‘2 6 APR 2005 ' G00002 OXI DATI ON PROCESS FOR THE PRODUCTI ON OF ALKENES AND
CARBOXYLI C ACI DS The present invention relates to a process for RIBeAPR 2005
oxi datiyon of a C2 to C4 al kane to produce the correspondi ng al kene and
carboxylic acid. and to integrated processes in which the al kene and
carboxylic acid are further used as reactants. Carboxylic acids are useful

feedst ocks for the production of al kenyl 5 carboxyl at es”” w" xanpl e,
acetic acid is used to manufacture vinyl acetate which Mﬂ”mwﬂ'ﬁ
prepared comercially by contacting ethylene and acetic aci 6
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catal ytic oxidation of ethylene and/or ethane. Integrated pr oéesses for
produci ng acetic acid and/or vinyl acetate are known in the art. EP-A-0
877 727 discloses an integrated process for the production of acetic acid
and/or vinyl acetate in any pre-determ ned and variabl e proportions froma
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of 1992(June 338 describes a process for
is genera]ly prepared commercially by contacting ethylene and acetlc acid with

molecular oxygen in the presence of a catalyst active for the production of vinyl acetate.
Suitably, the catalyst may comprise palladium, an alkali metal acetate promoter and an
optional co-promoter (for example, gold or cadmium) on a catalyst support.
10 Acetic acid may be produced by the catalytic oxidation of ethylené and/or ethane.
Integrated processes for producing acetic acid and/or vinyl acetate are known in
the art. EP-A-0 877 727 discloses an integrated process for the production of acetic acid
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
15 .step wherein ethylene and/or ethane is catalytically oxidised in a first reaction zone to
produce a first product stream comprising acetic acid, water and ethylene and optionally
ethane, carbon monoxide, carbon dioxide and/or nitrogen. The acetic acid and ethylene
produced in this first reaction zone are then contacted in a second reaction zone with a
molecular oxygen-containing gas in the presence of a catalyst to produce a second
20  product stream comprising vinyl acetate, water, acetic acid and optionally ethylene. No
mention is made of any control of the production ratio of ethylene to acetic acid from
the catalytic oxidation of ethane and/or ethylene,
Research Disclosure 2244 of 1992(June) No. 338 describes a process for the



oxi dation of ethane and/or et hyl ene to produce acetic acid in which the

by- product carbon nonoxide i s oxidised to carbon dioxide. Acco?®i ARR t2805
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Accordingly, the present invention provides a process for the oxidation of a C,
20  to C4 alkane to produce the corresponding alkene and carboxylic acid which process
comprises contacting in an oxidation reaction zone, said alkane, a molecular oxygen-
containing gas and optionally, at least one of the corresponding alkene and water, in the
presence of at least two catalysts each active, with different selectivities, for the
oxidation of the alkane to the corresponding alkene and carboxylic acid, to produce a
25 “product stream comprising alkene, carboxylic acid and water, and in which process the
molar ratio of alkene to carboxylic acid produced in said oxidation reaction zone is
adjusted or maintained at a pre-determined value by controlling the relative proportions
of the at least two catalysts in said oxidation reaction zone.
Each of the alkane, molecular oxygen-containing gas, alkene and water may be
30  introduced into the oxidation reaction zone as fresh feed and/or recycle component.
The selectivity of a catalyst for alkene or carboxylic acid is defined as the

proportion of reactant which is converted to alkene or carboxylic acid by that catalyst.

If one or more of the catalysts in the oxidation reaction zone de-activate in use



30 introduced into the oxidation reaction zone as fresh feed and/or recycle
conponent. The selectivity of a catalyst for alkene or carboxylic acid is
defined as the proportion of reactant which is converted to al keh8 &R 2005
carboxylic acid by that catalyst. |If one or nore of the catalysts in the
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catalysts in the oxidation reaction zone. Thus, if the activity and/or
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carboxylic acid pr for exanple I n response-to changes 1 n demand or
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The process Of @R BYEMONARPRIPYIER § Sopodiaf adivgting hGapalen ralRGA the al kene
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downstream processes, for exanple (a) for the production of ester by
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reacti on zone and/ or additional al kene and/or carboxylic acid nmay be used
in the @bar carboxylic acid products are used at least in part in integrated downstream
processes, for example (a) for the production of ester by reacting the carboxylic acid
20  with the alkene or an alcohol or (b) for the production of alkenyl carboxylate by the
reaction of a molecular oxygen-containing gas with the carboxylic acid and alkene.
Alkene and/or carboxylic acid may be recovered from the product of the oxidation
reaction zone and/or additional alkene and/or carboxylic acid may be used in the down-
stream process. _
25 In a further embodiment of the present invention, the alkene and carboxylic acid
may be produced in a molar ratio suitable for use in an integrated down-stream process,
for example (a) for the production of ester by reacting the carboxylic acid with the
alkene or (b) for the production of alkenyl carboxylate by the reaction of a molecular
oxygen-containing gas with the carboxylic acid and alkene. If alkene and/or carboxylic
30 acid is neither separately recovered from reaction product nor separately added to the
downstream process, the molar ratio of alkene to carboxylic acid produced in the
oxidation reaction zone is suitably approximately 1 : 1, for example, 0.8 : 1to 1.4: 1. A

different ratio may be produced if alkene and/or carboxylic acid is separately recovered



stream process. 25 In a further enbodi nent of the present invention, the
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and in which the molar ratio of alkene to carboxylic acid produced in the oxidation
reaction zone is adjusted or maintained at a pre-determined value by controlling the
relative proportions of the at least two catalysts in said oxidation reaction zone. -

20 Also, in another embodiment, the present invention provides an integrated
process for the production of an alkenyl carboxylate which process comprises the steps:
(a) contacting in an oxidation reaction zone a C; to C4 alkane, a molecular oxygen-
containing gas and optionally, at least one of the corresponding alkene and water in the
presence of at least two catalysts each active, with different selectivities, for the

25 oxidation of the alkane to the corresponding alkene and carboxylic acid, to produce a
product stream comprising alkene, carboxylic acid and water; and
(b) contacting in a second reaction zone at least a portion of each of said alkene and
carboxylic' acid produced in the first reaction zone and a molecular oxygen-containing
gas, in the presence of at least one catalyst active for the production of alkenyl

30 carboxylate to produce said alkenyl carboxylate,
and in which the molar ratio of alkene to carboxylic acid produced in the oxidation
reaction zone is adjusted or maintained at a pre-determined value by controlling the

relative proportions of the at least two catalysts in said oxidation reaction zone.



reaction zone is adjusted or maintained at a pre-determ ned val ue by
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US 4596787 relates to a process for the low temperature oxydehydrogenation of

ethane to ethylene using a catalyst-having the empirical formula Mo, VyNb,SbgX. as
therein defined, the elements being present in combination with oxygen.

20 EP-A-0407091 relates to process and catalyst for the production of ethylene
and/or acetic acid by oxidation of ethane and/or ethylene in the presence of an oxidation
catalyst comprising molybdenum, rhenium and tungsten.

DE 19620542 relates to molybdenum, palladium, rhenium based oxidation
catalysts for the production of acetic acid from ethane and/or ethylene. '

25 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 having the formula Mo,PdyX.Yq4 wherein X represents one or several of Cr, Mn,
Nb, Ta, Ti, V, Te and W; Y represents one or'several of B, Al, Ga, In, Pt, Zn, Cd, Bi,
Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr, Ba, Nb, Zr, Hf, Ni, P,

30  Pb, Sb, Si, Sn, Tl and U and a=1, b=0.0001 to0 0.01,c=0.4to 1 and d=0.005to 1.

German patent application DE 196 30 832 Al relates to a similar catalyst
composition in whicha=1,b>0,c¢>0and d =0 to 2. Preferably,a=1,b=0.0001 to
0.5,¢c=0.1t01.0andd=0to 1.0.



corrprl se any suitable catalysts known in the art, for exanple, for
oxi dation of ethane to ethylene and acetic acid as described in 5JS°~PR 2005
4596787}, EP- A- 0407091, DE 19620542, WD 99/20592, DE 19630832, WD 98/ 47850,

WO 99/ 51339, 13980,. US 53006 and, US 5300684, the
contents of V\VAE @/%%Brﬁlgfeég Pﬁ%CS?Sp?gFBE ch‘BﬁaFg ‘ié@m‘U@n%%?B? rel ates
to a preassme@mikiiged vrebesmps @dtMZﬁ HO¥HGRRY HrRae oL i vam%éhgge to

et hyl ene using a catal yst having the enpiri cal formil a dXe as
t herein rﬂ@?ﬁ%g@net%ée‘éqrﬂrﬁrﬂds Pbégﬁldp‘?ﬂeéémprwsnnt@@nb|onaweuaﬂ ofiv, Nbpxygen. 20

EP- A- 04@10 I st for the ro et hyl ene
and/ or ge%éﬁgcﬁgggy&gkﬂég‘?ﬁ%ha@ %rh %éélé?ﬁ(ﬁ?%rongtoﬁﬁ O?:‘r ’&[ﬂae?{ar esence
of ah oRbj&kjBe MgaCh|SysBa, Sy Laj Tig ZAH Y R4COSTo, TIE N, leﬁnGa twngst en. DE

19620542 .r e I ybdenum pal | adi um r heni um Based oxi dati on
catal ys (5‘6%’! ﬁeAEJP 4eta oA, BF lacer anddisd from et hane and/or ethyl ene. 25
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sever al °8¥8%, tk‘?\lefe”@&fs Mﬁawp%gchzﬁcYmherBP X ISGBC e’@WCHRH‘Ib prd VOY isage  Au, Fe,
Ru, . 3 Si, Sn,
a égﬁ GK;nr?%’glE&%ntsW]ecteg"’fronﬁhe %@up MﬁmséﬁaoﬁCriMn E T1 %OAgo%aS,?%, 1
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i d=01to 2 Peferabl a=1
O TPe S B S St iR ana Pa”a b, coer e erescns thaamintapredeay Mo
98/ 4785Q|eh@nfl &3h bRt @ P 29856 <P 1 RLAGHE LRI %ﬁsg Sl fgem a%@@XbYcz din

ethyl ene or m xtures thered6f and a catal yst. i ng”the *formi _
whi ch X0 < £glesents one or several of Pd, Pt, Ag. and Au, Y represents one
or veral of_V, Nb Cr Fe, Sn, Sh, Cu, Zn, U, N, and Bi and Z
reptesents oke- 6r10§é9@45ﬁlat6&tomcatqw crmpesifen fardhe B’éldatlkﬂgl of@hangty Ba, Sc,

Y, La, -g{h’ylc%E andfor aBic 2Rt andPor B the bkidalon 6% eth%%he 0 acetlc acid which

composition comprises in combination with oxygen the elements molybdenum,
vanadium, niobium and gold in the absence of palladium according to the empirical
formula : Mo,W,Au,V4Nb.Y; wherein Y is one or more elements selected from the
20 group consisting of : Cr, Mn, Ta, Ti, B, Al, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu,
Ag, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr, Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, T, U, Re, Te,
Laand Pd; a, b, ¢, d, ¢ and f represent the gram atom ratios of the elements such that :
0O<a<l;0sb<landa+b=1;10-5<c<0.02;0<d<20<e<l;and 0<f <2.
WO 99/13980 relates to a catalyst for the selective oxidation of ethane to acetic
25 acid of formula: MoaVbNchd wherein X is at least one promoter element selected from
the grdup consisting of P, B, Hf, Te and As; a is a number ranging from about 1 to
about 5; b is 1; ¢ is a number ranging from about 0.01 to about 0.5; and d is a number
ranging from greater than O to about 0.1. _
US 5300682 relates to the use of oxidation catalyst with empirical formula of
30 VP.M,O, where M is one or more of Co, Cu, Re, Fe, Ni, Nb, Cr, W, U, Ta, Ti, Zr, Hf,
Mn, Pt, Pd, Sn, Sb, Bi, Ce, As, Agand Au, ais 0.5 to 3,bis 0 1 and x satisfies the
valence requirements.

