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CATALYST COWPOSI TI ON AND USE THEREOF N ETHANE

OXI DATI ON REACTI ONS The present invention relates to a
W@ at0aloyssv4 conposi tion for the oxidation of ethpeEGBaKNd/003302

optionally ethylene, to acetic acid and ethyl ene, and

to a process for the production of acetic acid and

ethylene utilizing the aforesaid catal yst conposition.

Cat al yst conpositions conprising nol ybdenum vanadi um

and ni obiumin conbi nation with oxygen for use in

processes for the production of acetic acid by the

oxi dati on of ethane and/or ethylene are known in the

art from for exanple, US 4,250, 346, EP-A-1043064, WO

99/ 20592 and DE 196 30 832. US Patent No. 4, 250, 346

di scl oses the oxidative dehydrogenation of ethane to

et hyl ene and acetic acid in a gas phase reaction, at a

tenperature of |ess than about 550 C using as a

cat al yst CATALYS3i € OMPOSIPIONI AND: USEETERRESOF IN

mol ybdenum X and Y ErHARE'OXIDANPOKRY Wherein X is

Cr, M, Nb, Ta, Ti, V and/or W and preferably M, Nb,

V and/or W Y is Bi, Ce, Co, Cu, Fe, K M, N, P, Pb,

Sb, Si, Sn, Tl and/or ng erably Sb, Ce and/or

U ais 1, bis 0.05 thEgé’u é is 0to 2, and

pr ef eq@@ es@ntQ15Vénﬂoﬁ élateyol J‘cattztl?stf%ﬁl\bbﬁﬁoﬁ !ﬁﬁftthé Bﬁdatlon of

t ot al ue of ¢ for Co, Ni Fé is | ess
gh&e, Wd (agroz@ESBchVk@nattegcqtl@ agidrasidrethyylefe, smt@atpmeetsy for the

ti id, f et h . -
RrpHuCh e e B b Bkt RSt g comporiin
precefBRt &dmposaaing kysbrisiagpRiyidefiin vatadint AR fiekiom 8
Mo PdbX d wherein X represents one or several of Cr,

comghinatign with oxygen for usedn @mwsewfqrém prodnetiongi@cetic acid by the

ox NS cilnc S B g higBhy i B o s il S

4,250 34arEP-Hf-1o4§i064 Rwﬂa/z(ﬂpz aStl DESI6 i(b s:amd U and a=l,
b=0,. 0001 to 0.0 to 1 and = 0.005 to 1.
Ger HEP 3t o 4&6%% QtSP]@FPSI?)\l_E qwgéatw delydingenagion o sthage to

ethileéé {%% %gtlg @1[61%' i 2%al @lr;%? géragbglg a't Q ter e(fg]tglae o'fée%glaﬁl a%'ouf:
550°€0using &s dcatalys a:boﬁlpasidoni cmnlimﬁng ﬁi&&:lemémé wetybdenum, X and Y
: t f 99/ 20592 d 19630832

in g 35505190:??;3? mof& E@ \ﬁfp KR Erndlot g paeferably Mn,
NodySEliR? 8 681, Ty b, €8, 'P%OR' MR Brey; BS, S6Ha#I88/0PU, and

et hane t
preferably Sb Ce and/or U, ais 1, b is 0.05 to 1.0 and c is 0 to 2, and preferably 0.05 to

1.0, with the proviso that the total value of ¢ for Co, Ni and/or Fe is less than 0.5.

WO 99/20592 relates to a method of selectively producing acetic acid from
ethane, ethylene or mixtures thereof and oxygen at high temperature in the presence of a
catalyst composition having the formula Mo,PdyX.Y4 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, T1 and U and a=1,b=0.0001t0 0.01,c=0.4to 1 and d
=0.005 to 1. |

German patent appliéation DE 196 30 832 Al relates to a similar catalyst
composition in whicha=1,b>0,c>0 and d =0 to 2. Preferably,a=1,b=0.0001 to
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et hyl ene and/or acetic acid and/or for the oxidation
of ethylene to acetic acid which conprises in

w@eoobiomssod on with oxygen the el enents nol ybdenedT/GB2004/003302
vanadi um ni obium and gold in the absence of palladi um
according to the enpirical formula : Mo WAU V Nb Y
an%@rgpﬁn@di:soEﬂ] Oor nore el ements selected from

| T SRR 0 b o2 et Dfghosts K i

preéSancelf pHitadiGa, My, Ca, Sr, Ba, Zr Hf, Ni, P, Pb Sh,

r epﬁgs% d@‘*%%g C&fﬁ?ﬁeaeaﬁﬁaﬁfa& q%@oalftwprfer félr: @ﬁ«&%lgn gﬁehane to
ety anoFg it abidapliof Portht offitich SF iplene 15 afatlo RiPahic
comps s @is esmbingtieraivth toxggamtbs eleinentsfoolybdeause vacidiune, niobium

Xidati.on, of etha to aceti.c acid and/or .for .the
an@ 0130 HPoscE ot DAt SEseutiBaES b6 RRotcAL FrBTHe whi ch
M@ngsvgmp IfCO(ijrl ses in conbination with oxygen the

el enments nol ybdénum vanadi um niobium and gold in the
whetrse Nde oné opaibreadltaents sdentell figmithe gioep eopsistingaif: Cr, Mn, Ta,

Tidf s B ot S P10 T O EHS e i S 5 RO s o

Sr @a 7k, JHE, 88, P,3m, SBPSi, SR, TIQU, REITe M 1478, BRYdReands reﬁresent the

c, d, e and f represent t he gram atomratios of the
gragn eﬁmmagosqf:tﬂietelmenmueh thak 0/< a <0l; O k<dnahdia bbi= 1; 100 <c <

2, 0 <e <1, and 0.0001 < f <
00% 9§d15|2e95rea%8 gndé) 1-§ Sh. Said catal ysts give high

sel (W(t)' ?3}’ d3¥l§§d1§@l§§és% c%ﬁﬁ'l)%t EmERRR R k&&el@cﬁ%&ﬁ%ﬁdn of

any, ectivity to ethylene. Acetic acl
ethapatot ze:dtlwactiﬂ and/oy foe e seilanhmexmatasewf&dm}dénectmagam acidwhich

BB i Bt EELL A e LR
vaMd‘ﬂﬂH %blﬂﬁmcﬂﬂ@dl&inﬁﬁe Qbsfehéeséf p%h@cﬁufnoefccéﬂﬁlgp& QB’éJ&BblﬁQal

acetic acid and hyl ene from et hane, and
foruptla MmW%meNbéme(I)f ol | owed by subsequent reaction

f .sai.d t] d i :
wiieit 2otoR Gy et GV s olt RiEToEf T, Fa. o
GeaShPHSBACE S, AB, Fdghd Ré; Sl b, GPe hiidl PRPFO it AR @lam atorn ratios
1. WO’ 01/ 90042 and WO 01/ 90043 both di scl ose an

ofthqtteé@mmtseﬁmbrthﬁte%saffol G b < sl t ibon ;0604 Ay 0.02; 0 <d <2; 0

P 1 0dCet %0 HeSBri e g R hid A 56 EBpelectiviey
to Qé%mf %513'119 BofAbinhA6n RERUHW, 1@%1{1}% sé@gtl\gfyl}x lBRfere0 Vi Nyl

acetate. EP-A-O 877 727 dis ses an’integrated process
f or Achtic pridchagthieapactdd witletthgleae,iin the presence of oxygen, to produce

vinyl acetate. In particular, it is desirable to provide an integrated process for vinyl
acetate production comprising a first step for the production of acetic acid and ethylene
from ethane, and optionally ethy]ene, 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-determ ned and

vari abl e proportions froma gaseous feedstock
weomsoising et hyl ene and/ or ethane. The i nt egr BCEEB2004/003302

process conprises a first step wherein ethyl ene and/or

ethane is catal yti caIIy oxidized in a first reaction
zon&EPrA- Y (A/eliscloses g inemsafad proseysedantheampiucsipp gf acetic acid

11 s B PR PP

fealstdcle thiyipesing pthgmne afid/or éthinge. fThedhtep@Oi process 0O@pASeR a first

t hen conta a_second reaction_zone w.th a
steppy sEgin Shy g% Yo 6theng icAghysally pridized Bt 2 S s@cten gone to
PG g R R ARG UL AL AR
etlenbydagoe. mdtveide andfmwarboa divedde. t%edxewtm apd and ethgleyis produced

. 0 ition or t n of et ane, and .

