WO 03/ 033138 PCT/ GB02/ 04018 ETHANE OXI DATI ON CATALYST AND PROCESS UTI LI SI NG
THE CATALYST The present invention relates to a catalyst for the selective
oxi dat i orwofo3msihiame to acetic acid and/or for the sel ectiwyeTawsodatiien of
ethylene to acetic acid, and to a process for the production of acetic
acid utilising the aforesaid catal yst. Catal ysts conprising nol ybdenum
vanadi um and ni obiumin conbination with 5 oxygen for use in processes for
the production of acetic acid by the oxidation of ethane and ethylene are
known in the art from for exanple, US 4,250,346, EP-A-1043064, WD

99/ 20592 and DE 196 30 832. US Patent No. 4,250, 346 di scl oses the oxidative
dehydrogenati on of ethane to ethylene in a gas phase reaction at
relatively high levels of conversion, selectivity and 10 productivity to
ethylene at a tenperature of |ess than about 550C using as a catal yst a
conposition conprising the el enents nolybdenum X and Y in the ratio
MoaXbYc wherein Xis C, M, No, Ta, Ti, V and/or W and preferably M,

Nbo, V and/or W Yis Bi, Ce, Co, Cu, Fe, K My, Ni, P, Pb, Sb, Si, Sri, TI
and/or U, and preferably Sb, Ce and/or U ais 1, bis 0.05to 1.0 and ¢
is Oto 2, and preferably 0.05 to 1.0, with the 15 proviso that the total
value of ¢ for Co, Ni and/or Fe is less than 0.5. WD 99/20592 relates to a
met hod of sel ectively producing acetlc acid from ethane, ethylene or

m Xt ures Q t he presence of a

cat al yst bﬁ@i&% Sﬂggggﬂgibﬁgébﬁ§§évera
%‘; Clr A Ngt Elb Th-erﬁresa_dtqn\)éntla_ﬁr@ﬁ@s Wa c\{ite{lfd? "f&%ﬁ@%gec‘?ﬁ% oQElaﬁSIY &f &%Er%f toB: Al
Cs, ’ |\/g’ CagetSra,cuBaxd/mkfpr thr: ,seletl,veMx;daBpn of—"brhylee teBicetiSacid, Tzindetnd plrbc&mj a= 1
b= 0 0001 t.0 and.d = Ger man pat ent

appl i cat i 6% t%ﬁ T@gc%ﬁl ‘% et}fl aci‘%\l g g agargs]ahqt ‘Faé%ly%at alyst 1 WD 03/033138
PCT/ GB02/.040 18C@1 Q5 65?{3 g}né{\f@b@éﬁm’ﬁh v&nadhm? afd nio®ivin th &Hﬁblﬁlatronqlerﬂp 2.
Preferably, a =1, b . 1 to 1. Candd=0to 1.

catal y8ts OBy erfoRUSAIN chﬁﬁﬁgsﬁﬂeﬁmwcﬁg@m@%lwa@@w @emeiappeséﬁhmleof

ot dat | on °By Bk SR EE00A R REHERER, R PRt s SR R B 1 B

oxi dat i on wd gem)jspga@dm ®eeigz2aci d which conprises in conbination with

oxygen the el enents mol ybdenum vanadi um ni obi um
US Patent No. 4,250,346 discloses the oxidative dehydrogenation of ethane to

ethylene in a gas phase reaction at relatively high levels of conversion, selectivity and
10 productivity to ethylene at a temperature of less than about 550°C usiﬁg as a catalyst a
composition comprising the elements molybdenum, X and Y in the ratio M0,X,Y,
wherein X is Cr, ’Mn, Nb, Ta, Ti, V and/or W, and preferably Mn, Nb, V and/or W; Y is
Bi, Ce, Co, Cu, Fe, K, Mg, Ni, P, Pb, Sb, Si, Sn, T1 and/or U, and preferably Sb, Ce
and/or U, ais 1, b is 0.05 to 1.0 and ¢ is O to 2, and preferably 0.05 to 1.0, with the
15  proviso that the total value of ¢ for Co, Ni and/or Fe is less than 0.5.
WO 99/20592 relates to a method of selectively produciﬁg acetic acid from
ethane, ethylene or mixtures thereof and oxygen at high temperature in the presence of a
catalyst having the formula Mo,Pd,X.Y4 wherein X represents one or several of Cr, Mn,
Nb, Ta, Ti, V, Te and W, Y represents one or several of B, Al, Ga, In, Pt, Zn, Cd, Bi,
20 Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr, Ba, Nb, Zr, Hf, Ni, P,
Pb, Sb, Si, Sn, Tl and U and a=1, =0.0001t0 0.01,c=0.4to 1 and d =0.005 to 1.
German patent application DE 196 30 832 Al relates to a éimilar catalyst



and gold in the absence of palladiumaccording to the empirical fornula :
MoaWbAucVdNbeYf (1) 10 wherein Y is one or nore elenents selected fromthe
group comwpgBiosy3of : C, M, Ta, Ti, B, A, G, In, Pt, PEmGEN/04BB, Ce,
Co, Rh, Ir, Cu, Ag, Fe, Ru, Gs, K Rb, GCs, My, Ca, Sr, Ba, Zr, H, N, ;P
Pb, Sb, Si, Sn, TlI, U Re, Te, La and Pd; a, b, c, d, e and f represent the
gr am at onceompasittonoh wieh 2Feensc sicindtdrad to 20Prefaablyla =0, & = B0601ltoand a +
b 1, 10-§ < c< 0.0]2' 0 <_%[< 21; 0 < ebl; and 0< f < 2. 15 There renmins a
need to d ée?ﬁrg'_latoc QQP@QF ®rl-%-he oxidation of ethane and/or et hyl ene to

