WD 2006/ 130288 PCT/ US2006/ 016458 METHOD FOR SELECTI VELY OXI DI ZI NG ETHANE
TO ETHYLENE FI ELD OF THE | NVENTI ON [0001] The invention relates to the
production of ethylene. In particular, a nethod of sel di zi ng
et hane to“é‘”‘fﬂ?f@?éésu& ng a mxed oxi de catal yst contai ning vanadéqédm and
tungsten or nol ybdenumis disclosed. BACKGROUND OF THE INVENTI ON [ 0002] The
oxi dati ve dehydrogenation of ethane to ethylene in the gas phase at

t enper at ures above 500C has been di scussed, for exanple, in U S. Patent

Nos. 4,250, 3 6!,51’361{2&@}? v X PPN G RIEB{NE ‘F?ﬂ&fﬁrrﬁb 4, 250, 346
descri bes thgﬁgg% of a catal yst co oSItl on(E cont al rr‘ﬁ%ng the el ément s

mol ybdenum X and Y in the LB(&'EHEWEMHQ?&U on of ethane to et hyI ene
where X is M, N Bi K,
My, Ni. [&01] Sb. H‘thrglent-BH relgtﬁgﬂ)% éjox}{ctgggf Jhél?[ne gn P%%.F?IW B’%‘Ed to 1,
and ¢ deelédtﬂahy(bxicﬁmﬁg ethidne to ethgleneuainge ntikedcoxXider catabyst ddntaininglvaadingm amdst be

| ess than O. react,i on |s carried out in the gas phase at tenperature

bel ow%ﬁ?ﬂf’rg’gb' enpLts displogede ey of the conversion to ethyl ene ranges from

50 to 94% depending upon ethane conversion. The catalysts disclosed can

| i kewi se be used for the i ] 0 hape to etic acid, the
efficiency of the convergw&b%ég%ﬁmmgﬁgbout 18% wth an et hane
conversi on ($02]7- 5% TRRRida@V d@ dﬁﬁ&g&ﬁﬁﬁn%f@thmﬁweih?téhe Gﬁﬂé‘g@s L{Jhi{se]at atm

whi ch restrlcts productivity conmerci al  vi abi 1 U S Patent

No. 4 tgewms dleaye 500 Eshas bmruha;cy@eql,d@r exxmplezinyS. é’tatvahﬁos 625@.6ﬁ§s| ene usi ng
an OXI %azln\ég‘t bal ning M, V, Nb, and Sb. The reaction is preferably
carri e at a 200C to about 450C. The calcul ated selectivity for
‘et hyl ene at[Oﬂlmﬁ conveU Si RatenoNo. 4250:346 desaribesshd wse of 6 athlgst E6fifpositimi n | ow
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is pr ea‘ne/roabé MuSte1ése tha@OLS. Athe 26306ort i carkied Sut ADBEgas phag  Gdnfetdtitt batowor
et hyl ene at 51% conversion of ethane is as high as 80% for one of the
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acid, the efficiency of the conversion to acetic acid being about 18%, with an ethane conversion of
7.5%. Reaction pressures are very low, generally 1 atm, which restricts productivity and commercial
viability.

[0004] U.S. Patent No. 4,568,790 describes a process for oxidizing ethane to
ethylene using an oxide catalyst containing Mo, V, Nb, and Sb. The reaction is preferably carried
out at about 200°C to about 450°C. The calculated selectivity for ethylene at 50% conversion of
ethane ranges from 63 to 76%. Again low reaction pressures limit usefulness.

[0005] U.S. Patent No. 4,524,236 describes a process for oxidizing ethane to
ethylene using an oxide catalyst containing Mo, V, Nb, and Sb and at least one metal from the group
consisting of Li, Sc, Na, Be, Mg, Ca, Sr, Ba, Ti, Zr, Hf, Y, Ta, Cr, Fe, Co, Ni, Ce, La, Zn, Cd, Hg,
Al T, Pb, As, Bi, Te, U, and W. The reaction is preferably carried out at 200°C to about 400°C.
The selectivity for ethylene at 51% conversion of ethane is as high as 80% for one of the
compositions discussed in the 236 patent, but productivity is low.

[0006] The above-mentioned specifications are principally concerned with the
preparation of ethylene. The use of mixed metal oxide catalysts to convert ethane to acetic acid is
also known. For example, U.S. Patent No. 5,162,578 describes a process for the selective

preparation of acetic acid from ethane, ethylene or mixtures thereof with oxygen in the presence



preparation of ethylene. The use of m xed netal oxide catalysts to convert
ethane to acetic acid is also known. For exanple, U S. Patent No.

5,162, 578 We36dsi1bess & process for the selective preparpéi.,ﬁglm@gmggsgti c acid
from et hane, ethylene or m xtures thereof with oxygen in the presence WO
2006/ 130288 PCT/ US2006/ 016458 2 of a catalyst m xture which conprises at

| east: (A) a calcined catalyst of the hornula My, ,Vy or Mo, VZy, in which
Z can be one or nore of the netals Li, Na, Be, My, Ca, Sr, Ba, Zn, Cd, Hg,

