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CATALYST COMPOSITION AND USE THEREOF IN ETHANE
OXIDATION REACTIONS The present invention relates to a catalyst
composition for the oxidation of ethane, and optionally ethylene, to acetic
acid and ethylene, and to a process for the production of acetic acid and
ethylene utilizing the aforesaid catalyst composition. Catalyst
compositions comprising molybdenum, vanadium and niobium in 5
combination with oxygen for use in processes for the production of acetic
acid by the oxidation of ethane and/or ethylene are known in the art from,
for example, US 4,250,346, EP-A-1043064, WO 99/20592 and DE 196
30 832. US Patent No. 4,250,346 discloses the oxidative dehydrogenation
of ethane to ethylene and acetic acid in a gas phase reaction, at a
temperature of less than about 10 550'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, Ti, V and/or W, and preferably Mn, Nb, V

and/or W; Y s Bt, R, B i Tl and/or
U, and prefe?ﬁ;ﬁ%eg,%ca@g@%v @Fé]é!:}? éﬁf éﬁ%{a%@:cligo to 2,
and preferably 0.05 to 1,0, wi e%r VISO't al e total value of c for Co,

Ni and/or Fe is less than 0.5. 15 WO 99/20592 relates to a method of

selectively producing acetic aciq{@g@ﬁg@ﬁe, ethylene or mixtures

thereof and oxygen at high temper e presence of a catalyst
compositibRf RAFAFR] REHEAMIAKRIGe P aBXOYE omeastip X fre the oaittatione

Oreavean@bbifondiy bidy1di, 1 adetitRAMN et IBRIERRNES OB QEs for the
severgl ofOB,O,%I (gt% ég]d Pt Zg} Cd, Bt'i'Ce’ &o, I;lh, Ir, Cu, Ag, An, Fe, Ru,
o"RIKHRY ?\ﬁg, g depdiethideng pilizing h pfesesaid capslst competiting

U and @atalyb=@®000sitiend ©inprising Atdybdendrd, vafhdiom tmd neeimain
B e A B ST goid g
xislerirofsthapesedler sthyleng aRdHRI0 e the attifowadalyestasaptpeiitions
oL botm¥VEP9Q/ 20BN 196308328 Gyl 8 dhg apresence of
gillgﬁ:gg]%%g?ﬁﬁgfgg 06’§148I§1%|8(§§§ t%g gg{?&ﬁi&f@%@h%?i%%ggat%atgte ethane to
ethylene and acetic acid in a gas phase reaction, at a temperature of less than about
550°C using as a catalyst a composition comprising the elements molybdenum, X and Y
in the ratio Mo,Xy, 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, Tl and/or U, and
preferably Sb, Ce and/or U, ais 1,bis 0.05 to 1.0 and cis O to 2, and preferably 0.05 to
1.0, with the prbviso 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 temperature in the presence of a
catalyst composition having the formula Mo,Pdy XY 4 wherein X répresents 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 a=1, b=0.0001t0 0.01,c=0.4to 1 and d

=0.005to 1.
German patent application DE 196 30 832 A1 relates to a similar catalyst
composition in whicha=1,b>0,¢>0and d=0 to 2. Preferably,a=1, b=0.0001 to
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5 ethylene and/or acetic acid and/or for the oxidation of ethylene to acetic
acid which comprises in combination with oxygen the elements
molybdenum, vanadium, niobium and gold in the absence of palladium
according to the empirical formula : MoaWbAuCVdNbeYf (1) wherein Y is
one or more elements selected from the group consisting of. Cr, Mn, Ta,
10 Ti, B, Al, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Fe, Ru, Os, K,
Rbocs R/I]gtOdaoaSﬁldBaOi? 11, Ni, P, Pb, Sb, Si, Sn, Ti, U, Re, Te and La;
a, b, ¢, thedantbyeprpoeitioiie, ANVAM0/H0S A dIeEeIomBmS SUER-. the
th@é 0] < as <1 %fb<landa+b 1; 10-5 <'c5 0.02;0<d52;0<e51;and
o< ?egﬁ \(7\/5 B 0%8%138 discloses a catalyst composition for the selective
oxidatidtPoh- 164 3h4és o srseticatyst andfarfootter seiactive oxicadsiameto
ethy/rpe M%Q@CA&&VQ{%&Q%%@ 6P OIS én'entg‘%r% '“atf ‘ﬁ‘

oxygent e elements mo denum, vanadium, niobium an |n

amsdf‘ﬁﬁﬂﬁaﬂi‘waé’ﬂ&d’?ﬁ@% %e&mmmomnm Vanadmm moblum
MoayshAinkhohibeds (Hpunanein £is:ang o Mok g&@mﬂmﬁﬁlwed from
tfﬂg qép cﬁrﬂﬁjlsgj B Al, Ga, In, 20 Ge, Sri, Pb, Sb, Cu, Pt, Ag, Fe
and’ &: a° ea d f represent the gram atom ratios of the elements
S’ﬂbhr thalt: § ena er McdeSlomchtndl atedfrorh; O fHosCsonQ:035 O K< Tk 5vEi, &ra,
<r¢:B, 14004, 30805 £d .08, Brelaahe £ js S% ia'doca{@' chi‘i\%%

hlgh selectlw 'to acetic acid in combination’ with w it any se

ethyfénét: Atfetit efcPnly HeSeddidd RnTenidie aiib thedprasd rfcrepmScnt the
QeigeRiPrRreguE t2aBNlsacekaife D RAGUIRL i isdesirable 19 prgvide

integrated process for vinyl acetate production comprising a first step

foPthd <r%§tfet9oﬁeo1<“écé‘9ﬁ:0a§|3 Add ethylene from ethane, and optionally
ethylenw Jalioussd Isydsichsesnentrracton Qi saidacgliceREid @0 dation of

lene to rodu e l.ac tat Ideally the molar ratio of ethylene to
ae?:%%lcqam 516 luceé/~| ! X ?%tbvfs gﬁ%&%rﬂ%?@%line o %"W@f‘d which

@prgmm@andrmmmm@mm digblosgoantintefatacs mel;@ﬂsﬂ@hthe
RaARHEm R MIVAREELRGH e (st aten glhIch sl exdaton ol ey

ethane to acetic acid and ethylene, with sequent conversion Kiki

dessdadirat et lhelto (hyl acetate. 2 EP-A-0 877 727 dlscloses an
integeaied psaeesmine tanRidugtiariat aaelic aeid consisting of: B, Al, Ga, In,

Ge, Sn, Pb, Sb, Cu, Pt, Ag, Fe and Re; a, b, ¢, d, e and frepresent the gram atom ratios
of the elements such that: 0 <a<1;0<b<landa+b=1; 10" <c<0.02;0<d<2;0
<e<1;and 0.0001 <f <0.05. Preferably, Z is Sn. Said catalysts give high selectivity
to acetic acid in combination with low, if any, selectivity to ethylene.

Acetic acid may be reacted with ethylene, in the presence of oxygen, to produce
vinyl acetate. In particular, it is desirable to prévide an integrated process for vinyl
acetate production comprising a first step for the production of acetic acid and ethylene
from ethane, and optiohally ethylené, followed by subsequent reaction of said acetic
acid and ethylene to produce vinyl acetate. Ideally the molar ratio of ethylene to acetic
acid produced in the first step is approximately 1 : 1.

WO 01/90042 and WO 01/90043 both disclose an integrated process for the
production of vinyl acetate, the first step of which is the oxidation of ethane to acetic

acid and ethylene, with subsequent conversion of the acetic acid and ethylene to vinyl

acetate.
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and/or vinyl acetate in any pre-determined and variable proportions from a
gaseous feedstock comprising ethylene and/or ethane. The integrated
process comprises a first step wherein ethylene and/or ethane is
catalytically oxidized in a first reaction zone to 5 produce a first product
stream comprising acetic acid, water and ethylene and optionally ethane,

carbon monoxide and/or carbon dioxide. The acetic acid and ethylene
producekt 1h: QL7 it Fiserss sl artathpivesshfastbe produstioornd acetic acid

reaciiarizghecwil A BIGpeLRE I ANRONIIBI G985 b IRG B s 8R6H &f

a gatalyst to praduce a second product stream comprising vinyl acetate,
Pt dets St A A e S

délrelppacoattiysneompositiondds thelgridiionidfzethandianc.optionalyto

e&%lﬁf&@ atﬁé%g&%é@r@a'ﬁgc%mp{!%ﬂ%‘é’é@@ 5%9 Ov& ﬁrél ggleet%tigg%acggd%:p%%%aﬂy

aci%zﬁmd ethylene and a reduced molar ratio of’et fie to Acetic acidh
st

§1ﬁ6ﬁ?f?‘?t‘ﬂ%{?ﬁt5\%/%€@’i B datity Jdingestisareid spdothplositionduced

cdlmméﬁirggrageimdmnamglwﬁdite&iiﬂﬁbtéﬂ@c?wﬁBthGQEHEgﬁﬁ%lﬂé“@zfilfh%g%ular
supporte on a suitable support, and wherein said catalyst
OO oA B R LS TR GHENE 2O ABH R R B At sream
nfearighGYobatatat thatBeradic able bijtienBlgmeyitse.e. Ge, Sri and
Pb, ethang,.ap6 Sptionallys } oxidized to acetic acid.and
ethylene wi'?h high overall éetiﬁéég%%? atrgsa%% %%ICC aci %ﬁaneiaﬁlé%g“ ation of
At iRERER AR AL e RarRitRsidAnd sibylthe wittahjsh cuemgbsitiotivity
ofdhe:t2Aqdesaniinertion ihedalia AloarelcAGHdANL RIBYIRREHgduCced
may besa rri01>r<lir‘pat%lﬁ/a 1:1thlelgg_efeg§%r tio for subsequent reaction

with oxygen to produce Viny'ScetStEe EaHRERTTBeE Righ Shroranasiiegtivity
nfayeitetievbtidentine, sabstantialiehisenteofriottienmetals:sigeh, aspgetttd

aodiokpaliedinioin e GARlRLAATROSHAN. AACHINAY, N & TEsl aspect.

