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FETEEvVEEENVELENVEREE R EvEEr el *159159* 11111111
LEMEEE v ceerr eerrr et 1l *@0002* M XED
METAL OXI DE CATALYST AND PROCESS FOR PRODUCTI ON OF
ACETI C ACI D The present invention relates to a

catalyst for the selective oxidation of ethane to

acetic acid and/or for the selective oxidation of

br otuct i on of acet i o acid utilizing che af of RRuMMMMIN

catal yst. Catalysts conprising nol ybdenum vanadjm-
and niobiumin conbination wwth 5 oxygenfer—use—+n

processes for the production of acetic acid
oxi dation of ethane and ethylene are known @ﬂmm&wm\‘mw
from for example, US 4,250, 346; EP-A- 1043004%,

99/ 20592 and DE 196 30 832. US Patent No. 4, 250,'S%67%"

di scl oses the oxidative dehydrogenati on of ethane to
ethyl ene in a gas phase reaction at relatively high

| evel s of conversion, selectivity and 10 productivity
30cEh M2 GlaByl RIS 4K £28] ehPR AT AORCBR B fon o
el emrent s nol ybdenum X RQBETYCIACHHE rati o MaXby,

wherein Xis C, M, No, Ta, Ti, V and/or W and

pr ef Breahsgsgnhinyenion relaten &9 @ gatglystyfos e SEiF‘E“‘@é’,’“%G)P“ efjethane to
E 1o S Qo
ac&‘taice ]aée%l aa%@gr @the&]c@aﬁ%ﬁggat n oail' %le}ﬁ": ttg&%él@ angsaxﬁgg 2 process
foafitk godiugtion bbacztic acid utilieingtizdfyreSai@Satelystl. 0O, with the

15 provj so that. .the r] tal val ue,.of ¢ forb.Co,._ lc\li ﬁngé or ith
Fe | Satplysts cPRRFisipe BolRA-GYP 5B PaPd PEL Y L CombIRTY
oRfgef EHARE inVSoYesBEsfd ke Hode@bn 6f Aslicladid BNthediddtien of ethane
etgn 'ene or" m xtures thereof--and oxygen at hi

hi_ gh
ancbethdenst are knowin irhibe grtdeaamder gprmple, Ut b3k, E%rfhd 03064,
g%%:/aq Pq rein X represents one or several
V%(?@%i!) : %Qg@ﬁo%ﬁf V, Te and W Y represents one
or sUg®asnt Nb. 8250846 discloden theRixidafivg dehydragienatiun afethane to
e%{enghguz a é@réph%le reﬁﬁg{onﬁkjfelqix,ev’elyggigh %?ls gf ?&R%'ﬁ{s%sﬁ, s%d&iv and
p?ﬂﬂgﬁtﬁﬁ@y’to B30 Qda tethpRrdddre of less thad absut 5509Tugngad fddlyst a
0

. German patent application DE 196 30 832 A
cerapesition qompaisingthe elemenis maojdenump ofgnd Yt indhe 1afovMeet Ya

hetei X 1 ngi & mdortWg, #d (REREBIARINY Nbavandior W; Yis
Wg%lff}rg%die{’o n’g\.rtg,T%’:gl.’ 1901 .‘8’ anoﬂjzo t oyal. g ’
Bi, Ce, Co, Cu, Fe, K, Mg, Ni, P, Pb, Sb, Si, Sn, Tl and/or U, and preferably Sb, Ce
and/or U, ais 1, b is 0.05 to 1.0 and c is 0 to 2, and preferably 0.05 to 1.0, with the

I | V] Vv |
N ( |

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,PdyX.Yq4 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, ﬁ, 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=0.0001 to 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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The catal ysts of both WD 99/20592 and DE 19630832
require the presence of palladium 5 EP-A-1043064
di scl oses a catal yst conposition for the oxidation of
ethane to ethylene and/or acetic acid and/or for the

oxi dation of ethylene to acetic acid which n‘grl ses
coinposi Gorbinnvelticion = b it Qg pdbandidie 09 dmBraferabiy) yﬁde GrH-0001 to

o d gold in the absence of
-%éﬂa‘ghmno gg ﬂg?po the empirical fornula :
Mba Wi Ausiigie GY bothIyW Ol9/20502 ehd D 195306832 wnuinothe presence of

el ements selected fromthe group consisting of : Cr,
pafgdiumg  Ti, B, A, Ga, In, Pt, Zn, Cd, Bi, Ce, Co,

Rh E‘PU\ 1@430@9(115(5@%3 Qléatafﬁt cdﬁpo&ﬁom@&th%mdﬁi@on ofthane to
Zr, Sn, Ti, U Re, Te and .
etﬂ)dﬁneand/br a@etw@mdeaném for th@mlé@tmofteﬂé/lengrtameanc@md which

rat.i os_of
colrbpgiip Somblt 6 SR Uy JedH e cblhiy mdly icfug-phadind sighivm
an@gofd ihZhe dbsenideaf (panﬂhm nscoading witht empéxveal fyppmalacat aI yst
for the oxidation of ethane and/or ethylene to acetic
MaWehwaNadNB:Yor 06Bss for the production of acetic acid

wﬁéﬁ{}@( é%'n of Hofd ¥iethent@8ledbtER 6 nd ?'% g@&ﬁxsxﬁg 0€NEpIMA, Ta,

electivity to acetic acid e achi eved

Tlsﬂrm |G§1L hyg Py, Zni, CdhBs GepWwobleir, fan M, Fadtu, §33, IisRth% Mg, Ca,

Srghheb BBl FasoRi S b pgeir NCT i P ot R e

grQIfn alth kA WithedneieaRh tha he <wd yio(wlerbum amamadj +Mm10° <c<
ni obi um and gold are present in specific anounts,
0.62; e d <a @/<o¢ <dt hyd @ad FBy be oxidized to acetic acid

