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WD 2004/ 067167 PCT/ GB2003/ 005399 OXI DATI ON CATALYST
AND | TS PREPARATI ON The present invention relates to a
wocataleysty f or the oxidati on of ethane to et hylPemasB2003/005399

and/ or acetic acid and/or for the oxidation of

ethylene to acetic acid, a nethod for preparation of

said catalyst and to a process for the production of

et hyl ene and/or acetic acid utilising the aforesaid

catalyst. 5 Catalysts suitable for the oxidation of

et hane to ethyl ene and/or acetic acid and/or for the

oxi dation of ethylene to acetic acid are well known.

J. Catal. 52, 116-132 (1978), for exanple, discloses

m xed oxi de catal ysts conprising nol ybdenum vanadi um

and another transition netal, preferably niobium for

the oxi dative dehydrogenation of ethane. The

catal ysts may be supported on al pha-al um na. The 10

al um na-supported catal ysts are prepared by

I mpregnation foll owed by evaporation. Further

catal ysts for use in the production of acetic acid by

t he oxidation of ethane and ethylene are known in the

art fronpxipA T8ONTATAIVES T .40 IS PREPARA TION064, WO

99/ 20597, DE 196 30 832 and WD 00/ 14047. US Patent No.

4, 7H®, Iaq%ntjmg@mts@e*slateﬁéo @x@t@lla@tu forethg oridatiog ehethmartosthylene

I Cti f

and?orla %‘I‘ratvaecfd arﬁi?or%{]% % %a Con eFlgcji']to ﬁl%et %e(?:,ta metﬁod goﬁ d
preptfrﬁlibiﬁdﬂ suidtcyitaﬂymt eﬁi(ht)d ﬁ;ﬂﬁceﬁét f@ theproaii@lonrs eﬂfyldn@faﬁd/foh adetic

about 550C using as a catalyst a conposition
am@%ﬁﬁﬂﬁ%ﬁﬁ@(¥ﬁ@1 agﬁﬁﬁts mol ybdenum X and Y in the

r at - b}
R R T A e
and(&e forChe oﬁdah(ﬁﬁof dehyldd, toNceticRicidPire wish knSivn. BKTa,talTiZ 1 16 132
dlor U, ref er.ab b, 20 and/ or is 1, b
(1979 E?r@éa%le: %%%alqui%fwt St%ﬁmmm%?gemam 36@%5 to

vanadilm éthaholth@letrarRTtR)Yl' rﬁ&alt B%‘i‘er&lﬂg ntd?ﬁlﬁh ﬁSP‘ h‘é%x‘ﬁfatn% for
Co, N and/ Fe is | ess than 0592 rel ates

dchtydrogermmh ofl etrbﬁnfs dhe catal\yeﬂsynqgrhmuppm@dameﬂplm -guinchaf Then

| WO 200 @'8%716 PCT/ GBZOOé/ 005399 (g% %{ ene or

alumpnassypRYted FaALGHS alp AregRy g O ”QPWI%P%‘PP ﬁr‘b‘@? YPEPORUCHe
Pr eseiheLcailyds firakalnyihié phavéis dﬁa@ett&rcwi))amﬁf’dmz& ¥
wherein X represents one or several of C, M,

ethapg angiethylgne Tee kneavnan the arefpms tomtexaople, ©P 49508 EBfA B,

Ir, Cu, Ag,
104454, o dafposT: DF Pogfl sachng S pdaed gL' (G 00y
Ni ,U$Pateht 1‘?@ 4,8, 348 discHisks thbeﬂfddvéhéWdro@cﬂanoh-cQ 0084 (0
to 0.01, c =0.4tol and d = 0.005 to 1. GCerman

ethylentednta 84p ﬁhaw@a@qcaﬁn pErelptigelydighalpvels of nyersng gelegtivity and
pro&ﬂc@vlt?'fo &ﬁgl@hé/g'tta temperature of less than about 550°C using as a catalyst a
composition comprising the elements molybdenum, X and Y in the ratio MoaXbYc
wherein X is Cr, Mn, Nb, Ta, T1, V and/or W, and preferably Mn, Nb, V and/or W; Y is
Bi, Ce, Co, Cu, Fe, K, Mg, Ni, P, Pb, Sb, Si, Sn, Tl and/or U, and preferably Sb, Ce
and/or U,ais 1,b1is 0.05 to 1.0 and ¢ is 0 to 2, and preferably 0.05 to 1.0, with the
proviso that the total value of ¢ for Co, Ni and/or Fe is less than 0.5.

WO 99/20592 relates to a method of selectively producing acetic acid from
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conmposition in which a =1, b >0, ¢ >0and d =0 to
2. Preferably, a =1, b =0.0001 to 0.5,¢c=0.11t0 1.0
waoa4dereD to 1. 0. EP- A- 1043064 discl oses a car@l/gs2003/005399
conposition for the oxidation of ethane to 10
et h ne_ and/ or [ ' n r ' '
ctne Sp P A b8 rsEBEHeoF aB 48R 2l Rt et A Ak e ora
catdgdBh Ak HRfomhilh Mx.PL0 Yl Mhesdie Keepissdild otede sengral of Cr, Mn,
vanadiun%aniobiun1 and gold in the absence of .
Nb b, Tady ukh Ad B i raRresadis one a8 ispYadl 4B, AdrGula; Pt Zn, Cd, Bi,
Atic Yi., L) i Y A Sp@n BORG, e eqemN;Sp
e O o RS B ey G PNy B BRI S B NiSE.
Pb, Bb, SBSnAT], an@d) ahda=1Rb=028001 ©d).0 Bic,= €4 to Cand B 0.005 toCu,
A F R K Ba, .
N Giapiiteapangeinia DE 195 30032 4 s na e gatyst o
RioA WhidhSPL 981D, E 18 an@hia &} NPlAl i, ££ 11812 0.0001 to
Cmﬁh@n%ﬂts chh tﬁat 0 <ag < 1; 05 g < I§and a+ b=
0.5]1¢=00-t 10 ©€xd d 6.008;10xd52; O<e<_ 1;and0 f < 2. WO

00/ 1404 iscloses a prqcess for. .th roducti on.q
acelt AL aBTARE RS o G rmaoTiR e i B e Hhane o

ethfRAY A/ GtRYEENS Wd/Br Rr TRIRTdMkiBR 0PXNIRAC FORERE 1D/ IS
in the presence of a m crospheroidal fluidised

comyises Tudcattanasionvd thoseiygae therelenags petybdgmng 1eooiurp, mobium

I hod ,.of f ' a ! d
and e abheRr TRl FERRR L PRRPe b E O0r G ne

Nﬁ?“%ﬂ@@@@@gﬁupg@yt raw material or a powder support,
2) suspending said supgprt in a solution containing a
whengin ¥ enerstragre elpment)selepied o (iemgounfonsisaniels Co&Mante,
. (A).cal gining t I ey teal

T 5 0 T A e RGP Bheln G RO IR REOs Ry 5 e, Ca
Sr, Bl AAtHONI, & PB $118¢, 3m) TEtUWReeMe andihd] gb, aaktiand dciptesent the

and/ or the oxidation of ethylene to acetic acid. There
grapestainriatics afdeaiclemerts veghapata Ocat &1 iy 8t< b orl ade blridat!Porr ¢ <

f ethapne to ethyle d/ or acetic acid and/or for
OO?H%<6&$§§%fSE?ﬁﬁ“é@ﬁgfé.e to acetic acid, and a 30

Pr oGRS 80/1 8047 N6c1 e d PpeddefoP theqirb3ilcEIBE o fautiO beidaatitic

acid using said catalyst and wherein the catalyst.

corapritsh esntactiniggthage hed/pr ¢thylgne with pyeleqhdarary By contaping gas in

acid to be achigved. . sSurprisi-ngly, i . n

the Bt S by G AL SR bRl SRR TR
2004 0000047 RGEIa{B26 8 1013 Manv@itiringiangetal supported powder
-al pha-al um na and whi ch supported catal yst has been

catplystpsaiémepd spmayising (|} MgYideerdisadassupeorbiavamagat ¢ a
oS 5R £ i S o R T
(3)tshaycirging eitk quspahsivhandrid) aaditing the dried material obtained. JP
61000447 A does not disclose catalysts suitable for oxidation of ethane to ethylene
and/or acetic acid, and/or the oxidation of ethylene to acetic acid.

There remains a need to develop a catalyst for the oxidation of ethane to
ethylene and/or acetic acid and/or for the oxidation of ethylene to acetic acid, and a
process for the production of ethylene and/or acetic acid using said catalyst and wherein

the catalyst enables a high selectivity to ethylene and/or acetic acid to be achieved.