the present invention provides a catalyst ot cgmposmon Or therdXidation

o BIRSPRR! Sni G 2IR e meetads A Streuicks afthedtjtatie Tolilalf the

CElatysit08)|0RS Lo araaPBPHEase (1 SPROQIy MY (e GO Wiletic

0XY96D, g{he Fl%r%&tﬁinﬁoé)ébdﬁmﬁn, vanadium and niobjum, optionally

tungsten: and & CoMponent 2, WHIcH 18 asstifsid mdeivifs oup 14

of the RetiediegTealslky,of hedéerarftandhienchy asibg theanty s (RBIRKSMIHE the

BRRABNAIROTING SIEMADI MG B Vorfs YRR AT BRSSE:

such that 0<a51;0<_b<1 and a+ 1=1; 86 Q%Iéezg)roguce ey B approxymately
1:1, the preferred ratio for ‘subsequent reaction with oxygen to produce vinyl acetate.
Furthermore, high overall selectivity may be achieved in the substantial absence of
noble metals such as gold and/or palladium in the catalyst composition.

Accordingly, in a first aspect, the present invention provides a catalyst
composition for the oxidation of ethane, and optionally ethylene, to acetic aeid and
ethylene, which catalyst composition comprises (i) a support, and (ii), in combination
with oxygen, the elements molybdenum, vanadium and niobium, optionally tungsten
and a component Z, which is one. or more metals of Group 14 of the Periodic Table of
Elements; wherein a, b, ¢, d and e represent the gram atom ratios of the elements Mo,
W, Z, V and Nb respectively, such that :

0<a<l;0<b<landa+b=1;
0.05<c<2;

0<d=<2;and
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0<d<2;and 3 O<e<1. Preferably a > 0.01, such as a= 1. Preferably c? 0.1.
Preferably, d ? 0.1, such, as 0.1 < d 5 0.5. Preferably, ¢>0.01,
Preferably, e < 0.6, such as 0.01 S ('S 0.6, The catalyst compositions

- according to the present invention may optionally 5 comprise a further

component, Y, which 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, 08<K,<Rb, Cs, Mg, Ca, Sr, Ba, Ni, P, Sh, Si, Tl, U, Re, Te,

La; Ti, ang Bd, Y.may be present at a gram atom ratio, f,
Wherei? gzg’j ?13 2. Psrlgf)le’r%g v 1 g_%%i%%%’%r%}%@ﬂI){r%eﬁgl,ysé(?rlga]s such -
039104 5 &05). Nertsrpbdfesably) thé ndtadyst ecniph)Siions acmodingote,

the presgpt inveRtion s siRsiantially deyoid of noble metals, such as

gold and pallad?ﬁm.%ﬂ%rstlprefﬁg%ﬂ%%g\?v & fﬁseeggln Y?%%%é“&%éd’@?&?ﬁ%{e
oS s Tofiithgr SpBPoTSal Ko WhishKs PeSbnicag Tiementibelndhchanctis
mosiprofstabiy selegterh mTTLand 5 24 Fheceiabiet compastion,oh

t esgnt ntion,compriges a support. The support may be a T
n%%i-qg% es’sgp\%%’rtt(%ucﬁrg%’sglﬁt%ﬁ Dy i’d%’élg?apﬂ?t eplf iéi"‘pTéf@FaHI@/Au
saiddtéd from one or more metal oxide supports, such as silica, titania,
titanosihegiesy, ' inosilicates, zirconia or combinations thereof,
such as a 2 mgi%t}g%g?l g? sili a%r%)méﬁlg.’ é?’g?%??gb sﬁﬁﬁgngﬁ?%fﬁ@é(sﬁ%%m
titaplierahd ArntdrescbfatitePidivsilica supports. Certain elements, such

as alumji gani | lum, maybe present in .the catalyst .
compositio%ﬁ‘é?ﬁg m%%%@%%%%{ﬁpé)éﬂééég%%gﬁ%n 5 BRPLeiS B Rt RS are

AR feveidef vl casiNsssempEsiibmebiilsdivesent invention
compriMSSap@em@m@,em,%eﬂ\&@adé_Q@%l@&é@?f&@ih@%ﬁp A& of B
Pdgf%‘re?l& %ﬁ,sﬁi} églv,fxp%g%%ugal it has been foundthat the addlﬁon 0
componant 2 at the grar stot PRcEeABET oG R eraaBre selets i and
alfers the ratio of ethylene to acetic acid produced compared to an
igrﬂgi}fﬁt@%%e;%g&tmg%@%% RURE0S %x%pgpe% aag%%gpt.o{‘he
support may be a non-oxide support, such as silicon carbide or graphite, but is
preferably selected from one or more metal oxide supports, such as silica, titania,
titanosilicates, alumina, aluminosilicates, zirconia or combinations théreof, such asa
mixture of silica and titania. Preferred supports include silica, titania and mixtures of
titania and silica supports.

Certain elements, sﬁch as aluminium, titanium and zirconium, may be present in
the catalyst composition of the present invention as a component of the support and/or
as component Y.

The catalyst composition of the present invention comprises a component, Z,
which is one or more of Ge, Sn and Pb. Preferably Z is Sn. Advantageously, it has been
found that the addition of component Z at the gram atom ratios according to the present
invention, alters the ratio of ethylene to acetic acid produced compared to an equivalent
catalyst composition without component Z. The addition of component Z reduces the
ratio of ethylene to acetic acid produced whilst retaining high overall selectivity to
ethylene and acetic qcid. Thus, by using the catalyst compositions of the present
invention, it is possible to produce a product stream comprising ethylene ‘and acetic acid

in an approximately 1:1 ratio, which may be subsequently used, without the need for the
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30 ratio of ethylene to acetic acid produced whilst retaining high overall
selectivity to ethylene and acetic acid. Thus, by using the catalyst
compositions of the present invention, it is possible to produce a product
stream comprising ethylene and acetic acid in an approximately 1:1 ratio,
which may be subsequently used, without the need for the 4 further
addition of ethylene and acetic acid, in the production of vinyl acetate. By
"BipBes RitAtieyof ety lane psd ddesicednidsimibaptalprochucf singhimetateHish

thesaiorafacelie asitia sliveRsReMESR ik And Ak REETETAO
between 0.9:]Ba§%1. : 1. A second aspect of the present invention relates
FABASELELFBYING Brhpigeshdt s skl Gatakrsteshipbeiisaab oo andgltb: 1.
;he firstiaspent afptive qfr@s@lﬂésmn?ﬁgffﬂmrcmwi&mg ﬁ%@t&ﬁﬁ 8k {Rdparation
' [ ISl Q num, vanadium, niobjum, a support
R e R o SR e Bt Rai Hahbten m o
SOIOROHRE thesfasymig the mixture to form a dried solid material; and (c)

calqiy el i soldmaterial ndopm e, colabishaomeention. e,

mixture comprising molybdenum vanadium, niobium, a support ma
a precﬁ?@%??‘&@?é‘dﬁ E B ORERP & CHRBCBFR oA -ARA PRI HBsuton

formedsituskep (a) of the second aspect of the present invention may also

CompYiss & component, Y, as previously defined, where this is a
coﬁg{)%z’htéﬁ g}g{é%ael&?&%r%gg%ﬁ%)aﬁd ua}{%%ﬂf’ mixture comprising
molbdelsiminahnderinmolidonitarialsagpont thmatealzst coraposittusor

thereofrieOmRRRENS Zn 2RtiPRRINLIAG SIS 280 OPHORAN g%g};@ﬁ%eﬁ%gr% or

may be formed by mixing compounds and/or complexes o

R S S PP e Rea v astre bf el uintaformsdlizesiep

e Siblvenbrs preteraly water: Mosiieipiabikdhempiieredsdesolution
i in H.in, the.range from, | to 12, preferably from 2 to 8, at a
O B O B A s b Ao Rl Gt
fYfFP@SIEEA-in to the mixture in the form of ammonium salts such as

ammopiuabaRAMeNRAAIE 24 RS IRNIH ASIHS,0 € such as
acetates anct}%%alates. Othe% cé%pou%%%%éﬂ%%%ﬁgmﬁ&m#%%f %r(te

B M AR B EhRTHIaL SRENsasH AopkRrA L EIgB - aadiansiea by
cnolyba@niimay be formed by mixing compounds and/or complexes of each of the

metals with the support material or precursor thereof in a suitable solvent. The solvent
is preferably water. Most preferably the mixture is a solution in water having a pH in
the range from 1 to 12, preferably from 2 to 8, at a ;cemperature of from 20° to 100°C.

Preferably, the molybdenum is introduced ih to the mixture in the form of
ammonium salts such as ammonium heptamolybdate, or organic acids of molybdenuin,
such as acetates and oxalates. Other compounds of molybdenum which may be used
include, for example, molybdenum oxides, molybdic acid and/or molybdenum
chlorides'.

