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CATALYST AND PROCESS FOR THE OXI DATI ON OF ETHANE AND/ OR ETHYL%NE othen02
utilising esaid catal yst. Catal ysts and processes for

DE- A-19G20542; and DE-A-19G30832. US Patent No. 4,250, 34G di sclpsgs the
the el enments nol ybdenum X and Y in the ratio M, ,,Y wherel n

and/ or U ais 1l bis 0.05to0 1.0and c is O to 2, and pref Immllce
gaseous et hane and/or ethylene of a product conprising ethylene and/or

ol ybdenum com = SHINAVID Y : e . M ERERESsi ti on
rheni um and e¢thplgse maceﬂcwldjarxbﬂooaspmcess fertha-roadrtion afsicatic atidluyibising
Mb~Re~W) X = thnalymyndrayocw)esfprathelpmduworaﬁ agetisfasidalpy thexidagion of

1.0, ¢ = 0 t& 7ry9r9éf bﬁaﬁr%}@o@ﬁ& ang QETJ\ 13W_%re preferably 0.05 to 1.0

present invention relates to a catalyst for the oxidation of ethane and/or

et hyl ene t C c acid and to a process for the production cid
hylene {00 8hgbhe aci PETRES b dood

production of acetic acid by the oxidation of 5 ethane and ethyl ene are

known in the art from for exanple, US-A-4,250,34G EP A-0407091;

oxi dative dehydr ogenation of ethane to ethylene in a gas phase reactl on at

relatively high levels of conversion, selectivity and pro t

tenmperature | ess than SOOC using as catal yst a conpositio m’ﬂﬂ%’m

Nb, Ta, Ti) V and/or W and preferably M) Nb, V a

Cu, Fe, K, My, Ni, P) Pb, Sb, Si, Sn, Tl and/or U, and prefe Iﬂmu Wﬂ “

1.0) with the proviso that the total value of c f or Co, N and/ orcowe s

| ess than 0.5. 20 EP- A-0407091 discloses a process for the production from

acetic acid, by contacting the et hane and/ or ethylene and a nol ecul ar

oxygen- cont ai OR

characterised in that 25 m)l ybdenum IETH‘{TEENE dat| ve dehydrogenatl on

catal yst conpositi i 39

PCT/ GB99/ 00996 wh pégseF‘%‘F’)‘L'g E""o‘jep“é‘fs Rareaitidst foltfe oot eiie angor

conprising t X and Y in conbination with oxygen t he

gramatomrati OZ&%FE?tcﬁtaﬁst A XY 5 10 bei ng a:b:c) wherein A =

and/ or Ws Y gthhe ar@eth%ne% kf&vniﬁth%}t fNBrn fBr eP&nplgbUSSAA £66,344,; I*ﬁ‘ld/ or

U arid preferabl to 2, preferabiy '0.05 to

\chth B hg provi so B PaiehENaOH A5 0Vl6 s cise§ tHeQxidative Nehy @radeftidneofietndnes s
an

to ethylene in a gas phase reaction at relatively high levels of conversion, selectivity
and productivity at a temperature less than 500°C using as catalyst a composition

10 comprising the elements molybdenum, X and Y in the ratio

Mo, XY,
wherein
Xis Cr, Mn, Nb, Ta, Ti, V and/or W, and preferably Mn, Nb, V and/or W
Y is Bi, Ce, Co, Cu, Fe, K, Mg, Ni, P, Pb, Sb, Si, Sn, Tl and/or U, and preferably

15  Sb, Ceand/or U,
ais 1,
bis 0.05 to 1.0 and
cis 0 to 2, and preferably 0.05 to 1.0, with the proviso that the total value of ¢ for
Co, Ni and/or Fe is less than 0.5.

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



15 20 25 d+e+f=a, d is either zero or greater than zero, a ig9o9pent2n2 than
zero, and f is either zero or greater than zero. DE-A-19620542 discloseés a
catal yst._for the selective oxidation of ethane and/or ethylene to acetic
aci d conVRH534$% he el ements Mb, Pd, Re, X and Y in the gr RETAERAN00MSI oS
a:b:c:d a in conbination with oxygen M, Pd,, Re~X,, YC (I) where the synbols
X, Y have the following signification: X = C, M1, Nb) B, Ta, Ti, V and/or
WY = Bi, Ce, Co, Cu, Te, Fe, Li, K, Na, Ro, Be, My, Ca, Sr) Ba, Ni, P, Pb)
Sb, Si) Sn, Tl and/or U, the indices a, b, ¢, d and a stand for the gram
atomrati frls r j ; LT >0) d = 0.05
to 2 and gﬁggoortl{‘;%g&%kl@gggﬂggﬁggggﬁ&iﬁaﬁwgg%ﬁé}?iqigd2? rsgééléss for the
sel ective prodddsa disclesedindil-A-840P%H npacatabist eRrEpUSiAg tesglepens Aothane,

ethyl ene ggq vimtcuma&ieﬁrvﬁmo' eﬁgﬁ'@ctéfrﬁ’rﬂ-atté?mq)éﬂgﬁﬂftlﬂ)é elinidh@d RgX e gaseous
a catalyst of the formula (I). Finally,

charge intqg contact wt
DE- A- 19G3b#gBg adi'ecl oses a cat al yst for the selective oxidation of ethane,
et hyl gne Qhepdinct ur esp therprfragyyel | as oxygen, containing the el enents M,
Pd, X and Y in the amratiogs a=~b.c:.d in c {,hation w ygen .3 5

