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. * {34) Title: METHOD FOR THE SELECTIVE PRODUCTION OF ACETIC ACID BY CATALYTIC OXIDATION OF ETHANE
AND/OR ETHYLENE

(54) Bezeichnung: VERFAHREN ZUR SELEKTIVEN HERSTELLUNG VON ESSIGSAURE DURCH KATALYTISCHE OXI-
DATION VON ETHAN UND/ODER ETHYLEN

(57) Abstract: The invention refates 10 a method for the selective production of acetic acid from a gas-phase feed of ethane, ethylene,
or mixmures thereof and oxygen at elevated temperatures. The gas-phase feed is brought into contact with a catalyst, containing the
elements Mo, Pd. X and Y in the gram atom ratios a:b:c in combination with oxygen according to formula (I): Mo,PdyX.Y,. The
symbols X and Y have the foflowing meanings: X = one or several elements chosen from the group Cr, Mn, Nb, Ta, Ti, V, Te and W:
Y =ome or several elements chosen from the group B, Al, Ga. In, Pt. Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Rit, Os. K, Rb, Cs,
Mg, Ca. Sr, Ba, Nb, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, T1 and Uj; the indices a. b, ¢, d and x = the gram atom ratio for the corresponding
elements, where: a=1; b=0.0001 10 0.0L; c=0.4 10 1; and d= 0.005 1c 1. The space-time yield for the above oxidation to yield acetic
acid is 470 kg/(hm?). The selectivity of the oxidative reaction of ethane and/or ethylene to give acetic acid is, in pagticular, 2 70 mo}
< %. X = preferably Nb and an ammonium salt of niobium is used as nicbium source.

QN (57) Zusammenfassung: Verfahren zur selektiven Herstellung von Essigsiure aus einer gasformigen Einspeisung von Ethan, Ethy-

€7} len oder Gemischen davon sowie Saverstoff bei erhdhter Temperator. Die gasformige Einspeisung wird ntit einem Karalysator

zusammengebracht, der die Elemente Mo, Pd, X urd Y in den Grammatomverhiitnissen a:b:c in Kombination mit Saversioff enthzlt

=3 Formel (I): Mo,Pd,X Y4 Die Symbole X und Y haben folgende Bedeutung: X steht fiir eines ader mehrere der Elemente ausgewihit

“~. aus der Gruppe Cr, Mn, Nb, Ta, Ti, V, Te und W; Y steht fiir cines oder mehrere der Elemente ansgewshit aus der Gruppe B, Al, Ga,

' In, Pr Zn, Cd. Bi, Ce, Co, Rh, I, Cu, Ag, Ay, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr, Ba. Nb, Zr, Hf, Ni, P, Pb, Sb, Si. Sn, Ti und U;

die Indices a. b, c. d und x stehen fiir die Grammatomverhélinisse der enisprechenden Elemente: a=1; b= 0,0001 bis 0.01; c= 0.4

bis 1; und d=0.005 bis L. Die Raum-Zeit- Ausbeute bei der Oxidation zn Essigsiure liegt bei dem erfindungsgemi@en Verfahren bei

470 kgi{hm). Die Selektivitit der Oxidationsreaktion von Ethan und/oder Ethylen zu Essigsiure legt insbesondere bei 2 70 Mol %.
Vorzugweise bedeutet X Nb, und ein Niobammoniumsalz kommt als Niobquelle zum Einsarz.




0 2 DEC 2004 WO 01/90039 PCT/ EPO1/ 04987 PROCESS FOR THE SELEC&%&E{:
PREPARATI ON OF ACETI C ACI D BY CATALYTI C OXI DATI ON OF ETHANE 2{]01,-
ETHYLENE Description: The present invention relates to a process for the
sel ective preparation of acetic acid by catalytic gas-phase oxi dation of
et hane and/or ethylene in the presence of a nolybdenum and

pal | adi wpean@sag ng catal yst. The oxidative dehydro, | t hane to
ethylene in the gas phase at tenpera- tures > 500C |§8§?é%${}9§é8-?for

exanple, in US A-4, 250, 346, US- A-4,524,236 and US-A-4,568,790. Thus,

US- A- 4, 250, 346 describes the use of a catal yst conposition conprising the
el emrents nol ybdenum X and Y in the ratio a:b:c for conversion of ethane
into ethylene, where Xis C, M, Nb, Ta, Ti, Vand/or W and Y is Bi, Ce,
Co, Cu, PROCESS MGR THE SELERTIVEDPREPAFATION ORACETIO ACHBY is 1, b is

from 0. 82T Vi § OHFE . E}@%ue of ¢ for Co, N
and/ or Fe nust %gﬂgle[gp‘sﬂﬁ]%n OgHAﬁstiNgé@ﬁ %EH%‘ ferably carried out in
t he presence of added water. The catal ysts disclosed can |ikew se be used
for thepexdrfaionen of ethane to acetic acid, the efficiency of the

conversion to acetic acid being about 18% w th an ethane conversion of
7.5% The abovenenti oned specifications are principally concerned wth the
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oxygen malybdenyme sedqmllatiunacoatairling tatalystur e whi ch conprises at |east A)
a calcined catalyst of the formula MoxVy or MoxVWZy, in which Z can be one
or nore of the metals Li, Na, Be, My, Ca, Sr, Ba, Zn, Cd, Hg, Sc, Y, La,
Ce, A, oxigtative debydspgenatipn of ethaneitq ethyleriddn tha gadphaSb at Bempéra- W U,
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Thus, US-A-4,250,346 describes the use of a catalyst composition comprising the
elements molybdenum, X and Y in the ratio a:b:c for conversion of ethane into
ethylene, where Xis Cr, Mn, Nb, Ta, Ti, V and/or W, and Y is Bi, Ce, Co, Cu, Fe, K,
Mg, Ni, P, Pb, Sb, Si, Sn, Tl andfor U, and ais 1, b is from 0.05 to 1,andcis from 0
to 2. The total value of c for Co, Ni and/or Fe must be less than 0.5.

The reaction is preferably carried out in the presence of added water. The catalysts
disclosed can likewise be used for the oxidation of ethane to acetic acid, the
efficiency of the conversion to acetic acid being about 18%, with an ethane
conversion of 7.5%.

The abovementioned specifications are principally concerned with the preparation of
ethylene, less with the specific preparation of acetic acid.