Preferably, the vanadium is introduced in to the mixture in the form of
ammonium salts, such as ammonium metavanadate or ammonium decavanadate, or
organic acids of vanadium, such as acetates and oial_ates. Other compounds of
vanadium Which may be used include, for example, as vanadium oxides aﬁd sulphates.

Preferably, the niobium is introduced in to the mixture in the form of ammonium

salts, such as ammonium niobium oxalate. Other compounds of niobium, such as

5



10

15

20

25

30

chlorides. Preferably, the vanadium is introduced in to the mixture in the
form of ammonium salts, such as ammonium meavanadate or ammonium
decavanadate, or 30 organic acids of vanadium, such as acetates and
oxalates. Other compounds of vanadium which may be used include, for
example, as vanadium oxides and sulphates. Preferably, the niobium is
mtrgducegllm 0 the mixture in the form of ammonium salts, such as
B e e A 8“8%8?6&%%}5&%31&%&3?6&? SEEEES
rﬁ@bmmi@hl@dd’esmmﬂay@atsdxbmn@e@knpﬁefﬁrabimmmspgmlwlth an
oxalat %E%R( imilar coordinatin d to improve
el"l?e mh(fe"ﬁﬁ qn%&%ﬂf%o dt rg thn‘[ e mIX u?tealo%fﬂgonents

solubility. The support matefial may e’introduced
rﬁ%%é%feéﬂ?ﬁ%*rﬁéwfégwéeﬁ&@éf Svehied, Soppoamphaterilieuduesyforomprising
mmmmﬁﬁmt&wﬁampr@mme ALMALe e av@m 3

mateblajsfrf%r e>&am le, a mi ?},u f titania and silica, maybe introduce
mixture of pre- SPREHe Wf&?ﬁﬂ%oglﬁ%ﬁ%lﬁfé“%ﬁﬁé‘éeﬁ&ﬁ@

aﬁwpraafopmédrmhdazhcmpwammaaam Altrenatively, af leasbaneraidRepport
sHaparl aigaals s intiaduseds dne.aum, of a sullable precursor fherecf

for example, the silica may be introduced orm O asmca%‘SieoF stlica
éﬂ?@d)ﬁf&ﬁ@%ﬁﬁﬁb@ﬂhﬁ\mgfwﬂmmah@e@amczhelmnmsgpao&fﬁaw@a

Sm{ﬂiﬁtﬁ:@iﬂ- t@f@%ﬂ@ﬂé@'ﬁc% AdR0.60 Q?h 950&9&&@195{6%‘?% A% co- gel
%Eﬁ §‘gn?’a g(g eragg; component Z is introduced in to the mixture
{HPah EREE 5V alkoxide or oxalate salt. Other
compoﬁnd@@ﬂy;mmppmmt Z whighdmay betvgechincudes fos eample, -
Helides A04 AP SR BALLXRMRNG, RBIRIEd A wiien may

compounds include tin (1) ox nium hexafiuorostanna
ProstehreTiidsn Kr srammerbalidepnd ammu@@os@ﬂmm mixtenanipltherfdened

m&a;saana@Im@mntzaqﬁw&axseeta@mmmﬁmmw&%% Most

Geper&lg ins (a) of the second aspect of the invention, the mixture of
ompOURdL s éf"n‘fﬁf(:f’tﬁse”étﬁgﬂlfé?ﬂé%o ﬁﬁ‘%ﬁﬁf‘éﬁr%y‘&@sf@m aeiertl
glabntigd svath R6sottibhiemetalwonydendds and dispersing any msoluble

2 L 8 e L B O e e

the catalyst composition. The support ‘material or precur’sort W
BeTA @@et@a@m@;ﬁ%@ﬁﬂa@@@t@@@gmd@nﬂm@ybgtsuﬁpmamues of

bl IEReh PILREIB8nRY %H@@%ﬁ%%'%ﬁﬁgmx&d&%% provide a

desired gram-atom ratio of the elements in the catalyst composition. The support
material or precursor thereof may be introduced at any suitable stage during mixing, but
is preferably introduced after the preparation of a mixture of the molybdenum,
vanadium, niobium, component Z, optional tungsten and optional componént Y.

The solvent is then removed from the mixture by dfyin g, preferably by spray-
drying, to form a dried solid material. This dried solid material is then calcined to form
the catalyst composition. Calcination is preferably performed by heating to a
temperature of from 200 to 550°C, suitably in air or oxygen, for a period of from 1
minute to 24 hours. .

The support tjfpically comprises at least about 20% and/or up to about 90% by
weight of the total weight of the catalyst composition. Preferably the support comprises
at least 40wt% of the total weight of the catalyst composition and/or up to 60wt% of the

total weight of the catalyst composition.
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vanadium, niobium, component Z, optional tungsten and optional
component Y. 25 The solvent is then removed from the mixture by drying,
preferably by spray- drying, to form a dried solid material. This dried solid
material is then calcined to form the catalyst composition. Calcination is
preferably performed by heating to a temperature of from 200 to 550C,
suitably in air or oxygen, for a period of from 1 minute to 24 hours. 30 The
support bt gﬁf‘?c%/ﬁ%ﬁﬁ KA S1ER00R S598 Wiiesidsg ariseent 00t by

vpeighttifrtiof dctat m@mtd@ﬁﬁhkemifyﬁﬁ gmt{ilﬁsﬁisaﬁxr?ﬁﬁ%ﬁg%y%@%ane, and
ises ast 40wt% of the total weight of the catalyst

T G P v

CBAIEAHIONY B Incariairdna gee et of thierespatinueintine tharads g ovicak:

aPpReRRistheproayctinn.gfacetic acid and ethylene from a gaseous
mixture_com risig{(% ethane, and optionally ethylene, which process
ESheRt

compri&ap ﬁQ%@@’ﬁ%ﬁ%ﬁmﬁflﬁaébx}i’muaeciﬁ@mtamiaﬂy pure form or
oxygispdoeithaineng gﬂ&aﬁaiev@wm?tm?@w@ﬂ?%éargma%%ﬁ%%e form
ition as hereinbefore described. Ethane an e
O, S O e TG o P Sfmhbeee
W%%érwm@r@@ﬁmf@gbw%@mhmHmm@dEd@NHammhma]ilfeﬂ@g

fRETthoh SR MBreAich Hﬁ%%%ﬁé?ﬁﬁ'%@% 1%%% IS Jof.SxAmpIe
greater than § volume percent or one or more of hydrogen, carbori™
monoxi]éiéc, TROIRE A REYRSE -SRI aviRiai pRayEtserishenenpiatatiior
ambrants, doyexathpleitehs than\aiyges. e @Qfx@tﬂ e e M9lecUiar example,
containi as. may,.be air.or a gas, richer or poorer in molecular
g%g%2a’ﬁ%\%\%ﬁ%%#@%@]ﬁép%?m%ﬁ .eﬁ%lt? (faBIEOF58 may be, for example,
oxygertdfintetewithialeediabreldiioent, dhrexapiieaiitthgen: ihibtpeefereesiar

@(i@@@cﬂhﬁﬁgﬁb@m@@%ﬁﬂqﬁ@ﬂs%tmﬁe&g ?qugéog tmaoslglggtl%ﬁﬁylt% acetic
oxygen-containing gas, water (steam) because this can improve the"
55 ctivity to acetic acid. The elevated temperature may suitably be in the

range frberel206:d6 tsRPE nptaterpblibom0te AARCHIRS RiessHiedNay
§%@QM3@§%&%§Q£‘%MV superatmospheric, for example in 20 the range
ar,

rom I t preferably from 1 to 30 bar.
The pressure may suitably be atmospheric or superatmospheric, for example in

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

The process of the third aspect may be a fixed bed or a fluidised bed process,
preferably a fluidised bed process.

Operating conditions and other information applicable to the performance of the
mvention may be found in the aforesaid prior art, for example US Patent No. 4,250,346.

Typically, using the catalyst compositions of the present invention, the
combined selectivity to acetic acid and ethylene is at least 70mol%, preferably at least
75 mol%, such as at least 80 mol%.

As used herein, selectivity refers to a percentage that reflects the amount of
desired acetic acid product broduced as compared to the total carbon in the products
formed :-

