ffpehtisélBctiRpXidieH of Bthaheid/eretidfléN to Rddtid Aid Whickonpl et e
separ at i on(3 f the wat.er thgr.eefr.om tg. st&r {tg)k or EI [&})e recovering vi nyl
acet alt_e frth tﬁ@mé?Q%‘ P??%@?;ﬁ;‘ggég%}b ‘é(t i gfnio‘,)% tf"@?t and(g|)ot| onal(! _y_)
recycling the base fract Mo, Wepar.by.8d.Yrn step o step , or (iii
recovering aCGR{}Feré}SE'sftﬁ%Oé‘i%ﬁlQ@ﬁRﬂ)sa%df raction separated in step (c) 7 and
recovering vinyl "ace ate T Fomtne overYfead azeotrope fraction recovered in
fst e?h( c). | IThet détsadétwr nmnzielpmw%bstteﬁﬁo?h@grmmmnﬁtf@ﬁ i c;n% v%u% :_I §$ow be
urther illustrate r . eRC X8
PREPARATI Olf I thegf’%ﬁ’g&ﬁ%&%ﬁp@é\%gﬁgﬁggﬁgggrg_eéex%ful %i tﬁ% O mi nal
conpositi o8 of thé. PyreiEstard, g.vdntil, ReYbe Sk SncTil, MESI t he
anounts of reagepts dusast f &PI%e'Q_éhtQH@@@frﬁeItblﬁ!}ﬁti&fofttH@eléﬁEﬁtk)éﬁélﬁthatcorfpar ative
0

Exanples Ato G 10 The fol ng copparative exanples A to G are not
exanpl es according to thé T)?é en Si%nggnlap‘a)n,aJ'bléEiuse they do not conformto

t he essential conpositi o <ofcsdrd0d;catal yst principally in the respect

that they do not contai nosgé%eér_ a&pd/ or iridium They are included only for
t he purpose of conparison. nparati ve Exanple A (Ml , ooVo. 2sNbo. i 2~y) 15
A sol ution2A was prepared $§<ai ssolving 12. 71 g amoni um nol ybdate in 50 n
wat er heated t Qs thd | pared by dissolving 2.11 g
ammoni um vanad;ttagaqﬁtls %ﬁﬁe Watﬂ?lil tﬁégﬁggﬁt%‘ﬁ%%a&mot her solution C was
prepared by dissol ving Z.Mf%-‘éfb.ﬁgegb ¥m chl oride and 2.02 g oxalic acid in 50
m water heated to 70C tw,. &@uty.on C was added to solution B and the
resulting 20 m xture heaﬁ}& ‘&t&gog for 1% m nutes. Solution A was then
added and the final m xt % Weld&HdlwX0G for 15 minutes, before

evapor atingothe m xture Mo,Kg¥sSe: over not nore than 2 hours. The

resul ting catal yst cake \&%Srﬁ;;&upd then calcined in static air in an oven
at 350C for 5 hours. The nu428 *Conposition of the catalyst was thus Mol
ooVo zsNbo. i 20y. 25 CompMat[AgelrkxakpYe B( Mol , ooVo. 2s0y) As for conparative
exanpl e A except that no lLut4 O prepared. The nom nal conposition
of the catal yst was thus [%rrworé\%%é:’s .- Conpar ati ve Exanple C

(Mol , ooVo, 2sNbo. i 2pdo. oWMoA kedradenpar at i ve exanpl e A except that 0.23 g
Pd acetate was added in the 30 preparation of solution A The nom nal
conposition of the catalyst was thus Ml .ooVo.2sNbo.iz Pdo.ony. Conparative
Exanpl e D (Ml , ooVo. 2sNbo. i 2Ruo. oi ~y) As for conparative exanple A except
that 0.36 g of ammoni um Ru hexachl ori de waté added in the preparation of
solution A. The nom nal conposition of the 35 catal yst was thus

Moi . ooVo. asNbo. i z. Ruo. oi Oy. Conparative Exanple E

(Mol . ooVo. 2sNbo. i 2Rho. oi ~y) As for conparative exanple A except that 0.15 g
of Rh (111) hydroxide was added in the preparation of solution A The

nom nal conposition of the catal yst was thus Ml , ooVo.zsNbo | z~0.0l Cy. 5

S~ o, o p— o o e~ e~ o o ~ o~ .