By contrast, EP-B-0 294 845 describes a process for the selective preparation of
.acetic acid from ethane, ethylene or mixtures thereof with oxygen in the presence of
a catalyst mixture which comprises at least

A.) a calcined catalyst of the formula MoxVy or MoxVyZy, in which Z can be one or
more of the metals Li, Na, Be, Mg, Ca, Sr, Ba, Zn, Cd, Hg, Sc, Y, La, Ce, Al, Ti, Ti,



catal yst conmponent B is, in particular, a nolecular sieve cat; Izﬁggg@gq_
pal | adi um contai ni ng oxidation catalyst. On use of the cat aI@ ' :

descri bed and feeding of a gas m xture consisting of ethane, oxygen,
nitrogen and steamthrough the catal yst-containing reactor, the maxinmum
selectivity is 27% w th an ethane conversion of 7% The high conversion
rates of ethane are, according to EP Q,294 845, only achieved with the
catalyst mxture described, but not i“n a single catal yst conprising
conponedt,HiAPanlbBTasAs Sl hBY, Cor Ot 4 ST, de, Creamd dijaarat X Bfrom G5 R6 QdICt

compr i sy RSBtk 959 ANHPS i oo e d hagdescribed in ER-B-0 407 Go1. In

this process, ethane and/or e ene and a  gas containing nol ecul ar oxygen
is brought into contact at elevated tenperature wth a catal yst
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on use of the catalyst described in the oxidation of ethane to acetic acid are 78%.
Carbon dioxide, carbon monoxide and ethylene are formed as further by-products.

DE 19620542 describes a process for the selective preparation of acetic acid from a
gaseous feed of ethane, ethylene or mixtures thereof and oxygen at elevated
temperature, wherein the gaseous feed is combined with a catalyst which comprises
the elements a:b:c:d:e in combination with oxygen: Mo,PdyRe XsY., where the
symbois X and Y are defined as follows: X = Cr, Mn, Nb, B, Ta, Ti, V and/or W: Y =
Bi, Ce, Co, Cu, Te, Fe, Li, K, Na, Rb, Be, Mg, Ca, St, Ba, Ni, P, Pb, Sb, Si, Sn, TI,
and/or U; the indices a, b, ¢, d and e are the gram-atom ratios of the corresponding
elements, wherea=1,b>0,¢>0,d=0.05102, e = 0 to 3. In the examples given,
ethane conversions of up to 8% and acetic acid selectivities of up to 91% are
achieved at 280°C and 15 bar.

DE 19630832 describes a process for the selective preparation of acetic acid from a
gaseous feed of ethane, ethylene or mixtures thereof and oxygen at elevated
temperature. The feed is combined here with a catalyst which comprises the
elements Mo, Pd, X and Y in combination with oxygen.



consisting of B, AIl, Ga, In Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Au, Fe,
Ru, G, K, Rb, GCs, My, Ca, Sr, Ba, Zr, H, N, P, Pb, Sb, .S EQ\ and
U The gramatomratios for the correspondi ng el enents arg trﬂ t here
as follows: a (M) =1; b (Pd) >0; c (X) >0; and d (Y) 0 - 2. The
catal ysts described in the abovenenti oned application exhi bi t a maxi num
space-tine yield of 149 kg/ (hnB) vmthfn acetic-acid selectivity of > 60
nmol % Space- tinme yields characterize the anount of acetic acid produced
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Ba, Sc, Y, La, Ti, Zr, H, Ru, G, Co, Rh, Ir, B, Al, G, In, T, S, GCe,
Pb, P, ]Z{gega@iysts described in thévabo@ementiored abpllcﬁtlon eﬂhubut@ﬁha&iﬁndirhe cat al yst

itself.g 34 Gith | cet|D cid
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00/ 1404'7"? éﬂeé@%%hqlféd&"ée&a%@mm of peetisr @dmdmctﬂeratm and aatalystn whi ch
et hane yokgleor ethylene is reacted with a gas containi ng nol ecul ar oxygen

in a fluidized-bed reactor in the presence of a mcrospheroidally
fluidized solid oxidation catal yst, where at |east 90% of said catal yst
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Lo o SRS 7 L ARk 508 o b8 rROR PR s elog Hogm the drouey o ©
02DEC2@@nsisting of Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba, Sc, Y, La, Ti, Zr, Hf, Ru, Os, Co,
Rh, Ir, B, Al, Ga, In, T4, Si, Ge, Pb, P, Asand/or Te,a=1,b>0,¢>0,d=01o 2,
and to the catalyst itself.
At 250°C, 15 bar and a residence time of 20 s, an acetic-acid selectivity of 80% was
achieved with an ethane conversion of 10%.

WO 00/14047 relates to a process for the preparation of acetic acid in which ethane
and/or ethylene is reacted with a gas containing molectilar oxygen in a fluidized-bed
reactor in the presence of a microspheroidally fluidized sofid oxidation catalyst,
where at least 90% of said catalyst particles are smaller than 300 ym. The catalyst
described is a compound of the composition Mo,WpAg.lrgXeY:, where X is Nb or V,Y
is one of the elements from the group consisting of Cr, Mn, Ta, Ti, B, Al, Ga, In, Pt,
Zn, Cd, Bi, Ce, Co, Bh, Ir, Cu, Ag, Au, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr, Ba, Zr, Hi,
Ni, P, Pb, Sb, Si, Sn, Tl, U, Re and Pd; a to f are the gram ratios of the elements,
where0<a<1,0<b<1,anda+b=1,0<(c+d)<0.1,0<e<2,and0<f<2.
‘The examples given achieve a maximum space-time yield of acetic acid of 354.4 kg/
(m°h) for the oxidation of ethane to acetic acid and a space-time yield of acetic acid
of 258.52 kg/(m°h) for the oxidation of ethylene to acetic acid.



-4- In DE 19745902, it has been found that it is possible to oxidize ethane
and/ or -ethylene to acetic acid under relatively mld condi glfrﬁggmé
sinple manner and with high selectivity and excell ent spac®-&i el"ds
using a catal yst which conprises the elenments nolybdenum and pall adi um and
one or nore elements fromthe group consisting of chrom um manganese,

ni obium tantalum titanium vanadi umy, tellurium and/or tungsten. This

i nvention DE 19745902 thus relates to a process for the selective
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d are tHus invegtigmDiz 6&74%&02)&1116%@@t:mpmsadorr&eedewmné?mepmluﬁna =1 b

= 0. 00k dc@t{@ alibl frém=a Qaébck@ féed%@@tﬁjdne gtl‘gﬂélé 8r thi Mixty djeﬁ;fhgﬁ%%{g\,ﬁr ©2

se adopt a
B: 3; Z: :‘P%’ agPI‘%Vé %ﬁﬁemﬁ;ﬁgﬁgé S'Séﬂ”dCh Hiﬁemsemlsﬁae@ uﬁemmbmadewm as to a
cat al ysiatdlpst whieh semkeymeatémh it M) P, )ggﬁ NGn tﬁ%g%rg%ﬁm ']aﬁ?%?n;[]?on
e
el et ot in b Bch Y O IR TR Y - A el Xend § b
ranges: ﬂ)'I/ @ fellowing meamirgBzo X is @n@. ﬁﬂﬁora:elen&nﬁs selebted fréndnd grodp 01 to 0. 3.
have aCoReRAAG OPLT, U, TAPTEY. Toaa Wouf hafilcfia? 3 5%%%%?%3%505 B e

have an geous’ eff elt ’on
p?oc es §‘%§'&tﬁl 9@1@9‘? ¢ froprtheogrogp sensisiing 6 Badd, @a HhgRerZm4d, &ij Gs) Cont ent s

are 9oy, A, ir, AR el FRd ODRT R €<, MRy CHITHOBASRG! by HTRG 9858, djp cost of

e E o 4R i G PR e B, Gl S AT el 2 o arbie " The
calt aL;d/gramsaidm mtnmoé?mmngnﬂirfgabh;ems&rvgﬁ@%& 1bpsi dﬁ,@og Eg Of:’% g:amn sI )
(r:rgn%l)l ng'[ulJ ég]nal\{/smd% Eﬂd @gedjn%q'ﬂde% i mgrﬁ%&mﬂ@@n@ (@ﬁer eleents, ther t he

el enenifglices ¢ and d may likewise adopt a plurality of different values.