Mb, PdbX~Y~ (1) Og’g =OCI8§CM?’ S{b 53 ﬂiyn\?@d GB@‘%PERS@@%{;’V%T&E Ke symbol s
X, Y have the foll owndéprsWgni fication: X stands for one or nore of the

el ements selected frgmthg. gto oV od Y.stands for
one or nore of the e €mn$§qé%ﬁg°cgéﬁFM%nPf%ﬁg%’ﬂ%sg’ é,”r%’}%é—gsi/%fn, Pt ,
Zn, Cd) Bi) Ce, Co) Bhand prefecabdly Ap, CAapdlee U,Ru, Os) K, Rb, Cs) My) Ca) Sr,
Ba) Zfo Hf, N, P, Ppb. Sb) Si, Sn, Tl, and U, the indices a, b, c, d stand
for the gramatomratios of the corresponding el enents, where 10 a = 1;
b>0; ¢>0 and d = 0-2b=Al s0 tdi2splrefertlyih0DE A019630832 is a process for the
sel ective production,of a InC i r e e)

et hyl ene or n‘ixturesctherggé 2i R%P@i%@?%&géy%mgy %ﬁ rgtg:l?'l%ﬁ]g he
gaseous charge w th hOcwitlathesprogisotthat thetatell vlye 9f q for &rmaNii aner batsent
publication WO 98/ 47830Hk 4§ shed after the priority 15 date of the present
application relates to a process and catal yst for preparing acetic acid by
catal ¥¥i c oxidation 6ff @f#ah®. The catal yst used has the fornul a WaXbY~Za
in which X stand fordegtHF z8R) 6r gleti®etan el ected fromthe group Pd, Pt,
Ag and/or Au; Y stands for one or nore elenments selected fromthe group V,
Nb, Cr, M, Fe, Sn, S BfERLCr AN 3§0N"Yand/ or Bi; Z stands for one or nore
el ements 20 sel ect edf{sraithiet berogirqaipatkt thalNaera, Rb, Cs, Be, My) Ca, Sr, Ba,

S La, i . Cs, I B.. Al). I Ti i, Ge, Pb,

P)C) AsY) angl%glﬁ" ééf%%oﬁ?ed‘%%ﬁﬁlaacaggfﬁgr ghg rsélregg\fee?’z'fi%%{‘ %@tgarlfdsa@%rat er than
0 and2@ i sethylammtmeerceticaoiri(tomagiﬂngmmgsmemtsiMo,tIPdJsReaﬂ( asb¥nhithd gaonponent  of
t he cat al y@émargﬁaéé%ocqzdr( %nglbynqlbggmgﬁoe@gé@- 719756) relates to production

of acetic y oxidatron o n the presence of a catalyst in
whi ch the active phase conprises vandiBdRaXe¥ni um nol yfdenum phosphorus
and oxygeny,uki.Ghe | g hEAP@R I fis R Stidalibpw ng el ements @ K, Rb, Gs,
Ca, My) zr. HF, ?\lﬁﬂﬁi’rﬂ T s folle ‘mﬁe!ﬁ‘m, ‘% Rh, Ir) Ni) Pd) CQu) Ag,
Zn) Cd, TI) Si) Ge, $h7 ASYr.&dn, TBP»,BC%a-éFr\th*’ﬁ‘é/qfa\_}’e_ earths However, there
are nasspecific exanptes gq@nl G'oU!Iu?)@e,SFé,\LQIK,ONaJRb,%é!ﬂ%g,L@a,pS’ft,@&E us

4,5CG8,790 relates to_a process for the !ow tenperature catal ytic
oxydehydr ogenati on ofNlg hg‘ﬁeg?*os‘eé'hyﬂéﬁg%ir ‘a gas phase using a catal yst

havi ng a celedhdiees £®RO8 ahd ertald Y114, gridd=bm rafies 6f theaorrefpdndiz 0. 9, b =

0 ;r to? '54?%51%;98 g‘g?eréégdggﬁ&%qg} 0:0538 2 dPEL Y, MSatkoiIdR4 f el ates to

DE-A-19620542 is a process for the selective production of acetic acid from a

30  gaseous charge of ethane, ethylene or mixtures thereof in addition to oxygen by
bringing the gaseous charge into contact with a catalyst of the formula (I).

Finally, DE-A-19630832 discloses a catalyst for the selective oxidation of

ethane, ethylene or mixtures thereof as well as oxygen, containing the elements
Mo, Pd, X and Y in the gram ratios a'b.c:d in combination with oxygen

35 Mo.PdpX: Yy M

2



0 2 OCT 2002 ' WD 99151339 PCT'/ GB99/ 00996 catal yst for thejﬁgciewrature
oxydehydrogenati on of ethane to ethylene in a gas phase, in i'ng

cat al yWW@9HaMBhg a cal ci ned conposition containi ng M, VoNECBGBYS/0080er ei n X
= nothing or at |east one of the followwng : Li, Sc, Na, Be, My, Ca, Sr,
Ba, Ti, Zr) H) Y, Ta, C, Fe, Co, Ni, Ce, La, Zn) Cd, Hg, A, T, 5