W t i ncreased sel ectjyit
R RR L S RS Boktin o g snr
etB@bmd tpab&icHicid &l PPproses for thy protiuaion df acaﬁ:hjc&i/lsmg daidytutalyst

selectivity to acetic gcid with reduced, ct|V|txto
ara MR Ao AV SORRNS g TRV USRS A 46 bF Bpieve
: g\a’Snlgﬁgs#z%lg at ﬁisyn%tw QARG tha byt &[ngtah&:\%% co@pigng of

r ethylene to aceti ¢ acid
molyhpersint, |vemad@mnmlpls1@s1 and golsbintsombinagin withpxygsroand in e
I ene n
F{éce gg g%] a éur% an% T C}X %ﬁé@%e&ﬂ %M@lg,qn&ﬁhﬂ ahld Igold are
presehis s’pemﬁh/laﬁl‘bhﬁwpélﬂmca)dﬂ/o(' tthylzfe miaglbelomd‘ﬁedSo aceticarid with

ing;é;seem%le %q"tgxmyst?fa%&%cﬁciéj }El{%@n{uﬁfg elpgasqfﬁ p%%s“ %élsmg ‘the
cag@?fstggt’“ th!% Pl’res%)c:m'ﬁﬂ’tlmgfto ggf’ﬂevg%hlél:ﬂ?el%ﬁw@o adw’c agg,wal_le
redneedlsalectivity to ethylene.

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, WyAucVy¢Nb: Yy 08}
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, Ry, 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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a, b, ¢, d, e and f represent the gramatomratios of
the elements such that : O0O<a_<1; 0< _b<l and at+b= 1;

10-5<c50. 02; 0. 45d<_0. 865; 0. 135<_e50. 23; and

0.55 _d+e51; 5 0<_ f<2. Catal ysts enbraced within the

rnul a i ncl ude: - MpaWhAucV Mba AucVdNbeY f
F%ﬁ\ﬂbeﬂ k/%ﬂﬂb“éentf S %%W@W&%&%%@S Sichdhtiabl e
catal yst g having dhe f pumul g= (ll) i ncl ude: -

Mb, . ooVo. 455Nb0. 200. Auo. 000SOy ';

I\/D 00Vo0.182 &Nbs 0i083Au0. 00090y and
. oooVo. 66i Nbo. i 74Auo0. 0009 rei r;éi/ a nunber
tﬁeﬂ

V\,hl ch satd4FidesO8hs Qh%enesds 30?“‘119@5 s in the

conposntloog L?r oxygen 15 Preferably, a > 0.01, and
nost preferab . Preferably, ¢ > 0.0001, and
nostcawilgsfteéxabiayectwhhm thO rmuldr (Efiaclatd:y, c _< 0. 002,
and nost preferabl c;5 0.001. Preferably, d > 0.425,
such as dM&aW@ d, nost preferably d >_ 0.5.
Pref er ablyfy, A@Ix@NQ\? and nost preferably d:5 0.7. 20
Preferably, e 4, and nost preferably, e > 0.15.
PreferabIMQaVéokucVGNbo and nost preferably e <_ 0.18.
PreferabIM VeNg such as d + e > 0.7. Most

pr ef er abl y Preferably d + e:5 0. 95,

mor Expiplarotishiyable dataﬁyéis Raving fRe ébramad(ly inchide:-0. 2, and
nost preferably f< 0.02, 25 In a preferred

Mango¥eisssibazo0. Afosooey0 Moo YoamVhe. 1A BowBpend 0. 425 < d: 5

e

el@m@ltﬁln?the eompositictsfor dxyges. < 0.9, and f _< 0.02:
eSpe}prei% g’y)’-r-me@ﬂnﬂg mcisgplieﬁergb]gr e](?léls and d + e 0.7,

such as rred enbodi nent,

NDStPrpfeedbey, @5 9,000 F add m¥bst preRrabpy €S@00s] Brefraflg) roabby)oz
selected fromthe Igroup consi sting of Sn, Sb, Cu, 30
andrmoshgreferablys RBOL.An advant age of catal yst

COMMARHekdofy)t 26,595 Lhilas' P2 038, MILRRN prbRYRT b D5 Breferabiy,
d < 0.8, and most preferably d < 0.7.

Preferably, e > 0.14, and most preferably, e > 0.15. Preferably, e <0.20, and

most preferably e < 0.18.
| Preferably d + € > 0.6, such as d + ¢ 2 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 wherein 0.0005 < ¢ < 0.001,
0.45<d<0.7,e20.15,d + e <0.9, and £ < 0.02; especially wﬁerein d>0.5,6<0.18
and d + €2 0.7, such as d + e 2 0.8. In this preferred embodiment, most preferably a = 1.

Y, when present, is preferably selected from the group. consiéting of Sp, 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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they can be nore active and sel ective in converting
et hane and/or ethylene to acetic acid 3 than
conmposi tions not according to the present invention.
Typical ly, using the catalyst conpositions of the
present jnvention, a selectivity to acetic_acid of at
thpnsGRIRPOSHipHE 9Pt 3eagrding ta dh RIGIA! InveRtions (lypisell i upng ke catalyst
&@oﬁﬁbhybﬁme bﬁeséﬁ%deﬁu&? ladefeb@ityBhcbi &mﬁ\f @&st SSmol%
greater than 60% such as greatér than 70%
mpeb¢ dcbidvad., Mgt prpfarhigy deetsalepByityormsotd adid et mhy bh echieved is

r.esent nven i_on goSelectivity to acetic acid

gﬁ%tffigaen é Waf%f)ﬁ)gﬁ |on with a low, if any,

sel Qlﬁ fphf(tictlbar lisﬁlgﬁthéwdtﬂpf coﬂ'lppémalhd of the!prieseght hh/éntlonh a high