Sc, Y, o Tir T . , : : u_ Te.
Fe. o SherglystBigst wialh porbrinea el Al caldifod Blelystie 8 tomflia Miyrior, T2,
fro 31 ?_. MV;Zta,, ilhwlﬁﬂd% c) beameadrhydr? nlﬁthb¥1mm LipNa, Ba Mg, )G, Sg B4 z?,_ @d, er,g ene
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ol coul S Gitin Bhokh TS ZiofE A 0pb: Trtkirs b o N 15T 6409 A R B V81| The
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gas m xture consisting of ethane, oxygen, nitrogen and Steam The acetic
sel ect i vatalystaad/opatbylancioxidationtohtplysh clhostend catalyst apsrposeByist in parisulat,#ane
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of a product comprising ethylene , and/or acetic_acid is described i,
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contact at elevated tenperature wth a m xed netal oxide catalyst

conposi tatalystafixtunedayenitedabutinot ima single’eakdd 0 compnsimgdompansnthdcRd B ; X is Cr,
Wn, Nb, Ta, Li. .-V and/ pr Yis Bi,.Ce, Co , _Fe K Ni, P, Pb, Sb,
S sn T g O R Purtler Brgods for ne Biensrina s aiffiney SmRtiing Syleie n
and e wBd/SYRER 2id ik ldescEibbE i Eutbpedn PatentiS& IHPO 407 (D108 1. eA baskdingtoctisl d be
adjusted by adjusting the ratio of My to Re. The maxinum selectivity
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[0008] It is therefore an object of the invention to provide a process that allows

ethane and/or ethylene to be oxidized to ethylene in a simple and targeted manner and at high

selectivity and space-time yield under reaction conditions which are as mild as possible.

SUMMARY OF THE INVENTION

[0009] It has surprisingly been found that it is possible to oxidize ethane to
.ethylene under relatively mild conditions in a simple manner at high selectivity and excellent
space-time yields when using a catalyst having the formula Mo,V,TaTey, Preferably a is 1.0; v
is about 0.01 to about 1.0, more preferably about 0.1 to about 0.5; x is about 0.01 to about 1.0,
more preferably about 0.05 to about 0.2; and y is about 0.01 to about 1.0, more preferably about
0.1 to about 0.5.

[0010] A further aspect of the invention provides a catalyst particularly suited for
oxidizing ethane to produce ethylene. According to the particularly preferred embodiment, the



is about 0.01 to about 1.0, nore preferably about 0.1 to about 0.5; x is
about 0.01 to about 1.0, nore preferably about 0.05 to about 0.2; and y is

about 0. 0lywpoeaAqsks 1- O, nmore preferably about 0.1 to <14e0010] A
WO0'20 . . . ?P’P .
further aspect o? t%e i nvention provides a catal yst par |Cﬁ$g’r?/€l64ss[gl ted for

oxi di zing ethane to produce ethylene. According to the particularly
preferred enmbodi nent, the WO 2006/ 130283 PCT/ US2006/ 016458 3 catal yst has
the formula Mol. oVo. 3Ta0. 1Teo, 30,, where z depends on the oxidation state

of the al,s and.is it n r 4hat renders the c . el.ectrgnically
neut r al .CWQQ%E%E%%P%‘%H Wﬁfé&ﬁﬁ@ﬁnﬁﬁmﬁw@%‘% 'étgtgr?ff avent i on
provi desndalpamLie ffe fu@ibes tHatehdetethe cataBeRdléchgnicallywdueae from a gaseous feed
conpri sing ethane and oxygen, by bringing the gaseous feed into contact

wi th catal yst having the fornula MaV,, Ta" Tey. Preferably ais 1.0; v is

bout 0.01 t bout t 0.5; i
abou o abou 13%?Mﬂgwﬁg?kﬁmywwwou X is

about 0.01 to about nore prefera to about 0.2; and y is
about 0.01 t @@Bput 1. The prosent prvedtiongindvwideslagpnocess for selecsivelytprépaing As used

herein, the catal yst is erred. to,usi ng the formoul a aVTa, , Tey.,.Cne of
DR T et fen B o Gsphs 56 o ineane R Yo, B B ol Bt ] Fep 43
oxi de havhtaé wittcataysiHavingvihe Yormkax VRYV @4, Te,. TP feddBly Bis 10; w0X¥\B6WR.0.04, to!l S

determ ned by the oxidation states of and Te and cannot be

A! ) T )
gener al [3pogdel; prorepreferauy shounbd dp abowg 0:5ox if qbpgt_f &Y tocbawtnlo@)imera preferplly
cat al yst,,5ag dshtg a&g{t (2 g]xi o Yout P RY:Hut s E&&é‘px%fer&bb( ébc{tﬁlﬁ.q 14 a5 9.4, he

ranges specified above. ticul'arl'y preférred” catalyst has the fornul a
Moi , oVo.AxNaed hefein, thO ZatalySi(4 Siferfduato msing thefornnila MogVTayBst Ome of skill ke theraetpar ed

as descri.hed in U.S. _Patent .No 653, 253, Lin, the enti caontents of
hi ch oGl aHeBFEs R i et is e B dice Reyioe s R MOSSFAd8Es ¢ hat
are the Theuhbast Foxided, #ABS adtérnlifed BiAth€ a%iddtibhlstabdsdf RO VD TAL£hd Tk A calRASt one
solvent in appropriate amounts to forma solution. Generally, the netal

conpounds gerssallypeciitdments A, V, X, Y, and at |east one of the netal
conpounds co hns O. A4 G2 gi t é%%mxvyo
wherein A isW?PX i's g{:'orgﬁég@ﬁrsef e, %%gg&iglggtp?%par 3{]91?ytﬂ%o I'ni ng an
aqueous MeVyT4,0e,0pfwhierei &l w &) axial laive theiraripges speaified abioves A partiowlandy pefarredy of
anmoni um hept anpl ybdat e, a i um et avanadate and telluric acid, wherein
t he coﬁﬁ'@ﬁgﬁ'h&gﬁﬁr@m& am%qlép-%@?éfounds are such that the atomic ratio
of the respegjg13p Met aifhe catalyst of the invention can be prepared as described in U.S. Patent
No. 6,653,253, by Lin, the entire contents of which are incorporated herein by reference.