'20 The nominal conposition of the catal yst was thus

Mol . ooReo. 69Vo. ~zNbo. zsSbo. osCao. 03 Pdo. ol | ~y. Exanpl es according o the
present invention Exanple | (Ml .ooReo. 69Vo. ~2Nbo. 2sSbho. oaCao. 03 Ago. 028~y)
Solution A was prepared by dissolving 6.50 g ammoni um nol ybdate, 6.61 g 25
ammoni um rhenate and 0.17 g silver acetate in 50 M water heated to 70C.
Solution B was prepared by dissolving 3.01 g anmoni um vanadate in 70 ni

wat er heated to 70C. Solution C was prepared by dissolving 1.89 g niobium

chloride, 0.88 g antinon alciumnitrate and 2.24 g oxalic
acid in 50 m water heatwgg&ﬁ*@@gghﬁ”r S fof the procedure was as in
conparative ex@xptnplesofgﬁita'BItecalnjyﬂtmhdvmg)ﬂtpcfemmulmﬁ) afcludee cat al yst was thus
MOL. OOReO 69V0..{2

(Mol . ooReo. 69~ (ZB ~7 gg@do 68 0026(1%0‘% 08325‘;%93 OW@#ger?oknahsed Oneth%r ed by
di ssolving 6.50 g hm&@ﬁMmlﬁﬁle)SbmataeMtﬁo@Retm N baesy Sho exGaoes. Agdozﬁlgym g
ammoni um i rsdi i $ M?Hr&ﬁ R‘égfﬁ'\ﬂ) 28, S’tﬁBF('iaﬁ???%ﬁﬁH rérf%rrﬁ%éed%ﬂ'tlfé' 0” B

was prepared b nmroni UM vana

heated to 70C. sm basioef héom@eﬁfﬂ@sat lpusyRenes Yorad brgs ﬁbw %aom Bb@ztﬁ)ry
chloride, O. 88(ﬂt)aMdIHpvyzsmtlﬁtA@onﬁ%ﬁl calciumnitrate and 2.24 g oxalic
acidin 50 m g,a e&l a{f C. The rest @f the procedure was as in
conparative ex lr‘él Op00- 008‘8 BYPPRYR of the catalyst was thus 5
Mol . ooReo. 69Vo whzmmy'mmymreaﬁabem svhiichosatizfy@e vaizavigsl of thd ¢lements in the

(Ml . ooVo. 25Nb é for exanple A except that 0.17 g Ag acetate
was added |¥§t t%ofn 'rbgg&al?a %gé%fs solution A. The nom nal conposition of the
catal yst was thus WnaﬁWag@oﬁmtalmgmmamns a!;c)orEmgrthtIE prbsent invention

(Ml . ooVo. ZSNb?set;}ﬁﬁﬁSP aﬁ%ﬁtc%&?@@%ée’fecﬁl/? ﬁxstn%rtﬁ URhE afty/orbtRyes Nt

anal ysi s revea € presence of anounts o I'ver  &no | I um eqw val ent
to 0.00036 g Ade agetit 46id- and 0. 000001 3 g ammoni um lr chl or| de in the

preparation. The coppgeiablyosilvet ahd)6r igididh ¥Sireabin dhlsFrebiiVe AAYEht 26H0Mat

cat oot whSe PaBa % g N AR e AL R S
of di mensions leffewtivierthar inidiunml Hmﬁéreblyamdrel stlvegt i pAd3entrtharGridlian beadgamer e
e o Ol Nt bl B YRty B At A bl 05 BERNORRh ke GAFCL

Above the cataP ass gat i ng
20 zone for gaseous meerablyqdlsohtﬂmgbﬁi,snorﬁnveefelebbf @ppaleast@ﬁ ml%mfetraténe
pressure-test etisbﬁ& redtePan Vs hyét%areﬁsté&eaage&tg squ’lF HafBS < 203 Yilip vere

t hen acti vat ed eatln to 22 rumat 21 bar for 16
hours, to 8Qtsuﬂé>f¢melfera‘elb!o?rt§(§§?lﬁhéh03t<Q:épél yst precursors. The required

flows of ethane, ZO%MEEnfis&tﬁﬁktllm PeleBlS F iy @eitbehar b.2. 'Y dt@shseed to

t he reactor, to re.an i1.n v3) ion of 42%v/v ethane, 6.6%Vv/v
oxygen, 25%v/\‘?r n‘flér?HClE%’ L}fvge—waéer (as steam). The total feed flow

rate was nmaintai ned PadferablyeYdk at least naeielemant setedtedHih tie gOUREdnsistihg of

equi librating s sanpl es were taken fromthe outlet stream
to calibrate a%?’%&?%ﬁ?‘} '4400) for ethane, oxygen and helium Next,
the 30 set@di nt tenPefatablyea sfatidast 0.adlare prodierablyica isas bdsths.i Preforpblydh | y
75% oxygen cony, fﬁ"sé‘% Sn@@)i eved, as indicated by the presence in the
outl et stream o v/ V_ OXy

gen. FoI | ow ng an egﬁ, l'i bration_ period of 30
m nutes, catalysts mﬁeat@tyétpoewm@pwama@rep@teé ynyohthe metheds i ons for a

period of typi eahventifnally kol SyedERst ﬂte%‘ée;ﬁ?a‘hoﬁ@f@ﬂﬁlyﬂ@s Sﬁﬂﬂﬂ#ﬂﬁcba&\lﬁt the run
period by a water - met Li qui d 0&] 8]{9oducts col %@?
wei ghed after K& Lﬂﬁeﬁﬁé‘?‘f anaég SOl fcowguﬁ@ﬁoﬁﬁpﬁ‘p&x ¥ was

