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: Process for the selective preparation of acetic acid and catal ysts which
are 5 suita S purpose The pregent invention

process for tﬁ&&é&ggb?be preparation of azlcetic aci d—by_kgﬁk_ééz%ghase
oxi dation of ethane and/or ethylene in 10 the presence_of a

pal | adi um cont ai ni ng catal yst. The oxi dative dehydrogenati on of ethane to
et hyl ene in t?e%iggase at tenperatures of > 500[err]C is known, for
exanpl e from US- A- 0 346, US-A-4 524 236 and US-A-4 568 790. 15 Thus,

US- A-4 250 346 descri bes the use of a catal yst conposi tion corrprl si ng the
el enent s m)ly enu N the r ¢ far, cognvertin ane into
ot hyl ene, 5658 s hS alectie breparafion of aceilp eft ARl kRS ich &s

Cu, Fe, Ks'\/gsdﬁbbld?orﬁ’ﬂspﬁpposﬂ Sn, Tl and/or Uand a 20 is 1 bis from
0.05 to 1 and c 1S from0'to 2. The total value of c for Co, N and/ or Fe
must here by less than 0.5. The reaction is preferably carried out in the
presence of added water. The disclosed catalysts can |ikew se be used for

t he oxidation of ethane to give acetic acid, with the efficiency of the

conversi on t o Hespresent ireRBon telateetb e2proceds for thb s%lb&ﬁrb@ﬂépérﬁﬂﬁﬁb?' on of
7.5% The abovenenti oned docunents are concerned mainly with

pr epar ati on ofaogtlnﬁctdmey catalyiogasphagse oxidgtien pf eﬂan&randﬂomthubeeue aci d.
30 | for th | ect
pr epapatciO hgcog%'c acl aa P?@arsﬁl Q@ngérﬁtgﬂﬁic%}é&gss mO;t ur gsstehg(r:elo:‘/eusi ng

oxygen in the presence of a catalyst m xture corrprl sing at least A) a
cal cined catalyst of the formula MJer err]V rr]Z[err]

e
where 7 is oncths oxgative dehydroganalian of éthkaet @thw
Ho, Sc, Y. Lateffperflured bf > 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 in the ratio a:b:c for
converting ethane into ethylene, where X is 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 and/or U and a
20 is1,bisfrom 0.05to0 1 and cis from O to 2. The total value of ¢ for Co, Ni
and/or Fe must here by less than 0.5.
The reaction is preferably carried out in the presence of added water. The
disclosed catalysts can likewise be used for the oxidation of ethane to give
acetic acid, with the efficiency of the conversion to acetic acid being about
25 18%, at an ethane conversion of 7.5%.

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

30 Incontrast, EP-B-0 294 845 describes a process for the selective
preparation of acetic acid from ethane, ethylene or mixtures thereof using
oxygen in the presence of a catalyst mixture comprising at least A.) a
calcined catalyst of the formula Mo,V, or Mo,V,Z, , 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,



'2 Ti, Zr, Hf, ThigShespHasPeonReplacedy, g o W | _Te Fe, Co and Ni, and x is
: from0.5to 0.9 | t lllto 0.4 and z i % THIPSHREP R FE-t7 @and B.-) and
et hyl ene hydr at nd/ or et hyl ene oki datiﬁﬂ, ggs)ﬁl .} The second

‘cat al yst conmponent B is, in particular, nol | cataljyst or a

pal | adi um contai_pi xi datjon, caf.al ysi.. he cat al . mxture 5
described is t@eif’ Eﬁ?}oe% 's+¢n/§<§'2l?tb %oﬁﬁr\x}g aieeFﬁaﬁé’,a'ﬁ&bé‘l‘fi St r ogen and
wat er vapor i rQ! h oy t maxi num
el et vty | TOETEE0 O (iiohi'6:118. 0 KRL-LR Hihn 00U {0 By oo ot e
of ethane ar egthylenes hydration catalystzoul/@7ethylentioxidadionrdajalyst. Thetseeondt al yst

I Xt d i bed, ,but t I.nQg. [.ngl t al { t ai.nj th
Conponent s A SAEAYSt SomeRNent By npastiadar amofolir s SHAbEHREE conpr i si ng
et hyl ene and/ allé‘&ighi-éoﬁlﬁlrﬁhg Sxidafion bhﬂll&étﬂllv'ﬁ%nﬁhg cAblySHixiiigr e, et hane

‘and/ or ethylene and a gas conprising nol'ecul ar oxygen I's brought into
contact at el descrbed isysedsand a gastrixture comprising € \ OKygen; dityegen ng t he

el ements A X Y, LS. .her r [ . , Nb, 15
Ta, Ti, V and/a%?%tgﬁgaiﬁﬁ '§%§?3@W°B_bﬁ?'ﬁ§95%‘?-@911@%?3%?%5? Sb, Si,
Sn, Tl and/or pyaxirhien S8ReCTiVif I8 2796 &t dh letifne\borersiohof 7% £THehigh achi eved
when using the catal yst described in the oxidation of ethane to acetic acid

are 78% Furt IFONVeRpigh wies pkethangdiesaecardingda BP 294 84banehiavedanli de and

ccoti o ad s aing B PraeRo te eRBe it ¥ iRind &5y cBRAE T °0,

acetic acid i sontainingdhe componehts ArapgidBce of catal ysts, conprising
pal | adium as a nmetal and heteropol yacids, for exanple tungsten-
vanadi um phosphor us het eropol yaci ds. 25 US- A-4, 298,531 teaches a process

; h ! 5 : ] ; . Ced
out 1 't he. pr do s BrocsssTBF phicRing.a pridhies befBrieihguthisho pAldracoRe ] °7
het er opol yaci dwid iswdescdbedih EP4B40402 091 dHers, ethanaapdfoc ethyléns anda

D e T oenanb PO LN Serd oo e el i hatd o

%?tqa'eﬁ} S és\m itemperattifd With &tdthy8eédnipasition corpriding thBRiEMeARIA MR @hdand
Y. A is here Mo,Re W, X is Cr, Mn, Nb, Ta, Ti, V and/orW and Y is Bi, 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

20  described in the oxidation of ethane to acetic acid are 78%. Further by-
products formed are carbon dioxide, carbon monoxide and ethylene.