Briefly, metal compounds that are the sources of the metals in the catalyst are combined in at
least one solvent in appropriate amounts to form a solution. Generally, the metal compounds
contain elements A, V, X, Y, and at least one of the metal compounds contains O. For example,
a compound according to A,VXxYyO wherein A is Mo, X is Ta, and Y is Te, can be prepared
by combining an aqueous solution of tantalum oxalate with an aqueous solution or slurry of
aramonium heptamolybdate, ammonium metavanadate and telluric acid, wherein the
concentrations of the metal compounds are such that the atomic ratio of the respective metal
elements are in the proportions prescribed by the stoichiometry of the target catalyst.

[0014] Additionally, a wide range of materials including, oxides, nitrates, halides
or oxyhalides, alkoxides, acetylacetonates, and organometallic compounds may be used. For
example, ammonium heptamolybdate may be used as the source of molybdenum in the catalyst.
However, compounds such as MoOs, MoO;, MoCls, MoOCly, Mo(OC,Hs)s, molybdenum
acetylacetonate, phosphomolybdic acid and silicomolybdic acid may also be utilized instead of
ammonium heptamolybdate. Similarly, ammonium metavanadate may be used as the source of
vanadium in the catalyst. However, compounds such as V,0s, V203, VOCl3, VCls, VO(OC,Hs),



el ements are in the proportions prescribed by the stoichionetry of the
target catalyst. [0014] Additionally, a wi de range of materials including,
oxi des, niwbab®masob@l i des or oxyhalides, al koxides, acgéylafmedaeakes, and
organonetal i ¢ conpounds nay be used. For exanple, ammoni um hept anol ybdate
may be used as the source of nolybdenumin the catalyst. However,
conpounds such as M3, M2, MC15, MaOCl4, My(OC2H5)s, nol ybdenum
acetyl acet onate, phosphonol ybdic acid and siliconolybdic acid may al so be
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2006/ 13 200 6458, 4 vanadi um acet yl acet anat e d vanadyl
acet yl a%ﬁ@ﬁ@#ﬁ&mﬁ%‘g}% %{apqa}%@uqu&ag%&ﬁe AMOIHT, fAnt Wﬁ?jét e. The
tel | uri umGOTKCE, taRyli¢ Ad Hﬂ?a(b@ﬂ-l&)f hsowéllasthe ke dbavditiotkidiiiRm oxalate.
Te( OCH( CH3) 2)4 and Te02. The tantal um source mi;:il ncl ude amoni um t ant al um

oxal ate, Taf#35] Tac15Suitahia selvests drglegdesyater ogleabplsgjrslugding let moblimitetktorpr e
o ! ; ; !
o Conol o, bt L0 A el 4G Pis il ds el o3l (s kAt B T

di ol s etGengrafg, watdrlis prefeatelde Thp olater issanl watdr suitablw/for use ih kkemical synihesier al | vy,
water is preferred. The water .is an er .,sujtable for use.in chem cal
oynt hesieliding Mitipiimgithotriled He abfsonPet viivk dho Apaitt of e PERE od
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el ements substantially in solution |ong enough to avoid or "mnimze
conposi thipimire eonepositioptlaad/or phase spardgetioniduring ghe prepasatéquestepsi Omcetheps. Once
the aq U | Ut i, IS 4f . t ter | I i on of
any. st Cagtne FlatauR o, B WA o s bR P BRI °.c
get hods knowh itdife atitd foomta datalyst gﬁebmmra&whunmwd inolwdg, witheedienithtigh,n@cmspr ay
rying, rqtary evaporation, and air drying. Rotary. evaporation o[ air,
dryi ng 4FEne SREreAtApeSPEAYAYiDg, To[ R0 APUiEHRS SBhEE AR, KHHA EFRATqn or ai
precursw'gaﬁggﬁrﬁgﬁpﬁﬁ%& an inert atnosphere. The inert atnosphere nmay
be any neterial” which is substantially inert to, i.e., does not react or
interact witfl016he cat @nhgesebtginek thegatalysiquicuator & calcimadlveder anchertle, wi t hout

limtation ni t en rgopn, xeneon, helj r. uxtures. fhereaqf..

pr of or aligooPbete TREPr oS PV P8 aay Balet el Shbibally feRTo e dony
argon. Thbereadiof interhdtOdth) Heatibyst frecuisty. Saitabld examples indiiie, ®ithdtignitation,t he
catal yst . precursor. Typically, if nitrogen i flowng is used. If the

is used, .
i nert afHgEhErgon; Xenog, heliym enypixturestheregly ?rqf?reﬂvﬁge inert ahnosphgrs is igem ok he
inert abRSENehSe fREGab1y ARV e hb atidbsPRFEmay or may not flow over the surface of

the catalyst precursor. Typically, if nitrogen is used, flowing is used. If the inert atmosphere is

argon, then typically flowing is not used. When the inert atmosphere does flow over the surface
of the catalyst precursor, the flow rate can vary over a wide range, for example, at a space
velocity from 1 to 500 hr'. The calcination is typically done at a temperature of from 350°C to
850°C, preferably from 400°C to 700°C, more preferably from 500°C to 640°C. The calcination
is performed for long enough to form the catalyst. In one embodiment, the calcination is
performed from 0.5 to 30 hours, preferably from 1 to 25 hours and more preferably from 1 to 15
hours.

