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WD 2004/ 033090 PCT/ GB2003/ 004060 M XED METAL OXI DE
CATALYST AND PROCESS FOR PRODUCTI ON OF ACETIC ACI D The
w@e@3mB3096 nventi on relates to a catal yst for tPer/GB2003/004060
sel ective oxidation of ethane to acetic acid and/or
for the selective oxidation of ethylene to acetic
acid, and to a process for the production of acetic
acid utilizing the aforesaid catal yst. Catal ysts
conpri sing nol ybdenum vanadi um and ni obi umin
conmbination with 5 oxygen for use in processes for
the production of acetic acid by the oxidation of
ethane and ethylene are known in the art from for
exanpl e, US 4, 250, 346; EP-A-1043064, WD 99/20592 and
DE 196 30 832. US Patent No. 4, 250, 346 di scl oses the
oxi dati ve dehydrogenation of ethane to ethylene in a
gas phase reaction at relatively high | evels of
conversion, selectivity and 10 productivity to
ethylene at a tenperature of |ess than about 550C

usi ng as a catalyst a _co 03|t|on conpri sing the
M _.'nJA." .‘; _ﬂ Sy A H A . . : . X '1.:-. WTION 10) )

I-E 7

Whel‘elnXIS Cr Mh, 'EK)CT?CA-@IDV and/or W and
preferably M, Nb, vam%r—w—v- Bi, Ce, Co, Cu,

Fe, THE prwgm ihiventien rélates 8ba ceﬁalystgm; thmselactdleo:rxula,tloa 1ot ethane to

f d/. [ 0.,05 1.0
acelil i apoRfor fesSegiil Sidition ag R BrBto fostis agd et afiicess
for &re pRERNLSOof i&hcﬁaﬁ utifkRb AR s Al csafyer Co, NI and/ or

Fe is Il ess than 5. WD 99/ 20592 relates to a nethod

of @éﬂtleﬁs Fompysipg wbtbudh@macz@nﬁichula@md nfqbeikm uec:malweatlon with

BT aL ot orot e SREhER e TEATEPy Rle ity of rpane
andfeqrymiearé\@a)%dbm}(@l aMERhE 6 eXampRy TISeNt s m@EerAaen:m@L
Ta, Ti, V, Te and W Y represents one

W%?wg@i?@raaﬁrzﬁl%w?szea In, Pt, zn, Cd, Bi, 20 Ce,

S :Uggatehg’\lo 250&?@6 (ﬁ%ﬁlo ?theggﬁa be délydﬁ%gn&?o cl;f% ang'to
eth)ﬁlm‘b 1aailgas bEikeQOtioh at Blditelyhigh Bvds vbcdhvarsibndsetedivit) and
Hmanem:agﬂlan n DE 1

30 832 Al
progizite o BVIEnS FiA FRPCRTE PY Gt Baneropas) bastetes a catalyst
confpol SRR ORBHARG ARL A AP AR IR X W 91 fndthrio By C

. Preterably, a =
wheeif, X :s0Cr] Mm Nb, O‘anﬂdymnd/ol Vo.. ahﬂﬂpeefcmbbzl lyist §b,o‘f’ abdy‘phV\WjY is

Bi, L2 Cadrole b B Hband gogn S Db 1o anlon D aRaneEDly sb, ce

andfRMPASE 1 I ®R 0.05 tot NG afké that doQn) aMf p&fdi‘é’d]? 0108 to 1.0, with the

proviso that the total value of ¢ for Co, Ni and/or Fe is less than 0.5.

WO 99/20592 relates to a method of selectively producing acetic acid from
ethane, ethylene or mixtures thereof and oxygen at high temperature in the presence of a
catalyst having the formula Mo,Pd, XY 4 wherein X represents one or several of Cr, Mn,
Nb, Ta, Ti, V, Te and W; Y represents one or several of B, Al, Ga, In, Pt, Zn, Cd, Bi,
Ce, Co, Rh, I, Cu, Ag, Au, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr, Ba, Nb, Zr, Hf, Ni, P,
Pb, Sb, Si, Sn, Tl and U and a=1, b=0.0001t0 0.01,c=0.4to 1 andd = 0.005 to 1.

German patent application DE 196 30 832 Al relates to a similar catalyst
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et hyl ene and/or acetic acid and/or for the oxidation
of ethylene to acetic acid which conprises in
w@ oviosgabd on Wi t h oxygen the el enents nol ybdenper/GB2003/004060
vanadi um niobium and gold in the absence of
pal | adi um according to the enpirical for

comppg PeRcvaIRbeYl, pP)0. £ et @79 ty |§T%ﬁ§@bbf arm]ré’ 0.0001 to
le ct om the group consisting of : Cr,
05, GRE0RR R03ATE 60 10T 1™ OLPUP SN S EY &, oo
Rh,The mata@sts AdothF&,0 F20392,anE DEHRBY630832 Mynir€ehe pr&fence of
Hf, Ni, P, Pb, Sb, Si, Sn, Tl, U Re, Te and

pall@cgum c, d. e and f represent the gram atom

r atE‘PO}‘?& 1@&3@6@&@&18@3 '&tc%ta%%brﬁﬂ@hon er t‘fxe %ﬁ;da@mn Qfethghefto
1 ; 0<eSl; andO<_f

ethy&e_nz and@r Imlcetcrtbem{msfoﬁhn eedamcm @f@ﬂe)rlcxp @ ac@tmac;dswhfcbr
t he axi dagi o? of .@t hane tﬁnd% %Cene to a
COMPEFY 'ANETATBHER 84S P g © P‘SBH TH a8 l:““%véil%blum
and lgaldrla tEd e fRIAPUBAdiuARECOMIRE € thetchfite] Frtlla enabl es
hi gh sel ecti vi ty to acetic acid to be achi eved.

MO%@J&V&N‘P@W (Dt has now been found that by using a
Whe%%%) 3’1 g %9 Iexrll,lgnts g@ﬁé@(ﬂ £0X The %%ﬁﬁ %o#s{?tm%d)?b & nﬂ/[%nija