However, none of the publications listed above describes the use of a
catalyst comprising the elements palladium and molybdenum for the
25 selective oxidation of ethane and/or ethylene to give acetic acid.
| Furthermore, the selectivities achieved up to now in the prior art for the
oxidation to acetic acid are still not satisfactory.

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

It has now surprisingly been found that use of a catalyst comprising the
elements molybdenum and palladium and one or more elements selected



'prbrmters. However, none of the publications |isted abaove d
: of a catalyst conprising 35 the el enents pa E '

and vanadi um for the sel ective oxidation of ef
acetic acid. Furthernore, many known cat af ysts
het er opol y-aci.ds gnd the sel ectivities achieved up to.nqw in th
for thoe oxi dadiosn thegrup cansiting of chrorojym, maggangss, dickig, jantalu

t herefore an | ' j [Welvh BSssi [ i OWS
et hane and/ or Q@%rﬁglfnégén%@ﬁgié?%lm %I zgaa{bﬁﬁ%%%@mwgﬁg tar'%@ttggx%inér)ler and
wi th high sel esthane apdfoneéthylers undeér elatively mild conditions,dnsa simplé mannest i ¢

id. 51t h . ly. b x hat .0f a,catal yst
Conpr i 5i ng ¢ ok Be ety v ACSH RS T, Prasa: QHe ies SSEBNEM and one
or nore e'@@giraviasé ag:frleéeésrfaﬂﬁ@§esmgféwatﬁﬁ BPaddticcdti@ Woria Manganese,

tantalum titanium t urium and/or tungsten makes It possible to oxidize
et hane and/ or gasepus feed comprisinpathang,ethylede 0d mixitiesithereofplus oxygen npl e

manner with high,sel.e¢ti vi to give aceti.c Ld.. The present..inuention
necordingly pre RS taienbudrd, dhich @rBbites Frloing B BESEGR 5e0H88 | O"aci
from a gaseouscontssl vt ® chRilyd cOhiptidhg heleibmentsOMolPEl Xafd Yhsgrah pl us
oxygen at el evated tenperature, which conprises bringing the gaseous feed
into contact vatem ratiesezd:oskinceompinationwith@xygement s Mo—Pd—X—and—Y in
gram at o datios a:b:c:d in conbination with 15 oxygen

Mo[err]Pd[err] X[err] Y[err] (I') where the synbols }ZhiSShet - Replaged
follow ng neanings: X is one Mo, RERKeY £l emen'g? sel ected fr(’m ” ' H
consisting of: C, M1, Nb, Ta, Ti, V, Te and/or W in part nd
W 20 Y is one or nore elenents selected fromthe group consisting of: B,
Al, Ga, In, Pt , "ﬁ.ﬂ’l : aH‘}%!.Fe, Ru, Gs, K, Rb,
Cs, My, Ca, Srv,\’h%g,th%,y sﬁ%"‘&“ﬁ%"‘%ﬁ%@w‘%ﬁ% ' s'r'1d U in particular
Ca, Sb and Li, Xig ome ohmaore @lementstselected érooathe groupaonisisting ofit Cr, Mn,
15 Nb, Ta, Ti, V, Te and/or W, in particular Nb, V and W;

Y is one or more elements selected from the group consisting of: B, Al, Ga,

In, Pt, Zn, Cd, Bi, Ce, Co, Cu, Rh, Ir, Au, Ag, Fe, Ry, Os, K, Rb, Cs, Mg,

Ca, Sr, Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl and U, in particular Ca, Sb and

Li. B

j bes the use
ni obi um
hylene to give

rior art

20
The indices a, b, ¢ and d are the gram atom ratios of the corresponding
elements, where
a=1,  b>0,¢>0,and d=0-2.

25 If Xand Y are a plurality of different elements, the indices ¢ and d can
likewise assume a plurality of different values.

The present invention further provides a catalyst for the selective
preparation of acetic acid comprising the elements Mo, Pd, X and Y in the
30 gram atom ratios a:b:c:d in combination with oxygen.

The gram atom ratios a:b:c:d are preferably within the following ranges:
a=1; |
b =0.0001 to 0.5;



least Nb and V and that Mo and X are no nenbers selected fromthe groUp
: consisting of heteropoly-acids and their salts. 25 The indices a, b, ¢ and
d are the gramatomratios of the corresppondi ng el enents, where a=1

