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LETET LLLED I 11l ~~11 VIT1 *@D0002* CATALYST

COMPCSI TI ON AND PROCESS FOR THE SELECTI VE OXIrDATHON—

invention relates to a catal yst conposition for
sel ective oxidation of ethane to acetic acid an
for the selective oxidation of ethylene to acetic
acid, and to a process for the production of acmw

acid utilizing the aforesaid catal yst conposit Wﬂmwmmmmwm
Cat al yst conpositions conprising nol ybdenum vanadi g,
and niobiumin conbination with oxygen for use in

OF ETHANE ANDY OR ETHYLENE TO ACETIC ACID Th
ror [ARRAHINEIN

*166166*

" processes for the production of acetic acid by the

oxi dation of ethane and/or 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 scAraedhenrdsir ' Tk TV
T Shrsandpe Mﬂﬂ%ﬁ%@ﬂ%&ﬁ%%l R Tﬁ@!@f_@ﬂl\f}:
at @NISAIFON ORRLEIHANESANDAORADUTHYLENECr0sA CL 16 £CID
cat al!g%st_ a oqposi ti ?n conprising the el enents _
ol ybdelar™t VaReR Telaigs ofcqtalystComposiivn fane selsctive s
oXidatidvof elidne T@acefic i - -
Nb. V and/or WY s B g?”%f%‘%@{‘%&%@%‘?mﬁ? acetic
agp, andjo a giocesrior thEl pradubtion oflacanchcigpuifiangteyafSsaieatalyst
c&ﬂ@ésﬂfonu’ aisl bis 0.05 tol.0Oandcis 0 to 2,
and preferably 0.05 to 15 1.0, with the proviso that -
t he CotBbt bahpeitRhs €ofmPFisie m Wb RRUHOK 2k ol
0.5.: Sj\o 99/%%928r(é|_gt R mdNbARAL héda’gﬁ‘%@laég?‘?"\?&%%
cYPaREIMmY taextdes facis if povnessss Hiartbe peddugtiemef adetic acid by the
Xt reof d, ox n at hight erature in _the
oA S uope 2 I RE ol o TP oR R o

4 N50.P46EPYA - W0 064, W 9B R0 BRendDONes an s3several of Cr,
Mh, gg Ta, Ti, V, Te and W. Y represents one or
sevelalPappt Ho. 250,846 dpgloses thppxidative dehydmigenaion Ghethane to.

ettMlend hnd Sedii 1h'd: Ry, ' —_

iy ND, 21 80 fieal hasBieactBn, & Hperire fjesttgngbout
SEEC usirghs@0@ial Y50 a@ofibosition cOmpritiag tha@ldménts Tnd®yB@R b X and Y

. 1t 1 N\/%O@;l?SZY? PCT/ GB21414/ 0111413 Cerman
e 20 Mspts CaPDGipR 866, Mo, Mo Tay Tis ¥iandks Woard preferably Mn,
N®| Widn@/or §AL &Y B, 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, bis 0.05 t0 1.0 and c is 0 t0.2; 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
ethane, ethylene or mixtures thereof and oxygen at high temperaturé in the presence of a
catglygt composition having the formula Mo,Pd, XY+ wherein X represents one or
sgveral 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 a=1, b=0.0001 to 0.01,c=04tolandd
=0.005t01. | |
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conmposition in mhlch a=1 b>0, c>0andd=0to
WP SR R y, @a=1, b = 0.0001 to 0.5,c=0.1 P/GB2004/011813
1. 0. andd=0to 1. O The catal yst conpositions of botP WO -
99/ 20592 and DE 19630832 require the 5 presence of -
pal FSHP P2 EB aRPheimndAE dﬁégpo@és’\ laredagesatoyasgimilar catalyst

co@PoBasH i Which a1t Q& @zf/ﬂ@tl*]@rd O &4 h@gﬁaffraglv gt hyl 26.0001 to

and/ or acetic acid or the oxi

0.%cmA-éiel fenddet 0 to 4 d whi ch  conpri ses In

vandi oeRR St soiton hTRE oAEHEE 19p30832 require the

pre3ahdeadipdindemor ding to the enpirical formula 10

1MM oaWbAUcVdNbeY f (1) wherein Y.is one or nore
el edgnbsl Oéé@@cdledoms@m'ltdim gooppsidom $orsthé ngld@ﬁon oﬁéthme to

: eth&lﬂene and/objce’tlﬁ\gabl Fﬁéld/cgfror @ ox@atl% of @‘gg]qvﬁ to @getlc 2551ad which
- comBPrisedlin cbﬂhbmla'hon R'qth%%yfgébthe%len1§ﬂ$ m-BllydenuxﬁeV'm-la%uﬁﬂ %iiobium

La; a, - d, e and represent the graniato
and gpldgg ﬂ&ﬁfﬂllsﬁ@e@lf@nﬁmlslmcbrdumm the Bmpirasl folinulDK b < I
MR 0-5 < ¢ < 15 0.02; 0<d<2; 0<e<l; and O<f
<°§A énal( s a need to devel op a catal yst

wl&ﬁd’mﬁ'SllsTohé)Br mofe d18@eRikisdRER Frdpf the%@ﬂpgorﬁwng f Cr, Mn, Ta,

.ethylene to acetic acid with high selectivity®t
Tigkek

} Saghy, Bt & CdnBiiis 90, RbblreChph al Be, Rug Dsak, Rﬁ @ndiig, Ca,

e urpri sy ngly, it has now bee :