acetic aci d anghac4196888bdiRWOS/15994sd DEN 98B oSIE el GirdHePratehddbrsai d
catal yst and whereiin the catal yst enables a high selectivity to acetic

acid to bpalkdhimeved. Surprisingly, it has now been found that it is

ible b ' | h ins.. i nbj .nat i ith :
Phe elbnents mblubashiiet dloser Sherafbrinsrios P SRR UREr Shbdaf vor e
el enents s@lRaE e6ll/br it held ah@epio ditsh:8ddtide oFethltne o acdtiemicid wilich gal | i um

indium germanium tin, |ead, antinony, copper, platinum silver, iron and
rheni um FeMPHRES #bewnlisatyn il payfen e elements glodddsntaneanadiaino piadiy| ene to

acetic acij N ' 14V] .acet | 6. ernore, it has
been foun dp%@é?bﬁjg%g%fﬁg%fﬁgd}éﬁ gﬁcybgqllzig)fthg ﬁ@glplgglsgﬁihgnventi on, to
achi eve aMu,BhAseV @M. Yyi t@)to acetic acid 25 with reduced, for exanple,

little, if_any,_selectivity to ethylene, Accordingly, the present invention
provi Hbs Whemiml s eneofpersislsemmts sstectaddromn dhegtronr eonsisting of oht.oMn.ckdhane t o

acetic ack / -eet. [ i t Ayl ic acid
b oh combBaLton oy Eoact e I R AR R O £ R
nmol ybdenuBy, Baadadifliddi, hiPbbSbirfi, $io/Td, UyR¢, e, BhsehBé b, gal, badd im 30

according to the enmpirical fornula : MaWAucVdNbezf (1) wherein Z is one
or nore eF@reaRidhe gragrtan pheyRkthe clgmsuts seghidaktd ng ob lBSbA landa+bn, e,

Sn, Pb, Sb,;.Gs Pt . o E€ and, Be,; Q3 138 PCT/ GB02/ 04018 a, b, c,
d, e and f ll’ggr gscegn?b?h%<gdré?nd%t %n% f’a |8s‘€f‘ 'he el ements such that :

O<a<_14; 0<_b<I| Thstdadbzids a hedrodedelop aQatlBst fob tk oxidhtion Df @fFARe hidadd 0. 0001
< O'et%?flene to acetic acid and a process for the production of acetic acid using said catalyst
and wherein the catalyst enables a high selectivity to acetic acid to be achieved.

Surprisingly, it has now been found that it is possible by using a catalyst that
contains, in combination with oxygen, the elements molybdenum, vanadium, niobium

20  and gold and one or more elements selected from the group consisting of boron,
aluminium, gallium, indium, germanium, tin, lead, antimony, copper, platinum, silver, ‘
iron and rhenium, in the absence of palladium, to oxidise ethane and/or ethylene to
acetic acid with a high selectivity to acetic acid. Furthermore, it has been féund possible
using the catalysts of the present invention, to achieve a high selectivity to acetic acid

25  with reduced, for example, little, if any, selectivity to ethylene.

Accordingly, the present invention provides a catalyst ’composition for the
selective oxidation of ethane to acetic acid and/or for the selective oxidation of ethylene
to acetic acid which composition comprises in combination with 6xygen the elements
molybdenum, vanadium, niobium, gold in the absence of palladium

30  according to the empirical formula : Mo, W,Au,VNb.Z¢ )
wherein Z is one or more elements selected from the group consisting of B, Al, Ga, In,

Ge, Sn, Pb, Sb, Cu, Pt, Ag, Fe and Re;



Cat al ysts enbraced within the formula (1) include: - MaWAut VdNbeSnf

Moa. AucVdNbeSnf 10 Preferably, Zis Sn, Ag, Fe or Re, especially Sn.

Exanpl es wbh 030831abl e catal ysts having the forrmula (1) i nclPadaBo2NB@E8o000
VO, 423 NbO. 115 Auo. 008 Ago. o008 O,, Ml .000 Vo.423 Nbo.115 AuO. 008 Feo. 0156
Oy, Mdl.o000 Vo.423 NbO. 115 Auo. 008 Reo. 008 Oy, 15

Mol. 00VO. 428 Nbd,. clarsl fAgresdd dreSmamata8 rabps ohthe algbhentO8@h4R8Nb0. 117. Au0. 0008
Sno. 0156 Oy, whereip y LS Aa_number i.ch .satisfies the valencies of the
el enents in the congésﬁ‘fi?o@sfb? 8981/\62&”#& erably 0.01 < a <_ 1.
Preferably, 0.1 < d §i<%-s@8§-f erably, 0.01 <e <0.5 for exanple, 0.05 <
e <. 0.15. Preferabﬂy, 0.0005 < f<_ 0.02. 20 An advantage of the catal yst
conposi tions of the0prdesent invention is that they are highly selective in
converting ethane and/or ethylene to acetic acid. Typically, using the
cat al y8t conpositi oA§ &F 1t present invention, a selectivity to acetic
acid of at |east 5§§§éf/%fp<r fsrably at | east 60nol % such as at | east
70mol % may be achi . n—§<’9 ticular, using the catalyst conpositions of
the present ingaplys@bmBtadddohitan tslosflh \(lixch@:acetic acid may be achieved
in combination with a low, if any, selectivity to ethylene. Typically,