Said invention furthermore relates to a catalyst for the selective preparation of acetic
acid, comprising the elements Mo, Pd, X and Y in the gram-atom ratios a:b:c:d in
combination with oxygen. Gram-atom ratios a:b:c:d are preferably in the following

~ ranges: a = 1; b =0.0001 to 0.005; ¢ = 0.5 to 0.8, and d = 0.01 to 0.3.

Palladium contents in the catalyst which are above the stated upper limit have an
advantageous effect on the formation of carbon dioxide in the process described in
DE 19745902. Furthermore, higher palladium contents are generally also avoided
because they unnecessarily increase the cost of the catalyst. By contrast, a

preferential action on the formation of ethylene is observed at palladium contents
below the stated limit.

The catalyst used in DE 19745902 preferably comprises, besides the elements
molybdenum and palladium, also vanadium, niobium, antimony and calcium in
combination with oxygen. The gram-atom ratios a:b:c?:d1:d2:d83 for the elements
Mo:Pd:V:Nb:Sb:Ca are preferably as foliows: a (Mo) = 1; b (Pd) = 0.0001 to 0.005, in



Mo: Pd: V: Nb: Sh: Ca are preferably as follows: a (M) =1; b (Pd) = 0.0001 to
0.005,-in DEC2(r)p I -5-. particular 0.0001 , toOOOl @ﬁ%ﬁ% to
1.0; d1(Nb) 0.01 to 0.2; d2(Sh) ="0.01 to 0.3; d3(Ca) iﬂ t 3.
The space-tinme yield achieved in DE 19745902 under Exanple 7 was 470

kg/ (hnB) at 310C, 15 bar and a residence tinme of 7 s. V\D 00/ 00284 descri bes

a catal yst system based on MoVNbPd, MdVLaPd or m xtures thereof for the
preparation of acetic acid fromethyl ene- The exanples indicated have a

“maxi mum aﬂméﬂm@om &g '% k I - Wit n 2. Vv on of
63. 43% ag gifﬁét'c atﬁjogﬁ é gél v?t{/{%? gﬂégp?—mgh&g%r%n@gng{iatatents
make it ?8 & Al {?g‘ﬁr space-tine yields of acetic acid of up to 1291
kgl (nBh)- can be achieved in the oxidation of et hyI ene, the space- ti me

yi el ds ofag L dati v et hane renain, yever,
2 o OB e Bl abliBued I B {03 irche Eaails 2onaeataReliie.
oxi dat i odt80°@; Hybanandairesidence timegofeaser difficulty in activating ethane
conpared Wi th ethylene. In DE-A-197 45 902, the greatest space-tine yield

of acetic acid achieved hitherto of 470° kgl (nmBh) is achieved for the
oxi dat i-oNVErOXPAZBE desgribesra cptalyst systenybasetsomMoViNbiRd,i MeVlLePd osi nce this

| d al.l ot d t
\tI)Me)ur edﬁc éﬁw ﬁtﬁrgﬁﬁgﬁ&ﬁﬁg??m&b%o &?dovgﬁiu&hy@h?af@é % %éﬁg R gfzc egs
whi ch al MRica 8 GHmaxbpuagpaceriine M'%Ogﬂ%ﬂ ke/tmEmawitti ap athyene acet i c
aci d i n zosvewsich ol B8148% andlah keelit-abicsdiesivi '&Y&W/ space-time yield

under the m | dest possible rreaction conditio e aspect of the present
i nvention provides a continuous process for the selective preparation of

aCﬁt : ¢ “adite aboyementiopetpatente gnalagit clear thatgdhengh shaee-tingf y léfd@%ﬂ'%cett%
ol erent s S B W8 W01 RGHEE) Al g BXHEIeH hEofabtey P%er@xﬁﬁ Pre 7K 1
oxygen Ngmglg@ﬁp (qgetlggggbg\gba oxidgdive reaction of ethane remain, however,
3 significantly below this space-time yield which can be achieved for the oxidation of
-ethylene owing to the greater difficulty in activating ethane compared with ethylene.
E in DE-A-197 45 902, the greatest space-time yield of acetic acid achieved hitherto of
5 470 kg/(m°h) is achieved for the oxidation of ethane. Higher space-time yields are
‘desirable, since this would allow the size of the reactors and the amount of
circulated gas to be reduced. -

_ An object may therefore be to provide a catalyst and a proce'sé which allow
- ethane and/or ethylene to be oxidized specifically to acetic acid in a simple

- manner and the high selectivity and space-time yield under the mildest pOSSIble
reaction conditions.

One aspect of the present invention provides a continuous process for the
. selective preparation of acetic acid comprising bringing fogether a gaseous feed
of ethane, ethylene or mixtures thereof and oxygen with a catalyst comprising '
- the elements Mo, Pd, X and Y in gram-atom ratios a:b:c:d in combination with
o oxygen |
MoaPdpXcYq ()



where the synbols X and Y are as defined below X is one or nore elenents
sel ected fromthe group consisting of Cr, M, Ta, Ti, V, Te,.an i
one or nore elenments selected fromthe group consisting of B, (béiﬁ ﬁﬂﬂi
Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Ru, Gs, Li, K :
Ca, Sr, Ba, Nb, Zr, H, N, P, Pb, Sb, Si, Sn, Tl and U, but shall be at
| east Nb; the indices a, b, ¢ and d ar%the gramatomratios of the
correspondi ng el ements, where a=1; fromO0.0001 to 0.01; c=fromO0.4
to 1l; and d = from0.005 to 1, at eI evated tenperature, wherein the

catal yst is optainabl e n b| um ammoni um salt as ni obi um
source, and Wﬁér\m ﬁym%oggg(ea?%deﬁr@ tq ﬁ@%d b%ﬂ‘ﬂ the conposition of the

gaseous feedXds ensel recteatbrnents selbctad frain thb gtouphnsistrare-Cr, Me, Yaetid in the
oxi dation to et gﬁm dis > 470 kgl (hnB). Another aspect of the present

i nvention prg ‘catal yst for the selective oxidation of ethane,
et hyl ene or mfmbmﬁmnoﬂe@méntaadleotwgﬁmthegrmmcmnagtumgh@fBeﬂlle@arlh,sPtl\/b Pd, X

and Y in gra rati a, ti,0 yge aPdbXc Yd
(1) where thg}a‘;??r*?él‘z R G o A ER TR ae e s R 88T RS

el enent s sel HbjAgHf, Mrﬁ’tF?beS@r Suﬁncblrmfldslﬂlm.gsnd!!@atié&st Nba, Ti, V, Te and
VG\; Y 'S Pt B idices @ e'gi,e”% 3 Seih%%s%-a{tér%@aﬁohs}é% Ggpresgong t'el%ﬁ\en{r

Cs, |vg Ca BhereBa, Nb, Zr H, NN, P, Pb, Sb, Si, Sri, Tl and U, shaII be
at least Nb; The indices a, b, ¢c and d are the gramatomratios of the

corresponding elenents, where 02 DEC 2004 - 5b a =1; b =from0.0001 to
0. 01, a=1,;

b = from 0.0001 to 0.01;
c=from 0.4 to 1; and
d=from0.005 {0 1,

at elevated temperature, wherein the catalyst is obtainable by the use of a
niobium ammonium salt as niobium source, and in which the residence times
and the composition of the gaseous feed are selected in such a way that the
space-time yield in the oxidation to acetic acid is > 470 kg/(hm?).