in 5 RSRisep Pty ot et o et it teein SACH LA aHeh aumlpeutar

oxpgeglhc&l‘(ﬁﬁlﬂygﬁﬁi tﬁ@ blesbhcé drQ c@féﬁkf ﬁ) Sdlﬂ:eaark‘éc@ﬂd%ﬁﬁﬁ stream
d a reduced nolar rati o of y ne to acetic acid

costpnpmgsvmyg hgctatit witess aeiv abeiamdfapundaltyfmhylblye using a

cat st _conposition,conpris bdenu vana
R ER AeieRAR AT R ERmbSTL R Al B dautoR of
etlﬁlﬂb ta@ﬁ'o?ﬁﬁﬁtﬁ%‘b’tﬁyle@q (33 Mﬁﬁé 8¢if af@ b@lyﬁ:ﬁ& @Jl‘bhsﬁlgh overall select1v1ty
osition rther conprises a conponent Z, which

to @Wéw@pldrmﬂ@tth a@d@fre@#csd pnolar ratio eheshylené t@oncctlcracude

of l e d Ph t.h

opt ST B s st T blie {50808 cofBRsgn
cotipdisial Im/dlmnwm; Parfaidiifin, Ql\i(ﬂﬁﬁhhn S@hBighiion with oRy@&e kiported

acid and ethyl ene, Advant ageous| y, it has been foun
ontafaftalplg syoHg al@c}]‘efh@r&trasa}%@a dpthseRippsiten ﬁ#ﬁheh eorppré@é it

d
co e 2 W5 6 b8 RO of GRS PR E PR gble g
Eléméntsubsﬁeuﬁiﬂindlﬁﬂ@thaﬁﬂ, anﬁtobtlcmylg@m)ﬂ@epﬁﬂglbee)xidlieﬂl to acetic
cetate. Further h qverall  sel ect|V| ty may be

acyd apd ehpdenenvifthiue GB?@H FERSHViEe aRis 2510 kAT IRRR al 5

suc

compaan gl s LSS bAA oA HELbPHIPLEREIKPLoppositon of the
prepsemsiavﬂntiion \tlmrtaho 1of peaticiadrlsand edwﬂajegmdtmemnm;yluei apprcﬁdmately
1: gh& hl on t hane, and o ttonal ly et ene,

g pretegef gat r é’tl ﬂ‘éq‘i‘éreaﬁﬁ*ﬁfb it at%geyé? PEQ@X‘&% ¥y %?tate

FuftB8midrs Eh?%}( bierfl]l SUPRRALY ma%% dchieked fnr’chg QUERtAGET PRete ol

oxygen, I ement s nDlI enum vanadi um and ni obi um
n0bbtm¢iaﬂa Isugh aslgmgtareﬁomaﬂadaummhmmmlysz complosmons one. or

t P dic T
1 erASHELEdp & A e e Prgscah rEniien s s  ealigh am
codpBiTtibRFdr Age Sfiddthm @eﬁﬁﬁ@taﬁqd ptiot¥ilythylerd) b ARtic acid and

respectively, such that
ethylene, which catalyst composition comprises (i) a support, and (ii), in combination

W_lth 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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O<ac<l!l; Ofb<and +b 1l ; 0.05<c <2, 0<dc<

2; and0 < e < | Preferably a > 0.01, such as a = 1.
woe@beisstdy ¢ > 0.1. Preferably, d > 0.1, suchpCT/a82®4/003302

<d<0.5 Preferably, e >'0.01. Preferably, e < 0.6,

such as 0.01 < e < 0.6. The catal yst conpositions

accordl nf to<the present invention may optionally

o1 RS e PR B o Lo B i s GRS o D1 such.
g}’k ﬁa_ﬁo.g:e’l’ﬁlfer% LQ)OIPtPre%EabI% @'g ugﬁ’asg%lgg<dpé

Sb, TBE catdllyst ddmpReitiofieaccoadidg to tHe prdsﬁnt m\tenanﬁl rrB@' op’ﬁoﬁﬂby

be present at a omratio, rein <
coppses Bisihgr cqmpo nf@g) Wﬁ@ﬂé P%Prymom eéereerés S"é@FéFfi ﬁgm e
gr&tg%nsﬁstﬁn <0fOC§ MNPT£ Eo%qf@{l gh!  zh N€q, Et @ USE, Rh, Ir, Cu, Ag,

mposi t1ons accordi'ng to t’he’ ptesent’ |1 hventi'on’are
Fe sRipSdsa ik, iR, Cy, MevGa,broBa, MNP Syt allsU, RecPe, s, Tolzd, \af)hu
(ggl | adium Most preferably, Y, when present, is
e‘cted fromthe group consisting of Bi, Ca, Ce, Cu,
K, ' < Ly
sel gcrtnedb? ?oﬁ?n%at F %ngfign%ﬁgo Z%Z}ngﬁglsﬂt@c%g? %ﬁ%{)a%kg? 0.01.
Prd:fbt@b]g{éi@fﬂ, sudiveritdlon fednfri ses a support. The support
be a non-oxi de support, such as silicon carbide or
gr aMﬂr? arefesably; the ﬁ?@%yég %ﬂﬂllgpsgané aeeeading émihs meesent ippension are

sk PR SHARSE Fi UG ARl bidinabhian &

tanosiTicates, nosifi cates, zirconia
or Mmbpmﬁrhlﬂp,sY,t \hberreprésens detelasedofromxbeigreup tossidtingaf Bi,

Co Pt &6 A oo e s g R o T PesiFrbly sligfhfiem Ti and

7rCertain el ements, such as alumnium titanium and
zirconium may be present in the catal yst conposition
of thecgalystwimposientoif the asseat invenimnempoies zhmppuﬁp dhe

BB 55 pOBHPR R SURMEY PGS AT Ol SUGIROT PR it 9 s
re‘félﬁbl?rse@t%& £k & 0§Hor@'?ﬁ’etﬁb)xufér f)?&r?sb k¥ch/asi sPlicaltitania,

Advant ageously, it has been found hat the addition of
titaposiieatesr pluphing, alumeingsilipates, eieanda prosonzoasions Hpread, tush as a

miRuEE S Wica and titania. Preferred supports include silica, titania and mixtures of
titania and silica supports.

Certain elements, such 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. o

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 acid. Thus, by using the catalyst compositions of the present
invention, it is possi‘ble 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
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invention, alters the ratio of ethylene to acetic acid
produced conpared to an equival ent catal yst
W@ oip088804 on Wi t hout conponent Z. The addi ti onP@f/GB2004/003302
component Z reduces the ratio of ethylene to acetic
aci d produced whil st retaining high overall
furthet @dﬂltlﬁm otyethy:lem ang asplec amid, intlet prodmtlod of Vinyd acdate. By
usi n at corrp03| tio t he
“anfitelebn TR SR RE P p Pt ie B Hieh e rainsr
ace@ermdl tS leﬂ@l@bhyb&weexﬁ@a 186115 1 A5bférduly Bétween 0.9:1 and 1.1: 1.
- approxi mately rati o, which may be subsequently used,
wi t Acgeondrspers ofthegesenieinvientisarelatedite » prpcess for ﬂgsel peeparation
cti te
of %ggalggtg%}g@o?r%t gl'ac&o dl&E ?o qqé"[ gp%:é Pg{hﬁ\f) e%%nt 1%§l 1%
corpprisiuie thestapsafh i N whi ch the ratl o of acetl c acid to
eth l ene is between 0,8:1 and 1.2:1, preferably
D2 LG RmPriging molpbdeaunm i anasdiee nighiug @ support
pr eﬁﬁ%ai Ve bﬁ@oﬁtﬁé@&@%o&go&npzo&%s SoiloBhnd Rtesten i
prepar ati on of cat al osi'tion-accord 5 6 e
firstlvdepect of the present i nventl on, corrprl sing the

iéﬁﬁ%d%ﬁhe%?%#%{ﬂ SE PR R A B?L%B?izr“”‘
gfaﬁe&lmgqﬁgeﬁé@mldzmta@&i temmﬁ@'chtxpfg érﬁmlg;&og” ] soI -

ution drying the mxture to
mat €h¢ ahxtumn(m)smgam:lyhdamgnt Vepadinirg dicbaim, g supbert inadterial or

to for th cat al osi tj.on. The. m xtur.e
o PRGHSPT Bt A0 OBUR GO twgaﬁspm Sojutign fraed in step
(a) @ﬁﬁrsle@éndoars &t IBF Ber&Rht 1htf‘&fti%ﬁfm se fuftRe

opti onal | y?un sten in a solutio orms In step (a)
cornportehé Sé@sprmhmbfebtﬂn@d wheee thissis evomponenitof the aatatysil so
co rrg)tlon se a further conponent, Y, as previously

nd%ch ned, where this is a conponent of the catalyst

co nSﬁ’lfﬁdHly R miRtiré 8dthpyridiRemdlybtibiin, GRRRMiLS, Blbbium, support
bdenum vanadi um niobium support material, or a

matﬁﬂ@g @F g@recyrﬁ@f thefeof.compenemtZ, zph@mllwmuap @dmg@o@rﬂly
oA R b5FOTReRRDbe Bl TP o

metafiewih pRosupporeitdral oirefuresUh&ess ih AguRsHle kflvént. The solvent
suj tabl e solvent. The solvent is preferably water.

is DyRtabbr wrter. aMiogt nrpierably the maixiuge i aswluttongn Waterhayiag a pH in
thegﬁl%’ggr{gmﬁ 195'12 rfefé?ab‘iafﬂgﬁl Y a{egrgge s, g@%@%% 10B5¢:.

t'enperature
Pr ePefatbibly, the h&)lyhnllemluﬂemmlmodﬁceldnh t@tﬂwm@lmr@ iri the tfdveén of
m xture_in the form.of amopnium salts such as anmoni um

ampoptuaHEAlFisHeh @ angpoRpghepmplybiiate Pt ArgRIsdeKls of molybdenum,

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 oxalates. Other compounds of
vanadium which may be used include, for example, as vanadium oxides aﬁd sulphates.