US 5300684 relates to a fluid bed oxidation reaction using for example



Si',Ge,Pb,P,AsandTe,azl,b>0,c>0anddisOt02 39
relates to a catal yst conposition for the selective oxidation c?fvg)'%g @ﬂi
and/ or et hyl ene to acetic acid which conposition conprises in conbination
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vV, Y |s>i\>c(%°ér}i?92§{ Pﬁ&@nﬁeﬁ%ﬁ% *sel ected fromthe group consisting of Cr,
M, Ta, Ti, Bthédsuithle okf&ahoﬂat&?@tﬁ f&duse%') thecfﬁesegf)mv@i'taoﬁl'e d@ébnbE@ Ru, Gs,
K,.Rb, Cs Ca, Sr, Ba, Zr , U Re and

Pd; a, Bn W:ON%&/ 1388@umthich neb&paségémusmé cgab{msamdm]cmbmssn oémbhnetloxewahe nts
such that_ 0O<a< <

EP- A- 10435860 ‘Pé‘“’l’ea’ieéag”te&f%lné YIRS OQM%X&SE#"%?G i%gaﬁxm&?fgﬁ%f et hane

to st hyi$ee30800/dictaeRidstodkd theaTda@Iystsayith BRm@XisdatbaBimfiof Wiyl ene to
acetic acid which conposition conprises in conbination with oxygen the

el ement §xwgﬁrylbd1@mlﬁtwe\gaﬁa@mmatw obMmValNb.Pdo] WO R0OA8hwbishaelatss
Pl e JTRSRELELAGAR il STBAG i Sl SRy o PERIB AN HIRE ot O & 1 Y

IS one or nore e S se rom

Ta, Ti, aBgmﬁdtLosGﬁMdaWbNE{fP,dd Zﬁki/oﬁMoa‘Bﬂ,Lale%,,L@60ﬁ297|v1?hlckgb,lates°@ thégse RU, Gs,
K, Ba, Zr, Hf, Ni, P, Pb, Sb, Si Sn, T, U Re, Te,

Rb, Sr
La and Pd Catg/%stﬁ With elgmenss imgombinatioewshoxyee | lg thagwelatymeramiatam eftioshe

el e nt <d<_2;
ool and 5N Ehe e 0ee valnralefsd uRuls  Gupdis MlRudfe BT Ve

oxi dat i eombinadbhanith dxygeas & the re]Rt&'NeBgraﬂ mmfrﬁﬁdﬂdfa\dom&mmmfmf@ n Xis
at | east, one pronoter el enent selected from group consisting of P, B,

Hf, Te and Asor G angd eand fase bezamgi WG QQ/%%Oét?@QtW@ Q29 3ovkickrelgeite 1: ¢ s
nb
o S RO Ay AR B ot T g1 7

OXI dat | matmsa:quMGdehMrwhmln Xeﬂnmfl‘a GE: Ztﬁ(El\/IBadVBKDandMOe Mis one or
Pd, Sn,

5 st thgl s AD Bt GRS v gnets n Cpnbination it [ o5 ¢ he
:ﬁ?: ﬁgc?‘ 85‘9%?“5%%@&“%&%%%’% eF MRy, LaraNy X dhbeth R4 AaldLGer eacti on
or Si, the contents of which are hereby incorporated by reference.
Solid catalysts active for the oxidation of the C; to C,4 alkane may be supported
or unsupported. Examples of suitable supports include silica, diatomaceous earth,
20  montmorillonite, alumina, silica alumina, zirconia, titania, silicon carbide, activated
carbon and mixtures thereof.
Solid catalysts active for the oxidation of the C; to C4 alkane may be used in the
form of a fixed or fluidised bed.
The oxidation catalyst would be expected to oxidise at least part of any alkene
25 "fed to the oxidation reaction zone, for example to the corresponding carboxylic acid.
The molar ratio of alkene to carboxylic acid produced.in the oxidation reaction
zone may be adjusted or maintained at a pre-determined value by initially starting the
reaction with a single catalyst and then replacing at least a part of the catalyst with at
least one other catalyst having a different selectivity to alkene and carboxylic acid.
30 The molar ratio of alkene to. carboxylic acid may be adjusted or maintained by
the replacement of at least a part of the catalyst in the oxidation reaction zone with one

or more catalysts with selectivities different to that of the catalyst or catalysts already

present in the oxidation reaction zone. Thus, for example, the catalysts initially present
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oxi dation catalysts for use in the present invention are descrid8dAff 200D
99/ 13980 which relates to the use of catalysts with elenents in conbination
wth oxygen in the relative gramatomratios of MoaVbNocXd where X = P, B,
Hf , Te op theoxidatiog rexpdion zonsmay: he pesrall pre eelediive derthepradactpyef s with

el enent .10 i .hat | ne N1 r 4V am. at tios of
voavbnb e BErBRob S at ke O SRR g 8 BreghBLin G ARV RRIG 1 ¢

el ement xohé) monthembe bdjnsted b reptygaient oF dt Meast £pat biVide gaRstsaliesdy it | os of
MoaVbNbcPdd .and/ or MpaVbLacPdd ; US 6087297 ich relates to the use of
cat al ystt e%ﬂaﬁl% TEREIPNLONG WA ASKAAYSt SR catrkypis dryige a higher pelestBiitytPve gram
ato ratcia%x%ﬁc Q‘Tf,id.l\/baVdecLad ; WD 00/ 09260 which relates to the use of
catalysts w elements in conbination with oxygen in the relative gram
atom rati os dfheMatlfst ac&daljdae Xétivetfer the oXidatiGh obalkeiie wradkeneand f can be zero
; WD 00/ 29106, .and ,\WO QO0/ 29105, which reJate to the use of catalysts with

el enent SATRPX¥URBTIAMAYRS Tap prrdhy e oflshll‘-‘?c}”f‘én Indhe ity Bhus HopsRbh " fat i os of

MoaVbGagRddl %%qa}})é'hﬁ’l%? B refnoved®ithdCoy Qﬁraliﬁﬂent%ir del&%é?glx\yﬁggﬁﬁo 15

00/ 38833 which rel"ates"to the use of catal ysts wt i n conbination
with oxyepes andirdplesed by &knbwe mpansn at om rat i os of MbaVbLacPddNoeXf wherein X
= A, G, G .,or S, .the contents.of which. ate hereby incorporated by

e dPence. SRR SESRES TR TSR G R RROR AR Z3erlS0a al kane
My be YepRosriLshs rRheSIPHRRS A ﬁ@;ecﬁhamaﬁe% tRdn SiKi Aahlteb]e YRPRRY Be fBE| ude
silica, diatomaceous earth, 20 nontnorillonite, alumna, “silica alumna,

zi r coni #xampleapxygengiilutedoniticaswitable dikient, Jert exdmpleanitrogereercamiontdiexdde.t her eof .

Solid tive for th jdation .of th k b d
"n the. TrBIFHESE B polEegbiaiicdiilihe 8 1 pmiet skt LA SRR urd be-
expect edhé¢ molecullir SRy @n-dotshing ahd isFéd Rnle kidefiéh redbtiod Afhetifddpbdeany dat i on

reaction zone, for example to the correspondi ng carboxylic acid. he nol ar
ratild offrn kerpdkans and optinnaliatkene fagdprand ank eecypletsieamsi dat i on reaction zone

IRy B 5 U5 BSLR A Ok t ) GEIMRE LS BB LY,
part of proessaf the psdsend ihvermion may be substantially pure or may be admixed, for
example, with one or more of nitrogen, methane, carbon dioxide, carbon monoxide,
hydrogen, and low levels of C3/C, alkenes/alkanes.
20 ' Suitably, the concentration of optional alkene (as fresh feed and recycle
| component) is from 0 to 50 mol % inclusive of the total feed, including recycles, to the
oxidation reaction zone, preferably from 1 to 20 mol %, more preferably from 1 to 15
mol %.

Suitably, the concentration of optional water (as fresh feed and recycle

25 " component) is from 0 to 50 mol % inclusive of the total feed, including recycles, to the
oxidation reaction zone, preferably from 0 to 25 mol %.

When solid catalysts are used in the oxidation reaction zone alkane, optional
alkene, molecular-oxygen containing gas and any recycle gases are preferably passed
through the oxidation reaction zone with a residence time corresponding to a combined

30  gas hourly space velocity (GHSV) of 500-10,000hr™; the GHSV being defined as
volume (calculated at STP) of gas passing through the reactor divided by the bulk
volume of settled catalyst.