Another aspect of the present invention provides a catalyst for the selective
oxidation of ethane, ethylene or mixtures thereof and oxygen, comprising the
elements Mo, 'Pd, X and Y in gram-atom rations a:b:c:d in combination with
oxygen

MoaPdpXcYd )]

where the symbols X and Y are as defined below:

X is one or more elements selected from the group consisting of Cr, Mn, Ta, Ti,
V, Teand W;

Y is one or more elements selected from the group consisting of B, Al, Ga, In, Pt,
Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Ru, Os, Li, K, Rb, Cs, Mg, Ca, Sr, Ba,
Nb, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl and U, shall be at least Nb;

The indices a, b, ¢ and d are the gram atom ratios of the corresponding
elements, where



c=from0.4 to 1; and d = from0.005 to 1, and wherein the catalyst is

obt ai nabl e by the use of a ni obium amonium salt as ni obi l;g ?0 mt he
space-tine yield in the oxidation reaction is > 470 kgl (h .~ The present
i nvention describes a nodified nethod for the preparation of catalysts
described in DE-A-197 4,5 902 of simlar conposition which. result in
inproved catalytic. properties of the stated catal ysts. One of the
particul ar features of the present invention is that, using the catalyst
descri bed, besides the oxidation of ethgggne al so the considerably nore
difficult oxidation of ethane under optimzed reaction conditions results
i n high ethane conversions, high acetic-acid selectivities and
particularly in high_aegtic-acid space-tine yields conpared with said
patents. ..In- DE-A-197 45 902, the catal ysts were prepared by a
conventional process bsTHeMiORPOIe8M1a slurry, in particul ar an aqueous

sol ution conprising thepsf@d dijcdighgstarting conponents of the elenents in
accordance with their proportions. The starting materials for the

i ndi vi dual conponent §  iemi0f0%pdpandti on of the catal yst according' 02 DEC
-6- to the invention were, besides the oxides, preferably water-soluble
subst ances, such as ammoniumsalts, nitrates, sulfates, halides,

hydr oxi des andvhssgin dhecalglyghisi ebtaivalle byiheaiseceira bisbisom ammaosiiin saib ashe
corr espondi ng it Seddea BEAHRY spBALITLXfiAG iR tnk \EiacRBARAARRRSs AoEOUS

sol utions or susBeQS|ons of the netal salts were prepare and m xed. In
the case of nm¥g{{BA@ehum it was recommended, owing to the commercial
availability, .to enploy the correspondi ng nol ybdates, such as, for

| e, Art | Th | | adj_t , ds
orol byed ver o TERrESeAIARon etliBo B 161633 oidfe Repnrelion oborbies,
pal | adi um(11) d?é?‘i‘%ﬁﬂf\r'BErﬂ‘ﬂgﬁﬂé,SMflsini!mwampositibm ahicharedulo i ingstoved | 1)

acet yl acet onatatalytieprd ﬂlé@tofiﬂﬁé’%iéd){?%{gﬁ?fsr id}f‘é é@? [ gL Fn of ;the
catalyst by a different .rethod. using di Prerent: o ﬂ#ﬁ@gﬁgigﬁ‘§?§9f

those descri bé’gj In;f /S8 75 that giping the eatalyshdesssitied; besioss e axidAtioreof Use
is made of a eliyleneralortheiconsidetdbly mofd difddl %g% | YR ! EQﬁﬁﬁh gﬁ
havi ng the co i1 00 X3 04),3+X2Nb g;g? .Q#E,.dﬂéa% ﬁa: ﬁ HA+
( manuf act ur er "B@?‘H{? &hd;@&%ﬁb&;&é 'ﬂ high eﬁ‘la?lg nversions, high acetic-acid selectivities

~ and particularly in high acetic-acid space-time yields compared with said patents.

I DE-A-197 45 902, the catalysts were prepared by a conventional process starting
+ from a slurnty, in particular an aquéous solition comprising.the individual sfarting

components -of the elements in accordanqe with their propoﬁions.' The_starting‘

‘materials for the individual components for the preparation of the catalyst according




Starck), which can have an Nb content of at |east 19% by wei ght, ammoni a

contents. of fromO to 12% by wei ght and typical oxal ate CO@?EBE@(W
t SE O

50 to6 65% by weight. Surprisingly, it has been found that

ni obi um ammoni um sal t, such as ni obi um ammoni um oxal ate, as ni obi um source
results in better catalytic properties, which can be essentially
attributed to a different Nb distribu%%on in the catalyst conpared with
DE-A-1 97 45 902. In addition, the catalyst preparation method described

i n DE- Ao1the iawerdign wereabesidesdié pxides nprefierablyaiitedisoimbic silsdtendes, diuggol ved

| an aks aitbhonih SEG! hihaL, ool AgRles HHRlcd @GR rghRlopRGSe o0 ©

al so resg]fjs in inmproved catal yti ¢ actl ]
at t ri buiVaENEANPS GIVGHES Intp ter¢atasPeRding eddesby werming foe mising ofitfe e.  The

p[) esentcdmp@iédt@,naqd‘etm_saéﬁﬂﬁlidr%{)t?{:ﬁﬁp%ﬁsiég@id? BHeIcta @aﬁ% N8 g?@%gﬂbMSt Or t the
abovene ] ich.is ai nabl e usin ni ohi um amtoni um sal t,
for ex%ﬁ{é}?egj'w@%f %%Mﬁfymeea%m% %O"Hggﬂg%i%%&lﬂ@e. The

r esul t atnmmescial avilabitity, te evpiohte mir'refspeddml‘g rhbl?ﬁdé@zg’; Qudrgﬂé}hfbpr f rme 5

m nut e : | nt r ve nd the cat st

ani on r2sad. Akt iRolBLEle, o8 SARRFESPasngh: TR Patadi caginds ul ar

f r om scemployed @erenfor gxampia patlstdism(e chieside paltadaanél) gaifates subsequent |y
subj ect ' ' r ety b dy.i - al cine the dried
and pov\[f:iaeilfa H%n@(;l??t?%a{?ﬁ@? qgtr?‘eéhgggéa(?ﬂrrdgq%ﬁlga%E%ngﬁtérﬁ(l he range from 100C