St RAE By uSPhgh AP H S Tedhg e £ SeF and 1 represent the
gran Bk Sitidg oMk RGesHMuhanadioum, <nj: @bct Y@ pac %]utbanl U < ¢ <

in combi nati on with oxygen, ethané and/or yl ene’ -
0.0 bé<gxPdi ezéd ami Acelt €@. acid with incr eased

selectivit etic acid. Furthernore, it has been

" f ourldC5dEY ‘&Fé‘ “G% ngd?‘f?go&aa?a&f’ Nsicoppestiontipoihs asidationef
ctHAhe SRDbr iR i heNe |
et o ae i e e B 8o B SRER Miltal Ty which
nopjecaetals suthyas Hdnanal All ms@d a@@eotssadt he present inventi ofn

far the XI dation .o

et oS SR BN b ohERTRORL e idheh sk compostion
conPhpng Intd]ytmeﬁ@xli’fp%r&ﬂ%rh ﬁnﬁlﬂmiﬂ At uM Tl o SRl Pfh oxygen,

el enents nol ybdenum vanadi-um ni obi um and ti tan| um
ethapg gpdiphghylsng may brpridized tofageimacad wnhwngwsadcsvmmmy fo

| acétlc) acd F\M}ﬁ&‘?ﬁo@e h% lg)eréﬁ fglédi?cwglb el.luesgrneg %% c%% }?s mpﬂsmons of

he group constst

thd%breseﬁﬂmvﬁ‘niﬁmﬁltq a@ev@hlgﬁhelettﬁmt}@,acé\ﬁb adi@ w1ﬁured@ed Kectivity
M, Ca, Sr, Ba, Zr, H, N, P, Pb, Sb,
to égly]eﬂ:

U Re, Te, La, Au. and Pd; 2

Accordingly, in a first aspect, the present invention provides a catalyst
composition for the oxidation of ethane and/or ethylene to acetic acid, which
composition comprises in combination with oxygen the elements molybdenum,
vanadium, niobium and titanium according to the empirical formula :

Mo, W Ti;V¢Nb. Y )

whérein Y is one or more elements selected from the group consisting of : Cr, Mn, Ta,
B, Al, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr,
Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl, U, Re, Te, La, Au and Pd;
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- WD 200-4/108277 |'CT/ GB2004/001813 a, b, c, d, e and

, r the gramatomratios of the el enent
£\h(%?rﬂz4/?(8‘227t< 1: 0<b<l and a+b=1; = 0. 05<c<2: O<d<2s1 Cﬁ%ﬁ‘zommoms

O<e<_l ; and To<f <2, Cat al yst conpositions enbraced
th
W R Ry e s B RGN
Preferabl9<aa§100(£1b<ﬁrzefdearﬁbl=y1 d > 0.1. Preferably,
e > 0.01. Preferably, e<_ 0.5. Preferably, f ? 0.01.
Pref erabl 9,05 «<@:5. Preferably, Y, when present, is
sel ected for cr1n<t41e group consisting of Bi,. Ca, Ce, 15
Cu, K, P, "Sb; "L'a and Te. The cat al yst corrp05|t|ons
accordi ng Ot@ekhle aRgesent invention conprise a
titani um conponént. Advantageousl y high selectivities
to aceticoacfc&k zan be achi eved using the catalyst
conp05|t|ons of the present invention in which the
cat alGas! Y%@ﬁﬁ’%ﬁlﬁpbﬁwemb@c%ﬂ withingthp doamtl ) mpdedsce of
nobl e net z:-Mg @ ?nbodl ment the catal yst
conposi ti ons’ a%cbr fig'to the present invention are
substanti aMbyT]QI‘eM%e (of noble netals, such as Pd
and/.or Au.. A _second aspect of the present invention
rel ates t a8 \Wrbc¥elbf or the preparation of the
cat al yst OPP; Vt]mgns according to the first aspect of

~the presen thve ti'on, 25 conprising the steps of: (a)

f or m mefepatty xm.e1.cpmﬁdsmlslnyn@>rﬁal .yPriderably, ¥ artadll. uPneferably, e <
ni obium titanium - optionally tungsten and optionally
&p. Preferablyl fi2i0dH; Rrbferahlyifrig0-bhe m xture to form a

d te d he d
Sol | PRraval VhoTeee b 6 Yo bR b e Pkl gr i Ca. Ce
SHitt ak!sh, thandimet ure conprising erl ybdenum vanadi um

niobi um titanium optionally tungsten and optionally
Y nayThecatdyshe@mppsiiions agyorbng Suhe Pressay igvention comprise’a

titantum component. _
Advantageously high selectivities to acetic acid can be achieved using the

catalyst compositions of the present invention in which the catalyst composition has a

substantial absence of noble metals.

In one embodiment the catalyst compositions according to the present invention
are substantially devoi.d of noble métals, such as Pd and/or Au.

A second aspect of the present invention relates to a process for the prei:)aration
of the catalyst corhpositions according to the first aspéct of the present invention,
comprising the steps of:

(a) forming a mixture comprising molybdenum, vanadium, niobium, titanium,
optionally tungsten and optionally Y, in a solution;

(b) drying the mixture to form a dried solid material; and

(c) calcining the dried solid material to form the catalyst composition.

Suitably the mixture comprising molybdenum, vanadmm niobium, titanium,

| optionally tungsten and optionally Y may be formed by mixing compounds and/or

complexes of each of the metals in a suitable solvent. The solvent is preferably water,
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conpl exes of each of the netals in a suitable solvent.
Woeomabsent is preferably water, 3 \\'O 2004/ 10&217,232004,(,0”]3
PCT/ GB2004/ 001313 and nost preferably the mxture is a _
solution in water having a pHin the range froml to

and Zyospprefeestaplilye iiatneds b @oBtioRin ateg ﬂi'@ﬁlﬁ)ahlﬂl—ﬁrptfhefréh% from 1
OC. Preferably, the nol ybdenum i's i ntroduced

to I%W Rrﬁfetﬁ’é} From 8 iah afeP e b of TommRfSie UM%l ts such
as 'mﬁ'bl%mﬂrheﬁkwle%pg% ﬁfra? lced rlgg@hlc aq(tng's i Eﬁeﬁ”‘gfm of

nol ybdenu as ace es and oxa

vanuom!pomn;dks mfchrmlayxbd@nummhmbtaﬁfblmté}@ dS@Aid A6dsUstanofyBlenum,

nol ybdenum oxi des, ybhdi ¢ aci d and/ or
s BB P B Dher BB RS ) N e Imeiiay be used
mélﬂ&é ?%ggxp'l@ rhQyb deufl Shisse m'oﬂfbgltﬂceaglg 1%& mo?v exr)]urlf{m

salt's, such as a n| um net avanadat e
Chbte@avanadate or 0 organic acids of vanadl um such