PR co on W gen-a absence

Ti, Bpr@aL Bﬁlel,rﬂn, QJGIQBW €b/ R, |’I§ (ImlA)gl;JHe rRINOsy KNRY| @sNMg, Ca,
ni obi um and gold are Jlgr esent_in eci f| c anounts,
St, B, HanBL. el of b, Snyt She ]n'HyRBeT%‘%} b @bt dae@td frepierent the

gra a{ t}%rau%g ?ﬁl%ee ethse%.ltehYﬁa# 2¢£4 k% @?'agd ath=1;10"<c<

erore oun possi bl e using theé

oogz@kaagsgt @<oé<t1h§ncpoeqeng i nvention, to achieve a high
sel ecti vi ty to acetic acid with reduced sel ecti vi tg//
or

to Bﬁmeéﬁms azmdx@c@mlquﬂ aptalysh éorﬁheeed@thrmfaﬂtamg A
eth}g(%rn%v gag% icd or ?taﬁg)s/t (éé:nsg r(%ﬁ'l trlo lili](gtlfoglg()lf &cel a%%é lgs?ng &4 caftalyst

and GEHYRS tHel cath] @0 BiMbl&eshigin selmrmy fRddedd aviditd boxstderedt he
eI errent s nol g}pdenum vanadi um_ ni obi um and gold .in

asgom begn dennddBy v et acataigst éﬁ%‘PWlE&I
oo B B S0,15 6.5

absddce obpglladiaum, a'ﬁd wiBreid\the rigsybdenpmPyanadhym,@dobiin, an@apld ere
presggt’ inggéci% ampifmts, Qhanp antygr et enesmaygg ’oxi%s z’ed't/jtj; hegécl%’ae-iél with
1ncx@'5b@d Eﬁectgvlt\{)@o 2001 LB ARmEEdER2RAH 004068 po@sub]@ using the

d, e and f "represent the gramatomratios of
cataéyksmrdnhsp@m ntveation, tQackieve® Highl sedendiaritiy +d acetic ac1d with

redu]b%a gégé’d‘v(l)tng ;ethyl ene.

Accordingly, the present invention provides a catalyst composition for the
oxidation of ethane and/or ethylene to acetic acid, which composition comprises in
combination with oxygen the elements molybdenum, vanadium, niobium and gold in
the absence of palladium
according to the empirical formula : Mo,WyAu.VyaNb.Y¢ @O
wherein Y is one or more elements selected from-the group consisting of : Cr, Mn, Ta,
Ti, B, Al, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, I, Cu, Ag, Fe, Ru, Os, K, Rb, Cs, Mg, Ca,
Sr, Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, T1, U, Re, Te and La;
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0.4< d< 0.865;0.135 e 50.23; and 0.555d+e_<<1; 5
O< f<2. Catalysts enbraced within the formula (I)

w0 piostee MoaWAucVdNbeYf  Moa. AucVdNbeYf PCT/GB2003/004060
MoaVWAucVdNbe 10 Mba AucVdNbe Exanpl es of suitable

cat al.y avi.ng.the fornul 1)..include: - .
o 18 & O s A BBt b nb SemeR such o
MOL. OOVa) 64 Nb® 463AUPHO9Y1;and _
Mol. oooVo. 661Nb0. 174Au0 00090y wherein y is a nunber

whi ch sat@’sfced.8he val encies of the elements in the

conposition far 0O en, 15 Preferably, a > 0.01, and
m)rsTEJ pre¢'grﬁé{)F)9'8§§¥g-i35§Fe?%? 'kﬂn§1,o-i5y§dd‘.@€dl, and
most prefegably ¢ > 0.0005. Preferably, c<_ 0.002,

and nost preferably ¢ 5 0.001. Preferably, d >_0.425,
suc@atalystd embrdded Siithanthe foraia () etridabl y d >_ 0. 5.

Preferahly, d5_0.8, and nost preferably d:5 0.7. 20
Prefera&?awﬁ%yd@b@ﬁ, and nost preferably, e > 0.15.

Pref erably, s6% R0, and nost preferably e _< 0.18.
Pref erabl yd C+d§rbe> £0.6, such as d + e > 0.7. MNbst

pr ef er abVly, Wy Augd/¢Nb. 0. 8. Preferably d + e< 0.95, nore

pr ef er ahl .5 0.9. Preferably, f _< 0.2, and nost
preferaa}@&‘gﬁj’dﬁb? 02. 25 In a preferred enbodi mrent, a

> %}@ﬂﬂfl&z- SQ0alste eatalyst9BAyvin S 112 48rmutia @I&q’mgu&"— 0.14:5
e:5 0.20, 0.6:5d + &5 0.95, and f:5°0.2; nore
Mopph.eslbil 2y Ahere®n; Mo00U s+ Nwss:0u08%0y a8d45: 5 d<_ 0. 7,

e 0,45, + e 5 0.9. and f:5 0.02; espgciall )
Mof¥sttaizeSugoO giegrin {5 pyigbef vt SH06S Bdiensienot the
elentergts i th® c8mpdsitidrhios oRygher red enbodi nent, nost

prefefably a = 1. Y, when present, is preferably

selPé@feéa&’b%:@&n@-?h@néﬁmﬁﬁp@&f@blﬁﬂﬁb of Sn, Sb, Cu, 30

Pt , n An advant a of ¢ I ys

corbisal s2 G 08t LRy S iR Yaun 5 5 0.002
andtrhést prefdigdlyeano.ber.nore active and selective in

converting ethane and/or ethylene to acetic acid 3 WO

2002680090 PCH2EBRO0S OBAHOBOand, hant pefpasy dions. Meferably,
d s@ gglg: %lg t ?fe}a%?y grs%ant i nvention. Typi c?al 'y, using
Preferably, e > 0.14, and most preferably, e > 0.15. Preferably, e < 0.20, and
most preferably e <0.18.
Preferably d + e > 0.6, such as d + e > 0.7. Most preferably d + e > 0.8.

* Preferably d + e < 0.95, more preferably d + e <0.9.

Preferably, £< 0.2, and most preferably f < 0.02.

In a preferred embodiment, a > 0.01, 0.0001 <c¢ < 0.002, 0.425<d<0.8,0.14 <
£<0.20,0.6 <d+e<0.95, and f < 0.2; more preferably wherejn 0.0005 <¢<0.001,
0.45<d<0.7,620.15,d + e < 0.9, and £ < 0.02; especially wherein d > 0.5, ¢ < 0.18
and d +e 2> 0.7, such as d + e > 0.8. In this preferred embodiment, most preferablya=1.

Y, when present, is preferably selected from the group' consiéting of Sn, Sb, Cu,
Pt, Ag, Fe and Re. “

An advantage of catalyst compositions according to the present invention is that

they can be more active and selective in converting ethane and/or ethylene to acetic acid