to 800CCHHACRIPPRAI ar from 200 to 500C, in the presence of nitrogen,
oxygen or an oxygen-containing gas. The calcination can be carried out in

a muffl er in.,a rotary kiln, in which the correspondi ng
Gas 11 e DleRfFioyBHlto] Sbheiinssiing mkStdinliot of e satast & aiifereabmetiod n
i mpr ov asingdifiecedistariing matedalsahah Wisasecdegmibed imDERAL BT avsgaizym@sTdescr i bed
in DE 84 ol | | ' L:S,f 2.t0 24 hours he
catal yst, tggﬁ(?%g {Oerirpi ﬁg@g\ﬁqﬁ%ﬁtmg&%% ?3@%%% %@Htol%&spﬂn%r[e §PRY or ni xed
wi th orfEORHMEIBMARiMGIate hayingdheicomposdtiasport materials are suitabl e,

such aX;Nuli(C.ORFRLSOMHNTOR);| Whefo /1=K 8f NHIhhRtheRtrbr ¢ ¢ oxi de.
ki esel §lhr sil.i ﬁa a% porﬁBs or régggfelr ous_al unm num oxi cie, _Uitani um
di oxi d AR WHED spRNGYR AR NP gontent agk 19% R WRISH ANmoRIa contgntssi um
oxi de, afdiom Ortod2P4l by weightemdiypbitel oxalatexdrtientss Tioas0 ¥ 854418y waidht. OXi de,
boron & HAsing®" 8 Ralloeeh3Gund MRS B5R'0Y RiotSh WinMnas RN g‘.tell(ie,’such as

niobium ammonium oxalate, as niobium source results in better catalytic properties,

which can be essentially attributed to a different Nb distribution in the catalyst -

compared with DE-A-197 45 902. In addition, the catalyst preparation method

described in DE-A-197 45 902 is also modified in that palladium acetate is dissoived

in an alcohol, in particuiar in ethanol, and not in acetone. This procedure also results

in improved catalytic activities, which is essentially attributable to improved

distribution of Pd in the mixture as a whole.

The present invention thus also relates to a niobium-containing catalyst of the
abovementioned type which is obtainabie by using a niobium ammonium salt, for
example a niobium ammonium carboxylate, as niobium source.

The resultant reaction mixture is then stirred at from 50 to 100°C for from 5 minutes
to 5 hours. The water is subsequently removed, and the catalyst which remains is
dried at a temperature of from 50 to 150°C, in particular from 80 to 120°C.

In the case where the resuitant catalyst is subsequently subjected to a calcination
process, it is advisable to calcine the dried and powdered catalyst at a temperature



zi rconi um phosphate, alumnumsilicate, silicon nitride or silicon carbide,
but al so- gl ass, carbon-fiber, netal-oxide or netal netmr@zmg@ ;
correspondi ng nonoliths. Preferred support naterials have e area of
| ess than 100 n2/g. Preferred support materials are silicon dioxide and

al um num oxi de of | ow specific surface area. The catal yst can be enpl oyed
after shaping as a regularly or irregularly shaped support elenment, but

al so in powder form as heterogeneous ki dation catal yst. The reaction can

]?le cgr rindte vamgé from 1ﬂ)(ﬂf:(lit<z&(ﬁb°@dn particulariesn Bed 16 %ﬁgﬂ?rm the'’p r§§é'nde1f‘ a

ui di s nve nal processes, for
exanpl e d?SQ% rfecn(itg:égtr?? ah 6)(9) ggﬁmﬁ\@bﬁgrﬂﬁé iﬁﬁ rcé‘ cbfg}t?? epuie ot

di stri Jot@a Mfﬂ%fltfﬂ%c%em@@eﬁﬁr i tatanokik) i whichdhe cheapmmng@asTlmng aseous

I)ﬁreg S QfH?ftin&SﬁsI?ttﬁ@"u@hetﬁglcﬁfalfét h%hﬁ:ﬂ%n th'ﬂ' r%?ul?sr i |ﬁ1%qoéecﬂ Ié?rﬁlgggﬁébfor as
Sui t ablatg ?algﬁcﬂﬁ)’%?ﬁf pd |V\’Jﬂh‘|hecﬁat%}a$‘i8| dﬁscga%d;m la|5e1 97f4590§x'£h9 calcimdtionogen,

met haneguratisdy B froman ax24@ougar bon di oxi de, air and/or steam The gas
cont ai ni ng nol ecul ar oxygen can be air or a gas which is richer or poorer
I n nol ecul ar oxygen than air, for exanple oxygen. The content of steam can

be in tThe caialyst Canbe(emmoﬁéﬂfw\w\ouvaIwr@spﬁcﬁh‘@éupﬁcﬁﬂmai@m%ﬂrﬁ&éﬂ ons would

d
For mea it ohd of APDEAPEo OHE CoNerfiondRilfpolinBleriicarbiiahiv, Shgh e, ¥ on i n
the fedameRaraus siligondlioxide.lignitechsilitan dinzidp| kisselyuhh ailicargst gpérousvent i on
conpar g nnpbrédtealBiifithBkidd) (il'tétﬂﬁﬁiddlbﬁdg-:zujc%zlﬁr?gﬁ)flcw tﬁ(ﬁhL&B %6%'5&%2004

- 8- ul gl resul t, i cant cost Savl 'eti C

aci d. \A%’él Pavﬁfbox'ﬂ%tméaﬁenga@@%t IBMOXGR tt@kiygtaﬁmde, tnlosideageriuml y in

t het r antiexidle, azind otidepborbd dxld@{tﬁfréﬁ aithide fBdBh %aﬁau@é’ Borén pHodPRAte gxégteﬂ
conten since the . ac ne conversi on an us

t he yi ?88 ﬁnpéﬁ{)ﬁﬂag% aftmyinumy;s H‘ﬁ:@p qFoPé“t"g?é’f éﬁ‘P@a cagidgbualgen or the
gas coglagscatanlikerumetalexgdeor metal remorkstarabiresponding ensndihsle t he

explosion limts under reaction conditions, since this sinplifies

perfornmance of the process. However, it is also possible to set the
et hanelpéiaf?ﬂeéh‘é-'p W%@'ﬁ have 8 swrfese qreaef legp than 00 Mty Brefdiredr eact i on

'43 Jar %pﬁonwﬁa@halﬁr@@mbwcﬁéx@é ahHRmARRi BX:QQQ)@lovﬁﬁﬁé&fl@gL}faéé om_ 200 to
S P 8asn S 18764 o aepn 5 ey or suiar

shaped support element, but also in powder form as heterogeneous oxidation
catalyst.

The reaction can be carried out in a fluidized bed or a fixed-bed reactor. For use in a
fluidized bed, the catalyst is prepared by conventional processes, for example
agglomeration, in such a way that a preferred particle size distribution in the range
from 10 to 200 ym can be achieved.