Surprisingly, it has now been found that by using a catalyst on a support
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reduced CO, formation. 5 Accordingly, in a first
aspect, the present invention provides a nethod for

wo b4/ ogmiepar ati on of a supported catal yst conpPST/GBRIV3/005399
sui tabl e for t he oxidation of ethane to ethylene

aci d lor t
Coﬁgg %? | c aC|n<]:1ma god gﬁﬁ%‘?(’(pg Cgé yﬁﬁﬁast%eg%ﬁf?8§m¥|b3r?pmy‘
dryaﬁg’(mtha&b Iﬁ’gay&)e(tﬁﬁ(ﬂkadstb eﬂ@ﬂ@felaﬁﬂ/ﬁg a€uiie aid, AR/ 6x d’ﬂ‘ri}tléﬁe may be
nponent s, pported on support conprl sin
Oxsﬂ fﬁﬂ%&@ a?%'maﬁé) W%I%Waﬁ@t Sﬁ!ft@tlmy ©ohpHesied prc(déf)ctSfaaié i1 g
re céiéberﬂfanBHe one or nore netal conponents and
a-alumna support particles or an al pha-al um na
supmcmrdprgacmm 8 irst agredt, (i) prsmnamvdxﬁtwnr;govxbes sinethioy forl the
referred enb{? I ment, the nmethod also co sze? @]6
PY‘TPG AR OF 3 pporiee sialyeh gompogisiopsuiabiic or e exfatien gf etbgne to
cthAE Tk d/bB a&Rl GLiResha/IMRe Qfﬂmtoﬂeﬂgﬁ 't@gcéics@ld said
provi des a supported catal yst co sition suitable for
supﬂwetcwatdbm ompkiten hanﬂ@rl‘smgetchgpl)sn@mp’rds/in:g orgaetniare metal

he oxidation of e l ene.to tic, acid,
cofifiuiens SiiSaa PR o BHbTs e et i minay y B meinSE
COIG}]?H&@,SIH on has been prepared according to the nethod
the first aspect of the invention. 20 The present
i (ay éoriinma sl@qmqf @ly Gnegy ppm me@énpmpsmqmgs zaﬁdpahﬁmasalunmaa
Preferalcr)tl [ g{h i rty E)re rrred
supportt’ d‘y ! %ﬁ Oésa“‘ % ‘“Bm?a SP‘FPe a?rﬁ?w‘g el used
f @Y sbiae-dsupP Hetsl a surface area, as rreasured by
(@6 b ? Ijgsgs) thaﬁS nm2/ g, such as less than 10 nR/g

f or haa'sk argierecd qnepgimenynthsg nmzh@l alyor eopeript § further step (step (c))
whd lbﬁe%h}%&ld?%dps S‘LQAFC% ne ce area of at least 0. 1
g, S er

pre east 0.5 nR/g, such as in

t he Tlhapgﬁeﬁﬁn\&nﬁomﬁl/sg ptdifldee&&lp;hﬁmdl:@ta[;gi empusitedn suitable for
preferably in the range 0.5 nR2/g.to | ess than 5 ng/
‘hc‘lfﬁ‘édaélloﬁWéﬁtélpﬂﬁﬁor?éhbﬁ?@f@ﬂé’élawﬁa?@ﬂaa%ﬁ%ﬁllﬁyxﬁlﬁtl%?ﬂﬁ%‘ie“e
f
0 G 308, AFFERrel! AR YunpBRLY GRS Biludn en
prefhted anairdimg Ity thepnethod ofthediralameatmmmmanmmn be for ned
froma suitabl e al Pha al um na precursor

30 '
exartPF BTSNVt (AT hSHARAY CB@%F‘@%SP@G AR fre oLy
thegﬁﬂﬁadlﬁlnmlﬂﬁf 3 pr@qgmf@dts%pf)&t pﬁ'tl%lléb tRPhYiyMihgRipha-alumina
tenperature (typically at |east 500C) to effect a
usqutfas theshpprgehasa salfobrarealas measure SbYWBETOOleHE A6 VS m?/g, such
as E:ss han %803/& QSr%?(gmple less than 5 m?/g. Preferably the alpha-alumina has a
surface area of at least 0.1 m?/g, most preferably at least 0.5 m?/g, such as in the range
0.5 m%/g to less than 10 m*/g, more preferably in the range 0.5 m2/g to less than 5 m/g.
The alpha-alumina preferably has a density of between 0.5 and 5g/cc, preferably
between 0.8 and 2 g/cc.
Commercially available alpha-alumina may be employed. Alternatively, pre-
formed alpha-alumina can be formed from a suitable alpha-alumina precursor, for
example, the alpha-alumina may be prepared by heating gamma-alumina or boehmite to&

a suitably high temperature (typically at least 500°C) to effect a phase change to alpha-

alumina.
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The al pha-al um na enpl oyed in the present invention

may be a conbinati on of one or nore al pha-al um nas.
wdbm4memport may be al pha-al um na or may conprPGEGB2003/005399

m xture of al pha-alumna with one or nore

nonsal ph m eri : o

ot ndp* BP BRI PR EL b EprsSet i e b BlBinggion of
ond 1 rﬁoﬁ@nﬂp}ﬁldlltm]ma§ ,THeQUpporexaypt elphsaluintsa ormay t@nprse a

Where one or nore silicas are used |jn conbi na}lon with
miypee of GIPhgnY MR PHEL e NAS nor-plehap|uming majegials, such as one or

mobd ShEr Alhhab G¥ SO ﬁﬁma %mgx?]ng o lohé efﬁqore Waeznﬁmmg for

support conprises Xt ure um na one
examnplmrlecammmea)hq) Néheat omd manmtsdrcaahrs usd:dwmrtom’mmanon with one

al ph mna s d conpri.s | east 10% b

or ‘HPP%?I%J“"‘( pignas, JB%B‘b‘FaS ‘fe&rgtﬂiyyowts “‘Hrcﬁﬂi‘? ‘éi‘%%ﬁﬁ%
COMYHeSEHe b do@@c%‘inp%gg/@ Pihixt d@%l;ﬁhglahﬁlfnnﬁ B8tht Hedr more non-
wei ght of the support, nore preferably 40% or nore,

alphmdlunosd magriefsethatthe ﬁ;ﬂ%zdumnmrsbouldhemsumdtzedl0% by

{ { di th t
weiefl @ i P Paryrha e o ol g BETGE msapeaby
wc@ﬁt Bihe t&m »b@gmeﬁrﬂheosu%prm the@ prdt@plymresor RORT efdRbt

between 1 and 5 he supported catal yst
Preéﬁﬁlﬂmép%@m@ﬁeferably has a 15 denS|ty of between 0.5

and /c refera / The
one TF S fibpuChEfal  SofbaRte LB dndp Rty el T

prefdigbls URPPEirele afal & MedsudRISET, 0P Betwee 0110indl 209D Hhore
equi valent to bet\/\éeen 5% and 60% by wei ght of the

prefasataly bSUW@ﬁt”‘éd 5c,fat/&|R}@tsunmmé§ptal>@hcomﬁ<éft@maﬂé¢f9rably has a
2 % I
densq?(rp\é'?gawegn ! Ig ngg I n Sﬂré’f@{aﬁw t\%%ﬁ{?‘ﬁp%%ﬁ@ tca yst

YEoh TS sutabef o ethane to

20 ghbyhenemarahasl mdapohentasicthrefaratlygiredeheinake dqipbﬂm
of ethylene to acetic acid, Suitably, the cataly

catplypsoMPEsitiondn 1 Heal gmouBt caubraleniia RatWeBn6 ARd pY% b ¥ weight of
mefret'am%ﬁ&géa ca‘{eg}?&%}ﬁ%ﬁﬁ% p'f’éf@lgbffﬂfrﬂet\b& ol LY) B@lquEh
ulta e Cco

oxygen. I nat’ions o denum  vanadi um

andThé¢ slyiported 6amlysts:empnsxtxbe1smueslﬁmfor| the entatam, ofatlane to

descri bed in 346, . EP- A-1043064, WO 99/ 205
ethyleqe @Ei/awe%a%ézan RIS 610 Ehdcst & ey ShRDB the
cathl QtQ:roP@'}@ése ds Q¥ HELERBRCSHetal ForfRcREDAGBEHuND \akd#fum and

esent invention, the catal yst conprisés, as a netal
mobmm’pom emmbinptadr with uwygfﬁuSlllwbﬂeeccmdilnai@m&nf mcmbdﬁnunmg

catal ysts are descr d,
v P RIRE L SPE R BT PRt (P APEyS 230746,
EPLESI8E5IHaE WO bD/20892 AlUDBI 96 BD@3Zah@tbotiéntObf WEcH feRESR
can be represented by the fornula 30 MbaPdbXcYd

mcmtp@rmdwbwqf@rpm@sent s one or several of Cr, M1, Nb, Ta,
In\t/%[ne-%%hbolaﬁlé/r\{t flg \fl gsregts 1%0%1610916216 %%ﬁﬂ@g c%rn?ﬂ&fgsf R?a metal
coﬂbbnent, palladium. Suitable palladium containing catalysts are described, for
example, in WO 99/20592, the contents of which are herein incorporated by reference.
In particular, the catalyst of WO 99/20592 can be represented by the formula
Mo,PdyX.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, 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
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Fe, Ru, Gs, K, Ro, Cs, My, Ca, Sr, Ba, No, Zr, Hf, N,