[0017] The catalyst of the invention may be used as a solid catalyst alone or may
be used with a suitable support. Conventional support materials are suitable, for example,
porous silicon dioxide, ignited silicon dioxide, kieselguhr, silica gel, porous or nonporous
aluminum oxide, titanium dioxide, zirconium dioxide, thorium dioxide, lanthanum oxide,
magnesium oxide, calcium oxide, barium oxide, tin oxide, cerium dioxide, zinc oxide, boron

oxide, boron nitride, boron carbide, boron phosphate, zirconium phosphate, aluminum silicate,



of the catal yst precursor, the flowrate can vary over a w de range, for
exanpl e, at a space velocity from1l to 500 hr". The calcination is
typically @@wodisomst enmperature of from 350C to 850C, peefiRi@bbiéeds’ om 400C
to 700C, nore preferably from500C to 640C. The calcination 1is perforned
for long enough to formthe catalyst. In one enbodi ment, the calcination is
performed fromO0.5 to 30 hours, preferaply from1l to 25 hours and nore
preferably from1l to 15 hours. [0017] The catal yst of the invention may be
used as ﬁll&?&ﬁtﬂd@@ﬂ ﬁiﬁ%%tca?dl@ﬁutodiso%s, cafbol-Fiber, Whrbbn, aacﬁ#ﬂté@&&ﬁozﬁﬂﬁ?a@f t.
Conventional support materials are suitable, for exarrp e, porous silicon
di oxi de, om@rrnrnmlsntwarmmommgmgmdi@mhr silica gel, por ous or

nonpor ous um oxi.de i i I um di.ox t ho
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tin oxi dfea fQpotyBitH ﬁx&ﬂ%peoaﬁél@mwodefldmsa nI‘heQ&laE@t cdae@mployed iaftes bor on
car bi de, _boron phosphate, zirconjum phosphate, alum numsilicate, WO

2006/ 13098BIPBT BRoIregylarly shaped puppart slemept Butalsasinipowder fesmBF dle, but
al so gl a&ier bon activated carbon, netal - oxide or netal
net wor ks of* g‘%@%@%@n ?é\%at ollths [0018] Support materials should be
chosen based [0819pt i m Altcglahwly, thdnmtaiystbﬁﬁle inventien maylbpencapsilated fnar t he
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formas Ag,oh %ﬂh@@@&%ﬂ@épsﬁmﬁ@ﬁlheﬂa@ & Midestare 1&@%% tHY dre T A iitab® tiethbd6f

catal yst of the invention may be encapsulated in a mterial. Suitable

mat er i al Gcpsplatng mptetiplin oxidesis Hessebed) ip 2. S.Matpnt Npereh 7 9 8Aomd referspeeszited,  and
A1203. Eﬁé@dﬁggﬁ?ﬁ%ﬁl@%l@%& af@aﬁlgt{rg&h%fl hiretydeRrdlcEs knOWn in the art. A

sui tabl e encapsul a rrals 1n oxides I's described in U S.
Pat ent No. 4,[6020] 084 arﬂie nei‘demcamf@duane tancbe cahried @utiin a fhvddized bedoordmafized s of

whi ch arge i ncorpor at ed in refer nces 2 he oxi tlon f et hane
oan b GO AT SreinA g S GRS Ry gl (R A PR R e n s e
ina fl ZEShn y ground to a particle size in
t he ralr?lgagéfrom@qgo%%w%%?k\égﬁg%gpﬁgwg spray drying. [0021] The gaseous

f eedst ock, arj@02dhy rec%bga&gass feedshick.eadany tccgde gasf coprhsnedokith spidkfeedstorkai ns

primaril ethane but ain s ampunt of ene, ;and.is.fed to the
enct or 4 Sanns engirciiprinfiy byf iy Botlin SR Annd of Eiete an Sieg e
Sui t abl eregotstrag la §areddas %ﬂﬁﬁa mixture with one or more other gases. Suitable examples of such

additional or carrier gases are nitrogen, methane, carbon monoxide, carbon dioxide, air and/or

steam. The gas containing molecular oxygen may be air or a gas which has a higher or lower
molecular oxygen concentration than air, for example pure oxygen.

[0022] The reaction is generally carried out at about 200 to about 500°C,
preferably about 200 to about 400°C. The pressure can be atmospheric or superatmospheric, for
example about 1 to about 50 bar, preferably about 1 to about 30 bar.

[0023] The reaction can be carried out in a fixed bed or fluidized bed reactor.
Ethane can be first mixed with an inert gas such as nitrogen or steam before oxygen or the gas
containing molecular oxygen is fed in. The mixed gases can be preheated to the reaction
temperature in a preheating zone before the gas mixture is brought into contact with the catalyst.
Acetic acid can be removed from the gas leaving the reactor by condensation. The other gases
can be returned to the reactor inlet, where oxygen or the gas containing molecular oxygen, and
ethane is metered in.

[0024] According to a preferred embodiment, ethane feed is purified and distilled
to provide purified ethane as a top stream and propane and other heavies as a bottom stream.

The ethane is provided to an oxidation reactor, which is a fluidized bed reactor utilizing the



additional or carrier gases are nitrogen, nethane, carbon nonoxi de, carbon
di oxi de, air and/or steam The gas containing nol ecul ar oxygen nmay be air
or a gas W sdashisssa hi gher or |lower nol ecul ar oxygen mangRodsioaéss®&n t han
air, for exanple pure oxygen. [0022] The reaction is generally carried out
at about 200 to about 500C, preferably about 200 to about 400C. The
pressure can be atnospheric or superatmospheric, for exanple about 1 to
about 50 bar, preferably about 1 to about 30 bar. [0023] The reaction can
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defi ned above ccording to an especially preferred enbodi nent, the

cat al ystfoligpeditiye rroessing step thabipmovwibe CPs Soguiie tapajigam. [The stgagvisghenyi ded t o
t f

e 1 Sachiky il ARl N R PEM AR Al S R 5

et hane, etiade mbntto&dstfeamywhtch 1$)reoyh]ndtte thermdatlpnMutor gas effluent f r omt he

reactor is pr ably ered to r e cat st fi.nes .and |s t hen, routed
to a recycl e“goggfscr ubjﬂié‘?‘ltj §e°3°§c%s Sqrpther vAuEh sanfains Aty | ene,

et hane, a6d( dwat@pandr H&v%r@ﬂdsgﬁyr HﬁJt§ ﬂﬁytbgﬁuﬁﬁé‘cb’&'l&oﬁﬁ% ﬁ{érabt%?fov'ic& uﬁ%@d to
a fixed bed CO’conver owe processing step that renoves the