The oxidation reaction of the present invention may suitably be carried out at a



| east one other catalyst having a different selectivity to al kene and
carboxylic acid. 30 The nolar ratio of al kene to. carboxylic acRd By 208
adj ustgd or naintained by the replacenent of at least a part of the
catalyst in the oxidation reaction zone with one or nore catalysts with
sel ect i Vampesaturti ihftlee mnge from 14 tod00 G aypiatldy insthe cangedualty 35@°Cal r eady

present int oxi dation reacfion zone. Thus, for exanple, the catalysts
P eral 1y or ADE RGN Eaains S8 PreSRIaYHeD BV RO ST Srmy be
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al kene to carboxyliC acid produced i'n the oxi eaction zone, may
t hen bepagj usted by replacenent of at |east a part of the catal ysts already

' h i dat i ti e W t I tal.ysts havi
i gt sl ect DRI R GPEORGPY o B Fee Hie Dok ey B spiadnl yat o act i ve

for theopidatian teabti® oothk pRBedtAnvdnieRe and carboxylic acid may be replaced
by met hods known in the art. Thus, if operated in a fluid bed, catalyst

may be renovddpEirllnaxygon epnvessionsan thegrngredQ toeke mayibe akhisved inthans and

-repl ace . wh. . .10 _Th | ecul ar oxygen-contai ning gas used in the
oxi datigﬁ@étéglg?%agﬁ&ggﬂgeRﬁe%entﬁgveﬁi1|9n'or a gas richer or poorer in nolecular -
y

oxygen than & the dkiddtioha®dctiod @$ tHEBiredent inveritionS ¥R At Byst Oy BeNhald ut ed wi th a
suitable diluent, for exanple nitrogen or car bon di oxi de. Preferabl y, the

nol éBul RFodustiybningtbe ranigailAdgo 48Q0Q grams péerrboprlistasidisheh asacetie agit, BRsne” of

t he nol - ,ning gas is fed to the oxidation reaction zone
indepenggﬁ{ﬁk?égggg%:%%%é kane and optional al kene feeds, and any recycle
streans. The Dapkadiag apeh thefnatisedf amyl daeatgstfueell inning dolvérsexdnd ptdcess, itéact i on

zone of the rocess of the present invention may be substantially pure or
may be é}aﬂ{a)li’é’g‘,hatf‘ﬁﬁe“ wsed fpn the Pipduptiomef alkenyd parbgkylate; $15&8 Vitktt hane, car bon

di oxi de 5. GEhAR FHRNAXAE prod¥At R Sho@IAhaly O W16 ¥8h &entthti S36féhrbon
g[ﬁ , tﬁg a??(ene (as

al kenes/ al kahes. 20 Suit y concentration of optiona
fredh fesvhoand byquypdia as dtospapdare an advierssreffect an Slnawdtalysts flthsi ve of the

LRl e SN FEBLRLRRS syl SR P SRR, S Pr e orbly
catalyst in the oxidation reaction zone that gives negligible carbon monoxide by-
product. An additional catalyst component in the oxidation reaction zone may be used
to oxidise carbon monoxide to carbon dioxide. This may be present in the oxidation

20  catalyst or catalysts or in a secondary reaction zone.

When ethane is used as reactant for the oxidation process, the product stream
comprises acetic acid, ethylene and water, and may contain ethane and oxygen, inert gas
components such as argon and nitrogen and the by-products, acetaldehyde, carbon
monoxide and carbon dioxide. Acetaldehyde and carbon monoxide may be converted

25 by the molecular oxygen-containing gas to produce acetic acid and carbon dioxide
respectively, either in down stream processes or, after recycling, in the oxidation
reaction zone. Ethylene is present in the product stream of the oxidation reaction as
unconverted reactant if ethylene is present in the feed and/or as oxidation product of the
ethane reactant,

30 The product from the oxidation process may be fed directly or indirectly after
one or more separation stages, to a second reaction zone together with optionally
additional molecular oxygen-containing gas, optionally additional alkene and optionally

additional carboxylic acid to produce alkenyl carboxylate, such as vinyl acetate.

9



nmol % Suitably, the concentration of optional water (as fresh feed and
recycle 25 'conmponent) is fromO to 50 mol % nclusive of the gt gbezg@d,
i ncl udi)ng recycles, to the oxidation reaction zone, preferably from®O*to
25 nmol % Wen solid catalysts are used in the oxidation reaction zone

al kane, (sweaxahapcidaniionalkenpmay e gptionalyaacaysraddiom tlee prasueted ttny recycl e
gases ar&i&giggsgo%msy passed through the oxidation reaction zone with a
residence time corresponding to a conbined 30 gas hourly space velocity
(GHSV) dfincofiverted aliibrand/ot bikefdHn¥y berstgcldd todeedtr as aftatalt lenst faeadicul at ed at
STP) of gas passing through the reactor djvided by the bulk_ volunme of
settled Sg%&r%mﬂsf?t?m dwmsgréﬁmoqeéwth@ AXigatiomicaphiaszane qiiggdnes on nay

sui t abl ' 2005 tenperature in the range from
100 tgo i%‘g%ca%g#%a eﬁi;g?%%tsﬁ)eﬁ%tgoﬁgé% [0 to 350C. The oxidation reaction of
the present iCwapdts kuowmin thaiattefol the lpeoduation efialketiyl @irbak ylatp hesyite or

super at nospheric pressure, for exa e in the range from80 to, 400, psig. 5
Typi cal %54 & t[?%HE’CE%?rﬂfé}rgf‘stGﬁf‘éltWCP{HT&-r%eC%EaIW as6v5 FRiyhoRrogustianRid i n

oxi dat i Q8&Ght Whi SR seboNERL AR Faal : ersi ons
in the m%e@%%ﬂe%h l%rél‘t’ao ﬁg@gﬁgﬁgcsﬁ%:evedg(%tfr?\ﬂtz}?gélgggf? artéfls‘legfr)\?ﬁ)réglgc{btnﬁg of the

present compeint,ifonexampls, lsatatystscdatdesonibed ic GBon5 3 540 &) 95888308 am/BRt i on, t he
cat g} yst | l.Ly ha 10 productivity in the range 10 to 10000 grans of
car Xyﬁ-@gg}cﬁg1t?{%ﬁ%ﬁer§§o§g&cﬁéreal&qrany %8?rp°‘f"i‘6‘?§1rl?3b@?erﬁ‘?qeogr am of catal yst.
Dependi ng up@B 1 89%aAY Wesores 8RNtaBAE k8 FordREPrebRraRBY o@omﬁéde@ﬁabgr ocess,
It is desirable that when used for the production of al kényl carboxyl ate,

such as the repetionsefeetlziene, aerticfacidsandgaypeu sharatalyst cossistargassintialld ofiave a | ow
CORCE (8 05 B 2Rt ORGP B3 B B
vinyl agein@0e. to Thugl/g] 4 10% Uy vedight' vedler spiBiod of the catalyst support having a
15 pH from 3.0 to 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 being 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
20  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
25 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
palladium weight ratio in said catalyst is in the range 0.6 to 1.25.
EP-A-0672453 describes palladium containing catalysts and their preparation
for fluid bed vinyl acetate processes.
30 An advantage of using a palladium-containing catalyst is that any carbon
monoxide produced in the first reaction zone will be consumed in the presence of
oxygen and the palladium-containing catalyst in the second reaction zone, thereby

eliminating the need for a separate carbon monoxide removal reactor.
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catalyst in the oxidation reaction zone that gives negligible carbon
monoxi de by- product. An additional catalyst component in the 0x2 8atRRo ik
reactign zone may be used to oxidise carbon rmonoxide to carbon dioxi de.
This may be present in the oxidation 20 catalyst or catalysts or in a
secondary redoPiGHYZBrgrodnstion af alkery! carbgxatezych anvingiacetaty intthe oxi dati on

process seddi@ rQ%}c?igH Chnéls'GAd &Rﬂ@{e}fg%g%cgﬁﬁ} Win A% d ctgﬁtt%%%_}gggregg dr}ﬁa ;ﬁ(rj’ and

may contal n et hane and oxygen, i ner conponents”s

ni t r ogertheagas phase. by - pr oduct s, acet al dehyde, carbon nonoxi de and carbon
di oxi de. Acetal dehyde, and car bon ngxi de may be converted 25 by the

mol ecul ar oxyAg‘iéﬁt-“b‘ég?%Fﬁ? W@C‘@%@ﬂ?ﬁgb?@&aé@ geend waghionzengdoctiebon di oxi de

[ eSpSCt ipvitiof b AREny1 RadRaRl dsGAT RIRE SARAS fBh th Ak GPENGldr Wne! Nt NE
oxi dation reaction Zone. hyl ene 1s present In e product stream of.the
oxi dat i @fOKigaten predast andfre envarstedd kot sractanf. et hyl ene is present in the

f eed and/ or i dation product,.of the ethane reactant. 30 The product
fromthe oxi 3‘34433391“ & E%esg’trﬁak}cegémfoet © §read feagtion zonedior temrgdustipapl one. or
nor e sepifeall QAbsyRISMayR sBbRARANY pLedGthAN b f b tgpptional I'y
addi ti onal ?ml ecul ar o%ger?- cont ai 2ipn_g .gas;%nopti olr)fg?’%? gﬁﬁq}%’o‘ﬁgf al kene
and opt io8far mere alitrogen atetirame beaxon dioaidie dearlmonpmontud ée, dlyleigyh, anddboxy| at e,

suchnas My tate. 2 6 APR 2005 Carboxylic acid and/ or al kene may be
opt il((])nall%qfﬁr%fc(%?/@?aee}%e%eﬁj?ﬁ‘mapﬁse product of the oxidation process.