Pb, As, Bi , Te, U, MhandW a=0. St 00. 9, b=0. 1t 00.4,c=0 00 t00.2,d=, 0.001 to O. i
and a = 0.001 to 1.0 for X equal to at |east one elenent and a = 0 for X
=0. There remains, a need . for a catalyst for the selective oxidation of

et hane &%ﬂf%weéywpg:}g' gd‘aéﬁgﬁf@ﬁ%{l SIETICRUORhcess for the sel ective
production of acetXatdds#ed chesomhonei ofghe blemeatsadelested fl¥mhbe grdupund t hat

oxi dati on cat al yStéf’Wleﬁﬁ'iegg 'I?lioyvaglﬁ Vg,nd/ or iridiumas an essenti al

conmponent can fulf setective oxidation catal yst and
process enpl oyi ng YatandsAoconedommgbse, ofithe elemestsrselécteddnendhe graug des a

catalyst conpositign ttheysel eglii e Axidakk 0 hane or ethyl ene
to Z%eti c acid mhi@hAg’%%&ﬁg%ts?ﬁ g?] %bndp%r Psaéis&f fn]-’ g&‘n%‘%ngtﬁr gﬁ’n%l(]’th oxygen

t he el enent s~Mb, Vs, RgRb) €s; Mg, Ca; Sr| Bawhn i, Ni)P,iRb, She St SepdibtandNo and V;
Y is one or nore efenments sel ected fromthe group consisting of Cr, M, Ta,
Ti) B) Al) Ga, In, "Pt, Zn, Cd, Bi) Ce, Co, Rh, Cu, Au, Fe) Ru, 20 GCs, K

Rb) Cs) thejindiwgp ash, c, Bestargt for ithe gnam atpm mEos ghthegjorrespgnding elgmerts, and Pd; a,
b, ¢, djer@nd f represent the gramatomratios of the elenments such that
O<a5l) 0<_b< 1 and a+b=1l; O<(c+d)< 0.1; 25 0 < a < _2; and 0< fs2.

Cat &Pyst s~ enbr aced2w L9 ehe ard A mil-2- Al5o piseloserbinNBE-ANI§6ARRIXis ayy

Mo, . W, .précesX€orthe 38leMive plodubifortdfdcetidlactll fi6m Mpasedas clarg¥ of Mehank! . , X~ ~'r
Mo, [ Ag+l r)k~+~. ~. Yr &I\/b+ ~h A%. X~. Yr 35%} I\/b+\lér]‘., +,, lr=. X=Yr Q2 CCt
2~2 WD SEIBEnResY PEeiesderetfdn adfigng oxygen by qaniaqting the gasepps ey anpl es of

sui t abl ehegleaith b atudyst B tHeBr@ail a (1) include: . (i) .

M0, 37 AQ0. 04 e Saal Dalei DiGicRriom Wb 38747380 Bhbohe Wil e SRgHR! | sed on
Mb, .160. Riate of We. preddno agpslicabbo résteCana phcasoamizaabalyst for freparing acetic

Noo. aT. 1104 B cBERAE RulPuibn ot BhiaRe. TRE eyl has Yhe RGN WEROYTZR! 1 sed on
Mo, . 00. Reoyhich Yostaad fyamnesor .nBive eteneBiosebBtdd foom2h®group(Rd,ibt, Ag

Mol . 00. Oy~ i a0y - ' '

Mol . oo. \;(Ejh'dﬁr' nggandﬁqgr g%%%z@?ff%%%%%éﬁgq? fr\%\etrhgi%gou varl;crib ’yC rar e nunbers
whi ch saMinsFy, $heSby &hvedmi Bs Nafand/lee Bs| Z ptendstfor gne jee miage ¢ $tion for

OXyQen. &Mechsly ABHAGE g%uppgt,%m REOTROSE INVBNEaaSE BadkBIyt Pal BIE Zpr esent
invention.is that they can be nore’active and sel'eciive in converting
et hane alf/B @4Hy0.dHe . B .ablefiacImdihpl. Ge, b, P, As and/or Te in the formula

a=1, b is greater than 0, c is greater than 0 and d is a number from 0 to 2.
Tungsten is thus an essential component of the catalyst.
US 5750777 (equivalent to EP-A-719756) relates to production of acetic
25  acid by oxidation of ethane in the presence of a catalyst in which the active phase
comprises vanadium, titanium, molybdenum, phosphorus and oxygen which
includes a dopant from the following elements : K, Rb, Cs, Ca, Mg, Zr, Hf, Nb, Ta,
Cr, W, Mn, Re, Fe, Ru, Os, Rh, Ir, Ni, Pd, Cu, Ag, Zn, Cd, T}, Si, Ge, Sn, As, Sb,
Bi, Ga and the rare earths However, there are no specific examples containing
30 silver oriridium.

US patent US 4,568,790 relates to a process for the low temperature
catalytic oxydehydrogenation of ethane to ethylene in a gas phase using a catalyst
having a calcined composition of Mo,V Nb.Sbs whereina=0.5t00.9,b=0.1 to
04,c=0.001toc 0.2andd=0001to00.1.