(rjreasur ed usdng cékip atﬁl?ilsyﬁbS(i}(dﬂth@MaMOHlemwt%HQQpﬂefdrﬂﬂﬂ amhqttjeo’u's:ﬁysmm FI D
t ect t t
ter e entored | ARUDEA R ndhe R RRuREG: L Bieibianl i IR Sra e RERAF bt ' O

cal cul at ed: et lfimne2@oV&0YC.on (cnv) (i nI et nol ethane - outlet nol

ethane)/inlet nol e 0 | ygen -
out| et nol oxygen)lltdr% llgéa'tglx?ﬁﬁ\é%?@orixﬁ%%bﬂt? |Flfn§eh&,&§w%fd% %
(outlet mol Ac @HSG(IZ n!g(swﬁﬁicmthawﬁlt@@nt?sqlu@d csampound_s@eddapetsmg\ﬁnvyn&o@ble

et hyl ene ( t viehked x2) X
100 sel ect|§§/| ty t Oug(#%tag%Bmiile%od&%ﬁlrﬁgraﬂlzaté%@(l%gfdﬂgtg%g%g&clgrﬁﬁrted X2)
x 100 15 selectivity to G2 (CGnmol %9 _ (outlet nol C02)/(nol ethane
converted x2) x 100 selectivity to COX (CSol 9% = selectivity to CO +
selectivity to C02 STY (space tine yield) % _ (g AcOH)/litre catal yst

bed/ hour Typically, mass bal ance and carbon bal ance for a reaction was
found to be 100 +/- 5% 20 Catal yst conparisons The follow ng table
conpares the catal yst performance of the above described catal ysts. Each
cat aI yst was eval uat ed under standard condl t| ons i ndi cat ed in the table,

- e o o v o S Y. . Y. Y2




'N Exanpl e! Conparati ve Exanpl eCat al yst ConpositionTset CTbed CEthane cav

%Xxygen cnv %5(CzHa) % Cnol S(CO,~ % Cnol S(AcAi) % C nol STY AcOH

- cat / hAMbi

o0oVo2sNbo. ~z3263. 282. 441. 916. 241. 382. OBMoi . ooVo. zs3144. 879. 415. 167. 017. 819.

7CMbi . ooVozsNbo. m

Pdo. oi a2533. 976. 80. 036. 962. 982. 4D\Vbi . oovozsNbo. i z~0. 0i a2935. 071. 843. 716. 539
. 870. 2EMbi . aoVo. zs~0. i z~00i a3045. 787. 543. 1 15. 540. 389. 3FMbl . ooReo. s9Vo

ano zsSbo » .

0sCao. 0s300309%52t18t cospposisiony ie £3Bly straMRPsBioRIBLGER b Rispaedhy. rengtlag oa~~

| 0 oil 2866. 273 tiElsbl vt Frém thd SixtaitdVOIHe(daeabyst 4y .be-calchrediby. heatgntoca

0252502625, 775, 019,50, 476 2165, A ECE AR g 1 s R ARRR . 65

7. 233.93.063.0
s9Vo. n~o0zsSho. mnnutcw%homsSZBOﬁelaElyB@ls agz0 oxpgengs slowig flowing. Mol _ooVo. 2s~o. i

zSboosA . ma2802963. o}

. 0000zs~" oogoom sZQéﬁéﬁ%g’iﬁé %ggg&g’%i@f\%%oﬁg% gf]tg& Sﬁlé@le SuPR%rt/(s) vliv
et hane, 6.6 | le plumdna, zipenja,ditargg,giliconcpghida and mixtyres of ey or
\e\grrgosi }i gnxco?{m%ré?ie%fr n conbr nat i OR W th ox%/ge&bt hedel ements: M$.

. Ag~. I rd. Xe. erei.n e e nt s an i S one or nore
ol emant & sel ot ed f FURMERST ghp SHEAHs W1 Tor Drepatingyp cotllysl spmogiitoy (o,
:Bn ;t Zn, Cdmdgiib,e foend ﬁoforlahamﬂﬂ ERPWA-OF&043Bu, Os, K, Rb, Cs, M, Cad fSr

a, Zr, , a an
represent El?'ue gram E{ﬁ%m tS ‘?u%eémt%efﬁgﬁtogggiﬁcﬁb{%gy%gagfg 05b<1 and
a+b=1; 0 < (¢ + d) hlmolher@né)odznmdleqm‘:@m inZentonceroeidysa pmocqscfer theon as
claimed in cl ak)fgd:llcﬁ&l Yfucehic §c1ﬁ%n{jag{ls%o§%’xg ﬁf%%hm‘i)rlﬁ'ng U—%n @St 10° 6.