Unconvert ed athsansleanst cxygeah-kemeinifygdlfiséPrmas sstoh@9@ichss 2 e ff ter at | east
partial separation fromthe downstream process to the oxidation reaction

zone di PERAUEHORPE alkenyl gpibeylale mRY ermprins wnreastedanelepiaraxygen-st ages.
sata vo Kot edstrdl 6Bk drdfor sBRANGELAN: GlyaBhiSlUmGRLROXY! L es ey

be used in t FoCess presen NG 85y st active for

the producti dheatiditishalytholeclbng:6/gehticoftaliivg B8, if38€l, inhytbeSBEONWIgdseact i on
zon«i of .tﬂené)resent in en}ion may conprise, for exanple, catalysts as
desér i bEGNFTPTBROET B GOty ar oxygeIthan AngAssvialdp additiangenolagdandwgennt ent s of

Whi ch atgnthiYas ML PG HpRY ok §Eea! RHE&H with a suitable diluent, for example
nitrogen or carbon dioxide. Preferably, the additional molecular oxygen-containing gas
is oxygen. Preferably, at least some of the molecular oxygen-containing gas is fed
independently to the second reaction zone from the alkene and carboxylic acid

20  reactants.
At least part of the carboxylic acid fed to the second reaction zone may be
liquid.
When solid catalysts are used in the second reaction zone for the production of
alkenyl carboxylate, the product from the oxidation reaction zone, any additional alkene
25 or carboxylic acid reactants, any recycle streams and molecular oxygen-containing gas
are preferably passed through the second reaction zone at a combined gas hourly space
velocity (GHSV) of 1000-10,000hr™,
The second reaction zone for the production of alkenyl carboxylate may suitably
be operated at a temperature in the range from 140 to 200°C.
30 The second reaction zone for the production of alkenyl carboxylate may suitably
be operated at a pressure in the range 50 to 300 psig.
The second reaction zone for the production of alkenyl carboxylate may suitably

be operated as either a fixed or a fluidised bed process.
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GB 1559 540 describes a catalyst active for the preparation of vinyl
acetate by the reaction of ethylene, acetic acid and oxygen, thge xp®t gy st
consi st)ing essentially of: (1) a catalyst support having a particle

di anet er of fdomB to 7 mm and a,lpﬁge volume of from0.2 to 1. 5 nm/g, a
10% by wei ght“ARXTiC QG FORYEEIONG N the &ange S0\’ By bseehigssd iwgha 15 pH from

3.0 10 QeQndctidnRBhd AFIHRBASIA dravedl SlAbAYIRE I N a surface | ayer of

I
t he catal yst support, the surface |ayer then I'ng less than 0.5 mmfromthe
surface of tK¥xygsuppuversionsie thatange20to 100% heaydie anhicdved ingthersesaxdt i n an

amount of f.rom 1. 0 5. ra er. litre of catalyst, and the gold being
present rf%];l%z%ﬁ) ﬁ%hecﬁrogpagmng&gﬂl{%aylzc_a%oxg}aé% per litre of catalyst, and
(3) Srom5 t Qu\IREheXoRWErsRRS it tHerBnf 5 ©ALOALY fay BE aghik@d inTBE dcog® acetate. US
5, 185, 308 describes a shell inpregnated cat a?,yst active for the production

of  vi nyfactieezenefor thepredigtioarnd alkeopk qacbaxylate.and an oxygen cont ai ni ng gas,

t he catal yst onsi.stjng essenti.al of, (1 at al yst suppgrt having a

particle éi anI%'(tEheerS%F $%4ﬁeg%tb(fﬁz%le fgrotlhég{ﬂﬂucéo%ﬂfﬂﬁaayic%%%}%@& of 0.2 to

1.5 m F@@falygfMablyaiasmé}irbmﬂtiun}/axﬁlmeg@rhgb Rbto' 16060 gidawy Chlkéhyl he out er npst
a

1.0 mmthick | ayer of the cat st support particles, and (3) from about
3.5 to éb’ih%y]@?eﬂmﬁfb?uwféﬂtﬁ@f‘taé@f-assi um acetate wherein the gold to

| I adi [ Wl 1 | S i 6 1. 25.
b, A0o6 7205 Hoc RElnE Tra i et i hprbibat UhBU%8 Shbiele o cpar ati on

for fl uipdodwetstidanyfromakt sdcong re@Ress eone 30 thpradictioh af elkehyluaiing ykte
pal | adi um cont aj ni ng catal yst is that any carbon nonoxide produced in the
first rdRtSOMPIBENENAREGtatseWaishanhacgtic Acidiad ppierallyalsrunreagiesen and t he

pal | adi wipyiaftt ahild) dodiAkah )Rt niBeldiar e 8ol ARALLAR 11818 Hoh IRHERY

el i m nating the neé or separﬁté rBOn - RONOXI de rempval reactor. 10 2 6
APR 2005utl pipcaducystrdahempy be wegarated by azdokrepic distédtabion yhtataa overtead as vi nyl
acet1 te dn.the second reaction zone is carried out heterogeneously with

t he 1P eadtaHipR camprtiY ByLatetas and ateg asd pRassdrecHaB COTBHANERFRERST eact ant

may be f8d waer! e $REOMEEHORIREY B reARIE FOM hBRistillation column as liquid
from the bottom of the column, or as a vapour one or more stages above the bottom of
the column. Prior to such a distillation step, ethylene, ethane, acetaldehyde, carbon
monoxide and carbon dioxide, if any, may be removed from the second product stream,
20  suitably as an overhead gaseous fraction from a scrubbing column, in which a liquid
fraction comprising vinyl acetate, water and acetic acid is removed from the base. The
ethylene and/or ethane may be recycled to step (a) and/or step (b).
Vinyl acetate is recovered from the overhead fraction, suitably for example by
decantation. The recovered vinyl acetate may, if desired, be further purified in known
25 “manner. |
The base fraction comprising acetic acid and water may be recycled, with or
preferably without further purification, to step (b) of the process. Alternatively, acetic
acid is recovered from the base fraction and may be further purified if desired , in
known manner, for example by distillation.
30 A suitable process for the production of esters by reaction of the carboxylic acid
with the alkene is described in EP-A-0926126, the contents of which are hereby
incorporated by reference and which relates to an esterification process comprising

reacting in an addition reaction a lower olefin with a saturated lower aliphatic mono-
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5 production of al kenyl carboxylate as well as the al kene fromthe

oxi dation reaction zone as oxidation product and/or unconsumed 2Bk&rRe 205
reactant. Additional al kene introduced into the second reaction zone for
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140 to 200C. T8O appueataeconprises aalokiatizn Aaaclion zéeq 1ppagidediith suppikenyl
carboxyl ate may suitably _be oE)erat ed at_a pressure in the range 50 to 300
psi & TREcWaAHY apsignalibethylsne (3 ot supRY o paglechlan oxyeeatqoaianing 88voxyl at e

may sul {40l ¥R PREYAL 855 &inftsidlElththel driePtiBhalfy éth%%ﬁié &59nfef ofigcess.
(18) for a first product stream. Depending on the scale of the process, the oxidation
reaction zone (1) may comprise either a single reactor or several reactors in parallel or
series.

20 - The apparatus also comprises a second reaction zone (2) for acetoxylation of
ethylene to vinyl acetate which is provided with means (17) for conveying at least a
portion of the product from the first reaction zone into the second reaction zone, a
supply of molecular oxygen-containing gas (9), a supply of recycle acetic acid (10) and
an optional supply or supplies of ethylene and/or acetic acid (8). Depending on the

25  ’scale of the process, the second reaction zone (3) may comprise either a single reactor or
several reactors in parallel or in series.

The apparatus further comprises an optional scrubber (6) for the first reaction
product; a scrubber (12) for the product from the second reaction zone; means (13) for
separating acetic acid from the product of the second reaction zone; vinyl acetate

30  purfication means (14); optional acetic acid purification means (15) and one or more
separation means (16) for separating carbon dioxide from recycle gases from the second
reaction zone and optionally for recovery of ethylene product.

In use, the oxidation reaction zone (1) is provided with at least two catalysts
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11 2 6 APR 2005 Car boxylic acid conversions in the range 5 to 80% may be
achieved in the second reaction zone for the production of al klg@yIPR
car boxyl ate. Oxygen conversions in the range 20 to 100% may be lﬁ ev@gs in

t he secon reaction zone for the production of al kenyl carboxylate. 5

Al kene EBH\AHYEGNYE With differepbsrdestivities, foptmaridation of e ahang tp fomhacetiscond
reacti onq; he,.; t] . b e second
reacti orr%m?gtﬂg e¥ ren%hﬁlgb%{l?%ﬁxgdét@% Cgt:abé{r%é#e %ﬁ%%%*%%’:mc’é gfapcat al yst

sui t abl pxhgen-enminidg @as isifey to thetolélatian garcioh £enel(@PAOnuuRPE @) tiabkeny|

car boxyl ate per, gé)ur per kg of ca]téa(lﬁ_/lst,._ 10 When the al kane used in the

pr ocess °8F O WRrsnieds A gasRruR fiediiork cunprising ethage, apd gatienallyretlsdeneris om t he
second KePGitheHxid i (PG fapl | i y
conprise vinyl alcgt{ﬁgltIfee,gét\lf\%{%rngégf;ﬁgﬁcﬁgﬁg%gﬁﬁ%le%%%ﬁgﬁlgggihgg@unr eact ed

et hyl enend ethiykene jis alecefedl td ¢leyadddativintreagenfrorasgeply (Sarfiermoleadxi de and car bon
di oxi de. . _Such a.product .stream may, be separated b zeot.ropi c distillation
into an Oéx%%nﬁ“éc’élgé@ggfgpﬁﬁ}?%lﬁ aﬁ%ﬁﬁ?ﬁ@igﬁ@a’iﬂ‘H??‘S‘J&E@f‘éf’g’ea?fﬂd%&{’é@%ﬁa a base
fracti oRofOMPGIghiong o eRirk fnlets sébarABY opad FértialT&PcoHﬁﬁée bAGirafln MY Dbe
renoved fromthe distillation colum as Tiquid fromthe bottom of the

col umm, Qptioaally atlgpshione of themtreams dedstoghe oxidhtaarereatter dlot tompuses water. col um.

Pri to suc distillation ste t hyl ene,. et hane, acetal dehyde, carbon
rmnggi de and %glrebod(ﬁ a&ﬁOBiF%fg?rq'ﬁrsgm,ﬁu%beﬂﬂ % r‘?g\}‘éegl W&fﬁﬁf’?’ﬂ@“% cond product
stream e@lui(igioliu@anddr axRbiiedtbedR ae&itSachd, aﬁatt¢r981|)tﬁdxﬁﬂ}r%n§&fsuméﬂ ng
colum, in which a liquid fraction conprising vinyl acetate, water and

acetic &9lePulas oxggeeentaining gepandhyerodnsts sueh ps/ashen medpxide.carhone may be

recycl edg: E [100. St aR: .\ etate.i s recov. fromthe
over head P it ol aBRRly B ARy oy BEBAREE 10 8 ESERR T 0y e
vinyl acdiict gasnmyl liqufd atesémekd. Thefgas tlagbepedyiciddadtel Feparaing by25 ' manner .
Theflgase fracti on conprisj n%Gacetic acid and water may be recycled, with or

pr efer aBrSAURISSHORES FaiPameipxidaapd Pplenadiy reqayesng pthylene produseby mstheds
Al ter naih¥gh Yn (1RGSR | Acetic acid may be recovered from the liquid, for example by
distillation.
At least a portion of the first product stream is fed by means (17) into the second
reaction zone which is provided with an acetoxylation catalyst, suitably a solid catalyst.
20 A molecular oxygen-containing gas is fed to the second reaction zone from
supply (9). Acetic acid is fed to the second reaction zone from recycle supply (10).
Optionally, additonal ethylene and/or acetic acid may be fed to the second reaction zone
from supply or supplies (8). The first product stream, molecular oxygen-containing gas,
recycle acetic acid and-optional additional supplies of ethylene and/or acetic acid are fed
25 “into the second reaction zone through one or more inlets separately or in partial or
complete combination.
In the second reaction zone the ethylene, acetic acid and molecular oxygen react
to produce a second product stream comprising vinyl acetate.
The second reaction product is passed to scrubber (12) from which gas and
30 liquid are separated. Carbon dioxide is separated from the gas and optionally ethylene
product recovered, in one or more separation stages (16) by methods known in the art.
The remaining ethane and/or ethylene may be recycled to the first and/or second

reactors. Acetic acid is separated from the scrubber liquid and is recycled to the second