Preférably, 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
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such as acetates and oxal ates. O her conpounds of

nmol ybdenum whi ch may be used include, for exanple,
wordoglotksnum oxi des, nol ybdi ¢ aci d and/ or nol ybRETGBR004/003302

chlorides. Preferably, the vanadiumis introduced in

t he n1xture n.t he amoni u uch as
nioh i ARlghIAL 12y Al e ige pr%”ﬁﬁe%m AL E A
BHATY dei PE Ii18 cobadiad] .
Caokgﬂateé Qh ér %%npoung van nﬁﬁ@kﬁ%@ﬁnﬁ@ﬁ be
usedhé saripodeanateioal rmydmhm)dmd vathadiivmre rf ‘dlesn@taid:omponents
sul phat es, Pr fe a.b the.niobiumis.intr dinto
os § Rt et E e Beh Suck Bt fol enmp e P, SSRGS cpprising
tw@mefeturffeteabsup@bﬂwt@ws 6 X8 f@ﬁ'ﬁ&ﬁﬂﬁl@éopﬁmﬁiacﬁ%ﬂ @.mca
such asni obiumchlorid may aP be used r ef er abl y

maa:mmm@ew ﬁn@ﬁummpm -formgd @apmayaﬁenalacm @s pre—formed |

R L R S —

ma@drialdie 1ﬂfﬁkﬁbed¢@ﬂ‘ﬁ@ feefl of a3%itablP pRICAFsOE thefdéBOf Example, the silica
material, such as, for exanple, as silica. Supports

may hephiredusgd tihe Sorhef asilisa ok pen siliserifroia SUpROS e be,

1nt1f0%ﬁcc§f( éﬁwrmaoi{y gﬁt"&o— éif fSTu tﬁbeigfkji?\l“ i eﬂ 1|n£:1<(‘1§ SI‘TWHQS co-gel
intr odhced AS A M xture o pre-forne suppor?

pnnmméﬂbﬁiﬁymauﬁhmmﬁDmnaxmorned titania and pre-forned

silica support materials. Alternatively, at |east one
of PHdeeh ﬁpsﬂmp%&fl isgniroduced i fodde auuturen: the forgy of 4t *

accﬁat@{t) @é’laﬁcoﬂ c‘0‘1' §85tetsﬁl? ?ﬂfer 05 oﬁf&@@lc&ng&%%t Z'vl'llugl?may

e |ntro int orn1o a silica sol or a

be skdd inelute tfenenmpdm helidesmay atmendnivim ealtsoef . | Fortexemble; preferred
of a SiTi Sui t abl e, Si Ti el i ncl ude S§ Ti

tlﬂﬂ@@OB%ﬂS@@? uﬁ?@a (exa W%Pnle@@%&éﬁwwt@me ost

prefér@b§! 88 Wher€ Q8BIOREM o dack Finkd e AR GRE i e FOni Biea Sn02 sol,
mxture in the formof an  acetate, oxide, alkoxide

stabﬂlzookaflltattetrfsmthylalmﬂwrulmbydmxndds of conponent z vvh| ch

T (e n s Wshing Soof BBt S e B rRRe

comPélndd Rohtathitgd the eRxRIng!ie pRPEred BYIMsHing sufficient quantltles of
hexaf | uor ost annate. Most preferably, tin, where used,

solubleumqtaldmm@ndwﬁ dlsmrsltnganynesqlublc hempainds <§f> agtagpropide a
roxide

G R b R N R D R e

mald#a@ Bf preBurséiBer@bXinky Be RitrodHeaAGH Aflp sﬁt&ﬁl@dti@eﬂﬁlﬂh@%lxmg, but
elements is prepared by dissol ving sufficient

is praferabily insepdagedsadien fegrensrationed ﬁﬁwﬁag ofithg neplyhdangmng
I
vaeh R BoSPIRAY 2B Rty BB 5pbhat v
confIas kblivert.is THee ranigpdritom the mixture by drymg, 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 typically 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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mat eri al or precursor thereof may be introduced at any
sui tabl e stage during mxing, but is preferably

w0 niosoiseed after the preparation of a m xt ur ePOf/GBRE®4/003302
nol ybdenum vanadi um - ni obi um conponent Z, optional
tungsten and optional conponent Y. The solvent is then
re ngvb@mdraémqt REtheipkesgntanysptign Jhegis npwided apragess for the

prgAETAEDE ac Pl nChRD S81f HIRLEE bgprififl Stane, and
optiataly yiitylenonwbsh pravass dGalprisesaddntaeting thy gfseswdhhixture with a
Ogegréormed %ﬂheati ng to . a tenperature of from20Q to
MOKIGEar OXYRENAIOMAINDY Bfs %relea%?g &pmperefpresinihe prseense of A saalyst
corftb8Widh dshefélbilitieSicocibgasuppor t typically comprises at
east about 20% and/or up to about 90% by wei ght of
t heEthathahndnhic gptiowd] ethiytene ataylepst be osgdda istbstantially pure form or

AT PR eSO S Gk
of §0h % ath 1§ HeQhrddentiBintér RlovhRe fGakaIYRL greater than 5 volume

conposition.In a third aspect of ‘the present invention
percérsop ohg opmos efdrydepgen.ced®s mearoxides CpiChdlicneomdodlkenes,

acetic, acid and ethylene froma gaseoys rd xture

WY of g el HamEtor AV ORI Boniane ik prcent.
Pr OTRS folRURE b RfenCdRtadfihd P& hiEbOFS 8PH SadWidted bEp¥irtin
a nol ecul ar oxygen-contai ning gas at el evated

mofasiise prygandhamair, Her gregmiaeecon. A suitebleges mephpoor example,

ot DALl PL8RIANRe tr FhBRRS ARk e opL onal

eac e useé PR al | y pure form

or Rdsprestradi tb ecdih HIditivRItE etiand)idpliegs Rthyl@ichad ghe molecular
carbon dioxide and water in the formof steam which

OXYHEP-CoBtaHHBS S% Water (igasn) berBisa this camimuevaihleselgeiivtydp acetic
cifhan 5 volune percent or one or nore of hydrogen,
car bon nonoxi de, C3/C4 al kanes and al kenes, which may

be Pheslewdted teniperaureamaysnitshly betin éxanigeefrda290 td800°F,
ne, per.cent e nol ecul ar oxygen-cont ai ni ng gas

ol :
pre%@ﬁg@@@O%p@oggs richer or poorer in nolecular
oxygggpxtesﬁﬁle fHal 'suilftfﬁﬁy B AR Fh R Slper : gﬁ&p:l for%?émple in

may or exanple,” oxygen diluted w sulrta
thedtahgecinem 1fto50dng ppdferabiytirmgéno 30bai.s preferred to
fee

ol SRS PRES G g RSP AG be ALk rLe T VR DRSS

P B or e may sui tably be in. the range from
2000peragog c@yditpnsfand abiey inforomt20 @pplicabBOtoChe performance of the

invention 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 produced as compared to the total carbon in the products
formed :- -

% selectivity = 100 * Moles of acetic acid produced / S
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 pressure may suitably be atnospheric or

super at nospheric, for exanple in the range from1 to
wGobargsopref erably from1l to 30 bar. The procPSEGB2004/003302

the third aspect may be a fixed bed or a fluidised bed

process, preferably a fluidi sed bed process. Operating
con#i a1 integraipdipiecess oy the prosuetigroiappyliasaipicevheseipfibe first step

. t.he.: i ] . f ' .
s B B ORIRNSBinc' G AU Wit M) i RUBEY bl acetic acid
andletBHRNSHOm thy piband byidatitai sigp dthae appioalyste raongashylénens acetic

af the present invention, the conbined selectivjty to
acid of{ i 1sings;this é%gleépﬁmugh@hp dorgubseguent rmp%f acetic acid and

- JateSsuch as at | east 80 nmol %

o Ieﬂgg}é%%xé/gg{ tno!ﬁggllscggt@};\}?%eﬁtﬁef ers to a percentage

t haHene, irea fourthhespentphepresént desnti edp@eates an ategrated process

oduct producedq as cqonpared to the total carbgn in

fortthe prgBeHRey SN e g & EPSEYS PiYyreconpismediage, B
opﬁ&?aﬁl&%tt%@éﬂé RERAYEL s co%lﬂm%&e' n S = the nolar

aci d- equi val ent sum (carbon basis) of all
(i) comtbadimgg bre Aishieagtiqyr oohaca gaseensghixdlira gompasiag kthawe,iand