3
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conpositions of the present invention, a selectivity

to acetic acid of at |east 55n01% may be achi eved.
wO/Re/0p30ed er abl y the selectivity to acetic aci BCT/B&2003/004060

nay be achieved is greater than 60% such as greater

0% h I
oo STt BrchEiee b bise et DRRL P VR ghsing the catalys

congR)sBivink WF the ptré&eﬁ'tqﬁbérﬁxoﬁod glemyitPe Acht sue ‘El;f b{‘least 55mol%
conbi nation with a low, if any,” selectivity

magbpgtleened. Mo ®a¢fblyablyub¢ SrleCtifiy tmacetiy smd(tmrtmw lici awhieved is
e t |nv selectivity to ethyl ene
gregtfer {hlcju? 68‘r gl?Crl]l A5 S eo?;th%‘r Of}%r abl

ess y less than 20 nol %

an dInrpaSticulalOusm’( efhecallyyt doagvsitibadiof thOpRIsSat iV @tieh ahiyh

usi ng the catal yst conpositions of the present
Sel‘?cﬁx‘i’é}ﬁfq stic peid masyéqeé@bﬁewct i copbiasion avitics 19w, &f amy, sedestivity
toew % and the selectivity to ethylene is less than 10
As used herein, selectivity refers to a
per "Eyqnd:aélgfeusih@theroafal}ectcﬁn}idmloarsmﬁfhb pddsentlibvégidh/ e
acetic aﬁl dwg duct produced as conpared to the total
Eprs ]

seleHVEB P Ryl P8 diret 29 el el erably e then 3¢ mp}Pe-anggpost

prefépglgfple@gth@ﬁthﬁl%m d produced / S wherein S = the
nol ar aci d- equi val ent sum (carbon basis) of all

c arh@fﬁdﬁd}ﬂﬁ@m& thy catgjysjetunpssltlmsoifuhie pgsdnin énvahtian ehd n

t he. nt .20 The ¢ C sitions be
selogEis ot i s dteash Mt By o i g  fess than 10
moBhpl oyed for the prepar at| on of catalysts. Suitably

the catal yst may be prepared froma sol ution of

sol @bu@dé@m@ﬁ stiiiyaebrs t@m@w@mm}emab@ aundy off

desg“@(? ch?lc a&la%tr ﬁ floldlrll%elaeas %&lngéirle? I];I%J[he tgtﬁg%ael? [ abl Md_nl_e P}@dxi%s

fonlﬂéd?f—erably from2 to 8, at a tenperature of from20 to
. 1q(iOC,. 25 Gene raIIy, a m xture of conmpounds contai ni ng
7 pneetigite e A8 i Molss eh ad %idpréij‘s@él/@l ng sufficient

whAERY Lttfl@ Fhollr 28R é!@ &1&95{}?191\?& ot ggbisfﬁf"éa%&xg d&ﬂéﬁnmg

I nsol ub conpounds sO as des
progmcasnead:lmhngaha adkafe it e efflement s in the catal yst

on The .cat al yst conposjtion y then be
pr gﬁ%ﬁ By CPBROVENY I‘E‘%’Zbe%fz% by #509h thé@ieHioge ur e.
coﬂ&ﬁm@ﬁﬂﬁéﬁﬁﬁfoyg@%r% }gr@%é‘rbtﬂﬁldoft&t ’(T‘)}%?st 'Shgtaﬁlg the catal st ma be
erature of from o 550C, suitably In

prem aam & slutionpd) rsokuhleabnfpp@mﬂshndiom ubmpte@esz:mdhnmompounds of
he .ai.r or is sl ow rovwn

cach o R ThSoifidn St R b doR Sl ot pHl i the
ran@Hfrball 1© 19UpRedhisly iffdel 216668, afta temperature of from 20° to 100°C.

Generally, a mixture of compounds containing the elements is i)repared by
dissolving sufficient quantities of soluble compounds and dispersing any insoluble
compounds so as to provide a desired gram-atom ratio of the elements in the catalyst
composition. The catalyst composition may then be prepared by removing the solvent
from the mixture. The catalyst may be calcined by heating to a temperature of from 200
to 550°C, suitably in air or oxygen, for a period of from 1 minute to 24 hours.
Preferably, the air or oxygen is slowly flowing.

The catalyst may be used unsupported or supported. Suitable supports include

\
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WO 2004/ 033090 PCT/ (B2003/ 004060 silica, alum na,
zirconia, titania, silicon carbide and nm xtures of two

woOroAms®94 her eof . Further details of a suitabl BCTYeBhwd/004060
for preparing a catal yst conposition nmay be found in,

L1.2X: . EP- A-. ... The catal yst be used i
st AR Fon TR o8 bl R hBs o B o i Rreot
enbBdiire detatlhef PsREBRmdtRUERE bRPaRiOY Eﬁ@@st&oﬁff&@i@i@ﬁ may be
r the selective roduction of acetic acid froma

f
fouﬁgé‘ég%exﬁm%ﬂ?@“& $43$t ng et hane and/ or ethyl ene
Whi ehe DRAGCE Sy HITRES {4 gﬂ;{ m xture

with a m)?ecu ar o%g]glﬁ?%gg}n%%b%g&gg]s&%? e zl\'/at ed

t enjpemather emboditieet the pesat envehtion paiviley 8 hraxesds tHeiseRctive

as .herfei bef/oi)[g descri bed., 10 The feed gas conprises
PrOBY HEME ARTI I PRI FET R SEAmPrisingaribane pf gpathylene
whRA P SesLEIMIrRBE cARIHBRGE P84S Stk il SHRSLANLL AL okyBHI-€

formor adnixed wth one or nore of nitrogen,
contgnipg ges atcdevisted teinpsthies iartbe pes@rce bhia tételystarompokition as

: whi.ch may be present in major anounts, for
hergﬁfg%eedeé?rébéa er than 5 volune percent, or one or nore

of Tiydifeo@ @il condrReethBRAKHIEL cthGRhCrafekBnesnafd

al kenes, which may be 15 preséent i'n m nor anounts,
- f orEdgagpdéon|ctsdenchrgy @cly bt usagl ip enleseantialliy hererfoine ouhdmixed

) . ) ir.or s.ri,cher o
wiBSHOEERERSURLDR HERTRYREy Al 8285 s bEEm OF s,
whick yggrbe plesett ihahdjer gesuntRYorkRambRrgréX&TRAELS volaXkdR ent, or
di |l uted %ﬁ a suitable diluent, for exanEIe ni trogen.
one qr mre gf ﬁn?r’ B C3150% BeRoxIAe Gadfen alkengs arsl dlkenenevhinkl sy be
- ai ni ng gas,
pre R B ToP R Rl s PR L ® 0l 0 oty
t o HeendleculacixygeiFbentaihimgaae chaty deparaatayae riokyt of pbérbly

e in the range from 200 to 500C, . eferably from 200
mo G G B T e S G RGPt by oDl 66 O e R Gxesmple
oxygepeilabdRsRheniteble E%en%’?@ﬁ&aﬁltﬂwnin% el N€_range from 1

to 50 bar, preferably from1l to 30 Bar. The catal yst

conpsqirefenad tosfepd, éf edditidrytocahanicned/ob ethgieae asdthie mdléwmlar
. of the_ _.invention. ci nati on sui tably be.
oxyBEREEM St b NERY) B bR R by Maselefi Ay rpgeti

acid.ange from 250 to 500C in the presence of an

ox;r/g%*en- containing gas, for exanple air. 30 Operating
condietslRteddprmpaatyey mpnswiehbt heon thphge fbing2 0060 6A°C,

prefgfigﬁ}pfrgiﬁ?%g Qhoddee invention may be found in the

resail rior art, for exanple US Patent No.
4, 2B@,p3éSure may suitably be atmospheric or superatmospheric, for example in

the fange 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 bg achieved by heating at a temperature suitably in
the range from 250 to 500°C in the presence of an oxygen-containing gas, for example
air.