usi ng the catal yst dpbdiutVoWsSmf the present invention, the selectivity
to ethylene is | ess,than | % preferably, less than 10 nol % such as
|l ess than 5 nol % yifa'%rué‘%‘i\gbggﬁ/, usi ng the catal yst conpositions of the
presenp invent pasferablfeZ i§gﬂ1,eaq%,iwidrme; &pagiglly snacid is atleast 60nmol % such
as at least 70nol % and the selectivity to ethylene is |l ess than 151nol %
such as | ess t Haamps pbswitably cpplety loznmibe Pgldes As used herein,

sel ectivi refiers ;0 a rcept agesthat reflects the amount of desired
acetic acﬁ%olﬁ?ood’d@t ﬁ)rlbsdﬁg(’@ﬁ&aéo'o%?ﬁbar ed to the total carbon in the
products M®&TohEh.423 9o & BafobeVieh yis¢0100 * Ml es of acetic acid produced / S

5 wherein_S = the nolar acid-equival ent sum (carbon basis) of all
car bon- comf@iopi Yeg2s Nbo.115 Alto.oos Reo.oog Oy,

15 Moi.00Vo.423Nbg.115.Aug o008 Snoooog Oy, and

Mo1.00V0.423Nbg.117.A10,0008 SNo.0156 Oy, Wherein y is a number which satisfies the
valencies of the elements in the composition for oxygen. ,

Preferably 0.01 <a < 1. Preferably, 0.1 <d £ 2. Preferably, 0.01 <e <0.5, for
example, 0.05 < e < 0.15. Preferably, 0.0005 < £<0.02.

20 An advantage of the catalyst compositions of the present invention is that they
are highly selective in converting ethane and/or ethylene to acetic acid. Typically, using
the catalyst compositions of the present invention, a selectivity to acetic acid of at least
50mol%, preferably at least 60mol%, such as at least 70mol%, may be achieved.

In particular, using the catalyst compositions of the present invention, a high

25  selectivity to acetic acid may be achieved in combination with a low, if any, selectivity
to ethylene.

Typically, using the catalyst compositions of the present invention, the
selectivity to ethylene is less than 25 mol%, preferably, less than 10 mol%, such as less
than 5 mol%.

30 Preferably, using the catalyst compositions of the present invention, the
selectivity to acetic acid is at least 60mol%, such as at least 70mol% and the selectivity

to ethylene is less than 15mol%, such as less than 10 mol%.



products, excluding the alkane in the effluent The, catalyst conpositions
may be prepared by any of the nethods conventionally enployed for the

pr epar at iwo 03f033138 al ysts. Suitably the catal yst may be prepaiRod/ofriem a
sol ution of sol uble conmpounds and/or conpl exes and/ or conpounds of 10 each
of the metals. The solution is preferably an aqueous system having a pHin
the range fr ofs isadderan, sslestivitntsifgrs o opsrRentegeghataeflects theporantefe of from
20 to 100¢. . neral | i xt yre. of conpoun taining.the el ements is
orepar oo Bar Bagicoetiprefrihiet At Gl eohHARRLG Yy B2 oRRh Ritiefis ang

di sper si ngpra@y :4 nsol ubl e conpounds so as to provide a desired gram atom
ratio of the elenents in the catal yst 15 conposition. The catal yst
conposi t i dnselasivityen WY hMoksradpeslc padpiadiged he sol vent fromthe ni xture.

Th I b I ' f 200
S50c, “bui VERFY T Seraet gy oak IR sh B chBof IR B Renbl i *24 nour .

Pr ef er abl produitte, exictudang thx yikene inshs byt f | om ng. The catal yst nmay be used
unsupported or_supported. Suitable supports_include 20 silica, alumna,
zirconia, titahPacat@lysicopposiipn; May AnarRpset by@sy of theietBPdsor e t her eof .

Furt her d i i : I AQ; sition
. b ool Sl Ad en OB IAb R BARRL, SdbIL BlAakil FATRES 1 D

t he f or m pfepareflifsoada evlution biisadlitde dothpainds Andimotdngylexasiaadionmeormpdungs pf esent

i nvention ovides a prqcess for the selective 25 productiop .of acetic
261 0 19 onPAehg ey it 8 B S D O AHEOU M BEVIUE BRE DU ch
process CRRBEIRRES1 &P, 36dbRB1Y 6N 238 8OMS bMhRe W EBm®207Rb ggaHcar oxygen-
containing gas at elevated ténperature in the presence of a catalyst

conposi ti on asGeheraldy,mafxdure ofl egrupiundsl cortpiningdhé slegehtsas prephrgd byi di sed to
acetic acid and/or .ethyl ene..is selectivel 30 idised to.acetjc acid.