3. A catal yst osition as clained C |chcandd
are such that et Y ngw. hmowscampm%&paﬂaymg@emm F’@ﬁu@sWIé}Ilal med in any

0{16 OL clains &&&ufarloa EoMtABLE ghd Jlt\éfl»‘évateﬂ t&hg&ﬁﬁ}e {nhﬁ@ izfel’sér@b\'f\bhﬁfhoﬂ a gram
at om basi s, a Cconposi inclaim4 in whichcis
at least 187ti ﬁ%téﬁ’a °@¥P°A1t’(9§t ﬁ?@l gﬁﬁa%ﬁc{‘ as claimed in any one of the
precedi ng cl ai ns8 i nThbifedd gas comptises @dmhe Bnd)or etbyleﬁe;rpadfémblqtetﬁmast 0.2. 7. A
2 e o greater t halighe ndla Byl A pRUECh SYAEA RS B0t BBl "2
one of the presathong ornzirersf hitrogen, mtetlﬁanescaabon diaxide 204 9/ated in thedatna b/ st

conposi ti f
oronter t han o ait JRt PO pr80e B mbidP pBbARE ol eyl BRatel b SHRIGpt 2 00
pr oceedi ngg0 c| #P1PENtq% YA OE MO @%hyalrogeea@rbmoecr@%ﬂp %élléqilseencr allseﬁe@he
group consi sti RGiH mepbe pidserttin miteor albuaRIfoPRxamgle 1s e%ad Yslhme QBReAd. t i on

as clainmed in any oq,g of 1th precedi ng.cl ai ns i nbV\/m ch ais hat | east 0.1,
pr ef er abl y at | east e§10 ecular oxygen-~-con 1n1ng gas may DeE air or a gas richer or poorer

in molecular oxygen than air, for example oxygen. A suitable gas may be, for

example, oxygen diluted with a suitable diluent, for example nitrogen.

25 It is preferred to feed, in addition to ethane and/or ethylene and the
molecular oxygen-containing gas, water (steam) because this can improve the
selectivity to acetic acid.

The elevated temperature may suitably be in the range from 200 to 500°C,
preferably from 200 to 400°C.

30 The pressure may suitably be atmospheric or superatmospheric, for
example in the range from 1 to 50 bar, preferably from 1 to 30 bar.

The catalyst composition is preferably calcined before use in the process of
the invention. Calcination may suitably be achieved by heating at a temperature
suitably in the range from 250 to 500°C in the presence of an oxygen-containing

35  gas, for example air.



*12. A catalyst as clained in any one of the preceding clains in which b is
no greater than 0.9. 13. A catalyst conposition as clainmed in claiml in
which formula (1) is selected fromthe group consisting of Ma. WAg~. Xe Yf;
Moa. Wb. I rd. Xe Yf; Mba.W.[Ag+lr]c+d. Xe. Yf; Moa. Ag~. Xe. Yf; Ma.lrd. Xe. Yf ;
Moa. [ Ag+l r] ~+d. Xe. Yf; (M+W-$~. b. Agc. Xe. Yf ; [ Mo+Wa+b. Ird. Xe. Yf.

LMb+W a+b. LAg+lr]c+a. Xe. Yf wherein X is the elenents Nb and V and wherein
a, b, ¢, d e and f are as defined in claim1. 14. A process for the
production of acetic acid fro .a gaseous xture co ri.sing ethane and/ or
et hyl ene whi ch proc&¥eratiggsPrdi %nsc%’r‘h(ﬁ]&?“% %paleFﬁ £ REEOTRANGE o

nol ecul ar oxygefithednveitionh Mgaydresoaid mltﬁwafoed;aid@l‘mraﬁtfmexmmbm pitestence of
a catal yst co%m? 8,? gs claimed in any one of claims 1 to 13. 15. The use
of a catal yst nﬁ é ron as clainmed in any one of clains 1 to 13 in an
integrated process ﬂmaptdﬁqurmmhcmlﬁrhmt,thkoa'rdatmncateiystosfnhldmesamnydenﬁmet ate
whi ch conprkse i j aseous
Feedst ook comp i ng o Riprifleetth S5t de Brodhlitin S3858¢ A £05, 02

mol ecul ar oxygeeetatesueh s thaj, dgaesibied, fon exq@mégend@tematlanai @mnygublmmrvw() or

the oxi dation oSy iRNGorksh@smyhith 8 fledtpstanty &P&ﬁB?réf&eﬁ@eEtTlﬁlsaC' d and
In any oneo Call'TBlt uceaf|rst

et hyl ene as cl ai ne

product st reanﬁ%‘iﬂ’i‘gflgé‘?ﬂ’@s epbadimenty there W%WS% lefeﬁgat oggss {ordhe a5
unreacted et hy bmmcmdémceasaaaaﬂd/oﬂw«n?mc%te wm‘rchscbmpﬁa;esandstepgi onal ly al so
et hane, ca nOXI n di oxi de and/or ni.tr ntacting

ina secon | ti o™ %8“%‘% 2 ﬁ%reﬁfté(g’e%?@g aF5NE é‘?fggt%gj?b%mlilf(‘%%@ygg? hyl ene
and/ or aceti c aC| d aatl/dr etimhe andoptionally sitarmhivétlf 3 melecghs exygenmoodinihg gasr eam

t | t. t |
Tore of vater, et hdl gkt bls B G ERE ARV MEBIG R 0T
a nol ecul ar oxygen-asishandiariethpng seadefic apid apd@ﬁé’?fﬁiflé ag herginbgfos¢ 9@Crlh@i,|t®/e for

the production of rB&’dce%Cff‘rﬁtaﬁrsdﬁ&sh?éa?i@'b'&ﬁ?ﬁsﬁfﬁ&ﬁ@ aPido fe ﬁﬁ
conpri si ng Vi nyI acetate, water tEce ICc ac and opt 1 onal ene