COx_f r oreatieacido§ios exasepie, thneottony %@mnsaytmeﬂutedm dlng@omremymewewater
puri f C%l'lo%gtbg%{ea@é}{ds Rb RS IRMSH@HOH% %‘é{{t o ﬁagfgo@ﬁongﬁ? and

et hane as a ream  Whi C e oxXi reactor.
[0026] The b@§ao2om st r edne bf <kifl inthe mwylbh@r@:me that thb levers, \wbiubbers,@ntl ai ns

acetic

routing referred to in the preceding paragraphs will have associated with them various heat
exchangers, pumps, and connectors and will have operating parameters that are determined by
the particular mixture of gases involved. It is within the ability of one of ordinary skill in the art
to determine the proper configurations and parameters, given the above disclosure.

[0028] A further aspect of the invention is a catalyst that is particularly suitable
for the oxidation of ethane to produce ethylene and acetic acid with a high selectivity for
ethylene. Preferably, the selectivity for ethylene is about 80%, more preferably about 70% to
about 80%. According to a preferred embodiment, the catalyst has the formula Mo,V,Ta,Te,0,,
where a, v, X, y, and z are as defined above. According to particularly preferred embodiment,
the catalyst has the formula Mo1,0V33Ta¢.12Teg250,.

[0029] The following examples are included to demonstrate preferred
embodiments of the invention. It should be appreciated by those of skill in the art that the
techniques disclosed in the following examples represent techniques discovered by the inventors
to function well in the practice of the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in the art should appreciate, in light of

the present disclosure, that many changes can be made in the specific embodiments which are



acid, water, and heavy ends by-products, may be purified as known in the
art to provide purified acetic acid. For exanple, the bottom stream may be
routed to wodoxiB@ssol utm to renove water followed by gehegoysAess col um
to renmove propionic acid and ot her heavy conponents. [0027] One of skill in
the art will appreciate that the towers, scrubbers, and routing referred
to in the precedi ng paragraphs will hage associated with them vari ous heat
exchangers, punps, and connectors and will have operating paraneters that

are det p%meg f is wthin
t he abi :alfs%g%%ngﬁtg%?&or |na($§hﬁLaI Sﬁf‘wit @dg %ﬁb@et erﬁgnef%hﬁe pr oper

confi guirsentiors and paraneters, given the above disclosure. [0028] A further
aspect of the invention is a cat al yst that is particularly suitable for

t he oxi dation of ethane to produce ethylene and acetic acid with a high
selectivity for ethylene. PreferalgywaAMPIE sel ectivity for ethylene is
about 80% nore preferably about 70%to about 80% According to a

pr ef er r Edamplgddi ment, the catal yst has the fornula MaVyTaxTeyOz, where a,

o Yot IR 2% SRS OBR G AN 9% SRS ARG RRE 710,

The f ol lfallvwsg 280aqflaasnatiem hepthmokytiddtotettatyuirae (AltirnclpChémicaldComanig)) GidTent s

Chat |t nd ot EBERRNELBE S adHE (e COFE A BRRPR A HDE o s Al

techni qesy,dheEoH ga[u?gm%s%&% aﬁvmmawdtert@ﬁbﬁﬁh seek! Alﬂ%rft:&ﬁin kgicti ce of

the i nventi on, us can e consi dere constitute preferréd nodes
for its rqnnatetnpemturéi@&deL of el equeoud sohition lof tantare owlate $OLOM d: a,abﬁ)Mam ate, in

l'ight of t pr, se sclosure t.hat ma chan es can be nmade

speci i &Xa b el SO YD 0E I YD et 2 SO

di scl Os%’olﬁ?ﬂ ﬂﬁe[da{ahys gﬁe@ﬁrﬁbr%ohd k?h&sroh&'lsfﬂrieﬁrat iﬁﬁ@!' hoi"lotcl?aﬂitﬂahgﬁpa”' ng from
the scope of the I'nvention Exanpl e 1: [0030] A catal KSt havi ng
the fornul a (M9BINMO j 3THe. @Mp@s@nsglubts@plamdl afrmmgwmtm@@ @e ip of

ot AP Bieab Eag iR AR A0S T e ) T i o is ot W0kt 0 '
aci d ( AlcgthinGh %070 ah Ral f6xPNRARY IndPthen fHampREMB 00 T #4430 crkmpfanm/ﬁéle bt 600 C

heating to 80C. After cooling to roomteénperature, 28.0 nL an aqueous
sol ut i ofer@rhoursn(The gatalystthng ebiginedsis ropad toja Bnqpowder and pressed in a mold and

then broken and sieved to 600-710 micron particles.