35 US patent US 4,596,787 relates to a process for preparing a supported



Preferably, silver and/or iridiumis present in an effiective amount such
that ¢ 15 + d is at least 10'i. Preferably) c and d are sucly? gl szrd) <_
0. 05. Sl‘k'égé#h? nore effective than iridium Preferably, nore silv

pr esent fdiumon a gram atom basis. Preferably, c aﬁ@l‘”@ne??/@“%éch
that c is at least 10 tinmes greater than d. Preferably) a is at |east 0.0S,
nore preferably a is at least 0.2. Preferably, a is no greater than 0.5.
Yet nore preferably, a is such that 0.05 < a < 0.5. Still 20 nore
preferably) a is such that 0.2 < a <_ 0,5. Preferably) f is at |east 10-°

Prefer ablﬂt)ilyh fot ﬂxenl%Mf&@é&ﬁtu?@@i&&hﬁdroﬁeﬁatiﬂiﬁr& efiiagk e athlylenefin A gasuch t hat
10-i < f 0.2 Preferabl east one el egnt selected fromthe

group coHE?%t‘i“ﬁ‘g‘ %@aa‘Yﬁa%awg alﬁ@%"ﬁt‘i‘ COARPOSIHIONSENEIEPR ably, a is at | east
0.1. Mor aIQVERBISMIKY  wherkih Jt= ha@hlig dt.db leaby eriecsfaht Yolldwing : 1f) Y, dag er than

convent s BiaMey CanSP BBl 6 o ph o Bbrsn 15t Coubar g et HEATEhy % e

cat a: §st pmms}:m MeghiinMd ahd o 2= td 0.6nb &70.5 0 oml € €0/00du0 02, drvel/ or
oot er anRytodh 280 S2CBOPTS R fi e Taddl ) HPIE PN 3 ¥ Gt °

preferabIX/ =from 2 to 8, at a tenperature of from20 to 100C Generally a

i Xt f 4 I

Surtici ent quonirer Susgydsh B d ORaGhanElexcloat SRAERS, Shethiol ' be 35

corrpoundsmd/@rathﬂfmeﬁpc&!éﬁt!@a%td@eé|ar11§§0§ﬁ§¢ﬁ@?<§ﬁfv¢t&tel productineofdceid®ent s i n t he
VO 9%5134%%&"@ ﬁﬁgtﬁge%ﬂ“ 3%@9?8% hat a&.uﬁ %9&%@&%@6 cat al yst

conposli tion epare renovi ng e m xture.
The cat alsjiuer amdgprb@dw a$ massgyt!ﬂ@amm@ewaa fuléhiherneed fer aelectivgr 200 to

550C)  suidxadnicAtad st aQl pPEXEEBhpfRingdsaitRy i 0d of from 1 mnute to 24 hours.
Preferably, the air or oxygen is slo flow n@ 5 The catalaét may be used
festios Ao y

unsupported or suppBreRi@Ingsy,ithe preseQt BRaNos Ara feif CAplySteOMBsAMa,
zirconi adfot tﬁei?dale@%lvé bkld@ﬂeg l@)ﬁébiadﬁagdﬂ’dr gihylerie €5 acdtictasid wmlcm)r e thereof.
Furt r details. of a suitable tho [ epari a_ catal yst conposition
Bg f SR SHOns MRS ‘é?mg‘g AOYC)T%%&% r{ig‘ 'ﬁﬂeg“?:rﬁ? alyst may be used in
the formof a fixedMus, W,AgildiXsed, bed. I n andiher enbodi ment the present
i nventi on, Rraovides [Q he production of acetic acid froma
gaseous m x?rgllne & tr?%r%?%m%ggz{%arge{/and/ or ethyl ene which process conpri-ses
cont act i nY i bee gaswoe slementsugedectid fiom the Eewpl consistygyeh- cont ai ni ng gas at

el evat ed te {%HrgedﬂTﬁéQ‘f‘ Sﬁln??ﬁ A, @q\t@g | Rip and;m:’)%tiﬁgn as

her ei nbef ore éscr’i r‘rErl ses_ét et hyl ene,

pref &labl y et@ars, Rbt Garfdgaﬁd/ %rr Zyﬂé NipByPhShusSedSn. AlsUbBeandi al |y pure
formor adm x ai with one or nore of nitrogen, nethane) carbon dioxide and
water in the formof steam which may be pre 0 m)unts) for
exanpl e ghdatef %h%ﬁ‘IFSCRféffe&Frg‘%aB‘e?’r‘%‘rﬂa“B? Oéﬁ‘é elﬁmerﬁ‘)?%‘ gf Hydrogen, carbon
monoxi de) C3/ Ca al keneg and @klenes)anwhich by, be present in mnor anounts,
for exanple |ess th%p 2 A n8 percent. The nol ecul ar oxygen-containing gas
may be air or a gas fherdor ﬂoorer i n nol ecul ar oxygen than air, for
exanpi® oxygen. A s &ald @ gas may be, for exanple, oxygen dil ut ed with a
sui tabl e dil uent, fod;] <a£r'ple nitrogen. 25 It is preferred to feed, in
addition to ethane ahd/for*et hyl ene and the nol ecul ar oxygen-contai ni ng gas,
wat er (st €amlyseeeabseet withie dre forpnlav@) inbledsel ectivity to acetic acid The
el evat ed t enperat ur eM%?XVSXé}.ﬁPW be in the range from 200 to 500C,

Mo, Wi Irg. Xe Yy
30 Mo, Wi fAg+Ir]e Xe. Yr
Ma.. Age X Y
Mo, Iry Xc. Y7
Mo, [Ag+Ir]cea. Xe Y
[Mo+W1,m Age. Xe. Y
35 Mo+Wlaw Ire. Xe Yo