The use asl2l ai med (Fithesieappseqcted ylﬁn%amyprywow%%ﬂteﬂwnaém& %ntwalh any

one of claims 1 thls%dtmncarmrembﬁéﬁde Qmﬁﬁso)ﬁwmidm:@&@g&%n@n of acetic
aci d and/ or vi r\é ace{

é l?jﬁl;rrgrlses t he ,further st%g

separating t he §r odGBECURS ’é‘e?rﬁelc? cattan 7085 hiReAreSENeq oFraPaThor ﬁfo an

over head azeot rope ddd#imhalosthylenepanidéiragetic avid atdeast apertimnd et st gasdows base

; ti . 4 df
[hackion eom <! nayAREk hPkonptily 8RR L ke LSHBAINAGE BASkGAR O O
azeot rope 20 acti on asspmear sapre af waep e@lm)leeﬁarlmn penaxidd, c@bondmllc%t@d/or
separation of the watg entvt}‘iﬁ{ £HoMBulaP oRYRR-doflainifE gAd ih)thd FEQMRE LRY Vi Nyl

acetate fromthe azeotrope, fraction se ara}{ed in"step (c) and optionally
recycling the base % pgityederihe prodyction ok wpylacstatedo predyce gsecogd ()
recovering acetic ggodhct stedtint SEnpasigy Yibflcicenre, fapa fbteadid afd eptidma)ly and
recovering vinyl acetate fromthe overhead azeotrope fraction recovered in
step (c). 15 .Ae. AE"RFRhy. Al e. Al hy. AYe. Ah. A{le. Al {.AF{A.$ .A[.AAD T

25  Preferably the integrated process comprises the further steps of:

o oo v ol ool apbapeclenbaghan o gtk ol oo o

|~ #&&I( (} xsni d azgqtrapedtaction eemptadingyinl w]atﬁamdawaiaq ) aldse fpctigca] ca) ca

] ca] ca] ca] ca] ca] Ca]c%ﬁip?@ﬂn%%&?d&?d .Gayical ca] ca! ($))) +O+} +--w000#1g11p2u23h39
g O . . . P : .

J - He<<<==?@8- B{dir | Fithsy @bqeé@]e@ag@ath}%&?@ftaq basp diartion seppralgdcingster)(€h] ca] ca

Lgé]s ([:)?Il'] Eﬁ/\g(&]}(;??] ﬁi][ ﬁi] ca] gl sptibaa] Rl ¥ctin Qﬂ@&]e@ﬁé &EME& atdd hi—été;lVNNi-m]

zu cha ca calc”a]ca]c

a] ca] ca] ca] ca] czl] ca] ca] Eaé’g%é]ah‘aé}% %:as]e% ‘% } T\alle"&l‘ PJ _abb|c

Qevehhj koossshuuul [ zupkf a.{t @3] c"aj cal ca] ca] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca]

Tove ()25 100 ()- P9k ‘%\f%é%kﬂz‘fa%e%ﬁéﬁ%@k%ﬁbgzﬁg%n PR o () -
‘i/%(?%)& ()- #10(1/%)(4)?; Q(& ) - Y_?_ 1&]@1&2&‘) and olg}ggglly reclychrgg tgle Egsojh faach;n separated in step
| k3- 9! 10%(r & () - (131%@‘03@;’&’31 %zgi)-allv 10%008! ()() -\ =
10%& ()-@ 10%c& ()or@ln)amveymg acetivgeid)from o l@@drw@ru\apm@&d(n} step (¢)
7



za?~\ =l & 10% { & ()-LLnlO%& ()-TL 10%& ()- I1!2109& ()-!1!109%& ()-L .
10%& ()-S! GwJ3~\=I"Fl 10%& ()-'!f Fl 10% & ()-'!'k Fl 109 ()-'! F

10%{& ()-'"'"FlI 109 ()-'! & 10%& ()-G

=0N<~\ =T HFRY7@O0%& ()-S!' f " Fs-& 10% & ()-s Fs-& 10%& ()-s!fFs-& 10%

& ()-s9,10% ()- Fl 109 ()-'02345n~\:!!" 109& ()-! .
109%BR3& ()-! "' 10%h& ()-f'10%& ()-f 10 10 10y; 10%& ()-9R*<~\:!111S Ys! 10%
& ()- "!SYs!10% & ()-'!" 10%& ()-- 109 & ()--1 109%& ()-109%& () --bdez[ <l:
10; " 109& ()- Y3 10%& ()-!SY3 10% & ()-Y1109& ()-!; Ff& 109%&' ()- !fFf& 10%
u u& ()- ef gQ@E: and recovering vinyl acetate from the overhead azeotrope fraction