Pr of r abl ST RERBTIRT BRLTSRA TS SR GTEREC SpRape e esy SRORbl Uy o

conpri si NgoApAinds s@as £ pbieb a@%Mrdﬂ?&kﬁ%@oﬂiﬂrétm Sfth¥elehRHts ih AR Atdysti on or
renoval of acetic acid for the production of vinyl acetate by reaction with
a nol ézul semposyi®o Vea3idpst paNPoEIR WAD e drypinareddiit wneiving thasolventan

L Lo ST SR AT A LRSI D B0, 1
form or aeniseed, witably iang @loxipee fafa peribd 0 &om hefihae e 24Bazon di oxi de and
water in the%er];glry,rthfairsgr%?(?gen\,\@ isl%rv]vly flowing.
The catalyst may be used unsupported or supported. Suitable supports include
20  silica, alumina, zirconia, titania, silicon carbide and mixtures of two or more thereof.
Further details of a suitable method for preparing a catalyst composition may be
found in, for example, EP-A-0166438.
The catalyst may be used in the form of a fixed or a fluidised bed.
In another embodiment the present invention provides a process for the selective
25  production of acetic acid from a gaseous mixture comprising ethane and/or ethylene
which process comprises contacting the gaseous mixture with a molecular oxygen-
containing gas at elevated temperature in the presence of a catalyst composition as
hereinbefore described.
Ethane is selectively oxidised to acetic acid and/or ethylene is selectively
30  oxidised to acetic acid. Preferably, ethane and optionally ethylene is oxidised to a

mixture comprising acetic acid which may be used with or without the addition or

removal of acetic acid for the production of vinyl acetate by reaction with a molecular



5 may be present in major anmounts, for exanple greater than 5 vol une
percent or one or nore of hydrogen, carbon nonoxide, C3/C4 al kenes and
al kenes, wbiosl3imey be present in mnor anounts, for exanmpiCa/dBRe®4tiBan 5
vol une percent. The nol ecul ar oxygen-containing gas nay be air or a gas
richer or poorer in_ nolecular oxygen than air, for exanple oxygen.- A
sui t abl e gX¥xeeRwpnigEIINg B3s 1@ RaMpegrated poasssyygen diluted with a suitable

dil , f | ' 2, ' d feed, i ddi ti
et hane. andl or - SEPGFRAS SRS b P Rl i S Rg gas, vt or

(steam) becausBthahé snd/anethyipiomey b ascalah eGiskatitially bered6eh b admibd@withhe
el evated tenperature may suitably be in the range from 200 to 500C, 15

pr ef er abl 90§ pighPIEd Nitergen grethang, cabes digxiderpd veateria the fopa ofstispmpmbichc or
super a no [ S)]r%ﬁll [ t I ferably
from i:i to 8%%;%86%% n?;t a ycgltnltsgl goﬁﬁgglfl ?ﬁﬁgﬁtésrrtgéﬂe?léélgﬁ%& eg(gem?lﬁ({élg Ogef ore
use in t hemops aftiesisogeh, tdrbon moneride, d/CGikaenaid alkermemywisivh traf by pegeachi eved
by heating at a tenperature u'ta%y in. 20 the range from 250 to 500C in
the preseHt®Mof a’é’ﬁ‘qgtﬁy%éﬁ’-‘aéﬁﬁ? S5 113g Sgedume Bercelitanpl e  air. Operating

ditions and ' L | : t he
condi tion TRE Bleckif B! c%ﬂtaﬁﬂﬂ%?&?r%)?bé agpggg%glﬁéﬂeei %ger

i nvention may be found In af oresard prior Pat ent
No. 4, 250n®i@ulaTheygenchesar,dbr ¢amplawsgen.oA snithble gevmbe bé,Ubt deunpld,| ust r at ed

B epal Gt | Brvigh Syt i pel AR ER R e st A was. pr epar ed by

di ssol ving 22. R3ﬁe%rf€d_t@%€éniﬂﬁmmﬁ9@ﬁiaﬁe a6 Qhfdrardl 18E nRWIRRAL UM gol d
chloride in 100 of distilied water at 70C with 30 stirring. A solution

‘B was ppPryssnegninning gaso Waten steana)decepse this paromprayve/the sdactévityro adS® i of
distilled (\:qgter at 70C with stirring. A solution "C was prepared by
di ssol vi na . 785 g of ammoni um ni obi um oxalate in 100 m of distilled water

at 70C 5 VO 031033/t 3RePEHfoRRidk AR 1Bitbly be 4 tHerthilgh fr&AC00 @ 560, sol ut i ons
A, B and C was left for 15 mnutes to allow nmaxi num solubilisation of the

conpohent Brefaahlyifiasn2@9) Rt00hen added to solution B rapidly with stirring
at 70C. The m afﬁgpl%géu% 1n%9 sﬁ%’taﬁ;l}\l@é at?ﬁo'sf)ﬂe?g Jr%ﬁp&?hﬁgs&%n%,sfo?‘texgrgﬁe in

the range from 1 to 50 bar, preferably from 1 to 30 bar.

The catalyst composition is preferably calcined before use in the process of the
invention. Calcination may suitably be achieved by heating at a temperature suitably in
20  the range from 250 to 500°C in the presence of an oxygen-containing gas, for example
air. \
Operating conditions and other information applicable to the performance of the
invention may be found in the aforesaid prior art, for example IjS Patent No. 4,250,346.
The process of the invention will now be further illustrated by reference to the
25  following Examples.
CATALYST PREPARATION
Preparation of Catalyst A (Comparative)

