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Descri ption 5 Process for the selective preparation of acetic acid
The present invention relates to a process for the selective preparation of
acetlic acid byWO:A%A4298 gas-phase oxidatlon of ethane aRGTHEPS7IOR62Re in
10 the presence of a palladiumcontaining catalyst. The oxi dative
dehydrogenation of ethane to ethylene in the gas phase at

tenperatures of > 500[err]Cis known, for exanple from US-A-4 250 346,

US- A-4 524 236 and US-A-4 568 790. 15 Thus, US-A-4 250 346 descri bes
the use of a cggs%lnpﬁ@,ncorrpom tion conprising the el enents nol ybdenum
Xand Yin the ratio a:b:c for converting ethane into ethyl ene, where
Xis C, M, No, Ta, Ti, V, and/or W and Yis Bi, Ce, Co, Cu, Fe, K
My, N, P, Pb Sh ' n, J1.and/or and. a 1, bis from0.05 to 1
and c is % Ode'oF%ss?fdrfﬁ%SeIgpgye 95955‘%{69 f??ﬁ%'c(i‘f" and/ or Fe nust
here by less than 0.5. The reaction is preferably carried out in the
presence of added water. The di scl osed catal ysts can |ikew se be used
for the oxidation of ethane to give acetic acid, with the efficiency

of the cOnVer sy, iaeAPRubfidH Hlatds' 8% F3RHks Rt the L8Mcnd pAdbarban S

conver si on of
acetic acid by catalytic gas-phase oxidation of ethane and/or ethylene in

10  the presence of a palladium-containing catalyst.

The oxidative dehydrogenation of ethane to ethyle‘ﬁe in the gas phase at
temperatures of > 500°C is known, for example from US-A-4 250 346,
US-A-4 524 236 and US-A-4 568 790.
15
Thus, US-A-4 250 346 describes the use of a catalyst composition
comprising the elements molybdenum, X and Y-ih the ratio a:b:c for _
converting ethane into ethylene, where X is Cr, an,.-iNb, Ta, Ti, V, and/or W
and Y is Bi, Ce, Co, Cu, Fe, K, Mg, Ni, P, Pb, Sb, Si, Sn, Tland/or U and a
20 is1,bisfrom0.05t01andcisfromOto2. The to'__t;_al value of ¢ for Co, Ni
and/or Fe must here by less than 0.5.
The reaction is preferably carried out in the presenée' of added water. The
disclosed catalysts can likewise be used for the oxndatlon of ethane to give
acetic acid, with the efficiency of the conversion .to::_'__'_'cetlc acid being about
25  18%, at an ethane conversion of 7.5%.

The abovementioned documents are concerned mamly with the
preparation of ethylene, less with the target preparation of acetic acid.

30 Incontrast, EP-B-0 294 845 describes a process fo‘f the selective
preparation of acetic acid from ethane, ethylene or mlxtures thereof using
oxygen in the presence of a catalyst mixture compnsmg atleast A.) a
calcined catalyst of the formula Mo, vy or MoxVyZy where Z is one or more
of the metals Li, Na, Be, Mg, Ca, Sr, Ba Zn, Cd, Hg, Sc, Y, La, Ce, Al TI,



The abovenenti oned docunents are concerned mainly with the
preparation of ethylene, less with the target preparation of acetic acid.
30 In contrast, EP-B-0 294 845 describes _a process for the selective
preparation of acetic acid from ethane, e?hyl ene-or mxtures thereof using
oxygen in the presence of a cataléb m xture conprising at least A ) a

b

cal ci ned cat al ¥s€rdif, P Np TauAs Bi G/ Y] TerFeuPe anp\Wicand xfigrr
where Z is Onefrﬁfn @%etSOA? ylﬁfPJthc;TBtﬂﬁd%'lsfrBﬁTOE& oY, af@ S Ba. Zn,

Cd Hg, Sc,
Ti, ZB.) alri‘eth?l@nefﬂtydré’t&)n detalySbandor effiylend okidaflen catalyst.orend N,

andX|s from0.5 to is fromO.1 to 0.4 and z is fromO0.001 to
1, and Bschm ‘@@V%‘P@"H?ﬂ?"&tﬁ&m"&&?ﬁp}'@ %ﬁ?ﬂ‘%ﬁ“-"éi ﬂ?)’%ﬁét%\!ﬁt @&t i on
catal yst. ghe ﬁ.ﬁrﬁg\ tWh [

nmol ecul ar ';é{l evepa"?dlpﬁpgma BX@E“ a | unt co ;tlr'nﬁlc%é]é! ﬁc‘!ﬁtul on cat al yst.