101 11 109%& () - 10%& ()-!* ylra@¥ieti®step (@l y! 10% [ & () - s310%& ()-f 10
"=E: 10 fY!10%;

éP(C%D} S&100& () - MLOYE 1) Y] BBRPTOpessatyofeht presrpt invsogion il e durther

10, Y10%& ()-I flaﬁstm/@a@pefdrmo%uegfomwhfg Pélat@&. () - ! Y! 10%& () -1k’ Y! 109& (

)-q s { ¥ : o=& ()-f 10 10 103;

109& ()-! " - y109E5s" - Y- 1ttt 9{Y: 10! 109& ()-f!N

109 ()-f, 10%& () - nihﬁa/&z loyving & atyjl compagtipp exaples; theARWBBIZZ X6{ V-
101111 100& ()cohig;ohlftloﬁg’o/ﬁh@}:afagfsﬂsta}é]@\/@h (Thesk wetd dHatkd Frond the 4Kk - @0%

'()-9&8& 9(($
foc(y«)&' ()- yl\(( )gf[fwfé)um{lnstm PESpRra §>ns offb«b/&@telystsmlocy&' ()-$)8&"')()))]*+O+

}+{\ = 10! f 109%& CImpak@%R ExaniplestA 1O#HOx0x&' ()-M & 10%00& ()-M 10 10 103;
UR' () - Y - 20\ =
s109%& () -} o F. aI‘}ie\f‘Gllowing comparative examples A to G are not examples according to

the present invention, because they do not conform to the essential composition of
such a catalyst principally in the respect that they do not contain silver and/or
iridium. They are included only for the purpose of comparison.

Comparative Example A. (Mo1.09Vo.2sNby.120y)

15 A solution 4 was prepared by dissolving 12.71 g ammonium molybdate in 50 ml
water heated to 70°C. A second solution B was prepared by dissolving 2.11 g
ammonium vanadate in 70 ml water heated to 70°C. Another solution C was
prepared by dissolving 2.43 g niobium chloride and 2.02 g oxalic acid in 50 ml
water heated to 70°C. Next, solution C was added to solution B and the resulting

20  mixture heated at 70°C for 15 minutes. Solution 4 was then added and the final
mixture heated at 70°C for 15 minutes, before evaporating the mixture to dryness
over not more than 2 hours. The resulting catalyst cake was ground then calcined
in static air in an oven at 350°C for 5 hours. The nominal composition of the
catalyst was thus Moy ¢oVo 25Nb0_120y.

25 Comparative Example B(Mo1.00V0.250y)

As for comparative example A except that no solution C was prepared. The
nominal composition of the catalyst was thus Moj g9V 250,.

Comparative Example C (M01.00V0.25Nbg,12Pd0,010y)

As for comparative example A except that 0.23 g Pd acetate was added in the

30  preparation of solution A. The nominal composition of the catalyst was thus
Moy ,00Vo.25Nbg.12 Pdg.010y.

Comparative Example D (Mo1.00V0.25Nbg.12Ru0,010y)
As for comparative example A except that 0.36 g of ammonium Ru hexachloride
was added in the preparation of solution A. The nominal composition of the

35  catalyst was thus Mo 00V0.25Nbg 12Ru 010y,
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lution A was prepared by dlssolvmg .53 g ammonium molybdate and 10.06 g

g pmna_cgu}ﬁn vanadate in I water heate% olution C
was prepared by dissolving 3.65 g niobium chloride, 1.34 g antimony acetate,
0.26 g calcium nitrate and 4.05 g oxalic acid in 50 ml water heated to 70°C. The
rest of the procedure was as in comparative example A. The nominal composition
of the catalyst was thus Mo goReg 69V 0.72Nbo 25Sbg 08Cag 03 Oy.

Comparative Example G (MO1,00Reo_59V0_72Nb0,2ssbo_03Cao,03 P d0,0110y).
Solution A was prepared by dissolving 4.76 g ammonium molybdate, 5.03 g
ammonium rhenate and 0.06 g palladium acetate in 50 ml water heated to 70°C.
Solution B was prepared by dissolving 2.28 g ammonium vanadate in 70 ml water
heated to 70°C. Solution C was prepared by dissolving 1.82 g niobium chloride,
0.67 g antimony acetate, 0.26 g calcium nitrate and 1.97 g oxalic acid in 50 ml
water heated to 70°C. The rest of the procedure was as in comparative example A.
The nominal composition of the catalyst was thus

Mo goRe0.69V0.72Nbo258bo.08Cap.03 Pdo.0110y.