>0, ¢c>0, and d=0-2. If X and are a plurality of different
el ements, the indices c and d can |ikew se assune a 30 plurality of
different val Gss0-71h® sent invention further provides a catalyst for the

sel ective preaa:[a;f' gn of acetic acid conprising the elenments Mb, Pd, X and
Y in the gramatomratios a:b:c:d in conbination with oxygen. 35 The gram
atomratios a:b:c:d are preferably wwthin the following ranges: a = 1; b =
0.0001 to 0.5; 4 c¢c =0.1-1 0 and -1..0. Palladiymcontents in.th
catalyst uhi ciPalagiugt onteRiain o Gatalyshihich azs pbdve 1 Ggperibhit speihied
formationgf gréMeks MeXomation of BErbdhh6kae I tHeSrdcB¥S Bt HXinvBkfidier mor e,
hi gher palladium contents are generally also avol ded because they make the
cat al yst unnefesthannbre, higharpaliadiuom contents arer generdlly plablaveided cont ent s

cat al'yst - used beEatss ey maRS e pRlaR Bhefr e ErmPsR CPLEE HB8 onl y ¢ he
el ements nol ymﬁaypwumaddm@msrﬂémw tive Amitirgaiie! Bpedified favdr ettiyleneny and
calciumin conbination with oxygen. The gramatomratios
formation. T
10
The catalyst used according to the invention preferably comprises not only
the elements molybdenum and palladium but also vanadium, niobium, -
antimony and calcium in combination with oxygen. The gram atom ratios
a:b:c':cd":d? of the elements Mo:Pd:V:Nb:Sb:Ca are preferably as follows:
15 a(Mo) =1; ' |
b (Pd) = 0.0001-0.5, in particular 0.0001-0.05;
ct' (V) =0.1-1.0;
¢ (Nb) = 0.1-0.5;
d' (Sb) = 0-0.5;
20 d?*(Ca) = 0-0.2.

Examples of such catalyst compositions which are 'preferably used in the
process of the invention are:
MO 66Vo.25NBo.12Pd 0.0005
25 Mo, 0Vo25NDy 12Pd5 000
Mo, 60Vo.25Nbyg 12P o 0008
M0, 00V0.36NDo 035D4,01C0.01Pd 60005
MO0 00Vo.50NDo.15T€0.2P o 0002 |
M0, 60V0.25NDo sWo 2P do.0008
30 Mo, 45Vo.25Nb 5Sby ,Pdy 0004

The catalysts used according to the invention can be prepared by
conventional methods. These start out from a slurry, in particular an
aqueous solution, comprising the individual starting co_mponénts of the



a:b:c[err]:c[err]:d[err]:d[err] of the el ements Mb: Pd:V: Nb: Sb: Ca are

“preferably as follows: 15 a( Mb) =1; b (Pd) = 0.0001-0.5, in
particul ar 0.0001-0.05; c[err](V) =0..1-1.0; c[err] (Nb) = 0.1-0.5;
dlerr] (Sh) = 0-0.5; 20 dierr] (Ca) = 0-0. 2. Exanples of such

L4 bl d h f th
nvent on ar o: SlBvaNe Y AERTRFe MiTReF rdpordans. " {1C Process of The

Mo[err]V[err]No[err]Pd[err] Mo[err]V[err]No[err]Pd[err]
Mo[err]V[err] err]Sb[err]Cajerr] Pd[err]
Mo[err]V[err] Nii'lerstqmagénatpna sdor }he\hpmdqal/pemehtsm]tﬂéqureﬂ»ﬂdtlen of 30

nvent | on' can 11 EeiVaH B HeGhion, 2180 AR ok o Xt Setirab waiers  om

slurry, inspar solublesulistancassuch 4©afmeHIumCeiiR! hitiaiés tshuﬁaLé%dn&hG’é@'
starting corrponents of the 5 el enents in accordance Wt elrr

proportions. TRYdroxidesiand saltsof %rggmpcacldmwhwhcnan lriconvartesbintonthe i n t he

reparation of art fromthe oxides,
Br e? erably wat g{)ﬁ@gﬁ@ﬁd’?ﬁoq aglldgE yﬁgﬁdéﬁ§e?5§@3ﬁﬁé§°ﬁ}%&ﬁmﬁmagaﬁ?e nitrates,
sul fates, hal i selstiohy dr suspErsionglofthbimetal saltgary ﬁre@ﬁféiﬁaﬁ@hﬁ?e&a“ be
converted into the corresponding oxides by heating. To mx the conponents,

aqueous sol utions or suspensions of the nmetal salts are prepared and m xed.
10 Inthe case of molybdenum, it is advisable to use the corresponding

‘molybdates e.g. ammonium molybdate, as startlng compounds because of
their commercial availability.

Suitable palladium compounds are, for example, palladium(lf) chioride,
15 palladium(ll) sulfate, tetramminepalladium(ll) nitrate, palladium(ll) nitrate
and also palladium(ll) acetylacetonate.

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

20  remaining catalyst is dried at a temperature of from 50 to 150°C, in
particular from 80 to 120°C.

If the catalyst obtained is subsequently subjected to a calcination process,
it is advisable to calcine the dried and pulverized catalyst at a temperature

25 inthe range from 100°C to 800°C, in particular from 200 to 500°C, in the
presence of nitrogen, oxygen or an oxygen-contalnlng gas. The duration is
from 2 to 24 hours.

The catalyst can be used without a support material or be mixed with an
30  appropriate support material or applied thereto.

Suitable subport materials are the customary materials such as porous
silicon dioxide, ignited silicon dioxide, kieselguhr, silica gel, porous or
nonporous aluminum oxide, titanium dioxide, zirconium dioxide, thorium