P, Pb, Sb, Si, Sri, T1 and U and 4 WD 2004/ 067167
WEODAGRAGD3/ 005399 a=1, b=0.0001 to 0.01, c =POr/¢B@3/005399

and d = 0.005 to 1. Preferably the catal yst conprises

_the l.s I e adi i obium and
‘Eg‘i”d;@foﬁﬁ%’ 0 g)eigt(?ndandgdqndgr@?tm Er ef erred, enbodi nent

of Wﬁer@b@&ﬁ@tathllyyt&mﬂp@lles thb telalCiab Blby&tung, mmidlsrasnxbhﬁm
nmet al s nol'ybdenum vanadi um ni obium and gold in the
anélﬁé@ﬁ%‘én of pal |l adi um according to the enpirical

f
rrgtra S séxﬁect egﬁ(fW ?e cdt ShbUMIRRRL &F i brRs it ‘ghtl&prﬂ%

e’ group consisting o
cathByst domprisBs thélmctﬁ}a,mdlybdeﬁnm Vamadi@oh, nBibjunCend g}dd nRth,e absence
lr, Cu, Ag, .Fe, Ru, GCs, Ro, Cs, My, Ca, Sr, 10 Ba,
OfZ?nadF-lfm aggordipg tthe eg’d?,‘“cgﬁor@]}a,' TI, U Re, Te and La;
;B0 v, Al VS\I@'?? f repr esengl)t he gram atomrati os of
t e tabls such that O<a< 05 b <1 andatb= I;

whikeih Y<lS @n@ 00mOR; me@ksdelegted vk t(he:gﬁou_]_) cansisting d¢f : GrzMn Ta, Ti,

B, Gl oo ot bl bt B abbb e oo st

Ba'VQ@ Ifqui\b% smnsm 93, OfRS Ulet:aBll &, cat al ysts having
formul’a (1) include:’ Mol . OOVo. 25Nb0. 12. Auo. ol Oy ;

a, h/,b(:l doowve! PrepNsOt 11B8gam. QT Cytios of the metals such that :

MOL. 00VO, 232Nﬁ0 %339Alf 8 C% . 000Vo. a26Nbo. n
sAuo. 000865 3 y, NbO 124Au0. 0012y 25
wherein yobs acpypber that satisfies the valencies of
the netals in the catalyst conposition for oxygen.
Pref er abloyx @<2;0.01. Preferably, d > 0.1. Preferably,
e > 0.01. Preferably, e < 0.5 Preferably, f ? 0.01.
Pr ef er ablys e £:15ap 5.

0<f <2
Catalysts embraced within the formula (I) include:-
Mo,W,AuVaNb Yy
Mo, Au.VyNb.Y¢
Mo, Wy AucVy4Nb,
Mo, Au.VyNb,

Examples of suitable catalysts having the formula (I) include:-
Moy.00V.25Nbg 12 At 010y ; M01.00V0.213Nbg.138AU0.0070y ; M01.00V0.232Nbo 139AU0,0070y ;
Moy 000Vo.426Nbo.115AU0.00080y and Moy 000V o.520Nbp.124A10,00120y
wherein y is a number that satisfies the valencies of the metals in the catalyst
composition for oxygen.

Preferably a> 0.01. Preferably, d > 0.1. Preferably, e > 0.01. Preferably, e <
0.5. Preferably, f>0.01. Preferably, f<0.5.

The catalyst according to this second embodiment may also comprise relatively
high levels of niobium and vanadium, wherein the catalyst is as defined by formula (I).
above, but with preferred ranges of d and e as follows:

04<d<0.865;0.135<e¢<0.23;and 0.55<d+e< 1.
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The catal yst according to this second enbodi nent may

al so conprise relatively 30 high |evels of niobium
wa@ea4wemedi um wherein the catalyst is as defiPerGB003/005399

formula (1) above, but with preferred ranges of d and

e as follows: 0.4:5 &< 0.865; 0.135 < e50. 23; d

0. S5Bplesend suifable @twtzwh!/tb@?1@%%?@3%@/‘23‘3@%@@V and -

f | e catal ysts with these relativel

havﬁ%ﬁpkogf\?/lg (I)S]Pblhgpand V, and having the fornula (|3/

Mo @b 4s6heb Wb, 6D ;486N9 66 290 LaRESOAN]
Mbi . 00VO547Nbo. i 63AU0. 0009

Mo wsodVe et dmee 1 YARIH! 6&%&"%&5&%‘?*}#2‘;}5? the yilasigs of the

met\gﬁllgnlestg{aqy%ﬁg1%§0;()I;g%nval encies of the 5 netals in the
alysts Tor oxygen. For catalysts with these

r eI Iédrlcvml}ytshmghthlemnela@vglb' glolevelsrofmigbinahandi pdinpie the
referred es, of '

prefegied grees %117 eﬂale and f a;é 8 @i]oWgﬁPJefaeraq)ly, af_;>r gp ng most

Frcbly PLAf SFabbYly 653 6%)0@0&}&1 a1 GrdrBsblyy 2H0eb! féabl, <
pre 5 0%) Preferat};iy c O 002m aﬁ’{j rmstyR{Jreferak?lt; I;: <y ’

0. O@Z @ad molé’f;ﬁ‘é&lraibj/ y< (1100>1 Bref@5blysdizi).425, such a9 d450.43mard, most
m)st 10 preferably > 0.5. Prefera

prefasaly 8 @rngﬁegpb&y g < @8,7andpp%q=t @Feggpgly dé_ 8.701_)1f£e’rabl§negz 0.14,

ondJ35k REHROSEr Y L Peled B Bl s Fridg 809
Prefdifily @s- &> b. 6@ sichas @ + Vb 7. M6t @fc’i&{awydi H#ece (8. (Pr8ferably d+e
Preferabl y d + e 0.95 nore preferably d + e <

< OPSeferaykferablly d <« s 0.9. Breferalyt f %Béf @r l@pv plrefsrabbf fbfzo 02.

ol R RS e S s R ERI A Pla kR BREGRAo
sel&@é?ﬁﬂr&h'tl&g%r@ﬁ p SbhsisBRg 0E8n, $Y, CulBt, A@?Faﬁﬁid Re. The

met hod of pr esent i nvention conprises fornming a
sl uTheym@thd h»éth@rmessnt mmt@nrﬁ@mrns RpBHERsumaRkfne one or

mog el st B B REer e Fo DR am MR,

suppoiipi@ufde or rmre sol utions conprising the 20 one or
nore netal conponents w.th al pha-al um na

ar Predirey gihe s e P KRS ST BB Moo r LTS GPPH e th
one r
g RS SRR e Archr i,
aluhhﬁ?a aipbart pescursdh @ hproapar mdre mhltwns oorfigliscaodubi qeidsalitblp

al ph | b
cormpaRnds A PRt oS iSBR AP bIAC A EST L0k P Ble!
5018{1 %‘)ﬂﬁ‘@ ﬁﬁxédq’vft}%l?\ril{a Iaﬁmﬁhéj&r é/ suitdBleRsifal@Rind, précRPRE aind, if

ions conprising each al conponent are prepared
reduyred other support materials or sultable precursors to form the slurry.

Preferably, separate solutions comprising each metal component are prepared by
dissolving sufficient quantities of soluble compounds and/or dispersing any insoluble
compounds or quantities of said compounds so as to provide a desired gram-atom ratio
of the metal components in the catalyst composition. Where the catalyst comprises more
than one metal component, the respective solutions are then mixed to form a single
solution comprising the desired quantities of metal components.

The alpha-alumina support particles or alpha-alumina precursor (and, if

required, other support materials or precursors) may then be added to the resulting
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di ssol ving sufficient quantities of sol uble conmpounds

and/ or di spersing any insoluble conpounds or
wa@e@anetises of said conpounds so as to provi dePEr/GB2003/005399

desired gramatomratio of the netal conponents in

t he catal yst conposition. Were the catal yst conprises
SOt han one metal conponent, the respective

sol Hﬂtkﬁﬁﬁvé¥,3h$ heanpoxad sbRiibeg &rﬁpr?s'lrfggéa@h 3Rt @hd teilpha-

conprising the desired quantities of metal conponents.
alumiyea Sallppwapaitialw @aabbppbtmm@amur@me(gn@nf whpined, athersynport

ur.sor ther support materials

nm§¥m%re ﬂ?@g E§hﬁﬁ§)ﬁﬁé nb% %Hﬁe@“?gﬂYhe resulting 6

WO 2RO4ADE 1A6ré sBTio BRI HIBBY thetd @bshpb®dhts may be prepared
Alternatively,'the mxing of the solutions conprising

fromepnpy siiatde mgkd compownds Ra OQPW]P@@SSEWW orgagreiseluggnspyre
d
pregédgtggr ?1 F&uﬁ&ﬁgﬁgr&%r r};el-?ﬁlr %18 rregr}ge ?1%% L?o 12é3)§‘£}§{abg/ from 2 to