catal yst conpositions of the sent invention
selestwbt foAcetc %%3 BYa e @rteyed & %‘gt“l%lﬂn with 3P, if any, selectivity
toQ&pﬁg]@abl y less than 20 nol % and nost 10 preferably

l'ess than | Omwl % Preferably, using the catalyst

co nﬁbg)uqaillg,msmg‘ the lqga}pste@mppsmpnsmﬁ the presertténvention, the

IL C o st .70 % @
selGER oty is BER ol a8 rdos, BeBlrphiSTES i i Phamiy Bt
ploRidilylesshet0ingicty refers to a percentage that

reflects the amount of 15- desired acetic, acid
pr odtrekerablp ysiwg dhecatal pt enBepitionstof dhe present BNEHIR. the

selddByify RULEliSacil %"dﬁéﬂ:st 704018 £Althe/ éetl%tmt} Qpetﬁy]%’é £3eR'than 10
acetic acid produced / S wherein S =

mablb.d- equi val ent sum (carbon basis) of aII

f ﬁ(re b,g.% ﬁea rlllgl{%l g é%tlﬁ@qgﬁfst t3:a p%}%%}x&gé p%t %e%%ct% It J]modnt of

uén conpo

dezifreadedid abid paasr;ucoﬁroﬂﬁr&dmebhﬁﬁaed €othe esthl @ﬂﬁinl 1;1 the products
en‘g{!l oyed for the preparation of catalysts. Suitably
formed cat al yst may be prepared froma solution of

%sélé@llvﬁycnormouwglegefﬂ/a@drtxccaemrﬁrsa@c%daed/or conpounds  of
each of "the netals. The solution is preferably an

wherglacus thy srodanapigvaaytyalenpsym (rarhpa bapighefealk qaghanicontpining
t t f f 20 t
S o38linl SRty e Bhuche 'SP e contal ning
t he Elearaahyss compqmtaaqmmuay Hnyprepjuraislmj amymgf tsaifnkibodent
DA £ R Ok BB E3Be SRBE. et may e

pﬁéf)a'a“gdl gbna doditich dFfsolubR cBlpBBIdsSant/or tbRpleRésdndfdr compounds of
onposition. The catal yst conposition may then be

eqﬁh optheanetply. Therprlptign isecferablyapntaquequs §ystem baying @mél in the
%E@ £GAL laéoyﬁt B#E?%a@%ﬁ%%f td'E de P Yerﬁbee%thx%g)f tfl‘?)tﬂ”‘20° to 100°C.

nperat ure
Generally, a mixture of compounds containing the elements is prepared 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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30 to 550C, suitably in air or oxygen, for a period of
froml mnute to 24 hours. Preferably, the air or
oxygen is slowy flow ng. The catal yst may be used
.unsupported or supported Sui t abl e supports incl ude 4

| um na, i rcopla t.i.t.ani silicon carbid
sicay i 2B TRt ce g Pabinintinen B s e fhegeot
of a Fsuhéraﬁlt:ﬁls ek bmdabfe(lhethbﬁ i pré}ridg ﬁ%ﬁﬁiyﬁﬁéompbsxtlon may be
tion r]'ay be nd in, for exanple,
f@lgl An 6 8%23apie ﬁ'PéAC%Q 3%t may be used in the form of

a fixed colydt hhybeheadh ﬁn%%néowﬁi‘&%ﬁeﬂm filge tﬁ%dmm

the present invention provides a process
sel edn ﬁwherwmhﬂdxmqn@ﬂle@fresamenvmtmo ipcoviidesra ;aoqmsﬁam tie selective

pROAEEHER o FQRE hi3h ArEd BRDGAAERE cSh OGP S helor cihyjone

rocess conprises con

vﬂmti‘nﬂ)rec&sls a6mpHey eﬁntaaﬂfgttm @Aseglsgﬁﬁm&t: wetheMabieeular oxygen-
ngtnper ature in the presence of a catal yst_ comnposition

Vg &S AhelFvated awerafuse i the presereeiod agatglist campasitivaas

hefchRerafgdcAret hyl ene, preferably ethane. Ethane
and/ or ethylene may each be used in substantially pure

f or mIde fegdraiag eemprivies themgeangl/orretirydenef preferatdy ethane.

met h m
T A p—
v&ebham&loe ngneaf gitrogdi thethave) cafton @G €@ ¥nd Witer i 1fig: ﬁfm'mrsﬁaam
f en car bon nonoxi de, C3/C4 al kenes and
v %%‘ i i) op amounss, SpexaAplq grestehidAn 4 velwmemercent, or

ob®br 1@161%"6}{ K5 dtoRes, iR n*i’m\‘&id‘é "®,/8SLIRENYs and Qﬁtmﬁ% ﬁféh %ay be

oxygen-confai ning gas nmay be air or a gas ri
PpRseitan njiner amsiuatsufos examplg é&ss tﬂaaﬁ» wailume pe:rcemex anpl e

0 S r exa
i 1 e iducelel BRetp 3B e e 1 Yo s e sy SRS e
rﬂdledukarpxyzgearthaidalt dorfex@stplel dxygeélfli A is@itabl OgRtrha e, B &kahple,
ne angd the l ecul a 20 oxygen-cont ai ni ng gas,
%ﬁ??@é’ﬂ a @ggéjé'“?ﬂa é’ré’é‘ﬁnﬁ’ ﬁB&W@nt he selectivity
t i i
o | &3 pRIrRRO fecllR SRR LRI it erRa fE hARiptor