14



"acid is recovered fromthe base fraction and may be further purified if
desired, in known manner, for exanple by distillation. 30 A sug taRBI 205
procesg for the production of esters by reaction of the carboxylic acid
with the al kene is_described in EP-A-0926126, the contents of which are
hereby TF3E9R 38Rt @BHMRLY c3cstie Acid Papnchiay e reqoxeked fram the reéeyads i fi cat i on

process v i | : kit L O i inwth a
Cat ur at ST ougrraps (LAFRE Rkl 3R b b ARl DB U RcofH A [ g
vapour phes ¢hd serutiber hqueid byoseans () hfer exaomelk padidilladoml yst  characterised in
that the reaction i'ts carried .out ' of reactors set up in

[ | Ity
series such TP !t AT® YdBeS %6%?4@?’%@3’( bﬁj‘ré%iﬁ{r@?é%feéﬁtl%% derastivet§duct s
exi tisng dndQiis debds§aty to Fephick @htaBsEdlrfeL S Ffd%@ssf ﬂf%sg%%zrsatti?eog gﬁfé@éﬁ@% react or

and those exiting fromthe second 5 reactor are as to the
third regetioacidpbdyccdomay be nairsaiged steemmatant, paztietesninadslaluabyal i quot of the

react ant npcarboxylic acid.is introdyced.into the feed.gas to _each of
t he secocr?gggﬁlggél&eorse wgﬁ{oqo&@}scﬂfgh%@(gajgs% B t??ﬁloﬁ’t fipn feﬁ'ét‘%P £91%n s,
nonocar HeRildeeiviee b/ orf ldcBvity of the chaBdtsdAshd SkigAfh r!i%ctf_(lgﬂezoﬁ@% eand

subsequent reactors within a pre determ ned range. he 1 nvention wll
now be ilpdepspdentlydiusipg ks professxthisghay wmblyeaerlacing ht least prsofehe to t he Fi gure

o1 ock” o A IR AR AR nRE b MG AN i Be R oy cent

i nvent i avactibheoappedidfetent OPPFIoRS o the peoddEadrisUT chRRGts iaMhgOxitatick) provi ded
wth a sup 15 . of ethane and optional]y et hYl ene (3), a supply of a

ply ) .
nol ecul dFAEONFERE.ABATAST 1 Maingn themeglar patig i sthylesr tp aesfie asidyproduesdpr i si ng
et hane Nt : 0, ) first product
stream %ﬁ’gﬁgiuyggq %%X%tﬁgﬁggrgfbg ré%l?rﬁdegg%%éee%glﬂhﬁéﬂ%ﬁ%}ggﬁuﬁ reacti on zone
(1) may sekzopritisedenodtvhange, $timay ke pesaibloto maingey theaholhemeb @f sthiylenpas al | el or
20, The appar af us al sto?rconprises a second reactiaqgn zone (2) for

series. )

ac etlgxyl aePiopFIdProdused piewung forgieplagemmential caldlyer in shepdatRaFewton means

(17) forzoaenuenysidindhe s88ShroPortions as in the oxidation reaction zone. |

Preferably, the molar ratio of ethylene: acetic acid produced in the oxidation
reaction zone is maintained at approximately 1 : 1, for example, 0.8: 1to 1.4 : 1 for
subsequent use in the second reaction zone for the production of vinyl acetate. A
20  different ratio may be maintained if ethylene and/or acetic acid is separately recovered

from the oxidation reaction product or separately added to the second reaction zone for
the production of vinyl acetate. The molar ratio of ethylene to acetic acid may then be " -
adjusted by controlling the relative proportions of the at least two catalysts in the
oxidation reaction zone, for example to meet changes in market demand or feedstock

25 availability.

Preparation of catalysts active for ethane oxidation (catalyst A)

A solution was prepared by dissolving 17.66 g ammonium molybdate; 2.92 g
ammonium vanadate, 3.24 g niobium chloride and 2.70 g oxalic acid in 400 ml water
30  heated to 70°C with stirring. To this solution was added 24.6 mg of ammonium
tetrachloroaurate and 15.5 mg of pa]lédium acetate. After 15 minutes, the solution water
was heated to boiling point followed by evaporation to dryness over 2 hours. The

resulting catalyst cake was ground and then calcined in static air in an oven at 400°C for

15



poftion of the product fromthe first
reacti on zone, supply of nol ecul ar oxygen-containing gas (9),
of recycle acetic acid (10) and

and/or acetic acid (8).

a

an opti onal
Dependi ng on the 25 scale of the process,

supply or supplies of

second rewwrd. ofthe peminadympuicatfompnlase the chaystavasi:ngl e reactor or
he apparatus further conprises an
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| east tvvo cat al ysts 13

6 APR 2005 each acti ve,

but with different

sel ect i W EPYls CORNSF, SilMer %‘!@l@&ﬁﬁ@ﬁu%ﬁs shpwndn fable Itbelomoﬁoml‘a%rmge ofici d and

et hyl en
oxygen- Caaal btk IR i Boh A LREL ST
(4) t hr ddghVenRNbeksOpe withl diffsrenfproaneds!s feedstock conpri si ng et hane,

nally ethylene is 5 fed to the oxidation reaction zone (1) from supply
Recycl e gas conprising ethane

opti

(5. 19

on‘"ﬁa"vlriS

IOI’]I’

g B

Mol ecul ar
from supply

and

and ethylene is also fed to the

oxi dation reactor from supply (5).rARg gp! ecul ar oxygen-containing gas,
et hane and recycle gas are introd o the oxidation reaction zone
t hrough one or nore |nI ets separately or in partial or conplete
conbi nat+H 1 Opt-araH leastrene—of—the—streans fed to the-oxidation
react or ¢%‘6y€tom)r¢9@§09\%ﬁt§lrecuisﬁrl 1/Atfﬂ%urﬁ>9fdathl‘ﬁﬁmlab%?éﬁllbi$t egpisi¢adt | product
stream|i s produced which conprises chtnEXxlx&'?e (as pro nd/ or unreacted
feed), |acetic acld, water, optionally uncongurned no cu ar oxygen
-cont aijni ng gas and by-products su,hprasurs@rrton nonoxi'de, carbon di oxi de,
i nerts|and acetal dehyde. This may ppti era&n be passed to a scrubber (16)
from which gas and liquid are renpved gas may be recycled afiter
separ atil ggaB¥t BS| Pr odUGkmogida as Fargey ST aXNgE, P RBI LOR&T 10,7 §covering
et hyl ene product | by net hods T ’ -
tetrachloroaurate

Catalyst C Copper acetate 0.280 g Moy .00V0.25Nbo.125Cu0.0140x

Catalyst D Silver acetate 0.111¢g Mo, .00V 0.25Nbo.125AL0.0070x

Catalyst E Ammonium hydrogen 0.090 g Mo1.00V0.25Nbo.125P0.00250x

phosphate

15

20

Ethane Oxidation Reaction Method for Catalysts A-E

Typically, 5 ml of a powdered catalyst A-E was mixed with 15 ml of glass beads

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

catalyst was then loaded into a fixed bed reactor made of Hastelloy of dimensions 12

mm internal diameter and length 40 cm. The catalyst was maintained in position in the

centre of the reactor using quartz wall plugs together with inert packing material above .

and below the catalyst bed. The apparatus was then pressure-tested at 20 bar with

helium to check for leaks. The catalyst was then activated by heating to 220°C at
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known in the art. Acetic acid may be recovered fromthe quuid,n&%r exanpl e
by distillation. At least a portion of the first product strea isA?%dﬁﬁy
means (17) into the second reaction zone which is provided with an
acetoxyl ation catalyst, suitably a solid catalyst. 20 A nol ecul ar

oxygen- éotminnn helivpast 2 kbdrddr 4 bownsetospswn dult deaomipmaitivored chtatyst supply (9) .
Aceti c %?éc%o? fed to the second reaction zone fromrecycle supply (10).
Opt i onal'Ty, 20di t onal et hyl ene and/ or acetic acid nay be fed to the second

reaction zoneThefreqiited W s/ofRthaaE 0 Y625k yedd in HelRni Addwatef @etecthest r eam
nol ecul ar oxygen-contai ni ng gas, recycle acetic acid and optional

addi t i onRiFodiiGehio e resetast tleyenae thargnvirediatst cempesitiomThis eampwsitiamt o t he
d i t i nl at ' tial
combet TR0 M) GO R, O LBk BAFLARRSARITRS e el At | "l

and nol g gKe waygaintdisarit a 1bvel po othucea feed GIISV of LOCLODOFHY £RER conpri si ng
Vi nyl acet@‘%e.t, The second reaction product is passed to scrubber (12) from
33

whi ch g&§y g 1oy Sl minuiese 2aeisaPAtsatere daliep drome thexqualét stecagetoar @Fed from t he

gas and 5%&3@%@%@55&#4@6@ oRRAE AMEURIIERL, okDedhdHalIRY © Separati on

st ages me S known art. ere ning et hane and/ or
et hyl ene may Te segpoyt kenpdratutehel the reattoands arcrasedmmtil S0eECYosxygetcet i ¢ aci d

is i parated fromthe scrubber Ii wg aqd is.rec clt_)ed to.the second 14 2 6
APRI300:5OPESEIPT 317 2Evedopt Ingiaiad Py the tleulbizdileyed pEatien imipesdiFbcover ed
fromt h%n@ﬁﬁy%ﬁowﬁga%ﬁhweqﬁmﬁdm&nlp@mdf&%o%ﬁﬁqﬁekﬁth@gatgry%@wéé tﬁ&? on. Vinyl

acetate product Is recovered fromthe scrubber [i1'qui y neans (14), for
exanpl e eglugied unfl¢rstdady statarcandijons foraeerod aftypcally 4-hdoumt Bkigges in t he

oxi datiaqn,reaction zong de-activate,.b and it i s necessary to replace
oat ai'ys O g PRASERER IR T B3 kY o i piss e FRAPIOGN S SR ¢ aci o
pr oducedolBdtedSndWeighed st tAd na fePiod! @othpodii S Qﬁ%a@ faft MQdiMEbMRtPWas
controlling the relative proportions of the catalysts in the oxidation
r eadfi onncegwred uging$C anglysin@inieam 0§ anthdR ) fittes) wish TWD gnbFID Aetesatsal yst s
in the ox| i reacti on zone change independently during the process,
this m?e%p(r%@‘%‘}e@@' repl aci ng at | east gpart of IOt he Y ] P