?:eft s and o aI at es. é): gr conpounds of vanadi um
ety T Pttt S B0 TP BN i A
anﬂiﬁbﬂﬁﬁl And sabh Q!‘?ﬁ]ﬁﬁmmm Rlegfanatley qlor :% ol ?phé’&g\ ira]x?adirzﬁe, or

introduced in to mxture int ormo
orgarii¢ scidseicranadivansocdi asmceiatbianmoaxiateat @theﬂcb@pounds of

s, of niobiym .s ob| um chl ori des,
v RORR T B B ebids: o pmaRsa o tos oidraped aiphates.
15 gaehewyy,itke ﬁfb’qu? (s irfidca8 i RPNE ek % GRIRN RS axtn?nomum
i mprove solubility. Preferably, the titani um conponen

sali$, sppleaccamAoyBIm u@hpms pxalatn. Qthey mmpdmmisabf héobitmhesuch as

tur the f eor ctive
nlg@?lécurhg(gr&s’slﬂ% fjg@g %{f%egeré}g YaW&BJP  witly gp gxalate, a
caﬂﬁcﬁfyﬁﬁ asibdyor silﬁﬁaltcbbﬁﬂhdﬂﬂb%@mfb@ﬂﬁmo Rhprbhesdabifty st
composjtion is mtroduceﬁ the m xture as a

ti t dreisrmbay.Kbs rltﬁa@mmsmp@re@f ef thblcgtadest t:omamunm is mtroduced to
thE %%Pﬂoﬁ)ﬂ)g?%mizgﬂ ac?or]]xﬂilg or Ye’actg\hegpargn %&%{/ (seuc {35 3,% ﬁgr alkox1de

contal nin S 1S pre

Meuf pﬁrefar:&ﬂ-y thieltitiniin €6mPdneR0 bk & 2 &0M P 0bMPSsiAHHis introduced to
di spersing.any insoluble conpounds so as to provide a

the FEF BT AP AP 3IdE BT Preferablyeseiteriumispprepoxide.
cat abyhalng ﬂfgjlﬂﬁtﬁlje% C?IT p&gfd;lc\ﬁﬁﬁsm % Jé ég@ g]ﬂs gsrpgr@pareg by

m xture by drying, prefe §/
dlfss_\vﬂ\rmasmfﬁp@dt qwdntxdiesmf it conipingidd rang dh@eismg arptiaselable
n calcined.to farm 25 the cat al %//st conposj tion.

°°€é¥r°8Pﬁsa%9 BriCIPSOHABR SPURAETHRIAYR AP BY hEslamangs inghg catalyst
cdn%!'ﬂ@ﬂfoﬁt Wh% s8fveht E%I%Q'Qidt fPorm %17&9&“@13{1%1 Apﬁégérragfy by spray-

oxygen, for a period of from1l mnut
drying, tﬁ’aﬁomlwsirledmmbdsmatwrm Bfis thed m]&]smnteniamz dindn ellcifiéy/to form

N A ST
teFipefR@itt 8f from 200 to 550°C, suitably in air or oxygen, for a period of from 1
minute to 24 hours.

The catalyst composition of the present invention may be used unsupported or
supported. Suitable supports include silica, alumina, titania, titanosilicates, zirconia,
silicon carbide and mixtures of two or more thereof, preferably silica. Titanium may be
present in a supported catalyst composition both as a component of the catalyst

composition on the support, and as a component of the support itself, such as a titania
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30 silicon carbide and m xtures of two or nore

t her eof , ,Preferably silica. Titanium nmay be present in
WOLUMMBTEd cat al yst conposition both as a CONPEOERIE2004/001813
of the catalyst conposition on the support, and as a
Suconr‘gonent of. the support itself, such as a titania 4

B0 PEB 5 75 Py C4IPD0 S S, quﬁpsapple@:s pagt qfarmixed.
supﬁorac@ﬂmg b &8R4S hiDsilitd amﬁl&% 1% lpgﬁml tﬁa@%ﬂ%qe support.

a_mixed. support conprisi tani a
SI I |Wbersu&§é@mt'esUpportabe pambrsbtorapctsntimngpncbngzabfnpnses at least

SoRHPRSLoalDSDL NS 005, UBRRLLr T SR BYELL o

coar;mémbn apd tie s@?ﬁéﬂt (@Qﬂ/(ﬂh%ei’iﬁhgﬁ} b@iB ttlk‘éesu%)gt)ﬁlm?é\@ﬁgl tPreferab]y

of the catalyst 5 conposition and ort
the patalyglrompgsitioh @pm@nsweaté@q@p@ﬁawt%nf grei tafa) wngmeétl&bdaya]yst

B3 s GRS GRS RO

uﬁm@ﬁmmhaﬁmdkgm ppextt 0 60wt % of the total weight of the
cat al conposition and the support. Wen used on a
supp® 1?“ ugeHdnA gMppeit.cttie suprmirtedtcatdysp ospositiommayte prepared

di h f h
ac%l%ﬂ‘gt%q}fxe rgr%cc?s% (r%ggheen 9?’%&3 aesfg{:e Oﬁ rt@%:/grzs r?\%ﬁtepr %tyﬁaggmgn of the

a SUPppO miaterial of & alhlt;ﬁ)ﬂe p’re&h&isblatlﬂlz)%op rsQen 5$9§olt ﬂﬁre% 1S Y&Hlica sol,
to%@ a.sol, for, exanp a silica sol, he nleure

‘?ﬂﬁ‘n"ffgﬁer@”}?ﬁ'ﬁ%déﬁuhﬁ‘iewah a’amﬁﬂlmnnl@bmmmutamman optipnally

I S al | The su
AR NSRBI e TSP
adgled amanysuittldb ke g tsageas, Socdkadile, fdaring ¥ayhb Ssuch léE iaﬂgr a partial

ddr |‘g€tg such as after a partial 15 drying, of
TRt Qi 1S T WS PEFIRDI Y Hie Sinpp6 material oF Flatabdﬁ p@gunsabthereofxs

inRb&EIH 3O the iR RBObribSto dnﬂntnroquﬁl?%?;eq ? (g:) st %&’eragﬁ by

to drying the m xture |
m‘frgdlp(‘@!@gjﬁlp ﬁgpnoh@ngtgp p]o(m sunable Ipireursoir tlﬁiud:dfaﬁhm Oflfbﬁﬁzwi G061 the