The gaseous feed comprises ethane and/or ethylene, which are fed to the reactor as
pure gases or in the form of a mixture with one or more other gases. Suitable as
such additional or carrier gases are, for example, nitrogen, methane, carbon
monoxide, carbon dioxide, air and/or steam. The gas containing molecular oxygen
can be air or a gas which is richer or poorer in molecular oxygen than air, for
example oxygen. The content of steam can be in the range from 0 to 50% by
volume. Higher steam concentrations would unnecessarily increase the cost of work-
up of the aqueous acetic acid formed for technical reasons. For this reason, the
steam concentration in the feed has been reduced further in the examples of the
present invention compared with the examples indicated in DE 19745902, which



in the range from1l to 50 bar, preferably from1 to 30 bar. The reaction

can be carried out in a fixed-bed or fluidized-bed reactor
advant ageous procedure, ethane is firstly mxed with the |ﬁ|€2 {Dgg:sggp&'such

as nitrogen or steam before oxygen or the gas containing nol ecul ar oxygen
Is fed in. The m xed gases are preferably preheated to the reaction
tenperature in a preheating zone befqore the gas mxture is brought into
contact with the catalyst. Acetic acid is separated off fromthe reactor
of f gas wyuldoesidhised sigmificihbcostsavingrig the aoels-upraf deetic haick The ralie r eact or

inlets, L0l th
anal o DHpR AULTBHBleric B dRATS Ad0nBocBREGIH HRLrRbdnr e 42 e or i ng
to the 1hvepreferably iromidsb e 8un bligheraxygen sontsrite areaptefeiired, sinéethed t hat

hi gher gpiseibié Bhareldhverith 866 s Meiyiela®l 2ebiiv b ih%?e%&zer?‘ﬁ'?' eved w th
t he presegqtﬂeélatt al ysts under identical reaction conditions”(reaction entry
gas, prl€ ] %%‘ﬁ@%ﬁ%‘r%ﬂ‘e @RS Foptalping fRolegylar pxygetin apneenttione

i nvent irange dltside trecexplosin limitshmdex rektioAroplitiorkgiRee %Q/s%Pfﬁ‘fé?sy' ene to

ti ' % f bly.> 80 | 9 t I > 90 | 9%
and t ﬁﬁ?&ﬁ@?@?@%ﬂb&%ﬁgf OB g ossibie  setdip sthancotmiene ) ,
pr ef er 40loxyger stlickyitliintBy exploatonilimjtsan i ncrease in the acetic-acid vyields
to b . \ . : ; ducti Cth ¢
of undenly Raetion I Eafellf alRAfiraltrls oF O 208 RO e PHElk 8 ogh o tne.
i nvent 269 tOé’&ﬁ%’Qf dBepressura enayt he atmesphearicconsuperatmospheet yfor examplisi ti on

shown iim tidRarRieaRdine] iS5@biE préfrduh #bh/§ 18BOParati os. 0 2 DEC 2004 9
Cat al yst preparation: Catal ysrbt (I)@‘A cat al yst 51‘ the foll owi ng conmposition

was prepared: M of .ooo Pdo.00075Vo. s5N bo. 09S bo.o, Cao.o, Ox Solution 1:
80 g ofThenmaotiomcan bpbxatied 6iHA)OMBHBEd ¥r ANID I RIRIacttsy. IiRgR) i N 4Podm
of wa | ; : i, U vanadat e NH4V! Ri edel - de
Faen) %ﬁl@ﬂﬂ%@%ﬁh% ?)rﬂc\aéqdeur%?, éndndls P Rl Wih VSR gases, suC ag

nitrogen or steam, before oxygen or the gas containing molecular oxygen is fed in.

The mixed gases are preferably preheated to the reaction temperature in a

preheating zone before the gas mixture is brought into contact with the catalyst.

‘Acetic acid is separated off from the reactor offgas by condensation. The remaining

gases are fed back to the reactor inlets, where oxygen or the gas containing

moflecular oxygen and ethane and/or ethylene is metered in.

In a comparison of the catalysts according to the invention with those known from
the prior art, it is found that higher space-time yields and acetic-acid selectivities are
achieved with the present catalysts under identicat reaction conditions (reaction
entry gas, pressure, temperature).

On use of the catalyst according to the invention, the selectivity in the oxidation of
ethane and/or ethylene to acetic acid is = 70 mol%, preferably > 80 mol%, in
particular > 90 mol%, and the space-time yield is > 470 kgl(hm_3), in particular

> 500 kg/(hm3), preferably > 550 kg/(hm3), enabling an increase in the acetic-acid
yields to be achieved in a simpie manner with simultaneous reduction in the amount
of undesired by-products formed by means of the process according to the invention
compared with the prior art.

Exampies

The catalyst composition shown in the example is given in relative atom ratios.



Soluti.on 3: 19.01 g of ni obi um ammoni um oxal ate (H C. Starck) f
anti nony -oxal ate Sh2(C204)3 (Pfaltz & Bauer), 1.34 g of cal & ﬁnnkémlg
Ca(N03)2 x 4H20 (Ri edel -de Haen) in 200 ml of water. Solution 4: 0.078 g
of palladium(ll) acetate (CH3CO2)2Pd (Al drich) in 200 mM of ethanol.
Aqueous solutions 1 to 3 are stirred separately at 70C for 15 m nutes. The
third solution is then added to the cond. The conbined m xtures are
stirred at 70C for 15 nminutes before these are added to the first mxture.
Sol ut i okatalyst preparaldeed. The resultant nmixture is stirred at 70C for. 15
m nut es and subsequently evaporated to a volune of 800 m. The m xture is
spray-d ifeﬂ(f}@azlg' calcined in static air at 120C for 2 hours and at 300C for
5 hour sv& 1§Bt al yst is then ground slightly in a nortar and pressed to

gi ve t ahlcatalyst Oheise followiny 66MpHsiAYR waa ﬁrbﬁ&?ed:” order to obtain a sieve
fractiolg| of from OVSSNE}OB(&E)? {En ..Method for catalyst testing: 5 or 10 m
of the ©219pldoogzaYessNbapesiPoo{t.0a0st eel reactor with an internal dianeter
of 14 mm The catal yst was heated to 250C under a stream of air. The

pressurgomgén1subsequent|y adj usted by neans of a prepressure regul ator.
The desire ef hane: oxygen: ni trogen mi xture was nmetered into an evapor at or
zone wi 8hgwheatmoniumemelyidate (MdgsMoaPanatdsO{RibduldeHaén)int400 wpses. The
reacti ogafepnperature was nmeasured in the catal yst bed using a

t her rm((:/gégl,e. The reaction gas was analyzed on-line by gas chronatography.
0 2 DE BN 210- In the exanples, the followng terns are defined as:

Et hane ] fi i i /2
= e Smmoynceltn LBV B B8R bk 7
([ C2H415O' ‘%':f /2 + [C02]/2 + [C2H4] + [CH3000H]) * 100 Acetic-acid
sel ect 118.0Y g(cfnichiginGHACOKM okalaicM L. Sthk3] / 2 + [ C2H4] + [ CH3COOH]) *
100 in 4185 ¢fbf antimony oxalate Sba(Cz04)s (Pfaliz & Bauer),

1.34 g of calcium nitrate Ca(NO3), x 4H,0O (Riedel-de Haen) in 200 mi of water.