From analysis of the feed and product flow rates and compositions the following

parameters were calculated :
20  ethane conversion = (inlet mol ethane - outlet mol ethane) / inlet mol ethane * 100
oxygen conversion = (inlet mol oxygen - outlet mol oxygen )/ inlet mol oxygen * 100 -

selectivity to acetic acid (C-mol %) = (outlet mol acetic acid * 2) / (mol ethane
25 " converted * 2) * 100

selectivity to ethylene (C-mol %) = (outlet mol ethylene — inlet mol ethylene)* 2 / (mol

ethane converted * 2) * 100
30  selectivity to CO (C-mol %) = (outlet mol CO) / (mol ethane converted * 2) * 100

selectivity to CO, (C-mol %) = (outlet mol CO;) / (mol ethane converted * 2) * 100
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10 catal ysts in the oxidation reaction zone by introducing cat al Etg l%)ntg
the oxidation reaction zone in different proportions to the pro% r 67 RdA of
catalygts in the oxidation reaction zone, in order to nmaintain the nolar
ratio of ethylene to acetic acid produced. Conversely, if the catalysts in
the reactibrenséhe@Hvatie=doelet mudethyirsier mlﬂamhvmamol)s/e&rlmﬂtapvictaceb *do not
change, jgo may be possible to maintain the molar ratio of ethylene to 15
acetic acid produced by using for the replacenent of catalysts in the

oxi dation reaction zone, catalysts in the same proportions as in the

oxi dation,reaction zone. Preferably, the molar ratio of ethylene: acetic
acid pr oﬂ@é a%ﬂmﬁéﬂeﬁ)ﬁ%ﬁﬁmeu? adie} /i kgncasadit bed / helitnt ai ned” at
apprgximately 1 : 1, for exanple, 0.8 : 1to 1.4 : 1 for subsequent use
in the second reaction zone for the production of vinyl acetate. A 20

di f f er erfypilypmassybalbenceand taboe Halafcedohy rentomnds foundeebe d0del-& Yos
separately recovered fromthe oxidation reaction product or separatéely
added to the second reaction zone for the production.of vinyl acetate. The
mol ar r aftameks g%l ene to acetic acid may then be adjusted by controlling
the relative proportions of the at |least two catalysts in the oxidation
reaction zorde caslystsxdaipivereteanpleydd io tlangrreral neactiok etetiobdrabnde. dthef eedst ock

25 '‘savailability. Pr ion of catalysts active for ethane oxidation
(cat'd) ysrf’sulellgg e é%élwﬁt‘f]g[%%\[/églbg\ﬁ@’par ed by dissolving 17.66 g anmoni um

nol ybdate, 2.92 g ammoni um vanadate, 3.24 g niobiumchloride and 2.70 ¢
oxalic acid in 400 M water 30 heated to 70Cwith stirring. To this

sol ution was added 24.6 ng of ammoniumtetrachl oroaurate and 15.5 ng of

pal | adi um acetate. After 15 m nutes, the solution water was heated to
boiling point foll owed by evaporation to dryness over 2 hours. The
resulting catal yst cake was ground and then calcined in static air in an
over}_at 400C for 15 2 6 APR 2005 5 hours. The nom nal enpirical fornmula of
t he '‘datal yst was : Ml.00Vo. 25Nbo. 12Au0. 0007Pd 0. 00080x Prepar ati on of
catalysts B-E 5 The nmethod of preparation of catalyst A was repeated except
t hat the gol d-

20

25

30
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pal | adi um conponent was replaced by a conponent selected fromthe group
consisting of gold, copper, silver and phosphorus as shown in z'l'gb,{p@ boos
bel ow tjo give a range of catalyst conpositions based upon a bas
conposition having enpirical fornula M1, ooVo.25Nbo. 125x but with

different prom®ters. 10 TABLﬁwmr—PreragjorAmunt of Nomi nal
cat al yst enpi récal conponent|(f or mul &g precursor salt (Q) t al yst
BAnmoni un. 42§;ng1. ooVo. 2sNbol125Ad0. @l 40x tetrachl oroaurjate Catal yst
CCopper acet atg0. 280 gM1. oqVo. 25N§01 Cuo. 8140 Latgl yst| DSi | ver
acetate0. 111 g@/bl. ooVo. 25Nbq125Ago.00%0x Cdtal §st2 EAahi jum hydr ogen0. 090
gWbl, ooVo. 25Nbg125Po. 00250k |phosph& eSkt hane Oxi dation Refaction Method for
Catal ysts A-E 85 Typically, [5 m oP a powdered catal yst A-E was m xed with
15 m of gl assEbeads of didgneter 4 mmto forma diluted catal yst bed of
20mM in volun@. The diluteq catalyst was then |oaded into a fixed bed
reactor made of Hastelloy of| dignsions 12 mminternal dianmeter and | ength
40 cm The cat@l yst was maintided in position in the centre of the
reactor using Buartz wall pl{ghs & oget her wiTh Tneft Packijng material above
20 and bel ow tHe catal yst bgd EheZapparat uyg vgs han pressure-tested at 20
bar with helimto check chI ks. The catalgistswas thien acti vated by
heating to 220€ at 16 2 6 ARR 2@)5 5C/ mn in heliumat 21 bar for 4 hours,
to ensure ful IRdeconposition of Ratalyst precursors. The required flows of
ethane, 20 % oXygen in heliym and water were then
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i ntroduced to the reactor, to ensure the required inlet corrpositéﬂg iﬁscs
conposition 5 was 42% v/v ethane, 6.7% oxygen, 25 % v/v water zzn BI e
hel ium) The total feed flowrate was maintained at a |level to ensure a
feed GHSV of 2000-9000/h. After equilibrating for 60 m nutes, gas sanples
were taken fromthe outlet streamto a GC system (npdel Uni cam 4400) to
quantify et hapg re&hiRWf X li4 Lhe..: : ature of

t he reactor was ﬁencréda?g%abﬁﬁt ﬁgggﬁggh{;}?3§#gﬁeenggﬁb%8§§%§3%€téygeﬁg&m§i achi eved,
as i ndi caeeadi§ of the diffierent aatadystd ender thaf sameyrganionrcohdigionsiideatiffersht, eam

Fol | owi afurt equi libratiagn period of 60 mnutes, the catalyst was
then evall eﬁ"@dlt{}mﬂ@?t g’toe(gg{’/e t%@’%@é%?@ ?rb?'%o’F‘E'f‘“% IS8YHBELOBF typically 4-5
hours. Exbdrd@mSo (NOpabRs WRehTRESHE RV, tHeBolal Patidedricafl 1N 18 ¥&ler - 9as
meter. Liqui g%pr odét}(b:t S were e{ﬂﬂgol | ected and weioéjlﬁeél1 afftegg' ‘?ﬁe raun Cper| od.
Conposi tacshcapfbegdinstadcdrimajniatheg b e pret-detovasindbvateaby cedraibigithe@latival ysi s

(Uni cam 4400..and 00 fitted with TCD and,FlI D detectors respectively).

From ana[f}?/ O%slg%‘of oﬁﬁ%atflg%sfﬁrhﬁ?lawﬁtyaﬁd@equé%tﬁoatrﬁas&l&ﬂ&O’é%rrposi tions the

following paraneters were calculated : 20 ethane conversion = (inlet nol

et hane - outlet nol eth [ et hane * 100 oxygen conversion =
D i t a a i

(i nl et rigepasationof caty - & hgng egidatiew] oxygen * 100 selectivity
to ggetiE@fsfp(Cml %9 = (outlet mol acetic acid * 2) / (rol ethane 25

' convert * 100 selectivity to ethylene (Gl % = (outlet nol

et hyl ene - i nAeblutioh ‘&t wyd prepirtd By/dissoRing HITANE of AAMRAISE rmblyddate 00 30

2100 ATl ohigied v Hetsemst TOIC st AohGBIP it pEpaEEne.
coneer ! Sl 408 RS S RGBT
yi el d) %ith {tgriageA isclution &)’ wakprepatdby dissblethg 18@Wg of hiobium chloride
15 11.96 g of antimony acetate, 2.76 g of potassium carbonate and 15.75 g of oxalic acid
in 300 ml of distilled water heated to 70°C with stirring. Each of the solutions A, B and
C was allowed to stand for 15 minutes to allow maximum solubilisation of the reaction
components. Solution C was then rapidly added to solution B with stirring at 70°C. The
solution B/C was stirred for 15 minutes at 70°C and then added rapidly to solution A.
20 After 15 minutes the solution A/B/C was heated to boiling point followed by
evaporation to dryness over 2.5 hours. The resulting dry catalyst cake was then
transferred to an oven for further drying at 120°C for 2 hours. After drying, the catalyst
cake was ground to a fine powder. The resulting powder was then sieved through a 0.2
mm mesh sieve. The sieved powder catalyst was then calcined in static air in an oven at

25 "400°C for 4 hours. The nominal empirical formula of the catalyst was : Moj 000 Vo426
Nbo.115 Sbo.os6 Ko.033 Ox

Catalyst G
A solution ‘A’ was prepared by dissolving 43.2 g of ammonium molybdate in

30 100 ml of distilled water heated to 70°C with stirring. A solution ‘B’ was prepared by
dissolving 11.4 g of ammonium vanadate in 120 ml of distilled water heated to 70°C
with stirring. A solution ‘C’ was prepared by dissolving 16.18 g of ammonium niobium

oxalate and 2.5 g of oxalic acid in 100 ml of distilled water heated to 70°C with stirring.