[0032] About 3 mL of the catalyst was mixed with about 7 mL of quartz particles
and loaded into the bottom half of a stainless steel tube reactor with an internal diameter of 7.7
mm. Quartz is layered onto the top of the catalyst bed to both fill the reactor and to preheat tﬂe
gaseous feeds prior to entering the catalyst bed. The reactor is heated and cooled by use of
thermostated oil circulating in an external jacket. Water is vaporized in an evaporator and mixed
with the desired volumes of ethane, oxygen, and nitrogen gases before being supplied to the
reactor through mass flow controllers. The reaction pressure is maintained at the desired value
by a back pressure regulator located on the reactor vent gas. The temperature in the catalyst bed
is measured by a moveable thermocouple inserted in a thermowell in the center of the catalyst
bed. The temperature is increased in the oil jacket until the desired oxygen conversion is
achieved. The reaction feed gas and the product gas are analyzed on-line by gas
chromatography.

[0033] The contact time is defined as:
t(sec)= bulk volume of the catalyst (mL)/a volume flow rate of the feed gas through

the reactor at reaction conditions (mL/s).



oxal ate) is added. The water is renoved via a rotary evaporator with a warm
wat er bath at 50C to obtain the catal yst precursor solid. The solid is
dried at 1 i to calcination. [0031] The catalys gr_solidis
cal ci ned uﬁ@ezrgﬂdgﬁlr)l@?r ogen atnosphere in a covered cr uc%gf)é}ﬁ%o;d@]r?ﬁﬁsged with
nitrogen 600C for 2 hours. The oven is ranped at 10 deg Cmn to %9 C and
held for 2 hours, and then reanpned t0g600 C at 10 C mn, and held at 600 C
for 2 hours. The catal yst thus obtai neg is ground to a fine powder and

pressed A _no hen broken . sk eve - icron particles.
[0032] ittt gg'“fnﬂ%‘ﬁ_%lg ke el VEEe ﬁ?"}c"é&"a\%"fﬁ‘egg%u gkt quar t z
particl es and doﬁagtg(ﬂtols'[tm(otongllagﬁ)t, om hal f of a stai n! ess steel tube .
reactor with an internal dianmeter of 7.7 nmm Quartz is |layered onto the

top of the cH03#)st bebheethasgicandentrationtin thederd s varigd fiomplictadimalife the

aseous L, terd t 0 r ] ted and
Gool cd_ 55EEE SoRfebtichin Bk 04 Bk fapg BBHCH 4B 15 ShobR IR EORAEN whivalBR' °1 70
i S vapolfioretitol NmalYe,evidpihe dalaticedsethgmade dip with ditréden, skeshowadn Table e a

et hang, gxy en, .and nidE?o n:g ) g_ml;ef,ofe bei nggbgu lied to the r‘éﬁ;}{:t or

t hr ough tERsElesidty 18 sthyieae PE 15 Y AEhiEYe o1 OB, PORECt Simes 8 HSHTR ¢ he
desi r ed Tygkye Adamdmﬁe% deleeitvity te G(%Q:Elg gfd’fs vE&%%v?ﬁ'le ﬁxgtxﬁ%rrxﬁ(ﬂ‘e eg“/?nt

gas. The tenperature in the catalyst | IS neasure y a novea _
t her noc ovgritee fangeof codditionsatested r Produstivity as mpasursd iy dhe BTY tth ethylanelsytikewisoed.

The te rature..is incr ed /i h il Jacke ntil the desired oxygen
conver 2?%’9{??@%‘bﬁ%%aa?’?@haé49@5@?&‘8@“‘?8@&“&5@‘1 MY t he product gas are
anal yzed on-line by gas chronmatography. [0033] The contact tine is defined

as: t (sec) =_bulk volune of the catalyst (nL)/a volume flow rate of the
feed gadablRdoRgpctionfonddignt or at reaction conditions (nl/s). WD 2006/ 130288

PCT/ USZ0067 01674 = R 1 Chn ;
reciprqcal of the contact ti —t corrected to STP (0 C_ 1 atm [0034]
The et hgne, ¢ SR Faxlame hOxrgen |Roesnd Wags [varh ed f fom|39H%% gﬁﬁfﬁj % siiufpé
oxygen [concen(%pat | o) n| t {te) f eeovals @& i |ecpsizy m(séc)6 |t crd).|3” ol %o ’ané t he
V\@.t er SVt -9'6"1 f rpn 4 Tsti S ”'7113% 'v‘vrg‘ h. 1"“%01'} + e urz'siig i'i””ig—t. P H’\A—[“F
nitrogen, as shown in ThAble 1! A very hilgh sellectivilty tolethyl ene of |74
to 80%|i £ achi¥ved oVer| a7Bange 48f (coAt act #Pnys, %-&s [sRBREN |i P18 Tabl ea 2,
Addi ti gna@d Ty, Fhe[sSegeci1 Bl Y| t @@ CZ and [CQ16S |VESY [|0W743t € 3pomM|[Ne3ger |nor e
than 8%— 39 0 86 50 7 218 | 97 | 2746 | 309 | 308

5 38 0 8.7 53 3 217 9.6 2743 314 315

6 46 0 14.9 54 7 216 9.4 2738 323 320

7 38 0 153 41 5 215 9.3 2732 332 327

8 38 0 12.6 44 5 215 9.5 2742 320 319

9 40 0 14.4 41 4 215 14.4 1808 318 315

10 54 0 7.6 33 5 217 9.8 2740 305 303

11 66 0 7.8 19 5 217 10.0 2739 295 303

12 66 0 12.0 14 5 216 9.6 2737 315 312

13 65 0 15.1 11 5 215 9.4 2737 322 317

14 67 0 7.7 17 5 216 15.1 1814 290 291

15 67 0 12 13.6 4 216 14.8 1814 303 301

16 67 15 15 10.9 4 215 14.6 1813 310 307

17 66 14 14 155 0 216 14.4 1826 312 na




over the range of conditions tested. Productivity as neasured by the STY to
ethylene is likew se very high with values as high as 460 kg et hyl ene per
M8 per hougo 2disRkesd: Reaction Conditions Reaction Condi,éii.,gﬁﬁ @1@ ge