10 In the case of nolybdenum it is advisable to use the correspondi ng
- nol ybdates e.g. ammoni um nol ybdate, as starting conpounds because of their
comrercial availability. Suitable palladi gm conmpounds are, for exanple,
pal ladium(11) chloride, palladiun(ll)sulf&te,tetramm nepalladi un(l I)

nitrate, palladlu itrate d al so palladju ace acetonate. The
reaction nixt (igXi ﬁt%’f‘ ym oxige, magnesgam gxi EHCQQ" JP%SPEPF]@" & from
5 mnutes to Sy rhpm [ g I

remai ni ng cat glf yst | Schl a’?aea z?%(?rpagragtgﬁgh ?S(u?r om gg ntﬁgd?‘s%?or r]C, in
particul ar frccarbitle; boidtOpkosphate, Izﬁrcbhmmphasmmtepahmmum snhcate}:mlmprent |y
subjected to a Cln I on | S adVIS 0 cal ne the dried
and pul ver i zed"ﬁ’!ﬁi%‘?ry% C%C%LF%%%HF Qiserr@ eshes ma Ifgqtl %ﬁ{ err]C to
800C, in pgrt 'meIaaroxIde%rBr?wﬁQtawoﬁ@éﬁéngdn@m d fhohBfitha! esence of ni trogen,

oxygen or an oxygen-contai ning gas duration i1s from2 to 24 hours. The
catal yst can be used wi thout a support material or be nixed with an 30

i at Lal . lied t h t t I
P Phe oust orofifbirad Bipho® maleriaRHeyh'a HITGE Rion St IpSE MR B ffa. 6 e | oo
di oxi de, Ki esepgtéired 8upp6rt niftbriald@ire \¢flicoh dieXige aﬂu%lmhmnm wiideidling
titaniumdi oxi de, zirconium dioxide, thorium 6 di oxi de, |ant hanum oxi de,

magnesi um oxi d@ low gpecifiersurfaee arem rihesatalyst.can,iaftes,shaping: beiused@soxi de,

21 ¥ cont um Bnos SRy dtimeBalaRY by stregt i8Ry o e i p Bt IR C.r i e,
but al so rreshehemmgmﬁouglmumecm%ﬁl bers, 5 netal oxides or netals or’

correspondi ng nonoliths. Preferred support materials have a surface area of
| ess than 100 nferr]/g.

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. The proportion of water vapor
can be in the range from 0 to 50% by volume. Higher water vapor |
concentrations would make the work-up of the resulting aqueous acetic

25 acid unnecessarily more expensive for technical process reasons. The
ratio of ethane/ethylene to oxygen is advantageously in the range between
1:1 and 10:1, preferably 2:1 and 8:1. Relatively high oxygen contents are
preferred, since the achievable ethane conversion and thus the yield of
acetic acid is higher. Preference is given to adding oxygen or the gas

30 containing molecular oxygen in a concentration range outside the explosive
limits under reaction conditions, since this simplifies the carrying out of the
process. However, it is also possible to set the ethane/ethylene to oxygen
ratio within the explosive limits.



Preferred support materials are silicon dioxide and al um num oxi de having a
-l ow specific surface area. The catal yst can, after shaping, be used as a 10
regularly or irregularly shaped support dy or else in powder formas a
het er ogeneous oxi dation catal yst. The reaction can be carried out in a

fluidized bedor in a fixed-bed reactor. For use in | ui di zed, bed, the
catal yet i miedgacionlsisariod out &f faheratites efwedh, 200 iR o 200
[err]m The g?f@@w%%sinzamueesc?m@pﬁe@ gan Y uthRABhBRE 6P are fed to
the reactor as pure gases or In admxture wth one or nofe other gases.

Sui t abl e addi tsupetdtmospberic,ieg. indbe sange batweanyband g bar prafecably trom

ni trogen, 20 rrg,#rﬁne, carbon nonoxi de, carbon dioxide, air and/or water
vapor. The gaé't? Phi ng nol ecul ar oxygen can be air or a gas containing
more or | s nol ecul ar oxygen than air, e.g. oxygen. The proportion of

wat er vapor can be in the range fromO0 to 50% by vol ume. Hi gher water vapor
concent r at i ondhgoglagtiom kan bescaxded oupina fixed-bed arifiuidized-hed seactatet i ¢ 25

of et hanes ot nyldvaltddolef, BiES S s ohHl e HocESPa REE7 BB MR | T a0
10: 1, pref er aldrwatedvapot bifdre digigehiorehy gasdontainingmeledtlanbygareis
preferred, since_the achi evabl e ethane conversi on and thus the yield of

acetic acid i lsfeﬂirwé}a mixegkgasasare;pretarakly preheatad A9 thaieachioBr the gas 30
i s uniPar RS8P Broiibafing 2808 Hele 8 TRty i biGUAHTSTH 0T V0,
the process. dontactwith theicatalysto Agetic abidds separdted fremetheagas leakingshe to

oxygen ratio within the explaosive limts., 7 The reactjon,is carried out
at Lenper at ur d8a6ier RUEANSehsatian. Jhe emaiaing gases Ate recculated o the,

400[err] C. TheeREfR? MISEWRENS B3§/g8h BrTRE §ak toftfaining molecular oxygen plus

ethane and/or ethylene are metered in.

15
Comparison of the catalysts of the invention with those known from the
prior art shows that under identical reaction conditions (reaction input gas,
pressure, residence time in the reactor) but at significantly lower
temperatures the present catalysts even achieve higher acetic acid

20 selectivities (Table 1; Ex. 3 (according to the invention): acetic acid
selectivity = 77%; Ex. 13 (EP-0 407 091): acetic acid selectivity = 60%). In
cdmparison with the catalyst composition described in US-A-4 250 346, the
selectivity of the reaction to acetic acid can be increased tremendously by
means of the catalysts of the invention even under lower reaction

25  pressures, temperatures and residence times (cf. Ex. 1 (according to the
invention): T = 250°C, p= 7 bar, residence time = 14s, acetié acid
selectivity = 84%; Ex.12 (US-A-4 250 346): T=280°C, p= 15 bar, residence
time = 30s, acetic acid selectivity = 32%).

30 Likewise, the space-time yields can be greatly increased by means of the
present catalysts (T able 1). Space-time yields represent the amount of
acetic acid produced per unit time and unit catalyst volume. Higher space-
time yields are desirable since this enables the size of the reactors and
also the amount of circulated gas to be reduced.