Operating conditions and other information applicable to the performance of the
invention may be found in the aforesaid prior art, for example US Patent No. 4,250,346.

The process of the inyention will now be further illustrated by reference to the
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The process of the invention will now be further
illustrated by reference to the 5 WD 2004/ 033090
weERQACERA03/ 004060 foll owi ng Exanpl es. Cat al yMT/GB2003/004060
Preparation Exanples according to the present
nvention , Catal yst A (M1. 09Vo. 455Nbo. 200Auo0. 00080y)
fol WAn%ng(?}PPIS% "A" was prepared by dissolving 22.070 g
Caeflvamreparaiiiool ybdate and 0. 0369 g of ammoni um gol d

chI orlde |n 100 M of distilled water at 70C with
toghe,present ipyentipn prepared by dissol ving

ayo nad in 150 ml of distilled"
Ca@ﬂ?é% gg\q{}’d’&: Wﬁ%ﬁox‘a ?OP?? A solution "C was
pr epaoddionyA’ dzaspmbweﬂ @y@;s§&41r@ 20f070i 08t ddfhonium molybdate
chloride and 7. of oxalic acid in 1oom of
and§036Le p *Fré’alowaffbgoléﬁhl?nae i 100 15k ofcistilgd vesiat 69°Ct ah

§
S ool i1 Pariory b gE ooz o albiciiub R gfidaRh
15Quand of dietilledadaietat 76°G wllbhtstlnm gBArmtut@lny C\’é\mhflp&palfeﬂ g at
B/, t or, 1
o e L S 5, S S
disfillétPvatet é@ei@°(§ QlithtstiBg. AdEY S:f tﬂ@§olh§$ﬁs A 93 $td € V@Js 1d#0%r 15

for a further 15 mnutes, after which the solution was
mimEeste @U@Wd rnazum@ml Sph@lltS@tlfbraci the t:anpoma;pﬁolatwmﬁ? vods thére

n of 1 eact ant

a3 bSO Lo SR G A S
for b 6 @&ﬁﬁteﬁ\hﬁ 7hD°C h]l&n@[dtl&ﬂrapﬂﬁ? tesol@font et RN SR

oven for further dr at 120C for 2 hours. After
A/ Wpy‘i"?'?glefttt%@”@éi? QG Hr a @éﬁﬁrlé @mn\nﬁs affeowhightlee solitiomewas

[ r Qugl

e QU S USRI ALY At SRR S S
mixtarestatachieadd inilb Birgnesaary iata #PPSStE OThedbdaRer with HaRiried
for Er%l?g of the oxide catalyst obtained was :

PaS%SV%Sntg%btfw NB8n 2Benies fgHss diyinhatd 2) <t foB 2 hours. After

‘dryﬁigbﬁle‘%gﬁgfsgﬁrémgor%%gur@qg %gr?e p%?v%@% Md 85, sf\qd‘%%autgg a0.2

_ prepared by dissolving anmoni um no
mrgmgshosi©®5 I hg rcsﬁlltmmmwdlﬂmdgmtadysc tdkervid eherfbaldihﬁbdl”ih setic air in
25 st rr|ng A sol ution

i St 70C Wi t
on Sgha| 05 B Pl edretbip g 8ok ogisreaiahmbnpaimed ves:
VanH@%oVohsﬂ\Ibo]zferu%oog@f distilled water at 70C with
stirrin ution “C was prepared by dissolving

Caglyss B gVaf.ooMp.ot¥umspantadh) ori de and 5.992 g of oxalic
aci 0 t
ot 1 sV SR o repli o i HE 22078 f it gy
andf(b@359€g offinfitéreésmigo] BdHiedaBx00wNcgalsubkd et hommeefwitihe
conponents. _Sol ution C was then
stirring. ‘A ‘solution ‘B” was prepared by dissolving 6.555 g of ammonium vanadate in
150 ml of distilled water at 70°C with stirring. A solution ‘C’ was prepared by
dissolving 5.134 g of niobium pentachloride and 5.992 g of oxalic acid in 100 ml of
distilled water at 70°C with stirring. Each of the solutions A, B and C was left for 15
minutes to allow maximum solubilisation of the components. Solution C was then
added to solution B rapidly with stirring at 70°C. The mixed solution B/C was stirred
for 15 minutes at 70°C then added rapidly to solution A. The final mixed solution

A/B/C was left to stir at 70°C for a further 15 minutes, after which the solution was
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30 added to solution Brapidly wwth stirring at 70C.
The m xed solution B/C was stirred for 15 m nutes at
w(Q@ Q@40588m0 added rapidly to solution A The fi nedT/GB@®d/004060
solution A/B/,Cwas left to stir at 70C for a further
15 m nutes, after which the solution was 6 WO
hegigshig/ todargo fmiatRYepEAOHOBDe wlamt Edll tapouitionred theareactant

n_of, .t he Ful | a tio
mnf(t??el \kést %Eelg(\:’?a/ ﬁ'{)log ?}%&?(r ,urresul%l é)\%t :llh %( E ﬁghe grled
pas’ceﬁflai thie grahgferdedioranpash or fHAKer kaeﬁhg ht MIOPO f&ehElrS el frer
aste was then transferred to an oven for further

dfydf%%; thegcatalyst prsewsser Was geurdto fincapowder gndithen sigged through a 0.2
r
mn? ﬁigﬁlll %?26\/ g%lféfrﬁ%% L W%&é@%?%ﬁtt %al%&éﬂg\ellg Qe\ﬁ%ﬁed m SQatlc air in
an Dwﬂtﬁﬂﬁ@ fmo\#dmusd T&namahym farakda vfxhe bhids cetalyet s@ainédwas :
sta at 400C for 4 hours. The
no é\PO Pé"'ﬁ’ 9133 ‘oxi de catal yst obtai ned was :
C t@go 9Oy Catalyst C
aMl\%gl ooVolSOg %B{ﬂ@%%%goo&od&@) A solution “A was
pr epasobdiopyAdives plfe@alng b3 Zis0TWng 2’1’t07@rgmfranmrmmhyrb0ﬂ@rb6ate

0, 0382 | d 1
s QFFE b A uBPuo Do TR I Ao Githled Sl P vl
stlr\ﬁﬁ§ QrsellﬁfoﬁdeWaﬂpl%ﬁﬂleM bPdisBel9RR VB g HMRRLLIMN Vanadate in
anadate in of distille vvater at 70C wt