Et hyl ene Oxygen Nitrogen Water P T GHSV Sanple T, Center T, eP %A) (%
(9 (9 (% (p5|g) (sec) (hr 1) 1 39 08.1435 220 10.2 2561 328 its 2 38
0 7.5 40 11 220 9.5 2732 318 na 3 37 © 8.4 49 9 216 9.7 2743 309 308 4 39
0 8.6 50 7 218 9.7 2746 309 308 5 38 0 8.7 53 3 217 9.6 2743 314 315 6 46
0149547216942738323320 7 38 0 15.3 41 5 215 9.3 2732 332 327 8
38 0 12.6 44 5 215 9.5 2742 320 319 9 40 0 14.4 41 4 215 14.4 1808 318 315
10 54 0 Tablg 238 atalyst Performapee1 305 303 11 66 0 7.8 19 5 217 10.0 2739 295

303 12 66 0 1P 0t PEgiR 902737 3151213765 0] 215 9.4 2737
322 317 14 67|10 7.7 117, 2 216,151 4812 P99, 291 oA%,67 0 12 1B.6 4 216 14.8
1814 303 301 16 67 15 9PB%-1008 Canvy ke | CPa%h 13985907 17 66 14 14 15.5 0
216 14.4 1826 lSmpa \WO°Z00P/ 180288SPEAY USZBD6/| 016458 STOETal] e 2: Catal yst
Sl (50 (% (o0 Sl i nyfenk W24 ol gy Lody oo prmem e (90 0,

2 23 95 75 1 3 241

3 24 93 77 1 3 252

4 24 93 76 1 3 247

5 25 94 80 1 3 276

6 32 86 79 2 3 344

7 42 94 76 3 5 436

3 32 93 d 2 4 354

9 39 96 74 2 5 261

10 16 838 77 1 2 236

11 14 95 78 1 2 265

12 21 97 76 1 3 382

13 26 97 75 2 4 460

14 13 92 77 1 2 160

15 19 98 74 1 3 230

16 24 98 73 2 4 274

17 24 97 77 2 4 298

[0035] These results are a significant improvement compared to prior art. For

example, the catalyst Mo 25 ViNb ¢32 Te 1 698-05 described in Example 10 of US 6013957
produced only a 28.4% selectivity to ethylene, and while the selectivities to CO2 and CO were
not reported, if it is assumed that the products not reported are indeed COx, then this
inefficiency could be as high as 34.4%. Likewise, Example B of WO 2004/108277 reported
only a 5% selectivity to ethylene for catalyst MoV o.520 Nb ¢.124 Ti 0331, with 35% selectivity to
COy. So the present catalyst offers high selectivity to ethylene with much lower loss to the deep

oxdiation products, COx.



2 23957513241 3 24 93 77 13 252 42493 76 13 247 52594801 3
276 6 32 86 79 2 3 344 7 42 94 76 3 5 436 8 32 93 77 2 4 354 9 39 96 74
25261 10 16 88 77 1 2 236 11 14 9578 1 2 265 12 21 97 76 1 3 382 13
26 97 75 2 4 460 14 13 92 77 1 2 160 1519987413230 16 24 98 73 2 4
274 17 24 97 77 2 4 298 [0035] These Yesults are a si gni ficant inprovenent
conpared to prior art. For exanple, the catalyst Mo 2.5 VINb 0.32 Te
1.695. 05 described in Exanple 10 of US 6013957 produced only a 28.4%
selectivity to ethylene, and while the selectivities to CO2 and CO were
not reported, if it is assuned that GLMS oducts not reported are indeed

COx, thenX‘;hl S neffl ciency could be as high as 34.4% Likew se, Exanple B
of WD 2004/ %észch p%rted only a 5% selectivity to ethylene for catalyst
MolV 0.529 Nb 0.124 Ti 0.331, with 35% selectivity to COX. So the present
catal yst offers high selectivity to ethylene with nmuch |ower |oss to the
deep ~oxdi ati oh protiuEesss ’(‘g@preppgng cthxievs fraymatgaqse@ugfegidr@@nrgmgletha,nepr ocess
for PPl G RYLED Brdt QM A HRAEOURIBRE (FORELS A4 SHIERG R0 1 PHY 90T,
sai d process r1stng contactin eou eed Wth a ca yst in a
reactor teagoogycedirn a&%fﬂu&ﬁfﬁomﬁm’gleﬂl}ﬂ!gleeﬂhbydttellya,hat/h\g thafamykt havi ng the
formul a MoaW, TaxTeyQz

Mo,V,TaTe,0,

wherein, a is 1.0, v is 0.01 to 1.0, x is 0.01 to 1.0, and y is 0.01 to 1.0, and z is the number

of oxygen atoms necessary to render the catalyst electronically neutral.

2. The process of claim 1, wherein the gaseous feed further comprises
ethylene.
3. The process of claim 1, wherein a is 1.0, v is 0.1 to 0.5, x is 0.05 to 0.2,

and y is 0.1 to 0.5.

4. The process of claim 1, wherein the catalyst has the formula

Mo 1 ‘0V0_3Ta0, |Teo'3 OZ.

5. The process of claim 1, wherein the reactor is a fixed bed reactor

containing the catalyst.

6. The process of claim 1, wherein the reactor is a fluidized bed reactor

containing the catalyst.