'super at nospheric, e.g. in the range between 1 and 50 bar, preferably from1l

- to 30 bar. 5 The reaction can be carried out in a fixed-bed or

fluidi zed-bed reactor. Advantageously, ethane is first mxed with the inert
gases such as nitrogen or water vapor befdre oxygen or the gas cont ai ni ng

et on 10" Ve hsiris thelatallsh SABE invHINIGH  fersdlblvRy iR tie Balon o6 &
brought into %ﬁéanw&@tﬁw@h&ﬁi aééﬂbtacmse;'e@ A6, m@féﬁegrﬁvs@néuwm t he

gas | eaving the reactor by ‘condensati on. & remal ning gas are

recircul at ed tin particularae 80 malg, atamaxhanengagwsmn théegapre&embbﬁ »bfig

nol ecul ar oxygen plus et or et hyl.ene netere 15 Co ari son
of the cat al y 38 BaBicare B e ich T pOmPEHSOL WehdDR PG Art e RSB B 1 shovs
that underg i depg 'umnnbﬁ%wabms &P iérdaseih the 60k aBid ;péwdk 16 B2 adMiéVer €,
residence tine in reactor) but at significantl ower tenperatures the
present cat al ysmsump&mnmneewnlmsgnukamshcraducmme fommatian of/i ti es (Tabl e
1; Ex. 3 (accordjn t ention): acetic acid selectivity = 77% Ex.
13 (EP-0 407 %g%y&ogu% selectivity = 60% . In conparison with the
catal yst conposi t| on described in US-A-4 250 346, the selectivity of the
reaction to acetic acid can be increased trenendously by neans of the

cat al ysts of tE¥ampIe8nt i on even under |ower reaction 25 pressures,

t enper at (%s and residence tinmes (cf. Ex. 1 (according to the inventi on): T
= 250[erﬁ p= 7 bar, residence time -= 14s, acetic acid selectivity = 84%
Ex. 12 (US-A-4 'Bfé)cétéﬁ/)st cdmpositibn rspbfiﬂeﬂ#n e bnamﬁresis diverdintrelative atém,
acetic acid selectivity = 32%. 30 Li kew se e space-tinme yields can be
greatly i ncr ed@l@S-by neans of the present catal ysts (Table 1). Space-tine
yi el ds represent the amount of acetic acid produced per unit tine and unit

catal yst volune. Hi gher space- tine yields are desirable since this enables
the size of tHeatabst preparatich:

15
Catalyst (I):
A catalyst having the following composition was prepared:
M0, 00V o.2sNDy,12Pd 6,000
20
Solution 1:

10.22 g of ammonium metavanadate in 250 mi of water.

Solution 2:
25 61.75 g of ammonium molybdate and 0.039 g of palladium acetate in
200 mi of water.

Solution 3:
27.51 g of niobium oxalate in 25 mi of water.

30
The solutions are stirred separately at 90°C for 15 minutes. The third
solution is then added to the first. The combined mixtures are stirred at
90°C for 15 minutes before the second is added. The resulting mixture is
stirred at 90°C for 15 minutes. The water is subsequently removed on a



al so the anount of circulated gas to be reduced. 8 When using the
- catalyst of the invention, the selectivity in the oxidation of ethane
and/or ethylene to acetic acid is > 60 nmoL% preferably [err]75 nol% in
particular > 80 nol % at an ethane conver8ion of >4% preferably > 5% in

i cul 0 h ' ' | he .pri . bh f
5™ the | nventhahPIEietLe ik ERe s aRRd: Fiise BrBY 810" ovbrToR, THE™" °
achi eved in a salidiseriSHEE(sieVe fraction0!3520 N5 bid 'seBY6quhtiy GaléiAedT | on of

si
undesired by-products. Exanples 10 The catal yst conposition specified in
t he exanpl es istatjc airrati490° 6l far Ahouss.cthe catalyst isthenisjemedingsderio ehtaini 5

Catal yst (I): A _cataglyst II]iain foll,ow ng conposition was prepared:. -
Mo[err]V[err] I\ﬁf’servP]aff%‘\[i'gp e\{‘ﬁ’ﬁg%ﬁ% P'B‘H‘f.“"&o. 22 g of anmoni um et avanadat e
in 250 mM gf water. Solution 2: 25 61. 75 g of amoni um nol ybdat e and

0.039 g of palladiumacetate in 200 mM of water. Solution 3: 27.51 g of
“ni obi um oxal at@atalyst{llii of water. 30

A catalyst having the following composition was prepared:
10 Moy,00Vo25NDy.12Pd 0.0004

The preparation was carried out as desctibed in Catalyst Example (1)
except that 0.031 g instead of 0.039 g of palladium acetate was used.

15  Catalyst (lll):
A catalyst having the following composition was prepared:

MO, 00V0.26ND002S5D0.01C80.01Pd 0,005
- 20
Solution 1:
20.0 g of ammonium molybdate in 100 mi of water

Solution 2: _
25 4.8 g of ammonium metavanadate in 100 ml of water.

Solution 3:
2.6 g of niobium oxalate, 0.48 g of antimony oxalate, 0.34 g of calcium
nitrate in 50 mi of water.
30 |
Solution 4:
0.013 g of palladium acetate in 50 ml of acetone.