When t he cat al glascnbexitla |used and a gas mtxthmicompusnag athane, @ygen] nitrogen
conpri si ng ethan X nitro er .vapor assed t hrough
the catal yst- c%‘ﬂ‘?wag?y HOéé%P%?s Qﬁk,'néough the ‘f?gﬁg\'gﬁ?ﬁ@@l% Tﬁﬂcﬁ} fh;e 27% at an
et hane conver syaRirfimS8lectivit{ i s 2‘f°/ofélrérhéﬂhaﬁé%ﬁ%§r§?&{ oP?‘gaDar ing a product

conprising ethylene and/or atetic acid 1s describ in EP-B-0 407
091. Here, ethane and/or ethylene and a gas conprising nol ecul ar

[ t at el t t
cat al yst - dBpostbrhf Eofss B prSbaihghEiaiva camadsiStlenc oy adic,
Mo[ er r] Re[ err ] ¥¥id"is Hescfibed in"EP-HB10 497. 0972 Hetb, efﬁaﬁé@r@oﬁ@tﬁ?}én?{ a8, 15
Ce, Co, Cu, Fe, K, My, Ni, P, Pb, Sb, Si, Sn, Tl he maxi mum

sel ectivities URSeaMpEsiagapplecularsxygemisdweughhisto centagt atelevated! yst
et o oAb & oA SorReRF dsphlf e B E L X 6ha
Y. A is here MogRe W;, X is Cr, Mn, Nb, Ta, Ti, V-and/or W and Y is Bi,

15 Ce, Co, Cu, Fe, K, Mg, Ni, P, Pb, Sb, Si, Sn, Tl and/or U. The maximum
selectivities which were able to be achieved when using the catalyst
described in the oxidation of ethane to acetic acid are 78%. Further by-
products formed are carbon dioxide, carbon monoxide and ethylene.

20 However, none of the publications listed above dés_cribes the use of a
catalyst comprising the elements rhenium, palladiu'm and molybdenum for
the selective oxidation of ethane and/or ethylene to give acetic acid.
Furthermore, the selectivities achieved up to now in the prior art fbr the
oxidation to acetic acid are still not satisfactory.

25
It is therefore an object of the invention to provide a process which allows
ethane and/or ethylene to be oxidized in a simple and targeted manner and
with high selectivity to give acetic acid.

30 It has now surprisingly been found that use of a catalyst comprising the
elements molybdenum, rhenium and palladium and one or more elements
selected from the group consisting of chromium, manganese, niobium,
tantalum, titanium, vanadium and/or tungsten makes it possible to oxidize
ethane and/or ethylene under relatively mild conditions, in a simple manner



20 However, none of the publications |isted above describes the use of a
catal yst conprising the elenents rhenium palladiumand nol ybdenum f or

t he sel ective oxidation of ethane and/or ethylene to give acetic acid.
Furthernore, the selectivities achieved uf to nowin the prior art for the
oxidation to acetic acid are still not satisfactory. 25 It is

t heref ore an obithehighoseledtivity to give aseticaqgid.ovi de a process which al |l ows

et hane and/or ethylene to be oxidized in a sinple and targeted manner and
with high selectivity to give acetic acid. 30 It has now surprisingly

been found tharhélag?eééht fhyentioh “eEorial F?dmestséﬁroc;gs‘s fofir&dlb&iver! ybdenum

“_ rheni um and pal I adi um and one or nore€ ‘el enent v selected fromthe
group consi st i prepafationrefracetic acithtyames gasedusbieedcomprising etitameum titani um

vanadi um and/ or,, t ungsten. nakes it ible | i t h and/ or
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3 ~ Wi th ddraprised Indiding the §asebusfeatidhtocortadt with a catalysthe present

i nvention accordingly provides a process for the selective ™

prepar ati on ofcQapfisiag the glements aﬁ@mm X apd chngramsatosn eatinsrasb.c:de

et hyl ene or mxt : oxygen at el evated tenperature, which
conprises bri n'éi%ﬁﬂ%@@géfgby%%d Into contact wiith a catal yst
conprising the elements Mo, Pd, Re, X and Y in gramatomratios a:bh:c:d:e

in conmbinati on with oxygen
10 YO Mo PdRe X Y, 0

where the symbols X, Y have the following meanings:

X =Cr, Mn, Nb, B, Ta, Ti, Vand/or W, in parlicula_'_"__i'--f_:Nb, Vand W

Y =Bi, Ce, Co, Cu, Te, Fe, Li, K, Na, Rb, Be, Mg,Ca, Sr, Ba, Ni, P, Pb,
15 Sb, Si, Sn, Tand/or U, in particular Ca, Sb, Te and Li.

The indices a, b, ¢, d and e are the gram atom ratios of the corresponding
elements, where _: ._
a=1, b>0, ¢>0, d=0052 ande=0-3.

20 -
Iif Xand Y are a plurality of different elements, thé’__-:i_ndices d and e can
likewise assume a plurality of different values. -

The present invention further provides a catalyst félj-"'_the selective
25  preparation of acetic acid comprising the elementé}-_Mo, Pd, Re, Xand Y in
the gram atom ratios a:b:c:d:e in combination with.oxygen.

The gram atom ratios a:b:c:d:e are preferably wnthmthe following ranges:
a=1; b=0.0001-0.5, ¢=0251.0; -  d=0.1-1.0;
30 e=0-1.0. C

Palladium contents in the catalyst which are abové ihe upper limit specified
promote the formation of carbon dioxide in the pro:gjgs_s of the invention.
Furthermore, higher palladium contents are gener_é_ffl__l’y. also avoided



'10 Mo[err]Pd[err]Re[err] X[ err]Y[err] ()

where t'he synbols X, Y have the foll ow ng neani ngs: X =C, M, Nb,
B, Ta, Ti, Vand/or W in particular Nbo, V and W Y =Bi, Ce, Co, Cu,
Te, Fe, Li, K, Na, Ro, Be, My, Ca, Sr, Bad Ni, P, Pb, 15 Sh, Si, Sn, TI
and/or U, in particular Ca, Sb, Te and Li. The indices a, b, ¢, d

and e are the becansetibeymakepthectatalyst unnecesparilytiexpensive. Onltheother, where
a=1, b>0, c>0 . d=0. 05; d e=0-3. 20 « Jf X and Y are a
Dl urality of dhidrmaladm sentents beow e BTtingvalis specifid faver Sfiyieder’sc
assunme a pl ur afgringtieh. di fferent val ues. The present invention
further provides a catalyst for the selective 25 preparation of acetic
acid conprising the elements M, Pd, Re, X and Y in t he gram at om