8zﬁhnuhpama&uﬁHynnSOThﬁumﬁe or nore solutlons conpri si ng
the nmetal conmponents nay be prepared fronrané
sui Daibde we{yaﬁeww@naﬁwsngammwn%fﬁﬂeé%@gle sBidgne or

mo??i’){/ Ig%lﬁrq IaUététQ{] %x?lhfés ?g Sfa?er idesHAH %Q];&sspﬂo#’éefgr‘%ﬁabl}/ f om

a pH I roml to 1 pre
mo]ZybtdenurS maytbeantredvoed at uhe ¢oraf off ananoiOmtsaltd, B0 asSumhaﬁn’hm

h %ﬁg num cont ai ni ng conpounds, for exanple, include,
qg@n @%ﬁenun1acetates oxal ates gl ycol ates, oxides

andshiglbid@sadiMRl- @on‘?ﬁlﬁfn%rc%m Yund¥foy Qﬁﬁﬂ}tﬂg‘ H@Md@ evanadlum
introduced in the formof amonium sal such

acesavesp nkalates, hepa@snixyded and sulghattsaMae pmﬂadlplwmaommalmﬂyrig:

. .C un for .exa cl ude, vanadi um  acet

inGIRed BLR PiRof S augy sHBCSHRE alfpRaE BeigRadte™:
pr ef @ik Yio¥anachiahimgoRPoudds, fonlek fApIE Selclube tiidbif@MAlides
of ammoni um salts, such as ammoni um net avanadat e.

andapal st Bre\f¢r@blwmwhwntrmwbwgtr@@m§é ihths formppf ammepiua salts,

mm% %5H§%dnmn1 T Q& ges and oxal ates. Preferably
b ntro uced in the form of ammoni um

sal Sﬁrtabl@gtﬂh caﬁtaﬁmg)&unhmumd@ bieRammpdd, ictide Sib 1t abdt&res and
gol d- cont ai ni ng conpounds, for exanple, include, gold
halgieat at es and 20 halides. In the method of the present

| nVenkl hotdhog‘ tﬁ% g{lgéﬁt F}Ivehpgn ANEs 1Y 5‘19%@ oH?fnaJnore metdl

conmponen S an a-al um na Suppor partl cles or
corap@eatsand alpha-abupipae st pportgeiid ey or an alpha-alumina support precursor,

is spray-dried. Any suitable spray-drying techniques may be used. An overview of
spray-drying can be found in a suitable handbook, such as, for example, K. Masters,
Spray Drying Handbook, 1985, published by John Wiley and Sons.

In general, the outlet temperature of the spray-dryer should be high enough to
ensure solvent removal, for example, at least 100°C where water is used as the solvent,
to ensure water removal. In addition, where the supported catalyst composition is to be
calcined, it is preferred that the maximum inlet temperature of the spray-dryer used
should not exceed the calcination temperature.

Suitably, spray-drying may be performed at an inlet temperature of between

250°C and 350°C, for example, between 280°C and 300°C. Suitable, the outlet
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is spray-dried. Any suitable spray-drying techni ques
may be used. An overview of spray-drying can be found

WO 200a/061161 abl e handbook, such as, for exanpl e, P&I/GB2003/005399
Masters, 25 Spray Drying Handbook, 1985, published by

Ie and QAS era out | o o
te pgrr%uerre'é ue?r(\g 0 I%Ehg aggl‘lgg;%g?yreerxa?ﬁéu B WsEn (Ii# U AolodnC
to pPreRSWIE thobpepurit@ppatted EQily&aIRbLSItioAls daf@sdd, 100C
where water is used as the solvent, to ensure water

r entigrably galgidiien i merfarasdebyt hrating Epofenmgratere if Jom 200 to
SSGBE"HRQB 19 Ialr ot o&?g ancﬂ%lr 'pgr%ld ?f %r%ﬁﬁ rmn%( et(rgrﬁqlo'ill%atl‘ae

& maxi’mum’i nl nperature o ryer use
calcaﬁ}atﬁnlnq;mb@édnmtmgxmaeebm@aecsabseqmaﬁiydmmwercaﬂaLyrseunder
Sui tably, spray-dr maybe perfar rred at an, inlet
mtr@é%@bat:ﬁﬁ@awn pey é@@ﬁrf orpisgn apyswBbLe, fupngee, dagranple a
mufRLARED: 28 Igarﬂ;dpe%g&d A8 h Seactd? eAWEJl@Bat?onVQwronment
2004/ 067167 PCT/'GB2003/ 005399 tenperature i s between
used 2mch andr 280G;gehanaebastpive, ﬂdzvemg/elenng%@nam 150C.

CorbEET Y it SraaBey spliosyly HRram SPedne] sailys omposition

is upﬁ{cffefnﬁrsfﬂsmérmﬁbhﬁgleg OmBrelPEiRRbAL Mr&oéaﬁexfordanba%@&eg By the
550C, suitably in air or oxygen, "and for a period

terrh spheﬂoldnl lpltt@letso, a@4isdicharen, 1Feeabt mlldeMQsmtlprMUcd

nma equent Ly hea t he ca al
shaif e Firy GBS PR O LRl 5 SR eroE: Pap gt ReiSlen of
ess@ll$ @pﬂe@b,hleshﬁwmqmesfs %an@@@mhﬁm@ diaméidrl e furnace,

or may be performed in situ in a reactor

cal ki aﬁathuebwnb@d)mﬁ@tmféhﬁ preggnié thventihthers laptiOVtsféd @pyegens for

the ;ST%XCUV% ox1 WOX OF etg%npeﬂg eﬂlu Pfinegam%r gée?lgtalcsl(anand/(grqﬁg Eeﬁ?&%e

0x1@a’:lio@|0)f %fhyﬁéhﬁ'@@ﬁdehb aaid vﬂlﬁch 6x1ti£’t1dn|'1ﬁocfe@s’ mrﬁ;ﬁngepb@ft@dtﬁl@l
particles, nore preferably m crospheroidal partijcles.

cthw anfior cthalent waihrapeleeriar wgﬁm-e@régmmga@s akelevast lemperature
in tb%gﬁ?@l@é of)é‘gﬂﬂag ldﬁE &pgﬁ?@%él? %ﬂmﬁmﬁ&ﬁ Qsailxeredﬁﬁa&ee. By

ern "m-cr particle as used herein,
destsbadeant particles of essentially spherical shape and

oerssthnBOOmcr d|a er.lna
enbioRi e Ht ¢ sprqpﬁ@ﬂﬁ?gggﬁv e KR AGAIG A Byq@%fdavpaea

cth%e%ﬁ@&?%ﬁyfcﬂé thé&ﬁpeﬁe@&ltﬁ%t'c\’_ﬂﬁlpgﬁihgﬁﬁzﬁs%cf@fabﬁl hRfRalked,

hyl'ene and/or acetic acid, and/or the selective
momprdﬁtabbn byheairigyt e nempapataceitiee racgalfrohi28h to KP4t indlre

%rnoce S con‘gr [ ses. cont ach %% pﬁt hane and/ or ethyl ene
PrERE OB YEET A I BAPFERH-'CORPHINT Y gas at el evat ed

t enpRYr ALigtRn prétetRaPbESLNECoRTas @ fxRA BYd Flob&4 or as a fluidisecl

supported catal yst conposition as herei nbefore
bedgueesss. Fkgvever, the supported catalyst compositions of the present invention are
especially suitable for the oxydehydrogenation of ethane in a fluidised bed. Hence, the
oxidation process is preferably a fluidised bed process.

Where the supported catalyst composition is to be used in a fluidised bed

oxidation process, the particle size is, preferably, such that at least 50% of the particles
have a size less than 300 microns, most preferably such that at least 90% of the particle =

have a size of less than 300 microns. Preferably, the particles of supported catalyst

composition for use in the fluidised bed oxidation process are microspheroidal particle5--
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20 For use in the preparation of ethylene and/or
acetic acid by the oxidation of ethane and/or
webdwhene] the supported catal yst conposition PEEGB2003/005399
preferably been calcined, nore preferably, by heating
at Ry LeRer RAlddRd oRidalien praB&e, TargePpA8blet of BEQGppdttetihe
%%esence'of an oxygen-contai ning gas, for exanple air.
catalysecapasiianonayborietesregedepprdingen frediasnl thestixedihedepuitable
bed .p - i di . :
PRSP E RSy BRyh M eBf thay b DR RERERRR Ly thp gt
marpPr esent invention are especially suitable for the
oxydehydrogenati on of ethane in a fluidised bed. .
Henide desiFsl sizgpqidhg pqg‘ﬂclsq olthe §ugp§rtﬁql éqté]ryétmoylpgsmon for use 1n
: 1
the Qe R oD BEGETE IS o B BHARPLIBR R Ik
suiteile ciat irothe prapaesisn of the spppdriedicetabiszenmsitpneTre ddshrgd
sych that at |east 50% of the particles 30 haye a siz
paraleuzt Wan 2366 AR B PEHITON B BRSPS s REfeaoe oF
suitblﬂé@i%y&g?/ﬁtﬂfnag{?‘ %vitﬂ%ag’rﬁq'dﬁlgeof PargPhRidessi ze of |ess than
300 mcrons. Preferably, the particles of supported
catlidngstwharotipospparted chtysteampasitiongs fd ke whed eta Baglised bed
.oxi dation process are m crospheraqi dal ,particle- .8
oxidglgh PEnsTReD P RS O POOR IR PRgl LSS fopicheffy use
of sONAHIAbIcOBREPABES alulmO8tn &Y d1i 164s@8ar0fO0 R réHd RRRY prefhrably,
catal yst conposition may be preferred, depending on
pre-forencemigraspherpidalf 4ldeadal baina, Buhe asparatipn pf aid eupppied catalyst
co foni% particul ar size of fixed bed may be readily
MPRF UM at ed by the skilled man. 5 The desired size of
t heprpRfablg kiessupportdiiecalyyp o6 hpekiwat fat st incloapddatidngirocess of
for use in the oxidation process may be achieved QX
the peegensinvspEOR eRmRIEses tsppeials malyhdepws, Ynagiums fjqbyap and gold,

o BRI DR d e pARDEA 09 5 el e

particle size

Mogghé fexedisipporredicaiggcomangosfarpar difoled by shezmsfelned tvhkues of

use of suitable sieves, optionally with grinding of
a, by gdyerf 99drY peprewiously deseribed: where the support ed

cat-Alaysld ©ATPORdhEA prbdest Of B8 prSest ihen@oh kbingiisadihad
oxi dation process in the formof mcrospherol da

andpraetliybdnespreferdbdy ethgndbe achi eved by use of suitable

pre-forned, al pha-al um n ranul.es of l.ess than 300 . .