Ot%gentm@amm@gqﬁr water (steamg peeause toibd ganbmpmvmmmctmtyoto acetic

agiper at nospheric, for exanple in 25 the range from1

0 50 bar, preferably froml to 30 bar. The catal yst

conp®hé elemted &m\peﬁh&é ahb')sun%;)lﬁ:bélﬁdh@ﬁfngé EroHSE0 tB glbb‘&%
pyention cination may suitably be

p%éﬂ?@?fz %@é‘lﬂprﬁ at a tenperature suitably in

The pressure 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 in_vention will now be further illustrated by reference to the
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the range from 250 to 500C in the presence of an
oxygen-contai ning gas, for exanple air. 30 Operating
conditions and other information applicable to the
performance of the invention may be found in the
ores i d B |or art, for exanple US Patent No.
%lﬁgng% ®he process of the invention wll now be

(fdlﬁlﬁyﬁlel’rebbi-dtﬁﬁlr ated by reference to the 5 foll ow ng
Exa I es. Cat al yst Prtepar ati on Exanpl es according to

%’Sto&\/@\’lﬁ?ogw?&l‘a@o‘%&% 230‘3@3“ 5 A solution 'A was

prepared b i ssolvin of amoni um nol ybdat e
and @ mmng Aéfwaapmparedrhygbstsdlvu‘rg 2%.0Teg ofardrGninin mélybdate

oAD' £ BB e i R Lo EsufhadPhera Hrc Wi
sﬂﬁfh@dﬂls@lﬂtlﬁn ‘BWas’%re@ire@bﬁ Hisbél@ﬂgWﬁr%@awl%t\ﬁnadate in

C. was prepared di ssol vi ng
1é0 ’Fé&f Slsgﬂechwébgy %rrﬂop‘ér\htltbo%ﬁllr@mg d@oémwn? /ps greparedsoal i ¢
. i.t.h
d"is’sﬁﬂ?lrdlgnrhg G@hmﬁ%mﬂ-nﬁ)eg{a%lbblh%%édﬂﬁk cf? %@ax\fd in 100 ml of
dIiS(tJiled_ﬁlatenahWGSthlnstwmg)\Eammf the ISD]SICIbleAJ B aad Covasaéft fdia 5

Sal ut dded t | ut B
R R RO i a9 of G samapdeats- SeREPT v teen
ad@sl 6 kblufiek B rﬁﬂﬂ]yjﬁltmmﬁhg at P°C/ Pfe ided s@ﬁlﬁ@ﬁl B'7@ Wag ktfrred

to solution A The final m xed sol ution.
forekSyminytes gf 70°Githerpadded rapidly e stiutionl . mmﬁnaémlxer soé.mon

[ t Ll ng

P e} 5 Bitth 707 Y33 b3 ided 4R bR hSspuiomoees

hedted tocborilérepcto fadilitate evhporetiovbst the:bvla'ev eEull élva.boﬁtlbﬁ) of ﬁrx,e reactant
rresul ti ker wwth the drije

t The. be
R RS St S b e v

pakty wagtheh trand&rddo aa Jven Fe- fm/eﬁetr afymgwmgc er%ourS After
cat al yst precursor was ground to a fine powder and
Phh th aialyst precwisghwas gropnd tera ﬁﬁmoveieewp themeieved thIOUgh a0.2

frishiguas il Dy .

am oven i 400 6F fon K dnours. Thenamindkefoomtlalof site axdidesdatudybt Wbtained was :

Mbl. 55 00AuQ. 00080Y . Catal yst B
(l\/blg)g 05%{&&%2‘61 *00090Y) A solution “A was

qatﬂpﬂrBeQMby0N0§§bell6m0%%,@¥j0 g of ammoni um nol ybdat e
and g 0359 g, of anmmoni um d chloride in 100 m of

di st {5oBgoRad eVamprepared Ry dissaiging 22,070 gpf apuasiun immiybdate
and®. 09835g B SRA6EN Y018 LRBARY D0 G PoridinRh WA with

vanadate | n-
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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150 m of distilled water at 70C with stirring. A
solution "C was prepared by dissolving 5.134 g of
ni obi um pent achl oride and 5.992 g of oxalic acid in
100 mM of distilled water at 70C with stirring. Each
of the solutions A, B and C was left for 15 minutes

' ht%%ieéttd alimgiei faei Mateoivaporatiomof the wafert Rell ecipoatientos the reactant

ution 30ad d to solutio r api dl )
iRl BT aielBR i 1S Beit, R89RRG s SRieticr ofneb kB Btk the arieg
psitt Wwag thenfhansfédedfionintoven &r fMAkertddgng aCEC fadd Kouts.t Bfter
sQlutjon A The final mxed solution A/B/,C was |eft

drgngthe cafalysi grecprspr Was gropndto a Bnegpevydes and tep sicvehthsongh a 0.2
i $neSR sidbé. Oﬁhé’ﬁﬁlﬁngﬁd?\{/@é#e& Qﬂt%w t cbﬂgwgsothgl@f?dl!fn%(ﬁhestatlc air in

evaporation of the water. evaporation o
an @1 atri00°Grior dihoersnaldieaohiieal dofmiuta Qf the hyide satalyssebtiihedwas
in a ker with the dried paste was

Tha
thenl\?or‘é%%ﬁi\]?%’cﬁ:‘ 1{90%?@0\/6” for further drying at 120C

da@ily&mﬁ\lﬁ)%ovﬁmrﬂfbmﬂmw ythe catal yst precursor was
ground to_ a fine powder ancflthen sieved through a 0.2

5 mmAniodwion; 4y @as WF@aWeéé)D{IQlﬁsﬁb'lW@djOf@mapva melybdate
t

SEBOLEPY PRI USRI ATy RIS Py

soilringi desblutem ‘B’ %p@p&@ﬂ@y%ﬁbhmgﬂ%@@@ommaﬁmum vanadate in

1SGA kAP ARER Y G RO SRR T e LR

dl‘mblyb:@@t%S glé¥ rastiu@.- p@ﬁt&aﬂgrl@é ar’NGYOY 15T @&Ine a6idliRN 00 &l of
of distilled water at 70C with stlrrln%\ﬁf 5
or

in

ds%lila@ Wewr 2t 0" vy thystisng: dépchypf diegobitipnn 4, Beind Gbwas

nﬂHﬁff gé"ﬂoLHpoWﬁgﬁﬁJﬁl éo bll}ségoz?%f @k cgllngﬁﬂelnkse %SWﬁ;o%rC s 1S

th stirring. tion repar

addeslstg Isolution B. ra;aelygwldf stirfing atif° Qe Mha otikat sodimoarm’CGNakMrred
f Li [ i d t er t 70C