15%%1 p¥ ﬁilﬁfglled/szveg@q qﬁﬂp&]mt@stlm e @rﬁatmm bewasqzrqmd/byng

disSoI (B 59891 JHn R MRSALASRA L ACA PN ot a0k 165 8h of

dissliéd wategat 7BAC vithfstitrives. Solchoif Qﬁ%olﬁhoﬁs ANH abd \®ad Rhitor 15
for 15 15 mnutes to. allow naxi mum sol ubi l'i sati on of ,
minyies 1p SHPE MRAvIEUMSEIubilisatiorco ke compnentsd fodntion G whsithienn

addBd kaRiIEk:oh M&ﬂ“dl?%ﬁf difin £ets76g§ %@r&éﬁ} %?g’rjs%gl&g)% (Fj/pla\gas dﬁ?/ a

was stirred
for 1 ngioiitas G @ thefirmeldéd m@idlyrt()(sa)dhtmlAﬂ ThafindVrlfk€d ¥6l8tion

RN b e
heaﬁe’ﬂctb Ihbflm 8o EAARRE B ARt Jritige Wake IrFeu\}fe:ng FOI%E&E 8{1@% - QP ant

of the reactant 20 m xture was ac
mixt@gyyasiaplievad ia ldr jousnsesw]tinphe allepfaste. Thdbeaker whith e dried

en .transfer n.oven.fo rther
PR URRer S5 b AN B Lo Lore gk Glgh R fordonts. A
dryiat tleyatalyRt BetUrS@ wakaFoeHdaY AGine®oddbt £ tﬁ@x‘{\ﬁ%e@tﬂfbugh a0.2
then sieved through a 0.2 nmm nesh sieve.

mm} e ¥y Tﬁémﬁw R@a{darﬂﬂ%tabék@awsﬁma&xam@ inethtic mir in
4 h
an et @?@Frfof Mo ?Fﬁﬁoﬂhaﬁ%%u{ aﬂf the oxg ¢ %a}t%lgg Qhipined was :

noni na ornu 2 of e oxl de ca

25 Mo 1. MO0 GaNER 0. Adihi0,. 00090 . Exanpl es not
according to the invention Conparative Exanple 1.
RS NO% eRCoRSIBR frthe JuyRNEOm 508 Oy ) ,

Comparatlve Example 1. (M01 ooVo 423Nb0 115All0 ooogoy)

A solution ‘A’ was prepared by dissolving 22.070 g of ammonium molybdate
and 0.0345 g of ammonium gold chloride in 100 ml of distilled water at 70°C with
stirring. A solution ‘B’ was prepared by dissolving 6.220 g of ammonium vanadate in
150 m] of distilled water at 70°C with stirring. A solution ‘C’ was prepared by
dissolving 3.918 g of niobium pentachloride and 4.570 g of oxalic acid in 100 m] of
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- A/R{gavaslett

A solution "A" was prepared by dissolving 22.070 g of
anmoni um nol ybdate and 0.0345 g of anmoni um gol d
w@hdoansxmeo i n 100 m of distilled water at 70C RET/GB3®3/004060
stirring. A solution "B was prepared by dissolving
. 6.220 g of ammonium vanadate in 150 m of distilled
distidedewatgt at 7005 wiithistizirigr Hagly of hesolutivhoA, B@nd Wawas left for 15

i /i .3. 9 f ' .
R R e
add%d M(ﬁ@tﬁlﬁ{ B 33296 Wﬁ%@ﬁlﬁoe@ 4960 mlﬂddsdolﬂtioﬁ@/@a’{/%rstlﬁted

th stirring. Each of the solutions A, B and C

fordéénm@tﬁ% atf (GFC i@n adried tapisily & selytisvy AvnXheviingl mixed solution
Ao IER SO 70TC PR SRS Eilbieq ARt VAR e SBRicgE

heatddxie dodmigut fawilitBe Evamsatiini oftiedwakn rI;}ﬂEe\mpﬂl;atlsﬁ ofithe f€ctant
t hen added rapi.d o solution A. The final m xe

mixge ¥ E}Sd"ﬁh‘f&"eﬁlagl1C4 %)/\Sﬁg S,|reguftmeggn didry pagte. 7hee ‘?e@kefawﬁla thettlsied

pas@e5w£§ LAl §§nsfc§fetd% abBl &hrok REURP Lﬂ(‘j&ﬂ o 198&C fd}%o%g%:t&fter

boiling to facilitate evaporati the water
drymgaﬁ@rcataiyshpmtursd)rewamcmmhb a firiextowrder avalstherc hiceadettiraugh a 0.2

o RS THS Rer o e <lalisE P miay o B S air i

an dwentad@00°dr it Dlods. FROGolal ?orﬂlglhro? theAtf»&ﬁé catg'ﬁ't' d?)gaméd'\@as

catal yst precursor was ground to a fine powdér and
t hen S|ewgdmﬂﬁm&@ﬁhlmA@u@m@Q rm nesh si eve. The

r t then calcined in
Coﬁﬁé#ﬁ%&?ﬁgﬁﬁﬁgﬁ ﬁ&oV%no ﬁaﬂdﬁ% Up.p9ps8 4)hours The

n oA Ralutibot AMulvas irepirbebpdisstaviaanaloysts dfﬁhﬁhdiﬁ\ﬂn\fﬂﬂybdate
1. 000V0. 423Nb0. 115Auo 00080 Y. Conﬁaratlve Exanp
andzo 041N ofvaompanged qféam@md&@al@ef drtidled wates at 70£C \Wéls

sterﬁ £ pﬂ By l§“ v§§%r¥%eﬂ9d 8% dfddv 5 ﬁllq Wﬁ%ﬂ?%%&%?&ag«? in

15 an 0.041 un1go
150cknb ofi dlktdtéd\i\mtﬁrat 40°Creth wiitring. 9t salutiongC* Avas @irdphte@fby‘ B

) S pr, re di ssol ng. 7. 741 of _ anmmoni
iy B AT 80 b mipi SR e inf e et el kAR g Q(hml of
dlstﬂlddr\fzzit&gat 73\°(§’§?/ﬁtﬁtshﬂﬁ1g gacﬂ"@?th@ rs@lﬁlﬁBﬁsdA bB :anS1 ts‘g.%l ¥} G
of n|ob|un1gentach oride and 4 oxa

mlralé@Sdo ﬁﬁow ooxphurg fsolubilisatidn @dhmmmomntsmmmmn IC was then

oo L0 EREREL bR B e ot Ll

for I PeniB@BPRATOPE shen JalaH apilGoVRRHTRD TRAGEA iR IdON
B rapldl¥ with stirring at 70C. The mixed solution B/C

Qi af @) Crfgr wiftithee 45 minwteCatterewhiakl dedsohuivindyas
heafegftté gé)ltl;ltng ?(?]Ff‘[l{ta-tlgg g@ppga?fog u I tqﬁgtgll %éxll cva ?rggon 3%8 jeactant

mixtire sWas tableiewedl it Soowng sesuhizgtie d deppdaed. | Tlﬁgjeb@er with the dried
faciljtate ?va oration of the water. evaporati on

pasigrwasiaer) Eans toan gysn foF Birihss drysng %J%@i q for 2 murpo kiéer
dryfn@ Stk ChiaBst Preirdirival@edid +d HSinR SRKAEr Mdthed NEv hl%(Egh a0.2

mm mesh sieve. The resulting powdered catalyst cake was then calcined in static air in

an oven at 400°C for 4 hours. The nominal formula of the oxide catalyst obtained was :