.he ef f.lwent. ln an.integrated praocess for .th .
op st or G anr AT S iR e & il pmperegre in
thd fi6sea¥é 68d taly@fcoftipBsifien b ORrkiabetbte/dedtritedab PYddRIde h firdtt

is desired to produce acetic acid and ethylene from

praduet sitehmmomRistigtdceiic adiépndethdanappd oxi mate rati o of

..et hyl ene .t 9 acet.i id of 11 since this.is the

s iR B PrEh e attePu RePRE et o g o easta

podivd oFishivlaesii: aid Fro@xeuigiefivst sroicd Sti€en withyd malkeeilat exygen-
Hence, in a fourth aspect, the present inventjon

copjpigieRas aheley Hed ipmpeEiurg ip e pseseare effpecail vy geitabdnfosthe
. ¢ o . e '

prfilin SF T Sl B AN o R OO e R B0 B fting viny!
ac&taBpri ses: (i) contacting, in a first reaction zone, a

gaseous m xture conprjsing ethane, and optionally

et h)Tl%é gecongireagtign %%uF@mrefiava% of ynyLacsiatymgy be aixed bed
rediic W B4R/ PHURCH Bod Rl esence of a catal yst

conposition as herel nbefore described to produce a

fi r §he prpgincieedtortbasecondpracsomzpnacedy loe @i sthitabld oxygen-

et hyl ene, and )gl i ntacting, | p.a second re?ction
coRigmne B ey ssitgBBiER G Sariehet pOBHE e o B
thah 480 rgdit‘aﬁlygfhe tha9BR ok GedCdifidd With 8 3hitarld AdenBoiGinple,

3
streamw th a nol ecul ar” 0xygencont ai ni ng gas at

nitedgenzargen oresagenmadioxide.i Rrefdrablp esssntially mire axygends ysed as the
Ox}s,éjeint eg € for the

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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production of vinyl acetate, to produce a second
product stream conprising vinyl acetate. The second
WO e@sissm zone for the production of vinyl acePEr/eBrwy/003302
be a fixed bed reactor but is preferably a fl uidised
bed reactor. The oxygen feed to the_second reaction

CO%W@I&W%@%QO@W&%MW@ gehsatiely RpisdogRer ma gomaise
I{.abh 1Qﬁlr@bvlith edr g@?e &f rﬁﬁgé fneﬂﬁgé ee'ihdn)% &%&C&%ﬂde

xygen than air. U|t y ‘be
andlinlatetr édtheifoim af stearh abbee Gh thow@riif hyﬁmgemﬁv‘@ @leﬁns or alkanes.

it b di d Pr ef bl y
o s SR etk e enr s 4 ueisab bedengiy udacetisacid may be
1nt}rct1§1c£d fndd the rr%%&tm St gl f)lelfne\raﬁa D ﬁoﬁﬂ mWﬁe?@ ﬁleas%%ﬂdcreactlon

acid and ethylene in an approxi ratro.

. zoggrisadivvedbed mgtqr ithesit the pextiio @tidss pmﬁmbigynttmmedjm to the reactor

di recic to the second reaction zone. n this ‘
lngﬂ%g (ﬁ%h the ethylene and acetic acid are co-fed to
t he Tae ?)ﬁﬂiﬁcﬁ@ﬁ@it Vififl 20RR inMhd s%&&ﬁi ﬂeﬂ&idﬁ zonBSwhdrf &}ned out in
product stream may be treated, e.g. by conventi onal
a fb@@xafr@qdcmactwrorrw cuitabdy he opﬁrhtydi enetenpetainifirogn $00 @400°C,
stream fromsaid Broduct

t
prelp IiaBS(nH“% é@é? ﬁf??%ﬁ%%gf;n td &th0c Pagrerecdrie 20 ba
6
rSEREH TYohes L 16 PERRLAFY |4 Quk SRR ?reér%%ws Pa
gmmmﬂﬁnoﬂébeqbylene in substantially pure forn1or nay

t hyl t w th
o iAW St Ror s PRSI livahnl agctalh dhageliepoed in the
seéo?ﬁ réa‘%ﬁﬁh ch)neS t”ﬁﬁﬁn &kal ?a&lfve T the gxfogm/t%rp&e\ﬂn 1G06t5% which

ol efins or al kanes. ere the sec Feaction zone s
ma/ Hel usedinsestchrdiraactaat zme rmdyecompeise donetathpl®a)\catadysts as

oclBLEOUER LAt PR £ FRCLAT ol A LORMOL L e

lmﬂ£§nk@QQﬁQﬁdbygﬁ@kh&3acet|c acid is preferably
introduced in to the reactor in vapour form The

pr odi 1569 569 deschpes mesdalastactive fontheguepmationeafotinydacetate by

R SR e BRSSP B3
w5 c@%ﬂ*ﬁg@%@%ﬁg@ St oo s e e
B

frO%aO d01d & mBg;taol 06 bl ayeight watgsseipghsion f the Satalystsuppart haeing a

: pﬁﬁoﬁ%@% 4(7, (Efa %glla*aﬂfng)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 beihg 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 ml per gram, (2) palladium and 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 the gold to
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Catal ysts known in the art for the production of vinyl
acetate may be used in the second reaction zone. Thus,
W@ a10al0yssvs active for the production of vinyl BCEGBRBR@4/003302
whi ch may be used in a second reaction zone may
conprise, for exanple, catalysts as described in B 1
palbmioms 3] ghtsts, in s5dzen]vshis IEFhe.ﬂxaﬁ)g?eM&BBl £he contents of

b0 hA 0BT ABE W R B ARGk Bty oSS i, Bk P ragion for
ﬂuuhﬂﬁhm@@ﬁyam&uhypﬁhameeact|on of et hyl ene, acetic acid
and_oxygen, the cat al%st consi sting essentially of:

( 1) Peeferalblai s catalyshatibledor t.hlg pspd;ua?m} efl anyli agptetecsonarises a
Crofif i SR B8 S il o Ofp Ren Y fubbaiys o e

Gr&qp‘féHI metha\thmgre&rmﬂ hétans Balthdign 9 SQ}taHIQQOIﬂces of rpalladlum

al.loy distributed in a surface
mcf”laf?@ P&ﬂ%ﬁwg{l g@ﬁﬁé%tso lﬂlﬁ)eorsn%asae@ tetgdoreralladaiendDt ess
(Natzba@h%r X, puet,y, gamamn%e ;;galﬁ&mhb )%mgfo aﬁ fym ()
ladiumin t resent 1n an
sulplnmn Thémeial ﬁlay) bg peasentpie n Cbn(telnﬁfa‘@(ﬁn @fagradtyxsthan enzd/o bjﬂ @eight,

b amount of fromO0.5
prefiaily Bl R ook By aece m tpts) Wb Bty 0 The meta
corﬁ:@ﬁtﬁﬁloﬁ%a the dsehigH ascﬁf‘ﬁlb%‘%{]elﬁt al kali metal acetate.
US 5, 185, 308 describes a’s i mpregnat ed cat al yst
act Inasiditom to ttes Eragd¢il watab fthe/¢atalyst aviedbdd ﬁ)rfthieapmoduction of
aceti.c aci d nd a en cont gas
ving} AR ey B ool e SBlats KGR Mide e doabers:

cerfibAP BOMmixthaY tegeoll PAsrtfctrcg prrﬁ’d’E@It i8 rgofdr %t@@l@%i)u&& 6f gold
about 7 mm and a pore vol unme of O. per gra

inclugly gplg qhésmdﬁmeamhlg@mn@acsd (HAuChhi NaAuCHe I@Bm@hﬂbmethyl gold

ace}a"tg %\}Hfa%gt%glg%%&{r ggl actetél‘t: St S%Eg]rdv%p art I fseﬁAuCL;
Th@pﬁoﬁﬁ%rumtﬂ(lﬁi}albeepﬂéﬁ@t @i 4h :Irﬁ@hrﬁ @k frofaanakd ﬂﬂ%ww@g&hﬁ the

ratio in said catalyst is in the range 0.6 to
finighedcatpdyspa53 descri bes pal | adi um cont ai ni ng catal ysts

andrf g ﬁ %t?gdg(me ]EI%EU& on! o@v% 3/? age?éjcf, \élbalr}]’)e/ A% %mptgg a co-

processes cataly
proprotben‘unzttmm Sﬁltahlmw-pﬁﬁm(tta’s encdadeGiosp s, Groapal paﬁﬂldrhde or
nmet al st p ter and an optiona
’ffal?é‘&lo&rfa s bpgumROtEss D SHINM, FMADERDESE;he

antglgcﬁf e Jlicg(%n llﬁiﬁgﬁi éllé S\%lﬁa]?l:x ln% é’s'é](ﬁl ﬁlfhé ﬁﬁlsﬁedz&'thrlis?gs Ollts 508 an

acepm sadts |’Ehmptrcﬁbnred:$dlts raoppdthsailiai er so(dhin) acetave. ?Héibo-@for}ﬁ)ter is

| %‘% g 6(1] etate pal | adi um (11) nltrateoo
PrefFIARls Brentht ¢ escaia S PQMPORHOT g Ahon aB@n pF @4 dad Stabya
weigBN SRk RE, idte PrefOaBRL Gom! PSR by Wdht el ght