% selectivity = 100 * Moles of acetic acid produced / §
wherein S = the molar acid-equivalent sum (carbon basis) of all carbon-containing

products, excluding the alkane in the effluent.
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The process of the third aspect may be a fixed bed or a fluidised bed
process, preferably a fluidised bed process. Operating conditions and

other information applicable to the performance of the invention may be
found in the aforesaid prior art, for example US Patent No. 4,250,346. 25
Typically, using the catalyst compositions of the present invention, the
combined selectivity to acetic acid and ethylene is at least 70mol%,
preferabiyaatinemetabpmess fouth pedideast BoinybietAs wisadiherefitst step

selesdivibaiBiarstaRRaSRINRIS thal E‘?Ekﬁ@ﬁ%ﬁhﬁ?ﬁé@#ﬁ %&9@ J%?%'cetic acid

aceéic 6$1clid product produced as comparéd to the tota bon in the

prOAGEE 30 TSGR S HANSAEHINARY stort anvipREe Fnaicant melic hibensdedgetic
Sapiiereirn Siredhisisnolar atidreguitmlent surdcarbendaasis) ffeall acid and
cg{lp}qghgml&ggg r(‘)od%%%,ee%hfdin%{the alkane in the effluent. 7 In an

integrated proc or the proél’ugtl(%ﬁeo ?iinyl acetate wherein the first step
is the oﬂ@%ﬁﬁom@ffem@mép(mtr@nangswittﬁnmhgitanmmss@egﬁe@med process
pM@@@@@&k@oﬁqjﬁvﬁpﬂa@éaﬂe@&ﬁngA%b%@MHﬁeoeﬂ%ﬁ%{‘ng%‘%ﬁa%% Ad
approximate ratio of ethylene to acetic acid of 1:1 since this s the
o%ﬁ%ﬂﬁ%ﬁf@%sﬁﬁ?@%@%?é&&%ﬁf acetic acid and 5 ethylene with
okygertddipgotuctrvinyddioataiae, Heaceinmi fauebasneshobe Hresant
invention provides an integrated process for the production of vinyl o
R e R e pteR Aperatane i
ethfREpEneRHIER pitebssecammgitierss Hiyrcomttotindssieriadirst peadtien fose,
BpBRRROUSERDAUED AOMPAISING. LI ANE AYfL A0 gpionally ethylene, with a

n%l,olecular oxygen-containing gas at elevated temperature in the presence
0

B Utk e ShAs5ERGH ST BRBeTble teRibien b spid iidoperhd at least a
prodiset sftsedmcetenipfisingnaced | ig8cifaae: w&(?%ﬁiﬁa%éi}&éw%lﬁyg&-in
reaction.zane. at least a partion of said ethylepne and at least a
B L oS oA 1
pgastion donkalrisrictasoaretmva etk tendperdnsiredhecprgaenice h e
calalyst suitable for the production of vinyl acetate, to produce a second

product %tream comprising vinyl acetate.
The second reaction Zone for the production of vinyl acetate may be a fixed bed

reactor but is preferably a fluidised bed reactor.

The oxygen feed to the second reaction zone may be any suitable oxygen-
containing gas, and may suitably be air or a gas richer or poorer in molecular oxygen
than air. Suitably, the gas may be oxygen diluted with a suitable dilucnt, for example,
nitrogen, argon or carbon dioxide. Preferably essentially pure oxygen is used as the
oxygen feed.

The first product stream preferably comprises acetic acid and ethylene in an
approximately 1:1 ratio. |

In one embodiment the first product stream may be fed directly to the second
reaction zone. In this embodiment, the ethylene and acetic acid are co-fed to the second
reaction zone.

_Alternatively, the first product stream may be treated, e.g. by conventional’
separation, to produce an ethylene-containing stream and an acetic acid containing
stream from said product stream, and said ethylene and acetic acid containing streams

may be fed separately to the second reaction zone. In particular, the ethylene-
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The second reaction zone for the production of vinyl acetate may be a
fixed bed reactor but is preferably a fluidised bed reactor. 20 The oxygen
feed to the second reaction zone may be any suitable oxygen- containing
gas, and may suitably be air or a gas richer or poorer in molecular oxygen
than air. Suitably, the gas may be oxygen diluted with a suitable diluent,
fQ mple.  nitrogen, argon or carbon dioxide. Preferably essentially
pu&@%@ﬁgnﬁgﬁjg‘eg 21% H%%?&%Eﬂ?é‘éﬂ%@@“ﬂ?@ﬁ%‘bf%ﬁ@f B gAmprise
pretdeanhs eamigrisesitivetic acithand sthygeneadsiameappraxinately dokide
ratie Wi nermuodispent the fi roduct stream ma fed directly to

the second reaction zone. In t % %m OS%Pnié%%?ﬁeeneé?&%ﬁ%e He%Adetiees:
acid ard @5 e scarudEssHer roaeiionudiecBbea tertatibhyadhies fitéd may be
prochdatatieanthenaybetiealadd St kY fﬁ%g%ﬂpm: SPRBIAHANe 10514 reaction

p.ethylene-containing stream and an acetic acid containing
e B D bkt gy miehihsiamiide racto

d@ﬂt@ﬁ*ﬁﬁéo%feams may be fed separately to the second reaction zone. In
particulgy, thestaviene S.CPRiaRINg stream may comprise ethylene.in ,
subs'tantial%g pure form or9r?1ay (:omgpﬁ]s?eS e%?ﬁ?/lreé{ﬁigtgg AU AR ghyt in
Sriinichiecd prtraesdor, mavaiteblatharrsrtadoon tioxicenan thmatein e,

Iprnabsieannon e ahayR ALY 3f6A2IEM05 of BlANCS

Where the secqnd reaction zone is a fluidised %r, the aceﬁﬁé)acid
r%rﬁi%éb% fritrbtideddlinth tHe eemeedfite llquier@drasmeinllyaboubTasrh2 x 10° Pa
\dtheed the 19eeapyl reaction zone is a fixed bed reactor then the acetic
acid is erahly introduced in to the reactor in vapour form. The
producﬁcg)%lq ?%/kllﬁ}é/ 8 g’?é’ i t%l% 8 DER T RAR 0 iRy heeelpbioR A tiBer Gin the
ifFcanfiuiiieienh bentrSBiotarcatdys suitdblfhatopemaledial artemparatiadan
iR 400G, C and a pressure of 105 to 2 x 106
1F;&a{%au e(1 t?)lsg?)% E)%‘F é)égl}r{(ﬁé?%a%%%é %Ofggl 15 1% F108 P4 aé%%’gé {6 to 15
Sasr‘fj‘j?%gsﬁe%%ﬂys?%éf% 8 3. B3 IBAPEERAGE TS 1R bangntCaf atyiis are
keebnimdheraidorthgpiaduction of vinyl acetate may be used in the

secon i e. Thus, catalysts active for the production of vinyl
ace ta%%ﬁ%%?%? Qescnges a cata?}slt active for the preparation of vinyl acetate by

the reaction of ethylene, acetic acid and oxygen, the catalyst consisting essentially of:
(1) a catalyst support having a particle diameter of from 3 to 7 mm and a pore volume of

from 0.2 to 1.5 ml/g, a 10% by wei ght water suspension of the catalyst support having a

- pH from 3.0 t0 9.0, (2) a palladium-gold alloy distributed in a surface layer of the

catalyst support, the surface layer extending less than 0.5 mm from the surface of the
support, the palladium in the alloy beiﬁg present in an amount of from 1;5 to 5.0 grams
per litre of catalyst, and the gold being present in an amount of from 0.5 to 2.25 grams
per litre of catalyst, and (3) from 5 to 60 grams per litre of catalyst of alkali metal
acetate,

US 5,185,308 describes a shell impregnated catalyst active for the production of
vinyl acetate from ethylene, acetic acid and an oxygen containing gas, the catalyst
consisting essentially of: (1) a catalyst support having a particle diameter from about 3
to about 7 mm and a pore volume of 0.2 to 1.5 m] per gram, (2) palladium aﬁd gold
distributed in the outermost 1.0 mm thick layer of the catalyst support particles, and
(3) from about 3.5 to about 9.5% by weight of potassium acetate wherein fbe gold to
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15 maybe used in a second reaction zone may comprise, for example,
catalysts as described in GB 1 559 540; US 5,185,308 and EP-A-0672453
the contents of which are hereby incorporated by reference. GB 1 559
540 describes a catalyst active for the preparation of vinyl acetate by the
reaction of ethylene, acetic acid and oxygen, the catalyst consisting
essentially of: 20 (1) a catalyst support having a particle diameter of from
PR g B @ veidsabistiom e 4oek.6.6m/d, 25 10% by weight

water SEBRension T dbe 6Balal SRR i rom 3.0 t0 9.0, (2)
aﬂglaéla%i%g&-%olti allo%/ distribt&ﬁd ina gﬁgrl%qé\{é 33%?%?% %{Hc%%vsrf P arat(mn for

support. the SILSETE RIPE%&Hding less than 0.5 turn from the surface of

the supdetatite thaliadilym inititdeatioynbeingIRsest Hh AN amauntAf fam,

Laolp & S [ catalyst, and the gold being present in an
a o%n?g%%g{r%’&zgé %%g%l%grgéﬁ%%anrﬁ}éarr’li?PéIB?aéa‘i%W&f‘ﬁﬁa( ifhgrzgdotethe

i YRt metelothetealpstesiankalisnetiatiiaretStetabl 5185, 30Baglesribes
ashell frpragnakeribstaaivedos e pRdusan el M acHare from

, aceti id a n oxygen containing gas, the catalys
gi%i?stl ngotracsﬁéeg%%%ﬁyp é}fgé‘}r% WataiyRadligpem Bavivgta gartddiviafBter
fFdmaibolih@muboytbz preseanit a areMelBILoP bR AL ARG, WP,
%gi in the outermost 1,0 mm thick la

Al ofistriby . ero
Eﬁe c%ta %ﬁ%ﬁ%ﬂbﬂcﬁ%ﬁ%rﬁﬁ?&% bféf B e L RAbets pipetal
ﬁ?&w&%{%@%ﬁﬁﬁs&é@@ﬁel%ﬁmeﬁﬁmgold to 9 palladium weight ratio

i saidisamR%lL e RABIAR fda a2.delty QRIBUSRIESEbES o)
Q%Izilglumcontamln catalysts and their preparation for fuidided Be V|ﬁ§l
€ proce: ml%?éf%#%{%}?ﬁfe %‘é‘f&kf%ﬁ’%tﬂ@ foplide grbstigetion, of

ac’tate prqce Scé) .
Ginyacerikuontiprise’ & brefrotep MUaetal, @ ratslaHRABIRter and an

i =pramot Ith, 59'1% ro Il metal, the preferred
%@égg%&gﬁ%ﬂaﬁ, %rﬁél%% e{’%%‘ﬁ rces 6&;‘?&@6’.&Xﬂ€i@d@%’aﬁ&ﬁfw gold
W8I RAEBBRAFH B S5 Aok aestigdeh [Bro pedfarck el (kbinptad RACLA 0
K2ReGH8)eriabaning BestalgRaladium Depiats p %Dﬁ%l%q)iguanﬁe(i%g in the

téz%s%h tc%ta rg%- metal may be present in a concentration of greater
il y wéflght, 10 preferably greater than 0.5% by weight based upon

total WRighttelysatainsls Thelrptatueansentraiondaay e RS WA L0 %o
YRIO M aterial, Suitable co-promoters include Group I, droup 11, lanthanide or
transition metals, for example cadmium, barium, potassium, sodium, manganese,
antimony, and/or lanthanum, which are'present in the finished catalyst as salts, e.g. an
acetate salt. The preferred salts are potassium or sodium acetate. The co-promoter is
preferably present in the catalyst composition in a concentration of 0.1 to 15% by
weight of catalyst, more preferably, from 1 to 5% by weight.