Solution 4:

~ 0.078 g of palladium(ll) acetate (CH3CO,),Pd (Aldrich) in 200 mi of ethanol.

+

Aqueous solutions 1 to 3 are stirred separately at 70°C for 15 minutes. The third
solution is then added to the second. The combined mixtures are stirred at 70°C for
15 minutes before these are added to the first mixture. Solution 4 is then added. The
resuitant mixture is stirred at 70°C for 15 minutes and subsequently evaporated to a
volume of 800 ml. The mixture is spray-dried and calcined in static air at 120°C for 2
hours and at 300°C for 5 hours. The catalyst is then ground slightly in a mortar and
pressed to give tablets. These are crushed over a sieve in order to obtain a sieve
fraction of from 0.35 to 0.7 mm.

. .Method for catalyst testing:

5 or 10 ml of the catalyst were loaded inio a steel reactor with an internal diameter of
14 mm. The catalyst was heated to 250°C under a stream of air. The pressure was
subsequently adjusted by means of a prepressure regulator. The desired
ethane:oxygen:nitrogen mixture was metered into an evaporator zone with water,
where water was evaporated and mixed with the gases. The reaction temperature
was measured in the catalyst bed using a thermocouple. The reaction gas was
analyzed on-line by gas chromatography.
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Ethylene selectivity (%) =

{[CoHgl) / (ICOV2 + [COY2 + [CoHgl + [CH3COOH]) * 100

Acetic-acid selectivity (%) =
([CH3COOH]) / (ICOY2 + [CO)/2 + [CoHy] + {CH3COOH]) * 100

in which
[ ]=concentration in mol%, and
{CoHg] = concentration of the unreacted ethane.

The residence time is defined as:

@ (s) = bulk volume of the catalyst (mi) / volume flow rate of the gas through the
reactor based on the reaction conditions (ml/s),

STY denotes space-time yield in kg of acetic acid per hour and m® of catalyst.

Performance of the reaction:

The ethane/oxygen/nitrogen ratio in the reaction gas was 5/1/4. The proportion of
steam in the reaction mixture was set to values less than or equal to 20%. Since the
space-time yield is dependent on the reaction pressure, all experimental examples
were carried out at 15 bar for reasons of comparability. The reaction conditions and
results are shown in Table 1.
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Table 1

Results of catalytic studies of the oxidation of ethane to acetic acid on catalyst {

1 280 (148 1.0 02 0.8 14 13.3 91.5 0.7 7.8 235.
2 280 174 120 0.4 1.6 2.§ 105 90.4 35 6.0 362
3 300 {7.1 {20 0.4 1.6 29 13.2 89.0 20 9.0 447
4 300 |48 |3.0 0.6 24 43 11.3 B7.2 5.5 7.3 564
5 300 (4.1 |35 0.7 2.8 50 10.2 86.2 7.4 6.4 584
6 300 (3.7 4.0 0.8 32 5.0 9.9 84.1 9.2 6.6 630

Table 1 shows that the reduction in the residence time for the same reaction gas
composition and at a reaction temperature of 280°C results in a negligible decrease
in conversion, constant acetic-acid selectivity, but a one-and-a-half-fold increased
space-time yield (cf. experiments 1 and 2). A further reduction in the residence time
at 300°C (cf. experiments 3 and 4) with comparable conversions and selectivities
results in a further increase in the space-time yield. Compared with experiment 4,
the water content in the starting gas stream is also reduced in experiments 5 and 6
in addition to a further reduction in the residence time. For comparable conversions
and acetic-acid selectivities, it was possibie to further increase the space-time yield
to 630 kg/(hm®). 1t should also be particularly emphasized here that the margina!
reduction in the acetic-acid selectivity compared with experiments 1 and 4 is not
attributabie to increased formation of totaf oxidation products, but instead ethylene is
preferentially formed besides acetic acid owing to the low water content in the feed
and can be circulated as valuable product and further oxidized to acetic acid.
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5.010. 286. 27. 46. 4584 6300 3.7 4.0 0.8 3.2 5.09.984.19. 26.6630 Table 1 shows

that the reduction in the residence tinme for the sane reaction gas
conposition and at a reaction tenperature of 280C results in a negligible
decr ease ,E% constant acetic-acid selectivity, but a . 7
one- and- apﬁ gﬁjﬁeﬁgr eased space-ti° r?@'yl eld (cf. experinents 1 and 2).
A further reduction in the residence tine at 300C (cf. experinments 3-and .
4) wth ccﬁf’é&fﬂ%am%onverm ons and selectivities results in a further
increase in the space-tine yield. Conpared wth experi ment 4, the water
content imthes Lr |s a reduced in experjnents 5 and 6
in addition to a&?ﬁ 't'(ﬂ'gr UCtIFb l‘ﬁg{)‘f S direRATREP Qte acetisy agignpar abl e
conver si. orPMpsisingalinging- @getﬂres al wﬁebus tiderls of eﬂraM@Setﬂﬂéﬁé Ik Qmidgre%U” her
increase t{en Q 630 kaf ( |t should al so
parti cul artﬁy eéfr)r%ﬁfrg %g?tﬁ rﬁg\gg‘F?@[ meni e Pgﬂxlaﬁ tYh@
- acetic- aC|@ramtemtraMStgzbcmirrpa:oeﬁrmtwmwﬁx@ﬁfgmentS 1-and 4 is not
attributable to increased formation of total oxidation products, but
i nstead .ethylene is preferentially formed besides aceti.c acid owing to the
| ow wat.er. content in the feed and can be circul ated as val uabl e product
and further oxidized to aceti Ld. .2 C 2004 PCT/ EPO1104987 -12
Patent Cains: z . A conti nuoa\ggﬁwﬁ f cﬁBEt he sel ective preparation of
acetic acid conprising bringing together a gaseous feed of ethane,
et hyl ene mhﬁ@thé%?ﬁmbdéﬂ@ﬁf‘(%‘?é%@@éﬂﬁ@d B%ﬁ)gr a catalyst conprising the
atros

el ement s ,, Pd, X and I n ramatomr a:b:c:d in combination with
oxygen - IVba dﬁ%@ﬂ?r reye eIements selected from the group consisting of Cr, Mn, Ta, Ti,

"V, Te and W;

T
y !