{ f'th t t
R, AT 0L g KD SR CEL e

drﬁ}ﬁjhe@lfoﬁs@lﬂlﬁlxﬁlre?&mrﬁ@le qfy.said mxture formed in
step_(a). 20 Further detai Fs of a suitable method for

pr ep@’ﬁhﬁ’g defaidsefa gutableonpibsd forgmepryige catadystdoimpositioh may be
P- contents.o ich are
{65 calip Q"’o r%ibt’g@gmf?z‘r SFBIEE S Rhigh o heremdpeesporated by

refifreiidee present invention there is provided a process
for the  selective production of acetic acid froma '
gas &g RERFeEOIHRPFIseRtigvattivarkera rprovided perbbask dorethe

R t th t
B EE R SBTRLLSER GO AR5 TGRS

ethyapewhich peoders ¢digprives sEMeaimyf tha gerbad Mt rfOWRASI hbRBular
as _herei nbefore descri bed.
Oxygen-containing gas at elevated temperature in the presence of a catalyst composition

as hereinbefore described.

The feed gas comprises ethane and/or ethylene, preferably ethane.

Ethane and/or ethylene may each be used in substantially pure form or admixed

- with one or more of nitrogen, methane, carbon dioxide and water in the form of steam,

which may be present in major amounts, for example greater than 5 volume percent or

one or more of hydrogen, carbon monoxide, C3/Cy alkenes and alkenes, which may be
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The feed gas conprises ethane and/or ethyl ene,

\é nerabl et hane. Et hane and/or ethylene nay each be

W AR 12 %ubst antially pure formor adm xed 30 Rf/fB2004/001813
one or nore of nltrogen nethane car bon di oxi de and

pre\’\@tt & mmort heoufn?sf g(:),r eé;)?tzwgﬁalnls than hpp]é/ Rerge;ﬁr esent in

or anoun rreater vol une
per TBOinoldcula@ BRyY Lén-E8Ht Sndik gAY W90 bir 684 PO EHAOX peer in
C3/ 4 al kenes and_al kenes, which may be 5 \V0
mOMuYF PBBREEP ADECTY iR 0BNBI PEYBCTpr A SBTHILIF gagingy e, for example,
oxﬁ%ﬁ%‘ﬂ“}‘tfed Wit §f<%ﬂ]%8 ue%ﬁsfo} Q\ad?nsé \ﬁﬂt@gﬁapercem The

ar oxygen- con al nt ng Ir or a gas

ri ches pmfermiotbeteed An aﬂmhemd @hagptgior dihvienahnd thfeﬁhﬁo]ecu]ar
exanpl e .oxygen. A suitable gas may be, for _exanp
OX PSEPGER AP 288 WikteH(Stpagu becayp @ thas prroveﬂleéﬁmw to acetic
acidi trogen. 5 It is preferred to feed, in addition to
et hane and/ or ethyl ene and the nDIecuIar

oxygﬁneﬁmn&anmnp@agﬁsnumatmmﬂjbtaaﬂkrbmyaﬂ@mZKmneboaﬁj
ove the selectivity to acetic acid. The el evated

I“?%ﬁ%éﬂﬁ?ﬁ 804904t abiy be in the range from 200 to
500Ghe pPAd r%rr@%l éﬁlf'\ﬁ @%O&&%%@SU&Q&J% REAS FHE @(ramp]e in

may suita erlc or superatnnsp eric,
th@xagpﬁenihk)ﬂhantang@ebwdhnmlno36®abar preferably

fro to 30 r.. The process of th hird aspect ma
? heiPkRessh t?18 th g??ﬂ?FH?@ége Bé‘&eg ?’8& 858 %““%%élr‘%ﬁdi Rﬁécess
Con%ﬁe‘rﬁﬂ% &B@n%@ &hd b%g{%tﬁ@%@%bm@ Frhk getftlenance of the

per f or mance of In found 1 n the
maérmlroeslmydaetfpumd mattte ,aféresaidpaomire foSRatEeai)S\atent No. 4,250,346.

15 th t iti .of the.
o 230 P Ay omgb s Wb BT Rab yon A Biefelifyty to

© acBBY adi€ nRGeRVERvED 1rp&§m1|)1l:1ﬁtdrpxnltﬁ\ﬁat]®walf @, seldctidty to ethylene.

selectivity to ethylene. Typically, using the
Tﬁataélyye&mg:&amgalrst @ﬁ@pgﬂtl?lkﬁe()fﬁh%B@ﬁtmtlln‘l@ﬁphoﬁhe splﬁetmty to

_ ac%ﬁc ?m 1})4 tlgasf g(l)mgf;’ﬁ fer /g atI ]%%s%%Slsrft‘) ot 315cp 1%Bﬁ@refe{ab])f at Jeast

east”
Gmﬁast 60nn|@6 20 Typlcally, usi ng the catalyst
conpositions of the present invention, the
sel eEYRicAlby usiBs Singatae cowPPEEENs pife BressR) iwyention, the
t o
@%?@ﬁ%ﬂ%tﬁylﬁé& %Eat'ﬂ %gmog%r g{}é r e% é%stsgtizﬁg .t%xﬁQM, aln@%ﬁost
prefipidg idss dna 1@mdlte present invention, the

sel ect |V|ty to acetic acid is. at st 60nol. % and t he
sel ebefarstly, ypetnrihet F%mP%%OTtSrPEah CLRFESIY, IRNENHOD, the

selectivity to acetic acid 1s at least 60mol% and the selectivity to ethylene is less than 10
mol% _

. Asused herein, selectivity refers to a percentage that reflects the amount of
desired acetic acid product produced as compared to the total carbon in the products
formed :- | - .

% selectivity = 100 * Moles of acetic acid produeed/ S
wherein S = the molar acid- equwa]ent sum (carbon basis) of all carbon-containing

products, excluding the alkane in the effluent.