' preferably from200 to 400C. 30 The pressure fray suitably begatgorspieeric
or super, ric, for exanple in the range from1l to 50 ef erably
from1 t‘géggéﬁjgg. The catal yst conposition is preferably 05?‘2{%%@3?0re
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 3 5 gas, for exanple air. c. Q2 CCT
2D02 WO 991 51339 PCT/ GB99/ 00996 (Operating conditions and other information
applicable to the gaé-owypnceselr]ihE. Yavention may be found in the

af or esai rior art) for exanple.LlS Ratent 50,346. In a preferred
enbodi rre%‘f‘,gmé)rf’é Ogﬂ’ %‘%‘FSﬁta@é{%ﬁy&g tg‘F f?ﬂ‘é‘nf)r(gg%oi‘?azﬁ"nventi on 5 may be used
in an in(i@gr Med,.PeeecR & 2f ¥ 24 Nbo.pISbels B aeenOgf whick ténormalistdamather vi nyl

acetate such as descr] r amal e, \in &t erpat i I t ent
publ i cati on ’@é? &%fgzﬁe P%’ggg%%&g‘ﬁ?g}é%gpvv&#'gﬁ“ﬁf e °i°ﬁ§§?°ﬁ'%@f’é@9her ein by
ref er®encéli) TMMige37.306O0R €20l 0hoND&I7sS be pifoahion®yt which gereringligadoni thed an
integrated p i o) .0f \acetyiC id dl Vhoyl acetate
whi ch conpri g)ggsigt% ?;le\;l @[set%g@irgégg 6c‘0°?1‘?‘ g?;‘?i\ﬁ(’dz'l n°‘§$°r°"s'tég?”°égé’t°fsobﬂ 'zone a
gaseous f(8idd3Mook. Voanpibh.si. AgoatByl, emé and/ or et hane and optionally steam
wth a md\gc%glr.oo_qx zgmhﬁ:zlqR%g(lmpolngo&@a802_ the presence of a catal yst active
0 et hyl efieé cetlC ac

for the oxidation o 0 acel id and/ or ethane to acetic acid
and et hyvéieseiny' ped piapmeimbers ydieh saiist, theoajsngigs ebthg el¢ments fybauct stream

conpidsi n@nifolftion fasodygamat er and ethylene 15 (either as unreacted ethylene
and/ or as co- prodyced e% hg{:}ﬂ?;\g% and optionally, al so ethane, car.bo

bon
nonoxi de) car Vo RS0 t GATPRQSHIANS ageRId(ng)to thmPLesent iRVantion ISsecond
reaction thgihey Bah BE nire acNEatl sAaB G cOlvertith dthamaindadrharhgae tand/ or
acetic acid.at .|.east a portion of the first gaseous product stream
conpri si AGEUE 2fiast acetic acid and et hyl ene and optional |y al so one 20 or
more of wat er)Peiférabl) sibar and/omxidiximde prezantinan @ffectivdeanaiht euctnihat ©gen with

a nol,ecul ar, .oxygen- t.al ni gas_in._the pr n al yst active for
he” B odibfiioh SR T I PRty $5ed fattithcB ERTRED S0 PG Eiherd,
conpri si reffectiny thancietiatme, Prefembly, awet sitverds presend thantiridat by agréyl ene
Pr ef er abl {ﬂg f Nt i gy & f;: 25 (c)
separat i n&g{0 e SLSF oﬁgf(‘:et%@?’rcgéﬁgrﬁgem&%{ﬂgrﬁét(s‘g§ aE[)}: g.%fi &%‘F?%%‘i%tgﬁp?%%od' an
over head azeot Pegferablyaetis aileasif 3. anerg prefeiabliae srahieast®ad. Raeferabhe a base
fraction Lok thaAdRs! & Redtl RErabR), eGs bitditht 0.05 GO¥ B9 Ngjpceti ¢ acid
fromthe base fraction separated in step (c) and optionally recycling the
azeotZlopemPraprefeablyepay aic8dhtD-3ep<@e)- 30 after partial or conplete
separation of bhgemdhyerid iaegdnom trQeftaimy (69 no Breafer than @2 OWRY: nftge Vi Ny
acetate fromthe azeotyrope f_rGacgl on_ separated in step (c) and optionally
recycl i ngPieherapysbisrugl thadd Osephidt€d in step (c) to step (b), 35 or (iii)
recovering acebPrefepdbiy ¥ [somledre ohasrniohasdleqed fopanaigeslp eomsisdpgb6e) 0 2 O
CT 2002 9?/ 5%33{9 ig‘cT/ 9/ 00996 and recovering vinyl acetate fromthe
over head aYe fl’r b & il ‘recovered in step (c) The catal yst and
proceésses of t Peeferadgntisianicant ©.0n Mbte prafanatiby afisiat feest 0.5 Bsdferablgob by
reference.to f oMmigng Exanpl es. 5 CATALYST PREPARATION In the
foll ow nglse&oaérgprlg}aegqg%rﬁlwgonpar ative exanples, the nom nal conpositions of
the catal ysts drhe catalpst.comipesiions meayde preparee iy fanp of theenethodnt s of reagents
used int ' aki: o G 10
The. fol | o RarERAER} LABDyRL hoReRERrtEhEof SRIPAL AhIBIA BN Akt 1,

be prepared from a solution of soluble compounds and/or complexes and/or

[T,

30  compounds of each of the metals The solution is preferably an aqueous system
having a pH in the range from 1 to 12, preferably from 2 to 8, at a temperature of
from 20° to 100°C

Generally, a mixture of compounds containing the elements is prepared by
dissolving sufficient quantities of soluble compounds and dispersing any insoluble