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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preferably greater than 0.5% by wei ght based upon
total weight of catalyst. The netal concentration nay
wheooasidsdgh as % by weight. In addition to thePCX/GBp004/003302
VIIl metal, the catalyst suitable for the production
of vinyl acetate may conprise a pronoter. Suitable
to $P ol perr grammd IsupRorty o Istrfaceaerert, 5 ©A00UMT mor gram bfisgport and an

appad &l 820 d AS%%&E&? rﬁcgﬁiig%gglggt er is gold. Suitable

Sources o | d chloride,

t et Tae batalysasulthisle &6 te PrMERIn oA GketateityThe prepared by any
di met hyl gol d acetate, barium acetoaurate or gold
suifpbla me@od. THer gap1nds the gatgbistifos Siewoditetion ofjaingl acetatp may be
, as ik an anmount of fromO.1
o IRt FELDY dFBNeR B ACE0ASR Cacal yar. The
cat Aldysitagaoutlgpinghé fourthepdt ofithe preydnidhvestion] higeet at e

ma%/ al so orrp{lse a copronoter material. Suitable -
concg? %?t&%f’g P&YIeRE Pirded & Baseqondapastipn pene. | Bighteansengraens of
eth%feﬂ@ g%rkétmhgi?géhﬁ)l%f&{th@%m&%g RO e O #e%@ion zone
ot assi um sodi um nanganese, antinony, and/ or

makamizé drewselectinitycto vand apeteteent in the fini shed catal yst

as salt . an acetate salt. The preferred salts

are ﬁ@f%&}éﬁ%%%’ﬁe%%mf sthifene Sed tpid 85O Eraptien zoug is at

| i ) g .

lealt S RO Of (IR BBE Rleditd) tﬁerk%c%@bﬁgéfﬁﬁl gz%?é[g)?ecfbltabg{,‘ f/l{s ft%aﬁ 55

concentration of 0.1 to 15 y wel cat
molfby mopy meterably ¢t ledst 66miolvio Sfitably, theicgientritther ef ethylene is up

I qui, et.ic. ACi eed is used the preferred
to é:go%‘{?%to? 6ital %Ffl g‘b{?.ﬂé [FeACHPR ZpRe, @&ef?r 5%%w§ range at least
50 WRIGD 80 @819 bddh a6 af1dast 95 Moo WELRLt he acid is
i ntroduced in the vapour phase the co-pronoter salt is

pr ePraduptign pirasdmeetpte bygrasionodethytenameetic atidmnd beygen in
t,h roducti on of. vi

S Ui L e.faqr | .
Wi o B KBS b8 el S BBl e W0 mE s

orted ca

desstPEDIEP 0983 657€A Dah®snt&itd bwhich ki Mdidn incorporated by
silica/lalumna, titania, silica/titania or zirconia.

ref¢renggarti cul ar for use in a fluidised bed process,. the

SRS BB LR, B 8 b g

ave a pore vo

for gn dmtegrtedlpppuesd for shesprofvtion af etyDicetaté.0 800 nR2 per
gram of support and an apparent bul k density of 0.3 to
1. 51 Bpsythe criabyst e9mapgssionsef the presert iiveptien pay @lsetbeatilised in an
intBr Y HRSE RELOS any suitable method.
- élggr egg)%pﬁtsggt g@:‘%t a?ystgpggﬁ%tc étepr-oducti on of vinyl
aceHatee, mey/fifile agpreet drequedayt inhentivatprovideledraintegehtédprocess for

EP- A-0672453. Ad sly, i.n the fourth aspect_ of
thetnr,%cﬁﬁg]:lgg gﬁ@tﬁylrﬂ?gﬁ\é}?qn%q?{’g%?g%@@p%s mixture comprising ethan%, and -

optionally ethylene, which process comprises:

(1) contacting, in a first reaction zone; a gase(;us 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 temperafure 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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concentrations of ethylene are fed to the second
reaction zone. H gh concentrations of ethylene

w@ goosatssn4 t han 50 nol % of the total feed) fed POT/GB2004/003302
second reaction zone maxi m ze the selectivity to .vinyl
acetate. Desirably, the concentration of ethylene fed
to {The senondmactiemzencdar thempeodustian of efhgliacs@tamby b6 affixed bed

reaHB‘FP ltg%lrefgrggg, qtﬁlmh{;g%ge (}Or eaction zone,

eas nore preferably at | east
60 ak ‘Pfrst@bbcmabéti}eamtﬂﬁfefabﬂb‘i@cﬁﬁﬁrﬁeb acetiefackl dndl eBiBereSin 4R
to 85 nol%of the total feed to the second reaction
ap%ﬁ’é“at?}}’éf]eﬁaﬁﬂi y, in the range at least 50 nol %to 80
% Lon
o 1 o eitomphe CARt ptou el Guih Rl e R PRIEL kRgnd
reagtich mqege[m thinembodiment) theaointiereethdfaeetb dodd bfeoviedyd the second
acetate reaction conprises at least 60 nol%is

‘reagilanzqn§ed in EP 0985 657 Al, the contents of which are

her m@rﬂamagp%ae Zﬁ?ﬁgr&iﬁcf ﬁfeﬁﬁlerﬁgﬁfge %&9& ng% gﬁ%ﬁklﬁﬂﬁ

to acetic acl ppr oxi mat e
semmtionum pradice ah@thylemeicohagring siebapr amﬁssacém atifieontaining

e 6 PO SR oA PPy 4 praining
stréh'iﬂs' mz;ege fed s@ﬁhrht@IyQG HR RPody RaGRS z{?% hhﬁarﬁéﬁaﬁy fild @hylene-

of ethyl acetate. "Hence, in a aspect
corﬁalemeam\rm c;qmprpﬁ sthyltas nasubstalneglil)aplﬁd fpnooemsy f:omprlse

roducti on. tate fro eous ,m xi.
cth}35ie Bt Gt Wi an b Hiors e Piisiny EHGr EREs el diovide
andWwaRe ﬁﬁth@ @rRi dEk&im Ot aneCd?ﬁ‘ﬁ(ﬂr@ o Bgdrokéh, @J@Jo‘}éﬁrfsecﬁ“ahdaﬁé‘s

Zone, gaseous m xt ure conprl SI ng et hane and

opt Powemrbly, wtthy fighespast efthe preserddueation, the concentration of

cof ORI ER) AEDATRSES A SYRF b SIPELALN Tl i b

secdnd edactiatlzdie, protaally, ad 1dabt 3t mpIvo a6t préfeRBIY KAGHRE b6 hid®s.
acetjc acid and et hyl ene, and &II) contacting, in a

secbAtlsEdROMEIn ilmﬁ foz thq rraduction eé ethiybecetite B de used in the
ﬁftﬁtag';?écg ot g@?lfiorcg% Apr i déjre?en??{vtgiét?n& g({:qﬁi’lggt? a@t?&e]tf'o? th\%é{rgductlon

of ethylelcetatd which erydreatet @ theisdcoad maeﬁ@ﬂzcﬁ)eﬂﬁa}accﬁlqir@deyﬁir
sw t abl ? for the productiaon of et acet at e,
R el gtsas dordinse subErA-9P7 el %ﬁﬁ?ﬁeg’isﬁé “é]ew}re hereby
L AL LoV REersieond reaction zone for the production of
g@%yl ac%t a? e may be a fixed bed reactor but is
pr eER+A0096 kQ6fdesnrdJes eqbrdsmsk foe detppoductibe of estart bprre)aiung, ina

t d d et hyl
plurahltgﬁmeggtgises% up Xl series, {hy‘la %e algzr((e)p}lllce:ne{j1 grl mlxz’jclunres t ere%f (vevrllt% a

saturated aliphatic C;-C4 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
Mo .00V0.520Nb0,.1240x (=Mo0gp.5V32.Nb7 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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approximately 1:1 ratio. In one enbodi nent the first
product streamnay be fed directly to the second
WO e@sissm zone. I n this enbodi nent, the ethyl ePer/@Bdo04/003302
acetic acid are co-fed to the second reaction zone.
Alternatively, the first product stream may be
45t¢§’aﬁléﬂm¥gg by conventional separation, to produce

o ool YN A GG 805 A5 6 728 bewatey in o

2-lited lbakertuynkddieated NEl3GACR THe ahohiaAthethinadats didastofpYetely
be fed separately to the second reaction zone. In
dissalve cul ar, the ethyl enecontai ning stream may conprise
eth ol i ' .
ot noPEREnich AN ARhRASHAR il Pl AREGEPPEL L R water in
a 6|°&|Hehsiamlessastheirbeakem andbentel 0X458€. Ansblviaingsd withih 136 nﬁiﬁnms.
one nore. of hydro C /. C olefins
o) KSHEEOnE: Srgadlsn O iam d plpwsbipatigesoat J05E Tor 30
iREteS eG luti &Y R dsQhe a*daed '
mlt 0 tﬁgeglslécond rseaéltl on g(gﬂ%g%?;s{ﬁlg% \xflg%}g{va%&lléﬂkﬁﬁgfl fo?qs
mingfes aton@dlumehedt to the second reaction zone,

0 I |
PS5 B A T vl THI P e ML hBe Yo B S
Of %B)ﬂun%%s%dﬁ@ﬁz&?atqmo' erti*B?aﬁﬁrBilﬂla?e??Q%mﬁ{es , Spray

the process of the present  invention.” Catal ySts act

dryfing waeh éormm@unmnmowrmmwr 1mwﬂant@y aﬂcldhe mdytmnewas ed
aond reactl zone may. or_exanp o

hoip el STl o Rbh R flof e TR o SRS s Hleh Rt 290°C
inlétfan\zlffah@iltlatrtemberﬁﬁbeyofmSBCDOF ated by reference.