The solutions 1 to 3 are stirred separatély at 70°C for 15 minutes. The third



The solutions are stirred separately at 90[err]C for 15 minutes. The third
- solution is then added to the first. The conbined m xtures are stirred at
90[err]C for 15 m nutes before the secona i s added. The resulting m xture
is stirred at 90[err]C for 15 mnutes. T O vater is subsequent|ly renoved on

a 9 hot plate untjil. a thic ste is nmed. Thig is dried at 120[err]C
overnignt. Theodsiansitadn pddad S e serond. Thecoimbiged svstureg a inedat ° '
subsequent |y cgl-gi fop s'minﬁi%bé’fo?é fhe??aré%#&ﬁ&b?héﬂtsg“SB%b@ABi he cat al yst

is then sieved In order to obtain a Sieve fraction t ween and 1 mm 5
Cat al yst (1) :subsequentiysaddad thegetoh #he sesulting gixtung issstirrethat 23’ Cofoeddr ed: 10

' Cat al yst | BAARES: (e EaleligoremBTe 1 SUpRRTHETEY svagoraed FRiskBRal | ad um
-acetate way Uusiflil athick g@%&@iswéhnéa.' This j€\dfed at X20°0 dveighthThé bli@wd ng
d: M| Pd[ wee] 20

conposi tion was prepar err]Vierr]No[err]|Sb[err]CaJerr]
Sol ution 1: 2@roshed(sievenfsaction: @35-2dam) and subsequently oaicined dostaticair 2: 25

i obtum oxal actt S09%BY 8 HRUE el e 8Belle P ES ig el htdm AsBr, o 1
50 m of wat erfraglion between 0.35 and 0.7 mm. - '
10  Comparative examples

Catalyst (IV):

For comparison, a catalyst corresponding to US 4,250,346 having the
15 following composition was prepared:

Mo, 65V.25NDg 12

The preparation was carried out as described in Catalyst Example (1)
20 except that no palladium acetate was used.

Catalyst (V):

For comparison, a catalyst corresponding to EP 0 407 091 having the
25 following composition was prepared:

MOg 570R€ 0.248V0.256ND0.070SD 0.030C80.010
Solution 1:
30 10.0 g of ammonium perrhenate and 9.7 g of ammonium molybdate in

50 ml of water.

Solution 2: |
4.5 g of ammonium metavanadate in 50 ml of water.



‘Solution 4: 0.013 g of palladiumacetate in 50 m of acetone. The solutions
-1to 3 are stirred separately at 70[err]C for 15 mnutes. The third 10

solution is then added to the second. TheHFonbined m xtures are stirred at
70[err]C for 15 mnutes before they are added to the first. Solution 4 is
subsequent |y nggﬁ t hereto. The resulting mxture is stirred at 70[err]C
for 15 mi nut esPO¥H@N®at er/ acet one mixture is subsequent |y evaporated

quickly 5 unglg 8f hiBbitin BR&laf, 11534 grdﬂyﬁtimﬂng%xa‘-fatér 0 BB Gbf daliums 1 C
overnight. The solid is crushed (sievVe fraction: 0.35-2 nn) and
subsequent | y cuitratenisdl 8hmbobwaterai r at 300[err]C for 5 hours. The catal yst
Is then sieved in order to obtain a sieve fraction between 0.35 and 0.7 nm
10 Conpar ati ve exanpl es Catal yst (1V): For conparison, a catalyst

correspondgng TRedéSsdlufions arbstirred Sapdrarely bt 70 TC fowi 5 thig@8BOThé tHiRd Was
prepared: Mferr]Vierr]Nb[err] The preparation was carried out as descri bed

in Catal yst Exsoiglien {sithen@ddediedie seeend.nhecombimedmidures ase atiged gbd.
navi g the 25 705 B fcs bBichd ey ale SRISERARE HEE ThE reuing®” ©%1
Mo[ er r] Re[ er r ] ivixture idtefirred]abi7ioeCribEas einliteSoThbiveated is sibsequiéntly g of
gm{] : (‘jﬂ" Fz)?r r hserr]r?ct)\?eda <r>]r(1]I a% p?aitgfunztaiinf;ﬂt)l'rlllIc:ll<J rgagtoel i%l%gﬁrtlgd.lfhig ?s g;ieé) Lt }IAg(tPeé '
10  ovemight. The solid is crushed (sieve fraction: 0.35-2 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.

Method of catalyst testing

15
A steel reactor having an internal diameter of 10 mm was charged with
10 mi of the catalyst. The catalyst was heated to 250°C under a stream of
air. The pressure was subsequently set by means of an admission
pressure regulator. The desired ethane: oxygen: nitrogen mixture was

20  metered together with water into a vaporizer zone where water was
vaporized and mixed with the gases. The reaction temperature was
measured using a thermocouple in the catalyst bed. The reaction gas was'
analyzed on-line by gas chromatography.

25
In the examples, the following terms are defined as:

ethane conversion (%) =
100x([COY2+[CO,)/2+[C,H J+[CH;COOH]/([COY/,+[CO,1/2+[C,H J+[C,Hg]+
30 [CH,COOH])

Ethylene selectivity (%) =
100x([C,H)/([COYV +[CO.)/2+][C,H J+[CH;COOH])



4.5 g of ammoni um netavanadate in 50 M of water. Solution 3: 6.5 g of
-ni obi um oxal ate, 1.34 g of antinony oxalate, 0.58 g of calciumnitrate in
180 m of water. 5 These solutions are irred separately at 70[err]C for
15 m nutes. The third solution is then added to the second. The conbi ned

m xtures are SAbéﬁ@dciatseYéHtﬁﬂ”%)f.-.or 15 m nutes before they are added to
the first. The resulting m xture'is stirred at 70[err]C for 15 m nutes. The

wat er i s subsedXICH,CORMNICOY, #[C0/2:[C;H,]+[OH,COOH]i ck paste is formed.
This is dried #he O[err]C 10 ovemght. The solid is crushed (sieve
fraction: 0.35- and subsequently calcined in static air at 300[err]C
for 5 hours. The]<ebateittationstineiolsd &¥gd I n order to obtain a sieve
fraction between 0.35 and 1 nm Method of catalyst testing 15 A steel

react or ha®i nglGisl mceneentrationefitbe ureadedethans.charged with 10 ml of the
catal yst. The catal yst was heated to 250[err] C under a streamof air. The
pressure was subsequently set by nmeans of an adm ssion pressure regul ator.
The desired et Theeesidengetimeris defiged agi xture was 20 netered together with

water into a vapogi er, zgne where water was vaporized and mxed with the
gases. The reab®bm me i the\gatalyst {m)dvolume dlow efitbegasdbroughi thet he
cat al yst bed. H&t ﬂ?%e‘d%}] rd i ne by gas chromat ography.
25 In the exanp es‘? the fo ﬂ%vs\rje\#gﬁ?rggﬁhsa'g§§s§@#)hed as: et hane conversion
(9 = 10  Reaction procedure:

100x([CO/2+[COerr]/2+[(err]Herr]]+[CHerr]COOH )/ ([CO/2+[CTerr]/ 2+ ]
err]Herr]]+[err]Herr]]+ 30 [CH err] COCH])

The feed gas to the reactor consisted of 40% by volume of ethane, 8% by

volume of oxygen, 32% by volume of nitrogen and 20% by volume of water

vapor. The reaction conditions and results are summarized in the following
15  table. |



Et hyl ene sel ectivit

“100x([Cferr]Herr])

Acetic acid selecti

100x([CH err]
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conditions and r
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| Merr]Vierr]Nb[err]Pd[err]) and Il _

( rr]Vierr]No[err]Sb[err]Ca[err]Pd[err]) glve 5 hi gher space-tine
yields in conparison with the catalysts I?( (Mo[err]V[err]Nb[err] = US-A-4
250 346) and V (Mo[err]Re[err]V[err] Nb[er be[err]Ca[err] = EP-0 407 091).

order to test CommeRBHwi e Gmpaiatle oaldbs iy fBeVifne tleltsdns o) ana
(V) were inst alahddlll)radhiWeréigﬁih@énthﬁ@ﬁééléé!ﬂnﬁéEto%ﬂ'&%&a( foRgt i on

condi tions: 280[err] C, 15 bar, 30 seconds residence tine, conposition of

the reaction gi@mpe uwscam)reaﬁ&tw@press@lreq;&@talym lt(i(MB,o\é,zgl‘&meI%do\wag) t aken

was anal yzed anaidiedeebBryPtie) Bt L0V Vet o aTsotctne hame e

catal ysts & e higlmrspdcemm&?lefdsl |hwmris@h|vﬁth thetderalystsly  Catal yst

(
e
|

El enment |t|on bet ore Conposi after reaction

reaction for 1 Beae 5rHSeA-4 250 346) W%W‘% oﬁ%mvovigbo?:s%h&scaoos

38.0 = 23.9

25.5 EP‘bg%. 68ﬁl1b)' 7.0 _ 8.0 25

Sb 3.7 4.1 Ca 1.7 18 2.0
. 2. - 72.6. V¥

(1;3) 2 30 Mo Comparatlme;per?ments on gyeﬁhennantabMty of thegatalysts

0.4 10 0.4 After only 100 hours of operation, catalyst (V) has

| ost 44.4% of the original rhenium In contrast, the fresh and used
catalyst (1) himordes teiest the thermal stability of the catalysts, the catalysts () and (V)

were installed in the reactor and operated for 100 hours (reaction
conditions: 280°C, 15 bar, 30 seconds residence time, composition of the
* reaction gas: see above). After the operating time, a sample was taken in
15  each case from the start of the catalyst bed and the composition was
analyzed quantitatively. The compositions of the used and unused
catalysts are compared in the following table. '

Table 2:
20 Catalyst Element Composition before | Composition after
reaction reaction for 100 hours
g (atom %) (atom %)

(V) Mo [38.0 44.0

Re 23.9 13.3

Vv 25.5 28.6
- Nb 7.0 8.0
25 Sb 3.7 4.1
: |Ca 1.7 2.0

() Mo ' 72.7 72.6

Vv 18.2 18.2
30 Nb 8.7 8.9
Pd 0.4 0.4

After only 100 hours of operation, catalyst (V) has lost 44.4% of the original
rhenium. In contrast, the fresh and used catalyst () has the same
composition.



15.CLAI M5 1. A process for the selective preparation of acetic acid from
a gaseous feed conprising ethane, ethylene or m xtures thereof pI us oxygen
at 5 e enperature, whi ch conprises brin th aseous
f-eed into cont A’@b #bﬁghécat al yst conprisilRg the el er pent EQV& 93’0 809nd v
in gramatomrgtios a:b:c:d in conbination wth oxygen
I\/b[err]de[err]%lf'@?sr]Y[err] (1) 10 where the synbols X and

Y have the follow ng neanings: X is one or @§$‘_§§ ES %Eﬂil\? 'ted fromthe
Y : o
R

group consisting of Cr, M1, Nb, Ta, Ti, V, 71 S one or nore
el enents sel ect ed fromthe group consisting of B Pt, Zn, Cd,

Bi, Ce, Co, Rh, Cu, Ag, ,Au, Fe, Ru, Os, ) . 15 My, Ca,
Sr, Ba, zr, Hf .- N| rqsﬁgsfﬂf thgiselgﬁve-nrem{gflgn °?ﬁ§e€'¢1§9léé!’>°"ﬂa b, ¢, d and

5, e the. g am 2 Origashas il LAfpRBR RN MIBRE BE R ifodt i 0 >
least Nb and V and toxygen/at elwaté&hempmatwemhlshmhipﬂsed b?ﬁhglng the from

ho cla ned 1ol ai mORSeONE ISRt ERGH WA Bcatalvel caapiogo Bie elemamies.
where, if desired, W Pcmckaﬁa\c.rf)ggnﬂammsﬂhbf@aﬁﬂéomsmanfvﬂfh

different elenents. 25 3 cess as clained 1n at | east one of
clainms 1 and 2, whePXy@eRhe tenperature is in the range from 200 to

500[err] C 04 The process as clained in at |east one of clains 1 to 3,
wherein the 30 pressure in the reactor is in the range from1l to
50 bar. Mo, Pd. X.Y, ()

where the symbols X and Y have the following meanings:
X is one or more elements selected from the group'consisting of Cr,
15 Mn, Nb, Ta, Ti, V, Te and 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, K,
Rb, Cs, Mg, Ca, Sr, Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl and U;
the indices a, b, ¢, d and x are the gram atom ratios of the
20 corresponding elements, where
a=1; b>0; ¢>0; and d= 0.05-2.