35 compounds so as to provide a desired gram-atom ratio of the elements in the



the present invention, because they do not conformto the essential )
conposi tion of such a catalyst principally in the respect that2 nbpyzggp not
contain d/or iridium They are included only for t

conpari sg\lﬁlég:%rrpg?atl ve Exznple A. (Ml ooVo.zsNbo ~zQy) 15 IJX'EQQP{??O%%R A was
prepared by dissolving 12. 71 g ammoni um nol ybdate in SO mM water heated to
70C. A second solution B was prepared by dissolving 2.11 g anmoni um
vanadate in 70 mMl water heated to 70C Anot her solution C was prepared by

di ssolving 2.43 g niobiumchloride and 2.02 g oxalic acid in 50 m water
heat ed tOcangst déenpasitsm. Ufﬁle)dihtﬁ'yslmp@dlded may tsel be prepaddddyydretriodingesul ti ng

20 m xt ur(ﬁjh engfrgaw OCrt}lggrfzor Jﬁ_gatuaﬁy%§ bggﬁl?“e@b §at :éett% added and the

final ore |ngthe m xt ure
to drynestempeeatuneof frome2Q0htans ﬂ)°ﬁowltably'melrroemyg&nnlj)rcaap@riqﬂsof frakd was
ground t N gk DAL %rte?érkl’flgaf% alrfbr iy QA0 BIPRGGigOr S hour s The

ion o 1 was

nom nal corrp05| ooVo Nbo rzQOY. 25

Conpar® ~ti ve EXdwsiatalyt mmay. heonssd U@WBPOAQd PosuRPeRisar Sritellesuppeite A except

that no s n catal yst was
hus Nb, e R, L e B g S 0 14y) s for

conparati V@r@k}m% A except that 0.23 g Pd acetate was added in the 30

preparation of lfu(PiHéFH%dﬁofJgﬁ%tzﬂ%ﬂn@modQ@ﬂ@‘é%ﬁﬁdg@ﬁc&i\yﬁ%n%sﬁldfﬁt was thus
Moi ooVozsNbo i z, Pdgoo~~r Conpar at i ve Exang oVoz; Noo, zRuoo, Oy) As
60

for corrpaf‘!i’tym?ef%ﬂ Hpifer exasple el ¥hdioqs: of ammoni um Ru hexachl ori de
was apded in t Meheda@alag taﬁaw& @dedSRkhE fobrd oﬁa"ﬂk@d aamﬂu&ilseanaOSl ti On of the

35 catal yst vva thu zsNbo

901 51339’ PC T/ APE96f 9@’6’0815’%“@%?\?&3"&?“&%‘@ IE’O(’!GﬁsaBBWSSE 8 € _zRho. u~0y)
As for comppadirtioviefeetipicd froaxagpieonhaﬁxtﬁrelco&;glsmfg dﬂlmr(elalnld)orhydr oXi de was
added in t l{)n% ﬁﬁtlon of sol.uti nom nal. |t|oE§of th

cat al yst PEOGESR/BPDRNESS. °°“2A\d“%the g@i‘feo“é%t e atid/&e “‘ahpl F
(M, , ooRe@xﬁgﬁlmemhbmg 8800 etes@red. termpOpurSol thxblpmsewca/m%a @atalgsr ed by

di ssolyi n%o%q%gltg)ggp‘[%p% H[%‘r%fg;%l %lggr% & and 10.06 g amoni umrhenate in 50 m

vvater eate on ggred by dissolving 4.56 g anmoni um
vanadat e i n 70 Hie fogt gas helalpsdesmha?@@nd ethyiens, me@a@lspcélpm ed by

di ssol ving 3. G%Qagégp%%&gl&'é'n%)bé é:rﬂs@%@mg A 6r adnik@

calciumnitrate an xalic aC| eated to 7C(1)C The
rest of tw&lﬂppa@@amemégltmcgennmé@ﬁp%ucamov@l@ﬂ%ﬁmdewa&er ke form @4l
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Mo~. 0@Reo. ~~Vo lzbipoefegsd o teGam ztdziltmoomhaune)anclzmaﬁqbyl@seao@dml ng to the

present in o] gﬁ@'% osty)

Sol ution AP{]&,alktsch&r?ggggéW Evﬁnt&n& §s %ﬁg&gﬁ%ﬁ@ﬁ%ﬁ@ﬁ%&@o ate 6.61 g 25
anmoni um rMWéyaﬂ@C@lClaﬁl@ silver acetate in 50 mL water heated to 70C

Sol uti on B was \Vi nafdady c’/0m

wat er heat ed to%‘g%w\%%d% g)le Qﬂ\?ams%srugagggg “ggl%g?gésggflkrgﬁng 1. gsgdd"" ni obi um

chlori de) prefgablyfrem2oRyio408fate) 0.32 g calciumnitrate and 2. 24 g oxalic

acid i3p 50 m vvat}ﬁr réﬁ,atree Quifily bd h@ndssﬁéncqfr sup&rah&HREHE Sovegardsie N
corrparatl Ve t:?) e Eanomeih ng Sitli %E of the catal yst was thus
ooReo Y9613 GOWS}OEP b Greleng ]aY Inple Il (Mi ooReo ~~Vo

~zNhu zssbu oaCameL@tallysttd;oﬁman)onssobmdrmﬂy éalwa5d béfemmdntwe gicrsedofi ng 6 50
g amoni u ﬁb%at e, C g anmmoni tLliT [) d% q‘ﬁ t%x amoni um i ri di um
hexachl or i e MW@V BB SHIEYY Poe SINGEHErAtE (P ar ed by
di ssol vi ngs@itdbly i themangdfiromedtddat ¥0°C in the presence of an oxygen-containing :