Mo1.000V 0.529Nbo.124A10.0008Oy.
Comparative Examplg 3. (M01,00V0,633Nb0,133AHo_ooogoy)
A solution ‘A’ was prepared by dissolving 22.070 g of ammonium molybdate
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paste was then transferred to an oven for further
drying at 120C for "2 hours. After drying, the
W@ 210al03390 pr ecur sor was ground to a fi ne powdePCEHO#2003/004060
then sieved through a 0.2 mm nesh sieve. The
resul ting powdered catal yst cake was then calcined in
andd} Q3% ¢ ofiammeniumrgodds eiorade 400C nliloxf dnsnﬂﬂed: mater The0°C with
,I of the. oxi.de cat t ai ned was
st B0 o Baab 50 R S B SR S e e
1503n] ¢fdistilied Vet &y I8 AT W38 Atidin 0@9@1)’(10?1 ‘€O kit ipRiparel) bywas
prepared by djssolving 22.0 of ammoni um nol ybdat e

dissglvpgg 96042 @ée%mmmtmm@/a@é%@éé g ?;fmabcls l@naéaan YOl of
t
dlstgmu#h@t QQdCdWﬁH lsttr e?g?la gjlpéo%ﬁ %lgﬁgns Aslg lhd gd\g%slal § foral 5

stir Wes’ prepar
mingies so ko glaﬁlrﬁﬁﬁ sglubﬂlsmm‘lxrﬂ therorapuadalse Sbnlltmxl Owid tg@ﬁ
stilled te 70C.with stirring. A solution
addﬁfigo Sﬁb%}?ar%'a y &fl%%ﬁ%&?é R, C&s“fh@mafedﬁpbﬁm #R/C was stirred

for E’?Hﬁﬂﬁ&l &Wb@t}ﬁHQdée&% id8 RfsofidhiL P ﬁirlm.:ell 'ﬁ}];ch? d’ﬂrl]'ﬂo%f

distilled water at 7/0Cwth stirring.
A/%GIVMS ilefhto shir aB/ @R doCa fiethet &5 mifiwes, 2Ber whiohitlessohwioalwaaw

bi. | t of e COo nts. Sol ut
healfEt0 PHERS CLHEAE B4 ibh of U WAET dgi Sipboraten oF Phgogiant
mixtiEwad BehiNededl 1 TN, 0uBinG n\i\@%r}sfadsw eﬂqe lfe@ker]vgith the dried
m nutes at 70C then added rapidly to solution A The

pastejwas|thew treaglesist te i pavensbpfimhandryingfat 12¢°Gsfor 2 hatirs7 0Gter

m_nut es, aft r vvhcht sol ut,i
dryl%g tll% %th']&gt}})% ujlé TS SR A ﬁan}j’Pg Bﬁ%ﬁ ?lg‘f?d&ﬁmfl\é\ga 02
mmwagshrsieveUThe Mﬁbﬁig@bmereﬁfcaﬁal'}@t ER3GHad fien JAlokiddlif sBS air in
achieved in 1.5 hours, resulti nlg in a dry paste. The

an qyea R0 dor 4 lwélrar T%ﬂ%@gk lormuld of HusrpridanniatEtobtained was

an oven pp at 120C for 2 hours. After
dryi ng, lé)oofcyéjl)t“agﬁ% {33A%§?5) r’Sor was ground to a fine

Corppauixeweﬂxdmpﬂ\em (M@\om3§2mw|51@hua,0@8g) nm mﬁsh si Ieve ;
The, resul ti.n owder tal yst _cake was then cal ci ne
i n Ao 4 b prareibio el dee 30C) £ o1 mmmiepiis mospeate

loft [ -
O SR B 0P SRR B Sy

stirupg. (Avsalu@aVE’ mmm@axmmsmﬁa@)zsAgsxﬁlannnmumAaname in

1503 g 3P A o SRl P bRy B

dlssdlvﬁig 4 828 wehiebiuad pehfehWridd ag@5 %‘32 grdf BQahcAao?d) nufOOClﬂl of
ared by dissolving 5 anmoni um

dlst\llﬁﬁ sk al TRC Wipstiingt Eacmﬂ thq: éfdutl\mSeﬁ: Rmndm @asil¢fhfor 15
ar e b 0l vi
i, R0 0 R Pl SRR
addal‘:tiod;olwtloﬂ BOrapidlyoivith dtiginigla @0PCNal R mBded $01GtivA BIC was stirred
ring. ch of the sqolutions A, B and C was |eft
for fﬁglim sat 70°C then added rapidly to solution A. The final mixed solution
A/B/C was left to stir at 70°C for a further 15 minutes, after which the solution was
heated to boiling to facilitate evaporation of the water. Full evaporation of the reactant
mixture was achieved in 1.5 hours, resulting in a dry paste. The beaker with the dried
paste was then transferred to an oven for further drying at 120°C for 2 hours. After
drying, the catalyst precursor was ground to a fine powder and then sieved through a 0.2

mm mesh sieve. The resulting powdered catalyst cake was then calcined in static air in
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m nutes to all ow maxi mum sol ubilisation of the
conponents. Solution C was then 25 added to solution B
WO apiaBipdmi th stirring at 70C. The nmi xed sol ut PONGB2@3/004060
was stirred for 15 mnutes at 70C then added rapidly
to solution A. The final m xed solution A/ B/C was
an pentat #90°61 for 4éIIOUITbOG hie quomanal dertrivde oflthe ok idatcatalyseditgined was :
whi ch th soI heated to boiling to
facilitate %"v I@?‘“‘B Yo%t e water. Ful | evaporation

GeméralEehzﬁﬁaDilﬂﬁhon RexétigieMeRfog@chi eved in 1.5 hours,
resultinglln a dry paste. The beaker with the drled 30

past WiGEY % meal ¢ pawdered eatelystovasimize withdS thueftdhess beads of
f the
N L S—
wag them lemded/axb & fixedigéd ﬂa&oﬁmacﬂﬁ of H@Ed)lo§10ginenkts 12 mm

tin %ﬁﬁder e%@gat al yst cake was then calcined in
mte&%#’? Aot nen Do (4F 9313H50W ROTAICEPTUGEN Pogitien in tn
cenft¥ %Ft}@trefc@(g(ﬁsﬁ%r %ﬂirtg QA %lug-g%tlﬁ(ﬂgt %Q‘IIB%%‘% ol Qooin Igg"d

oxi de cat al tal ne
belgp Nkﬁ()lalaﬂfﬁ&be@ '@E@@mmh&mmthén eksanetesed datd bar with helium to

hod T wd I
chelE R 1oRa i £ty st s B e patedinbrogohiancy cimb
helitim 4td 6fbaf fora Kbuk ub @ﬂs&@ﬁﬁI ¥ebmPE&:id o dig&ﬁe{f%st ngfCIII%I)Ié bed