Examples according to the present invention

Example I (Mo1.00Rep.69V0.72Nbo.258bg 0sCa0.03 Ag0.0230y)

Solution A was prepared by dissolving 6.50 g ammonium molybdate, 6.61 g

ammonium rhenate and 0.17 g silver acetate in 50 ml water heated to 70°C.
Solution B was prepared by dissolving 3.01 g ammonium vanadate in 70 ml water
heated to 70°C. Solution C was prepared by dissolving 1.89 g niobium chloride,
0.88 g antimony acetate, 0.32 g calcium nitrate and 2.24 g oxalic acid in 50 ml
water heated to 70°C. The rest of the procedure was as in comparative example A.
The nominal composition of the catalyst was thus

Mo1.00R€0 69V0.72Nbg 255bo 08Cag.03 Ago.0280y).

Example IT (Mo goRep.60V0.72Nbo.25Sb0.0sCa0,03 Ire.0280y)

Solution A was prepared by dissolving 6.50 g ammonium molybdate, 6.61 g
ammonium rhenate and 0.49 g ammonium iridium hexachloride in 50 ml water
heated to 70°C. Solution B was prepared by dissolving 3.01 g ammonium

vanadate
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oxalic acid in 50 ml water heated to 70°C. The rest of the procedure was as in
comparative example A. The nominal composition of the catalyst was thus
5 Moy .00Reo.69V0.72Nbo 258bo.08Cag 03 Iro.0280y.
Example 111 (M01,00V0,25Nbo_12Ago_0140y.)
As for example A except that 0.17 g Ag acetate was added in the preparation of
solution A. The nominal composition of the catalyst was thus
Mo1.00V0.25Nbg.12A€0.0140y.
10 Example IV (Mo;1.00V0.25Nbo.12A0.0000281r0.0000018Oy.)
As for example A. Subsequent analysis revealed the presence of amounts of silver
and iridium equivalent to 0.00036 g Ag acetate and 0.0000013 g ammonium Ir
chloride in the preparation. The composition of the catalyst was thus
Mo1.00Vo.2sNbg 12A80.000028170.00000180y.
15 CATALYST TEST PROCEDURE
Typically 5 mls of catalyst were loaded into a fixed bed reactor made of

Hasetelloy grade C276 of dimensions 12mm internal diameter and length 40 cm.
Glass beads were used to maintain the catalyst in position in the centre of the
reactor. Above the catalyst the glass beads thus acted as a mixing and pre-heating
20  zone for gaseous and liquid reagents. The test apparatus was then pressure-tested
at 21 bar with helium to check for leaks. Catalysts were then activated by heating
to 220°C at 5°C/min in helium at 21 bar for 16 hours, to ensure full decomposition
of catalyst precursors.
The required flows of ethane, 20% oxygen in helium and water were then
25  introduced to the reactor, to ensure an inlet composition of 42% v/v ethane, 6.6%
v/v oxygen, 25% v/v helium and 26.4% v/v water (as steam). The total feed flow
rate was maintained at a level to ensure a feed GHSV of 2970/h. After
equilibrating for 30 minutes, gas samples were taken from the outlet stream to
calibrate a GC (model Unicam 4400) for ethane, oxygen and helium. Next, the
30 setpoint temperature of the reactor was increased until typically 75% oxygen
conversion was achieved, as indicated by the presence in the outlet stream of 2.2%
v/v oxygen.
Following an equilibration period of 30 minutes, catalysts were then
evaluated under steady state conditions for a period of typically 4-5 hours. Exit

35  gas volume was measured over the run period by a water-gas meter. Liquid

10



C310%1&’ () -
1 99! % - ?3("

C310%& ()-~ C310%& ()-~ C310%&
C310%1& ()-~ C310%& ()-~ C310%& ()-~ C310%& ()-
C310%18&’ () - A 57 C310%r8' ()-G[ i9g! %-?3" C310%r&' ()-~
C310%1& ()-~ C310%& ()- " " " j K, C310%& ()-~ C310%m& () -
cslo%r& () » 3109 () - A C310%& () -~

3 P ek celisptpbd Oyl sBen i Bt oo s and

C310%& ()-~ C310%r& ()-~ C310%r&

()-"
oP1C* C310%& ()-C* C310%r& ()-~ C310%r& () -~
() nCBCA

C310%1& () -~ cm;o%p%@asﬂwmmem«gsmg @3 1hasyss (VnicAm @300 %10&4200 ﬁtted

10

15

20

25

30

35

with TCD and FID detectors respectively).

All feed and product flow rates and compositions were entered into an
Excel spreadsheet, and the following parameters calculated:
ethane conversion (cnv) = (inlet mol ethane - outlet mol ethane)/inlet mol ethane
x100
oxygen conversion (cnv) = (inlet mol oxygen - outlet mol oxygen)/inlet mol
oxygen x100
selectivity to AcOH (C-mol %) = (outlet mol AcOH x2)/(mol ethane converted
x2) x100
selectivity to ethylene (C-mol %) = (outlet mol ethylene x2)/(mol ethane converted
x2) x100
selectivity to CO(C-mol %) = (outlet mol CO)/(mol ethane converted x2) x100
selectivity to CO; (C-mol %) = (outlet mol CO,)/(mol ethane converted x2) x100
selectivity to COyx (C-mol %) = selectivity to CO + selectivity to CO,
STY (space time yield) % = (g AcOH)/litre catalyst bed/hour

Typically, mass balance and carbon balance for a reaction was found to be
100 +/- 5%.
Catalyst comparisons

The following table compares the catalyst performance of the above-
described catalysts. Each catalyst was evaluated under standard conditions
indicated in the table, except for the temperature, which was varied so as to
achieve 70-90 % oxygen conversion, in order to facilitate comparison.