b Tid Tid apismon B GRS Sy Rlaa R Sy 8 apived
witRbROG RbiBfARrogeR, thBal enBs@RlioRIMc@hd Watdd IS theorrh 8flsteam,

catal yst conposition. 15 Preferably, the supported

whichtraly\ostpresentpo shaj proamduats, fasexpmpletgacasstitha 3 volupedeessat or
onegpglr@%g gﬁﬁ{gfrgge/e%% g%'ﬁc\ér}en %%iﬂc?%g%mkagfeég% %’?d mér%g,swhich may be
present in minor amounts, for example less than 5 volume percent.

The molecular oxygen-containing gas may be air or a gas richer or poorer in
molecular oxygen than air, for example oxygen. A suitable gas may be, for example,
oxygen diluted with a suitable diluent, for example nitrogen.

It is preferred to feed, in addition to ethane and/or ethylene and the molecular

oxygen-containing gas, water (steam) because this can improve the selectivity to acetic

acid.
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in the absence of palladium according to the
enpirical formula (1) as defined above. Mbst

w@e@ieeried supported catal yst conpositions aremaHGBﬂmymEam
defi ned by the preferred values of a, b, c, e, f

and_ Y as ous 0

o BRI SRR 1 R sn i PrinG dt ool ﬁ%rr 8%
eth@hd)ans 109 Wh@enes Oy benevatdr ekerehlokygéhane. Et hane

and/ or ethyl'ene may each be used in substantially pure

f or f lange #f et 2apiprefeshly Hiogwy Baghensed ogen,

met , °

m g*rﬂhé‘ ey BE %ﬂ@a%@% AN vaL el ngleg?r‘igggrg{jﬁﬁgﬁ) of 500°C,
preéeramrplfe)ngﬁ(emtoemommd%w befeatpernc emtram)ge (ﬁaéor(etco%mc.

nore of hydrogen, . car bon nonoxj de, C3/C4 al kenes and

al kd hegre%r BRY sBiabbebe pimosehiricios syRcsymospisist ©r cxapple in
(e AR 6in 195 30 bR ré'rer\rerl er@%@%weesr The nol ecul ar
en-containi i e alr or a gas richer or
pooﬂhcgashowMMspmwhakmunyEMHﬁmmnwaHMﬂybobeewanpD@and10@00
[ gas may be, for exanple, oxygen
b dW%@?%%Vé&@hr %Bﬁg{able di l uent, for exanple nitrogen.
30 Upeifa%n%&@rf(ﬁﬁ&rﬁqmﬁ %tlfe?ﬁ#@nﬂd’[‘roﬁngﬁdagl% th eheSN1@ R process
and/ or ethyl ene and the nol ecul ar  oxygen-cont ai ni ng
ofgmsnwmmoenmybtéanwlb@@adeeun&psocahfbmgwove:USQamntNo
42§§#§égivity to acetic acid. 9 WD 2004/ 067167
2003/ 005399 Preferred feed conpositions (in
Mol Ythe EQ%Y& |11$\@:nt16@W1IEKME Gurtitd iR &L e téreRace @ the

10% et hyl ene, to 20% water, 2 to 10% oxygen. A
ﬂﬂbﬁhe&Eemﬁﬂe$ﬁer@g@3§ “@ﬁemerably n|trogen may be

?Zﬁgé“%‘ f om {0?9@38@98{@% 6 aB]I%% ft: g/gggfoi{ gW(g Pftatysis

accdBflfy tathe praasit ipvedtien adthyarkditd th)rﬁy':xﬂgei &ﬁtal?ﬁ@ﬁ stliza.
360C. The pressure may suitably be atnospheric or
super at nospheric, for exanple in the range from1 to
f from1l to 30 bar. The gas hourly
CAﬁQ\@@ﬁTI’ AK V) may suitably be between 100 and
Preb@rafi0n of Mo, V., pibeAarsabtyy 1000 to 5000 h-'. 10 Operating
ndi tions and other infornmption applicable to the
]h6§ﬂ3%wp%ﬂ”%?%gé§§s“EF”Fﬂe“gﬁvention may be found in

t heS@fuﬂBﬁﬁau% BIoF Yfanfnfum B%tarﬁé@ﬁ@it@ WeSdR&8I68 inNB0 g of

4, 250, 34 he~“present i1 nvention will now be further
waielr hudQ- 4&"[Ced'nbytmerger ence to the

Solution B: 149 g of ammonium metavanadate was added to 1,500 g of water in

a 2-liter beaker and heated to 73°C. The ammonium metavanadate did not completely
dissolve.

Solution C: 158 g-of ammonium niobium oxalate was added to 600 g of water in
a 6-liter stainless steel beaker and heated to 45°C. A sol formed within 30 minutes.

Solution C was added to solution B and allowed to digest at medium heat
(defined as approximately 50-70°C) for 30 minutes. Solution A was then added to the
mixture, which was then stirred for 15 minutes at medium heat. 0.606 g AuCl; was then
added to the entire slurry to give a slurry containing Mo, V, Nb and Au.

Examples according to the present invention

10
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foll owi ng Exanples and Figure 1, wherein: 15 Figure 1
shows a conpari son of CO Space-Tine Yields (STY) for

wo ww4o6tiel ysts according to the present i nvenP@DGB2003/005399
conpared to a spray-dried catalyst on silica.

TALY PREPARATI Preparation_ of M, V, Nbo, A )
Cardyit b yRbe o s ot g o o e B s ol i on
alp®ithi@n A: 427 g of ammoni um hept anol ybdat e was

dissolved in 550 g of water at 40-45C with stirring.

Sol TteisbnryBzontziging My, \ato#iduin aepianzadakave wisdcagdata

medieheslr 81805n EhSlst Snaicane KOs SRl R L PR B

voleth&§04bsat 7@alofiticstiginal ¥6@n@gof anmmoni um ni obi um oxal at e
was added to 600‘E§0f wat er in iter stain|ess

6- 1
ot 0 S ETobARd b S AV ERAIPbHALEE (SUTSEIATE RIS B4 B

' 3 e - ol ALt
oen L) Bl b e SUBES AL R B8 e sty
wasaﬁmih d@&gig&l &l 3 SE0pRDOY apoxidtitely Auniestes. SHpray doangAwasdone in
t hen added to the 30 m. xture, which was then stirred .
a mirgN eSS @ maRediniely afif 5%.{59%%%8 @‘%‘B&‘Eﬂ@e%ép’iaﬁéiﬁymg
cong}gi%ﬁg/w%% ASEIAN | AGinfk Ml perdifre G ¥60T BldLEY af BRI Ni ng
, V, Nb and Au. Exanples according to the present
temperaging oHOBE°CO WO 2004/ 067167 PCT/ GB2003/ 005399

GBSty (S99 2, 22500, 22400, P120 s 27500

statfl @3 GeforERBe Sl Ur ry containing M, V, Nb and Au
as prepared above was heated at a nedium heat for at

| edBte réegiltagissay-driedeatincesphboidabbupperted cadlysitcomposigom has a

redet er m.ne 5 of ~about ,70% of th riginal
ror OB ot G Bt SAT s i 88 bR meca
1oa<{i§% bf 58 offtRA0(aEMal asseifitanhelsupBoded cabi@yts tbiposition had a
1.27g/cnB)_ was then added to.the stirred m xture. On

surfapearea b3 g and dersiof Y. 28(4% - horgeni zed at 5, 500 rpm

CafREc IR PRI SNG, £ AT MG R0! ¥ RENM YD GOREGH on
alpegumaingien) zed. Spray drying 10 conditions were as
follows: an inlet tenperature of 290C inlet and an

out Tha slqrak,ﬁg}tgp@gé\/[%,fv,]_@lg@d Au as prepared above was heated at a

medium heat for at least 18 hours to reduce the volume of solution, as described above.

253 g of alpha A1,0O; and 858 grams of silica sol (Nalco TX11183, a low Na sol)

was added to the stirred mixture. The mixture was further heated to reduce water
volume to a level approximately equivalent to that after addition of the alumina in
Example A. On the same day, the slurry was homogenized at 5,500 rpm for ‘
approximately 2 minutes. Spray drying was done in a mini-Niro spray-drier
immediately after the solution was homogenized. Spray drying conditions were as
follows: an inlet temperature of 290°C inlet and an outlet temperature of 138°C.