Where a liquid acetic acid feed is used the preferred concentration of co-
promoter salt is up to 6% by weight, especially 2.5 to 5.5%. Where the acid is
introduced in the vapour phase the co-promoter salt is preferably present in a
concentration up to 11 wt%.

The catalyst suitable for the production of vinyl acetate may be a supported
catalyst. Suitable catalyst supports include porous silica, alumina, silica/alumina,
titania, silica/titania or zirconia. In particular for use in a fluidised bed process, the

support is preferably silica, and, suitably, the support may have a pore volume from 0.2
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In addition to the Group VIII metal, the catalyst suitable for the production
of vinyl acetate may comprise a promoter. Suitable promoters include
gold, copper, cerium or mixtures thereof A preferred promoter is gold.
Suitable sources of gold 15 include gold chloride, tetrachloroauric acid
(HAuCl4), NaAuCl4, KAuCl4, dimethyl gold acetate, barium acetoaurate
or gald acetate. The preferred gold compound is HAuC14. The promoter

2l THah BEIFRSEHIPCEn B SS Pat A1 H ©. 800 mDBerIgyamesveppdtiend an

fipjshed ballatisisifhe catalyss suitable for the production of vinyl acetate
ise .60 I20 romoter material. Suitable co-promoters
roup 11, 1af

may alsQ compri
include ?81% K%Sroup T AR RIS B P4 K b A HRleAnaviBr BrenEfby any
catrhlamebadiufor sstaintie, sedisifoman geviastonaiftinngnycand/ @hy be

I sy tdich-Bre pEeRant @Ptge(fgy%%d catalyst as salts, e.g. an

acetate salt. The preferred salts are potassium or sodium acetate. The

co-profOYaRiRE SR Ik Sraghisps ahel dxnanpseridmpoiitiohigha

concentratienodtBylde 2RAedyodRweiohi RlealalYsheMAIERGIELAR N ons of
| acetic acid feed is used the

0 5% by.weight. Where a liquj

B A i oiy o S9pbyAighone
BgpEsiatyhe S e bvBysoWhdrecttreeacid is introduced in the vapour phase
the coipsempiersalis td oncentration. up to | |

e A TR i r TP
gﬁﬁtp%)rféal EaphivEtosl fesdito dgarrondupption roludeeforbls silieast 55
alolfvinacsilieafaubyinpleitaniacsicadtitanis, of ZUGRRIRILRALIGHIRL IO vp
Hsgsin &J Uéglt%%qopa?gegéqc%lses, ethe support is preferablgsn[ca, and,
suitably, the Suppart may HavEE RO FS SRS o IR0 B 825 Faflepatleast
S aneldt sufporel%. suvteserbleat 65 T BA6 $02mpéx.gram of support and

an appaaNBHIkrdansity 5 g/l The catalyst suitahle for the

o(#]]ction ofl_vin I acetatcﬁﬁ%é%%%?%ﬁzﬁ%%& g%’f Cg%:tg%’l% ar%geﬂ%(gg.el?ig’r
s B%%%%%a%%%ﬁ&%&%aa%wwmpm AIASAEESE rifiaired
dydiiemiethocsietatiochin EPoARBT2IE3ntENANBEEPHS MR he fRurth
%?eggcé of the present invention, high concentrations of ethylene are fed to
t

& second reaction zone. High concentrations of ethylene (greater than

50 motvaeb thctbyéidnfemdiofeid toithef spronthaaBliDm RO the optimum ratio
for an integrated process for the production of ethyl acetate,

Thus, the catalyst composition of the present invention may also be utilized in an
integrated process for the production of ethyl acetate.

Hence, in a fifth aspect, the present invention provides an integrated process for
the production of ethyl acetate from a gaéeous mixture compriéing ethane, and
optionally ethylene, which process comprises:

(i) contacting, in a first reaction zone; a gaseéus mixture comprising ethane, and
optionally ethylene, with a molecular oxygen-containing gas at elevated temperature in
the presence of a catalyst composition as hereinbefore described to produce a first
product stream comprising acetic acid and ethylene, and-

(ii) contacting, in a second reaction zone, at least a portion of said ethylene and at least a
portion of said acetic acid from said first product stream, and optionally water, at
elevated temperature in the presence of a catalyst suitable for the production of ethyl

acetate, to produce a second product stream comprising ethyl acetate.
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maximize the selectivity to vinyl acetate. 10 Desirably, the concentration of
ethylene fed to the second reaction zone is at least 50 mol % of the total
fed to the second reaction zone, preferably, at least 55 mol%, more
preferably at least 60 mol%. Suitably, the concentration of ethylene is up
to 85 mol% of the total feed to the second reaction zone, preferably, in the
range at least 50 mol% to 80 mol%, such as at least 55 mol% to 80
mol%. TEhPsedudtiorrifvioykdoetatehylienationeaf¢tusanonaretia agid bed
a,qchg&yggqsi&e%p;g%m%gggigee&j rgegtg) to the vinyl acetate reaction
comprises at least 60 mol% is escribed in EP 0985 657 Al, the contents
of which Bf §IHEPEIAUFCHIE RESE AP Yetmerices, axqtétiactt stfiplbpkiioin an
aqgtic:agistQf appedsimately 1:1 is also the optimum ratio 20 for an
integrat%{j0 roc ssdfor tp& Epgoo%uction of ethyl acetate. Thus, the catalyst
composition of the Present e RESH ST 4R §18% hriferdinir hn a ihe Srared
ﬂl@éégg fonthénphotkstiotinoéretiyd aitelate abtenaeicincadfifib @spaat thesecond
Reesent inygntion provides an integrated process for the production of
ethyl acetate from a gaseous mixture comprising ethane, and 25
optionafly BTAEHS, it predessenmoniaebe (resdtaaitng, donsditsmal
f&;?@rﬁbﬂ%%ir&iﬁ@@ﬁpﬁl lﬁyﬂ'@ﬁ@lé@xfé‘ﬂm%r ﬂ@ﬂ@&h@%a?&ﬁt&g&;ggﬁu}/ni%g
ethyleng, with ecular oxygen-containing gas at elevated temperattre
e S S A A Kbrembencie BRA bR RE
rodnenzefitst fptogucitsly earhccamprisiag theetimaci padiathy)ensstandne-
il ing., [ t least a portion of said .

o e L R g e
SHOAsRe 478 BRIy PatR: Botslelaitecrnmethanseihative orbsediexids
anchtedystisuiallenfor e @ daetinn ety AeglaR: 10 PEAFHES Alkanes.
secon rr?edéiﬁt str%;m% %gmglrising ethyl acetate. 11 The second reaction
zone for' tha prodacton of SRS SLARS R Brysa e dissanreaEtsienaf is
srertvabh Hdiditic wechechrbartancibatitat o dut s tee a prafasably the

[ | ' t gran roximagtely 1:1 ratio. 5 In Qpe
o O e S e

Catalysts known in the art for the production of ethyl acetate may be used in the

fifth aspect of the process of the present invention. Catalysts active for the production
of ethyl acetate which may be used in the second reaction zone may comprise, for
example, catalysts as described in EP-A-0926126, the contents of which are hereby
incorporated by reference.

EP-A-0926126 describes a process for the production of esters by reacting, in a
plurality of reactors set up in series, ethylene, propylene or mixtures thereof with a
saturated aliphaticAC‘l-Cl; mono-carboxylic acid in the presence of a heteropolyacid’
catalyst.

The present invention will now be further illustrated by reference to the
following Examples.