Lbt o e Br e BEPpEER0Hel beRwhe NG Tfg spesieg ikaRis BEUIL T A1 DS
0.0001-0.5;  prefefénfiat forRation &f ethylehelaltheEXpense of thelsélectivity to acetic

Pal | adi um contents in the catal yst which are above the upper Iimt
speci fi ed acigy Ofghe atier b eRjHMugontantsomhigh @xe higher thanther ocess of

the invention. jmiting validd 5pECHIES GiveHPHthe? FhpANVerBE Wi Cataftie 9enerally

al so avoi ded
properties and would therefore also just make the catalyst unnecessarily

10  expensive.

The catalyst used according to the invention preferably comprises not only
the elements molybdenum, palladium and rhenium but also vanadium,
niobium, antimony and calcium in combination with oxygen. The gram

15  atom ratios a:b:c:d':d%e*:e? of the elements Mo:Pd:Re:V:Nb:Sb:Ca are
preferably as follows:
a (Mo) = 1; b (Pd) = 0.0001-0.5, in particular 0.001-0.05;
c(Re)=0.25-1.0; d'(V)=0.2-1.0; d2 (Nb)=0.1-0.5;
e'(Sb) =0-0.5;  e%(Ca)=0-0.2;

20
Examples of such catalyst compositions which are preferably used in the
process of the invention are:
Mo, oPdo,.01Re0.7V0.7Nbg.2Sbg.1Cag 5
Moy oPdg g2Reg.7V0.7NPg 2Sbg, 1Cag, 05

25 Moy oPdg goReq 5V sNbg 5Sbg 4

| Moy oPdg 02Reg 7Vo 57805

Moy oPdg, g2Reg 7V 7Nbg 2Sbg 1Cag o5
Mo, oPdyp g2Reg 7 W 2Vo.7Nbo 2Sbg 4

30
The catalysts used according to the invention can be prepared by
conventional methods. These start out from a slurry, in particular an
aqueous solution, com_prising the individual starting components of the
elements in accordance with their proportions.



4 because they make the catal yst unnecessarily expensive. On the

ot her - hand, pall adi um contents below the limting value specified
favor ethyl ene formati on. 5 Rheni um contents below the limting
val ue specified likewise lead to pr& erential formation of ethylene
at the expense of the selectivity to acetic acid. On the other hand,

r heni um cont enTbewstarting anaterialgtfer thenindividual componenisiinitie pﬂ&paletl@rpet ified

f h h | | d
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i the el ements nol ybdenum pall adi um and rheni um but al So vanadi um

ni obi um ant | nbBygroxisies andcsalts ofrorganigiacids whichicen hegovertethistathem 15
Vo: P R Vonp: fiedpdiding G by HeBlihy, 10 Pt gbohpinehBhbequs ) - .

(Pd) = 0.0001- Qol’iﬂoh@opéﬂépﬁﬂuﬂfs&tﬂ@ln&aDéalts are prepatd®and niixeth- 1. 0;
d[err] (V) 0210 dierr] (Nb) = 0.1-0. e[err](Sb) = 0-0.5;

e[err](Ca) = 0-0.2; 20 Exanpl es of such catal yst conpositions which
f bI _ i : :

el o oo AR Ol R0 e oo 6 o odang

Mo[err] Pd[ err] milybdaimé@ eIg. phNirheniuhstriodybdata| as sthrtitly compounds because of

) ) Sl i Sy

Mo[err] Pd[ err] Re[err] V[err]Nb[err] Sb[err]Ca[err]
Mo[err]Pd[err]Re[err]W)[err]V[err] Nb[err]Sb[err] 30 The catal ysts
used accor di ngSudablegaliaditm compoands argrfopexampley palladium(ll) chioride,

palladium(ll) sulfate, tetramminepaliadium(ll) nitrate, palladium(ll) nitrate
and also palladium(il) acetylacetonate.

15
In the case of rhenium, it is possible to use, for example, perrhenic acid,
ammonium perrhenate and also rhenium(lll) and rhenium(V) chlorides, to
name only a few, as starting compound.

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

25  If the catalyst obtained is subsequently subjected to a calcination process,
it is advisable to calcine the dried and pulverized catalyst at a temperature
in the range from 100°C to 800°C, in particular from 200 to 500°C, in the
presence of nitrogen, oxygen or an oxygen-containing gas. The duration is
from 2 to 24 hours.

30
The catalyst can be used without a support material or be mixed with an
appropriate support material or applied thereto. Suitable support materials
are the customary materials such as porous silicon dioxide, ignited silicon
dioxide, kieselguhr, silica gel, porous or nonporous aluminum oxide,



conventional nethods. These start out froma slurry, in particular an
aqueous solution, conprising the individual starting conponents of the
elements in accordance with their proportions.