The supported catalyst composition produced was calcined in air for 3 hours at
375°C in a static muffle furnace before use.

The resulting spray-dried microspheroidal supported catalyst composition has a

nominal composition Mogo s V32Nb7 sAug 070« on alpha-alumina/silica, and at a metal

11
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The supported catal yst conposition was calcined in air

for 3 hours at 375C in a static nuffle furnace before
wa@s@4/08he7 resul ting spray-dried m crospheroi daPCT/GB2003/005399

supported catal yst conposition has a 15 nom na

102 REBE30% R (R DS e PRt RGP 4B B P el

Exdhaled YsttacoMiligPto thERgveauppor ted catal yst conposition

had a surface area of BnQ/g and a denS|t of
Comparghivargxanme 41 (Me ;.o VivsioNboipAglo 5 f:208b1383000x) /

S\, V, 7 _5Au0. 070 spray-dri ed on '
Sprg l%)d st alsilica) 20 The slurry containing M, V,
No Bineds vy asntpinigaviedV akioued nass bﬁ)@tued abBbveawasediedrat a
heat for at least 18 hours to r ce t he vol une  of
meeramhqabﬁl shigred darcatilgsetl Spgeto re 3 b vlumge ghsolution as
desBfish8R8v@r ans of silica so] (Nalco TX1 1183, a |ow Na
§0 was added to the stirred m xture. The m xture was

furt,p6d g béﬁteesdldacsok(éthllnbeZm) avas theml added toghe stireedinixture and

e et B N R e St A
addish QRO ISR FEH Laaanéae‘iﬂomeommﬁg SABRY Wk WBIBLdhiZed at 5,500

m nutes. Spray drying was done in a mini-Nro
Ipnsﬁnaymdxnmndyﬂnnmdkat§pvyaﬁwe$“ﬁhémsuh@ﬂnmnhm@§pmy4hwr

B EREE SR Y B, SRV SRL S Bt

folloRBP 8K mlétrtenpératllré&t‘zs)o?@ enlemehtoedeadhgwﬁﬁre of 138°C.
co osition produced was calcined in air for 3 hours

oswppented ¢ntalys campesiiei MpecHgpethiverinier dheuigse 37 kel in
ds&gsuhhh ﬁu&ﬁr%¥ﬁ>5&5d m cr ospheroi dal supported
?nﬁ composition has a nom nal conposition
l\/b6‘0hé5r\é3ﬂh|b§ sprAyrdriod @Xcrosphalqidd s@pponied adtsiybi capoaitidn abs a
a netal 11 WD 2004/067167 PCT/ GBZOOS/ 005399 Ioa ng
norga 5eBRositoR decs M NEar Hoy St ARstight at anousing pm%a AP et
50‘5’"?)‘1j tl%Scéieﬁ Skjown%ht E&Sé"‘ﬁ&é Exux@awe a?e%(iﬂragfn%g]rﬁé?el'yag m?/
i nvent arative anple 1.
Cat("iMQ'dT@OﬁMBr(ﬁ:E&Nbo 124Au0. ooi 20 =Mb60. 5V32Nb7_5Auo0. 070

T A R L A
dlsﬁﬁﬁﬁo@%d?&f' T00£930/955 Ales ©8550), h%"/@%s?ﬁﬁé%i hed g%egrézh@r than

vol une of sol ution, as described above
7@ inestsi | i ca sol (I\Ial co 2327), was then added to the

sti H;e catfﬂ]yé a%cri Gn ?nert diluent (alpha alumina (SA 5396)) were added into a 40

cc fluidised bed reactor.

The reaction was performed at a temperature between 285°C and 330°C and at a
reaction pressure of 16 bar. Ethane, ethylene (to mimic a recycle of ethylene), nitrogen
and oxygen mixture was fed to the reactor using Brooks Mass Flow Controllers. Water
was added by vaporisation and mixing with these feed gases prior to the reaction zone.

The volatile reactor effluent was sampled and analysed by gas liquid
chromatography whereas water and acetic acid were condensed and analysed by gas
liquid chromatography. The reactor bed temperature was monitored by a moving

thermocouple.

12
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further heated to reduce water volunme to a |evel
approxi mately equivalent to that after 10 addition of

wo bw4ab1uni na i n Exanple A. The resul ting sl urrpcmas2003/005399
honogeni zed at 5,500 rpm for approximately 2 m nutes.

Spr dryin . done i n mni-Niro y-drjer.
b e PR DS Hd S on e R h e BYe i Tape I
drying conditions were as follows: an inlet
tenmperature of 290C inlet and an outlet tenperature of
13ggﬁﬂlﬂé3§a#ﬁﬂﬂkﬁﬂﬁdﬁﬂﬁlykiiﬁbnposition was cal ci ned
T J75¢ T A7 45 staticRutfi
ngr%ce I\g‘{exf]gr 21%3222:.] he @ESSEVI t |2r%1§ ;szrﬁai‘y-}g?(? edsz N
m cr ospher oi dahl/isuppor tjedl catjal yst] conpositijon has a
om nall_conpasition MbG0. . 5V32Nb7 HAuQ. 070x an sililca,
at a nom nal |netal |oading off 50% of tlhe catal yst

isght-; d—hadasurfsa 1 f—tappt mately—32
#EFZ.. EggalygwlTesting%Echegﬁﬁé g%PThg;Latéiést_ggﬁ
gs-gsed2ber tlegli ng wag 3v0evedap obt aijs.p Speel 11036
articlle siza distribytion ({psd) lof 70% 230/ 325 mresh
50730) 3125%|ddhs (fi ngsSR0&nd 9% greht gr5-t hgrp-6 17(023.6

resh,—Thescatighbyst—andanjneri—dituent{agha—atuatna

E%PQSQQ;% m&?@xadded iégg a 4%XfcéfFlui%rsle%ed 236

reacien 3385 Thereacti gnopgs [pRXTarapd (& 1a |66 | 23.6

enper ature between 283C and I330Cland dt a reactiion
pressure of 16 bar. Ethane, ethylene (to mmc a

pref 8 cig of ethylene), nitrogen and oxygen m xture was

TSHEF £ 60 PHe reactor using Brooks Mass Fiow Controllers.
VAt Bie reVi@fs f80dREyBYA iRdQ thSadove Boiifor¥ afé Egemd Tadibe $Se!.
feed gases prior to the reaction zone. The volatile

= selectiottr SBY 1 Ypane-Tiae Ysddpfi ey akenagraiopsed by gas _
|1 oud g 39 C00 ge”x%&%q{ at%fys S e?c%%ta‘g@hfaﬁ re%gts%ﬁe%%un%%kd
wer'e” condensed and analysed by ga iqu

desieéd uEBit agidpdioct glodudedas tompdred td ep@ERdatio® iwalse products
nonitored by a noving thernocouple. 12 WO 2004/ 067167

forpetr - GB2003/ 005399  The reaction conditions used with

o - On_ e ol i Jdable 1. Table 1:

e T A el bRl S oo ai il ow

wheebinISSYtHeahblar £62¢H4qiHR Ded2ulNA carGoimbésia) of hH tarbe2-to@Mink/ 1
3200 59.(?, 5.1 E?.l 6.6}12% 6

products, excluding the alkane in the effluent.

Table 2

HOS Temp | Sel. STY Conv.
Max | CoHy | Acetic | COy | C;Hy | Acetic | COy | CoHg . O,
% % % % %
1-21 288 59 33 8 41 49 13 |5 35
25-53 298 60 32 8 56 65 19 |7 46
56-73 310 63 29 8 79 79 24 |7 60
75-96 322 64 28 8 103 |99 32 |9 78
97-116 | 336 63 28 9 120 | 114 41 11 93

Comparison of the results from Catalyst A and Catalyst B, with Comparative

Example 1, is shown in Figure 1.
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25-53 298 471 3200 59.7 5.1 5.1 6.6 23.6 56-73 310

471 3200 59.7 5.1 5.1 6.6 23.6 75-96 322 471 3200
wo04/067147 5.1 6.6 23.6 97-116 336 471 3200 59pd1/6B1003/005399

5.1 6.6 23.6 5 Pressure - 16 bar The results for

Cat |
ool 205 | Gk bR RAIEbIBORIRE G HbtER b present
invenimn S}mwcolmdmesll oy formstlmsc&nhﬂam’debm caﬁl@sem;jp\méd/ on silica

erc reflects the anmount of
alof€ SRS e By PP o bbb enre e agsd?ewﬁ%h@ae&f@r the
suppbed @ettﬂ[yst@@ﬁ-@@ﬂt]bﬁ] of ﬂ‘l@ ppéfs@ﬁqﬁ@e%t]oﬂ- Qo&ﬁzftgggo lyst
Selectivity = 100 * | es of acetic aclid produceg f
“”Wwﬁﬂémﬁuspﬁﬁxhésﬁwhar aci d- equi val ent sum (car bon
basi s) - of all carbon-containing products, excluding
the alkane in the effluent. Table 2 HOS Tenp Sel. STY
Conv. Max C2H4 Acetic CO C2H4 Acetic COx C2H6 02
1-21 288 59 33 8 41 49 13 5 35 25-53 298 60 32 8 56
65 19 7 46 56-73 310 63 29 8 79 79 24 7 60 75-96 322
64 28 8 103 99 32 9 78 97-116 336 63 28 9 120 114 41
11 93 15 Conparison of the results from Catal yst A
and Catalyst B, with Conparative Exanple 1, is shown
in Figure 1. 13 WD 2004/ 067167 PCT/ GB2003/ 005399
Figure 1 shows that the supported catal yst
conpositions according to the present invention show
a reduced CO formation conpared to a catal yst
supported on silica alone. Selectivity to desired
products (ethylene and acetic acid) is also higher for
the supported catal yst conposition of the present
i nvention conpared to the catal yst 5 conposition
supported in silica.