CATALYST PREPARATION
Comparative Catalyst A

Moy.00V0.520Nbo.1240x (=M0go.sV32Nb7 5 Oy) on silica

The following three solutions were prepared:

Solution A: 214 g of ammonium heptamolybdate was dissolved in 250 g of water at
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reaction zone. In this embodiment, the ethylene and acetic acid are co-fed
to the second reaction zone. Alternatively, the first product stream may be
treated, e.g. by conventional separation, to produce an
ethylene-containing stream and an acetic acid containing 10 stream from
said first product stream, and said ethylene and acetic acid containing
streams may be fed separately to the second reaction zone. In particular,
th@gt?h‘yi@rfémé@&taining stream may comprise ethylene in substantially

pure forgpREiSAGY: 98 PBHSENRINUIGNEAS A [Mixture wi e.or.more of
ngfgg?gé?rgﬁethage, ethane, carbon dﬁ)xi(ﬁmgﬂcdwv@%?e&rg f:ng ?ﬁeggﬁoofvéfg%l a

of O1e SR FRoFRdIALY @g@%’?ciié&%%gmmr@ne@%@immxmy

thsfiflieaspect of the present invention, the concentration of ethylene fed

to the sggm% rg%aqjlono %n%ig al} least 50 mol % of the total feed to the .
second reaction zon&, preferably . at TeAEE s8aata g e i fdrasRf atter in

|Stito ﬁ?@}&ﬁﬁs@@%ﬁ@ﬂ@kw#ﬁdﬁe #rtdorAhe madisationmhal sthlnutes.
acetate soRygecisediihe, Uhaspechal s pcess ol Ine preseny

inven%ion. Catalysts active for the production 6 etiyl acetaté whi
AV BE uSSH HITHE Y bi HsE S hsoRix iy vduphprisethior stixaxh file ] 5
catialysts:asddsariead in EP-A-0926126, the contents of which are hereby
incorpo reference -A- 6 describes a process for the
product[i;)‘c%r;ke tz%gtgrgl liarsé’éﬁ%? %?é %ﬁ?@ﬁtﬁb?ﬂ radeddrstiae et od mires.
ethylené‘?@pbmrm Bemigtaiss! tdboTviim a2 Bgatiated AlRARLE | Spthy
epgecabaRd acitimife Biesents of Afepieionalvasld. atalver, The
resent invention will now be further illustrate Bﬁ/ reference to thg

fONBNRTG Eampies Iing AQndtipns e ARAHIEN BOIGEwaratvEe of 290°C
Qatalyst & MoleOMera2oNTa 1240=Mg605V32Nb5 O. on silica The
following, three solutions were prepared; Solution A: 214 g of ammonium
heptamonb(ajathvvCél)én SSONE i g’é‘%’b‘f fntRr Lbopss A5 ¢ Withia gt
%lﬁiﬁ)ﬂnlaﬁcpé?gf@ﬁaﬁ@monium metavanadate was added to 725 g of water
IN&  The resulting spray-dried catalyst composition has a nominal composition
Mos.5V32Nb7 505 on silica, and at a nominal metal loading of 50% of the total catalyst
weight.-

Catalyst B

Catalyst B has a similar nominal composition as Comparative Catalyst A, but
with the further addition of tin at a gram atom ratio of 0.33.

The catalyst composition was prepared as described for Catalyst A, but Sn02
sol, stabilized with tetramethylammonium hydroxide was uséd as the tin sourée.
Catalyst C

Catalyst C has a similar nominal composition as Catalyst B, except that
approximately half of the tin was replaced by titanium, to give a catalyst with a nominal
composition compn'éing tin and titanium each at a gram atom ratio of 0.165.

The catalyst composition was prepared as described for Catalyst A, but Sn02
sol, stabilized with tetramethylammonium hydroxide was used as the tin source and
titanium isopropoxide was used as the titanium source.

Catalyst D |

Catalyst D has a similar nominal composition as Catalyst B, but was supported
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2-liter beaker and heated to 80C. The ammonium metavanadate did not
completely dissolve, 5 Solution C: 74 g of ammonium niobium oxalate
was added to 275 g of water in a 6-liter stainless steel beaker and heated
to 45C. A so] formed within 30 minutes. Solution C was added to solution
B and allowed to digest at 80C for 30 minutes. Solution A was then added
to the mixture, which was then stirred for 15 minutes at medium heat. 10
6‘§’8a§t}a?ﬁ§lti‘f“§|?é’£%‘} “(Nalco 41DO0I) was then added to the stirred

m|xturema'haastufrgbmgsmwmgeﬁtzsﬂeat%%9&%9&%%% &’ﬁ”%% P(?hat
WIﬁ%OSﬂay ég’ﬁ Vas one in @ mini-Niro spray-drier | |mme diate

after fhe solut on?’ogeﬁf?@dwésp}’aﬁfldﬁ/m@ CoReRtiBRIarers the Silica
femlotaed @rﬁ?ﬂ@t’teﬁtperature of 290C inlet and an outlet temperature of
]@ﬁg}lr@The catalyst composition was calcined in air for 3 hours at 375C
in a static muffle furnace before use. The resulting spray-dried catalyst
compogtﬁtéh’fﬁ BasoRiHET Bsmipaksen Miden B\BeNLT [BOwwvsilicmparted

aina nominabneaiah RAiNGOfiGRY: e thadtotal catalyst weight. 20 Catalyst
B Ca ta%s hhlas a S|m|Ia nominal composition as Comparative Catalyst
it ¢

A, but With the’ furtha ddg flor PR HE DG aksthiPatic 8ot s cxppt that
(,Sai[alﬁfé‘t(b@m?)@sltmpphaé iprépaied asidesetbamiar Sasakst i abot BNao
sehsiablized wih ieiramethylammonium hydroxide was used as the tin
source. 25 Catalyst C Catalyst C has a similar nominal composition as
approximately half of the tin was replaced by

t|tan|ur@aﬁﬂ;@ﬁ&tﬁ@ﬁb&ﬂyﬁiﬂ/ﬁﬁhﬁﬂ@Mﬂﬁ%kx&&m%ﬁ@? SCAMPASING AR ADRer
tlmum h at a gram atom rw of 0.165. The catalyst composition was

prepg)rne (1tes%r LT8R ta’it but SnO2 30 sol, stabilized with
tetram@ttMataimbmumdaydmmi@wp&dea&tﬁ&al%S@ét@@@m bitaNHANm

iSRRG Nag dsed RS g Hianiym.source. Catalyst D Catalyst D has

a similar nominal composition as Catafyst B, but was supported
CATALYST TESTING

The catalyst compositions were tested in a fluidised bed reactor under the
conditions indicated for each catalyst in the Tables below.

(HOS = Hours on stream, Sel = selectivity, STY = Space-Time Yield, Conv =
conversion, Acetic = acetic acid, e/a = ethylene/acetic acid ratio)

The catalyst to be used for testing 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.

The catalyst (10g) and an inert diluent with the same particle size distribution (St
Gobain SA 539 alpha alumina, 43g, dehsity 1.27g/ml) were added into a 40 cc fluidised
bed reactor..

The reactions were typically performed at temperatures between 280°C and
320°C and at a reaction pressure of 16 barg. 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 analyzed by gas liquid

chromatography whereas water and acetic acid were condensed and analyzed by gas
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10

13 on a silica-titania support. The catalyst composition was prepared as
described for Catalyst B, except that SiTi 4150, a co-gel supplied by
Davison, was used as the support in place of the silica so] used in
Catalyst B. 5 Catalyst E Catalyst E has a similar nominal" composition as
Catalyst D, but was supported on a mixture of silica and silica-titania

upports. The catalyst.composition was prepared as described. for
i%gﬁ%éf B a%eet Bﬁgﬁ aﬁg‘éﬁ%ﬂ 564 serpeargapiserosi@ed lsonaedngalco
HeDicosica sol, in a 50:50 ratio 10 were used as support materials.
@9@@;@@/@&@@;@% F Catalyst F has a similar nominal composition as

atalyst A, but wi further addition of Ti at a gram atom ratio of 0.33.
¥na Profpesmeh™Was prepared as described for Catalyst A, but
titaniWos15 isg xideTw; ] R titanign Hree T CATALYS
FESTHNG Fhe gerfgsst :omﬁgﬁﬁf(\sf\g%?t =§t§é§6in§£f Cibised bedThabtor
under the. conditions in jicﬁigﬁ"fbr each catalyst injthe Tables below.
(HOS = Hoursjon stream, Set = selectivity, $TY = SpacerTime Yield,

Cony{-28 CONVETSIg, ALeliCs 35h TS 5
§n+nl\m+ tg-be-ysedifortesting was sieved {0 obtain d specific parti :Fed'

I‘y’lnr‘ ’/annfic ~eld ra t!o\

I ||€ —L yourt KJC, T Y
size “distributidn (%%%) of 7096930/328Msh $8GI50E-95% Béns|(fhes) 235

and %94 greatdr thdll 170 mé&sh. THe 820aly5t5{.0d) st an srert dm@r%m
with thegzame |paiigie Size gapbuton{§i—2%5egheinSA-539alpha ‘
attimina;-43g;-tensity-H27g/ml) wete added info al 40 cc fIwg' ised bed| 235

reactor. The reactions were typically performed at temperatures between
Bettsand 320C and at a reaction pressure of 16 barg. Ethane, ethylene

(l9gR |mfecm¢7ﬂ'—eﬁy@¢e), it and-oxygen néf(ture;,“v"—‘s fedto
the re tog. using Brpoks Mass Flgw 30 Controllers. Watef)\r}v\fa\s/fl’%aded b)?/a
aporisation and mixing with/these feed gases prjor to

Avg °C C2H4 Acetic COX CzH4 Acetic COx ész AOZ

% % %

122 | 289 | 62 | 29 | 10 | 54 | 53 | 37

' 5 48 | 2.2
24-48 | 302 61 30 10 | 77 81 30 7 68 | 2.1°
49-70 | 311 60 30 10 o8 106 40 8 85 | 2.0
71-92 | 317 | 60 29 10 | 107 111 4 9

93 | 21

These results show that the Comparative Catalyst A, which contains no
component Z, produces ethylene and acetic acid with good overall selectivity, but at a
high ratio of ethylene to acetic acid (¢/a) of approximately 2:1.