The process of the invention will now be further illustrated by reference to the
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As used herein, selectivity refers to a percentage
wdalsfi®btects the anount of desired acetic aci ..
product produced as conpared to the total car bol%ji/ﬁmmw""m”

the products forned : %selectivity = 100 * Ml es of

folowang Exanplds pr oduced / S 30 wherein S = the nol ar

- q,ivalent sum (carbon basis) of al
C L] IOBY oduct's, excluding the al kane in
Exb) &1ckbiSfihe «J Bfe BIQEGSH,Bludlie [nvention wil now be
urtner | etothe 6 WO
Cax09s1/ A 08206 fo VGEIERZOM b QO L30, f ol | owi ng Exanpl es.
TALYST PREPARATI ON Exanpl es according to the present
T R P et gy e prepared
Solaion 00 4 528N 424 T8 3%.0%: <« S The. §04 | owi n
0thrnee so[%tioﬁgnéﬁwépﬁﬁg%gégg&“éﬁk%?ﬁg%\%@%51%5éog%a%rm
45gmvothistimitgept anol ybdat e was di ssol ved- in 250 g of
ter,. Cwth stirring. Solution B: 75 of
Solffiofin e AR BT RAaPA D 25 CRatesr it p 2diter
bedet b ®heatddRkBPCR AmnLY -
em-:?.t avan?date di d Egg Q@@S@ g{lg?esgg?gi%fe\%. %Bmggﬁt?}?' idbsﬁ(’]ve'
Solgtion £: g4 gf o fzmmmoninimm niobhinuox ata vaiks @ ddedsoatited of Waidy By a 6-liter
of er.in a 6-liter stainless steel beaker and
stfbl S alf¥] BFanutortaiiatad Psted Aol RPFPeIOr WG SBIICS
SoBloHIC #8s £1dMa%0 ATRE ' i b :
di gest a? 80C ?or Bgnqn?%rﬁ%égweggglﬁﬁ%?%ﬁ%k \cjva\@d%%glﬁmtes'
Solitigach was thee adilsd tor e afixtud of sobuticd @add solutivh @) ald theAdtired
-stirred. for 15 m nutes at di ym_heat to give a
for iRt B Retsts Btk o e ot vt (e sddseing the
shing tgighe BsleirylcoNtaGRd Bd)IVISILMad A, YR A ili
grans of si??ca gol-%hblco 41DQ01) . aéfgg%ﬁg%hg%%géN?go
H1PRY) wetethavpdsed te yhe sitedghurs 10fl gramanf timniso psoppapoixitie were

] : [ ' t slurry. at 50C. Percent solids
orBS gy BREE, LRCL LAYy s SRR S5 I8h By vas
hott® g&figed 0[O0 PAPfoPxshpRkRhale]d 2thiHt@S SpPBf @i YhdGirried out
. was carried out .in a mni-Niro spray-drier
™ P R HP §PRRY fitcs impirslialely afieiothe welkstin wiag doimogdnized fodform a
spity 4RicARL AN ! By SHRBARL Ao AL Y3y SRFROSE; Ois 110 were as

spray drying conditions used wer

~ followtantiolep emapieanaterodf ZA0C inlet £id @shtRteMmpdrfire of 138°C. The

! enperat ur e f 1:}80 The . spray-dried. supported
Pt 51€9§PPRP&?§&§H YYROMRES P ey 2E Hiegicalsinedrin girrfof 3 hogrs at 375°C

in BOWEiS nAKNSAREacd. Tha r&bAbhGplif § ) iti
resultant spray-dri erd suppggyed*e?as{ug‘;%%ﬁ%%al %sﬁompgﬁltmn

(Catalys_t A) had a nominal compositic_)n Mogo.5V32Nb7.sAvg g7 Tiz0 Oy on silica, and at a

nominal metal loading of 44% of the total catalyst weight. The supported catalyst

composition had a surface area of 32m?/g and a density of 1.15g/cm’.

“CatalystB : ]\/IOI.ODVO.529Nb0.l24Ti0.3310x

Catalyst B had a similar nominal composition as Catalyst A but without the addition of
gold. Catalyst B was prepared as described for Catalyst A, but without the addition of
AuCls. The spréy-dried suppoﬁed catalyst composition B had a nominal composition
Mogo.5V32Nb 5Tizo0x on silica, and at a nominal metal loading of 44% of the total

catalyst weight. The supported catalyst composition B had a density of 1.16g/cm’ (and
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(Catal yst A) had a nom nal conposition

. Nb7. 5Au0. 07Ti 20 Ox on silica, and at a
“%ﬁ&r@%@ﬁet al | oading of 44% of the total cat a|”§§fc32""“""“”3

. weight. The supported catalyst conposition had a

PRSI NAR Ry ReThR LB N AUl AT &

Exdnapleangt mdoadmadmthabr«senbmsrbmhm as Catal yst A but

he. ad 0 d Catal yst B was prepared
CO'BB“b‘gé‘@r(fF%t@&Sf tMﬁ'th} Vst ”ﬂrt wi t hout the addition
C01ﬂf>arat3@€: AuGly3i 1 Elé‘@a§ﬂ§1?a\f n@frh c§HﬁB§"t1‘bﬁ% CatAFASA and B but

I’TpOSItI on B had a nom nal COI’TpOSI | ONn
\v1thMB@1@®2thVoE@1Q©mtaomnsl@Qmmrata\rfdcmlva Ineas pizbared as

aesactisgr B3RS A bulT e shd skt ARk ol Ry omeide.
1. 160 Rk Lk VO RO CAOBRT LoRETHGER A R

was -expected to have a surface area oOf approxi nat el
cm@;@ﬂﬂr@/@%m&bﬂ\ﬂaa@uomdl)l):a anexad aplossnalonetat vaduigred 50% of the

the e i-nventi o arative .Cat
o telsCR o D Sbuaib RS Bt Brd B suftadeayenor 28 me
andS3d géﬁsapom)_r_}fb 3 conposition to Catal ysts A and B but

5 without the addition of gold or titanium’

Compapativa Cvtéﬂmt?-al Met.00Y evaNbprebamoedOas  descri bed for
CO{%%%I%IINS; Eaéf] sk? LJtha\c’%/I tngql gr_lrh Er%nﬁ%%ﬁpogﬂl to'%yag?}?rst é{i but without the