A solution ‘A’ was prepared by dissolving 22.935 g of ammonium molybdate
and 0.0357 g of ammonium gold chloride in 100 ml of distilled water at 70°C with
30  stirring. A solution ‘B’ was prepared by dissolving 6.434 g of ammonium vanadate in
150 ml of distilled water at 70°C with stirring. A solution ‘C’ was prepared by

dissolving 7.785 g of ammonium niobium oxalate in 100 ml of distilled water at 70°C



then added rapidly to solution A The final m xed solution A/B/C was |eft
to stir at 70C 5 for a further 15 mnutes, after which the solution was
heat ed t owbaBlod3gsto facilitate evaporation of the water PCRGBO2O¥EPOr ati on
of the reactant m xture was achieved in 1.5 hours, resulting in a dry
paste. The beaker with the dried paste was then transferred to an oven for
further diithngjiranpe. Bagcof the solubigng 4, Bapd & warr lpftder 13 ménwesttalallew precur sor
was grou 3 - . Si eve.
The rosul T oy sSLRLARYRGE w8t bORAS S, Ok Radba% BT LT
an oven atrapl@QGitlostirdng auTSC. THOmixedrsohadon FBICmHsatiatd fdre Saxindees aareicy st

obt ai ned S . 000 Vo.423 Npbo, 115 Aua. 0008 OY This catalyst.is_not a
cat al yst MF%&W@”%@%MJM%&‘% Sq&%‘ﬂtl%b'?ﬁ{]Bépﬁ%asﬁ%ﬁ%loﬁlr@F %ﬁ%@‘nt from
the group fGON&IGE MImPutd, affbrwifféh tHeRolifen wal hedtBd tostgbig%go I?&iiitd%tg’ Fe and

Re. Preparation of Catalyst B A catalyst B was prepare or catalyst A
except thava®r@ichdd tee whiet.ifull(dvhporagdnl of the ecaviast madiurei wasalchigvatioelds t o

lution A Th i nal ,f | he oxide. .20 catal yst obtai ned :
VL 000 VORI $E° 1070 B SHNB0YE GF s QB AT SRR C A
catal yst Gneen Rfr?@l@lﬁe@@rﬁﬁ% hor20e@tied ¥ Béuré) %ng,nlﬁ& oSS e vidsn (1)

chl oride was added to solution A The nom nal fornula of "the oxide catal yst

obt ai ned gr8mgds a-fingpewdenanddthepgengsichiolzh ads BoOBcsSnsie ] e @eultidgepar at i on

of catal yst A.catal yst D prepared as. for. catal yst, Achut with addition
of o oBob Byt SRl e o PenReERRNER sl 38 88 P Ry M B

nom nal f amhewbghis] férR@iDST @e oxide caRlydt Misthink@§at hus : MO 1. 000 VO. 423

Nbo. 115 Auo. 008 Sbo. 008 OY Preparation of catalyst E WO 03/033138

PCT/ GB02/ 04018 Mowan Y gslib@ 1sy8oope&Par ed as for catalyst A but with
addition of 0.0200 g of ~copper (Il1) acetate (FW199.65) to solution A The
noni nal f or nul &hif catdipst sscnate catadtsahgestding o thhirsrentidbhecane Voordt&ids Aw0. 115

AUO. Oqg Qé?érr?e%? fr%)in the group consisting of B, Al, Ga, In, Ge, Sn, Pb, Sb, Cu, Pt, Ag, Fe and
Re. ‘

Preparation of Catalyst B

A catalyst B was prepared as for catalyst A except that 0.0190 g of tin (II)
chloride was additionally added to solution A. The nominal formula of the oxide
20  catalyst obtained was : |
Mo1.000 Vo.423 Nbo.115 Atg o008 Stio.0008 Oy

Preparation of Catalyst C

A catalyst C was prepared as for catalyst A except that 0.3792 g of tin (II)
chloride was added to solution A. The nominal formula of the oxide catalyst obtained
25 was:
Moy 000 Vo.423 Nbo.117 Aug o008 Sng.o156 Oy

Preparation of catalyst D

A catalyst D was prepared as for catalyst A but with addition of 0.0299 g of
antimony (I1I) acetate (FW 298.88) to solution A. The nominal formula of the oxide
30 catalyst was thus :
Mo1.000 Vo.423 Nbo.115 AuO.O(.JS Sbo.00g Oy

Preparation of catalyst E .




5 Preparation of catalyst F A catalyst F was prepared as for catal yst A but
with addition of 0.0027 g of platinumacetate (FW352.66) to solution A
The nom mab oBos3es a of the oxide catal yst was thus : MO PCOEBOYOLIR3

NbO. 115 Auo. 008 Pt 0.0006 Oy 10 Preparation of catalyst G A catal yst G was
prepared as for catalyst A but with addition of 0.0174 g of silver (I)
acetate (FW 166 983lystd was prepagd As forisatahishdidan Wibradditionsi 0:0280 @xaf de

cat al yst t o)

Prepar at i O\Qﬁgefr @ "“%W %%%%fgf,églﬁua?ﬁ %ﬁ§néﬂ&ap?§négaf%ﬁﬁggt aFyst A but
wi t h addi tcatatyso‘t'vaé)thaﬁmo g of . ferrl c (Il'l) nitrate (FW404.00) to solution
A. The nom nal formula of the, oxidg catalyst was thus : MOL. 000 VO 423
Nb0. 115 Auo. 008 1%ee, YoresNeyiis Sboopy &lapeddi on of catalyst | A catalyst | was
prepared %eéﬁatﬁﬁto@lcélﬁﬁ%s@‘FbUt wi th addition of 0.0268 g of ammonium
rhenate ( ion A. The nom nal fornula of the oxide

cat al yst was twusatalywmw@@prep‘@edZsfdnlnetaMBAmmMmh&dReﬂn@ﬁa 0027 g26
Preparatlo of cat at al S prepar.e S ca aI t A but
e add SrEuEr s BRREY 55657 olomn e aPan i eaaE ohiecoriedulibiven A