EP- A- 0926126 describes a process for the production of

est dP8 cyplypieepmmosigionivas galgingd an pir yorck houssat Hi58Cdea static
muifﬂ%, ﬁﬁ,ﬁéc%%efo%mé ene, propylene or m xtures thereof

saturated aliphatic Cl-C4 nono-carboxylic acid

i n Ther@ukigrpayalried chrtlyst epapisaonthas atndhiisdl compbsition
present invention will now be further illustrated by

Meer\ae R oB St T dRPHEAEREH leasingof{ PRPAefithe total catalyst
EPARATI ON Conpar ative Catal ystA on silica The

ol l ow ng three solutions were prepared:

Catalyst B

Catalyst B has a similar nominal composition as Comparative Catalyst A, but

W€

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 SnO2
sol, stabilized with tetramethylammonium hydroxide was used as the tin source.
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 compriéing tin and titanium each at a gram atom ratio of 0.165.

The catalyst composition was prepared as described for Catalyst A, but SnO2
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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Solution A: 214 g of ammoni um hept anol ybdat e was

di ssolved in 250 g of water at45°C with stirring.
w®odoanissm B: 75 g of ammoni um net avanadat e wasPEAd8e00i003302

725 g of water in a 2-liter beaker and heated to 80 C.

The. amoni um net avanadate did not conpletely dissol ve.
ongsiligaitBAnEsuply of anmoni um ni obi um oxal ate was added

to - - Li.ter. stainl eaker,
ari qipedal: kit vis Bioplashe it e Rt mar
SiBal160] oeo-gelwappladdydavisompivds L1ed 28 tidehppbit @vvplcé f the silica
. digest _at 80 C for 30 mnutes. Solution A was then
Soﬁﬁggﬂlgﬁtab’ﬁ@m xture, which was then stirred for
caaputes at nedi um heat. 638 grans of silica sol (Nalco
was then added to the stirred m xture. The
s| uiCatalys & tas asgeidaraedie! cafpO8Qon pnChtalysep phaxvasstyeported
2 nm nut e?.. .Sz?r .fryi.n was done in a mni-Nro
on@Jpixinrg pf gific i‘ﬁ%\é%mé‘ftétﬁ’%aé?ﬁwst he sol ution was
honqge Bh& Rk cormioRiiofl whs Plepafiitistde Qb eWa5C ARl HAB | RSt that
an inlet tenperature of 290 C inlet and an outl et
SiTiehtperatarge supplicddyDavidoa and Ndlyes4 120 pdER 50lpm and®50 ratio
ci,ned in air f.%r 3 hours at 375°C in a static

|
Wesf:reua‘ﬁefié‘sisﬂﬁpr?g AgUSr e use. The resulting spray-dried

Condd Ahisé Calip@y tion has a nom nal conposition 7.5 on
siTica, and at a nom nal netal |oading of 50% of the

t ot &latadyst Hlhps  sigeilag momingd comnpesitieh GaCathlyst A Bout agthethe further
L. | ar. nom nal . ¢ 0Si as Conparative Catal yst A,
ad(?;ltl?rll\Rﬂrh&tar%alfluaﬁrﬁg;rhoa#g'ﬁon of tin at a gram atom
r at Mae @4talysBebmpblitios &¥a8 IpysplarddiI IR Sdribe@ FoV@talP§teR @ Btanium

. as described for Catalyst A but SnQ2 sol, stftabilized
isoprapxidstwasisehan thesRiWRSOFeR- oxi de was used as the tin

CSPANLSRT fggﬁﬁét C Catalyst C has a simlar nom nal
— COMpoSTtTonm as_ca

tal yst B, except that approxi mately

hal fThetathlyst danipositions wpieatested fya fihidzed bed réabtofinder ghe
catalyst with-a nom nal conposition conprising tin and

copditions ingicalse forsacihcarlyshinthend ablasibslasy. 0. 65. The
cat t it s - £ =
cat gxgsgt ABHHRA skbalf), S8 RIERARS S35 SERELTREMN TR, Cony
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 samé 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 addéd 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

14
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sol, stabilized with tetranethyl ammoni um hydr oxi de was
used as the tin source and titani um i sopropoxi de was

wae@d/oss04 he titani um source. Catal yst D Cat al pET/GB201a503302
a simlar nom nal conposition as Catal yst B, but was

It on A Sidica-titania support. The catal yst
hq@@%‘{s":’?ﬁggﬁp@éﬁf&r&ﬁ%{%‘&?%g‘?naﬁ@ ¢ pagmositored bx|amevipg
thegm66mipld. hat Si Ti 4150, a co-gel supplied by Davison,
was used as the support in place of the silica sol
Compagative €atalystsk B. Catal yst E Catal yst E has a
i A1 . i nal__ggnposition as Catalyst D, but was
Rud &ﬂ(ﬁglogé)@ﬁeeg mrﬁ(iﬁ

supporte re of silica and silica-titania

SUH@S ts. | Taxdataotal Flow DE,} l e
_ PGSV 't@:ﬁrg? g@ﬁ? ?1!‘1!.7;;9 0, [ N,
S

for Catlalyst B_lexcept
co-gel suppl i'ed hy M¥Migon ahd Nl co #1D01
SO, i n a|50: 50 fati o were used—as—stpportit
Conparative Catallyst F Catlalyst F hasja sim
N
al

art

il

ar
nomiZZal conpd¥ tijon 462 Cat|al3p60 A60luUt 50t h 6loe | 65 | 235
i her —agdirtipnroft—Jisat—tasgrar-atoptatd 033,
ThLEe‘f%:gt al sté(%:?c;m)osifi?zon Wad? epgp@d B0dbsal ted-F dr23.5
CaalYst A, it fit adbim i|SGROOPPEDDE| VEI§ [SEG aS 61918 235

t tr-sott e TCATALYSTHFHESTHL-NG-Th atal yst
cofrgg%%iti )n;3 ré tedd%d in3309 | LPE0sEP-Bel padt 65 | 235
under the conditions indicated Tor each catalyst 1mn
Restgﬁf% Tabl es bel ow. (HOS = Hours on stream Sel =
ectivity, STY = Space-Tine Yield, Conv =
- . L

eMakadnSefCeti ¢ = d,efa = o
et hyll ene/lacetijc aci d e cat al yst t%ork')‘é/"wed efa
for [tebtijng was sieve n a speciflic partfjcle

AVgZq OCSTTE T RRehPSH R 3P e sho(50/-50)
2804Inans (fﬁmﬁl s) - and AL T B [meSts TheO:

cat gl yst (_1°@g) arfd ar | uent Withithe sang
STHE

1T BEE drsipriy Sahatp—3A 5309 alppa

al um na, [43q, de%su ) \;g‘?e ao@’ejc inPo a 48 ¢c22
24¢48)i|d362d 1Bdd |r ed6t o1 . 81 30 7 68 | 2.1
49-70 | 311 | 60 30 10 | 98 105 | 40 8 85 | 2.0
7192 | 317 | 60 29 10 | 107 111 4 9 93 | 2.1

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 (e/a) of approximately 2:1.

Catalyst B
Run Conditions (Feed mol %)

HOS Max T Total Flow GHSV Csz C.H4 H.,O 0, | N,
°C ml/min h'
1-24 295 462 3200 | 60.0 | 5.0 5.0 6.5 | 23.5
25-47 309 462 3200 | 60.0 | 5.0 5.0 6.5 |23.5
49-70 280 462 3200 | 60.0 | 5.0 5.0 6.5 23.5

15



The reactions were typically perfornmed at tenperatures
bet ween 280 C and 320 C and at a reaction pressure of
wagobarsso4 Et hane, ethylene (to mimc a recycl eP@f/GB2004/003302
et hyl ene), nitrogen and oxygen m xture was fed to the
Reg‘g ctor using Brooks Mass Flow Controllers. \Water was
added by vaporisation and mxing wth these feed gases
prior to the reaction zone. The volatile reactor
effl ug_n_t_v_\ag_gamr)l ed_and nalyzed by gas |'LgUi d :
HOS onadgr hy| wher eds wal 81 Yahd acefi c dcCanvide ¢ ela
condengsed and janal yzgd by| gasl | qui d ¢hronpat ogr aphy.
The Ireactlor heid tempdratufe was nonifored by a nmpvi ng

AviBer|moCoupPels (CAEPHS 4tFQe| Cala| Hsetiar | ROx |Cofekld i pn\:
(Fegd Mol%yo HOS MgX 7] —bg-g[ —FrpwGHSY-—CHH-OO-IN—=¢
m/nin h[1-22 289 46 00 60.D 5.0 5.