UM 1 0 resu

additipef ﬁit@ﬂmﬁﬁt@inﬁﬁmtmmmyﬁ b avbstpaebared Qmié},ahbed for Catalyst A,
conposi tion M6o. 5V32Nb7.50x on silica, and at a

butrih b thenasdaion fdupmymosomopgdde-t he total catal yst

T n . '

sur 0k Koo PRSI S ERb A Shal SRR 1088 Bl

coxﬁp@@ﬁdﬁrﬁMd{@s\G&lﬂm st o0 on 51hca and at a nommal metal loading of 50% of
L o0Vo. s l}lﬁo 124Au 20( Com arl_cél ve Cataly

theéow RIS Vel THE RRRETeEs ér t9BROTBOTaR G pEtac ab‘ii*t‘)f 36
m?¥¥ Jﬁao%enfsﬁfﬁ of fddpihpn of t| tani um Conparative

catal yst 2°was prepared as described for Catal yst A
Comeparative Giataliyste3 ai¥bliy b Var 2000 12:8 Bado LriNdi &mﬂopom de. 15

The resuyl t ant drj ed supported.catal
Corp SR A Y RSB S G ighgerative Catalyst 2
exé@’pz T a PANRHEAQonPdnsht W aadded € dhpRatied Qd@ﬁ%fstrﬁe\kéﬂ prepared as
| oadi ng of 50% of = the total catalyst weigh Th

desanbod ferdentalystob wxeens dimp 031 24 ol prlladauns (Naahéoridecsasofdded

gy R4 IRl de e dintebe s B RAG i Samsgoxice.

20 Qﬂimashﬂﬁahh/@r@aﬁﬂbd/ & ppal’cbdiéat@lly&l d@rﬂxzﬁsﬂftﬁrﬂaﬂah nominal
conposition to Conparative Cata
composition M060 5V32Nb7 sAng 07Pdg 00705 on 51]1ca and at a nomma] metal loading of

50% of the total catalyst weight. The supported catalyst composition had a surface area

of 24 m*/g and a density of 1.23g/em’. -

"CATALYST TESTING

" The éat’alyst to be tested was sieved to obtain a specific particle size distribution (psd) of

- 70% 230/325 mesh (50/50), 25% pans (fines) and 5% greater than 170 mesh. 10 grams

of catalyst and an 1nert diluent with the same particle size distribution (St Gobain SA
539 alpha alumina, 43¢, density 1.27g/ml) were added into a 40 cc fluidised bed reactor.
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except that a palladi um conponent was added.
wnpanedzhve catal yst 3 was prepared as descri
Cat al yst A except that 0.0124g of palladium (I
chloride was added directly after the gold (II11)
The hdaotidrdwas ngbivlyhpetforrh dieataddirpeanuefbetiédB 10AT and 320°C and at

oxi de. he resul tant spray-dried supported
2 T%aéf by %@S‘Hsr?ﬁé Dateo FUAG SYIgHe HArmzEe eéw@% afieghylene),
tha@qugg %rﬁ&me%é’@'&i DA OKe AR rSis Llﬂo%ooﬁmla@é Rw
nom nal ne l'oadi ng of 50% of thetota cata yst

Conplers.. “Td’ter \'zunpapisﬂﬁd éd venatra;laysm agd nmi®sigtwidnthlesdfead gases prior to
surface are d a densit /crrB '
iR Ger e N@iﬁﬁ*l?efe%%%aﬁafﬁg?m il o Yabres By gas liquid
chiloth RO ABHY. 18 ReGrTAnG aPAICtdctd Reftl @ dh Sl dnBURL QB LRSEN; |
A TLS R aOlc sty Bol® s didnd dputyike 69’3?15 quid
Clﬂ@%@@@ apler ThrarsadigObaddsperurg rvsaamm]omforc(hbyab ynnvnagn d an
thei nert | luent with the same particle size distribution
t 4in SA 539 al pha al um na, 43g, density
RESsEIrgsmM ) were added into a 40 cc fluidised bed
reactor. s NVO 200-1/108277 PCT/ GB200-t/001813 The
Exaape Aon vvas typically performed at a tenperature

i e S

et hyI ene), nltrogen and oxygen m xture was fed to the
reactor using Brooks Mass Flow Controllers. Water was
added by vapori éFableo%Ran&fqmqumg (Rmdwmph%ée feed gases

e r\f\r\i-

th Cl D1 f f .
W{?ﬁ%uent vvgs ianp %té‘l g‘r?d‘ agﬁ/y GC’:% ggéhi‘l q‘EftE 0, | N
chpgymt dgr aghy. |[Thggher | amdi adetic peid yere :
condensed and analysed bylgas liiquid | chrofmat ography.
1 The reacgtor bed terrperatU(e was rmnitored by a npvi ng
THerrocyup ESUET.S.—10 A-Catalbyst A was
tes{éed Lndieirjgtlﬁe coﬁlglsti ow?jrﬂ agﬁﬁé A‘ggl .gT) 'IYqufé A23'3
Run Conditions (Feed nol % Pressure Max T Total Flow
GHISV. C2H6 C2H4 H20 02 N2 Barg Cm/mn h-1 16 311-316°
Durpg tho iest Browss an Bitipl gegodduing whidhithe aeetichaeid spate-time yield

(Stl'kﬁ gﬁ %@g%e% con%llsm%lnagr sgg.%hdlg{ tcllne l§,y eéxher%’gﬂﬁggrggsgﬂ After this

pehﬁd ICQMS-M Anbdttisd d@\h@tceﬁrbﬂlh&%e@a- Acideml 8as e6elAfteflylene. The
this period Catal yst A settled down to produce acetic

avgraegd (smacquw daga eatyeesy ](@-]ﬁﬂ Jagyss orFjgream is presented in Table 1

below.