The nom ngasfigisul a of the oxide catalyst was thus : MO 1. 000 VO 423

NbO. i 15 Auo. 008 Gao. 008 30 Ceneral Ethane Oxidation Reaction Method
Typically 5 ni M@l.omﬁmdgﬂdsémm@@toooé\o&o J was mixed with 15 m of gl ass
beads lﬁ anet er 0.4 forma diluted catal yst bed of 20 ml in vol une.
The di CT/ GB02/ 04018 catal yst was then |loaded into a

fixed bed r eact/pgat ﬁ&}&faspa@ Rl a9 YorQfatly TR st vith Aitidafi 00 Bun2ds di anet er
and length 40 cm e catalyst was maintained in position in the centre of

t he react GFIVQIs(I)r%je‘@%FW 16\@ P) to1sahionid ﬁhﬁmwn%é@m%om?@ﬂldalca@b@t/e and

was-thus :
Mo1.000 Vo.423 Nbo.115 Attg.008 Ago.o0g Oy

15  Preparation of catalyst H

A catalyst H was prepared as for catalyst A but with addition of 0.8080 g of
ferric (I1I) nitrate (FW 404.00) to solution A. The nominal formula of the oxide catalyst
was thus :

Mo1.000 Vo.423 Nbo.115 Aug o0s Feo o156 Oy

20  Preparation of catalyst I

A catalyst I was prepared as for catalyst A but with addition of 0.0268 g of
ammonium rhenate (FW 268.24) to solution A. The nominal formula of the oxide
catalyst was thus :

Mo1.000 Vo.423 Nbo.115 Aug 00z Reg.os Oy

25  Preparation of catalyst J

A catalyst J was prepared as for catalyst A but with addition of 0.0256 g of
gallium nitrate (FW 255.74) to solution A. The nominal formula of the oxide catal};st
was thus :

Mo1.000 Vo.423 Nbo.115 Auig.008 Gao.o0s Oy

30  General Ethane Oxidation Reaction Method

Typically 5 ml of a powdered catalyst A to J was mixed with 15 ml of glass

beads of diameter 0.4 mm to form a diluted catalyst bed of 20 ml in volume. The diluted



bel ow t he catal yst bed. The apparatus was then pressure-tested at 20 bar
with heliumto 5 check for -leaks. The catal yst was then activated by

heati ng tw023083138 5C/min in heliumat 16 bar for 1 hour pCraGRmswre ful l
deconposi tion of catalyst precursors. The required flows of ethane,

et hyl ene, .20 % oxygen_in helium and water were then introduced to the
react or, atabisbypet ?hlﬂaidé@]mt@ adixedhbed reegppmede plodastatfriysof Cbmﬁlﬁﬁb@lstll%n was 52

%v/v eth ’mt m%h&/&#/ tér ?ﬁ%’ AfO cnﬁ'ﬂ-{e ca WQQYLVSQ am‘rfan{ po\é’ﬁto%rlg %}9 % gnd

bal ance heli ow ' rate mai n al ne

ensure a fcemcb ofGhiSMaofor ﬂﬂﬁ@qﬁ&@ﬂhﬁﬂl pRot eithangtt badkir%tmmgnﬁlw’bofi@arﬁﬂ nutes, gas
sanpl es rom_the outlet streamto a tem (nodel. Uni cam

k
4400) toW§>r Bt | ;Qfé{ﬂ%%ﬁ?rél Tae Apnasties Wa%sby@ewsaﬁat%éqcﬁ qsr%p brhwitE delunrie
tenper gt ur ﬁec@cffof' Rl ABE LRRISaL HEE FARERAS editfe 1d DPCIE XTI 4P 51 M 1 &

reactor tenperature o or each ysts I'n order to
facilitat @eliuthraed:di baofop dhiosy o erksotd follidecpmapdsitidnheficamdysi prdonmodison peri od of

60 m nut es, ol l ecti o wa, omrenced, and copti nued for a
peri od of typ| Irﬁﬂ"{i@aﬁ%‘f‘%& t}ﬁﬂ?’leﬁé’ W?ei(?g ° @FPHBhg VRGENE yas

conposi ti %n%&od{%@§%ﬁl‘ér%&gto%s@@%é’ﬁh&rec(lgk@%n Si&amMhis Exit_gas
vol ume was neasured over the run period by a Water-gas 20 meter. The liquid

product s wempogtbl wes 64 Yamt elleinghed Yavtvercygéme 100 vpesthgdne, 5Compowatet on of

he Iiquid d d, ysi 1 h ! Uni
200 4fla #BEANRHORT T T GRSy o dRE er STRL ST Bt g, (O O
anal ysi s @H$Wefhesroeowh. pAﬂ@fLeghﬂﬁbka@Mgrf@t @ﬁmﬂﬁ@escgamapnés%e tdken i@kl owi ng

paranmeters were cal cul ated : Conversions: of e (inlet nol ethane
- outlet s owlehairram fo 4 Gleystaml (modpkidricam ¥P00) tofquantfyesthane  ¢thylene, nol

oxygen - t gen )/inlet nol oxygen * 100 Selectivities to
acetic ac:%gg’%%-ar?ogwe%é{ (outl'et nol acetic acid * 2) / ((outlet nol

ethyl ene * 2 - Thelsefpoindenifithataichyf tiene@adtoRVastinbiehiedito TOB° (O ciagitd £t mol  CO2
+ outlet npl_acetic acid * 2) * 100.to ethylene(C nmol % (outl et nol