5 ° The starting materials for the i6dividual conponents in the
preparation of the catal yst of the invention are, apart fromthe
oxi des, pref ertiiahijam\diouide zirconium(ﬂiuidﬂe, thonismadioxidies Ian‘thaa‘mmmxde um salts,
nitrates, sulfates
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The reaction can be carried out in a fluidized bed or in a fixed-bed reactor.
For use in a fluidized bed, the catalyst is milled to a particle size in the
15  range from 10 to 200 um. '

The gaseous feed comprises ethane and/or ethylene which are fed to the
reactor as pure gases or in admixture with one or more other gases.
Suitable additional or carrier gases of this type are, for example, nitrogen,

20 methane, carbon monoxide, carbon dioxide, air and/or water vapor. The
gas containing molecular oxygen can be air or a gas containing more or
less molecular oxygen than air, e.g. oxygen. Preference is given to adding
water vapor to the gas comprising ethane and molecular oxygen since this
promotes the selectivity to acetic acid. The proportion of water vapor is in

25  the range from 5 to 30% by volume, preferably from O to 20% by volume.
Lower water vapor contents lead to a loss of selectivity in respect of acetic
acid formation, while higher water vapor concentrations would make the
work-up of the resulting aqueous acetic acid unnecessarily more expensive
for technical process reasons. The addition of oxygen or the gas

30  comprising molecular oxygen depends on the explosive limits under the
reaction conditions. Relatively high oxygen contents are preferred, since
the achievable ethane conversion and thus the yield of acetic acid is
higher. The maximum oxygen concentration is, however, limited by the
explosive limits. The ratio of ethane to oxygen is advantageously in the



particular from80 to 120[err]C. 25 If the catal yst obtained is

subsequent|ly subjected to a cal cination process, it Is advisable to
calcine the dried and pul verized catal yst at a tenperature in the
rangé from 100[err]C to 800[err]C, in parthcular from200 to 500[err]C, in
the . presence of nitrogen, oxygen or an oxygen-containing gas. The
duration is  range beiween: t1andhtiil spreferably 2:1 angk8:dat al yst can be used

wi t hout a support material or be mxed with an '~ appropriate support
material or applied thereto. Suitable support nmaterials are the

customary nat effhalreastishisasaried ousatteniperatuies betivaen 200 and 560PCgon
di oxi de, ki esel guhr, silica é:;el_ , 89rous or nonporous al um num oxi de,
6 ti t anPiRfeakixfrem 200 ta 400 16s The Rressure aan beataosRherS of ant hanum

oxide, o TRGRERAHBLANLA o §3hhy AT HstwedA | UANED L piiSaB féim

cerium di oXi de, boro boron ni

car bi de, bor on 1gb@nivant €, zi rconi um phosphate, alum num silicate,
silicon nitride or silicon carbide, 5 but also neshes nade of glass or
net al s. Preferred support materials have a surface area of |ess

than 100 nferr lphg reaction cam Eé%ra'i'ﬁéif U fixe%HiBQB ioﬂﬂﬁid?ie%-ﬁé& i’cﬁéﬁ:@or@“ oxi de
and al um num oxi de havl ng a | ow speciTlIC surtace area. e cat al yst
can, after shapidvgntadgeousiydethana ig firstmaiyed avithytherinént gages autly as hitpogén

catalyst. 10 %or Waidrahok BETGR @SBET Lk ppe qoBtnIG RPIPRARLPBENRG or i n
a fixed-bed regsd B. 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 from the gas leaving the
reactor by condensation. The remaining gases are recirculated to the
15  reactor inlet where oxygen or the gas-containing molecular oxygen plus
ethane and/or ethylene are metered in.

When using the catalyst of the invention, the selectivity in the oxidation of
ethane and/or ethylene to acetic acid is > 75 mol%, preferably > 80 mol%,

20  in particular > 85 mol%, at an ethane conversion of > 3%, preferably > 4%,
in particular > 5%, so that, in comparison with the prior ant, the process of
the invention enables an increase in the acetic acid yields to be achieved
in a simple manner while simultaneously reducing the formation of
undesired by-products.

25
- Examples
The catalyst compositions specified in the examples are given in relative
atom ratios.
30

Catalyst preparation:

Catalyst (I):

A catalyst comprising the elements in the following composition (in



For use in a fluidized bed, the catalyst is mlled to a particle size in

the 15 “range from 10 to 200 [err]m The gaseous feed conprises

et hane and/ or ethylene which are fed to the reactor as pure gases or
in adm xture with one or nore other gases8 Sui t abl e additional or
carrier gases of this type are, for exanple, nitrogen, 20 met hane, carbon
monoxi de, car beombiination withcoxygan)iwas preparedvapor. The gas contai ni ng
nol ecul ar oxygen can be air or a gas containing nore or | ess

nol ecul ar oxygen than air, oxygen. Preference is given to adding

e.qg.
wat er vapor tomMbhe.R Nbs! §!@3 PA | ecul ar oxygen since this
pronmotes the sel é@?l%?@%{;@ ggég?%oe Ci ?osTh 'og‘r,)oport-i on of water vapor is
in 25 the range from5 to 30% by volunme, preferably fromO to 20% by

vol une. 5 %@gﬁg)nwat er vapor contents lead to a |l oss of selectivity in
respect of ~acerl  acid formation, while higher water vapor

concentrati ons100y of amkworile perrhenat®) (k12§ cffpdiladiune avétatenand Qegusd acetic
acid unnecessarily nore [ or technical process reasons. The