35 gas, for example air.
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'p 2 OCT 2002 WO 99151339 PC TI GB99100996 in 70 ml water heated [%? ??02002
Solution C was prepared by dissolving 1.89 g ni obium chl ori de, é)
antinony XQ@9%%183%9 0.32 g calciumnitrate and 2.24 g oxalic eP&i'IMGBW/GIB%ﬂ
wat er heated to 70C. The rest of the procedure was as in conparative
exanpl e A. The nom nal conposition of the catalyst was thus S
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feed and product ow rates a ered i
spr eadsheet, andot the prodbawmef \paylaineﬁtamts peaduselasseednd prodanestanver si on

(cnv) _ (inlet By s'r}fg;ﬁn¥x A ELTEd a@én%%e@zinwp%tonm%f efjiifpe x100 oxygen
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x100 sel ect m%rybl&d A@@Fgr(a@drmpc%s cﬁmpaéﬁwtb@ﬁwmerﬁ@m 2)/(m)l et hane
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(),
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step (c) and optionally recycling the base fraction separated in step
(c) to step (b),
35 or (ii1) recovering acetic acid from the base fraction separated in step (c)
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Cat al yst comnparisons The following table conpares the catal yst performance |
of the abovedescribed catal ysts. Each catalyst was eval uated \c/j\%ﬁ sgpandar d
conditions indicated in the table) except for the terrperature%‘I ch was

varj ed sdv@89%318320 achi eve 70-90 % oxygen conversion, in OrRENGBIN/N0996

facilitate conparison. The data in the table illustrates clearly the
pronotional effect of Ag, Ir and Ag-lIr on Md-V-Nb based oxi de catal ysts
Thus, the data in the table clearly illustrate that Ag-pronoted catal yst

(catalyst |I) perforns better than unprormted catalyst (F) in ternms of high

acetic acid selectivi Ly and ow C ddition,
the data indicate thgf‘ ?COHF 'é‘g{ 5 at?ﬁo%?r\ %@eﬁﬁéa@ﬁ%@’&é re fr%)cn ﬁprormt ed
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10 The following 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. (Mo 00V0.25Nbo 120,)

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 " 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 Mo, g0 Vo.25Nbg 120,.

25  Comparative Example B(IMo0;.00Vy250y)

As for comparative example A except that no solution C was prepared The
nominal composition of the catalyst was thus Moy 40V 250y.

Comparative Example C (Mo4.40Vg.2sNbo 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 00Vo25Nbo 12 PdOOlOy
Comparative Example D (Mo 49Vo25sNbo 12Rug010y)

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, ¢0Va25Nbo 12Rus 01Oy
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Comparative Example E (Mo,.6Vo.25Nbo.12Rbg g Oy)

As for comparative example A except that 0.15 g of Rh (III) hydroxide was added
in the preparation of solution A. The nominal composition of the catalyst was thus
Moy.00Vo.2sNDg.12Rh0,01Oy.
5 Comparative Example F (Mo;.00Re0.69V0.721ND0.2sSbo.0sCag.03 Oy)
Solution A was prepared by dissolving 9.53 g ammonium molybdate and 10.06 g
ammonium rhenate in 50 ml water heated to 70°C. Solution B was prepared by
dissolving 4.56 g ammonium vanadate in 70 ml water heated to 70°C. Solution C
was prepared by dissolving 3.65 g niobium chloride, 1.34 g antimony acetate, 0.26
10 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; goReo.60 Vo.72Nbg 25Sbo.0eCao 03 Oy.
Comparative Example G (Mo osReo 60V0.72ND0.25Sbo.0sCag.03 Pdo.0110y).
Solution A was prepared by dissolving 4.76 g ammonium molybdate, 5.03 g
15 ammonium rhenate and 0.06 g palladium acetate in 50 m! 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
20 The nominal composition of the catalyst was thus
Mo.00Re€0.69 Vo 72Nby 25Sba 0sCan 0z Pdo 01Oy
Examples according to the present invention
Example I (Mo, 0Reo.66Vo.72Nb0o25Sbg 0sCitg 03 Ag0.0280y)
Solution A was prepared by dissolving 6 SO g ammonium molybdate, 6.61 g
25 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.
30 The nominal composition of the catalyst was thus
Mo; seReq 69Va 72Nbg 25Sba asCaa a3 Aga azsov).
Example 11 (Mo, soReg 6oVo72Nby25Sby 0sCag o3 1rp 0250y)
Solution A was prepared by dissolving 6 50 g ammonium molybdate, 6 61 g
ammonium rhenate and 0.49 g ammonium iridtum hexachloride in 50 ml water