et hyl dfe simifar reacirtteraperaiie af 2% HHeCHoreach pheastlysip A-§ imordysioRsilivae
T 202 A G182l B TR BB B
et hyl ene *pr&uct calleetiomwhs edrhykrerd ahid continued for a period of typically 18 hours.
During the run period, the effluent gas composition was measured using GC analysis
(ProGC, Unicam). Exit gas volume was measured over the run period by a water-gas
20 meter. The liquid products were collected and v&}eighed after the run period.
Composition of the liquid products was measured using gas chromatography analysis
(Unicam 4400 and 4200 fitted with TCD and FID detectors respectively).
From analysis of the feed and product flow rates and compositions the following
parameters were calculated :
25 Conversions:
of ethane = (inlet mol ethane - outlet mol ethane) / inlet mol ethane * 100
of oxygen = (inlet mol oxygen - outlet mol oxygen )/inlet mol oxygen * 100
Selectivities :
to acetic acid (C-mol %) = (outlet mol acetic acid * 2) / ((outlet mol ethylene * 2 — inlet
30 mol ethylene * 2)+ outlet mol CO + outlet mol CO, + outlet mol acetic acid * 2) *
100 :
to ethylene(C-mol %) = (outlet mol ethylene * 2)/ ((outlet mol ethylene * 2 — inlet mol



2) + outlet mol CO + outlet nmol CO2 + outlet nol acetic acid * 2) * 100 to
Cx2 (CGml % = (outlet mol C02) / ((outlet nol ethylene * 2 - inlet nol
et hyl ene wb 03p33i3put |l et nmol CO + outlet nol CO2 + outl et moll/GRoes@saci d *
2) * 100 to CO = selectivity to CO(Cnol %9 + selectivity to CO2 (C nol
% STY (space tine yield)%= (g acetic acid)/kg catalyst bed /hour

Typi cal | y ethydens HA) dnetetand CArbontibanelfc@: + orutlt mehatetioncds2)fold t o be

100 +1-59 NG a I 1.t EFach catalyst. A to J was
enpl oyed i{%cﬁ(eéé]gﬁe/‘l’r)al @@a‘?@g‘?}mﬁ‘gﬁﬁl&éﬁ?/ 8% C2a"b gt m%’ieéhﬁ%‘%l*_t s are
gi ven in TablasetlmoHaOh-+caitht Mol COAS e uall acktiendry * spxarpdar d  condi ti ons
indicated 1n Table 1. Table 1 Ethane Sel. Acetic ExperinentCatal ystConvn

aci d Sel . t¢&s (Sapoldox=smtleaarahiCid. 1 ((opttet mst gthwlene *%% -Cindst gokefhylane K nol

2Ca. 870, 807 630 108 Can BeGBR G0 ogley 16 aq IS ahL oo
AEA. 158. 412 (URS: EREGHi9itEKalpl (€-BEBY) 53R 628 CLLIZ-RoBXaNp| e

. .41, . 999, 8 |l e 7H4.768. 15. 626.4119. 3 Exanpl e
g% égg iéT%ép@fépq%ﬁH}} = (g acetic acid)/kg catalyst bed /hour P

Typically, mass balance and carbon balance for a reaction was found to be 100
+/- 5 %.

10 Experiment A and Examples 1 to 9

Each catalyst A to J was employed in the general reaction method described
above. The results are given in Tables 1. Each catalyst was evaluated under standard

conditions indicated in Table 1.

Table1
Experiment Catalyst | Ethane |Sel. Acetic|Sel. C;H, | Sel CO, |STY AcOH
Convn acid % C-mol |% C-mol| g/kg-cat/h
% C- | % C-mol
mol
A A 7.8 | 47.0 34.4 18.5 163

Example 1 B 4.2 71.3 0.0 28.7 118
Example 2 C 3.8 70.8 0.0 292 | 105
Example 3 D 6.3 56.9 247 18.5 133.6
Example 4 E 4.1 58.4 12.9 28.7 85.9
Example 5 F 5.1 59.9 12.6 27.4 112.7
Example 6 G 3.1 63.4 1.7 | 349 99.8
Example 7 H 4.7 68.1 5.6 264 | 1193
Example 8 I 5.0 70.1 5.7 24.2 131.1
Example 9 J 5.8 53.9 27.5 18.7 115.8

15 Conditions:
52 % v/v ethane, 6.7% v/v oxygen, 10% v/v ethylene, 5 % v/v water , balance helium.
GHSV = 3200 h''; 16 bar
The results in Table 1 clearly demonstrate that compared to the comparison
catalyst, catalyst A, the catalysts of the present invention achieve higher selectivities to
20 acetic acid. Furthermore, a high selectivity to acetic acid is achieved in combination

with reduced selectivity to ethylene.



Exanpl e 9J5. 853.927.518. 7115.8 15 Conditions: 52 %v/v ethane, 6.7%vVv/v
oxygen, 10%v/v ethylene, 5 %v/v water, balance helium GHSV = 3200 h-';
16 bar Thworoamsdis in Table 1 clearly denobnstrate that comparGRbi2oe1Bhe
conpari son catalyst, catalyst A the catalysts of the present invention
achi eve higher selectivities to 20 acetic acid. Furthernore, a high
selectivity to acetic acid is achieved in conbination wth reduced
selectivity to ethylene. 9 WD 03/033138 PCT/ GB02/ 04018 Clainms: 1. A

catal yst conposition for the selective oxidation of ethane to acetic acid
and/or for the selective oxidation of ethylene to acetic acid which
conposition conprises in conbination with oxygen the el enents nol ybdenum
vanadi um niobium gold in the absence of palladiumaccording to the
enpirical forrmula : 5 MaWAUcVdNbezZf (1) wherein Z is one or nore elenents
selected fromthe group consisting of B, Al, Ga, In, Ge, Sn, Pb, Sh, Cu,
Pt, Ag, Fe and Re; a, b, ¢, d, e and f represent the gramatomratios of
the el ements such that : 0<aSl;0<b<l anda+b=1; 10 10-5 < c<_ 0.02;

6<d<_2; O<e<_1l;and 0.0001<_f <_ 0.05 2. A catalyst conposition as
claimed in claiml wherein 0.01 <a S'1, 0.1 <d<_ 2, 15 0.01 <e_<0.5 and
0. 0005 < fS0.02. 3. A catalyst conposition as clained in any preceding
claimwherein Zis Sri, Ag, Fe or Re. 4. A catalyst conposition as cl ai ned
inclaim %g%[ein Zis Sri. 5. A catalyst conposition as clained claim4
wherein fornmula | is selected fromthe 20 group consisting of.