2. The process as claimed in claim 1, wherein X and/or Y are a
plurality of elements, where, if desired, the indices ¢ and d assume
25 different values for different elements.
- 8. The process as claimed in at least one of claims 1 and 2, wherein

the temperature is in the range from 200 to 500°C.

30 4. The process as claimed in at least one of claims 1 to 3, wherein the
pressure in the reactor is in the range from 1 to 50 bar.

5. The process as claimed in at least one of claims 1to 4, whereinb is

in the range from 0.0001 to 0.5. This Sheet Has Been R r

LT - /M




‘in the range from0.0001 to O.5. 16 6. T15H l':‘[a“si ) c"l aipred in at
| east one of clainms 1 to 5, vvherel n ethanggm x¢d w ast e further
gas is feed to the reactor. 7. The process as clalrred in claimb®,

wherein the fugt her;l'géﬁzrdl OXI%%cl'aﬁn d jn at least ?né‘bf Eiaihs 1 tB’WQﬁ%reiPiEt hane,

car bon nonoxi de, ene and/or “water vapor

process as clai ned ethane mixadtwitmat Iehstbm furtHertgasis fenhwtherreabtbr.cat aI yst
conprises at |east one of the follow ng conmpositions in 10

conbi nation with oxygen: Mjf[err]V[err]No[err]Pd [err]

Mo[ err] V[ err] Ny err rRé[sbédsg'ed él'éir}nycflﬁ[élb l65 Wheksth@hé kurliver gas fed in is
Ml[err]Vierr]No[err] Sb[err]Ca[err]
Mo[ err] V[ e®Br] Nb[ er r piteigen; prygas, methane, ¢aropa mondiide, Gavipen dioRitiesr r |

Mo[err]V[err]No[err The process as clained in at
I e!':iSt Lne of clai mgmeﬁ{‘%%‘"%tﬁ[&i‘lr{‘?ﬁl?&’"zo catalyst is mxed with

a support nmaterial or is fixed on a support material. 10. The process as
clained in at |east_one of claing, 1 to 9, wherein the selectivity of the
oxi dati on reacB on TTHesuecess agclaimed jreat Ipastoneof elains A4ad, séherein the

conversion of [err] Lon of
et hane, ethyl ene oréarﬁ Xs&;:grsn;ﬁﬁéréteagp%i gégoxﬁ@ﬁm#%ﬁiipﬁéﬁ@ﬁé Ml enent s
Mo, Pd, X18nd Y in combinationawithroxydenes a: b:c:d in conbination with oxygen
MO,.00V0.25NDy.12Pd 60005
MO,.00V0.25NDy.12P o 0004

MO, 46V 6.25NDg.1oP B 0003 / :

. ecen RS laced
MO, 00V0.26ND5.03SD0.61C80.01Pd 0,005 Th s \ ‘
15 M0,,60V0.50NDPo.15 T€5.2P o, 0002

M0, 00V0.26NDo s W 2P dg 0003
M0;4.60V0.25NP5 3Sbg 1 Pdo 6004

5. The process as clained in at |east one of—ttai rrs*l"[ Eerei nbis

9. The process as claimed in at least one of claims 1 to 8, wherein the
20 catalyst is mixed with a support material or is fixed 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 to acetic acid is > 60%, at an
25 ethane conversion of > 4%.

11. A catalyst for the selective oxidation of ethane, ethylene or mixtures
thereof plus oxygen, comprising the elements Mo, Pd, X and Y in
the gram atom ratios a:b:c:d in combination with oxygen

30
Mo, Pd XY, (1)

where the symbols X and Y have the following meanings:
X is one or more elements selected from the group consisting of Cr,

LW W




30 : Mo[err]Pd[err] X[err] Y[err] (I') where the
synbol s X and Y have the follow ng neani ngs: X is one or nore elenents

sel ected fromthe group consisting of Cr {¥h Nb, T 17 Y is
one or nore el enents selected fromthe group coﬂﬁlﬁ SHEETOHAB BEEN,| Ga, In,

Pt, Zn, Cd, Bi, OeMﬁoNbR'TanVQﬂ'dW@ Au, Fe, |Ru, QREPLKCEIRD, Cs| My, Ca,
Sr, Ba, Zr, Hf, B Ph &b’ S s Tl and U—TheThorces—a—b c. d and

X are the gram at onY naone:ormoreralements selected from lthnsgmu}h c@susmlgmftB; wher e

a=1 b>0;, c >0 h r at yst

contains at |east I\ﬁI %tn%nt ﬁ%’r Bllﬂfg%réo’iqﬁ'rl '&%rf&‘é- g%‘l'éi? from

the group consisti anPCsDMg?O%PS’r}’Bé‘,CZr?Hf,aNF} F, P, erS,@h, Sn, TraRe\GEVENT SHEET
5 the indices a, b, ¢, d and x are the gram atom ratios of the

corresponding elements, where
a=1; b>0; ¢>0; and d= 0.05-2.
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