/ER%004/001813

Example B

Catalyst B was tested under the conditions in Table B below:

Table B Run Conditions (Feed mol %)

Pressure | Max T | Total Flow | GHSV | C;H¢ | C;H,; | H,0 0, N;
Barg °C ml/min h-1
16 310-320 428 3200 60.2 5.0 5.0 6.5 (233
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averaged selectivity data between 100-180 hours on
treamis._presented in Table | below. 20 Exanple B
&ééﬁ@s‘l@ 5)Was tested under the conditions in TabfECB204/001813
bel ow. Table B Run Conditions (Feed nol % Pressure

Myt B ohdbedd QWi \{f@%@at%w g :

. min ho1 16 310- 320 428 3200 Aot e Rt figrawas an

19itRl/eraadyr e 2iTivh RETiE GBRIP4L G0 1813 cldaiSaNy) sihd Bxghaneshversion

.a_si .l ar. ofile t t.alyst A.in._that during the

Bl T e Pt Bien s Bir oo Lackgidowm o

p6dstesoasCadild WBthydn®) w18Vl oReh §he GO ELBdeRtivity data-

i ncreased whil st the ethylene STY decreased after -

Refvesn 4 B¥Q/keurpon sirqanely pdesshtadon Fabtdubeloacet i ¢ aci d

j w. |l evel s of ethylene. The averaged
Limda :ﬁli\}’e (I:'Qt Lysfs 5 between 100-180 hours on streamis
PerapentiedChnlybabl © 3l whehkased uidurRahAdd dbadedhaty/h@lysts A and B.
Conparative Catalysts 1 to 3 were tested under sim’lar
@frﬁi’leﬁg@ﬁ§ell“~’6“‘(’fa't<§‘lt%ﬂ§ﬂ3§esﬁélf§ﬁdﬂ. BableTheelawer aged
selectivity data is presented in Table | below 10
Tabl e | Exanple. Acetic acid Ethylene COx selectivity
selectivity selectivity Exampbr A 56% 14% 29%

{ Cat-alyst—A) Ex B 62% 5% 35% (Catalyst B)

Bléati ve passtmasidodditimaleneyst | COmpriectivitye] 33%
1 L RTINS o
ExnpgisiA i ons| of $4%8 present14% 29%

(Catalyst A)

Example B - 62% 5% 35%
| (Catalyst B) )

Comparative 32% 58% 10%

Catalyst 1

Comparative 33% 56% : 11%

catalyst 2 _

Comparative - 50% 34% 16%

catalyst 3 ’l

From Table 1 it can be seen that using the catalyst compositions of the present
invention, a high selectivity to acetic acid may be achieved in combination with a
reduced éelectivity to ethyl‘ene. The data for Catalyst B shows .that advantageously high
seléctivities to acetic acid can be achieved using catalyst compositions of the present‘

mvention in which noble metals such as Pd and Au are not present.

10



Fnvention, a high selectivity to acetic acid may be
achieved in conbination wwth a reduced selectivity to
et hyl ene. The data for Catal yst B shows that LLOYD WISE
advant ageously high 15 selectivities to acetic acid
can be achi eved using catal yst conpositions of the
present invention in which noble netals such as Pd
@Eg Au are not present. 20 10 LLOYD WSE Caims: 1. A

Bfyst conposition for the oxidation of ethane
and/ or ethylene to acetic acid, which conposition
tonsi Steatab¥sticAmpesiten Arithmoxiiationadiriine epd obplisae & acetic acid,
nol ybdenum  vanadi um ni obi um and titani um accordi ng
wihichrempoepition cahsi$te pfin combimtivhaMBTOxygdbe\dleraents molybdenum,
wherein Y is one or nore el enents selected fromthe
géreidung, aiehiSini and tddnium@ccording tBthe dhpiriCal, fotnula Pt , Zn,
Cd Bi, Ce, Co, Rh, Ir, Cu, Ag, Fe, Ru, Gs, K Rb, GCs,

i,V Ba, Zr, H, Ny, P, Pb, Si, Sn, T, U Re,
u aﬁgb%J a, b c, @)e and f represent the gram

%thg\[%{ 3t 8§e (grf mE)n: 8{18{11? Q%gcé@Jﬁ&nttH@grOUp G%gs@mg (8' %rlTa B,
e ﬁﬁéﬂé&ﬂzﬁbﬁ%ﬁawﬁt@o&oi 126D R e e Ba’ sr,

%Boup conS|st|ng of MaWTi cVdNbeYf; WMba. Ti cVdNbeYr;
X HFi HivinBb. Siafie. Nok, RechaiXseandPd;A cat al yst

conposition as clainmed in claiml or claim2 wherein
8, )T, & caandif rep@seint thedgram2t@n dateosicf tisedlememd stichothat :he
group consisting of 0.01 <e <1, 0.0l <e <0.5 20
and 0 < e g4a5k1a0&kt <ilsangelested fromthe group
consisting of 0.01 <f <2, 0<f <0.5 and 0.01
<f<0.5. 4. phscat alyst conp03|t|on as clained in any
one of the preceding clains wherein Y is selected
fromthe g nsisting of Bi, Ca, Ce, Cu, K, P and
La. 11 LLO\b(éJ‘g\rg%

0<e<l;and

0<f<2.
2. A catalyst composition as claimed in claim 1 wherein formula (I) is selected
from the group consisting of Mo, W Ti;V4NbeY¢; Mo, TicV¢Nbe Yr; M0, Wy TicVyNbe
and Mo, TicVeNb,,
3. A catalyst composition as claimed in claim 1 or claim 2 wherein 0.01 <a <1,
0.1 <d <2 and e is selected from the group consisting of 0.01 <e <1, 0.01 <e<0.5
and 0 <e <0.5 and f'is selected from the group consisting of 0.01 <f<2,0<f<0.5
and 0.01 <f<0.5.
4. A catalyst composition as claimed in any one of the preceding claims wherein Y

is selected from the group consisting of Bi, Ca, Ce, Cu, K, P an.d La.