MoaVbAuc VdiNbe S canigstiampicivl raRnieleBive Axidatial ¥dthaRBastld £ Asyd! ai med

inclaiml having the fornula selected from
for the selective oxidation of ethylene to acetic acid which composition comprises in

combination with oxygen the elements molybdenum, vanadium, niobium, gold in the
absence of palladium according to the einpirical formula : |
5 Mo, WpAu.Vy¢NbcZys @D
wherein Z is one or more elements selected from the group consisting of B, Al, Ga, In,
Ge, Sn, Pb, Sb, Cu, Pt, Ag, Fe and Re;
a, b, c,d, e and frepresent the gram atom ratios of the elements such that :
0<a<l;0<b<landa+b=1;
10 10°<c< o.‘oz;
0<d<2;
O<e<1;and
0.0001 <f <0.05
2. A catalyst composition as claimed in claim 1 wherein 0.01 <a< 1,0.1<d < 2,

15  0.01<e<0.5and0.0005<f<0.02.

3. A catalyst composition as claimed in any preceding claim wherein Z is Sn, Ag,
Fe or Re.

4. A catalyst composition as claimed in claim 3 wherein Z is Sn.

5. A catalyst composition as claimed claim 4 wherein formula I is selected from the

20 group consisting of Mo, W,Au,V¢Nb.Sns and Mo, Au.V¢Nb.Sns.
6. A catalyst composition as claimed in claim 1 having the formula selected from

the group consisting of Moj.000 Vo.423 Nbo.115 Aug.008 Ago.00s Oy, M01.000 Vo.423 Nbo 115

10



t he group consisting of Ml .ooo Vo.423 Nbo. 115 Auo. 008 Ago. o008 Oy, M1. 000
VO 423 NbO. 115 10 WO 03/033138 PCT/ GB02/ 04018 Au0. 008 Fe0. 0156 Oy, MOL. 000
V0. 423 Nbwo13533:A340. 008 Re0. 008 Oy, M1l. 00V0. 423Nb0. 115Au@CIGORB)2/0818. 0008
Oy, and Mbdl. 00VO0. 423Nb0. 117Au0. 0008 Sn0. 0156 Oy, wherein y is a nunber
which satisfies the valencies of the elenments in the conmposition for
oxygen. 7AudpFenesOyf Mo ih¥ops g?bblﬁ‘s iA(Ulb’l00|@ Recmbzeﬂy,d\ﬁambﬂo.zfzﬂ‘ﬂml 8.A0850OUS

m xture cQnprisin et han nd/,or et en i ch pr.ocess.conprj ses

cont act i ng 4% a%@oﬁ@l-?ﬁ Q4230 201y g 00gs é}%ﬁl% ul er%??d%ﬁpli’&‘ﬁ?’é%c g gas at
el evat ed tQEpES Mk YaRntils bBe BIARBRGE 118 confoftRh )Mt oxyePAPOSi tion as cl ai med
in any one of the preceding clains. S. A process as clainmed inclaim7 in
whi ch et hdne addresss ndbe grodediipna ecétis acukirelinseghsemis aintute corepompr i si ng
aceticc.acigd, 10 9 rocess, as clainmed in claimZ or claim8 in.which the
el evated tg‘%%ee?na U regfl}?esne Vlgkﬁlc}f RE°F Sﬁncé)%lpflls%anoﬂk?@h{’%th(ﬁ??fouiér}lx%r‘?)wgﬁgss as
cl ai med i mokdtyila@bLy@h-haiikiBe gad 4 eRvard WihSdtatuREinPhEfBtRe b a thtglyst ange
from1l to 50 bar. 11. A process as clained in any one of clains to 10 in
whi ch t heceBpesiiqnasislaiped imany am of thepresesing daits on of et hane and/ or

et hyl ene o acaqti L ahs, at: | ty . " . . gimed in
claim1l1l ?'n m;ﬁ%@%ghg%}}@gﬁl&c?@ﬁ o7f1§t eJ:ho%(tlh%‘getﬁr@no% Elglgaggf?@ae%fget hane
and/ or et byildeeé td onactatd @ngeisthg ssetad adidast 60nol % 20 25 30 11

10 9. A process as claimed in claim 7 or claim 8'in which the elevated temperature is
in the range from 200 to 500°C.
10. A process as claimed in any one of claims 7 to 9 in which the preésure is the
range from 1 to 50 bar. |
11. A process as claimed in any one of claims 7 to 10 in which the selectivity of the
15  oxidation reaction of ethane and/or ethylene to acetic acid is at least 50mol%.
12. A process as claimed in élaim 11 in which the selectivity of the oxidation

reaction of ethane and/or ethylene to acetic acid is at least 60mol%.

20

25

30

11