14
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10 15 20 25 30 14 WO 2004/067167 PCT/ GB2003/ 005399
Clains: 1. A nethod for the preparation of a supported

woeabsbeysd7 conposition suitable for the oxi dathCanGEX003/005399
et hane to ethyl ene and/or acetic acid, and/or the
oxi dation of ethylene to acetic acid, said supported
catal yst conposition conprising a catalyst conprising
one or nore netal conmponents, supported on a support
conpri sing al pha-al um na, which 5 nethod conpri ses:
(a) formng a slurry of the one or nore netal
conponents and al pha-al um na support particles or an
al pha-al um na support precursor; and (b) spray-drying
the slurry. 2. The nethod according to claim11, which
further conprises: 10 (c) calcining the spray-dried
slurry. 3. The nethod according to claiml or claim2,
wherei n the al pha-al um na used for the support has a
surface area, as neasured by BET, of less than 15
n2/ g, such as less than 10 nR/g, for exanple, |ess
than 5 n2/g. 4. The nethod according to any one of the
precedi ng cl ai ms, wherein the al pha- 15 al um na used

Cldi@k: the support has a surface area, as neasured by
BET, of at least 0.1 nR2/g, nost preferably at |east

1. 0. sAfRethod foéhe Rrsparptiarhef & wippertey a3takest gompoditéayssuitablg for the

20. in t : /
oM B o TR LSOO S RR0 AR e o
acedit atildesaid agppditad cathigstrempokiaoe comprhiingd pdtalystadoutpristg one or

used for the support has a density of between 0.5 and
motgHMEtal CYRRMEAIEHTUPPHETRLH SUPPALOBPHHNAS SIPhp@timiga, Vijeh

meBURSH ﬁgﬁprding to any one of the preceding clains,
erelﬁ the support is al pha-alumna. 15
(a) forming a slurry of the one or more metal components and alpha-alumina

support particles or an alpha-alumina support precursor; and

(b) spray-drying the slurry.
2. The method according to claim |, which further comprises:

(c) calcining the spray-dried slurry.
3. The method according to claim | or claim 2, wherein the alpha-alumina used for
the support has a surface area, as measured by BET, of less than 15 m?/g, such as less
than 10 m%/g, for example, less than 5 m?/g.
4. The method according to any one of the preceding claims, wherein the alpha-
alumina used for the support has a surface area, as measured by BET, of at least 0.1
m?/g, most preferably at least 0.5 m*/g, such as in the range 0.5 m*/g to less than 10
m?/g, more preferably in the range 0.5 m%/g to less than 5 m%/g.
5. The method according to any one of the preceding claims, wherein the alpha-
alumina used for the support has a density of between 0.5 and 5g/cc, preferably between
0.8 and 2 g/cc. | '
6. The method according to any one of the preceding claims, wherein the support is

alpha-alumina.

15

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

SUBSTI TUTE SHEET (RULE 26) WD 2004/ 067167
PCT/ GB2003/ 005399 7. The nethod according to any one
wmtooehaiiers 1 to 5, wherein the support conpri SESI/@B2003/005399
m xture of al pha-alumna with one or nore
no h -al um t hod, accordi ng
' tonglﬁ‘ealr?l %9? a&vj\%)é@g n@% e5“3u°%6%aﬂ?15él%§v eégmghees%)lp fore
congir3Baa alixtitaefsipha-adofihanvati et oMnidie Q66 aPha MRS inhdt&i s,
and_wherein the one or nore 5 silicas are | ow
8 sodl RMEBAE aFsHrdige & slpigad, WhEremige SHPPARG QORBE BSAINAGT more
i o)
a]p}th a}@g@tﬁﬁ %@nml %ﬁgbnﬁale{)@?cgghg@gggrre&m oh&6EPmore
qili@seafaelpafmloylum cdnﬁamtngZﬂ%dssuch as 40% or nore, and
ref er abl 0%or reb i ght. of the total
B’rﬂp mgihod H%C%%w'fami or gign ﬁ':wﬁ%amm@wﬁ@atcamﬁves
at 1@&@@10% ?h@el@{t%?ﬁﬁ:'tﬂﬁl g@b%ref%ﬁﬁﬁbtﬂe&h%%%ﬁﬂ %a@% 0
cat al yst conposition has a surface area, as neasured
momyarBEﬁostcpfrefbebloe‘é}‘]/ Or thoamlly ®6i ghn@f‘/tgc; tatad veei gitt of @readuppyort.
bet nd 5.n2/g. 11. e net ccording. to an
10, ot e e Aol tile iy e ol Mo ercdie g Shiifin e dipported
cataq?stt@bm&sl@ms» dutfabe L1as, aansiﬁmbw ) Tbstm&eerpo%ﬁ@@o
5g/cc, nore preferably t ween O}é 2 g/cc. 15 .
m /Eheomnefgmbacmemgandﬁ Em&g one of the pr ecedi ng
n.th nent are
1. 61 2B el fktalidSo AL Rt Y p T RhabIatRY R g
supp@ﬁéﬂ catzAy8D Ubkhp &b rVids@ident gy HEIVRLR (ﬁf/mﬂm’g/@c@%d?h’ preferably
ight of the total supported catal yst corrp05|t| on,
bet‘ﬁi@@f(k$a¥fi%g{§ét\/\een 20 and 50% i ncI u5| ve by weight. 13.

12. Irgll"ﬂr}égrl’hg \I\?I% ?ééc?)g&?%gygan orll%Wthongg cedm Ffan%r ERiS remgch%%r%e or

r se’s
moangein@iiponpal hidiresnt 1114he §H’ppoxrmi &h@dyﬁesmpdsnﬁ@n in0a total
claim 13 wherein the catal IS regr esented by the
amquat RHIKRIR APBEXETR S YrARdiOFe Wér&hé@@ @@t@irﬁ@pmﬂe@ec@@ﬂw

n'g;os@on ﬂY@ferfM?y bélf@ A?nTQO ant 50-5/§ mcﬁﬁ‘fk'fvl\]y vgﬂéﬁtpr esents one

r several Bi Ce, Co,
13. Rh, THermetiod accAgimgAtq) arEmne Ialﬁ Ihe@gzcemngl?ﬂmmé;swhdvgin thiacatalyst
Sr, Ba, Nb, .Zr, Hf, ]633 Pb, Sb, Si, Sn, Tl and 25
Conwnaﬁsda%aflet%ﬁe‘hamt’tpal WP ¢ =0.4tol and d =

14. 0. OAR théthdd adeerdidH'® (’,‘Tﬁhhp.ﬁ WHe R BHe Qgtaf)@t ﬁ'?é’pr@ik%te@lfbyttt]@
preceding clains, wherein the catal yst conprises the

fornvela Ml P Y hvotai Xraprestintmorernd sevegdiofifir, 8, NihEa, Ti, V, Te
oGO S5 S R AR RS G B G e R B
Ag,Vanad] Ri) O KQRbY Ts ad, 08|SH, BA NY)€r,as 8’ Pof Sb, Si, Sn, Tl and
U and a=1, b=0.0001t0 0.01,c=0.4to 1 andd=0.005to 1.
15. The method aécording to any one of the preceding claims, wherein the catalyst
comprises the metals molybdenum, vanadium and niobium.
16.  The method according to any one of claims 1 to 12, wherein the catalyst
comprises the metals molybdenum, vanadium, niobium and gold in the absence of
palladium according to the empirical formula :

Mo, WpAu VygNb: Yy M

wherein Y is one or more metals selected from the group consisting of : Cr, Mn, Ta, Ti,

16
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30 pal l adi um according to the enpirical formula :
MoaWbAucVdNbeY f (1) wherein Y is one or nore netals
woedsstmsd fromthe group consisting of: Cr, MrRCT/E2008/005399
16 SUBSTI TUTE SHEET (RULE 26) WD 2004/ 067167
B, Rﬁﬁa%ﬁ?@@iifp@%@%c:e%oﬁm 168Gy, A’gKFE’tRu 4%, KOb, @%aMgecja Sr,
Ba,gy, HENi, Py Pb, §b, SP%DF’BL UsRBe, B?an’dspa, Tl, u Re Te and

L re om ratl oS
o 058 4 BanlGresho B A PSR S  EH PSR R O™,
10-5 < @ <€a& DY <b@Widia +B<ebl; and O<_f < 2. 17 The
nmet hod accordl ng to cl aim 16, Wherein a > 0.01, d >
0.1 and B*<0<®02; 10 18. The method according to
claim17 gh eine <'0.5and 0.01 < f5 0.5. 19. The
met hod abE8rd#ing to clai m 18, wherein 0.4<_ d5 0. 865:
0.135 < yes< P43 and 0.555d + e < 1; 20. The nethod
accordi ng to clarm 19, wherein a > 0.01, 0.0001 <c S
0. 002, (425%2<_d50.8,0.145e: _0. 20, 0. 6<_d+e<0. 95, and
f50.2. 15 21. The method according to claim 20,
17. V\,heTlEq mehodeemrding (acloinpdl, whergs as 01,4 104 and'e > 0.01.