20



Tybically, mass bal ance and carbon bal ance for a reaction was found to be
100 +/- 5 % Exanples 1 to 5 The catal ysts A-E were enpl oyed i n?€6h&PRy@iBr al
reacti dn nethod above. The 10 results are shovvn |n TabI e Il below 15 20

25 b RO S PR Sk i 4 11 O
maximum solubilisation of the reaction components. Solution C was then rapidly added
to solution B with stirring at 70°C. After stirring solution B/C for 15 minutes at 70°C,
solution A was added rapidly to it. After]5 minutes a solution ‘D’ (2.57 g of ammonium

5  phosphate dissolved in 20 ml water) was added with stirring. The A/B/C/D solution was
heated to boiling point followed by evaporation to dryness over 1.5 hours. The resulting
dry catalyst cake was then transferred to an oven for further drying at 120°C for 16
hours. After drying, the catalyst cake was ground to a fine powder. The resulting
powder was then sieved through a 0.2 mm mesh sieve. The sieved powder catalyst was
10 then calcined in static air in an oven at 350°C for 4 hours. The nominal empirical
formula of the catalyst was :

Mo .000 Vo.400 Nbo.128 Po.oso Ox

Catalyst H
15 A solution ‘A’ was prepared by dissolving 22.935 g of ammonium molybdate

and 0.0357 g of ammonium gold chloride in 100 ml of distilled water heated to 70°C
with stirring. A solution ‘B’ was prepared by dissolving 6.434 g of ammonium vanadate
in 150 ml of distilled water heated to 70°C with stirring. A solution ‘C’ was prepared by
dissolving 7.785 g of ammonium niobium oxalate in 100 ml of distilled water heated to

20 70°C with stirring. Each of the solutions A, B and C was allowed to stand for 15
minutes to allow maximum solubilisation of the reaction components. Solution C was
then rapidly added to solution B with stirring at 70°C. The solution B/C was then stirred
for 15 minutes at 70°C and then added rapidly to solution A. After 15 minutes the
A/B/C solution was heated to boiling point followed by evaporation to dryness over 1.5

25 “hours. The resulting dry catalyst cake was then transferred to an oven for further drying
at 120°C for 2 hours. After drying, the catalyst cake was ground to a fine powder. The
resulting powder was then sieved through a 0.2 mm mesh sieve, The sieved powder
catalyst was then calcined in static air in an oven at 400°C for 4 hours. The nominal
empirical formula of the catalyst was :

30 Mo1.000 Vo.423 Nbg.115 Aug,00s Ox

Catalyst I
A solution ‘A’ was prepared by dissolving 20.97 g of ammonium molybdate and
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00.00. NMMW1 00 OO ON %O d 00 4N-4 2 6 APR 2005 The resulti Ofpégﬁfﬁ
above Exanples show that the selectivities to ethylene and aceti (,5 é | f
the di fiferent catal ysts under the sane reaction conditions are different.

Ther ef Lf east two of the catalysts are used in an oxidation
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I ' J L fvind Gl . tal ped at a
pre- det ot i hed. val e oy Contt aFfo gt rert Tath P Befe R bR
| east t whstidlad avajestheatied ta i@ Cowithl atiiring. AeahitioniC2 one propaedayatitsoning
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or epa i G5 AR RTINS TG B GadtohpLanTRATy st and O4T02 AT of

disthl | edlconi altrabPRZ0 o I WhiaHeafe 19 70% SathlikAlk, By YARCPY epar ed by
di ssol ving 30.41 g of ammoni um vanadate in 300 of di'stifled water heated
to 70C S@iutipnsAj Brand§ was aligwead tostand fombsmpmegsapetiotymatiismeal vi ng 18. 91 g of

i obi ' 11.9 f t] .acetate, 2.76 f potassjum

car ponarB il dnd fesdfiafehndtbls OS5 Eo%a ek e it eioabaionneat ed
to 70C B withstiirtngi a1 g0°GCactter@firipans ebtibPBIC for 1B AlfhtesGt ¥, ablugwRd to
stand for 15 mnutes to all ow maxi num sol ubilisation of the ‘reaction

conponent ¥as Bpidly pddeddoiiad fiendh miagesithg ABIG dolutios wlasheated B beitihg Sti rri ng

' : ' ' at .70C and t dded
gy POHE folRftAd R g By UAR B STt £5 pbr IR bR Pl hrr Bt el Do g
t o boi | iwnag thomi trensfepded avvesl obah foeﬁ&ﬁMaf)ii@glattQO%Y&@EO&HEA&&-&?&@%@ The

resul ting dr atal yst cake was then_ transferred to an oven for further
drying &?taflj}?%‘@?‘]e&as;gr?%@rtg.a fietnordgr. fihggesulting powdar yes thf@eﬂ&@ledgszground tﬁ
a fine powd g | & L OTRHO | .eve hrough.a 0.2 . mm mes
si eve. The %ljifae\g'-eE %lorﬂ erstl%:‘%t gﬁ%éﬁwq?ggagg?{:&%se%eé ﬁa@%“g?ﬂ%“sﬁ‘? A an
oven at 1281 OMBCHE3601C foridiouss. Thiaomdnmil eaipirtapforinadd offthe bathigsiofad :he cat al yst

was,. Md1.0 VO, 426 . 115 Sh0. 066 KO, 033 Ox
15 R’POI.OOOVO.SSW 0.09l3§b0.0168 20.0168 Pdp.00130x

Catalyst J

A solution ‘A’ was prepared by dissolving 15.491 g of ammonium molybdate in

100 ml of distilled water heated to 80°C with stirring. A solution ‘B’ was prepared by

20  dissolving 5.594 g of ammonium vanadate and 6.00 g of oxalic acid in 150 m} of
distilled water heated to 80°C with stirring. Each of the solutions A and B was allowed
to stand for 15 minutes to allow maximum solubilisation of the reaction components.
Solution A was then rapidly added to solution B with stirring at 80°C. After stirring the
solution A/B for 15 minutes at 80°C, 0.0053 g of palladium acetate and 0.0004 g of

25  ‘lanthanum nitrate were added with stirring. After 15 minutes the solution was heated to
boiling point followed by evaporation to dryness over 1.5 hours. The resulting dry
catalyst cake was then transferred to an oven for further drying at 120°C for 2 hours.
After drying, the catalyst cake was ground to a fine powder. The resulting powder was
then sieved through a 0.2 mm mesh sieve. The sieved powder catalyst was then calcined

30  instatic air in an oven at 350°C for 4 hours. The nominal empirical formula of the
catalyst was :

Mo1.000 Vo.584 Pdo.000267 Lag.00001 Ox
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Catal yst G A solution "A" was prepared by dissolving 43.2 g of ammonium
mol ybdate in 30 100 ml of distilled water heated to 70C with stié& iARE. 208
solutidn "B' was prepared by dissolving 11.4 g of amoni um vanadate in 120
m of di Etill_eg ﬁter heated to 70C wth stirring. A solution "C was
prepare S888¥ving 16.18 g of armmoni um ni obium oxal ate and 2.5 g of
oxalic acida LS r _ 7 i herking. 20 2
0 APR 2005 o KR! oo Ghep .EIISE}S@%} M@hgﬁﬁg%ﬁéﬁggta%fsoﬁg“ﬁ%%?\2‘1{%8{"?gr 15
m nut es (basedlondd) imditferantrpeaploctixinsi Blat fetative fjuartities efcithlgsts Ebambinesd s .
Sol ution_C was then_.rapidl ded to.sQlutjon Bwth stirring at 70C.
Aft er sﬂf’lpfei.pﬁbe?SFB{F%%yWé%doarrcd@WWusf@ie gf 70C, solution A was added
rapigly to it. Afterl 5 mnutes a solution "D (2.57 g of anmonium 5
phosphate dissolved in 20 m water) was added with stirring. The A/AB/CD
solution was heated to boiling pdiABLEJII owed by evaporation to dryness
over 1.5 hours. The resulting dry catalyst cake was then transferred to an
oven for furtheCandiyst ng at | WMLt Lo catdlyst MOUrWeight Y datdly1ng, |t he catal yst
cake was groung—to-a fine powder. The resullting powder was {hen sieved
through a 0.2 pleieBshKsi evp97-fhe si eved povdet catal yst was 1O then
calcined in stggH ¥ T g gven at—356Cfogr;4—hoturs—Fhe—npm nal
enpirical for mbjfjéglygﬂ‘t he g%%'gl yst was : l\/tﬁ'%oo Vo. 400Nbo. 128 POABO Ox
Catal yst H 15 ACamlystMon PH29as prepared Hy; @i ssolving 22985 g of
amoni um nol ybgate _and 0 D357 g of ammniymgold chloride in 100 m of
distilled watefChahtsed to 00 with stirrirn@s.0n solution "B |was prepared
by di ssol vi ng 6-434—gof amont-um-vanadate—+n—156-—+rt—of—disti| | ed water
heated to 70C with stirring. A solution "C was prepared by dissolving
7.785 g of ammoni um ni obi um oxalate in 100 m of distilled water heated to
20 70C wth stirring. Each of the solutions A B and C was allowed to stand
for 195 tCEAS | Reactign,Npthedfar catalvistsdf-Nan of the reacti on conponents.
Solution C : n [ ' B L sti,rri t 70C. The
sol ution B/ C éctaltﬂﬁ,e Sn H@?ng}é 91%8@a{af§s§19-|ﬁl€v'a?%1)§:d w1tth 15 Hi'or gf:!lgs Badé

of diameter 0.4 mm to form a diluted catalyst bed of 20 m] in volume. The diluted

catalyst was then loaded into a fixed bed reactor made of Hastelloy of dimensions 12
mm internal diameter and length 40 cm. The catalyst was maintained in position in the

15 centre of the reactor using quartz wall plugs together with inert pack.ing material above
and below the catalyst bed. The apparatus was then pressure-tested at 20 bar with
helium to check for leaks. The catalyst was then activated by heating to 220°C at
5°C/min in helium at 16 bar for 1 hour, to ensure full decomposition of catalyst
precursors. _

20 The required flows of ethane, 20 % oxygen in helium and water were then
introduced to the reactor, to ensure the required inlet composition. This composition
was 52 % v/v ethane, 6.7 % oxygen, 10 % v/v ethylene, 5 % v/v water and balance
helium. The total feed flow rate was maintained at a level to ensure a feed GHSV of
2000-9000/h, in particular 3200/h. After equilibrating for 60 minutes, gas samples were

25 taken from the outlet stream to a GC system (model Unicam 4400) to quantify ethane,
ethylene, oxygen and helium.