The diluted cat al was t hen | oade I Xe
r eabtedeqmedellors Iliaéllel ahylete, 80 Y nsygensn bdlivmand water were
I ndle th 40 The cat.al yst.
et A0 SRTEASL: POGHETR hlfe M IS ahSl VB0

commsllmgn tmarSQZ/o \MiI tI:thzﬂIeIJGS %\ﬁvleb)dyg th_Flfﬁg/I(\Ia&g}élr@gét g;%%\g water

%ﬁgﬁe and bel owthe cat al
andibglance,heluay, ' Ebg ol @%?déIOVQ@t%HﬂS Wrmkaikesl 4t @rieved tolMsuteectced
GuEOOf! | ctivate

o 5550 R; AT cRlRatng 12D hills AN AP BT w2 G g e
outlengrerm thal GC detamimeidlilhricant 4460 ab Y4ntisy EES @it lendhe

reqw e flows of ethane, ethylene, 20 %oxygen in
Oxyﬁ%ﬁ “IHE-wat er were then int roduced to the reactor,

t 0 BRTMEoltBEpES

conposi tion vvgs glgé I%ggnI\?HItﬁ éﬁég% ILOI<I/o V(Ihv(;III;[IIgcataIyStié‘ C,
in oggey to,fagilitatt divect cEmMPeNison. \atlewing5 ﬁlrtﬁeltmlluﬂmmquiehuﬂbf 60

I w rate was nt.ai ned t a level to

minf8 o Eproi i ol @y SoBBInCc Lk on Gt g AERRY o
typidynighiues , DEiass S8 BEHSHR kel fs Om '

streamtqo a GC s stemﬁ%Imdel Uni cam 440 CIIOEI?lgngIJ%rIﬁaFured
using{(Ha ARaly s RrpEhe Unicam) g Bmt antivdleme was nasure@ avdralie run

r t 300Cf e
peribE DR B4 e dhe WRec P NG Mg Vi PresB Pghet ator e
run pe‘zrrqnlar@(mqmsni%ml dfom rtgll@-pfddlﬁ&tb as fbdbdrb LAk pFy peri od
of 60 .m nu product col |l ection was

hroggiomE ARl ATA aISdHﬁtqamMOfaaﬁ 420 EitedbwithfTCD and FID detectors

respectively).

From analysis of the feed and product flow rates and cofnpositions the following
parameters were calculated :
Conversions :
of ethane = (inlet mol ethane - outlet mol ethane) / inlet mol ethane * 100

of oxygen = (inlet mol oxygen - outlet mol oxygen )inlet mol oxygen * 100

10
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typically 18 hours. During the run period, the

ef fl uent gas conposition was neasured wusing GC
wW@e@kp3ioso (ProGC, Unican). Exit gas vol une wasPeEasnsdo4060

over the run period by a water-gas neter. The liquid

roducts were coll ected and wei ghed after the 25 run
ilgﬁﬂi‘-%%ﬁ—' Conposition of the liquid products was
to ABASHIE g hicam .
O A 13 0% PP PIRLERTEN MR R PR it
mol etbplent i"ADlHydutleFmohCanal ysles mol Che Hegd nﬁ:ﬂ@cﬁ[@dﬁ@* 2) *

10({Mlsow rates and conpositions the followi ng paraneters
re calculated : 30 Conversions : of ethane = (inlet

to e'ﬂl%)le&t@@ﬁ@ %) Dbt m@Péthﬁteﬁ'@’n 92// (gou'tl@ 851 e%m{/lel?é =l?'Qnelnlet ol

gen = (inlet
ethylepe [*ed) thebmg@@ * quna:t mpocm+2e@t4dtmaﬂae@1c acid ; 2) H 100

o ST STROEILOBR ) EEA TR bt B 3% Sy -

2) mahtleehhﬂmer Bu@etmdlrd@tJr olBt rﬁ&lfh)é!at%‘a?cﬁ 2)* foput | et
CO + outlet nol + outlet nol acetic acid * 2)

to (%Sdc -m0f go)ét: Gwﬂ@tn@@@%v ((wtlet r(xqiuaﬁh;é@nerﬁﬂ gnley hohethylene *
2) ﬁ%ﬁtle& %TH@tJr 1@@6(& i g%ltl qqolégﬁt‘iect acgtg Pgtgtl%: ene *

tomﬁsaeamwtécm(dnxb@%)ﬁseleeﬁxmﬁtdm@ @-mo1 b9ut | et nol
2 /‘t(ﬁ&lgutl% ethylepe * 2 - inlet nol "ethylene *

ST\%?P@C% eteldpp éﬁ)aqﬁtl&?ﬂdé/ﬂ%ﬁ%qﬂlywd#h@lrﬂ et nol
E,Iﬁ&d@l)tyl & IJet 0

02 a?s%o%ncgt% )@m %ﬁ?enem(%ga /\Qras—fogﬁ’ﬁ&‘ l%%lq.b%{e > %.
Exverlmw)&tﬂ@anﬂdiomraﬁ@ Exomplestl-3ol CO2 + out | et nol

acet | * 2) * 100.to CO, = selectivity to

(celf‘f‘&ﬁ C%ai-‘/ﬁt RS %‘EPIOWf 11 the,enepe! feachpn myghod Sﬁrl(b%ab%ve
Thel re§®ts k@i on Tdtle PC@JCh“caﬁgsmvéé‘Qv 'i WRler %}Qﬁjda/r&] ESMditions

Typically, mass bal ance and car on ance- ‘a
indic@gét i on’ was found to be 100 +/ - 5 % Experiments A

to C and Conparative Exanples 1-3 15 Each catal yst was

- enpl oyed in the general reaction nethod descri bed
above. The results are graggniin Table |I. Each

Cat al(asdiywas ey adieb@pnunder standarg tions
i ndi cat ed Tab e I(%‘?t al yst Conver S|(@r}n%ﬂﬁ))ect ivity
Ethane Ethylene | AcOH CO; | COy
1 (comparative) 7.3 29.9 54.1 10.6 5.5 16.1
2 (comparative) 8.9 32.7 51.8 | 10.2 | 53 15.5
3 (comparative) 4.5 31.6 513 | 13.6 | 3.6 17.2
4 (comparative) 7.2 38.2 488 | 96 | 3.4 13.0
A 34 3.7 68.5 | 16.8 | 11.1 | 27.9
B 4.6 9.0 745 | 123 | 4.2 16.6
C 4.1 0.0 80.8 | 14.6 | 4.6 19.2

Conditions :
52 % v/v ethane, 6.6 % v/v oxygen, 10 % v/v ethylene, 5 % v/v water, balance helium,
Temperature = 300°C, GHSV = 3200 h’!, 16 barg.