expensi ve f
additi on of ox@@mwmtmelvgaétean 50 ;babwateng nol ecul ar oxygen depends on
the explosive limts under the reaction conditions. Relatively high
oxygen contents are preferred, since t he achi evabl e et hane conversion
and t hus the y8Belution2:acetic acid is hi gher. The maxi mum oxygen
concentratjon s, however, limied by the explosive limts. The ratio
of et hanesbo o&%g%ﬂp?@m‘é'ﬁ‘trﬁﬁ GEPéaﬁeH"tﬁpe’m of water.
7 range between 1:1 and 10:1, preferably 2:1 and 8: 1. The
reaction is carried out at tenperatures between 200 and 500[err]C,
preferably froSoldiont3> 400[err]C. The pressure can be atnospheric or 5

superat mospher &g 8t Sioblufn bR8iaté P54 Y5 Koy Sichiatd, 8 g BF SLgHLAY' ¥ rom

nitrate in 180 ml of water. "

15 :
The solutions are stirred separately at 70°C for 15__e-fhinutes. The third
solution is then added to the second. The combiri_e‘ar-ﬁmixtures are stirred at
70°C for 15 minutes before they are added to the 'ffrst. The resulting
mixture is stirred at 70°C for 15 mfnutes. The wateé-;is subsequently

20 removed on a hot plate until a thick paste is forrne;_c_i_%'..'_This is dried at 120°C
overnight. The solid is crushed (sieve fraction: 035-2 mm) and
subsequently calcined in static air at 300°C for 5 hours The catalyst is
then sieved in order to obtain a sieve fraction between 0.35 and 1 mm.

25  Catalyst (l1): A catalyst comprising the elements mthe following
composition (in combination with oxygen) was pre;jéi'ed:

Mo, goReg 67Vo.70Nbg.195Pg 08Ca0 05Pd0.02

30 The preparation was carried out as described in Catalyst Example (1)

except that 0.24 g instead of 0.12 g of palladium acetate was used.



1 to 30 bar. The reaction can be carried out in a fixed-bed or

f1 ui di zed- bed reactor. Advant ageously, ethane is first mxed with the
i nert gases such as nitrogen 10 or water vapor before oxygen or the gas
contai ni ng nol ecul ar oxygen is fed Pn. The mixed gases are preferably
preheated to the reaction tenperature in a preheating zone before the
gas ni xture i sCompagative example contact with the catalyst. Acetic acid is
separ at ed frongg%(iésq?@ l eaving the react or by condensati on. The

remai ni ng gase é'i rculated to the 15 reactor inlet where oxygen or

the gas contai Fbmme\%m,&_rcalabﬁgﬁébrféspbndingto EP 0407 091 and reiving hee are
netered in. en using the catalyst of the invention, the

sel ectivity i nfollpwingeorapegitionwas prepatedhane and/ or ethyl ene to acetic acid
is > 75 mok% preferably > 80 nmol% 20 in particular > 85 nol % at an

et hane conversion of > 3% preferably > 4%. In particular > 5% so
that, in conpakfiosgpRe) &1V dablbgryBby iGag dshe process of t he invention
enabl es an increase in the acetic acid yields to be achieved in a

si npl e manner whil e sinultaneously reducing the formation of

Urerty So P4 PIRU et was corRd DL 68 dpscrod i Ckab Bkt rros; o1
Cat al yst pr epaexaepdthat no palladitntagietaie was used. A catal yst conprising the
elements g thenl Qbhoalslh SPAE8% fepdheliifl EP-B-0 407 091, Table 2, cannot be
achieved for stoichiometric reasons even with complete conversion of the
oxygen. At the selectivities indicated and the composition of the feed gas,
the conversion can be at most 5.9%. In this calculation, it was assumed
that only carbon monoxide is formed in addition to acetic acid and
15  ethylene. If carbon dioxide is formed instead of carbon monoxide, the
maximum achievable ethane conversion is only 5.5%. it may be assumed
that, owing to the experimental procedure, ethane was condensed in the
cold trap located downstream of the reactor, which led to the incorrect
calculation of an excessively high conversion. To compare the catalytic
20 propertieS of this catalyst with the catalyst of the invention, both catalysts

were tested under identical reaction conditions (see comparative example).
Method of catalyst testing

25 A steel reactor having an internal diameter of 10 mm was charged with
10 mi of the catalyst. T;_he catalyst was heated to 250°C under a stream of -
air. The pressure was;séubsequently set by mean_s of an admission
pressure regulator. The desired ethane: oxygen: nitrogen mixture was
metered together with water into a vaporizer zone where water was

30 vaporized and mixed with the gases. The reactioh temperature was
measured using a thermocouple in the catalyst bed. The reaction gas was
analyzed on-line by gas chromatography.