The setpoint temperature of the reactor was increased to 293°C, to achieve a

similar reactor temperature of 299-301°C for each of catalysts F-J, in order to facilitate
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for 15 mnutes at 70C and then added rapidly to solution A After 15
mnutes the A/ B/C solution was. heated to boiling point followedgbypr 2005
evaporation to dryness over 1.5 25 'hours. The resulting dry catalyst cake
was then transferred to an oven for further drying at 120C for 2 hours.
Aft er drdirescomparisont Boljesting afertlwa sqgjtibratidn periad of 6mpomercliquihe  resul ting

wd ieved through a 0,2 m h sieve. The sieyed -powd
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sol ufsit onllngﬁgi]"()I\%é?rsT1 qf)l?({e%%fl g‘%}g B‘g}?egfess°a’r‘3whﬁ§“f7P?wfﬁef&fmm '%%&%@at e in 200
n  of omsa¢dmmmmtca‘rthém@xiegrmc@&@s%éabuﬁaiuwn'gr(gc afal§ab (UARAM 4%00 Was
prepared by dissolving 5.626 g of ammoni um ni obi um oxal ate, 0.598 g of

ant i nonya%’)c/”e?togtféteémﬂoT@E@ng FP dstectareraspetivelydt e in 20.0 ml of distilled
wat er heat ed i kLpi f the ol utiqns and C was
allowed to stf;t[(r?l)g]7 %c%}wl%&rﬁﬁ%Ee{eggﬂggmglﬂﬁ@v&”nﬁ%snﬂn cogmoﬁﬁiolnls’?ﬁ?‘#aon of the
react i oncanweponereducbetlattivitlesCspaas tifteaneldgPTH) indddemblhoratiglogtion B with
stirrin 70C. After stirri nq the solution B/C for 15 mnutes at 70C,

g Al C fc (
sol tG ontthieneto qeatic aaig werriealcwlared psingithesgquationsiag g ves abRee Wpdsr etheae ut i on

was heat&@id&tﬁmﬁ-@iétﬂoﬂgnétﬁocpﬂirQ{nag@!sbﬂ‘lg‘?d by evaporation to dryness over 1.5
hours. The resulting dry catalyst cake was then transferred to an oven for

further drying at 120C for 2 hours. After drying, the catalyst cake was

.ground tﬁ‘ a f!' ng 8(]§der. The resulting powder was then sieved through a

0.2 mm £8942 2% he si eved powder catalyst was then calcined in static

air in an oveR: @alFROEth Pivefe SRHI0Sed HBe BOTBrAGE GBI of the
P00 U6 S 98 REe Dots I Mo R B R

catal yst was 15 Mo 000 VO. 5577 0. 0913 1 0.°00 130x
Cat alldystF o M aboveufTihomesults aweshopnepdnkld IMybetivesol vi ng 15. 491 g of anmoni um
nol ybdate in
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100 ml of distilled water heated to 80C with stirring. A solution "B was

prepared by 20 dissolving 5.594 g of ammoni um vanadate and 6. 00 206 &pPR
oxalic)acid in 150 mM of distilled water heated to 80C with stirring.
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® A value for ethylene selectivity could not be calculated because the catalyst was a net ethyle

® The negative value for the ethylene/acetic acid molar ratio indicates that the catalyst is

a net ethylene consumer rather than a producer.
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of diameter 0.4 mmto forma diluted catal yst bed of 20 m in volune. The
diluted catalyst was then |oaded into a fixed bed reactor nmade 28 APR 2005
Hastel oy of dinmensions 12 mminternal dianmeter and |ength 40 cm The

catal yst was maintained in position in the 15 centre of the reactor using
quartz wal | pihggesulispéEremplaston]l G demaenspratekhatghersalentivitiesab othglenamnd bel ow t he
cat al yst . at us t hen.,pressure-tested .at 20 bar wt hel i um
to chec Igcagc?acll(ggﬁglg%ﬁéel&tactaé%ﬁ\?ﬁzst ur\még ﬂfe}féﬁlea[g?“‘it'\?&c8ﬂglf}9n%%rﬁtdilﬁﬂer\ﬁd&n 20C at
5C/ mi n ithusdvak imonArahtid 6f &ayleheto deetloutid coldaRU BtddWr mARGRIEAAS A biean Of

catal yst, precursors. 20 The required flows of  ethane, 20 % oxygen in

hel i um &istermened valuerhy usinntwa differsatieasel ysts in the oxidatipnrreaction eeonsuine t he
requkred, .| pfion. This conposition was 52 %v/v ethane, 6.7 %
oxyggn, %fb%}o%i/é/\rgg@ﬁ?bééne, 5 %v/v water and bal ance helium The total
feed flow rate was maintained at a level to ensure a feed GHSV of
2000-90Q0/ h, in_ particular 3200/ h. After equilibrating for 60 mnutes, gas
sanpl es mﬂép-&%_ﬁiﬁe 1}-d4en fromthe outlet streamto a GC system (nmodel Uni cam
4400) to qu (W t | | j oi nt

t enper at ur ewggﬁlﬁee&%ag? t&g)rK %@%cﬁ%%g@%@ff{gthggg]é?gltﬂg&gﬂc%ﬁg@é&g?&si m | ar
react or caiysertaNabove. J9e-r&lt€afeashoeadh Tableddbeloywsts F-J, in order to
facilbi tate 23 2 6 APR 2005 direct conparison. Follow ng a further

equi'li bration period of 60 mnutes, liquid product collection was
commenced and continued for a period of typically 18 hours. During the run
period, the effluent gas conposition was neasured using GC anal ysis
(ProGC, Unicam. Exit gas volume was neasured over the run period by a
water-gas 5 nmeter. The liquid products collected over the run period were
recovered and wei ghed. The conposition of the |liquid products was neasured
using GC anal ysis (Unicam 4400 and 4200 fitted wwth TCD and FID detectors
respectively). Fromanalysis of the feed and product flow rates and
conpdsi tions, feed conversions, product selectivities, space tinme yield
(STY) and the nolar ratio of 10 ethylene to acetic acid were cal cul ated
usi ng the equations as given above under ethane
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2 6 APR 2005 The results of Exanpl es 6-10 denonstrate that the
selectivities to ethylene and acetic acid of the different cataP$sARR ggger
t he -sane reaction conditions are different and thus the nolar ratio of

et hyl ene to icetl acid could be adjusted or maintained at a pre-
det er mi ned vantRschgn eisTaRle tvvﬁieﬂb‘ﬂi]é?téarﬁs that by gpatrelling the eelagivedat i on reaction

zone in I ysts Kto
N were ﬁnﬁ%’fﬂs #tﬁg%@f eg@ﬁ%%%&?%%ﬁ g}rPll tﬁé? %‘J‘%& rez&?or{qqﬁ%q?&%é o N above.
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110 d MOONO NNONCDN 06 N\Ovi Ow d d UMz 27 H2 6 APR
2005 I nspection of Table V clearly illustrates that by controlli rib§ tApa 2005
relative proportions of the different catalysts Hand |I in the oxidation
reaction zone the nolar ratio of ethylene to acetic acid can be adjusted
to a pre-determned value. 28 ~ 9 APR 2005 CLAIMS 1. A process for the
oxidation of a C2 to C4 al kane to produce the correspondi ng al kene and
car boxylic agigﬂ i ch process conprises contacting in an oxidation reaction
zone, 5 sai ne, nol ecul ar oxygen-contai ni ng gas, and optionally, at
| east one of the corresponding al kene and water, in the presence of at

| east two catal ysts each active, wth different selectivities, for the
oxi dation of the al kane to the correspondi ng al kene and carboxylic acid,
to produce alphoptsess for theamidadiopof 8iChgo Sainlrand toemeduce dhdentidspanding alkene

and carboxylic acid which process comprises contacting in an oxidation reaction zone,

5 said alkane, molecular oxygen-containing gas, and optionally, at least one of the
corresponding alkene and water, in the presence of at least two catalysts each active,
with different selectivities, for the oxidation of the alkane to the corresponding alkene
and carboxylic acid, to produce a product stream comprising said alkene, carboxylic
acid and water, and in which process the molar ratio of alkene to carboxylic acid

10 produced in said oxidation reaction zone is adjusted or maintained at a pre-determined
value by controlling the relative proportions of the at least two catalysts in said

oxidation reaction zone.

2. A process as claimed in claim 1 in which the molar ratio of alkene to carboxylic acid

15 produced in the oxidation reaction zone is in the range of 1:10 to 10:1.

3. A process according to claim 2 wherein the molar ratio of alkene to carboxylic acid

produced in the oxidation reaction zone is in the range of 0.8:1 to 1.4:1.

20 4. A process as claimed in claim 1 in which the alkane is ethane, the corresponding

alkene being ethylene and the corresponding carboxylic acid being acetic acid.

5. A process according to claim 1 wherein the molar ratio of alkene to carboxylic acid

produced in the oxidation reaction zone is adjusted or maintained at a pre-determined
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acid and water, and in which process the nolar ratio of alkene tq
carboxylic acid 10 produced in said oxidation reaction zone is a(ﬁﬁjﬁpgdm@ﬁr
mai ntai ned at a pre-determned value by controlling the relative
proportions of the at |east two catalysts in said oxidation reaction zone.
2. Aprocess as clainmed in claim1 in which the nolar ratio of alkene to
carboxylic acid 15 produced in the oxidation reaction zone is in the range
of 1:10 to 10:1. 3. A proc?ss according. to claim?2 wherein the nplar ratio
of al kene t ovdus BoiEplactngetlepsih B OF Rowed Bl oRresens it 16 RXRGREN 5 i n
the range of 0.8:1 to 1.4:1. 20 4. A process as clainmed in claim1 in which
the al kane isaetidnageae witheonsoy mgp o#idiypig having sele¢sbiiting te ehghe fed/ameprbayylic
correspondi ng carboxylic acid being acetic acid. 5. A process according to
cl ai m 1 wher sdid diffeeermohemrthosetaf sheodatal dt@h prevmuslyrppepeyd inchactidatpmodacted | n
the oxidation reaction zone is adjusted or nmaintained at a pre-determ ned
29 2 6 APR 260k val ue by replacing at |east part of one or both of the
catal ysts present in the oxidation reaction zone with one or nore

catal ysts; having selectivities to al kene and/or carboxylic acid different
than those of the catalyst(s) previously present in the oxidation reaction
zone. 5 6. A process accotding,to .claim,l in ich.-at |ea one of theg at
enst two cabdh P RECRUERHAR, Chvlte Bt Dued B abRRIbed R lbenthe -
A process according to claim6 wherein each catalyst in the oxidation
reaction zon@XidefiQUsRAT RO EPRPIRSH E??ﬁly@gnum-

7. A process according to claim 6 wherein each catalyst in the oxidation reaction zone

10  comprises molybdenum.
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