& l?hmls %ﬁ%s aP 70”)& t aczﬁid%? Ihr(hy ?o To&@ o&é kﬁ Wj}gtmn

A/BfQ wﬁ@leﬁlS stll‘:fat motwiea ﬁxﬂhc&l 1Lsouvnmx,lamﬂ¢frwmhwﬁu ddhsdnl o4y

Conpog?eﬁrﬁgtfslg.? Sol ut i on C was then added to

f th
e, o P WPRHM2LIN Pitheyatsr- Tglevappratign gEthe reactant
iRk W acBleGe V@S] . §hbﬁr§ ‘%@sullfn‘ig m]aalrgb%fé ePhébe gi%ftﬁ'ﬂﬂ dried

added rapidly to solution nal m xed sol ution
pastewes then traegferrqdgoan |owexaform@er drying aturzoF@ f0r125hours After

t ed
i cardss BleciibEad MBuROUUL Arlbolfiey B Beb rquen a 02
N ameln sitve ﬁl‘lmfrddhtmg mﬁew'da caBllysticaleuw ﬁﬂ@ﬁca&kﬁﬁ&cﬁ‘ﬁ%@hﬁlb Rir in
ting,in a.dr aste, The beaker wt
of ReerAtADEPC foE 3 hobisn e o) KerBals Stete POds Fatelyis pokaRed was :
further dMﬁ]BbQV@JsNt%QﬂAﬁPJow@ hours. After drying, the
cat al yst precursor was ground to a fine powder and
E paples peh asgording 4o Hie invamtion nm nesh si eve. The
ﬁ%gEPI rle(,;lwg1 oogl }és%bousbt\%oooos% 5 hen cal cined in

Ic alr
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 ml of
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an oven at 400C for 4 hours. The nom nal formula of

the oxi de catal yst obtained was : 25 M

1. 000VO0. 661Nb0. 174Au0. 00090y Exanpl es not according to
the invention Conparative Exanple 1.

(Mo1l. 00Vo. 423Nb0. 115Au0. 00080y) A solution A was
dpﬂtl@pdllwetlbr bty7Q§Cs’gth stirrige. 2Badh 4ty wiutmmsdn Btmndrﬁ:)wmiﬁtfer 15

R S HROR S O e G 5 e

added teaslufos Bansidlyoyitidstisial ut 705CH m%lge@iolﬁmms stirred
vanadat e ‘i of distill ed water at 70C wi

fog 1 miges aN%?% tﬂm Rifled eapigiado prletien &d Thy fingl r§§‘@f‘\$$’lﬁgon
ABRA &lagleg to @hPaﬁ'?‘O”@ ?c?rrbtiﬁftﬂ+ 3 | Hfufle daffkr glfgn%h\%hggolﬁtx&l Whs

acid in of 7 distil wat er’ at

heated ta lrr;glmng@dhcnbfatet dyveperetion ofiths water BFalh elvapovaion lof fite reactant

f.or 15 m, nut XII’TU ol ubi Ljsation of the.

ughpoenevedi b oo Rl B gate The B v e Friea

pagtpmak memntahsfsmd fol angvah for(Githeklieyif ¥er03Q ot 3 @cmrB/ Kfter
for 15 mnutes at 70C then added rapidly

I
d(mgx?%fghéjéqrtgﬁstﬂrecvﬁ@r Vangioupd tecfingpewdes andithan sjeveqidsough 2 0.2
nllrﬁfn‘iesﬁ Qje9d.i Th@xtesﬁggg f)&Wdéi‘eJ éhrt%pﬁrcaﬂéw?g AL @eﬁcm@ti F&hatic air in

whi ch the solution was heated to bol
ahQuen attdQ0eC ﬁxraidmum i e rw@mlnaw\ donwatleof thEukide ewtap»st chitaioed was :
of the re%/% xtur achieved in 1.5 hours,
resul ting 9,59V 5N ANooOx " peaker with the driod

(pﬁﬁpz&amsEkhmpletz amm‘. @W@ﬁNbpnmo%gmy)f or f ur t her
dryi gﬁt 12,%u 8 After dryl n
cat a{‘l\/ utjgng BPqu/S’ée g’ﬁ'(ﬁflﬁﬁa ving 22-¢/0rge0 %‘?m@ﬁEOlybdate
ahd0/04%1 8bEdmiddnRYBo1a cRlodidd th TOD ﬂ?éﬁh@i]ﬁ\ﬂ%t%@ 70 é: with
resul ti n? / powder ed cat al yst cake was then cal cine

Sfiga

sHrHg; A salytigmy B’ émfs oreparediby gl ving 7. 24 lnp of zsnm?ﬂ:sm vanadate in
13RI OR s ATy 87 bt R0 Pl ket
disoly Mg . H\poHReHibm. p]:ﬁﬂéhiongmanwsgog sbbxalic @Ehdluﬁ\éowtﬁﬂ of
RTBR bl 801 3B i s og ST OLIIRG Pl Al G R T 15

nithetes td eﬂl@vw&ﬂﬁﬁfnuﬂi soliMilisatibh of e ichibbitbnts” SHAltidnl @Was Ben
was prepared by dissolving 7.741 of ammoni um

addgddq selutiom B ramdlyqvithystireing et 74°6¢ The meixedgoltam BiCwias stirred
| d i