7. The process of claim 1, wherein the gaseous feed contacts the catalyst at a
temperature of 200°C to 500°C.

8. The process of claim 7, wherein the gaseous feed contacts the catalyst at a
temperature of 200°C to 400°C.

9. The process of claim 1, wherein the catalyst is supported on a support
selected from the group consisting of porous silicon dioxide, ignited silicon dioxide,

kieselguhr, silica gel, porous ‘and nonporous aluminum oxide, titanium dioxide,



wherein, ais 1.0, vis 0.01 to 1.0, xis 0.01 to 1.0, and y is 0.01 to 1.0,
and z is the nunber of oxygen atons necessary to render the catalyst

el ectronically neutral. 2. The process of claim1, wherein the gaseous feed
further conprises ethylene. 3. The process of claim1, wherein ais 1.0, v
is 0.1to 0.5 xis 0.05to0 0.2, andIE is 0. 1to 0.5 4. The process of
claim1, wherein the catalyst has the formula WMi o0V03Tao i Teo.30z. 5. The
process of claim1, wherein the reactor is a fixed bed reactor containing
the catalyst. 6. The process of claim1l, wherein the reactor is a fluidized
bed r eactzoconigmrdieidé, gorivne dxidgl Jagthanym oXfivde, prerssiien okide) ciloatwm oxidéer ei n

5 The. pituEsoRe SRAHS crfmrdbRod HinGhuls R TR el PP orys:
at a temnpgid@ Y6enphodhdte, iR CphRphatél@lumiacesslicfe, Sillidbihitsideppigiesi n t he

catal yst is supported on a support selected fromthe group consisting of
porous sidefbidsnaey slesseearbpmysiarbed-fher.iasdypted @quwe,metah%t;’gwgmﬁ@l ngtwarks gel ,
porous a | ud.num oxi de, titaniumdioxide, 11 zirconium
dioxide,qgﬂg§@%ﬁ$§ﬁ§§ﬁ g&hﬂgnthanun1oxide, magnesi um oxi de, cal ci um oxi de,
barium oxide, tin oxide, ceriumdioxide, zinc oxide, boron oxide, boron
nitride, borod0- carlbe@ecesishiplowpersinghe satplydrs tohsEPRYHLNE SUBPUHI num
silicate, silicon nitride, silicon carbide, and gl ass, carbon,

carbon-fiber, 1acti Tat @ebceqrdi@tuimmeivabremche eatglystiethapsititvdinksmatarial.
correspondi ng nonoliths. 10. The process of claim1, wherein the catal yst

i's not supported o 0 . . C of . i reln the
catalyst is er%gapsﬁlhg Zd&@?sn&;cl% glr’igkfé?e“?il%. l%%rr%relglplrs g%@é@ %’f“ﬁ%i% l%l,
wher ei n tdoasistinigexf iSHD,, PO 5 Mgn tGeD S, Todn, Zh@,, gndApO;consi sting of Si O2, P205,
MO C2@3, Ti2, ZrA2, and A1203. 13. The process of claim11, further

conprising thgzste f Lngqa 80 coRSRSHY 8R st PP SRl §taNe and
propane to pr g\:*;i deﬁ‘#ﬁgric?%%@%lhﬂgl, flfiEflco BershY st pataliie
precursor comprising ethane and propane to provide the ethane.
14. The process of claim 1, wherein the effluent comprises carbon monoxide,

further comprising the step of selectively oxidizing said effluent to convert the carbon

monoxide to carbon dioxide.

15.  The process of claim 14, further comprising the step of removing the

carbon dioxide from the effluent.

16.  The process of any one of claims 1, 13, or 15, further comprising the step

of distilling the effluent to remove unreacted ethane therefrom.

17.  The process of claim 16, further comprising the step of recycling the

unreacted ethane to the reactor.

18. The process of any one of claims 1, 13, or 15, wherein the effluent
comprises acetic acid, the process further comprising the step of separating the acetic acid

from the effluent.

19.  The process of claim 18, wherein the effluent comprises water, propionic
acid, or a mixture thereof, the process further comprising the step of separating said water

and said propionic acid from the acetic acid.



14. The process of claim1, wherein the effluent conprises carbon nonoxi de,
further conprising the step of selectively oxidizing said effluent to
convert the carbon nonoxide to carbon dioxide. 15. The process of claim
14, further conprising the step of renoving the carbon dioxide fromthe
effluent. 16. The process of any one d¢ clains 1, 13, or 15, further
conprising the step of distilling the effluent to renove unreacted ethane
therefrom 17. The process of claim 16, further conprising the step of
recycling the wunreacted ethane to the reactor. 18. The process of any one
of clainms 1, 28, ofThtPprowsbeoiny dieerfetdinsdnl3, ldoopi s sfeshacaemprisagitle t he
process further conprising the step of separating the acetic acid fromthe
ef f | uent . SPP! regeHn %(ﬁ“’g@g@qﬁf‘m& %fieﬂgi%‘,j tc\/@f@ﬁ?‘éﬁer’(“i 8°3%4 yent conpri ses
water, propionic acid, or a mxture thereof, the process further

conpri sing thelst edhefpreegpardtdlaigy 36, dhevaineat leastdsosa df phopraivi acidds d from
the acetic ci(g. 2 20. The process of any one of clainms 1, 13, 14, or 15,
further CFHPI%}'CF Inntéefeﬁ‘&toé't ep of reacting the ethylene with acetic acid to
produce vinyl acetate. 21. The process of claim 20, wherein at |east sone
of the acetic 2dci d A progsoderc exiidiang khane ae tpooduc &thylepr aodsaefioncidxi di zi ng

th t d! t | ti id, .1 Si ti
cat al yst SATPRLE gatanine T Eudveonits SrssgnuEh namER &k DRur oot Eber at ur o
of 200C tiemfltre WOET @00PC heo Calpaty St whasint Nfe f Watis® B 1th® formula

Vo. 33Tao. 12Teo. 2s OZ.
Mo 0Vo33Tag 12Teg 250,