13 14895 32000 6. 0*25. 0 380| 635 P3.88 49-

€

0 6.5 23.5[24-48

JD |3116462 | 3200 1.0
C

8870 508 1555 6 5 23 5 Ti- DSt 467 3200160650 ,

5L 2§§ r2 it s Bos e BT Iy Bl R dia T avg B | 10

4nzet] 28@0 @1H |Acetd ¢ |C06d %BP6 b 5022 | 280 |62 29 10 &8t | 1.0
5394 5 4g o ol o4 4glsgo b1 a9l 149 77191 dg 7 68 D 1

49-70 311 60 30 10 98 105 40 8 85 2.0 71-92 317 éO 29
Thek® rdsits SHobw thaPt1RTotalst B Sdsch @Rl AWl RAknd g’ﬁ?d‘ﬁ“

Conpar ative Catal yst™ A, "which contains no conpor
5 ethplenelesharetic heidorith gnod oaemtliscleativity andtd agatomlofatkeylahd to acetic

. ectivit ut .at a hi.gh rat,i f ethylene to. acetic
acig i vyt P e adi @iy o85a %o Bchlelt Stposictis
allowed the ratio of ethylene to acetic acid to be reduced, whilst maintaining high
overall selectivity, compared to the Comparative Catalyst A. -

Catalyst C
10 Run Conditions (Feed mol %)

HOS Max T | Total Flow | GHSV | C.Hs | CoHa | H,O | O, | N,
°C mi/min h' .
2-29 277 462 3200 | 60.0 | 50 | 50 | 65 | 235
30-51 206 . 462 3200 | 600 | 50 | 50 | 65 | 235
5373 325 462 3200 | 600 | 5.0 | 5.0 | 65 | 235
Results
HOS | Max | Sel STY Conv % ela

Avg °C | CzH; | Acetic | CO, | C,H, | Acetic | CO, | CH; 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
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Run Conditions (Feed nmol %9 HOS Max T Total Fl ow GHSV
CHCHHOONCM/mn h 1-24 295 462 3200 60.0 5.0
WG 2058180£3. 5 25-47 309 462 3200 60.0 5.0 5.0 BCHGB3003/003302
49-70 280 462 3200 60.0 5.0 5.0 6.5 23.5Results HOS
Max_Sel STY Conv %e/a C Acetic. CO C H Acetic CO
Olbgsegrognits shovp 4t iy Qazalm%swh@@l @ytEnTén as EEEBHN4Tt Z and

' 0.49-70 7
titifi, 4 SGhupchelPY, Hoduces EirPent and 5kt Rt inh Baddoyalr |
seladmway andat mmddﬂeﬂltme wznma amﬁzapglbgg??ﬁtm 2};}151&2? .

00 overa S
aafien o G it Fiiodhi o)yl Campes on s ioson iR FihyiEne o
ace’d@ '391@ o B ULducon v@fﬂs%aﬁm@am{nﬂ E Fg("ﬁocﬁ)e}’aﬁi sefe%ggﬂy; cloin%greﬁqg’ the

l'owed the ratiio of eth y ace
Compalmtdeat&lysl:At mai nt ai ni ng hi gh overall selectivity,

ed to the Conparative Catalyst A Catalyst C Run
Mions (Feed nmol "9%9 HOS Max T Total Flow GHSV C H

Rubl @xfifibid (Fed mib13529 277 462 3200 60.0 5.0 5.0 6.5
403 55051%6462"%200 0.0505.06.5 23.5 53-73

3H0O362 3Ma& Te0| ol floy () GHSV 2L M ReGaldst|s HAOS| VB SeN,
ST¢—Conv—2 ,-.II a—TF—Ave C C } A~ t: P r*n r")l_l Acet I o CV O
Fo N I | OT1V lb& m'ﬂ'nln H“@J
15 285 432 3190 | 595 | 5.0 4.9 6.3 1243
19-21 297 432 3190 | 595 | 50 | 4.9 6.3 24.3
25-37 315 432 3190 | 595, 5.0 4.9 6.3 | 24.3
Results
HOS | Max | Sel STY Conv % ela
T

Avg °C | C;H, | Acetic | CO, | C,H, | Acetic | CO, C.Hg 0,

% % %

15 285 18 61 22 18 130 49 3 45 | 0.3
19-21 | 297 | 20 57 23 | 28 168 72 4 | 62 |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 éelectivity

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 E
Run Conditions (Feed mol %)
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% % % 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
wO003/008Bese results show that the Catal yst C, PeiiGeRo04/003302

contains tin as conponent Z and titaniumas a .

conponent Y _ produces et hylene and acetic _acid with
gdﬂ)@sovermaP‘ Tse detal Flaw | S Ht| G:Hsat Cdlof HeOhyl Eae [t M2
acettecact uCU| Zisjein Wdlutcl Y —Henee; addi-+iron—of
Sn and [Ti to the catalyst conpasitian has| all owed the

|

t

dth
rati o of ethylewe to acetlc aciid to {be reduced,|] whiljst
nlrni nt i cal actii vty Cnnjpar ad h

Coth AN §“ Nl - CaP N o 6BO R f-9i gn€7 [23.3
(Beets npl 895 HOB I\/a463T Tot afod] @0 6. HIO4AON|Cs7 | 233

M/l mnanh 15 2851432 31901509 § Q9 6.3 24 3119-21

297 432 3190 59.5 5.0 4.9 6.3 24. 3 '25-37 315 432 3190
Re?n?.@ , 5.0 4.9 6.3 .24.3 Results HOS Max Sel STY Conv %
e/a T Avg °c Acetic CO C H Acetic CO O % % % 15 285 18
RS 2P Me& [13el4p 3 45 0.3 1STXL| 297 20 57 RBoh8 %68 72| ela
4 62 OT4 P5- 37| 315 23] 53 24 48|234 114 92( 0.5 These
results show that thel Catal ystD, whigh coptains tlin ap

Agrpponht | Z.lMN(d Atietias OG; t GoH, | Ieetiop@O} | [@:HduGeD,

athvl Aana hind i w+th tNood ov-er al ool oetli vt s
CT Ily C11TC T UCL /o 74 \ll L9 ] dUUU A\ | f.&l ol OOt v i C
but at a ra?‘io of hiyl’8ne to acetic (acidl of |esg thah

copp sitibn !nn“ nlln\ io_of th\/ ene to
2543t} Stac| a3 of be?t educdd| @i | st13fmi|nPAi hi nd hi gh9 | 07
overall selectl V| ty, conpared to the Conmparatlive

Catal yst A
These results show that the Catalyst E, which contains tin as component Z and

21241 Iﬂeece,z@ddltmn 'of2181 and| Tigg o |the Catal yst| 68 | 0.5

5. Tias 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
10 Run Conditions (Feed mol %)

- HOS Max T Total FlOW GHSV | CoHg | C;H, H,O 1028 Nz
°C ml/min h
0-194 310-320 428 3200 | 60.2 | 5.0 5.0 6.5 |23.3
Results
HOS | Max | Sel STY : Conv | ela
T %

AVg °C C2H4 Acetic COX C2H4 Acetic | CO, Csz 0,
% % %

176- | 320 6 60 33 8 165 100 5 100 | 0.1
194
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Catalyst E Run Conditions (Feed nol % HOS Max T Tot al
Flow GHSV HOONC M /mn h 2-24 293 463 3190 60.0
WO 2005418806, 7 23. 3 25-45 315 463 3190 60.0 5.1 ECPGB2004/003302
233Resu|tsH(Bl\/ax Sel STY Conv %e/a T Avfg CH .
Aceti ¢ KIABUCCOCHO%%%22429325121
These r@%‘ﬂt?§ wghy the Ggmparatiye CatalysyF,2vhigh caigaing titapigg aga 7

| cat-gtﬁﬁgolﬁﬁﬁféhflﬁltﬁe%(gggﬁlﬁl 8%113% I%ﬂ {}:ihg%hgég é)??({b%naﬁ:ﬂy

ti'n as ‘conponent
acgreogutes et hyl ene and acetic acid W|th good overal |

sel tlwt%{hbiué t aratio of ethylene to acetic acid
of [O5Pafif alalypis Be D anddfishawsriheasrthesaddifien of Ti a5 narcof the

ﬁ;ﬁfr@&l&’&&ﬂ%@ﬁﬂé@%éﬂaﬁ@ ohégg 12hd &%@u§ h&d hg&duge@f et hyl ene

to acetic acid ced I ntarning high
ov eK@nipasisdreef Calalwts G OnpuariedrithoF slns)vﬁhapthe atldivien of Sn and Ti

iRl 58 st o ) sy S oo o SRet fraeptiaeid ol

talﬁﬂné&t% ABmaR01:60. 2 5.0 5.0 6.5 23.3 Results HOS Max
Sel Conv efa T % Avg C C H Acetic CO C H Acetic CO
CH O%%%176- 320 6 60 33 8 165 100 5 100 0.1
194These results show that the Conparative Catal yst F,
whi ch contains titaniumas a
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cat al yst conponent but does not conprise a G oup netal
produces predom nantly acetic acid. Conparison of
w@aioaloyssvs B, D and E shows that the addition PET/GB2@g/003302
part of the support also influences the ratio of
ethyl ene to acetic acid produced. Conparison of
Catalysts C, D and E wth F shows that the addition of
Sn and Ti mtigates the effect of Ti alone, allow ng
the ratio of ethylene to acetic acid to be tailored to
approximately 1:1.Clainms: . A catal yst conposition for
the oxi dati on of ethane, and optionally ethylene, to
acetic acid and ethyl ene, which catal yst conposition
conprises (i) a support, and (ii), in conbination with
oxygen, the el enents nol ybdenum vanadi um and ni obi um
optionally tungsten and a conponent Z, which is one or
nore netals of Group 14 of the Periodic Table of
El ements; wherein a, b, ¢, d and e represent the gram
atomratios of the elenents Mo, W Z, V and Nb
respectively, such that : 0 <a <1l ; 0<b<and +b
=1l ; 0005 <c <2 0<d<2 and 0O <e<| . 2. A
catal yst conposition according to claim1l wherein 0.0K
Clams: 1, 0.1 <c <2, 0.1<d<2 OXel