In the examples, the following terms are defined as:



8 conmbi nation wth oxygen) was prepared:

Mo[err]Re[err]V[err]Nb[err] Sb[err]8Ca[err] Pd[err] 5 Solution 1:

10:0 g of ammoni um perrhenate, 0.12 g of palladiumacetate and 9.7 g of
anmmoni um nol ybdate in 50 m of water. 10  Solution 2: 10 4.5 g of
amoni um net avanadate in 50 m of water. - Sol ution 3: 6.5 g of

ni obi um oxal at @thaneseonyession(¥%)mony oxal ate, 0.58 g of cal ci um

ot 700 err]C 1 o OpaRoIEOs e Hap oI SRl ORI o' i

. second. The combined m xtures are stirred at 70[err]C for 15 m nutes
: before they arfcﬁg&a the first. The resulting m xture is stirred
~at 70[err]C fo es. The water is subsequently 20 renoved on a hot

plate untilg a thick paste is formed. This is dried at 120[err]C
overnight. The solid is crushed (sieve fraction: 0.35-2 nm and
subsequent |y c&ithylenel selectivity (%) air at 300[err]C for 5 hours. The catal yst

i's t hen gj i r 0. ' | ‘tion between 0.35 and 1
mm 25 Cat jpg\éﬁeg'r'@w&[@&ﬁ%mﬁ?%d‘ﬁé el enents in the
fol |l ow ng conposition (in conmbination with oxygen) was prepared:
| Acetic acid selectivity (%) =
10 100x([CH;COOHN/([COY/o+CO,)/2+{CoH,HC H;COOH])

where

[ ]=concentrations in mol% and
15 [C,Hg] = concentration of the unreacted ethane.

The residence time is defined as:
t(s) = bed voiume of the catalyst (ml) / volume flow of the gas through the
reactor based on the reaction conditions (ml/s).

20  Reaction procedure:

The reaction was carried out at 280°C and 15 bar. The feed gasto the

reactor consisted of 40% by volume of ethane, 8%by volume of oxygen,

32% by volume of nitrogen and 20% by volume 6E§§§vater vapor. The results
25  are summarized in the following table.

Catalyst | Residence [ Ethane Acetic ac_id_ j_'E{'E-therne CO + CO,
time .| conversion | selectivity - “selectivity | selectivity
(s (%) & | (%)
0 30 3 ot [ o 9
0 30 4 o1 |
30 () 60 8 9 | 2 8
() 30 5 61 | 29 10



&b[err]Re[err]V[err]Nb[err]Sb[err]Ca[err]Pd[err] 30 The preparation was

carried out as described in Catal yst Exanple (I) except that 0.24 g
instead of 0.12 g of palladium acetate was used.

9 *  Conparative exanple . Catalyst (I11): For conparison, a
catal yst corresponding to EP 0 407 091 and having the fol |l ow ng

conposi ti on wa€ompaped taiCatdlyst (ill), Catalysts (1) and (Il) give higher selectivities to

oL er ) e | S LRGP B Shbhhaios oind e BH58E T b

pal | adi um acet gf fmprRsvedsribtic HRid yidliFhasuaan fHeamelntdt Glak8pesddandn EP-B-0

407 091, Table 2, cannot be . achi eved for stoichionefric reasons even
wi th conpl et e theratbane feed strear. " oxygen. At the selectivities

i ndi cated and the conposition of the feed gas, t he conversion can be
at nost 5.9% In this calculation, it was assuned that only carbon
nonoxide is forned in addition to acetic acid and 15 ethylene. If carbon
di oxide is formed instead of carbon nonoxide, the ~ maxi mum achi evabl e
et hane conversion is only 5.5% It may be assuned that, owing to the
experinmental procedure, ethane was condensed in the cold trap | ocated
downstream of the reactor, which led to the incorrect cal cul ati on of
an excessively high conversion. To conpare the catalytic 20 properties of
this catalyst with the catal yst of the invention, both catal ysts wer e

tested under identical reaction conditions (see conparative exanple).



Met hod of catal yst testing 25 A steel reactor hp

di aneter of 10 mm was charged with 10 M of th YH@ gﬁﬁé\grBEEN
catal yst was heated to 250[err] C under a stream of QP
was subsequent WO:92{44299eans of an admi sB on pr esﬂG'HEPBQlOZQZ& The
desired ethane: oxygem:- m—trogen A-xt-u-e- was netered together with
water into a Va@imsze Mgi vvater was 30 vapori zed and m xed with

sSsur e

t he gases. The reacti measured using a thernocoupl e
in the catal yst bed. anal yzed on-1line by gas

chr omat:.ogr aphy. In t he exarrpl es the fol |l ow ng terms are defined
as: : et hane
conversion (% 1= A process for the selective preparation of acetic acld from a

100x([CO /g+[CT err % P}’F{p %%M / ri]/[er
r]+[Jerr]Perr]] +[éfll er%#‘{s & Helrlg ihéah ”%%tﬁefggﬂ"ﬁét hyl ene
selectivity (% = oxygenat elevated te erature, which comprises brmgmg the

100x([C[err]H[err]] q%PCO]/Lgr / 2+ err H[errtL+ CH err] COOH|)

Acetic acid sel ecti n&t contact WIM a catalyst comprising the elements
]1330X( [ CH{ er r] COOH] ) 46| B@) Reexdrid $%h Brdldibl valis St ild frrgdrhbinbfibh er 1 COH
with oxygen
10
Mo, Pd Re X Y, (1)

where the symbols X, Y have the following meanings:
X = Cr, Mn, Nb, B, Ta, Ti, V and/or W;

18 Y = Bi, Ce, Co, Cu, Te, Fe, Lj, K, Na, Rb, Be, Mg, Ca, Sr, Ba, Ni, P,
Pb, Sb, Si, Sn, Tl and/or U;
the indices a, b, ¢, d and e are the gram atom ratios of the
corresponding elements, where
a=1, b>0, ¢>0, d= 0.05-2, e=0-3.