180 BneRnS0 e dpafif oy D Bt s OB TELI G <05
19.d +rﬁe I%eéﬁoa acco%§11%T@eaﬂ;§ﬁ fiocha6h o1k Bg: 6,965 o m<2@< 0. 23

wherein + e > ‘The met hod according to any
andﬂmﬁeﬁrﬂéanns 16 to 23, wherein a = 1. 20 25 The

met hod accor di to any one of clains 16 t
20.\wheFlag method gc @et%la*m b?nwl}eﬁen @Po%l &&%ﬁlsﬁ ¢ ﬁ@ Q9. 0.425
The nmet hod
a‘c(%:%’rogf)ng t‘ogéfypéhél Ee ig clains, wherein

21.5t ephd@bthod 9&‘6&&@@% éun}n @oj em&ém opeparat g, o@pl V44 es< 0.7, e
conprisi ng each nmeétal conponent by dlssoIV|ng

>Osil5fcﬂrkce|:em9 andafit D0Res of sol ubl e conmpounds and/ or

“Et?rSI ng any insol ubl e 25 conpounds or quantiti es of
22. sal CBAPBGALOTEBE tsclein plovhearn 4 2d3i ¢ 2l gy it &t 6 07

23.fat ’h?e method according to claim 22, whereind + e > 0.8.

24.  The method according to any one of claims 16 to 23, wherein a = 1.

25.  The method according to any one of claims 16 to 24, wherein Y is selected from
the group consisting of Sn, Sb, Cu, Pt, Ag, Fe and Re.

26.  The method according to any one of the preceding claims, wherein step (a)
comprises (i) preparing separate solutions comprising each metal component by
dissolving sufficient quantities of soluble compounds and/or dispersing any insoluble
compounds or quantities of said compounds so as to provide a desired gram-atom ratio
of the metal components in the catalyst composition, (it) where the catalyst comprises
more than one metal component, mixing the respective solutions to form a single
solution comprising the desired quantities of metal components, and (iii) mixing the
resulting solution with alpha-alumina support particles or alpha-alumina precursor, and
if required, other support materials or precursors, to form a slurry.

27.  The method according to claim 26, wherein the one or more solutions

comprising the metal components are aqueous solutions having a pH in the range from 1

17
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of the netal conponents in the catal yst conposition,
(ii) where the catal yst conprises nore than one neta
w@ewpoemet , nm xing the respective sol utions toPEDGBR@3/005399
single solution conprising the desired quantities of
S il A ulting
o bRl BAPRORETkY S e TSR P
28. al pha-matthod Becopdifg t &9Tone @i the3ededingadalins eatherointié spray-
suppor% materials or precursars, to forma slurry. 27,
drymgds petarmgd ababewich rarsratuigiokablsast \QR T eipreterbl yobrewesn
I NS LSl o tab~cCconponents are
lzogg&ggngg%FutlSﬁ@ﬁﬂggkﬁgﬁgs%gﬁ?ﬁp¥ﬁécrange froml 17
29. SUBShE nhéfhéd StdoEding Udy o of We pt@&airacldimé, wherein the spray-
PCT/ GB2003/ 005399 to 12, preferably from2 to 8, at a
dryingpperfarmed abin i temupratareiibetwezs 259Heandd HBE, for example,
acc b one of the preceding clains, wherein
ber e e Cdnd S0¢

g is perforned at an outl et

30. t eMRHigHoke chlydt confRSitioh Rkabl IR HIRS dhlaticaeiNeBRRAe toldRfene
and 180C, for exanple, between 130C and 150C 5 29. The

andfpsrpdit 2t endipnigetosidatign oheshideng teeacpticecediicharagteribersin that

rei spray-..dryi IS rforned. at. an inlet
the B s B B M DR BB o A R BBY of any
onclgtlganl] 2809, and 300C. 30. A supported catal yst A
conposition suitable for the oxidation of ethane to

31. et hyPetsess fantheseleide pxddation of cthary retheneaidianareis asid,
andf§h B GG 00 RAERI oAl HeneGOALARLEIS R bRIGREH prod st N
supported cata yéﬁ composi ti on has been prepar%8
congeisey einngtihg ethhee ael/ drathydéneanmiyh a ardecafar ok gdefscohtditing as at
31., A process for the selective oxidation of ethane to
clevatad FBRARAGINGAC RESEENIE 048 iSB‘,“Y'dé‘n’?g%Rpoﬁﬁg cafalyagqmposition as
claiféhsathem3@f ethylene to acetic acid which oxidation
process conprises contacting ethane and/or ethylene
32.wi tFhegpromiseacdoatingioygdam Tlomtharam thy sgported catlyst earapasition

enperature in .the presence of ~.a spray-dried arted
has DL YRR GHIGLNE Rhieper e M rAEecioum A SUDC i
prefRAACEHSH AGEH-Bbi8inin dab doMt:dplévier ei n t he support ed

catal yst conposition  has been cal cined by heating at

33. a tEwpeeessuncrording toeclziamgleorfdam 325w@hich 150 0wdised bhé process.
presence of an_oxvgen-.copt ainin as; for e | e

4.5 PIHEiSeds o huly REDLECTE it el fhs G Pordhoned,

catabyt ebrhpdbitich i8 sidhikhal 8 echstF0ds pr de@aficlesIhve d bige [sOURAS00

mic?q%g? %%ng@g)ﬁega%@lcsluaclh ([rllla% :231’5 le\é\g %{)‘(’;oi (Pf t%ulg ga ic?li:g Lacl:\leea ssi’izezc?f lg;s than
300 microns.

35.  The process according to claim 34, wherein the supported catalyst composition
is in the form of microspheroidal particles.

36.  The process according to any one of claims 31 to 35, wherein the molecular
oxygen-containing gas is oxygen or oxygen diluted with a suitablé diluent, such as
nitrogen.

37. The process according to any one of claims 31 to 36, wherein there is fed, in

addition to ethane and/or ethylene and the molecular oxygen-containing gas, water

(steam).
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catal yst conposition is such that at |east 50% of the
particles have a size |less than 300 mcrons, and
weroei/es7alrl y such that at | east 90% of the partrCE/6B2003/005399
have a size of less than 300 mcrons. 25 35. The
38. Pr 0GeprocaBeRESHimg th ang bad & 3dims\iheas eﬁnwhdsremstuaﬁog feddo the

cat al yst con'p03|t|on0 is in the for o
prOCﬁqS@rfsgcbﬁféﬁmsermn (Humel%) eunprigg 4he 8&/@&@@%@ AdedPdi Abylene,
0 to Eé’%WeID A% ‘1’60/0%3{;{%&]\&1% BRanMG iR ﬁshS g@%}hﬁzgﬁt%%en

gen-¢ont ai hi ng©gas i s oxygen or oxy en
39. a §hepahbﬂzdc@ﬂ&@noaswomam&ﬂmnmﬁﬂdgéﬁ wB@e@the Tleegated
process. accordi pe of .clai 31 . to 36,
tem g AN sraé]gﬁgfg%g“? 000G e ety o g8 4gpgind mos
pref@r&@lyhﬁ% faﬂgé 0P %df’@f oxygen-cont ai ni ng gas,
(steam. 18 SUBSTI TUTE SHEET (RULE 26) WO
40. 2otrh¢ P8BS RCPETINGRe @053)0@@6139ng1§8 to BRewperotebe process is
d n to.an erel here
operfEGpEbigot i Ml ORBeS ey S ik b b O Dy
41. COMAE bRdcBS; ﬁ@ox’d f&@%ﬂ?bﬁ@ﬂﬁlm@s‘:ﬂ 1A% ehé&rginehe pr&eist
20% wat er, 0% oxygen and with a bal ance of ine

opergigd mﬁxeewrf@brly smcprv&%ﬁy (G§§V)1’ﬁbe%’r€§% &d@ angt F{PRf hg
clains 31 to 38, wherein the elevated 5

pﬂﬁ?g%ggpoﬁgfgﬁkglln the range from 200 to 500C,
preferably from 200 to 400C, and nost preferably in
the range of 260C to 360C. 40. The process according
to any one of clainms 31 to 39, wherein the process is
operated at a pressure is in the range from1 to 50
bar, preferably from1 to 30 bar. 41. The process
according to any one of clainms 31 to 40, wherein the
process is 10 operated with a gas hourly space
velocity (GHSV) of between 100 and 10,000 h-',
preferably 1000 to 5000 h"*. 15 20 25 30 19
SUBSTI TUTE SHEET ( RULE 26)
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