F s P 0 B9, RSO 81T gl 4l

PdBIQiWIam]eﬁGG stit at@n°C ﬂ)r$tfllﬂhﬁ'd Suainetes,aifter @ﬁnc‘hlithehsolutlon was

st.i f the sol.utions A d C was |
hgajpd %5‘)@6*%5& ﬁﬁ?@tgt%?{amfﬁw ofbs walsr B%@Eb‘rappgagpps thgreactant
miRRrERIPRRRIVES in 1.58buks] resulng\mS dry?ﬁste 2PEEBeakEr with the dried
solutlonBraldl%/)vmthstlrrln The m xed

t

Payt wes then tarsioped t9ranovey for further drying at 12'0°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
an oven at 400°C for 4 hours. The nominal formula of the oxide catalyst obtained was
Mo1.000V0.529Nbo.124Au0,00080y.
Comparative Example 3. (M01.00Y0.638Nbo.133A10,00090y)
A solution ‘A’ was prepared by dissolving 22.070 g of ammonium molybdate
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for 15 mnutes at 70C then added rapidly to solution
A. The final m xed solution A/B/C was left to stir at
70C for a further 15 mnutes, after which the solution
was heated to boiling to facilitate evaporation of
the water. Full evaporation of the reactant 25 m xture
ang8.032he ef/ardmionium golA ghloside frebQfl m) qnfghstrllea vehtat a0 A81CEwith

stofgn o Sliofl b ph? Bregblef By AigSiinei5Eee ¢ S whfiibi vanadate i
186 i of distiddngatert AF0B@ wathysSitrin. € B6IaH6n \@Sv@f;@éméedgy a

d.th d th h
cip B M & SR PR g powElarUceni Ao s aqdan 1 el of

dfsal16d weer Atrvost QJ:IthStl?tllltig ' E‘ach%‘?t}%\’s%ﬂltlﬁhs ﬁoﬁccmﬁ‘?f wgs left for 15
hours. The nominal fornula of the oxide’cat

maptes tead owamaximgm sobibilisativ obthe Kbmpdreas @wuma@ was then
le.3 38Nbo, | 33AuQ, 00090
§OUIR3 SR TR FiichibR b ROUTTRE RN oA/ s ired
ftariffmminum nmq‘/’ﬁdmaded 2apid1Q tOSItics Af TRETBALIbived %]thon
AZ]? s2]eft|tnt10 Bj ﬁ) %ustllled water at 70C with '
NSUAL P iCotpr egurtherd S snippigs.aftepyhish dhesolyting was
h@até’tﬁ@ b@ulﬂlf t@mﬂhﬂé@vé{ﬁ&m&‘ thé"watl:?oFlm G\%BOI%'H%I] 'o}‘ h@‘#eactant

water at 70C with stirrin A sol ut
W@w@@cwve@msls%hwnge nm?mgx dyy paﬂto bThembeaker with the dried

BN AE P30 50 R B A Gl R

-dgmig,l thecuam]y%t piBcarser Was@sundiota ﬁm;rpomier MAWMELSiel & tﬁl‘dugﬂ\’a 02

maxi num sol ybi li sation of the conponents. Sol ution:

MRRTCEhYRS dagdes tH’ngﬂWﬂer‘?S’rFaBﬂYSéﬁalw’yas\mfmaémdrmﬁ@tlatalr in
arl B¥en af B60°0 H6£4 hd s Utrhe Rofidal Y@ﬁlufat dfth&Gkial QJta]}g oblfanned was :

m nutes at 70C then added rapidly to solution
final m xMéPl@meﬁ\BamssMcBhﬁoy\as Ieft to stir at 70C

fter whi the sol ution was
C%{pﬁgzgg‘gidé {L%%Im I °"1“6%1 °t‘f3t4‘§f’@°8@%\poratl on of the
wat ef soltibh ‘kmampraparembsaﬁlstd‘lemg ea@Uergtof affindniire nY¥ybdate

1.5 h It t Th
N EE i s B o 10 dn Ao weres et oGt
stfin@VA_Rofulibn FBY Wﬁﬁi‘ﬁreﬂirﬁd By dﬁ&o]@x%gg jSQ e g@%rﬁu?x%faﬁzﬁfate in

dr in t he catag precur sor was
@frg igfHted tviader ag | @\i‘eﬁrlthht‘llmmgh AaSOd)Jth @mwmptepalred\bg .

h
SIS s B TS

dialdiiddrwdtexfab 701Q withstitring. @acklef hateluyisis Asz ahdedvavast for 15
Au0. 00090y Conpar ative Exanple 4.

00V0. 638NDbO.
b@ﬁ/&é Nﬁﬁumélﬂgdlsmwﬁc POTRRANGRES o folupion fwas then

a?ﬁﬁﬂ%%%%a%%;pfzmk% A7, e LR

fogil 3 minytegat
A/B/C was left to stir at 70°C for a further 15 minutes, after which the solution was

eatadd@izapidihto solution A. The final mixed solution

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 furthef 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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20 stirring. A solution "B was prepared by dissol ving

5.281 g of ammoni um vanadate in 150 m of distilled

water at 70C with stirring. A solution "C was

prepared by dissolving 4.828 g of niobium

pentachl oride and 5.632 g of oxalic acid in 100 m of

agioyen h 409° Qvé@re‘lf h<atrs 701 rerhinakformulia ofj thekadde @talyddebtained was :

solutlonsl\ffb Fng%glefdfor 15 mnutes-to allow

maxi mum so 'B’Pq |°§6c’t b B1°%¢he” conponents. Sol ution C

mmmrmnaaéoammntmea&ﬁbnu\mno@ rapidly with stirring
e_mxed solution B/C was stirred for 15

t 7 T
?n nu?ré%"c& Y 76 iR vslgerd fatabist wes mixedswitiul § ov ofiglassrhsads of
(ﬁélﬁ@ér 07 ﬁﬁﬂjtosfblnﬂtd AfitedVaBlifst W@@of\’lﬁ rtn#nt%ﬁﬁrjné 'f{l e diffted catalyst
1 C on was