11
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oPr ecadlag, Sl HherelRaiso £ahalY

WO 2110-1/108277 PCT/ GB200-4/001813 5. A catal yst
i . : . h LLOYD WISE

conposition as clained in claiml having the formula
W@ 2Md@V37529Nbo. 124Au0. ool 2Ti 0. 33- OX or PCT/GB2004/001813
Mot . ooVo. 529Nbo. 124T1o. 3310, ,\vherein x is a nurrber

vvhi ch %F |§1; 1esost he va(l:]enmdes gf. tr el egﬁ:pff t he
>-conpBsPI¥h CF POy EHC atged TR clagpy 5% mg 8??“(] on
IVRG G2 o8 20 6l ofh T - O£@r]310|1 Fbvmgomoym SRbakhstein R is a number
conposi tion has a substantial absence of “nobl e netals.
Whlchme%ﬁ@alﬂyﬁswmdiutm elgmgatson dhmgornpﬂsatrgn lonexpgent. he

Il t3 w P& 1te ot%lys‘?
suppor on a“su st -dd NpPos| Heid

c@ﬁﬁ@ﬂidcbm@aqtacsubktahtmﬂ\byﬂ?ﬁé%fﬂolb]%@n&b‘l@port i's Sel ected
from the group consisting of silica, alumna, a
T it af qulb%ﬁp@pﬁ:plﬁgn gqmg@pg to gy ang gf thyprecedmo claims wherein the

c!ith&'@lnur i dsﬁﬁ)tnq§ Fu;ﬁ%ﬁ%g‘ghg Suﬁé(l ‘con carbi de and

ata conposi tion according

8t 0 claatamlfst\whepesitioh BecordipRas tlaid Sehaeinttle bligprt is selected from
silica, a_titaniumcontaini ng support and m Xt ures

tltq@pébponsls@mc Af ﬁlﬂ]@@ edamings a {iFfRnIWRePArRING AuRIoTy Hiania,
BBk SARAS! SEQNSPER0LH) DO bRk of the

prece I s conprisin 15 (a)

of or mmgatﬂymdohipbélt)@ﬁ ApEdrdinggo l'ﬂlilmtﬂjﬁﬂbkmn hWaRaHdis selected from
5{1 obium . titanium optionally tungsten and optionally

103; § HRNRG}-GO BN WPPeRt ypf ik REesHisieate to form a

rie [ o ,
901 R TSl A8 5L S OI8O g g

o;ﬁnlummsedaug:@ﬁldtsrtg)mm]smgaﬂhmsﬂ:@swher ein the mxture is
formsd hy m xi ng 20 caonpounds_ and/ or conpl exes of
eatH TOMIPH AT SOPRNHNS T HtsleBuBlo N yradtum, ppobipm, titanium,

pr@ﬁ@&ﬁ‘ng%}%&@hggdto tlsﬁﬁim 1.1 whgrgln the solvent is

wat er proces$ according to cl'dim12 wherein the
m (dt)Ldrwngé.hearns@llmattb(ﬁwm a dnad evlid imawnlag aadpH i n the

unCogr I e siPied Sl e S formes Sl e,

)acco rﬁi |pﬁ9:e§s°ac@bx%'1ﬂ9 318 ¢ %gie;iﬂth‘éhﬁl&ﬁir@ 1st ﬁ%ned by mixin
tenperature of the solution is from 20 6. A

qEreReasds aniarainmgeres Oényclmfethmne@alanmts sm@bteosomant

erein the dr Xt ur ] ses
B e B RE L VRERSR g B! Bjeteine
3. ai B pétebPackbrdifieiotdifint ME whetedh tHeRBixGREIR 4 §Q8tiomth water
heating the dried solid to a tenperature of from 200

haympopHipthegapes from lofo ¥ om 1 ninute to 24 hours:

14.. A process according to claim 13 wherein the pH1s from 2 t0 &, .

15. A process according to claim 13 or claim 14 wherein the temperature of the
solution is from 20° to 100°C.

16. A process according to any one of claims 10 to 15 wherein the drying of the
mixture comprises spray-drying. |

17. A pfocess according to any one claims 10 to 16 wherein the calcining comprises
heating the dried solid to a temperature of from 200 to 550°C for a period of from 1

mnute to 24 hours.

18. A process according to any one of claims 10 to 17 wherein a support material or



18. A process accordi ng to any one of clainms 10 to 17
wherein a support material or 12 LLOYD WSE WO LLOYD WISE
20020082277 PCT/ GB2004/ 001813 precursor thereof pPST/GB2004/001813
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added to the mxture in step (a) or step (b). 19. A
process for the selective production of acetic acid

precyrfoa thgeeod susided ia the entxewnpr step ) cettsare)-and/ or :

18t hylAegl%cé[gQ lﬂflhh@ Eé:f&‘tqsv% ?85(?&'0%%% EQN 254 HBY, i% I‘;]aeseous mixtare
gaseou mxture wth & nolecul ar oxygen-cont ainrng
cgapriaing etiavatedot @hyenatviiich procdsbeoppasenoatadting tife gaseous .
cat al ysﬁ conposition as clained in any aone of clains |
IS e B h AP R BBR COR@INI R é%ge@seledf‘teérﬁ?‘“BﬁéméF m the presence

Gla@h Byst OorlyRsltion-as Simf e il & A /
ek e an oMo LR DR PRI O iy o e
proceag ef iny aneioficlaitis 1Atpt®cess according to claim 19 or

claim20 in which the gaseous mxture is 10 cgntacted
W th A RBRBRETSe taﬁyﬂglanl- daﬁ*flafﬁﬁﬁl@n@agd ORPIGREY Acie is
Juesensaceic mater. 22. A process according to any one

of clains 19 to 21 wherein the process is a fixed bed
r f | Apthcssdcbmdingrioctss. 12@. clAnp? ®oeskich toogabeogs toxture is

BRI o SRS B SRR LM

B cor ipRetedstictdrdiny ta%n*lm%e Qi Blat €16 & BLih¥IY tHeDrocess is a fixed
acetic acid is at |eas 60 rnol % 25. A process

tedcwfidigpdtbsd @argeesne of clains 19 to 24 in which

hyl ene i s produced _and the, sel iyjty to ethyl ene.
P KBRS RO 0ol e oh Pt B I 1. X Mieieth fls Sl SRRy o
22tivhegd 41 1¢ResEbesti vity to ethylene is | ess than
20 20 mol % 25 30 13

24. A process according to claim 23 wherein the selectivity to acetic acid is at least
60 mol%.
25. A process according to any one of claims 19 to 24 in which ethylene is produced

and the selectivity to ethylene is less than 30 mol%

26. A process according to claim 25 wherein the selectivity to ethylene is less than
20 mol%.

13