Ay ORBRF e BBt o Rt B S HESHE Brding o
ace%c%ld%rﬁ* dthydet) @RI tathifdt compositidh &)m ris€s GRA @ahd;lipﬁh and (ii), in

conposition according to any one of the prece
combmatmn whtbrogiy geny thessl@nentsmolybdeuh y@na@umm@u m<i>lunm,

op Ty bRy cpB Pt 7 A £ GB6 obpl ERP of G0 T4 o the

Peﬁ@d@%@l&tof E‘I’emdﬂi& G¥hekdin 8/ cpd aﬂ@é@eﬁé@ﬁf—‘ﬂh& £ hd Riios of
fromthe (ﬁconsmtln 0 Mh, Ta, , A, G,

thq qiemmts Mzn WV Bnd NbéeSp@éilvehh sucrhrtham Ag, Fe, Ru,

Ni, P, Sb Si, T, U,
Re Te <§§d N%b%@n&z l%\nt} 'Pd. 7. A catal yst

conposi tigqiy ageor ding to claim6 wherein Y i selected
from thegroup consisting of Bi, Ca, Ce, Cu, K P, Sb,
La, Hf, Brsd¥i2;amd Te.

0<e<l.
2. A catalyst composition according to claim 1 wherein 0.01<a<1,0.1<c<2,

0.1<d<2, 0.01<e<]l.

3. A catalyst composition according to claim 2 wherein 0.1 <d <0.5.

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

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

6. A catalyst composition according to any one of the preceding claims wherein the

catalyst composition comprises 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, Os, K, Rb, Cs, Mg, Ca, Sr, Ba, Ni, P, Sb, Si, T1, U, Re, Te, La,
Au, Ti, Hf, Zr and Pd.

7. A catalyst composition according to claim 6 wherein Y is selected from the
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8. A catalyst conposition according to claim7 wherein
Yis selected fromH, Ti and Zr. 9. A catalyst

W@ oiop0$8804 on according to claim8 wherein Y i SPAT/GB1@4/003302
A catal yst conposition according to claim1 which
conprises Sn _and further conprises, as conponent Y,

growp consisting cf st g.{te, ConBoBi $4, dn, HEr Gi 4 Te any one of
cl aiy,ng werein Y.is esent . at . .

8. C ot Poiafyst S SRS Bl onid g REFST niinly S ARALHom s, i

andBAPosi tion according to claim10 wherein 0.01 < f <
0.5. 13. A catalyst conmposition according to any one

9. of Arratalyst ePEPAIIN ascomsingrioctpimad whersin ¥éhpbsition is
subgt ' ' : . [

102 o B Gt p A Bl Y SR BR Ry &t ftper

corhprisks, astverponertt g T.upport conpri ses at | east one net al

oxi de support. 15. A catalyst conpgsition according to
el a?\rﬁa_ ajyaxﬁ@rl@%ﬁ%aé‘fCﬂ%g%a t%&}amee slpptns st eherioy s
preg{rﬁ% ‘Egjrse{nﬁtomtﬂa{i&r}* Fhofeld @RGY 4 1 cates, alum na,

um n Icates,” zirconl a_and 'm xtures thereof. 16. A

- 12.cat al sasdlyst esmpSdifiorDate @i It I whétih 0MEex g0, 6 .he

met al oxide support is selected fromsilica, titania
13.and Aecatrlyat gprapesitiey] adcerdingie any oaaphtheprecedingplaimg gehich
[ L0 I cl ai 10 13
oGl ALY S AR BRI TRk 1

14.cat Al yasdlyst 0omPSditidroacackiy Wiang ohe ofting Btof3 Wherein the
preceding clains in whjich the support conprises from
SURPSEAOTIRBISGR afleast oy mgtad o3ide HPPPBt al wei ght of the

cat al :&1.0 i1 Qo: .
1SEEL B ol BB licorlfhe & LA ShcERTRORA 88 ppons
seléfedMrmt silida0titahPh tifanddikcates) alumive, gliinindsilidagescatanyasind
.conposition. 20. A catalyst conposition according to
mixgresdh@eft the preceding claims in which at |east one

of al umi P L : . .
0, A g NI TS VAR (APl s
seledepfimmrstilicd, tidtia aAd pmoicess of gitica &vel ttpwpar at i on of a

RS PO N TR 7T L —
is a non-oxide support. ‘
18. A catalyst composition according to an}; one of thé preceding claims in which
the support comprises from about 20 wt% to 90 wt% of the total wéight of the catalyst
composition.
19. A catafyst composition according to claim 18 wherein the support cémprises
from 40 wt% to 60 wt% of the total weight of the catalyst composition. .
20. A catalyst composition 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.
2. A proéess for the preparation of a catalyst composition according to any one of
the preceding claims which process comprises the steps of:
(a) forming a mixture comprising molybdenum, vanadium, niobium, a support
material or a precursor thereof, component Z, and optionally tungsten in a solution;

(b) drying the mixture to form a dried solid material; and
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(a) formng a mxture conprising nol ybdenum vanadi um

ni obi um a support material or a precursor thereof,
w@orsomssnt Z, and optionally tungsten in a sol BE€T/GB2004/003302

(b) drying the mxture to forma dried solid material;

and(c) calcining the dried solid material to formthe

da) cellginingdlongbrossh solid materal td\f(pnﬂhessala(sto@nmomlono cI a| m

n which ste rt h [ise N
22561 frreitesn o Ehpiie it S ngBh 5653 B Rsets *°
codpneivng definéd 1@'aﬁyWh66?blﬁlrﬁ§@td'9 xture is forned as a
solution in water. 24. A process according to claim23
23wheAditacash ecosrding foraimma] wheteinthe Zix@rais fomnedrsm spdwion in
ccording to any one of clains 21 to 24 wherein in
etrep (a) the support material or precursor thereof is

24 add@0prbeesd agoedih@ t@Eain2 X vlheRir0the RBIu b6l B apH \oERad igUMm
ni obi um conponent Z, optional tungsten and optional
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Vamaralﬁlrﬂ)fnlﬁﬂnﬂinj,’rﬁoxﬂﬁorteflt Z,ﬁ)pbhﬁﬁl&unﬂgstdil&ndaipﬁbml rgmipsnent Y

carried out by_heating thegled solid mater|%I to a '
t emPeRTRESS éCQS’F dipgtp 30y %@f imf 24t 23 WhekeinyBg dpgpe process of
8. A process for the production
ste Bbgggtsf’ gﬂwgggf%eestzhyl ene froma gaseous m xture
27 conpy precesg aedonding fo anyconeptfictaat LY te2hwheres) thefcaleming is
process conprise conégctlng in a reactlo zone

coied GULY PRARDEIS GCHOHS PG o Ry GBS CAADINT A s or
oxgéen%ley%&geggﬁmﬁgﬁgure in the presence of a catal yst

osition as clainmed in any one of clainms 1 to 20 or
28as [Arlﬁ'paﬂfse dortaje production affaceticadcid artildthylene fré®.a ghseous mixture

prqcess _accor cl ai m 28 wherein the gaseous .
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al so presenit as a feed conmponent. roces
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30. A process according to claim 28 or claim 29 in which water is also present as a
feed component. -

31. A process according to any one of claims 28 to 30 wherein acetic acid and
ethylene are produced in a ratio in the range 0.8 :1to 1.2 1.

32. A process according to claim 31 wherein the ratio of acetic acid to ethylene is in
therange 0.9:1t0 1.1: 1. |

33. A process according to any one of claims 28 to 32 wherein the elevated
temperature is in the range 200 to 500° C

34. = A process according to any one of claims 28 to 33 wherein the process is carried
out at a pressure in the range of 1 to 50 bar

35. A process according to any one of claims 28 to 34 wherein the catalyst is used in

the form of a fixed bed or a fluidised bed.
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33. A process according to any one of clains 28 to 32
wherein the elevated tenperature is in the range 200
WO 000500880 34. A process according to any one PET/GB2ad0a®03302
28 to 33 wherein the process is carried out at a
pressure in the range of 1 to 50 bar 35. A process
36accargoogs haoadiyg tnayoinealf alaims 28td 35 Flenehetheiometaigelectivity
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3821 arng et G brd ik 2830 37 R e R porton of
thd R868¢ add REM it 164%t @oftiva AGRS dikylasd id camdctad il £3&bnd reaction

portion of the ethylene is contacted in a second
zopeewith p orplocutes oxy gH-eoniINiag ghnat cevptpdrieaperaithimige geesence of
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acid and at |east a portion of the ethylene is X
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zofEWHE Q'n?(ﬂé@lﬂdr'i‘)'x??erg&ﬁltﬁﬁing logY At S8 atRTBRP&aHEE I the pRBence of

presence of a cafalyst surtable for the production of
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