The results in Table I indicate that for Mo-V-Nb-Au catalysts according to the
present invention, when compared to the Comparative Examples, the selectivity profile

unexpectedly changes towards the production of AcOH at the expense of ethylene.

11
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(%9 (Cnmol % Ethane Ethylene AcOH CO CO2 COX 1
(conparative) 7.3 29.9 54.1 10.6 5.5 16.1 2

W@ capazoas i ve) 8.9 32.7 51.8 10.2 5.3 15.5 3 PCT/GB2003/004060

Cla*neﬁ

1.

(conparative) 4.5 31.6 51.3 13.6 3.6 17.2 4
(conmparative) 7.2 38.2 48.8 9.6 3.4 13.0 A 3.4 3.7
68.5 16.8 11.1 27.9 B 4.6 9.0 74.5 12.3 4.2 16.6 C
4.1 0.0 80.8 14.6 4.6 19.2 20 Conditions 52 %v/v
et hane, 6.6 % v/v oxygen, 10 %v/v ethylene, 5 %v/v
wat er, bal ance helium Tenperature = 300C, GHSV =
3200 h-1, 16 barg. The results in Table |I indicate
that for M-V-Nb-Au catal ysts according to the 25
present invention, when conpared to the Conparative
Exanpl es, the selectivity profile unexpectedly
changes towards the production of AcCH at the expense
of ethylene. 11 WD 2004/ 033090 PCT/ GB2003/ 004060
Clains: 1. A catalyst conposition for the oxidation of
et hane and/or ethylene to acetic acid, which
conposition conprises in conbination with oxygen the
el enents nol ybdenum vanadi um ni obi um and gold in

t he absence of palladiumaccording to the enpirica
mul a : MoaWbAucVdNbeYf (1), 5 wherein Y is one or

nor g c@ﬂa@@ﬁé&fﬁao‘éﬁioﬁ Goretle bxiamdNEr Al I@n@/@ﬂ&hﬂehaﬁ) &etic acid,
C, M, Ta, Ti, B, Al, G, In, Pt, Zn, Cd, Bi,

Ce,
which composnu@n ccg;prlsp@ln @@blmon@th qe{(ngbthe@i,emq%s mg;b/bdenum
vangé]%;ml,_ gi;obgi:]na algg, g%l%}ll% t’he gbf glt:ea tr?]%pafllédmmsydcordtm%# the gm}:ﬁrlcal

represen

1bnﬂﬁ@ﬂﬂﬂ@@¢@ﬁkvﬂmﬁﬁeaylenents such that : 0<a<1 0_<<b<1l

anda+b=1; 10 10-5<c<0. 02; 4 d_0.865;0.135<e_0, 23;

whefpigoY S5eprgore glementg selpcied frog%me&wpy%@tlwﬁ &4i Mngha,

Ti,
Sr,

ggﬁ,‘sf,'(gdf j"ﬁ’r?],q)t'ih RBN e, CSERAGE X, UL TG G RURD, Cs, Mg, Ca,

Ba, Zr, Hf, N1 P, Pb, Sb, Si, Sn, T1, U, Re, Te and La; and

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

2.

of :

3.

0<a<l;0<b<landa+b=1;
10%<c<0.02;
04<d< 0.865; 0.135£e<0.23;and 0.55<d+e<1;and
0<f<2.
A catalyst composition as claimed in claim 1, selected from the group consisting
Mo, WpAu.VsNb: Y Moa,AuchNber; Mo, Wy AucVeNb and Mo, Au V Nbe.

A catalyst composition as claimed in claim 1 or claim 2, wherein a > 0.01,

0.0001 <¢c<0.002,0425<d<0.8,0.14<e<0.20,0.6<d+e<0.95,and f<0.2.

4.

A catalyst composition as claimed in claim 3, wherein 0.0005 < ¢ < 0.001, 0.45

<d<0.7,e20.15,d+e<0.9,and £ < 0.02.

5. A catalyst composition as claimed in claim 4, wherein d 2 0.5, ¢ <0.18, and d +
e>0.7.

6. A catalyst composition as claimed in claim 5, wherein d + e > 0.8.

7. A catalyst composition as claimed in any one of the preceding claims, wherein a = 1.

12
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O MoWAueVdNbYf; Moa AucVdNbeYf; MaWwh. AucVdNbe and
Mba AucVdNbe. 15 3. A catal yst conposition as clained
WO 20081033090 1 or claim 2, wherein a > 0.01, 0. ORPOWGB2003/004060
<c<_0. 002, 0. 4255d<_0. 8, 0. 14<_e<_0. 20, 0. 6<d+e<_0. 95,
and f:5 0.2. 4. A catalyst conpositjon as.clajinmed in .
3. ol dh pAtalystREPRTIHORADTNIE ip B ropiihe pregeting aims, wherein Y
' 02 ng oRBATSH, @10B:, A% FhasBRaEl YSt
18&%%%%%%???%%gé§pc?§§hg O?n éﬁZi#f4f %ﬁergin d > 0.5,
9. e: %A Gatdl§st camgositien aP@€laigned in Olaim 16havigdbe frywta selected from

conposi tion as clajnedin claimb5, erein + >
the grogp C??“%W&Q?‘ZYI%OP %ﬁ%‘%ﬁ’s@?%ﬁ“@ﬁwﬁg ’ﬁgi-oﬁ\zﬁﬂl\ﬂboéﬁ T Oy
th 8 i k Qinfinerwhich sdidf¥the valenci
and o 5 S A ol Bl s i A catalyst oo
of tleoetprosits inothe asmposafiore®r onygeny one of the precedi ng

10. Cortsptpiqonie Sicetat b SFseshi Ml By hdibgus incure

confpisRlgYtan€ AADOSthY18M: WRicE pad BB dnprisbaddmaktig i @isédie
formil a sel ected Tfrom the group consjsting of;

mixiiye wob\vondissNxYeen-AesaiBEamy at elevated temperature in the presence

" 00Vo. 547Nbo. 163Au0, 0009 : .

of a1 RO VRS SRR TS Bt B 0yt e Sreding M | er

11. Whi £ Breeadsias tia@ed Mecidad F@ivdisich the chiagyselsedinghe foriohe a

' conposition for oxygen. 10. A process for, the

ﬂmé@ggbvlve production of acetic acid froma gaseous
m xture conprising ethane and/or ethyl ene which
process conprises contacting the gaseous mxture with
a nol ecul ar oxygen-contai ning gas at el evated
tenperature in the presence 10 of a catal yst
conposition as clainmed in any one of the preceding
clains. 11. A process as clained in claim10 in which
the catalyst is used in the formof a fluidized bed.
15 20 25 30 13

13