20
2.  The process as claimed in claim 1, wherein the reaction
temperature is in the range from 200 to 500°C.
3. The process as claimed in at least one of claims 1 to 2, wherein the
25 pressure in the reactor is in the range from 1 to 50 bar.
4, The process as claimed in at least one of claims 1 to 3, wherein
b = 0.0001-0.5.

30 5. The process as claimed.in at least one of claims 1 to 4, wherein
ethane mixed with at least one further gas, in particular nitrogen,
methane, carbon dxox:de carbon monoxnde, ethylene and/or water

vapor, is fed to the reactor.
: - This Sheet Has Been. Reﬂ

L




V\/nere ““ mun ns in mol%and 15 [Cerr]Herr]] =
concentration of \“\m hane. The re ' :
defi ned as: s}t ="bed volume of the catal yst (ﬂ&ﬁfglg Hl Sfm of
t he ‘gas through the reactor based 1@ the reacti pn_co cl @Jrﬂ/ ).
20 Reacti on procedure: The reaction was carried out at 280[err]C

and 15 bar. Ti® fee'ﬂ'tegamcessalse:lalmed in at daast onecd ildimsclitao®, widsteln/theol une
of ethane, 8% by v ne of oXN val une of nitragen and 20%.
by vol une of water Vg?)%?t %@sﬂl'?gaﬁ'e °'24489§L9H489.°?81Pq rCJf ol | owi ng

table. C&ﬁo‘ihyiﬁhumRMhdﬂ?an. Et hane Acetic aci d Et hyl ene

CO + Cerr] I me conversion selectivity

sel ectivity sel ectMoqgfidgg1Reg 7V 7Nbg2Sbg 1Cagps) (% (%
9 9 BY; 3 3 91

8/() 5 é/‘) Mo, oPd,, oqpfﬁfoy 0.7Nbo, 2§6’o.1&ao.05 4 91

0 :.' 9 30 Mo, oPd{ JRe v NHRQSb 8. 20 .

5 : 3 1.0 “JF{O\)OS 53%3.1 5 61

29 ': 10 Moy gPdggaReg7VosTeps 11

Mo, oPdp.02Re0.7V0.7Nbp 25bg.1Cag 05
Moy, oPdg goReg7W .2V 7Nbg 2Sby 4
10 _ B
7. The process as claimed in at least one of claims 1 to 6, wherein the
selectivity of the oxidation reaction of ethane and/or ethylene to form
acetic acid is > 75 mol%, at an ethane conversion of > 3%.

. 15 8. The process as claimed in at least one of claims 1 to 7, wherein the
catalyst is mixed with a support material or is fixed on a support
material.

_ 9. A catalyst for the selective oxidation of ethane and/or ethylene to
. 20 form acetic acid, comprising the elements Mo, Pd, Re, Xand Y in
| the gram atom ratios a:b:c:d:e in combination with oxygen

Mo Pd,Re X Y, (I)

where the symbols X, Y have the following meanings:
.25 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, Sr, Ba, Ni, P,
Pb, Sb, Si, Sn, Tl and/or U;
the indices a, b, ¢, d and e are the gram atom ratios of the
corresponding elements, where
- 30 a=1, b>0, c>0, d = 0.05-2, & = 0-3. R

Has Been Replaced
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Conpared to Catalyst (l111), Catalysts (I) and (11) give higher
selectivities to acetic acid without the CO+CCIerr] sel ectivities being

i ncreased. This l.eads to an inproved acetic acid yield based on the anount
of .Catal yst uSB#FIRG the ethane feed strddm

12 : I REPLACEMENT SHEET Cl ai s 1. A
.-.process for tHAbsteackcti ve preparation of acetic acid fromb5

gaseous et hane, ethylene or mxtures thereof plus oxygen at

el evated tenperature in the presence of a catal yst, which

conprises bri RroBéss fist the seRietvé 9ﬁbdr§ﬁ6h 6Paéatiiacit h a
catal yst: conprising the elements Mo, Pd, Re, X and Y in gram

atomratios a:b:c:d:e in conblnatlon vvlth oxygen 10

d:
Mp[ err} Pd[ger r ]/fgl' eggifé s\gl&rtﬁrb prébaration of chtubacldwﬁé’m%:ﬁa%b%%g&o' s X B

Y . have the fol

and/ or : W 15 compnsmg etH&ne %yleﬁe of(mixtures thereof bluskoxyyen dtizleviated My, Ca
St, Ba; N, | and/or U t he

Sn,
i ndi ces a, b, tEmPG@HEP»éN'H% cPH\P"@P%?ﬂBQ'GB\tFﬁtQa%O% fQGMe'mO contact with
correspondlng 2, e=0-
20 R #ﬁ&g‘?&ﬁ%@?ﬁi@éﬁﬁﬁ'ﬂeﬁ“ﬁ hg?a?dlﬁeb&%gﬁ ﬂ] 9%e rgedzg‘(?t ion
. ratlos -a'b'c'd'e in combination with oxygen
| Mo PdRe XY, (1)

. ;'whert;z- the symbols X, Y have the following meanings:

© . X=Cr;Mn, Nb,B, Ta, Ti, V and/or W
15 Y= Bi Ce, Co, Cu, Te, Fe, Li, K, Na, Rb, Be, Mg, Ca, Sr, Ba, Ni, P, Pb,
~ 8b, Sl Sn, Tl and/or U;

the mdlces a, b, ¢, d and e are the gram atom ratios of the corresponding
“elements, where
- a=1, b>0, ¢>0, d =0.05-2, e = 0-3.
.20




tenperature is in the range f @Qt@’S%éQg ,_,613. dkgs R
clained in at |east one of c|?ﬁ§5%~»‘tc{;’z, Yn the 25 FP@S p esgpw
in the reactor is in the range’ from1 to 50 bar. 4, The process

as clainmed in.at 1east one of clains 1 to wher ei n

_____ of, : A p—
0.0001-0.5. 30 5. The process—as_cl ai Fed in at | eastVEDhACEMENT SHEET 1
to 4, wherein Claims “ xed m at least o urther gas, 1n
particul ar nitrogen, ”l"’ i”{?ﬂl[tﬁ"’f car bon di oxi de,{ caroNOVME9PXilde,
Fre TR D]

et hyl ene and/or water ! i i's fed to the Jrgactor.