Catalyst B
Run Conditions (Feed mol %)

HOS Max T Total Fiow GHSV Csz C2H4 HzO 02 | Nz
°C ml/min h™

104 295 462 3200 | 60.0 | 5.0 | 5.0 | 65 | 235

25-47 300 462 3200 | 60.0 | 5.0 | 50 | 65 235

29-70 280 462 3200 | 600 | 5.0 | 50 | 65 | 235
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the reaction zone. The volatile reactor effluent was sampled and analyzed
by gas liquid chromatography whereas water and acetic acid were
condensed and analyzed by gas 14 liquid chromatography. The reactor
bed temperature was monitored by a moving thermocouple. Comparative
Catalvst A Run Conditions (Feed mol %) F HOS Max T Total Flow GHSV
g@j H4 H20 02 NZ C ml/min N92 289 462 1 3200 60.0 5.0 5.0 6.5 23.5
2'482 3200 60.0 5.0 5.0 6.5 23.5 311 462 200 60.0 5.0 5.0 6.5 23.5 317
462 2 3200 60.0 5.05 0 6.5 23.5 5 Results HOS Max Sel STY Conv %

SHOE AVES G 28 ACetic COrC2tHshcelie+HE0,;-C2H 02 1-22 289 62 20
1054 5821 548 2.2| 24-48 302 61 30 107781307 68?.‘1""43-70 311 &

3010 98 105 40 8 8% 2.0 71192 317' 60 29 10 107 11 4 9 93 2.1| These

refuls shdW th&kthe| Guetiara@os CajblystidewdhichcoNtag$ino éLILOZ

component Z; [pregiuces gihyteng and-acetic-acit-yith-gped-over
selectivity-—butat a—10-high ratio_of ethylene ta acktic acid (ela) o

'ap,f?:)xi natay 2:3° data /st B Rin CoHdition83Febd®ndl %)EHOS M&x [T 1.0

TOtA FlpWBHSYA2H6¢52H4 HBO 02N2 C oai/mirel’ 1-24 295 468532000

| miillaLa)

609075.0 5806|5785 2537 3096492 320D 6805951 652354575

These results show that the Catalyst B, which contains tin as component Z, produces
ethylene and acetic acid with good overall selectivity and at a ratio of ethylene to acetic
acid of approximately 1:1. Hence, addition of Sn to the catalyst composition has
allowed the ratio of ethylene to acetic acid to be reduced, whilst maintaining high
overall selectivity, compared to the Comparative Catalyst A. -

Catalyst C
Run Conditions (Feed mol %)

HOS MaxT [ Total Flow | GHSV | C;Hs | CoHa | H2O | O, | N,
°C mi/min h'
229 277 462 3200 | 60.0 | 5.0 | 50 | 65 | 2358
30-51° 296 462 3200 | 60.0 | 50 | 50 | 65 | 235
5373 325 462 3200 | 60.0 | 5.0 | 50 | 65 | 235
Results
HOS Max | Sel _ STY Conv % ela

Avg °C | CHs | Acetic | CO, | C,H, | Acetic CO, C,H; 0,

% % %

2-29 | 277 | 42 42 16 21 45 18 3 34 | 1.0
30-51 | 296 | 43 39 19 36 70 35 5 57 | 1.1

53-73 | 325 | 40 39 21 50 102 63 7 93 | 1.0

16
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15

20

49-70 280 462 3200 60.0 5.0 5.0 6.5 23.5 15 Results HOS Max Sel STY
Conv % ela T Avg C C2H4 Acetic COXC2H4 Acetic CO, C2H6 02 1-24
2954042 18378339676 1.0 25-47 3094240184 102527951.0
49-70 280 41 43 16 27 60 24 L--4- 49 1.0 These results show that the
Catalyst B, which contains tin as component Z, produces 5 ethylene and
acetic acid with good overall selectivity and at a ratio of ethylene to acetic
acid of Zbfseowiniiehpw: thattbe éatdpdiGowlttiSeotaHie watalystponent Z and
CORRpRBIEon Ragakavedhibestia el etiviens 19, a5stic AgId L0 Pe . i1
reduced, whilst malnt%fé%gé{ngh overall selectivity, compatgeg {0 the

CORHEIARRS B2 508t disPEcticreid clommtrimirbel mBlaspHOS
Mo T of SFlaiVT b 3B Callrie R HRA D A2 Navw &1 ATIRY, 2R 2% Fo

SN BBk na e ety e

COmPIRErs Crialygtd-C2H4 Acetic CO, C2H4 Acetic CO, C21°16 02 2-29
AT A9sAP 16 21 45 18 334 1.0 30-51 296 4339 19 36 - 70 35 -5 57 1.1
7332540 39 21 50 102 63 7 93 1.0 16 These results show that the

gﬁi‘é@&’ B3R e€8B9h&4in as component Z and titanium as a
co

mpgt@ént v, BeodUcesTethy ine anskenelicamid VoiR gpad,everal, | N,
°C mi/min h?
15 285 432 3190 | 59.5 5.0 4.9 6.3 |24.3
19-21 297 432. 3190 | 59.5 50 | 49 6.3 124.3
25-37 315 432 3180 59.5,| 5.0 49 6.3 | 24.3
Results
HOS - Max Sel STY Conv % ela

T

Avg °C | CoHy | Acetic | CO, | C,H, | Acetic | CO, CaHs 0,

% % %

15 285 18 61 22 18 130 49 3 45 | 0.3
19-21 | 297 | 20 57 23 | 28 168 72 4 | 82 | 04
25-37 | 315 | 23 53 24 | 48 234 114 5° 92 | 05

These results show that the Catalyst D, which contains tin as component Z and
Ti as part of the support, produces ethylene and acetic acid with good overall éeléctivity
but at a ratio of ethylene to acetic acid of less than 1:1. Hence, addition of Sn and Ti to
the catalyst composition has allowed the ratio of ethylene to acetic acid to be reduced,
whilst maintaining high overall sélectivity, compared to the Comparative Catalyst A.

CatalystE
Run Conditions (Feed mol %)
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10

selectivity and at a ratio of ethylene to acetic acid of approximately 1:1.
Hence, addition of So and Ti to the catalyst composition has allowed the
ratio of ethylene to 5 acetic acid to be reduced, whilst maintaining high
overall selectivity, compared to the Comparative Catalyst A. Catalyst D
Run Conditions (Feed mol %) HOS -Max T Total Flow GUSV C2H6 C2H4
200Z N2_C mllmin 15 285 432 319.0 59.55.0 4:9 6.3 24.3 19-21 297
43P 316§ 59.5 ¥axd 9  Boiat Hows| gyEns 4GB 190,B]5 HID0 B.95. P4
10/ResUlts HOSdgax Jel ik ony YfretaT-Avg-c-E2/-4-Acetie-€Q5;
C2H4 Acetie-CO,-C2H6-02-15285 18 61 22 18 1304983 45 0.8 19-21!
297 205728328168 72 4 .62 0.4]25-37 31523 5324 481234 114592
0.5 TRe® resuli?3how tha#Ble CatadysoD} ehucH ¢ snt%nsmm aS6.7 | 233
th

nnnnn and-atotic

compaent £ angislTas pa neg SHPFOTY B'('JLb'IL yjEste aptac
acta-with-good-everal-seleetivity—but-at a ratio of ethylene to acetic acid 0
less than 1:1, Hence, addition of Sn and Ti to 15 the catalyst composition
Haesaltowed the ratio of ethylene to acetic acid to be reduced, whilst

R RgEpeTat sefectivity; campgred-io-the-Comparatiye Catalyst
A, Catalyst E Run Conditions| (Feef ch 0) 20 17 pospa&%‘f—l(‘fl— To 20
N2 C mUmin -h-f 2-24 293 468 3190 60.0{5.1 4.9 6.7 23.3 25-45|315 463
3190960.0%.1 U®ih 7 ZB:8tic | CO, | C;H, | Acetic | CO, | CHs | O,

% % %

2-24 | 293 | 28 51 21 25 96 43 4 68 | 0.5
25-45 | 315 32 47 21 42 130 67 6 " 99 0.7>

These results show that the Catalyst E, which contains tin as component Z and
Ti as part of the support, produces ethylene and acetic acid with good overall selectivity
but at a ratio of ethylene to acetic acid of less than 1:1. Hence, addition of Sn and Ti to
the catalyst composition has allowed the ratio of ethylene to acetic acid to be reduced,
whilst maintaining high overall selectivity, compared to the Comparative Catalyst A.