The data in the table illustrates clearly the promotional effect of Ag, Ir and
Ag-Ir on Mo-V-Nb based oxide catalysts. Thus, the data in the table clearly
illustrate that Ag-promoted catalyst (catalyst I) performs better than unpromoted
catalyst (F) in terms of high acetic acid selectivity and low carbon oxides
selectivity. In addition, the data indicate that Ir-promoted catalyst (II) is superior
to unpromoted catalyst (catalyst F) in terms of higher acetic acid selectivity.

On the basis of these results, Ag and Ir are also both effective catalyst
promoters for ethane oxidation to acetic acid in the absence of a Pd promoter.
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Claim:
1. A catalyst composition comprising in combination with oxygen the
elements:-

Mo, Wy AgeIrg. Xe. Yr 1))

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, Au, Fe, Ru, Os,
K, Rb, Cs, Mg, Ca, Sr, Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl, U, Re and Pd;
a, b, ¢, d, e and f represent the gram atom ratios of the elements such that
0<a<l, 0<b<1 and a+b=1;
0<(c+d)<0.1;
0<e<2;and
0<f<2.
2. A catalyst composition as claimed in claim 1 in which ¢ and d are such that ¢
+d s at least 107,
3. A catalyst composition as claimed in claim 1 or claim 2 in which ¢ and d are
such that (c+d) <0.05.
4, A catalyst composition as claimed in any one of claims 1 to 3 in which more
silver is present than iridium on a gram atom basis.
5. A catalyst composition as claimed in claim 4 in which c is at least 10 times
d.
6. A catalyst composition as claimed in any one of the preceding claims in
which e is at least 0.05, preferably at least 0.2.
7. A catalyst composition as claimed in any one of the preceding claims in
which e is no greater than 0.5.
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9. A catalyst composition as claimed in any one of the preceding claims in

which f is no greater than 0.2.

10. A catalyst composition as claimed in any one of the proceedings claims in

which Y is at least one element selected from the group consisting of Cu, Pd, Pt,

Re, Ru and Sh.

11. A catalyst composition as claimed in any one of the preceding claims in

which a is at least 0.1, preferably at least 0.5.

12. A catalyst as claimed in any one of the preceding claims in which b is no

greater than 0.9.

13. A catalyst composition as claimed in claim 1 in which formula (1) is selected

from the group consisting of :

MOa.Wb Agc.Xe Yf; MOa.Wb.Ird.Xe Yf . Moa.Wb.[Ag+Ir]c+d.Xe.Yf;

Mo, . AgeXe. Yr; MoaIrg.Xe. Y ; Moo [AgHIT]crd. Xe. Ye; [MO+W]aip. Age. Xe. Ys 3

[Mo+Wlarp Jra. Xe. Y, [Mo+Wasb JAgH]c+a. Xe. Yr

wherein X is the elements Nb and V and wherein a, b, ¢, d, €, and f are as defined

in claim 1.

14. A process for the production of acetic acid from a gaseous mixture

comprising ethane and/or ethylene which process comprises contacting the

gaseous mixture with a molecular oxygen-containing gas at elevated temperature

in the presence of a catalyst composition as claimed in any one of claims 1 to 13.

15. The use of a catalyst composition as claimed in any one of claims 1 to 13 in

an integrated process for the production of acetic acid and/or vinyl acetate which

comprises the steps :

(a) contacting in a first reaction zone a gaseous feedstock comprising ethylene
and/or ethane and optionally steam with a molecular oxygen-containing gas
in the presence of a catalyst active for the oxidation of ethylene to acetic
acid and/or ethane to acetic acid and ethylene as claimed in any one of
claims 1 to 13, to produce a first product stream comprising acetic acid,
water and ethylene (either as unreacted ethylene and/or as co-produced
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one of claims 1 to 13 in an integrated process for the production of acetic acid

and/or vinyl acetate which comprises the further steps of:

(c) separating the product stream from step (b) by distillation into an overhead
azeotrope fraction comprising vinyl acetate and water and a base fraction
comprising acetic acid;

(d) either (i) recovering acetic acid from the base fraction separated in step (c)

and optionally recycling the azeotrope fraction separated in step
(c) after partial or complete separation of the water therefrom to
step (c),

or (ii)  recovering vinyl acetate from the azeotrope fraction separated in
step (c) and optionally recycling the base fraction separated in step
(c) to step (b),

or (iii)  recovering acetic acid from the base fraction separated in step (c)
and recovering vinyl acetate from the overhead azeotrope fraction
recovered in step (c).
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