13 6. The process as clained i*n at | east one qf Trarms—t—te—5;
wherein the catal yst conprises at |east orfe_of the follow n@
conpositions in 1, A process 60 Balachive \Wréparatiyyeai: acetic acid from
Mo[err]Pd[err] Re[err] V] er r"]slltlé‘ﬁ” S%ber r%Ca[ er@(Hr ?h £ ol t

Mo[ err] Pd[ er i} Re[ er r | IpESQ an¢, dhylepe |aedpixtyrps thereot plus oxygen a
Mo[err]Pd[err] Re[err] \éé?/é{dd\'&{rﬁﬁér]aﬁ% 8h'the presence of a catalyst, which
Mo[err]Pd[err]Re[err]V|err] Telerr . .

Mo[ er r] Pd[ er r ] Re[ er r | vpaprised [winglreb the rgasepusrieed into contact with a
Mo[err]OPd[err]Re[err e ; wherein
the selectivity of t h%ﬂgﬁs&%&@h&b@'ﬁféwge (%ﬁgr}]gRe' X and Y'in gram and/ or
et hyl ene to form acet iatoracatibsi sbebe innd¢drpbiaatiemwith baygen

10

Mo Pd,ReXYe - (I

where the symbols X, Y have the following meanings:
X =Cr, Mn, Nb, B, Ta, Ti, V and/or W;

15 Y = Bi, Ce, Co, Cu, Te, Fe, Li, K, Na, Rb, Be, Mg, Ca, Sr, Ba, Ni, P,
Pb, Sb, Si, Sn, Tl and/or U,
the indices a, b, ¢, d and e are the gram atom ratios of the
corresponding elements, where
a=1, b0, ¢>0, d= 0.05-2, e=0-3.

20
2. The process as claimed in claim 1, wherein the reaction
temperature is in the range from 200 to 500°C.
3. The process as claimed in at least one of cldims 1 to 2, wherein the
25 pressure in the reactor is in the range from 1 to 50 batr.
4, The process as claimed in at least one of claims 1 to 3, wherein
b = 0.0001-0.5.
30 5. The process as claimed in at least one of claims 1 to 4, wherein

ethane mixed with at least one further gas, in particular nitrogen,
methane, carbon dioxide, carbon monoxide, ethylene and/or water
vapor, is fed to the reactor.



conversion of >3% 15 7. —TFheprocess as clained in at | east one of

clai'ms' 1 to 6, wher'ein the catalyst is mxed with a support.

" material or is fixe “\m\ﬂn \\“‘\ mat eri al . 8. A
catal yst for the sel “ of ethane and/or ethylene to 20

. formacetic acid, corfpr|5| g the el enent s g Pd, Re, X and Y in
" the gramatomratios a:b:c:d:e in conbination vm'th oxygen

Mo[err] Pd[err] Regerr] ? i ; : ol s
XL Mo ¢ he. fav vt piodsg aloisipetiin at leas one of clgis {1y & et
and/ or W catalystc@Bnpriss, atdeast@ne dfthe Feljowing csmpsitions,inBe, M,
Ca, Sr, Ba, N, Po, Sb, Si, Sn, Tl and/or U
the indices a, b c %P'ﬁh'&ago%wght%gw ‘am atom rati os of the

gogr espondi ng el emantmo1 x\pgé&pig%_,vabozSgo %Cag>o c>0, d = 0.05-2, e
S Moy, oPdg g2Reg 7Vo.7Nbg 2Sbg 1Cag g5
Mo, oPdo.02Re0 5V sNPp 55bg 1
Mo, oPdy.02Re07Vo.sT€0 5
Moy oPdg,gaReg 7V 7NDg 2Sby 1Cag g5
Moy oPdg.02Req W 2V 7NDg 2Sby 4

10

wherein the selectivity of the oxidation reaction of ethane
and/or ethylene to form acetic acid is >75 mol%, at an ethane
conversion of >3%.

15 7. The process as claimed in at least one of claims 1 to 6, wherein the
catalyst is mixed with a support material or is fixed on a support
material.

8. A catalyst for the selective oxidation of ethane and/or ethylene to
20 form acetic acid, comprising the elements Mo, Pd, Re, X and Y in
the gram atom ratios a:b:c:d:e in combination with oxygen
Mo,PdReXsY, ()

where the symbols X, Y have the following meénings:
25 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, Sr, Ba, Ni, P,
Pb, Sb, Si, $n, Tl and/or U; _
the indices a, b, ¢, d and e are the gram atom ratios of the
corresponding elements, where
30 a=1, b>0, ¢>0, d = 0.05-2, e = 0-3.
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