35  heated to 70°C. Solution B was prepared by dissolving 3.01 g ammonium vanadate



s laim 10 1. A catal yst conposi tion for the selective oxidation of ethane,
and/ or ethylene to acetic acid which conposition conprises |[g? ’zlmgtl on
wi th oxygen the el enments: Ma. W.Ag~.1rd. Xe.Y f (I) wherein ist

el ement sSWRPI@HIBIV; 15 Y is one or nore el ements sel ect ed fPOVGBAZOGLROUP
consisting of C, M, Ta, Ti, B, A, G, In, Pt, Zn, Cd, Bi, Ce, Co, Rnh,
Cu, Au, Fe, Ru, GCs, K, Ro, Cs, My, Ca, Sr, Ba, Zr, H, N, P, Pb, Sh, Si,
Sn, Tl, U Re and Pd; a, b, ¢, d, a and f represent the gramatomratios of
the el ements such that 20 O<ab5l1, 0<_b<l1l and a+b=1; 0 < (c + d) < 0.1,
O<e<_2;a f im1in which
c and d gl?ggéﬁc"ﬁ%ehﬁeatggfoa?@tyglus&'gWeasPPe%gﬁe%tgjcgé glgg conposi tion
as cl ai nedptiiumaihigridel GBS glaatimopy peetesi €R2E eatelum “&f@egﬂféﬁzﬁk&t (c +d) <
0.05. 4. ofiaﬁ@faamtsoqmrma; 2@ W@CaTH@?es't efm%raésauﬁéwwss flaims 1-3in
which nore silver is present than iridiumon atom basis. 30 5. A
cat al yst COBRIFASivE W"ﬁ’éﬁ A1 Aherseming! e9rapORitIon Wat\ﬂﬁ atalyst was dus| east 10 tines
d. 6.5A QﬁB?JoR%@W% tSde?Cﬁéogqio% d in any one of the preceding clains
in which a I's at preferaply at least 0.2. 7. A catal yst

conposi t iE¥pmpledi 5&@&0‘1 2980 1h@osOvdhe preceding clains in 35 which a is
no great exs fdi@iaﬁ:p& AJo'icethhaZ WITgAg %Me&tasrﬁddﬁimltb@pre@@ﬁn@ﬁldﬂ on as
clainmed in. an n? the‘ recedi. nr? F p %ch f 1s at |east 10-6. 9.
A cat al ys‘tOl"L‘Bgﬂp% PFBﬂmé{? PHPERLCT R tgﬁﬁat&% BESHHS preceding claims in

whi ch f iMongFzﬂﬂboaﬁAgdmﬁ) 0.2. 5 10. A catalyst conposition as clainmed in

any t he | ai |ch s at | east one el enent

sel egped ¥Rt "E@?@sﬁ i d’d "s‘f"{rg‘tj’ °°°l3§ Jpt Re, Ru and Sb. 11. A

cat al yst AqurccsaatﬁprhmAasSLmlsa]umdanaﬂyswwvmh@i mbprmnmcﬂ”camburgs of gives in which
:n;soﬁg Ozﬁ'?dshdgjr&’eg&dgfeﬁ{ @ltﬂaéfo@ste é}?\%ﬁatcet%t%andj&o&?om gﬂ%ﬁhﬁ' gs 90' "i"?,”ei In
]E:at al yﬁt %wpdfsutﬁh@mra@raﬁm b Cpmpélilai)fmpﬁ.ﬂierpamséwaﬁ thusula (1) is selected
romthe % W80 Agc. Xe YI'; Ma.W. Ird. Xe Yf;

Mba. Wb [Alg@?r 0&9(1 !‘%(%‘ﬂg"i?gfr M\E Xe.Yf: Mba. lrd.Xe. Yf :

Mpa. [1&g+I c. Xe.Yf : [Mo+w] a+b. Ird. Xe. Yf >

[Nb+vv] a+b [A9+rIfybf'cJaﬂy)5€i‘nlonfMQ ' wer>é lb&deldnftord fxeIted rilvignfade and wherein
iin claim1.14. Ac tal%f{é)corrposmlon

sel ect ed ?rf"ﬁ)erﬁ:lﬂ {j‘rdS%gﬁéd’%ﬁ“’é?’?sﬂfﬁ‘sdf-m”%“%?l Yampisp? %Bo zs .'Sbo

0s. Cao. 03Ghge b@Z@éNeM@sed@@R@ﬂmtﬁﬂVﬂe Zadalrln DositiSR h &8 cerde BBIHe0 028Y Mol .

88 6;/(235_2?% gle%g[%g dﬁ\@&gﬂ t?\e catalyst t?xe glass Haeac@(%hus acted zll\lsbé) mlxmg ar%) 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
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wherein X is the elements Nb and V;
15 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
20 0<a<l, 0<b<l 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
25 c+disat least 10°.
3. A catalyst composition as claimed in claim 1 or claim 2 in which ¢ and d are
such that (¢ +d) <0.05.
4. A catalyst composition as claimed in any one of the claims 1-3 in which
more silver is present than iridium on a gram atom basis.
30 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
35  which e is no greater than 0.5.
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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 (I) is selected

from the group consisting of :

Mo, Wy Age. Xe Yi; M0, Wi Irg. Xe Yr; M0, Wy [AgtIt]eed. Xe. Yy

Mo, Age. Xe. Y3 M0y Irg. Xe. Y¢ ; Mo, [AgHIr)cra. Xe. Yr; [MO+W]aib. Age Xe. Yr ;

[Mo+W]atp.Irg. Xe. Ye, [MO+W]ain. [Ag+Ir]cra. Xe. Y

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

in claim 1

14, A catalyst composition selected from the group consisting of:

Mo 0.Reo 69. Vo 72.Nbo 25 .Sbg 08.Cag,03.A80 0250y ;

Moy 00.Re0.69.Vo.72.Nbg 25 .Sbo 08.Cag 03.1r0 0280y ;

Moy 00-Vo25.Nbg 12 .Ago 0140y ; and

Mo 00.V0.25.Nbo 12 .Ag0 000028.110.00000180y

wherein y is a number which satisfies the valencies of the elements in the

composition for oxygen.

15. 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 14.

16. The use of a catalyst composition as claimed in any one of claims 1 to 14 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
14
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