Y is one or more elements selected from the group consisting of B, Al, Ga, In, Pt,
: Zn Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Ru, Os, Li, K, Rb, Cs, Mg, Ca; Sr, Ba, .,

+ Nb, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Ti and U but shall be at least Nb:

: o the lndlces a, b, c and d are the gram-atom ratios of the corresponding elements,. -
S ~ where
a=1;
. b=from 0.0001 t0 0.01;
- ¢=from 0.4 to 1; and
. ~d=from 0.005 to 1, _
: ‘ at elevated temperature, wherein the catalyst.is_ obtainable by {he use of a
: ' hiobium ammonium salt as niobium source, and in which the residence times
~ and the composition of the gaseous feed are selected in such a way that the
o space-ﬁme yield in the oxidation to acetic acid is > 470 kg/(hm®)
2. The process as claimed in claim 1, wherein X andfor Y. are a plurality of

' ",V__elements where, if desired, the indices ¢ and d can adopt different values for
‘ drfferent elements.

L B ‘_‘;3.-' ~The process as claimed in at least one of claims 1 and 2, wherem niobium
: ammomum oxalate is used as niobium source.

e :_f'4. The process as clarmed in at least one of claims 1, 2 and 3, wherern the
- temperature is in the range from 200 to 500°C.
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where the synbols X and Y are as defined below X is one or nore elenents

sel ected fromthe group consisting of Cr, M, Ta, Ti, V,Tean |
or nore:-elements selected fromthe group consisting of B. Al Bg D/Epm

Zn, Cd,;Bi, Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Ru, Os, Li, K Rb, Cs, My, Ca:

.Sr, Ba,,,.,. No, Zr, HE, Ni, P, Pb, Sb, Si, Sn, Ti and U but shall be at
| east Nb; the indi ces a, b, c and d are the gramatomratios of t he
correspondi ng el ements, where a=1; fromO0.0001 ta 0.01; = fromO0.4 to

. 1; and d=fromO. 005t01 at el evated té‘ﬁp’erature wherein the catal yst is-
obt\:;\t/ln nalﬁISe by Thecprosessds elaimed hbau@amlbﬂﬁmﬁﬁéﬂftéah%@%ﬁ%é #@s‘é re @nd
in ic osition of the gaseous are -

i sel ect ed "ﬁ ﬂfezstee%iéjr%ﬁﬁh%hgﬁﬁ? ﬁ@% éggcsg)oqr?ne yield in the oxidation to

acetic acid is > 470 kg/(hrrB) 2. The process as clainmed in clai m 1, wherein

X and/ or gY ar gt @bl I ﬁn_s i ndi ces ¢

and d can ado a‘m‘% ? ererﬁsy c\;éakfnegsﬁ.f%ﬁﬁ(} wﬂng{g}ém@emﬁw} 'T)Fb'@@ss as

sclai med ifﬁ“%? 08KA00@Ado O0i0Tc| ai ns 1 and 2, wherein niobium ammonium

' oxal ate is used as-ni ob| um source. .4%" The process as clainmed in at

| east one, ns 1 d3 wherein the tenperature is in the range
from 200 8'5'@ mﬁﬁf'mé lsast onp of clags £ to 6Tnhepeincdbanaaslixed

icI ai ned mttaatlleaaMne)fwthefgaémﬁéBjtbth@réact&here' n the pressure in the
‘reactor is in the range from1l to 50 bar. 6. The pressure as clainmed in at
lleast one of claims 1 to 5 wherein bis inthe range fromO0.0001 to

:0.001. 7.8.The Phropiesessas claihed in claimt7, Mastinahe. fmihesrlg@srr@dlin i¥nifrogeherein

fﬁ ggggsma A V\Hegl in %ﬁal m@&ﬁ%&éé&@ﬁ@f@{.ﬁ% I?Z‘?ylﬁrg%gg Cai['é)r ni {?OQZEG

i 2 _The process as claimed in at least one of claims 1 fo 8, wherein the catalyst
; is mixed with a support material or immobilized on a support material.

- 10."  The process as claimed in at least one of claims 1 to 9, wherein the selectivity
- .of the oxidation reaction of ethane and/or ethylene to acefic acid is > 70 mol%.

11.  The process as claimed in at least one of ¢laims 1 to 10, wherein the catalyst
- comprises Pd introduced in the form of an alcoholic solution of palladium acetate.

12. A catalyst for the selective oxidation of ethane, ethylene or mixtures thereof

and oxygen, comprising the elements Mo, Pd, X and Y in gram-atom ratios a:b:c:d in
combmatlon with oxygen

| MoaPdpXoYy (1)
' where the symbols X and Y are as defined below:
~ Xis one or more elements selected from the group consisting of Cr, Mn, Ta, Ti,
V, Teand W;
.Y is one or more elements selected from the group cons:stmg of B, Al, Ga, In, Pt,
Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Ru, Os, Li, K, Rb, Cs, Mg, Ca, Sr, Ba,
Nb, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl and U, shall be at least Nb;
| “‘the indices a, b, ¢ and d are the gram-atom ratios of the corresponding elements,
- where
a=1;
'b = from 0.0001 10 0.01;
¢ = from 0.4 to 1; and
d’=from 0.005t0 1, and
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oxygen, nethane, carbon nonoxi de, carbon di oxi de, ethylene and/ oran%wt
The process as clained in at |east one of claims 1 to 8, whefie
catalyst Fs mixed with a support material or inmobilized on-a support
materidl. .10. The process as clainmed in at |east one of clainms 1 to 9,
wherein the selectivity .of the oxidation reaction of ethane and/or
ethylene to acetic acid is > 70 nol% 11. The process as clained-in at
| east one of claims 1 to 10, wherein t_ hg catal yst -conprises Pd introduced
. in the fowherem the @itg Qibﬁa'ﬁ'%’b f {/I adi um acetate. 12. 'A catal yst
, for the sr%hgctl ve OXIgg;.tl ont etlbw)g Useetoﬂ AdIRPIYP ammeniy@ssaltras eof  and
! oxygen, :coO SF%C‘?I?@ dheningce-time, y@ld inXthenexidation @agiBratoM 4af i os ab:c:d
LN conbi kgithindn Wi t h oxygen MbaPdbXcYd (1) where the synbols X and Y are
- as defined below X is one or nore el ements selected fromthe group
. consi sti ntB.of Aocatalyst aFajaimed in Yaific Z3mehafé niobiu mmdhiurﬁWxﬁla@é BRSPS

;selectedégﬁigbﬁmisg pconS|st|ng of B., A, Ga, In, , Zn, Cd, Bi, Ce,
‘:CoRth,,ﬁ%'éFe LlKRszl\/gCaSrBaNbZr,

Hf, Ni, P, Pb, Sb, Si, Sn, TI andU shall be at |east Nb; the indices a,

&b, c and mar el'ﬁ&éaiﬁ f el nts ere
DERI a%“““g&"“‘é@““ it 12, DTS UIE BRI R BBk e
'Land AVEN quzp fonpfipalladigmagetate.s obt ai nable by the use of a
' ni obi um ammoni um salt as ni obi um source and the space-tine yield in the

- ;oxidation reaction is > 470 kg/(hnB). 13. A catalyst as clainmed in claim
12, where ni obi um ammoni um oxal ate is used as niobium source. 14. The
Ecat alyst as clained in claim12, where the Pd has heen introduced in the

.formof an.alcoholic solution of pal | adi um acet ate. AVENDED SHEET
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