for a further 15 mnutes, after e sol uti
W?éélmdoad@db@ﬁom ﬁv@dtbadfrmtdr imagt of Elastpldvyadf dimendiods 2 mm

te e ion of t react ant xture
Ll o BRRBIHLAN, Bl e SR8 i M fions e
cbﬁﬁek@ﬁthwdabtot b€ing E]hzﬁfiz WAl plags @ithdsert RRRink NS L06HL 4@
o%en for further drying at 120C for 2 hours. After
bapv g catplyst Redk dihyappasaiae Wias Bienwmeessyre dested at@0&af with helium to

cRENIBF 1eaind ’Pﬂ?:edﬁt Wﬁgtﬂehr gti't‘\gils?edabepl?(e%tlag}dq% érlt §d mrllrél&l

The resul ting red cat en cal
hehum ekt 6 bar;;fpr 1 hnur ® ensure\felh detomp®eifioh @f cﬁa]y@tqercursTiﬂﬁ

v 1 1B e B R of s chiubaSCyT ey tahelmend water were
tl@nl iftadduced fexhe kdaetor MBlehafe Hfhéﬁb@ﬂieh)fnl@t éﬂmﬁsxtﬁn? qgger ed

cat al yst vvasgnxed W th 15 of glass beads o
ComBRRiYT Wes 22 W/ étfmm,rﬁt’a%ov/v gr¥genc i U vy ethybae of %zm water

aHél bAIEhC%QJeHGﬁ T-flg?otgf 1}6% ﬁgwrrg'%é %%a%% t\é\%%i athaelgyel(%o énsure a feed

into a reactor

(H'Isﬁféﬂﬁﬂﬂﬁ)ﬁl 12ftemaquilivraingefbr 60 minties; gaamhﬂpmgidﬂe thler€ from the
n the centre

ta nt ed in sition.
Og{l]&t ﬁga i ea% ot yﬁ?ﬂ']{ﬁn cﬂ%!a P?a%4B8}3ﬁ°lPé‘§“ tefPangthylene,
opypgekiang heliirr i al above and bel ow the catal yst bed.
The Egarat us was then pressure-tested at 20 bar with

hel i bRy FECtPD tegtReEaturegYasimeairtgined a3 QA€ dpreach nbthechtalysts A-C,
1@&%&%@?&‘&']1@% (ﬁFe@E é(ﬂzgpa'i'@o@ 29&10%&111? l{ér 4 hlt)rg b gr?fnaotd of 60

bar for 1 hour, ensure fu
Hwatt@ﬂ, ygmdmr@d)m gtd}egtlonngs ¢cemuermd aﬁdl QWEll‘méd ﬁirlaep&ﬁod of

enlnh u vvater were then
iGN} 8 Bous) eA0PEHO% 8 che Be et FYPPSHAT Wep measured
using GC mmms(Pthm UﬁEEHnS) BANER S0 lunf WwiBsied28reX0oVENhe run

et .6 %v/v qu%& 10 % v/v ethylene, 5 %v/v
P Y al*satah 8298FShC Ui, piodyeis weks colllepted and weighedafier the

riGR! @Bﬁ]‘tpeﬁgoﬁbf ﬁellﬁﬁﬁl prBt‘ﬂ.}c ea%mfegengmggl@/ of

00/ h. After equilibratin m nut es
clyammoe@phn ﬂealy:ak Ednitam #ﬂ@(hand 400! feted stitheBODtadid #F1Qetectors

re§¥%ﬁ%§k nodel Uni cam 4400) to quantify ethane,
From analys1s of the feed and product flow rates and compositions the followmg
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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oxygen and helium The reactor tenperature was
mai nt ai ned at 300C for each of the catalysts A-C, 20
in order to facilitate direct conparison. Follow ng a
further equilibration period of 60 mnutes, liquid
product col l ecti on was comenced and contlnued for a
1gge typlcally 18 hours. Durlng the run period,

b e RS o i L1 e

mpl} ethytene ¥ 2+ optdetinod QLY moummolmz +ohtet mdlheetid 4pid ¢ 2) *
1ppoducts were collected and wei ghed after the 25 run

gerl od. Conposition of the |liquid products was

toedslend C-msl Y =qastiet el efigleng ™ offf koar
Y (ot vl BHpleAS 3’2% D g’éf g@%ﬁg 24Mnlet mol

ethylene ct ?-)\fépyt}et Rl 1R anapyesineel §102h @ufleteaolaqmqaac@dm@p * 100

t(&gr \é(c{:lgFF(%I) at e‘éﬁ%gpog? d\) g%géimg{e%&] ane = %? ﬁteﬁ‘&fene *

2pt-loatie moldL@| -etoutted melt G@ 1) outlet mbkacetiv hm&t*mgﬂ eo(f 100_

SEORER oIEmaT 500 @ Remgthifra £a - T adettytenc *

276 lodtlét@n(ﬂﬂio% ouuét%léll @(1)2 m&utl@@ﬁbl foefle héid*‘* 2%)* 100
t(béoutl et nol %I ene * - inlet nol hyl' ene 0, 2)

Pk gtse]ﬁngxg@o.p (feineal %Dd*r sedgpivity @mCDe(Cnml Y%acetic

V. out | et nol
Swﬁ’aé’ﬁg‘)“l"]’g?‘)’ )95 %tal‘é&ib A&(pﬂ%t%&?esﬁé{gqﬂiﬁg i nl et nol
Typichiy, eres balax)caandmbﬂben batahce@or &r@uﬁbrewwﬁ:lun@@be*loo +-5 %.
] to CO(CGnmol %9 =
BEF ' <L e Pene * 2 - inlet
nol Eﬁd]ﬁ’daﬁ]?st @as 'Em@lﬂyk:&ﬂn e )ge&@al"ie&*t'ﬁ)h %em degég%eﬂ above.
outlet nol acetic acid * 2)
Theteerlts arggjvendn Table I Bagh @Falm Iwaétehi}luaéﬁbuﬁdez standandl eonditions
ididategt hyl ene 10 2) + outlet nol CO + outlet nmol CO2 +
outlet nol acetic acid * 2) * 100 to CO., =
selectivity to CO (C-nol % + selectivity to CO2