Catalyst F
Run Conditions (Feed mol %)

. HOS Max T Total Flow GHSV CzHG C2H4 Hzo Oz Nz
°C ml/min ht
0-194 310-320 428 3200 | 60.2 | 5.0 5.0 6.5 233
Results
HOS | Max | Sel STY Conv ela
T %

AVg °C C2H4 Acetic COX ‘C2H4 Acetic COx Csz Oz

% | % | %

176- | 320 | & 60 | 33| 8 | 165 | 100 | 5 00 | 0.
194 ‘
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Results 1105 Max Sel STY Cony % e/a 7 Avg C C2H4 Acetic Co. C2H4
Acetic COx C2H6 02 2-24 93 28 51 21 25196 43 4 68 0.5 25-45 315 32
47 21 42 130 67 6 99 0.7 These results show that the Catalyst E, which
contains tin as component Z and 5 Ti as part of the support, produces
ethylene and acetic acid with good overall selectivity but at a ratio of

eéga/lene tg acetic acid of less than 1:1. Hence, addition of Sn and Ti to
thEERTERYES B hatibh Hempmsive el ysitd vhethylneits tiesiicasid to
betabdticedponhilshmadesaioiogniigbeveralls elerilying RRASEk IR ING iy
ggé@(pg{ﬁ{ive Catalyst A. Catalyst F '10 Run Conditions (Feed mol %)
[FHO-S- Max T Total Flow GHSV C2H6 C2H4 H20 02 N2 C mUmin h"
0-194 $reeB2tsaR 832001668, 5)0:600H6:5023 . haRBs Ul HAS MaxsSeHS T e

@l -14. j C2H4 Acetic CO,, CA 02 176- 320
g%% 338 1%@%%%%33 %éi‘%e%%% t?haégtécrél%‘él%f% TOW that the
Compa‘?%\?@%ﬁ?a?}‘?&?ﬁ%ﬁigh Ronthinhy tittadishees hachsgsittonuiSnent! Ti
mitigoes thet tfeenpfiseao G eupwia Metahpsosusesaredominagtiy aggtic
%igreﬁ?%g%%% acp; Cy::?tt?lysts B, D and E shows that the addition of Ti as
part of the supporg also influences the ratio of ethylene to acetic acid
produced. Comparison of Catalysts C, D and B with F shows that the
addition of Sn and Ti mitigates the effect of Ti alone, allowing the ratio of
ethylene to acetic acid to be
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tailored to approximately 1:1. 10 15 20 25 30 19 MMCSLLP Claims: 1.
A process for the production of acetic acid and ethylene from a gaseous
mixture comprising ethane and optionally ethylene, which process
comprises contacting in a reaction zone the gaseous mixture with a
molecular oxygen containing gas at elevated temperature in the presence
of a catalyst composition, which catalyst composition consists of the
Elgiments molybdenum, vanadium and niobium, optionally tungsten and a
component Z and gtlonally component Y, in combination with oxygen,

Iuherefh BrO5e3S 1o BGREPFYERPAIAHE GrariBtcriThiRSs Bt SRR ure
MMopMbin Mhi¥R @ﬁﬂj&f)tﬁﬁﬁiﬂ@‘%‘[ﬁ?lyn@Wﬁlﬂh%ro@&@%ghﬁrﬁ&%ﬂt@dtmg ina

a+b=1; 0.05<c<2; O<d<_2; O<e<]l;and 0 <f< 2; wherein Z |s selecte
ARG EBFRIUENE TP Eh A BB LRI VR SoRliB g Ahg evated

trapREaRSISHRE Rt Sh MBf d BatBlyét c6aapdBitidh, AvhiCidedil fsec&apdRhidh,
Cu, Ag, Fe, Ry, Os, K, R Mg, Ca, Sr, Ba, Ni, P, Si, Tl, U , La, Ti,
“H’F‘%lﬁfd of thg g @Fé‘r‘ﬁéﬂf’fy@gﬂﬁ% E{BB?EB% A & %BP? QRHW@etHPgSteH and a

@ﬁﬁ;ﬁl@r@ﬁtctfmﬁl efhidaneyasempoadicyd mm @ﬁﬂﬂ@aﬂdﬂ eviangeyQeB; Inligerein a, b, ¢,

d to ¢ 0.
R B G A S R T Bk Mg e

Mﬁ%&iﬂe@zlsﬁc}mfat 0.5. 4. A process accordlng to claim 2 or claim 3

h 1 <
wherein 0.0 05ea<1og<b<1anda+b—1

MCSLLP

0.05<c<2;

0<d<2;

0<e<1;and

0<f<2;
wherein Z is selected from the group consisting of Ge, Sn and Pb, and Y is 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, Ni, P, Si, T1, U, Re, La, Ti, Hf and Zz,
said elements being supported on a support, and wherein acetic acid and ethylene are

produced in a ratio in the range 0.8:1 to 1.2:1.

2. A process according to claim 1 wherein 0.01<a<1,0.1<¢<2,0.1< d<2,
0.01<e<1.

3. A process according to claim 2 wherein 0.1 £d <0.5.

4. A process according to claim 2 or claim 3 wherein 0.01 <e <0.6.

5. A process according to any one of the preceding claims wherein Z is Sn.

6. A process according to claim 1 wherein Y is selected from the group consisting

of Bi, Ca, Ce, Cu, K, P, La, Hf, Zr, and Ti.
7. A process according to claim 6 wherein Y is selected from the group consisting
of Hf, Ti, and Zr.

8. A process according to claim 7 wherein Y is Ti.
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5. A process according to any one of the preceding claims wherein Z is
Sn. 6. A process according to claim 1 wherein Y is selected from the
group consisting of Bi, Ca, Ce, Cu, K, P, La, Hf, Zr, and Ti. 7. A process
according to claim 6 wherein Y is selected from the group consisting of
Hf. Ti, and Zr. 8. A process according to claim 7 wherein Y is Ti. 20
MCSLLP 9. A catalyst composition process according to claim | wherein

the Catalx%aygm%ésmﬁm%&% 520N JUBRES FOMRHSRSn A% catalyst
component Y, Ti. 10. A process according to claim 9 wherein 0.01 <f<_

PG PPEI R ORI EE S Bt )P BRETICE R EO O WP Wihierdin the

$HPPOTA CORMRESES: RUIRESS QDB S RhaXide) SHPRPE (3. A process

according to claim 1 wherein the support is selected from the group _
tbnsisthpresassiescendini itmoyicelsinm hind Oadeiiviadine support comprises
ﬁrﬁgﬁ%@ﬂefgﬂ%@sﬁﬁ&@f- 13. A process according to claim 12

wherein the support is selected from the group consisting of silica, titania
bad a AhiRtQrEssRsTRISIgdeiHE. 1WA BRIEeS3BRYGAdiFR) A shijaspdhe group
ElRiNRidetB R M eI S e AURPREL IS BN ARMAX iSRRI alkR; ABFALESR
aqcordlné%to any one of the preceding claims in which the support
BoMiTsdRoRh about 20 wt% to 90 wit% of the total weight of the catalyst
¢9MPORItiRHeedba ARINGE ES ALRRIINGHAGIRIA: SrpybRRIBIBE&URBAI the group
comprises from 40 wt% to 60 wt% of the total weight of the catalyst
eomsisHagishsiiraditiecad saabrtirolcBity 8t [3rBR preceding claims
inywhich atdeas! 2068 lMIRIWR: H@RiymMeng MBI ISBFBSRNS Winon-
the composition as a component of the support and/or as component Y.
ewidg BHRYSs according to claim 1 wherein the gaseous mixture

¢oMprigesy StBane aRARIY Ieeo Ao FHIRI PRI RGCAFNIRY HOveIaMM theQupport

claim 18 in which water Is also present as a feed component. .
comprises from about 20 wt% to 90 wt% of the total weight of the catalyst composition.

MCSLLF

16. A process according to claim 15 wherein the support comprises from 40 wt% to
60 wt% of the total weight of the catalyst composition.

17. A process according to any one of the preceding claims in which at least one of
aluminium, titanium and zirconium is present in the composition as a component of the
support and/or as component Y.

18. A process according to claim 1 wherein the gaseous mixture comprises ethane
and ethylene.

19. A process according to claim 1 or claim 18 in which water is also present as a
feed component.

20. A process according to claim 1 wherein the ratio of acetic acid to ethylene is in
the range 0.9 : 1to 1.1 : 1.

21. A process according to any one of claims 1 to 20 wherein the elevated
temperature is in the range 200 to 500° C.

22. A process according to any one of claims 1 to 21 wherein the process is carried
out at a pressure in the range of 1 to 50 bar.

23. A process according to any one of claims 1 to 22 wherein the catalyst is used in

the form of a fixed bed or a fluidised bed.
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20. A process according to claim 1 wherein the ratio of acetic acid to

ethylene is in the range 0.9 : Ito 1.1:1. 21. A process according to any

one of claims 1 to 20 wherein the elevated temperature is in the range MCSLLP
200 to 500 C. 22. A process according to any one of claims 1 to 21

wherein the process is carried out at a pressure in the range of | to 50

bar. 23. A process according to any one of claims | to 22 wherein the

satalyst i5H8ed A0 @Ay alyolkast bathRr B Juisiged Becne bMER LB tivity

24. A process according to any one of claims | to 23 wherein the overall

geaeetiviyitraeshvAvig i leasEhapd’at least 70 mol%. 25. A process
secording iR el aAmBesRinREaveRalb RelRS bR alileashTas Male: 75

26. A process as claimed in any one of claims 1 to 25 in which at least a
@@F%n of the acetic acid and at least a portion of the ethylene is

sontacied i a&secenthieasiany ZpR NithaMaleoy I RXYEeRr caRtaipRGon of
as at elevated temperature in the presence of a catalyst suitable for the

e idranm gt dastaaestisratite GHhylcaedmtentricd fracssgnd reaction
AGEOFHIRG, ta G RiN2 6y bereibihen seCpRrhreRGHRAB ZRAD i A idi SR REEhce of

reactor. 28, AProcess as claimed in any one of claims 1 to 25 in which at

Jeiqlyshaviishle forHa v cling ahyiaY esiple So RIS BB AGRHE are

gpntaciep it & SeEMEiFRA6INRINE 0Be/ALRIBVRLE SetMPREAHIR bHRES a fluidised
ggsence of a catalyst suitable for the production of ethyl acetate to
28

REEthyl acetate. 22

A process as claimed in any one of claims 1 to 25 in which at least a portion of
the acetic acid and at least a portion of the ethylene are contacted in a second reaction
zone at elevated temperature in the presence of a catalyst suitable for the production of

ethyl acetate to produce ethyl acetate.
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