(C—rm] % STY(spacetlme ti>le d)% = (g acetic
a(l u)l At ou VS bed UL . -
and ca ¢§8‘¥%al ar goqvggsmép eaction wasSHSHKE t o be 100

+A—5 04 Expe“_n:em(é’ A to C and Comi&rmei%e Examples
113 15 Each cat 4l y&thapas edBthvienad| AgOHhle GRnle€eh | COx
r adt(Pemparetivedd [desdhd bed| ab2@. | 541 [ 10.6 | 55 | 16.1
2 (comparative) 8.9 32.7 51.8 [ 102 | 53 15.5

3 (comparative) 4.5 31.6 513 | 136 | 3.6 17.2

4 (comparative) 7.2 38.2 488 | 96 | 3.4 13.0

A 3.4 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 k™', 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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The results are given in Table I. Each catal yst was
eval uat ed under standard conditions indicated. Table
| Catalyst Conversion Selectivity (%9 (Cnol %
Et hane Et hyl ene AcOH CO CO2 COx 1 (conparative) 7.3
29.9 54.1 10.6 5.5 16.1 2 (conparative) 8.9 32.7 51.8
10.2 5.3 15.5 3 (conparative) 4.5 31.6 51.3 13.6 3.6
17.2 4 (conparative) 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
C4.10.080.8 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"", 16 barg. The results in Table | 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 AcOH at the expense
of ethylene. 11 Clains: 1. A catalyst conposition for
the oxi dati on of ethane and/or ethylene to acetic
acid, which conposition conprises in conbination with
¥gen the el ements nol ybdenum  vanadi um ni obi um and
gold in the absence of palladium according to the
lerrpl Al aagdlyst tmnmﬂlfam fokthe Wi adati vl Nbeﬂﬂne(an)i/or Sthyteme ¢0 ace¥c acid,
w e ecte fron1 group
@6%?0&1’0&‘&08190“‘?’8:?"3 lwmﬁigatwﬂw BIYEAT h“cfzi ?r# “’ﬁtlybde““m
vémadieal, nidhium@ad gbldl in ke, abbénce@ﬂpalﬁﬂmnlfeccoﬂing €35the Emprival
Ba, Zr, H, N, P, Pb, Sb, Si, Sn,

feI’THUIQI\ngReWb‘AF%cVaHH;ﬂ_féD’ and a, b, c, d, e and f

Wh%f%ﬁr??qg Blééa %im&re%‘%@g?én@i@ﬁgcgffﬂ %n?fhetg?ﬁupeéo%g@méois UMM, 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; and

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

0<a<l;0<b<landa+b=1;

10° < ¢ <0.02;

04<d< 0.865; 0.135e<0.23;and 0.55<d+e<1;and

0=<f<g2
2. A catalyst composition as claimed in claim 1, selected from the group consisting
of : Mo, WpAu,ViNb. Y7, Moa,AuchNchf; Mo, Wy Au.V¢Nb, and Mo, Au.V¢Nbe.
3. 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<¢<0.20,06 <d+e<0.95,and £<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 > 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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10 10"5 < ¢5 0.02; 0.45d50. 865; 0. 135_e5<0. 23;

and0. 55Sd+eS |; and 0< f< 2. 2. A catalyst

conposition as clainmed in claiml, selected fromthe
group consisting of : NbaVbAuchNbeYr;

Mba. AucVdNbeYr; MbaWh. Au, : VdNbe and Mba AucVdNbe. 15
83. AAcataysysampasiivadis claynedin anysngefthepreqeding claips, wherein Y

s3ae ot 05 BB Pog e in, o0 b RGeS 4R, 0

9cat aAycﬁtalysoaqmmstnomras aimmbchlmcéaim hhzuhm tﬂme Sonmhe Béccrued from

0. 0005 < c5 < dg 0.7,.e? + 9,and
the ggoypcongisting S g st 4%%%9&4’*?{1 SHHORL M) 5 o b 4 ROy
afid M@h &)5’% 1Ny T24A By 090 OF whefinl $is Amntskr WhickOsa€izfid}. tie vAlencies
A catal yst conposition as clainmed in claimb5, wherein
ofjthe elementsn ghe CPmPASRElaﬂ &01y0ye¥bnposi ti on as claimed in
liny &}ﬁo&ss fol? %e%efe%ﬁ dﬁétﬁ)lx]rfﬁ"acéﬁ}earcﬁ orf} apadeous %rﬁxt%re
nposition as c med 1 n any on§ of the
cerhprisnly Etgand zmldms cthyteae evhnch\procas sahpides doritagmgtthe gaseous

grou consi of Sri Cu , Ag, Fe and .Re. 9.
e B iy & {0 SR YaeBrFOLia b R el B ety i Presence
oweatslgﬁ ofifibf &4 QfinfddQiany Bfe GF tAL Brec OISy Slhindg Of
00Vo. 455Nbo. 200. Auo. oooe X
1M)1 Baxocess FNJaimed 3naleiny 38 doyhich thgmertalyst 1 is used in the form of a
(ffﬁqp 0. 661Nb0. 174Au0. 00090y wherein y is a nunber
ﬂwh g tisfies the valencies of the elements in the
conposition for oxygen. 10. A process for the
sel ective 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
clainms. 11. A process as clainmed in claim10 in which
the catalyst is used in the formof a fluidized bed.
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